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To: 
 
Mr. Mike Leigh, Supervisor 

Carson City, Nevada 89701 
 
Ref: Application for Renewal of the BRC CAMU 
 
Dear Mr. Leigh 
 
BRC hereby submits the attached renewal application for the BRC CAMU located in 
Henderson, NV.  The current permit, which was issued on September 24, 2007, expires 
on September 24, 2012.  We are submitting this renewal application for a new 5-year 
term.  
 
The BRC CAMU was/is planned to be constructed in Phases, per the original NDEP-
approved design.  The CAMU consists of Phases I, II, IIIA, IIIB, IV, and V.  All but 
Phase V have already been constructed with waste placement and closure completed for 
Phases I, II, IIIA, IIIB, and IV.  Closure documents for these Phases was submitted to 
the NDEP and approved.  As such, ongoing activities for these Phases consist of 
inspection and maintenance.   Partial waste placement has occurred in Phase V.  It is 
anticipated that additional waste placement, due to remediation activities at BRC, will 
occur in Phase V between now and roughly early-2013, followed by capping and 
closure of Phase V at that time.  Shortly after completion of the closure of Phase V, 
BRC will submit a final closure document to NDEP for Phase V for approval.  When 
approved, the entire CAMU construction will be complete.  Thus, for the first many 
months of the next renewal term of the RAP, it is anticipated that construction/waste 
placement/closure activities will take place in Phase V, much like activities that 
occurred for the previous Phases during the current term of the RAP.  For the balance of 
the term of the next renewal period of the RAP, the entire, closed CAMU will be in 
inspection/maintenance. 

Nevada Division of Environmental Protection 
901 South Stewart Street – 4th Floor 



 

 
Related activities also completed to date include capping the contiguous, the majority of 
the existing BMI North and all of the existing BMI South  landfills, with approval by 
the NDEP.  
 
Since the next term of the RAP will consist of activities that are similar to the current 
term (i.e., due to remaining construction and closure of Phase V)), we have retained 
construction and closure related documents in this application, updating only as needed 
to reflect current conditions.  We have kept the format of this application consistent 
with the prior application for ease of review, including prior Attachment numbering.  
When relevant we have revised existing Attachments and/or provided new Attachments.   
 
Specifically, with regards to final design drawings, for ease of reference and in order to 
avoid a substantial effort associated with reissuance of drawings that have already 
previously been approved by the NDEP, instead of separating out the design documents 
just for Phase V, we have provided the entire set of final design documents in this 
application. 
 
With regards to groundwater monitoring please note that we are currently in 
negotiations with the NDEP Bureau of Corrective Actions (BCA) with regards to the 
Long Term Groundwater Monitoring Plan for the CAMU.  We have a placeholder 
Attachment for this Plan (Attachment Y) which will be submitted once discussions with 
the BCA are completed. 
 
With regards to future land use on the final cover of the CAMU, as the NDEP is aware, 
a solar collection field is planned for installation.  This system will be installed and 
maintained by a party other than BRC, subject to a land lease agreement with BRC.  
The land lease between BRC and the parties will include all applicable conditions of the 
RAP.  Whomever the solar operator may be, they will separately obtain the necessary 
approvals and permits to install and operate the solar field (including such permits as 
may be necessary from the NDEP), BRC’s CAMU design engineer Geosyntec will 
review any proposed design to ensure it is in conformance with the CAMU cover design 
(Attachment AA).  Attachment AA provides guidance to any solar field design for the 
installation and operation of a Solar field.  Attachment AB provides a placeholder in 
which the details of the solar field design documents are located.  Currently, this 
includes documents which have been submitted to the NDEP for review. 
 



 

It is BRC’s understanding, based on conversations with the NDEP, that there is no 
special format for this application and no forms, etc. as such.  As noted above, we have 
updated the application materials as needed, based on relevance going forward.   
 
Finally, we request that the NDEP issue the revised RAP, deleting conditions in the 
current version that are no longer appropriate for the next term. 
 
Should you have any questions, please call me at 702.567.0400. 
 
 
 
 
Mr. Lee C. Farris, P.E. 
Vice-President 
 
 
 
 
cc: Mr. Michael Friend, NDEP 
 Mr. Greg Lovato, NDEP 
 Dr. Ranajit Sahu 
 distribution list 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 

 
I hereby certify that I am responsible for the services described in this 
document and for the preparation of this document. The services described 
in this document have been provided in a manner consistent with the current 
standards of the profession and to the best of my knowledge comply with all 
applicable federal, state and local statutes, regulations and ordinances. I 
hereby certify that all laboratory analytical data was generated by a 
laboratory certified by the NDEP for each constituent and media presented 
herein. 

 
 
                                                                                                 12/17/13 

Dr. Ranajit Sahu, C.E.M. (No. EM-1699, Exp. 10/07/2015)          Date 
BRC Project Manager 

 

 
 
I certify under penalty of law that this document and all attachments were 
prepared under my direction or supervision according to a system designed 
to assure that qualified personnel properly gather and evaluate the 
information submitted. Based on my inquiry of the person or persons who 
manage the system, or those persons directly responsible for gathering the 
information, the information submitted is, to the best of my knowledge and 
belief, true, accurate, and complete. I am aware that there are significant 
penalties for submitting false information, including the possibility of fine 
and imprisonment for knowing violations. 
 
 
 

Mr. Mark Paris 
President and CEO, BRC 
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1.0 INTRODUCTION  
 
Basic Remediation Company (BRC) has prepared and submits this 

application for the renewal of the current Remedial Action Plan (RAP) permit 
(Attachment W) to construct and operate a Remediation Waste Management System 
(RWMS) in Clark County, Nevada.  A previous version of this document was submitted 
to the Nevada Division of Environmental Protection (NDEP) in March 2007 by BRC’s 
design engineer Geosyntec Consultants.  This document includes the application and 
supporting documentation for a proposed Corrective Action Management Unit 
(CAMU), hereafter referred to as the BRC CAMU.  This permit application is being 
submitted to the NDEP, Carson City, Nevada.   

 
This application provides the information needed to obtain a RAP as 

specified in 40 CFR 270, Subpart H.  In this context, a RAP is defined as a special form 
of RCRA permit that authorizes the disposal of remediation waste at a remediation 
waste management site.  This type of permit was developed as part of the Hazardous 
Waste Identification Rule for Contaminated Media, or “HWIR-media rule” (63 FR 
65874).  As stated in the United States Environmental Protection Agency (USEPA) 
Environmental Fact Sheet on the Final HWIR-Media Rule (EPA530-F-98-029), this 
rule is designed to eliminate existing regulatory disincentives to remediation, make site 
cleanup faster and easier, and, thus, provide increased protection to human health and 
the environment. 

 
As described in the previous application, the proposed disposal facility will 

continue to only receive remediation waste.  The proposed unit is conservatively 
designed to meet the regulatory requirements for a CAMU, as referred to in 40 CFR 
264.552.   
 

As noted in the prior application, the purpose of the BRC CAMU is to 
provide a permitted disposal facility at the NDEP-approved location (per the Record of 
Decision dated 2 November 2001) for wastes generated during the voluntary cleanup of 
certain areas of the BMI Common Areas (the “Site”), as specifically contemplated by 
the "Nevada Division of Environmental Protection Settlement Agreement and Order on 
Consent: BMI Common Areas, Phase 3" (the "AOC3") dated February 15, 2006, and as 
defined in the Corrective Action Plan (CAP) (BRC, 2006).  Portions of the Site have 
been impacted during the legal disposal of various materials, including industrial wastes 
and cooling waters.  The NDEP provides oversight of the voluntary cleanup activities.  
As a result of the NDEP’s review of the “Remedial Alternatives Study (RAS) for the 
BMI Common Areas” (ERM, 1999), and subsequent discussion with BRC, the location 
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stated in remedial alternative 4B was approved as the preferred  location of waste 
materials generated from the voluntary cleanup of the Site.  The actual text of the 
NDEP’s comment is provided below for reference.  
 
 “Per discussions with Basic Remediation Company (Robin Bain) on August 5, 

1999, the Division assumes this alternative (4B in the RAS) has been modified 
to locate soils within the confines of BMI property immediately surrounding the 
current BMI Landfill.  Based on currently available information, co-location of 
impacted soils with the BMI Landfill is the current preference of the Division 
for soil disposal.”  

 
 
The BRC CAMU was/is planned to be constructed in Phases, per the original NDEP-
approved design.  The CAMU consists of Phases I, II, IIIA, IIIB, IV, and V.  All but 
Phase V have already been constructed with waste placement and closure completed for 
Phases I, II, IIIA, IIIB, and IV.  The following Construction Quality Assurance (CQA) 
Reports for these Phases were submitted to NDEP and approved: 

• Phase I Construction Quality Assurance Report, Basic Remediation Company, 
Corrective Action Management Unit, Henderson, Nevada prepared by 
Geosyntec Consultants, Inc. dated September 2008. (Phase I Liner CQA Report) 

• Phase II Construction Quality Assurance Report, Basic Remediation Company, 
Corrective Action Management Unit, Henderson, Nevada prepared by 
Geosyntec Consultants, Inc. dated December 2008. (Phase II Liner CQA 
Report) 

• Phase IIIA Construction Quality Assurance Report, Basic Remediation 
Company, Corrective Action Management Unit, Henderson, Nevada prepared 
by Geosyntec Consultants, Inc. dated March 2009.  (Phase IIIA Liner CQA 
Report) 

• Phase IIIB Construction Quality Assurance Report, Basic Remediation 
Company, Corrective Action Management Unit, Henderson, Nevada prepared 
by Geosyntec Consultants, Inc. dated May 2009. (Phase IIIB Liner CQA Report) 

• Phase IV Construction Quality Assurance Report, Basic Remediation Company, 
Corrective Action Management Unit, Henderson, Nevada prepared by 
Geosyntec Consultants, Inc. dated July 2009. (Phase IV Liner CQA Report) 

• Phase V Construction Quality Assurance Report, Basic Remediation Company, 
Corrective Action Management Unit, Henderson, Nevada prepared by 
Geosyntec Consultants, Inc. dated September 2009. (Phase V Liner CQA 
Report) 
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The following Closure documents for these Phases were submitted to the NDEP and 
approved: 

• CAMU Partial Final Closure Construction Quality Assurance Report, Phases 
IIIA & Portion of Phase II, Basic Remediation Company, Corrective Action 
Management Unit, Henderson, Nevada prepared by Geosyntec Consultants, Inc. 
dated April 2010. (Closure I CQA Report) 

• CAMU Partial Final Closure Construction Quality Assurance Report, Phases I, 
IIIB, IV, & Portions of Phases II and V, Basic Remediation Company, 
Corrective Action Management Unit, Henderson, Nevada prepared by 
Geosyntec Consultants, Inc. dated May 2010. (Closure II CQA Report) 

 
As such, ongoing activities for these Phases consist of inspection and 

maintenance.    
 
Partial waste placement has occurred in Phase V.  It is anticipated that additional waste 
placement, due to remediation activities at BRC, will occur in Phase V between now 
and roughly early-2013, followed by capping and closure of Phase V at that time.  
Shortly after completion of the closure of Phase V, BRC will submit the Phase V final 
closure document to NDEP for approval.  When approved, the entire CAMU 
construction will be complete.  Thus, for the first many months of the next renewal term 
of the RAP, it is anticipated that construction/waste placement/closure activities will 
take place in Phase V, much like activities that occurred for the previous Phases during 
the current term of the RAP.  For the balance of the term of the next renewal period of 
the RAP, the entire, closed CAMU will be in inspection/maintenance. 
 
Since the next term of the RAP will consist of activities that are similar to the current 
term (i.e., due to remaining construction and closure of Phase V)), we have retained 
construction and closure related documents in this application, updated as needed to 
reflect current conditions.  We have kept the format of this application consistent with 
the prior application for ease of review, including prior Attachment numbering.  When 
relevant we have revised existing Attachments and/or provided new Attachments.   
 
Specifically, with regards to final design drawings, for ease of reference and in order to 
avoid a substantial effort associated with reissuance of drawings that have already 
previously been approved by the NDEP, instead of separating out the design documents 
just for Phase V, we have provided the entire set of final design documents in this 
application. 
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With regards to groundwater monitoring please note that we are currently in 
negotiations with the NDEP Bureau of Corrective Actions (BCA) with regards to the 
Long Term Groundwater Monitoring Plan for the CAMU.  We have a placeholder 
Attachment for this Plan (Attachment Y) which will be submitted once discussions with 
the BCA are completed. 
 
With regards to future land use on the final cover of the CAMU, as the NDEP is aware, 
a solar collection field is planned for installation.  This system will be installed and 
maintained by a party other than BRC, subject to a land lease agreement with BRC.  
The land lease between BRC and the parties will include all applicable conditions of the 
RAP.  Whomever the solar operator may be, they will separately obtain the necessary 
approvals and permits to install and operate the solar field (including such permits as 
may be necessary from the NDEP), BRC’s CAMU design engineer Geosyntec will 
review any proposed design to ensure it is in conformance with the CAMU cover design 
(Attachment AA).  Attachment AA provides guidance to any solar field design for the 
installation and operation of a Solar field.  Attachment AB provides a placeholder in 
which the details of the solar field design documents are located.  Currently, this 
includes documents which have been submitted to the NDEP for review. 
 
It is BRC’s understanding, based on conversations with the NDEP, that there is no 
special format for this application and no forms, etc. as such.  As noted above, we have 
updated the application materials as needed, based on relevance going forward.   
 
Finally, we request that the NDEP issue the revised RAP, deleting conditions in the 
current version that are no longer appropriate for the next term. 
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2.0 BACKGROUND 
 
The BRC CAMU is located within Sections 11 and 12 of Township 22 

South, Range 62 East, approximately 10,000 feet west-northwest of the intersection of 
Lake Mead Drive and Boulder Highway and approximately 3,500 feet west-southwest 
of intersection of Warm Springs Road and Boulder Highway (Attachment A).  The site 
is approximately 13 miles south of the City of Las Vegas.  The BRC CAMU is located 
within the boundaries of the BMI Common Areas and is bordered on the north, east, 
and south by the BMI Industrial Complex.  The BMI Industrial Complex consists of 
four operational plants west of Boulder Highway and north of Lake Mead Drive.   

 
The BRC CAMU, which is approximately 55 acres, is located within a 113-

acre area northwest of the active plant area of the BMI Complex (Attachment B).  The 
separate, distinct, and existing BMI Landfills (BMI North and BMI South)occupy 
approximately 66 acres of this area and was initially used as effluent disposal ponds for 
the Basic Magnesium, Inc. magnesium refinery since its inception.  Following shut-
down of the refinery in November 1944, the two western-most ponds were converted to 
a solid waste disposal area which became known as the BMI Landfill.  Use of this 
Landfill continued by successor operations until its closure in February 1980.  As part 
of the current RAP, BRC has completed the closure and capping of Phases I, II, IIIA, 
IIIB, IV, and a portion of Phase V of the CAMU, and the entire BMI south Landfill a 
portion of the BMI North Landfill (Attachment X).   

 
Immediately to the south of the BMI North Landfill, a series of slit trenches 

were excavated during the 1950s through 1970s.  A range of refuse and industrial 
wastes were placed into these slit trenches, the use of which was discontinued prior to 
1980.  Under NDEP oversight, these wastes have been removed and placed within the 
CAMU in Phases II, IIIB, and IV as part of the construction of these Phases under the 
terms of the current RAP.  

 
 

3.0 OVERVIEW 
 
Since Phase V of the CAMU and a portion of the BMI North Landfill have 

not been closed, we have retained this section consistent with the previous version of 
this application.  

 
This permit application addresses the requirements for a RAP, as specified in 

40 CFR 270.  Table 1 of this permit application includes introductory material and 
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citations of where each regulatory requirement is addressed in this application package.  
Attachment I contains site location information.  Attachment R provides documentation 
of financial assurance.  
 

Plans relating to Waste Characterization, Monitoring Programs, and Post-
Closure are presented in Attachments C, N, and O respectively.  The final design 
documents for the BRC CAMU are provided in Attachment K.    Attachment C also 
includes a general discussion of the waste material to be disposed of in the remaining 
portions of the CAMU Phase V as well as provides summary tables of analytical data 
for these waste source areas.  
 

A geotechnical evaluation of the site is presented in Section 8 of the SRAPI.  
The geotechnical study encompasses the proposed landfill (Borings B1 through B-12 
and B-102) and Basic Environmental Company (BEC) property immediately to the west 
and northwest of the proposed landfill. In addition, boring logs for recent slit trench 
investigation work are presented in Section 8 of the SRAPI. 
 
 Attachment O includes discussion of the BRC CAMU Closure Plan with 
conceptual design parameters for the final cover along with supporting infiltration 
modeling information and conceptual design of the Final Cover System.  
  
  It should be noted that a solar collection field is planned for installation on 
top of the cover.  This system will be installed and maintained by a party other than 
BRC, subject to a land lease agreement with BRC.  The land lease between BRC and 
the parties will include all applicable conditions of the RAP.  Whomever the solar 
operator may be, they will separately obtain the necessary approvals and permits to 
install and operate the solar field (including such permits as may be necessary from the 
NDEP), BRC’s CAMU design engineer Geosyntec will review any proposed design to 
ensure it is in conformance with the CAMU cover design (Attachment AA).  
Attachment AA provides guidance to any solar field design for the installation and 
operation of a Solar field.  Attachment AB provides a placeholder in which the details 
of the solar field design documents are located.  Currently, this includes documents 
which have been submitted to the NDEP for review. 
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4.0 REQUIRED INFORMATION 
 

 This section outlines the information required for a RAP application, as 
specified in 63 FR 65942 and 40 CFR 270.110.  For those requirements that call for 
detailed explanation or the use of drawings, reference is provided to the appropriate 
section or drawing within this document.  Table 1 is provided as an outline of applicable 
regulatory requirements, with references to pertinent sections of this RAP application. 
 

The following is a list of the RAP application questions and associated 
responses:    
 

(a) The name, address, and USEPA identification number of the remediation waste 
management site; 

 
BRC CAMU, Clark County, 22S/62E/11 and 12; EPA ID# NVR000082255 
 
(b) The name, address, and telephone number of the owner and operator; 
 
Basic Remediation Company, 875 West Warm Springs Road, Henderson, Nevada; 
Phone: 702-567-0400 
 
(c) The latitude and longitude of the site; 
 
Latitude:  36D 02M 56.23S N (36.048953 decimal degrees) 
Longitude: 115D 00M 47.51S W (-115.013197 decimal degrees) 
 
(d) The United States Geological Survey (USGS), or county map, showing the 

location of the remediation waste management site; 
 

The BRC CAMU site is located on the USGS Las Vegas SE, Nevada, Clark County 
quadrangle map.  The site location is shown on Attachment A. 

 
(e) A scaled drawing of the remediation waste management site showing: 

1. The remediation waste management site boundaries; 
2. Any significant physical structures; and 
3. The boundary of all areas on-site where remediation waste is to be 

treated, stored, or disposed. 
 

A scaled drawing showing all the required information is provided as Attachment B. 
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(f) A specification of the remediation waste to be treated, stored or disposed of at 
the facility or remediation waste management site.  This must include 
information on: 

1. Constituent concentrations and other properties of the remediation 
wastes that may affect how such materials should be treated and/or 
otherwise managed; 
 
Properties and constituent concentrations of the waste materials placed 
or to be placed in the BRC CAMU are provided in Attachment C of this 
document, entitled “Waste Analysis Plan”.   

 
2. An estimate of the quantity of these wastes; and 
 

As noted in Attachment C, the estimated quantity of waste material is 
approximately 3.7 million cubic yards. However, based on post-
excavation confirmation sampling and removal of wastes from the 
remediation areas, the final quantity of waste materials will likely be 
around 4.1 million cubic yards. 

 
3. A description of the processes you will use to treat, store, or dispose of 

this waste, including technologies, handling systems, design and 
operating parameters you will use to treat hazardous remediation wastes 
before disposing of them according to the Land Disposal Restrictions 
(LDR) standards of part 268 of this chapter, as applicable. 

 
The process to be used in handling and disposal of the waste is outlined 
in Attachments C through P of this RAP permit application. 

 
(g) Enough information to demonstrate that operations that follow the provisions in 

your RAP application will ensure compliance with applicable requirements of 
parts 264, 266, and 268 of this chapter; 

 
Table 1 is provided as an outline of the applicable regulatory requirements, with 
references to pertinent sections of this RAP application, which demonstrate 
compliance. 

 
(h) Such information as may be necessary to enable the Regional Administrator to 

carry out his duties under other Federal laws, as is required for traditional 
RCRA permits under 270.14(b)(20); 
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This RAP permit application is intended to provide sufficient information to enable 
the Regional Administrator to carry out his/her duties under other Federal Law, as 
is required for traditional RCRA permits under 270.14(b)(20). 

 
(i) Any other information the Director decides is necessary for demonstrating 

compliance with this subpart or for determining any additional RAP conditions 
that are necessary to protect human health and the environment. 

 
This RAP permit application is intended to provide sufficient information regarding 
siting, design, and operation to determine compliance with RAP conditions that are 
necessary to protect human health and the environment. 

 



  10

 
5.0 REFERENCES 
 
BRC, 2006, “Corrective Action Plan (CAP) for the Basic Remediation Company (BRC) 

Common Areas Remediation Project,” Henderson, Nevada, September 
 
ERM, 1999, “Preliminary Draft Remedial Action Alternatives Study BMI Common 

Areas, Clark County, Nevada,” Prepared for Henderson Industrial Steering 
Committee. April, 30. 

 
ERM, March 2000, “Remedial Alternatives Study for Soils and Sediments in the Upper 

and Lower Ponds at the BMI Complex.” 
 
Geosyntec, 2006, “Revised Draft Remedial Action Plan (RAP) Permit Application for 

Corrective Action Management Unit (CAMU), Henderson, Nevada,” March.  
 
Geosyntec, 2007, “Revised Draft Remedial Action Plan (RAP) Permit Application for 

Corrective Action Management Unit (CAMU), Henderson, Nevada,” March.  
 
 
“Record of Decision, Remediation of Soils and Sediments in the Upper and Lower 

Ponds at the BMI Complex, Henderson, Nevada, Bureau of Correction Actions,” 
Nevada Division of Environmental Protection, November 02, 2001. 



  

 
 
 
 

Tables



Table 1
Regulatory Requirements

BRCCAMU
Henderson, Nevada

Reference Description/Comments Location
270.105 Owner and operator signature and certification Cover Letter
270.11

a name, address, EPA 1D # of site Page 5
Name, address, and telephone number of the owner and

b ooerator Page 5

c The latitude and longitude of the site Page 5
USGS or county map showing the location of the

d RWMS Attachment A
e Scaled Drawing Attachment B

I Remediation waste management site boundaries Attachment B
2 Significant physical structures Attachment B

Boundary of all area where remediation waste is to be
3 disposed Attachment B

Specification of the hazardous remediation waste to be Waste Analysis Plan

f treated, stored, or disposed of at the facilitv or RWMS IrAttachment C)
Constituent concentrations and other properties relevant
to how materials should be treated or otherwise Waste Analysis Plan

I managed IrAttachment C)
Waste Analysis Plan

2 Estimate of the quantitv of these wastes Attachment C)
Description of the process (if any) used to treat material

before disposing according to applicable LDR Waste Analysis Plan

3 standards of part 268 Attachment C)
Information to demonstrate that operations that follow

the provisions in the RAP application will ensure

compliance with the applicable requirements of parts
, 264, 266, and 268 See sublistings below

Subpart A of 264 excuses this site from the
requirements of Subpart B, C, and D of 264. The site

264 Subpart A will complv with the requiremetns of 264.](i) instead
264.1 (j)(l) Obtain EPA 1D number Page 5

Obtain detailed chemical and physical analysis of Waste Analysis Plan
264.1 (j)(2) wastes to be managed at the site IfAttachment C)

Prevent inadvertent or deliberate access to site by Security Plan (Attachment
264. ](])(3) unauthorized people or livestock D)

Inspect site for malfunctions, deterioration, etc. that
may cause or lead to release of hazardous waste Inspection Plan

264. I(j)(4) constituents to the environment, etc. IfAttachment E)
Provide personnel training on how to perform duties Personnel Training Plan

264. ](i)(5) and respond effectively to emergencies IfAttachment F)
Accident Prevention,

Take precautions to prevent accidental ignition or Contingency, and
reaction of ignitable or reactive waste, and mixing of Emergency Response Plan

264.1 (j)(6) incompatible waste IrAttachment OJ

264.1 (j)(7) Floodplain documentation Figure I-I (Attachment I)

No placement of waste in salt dome or underground
264. I(j)(8) mine or cave Not Applicable
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Table 1
Regulatory Requirements

BRCCAMU
Henderson, Nevada

Landfill Design,
Construction, and

Develop and maintain a construction quality assurance Operation Plan
264.1(j)(9) Iprogram for CAMU landfills IIAttachment L)

Accident Prevention,
Develop and maintain procedures to prevent accidents Contingency, and
and a contingency and emergency plan to control Emergency Response Plan

264.1 (j)(1 0) accidents that occur IIAttachment 0)
Accident Prevention,
Contingency, and
Emergency Response Plan

264.1(j)(] I) Emergencv coordinator/designee IfAttachment 0)
Develop, maintain, and implemnet a plan to meet the
requirements in paragraphs (j)(2) through 0)(6) and

264. I (j)(I2) (\)(9) throu"h (\)(] 0) of 264.1 See respective plans
Recordkeeping and

Maintain records documenting compliance with Reporting Plan
264. 1(j)(1 3) paragraphs (j)(I) through (j)(I2) of 264.1 IIAttachment T)
264 Subpart B Not Applicable
264 Subpart C Not Applicable
264 Subpart D Not Applicable

Recordkeeping and
Reporting Plan

264 Subpart E Recordkeeping and Reporting IfAttachment T)
264 Subpart F Releases from Soild Waste Management Units

Closure and Post Closure
264 Subpart 0 Closure and Post Closure Plan (Attachment 0)

Financial Assurance Plan
264 Subpart H Financial Requirements (Attachment R)
264 Subpart 1 - M Not Applicable

Landfill Design,
Construction, and

Operation Plan
264 Subpart N Landfills Attachment J, L, M)
264.30I(a) Not ApPlicable
264.301(b) Not Applicable
264.30I(c) See 264.301(d) instead

Landfill Design,
Construction, and
Operation Plan

264.301(d) Alternative design and operating practices IIAttachmentJ, L, M)
Landfill Design,
Construction, and
Operation Plan

264.30I(e) Double liner waiver IfAttachment J, L, M)
264.301(1) Not Applicable
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Table 1
Regulatory Requirements

BRCCAMU
Henderson, Nevada

Landfill Design,
Construction, and
Operation Plan

264.30I(g) Run-on control system Attachment J, L, M)
Landfill Design,
Construction, and
Operation Plan

264.30I(h) Run-off control system Attachment J, L, M)
Landfill Design,
Construction, and

Collection and holding facilities for run-on and run-off Operation Plan
264.3010) control systems I Attachment J, L, M)

Operation Plan
264.301(j) Wind Disoersal/dust control Attachment M)
264.30I(k)
264.301!l) Not Aoolicable
O-R
S Special Provisions for Cleanup

CAMU-eligibility of waste/contiguousness of
264.552(a) I property/prohibition of liquids
264.552(b) Not Aoolicable
264.552( c) NDEP will address in RAP permit

Sufficient information to enable NDEP to designate a
264.552(d) CAMU

Origin of waste and how it was subsequently managed
(including a description of the timing and Waste Analysis Plan

I circumstances surrounding the disoosal and/or release) IIAttachment C)
Whether the waste was listed or identified as hazardous Waste Analysis Plan

2 at the time of disposal and/or release Attachment C)
Whether the disposal and/or release of the waste
occurred before or after the land disposal requirements Waste Analysis Plan

3 of Dart 268 were in effect IIAttachment C)
264.552 e)

1 Aerial configuration ofCAMU Attachment B
Waste Analysis Plan

2 Specification of CAMU-eligible wastes IIAttachment C)
Landfill Design

3 Minimum design requirements Attachment J)

Waste Analysis Plan
4 Minimum treatment requirements IIAttachment C)

Waste Analysis Plan
i Principal hazardous constituents (PHCs) IIAttachment C)

Waste Analysis Plan
ii PHCs vs. Universal Treatment Standards (Attachment C)

Demonstration/acknowledgement ofPHCs subject to Waste Analysis Plan
iii UTS Attachment C)

Waste Analysis Plan
iv Treatment Standards for wastes placed in CAMU Attachment C)

Page 3 of4



Table 1
Regulatory Requiremeuts

BRCCAMU
Henderson, Nevada

Waste Analysis Plan
v Adiusted standards Attachment C)

Waste Analysis Plan
vi Treatment Timeline/location Attachment C)

Closure and Post Closure
vii CAMU Closure Plan (Attachment 0)

Requirements for groundwater monitoring and Monitoring Plan
5 corrective action Attachment N)
6 Closure and Post Closure Requirements

Design elements and procedures to minimize need for Landfill Design,
further maintenance and to control or eliminate escape Construction, and
of hazardous constituents (including leachate) to the Operation Plan

i ground, air, surface, and/or groundwater Attachment J, L, M)

Requirements for excavation, removal, treatment, or
containment of waste. Requirement and procedures for
removal and decontamination of equipment, devices,
and structures used in material management activities Operating Plan; Closure
(include surveying, excavation, transportation, and and Post-Closure Plan

ii placement of waste material). Attachments M, 0)
WAP, Closure and Post-

Specific Requirements based on CAMU characteristics, Closure Plan (Attachment
iii volumes, characteristics of waste, potential for release C,O)
iv Cao Requirements

Closure and Post Closure
v Post-Closure Requirements Plan (Attachment 0)

264.552(t) Not Applicable
264.552(0) Not Applicable
264.552(h) Will be addressed by NDEP in RAP Permit
264.552(i) Will be addressed bv NDEP in RAP Permit
264.552(j) Not Applicable
264.552 k) Will be addressed bv NDEP in RAP Permit

T-EE Not Applicable
266 Not Aoolicable

Waste Analysis Plan
268.5 LDR treatment Standards [see 264.442(e)(4)1 I(Attachment C)

Alternative LDR treatment standards for contaminated Waste Analysis Plan
268.5 soil (Attachment C)

Information to enable Administration to carry out
duties under other Federal laws as required under

h 270.l4(b)(20) Attachment U
Other information the Director decides is necessary for
compliance with 270 Subpart H or determining any
additional RAP conditions that are necessary to protect

i human health and the environment Attachment V
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Scaled Drawing 
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1.0 INTRODUCTION 
 
 The Basic Remediation Company (BRC) site-related chemicals (SRC) list, as 
approved by the Nevada Division of Environmental Protection (NDEP), currently 
includes a wide range of analytes, including many chemicals with universal treatment 
standards (UTS), as defined in Code of Federal Regulations (CFR) Title 40, Chapter 
268.48 (40 CFR 268.48).  The UTS list, with those constituents on the BRC SRC list 
identified, is shown in Table C-1.  All areas where wastes are present or may be present 
based on visual evidence and an understanding of the Conceptual Site Model (CSM), 
along with measured or anticipated waste depths, are shown on Figure C-1.  Although 
additional remediation may be required in areas not shown in order to meet project risk 
goals, wastes are not present in discernable quantities in other areas; therefore, sampling 
in areas not shown as containing wastes in Figure C-1 would not provide a realistic 
representation of waste composition (i.e., any samples collected will be unavoidably 
diluted with non-waste soils, thus rendering them unrepresentative of waste materials).  
Although sporadic waste sampling efforts have been conducted in the past within the 
BMI Common Areas, the recent Waste Sampling and Analysis effort in 2006 was a 
systematic attempt to characterize the wastes present in the Common Areas.  This recent 
round of sampling also utilized the final SRC list for the BMI Common Areas, thereby 
providing the largest number of analytes for analysis.  Thus, this most recent sampling 
provides the most complete characterization of the wastes and is summarized in this 
Attachment.  It should be noted, however, that since these waste sampling results reflect 
the condition of the wastes as they are present in the source areas, there is likely to be 
some unavoidable commingling of wastes and non-waste materials during removal 
actions leading to dilution – thus, the characteristics of the wastes prior to placement in 
the CAMU may therefore be somewhat different.  In this respect the results presented and 
discussed in this Attachment are conservative. 
 
2.0 INVESTIGATIVE HISTORY 
 
 The 2006 waste characterization investigation, pursuant to an approved 
workplan by NDEP, focused on areas within the BMI Common Areas (Eastside) where 
wastes are located.  Each of the samples collected from these areas was a composite grab 
sample in order to provide a representative concentration of the wastes present. Details of 
this compositing approach are shown in Table C-2 and Figure C-2, and Figures C-3A 
through C-3C. 
 
 The methodology for the solid matrix samples and waste water sample were in 
accordance with the project Field Sampling and Standard Operating Procedures (FSSOP; 
BRC and MWH 2006a) for surface and subsurface soil sample collection, including pre-
field activities.  The project Health and Safety Plan (HSP; BRC and MWH 2005) and 
Quality Assurance Project Plan (QAPP; BRC and MWH 2006b) prepared for the BMI 
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Common Areas were also used for this work.  All work was completed under the 
direction of a State of Nevada Certified Environmental Manager (CEM). 
 
 The vast majority of the wastes present are soils and sediments; however, for 
completeness BRC also sampled the only wastewater present – namely in the TIMET 
Pond SW-12.  This pond and the other TIMET ponds are no longer in service and the free 
water contained therein are evaporating.  The primary purpose of the sampling effort was 
to (a) complete characterization of the remedial wastes in order to address certain 
regulatory requirements pertaining to their anticipated excavation and placement into the 
proposed CAMU; and (b) to assist with continued development of the BMI Common 
Areas (Eastside) CSM. 
 
 Waste characterization was performed to determine whether excavated 
materials comply with minimum treatment requirements (MTRs) prior to placement into 
a land disposal unit.  As such the Waste Sampling and Analysis Plan (BRC, 2006) that 
was prepared and approved by the NDEP, with incorporated comments, complied with 
and was intended to support regulations at 40 CFR 270.110(f); 40 CFR 264(1)(j)(2); 40 
CFR 264.552(d); 40 CFR 264.552(e)(2)&(4); and 40 CFR 268.49 (U.S. Environmental 
Protection Agency [USEPA] 2005). 
 

Samples were collected from the following areas: 

• Alpha ditch: composite samples were collected from three locations along the length 
of the alpha ditch.  Each of the three sample locations consisted of composite samples 
from three equidistant locations (50 feet apart) and from two depths each. 

• Beta ditch: composite samples were collected from three locations along the length of 
the beta ditch.  Each of the three sample locations consisted of composite samples 
from three equidistant locations (50 feet apart) and from three depths each. 

• IRM soil holding ponds: a single composite sample was collected from each of the 
IRM holding ponds – these are seven of the Upper Ponds.  Each IRM holding pond 
sample consisted of composite samples from two locations within the holding pond 
and from two depths each.  Since these ponds are capped for dust mitigation 
purposes, the upper sampling interval was below the cap. 

• Mohawk area: a single composite sample was collected which consisted of samples 
from ponds PUE-01, PUE-02, PUF-01, and PUF-02 collected from surface soils. 

• No-build area: three composite samples were collected which consisted of samples 
from ponds within the no-build area footprint.  Each no-build area sample consisted 
of composite samples from four to five ponds each (as discussed in Table C-2) 
collected from surface soils. 
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• Sunset North area: a single composite sample was collected which consisted of 
samples from ponds west of the no-build area (as discussed in Table C-2) collected 
from surface soils.  These ponds have undergone previous IRM activities. 

• Spray Wheel: two composite samples were collected which consisted of samples 
from ponds with sediments within the Spray Wheel area.  Each Spray Wheel sample 
consisted of composite samples from three to four ponds (as discussed in Table C-2) 
collected from two depths each. 

• TIMET abandoned test pit: a single composite sample was collected which consisted 
of two samples from within the test pit footprint and from two depths each. 

• Former Espey Construction site: a single composite sample was collected which 
consisted of two samples from within the construction site footprint and from two 
depths each. 

• Other TIMET debris areas: a single composite sample was collected which consisted 
of samples from four areas identified as debris or storage areas (other than TIMET 
ponds, test pit or Espey Construction site). The other debris composite sample 
consisted of one sample from each of the four locations and from two depths each. 

• TIMET berms: four composite samples were collected from berms between each of 
the TIMET ponds.  Each sample consisted of composite samples from three locations 
from two depths each.  Although the berms have not received any TIMET wastes, 
they were constructed via grading of historic BMI ponds located in this area. 

• TIMET OPW ponds: two composite samples were collected which consisted of 
samples from each OPW pond. Each OPW pond sample consisted of composite 
samples from six to eight ponds each collected from two depths each.  Only two 
samples were collected since the nature of the OPW wastes deposited in these ponds 
is uniform.  A separate sample was collected from OPW Pond #12 since TIMET used 
this pond for disposal of lime bottoms.  A single composite sample was collected 
consisting of samples from two locations within this pond and from two depths each.  

• TIMET ponds: a single composite sample was collected from each of the 16 TIMET 
ponds.  Each TIMET pond sample consisted of two composite samples from within 
the pond collected from two depths each.  In addition, a wastewater sample was 
collected from Pond SW-12. 

• Upper ponds: composite samples were collected, which consisted of samples from 
each of first seven upper pond rows from ponds with sediment (one composite sample 
per row).  Each upper pond sample consisted of composite samples from four to six 
ponds each (as discussed in Table C-2) collected from two depths each. 

 Field sampling was conducted from July 26 through August 9, 2006.  Through 
this effort, 53 soil samples and one sediment sample were collected for analyses, which 
were composited from 300 individual sample locations.  A separate Data Validation 
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Summary Report (Dataset #39) was prepared and submitted to NDEP (BRC and MWH 
2006c).  This report was approved by the NDEP in November 2006.  This report contains 
an electronic version of the waste characterization sampling database.  Table C-3 
summarizes the results of this investigation. 
 
Table C-5 shows the estimated impacted soil volumes associated with the various waste 
areas.  Figure C-4 shows the waste area locations. 
 
3.0 RESULTS 

 
 A summary of the results of the waste sampling and analysis is provided in 
Table C-4.  This table presents the minimum and maximum detected concentrations for 
each of the SRCs with a listed UTS, as defined in 40 CFR 268.48.  The chemical-specific 
UTS times 10 and the chemicals that have been detected in concentrations that exceed 10 
times their UTS are also indicated in Table C-4.  Those chemicals with maximum 
concentrations that exceed 10 times their UTS are also compared to: 1) a potential 
carcinogenic direct risk from ingestion or inhalation at the site at or above 10-3, and 2) a 
non-carcinogenic direct risk from ingestion or inhalation at the site an order of magnitude 
or greater over their reference dose.  As discussed by USEPA (2002), hazard quotients 
are used as a measure of unacceptable exposure to constituents that produce toxic 
endpoints other than cancer. 
 
 USEPA Region 9 preliminary remediation goals (PRGs) tables provide 
exposure pathway-specific risk-based comparison values (USEPA 2004).  These tables 
provide values for both carcinogenic and non-carcinogenic risks.  If a particular chemical 
has both carcinogenic and non-carcinogenic toxicity criteria, these tables provide values 
for both these endpoints.  Therefore, USEPA Region 9 residential PRGs for both 
carcinogenic and non-carcinogenic risks for the combined ingestion and inhalation 
exposure pathways were used in this analysis.  Because PRGs for carcinogens are based 
on a cancer risk level of 10-6, the values in the PRG tables were multiplied by 1,000 to 
obtain a 10-3 risk level.  PRGs for non-carcinogens, which are based on a hazard quotient 
of 1, were multiplied by 10.  These adjusted PRG values are shown in Table C-4 for 
those chemicals that exceeded 10 times their UTS.  These chemicals were 2,4'-DDE, 4,4'-
DDD, 4,4'-DDE, 4,4'-DDT, beta-BHC, 1,2,3,4,6,7,8-HpCDD, 1,2,3,4,6,7,8-HpCDF, 
1,2,3,4,7,8,9-HpCDF, OCDD, and OCDF.  Because PRG values were not available for 
2,4'-DDE, values for 4,4'-DDE were used as a surrogate.  PRG values for each of the 
dioxin congeners were obtained by multiplying the PRG for 2,3,7,8-TCDD by each 
congener's respective toxicity equivalency factor (TEF).  All of the chemicals are 
considered carcinogens and have PRGs for carcinogenic risks.  4,4'-DDT and beta-BHC 
also have PRGs for non-carcinogenic risks.  As indicated in Table C-4, none of these 
chemicals equal or exceed either a potential carcinogenic direct risk from ingestion or 
inhalation of 10-3, nor a non-carcinogenic direct risk from ingestion or inhalation an order 
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of magnitude or greater over their reference dose.  Therefore, all of the waste materials in 
the Eastside meet the UTS/MTR requirements. 
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TABLE C-I
SITE-RELATED CHEMICALS - UNIVERSAL TREATMENT STANDARDS

(page I of II)

Universal Treatment Standard
Parameter of Analytical CAS Wastewater Nonwastewater

Interest Method Compound List Number mgIL mg/kg mg/LTCLP
Ions EPA 300.0 Bromide 24959-67-9 NA NA NA

Bromine 7726-95-6 NA NA NA
Chlorate 14866-68-3 NA NA NA
CWoride 16887-00-6 NA NA NA
CWorine (soluble) 7782-50-5 NA NA NA
Chlorite 14998-27-7 NA NA NA
Fluoride 16984-48-8 35 NA NA
Nitrate (as N) 14797-55-8 NA NA NA
Nitrite (as N) 14797-65-0 NA NA NA
Orthophosphate 14265-44-2 NA NA NA
Sulfate 14808-79-8 NA NA NA

EPA 377.1 Sulfite 14265-45-3 NA NA NA
EPA 314.0 Perchlorate 14797-73-0 NA NA NA

Dissolved Gases RSK175 Ethane 74-84-0 NA NA NA
Ethylene 74-85-1 NA NA NA
Methane 74-82-8 NA NA NA

Chlorinated EPA 551.1 CWoral 75-87-6 NA NA NA
Compounds Dichloroacetaldehyde 79-02-7 NA NA NA

Polychlorinated EPA 8290 I ,2,3,4,6,7,8,9-0ctacWorodibenzofuran 39001-02-0 o000063 0005 NA
Dibenzodioxinsl I ,2,3,4,6,7,8,9-0ctacWorodibenzo-p-dioxin 3268-87-9 0.000063 0.005 NA
Dibenzofurans 1,2,3,4,6,7,8-HeptacWorodibenzofnran 67562-39-4 0.000035 0.0025 NA

1,2,3,4,6,7,8-HeptacWorodibenzo-p-dioxin 35822-46-9 0.000035 0.0025 NA
1,2,3,4,7,8,9-HeptacWorodibenzofuran 55673-89-7 o000035 0.0025 NA
1,2,3,4,7,8-HexacWorodibenzofnran 70648-26-9 NA NA NA
1.2.3,4,7,8-Hexachlorodibenzo-p-dioxin 39227-28-6 NA NA NA
1,2,3,6,7,8-HexacWorodibenzofuran 57117-44-9 NA NA NA
1,2,3,6,7,8-HexacWorodibenzo-p-dioxin 57653-85-7 NA NA NA
1,2,3,7,8,9-HexacWorodibenzofuran 72918-21-9 NA NA NA
1,2,3,7,8.9-Hexachlorodibenzo-p-dioxin 19408-74-3 NA NA NA
1,2,3,7,8-PentacWorodibenzofuran 57117-41-6 NA NA NA
1,2,3,7,8-Pentachlorodibenzo-p-dioxin 40321-76-4 NA NA NA
2,3,4,6,7,8-HexacWorodibenzofnran 60851-34-5 NA NA NA
2,3,4,7,8-PentacWorodibenzofuran 57117-31-4 NA NA NA
2,3,7,8-Tetrachlorodibenzofnran 51207-31-9 NA NA NA
2,3,7,8-Tetrachlororodibenzo-p-dioxin 1746-01-6 NA NA NA

Asbestos ElutriatorrrEM Asbestos 1332-21-4 NA NA NA
General Chemistry EPA 350.2 Ammonia (as N) 7664-41-7 NA NA NA

Parameters EPA 901019014 Cyanide (Total) 57-12-5 1.2 590 NA
EPA 345.1 Iodine 7553-56-2 NA NA NA
EPA 9045C pH in soil IpH NA NA NA



TABLE C-I
SITE-RELATED CHEMICALS - UNIVERSAL TREATMENT STANDARDS

(page 2 of 11)

Universal Treatment Standard
Parameter of Analytical CAS Wastewater Nonwastewater

Interest Method Compound List Number mgIL mg/kg mg/LTCLP
General Chemistry EPA 9040B pH in water pH NA NA NA

Parameters EPA 376.11376.2 Sultide 184%-25-8 14 NA NA
Mod. EPA 415.1 Total inorganic carbon 7440-44-0 NA NA NA

EPA 351.2 Total Kje1dahl nitrogen (TKN) TKN NA NA NA
EPA 415.1 Total organic carbon (TOC) 7440-44-0 NA NA NA

Metals EPA 6020/6010B Aluminum 7429-90-5 NA NA NA
Antimonv 7440-36-0 1.9 NA 1.15
Arsenic 7440-38-2 1.4 NA 5
Bariwu 7440-39-3 1.2 NA 21
Beryllium 7440-41-7 0.82 NA 1.22
Boron 7440-42-8 NA NA NA
CadmilUn 7440-43-9 0.69 NA 0.11
Calciwn 7440-70-2 NA NA NA
Chromium 7440-47-3 2.77 NA 0.6
Cobalt 7440-48-4 NA NA NA
Copper 7440-50-8 NA NA NA
Iron 7439-89-6 NA NA NA
Lead 7439-92-1 0.69 NA 0.75
Lithiwn 1313-13-9 NA NA NA
Magnesiwn 7439-95-4 NA NA NA
Manganese 7439-96-5 NA NA NA
Molybdenum 7439-98-7 NA NA NA
Nickel 7440-02-0 3.98 NA 11
Niobiwll 7440-03-1 NA NA NA
Palladiwn 7440-05-3 NA NA NA
Phosphorus 7723-14-0 NA NA NA
Platinwn 7440-06-4 NA NA NA
Potassium 7440-09-7 NA NA NA
Selenium 7782-49-2 0.82 NA 5.7
Silicon 7440-21-3 NA NA NA
Silver 7440-22-4 0.43 NA 0.14
Sodium 7440-23-5 NA NA NA
Strontiwn 7440-24-6 NA NA NA
Sulfur 7704-34-9 NA NA NA
ThallilUu 7440-28-0 1.4 NA 0.2
Tin 7440-31-5 NA NA NA
Titaniwu 7440-32-6 NA NA NA
Tungsten 7440-33-7 NA NA NA
Uraniwn 7440-61-1 NA NA NA
Vanadiwn 7440-62-2 4.3 NA 1.6
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Universal Treatment Standard
Parameter of Analytical CAS Wastewater Nonw3stewater

Interest Method Compound List Number mg/L mg/kg mg/LTCLP

Metals Zinc 7440-66-6 2.61 NA 4.3
Zirconium 7440-67-7 NA NA NA

EPA 7196A Chromium (VI) 18540-29-9 NA NA NA
EPA 747017471A Mercury 7439-97-6 0.15 NA 0.025

Organophosphorous EPA 8141A Azinphos-ethyI 264-27-19 NA NA NA
Pesticides Azinphos-methyl 86-50-0 NA NA NA

Carbophenothion 786-19-6 NA NA NA
CWomYrifos 2921-88-2 NA NA NA
Cownaphos 56-72-4 NA NA NA
Demeton-O 298-03-3 NA NA NA
Demeton-S 126-75-0 NA NA NA
Diazinon 333-41-5 NA NA NA
DichloIVOS 62-73-7 NA NA NA
Dimethoate 60-51-5 NA NA NA
Disulfoton 298-04-4 0.017 6.2 NA
EPN 2104-64-5 NA NA NA
Ethoprop 13194-48-4 NA NA NA
Ethyl parathion 56-38-2 0.014 4.6 NA
Fampphur 52-85-7 0.017 15 NA
Fenthion 55-38-9 NA NA NA
Malathion 121-75-5 NA NA NA
Methyl carbophenothion 953-17-3 NA NA NA
Methyl parathion 298-00-0 0014 4.6 NA
Mevinphos 7786-34-7 NA NA NA
Naled 300-76-5 NA NA NA
0,0,0-Triethyl phosphorothioate (TEPP) 297-97-2 NA NA NA
Phorate 298-02-2 0021 46 NA
Phosmet 732-11-6 NA NA NA
Ronnel 299-84-3 NA NA NA
Stirophos (Tetrachloroyinphos) 22248-79-9 NA NA NA
Sulfotep 3689-24-5 NA NA NA

Chlorinated EPA 8151A 2,4,5-T 93-76-5 0.72 7.9 NA
Herbicides 2,4,5-TP (SilYex) 93-72-1 0.72 7.9 NA

2,4-D 94-75-7 0.72 10 NA
2,4-DB 94-82-6 NA NA NA
Dalapon 75-99-0 NA NA NA
Dicamba 1918-00-9 NA NA NA
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Universal Treatment Standard
Parameter of Analytical CAS Wastewater Nonwastewater

Interest Method Compound List Number mgIL mglkg mglLTCLP
Chlorinated EPA8151A DicWoroprop 120-36-5 NA NA NA
Herbicides Dinoseb 88-85-7 0.066 2.5 NA

MCPA 94-74-6 NA NA NA
MCPP 93-65-2 NA NA NA

Organic Acids HPLC 4-Chlorobenzene sulfonic acid 98-66-8 NA NA NA
Benzenesulfonic acid 98-11-3 NA NA NA
O,O-Diethylphosphorodithioic acid 298-06-6 NA NA NA
O,O-Dimethvlohos horodithioic acid 756-80-9 NA NA NA

Nonhalogenated EPA 8015B Ethylene glycol 107-21-1 NA NA NA
Organics Ethylene glycol monobutyl ether 111-76-2 NA NA NA

Methanol 67-56-1 5.6 NA 0.75
Propylene glycol 57-55-6 NA NA NA

Organochlorine EPA 8081 A 2,4-DDD 53-19-0 0.023 0.087 NA
Pesticides 2,4-DDE 3424-82-6 0.031 0.087 NA

4,4-DDD 72-54-8 0.023 0.087 NA
4,4-DDE 72-55-9 0.031 0.087 NA
4,4-DDT 50-29-3 0.0039 0.087 NA
Aldrin 309-00-2 0.021 0.066 NA
alpha-BHC 319-84-6 0.00014 0.066 NA
al ha-Chlordane 5103-71-9 0.0033 0.26 NA
beta-BHC 319-85-7 0.00014 0.066 NA
CWordane 57-74-9 NA NA NA
delta-BHC 319-86-8 0.023 0.066 NA
Dieldrin 60-57-1 0.017 0.13 NA
Endosulfan I 959-98-8 0.023 0.066 NA
Endosulfan n 33213-65-9 0.029 0.13 NA
Endosulfan sulfate 1031-07-8 0.029 013 NA
Endrin 72-20-8 0.0028 0.13 NA
Endrin aldehyde 7421-93-4 0.025 0.13 NA
Endrin ketone 53494-70-5 NA NA NA
ganmla-BHC (Lindane) 58-89-9 0.0017 0066 NA
gamma-Chlordane 5103-74-2 0.0033 0.26 NA
Heptachlor 76-44-8 0.0012 0.066 NA
Heptachlor epoxide 1024-57-3 0.016 0.066 NA
Methoxychlor 72-43-5 025 0.18 NA
Toxaphene 8001-35-2 0.0095 2.6 NA
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Universal Treatment Standard
Parameter of Analytical CAS Wastewater Nonwastewatcr

Interest Method Compound List Number mgIL mg/kg mg/LTCLP
Polychlorinated EPA 8082 Aroclor 1016 12674-11-2 NA

Biphenyls (PCBs) Aroclor 1221 11104-28-2 NA
Aroclor 1232 11141-16-5 NA
Aroclor 1242 53469-21-9 NA
Aroclor 1248 12672-29-6 NA
Aroclor 1254 11097-69-1 NA
Aroclor 1260 110%-82-5 NA
PCB-77 32598-13-3 NA
PCB-81 70362-50-4 NA
PCB-I05 32598-14-4 0.1 10 NA
PCB-I 14 74472-37-0 NA
PCB-I 18 31508-00-6 NA
PCB-123 65510-44-3 NA
PCB-I 26 57465-28-8 NA
PCB-l 56 38380-08-4 NA
PCB-I 57 69782-90-7 NA
PCB-I 67 52663-72-6 NA
PCB-169 32774-16-6 NA
PCB-I 89 39635-31-9 NA

Polynuclear EPA 8310 Acenaphthene 83-32-9 NA NA NA
Aromatic Acenaphthylene 208-96-8 NA NA NA

Hydrocarbons Anthracene 120-12-7 NA NA NA
Benzo(a)anlhracene 56-55-3 NA NA NA
Benzo(a)pyrene 50-32-8 NA NA NA
Benzo(b)tluoranthene 205-99-2 NA NA NA
Benzo(g,h,i)perylene 191-24-2 NA NA NA
Benzo(k)tluoranlhene 207-08-9 NA NA NA
Chrysene 218-01-9 NA NA NA
Dibenzo(a,h)anthracene 53-70-3 NA NA NA
Indeno(l,2,3-cd)pyrene 193-39-5 NA NA NA
Phenanthrene 85-01-8 NA NA NA
Pyrene 129-00-0 NA NA NA

Radionuclides EPA 900.0 Gross alpha G Alpha NA NA NA
or EPA 9310 Gross beta G Beta NA NA NA
EPA 901.11 ACliniwn-228 14331-83-0 NA NA NA

HASL GA-lll-R Bismuth-212 14913-49-6 NA NA NA
Bism.uth-214 14733-03-0 NA NA NA
Coball-57 13981-50-5 NA NA NA
Cobalt-60 10198-40-0 NA NA NA
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Universal Treatment Standard
Parameter of Analytical CAS Wastewater Nonwastewater

Interest Method Compound List Number mg/L mg/kg mg/LTCLP
Radionuclides EPA 901.11 Lead-2l0 14255-04-0 NA NA NA

HASL GA-OI-R Lead-211 015816-77-0 NA NA NA
Lead-212 15092-94-1 NA NA NA
Lead-214 15067-28-4 NA NA NA
Potassium-40 13966-00-2 NA NA NA
Thalliwn-208 14913-50-9 NA NA NA
Thorium-227 15623-47-9 NA NA NA
Thorium-234 15065-10-8 NA NA NA

HASLA-OI-R Thorium-232 7440-29-1 NA NA NA
Thorium-228 14274-82-9 NA NA NA
Thorium-230 14269-63-7 NA NA NA
Uraniwn-2331234 13966-29-5 NA NA NA
Uranium 235/236 15117-96-1 NA NA NA
Uranium-238 7440-61-1 NA NA NA

EPA 903.0/903.1 Radimn-226 13982-63-3 NA NA NA
EPA 904.0 Radium-228 15262-20-1 NA NA NA

Quantitale from Actinium-227 (from Th-227) 14952-40-0 NA NA NA
Parent or Daughter Bismuth-2l0 (Irom Pb-21O) 1433t-79-4 NA NA NA

Radionuclidc Bismuth-211 (Irom Pb-211) 15229-37-5 NA NA NA
Polonium-2l 0 (trom Pb-21O) 13981-52-7 NA NA NA
Polonimn-212 (trom Bi-212) 13981-52-7 NA NA NA
Polonitlln-214 (trom Bi-214) 15735-67-8 NA NA NA
Poloninm-216 (trOln Pb-212) 15756-58-8 NA NA NA
Polonitlln-218 (tram Pb-214) 15422-74-9 NA NA NA
Protactiniwu-231 (from U-235) 14331-85-2 NA NA NA
Protactiniwn-234 (trom Th-234) 15100-28-4 NA NA NA
Radium-223 (lrOln Th-227) 15623-45-7 NA NA NA
Radium-224 (trom Pb-212) 13233-32-4 NA NA NA
Thallium-207 (trom Pb-21 I) 14133-67-6 NA NA NA
Thorium-231 (Irom U-235) 14932-40-2 NA NA NA

Radon FLUX Radon-220 22481-48-7 NA NA NA
Radon-222 14859-67-7 NA NA NA

Aldehydes EPA 8315A Acetaldehvde 75-07-0 NA NA NA
CWoroacetaldehyde 107-20-0 NA NA NA
Dichloroacetaldehyde 79-02-7 NA NA NA
Fonnaldehyde 50-00-0 NA NA NA
Trichloroacetaldehyde 75-87-6 NA NA NA
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Universal Treatment Standard
Parameter of Analytical CAS Wastewater Nonwastewater

Interest Method Compound List Number 109/L 109/kg 109/LTCLP

Semivolatile EPA 8270C 1,2,4,5-Tetrachlorobenzene 95-94-3 0.055 14 NA
Organic 1,2-Diphenvlhvdrazine 122-66-7 0.087 NA NA

Compounds 1,4-Dioxane 123-91-1 12 170 NA
2,2'/4,4'-DicWorobenzil 3457-46-3 NA NA NA
2,4,5-TricWorophenol 95-95-4 0.18 7.4 NA
2,4,6-TricWoro henRI 88-06-2 0.035 7.4 NA
2,4-DicWorophenol 120-83-2 0.044 14 NA
2,4-Dirnethvlohenol 105-67-9 0.036 14 NA
2,4-Dinitrophenol 51-28-5 0.12 160 NA
2,4-Dinitrotoluene 121-14-2 0.32 140 NA
2,6-Dinitrotoluene 606-20-2 0.55 28 NA
2-CWoronanhthalene 91-58-7 0.055 5.6 NA
2-CWorophenol 95-57-8 0044 5.7 NA
2-Methvlnaphlhalene 91-57-6 NA NA NA
2-Nitroaniline 88-74-4 0.27 14 NA
2-Nitrophenol 88-75-5 0.028 13 NA
3,3-DicWorobenzidine 91-94-1 NA NA NA
3-Nitroaniline 99-09-2 NA NA NA
4,4'-Dichlorobenzil 3457-46-3 NA NA NA
4-Bromophenyl phenyl ether 101-55-3 0.055 15 NA
4-CWoro-3-methvlphenol 59-50-7 0.018 14 NA
4-Chlorophenyl phenyl ether 7005-72-3 NA NA NA
4-Chlorothioanisole 123-09-1 NA NA NA
4-Chlorothiophenol 106-54-7 NA NA NA
4-Nitroaniline 100-01-6 0.028 28 NA
4-Nitrophenol 100-02-7 0.12 29 NA
Acenaphthene 83-32-9 0.059 34 NA
Acenaphthylene 208-%-8 0.059 3.4 NA
Acetophenone 98-86-2 0.01 9.7 NA
Aniline 62-53-3 0.81 14 NA
Anthracene 120-12-7 0.059 3.4 NA
Azobenzene 103-33-3 NA NA NA
BenzO<a)anthracene 56-55-3 0.059 3.4 NA
Benzo(a)pvrene 50-32-8 0.061 3.4 NA
Benzo(b)t1uoranthene 205-99-2 0.1/ 6.8 NA
Benzo(g,h,i)perylene 191-24-2 0.0055 1.8 NA
Benzo(k)t1uoranthene 207-08-9 0.11 6.8 NA
Benzoic acid 65-85-0 NA NA NA
Benzyl alcohol 100-51-6 NA NA NA
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Universal Treatment Standard
Parameter of Analytical CAS Wastewater Nonwastewater

Interest Method Compound List Number mg/L mg/kg mglLTCLP

Semivolatile EPA 8270C bis(2-Chloroethoxy)methane 111-91-1 0.036 7.2 NA
Organic bis(2-Chloroethyl) ether 111-44-4 0.033 6 NA

Compounds bis(2-Chloroisopropyl) ether 108-60-1 0.055 7.2 NA
bis(2-Ethv!hexvl) phthalate 117-81-7 NA NA NA
bis(Chloromethyl) ether 542-88-1 NA NA NA
bis(p-Chlorophenvl) sulfone 80-07-9 NA NA NA
bis(p-Chlorophenyl)disulfide 1142-19-4 NA NA NA
Butylbenzvl phthalate 85-68-7 0.017 28 NA
Carbazole 86-74-8 NA NA NA
Chrysene 218-01-9 0.059 3.4 NA
Dibenzo(a,h)anthracene 53-70-3 0.055 8.2 NA
Dibenzofuran 132-64-9 NA NA NA
Dichloromethyl ether 542-88-1 NA NA NA
Diethyl phthalate 84-66-2 0.2 28 NA
Dimethyl phthalate 131-11-3 0.047 28 NA
Di-n-butvl ohthalate 84-74-2 0.057 28 NA
Di-n-octyI phlhalate 117-84-0 0.017 28 NA
Diphenyl disulfide 882-33-7 NA NA NA
Diphenyl sultide 139-66-2 NA NA NA
Diphenyl sulfone 127-63-9 NA NA NA
Fluoranthene 206-44-0 0.068 3.4 NA
Fluorene 86-73-7 0.059 3.4 NA
Hexachlorobenzene 118-74-1 0.055 10 NA
Hexachlorobutadiene 87-68-3 0.055 5.6 NA
Hexachlorocyclooentadiene 77-47-4 0.057 2.4 NA
Hexachloroethane 67-72-1 0.055 30 NA
Hydroxymethyl phthalimide 118-29-6 NA NA NA
Indeno(l,2,3-cd)pyrene 193-39-5 0.0055 3.4 NA
Isoohorone 78-59-1 NA NA NA
m,p-Cresol 106-44-5 0.77 5.6 NA
Naphthalene 91-20-3 0.059 5.6 NA
Nitrobenzene 98-95-3 0.068 14 NA
N-nitrosodi-n-proPVlamine 621-64-7 0.4 14 NA
N-nitrosodiphenylamine 86-30-6 0.92 13 NA
o-Cresol 95-48-7 0.11 5.6 NA
Octachlorostyrene 29082-74-4 NA NA NA
p-Chloroaniline (4-Chloroaniline) 106-47-8 0.46 16 NA
p-Chlorobenzenethiol 106-54-7 NA NA NA
Pentachlorobenzene 608-93-5 0.055 10 NA
Pentachlorophenol 87-86-5 0.089 7.4 NA
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Universal Treatment Standard
Parameter of Analytical CAS Wastewater Nonwastewater

Interest Method Compound List Number mg/L mg/kg mg/LTCLP

Semivolatile EPA 8270C Phenanthrene 85-01-8 0059 5.6 NA
Organic Phenol 108-95-2 0039 6.2 NA

Compounds Phthalic acid 88-99-3 0.055 28 NA
IPyrene 129-00-0 0.067 8.2 NA
IPvridine 110-86-1 0.014 16 NA
Thiophenol 108-98-5 NA NA NA
Tentatively Identilied Compounds (TICs) NA NA NA

Volatile EPA 8260B I, 1,1,2-TetracWoroethane 630-20-6 0057 6 NA
Organic I ,1,1-TricWoroethane 71-55-6 0.054 6 NA

Compounds I, I,2,2-TetracWoroethane 79-34-5 0.057 6 NA
1,1,2-TricWoroethane 79-00-5 0.054 6 NA
l.l-Dichloroethane 75-34-3 0.059 6 NA
l,l-Dichloroethene 75-35-4 0.025 6 NA
1,I-DicWoropropene 563-58-6 NA NA NA
1,2,3-Trichlorobenzene 87-61-6 NA NA NA
1,2,3-TricWoroorooane %-18-4 085 30 NA
1,2,4-TricWorobenzene 120·82·1 0.055 19 NA
l,2,4-Trimethylbenzene 95-63-6 NA NA NA
1,2-Dichlorobenzene 95-50-1 0.088 6 NA
l,2-Dichloroethane 107-06-2 0.21 6 NA
l,2-Dichloroethene 540-59-0 NA NA NA
1,2-DicWoroprooane 78-87-5 0.85 18 NA
1,3,5-Trichlorobenzene 108-70-3 NA NA NA
1,3,5-Trimethylbenzene 108-67-8 NA NA NA
l,3-Dichlorobenzene 541-73-1 0.036 6 NA
l,3-Dichloropropene 542-75-6 NA NA NA
1,3-DicWoropropane 142-28-9 NA NA NA
IA-Dichlorobenzene 106-46-7 0.09 6 NA
2,2-DicWoroorooane 594-20-7 NA NA NA
2,2-Dimethylpentane 590-35-2 NA NA NA
2,2,3-Trimethylbutane 464-06-2 NA NA NA
2,3-Dimethylpentane 565-59-3 NA NA NA
2,4-Dimethvloentane 108-08-7 NA NA NA
2-Chlorotoluene 95-49-8 NA NA NA
2-Hexanone 591-78-6 NA NA NA
2-Methylhexane 591-76-4 NA NA NA
2-Nitropropane 79-46-9 NA NA NA
3,3-Dimethvloentane 562-49-2 NA NA NA
3-Ethyloentane 617-78-7 NA NA NA
3-Methylhexane 589-34-4 NA NA NA
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Universal Treatment Standard
Parameter of Analytical CAS Wastewater Nonwastewater

Interest Method Compound List Number mglL mglkg mglLTCLP
Volatile EPA 8260B 4-Chlorobenzene 108-90-7 NA NA NA
Organic 4-Chlorotoluene 106-43-4 NA NA NA

Compounds 4-Methyl-2-pentanone (MlBK) 108-10-1 0.14 33 NA
Acetone 67-64-1 028 160 NA
Acetonitrile 75-05-8 5.6 38 NA
Benzene 71-43-2 0.14 10 NA
Bromobenzene 108-86-1 NA NA NA
BromodicWoromcthane 75-27-4 0.11 15 NA
Bromofonn 75-25-2 0.63 IS NA
Bromomethane 74-83-9 NA NA NA
Carbon disulfide 75-15-0 3.8 NA 4.8
Carbon tetrachloride 56-23-5 0.057 6 NA
Chlorobenzene 108-90-7 0.057 6 NA
Chlorobromomethane 74-97-5 NA NA NA
Chlorodibromomethane 124-48-1 0.057 IS NA
Chloroethane 75-00-3 0.27 6 NA
Chlorofonn 67-66-3 0.046 6 NA
Chloromethane 74-87-3 019 30 NA
cis-l,2-Dichloroethene 156-59-2 NA NA NA
cis-l,3-Dichloropropene 10061-01-5 0.036 18 NA
Cymene (lsopropyltoluene) 99-87-6 NA NA NA
Dibromochloroethane 73506-94-2 NA NA NA
Dibromochloromethane 124-48-1 NA NA NA
Dibromochloropropane %-12-8 0.11 15 NA
Dibromomethane 74-95-3 0.11 IS NA
Dichlorol11ethane (Methylene chloride) 75-09-2 0.089 30 NA
Dil11ethyldisulfide 624-92-0 NA NA NA
Ethanol 64-17-5 NA NA NA
Ethylbenzene 100-41-4 0.057 10 NA
Freon-II (frichlorofluoromethane) 75-69-4 0.02 30 NA
Freon-I 13 (1,1,2-Trilluoro-l ,2,2-trichloroethane) 76-13-1 0.057 30 NA
Freon-12 (Dichloroditluorol1lcthane) 75-71-8 0.23 7.2 NA
Heptane 142-82-5 NA NA NA
Isohcotane 31394-54-4 NA NA NA
Isopropylbenzene 98-82-8 NA NA NA
m,p-Xylene l11p-XYL NA NA NA
Methyl ethyl ketone (2-Butanone) 78-93-3 0.28 36 NA
Methyl iodide 74-88-4 0.19 65 NA
MTBE (Methyl tert-butyl ether) 1634-04-4 NA NA NA
n-Butyl benzene 104-51-8 NA NA NA
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Universal Treatment Standard
Parameter of Analytical CAS Wastewater Nonwastewater

Interest Method Compound List Number mgIL mglkg mglLTCLP

Volatile EPA 8260B n-Propylbenzene 103-65-1 NA NA NA
Organic Nonanal 124-19-6 NA NA NA

Compounds o-Xylene 95-47-6 NA NA NA
sec-Butvlbenzene 135-98-8 NA NA NA
Styrene 100-42-5 NA NA NA
tert-Butyl benzene 98-06-6 NA NA NA
TetracWoroethene 127-18-4 0056 6 NA
Toluene 108-88-3 0.08 10 NA
trans-l.2-Dichloroethene 156-60-5 0.054 30 NA
trans-I,3-Dichloropropene 10061-02-6 0.036 18 NA
Trichloroethene 79-01-6 0.054 6 NA
Vinyl acetate 108-05-4 NA NA NA
VinyI cWoride 75-01-4 0.27 6 NA
Xvlenes (total) 1330-20-7 0.32 30 NA
Tentatively Identified Compounds (TICs) NA NA NA

Water Quality EPA 120.1 Conductivity COND NA NA NA
Parameters EPA 130.2 Hardness, total Hardness NA NA NA

EPA 160.1 Total dissolved solids TDS NA NA NA
EPA 160.2 Total suspended solids TSS NA NA NA

~her "Ualhy lCrA ~lU.l f\IK3 illity. ota (as ALl'.. NA NA NA

Parameters Bicarbonate alkalinity 71-52-3 NA NA NA
(continued) Carbonate alkalinity 3812-32-6 NA NA NA

Hydroxide alkalinity OH-ALK NA NA NA
Flashpoint EPA 1010 Flammables NA NA NA NA

Total Petroleum EPA 8015 Diesel 64742-46-7 NA NA NA
Hydrocarbons Gasoline 8006-61-9 NA NA NA

Grease 68153-81-1 NA NA NA
Mineral Snirits NA NA NA NA

White Phosphorus EPA 7580M White ohosohorus 12185-10-3 NA NA NA
Methyl Mercury EPA 1630 Methvl mercury 22967-92-6 NA NA NA

I I Shaded chemicals are those with Universal Treatment Standards.
NA - not applicable; a UTS has not been established for this chemical/medium/analysis.
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WASTE CHARACTERIZATION COMPOSITE SAMPLING
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Area I Sample ID Spatial Composite Deoth Comoosite

Alpha Ditch
WC-ADOI' composite of 3 (-50, 0, 50 feet) samples collected from along ditch composite of samples collected from 0 and 2 feet bgs
WC-AD02 composite of 3 (-50, 0, 50 feet) samples collected from along ditch composite of samples collected from 0 and 2 feet bgs
WC-AD03 composite of 3 (-50, 0, 50 feet) samples collected frorn along ditch composite of samples collected from 0 and 2 feet bgs

Beta Ditch
WC-BDOI composite of 3 (-50, 0, 50 teet) samples collected from along ditch composite of samples collected from 0 , 6, and II feet bgs
WC-BD02 composite of 3 (-50, 0, 50 feet) samples collected from along ditch composite of samples collected from 0, 4, and 8 feet bgs
WC-BD03 composite of 3 (-50,0,50 fect) samples collected from along ditch composite of samples collected from 0, 4, and 8 feet bgs

IRM Soil Holding Areas
WC-IMOI composite of 2 samples collected from IRM soil holding area in pond PUA-04 composite of samples collected from 2 and 4 feet bgs
WC-IM02 composite of 2 samples collected from IRM soil holding area in pond 1'UB-04 composite of samples collected from 2 and 4 feet bgs
WC-IM03 composite of 2 samples collected from IRM soil holding area in pond PUB-OS composite of samples collected from 2 and 4 feet bgs
WC-IM04 composite of 2 samples collected from 1RM soil holding area in pond PUB-I 0 composite of samples collected from 2 and 4 feet bgs
WC-IM05 composite of 2 samples collected from IRM soil holding area in pond PUC-03 composite of samples collected from 2 and 4 feet bgs
WC-IM06 composite of 2 samples collected from IRM soil holding area in pond PUC-04 composite of samples collected from 2 and 4 feet bgs
WC-IM07 composite of 2 samples collected from IRM soil holding area in pond PUD-03 composite of samples collected from 2 and 4 feet bgs

Mohawk Area
WC-MHOI Icomposite of one sample each from ponds PUE-O I, PUE-02, PUF-OI, and PUF-02 Icomposite of samples collected from 0 feet bgs

No-Build Area
WC-NEOI composite of one sample each from ponds PLH-OI, PLI-OI, PLI-02, PLl-OI, and PLl-02 composite of samples collected from 0 feet bgs
WC-NB02 composite of one sample each trom ponds PLH-02, PLH-03, PLH-04, and PLl-03 composite of samples collected from 0 feet bgs
WC-NE03 composite of one sample each from ponds PLO-02 through PLO-OS composite of samples collected from 0 feet bgs

Sunset North Area
WC-SNOl Icomposite of one sample each trom ponds PLD-IO, PLE-08, PLE-09, PLF-05 through PLF-08, and PLG-06 composite of samples collected trom 0 feet bgs

Spray Wheel
WC-SWOl Icomposite of one sample each from ponds PUE-OS, PUE-09, PDF-OS, and PUF-09 Icomposite of samples collected from 0 and 2 feet bgs
WC-SW02 Icomposite of one sample each from ponds PUF-07, PUG-08, and PUB-07 Icomposite of samples collected from 0 and 2 feet bgs

Former Espey Construction Site
WC-'rEOI Icomposite ofwo samples from footprint of fonner Espey Construction site composite of samples collected from 0 and 2 feet bgs

Other TIMET Debris Areas
WC-TDOI Icomposite of one sample each from footprint of three other TIMET debris areas Icomposite of samples collected trom 0 and 2 feet bgs

TIMET Abandoned Test Pit
WC-TAOI Icomposite of two samples from footprint ofTHvIET Abandoned Test Pit Icomposite of samples collected from 0 and 3 feet bgs



TABLE C-2
WASTE CHARACTERIZATION COMPOSITE SAMPLING

(page 2 of 2)

Area I Samole ill Soatial Comoosite Deoth Comoosite

TIMET Berms
WC-TBOI composite of 3 equispaced samples from western bem1s between THviET ponds composite of samples collected from 0 and 2 feet bgs
WC-TB02 composite of 3 equispaced samples from central west benns between TIMET ponds composite of samples collected from 0 and 2 feet bgs
WC-TB03 composite of 3 equispaccd samples from central east benns bet\veen TIMET ponds composite of samples collected from 0 and 2 feet bgs
WC-TB04 composite of 3 equispaccd samples from eastern benns between TIMET ponds composite of samples collected from 0 and 2 fect bgs

TIMET OPW Ponds
WC-TWOI composite of one sample each from ponds OPW-6 through OPW-Il composite of samples collected from 0 and 3 feet bgs
WC-TW02 composite of one smnplc each from ponds OPW-13 through OPW-20 composite of samples collected from 0 and 3 feet bgs
WC-TW03 composite of two samples from pond OPW-12 composite of samples collected trom 0 and 3 teet bgs

TIMET Ponds
WC-TPOI composite of 2 samples from pond SC-l composite of samples collected from 0 and 5 feet bgs
WC-TP02 composite of 2 samples from pond SW-2 composite of samples collected from 0 and 2 feet bgs
WC-TP03 composite 01'2 samples from pond SW-3 composite of samples collected from 0 and 2 feet bgs
WC-TP04 composite of 2 samples from pond SW-4 composite of samples collected from 0 and 5 feet bgs
WC-TP05 composite 01'2 samples from pond SW-5 composite of samples collected trom 0 and 2 feet bgs
WC-TP06 composite 01'2 samples from pond SW-6 composite of samples collected from 0 and 2 feet bgs
WC-TP07 composite 01'2 samples from pond SW-7 composite of samples collected from 0 and 5 feet bgs
WC-TP08 composite of2 samples from pond SW-8 composite of samples collected trom 0 and 5 teet bgs
WC-TP09 composite of2 samples from pond SW-9 composite of samples collected from 0 and 2 feet bgs
WC-TPIO composite 01'2 samples from pond SW-IO composite of samples collected from 0 and 2 feet bgs
WC-TPII composite of 2 samples from pond SW-ll composite of samples collected from 0 and 2 feet bgs
WC-TP12 compoSIte ot 2 samples trom pond SW-12 composite of samples collected trom 0 and 2 teet bgs
WC-TPI3 composite of 2 samples from pond HP-2 composite of samples collected from 0 and 2 feet bgs
WC-TPI4 composite of 2 samples trom pond HP-3 composite of samples collected from 0 and 2 feet bgs
WC-TPI5 composite of 2 samples from pond HP-4 composite of samples collected from 0 and 2 feet bgs
WC-TP16 composite 0[2 samples from pond tLP-5 composite of samples collected from 0 and 2 feet bgs

Upper Ponds
WC-UPOI composite of one sample each from ponds PUA-05 through PUA-l 0 composite of samples collected from 0 and 2 feet bgs
WC-UP02 composite of one sample each trom ponds 1'00-06 through PUB-09 composite of samples collected from 0 and 2 feet bgs
WC-UP03 composite of one sample each from ponds PUC-05 through PUC-08 composite of samples collected from 0 and 2 feet bgs
WC-UP04 composite of one sample each from ponds PUD-04 tlu'ough PUD-09 composite of samples collected from 0 and 2 feet bgs
WC-UP05 composite of one sample each from ponds PUE-03 through PUE-O? composite of samples collected from 0 and 2 feet bgs
WC-UP06 composite of one sample each from ponds PUF-03 through PUF-06 composite of samples collected from 0 and 2 feet bgs
WC-UP07 composite of one sample each from ponds PUG-04 through PUG-07 composite of samples collected from aand 2 teet bgs

Note: Wastewater sample collected from TIl\1ET Pond SW-12.

*Indicates BM! Siphon sample location.
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Table C-3
\Va~te Chanrterizadon Salupllng SUllwlary Tabl~

(page 2 of8)
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TCU> ITl"Ssl\l
(1lll!L1 WCADOl

Wc-AD02
WCADO)
WCBOOI
WCBD02
WCBOO)
WCL\101
WCIM02
WCIM()J
WCIM().4
WCIMOS
WCIM06
WClM07
WCMHOI
WCNBOI
WCNB0'2
WCNB03
WC-SNOl
WCSWOl
WC-SW02
WCTAOI
We-TBOl
WC·TB02
We-TBOl
we.rn<><
we-TOOl
WCTEOl
WCTPOI
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we."",
WCTf'()4
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we."""
we.mn
WCTP08
WCTP09
WClPlO
WClPll
WClPI2
WOolP!3
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WClPl6
WCTWOI
wcnV02
WCTWll3
WCUfOl
WCUP02
WCUfO)
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WC·UfO$
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WCUf07

Table sho....'S detects only.



TabIcC-J
Waste Charadt'rlullon Sampll.ngSumwary Table
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" 0.66 .66 " '00 " " '" " '" .66 ". ". " " ". "(m~'h) WCADOI 0.035 0.0021 J+

WC.AOOZ
Wo.AOO3
Wo.BOOI ."
Wo.BD02 0.()(Ij7 J

Wo.BOOJ
Wo.lMOI
Wo.IM02 0.' .", (U9

Wo.l1>103
Wo.l.M04 0.072 ... 0.0017

Wo.lMM
Wo.IM06 0.' 0.047 0."
Wo.IM07 0.033J

Wo.MHOI "." 0.000H

Wo.NBOI 0.012

Wo.NB02 .on
WCNOO3 ...... O.OO"".A

WCSNOI 0._
WC-SWOI 0.042

Wo.SW02 0.049
Wo.TAOI 0.()(Ij71+

lVo.TIlOI 0.0092

Wo.TB02 o.oo:n
Wo.TIlO3 0.017

Wo.1'EI04 '00'
Wo.TOOI o.ron
Wo.TEOI .."'"
WCTPOI o.073J 0.0017 J..- O.OO5SJ+ o.22J+ o.l3J o.095J.. 02'
WCTP02 0.052 O.I~ 0.015 0.000
wc.mu .." .'" 0.014 0.041

Wo.~ 0.15J 0.0047J+ 0.032 1+ 0.012J 0.045J.. O.033J 0.02J+

Wo.T'P05 OOIlJ+
WCTroS .." 0.031

Wo.TP07 o.lIJ 0.00631+ 0.011 J"

Wo.1l'OS o.04J+

WCTP09 "66' 0.032 0.011 o.OO!l'5IJ_

Wo.TPIO omJ 0.0021 J+ 0.0012J"

Wo.TI'lI
Wo.TPI2 0.0151+ 0.011 0.012 o.on

Wo.TI'13 o.03H 0.0038 ...
WCTPI~ 0.0052J+
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WCTPl6 0.078J
WCTWOI O.02J

WCTW02 0."" O.OO34J+ " H ,., • .3 " U 0.016J"
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WCUPOI ..." .""WCUP02 0.052
WCUPOJ o.on
WCUP04 0.036 ."',
WCUP05 o.022J

WCUP-06 O.Oo.13J 0.026J-

WCUP07 0.0037 J o.033J

W.,~::'~ler
lJfS s III .. "

.,
'" '"SW-I2TP 0.0263J- H6J o.OOi6BJ 0.0019 0.0021

Table sho.....s deteo:.:ts only.



Table C·J
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0.01258
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Table shows deleets only.



Table C·l
Wade Charaderilatlon Sampling SUIllUlary Table
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Ul"S" IU '" "" " """ ." " u "" "" ,." u u " " '" '''' '00 " "(,"~'lcl.l WCAOOI 0.03~ ."" O.OO22J+

WC-AD02
WCAOO)
WCBOOI 0.14 o.28J 0.18 U
WCBOO2 O.OO:!4J ."
WCBOO)
WClMOI 1.2

WCIM0'2 0.0)7 U
WClM03 ,
WC.lM~ 0.2 ,." '" '" ,.'"
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WCTBOI ""WC-TOO2
WCTB03 ."
WCTB04 'S
WCTOOI 'OJ'
We-TEOI
WCTPOI 4.8J 0.0059J+

"WC·TP02 0.62 ,.""
WCTPO.l .." ""wc.TI'O> 5.2J 0.029J+ "WCTPI» 2H '.J
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WCTPOll 0.033 J+ 0.036J+ U
we-TP09 ." ."
WCTPIO 0.15.1+ " ."
We-TPIl 0.037 ,., '"WCTPI2 0.0012 .- 0.41
wcnll 0.03~ 12.7 0.45

We-TPI4 0.0014 u
WCTP15 " "We-TPI6 0.016 0.0038 ."
WCTWOI 0.016 " 0.076
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We-UPOI 0.00021 .." O.OO&4J 0.07 O.OO89J U
WCUPOO 0.11 .., O.25J ., ,.,
We-UP03 0.14 u 0.41 J 0.19 U
W""",, 0.13 0.0, 0.019J on u
we-upo~ "" 0.045J 0.' ."
WCUP-Q6 .'" ." O.0S4J 0.13 ""WC·UP07 0.00027 0.' 0.42 O.OO6J 0.14 ."

W_:':-;lIl<1' urs" Iii ,." ,., 27.7 " ".
SW·I2TP 0.0093 0.0016 0.29J_ 0.01~2 41.4J

Table shows detects only.
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WCBOOI 0.00818 0.016 0.014 "" 0.19 o.ON 0.-
WCBD02 0.01l J 0."'" ,.,,, 0-
WCBOO3 0.""""" ,,"'"
WCIMOI O.OO68B """" 0.0051

"WCL\l02 0.0I:IS58 ,,- 0.017 ,.,
WCIM03 0.00548 """" ,,"" ""WCIM~ 0.014 B O.onh 1.7J " 0." 0.14 0.0053 B 0.016

WCIMOS 0.00528 """" 0.0033
WC-L\I06 0.00528 """" 0.0055 1.2
WC-IM07 0.31 J O.OO54B 0.0012 0.0026 ",
WC-MHOI """ 0.0076 0.0031 O.~I 0.0017 ,-
WC-NOOl 0.0032 OO72סס.0 0.0018

WC-NB02 O.OO,U 0.""" """n
WCNB03 0.00:!3 0.0095B 0.1)00017 0.00026 0.0022 O.OO5IB

WCSNOI 0.0052B 0.0000087 J. 0.000077 J.

WC-SWOI ,,""'., 0.0037 '" "M
WC-SW02 0.0128.1 0.0051 0.033 '" " ''''WC-TAOI O.034J 0.0091 BJ 0.""'" 0.0038 O.I3J+
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WCTEOl O.OO88BJ 0.0000".3 .-WC-TPOI o.059J+ 0.- ,,'" 0.OS8 0.00661 O.OO82J 0.007 J

WCTPO':!: 0.0738 0.00032 0.037

we-""" 0.051 B 0."""" "" 0.""
1VC-1'PI).l 0""" o.OS2 0" O.OO35J

WCTP05 0.012J+ """" 0.00021 0.035
IVCl1"06 o.058B 0.00019 0.029
WC-TP07 0.037 J+ 0.0065 H ,,- 0.018 0." o.OOIH

WCTPOll 0.12J+ 0.0016 '" ", 0.014J
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Table shows d<..'1ccts only.
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We-TPI6 o.l3~
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Table shows detects only.



TABLE C-4
COMPARISON OF DETECTED CHEMICAL CONCENTRAnONS WITH UTS LEVELS

(Page 1 of?)

AnalJtieal Site-Related l\'1inimum 1\ln.... imulU Maximum 10.3 Canl.'cr NOli-Cancel' llli:k>
C,ltegon' Method Chemical CAS No. Detect Detect UTS x 10 > UTSxlO? Cal'cin~en'! PRG(1

) Risk> lO·3? PRG x 10(2) PRGxl0'!
Nonwastc\vatcr (mgikg) £314.0 Pcrchlomtc 14797-73-0 0.274 2.81 -- -- -- -- -- -- --

£335.4 Cyanide, Total 57-12-5 0.29 12.7 5900 NO -- -- -- --
SW8081 2,4'-DDD 53-19-0 0.0023 0.82 0.87 NO -- -- -- --

2,4'-DD£ 3424-82-6 0.0018 16 0.87 YES YES 1883 NO -- --
4.4'-000 72-54-8 0.0039 1.6 0.87 YES YES 2668 NO -- --
4,4'-DDE 72-55-9 0.0025 16 0.87 YES YES 1883 NO -- --
4.4'-DDT 50-29-3 0.003 7 0.87 YES YES 1883 NO 391 NO
Aldrin 309·00·2 0.004 0.004 0.66 NO -- -- -- -- --
nl ha-BHC 319-84-6 0.0033 0.6 0.66 NO -- -- -- -- --
al ha-Chlordane 5103-71-9 < 0.00012 < 0.015 160 NO -- -- -- -- --
beta-BHC 319-85-7 0.002 I.l 0.66 YES YES 356 NO 156 NO
deita-BHe 319-86-8 0.0074 0.0074 0.66 NO -- -- -- --
Dieldrin 60-57-1 0.28 0.28 1.3 NO -- -- -- -- --
Endosu1fan I 959-98-8 0.0031 0.11 0.66 NO -- -- -- -- --
Endosu1fan II 33213-65-9 0.019 0.46 1.3 NO -- -- -- -- --
Endosulfan sulfate 1031-07-8 < 0.00023 < 0.029 1.3 NO -- -- -- -- --
Endrin 72-20-8 < 0.0002 < 0.024 1.3 NO -- -- -- -- --
Endrin aldehyde 7421-93-4 0.002 0.0043 1.3 NO -- -- -- --

amma-BHC (Lindane 58-89-9 0.39 0.39 0.66 NO -- -- - -- --
oamma-Chlordane 5103-74-2 0.0022 0.0089 160 NO -- -- -- -- --
Heptachlor 76-44-8 < 0.0001 <0.012 0.66 NO -- -- -- -- --
Heptachlor epoxidc 1024--57-3 < 0.00014 <0.017 0.66 NO -- -- -- -- --
Methoxychlor 72-43-5 0.011 0.49 1.8 NO -- -- -- -- --
Toxaphene 8001-35-2 < 0.0066 <6.8 26 NO -- -- -- -- --

S\V8082 PCBs (total) 1336-36-3 <: 0.0093 <0.47 100 NO -- -- -- -- --
SW8141 Disulfoton 298-04-4 < 0.0078 < 0.025 62 NO -- -- -- -- --

Famphur 52-85-7 < 0.0032 <0.01 150 NO -- -- -- -- --
Methyl parathion 298-00..Q < 0.0064 <0.02 46 NO -- -- -- --
Parathion 56-38-2 < 0.0053 < 0.017 46 NO -- -- -- -- --
Phorate 298·02-2 < 0.0057 <0.018 46 NO -- -- -- -- --

S\V8151 2,4,5-T 93-76-5 < 0.005 < 0.016 79 NO -- -- -- -- --
2.4,S-TP (Silvex) 93-72-1 < 0.0033 <0.01 79 NO -- -- -- -- --

Nonwastewatcr (mg/kg) 2,4-D 94-75-7 < 0.029 < 0.094 100 NO -- -- - -- --
Dinoseb 88-85-7 < 0.006 < 0.019 25 NO -- -- -- -- --

SW8260 1,1,1,2-Tetra"hloroethane 630-20--6 < 0.00023 < 0.055 60 NO -- -- -- -- --
I,I,I-Trichloroethane 71-55-6 0.00054 0.0027 60 NO -- -- -- -- --
1,1,2.2-Tctmchloroethane 79-34-5 <0.00014 < 0.019 60 NO -- -- -- -- --
1,1,2-Trichloro-l ,2,2-tritluoroethane 76-13-1 <: 0.00054 < 0.061 300 NO -- -- -- -- --
1,1,2-Tnchlorocthanc 79-00-5 <0.00028 <: 0.077 60 NO -- -- -- -- --
1,1-Dichloroc.:thanc 75-34-3 <0.000% < 0.1 60 NO -- -- -- -- --
1,1-Dichlorocthenc.: 75-35-4 <: 0.00055 < 0.083 60 NO -- -- -- -- --
1,2,3-Trichloropropane 96-18-4 <0.00056 < 0.16 300 NO -- -- -- -- --
1,2,4-Trichlorobenzcnc 120-82-1 0.0011 0.0051 190 NO -- -- -- -- --
I ,2-Dibromo-3-"hloropropane 96-12-8 < 0.0009 <0.1 150 NO -- -- -- -- --
J,2-Dichlol'Obenzene 95·50·1 0.00033 0.0032 60 NO -- -- -- -- --
J.2-DichIOl'octhane 107-06-2 0.0013 0.0086 60 NO -- -- -- -- --
1,2-Dichlol'O ro anc 78-87-5 0.00083 0.0061 180 NO -- -- -- -- --
1,3-Dich101'Obcnzcnc 541-73-1 0.00047 0.00047 60 NO -- - -- -- --
1,4-Dichlorobcnzcne 106-46-7 0.00045 0.0038 60 NO -- -- - -- --
Acetone 67-64·1 0.0058 3.8 1600 NO -- -- -- -- --



TABLE C-4
COMPARISON OF DETECTED CHEMICAL CONCENTRAnONS WITH UTS LEVELS

(Pllge 2 of 7)

Al1l1lJtical Site-Related Minimum Maximum Maximum 10-3 Cancer Non-Cancer Risk>
Catc<JorY ]\'1ethod Chemical CAS No. Dete,-'t Detect UTS x 10 > UTSxlO? Carcinooen? PRG(I) Risk> 10-3? PRGx 10m PRGxIO'!

Nomvast.::water (mgikg) Acetonitrile 75-05-8 0.03 0.15 380 NO .. .. .. .. ..
Benzene 71·43·2 0.0017 0.0017 100 NO .. .. .. .. ..
Bromodichloromethane 75-27-4 0.0021 0.22 150 NO .. .. .. ..
Bromofonn 75-25-2 0.002 0.14 150 NO .. .. .. .. ..
Bromome!hanc 74-83-9 < 0.00031 < 0.088 150 NO .. .. .. .. ..
Carbon tetrachloride 56-23-5 0.0024 0.095 60 NO .. .. .. .. ..
Chlorobcnzene 108-90-7 0.0017 0.0017 60 NO .. .. .. ..
Chlorodibromomcthanc 124-48-1 0.0012 0.2 150 NO .. .. .. .. . .
Chloroethane 75·00-3 0.02 0.04 60 NO .. .. .. .. ..
ChlorofOlID 67~66·3 0.00021 5.2 60 NO .. .. .. .. ..
Chloromethane 74-87-3 0.0038 0.036 300 NO .. .. .. .. ..
llis-l,3-Dichloro fO cne 10061·01·5 < 0.00073 < 0.019 180 NO .. .. .. .. ..
Dibromomctlume 74-95·3 < 0.00035 < 0.055 150 NO .. .. .. .. ..
Dichlorodinuoromethane 75·71·8 < 0.00038 < 0.098 72 NO .. .. .. .. ..
Ethvlbcnzene 100-41-4 < 0.00019 <0.069 100 NO .. .. .. .. ..
IodomeU13nc 74·88·4 < 0.00026 < 0.13 650 NO .. .. .. .. . .
Meth 'I ethyl ketone 78·93·3 0.002 0.12 360 NO .. .. .. .. ..
MethyllSobutvl ketone 108-10-1 < 0.0016 <0.07 330 NO .. .. .. .. . .
i\·lethylenc chloride 75-09-2 0.003 0.073 300 NO .. .. .. .. ..
Tetrachloroethylene 127-18-4 0.00039 0.014 60 NO .. .. .. .. ..
Toluene 108·88-3 0.0011 0.0086 100 NO .. .. .. .. ..
Irans-l.2-Dichloroethcne 156·60·5 < 0.00022 < 0.12 300 NO .. .. .. .. ..
Inllls-I,3-Dichtoro 1'0 ylene 10061·02·6 < 0.0002 <0.12 180 NO .. .. .. .. ..
Trichloroethene 79-01-6 0.00059 0.016 60 NO .. .. .. .. ..
Trichlorofluoromcthane 75-69-4 < 0.00051 < 0.067 300 NO .. .. .. .. ..
Vinyl chloride 75-01-4 < 0.00024 < 0.19 60 NO .. .. .. .. ..
Xylenes (total) 1330-20-7 0.007 0.007 300 NO .. .. .. .. ..

S\V8270 1,2,4,5-Tetrnchlorobenzene 95·94·3 0.039 0.26 140 NO .. .. .. ..
l,4·Dioxane 123·91·1 < 0.034 < 0.11 1700 NO .. .. .. ..
2,4,5·Trichlorophcnol 95·95-4 < 0.034 < 0.11 74 NO .. .. .. .. ..
2,4,6·Trichloro henol 88-06-2 0.087 0.087 74 NO .. .. .. .. ..
2A-Dichlora henol 120-83-2 < 0.034 < 0.11 140 NO .. .. .. .. ..
2,4-Dimethvl henol 105·67·9 < 0.034 <0.11 140 NO .. .. .. .. ..
2,4-Dinitra henol 51·28·5 <0.33 <Ll 1600 NO .. .. .. .. ..
2,4-Dinitrotoluene 121·14·2 < 0.034 <0.11 1400 NO .. .. .. .. ..
2,6-Dinitrotoluene 606·20·2 < 0.034 <0.11 280 NO .. .. .. .. ..
2-Chloronaphthalene 91·58·7 < 0.034 < 0.11 56 NO .. .. .. .. ..
2·Chlorophcnol 95-57-8 < 0.034 < 0.11 57 NO .. .. .. .. ..
2·Methvlphenol 95-48-7 < 0.034 < 0.38 56 NO .. .. .. .. ..
2·Nitroaniline 88-74-4 < 0.034 < 0.11 140 NO .. .. .. .. ..
2·Nitrophcnol 88·75·5 < 0.034 < 0.11 130 NO .. .. .. .. ..
4-Bromophenvl phen I ethcr 101·55·3 < 0.034 < 0.11 150 NO .. .. .. .. ..
4-Chloro-3·methylphcllol 59-50-7 < 0.034 < 0.11 140 NO .. .. .. .. ..
4-Chloroaniline 106·47·8 < 0.034 < 0.11 160 NO .. .. .. .. ..
4-Nitroaniline 100·01·6 < 0.33 <l.l 280 NO .. .. .. .. ..
4-Nitroohenol 100·02·7 <0.33 <l.l 290 NO .. .. .. .. ..
ACCllllphlhene 83·32·9 0.53 0.53 34 NO .. .. .. .. ..
Aecnaphthylene 208·96·8 0.38 0.38 34 NO .. .. .. ..
Aceto henone 98·86·2 0.068 0.068 97 NO .. .. .. .. ..
Aniline 62-53-3 < 0.034 <0.11 140 NO .. .. .. .. ..



TABLE C-4
COMPARISON OF DETECTED CHEMICAL CONCENTRAnONS WITH UTS LEVELS
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Analytical Site-Related :Millimum l\'Iaximum :Maximum 10.3 Cancer Non-Cancel' Risk>
Catc<>ol"V l\'lethod Chemical CAS No. Detect Detect UTS x 10 > UTSxlO? CarciuOl"!cn'! PRG(l) rusk> 1O'3? PRG x 1O(2) PRGxlO'!

Nonwastewater (mg/kg) Anthmccne 120-12-7 2.8 2.8 34 NO .. .. .. .. ..
Benzo(a)anthracenc 56-55-3 0.035 5.8 34 NO .. .. .. .. ..
Benzo(a) yrenc 50-32-8 4.1 4.1 34 NO .. .. .. .. ..
Benzo(b)l1uoranthenc 205-99-2 4.3 4.3 68 NO .. .. .. . . ..
Benzo( Ii) 'r lent: 191-24-2 2.1 2.1 18 NO .. .. . . .. ..
Bcnzo(k)t1uoranthene 207-08-9 3.8 3.8 68 NO .. .. . . ..
bis(Z-Chlorocthoxy)mcthanc 111-91-1 < 0.034 <0.11 72 NO .. .. . . .. ..
bis(2-Chlorocthyl) ether 111-44-4 < 0.034 <O.ll 60 NO .. .. .. .. . .

bis(2-Chloroiso fO I) ether lO8~60·1 < 0.034 < 0.11 72 NO .. .. .. .. ..
Butyl benz I hthalatc 85·68·7 <: 0.034 < 0.11 280 NO .. .. .. .. ..
Chrysene 218-01-9 0.035 5.3 34 NO .. .. .. .. ..
Dibenz(a,h)antlll'llCene 53-70-3 0.94 0.94 82 NO .. .. .. .. ..
Diethyl phthalate 84-66-2 < 0.034 <0.11 280 NO .. .. . . .. ..
Dimethyl phthalate 131-11-3 <: 0.034 <0.11 280 NO .. .. .. .. ..
Di~n~butvl phthalate 84v ?4v 2 0.036 0.036 280 NO .. .. .. .. ..
Di-n-octy! phthalate 117·34·0 1.6 1.6 280 NO .. .. .. .. ..
Fluoranthene 206·44·0 0.036 16 34 NO .. .. .. .. ..
Fluorene 86-73-7 1.3 1.3 34 NO .. .. .. .. ..
HcxtH,::hlorobenzem: 118·?4·1 0.052 20 100 NO .. .. .. .. ..
Hexachlorobutadicnc 87-68-3 0.074 0.076 56 NO .. .. .. .. ..
Hcxachloroc clo cntadiene 77-47-4 <0.33 <1.1 24 NO .. .. .. .. ..
Hexachloroethane 67·72·1 < 0.034 <0.11 300 NO .. .. .. .. ..
Indeno(l,2,3-cd '!'Tcne 193-39-5 0.044 2.2 34 NO .. .. .. .. ..
Naphthalene 91-20-3 2.1 2.1 56 NO .. .. .. .. ..
Nitrobenzene 98-95-3 < 0.034 <0.11 140 NO .. .. .. .. ..
N-Nitrosodi-n-propylamine 621-64-7 <: 0.034 <0.11 140 NO .. .. .. .. ..
N-Nitrosodi henvlamine 86-30-6 <: 0.034 <0.11 130 NO .. .. .. .. . .
Pentachlorobenzene 608-93-5 0.052 2.1 100 NO .. .. .. .. . .

Pentachloro henol 87-86-5 <0.33 <l.l 74 NO .. .. .. . . ..
Phcnanlhn:nc 85-01-8 0.054 18 56 NO .. .. .. . .

Phcnol 108-95-2 < 0.034 <0.11 62 NO .. .. .. .. ..

Phthalic acid 88·99-3 0.082 0.13 280 NO .. .. .. .. ..

P rene 129-00-0 0.05 10 82 NO .. .. .. .. ..
Pyridine 110-86-1 < 0.034 <0.41 160 NO .. .. .. .. ..

SW8290 1,2,3A,6,7,8-H eOD 35822-46-9 0.0000052 0.068 0.025 YES YES 0.43 NO .. ..
1,23.4,6,7,8-HpCDF 67562-39-4 0.000023 0.42 0.025 YES YES 0.43 NO .. ..
1,2,3,4,7,8,9..J-IpCDF 55673-89-7 0.0000058 0.16 0.025 YES YES 0.43 NO .. ..
OCDD oeoo 0.0000058 0.077 0.05 YES YES 43 NO .. ..
OCDF OCOF 0.000072 1.7 0.05 YES YES 43 NO .. ..

\Va<;tcwatcr (mg/L) E300 Fluoride 16984-48-8 41.4 41.4 350 NO .. .. .. .. ..
E335.4 Cyanide, Total 57-12-5 0.0152 0.0152 12 NO .. .. .. .. ..

E376.1 Total Sulfide 184%-25-8 < 0.31 < 0.31 140 NO .. .. .. .. ..

S\V6010 Antimony 7440-36-0 < 0.002604 < 0.002604 19 NO .. .. .. .. ..
Arsenic 7440·38-2 0.0263 0.0263 14 NO .. .. .. .. ..
Barium 7440-39-3 3.36 3.36 12 NO .. .. .. .. ..
Beryllium 7440-41-7 0.0076 0.0076 8.2 NO .. .. .. .. ..
Cadmium 7440-43-9 < 0.0005 < 0.0005 6.9 NO .. .. .. .. ..

Chromium 7440-47-3 0.29 0.29 27.7 NO .. .. .. .. ..

Lead 7439·92-1 0.341 0.341 6.9 NO .. .. .. .. ..
Nickel 7440-02-0 1.69 1.69 39.8 NO .. .. .. .. ..
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Anal)'ticld Site-Reillted Minimum Mnximum l\tlaximum 10.3 Cancel' Non-Cancer Risk>

Categon Method Chemical CAS No. Detcct Detcct UTSx 10 > UTSxlO? Cal'cin~en'! PRGll) Risk> 10-31 !)RG x 10(2) !)RGxlO?
Wastewater (mg/L) Selenium 7782-49-2 <: 0.003222 < 0.003222 8.2 NO .. .. .. .. ..

Silver 7440-22-4 <0.05209 <0.05209 4.3 NO .. .. .. .. ..
Thallium 7440-28-0 0.2 0.2 14 NO .. .. .. .. ..
Vanadium 7440-62-2 0.717 0.717 43 NO .. .. .. .. ..
Zinc 7440-66-6 4.66 4.66 26.1 NO .. .. .. .. ..

3\\/7470 Mercury 7439-97-6 0.0034 0.0034 1.5 NO .. .. .. .. . .

$\V8015 !\..lethanol 67-56-1 <0.81 <0.81 56 NO .. .. .. .. . .

SWS081 2A'-DDD 53-19-0 < 0.0000056 < 0.0000056 0.23 NO .. .. .. .. . .

2.4'~DDE 3424-82-6 < 0.000013 < 0.000013 0.31 NO .. .. .. .. ..
4,4'-DDD 72-54-8 <0.000004 < 0.000004 0.23 NO .. .. .. .. . .

4.4'·DDE 72·55·9 < 0.0000082 <0.0000082 0.31 NO .. .. .. .. . .

4,4'-DDT 50-29-3 < 0.000032 < 0.000032 0.039 NO .. .. .. .. ..
Aldrin 309-00~2 < 0.0000052 < 0.0000052 0.21 NO .. .. .. .. ..
al ha-BI-IC 319-84-6 < 0.000018 < 0.000018 0.0014 NO .. .. .. .. ..

al ha~Chlordane 5103-7l~9 < 0.0000065 < 0.0000065 0.033 NO .. .. .. .. ..
beta-BHC 319-85-7 < 0.0000072 < 0.0000072 0.0014 NO .. .. .. .. ..
delta-BHC 319-86-8 < 0.0000034 < 0.0000034 0.23 NO .. .. .. .. . .

Dieldrin 60-57-1 < 0.000011 < 0.000011 0.17 NO .. .. .. .. . .

Endosulfim I 959-98-8 < 0.0000061 < 0.0000061 0.23 NO .. .. .. .. ..
Endosulfan II 33213-65-9 < 0.0000035 < 0.0000035 0.29 NO .. .. .. .. ..
Endosulfan sulfate 103I-07~8 < 0.000017 < 0.000017 0.29 NO .. .. .. .. ..

Endrin 72-20-8 <0.0000079 <: 0.0000079 0.028 NO .. .. .. .. ..
Endrin aldehyde 742I~93~4 < 0.0000048 < 0.0000048 0.25 NO .. .. .. ..
!l.amma~BHC (Lindane) 58·89·9 <: 0.0000067 <: 0.0000067 0.017 NO .. .. .. ..
amma-Chlordane 5103~74~2 <: 0.000013 < 0.000013 0.033 NO .. - .. .. ..

He tachlor 76-44-8 <0.0000036 <: 0.0000036 0.012 NO .. .. .. .. ..
He tachlor e oxide 1024--57-3 < 0.0000048 < 0.0000048 0.16 NO .. .. .. .. ..
Methoxychlor 72~43-5 <: 0.0000081 < 0.0000081 2.5 NO .. .. .. .. ..
Toxaphene 800I~35~2 <: 0.00022 < 0.00022 0.095 NO .. .. .. .. ..

S\V8082 PCBs (total) 1336~36~3 <: 0.00057 <: 0.00057 1 NO .. .. .. .. ..

SW8141 Disulfoton 298~04~4 < 0.00014 < 0.00014 0.17 NO .. .. .. ..

Famphur 52-85~7 <: 0.00018 < 0.00018 0.17 NO .. .. .. .. ..
Methyl athion 298-00-0 <0.001 < 0.001 0.14 NO .. .. - .. ..
Parathion 56-38-2 <: 0.00029 < 0.00029 0.14 NO .. .. .. .. ..
Phomte 298~02-2 <0.000072 < 0.000072 0.21 NO .. .. .. .. ..

S\V8151 2,4,5-1' 93-76-5 < 0.00017 < 0.00017 7.2 NO .. .. .. .. ..
2,4,5-TP (Silvex) 93-72-1 < 0.00015 <: 0.00015 7.2 NO .. .. .. ..
2,4-D 94-75-7 0.024 0.024 7.2 NO .. .. .. .. ..
Dinoseb 88-85-7 < 0.0006 < 0.0006 0.66 NO .. .. .. .. ..

S\\'8260 1.1 , I,2~Tetrachlorocthanc 630~20~6 <: 0.00022 < 0.00022 0.57 NO .. .. .. .. ..
I,I,I·TrichlorlXthanc 7l~55-6 < 0.00015 <: 0.00015 0.54 NO .. .. .. .. ..
1, I ,2,2·Tetrachlorocthane 79·34-5 <: 0.00014 < 0.00014 0.57 NO .. .. .. .. ..
1,1 ,2~Tnchloro-l,2,2~trit1uorocthane 76·13·1 < 0.00054 < 0.00054 0.57 NO .. .. .. .. ..
I,I,2-Tnchlorocthanc 79~00-5 " 0.00028 < 0.00028 0.54 NO .. .. .. .. ..
1.1 -Dichlorocthanc 75-34-3 <: 0.00095 < 0.00095 0.59 NO .. .. .. .. ..

I.I-Dichlorocthcnc 75-35-4 < 0.00055 < 0.00055 0.25 NO .. .. .. .. ..
1,2,3~Tnchloro 1.'0 • nc 96-18-4 < 0.00056 < 0.00056 8.5 NO .. .. .. .. ..
1,2,4-Tnchlorobenzcnc 120-82-1 < 0.00073 < 0.00073 0.55 NO .. .. .. .. ..
1,2-Dibromo~3~chloro1.'0 ane 96~12~8 < 0.00089 < 0.00089 1.1 NO .. .. - .. ..
I,2-Dichlorobenzcnc 95·50~I <: 0.00015 <: 0.00015 0.88 NO .. .. .. .. ..



TABLE C-4
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AnalJtical Site~Relatcd i\'Iinimum Maximulll :Maximum 10.3 Cancer NOll-Cancel' Risk>
Catc..ol··.. Method Chemical CAS No. Detect Detect UTS x to > UTSxlO? Cal'l"in~en'! PRG(l) Risk> IO·l? PRG x lO{l} PRGxlO'!

\Vastewat,;:f (mg/L) I,Z-Dichloroethane 107·06·2 < 0.00044 < 0.00044 2.1 NO -- -- -- -- --
1,Z-Dichloro ro ane 78~87~5 <0.00037 < 0.00037 8.5 NO -- -- -- -- --
1,3-Dichlorobenzcne 541-73-1 < 0.00013 < 0.00013 0.36 NO -- -- -- -- --
1,4-Dichlorobenzene 106-46-7 <0.00011 <0.00011 0.9 NO -- -- -- -- --
Acetone 67-64-1 < 0.0038 < 0.0038 2.8 NO -- -- -- -- --
Acetonitrile 75-05-8 < 0.002 < 0.002 56 NO -- -- -- -- --
Benzene 71-43-2 < 0.00017 <0.00017 1.4 NO -- -- -- --
Bromodichloromethane 75·27·4 < 0.00033 < 0.00033 3.5 NO -- -- -- -- --
Bromoionn 75-25-2 0.0019 0.0019 6.3 NO -- -- -- -- --
Bromomcthane 74-83-9 < 0.00031 < 0.00031 l.l NO -- -- -- -- --
Carbon disultidc 75-15-0 < 0.00055 <0.00055 38 NO -- -- -- -- --
Carbon h:trachloride 56-23-5 < 0.0009 < 0.0009 0.57 NO -- -- -- -- --
Chlofobenzcne 108-90-7 < 0.00012 < 0.00012 0.57 NO -- - -- -- --
Chlol'Odibromomelhane 124-48-1 0.0021 0.0021 0.57 NO -- -- -- -- --
Chloroethane 75~00-3 < 0.00035 < 0.00035 2.7 NO -- -- -- -- --
Chloroform 67-66-3 0.0093 0.0093 0.46 NO -- -- -- -- --
Chloromethane 74-87-3 0.0016 0.0016 1.9 NO -- -- -- -- --
eis-I,3-Diehloropropcnc 10061-01~5 < 0.00073 < 0.00073 0.36 NO -- -- -- -- --
Dibromomethane 74-95-3 < 0.00035 < 0.00035 l.l NO -- -- - -- --
Diehloroditluoromcthanc 75-71~8 < 0.00037 < 0.00037 2.3 NO -- -- -- -- --
Eth Ibenzene 100-41~4 < 0.00019 < 0.00019 0.57 NO -- -- -- -- --
Iodomethane 74-88~4 < 0.00026 < 0.00026 1.9 NO -- -- -- -- --
Melh '1 ethyl ketone 78~93-3 < 0.0014 < 0.0014 2.8 NO -- -- -- -- --
Melhyl isobutyl ketone 108-10-1 < 0.0016 < 0.0016 1.4 NO -- -- -- -- --
Methylene chloride 75-09-2 0.003 0.003 0.89 NO -- -- -- --
Tdmchlo1'oeth Ien~ 127-18-4 <: 0.00027 < 0.00027 0.56 NO -- -- -- -- --
Toluene 108-88-3 <0.00013 < 0.00013 0.8 NO -- -- -- -- --
trans-12~Dichloroethcne 156-60-5 <0.00022 < 0.00022 0.54 NO -- -- -- -- --
trans-1,3-Dichloro 1'0 ylene 10061-02-6 < 0.0002 < 0.0002 0.36 NO -- -- -- -- --
Triehloroelhcnc 79-01~6 -:: 0.00036 <0.00036 0.54 NO -- -- -- -- --
Triehloro.t1uoromctlwne 75-69-4 < 0.0005 < 0.0005 0.2 NO -- -- -- -- --
VinYl chloride 75-01-4 < 0.00024 < 0.00024 2.7 NO -- -- -- -- --
Xylenes (total) 1330~20~7 < 0.00086 < 0.00086 3.2 NO -- -- -- -- --

S\V8270 1,2,4,5-Tetmchlorobenzcne 95-94-3 <0.001 < 0.001 0.55 NO -- -- -- -- --
1,2-Divhcnvlhvdrazinc (as .:.\zobenzenc 122-66-7 <0.001 < 0.001 0.87 NO -- -- -- -- --
l,4-Dioxane 123-91-1 < 0.002 < 0.002 120 NO -- -- -- -- --
2,4,5-Trichlorophenol 95~95~4 <0.002 < 0.002 1.8 NO -- -- -- -- --
2,4,6-Trichlo1'o henol 88-06-2 < 0.002 < 0.002 0.35 NO -- -- -- -- --
2A~Diehloro henol 120-83-2 < 0.001 < 0.001 0.44 NO -- -- -- -- --
2A-Dimethyl hellol 105-67-9 <0.001 < 0.001 0.36 NO -- -- -- -- --
2,4-Dinitro henol 51-28-5 <0.01 < om 1.2 NO -- -- -- -- --
2,4-Dinitrotolucnc 121-14-2 < 0.001i <0.001l 3.2 NO -- -- -- -- --
2.6-Dimtrotolucne 606-20-2 < 0.001i <0.001l 5.5 NO -- -- -- --
2-Chlo1'ona hthalcne 91-58-7 <0.001 <0.001 0.55 NO -- -- - -- --
2-Chloro henol 95-57-8 <0.001 < 0.001 0.44 NO -- -- -- -- --
2-Methyl henol 95~48-7 <0.002 < 0.002 l.l NO -- -- -- -- --
2·Nitro<milim: 88-74-4 < 0.002 < 0.002 2.7 NO -- -- -- --
2·Nitro henol 88-75-5 <0.001 <0.001 0.28 NO -- -- -- -- --
4-Bromo henvl heny ether 101-55-3 <0.001 < 0.001 0.55 NO -- -- -- --
4-Chloro-3-mcthvl henol 59-50-7 < 0.001 <0.001 0.18 NO -- -- -- -- --



TABLE C-4
COMPARISON OF DETECTED CHEMICAL CONCENTRATIONS WITH UTS LEVELS

(P"gc 6 of 7)

AnalJticlll Site-Related iVlinimum Maximum ]\'Iaximulll lO':l Cancer NOll-Cancer Risk>
Catcuon' l\'Icthod Chemical CAS No. Detect Detect UTS x 10 > UTSxlO'! Can:inoo:cn? PRG(I) Rhk > IO·3,! PRG x 10(2) PRGxlO?

\Vastewater (mg/L) 4-Chloroaniline lO6~47·8 < 0.001 <0.001 4.6 NO -- -- -- -- --
4-Nitroanilinc 100-01-6 < 0.0013 < 0.0013 0.28 NO -- -- -- -- --
4-Nitro henol 100-02-7 < 0.005 < 0.005 1.2 NO -- -- -- -- --
Accna hthcnc 83-32-9 < 0.001 < 0.001 0.59 NO -- -- -- -- --
Acena hth '!cm: 208-96-8 < 0.001 < 0.001 0.59 NO -- -- -- -- --
Aceto ll\:nonc 98-86-2 < 0.001 -< 0.001 0.1 NO -- -- -- -- --
Aniline 62-53-3 < 0.001 < 0.001 8.1 NO -- -- -- -- --
Anthmccnc 120-12-7 < 0.0011 <0.0011 0.59 NO -- -- -- -- --
Bcnzo(uXlnthraccnc 56-55-3 <0.001 < 0.001 0.59 NO -- -- -- -- --
Bcnzo(a)pyrellc 50-32-8 <0.001 < 0.001 0.61 NO -- -- -- -- --
Bcnzo(b)t1uoranthene 205-99-2 <0.001 < 0.001 l.l NO -- -- -- -- --
Bcnzo(ghi)pcrY!cllc 191-24-2 <0.001 < 0.001 0.055 NO -- -- -- -- --
Bcnzo(k)t1uonmthene 207-0S-9 <0.001 < 0.001 l.l NO -- -- -- -- --
bis(2-Ch1orocthoxy)mctlumc 111-91-1 <0.001 <0.001 0.36 NO -- -- -- -- --
bis(2-Chlorocthyl) ether 111-44-4 < 0.001 <0.001 0.33 NO -- -- -- -- --
bis 2-ChloroisoPI'OPY!) ether 10S-60-1 <0.001 <0.001 0.55 NO -- -- -- -- --
Butyl benzyl phthalate 85-68-7 < 0.001 <0.001 0.17 NO -- -- -- -- --
Chrysene 218-01-9 < 0.001 <0.001 0.59 NO -- - -- -- --
Dibenz(a,h)anthraeene 53-70-3 <0.001 <0.001 0.55 NO -- -- -- -- --
Dicthyl phtlmlatc 84-66-2 < 0.001 <0.001 2 NO -- -- -- -- --
Dimethyl phthalate 131-11-3 < 0.001 <0.001 0.47 NO -- -- -- -- --
Dj-n-bul'l hthalatc 84-74-2 <0.001 <0.001 0.57 NO -- - -- -- --
Dj-n-oetyl phthalate 117~S4~0 < 0.005 < 0.005 0.17 NO -- -- -- -- --
Fluoranthenc 206-44-0 < 0.001 <0.001 0.68 NO -- - -- -- --
Fluorene 86-73-7 < 0.001 <: 0.001 0.59 NO -- -- -- -- --
Ho;:xlIchlorobenzcnc 118-74-1 <: 0.001 <0.001 0.55 NO -- -- -- --
HexlIchlorobutadiene 87-68-3 <0.001 <0.001 0.55 NO -- -- -- -- --
Hexaehloroeveloocntadienc 77~47-4 < 0.0025 < 0.0025 0.57 NO -- -- -- -- --
Hexachloroethane 67-72-1 < 0.001 <0.001 0.55 NO -- -- -- -- --
Indcno(1,2,3-cd)pyrene 193~39~5 <0.001 <0.001 0.055 NO -- -- -- -- --
Naphthalene 91-20-3 < 0.001 <0.001 0.59 NO -- -- -- -- --
Nitrobenzene 98-95-3 <0.001 <0.001 0.68 NO -- -- -- -- --
N-Nitrosodi-n-propylamine 621-64-7 < 0.001 <0.001 4 NO -- -- -- -- --
N-Nitrosodiphenylamine S6-30-6 <0.001 <0.001 9.2 NO -- -- -- -- --
Pentaehlorobenzcne 608-93-5 <0.0027 <: 0.0027 0.55 NO -- -- -- -- --
Pentachlorophenol 87~86-5 < 0.002 < 0.002 0.89 NO -- -- -- -- --
Phcnanthrene 85-01-8 <0.001 <0.001 0.59 NO -- -- -- -- --
Phenol 108-95-2 < 0.004 <: 0.004 0.39 NO -- -- -- -- --
Phthalic acid 88-99-3 <0.4 <0.4 0.55 NO -- -- -- -- --
Pvrcnc 129-00-0 < 0.001 <0.001 0.67 NO -- -- -- -- --
Pyridine 110-86-1 < 0.005 < 0.005 0.14 NO -- -- -- -- --

$\V8290 1,2,3,4,6.7,8-H CDD 35822~46-9 < 0.0000049 < 0.0000049 0.00035 NO -- -- -- --
1,2,3,4,6,7,8-H COF 67562~39-4 < 0.000017 <: 0.000017 0.00035 NO -- -- -- -- --
1,2,3,4,7.8,9-HoCDF 55673-89-7 < 0.0000031 <: 0.0000031 0.00035 NO -- -- -- -- --
OCDD aCOD <: 0.000013 <0.000013 0.00063 NO -- -- -- -- --
OCDF OCDF 0.000089 0.000089 0.00063 NO -- -- -- -- --

TcLP(mg/L) SW6010 Antimon 7440-36-0 < 0.1121 <: 0.5605 11.5 NO -- -- -- -- --
Arsenic 7440-38-2 0.128 0.259 50 NO -- -- -- --
Barium 7440-39~3 0.0178 2.59 210 NO -- -- -- --
Beryllium 7440-41-7 0.0125 0.0125 12.2 NO -- -- -- -- --



TABLE C-4
COMPARISON OF DETECTED CHEMICAL CONCENTRAnONS WITH UTS LEVELS

(Pllge 7 of 7)

(1) USEPA Region 9 residential soil PRG bused on cancer risk and ingestion and inhalation exposure pathways times 1,00!.>'.
(2) USEPA Region 9 residential soil PRG based on non-cancer risk and ingestion and inhalation exposure pathways times 10.

Analytical Site-Related 1\lillimum l\la.ximum Maximum 10.3 Cancel' Non-C:UJccl' Risk>
Cate<>ol")' IHethod Chemi('ul CAS No. Detect Detect lJTS x 10 > UTSxlO? Cal'cinoeen? PRG(l) Rhk> 1O"3,! PRG x 10(2) PUG x 10 '!

TCLP (mg/L) Clldmium 7440-43-9 <0.00569 < 0.00569 l.l NO -- -- -- -- --
Clu'omiulll 7440-47-3 0.0083 2.94 6 NO -- -- -- -- --
Lead 7439-92-1 0.0817 0.229 75 NO -- -- -- -- --
Nickel 7440·02·0 0.0194 5.76 1I0 NO -- -- -- -- --
Selenium 7782-49-2 <: 0.1038 <: 0.104 57 NO -- -- -- -- --
Silver 7440-22-4 <0.01302 < 0.01302 1.4 NO -- -- -- -- --
Thallium 7440-28-0 < 0.125 < 0.125 2 NO -- -- -- -- --
Vanadium 7440·62·2 0.021 1.94 16 NO -- -- -- -- --
Zinc 7440-66-6 0.0243 0.295 43 NO -- -- -- -- --

S\V7470 Mercury 7439-97-6 0.00063 0.00063 0.25 NO -- -- -- --
SW8015 Methanol 67·56·1 <0.54 <: 0.54 7.5 NO -- -- -- -- --
3\V8260 Carbon disuHide 75-15-0 <0.012 < 0.012 48 NO -- -- -- -- --



Table C-S
Estimated Waste Volumes, By Location

BRCCAMU
Henderson, NV

Area Depth (Ft.) Volume
Area I Samole ID Soatial Comnosite (Sa. Yds.) (Avcral!c) (Cubic Yds.)
Aloha Ditch

WC-ADOI IIncludes WC~AD02 and WC~AD03 70,199 1.0 I 23,397
Beta Ditch

WC-BDOI Includes WC~BD02 and WC·BD03 I 79,453 4.0 I 105.927
IRM Soil Holding: Areas

WC-IMOI From IRM soil holding area in pond PUA~04 10,880 4.0 14,506
WC-IM02 From IRM soil holding area in nond PUB v 04 14,230 4.0 18,971
WC-IM03 From IRM soil holdine. area in Dond PUBvOS 14,985 4.1 20,602
WC-IM04 From IRM soil holding area in pond PUBv 10 14,202 6.4 30,375
WC-IM05 From IRM soil haJdin!? area in nond PUCv03 13,029 4.0 17,371
WC-IM06 From IRM soil holding area in nond PUC-04 12,596 4.6 19,504
WC-IM07 From IRM soil holding area in nond PUD-03 13,908 4.0 18,542

Mohawk Area
WC-MHOI IFrom ponds PUE-OI, PUE-02, PUF-OI, and PUF-02 63,412 0 I 0

No-Build Area
WC-NBOI From ponds PLH-OI, PLl-OI, PLl-02, PLJ-OI, and PLJ-02 87,058 0 0
WC-NB02 From ponds PLH-02, PLH-03, PLH-04, and PLl-03 117,264 0 0
WC-NB03 From ponds PLG·02 through PLG-OS 96,1 84 0 0

Sunset North Area
WC-SNOI From Donds PLO·IO, PLE-08, PLE-09, PLFM05 through PLF-08, and PLGM06 I 191,676 0.5 I 31,943

Snrav Wheel
WC-SWOI IFrom ponds PUE-08, PUE-09, PUF-08, and PUF-09 48,927 I 2.0 I 32,614
WC-SW02 From nonds PUF-07, PUG-08, and PUHM07 45,260 2.0 I 30,170

Former Esoev Construction Site
WC-TEOI From footprint of former Espev Construction site I 6,216 I 2.0 I 4,146

Other TIMET Debris Areas
WC-TDOI From footnrint of three other TIMET debris areaS 34,776 I 2.0 23,196

TIMET Abandoned Test Pit
WC-TAOI IFrom footprint of TIMET Abandoned Test Pit I 3,887 I 3.0 I 3,887

TIMET Berms
WC-TBOI From western berms between TIMET nonds NE NE NE
WC-TB02 From central west berms bctween TIMET Donds NE NE NE
WC-TB03 From central cast berms betwcen TIMET Donds NE NE NE
WC·TB04 From eastern berms bctwccn TIMET ponds NE NE NE

TIMET OPW Ponds
WC-TWOI From ponds OPW-6 throuuh OPWMII 32,960 4.5 49,436
WC-TW02 From ponds OPW-13 through OPWM20 41,382 4.5 62,067
WC-TW03 From pond OPW·12 5,421 4.5 8,130

TIMET Ponds
WC-TPOI From pond SC·I 41,624 18.5 256,656
WC-TP02 From pond SWM2 18,682 4.5 28.021
WC-TP03 From pond SW·J 19,312 4.5 28,965
WC-TP04 From nand SWM4 23,958 18.5 147,726
WC-TP05 From pond SWM5 18,828 4.5 28,239
WC-TP06 From pond SW·6 19,650 4.5 29,473
WC-TP07 From pond SW·7 23,377 18.5 144,145
WC-TP08 From nand SW-8 19,650 22.5 147,363
WC-TP09 From nond SW-9 20,667 4.5 30,997
WC-TPIO From pond SW-IO 25,507 5.5 46,758
WC-TPII From pond SW-II 23,861 5.5 43,741
WC-TPI2 From nond SW-12 25,265 5.5 46,314
WC-TP13 From pond HP-2 24,974 4.5 37,458
WC-TPI4 From pond HP-J 49,320 4.5 73,972
WC-TPI5 From pond I-IpM4 22,845 4.5 34,264
WC-TPI6 From )ond I-1PMS 49.513 4.5 74,262

Upper Ponds
WC-UPOI From ponds PUA-OS through PUA-I 0 67,102 0.6 12,920
WC-UP02 From nonds PUB-06 throuQh PUB-09 54,615 2.0 37,565
WC-UP03 From vonds PUC-OS throm!h PUC·08 66,385 2.6 56,782
WC-UP04 From ponds PUD-04 through PUDM09 83,035 0.3 28,245
WC-UP05 From ponds PUE-03 through PUE-O? 94,070 0.9 25,589
WC-UP06 From Jonds PUF-03 throuQh PUF-06 66,474 0.1 9,788
WC-UP07 From onds PUG-04 through PUG-OJ 65,344 0.7 15,004

NE No Estimate, No waste cxpcctea to De exeavatea Total: 1,899,028
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Waste Characterization Sample Locations
Alpha Ditch Samples (Composite)
Beta Ditch Samples (Composite)
TIMET OPW Pond Samples (Composite)
Espey Construction Site Sample (Composite)
IRM Soil Holding Area Samples (Composite)
Mohawk Area Sample (Composite)
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Upper Pond Samples (Composite)

Area / Sample ID Spatial Composite
Area

(Sq. Yds.)
Depth (Ft.)
(Average)

Volume
(Cubic Yds.)

Alpha Ditch
WC-AD01 Includes WC-AD02 and WC-AD03 70,199 1.0 23,397

Beta Ditch
WC-BD01 Includes WC-BD02 and WC-BD03 79,453 4.0 105,927

IRM Soil Holding Areas
WC-IM01 From IRM soil holding area in pond PUA-04 10,880 4.0 14,506
WC-IM02 From IRM soil holding area in pond PUB-04 14,230 4.0 18,971
WC-IM03 From IRM soil holding area in pond PUB-05 14,985 4.1 20,602
WC-IM04 From IRM soil holding area in pond PUB-10 14,202 6.4 30,375
WC-IM05 From IRM soil holding area in pond PUC-03 13,029 4.0 17,371
WC-IM06 From IRM soil holding area in pond PUC-04 12,596 4.6 19,504
WC-IM07 From IRM soil holding area in pond PUD-03 13,908 4.0 18,542

Mohawk Area
WC-MH01 From ponds PUE-01, PUE-02, PUF-01, and PUF-02 63,412 0 0

No-Build Area
WC-NB01 From ponds PLH-01, PLI-01, PLI-02, PLJ-01, and PLJ-02 87,058 0 0
WC-NB02 From ponds PLH-02, PLH-03, PLH-04, and PLI-03 117,264 0 0
WC-NB03 From ponds PLG-02 through PLG-05 96,184 0 0

Sunset North Area
WC-SN01 From ponds PLD-10, PLE-08, PLE-09, PLF-05 through PLF-08, and PLG-06 191,676 0.5 31,943

Spray Wheel
WC-SW01 From ponds PUE-08, PUE-09, PUF-08, and PUF-09 48,927 2.0 32,614
WC-SW02 From ponds PUF-07, PUG-08, and PUH-07 45,260 2.0 30,170

Former Espey Construction Site
WC-TE01 From footprint of former Espey Construction site 6,216 2.0 4,146

Other TIMET Debris Areas
WC-TD01 From footprint of three other TIMET debris areas 34,776 2.0 23,196

TIMET Abandoned Test Pit
WC-TA01 From footprint of TIMET Abandoned Test Pit 3,887 3.0 3,887

TIMET Berms
WC-TB01 From western berms between TIMET ponds NE NE NE
WC-TB02 From central west berms between TIMET ponds NE NE NE
WC-TB03 From central east berms between TIMET ponds NE NE NE
WC-TB04 From eastern berms between TIMET ponds NE NE NE

TIMET OPW Ponds
WC-TW01 From ponds OPW-6 through OPW-11 32,960 4.5 49,436
WC-TW02 From ponds OPW-13 through OPW-20 41,382 4.5 62,067
WC-TW03 From pond OPW-12 5,421 4.5 8,130

TIMET Ponds
WC-TP01 From pond SC-1 41,624 18.5 256,656
WC-TP02 From pond SW-2 18,682 4.5 28,021
WC-TP03 From pond SW-3 19,312 4.5 28,965
WC-TP04 From pond SW-4 23,958 18.5 147,726
WC-TP05 From pond SW-5 18,828 4.5 28,239
WC-TP06 From pond SW-6 19,650 4.5 29,473
WC-TP07 From pond SW-7 23,377 18.5 144,145
WC-TP08 From pond SW-8 19,650 22.5 147,363
WC-TP09 From pond SW-9 20,667 4.5 30,997
WC-TP10 From pond SW-10 25,507 5.5 46,758
WC-TP11 From pond SW-11 23,861 5.5 43,741
WC-TP12 From pond SW-12 25,265 5.5 46,314
WC-TP13 From pond HP-2 24,974 4.5 37,458
WC-TP14 From pond HP-3 49,320 4.5 73,972
WC-TP15 From pond HP-4 22,845 4.5 34,264
WC-TP16 From pond HP-5 49,513 4.5 74,262

Upper Ponds
WC-UP01 From ponds PUA-05 through PUA-10 67,102 0.6 12,920
WC-UP02 From ponds PUB-06 through PUB-09 54,615 2.0 37,565
WC-UP03 From ponds PUC-05 through PUC-08 66,385 2.6 56,782
WC-UP04 From ponds PUD-04 through PUD-09 83,035 0.3 28,245
WC-UP05 From ponds PUE-03 through PUE-07 94,070 0.9 25,589
WC-UP06 From ponds PUF-03 through PUF-06 66,474 0.1 9,788
WC-UP07 From ponds PUG-04 through PUG-07 65,344 0.7 15,004

NE = No Estimate. Total: 1,899,031
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1.0 INTRODUCTION 
 

This Security Plan describes the procedures and barriers that will be used to 
prevent persons who are unaware of the danger from entering the Remedial Waste 
Management System (RWMS).  In addition, this plan also includes measures to minimize 
the possibility of unauthorized entry by persons or livestock onto the active portion of the 
RWMS. 

 
2.0 PERSONNEL-ACTIVE OPERATIONS 
 

One or two full-time employees, not including contractor employees, will be 
onsite during construction operations.  The following is a list of assigned personnel and 
their responsibilities: 

 
• BRC – BRC will be on site for a portion of the time the site is open for 

waste disposal to oversee site operations.  BRC will be responsible for 
keys and/or combinations to the site gates. 

• Equipment Operators – The primary responsibility of these (two) 
positions is the normal construction and operational duties associated 
with the landfill operations, including spotting vehicles, spreading and 
compaction of waste material, landfill attendant duties, and installation 
of earthen cover.  Equipment operators will report to BRC.  

• Laborers – Typical duties will include site and roadway construction, 
maintenance, and cleanup, as determined by BRC.  In addition, a 
minimum of one employee will be assigned the job of daily policing 
the site perimeter, providing directions to disposal locations, 
monitoring received waste and collecting management data.  Laborers 
will report to BRC. 

3.0 SITE CONTROL 
 
3.1 Fencing and Gates 
 

Primary site access will be gained through the entry gate located off Warm Springs 
Road on the west side of the property.  The entry gate will be equipped with a lockable 
mechanism to prevent unauthorized entry and/or uncontrolled waste deposition when the 
site is closed.  The gates will remain locked except during periods of continuous 
ingress/egress (i.e., during transport of materials to the BRC CAMU).  Access to the site 
at points other than the entry gate will be discouraged by maintenance of site perimeter 
fencing during site operations.  The Fence Plan is shown on Figure J-12 in Section 1 of 
the Supplemental RAP Information (SRAPI). 
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BRC will implement a monitoring program to identify and repair breaches in the 
perimeter fence line within a reasonable time frame.  This program continues after final 
remediation completion.  

 
3.2 Access 
 

Access to the site will be controlled by site fencing during non-working hours and 
site personnel during working hours. In addition, artificial barriers will be used to protect 
public health, safety, and the environment.  During specified working hours, waste 
materials approved for acceptance will be directed to the active landfill working face.  

 
Additional site controls will be employed to control traffic flow, including 

pedestrian traffic, within the Site during remediation.  These site controls are necessary to 
control remediation workers, vendors and subcontractors, and Site visitors.  Site visitors 
will not be allowed to access the exclusion zone unless approved and escorted by 
authorized BRC representatives.  Visitors will be allowed access if they provide proof of 
current Title 29 CFR.1910.120, they “sign in” as authorized visitors, and they attend a 
required Health and Safety tailgate briefing. 

 
3.3 Signs 
 

Bilingual Signs will be posted that clearly indicate the following: 
 

• The owner and operator of the site; 
• The hours of operation;  
• Materials accepted or excluded; and 
• The site is private property and is not open to the public for public 

disposal of any waste materials whatsoever. 
 

At the main entrance gate off Warm Springs Road an easily visible sign will be 
posted indicating the facility name, and other pertinent information as required.  The sign 
will include the name of the site operator, the operator’s telephone number, and hours of 
operation.  It will be noted on the signage that the BRC CAMU is a private operation.  

 
Instructional signs will be placed at this site entrance addressing prescribed safety 

measures on the site and include instructions regarding prohibition of smoking within the 
disposal areas and mandating that all instruction from site personnel be obeyed.  

 
Interior site haul roads will be appropriately signed so as to direct each load to its 

designated disposal area.  Typical directional and information signs will be posted at the 
site.  Location of signage may be changed from time-to-time to facilitate operations.  In 
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addition, authorized personnel may be utilized to direct traffic at the active working face 
of the landfill operation.  
 

Signs stating “Danger—Unauthorized Personnel Keep Out” will be posted at each 
entrance to the active portion of the facility, and at other locations, in sufficient numbers 
to be seen from any approach to the active portion of the site.  

 
“No Trespassing” signs will be posted at each site entrance.  Additional signs 

and/or measures may be required to protect personnel and public health and safety.  All 
signs will be legible from a distance of at least 25 feet.  

 
3.4 Lighting 
 

Lighting will be provided at the main entrance to illuminate the gate and signs.  
During night time construction, temporary lighting will be used within areas of the site 
where work is being performed.   

 
4.0 COMMUNICATION 
 

Breaches in security will be reported to the BRC for immediate repair and 
correction.   

 
On-site communication will be through mobile phones.   
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1.0 INTRODUCTION 
 

This Inspection Plan includes the items, areas, units, and equipment that will be 
inspected during the construction and operation of the BRC CAMU to identify 
malfunctions, deterioration, operator errors, and discharges that may be causing, or may 
lead to, a release of waste constituents to the environment or a threat to human health.  
Inspections performed during the post-closure care period are discussed in Attachment O.  
This plan includes checklists, schedules, and qualifications of personnel charged to 
perform inspections.  A separate Construction Quality Assurance (CQA) Plan for the 
construction of the base liner system is included in Supplemental RAP Information 
(SRAPI), Section 3 and a separate CQA Plan for the construction of the final cover 
system is included in SRAPI, Section 6.   

 
BRC will inspect monitoring equipment, safety and emergency equipment, 

security devices, and operating and structural equipment (such as dikes and sump pumps) 
that are important to preventing, detecting, or responding to environmental or human 
health hazards.  Inspection checklists will be kept on site and will identify the types of 
problems (e.g., malfunctions or deterioration) which are to be looked for during the 
inspection (e.g., inoperative sump pump, leaking fitting, erosion, etc.). Inspection 
checklists are included as Appendix A. 

 
1.1 Personnel 
 

To develop and maintain the overall BRC CAMU in conformance with the 
inspection standards outlined in this document, BRC employees and/or contractors will 
be assignedto site inspections. Other employees or contractors will be assigned, as 
needed, for support activities.  

 
The following is a list of assigned personnel with a brief outline of their 

qualifications: 
 

• BRC–BRC will maintain an office near the site. This individual will be directly 
responsible for all site-related inspection activities. The BRC shall assign 
inspection duties, ensure all activities are performed on schedule, and maintain 
records in accordance with this plan and the Reports and Recordkeeping Plan 
(Attachment T). This individual will report to the Project Manager.   

 
• Equipment Operators – Employees serving in this capacity will possess 

experience and training in the fields of heavy equipment operation and earth 
movement and construction activities. The primary inspection responsibilities of 
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these positions include equipment and additional inspections as directed by the 
BRC. Equipment operators will report to the BRC.  

 
• Laborer – Typical duties will include site and roadway construction, maintenance, 

and cleanup, as determined by BRC.  One employee will be assigned the job of 
daily policing the site perimeter and regulation of site access, providing directions 
to disposal locations, monitoring received waste and collecting management data.   
 
BRC is committed to placing and maintaining individuals with the overall 

training, experience, capabilities, and/or other qualifications in the above noted positions 
as necessary to operate and develop the site in such a manner as to meet or exceed 
applicable requirements and regulations.  Additional equipment and personnel will be 
provided as required to accomplish overall site maintenance and operation standards, 
which equal or exceed all applicable State and local rules and regulations pertaining to 
site safety measures and the overall general protection of the area’s environment.  

 
2.0 OPERATIONAL INSPECTIONS 
 
2.1 Health and Safety 
 

Health and Safety inspections will be performed as outlined in the Accident 
Prevention, Contingency, and Emergency Response Plan (Attachment G). These 
inspections will be carried out by BRC or his/her designee. The Health and Safety 
inspections include verifying PPE and communication devices are in good, working 
condition, inspection of safe work practices, and verifying personnel has received proper 
health and safety training. If conditions are found to be unsafe through inspections, the 
Project Manager will halt work and address problems. Examples of unsafe conditions are: 
Personal Protective Equipment (PPE) or radio/communication malfunction, severe 
weather, and/or fire.  

 
2.2 Air Monitoring  
 

Given the small amount of additional waste to be placed in the CAMU, BRC does 
not plan to conduct any air monitoring.  Of course, all dust suppression actions will 
continue to be implemented.   

 
2.3 Hauling/Transport 
 

Haul routes will be inspected on a daily basis by BRC or their designee during 
hauling operations.  Condition of the haul routes will be evaluated daily to determine if 
repairs are required.  Repairs will be made when rutting, drainage, or other issues impact 
the transport of the waste materials.   
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Hauling/transport equipment will be kept in good working order and will have 

covers over the load.  Standard construction entrance features (rumble strips and large 
aggregate aprons) will be used to remove soil from vehicle wheels departing the BRC 
CAMU site.  Sweeper and vacuum trucks will be used daily to maintain haul routes.  
Further details are found in the CAP. 

 
2.4 Surface Water 
 

BRC or his/her designee will be responsible for inspecting the storm water 
collection system after precipitation events (i.e. post storm) exceeding 1/4 inch in a 24 
hour period and will evaluate erosion, sedimentation, and other damage, if any.  In 
addition, the post storm inspection will be performed to evaluate the potential for surface 
water infiltration into the BRC CAMU.  Surface water conveyance features will be 
inspected quarterly during the dry season and weekly during the wet season for sediment 
and debris accumulation.  Collection and holding facilities will be inspected for sediment 
build-up and debris after precipitation events (i.e. post storm) exceeding 1/4 inch in a 24 
hour period to maintain conveyance and design capacity.  

 
Accumulated surface water, which has not entered the waste containing areas of 

the BRC CAMU, will be removed as soon as practical.  An operational pump and 
appurtenant equipment will be maintained on-site during the entirety of the project (and 
not just during typically wet periods of the year) to be used in surface water removal.  
Accumulated surface water, which has contacted the waste material, will be treated as 
leachate and handled accordingly.   

 
2.5 Leachate  
 

Leachate monitoring will be conducted in accordance with the Final Leachate 
Monitoring Plan (Attachment Z).  BRC 

 
Leachate will be handled for proper disposal in accordance with BRC CAMU 

Operation Plan (Attachment M). 
 

2.6 Gates and Fences 
 

The BRC or designee will inspect the fences and gates routinely to ensure all are 
in proper working order. In addition, the security guard will note any missing or damaged 
signs around the property as well as evidence of unauthorized access. Damages will be 
recorded and repairs performed immediately to minimize unauthorized site access. 

 
2.7 Liner and Cover Systems 
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During construction and installation, liners and cover systems will be inspected 

regularly for uniformity, damage, and imperfections (e.g., holes, cracks, thin spots, or 
foreign materials) as outlined in the construction quality assurance plans for the base liner 
system and final cover system.  Details of liner and cover construction quality assurance 
are provided in the Construction Plan (Attachment L) and Closure and Post-Closure Plan 
(Attachment O), respectively.  The liner system will be inspected weekly during waste 
placement activities to verify the system remains undamaged.  If damage occurs, work 
activities in the area of the damage will halt while damage is repaired.  
 
2.8 Equipment 
 

During construction activities, all equipment in operation will be inspected daily 
by the equipment operator. BRC will also inspect and track on-site equipment to ensure 
that it is in good working order. Inspections will be performed by equipment operators to 
ensure equipment is in good working order.  Equipment which is not in good working 
order will not be used until repaired or replaced. 

 
2.9 Best Management Practices 
 

Best management practices (BMPs) will be inspected weekly and after storm 
events to verify they are in good, working condition. If inspections indicate BMPs are 
damaged, they will be replaced.  
 
3.0 RECORDKEEPING 
 

BRC or their designee will record inspections in an inspection log.  These records 
will be kept in accordance with the records retention requirements of the AOC3.  At a 
minimum, these records will include the date and time of the inspection, the name of the 
inspector, a notation of the observations made, and the date and nature of any repairs or 
other remedial actions. Inspection checklists are included as Appendix A. 
 
 
 
 
 



   
 

  

 
 
 
 
 
 
 

Appendix A 
Inspection Checklists



Basic Remediation Company
Corrective Action Management Unit (CAMU)

Log of Operations

Yearly Cover Sheet

This log cover sheet shall be completed at the beginning of each license year and should
be kept on file at the beginning of the daily log file for that year. Attach amendments to
this form as necessary.

Annual Log for
Year:

Name of Facility:

Mailing Address:

Location of Facility

License #:------

(Street)

(Street)

______ Phone #:

(City)

(City)

(State)

(State)

(Zip)

(Zip)

Owner of Facility: _________________ Licensee Name:

Name of Site Manager:

Method of Measuring Amount of Incoming Materials:

Scales

Types & Number of Equipment on Site:

Dozers

Compactor

___ Visual Estimate

___ Graders

___ Sweepers

__ Capacity of Hauling Vehicle

Pan/Seraper

Water Trueks

Other: _



Date:

Name:

Weather:

Daily Inspection Checklist
BRC CAMU

Henderson, NV

___________Title:

Health & Safety:

Haul Roads:

Time: YES

o
o
o
o
o
o
o
o
o
o
o
o
o
o
o

NO

DSite map posted

DBuddy system implemented

DWork zones identified

DSite access controlled

DVisitors escorted

DOn/off site communication in working order

DAir monitoring equipment is working order

DAir monitoring records recorded in field logbook

DAir monitoring calibration records recorded in field logbook

DStandard opcrating procedures implcmentcd

DI-Iousekceping at decontamination zone is appropriate

DDecontamination procedures implcmented

DEmergency response equipment in working order

DRoute to hospital is posted

DHazards incurred. If yes:

DWaste Debris on Roadways

if yes:

Surface Water:

Waste Placement:

o DSurfacc Watcr Present

if yes, where and disposal method:

o D Liner/cover free n:om damage and imperfections

ifno:

o DPlaccment in accordance with Project Drawings and schedule

if no:



Security:

Equipment:

Daily Inspection Checklist
BRCCAMU

Henderson, NY

c:::::::J 0 Fill Stable

if no:

c:::::::J DFenccs and gates in good condition

ifno:

c:::::::J DSigns of unauthorized access

if yes:

c:::::::J DNotification signs present and in good condition

irno:

c:::::::J DImproper Salvaging

if yes:

c:::::::J DAir Monitoring equipment in good, working condition

if no:

c:::::::J DScalcs in good, working condition:

ifno:



# in Operation:
Load·out Operation

Boulder Highway Operation

Haul Route Operation

Disposal Equipment

Other:

Daily Inspection Checklist
BRCCAMU

Henderson, NV

of:o DDozer

o DWaterpull

o DP/WScraper

o DExcavator

o DOff-Road Dump Truck

o DLubeTruck

o DWater Stand Tank

o o Sweeper

o o Loader

o DLight Plant

o DTraffic Read Board

o o Vacuum Truck

o o Blade

o DWaterpull

o DWater Stand Tank

o o Light Plan

o DI)ozer

o DWaterpull

o DP/WScraper

o DOff-Road Dump Truck

o DLube Truck

o DWater Stand Tank

o o Compactor

o DL-- _
o DL-- _
o Dl-- _

11. ....IWork shall be postponed until correct

I INeeds to be addressed



Week of:

Name:

Leachate Collection:

Weekly Inspection Checklist
BRCCAMU

Henderson, NV

Title:

Amount of Leachate Collected:

Action Level Reached?

Disposal Method:

Gallons (Weekly)

Gallons (Daily)

DYes 0 No

0 Dust Control

0 Off-Site

0 N/A

YES NO
Health and Safety

Haul Roads:

Run-off Collection:

o
o
o
o
o
o

o

o

o

o

OPre-entry brief meetings are current

OTailgate meetings are current

OPrimary and Secondary containers are properly labeled

OMaterial safety data sheets are available

OPPE storage is neat and organized

OErosion of road

if yes:

ORumble strips/aggregate aprons in good condition

ifno:

OCracks in conveyance channels

if yes:

o Water present in conveyance channels

if yes:

OEvidence of flooding

if yes:



Run-on Collection:

o

o

Weekly Inspection Checklist
BRCCAMU

Henderson, NV

o Water Present

if yes:

DPumps in good, working condition

ifno:

CAMU Surface:

o

o

BMPs:

o Evidence of erosion
Type:

if yes:

DCracks in surface

if yes:

o
o

Wind

Water

o

o

o

'- INeeds to be addressed

DDormant areas outside of silt fence seeded/mulched

if no:

DSeed and mulch blown away

if yes:

DSiit fences/wind screens in good, working condition

if no:



Month of:

Name:

YES

Monthly Inspection Checklist
BRCCAMU

Henderson, NV

Title:

NO

Health and Safety

Repairs

Leachate:

Haul Roads:

D
D

D

D

D

D

DTraining/medical surveillance/respiratory protection records are current

DChemical inventory is up to date

DPrevious month's failed inspections addressed

ifno:

DLeachate Pump in good, working order

o Ruts/Cracks in road

if yes:

o Rumble Strips/Aggregate Aprons in good condition

if no:

'- INeeds to be addressed



Post-Storm Inspection Checklist
BRCCAMU

Henderson, NY

Date:

Name:

Storm Duration:

Total Precipitation Amount:

Leachate Collection:

______(inches)

Amount of Leachage Collected:

Action Level Reached?

_____G=allons

DYes D No

Disposal Method:

YES NO

o
o
o

Dust Control

Off-Site

N/A

Haul Roads:

Run-off Collection:

Run-on Collection:

CAMU Surface:

o

o

o

o

o

o

OPooled Water

if yes:

o Evidence of flooding

if yes:

OWater Samples Collected

if no:

o Water Present

if yes:

o Water Samples Collected

if no:

OEvidence of erosion

if yes:



D

D

Best Management Practices:

D

Post-Storm Inspection Checklist
BRCCAMU

,--, Henderson, NV
L-..J Water present

if yes:

DCracks/rills in surface

if yes:

DBMPs in good condition

ifno:

Off-site Disposal:

D D Evidence of off-site disposal

if yes, corrective actions implemented: _

___---JINeeds to be addressed



Quarterly Iuspection Checklist
BRCCAMU

Henderson, NV

Date: Quarter:

Name: Title:-----------

YES NO
Health and Safety:

D

D

D

D

D

D

DNew Employees

if yes, names/titles:

DNew employees have received H&S training
ifno, when will it be scheduled:

DHASP needs updating

if yes:

DHealth and Safety Inspection logs maintained

if no:

DAccident, Contingency, and Emergency Response Plan on site

ifno:

DAccidents/Emergencies within last 3 months

ifyes, what was done to prevent future occurance:



Water Quality;

D

D

Quarterly Inspection Checklist
BRCCAMU

Henderson, NY

DAnalytical results maintained for surface water monitoring

ifno;

DAnalytical results maintained for groundwater monitoring

ifno;

____INeeds to be addressed
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1.0 INTRODUCTION 
 

This Personnel Training Plan describes the personnel and classroom or on-the-job 
training workers and other site personnel receive on how to perform their duties in a way 
that ensures the BRC CAMU complies with the conditions of this RAP and how to 
respond effectively to emergencies.  

 
1.1 Personnel 
 

To develop and maintain the overall BRC CAMU in conformance with the design 
and operational standards outlined in this document, three to four employees or 
contractors will be assigned, as required, to site operations. Other employees or 
contractors will be assigned, as needed, for support activities.  
 

The following is a list of on-site personnel with a brief outline of their 
qualifications: 
 

• BRC CAMU Construction Manager –BRC or their designee will be on 
site at least 50 percent (50%) of the time the site is open for waste 
disposal to oversee site operations.  BRC will be responsible for keys 
to the site gates.  

• Equipment Operators – The primary responsibility of these (two) 
positions is the normal construction and operational duties associated 
with the landfill operations, including spotting vehicles, spreading and 
compaction of waste material, landfill attendant duties, and installation 
of earthen cover.  Equipment operators will report to BRC.  

• Laborers – Typical duties will include site and roadway construction, 
maintenance, and cleanup, as determined by BRC.  In addition, a 
minimum of one employee will be assigned the job of daily policing 
the site perimeter, providing directions to disposal locations, 
monitoring received waste and collecting management data.  Laborers 
will report to BRC.   

2.0 TRAINING 
 

BRC is committed to placing and maintaining individuals with such overall 
training, experience, capabilities, and/or other qualifications in the above noted positions 
as necessary to operate and develop the site in such a manner as to meet or exceed 
applicable requirements and regulations.  Additional equipment and personnel will be 
provided as required to accomplish overall site maintenance and operation standards, 
which equal or exceed all applicable State and local rules and regulations pertaining to 
site safety measures, and the overall general protection of the area’s environment.  
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Non-office site personnel will receive 40-hr Occupational Safety and Health 
Administration (OSHA) Hazardous Waste Operations and Emergency Response 
Standards (HAZWOPER) training, which will be provided by certified trainers.  
Personnel will renew this training annually with the 8-hr refresher course.  Employees 
using a Nuclear Density Gauge will be required to have completed the 8-hour Nuclear 
Density Safety Course, which will be provided by a certified trainer (e.g. Troxler 
Electronics, etc.). Prior to beginning work at the CAMU site, employees, contractors, and 
subcontractor personnel are required to submit all applicable training certificates to BRC 
to be maintained and stored in accordance with the Report and Record Keeping Plan 
(Attachment T).    The task supervisor will be responsible for providing BRC with 
records of training. The following table lists the training required for specific work tasks 
and personnel working at the CAMU site. Select course descriptions are provided in 
Appendix A. 

 
Work Task Training Personnel Required 

to be Trained 
Documentation 

Required 
All work at the 
CAMU site 

40 hour OSHA 
HAZWOPER  

All on-site personnel Certificate from certified 
training meeting 29 CFR 
1910 

All work at the 
CAMU site 

8 hour OSHA 
refresher 

All on-site personnel Certificate from certified 
training meeting 29 CFR 
1910 

All work at the 
CAMU site 

8 hour OSHA 
Supervisor Training 

On-site supervisors Certificate from certified 
training meeting 29 CFR 
1910 

All work at the 
CAMU site 

Respirator Fit Test All on-site personnel Certificate from certified 
trainer 29 CFR 1910 

All work at the 
CAMU site 

Red Cross First Aid 
and CPR 

On-site supervisors Certificate from Red 
Cross 

Liner system – 
geomembrane 
installation 

Manufacturer 
training on seaming 
geomembrane 

Geomembrane 
installation 
technicians 

Approval letter from 
geomembrane 
manufacturer 

Liner system – 
geosynthetic 
material 
installation 

Qualifications and 
experience 
installing similar 
materials 

Geosynthetic material 
installation 
technicians 

Qualifications and 
resumes of personnel 
responsible for installing 
geosynthetic materials 

Soil/waste 
moisture / 
density testing 

8 hour Nuclear 
Density Safety 
Training 

CQA monitor testing 
fill and waste 
moisture / density 

Certificate from certified 
trainer 

Landfill 
operations 
management 

SWANA Manager 
of Landfill 
Operations Training

Landfill manager Certificate from certified 
SWANA trainer 
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HDPE pipe 
joining  

Manufacturer Butt-
Fusion Training 

HDPE pipe joining 
technicians 

Certificate from certified 
trainer 

 
Additional site specific training will be conducted and recorded by task 

supervisors related to their work tasks. Site specific training is discussed in Section 2.2.  
 
2.1 Construction Manager Training 

 
In addition to OSHA 40-hr HAZWOPER Training, BRC will receive the OSHA 

8-hr HAZWOPER Supervisor course. BRC or their designee will be responsible for 
providing a health and safety training for site personnel to become familiar BRC CAMU-
specific procedures. BRC or their designee will keep records on names and dates of those 
who attended and passed training.  

 
BRC or their designee will also be responsible for conducting pre-entry brief 

meetings and tailgate safety meetings. He/she will verify monitoring equipment and 
personal protective equipment is operational and will be responsible for verifying 
monitoring equipment has been calibrated. BRC will also be responsible for weekly 
inspections.  

 
2.2 Equipment Operator and Laborer Training 

 
In addition to OSHA 40-hr HAZWOPER training, employees shall receive BRC 

CAMU-specific training covering: 
• Procedures for using, inspecting, repairing, and replacing facility 

emergency and monitoring equipment: Personnel receive instruction in the 
use of emergency and monitoring equipment described in the Attachment 
G. Personnel will be trained to inspect all facility emergency and 
monitoring equipment to mitigate the effects of equipment failure in the 
Inspection Plan. In addition, personnel will be trained in the use of 
emergency equipment in their job areas (e.g. fire extinguishers, respirators, 
etc.); 

• Key parameters for equipment automatic shut-off: Plant and equipment 
operators will receive on-the-job training for automatic shut down of 
equipment in their work areas; 

• Communications or alarm systems: Facility employees will be instructed as 
to the location and use of all telephones, intercoms, sirens, alarms, and two-
way radios; 

• Responses to fires or explosions: Personnel will receive fire prevention 
training and fire response; 

• Response to spills: Personnel will receive instruction in spill and release 
prevention and response ; and  

• Shutdowns of operations: Personnel will receive instruction in shutdown 
procedures during BRC CAMU operation. Personnel with operational 
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responsibilities are instructed in procedures for planned and unplanned 
shutdowns during on-the-job training. 

 
Training sessions will be held quarterly to review new health and safety hazards 

and provide new employees with training. The employees will be familiar with 
contingency plans to deal with accidents, injuries, fires, explosions, or natural disasters as 
outlined in Attachment G, Accident Prevention, Contingency, and Emergency Response 
Plan. 

 
2.3 Post-Closure Personnel Training 
 

Post-closure care personnel will have received adequate training in their specific 
job duties.  This includes OSHA 24-hour health-and-safety training as well as pertinent 
training in BRC CAMU maintenance procedures. In addition, staff will be trained on 
emergency procedures and contacts as well as hazards they may encounter at the BRC 
CAMU. This post-closure staff will consist of a facility manager and various staff 
workers as needed.  The name, address, and telephone number of the facility manager 
will be provided to the NDEP during the closure process.  

 
3.0 RECORDKEEPING 
 

The BRC will maintain the following documents and records for each hazardous 
waste management related position at the facility: 

 
• The job title for each position  
• The name of the employee filling each position 
• A written job description including requisite skill, education, or other 

qualifications  
• Duties of employees assigned   
• Description of training 
• Records documenting completion of training  
 

BRC will maintain records at their onsite facilities. All records will be kept in 
accordance with the record retention requirements of the AOC3.  



 

  

 

 
 
 
 
 
 
 

Appendix A 
Training Course Descriptions 
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... Hazard & Safety Analysis Material
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e. Hazardous Chemical Awareness
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.. Personal Protective Equipment

... Radiological Hazards

Topics Covered
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Entry.. Toxicology

... Emergency.... Hazard Recognition Procedures

.... Respiratory Protection

Contact U8 at: safety@36Otrainlng.com or call 1.888.318.3497

Course Pre-Requisite
There are no pre-requisite requirements for this course.
Upon successful completion of this course, you will be abie to
print your certificate.

Regulatory
This course meets the in class training requirements
of the 1910.120 standard. An additional 8 hours of
hands on training is required to meet the training
requirements of the standard.

Seat Time
This course has been approved for 40 hours.

Testing:
Quizzes: Lesson quizzes require no mastery. Quizzes at the
end of each module require a passing grade to proceed
to the next module. Final Exam: Final Exam must be passed
with a 70% to pass the course. The final exam can be taken
three times if necessary.

Course Description
This course covers broad issues pertaining to the hazard recognition at
work sites. OSHA has developed the HAZWOPER program to protect
the workers working at hazsrdous sites and devised extensive
regulations to ensure their safety and health. This course, while
identifying different types of hazsrds, also suggests possible
precautions and protective measures to reduce or eliminate hazards
at the work place. It Is specifically designed for workers who are
Involved In clean-up operations, volunlary clean-up operations,
emergency response operations, and storage, disposal, or treatment
of hazardous subs1ances or uncontrolled hazardous waste sites.
Topies Include: protection against hazardous chemicals, elimination of
hazardous chemicals, safety of workers and the environment, and
OSHA regulations. This course covers topics Included in 29 CFR
1910.120.

HAZWOPER 40 Hour Course



RegUlatory
Please refer to the stale/regulatory requirement in the course catalog page.

Seat Time
This course has been approved for 6 hours

Course Pre-Requisite
Must have taken the 24 or 40 hour HAZWOPER course

Testing
Quizzes: All quizzes must be passed with a 100% to proceed to the next lesson. Final Exam: Final exam must be
passed with e 70% to pass the next course. The final exem can be taken three times If necessary.
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Chemical Awareness

Emergency Procedures
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Safe Work Practices and PPE
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Identify the uses for Personal Protective Equipment
(PPE) and how to choose the correct PPE for a situation

Understand the various considerations in an
; emergency and the Importance of training and

actions to personal safety and the safety of others

Have a better understanding of potentially
.. hazardous situations involving corrosives, solvents,

oxidizers, and reactive chemicals

Course Description
This course meels the requirements in OSHA 29 CFR 1910.120
for 8 hours of annual refresher training for workers at
hazardous waste sites. This course is designed for generel
site workers who remove hazardous waste or who are
exposed or potentially exposed to hazardous substances
or health hazards. Topics include HAZWOPER regulations,
safety and health plans, hazardous chemicals, safety hazards,
air monitoring, medical surveillance, site control,
decontamination, personal protective equipment, and
respiratory equipment. This course covers the topics in
OSHA 29 CFR 1910.120

Understand the principles of decontamination as
, well as levels of decontamination and

decontamination methods

Use Site Characterization to identify hazards found
in the workplace and steps to be taken to minimize
hazards

; Develop a Medical Surveillance Program and
understand its purpose

Understand the principles of toxicology and how
they relate to various types of chemical exposures

Learning Objecllves
.. Read and understand OSHA regulations and

requirements

Contact us at: safaty@360Iralnlng.com or call 1.888.318.3497

HAZWOPER 8 Hour
Annual Refresher Course
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Standard First Aid with CPR/AEO • Adult
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• RecognIZIng and respond to an emergency.
• How to care for a person who is choking.
• Ched<lng an unconscious person for IIfe-threalenlng and nonlife-threatening conditions.
• RecognIZIng and caring tor a person who Is not breathing.
• How to care for a heart attack and how to gIVe CPR.
• Using and AED and Identifylng pre<:autlons when using and AED.
• Identifytng the signs and symptoms of sudden illness. Indudlng stroke, diabetic emergency.

poisoning and allergic reactions and care lor lhem.
• Controlling bleeding.
• RecognIZIng and caring for heat- and cold-related emergencies.

Topics covered InclUde:

American Red Cross FIN.1 Aid with CPRlAED· Adult, trains participants to recognIZed ad care for
life-threatening respiratory or cardiac emergencies In adults and provides the knowledge and skills
needed to care for Injury or sudden Illness until professional medical help arrives. Training
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Fusion Machine Training Programs

Experience shows that improper installation, rather than faulty products, is the primary reason for system failures,
delays, and cost overruns. Georg Fischer believes that the installation of our products is as important as the
quality of the products we manufacture. In keeping with this belief, Georg Fischer offers several training courses.,

I ~~"'I
I tR Mid ItIspettiotl I

(QAIOCI Pro;ratn

IA l~~~=teMta I

$octll FuSiOl'l
rra.lning

Socket Fusion Training

Standard Butt Fusion Training

Infrared Welding
• IR Level I Welder Training
• IR level II Maintenance
Training
• IR levellll Maintenance
Training
• IR level III Refresher Training
• IR Weld lnsgection Program
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BCF Welder Training
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Course Description

Socket Fusion Training
IThis four-hour course covers all aspects of hand-held
and machine Socket Fusion Technology. Trainees will
demonstrate their ability to perform socket fusion joining.

Standard Butt Fusion Training (Conventional or
CNC)
This four-hour course covers all aspects of Standard
Butt Fusion Technology. Trainees will demonstrate

http://www.us.piping.georgefischer.com/index.cfm?uuid=47DF9622D60EB5FC033A7BB8C5BE3A93&0_lang_id=2 3/l/2007



George Fischer Inc - Fusion Machine Training Programs

Upon successful completion and testing, the trainee will their ability to prepare pipe, face pipe, heat and join
receive a Certificate of Completion and an Installer's piping.
Badge which may be worn on the job site.

IR Level [ Welder Training IR Levell! Maintenance Training
This course covers fundamental training absolutely Completion of this 16-hour (2 day) class allows the
necessary for proper operation of the infrared (IR Plus) trainee to maintain external parts of the machine.
fusion machines. Prerequisite:
Topics: • All attendees must have completed the Georg
• Plastic pipe fundamentals Fischer IR Level I Welder Certification Program and
• Infrared butt fusion Weld Inspection Program
• General information I9.Rics:
• Design/function/operation of the IR Plus fusion • Technical concepts of the machine
machines • Machine inspections
• Weld bead inspection • Functional check
• Basic machine maintenance • Maintenance procedures Level II
DurationNalue: • Alignment and adjustments
• 1 day/$250.00 per person • Weld evaluation
Register now • Documentation

purationNalue:
• 2 daysf$500.00 per person
Register now

IR Level III Maintenance Training IR Level 111 Refresher Training
(Authorization Required) (Authorization Required)
Completion of this 32~hour (4 day) class allows the This course is a refresher for Level III personnel and
trainee to maintain external and internal parts of the includes current updates for the IR 63, IR 225, and
machine. This course is conducted at the Georg Fischer IR Plus machines. This course must be taken 1 year
Tustin facility only. after the initial Level III course and then every two
Prerequisite: years after that. This course is condcuted at the
• All attendees must have completed the Georg Fischer Georg Fischer Tustin facility only.
IR Level II Maintenance Training Prerequisite:
ToQ.iQ§.: • All attendees must have completed the Georg
• Technical concepts of the machine Fischer IR Welder Certification and IR Level II and
• Machine inspections Level III Maintenance Training.
• Functional check DurationNalue:
• Maintenance procedures Level III ·2 days/$500.00 per person
• Alignment and adjustments J3.ggister now
• Weld Inspection Program
• Documentation
DurationNalue:
·4 days/$1 ,500.00 per person
~isternow

IR Weld Inspection Program (WI?) BCF Welder Training
Upon completion of this eight-hour (1 day) class, the au This four-hour course covers all aspects of using the
inspector will have a good basis to perform on-site visual BCF Flow Fusion Technology. Trainee will prepare
IR weld evaluation. pipe samples, insert and remove bladders, generate
ToQ.iQ§.: welds, and perform hot cleaning of the heater heads.
• Weld background Upon successful completion and testing, the trainee
• Terminology will receive a Certificate of Completion and an
• Bead characteristics Installer's Badge which may be worn on the job site.
• Restmelt evaluation Prerequisite:
• Flow charts and checklist • All attendees must have completed the Georg
DurationNalue: Fischer IR Level I Welder Training

http://www.us.piping.georgefischer.com/index.cfm?uuid=47DF9622D6OEB5FC033A7BB8C5BE3A93&oJangjd=2
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II· 1 day/$250.00 per person II II
Print

George Fischer Jne, 2882 Dow Avenue, Tustin, CA 92780-7258 USA,
Phone (714) 731-8800, Toll Free (800) 854-4090, Fax (714) 731-6201

Using this site means you accept its terms of use I disclaimer
Copyright © 2004 GF Piping Systems. All rights reserved.

http://www.us.piping.georgefischeLcorn/index.cfm?uuid=47DF9622D60EB5FC033A7BB8C5BE3A93&0_langjd=2
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INTRODUCTORY
LETTER FROM
TOM PARKER

Dear Colleague,

Thank you for choosing SWANA as the provider of all your training and
professional development needs. For over 40 years, SWANA has thrived
at the forefront of all training and education for municipal solid waste
needs. This effort results from our first·and·foremost commitment to you,

our members, but oIso to the field of solid waste.

The 2007 cotalog contains training opportunities for you and all your
staff. Whether you need training for professional development, for
SWANA certification, or to maintain a current certification, SWANA
offers specific education to fit your needs. This year SWANA Training
takes place as several great locations beginning in Tampa, flo., and
closing out the year at WASTECON 2007 in Reno, Nev.

SWANA gives you what you need to stay ahead of them game with our
new list of course offerings. We have updated the Manager of landfill
Operations Course (MOlOI and our ever-growing line of distance
learning opportunities. With our increased offerings of E-Courses and E
Sessions, you can train individually at your desk or with your whole staff
in a conference room to get the most out of your money! As with all
SWANA events, in person and online, you will interact with and learn
from some of the best and the brightest in the industry.

Thank you for your continued support of SWANA, and our mission to
advonce the practice of economically ond environmentally sound
manogement of municipal solid waste. I look forword to learning from
you online or at one of our live events.

Sincerely,

(

,.,....,...-./

.-:+-~
Tom Parker, P. E
CDM, New Mexico
SWANA President

P.S. Receive the mark of professionalism in the solid waste industry with
SWANA certification. SWANA offers eight different Certifications
including the industry's only Bioreactor landfill Certification. In this
competitive landscape, it is integral to have an integrated MSW manage
ment background to efficiently manage your facility.

learn more: www.SWANA.org Register: www.SWANAstore.com
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Congratulations on choosing SWANA for your professional development, troining and certification!

For those of you who ore new to SWANA: Welcome. To our over 7,700 loyal members, thank you for
your continued support of SWANAs Technical Programs, and welcome to our new catalog format. Our
new look hos been designed to showcose SWANA's commitment to praviding the best-in-class educational
products to the entire solid woste industry. Today, SWANA continues that pledge with more educationol
products than ever before.

We hope the new format will make it easier for you to find just what you ore looking for by using
the follOWing symbols to indicate the format of each product. Additional information including full
course descriptions, is available on www.SWANA.org under "Educate".

• SWANA Classroom Training: Held at SWANA events throughout the yeor.

m SWANA Chapter Partnering Events: SWANA Chapters host additional SWANA

training courses throughout North America.

J(j E-Courses: Traditional courses and brand new offerings that can be accessed from the

convenience of your office. E-Courses ore conducted thraugh SWANAs web conferencing

and teleconferencing system.

'11 E-Sessions: The best of SWANA's technical sessions brought to you each month through

Web conferencing. These 75-minute sessions give you and your staff an opportunity to

learn from the experts in this extended session. A different topic is covered every month.

•
I E-Studies: These self-paced, self-study options give you the training and the CEUs you

need. All it takes is an internet browser.

• On-Site Training: Full training packages that you deliver to your staff at your awn site

and at your own pace.

I:BJ Home Study Courses: Written materials on important solid waste topics. Looking for

CEUs - just pass the test that comes with the course and you'll qualify.

o SWANA Training On Demand: Do you have a group that needs to be trained and

the next event isn't soan enough or your budget can't afford the cost? Let our best-in-class

training come to you! Any of our courses can be customized to your needs. For quotes,

contact learn@SWANA.org.

We love to heor about the training and educational products that you need. You can always reach us with
your ideas, comments ond feedback at learn@SWANA.org.

Leorn more: www.SWANA.org Register: www.SWANAstore.com
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1. CHOOSE YOUR DISCIPLlNE(S).

The Solid Woste Associotion of North Americo offers eight (8) certificotions in the following
solid woste disciplines:

I..,·,,,

• londfill Monogement (MOlO)

• Bioreoctor londfill*

• Collections Systems

• Composting Programs

• Construction & Demolition Materials (C&D)

• Principles of MSW Management

• Recycling Systems

• Transfer Station Systems

* The Bioreaclor landfill certification requires candidates to hold a current SWANA landfill management cartifkalion.

2. CHOOSE YOUR CERTIFICATION LEVEL.

Most SWANA Certifications offer at leost two (21 eligibility levels, with an additional Inspector level offered
to landfill and Construction & Demolition SWANA Certification holders:

• Technical Associate: This level is ideal for professionals new to the industry and involved in
the planning, design, implementation, operation or promotion of the MSW field. This would
also include consultants, planners, vendors and regulators, etc. A minimum of a High School
Degree or GED Required.

• Manager: This profeSSional must meet all of the requirements of the Technical Associate
level plus a minimum of five (5) years** experience in Municipal Solid Waste Management.
Also required are at least two {2} years experience in a management/supervisory position***
in the discipline for which you ore applying.

** A-year degree in a relaled field may be substituted lor up 10 2 years of MSW experience
*** directly responsible for daily operations; compliance with design and permit conditions, utilization of field equipment and services,
personnel needs, utilization and retention,

• Inspector: Unique to landfill and Construction & Demolition certification holders, this
profeSSional must meet all of the requirements of the Technical Associate level as well as the
ability to issue official citations for violations which require action/impose penalties. This
professional must also be an active inspector with at least 2 years experience.

3. PASS THE SWANA CERTIFICATION EXAM FOR YOUR DISCIPLINE.

SWANA certification exams are offered at all SWANA and SWANA Chapter training events, even if
the preparatory class is nat being offered. You may only sit for one exam per testing session. You are not
required to attend the preparatory training courses to become certified; however, it does reinforce your
knowledge in a particular discipline. A passing scare of 70% or above is needed to become SWANA
certified. You will be allotted three PI hours to complete your exam. All exams are proctored.

You may use calculators, preferably one capable of handling up to seven digits. landfill Certification
candidates may use MOlO scales for maps. The exam is a "closed book" exam so you may nat bring
manuals, worksheet or notes to the testing site. Before leaving the testing site, you will be asked to
complete the SWANA Certification Application. Exam results will be mailed to the certification candidates
within 60 days of the test date.

If you have any questions about becoming SWANA Certified, please contact us at cert@SWANA.org.

•
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Can't get away from work? Enjoy the industry's top training from the comfart of your home or office with
SWANN' (Distance learning). With these courses, get the training you need in a format you want.
SWANN' allows you to train from your home or office, with your computer, or with home study manuals.
Also by attending these courses, Certified Professionals can earn SWANA Continuing Education Units
(CEUs). With SWANN', training has never been easier!

E-COURSES J(j
Learn, Earn and Return with these new online courses! You'll learn about a wide range of solid waste
topics. Every course is taught by SWANA faculty. All you need is an internet connection and separate
phone line and you're ready to learn. Each session lasts up to two hours, making SWANA training mare
convenient than ever! Far a schedule of upcoming E-Courses, visit www.SWANAstore.com and click
on E-Courses.

E-SESSIONS JI
With these 75-minute presentations you can anend SWANA technical sessions all year lang, from any
location! These sessions bring you the latest an taday's hot topics on the first three Wednesdays of the month.
Each month focuses on a different area of MSW to keep you infarmed on all the current trends in solid
waste. Far a schedule of upcoming E-Session topics visit www.SWANAstore.com and click an E-Sessions.

•E-STUDIES I

Train your way with these self-paced online courses. These courses are completely online and are always
a click away_ The course also moves with you, so you spend your time an the areas that you need. Many
of our courses also allow more than one user to train per account, with our new subscription-based pricing

plan. Training has never been more flexible than it is with these courses!

Courses include:

• landfill Operations

• Composting Operations

• Transfer Station Health and Safety

• Waste Screening

• landfill Health and Safety

• landfill Gas Primer

• Establishing An Electronics Recycling Program

• Integrated Solid Waste Management

learn more: www.SWANA.org Register: www.SWANAstore.com
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HOME STUDY COURSES 121
Not quite ready for the world of online learning but still need convenient training? Well then look no
further than SWANA Home Study Courses. Each course includes a manual that you review at your own
pace. Once you're comfortable with the information, complete the enclosed exam. Score a 90% or better
and you'll receive credit for the course. The manual also serves as a good reference once you've
completed the course.

Courses include:

• Managing landfill Gas
at MSW landfills

• Waste Screening
at MSW Management Facilities

• Groundwater Monitoring, Sampling,
Analysis & Construction

ON·SITE COURSES

• leachate Generation, Collection & Treatment
at MSW landfills

• Construction Waste and Demolition
Debris Materials Manual

Act as a trainer for your staff with these courses. Each course contains 8-10 hours of training, mode up of
smaller modules. This allows the courses to be tailor·made for your company.

Courses include:

• Training far Sanitary landfill Operations Personnel
• Training for Collection Operations Personnel
• Waste Screening at MSW Management Facilities
• Health and Safety for MSW landfill Training
• Health and Safety for MRF Personnel
• Health and Safety for Collection Personnel
• Health and Safety for Transfer Station Personnel

TRAIN YOUR WHOLE STAFF WITH SWANA E·TRAINING AND SAVE BIG!

When signing up for an E-Course or E·Sessions you register for one computer. By hooking up a projector
and speaker phone, you could present E.Training to your whole staff far the cost of one registration,
saving you big on training!

SWANA CEUs will only be allocated far registered individuals .

•
classroom
Training

r;:;:'7I Horne Study
LC::::llCourS(l

A Training
W On·Demond



Irll

I

SWANA's E-Training allows you to receive the industry's best training from the comfort of your home or
office. The Web seminars are the perfect woy for busy professionals to stay current on the lotest trends in
the industry. These courses are always being updated in a continuing effort to bring you fresh, new
training. The listing below is just a taste of what's to come. Keep on eye on www.SWANAstore.com
for all the latest developments in SWANA's E-Troining.

Hove you attended a local training or technical session that you think all solid waste professionals could

benefit froma let us know! SWANA is always looking for ways to promote training that today's solid waste
professionals can use. E-maillearn@SWANA.org with any topics or suggestions, as well as at which
event the training was presented.

UPCOMING E·COURSES v'tJ
Course sub;ects and times 5ub;ecf fo change. Visit www.5WANAstore.com for
updated course listings.

Fall 2006 landfill Fire

Fall 2006 Erosion Control

Fall/Winter 2007 Electronics Recycling

Winter 2007 landfill Operations

Winter 2007 Collections Operation

Winter 2007 Bioreactor Basics

Have a course developed that you want to share online?
Emaillearn@SWANA.org to find out how!

UPCOMING E·SESSIONS Tentative Schedule'll
Topics 5ub;ecf to change. Visit wwwSWANAstore.com and click on E-Sessions for the
latest information.

October 2006: Bioreactor landfills

November 2006: Overcoming Challenges in Transfer Station Design and Operation

December 2006: Multi-Family and Institutional Recycling Programs

Januory 2007: life Cycle of a landfill - Strategies for Permitting, Designing, Operating and Closing

February 2007: Waste-ta-Energy and Waste Conversion

Morch 2007: Speciol Waste Management

April 2007: Construction and Demolition Debris Management

May 2007: landfill Gas Control and Utilization

June 2007: Organics Management and Composting

July 2007: Boosting Recycling Rates: New and Innovative Programs

August 2007: Planning & Management

September 2007: legislative and Regulatory Developments Impacting Solid Waste Management

learn more: www.SWANA.org Register: www.SWANAstore.com
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Join one of SWANA's Technical Divisions and shape the future of solid waste management.

The Benefits include

• Access to cutting-edge information
• TECHnews-electronic newsletter with the latest news in your specific field

• SWANA:s online elibrary and Members Only seclion including the Division subscriber list

• Unmatched networking opportunities
• Participate in an exchange of ideas with more than 2,700 Division Members

• Receive a contact list of all Technical Division Subscribers

• Make valuable contacts at conferences

• Post and respond to questions through an electronic Technical Division Members list serve

• Shape the future of SWANA
• Help develop programs for symposia

• Guide technical policies and advocacy initiatives

• Produce real change on industry issues

• Special discounts
• $25 registration discount to your Division's annual symposium

• Special discounts on publications, conference proceedings and training, and online educational
sessions and events

For more information, visit www.SWANA.org or call 1·800·GO-SWANA (467-9262)

~i:€lJm~
IoWJito:,f'fljQyJrr." Sih"t IN<t'g(l'~

8'lW'Milhllj;i Vf~Mli:

H;,>nIi.1 Ark~t'!.M""

b::t-,'fiHt.! Hi.sOOfy

SympOSium

J'iw .'l'\"1lI1! im'nlfllwAm
¥I~ll ~.s»:>'lfl,>i,{~·tl

M (::t<l Hl!.itl-m~\;WAM~

nnuallandfill12th A

• r!!e'm-tr..:1i ~:tlIjt:l>~ "":!i:mJ"9 On
Cwt«lr .1l1ifE(»>Vuv,W IUl'UIII H"il,lMl'IltNt'

-All V;;t,\\'1f,",f)lo'l? r~t'!lMl Yr.,!4 :;:f1o;tW
.. S-MtltM t:m.YfR.k-epl~:O:

Cometothe~

Educational Conference
in the l.andfilllndusfryl

•
Clmsroom
Training

J1 On.Sile
'" Training

~HomeSllJdy
COlJrso



MANAGER OF
LANDFILL
OPERATIONS
(MOlO)

Updated for 2007, this prep course for the Landfill Certification contains
all the latest landfill techniques and technologies to keep you ahead of
the competition. Learn to efficiently run your landfill, as well as gain
knowledge on planning, operating and closing a landfill. Discuss issues
surrounding regulatory standards, compliance with design requirements,
and an introduction to stated-the-art bioreactor landfill technologies.
Upon completion of the course you will gain a beffer understanding of
landfill economics, leachate and landfill gas management, and compre
hend the importance of safety and contingency counter measures.

Need some help preparing for the MOLO, try these:

MOLO: JUST THE MATH E·COURSE
Planning to take the MaLO exam, but need to brush up on the math?
With this live web course you can prepare for the math that is covered
on the MaLO exam from your home or office. All you need is an internet
connection and seporate phone line and you're ready to learn the math.
Taught by Mala faculty, this course covers such calculations as eleva
tion, area, slope, and volume. And because the course is only two hours
long, you can learn and return to work. **MOLO: Just the Math does not
allocate CEUs toward SWANA recertification. **

LANDFILL OPERATIONS
Need a boost to get ready for the MaLO or just need a refresher before
taking the SWANA Landfill Certification Exam? Then get online with this
new E-Study Course. Learn about such topics as Waste Decomposition,
Geology and Hydrology, Landfill DeSign and Construction, General
Operations, and Regulations from your computer. The course has also
been enhanced with up-ta-date photographs, audio, interactive exercises,
related online links, and video to make learning more enjoyable .

•
I

learn more: www.SWANA.org Register: www.SWANAstore.com



THE WORLD'S ONLY BIOREACTOR LANDFILL
CERTIFICATION PROGRAM

Technology is chonging ond bioreoctor landfills are emerging. Now it is
your turn to learn what bioreactors can do for you. Get career-enhancing
certificotion by taking this prep course for the Bioreactor Landfill Certificotion
exam. Examine the unique characteristics of a bioreactor landfill in compor
ison with dry tomb londfills in this brand new course. Explore the methods of
introducing air and woter into landfill cells, while at the some time discov

ering how this cUffing-edge technology can increase Iondfill gas activity.

Special Publication: Manager of Bioreactor Landfill
Operations Body Of Know/edge

The SWANA Monoger of Bioreoctor Londfill Operations Body Of Knowledge
IBOKj is 0 compendium of the bosic knowledge on individual must know to
accomplish the work of a Manager of Bioreactor Landfill Operations. This BOK
includes both proven traditional practices and the innovative, advanced prac
tices of managing a bioreactor landfill, as well as empirical, esthetical, ethical
and tacit knowledge. The Manager of Bioreactor Landfill Operations BOK is
the bosis of the SWANA Bioreactar Landfill course and certification exom.

The BOK consists of eight comprehensive knowledge statements covering the
knowledge and abilities a manager of bioreactor Iondfills should have in the
oreas of construction, operation and monitoring of bioreactor landfills. You can
use the BOK to prepare for the SWANA certification exam or as a tool for
your operations.

Go to www.SWANAstore.com to order.

MANAGER
OF BIOREACTOR
LANDFILL
OPERATIONS
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LANDFILL
OPERATIONAL
ISSUES

This course is perfect for anyone interested in learning more about

improving the daily operations at their landfill site. You will experience in
depth discussions that will help you solve everyday issues surrounding

landfill operations and be able to understand successful landfill manage

ment practices, including equipment selection. Turn your landfill into a

money maker by learning how to control cost, maximize your site's

airspace, and determine if your landfill is really efficient. Upon comple

tion of the course, you can earn valuable SWANA Continuing Education
Units (CEUs). Furthermore, with your registration you will receive the book
The Handbook of Landfill Operations, by Neal Bolton, P.E.

HEALTH AND
SAFETY FOR
MSW LANDFILL
OPERATIONS
PERSONNEL

if

Discover new horizons by enhancing your landfill health and safety

program! This course prepores you to easily and intelligently identify and

circumvent landfill health and safety issues. Not only will you learn
exactly what elements constitute a proper loss control program, but you

will understand the importance of establishing an effective program and

overview OSHA and federal regulations. At the end of this course, partic

ipants will be able to recognize an unsafe practice and know how to
handle it. Not only will you earn valuable SWANA Continuing Education

Units (CEUs), but you will also gain imperative knowledge on how to

keep your landfill safe"

LANDFILL
GAS BASICS

Don't waste landfill gas! learn to "Control, Manage and Capture" it!
These ore the key concepts to successfully understanding landfill gas
basics. Through exercises and case studies, SWANA instructors will help
you grasp these three ideas in this introductory course. You will gain vital
insight about gas regulations and become familiar with system design,
construction and monitoring. In addition, you will be proVided with infor
mation and guidance in order to understand the importance of landfill
gas utilization. Anyone working with a landfill gas system will benefit
from this course.

learn more: www.SWANA.org Register: www.SWANAstore.com



Go "beyond basics" with this interactive workshop exploring the daily
challenges associated with operations and maintenance of LFG systems.

Shore knowledge with your colleagues and learn new approaches for
capturing, controlling, and managing landfill gas. This interactive session

will be moderated by a SWANA faculty member, and is a great way to

actively increase your knowledge of landfill gas systems.

Through interactive classroom exercises, discussions and case studies, you

will overview landfill operations and how they relate to one another in

order to learn how to be more effective on the lob. Instructors with in

depth experience in landfill operations will help you gain a better under
standing of the fundamentals of groundwater movement, accident analysis

and recognize the factors that contribute to leachate production. In

addition, receive top of the line training on how sanitary landfills work as
components of integrated solid waste management systems.

Gain vital insight about gas regulations and become familior with system

design, construction and monitoring. In addition, you will be provided

with information and guidance in order to understand the importance of

landfill gas utilization. Anyone working with a landfill gas system will
benefit from this course. As with all online E-Study Courses, you determine

the pace and schedule of the course.

Finish your landfill off with style with this new E-Course. In a portnership

with the Erosion Control Technology Council IECTC), SWANA is proud to

present this new E-Course to help landfill owners create more presentable

landfill caps through the use of Rolled Erosion Control Products IRECPs).
Presented by a member of ECTC, this course will cover such topics as
NPDES Regulations, an overview of RECPs, as well as the installation,

design, and selection of RECPs.

LANDFILL
GAS SYSTEM
OPERATION

TRAINING FOR
SANITARY
LANDFILL
OPERATIONS
PERSONNEL

•
LANDFILL
GAS PRIMER
•
I

ECTC PRESENTS
CONTROLLING
EROSION &
STORM WATER
RUNOFF ON
LANDFILL CAPS
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CONSTRUCTION
WASTE &
DEMOLITION
DEBRIS
RECYCLING•••
A PRIMER
IBJ

An educational tool for communities and private sector interests, this

document focuses on the planning issues and implementation opportuni

ties associated with the recycling of construction waste and demolition

debris. lessons covered include regulatory climate, generation data,

materials, market opportunities, and management systems to name a few.

Keep the manual for future reference, so you'll always have this valuable

information at your fingertips.

MANAGING
LANDFILL GAS AT
MUNICIPAL SOLID
WASTE LANDFILLS
IBJ

This course is perfect for those seeking gUidance an the complex issue

of landfill gas management. This course covers such topics as MSW

landfill emission generation, composition, migrations and extraction

components, as well as regulatory codes pertaining to RCRA and the

Clean Air Act. As with all Home Study Courses, keep the manual for

future reference!

LITTER
MANAGEMENT AT
MSW LANDFILLS

J[j

Are you blown away by the cost of litter at your landfill? let SWANA

help you clean up your act with litter Management at MSW landfills.

learn about the impact of litter and the importance of a good litter

management program, as well as the sources and causes of litter. learn
about litter contral techniques from one of the industry's tap profeSSionals

from the comfort of your home or office.

LEACHATE
GENERATION,
COLLECTION AND
TREATMENT AT
MSW LANDFILLS
IBJ

learn about the common constituents that make up groundwater and

biological treatment. Also get an understanding of the regulatory scope

of RCRA Subtitle D in regards to groundwater monitoring, and became

familiar with leachate recirculation methods. Keep the manual for

future reference, so you'll always have this valuable information at

your fingertips.

GROUNDWATER
MONITORING,
SAMPLING,
ANALYSIS
AND WELL
CONSTRUCTION
IBJ

This course prOVides MSW professionals with an understanding of
monitoring groundwater within the scope of RCRA Subtitle D. Topics

include design and construction of wells, monitoring programs, and

corrective actions. As with all Home Study Courses, keep the manual

for future reference!

leorn more: www.SWANA.org Register: www.SWANAstore.com



"~"" th.Hi ~>h Rolf.ws!



MANAGING
TRANSFER
STATION
SYSTEMS

Be a lean mean, transfer operations machine! As a prep course for the

Transfer Systems Certification exam, anyone who is or would like to

become a transfer station manager or consulting engineer will be

provided with fundamental information on ways to effectively plan,

design, and operate MSW transfer stations. Receive cu~ing edge training

on how to run a MSW transfer slation in the most successful way by

experiencing a hands-on fOUf, a field exercise at a local transfer station

facility and classroom taught exercises. In addition, learn about design

objectives including capacify, selection of appropriate technology, struc

ture considerations and site planning.

MANAGING
MUNICIPAL
SOLID WASTE
COLLECTION
SYSTEMS

Be able to handle waste with haste through this prep course for the

Collection Systems Certification exam. Receive instruction in all the areas

tested an the exam, such as an understanding of the logistics of planning,

managing and operating solid waste and recyclables collection services.

This course consists of presentations, classroom exercises and case studies
that will enable you to navigate and chart routes mare effectively. You will

examine waste characteristics, service types, equipment, routing and

system design. Furthermore, learn up-to-date practices for handling

various materials, including residential MSW, traditional recyclables, yard

wastes, bulky items and commercial wastes.

TRAINING FOR
COLLECTION
OPERATIONS
PERSONNEL

mf

Save time and money on every route, every day! Individuals who are

responsible for the collection of solid waste and recyclables from house

hold and commercial establishments on a day-to-day basis can increase

their knowledge of collection strategies. Be provided with what every

collection operations personnel should know through interactive classroom

exercises, discussions and case studies. Time is money, and this course

will help you to acquire a higher understanding of routing in order to be

cost-efficient. Furthermore, learn how to define a preventative mainte

nance program, go over the importance of effective sanitation practices,

and obtain insight on important health and safety issues.

Learn mare: www.SWANA.org Register: www.SWANAstore.com



Why "waste" an opportunity to improve your safety performance? At

SWANA, we recognize the importance of minimizing risk and devel
oping an effective safety pragram for transfer station personnel. During

this course, you will get an overview of OSHA and federal regulations.

Also, you will discuss musculo-skeletal disorders and how to prevent

ergonomic injuries. Upon completion, you will understand why it is
essential to establish a transfer station health and safety program as well
as learn to recognize unsafe practices of others. Earn valuable SWANA

CEUs for a range of Certification Disciplines by participating in this

extremely important course!

HEALTH AND
SAFETY FOR
TRANSFER
STATION
PERSONNEL

i m •

Does it pain you to see the unsafe work habits of your collection

personnel? Well let SWANA help you reduce those pains with our
Health and Safety for Callectians Personnel Course. This kit comes with

everything a supervisor or manager needs to train their employees on

proper techniques and precautions to reduce workplace injuries. Other

topics covered in this course include loss cantral, and health and safety
issues, as well as regulatory issues.

HEALTH AND
SAFETY FOR
COLLECTION
PERSONNEL
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Appendix B 
Site Specific Training 
Lesson Plan and Exam 



 

  

 

Pre-Entry Briefing 
 
Objective: The objective of this pre-entry briefing is to introduce visitors and first-day 
employees to the safety controls of the BRC CAMU. Attendees should understand where 
active portions of the site are, where emergency response equipment is located, site 
hazards (chemical, physical, biological), and general safety rules of the BRC CAMU. 
 
Active Areas 
Indicate on map: 
 

• haul routes 
• waste excavation (exclusion, contamination reduction, support zones, as 

appropriate) 
• waste placement (exclusion, contamination reduction, support zones, as 

appropriate) 
 
Emergency Response: 
 
Contact Name 
 
Phone number(s) 
 
Hospital Location 
 
Location of emergency equipment (fire extinguishers, alarms) 
 
Meeting location(s) 
 
First Aid steps: Check-Call-Care 
 
Personal Protection Equipment 
 
Hardhat – at all times 
 
Steel Toe Boots – at all times 
 
Eye protection – at all times 
 
Hearing Protection – where applicable 
 
Tyvek – where applicable 



 

  

 
Gloves – where applicable 
 
Respirator – where applicable 
 
Basic Site Safety: 
 

1. Keep your mind on your work at all times.  No horseplay on the job.  
Injury or termination or both can be the result. 

 
2. Personal safety equipment must be worn as prescribed for each job, such 

as:  safety glasses for eye protection, hard hats at all times, gloves when 
handling materials, and safety shoes.. 

 
3. Watch where you are walking.  Don't run. 

 
4. Seat belts are required at all times when driving/operating. 
 
5. The use of illegal drugs or alcohol or being under the influence of the 

same on the project shall be cause for your immediate termination.  Inform 
your supervisor if taking strong prescription drugs that warn against 
driving or using machinery. 

 
6. Do not distract the attention of fellow workers.  Do no engage in any act 

that would endanger another employee. 
 

7. Sanitation facilities are provided for your use.  Defacing or damaging 
these facilities is forbidden. 

 
8. Never move an injured person unless it is absolutely necessary.  Further 

injury may result.  Keep the injured as comfortable as possible and utilize 
job site first-aid equipment until an ambulance arrives. 

 
9. Know where firefighting equipment is located and be trained on how to 

use it. 
 

10. Nobody but operator shall be allowed to ride on equipment unless proper 
seating is provided. 

 
11. Do not use power tools and equipment until you have been properly 

instructed in the safe work methods and become authorized to use them.   
 
12. Do not enter an area that is barricaded or otherwise blocked from entry. 

 



 

  

13. If you must work around trucks or heavy equipment, make sure operators 
can always see you and know that you are there.  Barricades are required 
for cranes. 

 
14. Never oil, lubricate, or fuel equipment while it is running or in motion.  

Do not perform these operations on equipment in areas not specifically 
designated for these operations. 

 
15. Before servicing, repairing, or adjusting any powered tool or piece of 

equipment, disconnect it, lock out the source of power, and tag it out. 
 

16. Barricade danger areas.  Guard rails or perimeter cables may be required. 
 

17. Trenches over five feet deep must be shored or sloped as required.  Keep 
out of trenches or cuts that have not been properly shored or sloped.  
Excavated or other material shall not be stored nearer than two feet from 
the edge of the excavation.  Excavations less than 5 ft may also require 
cave in protection. 

 
18. Use the "four and one" rule when using a ladder.  One foot of base for 

every four feet of height. 
 
19. Know what emergency procedures have been established for your job site.  

(location of first aid kit, fire extinguisher locations, evacuation plan, etc.) 
 
Hazard Analysis 
 
Physical 
Heat Stress 
Excavation 
Hand/Foot Injury 
Heavy Equipment 
Noise 
Portable Power/Hand Tool 
Slip/Trip/Fall 
 
Chemical 
Inhalation 
Skin absorption 
Fire 
Reactivity 
 
Biological 
Insect/Vermin/Snake Bites 



 

  

 
 
Exam 
 
The pre-entry briefing exam will be taken at the conclusion of the meeting. A passing rate 
of 75% is required for access to the site. Incorrect answers will be explained and topics 
covered again. 
 



 

  

Pre-entry Briefing Exam 
 
Name:   
I have read and understand the BRC CAMU Health and Safety Plan Yes      No 
Date:      
 
Position:     
 
1. What are the three emergency first aid steps? 
 

A. Stop-Look-Listen 
B. Call-Check-Care 
C. Check-Call-Care 
D. None of the Above 

 
2. You are working near an excavator, what PPE do you need? 
 

A. Hardhat, boots, eye protection, hearing protection 
B. Boots, hardhat 
C. Hardhat, hearing protection 
D. None of the above 

 
3. When excavating, at what depth is shoring required?  
 

A. 3 feet 
B. 1 foot 
C. 5 feet 
D. 2 feet 

 
4. You are not 24-hour or 40-hour HAZWOPER certified, how close can you be to the 

excavation or waste placement activities? 
 

A. Exclusion Zone 
B. Contamination Reduction Zone 
C. Support Zone 
D. None of the Above 

 
5. What’s the first step in an emergency? 
 

A. Call BRC 
B. Go to a safe location 
C. Go Home 
D. None of the above 

 
Number Incorrect:   Pass / Fail Trainer’s Name:   



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Appendix C 
Organizational Flowchart



 

 

BRC Construction Manager 
Duties Include: BRC or their designee will be on site at least 50 percent (50%) of the time 
the site is open for waste disposal to oversee site operations.   
Qualifications: relevant experience in landfill construction, construction management, and 
heavy equipment 

CQA Monitor (Construction Manager or Designate) 
Duties Include: monitoring construction activities for compliance with 
CQA plan 
Qualifications: Training and experience in liner installation and landfill 
construction, relevant experience with heavy equipment

BRC Equipment Operators 
Duties include: spotting vehicles, spreading and 
compaction of waste material, landfill attendant 
duties, installation of earthen cover, waste 
movement 
Qualifications: relevant experience with 
equipment 

Subcontractors 
Duties include: 
miscellaneous construction 
activities 
Qualifications: varies 

Site Health and Safety Officer (Construction Manager or 
Designate) 

Duties include: health and safety inspections, recordkeeping, and training 
Qualifications: 40-hr OSHA HAZWOPER and 8-hr OSHA Supervisor 
training, relevant experience with heavy construction 

BRC General Employees 
Duties include: site and roadway construction, 
maintenance, clean up, security, waste receipt 
monitoring data 
Qualifications: relevant experience with heavy 
construction 

BRC Project Manager 
Duties include: scheduling, invoice processing, monitoring labor and equipment usage, 
project document control, and interaction with regulators 
Qualifications: experience with heavy construction projects, construction, and project 
management

CQA Manager Design Engineer 



 

 

 
 
 
 

Attachment G 
Accident Prevention, 

Contingency, and 
Emergency Response Plan 
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Attachment G 
Accident Prevention, Contingency, and Emergency Response 

Plan  
Basic Remediation Company (BRC) 

Corrective Action Management Unit (CAMU) 
Henderson, Nevada 
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1.0 INTRODUCTION 
 

This Accident Prevention, Contingency, and Emergency Response Plan 
describes the precautions taken to prevent accidental ignition or reaction of ignitable or 
reactive wastes, and precautions taken to prevent interaction of incompatible wastes.  
This plan also includes other procedures to minimize the possibility of, and hazards 
from, a fire, explosion, or unplanned sudden or non-sudden release of hazardous waste 
constituent to air, soil, or surface water.  These procedures also address the proper 
design, construction, maintenance, and operating practices designed to reduce the 
potential for injury or other threats to human health or the environment. 

 
1.1 Contaminants 
 

Extensive testing of the waste material determined the majority of wastes to be 
non-hazardous. The following is a list of general contaminants found in the waste 
material to be placed in the CAMU: 

• VOCs 
• SVOCs 
• PCBs 
• Metals 
• Pesticides 

The waste materials are not incompatible, reactive, or ignitable. Additional 
waste characterization detail can be found in Attachment C, Waste Analysis Plan. 

 
2.0 PREVENTION  
 
2.1 Health and Safety Plan 
 

The BRC CAMU will have an active Health and Safety program for workers at 
the BRC CAMU.  Either the current BRC Health and Safety Plan (HASP) or a similar 
plan developed by the pertinent contractor will be used, periodically updated, and kept 
on site.  A safety meeting will be held at least quarterly to review safety procedures and 
issues, or whenever operations change.  Daily safety tailgate meetings will address 
health and safety issues of the day.  Employees working at the BRC CAMU will attend.  
Personal safety equipment such as eye protection, steel-toed boots and hard hats will be 
required of all BRC CAMU non-office personnel.  In case of personal injury, the field 
office will be notified immediately by two-way radio or cellular telephone and, if 
necessary, an ambulance summoned from the local hospital, St. Rose de Lima 
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approximately 1 ¼ miles from the BRC CAMU (Figure G-1), or the local (City of 
Henderson or Clark County) Fire Department.  

 
2.2 Arrangements with Local Authorities 
 

Prior to operation, BRC will contact the Henderson Police and Fire Departments 
and the Clark County Sheriff and Fire Departments and their emergency response teams 
to make arrangements to familiarize them with the BRC CAMU.  BRC will provide 
details of the BRC CAMU including layout, properties of wastes handled and 
associated hazards, normal operating areas, entrances, and possible evacuation routes.  
In addition, BRC will contact the St. Rose de Lima Hospital with the types of injuries or 
illnesses that could potentially occur at the BRC CAMU.  

 
2.3 Personal Protective Equipment (PPE) 
 

Level D PPE will be required at all times at the Site.  Level D equipment 
required includes long pants, gloves, steel-toe boots, hard hats, safety glasses, and 
hearing protection (when appropriate).  

 
2.4 Exposure Assessment and Air Monitoring 
 

Given the small amount of additional to be placed in the Phase V of the CAMU, 
dust monitoring, similar to what was conducted during the bulk of the CAMU waste 
placement, is not cost-effective and will not be implemented.  Based on prior air 
monitoring results, use of dust control measures should not create any off-site dust 
migration above relevant regulatory thresholds.   

 
2.5 Activity Hazard Analysis 
 

The chemical, physical, and biological hazards are discussed in detail in the Site 
HASP for each activity performed on-site. 

  
2.6 Personnel Training 
 

Employees assisting in construction activities within the exclusion zone will 
have Occupational Safety and Health Administration (OSHA) 40-hr Hazardous Waste 
Operations and Emergency Response Standards (HAZWOPER) certification.  In 
addition, BRC and/or their designee will have 8-hr OSHA Site Supervisor training.  The 
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CAMU Construction Manager will be required to provide health and safety “tail gate” 
meetings for new workers and visitors.  Employees are responsible for knowing the site 
chemical, biological, and physical hazards as well as how to prevent accidental release 
of wastes. 

 
2.7 Site Map 
 

A site map will be maintained on site.  The site map will be regularly updated to 
show the exclusion zone, decontamination zone, and support zone as they change 
throughout BRC CAMU construction.  The site map shall be posted in the work area 
and will include the following information: 

 

• General Wind Direction 

• Evacuation Routes 

• Refuge Locations 

• Route to St. Rose de Lima Hospital and First Aid Medical Assistance 
(may be provided on separate map) 

• Boundaries of Exclusion Zone (as described below) 

• Boundaries of Contamination Reduction Zone (as described below) 

• Boundaries of Support Zone (as described below) 
 
Changes will be made to the site map by the SHSO, as needed, based on site 

conditions.   
 

2.7.1 Work Zones 
 

Three work zones will be established for each task.  The Exclusion Zone is 
defined as the area on-site where contamination is suspected and tasks are to be 
performed.  The Contamination Reduction Zone (CRZ) is defined as the area where 
equipment and workers are to be decontaminated.  The Support Zone is defined as the 
command area and also serves as a storage area for supplies.  The exact location and 
extent of the work zones will be modified as necessary.  

 
2.8 Site Access 
 

Access to the site will be controlled using a sign-in/sign-out log. 
 

2.9 Visitors 
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Visitors to the site will be continually escorted in order to assure their safety 

since they may be unfamiliar with the site.  Visitors will not be allowed past the Support 
Zone unless they read, understand, sign, and meet the requirements outlined in the Site 
HASP. 

 
2.10 Communications 
 

On-site communications will be conducted through the use of the following: 
• Verbal 
• Two-way radio  
• Horn 
• Mobile telephone  
• Siren 
• Hand signals  

Off-site communications will be conducted through the use of mobile 
telephones. 

 
2.11 Safe Work Practices 
 

General Safe Work Practices that will be implemented during work activities at 
this site are: 

 
• Minimization of contact with waste materials.   
• Smoking, eating, or drinking after entering the work zone and before 

decontamination will not be allowed.  Employees who are suspected of 
being under the influence of illegal drugs or alcohol will be removed from 
the site.  Workers taking prescribed medication that may cause drowsiness 
will not be permitted to operate heavy equipment, and will be prohibited 
from performing tasks where Level C, B, or A PPE is required. 

• Good housekeeping will be practiced.   
• Use of contact lenses on-site will not be allowed when dictated by working 

conditions. 
• The following conditions will be observed when operating a motor vehicle. 

− Wearing of seat belts is mandatory 
− During periods of rain, fog, or other adverse weather conditions, the 

use of headlights is mandatory 
− A backup warning system or use of vehicle horn is mandatory when 
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the vehicle is engaged in a backward motion 
− All posted traffic signs and directions from flagmen will be observed 
− Equipment and/or samples transported in vehicles will be secured 

from movement 
• In an unknown situation, the worst conditions will always be assumed. 
• Conflicting situations may arise concerning safety requirements and 

working conditions and will be addressed and resolved rapidly by BRC to 
relieve any motivations or pressures to circumvent established safety 
policies. 

• Breaches of specified safety protocol will not be allowed.   
 

2.12 Inspections 
 

BRC will conduct weekly health and safety inspections.  The inspections will be 
documented using the Inspection checklist included  with Attachment E.  The Weekly 
Health & Safety Inspection Checklist will be kept on file at the project site. 

 
2.13 Decontamination 
 

PPE will be decontaminated as per 29 CFR §1910.120(k).  The decontamination 
procedures, equipment and decontamination solution required for each task will be 
included in the Site Health and Safety Plan.  In an emergency, the primary concern is to 
prevent the loss of life or severe injury to site personnel.  If immediate medical 
treatment is required to save a life, decontamination will be delayed until the victim is 
stabilized.  If decontamination can be performed without interfering with essential life-
saving measures or first aid, or if worker has been contaminated with an extremely toxic 
or corrosive material that could cause severe injury or loss of life, decontamination will 
be performed in coordination with or prior to initial medical treatment at the scene. 

 
3.0 CONTINGENCY AND EMERGENCY RESPONSE PLAN 
 
3.1 Fire Control 
 

Fire extinguishers will be on hand to put out small fires near the working area, in 
the remote possibility they may occur. In the event of a significant fire emergency, the 
Henderson Fire Department will be notified immediately and the emergency will be 
reported.   

 
3.2 Shut Down Procedures 
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In the event the BRC CAMU needs to be shut down, a detailed procedure list 

will be available at the site in the contingency plan.  Step-by-step procedures will be 
detailed, including maps showing pertinent locations of systems. 

 
3.3 Hazardous or Toxic Materials Release 
 

A Hazardous Materials Emergency Plan will be prepared.  It will mainly focus 
on those chemicals and materials associated with vehicle fueling and maintenance.  
Because the waste material being disposed of in the BRC CAMU is from a known 
source area, the likelihood of hazardous or toxic material release resulting from the 
waste materials is minimal.  

 
3.4 Emergency Procedures 
 

The following steps will be followed when there is an emergency: 
 
1. BRC, or alternate, will be immediately notified.  BRC assumes control of 

the emergency response. 
2. As necessary, off-site emergency responders (e.g., fire department, 

hospital, police department, etc.) will be notified as to the nature and 
location of the emergency on site.  Please see Table G-1 for contact 
information. 

3. If applicable, BRC evacuates the site.  Site workers will move to their 
respective refuge stations using the evacuation routes provided on the 
Site Map. 

4. BRC CAMU Construction Manager will assess possible hazards to 
human health or the environment resulting from the emergency and shall 
contact the appropriate authorities for the Henderson, Nevada area or the 
National Response Center (toll free: (800) 424-8802). The report will 
include: 

a. Name and telephone number of the reporter; 
b. Name and address of the BRC CAMU; 
c. Time and type of incident; 
d. Name and quantity of material(s) involved, to the extent known; 
e. The extent of injuries, if any; and  
f. The possible hazards to human health, or the environment, 

outside the facility. 



 

G-7 

5. For small fires, flames will be extinguished using the fire extinguisher.  
Large fires will be handled by the fire department. 

6. In an unknown situation or if responding to toxic gas emergencies, 
appropriate PPE, including SCBAs, will be donned. 

7. If chemicals are accidentally spilled or splashed into eyes or on skin, 
safety eyewash and/or shower will be used. 

8. Before continuing site operations, after an emergency involving toxic 
gas, BRC will don a SCBA and utilize appropriate air monitoring 
equipment to verify that the site is safe. 

9. An injured worker shall be decontaminated appropriately. 
10. If a worker is injured, first aid will be administered by workers certified 

in first aid. 
 

3.5 Reporting 
 
 BRC will note in the operating record the time, date, and details of any 
incident that requires implementing this plan.  The report will be submitted to the 
NDEP and include: 
 

a. Name, address, and telephone number of the owner or operator; 
b. Name, address, and telephone number of the facility; 
c. Date, time, and type of incident; 
d. Name and quantity of material(s) involved; 
e. The extent of injuries, if any; 
f. An assessment of actual or potential hazards to human health or 

the environment, where applicable; and 
g. The estimated quantity and disposition of recovered material that 

resulted from the incident. 
 

Incident reports will be kept as part of the operational records and maintained by 
BRC for at least 3 years and otherwise in accordance with the records retention 
provision of the AOC3. 
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FIGURE G-1 
HOSPITAL LOCATION 

 

 
 

Hospital: 
St. Rose Dominican,  
Rose de Lima Campus 
102 E. Lake Mead Pkwy. 
Henderson, NV 89015 
(702) 616-5000 

Site
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TABLE G-1 
EMERGENCY RESPONSE CONTACTS 

Name 
Telephone Numbers 

Date of Pre-Emergency 
Notification 

Office Cell 

Fire Department – Henderson Fire 
Dept. 

911 

(702) 267-
2222 

 February 20, 2007 

Hospital – St. Rose Dominican-Rose de 
Lima 

Campus 
102 E. Lake Mead Parkway 
Henderson, NV 89015 
(702)616-5000  

(702) 564-
2622 

 February 20, 2007 

Police Department – Henderson Police 
Dept 

911 

(702) 267-
4550 

 February 20, 2007 

Construction Manager – Basic 
Remediation – Lee Farris 

(702) 567-
0400 

(702) 523-
2920 

TBD* 

Nevada DEP*   TBD* 

Other    

* To be completed before site activities are initiated. 
 
Copy of letter sent is provided in Appendix A to this Attachment  
 



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Appendix A 
 

Copies of Letters Sent to Police, Fire, and 
Hospital Emergency Contacts 

 
 
 
 



:l~'Basic Remediation
COMPANY

February 20, 2007

M.r. Val BaciareIli
President
St. Rose Dominican Hospital-Rose de Lima
102 Ea'll: Lake Mead Parkway
Henderson, Nevada 89015

Dear Mr. Baciarelli,

As you may know, work will soon commence on the clean-up and restoration ofthe 2200
acrc tract owned by our affiliate, the LandWell Company, that is bounded on the south by
Lake Mead Parkway, on the west by Boulder Highway, and on the north by the Las
Vegas Wash. This clean-up and restoration is beIng conducted under the jurisdiction and
supervision of the Nevada Division ofEnvironmental Protection, with significant Input
from the City ofHenderson and Clark County. As part ofthis project, we have
developed Accident Prevention, ContIngency, and Emergency Response Plans. These
plans provide for fITe, police, and medical responses, ifneeded. We have designated the
St. Rose DomInican Hospital as primary responder In the event ofInjury. While we do
not expect problems to arise that would require a response by the Hospital's emergency
room, we want to be prepared for such a contIngency. Ifyou would like a more dctailed
briefmg in person on details of the clean-up and restoration project, I would be happy to
provide this. I can be contacted at 702-567-0400 and at sahuron@earthlink.net.

Sincerely, -/....0/7
~'7~

Ron Sahli, Ph.D., CEM
Project Manager

875 West Warm Springs, Henderson, Nevada 89015 • Phone 702.567.0400 • Fax 702.567.0473
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Basic Remediation

COMPANY

February 20, 2007

Mr. Richard D. Perkins
ChiefofPolice
Henderson Police Department
223 Lead Street
Henderson, Nevada 89015

Dear ChiefPerkins,

As you may know, work will soon commence on the clean-up and restoration ofthe 2200
acre tract owned by our affiliate, the LandWell Company, that is bounded on the south by
Lake Mead Parkway, on the west by Boulder Highway, and on the nOlth by the Las
Vegas Wash. This clean-up and restoration is being conducted under the jurisdiction and
supervision ofthe Nevada Division ofEnvironmental Protection, with significant input
from the City ofHenderson and Clark County. As part ofthis project, we have
developed Accident Prevention, Contingency, and Emergency Response Plans. These
plans provide for fIre, police, and medical responses, ifneeded. We have designated the
Henderson Police Department as primary responder in the event oftheft or assault.
While we do not expect problems to arise that would require a response by the Police
Department, we want to be prepared for such a contingency. Ifyou would like a more
detailed briefmg in person on details of the clean-up and restoration project, I would be
happy to provide this. I can be contacted at 702-567-0400 and at sahuron@eartWink.net.

Sincerely,

Ron Sahu, Ph.D., CEM
Project Manager

875 West Warm Springs, Henderson, Nevada 89015 • Phone 702,567.0400 • Fax 702.567.0473



-\-~Basic Remediation
COMPANY

February 20, 2007

Mr. Douglas Stevens
Deputy Fire Chief
Henderson Fire Department
City Hall
240 Water Street
PO Box 95050
Henderson, Nevada 89009-5050

Dear Chief Stevens,

As you may know, work will soon commence on the clean-up and restoration of the 2200
acre tract owned by our affiliate, the LandWell Company, that is bounded on the south by
Lake Mead Parkway, on the west by Boulder Highway, and on the north by the Las
Vegas Wash. This clean-up and restoration is being conducted under the jurisdiction and
supervision ofthe Nevada Division ofEnvironmental Protection, with significant input
from the City ofHenderson and Clark County. As part ofthis project, we have
developed Accident Prevention, Contingency, and Emergency Response Plans. These
plans provide for fire, police, and medical responses, ifneeded. We have designated the
Henderson Fire Department as primary responder in the event offire. While we do not
expect problems to arise that would require a response by the Fire Department, we want
to be prepared for such a contingency. Ifyou would like a more detailed briefmg in
person on details ofthe clean-up and restoration project, I would be happy to provide
this. I can be contacted at 702-567-0400 and at sahuron@earthlink.net.

Sincerely,

Ron Sahu, Ph.D., CEM
Project Manager

875 West Warm Springs. Henderson, Nevada 89015 • Phone 702.567.0400 • Fax 702.567.0473

"".
~*~
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1.0 INTRODUCTION 
 

The BRC CAMU emergency coordinator is completely familiar with the site 
operation and Accident Prevention, Contingency, and Emergency Response Plan. In 
addition, the emergency coordinator must be familiar with all activities at the facility, the 
location and characteristics of waste handled, the location of all records within the 
facility, and the layout.  The emergency coordinator is responsible for directing the 
emergency procedures outlined in Attachment G. He or she shall have successfully 
completed all training and is responsible for the training records of all personnel outlined 
in Attachment G.  The contact information for two additional individuals is also provided 
who can also fulfill this role.  At least one individual shall be within 30 minutes of the 
BRC CAMU until closure. 
 
1.1 Emergency Coordinator 
 
 Name: Lee Farris – Basic Remediation 
 Address: 875 W Warm Springs Road 
 Cell Phone: (702) 523-2920  
 Home Phone: (702) 914-6740 
 
1.2 Back Up  
 
 Name: Mark Paris 
 Address: 875 W Warm Springs Road 
  Henderson, NV 89011 
 Office Phone: (702) 567-0400  
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1.0 INTRODUCTION  

 
This attachment describes the geological, hydrogeological, and climatic 

conditions at the BRC CAMU.  In addition, location standards and siting requirements 
for the proposed BRC CAMU are discussed.  

 
2.0 GEOLOGIC CONDITIONS  
 

This section summarizes the geological conditions present at the BRC CAMU 
site.  The Draft Conceptual Site Model (CSM) for the Common Areas prepared by Daniel 
B. Stevens & Associates (DBS&A, 2006) provides greater detail about the geological and 
hydrogeological conditions at the site. 
 
2.1 Geology 
 

Regional Geology in Southern Nevada is the Basin and Range Province 
morphology of the Western Cordillera of North America. In this region, Cenozoic 
tectonic extension has resulted it a system of fault-bounded mountains separated by 
sediment-filled valleys. The basins consist of down-dropped blocks of crust while the 
ranges are upthrust slabs with a regional tilt to the east. The typical arrangement in the 
Basin and Range system is a valley bounded on each side by a normal fault running 
parallel to the range (DBS&A, 2006). 

 
The BRC CAMU site is located in the Las Vegas Valley, a northwest-southeast 

trending basin within the Basin and Range Province. The predominate range influencing 
the BRC CAMU site conditions is the McCullough Mountains bounding the valley to the 
south (DBS&A, 2006). 
 

Valley fill in the vicinity of the BRC CAMU site consists of Tertiary Muddy 
Creek Formation (TMCf) and overlying Quaternary Alluvium (Qa) associated with 
alluvial fan deposits shed from the McCullough Range Mountains. The Qa is the present-
day land surface at the CAMU as well as in most of the Henderson area and has an 
average thickness of 50 to 60 feet. The Qa is predominantly sands and gravels classified 
as poorly graded gravels (GP), silty gravels (GM), well-graded sands (SW), poorly 
graded sands (SP), and silty sands (SM) in accordance with the Common Unified Soil 
Classification System (USCS) (DBS&A, 2006). 

 
Beneath the BRC CAMU site, the boundary between the Qa and TMCf is an 

unconformity that represents a period of time when the TMCf strata was likely exposed 
to weathering and erosion. Erosion by streams originating in the McCullough Mountains 
cut into the TMCf resulting in paleochannels that were later filled by Qa. Two 
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paleochannels have been inferred in the vicinity of the CAMU site: one paleochannel 
from the south-central area to the northwest corner and a second paleochannel from the 
northeast corner of the CAMU site trending almost due north (DBS&A, 2006). 
 

Beneath the Qa is lies the TMCf consisting of predominantly fine-grained sandy 
silts and clayey silts. Layers with increasing sand content are encountered. With the 
increasing distance east and north from the McCullough Range, the proportion of coarse-
grained sediments in the upper portion of the TMCf appears to decrease. The total 
thickness of the TMCf is unknown with measurements varying from 2,158 feet to 3,050 
(DBS&A, 2006). 

  
2.2 Hydrogeology 
 

Groundwater flow beneath the BRC CAMU site is generally to the north, 
northeast. Groundwater ranges from approximately 1725 ft Mean Sea Level (MSL) to 
1695 ft MSL from the southern to northern areas of the BRC CAMU (Figure C7). The 
groundwater flow is approximately parallel to the slope of the land surface. The average 
gradient of the water table ranges from about 0.02 to 0.04 ft/ft with a hydraulic 
conductivity typically ranging from a few inches to up to 33 feet per day (ft/d). The Qa is 
unsaturated towards the east, with saturation first noted in the uppermost TMCf, near the 
contact between the Qa and the TMCf. The groundwater treatment system located on the 
eastern property adjacent to the CAMU is thought to have dewatered the Qa (DBS&A, 
2006). 

  
Groundwater quality in the Qa is poor. General water quality analysis performed 

on a groundwater sample collected from Kerr-McGee monitoring well M-10, which is 
installed upgradient of the BMI Complex, reported relatively high concentrations of total 
dissolved solids (2,680 mg/L), chloride (732 mg/L), and sulfate (857 mg/L) (ERM-West 
Inc., 1996).  

 
Beneath the Qa, within the TMCf, groundwater exists generally under confined 

conditions in saturated coarser-grained lenses. Water in wells screened in the upper 
portion of the TMCf rose under the confining pressure to elevations within the Qa 
indicating an upward flux gradient from the TMCf into the overlying alluvium. The 
hydraulic conductivity in the TMCf was approximately 12 ft/d (DBS&A, 2006). 

 
Recharge to the Qa due to precipitation is generally considered to be negligible 

but has increased in recent years due to increasing irrigation infiltration, sewage 
treatment plant effluent, and from the removal of phreatophytic vegetation near the 
washes (Geraghty & Miller, 1993). Natural discharge from the Qa is primarily due to 
springs, direct evaporation, and evapotranspiration, with little or no water discharging to 
the Las Vegas Wash (Geraghty & Miller, 1993, after USBR, 1982). 
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3.0 CLIMATE 
 

The Las Vegas Valley is one of the driest and warmest areas in the nation. The 
climate consists of hot summers, and cool winters. Summer temperatures above 105° 
Fahrenheit (F) and winter temperatures below freezing are common. The average daily 
minimum and maximum temperatures during winter months are about 35º and 60º F. 
During summer nights, minimum temperatures average 70º to 75º F. The frost-free period 
averages about 241 days per year (Geraghty & Miller, 1993, after USBR, 1982). 

 
The Las Vegas Valley is characterized by low annual rainfall, approximately 4.5 

inches per year, that fall during two rainy seasons. During the winter, the rainfall is 
generally low-intensity and falls over a wide area. In the spring and fall, local 
thunderstorms subject the area to high-intensity rains of short duration, which can cause 
high-runoff conditions. Maximum rainfall within a 24-hour period for a 25-year storm is 
approximately 2.3 inches (NOAA Atlas 2, undated) in the site area. 

 
Evaporation is high in the Las Vegas Valley, influenced by high temperatures, 

high winds, and low humidity (average 20%). Pan evaporation data form the period of 
1985 through 1988 range from approximately 2.5 inches/month to more than 17 
inches/month (ERM-West, Inc., 1996, after Law Engineering, 1993). The months with 
the highest evaporation (May through September) correspond to the times of high-
intensity rainfall, which indicates that rainfall does not contribute significantly to the 
recharge of groundwater in this area (ERM-West, 1996). Measurements of evaporation at 
Boulder City and Lake Mead indicate an annual loss of about 6.5 feet of water, three-
fourths of which occurs during the six warmer months. The evapotranspiration within Las 
Vegas Wash is expected to be significantly higher due to high consumptive use by 
cattails, warmer temperatures, and lower humidity (Geraghty & Miller, 1993, after 
USBR, 1982). 

 
Winds are typically out of the southwest or northwest and average nine miles per 

hour (mph). Gusts greater than 50 mph occur several times a year during the massage of 
major frontal systems. Topography influences the wind flow patterns. 

 
4.0 LOCATION RESTRICTIONS  
 
4.1 Flood Plains 
 

The proposed BRC CAMU is located in an area determined to be outside the 100-
year flood plain (Figure I-1) (FEMA, 2002).   
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4.2 Fault Areas 
 

The proposed BRC CAMU is not located within 200 feet of a fault that has had 
displacement in Holocene time. Two north-trending fault scarps are located 
approximately ½ mile northwest and southwest of the proposed BRC CAMU (Figure I-2) 
(Converse Consultants, 1999).  Displacement on both faults is recorded as pre-Holocene. 

 
4.3 Seismic Impact Zones 
 

The proposed BRC CAMU is located in a seismic impact zone (USGS, 1982).  
The site is located in an area with a 10 percent or greater probability that the maximum 
horizontal acceleration in lithified earth material will exceed 10 percent of the earth’s 
gravitational pull in 250 years (USGS, 1982).  The maximum horizontal acceleration 
depicted on the seismic hazard map with a 90 percent or greater probability that the 
acceleration will not be exceeded in 250 years is 14 percent of the earth’s gravity.  The 
peak horizontal ground acceleration recommended for the design of the project is 0.15g 
(Converse Consultants, 1999).  A soil profile type of SD per Table 16-J of the 1997 
Uniform Building Code is recommended for the site.  
 

Structures for containment, including liners, systems for the collection of leachate 
and systems for the control of surface water, will be designed to resist the maximum 
horizontal acceleration in lithified earth material for the site.  Proof of meeting these 
design requirements will be placed in the operating records for the site and the solid 
waste management authority will be notified that the proof has been placed in the 
operating records.  

 
4.4 Unstable Areas 
 

Portions of the land on which the North Mesa will be constructed have been 
historically used for waste disposal – namely, the slit trenches.  Wastes, consisting of 
various industrial wastes, construction and demolition debris, and office trash was 
disposed of in “slit trenches” that were excavated below grade.  The Draft Conceptual 
Site Model prepared by DBS&A details the recent investigation of the “slit trenches” 
revealing the depth and extent of waste material (DBS&A, 2006). The waste was placed 
in the trenches without compaction effort and covered with previously excavated native 
material.  There is also evidence that some waste may have been ignited and burned.  As 
a result of the waste being placed without compaction, the “slit trenches” have 
experienced settlement over the years.  

 
As noted above, the BRC CAMU is sited to overlay the slit trench area, and this 

overlay will in itself protect the slit trenches from erosion by wind and water. However, 
the potential for continued settlement of the “slit trenches” may cause instability of the 
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BRC CAMU liner system, if not addressed. Therefore, engineering measures will be 
incorporated into the structural design of the BRC CAMU to consolidate (compact) these 
materials prior to construction of the overlying BRC CAMU liner system. These 
measures are more particularly specified in Attachment J, CAMU Design- Conceptual. 

 
In addition, it should be noted that BRC expects to excavate certain portions of 

the slit trenches, based on a Slit Trench Remedial Alternative Study (Slit Trench RAS), 
which is in preparation.  The goal is to remove waste materials in “hot spot” areas within 
the slit trenches on a preventive basis and to meet regulatory requirements.  Locations so 
excavated will be properly backfilled and consolidated prior to construction of the 
CAMU. 
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1.0 INTRODUCTION 
 

This conceptual design is prepared in accordance with 40 CFR Parts 264, 266 and 
268.  The technical approaches discussed in this section are intended to outline the key 
conceptual design features and components of the proposed landfill.  Upon regulatory 
review and approval, the conceptual design will be refined to provide detailed 
specifications to meet the design standards and performance criteria outlined in this 
permit. 

 
1.1 Maps and Plans 
 

A series of maps, plans and cross-sections referenced throughout this section is 
located in Section 1 of the Supplemental RAP Information (SRAPI).  The design plans 
include the following:  
 

• Figure J-1 – Title Sheet and Drawing List (includes general location map).   
• Figure J-2 – Legend, Abbreviations, and General Notes; 
• Figure J-3 – Overall Site Plan;  
• Figure J-4 – Construction Sequence Plan; 
• Figure J-5 – Surcharge Plan; 
• Figure J-6 – Site Preparation Plan; 
• Figure J-7 – Construction Grading Plan; 
• Figure J-8 – Storm Drain Plan; 
• Figure J-9 – Final Cover Grading Plan;  
• Figure J-10 – Cross Sections 
• Figure J-11 – Final Cover and Liner Details and Sections; 
• Figure J-12 – Fence Plan. 

 
1.2 Anticipated Waste Material 
 

The source materials for the proposed BRC CAMU include approximately 3.7 
million cubic yards of residual solids (i.e., sediments and associated soils) from the 
industrial ponds, ditches, and other source areas within the BMI Common Areas known 
as the Eastside Area, slit trenches, and western ditch within the BRC CAMU area.  
Extensive testing of the waste material has determined the majority of wastes to be non-
hazardous. Volatile Organic Compounds (VOCs), Semi-volatile Organic Compounds 
(SVOCs), and Polychlorinated Biphenyls (PCBs) were detected sporadically, with VOCs 
and SVOCs throughout the site and PCBs in the Beta Ditch and first eight Upper Pond 
rows.  Pesticides, metals, and cyanide were detected at low levels in the Beta Ditch and 
first eight Upper Pond rows.  Asbestos was tested at measureable levels in the Beta Ditch 
and first eight Upper Pond rows.  These wastes are not incompatible, reactive, or 
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ignitable. Additional waste characterization detail can be found in the Waste Analysis 
Plan (Attachment C).  No wastes will be accepted from other sources.   

 
Unlike typical landfills, both the source material and the proposed BRC CAMU 

will be under sole control of BRC.  Consequently, there will be direct control over the 
types of waste materials placed at the BRC CAMU. Physical and chemical descriptions 
of the anticipated waste materials are presented in the Waste Analysis Plan (Attachment 
C).   

 
1.2.1 Predicted Leachate Generation 
 

In the case of the proposed BRC CAMU, the mass of waste material will be 
compacted in place to form a hard-packed, monolithic “block,” through which little or no 
saturated flow is expected to occur. Achieving the most favorable hydraulic conductivity 
in the compacted sediments depends on the degree of compaction, compaction method, 
type of soil, soil moisture content, and in-situ density.  Wet waste sediments from the 
TIMET ponds will be mixed with dry solids, or otherwise dewatered, and then 
transported and placed to maintain a moisture content below that which is capable of 
generating leachate.  The process will be designed such that waste sediments placed in 
the landfill meet the density and moisture content requirements that will in turn reduce 
leachate generation.  
 

While waste material placed within the landfill will not be intrinsically capable of 
generating leachate, the ability for the landfill to produce leachate will be dependent on 
the quantity of the water allowed to infiltrate the interim and final cover materials and 
penetrate into the underlying waste materials.  Therefore, final cover design and 
operational specifications for interim covers are important for the landfill system to 
provide for protection of the waters of the state.  For this reason, the proposed interim and 
final cover are designed to reduce infiltration of water as described in Attachment O 
(Closure and Post-Closure Plan) and Attachment P (Final Cover Design).  

 
2.0 LINER DESIGN  
 
2.1 Liner and Leachate Collection System 
 

A composite liner and leachate collection system is proposed as shown in cross-
sections in Detail J-1 below.  The composite liner will underlie the waste materials, 
providing a barrier to the underlying native soils and groundwater.  Although leachate 
generation is not anticipated, this liner system is designed with a leachate collection 
system to reduce potential liquid accumulation at the base of the waste materials. Liner 
and leachate collection components will be constructed of materials having appropriate 
strength and chemical compatibility. 
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Detail  J- 1, Composite Liner Layout 
 
 

As shown in Detail J-1 above, the liner system is anticipated to consist of the 
following elements, or layers, from top to bottom: a geocomposite drainage layer, a 
geomembrane, and a geosynthetic clay liner (GCL).  GCLs consist of a layer of 
bentonite-clay-backed geotextile.  GCLs exhibit properties of low permeability soil 
liners, and have successfully substituted for the soil component in composite liner 
designs.  Placement of a GCL under the geomembrane is commonly employed to 
increase effectiveness of the composite liner by limiting flow through potential flaws or 
pinholes in the geomembrane.  
 

Geomembranes are relatively thin sheets of flexible polymeric materials that are 
manufactured and prefabricated at a factory and transported to the site.  Because of their 
inherent impermeability, use of geomembranes in landfill construction is typically 
standard in the industry.  Geomembranes are made of one or more polymers along with a 
variety of other ingredients such as carbon black, pigments, fillers, plasticizers, 
processing aids, crosslinking chemicals, anti-degradants, and biocides.  The polymers 
used to manufacture geomembranes include a wide range of plastics differing in 
properties such as chemical resistance and basic composition.  The polymeric materials 
may be categorized as follows: 
 

• Thermoplastics such as polyvinyl chloride (PVC); 
 

• Crystalline thermoplastics such as high density polyethylene (HDPE), low density 
polyethylene (LDPE), and linear low density polyethylene (LLDPE); and 
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• Thermoplastic elastomers such as chlorosulfonated polyethylene (CSPE).  

 
The polymeric materials used most frequently as geomembranes are HDPE, PVC, 

and CSPE.  Geomembrane thickness range from 20 to 120 mil (1 mil = 0.001 inch).  The 
recommended minimum thickness for all geomembranes is 30 mil, with the exception of 
HDPE, which must be at least 60 mil.  A 60-mil HDPE geomembrane is proposed for the 
BRC CAMU, which is widely recognized in the industry as a very chemically resistant, 
durable, long-lasting material. 
 

Geocomposite is to be placed on the geomembrane to protect it from puncture by 
the overlying operations layer soil.  The geocomposite is designed to allow leachate, if 
generated by the waste materials, to flow toward perforated HDPE collection piping and 
be collected at the pump-out locations. The base grade of the landfill is engineered to 
slope toward these leachate collection areas. 
 

Components of the leachate collection system (LCS) will have sufficient strength 
to support overlying compressive stresses.  Pipe strength calculations will include 
resistance to wall crushing, pipe deflection, and buckling pressure.  Perforated drainage 
pipes have been shown to provide good long-term performance in LCSs (USEPA, 1993).   
 

Geotextile filter is a component of the geocomposite that will reduce physical 
clogging of the drainage layer from the overlying fine-grained material.  
 

The liner system is intended to work together with other design components to 
isolate the waste materials from the environment.  The main objective of BRC CAMU 
design is to provide a design that protects waters of the state. Design components that are 
intended to accomplish this objective are as follows: 
 

1. The final cover, or cap, of the landfill is designed to allow essentially no 
infiltration of water into the waste materials. The final cover is described 
in the CAMU (Landfill) Closure and Post Closure Plan (Attachment O).  
A solar field is contemplated to be installed and operated by a third party 
on top of the final cover.  For additional details see Section 3.0 of the 
application. 

 
2. The waste material will be processed and compacted to the degree 

necessary to reduce saturated flow within the interred materials.  As 
discussed earlier, material from the TIMET ponds will be mixed with dry 
soils or dewatered, as necessary, prior to interment in the BRC CAMU.  
Together with a cap that reduces infiltration in an arid environment, the 
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resulting potential for contaminant mobilization and leachate generation is 
considered minimal.  

 
3. In addition to the above precautions, the underlying liner system will be 

designed to collect leachate generated, thereby providing an additional 
factor of safety in reducing waste migration into the groundwater.  

 
4. The base of the landfill will be at least 5 feet higher than first groundwater 

at the groundwater's highest elevation, providing a buffer between 
groundwater and the landfill (Appendix A).  

 
Engineering design calculations and construction specifications for the base liner 

system and leachate collection system are presented with the Supplemental RAP 
Information (SRAPI), Sections 2 and 4, respectively.  A summary is provided in the 
following section.  
 
3.0 SUMMARY OF ENGINEERING ANALYSIS 
 
3.1 General 
 

This section summarizes the results of the conceptual design calculations 
performed for the base liner system at the BRC CAMU Landfill site.  The following 
calculations were performed: 

• Slope Stability Evaluation - Cut Slopes (Calculation Package A); 
• Slope Stability Evaluation - Final Waste Slopes (Calculation Package B); 
• Drainage Pipe Size Calculations (Calculation Package C); 
• Pipe Strength Calculations (Calculation Package D); 
• Veneer Stability Calculations (Calculation Package E); 
• Geotextile Separation/Filtration Calculations (Calculation Package F); 
• Geotextile Puncture Protection Calculations (Calculation Package G); 
• Sump Capacity Calculations (Calculation Package H); 
• Comparison of Flow Through the Prescriptive Composite Liner and a 

Proposed Alternative Composite Liner (Calculation Package I); 
• Tension Due to Wind Uplift (Calculation Package J); 
• Evaluation of Liner System Anchor Capacity (Calculation Package K); 
• Drainage Geocomposite Equivalency Demonstration (Calculation Package 

L); and 
• Consolidation Analyses (Calculation Packages M and N) 

 
The base liner system calculations are based on the conceptual design grading 

plans shown on Figures J-7 and J-9 Additional calculations may have to be performed if 
there are changes to elevation and grade in the aforementioned design grading plans.   
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3.2 Slope Stability Evaluation 
 
3.2.1 General 
 

This section summarizes the analyses performed for the cut slopes and the final 
waste slopes.  The analyses summarized herein are for static stability.  Seismic site 
response, stability, and permanent deformation analyses are presented in Attachment O. 

 
3.2.2 Cut Slopes 
 

Slope stability was evaluated for the proposed cut slopes for the BRC CAMU.  
One cross-section was analyzed that represents the most critical case. Cut slopes with the 
highest height, weakest materials, and/or steepest slope are chosen for this analysis. The 
analyzed native soil cut slope has a height of approximately 44 ft and a base sloping at 
3%.  The proposed native soil cut slopes are at a slope angle of 2.1:1 (horizontal:vertical).  
The material properties selected and used in these analyses were based on a preliminary 
investigation by Converse Consultants, Inc. [Converse, 1999].  The calculations suggest 
that the most critical potential failure surface of the 2.1H:1V native soil cut slope 
possesses a factor of safety of approximately 1.5. Since the native soil cut slopes are 
considered interim, seismic evaluations were not conducted. Native soil cut slope 
stability calculations are presented in Section 2, Calculation Package A of the SRAPI.  

 
3.2.3 Final Waste Slopes 
 

The stability of the final waste slopes for the BRC CAMU was analyzed. Two 
cross-sections were analyzed that represent the most critical cases. Similar to cut slope 
analysis, waste slopes with the highest height, weakest materials, and/or steepest slope 
are chosen for this analysis. Originally, the analyzed final waste slope has a height of 
approximately 47 ft above surrounding grades at a slope angle of 3:1 
(horizontal:vertical).  Waste testing performed during waste placement as described in the 
Revised Waste Placement and Processing Plan was used to define waste material 
properties (Geosyntec, 2008).  The calculations suggest that an apparent internal or 
interface friction angle of 11 degrees and 625 psf adhesion for any component of the 
composite liner system is the minimum allowable value provides a static factor of safety 
of 2.0. Furthermore, the calculations suggest that the yield acceleration for the final waste 
slopes is approximately 1.10 g (where “g” is the gravitational acceleration of 32.2 ft/s2).  

 
Design Change Notifications (DCNs) 47 and 48, issued during construction of the 

BRC CAMU, increased the height of the CAMU by an additional 34 ft, total. The 
additional waste was placed with 3H:1V slopes. The increased waste slopes were offset 
from the original 47 ft waste slopes by a minimum 10 ft wide bench. The material 
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properties selected and used in the analyses were based on the results of conformance 
testing performed during construction of the CAMU. The calculations suggest that the 
minimum interface friction angle of 11 degrees with 625 psf adhesion resulting from 
interface shear conformance testing for the composite liner system provides a static factor 
of safety of 2.0. The original and revised final waste slope stability calculations are 
presented in Section 2, Calculation Package B of the SRAPI.   

 
3.3 Drainage Pipe Size Requirement 
 

Drainage pipes will be placed on the base liner system to collect and transport 
potential leachate to the sump for removal.  Analyses were performed to model leachate 
generation by using the Hydrologic Evaluation of Landfill Performance (HELP) model.  
The calculations suggest that a 4-inch diameter pipe with four 1/4-inch perforations 
spaced at 1-ft intervals will accommodate the flow predicted by HELP model analyses.  
Larger perforations are permitted if pipes are wrapped in filter geotextile to limit drainage 
rock intrusion. Drainage pipe size calculations are presented in Section 2, Calculation 
Package C of the SRAPI. 

 
3.4 Pipe Strength 
 

Based on drainage pipe size analyses, a 4-inch diameter drainage pipe will be 
used for leachate collection and transport.  12- and 18- inch diameter pipes will be used 
for the side slope riser for the vadose zone and leachate collection sumps, respectively.  
Based on the calculations performed for the 4-inch diameter drainage pipe and the 12- 
and 18-inch diameter side slope riser, the appropriate standard dimension ratio (SDR) is 
13.5 or smaller.  This calculation assumes the maximum height above the pipe of waste is 
93 ft (South Mesa). Pipe strength calculations are presented in Section 2, Calculation 
Package D of the SRAPI.   

 
3.5 Veneer Stability 
 

The design criteria for the side slope liner system is to develop zero tension in the 
geosynthetics during installation of the operations layer on the side slopes.  Potential 
causes of tension in the liner system include construction equipment loading and 
overburden stresses (e.g., operations layer materials).  Based on the proposed grades and 
expected construction conditions, the calculations suggest that the side slope liner system 
will not be placed into tension provided a minimum dry interface friction angle of 18 
degrees is maintained and the operations layer is staged in 10-ft  high increments inclined 
at 2.5H:1V.  Veneer stability calculations are presented in Section 2, Calculation Package 
E of the SRAPI.  

 
3.6 Geotextile/Separation/Filtration Requirements 
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A separation/filtration geotextile will be placed between the operations layer and 

the drainage aggregate surrounding the leachate collection pipe and as a component of 
the geocomposite drainage layer.  The purpose of the geotextile is to limit migration of 
fine material from the operations layer into the drainage aggregate and/or geonet 
component of the geocomposite.  The calculations suggest that the separation/filtration 
geotextile overlying the drainage aggregate layer has an apparent opening size (AOS) 
greater than Sieve No. 70, a permittivity greater than 0.8 sec-1, a minimum mass per unit 
area of 6 oz./yd2, and sufficient mechanical properties.  Geotextile separation/filtration 
calculations are presented in Section 2, Calculation Package F of the SRAPI. 

 
3.7 Geotextile Cushion Protection 
 

The geomembrane needs to be protected from puncture by particles from the 
prepared subgrade and operations material.  Based upon the selection of using a 
geocomposite as the drainage layer in the leachate collection system, the geocomposite is 
selected such that the combined weight of the geocomposite geotextiles will act as an 
equivalent cushion.  With respect to subgrade puncture, the geotextile components of the 
GCL will protect the geomembrane from the prepared subgrade.  This calculation is 
based on a maximum overburden height of 93 feet.  The analysis suggests that the 
following maximum particle sizes and geotextile mass per unit areas will be required: 

 

Soil Component of Liner 
Maximum 

Particle Size 
Minimum Mass per 

Unit Area 

Subgrade 0.75 inch 9 oz./yd2 (GCL) 
Angular Drainage Aggregate 1.00 inch 16 oz./yd2 
Table J -1- Cushion Geotextile requirements 

 
Geotextile cushion protection calculations are presented in Section 2, Calculation 

Package G of the SRAPI. 
 

3.8 Sump Capacity 
 

The USEPA regulations limit the head over the liner system to less than 
12 inches.  Therefore, the available capacity to retain the peak daily runoff includes the 
sump and the volume of 12 inches of leachate in the geocomposite and operations layer 
extending away from the sump.  The maximum, average daily runoff calculated from the 
HELP model analyses (see drainage pipe sizing calculation) is 231 ft3.  A sump will be 
located at four low points (Phases I, II, IIIB, and V).  Each sump will be approximately 
10 ft x 10 ft x 2 ft deep.  The sump has a capacity of approximately 112 ft3.  The capacity 
of the drainage geocomposite/operations layer extending away from the sump (at a 12-
inch head) is greater than 342 ft3.  The combined capacity of the sump and drainage 
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geocomposite/operations layer is 453 ft3, which exceeds the maximum, average daily 
runoff noted above of 231 ft3.   

 
The capacity of the four sumps located throughout the site will be able to 

accommodate the anticipated peak daily flow (as evaluated from the HELP model – 
drainage pipe sizing calculation, Section 2, Calculation C of the SRAPI) and meet the 
EPA requirement of less than 12 inches of head over the liner.  Sump and drainage 
aggregate capacity calculations are presented in Section 2, Calculation Package H of the 
SRAPI. 

 
3.9 Comparison of Flow Through a CCL and GCL 
 

The calculations suggest that the flow rate through the prescriptive composite 
liner system containing a compacted clay liner (CCL) is approximately 1.64 times greater 
than the flow rate through the alternative composite liner system containing a 
geosynthetic clay liner (GCL).  The comparison calculations are presented in Section 2, 
Calculation Package I of the SRAPI. 

 
3.10 Tension Due to Wind Uplift 
 

The most critical scenario for wind uplift is after the 10-ft vertical height of 
operations material has been placed against the slope while the remainder of the 
geosynthetic liner is exposed on the upper portion of the slope.  A UV-protective woven 
geotextile will be installed to overlie the exposed portions of geosynthetics on these cut 
slopes.  The woven geotextile will be subjected to tension due to wind uplift.   

 
Due to proximity of the site, the Las Vegas Airport wind speed data was used for 

this analysis.  A design wind speed of 90 mph is used, which is the peak gust recorded 
since 1961.  This is a conservative design wind speed since the likelihood of this wind 
speed occurring during the period of construction is very low.  Assuming the design wind 
speed, the calculations suggest that the maximum tension the woven geotextile will 
experience is 82.8 lb/in.  In order to resist the uplift forces from wind loads, the woven 
geotextile shall have a minimum ultimate wide width tensile strength of 110 lb/in.  The 
tension due to wind uplift calculations is presented in Section 2, Calculation Package J of 
the SRAPI. 

 
3.11 Anchorage Capacity 
 

The geosynthetics' anchor must have the capacity to withstand potential pullout 
tension due to wind uplift from the UV-protective woven geotextile. The proposed 
anchor consists of a 2-ft wide and 2.5-ft deep trench filled with compacted soil. The 
anchor trench will be overlain by 1 ft of soil with a 3-ft runout length from the top of 
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slope.  The capacity of the anchor trench is sufficient to withstand pullout tension from 
the woven geotextile.  The anchorage capacity calculations are presented in Calculation 
Package K.   

 
3.12 Geocomposite Equivalency Demonstration 
 

A geocomposite layer will be used in lieu of a leachate collection gravel and 
separation/filtration geotextile.  A geocomposite layer, consisting of two 8 oz/yd2 
nonwoven geotextiles bonded to either side of a geonet, is proposed.  The top geotextile 
shall conform to the requirements presented in the geotextile separation/filter calculation 
package (Section 2, Calculation Package F in the SRAPI).  The combined weight of the 
geotextiles will act as an equivalent cushion.  The calculations suggest that a drainage 
composite will provide equivalent transmissivity to the aggregate drainage layer.  The 
geocomposite equivalency demonstration calculations are presented in Section 2, 
Calculation Package L of the SRAPI.   

 
3.13 Consolidation Analysis  

 
Consolidation analyses were performed to evaluate the potential affect on the 

performance of the proposed liner system under increased loads related to the BRC 
CAMU. Borings and associated laboratory test results were used for locations beneath the 
South Mesa (higher loads due to thicker waste profile). Conservative analyses suggest 
that consolidation will not adversely impact the performance of the proposed liner or 
leachate collection systems. The consolidation analysis for the South Mesa is presented in 
Section 2, Calculation Package M of the SRAPI. 
 

In addition, a consolidation analysis was performed to evaluate the effects of the 
consolidation settlement of waste in the “slit trenches” that will be overlain by the North 
Mesa disposal area. This evaluation was performed prior to the decision to remove the 
slit trench waste, place the waste in the CAMU, and backfill the excavations to original 
grade.  

 
The consolidation analysis is presented in Section 2, Calculation Package N of the 

SRAPI.   
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Appendix A 
 

Groundwater Elevation Letter



Geosyntec (>
consultants

Ranajit Sahu, Ph.D.
Director of Environmental Services
Basic Remediation Company
875 West Warm Springs Road
Henderson, Nevada 89015

10875 Rancho Bernardo Road, Suite 200
San Diego, California 92127

PH 858.674.6559
FAX 858.674.6586

www.geosynlec.colil

6 April 2007

Subject: Groundwater Elevations
BRCCAMU
Henderson, Nevada

Dear Dr. Sahu:

In accordance with the Nevada Department of Environmental Protection (NDEP) draft Notice of
Deficiency (NOD) dated 13 February 2007, Geosyntec has evaluated the groundwater elevation
data associated with the Basic Remediation Company Correction Action Management Unit
(CAMU) located in Henderson, Nevada. The proposed CAMU liner system, as illustrated on
Drawing J-7, is designed to be a minimum of 5 feet above the groundwater elevation. The
groundwater elevations presented on Drawing J-7 were obtained by Montgomery Watson Harza
(MWH) in July 2005.

Based on the groundwater contours provided by MWH, the north mesa portion of the CAMU
(i.e., the portion over the slit trenches) liner system is greater than approximately 40 feet above
groundwater and the south mesa portion of the CAMU liner system (i.e., in the borrow pit area)
greater than 5 feet above groundwater. Approximately 93% of the south mesa portion of the
CAMU liner system area is more than 10 feet above the groundwater.

The CAMU liner system is designed to limit migration of liquids in the CAMU to the
groundwater, which will also limit the migration of groundwater into the CAMU if groundwater
were to rise above the base liner system elevation. Furthermore, if groundwater were to rise to an
elevation above and migrate through the CAMU liner system, the liquid would be collected in
the leachate collection and removal system and would then be removed from the landfill as
outlined in the operations plan.

RAP_Att JOW Letter 20070406.doc
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Ranajit Sahu, Ph,D,
S March 2007
Page 2

Based on this infonnation, we do not anticipate that rising groundwater levels, if they occur,
would adversely impact the perfonnance of the liner system or CAMU.

Sincerely,

CiJlv-X S;',
Ronald S. Johnson, P,
Associate Engineer
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1.0 INTRODUCTION 
 
This BRC CAMU Construction Plan outlines the general construction 

requirements and schedule for the base liner systems.  This plan addresses the 
construction materials, installation, and grading requirements for the BRC CAMU.  The 
rationale for selecting the liner materials is described in the supporting calculations.  A 
Base Liner System Construction Quality Assurance (CQA) plan, base liner system 
technical specifications, and conceptual drawings are included with the Supplemental 
RAP Information (SRAPI).  

 
2.0 LINER CONSTRUCTION SCHEDULE AND SEQUENCE 

 
Construction of the CAMU components will be phased so as to increase 

efficiency of waste disposal.  One unit of the BRC CAMU will receive wastes while the 
base liner system is being constructed for the next unit.  These different sections will be 
divided using storm water controls to reduce surface water, leachate, and waste 
interaction.  The liners in adjacent units will be joined using the seaming techniques 
outlined in the Base Liner CQA and Technical Specifications (Sections 3 and 4 of the 
SRAPI, respectively).  As lined areas are completed with waste placement, they will be 
closed and the final cover system will be constructed, as discussed in the CAMU 
(Landfill) Closure and Post-Closure Plan (Attachment O). 

 
The general construction sequence of the CAMU, as shown on Figure J-4 of 

the Conceptual Drawings, Section 1, in the SRAPI, is outlined in the following sections.   
 

2.1 Site Preparation 
 
The site will be prepared by removing surface vegetation and portions of the 

fence currently on site.  The temporary perimeter fence will be established and all 
support facilities brought on-site.  At this time, the haul roads and storm water controls 
(ditches, culverts, silt fences, check dams, and basins) will be constructed. The slit 
trenches will be excavated, waste disposed of within the CAMU, and backfilled.   The 
liner foundation will be graded in accordance with the Conceptual Drawings to prepare 
for liner installation.  The grading requirements are summarized in Section 3 of this 
Attachment and in shown detail in Section 1 of the SRAPI. 

 
2.2 Liner Installation 

 
After the liner foundation grading, the leachate collection system and liner 

installation will begin.  The flowlines, sumps, and berms for leachate conveyance and 



  

L-2 

storage will be constructed as shown on the Drawings at this time.  Liner construction 
will begin with the installation of the geosynthetic clay liner (GCL), and geomembrane. 
Requirements for installation are summarized in Section 3 of this Attachment and in 
detail in the SRAPI.   

 
2.3 Leachate Collection and Removal System Installation  

 
The leachate collection and removal system will be installed next, with 

collection pipes, drainage aggregate, geotextile, and geocomposite. The geocomposite 
and filter geotextile will be overlain with 2 feet of soil acting as an operations layer. 
Requirements of the geocomposite and filter geotextile are summarized in Section 3 of 
this Attachment and in detail in the SRAPI. 

 
3.0 LINER CONSTRUCTION REQUIREMENTS 

 
3.1 General 

 
This section describes the construction requirements for installation of the 

base liner system at the BRC CAMU.  These construction requirements are necessary in 
order to ensure that the construction of the liner system is consistent with the design 
performance goals and assumptions.  

 
3.2 Slope Inclinations 

 
Native soil cut slopes shall be excavated no steeper than a slope inclination 

of 2.1H:1V.  Waste soil slopes shall be placed no steeper than a slope inclination of 
3H:1V. 

 
3.3 Drainage Pipe Size Requirement 

 
In accordance with the analyses performed, the drainage pipe shall be 4-inch 

diameter HDPE pipe with four 1/4-inch perforations per foot of pipe. Larger 
perforations are permitted if the pipe is wrapped in a geotextile fabric to prevent 
drainage rock intrusion.  The side slope riser pipes shall be 12 – and 18-inch diameter 
HDPE solid-wall pipe for the vadose zone monitoring and leachate collection sumps, 
respectively.  The standard dimension ratio (SDR) for the 4-inch diameter pipe and the 
12- and 18-inch side slope risers shall be less than or equal to 13.5. 
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3.4 Equipment Loading 
 
Equipment loads shall be limited to a maximum loading of 5 psi overlying a 

minimum of 1 ft of operations materials.  In addition, roads for haul trucks shall be a 
minimum of 3 ft in thickness overlying the liner system.   

 
3.5 Geotextile Requirements 

 
Two geotextile components of the base liner system are utilized, a 6 oz/yd2 

separation/filtration geotextile and a 16 oz./yd2 cushion geotextile.  A UV protective 
geotextile will be used on the exposed liner system components on the side slopes.  To 
ensure proper manufacturing and durability, the 6 oz/yd2 separation/filter geotextile 
shall have the following properties: 

 
 Matrix   Nonwoven 
 Mass per Unit Area  ≥ 6 oz/yd2 
 Apparent Opening  ≤Sieve No. 70 
 Permittivity  ≥ 0.8 sec-1 
 Grab Strength  ≥ 130 lb 
 Puncture Strength  ≥ 40 lb 
 Ultraviolet strength retention ≥ 70% 

 
The 16 oz/yd2 cushion geotextile shall have the following properties: 

 
 Matrix   Nonwoven 
 Mass per Unit Area  ≥ 16 oz/yd2  
 Puncture Strength  ≥ 155 lb  
 Grab Strength  ≥ 350 lb  
 Ultraviolet strength retention ≥ 70% 

 
The UV protective layer woven geotextile shall have the following 

properties: 
 
Matrix   woven 

 Wide Width Tensile Strength ≥ 110 lb/in (ultimate strength) 
 Apparent Opening  ≤ Sieve No. 40 
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3.6 Geosynthetic Clay Liner (GCL) 

 
The GCL component of the base liner system shall have the following 

properties: 
• Index flux > 1.0 x 10-8 ft3/ft2-sec; 
• Minimum interface shear strength of 12 degrees; 
• The GCL shall be dry during installation; and 
• combined geotextile mass per unit area of 9 

oz/yd2. 
 

3.7 Leachate Collection Layer 
 

3.7.1 Geocomposite Requirements 
 
In lieu of using drainage aggregate, a geocomposite will be used to collect 

potential leachate.  The selected geocomposite shall have the following properties: 
 

• Transmissivity > 3.05 x 10-5 ft2/sec under a 
confining pressure of 12,000 psf and a hydraulic 
gradient of 0.10; 

• an 8 oz/yd2 non-woven geotextile bonded to each 
side of the geonet; and 

• the top 8 oz./yd2 non-woven geotextile shall have 
an AOS greater than Sieve No. 70, permittivity 
greater than 0.6 sec-1, and sufficient mechanical 
properties. 

 
3.7.2 Geomembrane Requirements 

 
The geomembrane shall be high-density polyethylene (HDPE), have a 

nominal thickness of 60 mil, and be textured on both sides.   
 

3.8 Prepared Subgrade Requirements 
 
The prepared subgrade shall have a maximum exposed particle diameter less 

than 3/4 inch. 
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4.0 RECORDS AND RECORDKEEPING 
 

4.1 General 
 
Liner and Leachate Collection System construction records will be kept in 

accordance with the CQA plan. The CQA Site Manager will document that all quality 
assurance requirements have been addressed and satisfied. 

 
The CQA Site Manager will provide BRC with signed descriptive remarks, 

data sheets, and logs to verify that monitoring activities have been carried out.  The 
CQA Site Manager will also maintain, at the job site, a complete file of Drawings and 
Technical Specifications, a CQA Plan, checklists, test procedures, daily logs, and other 
pertinent documents. 

 
4.2 Daily Recordkeeping 

 
Preparation of daily CQA documentation will consist of daily reports 

prepared by the CQA Site Manager which will include CQA monitoring logs, and 
testing data sheets.  This information may be regularly submitted to and reviewed by 
BRC. 

 
The CQA Site Manager will prepare daily reports that document the 

activities observed during each day of activity.  The daily reports may include 
monitoring logs and testing data sheets.  At a minimum, these logs and data sheets will 
include the following information: 

 
• the date, project name, location, and other identification; 
• a summary of the weather conditions; 
• a summary of locations where construction is occurring; 
• equipment and personnel on the project; 
• a summary of meetings held and attendees; 
• a description of materials used and references of results of testing 

and documentation; 
• identification of deficient work and materials; 
• results of re-testing corrected “deficient work;” 
• an identifying sheet number for cross referencing and document 

control; 
• descriptions and locations of construction inspected; 
• type of construction and inspection performed; 
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• description of construction procedures and procedures used to 
evaluate construction; 

• a summary of test data and results; 
• calibrations or re-calibrations of test equipment and actions taken as 

a result of re-calibration; 
• decisions made regarding acceptance of units of work and/or 

corrective actions to be taken in instances of substandard testing 
results; 

• a discussion of agreements made between the interested parties 
which may affect the work; and 

• signature of the respective CQA Site Manager. 
 

4.3 Construction Problems and Resolution Data Sheets 
 
Construction Problems and Resolution Data Sheets, to be submitted with the 

daily reports prepared by the CQA Site Manager, describing special construction 
situations will be cross-referenced with daily reports, specific observation logs, and 
testing data sheets and will include the following information, where available: 

 
• an identifying sheet number for cross-referencing and document 

control; 
• a detailed description of the situation or deficiency; 
• the location and probable cause of the situation or deficiency; 
• how and when the situation or deficiency was found or located; 
• documentation of the response to the situation or deficiency; 
• final results of responses; 
• measures taken to prevent a similar situation from occurring in the 

future; and 
• signature of the CQA Site Manager and a signature indicating 

concurrence by BRC. 
 
BRC will be made aware of significant recurring nonconformance with the 

Drawings, Technical Specifications, or CQA Plan.  The cause of the nonconformance 
will be determined and appropriate changes in procedures or specifications will be 
recommended.  These changes will be submitted to the Engineer for approval.  When 
this type of evaluation is made, the results will be documented and revision to 
procedures or specifications will be approved by the Contractor and Engineer. 

 
4.4 Photographic Documentation 
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Photographs will be taken and documented in order to serve as a pictorial 

record of work progress, problems, and mitigation activities.  
 

4.5 Design Changes 
 
Design changes may be required during construction.  In such cases, the 

CQA Site Manager will notify BRC.  Design changes will be made with the written 
agreement of BRC and the Engineer and will take the form of an addendum to the 
Drawings and Technical Specifications. Design changes will be included in the CQA 
Reports. 

 
4.6 CQA Report 

 
At the completion of the Project, the CQA Consultant will submit to BRC 

the CQA report signed and sealed by a Professional Engineer licensed in the State of 
Nevada.  The CQA report will acknowledge: (i) that the work has been performed in 
compliance with the Drawings and Technical Specifications; (ii) physical sampling and 
testing has been conducted at the appropriate frequencies; and (iii) that the summary 
document provides the necessary supporting information.  At a minimum, this report 
will include: 

 
• Manufacturers’ quality control documentation; 
• a summary report describing the CQA activities and indicating 

compliance with the Drawings and Technical Specifications which is 
signed and sealed by the CQA Officer; 

• a summary of CQA/CQC testing, including failures, corrective 
measures, and retest results; 

• contractor personnel resumes and qualifications; 
• documentation that the geomembrane trial seams were performed in 

general accordance with the CQA Plan and Technical Specifications; 
• documentation that field seams were non-destructively tested using a 

method in general accordance with the applicable test standards; 
• documentation that nondestructive testing was monitored by the 

CQA Consultant, that the CQA Consultant informed the 
Geosynthetic Installer of any required repairs, and that the CQA 
Consultant inspected the seaming and patching operations for 
uniformity and completeness; 

• records of sample locations, the name of the individual conducting 
the tests, and the results of tests; 
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• record drawings as provided by the Surveyor; 
• documentation showing that piping was tested in general accordance 

with the Technical Specifications; and 
• daily inspection reports. 
 
The record drawings will include scale drawings depicting the location of 

the construction and details pertaining to the extent of construction (e.g., depths, plan 
dimensions, elevations, soil component thicknesses).  Base maps required for 
development of the record drawings and the record drawings themselves will be 
prepared by a qualified Professional Land Surveyor registered in the State of Nevada.  
These documents will be reviewed by the CQA Consultant and included as part of the 
CQA Report, which will be kept with the project records in accordance with the records 
retention requirement of the AOC3. 

 



  

 

 
 
 
 

Attachment M 
CAMU (Landfill) Operation 

Plan 



  

 M-i 

Attachment M 
CAMU (Landfill) Operation Plan 

Basic Remediation Company (BRC) 
BRC Corrective Action Management Unit (CAMU) 

Henderson, Nevada 
 

Table of Contents 
 

1.0 Introduction ............................................................................................................... M-1 
2.0 Facilities .................................................................................................................... M-1 

2.1 Equipment ...................................................................................................... M-1 

2.2 Operation Support .......................................................................................... M-2 

2.3 Access, Traffic Control, and Roads ............................................................... M-2 

2.4 Signs ............................................................................................................... M-2 

3.0 Operating Criteria ..................................................................................................... M-3 
3.1 Health and Safety ........................................................................................... M-3 

3.2 Fire Prevention ............................................................................................... M-3 

3.3 Control of Windblown Material ..................................................................... M-4 

3.4 Special Waste Disposal .................................................................................. M-4 

3.5 Control of Authorized and Unauthorized Waste ........................................... M-4 

3.6 Disposal of Liquids ........................................................................................ M-5 

3.7 Control of Explosive Gas ............................................................................... M-5 

3.8 Disposal of Vegetation ................................................................................... M-5 

3.9 Compliance with State Implementation Plan ................................................. M-5 

3.10 Putrescible Wastes and Vector Control ......................................................... M-5 

3.11 Nuisance Control ........................................................................................... M-6 

3.12 Disposition, Compaction, and Coverage ....................................................... M-6 

3.13 Miscellaneous Requirements for Operation ................................................... M-6 

3.14 Control of Erosion, Mud and Dust ................................................................. M-7 

3.15 Run-on and Runoff Control Systems ............................................................. M-7 

3.16 Leachate ......................................................................................................... M-8 

3.17 Decontamination ............................................................................................ M-9 

4.0 Remediation .............................................................................................................. M-9 
4.1 Soil Excavation ............................................................................................ M-10 



  

 M-ii 

4.3 Soil Transportation to BRC CAMU ............................................................ M-10 

4.4 Soil Placement ............................................................................................. M-11 

5.0 Reporting and Recordkeeping ................................................................................. M-11 
5.1 General ......................................................................................................... M-11 

5.2 Interim Status Reports.................................................................................. M-12 

6.0 References ............................................................................................................... M-13 

 



  

 M-1 

 
1.0 INTRODUCTION 
  

The purpose of this Operation Plan is to delineate the procedures and 
operating practices that will be implemented to ensure the safe and efficient excavation, 
loading, transportation, receipt, and placement of remediation wastes at the BRC CAMU. 
This Operation Plan summarizes operational procedures discussed in detail in the 
Corrective Action Plan (CAP) for the BRC Common Areas Remediation Project prepared 
by Dr. Ranajit Sahu, C.E.M. for BRC dated September 2006.  This Operation Plan is 
intended to provide guidelines to the operator and managers of the BRC CAMU in 
conducting CAMU operations.   
 
2.0 FACILITIES 

 
2.1 Equipment 
 

The proposed equipment at the BRC CAMU is listed in Table 3 of the CAP. 
The equipment will be adequate in type, capacity and number, and sufficiently 
maintained to permit the site operation to meet requirements of these standards.  
Periodically, the overall maintenance level of site equipment and the quality of site 
maintenance facilities will be evaluated.  In addition, periodically the size and adequacy 
of the equipment to carry out operations, including the types and quantities of major 
landfill equipment such as bulldozers, scrapers, compactors, graders and water trucks will 
be evaluated by BRC.  
 

Selection of type, size, quantity, and combination of machines required to 
move, dry, spread, and compact waste depend on the following factors: 
 

• Amount and type of waste to be handled; 
• Weather conditions; 
• Compaction requirements; 
• Site and soil conditions (topography, soil moisture, and difficulty of 

excavation); and  
• Supplemental tasks such as maintaining roads, assisting in vehicle 

unloading, and moving other materials and equipment around the site.  
 

In addition to the above, BRC is committed, through either purchase or lease, 
to provide other equipment to serve as replacements, backups, or supplements to existing 
operations, or for such special needs that may arise.  
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2.2 Operation Support  
 
Suitable shelter and sanitary facilities will be provided for operating personnel 

and waste transport personnel.  In addition, a storage area will be provided for BRC 
CAMU operators to store equipment.    
 
2.3 Access, Traffic Control, and Roads 
 

Site access will be gained through the entry gate located off Warm Springs 
Road on the west side of the property.  Access will be controlled fencing during site 
operations in order to prevent unauthorized vehicular traffic and illegal dumping.  Access 
will also be controlled by using artificial barriers to protect public health, safety, and the 
environment.  The entry gate will be equipped with a lockable mechanism to prevent 
unauthorized entry and/or uncontrolled waste deposition when the site is closed.  Access 
to the site at points other than the entry gate will be discouraged by maintenance of site 
perimeter fencing and full time security during site operations.   
 

Temporary roads will be provided as necessary to the working face.  All roads 
will be passable during inclement weather.  The entire site will be enclosed with a 
continuous chain link fence. Figure F-1 through F-3 of the CAP show the locations of the 
proposed haul roads.  
 
2.4 Signs 
 

At the main entrance gate off Fourth Street a sign will be posted indicating the 
following: 
 

• Facility name; 
• The owner and operator of the site; 
• The hours of operation; and 
• Materials accepted or excluded. 

 
It will be noted on the signage that the BRC CAMU is a private operation.  
 

Instructional signs will be placed at this site entrance addressing prescribed 
safety measures on the site and include instructions regarding prohibition of smoking 
within the disposal areas and mandating that all instruction from site personnel be 
obeyed.  
 

Interior site haul roads will be appropriately signed so as to direct each load to 
its designated disposal area.  Typical directional and information signs will be posted at 
the site.  Location of signage may be changed from time-to-time to facilitate operations.  
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In addition, authorized personnel may be utilized to direct traffic at the active working 
face of the landfill operation.  
 

“No Trespassing” signs will be posted at 100-foot intervals along the site 
perimeter fencing. “Danger- Unauthorized Personnel Keep Out,” will be posted at each 
entrance to the active portion of the BRC CAMU and additional locations as necessary. 
All signs will be posted in English and Spanish. 
 

Additional signs and/or measures may be required to protect personnel and 
public health and safety.  
 
3.0 OPERATING CRITERIA 
 

This section presents operating criteria of the BRC CAMU and methodologies 
to be used to meet such criteria.  
 
3.1 Health and Safety 

 
All activities will be performed in accordance with a Health and Safety 

Plan(s) (HASP) developed for Site remediation activities by the contractor(s) selected for 
the project. These HASP(s) shall apply to the contractor’s employees and subcontractors. 
The parameters and details that will be included in the HASP are described in the 
Accident Prevention, Contingency, and Emergency Response Plan. Briefly, the HASP 
shall include the following: 

 
• Identification of chemical and physical hazards associated with the 

remediation activities; 
• Minimum training requirements for site workers; 
• Minimum Personal Protective Equipment (PPE) for site workers and 

visitors and criteria for upgrades; 
• Air monitoring requirements for workers’ breathing zone and site 

perimeter (for public protection); 
• Emergency information, such as emergency telephone numbers and 

directions to the nearest hospital; and  
• Administrative requirements, such as documentation of training, daily 

health and safety tailgate meetings, and documentation of air 
monitoring. 

 
 A sample Health and Safety Plan table of contents for the BRC CAMU and 
the Common Areas Remediation Project is included as Appendix D of the CAP. 
 
3.2 Fire Prevention 
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Fire hazard at the BRC CAMU is expected to be minimal due to the type of 

material being landfilled.  Explosive gases (e.g. methane) are not anticipated at the BRC 
CAMU because putrescible material will not be accepted at the BRC CAMU for disposal.  
 

No open burning of wastes will be allowed at this site.  Fire control protection 
will be provided by the utilization of on-site equipment such as a water truck, track type 
dozer and front-end loaders for wetting and smothering accidental fires.  In addition, site-
related operational vehicles will be equipped with fully functional fire extinguishers.  
Backup fire protection will be available from units of the Clark County Fire Department.  
 

Site personnel will receive periodic on-the-job training in fire fighting 
practices conducted by BRC and/or other authorized representatives.  

 
3.3 Control of Windblown Material 
 

Scattering of papers, plastic, or other debris by the wind will not be an issue at 
the BRC CAMU as such types of wastes will not be accepted.  However, minor amounts 
of paper waste were encountered during slit trench waste excavation and subsequent 
disposal in the BRC CAMU.  BRC used litter fences and hand labor to control 
windblown waste materials.   

 
Dust control measures will be implemented to limit the amounts of wind-

blown dust.  Dust control will be accomplished via moisture management and synthetic 
covers, as required.  Operations will cease during periods of high winds, consistent with 
Clark County requirements as provided in the Dust Control Plan Application included in 
the CAP.  
 
3.4 Special Waste Disposal 
 

The projected mix of wastes to be received from the service area is a by-
product of industrial process fluids allowed to settle in various evaporation ponds.  The 
resulting residual soil is the solid waste requiring disposal.  In addition, solid waste from 
the slit trench excavations will be placed in the BRC CAMU.  No other special wastes are 
anticipated.  
 
3.5 Control of Authorized and Unauthorized Waste 
 

The source materials for the BRC CAMU include the residual solids (i.e., 
sediments and associated soils) from the industrial ponds, ditches, and related source 
areas, and slit trench waste from the BRC CAMU area.  Municipal wastes will not be 
accepted from private individuals.  Unlike typical landfills, both the source material and 
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the BRC CAMU will be under sole control of BRC.  Consequently, there will be control 
over the types of waste materials accepted at the BRC CAMU. 
 
3.6 Disposal of Liquids 
 

Liquids will not be disposed of at the BRC CAMU.  
 
3.7 Control of Explosive Gas 
 

Due to the nature of material to be placed in the landfill, generation of 
methane or other explosive gases is not anticipated.  Controls for explosive gas are not 
required.   
 
3.8 Disposal of Vegetation 
 

Vegetation, if any, will be removed from excavation areas and access routes. 
Soil attached to plant roots will be shaken loose and left on the ground surface in the 
pond in which the vegetation was present, to be collected with the other soils in that 
pond. The vegetation will be relocated and temporarily stockpiled within the Debris 
Storage Area, as discussed in the CAP, where it will be tested to determine whether 
chemicals within the site soils have bioaccumulated within the vegetative matter at levels 
that would cause it to be unsuitable for disposal at a municipal landfill. In the event that 
vegetation meets disposal requirements in municipal landfills, they will be so disposed. In 
the event that contaminate levels dictate that they should be disposed in hazardous waste 
landfills, they will so be disposed. Vegetation grubbed during excavation will not be 
disposed in the BRC CAMU unless approved by the Design Engineer.   

 
3.9 Compliance with State Implementation Plan 
 

BRC will ensure that the BRC CAMU does not violate applicable 
requirements developed by the state implementation plan, if any, approved or adopted by 
the Administrator of the USEPA, pursuant to Section 110 of the Federal Clean Air Act, 
as amended (42 U.S.C. § 7410), and the regulations adopted pursuant thereto.  As noted 
earlier, dust mitigation will be ensured by adherence to the Dust Mitigation Plan 
Application, Appendix C of the CAP.  In addition, there will be no open burning of solid 
wastes at the BRC CAMU.  
 
3.10 Putrescible Wastes and Vector Control 
 

Due to the nature of material to be placed in the BRC CAMU, putrescible 
wastes and vector control issues do not apply.  
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3.11 Nuisance Control 
 

The operation and maintenance of the BRC CAMU will be in a manner which 
will not create odors, unsightliness or other nuisances.  There will be no ponded and 
stored water at the site; thus this source of obnoxious odors and vector breeding is 
obviated.   
 

As necessary, water or other dust palliatives such as magnesium chloride will 
be applied to the landfill and its roads to minimize nuisance dust consistent with the Dust 
Mitigation Plan.   
 
3.12 Disposition, Compaction, and Coverage 
 

Since the waste to be disposed will be soil and sediment a daily cover will not 
be required to control disease vectors, fires, odors, blowing litter and scavenging.  
Instead, if operations cease for prolonged periods of time, which is not expected, an 
intermediate cover will be applied on an as-needed basis.  Moisture will be added 
periodically as needed to reduce dust and particulates.  
 

Solid wastes will be spread and compacted in layers.  Waste will be offloaded 
from the haul vehicles, and spread by a tracked dozer in lifts with a maximum thickness 
of eighteen inches. A landfill compactor or other suitable equipment will accomplish a 
sufficient number of passes over each lift in order to reduce voids and produce a compact 
mass.  
 

The BRC CAMU will be operated to facilitate efficient placement of the 
waste material.  At any given time, the compacted waste mass will be contoured to allow 
effective drainage in case of inclement (rainy) operations. Construction Sequence Plan, 
included in the Supplemental RAP Information, presents general steps of landfilling 
activities. 
 

Horizontal and vertical control is necessary to ensure that the final grades and 
cell geometry are constructed as planned. The BRC CAMU will be filled to within two 
feet of the required final elevation.  Elevation control for equipment operators at the 
landfill is achieved through the use of steel pipe grade poles installed in the fill area and 
marked with red rings against a yellow background at the fill level (two feet below the 
final grade).  The ring elevations are surveyed with respect to a BRC CAMU surveyed 
benchmark, which will be a concrete monument.  
 
3.13 Miscellaneous Requirements for Operation 
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Scavenging through waste at the working face of the BRC CAMU by citizens 

or non-employees of the landfill operations will be prohibited and is not expected.  
 

The working face area will be inspected daily and lightweight debris will be 
returned to the fill area and covered.  
 

Provisions will be established concerning recording all solid waste delivered 
to the site.  Topographic surveys will be performed on a quarterly basis to double-check 
and further quantify the volume of materials placed within the BRC CAMU.  

 
Damage to areas or components of the BRC CAMU that affect system 

performance in meeting engineering design objectives will be repaired within 60 days of 
discovery of the damage.  
 
3.14 Control of Erosion, Mud and Dust 
 

An adequate amount of water from storm water or municipal well sources will 
be available at all times for the control of dust and the compaction of cover material.  
 

Adequate measures will be taken to minimize the creation of dust and 
minimize safety hazards due to obscured visibility. Roadways will be sprayed with water 
and/or magnesium chloride to reduce dust generation.  Dust control measures are 
described in detail in the Dust Mitigation Plan Application which is provided as 
Appendix C of the CAP.  
 

Primary interior roadways will be surfaced with compacted crushed stone or 
gravel materials, as necessary.  Ramps and unloading areas at designated interior disposal 
areas will be graded for proper drainage with earth-moving and grading equipment.  
 

During periods of wet weather, such surfacing and maintenance practices will 
be eliminated, or at least minimized to reduce the tracking of mud off-site.  During wet 
periods, BRC or his/her designee will be responsible for a daily inspection of the main 
incoming road and will be responsible for the timely removal of any accumulated mud on 
that portion of the roadway within the immediate site vicinity.  In addition, temporary 
shaker plates will be installed to minimize tracking of mud off site.  Accumulated mud 
deposits remaining on interior haul road surfaces will be similarly removed as needed by 
light grading to control dust emissions resulting from normal traffic. 

  
3.15 Run-on and Runoff Control Systems 
 

BRC will provide a system to control run-on and runoff of surface water as 
outlined in the Technical Drainage Study for Eastside Landfill (ATKINS, 2006).  The 
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goal of the run-on system is to collect and control the flow of surface waters entering the 
BRC CAMU boundaries.   
 

Runoff from the active portion of the BRC CAMU will be managed so as to 
not cause a discharge of pollutants, silts, or a nonpoint source of pollution from the BRC 
CAMU into the waters of the state or waters of the United States, including wetlands.  
Surface water runoff throughout the active portion of the site will be managed to 
minimize contact of water with solid waste.   
 

Rainfall within the BRC CAMU will be drained away from the active working 
face.  Such drainage will be maintained by constructing each disposal area bottom, or 
floor, on a uniform grade, with the working face progressing in a downslope direction.  
 

Water coming into contact with the active working face, and thus retained 
within the BRC CAMU, will be evaporated or may be used for such on-site activities as 
waste compaction and dust control within the BRC CAMU lined areas.  Water not 
coming into contact with the active working face and collected in the downslope portions 
of designated water disposal areas may be utilized for such site-related operations as dust 
control, waste compaction, windblown dust minimization, construction and compaction 
of disposal area liners, and maintenance of access roadways.  
 

All interim surface water runoff and post closure runoff from the site and 
surrounding areas will be managed through a series of permanent perimeter drainage 
channels (Figure J-8).  Natural drainage patterns or discharge quantities associated with 
the site and surrounding areas will not be significantly altered.  Runoff will be 
periodically sampled and tested for general compliance with Nevada National Pollution 
Discharge Elimination System (NPDES) permit standards. 

 
3.16 Leachate 

 
During waste placement activities, the leachate will be removed from the sumps 

using portable submersible pumps and will be used for dust control on waste materials 
placed within the lined limits of the BRC CAMU.  Leachate levels will be monitored in 
accordance with the Final Leachate Monitoring Plan (Attachment Z).   
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3.17 Decontamination 
 
The Contractor will inspect the equipment to confirm that the equipment arrives 

on the site in a clean state.  If obvious indications of contamination are observed, the 
Contractor will refuse entrance of the equipment onto the site, or decontaminate the 
equipment before it is used subject to the approval of BRC.  No personal vehicles, “lunch 
wagons” or other non-essential vehicles will be permitted within the area of active work 
where the potential to encounter waste may occur.  Vehicular traffic will be kept to a 
minimum.  To the extent practical, equipment will be stored when not in use in the 
location last used or the nearest safe location.  Overnight staging in clean areas is not 
permitted unless the equipment is first decontaminated to prevent the potential for 
tracking contamination back and forth across the site. 

 
The Contractor will operate the equipment in a manner that minimizes contact 

with waste, including minimizing the surface area contacting waste and minimizing the 
potential for spills, drips, splashes or sprays.  Equipment, once decontaminated, will be 
stored in a designated clean area of the site, or preferably removed from the site as soon 
as practicable.   

 
As described in the CAP, construction equipment decontamination is summarized 

as follows: 
 

• Transport trucks will be driven across gravel track out aprons with scraping of 
mud and/or use of water spray to be performed at dedicated decontamination 
areas. 

• Equipment heavily caked with soil and/or other material will be scraped off with a 
flat-bladed scraper. The scrapings will be placed in the soil staging area for 
disposal with the excavated soils. 

• Equipment will be decontaminated using steam cleaning equipment prior to 
departure from the work site. 

 
The dozer blades and tracks, and compactor wheels and drum will require 

decontamination only when removed from the surface of the waste.  The frequency of 
decontamination will be a field decision based on the type of waste materials being 
encountered.  
 
4.0 REMEDIATION 
 
 This section summarizes the excavation procedures, the methods for 
transporting soils to the BRC CAMU, and documentation which are discussed in detail in 
the CAP.  The BRC CAMU has been sized to contain approximately 3.7 million cubic 
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yards of material.  In the event that impacted soils volume is exceeded, those excess soils 
will be dispose of off-site, at a properly-licensed facility. 

 
4.1 Soil Excavation 

 
A BRC contractor will complete the excavations in accordance with the plans 

and specifications developed for this work, under the direction of the BRC.  Soil 
excavation will be performed as described in the CAP. The contractor will use 
appropriate construction equipment to excavate, load, and transport the materials to the 
BRC CAMU.  

 
BRC anticipates that 7,500 cubic yards of soil will be excavated, transported, 

and interred, on average, each day, with the actual volume dependent on equipment used, 
daily conditions, and hours of operation. 

 
 

4.2 Soil Transportation to BRC CAMU 
 
All transportation of the remaining small amounts of waste, to be interred in 

Phase V, will be completed during daylight hours.  Hauling will take place using street 
legal trucks across public roadways. 

 
Soils excavated from the Eastside area will be transported by truck to the BRC 

CAMU approximately 1.5 to 2 miles away as discussed in the CAP.  
 
Trucks hauling waste materials from the Eastside Area will enter the BRC 

CAMU Area from the eastern site ingress/egress at 4th Street. Trucks will then travel 
along site access roads adjacent to the BRC CAMU lined landfill area and enter into the 
BRC CAMU lined landfill area at dedicated access points or ramps. Upon entering the 
BRC CAMU lined landfill area, the trucks will travel directly on the operations layer 
above the liner system or above previously placed waste materials. Each truck will be 
directed to a “working face” where the contents of the truck will be dumped. Trucks will 
then travel off of the lined landfill area, across “rumble strips” and track-out aprons 
summarized in Section 3.17 and described in greater detail in the CAP. Water spray will 
be performed at dedicated decontamination areas as needed to minimize tracking waste 
materials off of the landfill. Trucks will exit the BRC CAMU Area at 4th Street. 

 
Spillage of soils from trucks during transportation will be minimized by not 

overloading the transport vehicles, by grading smooth haul roads, and by employing 
trucks with enclosed or covered cargo bays.  Dust will be controlled by water in 
accordance with the Dust Control and Mitigation Plan Application in Appendix C of the 
CAP.  Because the access routes will be wetted to suppress dust, some mud will be 
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generated, and it is likely that this mud would be transferred to truck tires and the vehicle 
body.  When needed, prior to crossing Boulder Highway, the transport trucks will be 
decontaminated by scraping and/or water spray to avoid transfer of dirt to the pavement.  
In addition, after excavation/transport operation cease for a given day, the affected 
portion of Boulder Highway will be cleaned to remove soils from the roadway. 

 
In the event of an accident resulting in release of the soils being transported, 

the truck driver will immediately contact BRC.  BRC will immediately inspect the site of 
the accident and notify the local emergency management agencies.  The potential for 
immediate threat to workers and people nearby will be evaluated, and BRC will instruct 
the remediation contractor to take appropriate corrective steps to rectify the problem.  
Any spilled material will be returned to the truck (or another truck, if the original truck is 
disabled) and transport to the BRC CAMU will be complete.  If the spill occurred on a 
public roadway (i.e., Boulder Highway), the spilled material will be removed, and the 
road surface will be immediately vacuumed to remove remaining materials.  

 
4.3 Soil Placement 

 
The waste material at the working face will be spread by a bulldozer in a lift 

no greater than 18-inches in thickness and compacted using standard earthworks 
construction equipment. The compaction of the waste material will be confirmed through  
monitoring of placement and through proof rolling of the waste. The moisture content 
will be compared to the optimum moisture content result from previously performed 
moisture/density laboratory testing. Ideally, the in-situ moisture content will be less than 
the optimum moisture content, thereby minimizing the potential for liquids to “squeeze 
out” of the waste material upon placement of overlying materials that will increase the 
normal static pressure and thus the “squeezing” of the underlying waste material. 

 
 

5.0 REPORTING AND RECORDKEEPING 
 

5.1 General 
 
BRC will prepare daily progress reports documenting all daily activities. 

Daily activity records include, but are not limited to, documentation that evidences the 
quantity of waste materials placed in the BRC CAMU and log in/out forms. In addition to 
this summary daily report, the contractor will also keep detailed field notes and daily 
logs. Daily photographic and video record will be kept by BRC documenting all 
remediation activities. Records and results of daily, weekly, and monthly inspections will 
be maintained and kept onsite consistent with requirements specified in the AOC3. 
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Records and results of waste analysis and waste determinations will be 
maintained and kept on site. In addition, all monitoring, testing or analytical data, and 
corrective action records resulting from BRC CAMU releases shall be maintained onsite 
consistent with requirements specified in the AOC3. Groundwater monitoring and clean 
up records will be maintained until closure of the BRC CAMU.  

 
Summary reports of all incidents that require the use of the Contingency Plan will 

contain the details outlined in Attachment G, Accident Prevention, Contingency, and 
Emergency Response Plan. The incident reports will be maintained and kept onsite until 
closure of the BRC CAMU. 

 
Additional items to be included with the operating records are: closure and post-

closure cost estimates, plans for closure and post-closure, EPA identification number, 
detailed chemical and physical analysis of a representative waste sample, Quality Control 
(QC) and Quality Assurance (QA) documentation.  

 
5.2 Interim Status Reports 

 
During remediation activities at the Site, BRC will submit monthly status 

reports to the NDEP as stated in the CAP. The purpose of the monthly status reports will 
be to keep the NDEP informed of the progress of remedial activities at the Site. The 
reports will present a summary of the remediation progress during the previous month, 
including as appropriate: 

 
•  Significant milestones in CAMU construction; 

 
•  Pond and ditch locations where excavation has been completed (including 

graphical format); 
 

•  Pond and ditch locations where special control measures (except dust 
control, which is routine measure) were necessary and/or where excavation 
had to be prematurely terminated due to the presence of ground water or 
based on any of the other “stopping rules” discussed in Figure J; and 

 
•   Estimates of volumes of soil excavated and placed in the CAMU (monthly 

and cumulative). Other information (e.g., discovery of significant 
environmental conditions previously unidentified) will be provided in the 
monthly status reports as warranted. Interim status meetings will also be 
conducted by telephone to supplement these written reports. 

 
Other information (e.g., discovery of significant environmental conditions 

previously unidentified) will be provided in the monthly status reports as warranted or 
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otherwise required by the AOC3. Interim status meetings will also be conducted by 
telephone to supplement these written reports. 

 
6.0 REFERENCES 
 
ATKINS, 2006. “Technical Drainage Study for Eastside Landfill,” Henderson, Nevada, 

October.  
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1.0 INTRODUCTION 

 
This BRC CAMU Monitoring Plan describes the procedures and activities that 

BRC will undertake to detect and subsequently characterize releases of wastes or 
hazardous constituents to groundwater that may occur from areas of the BRC CAMU 
during operation and after closure. 

 
2.0 CONSTRUCTION MONITORING 

 
2.1 Surface water 

 
BRC will carefully maintain drainage to expedite storm water collection.  A 

portable pump will be provided at the low end of the BRC CAMU to remove 
accumulated storm water.  The operator will maintain access to this pump and maintain 
the pump in good working condition with a good supply of fuel and suction hoses in 
position for water removal at all appropriate times.  
 

During operating hours, the operator will pump water from the working cell as 
quickly as possible whenever it accumulates.  When heavy rainfalls occur during non-
operating hours, standing water will be pumped out before normal operations resume. 

 
Surface water exiting the site from the on-site storm water basin will 

periodically be sampled and tested for general compliance with Nevada surface water 
standards for the Las Vegas Wash.  BRC will obtain necessary NPDES permits from the 
NDEP prior to discharge of such waters. 

 
2.2 Leachate 

 
The BRC CAMU will be managed to reduce the generation of leachate.  

However, leachate, if generated, will slowly accumulate in the leachate collection sumps 
designed as part of the BRC CAMU.  The base grade of the BRC CAMU will be 
engineered so that leachate generated will accumulate at the designated leachate 
collection points. The operator will monitor the leachate level and remove and dispose of 
the leachate, as needed, consistent with the Final Leachate Monitoring Plan (Attachment 
Z).  During active waste placement, leachate collected from the sumps will be used for 
dust control and waste material moisture conditioning purposes over the lined areas only. 

 
In addition, pan lysimeters, or vadose zone monitoring sumps, will be 

installed beneath the sump areas of the BRC CAMU to monitor for possible leakage from 
the liner system at the locations of the lowest elevations in the liner system (sumps), 
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which is where leachate, if any, will accumulate. The vadose zone monitoring sumps will 
be monitored in accordance with the Final Leachate Monitoring Plan (Attachment Z). 

 
2.3 Air Monitoring  

 
Given the small amount of additional waste to be placed in the Phase V of the 

CAMU, dust monitoring, similar to what was conducted during the bulk of the CAMU 
waste placement, is not cost-effective and will not be implemented.  Based on prior air 
monitoring results, use of dust control measures should not create any off-site dust 
migration above relevant regulatory thresholds.   

 
3.0 POST CLOSURE 

 
3.1 General 

 
Formal periodic inspections will be performed using site walks.  These site 

walks will be performed within one week of significant precipitation events (e.g., greater 
than ¼ inch of rain during a 24-hour period) that could potentially impact either the 
surface water drainage system or the BRC CAMU cover.  At a minimum, a site-wide 
inspection will be performed at least quarterly. 

 
The condition of the facility will be documented with field notes, maps, and 

photographs, as appropriate.  Evidence of potential compromises in the cover will be 
recorded including eroded patches, animal burrows, subsidence, and cracks along the 
cover.  Surface water drainage features will be inspected for the presence of debris, 
physical integrity, and evidence of conditions that are different from design assumptions.  

 
3.2 Final Cover 

 
Final cover performance will be evaluated through a monitoring program of 

the final cover and periodic groundwater monitoring.  The basis for this strategy is the 
fact that the final cover will be the critical element to reduce moisture infiltration into the 
BRC CAMU.  Therefore, it is proposed that monitoring efforts be focused on direct 
observation, measurement, and analysis of the performance of the final cover.  

 
The final cover system shall be periodically monitored in order to evaluate the 

performance of the final cover.  The final cover monitoring plan consists of: 
 
• visual inspection of the final cover system performed on a semi-annual 

basis and after all major precipitation events; and 
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• if erosion has occurred, ascertain damage to the geosynthetics, if any, and 
repair as necessary in accordance with the Technical Specifications and 
CQA Plan. 

 
The decorative rock cover will be visually inspected for signs of erosion. 

Areas of erosion will be repaired as needed.   
 
A solar field is planned for installation on top of the final cover.  Additional 

discussion is provided in Section 3.0 of the application. 
 

3.3 Leachate 
 
The leachate collection system will be monitored in accordance with the Final 

Leachate Monitoring Plan (Attachment Z).   
 
Because the proposed BRC CAMU is located in an arid environment 

receiving approximately 4.5 inches of average rainfall annually, with high rates of 
evaporation and low infiltration rates, it is unlikely that significant amounts of 
precipitation will be introduced to the BRC CAMU leachate collection and removal 
system.  These factors will limit the generation of leachate.  Moreover, the waste material 
consists primarily of soil, which will be monitored for moisture content prior to 
placement into the landfill.   

 
Pan lysimeters, or vadose zone monitoring sumps, will be installed beneath 

the sumps to monitor leaks within the collection system. Pan lysimeters will be monitored 
at the same time as the leachate sumps in accordance with the Final Leachate Monitoring 
Plan (Attachment Z). 

 
3.4 Settlement 

 
A topography survey using 1-foot contour intervals will be performed within 

3 months after final closure of the CAMU to document baseline conditions in support of 
post-closure settlement evaluations. Although settlement is not expected to be a 
significant issue, this will provide a convenient mechanism to document the surface 
elevation.  Excessive settlement can lead to depressions and ponding causing stress in the 
infiltration layer.  When depressions are identified through the survey, they will 
immediately be filled with the appropriate cover material.  
 
3.5 Groundwater 

 
The groundwater at the site ranges from 30 to 60 feet bgs, as discussed in the 

Draft CAMU Area Conceptual Site Model (DBS&A, 2006).  At a minimum, the BRC 
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CAMU base liner is approximately 5 feet above the groundwater.  Constituent release to 
the groundwater from the BRC CAMU, post-closure, is considered unlikely for the 
following reasons: 

 
• The BRC CAMU will not receive liquid waste or waste containing 

free liquids; 
• Waste materials within the BRC CAMU are relatively immobile; 
• The BRC CAMU will be designed and operated to reduce liquid, 

precipitation, and other run-on and run-off; and 
• The BRC CAMU will have both a base liner system, with a leachate 

collection and removal system, and final cover system. 
 

It should be noted that releases, if any, into the upper aquifer are difficult to 
monitor because of the impaired quality of the existing groundwater beneath the BRC 
CAMU.  Most or all of the same constituents which will be present in the BRC CAMU 
are currently present in groundwater at the site.  Constituents present in upgradient 
groundwater make differentiating potential releases from the BRC CAMU difficult or 
impossible.  BRC has completed a set of four semi-annual baseline groundwater 
monitoring events.  Based on this monitoring, a long term groundwater monitoring plan 
is in development.  When approved, BRC will conduct long term groundwater 
monitoring in accordance with this plan.  (see Attachment Y).   
 
4.0 REPORTING AND RECORDKEEPING 

 
Monitoring results will be maintained by BRC in accordance with the 

provisions of the AOC3 following closure of the CAMU.  Monitoring results will be 
summarized and submitted to NDEP with the annual post-closure report of inspection and 
monitoring activities. 

 
5.0 REFERENCES 
 
DBS&A, 2006. Draft Conceptual Site Model of the Common Areas. Henderson, Nevada, 

October.
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1.0 INTRODUCTION 
 

This section of the permit application addresses the closure of the BRC 
CAMU, which will occur when disposal operations are complete.  This Closure Plan 
addresses pertinent regulatory requirements, including a description of the final cover.  It 
is anticipated that a final CAMU Closure Plan will be prepared approximately six months 
prior to closure. By that time, additional details regarding BRC CAMU volume will be 
available. For purposes of this permit application, the Closure Plan addresses activities 
that will occur when waste placement activities are complete.  
 

Access to the BRC CAMU will be controlled during the closure phase using 
procedures employed during the operational phase (see Security Plan, Attachment D).  
Fugitive dust control measures will be maintained and traffic management procedures 
continued.  Site aesthetics will continue to be an important element during this phase.  
Community outreach programs will be continued as part of the overall remediation effort 
(as discussed in the Community Involvement Plan) to address public concerns and issues 
associated with the BRC CAMU. 
 
1.1 Notice of Intent to Close 
 

At least 60 days before beginning the closure of the BRC CAMU, the NDEP 
will be notified in writing of the intent to close.  BRC CAMU closure activities will begin 
no later than 30 days after the date on which the final receipt of wastes occurs.   
 

All closure activities will be completed in accordance with this CAMU 
Closure Plan within 180 days after the beginning of the closure.  An extension beyond 
this 180-day deadline may be requested if it is determined that additional time is needed 
and all actions are taken necessary to prevent threats to public health and safety and the 
environment.  
 

A request for an extension to these deadlines will include a description of the 
measures needed to control access to the unclosed unit prior to closure or receipt of 
additional wastes.  It would also include a description of activities to prevent threats to 
public health and safety and the environment from the open unit.  
 
1.2 Construction Schedule and Sequence 

 
1.2.1 Final Waste Placement 

 
After receipt of the final waste, either construction of the final cover will 

begin or an interim cover will be placed. If the unit is going to be left without the final 
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cover for longer than 30 days, the interim cover layer will be placed and compacted on 
top of the final waste layer.  

 
1.2.2 Infiltration Layer Construction 

 
The infiltration layer will be placed beginning with the geosynthetic clay liner 

(GCL) above the interim cover. The geomembrane is placed above the GCL with the 
geocomposite placed last. Details of each layer are discussed in later sections. 

 
1.2.3 Final Cover Construction 

 
The soil materials for the final cover will be placed, compacted, and graded. 

The permanent storm drain facilities (gutters, ditches, culverts, headwalls, etc.) will be 
installed as the cover is being completed.  

 
2.0 FINAL COVER COMPONENTS 
 

The final cover is designed to minimize infiltration and erosion.  A final cover 
that reduces infiltration is an essential component in the overall design strategy for the 
BRC CAMU.  This, combined with adequate moisture control of the wastes prior to 
placement, should ensure that no leachate is formed.  
 

Specific design objectives of the final cover system include: 
 

• Minimize infiltration of precipitation into the waste;  
• Promote good surface drainage; 
• Resist erosion by rain and wind; 
• Protect human health and the environment; 
• Improve aesthetics; 
• Reduce long-term maintenance; and 
• Be consistent with land use.  

 
Several of these objectives are directly related to regulatory requirements 

while the others represent design considerations.  BRC CAMU closure technology, 
design, and maintenance procedures continue to evolve, and it is possible that the cover 
design for the BRC CAMU may be refined prior to final closure to incorporate the latest 
design procedures.  Modifications or enhancements to this proposed design would be 
submitted to the NDEP for approval prior to implementation.  
 

Infiltration through the final cover will be minimized through:  
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• Design of adequate surface drainage and runoff with minimal erosion; 
and 

• Design of composite barrier system (HDPE geomembrane over GCL) 
with an overlying drainage layer (geocomposite) to minimize 
hydrostatic head build-up on the geomembrane.  

 
The final cover will consist of a separate infiltration and erosion layer. 

Engineering design calculations and construction specifications for the final cover system 
are presented within Sections 5, 6, and 7 of the Supplemental RAP Information (SRAPI). 
A cross section of the Final Cover System is shown in Detail O-1 below with an 
explanation of the components explained in the following sections. 

 

 
Detail O- 1, Final Cover System 

 
 
2.1 Infiltration Layer 
 

40 CFR 264.310 specifies that the final cover be designed and constructed to 
have a permeability less than or equal to the permeability of any bottom liner system.  
Based on the proposed base liner system, construction of this type of cover will involve 
the use of a geomembrane and GCL composite liner system to serve as the infiltration 
layer as shown in Detail O-1 above.  
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The cover system will be designed to be physically stable to reduce failure, 
such as sliding between cover layers or within the waste.  
 

Settlement is not expected to be a significant issue given the nature of the 
waste material and the manner of its placement (i.e. well compacted).  Excessive 
settlement and subsidence at MSW landfills, caused by decomposition and consolidation 
of the wastes, can impair the integrity of the final cover system.  Specifically, it can 
contribute to ponding of surface water on the cover and fracturing of the low-
permeability layers of the cover.  However, because the source materials for this BRC 
CAMU consist primarily of soil materials, the waste placement will be fairly 
homogeneous with little potential for significant differential settlement.  Moreover, the 
soils will be compacted after placement.   
 

The methods, procedures, and processes used to install the final cover system 
will be consistent with standard industry practices.  Detailed design documents and 
construction specifications are included in Section 7 of the SRAPI.  Included in the CQA 
plan is a description of quality control testing procedures for the construction materials 
and associated quality assurance procedures for construction activities.  An independent 
registered professional engineer will be hired to observe closure activities and provide 
necessary certifications.   
 
2.2 Protection Layer 
 
 Protection of the infiltration layer will be accomplished by the use of a 22-
inch thick layer consisting of earthen material with 2-inch decorative rock layer.  The 
source for erosion layer soils will be native, clean soil. It is expected to be from the 
vicinity of the BRC CAMU or from elsewhere in the BMI Common Areas.  The earthen 
material used for the erosion layer will be free of debris, cobbles, rubbish, and roots.  If 
the CAMU materials are used, then they will not be exposed to the atmosphere and will 
be covered with additional clean materials procured from outside the CAMU area.  

 
The erosion layer will be designed to be geotechnically stable to reduce 

failure, such as sloughing of the soils overlying the geomembrane/GCL composite 
infiltration layer (Section 2, Calculation Package I in the SRAPI).  
 

The surface of the erosion layer will have a minimum slope of 2 percent to 
facilitate run-off while reducing erosion.  The side slopes will have a 3H:1V 
(Horizontal:Vertical) slope.  The final grading plan is shown on Figure J-9 in the SRAPI. 
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2.3 Surface Water Drainage System 
 

A surface water drainage system, designed by ATKINS, will be constructed to 
convey runoff around and away from waste disposal areas.  Surface water will be 
conveyed around the BRC CAMU to two retention basins located at the northeast and 
northwest corners of the site.  The water will be conveyed by concrete channels and pipes 
as shown on Figure J-8.  The channel and pipe locations correspond to the locations of 
the access roads for the BRC CAMU.  Surface water from the top deck will be conveyed 
to the conveyance channels via two rip-rap lined channels in the northeast and northwest 
corners.  Drainage channels are designed along existing natural features to enhance 
surface runoff during high-precipitation events.  Based on a 25-year storm event, the 
design will be sufficient to control erosion and maintain the stability of the slope 
(ATKINS, 2006).  
 
2.4 Performance Evaluation of the Final Cover 
 

The design of the final cover was evaluated using the Hydrologic Evaluation 
of Landfill Performance (HELP) model, which was developed by the U.S. Army Corps of 
Engineers for the USEPA and is widely used for evaluating the hydraulic performance of 
landfill cover systems (USEPA, 1993).  The HELP model calculates daily, average, and 
worst-case estimates of water movement across, into, through, and out of landfills.  The 
input parameters for the model include soil properties, precipitation and other 
climatological data, vegetation type, and landfill design information.  Useful information 
provided by the HELP model includes surface run-off, duration, and quantity of water 
storage within the erosion layer, and net infiltration through the cover system. The 
information is used for performance evaluation of the geocomposite and drainage pipe 
sizing, as described in Section 3.4 below. 
 

Site-specific input parameters were used in the HELP model and are 
documented in Section 5, Calculation Package A in the SRAPI.  The results indicated that 
the net infiltration through the cover system would be 0.000002 in/year.   
 
3.0 SUMMARY OF COVER ANALYSIS 

 
3.1 General 

 
This section summarizes the results of design analyses that were performed 

for the final cover at the BRC CAMU Landfill site.  The following calculations were 
performed and are located in the respective Calculation Package found in Section 5 
unless otherwise noted of the SRAPI: 
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• Slope Stability Evaluation - Final Waste Slopes (Section 2, Calculation 
Package B); 

• Comparison of Flow between a compacted clay liner (CCL) and 
geosynthetic clay liner (GCL) (Section 2, Calculation Package I); 

• Drainage Geocomposite and Pipe Size Calculations (Calculation 
Package A); 

• Veneer Stability Calculations (Calculation Package B); 
• Cover Soil Sloughing Stability Calculations (Calculation Package C); 
• Geotextile Filtration Calculations (Calculation Package D); 
• Geotextile Puncture Protection Calculations(Calculation Package E); 
• Pipe Strength Calculations (Calculation Package F); and 
• Seismic Performance Evaluation (Calculation Package G). 
 
The final cover system calculations are based on the conceptual design 

grading plans shown on Figure J-9 in Section 1 of the SRAPI.  Additional calculations 
and/or design modifications may have to be performed if there are changes to elevation 
and grade in the aforementioned design grading plans. Design modifications are 
described in the Closure CQA Reports. 

 
3.2 Slope Stability Evaluation - Final Waste Slopes 

 
Geosyntec analyzed the stability of the final waste slopes for the BRC CAMU 

as discussed in Attachment J.  The slope stability analysis is included in Section 2, 
Calculation Package B of the SRAPI. 

 
3.3 Comparison of Flow between a CCL and GCL 

 
Geosyntec demonstrated that the flow rate through the prescriptive composite 

liner system (i.e. - CCL) is greater than the flow rate through the alternative composite 
liner system (i.e. - GCL), as discussed in Attachment J.  The comparison of flow between 
a CCL and GCL is presented in the SRAPI, Section 2, Calculation Package I. 

 
3.4 Geocomposite and Pipe Size Calculations 

 
A geocomposite will be placed above the geomembrane to collect and drain 

surface water that has infiltrated through the cover soil.  Drainage pipes will be placed in 
the final cover to collect water from the geocomposite and drain the water to the 
perimeter surface water collection channels. Analyses were performed to model 
infiltration using U.S. Environmental Protection Agency’s (USEPA) Hydrologic 
Evaluation of Landfill Performance (HELP) model.   

The head on the cover liner was evaluated to be less than 12-in. at the top 
deck area, and negligible (i.e., less than 1/10-inch) on the side slopes.  Furthermore, the 
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calculations suggest that a 4-in diameter perforated corrugated polyethylene (CPE) pipe 
bedded in drainage aggregate will accommodate the maximum flow predicted by HELP 
model analyses. The 4-in. diameter perforated CPE pipe shall have a smooth interior wall 
to maximize pipe efficiency.  Geocomposite and drainage pipe size calculations are 
presented in the SRAPI, Section 5, Calculation Package A. 

 
3.5 Veneer Stability 

 
The design criteria for the side slope liner system is to develop zero tension in 

the geosynthetics during installation of the final cover on the side slopes.  Potential 
causes of tension in the liner system include construction equipment loading and 
overburden stresses (e.g., final cover materials).  Based on the proposed grades and 
expected construction conditions, the calculations suggest that the side slope liner system 
will not be placed into tension provided a minimum interface friction angle of 20 degrees 
is maintained.  Veneer stability calculations are presented in the SRAPI, Section 5, 
Calculation Package B. 

 
3.6 Cover Liner Sloughing Stability 

 
Based on the geocomposite and pipe size calculation results, no head buildup 

is expected above the side slope final cover system geosynthetic components. 
Calculations suggest that the minimum cover soil shear strength (interface with 
geocomposite or internal) of 27 degrees will meet the design factor of safety criteria of 
1.5. the yield acceleration was found to be 0.15g (g = 32.2 ft/s2). Cover liner sloughing 
calculations are presented in the SRAPI, Section 5, Calculation Package C. 

 
3.7 Geotextile Filtration Requirements 

 
A separation/filtration geotextile will be used in the following applications:  

(i) a component of the geocomposite for the final cover system, and (ii) 
separation/filtration between the cover soil and drainage aggregate.  The purpose of the 
separation/filtration geotextile is to limit migration of fine material from the cover soil 
into the geocomposite and drainage aggregate, thereby reducing the transmissivity and 
hydraulic conductivity of the respective materials. The calculations suggest that the 
separation/filtration geotextile have an apparent opening size (AOS) greater than sieve 
No. 70, a permittivity greater than 0.5 sec-1, and sufficient mechanical strength properties.  
Geotextile separation/filtration calculations are presented in the SRAPI, Section 5, 
Calculation Package D. 

 
3.8 Geotextile Puncture Protection 
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The geocomposite and geosynthetic clay liner (GCL) will protect the 
geomembrane from puncture by particles from the prepared subgrade and cover soil.  The 
geotextile components of the drainage geocomposite will protect the geomembrane from 
puncture by oversized particles in the cover soil.  The geotextile components of the GCL 
will protect the geomembrane from puncture by particles from the prepared subgrade. For 
the design loading condition, Geosyntec conservatively assumed an H-20 haul truck tire 
loading which exhibits a very high force related to hauling equipment.  The analysis 
suggests that the following maximum particle sizes and geotextile mass per unit areas 
will be required: 

 
Soil Component of Liner Maximum Particle Size Minimum Mass per Unit Area 

Prepared Subgrade 1.5-in.  9 oz./yd2 (GCL) 
Cover Soil  1-in.  6 oz./yd2 (single-sided geocomposite) 

Table O-1, Geotextile Puncture Protection 
 
Geotextile puncture protection calculations are presented in the SRAPI, 

Section 5, Calculation Package E. 
 

3.9 Pipe Strength Calculations 
 
Based on drainage pipe size analyses, a 4-in. diameter perforated CPE pipe 

will be used to collect and transport surface water that has infiltrated through the final 
cover soil into the geocomposite on the top deck area of the landfill.  Based on the 
calculations performed for the 4-in. diameter perforated CPE pipe, the pipe has adequate 
strength to withstand equipment (i.e., H-20 haul truck) and soil overburden loads. Pipe 
strength calculations are presented in the SRAPI, Section 5, Calculation Package F. 
 
3.10 Seismic Performance Evaluation 

 
3.10.1 General 

 
Geosyntec performed an evaluation of the seismic performance of the BRC 

CAMU.  The evaluation included a seismic hazard evaluation, site response analyses, 
development of site-specific deformation charts, and seismic deformation analyses for the 
final cover and base liner of the proposed BRC CAMU. 

 
3.10.2 Seismic Hazard Evaluation 

 
Geosyntec evaluated the seismic hazard at the site using the most recent 

United States Geological Survey (USGS) probabilistic seismic hazard maps (Frankel et 
al., 1996).  For compliance with the State of Nevada regulations, Geosyntec considered 
motions with 2 percent probability of being exceeded in 50 years for use in design.  The 
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USGS data was used to establish the design free-field peak horizontal ground 
acceleration (PHGA) and set limits on the target acceleration response spectrum for 
design ground motions.  The 2 percent probability of exceedence in 50 years USGS map 
values indicate that the free-field bedrock PHGA at the site equals 0.34 g from USGS.  
Based on the deaggregated hazard for Las Vegas, this PHGA was assigned a 
representative moment magnitude (Mw) of 6.5.  The seismic hazard evaluation is 
presented in the SRAPI, Section 5, Calculation Package G. 

 
3.10.3 Evaluation of Design Ground Motions 

 
A suite of acceleration time histories considered representative of the 2 

percent in 50 year ground motions evaluated in the seismic hazard analysis was selected 
for use in the seismic response analyses. Geosyntec selected a suite of three time histories 
that enveloped the target response spectrum using the following methodology:  (i) screen 
the database of acceleration time histories on the basis of earthquake magnitude to select 
a reduced set of accelerograms; and (ii) plot the acceleration response spectra of the 
candidate accelerograms against the target acceleration response spectrum and select the 
representative accelerograms for use in design analyses.  Using the above methodology, 
Geosyntec selected three candidate accelerograms to represent design ground motions at 
the BRC CAMU site: (i) the Parkfield earthquake, Mw 6.3, (ii) the Superstition Mountain 
earthquake, Mw 6.5, and (iii) the Big Bear Lake earthquake, Mw 6.7.  Evaluation of the 
design seismic ground motions are presented in the SRAPI, Section 5, Calculation 
Package G-1. 

 
3.10.4 Site Response Analyses 

 
One-dimensional site response analyses were performed for the BRC CAMU 

using the computer program SHAKE91 (Idriss et al., 1992).  Analyses were performed 
for two conditions; (i) 30-ft of contaminated soil placed on the ground surface (i.e., the 
North Mesa), and (ii) 60-ft of contaminated soil placed 30-ft below grade (i.e., the South 
Mesa).  Shear wave velocity and layer thickness data for the native soil was derived from 
spectral-analysis of surface waves (SASW) testing performed at the site by Dr. Barbara 
Luke at the University of Nevada at Las Vegas.  Since the depth to bedrock is not known, 
the thickness to bedrock was varied to evaluate the effect of depth to bedrock on the 
results of the analysis.  The calculated accelerations are all less than 0.50 g and generally 
decrease with increasing depth to bedrock.  Site response analyses results are presented in 
the SRAPI, Section 5, Calculation Package G-2. 

 
3.10.5 Site-Specific Seismic Deformation Charts 

 
The site-specific deformation charts were developed using the computer 

program YSLIP_PM (Yan et al., 1996).  YSLIP_PM is based upon the Newmark 
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(Newmark, 1965) method for seismic deformation analysis.  YSLIP_PM uses the yield 
acceleration of the slope (e.g., liner system or final cover system) and the output of the 
seismic site response analysis to compute seismic deformations. The results indicate that 
the largest seismic displacement response is calculated by applying the Parkfield 
earthquake record.  The site-specific seismic deformation charts are presented in the 
SRAPI, Section 5, Calculation Package G-3. 

 
3.10.6 Deformation Analyses 
 

Geosyntec evaluated the expected seismically-induced permanent 
deformations at the BRC CAMU.  The calculations suggest that the calculated 
seismically-induced permanent deformations are less than 3-in. for the final cover and 
less than 6-in. for the base liner.  These deformations are less than current generally 
accepted limits for the final cover and for the base liner. Therefore, the seismic 
performance of the waste containment system proposed for the BRC CAMU is 
considered to meet current design standards.  The site-specific seismic deformation 
calculations are presented in the SRAPI, Section 5, Calculation Package G-4. 

 
4.0 COVER CONSTRUCTION REQUIREMENTS 

 
4.1 General 

 
This section describes the construction requirements for installation of the 

final cover system at the BRC CAMU.  These construction requirements are necessary in 
order to ensure that the construction of the final cover system is consistent with the 
design performance goals and assumptions. 

 
Technical Specifications and a Construction Quality Assurance (CQA) plan 

have been prepared for the construction of the final cover system that incorporates the 
construction requirements presented in this section.  Geosyntec’s proposed CQA Plan and 
Technical Specifications related to the final cover system are presented in the SRAPI, 
Section 6 and 7, respectively. 

 
4.2 Slope Stability Evaluation 

 
Final cover and interim waste soil slopes shall be constructed no steeper than 

a slope inclination of 3:1 (horizontal:vertical).  
 

4.3 Geocomposite Requirements 
 
A geocomposite will be used to collect infiltration of surface water through 

the cover soil.  The geocomposite shall have the following properties: 
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• transmissivity no less than 5 x 10-4 m2/sec under a 

confining pressure of 2,000 psf and a hydraulic 
gradient of 0.10. 

• an 6 oz/yd2 nonwoven geotextile bonded to each 
side of the geonet for the side slopes (i.e., double-
sided) and one 6 oz/yd2 nonwoven geotextile 
bonded to the top side of the geonet for the top deck 
(i.e., single-sided); and 

• the 6 oz/yd2 nonwoven geotextile shall have 
sufficient permittivity and mechanical properties as 
summarized in Section 3.7. 

 
4.4 Drainage Pipe Requirements 

 
The drainage pipes used to collect water from the geocomposite shall be 4-in. 

diameter perforated CPE pipe with a smooth interior wall.  The drainage pipes shall be 
backfilled with aggregate. The aggregate shall have a maximum particle size of 1-inch 
and a minimum hydraulic conductivity of 1 x 10-2 cm/sec. 

 
4.5 Final Cover Soil 

 
The cover soil shall be placed from the bottom-up, using equipment exerting a 

ground pressure no greater than 10 psi.  Cover soil shall be compacted to minimum of 90 
percent of the maximum dry density determined by ASTM D 1557 and the lower 12-
inches will have a maximum particle size of 1-in. diameter.  Surface water control and 
drainage shall be promoted. 

 
4.6 Equipment Loadings 

 
Equipment loads shall be limited to a maximum loading of 10 psi overlying a 

minimum of 1 ft of cover soil.  In addition, roads for haul trucks shall be a minimum of 
2 ft in thickness overlying the final cover system geosynthetic components. 

 
4.7 Geotextile Requirements 

 
A geocomposite consisting of either one or two geotextile components of the 

final cover liner system is proposed. The geotextiles will serve a dual purpose - 
separation/filtration and cushion protection. The geotextile shall have the following 
properties: 
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 Matrix   Nonwoven 
 Mass per Unit Area  6 oz/yd2  
 Apparent Opening  ≤ Sieve No. 70 
 Permittivity  ≥ 0.5 sec-1 
 Grab Strength  ≥ 130 lb 
 Puncture Strength  ≥ 40 lb 
 Mullen Burst  ≥ 210 psi 
 Trapezoidal Tear  ≥ 40 lb 
 Ultraviolet strength retention ≥ 70% 

 
4.8 Geosynthetic Clay Liner (GCL) 

 
The GCL component of the final cover system shall have the following 

properties: 
• Index flux not greater than 1 x 10-8 m3/m2-sec; 
• Minimum interface/internal shear strength of 20 degrees; 
• The GCL shall be dry during installation; and 
• combined geotextile mass per unit area of 9 oz./yd2. 

 
4.9 Geomembrane Requirements 

 
The geomembrane shall be HDPE and have a nominal thickness of 60-mil.  

The geomembrane shall be double-sided textured on the side slopes and may be smooth 
on the top deck. 

 
4.10 Prepared Subgrade Requirements 

 
The prepared subgrade shall have a maximum exposed particle diameter less 

than 1.5-inch. 
 

4.11 Final Cover Surface Treatment 
 
The final cover will require surface treatment to reduce surface erosion due to 

rainfall or wind forces.  There are a wide variety of possible surface treatments to reduce 
erosion.  For example, cobbles or rip rap can be placed on the outer slope surfaces, 
aggregate base or crusher-run rock can be applied to flatter surfaces such as the top deck 
or roadways, and some areas can be treated chemically to bind the soil together.  Side 
slopes typically require a different treatment than the top deck or roadways.  The final 
selection of materials and treatment will be performed prior to commencing closure 
activities and will be consistent with the NDEP’s guidelines for erosion mitigation. 

 
5.0 CAMU POST-CLOSURE PLAN 



  

 O-13 

 
This section of the permit application addresses post-closure activities for the 

BRC CAMU, which commence after final closure is completed and extends for a period 
of 30 years therefrom.  This preliminary Post-Closure Plan provides a description of 
procedures that will be used to maintain the integrity of the final cover system.  It is 
anticipated that the Post-Closure Plan will be updated prior to completing closure 
activities.  

 
5.1 Requirements After Closure 
 

After closure of the BRC CAMU, a notation on the landfill property deed, or 
any other instrument that is normally examined during a title search, will be recorded in 
Clark County.  The notation on the deed, or other instrument, will in perpetuity notify any 
potential purchaser of the property that the land has been used as a landfill and that its use 
is restricted to uses that would not negatively affect the integrity of the landfill.   
 

Permission may be requested in the future from Clark County to remove the 
notation from the deed, or other instrument, if all wastes are removed from the site.  Any 
request would document that all wastes have been removed from the facility.  Such 
documentation might include photographs, soil testing in the area where the wastes were 
deposited, and reports of waste removal activity.  

 
5.2 Program for Postclosure 
 

After closure of the BRC CAMU, a program for post-closure will be 
conducted as stipulated by the AOC3.  This post-closure program will ensure that the 
integrity and effectiveness of the final cover will be maintained, including making repairs 
to the cover as necessary to correct the effects of settlement, subsidence, erosion or other 
events. 
 

Following closure of the CAMU, certification will be submitted to the NDEP 
verifying closure.  This will be signed by an independent Nevada registered professional 
engineer and will verify that the program was completed in accordance with the CAMU 
Closure Plan.  The certification will be placed in the operating record.  The certification 
will be based on knowledge of the Closure Plan, observations made during closure, and 
documentation of closure activities.  
 

Post-closure use of the property will be managed to not disturb the integrity of 
the final cover, liner or other components of the BRC CAMU (e.g., surface water 
drainage network, infiltration monitoring system, etc.). 

 
5.3 Land Use 



  

 O-14 

 
The post-closure use of the BRC CAMU site is to install a solar field on top of 

the final cover, substantially covering the CAMU with the remainder maintained as open 
space containing a variety of native vegetation.  Access to the site will continue to be 
restricted.  Any solar field installed will be designed to be compatible with the design of 
the final cover.  For additional discussion, please see Section 3.0 of the application.  The 
final cover will not be compromised due to incompatible development.  It is anticipated 
that this land use will be maintained beyond the 30-year required post-closure monitoring 
duration.  However, no land use will be allowed that would compromise the integrity of 
the final cover system, the liner system, or other components of the containment or 
monitoring systems.  

 
A precise, metes-and-bounds survey of the closed BRC CAMU will be 

conducted and the resulting map recorded with the clerk of Clark County.  The 
recordation will include a notation that the property is a Corrective Action Management 
Unit and contains remediation waste.  

 
5.4 Personnel 

 
Post-closure care personnel will have received adequate training in their 

specific job duties.  This includes applicable OSHA health-and-safety training as well as 
pertinent training in BRC CAMU maintenance procedures.  This staff will consist of a 
facility manager and various staff workers as needed.  The name, address, and telephone 
number of the facility manager will be provided to the NDEP during the closure process.  
 

Specific duties of these staff will include:  
 

• Limiting access to the site and providing security;  
• Performance of routine operations and maintenance activities; 
• Responding to public or community inquiries; 
• Ensuring regulatory compliance and maintaining appropriate 

documentation;  
• Managing and coordinating post-closure monitoring (i.e., the leachate 

collection system); and 
• Maintenance of the vegetative cover, if necessary.  
 

5.5 Security 
 
The perimeter fencing will remain after closure of the BRC CAMU. Security 

personnel will not be required 24-hrs because the waste will not be exposed nor will 
access by the public or domestic livestock pose a health hazard. The perimeter fence will 
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be maintained to deter trespassing. The periodic site inspection walks to assess the cover 
system will include an evaluation of the perimeter fence. 

 
5.6 Operation and Maintenance 

 
Routine maintenance will be required to maintain the effectiveness of the 

various BRC CAMU sub-systems.  This will include periodic maintenance, and repairs of 
the final cover, the surface water drainage system, the leachate collection system, and the 
vegetative cover.   

 
Routine operations and maintenance activities will include frequent 

inspections of the BRC CAMU.  Particular attention will be given to any conditions that 
could compromise the integrity of the final cover or the associated surface water drainage 
system or the soil moisture monitoring system.  Normal erosion processes are expected to 
result in the need to periodically replace some cover material and to fill depressions 
caused by settlement. Extensive maintenance of the vegetative layer is not anticipated 
since it is being designed to be tolerant of the low rainfall and large temperature extremes 
in Las Vegas.  Occasional fertilizing, if vegetated, may be needed, especially during the 
first few years after closure.   Maintenance of the solar field to be installed on top of the 
final cover will be in accordance with the land lease between BRC and the third-party 
solar contractor, which will ensure proper protection of the cover. 
 
5.7 Post-Closure Inspections and Monitoring 

 
Post-closure monitoring will be performed as outlined in Attachment N, 

Landfill (CAMU) Monitoring Plan.  In summary, the final cover, leachate, settlement, 
and groundwater monitoring will be performed, as needed, for a period of 30 years after 
closure of the BRC CAMU.  Formal periodic inspections will be performed using site 
walks.  These site walks will be performed within one week of significant precipitation 
events (e.g., greater than ¼ inch of rain during a 24-hour period) that could potentially 
impact either the surface water drainage system or the BRC CAMU cover.  At a 
minimum, a site-wide inspection will be performed at least bi-annually. 

 
At least annually, an internal audit will be performed to verify that all 

activities at the site have been performed in accordance with the provisions of this Post-
Closure Plan.  Inspection records will kept and maintained in a log book in order to 
clearly document any changes in physical conditions.  Copies of the inspection report will 
be provided to the NDEP annually. Post-closure inspections will occur for at least 30 
years after BRC CAMU closure. 
Reports and Recordkeeping  
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The condition of the facility will be documented with field notes, maps, and 
photographs, as appropriate.  Evidence of potential compromises in the cover will be 
recorded including eroded patches, patches of dead vegetation, extensive or significant 
animal burrows, subsidence, and cracks along the cover.  Surface water drainage features 
will be inspected for the presence of debris, physical integrity, and evidence of conditions 
that exceeded design assumptions.  
 

A copy of the plans for closure and post-closure will be maintained in the 
operating records of the site.  
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1.0 INTRODUCTION 
 

The estimated and projected cost to close and post close the BRC CAMU is explained in 
this Attachment. These cost estimates summarized herein are for budgeting and planning 
purposes only. 

 
The current closure and post closure cost estimates will remain on site during the 

operating life of the BRC CAMU.  
 

2.0 CLOSURE COSTS 
 

At this time, all Phases of the CAMU except for Phase V have been closed.  Thus, no 
additional Closure costs are relevant for these prior Phases.  In addition, BRC anticipates closing 
Phase V roughly by the end of 2014 and all anticipated Closure costs for Phase V are already 
budgeted for 2014.  While it is not clear when the renewed RAP will be issued, it is likely to be 
within months of closure of Phase V.  Therefore, BRC does not believe that any additional 
demonstration of Closure costs is relevant for this renewal.  In other words, there is no financial 
risk that BRC will be unable to closure this last Phase V, when it has already demonstrated that it 
can close and has closed the previous Phases of the CAMU.  Thus, BRC is not providing a 
separate Closure cost for this last Phase.  BRC will of course, as a matter of ongoing project 
management, keep NDEP appraised as to all closure activities related to Phase V so that NDEP 
is aware of all such activities.  

 
3.0 POST-CLOSURE COSTS 
 

The post-closure cost estimate is based on the 30-year cost of annual inspection, 
monitoring, and maintenance at the BRC CAMU, including implementation of the NDEP-
approved annual groundwater monitoring program, sump dewatering, off-site disposal of 
leachate, expected maintenance due to weather-related impacts to the CAMU cover, weed 
management and control, etc. Making reasonable assumptions for these costs, based on costs that 
have been incurred in the last several years for such activities, BRC expects that the 30-year 
post-closure cost will be roughly $3,323,000.  Of course, BRC will update this estimate for the 
next RAP renewal after 5 years. 

 
It should be noted that BRC has not included in this post-closure estimate, any additional 

NDEP management or regulatory fees.  BRC is aware that NDEP is likely to propose regulations 
covering such fees.  However, at this point in time, such developments are preliminary and there 
is therefore no firm basis to include NDEP management costs.  Should this change, BRC will 
update this cost estimate accordingly. 
 



Draft Estimate of Geosyntec Post‐Closure Costs
BRC CAMU

Henderson, Nevada

Item No. Item Unit Unit Price No. Units Total Comments

1 Annual Groundwater Monitoring YR 80,000.00$      1 80,000.00$     

1A Field Collection and Analysis LS 45,000.00$     1 45,000.00$     Assume $15K for field collection; $30k for analysis

1B Report Preparation LS 30,000.00$     1 30,000.00$     Assume $12K for data validation; Assume $18k for Report

1C Project Management LS 5,000.00$       1 5,000.00$       Assume 2 hr/month

2 Sump Pumping and Monitoring ‐ 5 years 5 YR 173,000.00$   1 173,000.00$   Truck owned by BRC; Onsite Disposal

2A Year 1 LS 64,000.00$     1 64,000.00$    
Pumping: 4 hours a day, 3 days a week, $50K; O&M: $12K & PM $2K/yr 
from Geo TO Request

2B Year 2 LS 42,000.00$     1 42,000.00$    
Pumping: 1 day per week, $33.5K; O&M $6.5K & PM $2K/yr from Geo 
TO Request

2C Year 3 LS 26,000.00$     1 26,000.00$    
Pumping: 1 day every other week, $17K; O&M: $7K & PM $2K/yr from 
Geo TO Request

2D Year 4 LS 17,000.00$     1 17,000.00$    
Pumping: 1 day per month, $10K;  O&M: $7K & PM $2K/yr from Geo TO 
Request

2E Year 5 LS 24,000.00$     1 24,000.00$    
No pumping, only inspection and monitoring;  O&M: $7.5K+$14K 
(sensor replacement) & PM $2K/yr from Geo TO Request

3 Annual Storm Inspections and Repairs YR 25,000.00$      1 25,000.00$     

3A Inspections LS 5,000.00$       1 5,000.00$       4 inspections/yr, 8 hrs each; PM 6 hr/yr

3B Repairs LS 20,000.00$     1 20,000.00$     $20K, lump sum

*If off‐site disposal of LCRS leachate is required, cost per gallon for Non‐Haz transportation & disposal will be $0.85 per gallon

Page 1 of 1
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Financial Assurance 
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The mechanism for financial assurance for the entire cleanup project, which 
includes post-closure costs associated with the CAMU itself, is discussed in the AOC3.  
Thus, no additional financial assurance guarantees are provided here. 
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Provisions for insurance including sudden and non-sudden insurance coverage for 
the entire cleanup project are discussed in the AOC3.  Thus, no additional details for such 
coverage are provided here. 
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1.0 INTRODUCTION 
 

Records of all data, drawings and calculations concerning work proposed or 
completed at the BRC CAMU will be kept on permanent file in the BRC Data 
Repository, consistent with document retention requirements specified in the AOC3.  In 
addition, records will be maintained at the BRC offices in conjunction with investigative 
work at the BRC CAMU.  Included in the reports will be appendices with copies of data 
sheets, log books, and laboratory analysis results.  All investigative results will be 
incorporated into the reports detailed in the following section. 

 
Prior to any document destruction, NDEP will be provided an opportunity to 

acquire the documents in question. 
 

2.0 OPERATIONAL RECORDKEEPING AND REPORTS   
 
2.1 Training Records 

 
BRC will maintain records of training received by onsite workers.  These 

records will include copies of certificates received prior to BRC CAMU site activities 
and site specific training received. The training records will be stored onsite at the 
facilities maintained by BRC. Records will be maintained onsite for a period consistent 
with that specified in the AOC3. 

 
2.2 Operational Records 
 

The contractor will prepare daily progress reports documenting daily BRC 
CAMU activities.  Daily activity records include, but are not limited to, documentation 
that evidences the quantity of waste materials placed in the BRC CAMU and log in/out 
forms.  In addition to this summary daily report, the contractor will also keep detailed 
field notes and daily logs documenting:  

 
• the date, project name, location, and other identification; 
• a summary of the weather conditions; 
• a summary of locations where construction is occurring; 
• equipment and personnel on the project; and 
• a summary of meetings held and attendees. 
 

Daily photographic and video record will be kept by BRC documenting disposal 
activities.  Records and results of inspections will be maintained and kept onsite for a 
period consistent with the AOC3. 
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Records and results of waste analysis and waste determinations will be 
maintained and kept on site.  In addition, monitoring, testing or analytical data, and 
corrective action records resulting from BRC CAMU releases shall be maintained for 
three years.  Groundwater monitoring and clean up records will be maintained until 
closure of the BRC CAMU.  

 
Summary reports of all incidents that require the use of the Contingency Plan will 

contain the details outlined in Attachment G, Accident Prevention, Contingency, and 
Emergency Response Plan.  The incident reports will be maintained and kept onsite until 
completion of the post-closure period for the BRC CAMU. 

 
Additional items to be included with the operating records are: closure and post-

closure cost estimates, plans for closure and post-closure, EPA identification number, 
detailed chemical and physical analysis of a representative waste sample, Quality Control 
(QC) and Quality Assurance (QA) documentation.  

 
2.2.1 Construction Quality Control and Quality Assurance 
 

The CQA Site Manager will prepare daily reports that document the activities 
observed during each day of activity as detailed in the CQA Plans for the Base Liner and 
Final Cover Systems (Sections 3 and 6 in the SRAPI, respectively).  The daily reports 
may include monitoring logs and testing data sheets.  At a minimum, these logs and data 
sheets will include the following information: 

• a description of materials used and references of results of testing and 
documentation; 

• identification of deficient work and materials; 
• results of re-testing corrected “deficient work;” 
• an identifying sheet number for cross referencing and document 

control; 
• descriptions and locations of construction inspected; 
• type of construction and inspection performed; 
• description of construction procedures and procedures used to evaluate 

construction; 
• a summary of test data and results; 
• calibrations or re-calibrations of test equipment and actions taken as a 

result of re-calibration; 
• decisions made regarding acceptance of units of work and/or 

corrective actions to be taken in instances of substandard testing 
results; 

• a discussion of agreements made between the interested parties which 
may affect the work; and 

• signature of the respective CQA Site Manager. 



 

 T-3 

 
2.3 Interim Status Reports 
 

During remediation activities at the Site, BRC will submit monthly status 
reports to the NDEP. The purpose of the monthly status reports will be to keep the NDEP 
informed of the progress of remediation activities at the Site. The reports will present a 
summary of the remediation progress during the previous month, including as 
appropriate, significant milestones in BRC CAMU construction, locations of completed 
pond and ditch excavation (including graphical format), and estimates of soil volumes 
excavated and placed in the BRC CAMU.  

 
2.4 Annual Reports 
 

BRC will submit an annual report of the solid wastes received at the site to the 
NDEP.  This report will be submitted in a format mutually agreed to between BRC and 
NDEP. The report will consist of data reported in units of tons and cubic yards for waste 
materials received at the BRC CAMU.  

 
The annual report will be submitted to NDEP and will include data compiled 

throughout the year.  The total quantity of wastes deposited and the remaining capacity of 
the BRC CAMU in cubic yards will be incorporated. In addition, the leachate quality data 
will be compiled and the status of the leachate collection, including quantity of leachate 
collected on-site and disposed on a monthly basis, reported. Finally, any changes from 
the approved report, plans, and specifications, with justifications.  

 
2.5 Biennial Reports 
 

BRC will submit a biennial report by March 1 of each even year to the NDEP on 
EPA form 8700-13B. The report will summarize activities at the BRC CAMU for the 
previous two years. The report will contain: EPA identification number, BRC CAMU 
address, dates covered, description of wastes received, method of waste disposal, most 
recent closure and post-closure cost estimates, methods utilized to reduce waste volume, 
and any changes in waste volumes. This report will be signed by BRC. 

 
3.0 POST CAMU CLOSURE REPORTING AND RECORDKEEPING 
 

Maintenance inspection records will kept and maintained in a log book in order to 
clearly document any changes in physical conditions.  Copies of the inspection report will 
be provided to the NDEP annually.  
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Results of monitoring will be kept and maintained onsite for a period of at least 
30 years after closure. Copies of the monitoring will be provided to NDEP with the 
inspection report annually.  

 
The condition of the facility will be documented with field notes, maps, and 

photographs, as appropriate.  Evidence of potential compromises in the cover will be 
recorded including eroded patches, patches of dead vegetation, animal burrows, 
subsidence, and cracks along the cover.  Surface water drainage features will be inspected 
for the presence of debris, physical integrity, and evidence of conditions that exceeded 
design assumptions.  
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1.0 INTRODUCTION 
 

This attachment discusses how the BRC CAMU is in compliance with the following Federal 
Laws.  

 
1.1 The Wild and Scenic Rivers Act 
 

The Wild and Scenic Rivers Acts protects river areas and their immediate environments for 
the present and future generations. Rivers are eligible for protection if they display one or more of 
the following characteristics: 

 
1. Wild river areas -- Those rivers or sections of rivers that are free of impoundments and 

generally inaccessible except by trail, with watersheds or shorelines essentially primitive and 
waters unpolluted. These represent vestiges of primitive America. 

 
2. Scenic river areas -- Those rivers or sections of rivers that are free of impoundments, with 

shorelines or watersheds still largely primitive and shorelines largely undeveloped, but 
accessible in places by roads. 

 
3. Recreational river areas -- Those rivers or sections of rivers that are readily accessible by 

road or railroad, that may have some development along their shorelines, and that may have 
undergone some impoundment or diversion in the past. 

 
There are no rivers in the vicinity of the BRC CAMU site with the exception of the Las Vegas 

Wash which is approximately 2 miles north of the Site, and the Las Vegas Wash is not designated as 
a Wild and Scenic River. 

 
1.2 The National Historic Preservation Act of 1966 
 

The National Historic Preservation Act protects, rehabilitates, restores and reconstructs the 
districts, sites, buildings, structures, and objects significant in American history, architecture, 
archaeology, or culture. 

 
There are no locations of historical significance at the BRC CAMU site.  BRC contacted the 

Nevada Natural Heritage Program and requested a search of their database.  No locations of 
historical significance were identified as a result of this search.  A copy of the seach result is 
provided in Appendix A to this Attachment. 
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1.3 The Endangered Species Act 
 

The city of Henderson, along with other cities within Clark County, submitted an application 
to the EPA for a permit to incidentally take desert tortoises (gopherus agassizii), pursuant to section 
10(a)(1)(B) of the Endangered Species Act of 1973, as amended (Act), in association with various 
proposed public and private projects in Clark County, Nevada. The permit allows incidental take of 
desert tortoises for a period of 30 years, resulting from development on up to 113,900 acres of 
private lands within Clark County, Nevada. The permit application was received September 28, 
1994, and was accompanied by the Clark County Desert Conservation Plan (CCDCP), which serves 
as the Applicant's habitat conservation plan and details their proposed measures to minimize, 
monitor, and mitigate the impacts of the proposed take on the desert tortoise. 

 
To minimize the impacts of take, Henderson provides a free pick-up and collection service 

for desert tortoises encountered in harm's way within the city. These desert tortoises will be made 
available for beneficial uses such as translocation studies and programs, research, education, zoos, 
museums, or other programs approved by the Service and Nevada Division of Wildlife. Sick or 
injured desert tortoises will be humanely euthanized.  

 
Henderson approves the issuance of land development permits for otherwise lawful public 

and private project proponents during the 30-year period in which the proposed Federal permit is in 
effect. Henderson imposes a fee of $550 per acre of habitat disturbance to fund the measures to 
minimize and mitigate the impacts of the proposed action on desert tortoises. 

 
The BRC CAMU will be in compliance with the Endangered Species Act through a fee of 

$550 per acre submitted with the grading permit application. If a Desert Tortoise is encountered 
during construction, the City of Henderson will be contacted and the tortoise relocated.  

 
The above discussion notwithstanding, BRC does not believe that there are any threatened 

and endangered species in the CAMU area.  BRC requested that Nevada Natural Heritage conduct a 
search related to such species.  The letter from Nevada Natural Heritage provided in Appendix A to 
the Attachment confirms that there are no at risk taxa in this area. 

 
1.4 The Coastal Zone Management Act 

 
The Coastal Zone Management Act seeks to manage and preserve the nation’s coastal 

resources, ensuring their protection for future generation.  
 
The BRC CAMU site is not located near any coasts. 
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1.5 The Fish and Wildlife Coordination Act 
 

The Act provides that whenever the waters or channel of a body of water are modified by a 
department or agency of the U.S., the department or agency first shall consult with the U.S. Fish and 
Wildlife Service and with the head of the agency exercising administration over the wildlife 
resources of the state where construction will occur, with a view to the conservation of wildlife 
resources. The Act provides that land, water and interests may be acquired by federal construction 
agencies for wildlife conservation and development. In addition, real property under jurisdiction or 
control of a federal agency and no longer required by that agency can be utilized for wildlife 
conservation by the state agency exercising administration over wildlife resources upon that 
property. 

 
The BRC CAMU will not modify the waters or channel of a body of water. 

 
 
 
 
 
 



 

  

 
 
 
 
 

Appendix A 
 

Copy of Letter Received from Nevada Natural Heritage 
 
 



Nevada
'M'~qNatural

'. Hentage

~am
Nevada Natural Heritage Program
Nevada Department of Conservation and Natural Resources

Richard H. Bryan Building
901 South Stewart Street, suite 5002 • Carson City, Nevada 89701-5245, U.S.A.

tel: (775) 684-2900 • internet: http://heritage.nv.gov

28 February 2007

Ranaj it Sahu
Basic Remediation Company
875 W Warm Springs Rd.
Henderson, NY 89011

RE: Data request received 23 February 2007

Dear Mr. Sahu:

We are pleased to provide the information you requested on endangered, threatened, candidate, and/or At Risk plant and animal
taxa recorded within or near the BRC Common Areas-CAMU Project area. We searched our database and maps for the
following a 5 kilometer radius around including:

Township 22S Range 62E Sections 11 and 12

There are no at risk taxa recorded within the given area. However, habitat may be available for: the big free-tailed bat,
Nyctinomops macrotis, a Nevada Bureau of Land Management (BLM) Sensitive Species; the spotted bat, Euderma maculatum,
a Nevada BLM Special Status Species; the Arizona toad, Eulo microscaphus, a Nevada BLM Sensitive Species; the desert
tortoise, Gopherus agassizii, a Federally Threatened Taxon; the chuckwalla, Sauromalus ater, a Nevada BLM Sensitive
Species; and the banded Gila monster, Heloderma suspectum cinctum, a Nevada BLM Special Status Species. We do not have
complete data on various raptors that may also occur in the area; for more information contact Ralph Phenix, Nevada Division
of Wildlife at (775) 688-1565. Note that all cacti, yuccas, and Christmas trees are protected by Nevada state law (NRS
527.060-.120), including taxa not tracked by this office.

Please note that our data are dependent on the research and observations of many individuals and organizations, and in most
cases are not the result of comprehensive or site-specific field surveys. Natural Heritage reports should never be regarded as
final statements on the taxa or areas being considered, nor should they be substituted for on-site surveys required for
environmental assessments.

Thank you for checking with our program. Please contact us for additional information or further assistance.

Sincerely,

Eric S. Miskow
Biologist III/Data Manager
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REVISED

REMEDIAL ACTION PLAN (RAP)

PERMIT ApPLICATION FOR

CORRECTIVE ACTION MANAGEMENT UNIT (CAMU)

HENDERSON, NEVADA

Submitted to:

Nevada Division of Environmental Protection
90 I South Stewart Street - 4th Floor

Carson City, Nevada 8970 I
(775) 687-4670

Prepared for:

B ~R~d'.aslC erne lattoo
COMPANY

Basic Remediation Company
875 West Warm Springs Road
Henderson, Nevada 89015
(702) 567-0400

Prepared by:

GeoSyntec Consultants
10875 Rancho Bernardo Road, Ste. 200

San Diego, California 92127
(858) 674-6559

November 2006
Revised:

March 2007



COMPANY

14 November 2006

Mr. Jeff Denison
Nevada Department of Environmental Protection
90 I South Stewart Street - 4th Floor
Carson City, Nevada 8970 I

Subject: Revised Remedial Action Plan Permit Application
Basic Remediation Company
Corrective Action Management Unit
Henderson, Nevada

Dear Mr. Denison:

Basic Remediation Company (BRC) is pleased to provide this Remedial Action Plan (RAP)
Permit Application for the Corrective Action Management Unit (CAMU) located in Henderson,
Nevada. The proposed BRC CAMU encompasses approximately 55 acres located within Sections
11 and 12 of Township 22 South, Range 62 East, in accordance with the Record of Decision
(ROD) dated 2 November 2001.

This RAP is defined as a Resource Conservation Recovery Act (RCRA) permit that authorizes
the disposal of remediation waste at a remediation waste management site. This permit
application provides the information necessary to obtain a RAP as specified in 40 CFR 270,
Subpart H. The proposed disposal unit is conservatively designed to meet the regulatory
requirements for a CAMU, as referred to in 40 CFR 264.552.

As described in this application, the proposed disposal facility will be receiving remediation
waste from the Basic Management, Inc., (BMI) Common Areas effluent ponds. Conceptual-level
design, construction, and operations plans for the active and closed life of the facility are outlined
in the enclosed Attachments. Additional details will be provided as part ofa final design package.
This application is for planning purposes only and is not intended to serve as a construction
document.

If you have any questions or require additional information, please contact me at (702) 567 
0465.

Sincerely,

1?:~\r~
Dr. Ranajit Sahu, C.E.M.
BRC Project Manager

875 West Warm Springs, Henderson, Nevada 89015 • Phone 702.567.0400 • Fax 702.567.0473



I hereby certify that I am responsible for the services described in this

document and for the preparation of this document. The services described

in this document have been provided in a manner consistent with the current

standards of the profession and to the best of my knowledge comply with all

applicable federal, state and local statutes, regulations and ordinances. I
hereby certify that all laboratory analytical data were generated by a

laboratory certified by the NDEP for each constituent and media presented

herein.

April 6, 2007

Date
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1.0 INTRODUCTION

On behalf of Basic Remediation Company (BRC), GeoSyntec Consultants
has prepared this REVISED Remedial Action Plan (RAP) petmit application to operate
a Remediation Waste Management System (RWMS) in Clark County, Nevada. A
previous version of this document was submitted to the Nevada Division of
Environmental Protection (NDEP) in January 2000 by Parsons Engineering Science of
Pasadena, CA (Parsons, 2000). The NDEP requested in 2005 that the RAP be
refreshed, and a draft document was submitted in response in March 2006. Based on
the NDEP's comments to the March 2006 draft, this REVISED RAP has been prepared
and is herewith submitted. This document includes the application and suppotiing
documcntation for a proposed CotTective Action Management Unit (CAMU), hereafter
refetTed to as the BRC CAMU. This pennit application is being submitted to the
NDEP, Carson City, Nevada.

This application provides the information needed to obtain a RAP as
specified in 40 CFR 270, Subpart H. In this context, a RAP is defined as a special form
of RCRA permit that authorizes the disposal of rcmediation waste at a remediation
waste management site. This type of pennit was developed as part of the Hazardous
Waste Identification Rule for Contaminated Media, or "HWIR-media rule" (63 FR
65874). As stated in the United States Environmental Protection Agency (USEPA)
Environmental Fact Sheet on the Final HWIR-Media Rule (EPA530-F-98-029), this
rule is designed to eliminate existing regulatory disincentives to remediation, make site
cleanup faster and easier, and, thus, provide increased protection to human health and
the environment.

As described in this application, the proposed disposal facility will only be
receiving remediation wastc. The proposed unit is conservatively designed to meet the
regulatory requirements for a CAMU, as referred to in 40 CFR 264.552. This document
provides conceptual-level design. Additional details will be provided as pati of a final
design package. Final design will be developed concUlTently with review of the petmit
application.

The purpose of the proposed BRC CAMU is to provide a permitted disposal
facility at the NDEP-approved location (per the Record of Decision dated 2 November
2001) for wastes generated during the voluntary cleanup of certain areas of the BMI
Common Areas (the "Site"), as specifically contemplated by the "Nevada Division of
Environmental Protection Settlement Agreement and Order on Consent: BMI Common
Areas, Phase 3" (the "AOC3") dated February 15, 2006, and as defined in the
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Corrective Action Plan (CAP) (BRC, 2006). POliions of the Site have been impacted
during the legal disposal of various materials, including industrial wastes and cooling
waters. The NDEP provides oversight of the voluntary cleanup activities. As a result
of the NDEP's review of the "Remedial Alternatives Study (RAS) for the BM!
Common Areas" (ERM, 1999), and subsequent discussion with BRC, the loeation
stated in remedial alternative 4B was approved as the prefelTed location of waste
materials generated from the voluntary cleanup of the Site. The actual text of the
NDEP's eomment is provided below for reference.

"Per discussions with Basic Remediation Company (Robin Bain) on August 5,
1999, the Division assumes this alternative (4B in the RAS) has been modified
to locate soils within the confines of BM! propeliy immediately sun'ounding the
current BM! Landfill. Based on cUITently available infonnation, co-location of
impacted soils with the BM! Landfill is the current preference of the Division
for soil disposal."
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2.0 BACKGROUND

The proposed BRC CAMU is located within Sections 11 and 12 of
Township 22 South, Range 62 East, approximately 10,000 feet west-northwest of the
intersection of Lake Mead Drive and Boulder Highway and approximately 3,500 feet
west-southwest of intersection of Warm Springs Road and Boulder Highway
(Attachment A). The site is approximately 13 miles south of the City of Las Vegas.
The proposed BRC CAMU is located within the boundaries of the BMI Common Areas
and is bordered on the north, east, and south by the BMI Industrial Complex. The BMI
Industrial Complex consists of four operational plants west of Boulder Highway and
north of Lake Mead Drive.

The proposed BRC CAMU is located within a 1l3-acre area northwest of
the active plant area of the BMI Complex (Attachment B). Approximately 55 acres, the
footprint of the BRC CAMU consists of two contiguous landfill areas, known as the
NOlih Mesa and South Mesa (Attachment B). The separate, distinct, and existing BMI
Landfill occupies approximately 66 acres of this area and was initially used as effluent
disposal ponds for the Basic Magnesium, Inc. magnesium refinery since its inception.
Following shut-down of the refinery in November 1944, the two western-most ponds
were converted to a solid waste disposal area which became known as the BMI
Landfill. Use of this Landfill continued by successor operations until its closure in
Febmary 1980.

Immediately to the south of the BMI Landfill, a series of slit trenches were
excavated during the 1950s through 1970s. A range of refuse and industrial wastes
were placed into these slit trenches, the use of which was discontinued prior to 1980.
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3.0 OVERVIEW

This pennit application addresses the requirements for a RAP, as specified in
40 CFR 270. Table I of this pennit application includes introductory material and
citations of where each regulatory requirement is addressed in this application package.
Attachment I contains site location information. Attachment R provides documentation
of financial assurance.

Plans relating to Waste Characterization, Monitoring Programs, and Post
Closure are presented in Attachments C, N, and 0 respectively. The conceptual design
for the proposed BRC CAMU is discussed in Attachment J. Drawings are provided in
Section I of the Supplement RAP Infonnation (SRAPI). Attachment C also includes a
general discussion of the waste material to be disposed of in the landfill as well as
provides summary tables of analytical data for these waste source areas.

A geotechnical evaluation of the site is presented in Section 8 of the SRAPI.
The geotechnical study encompasses the proposed landfill (Borings B1 through B-12
and B-1 02) and Basic Environmental Company (BEC) property immediately to the west
and northwest of the proposed landfill. In addition, boring logs for recent slit trench
investigation work are presented in Section 8 of the SRAPI.

Attachment 0 includes discussion of the BRC CAMU Closure Plan with
conceptual design parameters for the final cover along with supporting infiltration
modeling information and conceptual design of the Final Cover System.
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4.0 REQUIRED INFORMATION

This section outlines the information required for a RAP application, as
specified in 63 FR 65942 and 40 CFR 270.110. For those requirements that call for
detailed explanation or the use of drawings, reference is provided to the appropriate
section or drawing within this document. Table I is provided as an outline of applicable
regulatory requirements, with references to pertinent sections of this RAP application.

The following is a list of the RAP application questions and associated
responses:

(a) The name, address, and USEPA identification number of the remediation waste
management site;

BRC CAMU, Clark County, 22S/62E111 and 12; EPA 1D# NVD074150798

(b) The name, address, and telephone number of the owner and operator;

Basic Remediation Company, 875 West Warm Springs Road, Henderson, Nevada;
Phone: 702-567-0400

(c) The latitude and longitude of the site;

Latitude: 36D 02M 56.23S N (36.048953 decimal degrees)
Longitude: 115D OOM 47.5 IS If! (-115.013197 decimal degrees)

(d) The United States Geological Survey (USGS), or county map, showing the
location of the remediation waste management site;

The proposed BRC CAMU site is located on the USGS Las Vegas SE, Nevada,
Clark County quadrangle map. The site location is shown on Attachment A.

(e) A scaled drawing of the remediation waste management site showing:
1. The remediation waste management site boundaries;
2. Any significant physical structures; and
3. The boundary of all areas on-site where remediation waste IS to be

treated, stored, or disposed.

A scaled drawing showing all the required information is provided as Attachment B.
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(t) A specification of the remediation waste to be treated, stored or disposed of at
the facility or remediation waste management site. This must include
information on:

I. Constituent concentrations and other properties of the remediation
wastes that may affect how such materials should be treated and/or
otherwise managed;

Properties and constituent concentrations of the waste materials
proposedfor placement in the ERC CAMU are provided in Attachment C
ofthis document, entitled" Waste Analysis Plan".

2. An estimate of the quantity of these wastes; and

As noted in Attachment C, the estimated quantity of waste material is
approximately 3.5 million cubic yards.

3. A description of the processes you will use to treat, store, or dispose of
this waste, including technologies, handling systems, design and
operating parameters you will use to treat hazardous remediation wastes
before disposing of them according to the Land Disposal Restrictions
(LDR) standards of part 268 of this chapter, as applicable.

The process to be used in handling and disposal of the waste is outlined
in Attachments C through P ofthis RAP permit application.

(g) Enough information to demonstrate that operations that follow the provisions in
your RAP application will ensure compliance with applicable requirements of
parts 264, 266, and 268 of this chapter;

Table I is provided as an outline of the applicable regulatOl:Y requirements. with
r~ferences to pertinent sections of this RAP application, which demonstrate
compliance.

(h) Such information as may be necessary to enable the Regional Administrator to
carry out his duties under other Federal laws, as is required for traditional
RCRA permits under 270.14(b)(20);
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This RAP permit application is intended to provide s!!/Jicient information to enable
the Regional Administrator to carry out his/her duties under other Federal Law, as
is requiredfor traditional ReRA permits under 270.14(b)(20).

(i) Any other information the Director decides is necessary for demonstrating
compliance with this subpart or for determining any additional RAP conditions
that are necessary to protect human health and the environment.

This RAP permit application is intended to provide sufficient information regarding
siting, design, and operation to determine compliance with RAP conditions that are
necessary to protect human health and the environment.
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Table 1
Regulatory Requirements

BRCCAMU
Henderson, Nevada

Reference Description/Comments Location
270.105 Owner and operator signature and certification Cover Letter
270.11

a name, address, EPA 1D # of site Page 5
Name, address, and telephone number of the owner and

b ooerator Page 5

c The latitude and longitude of the site Page 5
USGS or county map showing the location of the

d RWMS Attachment A
e Scaled Drawing Attachment B

I Remediation waste management site boundaries Attachment B
2 Significant physical structures Attachment B

Boundary of all area where remediation waste is to be
3 disposed Attachment B

Specification of the hazardous remediation waste to be Waste Analysis Plan

f treated, stored, or disposed of at the facilitv or RWMS IrAttachment C)
Constituent concentrations and other properties relevant
to how materials should be treated or otherwise Waste Analysis Plan

I managed IrAttachment C)
Waste Analysis Plan

2 Estimate of the quantitv of these wastes Attachment C)
Description of the process (if any) used to treat material

before disposing according to applicable LDR Waste Analysis Plan

3 standards of part 268 Attachment C)
Information to demonstrate that operations that follow

the provisions in the RAP application will ensure

compliance with the applicable requirements of parts
, 264, 266, and 268 See sublistings below

Subpart A of 264 excuses this site from the
requirements of Subpart B, C, and D of 264. The site

264 Subpart A will complv with the requiremetns of 264.](i) instead
264.1 (j)(l) Obtain EPA 1D number Page 5

Obtain detailed chemical and physical analysis of Waste Analysis Plan
264.1 (j)(2) wastes to be managed at the site IfAttachment C)

Prevent inadvertent or deliberate access to site by Security Plan (Attachment
264. ](])(3) unauthorized people or livestock D)

Inspect site for malfunctions, deterioration, etc. that
may cause or lead to release of hazardous waste Inspection Plan

264. I(j)(4) constituents to the environment, etc. IfAttachment E)
Provide personnel training on how to perform duties Personnel Training Plan

264. ](i)(5) and respond effectively to emergencies IfAttachment F)
Accident Prevention,

Take precautions to prevent accidental ignition or Contingency, and
reaction of ignitable or reactive waste, and mixing of Emergency Response Plan

264.1 (j)(6) incompatible waste IrAttachment OJ

264.1 (j)(7) Floodplain documentation Figure I-I (Attachment I)

No placement of waste in salt dome or underground
264. I(j)(8) mine or cave Not Applicable
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Table 1
Regulatory Requirements

BRCCAMU
Henderson, Nevada

Landfill Design,
Construction, and

Develop and maintain a construction quality assurance Operation Plan
264.1(j)(9) Iprogram for CAMU landfills IIAttachment L)

Accident Prevention,
Develop and maintain procedures to prevent accidents Contingency, and
and a contingency and emergency plan to control Emergency Response Plan

264.1 (j)(1 0) accidents that occur IIAttachment 0)
Accident Prevention,
Contingency, and
Emergency Response Plan

264.1(j)(] I) Emergencv coordinator/designee IfAttachment 0)
Develop, maintain, and implemnet a plan to meet the
requirements in paragraphs (j)(2) through 0)(6) and

264. I (j)(I2) (\)(9) throu"h (\)(] 0) of 264.1 See respective plans
Recordkeeping and

Maintain records documenting compliance with Reporting Plan
264. 1(j)(1 3) paragraphs (j)(I) through (j)(I2) of 264.1 IIAttachment T)
264 Subpart B Not Applicable
264 Subpart C Not Applicable
264 Subpart D Not Applicable

Recordkeeping and
Reporting Plan

264 Subpart E Recordkeeping and Reporting IfAttachment T)
264 Subpart F Releases from Soild Waste Management Units

Closure and Post Closure
264 Subpart 0 Closure and Post Closure Plan (Attachment 0)

Financial Assurance Plan
264 Subpart H Financial Requirements (Attachment R)
264 Subpart 1 - M Not Applicable

Landfill Design,
Construction, and

Operation Plan
264 Subpart N Landfills Attachment J, L, M)
264.30I(a) Not ApPlicable
264.301(b) Not Applicable
264.30I(c) See 264.301(d) instead

Landfill Design,
Construction, and
Operation Plan

264.301(d) Alternative design and operating practices IIAttachmentJ, L, M)
Landfill Design,
Construction, and
Operation Plan

264.30I(e) Double liner waiver IfAttachment J, L, M)
264.301(1) Not Applicable

Page 2 of4



Table 1
Regulatory Requirements

BRCCAMU
Henderson, Nevada

Landfill Design,
Construction, and
Operation Plan

264.30I(g) Run-on control system Attachment J, L, M)
Landfill Design,
Construction, and
Operation Plan

264.30I(h) Run-off control system Attachment J, L, M)
Landfill Design,
Construction, and

Collection and holding facilities for run-on and run-off Operation Plan
264.3010) control systems I Attachment J, L, M)

Operation Plan
264.301(j) Wind Disoersal/dust control Attachment M)
264.30I(k)
264.301!l) Not Aoolicable
O-R
S Special Provisions for Cleanup

CAMU-eligibility of waste/contiguousness of
264.552(a) I property/prohibition of liquids
264.552(b) Not Aoolicable
264.552( c) NDEP will address in RAP permit

Sufficient information to enable NDEP to designate a
264.552(d) CAMU

Origin of waste and how it was subsequently managed
(including a description of the timing and Waste Analysis Plan

I circumstances surrounding the disoosal and/or release) IIAttachment C)
Whether the waste was listed or identified as hazardous Waste Analysis Plan

2 at the time of disposal and/or release Attachment C)
Whether the disposal and/or release of the waste
occurred before or after the land disposal requirements Waste Analysis Plan

3 of Dart 268 were in effect IIAttachment C)
264.552 e)

1 Aerial configuration ofCAMU Attachment B
Waste Analysis Plan

2 Specification of CAMU-eligible wastes IIAttachment C)
Landfill Design

3 Minimum design requirements Attachment J)

Waste Analysis Plan
4 Minimum treatment requirements IIAttachment C)

Waste Analysis Plan
i Principal hazardous constituents (PHCs) IIAttachment C)

Waste Analysis Plan
ii PHCs vs. Universal Treatment Standards (Attachment C)

Demonstration/acknowledgement ofPHCs subject to Waste Analysis Plan
iii UTS Attachment C)

Waste Analysis Plan
iv Treatment Standards for wastes placed in CAMU Attachment C)
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Table 1
Regulatory Requiremeuts

BRCCAMU
Henderson, Nevada

Waste Analysis Plan
v Adiusted standards Attachment C)

Waste Analysis Plan
vi Treatment Timeline/location Attachment C)

Closure and Post Closure
vii CAMU Closure Plan (Attachment 0)

Requirements for groundwater monitoring and Monitoring Plan
5 corrective action Attachment N)
6 Closure and Post Closure Requirements

Design elements and procedures to minimize need for Landfill Design,
further maintenance and to control or eliminate escape Construction, and
of hazardous constituents (including leachate) to the Operation Plan

i ground, air, surface, and/or groundwater Attachment J, L, M)

Requirements for excavation, removal, treatment, or
containment of waste. Requirement and procedures for
removal and decontamination of equipment, devices,
and structures used in material management activities Operating Plan; Closure
(include surveying, excavation, transportation, and and Post-Closure Plan

ii placement of waste material). Attachments M, 0)
WAP, Closure and Post-

Specific Requirements based on CAMU characteristics, Closure Plan (Attachment
iii volumes, characteristics of waste, potential for release C,O)
iv Cao Requirements

Closure and Post Closure
v Post-Closure Requirements Plan (Attachment 0)

264.552(t) Not Applicable
264.552(0) Not Applicable
264.552(h) Will be addressed by NDEP in RAP Permit
264.552(i) Will be addressed bv NDEP in RAP Permit
264.552(j) Not Applicable
264.552 k) Will be addressed bv NDEP in RAP Permit

T-EE Not Applicable
266 Not Aoolicable

Waste Analysis Plan
268.5 LDR treatment Standards [see 264.442(e)(4)1 I(Attachment C)

Alternative LDR treatment standards for contaminated Waste Analysis Plan
268.5 soil (Attachment C)

Information to enable Administration to carry out
duties under other Federal laws as required under

h 270.l4(b)(20) Attachment U
Other information the Director decides is necessary for
compliance with 270 Subpart H or determining any
additional RAP conditions that are necessary to protect

i human health and the environment Attachment V
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1.0 INTRODUCTION

The Basic Remediation Company (BRC) site-related chemicals (SRC) list, as
approved by the Nevada Division of Environmental Protection (NDEP), currently
includes a wide range of analytes, including many chemicals with universal treatment
standards (UTS), as defined in Code of Federal Regulations (CFR) Title 40, Chapter
268.48 (40 CFR 268.48). The UTS list, with those constituents on the BRC SRC list
identified, is shown in Table C-l. All areas where wastes are present or may be present
based on visual evidence and an understanding of the Conceptual Site Model (CSM),
along with measured or anticipated waste depths, are shown on Figure C-l. Although
additional remediation may be required in areas not shown in order to meet project risk
goals, wastes are not present in discemable quantities in other areas; therefore, sampling
in areas not shown as containing wastes in Figure C-l would not provide a realistic
representation of waste composition (i.e., any samples collected will be unavoidably
diluted with non-waste soils, thus rendering them unrepresentative of waste materials).
Although sporadic waste sampling efforts have been conducted in the past within the
BMI Common Areas, the recent Waste Sampling and Analysis effort in 2006 was a
systematic attempt to characterize the wastes present in the Common Areas. This recent
round of sampling also utilized the final SRC list for the BMI Common Areas, thereby
providing the largest number of analytes for analysis. Thus, this most recent sampling
provides the most complete characterization of the wastes and is summarized in this
Attachment. It should be noted, however, that since these waste sampling results reflect
the condition of the wastes as they are present in the source areas, there is likely to be
some unavoidable commingling of wastes and non-waste materials during removal
actions leading to dilution - thus, the characteristics of the wastes prior to placement in
the CAMU may therefore be somewhat different. In this respect the results presented and
discussed in this Attachment are conservative.

2.0 INVESTIGATIVE HISTORY

The 2006 waste characterization investigation, pursuant to an approved
workplan by NDEP, focused on areas within the BMI Common Areas (Eastside) where
wastes are located. Each of the samples collected from these areas was a composite grab
sample in order to provide a representative concentration of the wastes present. Details of
this compositing approach are shown in Table C-2 and Figure C-2, and Figures C-3A
through C-3C.

The methodology for the solid matrix samples and waste water sample were in
accordance with the project Field Sampling and Standard Operating Procedures (FSSOP;
BRC and MWH 2006a) for surface and subsurface soil sample collection, including pre
field activities. The project Health and Safety Plan (HSP; BRC and MWH 2005) and
Quality Assurance Project Plan (QAPP; BRC and MWH 2006b) prepared for the BMI
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Common Areas were also used for this work. All work was completed under the
direction of a State of Nevada Certified Environmental Manager (CEM).

The vast majority of the wastes present are soils and sediments; however, for
completeness BRC also sampled the only wastewater present - namely in the TIMET
Pond SW-12. This pond and the other TIMET ponds are no longer in service and the free
water contained therein are evaporating. The primary purpose of the sampling effort was
to (a) complete characterization of the remedial wastes in order to address certain
regulatory requirements petiaining to their anticipated excavation and placement into the
proposed CAMU; and (b) to assist with continued development of the BMI Common
Areas (Eastside) CSM.

Waste characterization was performed to detennine whether excavated
materials comply with minimum treatment requirements (MTRs) prior to placement into
a land disposal unit. As such the Waste Sampling and Analysis Plan (BRC, 2006) that
was prepared and approved by the NDEP, with incorporated comments, complied with
and was intended to support regulations at 40 CFR 270.110(f); 40 CFR 264(1)(j)(2); 40
CFR 264.552(d); 40 CFR 264.552(e)(2)&(4); and 40 CFR 268.49 (U.S. Environmental
Protection Agency [USEPA] 2005).

Samples were collected from the following areas:

• Alpha ditch: composite samples were collected from three locations along the length
of the alpha ditch. Each of the three sample locations consisted of composite samples
from three equidistant locations (50 feet apati) and from two depths each.

• Beta ditch: composite samples were collected from three locations along the length of
the beta ditch. Each of the three sample locations consisted of composite samples
from three equidistant locations (50 feet apart) and from three depths each.

• IRM soil holding ponds: a single composite sample was collected from each of the
IRM holding ponds - these are seven of the Upper Ponds. Each IRM holding pond
sample consisted of composite samples from two locations within the holding pond
and from two depths each. Since these ponds are capped for dust mitigation
purposes, the upper sampling interval was below the cap.

• Mohawk area: a single composite sample was collected which consisted of samples
from ponds PUE-OI, PUE-02, PUF-OI, and PUF-02 collected from surface soils.

• No-build area: three composite samples were collected which consisted of samples
from ponds within the no-build area footprint. Each no-build area sample consisted
of composite samples from four to five ponds each (as discussed in Table C-2)
collected from surface soils.
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• Sunset North area: a single composite sample was collected which consisted of
samples from ponds west of the no-build area (as discussed in Table C-2) collected
from surface soils. These ponds have undergone previous IRM activities.

• Spray Wheel: two composite samples were collected which consisted of samples
from ponds with sediments within the Spray Wheel area. Each Spray Wheel sample
consisted of composite samples from three to four ponds (as discussed in Table C-2)
collected from two depths each.

• TIMET abandoned test pit: a single composite sample was collected which consisted
of two samples from within the test pit footprint and from two depths each.

• Fonner Espey Construction site: a single composite sample was collected which
consisted of two samples from within the construction site footprint and from two
depths each.

• Other TIMET debris areas: a single composite sample was collected which consisted
of samples from four areas identified as debris or storage areas (other than TIMET
ponds, test pit or Espey Construction site). The other debris composite sample
consisted of one sample from each of the four locations and from two depths each.

• TIMET benns: four composite samples were collected from berms between each of
the TIMET ponds. Each sample consisted of composite samples from three locations
from two depths each. Although the benns have not received any TIMET wastes,
they were constructed via grading of historic 8MI ponds located in this area.

• TIMET OPW ponds: two composite samples were collected which consisted of
samples from each OPW pond. Each OPW pond sample consisted of composite
samples from six to eight ponds each collected from two depths each. Only two
samples were collected since the nature of the OPW wastes deposited in these ponds
is unifonn. A separate sample was collected from OPW Pond #12 since TIMET used
this pond for disposal of lime bottoms. A single composite sample was collected
consisting of samples from two locations within this pond and from two depths each.

• TIMET ponds: a single composite sample was collected from each of the 16 TIMET
ponds. Each TIMET pond sample consisted of two composite samples from within
the pond collected from two depths each. In addition, a wastewater sample was
collected from Pond SW-12.

• Upper ponds: composite samples were collected, which consisted of samples from
each of first seven upper pond rows from ponds with sediment (one composite sample
per row). Each upper pond sample consisted of composite samples from four to six
ponds each (as discussed in Table C-2) collected from two depths each.

Field sampling was conducted from July 26 through August 9, 2006. Through
this effort, 53 soil samples and one sediment sample were collected for analyses, which
were composited from 300 individual sample locations. A separate Data Validation
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Summary Report (Dataset #39) was prepared and submitted to NDEP (BRC and MWH
2006c). This report was approved by the NDEP in November 2006. This repOlt contains
an electronic version of the waste characterization sampling database. Table C-3
summarizes the results of this investigation.

Table C-5 shows the estimated impacted soil volumes associated with the various waste
areas. Figure C-4 shows the waste area locations.

3.0 RESULTS

A summary of the results of the waste sampling and analysis is provided in
Table C-4. This table presents the minimum and maximum detected concentrations for
each of the SRCs with a listed UTS, as defined in 40 CFR 268.48. The chemical-specific
UTS times 10 and the chemicals that have been detected in concentrations that exceed 10
times their UTS are also indicatcd in Table C-4. Those chemicals with maximum
concentrations that exceed 10 times their UTS are also compared to: 1) a potential
carcinogenic direct risk from ingestion or inhalation at the site at or above 10-3

, and 2) a
non-carcinogenic direct risk from ingestion or inhalation at the site an order of magnitude
or greater over their reference dose. As discussed by USEPA (2002), hazard quotients
are used as a measure of unacceptable exposure to constituents that produce toxic
endpoints other than cancer.

USEPA Region 9 preliminary remediation goals (PROs) tables provide
exposure pathway-specific risk-based comparison values (USEPA 2004). These tables
provide values for both carcinogenic and non-carcinogenic risks. If a patticular chemical
has both carcinogenic and non-carcinogenic toxicity criteria, these tables provide values
for both these endpoints. Therefore, USEPA Region 9 residential PROs for both
carcinogenic and non-carcinogenic risks for the combined ingestion and inhalation
exposure pathways were used in this analysis. Because PROs for carcinogens are based
on a cancer risk level of 10-6

, the values in the PRO tables were multiplied by 1,000 to
obtain a 10-3 risk level. PROs for non-carcinogens, which are based on a hazard quotient
of 1, were multiplied by 10. These adjusted PRO values are shown in Table C-4 for
those chemicals that exceeded 10 times their UTS. These chemicals were 2,4'-DDE, 4,4'
DDD, 4,4'-DDE, 4,4'-DDT, beta-BHC, 1,2,3,4,6,7,8-HpCDD, 1,2,3,4,6,7,8-HpCDF,
1,2,3,4,7,8,9-HpCDF, OCDD, and OCDF. Because PRO values were not available for
2,4'-DDE, values for 4,4'-DDE were used as a sun·ogate. PRO values for each of the
dioxin congeners were obtained by multiplying the PRO for 2,3,7,8-TCDD by each
congener's respective toxicity equivalency factor (TEF). All of the chemicals are
considered carcinogens and have PROs for carcinogenic risks. 4,4'-DDT and beta-BHC
also have PROs for non-carcinogenic risks. As indicated in Table C-4, none of these
chemicals equal or exceed either a potential carcinogenic direct risk from ingestion or
inhalation of 10-3

, nor a non-carcinogenic direct risk from ingestion or inhalation an order
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of magnitude or greater over their reference dose. Therefore, all of the waste materials in
the Eastside meet the UTS/MTR requirements.
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TABLE C-I
SITE-RELATED CHEMICALS - UNIVERSAL TREATMENT STANDARDS

(page I of II)

Universal Treatment Standard
Parameter of Analytical CAS Wastewater Nonwastewater

Interest Method Compound List Number mgIL mg/kg mg/LTCLP
Ions EPA 300.0 Bromide 24959-67-9 NA NA NA

Bromine 7726-95-6 NA NA NA
Chlorate 14866-68-3 NA NA NA
CWoride 16887-00-6 NA NA NA
CWorine (soluble) 7782-50-5 NA NA NA
Chlorite 14998-27-7 NA NA NA
Fluoride 16984-48-8 35 NA NA
Nitrate (as N) 14797-55-8 NA NA NA
Nitrite (as N) 14797-65-0 NA NA NA
Orthophosphate 14265-44-2 NA NA NA
Sulfate 14808-79-8 NA NA NA

EPA 377.1 Sulfite 14265-45-3 NA NA NA
EPA 314.0 Perchlorate 14797-73-0 NA NA NA

Dissolved Gases RSK175 Ethane 74-84-0 NA NA NA
Ethylene 74-85-1 NA NA NA
Methane 74-82-8 NA NA NA

Chlorinated EPA 551.1 CWoral 75-87-6 NA NA NA
Compounds Dichloroacetaldehyde 79-02-7 NA NA NA

Polychlorinated EPA 8290 I ,2,3,4,6,7,8,9-0ctacWorodibenzofuran 39001-02-0 o000063 0005 NA
Dibenzodioxinsl I ,2,3,4,6,7,8,9-0ctacWorodibenzo-p-dioxin 3268-87-9 0.000063 0.005 NA
Dibenzofurans 1,2,3,4,6,7,8-HeptacWorodibenzofnran 67562-39-4 0.000035 0.0025 NA

1,2,3,4,6,7,8-HeptacWorodibenzo-p-dioxin 35822-46-9 0.000035 0.0025 NA
1,2,3,4,7,8,9-HeptacWorodibenzofuran 55673-89-7 o000035 0.0025 NA
1,2,3,4,7,8-HexacWorodibenzofnran 70648-26-9 NA NA NA
1.2.3,4,7,8-Hexachlorodibenzo-p-dioxin 39227-28-6 NA NA NA
1,2,3,6,7,8-HexacWorodibenzofuran 57117-44-9 NA NA NA
1,2,3,6,7,8-HexacWorodibenzo-p-dioxin 57653-85-7 NA NA NA
1,2,3,7,8,9-HexacWorodibenzofuran 72918-21-9 NA NA NA
1,2,3,7,8.9-Hexachlorodibenzo-p-dioxin 19408-74-3 NA NA NA
1,2,3,7,8-PentacWorodibenzofuran 57117-41-6 NA NA NA
1,2,3,7,8-Pentachlorodibenzo-p-dioxin 40321-76-4 NA NA NA
2,3,4,6,7,8-HexacWorodibenzofnran 60851-34-5 NA NA NA
2,3,4,7,8-PentacWorodibenzofuran 57117-31-4 NA NA NA
2,3,7,8-Tetrachlorodibenzofnran 51207-31-9 NA NA NA
2,3,7,8-Tetrachlororodibenzo-p-dioxin 1746-01-6 NA NA NA

Asbestos ElutriatorrrEM Asbestos 1332-21-4 NA NA NA
General Chemistry EPA 350.2 Ammonia (as N) 7664-41-7 NA NA NA

Parameters EPA 901019014 Cyanide (Total) 57-12-5 1.2 590 NA
EPA 345.1 Iodine 7553-56-2 NA NA NA
EPA 9045C pH in soil IpH NA NA NA



TABLE C-I
SITE-RELATED CHEMICALS - UNIVERSAL TREATMENT STANDARDS

(page 2 of 11)

Universal Treatment Standard
Parameter of Analytical CAS Wastewater Nonwastewater

Interest Method Compound List Number mgIL mg/kg mg/LTCLP
General Chemistry EPA 9040B pH in water pH NA NA NA

Parameters EPA 376.11376.2 Sultide 184%-25-8 14 NA NA
Mod. EPA 415.1 Total inorganic carbon 7440-44-0 NA NA NA

EPA 351.2 Total Kje1dahl nitrogen (TKN) TKN NA NA NA
EPA 415.1 Total organic carbon (TOC) 7440-44-0 NA NA NA

Metals EPA 6020/6010B Aluminum 7429-90-5 NA NA NA
Antimonv 7440-36-0 1.9 NA 1.15
Arsenic 7440-38-2 1.4 NA 5
Bariwu 7440-39-3 1.2 NA 21
Beryllium 7440-41-7 0.82 NA 1.22
Boron 7440-42-8 NA NA NA
CadmilUn 7440-43-9 0.69 NA 0.11
Calciwn 7440-70-2 NA NA NA
Chromium 7440-47-3 2.77 NA 0.6
Cobalt 7440-48-4 NA NA NA
Copper 7440-50-8 NA NA NA
Iron 7439-89-6 NA NA NA
Lead 7439-92-1 0.69 NA 0.75
Lithiwn 1313-13-9 NA NA NA
Magnesiwn 7439-95-4 NA NA NA
Manganese 7439-96-5 NA NA NA
Molybdenum 7439-98-7 NA NA NA
Nickel 7440-02-0 3.98 NA 11
Niobiwll 7440-03-1 NA NA NA
Palladiwn 7440-05-3 NA NA NA
Phosphorus 7723-14-0 NA NA NA
Platinwn 7440-06-4 NA NA NA
Potassium 7440-09-7 NA NA NA
Selenium 7782-49-2 0.82 NA 5.7
Silicon 7440-21-3 NA NA NA
Silver 7440-22-4 0.43 NA 0.14
Sodium 7440-23-5 NA NA NA
Strontiwn 7440-24-6 NA NA NA
Sulfur 7704-34-9 NA NA NA
ThallilUu 7440-28-0 1.4 NA 0.2
Tin 7440-31-5 NA NA NA
Titaniwu 7440-32-6 NA NA NA
Tungsten 7440-33-7 NA NA NA
Uraniwn 7440-61-1 NA NA NA
Vanadiwn 7440-62-2 4.3 NA 1.6



TABLE C-1
SITE-RELATED CHEMICALS - UNIVERSAL TREATMENT STANDARDS

(page 3 of 11)

Universal Treatment Standard
Parameter of Analytical CAS Wastewater Nonw3stewater

Interest Method Compound List Number mg/L mg/kg mg/LTCLP

Metals Zinc 7440-66-6 2.61 NA 4.3
Zirconium 7440-67-7 NA NA NA

EPA 7196A Chromium (VI) 18540-29-9 NA NA NA
EPA 747017471A Mercury 7439-97-6 0.15 NA 0.025

Organophosphorous EPA 8141A Azinphos-ethyI 264-27-19 NA NA NA
Pesticides Azinphos-methyl 86-50-0 NA NA NA

Carbophenothion 786-19-6 NA NA NA
CWomYrifos 2921-88-2 NA NA NA
Cownaphos 56-72-4 NA NA NA
Demeton-O 298-03-3 NA NA NA
Demeton-S 126-75-0 NA NA NA
Diazinon 333-41-5 NA NA NA
DichloIVOS 62-73-7 NA NA NA
Dimethoate 60-51-5 NA NA NA
Disulfoton 298-04-4 0.017 6.2 NA
EPN 2104-64-5 NA NA NA
Ethoprop 13194-48-4 NA NA NA
Ethyl parathion 56-38-2 0.014 4.6 NA
Fampphur 52-85-7 0.017 15 NA
Fenthion 55-38-9 NA NA NA
Malathion 121-75-5 NA NA NA
Methyl carbophenothion 953-17-3 NA NA NA
Methyl parathion 298-00-0 0014 4.6 NA
Mevinphos 7786-34-7 NA NA NA
Naled 300-76-5 NA NA NA
0,0,0-Triethyl phosphorothioate (TEPP) 297-97-2 NA NA NA
Phorate 298-02-2 0021 46 NA
Phosmet 732-11-6 NA NA NA
Ronnel 299-84-3 NA NA NA
Stirophos (Tetrachloroyinphos) 22248-79-9 NA NA NA
Sulfotep 3689-24-5 NA NA NA

Chlorinated EPA 8151A 2,4,5-T 93-76-5 0.72 7.9 NA
Herbicides 2,4,5-TP (SilYex) 93-72-1 0.72 7.9 NA

2,4-D 94-75-7 0.72 10 NA
2,4-DB 94-82-6 NA NA NA
Dalapon 75-99-0 NA NA NA
Dicamba 1918-00-9 NA NA NA



TABLE C-I
SITE-RELATED CHEMICALS - UNNERSAL TREATMENT STANDARDS

(page 4 of 11)

Universal Treatment Standard
Parameter of Analytical CAS Wastewater Nonwastewater

Interest Method Compound List Number mgIL mglkg mglLTCLP
Chlorinated EPA8151A DicWoroprop 120-36-5 NA NA NA
Herbicides Dinoseb 88-85-7 0.066 2.5 NA

MCPA 94-74-6 NA NA NA
MCPP 93-65-2 NA NA NA

Organic Acids HPLC 4-Chlorobenzene sulfonic acid 98-66-8 NA NA NA
Benzenesulfonic acid 98-11-3 NA NA NA
O,O-Diethylphosphorodithioic acid 298-06-6 NA NA NA
O,O-Dimethvlohos horodithioic acid 756-80-9 NA NA NA

Nonhalogenated EPA 8015B Ethylene glycol 107-21-1 NA NA NA
Organics Ethylene glycol monobutyl ether 111-76-2 NA NA NA

Methanol 67-56-1 5.6 NA 0.75
Propylene glycol 57-55-6 NA NA NA

Organochlorine EPA 8081 A 2,4-DDD 53-19-0 0.023 0.087 NA
Pesticides 2,4-DDE 3424-82-6 0.031 0.087 NA

4,4-DDD 72-54-8 0.023 0.087 NA
4,4-DDE 72-55-9 0.031 0.087 NA
4,4-DDT 50-29-3 0.0039 0.087 NA
Aldrin 309-00-2 0.021 0.066 NA
alpha-BHC 319-84-6 0.00014 0.066 NA
al ha-Chlordane 5103-71-9 0.0033 0.26 NA
beta-BHC 319-85-7 0.00014 0.066 NA
CWordane 57-74-9 NA NA NA
delta-BHC 319-86-8 0.023 0.066 NA
Dieldrin 60-57-1 0.017 0.13 NA
Endosulfan I 959-98-8 0.023 0.066 NA
Endosulfan n 33213-65-9 0.029 0.13 NA
Endosulfan sulfate 1031-07-8 0.029 013 NA
Endrin 72-20-8 0.0028 0.13 NA
Endrin aldehyde 7421-93-4 0.025 0.13 NA
Endrin ketone 53494-70-5 NA NA NA
ganmla-BHC (Lindane) 58-89-9 0.0017 0066 NA
gamma-Chlordane 5103-74-2 0.0033 0.26 NA
Heptachlor 76-44-8 0.0012 0.066 NA
Heptachlor epoxide 1024-57-3 0.016 0.066 NA
Methoxychlor 72-43-5 025 0.18 NA
Toxaphene 8001-35-2 0.0095 2.6 NA



TABLE C-l
SITE-RELATED CHEMlCALS - UNIVERSAL TREATMENT STANDARDS

(page 5 of 11)

Universal Treatment Standard
Parameter of Analytical CAS Wastewater Nonwastewatcr

Interest Method Compound List Number mgIL mg/kg mg/LTCLP
Polychlorinated EPA 8082 Aroclor 1016 12674-11-2 NA

Biphenyls (PCBs) Aroclor 1221 11104-28-2 NA
Aroclor 1232 11141-16-5 NA
Aroclor 1242 53469-21-9 NA
Aroclor 1248 12672-29-6 NA
Aroclor 1254 11097-69-1 NA
Aroclor 1260 110%-82-5 NA
PCB-77 32598-13-3 NA
PCB-81 70362-50-4 NA
PCB-I05 32598-14-4 0.1 10 NA
PCB-I 14 74472-37-0 NA
PCB-I 18 31508-00-6 NA
PCB-123 65510-44-3 NA
PCB-I 26 57465-28-8 NA
PCB-l 56 38380-08-4 NA
PCB-I 57 69782-90-7 NA
PCB-I 67 52663-72-6 NA
PCB-169 32774-16-6 NA
PCB-I 89 39635-31-9 NA

Polynuclear EPA 8310 Acenaphthene 83-32-9 NA NA NA
Aromatic Acenaphthylene 208-96-8 NA NA NA

Hydrocarbons Anthracene 120-12-7 NA NA NA
Benzo(a)anlhracene 56-55-3 NA NA NA
Benzo(a)pyrene 50-32-8 NA NA NA
Benzo(b)tluoranthene 205-99-2 NA NA NA
Benzo(g,h,i)perylene 191-24-2 NA NA NA
Benzo(k)tluoranlhene 207-08-9 NA NA NA
Chrysene 218-01-9 NA NA NA
Dibenzo(a,h)anthracene 53-70-3 NA NA NA
Indeno(l,2,3-cd)pyrene 193-39-5 NA NA NA
Phenanthrene 85-01-8 NA NA NA
Pyrene 129-00-0 NA NA NA

Radionuclides EPA 900.0 Gross alpha G Alpha NA NA NA
or EPA 9310 Gross beta G Beta NA NA NA
EPA 901.11 ACliniwn-228 14331-83-0 NA NA NA

HASL GA-lll-R Bismuth-212 14913-49-6 NA NA NA
Bism.uth-214 14733-03-0 NA NA NA
Coball-57 13981-50-5 NA NA NA
Cobalt-60 10198-40-0 NA NA NA



TABLE C-I
SlTE-RELATED CHEMICALS - UNIVERSAL TREATMENT STANDARDS
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Universal Treatment Standard
Parameter of Analytical CAS Wastewater Nonwastewater

Interest Method Compound List Number mg/L mg/kg mg/LTCLP
Radionuclides EPA 901.11 Lead-2l0 14255-04-0 NA NA NA

HASL GA-OI-R Lead-211 015816-77-0 NA NA NA
Lead-212 15092-94-1 NA NA NA
Lead-214 15067-28-4 NA NA NA
Potassium-40 13966-00-2 NA NA NA
Thalliwn-208 14913-50-9 NA NA NA
Thorium-227 15623-47-9 NA NA NA
Thorium-234 15065-10-8 NA NA NA

HASLA-OI-R Thorium-232 7440-29-1 NA NA NA
Thorium-228 14274-82-9 NA NA NA
Thorium-230 14269-63-7 NA NA NA
Uraniwn-2331234 13966-29-5 NA NA NA
Uranium 235/236 15117-96-1 NA NA NA
Uranium-238 7440-61-1 NA NA NA

EPA 903.0/903.1 Radimn-226 13982-63-3 NA NA NA
EPA 904.0 Radium-228 15262-20-1 NA NA NA

Quantitale from Actinium-227 (from Th-227) 14952-40-0 NA NA NA
Parent or Daughter Bismuth-2l0 (Irom Pb-21O) 1433t-79-4 NA NA NA

Radionuclidc Bismuth-211 (Irom Pb-211) 15229-37-5 NA NA NA
Polonium-2l 0 (trom Pb-21O) 13981-52-7 NA NA NA
Polonimn-212 (trom Bi-212) 13981-52-7 NA NA NA
Polonitlln-214 (trom Bi-214) 15735-67-8 NA NA NA
Poloninm-216 (trOln Pb-212) 15756-58-8 NA NA NA
Polonitlln-218 (tram Pb-214) 15422-74-9 NA NA NA
Protactiniwu-231 (from U-235) 14331-85-2 NA NA NA
Protactiniwn-234 (trom Th-234) 15100-28-4 NA NA NA
Radium-223 (lrOln Th-227) 15623-45-7 NA NA NA
Radium-224 (trom Pb-212) 13233-32-4 NA NA NA
Thallium-207 (trom Pb-21 I) 14133-67-6 NA NA NA
Thorium-231 (Irom U-235) 14932-40-2 NA NA NA

Radon FLUX Radon-220 22481-48-7 NA NA NA
Radon-222 14859-67-7 NA NA NA

Aldehydes EPA 8315A Acetaldehvde 75-07-0 NA NA NA
CWoroacetaldehyde 107-20-0 NA NA NA
Dichloroacetaldehyde 79-02-7 NA NA NA
Fonnaldehyde 50-00-0 NA NA NA
Trichloroacetaldehyde 75-87-6 NA NA NA



TABLE C-l
SITE-RELATED CHEMICALS - UNIVERSAL TREATMENT STANDARDS
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Universal Treatment Standard
Parameter of Analytical CAS Wastewater Nonwastewater

Interest Method Compound List Number 109/L 109/kg 109/LTCLP

Semivolatile EPA 8270C 1,2,4,5-Tetrachlorobenzene 95-94-3 0.055 14 NA
Organic 1,2-Diphenvlhvdrazine 122-66-7 0.087 NA NA

Compounds 1,4-Dioxane 123-91-1 12 170 NA
2,2'/4,4'-DicWorobenzil 3457-46-3 NA NA NA
2,4,5-TricWorophenol 95-95-4 0.18 7.4 NA
2,4,6-TricWoro henRI 88-06-2 0.035 7.4 NA
2,4-DicWorophenol 120-83-2 0.044 14 NA
2,4-Dirnethvlohenol 105-67-9 0.036 14 NA
2,4-Dinitrophenol 51-28-5 0.12 160 NA
2,4-Dinitrotoluene 121-14-2 0.32 140 NA
2,6-Dinitrotoluene 606-20-2 0.55 28 NA
2-CWoronanhthalene 91-58-7 0.055 5.6 NA
2-CWorophenol 95-57-8 0044 5.7 NA
2-Methvlnaphlhalene 91-57-6 NA NA NA
2-Nitroaniline 88-74-4 0.27 14 NA
2-Nitrophenol 88-75-5 0.028 13 NA
3,3-DicWorobenzidine 91-94-1 NA NA NA
3-Nitroaniline 99-09-2 NA NA NA
4,4'-Dichlorobenzil 3457-46-3 NA NA NA
4-Bromophenyl phenyl ether 101-55-3 0.055 15 NA
4-CWoro-3-methvlphenol 59-50-7 0.018 14 NA
4-Chlorophenyl phenyl ether 7005-72-3 NA NA NA
4-Chlorothioanisole 123-09-1 NA NA NA
4-Chlorothiophenol 106-54-7 NA NA NA
4-Nitroaniline 100-01-6 0.028 28 NA
4-Nitrophenol 100-02-7 0.12 29 NA
Acenaphthene 83-32-9 0.059 34 NA
Acenaphthylene 208-%-8 0.059 3.4 NA
Acetophenone 98-86-2 0.01 9.7 NA
Aniline 62-53-3 0.81 14 NA
Anthracene 120-12-7 0.059 3.4 NA
Azobenzene 103-33-3 NA NA NA
BenzO<a)anthracene 56-55-3 0.059 3.4 NA
Benzo(a)pvrene 50-32-8 0.061 3.4 NA
Benzo(b)t1uoranthene 205-99-2 0.1/ 6.8 NA
Benzo(g,h,i)perylene 191-24-2 0.0055 1.8 NA
Benzo(k)t1uoranthene 207-08-9 0.11 6.8 NA
Benzoic acid 65-85-0 NA NA NA
Benzyl alcohol 100-51-6 NA NA NA
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Universal Treatment Standard
Parameter of Analytical CAS Wastewater Nonwastewater

Interest Method Compound List Number mg/L mg/kg mglLTCLP

Semivolatile EPA 8270C bis(2-Chloroethoxy)methane 111-91-1 0.036 7.2 NA
Organic bis(2-Chloroethyl) ether 111-44-4 0.033 6 NA

Compounds bis(2-Chloroisopropyl) ether 108-60-1 0.055 7.2 NA
bis(2-Ethv!hexvl) phthalate 117-81-7 NA NA NA
bis(Chloromethyl) ether 542-88-1 NA NA NA
bis(p-Chlorophenvl) sulfone 80-07-9 NA NA NA
bis(p-Chlorophenyl)disulfide 1142-19-4 NA NA NA
Butylbenzvl phthalate 85-68-7 0.017 28 NA
Carbazole 86-74-8 NA NA NA
Chrysene 218-01-9 0.059 3.4 NA
Dibenzo(a,h)anthracene 53-70-3 0.055 8.2 NA
Dibenzofuran 132-64-9 NA NA NA
Dichloromethyl ether 542-88-1 NA NA NA
Diethyl phthalate 84-66-2 0.2 28 NA
Dimethyl phthalate 131-11-3 0.047 28 NA
Di-n-butvl ohthalate 84-74-2 0.057 28 NA
Di-n-octyI phlhalate 117-84-0 0.017 28 NA
Diphenyl disulfide 882-33-7 NA NA NA
Diphenyl sultide 139-66-2 NA NA NA
Diphenyl sulfone 127-63-9 NA NA NA
Fluoranthene 206-44-0 0.068 3.4 NA
Fluorene 86-73-7 0.059 3.4 NA
Hexachlorobenzene 118-74-1 0.055 10 NA
Hexachlorobutadiene 87-68-3 0.055 5.6 NA
Hexachlorocyclooentadiene 77-47-4 0.057 2.4 NA
Hexachloroethane 67-72-1 0.055 30 NA
Hydroxymethyl phthalimide 118-29-6 NA NA NA
Indeno(l,2,3-cd)pyrene 193-39-5 0.0055 3.4 NA
Isoohorone 78-59-1 NA NA NA
m,p-Cresol 106-44-5 0.77 5.6 NA
Naphthalene 91-20-3 0.059 5.6 NA
Nitrobenzene 98-95-3 0.068 14 NA
N-nitrosodi-n-proPVlamine 621-64-7 0.4 14 NA
N-nitrosodiphenylamine 86-30-6 0.92 13 NA
o-Cresol 95-48-7 0.11 5.6 NA
Octachlorostyrene 29082-74-4 NA NA NA
p-Chloroaniline (4-Chloroaniline) 106-47-8 0.46 16 NA
p-Chlorobenzenethiol 106-54-7 NA NA NA
Pentachlorobenzene 608-93-5 0.055 10 NA
Pentachlorophenol 87-86-5 0.089 7.4 NA



TABLE C-I
SITE-RELATED CHEMICALS - UNNERSAL TREATMENT STANDARDS

(page 9 of 11)

Universal Treatment Standard
Parameter of Analytical CAS Wastewater Nonwastewater

Interest Method Compound List Number mg/L mg/kg mg/LTCLP

Semivolatile EPA 8270C Phenanthrene 85-01-8 0059 5.6 NA
Organic Phenol 108-95-2 0039 6.2 NA

Compounds Phthalic acid 88-99-3 0.055 28 NA
IPyrene 129-00-0 0.067 8.2 NA
IPvridine 110-86-1 0.014 16 NA
Thiophenol 108-98-5 NA NA NA
Tentatively Identilied Compounds (TICs) NA NA NA

Volatile EPA 8260B I, 1,1,2-TetracWoroethane 630-20-6 0057 6 NA
Organic I ,1,1-TricWoroethane 71-55-6 0.054 6 NA

Compounds I, I,2,2-TetracWoroethane 79-34-5 0.057 6 NA
1,1,2-TricWoroethane 79-00-5 0.054 6 NA
l.l-Dichloroethane 75-34-3 0.059 6 NA
l,l-Dichloroethene 75-35-4 0.025 6 NA
1,I-DicWoropropene 563-58-6 NA NA NA
1,2,3-Trichlorobenzene 87-61-6 NA NA NA
1,2,3-TricWoroorooane %-18-4 085 30 NA
1,2,4-TricWorobenzene 120·82·1 0.055 19 NA
l,2,4-Trimethylbenzene 95-63-6 NA NA NA
1,2-Dichlorobenzene 95-50-1 0.088 6 NA
l,2-Dichloroethane 107-06-2 0.21 6 NA
l,2-Dichloroethene 540-59-0 NA NA NA
1,2-DicWoroprooane 78-87-5 0.85 18 NA
1,3,5-Trichlorobenzene 108-70-3 NA NA NA
1,3,5-Trimethylbenzene 108-67-8 NA NA NA
l,3-Dichlorobenzene 541-73-1 0.036 6 NA
l,3-Dichloropropene 542-75-6 NA NA NA
1,3-DicWoropropane 142-28-9 NA NA NA
IA-Dichlorobenzene 106-46-7 0.09 6 NA
2,2-DicWoroorooane 594-20-7 NA NA NA
2,2-Dimethylpentane 590-35-2 NA NA NA
2,2,3-Trimethylbutane 464-06-2 NA NA NA
2,3-Dimethylpentane 565-59-3 NA NA NA
2,4-Dimethvloentane 108-08-7 NA NA NA
2-Chlorotoluene 95-49-8 NA NA NA
2-Hexanone 591-78-6 NA NA NA
2-Methylhexane 591-76-4 NA NA NA
2-Nitropropane 79-46-9 NA NA NA
3,3-Dimethvloentane 562-49-2 NA NA NA
3-Ethyloentane 617-78-7 NA NA NA
3-Methylhexane 589-34-4 NA NA NA
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SITE-RELATED CHEMICALS - UNIVERSAL TREATMENT STANDARDS
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Universal Treatment Standard
Parameter of Analytical CAS Wastewater Nonwastewater

Interest Method Compound List Number mglL mglkg mglLTCLP
Volatile EPA 8260B 4-Chlorobenzene 108-90-7 NA NA NA
Organic 4-Chlorotoluene 106-43-4 NA NA NA

Compounds 4-Methyl-2-pentanone (MlBK) 108-10-1 0.14 33 NA
Acetone 67-64-1 028 160 NA
Acetonitrile 75-05-8 5.6 38 NA
Benzene 71-43-2 0.14 10 NA
Bromobenzene 108-86-1 NA NA NA
BromodicWoromcthane 75-27-4 0.11 15 NA
Bromofonn 75-25-2 0.63 IS NA
Bromomethane 74-83-9 NA NA NA
Carbon disulfide 75-15-0 3.8 NA 4.8
Carbon tetrachloride 56-23-5 0.057 6 NA
Chlorobenzene 108-90-7 0.057 6 NA
Chlorobromomethane 74-97-5 NA NA NA
Chlorodibromomethane 124-48-1 0.057 IS NA
Chloroethane 75-00-3 0.27 6 NA
Chlorofonn 67-66-3 0.046 6 NA
Chloromethane 74-87-3 019 30 NA
cis-l,2-Dichloroethene 156-59-2 NA NA NA
cis-l,3-Dichloropropene 10061-01-5 0.036 18 NA
Cymene (lsopropyltoluene) 99-87-6 NA NA NA
Dibromochloroethane 73506-94-2 NA NA NA
Dibromochloromethane 124-48-1 NA NA NA
Dibromochloropropane %-12-8 0.11 15 NA
Dibromomethane 74-95-3 0.11 IS NA
Dichlorol11ethane (Methylene chloride) 75-09-2 0.089 30 NA
Dil11ethyldisulfide 624-92-0 NA NA NA
Ethanol 64-17-5 NA NA NA
Ethylbenzene 100-41-4 0.057 10 NA
Freon-II (frichlorofluoromethane) 75-69-4 0.02 30 NA
Freon-I 13 (1,1,2-Trilluoro-l ,2,2-trichloroethane) 76-13-1 0.057 30 NA
Freon-12 (Dichloroditluorol1lcthane) 75-71-8 0.23 7.2 NA
Heptane 142-82-5 NA NA NA
Isohcotane 31394-54-4 NA NA NA
Isopropylbenzene 98-82-8 NA NA NA
m,p-Xylene l11p-XYL NA NA NA
Methyl ethyl ketone (2-Butanone) 78-93-3 0.28 36 NA
Methyl iodide 74-88-4 0.19 65 NA
MTBE (Methyl tert-butyl ether) 1634-04-4 NA NA NA
n-Butyl benzene 104-51-8 NA NA NA
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SITE-RELATED CHEMICALS - UNIVERSAL TREATMENT STANDARDS
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Universal Treatment Standard
Parameter of Analytical CAS Wastewater Nonwastewater

Interest Method Compound List Number mgIL mglkg mglLTCLP

Volatile EPA 8260B n-Propylbenzene 103-65-1 NA NA NA
Organic Nonanal 124-19-6 NA NA NA

Compounds o-Xylene 95-47-6 NA NA NA
sec-Butvlbenzene 135-98-8 NA NA NA
Styrene 100-42-5 NA NA NA
tert-Butyl benzene 98-06-6 NA NA NA
TetracWoroethene 127-18-4 0056 6 NA
Toluene 108-88-3 0.08 10 NA
trans-l.2-Dichloroethene 156-60-5 0.054 30 NA
trans-I,3-Dichloropropene 10061-02-6 0.036 18 NA
Trichloroethene 79-01-6 0.054 6 NA
Vinyl acetate 108-05-4 NA NA NA
VinyI cWoride 75-01-4 0.27 6 NA
Xvlenes (total) 1330-20-7 0.32 30 NA
Tentatively Identified Compounds (TICs) NA NA NA

Water Quality EPA 120.1 Conductivity COND NA NA NA
Parameters EPA 130.2 Hardness, total Hardness NA NA NA

EPA 160.1 Total dissolved solids TDS NA NA NA
EPA 160.2 Total suspended solids TSS NA NA NA

~her "Ualhy lCrA ~lU.l f\IK3 illity. ota (as ALl'.. NA NA NA

Parameters Bicarbonate alkalinity 71-52-3 NA NA NA
(continued) Carbonate alkalinity 3812-32-6 NA NA NA

Hydroxide alkalinity OH-ALK NA NA NA
Flashpoint EPA 1010 Flammables NA NA NA NA

Total Petroleum EPA 8015 Diesel 64742-46-7 NA NA NA
Hydrocarbons Gasoline 8006-61-9 NA NA NA

Grease 68153-81-1 NA NA NA
Mineral Snirits NA NA NA NA

White Phosphorus EPA 7580M White ohosohorus 12185-10-3 NA NA NA
Methyl Mercury EPA 1630 Methvl mercury 22967-92-6 NA NA NA

I I Shaded chemicals are those with Universal Treatment Standards.
NA - not applicable; a UTS has not been established for this chemical/medium/analysis.



TABLE C-2
WASTE CHARACTERIZATION COMPOSITE SAMPLING

(Page I 01'2)

Area I Sample ID Spatial Composite Deoth Comoosite

Alpha Ditch
WC-ADOI' composite of 3 (-50, 0, 50 feet) samples collected from along ditch composite of samples collected from 0 and 2 feet bgs
WC-AD02 composite of 3 (-50, 0, 50 feet) samples collected from along ditch composite of samples collected from 0 and 2 feet bgs
WC-AD03 composite of 3 (-50, 0, 50 feet) samples collected frorn along ditch composite of samples collected from 0 and 2 feet bgs

Beta Ditch
WC-BDOI composite of 3 (-50, 0, 50 teet) samples collected from along ditch composite of samples collected from 0 , 6, and II feet bgs
WC-BD02 composite of 3 (-50, 0, 50 feet) samples collected from along ditch composite of samples collected from 0, 4, and 8 feet bgs
WC-BD03 composite of 3 (-50,0,50 fect) samples collected from along ditch composite of samples collected from 0, 4, and 8 feet bgs

IRM Soil Holding Areas
WC-IMOI composite of 2 samples collected from IRM soil holding area in pond PUA-04 composite of samples collected from 2 and 4 feet bgs
WC-IM02 composite of 2 samples collected from IRM soil holding area in pond 1'UB-04 composite of samples collected from 2 and 4 feet bgs
WC-IM03 composite of 2 samples collected from IRM soil holding area in pond PUB-OS composite of samples collected from 2 and 4 feet bgs
WC-IM04 composite of 2 samples collected from 1RM soil holding area in pond PUB-I 0 composite of samples collected from 2 and 4 feet bgs
WC-IM05 composite of 2 samples collected from IRM soil holding area in pond PUC-03 composite of samples collected from 2 and 4 feet bgs
WC-IM06 composite of 2 samples collected from IRM soil holding area in pond PUC-04 composite of samples collected from 2 and 4 feet bgs
WC-IM07 composite of 2 samples collected from IRM soil holding area in pond PUD-03 composite of samples collected from 2 and 4 feet bgs

Mohawk Area
WC-MHOI Icomposite of one sample each from ponds PUE-O I, PUE-02, PUF-OI, and PUF-02 Icomposite of samples collected from 0 feet bgs

No-Build Area
WC-NEOI composite of one sample each from ponds PLH-OI, PLI-OI, PLI-02, PLl-OI, and PLl-02 composite of samples collected from 0 feet bgs
WC-NB02 composite of one sample each trom ponds PLH-02, PLH-03, PLH-04, and PLl-03 composite of samples collected from 0 feet bgs
WC-NE03 composite of one sample each from ponds PLO-02 through PLO-OS composite of samples collected from 0 feet bgs

Sunset North Area
WC-SNOl Icomposite of one sample each trom ponds PLD-IO, PLE-08, PLE-09, PLF-05 through PLF-08, and PLG-06 composite of samples collected trom 0 feet bgs

Spray Wheel
WC-SWOl Icomposite of one sample each from ponds PUE-OS, PUE-09, PDF-OS, and PUF-09 Icomposite of samples collected from 0 and 2 feet bgs
WC-SW02 Icomposite of one sample each from ponds PUF-07, PUG-08, and PUB-07 Icomposite of samples collected from 0 and 2 feet bgs

Former Espey Construction Site
WC-'rEOI Icomposite ofwo samples from footprint of fonner Espey Construction site composite of samples collected from 0 and 2 feet bgs

Other TIMET Debris Areas
WC-TDOI Icomposite of one sample each from footprint of three other TIMET debris areas Icomposite of samples collected trom 0 and 2 feet bgs

TIMET Abandoned Test Pit
WC-TAOI Icomposite of two samples from footprint ofTHvIET Abandoned Test Pit Icomposite of samples collected from 0 and 3 feet bgs
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WASTE CHARACTERIZATION COMPOSITE SAMPLING

(page 2 of 2)

Area I Samole ill Soatial Comoosite Deoth Comoosite

TIMET Berms
WC-TBOI composite of 3 equispaced samples from western bem1s between THviET ponds composite of samples collected from 0 and 2 feet bgs
WC-TB02 composite of 3 equispaced samples from central west benns between TIMET ponds composite of samples collected from 0 and 2 feet bgs
WC-TB03 composite of 3 equispaccd samples from central east benns bet\veen TIMET ponds composite of samples collected from 0 and 2 feet bgs
WC-TB04 composite of 3 equispaccd samples from eastern benns between TIMET ponds composite of samples collected from 0 and 2 fect bgs

TIMET OPW Ponds
WC-TWOI composite of one sample each from ponds OPW-6 through OPW-Il composite of samples collected from 0 and 3 feet bgs
WC-TW02 composite of one smnplc each from ponds OPW-13 through OPW-20 composite of samples collected from 0 and 3 feet bgs
WC-TW03 composite of two samples from pond OPW-12 composite of samples collected trom 0 and 3 teet bgs

TIMET Ponds
WC-TPOI composite of 2 samples from pond SC-l composite of samples collected from 0 and 5 feet bgs
WC-TP02 composite of 2 samples from pond SW-2 composite of samples collected from 0 and 2 feet bgs
WC-TP03 composite 01'2 samples from pond SW-3 composite of samples collected from 0 and 2 feet bgs
WC-TP04 composite of 2 samples from pond SW-4 composite of samples collected from 0 and 5 feet bgs
WC-TP05 composite 01'2 samples from pond SW-5 composite of samples collected trom 0 and 2 feet bgs
WC-TP06 composite 01'2 samples from pond SW-6 composite of samples collected from 0 and 2 feet bgs
WC-TP07 composite 01'2 samples from pond SW-7 composite of samples collected from 0 and 5 feet bgs
WC-TP08 composite of2 samples from pond SW-8 composite of samples collected trom 0 and 5 teet bgs
WC-TP09 composite of2 samples from pond SW-9 composite of samples collected from 0 and 2 feet bgs
WC-TPIO composite 01'2 samples from pond SW-IO composite of samples collected from 0 and 2 feet bgs
WC-TPII composite of 2 samples from pond SW-ll composite of samples collected from 0 and 2 feet bgs
WC-TP12 compoSIte ot 2 samples trom pond SW-12 composite of samples collected trom 0 and 2 teet bgs
WC-TPI3 composite of 2 samples from pond HP-2 composite of samples collected from 0 and 2 feet bgs
WC-TPI4 composite of 2 samples trom pond HP-3 composite of samples collected from 0 and 2 feet bgs
WC-TPI5 composite of 2 samples from pond HP-4 composite of samples collected from 0 and 2 feet bgs
WC-TP16 composite 0[2 samples from pond tLP-5 composite of samples collected from 0 and 2 feet bgs

Upper Ponds
WC-UPOI composite of one sample each from ponds PUA-05 through PUA-l 0 composite of samples collected from 0 and 2 feet bgs
WC-UP02 composite of one sample each trom ponds 1'00-06 through PUB-09 composite of samples collected from 0 and 2 feet bgs
WC-UP03 composite of one sample each from ponds PUC-05 through PUC-08 composite of samples collected from 0 and 2 feet bgs
WC-UP04 composite of one sample each from ponds PUD-04 tlu'ough PUD-09 composite of samples collected from 0 and 2 feet bgs
WC-UP05 composite of one sample each from ponds PUE-03 through PUE-O? composite of samples collected from 0 and 2 feet bgs
WC-UP06 composite of one sample each from ponds PUF-03 through PUF-06 composite of samples collected from 0 and 2 feet bgs
WC-UP07 composite of one sample each from ponds PUG-04 through PUG-07 composite of samples collected from aand 2 teet bgs

Note: Wastewater sample collected from TIl\1ET Pond SW-12.

*Indicates BM! Siphon sample location.
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(1lll!L1 WCADOl

Wc-AD02
WCADO)
WCBOOI
WCBD02
WCBOO)
WCL\101
WCIM02
WCIM()J
WCIM().4
WCIMOS
WCIM06
WClM07
WCMHOI
WCNBOI
WCNB0'2
WCNB03
WC-SNOl
WCSWOl
WC-SW02
WCTAOI
We-TBOl
WC·TB02
We-TBOl
we.rn<><
we-TOOl
WCTEOl
WCTPOI
WCTP02
we."",
WCTf'()4
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we."""
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We-TPl$
WClPl6
WCTWOI
wcnV02
WCTWll3
WCUfOl
WCUP02
WCUfO)
WCUP04
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WCUP.06
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" 0.66 .66 " '00 " " '" " '" .66 ". ". " " ". "(m~'h) WCADOI 0.035 0.0021 J+

WC.AOOZ
Wo.AOO3
Wo.BOOI ."
Wo.BD02 0.()(Ij7 J

Wo.BOOJ
Wo.lMOI
Wo.IM02 0.' .", (U9

Wo.l1>103
Wo.l.M04 0.072 ... 0.0017

Wo.lMM
Wo.IM06 0.' 0.047 0."
Wo.IM07 0.033J

Wo.MHOI "." 0.000H

Wo.NBOI 0.012

Wo.NB02 .on
WCNOO3 ...... O.OO"".A

WCSNOI 0._
WC-SWOI 0.042

Wo.SW02 0.049
Wo.TAOI 0.()(Ij71+

lVo.TIlOI 0.0092

Wo.TB02 o.oo:n
Wo.TIlO3 0.017

Wo.1'EI04 '00'
Wo.TOOI o.ron
Wo.TEOI .."'"
WCTPOI o.073J 0.0017 J..- O.OO5SJ+ o.22J+ o.l3J o.095J.. 02'
WCTP02 0.052 O.I~ 0.015 0.000
wc.mu .." .'" 0.014 0.041

Wo.~ 0.15J 0.0047J+ 0.032 1+ 0.012J 0.045J.. O.033J 0.02J+

Wo.T'P05 OOIlJ+
WCTroS .." 0.031

Wo.TP07 o.lIJ 0.00631+ 0.011 J"

Wo.1l'OS o.04J+

WCTP09 "66' 0.032 0.011 o.OO!l'5IJ_

Wo.TPIO omJ 0.0021 J+ 0.0012J"

Wo.TI'lI
Wo.TPI2 0.0151+ 0.011 0.012 o.on

Wo.TI'13 o.03H 0.0038 ...
WCTPI~ 0.0052J+

WCTPI5
WCTPl6 0.078J
WCTWOI O.02J

WCTW02 0."" O.OO34J+ " H ,., • .3 " U 0.016J"

WCnVOJ
WCUPOI ..." .""WCUP02 0.052
WCUPOJ o.on
WCUP04 0.036 ."',
WCUP05 o.022J

WCUP-06 O.Oo.13J 0.026J-

WCUP07 0.0037 J o.033J

W.,~::'~ler
lJfS s III .. "

.,
'" '"SW-I2TP 0.0263J- H6J o.OOi6BJ 0.0019 0.0021
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WCAOOI
210

WCADO'l
O.5~

12.2

WCAD03
.'"

WCBOOI .'"
WC8D02

,
WCBOO3

1.64
0.01258

WCIMOl
M3~

WCI.M02

...,
WCIM03

0.6.13

WCIM04
0.416

WClM05
0.262

WClM06 '"
0.01258

WCIM01
."..

WCMHOI
.",

WCNBOI '"
WCNB02

0.118 0.131
0.01258

WCNB03
o.2~ Q.l61

0.01258

WC-SNOI
.", 0.275

0.0125 8

WC-SWOI
0.432

0.01258

WC-SW02
0.111

0.01258

WCTAOI
0.227

WCl'BOl
0.278

WCTB02
0.433

0.01258

WCTB03

.,,, 0.01258

WCTBO-I
1.21

o.OI25B

WCTOOI
0.851

0.012$8

WCTEOI
.n

0.01258

WCTPOI
0.123

WCTP02
0.113

WCTP03
0.0118

0.01258

WCTJ'O.I .""
0.01258

WCT'P05 .'" 0.01258

wc.m>6
0.0537

0.01258

WCTP01
0.209

WCTPOS
......

WCT'P09
M71

0.012$8

WCTPIO
0.42-

0.01258

WCTPII
.", 0.012.18

WCTPI2

.,,, 0.01258

WCTl'13
.", 0.01258

WCTPI4
0.0919

0.01258

WCTPU
WC-Tl'16

.", 0.01258

WCTWOI
0.0934

0.01258

WCTW02
G.l52

0.01258

WC·TW03
0.14\1

o.ollS 8

wCOrol
.", 0.01258

WCUro2
0.221

WCOro3
0.411

WCUf(l4

.,,,
WCUro5

0.631

WC:-UP-06
.'"

WCUro1
0.552

0.01258....

Table shows deleets only.
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WC-AD02
WCAOO)
WCBOOI 0.14 o.28J 0.18 U
WCBOO2 O.OO:!4J ."
WCBOO)
WClMOI 1.2

WCIM0'2 0.0)7 U
WClM03 ,
WC.lM~ 0.2 ,." '" '" ,.'"
WC·lM05 0.019J OM2

WClM06 .,,, 0.071 0" 1.2

WCIM01 0.049J ."WCMHOl 0.036 o.OO.HJ

WC-NBOI
WC-NB02 0.0074 o.oo:HJ

WCNB03
WC-SNOl O.OO2J
WC-SWOl "" ."
WC-SW02 .'" OV O.46J 0.11 0."
WC-TAOI ,.,
WCTBOI ""WC-TOO2
WCTB03 ."
WCTB04 'S
WCTOOI 'OJ'
We-TEOI
WCTPOI 4.8J 0.0059J+

"WC·TP02 0.62 ,.""
WCTPO.l .." ""wc.TI'O> 5.2J 0.029J+ "WCTPI» 2H '.J
WC·TPO(j •.., ."

WCTP07 1.4J o.OIH+ " L'
WCTPOll 0.033 J+ 0.036J+ U
we-TP09 ." ."
WCTPIO 0.15.1+ " ."
We-TPIl 0.037 ,., '"WCTPI2 0.0012 .- 0.41
wcnll 0.03~ 12.7 0.45

We-TPI4 0.0014 u
WCTP15 " "We-TPI6 0.016 0.0038 ."
WCTWOI 0.016 " 0.076
We-nv02 O.oo27J· ,., ." ." 0.01811- o.OOlJJ '" U '" 0.074 2.2
WCTWOJ 0.""
We-UPOI 0.00021 .." O.OO&4J 0.07 O.OO89J U
WCUPOO 0.11 .., O.25J ., ,.,
We-UP03 0.14 u 0.41 J 0.19 U
W""",, 0.13 0.0, 0.019J on u
we-upo~ "" 0.045J 0.' ."
WCUP-Q6 .'" ." O.0S4J 0.13 ""WC·UP07 0.00027 0.' 0.42 O.OO6J 0.14 ."

W_:':-;lIl<1' urs" Iii ,." ,., 27.7 " ".
SW·I2TP 0.0093 0.0016 0.29J_ 0.01~2 41.4J

Table shows detects only.
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(milL) WCADOI 0.0151

WCAD02
WCADO)
WCBlXII 0.0381
WCBlXI2 0.0213
WCBlXI3
WCIMOI 0.010$
WCIM02 ""'"WCIJ.103
WCIMl» 0.107
WCIMO$ O.O~

WCL\t06 0.107
WCIMO' ",,,,,
WCMHOI 0.145
WCNBOI
WCNB02
WCNB03
WCSNOI
We-sWOI 0.11
WCSW0'2 "'"WCTAOI
WCTOOI
WCTOO2
WCTOO)
WCTB04 0.0614
WCTOOI
WCTEOI
WCTPOI ,..
WCTP02 0.181
WCTPOO """'IVC"J1"O.l
WCTP<» 0.0334
WCTP06 0.01~

WCTP07 0.0881
WCTPOS 0.0842
WCTP98 n,,,
WCTPIO Q<l."
WCTPIl Q<l'"WCTPI2 "n,
WC-TP13 0.01251
WCTPI4 0.0183
WCTPU 0.0139
WCTPI<i 0,0"'..54
WCTWOI .""WCTW0'2 0.0373
WCTW03
WCUrol 0.11$
WC-UP02 ""wcuro} .",
WCUP04 n",
WCUPO$ .,,,
WCtJP.(l(i nm
WC_UP07 1.01

Table show$ d;,.'te<:ts only,
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" "" ". " "'" 0.05 ". (bl.,lk) " "" " "'
,.,

"' "'"
(WIl-1.:l! WCADOt "000' 0.00017 0.0014 ".... """WCAOO ,"". 0.000032 ,-

WCAOO3 0.00588 0.(l(lOO.l9 0.00033
WCBOOI 0.00818 0.016 0.014 "" 0.19 o.ON 0.-
WCBD02 0.01l J 0."'" ,.,,, 0-
WCBOO3 0.""""" ,,"'"
WCIMOI O.OO68B """" 0.0051

"WCL\l02 0.0I:IS58 ,,- 0.017 ,.,
WCIM03 0.00548 """" ,,"" ""WCIM~ 0.014 B O.onh 1.7J " 0." 0.14 0.0053 B 0.016

WCIMOS 0.00528 """" 0.0033
WC-L\I06 0.00528 """" 0.0055 1.2
WC-IM07 0.31 J O.OO54B 0.0012 0.0026 ",
WC-MHOI """ 0.0076 0.0031 O.~I 0.0017 ,-
WC-NOOl 0.0032 OO72סס.0 0.0018

WC-NB02 O.OO,U 0.""" """n
WCNB03 0.00:!3 0.0095B 0.1)00017 0.00026 0.0022 O.OO5IB

WCSNOI 0.0052B 0.0000087 J. 0.000077 J.

WC-SWOI ,,""'., 0.0037 '" "M
WC-SW02 0.0128.1 0.0051 0.033 '" " ''''WC-TAOI O.034J 0.0091 BJ 0.""'" 0.0038 O.I3J+

WC-TaOI o.(l(lOO.l2 0.00033
WCTa02 0.0000ll58 0.00011
WCTBOJ o.036J 0.00015 0.0081 """"WCTB04 0.0019 0.087 "" 0.0017

WCTOOI ,,""., 0.0000"..6 """'" "",
WCTEOl O.OO88BJ 0.0000".3 .-WC-TPOI o.059J+ 0.- ,,'" 0.OS8 0.00661 O.OO82J 0.007 J

WCTPO':!: 0.0738 0.00032 0.037

we-""" 0.051 B 0."""" "" 0.""
1VC-1'PI).l 0""" o.OS2 0" O.OO35J

WCTP05 0.012J+ """" 0.00021 0.035
IVCl1"06 o.058B 0.00019 0.029
WC-TP07 0.037 J+ 0.0065 H ,,- 0.018 0." o.OOIH

WCTPOll 0.12J+ 0.0016 '" ", 0.014J
we-_ 0.011 o.017B 0.00012 0.029 0.0().l2J- 0.0086 8.1
WCTPIO 0.014J+ 0.0001 0.025 0.0022J+

WCWU o.onH ",""" 0.0053

We-TPI2 0.0011 0,~2 0.055

we-TPI3 0.011 0.0001 0.033 2.$1

WCTPI4 0.019 0.0052 ". 0.274

we-TP15 0.0368 0.00000B3 0.00015 ,...
WCTPI6 0.016 0.00014 "" 1.87

We-TWOI 0.017 BJ 0.00076 0.~7 "" """WC·T\V02 O.OO96J· 0.015 BJ ,., 0.00056 00" 0.26 '" '"We-TW03 OO76סס.0 0.018
WCUFOI 0.49J 0.0071 0.15J+ 0.052 0.'" 0" 0.00039

We-UP02 """ 0.0076 0.OS2 0.28 0.13 "",
We-UI'(B o.ol2BJ 0.017 J+ 0.15J+ 0.078 0.'" "", 0.0018
WCUf'0.4 """ 0.011 0.~5J+ '" 0.12 "." "'"'WCUP05 0'" 0.00018 0.0013 0.079 " " 0.00"..5
wC-UP.. 0,00"..5 0.014 0.097 0.12 "", 0.00072
WC·UP07 0""" 0"'" "" O.ll 0.051 0.001l 0.0039

w............... lITS>: 10 ..,
"

." 39.8 """,,, " " 26.1
III L SW·I2TP 0.341'· 0.,,, 0.003 1.691 ".,.., 0.2BJ 0.7171 <...

Table shows d<..'1ccts only.
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" "Teu> IJJ:S~ III " 0.2S "0
0.1~2

.,,,.
(wilL) We-ADOI O.OHI

0.0034We-AD02
0.021We-ADO) 0.122
0.2:tlWe-BOOI
o.l2~BWe-aoo2
o.l2SBWe-BOOS
0.234We-IMOI
0.133We-lM02
0.112We-IMI1l
0.367 '0'-"we-lAtl»

o.l»·n .«WC-IM~

0.'We-L\fll6 O.~~

0.054WC-IM07 0.0365
0.22 0.101WC-MHOI 0.0879

'"We-NBOI
0_we-Nl!lY.1.
0.~.34WC-NOO3

WC-SNOI
QI91 0.'" "'"Wc;.sWOI

0A14WC-SWI12 QI42
0.186WC-TAOI O.B ."We-TOOl .'" 0.115 Bwe-TOO2
0.22WC-TB03

0.D2We-TB04
0.0014 .'""WC-TOOI

We-TEOI .... O.ll6J2 0.076IBWe-TPOI ,."we-TP02 .n, 0.148we-TPOS

'" o.O~Bwe-TP<» I.~S

0.199we-T~

1.43 0.107 0.116WCTroO
0.148 0.108WC-TP07

,
0.112 0.29~We-TPOS n,
0.128 0.224WC-~ 0.0817 0._ ".
0.l»4~ 0.239WCrPlO .- ,."
0.OS7 0.103wC-TPn 2~

0.0386 0.131We-TPI2 0.37
WC-rP13 0.131

0.117WCTPI4 0.0194

"".WC-TPI~ Q20Z

We-TPI6 o.l3~

0...We-TWOI
0.33~We-TWOZ

QI2SBwe-TW03
0326 0.289 QOO~~WCUPOI

0.4U 0.""We-UI'02 0.0478
QiSWCUI'(IS 0.0396

0."71WCUP04 ...,
0.308 QOZ~We-UI'(I~ 0.0619
0.41S '0'"we-up..()6 0.0893
0.3~We-UP07 0"

Table shows detects only.



TABLE C-4
COMPARISON OF DETECTED CHEMICAL CONCENTRAnONS WITH UTS LEVELS

(Page 1 of?)

AnalJtieal Site-Related l\'1inimum 1\ln.... imulU Maximum 10.3 Canl.'cr NOli-Cancel' llli:k>
C,ltegon' Method Chemical CAS No. Detect Detect UTS x 10 > UTSxlO? Cal'cin~en'! PRG(1

) Risk> lO·3? PRG x 10(2) PRGxl0'!
Nonwastc\vatcr (mgikg) £314.0 Pcrchlomtc 14797-73-0 0.274 2.81 -- -- -- -- -- -- --

£335.4 Cyanide, Total 57-12-5 0.29 12.7 5900 NO -- -- -- --
SW8081 2,4'-DDD 53-19-0 0.0023 0.82 0.87 NO -- -- -- --

2,4'-DD£ 3424-82-6 0.0018 16 0.87 YES YES 1883 NO -- --
4.4'-000 72-54-8 0.0039 1.6 0.87 YES YES 2668 NO -- --
4,4'-DDE 72-55-9 0.0025 16 0.87 YES YES 1883 NO -- --
4.4'-DDT 50-29-3 0.003 7 0.87 YES YES 1883 NO 391 NO
Aldrin 309·00·2 0.004 0.004 0.66 NO -- -- -- -- --
nl ha-BHC 319-84-6 0.0033 0.6 0.66 NO -- -- -- -- --
al ha-Chlordane 5103-71-9 < 0.00012 < 0.015 160 NO -- -- -- -- --
beta-BHC 319-85-7 0.002 I.l 0.66 YES YES 356 NO 156 NO
deita-BHe 319-86-8 0.0074 0.0074 0.66 NO -- -- -- --
Dieldrin 60-57-1 0.28 0.28 1.3 NO -- -- -- -- --
Endosu1fan I 959-98-8 0.0031 0.11 0.66 NO -- -- -- -- --
Endosu1fan II 33213-65-9 0.019 0.46 1.3 NO -- -- -- -- --
Endosulfan sulfate 1031-07-8 < 0.00023 < 0.029 1.3 NO -- -- -- -- --
Endrin 72-20-8 < 0.0002 < 0.024 1.3 NO -- -- -- -- --
Endrin aldehyde 7421-93-4 0.002 0.0043 1.3 NO -- -- -- --

amma-BHC (Lindane 58-89-9 0.39 0.39 0.66 NO -- -- - -- --
oamma-Chlordane 5103-74-2 0.0022 0.0089 160 NO -- -- -- -- --
Heptachlor 76-44-8 < 0.0001 <0.012 0.66 NO -- -- -- -- --
Heptachlor epoxidc 1024--57-3 < 0.00014 <0.017 0.66 NO -- -- -- -- --
Methoxychlor 72-43-5 0.011 0.49 1.8 NO -- -- -- -- --
Toxaphene 8001-35-2 < 0.0066 <6.8 26 NO -- -- -- -- --

S\V8082 PCBs (total) 1336-36-3 <: 0.0093 <0.47 100 NO -- -- -- -- --
SW8141 Disulfoton 298-04-4 < 0.0078 < 0.025 62 NO -- -- -- -- --

Famphur 52-85-7 < 0.0032 <0.01 150 NO -- -- -- -- --
Methyl parathion 298-00..Q < 0.0064 <0.02 46 NO -- -- -- --
Parathion 56-38-2 < 0.0053 < 0.017 46 NO -- -- -- -- --
Phorate 298·02-2 < 0.0057 <0.018 46 NO -- -- -- -- --

S\V8151 2,4,5-T 93-76-5 < 0.005 < 0.016 79 NO -- -- -- -- --
2.4,S-TP (Silvex) 93-72-1 < 0.0033 <0.01 79 NO -- -- -- -- --

Nonwastewatcr (mg/kg) 2,4-D 94-75-7 < 0.029 < 0.094 100 NO -- -- - -- --
Dinoseb 88-85-7 < 0.006 < 0.019 25 NO -- -- -- -- --

SW8260 1,1,1,2-Tetra"hloroethane 630-20--6 < 0.00023 < 0.055 60 NO -- -- -- -- --
I,I,I-Trichloroethane 71-55-6 0.00054 0.0027 60 NO -- -- -- -- --
1,1,2.2-Tctmchloroethane 79-34-5 <0.00014 < 0.019 60 NO -- -- -- -- --
1,1,2-Trichloro-l ,2,2-tritluoroethane 76-13-1 <: 0.00054 < 0.061 300 NO -- -- -- -- --
1,1,2-Tnchlorocthanc 79-00-5 <0.00028 <: 0.077 60 NO -- -- -- -- --
1,1-Dichloroc.:thanc 75-34-3 <0.000% < 0.1 60 NO -- -- -- -- --
1,1-Dichlorocthenc.: 75-35-4 <: 0.00055 < 0.083 60 NO -- -- -- -- --
1,2,3-Trichloropropane 96-18-4 <0.00056 < 0.16 300 NO -- -- -- -- --
1,2,4-Trichlorobenzcnc 120-82-1 0.0011 0.0051 190 NO -- -- -- -- --
I ,2-Dibromo-3-"hloropropane 96-12-8 < 0.0009 <0.1 150 NO -- -- -- -- --
J,2-Dichlol'Obenzene 95·50·1 0.00033 0.0032 60 NO -- -- -- -- --
J.2-DichIOl'octhane 107-06-2 0.0013 0.0086 60 NO -- -- -- -- --
1,2-Dichlol'O ro anc 78-87-5 0.00083 0.0061 180 NO -- -- -- -- --
1,3-Dich101'Obcnzcnc 541-73-1 0.00047 0.00047 60 NO -- - -- -- --
1,4-Dichlorobcnzcne 106-46-7 0.00045 0.0038 60 NO -- -- - -- --
Acetone 67-64·1 0.0058 3.8 1600 NO -- -- -- -- --



TABLE C-4
COMPARISON OF DETECTED CHEMICAL CONCENTRAnONS WITH UTS LEVELS

(Pllge 2 of 7)

Al1l1lJtical Site-Related Minimum Maximum Maximum 10-3 Cancer Non-Cancer Risk>
Catc<JorY ]\'1ethod Chemical CAS No. Dete,-'t Detect UTS x 10 > UTSxlO? Carcinooen? PRG(I) Risk> 10-3? PRGx 10m PRGxIO'!

Nomvast.::water (mgikg) Acetonitrile 75-05-8 0.03 0.15 380 NO .. .. .. .. ..
Benzene 71·43·2 0.0017 0.0017 100 NO .. .. .. .. ..
Bromodichloromethane 75-27-4 0.0021 0.22 150 NO .. .. .. ..
Bromofonn 75-25-2 0.002 0.14 150 NO .. .. .. .. ..
Bromome!hanc 74-83-9 < 0.00031 < 0.088 150 NO .. .. .. .. ..
Carbon tetrachloride 56-23-5 0.0024 0.095 60 NO .. .. .. .. ..
Chlorobcnzene 108-90-7 0.0017 0.0017 60 NO .. .. .. ..
Chlorodibromomcthanc 124-48-1 0.0012 0.2 150 NO .. .. .. .. . .
Chloroethane 75·00-3 0.02 0.04 60 NO .. .. .. .. ..
ChlorofOlID 67~66·3 0.00021 5.2 60 NO .. .. .. .. ..
Chloromethane 74-87-3 0.0038 0.036 300 NO .. .. .. .. ..
llis-l,3-Dichloro fO cne 10061·01·5 < 0.00073 < 0.019 180 NO .. .. .. .. ..
Dibromomctlume 74-95·3 < 0.00035 < 0.055 150 NO .. .. .. .. ..
Dichlorodinuoromethane 75·71·8 < 0.00038 < 0.098 72 NO .. .. .. .. ..
Ethvlbcnzene 100-41-4 < 0.00019 <0.069 100 NO .. .. .. .. ..
IodomeU13nc 74·88·4 < 0.00026 < 0.13 650 NO .. .. .. .. . .
Meth 'I ethyl ketone 78·93·3 0.002 0.12 360 NO .. .. .. .. ..
MethyllSobutvl ketone 108-10-1 < 0.0016 <0.07 330 NO .. .. .. .. . .
i\·lethylenc chloride 75-09-2 0.003 0.073 300 NO .. .. .. .. ..
Tetrachloroethylene 127-18-4 0.00039 0.014 60 NO .. .. .. .. ..
Toluene 108·88-3 0.0011 0.0086 100 NO .. .. .. .. ..
Irans-l.2-Dichloroethcne 156·60·5 < 0.00022 < 0.12 300 NO .. .. .. .. ..
Inllls-I,3-Dichtoro 1'0 ylene 10061·02·6 < 0.0002 <0.12 180 NO .. .. .. .. ..
Trichloroethene 79-01-6 0.00059 0.016 60 NO .. .. .. .. ..
Trichlorofluoromcthane 75-69-4 < 0.00051 < 0.067 300 NO .. .. .. .. ..
Vinyl chloride 75-01-4 < 0.00024 < 0.19 60 NO .. .. .. .. ..
Xylenes (total) 1330-20-7 0.007 0.007 300 NO .. .. .. .. ..

S\V8270 1,2,4,5-Tetrnchlorobenzene 95·94·3 0.039 0.26 140 NO .. .. .. ..
l,4·Dioxane 123·91·1 < 0.034 < 0.11 1700 NO .. .. .. ..
2,4,5·Trichlorophcnol 95·95-4 < 0.034 < 0.11 74 NO .. .. .. .. ..
2,4,6·Trichloro henol 88-06-2 0.087 0.087 74 NO .. .. .. .. ..
2A-Dichlora henol 120-83-2 < 0.034 < 0.11 140 NO .. .. .. .. ..
2,4-Dimethvl henol 105·67·9 < 0.034 <0.11 140 NO .. .. .. .. ..
2,4-Dinitra henol 51·28·5 <0.33 <Ll 1600 NO .. .. .. .. ..
2,4-Dinitrotoluene 121·14·2 < 0.034 <0.11 1400 NO .. .. .. .. ..
2,6-Dinitrotoluene 606·20·2 < 0.034 <0.11 280 NO .. .. .. .. ..
2-Chloronaphthalene 91·58·7 < 0.034 < 0.11 56 NO .. .. .. .. ..
2·Chlorophcnol 95-57-8 < 0.034 < 0.11 57 NO .. .. .. .. ..
2·Methvlphenol 95-48-7 < 0.034 < 0.38 56 NO .. .. .. .. ..
2·Nitroaniline 88-74-4 < 0.034 < 0.11 140 NO .. .. .. .. ..
2·Nitrophcnol 88·75·5 < 0.034 < 0.11 130 NO .. .. .. .. ..
4-Bromophenvl phen I ethcr 101·55·3 < 0.034 < 0.11 150 NO .. .. .. .. ..
4-Chloro-3·methylphcllol 59-50-7 < 0.034 < 0.11 140 NO .. .. .. .. ..
4-Chloroaniline 106·47·8 < 0.034 < 0.11 160 NO .. .. .. .. ..
4-Nitroaniline 100·01·6 < 0.33 <l.l 280 NO .. .. .. .. ..
4-Nitroohenol 100·02·7 <0.33 <l.l 290 NO .. .. .. .. ..
ACCllllphlhene 83·32·9 0.53 0.53 34 NO .. .. .. .. ..
Aecnaphthylene 208·96·8 0.38 0.38 34 NO .. .. .. ..
Aceto henone 98·86·2 0.068 0.068 97 NO .. .. .. .. ..
Aniline 62-53-3 < 0.034 <0.11 140 NO .. .. .. .. ..



TABLE C-4
COMPARISON OF DETECTED CHEMICAL CONCENTRAnONS WITH UTS LEVELS
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Analytical Site-Related :Millimum l\'Iaximum :Maximum 10.3 Cancer Non-Cancel' Risk>
Catc<>ol"V l\'lethod Chemical CAS No. Detect Detect UTS x 10 > UTSxlO? CarciuOl"!cn'! PRG(l) rusk> 1O'3? PRG x 1O(2) PRGxlO'!

Nonwastewater (mg/kg) Anthmccne 120-12-7 2.8 2.8 34 NO .. .. .. .. ..
Benzo(a)anthracenc 56-55-3 0.035 5.8 34 NO .. .. .. .. ..
Benzo(a) yrenc 50-32-8 4.1 4.1 34 NO .. .. .. .. ..
Benzo(b)l1uoranthenc 205-99-2 4.3 4.3 68 NO .. .. .. . . ..
Benzo( Ii) 'r lent: 191-24-2 2.1 2.1 18 NO .. .. . . .. ..
Bcnzo(k)t1uoranthene 207-08-9 3.8 3.8 68 NO .. .. . . ..
bis(Z-Chlorocthoxy)mcthanc 111-91-1 < 0.034 <0.11 72 NO .. .. . . .. ..
bis(2-Chlorocthyl) ether 111-44-4 < 0.034 <O.ll 60 NO .. .. .. .. . .

bis(2-Chloroiso fO I) ether lO8~60·1 < 0.034 < 0.11 72 NO .. .. .. .. ..
Butyl benz I hthalatc 85·68·7 <: 0.034 < 0.11 280 NO .. .. .. .. ..
Chrysene 218-01-9 0.035 5.3 34 NO .. .. .. .. ..
Dibenz(a,h)antlll'llCene 53-70-3 0.94 0.94 82 NO .. .. .. .. ..
Diethyl phthalate 84-66-2 < 0.034 <0.11 280 NO .. .. . . .. ..
Dimethyl phthalate 131-11-3 <: 0.034 <0.11 280 NO .. .. .. .. ..
Di~n~butvl phthalate 84v ?4v 2 0.036 0.036 280 NO .. .. .. .. ..
Di-n-octy! phthalate 117·34·0 1.6 1.6 280 NO .. .. .. .. ..
Fluoranthene 206·44·0 0.036 16 34 NO .. .. .. .. ..
Fluorene 86-73-7 1.3 1.3 34 NO .. .. .. .. ..
HcxtH,::hlorobenzem: 118·?4·1 0.052 20 100 NO .. .. .. .. ..
Hexachlorobutadicnc 87-68-3 0.074 0.076 56 NO .. .. .. .. ..
Hcxachloroc clo cntadiene 77-47-4 <0.33 <1.1 24 NO .. .. .. .. ..
Hexachloroethane 67·72·1 < 0.034 <0.11 300 NO .. .. .. .. ..
Indeno(l,2,3-cd '!'Tcne 193-39-5 0.044 2.2 34 NO .. .. .. .. ..
Naphthalene 91-20-3 2.1 2.1 56 NO .. .. .. .. ..
Nitrobenzene 98-95-3 < 0.034 <0.11 140 NO .. .. .. .. ..
N-Nitrosodi-n-propylamine 621-64-7 <: 0.034 <0.11 140 NO .. .. .. .. ..
N-Nitrosodi henvlamine 86-30-6 <: 0.034 <0.11 130 NO .. .. .. .. . .
Pentachlorobenzene 608-93-5 0.052 2.1 100 NO .. .. .. .. . .

Pentachloro henol 87-86-5 <0.33 <l.l 74 NO .. .. .. . . ..
Phcnanlhn:nc 85-01-8 0.054 18 56 NO .. .. .. . .

Phcnol 108-95-2 < 0.034 <0.11 62 NO .. .. .. .. ..

Phthalic acid 88·99-3 0.082 0.13 280 NO .. .. .. .. ..

P rene 129-00-0 0.05 10 82 NO .. .. .. .. ..
Pyridine 110-86-1 < 0.034 <0.41 160 NO .. .. .. .. ..

SW8290 1,2,3A,6,7,8-H eOD 35822-46-9 0.0000052 0.068 0.025 YES YES 0.43 NO .. ..
1,23.4,6,7,8-HpCDF 67562-39-4 0.000023 0.42 0.025 YES YES 0.43 NO .. ..
1,2,3,4,7,8,9..J-IpCDF 55673-89-7 0.0000058 0.16 0.025 YES YES 0.43 NO .. ..
OCDD oeoo 0.0000058 0.077 0.05 YES YES 43 NO .. ..
OCDF OCOF 0.000072 1.7 0.05 YES YES 43 NO .. ..

\Va<;tcwatcr (mg/L) E300 Fluoride 16984-48-8 41.4 41.4 350 NO .. .. .. .. ..
E335.4 Cyanide, Total 57-12-5 0.0152 0.0152 12 NO .. .. .. .. ..

E376.1 Total Sulfide 184%-25-8 < 0.31 < 0.31 140 NO .. .. .. .. ..

S\V6010 Antimony 7440-36-0 < 0.002604 < 0.002604 19 NO .. .. .. .. ..
Arsenic 7440·38-2 0.0263 0.0263 14 NO .. .. .. .. ..
Barium 7440-39-3 3.36 3.36 12 NO .. .. .. .. ..
Beryllium 7440-41-7 0.0076 0.0076 8.2 NO .. .. .. .. ..
Cadmium 7440-43-9 < 0.0005 < 0.0005 6.9 NO .. .. .. .. ..

Chromium 7440-47-3 0.29 0.29 27.7 NO .. .. .. .. ..

Lead 7439·92-1 0.341 0.341 6.9 NO .. .. .. .. ..
Nickel 7440-02-0 1.69 1.69 39.8 NO .. .. .. .. ..



TABLE C-4
COlVlPARISON OF DETECTED CHEMICAL CONCENTRATlONS WITH UTS LEVELS

(Puge 4 of 7)

Anal)'ticld Site-Reillted Minimum Mnximum l\tlaximum 10.3 Cancel' Non-Cancer Risk>

Categon Method Chemical CAS No. Detcct Detcct UTSx 10 > UTSxlO? Cal'cin~en'! PRGll) Risk> 10-31 !)RG x 10(2) !)RGxlO?
Wastewater (mg/L) Selenium 7782-49-2 <: 0.003222 < 0.003222 8.2 NO .. .. .. .. ..

Silver 7440-22-4 <0.05209 <0.05209 4.3 NO .. .. .. .. ..
Thallium 7440-28-0 0.2 0.2 14 NO .. .. .. .. ..
Vanadium 7440-62-2 0.717 0.717 43 NO .. .. .. .. ..
Zinc 7440-66-6 4.66 4.66 26.1 NO .. .. .. .. ..

3\\/7470 Mercury 7439-97-6 0.0034 0.0034 1.5 NO .. .. .. .. . .

$\V8015 !\..lethanol 67-56-1 <0.81 <0.81 56 NO .. .. .. .. . .

SWS081 2A'-DDD 53-19-0 < 0.0000056 < 0.0000056 0.23 NO .. .. .. .. . .

2.4'~DDE 3424-82-6 < 0.000013 < 0.000013 0.31 NO .. .. .. .. ..
4,4'-DDD 72-54-8 <0.000004 < 0.000004 0.23 NO .. .. .. .. . .

4.4'·DDE 72·55·9 < 0.0000082 <0.0000082 0.31 NO .. .. .. .. . .

4,4'-DDT 50-29-3 < 0.000032 < 0.000032 0.039 NO .. .. .. .. ..
Aldrin 309-00~2 < 0.0000052 < 0.0000052 0.21 NO .. .. .. .. ..
al ha-BI-IC 319-84-6 < 0.000018 < 0.000018 0.0014 NO .. .. .. .. ..

al ha~Chlordane 5103-7l~9 < 0.0000065 < 0.0000065 0.033 NO .. .. .. .. ..
beta-BHC 319-85-7 < 0.0000072 < 0.0000072 0.0014 NO .. .. .. .. ..
delta-BHC 319-86-8 < 0.0000034 < 0.0000034 0.23 NO .. .. .. .. . .

Dieldrin 60-57-1 < 0.000011 < 0.000011 0.17 NO .. .. .. .. . .

Endosulfim I 959-98-8 < 0.0000061 < 0.0000061 0.23 NO .. .. .. .. ..
Endosulfan II 33213-65-9 < 0.0000035 < 0.0000035 0.29 NO .. .. .. .. ..
Endosulfan sulfate 103I-07~8 < 0.000017 < 0.000017 0.29 NO .. .. .. .. ..

Endrin 72-20-8 <0.0000079 <: 0.0000079 0.028 NO .. .. .. .. ..
Endrin aldehyde 742I~93~4 < 0.0000048 < 0.0000048 0.25 NO .. .. .. ..
!l.amma~BHC (Lindane) 58·89·9 <: 0.0000067 <: 0.0000067 0.017 NO .. .. .. ..
amma-Chlordane 5103~74~2 <: 0.000013 < 0.000013 0.033 NO .. - .. .. ..

He tachlor 76-44-8 <0.0000036 <: 0.0000036 0.012 NO .. .. .. .. ..
He tachlor e oxide 1024--57-3 < 0.0000048 < 0.0000048 0.16 NO .. .. .. .. ..
Methoxychlor 72~43-5 <: 0.0000081 < 0.0000081 2.5 NO .. .. .. .. ..
Toxaphene 800I~35~2 <: 0.00022 < 0.00022 0.095 NO .. .. .. .. ..

S\V8082 PCBs (total) 1336~36~3 <: 0.00057 <: 0.00057 1 NO .. .. .. .. ..

SW8141 Disulfoton 298~04~4 < 0.00014 < 0.00014 0.17 NO .. .. .. ..

Famphur 52-85~7 <: 0.00018 < 0.00018 0.17 NO .. .. .. .. ..
Methyl athion 298-00-0 <0.001 < 0.001 0.14 NO .. .. - .. ..
Parathion 56-38-2 <: 0.00029 < 0.00029 0.14 NO .. .. .. .. ..
Phomte 298~02-2 <0.000072 < 0.000072 0.21 NO .. .. .. .. ..

S\V8151 2,4,5-1' 93-76-5 < 0.00017 < 0.00017 7.2 NO .. .. .. .. ..
2,4,5-TP (Silvex) 93-72-1 < 0.00015 <: 0.00015 7.2 NO .. .. .. ..
2,4-D 94-75-7 0.024 0.024 7.2 NO .. .. .. .. ..
Dinoseb 88-85-7 < 0.0006 < 0.0006 0.66 NO .. .. .. .. ..

S\\'8260 1.1 , I,2~Tetrachlorocthanc 630~20~6 <: 0.00022 < 0.00022 0.57 NO .. .. .. .. ..
I,I,I·TrichlorlXthanc 7l~55-6 < 0.00015 <: 0.00015 0.54 NO .. .. .. .. ..
1, I ,2,2·Tetrachlorocthane 79·34-5 <: 0.00014 < 0.00014 0.57 NO .. .. .. .. ..
1,1 ,2~Tnchloro-l,2,2~trit1uorocthane 76·13·1 < 0.00054 < 0.00054 0.57 NO .. .. .. .. ..
I,I,2-Tnchlorocthanc 79~00-5 " 0.00028 < 0.00028 0.54 NO .. .. .. .. ..
1.1 -Dichlorocthanc 75-34-3 <: 0.00095 < 0.00095 0.59 NO .. .. .. .. ..

I.I-Dichlorocthcnc 75-35-4 < 0.00055 < 0.00055 0.25 NO .. .. .. .. ..
1,2,3~Tnchloro 1.'0 • nc 96-18-4 < 0.00056 < 0.00056 8.5 NO .. .. .. .. ..
1,2,4-Tnchlorobenzcnc 120-82-1 < 0.00073 < 0.00073 0.55 NO .. .. .. .. ..
1,2-Dibromo~3~chloro1.'0 ane 96~12~8 < 0.00089 < 0.00089 1.1 NO .. .. - .. ..
I,2-Dichlorobenzcnc 95·50~I <: 0.00015 <: 0.00015 0.88 NO .. .. .. .. ..



TABLE C-4
COMPARISON OF DETECTED CHEMICAL CONCENTRAnONS WITH UTS LEVELS

(page 5 01'7)

AnalJtical Site~Relatcd i\'Iinimum Maximulll :Maximum 10.3 Cancer NOll-Cancel' Risk>
Catc..ol··.. Method Chemical CAS No. Detect Detect UTS x to > UTSxlO? Cal'l"in~en'! PRG(l) Risk> IO·l? PRG x lO{l} PRGxlO'!

\Vastewat,;:f (mg/L) I,Z-Dichloroethane 107·06·2 < 0.00044 < 0.00044 2.1 NO -- -- -- -- --
1,Z-Dichloro ro ane 78~87~5 <0.00037 < 0.00037 8.5 NO -- -- -- -- --
1,3-Dichlorobenzcne 541-73-1 < 0.00013 < 0.00013 0.36 NO -- -- -- -- --
1,4-Dichlorobenzene 106-46-7 <0.00011 <0.00011 0.9 NO -- -- -- -- --
Acetone 67-64-1 < 0.0038 < 0.0038 2.8 NO -- -- -- -- --
Acetonitrile 75-05-8 < 0.002 < 0.002 56 NO -- -- -- -- --
Benzene 71-43-2 < 0.00017 <0.00017 1.4 NO -- -- -- --
Bromodichloromethane 75·27·4 < 0.00033 < 0.00033 3.5 NO -- -- -- -- --
Bromoionn 75-25-2 0.0019 0.0019 6.3 NO -- -- -- -- --
Bromomcthane 74-83-9 < 0.00031 < 0.00031 l.l NO -- -- -- -- --
Carbon disultidc 75-15-0 < 0.00055 <0.00055 38 NO -- -- -- -- --
Carbon h:trachloride 56-23-5 < 0.0009 < 0.0009 0.57 NO -- -- -- -- --
Chlofobenzcne 108-90-7 < 0.00012 < 0.00012 0.57 NO -- - -- -- --
Chlol'Odibromomelhane 124-48-1 0.0021 0.0021 0.57 NO -- -- -- -- --
Chloroethane 75~00-3 < 0.00035 < 0.00035 2.7 NO -- -- -- -- --
Chloroform 67-66-3 0.0093 0.0093 0.46 NO -- -- -- -- --
Chloromethane 74-87-3 0.0016 0.0016 1.9 NO -- -- -- -- --
eis-I,3-Diehloropropcnc 10061-01~5 < 0.00073 < 0.00073 0.36 NO -- -- -- -- --
Dibromomethane 74-95-3 < 0.00035 < 0.00035 l.l NO -- -- - -- --
Diehloroditluoromcthanc 75-71~8 < 0.00037 < 0.00037 2.3 NO -- -- -- -- --
Eth Ibenzene 100-41~4 < 0.00019 < 0.00019 0.57 NO -- -- -- -- --
Iodomethane 74-88~4 < 0.00026 < 0.00026 1.9 NO -- -- -- -- --
Melh '1 ethyl ketone 78~93-3 < 0.0014 < 0.0014 2.8 NO -- -- -- -- --
Melhyl isobutyl ketone 108-10-1 < 0.0016 < 0.0016 1.4 NO -- -- -- -- --
Methylene chloride 75-09-2 0.003 0.003 0.89 NO -- -- -- --
Tdmchlo1'oeth Ien~ 127-18-4 <: 0.00027 < 0.00027 0.56 NO -- -- -- -- --
Toluene 108-88-3 <0.00013 < 0.00013 0.8 NO -- -- -- -- --
trans-12~Dichloroethcne 156-60-5 <0.00022 < 0.00022 0.54 NO -- -- -- -- --
trans-1,3-Dichloro 1'0 ylene 10061-02-6 < 0.0002 < 0.0002 0.36 NO -- -- -- -- --
Triehloroelhcnc 79-01~6 -:: 0.00036 <0.00036 0.54 NO -- -- -- -- --
Triehloro.t1uoromctlwne 75-69-4 < 0.0005 < 0.0005 0.2 NO -- -- -- -- --
VinYl chloride 75-01-4 < 0.00024 < 0.00024 2.7 NO -- -- -- -- --
Xylenes (total) 1330~20~7 < 0.00086 < 0.00086 3.2 NO -- -- -- -- --

S\V8270 1,2,4,5-Tetmchlorobenzcne 95-94-3 <0.001 < 0.001 0.55 NO -- -- -- -- --
1,2-Divhcnvlhvdrazinc (as .:.\zobenzenc 122-66-7 <0.001 < 0.001 0.87 NO -- -- -- -- --
l,4-Dioxane 123-91-1 < 0.002 < 0.002 120 NO -- -- -- -- --
2,4,5-Trichlorophenol 95~95~4 <0.002 < 0.002 1.8 NO -- -- -- -- --
2,4,6-Trichlo1'o henol 88-06-2 < 0.002 < 0.002 0.35 NO -- -- -- -- --
2A~Diehloro henol 120-83-2 < 0.001 < 0.001 0.44 NO -- -- -- -- --
2A-Dimethyl hellol 105-67-9 <0.001 < 0.001 0.36 NO -- -- -- -- --
2,4-Dinitro henol 51-28-5 <0.01 < om 1.2 NO -- -- -- -- --
2,4-Dinitrotolucnc 121-14-2 < 0.001i <0.001l 3.2 NO -- -- -- -- --
2.6-Dimtrotolucne 606-20-2 < 0.001i <0.001l 5.5 NO -- -- -- --
2-Chlo1'ona hthalcne 91-58-7 <0.001 <0.001 0.55 NO -- -- - -- --
2-Chloro henol 95-57-8 <0.001 < 0.001 0.44 NO -- -- -- -- --
2-Methyl henol 95~48-7 <0.002 < 0.002 l.l NO -- -- -- -- --
2·Nitro<milim: 88-74-4 < 0.002 < 0.002 2.7 NO -- -- -- --
2·Nitro henol 88-75-5 <0.001 <0.001 0.28 NO -- -- -- -- --
4-Bromo henvl heny ether 101-55-3 <0.001 < 0.001 0.55 NO -- -- -- --
4-Chloro-3-mcthvl henol 59-50-7 < 0.001 <0.001 0.18 NO -- -- -- -- --



TABLE C-4
COMPARISON OF DETECTED CHEMICAL CONCENTRATIONS WITH UTS LEVELS

(P"gc 6 of 7)

AnalJticlll Site-Related iVlinimum Maximum ]\'Iaximulll lO':l Cancer NOll-Cancer Risk>
Catcuon' l\'Icthod Chemical CAS No. Detect Detect UTS x 10 > UTSxlO'! Can:inoo:cn? PRG(I) Rhk > IO·3,! PRG x 10(2) PRGxlO?

\Vastewater (mg/L) 4-Chloroaniline lO6~47·8 < 0.001 <0.001 4.6 NO -- -- -- -- --
4-Nitroanilinc 100-01-6 < 0.0013 < 0.0013 0.28 NO -- -- -- -- --
4-Nitro henol 100-02-7 < 0.005 < 0.005 1.2 NO -- -- -- -- --
Accna hthcnc 83-32-9 < 0.001 < 0.001 0.59 NO -- -- -- -- --
Acena hth '!cm: 208-96-8 < 0.001 < 0.001 0.59 NO -- -- -- -- --
Aceto ll\:nonc 98-86-2 < 0.001 -< 0.001 0.1 NO -- -- -- -- --
Aniline 62-53-3 < 0.001 < 0.001 8.1 NO -- -- -- -- --
Anthmccnc 120-12-7 < 0.0011 <0.0011 0.59 NO -- -- -- -- --
Bcnzo(uXlnthraccnc 56-55-3 <0.001 < 0.001 0.59 NO -- -- -- -- --
Bcnzo(a)pyrellc 50-32-8 <0.001 < 0.001 0.61 NO -- -- -- -- --
Bcnzo(b)t1uoranthene 205-99-2 <0.001 < 0.001 l.l NO -- -- -- -- --
Bcnzo(ghi)pcrY!cllc 191-24-2 <0.001 < 0.001 0.055 NO -- -- -- -- --
Bcnzo(k)t1uonmthene 207-0S-9 <0.001 < 0.001 l.l NO -- -- -- -- --
bis(2-Ch1orocthoxy)mctlumc 111-91-1 <0.001 <0.001 0.36 NO -- -- -- -- --
bis(2-Chlorocthyl) ether 111-44-4 < 0.001 <0.001 0.33 NO -- -- -- -- --
bis 2-ChloroisoPI'OPY!) ether 10S-60-1 <0.001 <0.001 0.55 NO -- -- -- -- --
Butyl benzyl phthalate 85-68-7 < 0.001 <0.001 0.17 NO -- -- -- -- --
Chrysene 218-01-9 < 0.001 <0.001 0.59 NO -- - -- -- --
Dibenz(a,h)anthraeene 53-70-3 <0.001 <0.001 0.55 NO -- -- -- -- --
Dicthyl phtlmlatc 84-66-2 < 0.001 <0.001 2 NO -- -- -- -- --
Dimethyl phthalate 131-11-3 < 0.001 <0.001 0.47 NO -- -- -- -- --
Dj-n-bul'l hthalatc 84-74-2 <0.001 <0.001 0.57 NO -- - -- -- --
Dj-n-oetyl phthalate 117~S4~0 < 0.005 < 0.005 0.17 NO -- -- -- -- --
Fluoranthenc 206-44-0 < 0.001 <0.001 0.68 NO -- - -- -- --
Fluorene 86-73-7 < 0.001 <: 0.001 0.59 NO -- -- -- -- --
Ho;:xlIchlorobenzcnc 118-74-1 <: 0.001 <0.001 0.55 NO -- -- -- --
HexlIchlorobutadiene 87-68-3 <0.001 <0.001 0.55 NO -- -- -- -- --
Hexaehloroeveloocntadienc 77~47-4 < 0.0025 < 0.0025 0.57 NO -- -- -- -- --
Hexachloroethane 67-72-1 < 0.001 <0.001 0.55 NO -- -- -- -- --
Indcno(1,2,3-cd)pyrene 193~39~5 <0.001 <0.001 0.055 NO -- -- -- -- --
Naphthalene 91-20-3 < 0.001 <0.001 0.59 NO -- -- -- -- --
Nitrobenzene 98-95-3 <0.001 <0.001 0.68 NO -- -- -- -- --
N-Nitrosodi-n-propylamine 621-64-7 < 0.001 <0.001 4 NO -- -- -- -- --
N-Nitrosodiphenylamine S6-30-6 <0.001 <0.001 9.2 NO -- -- -- -- --
Pentaehlorobenzcne 608-93-5 <0.0027 <: 0.0027 0.55 NO -- -- -- -- --
Pentachlorophenol 87~86-5 < 0.002 < 0.002 0.89 NO -- -- -- -- --
Phcnanthrene 85-01-8 <0.001 <0.001 0.59 NO -- -- -- -- --
Phenol 108-95-2 < 0.004 <: 0.004 0.39 NO -- -- -- -- --
Phthalic acid 88-99-3 <0.4 <0.4 0.55 NO -- -- -- -- --
Pvrcnc 129-00-0 < 0.001 <0.001 0.67 NO -- -- -- -- --
Pyridine 110-86-1 < 0.005 < 0.005 0.14 NO -- -- -- -- --

$\V8290 1,2,3,4,6.7,8-H CDD 35822~46-9 < 0.0000049 < 0.0000049 0.00035 NO -- -- -- --
1,2,3,4,6,7,8-H COF 67562~39-4 < 0.000017 <: 0.000017 0.00035 NO -- -- -- -- --
1,2,3,4,7.8,9-HoCDF 55673-89-7 < 0.0000031 <: 0.0000031 0.00035 NO -- -- -- -- --
OCDD aCOD <: 0.000013 <0.000013 0.00063 NO -- -- -- -- --
OCDF OCDF 0.000089 0.000089 0.00063 NO -- -- -- -- --

TcLP(mg/L) SW6010 Antimon 7440-36-0 < 0.1121 <: 0.5605 11.5 NO -- -- -- -- --
Arsenic 7440-38-2 0.128 0.259 50 NO -- -- -- --
Barium 7440-39~3 0.0178 2.59 210 NO -- -- -- --
Beryllium 7440-41-7 0.0125 0.0125 12.2 NO -- -- -- -- --



TABLE C-4
COMPARISON OF DETECTED CHEMICAL CONCENTRAnONS WITH UTS LEVELS

(Pllge 7 of 7)

(1) USEPA Region 9 residential soil PRG bused on cancer risk and ingestion and inhalation exposure pathways times 1,00!.>'.
(2) USEPA Region 9 residential soil PRG based on non-cancer risk and ingestion and inhalation exposure pathways times 10.

Analytical Site-Related 1\lillimum l\la.ximum Maximum 10.3 Cancel' Non-C:UJccl' Risk>
Cate<>ol")' IHethod Chemi('ul CAS No. Detect Detect lJTS x 10 > UTSxlO? Cal'cinoeen? PRG(l) Rhk> 1O"3,! PRG x 10(2) PUG x 10 '!

TCLP (mg/L) Clldmium 7440-43-9 <0.00569 < 0.00569 l.l NO -- -- -- -- --
Clu'omiulll 7440-47-3 0.0083 2.94 6 NO -- -- -- -- --
Lead 7439-92-1 0.0817 0.229 75 NO -- -- -- -- --
Nickel 7440·02·0 0.0194 5.76 1I0 NO -- -- -- -- --
Selenium 7782-49-2 <: 0.1038 <: 0.104 57 NO -- -- -- -- --
Silver 7440-22-4 <0.01302 < 0.01302 1.4 NO -- -- -- -- --
Thallium 7440-28-0 < 0.125 < 0.125 2 NO -- -- -- -- --
Vanadium 7440·62·2 0.021 1.94 16 NO -- -- -- -- --
Zinc 7440-66-6 0.0243 0.295 43 NO -- -- -- -- --

S\V7470 Mercury 7439-97-6 0.00063 0.00063 0.25 NO -- -- -- --
SW8015 Methanol 67·56·1 <0.54 <: 0.54 7.5 NO -- -- -- -- --
3\V8260 Carbon disuHide 75-15-0 <0.012 < 0.012 48 NO -- -- -- -- --



Table C-S
Estimated Waste Volumes, By Location

BRCCAMU
Henderson, NV

Area Depth (Ft.) Volume
Area I Samole ID Soatial Comnosite (Sa. Yds.) (Avcral!c) (Cubic Yds.)
Aloha Ditch

WC-ADOI IIncludes WC~AD02 and WC~AD03 70,199 1.0 I 23,397
Beta Ditch

WC-BDOI Includes WC~BD02 and WC·BD03 I 79,453 4.0 I 105.927
IRM Soil Holding: Areas

WC-IMOI From IRM soil holding area in pond PUA~04 10,880 4.0 14,506
WC-IM02 From IRM soil holding area in nond PUB v 04 14,230 4.0 18,971
WC-IM03 From IRM soil holdine. area in Dond PUBvOS 14,985 4.1 20,602
WC-IM04 From IRM soil holding area in pond PUBv 10 14,202 6.4 30,375
WC-IM05 From IRM soil haJdin!? area in nond PUCv03 13,029 4.0 17,371
WC-IM06 From IRM soil holding area in nond PUC-04 12,596 4.6 19,504
WC-IM07 From IRM soil holding area in nond PUD-03 13,908 4.0 18,542

Mohawk Area
WC-MHOI IFrom ponds PUE-OI, PUE-02, PUF-OI, and PUF-02 63,412 0 I 0

No-Build Area
WC-NBOI From ponds PLH-OI, PLl-OI, PLl-02, PLJ-OI, and PLJ-02 87,058 0 0
WC-NB02 From ponds PLH-02, PLH-03, PLH-04, and PLl-03 117,264 0 0
WC-NB03 From ponds PLG·02 through PLG-OS 96,1 84 0 0

Sunset North Area
WC-SNOI From Donds PLO·IO, PLE-08, PLE-09, PLFM05 through PLF-08, and PLGM06 I 191,676 0.5 I 31,943

Snrav Wheel
WC-SWOI IFrom ponds PUE-08, PUE-09, PUF-08, and PUF-09 48,927 I 2.0 I 32,614
WC-SW02 From nonds PUF-07, PUG-08, and PUHM07 45,260 2.0 I 30,170

Former Esoev Construction Site
WC-TEOI From footprint of former Espev Construction site I 6,216 I 2.0 I 4,146

Other TIMET Debris Areas
WC-TDOI From footnrint of three other TIMET debris areaS 34,776 I 2.0 23,196

TIMET Abandoned Test Pit
WC-TAOI IFrom footprint of TIMET Abandoned Test Pit I 3,887 I 3.0 I 3,887

TIMET Berms
WC-TBOI From western berms between TIMET nonds NE NE NE
WC-TB02 From central west berms bctween TIMET Donds NE NE NE
WC-TB03 From central cast berms betwcen TIMET Donds NE NE NE
WC·TB04 From eastern berms bctwccn TIMET ponds NE NE NE

TIMET OPW Ponds
WC-TWOI From ponds OPW-6 throuuh OPWMII 32,960 4.5 49,436
WC-TW02 From ponds OPW-13 through OPWM20 41,382 4.5 62,067
WC-TW03 From pond OPW·12 5,421 4.5 8,130

TIMET Ponds
WC-TPOI From pond SC·I 41,624 18.5 256,656
WC-TP02 From pond SWM2 18,682 4.5 28.021
WC-TP03 From pond SW·J 19,312 4.5 28,965
WC-TP04 From nand SWM4 23,958 18.5 147,726
WC-TP05 From pond SWM5 18,828 4.5 28,239
WC-TP06 From pond SW·6 19,650 4.5 29,473
WC-TP07 From pond SW·7 23,377 18.5 144,145
WC-TP08 From nand SW-8 19,650 22.5 147,363
WC-TP09 From nond SW-9 20,667 4.5 30,997
WC-TPIO From pond SW-IO 25,507 5.5 46,758
WC-TPII From pond SW-II 23,861 5.5 43,741
WC-TPI2 From nond SW-12 25,265 5.5 46,314
WC-TP13 From pond HP-2 24,974 4.5 37,458
WC-TPI4 From pond HP-J 49,320 4.5 73,972
WC-TPI5 From pond I-IpM4 22,845 4.5 34,264
WC-TPI6 From )ond I-1PMS 49.513 4.5 74,262

Upper Ponds
WC-UPOI From ponds PUA-OS through PUA-I 0 67,102 0.6 12,920
WC-UP02 From nonds PUB-06 throuQh PUB-09 54,615 2.0 37,565
WC-UP03 From vonds PUC-OS throm!h PUC·08 66,385 2.6 56,782
WC-UP04 From ponds PUD-04 through PUDM09 83,035 0.3 28,245
WC-UP05 From ponds PUE-03 through PUE-O? 94,070 0.9 25,589
WC-UP06 From Jonds PUF-03 throuQh PUF-06 66,474 0.1 9,788
WC-UP07 From onds PUG-04 through PUG-OJ 65,344 0.7 15,004

NE No Estimate, No waste cxpcctea to De exeavatea Total: 1,899,028
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Waste Characterization Sample Locations
o Alpha Ditch Samples (Composite)
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• TIMET OPW Pond Samples (Composite)
o Espey Construction Site Sample (Composite)

• IRM Soil Holding Area Samples (Composite)
o MohawkArea Sample (Composite)

No-Build Area Samples (Composite)

o Other TIMET Debris Areas Sample (Composite) i'--'........,":c"-~-"'-::-":-:>-r ~_-..:~~~=:O;;~--""-"'---j
• S Wh I S I s (Composite) Note: See Table C-2 for 8MI Common Areaspray ee amp e Clark County, Nevada

description of sample �----;::;-::2;~~~-~==-----1• Sunset North Area Sample (Composite) collection, See Figure FIGURE C-2
O TIMET Berm Samples (Composite) C-1 for identification of

sediment depths. See
o TIMET Pond Samples (Composite) Figures C-3A through WASTE

C-3C for indwidual com- CHARACTERIZATION
• TIMET Abandoned Test Pit Sample (Composite) posite sample locations" _,;::S~Ae£!M~P:=L::E:..!L;;O~C,A~T.!JI~O~N:!.::S~;;;-;;=__-j
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No Further Action Area (NFA)

~Excavated Soil Holding Areas

Individual Composite Sample Locations

o Alpha Ditch Samples (Composite)

• Beta Ditch Samples (Composite) 50
• TIMET OPW Pond Samples (Composite) ~a
o Espey Construction Site Sample (Composite) OClD~
• IRM Soil Holding Area Samples (Composite) ~~t>

o Mohawk Area Sample (Composite) 40,0 ~60>~. ~S\400
No-Build Area Samples (Composite) ~ ="~
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No Volume Estimate
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No Volume Estimate
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No Volume Estimate

2,000 0 2,0001,000
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Boundary Line
No Further Action Area (NFA)
Excavated Soil Holding Areas

Waste Characterization Sample Locations
Alpha Ditch Samples (Composite)
Beta Ditch Samples (Composite)
TIMET OPW Pond Samples (Composite)
Espey Construction Site Sample (Composite)
IRM Soil Holding Area Samples (Composite)
Mohawk Area Sample (Composite)
No-Build Area Samples (Composite)
Other TIMET Debris Areas Sample (Composite)
Spray Wheel Samples (Composite)
Sunset North Area Sample  (Composite)
TIMET Berm Samples (Composite)
TIMET Pond Samples (Composite)
TIMET Abandoned Test Pit Sample (Composite)
Upper Pond Samples (Composite)

Area / Sample ID Spatial Composite
Area

(Sq. Yds.)
Depth (Ft.)
(Average)

Volume
(Cubic Yds.)

Alpha Ditch
WC-AD01 Includes WC-AD02 and WC-AD03 70,199 1.0 23,397

Beta Ditch
WC-BD01 Includes WC-BD02 and WC-BD03 79,453 4.0 105,927

IRM Soil Holding Areas
WC-IM01 From IRM soil holding area in pond PUA-04 10,880 4.0 14,506
WC-IM02 From IRM soil holding area in pond PUB-04 14,230 4.0 18,971
WC-IM03 From IRM soil holding area in pond PUB-05 14,985 4.1 20,602
WC-IM04 From IRM soil holding area in pond PUB-10 14,202 6.4 30,375
WC-IM05 From IRM soil holding area in pond PUC-03 13,029 4.0 17,371
WC-IM06 From IRM soil holding area in pond PUC-04 12,596 4.6 19,504
WC-IM07 From IRM soil holding area in pond PUD-03 13,908 4.0 18,542

Mohawk Area
WC-MH01 From ponds PUE-01, PUE-02, PUF-01, and PUF-02 63,412 0 0

No-Build Area
WC-NB01 From ponds PLH-01, PLI-01, PLI-02, PLJ-01, and PLJ-02 87,058 0 0
WC-NB02 From ponds PLH-02, PLH-03, PLH-04, and PLI-03 117,264 0 0
WC-NB03 From ponds PLG-02 through PLG-05 96,184 0 0

Sunset North Area
WC-SN01 From ponds PLD-10, PLE-08, PLE-09, PLF-05 through PLF-08, and PLG-06 191,676 0.5 31,943

Spray Wheel
WC-SW01 From ponds PUE-08, PUE-09, PUF-08, and PUF-09 48,927 2.0 32,614
WC-SW02 From ponds PUF-07, PUG-08, and PUH-07 45,260 2.0 30,170

Former Espey Construction Site
WC-TE01 From footprint of former Espey Construction site 6,216 2.0 4,146

Other TIMET Debris Areas
WC-TD01 From footprint of three other TIMET debris areas 34,776 2.0 23,196

TIMET Abandoned Test Pit
WC-TA01 From footprint of TIMET Abandoned Test Pit 3,887 3.0 3,887

TIMET Berms
WC-TB01 From western berms between TIMET ponds NE NE NE
WC-TB02 From central west berms between TIMET ponds NE NE NE
WC-TB03 From central east berms between TIMET ponds NE NE NE
WC-TB04 From eastern berms between TIMET ponds NE NE NE

TIMET OPW Ponds
WC-TW01 From ponds OPW-6 through OPW-11 32,960 4.5 49,436
WC-TW02 From ponds OPW-13 through OPW-20 41,382 4.5 62,067
WC-TW03 From pond OPW-12 5,421 4.5 8,130

TIMET Ponds
WC-TP01 From pond SC-1 41,624 18.5 256,656
WC-TP02 From pond SW-2 18,682 4.5 28,021
WC-TP03 From pond SW-3 19,312 4.5 28,965
WC-TP04 From pond SW-4 23,958 18.5 147,726
WC-TP05 From pond SW-5 18,828 4.5 28,239
WC-TP06 From pond SW-6 19,650 4.5 29,473
WC-TP07 From pond SW-7 23,377 18.5 144,145
WC-TP08 From pond SW-8 19,650 22.5 147,363
WC-TP09 From pond SW-9 20,667 4.5 30,997
WC-TP10 From pond SW-10 25,507 5.5 46,758
WC-TP11 From pond SW-11 23,861 5.5 43,741
WC-TP12 From pond SW-12 25,265 5.5 46,314
WC-TP13 From pond HP-2 24,974 4.5 37,458
WC-TP14 From pond HP-3 49,320 4.5 73,972
WC-TP15 From pond HP-4 22,845 4.5 34,264
WC-TP16 From pond HP-5 49,513 4.5 74,262

Upper Ponds
WC-UP01 From ponds PUA-05 through PUA-10 67,102 0.6 12,920
WC-UP02 From ponds PUB-06 through PUB-09 54,615 2.0 37,565
WC-UP03 From ponds PUC-05 through PUC-08 66,385 2.6 56,782
WC-UP04 From ponds PUD-04 through PUD-09 83,035 0.3 28,245
WC-UP05 From ponds PUE-03 through PUE-07 94,070 0.9 25,589
WC-UP06 From ponds PUF-03 through PUF-06 66,474 0.1 9,788
WC-UP07 From ponds PUG-04 through PUG-07 65,344 0.7 15,004

NE = No Estimate. Total: 1,899,031
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1.0 INTRODUCTION

This Security Plan describes the procedures and barriers that will be used to
prevent persons who are unaware of the danger from entering the Remedial Waste
Management System (RWMS). In addition, this plan also includes measures to minimize
the possibility of unauthorized entry by persons or livestock onto the active portion of the
RWMS.

2.0 PERSONNEL

Six to eight full-time employees, not including contractor employees, will be
onsite during construction operations. In addition, at least one person will be present 24
hours a day, 7 days a week during the length of the remediation project. The following is
a list of assigned personnel and their responsibilities:

• BRC CAMU Construction Manager -The Construction Manager will
be on site at least 50 percent (50%) of the time the site is open for
waste disposal to oversee site operations. The Constmction Manager
will be responsible for keys to the site gates.

• Equipment Operators - The primary responsibility of these (two)
positions is the normal construction and operational duties associated
with the landfill operations, including spotting vehicles, spreading and
compaction of waste material, landfill attendant duties, and installation
of earthen cover. Equipment operators will report to the BRC CAMU
Construction Manager.

• Laborers - Typical duties will include site and roadway construction,
maintenance, and cleanup, as determined by the BRC CAMU
Construction Manager. In addition, a minimum of one employee will
be assigned the job of daily policing the site perimeter, providing
directions to disposal locations, monitoring received waste and
collecting management data. Laborers will report to the BRC CAMU
Constmction Manager.

• Security Guards - Full-time security guards, on-site during non
working hours or using remote video equipment, will be responsible
for site access, daily monitoring of the condition of the perimeter
fence, and communicating problems to the BRC CAMU Construction
Manager. During working hours, a Laborer will be responsible for site
access, daily monitoring of the condition of the perimeter fence, and
communicating problems to the BRC CAMU Constmction Manager.
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3.0 SITE CONTROL

3.1 Fencing and Gates

Primary site access will be gained through the entry gate located off Fourth Street
on the east side of the propetiy. The entry gate will be equipped with a lockable
mechanism to prevent unauthorized entry and/or uncontrolled waste deposition when the
site is closed. The gates will remain locked except during periods of continuous
ingress/egress (i.e., during transport of materials to the BRC CAMU). Access to the site
at points other than the entry gate will be discouraged by maintcnance of site perimeter
fencing and full time security during site operations. The Fence Plan is shown on Figure
J-12 in Section I of the Supplemental RAP Information (SRAPI).

BRC will implement a monitoring program to identify and repair breaches in the
perimeter fence line. This program includes new fence installation as part of remediation
activities and continues after final remediation completion.

3.2 Access

Access to the site will be controlled by a security guard during non-working hours
and site personnel during working hours. In addition, artificial barriers will be used to
protect public health, safety, and the environment. The BRC CAMU entrance or gate
attendant's office, located beyond the entry gate, will serve as the checkpoint to facilitate
access and traffic control. Loads will be inspected at this point by assigned site personnel.
During specified working hours, waste materials approved for acceptance will be directed
to the active landfill working face.

Additional site controls will be employed to control traffic flow, including
pedestrian traffic, within the Site during remediation. These site controls are necessary to
control remediation workers, vendors and subcontractors, and Site visitors. Site visitors
will not be allowed to access the exclusion zone. Visitors will be allowed access if they
provide proof of current Title 29 CFR.191 0.120, they "sign in" as authorized visitors, and
they attend a required Health and Safety tailgate briefing.

3.3 Signs

Bilingual Signs will be posted that clearly indicate the following:

• The owner and operator of the site;
• The hours of operation;
• Materials accepted or excluded; and
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• The site is private propeliy and is not open to the public for public
disposal of any waste materials whatsoever.

At the main entrance gate off Fourth Street an easily visible sign will be posted
indicating the facility name, and other pertinent infonnation as required. The sign will
include the name of the site operator, the operator's telephone number, and hours of
operation. It will be noted on the signage that the BRC CAMU is a private operation.

Instructional signs will be placed at this site entrance addressing prescribed safety
measures on the site and include instructions regarding prohibition of smoking within the
disposal areas and mandating that all instruction from site personnel be obeyed.

Interior site haul roads will be appropriately signed so as to direct each load to its
designated disposal area. Typical directional and information signs will be posted at the
site. Location of signage may be changed from time-to-time to facilitate operations. In
addition, authorized personnel may be utilized to direct traffic at the active working face
of the landfill operation.

Signs stating "Danger-Unauthorized Personnel Keep Out" will be posted at each
entrance to the active portion of the facility, and at other locations, in sufficient numbers
to be seen from any approach to the active portion of the site.

"No Trespassing" signs will be posted at IOO-foot intervals along the site
perimeter fencing. Additional signs and/or measures may be required to protect
personnel and public health and safety. All signs will be legible from a distance of at
least 25 feet.

3.4 Lighting

Lighting will be provided at the main entrance to illuminate the gate and signs.
During night time construction, temporary lighting will be used within areas of the site
where work is being performed.

4.0 COMMUNICATION

Security guards will have mobile phones for communicating with the
Construction Manager and local police and fire services personnel, as necessary.
Breaches in security will be reported to the Construction Manager for immediate repair
and correction.
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On-site communication will be through two-way radios or mobile phones.
Operators will use radio or mobile phone technology to communicate with security
personnel to report emergencies, injuries, etc.
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1.0 INTRODUCTION

This Inspection Plan includes the items, areas, units, and equipment that will be
inspected during the construction and operation of the BRC CAMU to identify
malfunctions, deterioration, operator errors, and discharges that may be causing, or may
lead to, a release of waste constituents to the environment or a threat to human health.
Inspections performed during the post-closure care period are discussed in Attachment O.
This plan includes checklists, schedules, and qualifications of personnel charged to
perform inspections. A separate Construction Quality Assurance (CQA) Plan for the
construction of the base liner system is included in Supplemental RAP Information
(SRAPI), Section 3 and a separate CQA Plan for the construction of the final cover
system is included in SRAPI, Section 6.

BRC will inspect monitoring equipment, safety and emergency equipment,
security devices, and operating and structural equipment (such as dikes and sump pumps)
that are important to preventing, detecting, or responding to environmental or human
health hazards. Inspection checklists will be kept on site and will identify the types of
problems (e.g., malfunctions or deterioration) which are to be looked for during the
inspection (e.g., inoperative sump pump, leaking fitting, erosion, etc.). Inspection
checklists are included as Appendix A.

1.1 Personnel

To develop and maintain the overall BRC CAMU in conformance with the
inspection standards outlined in this document, four to five employees or contractors will
be assigned, as required, to site inspections. Other employees or contractors will be
assigned, as needed, for suppoli activities.

The following is a list of assigned personnel with a brief outline of their
qualifications:

• BRC Construction Manager - A BRC Construction Manager will maintain an
operational/maintenance office onsite. This individual will be directly responsible
for all site-related inspection activities. The BRC Construction Manager shall
assign inspection duties, ensure all activities are perfonned on schedule, and
maintain records in accordance with this plan and the RepOlis and Recordkeeping
Plan (Attachment T). This individual will report to the Project Manager.

• Equipment Operators - Employees (two) serving in this capacity will possess
experience and training in the fields of heavy equipment operation and earth
movement and construction activities. The primary inspection responsibilities of
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these positions include equipment and additional inspections as directed by the
BRC Construction Manager. Equipment operators will report to the BRC
Construction Manager.

• Laborer - Typical duties will include site and roadway construction, maintenance,
and cleanup, as detennined by the BRC CAMU Construction Manager. One
employee will be assigned the job of daily policing the site perimeter and
regulation of site access, providing directions to disposal locations, monitoring
received waste and collecting management data. One employee will be assigned
to air monitoring.

BRC is committed to placing and maintaining individuals with the overall
training, experience, capabilities, and/or other qualifications in the above noted positions
as necessary to operate and develop the site in such a manner as to meet or exceed
applicable requirements and regulations. Additional equipment and personnel will be
provided as required to accomplish overall site maintenance and operation standards,
which equal or exceed all applicable State and local rules and regulations pertaining to
site safety measures and the overall gencral protection ofthc area's environment.

2.0 OPERATIONAL INSPECTIONS

2.1 Health and Safety

Health and Safety inspections will be performed as outlined in the Accident
Prevention, Contingency, and Emergency Response Plan (Attachment G). These
inspections will be carried out by the BRC CAMU Construction Manager or his/her
designee. The Health and Safety inspections include verifying PPE and communication
devices are in good, working condition, inspection of safe work practices, and verifying
personnel has received proper health and safety training. If conditions are found to be
unsafe through inspections, the Project Manager will halt work and address problems.
Examples of unsafe conditions are: Personal Protective Equipment (PPE) or
radio/communication malfunction, severe weather, and/or fire.

2.2 Air Monitoring

Inspections associated with off-site dust transport are covered in detail in
Appendix B, Perimeter Air Monitoring Program (PAMP), of the Corrective Action Plan
(CAP). During waste placement within the BRC CAMU, air monitoring and sampling
will be pet'fonned continuously, with a MIE® DATA RAM sampler that is calibrated
prior to sampling each day. General site, breathing zone, and perimeter air monitoring
will be conducted during construction operations. Personal air monitoring will be
conducted if breathing zone or work zone monitoring results indicates that exposures
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over the action level may have occurred. All sampling results will be included in the
Corrective Action Completion Report to be submitted to NDEP following BRC CAMU
closure. If the airborne concentrations exceed the action levels as prescribed in Section
4.0 of the PAMP, the BRC Project Manager will immediately stop work and modify dust
control measures.

2.3 Hauling/Transport

Haul routes will be inspected on a daily basis by the BRC CAMU Construction
Manager during hauling operations. Condition of the haul routes will be evaluated daily
to determine if repairs are required. Repairs will be made when rutting, drainage, or
other issues impact the transpOlt of the waste materials.

Hauling/transport equipment will be kept in good working order and will have
covers over the load. Standard construction entrance features (rumble strips and large
aggregate aprons) will be used to remove soil from vehicle wheels departing the BRC
CAMU site. Sweeper and vacuum trucks will be used daily to maintain haul routes.
Further details are found in the CAP.

2.4 Surface Water

The BRC CAMU Construction Manager or his/her designee will be responsible
for inspecting the storm water collection system after precipitation events (i.e. post storm)
exceeding y, inch in a 24 hour period and will evaluate erosion, sedimentation, and other
damage, if any. In addition, the post storm inspection will be perfOlmed to evaluate the
potential for surface water infiltration into the BRC CAMU. Surface water conveyance
features will be inspected quarterly during the dry season and weekly during the wet
season for sediment and debris accumulation. Collection and holding facilities will be
inspected for sediment build-up and debris after precipitation events (i.e. post storm)
exceeding y, inch in a 24 hour period to maintain conveyance and design capacity.

Accumulated surface water, which has not entered the waste containing areas of
the BRC CAMU, will be removed as soon as practical. An operational pump and
apputtenant equipment will be maintained on-site during the entirety of the project (and
not just during typically wet periods of the year) to be used in surface water removal.
Accumulated surface water, which has contacted the waste material, will be treated as
leachate and handled accordingly.

2.5 Leachate

Prior to completion of the final cover system, the BRC CAMU Construction
Manager or his/her designee will be responsible for monitoring leachate levels in sumps
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each week. If the leachate level exceeds 2-feet, the sump will be drained of leachate and
used for dust control overlying lined areas of the BRC CAMU that have not been capped,
in accordance with the BRC CAMU Operation Plan (Attachment M).

After completion of the final cover system, the leachate levels will be monitored
on a quarterly basis for a period of two years and annually thereafter, see Attachment 0
(Closure and Post-Closure Plan). Leachate will be taken off-site for proper disposal in
accordance with BRC CAMU Operation Plan (Attachment M).

2.6 Gates and Fences

The 24-hr site security guards will inspect the fences and gates daily to ensure all
are in proper working order. In addition, the security guard will note any missing or
damaged signs around the propeliy as well as evidence of unauthorized access. Damages
will be recorded and repairs perfonned immediately to minimize unauthorized site
access.

2.7 Liner and Cover Systems

During construction and installation, liners and cover systems will be inspected
regularly for unifonnity, damage, and imperfections (e.g., holes, cracks, thin spots, or
foreign materials) as outlined in the construction quality assurance plans for the base liner
system and final cover system. Details of liner and cover construction quality assurance
are provided in the Construction Plan (Attachment L) and Closure and Post-Closure Plan
(Attachment 0), respectively. The liner system will be inspected weekly during waste
placement activities to verify the system remains undamaged. If damage occurs, work
activities in the area of the damage will halt while damage is repaired.

2.8 Equipment

During construction activities, all equipment in operation will be inspected daily
by the equipment operator. BRC will also inspect and track on-site equipment to ensure
that it is in good working order. Inspections will be perfonned by equipment operators to
ensure equipment is in good working order. Equipment which is not in good working
order will not be used until repaired or replaced.

2.9 Best Management Practices

Best management practices (BMPs) will be inspected weekly and after stonn
events to verify they are in good, working condition. If inspections indicate BMPs are
damaged, they will be replaced.
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3.0 RECORDKEEPING

The BRC CAMU Construction Manager will record inspections in an inspection
log. These records will be kept in accordance with the records retention requirements of
the AOC3. At a minimum, these records will include the date and time of the inspection,
the name of the inspector, a notation of the observations made, and the date and nature of
any repairs or other remedial actions. Inspection checklists are included as Appendix A.
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Appendix A
Inspection Checklists



Basic Remediation Company
Corrective Action Management Unit (CAMU)

Log of Operations

Yearly Cover Sheet

This log cover sheet shall be completed at the beginning of each license year and should
be kept on file at the beginning of the daily log file for that year. Attach amendments to
this form as necessary.

Annual Log for
Year:

Name of Facility:

Mailing Address:

Location of Facility

License #:------

(Street)

(Street)

______ Phone #:

(City)

(City)

(State)

(State)

(Zip)

(Zip)

Owner of Facility: _________________ Licensee Name:

Name of Site Manager:

Method of Measuring Amount of Incoming Materials:

Scales

Types & Number of Equipment on Site:

Dozers

Compactor

___ Visual Estimate

___ Graders

___ Sweepers

__ Capacity of Hauling Vehicle

Pan/Seraper

Water Trueks

Other: _



Date:

Name:

Weather:

Daily Inspection Checklist
BRC CAMU

Henderson, NV

___________Title:

Health & Safety:

Haul Roads:

Time: YES

o
o
o
o
o
o
o
o
o
o
o
o
o
o
o

NO

DSite map posted

DBuddy system implemented

DWork zones identified

DSite access controlled

DVisitors escorted

DOn/off site communication in working order

DAir monitoring equipment is working order

DAir monitoring records recorded in field logbook

DAir monitoring calibration records recorded in field logbook

DStandard opcrating procedures implcmentcd

DI-Iousekceping at decontamination zone is appropriate

DDecontamination procedures implcmented

DEmergency response equipment in working order

DRoute to hospital is posted

DHazards incurred. If yes:

DWaste Debris on Roadways

if yes:

Surface Water:

Waste Placement:

o DSurfacc Watcr Present

if yes, where and disposal method:

o D Liner/cover free n:om damage and imperfections

ifno:

o DPlaccment in accordance with Project Drawings and schedule

if no:



Security:

Equipment:

Daily Inspection Checklist
BRCCAMU

Henderson, NY

c:::::::J 0 Fill Stable

if no:

c:::::::J DFenccs and gates in good condition

ifno:

c:::::::J DSigns of unauthorized access

if yes:

c:::::::J DNotification signs present and in good condition

irno:

c:::::::J DImproper Salvaging

if yes:

c:::::::J DAir Monitoring equipment in good, working condition

if no:

c:::::::J DScalcs in good, working condition:

ifno:



# in Operation:
Load·out Operation

Boulder Highway Operation

Haul Route Operation

Disposal Equipment

Other:

Daily Inspection Checklist
BRCCAMU

Henderson, NV

of:o DDozer

o DWaterpull

o DP/WScraper

o DExcavator

o DOff-Road Dump Truck

o DLubeTruck

o DWater Stand Tank

o o Sweeper

o o Loader

o DLight Plant

o DTraffic Read Board

o o Vacuum Truck

o o Blade

o DWaterpull

o DWater Stand Tank

o o Light Plan

o DI)ozer

o DWaterpull

o DP/WScraper

o DOff-Road Dump Truck

o DLube Truck

o DWater Stand Tank

o o Compactor

o DL-- _
o DL-- _
o Dl-- _

11. ....IWork shall be postponed until correct

I INeeds to be addressed



Week of:

Name:

Leachate Collection:

Weekly Inspection Checklist
BRCCAMU

Henderson, NV

Title:

Amount of Leachate Collected:

Action Level Reached?

Disposal Method:

Gallons (Weekly)

Gallons (Daily)

DYes 0 No

0 Dust Control

0 Off-Site

0 N/A

YES NO
Health and Safety

Haul Roads:

Run-off Collection:

o
o
o
o
o
o

o

o

o

o

OPre-entry brief meetings are current

OTailgate meetings are current

OPrimary and Secondary containers are properly labeled

OMaterial safety data sheets are available

OPPE storage is neat and organized

OErosion of road

if yes:

ORumble strips/aggregate aprons in good condition

ifno:

OCracks in conveyance channels

if yes:

o Water present in conveyance channels

if yes:

OEvidence of flooding

if yes:



Run-on Collection:

o

o

Weekly Inspection Checklist
BRCCAMU

Henderson, NV

o Water Present

if yes:

DPumps in good, working condition

ifno:

CAMU Surface:

o

o

BMPs:

o Evidence of erosion
Type:

if yes:

DCracks in surface

if yes:

o
o

Wind

Water

o

o

o

'- INeeds to be addressed

DDormant areas outside of silt fence seeded/mulched

if no:

DSeed and mulch blown away

if yes:

DSiit fences/wind screens in good, working condition

if no:



Month of:

Name:

YES

Monthly Inspection Checklist
BRCCAMU

Henderson, NV

Title:

NO

Health and Safety

Repairs

Leachate:

Haul Roads:

D
D

D

D

D

D

DTraining/medical surveillance/respiratory protection records are current

DChemical inventory is up to date

DPrevious month's failed inspections addressed

ifno:

DLeachate Pump in good, working order

o Ruts/Cracks in road

if yes:

o Rumble Strips/Aggregate Aprons in good condition

if no:

'- INeeds to be addressed



Post-Storm Inspection Checklist
BRCCAMU

Henderson, NY

Date:

Name:

Storm Duration:

Total Precipitation Amount:

Leachate Collection:

______(inches)

Amount of Leachage Collected:

Action Level Reached?

_____G=allons

DYes D No

Disposal Method:

YES NO

o
o
o

Dust Control

Off-Site

N/A

Haul Roads:

Run-off Collection:

Run-on Collection:

CAMU Surface:

o

o

o

o

o

o

OPooled Water

if yes:

o Evidence of flooding

if yes:

OWater Samples Collected

if no:

o Water Present

if yes:

o Water Samples Collected

if no:

OEvidence of erosion

if yes:



D

D

Best Management Practices:

D

Post-Storm Inspection Checklist
BRCCAMU

,--, Henderson, NV
L-..J Water present

if yes:

DCracks/rills in surface

if yes:

DBMPs in good condition

ifno:

Off-site Disposal:

D D Evidence of off-site disposal

if yes, corrective actions implemented: _

___---JINeeds to be addressed



Quarterly Iuspection Checklist
BRCCAMU

Henderson, NV

Date: Quarter:

Name: Title:-----------

YES NO
Health and Safety:

D

D

D

D

D

D

DNew Employees

if yes, names/titles:

DNew employees have received H&S training
ifno, when will it be scheduled:

DHASP needs updating

if yes:

DHealth and Safety Inspection logs maintained

if no:

DAccident, Contingency, and Emergency Response Plan on site

ifno:

DAccidents/Emergencies within last 3 months

ifyes, what was done to prevent future occurance:



Water Quality;

D

D

Quarterly Inspection Checklist
BRCCAMU

Henderson, NY

DAnalytical results maintained for surface water monitoring

ifno;

DAnalytical results maintained for groundwater monitoring

ifno;

____INeeds to be addressed
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1.0 INTRODUCTION

This Personnel Training Plan describes the personnel and classroom or on-the-job
training workers and other site personnel receive on how to perform their duties in a way
that ensures the BRC CAMU complies with the conditions of this RAP and how to
respond effectively to emergencies.

1.I Personnel

To develop and maintain the overall BRC CAMU in conformance with the design
and operational standards outlined in this document, three to four employees or
contractors will be assigned, as required, to site operations. Other employees or
contractors will be assigned, as needed, for support activities.

The following is a list of on-site personnel with a brief outline of their
qualifications:

• BRC CAMU Construction Manager -The Construction Manager will
be on site at least 50 percent (50%) of the time the site is open for
waste disposal to oversee site operations. The Construction Manager
will be responsible for keys to the site gates.

• Equipment Operators - The primary responsibility of these (two)
positions is the nonnal construction and operational duties associated
with the landfill operations, including spotting vehicles, spreading and
compaction of waste material, landfill attendant duties, and installation
of earthen cover. Equipment operators will report to the BRC CAMU
Construction Manager.

• Laborers - Typical duties will include site and roadway construction,
maintenance, and cleanup, as determined by the BRC CAMU
Construction Manager. In addition, a minimum of one employee will
be assigned the job of daily policing the site perimeter, providing
directions to disposal locations, monitoring received waste and
collecting management data. Laborers will report to the BRC CAMU
Construction Manager.

• Security Guards - Full-time security guards, on-site during non
working hours or using remote video equipment, will be responsible
for site access, daily monitoring of the condition of the perimeter
fence, and communicating problems to the BRC CAMU Construction
Manager. During working hours, a Laborer will be responsible for site
access, daily monitoring of the condition of the perimeter fence, and
communicating problems to the BRC CAMU Construction Manager.
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2.0 TRAINING

BRC is committed to placing and maintammg individuals with such overall
training, experience, capabilities, and/or other qualifications in the above noted positions
as necessary to operate and develop the site in such a manner as to meet or exceed
applicable requirements and regulations. Additional equipment and personnel will be
provided as required to accomplish overall site maintenance and operation standards,
which equal or exceed all applicable State and local rules and regulations pertaining to
site safety measures, and the overall general protection of the area's environment.

Non-office site personnel will receive 40-hr Occupational Safety and Health
Administration (OSHA) Hazardous Waste Operations and Emergency Response
Standards (HAZWOPER) training, which will be provided by certified trainers.
Personnel will renew this training annually with the 8-hr refresher course. Employees
using a Nuclear Density Gauge will be required to have completed the 8-hour Nuclear
Density Safety Course, which will be provided by a certified trainer (e.g. Troxler
Electronics, etc.). Prior to beginning work at the CAMU site, employees, contractors, and
subcontractor personnel are required to submit all applicable training certificates to BRC
to be maintained and stored in accordance with the Report and Record Keeping Plan
(Attachment T). The task supervisor will be responsible for providing the Construction
Manager with records of training. The following table lists the training required for
specific work tasks and personnel working at the CAMU site. Select course descriptions
are provided in Appendix A.

Work Task Training Personnel Required Documentation
to be Trained Required

All work at the 40 hour OSHA All on-site personnel Certificate from certified
CAMU site HAZWOPER training meeting 29 CFR

1910
All work at the 8 hour OSHA All on-site personnel Certificate from certified
CAMU site refresher training meeting 29 CFR

1910
All work at the 8 hour OSHA On-site supervisors Certificate from certified
CAMU site Supervisor Training training meeting
All work at the Respirator Fit Test All on-site personnel Certificate from certified
CAMU site trainer
All work at the Red Cross First Aid On-site supervisors Certificate from Red
CAMU site and CPR Cross
Liner system - Manufacturer Geomembrane Approval letter from
geomembrane training on seaming installation geomembrane
installation geomembrane technicians manufacturer
Liner system- Qualifications and Geosynthetic material Qualifications and
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geosynthetic expenence installation resumes of personnel
material installing similar technicians responsible for installing
installation materials geosynthetic materials
Soil/waste 8 hour Nuclear CQA monitor testing Certificate from certified
moisture / Density Safety fill and waste trainer
density testing Training moisture / density
Landfill SWANA Manager Landfill manager Certificate from certified
operations of Landfill SWANA trainer
management Operations Training

HOPE pipe Manufacturer Butt- HOPE pipe joining Certificate from certified
JOIning Fusion Training technicians trainer

Additional site specific trammg will be conducted and recorded by task
supervisors related to their work tasks. Site specific training is discussed in Section 2.2.

2.1 Construction Manager Training

In addition to OSHA 40-hr HAZWOPER Training, the Construction Manager
will receive the OSHA 8-hr HAZWOPER Supervisor course. The Construction Manager
will be responsible for providing a health and safety training for site personnel to become
familiar BRC CAMU-specific procedures. The BRC CAMU Construction Manager will
keep records on names and dates of those who attended and passed training.

The Construction Manager will also be responsible for conducting pre-entry brief
meetings and tailgate safety meetings. He/she will verify monitoring equipment and
personal protective equipment is operational and will be responsible for verifying
monitoring equipment has been calibrated. The Construction Manager will also be
responsible for weekly inspections.

2.2 Equipment Operator and Laborer Training

In addition to OSHA 40-hr HAZWOPER training, employees shall receive BRC
CAMU-specific training covering:

• Procedures for using, inspecting, repairing, and replacing facility
emergency and monitoring equipment: Personnel receive instruction in the
use of emergency and monitoring equipment described in the Attachment
G. Personnel will be trained to inspect all facility emergency and
monitoring equipment to mitigate the effects of equipment failure in the
Inspection Plan. In addition, personnel will be trained in the use of
emergency equipment in their job areas (e.g. fire extinguishers, respirators,
etc.);
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• Key parameters for equipment automatic shut-off: Plant and equipment
operators will receive on-the-job training for automatic shut down of
equipment in their work areas;

• Communications or alarm systems: Facility employees will be instmcted as
to the location and use of all telephones, intercoms, sirens, alarms, and two
way radios;

• Responses to fires or explosions: Personnel will receive fire prevention
training and fire response;

• Response to spills: Personnel will receive instmction in spill and release
prevention and response; and

• Shutdowns of operations: Personnel will receive instmction in shutdown
procedures during BRC CAMU operation. Personnel with operational
responsibilities are instmcted in procedures for planned and unplanncd
shutdowns during on-the-job training.

Training sessions will be held quarterly to review new health and safety hazards
and provide new employees with training. The employees will be familiar with
contingency plans to deal with accidents, injuries, fires, explosions, or natural disasters as
outlined in Attachment G, Accident Prevention, Contingency, and Emergency Response
Plan.

2.3 Post-Closure Personnel Training

Post-closure care personnel will have received adequate training in their specific
job duties. This includes OSHA 24-hour health-and-safety training as well as pertinent
training in BRC CAMU maintenance procedures. In addition, staff will be trained on
emergency procedures and contacts as well as hazards they may encounter at the BRC
CAMU. This post-closure staff will consist of a facility manager and various staff
workers as needed. The name, address, and telephone number of the facility manager
will be provided to the NDEP during the closure process.

3.0 RECORDKEEPING

The BRC will maintain the following documents and records for each hazardous
waste management related position at the facility:

• The job title for each position
• The name of the employee filling each position
• A written job description including requisite skill, education, or other

qualifications
• Duties of employees assigned
• Description of training
• Records documenting completion of training
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The Construction Manager will maintain records at their onsite facilities. All
records will be kept in accordance with the record retention requirements of the AGC3.
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Environmental Policy

Product Training

Career Opportunities

Fusion Machine Training Programs

Experience shows that improper installation, rather than faulty products, is the primary reason for system failures,
delays, and cost overruns. Georg Fischer believes that the installation of our products is as important as the
quality of the products we manufacture. In keeping with this belief, Georg Fischer offers several training courses.,
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Socket Fusion Training

Standard Butt Fusion Training

Infrared Welding
• IR Level I Welder Training
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Training
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• IR level III Refresher Training
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BCF Welder Training
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Course Description

Socket Fusion Training
IThis four-hour course covers all aspects of hand-held
and machine Socket Fusion Technology. Trainees will
demonstrate their ability to perform socket fusion joining.

Standard Butt Fusion Training (Conventional or
CNC)
This four-hour course covers all aspects of Standard
Butt Fusion Technology. Trainees will demonstrate
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George Fischer Inc - Fusion Machine Training Programs

Upon successful completion and testing, the trainee will their ability to prepare pipe, face pipe, heat and join
receive a Certificate of Completion and an Installer's piping.
Badge which may be worn on the job site.

IR Level [ Welder Training IR Levell! Maintenance Training
This course covers fundamental training absolutely Completion of this 16-hour (2 day) class allows the
necessary for proper operation of the infrared (IR Plus) trainee to maintain external parts of the machine.
fusion machines. Prerequisite:
Topics: • All attendees must have completed the Georg
• Plastic pipe fundamentals Fischer IR Level I Welder Certification Program and
• Infrared butt fusion Weld Inspection Program
• General information I9.Rics:
• Design/function/operation of the IR Plus fusion • Technical concepts of the machine
machines • Machine inspections
• Weld bead inspection • Functional check
• Basic machine maintenance • Maintenance procedures Level II
DurationNalue: • Alignment and adjustments
• 1 day/$250.00 per person • Weld evaluation
Register now • Documentation

purationNalue:
• 2 daysf$500.00 per person
Register now

IR Level III Maintenance Training IR Level 111 Refresher Training
(Authorization Required) (Authorization Required)
Completion of this 32~hour (4 day) class allows the This course is a refresher for Level III personnel and
trainee to maintain external and internal parts of the includes current updates for the IR 63, IR 225, and
machine. This course is conducted at the Georg Fischer IR Plus machines. This course must be taken 1 year
Tustin facility only. after the initial Level III course and then every two
Prerequisite: years after that. This course is condcuted at the
• All attendees must have completed the Georg Fischer Georg Fischer Tustin facility only.
IR Level II Maintenance Training Prerequisite:
ToQ.iQ§.: • All attendees must have completed the Georg
• Technical concepts of the machine Fischer IR Welder Certification and IR Level II and
• Machine inspections Level III Maintenance Training.
• Functional check DurationNalue:
• Maintenance procedures Level III ·2 days/$500.00 per person
• Alignment and adjustments J3.ggister now
• Weld Inspection Program
• Documentation
DurationNalue:
·4 days/$1 ,500.00 per person
~isternow

IR Weld Inspection Program (WI?) BCF Welder Training
Upon completion of this eight-hour (1 day) class, the au This four-hour course covers all aspects of using the
inspector will have a good basis to perform on-site visual BCF Flow Fusion Technology. Trainee will prepare
IR weld evaluation. pipe samples, insert and remove bladders, generate
ToQ.iQ§.: welds, and perform hot cleaning of the heater heads.
• Weld background Upon successful completion and testing, the trainee
• Terminology will receive a Certificate of Completion and an
• Bead characteristics Installer's Badge which may be worn on the job site.
• Restmelt evaluation Prerequisite:
• Flow charts and checklist • All attendees must have completed the Georg
DurationNalue: Fischer IR Level I Welder Training

http://www.us.piping.georgefischer.com/index.cfm?uuid=47DF9622D6OEB5FC033A7BB8C5BE3A93&oJangjd=2
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George Fischer Inc - Fusion Machine Training Programs

II· 1 day/$250.00 per person II II
Print

George Fischer Jne, 2882 Dow Avenue, Tustin, CA 92780-7258 USA,
Phone (714) 731-8800, Toll Free (800) 854-4090, Fax (714) 731-6201

Using this site means you accept its terms of use I disclaimer
Copyright © 2004 GF Piping Systems. All rights reserved.
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INTRODUCTORY
LETTER FROM
TOM PARKER

Dear Colleague,

Thank you for choosing SWANA as the provider of all your training and
professional development needs. For over 40 years, SWANA has thrived
at the forefront of all training and education for municipal solid waste
needs. This effort results from our first·and·foremost commitment to you,

our members, but oIso to the field of solid waste.

The 2007 cotalog contains training opportunities for you and all your
staff. Whether you need training for professional development, for
SWANA certification, or to maintain a current certification, SWANA
offers specific education to fit your needs. This year SWANA Training
takes place as several great locations beginning in Tampa, flo., and
closing out the year at WASTECON 2007 in Reno, Nev.

SWANA gives you what you need to stay ahead of them game with our
new list of course offerings. We have updated the Manager of landfill
Operations Course (MOlOI and our ever-growing line of distance
learning opportunities. With our increased offerings of E-Courses and E
Sessions, you can train individually at your desk or with your whole staff
in a conference room to get the most out of your money! As with all
SWANA events, in person and online, you will interact with and learn
from some of the best and the brightest in the industry.

Thank you for your continued support of SWANA, and our mission to
advonce the practice of economically ond environmentally sound
manogement of municipal solid waste. I look forword to learning from
you online or at one of our live events.

Sincerely,

(

,.,....,...-./

.-:+-~
Tom Parker, P. E
CDM, New Mexico
SWANA President

P.S. Receive the mark of professionalism in the solid waste industry with
SWANA certification. SWANA offers eight different Certifications
including the industry's only Bioreactor landfill Certification. In this
competitive landscape, it is integral to have an integrated MSW manage
ment background to efficiently manage your facility.

learn more: www.SWANA.org Register: www.SWANAstore.com
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Congratulations on choosing SWANA for your professional development, troining and certification!

For those of you who ore new to SWANA: Welcome. To our over 7,700 loyal members, thank you for
your continued support of SWANAs Technical Programs, and welcome to our new catalog format. Our
new look hos been designed to showcose SWANA's commitment to praviding the best-in-class educational
products to the entire solid woste industry. Today, SWANA continues that pledge with more educationol
products than ever before.

We hope the new format will make it easier for you to find just what you ore looking for by using
the follOWing symbols to indicate the format of each product. Additional information including full
course descriptions, is available on www.SWANA.org under "Educate".

• SWANA Classroom Training: Held at SWANA events throughout the yeor.

m SWANA Chapter Partnering Events: SWANA Chapters host additional SWANA

training courses throughout North America.

J(j E-Courses: Traditional courses and brand new offerings that can be accessed from the

convenience of your office. E-Courses ore conducted thraugh SWANAs web conferencing

and teleconferencing system.

'11 E-Sessions: The best of SWANA's technical sessions brought to you each month through

Web conferencing. These 75-minute sessions give you and your staff an opportunity to

learn from the experts in this extended session. A different topic is covered every month.

•
I E-Studies: These self-paced, self-study options give you the training and the CEUs you

need. All it takes is an internet browser.

• On-Site Training: Full training packages that you deliver to your staff at your awn site

and at your own pace.

I:BJ Home Study Courses: Written materials on important solid waste topics. Looking for

CEUs - just pass the test that comes with the course and you'll qualify.

o SWANA Training On Demand: Do you have a group that needs to be trained and

the next event isn't soan enough or your budget can't afford the cost? Let our best-in-class

training come to you! Any of our courses can be customized to your needs. For quotes,

contact learn@SWANA.org.

We love to heor about the training and educational products that you need. You can always reach us with
your ideas, comments ond feedback at learn@SWANA.org.

Leorn more: www.SWANA.org Register: www.SWANAstore.com
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1. CHOOSE YOUR DISCIPLlNE(S).

The Solid Woste Associotion of North Americo offers eight (8) certificotions in the following
solid woste disciplines:

I..,·,,,

• londfill Monogement (MOlO)

• Bioreoctor londfill*

• Collections Systems

• Composting Programs

• Construction & Demolition Materials (C&D)

• Principles of MSW Management

• Recycling Systems

• Transfer Station Systems

* The Bioreaclor landfill certification requires candidates to hold a current SWANA landfill management cartifkalion.

2. CHOOSE YOUR CERTIFICATION LEVEL.

Most SWANA Certifications offer at leost two (21 eligibility levels, with an additional Inspector level offered
to landfill and Construction & Demolition SWANA Certification holders:

• Technical Associate: This level is ideal for professionals new to the industry and involved in
the planning, design, implementation, operation or promotion of the MSW field. This would
also include consultants, planners, vendors and regulators, etc. A minimum of a High School
Degree or GED Required.

• Manager: This profeSSional must meet all of the requirements of the Technical Associate
level plus a minimum of five (5) years** experience in Municipal Solid Waste Management.
Also required are at least two {2} years experience in a management/supervisory position***
in the discipline for which you ore applying.

** A-year degree in a relaled field may be substituted lor up 10 2 years of MSW experience
*** directly responsible for daily operations; compliance with design and permit conditions, utilization of field equipment and services,
personnel needs, utilization and retention,

• Inspector: Unique to landfill and Construction & Demolition certification holders, this
profeSSional must meet all of the requirements of the Technical Associate level as well as the
ability to issue official citations for violations which require action/impose penalties. This
professional must also be an active inspector with at least 2 years experience.

3. PASS THE SWANA CERTIFICATION EXAM FOR YOUR DISCIPLINE.

SWANA certification exams are offered at all SWANA and SWANA Chapter training events, even if
the preparatory class is nat being offered. You may only sit for one exam per testing session. You are not
required to attend the preparatory training courses to become certified; however, it does reinforce your
knowledge in a particular discipline. A passing scare of 70% or above is needed to become SWANA
certified. You will be allotted three PI hours to complete your exam. All exams are proctored.

You may use calculators, preferably one capable of handling up to seven digits. landfill Certification
candidates may use MOlO scales for maps. The exam is a "closed book" exam so you may nat bring
manuals, worksheet or notes to the testing site. Before leaving the testing site, you will be asked to
complete the SWANA Certification Application. Exam results will be mailed to the certification candidates
within 60 days of the test date.

If you have any questions about becoming SWANA Certified, please contact us at cert@SWANA.org.
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Can't get away from work? Enjoy the industry's top training from the comfart of your home or office with
SWANN' (Distance learning). With these courses, get the training you need in a format you want.
SWANN' allows you to train from your home or office, with your computer, or with home study manuals.
Also by attending these courses, Certified Professionals can earn SWANA Continuing Education Units
(CEUs). With SWANN', training has never been easier!

E-COURSES J(j
Learn, Earn and Return with these new online courses! You'll learn about a wide range of solid waste
topics. Every course is taught by SWANA faculty. All you need is an internet connection and separate
phone line and you're ready to learn. Each session lasts up to two hours, making SWANA training mare
convenient than ever! Far a schedule of upcoming E-Courses, visit www.SWANAstore.com and click
on E-Courses.

E-SESSIONS JI
With these 75-minute presentations you can anend SWANA technical sessions all year lang, from any
location! These sessions bring you the latest an taday's hot topics on the first three Wednesdays of the month.
Each month focuses on a different area of MSW to keep you infarmed on all the current trends in solid
waste. Far a schedule of upcoming E-Session topics visit www.SWANAstore.com and click an E-Sessions.

•E-STUDIES I

Train your way with these self-paced online courses. These courses are completely online and are always
a click away_ The course also moves with you, so you spend your time an the areas that you need. Many
of our courses also allow more than one user to train per account, with our new subscription-based pricing

plan. Training has never been more flexible than it is with these courses!

Courses include:

• landfill Operations

• Composting Operations

• Transfer Station Health and Safety

• Waste Screening

• landfill Health and Safety

• landfill Gas Primer

• Establishing An Electronics Recycling Program

• Integrated Solid Waste Management

learn more: www.SWANA.org Register: www.SWANAstore.com
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HOME STUDY COURSES 121
Not quite ready for the world of online learning but still need convenient training? Well then look no
further than SWANA Home Study Courses. Each course includes a manual that you review at your own
pace. Once you're comfortable with the information, complete the enclosed exam. Score a 90% or better
and you'll receive credit for the course. The manual also serves as a good reference once you've
completed the course.

Courses include:

• Managing landfill Gas
at MSW landfills

• Waste Screening
at MSW Management Facilities

• Groundwater Monitoring, Sampling,
Analysis & Construction

ON·SITE COURSES

• leachate Generation, Collection & Treatment
at MSW landfills

• Construction Waste and Demolition
Debris Materials Manual

Act as a trainer for your staff with these courses. Each course contains 8-10 hours of training, mode up of
smaller modules. This allows the courses to be tailor·made for your company.

Courses include:

• Training far Sanitary landfill Operations Personnel
• Training for Collection Operations Personnel
• Waste Screening at MSW Management Facilities
• Health and Safety for MSW landfill Training
• Health and Safety for MRF Personnel
• Health and Safety for Collection Personnel
• Health and Safety for Transfer Station Personnel

TRAIN YOUR WHOLE STAFF WITH SWANA E·TRAINING AND SAVE BIG!

When signing up for an E-Course or E·Sessions you register for one computer. By hooking up a projector
and speaker phone, you could present E.Training to your whole staff far the cost of one registration,
saving you big on training!

SWANA CEUs will only be allocated far registered individuals .
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SWANA's E-Training allows you to receive the industry's best training from the comfort of your home or
office. The Web seminars are the perfect woy for busy professionals to stay current on the lotest trends in
the industry. These courses are always being updated in a continuing effort to bring you fresh, new
training. The listing below is just a taste of what's to come. Keep on eye on www.SWANAstore.com
for all the latest developments in SWANA's E-Troining.

Hove you attended a local training or technical session that you think all solid waste professionals could

benefit froma let us know! SWANA is always looking for ways to promote training that today's solid waste
professionals can use. E-maillearn@SWANA.org with any topics or suggestions, as well as at which
event the training was presented.

UPCOMING E·COURSES v'tJ
Course sub;ects and times 5ub;ecf fo change. Visit www.5WANAstore.com for
updated course listings.

Fall 2006 landfill Fire

Fall 2006 Erosion Control

Fall/Winter 2007 Electronics Recycling

Winter 2007 landfill Operations

Winter 2007 Collections Operation

Winter 2007 Bioreactor Basics

Have a course developed that you want to share online?
Emaillearn@SWANA.org to find out how!

UPCOMING E·SESSIONS Tentative Schedule'll
Topics 5ub;ecf to change. Visit wwwSWANAstore.com and click on E-Sessions for the
latest information.

October 2006: Bioreactor landfills

November 2006: Overcoming Challenges in Transfer Station Design and Operation

December 2006: Multi-Family and Institutional Recycling Programs

Januory 2007: life Cycle of a landfill - Strategies for Permitting, Designing, Operating and Closing

February 2007: Waste-ta-Energy and Waste Conversion

Morch 2007: Speciol Waste Management

April 2007: Construction and Demolition Debris Management

May 2007: landfill Gas Control and Utilization

June 2007: Organics Management and Composting

July 2007: Boosting Recycling Rates: New and Innovative Programs

August 2007: Planning & Management

September 2007: legislative and Regulatory Developments Impacting Solid Waste Management

learn more: www.SWANA.org Register: www.SWANAstore.com
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Join one of SWANA's Technical Divisions and shape the future of solid waste management.

The Benefits include

• Access to cutting-edge information
• TECHnews-electronic newsletter with the latest news in your specific field

• SWANA:s online elibrary and Members Only seclion including the Division subscriber list

• Unmatched networking opportunities
• Participate in an exchange of ideas with more than 2,700 Division Members

• Receive a contact list of all Technical Division Subscribers

• Make valuable contacts at conferences

• Post and respond to questions through an electronic Technical Division Members list serve

• Shape the future of SWANA
• Help develop programs for symposia

• Guide technical policies and advocacy initiatives

• Produce real change on industry issues

• Special discounts
• $25 registration discount to your Division's annual symposium

• Special discounts on publications, conference proceedings and training, and online educational
sessions and events

For more information, visit www.SWANA.org or call 1·800·GO-SWANA (467-9262)
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MANAGER OF
LANDFILL
OPERATIONS
(MOlO)

Updated for 2007, this prep course for the Landfill Certification contains
all the latest landfill techniques and technologies to keep you ahead of
the competition. Learn to efficiently run your landfill, as well as gain
knowledge on planning, operating and closing a landfill. Discuss issues
surrounding regulatory standards, compliance with design requirements,
and an introduction to stated-the-art bioreactor landfill technologies.
Upon completion of the course you will gain a beffer understanding of
landfill economics, leachate and landfill gas management, and compre
hend the importance of safety and contingency counter measures.

Need some help preparing for the MOLO, try these:

MOLO: JUST THE MATH E·COURSE
Planning to take the MaLO exam, but need to brush up on the math?
With this live web course you can prepare for the math that is covered
on the MaLO exam from your home or office. All you need is an internet
connection and seporate phone line and you're ready to learn the math.
Taught by Mala faculty, this course covers such calculations as eleva
tion, area, slope, and volume. And because the course is only two hours
long, you can learn and return to work. **MOLO: Just the Math does not
allocate CEUs toward SWANA recertification. **

LANDFILL OPERATIONS
Need a boost to get ready for the MaLO or just need a refresher before
taking the SWANA Landfill Certification Exam? Then get online with this
new E-Study Course. Learn about such topics as Waste Decomposition,
Geology and Hydrology, Landfill DeSign and Construction, General
Operations, and Regulations from your computer. The course has also
been enhanced with up-ta-date photographs, audio, interactive exercises,
related online links, and video to make learning more enjoyable .

•
I

learn more: www.SWANA.org Register: www.SWANAstore.com



THE WORLD'S ONLY BIOREACTOR LANDFILL
CERTIFICATION PROGRAM

Technology is chonging ond bioreoctor landfills are emerging. Now it is
your turn to learn what bioreactors can do for you. Get career-enhancing
certificotion by taking this prep course for the Bioreactor Landfill Certificotion
exam. Examine the unique characteristics of a bioreactor landfill in compor
ison with dry tomb londfills in this brand new course. Explore the methods of
introducing air and woter into landfill cells, while at the some time discov

ering how this cUffing-edge technology can increase Iondfill gas activity.

Special Publication: Manager of Bioreactor Landfill
Operations Body Of Know/edge

The SWANA Monoger of Bioreoctor Londfill Operations Body Of Knowledge
IBOKj is 0 compendium of the bosic knowledge on individual must know to
accomplish the work of a Manager of Bioreactor Landfill Operations. This BOK
includes both proven traditional practices and the innovative, advanced prac
tices of managing a bioreactor landfill, as well as empirical, esthetical, ethical
and tacit knowledge. The Manager of Bioreactor Landfill Operations BOK is
the bosis of the SWANA Bioreactar Landfill course and certification exom.

The BOK consists of eight comprehensive knowledge statements covering the
knowledge and abilities a manager of bioreactor Iondfills should have in the
oreas of construction, operation and monitoring of bioreactor landfills. You can
use the BOK to prepare for the SWANA certification exam or as a tool for
your operations.

Go to www.SWANAstore.com to order.

MANAGER
OF BIOREACTOR
LANDFILL
OPERATIONS

Landfill Gas Symposium
M.,,-ch il s._ zoot .'1t the Hyatt tfc-gc-ncy Monterey

Fr~!<.·:~{ t,Aomn~_;~{. C;:r;{n:-pi;i' 'i
I)C~~;t'('~, h":~l)' ,:-lql.lillll.Hl'! rn'u zn
'.'.'uT\(I,Jo;.,~ PV~;'jir: ~jUlJ t lX.n";",, '.'\'1111-.:

Ili',""",';f/,nq '/';H0, c('nr,r 1'1';-:'''' ;'.!.:>t',;Ih

nv.: ~D((I."'! }(itl, /\nnl"'{:I'''~)Yd

:;V.:Af'J,h,> Ltmlfli! (jj~ S"q::<"ltWl
'/,111 l"'VllJf1t~

~H,::;i Of ;;:t,m)!., iri(lo\ !'::'f;~ II>"(',:\!((I

-(1'('1)1'( (Jl'lHfW'ltd :'.('~"iUl1';_

~ ,,1, Llb_'~'t(:;-p tr;lrir ,,",,'),:\(

• SC<~)2r,11 ;F"~,,lt r((('f1tkjih

dnd ,.t '(dlt{~: k>~ !'1l11>!'i

Join top professionals in the solid
waste field for the 30th anniversary of

the world's premier fOf\1m on
l"',",,,M"~1 alIru:i t~lhnoll.l't&¥1

B C'owool1l
Troining

U! Chop,", Jfl< .Jilom Partnoring Evool' - U E.(oursel - • E-Scs'iom
Jl On.Site
". Tra,nillg

~ Homo Study
Courso



rl II q
~ . .~ ,

i~~l i "q
i '" i I

LANDFILL
OPERATIONAL
ISSUES

This course is perfect for anyone interested in learning more about

improving the daily operations at their landfill site. You will experience in
depth discussions that will help you solve everyday issues surrounding

landfill operations and be able to understand successful landfill manage

ment practices, including equipment selection. Turn your landfill into a

money maker by learning how to control cost, maximize your site's

airspace, and determine if your landfill is really efficient. Upon comple

tion of the course, you can earn valuable SWANA Continuing Education
Units (CEUs). Furthermore, with your registration you will receive the book
The Handbook of Landfill Operations, by Neal Bolton, P.E.

HEALTH AND
SAFETY FOR
MSW LANDFILL
OPERATIONS
PERSONNEL

if

Discover new horizons by enhancing your landfill health and safety

program! This course prepores you to easily and intelligently identify and

circumvent landfill health and safety issues. Not only will you learn
exactly what elements constitute a proper loss control program, but you

will understand the importance of establishing an effective program and

overview OSHA and federal regulations. At the end of this course, partic

ipants will be able to recognize an unsafe practice and know how to
handle it. Not only will you earn valuable SWANA Continuing Education

Units (CEUs), but you will also gain imperative knowledge on how to

keep your landfill safe"

LANDFILL
GAS BASICS

Don't waste landfill gas! learn to "Control, Manage and Capture" it!
These ore the key concepts to successfully understanding landfill gas
basics. Through exercises and case studies, SWANA instructors will help
you grasp these three ideas in this introductory course. You will gain vital
insight about gas regulations and become familiar with system design,
construction and monitoring. In addition, you will be proVided with infor
mation and guidance in order to understand the importance of landfill
gas utilization. Anyone working with a landfill gas system will benefit
from this course.

learn more: www.SWANA.org Register: www.SWANAstore.com



Go "beyond basics" with this interactive workshop exploring the daily
challenges associated with operations and maintenance of LFG systems.

Shore knowledge with your colleagues and learn new approaches for
capturing, controlling, and managing landfill gas. This interactive session

will be moderated by a SWANA faculty member, and is a great way to

actively increase your knowledge of landfill gas systems.

Through interactive classroom exercises, discussions and case studies, you

will overview landfill operations and how they relate to one another in

order to learn how to be more effective on the lob. Instructors with in

depth experience in landfill operations will help you gain a better under
standing of the fundamentals of groundwater movement, accident analysis

and recognize the factors that contribute to leachate production. In

addition, receive top of the line training on how sanitary landfills work as
components of integrated solid waste management systems.

Gain vital insight about gas regulations and become familior with system

design, construction and monitoring. In addition, you will be provided

with information and guidance in order to understand the importance of

landfill gas utilization. Anyone working with a landfill gas system will
benefit from this course. As with all online E-Study Courses, you determine

the pace and schedule of the course.

Finish your landfill off with style with this new E-Course. In a portnership

with the Erosion Control Technology Council IECTC), SWANA is proud to

present this new E-Course to help landfill owners create more presentable

landfill caps through the use of Rolled Erosion Control Products IRECPs).
Presented by a member of ECTC, this course will cover such topics as
NPDES Regulations, an overview of RECPs, as well as the installation,

design, and selection of RECPs.

LANDFILL
GAS SYSTEM
OPERATION

TRAINING FOR
SANITARY
LANDFILL
OPERATIONS
PERSONNEL

•
LANDFILL
GAS PRIMER
•
I

ECTC PRESENTS
CONTROLLING
EROSION &
STORM WATER
RUNOFF ON
LANDFILL CAPS
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CONSTRUCTION
WASTE &
DEMOLITION
DEBRIS
RECYCLING•••
A PRIMER
IBJ

An educational tool for communities and private sector interests, this

document focuses on the planning issues and implementation opportuni

ties associated with the recycling of construction waste and demolition

debris. lessons covered include regulatory climate, generation data,

materials, market opportunities, and management systems to name a few.

Keep the manual for future reference, so you'll always have this valuable

information at your fingertips.

MANAGING
LANDFILL GAS AT
MUNICIPAL SOLID
WASTE LANDFILLS
IBJ

This course is perfect for those seeking gUidance an the complex issue

of landfill gas management. This course covers such topics as MSW

landfill emission generation, composition, migrations and extraction

components, as well as regulatory codes pertaining to RCRA and the

Clean Air Act. As with all Home Study Courses, keep the manual for

future reference!

LITTER
MANAGEMENT AT
MSW LANDFILLS

J[j

Are you blown away by the cost of litter at your landfill? let SWANA

help you clean up your act with litter Management at MSW landfills.

learn about the impact of litter and the importance of a good litter

management program, as well as the sources and causes of litter. learn
about litter contral techniques from one of the industry's tap profeSSionals

from the comfort of your home or office.

LEACHATE
GENERATION,
COLLECTION AND
TREATMENT AT
MSW LANDFILLS
IBJ

learn about the common constituents that make up groundwater and

biological treatment. Also get an understanding of the regulatory scope

of RCRA Subtitle D in regards to groundwater monitoring, and became

familiar with leachate recirculation methods. Keep the manual for

future reference, so you'll always have this valuable information at

your fingertips.

GROUNDWATER
MONITORING,
SAMPLING,
ANALYSIS
AND WELL
CONSTRUCTION
IBJ

This course prOVides MSW professionals with an understanding of
monitoring groundwater within the scope of RCRA Subtitle D. Topics

include design and construction of wells, monitoring programs, and

corrective actions. As with all Home Study Courses, keep the manual

for future reference!

leorn more: www.SWANA.org Register: www.SWANAstore.com
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MANAGING
TRANSFER
STATION
SYSTEMS

Be a lean mean, transfer operations machine! As a prep course for the

Transfer Systems Certification exam, anyone who is or would like to

become a transfer station manager or consulting engineer will be

provided with fundamental information on ways to effectively plan,

design, and operate MSW transfer stations. Receive cu~ing edge training

on how to run a MSW transfer slation in the most successful way by

experiencing a hands-on fOUf, a field exercise at a local transfer station

facility and classroom taught exercises. In addition, learn about design

objectives including capacify, selection of appropriate technology, struc

ture considerations and site planning.

MANAGING
MUNICIPAL
SOLID WASTE
COLLECTION
SYSTEMS

Be able to handle waste with haste through this prep course for the

Collection Systems Certification exam. Receive instruction in all the areas

tested an the exam, such as an understanding of the logistics of planning,

managing and operating solid waste and recyclables collection services.

This course consists of presentations, classroom exercises and case studies
that will enable you to navigate and chart routes mare effectively. You will

examine waste characteristics, service types, equipment, routing and

system design. Furthermore, learn up-to-date practices for handling

various materials, including residential MSW, traditional recyclables, yard

wastes, bulky items and commercial wastes.

TRAINING FOR
COLLECTION
OPERATIONS
PERSONNEL

mf

Save time and money on every route, every day! Individuals who are

responsible for the collection of solid waste and recyclables from house

hold and commercial establishments on a day-to-day basis can increase

their knowledge of collection strategies. Be provided with what every

collection operations personnel should know through interactive classroom

exercises, discussions and case studies. Time is money, and this course

will help you to acquire a higher understanding of routing in order to be

cost-efficient. Furthermore, learn how to define a preventative mainte

nance program, go over the importance of effective sanitation practices,

and obtain insight on important health and safety issues.

Learn mare: www.SWANA.org Register: www.SWANAstore.com



Why "waste" an opportunity to improve your safety performance? At

SWANA, we recognize the importance of minimizing risk and devel
oping an effective safety pragram for transfer station personnel. During

this course, you will get an overview of OSHA and federal regulations.

Also, you will discuss musculo-skeletal disorders and how to prevent

ergonomic injuries. Upon completion, you will understand why it is
essential to establish a transfer station health and safety program as well
as learn to recognize unsafe practices of others. Earn valuable SWANA

CEUs for a range of Certification Disciplines by participating in this

extremely important course!

HEALTH AND
SAFETY FOR
TRANSFER
STATION
PERSONNEL

i m •

Does it pain you to see the unsafe work habits of your collection

personnel? Well let SWANA help you reduce those pains with our
Health and Safety for Callectians Personnel Course. This kit comes with

everything a supervisor or manager needs to train their employees on

proper techniques and precautions to reduce workplace injuries. Other

topics covered in this course include loss cantral, and health and safety
issues, as well as regulatory issues.

HEALTH AND
SAFETY FOR
COLLECTION
PERSONNEL
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Appendix B
Site Specific Training
Lesson Plan and Exam



Pre-Entry Briefing

Objective: The objective of this pre-entry briefing is to introduce visitors and first-day
employees to the safety controls of the BRC CAMU. Attendees should understand where
active portions of the site are, where emergency response equipment is located, site
hazards (chemical, physical, biological), and general safety rules of the BRC CAMU.

Active Areas
Indicate on map:

• haul routes
• waste excavation (exclusion, contamination reduction, support zones, as

appropriate)
• waste placement (exclusion, contamination reduction, support zones, as

appropriate)

Emergency Response:

Contact Name

Phone number(s)

Hospital Location

Location of emergency equipment (fire extinguishers, alarms)

Meeting location(s)

First Aid steps: Check-Call-Care

Personal Protection Equipment

Hardhat - at all times

Steel Toe Boots - at all times

Eye protection - at all times

Hearing Protection - where applicable

Tyvek - where applicable



Gloves - where applicable

Respirator - where applicable

Basic Site Safety:

I. Keep your mind on your work at all times. No horseplay on the job.
Injury or termination or both can be the result.

2. Personal safety equipment must be worn as prescribed for each job, such
as: safety glasses for eye protection, hard hats at all times, gloves when
handling materials, and safety shoes..

3. Watch where you are walking. Don't run.

4. Seat belts are required at all times when driving/operating.

5. The use of illegal drugs or alcohol or being under the influence of the
same on the project shall be cause for your immediate tennination. Infonn
your supervisor if taking strong prescription drugs that warn against
driving or using machinery.

6. Do not distract the attention of fellow workers. Do no engage in any act
that would endanger another employee.

7. Sanitation facilities are provided for your use. Defacing or damaging
these facilities is forbidden.

8. Never move an injured person unless it is absolutely necessary. FUliher
injury may result. Keep the injured as comfortable as possible and utilize
job site first-aid equipment until an ambulance arrives.

9. Know where firefighting equipment is located and be trained on how to
use it.

10. Nobody but operator shall be allowed to ride on equipment unless proper
seating is provided.

II. Do not use power tools and equipment until you have been properly
instructed in the safe work methods and become authorized to use them.

12. Do not enter an area that is barricaded or otherwise blocked from entry.



13. If you must work around trucks or heavy equipment, make sure operators
can always see you and know that you are there. Barricades are required
for cranes.

14. Never oil, lubricate, or fuel equipment while it is running or in motion.
Do not perform these operations on equipment in areas not specifically
designated for these operations.

IS. Before servicing, repairing, or adjusting any powered tool or piece of
equipment, disconnect it, lock out the source of power, and tag it out.

16. Banicade danger areas. Guard rails or perimeter cables may be required.

17. Trenches over five feet deep must be shored or sloped as required. Keep
out of trenches or cuts that have not been properly shored or sloped.
Excavated or other material shall not be stored nearer than two feet from
the edge of the excavation. Excavations less than 5 ft may also require
cave in protection.

18. Use the "four and one" rule when using a ladder. One foot of base for
every four feet of height.

19. Know what emergency procedures have been established for your job site.
(location of first aid kit, fire extinguisher locations, evacuation plan, etc.)

Hazard Analysis

Physical
Heat Stress
Excavation
Hand/Foot Injury
Heavy Equipment
Noise
Portable Power/Hand Tool
Slip/Trip/Fall

Chemical
Inhalation
Skin absorption
Fire
Reactivity

Biological
InsectlVermin/Snake Bites



The pre-entry briefing exam will be taken at the conclusion of the meeting. A passing rate
of 75% is required for access to the site. Incorrect answers will be explained and topics
covered again.



Pre-entry Briefing Exam

Name: _

I have read and understand the BRC CAMU Health and Safety Plan
Date: _

Position: _

1. What are the three emergency first aid steps?

A. Stop-Look-Listen
B. Call-Check-Care
C. Check-CalI-Care
D. None of the Above

2. You are working near an excavator, what PPE do you need?

A. Hardhat, boots, eye protection, hearing protection
B. Boots, hardhat
C. Hardhat, hearing protection
D. None of the above

3. When excavating, at what depth is shoring required?

A. 3 feet
B. I foot
C. 5 feet
D. 2 feet

Yes No

4. You are not 24-hour or 40-hour HAZWOPER celtified, how close can you be to the
excavation or waste placement activities?

A. Exclusion Zone
B. Contamination Reduction Zone
C. Support Zone
D. None of the Above

5. What's the first step in an emergency?

A. Call the Construction Manager
B. Go to a safe location
C. Go Home
D. None of the above

Number Incorrect _ Pass / Fail Trainer's Name: _
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Organizational Flowchart



BRC Project Manager
Duties include: scheduling, invoice processing, monitoring labor and equipment usage,
project document control, and interaction with regulators
Qualifications: experience with heavy construction projects, construction, and project
management

~
BRC Construction Manager

Duties Include: The Construction Manager will be on site at least 50 percent (50%) of the
time the site is open for waste disposal to oversee site operations.
Qualifications: relevant experience in landfill construction, construction management, and

CQA Manager r- heavy equipment 1 Design Engineer

1 ~
CQA Monitor (Construction Manager or Designate) Site Health and Safety Officer (Construction Manager or

Duties Include: monitoring construction activities for compliance with Designate)
CQApian Duties include: health and safety inspections, recordkeeping, and training
Qualifications: Training and experience in liner installation and landfill Qualifications: 40-hr OSHA HAZWOPER and 8-hr OSHA Supervisor
construction, relevant experience with heavy equipment training, relevant experience with heavy construction

BRC General Employees BRC Equipment Operators Subcontractors
Duties include: site and roadway construction, Duties include: spolling vehicles, spreading and Duties include:
maintenance, clean up, security, waste receipt compaction of waste material, landfill attendant miscellaneous construction
monitoring data duties, installation ofearthen cover, waste activities

Qualifications: relevant experience with heavy movement Qualifications: varies
construction Qualifications: relevant experience with

equipment
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1.0 INTRODUCTION

This Accident Prevention, Contingency, and Emergency Response Plan
describes the precautions taken to prevent accidental ignition or reaction of ignitable or
reactive wastes, and precautions taken to prevent interaction of incompatible wastes.
This plan also includes other procedures to minimize the possibility of, and hazards
from, a fire, explosion, or unplanned sudden or non-sudden release of hazardous waste
constituent to air, soil, or surface water. These procedures also address the proper
design, construction, maintenance, and operating practices designed to reduce the
potential for injury or other threats to human health or the environment.

1.1 Contaminants

Extensive testing of the waste material detennined the majority of wastes to be
non-hazardous. The following is a list of general contaminants found in the waste
material to be placed in the CAMU:

• VOCs
• SVOCs
• PCBs
• Metals
• Pesticides

The waste materials are not incompatible, reactive, or ignitable. Additional
waste characterization detail can be found in Attachment C, Waste Analysis Plan.

2.0 PREVENTION

2.1 Health and Safety Plan

The BRC CAMU will have an active Health and Safety program for workers at
the BRC CAMU. Either the current BRC Health and Safety Plan (HASP) or a similar
plan developed by the pertinent contractor will be used, periodically updated, and kept
on site. A safety meeting will be held at least quarterly to review safety procedures and
issues, or whenever operations change. Daily safety tailgate meetings will address
health and safety issues of the day. Employees working at the BRC CAMU will attend.
Personal safety equipment such as eye protection, steel-toed boots and hard hats will be
required of all BRC CAMU non-office personnel. In case of personal injury, the field
office will be notified immediately by two-way radio or cellular telephone and, if
necessary, an ambulance summoned from the local hospital, St. Rose de Lima
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approximately I y.; miles from the BRC CAMU (Figure G-l), or the local (City of
Henderson or Clark County) Fire Department.

2.2 Arrangements with Local Authorities

Prior to operation, the BRC CAMU Construction Manager will contact the
Henderson Police and Fire Depatiments and the Clark County Sheriff and Fire
Departments and their emergency response teams to make arrangements to familiarize
them with the BRC CAMU. The BRC CAMU Construction Manager will provide
details of the BRC CAMU including layout, properties of wastes handled and
associated hazards, normal operating areas, entrances, and possible evacuation routes.
In addition, the BRC CAMU Construction Manager will contact the St. Rose de Lima
Hospital with the types of injuries or illnesses that could potentially occur at the BRC
CAMU.

2.3 Personal Protective Equipment (PPE)

Level 0 PPE will be required at all times at the Site. Level 0 equipment
required includes long pants, gloves, steel-toe boots, hard hats, safety glasses, and
hearing protection (when appropriate).

2.4 Exposure Assessment and Air Monitoring

Dust monitoring will be conducted during the construction actIvItIes. The
objectives are to monitor working conditions and to assess potential fugitive dust
migration at the Site perimeter. MIE® DATA RAM air particulate monitors, or similar,
will be set up at four dust monitoring stations during field activities to record total
levels of dust. Air monitoring stations will be positioned with one station located
upwind at the Site perimeter, two stations downwind at the Site perimeter, and one
station in the workers' breathing zone. In addition, GilAir 5® air sampling pumps, or
similar, will be placed at each dust monitoring station, with filter cassettes changed
daily. Filter cassettes will be sent to a laboratory for analysis.

Frequency of air monitoring readings will be adjusted on site accordingly, with
the consent of the Site Health and Safety Officer (SHSO and Project Manager).
Equipment will be calibrated before work begins each day and at the end of the day.
Air monitoring readings and calibration records will be documented in the Field
Logbook.
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2.5 Activity Hazard Analysis

The chemical, physical, and biological hazards are discussed in detail in the Site
HASP for each activity perfOlmed on-site.

2.6 Personnel Training

Employees assisting in constmction activities within the exclusion zone will
have Occupational Safety and Health Administration (OSHA) 40-hr Hazardous Waste
Operations and Emergency Response Standards (HAZWOPER) certification. In
addition, the BRC CAMU Constmction Manager will have 8-hr OSHA Site Supervisor
training. The CAMU Constmction Manager will be required to provide health and
safety "tail gate" meetings for new workers and visitors. Employees are responsible for
knowing the site chemical, biological, and physical hazards as well as how to prevent
accidental release of wastes.

2.7 Site Map

A site map will be maintained on site. The site map will be regularly updated to
show the exclusion zone, decontamination zone, and support zone as they change
throughout BRC CAMU constmction. The site map shall be posted in the work area
and will include the following infonnation:

• General Wind Direction

• Evacuation Routes

• Refuge Locations

• Route to St. Rose de Lima Hospital and First Aid Medical Assistance
(may be provided on separate map)

• Boundaries of Exclusion Zone (as described below)

• Boundaries of Contamination Reduction Zone (as described below)

• Boundaries of SuppOli Zone (as described below)

Changes will be made to the site map by the SHSO, as needed, based on site
conditions.
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2.7.1 Work Zones

Three work zones will be established for each task. The Exclusion Zone is
defined as the area on-site where contamination is suspected and tasks are to be
performed. The Contamination Reduction Zone (CRZ) is defined as the area where
equipment and workers are to be decontaminated. The Support Zone is defined as the
command area and also serves as a storage area for supplies. The exact location and
extent of the work zones will be modified as necessary.

2.8 Site Access

Access to the site will be controlled using a sign-inlsign-out log.

2.9 Visitors

Visitors to the site will be continually escorted in ordcr to assure their safety
since they may be unfamiliar with the site. Visitors will not be allowed past the Support
Zone unless they read, understand, sign, and meet the requirements outlined in the Site
HASP.

2.10 Commnnications

On-site communications will be conducted through the use of the following:

• Verbal
• Two-way radio

• Horn
• Mobile telephone

• Siren
• Hand signals

Off-site communications will be conducted through the use of mobile
telephones.

2.11 Safe Work Practices

General Safe Work Practices that will be implemented during work activities at
this site are:

• Minimization of contact with waste materials.
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• Smoking, eating, or drinking after entering the work zone and before
decontamination will not be allowed. Employees who are suspected of
being under the influence of illegal drugs or alcohol will be removed from
the site. Workers taking prescribed medication that may cause drowsiness
will not be permitted to operate heavy equipment, and will be prohibited
from perfonning tasks where Level C, B, or A PPE is required.

• Good housekeeping will be practiced.
• Use of contact lenses on-site will not be allowed when dictated by working

conditions.

• The following conditions will be observed when operating a motor vehicle.
Wearing of seat belts is mandatory
During periods of rain, fog, or other adverse weather conditions, the
use of headlights is mandatory

- A backup warning system or use of vehicle horn is mandatory when
the vehicle is engaged in a backward motion

- All posted traffic signs and directions from flagmen will be observed

- Equipment and/or samples transported in vehicles will be secured
from movement

• In an unknown situation, the worst conditions will always be assumed.
• Conflicting situations may arise concerning safety requirements and

working conditions and will be addressed and resolved rapidly by the BRC
CAMU Construction Manager to relieve any motivations or pressures to
circumvent established safety policies.

• Breaches of specified safety protocol will not be allowed.

2.12 Inspections

The BRC CAMU Construction Manager will conduct weekly health and safety
inspections. The inspections will be documented using the Inspection checklist
included with Attachment E. The Weekly Health & Safety Inspection Checklist will be
kept on file at the project site.

2.13 Decontamination

PPE will be decontaminated as per 29 CFR §1910.120(k). The decontamination
procedures, equipment and decontamination solution required for each task will be
included in the Site Health and Safety Plan. In an emergency, the primary concern is to
prevent the loss of life or severe injury to site personnel. If immediate medical
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treatment is required to save a life, decontamination will be delayed until the victim is
stabilized. If decontamination can be performed without interfering with essential life
saving measures or first aid, or if worker has been contaminated with an extremely toxic
or cOll"osive material that could cause severe injury or loss of life, decontamination will
be perfolmed in coordination with or prior to initial medical treatment at the scene.

3.0 CONTINGENCY AND EMERGENCY RESPONSE PLAN

3.1 Fire Control

Fire extinguishers will be on hand to put out small fires near the working area, in
the remote possibility they may occur. In the event of a significant fire emergency, the
Henderson Fire Department will be notified immediately and the emergency will be
repOlied.

3.2 Shut Down Procedures

In the event the BRC CAMU needs to be shut down, a detailed procedure list
will be available at the site in the contingency plan. Step-by-step procedures will be
detailed, including maps showing pertinent locations of systems.

3.3 Hazardous or Toxic Materials Release

A Hazardous Materials Emergency Plan will be prepared. It will mainly focus
on those chemicals and materials associated with vehicle fueling and maintenance.
Because the waste material being disposed of in the BRC CAMU is from a known
source area, the likelihood of hazardous or toxic material release resulting from the
waste materials is minimal.

3.4 Emergency Procedures

The following steps will be followed when there is an emergency:

1. The BRC CAMU Construction Manager, or altemate, will be
immediately notified. The BRC CAMU Construction Manager assumes
control of the emergency response.

2. As necessary, off-site emergency responders (e.g., fire department,
hospital, police depmiment, etc.) will be notified as to the nature and
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location of the emergency on site. Please see Table 0-1 for contact
information.

3. If applicable, the BRC CAMU Construction Manager evacuates the site.
Site workers will move to their respective refuge stations using the
evacuation routes provided on the Site Map.

4. BRC CAMU Construction Manager will assess possible hazards to
human health or the environment resulting from the emergency and shall
contact the appropriate authorities for the Henderson, Nevada area or the
National Response Center (toll free: (800) 424-8802). The report will
include:

a. Name and telephone number ofthe reporter;
b. Name and address of the BRC CAMU;
c. Time and type of incident;
d. Name and quantity ofmaterial(s) involved, to the extent known;
e. The extent of injuries, if any; and
f. The possible hazards to human health, or the environment,

outside the facility.
5. For small fires, flames will be extinguished using the fire extinguisher.

Large fires will be handled by the fire department.
6. In an unknown situation or if responding to toxic gas emergencies,

appropriate PPE, including SCBAs, will be donned.
7. If chemicals are accidentally spilled or splashed into eyes or on skin,

safety eyewash and/or shower will be used.
8. Before continuing site operations, after an emergency involving toxic

gas, the BRC CAMU Construction Manager will don a SCBA and utilize
appropriate air monitoring equipment to verify that the site is safe.

9. An injured worker shall be decontaminated appropriately.
10. If a worker is injured, first aid will be administered by workers certified

in first aid.

3.5 Reporting

The BRC CAMU Construction Manager will note in the operating record the
time, date, and details of any incident that requires implementing this plan. The
report will be submitted to the NDEP and include:

a. Name, address, and telephone number of the owner or operator;
b. Name, address, and telephone number of the facility;
c. Date, time, and type of incident;
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d. Name and quantity ofmaterial(s) involved;
e. The extent of injuries, if any;
f. An assessment of actual or potential hazards to human health or

the environment, where applicable; and
g. The estimated quantity and disposition of recovered material that

resulted from the incident.

Incident reports will be kept as part of the operational records and maintained by
BRC for at least 3 years and othetwise in accordance with the records retention
provision of the AGC3.

0-8



2006 Ma Que$! Inc,

1

L

Titanium
MeI~s

FIGURE G-l
HOSPITAL LOCATION

Hospital:
51. Rose Dominican,
Rose de Lima Campus
102 E. L,lke Mead Pkwy.
Henderson, NY 89015
(702) 616-5000
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TABLE G-l
EMERGENCY RESPONSE CONTACTS

* To be completed before sIte achVlhes are tnlhated.

Telephone Numbers Date ofPre-Emergency
Name

Office Home
Notification

911
Fire Department - Henderson Fire

(702) 267- February 20, 2007
Dept.

2222

Hospital- St. Rose Dominican-Rose de
Lima

Campus
(702) 616-

February 20, 2007
102 E. Lake Mead Parkway 5000

Henderson, NY 89015
(702)616-5000

911
Police Department - Henderson Police

(702) 267- February 20,2007
Dept

4550

Construction Manager - Weston
TBD*

Solutions*

Nevada DEP* TBD*

Other

. . . . ..

Copy of letter sent is provided in Appendix A to this Attachment
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Appendix A

Copies of Letters Sent to Police, Fire, and
Hospital Emergency Contacts
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:l~'Basic Remediation
COMPANY

February 20, 2007

M.r. Val BaciareIli
President
St. Rose Dominican Hospital-Rose de Lima
102 Ea'll: Lake Mead Parkway
Henderson, Nevada 89015

Dear Mr. Baciarelli,

As you may know, work will soon commence on the clean-up and restoration ofthe 2200
acrc tract owned by our affiliate, the LandWell Company, that is bounded on the south by
Lake Mead Parkway, on the west by Boulder Highway, and on the north by the Las
Vegas Wash. This clean-up and restoration is beIng conducted under the jurisdiction and
supervision of the Nevada Division ofEnvironmental Protection, with significant Input
from the City ofHenderson and Clark County. As part ofthis project, we have
developed Accident Prevention, ContIngency, and Emergency Response Plans. These
plans provide for fITe, police, and medical responses, ifneeded. We have designated the
St. Rose DomInican Hospital as primary responder In the event ofInjury. While we do
not expect problems to arise that would require a response by the Hospital's emergency
room, we want to be prepared for such a contIngency. Ifyou would like a more dctailed
briefmg in person on details of the clean-up and restoration project, I would be happy to
provide this. I can be contacted at 702-567-0400 and at sahuron@earthlink.net.

Sincerely, -/....0/7
~'7~

Ron Sahli, Ph.D., CEM
Project Manager

875 West Warm Springs, Henderson, Nevada 89015 • Phone 702.567.0400 • Fax 702.567.0473
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Basic Remediation

COMPANY

February 20, 2007

Mr. Richard D. Perkins
ChiefofPolice
Henderson Police Department
223 Lead Street
Henderson, Nevada 89015

Dear ChiefPerkins,

As you may know, work will soon commence on the clean-up and restoration ofthe 2200
acre tract owned by our affiliate, the LandWell Company, that is bounded on the south by
Lake Mead Parkway, on the west by Boulder Highway, and on the nOlth by the Las
Vegas Wash. This clean-up and restoration is being conducted under the jurisdiction and
supervision ofthe Nevada Division ofEnvironmental Protection, with significant input
from the City ofHenderson and Clark County. As part ofthis project, we have
developed Accident Prevention, Contingency, and Emergency Response Plans. These
plans provide for fIre, police, and medical responses, ifneeded. We have designated the
Henderson Police Department as primary responder in the event oftheft or assault.
While we do not expect problems to arise that would require a response by the Police
Department, we want to be prepared for such a contingency. Ifyou would like a more
detailed briefmg in person on details of the clean-up and restoration project, I would be
happy to provide this. I can be contacted at 702-567-0400 and at sahuron@eartWink.net.

Sincerely,

Ron Sahu, Ph.D., CEM
Project Manager

875 West Warm Springs, Henderson, Nevada 89015 • Phone 702,567.0400 • Fax 702.567.0473



-\-~Basic Remediation
COMPANY

February 20, 2007

Mr. Douglas Stevens
Deputy Fire Chief
Henderson Fire Department
City Hall
240 Water Street
PO Box 95050
Henderson, Nevada 89009-5050

Dear Chief Stevens,

As you may know, work will soon commence on the clean-up and restoration of the 2200
acre tract owned by our affiliate, the LandWell Company, that is bounded on the south by
Lake Mead Parkway, on the west by Boulder Highway, and on the north by the Las
Vegas Wash. This clean-up and restoration is being conducted under the jurisdiction and
supervision ofthe Nevada Division ofEnvironmental Protection, with significant input
from the City ofHenderson and Clark County. As part ofthis project, we have
developed Accident Prevention, Contingency, and Emergency Response Plans. These
plans provide for fire, police, and medical responses, ifneeded. We have designated the
Henderson Fire Department as primary responder in the event offire. While we do not
expect problems to arise that would require a response by the Fire Department, we want
to be prepared for such a contingency. Ifyou would like a more detailed briefmg in
person on details ofthe clean-up and restoration project, I would be happy to provide
this. I can be contacted at 702-567-0400 and at sahuron@earthlink.net.

Sincerely,

Ron Sahu, Ph.D., CEM
Project Manager

875 West Warm Springs. Henderson, Nevada 89015 • Phone 702.567.0400 • Fax 702.567.0473
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Attachment H

Emergency Coordinator

Basic Remediation Company (BRC)

Corrective Action Management Unit (CAMU)

Henderson, Nevada

1.0 Introduction H-1
1.1 Emergency Coordinator H-1

1.2 BackUp H-l

H-i



1.0 INTRODUCTION

The BRC CAMU emergency coordinator is completely familiar with the site
operation and Accident Prevention, Contingency, and Emergency Response Plan. In
addition, the emergency coordinator must be familiar with all activities at the facility, the
location and characteristics of waste handled, the location of all records within the
facility, and the layout. The emergency coordinator is responsible for directing the
emergency procedures outlined in Attachment G. He or she shall have successfully
completed all training and is responsible for the training records of all personnel outlined
in Attachment G. The contact information for two additional individuals is also provided
who can also fulfill this role. At least one individual shall be within 30 minutes of the
BRC CAMU until closure.

3.6 Emergency Coordinator

Name:
Address:
Cell Phone:
Home Phone:

3.7 Back Up

Construction Manager - Weston Solutions

Will be provided prior to commencement of operations
Will be provided prior to commencement of operations

Name:
Address:

Lee Farris, P.E. (or designee)
875 W Warm Springs Road
Henderson, NV 89011

Office Phone: (702) 567-0400
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1.0 INTRODUCTION

This attachment describes the geological, hydrogeological, and climatic
conditions at the BRC CAMU. In addition, location standards and siting requirements
for the proposed BRC CAMU are discussed.

2.0 GEOLOGIC CONDITIONS

This section summarizes the geological conditions present at the BRC CAMU
site. The Draft Conceptual Site Model (CSM) for the Common Areas prepared by Daniel
B. Stevens & Associates (DBS&A, 2006) provides greater detail about the geological and
hydrogeological conditions at the site.

2.1 Geology

Regional Geology in Southern Nevada is the Basin and Range Province
morphology of the Western Cordillera of North America. In this region, Cenozoic
tectonic extension has resulted it a system of fault-bounded mountains separated by
sediment-filled valleys. The basins consist of down-dropped blocks of crust while the
ranges are upthrust slabs with a regional tilt to the east. The typical arrangement in the
Basin and Range system is a valley bounded on each side by a normal fault running
parallel to the range (DBS&A, 2006).

The BRC CAMU site is located in the Las Vegas Valley, a northwest-southeast
trending basin within the Basin and Range Province. The predominate range influencing
the BRC CAMU site conditions is the McCullough Mountains bounding the valley to the
south (DBS&A, 2006).

Valley fill in the vicinity of the BRC CAMU site consists of Tertiary Muddy
Creek Formation (TMCf) and overlying Quaternary Alluvium (Qa) associated with
alluvial fan deposits shed from the McCullough Range Mountains. The Qa is the present
day land surface at the CAMU as well as in most of the Henderson area and has an
average thickness of 50 to 60 feet. The Qa is predominantly sands and gravels classified
as poorly graded gravels (GP), silty h>Tavels (GM), well-graded sands (SW), poorly
graded sands (SP), and silty sands (SM) in accordance with the Common Unified Soil
Classification System (USCS) (DBS&A, 2006).

Beneath the BRC CAMU site, the boundary between the Qa and TMCf is an
unconformity that represents a period of time when the TMCf strata was likely exposed
to weathering and erosion. Erosion by streams originating in the McCullough Mountains
cut into the TMCf resulting in paleochannels that were later filled by Qa. Two
paleochannels have been inferred in the vicinity of the CAMU site: one paleochannel
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from the south-central area to the northwest corner and a second paleochannel from the
northeast corner of the CAMU site trending almost due nOlih (DBS&A, 2006).

Beneath the Qa is lies the TMCf consisting of predominantly fine-grained sandy
silts and clayey silts. Layers with increasing sand content are encountered. With the
increasing distance east and north from the McCullough Range, the proportion of coarse
grained sediments in the upper portion of the TMCf appears to decrease. The total
thickness of the TMCf is unknown with measurements varying from 2,158 feet to 3,050
(DBS&A,2006).

2.2 Hydrogeology

Groundwater flow beneath the BRC CAMU site is generally to the north,
nOliheast. Groundwater ranges from approximately 1725 ft Mean Sea Level (MSL) to
1695 ft MSL from the southern to northern areas of the BRC CAMU (Figure C7). The
groundwater flow is approximately parallel to the slope of the land surface. The average
gradient of the water table ranges from about 0.02 to 0.04 ftlft with a hydraulic
conductivity typically ranging from a few inches to up to 33 feet per day (ft/d). The Qa is
unsaturated towards the east, with saturation first noted in the uppermost TMCf, near the
contact between the Qa and the TMCf. The groundwater treatment system located on the
eastern property adjacent to the CAMU is thought to have dewatered the Qa (DBS&A,
2006).

Groundwater quality in the Qa is poor. General water quality analysis performed
on a groundwater sample collected from Kerr-McGee monitoring well M-IO, which is
installed upgradient of the BMI Complex, repolied relatively high concentrations of total
dissolved solids (2,680 mglL), chloride (732 mg/L), and sulfate (857 mglL) (ERM-West
Inc., 1996).

Beneath the Qa, within the TMCf, groundwater exists generally under confined
conditions in saturated coarser-grained lenses. Water in wells screened in the upper
portion of the TMCf rose under the confining pressure to elevations within the Qa
indicating an upward flux gradient from the TMCf into the overlying alluvium. The
hydraulic conductivity in the TMCfwas approximately 12 ft/d (DBS&A, 2006).

Recharge to the Qa due to precipitation is generally considered to be negligible
but has increased in recent years due to increasing irrigation infiltration, sewage
treatment plant effluent, and from the removal of phreatophytic vegetation near the
washes (Geraghty & Miller, 1993). Natural discharge from the Qa is primarily due to
springs, direct evaporation, and evapotranspiration, with little or no water discharging to
the Las Vegas Wash (Geraghty & Miller, 1993, after USBR, 1982).
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3.0 CLIMATE

The Las Vegas Valley is one of the driest and wannest areas in the nation. The
climate consists of hot summers, and cool winters. Summer temperatures above 105°
Fahrenheit (F) and winter temperatures below freezing are common. The average daily
minimum and maximum temperatures during winter months are about 35° and 60° F.
During summer nights, minimum temperatures average 70° to 75° F. The frost-free period
averages about 241 days per year (Geraghty & Miller, 1993, after USBR, 1982).

The Las Vegas Valley is characterized by low annual rainfall, approximately 4.5
inches per year, that fall during two rainy seasons. During the winter, the rainfall is
generally low-intensity and falls over a wide area. In the spring and fall, local
thunderstonns subject the area to high-intensity rains of short duration, which can cause
high-runoff conditions. Maximum rainfall within a 24-hour period for a 25-year stonn is
approximately 2.3 inches (NOAA Atlas 2, undated) in the site area.

Evaporation is high in the Las Vegas Valley, influenced by high temperatures,
high winds, and low humidity (average 20%). Pan evaporation data fonn the period of
1985 through 1988 range from approximately 2.5 inches/month to more than 17
inches/month (ERM-West, Inc., 1996, after Law Engineering, 1993). The months with
the highest evaporation (May through September) correspond to the times of high
intensity rainfall, which indicates that rainfall does not contribute significantly to the
recharge of groundwater in this area (ERM-West, 1996). Measurements of evaporation at
Boulder City and Lake Mead indicate an annual loss of about 6.5 feet of water, three
fourths of which occurs during the six warmer months. The evapotranspiration within Las
Vegas Wash is expected to be significantly higher due to high consumptive use by
cattails, wanner temperatures, and lower humidity (Geraghty & Miller, 1993, after
USBR, 1982).

Winds are typically out of the southwest or northwest and average nine miles per
hour (mph). Gusts greater than 50 mph occur several times a year during the massage of
major frontal systems. Topography influences the wind flow patterns.

4.0 LOCATION RESTRICTIONS

4. I Flood Plains

The proposed BRC CAMU is located in an area determined to be outside the 100
year flood plain (Figure I-I) (FEMA, 2002).
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4.2 Fault Areas

The proposed BRC CAMU is not located within 200 feet of a fault that has had
displacement in Holocene time. Two nOlth-trending fault scarps are located
approximately Yz mile northwest and southwest of the proposed BRC CAMU (Figure 1-2)
(Converse Consultants, 1999). Displacement on both faults is recorded as pre-Holocene.

4.3 Seismic Impact Zones

The proposed BRC CAMU is located in a seismic impact zone (USGS, 1982).
The site is located in an area with a 10 percent or greater probability that the maximum
horizontal acceleration in lithified earth material will exceed 10 percent of the eatth's
gravitational pull in 250 years (USGS, 1982). The maximum horizontal acceleration
depicted on the seismic hazard map with a 90 percent or greater probability that the
acceleration will not be exceeded in 250 years is 14 percent of the earth's gravity. The
peak horizontal ground acceleration recommended for the design of the project is 0.15g
(Converse Consultants, 1999). A soil profile type of So per Table 16-J of the 1997
Uniform Building Code is recommended for the site.

Structures for containment, including liners, systems for the collection of leachate
and systems for the control of surface water, will be designed to resist the maximum
horizontal acceleration in lithified earth material for the site. Proof of meeting these
design requirements will be placed in the operating records for the site and the solid
waste management authority will be notified that the proof has been placed in the
operating records.

4.4 Unstable Areas

Portions of the land on which the North Mesa will be constructed have been
historically used for waste disposal - namely, the slit trenches. Wastes, consisting of
various industrial wastes, construction and demolition debris, and office trash was
disposed of in "slit trenches" that were excavated below grade. The Draft Conceptual
Site Model prepared by DBS&A details the recent investigation of the "slit trenches"
revealing the depth and extent of waste material (DBS&A, 2006). The waste was placed
in the trenches without compaction effort and covered with previously excavated native
material. There is also evidence that some waste may have been ignited and burned. As
a result of the waste being placed without compaction, the "slit trenches" have
experienced settlement over the years.

As noted above, the BRC CAMU is sited to overlay the slit trench area, and this
overlay will in itself protect the slit trenches from erosion by wind and water. However,
the potential for continued settlement of the "slit trenches" may cause instability of the
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BRC CAMU liner system, if not addressed. Therefore, engineering measures will be
incorporated into the structural design of the BRC CAMU to consolidate (compact) these
materials prior to construction of the overlying BRC CAMU liner system. These
measures are more patiicularly specified in Attachment J, CAMU Design- Conceptual.

In addition, it should be noted that BRC expects to excavate certain portions of
the slit trenches, based on a Slit Trench Remedial Alternative Study (Slit Trench RAS),
which is in preparation. The goal is to remove waste materials in "hot spot" areas within
the slit trenches on a preventive basis and to meet regulatory requirements. Locations so
excavated will be properly backfilled and consolidated prior to construction of the
CAMU.
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CERTIFICATION PAGE

CONCEPTUAL DESIGN FOR
THE CONSTRUCTION OF

THE BASIC REMEDIATION COMPANY
CORRECTIVE ACTION MANAGEMENT UNIT

HENDERSON,NEVADA

The Engineering material and data contained in this Conceptual Design Plan
were prepared under the supervision and direction of the undersigned, whose seal as a
registered Professional Engineer is affixed below.

~.S\~~-~
Ronald Johnson, P.E.
Nevada No. 12835

The Engineering system in this conceptual design will prevent the migration
of any hazardous constituents into the ground water or surface water at least as
effectively as the liner and leachate collection and removal system specified in 40 CFR
264.301 (c).
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1.0 INTRODUCTION

This conceptual design is prepared in accordance with 40 CFR Parts 264, 266 and
268. The technical approaches discussed in this section are intended to outline the key
conceptual design features and components of the proposed landfill. Upon regulatory
review and approval, the conceptual design will be refined to provide detailed
specifications to meet the design standards and perfonnance criteria outlined in this
permit.

1.1 Maps and Plans

A series of maps, plans and cross-sections referenced throughout this section is
located in Section 1 of the Supplemental RAP Infonnation (SRAP!). The design plans
include the following:

•
•
•
•
•
•
•
•
•
•
•
•

1.2

Figure J-l - Title Sheet and Drawing List (includes general location map).
Figure J-2 - Legend, Abbreviations, and Gcncral Notes;

Figure J-3 - Overall Site Plan;

Figure J-4 - Construction Sequence Plan;
Figure J-5 - Surcharge Plan;

Figure J-6 - Site Preparation Plan;

Figure J-7 - Construction Grading Plan;
Figure J-8 - Stonn Drain Plan;

Figure J-9 - Final Cover Grading Plan;

Figure J-10 - Cross Sections

Figure J-II - Final Cover and Liner Details and Sections;
Figure J-12 - Fence Plan.

Anticipated Waste Material

The source materials for the proposed BRC CAMU include approximately 3.5
million cubic yards of residual solids (i.e., sediments and associated soils) from the
industrial ponds, ditches, and other sources areas within the BM! Common Areas known
as the Eastside Area. Extensive testing of the waste material has detennined the majority
of wastes to be non-hazardous. Volatile Organic Compounds (VOCs), Semi-volatile
Organic Compounds (SVOCs), and Polychlorinated Biphenyls (PCBs) were detected
sporadically, with VOCs and SVOCs throughout the site and PCBs in the Beta Ditch and
first eight Upper Pond rows. Pesticides, metals, and cyanide were detected at low levels
in the Beta Ditch and first eight Upper Pond rows. Asbestos was tested at measureable
levels in the Beta Ditch and first eight Upper Pond rows. These wastes are not
incompatible, reactive, or ignitable. Additional waste characterization detail can be found
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in the Waste Analysis Plan (Attachment C). No wastes will be accepted from other
sources.

Unlike typical landfills, both the source material and the proposed BRC CAMU
will be under sole control of BRC. Consequently, there will be direct control over the
types of waste materials placed at the BRC CAMU. Physical and chemical descriptions
of the anticipated waste materials are presented in the Waste Analysis Plan (Attachment
C).

1.2.1 Predicted Leachate Generation

In the case of the proposed BRC CAMU, the mass of waste material will be
compacted in place to form a hard-packed, monolithic "block," through which little or no
saturated flow is expected to occur. Achieving the most favorable hydraulic conductivity
in the compacted sediments depends on the degree of compaction, compaction method,
type of soil, soil moisture content, and in-situ density. Wet waste sediments from the
TIMET ponds will be mixed with dry solids, or otherwise dewatered, and then
transported and placed to maintain a moisture content below that which is capable of
generating leachate. The process will be designed such that waste sediments placed in
the landfill meet the density and moisture content requirements that will in turn reduce
leachate generation.

While waste material placed within the landfill will not be intrinsically capable of
generating leachate, the ability for the landfill to produce leachate will be dependent on
the quantity of the water allowed to infiltrate the interim and final cover materials and
penetrate into the underlying waste materials. Therefore, final cover design and
operational specifications for interim covers are important for the landfill system to
provide for protection of the waters of the state. For this reason, the proposed interim and
final cover are designed to reduce infiltration of water as described in Attachment 0
(Closure and Post-Closure Plan) and Attachment P (Final Cover Design).

2.0 LINER DESIGN

2.1 Liner and Leachate Collection System

A composite liner and leachate collection system is proposed as shown in cross
sections in Detail J-l below. The composite liner will underlie the waste materials,
providing a banier to the underlying native soils and groundwater. Although leachate
generation is not anticipated, this liner system is designed with a leachate collection
system to reduce potential liquid accumulation at the base of the waste materials. Liner
and leachate collection components will be constructed of materials having appropriate
strength and chemical compatibility.
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Detail J- 1, Composite Liner Layout

As shown in Detail J-l above, the liner system is anticipated to consist of the
following elements, or layers, from top to bottom: a geocomposite drainage layer, a
geomembrane, and a geosynthetic elay liner (GCL). GCLs consist of a layer of
bentonite-clay-backed geotextile. GCLs exhibit propelties of low permeability soil
liners, and have successfully substituted for the soil component in composite liner
designs. Placement of a GCL under the geomembrane is commonly employed to
increase effectiveness of the composite liner by limiting flow through potential flaws or
pinholes in the geomembrane.

Geomembranes are relatively thin sheets of flexible polymeric materials that are
manufactured and prefabricated at a factory and transpOited to the site. Because of their
inherent impermeability, use of geomembranes in landfill construction is typically
standard in the industry. Geomembranes are made of one or more polymers along with a
variety of other ingredients such as carbon black, pigments, fillers, plasticizers,
processing aids, crosslinking chemicals, anti-degradants, and biocides. The polymers
used to manufacture geomembranes inelude a wide range of plastics differing in
properties such as chemical resistance and basic composition. The polymeric materials
may be categorized as follows:

• Thermoplastics such as polyvinyl chloride (PVC);

• Crystalline thermoplastics such as high density polyethylene (HDPE), low density
polyethylene (LDPE), and linear low density polyethylene (LLDPE); and
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• Thermoplastic elastomers such as chlorosulfonated polyethylene (CSPE).

The polymeric materials used most frequently as geomembranes are HOPE, PVC,
and CSPE. Geomembrane thickness range from 20 to 120 mil (I mil = 0.00 I inch). The
recommended minimum thickness for all geomembranes is 30 mil, with the exception of
HOPE, which must be at least 60 mil. A 60-mil HOPE geomembrane is proposed for the
BRC CAMU, which is widely recognized in the industry as a very chemically resistant,
durable, long-lasting material.

Geocomposite is to be placed on the geomembrane to protect it from puncture by
the overlying operations layer soil. The geocomposite is designed to allow leachate, if
generated by the waste materials, to flow toward perforated HOPE collection piping and
be collected at the pump-out locations. The base grade of the landfill is engineered to
slope toward these leachate collection areas.

Components of the leachate collection system (LCS) will have sufficient strength
to support overlying compressive stresses. Pipe strength calculations will include
resistance to wall crushing, pipe deflection, and buckling pressure. Perforated drainage
pipes have been shown to provide good long-term performance in LCSs (USEPA, 1993).

Geotextile filter is a component of the geocomposite that will reduce physical
clogging of the drainage layer from the overlying fine-grained material.

The liner system is intended to work together with other design components to
isolate the waste materials from the environment. The main objective of BRC CAMU
design is to provide a design that protects waters of the state. Design components that are
intended to accomplish this objective are as follows:

I. The final cover, or cap, of the landfill is designed to allow essentially no
infiltration of water into the waste materials. The final cover is described
in the CAMU (Landfill) Closure and Post Closure Plan (Attachment 0).

2. The waste material will be compacted to the degree necessary to reduce
saturated flow within the interred materials. As discussed earlier, material
from the TIMET ponds will be mixed with dry soils or dewatered, as
necessary, prior to interment in the BRC CAMU. Together with a cap that
reduces infiltration in an arid environment, the resulting potential for
contaminant mobilization and leachate generation is considered minimal.
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3. In addition to the above precautions, the underlying liner system will be
designed to collect leachate generated, thereby providing an additional
factor of safety in reducing waste migration into the groundwater.

4. The base of the landfill will be at least 5 feet higher than first groundwater
at the groundwater's highest elevation, providing a buffer between
groundwater and the landfill (Section 9 of the Supplemental Rap
lnfonnation [SRAPI]).

Engineering design calculations and construction specifications for the base liner
system and leachate collection system are presented with the Supplemental RAP
Information (SRAPI), Sections 2 and 4, respectively. A summary is provided in the
following section.

3.0 SUMMARY OF ENGINEERING ANALYSIS

3.1 General

This section summarizes the results of the conceptual design calculations
perfonned for the base liner system at the BRC CAMU Landfill site. The following
calculations were performed:

• Slope Stability Evaluation - Cut Slopes (Calculation Package A);

• Slope Stability Evaluation - Final Waste Slopes (Calculation Package B);

• Drainage Pipe Size Calculations (Calculation Package C);

• Pipe Strength Calculations (Calculation Package D);
• Veneer Stability Calculations (Calculation Package E);

• Geotextile Separation/Filtration Calculations (Calculation Package F);

• Geotextile Puncture Protection Calculations (Calculation Package G);

• Sump Capacity Calculations (Calculation Package H);
• Comparison of Flow Through the Prescriptive Composite Liner and a

Proposed Alternative Composite Liner (Calculation Package I);

• Tension Due to Wind Uplift (Calculation Package J);
• Evaluation of Liner System Anchor Capacity (Calculation Package K);

• Drainage Geocomposite Equivalency Demonstration (Calculation Package
L); and

• Consolidation Analyses (Calculation Packages M and N)

The base liner system calculations are based on the conceptual design grading
plans shown on Figures J-7 and J-9 Additional calculations may have to be perfonned if
there are changes to elevation and grade in the aforementioned design grading plans.
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3.2 Slope Stability Evaluation

3.2.1 General

This section summarizes the analyses performed for the cut slopes and the final
waste slopes. The analyses summarized herein are for static stability. Seismic site
response, stability, and permanent defonnation analyses are presented in Attachment O.

3.2.2 Cut Slopes

Slope stability was evaluated for the proposed cut slopes for the BRC CAMU.
One cross-section was analyzed that represents the most critical case. Cut slopes with the
highest height, weakest materials, and/or steepest slope are chosen for this analysis. The
analyzed native soil cut slope has a height of approximately 44 ft and a base sloping at
3%. The proposed native soil cut slopes are at a slope angle of2.1:1 (horizontal:vertical).
The material properties selected and used in these analyses were based on a preliminary
investigation by Converse Consultants, Inc. [Converse, 1999]. The calculations suggest
that the most critical potential failure surface of the 2.1 H: IV native soil cut slope
possesses a factor of safety of approximately 1.5. Since the native soil cut slopes are
considered interim, seismic evaluations were not conducted. Native soil cut slope
stability calculations are presented in Section 2, Calculation Package A of the SRAPI.

3.2.3 Final Waste Slopes

The stability of the final waste slopes for the BRC CAMU was analyzed. Two
cross-sections were analyzed that represent the most critical cases. Similar to cut slope
analysis, waste slopes with the highest height, weakest materials, and/or steepest slope
are chosen for this analysis. The analyzed final waste slope has a height of approximately
47ft above surrounding b>Tades at a slope angle of 3: I (horizontal:vertical). The material
properties selected and used in these analyses were based on a preliminary investigation
by Converse Consultants, Inc. [Converse, 1999]. The calculations suggest that an
apparent internal or intcrface friction angle of 12 degrees for any component of the
composite liner system is the minimum allowable value provides a static factor of safety
of 1.6. FurthetIDore, the calculations suggest that the yield acceleration for the final waste
slopes is approximately 1.10 g (where "g" is the gravitational acceleration of 32.2 ft/s2

).

Final waste slope stability calculations are presented in Section 2, Calculation Package B
of the SRAPI.

3.3 Drainage Pipe Size Requirement

Drainage pipes will be placed on the base liner system to collect and transport
potential leachate to the sump for removal. Analyses were performed to model leachate

J-6



generation by using the Hydrologic Evaluation of Landfill Performance (HELP) model.
The calculations suggest that a 4-inch diameter pipe with four 114-inch perforations
spaced at I-ft intervals will accommodate the flow predicted by HELP model analyses.
Drainage pipe size calculations are presented in Section 2, Calculation Package C of the
SRAPI.

3.4 Pipe Strength

Based on drainage pipe size analyses, a 4-inch diameter drainage pipe will be
used for leachate collection and transport. An 18- inch diameter pipe will be used for the
side slope riser. Based on the calculations performed for the 4-inch diameter drainage
pipe and the 18-inch diameter side slope riser, the appropriate standard dimension ratio
(SDR) is 13.5 or smaller. This calculation assumes the maximum height above the pipe
of waste is 93 ft (South Mesa). Pipe strength calculations are presented in Section 2,
Calculation Package D ofthe SRAPI.

3.5 Veneer Stability

The design criteria for the side slope liner system is to develop zero tension in the
geosynthetics during installation of the operations layer on the side slopes. Potential
causes of tension in the liner system include constmction equipment loading and
overburden stresses (e.g., operations layer materials). Based on the proposed grades and
expected constmction conditions, the calculations suggest that the side slope liner system
will not be placed into tension provided a minimum dry interface friction angle of 18
degrees is maintained and the operations layer is staged in 10-ft high increments inelined
at 2.5H: IV. Veneer stability calculations are presented in Section 2, Calculation Package
E of the SRAPI.

3.6 Geotextile/Separation/Filtration Requirements

A separation/filtration geotextile will be placed between the operations layer and
the drainage aggregate surrounding the leachate collection pipe and as a component of
the geocomposite drainage layer. The purpose of the geotextile is to limit migration of
fine material from the operations layer into the drainage aggregate and/or geonet
component of the geocomposite. The calculations suggest that the separation/filtration
geotextile overlying the drainage aggregate layer has an apparent opening size (AOS) less
than Sieve No. 70, a pelmittivity greater than 0.8 sec'!, a minimum mass per unit area of
6 oz.lyd2

, and sufficient mechanical properties. Geotextile separation/filtration
calculations are presented in Section 2, Calculation Package F of the SRAPI.
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3.7 Geotextile Cushion Protection

The geomembrane needs to be protected from puncture by particles from the
prepared subgrade and operations material. Based upon the selection of using a
geocomposite as the drainage layer in the leachate collection system, the geocomposite is
selected such that the combined weight of the gcocomposite geotextiles will act as an
equivalent cushion. With respect to subgrade puncture, the geotextile components of the
GCL will protect the geomembrane from the prepared subgrade. This calculation is
based on a maximum overburden height of 93 feet. The analysis suggests that the
following maximum particle sizes and geotextile mass per unit areas will be required:

Soil Component of Liner
Maximum Minimum Mass per

Particle Size Unit Area

Subgrade 0.75 inch 9 oz.lyd" (GCL)
Angular Drainage Aggregate 1.00 inch 160z.lyd"
Table J -1- CushIOn GeotextIle reqUIrements

Geotextile cushion protection calculations are presented in Section 2, Calculation
Package G of the SRAPI.

3.8 Sump Capacity

The USEPA regulations limit the head over the liner system to less than
12 inches. Therefore, the available capacity to retain the peak daily runoff includes the
sump and the volume of 12 inches of leachate in the geocomposite and operations layer
extending away from the sump. The maximum, average daily runoff calculated from the
HELP model analyses (see drainage pipe sizing calculation) is 231 ft3, A sump will be
located at three low points (two in both the South Mesa and one in the North Mesa).
Each sump will be approximately lOft x 10ft x 2 ft deep. The sump has a capacity of
approximately 112 ft3. The capacity of the drainage geocomposite/operations layer
extending away from the sump (at a 12-inch head) is greater than 342 ft3, The combined
capacity of the sump and drainage geocomposite/operations layer is 453 ft3, which
exceeds the maximum, average daily runoff noted above of 231 ft3

The capacity of the three sumps located throughout the site will be able to
accommodate the anticipated peak daily flow (as evaluated from the HELP model 
drainage pipe sizing calculation, Section 2, Calculation C of the SRAPI) and meet the
EPA requirement of less than 12 inches of head over the liner. Sump and drainage
aggregate capacity calculations are presented in Section 2, Calculation Package H of the
SRAPI.
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3.9 Comparison of Flow Through a CCL and GCL

The calculations suggest that the flow rate through the prescriptive composite
liner system containing a compacted clay liner (CCL) is approximately 1.64 times greater
than the flow rate through the alternative composite liner system containing a
geosynthetic clay liner (GCL). The comparison calculations are presented in Section 2,
Calculation Package I of the SRAPI.

3.10 Tension Due to Wind Uplift

The most critical scenario for wind uplift is after the IO-ft vertical height of
operations material has been placed against the slope while the remainder of the
geosynthetic liner is exposed on the upper portion of the slope. A UV-protective woven
geotextile will be installed to overlie the exposed portions of geosynthetics on these cut
slopes. The woven geotextile will be subjected to tension due to wind uplift.

Due to proximity of the site, the Las Vegas Airport wind speed data was used for
this analysis. A design wind speed of 90 mph is used, which is the peak gust recorded
since 1961. This is a conservative design wind speed since the likelihood of this wind
speed occurring during the period of construction is very low. Assuming the design wind
speed, the calculations suggest that the maximum tension the woven geotextile will
experience is 82.8 Iblin. In order to resist the uplift forces from wind loads, the woven
geotextile shall have a minimum ultimate wide width tensile strength of 110 Ib/in. The
tension due to wind uplift calculations is presented in Section 2, Calculation Package J of
the SRAPI.

3.11 Anchorage Capacity

The geosynthetics' anchor must have the capacity to withstand potential pullout
tension due to wind uplift from the UV-protective woven geotextile. The proposed
anchor consists of a 2-ft wide and 2.5-ft deep trench filled with compacted soil. The
anchor trench will be overlain by 1 ft of soil with a 3-ft runout length from the top of
slope. The capacity of the anchor trench is sufficient to withstand pullout tension from
the woven geotextile. The anchorage capacity calculations are presented in Calculation
Package K.

3.12 Geocomposite Equivalency Demonstration

A geocomposite layer will be used in lieu of a leachate collection gravel and
separation/filtration geotextile. A geocomposite layer, consisting of two 8 oz/yd2

nonwoven geotextiles bonded to either side of a geonet, is proposed. The top geotextile
shall confonn to the requirements presented in the geotextile separation/filter calculation
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package (Section 2, Calculation Package F in the SRAPI). The combined weight of the
geotextiles will act as an equivalent cushion. The calculations suggest that a drainage
composite will provide equivalent transmissivity to the aggregate drainage layer. The
geocomposite equivalency demonstration calculations are presented in Section 2,
Calculation Package L of the SRAPI.

3.13 Consolidation Analysis

Consolidation analyses were performed to evaluate the potential affect on the
perfOlmance of the proposed liner system under increased loads related to the BRC
CAMU. Borings and associated laboratory test results were used for locations beneath the
South Mesa (higher loads due to thicker waste profile). Conservative analyses suggest
that consolidation will not adversely impact the performance of the proposed liner or
leachate collection systems. The consolidation analysis for the South Mesa is presented in
Section 2, Calculation Package M of the SRAPI.

In addition, a consolidation analysis was performed to evaluate the effects of the
consolidation settlement of waste in the "slit trenches" that will be overlain by the North
Mesa disposal area. Since limited information is available regarding the consolidation
characteristics of the waste materials contained in the "slit trenches", interpretation was
required and the analyses were approached on a conservative basis. The calculations
suggest that settlement of waste in the unconsolidated "slit trenches" is likely to cause
unacceptable strain in the liner system. As a result, the North Mesa will be pre-loaded
with surcharge fill, prior to construction of the overlying liner system, to heights of
approximately 36 ft.

Surcharge fill will be monitored using settlement plates to assess the settlement
progress and to ascertain the point at which the surcharge is removed and the liner system
construction can begin. Since the waste materials contained in the "slit trenches" are
primarily inert industrial wastes, long-tenn settlement due to biodegradation is minimal.
Therefore, the time to achieve slit trench consolidation is anticipated to be very ShOli.
Settlement will be deemed complete once the difference between any two subsequent
settlement plate readings is no more than 5%, or no greater than 0.05 ft change in one
week's time.

The calculations suggest that after pre-loading, the strain on the liner system due
to differential settlement is within tolerable amounts. In addition, the proposed grading
plan can accommodate the calculated post-surcharge differential settlement without
significant effects on drainage. The consolidation analysis is presented in Section 2,
Calculation Package N of the SRAPI.
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Geosyntec (>
consultants

Ranajit Sahu, Ph.D.
Director of Environmental Services
Basic Remediation Company
875 West Warm Springs Road
Henderson, Nevada 89015

10875 Rancho Bernardo Road, Suite 200
San Diego, California 92127

PH 858.674.6559
FAX 858.674.6586

www.geosynlec.colil

6 April 2007

Subject: Groundwater Elevations
BRCCAMU
Henderson, Nevada

Dear Dr. Sahu:

In accordance with the Nevada Department of Environmental Protection (NDEP) draft Notice of
Deficiency (NOD) dated 13 February 2007, Geosyntec has evaluated the groundwater elevation
data associated with the Basic Remediation Company Correction Action Management Unit
(CAMU) located in Henderson, Nevada. The proposed CAMU liner system, as illustrated on
Drawing J-7, is designed to be a minimum of 5 feet above the groundwater elevation. The
groundwater elevations presented on Drawing J-7 were obtained by Montgomery Watson Harza
(MWH) in July 2005.

Based on the groundwater contours provided by MWH, the north mesa portion of the CAMU
(i.e., the portion over the slit trenches) liner system is greater than approximately 40 feet above
groundwater and the south mesa portion of the CAMU liner system (i.e., in the borrow pit area)
greater than 5 feet above groundwater. Approximately 93% of the south mesa portion of the
CAMU liner system area is more than 10 feet above the groundwater.

The CAMU liner system is designed to limit migration of liquids in the CAMU to the
groundwater, which will also limit the migration of groundwater into the CAMU if groundwater
were to rise above the base liner system elevation. Furthermore, if groundwater were to rise to an
elevation above and migrate through the CAMU liner system, the liquid would be collected in
the leachate collection and removal system and would then be removed from the landfill as
outlined in the operations plan.

RAP_Att JOW Letter 20070406.doc
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Ranajit Sahu, Ph,D,
S March 2007
Page 2

Based on this infonnation, we do not anticipate that rising groundwater levels, if they occur,
would adversely impact the perfonnance of the liner system or CAMU.

Sincerely,

CiJlv-X S;',
Ronald S. Johnson, P,
Associate Engineer
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1.0 INTRODUCTION

This BRC CAMU Construction Plan outlines the general construction
requirements and schedule for the base liner systems. This plan addresses the
construction materials, installation, and grading requirements for the BRC CAMU. The
rationale for selecting the liner materials is described in the supporting calculations. A
Base Liner System Construction Quality Assurance (CQA) plan, base liner system
technical specifications, and conceptual drawings are included with the Supplemental
RAP Information (SRAPI).

2.0 LINER CONSTRUCTION SCHEDULE AND SEQUENCE

Construction of the CAMU components will be phased so as to increase
efficiency of waste disposal. One unit of the BRC CAMU will receive wastes while the
base liner system is being constructed for the next unit. These different sections will be
divided using storm water controls to reduce surface water, leachate, and waste
interaction. The liners in adjacent units will be joined using the seaming techniques
outlined in the Base Liner CQA and Technical Specifications (Sections 3 and 4 of the
SRAPI, respectively). As lined areas are completed with waste placement, they will be
closed and the final cover system will be constructed, as discussed in the CAMU
(Landfill) Closure and Post-Closure Plan (Attachment 0).

The general construction sequence of the CAMU, as shown on Figure J-4 of
the Conceptual Drawings, Section 1, in the SRAPI, is outlined in the following sections.

2.1 Site Preparation

The site will be prepared by removing surface vegetation and portions of the
fence currently on site. The temporary perimeter fence will be established and all
suppOli facilities brought on-site. At this time, the haul roads and storm water controls
(ditches, culverts, silt fences, check dams, and basins) will be constructed. Hot spot
excavation of specific areas of the slit trenches will be performed. Surcharge will be
constructed, monitored, and removed over the slit trenches in the North Mesa, as shown
on Figure J-5 of the Conceptual Drawings. The liner foundation will be graded in
accordance with the Conceptual Drawings to prepare for liner installation. The grading
requirements are summarized in Section 3 of this Attachment and in shown detail in
Section 1 of the SRAPI.
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2.2 Liner Installation

After the liner foundation grading, the leachate collection system and liner
installation will begin. The flowlines, sumps, and berms for leachate conveyance and
storage will be constmcted as shown on the Drawings at this time. Liner constmction
will begin with the installation of the geosynthetic clay liner (GCL), and geomembrane.
Requirements for installation are summarized in Section 3 of this Attachment and in
detail in the SRAPI.

2.3 Leachate Collection and Removal System Installation

The leachate collection and removal system will be installed next, with
collection pipes, drainage aggregate, geotextile, and geocomposite. The geocomposite
and filter geotextile will be overlain with 2 feet of soil acting as an operations layer.
Requirements of the geocomposite and filter geotextile are summarized in Section 3 of
this Attachment and in detail in the SRAPI.

3.0 LINER CONSTRUCTION REQUIREMENTS

3.1 General

This section describes the constmction requirements for installation of the
base liner system at the BRC CAMU. These construction requirements are necessary in
order to ensure that the construction of the liner system is consistent with the design
perfonnance goals and assumptions.

3.2 Slope Inclinations

Native soil cut slopes shall be excavated no steeper than a slope inclination
of 2.1 H: IV. Waste soil slopes shall be placed no steeper than a slope inclination of
3H:IV.

3.3 Drainage Pipe Size Requirement

In accordance with the analyses performed, the drainage pipe shall be 4-inch
diameter HOPE pipe with four 114-inch perforations per foot of pipe. The side slope
riser shall be 18-inch diameter HOPE solid-wall pipe. The standard dimension ratio
(SDR) for the 4-inch diameter pipe and the 18-inch side slope riser shall be less than or
equal to 13.5.
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3.4 Equipment Loading

Equipment loads shall be limited to a maximum loading of 5 psi overlying a
minimum of I ft of operations materials. In addition, roads for haul trucks shall be a
minimum of 3 ft in thickness overlying the liner system.

3.5 Geotextile Requirements

Two geotextile components of the base liner system are utilized, a 6 oz/yd2

separation/filtration geotextile and a 16 oz.lyd2 cushion geotextile. A UV protective
geotextile will be used on the exposed liner system components on the side slopes. To
ensure proper manufacturing and durability, the 6 oz/yd2 separation/filter geotextile
shall have the following properties:

Matrix
Mass per Unit Area
Apparent Opening
Pennittivity
Grab Strength
Puncture Strength
Ultraviolet strength retention

Nonwoven
2': 6 oz/yd2

:SSieve No. 70
2': 0.8 sec-I
2': 130 lb
2': 40 Ib
2': 70%

The 16 oz/yd2 cushion geotextile shall have the following properties:

Matrix
Mass per Unit Area
Puncture Strength
Grab Strength
Ultraviolet strength retention

Nonwoven
2': 16 oz/yd2

2': 155 Ib
2': 350 Ib
2': 70%

The UV protective layer woven geotextile shall have the following
properties:

Matrix
Wide Width Tensile Strength
Apparent Opening

woven
2': 110 lb/in (ultimate strength)
:S Sieve No. 40
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3.6 Geosynthetic Clay Liner (GCL)

The GCL component of the base liner system shall have the following
properties:

• Index flux> 1.0 X 10-8 ftJ/fe-sec;

• Minimum interface shear strength of !2 degrees;

• The GCL shall be dry during installation; and
• combined geotexti!e mass per unit area of 9

oz/yd2
•

3.7 Leachate Collection Layer

3.7.1 Geocomposite Requirements

In lieu of using drainage aggregate, a geocomposite will be used to collect
potential leachate. The selected geocomposite shall have the following properties:

• Transmissivity > 3.05 x 10'5 ft2/sec under a
confining pressure of 12,000 psf and a hydraulic
gradient of 0.1 0;

• an 8 oz/yd2 non-woven geotextile bonded to each
side of the geonet; and

• the top 8 oz.lyd2 non-woven geotexti!e shall have
an AOS greater than Sieve No. 70, permittivity
greater than 0.6 sec-!, and sufficient mechanical
properties.

3.7.2 Geomembrane Requirements

The geomembrane shall be high-density polyethylene (HDPE), have a
nominal thickness of 60 mil, and be textured on both sides.

3.8 Prepared Subgrade Requirements

The prepared subgrade shall have a maximum exposed particle diameter less
than 3/4 inch.
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4.0 RECORDS AND RECORDKEEPING

4.1 General

Liner and Leachate Collection System construction records will be kept in
accordance with the CQA plan. The CQA Site Manager will document that all quality
assurance requirements have been addressed and satisfied.

The CQA Site Manager will provide the Construction Manager with signed
descriptive remarks, data sheets, and logs to verify that monitoring activities have been
carried out. The CQA Site Manager will also maintain, at the job site, a complete file of
Drawings and Technical Specifications, a CQA Plan, checklists, test procedures, daily
logs, and other pertinent documents.

4.2 Daily Recordkeeping

Preparation of daily CQA documentation will consist of daily reports
prepared by the CQA Site Manager which will include CQA monitoring logs, and
testing data sheets. This information may be regularly submitted to and reviewed by the
ConstlUction Manager.

The CQA Site Manager will prepare daily reports that document the
activIties observed during each day of activity. The daily reports may include
monitoring logs and testing data sheets. At a minimum, these logs and data sheets will
include the following information:

• the date, project name, location, and other identification;
• a summary of the weather conditions;
• a summary oflocations where construction is occurring;
• equipment and personnel on the project;
• a summary of meetings held and attendees;
• a description of materials used and references of results of testing

and documentation;

• identification of deficient work and materials;
• results of re-testing corrected "deficient work;"
• an identifying sheet number for cross referencing and document

control;
• descriptions and locations of construction inspected;
• type of constlUction and inspection performed;
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• description of construction procedures and procedures used to
evaluate construction;

• a summary of test data and results;
• calibrations or re-calibrations of test equipment and actions taken as

a result of re-calibration;
• decisions made regarding acceptance of units of work and/or

corrective actions to be taken in instances of substandard testing
results;

• a discussion of agreements made between the interested patiies
which may affect the work; and

• signature of the respective CQA Site Manager.

4.3 Construction Problems and Resolution Data Sheets

Construction Problems and Resolution Data Sheets, to be submitted with the
daily reports prepared by the CQA Site Manager, describing special construction
situations will be cross-referenced with daily reports, specific observation logs, and
testing data sheets and will include the following information, where available:

• an identifying sheet number for cross-referencing and document
control;

• a detailed description of the situation or deficiency;
• the location and probable cause of the situation or deficiency;
• how and when the situation or deficiency was found or located;
• documentation of the response to the situation or deficiency;
• final results of responses;
• measures taken to prevent a similar situation from occurring in the

future; and
• signature of the CQA Site Manager and a signature indicating

concurrence by the Construction Manager.

The Construction Manager will be made aware of significant recurring
nonconformance with the Drawings, Technical Specifications, or CQA Plan. The cause
of the nonconformance will be detennined and appropriate changes in procedures or
specifications will be recommended. These changcs will be submitted to the Engineer
for approval. When this type of evaluation is made, the results will be documented and
revision to procedures or specifications will be approved by the Contractor and
Engineer.
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4.4 Photographic Documentation

Photographs will be taken and documented in order to serve as a pictorial
record of work progress, problems, and mitigation activities.

4.5 Design Changes

Design changes may be required during consttuction. In such cases, the
CQA Site Manager will notify the Consttuction Manager. Design changes will be made
with the written agreement of the Consttuction Manager and the Engineer and will take
the form of an addendum to the Drawings and Technical Specifications.

4.6 CQA Report

At the completion of the Project, the CQA Consultant will submit to the
Consttuction Manager the CQA report signed and sealed by a Professional Engineer
licensed in the State of Nevada. The CQA report will acknowledge: (i) that the work
has been performed in compliance with the Drawings and Technical Specifications; (ii)
physical sampling and testing has been conducted at the appropriate frequencies; and
(iii) that the summary document provides the necessary supporting information. At a
minimum, this repmi will include:

• Manufacturers' quality control documentation;
• a summary report describing the CQA activities and indicating

compliance with the Drawings and Technical Specifications which is
signed and sealed by the CQA Officer;

• a summary of CQA/CQC testing, including failures, corrective
measures, and retest results;

• contractor personnel resumes and qualifications;
• documentation that the geomembrane trial seams were performed in

general accordance with the CQA Plan and Technical Specifications;

• documentation that field seams were non-destructively tested using a
method in general accordance with the applicable test standards;

• documentation that nondesttuctive testing was monitored by the
CQA Consultant, that the CQA Consultant informed the
Geosynthetic Installer of any required repairs, and that the CQA
Consultant inspected the seaming and patching operations for
unifonnity and completeness;

• records of sample locations, the name of the individual conducting
the tests, and the results of tests;
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• record drawings as provided by the Surveyor;
• documentation showing that piping was tested in general accordance

with the Technical Specifications; and

• daily inspection repolis.

The record drawings will include scale drawings depicting the location of
the construction and details pertaining to the extent of construction (e.g., depths, plan
dimensions, elevations, soil component thicknesses). Base maps required for
development of the record drawings and the record drawings themselves will be
prepared by a qualified Professional Land Surveyor registered in the State of Nevada.
These documents will be reviewed by the CQA Consultant and included as part of the
CQA Report, which will be kept with the project records in accordance with the records
retention requirement of the AGC3.
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1.0 INTRODUCTION

The purpose of this Operation Plan is to delineate the procedures and
operating practices that will be implemented to ensure the safe and efficient excavation,
loading, transportation, receipt, and placement of remediation wastes at the BRC CAMU.
This Operation Plan summarizes operational procedures discussed in detail in the
Corrective Action Plan (CAP) for the BRC Common Areas Remediation Project prepared
by Dr. Ranajit Sahu, C.E.M. for BRC dated September 2006. This Operation Plan is
intended to provide guidelines to the operator and managers of the BRC CAMU in
conducting CAMU operations.

2.0 FACILITIES

2.1 Equipment

The proposed equipment at the BRC CAMU is listed in Table 3 of the CAP.
The equipment will be adequate in type, capacity and number, and sufficiently
maintained to permit the site operation to meet requirements of these standards.
Periodically, the overall maintenance level of site equipment and the quality of site
maintenance facilities will be evaluated. In addition, periodically the size and adequacy
of the equipment to carry out operations, including the types and quantities of major
landfill equipment such as bulldozers, scrapers, compactors, graders and water trucks will
be evaluated by the BRC CAMU Construction Manager.

Selection of type, size, quantity, and combination of machines required to
move, dry, spread, and compact waste depend on the following factors:

• Amount and type of waste to be handled;
• Weather conditions;
• Compaction requirements;
• Site and soil conditions (topography, soil moisture, and difficulty of

excavation); and
• Supplemental tasks such as maintaining roads, assisting in vehicle

unloading, and moving other materials and equipment around the site.

In addition to the above, BRC is committed, through either purchase or lease,
to provide other equipment to serve as replacements, backups, or supplements to existing
operations, or for such special needs that may arise.
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2.2 Operation Support

Suitable shelter and sanitary facilities will be provided for operating personnel
and waste transport personnel. In addition, a storage area will be provided for BRC
CAMU operators to store equipment.

2.3 Access, Traffic Control, and Roads

Site access will be gained through the entry gate located off Fourth Street on
the east side of the property. Access will be controlled through full time security (24
hours a day, 365 days per year) during site operations in order to prevent unauthorized
vehicular traffic and illegal dumping. In addition to full-time security, access will be
controlled by using artificial barriers to protect public health, safety, and the
environment. The entry gate will be equipped with a lockable mechanism to prevent
unauthorized entry and/or uncontrolled waste deposition when the site is closed. Access
to the site at points other than the entry gate will be discouraged by maintenance of site
perimeter fencing and full time security during site operations.

The BRC CAMU entrance or gate attendant's office, located beyond the entry
gate, will serve as the checkpoint to facilitate access and traffic control. The office will
be manned continuously. Loads will be inspected at this point by assigned site personnel.
Subsequent to this inspection, loads will be directed to the appropriate BRC CAMU
disposal areas.

Temporary roads will be provided as necessary to the working face. All roads
will be passable during inclement weather. The entire site will be enclosed with a
continuous chain link fence. Figure F-I through F-3 of the CAP show the locations of the
proposed haul roads.

2.4 Signs

At the main entrance gate off Fourth Street a sign will be posted indicating the
following:

• Facility name;
• The owner and operator of the site;
• The hours of operation; and
• Materials accepted or excluded.

It will be noted on the signage that the BRC CAMU is a private operation.
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Insttuctional signs will be placed at this site entrance addressing prescribed
safety measures on the site and include insttuctions regarding prohibition of smoking
within the disposal areas and mandating that all insttuction from site personnel be
obeyed.

Interior site haul roads will be appropriately signed so as to direct each load to
its designated disposal area. Typical directional and information signs will be posted at
the site. Location of signage may be changed from time-to-time to facilitate operations.
In addition, authorized personnel may be utilized to direct traffic at the active working
face of the landfill operation.

"No Trespassing" signs will be posted at IOO-foot intervals along the site
perimeter fencing. "Danger- Unauthorized Personnel Keep Out," will be posted at each
entrance to the active pOltion of the BRC CAMU and additional locations as necessary.
All signs will be posted in English and Spanish.

Additional signs and/or measures may be required to protect personnel and
public health and safety.

3.0 OPERATING CRITERIA

This section presents operating criteria of the BRC CAMU and methodologies
to be used to meet such criteria.

3.1 Health and Safety

All activities will be perfonned in accordance with a Health and Safety
Planes) (HASP) developed for Site remediation activities by the contractor(s) selected for
the project. These HASP(s) shall apply to the contractor's employees and subcontractors.
The parameters and details that will be included in the HASP are described in the
Accident Prevention, Contingency, and Emergency Response Plan. Briefly, the HASP
shall include the following:

• Identification of chemical and physical hazards associated with the
remediation activities;

• Minimum training requirements for site workers;
• Minimum Personal Protective Equipment (PPE) for site workcrs and

visitors and criteria for upgrades;
• Air monitoring requirements for workers' breathing zone and site

perimeter (for public protection);
• Emergency infonnation, such as emergency telephone numbers and

directions to the nearest hospital; and
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• Administrative requirements, such as documentation of training, daily
health and safety tailgate meetings, and documentation of air
monitoring.

A sample Health and Safety Plan table of contents for the BRC CAMU and
the Common Areas Remediation Project is included as Appendix 0 ofthe CAP.

3.2 Fire Prevention

Fire hazard at the BRC CAMU is expected to be minimal due to the type of
material being landfilled. Explosive gases (e.g. methane) are not anticipated at the BRC
CAMU because putrescible material will not be accepted at the BRC CAMU for disposal.

No open burning of wastes will be allowed at this site. Fire control protection
will be provided by the utilization of on-site equipment such as a water truck, track type
dozer and front-end loaders for wetting and smothering accidental fires. In addition, site
related operational vehicles will be equipped with fully functional fire extinguishers.
Backup fire protection will be available from units of the Clark County Fire Depmiment.

Site personnel will receive periodic on-the-job training in fire fighting
practices conducted by the BRC CAMU Construction Manager and/or other authorized
representatives.

3.3 Control of Windblown Material

Scattering of papers, plastic, or other debris by the wind will not be an issue at
the BRC CAMU as such types of wastes will not be accepted. Dust control measures
will be implemented to limit the amounts of wind-blown dust. Dust control will be
accomplished via moisture management and synthetic covers, as required. Operations
will cease during periods of high winds, consistent with Clark County requirements as
provided in the Dust Control Plan Application included in the CAP.

3.4 Special Waste Disposal

The projected mix of wastes to be received from the service area is a by
product of industrial process fluids allowed to settle in various evaporation ponds. The
resulting residual soil is the solid waste requiring disposal. No other special wastes are
anticipated.
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3.5 Control of Authorized and Unauthorized Waste

The source materials for the BRC CAMU include the residual solids (i.e.,
sediments and associated soils) from the industrial ponds, ditches, and related source
areas. Municipal wastes will not be accepted from private individuals. Unlike typical
landfills, both the source material and the BRC CAMU will be under sole control of
BRC. Consequently, there will be control over the types of waste materials accepted at
the BRC CAMU.

3.6 Disposal of Liquids

Liquids will not be disposed of at the BRC CAMU.

3.7 Control of Explosive Gas

Due to the nature of material to be placed in the landfill, generation of
methane or other explosive gases is not anticipated. Controls for explosive gas are not
required.

3.8 Disposal of Vegetation

Vegetation, if any, will be removed from excavation areas and access routes.
Soil attached to plant roots will be shaken loose and left on the ground surface in the
pond in which the vegetation was present, to be collected with the other soils in that
pond. The vegetation will be relocated and temporarily stockpiled within the Debris
Storage Area, as discussed in the CAP, where it will be tested to detennine whether
chemicals within the site soils have bioaccumulated within the vegetative matter at levels
that would cause it to be unsuitable for disposal at a municipal landfill. In the event that
vegetation meets disposal requirements in municipal landfills, they will be so disposed. In
the event that contaminate levels dictate that they should be disposed in hazardous waste
landfills, they will so be disposed. Vegetation grubbed during excavation will not be
disposed in the BRC CAMU.

3.9 Compliance with State Implementation Plan

BRC will ensure that the BRC CAMU does not violate applicable
requirements developed by the state implementation plan, if any, approved or adopted by
the Administrator of the USEPA, pursuant to Section 110 of the Federal Clean Air Act,
as amended (42 U.S.C. § 7410), and the regulations adopted pursuant thereto. As noted
earlier, dust mitigation will be ensured by adherence to the Dust Mitigation Plan
Application, Appendix C of the CAP. In addition, there will be no open burning of solid
wastes at the BRC CAMU.
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3.10 Putrescible Wastes and Vector Control

Due to the nature of material to be placed in the BRC CAMU, putrescible
wastes and vector control issues do not apply.

3.11 Nuisance Control

The operation and maintenance of the BRC CAMU will be in a manner which
will not create odors, unsightliness or other nuisances. There will be no ponded and
stored water at the site; thus this source of obnoxious odors and vector breeding is
obviated.

As necessary, water or other dust palliatives such as magnesium chloride will
be applied to the landfill and its roads to minimize nuisance dust consistent with the Dust
Mitigation Plan.

3.12 Disposition, Compaction, and Coverage

Since the waste to be disposed will be soil and sediment a daily cover will not
be required to control disease vectors, fires, odors, blowing litter and scavenging.
Instead, if operations cease for prolonged periods of time, which is not expected, an
intermediate cover will be applied on an as-needed basis. Moisture will be added
periodically as needed to reduce dust and particulates.

Solid wastes will be spread and compacted in layers. Waste will be offloaded
from the haul vehicles, and spread by a tracked dozer in lifts with a maximum thickness
of two feet. A landfill compactor or other suitable equipment will accomplish a sufficient
number of passes over each lift in order to reduce voids and produce a compact mass.

The BRC CAMU will be operated to facilitate efficient placement of the
waste material. At any given time, the compacted waste mass will be contoured to allow
effective drainage in case of inclement (rainy) operations. Construction Sequence Plan,
included in the Supplemental RAP Information, presents general steps of landfilling
activities.

Horizontal and vertical control is necessary to ensure that the final grades and
ccll geometry are constructed as planned. The BRC CAMU will be filled to within two
feet of the required final elevation. Elevation control for equipment operators at the
landfill is achieved through the use of steel pipe grade poles installed in the fill area and
marked with red rings against a yellow background at the fill level (two feet below the
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final grade). The ring elevations are surveyed with respeet to a BRC CAMU surveyed
benchmark, which will be a concrete monument.

3.13 Miscellaneous Requirements for Operation

Scavenging through waste at the working face of the BRC CAMU by citizens
or non-employees of the landfill operations will be prohibited and is not expected.

The working face area will be inspected daily and lightweight debris will be
retumed to the fill area and covered.

Provisions will be established conceming weighing and recording all solid
waste delivered to the site. Specifically, a scale will be employed to weigh incoming
hauling vehicles. The tare weight of each vehicle will be checked on a daily basis to
establish the quantities of waste being placed in the BRC CAMU. In addition,
topographic surveys will be perfonned on a quarterly basis to double-check and further
quantify the volume of materials placed within the BRC CAMU.

3.14 Control of Erosion, Mud and Dust

An adequate amount of water from storm water or municipal well sources will
be available at all times for the control of dust and the compaction of cover material.

Adequate measures will be taken to minimize the creation of dust and
minimize safety hazards due to obscured visibility. Roadways will be sprayed with water
and/or magnesium chloride to reduce dust generation. Dust control measures are
described in detail in the Dust Mitigation Plan Application which is provided as
Appendix C of the CAP.

Primary interior roadways will be surfaced with compacted crushed stone or
gravel materials, as necessary. Ramps and unloading areas at designated interior disposal
areas will be graded for proper drainage with earth-moving and grading equipment.

During periods of wet weather, such surfacing and maintenance practices will
be eliminated, or at least minimized to reduce the tracking of mud off-site. During wet
periods, the BRC CAMU Construction Manager or his/her designee will be responsible
for a daily inspection of the main incoming road and will be responsible for the timely
removal of any accumulated mud on that portion of the roadway within the immediate
site vicinity. In addition, temporary shaker plates will be installed to minimize tracking
of mud off site. Accumulated mud deposits remaining on interior haul road surfaces will
be similarly removed as needed by light grading to control dust emissions resulting from
normal traffic.
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3.15 Run-on and Runoff Control Systems

BRC will provide a system to control run-on and lUnoff of surface water as
outlined in the Technical Drainage Study for Eastside Landfill (PBS&J, 2006). The goal
of the run-on system is to collect and control the flow of surface waters entering the BRC
CAMU boundaries.

Runoff from the active portion of the BRC CAMU will be managed so as to
not cause a discharge of pollutants, silts, or a nonpoint source of pollution from the BRC
CAMU into the waters of the state or waters of the United States, including wetlands.
Surface water lUnoff throughout the active portion of the site will be managed to
minimize contact of water with solid waste.

Rainfall within the BRC CAMU will be drained away from the active working
face. Such drainage will be maintained by consttucting each disposal area bottom, or
floor, on a uniform grade, with the working face progressing in a downslope direction.

Water coming into contact with the active working face, and thus retained
within the BRC CAMU, will be evaporated or may be used for such on-site activities as
waste compaction and dust control within the BRC CAMU lined areas. Water not
coming into contact with the active working face and collected in the downslope portions
of designated water disposal areas may be utilized for such site-related operations as dust
control, waste compaction, windblown dust minimization, construction and compaction
of disposal area liners, and maintenance of access roadways.

All interim surface water runoff and post closure runoff from the site and
surrounding areas will be managed through a series of permanent perimeter drainage
channels (Figure J-8). Natural drainage patterns or discharge quantities associated with
the site and surrounding areas will not be significantly altered. Runoff will be
periodically sampled and tested for general compliance with Nevada National Pollution
Discharge Elimination System (NPDES) permit standards.

3.16 Leachate

During waste placement activities, the leachate will be removed from the sumps
using portable submersible pumps and will be used for dust control on waste materials
placed within the lined limits of the BRC CAMU. Leachate levcls will be inspected
weekly and after storm events.
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3.17 Decontamination

The Contractor will inspect the equipment to confirm that the equipment an-ives
on the site in a clean state. If obvious indications of contamination are observed, the
Contractor will refuse entrance of the equipment onto the site, or decontaminate the
equipment before it is used subject to the approval of the Construction Manager. No
personal vehicles, "lunch wagons" or other non-essential vehicles will be permitted
within the area of active work where the potential to encounter waste may occur.
Vehicular traffic will be kept to a minimum. To the extent practical, equipment will be
stored when not in use in the location last used or the nearest safe location. Overnight
staging in clean areas is not permitted unless the equipment is first decontaminated to
prevent the potential for tracking contamination back and forth across the site.

The Contractor will operate the equipment in a manner that minimizes contact
with waste, including minimizing the surface area contacting waste and minimizing the
potential for spills, drips, splashes or sprays. Equipment, once decontaminated, will be
stored in a designated clean area of the site, or preferably removed from the site as soon
as practicable.

As described in the CAP, construction equipment decontamination is summarized
as follows:

• Transport trucks will be driven across gravel track out aprons with scraping of
mud and/or use of water spray to be performed at dedicated decontamination
areas.

• Equipment heavily caked with soil and/or other material will be scraped off with a
flat-bladed scraper. The scrapings will be placed in the soil staging area for
disposal with the excavated soils.

• Equipment will be decontaminated using steam cleaning equipment prior to
departure from the work site.

The dozer blades and tracks, and compactor wheels and drum will require
decontamination only when removed from the surface of the waste. The frequency of
decontamination will be a field decision based on the type of waste materials being
encountered.

4.0 REMEDIATION

This section summarizes the excavation procedures, the methods for
transporting soils to the BRC CAMU, and documentation which are discussed in detail in
the CAP. The BRC CAMU has been sized to contain approximately 3.5 million cubic
yards of material, which is significantly in excess of the volume of material calculated to
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be disposed. However, in the event that impacted soils exceeding even this maximum
BRC CAMU volume are generated, those excess soils will be dispose of off-site, at a
properly-licensed facility.

4.1 Soil Excavation

A BRC contractor will complete the excavations in accordance with the plans
and specifications developed for this work, under the direction of the BRC Construction
Manager. Soil excavation will be performed as described in the CAP. The contractor will
use appropriate construction equipment to excavate, load, and transport the materials to
the BRC CAMU.

BRC anticipates that 7,500 cubic yards of soil will be excavated, transported,
and interred, on average, each day, with the actual volume dependent on equipment used,
daily conditions, and hours of operation.

4.2 Dewatering Procedures for TIMET Ponds

Currently, some of the TIMET Ponds contain material with moisture content
higher than ideal, or comparably, higher than the excavated soils after dust suppression.
Dewatering of these materials is necessary to decrease the moisture content to levels
which will reduce the potential for leachate generation. BRC has conducted pilot testing
for options to dewater the TIMET Ponds. Based on these studies, BRC may dewater the
material in the ponds if needed using a combination of 1) air drying, and 2) draining of
liquid through geotextile bag filters. However, BRC expects that moisture will be
managed by mixing pond solids with other dry materials destined for the BRC CAMU.

4.3 Soil Transportation to BRC CAMU

To minimize effects on Boulder Highway traffic, remediation will occur
during two distinct phases: during daylight hours, work will be restricted to the Eastside
Area proper; during evening hours, the contaminated soils excavated during the day from
the Eastside Area will be transported across Boulder Highway via the haulage road and
then interred into the BRC CAMU.

Soils excavated from the Eastside area will be transpOited by truck to the BRC
CAMU approximately 1.5 to 2 miles away as discussed in the CAP. While the soils to be
transported are not hazardous waste, the haulers will possess a valid hazardous waste
hauler license and will be certified to handle hazardous waste.

Trucks hauling waste materials from the Eastside Area will enter the BRC
CAMU Area from the eastern site ingress/egress at 4th Street. Trucks will then travel
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along site access roads adjacent to the BRC CAMU lined landfill area and enter into the
BRC CAMU lined landfill area at dedicated access points or ramps. Upon entering the
BRC CAMU lined landfill area, the trucks will travel directly on the operations layer
above the liner system or above previously placed waste materials. Each truck will be
directed to a "working face" where the contents of the truck will be dumped. Trucks will
then travel off of the lined landfill area, across "rumble strips" and track-out aprons
summarized in Section 3.17 and described in greater detail in the CAP. Water spray will
be perfonned at dedicated decontamination areas as needed to minimize tracking waste
materials offof the landfill. Trucks will exit the BRC CAMU Area at 4th Street.

Spillage of soils from trucks during transportation will be minimized by not
overloading the transport vehicles, by grading smooth haul roads, and by employing
trucks with enclosed or covered cargo bays. Dust will be controlled by water in
accordance with the Dust Control and Mitigation Plan Application in Appendix C of the
CAP. Because the access routes will be wetted to suppress dust, some mud will be
generated, and it is likely that this mud would be transferred to truck tires and the vehicle
body. When needed, prior to crossing Boulder Highway, the transport trucks will be
decontaminated by scraping and/or water spray to avoid transfer of dirt to the pavement.
In addition, after excavation/transport operation cease for a given day, the affected
portion of Boulder Highway will be cleaned to remove soils from the roadway.

In the event of an accident resulting in release of the soils being transported,
the truck driver will immediately contact the Construction Manager. The Construction
Manager will immediately inspect the site of the accident and notify the local emergency
management agencies. The potential for immediate threat to workers and people nearby
will be evaluated, and the Construction Manager will instruct the remediation contractor
to take appropriate corrective steps to rectify the problem. Any spilled material will be
returned to the huck (or another truck, if the original truck is disabled) and transport to
the BRC CAMU will be complete. If the spill OCCUlTed on a public roadway (i.e.,
Boulder Highway), the spilled material will be removed, and the road surface will be
immediately vacuumed to remove remaining materials.

4.4 Soil Placement

The waste material at the working face will be spread by a bulldozer in a lift
no greater than two feet in thickness and compacted using standard earthworks
construction equipment. The compacted waste material will be tested using a nuclear
moisture/density gauge to determine the estimated in-situ moisture content and density of
the waste material. The moisture content will be compared to the optimum moisture
content result from previously performed moisture/density laboratory testing. Ideally, the
in-situ moisture content will be less than the optimum moisture content, thereby
minimizing the potential for liquids to "squeeze out" of the waste material upon
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placement of overlying materials that will increase the normal static pressure and thus the
"squeezing" of the underlying waste material.

Periodically, undisturbed samples of the in situ waste materials will be
collected using thin wall samplers (Shelby Tubes) and will be subjected to laboratory
one-dimensional consolidation testing. The specifics of the consolidation testing are
described in the CAP. If the results of testing indicate that the moisture content of the
waste materials is too high, the material will be spread in a thin lift (e.g., 6-inches thick)
to allow for evaporation of excess moisture or mixed with drier waste materials to
achieve the desired moisture content.

5.0 REPORTING AND RECORDKEEPING

5.1 General

BRC will prepare daily progress repoiis documenting all daily activities.
Daily activity records include, but are not limited to, documentation that evidences the
quantity of waste materials placed in the BRC CAMU, truck weigh tickets, and log in/out
fonns. In addition to this summary daily report, the contractor will also keep detailed
field notes and daily logs. Daily photographic and video record will be kept by BRC
documenting all remediation activities. Records and results of daily, weekly, and monthly
inspections will be maintained and kept onsite consistent with requirements specified in
the AOC3.

Records and results of waste analysis and waste detenninations will be
maintained and kept on site. In addition, all monitoring, testing or analytical data, and
con-ective action records resulting from BRC CAMU releases shall be maintained onsite
consistent with requirements specified in the AOC3. Groundwater monitoring and clean
up records will be maintained until closure of the BRC CAMU.

Summary reports of all incidents that require the use of the Contingency Plan will
contain the details outlined in Attachment G, Accident Prevention, Contingency, and
Emergency Response Plan. The incident reports will be maintained and kept onsite until
closure of the BRC CAMU.

Additional items to be included with the operating records are: closure and post
closure cost estimates, plans for closure and post-closure, EPA identification number,
detailed chemical and physical analysis of a representative waste sample, Quality Control
(QC) and Quality Assurance (QA) documentation.
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5.2 Interim Status Reports

During remediation activities at the Site, BRC will submit monthly status
reports to the NDEP as stated in the CAP. The purpose of the monthly status reports will
be to keep the NDEP informed of the pro!,,'ress of remedial activities at the Site. The
reports will present a summary of the remediation progress during the previous month,
including as appropriate:

• Significant milestones in CAMU construction;

• Pond and ditch locations where excavation has been completed (including
graphical format);

• Pond and ditch locations where special control measures (except dust
control, which is routine measure) were necessary and/or where excavation
had to be prematurely terminated due to the presence of ground water or
based on any of the other "stopping rules" discussed in Figure J; and

• Estimates of volumes of soil excavated and placed in the CAMU (monthly
and cumulative). Other infonnation (e.g., discovery of significant
environmental conditions previously unidentified) will be provided in the
monthly status repOlts as wan'anted. Interim status meetings will also be
conducted by telephone to supplement these written repOlts.

Other infonnation (e.g., discovery of significant environmental conditions
previously unidentified) will be provided in the monthly status reports as warranted or
otherwise required by the AOC3. Interim status meetings will also be conducted by
telephone to supplement these written reports.

6.0 REFERENCES

PBS&J, 2006. 'Technical Drainage Study for Eastside Landfill," Henderson, Nevada,
October.
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1.0 INTRODUCTION

This BRC CAMU Monitoring Plan describes the procedures and activities that
BRC will undertake to detect and subsequently characterize releases of wastes or
hazardous constituents to groundwater that may occur from areas of the BRC CAMU
during operation and after closure.

2.0 CONSTRUCTION MONITORING

2.1 Surface water

BRC will carefully maintain drainage to expedite stOlID water collection. A
portable pump will be provided at the low end of the BRC CAMU to remove
accumulated stOlID water. The operator will maintain access to this pump and maintain
the pump in good working condition with a good supply of fuel and suction hoses in
position for water removal at all appropriate times.

During operating hours, the operator will pump water from the working cell as
quickly as possible whenever it accumulates. When heavy rainfalls occur during non
operating hours, standing water will be pumped out before nonnal operations resume.

Surface water exiting the site from the on-site stonn water basin will
periodically be sampled and tested for general compliance with Nevada surface water
standards for the Las Vegas Wash. BRC will obtain necessary NPDES pennits from the
NDEP prior to discharge of such waters.

2.2 Leachate

The BRC CAMU will be managed to reduce the generation of leachate.
However, leachate, if generated, will slowly accumulate in the leachate collection sumps
designed as part of the BRC CAMU. The base grade of the BRC CAMU will be
engineered so that leachate generated will accumulate at the designated leachate
collection points. The operator will monitor the leachate level and remove and dispose of
the leachate, as needed, consistent with proper waste disposal practices. During active
waste placement, leachate collected from the sumps will be used for dust control and
waste material moisture conditioning purposes over the lined areas only.

As stated in the Inspection Plan (Attachment E), leachate sumps will be
monitored weekly and after storm events to confirm proper functioning of the leachate
collection and removal system. The amount of leachate will be recorded and the average
daily flow rate (gallons per acre per day) will be calculated.
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In addition, pan lysimeters will be installed beneath the sump areas of the
BRC CAMU to monitor for possible leakage from the liner system at the locations of the
lowest elevations in the liner system (sumps), which is where leachate, if any, will
accumulate.

2.3 Air Monitoring

Dust control measures and air monitoring will be implemented during the
project to comply with the air quality regulations administered and enforccd by the Clark
County Department of Air Quality and Environmental Management. Air monitoring and
sampling will be performed continuously during the project to assess the potential
exposure of the general public. Air monitoring stations will be established daily at each
soil management zone in the Eastside Area and at the BRC CAMU to measure upwind
and downwind fugitive dust emissions as discussed in the CAP. Meteorological
conditions will be monitored during the work to assist in determining the proper location
of the monitoring stations. Air monitoring for respirable particulates will be perfonned
using a direct-read instrument such as a DataRAM dust monitor. Additional details on
air monitoring during the project are in Appendix B, Perimeter Air Monitoring Plan
(PAMP) of the CAP.

3.0 POST CLOSURE

3.1 General

Fonnal periodic inspections will be performed using site walks. These site
walks will be perfonned within one week of significant precipitation events (e.g., greater
than y, inch of rain during a 24-hour period) that could potentially impact either the
surface water drainage system or the BRC CAMU cover. At a minimum, a site-wide
inspection will be performed at least quarterly.

The condition of the facility will be documented with field notes, maps, and
photographs, as appropriate. Evidence of potential compromises in the cover will be
recorded including eroded patches, patches of dead vegetation, animal burrows,
subsidence, and cracks along the cover. Surface water drainage features will be inspected
for the presence of debris, physical integrity, and evidence of conditions that are different
from design assumptions.

3.2 Final Cover

Final cover performance will be evaluated through a monitoring program of
the final cover and periodic groundwater monitoring. The basis for this strategy is the
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fact that the final cover will be the critical element to reduce moisture infiltration into the
BRC CAMU. Therefore, it is proposed that monitoring efforts be focused on direct
observation, measurement, and analysis ofthe performance of the final cover.

The final cover system shall be periodically monitored in order to evaluate the
perfOlmance of the final cover. The final cover monitoring plan consists of:

• visual inspection of the final cover system performed on a semi-annual
basis and after all major precipitation events; and

• if erosion has occurred, ascertain damage to the geosynthetics, if any, and
repair as necessary in accordance with the Technical Specifications and
CQA Plan.

The vegetation on the cover system will be visually inspected for signs of
systemic or localized stress. Recommendations will be made regarding the need for
nutrient enhancements or other measures to maintain the viability of the vegetative cover,
such as the use of pesticides and/or fertilizer.

3.3 Leachate

The leachate collection system will be inspected quatierly and its levels
recorded. If the liquid level in the sump stays below the pump operating level for two
consecutive quarters, the amount of liquid in the sumps must be recorded at least semi
annually. If the liquid level in the sump stays below the pump operating level for two
consecutive periods, the amount of liquids in the sumps must be recorded at least
annually. If at any time during the CAMU post-closure care period the pump operating
level is exceeded at units on semi-annual or annual recording schedules, BRC will return
to quarterly recording of amounts of liquids removed from each sump until the liquid
level again stays below the pump operating level for two consecutive quarters.

If leachate is measurable above the pump operating level, the liquid will be
removed from the sump, sampled, and analyzed in an off-site laboratory for compounds
detected in the waste materials (Waste Analysis Plan, Attachment C), and properly
disposed off-site. If compounds not already found in the upgradient groundwater at the
site are detected, groundwater monitoring will be perfOlmed, on an annual basis, to
monitor for the specific constituent(s) detected in the leachate.

Because the proposed BRC CAMU is located in an arid environment
recelVlng approximately 4.5 inches of average rainfall annually, with high rates of
evaporation and low infiltration rates, it is unlikely that significant amounts of
precipitation will be introduced to the BRC CAMU leachate collection and removal
system. These factors will limit the generation of leachate. Moreover, the waste material
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consists primarily of soil, which will be monitored for moisture content pnor to
placement into the landfill.

Pan lysimeters will be installed beneath the sumps to monitor leaks within the
collection system. Pan lysimeters will be monitored at the same time as the leachate
sumps.

3.4 Settlement

A topography survey using I-foot contour intervals will be performed within
3 months after final closure of the CAMU to document baseline conditions in support of
post-closure settlement evaluations. Although settlement is not expected to be a
significant issue, this will provide a convenient mechanism to document the surface
elevation. Excessive settlement can lead to depressions and ponding causing stress in the
infiltration layer. When depressions are identified through the survey, they will
immediately be filled with the appropriate cover material.

3.5 Groundwater

The groundwater at the site ranges from 30 to 60 feet bgs, as discussed in the
Draft CAMU Area Conceptual Site Model (DBS&A, 2006). At a minimum, the BRC
CAMU base liner is approximately 5 feet above the groundwater. Constituent release to
the groundwater from the BRC CAMU, post-closure, is considered unlikely for the
following reasons:

• The BRC CAMU will not receive liquid waste or waste containing
free liquids;

• Waste materials within the BRC CAMU are relatively immobile;
• The BRC CAMU will be designed and operated to reduce liquid,

precipitation, and other run-on and run-off; and
• The BRC CAMU will have both a base liner system, with a leachate

collection and removal system, and final cover system.

It should be noted that releases, if any, into the upper aquifer are difficult to
monitor because of the nature of the existing groundwater beneath the BRC CAMU.
Most or all of the same constituents which will be present in the BRC CAMU are
currently present in groundwater at the site. Constituents present in upgradient
groundwater make differentiating potential releases from the BRC CAMU difficult or
impossible. Nonetheless, groundwater monitoring will be conducted annually through
completion of post-closure activities. The list of analytes for such groundwater
monitoring will be established based on discussions with the NDEP and will include
constituents present in leachate (if any) in the leachate collection and removal system.
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Groundwater monitoring will be conducted for a period of at least 30 years from the date
of substantial completion of the final closure constlUction. Analytical results will be
compared with historical results and with upgradient and downgradient groundwater
results to monitor for anomalies indicating a release from the BRC CAMU.

4.0 REPORTING AND RECORDKEEPING

Monitoring results will be maintained by BRC in accordance with the
provisions of the AOC3 following closure of the CAMU. Monitoring results will be
summarized and submitted to NDEP with the annual post-closure report of inspection and
monitoring activities.

5.0 REFERENCES

DBS&A, 2006. Draft Conceptual Site Model of the Common Areas. Henderson, Nevada,
October.
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1.0 INTRODUCTION

This section of the pennit application addresses the closure of the BRC
CAMU, which will occur when disposal operations are complete. This Closure Plan
addresses pertinent regulatory requirements, including a description of the final cover. It
is anticipated that a final CAMU Closure Plan will be prepared approximately six months
prior to closure. By that time, additional details regarding BRC CAMU volume will be
available. For purposes of this pelmit application, the Closure Plan addresses activities
that will occur when waste placement activities are complete.

Access to the BRC CAMU will be controlled during the closure phase using
procedures employed during the operational phase (see Security Plan, Attachment D).
Fugitive dust control measures will be maintained and traffic management procedures
continued. Site aesthetics will continue to be an important element during this phase.
Community outreach programs will be continued as part of the overall remediation effort
(as discussed in the Community Involvement Plan) to address public concerns and issues
associated with the BRC CAMU.

1.1 Notice of Intent to Close

At least 60 days before beginning the closure of the BRC CAMU, the NDEP
will be notified in writing of the intent to close. BRC CAMU closure activities will begin
no later than 30 days after the date on which the final receipt of wastes occurs.

All closure activities will be completed in accordance with this CAMU
Closure Plan within 180 days after the beginning of the closure. An extension beyond
this 180-day deadline may be requested if it is detelmined that additional time is needed
and all actions are taken necessary to prevent threats to public health and safety and the
environment.

A request for an extension to these deadlines will include a description of the
measures needed to control access to the unclosed unit prior to closure or receipt of
additional wastes. It would also include a description of activities to prevent threats to
public health and safety and the environment from the open unit.

1.2 Construction Schedule and Sequence

1.2.1 Final Waste Placement

After receipt of the final waste, either construction of the final cover will
begin or an interim cover will be placed. If the unit is going to be left without the final

0-1



cover for longer than 30 days, the interim cover layer will be placed and compacted on
top of the final waste layer.

1.2.2 Infiltration Layer Construction

Prior to final cover constlUction, the interim cover layer, if installed, will be
removed. The infiltration layer will be placed beginning with the geosynthetic clay liner
(GCL). The geomembrane is placed above the GCL with the geocomposite placed last.
Details of each layer are discussed in later sections.

1.2.3 Final Cover Construction

The soil materials for the final cover will be placed, compacted, and graded.
The pennanent stonn drain facilities (gutters, ditches, culverts, headwalls, etc.) will be
installed as the cover is being completed.

2.0 FINAL COVER COMPONENTS

The final cover is designed to minimize infiltration and erosion. A final cover
that reduces infiltration is an essential component in the overall design strategy for the
BRC CAMU. This, combined with adequate moisture control of the wastes prior to
placement, should ensure that no leachate is formed.

Specific design objectives of the final cover system include:

• Minimize infiltration of precipitation into the waste;

• Promote good surface drainage;
• Resist erosion by rain and wind;
• Protect human health and the environment;
• Improve aesthetics;
• Reduce long-tenn maintenance; and
• Be consistent with land use.

Several of these objectives are directly related to regulatory requirements
while the others represent design considerations. BRC CAMU closure technology,
design, and maintenance procedures continue to evolve, and it is possible that the cover
design for the BRC CAMU may be refined prior to final closure to incorporate the latest
design procedures. Modifications or enhancements to this proposed design would be
submitted to the NDEP for approval prior to implementation.

Infiltration through the final cover will be minimized through:
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• Design of adequate surface drainage and runoff with minimal erosion;

• Transpiration of water by native plants in the root zone, if present; and

• Design of composite barrier system (HDPE geomembrane over GCL)
with an overlying drainage layer (geocomposite) to minimize
hydrostatic head build-up on the geomembrane.

The final cover will consist of a separate infiltration and erosion layer.
Engineering design calculations and construction specifications for the final cover system
are presented within Sections 5, 6, and 7 of the Supplemental RAP Information (SRAPI).
A cross section of the Final Cover System is shown in Detail 0-1 below with an
explanation of the components explained in the following sections.

GEOCOtPOSllE

WASTE F'ILL

Detail 0- 1, Final Cover System

2.1 Infiltration Layer

40 CFR 264.310 specifies that the final cover be designed and constmcted to
have a permeability less than or equal to the penneability of any bottom liner system.
Based on the proposed base liner system, construction of this type of cover will involve
the use of a geomembrane and GCL composite liner system to serve as the infiltration
layer as shown in Detail 0-1 above.
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The cover system will be designed to be physically stable to reduce failure,
such as sliding between cover layers or within the waste.

Settlement is not expected to be a significant issue given the nature of the
waste material and the manner of its placement (i.e. well compacted). Excessive
settlement and subsidence at MSW landfills, caused by decomposition and consolidation
of the wastes, can impair the integrity of the final cover system. Specifically, it can
contribute to ponding of surface water on the cover and fracturing of the low
permeability layers of the cover. However, because the source materials for this BRC
CAMU consist primarily of soil materials, the waste placement will be fairly
homogeneous with little potential for significant differential settlement. Moreover, the
soils will be compacted after placement.

The methods, procedures, and processes used to install the final cover system
will be consistent with standard industry practices. Detailed design documents and
construction specifications are included in Section 7 of the SRAPI. Included in the CQA
plan is a description of quality control testing procedures for the consttuction materials
and associated quality assurance procedures for construction activities. An independent
registered professional engineer will be hired to observe closure activities and provide
necessary certifications.

2.2 Protection Layer

Protection of the infiltration layer will be accomplished by the use of a 24
inch thick layer consisting of earthen material or an aggregate material (base course).
The source for erosion layer soils will be native, clean soil. It is expected to be from the
vicinity of the BRC CAMU or from elsewhere in the BM! Common Areas. The emihen
material used for the erosion layer will be free of debris, cobbles, rubbish, and roots. If
the CAMU materials are used, then they will not be exposed to the atmosphere and will
be covered with additional clean materials procured from outside the CAMU area.

The erosion layer will be designed to be geotechnically stable to reduce
failure, such as sloughing of the soils overlying the geomembrane/GCL composite
infiltration layer (Section 2, Calculation Package! in the SRAPI).

The surface of the erosion layer will have a minimum slope of 2 percent to
facilitate run-off while reducing erosion. The side slopes will have a 3H: IV
(Horizontal:Veliical) slope. The final grading plan is shown on Figure 1-9 in the SRAPI.
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2.3 Surface Water Drainage System

A surface water drainage system, designed by PBS&J, will be constructed to
convey runoff around and away from waste disposal areas. Surface water will be
conveyed around the BRC CAMU to two retention basins located at the northeast and
northwest corners of the site. The water will be conveyed by concrete channels and pipes
as shown on Figure J-8. The channel and pipe locations con'espond to the locations of
the access roads for the BRC CAMU. Surface water from the top deck will be conveyed
to the conveyance channels via two rip-rap lined channels in the northeast and northwest
corners. Drainage channels are designed along existing natural features to enhance
surface mnoff during high-precipitation events. Based on a 25-year storm event, the
design will be sufficient to control erosion and maintain the stability of the slope
(PBS&J,2006).

2.4 Performance Evaluation of the Final Cover

The design of the final cover was evaluated using the Hydrologic Evaluation
of Landfill Performance (HELP) model, which was developed by the U.S. Almy Corps of
Engineers for the USEPA and is widely used for evaluating the hydraulic performance of
landfill cover systems (USEPA, 1993). The HELP model calculates daily, average, and
worst-case estimates of water movement across, into, through, and out of landfills. The
input parameters for the model include soil propelties, precipitation and other
climatological data, vegetation type, and landfill design information. Useful information
provided by the HELP model includes surface run-off, duration, and quantity of water
storage within the erosion layer, and net infiltration through the cover system. The
infonnation is used for perfonnance evaluation of the geocomposite and drainage pipe
sizing, as described in Section 3.4 below.

Site-specific input parameters were used in the HELP model and are
documented in Section 5, Calculation Package A in the SRAPI. The results indicated that
the net infiltration through the cover system would be 0.000002 in/year.

3.0 SUMMARY OF COVER ANALYSIS

3.1 General

This section summarizes the results of design analyses that were performed
for the final cover at the BRC CAMU Landfill site. The following calculations were
perfOlmed and are located in the respective Calculation Package found in Section 5
unless otherwise noted of the SRAPI:
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• Slope Stability Evaluation - Final Waste Slopes (Section 2, Calculation
Package B);

• Comparison of Flow between a compacted clay liner (CCL) and
geosynthetic clay liner (GCL) (Section 2, Calculation Package I);

• Drainage Geocomposite and Pipe Size Calculations (Calculation
Package A);

• Veneer Stability Calculations (Calculation Package B);

• Cover Soil Sloughing Stability Calculations (Calculation Package C);
• Geotextile Filtration Calculations (Calculation Package D);

• Geotextile Puncture Protection Calculations(Calculation Package E);

• Pipe Strength Calculations (Calculation Package F); and
• Seismic Performance Evaluation (Calculation Package G).

The final cover system calculations are based on the conceptual design
grading plans shown on Figure J-9 in Section I of the SRAPI. Additional calculations
and/or design modifications may have to be perfonned if there are changes to elevation
and grade in the aforementioned design grading plans.

3.2 Slope Stability Evaluation - Final Waste Slopes

GeoSyntec analyzed the stability ofthe final waste slopes for the BRC CAMU
as discussed in Attachment J. The slope stability analysis is included in Section 2,
Calculation Package B of the SRAPI.

3.3 Comparison of Flow between a CCL and GCL

GeoSyntec demonstrated that the flow rate through the prescriptive composite
liner system (i.e. - CCL) is greater than the flow rate through the alternative composite
liner system (i.e. - GCL), as discussed in Attachment J. The comparison of flow between
a CCL and GCL is presented in the SRAPI, Section 2, Calculation Package 1.

3.4 Geocomposite and Pipe Size Calculations

A geocomposite will be placed above the geomembrane to collect and drain
surface water that has infiltrated through the cover soil. Drainage pipes will be placed in
the final cover to collect water from the geocomposite and drain the water to the
perimeter surface water collection channels. Analyses were performed to model
infiltration using U.S. Environmental Protection Agency's (USEPA) Hydrologic
Evaluation of Landfill Perfonnance (HELP) model. For the calculations presented in this
section, it is assumed that irrigation of the final cover will occur in the future. Irrigation
rates were estimated based on conversations with Mesquite Country Club and Canyon
South Golf Course in Palm Springs, California. GeoSyntec assumed that these operating
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golf courses would represent future irrigation rates in the similar climate of Henderson,
Nevada. Based on these conversations, the irrigation rates used for the HELP analyses
were assumed to be approximately O.ll-in. per day in the winter, fall, and spring, and
0.24-in. per day in the summer. In addition, GeoSyntec assumed a 3-in rainfall event
occurred at the end ofthe simulation year.

Based on these irrigation rates, the head on the cover liner was evaluated to be
less than 12-in. at the top deck area, and negligible (i.e., less than III O-inch) on the side
slopes. Furthermore, the calculations suggest that a 6-in diameter perforated corrugated
polyethylene (CPE) pipe bedded in drainage aggregate will accommodate the maximum
flow predicted by HELP model analyses. The 6-in. diameter perforated CPE pipe shall
have a smooth interior wall to maximize pipe efficiency. Geocomposite and drainage
pipe size calculations are presented in the SRAPI, Section 5, Calculation Package A.

3.5 Veneer Stability

The design criteria for the side slope liner system is to develop zero tension in
the geosynthetics during installation of the final cover on the side slopes. Potential
causes of tension in the liner system include construction equipment loading and
overburden stresses (e.g., final cover materials). Based on the proposed grades and
expected construction conditions, the calculations suggest that the side slope liner system
will not be placed into tension provided a minimum interface friction angle of 20 degrees
is maintained. Veneer stability calculations are presented in the SRAPI, Section 5,
Calculation Package B.

3.6 Cover Liner Sloughing Stability

Based on the geocomposite and pipe size calculation results, no head buildup
is expected above the side slope final cover system geosynthetic components.
Calculations suggest that the minimum cover soil shear strength (interface with
geocomposite or internal) of 27 degrees will meet the design factor of safety criteria of
1.5. the yield acceleration was found to be O.15g (g = 32.2 ft/s\ Cover liner sloughing
calculations are presented in the SRAPI, Section 5, Calculation Package C.

3.7 Geotextile Filtration Requirements

A separation/filtration geotextile will be used in the following applications:
(i) a component of the geocomposite for the final cover system, and (ii)
separation/filtration between the cover soil and drainage aggregate. The purpose of the
separation/filtration geotextile is to limit migration of fine material from the cover soil
into the geocomposite and drainage aggregate, thereby reducing the transmissivity and
hydraulic conductivity of the respective materials. The calculations suggest that the
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separation/filtration geotextile have an apparent opening size (AOS) less than sieve
No. 70, a permittivity greater than 0.5 sec' I , and sufficient mechanical strength properties.
Geotextile separation/filtration calculations are presented in the SRAPl, Section 5,
Calculation Package D.

3.8 Geotextile Puncture Protection

The geocomposite and geosynthetic clay liner (GCL) will protect the
geomembrane from puncture by particles from the prepared subgrade and cover soil. The
geotextile components of the drainage geocomposite will protect the geomembrane from
puncture by oversized particles in the cover soil. The geotextile components of the GCL
will protect the geomembrane from puncture by particles from the prepared subgrade. For
the design loading condition, GeoSyntec conservatively assumed an H-20 haul truck tire
loading which exhibits a very high force related to hauling equipment. The analysis
suggests that the following maximum patiicle sizes and geotextile mass per unit areas
will be required:

Soil Component of Liner Maximum Particle Size Minimum Mass per Unit Area

Prepared Subgrade 1.5-in. 9 oz.lyd' (GCL)
Cover Soil I-in. 6 oz.lyd' (single-sided geocomposite)

Table 0-1, Geotextile Puncture Protection

Geotextile puncture protection calculations are presented In the SRAPI,
Section 5, Calculation Package E.

3.9 Pipe Strength Calculations

Based on drainage pipe size analyses, a 6-in. diameter perforated CPE pipe
will be used to collect and transport surface water that has infiltrated through the final
cover soil into the geocomposite on the top deck area of the landfill. Based on the
calculations perfonned for the 6-in. diameter perforated CPE pipe, the pipe has adequate
strength to withstand equipment (i.e., H-20 haul truck) and soil overburden loads. Pipe
strength calculations are presented in the SRAPl, Section 5, Calculation Package F.

3.10

3.10.1

Seismic Performance Evaluation

General

GeoSyntec performed an evaluation of the seismic performance of the BRC
CAMU. The evaluation included a seismic hazard evaluation, site response analyses,
development of site-specific deformation charts, and seismic deformation analyses for the
final cover and base liner of the proposed BRC CAMU.
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3.10.2 Seismic Hazard Evaluation

GeoSyntec evaluated the seismic hazard at the site using the most recent
United States Geological Survey (USGS) probabilistic scismic hazard maps (Frankel et
aI., 1996). For compliance with the State of Nevada regulations, GeoSyntec considered
motions with 2 percent probability of being exceeded in 50 years for use in design. The
USGS data was used to establish the design free-field peak horizontal ground
acceleration (PHGA) and set limits on the target acceleration response spectmm for
design ground motions. The 2 percent probability of exceedence in 50 years USGS map
values indicate that the free-field bedrock PHGA at the site equals 0.34 g from USGS.
Based on the deaggregated hazard for Las Vegas, this PHGA was assigned a
representative moment magnitude (Mw) of 6.5. The seismic hazard evaluation is
presented in the SRAPI, Section 5, Calculation Package G.

3.10.3 Evaluation of Design Ground Motions

A suite of acceleration time histories considered representative of the 2
percent in 50 year ground motions evaluated in the seismic hazard analysis was selected
for use in the seismic response analyses. GeoSyntec selected a suite of three time
histories that enveloped the target response spectmm using the following methodology:
(i) screen the database of acceleration time histories on the basis of eatlhquake magnitude
to select a reduced set of accelerograms; and (ii) plot the acceleration response spectra of
the candidate accelerograms against the target acceleration response spectmm and select
the representative accelerograms for use in design analyses. Using the above
methodology, GeoSyntec selected three candidate accelerograms to represent design
ground motions at the BRC CAMU site: (i) the Parkfield earthquake, Mw 6.3, (ii) the
Superstition Mountain eatlhquake, Mw 6.5, and (iii) the Big Bear Lake earthquake, Mw

6.7. Evaluation of the design seismic ground motions are presented in the SRAPI,
Section 5, Calculation Package G-l.

3.10.4 Site Response Analyses

One-dimensional site response analyses were perfOlmed for the BRC CAMU
using the computer program SHAKE9l (ldriss et aI., 1992). Analyses were performed
for two conditions; (i) 30-ft of contaminated soil placed on the ground surface (i.e., the
NOllh Mesa), and (ii) 60-ft of contaminated soil placed 30-ft below grade (i.e., the South
Mesa). Shear wave velocity and layer thickness data for the native soil was derived from
spectral-analysis of surface waves (SASW) testing perfonned at the site by Dr. Barbara
Luke at the University of Nevada at Las Vegas. Since the depth to bedrock is not known,
the thickness to bedrock was varied to evaluate the effect of depth to bedrock on the
results of the analysis. The calculated accelerations are all less than 0.50 g and generally
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decrease with increasing depth to bedrock. Site response analyses results are presented in
the SRAPI, Section 5, Calculation Package G-2.

3.10.5 Site-Specific Seismic Deformation Charts

The site-specific deformation chmis were developed usmg the computer
program YSLIP]M (Yan et aI., 1996). YSLIP]M is based upon the Newmark
(Newmark, 1965) method for seismic defonnation analysis. YSLIP PM uses the yield
acceleration of the slope (e.g., liner system or final cover system) and the output of the
seismic site response analysis to compute seismic defonnations. The results indicate that
the largest seismic displacement response is calculated by applying the Parkfield
earthquake record. The site-specific seismic defonnation charts are presented in the
SRAPI, Section 5, Calculation Package G-3.

3.10.6 Deformation Analyses

GeoSyntec cvaluated the cxpected seismically-induced pennanent
defonnations at the BRC CAMU. The calculations suggest that the calculated
seismically-induced pennanent deformations are less than 3-in. for the final cover and
less than 6-in. for the base liner. These defonnations are less than current generally
accepted limits for the final cover and for the base liner. Therefore, the seismic
performance of the waste containment system proposed for the BRC CAMU is
considered to meet current design standards. The site-specific seismic defonnation
calculations are presented in the SRAPI, Section 5, Calculation Package G-4.

4.0 COVER CONSTRUCTION REQUIREMENTS

4.1 General

This section describes the construction requirements for installation of the
final cover system at the BRC CAMU. These construction requirements are necessary in
order to ensure that the construction of the final cover system is consistent with the
design perfonnance goals and assumptions.

Technical Specifications and a Construction Quality Assurance (CQA) plan
have been prepared for the constmction of the final cover system that incorporates the
constmction requirements presented in this section. GeoSyntec's proposed CQA Plan
and Technical Specifications related to the final cover system are presented in the SRAPI,
Section 6 and 7, respectively.
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4.2 Slope Stability Evaluation

Final cover and interim waste soil slopes shall be constructed no steeper than
a slope inclination of 3: I (horizontal:vertical).

4.3 Geocomposite Requirements

A geocomposite will be used to collect infiltration of surface water through
the cover soil. The geocomposite shall have the following properties:

• transmissivity no less than I x IO-J under a
confining pressure of 2,000 psf and a hydraulic
gradient of 0.1 o.

• an 6 oz/yd2 nonwoven geotextile bonded to each
side of the geonet for the side slopes (i.e., double
sided) and one 6 oz/yd2 nonwoven geotextile
bonded to the top side of the geonet for the top deck
(i.e., single-sided); and

• the 6 oz/yd2 nonwoven geotextile shall have
sufficient permittivity and mechanical properties as
summarized in Section 3.7.

4.4 Drainage Pipe Requirements

The drainage pipes used to collect water from the geocomposite shall be 6-in.
diameter perforated CPE pipe with a smooth interior wall. The drainage pipes shall be
backfilled with aggregate. The aggregate shall have a maximum particle size of I-inch
and a minimum hydraulic conductivity of I x 10-2 em/sec.

4.5 Final Cover Soil

The cover soil shall be placed from the bottom-up, using equipment exeliing a
ground pressure no greater than 10 psi. Cover soil shall be compacted to minimum of 90
percent of the maximum dry density determined by ASTM D 1557 and have a maximum
particle size of I-in. diameter. Surface water control and drainage shall be promoted.

4.6 Equipment Loadings

Equipment loads shall be limited to a maximum loading of 10 psi overlying a
minimum of I ft of cover soil. In addition, roads for haul trucks shall be a minimum of
2 ft in thickness overlying the final cover system geosynthetic components.
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4.7 Geotextile Requirements

A geocomposite consisting of either one or two geotextile components of the
final cover liner system is proposed. The geotextiles will serve a dual purpose 
separation/filtration and cushion protection. The geotextile shall have the following
properties:

Matrix
Mass per Unit Area
Apparent Opening
Permittivity
Grab Strength
Puncture Strength
Mullen Burst
Trapezoidal Tear
Ultraviolet strength retention

Nonwoven
60z/yd2

s Sieve No. 70
20.5 sec-I
2130lb
240lb
2210 psi
240lb
270%

4.8 Geosynthetie Clay Liner (GCL)

The GCL component of the final cover system shall have the following
properties:

• Index flux not greater than I x 10.8 m3/m2-sec;
• Minimum interface/internal shear strength of 20 degrees;
• The GCL shall be dry during installation; and
• combined geotextile mass per unit area of9 oz.lyd2

•

4.9 Geomembrane Requirements

The geomembrane shall be HDPE and have a nominal thickness of 60-mil.
The geomembrane shall be double-sided textured on the side slopes and may be smooth
on the top deck.

4.10 Prepared Subgrade Requh'ements

The prepared subgrade shall have a maximum exposed particle diameter less
than I.S-inch.

4.11 Final Cover Surface Treatment

The final cover will require surface treatment to reduce surface erosion due to
rainfall or wind forces. There are a wide variety of possible surface treatments to reduce
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erosion. For example, cobbles or rip rap can be placed on the outer slope surfaces,
aggregate base or crusher-run rock can be applied to flatter surfaces such as the top deck
or roadways, and some areas can be treated chemically to bind the soil together. Side
slopes typically require a different treatment than the top deck or roadways. The final
selection of materials and treatment will be performed prior to commencing closure
activities and will be consistent with the NDEP's guidelines for erosion mitigation.

5.0 CAMU POST-CLOSURE PLAN

This section of the pelmit application addresses post-closure activities for the
BRC CAMU, which commence after final closure is completed and extends for a period
of 30 years therefrom. This preliminary Post-Closure Plan provides a description of
procedures that will be used to maintain the integrity of the final cover system. It is
anticipated that the Post-Closure Plan will be updated prior to completing closure
activities.

5.1 Requirements After Closure

After closure of the BRC CAMU, a notation on the landfill property deed, or
any other instrument that is normally examined during a title search, will be recorded in
Clark County. The notation on the deed, or other instrument, will in perpetuity notify any
potential purchaser of the propeliy that the land has been used as a landfill and that its use
is restricted to uses that would not negatively affect the integrity of the landfill.

Permission may be requested in the future from Clark County to remove the
notation from the deed, or other instrument, if all wastes are removed from the site. Any
request would document that all wastes have been removed from the facility. Such
documentation might include photographs, soil testing in the area where the wastes were
deposited, and reports of waste removal activity.

5.2 Program for Postclosure

After closure of the BRC CAMU, a probrram for post-closure will be
conducted as stipulated by the AOC3. This post-closure program will ensure that the
integrity and effectiveness of the final cover will be maintained, including making repairs
to the cover as necessary to correct the effects of settlement, subsidence, erosion or other
events.

Following closure of the CAMU, celiification will be submitted to the NDEP
verifying closure. This will be signed by an independent Nevada registered professional
engineer and will verify that the program was completed in accordance with the CAMU
Closure Plan. The celiification will be placed in the operating record. The celiification
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will be based on knowledge of the Closure Plan, observations made during closure, and
documentation of closure activities.

Post-closure use of the propelty will be managed to not disturb the integrity of
the final cover, liner or other components of the BRC CAMU (e.g., surface water
drainage network, infiltration monitoring system, etc.).

5.3 Land Use

The post-closure use of the BRC CAMU site is to maintain it as open space
containing a variety of native vegetation. Access to the site will continue to be restricted.
This type of land use will reduce the likelihood that the final cover is inadvertently
compromised due to incompatible development. It is anticipated that this land use will be
maintained beyond the 3D-year required post-closure monitoring duration. However, no
land use will be allowed that would compromise the integrity of the final cover system,
the liner system, or other components of the containment or monitoring systems.

A precise, metes-and-bounds survey of the closed BRC CAMU will be
conducted and the resulting map recorded with the clerk of Clark County. The
recordation will include a notation that the property is a Corrective Action Management
Unit and contains remediation waste.

5.4 Personnel

Post-closure care personnel will have received adequate trmmng in their
specific job duties. This includes applicable OSHA health-and-safety training as well as
pertinent training in BRC CAMU maintenance procedures. This staff will consist of a
facility manager and various staff workers as needed. The name, address, and telephone
number of the facility manager will be provided to the NDEP during the closure process.

Specific duties of these staff will include:

• Limiting access to the site and providing security;
• Performance of routine operations and maintenance activities;
• Responding to public or community inquiries;
• Ensuring regulatory compliance and maintaining appropriate

documentation;
• Managing and coordinating post-closure monitoring (i.e., the leachate

collection system); and
• Maintenance of the vegetative cover, if necessary.
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5.5 Security

The perimeter fencing will remain after closure of the BRC CAMU. Security
personnel will not be required 24-hrs because the waste will not be exposed nor will
access by the public or domestic livestock pose a health hazard. The perimeter fence will
be maintained to deter trespassing. The periodic site inspection walks to assess the cover
system will include an evaluation of the perimeter fence.

5.6 Operation and Maintenance

Routine maintenance will be required to maintain the effectiveness of the
various BRC CAMU sub-systems. This will include periodic maintenance, and repairs of
the final cover, the surface water drainage system, the leachate collection system, and the
vegetative cover.

Routine operations and maintenance activities will include frequent
inspections of the BRC CAMU. Particular attention will be given to any conditions that
could compromise the integrity of the final cover or the associated surface water drainage
system or the soil moisture monitoring system. Nonnal erosion processes are expected to
result in the need to periodically replace some cover material and to fill depressions
caused by settlement. Extensive maintenance of the vegetative layer is not anticipated
since it is being designed to be tolerant of the low rainfall and large temperature extremes
in Las Vegas. Occasional fertilizing, if vegetated, may be needed, especially during the
first few years after closure.

5.7 Post-Closure Inspections and Monitoring

Post-closure monitoring will be perfonned as outlined in Attachment N,
Landfill (CAMU) Monitoring Plan. In summary, the final cover, leachate, settlement,
and groundwater monitoring will be perfonned for a period of 30 years after closure of
the BRC CAMU. Fonnal periodic inspections will be perfonned using site walks. These
site walks will be perfonned within one week of significant precipitation events (e.g.,
greater than Y:z inch of rain during a 24-hour period) that could potentially impact either
the surface water drainage system or the BRC CAMU cover. At a minimum, a site-wide
inspection will be performed at least bi-annually.

At least annually, an internal audit will be performed to verify that all
activities at the site have been performed in accordance with the provisions of this Post
Closure Plan. Inspection records will kept and maintained in a log book in order to
clearly document any changes in physical conditions. Copies of the inspection report will
be provided to the NDEP annually. Post-closure inspections will occur for at least 30
years after BRC CAMU closure.
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5.8 Reports and Recordkeeping

The condition of the facility will be documented with field notes, maps, and
photographs, as appropriate. Evidence of potential compromises in the cover will be
recorded including eroded patches, patches of dead vegetation, extensive or significant
animal burrows, subsidence, and cracks along the cover. Surface water drainage features
will be inspected for the presence of debris, physical integrity, and evidence of conditions
that exceeded design assumptions.

A copy of the plans for closure and post-closure will be maintained in the
operating records of the site.
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1.0 INTRODUCTION

The estimated and projected cost to close and post close the BRC CAMU is
explained in this Attachment. A breakdown of the costs is included in Tables Q-l and Q
2 of this report. These cost estimates summarized herein are for budgeting and planning
purposes only.

The estimate is based on the RS Means Heavy Construction Cost Data for 2006
and professional judgment and experience. The cost is then adjusted for indexes such as
city costs and consulting costs. The cost estimates are based on the costs to the owner or
operator for hiring a third party to close the facility.

The current closure and post closure cost estimates will remain on site during the
operating life of the BRC CAMU.

2.0 CLOSURE COSTS

Components of the tInal cover system used for this estimate include liner,
drainage, and soil cover materials, as shown in Table Q-l. The total cost of CAMU
closure is currently estimated at $8,408,000.

3.0 POST-CLOSURE COSTS

The post-closure cost estimate is based on the 30-year cost of annual inspection,
monitoring, and maintenance at the BRC CAMU. Inspections, monitoring, and
maintenance activities are covered in detail in Attachment 0, Closure and Post-Closure
Plan. The components of post-closure cost estimate arc broken down in Table Q-2. The
Net Present Value (NPV) of the 30-year total cost of post-closure is $1,990,000, which is
based on a 4% discount rate.
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Table Q-l
Closure Cost Estimate

Basic Remediation Company
Corrective Action Management Unit

Henderson, Nevada

GCOSYfI!CC COl\sull~n(s

Caoital Cost Item Quantity Units Unit Cost Total Cost Notcs

Topographical Site Survey 52 Acre S 133.00 S 6,916 2006 Means Heavy Canst. - 0 II OO¥700-1800
Layout Survey 15 day S 1,525.00 S 22,875 2006 Means Heavy Const. - 01100-700-1200
Foundation layer (existing cover)

Mobilize grader. 2 dozers. 2 scrapers, 2 \Vatt.:f trucks, and compactor 16 EA S 370.00 S 5,92U 2006 Means Heavy Comit, - 02305-250-0400
Grade surface 277,780 SY S 0.64 S 177,770 2006 Means Heavy Const. - 0231 0-1 00-0 100

Cover Liner System

Mobilization 1 EA S 6.000.00 S 6,000 COMANCO Environmental Corporation
Gel 2,400,000 SF S 0.61 S 1,471,200 COMANCO Environmental Corporation
GeoIlllOmbrall..: 2,400,000 SF S 0.56 S 1,334,400 COMANCO Environmental Corporation
DrainuglO Gcocolllposik 2,400,000 SF S 0.58 S 1,396,800 COMANCO Environmental Corporation
Anchor Tr~llch 10,500 1.1'-' S 10.00 S 105,000
6" dialll~tr.:rCPE Pip..: 5,600 1.F S 2.96 S 16,576 2006 Means Heavy Canst. ~ 02620~660-0060

Gr.:otcxtik 39,200 SF S O.lO S 11,760
Drainag..: Aggregate 700 CY S 65.00 S 45,500 2006 Means Heavy Canst. - 02620-300~0300

Cover Soil- 24" thick
Purchase soil 177,780 CY S 3.00 S 533,340 On-Site Source, Screening by Others
Load and haul, 20 CY bottom dump 177,780 CY S 5.00 S 888,900
Place soil 177,780 CY S 1.62 S 288,004 2006 Means Heavy Const. - 02315-520-0020
Moisture condition soil 177,780 CY S 0.57 S 101,335 2006 Means Heavy Const. - 02315-310-9030
Compact soil 177,780 CY S 0.21 S 37,334 2006 Means Heavy Canst. - 02315-310-5060

Surface Treatment (minimize erosion)

Soil binder 11,000 gal S 8.00 S 88,000 Soil Tac
Application 29,630 CY S 0.57 S 16,889 /\ply to top 4" of soil

Site Perimeter fencing
6' high chain link tt:nec \v/ barbed \vire 480 LF S 23.00 S 11,040 2006 Means Heavy Const. - 02820-130-0300
6' high gate, 20' opening 2 EA S 1,550.00 S 3,100 2002 Means Heavy Const. - 02820-130-5070

Subtotal S 6,568,667

Engineering Design 2% S 131,373
Construction Management/Construction Quality Assurance 6% S 394,120
Contingency 20% S 1,313,733

Closure Cost Estimate 110606 d.xls

Total EstilllutCtl Capital Cost: $ 8,407,894

11/15/2006: 3:57 PM



Table Q-2
Post-Closure Cost Estimate

Basic Remediation Company
Corrective Action Management Unit

Henderson, Nc,,'ada

GcoSyntcc COnSullallt:\

0&1\'1 Cost Item Quantity Units Unit Cost Total Cost Notes
Topographical Site Survey I EA $ 6.916.00 $ 23,918 every 5 years, 4% discount mte

Leachate Collection System Maintenance

LcachatcMonitoring Event 48 EA $ 750.00 $ 622,513 quurtcr!y for 30 years. 4% discount rate

Leachate Pump Maintenance I EA $ 500.00 $ 4,323 bi~annually for 30 years, 4% discount rute

Groundwater Monitoring

Reporting I EA $ 3,500.00 $ 60,522 annually for 30 years, 4~-'o discount rate

Project Management I EA $ 2,630.00 $ 45,478 annually for 30 years, 4~·1l discount rate

Scmi·atlllua! groundwater monitoring t.lvent,
includes pan lysimctcr I EA $ 20.000.00 $ 345,841 annually for 30 years, 4% discount rate

Surface Water Control

Surface treatment fe-application I EA $ 34.620.00 $ 197,555 every 3 years, 4~'0 discount rate

Inspect V-ditches 2 EA $ 500.00 $ 17,292 Prior to significant storm events for 30 years (average 2/yr), 4(1;0 discount rate

Clean out V-ditches I EA $ 5,000.00 $ 43,230 bi~annually for 30 years, 4% discount rate

Cover Maintenance, including: I LS $ 20.000.00 $ 172.920 bi·ullllually for 30 yeurs, 4% discount rate

Gridwalk deck

Surface faults/ponding

Roden t damage

Site Security

Fence Inspection 12 EA $ 250.00 $ 51.876 monthly for 30 years, 4(Vo discount rate

Fence Repairs I LS $ 2,000.00 $ 17,292 bi~annllally for 30 years, 4% discount ratc

Annual Report

Reporting I EA $ 6,000.00 $ 103,752 annually for 30 years. 4% discount rate

Project Management I EA $ 2.630.00 $ 45,478 annually for 30 years_ 4% discount rate

Bi-Annual Report

Reporting I EA $ 5,000.00 $ 43,230 bi~anllllally for 30 years, 4% discount rate

Project Management I EA $ 2.500.00 $ 21,615 bi-annually for 30 years, 4% discount rate

Agency Interaction I LS $ 10.000.00 $ 172,920 annually for 30 years, 4%. discount rate

TOTAL ESTIMATED O&M COST S 1,989,756

Closure Cost Estimate 110606 d.xls 2 1111012006: 3:24 PM
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The mechanism for financial assurance for the entire cleanup project, which
includes post-closure costs associated with the CAMU itself, is discussed in the AOC3.
Thus, no additional financial assurance guarantees are provided here.
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Provisions for insurance including sudden and non-sudden insurance coverage for
the entire cleanup project are discussed in the AGe3. Thus, no additional details for such
coverage are provided here.
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1.0 INTRODUCTION

Records of all data, drawings and calculations concerning work proposed or
completed at the BRC CAMU will be kept on permanent file in the BRC Data
Repository, consistent with document retention requirements specified in the AOC3. In
addition, records will be maintained at the BRC offices in conjunction with investigative
work at the BRC CAMU. Included in the reports will be appendices with copies of data
sheets, log books, and laboratory analysis results. All investigative results will be
incorporated into the reports detailed in the following section.

Prior to any document destruction, NDEP will be provided an opportunity to
acquire the documents in question.

2.0 OPERATIONAL RECORDKEEPING AND REPORTS

2.1 Training Records

The Construction Manager will maintain records of training received by onsite
workers. These records will include copies of certificates received prior to BRC CAMU
site activities and site specific training received. The training records will be stored onsite
at the facilities maintained by the Construction Manager. Records will be maintained
onsite for a period consistent with that specified in the AOC3.

2.2 Operational Records

The contractor will prepare daily progress reports documenting daily BRC
CAMU activities. Daily activity records include, but are not limited to, documentation
that evidences the quantity of waste materials placed in the BRC CAMU and log in/out
forms. In addition to this summary daily report, the contractor will also keep detailed
field notes and daily logs documenting:

• the date, project name, location, and other identification;
• a summary of the weather conditions;
• a summary oflocations where construction is occurring;
• equipment and personnel on the project; and
• a summary of meetings held and attendees.

Daily photographic and video record will be kept by BRC documenting disposal
activities. Records and results of inspections will be maintained and kept onsite for a
period consistent with the AOC3.

T-I



Records and results of waste analysis and waste determinations will be
maintained and kept on site. In addition, monitoring, testing or analytical data, and
corrective action records resulting from BRC CAMU releases shall be maintained for
three years. Groundwater monitoring and clean up records will be maintained until
closure of the BRC CAMU.

Summary reports of all incidents that require the use of the Contingency Plan will
contain the details outlined in Attachment G, Accident Prevention, Contingency, and
Emergency Response Plan. The incident reports will be maintained and kept onsite until
completion of the post-closure period for the BRC CAMU.

Additional items to be included with the operating records are: closure and post
closure cost estimates, plans for closure and post-closure, EPA identification number,
detailed chemical and physical analysis of a representative waste sample, Quality Control
(QC) and Quality Assurance (QA) documentation.

2.2.1 Construction Quality Control and Quality Assurance

The CQA Site Manager will prepare daily reports that document the activities
observed during each day of activity as detailed in the CQA Plans for the Base Liner and
Final Cover Systems (Sections 3 and 6 in the SRAPl, respectively). The daily reports
may include monitoring logs and testing data sheets. At a minimum, these logs and data
sheets will include the following information:

• a description of materials used and references of results of testing and
documentation;

• identification of deficient work and materials;
• results of re-testing con'ected "deficient work;"
• an identifying sheet number for cross referencing and document

control;
• descriptions and locations of construction inspected;
• type of constmction and inspection performed;
• description of construction procedures and procedures used to evaluate

construction;

• a summary of test data and results;
• calibrations or re-calibrations of test equipment and actions taken as a

result of re-calibration;
• decisions made regarding acceptance of units of work and/or

con'ective actions to be taken in instances of substandard testing
results;

• a discussion of agreements made between the interested patiies which
may affect the work; and

• signature of the respective CQA Site Manager.
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2.3 Interim Status Reports

During remediation activities at the Site, BRC will submit monthly status
reports to the NDEP. The purpose of the monthly status reports will be to keep the NDEP
informed of the progress of remediation activities at the Site. The reports will present a
summary of the remediation progress during the previous month, including as
appropriate, significant milestones in BRC CAMU construction, locations of completed
pond and ditch excavation (including graphical fonnat), and estimates of soil volumes
excavated and placed in the BRC CAMU.

2.4 Annual Reports

BRC will submit an annual report of the solid wastes received at the site to the
NDEP. This report will be submitted in a fOlmat mutually agreed to between BRC and
NDEP. The report will consist of data reported in units of tons and cubic yards for waste
materials received at the BRC CAMU.

The annual report will be submitted to NDEP and will include data compiled
throughout the year. The total quantity of wastes deposited and the remaining capacity of
the BRC CAMU in cubic yards will be incorporated. In addition, the leachate quality data
will be compiled and the status of the leachate collection, including quantity of leachate
collected on-site and disposed on a monthly basis, repOlted. Finally, any changes from
the approved repOlt, plans, and specifications, with justifications.

2.5 Biennial Reports

BRC will submit a biennial report by March I of each even year to the NDEP on
EPA form 8700-13B. The repOlt will summarize activities at the BRC CAMU for the
previous two years. The report will contain: EPA identification number, BRC CAMU
address, dates covered, description of wastes received, method of waste disposal, most
recent closure and post-closure cost estimates, methods utilized to reduce waste volume,
and any changes in waste volumes. This report will be signed by BRC.

3.0 POST CAMU CLOSURE REPORTING AND RECORDKEEPING

Maintenance inspection records will kept and maintained in a log book in order to
clearly document any changes in physical conditions. Copies of the inspection report will
be provided to the NDEP annually.
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Results of monitoring will be kept and maintained onsite for a period of at least
30 years after closure. Copies of the monitoring will be provided to NDEP with the
inspection report annually.

The condition of the facility will be documented with field notes, maps, and
photographs, as appropriate. Evidence of potential compromises in the cover will be
recorded including eroded patches, patches of dead vegetation, animal bunows,
subsidence, and cracks along the cover. Surface water drainage features will be inspected
for the presence of debris, physical integrity, and evidence of conditions that exceeded
design assumptions.
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1.0 INTRODUCTION

This attachment discusses how the BRC CAMU IS in compliance with the
following Federal Laws.

1.1 The Wild and Scenic Rivers Act

The Wild and Scenic Rivers Acts protects river areas and their immediate
environments for the present and future generations. Rivers are eligible for protection if
they display one or more of the following characteristics:

1. Wild river areas -- Those rivers or sections of rivers that are free of
impoundments and generally inaccessible except by trail, with watersheds or
shorelines essentially primitive and waters unpolluted. These represent vestiges of
primitive America.

2. Scenic river areas -- Those rivers or sections of rivers that are free of
impoundments, with shorelines or watersheds still largely primitive and shorelines
largely undeveloped, but accessible in places by roads.

3. Recreational river areas -- Those rivers or sections of rivers that are readily
accessible by road or railroad, that may have some development along their
shorelines, and that may have undergone some impoundment or diversion in the
past.

There are no rivers in the vicinity of the BRC CAMU site with the exception of the
Las Vegas Wash which is approximately 2 miles north of the Site, and the Las Vegas
Wash is not designated as a Wild and Scenic River.

1.2 The National Historic Preservation Act of 1966

The National Historic Preservation Act protects, rehabilitates, restores and
reconstructs the districts, sites, buildings, structures, and objects significant in American
history, architecture, archaeology, or culture.

There are no locations of historical significance at the BRC CAMU site. BRC
contacted the Nevada Natural Heritage Program and requested a search of their database.
No locations of historical significance were identified as a result of this search. A copy
of the seach result is provided in Appendix A to this Attachment.

U-1



1.3 The Endangered Species Act

The city of Henderson, along with other cities within Clark County, submitted an
application to the EPA for a permit to incidentally take desert tortoises (gopherus
agassizii), pursuant to section 10(a)(I)(B) of the Endangered Species Act of 1973, as
amended (Act), in association with various proposed public and private projects in Clark
County, Nevada. The pelmit allows incidental take of desert tortoises for a period of 30
years, resulting from development on up to 113,900 acres of private lands within Clark
County, Nevada. The permit application was received September 28, 1994, and was
accompanied by the Clark County Desert Conservation Plan (CCDCP), which serves as
the Applicant's habitat conservation plan and details their proposed measures to
minimize, monitor, and mitigate the impacts of the proposed take on the desert tortoise.

To minimize the impacts of take, Henderson provides a free pick-up and
collection service for desert tortoises encountered in hann's way within the city. These
desert tOlioises will be made available for beneficial uses such as translocation studies
and programs, research, education, zoos, museums, or other programs approved by the
Service and Nevada Division of Wildlife. Sick or injured desert tortoises will be
humanely euthanized.

Henderson approves the issuance of land development permits for otherwise
lawful public and private project proponents during the 30-year period in which the
proposed Federal pennit is in effect. Henderson imposes a fee of$550 per acre of habitat
disturbance to fund the measures to minimize and mitigate the impacts of the proposed
action on desert tOlioises.

The BRC CAMU will be in compliance with the Endangered Species Act through
a fee of $550 per acre submitted with the grading pennit application. If a Desert Tortoise
is encountered during constmction, the City of Henderson will be contacted and the
tOlioise relocated.

The above discussion notwithstanding, BRC does not believe that there are any
threatened and endangered species in the CAMU area. BRC requested that Nevada
Natural Heritage conduct a search related to such species. The letter from Nevada
Natural Heritage provided in Appendix A to the Attachment confirms that there are no at
risk taxa in this area.

1.4 The Coastal Zone Management Act

The Coastal Zone Management Act seeks to manage and preserve the nation's
coastal resources, ensuring their protection for future generation.
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The BRC CAMU site is not located near any coasts.

1.5 The Fish and Wildlife Coordination Act

The Act provides that whenever the waters or channel of a body of water are
modified by a department or agency of the U.S., the department or agency first shall
consult with the U.S. Fish and Wildlife Service and with the head of the agency
exercising administration over the wildlife resources of the state where construction will
occur, with a view to the conservation of wildlife resources. The Act provides that land,
water and interests may be acquired by federal construction agencies for wildlife
conservation and development. In addition, real property under jurisdiction or control of a
federal agency and no longer required by that agency can be utilized for wildlife
conservation by the state agency exercising administration over wildlife resources upon
that property.

The BRC CAMU will not modify the waters or channel of a body of water.
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Nevada
'M'~qNatural

'. Hentage

~am
Nevada Natural Heritage Program
Nevada Department of Conservation and Natural Resources

Richard H. Bryan Building
901 South Stewart Street, suite 5002 • Carson City, Nevada 89701-5245, U.S.A.

tel: (775) 684-2900 • internet: http://heritage.nv.gov

28 February 2007

Ranaj it Sahu
Basic Remediation Company
875 W Warm Springs Rd.
Henderson, NY 89011

RE: Data request received 23 February 2007

Dear Mr. Sahu:

We are pleased to provide the information you requested on endangered, threatened, candidate, and/or At Risk plant and animal
taxa recorded within or near the BRC Common Areas-CAMU Project area. We searched our database and maps for the
following a 5 kilometer radius around including:

Township 22S Range 62E Sections 11 and 12

There are no at risk taxa recorded within the given area. However, habitat may be available for: the big free-tailed bat,
Nyctinomops macrotis, a Nevada Bureau of Land Management (BLM) Sensitive Species; the spotted bat, Euderma maculatum,
a Nevada BLM Special Status Species; the Arizona toad, Eulo microscaphus, a Nevada BLM Sensitive Species; the desert
tortoise, Gopherus agassizii, a Federally Threatened Taxon; the chuckwalla, Sauromalus ater, a Nevada BLM Sensitive
Species; and the banded Gila monster, Heloderma suspectum cinctum, a Nevada BLM Special Status Species. We do not have
complete data on various raptors that may also occur in the area; for more information contact Ralph Phenix, Nevada Division
of Wildlife at (775) 688-1565. Note that all cacti, yuccas, and Christmas trees are protected by Nevada state law (NRS
527.060-.120), including taxa not tracked by this office.

Please note that our data are dependent on the research and observations of many individuals and organizations, and in most
cases are not the result of comprehensive or site-specific field surveys. Natural Heritage reports should never be regarded as
final statements on the taxa or areas being considered, nor should they be substituted for on-site surveys required for
environmental assessments.

Thank you for checking with our program. Please contact us for additional information or further assistance.

Sincerely,

Eric S. Miskow
Biologist III/Data Manager
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1. INTRODUCTION 
 

1.1 Terms of Reference 
 
GeoSyntec Consultants (GeoSyntec) has prepared this Construction Quality 

Assurance (CQA) Plan for the construction of the Corrective Action Management Unit 
(CAMU) Base Liner System for Basic Remediation Company (BRC) located in 
Henderson, Nevada.  Hereinafter, the CAMU construction is referred to as the Project. 

 
This CQA Plan was prepared by Mr. Gregory T. Corcoran, P.E. of 

GeoSyntec Consultants (GeoSyntec) under the direction of Mr. James A. McKelvey III, 
P.E.  In general accordance with the peer review policies of the firm, Mr. James A. 
McKelvey III, P.E. of GeoSyntec was responsible for senior peer review of the work 
presented in this plan. 

 
1.2 Purpose and Scope of the Construction Quality Assurance Plan 

 
The purpose of the CQA Plan is to address the CQA procedures and 

monitoring requirements for construction of the Project.  The CQA Plan is intended to: 
(i) define the responsibilities of parties involved with the construction; (ii) provide 
guidance in the proper construction of the major components of the Project; (iii) 
establish testing protocols; (iv) establish guidelines for construction documentation; and 
(v) provide the means for assuring that the Project is constructed in conformance to the 
Technical Specifications, permit conditions, applicable regulatory requirements, and 
Construction Drawings. 

 
This CQA Plan addresses the soils and geosynthetic components of the liner 

system for the project.  The soils, geosynthetic, and appurtenant components include 
engineered fill, prepared subgrade, operations layer material, drainage aggregate, 
geosynthetic clay liner, geomembrane, geotextile, geocomposite, and polyethylene pipe.  
It should be emphasized that care and documentation are required in the placement and 
compaction of the soils and aggregate and in the production and installation of the 
geosynthetic materials placed during construction.  The CQA Plan, therefore, delineates 
the procedures to be followed for monitoring construction of these materials. 

 
The scope of this CQA Plan includes the CQA of the soil and geosynthetic 

components of the Project.  The CQA monitoring activities during the selection, 
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evaluation, treatment, placement, and compaction of soils for earthworks, and drainage 
aggregate are included in the scope of this plan.  The CQA protocols applicable to 
manufacturing, shipping, handling, and installing all geosynthetic materials are also 
included.  However, this CQA Plan does not specifically address either installation 
specifications or specification of soils and geosynthetic materials as these requirements 
are addressed in the Technical Specifications. 

 
1.3 References 

 
The CQA Plan includes references to test procedures in the latest editions of the 

American Society for Testing and Materials (ASTM). 
 

1.4 Organization of the Construction Quality Assurance Plan 
 
The remainder of the CQA Plan is organized as follows: 
 
• Section 2 presents definitions relating to CQA; 
• Section 3 describes the parties involved with the CQA; 
• Section 4 describes the responsibilities of the CQA personnel; 
• Section 5 describes site and project control requirements; 
• Section 6 presents CQA documentation; 
• Section 7 presents CQA of earthworks; 
• Section 8 presents CQA of the drainage aggregates; 
• Section 9 presents CQA of the pipe and fittings; 
• Section 10 presents CQA of the geomembrane; 
• Section 11 presents CQA of the geotextile; 
• Section 12 presents CQA of the geosynthetic clay liner; 
• Section 13 presents CQA of the geocomposite; and 
• Section 16 presents CQA surveying. 



 

 

SC0313.CQAPlan.111006.d.wkp.doc 3 06 11 10/15:53 

2. DEFINITIONS RELATING TO CONSTRUCTION QUALITY 
ASSURANCE 
 
This CQA Plan is devoted to Construction Quality Assurance.  In the context 

of this document, Construction Quality Assurance and Construction Quality Control are 
defined as follows: 

 
Construction Quality Assurance (CQA) - A planned and systematic pattern 

of means and actions designed to assure adequate confidence that materials and/or 
services meet contractual and regulatory requirements and will perform satisfactorily in 
service. 
 

Construction Quality Control (CQC) - Those actions which provide a means 
to measure and regulate the characteristics of an item or service in relation to 
contractual and regulatory requirements. 

 
In the context of this document: 
 
• CQA refers to means and actions employed by the CQA Consultant 

to assure conformity of the Project “Work” with this CQA Plan, the 
Drawings, and the Technical Specifications. 

 
• Construction Quality Control refers to those actions taken by the 

Contractor, Manufacturer, or Geosynthetic Installer to verify that the 
materials and the workmanship meet the requirements of this CQA 
Plan, the Drawings, and the Technical Specifications.  In the case of 
soil components, CQC is combined with CQA and is provided by the 
CQA Consultant.  In the case of the geosynthetic components and 
piping of the Work, CQC is provided by the Manufacturer and 
Geosynthetic Installer and the Contractor.  CQA testing of soil, pipe, 
and geosynthetic components is provided by the CQA Consultant. 
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3. PARTIES INVOLVED WITH CONSTRUCTION QUALITY 
ASSURANCE 
 

3.1 Engineer 
 
Responsibilities 
 
The Engineer is responsible for the design, Drawings, and Technical 

Specifications for the Project Work.  In this CQA Plan, the term “Engineer” refers to 
Parsons Engineering Science, Inc. (Parsons) and GeoSyntec. 

 
Qualifications 
 
The Engineer of Record shall be a qualified engineer, registered as required 

by Nevada state regulations.  The Engineer should have expertise, which demonstrates 
significant familiarity with piping, geosynthetics and soils, as appropriate, including 
design and construction experience related to landfill liner systems. 

 
3.2 Project Manager 

 
Responsibilities 
 
The Project Manager is responsible for implementing the design, and 

overseeing subcontractors.  In this CQA Plan, the term “Project Manager” refers to a 
qualified BRC employee. 

 
Qualifications 
 
The Project Manager shall be a qualified engineer having familiarity with 

earthwork construction and installation of geosynthetic materials. 
 

3.3 Contractor 
 
Responsibilities 
 
In this CQA Plan, Contractor refers to an independent party or parties, 

contracted by the Owner, performing the Work in general accordance with this CQA 
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Plan, the Drawings, and the Technical Specifications.  The Contractor will be 
responsible for the installation of the soils and geosynthetic components of the liner 
system.  This work will include excavation, placement and compaction of engineered 
fill and prepared subgrade, placement of drainage aggregate and native soil (operations 
layer material), installation and of piping and concrete manhole, installation of 
temporary erosion control features, and coordination of work with the Geosynthetic 
Installer and other subcontractors. 

 
The Contractor will be responsible for constructing the liner system and 

appurtenant components in general accordance with the Drawings and complying with 
the quality control requirements specified in the Technical Specifications. 

 
Qualifications 
 
Qualifications of the Contractor are specific to the construction contract.  

The Contractor should have a demonstrated history of successful earthworks 
construction and maintain current state and federal licenses as appropriate. 

 
3.4 Resin Supplier 

 
Responsibilities 
 
The Resin Supplier produces and delivers the resin to the Geosynthetics 

Manufacturer. 
 
Qualifications 
 
Qualifications of the Resin Supplier are specific to the Manufacturer’s 

requirements.  The Resin Supplier will have a demonstrated history of providing resin 
with consistent properties. 

 
3.5 Geosynthetics Manufacturer 

 
Responsibilities 
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The Manufacturer is responsible for the production of finished material 
(geomembrane, geotextile, geosynthetic clay liner, geocomposite, pipe, and other 
specified material) from appropriate raw materials. 

 
Qualifications 
 
The Manufacturer(s) will be able to provide sufficient production capacity 

and qualified personnel to meet the demands of the project.  The Manufacturer(s) must 
be a well established firm(s) that meet the requirements identified in the Technical 
Specifications. 

 
3.6 Geosynthetic Installer 

 
Responsibilities 
 
The Geosynthetic Installer is responsible for field handling, storage, 

placement, seaming, loading or anchoring against wind uplift, and other aspects of the 
geosynthetic material installation.  The Geosynthetic Installer may also be responsible 
for specialized construction tasks (i.e., including construction of anchor trenches for the 
geosynthetic materials). 

 
Qualifications 
 
The Geosynthetic Installer will be trained and qualified to install the 

geosynthetic materials of the type specified for this project.  The Geosynthetic Installer 
shall meet the qualification requirements identified in the Technical Specifications. 
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3.7 CQA Consultant 
 
Responsibilities 
 
The CQA Consultant is a party, independent from the Contractor, 

Manufacturer, and Geosynthetic Installer, who is responsible for observing, testing, and 
documenting activities related to the CQC and CQA of the earthwork, piping, and the 
geosynthetic components used in the construction of the Project.  The CQA Consultant 
will also be responsible for issuing a CQA report at the completion of the Project 
construction, which details the earthworks, piping, and geosynthetic installation 
activities and associated CQA activities.  The CQA report will be signed and sealed by 
the CQA Officer who will be a Professional Engineer registered in the State of Nevada. 

 
The CQA Consultant will be responsible for obtaining and testing 

representative samples of all components used in construction of the Project as required 
by this CQA Plan and Technical Specifications.  All tests will be conducted in general 
accordance with ASTM or other applicable state or federal standards.  Test results must 
be submitted to the Project Manager within a reasonable timeframe, which will not 
impede or delay construction of the Project.  The CQA Consultant will be responsible 
for inspecting all earthwork, piping, and geosynthetic operations to verify that the 
components are installed in general accordance with this CQA Plan and Technical 
Specifications. 

 
Qualifications 
 
The CQA Consultant is a well established firm specializing in geotechnical 

and geosynthetic engineering and possess the equipment, personnel, and licenses 
necessary to conduct the geotechnical and geosynthetic tests required by the project 
plans and Technical Specifications.  The CQA Consultant will provide qualified staff 
for the project, as necessary, which will include, at a minimum, a CQA Officer, and a 
CQA Site Manager.  The CQA Officer will be a professionally licensed engineer as 
required by Nevada State regulations. 

 
The CQA Consultant will be experienced with earthwork construction and 

the installation of geosynthetic materials similar to those materials used in construction 
of the Project.  The CQA Consultant will be experienced in the preparation of CQA 
documentation including CQA Plans, field documentation, field testing procedures, 
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laboratory testing procedures, construction specifications, construction drawings, and 
CQA reports. 

 
The CQA Site Manager will be specifically familiar with the construction of 

earthworks, piping, and the installation of geosynthetic materials and will be trained by 
the CQA Consultant in the duties of a CQA Site Manager. 

 
3.8 Surveyor 

 
Responsibilities 
 
The Surveyor is a party, independent from the Contractor, Manufacturer, and 

Geosynthetic Installer, that is responsible for surveying, documenting, and verifying the 
location of all significant components of the Work.  The Surveyor’s work is coordinated 
and employed by the Owner.  The Surveyor is responsible for issuing record drawings 
of the construction. 

 
Qualifications 
 
The Surveyor will be a well established surveying company with at least 

3 years experience in the profession of surveying services in the State of Nevada.  The 
Surveyor will be a licensed professional as required by the State of Nevada regulations.  
The Surveyor shall be fully equipped and experienced in the use of total stations and 
AutoCAD Version 14.  All surveying will be performed under the direct supervision of 
the Owner. 

 
3.9 CQA Laboratory 

 
Responsibilities 
 
The CQA Laboratory is a party, independent from the Contractor, 

Manufacturer and Geosynthetic Installer, that is responsible for conducting tests in 
general accordance with ASTM and other applicable test standards on samples of 
geosynthetic materials, soil, and in the field and in either an on-site or off-site 
laboratory. 

 
Qualifications 
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The CQA Laboratory will have experience in testing soils and geosynthetic 

materials and will be familiar with ASTM and other applicable test standards.  The 
CQA Laboratory will be capable of providing test results within a maximum of seven 
days of receipt of samples and will maintain that capability throughout the duration of 
earthworks construction and geosynthetic materials installation. The CQA Laboratory 
will also be capable of transmitting geosynthetic destructive test results within 24 hours 
of receipt of samples and will maintain that capability throughout the duration of 
geosynthetic material installation. 
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4. CQA CONSULTANTS PERSONNEL ORGANIZATION AND 
DUTIES 
 

4.1 Overview 
 
The CQA Officer will provide supervision within the scope of work of the 

CQA Consultant.  The scope of work for the CQA Consultant includes monitoring of 
construction activities including the following: 

 
• excavation and screening of materials; 
 
• placement and compaction of engineered fill, surcharge prepared 

subgrade, and operations layer material; 
 
• installation of geotextile; 
 
• installation of geosynthetic clay liner; 
 
• installation of geomembrane; 
 
• installation of drainage aggregate; 
 
• installation of geocomposite;  

 
• installation of cast-in-place concrete; and 
 
• installation of piping. 
 
The duties of the CQA personnel are discussed in the remainder of this 

section. 
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4.2 CQA Personnel 
 
For construction of the Project, the CQA Consultant’s personnel will 

include: 
 
• the CQA Officer, who operates from the office of the CQA 

Consultant and who conducts periodic visits to the site as required; 
and 

 
• the CQA Site Manager, who is located at the site. 
 
The duties of the CQA Personnel are discussed in the following subsections. 
 

4.2.1 CQA Officer 
 
The CQA Officer shall supervise and be responsible for monitoring and 

CQA activities relating to the construction of the earthworks, piping, and installation of 
the geosynthetic materials of the Project.  Specifically, the CQA Officer: 

 
• reviews the project design, this CQA Plan, Drawings, and Technical 

Specifications; 
 
• reviews other site-specific documentation; unless otherwise agreed, 

such reviews are for familiarization and for evaluation of 
constructability only, and hence the CQA Officer and the CQA 
Consultant assume no responsibility for the liner system design; 

 
• reviews and approves the Geosynthetic Installer’s QC Plan; 
 
• attends resolution and/or pre-construction meetings as needed; 
 
• administers the CQA program (i.e., provides supervision of and 

manages on-site CQA personnel, reviews field reports, and provides 
engineering review of CQA related activities); 
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• provides quality control of CQA documentation and conducts site 
visits; 

 
• reviews the record drawings; and 
 
• with the CQA Site Manager, prepares the CQA report documenting 

that the project was constructed in general accordance with the 
Construction Documents. 

 
4.2.2 CQA Site Manager 

 
The CQA Site Manager: 
 
• acts as the on-site representative of the CQA Consultant; 
 
• attends CQA-related meetings (e.g., resolution, pre-construction, 

daily, weekly (or designates a representative to attend the meeting)); 
 
• prepares or oversees the ongoing preparation of the record drawings; 
 
• reviews test results provided by Contractor; 
 
• assigns locations for testing and sampling; 
 
• oversees the collection and shipping of laboratory test samples; 
 
• reviews results of laboratory testing and makes appropriate 

recommendations; 
 
• reviews the calibration and condition of on-site CQA equipment; 
 
• prepares a daily summary report for the project; 
 
• reviews the Manufacturer’s QC documentation; 
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• reviews the Geosynthetic Installer’s personnel Qualifications for 
conformance with those pre-approved for work on site; 

 
• notes in the daily summary report and reports to the CQA Officer and 

Project Manager on-site activities that could result in damage to the 
geosynthetic materials or other completed work; 

 
• reports unresolved deviations from the CQA Plan, Drawings, and 

Technical Specifications to the Project Manager; and 
 
• assists with the preparation of the CQA report. 
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5. SITE AND PROJECT CONTROL 
 

5.1 Project Coordination Meetings 
 
Meetings of key project personnel are necessary to assure a high degree of 

quality during installation, and promote clear, open channels of communication.  
Therefore, Project Coordination Meetings are an essential element in the success of the 
project.  Several types of Project Coordination Meetings are described below, 
including: (i) resolution meetings; (ii) pre-construction meetings; (iii) progress 
meetings; and (iv) problem or work deficiency meetings. 

 
5.1.1 Resolution Meeting 

 
Following the completion of the design, Drawings, and Technical 

Specifications for the project and prior to the start of construction, a Resolution Meeting 
will be held.  This meeting may include the CQA Officer, the CQA Site Manager, the 
Engineer, and the Project Manager. 

 
The purpose of this meeting is to begin planning for coordination of 

construction tasks, anticipate installation problems which might cause difficulties and 
delays in construction, and, above all, present the CQA Plan to the parties involved.  It 
is very important that the criteria regarding testing, repair, and other CQA activities be 
known and accepted by the parties involved in the work prior to the installation of 
geosynthetic materials and construction of the soil components for the Project. 

 
The first part of the Resolution Meeting may be devoted to a review of the 

Drawings and Technical Specifications for familiarity.  This is different from the peer 
review of the design, including design calculations, which will have been carried out 
previously. 

 
The Resolution Meeting may include the following activities: 
 
• distribute relevant documents to all parties; 
 
• review critical design details of the project; 
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• review this CQA Plan; 
 
• review the Drawings and Technical Specifications; 
 
• make appropriate modifications to the design criteria, Drawings, and 

Technical Specifications so that the fulfillment of the design 
specifications or performance standards can be determined through 
the implementation of the CQA Plan; 

 
• reach a consensus on the quality control procedures, especially on 

methods of evaluating acceptability of the soils and geosynthetic 
materials; 

 
• assign the responsibilities of each party; 
 
• establish work area security and health and safety protocol; 
 
• confirm the methods for documenting observations, reporting, and 

distributing documents and reports; and 
 
• confirm the lines of authority and communication. 
 
The Project Manager will appoint one of the meeting attendees to record the 

discussions and decisions of the Resolution Meeting.  The record of the meeting will be 
documented by the appointee in the form of meeting minutes, which will be 
subsequently distributed to all attendees. 

 
5.1.2 Pre-Construction Meeting 

 
A Pre-Construction Meeting will be held at the site prior to construction of 

the Project.  As a minimum, the Pre-Construction Meeting will be attended by the 
Contractor, the Geosynthetic Installer’s Superintendent, the CQA Consultant, the 
Engineer, and the Project Manager. 

 
Specific items for discussion at the pre-construction meeting include the 

following: 
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• appropriate modifications or clarifications to the CQA Plan; 
 
• the Drawings and Technical Specifications; 
 
• the responsibilities of each party; 
 
• lines of authority and communication; 
 
• methods for documenting and reporting, and for distributing 

documents and reports; 
 
• acceptance and rejection criteria; 
 
• protocols for testing; 
 
• protocols for handling deficiencies, repairs, and re-testing; 
 
• the time schedule for all operations; 
 
• procedures for packaging and storing archive samples; 
 
• panel layout and numbering systems for panels and seams; 
 
• seaming procedures; 
 
• repair procedures; and 
 
• soil stockpiling locations. 
 
The Project Manager will conduct a site tour to observe the current site 

conditions and to review construction material and equipment storage locations.  A 
person in attendance at the meeting will be appointed by the Project Manager to record 
the discussions and decisions of the meeting in the form of meeting minutes.  Copies of 
the meeting minutes will be distributed to all attendees. 
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5.1.3 Progress Meetings 
 
Progress meetings will be held between the CQA Site Manager, the 

Contractor, Project Manager, and other concerned parties participating in the 
construction of the project.  This meeting will include discussions on the current 
progress of the project, planned activities for the next week, and revisions to the work 
plan and/or schedule.  The meeting will be documented in meeting minutes prepared by 
a person designated by the CQA Site Manager at the beginning of the meeting.  Within 
2 working days of the meeting, draft minutes will be transmitted to representatives of 
parties in attendance for review and comment.  Corrections and/or comments to the 
draft minutes shall be made within 2 working days of receipt of the draft minutes to be 
incorporated in the final meeting minutes. 

 
5.1.4 Problem or Work Deficiency Meeting 

 
A special meeting will be held when and if a problem or deficiency is 

present or likely to occur.  The meeting will be attended by the Contractor, the Project 
Manager, the CQA Site Manager, and other parties as appropriate.  If the problem 
requires a design modification, the Engineer should either be present at, consulted prior 
to, or notified immediately upon conclusion of this meeting.  The purpose of the work 
deficiency meeting is to define and resolve the problem or work deficiency as follows: 

 
• define and discuss the problem or deficiency; 
• review alternative solutions; 
• select a suitable solution agreeable to all parties; and 
• implement an action plan to resolve the problem or deficiency. 
 
The Project Manager will appoint one attendee to record the discussions and 

decisions of the meeting.  The meeting record will be documented in the form of 
meeting minutes and copies will be distributed to all affected parties.  A copy of the 
minutes will be retained in facility records. 
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6. DOCUMENTATION 
 

6.1 Overview 
 
An effective CQA Plan depends largely on recognition of all construction 

activities that should be monitored and on assigning responsibilities for the monitoring 
of each activity.  This is most effectively accomplished and verified by the 
documentation of quality assurance activities.  The CQA Consultant will document that 
all quality assurance requirements have been addressed and satisfied. 

 
The CQA Site Manager will provide the Project Manager with signed 

descriptive remarks, data sheets, and logs to verify that monitoring activities have been 
carried out.  The CQA Site Manager will also maintain, at the job site, a complete file 
of Drawings and Technical Specifications, a CQA Plan, checklists, test procedures, 
daily logs, and other pertinent documents. 

 
6.2 Daily Recordkeeping 

 
Preparation of daily CQA documentation will consist of daily reports 

prepared by the CQA Site Manager which may include CQA monitoring logs, and 
testing data sheets.  This information may be regularly submitted to and reviewed by the 
Project Manager. 

 
The CQA Site Manager will prepare daily reports that document the 

activities observed during each day of activity.  The daily reports may include 
monitoring logs and testing data sheets.  At a minimum, these logs and data sheets will 
include the following information: 

 
• the date, project name, location, and other identification; 
 
• a summary of the weather conditions; 
 
• a summary of locations where construction is occurring; 
 
• equipment and personnel on the project; 
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• a summary of meetings held and attendees; 
 
• a description of materials used and references of results of testing 

and documentation; 
 
• identification of deficient work and materials; 
 
• results of re-testing corrected “deficient work;” 
 
• an identifying sheet number for cross referencing and document 

control; 
 
• descriptions and locations of construction inspected; 
 
• type of construction and inspection performed; 
 
• description of construction procedures and procedures used to 

evaluate construction; 
 
• a summary of test data and results; 
 
• calibrations or re-calibrations of test equipment and actions taken as 

a result of re-calibration; 
 
• decisions made regarding acceptance of units of work and/or 

corrective actions to be taken in instances of substandard testing 
results; 

 
• a discussion of agreements made between the interested parties 

which may affect the work; and 
 
• signature of the respective CQA Site Manager. 
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6.3 Construction Problems and Resolution Data Sheets 
 
Construction Problems and Resolution Data Sheets, to be submitted with the 

daily reports prepared by the CQA Site Manager, describing special construction 
situations will be cross-referenced with daily reports, specific observation logs, and 
testing data sheets and will include the following information, where available: 

 
• an identifying sheet number for cross-referencing and document 

control; 
 
• a detailed description of the situation or deficiency; 
 
• the location and probable cause of the situation or deficiency; 
 
• how and when the situation or deficiency was found or located; 
 
• documentation of the response to the situation or deficiency; 
 
• final results of responses; 
 
• measures taken to prevent a similar situation from occurring in the 

future; and 
 
• signature of the CQA Site Manager and a signature indicating 

concurrence by the Project Manager. 
 
The Project Manager will be made aware of significant recurring 

nonconformance with the Drawings, Technical Specifications, or CQA Plan.  The cause 
of the nonconformance will be determined and appropriate changes in procedures or 
specifications will be recommended.  These changes will be submitted to the Engineer 
for approval.  When this type of evaluation is made, the results will be documented and 
any revision to procedures or specifications will be approved by the Contractor and 
Engineer. 
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A summary of supporting data sheets, along with final testing results and the 
CQA Site Manager’s approval of the work, will be required upon completion of 
construction. 

 
6.4 Photographic Documentation 

 
Photographs will be taken and documented in order to serve as a pictorial 

record of work progress, problems, and mitigation activities.  The basic file will contain 
color prints.  Negatives will also be stored in a separate file in chronological order.  
These records will be presented to the Project Manager upon completion of the project.  
Photographic reporting data sheets, where used, will be cross-referenced with 
observation and testing data sheet(s), and/or construction problem and solution data 
sheet(s).  Photographs used for documentation will be identified with the date, time, and 
location of the photograph. 

 
6.5 Design and/or Specifications Changes 

 
Design and/or specifications changes may be required during construction.  

In such cases, the CQA Site Manager will notify the Project Manager.  Design and/or 
specification changes will be made with the written agreement of the Project Manager 
and the Engineer and will take the form of an addendum to the Drawings and Technical 
Specifications. 

 
6.6 CQA Report 

 
At the completion of the Project, the CQA Consultant will submit to the 

Project Manager the CQA report signed and sealed by the Professional Engineer 
licensed in the State of Nevada.  The CQA report will acknowledge: (i) that the work 
has been performed in compliance with the Drawings and Technical Specifications; (ii) 
physical sampling and testing has been conducted at the appropriate frequencies; and 
(iii) that the summary document provides the necessary supporting information.  At a 
minimum, this report will include: 

 



 

 

SC0313.CQAPlan.111006.d.wkp.doc 22 06 11 10/15:53 

• Manufacturers’ quality control documentation; 
 
• a summary report describing the CQA activities and indicating 

compliance with the Drawings and Technical Specifications which is 
signed and sealed by the CQA Officer; 

 
• a summary of CQA/CQC testing, including failures, corrective 

measures, and retest results; 
 
• contractor personnel resumes and qualifications; 
 
• documentation that the geomembrane trial seams were performed in 

general accordance with the CQA Plan and Technical Specifications; 
 
• documentation that field seams were non-destructively tested using a 

method in general accordance with the applicable test standards; 
 
• documentation that nondestructive testing was monitored by the 

CQA Consultant, that the CQA Consultant informed the 
Geosynthetic Installer of any required repairs, and that the CQA 
Consultant inspected the seaming and patching operations for 
uniformity and completeness; 

 
• records of sample locations, the name of the individual conducting 

the tests, and the results of tests; 
 
• record drawings as provided by the Surveyor; 
 
• documentation showing that piping was tested in general accordance 

with the Technical Specifications; and 
 
• daily inspection reports. 
 
The record drawings will include scale drawings depicting the location of 

the construction and details pertaining to the extent of construction (e.g., depths, plan 
dimensions, elevations, soil component thicknesses).  Base maps required for 



 

 

SC0313.CQAPlan.111006.d.wkp.doc 23 06 11 10/15:53 

development of the record drawings and the record drawings will be prepared by a 
qualified Professional Land Surveyor registered in the State of Nevada.  These 
documents will be reviewed by the CQA Consultant and included as part of the CQA 
Report. 
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7. EARTHWORKS 
 

7.1 Introduction 
 
This section prescribes the CQA activities to be performed to monitor that 

earthwork components are constructed in general accordance with Drawings and 
Technical Specifications.  The earthworks construction procedures to be monitored by 
the CQA Consultant include: 

 
• excavation; 
• surcharge placement; 
• engineered fill placement; 
• anchor trench excavation and backfill; 
• subgrade preparation; and 
• operations layer material placement. 
 

7.2 Testing Activities 
 
Soil testing will be performed for material qualification, material 

conformance, and construction quality control (CQC).  These three stages of testing are 
defined as follows: 

 
• Material qualification tests are used to evaluate the conformance of a 

proposed soil source to the material specifications for qualification of 
the source prior to construction. 

 
• Soils conformance testing is used to evaluate the conformance of a 

particular batch of soil from a qualified source to the material 
specifications prior to installation of the soil. 

 
• CQC tests are performed on completed portions of the earthwork 

during construction to demonstrate that the placement procedures are 
resulting in a product that meets or exceeds both material and 
performance specifications. 
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The Contractor will be responsible for submitting material qualification test 
results to the Project Manager and to the CQA Site Manager for review.  The CQA 
Laboratory will perform the conformance testing and CQC testing.  Soil testing will be 
conducted in general accordance with the current versions of the corresponding 
American Society for Testing and Materials (ASTM) test procedures.  The test methods 
indicated in Table 1 are those that will be used for this testing unless the test methods 
are updated or revised prior to construction.  Revisions to the test methods will be 
reviewed and approved by the Engineer and the CQA Site Manager prior to their usage. 

 
7.2.1 Sample Frequency 

 
The frequency of soils testing for material qualification will conform to the 

minimum frequencies presented in Table 2.  The frequency of soils testing for material 
conformance will conform to the minimum frequencies presented in Table 3.  The 
actual frequency of testing required will be increased by the CQA Site Manager as 
necessary if variability of materials is noted at the site, during adverse conditions, or to 
isolate failing areas of the construction. 

 
7.2.2 Sample or Test Location Selection 

 
With the exception of qualification samples, sampling locations will be 

selected by the CQA Site Manager.  Conformance samples will be obtained from 
borrow pits and/or stockpiles of material.  The Contractor must plan the work and make 
soil available for sampling in a timely and organized manner so that the test results can 
be obtained before the material is installed.  The CQA Site Manager must document 
sample locations so that failing areas can be immediately isolated.  The CQA Site 
Manager will follow standard sampling procedures to obtain representative samples of 
the proposed soil materials. 

 
CQC sample and test locations will be selected by the CQA Site Manager at 

the minimum test frequency specified in Table 4.  Samples and test locations will 
generally be selected at random, however a special testing frequency will be used at the 
discretion of the CQA Site Manager when visual observations of construction 
performance indicate a potential problem.  Additional testing for suspected areas will be 
considered when: 

 
• rollers slip during rolling operation; 
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• lift thickness is greater than specified; 
• fill is at improper and/or variable moisture content; 
• less than specified number of roller passes are made; 
• dirt-clogged rollers are used to compact the material; 
• rollers may not have used optimum ballast; 
• fill materials differ substantially from those specified; 
• the degree of compaction is doubtful; and 
• as directed by the Project Manager or the CQA Site Manager. 
 
The frequency of testing may also be increased in the following situations: 
 
• adverse weather conditions; 
• breakdown of equipment; 
• at the start and finish of grading; 
• material fails to meet specifications; and 
• the work area is reduced. 
 

7.3 CQA Monitoring Activities 
 

7.3.1 Earthwork 
 
The CQA Site Manager will monitor and document the earthworks required 

for the Project.  In general, monitoring the construction for earthwork includes the 
following activities: 

 
• reviewing documentation of the material qualification test results 

provided by the Contractor; 
 
• monitoring the prepared subgrade and subgrade surfaces for 

compliance with the Technical Specifications before geosynthetic 
materials are placed; 

 
• sampling and testing for conformance of the materials to the 

Technical Specifications; 
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• documenting that the earthwork is constructed using the specified 
equipment and procedures; 

 
• documenting that the earthwork is constructed to the lines and grades 

shown on the Drawings; 
 
• monitoring that the construction activities do not cause damage to 

underlying geosynthetic materials; 
 
• quality control testing to determine the acceptability of the work 

during construction; and 
 
• monitoring the action of the compaction and heavy hauling 

equipment on the construction surface (i.e., penetration, pumping, 
cracking, etc.). 

 
The specific activities required for CQA of each of the major soil 

components of the Liner System are presented in the following sections. 
 

7.3.2 Engineered Fill Material 
 
Monitoring the earthwork for the engineered fill material specifically 

includes the following: 
 
• reviewing documentation of the qualification and conformance test 

results; 
 
• monitoring soil for maximum particle size and deleterious materials; 
 
• monitoring the thickness of lifts during placement of the materials; 
 
• monitoring compaction operations; and 
 
• measuring and recording the field density and the field moisture 

content of the in-place material. 
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7.3.3 Prepared Subgrade 
 
During construction, the CQA Site Manager will monitor the prepared 

subgrade to document that the prepared subgrade soil characteristics are consistent with 
those specified in the Technical Specifications.  The CQA Site Manager will monitor 
the construction activities to document that sharp rocks and other undesirable materials 
are removed and that the subgrade is prepared using the procedures and equipment 
specified in the Technical Specifications. 

 
The upper portion of the subgrade can be damaged by excess moisture 

(causing softening) or insufficient moisture (causing desiccation and shrinkage).  At a 
minimum, the CQA Site Manager will determine the suitability of the subgrade for 
geomembrane placement by: 

 
• documenting that the surface is free of sharp rocks, debris and other 

undesirable materials; 
 
• documenting that the surface is smooth, uniform, and free from 

desiccation cracks by visually monitoring proof rolling activities; and 
 
• documenting that the subgrade surface meets the lines and grades 

shown on the Drawings by reviewing certified survey results. 
 

7.3.4 Operations Layer Material 
 
The CQA Site Manager will monitor the earthwork of the operations layer 

material for the following: 
 
• the Contractor’s submittals and qualification test results for 

consistency between the proposed methods and the approved 
methods; 

 
• the conformance testing of the material and notifying the Contractor 

of results for compliance with material specifications; 
 
• the thickness of lifts during placement; 
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• the placement equipment operation on the sideslopes is in general 

accordance with the Technical Specifications; 
 
• the construction procedures to monitor that completed sections of 

liner and geomembrane are protected from damage; and 
 
• the survey data to monitor that operations layer material is 

constructed to the proposed lines and grades and to the specified 
thickness. 

 
7.4 Deficiencies 

 
If a defect is discovered in the earthwork product, the CQA Site Manager 

will immediately determine the extent and nature of the defect.  If the defect is indicated 
by an unsatisfactory test result, the CQA Site Manager will determine the extent of the 
deficient area by additional tests, observations, a review of records, or other means that 
the CQA Site Manager deems appropriate.  If the defect is related to adverse site 
conditions, such as overly wet soils or surface desiccation, the CQA Site Manager will 
define the limits and nature of the defect. 

 
7.4.1 Notification 

 
After evaluating the extent and nature of a defect, the CQA Site Manager 

will notify the Project Manager and Contractor and schedule appropriate re-tests when 
the work deficiency is to be corrected. 

 
7.4.2 Repairs and Re-Testing 

 
At locations where the field testing indicates densities below the 

requirements of the specification, the failing area will be reworked.  The Contractor will 
correct the deficiency to the satisfaction of the CQA Site Manager.  If a project 
specification criterion cannot be met, or unusual weather conditions hinder work, then 
the CQA Site Manager will develop and present to the Engineer and/or Project Manager 
suggested solutions for his approval. 
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All re-tests recommended by the CQA Site Manager must verify that the 
defect has been corrected before any additional work is performed by the Contractor in 
the area of the deficiency.  The CQA Site Manager will also verify that installation 
requirements are met and that submittals are provided. 
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8. DRAINAGE AGGREGATE 
 

8.1 Introduction 
 
This section prescribes the CQA activities to be performed to monitor that 

drainage aggregates are constructed in general accordance with Drawings and 
Technical Specifications.  The drainage aggregates construction procedures to be 
monitored by the CQA Consultant include drainage aggregate placement. 

 
8.2 Testing Activities 

 
Aggregate testing will be performed for material qualification and material 

conformance.  These two stages of testing are defined as follows: 
 
• Material qualification tests are used to evaluate the conformance of a 

proposed aggregate source to the material specifications for 
qualification of the source prior to construction. 

 
• Aggregate conformance testing is used to evaluate the conformance 

of a particular batch of aggregate from a qualified source to the 
material specifications prior to installation of the aggregate. 

 
The Contractor will be responsible for submitting material qualification test 

results to the Project Manager and to the CQA Site Manager for review.  The CQA 
Laboratory will perform the conformance testing and CQC testing.  Aggregate testing 
will be conducted in general accordance with the current versions of the corresponding 
American Society for Testing and Materials (ASTM) test procedures.  The test methods 
indicated in Table 5 are those that will be used for this testing unless the test methods 
are updated or revised prior to construction.  Revisions to the test methods will be 
reviewed and approved by the Engineer and the CQA Site Manager prior to their usage. 

 
8.2.1 Sample Frequency 

 
The frequency of aggregate testing for material qualification will conform to 

the minimum frequencies presented in Table 6.  The frequency of aggregate testing for 
material conformance will conform to the minimum frequencies presented in Table 7.  
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The actual frequency of testing required will be increased by the CQA Site Manager as 
necessary if variability of materials is noted at the site, during adverse conditions, or to 
isolate failing areas of the construction. 

 
8.2.2 Sample Selection 

 
With the exception of qualification samples, sampling locations will be 

selected by the CQA Site Manager.  Conformance samples will be obtained from 
borrow pits and/or stockpiles of material.  The Contractor must plan the work and make 
aggregate available for sampling in a timely and organized manner so that the test 
results can be obtained before the material is installed.  The CQA Site Manager must 
document sample locations so that failing areas can be immediately isolated.  The CQA 
Site Manager will follow standard sampling procedures to obtain representative samples 
of the proposed aggregate materials. 

 
8.3 CQA Monitoring Activities 

 
8.3.1 Drainage Aggregate 

 
The CQA Site Manager will monitor and document the installation of the 

drainage aggregates.  In general, monitoring the installation of the drainage aggregates 
includes the following activities: 

 
• reviewing documentation of the material qualification test results 

provided by the Contractor; 
 
• sampling and testing for conformance of the materials to the 

Technical Specifications; 
 
• documenting that the drainage aggregates are installed using the 

specified equipment and procedures; 
 
• documenting that the drainage aggregates are constructed to the lines 

and grades shown on the Drawings; and 
 



 

 

SC0313.CQAPlan.111006.d.wkp.doc 33 06 11 10/15:53 

• monitoring that the construction activities do not cause damage to 
underlying geosynthetic materials. 

 
8.4 Deficiencies 

 
If a defect is discovered in the drainage aggregates, the CQA Site Manager 

will evaluate the extent and nature of the defect.  If the defect is indicated by an 
unsatisfactory test result, the CQA Site Manager will determine the extent of the 
deficient area by additional tests, observations, a review of records, or other means that 
the CQA Site Manager deems appropriate. 

 
8.4.1 Notification 

 
After evaluating the extent and nature of a defect, the CQA Site Manager 

will notify the Project Manager and Contractor and schedule appropriate re-tests when 
the work deficiency is to be corrected. 

 
8.4.2 Repairs and Re-testing 

 
The Contractor will correct the deficiency to the satisfaction of the CQA Site 

Manager.  If a project specification criterion cannot be met, or unusual weather 
conditions hinder work, then the CQA Site Manager will develop and present to the 
Engineer and/or Project Manager suggested solutions for approval. 

 
All re-tests recommended by the CQA Site Manager must verify that the 

defect has been corrected before any additional work is performed by the Contractor in 
the area of the deficiency.  The CQA Site Manager will also verify that installation 
requirements are met and that submittals are provided. 
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9. HIGH DENSITY POLYETHYLENE (HDPE) PIPE AND FITTINGS 
 

9.1 Material Requirements 
 
HDPE pipe and fittings must conform to the requirements of the Technical 

Specifications.  The CQA Consultant will document that the HDPE pipe and fittings 
meet those requirements through manufacturer’s quality control certificates, 
conformance testing, and visual examination of materials arriving on site. 

 
9.2 Manufacturer 

 
9.2.1 Submittals 

 
Prior to the installation of HDPE pipe, the Manufacturer will provide to the 

CQA Consultant: 
 
• a properties’ sheet including, at a minimum, all specified properties, 

measured using test methods indicated in the Technical 
Specifications, or equivalent; and 

 
• a certification that property values given in the properties sheet are 

minimum values and are guaranteed by the Manufacturer. 
 
The CQA Consultant will document that: 
 
• the property values certified by the Manufacturer meet the Technical 

Specifications; and 
 
• the measurements of properties by the Manufacturer are properly 

documented and that the test methods used are acceptable. 
 

9.2.2 Identification 
 
Prior to shipment, the Manufacturer will provide the Project Manager and 

the CQA Site Manager with a quality control certificate for each lot/batch of HDPE 
pipe provided.  The quality control certificate will be signed by a responsible party 
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employed by the Manufacturer, such as the Production Manager.  The quality control 
certificate will include: 

 
• lot/batch numbers and identification; and 
• sampling procedures and results of quality control tests. 
 
The CQA Site Manager will: 
 
• document that the quality control certificates have been provided at 

the specified frequency for all lots/batches of pipe, and that each 
certificate identifies the pipe lot/batch related to it; and 

 
• review the quality control certificates and document that the certified 

properties meet the Technical Specifications. 
 

9.3 Handling and Laying 
 
Care will be taken during transportation of the pipe such that it will not be 

cut, kinked, or otherwise damaged. 
 
Ropes, fabric, or rubber-protected slings and straps will be used when 

handling pipes.  Chains, cables, or hooks inserted into the pipe ends will not be used. 
Two slings spread apart will be used for lifting each length of pipe.  Pipe or fittings will 
not be dropped onto rocky or unprepared ground. 

 
Pipes will be handled and stored in general accordance with the 

Manufacturer’s recommendation.  The handling of joined pipe will be in such a manner 
that the pipe is not damaged by dragging it over sharp and cutting objects.  Slings for 
handling the pipe will not be positioned at butt-fused joints.  Sections of the pipes with 
deep cuts and gauges will be removed and the ends of the pipe rejoined. 

 
9.4 Joints 

 
Lengths of pipe will be assembled into suitable installation lengths by the butt-

fusion process.  Butt-fusion means the butt-joining of the pipe by softening by heat the 
aligned faces of the pipe ends in a suitable apparatus and pressing them together under 
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controlled pressure.  This process will be applied by personnel experienced with the 
process.  Certification will be provided that the person performing this work is qualified 
by experience and instruction in the procedure.  All pipe so joined will be made from the 
same class and type of raw material made by the same raw material supplier. 
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10. GEOMEMBRANE 
 

10.1 General 
 
This section discusses and outlines the CQA activities to be performed for 

high density polyethylene (HDPE) geomembrane installation.  The CQA Site Manager 
will review the Drawings, and the Technical Specifications, and any approved Addenda 
regarding this material. 

 
10.2 Geomembrane Material Conformance 

 
10.2.1 Introduction 

 
The CQA Site Manager will document that the geomembrane delivered to 

the site meets the requirements of the Technical Specifications prior to installation.  The 
CQA Site Manager will: 

 
• review the manufacturer’s submittals for compliance with the 

Technical Specifications; 
 
• document the delivery and proper storage of geomembrane rolls; and 
 
• conduct conformance testing of the rolls before the geomembrane is 

installed. 
 
The following sections describe the CQA activities required to verify the 

conformance of geomembrane. 
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10.2.2 Review of Quality Control 
 

10.2.2.1 Material Properties Certification 
 
The Manufacturer will provide the Project Manager and the CQA Site 

Manager with the following: 
 
• a properties sheet including, at a minimum, all specified properties, 

measured using test methods indicated in the Technical 
Specifications, or equivalent; 

 
• the sampling procedure and results of testing; and 
 
• a certification that property values given in the properties sheet are 

guaranteed by the Manufacturer. 
 
The CQA Site Manager will document that: 
 
• the property values certified by the Manufacturer meet all of the 

Technical Specifications; and 
 
• the measurements of properties by the Manufacturer are properly 

documented and that the test methods used are acceptable. 
 

10.2.2.2 Resin Certification 
 
The Manufacturer will also provide the Project Manager with the following 

information concerning the resin used to manufacture the geomembrane: 
 
• the origin (Resin Supplier’s name and resin production plant), 

identification (brand name, lot number), and production date of the 
resin; and 

 
• the raw material quality control certificates. 
 
The CQA Site Manager will: 
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• evaluate that the quality control certificates have been provided at the 

specified frequency, and that the certificate identifies the rolls related 
to it; and 

 
• review the quality control certificates and evaluate that the certified 

properties meet the specifications. 
 

10.2.2.3 Geomembrane Roll QC Certification 
 
Prior to shipment, the Manufacturer will provide the Project Manager and 

the CQA Site Manager with a quality control certificate for every roll of geomembrane 
provided.  The quality control certificate will be signed by a responsible party employed 
by the Geomembrane Manufacturer, such as the production manager. The quality 
control certificate will include: 

 
• roll numbers and identification; and 
 
• results of quality control tests - as a minimum, results will be given 

for thickness, specific gravity, carbon black content, carbon black 
dispersion, tensile properties, tear resistance, puncture resistance, and 
single point stress rupture evaluated in general accordance with the 
methods indicated in the specifications or equivalent methods 
approved by the Engineer. 

 
The CQA Site Manager will: 
 
• evaluate that the quality control certificates have been provided at the 

specified frequency, and that the certificate identifies the rolls related 
to the roll represented by the test results; and 

 
• review the quality control certificates and evaluate that the certified 

roll properties meet the specifications. 
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10.2.3 Conformance Testing 
 
Upon delivery of the rolls of geomembrane, the CQA Site Manager will 

document that the rolls are unloaded and stored on site as required by the Technical 
Specifications.  Damage caused by unloading will be documented by the CQA Site 
Manager and the damaged material will not be installed.  The CQA Site Manager shall 
obtain conformance samples at the specified frequency and forward them to the 
Geosynthetics CQA Laboratory for testing to monitor conformance to both the 
Technical Specifications and the list of properties certified by the Manufacturer.  The 
test procedures will be as indicated in Table 8.  Where optional procedures are noted in 
the test method, the requirements of the Technical Specifications will prevail. 

 
Samples will be taken across the width of the roll and will not include the 

first linear 3 ft (1 m) of material.  Unless otherwise specified, samples will be 3 ft (1 m) 
long by the roll width.  The CQA Site Manager will mark the machine direction on the 
samples with an arrow along with the date and roll number.  The required minimum 
sampling frequencies are provided in Table 8. 

 
The CQA Site Manager will examine results from laboratory conformance 

testing and will report any non-conformance to the Project Manager and the 
Geosynthetic Installer.  The procedure prescribed in the Technical Specifications will be 
followed in the event of a failing conformance test. 

 
10.3 Delivery 

 
10.3.1 Transportation and Handling 

 
The CQA Site Manager will document that the transportation and handling 

does not pose a risk of damage to the geomembrane. 
 
Upon delivery at the site, the Geosynthetic Installer and the CQA Site 

Manager will conduct a surface observation of the rolls for defects and damage. This 
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inspection will be conducted without unrolling unless defects or damages are found or 
suspected.  The CQA Site Manager will indicate to the Project Manager: 

 
• rolls, or portions thereof, which should be rejected and removed from 

the site because they have severe flaws; and 
 
• rolls that include minor repairable flaws. 
 

10.3.2 Storage 
 
The Geosynthetic Installer will be responsible for the storage of the 

geomembrane on site.  The Contractor will provide storage space in a location (or 
several locations) such that on-site transportation and handling are optimized if 
possible. 

 
The CQA Site Manager will document that storage of the geomembrane 

provides adequate protection against sources of damage. 
 

10.4 Geomembrane Installation 
 

10.4.1 Introduction 
 
The CQA Consultant will document that the geomembrane installation is 

carried out in general accordance with the Drawings, Technical Specifications and 
Manufacturer’s recommendations. 

 
10.4.2 Earthwork 

 
10.4.2.1 Surface Preparation 

 
The CQA Site Manager will document that: 
 
• a qualified land surveyor has verified lines and grades; 
 
• that the supporting prepared subgrade or subgrade meets the 

Technical Specifications and has been approved; and 
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• placement of the overlying materials does not damage, create large 

wrinkles, or induce excessive tensile stress in the underlying 
geosynthetic materials. 

 
The Geosynthetic Installer will certify in writing that the surface on which 

the geomembrane will be installed is acceptable.  The certificate of acceptance will be 
given by the Geosynthetic Installer to the Project Manager prior to commencement of 
geomembrane installation in the area under consideration.  The CQA Site Manager will 
be given a copy of this certificate by the Project Manager. 

 
After the supporting subgrade has been accepted by the Geosynthetic 

Installer, it will be the Geosynthetic Installer’s responsibility to indicate to the Project 
Manager any change in the supporting soil condition that may require repair work.  If 
the CQA Site Manager concurs with the Geosynthetic Installer, then the Project 
Manager will document that the supporting soil is repaired. 

 
At any time before and during the geomembrane installation, the CQA Site 

Manager will indicate to the Project Manager locations that may not provide adequate 
support to the geomembrane. 

 
10.4.2.2 Geosynthetic Termination 

 
The CQA Site Manager will document that the geosynthetic terminations have 

been constructed in general accordance with the Drawings.  Backfilling above the 
terminations will be conducted in general accordance with the Technical Specifications. 

 
10.4.3 Geomembrane Placement 

 
10.4.3.1 Panel Identification 

 
A field panel is the unit area of geomembrane which is to be seamed in the 

field, i.e., a field panel is a roll or a portion of roll cut in the field.  It will be the 
responsibility of the CQA Site Manager to document that each field panel is given an 
“identification code” (number or letter- number) consistent with the layout plan.  This 
identification code will be agreed upon by the Project Manager, Geosynthetic Installer 
and CQA Site Manager. This field panel identification code will be as simple and 
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logical as possible.  Roll numbers established in the manufacturing plant must be 
traceable to the field panel identification code. 

 
The CQA Site Manager will establish documentation showing 

correspondence between roll numbers, and field panel identification codes.  The field 
panel identification code will be used for all quality assurance records. 

 
10.4.3.2 Field Panel Placement 

 
Location 
 
The CQA Site Manager will document that field panels are installed at the 

location indicated in the Geosynthetic Installer’s layout plan, as approved or modified 
by the Engineer. 

 
Installation Schedule 
 
Field panels may be installed using one of the following schedules: 
 
• all field panels are placed prior to field seaming in order to protect 

the subgrade from erosion by rain; 
 
• field panels are placed one at a time and each field panel is seamed 

after its placement (in order to minimize the number of unseamed 
field panels exposed to wind); and 

 
• any combination of the above. 
 
If a decision is reached to place all field panels prior to field seaming, it is 

usually beneficial to begin at the high point area and proceed toward the low point with 
“shingle” overlaps to facilitate drainage in the event of precipitation.  It is also usually 
beneficial to proceed in the direction of prevailing winds.  Accordingly, an early 
decision regarding installation scheduling should be made if and only if weather 
conditions can be predicted with reasonable certainty.  Otherwise, scheduling decisions 
must be made during installation, in general accordance with varying conditions.  In any 
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event, the Geosynthetic Installer is fully responsible for the decision made regarding 
placement procedures. 

 
The CQA Site Manager will evaluate every change in the schedule proposed 

by the Geosynthetic Installer and advise the Project Manager on the acceptability of that 
change.  The CQA Site Manager will document that the condition of the supporting soil 
has not changed detrimentally during installation. 

 
The CQA Site Manager will record the identification code, location, and 

date of installation of each field panel. 
 
Weather Conditions 
 
Geomembrane placement will not proceed unless otherwise authorized: 
 
• when the ambient temperature is below 40°F or above 104°F; 
 
• when the geomembrane sheet temperature is below 40°F or above 

104°F; or 
 
• when wind gusts are in excess of 20 mph. 
 
Geomembrane placement will not be performed during any precipitation, in 

the presence of excessive moisture (e.g., fog, dew), in an area of ponded water, or in the 
presence of excessive winds (i.e., wind gusts in excess of 20 mph). 

 
The CQA Site Manager will document that the above conditions are 

fulfilled.  Additionally, the CQA Site Manager will document that the supporting soil 
has not been damaged by weather conditions.  The Geosynthetics Installer will inform 
the Project Manager if the above conditions are not fulfilled. 

 
Method of Placement 
 
The CQA Site Manager will document the following: 
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• equipment used does not damage the geomembrane by handling, 
trafficking, excessive heat, leakage of hydrocarbons or other means; 

 
• the surface underlying the geomembrane has not deteriorated since 

previous acceptance, and is still acceptable immediately prior to 
geomembrane placement; 

 
• geosynthetic elements immediately underlying the geomembrane are 

clean and free of debris; 
 
• personnel working on the geomembrane do not smoke, wear 

damaging shoes, or engage in other activities which could damage 
the geomembrane; 

 
• the method used to unroll the panels does not cause scratches or 

crimps in the geomembrane and does not damage the supporting soil; 
 
• the method used to place the panels minimizes wrinkles (especially 

differential wrinkles between adjacent panels); and 
 
• adequate temporary loading and/or anchoring (e.g., sand bags, tires), 

not likely to damage the geomembrane, has been placed to prevent 
uplift by wind (in case of high winds, continuous loading, e.g., by 
adjacent sand bags, is recommended along edges of panels to 
minimize risk of wind flow under the panels). 

 
The CQA Site Manager will inform the Project Manager if the above 

conditions are not fulfilled. 
 
Damaged panels or portions of damaged panels that have been rejected will 

be marked and their removal from the work area recorded by the CQA Site Manager.  
Repairs will be made in general accordance with procedures described in Section 10.4.5. 
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10.4.4 Field Seaming 
 
This section details CQA procedures to document that seams are properly 

constructed and tested in general accordance with the Manufacturer’s specifications and 
industry standards. 

 
10.4.4.1 Seam Layout 

 
The Geosynthetic Installer will provide the Project Manager and the CQA 

Site Manager with a seam layout drawing, i.e., a drawing of the facility to be lined 
showing all expected seams.  The CQA Site Manager will review the seam layout 
drawing and evaluate that it is consistent with the preliminary geomembrane panel 
layout.  No panels may be seamed in the field without the Project Manager’s approval.  
In addition, panels not specifically shown on the seam layout drawing may be used 
without the Project Manager’s prior approval. 

 
In general, seams should be oriented parallel to the line of maximum slope, 

i.e., oriented along, not across, the slope.  In corners and odd-shaped geometric 
locations, the number of seams should be minimized.  No horizontal seam should be 
less than 5 ft (1.5 m) from the toe of the slope, or areas of potential stress 
concentrations, unless otherwise authorized. 

 
A seam numbering system compatible with the panel numbering system will 

be agreed upon at the Resolution and/or Pre-Construction Meeting. 
 

10.4.4.2 Requirements of Personnel 
 
All personnel performing seaming operations will be qualified by experience 

or by successfully passing seaming tests, as outlined in the Technical Specifications.  
The most experienced seamer, the “master seamer”, will provide direct supervision over 
less experienced seamers. 

 
The Geosynthetic Installer will provide the Project Manager and the CQA 

Site Manager with a list of proposed seaming personnel and their experience records.  
This document will be reviewed by the Project Manager and the Geosynthetics CQA 
Manager. 
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10.4.4.3 Seaming Equipment and Products 
 
Approved processes for field seaming are fillet extrusion welding and fusion 

welding. 
 
Fillet Extrusion Process 
 
The fillet extrusion-welding apparatus will be equipped with gauges giving 

the temperature in the apparatus. 
 
The Geosynthetic Installer will provide documentation regarding the 

extrudate to the Project Manager and the CQA Site Manager, and will certify that the 
extrudate is compatible with the specifications, and in any event is comprised of the 
same resin as the geomembrane sheeting. 

 
The CQA Site Manager will log apparatus temperatures, ambient 

temperatures, and geomembrane surface temperatures at appropriate intervals. 
 
The CQA Site Manager will document that: 
 
• the Geosynthetic Installer maintains on site the number of spare 

operable seaming apparatus decided at the Resolution Meeting; 
 
• equipment used for seaming is not likely to damage the 

geomembrane; 
 
• the extruder is purged prior to beginning a seam until all heat-

degraded extrudate has been removed from the barrel; 
 
• the electric generator is placed on a smooth base such that no damage 

occurs to the geomembrane; 
 
• a smooth insulating plate or fabric is placed beneath the hot welding 

apparatus after usage; and 
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• the geomembrane is protected from damage in heavily trafficked 
areas. 

 
Fusion Process 
 
The fusion-welding apparatus must be automated vehicular-mounted 

devices.  The fusion-welding apparatus will be equipped with gauges giving the 
applicable temperatures and pressures. 

 
The CQA Site Manager will log ambient, seaming apparatus, and 

geomembrane surface temperatures as well as seaming apparatus pressures. 
 
The CQA Site Manager will also document that: 
 
• the Geosynthetic Installer maintains on-site the number of spare 

operable seaming apparatus decided at the Resolution Meeting; 
 
• equipment used for seaming is not likely to damage the 

geomembrane; 
 
• for cross seams, the edge of the cross seam is ground to a smooth 

incline (top and bottom) prior to welding; 
 
• the electric generator is placed on a smooth base such that no damage 

occurs to the geomembrane; 
 
• a smooth insulating plate or fabric is placed beneath the hot welding 

apparatus after usage; 
 
• the geomembrane is protected from damage in heavily trafficked 

areas; and 
 
• a movable protective layer may be used directly below each overlap 

of geomembrane that is to be seamed to prevent build- up of moisture 
between the sheets. 
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10.4.4.4 Seam Preparation 
 
The CQA Site Manager will document that: 
 
• prior to seaming, the seam area is clean and free of moisture, dust, 

dirt, debris, and foreign material; and 
 
• seams are aligned with the fewest possible number of wrinkles and 

“fishmouths.” 
 

10.4.4.5 Weather Conditions for Seaming 
 
The normally required weather conditions for seaming are as follows unless 

authorized in writing by the Project Manager: 
 
• seaming will only be approved between ambient temperatures of 

40°F (4°C) and 104°F (40°C); and 
 
• seaming will not be approved if sustained wind speed is in excess of 

20 mph (32 km/hr). 
 
If the Geosynthetic Installer wishes to use methods that may allow seaming 

at ambient temperatures below 40°F (4°C) or above 104°F (40°C), the Geosynthetic 
Installer will demonstrate and certify that such methods produce seams which are 
entirely equivalent to seams produced within acceptable temperature and wind 
requirements, and that the overall quality of the geomembrane is not adversely affected. 

 
The CQA Site Manager will document that these seaming conditions are 

fulfilled and will advise the Project Manager if they are not.  The Project Manager will 
then decide if the installation will be stopped or postponed. 

 
10.4.4.6 Overlapping and Temporary Bonding 

 
The CQA Site Manager will document that: 
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• the panels of geomembrane have a finished overlap of a minimum of 
3 in. (75 mm) for both extrusion and fusion welding; 

 
• no solvent or adhesive bonding material are to be used; and 
 
• the procedure used to temporarily bond adjacent panels together does 

not damage the geomembrane. 
 
The CQA Site Manager will log appropriate temperatures and conditions, 

and will log and report to the Project Manager non-compliances. 
 

10.4.4.7 Trial Seams 
 
Trial seams will be made on fragment pieces of geomembrane liner to verify 

that seaming conditions are adequate.  Such trial seams will be made at the beginning of 
each seaming period, beginning of the day and after lunch, for each seaming apparatus 
used that day.  Also, each seamer will make at least one trial seam each day.  Trial 
seams will be made under the same conditions as actual seams. 

 
Extrusion welded trial seam samples will be at least 3 ft (0.9 m) long by 1 ft 

(0.3 m) wide (after seaming) with the seam centered lengthwise.  Fusion welded trial 
seam samples will be at least 5 ft (1.5 m) long by 1 ft (0.3 m) wide (after seaming) with 
the seam centered lengthwise.  Seam overlap will be as indicated in Section 10.5.3.6. 

 
Four specimens, each 1 in. (25 mm) wide, will be cut from the trial seam 

sample by the Geosynthetic Installer.  One specimen will be tested for shear strength 
and three specimens will be tested for peel adhesion using a gauged tensiometer.  All 
specimens tested will exhibit a Film Tear Bond (FTB) and will not fail in the seam.  In 
addition, all specimens will meet or exceed the minimum strength requirements 
described in the Technical Specifications.  If any of the four specimens fails, the entire 
trial seaming operation will be repeated.  If any of the four additional specimens fails, 
the seaming apparatus and seamer will not be approved for production seaming until the 
deficiencies are corrected and two consecutive trial seam tests achieve the FTB 
requirements outlined above. 
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The CQA Site Manager will observe trial seam procedures.  Trial seam 
samples will be assigned a number.  The CQA Site Manager, will log the date, time, 
machine temperature(s), number of the seaming unit, name of the seamer, and pass or 
fail description for each trial seam sample tested. 

 
10.4.4.8 General Seaming Procedure 

 
Unless otherwise specified, the general seaming procedure used by the 

Geosynthetic Installer will be as follows: 
 
• Fishmouths or wrinkles at the seam overlaps will be cut along the 

ridge of the wrinkle in order to achieve a flat overlap.  The cut 
fishmouths or wrinkles will be seamed and any portion where the 
overlap is inadequate will then be patched with an oval or round 
patch of the same geomembrane extending a minimum of 6 in. 
(150 mm) beyond the cut in all directions. 

 
• If seaming operations are carried out at night, adequate illumination 

will be provided at the Geosynthetic Installer’s expense. 
 
• Seaming will extend to the outside edge of panels to be placed in the 

anchor trench. 
 
The CQA Site Manager will document that the above seaming procedures 

are followed, and will inform the Project Manager if they are not. 
 

10.4.4.9 Nondestructive Seam Continuity Testing 
 
Concept 
 
The Geosynthetic Installer will non-destructively test field seams over their 

length using a vacuum test unit, air pressure test (for double fusion seams only), or 
other approved method.  The purpose of nondestructive tests is to check the continuity 
of seams.  It does not provide information on seam strength.  Continuity testing will be 
carried out as the seaming work progresses, not at the completion of field seaming. 
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The CQA Site Manager will: 
 
• observe continuity testing; 
 
• record location, date, test unit number, name of person conducting 

the test, and the results of tests; and 
 
• inform the Geosynthetic Installer and Project Manager of required 

repairs. 
 
The Geosynthetic Installer will complete any required repairs in general 

accordance with Section 10.4.5. 
 
The CQA Site Manager will: 
 
• observe the repair and re-testing of the repair; 
• mark on the geomembrane that the repair has been made; and 
• document the results. 
 
The following procedures will apply to locations where seams cannot be 

non-destructively tested: 
 
All such seams will be cap-stripped with the same geomembrane. 
 
• If the seam is accessible to testing equipment prior to final 

installation, the seam will be non-destructively tested prior to final 
installation. 

 
• If the seam cannot be tested prior to final installation, the seaming 

and cap-stripping operations will be observed by the CQA Site 
Manager and Geosynthetic Installer for uniformity and completeness. 

 
The seam number, date of observation, name of tester, and outcome of the 

test or observation will be recorded by the CQA Site Manager. 
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Vacuum Testing 
 
The equipment will be comprised of the following: 
 
• a vacuum box assembly consisting of a rigid housing, a transparent 

viewing window, a soft neoprene gasket attached to the bottom, port 
hole or valve assembly, and a vacuum gauge; 

 
• a steel vacuum tank and pump assembly equipped with a pressure 

controller and pipe connections; 
 
• a rubber pressure/vacuum hose with fittings and connections; 
 
• an approved applicator; and 
 
• a soapy solution. 
 
The following procedures will be followed: 
 
• energize the vacuum pump and reduce the tank pressure to 

approximately 5 psi (35 kPa) (10 in. of Hg.) gauge; 
 
• wet a strip of geomembrane approximately 12 in. by 48 in. (0.3 m by 

1.2 m) with the soapy solution; 
 
• place the box over the wetted area; 
 
• close the bleed valve and open the vacuum valve; 
 
• document that a leak tight seal is created; 
 
• for a period of not less than ten seconds, examine the geomembrane 

through the viewing window for the presence of leaks indicated by 
soap bubbles; 
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• if no leaks appear after ten seconds, close the vacuum valve and open 
the bleed valve, move the box over the next adjoining area with a 
minimum 3 in. (75 mm) overlap, and repeat the process; 

 
• areas where soap bubbles appear will be marked and repaired in 

general accordance with Section 10.4.5 and retested using the 
vacuum testing method. 

 
Air Pressure Testing (For Double-Track Fusion Seam Only) 
 
The following procedures are applicable to those processes that produce a 

double seam with an enclosed space. 
 
The equipment will be comprised of the following: 
 
• an air pump (manual or motor driven) equipped with pressure gauge 

capable of generating and sustaining a pressure of 30 psi (200 kPa) 
and mounted on a cushion to protect the geomembrane; 

 
• a rubber hose with fittings and connections; 
 
• a sharp hollow needle, or other approved pressure feed device. 
 
The following procedures will be followed: 
 
• seal both ends of the seam to be tested; 
 
• insert needle or other approved pressure feed device into the tunnel 

created by the fusion weld; 
 
• insert a protective cushion between the air pump and the 

geomembrane; 
 
• energize the air pump to a pressure of 25 to 30 psi (170 to 204 kPa), 

close valve, and sustain pressure for not less than 5 minutes; 
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• if loss of pressure exceeds 3 psi (20 kPa) or does not stabilize, locate 
faulty area and repair in general accordance with Section 10.4.5; 

 
• cut end of tested seam area, opposite the location of the pressure 

gauge, after completion of the five minute pressure hold period to 
verify complete testing of the seam.  If the pressure gauge does not 
indicate a release of pressure, locate blockage of the air channel and 
retest until entire seam is tested; and 

 
• remove needle or other approved pressure feed device and repair any 

holes in the geomembrane resulting from the air pressure testing 
procedure in general accordance with Section 10.4.5. 

 
10.4.4.10 Destructive Testing 

 
Concept 
 
Destructive seam testing will be performed on site and at the independent 

CQA laboratory in general accordance with the Drawings and the Technical 
Specifications.  Destructive seam tests will be performed at selected locations.  The 
purpose of these tests is to evaluate seam strength.  Seam strength testing will be done 
as the seaming work progresses, not at the completion of all field seaming. 

 
Location and Frequency 
 
The CQA Site Manager will select locations where seam samples will be cut 

out for laboratory testing.  Those locations will be established as follows. 
 
• The frequency of geomembrane seam testing is a minimum of one 

destructive sample per 500 feet of weld.  The minimum frequency is 
to be evaluated as an average taken throughout the entire facility. 

 
• A minimum of one test per seaming machine over the duration of the 

project phase. 
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• Test locations will be evaluated during seaming at CQA Site 
Manager’s discretion.  Selection of such locations may be prompted 
by suspicion of excess crystallinity, contamination, offset welds, or 
any other potential cause of imperfect welding. 

 
The Geosynthetic Installer will not be informed in advance of the locations 

where the seam samples will be taken. 
 
Sampling Procedure 
 
Samples will be cut by the Geosynthetic Installer as the seaming progresses 

in order to have laboratory test results before the geomembrane is covered by another 
material.  The CQA Site Manager will: 

 
• observe sample cutting; 
• assign a number to each sample, and mark it accordingly; 
• record sample location on layout drawing; and 
• record reason for taking the sample at this location (e.g., statistical 

routine, suspicious feature of the geomembrane). 
 
Holes in the geomembrane resulting from destructive seam sampling will be 

immediately repaired in general accordance with repair procedures described in 
Section 10.4.5.  The continuity of the new seams in the repaired area will be tested in 
general accordance with  Section 10.4.4.9. 

 
Size and Distribution of Samples 
 
The destructive sample will be 12 in. (0.3 m) wide by 42 in. (1.1 m) long 

with the seam centered lengthwise. The sample will be cut into three parts and 
distributed as follows: 

 
• one portion, measuring 12 in. × 12 in. (0.30 cm × 30 cm), to the 

Geosynthetic Installer for field testing; 
 
• one portion, measuring 12 in. × 18 in. (30 cm × 45 cm), for CQA 

Laboratory testing; and 
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• one portion, measuring 12 in. × 12 in. (30 cm × 30 cm), to the 

Contractor for archive storage. 
 
Final evaluation of the destructive sample sizes and distribution will be 

made at the Pre-Construction Meeting. 
 
Field Testing 
 
Field testing will be performed by the Geosynthetic Installer using a gauged 

tensiometer.  Prior to field testing the Geosynthetic Installer shall submit a calibration 
certificate for gauge tensiometer to the CQA Consultant for review.  Calibration must 
have been performed within one year of use on the current project.  Five 1 in. (25 mm) 
wide strips will be taken for peel.  The specimens shall not fail in the seam and shall 
meet the strength requirements outlined in the Technical Specifications.  If any field test 
specimen fails, then the procedures outlined in Procedures for Destructive Test Failures 
of this section will be followed. 

 
The CQA Site Manager will witness field tests and mark samples and 

portions with their number. The CQA Site Manager will also log the date and time, 
ambient temperature, number of seaming unit, name of seamer, welding apparatus 
temperatures and pressures, and pass or fail description. 

 
CQA Laboratory Testing 
 
Destructive test samples will be packaged and shipped, if necessary, under 

the responsibility of the CQA Site Manager in a manner that will not damage the test 
sample.  The Project Manager will document that packaging and shipping conditions 
are acceptable.  The Project Manager will be responsible for storing the archive 
samples.  This procedure will be outlined at the Resolution Meeting.  Samples will be 
tested by the CQA Laboratory.  The CQA Laboratory will be selected by the CQA Site 
Manager with the concurrence of the Project Manager. 

 
Testing will include “Bonded Seam Strength” and “Peel Adhesion.” The 

minimum acceptable values to be obtained in these tests are given in the Technical 
Specifications.  At least five specimens will be tested for each test method.  Specimens 
will be selected alternately by test from the samples (i.e., peel, shear, peel, shear...).  A 
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passing test will meet the minimum required values in at least four out of five 
specimens. 

 
The CQA Laboratory will provide test results no more than 24 hours after 

they receive the samples.  The CQA Site Manager will review laboratory test results as 
soon as they become available, and make appropriate recommendations to the Project 
Manager. 

 
Geosynthetic Installer’s Laboratory Testing 
 
The Geosynthetic Installer’s laboratory test results will be presented to the 

Project Manager and the CQA Site Manager for comments. 
 
Procedures for Destructive Test Failure 
 
The following procedures will apply whenever a sample fails a destructive 

test, whether that test conducted by the CQA Laboratory, the Geosynthetic Installer’s 
laboratory, or by gauged tensiometer in the field.  The Geosynthetic Installer has two 
options: 

 
• The Geosynthetic Installer can reconstruct the seam between two 

passed test locations. 
 
• The Geosynthetic Installer can trace the welding path to an 

intermediate location at 10 ft (3 m) minimum from the point of the 
failed test in each direction and take a small sample for an additional 
field test at each location.  If these additional samples pass the test, 
then full laboratory samples are taken.  If these laboratory samples 
pass the tests, then the seam is reconstructed between these locations.  
If either sample fails, then the process is repeated to establish the 
zone in which the seam should be reconstructed. 

 
Acceptable seams must be bounded by two locations from which samples 

passing laboratory destructive tests have been taken.  In cases where the failed seam 
segment exceeds 150 ft (50 m), a destructive sample will be taken from the zone in 
which the seam has been reconstructed.  Repairs will be made in general accordance 
with Section 10.4.5. 
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The CQA Site Manager will document actions taken in conjunction with 

destructive test failures. 
 

10.4.5 Defects and Repairs 
 
This section prescribes CQA activities to document that defects, tears, rips, 

punctures, damage, or failing seams shall be repaired. 
 

10.4.5.1 Identification 
 
Seams and non-seam areas of the geomembrane will be examined by the 

CQA Site Manager for identification of defects, holes, blisters, undispersed raw 
materials and signs of contamination by foreign matter.  Because light reflected by the 
geomembrane helps to detect defects, the surface of the geomembrane will be clean at 
the time of examination. 

 
10.4.5.2 Evaluation 

 
Each suspect location both in seam and non-seam areas will be non-

destructively tested using the methods described in Section 10.4.4.9 as appropriate.  
Each location that fails the nondestructive testing will be marked by the CQA Site 
Manager and repaired by the Geosynthetic Installer.  Work will not proceed with any 
materials that will cover locations which have been repaired until laboratory test results 
with passing values are available. 

 
10.4.5.3 Repair Procedures 

 
Portions of the geomembrane exhibiting a flaw, or failing a destructive or 

nondestructive test, will be repaired.  Several procedures exist for the repair of these 
areas.  The final decision as to the appropriate repair procedure will be at the discretion 
of the CQA Consultant with input from the Project Manager and Geosynthetic Installer.  
The procedures available include: 

 
• patching, used to repair large holes, tears, undispersed raw materials, 

and contamination by foreign matter; 
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• grinding and re-welding, used to repair small sections of extruded 
seams; 

 
• spot welding or seaming, used to repair small tears, pinholes, or other 

minor, localized flaws; 
 
• capping, used to repair large lengths of failed seams; 
 
• removing bad seam and replacing with a strip of new material 

welded into place (used with large lengths of fusion seams). 
 
In addition, the following provisions will be satisfied: 
 
• surfaces of the geomembrane which are to be repaired will be 

abraded no more than 20 minutes prior to the repair; 
 
• surfaces must be clean and dry at the time of the repair; 
 
• all seaming equipment used in repairing procedures must be 

approved; 
 
• the repair procedures, materials, and techniques will be approved in 

advance by the CQA Consultant with input from the Project Manager 
and Geosynthetic Installer; 

 
• patches or caps will extend at least 6 in. (150 mm) beyond the edge 

of the defect, and all corners of patches will be rounded with a radius 
of at least 3 in. (75 mm); and 

 
• the geomembrane below large caps should be appropriately cut to 

avoid water or gas collection between the two sheets. 
 

10.4.5.4 Verification of Repairs 
 
Each repair will be numbered and logged.  Each repair will be non-

destructively tested using the methods described in Section 10.4.4.9 as appropriate.  



 

 

SC0313.CQAPlan.111006.d.wkp.doc 61 06 11 10/15:53 

Repairs that pass the non- destructive test will be taken as an indication of an adequate 
repair.  Large caps may be of sufficient extent to require destructive test sampling, at 
the discretion of the CQA Site Manager.  Failed tests indicate that the repair will be 
redone and re-tested until a passing test results.  The CQA Site Manager will observe all 
non-destructive testing of repairs and will record the number of each repair, date, and 
test outcome. 

 
10.4.5.5 Large Wrinkles 

 
When seaming of the geomembrane is completed (or when seaming of a 

large area of the geomembrane liner is completed) and prior to placing overlying 
materials, the CQA Site Manager will observe the geomembrane wrinkles.  The CQA 
Site Manager will indicate to the Project Manager which wrinkles should be cut and re-
seamed by the Geosynthetic Installer.  The seam thus produced will be tested like any 
other seam. 

 
10.4.6 Lining System Acceptance 

 
The Geosynthetic Installer and the Manufacturer(s) will retain all 

responsibility for the geosynthetic materials in the liner system until acceptance by the 
Owner. 

 
The geosynthetic liner system will be accepted by the Owner when: 
 
• the installation is finished; 
 
• verification of the adequacy of all seams and repairs, including 

associated testing, is complete; 
 
• all documentation of installation is completed including the CQA 

Site Manager’s acceptance report; and 
 
• CQA report, including “as built” drawing(s), sealed by a registered 

professional engineer has been received by the Project Manager. 
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The CQA Site Manager will document that installation has proceeded in 
general accordance with the Technical Specifications for the project except as noted to 
the Project Manager. 
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11. GEOTEXTILE 
 

11.1 Introduction 
 
This section of the CQA Plan outlines the CQA activities to be performed 

for the geotextile installation.  The CQA Consultant will review the Drawings, and the 
Technical Specifications, and any approved addenda or changes. 

 
11.2 Manufacturing 

 
The Manufacturer will provide the Project Manager with a list of guaranteed 

“minimum average roll value” properties (defined as the mean less two standard 
deviations), for each type of geotextile to be delivered.  The Manufacturer will also 
provide the Project Manager with a written quality control certification signed by a 
responsible party employed by the Manufacturer that the materials actually delivered 
have property “minimum average roll values” which meet or exceed all property values 
guaranteed for that type of geotextile. 

 
The quality control certificates will include: 
 
• roll identification numbers; and 
• results of quality control testing. 
 
The Manufacturer will provide, as a minimum, test results for the following: 
 
• mass per unit area (cushion geotextile only); 
• grab strength (cushion and filtration geotextiles only); 
• tear strength (cushion and filtration geotextiles only); 
• burst strength (cushion and filtration geotextiles only); 
• puncture strength (cushion and filtration geotextiles only); 
• wide width tensile strength (UV protection geotextile only); 
• permittivity (filtration geotextile only); and 
• apparent opening size (filtration and UV protection geotextiles only). 
 
Quality control tests must be performed, in general accordance with the test 

methods specified in Table 9, on geotextile produced for the project.  The Manufacturer 
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will also provide a written certification that the nonwoven, needle-punched geotextiles 
are continuously inspected and found to be needle-free. 

 
The CQA Site Manager will examine Manufacturer certifications to evaluate 

that the property values listed on the certifications meet or exceed those specified for 
the particular type of geotextile and the measurements of properties by the 
Manufacturer are properly documented, test methods acceptable and the certificates 
have been provided at the specified frequency properly identifying the rolls related to 
testing.  Deviations will be reported to the Project Manager. 

 
11.3 Labeling 

 
The Manufacturer will identify all rolls of geotextile with the following: 
 
• manufacturer’s name; 
• product identification; 
• lot number; 
• roll number; and 
• roll dimensions. 
 
The CQA Site Manager will examine rolls upon delivery and deviation from 

the above requirements will be reported to the Project Manager. 
 

11.4 Shipment and Storage 
 
During shipment and storage, the geotextile will be protected from 

ultraviolet light exposure, precipitation or other inundation, mud, dirt, dust, puncture, 
cutting or any other damaging or deleterious conditions.  To that effect, geotextile rolls 
will be shipped and stored in relatively opaque and watertight wrappings. 

 
Protective wrappings will be removed less than one hour prior to unrolling 

the geotextile.  After the wrapping has been removed, a geotextile will not be exposed 
to sunlight for more than 15 days, except for UV protection geotextile, unless otherwise 
specified and guaranteed by the Manufacturer. 

 



 

 

SC0313.CQAPlan.111006.d.wkp.doc 65 06 11 10/15:53 

The CQA Site Manager will observe rolls upon delivery at the site and 
deviation from the above requirements will be reported to the Project Manager. 

 
11.5 Conformance Testing 

 
11.5.1 Tests 

 
Upon delivery of the rolls of geotextiles, the CQA Site Manager will 

document that samples are removed and forwarded to the Geosynthetics CQA 
Laboratory for testing to evaluate conformance to Technical Specifications.  Required 
test and testing frequency for the geotextiles are presented in Table 9. 

 
These conformance tests will be performed in general accordance with the 

test methods specified in the Technical Specifications. 
 

11.5.2 Sampling Procedures 
 
Samples will be taken across the width of the roll and will not include the 

first three feet (linear meter).  Unless otherwise specified, samples will be 3 ft (1 m) 
long by the roll width.  The CQA Site Manager will mark the machine direction on the 
samples with an arrow. 

 
Unless otherwise specified, samples will be taken at a rate as indicated in 

Table 9 for geotextiles. 
 

11.5.3 Test Results 
 
The CQA Site Manager will examine results from laboratory conformance 

testing and will report non-conformance to the Project Manager. 
 

11.5.4 Conformance Sample Failure 
 
The following procedure will apply whenever a sample fails a conformance 

test that is conducted by the CQA Laboratory: 
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• The Manufacturer will replace every roll of geotextile that is in 
nonconformance with the Technical Specifications with a roll(s) that 
meets Technical Specifications. 

 
• The Geosynthetic Installer will remove conformance samples for 

testing by the CQA Laboratory from the closest numerical rolls on 
both sides of the failed roll.  These two samples must conform to the 
Technical Specifications.  If either of these samples fail, the 
numerically closest rolls on the side of the failed sample will be 
tested by the CQA Laboratory.  These samples must conform to the 
Technical Specifications.  If any of these samples fail, every roll of 
geotextile on site from this lot and every subsequently delivered roll 
that is from the same lot must be tested by the CQA Laboratory for 
conformance to the Technical Specifications.  This additional 
conformance testing will be at the expense of the Manufacturer. 

 
The CQA Site Manager will document actions taken in conjunction with 

conformance test failures. 
 

11.6 Handling and Placement 
 
The Geosynthetic Installer will handle all geotextiles in such a manner as to 

document they are not damaged in any way, and the following will be complied with: 
 
• On slopes, the geotextiles will be securely anchored in the anchor 

trench and then rolled down the slope in such a manner as to 
continually keep the geotextile sheet in tension. 

 
• In the presence of wind, all geotextiles will be weighted with 

sandbags or the equivalent.  Such sandbags will be installed during 
placement and will remain until replaced with earth cover material. 

 
• Geotextiles will be cut using an approved geotextile cutter only.  If in 

place, special care must be taken to protect other materials from 
damage, which could be caused by the cutting of the geotextiles. 
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• The Geosynthetic Installer will take all necessary precautions to 
prevent damage to underlying layers during placement of the 
geotextile. 

 
• During placement of geotextiles, care will be taken not to entrap in 

the geotextile stones, excessive dust, or moisture that could damage 
the geotextile, generate clogging of drains or filters, or hamper 
subsequent seaming. 

 
• A visual examination of the geotextile will be carried out over the 

entire surface, after installation, to document that no potentially 
harmful foreign objects, such as needles, are present. 

 
The CQA Site Manager will note non-compliance and report it to the Project 

Manager. 
 

11.7 Seams and Overlaps 
 
All geotextiles will be continuously sewn in accordance with Technical 

Specifications.  Geotextiles will be overlapped 6 in. (0.15 m) prior to seaming.  No 
horizontal seams will be allowed on side slopes (i.e. seams will be along, not across, the 
slope), except as part of a patch. 

 
Sewing will be done using polymeric thread with chemical and ultraviolet 

resistance properties equal to or exceeding those of the geotextile. 
 

11.8 Repair 
 
Holes or tears in the geotextile will be repaired as follows: 
 
• On slopes: A patch made from the same geotextile will be double 

seamed into place.  Should a tear exceed 10 percent of the width of 
the roll, that roll will be removed from the slope and replaced. 
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• Non-slopes: A patch made from the same geotextile will be spot-
seamed in place with a minimum of 6 in. (0.60 m) overlap in all 
directions. 

 
Care will be taken to remove any soil or other material that may have 

penetrated the torn geotextile. 
 
The CQA Site Manager will observe any repair, note any non-compliance 

with the above requirements and report them to the Project Manager. 
 

11.9 Placement of Soil or Aggregate Materials 
 
The Contractor will place all soil or aggregate materials located on top of a 

geotextile, in such a manner as to document: 
 
• no damage of the geotextile; 
• minimal slippage of the geotextile on underlying layers; and 
• no excess tensile stresses in the geotextile. 
 
Unless otherwise specified by the Engineer, all lifts of soil material will be 

in conformance with the following guidelines: 
 

Equipment Ground Pressure Minimum Loose Lift Thickness 
Psi kPa in. m 
<10 < 68 12 0.30 
<20 < 138 24 0.60 
>20 > 138 36 0.90 
 
If portions of the geotextile are exposed, the CQA Site Manager will 

periodically place two (or more, at his discretion) marks on the geotextile 10 ft (3 m) 
apart along the slope and measure the elongation of the geotextile during the placement 
of soil.  This elongation will be related, by the Engineer, to the tensile stress in the 
geotextile. 

 
Non-compliance will be noted by the CQA Site Manager and reported to the 

Project Manager. 
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12. GEOSYNTHETIC CLAY LINER (GCL) 
 

12.1 Introduction 
 
This section of the CQA Plan outlines the CQA activities to be performed 

for the geosynthetic clay liner (GCL) installation.  The CQA Consultant will review the 
Drawings, and the Technical Specifications, and approved addenda or changes. 

 
12.2 Manufacturing 

 
The Manufacturer will provide the Project Manager with a list of guaranteed 

“minimum average roll value” properties (defined as the mean less two standard 
deviations), for the GCL to be delivered.  The Manufacturer will also provide the 
Project Manager with a written quality control certification signed by a responsible 
party employed by the Manufacturer that the materials actually delivered have property 
“minimum average roll values” which meet or exceed all property values guaranteed for 
that GCL. 

 
The quality control certificates will include: 
 
• roll identification numbers; and 
• results of quality control testing. 
 
The Manufacturer will provide, as a minimum, test results for the following: 
 
• mass per unit area; and 
• index flux. 
 
Quality control tests must be performed, in general accordance with the test 

methods specified in Table 10, on GCL produced for the project. 
 
The CQA Site Manager will examine Manufacturer certifications to verify 

that the property values listed on the certifications meet or exceed those specified for 
the GCL and the measurements of properties by the Manufacturer are properly 
documented, test methods acceptable and the certificates have been provided at the 
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specified frequency properly identifying the rolls related to testing.  Deviations will be 
reported to the Project Manager. 

 
12.3 Labeling 

 
The Manufacturer will identify all rolls of GCL with the following: 
 
• manufacturer’s name; 
• product identification; 
• lot number; 
• roll number; and 
• roll dimensions. 
 
The CQA Site Manager will examine rolls upon delivery and deviation from 

the above requirements will be reported to the Project Manager. 
 

12.4 Shipment and Storage 
 
During shipment and storage, the GCL will be protected from ultraviolet 

light exposure, precipitation or other inundation, mud, dirt, dust, puncture, cutting or 
any other damaging or deleterious conditions.  To that effect, GCL rolls will be shipped 
and stored in relatively opaque and watertight wrappings. 

 
The CQA Site Manager will observe rolls upon delivery at the site and any 

deviation from the above requirements will be reported to the Project Manager. 
 

12.5 Conformance Testing 
 

12.5.1 Tests 
 
CQA personnel will sample the GCL either during production at the 

manufacturing facility or after delivery to the construction site.  The samples will be 
forwarded to the Geosynthetics CQA Laboratory for testing to assess conformance with 
the Technical Specifications.  The test methods and minimum testing frequencies are 
indicated in Table 10. 
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Samples will be taken across the width of the roll and will not include the 
first 3 ft (0.9 m) if the sample is cut on site.  Unless otherwise specified, samples will be 
3 ft (0.9 m) long by the roll width.  The CQA Consultant will mark the machine 
direction with an arrow and the manufacturer's roll number on each sample. 

 
The CQA Site Manager will examine results from laboratory conformance 

testing and will report non-conformance to the Project Manager. 
 

12.5.2 Conformance Sample Failure 
 
The following procedure will apply whenever a sample fails a conformance 

test that is conducted by the CQA Laboratory: 
 
• The Manufacturer will replace every roll of GCL that is in 

nonconformance with the Technical Specifications with a roll(s) that 
meets Technical Specifications. 

 
• The Geosynthetic Installer will remove conformance samples for 

testing by the CQA Laboratory from the closest numerical rolls on 
both sides of the failed roll.  These two samples must conform to the 
Technical Specifications.  If either of these samples fail, the 
numerically closest rolls on the side of the failed sample will be 
tested by the CQA Laboratory.  These samples must conform to the 
Technical Specifications.  If any of these samples fail, every roll of 
GCL on site from this lot and every subsequently delivered roll that 
is from the same lot must be tested by the CQA Laboratory for 
conformance to the Technical Specifications.  This additional 
conformance testing will be at the expense of the Manufacturer. 

 
The CQA Site Manager will document actions taken in conjunction with 

conformance test failures. 
 

12.6 GCL Delivery and Storage 
 
Upon delivery to the site, the CQA Consultant will check the GCL rolls for 

defects (e.g., tears, holes) and for damage.  The CQA Consultant will report to the 
Project Manager and the Geosynthetics Installer: 
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• any rolls, or portions thereof, which should be rejected and removed 

from the site because they have severe flaws; and 
 
• any rolls which include minor repairable flaws. 
 
The GCL rolls delivered to the site will be checked by the CQA Consultant 

to document that the roll numbers correspond to those on the approved Manufacturer's 
quality control certificate of compliance. 

 
12.7 GCL Installation 

 
The CQA Consultant will monitor and document that the GCL is installed in 

general accordance with the Drawings and the Technical Specifications.  The 
Geosynthetics Installer shall provide the CQA Consultant a certificate of subgrade 
acceptance prior to the installation of the GCL as outlined in the Technical 
Specifications.  The GCL installation activities to be monitored and documented by the 
CQA Consultant include: 

 
• monitoring that the GCL rolls are stored and handled in a manner 

which does not result in any damage to the GCL; 
 
• monitoring that the GCL is not exposed to UV radiation for extended 

periods of time without prior approval; 
 
• monitoring that the GCL are seamed in general accordance with the 

Technical Specifications and the Manufacturer's recommendations; 
 
• monitoring and documenting that the GCL is installed on an 

approved subgrade, free of debris, protrusions, or uneven surfaces; 
 
• monitoring that the GCL is not installed on a saturated subgrade or 

standing water and is not exposed such that it is hydrated prior to 
completion of the construction; and 
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• monitoring that any damage to the GCL is repaired as outlined in the 
Technical Specifications. 

 
The CQA Site Manager will note non-compliance and report it to the Project 

Manager. 
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13. GEOCOMPOSITE 
 

13.1 Introduction 
 
This section of the CQA Plan outlines the CQA activities to be performed 

for the geocomposite installation.  The CQA Consultant will review the Drawings, and 
the Technical Specifications, and any approved addenda or changes. 

 
13.2 Manufacturing 

 
The Manufacturer will provide the CQA Consultant with a list of certified 

“minimum average roll value” properties for the type of geocomposite to be delivered.  
The Manufacturer will also provide the CQA Consultant with a written certification 
signed by a responsible representative of the Manufacturer that the geocomposite 
actually delivered have “minimum average roll values” properties which meet or exceed 
all certified property values for that type of geocomposite. 

 
The CQA Consultant will examine the Manufacturers’ certifications to 

document that the property values listed on the certifications meet or exceed those 
specified for the particular type of geocomposite (geotextile and geonet).  Deviations 
will be reported to the Project Manager. 

 
13.3 Labeling 

 
The Manufacturer will identify all rolls of geocomposite with the following: 
 
• Manufacturer’s name; 
• product identification; 
• lot number; 
• roll number; and 
• roll dimensions. 
 
The CQA Site Manager will examine rolls upon delivery and deviation from 

the above requirements will be reported to the Project Manager. 
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13.4 Shipment and Storage 
 
During shipment and storage, the geocomposite will be protected from 

ultraviolet light exposure, precipitation or other inundation, mud, dirt, dust, puncture, 
cutting or any other damaging or deleterious conditions.  Therefore, geocomposite rolls 
will be shipped and stored in relatively opaque and watertight wrappings.  The CQA 
Site Manager will observe rolls upon delivery to the site and deviation from the above 
requirements will be reported to the Project Manager.  Damaged rolls will be rejected 
and replaced. 

 
Wrapping protecting geocomposite rolls will be removed less than one hour 

prior to unrolling geocomposite before placement.  After the wrapping has been 
removed, geocomposite should not be exposed to sunlight for more than 15 days, unless 
otherwise approved by the Manufacturer.  Approval by the Manufacturer will be a 
guarantee that the properties of the exposed geotextile will not degrade upon prolonged 
exposure to such values that would cause the material to not meet the Technical 
Specifications.  Any material that is exposed for more than 15 days, which has been 
approved for prolonged exposure by the Manufacturer, will be tested by the CQA 
Laboratory to document that the material properties are still in conformance with the 
Technical Specifications.  Any material that fails to meet the Technical Specifications 
will be replaced by the Manufacturer. 

 
The CQA Site Manager will observe that geocomposite is free of dirt and 

dust just before installation.  The CQA Site Manager will report the outcome of this 
observation to the Project Manager, and if the geocomposite is judged dirty or dusty, 
they will be cleaned by the Geosynthetic Installer prior to installation. 

 
13.5 Conformance Testing 

 
13.5.1 Tests 

 
The geocomposite material will be tested for transmissivity (ASTM D 4716) 

and for peel strength (ASTM D 413) at the frequencies presented in Table 11. 
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13.5.2 Sampling Procedures 
 
Upon delivery of the geocomposite rolls, the CQA Site Manager will 

document that samples are obtained from individual rolls at the frequency specified in 
this CQA Plan.  The geocomposite samples will be forwarded to the CQA Laboratory 
for testing to evaluate conformance to both the Technical Specifications and the list of 
physical properties certified by the Manufacturer. 

 
Samples will be taken across the width of the roll and will not include the 

first 3 linear ft (1 linear m).  Unless otherwise specified, samples will be 3 ft (1 m) long 
by the roll width.  The CQA Consultant will mark the machine direction on the samples 
with an arrow. 

 
13.5.3 Test Results 

 
The CQA Site Manager will examine results from laboratory conformance 

testing and compare results to the Technical Specifications.  The criteria used to 
evaluate acceptability are presented in the Technical Specifications.  The CQA Site 
Manager will report any nonconformance to the Project Manager. 

 
13.5.4 Conformance Test Failure 

 
The following procedure will apply whenever a sample fails a conformance 

test that is conducted by the CQA Laboratory: 
 
• The Manufacturer will replace every roll of geocomposite that is in 

nonconformance with the Technical Specifications with a roll that 
meets specifications. 

 
• The Geosynthetic Installer will remove conformance samples for 

testing by the CQA Laboratory from the closest numerical rolls on 
both sides of the failed roll.  These two samples must conform to the 
Technical Specifications.  If either of these samples fail, the 
numerically closest rolls on the side of the failed sample that is not 
tested, will be tested by the CQA Laboratory.  These samples must 
conform to the Technical Specifications.  If any of these samples fail, 
every roll of geocomposite on site from this lot and every 
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subsequently delivered roll that is from the same lot must be tested 
by the CQA Laboratory for conformance to the Technical 
Specifications. 

 
The CQA Site Manager will document actions taken in conjunction with 

conformance test failures. 
 

13.6 Handling and Placement 
 
The Geosynthetic Installer will handle all geocomposite in such a manner as 

to document they are not damaged in any way.  The Geosynthetic Installer will comply 
with the following: 

 
• In the presence of wind, the geocomposite will be weighted with 

sandbags or the equivalent.  Sandbags will be used during 
installation only and will remain until replaced with the appropriate 
cover material. 

 
• If in place, special care must be taken to protect other materials from 

damage, which could be caused by the cutting of the geocomposite. 
 
• The Geosynthetic Installer will take any necessary precautions to 

prevent damage to underlying layers during placement of the 
geocomposite. 

 
• During placement of geocomposite, care will be taken to prevent 

entrapment of dirt or excessive dust that could cause clogging of the 
drainage system, and/or stones that could damage the adjacent 
geomembrane.  If dirt or excessive dust is entrapped in the 
geocomposite, it should be cleaned prior to placement of the next 
material on top of it.  In this regard, care should be taken with the 
handling or sandbags, to prevent rupture or damage of the sandbag. 

 
• A visual examination of the geocomposite will be carried out over 

the entire surface, after installation to document that no potentially 
harmful foreign objects are present. 



 

 

SC0313.CQAPlan.111006.d.wkp.doc 78 06 11 10/15:53 

 
The CQA Site Manager will note noncompliance and report it to the Project 

Manager. 
 

13.7 Drainage composite Seams and Overlaps 
 
Adjacent geocomposite panels will be joined in general accordance with 

Construction Drawings and Technical Specifications.  As a minimum, the following 
requirements will be met: 

 
• Adjacent rolls will be overlapped by at least 4 in. (100 mm). 
 
• Each component of the geocomposite will be secured or seamed to 

the like component at overlaps. 
 
• The geocomposite overlaps will be secured by tying, in general 

accordance with the Technical Specifications. 
 
• The bottom layers of geotextile will be overlapped. 
 
• The top layers of geotextile will be continuously sewn. 
 
The CQA Consultant will note any noncompliance and report it to the 

Project Manager. 
 

13.8 Repair 
 
Holes or tears in the geocomposite will be repaired by placing a patch 

extending 2 ft (0.6 m) beyond edges of the hole or tear.  The patch will be secured by 
tying with approved tying devices every 6 in. (150 mm) through the bottom geotextile 
and the geonet of the patch, and through the top geotextile and geonet components of 
the geocomposite needing repair.  The top geotextile component of the patch will be 
heat sealed to the top geotextile of the geocomposite needing repair.  If the hole or tear 
width across the roll is more than 50 percent of the width of the roll, the damaged area 
will be cut out and the two portions of the geocomposite will be joined in general 
accordance with Section 13.7. 
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The CQA Site Manager will observe repairs, note noncompliances with the 

above requirements and report them to the Project Manager. 
 

13.9 Placement of Soil Materials 
 
The Contractor will place all soil materials located on top of a geocomposite 

in such a manner as to document: 
 
• the geocomposite and underlying liner materials are not damaged; 
 
• minimal slippage of the geocomposite on underlying layers occurs; 

and 
 
• no excess tensile stresses occur in the geocomposite. 
 
Unless otherwise specified by the CQA Consultant, lifts of soil material will 

be in conformance with the Technical Specifications.  If portions of the geocomposite 
are exposed, the CQA Consultant will periodically place marks on the geocomposite 
and the underlying geomembrane and measure the elongation of the geonet during the 
placement of soil. 

 
Noncompliance will be noted by the CQA Consultant and reported to the 

Project Manager. 
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14. SURVEYING 

 
14.1 Survey Control 

 
Survey control will be performed by the Owner as needed.  A permanent 

benchmark will be established for the site(s) in a location convenient for daily tie-in.  
The vertical and horizontal control for this benchmark will be established within normal 
land surveying standards. 

 
14.2 Precision and Accuracy 

 
A wide variety of survey equipment is available for the surveying 

requirements for these projects.  The survey instruments used for this work should be 
sufficiently precise and accurate to meet the needs of the projects.  Surveys shall be 
performed at 2nd order accuracy. 

 
14.3 Lines and Grades 

 
The following surfaces will be surveyed to verify the lines and grades 

achieved during soil placement and compaction. 
 
• Excavation: 

– original grade surface; 
– completed excavation surface prior to fill placement. 

• Engineered Fill: 
– subgrade surface; and 
– finished compacted engineered fill surface. 

• Prepared Subgrade: 
– prepared subgrade surface. 

 
The following structures will be surveyed to verify and document the lines 

and grades achieved during construction of the Project: 
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• all culverts, inlet, and drop structures; 
 
• ditch bottoms and sideslopes; 
 
• permanent erosion control features; 
 
• geomembrane terminations and selected geomembrane seams, as 

indicated by the CQA Manager; and 
 
• centerlines of pipes. 
 

14.4 Frequency and Spacing 
 
Surveying should be carried out immediately upon completion of a given 

installation to facilitate progress and avoid delaying commencement of the next 
installation.  In addition, spot checks during placement and compaction will be 
necessary to assist the Contractor in compliance with required grades. 

 
At the least the following minimum spacings and locations should be 

provided for survey points: 
 
• all “flat” surfaces, such as the base of the landfill, with gradients less 

than 10 percent, should be surveyed on a square grid not wider 
spaced than 100 ft (30 m); 

 
• on all slopes greater than 10 percent, a square grid not wider than 

100 ft (30 m) should be used, but in any case, a line at the crest, 
midpoint, and toe of the slope should be taken; 

 
• a line of survey points no further than 100 ft (30 m) apart must be 

taken along any slope break (this will include the inside edge and 
outside edge of any bench on a slope); and 

 
• a line of survey points no further than 50 ft (15 m) apart must be 

taken at the invert of pipes or other appurtenances to the liner. 
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14.5 Documentation 
 
Field survey notes should be retained by the Land Surveyor.  The findings 

from the field surveys should be documented on a set of Survey Record Drawings, 
which shall be provided to the Engineer in AutoCADD 2000 format or other suitable 
format as directed by the Owner. 
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TABLE 1 
TEST PROCEDURES FOR THE EVALUATION OF SOILS 

 
TEST METHOD DESCRIPTION TEST STANDARD 

Laboratory Test Procedures: 

Classification Classification of Soils ASTM D 2487 

Modified Proctor Moisture/Density Relationship 
of Soil (10 lb (4.54 kg) rammer 
and 18 in. (457 mm) drop) 

ASTM D 1557 

Hydrometer Analysis Particle Size Distribution of 
Fine Fraction of Soils 

ASTM D 422 

Sieve Analysis Particle Size Distribution of 
Coarse Fraction of Soils 

ASTM D 422 

Field Test Procedures: 

Nuclear Densometer In Situ Soil Unit Weight 
In Situ Moisture Content 

ASTM D 2922 
ASTM D 3017 

Sand Cone In Situ Soil Unit Weight 
Moisture Content 

ASTM D 1556 
ASTM D 2216 

Drive Cylinder In Situ Soil Unit Weight 
Moisture Content 

ASTM D 2937 
ASTM D 2216 
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TABLE 2 
 

MINIMUM SOILS TESTING FREQUENCIES 
FOR MATERIAL QUALIFICATION TESTING 

 
TEST ENGINEERED FILL 

Sieve Analysis 1 per source 
Hydrometer Analysis 1 per source 

Soil Classification 1 per source 
Modified Proctor 1 per source 
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TABLE 3 
 

MINIMUM SOILS TESTING FREQUENCIES 
FOR CONFORMANCE TESTING 

 
TEST ENGINEERED FILL 

Sieve Analysis 1 per 10,000 yd3 (7,646 m3) 
Hydrometer Analysis 1 per 10,000 yd3 (7,646 m3) 

Soil Classification 1 per 10,000 yd3 (7,646 m3) 
Modified Proctor 1 per 10,000 yd3 (7,646 m3) 
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TABLE 4 
 

MINIMUM SOIL TESTING FREQUENCIES FOR 
CONSTRUCTION QUALITY CONTROL 

 
TEST ENGINEERED FILL 

Nuclear densometer 1 per 500 yd3 (76 m3) 
Sand cone or drive cylinder 1 per 20 nuclear densometer tests 
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TABLE 5 
 

TEST PROCEDURES FOR THE EVALUATION OF AGGREGATE 
 

TEST METHOD DESCRIPTION TEST STANDARD 

Sieve Analysis Particle Size Distribution of 
Fine and Coarse Aggregates 

ASTM C 136 

Hydraulic Conductivity 
(Rigid Wall Permeameter) 

Permeability of Aggregates ASTM D 2434 
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TABLE 6 
 

MINIMUM AGGREGATE TESTING FREQUENCIES FOR 
MATERIAL QUALIFICATION TESTING 

 
TEST DRAINAGE AGGREGATE 

Sieve Analysis 1 per source 
Hydraulic Conductivity 1 per source 
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TABLE 7 
 

MINIMUM AGGREGATE TESTING FREQUENCIES FOR 
CONFORMANCE TESTING 

 
TEST TEST METHOD DRAINAGE AGGREGATE 

Sieve Analysis ASTM C 136 1 per 5,000 yd3 (3,823 m3) 
Hydraulic Conductivity ASTM D 2434 1 per 10,000 yd3 (7,646 m3) 
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TABLE 8 
 

GEOMEMBRANE CONFORMANCE TESTING REQUIREMENTS 
 

TEST NAME TEST METHOD FREQUENCY 

Specific Gravity ASTM D 792 
Method A or ASTM D 1505 

100,000 ft2 (9,290 m2) 

Thickness ASTM D 5994 100,000 ft2 (9,290 m2) 
Tensile Strength at Yield ASTM D 638 100,000 ft2 (9,290 m2) 
Tensile Strength at Break ASTM D 638 100,000 ft2 (9,290 m2) 
Elongation at Yield ASTM D 638 100,000 ft2 (9,290 m2) 
Elongation at Break ASTM D 638 100,000 ft2 (9,290 m2) 
Carbon Black Content ASTM D 1603 100,000 ft2 (9,290 m2) 
Carbon Black Dispersion ASTM D 5596 100,000 ft2 (9,290 m2) 
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TABLE 9 
 

GEOTEXTILE CONFORMANCE TESTING REQUIREMENTS 
 

TEST 
NAME 

TEST 
METHOD 

MINIMUM 
FREQUENCY 

CUSHION 

MINIMUM 
FREQUENCY 
FILTRATION 

MINIMUM 
FREQUENCY 

UV 
PROTECTION 

Mass per Unit 
Area 

ASTM D 5261 1 test per 
200,000 ft2 
(18,580 m2) 

--- --- 

Grab Strength ASTM D 4632 1 test per 
200,000 ft2 
(18,580 m2) 

1 test per 
200,000 ft2 
(18,580 m2) 

--- 

Puncture 
Resistance 

ASTM D 4833 1 test per 
200,000 ft2 
(18,580 m2) 

1 test per 
200,000 ft2 
(18,580 m2) 

--- 

Permittivity ASTM D 4491 --- 1 test per 
200,000 ft2 
(18,580 m2) 

--- 

Apparent 
Opening Size 

ASTM D 4751 --- 1 test per 
200,000 ft2 
(18,580 m2) 

1 test per 
200,000 ft2 
(18,580 m2) 

Wide Width 
Tensile 

ASTM D 4595 --- --- 1 test per 
200,000 ft2 
(18,580 m2) 



 

 
HL0389\SC0313.CQAPlan.111006.d.wkp.doc  06 11 10/15:53 

TABLE 10 
 

GCL CONFORMANCE TESTING REQUIREMENTS 
 

TEST NAME TEST METHOD MINIMUM FREQUENCY  

Mass per Unit Area ASTM D 3776 100,000 ft2 (9,290 m2) 
Index Flux ASTM D 5887 400,000 ft2 (37,160 m2) 
Residual Shear Strength ASTM D 5321 See Technical Specifications 
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TABLE 11 
 

GEOCOMPOSITE CONFORMANCE TESTING REQUIREMENTS 
 

TEST NAME TEST METHOD MINIMUM FREQUENCY 

Peel Strength ASTM D 413 1 test per 200,000 ft2 (18,580 m2) 
Hydraulic Transmissivity ASTM D 4716 1 test per 200,000 ft2 (18,580 m2) 

 
Note: Testing will be carried out at a frequency of one per lot or at listed frequency, whichever yields the greater number of 

samples. 
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SECTION 02110 
SITE CLEARING 

PART 1 –  GENERAL 

1.01 Description of Work 

A. The Contractor shall furnish all labor, materials, tools, supervision, transportation, and 
equipment necessary to perform all work specified herein and as shown on the Drawings. 

B. The Contractor shall remove and dispose of all debris, vegetation, other organic and deleterious 
material, and other materials not suitable for Engineered fill materials that exist within the 
designated construction limits. 

1.02  Related Sections 

 Section 02200 — Earthwork 

1.03 References 

A. Drawings 

B. Construction Quality Assurance (CQA) Plan 

PART 2 –  PRODUCTS 

A. Not Used. 

PART 3 –  EXECUTION 

3.01 General 

A. The Contractor shall be responsible for all clearing and grubbing operations within the limits of 
work. 

B. All vegetation, debris, deleterious and other organic material not suitable for Engineered fill 
materials shall be removed completely from within the construction limits. 

C. No open burning of combustible materials will be allowed. 

D. All materials removed during the clearing and grubbing operations shall be disposed of 
properly. 

E. Prior to site clearing, Contractor shall have implemented erosion control plan. 

PART 4 –  MEASUREMENT AND PAYMENT 

4.01 General 

A. Providing for and complying with the requirements set forth in this Section for Clearing and 
Grubbing will be incidental to earthworks (Section 02200). 

B. The following are considered incidental to the Work: 

• Mobilization 
• Layout survey 

END OF SECTION 
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SECTION 02200 
EARTHWORK 

PART 1 –  GENERAL 

1.01 Description of Work 

A. The Contractor shall furnish all labor, materials, tools, supervision, transportation, equipment, 
and incidentals necessary to perform all Earthwork.  The work shall be carried out as specified 
herein and in accordance with the Drawings. 

B. The Work shall include, but not be limited to excavating, hauling, placing, moisture 
conditioning, backfilling, compacting, grading, stockpiling, surcharging, and subgrade preparation.  
Earthwork shall conform to the dimensions, lines, grades and sections shown on the Drawings or as 
directed by the Engineer. 

1.02 Related Sections 

Section 02110 — Site Clearing 

Section 02771 — Geotextile 

Section 02772 — Geosynthetic Clay Liner 

Section 02773 — Geocomposite 

1.03 References 

A. Drawings 

B. Construction Quality Assurance (CQA) Plan 

C. Latest version of American Society for Testing and Materials (ASTM) standards: 

ASTM D 422 Standard Method for Particle-Size Analysis of Soils 

ASTM D 1557 Laboratory Compaction Characteristics of Soil Using Modified Effort 
(56,000 ft-lbf/ft3 (2,700 kN-m/m3)) 

ASTM D 2216 Standard Method for Laboratory Determination of Water (Moisture) 
Content of Soil, Rock, and Soil-Aggregate Mixtures 

ASTM D 2487 Standard Test Method for Classification of Soils for Engineering Purposes 

ASTM D 2922 Standard Test Methods for Density of Soil and Soil-Aggregate In-Place by 
Nuclear Density Methods (Shallow Depth) 

ASTM D 3017 Standard Test Method for Water Content of Soil and Rock In-Place by 
Nuclear Methods (Shallow Depth) 

1.04 Submittals 

A. The Contractor shall submit to the Engineer a description of equipment and methods proposed 
for Engineered Fill, Operations Layer, Anchor Trench Backfill, and Prepared Subgrade placement 
and compaction at least 7 days prior to the start of activities covered by this Section. 



Geosyntec Consultants 

 
Corrective Action Management Unit 

 Earthwork
Basic Remediation Company

\SC0313.LINERSPECS.082106.D.SPC.DOC 02200-2 11/3/2006
 

B. If the work of this Section is interrupted for reasons other than inclement weather, the 
Contractor shall notify the Engineer a minimum of 24 hours prior to the resumption of work. 

C. The Contractor shall provide the Engineer with sufficient time to perform as-built surveys of 
the completed excavation, engineered fill, prepared subgrade, and operations layer. 

D. If foreign borrow materials are proposed for any earthwork material on this project, the 
Contractor shall provide the Engineer information regarding the source of the material.  In addition, 
the Contractor shall provide the Engineer an opportunity to obtain the necessary samples for 
conformance testing, prior to delivery of foreign borrow materials to the site.  

1.05 Quality Assurance 

A. The Contractor shall ensure that the materials and methods used for Earthwork meet the 
requirements of the Drawings and this Section.  Any material or method that does not conform to 
these documents, or to alternatives approved in writing by the Engineer will be rejected and shall be 
repaired or replaced by the Contractor. 

B. The Contractor shall be aware of and accommodate all monitoring and field/laboratory 
conformance testing required by the CQA Plan.  This monitoring and testing, including random 
conformance testing of construction materials and completed work, will be performed by the 
Engineer.  If nonconformances or other deficiencies are found in the materials or completed work, 
the Contractor will be required to repair the deficiency or replace the deficient materials. 

PART 2 –  PRODUCTS 

2.01 Materials 

A. Engineered fill shall consist of relatively homogeneous, natural soils that are free of debris, 
foreign objects, large rock fragments (greater than 6 inches in maximum dimension), roots, and 
organics.  No materials larger than 6 inches shall be allowed within the Engineered fill.  The 
Engineered fill shall be classified according to the Unified Soil Classification System (per 
ASTM D 2487) as SC, ML, CL, SM, SW, SP, GW, GP, GM, GC, or combinations of these 
materials.  The Contractor may propose the use of other soil types as Engineered fill, but then such 
use shall be at the sole discretion of the Engineer. 

B. Prepared subgrade is defined as the material directly underlying the geosynthetic liner system 
which shall meet the requirements listed above for Engineered fill.  No materials larger than 3/4 
inch shall project or protrude from the surface of the prepared subgrade. 

C. Anchor Trench Backfill materials shall meet the requirements listed above for the Engineered 
fill. 

D. Operations Layer materials shall meet the requirements listed above for the Engineered fill, 
except that the 12 inches of layer material to be placed overlying the geocomposite shall have a 
maximum particle size of 1 inch. 

E. Surcharge materials shall have a minimum wet density, as compacted in place of 135 pounds 
per cubic foot. 

2.02 Equipment 

A. The Contractor shall furnish, operate, and maintain compaction equipment as is necessary to 
produce the required in-place soil density and moisture content. 
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B. The Contractor shall furnish, operate and maintain tank trucks, pressure distributors, or other 
equipment designed to apply water uniformly and in controlled quantities to variable surface widths. 

C. The Contractor shall furnish, operate, and maintain miscellaneous equipment such as scarifiers 
or disks, earth excavating equipment, earth hauling equipment, and other equipment, as necessary 
for Earthwork construction. 

PART 3 –  EXECUTION 

3.01 Familiarization 

A. Prior to implementing any of the work in this Section, the Contractor shall become thoroughly 
familiar with the site, the site conditions, and all portions of the work falling within this and other 
related Sections. 

B. Inspection: 

• The Contractor shall carefully inspect the installed work of all other Sections and verify 
that all work is complete to the point where the installation of the work specified in 
this Section may properly commence without adverse impact. 

• If the Contractor has any concerns regarding the installed work of other Sections, the 
Engineer shall be notified in writing prior to commencing work.  Failure to notify the 
Engineer or continuance of the work of this Section will be construed as Contractor's 
acceptance of the related work of all other Sections. 

3.02 Site Preparation 

A. The Contractor shall perform clearing and grubbing in accordance with the Drawings and 
Section 02110 of these Specifications prior to any Earthwork activity. 

B. Prior to performing any earthworks on the site, the Contractor shall perform a baseline 
topographic survey.  This survey shall be conducted by a Professional Land Surveyor licensed in the 
state of Nevada.  This survey will serve as the starting point for earthwork quantities, both 
excavation and fill placement. 

3.03 General Excavation 

A. The Contractor shall excavate materials to the limits and grades shown on the Drawings. 

B. All excavated materials not used for Engineered fill or operations layer shall be stockpiled in an 
area designated by the Owner in accordance with Part 3.06 of this Section. 

C. Excavations in native soil shall not have slopes steeper than 2.1H:1V, unless otherwise 
approved by the Engineer. 

3.04 Anchor Trench Excavation 

A. The Contractor shall excavate the anchor trench to the limits and grades shown on the 
Drawings. 

B. All excavated materials not used for Anchor Trench Backfill or Engineered fill shall be 
stockpiled in an area designated by the Owner in accordance with Part 3.06 of this Section. 

3.05 Surcharge 
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A. The surcharge soil shall be placed and compacted as shown on the drawings. 

B. Surcharge shall have slopes no steeper than 1H:1V. 

C. Settlement plates shall be installed as shown on the drawings and shall be surveyed on a weekly 
basis, at a minimum. 

D. Surcharge shall be removed once settlement has reached levels differing no more than 5% from 
previous readings or no more than 0.05 feet. 

3.06 Subgrade Surface Preparation 

A. The subgrade shall be prepared and made suitable as a foundation for placement and 
compaction of soil material, where applicable.  The subgrade shall be firm and able to support the 
Contractor's construction equipment without the development of depressions or ruts.  In addition, 
the subgrade shall provide adequate support such that the overlying fill material may be placed and 
compacted to the specified density. 

3.07 Prepared Subgrade 

A. The prepared subgrade shall be made suitable as a foundation for placement of the geosynthetic 
components of the liner system (prepared subgrade).  The prepared subgrade shall be firm, meet the 
requirements outlined in Part 2.01, and be able to support the geosynthetic components of the liner 
system. 

3.08 Stockpiling 

A. Soil shall be stockpiled in areas designated by the Owner and shall be free of incompatible soil, 
clearing, clearing debris, or other objectionable materials. 

B. Stockpiles shall be no steeper than 2.1H:1V (Horizontal:Vertical) or other slope approved by 
the Engineer, graded to drain, sealed by tracking parallel to the slope with a dozer or other means 
approved by the Engineer, and dressed daily during periods when fill is taken from the stockpile.  
The Contractor shall employ temporary erosion and sediment control measures (i.e. silt fence) as 
directed by the Engineer around stockpile areas. 

3.09 Engineered Fill And Anchor Trench Backfill 

A. The Engineered fill and Anchor Trench Backfill shall be placed to the lines and grades shown 
on the Drawings. 

B. Soil used for the Engineered fill and Anchor Trench Backfill shall meet the requirements of 
Part 2.01 of this Section. 

C. Soil used for the Engineered fill and Anchor Trench Backfill shall be placed in a loose lift that 
results in a compacted lift thickness of no greater than 12 inches.  The maximum permissible pre-
compaction soil clod size is 6 inches.   

D. Each 12-inch horizontal lift of Engineered fill placed against a slope shall be keyed into the 
slope a minimum of 3 feet, as measured horizontally from the top of the 12-inch lift. 

E. The Contractor shall compact each lift to at least 90 percent of its modified Proctor maximum 
dry density (ASTM D 1557).  The Contractor shall utilize compaction equipment suitable for 
achieving the soil compaction requirements. 
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F. During wetting or drying, the material shall be regularly disced or otherwise mixed so that 
uniform moisture conditions in the appropriate range are obtained.  

3.10 Operations Layer 

A. Place only when underlying drainage aggregate and filter geotextile or geocomposite 
installation is complete including all Construction Quality Control (CQC) and CQA work. 

B. The subgrade to the operations layer consists of a geotextile or geocomposite.  Therefore, the 
Contractor shall avoid tearing, puncturing, folding, or damaging in any way the filter geotextile or 
geocomposite geotextile during placement of the operations layer material. 

C. Any damage to the geosynthetic liner system which is caused by the Contractor or 
representatives of the Contractor shall be repaired by the Geosynthetics Installer at the expense of 
the Contractor. 

D. No density requirements are specified for placement of the operations layer material.  
Operations layer material shall be placed at a moisture content less than the optimum moisture 
content for the soil. 

E. The operations layer material shall be placed out in front of the equipment used to place the 
operations layer such that the minimum thickness requirements are maintained at all times between 
the geosynthetic materials and the wheels or tracks of the equipment used to place the operations 
layer material. 

F. Care must be exercised by the operators of tracked equipment to avoid sharp pivoting turns that 
could displace the operations layer material and result in damage to the liner system.   

G. The Contractor shall not push operations layer material down the side slope.  All soil materials 
shall be placed from the toe of slope upward. 

H. Equipment used in spreading the operations layer material on top of the geosynthetic liner 
system shall be restricted to the following maximum allowable equipment ground pressures: 

MAXIMUM 
ALLOWABLE 

EQUIPMENT GROUND 
PRESSURE  

(psi) 

INITIAL LIFT 
THICKNESS OF 

OVERLYING 
AGGREGATE  

(ft) 

<20 2.0 

>20 3.0 

I. The operations layer shall be placed to a maximum vertical height of 10 ft at a slope inclination 
no steeper than 2.5H:1V as shown on the Drawings. 

3.11 Field Testing 

A. The minimum frequency and details of quality control testing are provided below.  This testing 
will be performed by the Engineer.  The Contractor shall take this testing frequency into account in 
planning the construction schedule. 

1. Engineered fill material quality control testing: 
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a. particle-size analyses conducted in accordance with ASTM D 422 at a frequency 
of one test per 10,000 yd3; 

b. soil classification tests conducted in accordance with ASTM D 2487 at a 
frequency of one test per 10,000 yd3; and 

c. modified Proctor compaction tests conducted in accordance with ASTM D 1557 
at a frequency of one test per 10,000 yd3. 

2. The Engineer will perform conformance tests on placed and compacted Engineered fill 
to evaluate compliance with these Specifications.  These tests will include in-situ 
moisture content and dry density.  The frequency and procedures for moisture-density 
testing are given in the CQA Plan.  At a minimum, the dry density and moisture content 
of the soil will be measured in-situ in accordance with ASTM D 2922 and 
ASTM D 3017, respectively. 

3. A special testing frequency will be used by the Engineer when visual observations of 
construction performance indicate a potential problem.  Additional testing will be 
considered when: 

a. the rollers slip during rolling operation; 
b. the lift thickness is greater than specified; 
c. the fill is at improper and/or variable moisture content; 
d. fewer than the specified number of roller passes are made; 
e. dirt-clogged rollers are used to compact the material; 
f. the rollers do not have optimum ballast; or 
g. the degree of compaction is doubtful. 

4. During construction, the frequency of testing will be increased by the Engineer in the 
following situations: 

a. adverse weather conditions; 
b. breakdown of equipment; 
c. at the start and finish of grading; 
d. if the material fails to meet specifications; or 
e. the work area is reduced. 

B. Defective Areas: 

1. If a defective area is discovered in the Earthwork, the Engineer will evaluate the extent 
and nature of the defect.  If the defect is indicated by an unsatisfactory test result, the 
Engineer will determine the extent of the defective area by additional tests, 
observations, a review of records, or other means that the Engineer deems appropriate.  
If the defect is related to adverse site conditions, such as overly wet soils or surface 
desiccation, the Engineer shall define the limits and nature of the defect. 

2. Once the extent and nature of a defect is determined, the Contractor shall correct the 
deficiency to the satisfaction of the Engineer.  The Contractor shall not perform 
additional work in the area until the Engineer approves the correction of the defect.   

3. Additional testing may be performed by the Engineer to verify that the defect has been 
corrected.  This additional testing will be performed before any additional work is 
allowed in the area of deficiency.  The cost of the additional testing shall be borne by 
the Contractor. 
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3.12 Survey Control 

A. The Contractor shall perform all surveys necessary for construction layout and control. 

3.13 Construction Tolerance 

A. The Contractor shall perform the Earthwork construction to within ±0.1 ft on areas with a slope 
less than 10 percent and ±0.2 ft on areas with a slope greater than 10 percent of the grades indicated 
on the Drawings. 

3.14 Protection of Work 

A. The Contractor shall use all means necessary to protect completed work of this Section. 

B. At the end of each day, the Contractor shall verify that the entire work area is left in a state that 
promotes drainage of surface water away from the area and from finished work.  If threatening 
weather conditions are forecast, at a minimum, compacted surfaces shall be seal-rolled to protect 
finished work. 

C. In the event of damage to prior work, the Contractor shall make repairs and replacements to the 
satisfaction of the Engineer. 

PART 4 –  MEASUREMENT AND PAYMENT 

4.01 General 

A. Providing for and complying with the requirements set forth in this Section for Excavation will 
be measured as in-place cubic yards (CY), prior to excavation, and payment will be based on the 
unit price provided on the Bid Schedule. 

B. Providing for and complying with the requirements set forth in this Section for Engineered Fill 
will be measured as compacted and moisture conditioned in-place cubic yards (CY), and payment 
will be based on the unit price provided on the Bid Schedule. 

C. Providing for and complying with the requirements set forth in this Section for Prepared 
Subgrade will be measured as square feet (SF), and payment will be based on the unit price 
provided on the Bid Schedule. 

D. Providing for and complying with the requirements set forth in this Section for Anchor Trench 
Excavation and Backfill will be measured as linear feet (LF), and payment will be based on the unit 
price provided on the Bid Schedule. 

E. Providing for and complying with the requirements set forth in this Section for Operations 
Layer will be measured as in-place cubic yards (CY), and payment will be based on the unit price 
provided on the Bid Schedule. 

F. Providing for and complying with the requirements set forth in this section for Surcharge will 
be measured as in-place cubic yards (CY), and payment will be based on the unit price provided on 
the Bid Schedule. 

G. The following are considered incidental to the Work: 

• material samples, sampling, and testing. 
• layout survey. 
• rejected material removal, re-testing, handling, and repair. 
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• rejected material. 
• mobilization. 
• Stockpiling. 
• settlement plates. 
• surcharge removal. 

END OF SECTION 



Geosyntec Consultants 

 
Corrective Action Management Unit 

 Drainage Aggregate
Basic Remediation Company

\SC0313.LINERSPECS.082106.D.SPC.DOC 02225-1 11/3/2006
 

SECTION 02225 
DRAINAGE AGGREGATE 

PART 1 –  GENERAL 

1.01 Description of Work 

A. The Contractor shall furnish all labor, materials, tools, supervision, transportation, equipment 
and incidentals necessary for the installation of drainage aggregate.  The work shall be carried out 
as specified herein and in accordance with the Drawings. 

B. The work shall include, but not be limited to, delivery, storage, and placement of drainage 
aggregate (aggregate). 

1.02 Related Sections 

Section 02200 — Earthwork 

Section 02771 — Geotextile 

1.03 References 

A. Drawings 

B. Construction Quality Assurance (CQA) Plan 

C. Latest Version of American Society for Testing and Materials (ASTM) Standards: 

ASTM C 33 Standard Specification for Concrete Aggregates 

ASTM C 136 Test Method for Sieve Analysis of Fine and Coarse Aggregates 

ASTM D 2434 Standard Test Method for Permeability of Granular Soils (Constant Head) 

1.04 Submittals 

A. The Contractor shall submit to the Engineer for approval, at least 7 days prior to the start of 
construction, Certificates of Compliance for proposed aggregate materials.  Certificates of 
Compliance shall include, at a minimum, typical gradation and source of aggregate materials.  

B. The Contractor shall submit to the Engineer a list of equipment and technical information for 
equipment proposed for use in placing the aggregate material in accordance with this Section. 

1.05 Quality Assurance 

A. The Contractor shall ensure that the materials and methods used for Earthwork meet the 
requirements of the Drawings and this Section.  Any material or method that does not conform to 
these documents, or to alternatives approved in writing by the Engineer will be rejected and shall be 
repaired or replaced by the Contractor. 

B. The Contractor shall be aware of all monitoring and field/laboratory conformance testing 
required by the CQA Plan.  This monitoring and testing, including random conformance testing of 
construction materials and completed work, will be performed by the Engineer.  If 
nonconformances or other deficiencies are found in the materials or completed work, the Contractor 
will be required to repair the deficiency or replace the deficient materials. 
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PART 2 –  PRODUCTS 

2.01 Materials 

A. Aggregate shall meet the requirements specified in ASTM C-33 and shall have a maximum 
particle size of 1-inch.  Aggregate shall have a minimum permeability of 1 x 10-2 cm/sec when 
tested in accordance with ASTM D 2434. 

2.02 Equipment 

A. The Contractor shall furnish, operate, and maintain hauling, placing, and grading equipment as 
necessary for aggregate placement. 

PART 3 –  EXECUTION 

3.01 Familiarization 

A. Prior to implementing any of the work in this Section, the Contractor shall become thoroughly 
familiar with the site, the site conditions, and all portions of the work falling within this and other 
related Sections. 

B. Inspection: 

1. The Contractor shall carefully inspect the installed work of all other Sections and verify 
that all work is complete to the point where the installation of the work specified in this 
Section may properly commence without adverse impact. 

2. If the Contractor has any concerns regarding the installed work of other Sections, the 
Engineer shall be notified in writing prior to commencing work.  Failure to notify the 
Engineer or continuance of the work of this Section will be construed as Contractor's 
acceptance of the related work of all other Sections. 

3.02 Placement 

A. Place only when underlying geosynthetic installation is complete including all CQC and CQA 
work. 

B. Place to the lines, grades, and dimensions shown on the Drawings. 

C. The subgrade to the aggregate consists of a geotextile overlying a geomembrane.  The 
Contractor shall avoid creating large wrinkles (greater than 6-inches high), tearing, puncturing, 
folding, or damaging in any way the geosynthetic materials during placement of the aggregate 
material. 

D. Any damage to the geosynthetic liner system which is caused by the Contractor or his 
representatives shall be repaired by the Geosynthetic Installer. 

E. No density or moisture requirements are specified for placement of the aggregate material. 
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F. Equipment used in spreading the aggregate material on top of the geosynthetic liner system 
shall be restricted to the following maximum allowable equipment ground pressures: 

MAXIMUM ALLOWABLE 
EQUIPMENT GROUND 

PRESSURE  
(psi) 

INITIAL LIFT THICKNESS OF 
OVERLYING AGGREGATE  

(ft) 

<10 1.0 

<20 2.0 

>20 3.0 

G. The aggregate material shall be placed out in front of the equipment used to place the aggregate 
such that the minimum thickness requirements are maintained at all times between the geosynthetic 
materials and the wheels or tracks of the equipment used to place the aggregate material. 

H. All equipment to be used in placing the aggregate material must be approved in writing by the 
Engineer prior to use.  The Contractor shall provide a list of the equipment to be used for placing 
the aggregate material and the necessary technical information (equipment specifications) on each 
piece of equipment to be approved at least two working days prior to use. 

I. Care must be exercised by the operators of tracked equipment to avoid sharp pivoting turns that 
could displace the aggregate material and result in damage to the geosynthetic liner system.  Care 
must also be exercised by the operators to avoid the formation of waves greater than 6-inches high 
in the underlying geosynthetic materials which, when formed and pushed out in front of the leading 
face of the aggregate material, may grow to such magnitude as to result in a fold in the underlying 
geosynthetic materials.  The Contractor shall place, by backhoe or some other acceptable method, 
aggregate material on the geosynthetic liner system out in front of the leading face of the aggregate 
material to trap small waves in the underlying geosynthetic materials and prevent the small waves 
from combining and growing as the aggregate material is spread.  Folds in the underlying 
geosynthetic materials shall be considered as damage to the liner and must be repaired by the 
Geosynthetic Installer at the expense of the Contractor. 

J. Place filter geotextile overlying aggregate as shown on the Drawings and as specified in 
Section 02771. 

3.03 Field Testing 

A. The minimum frequency and details of quality control testing are provided below.  This testing 
will be performed by the Engineer.  The Contractor shall take this testing frequency into account in 
planning the construction schedule. 

1. Aggregates quality control testing: 

a. particle-size analyses conducted in accordance with ASTM C-136 at a frequency 
of one test per 5,000 yd3; 

b. permeability tests conducted in accordance with ASTM D 2434 at a frequency of 
one test per 10,000 yd3. 

3.04 Survey Control 
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A. The Contractor shall perform all surveys necessary for construction layout and control. 

3.05 Construction Tolerance 

A. The Contractor shall perform the aggregate construction to within +0.1 ft of the thickness 
indicated on the Drawings. 

3.06 Protection Of Work 

A. The Contractor shall use all means necessary to protect all work of this Section. 

B. In the event of damage, the Contractor shall make repairs and replacements to the satisfaction 
of the Engineer. 

PART 4 –  MEASUREMENT AND PAYMENT 

4.01 General 

A. Providing for and complying with the requirements set forth in this Section for Drainage 
Aggregate will be measured as in-place cubic yards (CY) and payment will be based on the unit 
price provided on the Bid Schedule. 

B. The following are considered incidental to the Work: 

• material samples, sampling, and testing. 
• layout survey. 
• rejected material. 
• rejected material removal, re-testing, handling, and repair. 
• mobilization. 

END OF SECTION 
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SECTION 02711 
POLYETHYLENE PIPE 

PART 1 –  GENERAL 

1.01 Description of Work 

A. The Contractor shall furnish all labor, materials, tools, supervision, transportation, and 
equipment necessary to install perforated and solid wall high density polyethylene (HDPE) pipe and 
fittings as shown on the Drawings and specified herein. 

1.02 Related Sections 

Section 02225 — Drainage Aggregate 

Section 02774 — Geotextile 

1.03 References 

A. Drawings 

B. Construction Quality Assurance (CQA) Plan 

C. Latest Version of American Society for Testing and Materials (ASTM) Standards: 

ASTM F 714 Specification for Polyethylene Plastic Pipe (SDR-PR) Based on Outside 
Diameter 

ASTM D 1248 Specification for Polyethylene Plastics Molding and Extrusion 

ASTM D 2657 Standard Practice for Heat Fusion Joining of Polyolefin Pipe and Fittings 

ASTM D 3035 Specification for Polyethylene (PE) Plastic Pipe (SDR-PR) Based on 
Controlled Outside Diameter 

ASTM D 3350 Specification for Polyethylene Plastic Pipe and Fitting Materials 

1.04 Definitions 

A. Standard Dimensional Ratio (SDR) is defined as the actual outside pipe diameter divided by the 
wall thickness. 

1.05 Submittals 

A. The Contractor shall submit, at least 7 days prior to installation of this material, to the Engineer, 
certificates of compliance for the pipe materials and fittings to be furnished. 

B. The Contractor shall submit, at least 7 days prior to installation of this material, to the Engineer, 
copies of certifications for each operator responsible for welding pipe. 

C. The Engineer will supply a surveyor to document the as-built conditions of the piping.  The 
Contractor shall notify and allow the Engineer sufficient time to survey piping prior to backfilling 
the pipe. 

1.06 Quality Assurance 
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A. The Contractor shall ensure that the materials and methods used for polyethylene pipe meet the 
requirements of the Drawings and this Section.  Any material or method that does not conform to 
these documents, or to alternatives approved in writing by the Engineer will be rejected and shall be 
repaired or replaced by the Contractor. 

PART 2 –  PRODUCTS 

2.01 Pipe 

A. HDPE pipe sizes shown on the Drawings and specified in this Section reference nominal inside 
diameter.  Pipe size shall be in accordance with ASTM F 714 and ASTM D 3035. 

B. Pipe shall be, 4-inch, 6-inch, and 18-inch diameter, and shall be HDPE with a minimum 
standard dimension ratio (SDR) of 13.5, and have a cell classification of 345434C in accordance 
with ASTM D 3350.   

C. Pipe shall conform to the following requirements: 

1. Pipe and fittings shall contain no recycled compound except that generated in the 
Manufacturer's own plant and from resin of the same specification as the raw material 
supplier. 

2. Pipe and fittings shall be homogeneous throughout and free of visible cracks, holes, 
foreign inclusions, or other deleterious defects, being uniform in color, capacity, 
density, and other physical properties. 

D. The following information shall be continuously marked on the pipe or spaced at intervals not 
exceeding 5 feet. 

1. Name and/or trademark of the pipe Manufacturer. 

2. Nominal pipe size. 

3. Standard Dimensional Ratio (SDR). 

4. PE 3408. 

5. A production code from which the date and place of manufacture can be determined. 

 

PART 3 –  EXECUTION 

3.01 General 

A. When shipping, delivering, and installing pipe, fittings, and accessories, do so to ensure a 
sound, undamaged installation.  Provide adequate storage for all materials and equipment delivered 
to the job site.  Handle and store pipe and fittings in accordance with the Manufacturer's 
recommendation. 

3.02 Placing and Laying Pipe 

A. Follow the Manufacturer's recommendations when hauling, unloading, and stringing the pipe. 

B. HDPE solid and perforated pipe shall be installed as shown on the Drawings. 
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C. HDPE pipe shall be inspected for cuts, scratches, or other damages prior to installation.  Any 
pipe showing damage, which in the opinion of the CQA Engineer will affect performance of the 
pipe, must be removed from the Site.  The Contractor shall replace any material found to be 
defective at no additional cost to the Owner. 

D. The Contractor shall place the Trench Backfill material around the polyethylene pipe so as to 
not deform or otherwise damage the pipe and fittings.  Special care shall be taken when placing pipe 
bedding material beneath the spring-line of the pipe and fittings. 

E. The Contractor shall clean out pipe interior, as necessary, to remove debris that may affect 
performance of pipe. 

3.03 Fusion Welding Pipe 

A. All pipe fusion shall be performed by the Supplier, or a by fusion operator certified by the 
Manufacturer. 

B. Join the polyethylene pipe by the method of thermal butt fusion, as outlined in ASTM D 2657.  
Electro-fusion couplings shall not be used.  Perform butt-fusion joining of pipe and fittings in 
accordance with the procedures established by the pipe Manufacturer.  Of particular importance is 
the use of proper interface pressures and heater plate temperatures. 

C. Do not perform pipe fusion on wet or excessively dirty pipe or when conditions are unsuitable 
for the work.  Secure open ends of pipe when work is not in progress, so that no water, earth, or 
other substance will enter the pipe or fittings.  Plug, cap, or valve off ends of pipe left for future 
connections, if any. 

D. In order to allow the joining operation to continue in adverse weather conditions, a shelter may 
be required for the joining machine.  Particular caution should be exercised to prevent water from 
entering the pipe and from coming in contact with the heater plate. 

E. Only fully trained personnel will be allowed to perform the fusion, installation, supervision, or 
inspection of polyethylene fusion joints. 

 

3.04 Construction Tolerance 

A. The Contractor shall perform the work to within ±0.1 ft of the grades indicated on the 
Drawings. 

PART 4 –  MEASUREMENT AND PAYMENT 

4.01 General 

A. Providing for and complying with the requirements set forth in this Section for 4-inch HDPE 
solid wall pipe and fittings will be measured in linear feet (LF), and payment will be based on the 
unit price provided on the Bid Schedule. 

B. Providing for and complying with the requirements set forth in this Section for 4-inch HDPE 
perforated pipe and fittings will be measured in linear feet (LF), and payment will be based on the 
unit price provided on the Bid Schedule. 
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C. Providing for and complying with the requirements set forth in this Section for 6-inch HDPE 
solid wall pipe and fittings will be measured in linear feet (LF), and payment will be based on the 
unit price provided on the Bid Schedule. 

D. Providing for and complying with the requirements set forth in this Section for 18-inch HDPE 
perforated and solid wall pipe and fittings will be measured in linear feet (LF), and payment will be 
based on the unit price provided on the Bid Schedule. 

E. Providing for and complying with the requirements set forth in this Section for 4-inch HDPE 
solid and perforated pipe and fittings for vertical installation in wells will be incidental to Section 
02074 for well installation. 

F. The following are considered incidental to the Work: 

• shipping, handling and storage. 
• layout survey. 
• mobilization. 
• Fittings, and other pipe appurtenances. 
• Fusing and Joining. 
• rejected material. 
• rejected material removal, handling, re-testing, repair, and replacement. 
• filtration Geotextile in accordance with Section 02771. 
• trench Excavation and Backfill in accordance with Section 02200. 

 

END OF SECTION 
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SECTION 02770 
GEOMEMBRANE 

PART 1 –  GENERAL 

1.01 Description of Work 

A. The Contractor shall furnish all labor, materials, tools, supervision, transportation, equipment, 
and incidentals necessary for the installation of textured high-density polyethylene (HDPE) 
geomembrane, as shown on the Drawings.  The work shall be carried out as specified herein and in 
accordance with Drawings. 

B. The work shall include, but not be limited to, delivery, storage, placement, anchorage, and 
seaming of the geomembrane. 

1.02 Related Sections 

Section 02771 — Geotextile 

Section 02772 — Geosynthetic Clay Liner 

Section 02773 — Geocomposite 

1.03 References 

A. Drawings 

B. Construction Quality Assurance (CQA) Plan 

C. Latest version of the American Society for Testing and Materials (ASTM) standards: 

ASTM D 638 Standard Test Method for Tensile Properties of Plastics 

ASTM D 792 Standard Test Methods for Specific Gravity (Relative Density) and Density 
of Plastics by Displacement 

ASTM D 1004 Standard Test Method of Initial Tear Resistance of Plastic Film and 
Sheeting 

ASTM D 1505 Standard Test Methods for Density of Plastics by Density-Gradient 
Technique 

ASTM D 1603 Standard Test Method for Carbon Black in Olefin Plastics 

ASTM D 5321 Test Method for Determining the Coefficient of Soil and Geosynthetic or 
Geosynthetic and Geosynthetic Friction by the Direct Shear Method 

ASTM D 5397 Test Method for Evaluation of Stress Crack Resistance of Polyolefin 
Geomembranes Using Notched Constant Tensile Load Test 

ASTM D 5596 Recommended Practice for Microscopical Examination of Pigment 
Dispersion in Plastic Compounds 

ASTM D 5641 Practice for Geomembrane Seam Evaluation by Vacuum Chamber 
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ASTM D 5820 Practice for Pressurized Air Channel Evaluation of Dual Seamed 
Geomembranes 

ASTM D 5994 Standard Test Method for Measuring Core Thickness of Textured 
Geomembranes 

ASTM D 6392 Test Method for Determining the Integrity of Non-reinforced 
Geomembrane Seams Produced using Thermo-Fusion Methods.  

1.04 Qualifications 

A. The Geomembrane Manufacturer shall be responsible for the production of geomembrane rolls 
from resin and shall have sufficient production capacity and qualified personnel to provide material 
meeting the requirements of this Section and the construction schedule for this project. 

B. Geosynthetics Installer: 

1. The Geosynthetics Installer shall be responsible and shall provide sufficient resources 
for field handling, deploying, seaming, temporarily restraining (against wind), and other 
aspects of the deployment and installation of the geomembrane and other geosynthetic 
components of the project. 

2. The Geosynthetics Installer shall have successfully installed a minimum of 
10,000,000 ft2 of polyethylene geomembrane on previous projects. 

3. The installation crew shall have the following experience. 

a. The Superintendent shall have supervised the installation of a minimum of 
2,000,000 ft2 of polyethylene geomembrane on at least five (5) different projects. 

b. At least one seamer shall have experience seaming a minimum of 1,000,000 
square feet of polyethylene geomembrane using the same type of seaming 
apparatus to be used at this site.  Seamers with such experience will be 
designated “master seamers” and shall provide direct supervision over less 
experienced seamers. 

c. All other seaming personnel shall have seamed at least 100,000 square feet of 
polyethylene geomembrane using the same type of seaming apparatus to be used 
at this site.  Personnel who have seamed less than 100,000 square feet shall be 
allowed to seam only under the direct supervision of the master seamer or 
Superintendent. 

1.05 Warranty 

A. The Geosynthetic Installer shall furnish the Engineer a 20-year written warranty against defects 
in materials.  Warranty conditions concerning limits of liability will be evaluated by, and must be 
acceptable to, the Engineer and Owner. 

B. The Geosynthetic Installer shall furnish the Engineer with a 1-year written warranty against 
defects in workmanship.  Warranty conditions concerning limits of liability will be evaluated by, 
and must be acceptable to, the Engineer and Owner. 

1.06 Submittals 
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A. The Geosynthetic Installer shall submit the following documentation on the resin used to 
manufacture the geomembrane to the Engineer for approval 14 days prior to transporting any 
geomembrane to the site. 

1. Copies of quality control certificates issued by the resin supplier including the 
production dates and origin of the resin used to manufacture the geomembrane for the 
project. 

2. Results of tests conducted by the Geomembrane Manufacturer to verify the quality of 
the resin used to manufacture the geomembrane rolls assigned to the project. 

3. Certification that no reclaimed polymer is added to the resin during the manufacturing 
of the geomembrane to be used for this project, or, if recycled polymer is used, the 
Manufacturer shall submit a certificate signed by the production manager documenting 
the quantity of recycled material, including a description of the procedure used to 
measure the quantity of recycled polymer. 

B. The Geosynthetic Installer shall submit the following documentation on geomembrane roll 
production to the Engineer for approval 14 days prior to transporting any geomembrane to the site. 

1. Quality control certificates, which shall include: 

a. roll numbers and identification; and 

b. results of quality control tests, including descriptions of the test methods used, 
outlined in Part 2.02 of this Section. 

2. The manufacturer warranty specified in Part 1.05.A of this Section. 

C. The Geosynthetic Installer shall submit the following information to the Engineer for approval 
14 days prior to mobilization. 

1. A drawing showing the installation layout identifying geomembrane panel 
configurations, dimensions, details, locations of seams, as well as any variance or 
additional details that deviate from the Drawings.  The layout shall be adequate for use 
as a construction plan and shall include dimensions, details, etc. The layout drawings, 
as modified and/or approved by the Engineer, shall become part of these Specifications. 

2. Installation schedule. 

3. Copy of Geosynthetic Installer's letter of approval or license by the Geomembrane 
Manufacturer. 

4. Installation capabilities, including: 

a. information on equipment proposed for this project; 
b. average daily production anticipated for this project; and 
c. quality control procedures. 

5. A list of completed facilities for which the installer has installed a minimum of 
10,000,000 ft2 of polyethylene geomembrane, in accordance with Part 1.04 of this 
Specification.  The following information shall be provided for each facility: 

a. the name and purpose of the facility, its location, and dates of installation; 
b. the names of the owner, project manager, and geomembrane manufacturer; 
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c. name of the supervisor of the installation crew; and 
d. thickness and surface area of installed geomembrane. 

6. In accordance with Part 1.04, a resume of the Superintendent to be assigned to this 
project, including dates and duration of employment, shall be submitted at least 7 days 
prior to beginning geomembrane installation. 

7. In accordance with Part 1.04, resumes of all personnel who will perform seaming 
operations on this project, including dates and duration of employment, shall be 
submitted at least 7 days prior to beginning geomembrane installation. 

D. A Certificate of Calibration less than 12 months old shall be submitted for each field 
tensiometer prior to installation of any geomembrane. 

E. During installation, the Geosynthetic Installer shall be responsible for the timely submission to 
the Engineer of: 

1. Quality control documentation; and 

2. Subgrade acceptance certificates, signed by the Geosynthetic Installer, for each area to 
be covered by geosynthetic materials. 

F. Upon completion of the installation, the Geosynthetic Installer shall be responsible for the 
submission to the Engineer of a warranty from the Geosynthetic Installer as specified in Part 1.05.B 
of this Section. 

G. Upon completion of the installation, the Geosynthetic Installer shall be responsible for the 
submission to the Engineer of a record drawing showing the location and number of each panel and 
locations and numbers of destructive tests and repairs. 

H. The Geosynthetic Installer shall submit the following documentation on welding rod to the 
Engineer for approval 14 days prior to transporting welding rod to the site: 

1. Quality control documentation, including lot number, welding rod spool number, and 
results of quality control tests on the welding rod. 

1.07 Quality Assurance 

A. The Geosynthetic Installer shall ensure that the materials and methods used for installation of 
the geomembrane meet the requirements of the Drawings and this Section.  Any material or method 
that does not conform to these documents, or to alternatives approved in writing by the Engineer, 
will be rejected and shall be repaired or replaced by the Geosynthetic Installer. 

B. The Geosynthetic Installer shall be aware of and accommodate all monitoring and conformance 
testing required by the CQA Plan.  This monitoring and testing, including random conformance 
testing of construction materials and completed work, will be performed by the Engineer.  If 
nonconformances or other deficiencies are found in the Geosynthetic Installer’s materials or 
completed work, the Geosynthetic Installer will be required to repair the deficiency or replace the 
deficient materials. 

PART 2 –  PRODUCTS 

2.01 Geomembrane Properties 



Geosyntec Consultants 

 
Corrective Action Management Unit 

 Geomembrane
Basic Remediation Company

\SC0313.LINERSPECS.082106.D.SPC.DOC 02770-5 11/3/2006
 

A. The Geomembrane Manufacturer shall furnish double-sided, textured geomembrane having 
properties that comply with the required property values shown in Table 02770-1. 

B. In addition to the property values listed in Table 02770-1, the geomembrane shall: 

1. Contain a maximum of 1 percent by weight of additives, fillers, or extenders (not 
including carbon black). 

2. Not have striations, pinholes (holes), bubbles, blisters, nodules, undispersed raw 
materials, or any sign of contamination by foreign matter on the surface or in the 
interior. 

2.02 Manufacturing Quality Control 

A. Rolls: 

1. The Geomembrane Manufacturer shall continuously monitor geomembrane during the 
manufacturing process for defects. 

2. No geomembrane shall be accepted that exhibits any defects. 

3. The Geomembrane Manufacturer shall measure and report the geomembrane thickness 
at regular intervals along the roll length. 

4. No geomembrane shall be accepted that fails to meet the specified thickness. 

5. The Geomembrane Manufacturer shall sample and test the geomembrane at a minimum 
of once every 50,000 ft2 to demonstrate that its properties conform to the values 
specified in Table 02770-1.  At a minimum, the following tests shall be performed: 

Test Procedure 
Thickness ASTM D 5994 
Specific Gravity ASTM D 792 Method A or ASTM D 1505 
Tensile Properties ASTM D 638 
Puncture Resistance ASTM D 4833 
Carbon Black ASTM D 1603 
Carbon Black Dispersion ASTM D 5596 

6. Tests not listed above but listed in Table 02770-1 need not be run at the 1 per 50,000 ft2 
frequency.  However, the Geomembrane Manufacturer shall certify that these tests are 
in compliance with this section and have been performed on a sample that is identical to 
the geomembrane to be used on this project.  The Geosynthetic Installer shall provide 
the test result documentation to the Engineer. 

7. Any geomembrane sample that does not comply with the requirements of this 
Section will result in rejection of the roll from which the sample was obtained and will 
not be used for this project. 

8. If a geomembrane sample fails to meet the quality control requirements of this Section, 
the Geomembrane Manufacturer shall sample and test, at the expense of the 
Manufacturer, rolls manufactured, in the same resin batch, or at the same time, as the 
failing roll.  Sampling and testing of rolls shall continue until a pattern of acceptable 
test results is established to bound the failed roll(s). 
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9. Additional testing may be performed at the Geomembrane Manufacturer's discretion 
and expense, to isolate and more closely identify the non-complying rolls and/or to 
qualify individual rolls. 

B. The Geomembrane Manufacturer shall permit the Engineer to visit the manufacturing plant for 
project specific visits.  If possible, such visits will be prior to or during the manufacturing of the 
geomembrane rolls for the specific project. 

2.03 Labeling 

A. Geomembrane rolls shall be labeled with the following information. 

1. thickness of the material; 
2. length and width of the roll; 
3. name of Geomembrane Manufacturer; 
4. product identification; 
5. lot number; and 
6. roll number. 

2.04 Transportation, Handling and Storage 

A. Handling and care of the geomembrane prior to and following installation at the site shall be 
the responsibility of the Geosynthetic Installer.  The Geosynthetic Installer shall be liable for all 
damage to the materials incurred prior to final acceptance of the liner system by the Engineer. 

B. Geosynthetic Installer shall be responsible for storage of the geomembrane at the site.  The 
geomembrane shall be protected from excessive heat or cold, dirt, puncture, cutting, or other 
damaging or deleterious conditions.  Any additional storage procedures required by the 
Geomembrane Manufacturer shall be the Geosynthetic Installer’s responsibility.  Geomembrane 
rolls shall not be stored or placed in a stack of more than two rolls high. 

C. The geomembrane shall be delivered at least 14 days prior to the planned deployment date to 
allow the Engineer adequate time to perform conformance testing on the geomembrane samples as 
described in Part 3.05 or this Section.  If the Engineer performed a visit to the manufacturing plant 
and performed the required conformance sampling, geomembrane can be delivered to the site within 
the 14 days prior to the planned deployment date as long as there is sufficient time for the Engineer 
to complete the conformance testing and confirm that the rolls shipped to the site are in compliance 
with this Section. 

PART 3 –  PART 3 — GEOMEMBRANE INSTALLATION 

3.01 Familiarization 

A. Prior to implementing any of the work described in this Section, the Geosynthetic Installer shall 
become thoroughly familiar with all portions of the work falling within this Section. 

B. Inspection: 

1. The Geosynthetic Installer shall carefully inspect the installed work of all other 
Sections and verify that all work is complete to the point where the work of this 
Section may properly commence without adverse effect. 

2. If the Geosynthetic Installer has any concerns regarding the installed work of other 
Sections, he shall notify the Engineer in writing prior to the start of the work of this 
Section.  Failure to inform the Engineer in writing or installation of the geomembrane 
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will be construed as the Geosynthetic Installer’s acceptance of the related work of all 
other Sections. 

C. A pre-installation meeting shall be held to coordinate the installation of the geomembrane with 
the installation of other components of the composite liner system. 

3.02 Geomembrane Deployment 

A. Layout Drawings: 

1. The Geosynthetic Installer shall deploy the geomembrane panel in general accordance 
with the layout drawing specified.  The layout drawings must be approved by the 
Engineer prior to installation of any geomembrane. 

B. Field Panel Identification: 

1. A geomembrane field panel is a roll or a portion of roll cut in the field. 

2. Each field panel shall be given an identification code (number or letter-number).  This 
identification code shall be agreed upon by the Engineer and Geosynthetic Installer. 

C. Field Panel Placement: 

1. Field panels shall be installed, as approved or modified, at the location and positions 
indicated on the layout drawings. 

2. Field panels shall be placed one at a time, and each field panel shall be seamed 
immediately after its placement. 

3. Geomembrane shall not be placed when the ambient temperature is below 40°F or 
above 104°F, unless otherwise authorized in writing by the Engineer. 

4. Geomembrane shall not be placed during any precipitation, in the presence of excessive 
moisture (e.g., fog, dew), in an area of ponded water, or in the presence of excessive 
winds. 

5. The Geosynthetic Installer shall ensure that: 

a. No vehicular traffic is allowed on the geomembrane. 

b. Equipment used does not damage the geomembrane by handling, trafficking, or 
leakage of hydrocarbons (i.e., fuels). 

c. Personnel working on the geomembrane do not smoke, wear damaging shoes, 
bring glass onto the geomembrane, or engage in other activities that could 
damage the geomembrane. 

d. The method used to unroll the panels does not scratch or crimp the geomembrane 
and does not damage the supporting soil or geosynthetics. 

e. The method used to place the panels minimizes wrinkles (especially differential 
wrinkles between adjacent panels).  The method used to place the panels results 
in intimate contact with adjacent components. 
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f. Temporary ballast and/or anchors (e.g., sand bags), not likely to damage the 
geomembrane, are placed on the geomembrane to prevent wind uplift. 

g. The geomembrane is especially protected from damage in heavily trafficked 
areas. 

h. Any rub sheets to facilitate seaming are removed prior to installation of 
subsequent panels. 

6. Any field panel or portion thereof that becomes seriously damaged (torn, twisted, or 
crimped) shall be replaced with new material.  Less serious damage to the 
geomembrane may be repaired, as approved by the Engineer.  Damaged panels or 
portions of damaged panels that have been rejected shall be removed from the work 
area. 

D. If the Geosynthetic Installer intends to install geomembrane between one hour before sunset 
and one hour after sunrise, he shall notify the Engineer in writing prior to the start of the work.  The 
Geosynthetic Installer shall indicate additional precautions, which shall be taken during these 
installation hours.  The Geosynthetic Installer shall provide proper illumination for work during this 
time period. 

3.03 Field Seaming 

A. Seam Layout: 

1. In corners and at odd-shaped geometric locations, the number of field seams shall be 
minimized.  No horizontal seam shall be along a slope with an inclination steeper than 
10 percent.  Horizontal seams shall be considered as any seam having an alignment 
exceeding 20 degrees from being perpendicular to the slope contour lines, unless 
otherwise approved by the Engineer.  No seams shall be located in an area of potential 
stress concentration. 

B. Personnel: 

1. All personnel performing seaming operations shall be qualified as indicated in Part 1.04 
of this Section.  No seaming shall be performed unless a “master seamer” is present on-
site. 

C. Weather Conditions for Seaming: 

1. Unless authorized in writing by the Engineer, seaming shall not be attempted at ambient 
temperatures below 40°F or above 104°F.  If the Geosynthetic Installer wishes to use 
methods that may allow seaming at ambient temperatures below 40°F or above 104°F, 
he shall use a procedure approved by the Engineer. 

2. A meeting will be held with the Geosynthetic Installer and Engineer to establish 
acceptable installation procedures.  In all cases, the geomembrane shall be dry and 
protected from wind damage. 

3. Ambient temperatures shall be measured between 0 to 6 in. above the geomembrane 
surface. 

D. Overlapping: 
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1. Geomembrane panels shall be sufficiently overlapped for welding and to allow peel 
tests to be performed on the seam.  Any seams that cannot be destructively tested 
because of insufficient overlap shall be treated as failing seams. 

E. Seam Preparation: 

1. Prior to seaming, the seam area shall be clean and free of moisture, dust, dirt, debris of 
any kind, and foreign material. 

2. If seam overlap grinding is required, the process shall be completed according to the 
Geomembrane Manufacturer's instructions within 20 minutes of the seaming operation 
and in a manner that does not damage the geomembrane.  The grind depth shall not 
exceed ten percent of the geomembrane thickness. 

3. Seams shall be aligned with the fewest possible number of wrinkles and “fishmouths.” 

F. General Seaming Requirements: 

1. Fishmouths or wrinkles at the seam overlaps shall be cut along the ridge of the wrinkle 
to achieve a flat overlap.  The cut fishmouths or wrinkles shall be seamed and any 
portion where the overlap is insufficient shall be patched with an oval or round patch of 
geomembrane that extends a minimum of 6 in. beyond the cut in all directions. 

2. Any electric generator shall be placed outside the area to be lined or mounted in a 
manner that protects the geomembrane from damage.  The electric generator shall be 
properly grounded. 

G. Seaming Process: 

1. Approved processes for field seaming are extrusion welding and fusion welding.  Only 
equipment identified as part of the approved submittal specified in Part 1.06 shall be 
used. 

2. Extrusion Equipment and Procedures: 

a. The Geosynthetics Installer shall maintain at least one spare operable seaming 
apparatus on site. 

b. Extrusion welding apparatus shall be equipped with gauges giving the 
temperature in the apparatus. 

c. Prior to beginning a seam, the extruder shall be purged until all heat-degraded 
extrudate has been removed from the barrel. 

d. The Geosynthetics Installer shall provide documentation regarding the welding 
rod to the Engineer and shall certify that the welding rod is compatible with the 
specifications. 

e. A smooth insulating plate or fabric shall be placed beneath the hot welding 
apparatus after use. 

3. Fusion Equipment and Procedures: 

a. The Geosynthetic Installer shall maintain at least one spare operable seaming 
apparatus on site. 
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b. Fusion-welding apparatus shall be automated vehicular-mounted devices 
equipped with gauges giving the applicable temperatures and speed. 

c. A smooth insulating plate or fabric shall be placed beneath the hot welding 
apparatus after use. 

H. Trial Seams: 

1. Trial seams shall be made on fragment pieces of geomembrane to verify that seaming 
conditions are adequate.  Trial seams shall be conducted on the same material to be 
installed and under similar field conditions as production seams.  Such trial seams shall 
be made at the beginning of each seaming period, beginning of the day and after lunch, 
for each seaming apparatus used each day.  The trial seam sample shall be a minimum 
of 5-ft long by 1-ft wide (after seaming) with the seam centered lengthwise for fusion 
equipment and at least 3-ft long by 1-ft wide for extrusion equipment.  Seam overlap 
shall be as indicated in Part 3.03.D of this Section. 

2. Four adjoining coupon specimens, each 1-in. wide, shall be cut from the trial seam 
sample by the installer using a die cutter to ensure precise 1-in. wide coupons.  The 
coupons shall be tested in peel (outside (fusion only) and inside track) and shear using 
an electronic readout field tensiometer in accordance with ASTM D 4437, at a strain 
rate of 2 in./min., and they shall not fail in the seam (i.e., Film Tear Bond (FTB), which 
is failure in the parent material, is required).  The required peel and shear seam strength 
is listed in Table 02770-2.  Ideally, samples shall be conditioned at 23±2oC at a relative 
humidity of 50±5% for two hours prior to testing.  If test conditions vary from these 
conditions, a 1-in. wide coupon of the parent geomembrane material (no weld) shall be 
tested in the same manner as the seam specimens to determine the break strength at this 
condition. 

3. If a coupon specimen fails, the entire operation shall be repeated.  If the additional 
coupon specimen fails, the seaming apparatus and seamer shall not be accepted and 
shall not be used for seaming until the deficiencies are corrected and two consecutive 
successful trial seams are achieved. 

I. Nondestructive Seam Continuity Testing: 

1. The Geosynthetic Installer shall nondestructively test for continuity on all field seams 
over their full length.  Continuity testing shall be carried out as the seaming work 
progresses, not at the completion of all field seaming.  The Geosynthetic Installer shall 
complete any required repairs in accordance with Part 3.03.K of this Section.  The 
following procedures shall apply: 

a. Vacuum testing in accordance with ASTM D 5641. 

b. Air pressure testing (for double-track fusion seams only) in accordance with 
ASTM D 5820 and the following: 

i. Energize the air pump to a pressure between 25 and 30 pounds per square 
inches, close valve, and sustain the pressure for not less than 5 minutes. 

ii. If loss of pressure exceeds 3 pounds per square inches, or does not 
stabilize, locate faulty area and repair in accordance with Part 3.03.K of 
this Section. 
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iii. Cut opposite end of air channel from pressure gauge and observe release 
of pressure to ensure air channel is not blocked. 

iv. Remove needle, or other approved pressure feed device, and seal repair in 
accordance with Part 3.03.K of this Section. 

c. Spark testing shall be performed if the seam cannot be tested using other 
nondestructive methods. 

J. Destructive Testing: 

1. Destructive seam tests shall be performed on samples collected from selected locations 
to evaluate seam strength and integrity.  Destructive tests shall be carried out as the 
seaming work progresses, not at the completion of all field seaming. 

2. Sampling: 

a. Destructive test samples shall be collected at a minimum average frequency of 
one test location per 500 ft of seam length.  Test locations shall be determined 
during seaming, and may be prompted by suspicion of excess crystallinity, 
contamination, offset seams, or any other potential cause of imperfect seaming.  
The Engineer will be responsible for choosing the locations.  The Geosynthetic 
Installer shall not be informed in advance of the locations where the seam 
samples will be taken.  The Engineer reserves the right to increase the sampling 
frequency. 

b. Samples shall be cut by the Geosynthetic Installer at the locations designated by 
the Engineer as the seaming progresses in order to obtain laboratory test results 
before the geomembrane is covered by another material.  Each sample shall be 
numbered and the sample number and location identified on the panel layout 
drawing.  All holes in the geomembrane resulting from the destructive seam 
sampling shall be immediately repaired in accordance with the repair procedures 
described in Part 3.03.K of this Section.  The continuity of the new seams in the 
repaired areas shall be tested according to Part 3.03.I of this Section. 

c. Two strips of dimensions 1-in. wide and 12 in. long with the seam centered 
parallel to the width shall be taken from either side of the sample location.  These 
samples shall be tested in the field in accordance with Part 3.03.J.3 of this 
Section.  If these samples pass the field test, a laboratory sample shall be taken.  
The laboratory sample shall be at least 1-ft wide by 3.5-ft long with the seam 
centered lengthwise.  The sample shall be cut into three parts and distributed as 
follows: 

i. One portion 12-in. long to the Geosynthetic Installer. 
ii. One portion 18-in. long to the Geosynthetic CQA Laboratory for testing. 
iii. One portion 12-in. long to the Engineer for archival storage. 

3. Field Testing: 

a. The two 1-in. wide strips shall be tested in the field tensiometer in the peel mode.  
The Engineer has the option to request an additional test in the shear mode.  If 
any field test sample fails to meet the requirements in Table 02770-2, then the 
procedures outlined in Part 3.03.J.5 of this Section shall be followed. 
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4. Laboratory Testing: 

a. Testing by the Geosynthetics CQA Laboratory will include “Seam Strength” and 
“Peel Adhesion” (ASTM D 4437) with the 1-in. wide strip tested at a rate of 
2 in./min.  At least 5 specimens will be tested for each test method (peel and 
shear).  Four of the five specimens per sample must pass both the shear strength 
test and peel adhesion test when tested in accordance with ASTM D 4437.  The 
minimum acceptable values to be obtained in these tests are indicated in 
Table 02770-2.  Both inside and outside tracks of the dual track fusion welds 
shall be tested in peel. 

5. Destructive Test Failure: 

a. The following procedures shall apply whenever a sample fails a destructive test, 
whether the test is conducted by the Geosynthetic CQA's laboratory, the 
Geosynthetic Installer laboratory, or by a field tensiometer.  The Geosynthetic 
Installer shall have two options: 

i. The Geosynthetic Installer can reconstruct the seam (e.g., remove the old 
seam and reseam) between any two passed destructive test locations. 

ii. The Geosynthetic Installer can trace the welding path to an intermediate 
location, a minimum of 10 feet from the location of the failed test (in each 
direction) and take a small sample for an additional field test at each 
location.  If these additional samples pass the field tests, then full 
laboratory samples shall be taken.  These full laboratory samples shall be 
tested in accordance with Part 3.03.J.4 of this Section.  If these laboratory 
samples pass the tests, then the seam shall be reconstructed between these 
locations.  If either sample fails, then the process shall be repeated to 
establish the zone in which the seam should be reconstructed.  All 
acceptable seams must be bounded by two locations from which samples 
passing laboratory destructive tests have been taken.  In cases exceeding 
150 ft of reconstructed seam, a sample taken from within the 
reconstructed zone must pass destructive testing. 

b. Whenever a sample fails, the Engineer may require additional tests for seams that 
were formed by the same seamer and/or seaming apparatus or seamed during the 
same time shift. 

K. Defects and Repairs: 

1. The geomembrane will be inspected before and after seaming for evidence of defects, 
holes, blisters, undispersed raw materials, and any sign of contamination by foreign 
matter.  The surface of the geomembrane shall be clean at the time of inspection.  The 
geomembrane surface shall be swept or washed by the Installer if surface contamination 
inhibits inspection.   

2. Each suspected location, both in seam and non-seam areas, shall be nondestructively 
tested using the methods described Part 3.03.I of this Section, as appropriate.  Each 
location that fails nondestructive testing shall be marked by the Engineer and repaired 
by the Geosynthetic Installer. 
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3. When seaming of a geomembrane is completed (or when seaming of a large area of a 
geomembrane is completed) and prior to placing overlying materials, the Engineer shall 
identify all excessive geomembrane wrinkles.  The Geosynthetic Installer shall cut and 
reseam all wrinkles so identified.  The seams thus produced shall be tested like any 
other seams. 

4. Repair Procedures: 

a. Any portion of the geomembrane exhibiting a flaw, or failing a destructive or 
nondestructive test, shall be repaired by the Geosynthetic Installer.  Several repair 
procedures exist.  The final decision as to the appropriate repair procedure shall 
be agreed upon between the Engineer and the Geosynthetic Installer.  The 
procedures available include: 

i. patching, used to repair holes larger than 1/16 inch, tears, undispersed raw 
materials, and contamination by foreign matter; 

ii. abrading and reseaming, used to repair small sections of extruded seams; 

iii. spot seaming, used to repair minor, localized flaws; 

iv. capping, used to repair long lengths of failed seams; and 

v. removing bad seam and replacing with a strip of new material seamed 
into place (used with long lengths of fusion seams). 

b. In addition, the following criteria shall be satisfied: 

i. surfaces of the geomembrane that are to be repaired shall be abraded no 
more than 20 minutes prior to the repair; 

ii. all surfaces must be clean and dry at the time of repair; 

iii. all seaming equipment used in repair procedures must be approved; 

iv. the repair procedures, materials, and techniques shall be approved in 
advance, for the specific repair, by the Engineer; 

v. patches or caps shall extend at least 6 in. beyond the edge of the defect, 
and all corners of patches shall be rounded with a radius of at least 3 in.; 
and 

vi. the geomembrane below large caps shall be appropriately cut to avoid 
water or gas collection between the two sheets. 

5. Repair Verification: 

a. Each repair shall be nondestructively tested using the methods described in Part 
3.03.I of this Section, as appropriate.  Repairs that pass the nondestructive test 
shall be taken as an indication of an adequate repair.  Failed tests will require the 
repair to be redone and retested until a passing test results.  At the discretion of 
the Engineer, destructive testing may be required on large caps. 



Geosyntec Consultants 

 
Corrective Action Management Unit 

 Geomembrane
Basic Remediation Company

\SC0313.LINERSPECS.082106.D.SPC.DOC 02770-14 11/3/2006
 

3.04 Materials In Contact With The Geomembrane 

A. The Geosynthetic Installer shall take all necessary precautions to ensure that the geomembrane 
is not damaged during its installation.  During the installation of other components of the liner 
system by the Contractor, the Contractor shall ensure that the geomembrane is not damaged.  Any 
damage to the geomembrane shall be repaired by the Geosynthetic Installer , at the expense of the 
Contractor. 

B. Soil and aggregate materials shall not be placed over the geomembranes at ambient 
temperatures below 40°F or above 104°F, unless otherwise specified. 

C. All attempts shall be made to minimize wrinkles in the geomembrane. 

D. Equipment shall not be driven directly on the geomembrane. 

3.05 Conformance Testing 

A. Samples of the geomembrane will be removed by the Engineer and sent to a Geosynthetic CQA 
Laboratory for testing to ensure conformance with the requirements of this Section.  The 
Geosynthetic Installer shall assist the Engineer in obtaining conformance samples.  The 
Geosynthetic Installer and Contractor shall account for this testing in the installation schedule.  
Only material that meets the requirements of Part 2.02 this Section shall be installed. 

B. Samples will be selected by the Engineer in accordance with this Section and with the 
procedures outlined in the CQA Plan. 

C. Samples will be taken at a minimum frequency of one sample per 100,000 ft2. 

D. The Engineer may increase the frequency of sampling in the event that test results do not 
comply with the requirements of Part 2.02 of this Section. 

E. The following tests will be performed by the Engineer: 

Test Test Method 
Specific Gravity ASTM D 792 or D 1505 
Thickness ASTM D 5994 
Tensile Properties ASTM D 638 
Carbon Black Content ASTM D 1603 
Carbon Black Dispersion ASTM D 5596 

F. Any geomembrane that is not certified in accordance with Part 1.07.C of this Section, or that 
conformance testing indicates do not comply with Part 2.02 of this Section, will be rejected.  The 
Geosynthetic Installer shall replace the rejected material with new material. 

3.06 Geomembrane Acceptance 

A. The Geosynthetic Installer shall retain all ownership and responsibility for the geomembrane 
until accepted by the Engineer. 

B. The geomembrane shall be accepted by the Engineer when: 

1. the installation is completed; 

2. all documentation is submitted; 
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3. verification of the adequacy of all field seams and repairs, including associated testing, 
is complete; and 

4. all warranties are submitted. 

3.07 Protection of Work 

A. The Geosynthetic Installer and Contractor shall use all means necessary to protect all work of 
this Section. 

B. In the event of damage, the Geosynthetic Installer shall make all repairs and replacements 
necessary, to the satisfaction of the Engineer. 

PART 4 –  MEASUREMENT AND PAYMENT 

4.01 General 

A. Providing for a complying with the requirements set forth in this Section for textured HDPE 
geomembrane will be measured as in-place square feet (SF), including geomembrane in the anchor 
trench to the limits shown on the Drawings, and payment will be based on the unit price provided 
on the Bid Schedule. 

B. The following are considered incidental to the Work: 

• shipping, handling and storage. 
• layout survey. 
• mobilization. 
• rejected material. 
• overlaps and seaming. 
• rejected material removal, handling, re-testing, and repair. 
• temporary anchorage. 
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TABLE 02770-1 
REQUIRED HDPE GEOMEMBRANE PROPERTIES 

 

PROPERTIES QUALIFIERS UNITS SPECIFIED 
VALUES 

TEST 
METHOD 

Physical Properties     
Thickness Average 

Minimum 
mils 
mils 

60 
54 

ASTM D 5994 
 

Specific Gravity Minimum N/A .94 ASTM D 792 
Method A or 

ASTM D 1505 
Mechanical Properties     
Tensile Properties (each direction)     
1. Tensile (Break) 

Strength
 Tensile (Break) 
Strength 

2. Elongation at 
Break 

3. Tensile (Yield) 
Strength 

4. Elongation at Yield 

Minimum lb/in 
 
 
 

% 
 

lb/in 
 

% 

90 
 
 
 

100 
 

126 
 

12 

ASTM D 638 

Puncture Minimum lb 90 ASTM D 4833 
Tear Resistance Minimum lb 42 ASTM D 1004 
Interface Shear 
Strength 

- - Note 1 ASTM D 5321 

Environmental 
Properties 

    

Carbon Black Content Range % 2-3 ASTM D 1603 
Carbon Black 
Dispersion 

N/A none Note 2 ASTM D 5596 

Environmental Stress 
Crack 

Minimum hr 400 ASTM D 5397 

 
Notes: (1) Interface shear strength test(s) shall be performed, by the Engineer, on the composite liner system in 

accordance with Section 02772 — Geosynthetic Clay Liner. 
 (2) Minimum 8 of 10 in Categories 1 or 2; 10 in Categories 1, 2, or 3. 
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TABLE 02770-2 
REQUIRED GEOMEMBRANE SEAM PROPERTIES 

 

PROPERTIES QUALIFIERS UNITS SPECIFIED 
VALUES TEST METHOD 

Shear Strength(1)     
  Fusion minimum lb/in 120 ASTM D 6392 
  Extrusion minimum lb/in 120 ASTM D 6392 
Peel Adhesion     
  FTB(2)     
  Fusion minimum lb/in 91 ASTM D 6392 
  Extrusion minimum lb/in 78 ASTM D 6392 

 
Notes: (1) Also called “Bonded Seam Strength”. 
 (2) FTB = Film Tear Bond means that failure is in the parent material, not the seam.  The maximum seam separation is 

25 percent of the seam area. 
 

 
END OF SECTION 
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SECTION 02771 
GEOTEXTILE 

PART 1 –  GENERAL 

1.01 Description of Work 

A. The Contractor shall furnish all labor, materials, tools, supervision, transportation, equipment, 
and incidentals necessary for the installation of the geotextile.  The work shall be carried out as 
specified herein and in accordance with the Drawings. 

B. The work shall include, but not be limited to, delivery, storage, placement, and seaming of the 
various geotextile components of the project. 

C. Filter geotextile shall be used overlying the drainage aggregate.  Cushion geotextile shall be 
used overlying the geomembrane and underlying the drainage aggregate.  A UV protective 
geotextile shall be used overlying the exposed portions of geosynthetic components of the side slope 
liner system. 

1.02 Related Sections 

Section 02200 — Earthwork 

Section 02225 — Drainage Aggregate 

Section 02770 — Geomembrane 

Section 02773 — Geocomposite 

1.03 References 

A. Drawings 

B. Construction Quality Assurance (CQA) Plan 

C. Latest version of American Society for Testing and Materials (ASTM) standards: 

ASTM D 3786 Standard Test Method for Hydraulic Bursting Strength of Knitted Goods 
and Nonwoven Fabric-Diaphragm Bursting Strength Test Method 

ASTM D 4355 Standard Test Method for Deterioration of Geotextile from Exposure to 
Ultraviolet Light and Water 

ASTM D 4491 Standard Test Method for Water Permeability of Geotextile by Permittivity 

ASTM D 4533 Standard Test Method for Trapezoid Tearing Strength of Geotextile 

ASTM D 4595 Standard Test Method for Wide Width Tensile Properties of Geosynthetics 

ASTM D 4632 Standard Test Method for Breaking Load and Elongation of Geotextile 
(Grab Method) 

ASTM D 4751 Standard Test Method for Determining Apparent Opening Size of a 
Geotextile 
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ASTM D 4833 Standard Test Method for Index Puncture Resistance of Geotextile, 
Geomembranes, and Related Products 

ASTM D 5261 Standard Test Method for Measuring Mass Per Unit Area of Geotextile 

1.04 Submittals 

A. The Geosynthetic Installer shall submit to the Engineer, at least 7 days prior to geotextile 
delivery, the following information regarding the proposed geotextile: 

1. manufacturer and product name; 

2. minimum property values of the proposed geotextile and the corresponding test 
procedures; 

3. projected geotextile delivery dates; and 

4. list of geotextile roll numbers for rolls to be delivered to the site. 

B. At least 7 days prior to geotextile placement, the Geosynthetic Installer shall submit to the 
Engineer the manufacturing quality control certificates for each roll of geotextile.  The certificates 
shall be signed by responsible parties employed by the geotextile manufacturer (such as the 
production manager).  The quality control certificates shall include: 

1. lot, batch, and/or roll numbers and identification; and 

2. results of quality control tests, including a description of the test methods used. 

1.05 Quality Assurance 

A. The Geosynthetic Installer shall ensure that the geotextile and installation methods used meet 
the requirements of the Drawings and this Section.  Any material or method that does not conform 
to these documents, or to alternatives approved in writing by the Engineer, will be rejected and shall 
be repaired or replaced by the Geosynthetic Installer. 

B. The Geosynthetic Installer shall be aware of all monitoring and conformance testing required 
by the CQA Plan.  This monitoring and testing, including random conformance testing of 
construction materials and completed work, will be performed by the Engineer.  If 
nonconformances or other deficiencies are found in the Geosynthetic Installer’s materials or 
completed work, the Geosynthetic Installer will be required to repair the deficiency or replace the 
deficient materials. 

PART 2 –  PRODUCTS 

2.01 Geotextile Properties 

A. Geotextile suppliers shall furnish materials in which the “Minimum Average Roll Values”, as 
defined by the Federal Highway Administration (FHWA), meet or exceed the criteria specified in 
Table 02771-1. 

B. The geotextile shall be nonwoven materials, suitable for use in filter/separation and cushion 
applications and woven geotextile for use as a UV protective layer. 
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2.02 Manufacturing Quality Control 

A. The geotextile shall be manufactured with quality control procedures that meet or exceed 
generally accepted industry standards. 

B. The Geotextile Manufacturer shall sample and test the geotextile to demonstrate that the 
material conforms to the requirements of these Specifications. 

C. Any geotextile sample that does not comply with this Section shall result in rejection of the roll 
from which the sample was obtained.  The Geosynthetic Installer shall replace any rejected rolls. 

D. If a geotextile sample fails to meet the quality control requirements of this Section the 
Geotextile Manufacturer shall sample and test, at the expense of the Manufacturer, rolls 
manufactured in the same lot, or at the same time, as the failing roll.  Sampling and testing of rolls 
shall continue until a pattern of acceptable test results is established to bound the failed roll(s). 

E. Additional sample testing may be performed, at the Geotextile Manufacturer's discretion and 
expense, to identify more closely any non-complying rolls and/or to qualify individual rolls. 

F. Sampling shall, in general, be performed on sacrificial portions of the geotextile material such 
that repair is not required.  The Geotextile Manufacturer shall sample and test the geotextile, at a 
minimum once every 100,000 ft2, to demonstrate that the geotextile properties conform to the values 
specified in Table 02771-1.  At a minimum, the following manufacturing quality control tests shall 
be performed on each type of geotextile: 

Test Procedure Cushion Filtration UV Protective 

Mass per unit area ASTM D 5261
  

Yes No No 

Grab strength ASTM D 4632 Yes Yes No 

Puncture strength ASTM D 4833 Yes Yes No 

Permittivity ASTM D 4491 No Yes No 

A.O.S. ASTM D 4751 No Yes Yes 

Wide Width Tensile ASTM D 4595 No  No Yes 

 

G. The Geotextile Manufacturer shall comply with the certification and submittal requirements of 
this Section. 

2.03 Packing and Labeling 

A. Geotextile shall be supplied in rolls wrapped in relatively impermeable and opaque protective 
covers. 

B. Geotextile rolls shall be marked or tagged with the following information: 

1. manufacturer's name; 
2. product identification; 
3. lot or batch number; 
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4. roll number; and 
5. roll dimensions. 

2.04 Transportation, Handling, and Storage 

A. The Geosynthetic Installer shall be liable for any damage to the materials incurred prior to and 
during transportation to the site. 

B. The geotextile shall be delivered to the site at least 14 days prior to the planned deployment 
date to allow the Engineer adequate time to perform conformance testing on the geotextile samples 
as described in Part 3.06 of this Section. 

C. Handling, unloading, storage, and care of the geotextile prior to and following installation at the 
site, is the responsibility of the Geosynthetic Installer.  The Geosynthetic Installer shall be liable for 
any damage to the materials incurred prior to final acceptance by the Engineer. 

D. The Geosynthetic Installer shall be responsible for storage of the geotextile at the site. 

E. The geotextile shall be protected from sunlight, excessive heat or cold, puncture, or other 
damaging or deleterious conditions.  The geotextile shall be protected from mud, dirt, and dust.  
Any additional storage procedures required by the geotextile Manufacturer shall be the 
responsibility of the Geosynthetic Installer. 

PART 3 –  EXECUTION 

3.01 Familiarization 

A. Prior to implementing any of the work described in this Section, the Geosynthetic Installer shall 
become thoroughly familiar with the site, the site conditions, and all portions of the work falling 
within this Section. 

B. Inspection: 

1. The Geosynthetic Installer shall carefully inspect the installed work of all other 
Sections and verify that all such work is complete to the point where the installation of 
this Section may properly commence without adverse effect. 

2. If the Geosynthetic Installer has any concerns regarding the installed work of other 
Sections or the site, the Engineer shall be notified, in writing, prior to commencing the 
work.  Failure to notify the Engineer or installation of the geotextile will be construed 
as Geosynthetic Installer’s acceptance of the related work of all other Sections. 

3.02 Placement 

A. Geotextile installation shall not commence until CQA conformance evaluations, by the 
Engineer, of previous work are complete, including evaluations of the Contractor's survey results to 
confirm that the previous work was constructed to the required grades, elevations, and thicknesses. 
Should the Contractor begin the work of this Section prior to the completion of CQA evaluations, 
he does so at his own risk.  The Contractor shall account for the CQA conformance evaluations in 
the construction schedule. 

B. The Geosynthetic Installer shall handle all geotextile in such a manner as to ensure they are not 
damaged in any way. 
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C. The Geosynthetic Installer shall take any necessary precautions to prevent damage to 
underlying materials during placement of the geotextile. 

D. After unwrapping the geotextile from its opaque cover, the filtration and cushion geotextile 
shall not be left exposed for a period in excess of 15 days unless a longer exposure period is 
approved in writing by the geotextile manufacturer. 

E. The Geosynthetic Installer shall take care not to entrap stones, excessive dust, or moisture in 
the geotextile during placement. 

F. The Geosynthetic Installer shall anchor or weight all geotextile with sandbags, or the 
equivalent, to prevent wind uplift. 

G. The Geosynthetic Installer shall examine the entire geotextile surface after installation to ensure 
that no foreign objects are present that may damage the geotextile or adjacent layers.  The 
Contractor shall remove any such foreign objects and shall replace any damaged geotextile. 

3.03 Seams and Overlaps 

A. On slopes steeper than 10 horizontal to 1 vertical, geotextiles shall be continuous down the 
slope; that is, no horizontal seams are allowed.  Horizontal seams shall be considered as any seam 
having an alignment exceeding 20 degrees from being perpendicular to the slope contour lines, 
unless otherwise approved by the Engineer. 

B. Geotextile shall be continuously sewn (i.e., spot sewing is not allowed) using a “single prayer” 
seam, with the stitching a minimum of 1.5 inches from the edge of the geotextile.  Cushion to 
filtration geotextile shall be overlapped a minimum of 12 inches. 

C. Geotextile shall be sewn with polymeric thread, having similar strength characteristics as the 
geotextile. 

3.04 Repair 

A. Any holes or tears in the geotextile shall be repaired using a patch made from the same 
geotextile.  Geotextile patches will be sewn into place no closer than 1 inch from any panel edge.  
Should any tear exceed 50% of the width of the roll, that roll shall be removed and replaced. 

B. Where geosynthetic materials underlie the geotextile being placed, care shall be taken to 
remove any soil or other material that may have penetrated the torn geotextile. 

3.05 Placement of Soil Materials 

A. The Contractor shall place soil materials on top of the geotextile in such a manner as to ensure 
that: 

1. the geotextile and the underlying materials are not damaged; 

2. minimum slippage occurs between the geotextile and the underlying layers during 
placement; and 

3. excess stresses are not produced in the geotextile. 

B. Equipment shall not be driven directly on the geotextile. 
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C. Unless otherwise approved in writing by the Engineer, all equipment operating on materials 
overlying the geotextile shall comply with Section 02200 and Section 02225. 

3.06 Conformance Testing 

A. Samples of the geotextile materials will be removed by the Engineer after the material has been 
received at the site and sent to a Geosynthetic CQA Laboratory for testing to ensure conformance 
with the requirements of this Section.  This testing will be carried out, in accordance with the CQA 
Plan, prior to the start of the work of this Section. 

B. Samples of each geotextile will be taken, by the Engineer, at a minimum frequency of one 
sample per 200,000 ft2. 

C. The Engineer may increase the frequency of sampling in the event that test results do not 
comply with requirements of Part 2.01 of this Section until passing conformance test results are 
obtained for all material that is received at the site.  This additional testing shall be performed at the 
expense of the Contractor. 

D. The following conformance tests will be performed: 

Test Procedure Cushion Filtration UV Protective 

Mass per unit area ASTM D 5261
  

Yes No No 

Grab strength ASTM D 4632 Yes Yes No 

Puncture strength ASTM D 4833 Yes Yes No 

Permittivity ASTM D 4491 No Yes No 

A.O.S. ASTM D 4751 No Yes Yes 

Wide Width Tensile ASTM D 4595 No No Yes 

 

E. Any geotextile that is not certified in accordance with Part 1.04 of this Section, or that 
conformance testing results do not comply with Part 2.01 of this Section, will be rejected.  The 
Geosynthetic Installer shall replace the rejected material with new material. 

3.07 Protection of Work 

A. The Geosynthetic Installer shall use all means necessary to protect all work of this Section. 

B. In the event of damage, the Geosynthetic Installer shall make repairs and replacements to the 
satisfaction of the Engineer at the expense of the Contractor. 
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PART 4 –  MEASUREMENT AND PAYMENT 

4.01 General 

A. Providing for and complying with the requirements set forth in this Section for Cushion 
Geotextile will be measured as in-place square feet (SF), including Cushion Geotextile in the anchor 
trench to the limits shown on the Drawings, and payment will be based on the unit price provided 
on the Bid Schedule. 

B. Providing for and complying with the requirements set forth in this Section for Filtration 
Geotextile will be measured as in-place square feet (SF), including Filtration Geotextile in the 
anchor trench to the limits shown on the Drawings, and payment will be based on the unit price 
provided on the Bid Schedule. 

C. Providing for and complying with the requirements set forth in this Section for UV Protection 
Geotextile will be measured as in-place square feet (SF), including UV Protection Geotextile in the 
anchor trench to the limits shown on the Drawings, and payment will be based on the unit price 
provided on the Bid Schedule. 

D. The following are considered incidental to the Work: 

• shipping, handling and storage. 
• layout survey. 
• mobilization. 
• rejected material. 
• overlaps and seaming. 
• rejected material removal, handling, re-testing, and repair. 
• temporary anchorage. 
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TABLE 02771-1 
REQUIRED PROPERTY VALUES FOR GEOTEXTILE 

PROPERTIES QUALIFIERS UNITS

CUSHION 

SPECIFIED 
VALUES 

FILTER 

SPECIFIED 
VALUES 

UV 
PROTECTIVE 

SPECIFIED 
VALUES 

TEST 
METHOD 

Type   Nonwoven nonwoven Woven (-) 

Mass per unit area minimum oz/yd2 16 6(1) - ASTM D 5261 

Filter Requirements       

Apparent opening size 
(O95) 

maximum mm - 0.21 0.43 ASTM D 4751 

Permittivity minimum s-1  - 0.8 - ASTM D 4491 

Mechanical 
Requirements 

      

Grab strength minimum lb 350 130 - ASTM D 4632 

Puncture strength minimum lb 155 40 - ASTM D 4833 

Wide Width Tensile 
Strength 

minimum ppi - - 110 ASTM D 4595 

Durability       

Ultraviolet Resistance 
@ 500 hours 

minimum % 70 70 70 ASTM D 4355 

Notes: (1) For information purposes only, not a required property. 

END OF SECTION 
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SECTION 02772 
GEOSYNTHETIC CLAY LINER 

PART 1 –  GENERAL 

A. The Contractor shall furnish all labor, materials, tools, supervision, transportation, equipment, 
and incidentals necessary for installation of the geosynthetic clay liner (GCL).  The work shall be 
carried out as specified herein and in accordance with the Drawings. 

B. The work shall include, but not be limited to, delivery, storage, placement, anchorage, and 
seaming of the GCL. 

1.02 Related Sections 

Section 02200 — Earthworks 

Section 02770 — Geomembrane 

1.03 References 

A. Drawings 

B. Construction Quality Assurance (CQA) Plan 

C. Latest Version American Society of Testing and Materials (ASTM) Standards: 

ASTM D 2216 Standard Test Method for Laboratory Determination of Water (Moisture) 
Content of Soil, Rock, and Soil-Aggregate Mixtures 

ASTM D 5321 Determination of the Coefficient of Soil and Geosynthetic or Geosynthetic 
and Geosynthetic Friction by the Direct Shear Method 

ASTM D 5887 Test Method for Measurement of Index Flux Through Saturated 
Geosynthetic Clay Liner Specimens using a Flexible Wall Permeameter 

ASTM D 5888 Guide for Storage and Handling of Geosynthetic Clay Liners 

ASTM D 5890 Test Method for Swell Index of Clay Mineral Component of Geosynthetic 
Clay Liners 

ASTM D 5891 Test Method for Fluid Loss of Clay Component of Geosynthetic Clay 
Liners 

ASTM D 5993 Test Method for Measuring Mass per Unit Area of Geosynthetic Clay 
Liners 

1.04 Qualifications 

A. The Manufacturer shall be a well-established firm with more than ten years of experience in the 
manufacturing of GCL. 

B. The Geosynthetic Installer shall install the GCL and shall meet the requirements of 
Section 02770 and this Section. 
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1.05 Submittals 

A. At least 7 days before transporting any GCL to the site, the Manufacturer shall provide the 
following documentation to the Engineer for approval. 

1. list of material properties, including test method, to which are attached GCL samples. 

2. projected delivery dates for this project. 

3. Manufacturing quality control certificates for each shift's production, signed by 
responsible parties employed by the Manufacturer (such as the production manager). 

4. The quality control certificates shall include: 

a. roll numbers and identification; and 

b. results of quality control tests, including description of test methods used, 
outlined in Part 2.01 of this Section. 

5. The Manufacturer shall certify that the GCL meets all the properties outlined in 2.01 of 
this Section. 

1.06 Construction Quality Assurance Monitoring 

A. The Geosynthetic Installer shall ensure that the materials and methods used for the GCL meet 
the requirements of the Drawings and this Section.  Any material or method that does not conform 
to these documents, or to alternatives approved in writing by the Engineer, will be rejected and shall 
be repaired or replaced. 

B. The Geosynthetic Installer shall be aware of all monitoring and conformance testing required 
by the CQA Plan.  This monitoring and testing, including random conformance testing of 
construction materials and completed work, will be performed by the Engineer.  If 
nonconformances or other deficiencies are found in the materials or completed work, the 
Geosynthetic Installer will be required to repair the deficiency or replace the deficient materials. 

PART 2 –  PRODUCTS 

2.01 Material Properties 

A. The flux of the GCL shall be no greater than 1 x 10-8 m3/m2-sec, when measured in a flexible 
wall permeameter in accordance with ASTM D 5887 under an effective confining stress of 5 
pounds per square inch. 

B. The GCL shall have the following minimum dimensions: 

1. the minimum roll width shall be 15 feet; and 

2. the liner length shall be long enough to conform with the requirements specified in this 
Section. 

C. The bentonite used to fabricate the GCL shall have at least 90 percent sodium mortmorillonite. 

D. The bentonite component of the GCL shall be applied at a minimum concentration of 0.75 
pound per square foot, when measured at a water content of less than or equal to 0 percent. 
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E. The geotextile components of the GCL shall have a minimum combined mass per unit area of 9 
oz/yd2 in accordance with ASTM D 5261. 

F. The GCL shall meet the required property values listed in Table 02772-1. 

G. The bentonite will be adhered to the backing material(s) in a manner that prevents it from being 
dislodged when transported, handled, and installed in a manner prescribed by the Manufacturer.  
The method used to hold the bentonite in place shall not be detrimental to other components of the 
lining system. 

H. An alternative GCL having a textured vapor barrier (i.e., geomembrane) as an integral 
component of the GCL may be provided.  If an alternative GCL is used, the textured HDPE vapor 
barrier component shall be placed against the prepared subgrade and shall meet the following 
requirements: 

1. have an average thickness of 30-mils in accordance with ASTM D 5994; 

2. not have striations, pinholes, or bubbles on the surface or in the interior; and 

3. be produced so as to be free of holes, blisters, undispersed raw materials, or any sign of 
contamination by foreign matter. 

2.02 Interface Shear Testing 

A. Interface Shear test(s) shall be performed on the proposed geosynthetic and soil components in 
accordance with ASTM D 5321.  Tests shall be performed on several geosythetic interfaces as 
outlined below.   

1. Dry GCL interface - the GCL shall be underlain by prepared subgrade compacted to 
90% of the maximum dry density (ASTM D 1557) at the optimum moisture content and 
overlain by a textured 60-mil HDPE geomembrane, geocomposite, and operations layer 
material.  The geosynthetic components of the liner system shall be allowed to “float” 
(i.e., not fixed) such that the failure surface can occur between any of the interfaces.   

a. The test shall be performed, under dry conditions, at normal stresses of 1, 3, and 
5 psi at a shear rate of no more than 0.04 in./min. (1 mm/min.). 

b. The results of this test shall have a post peak apparent friction angle in excess of 
18 degrees. 

2. Hydrated GCL interface - the GCL shall be underlain by prepared subgrade compacted 
to 90% of the maximum dry density (ASTM D 1557) at the optimum moisture content 
and overlain by a textured 60-mil HDPE geomembrane, geocomposite, and operations 
layer material.  The GCL component of the liner system shall be allowed to “float” (i.e., 
not fixed) such that the failure surface can occur at the top, bottom, or internal GCL 
interfaces. 

a. Before shearing, the GCL shall be hydrated under a loading of 240 psf (11 Kpa) 
for 48 hours.  The test shall be performed under saturated conditions, at normal 
stresses of 20, 40, and 80 psi at a shear rate of no more than 0.04 in./min. (1 
mm/min.).   

b. The results of this test shall have a post-peak apparent friction angle in excess of 
12 degrees.   
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3. Hydrated GCL interface - If a GCL containing a geomembrane vapor barrier (i.e. 
Gundseal) is to be used, one additional shear strength test shall be performed.  The 
GCL shall be underlain by prepared subgrade compacted to 90% of the maximum dry 
density (ASTM D 1557) at the optimum moisture content and covered by a textured 60 
mil HDPE geomembrane, geocomposite, and operations layer material.   

a. The test shall evaluate the interface between the bentonite side of an unhydrated 
(i.e., dry) GCL containing a geomembrane vapor barrier and a textured 60 mil 
HDPE geomembrane.  The test shall be set up such that the failure occurs 
between the bentonite component of the GCL and the textured geomembrane.  
The test shall be performed under dry conditions, at normal stresses of 20, 40, 
and 80 psi at a shear rate of no more than 0.04 in./min. (1 mm/min.). 

b. The acceptance criterion for the interface between the GCL consisting of a 
geomembrane vapor barrier component and the overlying geomembrane shall be 
as follows: 

 tan-1 (0.25 tan δhydrated + 0.75 tanδunhydrated) ≥ 12° 

 where δhydrated is the post-peak apparent friction angle in degrees determined in 
test No. 2 and δunhydrated is the post-peak apparent friction angle in degrees 
determined in test No. 3. 

2.03 Manufacturing Quality Control 

A. The GCL shall be manufactured with quality control procedures that meet or exceed generally 
accepted industry standards. 

B. The Manufacturer shall sample and test the GCL to demonstrate that the material complies with 
the requirements of this Section. 

C. Any GCL sample that does not comply with this Section will result in rejection of the roll from 
which the sample was obtained.  The Manufacturer shall replace any rejected rolls. 

D. If a GCL sample fails to meet the quality control requirements of this Section, the Engineer will 
require that the Manufacturer sample and test, at the expense of the Manufacturer, rolls 
manufactured in the same lot, or at the same time, as the failing roll.  Sampling and testing of rolls 
shall continue until a pattern of acceptable test results is established to bound the failed roll(s). 

E. Additional sample testing may be performed, at the Manufacturer’s discretion and expense, to 
more closely identify any non-complying rolls and/or to qualify individual rolls. 

F. Sampling shall, in general, be performed on sacrificial portions of the GCL material such that 
repair is not required.  The Manufacturer shall sample and test the GCL to demonstrate that its 
properties conform to the requirements stated herein.  At a minimum, the following tests shall be 
performed by the Manufacturer: dry mass per unit area and index flux at frequencies of at least 1 per 
50,000 ft2 and 1 per 200,000 ft2, respectively. 

G. The Manufacturer shall comply with the certification and submittal requirements of this 
Section. 

2.04 Packing and Labeling 

A. GCLs shall be supplied in rolls wrapped in impermeable and opaque protective covers. 
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B. GCLs shall be marked or tagged with the following information: 

1. Manufacturer’s name; 
2. product identification; 
3. lot number; 
4. roll number; and 
5. roll dimensions. 

2.05 Transportation, Handling and Storage 

A. Handling, storage, and care of the GCL, prior to and following installation, is the responsibility 
of the Geosynthetic Installer, until final acceptance by the Engineer. 

B. The GCL shall be stored and handled in accordance with ASTM D 5888. 

C. The Geosynthetic Installer shall be liable for all damage to the materials incurred prior to and 
during transportation to the site. 

D. The GCL shall be on-site at least 14 days prior to the scheduled installation date to allow for 
completion of conformance testing described in Part 3.08 of this Section. 

PART 3 –  EXECUTION 

3.01 Familiarization 

A. Prior to implementing any of the work described in this Section, the Geosynthetic Installer shall 
carefully inspect the installed work of all other Sections and verify that all work is complete to the 
point where the installation of this Section may properly commence without adverse impact. 

B. Inspection: 

1. The Geosynthetic Installer shall carefully inspect the installed work of all other 
Sections and verify that all work is complete to the point where the installation of this 
Section may properly commence without adverse impact. 

2. If the Geosynthetic Installer has any concerns regarding the installed work of other 
Sections, he should notify the Engineer in writing prior to commencing the work.  
Failure to notify the Engineer or installation of the GCL will be construed as 
Geosynthetic Installer’s acceptance of the related work of all other Sections. 

C. A pre-installation meeting shall be held to coordinate the installation of the GCL with the 
installation of other components of the lining system. 

3.02 Surface Preparation 

A. The Geosynthetics Installer shall provide certification in writing that the surface on which the 
GCL will be installed is acceptable.  This certification of acceptance shall be given to the Engineer 
prior to commencement of geomembrane installation in the area under consideration. 

B. Special care shall be taken to maintain the prepared soil surface. 

C. No GCL shall be placed onto an area that has been softened by precipitation or that has cracked 
due to desiccation.  The soil surface shall be observed daily to evaluate the effects of desiccation 
cracking and/or softening on the integrity of the prepared subgrade. 
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3.03 Crest Anchorage System 

A. The anchor trench shall be excavated, prior to GCL placement, to the lines and grades shown 
on the Drawings. 

B. No loose soil shall be allowed in the anchor trench beneath the GCL. 

C. The GCL shall be temporarily anchored in the anchor trench until all geosynthetic layers are 
installed in the anchor trench as shown on the Drawings. 

3.04 Handling and Placement 

A. The Geosynthetic Installer shall handle all GCL in such a manner that they are not damaged in 
any way and so that they do not become hydrated prior to, or during, installation. 

B. In the presence of wind, all GCLs shall be sufficiently weighted with sandbags to prevent their 
movement. 

C. Any GCL damaged by stones or other foreign objects, or by installation activities, shall be 
repaired in accordance with Part 3.07 by the Geosynthetic Installer. 

D. If an alternative GCL is used, the vapor barrier portion of the GCL shall be installed against the 
underlying prepared subgrade. 

E. The GCL shall not be installed on an excessively moist subgrade or on standing water.  The 
GCL shall be installed in a way that prevents hydration of the GCL prior to completion of 
construction of the liner system. 

F. The GCL shall not be installed during precipitation or other conditions that may cause 
hydration of the GCL. 

G. All hydrated GCL shall be removed and replaced by the Geosynthetic Installer. 

3.05 Overlaps 

A. On slopes steeper than 10 horizontal to 1 vertical, all GCL shall be continuous down the slope; 
that is, no horizontal seams shall be allowed on the slope.  Horizontal seams shall be considered as 
any seam having an alignment exceeding 20 degrees from being perpendicular to the slope contour 
lines, unless otherwise approved by the Engineer. 

B. All GCL shall be overlapped in accordance with the Manufacturer’s recommended procedures.  
As a minimum, along the length (i.e., the sides) of the GCL the overlap shall be 6 inches, and along 
the width (i.e., the ends) the overlap shall be 12 inches. 

3.06 Materials in Contact With the GCL 

A. Geomembrane installation shall immediately follow the GCL installation.  All GCL that is 
placed during a day's work shall be covered with geomembrane before the Geosynthetic Installer 
leaves the site at the end of the day.  The edges of GCL placement should be covered each day and 
protected from hydration due to storm water run-on. 

B. Material shall not be placed on a GCL that is hydrated. 

C. Installation of other components of the liner system shall be carefully performed to minimize 
damage to the GCL. 
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D. Equipment shall not be driven directly on the GCL. 

E. Installation of the GCL in appurtenant areas, and connection of the GCL to appurtenances shall 
be made according to the Drawings.  The Geosynthetic Installer shall ensure that the GCL is not 
damaged while working around the appurtenances. 

3.07 Repair 

A. Any holes or tears in the GCL shall be repaired by placing a GCL patch over the hole.  On 
slopes steeper than 10 percent, the patch shall overlap the edges of the hole or tear by a minimum of 
2 feet in all directions.  On slopes 10 percent or flatter, the patch shall overlap the edges of the hole 
or tear by a minimum of 1 foot in all directions.  The patch shall be secured with a water-based 
adhesive approved by the Manufacturer. 

B. Care shall be taken to remove any soil or other material, which may have penetrated the torn 
GCL. 

C. The patch shall not be nailed or stapled. 

3.08 Conformance Testing  

A. Samples of the GCL will be removed by the Engineer and sent to a Geosynthetic CQA 
Laboratory for testing to ensure conformance with the requirements of this Section.  The 
Geosynthetic Installer shall assist the Engineer in obtaining conformance samples.  The 
Geosynthetic Installer shall account for this testing in the installation schedule. 

B. Samples shall be taken at a minimum frequency rate of one sample per 100,000 square feet. 

C. The Engineer may increase the frequency of sampling in the event that test results do not 
comply with the requirements of Part 2.01 of this Section until passing conformance test results are 
obtained for all material that is received at the site.  This additional testing shall be performed at the 
expense of the Contractor. 

D. As a minimum, the following conformance tests will be performed: mass per unit area and 
index flux.  All tests shall be carried out at a frequency of one sample per 100,000 ft2 and 400,000 
ft2, respectively.  In addition, the Engineer will perform a minimum of two interface shear strength 
tests in accordance with Part 2.02. 

E. Any GCL that is not certified by the Manufacturer in accordance with Part 1.05 of this section 
or that does not meet the requirements specified in Part 2.01 shall be rejected and replaced by the 
Geosynthetic Installer. 

3.09 Protection of Work 

A. The Geosynthetic Installer shall use all means necessary to protect all work of this Section. 

B. In the event of damage, the Geosynthetic Installer shall immediately make all repairs and 
replacements necessary to the approval of the Engineer. 

PART 4 –  MEASUREMENT AND PAYMENT 

A. Providing for a complying with the requirements set forth in this Section for GCL will be 
measured as in-place square feet (SF), including GCL in the anchor trench to the limits shown on 
the Drawings, and payment will be based on the unit price provided on the Bid Schedule. 
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B. The following are considered incidental to the Work: 

• shipping, handling and storage. 
• overlaps and seaming. 
• layout survey. 
• mobilization. 
• rejected material. 
• rejected material removal, handling, re-testing, and repair. 
• temporary anchorage. 
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TABLE 02772-1 
REQUIRED GCL PROPERTY VALUES 

 

PROPERTIES QUALIFIERS UNITS SPECIFIED(1) 
VALUES TEST METHOD 

 
Liner System Properties 
Interface Shear Strength minimum degrees 18° (unhydrated) 

12° (hydrated) 
ASTM D 5321(2) 

 
GCL Properties 
Bentonite Content(4) minimum lb/ft2 0.75 ASTM D 5993 
Bentonite Swell Index minimum mL/2g 24 ASTM D 5890 
Bentonite Fluid Loss maximum mL 18 ASTM D 5891 
Hydraulic Flux  minimum m3/m2-s 1 x 10-8 ASTM D 5887(3) 
Moisture Content (Bentonite) maximum percent 25 ASTM D 2216 
 
Notes: (1) All values represent minimum average roll values (i.e., any roll in a lot should meet or exceed the values in this table). 
 (2) Interface shear strength testing shall be performed, by the Engineer, in accordance with Part 2.02 of this Section. 

(3) Hydraulic flux testing shall be performed under an effective confining stress of 5 pounds per square inch. 
(4) Measured at a moisture content of 0 percent. 

 
END OF SECTION 
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SECTION 02773 
GEOCOMPOSITE 

PART 1 –  GENERAL 

1.01 Description of Work 

A. The Contractor shall furnish all labor, materials, tools, supervision, transportation, equipment, 
and incidentals necessary for the installation of the geocomposite.  The work shall be carried out as 
specified herein and in accordance with the Drawings. 

B. The work shall include, but not be limited to, delivery, storage, placement, and seaming of the 
geocomposite. 

C. Geocomposite shall be used overlying the geomembrane and underlying the operations layer on 
the side slopes for the base liner system.  Geocomposite shall be used overlying the geomembrane 
for the final cover liner system. 

1.02 Related Sections 

Section 02200 — Earthwork 

Section 02770 — Geomembrane 

Section 02771 — Geotextiles 

1.03 References 

A. Drawings 

B. Construction Quality Assurance (CQA) Plan 

C. Latest version of American Society for Testing and Materials (ASTM) standards: 

ASTM D 413.  Standard Test Method for Rubber Property-Adhesion to Flexible Substrate. 

ASTM D 792.  Standard Test Methods for Density and Specific Gravity (Relative Density) 
of Plastics by Displacement. 

ASTM D 1603.  Standard Test Method for Carbon Black in Olefin Plastics. 

ASTM D 4491.  Standard Test Methods for Water Permeability of Geotextiles by 
Permittivity. 

ASTM D 4533.  Standard Test Method for Trapezoid Tearing Strength of Geotextiles. 

ASTM D 4632.  Standard Test Method for Grab Breaking Load and Elongation of 
Geotextiles. 

ASTM D 4716.  Standard Test Method for Constant Head Hydraulic Transmissivity (In-
Plane Flow) of Geotextiles and Geotextile Related Products. 

ASTM D 4751.  Standard Test Method for Determining Apparent Opening Size of a 
Geotextile. 
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ASTM D 4833.  Standard Test Method for Index Puncture Resistance of Geotextiles, 
Geomembranes, and Related Products. 

ASTM D 5199.  Standard Test Method for Measuring Nominal Thickness of Geotextiles and 
Geomembranes. 

ASTM D 5261.  Standard Test Method for Measuring Mass per Unit Area of Geotextiles. 

1.04 Qualifications 

A. The manufacturer shall be a well-established firm with more than one year experience in the 
manufacturing of geocomposite. 

B. The Geosynthetic Installer shall install the geocomposite and shall meet the requirements of 
Section 02770 and this Section. 

1.05 Submittals 

A. The Geosynthetic Installer shall submit to the Engineer, at least 7 days prior to geocomposite 
delivery, the following information regarding the proposed geocomposite: 

1. manufacturer and product name; 

2. minimum property values of the proposed geocomposite and the corresponding test 
procedures; 

3. projected geocomposite delivery dates; and 

4. list of geocomposite roll numbers for rolls to be delivered to the site. 

B. At least 7 days prior to geocomposite placement, the Geosynthetic Installer shall submit to the 
Engineer the manufacturing quality control certificates for each roll of geocomposite.  The 
certificates shall be signed by responsible parties employed by the geocomposite manufacturer 
(such as the production manager).  The quality control certificates shall include: 

1. lot, batch, and/or roll numbers and identification; and 

2. results of quality control tests, including a description of the test methods used. 

1.06 Construction Quality Assurance Monitoring 

A. The Geosynthetic Installer shall ensure that the geocomposite and installation methods used 
meet the requirements of the Drawings and this Section.  Any material or method that does not 
conform to these documents, or to alternatives approved in writing by the Engineer, will be rejected 
and shall be repaired or replaced by the Geosynthetic Installer. 

B. The Geosynthetic Installer shall be aware of and accommodate all monitoring and conformance 
testing required by the CQA Plan.  This monitoring and testing, including random conformance 
testing of construction materials and completed work, will be performed by the Engineer.  If 
nonconformances or other deficiencies are found in the Geosynthetic Installer’s materials or 
completed work, the Geosynthetic Installer will be required to repair the deficiency or replace the 
deficient materials. 

PART 2 –  PRODUCTS 



Geosyntec Consultants 

 
Corrective Action Management Unit 

 Geocomposite
Basic Remediation Company

\SC0313.LINERSPECS.082106.D.SPC.DOC 02773-3 11/3/2006
 

2.01 Geocomposite Properties 

A. The Geocomposite Manufacturer shall furnish geocomposites having properties that comply 
with the required property values shown in Table 02773-1.  The Geocomposite Manufacturer shall 
provide results of tests performed using the procedures listed in Table 02773-1, as well as 
certification that the materials meet or exceed the specified values. 

B. Geotextiles will be thermally bonded to both sides of the geonet component of geocomposite 
material rather than chemically bonded. 

C. Geocomposite suppliers shall furnish materials in which the “Minimum Average Roll Values”, 
as defined by the Federal Highway Administration (FHWA), meet or exceed the criteria specified in 
Table 02773-1. 

D. The geocomposite’s geotextile components shall be nonwoven materials, suitable for use in 
filter/separation and cushion applications. 

2.02 Manufacturing Quality Control 

A. The geocomposite shall be manufactured with quality control procedures that meet or exceed 
generally accepted industry standards. 

B. The geocomposite Manufacturer shall sample and test the geocomposite to demonstrate that the 
material conforms to the requirements of these Specifications. 

C. Any geocomposite sample that does not comply with this Section shall result in rejection of the 
roll from which the sample was obtained.  The Geosynthetic Installer shall replace any rejected 
rolls. 

D. If a geocomposite sample fails to meet the quality control requirements of this Section the 
geocomposite Manufacturer shall sample and test, at the expense of the Manufacturer, rolls 
manufactured in the same lot, or at the same time, as the failing roll.  Sampling and testing of rolls 
shall continue until a pattern of acceptable test results is established to bound the failed roll(s). 

E. Additional sample testing may be performed, at the geocomposite Manufacturer's discretion 
and expense, to identify more closely any non-complying rolls and/or to qualify individual rolls. 

F. Sampling shall, in general, be performed on sacrificial portions of the geocomposite material 
such that repair is not required.  The Geocomposite Manufacturer shall sample and test the 
geocomposite, at a minimum once every 100,000 ft2, to demonstrate that the geocomposite 
properties conform to the values specified in Table 02773-1.  At a minimum, the following 
manufacturing quality control tests shall be performed on the geotextile component of the 
geocomposite: 

Test Procedure 

Mass per unit area ASTM D 5261 

Grab strength ASTM D 4632 

Puncture strength ASTM D 4833 

Permittivity ASTM D 4491 

A.O.S. ASTM D 4751 
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G. At a minimum, the following manufacturing quality control tests shall be performed on the 
geonet component of the geocomposite: 

Test Procedure 

Specific gravity ASTM D 792 

Nominal thickness ASTM D 5199 

H. At a minimum, the following manufacturing quality control tests shall be performed on the 
geocomposite: 

Test Procedure 

Transmissivity ASTM D 4716 

Peel strength ASTM D 413 

I. The geocomposite Manufacturer shall comply with the certification and submittal requirements 
of this Section. 

2.03 Packing and Labeling 

A. Geocomposite shall be supplied in rolls wrapped in relatively impermeable and opaque 
protective covers. 

B. Geocomposite rolls shall be marked or tagged with the following information: 

1. manufacturer's name; 

2. product identification; 
3. lot or batch number; 
4. roll number; and 
5. roll dimensions. 

2.04 Transportation, Handling, and Storage 

A. The Geosynthetic Installer shall be liable for any damage to the materials incurred prior to and 
during transportation to the site. 

B. The geocomposite shall be delivered to the site at least 14 days prior to the planned deployment 
date to allow the Engineer adequate time to perform conformance testing on the geocomposite 
samples as described in Part 3.06 of this Section. 

C. Handling, unloading, storage, and care of the geocomposite prior to and following installation 
at the site, is the responsibility of the Geosynthetic Installer.  The Geosynthetic Installer shall be 
liable for any damage to the materials incurred prior to final acceptance by the Engineer. 

D. The Geosynthetic Installer shall be responsible for storage of the geocomposite at the site. 

E. The geocomposite shall be protected from sunlight, excessive heat or cold, puncture, or other 
damaging or deleterious conditions.  The geocomposite shall be protected from mud, dirt, and dust.  
Any additional storage procedures required by the geocomposite Manufacturer shall be the 
responsibility of the Geosynthetic Installer. 

PART 3 –  EXECUTION 
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3.01 Familiarization 

A. Prior to implementing any of the work described in this Section, the Geosynthetic Installer shall 
carefully inspect the installed work of all other Sections and verify that all work is complete to the 
point where the installation of this Section may properly commence without adverse impact. 

B. Inspection: 

1. The Geosynthetic Installer shall carefully inspect the installed work of all other 
Sections and verify that all work is complete to the point where the installation of this 
Section may properly commence without adverse impact. 

2. If the Geosynthetic Installer has any concerns regarding the installed work of other 
Sections, he should notify the Engineer in writing prior to commencing the work.  
Failure to notify the Engineer or installation of the geocomposite will be construed as 
Geosynthetic Installer’s acceptance of the related work of all other Sections. 

C. A pre-installation meeting shall be held to coordinate the installation of the geocomposite with 
the installation of other components of the lining system. 

3.02 Handling and Placement 

A. The Geosynthetic Installer shall handle all geocomposite in such a manner that it is not 
damaged in any way. 

B. Install the geocomposite down the slope not across the slope.  Place ends into the anchor 
trenches in such a manner as to continually keep the geocomposite in tension. 

C. Precautions shall be taken to prevent damage to underlying layers during placement of the 
geocomposite. 

D. In the presence of wind, all geocomposites shall be sufficiently weighted with sandbags or the 
equivalent to prevent movement.   

E. The geocomposite shall be positioned by hand after being unrolled to minimize wrinkles. 

F. Care shall be taken during placement of geocomposites not to entrap dirt or excessive dust in 
the geocomposite that could cause clogging of the drainage system, and/or stones that could damage 
the adjacent geomembrane.  If dirt or excessive dust is entrapped in the geocomposite, it should be 
cleaned prior to placement of the next material on top of it.  Care shall be exercised when handling 
sandbags, to prevent rupture or damage of the sandbags. 

G. Geocomposites shall only be cut using a hooked utility blade. 

H. After unwrapping the geocomposite from its opaque cover, the geocomposite shall not be left 
exposed for a period in excess of 15 days.  

3.03 Overlaps and Seams 

A. Geonet Components: 

1. The geonet components shall be overlapped a minimum 4 in. along the length.  The 
geonet shall be overlapped by a minimum 1 ft. across the width. 
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2. Geonet overlaps shall be secured by tying with nylon cable ties.  Tying devices shall be 
white or yellow for easy inspection.  Metallic devices shall not be used. 

3. Seaming of the geonet shall be performed by wrap-ties at 12-in. centers for end of 
panels and at 5-ft centers for edge of panel seams. 

4. No end-of-panel seams shall be placed on slopes exceeding 10 %. 

B. Geotextile Components: 

1. The bottom layers of geotextile  shall be overlapped.  The top layers of geotextiles shall 
be continuously sewn.   

2. Polymeric thread, with chemical resistance properties equal to or exceeding those of the 
geotextile component, shall be used for all sewing.   

3.04 Placement of Overlying Materials 

A. All overlying materials shall be placed in such a manner as to ensure that: 

1. The geocomposite and underlying materials are not damaged; 

2. Minimal slippage occurs between the geocomposite and underlying layers; and 

3. Excess tensile stresses are not produced in the geocomposite. 

4. Equipment shall not be driven directly on the geocomposite. 

5. Unless otherwise approved in writing by the Engineer, all equipment operating on the 
materials overlying the geotextile shall comply with Section 02200 and Section 02225. 

3.05 Conformance Testing 

A. Samples of geocomposite will be removed by the Engineer and sent to a Geosynthetic CQA 
Laboratory for testing to ensure conformance with the requirements of this Section.  The 
Geosynthetic Installer shall assist the Engineer in obtaining conformance samples.  The 
Geosynthetic Installer shall account for this testing in the installation schedule. 

B. Samples shall be taken at a minimum frequency rate of one sample per 200,000 square feet. 

C. The Engineer may increase the frequency of sampling in the event that test results do not 
comply with the requirements of Part 2.01 of this Section until passing conformance test results are 
obtained for all material that is received at the site.  This additional testing shall be performed at the 
expense of the Contractor. 

D. As a minimum, transmissivity and peel strength will be performed on each sample. 

E. Any geocomposite that is not certified by the Manufacturer in accordance with Part 1.05 of this 
section or that does not meet the requirements specified in Part 2.01 shall be rejected and replaced 
by the Geosynthetic Installer. 

3.06 Protection of Work 

A. The Geosynthetic Installer shall use all means necessary to protect all work of this Section. 
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B. In the event of damage, the Geosynthetic Installer shall immediately make all repairs and 
replacements necessary to the approval of the Engineer. 

PART 4 –  MEASUREMENT AND PAYMENT 

A. Providing for a complying with the requirements set forth in this Section for geocomposite will 
be measured as in-place square feet (SF), including geocomposite in the anchor trench to the limits 
shown on the Drawings, and payment will be based on the unit price provided on the Bid Schedule. 

B. The following are considered incidental to the Work: 

• shipping, handling, and storage. 
• overlaps and seaming. 
• layout survey. 
• mobilization. 
• rejected material. 
• rejected material removal, handling, re-testing, and repair. 
• temporary anchorage. 
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TABLE 02773 - 1 

GEOCOMPOSITE PROPERTY VALUES – BASE LINER SYSTEM 

 
PROPERTIES 

 
QUALIFIER 

 
UNITS 

SPECIFIED 
VALUES (1) 

TEST 
METHOD 

Geonet Component: 

Specific gravity Minimum  0.935 ASTM D 792 

Carbon black content Range % 2 – 3 ASTM D 1603 

Nominal thickness Minimum mils 200 ASTM D 5199 

Geotextile Components: 

Mass per unit area Minimum oz/yd2  8  ASTM D 5261 

Filter Requirements     

Apparent opening size Maximum mm 0.21 mm ASTM D 4751 

Permittivity Minimum 1/s 0.6 ASTM D 4491 

Mechanical Requirements     

Grab strength Minimum lb  190  ASTM D 4632 

Puncture strength Minimum lb  110  ASTM D 4833 

Geocomposite: 

Transmissivity (2) Minimum m2/s 6.1 x 10-5 ASTM D 4716 

Peel Strength Minimum gm/in 500 ASTM D 413 

Notes: 

1. All values except transmissivity represent minimum average roll values (i.e., any roll in a lot should meet or exceed the 
values in this table). 

2. The design transmissivity is the hydraulic transmissivity of the geocomposite measured using water at 68°F ±3°F  (20°C 
±1.5°C) with a hydraulic gradient of 0.1 under a compressive stress of not less than 12,000 psf (574 kPa).  For the test, the 
geocomposite shall be sandwiched between a layer of operations material and a textured 60-mil HDPE geomembrane.  The 
minimum test duration shall be 24 hours and the report for the test results shall include measurements at intervals over the 
entire test duration. 

 
END OF SECTION 
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SECTION 02820 
CHAIN LINK FENCE 

PART 1 –  GENERAL 

1.01 Description of Work 

A. The Contractor shall furnish all labor, materials, tools, supervision, transportation, equipment, 
and incidentals necessary to construct the Chain Link Fence.  The Work shall be performed as 
specified herein and in accordance with the Drawings. 

B. The Work shall include construction of footers, construction of posts, rails, and bracing, 
placement and securing the fence fabric, construction and installation of swing gates, and all other 
Work incidental to construction of a completed fence as shown on the Drawings and as described in 
this Section. 

1.02 Related Sections 

Section 01025 –  Measurement and Payment 

Section 01300 – Submittals 

Section 01400 – Quality Control 

Section 01500 – Construction Facilities 

Section 01560 – Temporary Controls  

Section 02200 – Earthwork 

Section 03400 – Cast-in-Place Concrete 

1.03 References 

A. Drawings 

B. Latest Version of American Society for Testing and Materials (ASTM) Standards: 

ASTM A 153 Standard Specification for Zinc Coating (Hot-Dip) on Iron and Steel 
Hardware 

ASTM A 1043 Standard Specification for Strength and Protective Coatings on Metal 
Industrial Chain Link Fence Framework 

1.04 Delivery, Storage, and Handling 

A. Deliver materials to Site in good condition, in unopened packaging, and with labels intact.  
Inspect materials upon delivery and replace damaged or contaminated materials. 

B. Store materials above ground, under cover, in a dry place, and in a manner to prevent damage 
or staining. 

C. Handle materials to prevent damage to surfaces, edges, and ends.  Replace damaged materials 
at no additional cost to the Owner. 
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1.05 Submittals 

A. The Contractor shall submit to the Construction Manager, at least 7 days prior to installation of 
fence material, certificates of compliance with the fence Manufacturer’s specifications and that the 
material meets or exceeds all internal quality control requirements and the requirements of this 
Section. 

1.06 Quality Assurance 

A. The Contractor shall ensure that the materials and methods used for security chain link fence 
construction meet the requirements of the Manufacturer, the Drawings, and this Section.  Any 
material or method that does not conform to these documents, or to alternatives approved in writing 
by the Design Engineer will be rejected and shall be repaired or replaced by the Contractor to the 
satisfaction of the CQA Engineer at the Contractor’s expense. 

PART 2 –  PRODUCTS 

2.01 Security Fence Fabric 

A. Fence fabric: 2” by 2” mesh size, 11 gauge core size, hot-dip zinc galvanized steel wire. 

B. Fence fabric shall be a commercial-grade fence system, as supplied by Master-Halco, or shall 
be equivalent in core material, metallic-coating material, and all coating processes and strengths.   

C. Manufacturer shall warranty the fence materials against defects and deterioration, other than 
normal wear and tear, for a minimum of 12 years. 

D. Fabric selvages shall be twisted (barbed) on the top and knuckled on the bottom. 

E. The heights of fabric shall be sufficiently long so that no horizontal splices are required. 

2.02 Framework 

A. Framework includes all posts and rails. 

B. Fencing framework shall be made of tubular galvanized steel pipe that conforms to ASTM F 
1043, Group 1a.  The framework shall be standard weight, schedule 40 steel pipe, galvanized by the 
hot-dip method, with a minimum average of 1.8 ounces per square foot of zinc-coated surface. 

C. Dimensions of the framework components shall be as shown on the Drawings. 

2.03 Footers 

A. Post footers shall be made with concrete rated at a minimum of 2,500 pounds per square inch 
(psi) and shall be constructed to the dimensions as shown on the Drawings. 

2.04 Swing Gates 

A. Gates frames shall be of the same materials and coatings as for the fence fabric and framework. 

B. Dimensions of the gates and gate components shall be as shown on the Drawings. 

C. Gate frame members shall be welded at joints for a rigid connection. 

D. Contractor shall provide and install the following hardware for each gate: 
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E. Hinges: provide hinges of type to, size, and material to suit gate size.  Hinges shall be non-
liftoff type, offset to permit 180 degree gate opening. 

F. Latch: exit control lock and cylinder, as shown on the Drawings. 

G. Latch rail: steel plate, weld to stiles at interior side of gate to receive and protect latch. 

2.05 Hardware  

A. Hardware shall include bolts, tension rods, and truss rods. 

B. Hardware shall be made of galvanized steel as per ASTM A 153.  

C. Bolts shall be 3/16” diameter self drilling hex head TEK screws with flat washers, as 
manufactured by Hilti, Red Head, or approved. 

D. Tension rods shall be stainless steel, in standard lengths to equal full height of fabric, with 
maximum cross section to suit fabric openings.  Provide one tension rod for each gate post and 
corner post. 

E. Truss rods shall be minimum 3/8” diameter threaded, galvanized steel rod and turnbuckle. 

2.06 Fittings 

A. Fittings include: tension and brace bands, caps, eye tops, rail ends, sleeves, and tie wires. 

B. All fittings, except tie wires, shall be hot-dip galvanized steel.  Tie wires shall be zinc-coated 
steel wire.   

PART 3 –  EXECUTION 

3.01 General 

A. When shipping, delivering, and installing all fence materials, do so to ensure a sound, 
undamaged installation.  Provide storage for all materials and equipment delivered to the Site that is 
protective of stored materials.  Handle and store materials in accordance with the Manufacturer's 
recommendations. 

B. Prior to installation, examine surfaces designated to receive Work described in the Section for 
conditions adversely affecting the finished Work.  Repair or replace surfaces not meeting tolerances 
or quality requirements governing substrate construction prior to initiating this Work. 

C. Do not begin installation and erection before construction of the concrete secondary 
containment portion of the Work is complete. 

3.02 Installation 

A. Install materials in accordance with accepted shop drawings and Manufacturer’s printed 
instructions. 

B. Provide top and intermediate rails as shown on Drawings.  Install each as one piece between 
posts.  Offset as necessary to allow for depth of fabric. 



Geosyntec Consultants 

 
Corrective Action Management Unit 

 Chain Link Fence
Basic Remediation Company

\SC0313.LINERSPECS.082106.D.SPC.DOC 02820-4 11/3/2006
 

C. Place chain link fabric on the outside of the area to enclosed.  Secure one end and apply 
sufficient tension to remove all slack before making attachments elsewhere.  Tighten the fabric to 
provide a smooth uniform appearance, free from sag. 

D. Cut fabric by untwisting on picket and attach each span independently at all terminal posts.  
Install tension rods with bolts and washers at 15” on center. 

E. Fasten fabric to all posts, rails, and gate frames with bolts and washers at 15” on center. 

F. Gates: install gates plumb, level and secure, for full operation without interference.  Adjust 
hardware for smooth operation and lubricate where necessary.  Gates shall open outward form the 
area to be secured. 

G. Clearances:  install fencing and gates with a maximum ½” clearance between the perimeter of 
the fabric and the framing, between the framing and adjacent construction, and between the 
perimeter of each gate leaf and surrounding construction.  Close off gaps exceeding 1/2”at the 
direction of the Construction Manager. 

3.03 Cleaning Up 

A. During the progress of the Work, the premises shall be kept free of debris and waste.  Upon 
completion, remove from the Site and dispose of all debris and surplus materials in a lawful manner. 

B. At completion of Work, touch up minor damage to all surfaces to the satisfaction of the 
Construction Manager.  Protect completed Work until final acceptance by the Owner. 

3.04 Survey 

A. The locations of the fence posts shall be surveyed by the Surveyor, and shall be included in the 
Record Drawings. 

PART 4 –  MEASUREMENT AND PAYMENT 

4.01 General 

A. Providing for and complying with the requirements set forth in this Section for chain link fence 
will be measured as linear feet (LF), and payment will be based on the unit price provided on the 
Bid Schedule. 

B. The following are considered incidental to the Work: 

• Submittals. 
• Mobilization. 
• Quality Control. 
• Shipping, handling and storage. 
• Footers 
• Framework 
• Welding. 
• Fence fabric 
• Gates 
• Hardware and fittings 
• Clean up 
• As-built survey. 
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END OF SECTION 
 



 
 
 
 
 
 
 
 
 
 

Section 5 
Final Cover Calculation Packages
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1. INTRODUCTION 
 

1.1 Terms of Reference 
 
GeoSyntec Consultants (GeoSyntec) has prepared this Construction Quality 

Assurance (CQA) Plan for the construction of the Corrective Action Management Unit 
(CAMU) Final Cover System for Basic Remediation Company (BRC) located in 
Henderson, Nevada.  Hereinafter, the CAMU construction is referred to as the Project. 

 
This CQA Plan was prepared by Mr. Gregory T. Corcoran, P.E. of 

GeoSyntec Consultants (GeoSyntec) under the direction of Mr. Brad Cooley, P.E.  In 
general accordance with the peer review policies of the firm, Mr. Brad Cooley, P.E. of 
GeoSyntec was responsible for senior peer review of the work presented in this plan. 

 
1.2 Purpose and Scope of the Construction Quality Assurance Plan 

 
The purpose of the CQA Plan is to address the CQA procedures and 

monitoring requirements for construction of the Project.  The CQA Plan is intended to: 
(i) define the responsibilities of parties involved with the construction; (ii) provide 
guidance in the proper construction of the major components of the Project; (iii) 
establish testing protocols; (iv) establish guidelines for construction documentation; and 
(v) provide the means for assuring that the Project is constructed in conformance to the 
Technical Specifications, permit conditions, applicable regulatory requirements, and 
Construction Drawings. 

 
This CQA Plan addresses the soils and geosynthetic components of the final 

cover system for the project.  The soils, geosynthetic, and appurtenant components 
include cover soil, prepared subgrade, drainage aggregate, geosynthetic clay liner, 
geomembrane, geotextile, geocomposite, and corrugated polyethylene (CPE) pipe.  It 
should be emphasized that care and documentation are required in the placement and 
compaction of the soils and aggregate and in the production and installation of the 
geosynthetic materials placed during construction.  The CQA Plan, therefore, delineates 
the procedures to be followed for monitoring construction of these materials. 
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The scope of this CQA Plan includes the CQA of the soil and geosynthetic 
components of the Project.  The CQA monitoring activities during the selection, 
evaluation, treatment, placement, and compaction of soils for earthworks, and drainage 
aggregate are included in the scope of this plan.  The CQA protocols applicable to 
manufacturing, shipping, handling, and installing all geosynthetic materials are also 
included.  However, this CQA Plan does not specifically address either installation 
specifications or specification of soils and geosynthetic materials as these requirements 
are addressed in the Technical Specifications. 

 
1.3 References 

 
The CQA Plan includes references to test procedures in the latest editions of the 

American Society for Testing and Materials (ASTM). 
 

1.4 Organization of the Construction Quality Assurance Plan 
 
The remainder of the CQA Plan is organized as follows: 
 
• Section 2 presents definitions relating to CQA; 
• Section 3 describes the parties involved with the CQA; 
• Section 4 describes the responsibilities of the CQA personnel; 
• Section 5 describes site and project control requirements; 
• Section 6 presents CQA documentation; 
• Section 7 presents CQA of earthworks; 
• Section 8 presents CQA of the drainage aggregates; 
• Section 9 presents CQA of the pipe and fittings; 
• Section 10 presents CQA of the geomembrane; 
• Section 11 presents CQA of the geotextile; 
• Section 12 presents CQA of the geosynthetic clay liner; 
• Section 13 presents CQA of the geocomposite; and 
• Section 14 presents CQA surveying. 
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2. DEFINITIONS RELATING TO CONSTRUCTION QUALITY 
ASSURANCE 
 
This CQA Plan is devoted to Construction Quality Assurance.  In the context 

of this document, Construction Quality Assurance and Construction Quality Control are 
defined as follows: 

 
Construction Quality Assurance (CQA) - A planned and systematic pattern 

of means and actions designed to assure adequate confidence that materials and/or 
services meet contractual and regulatory requirements and will perform satisfactorily in 
service. 

 
Construction Quality Control (CQC) - Those actions which provide a means 

to measure and regulate the characteristics of an item or service in relation to 
contractual and regulatory requirements. 

 
In the context of this document: 
 
• CQA refers to means and actions employed by the CQA Consultant 

to assure conformity of the Project “Work” with this CQA Plan, the 
Drawings, and the Technical Specifications. 

 
• Construction Quality Control refers to those actions taken by the 

Contractor, Manufacturer, or Geosynthetic Installer to verify that the 
materials and the workmanship meet the requirements of this CQA 
Plan, the Drawings, and the Technical Specifications.  In the case of 
soil components, CQC is combined with CQA and is provided by the 
CQA Consultant.  In the case of the geosynthetic components and 
piping of the Work, CQC is provided by the Manufacturer and 
Geosynthetic Installer and the Contractor.  CQA testing of soil, pipe, 
and geosynthetic components is provided by the CQA Consultant. 
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3. PARTIES INVOLVED WITH CONSTRUCTION QUALITY 
ASSURANCE 
 

3.1 Engineer 
 
Responsibilities 
 
The Engineer is responsible for the design, Drawings, and Technical 

Specifications for the Project Work.  In this CQA Plan, the term “Engineer” refers to 
Parsons Engineering Science, Inc. (Parsons) and GeoSyntec. 

 
Qualifications 
 
The Engineer of Record shall be a qualified engineer, registered as required 

by Nevada state regulations.  The Engineer should have expertise, which demonstrates 
significant familiarity with piping, geosynthetics and soils, as appropriate, including 
design and construction experience related to landfill liner systems. 

 
3.2 Project Manager 

 
Responsibilities 
 
The Project Manager is responsible for implementing the design, and 

overseeing subcontractors.  In this CQA Plan, the term “Project Manager” refers to a 
qualified BRC employee. 

 
Qualifications 
 
The Project Manager shall be a qualified engineer having familiarity with 

earthwork construction and installation of geosynthetic materials. 
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3.3 Contractor 
 
Responsibilities 
 
In this CQA Plan, Contractor refers to an independent party or parties, 

contracted by the Owner, performing the Work in general accordance with this CQA 
Plan, the Drawings, and the Technical Specifications.  The Contractor will be 
responsible for the installation of the soils and geosynthetic components of the liner 
system.  This work will include excavation, placement and compaction of engineered 
fill and prepared subgrade, placement of drainage aggregate and native soil (operations 
layer material), installation and of piping and concrete manhole, installation of 
temporary erosion control features, and coordination of work with the Geosynthetic 
Installer and other subcontractors. 

 
The Contractor will be responsible for constructing the liner system and 

appurtenant components in general accordance with the Drawings and complying with 
the quality control requirements specified in the Technical Specifications. 

 
Qualifications 
 
Qualifications of the Contractor are specific to the construction contract.  

The Contractor should have a demonstrated history of successful earthworks 
construction and maintain current state and federal licenses as appropriate. 

 
3.4 Resin Supplier 

 
Responsibilities 
 
The Resin Supplier produces and delivers the resin to the Geosynthetics 

Manufacturer. 
 



 GeoSyntec Consultants 
 
 

 

SC0313.CQAPlanCover.082106.d.DOC 6 06 11 03/10:38 

Qualifications 
 
Qualifications of the Resin Supplier are specific to the Manufacturer’s 

requirements.  The Resin Supplier will have a demonstrated history of providing resin 
with consistent properties. 

 
3.5 Geosynthetics Manufacturer 

 
Responsibilities 
 
The Manufacturer is responsible for the production of finished material 

(geomembrane, geotextile, geosynthetic clay liner, geocomposite, pipe, and other 
specified material) from appropriate raw materials. 

 
Qualifications 
 
The Manufacturer(s) will be able to provide sufficient production capacity 

and qualified personnel to meet the demands of the project.  The Manufacturer(s) must 
be a well established firm(s) that meet the requirements identified in the Technical 
Specifications. 

 
3.6 Geosynthetic Installer 

 
Responsibilities 
 
The Geosynthetic Installer is responsible for field handling, storage, 

placement, seaming, loading or anchoring against wind uplift, and other aspects of the 
geosynthetic material installation.  The Geosynthetic Installer may also be responsible 
for specialized construction tasks (i.e., including construction of anchor trenches for the 
geosynthetic materials). 
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Qualifications 
 
The Geosynthetic Installer will be trained and qualified to install the 

geosynthetic materials of the type specified for this project.  The Geosynthetic Installer 
shall meet the qualification requirements identified in the Technical Specifications. 

 
3.7 CQA Consultant 

 
Responsibilities 
 
The CQA Consultant is a party, independent from the Contractor, 

Manufacturer, and Geosynthetic Installer, who is responsible for observing, testing, and 
documenting activities related to the CQC and CQA of the earthwork, piping, and the 
geosynthetic components used in the construction of the Project.  The CQA Consultant 
will also be responsible for issuing a CQA report at the completion of the Project 
construction, which details the earthworks, piping, and geosynthetic installation 
activities and associated CQA activities.  The CQA report will be signed and sealed by 
the CQA Officer who will be a Professional Engineer registered in the State of Nevada. 

 
The CQA Consultant will be responsible for obtaining and testing 

representative samples of all components used in construction of the Project as required 
by this CQA Plan and Technical Specifications.  All tests will be conducted in general 
accordance with ASTM or other applicable state or federal standards.  Test results must 
be submitted to the Project Manager within a reasonable timeframe, which will not 
impede or delay construction of the Project.  The CQA Consultant will be responsible 
for inspecting all earthwork, piping, and geosynthetic operations to verify that the 
components are installed in general accordance with this CQA Plan and Technical 
Specifications. 

 
Qualifications 
 
The CQA Consultant is a well established firm specializing in geotechnical 

and geosynthetic engineering and possess the equipment, personnel, and licenses 
necessary to conduct the geotechnical and geosynthetic tests required by the project 
plans and Technical Specifications.  The CQA Consultant will provide qualified staff 
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for the project, as necessary, which will include, at a minimum, a CQA Officer, and a 
CQA Site Manager.  The CQA Officer will be a professionally licensed engineer as 
required by Nevada State regulations. 

 
The CQA Consultant will be experienced with earthwork construction and 

the installation of geosynthetic materials similar to those materials used in construction 
of the Project.  The CQA Consultant will be experienced in the preparation of CQA 
documentation including CQA Plans, field documentation, field testing procedures, 
laboratory testing procedures, construction specifications, construction drawings, and 
CQA reports. 

 
The CQA Site Manager will be specifically familiar with the construction of 

earthworks, piping, and the installation of geosynthetic materials and will be trained by 
the CQA Consultant in the duties of a CQA Site Manager. 

 
3.8 Surveyor 

 
Responsibilities 
 
The Surveyor is a party, independent from the Contractor, Manufacturer, and 

Geosynthetic Installer, that is responsible for surveying, documenting, and verifying the 
location of all significant components of the Work.  The Surveyor’s work is coordinated 
and employed by the Owner.  The Surveyor is responsible for issuing record drawings 
of the construction. 

 
Qualifications 
 
The Surveyor will be a well established surveying company with at least 

3 years experience in the profession of surveying services in the State of Nevada.  The 
Surveyor will be a licensed professional as required by the State of Nevada regulations.  
The Surveyor shall be fully equipped and experienced in the use of total stations and 
AutoCAD Version 14.  All surveying will be performed under the direct supervision of 
the Owner. 
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3.9 CQA Laboratory 
 
Responsibilities 
 
The CQA Laboratory is a party, independent from the Contractor, 

Manufacturer and Geosynthetic Installer, that is responsible for conducting tests in 
general accordance with ASTM and other applicable test standards on samples of 
geosynthetic materials and soil in the field and in either an on-site or off-site laboratory. 

 
Qualifications 
 
The CQA Laboratory will have experience in testing soils and geosynthetic 

materials and will be familiar with ASTM and other applicable test standards.  The 
CQA Laboratory will be capable of providing test results within a maximum of seven 
days of receipt of samples and will maintain that capability throughout the duration of 
earthworks construction and geosynthetic materials installation. The CQA Laboratory 
will also be capable of transmitting geosynthetic destructive test results within 24 hours 
of receipt of samples and will maintain that capability throughout the duration of 
geosynthetic material installation. 
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4. CQA CONSULTANTS PERSONNEL ORGANIZATION AND 
DUTIES 
 

4.1 Overview 
 
The CQA Officer will provide supervision within the scope of work of the 

CQA Consultant.  The scope of work for the CQA Consultant includes monitoring of 
construction activities including the following: 

 
• screening of materials; 
 
• placement and compaction of cover soil and prepared subgrade; 
 
• installation of geotextile; 
 
• installation of geosynthetic clay liner; 
 
• installation of geomembrane; 
 
• installation of drainage aggregate; 
 
• installation of geocomposite; and 
 
• installation of piping. 
 
The duties of the CQA personnel are discussed in the remainder of this 

section. 
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4.2 CQA Personnel 
 
For construction of the Project, the CQA Consultant’s personnel will 

include: 
 
• the CQA Officer, who operates from the office of the CQA 

Consultant and who conducts periodic visits to the site as required; 
and 

 
• the CQA Site Manager, who is located at the site. 
 
The duties of the CQA Personnel are discussed in the following subsections. 
 

4.2.1 CQA Officer 
 
The CQA Officer shall supervise and be responsible for monitoring and 

CQA activities relating to the construction of the earthworks, piping, and installation of 
the geosynthetic materials of the Project.  Specifically, the CQA Officer: 

 
• reviews the project design, this CQA Plan, Drawings, and Technical 

Specifications; 
 
• reviews other site-specific documentation; unless otherwise agreed, 

such reviews are for familiarization and for evaluation of 
constructability only, and hence the CQA Officer and the CQA 
Consultant assume no responsibility for the liner system design; 

 
• reviews and approves the Geosynthetic Installer’s QC Plan; 
 
• attends resolution and/or pre-construction meetings as needed; 
 
• administers the CQA program (i.e., provides supervision of and 

manages on-site CQA personnel, reviews field reports, and provides 
engineering review of CQA related activities); 

 



 GeoSyntec Consultants 
 
 

 

SC0313.CQAPlanCover.082106.d.DOC 12 06 11 03/10:38 

• provides quality control of CQA documentation and conducts site 
visits; 

 
• reviews the record drawings; and 
 
• with the CQA Site Manager, prepares the CQA report documenting 

that the project was constructed in general accordance with the 
Construction Documents. 

 
4.2.2 CQA Site Manager 

 
The CQA Site Manager: 
 
• acts as the on-site representative of the CQA Consultant; 
 
• attends CQA-related meetings (e.g., resolution, pre-construction, 

daily, weekly (or designates a representative to attend the meeting)); 
 
• prepares or oversees the ongoing preparation of the record drawings; 
 
• reviews test results provided by Contractor; 
 
• assigns locations for testing and sampling; 
 
• oversees the collection and shipping of laboratory test samples; 
 
• reviews results of laboratory testing and makes appropriate 

recommendations; 
 
• reviews the calibration and condition of on-site CQA equipment; 
 
• prepares a daily summary report for the project; 
 
• reviews the Manufacturer’s QC documentation; 
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• reviews the Geosynthetic Installer’s personnel Qualifications for 
conformance with those pre-approved for work on site; 

 
• notes in the daily summary report and reports to the CQA Officer and 

Project Manager on-site activities that could result in damage to the 
geosynthetic materials or other completed work; 

 
• reports unresolved deviations from the CQA Plan, Drawings, and 

Technical Specifications to the Project Manager; and 
 
• assists with the preparation of the CQA report. 
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5. SITE AND PROJECT CONTROL 
 

5.1 Project Coordination Meetings 
 
Meetings of key project personnel are necessary to assure a high degree of 

quality during installation, and promote clear, open channels of communication.  
Therefore, Project Coordination Meetings are an essential element in the success of the 
project.  Several types of Project Coordination Meetings are described below, 
including: (i) resolution meetings; (ii) pre-construction meetings; (iii) progress 
meetings; and (iv) problem or work deficiency meetings. 

 
5.1.1 Resolution Meeting 

 
Following the completion of the design, Drawings, and Technical 

Specifications for the project and prior to the start of construction, a Resolution Meeting 
will be held.  This meeting may include the CQA Officer, the CQA Site Manager, the 
Engineer, and the Project Manager. 

 
The purpose of this meeting is to begin planning for coordination of 

construction tasks, anticipate installation problems which might cause difficulties and 
delays in construction, and, above all, present the CQA Plan to the parties involved.  It 
is very important that the criteria regarding testing, repair, and other CQA activities be 
known and accepted by the parties involved in the work prior to the installation of 
geosynthetic materials and construction of the soil components for the Project. 

 
The first part of the Resolution Meeting may be devoted to a review of the 

Drawings and Technical Specifications for familiarity.  This is different from the peer 
review of the design, including design calculations, which will have been carried out 
previously. 

 
The Resolution Meeting may include the following activities: 
 
• distribute relevant documents to all parties; 
 
• review critical design details of the project; 
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• review this CQA Plan; 
 
• review the Drawings and Technical Specifications; 
 
• make appropriate modifications to the design criteria, Drawings, and 

Technical Specifications so that the fulfillment of the design 
specifications or performance standards can be determined through 
the implementation of the CQA Plan; 

 
• reach a consensus on the quality control procedures, especially on 

methods of evaluating acceptability of the soils and geosynthetic 
materials; 

 
• assign the responsibilities of each party; 
 
• establish work area security and health and safety protocol; 
 
• confirm the methods for documenting observations, reporting, and 

distributing documents and reports; and 
 
• confirm the lines of authority and communication. 
 
The Project Manager will appoint one of the meeting attendees to record the 

discussions and decisions of the Resolution Meeting.  The record of the meeting will be 
documented by the appointee in the form of meeting minutes, which will be 
subsequently distributed to all attendees. 

 
5.1.2 Pre-Construction Meeting 

 
A Pre-Construction Meeting will be held at the site prior to construction of 

the Project.  As a minimum, the Pre-Construction Meeting will be attended by the 
Contractor, the Geosynthetic Installer’s Superintendent, the CQA Consultant, the 
Engineer, and the Project Manager. 
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Specific items for discussion at the pre-construction meeting include the 
following: 

 
• appropriate modifications or clarifications to the CQA Plan; 
 
• the Drawings and Technical Specifications; 
 
• the responsibilities of each party; 
 
• lines of authority and communication; 
 
• methods for documenting and reporting, and for distributing 

documents and reports; 
 
• acceptance and rejection criteria; 
 
• protocols for testing; 
 
• protocols for handling deficiencies, repairs, and re-testing; 
 
• the time schedule for all operations; 
 
• procedures for packaging and storing archive samples; 
 
• panel layout and numbering systems for panels and seams; 
 
• seaming procedures; 
 
• repair procedures; and 
 
• soil stockpiling locations. 
 
The Project Manager will conduct a site tour to observe the current site 

conditions and to review construction material and equipment storage locations.  A 
person in attendance at the meeting will be appointed by the Project Manager to record 
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the discussions and decisions of the meeting in the form of meeting minutes.  Copies of 
the meeting minutes will be distributed to all attendees. 

 
5.1.3 Progress Meetings 

 
Progress meetings will be held between the CQA Site Manager, the 

Contractor, Project Manager, and other concerned parties participating in the 
construction of the project.  This meeting will include discussions on the current 
progress of the project, planned activities for the next week, and revisions to the work 
plan and/or schedule.  The meeting will be documented in meeting minutes prepared by 
a person designated by the CQA Site Manager at the beginning of the meeting.  Within 
2 working days of the meeting, draft minutes will be transmitted to representatives of 
parties in attendance for review and comment.  Corrections and/or comments to the 
draft minutes shall be made within 2 working days of receipt of the draft minutes to be 
incorporated in the final meeting minutes. 

 
5.1.4 Problem or Work Deficiency Meeting 

 
A special meeting will be held when and if a problem or deficiency is 

present or likely to occur.  The meeting will be attended by the Contractor, the Project 
Manager, the CQA Site Manager, and other parties as appropriate.  If the problem 
requires a design modification, the Engineer should either be present at, consulted prior 
to, or notified immediately upon conclusion of this meeting.  The purpose of the work 
deficiency meeting is to define and resolve the problem or work deficiency as follows: 

 
• define and discuss the problem or deficiency; 
• review alternative solutions; 
• select a suitable solution agreeable to all parties; and 
• implement an action plan to resolve the problem or deficiency. 
 
The Project Manager will appoint one attendee to record the discussions and 

decisions of the meeting.  The meeting record will be documented in the form of 
meeting minutes and copies will be distributed to all affected parties.  A copy of the 
minutes will be retained in facility records. 
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6. DOCUMENTATION 
 

6.1 Overview 
 
An effective CQA Plan depends largely on recognition of all construction 

activities that should be monitored and on assigning responsibilities for the monitoring 
of each activity.  This is most effectively accomplished and verified by the 
documentation of quality assurance activities.  The CQA Consultant will document that 
all quality assurance requirements have been addressed and satisfied. 

 
The CQA Site Manager will provide the Project Manager with signed 

descriptive remarks, data sheets, and logs to verify that monitoring activities have been 
carried out.  The CQA Site Manager will also maintain, at the job site, a complete file 
of Drawings and Technical Specifications, a CQA Plan, checklists, test procedures, 
daily logs, and other pertinent documents. 

 
6.2 Daily Recordkeeping 

 
Preparation of daily CQA documentation will consist of daily reports 

prepared by the CQA Site Manager which may include CQA monitoring logs, and 
testing data sheets.  This information may be regularly submitted to and reviewed by the 
Project Manager. 

 
The CQA Site Manager will prepare daily reports that document the 

activities observed during each day of activity.  The daily reports may include 
monitoring logs and testing data sheets.  At a minimum, these logs and data sheets will 
include the following information: 

 
• the date, project name, location, and other identification; 
 
• a summary of the weather conditions; 
 
• a summary of locations where construction is occurring; 
 
• equipment and personnel on the project; 
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• a summary of meetings held and attendees; 
 
• a description of materials used and references of results of testing 

and documentation; 
 
• identification of deficient work and materials; 
 
• results of re-testing corrected “deficient work;” 
 
• an identifying sheet number for cross referencing and document 

control; 
 
• descriptions and locations of construction inspected; 
 
• type of construction and inspection performed; 
 
• description of construction procedures and procedures used to 

evaluate construction; 
 
• a summary of test data and results; 
 
• calibrations or re-calibrations of test equipment and actions taken as 

a result of re-calibration; 
 
• decisions made regarding acceptance of units of work and/or 

corrective actions to be taken in instances of substandard testing 
results; 

 
• a discussion of agreements made between the interested parties 

which may affect the work; and 
 
• signature of the respective CQA Site Manager. 
 

6.3 Construction Problems and Resolution Data Sheets 
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Construction Problems and Resolution Data Sheets, to be submitted with the 

daily reports prepared by the CQA Site Manager, describing special construction 
situations will be cross-referenced with daily reports, specific observation logs, and 
testing data sheets and will include the following information, where available: 

 
• an identifying sheet number for cross-referencing and document 

control; 
 
• a detailed description of the situation or deficiency; 
 
• the location and probable cause of the situation or deficiency; 
 
• how and when the situation or deficiency was found or located; 
 
• documentation of the response to the situation or deficiency; 
 
• final results of responses; 
 
• measures taken to prevent a similar situation from occurring in the 

future; and 
 
• signature of the CQA Site Manager and a signature indicating 

concurrence by the Project Manager. 
 
The Project Manager will be made aware of significant recurring 

nonconformance with the Drawings, Technical Specifications, or CQA Plan.  The cause 
of the nonconformance will be determined and appropriate changes in procedures or 
specifications will be recommended.  These changes will be submitted to the Engineer 
for approval.  When this type of evaluation is made, the results will be documented and 
any revision to procedures or specifications will be approved by the Contractor and 
Engineer. 
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A summary of supporting data sheets, along with final testing results and the 
CQA Site Manager’s approval of the work, will be required upon completion of 
construction. 

 
6.4 Photographic Documentation 

 
Photographs will be taken and documented in order to serve as a pictorial 

record of work progress, problems, and mitigation activities.  The basic file will contain 
color prints.  Negatives will also be stored in a separate file in chronological order.  
These records will be presented to the Project Manager upon completion of the project.  
Photographic reporting data sheets, where used, will be cross-referenced with 
observation and testing data sheet(s), and/or construction problem and solution data 
sheet(s).  Photographs used for documentation will be identified with the date, time, and 
location of the photograph. 

 
6.5 Design and/or Specifications Changes 

 
Design and/or specifications changes may be required during construction.  

In such cases, the CQA Site Manager will notify the Project Manager.  Design and/or 
specification changes will be made with the written agreement of the Project Manager 
and the Engineer and will take the form of an addendum to the Drawings and Technical 
Specifications. 

 
6.6 CQA Report 

 
At the completion of the Project, the CQA Consultant will submit to the 

Project Manager the CQA report signed and sealed by the Professional Engineer 
licensed in the State of Nevada.  The CQA report will acknowledge: (i) that the work 
has been performed in compliance with the Drawings and Technical Specifications; (ii) 
physical sampling and testing has been conducted at the appropriate frequencies; and 
(iii) that the summary document provides the necessary supporting information.  At a 
minimum, this report will include: 

 
• Manufacturers’ quality control documentation; 
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• a summary report describing the CQA activities and indicating 
compliance with the Drawings and Technical Specifications which is 
signed and sealed by the CQA Officer; 

 
• a summary of CQA/CQC testing, including failures, corrective 

measures, and retest results; 
 
• contractor personnel resumes and qualifications; 
 
• documentation that the geomembrane trial seams were performed in 

general accordance with the CQA Plan and Technical Specifications; 
 
• documentation that field seams were non-destructively tested using a 

method in general accordance with the applicable test standards; 
 
• documentation that nondestructive testing was monitored by the 

CQA Consultant, that the CQA Consultant informed the 
Geosynthetic Installer of any required repairs, and that the CQA 
Consultant inspected the seaming and patching operations for 
uniformity and completeness; 

 
• records of sample locations, the name of the individual conducting 

the tests, and the results of tests; 
 
• record drawings as provided by the Surveyor; 
 
• documentation showing that piping was tested in general accordance 

with the Technical Specifications; and 
 
• daily inspection reports. 
 
The record drawings will include scale drawings depicting the location of 

the construction and details pertaining to the extent of construction (e.g., depths, plan 
dimensions, elevations, soil component thicknesses).  Base maps required for 
development of the record drawings and the record drawings will be prepared by a 
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qualified Professional Land Surveyor registered in the State of Nevada.  These 
documents will be reviewed by the CQA Consultant and included as part of the CQA 
Report. 
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7. EARTHWORKS 
 

7.1 Introduction 
 
This section prescribes the CQA activities to be performed to monitor that 

earthwork components are constructed in general accordance with Drawings and 
Technical Specifications.  The earthworks construction procedures to be monitored by 
the CQA Consultant include: 

 
• cover soil placement; 
• anchor trench excavation and backfill; and 
• subgrade preparation. 
 

7.2 Testing Activities 
 
Soil testing will be performed for material qualification, material 

conformance, and construction quality control (CQC).  These three stages of testing are 
defined as follows: 

 
• Material qualification tests are used to evaluate the conformance of a 

proposed soil source to the material specifications for qualification of 
the source prior to construction. 

 
• Soils conformance testing is used to evaluate the conformance of a 

particular batch of soil from a qualified source to the material 
specifications prior to installation of the soil. 

 
• CQC tests are performed on completed portions of the earthwork 

during construction to demonstrate that the placement procedures are 
resulting in a product that meets or exceeds both material and 
performance specifications. 

 
The Contractor will be responsible for submitting material qualification test 

results to the Project Manager and to the CQA Site Manager for review.  The CQA 
Laboratory will perform the conformance testing and CQC testing.  Soil testing will be 
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conducted in general accordance with the current versions of the corresponding 
American Society for Testing and Materials (ASTM) test procedures.  The test methods 
indicated in Table 1 are those that will be used for this testing unless the test methods 
are updated or revised prior to construction.  Revisions to the test methods will be 
reviewed and approved by the Engineer and the CQA Site Manager prior to their usage. 

 
7.2.1 Sample Frequency 

 
The frequency of soils testing for material qualification will conform to the 

minimum frequencies presented in Table 2.  The frequency of soils testing for material 
conformance will conform to the minimum frequencies presented in Table 3.  The 
actual frequency of testing required will be increased by the CQA Site Manager as 
necessary if variability of materials is noted at the site, during adverse conditions, or to 
isolate failing areas of the construction. 

 
7.2.2 Sample or Test Location Selection 

 
With the exception of qualification samples, sampling locations will be 

selected by the CQA Site Manager.  Conformance samples will be obtained from 
borrow pits and/or stockpiles of material.  The Contractor must plan the work and make 
soil available for sampling in a timely and organized manner so that the test results can 
be obtained before the material is installed.  The CQA Site Manager must document 
sample locations so that failing areas can be immediately isolated.  The CQA Site 
Manager will follow standard sampling procedures to obtain representative samples of 
the proposed soil materials. 

 
CQC sample and test locations will be selected by the CQA Site Manager at 

the minimum test frequency specified in Table 4.  Samples and test locations will 
generally be selected at random, however a special testing frequency will be used at the 
discretion of the CQA Site Manager when visual observations of construction 
performance indicate a potential problem.  Additional testing for suspected areas will be 
considered when: 

 
• rollers slip during rolling operation; 
• lift thickness is greater than specified; 
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• fill is at improper and/or variable moisture content; 
• less than specified number of roller passes are made; 
• dirt-clogged rollers are used to compact the material; 
• rollers may not have used optimum ballast; 
• fill materials differ substantially from those specified; 
• the degree of compaction is doubtful; and 
• as directed by the Project Manager or the CQA Site Manager. 
 
The frequency of testing may also be increased in the following situations: 
 
• adverse weather conditions; 
• breakdown of equipment; 
• at the start and finish of grading; 
• material fails to meet specifications; and 
• the work area is reduced. 
 

7.3 CQA Monitoring Activities 
 

7.3.1 Earthwork 
 
The CQA Site Manager will monitor and document the earthworks required 

for the Project.  In general, monitoring the construction for earthwork includes the 
following activities: 

 
• reviewing documentation of the material qualification test results 

provided by the Contractor; 
 
• monitoring the prepared subgrade and subgrade surfaces for 

compliance with the Technical Specifications before geosynthetic 
materials are placed; 

 
• sampling and testing for conformance of the materials to the 

Technical Specifications; 
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• documenting that the earthwork is constructed using the specified 
equipment and procedures; 

 
• documenting that the earthwork is constructed to the lines and grades 

shown on the Drawings; 
 
• monitoring that the construction activities do not cause damage to 

underlying geosynthetic materials; 
 
• quality control testing to determine the acceptability of the work 

during construction; and 
 
• monitoring the action of the compaction and heavy hauling 

equipment on the construction surface (i.e., penetration, pumping, 
cracking, etc.). 

 
The specific activities required for CQA of each of the major soil 

components of the Final Cover System are presented in the following sections. 
 

7.3.2 Cover Soil Material 
 
Monitoring the earthwork for the cover soil material specifically includes the 

following: 
 
• reviewing documentation of the qualification and conformance test 

results; 
 
• monitoring soil for maximum particle size and deleterious materials; 
 
• monitoring the thickness of lifts during placement of the materials; 
 
• monitoring compaction operations; and 
 
• measuring and recording the field density and the field moisture 

content of the in-place material. 
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7.3.3 Prepared Subgrade 

 
During construction, the CQA Site Manager will monitor the prepared 

subgrade to document that the prepared subgrade soil characteristics are consistent with 
those specified in the Technical Specifications.  The CQA Site Manager will monitor 
the construction activities to document that sharp rocks and other undesirable materials 
are removed and that the subgrade is prepared using the procedures and equipment 
specified in the Technical Specifications. 

 
The upper portion of the subgrade can be damaged by excess moisture 

(causing softening) or insufficient moisture (causing desiccation and shrinkage).  At a 
minimum, the CQA Site Manager will determine the suitability of the subgrade for 
geomembrane placement by: 

 
• documenting that the surface is free of sharp rocks, debris and other 

undesirable materials; 
 
• documenting that the surface is smooth, uniform, and free from 

desiccation cracks by visually monitoring proof rolling activities; and 
 
• documenting that the subgrade surface meets the lines and grades 

shown on the Drawings by reviewing certified survey results. 
 

7.4 Deficiencies 
 
If a defect is discovered in the earthwork product, the CQA Site Manager 

will immediately determine the extent and nature of the defect.  If the defect is indicated 
by an unsatisfactory test result, the CQA Site Manager will determine the extent of the 
deficient area by additional tests, observations, a review of records, or other means that 
the CQA Site Manager deems appropriate.  If the defect is related to adverse site 
conditions, such as overly wet soils or surface desiccation, the CQA Site Manager will 
define the limits and nature of the defect. 

 
7.4.1 Notification 
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After evaluating the extent and nature of a defect, the CQA Site Manager 

will notify the Project Manager and Contractor and schedule appropriate re-tests when 
the work deficiency is to be corrected. 

 
7.4.2 Repairs and Re-Testing 

 
At locations where the field testing indicates densities below the 

requirements of the specification, the failing area will be reworked.  The Contractor will 
correct the deficiency to the satisfaction of the CQA Site Manager.  If a project 
specification criterion cannot be met, or unusual weather conditions hinder work, then 
the CQA Site Manager will develop and present to the Engineer and/or Project Manager 
suggested solutions for his approval. 

 
All re-tests recommended by the CQA Site Manager must verify that the 

defect has been corrected before any additional work is performed by the Contractor in 
the area of the deficiency.  The CQA Site Manager will also verify that installation 
requirements are met and that submittals are provided. 
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8. DRAINAGE AGGREGATE 
 

8.1 Introduction 
 
This section prescribes the CQA activities to be performed to monitor that 

drainage aggregates are constructed in general accordance with Drawings and 
Technical Specifications.  The drainage aggregates construction procedures to be 
monitored by the CQA Consultant include drainage aggregate placement. 

 
8.2 Testing Activities 

 
Aggregate testing will be performed for material qualification and material 

conformance.  These two stages of testing are defined as follows: 
 
• Material qualification tests are used to evaluate the conformance of a 

proposed aggregate source to the material specifications for 
qualification of the source prior to construction. 

 
• Aggregate conformance testing is used to evaluate the conformance 

of a particular batch of aggregate from a qualified source to the 
material specifications prior to installation of the aggregate. 

 
The Contractor will be responsible for submitting material qualification test 

results to the Project Manager and to the CQA Site Manager for review.  The CQA 
Laboratory will perform the conformance testing and CQC testing.  Aggregate testing 
will be conducted in general accordance with the current versions of the corresponding 
American Society for Testing and Materials (ASTM) test procedures.  The test methods 
indicated in Table 5 are those that will be used for this testing unless the test methods 
are updated or revised prior to construction.  Revisions to the test methods will be 
reviewed and approved by the Engineer and the CQA Site Manager prior to their usage. 

 
8.2.1 Sample Frequency 

 
The frequency of aggregate testing for material qualification will conform to 

the minimum frequencies presented in Table 6.  The frequency of aggregate testing for 
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material conformance will conform to the minimum frequencies presented in Table 7.  
The actual frequency of testing required will be increased by the CQA Site Manager as 
necessary if variability of materials is noted at the site, during adverse conditions, or to 
isolate failing areas of the construction. 

 
8.2.2 Sample Selection 

 
With the exception of qualification samples, sampling locations will be 

selected by the CQA Site Manager.  Conformance samples will be obtained from 
borrow pits and/or stockpiles of material.  The Contractor must plan the work and make 
aggregate available for sampling in a timely and organized manner so that the test 
results can be obtained before the material is installed.  The CQA Site Manager must 
document sample locations so that failing areas can be immediately isolated.  The CQA 
Site Manager will follow standard sampling procedures to obtain representative samples 
of the proposed aggregate materials. 

 
8.3 CQA Monitoring Activities 

 
8.3.1 Drainage Aggregate 

 
The CQA Site Manager will monitor and document the installation of the 

drainage aggregates.  In general, monitoring the installation of the drainage aggregates 
includes the following activities: 

 
• reviewing documentation of the material qualification test results 

provided by the Contractor; 
 
• sampling and testing for conformance of the materials to the 

Technical Specifications; 
 
• documenting that the drainage aggregates are installed using the 

specified equipment and procedures; 
 
• documenting that the drainage aggregates are constructed to the lines 

and grades shown on the Drawings; and 
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• monitoring that the construction activities do not cause damage to 

underlying geosynthetic materials. 
 

8.4 Deficiencies 
 
If a defect is discovered in the drainage aggregates, the CQA Site Manager 

will evaluate the extent and nature of the defect.  If the defect is indicated by an 
unsatisfactory test result, the CQA Site Manager will determine the extent of the 
deficient area by additional tests, observations, a review of records, or other means that 
the CQA Site Manager deems appropriate. 

 
8.4.1 Notification 

 
After evaluating the extent and nature of a defect, the CQA Site Manager 

will notify the Project Manager and Contractor and schedule appropriate re-tests when 
the work deficiency is to be corrected. 

 
8.4.2 Repairs and Re-testing 

 
The Contractor will correct the deficiency to the satisfaction of the CQA Site 

Manager.  If a project specification criterion cannot be met, or unusual weather 
conditions hinder work, then the CQA Site Manager will develop and present to the 
Engineer and/or Project Manager suggested solutions for approval. 

 
All re-tests recommended by the CQA Site Manager must verify that the 

defect has been corrected before any additional work is performed by the Contractor in 
the area of the deficiency.  The CQA Site Manager will also verify that installation 
requirements are met and that submittals are provided. 
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9. CORRUGATED POLYETHYLENE (CPE) PIPE AND FITTINGS 
 

9.1 Material Requirements 
 
CPE pipe and fittings must conform to the requirements of the Technical 

Specifications.  The CQA Consultant will document that the CPE pipe and fittings meet 
those requirements through manufacturer’s quality control certificates, conformance 
testing, and visual examination of materials arriving on site. 

 
9.2 Manufacturer 

 
9.2.1 Submittals 

 
Prior to the installation of CPE pipe, the Manufacturer will provide to the 

CQA Consultant: 
 
• a properties’ sheet including, at a minimum, all specified properties, 

measured using test methods indicated in the Technical 
Specifications, or equivalent; and 

 
• a certification that property values given in the properties sheet are 

minimum values and are guaranteed by the Manufacturer. 
 
The CQA Consultant will document that: 
 
• the property values certified by the Manufacturer meet the Technical 

Specifications; and 
 
• the measurements of properties by the Manufacturer are properly 

documented and that the test methods used are acceptable. 
 

9.2.2 Identification 
 
Prior to shipment, the Manufacturer will provide the Project Manager and 

the CQA Site Manager with a quality control certificate for each lot/batch of CPE pipe 
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provided.  The quality control certificate will be signed by a responsible party employed 
by the Manufacturer, such as the Production Manager.  The quality control certificate 
will include: 

 
• lot/batch numbers and identification; and 
• sampling procedures and results of quality control tests. 
 
The CQA Site Manager will: 
 
• document that the quality control certificates have been provided at 

the specified frequency for all lots/batches of pipe, and that each 
certificate identifies the pipe lot/batch related to it; and 

 
• review the quality control certificates and document that the certified 

properties meet the Technical Specifications. 
 

9.3 Handling and Laying 
 
Care will be taken during transportation of the pipe such that it will not be 

cut, kinked, or otherwise damaged. 
 
Ropes, fabric, or rubber-protected slings and straps will be used when 

handling pipes.  Chains, cables, or hooks inserted into the pipe ends will not be used. 
Two slings spread apart will be used for lifting each length of pipe.  Pipe or fittings will 
not be dropped onto rocky or unprepared ground. 

 
Pipes will be handled and stored in general accordance with the 

Manufacturer’s recommendation.  The handling of joined pipe will be in such a manner 
that the pipe is not damaged by dragging it over sharp and cutting objects.  Slings for 
handling the pipe will not be positioned at joints.  Sections of the pipes with deep cuts 
and gauges will be removed and the ends of the pipe rejoined. 
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9.4 Joints 
 
Lengths of pipe will be assembled into suitable installation lengths by a 

manufacturer-recommended method. 
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10. GEOMEMBRANE 
 

10.1 General 
 
This section discusses and outlines the CQA activities to be performed for 

high density polyethylene (HDPE) geomembrane installation.  The CQA Site Manager 
will review the Drawings, and the Technical Specifications, and any approved Addenda 
regarding this material. 

 
10.2 Geomembrane Material Conformance 

 
10.2.1 Introduction 

 
The CQA Site Manager will document that the geomembrane delivered to 

the site meets the requirements of the Technical Specifications prior to installation.  The 
CQA Site Manager will: 

 
• review the manufacturer’s submittals for compliance with the 

Technical Specifications; 
 
• document the delivery and proper storage of geomembrane rolls; and 
 
• conduct conformance testing of the rolls before the geomembrane is 

installed. 
 
The following sections describe the CQA activities required to verify the 

conformance of geomembrane. 
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10.2.2 Review of Quality Control 
 

10.2.2.1 Material Properties Certification 
 
The Manufacturer will provide the Project Manager and the CQA Site 

Manager with the following: 
 
• a properties sheet including, at a minimum, all specified properties, 

measured using test methods indicated in the Technical 
Specifications, or equivalent; 

 
• the sampling procedure and results of testing; and 
 
• a certification that property values given in the properties sheet are 

guaranteed by the Manufacturer. 
 
The CQA Site Manager will document that: 
 
• the property values certified by the Manufacturer meet all of the 

Technical Specifications; and 
 
• the measurements of properties by the Manufacturer are properly 

documented and that the test methods used are acceptable. 
 

10.2.2.2 Resin Certification 
 
The Manufacturer will also provide the Project Manager with the following 

information concerning the resin used to manufacture the geomembrane: 
 
• the origin (Resin Supplier’s name and resin production plant), 

identification (brand name, lot number), and production date of the 
resin; and 

 
• the raw material quality control certificates. 
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The CQA Site Manager will: 
 
• evaluate that the quality control certificates have been provided at the 

specified frequency, and that the certificate identifies the rolls related 
to it; and 

 
• review the quality control certificates and evaluate that the certified 

properties meet the specifications. 
 

10.2.2.3 Geomembrane Roll QC Certification 
 
Prior to shipment, the Manufacturer will provide the Project Manager and 

the CQA Site Manager with a quality control certificate for every roll of geomembrane 
provided.  The quality control certificate will be signed by a responsible party employed 
by the Geomembrane Manufacturer, such as the production manager. The quality 
control certificate will include: 

 
• roll numbers and identification; and 
 
• results of quality control tests - as a minimum, results will be given 

for thickness, tensile properties, specific gravity, carbon black 
content, carbon black dispersion, tear resistance, puncture resistance, 
and single point stress rupture evaluated in general accordance with 
the methods indicated in the specifications or equivalent methods 
approved by the Engineer. 

 
The CQA Site Manager will: 
 
• evaluate that the quality control certificates have been provided at the 

specified frequency, and that the certificate identifies the rolls related 
to the roll represented by the test results; and 

 
• review the quality control certificates and evaluate that the certified 

roll properties meet the specifications. 
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10.2.3 Conformance Testing 
 
Upon delivery of the rolls of geomembrane, the CQA Site Manager will 

document that the rolls are unloaded and stored on site as required by the Technical 
Specifications.  Damage caused by unloading will be documented by the CQA Site 
Manager and the damaged material will not be installed.  The CQA Site Manager shall 
obtain conformance samples at the specified frequency and forward them to the 
Geosynthetics CQA Laboratory for testing to monitor conformance to both the 
Technical Specifications and the list of properties certified by the Manufacturer.  The 
test procedures will be as indicated in Table 8.  Where optional procedures are noted in 
the test method, the requirements of the Technical Specifications will prevail. 

 
Samples will be taken across the width of the roll and will not include the 

first linear 3 ft (1 m) of material.  Unless otherwise specified, samples will be 3 ft (1 m) 
long by the roll width.  The CQA Site Manager will mark the machine direction on the 
samples with an arrow along with the date and roll number.  The required minimum 
sampling frequencies are provided in Table 8. 

 
The CQA Site Manager will examine results from laboratory conformance 

testing and will report any non-conformance to the Project Manager and the 
Geosynthetic Installer.  The procedure prescribed in the Technical Specifications will be 
followed in the event of a failing conformance test. 

 
10.3 Delivery 

 
10.3.1 Transportation and Handling 

 
The CQA Site Manager will document that the transportation and handling 

does not pose a risk of damage to the geomembrane. 
 
Upon delivery at the site, the Geosynthetic Installer and the CQA Site 

Manager will conduct a surface observation of the rolls for defects and damage. This 
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inspection will be conducted without unrolling unless defects or damages are found or 
suspected.  The CQA Site Manager will indicate to the Project Manager: 

 
• rolls, or portions thereof, which should be rejected and removed from 

the site because they have severe flaws; and 
 
• rolls that include minor repairable flaws. 
 

10.3.2 Storage 
 
The Geosynthetic Installer will be responsible for the storage of the 

geomembrane on site.  The Contractor will provide storage space in a location (or 
several locations) such that on-site transportation and handling are optimized if 
possible. 

 
The CQA Site Manager will document that storage of the geomembrane 

provides adequate protection against sources of damage. 
 

10.4 Geomembrane Installation 
 

10.4.1 Introduction 
 
The CQA Consultant will document that the geomembrane installation is 

carried out in general accordance with the Drawings, Technical Specifications and 
Manufacturer’s recommendations. 

 
10.4.2 Earthwork 

 
10.4.2.1 Surface Preparation 

 
The CQA Site Manager will document that: 
 
• a qualified land surveyor has verified lines and grades; 
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• that the supporting prepared subgrade or subgrade meets the 
Technical Specifications and has been approved; and 

 
• placement of the overlying materials does not damage, create large 

wrinkles, or induce excessive tensile stress in the underlying 
geosynthetic materials. 

 
The Geosynthetic Installer will certify in writing that the surface on which 

the geomembrane will be installed is acceptable.  The certificate of acceptance will be 
given by the Geosynthetic Installer to the Project Manager prior to commencement of 
geomembrane installation in the area under consideration.  The CQA Site Manager will 
be given a copy of this certificate by the Project Manager. 

 
After the supporting subgrade has been accepted by the Geosynthetic 

Installer, it will be the Geosynthetic Installer’s responsibility to indicate to the Project 
Manager any change in the supporting soil condition that may require repair work.  If 
the CQA Site Manager concurs with the Geosynthetic Installer, then the Project 
Manager will document that the supporting soil is repaired. 

 
At any time before and during the geomembrane installation, the CQA Site 

Manager will indicate to the Project Manager locations that may not provide adequate 
support to the geomembrane. 

 
10.4.2.2 Geosynthetic Termination 

 
The CQA Site Manager will document that the geosynthetic terminations have 

been constructed in general accordance with the Drawings.  Backfilling above the 
terminations will be conducted in general accordance with the Technical Specifications. 

 
10.4.3 Geomembrane Placement 

 
10.4.3.1 Panel Identification 

 
A field panel is the unit area of geomembrane which is to be seamed in the 

field, i.e., a field panel is a roll or a portion of roll cut in the field.  It will be the 



 GeoSyntec Consultants 
 
 

 

SC0313.CQAPlanCover.082106.d.DOC 42 06 11 03/10:38 

responsibility of the CQA Site Manager to document that each field panel is given an 
“identification code” (number or letter- number) consistent with the layout plan.  This 
identification code will be agreed upon by the Project Manager, Geosynthetic Installer 
and CQA Site Manager. This field panel identification code will be as simple and 
logical as possible.  Roll numbers established in the manufacturing plant must be 
traceable to the field panel identification code. 

 
The CQA Site Manager will establish documentation showing 

correspondence between roll numbers, and field panel identification codes.  The field 
panel identification code will be used for all quality assurance records. 

 
10.4.3.2 Field Panel Placement 

 
Location 
 
The CQA Site Manager will document that field panels are installed at the 

location indicated in the Geosynthetic Installer’s layout plan, as approved or modified 
by the Engineer. 

 
Installation Schedule 
 
Field panels may be installed using one of the following schedules: 
 
• all field panels are placed prior to field seaming in order to protect 

the subgrade from erosion by rain; 
 
• field panels are placed one at a time and each field panel is seamed 

after its placement (in order to minimize the number of unseamed 
field panels exposed to wind); and 

 
• any combination of the above. 
 
If a decision is reached to place all field panels prior to field seaming, it is 

usually beneficial to begin at the high point area and proceed toward the low point with 
“shingle” overlaps to facilitate drainage in the event of precipitation.  It is also usually 
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beneficial to proceed in the direction of prevailing winds.  Accordingly, an early 
decision regarding installation scheduling should be made if and only if weather 
conditions can be predicted with reasonable certainty.  Otherwise, scheduling decisions 
must be made during installation, in general accordance with varying conditions.  In any 
event, the Geosynthetic Installer is fully responsible for the decision made regarding 
placement procedures. 

 
The CQA Site Manager will evaluate every change in the schedule proposed 

by the Geosynthetic Installer and advise the Project Manager on the acceptability of that 
change.  The CQA Site Manager will document that the condition of the supporting soil 
has not changed detrimentally during installation. 

 
The CQA Site Manager will record the identification code, location, and 

date of installation of each field panel. 
 
Weather Conditions 
 
Geomembrane placement will not proceed unless otherwise authorized: 
 
• when the ambient temperature is below 40°F or above 104°F; 
 
• when the geomembrane sheet temperature is below 40°F or above 

104°F; or 
 
• when wind gusts are in excess of 20 mph. 
 
Geomembrane placement will not be performed during any precipitation, in 

the presence of excessive moisture (e.g., fog, dew), in an area of ponded water, or in the 
presence of excessive winds (i.e., wind gusts in excess of 20 mph). 

 
The CQA Site Manager will document that the above conditions are 

fulfilled.  Additionally, the CQA Site Manager will document that the supporting soil 
has not been damaged by weather conditions.  The Geosynthetics Installer will inform 
the Project Manager if the above conditions are not fulfilled. 
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Method of Placement 
 
The CQA Site Manager will document the following: 
 
• equipment used does not damage the geomembrane by handling, 

trafficking, excessive heat, leakage of hydrocarbons or other means; 
 
• the surface underlying the geomembrane has not deteriorated since 

previous acceptance, and is still acceptable immediately prior to 
geomembrane placement; 

 
• geosynthetic elements immediately underlying the geomembrane are 

clean and free of debris; 
 
• personnel working on the geomembrane do not smoke, wear 

damaging shoes, or engage in other activities which could damage 
the geomembrane; 

 
• the method used to unroll the panels does not cause scratches or 

crimps in the geomembrane and does not damage the supporting soil; 
 
• the method used to place the panels minimizes wrinkles (especially 

differential wrinkles between adjacent panels); and 
 
• adequate temporary loading and/or anchoring (e.g., sand bags, tires), 

not likely to damage the geomembrane, has been placed to prevent 
uplift by wind (in case of high winds, continuous loading, e.g., by 
adjacent sand bags, is recommended along edges of panels to 
minimize risk of wind flow under the panels). 

 
The CQA Site Manager will inform the Project Manager if the above 

conditions are not fulfilled. 
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Damaged panels or portions of damaged panels that have been rejected will 
be marked and their removal from the work area recorded by the CQA Site Manager.  
Repairs will be made in general accordance with procedures described in Section 10.4.5. 

 
10.4.4 Field Seaming 

 
This section details CQA procedures to document that seams are properly 

constructed and tested in general accordance with the Manufacturer’s specifications and 
industry standards. 

 
10.4.4.1 Seam Layout 

 
The Geosynthetic Installer will provide the Project Manager and the CQA 

Site Manager with a seam layout drawing, i.e., a drawing of the facility to be lined 
showing all expected seams.  The CQA Site Manager will review the seam layout 
drawing and evaluate that it is consistent with the preliminary geomembrane panel 
layout.  No panels may be seamed in the field without the Project Manager’s approval.  
In addition, panels not specifically shown on the seam layout drawing may be used 
without the Project Manager’s prior approval. 

 
In general, seams should be oriented parallel to the line of maximum slope, 

i.e., oriented along, not across, the slope.  In corners and odd-shaped geometric 
locations, the number of seams should be minimized.  No horizontal seam should be 
less than 5 ft (1.5 m) from the toe of the slope, or areas of potential stress 
concentrations, unless otherwise authorized. 

 
A seam numbering system compatible with the panel numbering system will 

be agreed upon at the Resolution and/or Pre-Construction Meeting. 
 

10.4.4.2 Requirements of Personnel 
 
All personnel performing seaming operations will be qualified by experience 

or by successfully passing seaming tests, as outlined in the Technical Specifications.  
The most experienced seamer, the “master seamer”, will provide direct supervision over 
less experienced seamers. 
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The Geosynthetic Installer will provide the Project Manager and the CQA 

Site Manager with a list of proposed seaming personnel and their experience records.  
This document will be reviewed by the Project Manager and the Geosynthetics CQA 
Manager. 

 
10.4.4.3 Seaming Equipment and Products 

 
Approved processes for field seaming are fillet extrusion welding and fusion 

welding. 
 
Fillet Extrusion Process 
 
The fillet extrusion-welding apparatus will be equipped with gauges giving 

the temperature in the apparatus. 
 
The Geosynthetic Installer will provide documentation regarding the 

extrudate to the Project Manager and the CQA Site Manager, and will certify that the 
extrudate is compatible with the specifications, and in any event is comprised of the 
same resin as the geomembrane sheeting. 

 
The CQA Site Manager will log apparatus temperatures, ambient 

temperatures, and geomembrane surface temperatures at appropriate intervals. 
 
The CQA Site Manager will document that: 
 
• the Geosynthetic Installer maintains on site the number of spare 

operable seaming apparatus decided at the Resolution Meeting; 
 
• equipment used for seaming is not likely to damage the 

geomembrane; 
 
• the extruder is purged prior to beginning a seam until all heat-

degraded extrudate has been removed from the barrel; 
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• the electric generator is placed on a smooth base such that no damage 
occurs to the geomembrane; 

 
• a smooth insulating plate or fabric is placed beneath the hot welding 

apparatus after usage; and 
 
• the geomembrane is protected from damage in heavily trafficked 

areas. 
 
Fusion Process 
 
The fusion-welding apparatus must be automated vehicular-mounted 

devices.  The fusion-welding apparatus will be equipped with gauges giving the 
applicable temperatures and pressures. 

 
The CQA Site Manager will log ambient, seaming apparatus, and 

geomembrane surface temperatures as well as seaming apparatus pressures. 
 
The CQA Site Manager will also document that: 
 
• the Geosynthetic Installer maintains on-site the number of spare 

operable seaming apparatus decided at the Resolution Meeting; 
 
• equipment used for seaming is not likely to damage the 

geomembrane; 
 
• for cross seams, the edge of the cross seam is ground to a smooth 

incline (top and bottom) prior to welding; 
 
• the electric generator is placed on a smooth base such that no damage 

occurs to the geomembrane; 
 
• a smooth insulating plate or fabric is placed beneath the hot welding 

apparatus after usage; and 
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• the geomembrane is protected from damage in heavily trafficked 
areas. 

 
10.4.4.4 Seam Preparation 

 
The CQA Site Manager will document that: 
 
• prior to seaming, the seam area is clean and free of moisture, dust, 

dirt, debris, and foreign material; and 
 
• seams are aligned with the fewest possible number of wrinkles and 

“fishmouths.” 
 

10.4.4.5 Weather Conditions for Seaming 
 
The normally required weather conditions for seaming are as follows unless 

authorized in writing by the Project Manager: 
 
• seaming will only be approved between ambient temperatures of 

40°F (4°C) and 104°F (40°C); and 
 
• seaming will not be approved if sustained wind speed is in excess of 

20 mph (32 km/hr). 
 
If the Geosynthetic Installer wishes to use methods that may allow seaming 

at ambient temperatures below 40°F (4°C) or above 104°F (40°C), the Geosynthetic 
Installer will demonstrate and certify that such methods produce seams which are 
entirely equivalent to seams produced within acceptable temperature and wind 
requirements, and that the overall quality of the geomembrane is not adversely affected. 

 
The CQA Site Manager will document that these seaming conditions are 

fulfilled and will advise the Project Manager if they are not.  The Project Manager will 
then decide if the installation will be stopped or postponed. 

 
10.4.4.6 Overlapping and Temporary Bonding 
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The CQA Site Manager will document that: 
 
• the panels of geomembrane have a finished overlap of a minimum of 

3 in. (75 mm) for both extrusion and fusion welding; 
 
• no solvent or adhesive bonding material are to be used; and 
 
• the procedure used to temporarily bond adjacent panels together does 

not damage the geomembrane. 
 
The CQA Site Manager will log appropriate temperatures and conditions, 

and will log and report to the Project Manager non-compliances. 
 

10.4.4.7 Trial Seams 
 
Trial seams will be made on fragment pieces of geomembrane liner to verify 

that seaming conditions are adequate.  Such trial seams will be made at the beginning of 
each seaming period, beginning of the day and after lunch, for each seaming apparatus 
used that day.  Also, each seamer will make at least one trial seam each day.  Trial 
seams will be made under the same conditions as actual seams. 

 
Extrusion welded trial seam samples will be at least 3 ft (0.9 m) long by 1 ft 

(0.3 m) wide (after seaming) with the seam centered lengthwise.  Fusion welded trial 
seam samples will be at least 5 ft (1.5 m) long by 1 ft (0.3 m) wide (after seaming) with 
the seam centered lengthwise.  Seam overlap will be as indicated in Section 10.5.3.6. 

 
Four specimens, each 1 in. (25 mm) wide, will be cut from the trial seam 

sample by the Geosynthetic Installer.  One specimen will be tested for shear strength 
and three specimens will be tested for peel adhesion using a gauged tensiometer.  All 
specimens tested will exhibit a Film Tear Bond (FTB) and will not fail in the seam.  In 
addition, all specimens will meet or exceed the minimum strength requirements 
described in the Technical Specifications.  If any of the four specimens fails, the entire 
trial seaming operation will be repeated.  If any of the four additional specimens fails, 
the seaming apparatus and seamer will not be approved for production seaming until the 
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deficiencies are corrected and two consecutive trial seam tests achieve the FTB 
requirements outlined above. 

 
The CQA Site Manager will observe trial seam procedures.  Trial seam 

samples will be assigned a number.  The CQA Site Manager, will log the date, time, 
machine temperature(s), number of the seaming unit, name of the seamer, and pass or 
fail description for each trial seam sample tested. 

 
10.4.4.8 General Seaming Procedure 

 
Unless otherwise specified, the general seaming procedure used by the 

Geosynthetic Installer will be as follows: 
 
• Fishmouths or wrinkles at the seam overlaps will be cut along the 

ridge of the wrinkle in order to achieve a flat overlap.  The cut 
fishmouths or wrinkles will be seamed and any portion where the 
overlap is inadequate will then be patched with an oval or round 
patch of the same geomembrane extending a minimum of 6 in. 
(150 mm) beyond the cut in all directions. 

 
• If seaming operations are carried out at night, adequate illumination 

will be provided at the Geosynthetic Installer’s expense. 
 
• Seaming will extend to the outside edge of panels to be placed in the 

anchor trench. 
 
The CQA Site Manager will document that the above seaming procedures 

are followed, and will inform the Project Manager if they are not. 
 

10.4.4.9 Nondestructive Seam Continuity Testing 
 
Concept 
 
The Geosynthetic Installer will non-destructively test field seams over their 

length using a vacuum test unit, air pressure test (for double fusion seams only), or 
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other approved method.  The purpose of nondestructive tests is to check the continuity 
of seams.  It does not provide information on seam strength.  Continuity testing will be 
carried out as the seaming work progresses, not at the completion of field seaming. 

 
The CQA Site Manager will: 
 
• observe continuity testing; 
 
• record location, date, test unit number, name of person conducting 

the test, and the results of tests; and 
 
• inform the Geosynthetic Installer and Project Manager of required 

repairs. 
 
The Geosynthetic Installer will complete any required repairs in general 

accordance with Section 10.4.5. 
 
The CQA Site Manager will: 
 
• observe the repair and re-testing of the repair; 
• mark on the geomembrane that the repair has been made; and 
• document the results. 
 
The following procedures will apply to locations where seams cannot be 

non-destructively tested: 
 
All such seams will be cap-stripped with the same geomembrane. 
 
• If the seam is accessible to testing equipment prior to final 

installation, the seam will be non-destructively tested prior to final 
installation. 

 
• If the seam cannot be tested prior to final installation, the seaming 

and cap-stripping operations will be observed by the CQA Site 
Manager and Geosynthetic Installer for uniformity and completeness. 
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The seam number, date of observation, name of tester, and outcome of the 

test or observation will be recorded by the CQA Site Manager. 
 
Vacuum Testing 
 
The equipment will be comprised of the following: 
 
• a vacuum box assembly consisting of a rigid housing, a transparent 

viewing window, a soft neoprene gasket attached to the bottom, port 
hole or valve assembly, and a vacuum gauge; 

 
• a steel vacuum tank and pump assembly equipped with a pressure 

controller and pipe connections; 
 
• a rubber pressure/vacuum hose with fittings and connections; 
 
• an approved applicator; and 
 
• a soapy solution. 
 
The following procedures will be followed: 
 
• energize the vacuum pump and reduce the tank pressure to 

approximately 5 psi (35 kPa) (10 in. of Hg.) gauge; 
 
• wet a strip of geomembrane approximately 12 in. by 48 in. (0.3 m by 

1.2 m) with the soapy solution; 
 
• place the box over the wetted area; 
 
• close the bleed valve and open the vacuum valve; 
 
• document that a leak tight seal is created; 
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• for a period of not less than ten seconds, examine the geomembrane 
through the viewing window for the presence of leaks indicated by 
soap bubbles; 

 
• if no leaks appear after ten seconds, close the vacuum valve and open 

the bleed valve, move the box over the next adjoining area with a 
minimum 3 in. (75 mm) overlap, and repeat the process; 

 
• areas where soap bubbles appear will be marked and repaired in 

general accordance with Section 10.4.5 and retested using the 
vacuum testing method. 

 
Air Pressure Testing (For Double-Track Fusion Seam Only) 
 
The following procedures are applicable to those processes that produce a 

double seam with an enclosed space. 
 
The equipment will be comprised of the following: 
 
• an air pump (manual or motor driven) equipped with pressure gauge 

capable of generating and sustaining a pressure of 30 psi (200 kPa) 
and mounted on a cushion to protect the geomembrane; 

 
• a rubber hose with fittings and connections; 
 
• a sharp hollow needle, or other approved pressure feed device. 
 
The following procedures will be followed: 
 
• seal both ends of the seam to be tested; 
 
• insert needle or other approved pressure feed device into the tunnel 

created by the fusion weld; 
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• insert a protective cushion between the air pump and the 
geomembrane; 

 
• energize the air pump to a pressure of 25 to 30 psi (170 to 204 kPa), 

close valve, and sustain pressure for not less than 5 minutes; 
 
• if loss of pressure exceeds 3 psi (20 kPa) or does not stabilize, locate 

faulty area and repair in general accordance with Section 10.4.5; 
 
• cut end of tested seam area, opposite the location of the pressure 

gauge, after completion of the five minute pressure hold period to 
verify complete testing of the seam.  If the pressure gauge does not 
indicate a release of pressure, locate blockage of the air channel and 
retest until entire seam is tested; and 

 
• remove needle or other approved pressure feed device and repair any 

holes in the geomembrane resulting from the air pressure testing 
procedure in general accordance with Section 10.4.5. 

 
10.4.4.10 Destructive Testing 

 
Concept 
 
Destructive seam testing will be performed on site and at the independent 

CQA laboratory in general accordance with the Drawings and the Technical 
Specifications.  Destructive seam tests will be performed at selected locations.  The 
purpose of these tests is to evaluate seam strength.  Seam strength testing will be done 
as the seaming work progresses, not at the completion of all field seaming. 

 
Location and Frequency 
 
The CQA Site Manager will select locations where seam samples will be cut 

out for laboratory testing.  Those locations will be established as follows. 
 



 GeoSyntec Consultants 
 
 

 

SC0313.CQAPlanCover.082106.d.DOC 55 06 11 03/10:38 

• The frequency of geomembrane seam testing is a minimum of one 
destructive sample per 500 feet of weld.  The minimum frequency is 
to be evaluated as an average taken throughout the entire facility. 

 
• A minimum of one test per seaming machine over the duration of the 

project phase. 
 
• Test locations will be evaluated during seaming at CQA Site 

Manager’s discretion.  Selection of such locations may be prompted 
by suspicion of excess crystallinity, contamination, offset welds, or 
any other potential cause of imperfect welding. 

 
The Geosynthetic Installer will not be informed in advance of the locations 

where the seam samples will be taken. 
 
Sampling Procedure 
 
Samples will be cut by the Geosynthetic Installer as the seaming progresses 

in order to have laboratory test results before the geomembrane is covered by another 
material.  The CQA Site Manager will: 

 
• observe sample cutting; 
• assign a number to each sample, and mark it accordingly; 
• record sample location on layout drawing; and 
• record reason for taking the sample at this location (e.g., statistical 

routine, suspicious feature of the geomembrane). 
 
Holes in the geomembrane resulting from destructive seam sampling will be 

immediately repaired in general accordance with repair procedures described in 
Section 10.4.5.  The continuity of the new seams in the repaired area will be tested in 
general accordance with  Section 10.4.4.9. 

 
Size and Distribution of Samples 
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The destructive sample will be 12 in. (0.3 m) wide by 42 in. (1.1 m) long 
with the seam centered lengthwise. The sample will be cut into three parts and 
distributed as follows: 

 
• one portion, measuring 12 in. × 12 in. (0.30 cm × 30 cm), to the 

Geosynthetic Installer for field testing; 
 
• one portion, measuring 12 in. × 18 in. (30 cm × 45 cm), for CQA 

Laboratory testing; and 
 
• one portion, measuring 12 in. × 12 in. (30 cm × 30 cm), to the 

Contractor for archive storage. 
 
Final evaluation of the destructive sample sizes and distribution will be 

made at the Pre-Construction Meeting. 
 
Field Testing 
 
Field testing will be performed by the Geosynthetic Installer using a gauged 

tensiometer.  Prior to field testing the Geosynthetic Installer shall submit a calibration 
certificate for gauge tensiometer to the CQA Consultant for review.  Calibration must 
have been performed within one year of use on the current project.  Five 1 in. (25 mm) 
wide strips will be taken for peel.  The specimens shall not fail in the seam and shall 
meet the strength requirements outlined in the Technical Specifications.  If any field test 
specimen fails, then the procedures outlined in Procedures for Destructive Test Failures 
of this section will be followed. 

 
The CQA Site Manager will witness field tests and mark samples and 

portions with their number. The CQA Site Manager will also log the date and time, 
ambient temperature, number of seaming unit, name of seamer, welding apparatus 
temperatures and pressures, and pass or fail description. 

 
CQA Laboratory Testing 
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Destructive test samples will be packaged and shipped, if necessary, under 
the responsibility of the CQA Site Manager in a manner that will not damage the test 
sample.  The Project Manager will document that packaging and shipping conditions 
are acceptable.  The Project Manager will be responsible for storing the archive 
samples.  This procedure will be outlined at the Resolution Meeting.  Samples will be 
tested by the CQA Laboratory.  The CQA Laboratory will be selected by the CQA Site 
Manager with the concurrence of the Project Manager. 

 
Testing will include “Bonded Seam Strength” and “Peel Adhesion.” The 

minimum acceptable values to be obtained in these tests are given in the Technical 
Specifications.  At least five specimens will be tested for each test method.  Specimens 
will be selected alternately by test from the samples (i.e., peel, shear, peel, shear...).  A 
passing test will meet the minimum required values in at least four out of five 
specimens. 

 
The CQA Laboratory will provide test results no more than 24 hours after 

they receive the samples.  The CQA Site Manager will review laboratory test results as 
soon as they become available, and make appropriate recommendations to the Project 
Manager. 

 
Geosynthetic Installer’s Laboratory Testing 
 
The Geosynthetic Installer’s laboratory test results will be presented to the 

Project Manager and the CQA Site Manager for comments. 
 
Procedures for Destructive Test Failure 
 
The following procedures will apply whenever a sample fails a destructive 

test, whether that test conducted by the CQA Laboratory, the Geosynthetic Installer’s 
laboratory, or by gauged tensiometer in the field.  The Geosynthetic Installer has two 
options: 

 
• The Geosynthetic Installer can reconstruct the seam between two 

passed test locations. 
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• The Geosynthetic Installer can trace the welding path to an 
intermediate location at 10 ft (3 m) minimum from the point of the 
failed test in each direction and take a small sample for an additional 
field test at each location.  If these additional samples pass the test, 
then full laboratory samples are taken.  If these laboratory samples 
pass the tests, then the seam is reconstructed between these locations.  
If either sample fails, then the process is repeated to establish the 
zone in which the seam should be reconstructed. 

 
Acceptable seams must be bounded by two locations from which samples 

passing laboratory destructive tests have been taken.  In cases where the failed seam 
segment exceeds 150 ft (50 m), a destructive sample will be taken from the zone in 
which the seam has been reconstructed.  Repairs will be made in general accordance 
with Section 10.4.5. 

 
The CQA Site Manager will document actions taken in conjunction with 

destructive test failures. 
 

10.4.5 Defects and Repairs 
 
This section prescribes CQA activities to document that defects, tears, rips, 

punctures, damage, or failing seams shall be repaired. 
 

10.4.5.1 Identification 
 
Seams and non-seam areas of the geomembrane will be examined by the 

CQA Site Manager for identification of defects, holes, blisters, undispersed raw 
materials and signs of contamination by foreign matter.  Because light reflected by the 
geomembrane helps to detect defects, the surface of the geomembrane will be clean at 
the time of examination. 

 
10.4.5.2 Evaluation 

 
Each suspect location both in seam and non-seam areas will be non-

destructively tested using the methods described in Section 10.4.4.9 as appropriate.  
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Each location that fails the nondestructive testing will be marked by the CQA Site 
Manager and repaired by the Geosynthetic Installer.  Work will not proceed with any 
materials that will cover locations which have been repaired until laboratory test results 
with passing values are available. 

 
10.4.5.3 Repair Procedures 

 
Portions of the geomembrane exhibiting a flaw, or failing a destructive or 

nondestructive test, will be repaired.  Several procedures exist for the repair of these 
areas.  The final decision as to the appropriate repair procedure will be at the discretion 
of the CQA Consultant with input from the Project Manager and Geosynthetic Installer.  
The procedures available include: 

 
• patching, used to repair large holes, tears, undispersed raw materials, 

and contamination by foreign matter; 
 
• grinding and re-welding, used to repair small sections of extruded 

seams; 
 
• spot welding or seaming, used to repair small tears, pinholes, or other 

minor, localized flaws; 
 
• capping, used to repair large lengths of failed seams; 
 
• removing bad seam and replacing with a strip of new material 

welded into place (used with large lengths of fusion seams). 
 
In addition, the following provisions will be satisfied: 
 
• surfaces of the geomembrane which are to be repaired will be 

abraded no more than 20 minutes prior to the repair; 
 
• surfaces must be clean and dry at the time of the repair; 
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• all seaming equipment used in repairing procedures must be 
approved; 

 
• the repair procedures, materials, and techniques will be approved in 

advance by the CQA Consultant with input from the Project Manager 
and Geosynthetic Installer; 

 
• patches or caps will extend at least 6 in. (150 mm) beyond the edge 

of the defect, and all corners of patches will be rounded with a radius 
of at least 3 in. (75 mm); and 

 
• the geomembrane below large caps should be appropriately cut to 

avoid water or gas collection between the two sheets. 
 

10.4.5.4 Verification of Repairs 
 
Each repair will be numbered and logged.  Each repair will be non-

destructively tested using the methods described in Section 10.4.4.9 as appropriate.  
Repairs that pass the non- destructive test will be taken as an indication of an adequate 
repair.  Large caps may be of sufficient extent to require destructive test sampling, at 
the discretion of the CQA Site Manager.  Failed tests indicate that the repair will be 
redone and re-tested until a passing test results.  The CQA Site Manager will observe all 
non-destructive testing of repairs and will record the number of each repair, date, and 
test outcome. 

 
10.4.5.5 Large Wrinkles 

 
When seaming of the geomembrane is completed (or when seaming of a 

large area of the geomembrane liner is completed) and prior to placing overlying 
materials, the CQA Site Manager will observe the geomembrane wrinkles.  The CQA 
Site Manager will indicate to the Project Manager which wrinkles should be cut and re-
seamed by the Geosynthetic Installer.  The seam thus produced will be tested like any 
other seam. 

 
10.4.6 Lining System Acceptance 
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The Geosynthetic Installer and the Manufacturer(s) will retain all 

responsibility for the geosynthetic materials in the liner system until acceptance by the 
Owner. 

 
The geosynthetic liner system will be accepted by the Owner when: 
 
• the installation is finished; 
 
• verification of the adequacy of all seams and repairs, including 

associated testing, is complete; 
 
• all documentation of installation is completed including the CQA 

Site Manager’s acceptance report; and 
 
• CQA report, including “as built” drawing(s), sealed by a registered 

professional engineer has been received by the Project Manager. 
 
The CQA Site Manager will document that installation has proceeded in 

general accordance with the Technical Specifications for the project except as noted to 
the Project Manager. 
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11. GEOTEXTILE 
 

11.1 Introduction 
 
This section of the CQA Plan outlines the CQA activities to be performed 

for the geotextile installation.  The CQA Consultant will review the Drawings, and the 
Technical Specifications, and any approved addenda or changes. 

 
11.2 Manufacturing 

 
The Manufacturer will provide the Project Manager with a list of guaranteed 

“minimum average roll value” properties (defined as the mean less two standard 
deviations), for each type of geotextile to be delivered.  The Manufacturer will also 
provide the Project Manager with a written quality control certification signed by a 
responsible party employed by the Manufacturer that the materials actually delivered 
have property “minimum average roll values” which meet or exceed all property values 
guaranteed for that type of geotextile. 

 
The quality control certificates will include: 
 
• roll identification numbers; and 
• results of quality control testing. 
 
The Manufacturer will provide, as a minimum, test results for the following: 
 
• grab strength; 
• tear strength; 
• burst strength; 
• puncture strength; 
• permittivity; and 
• apparent opening size. 
 
Quality control tests must be performed, in general accordance with the test 

methods specified in Table 9, on geotextile produced for the project.  The Manufacturer 
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will also provide a written certification that the nonwoven, needle-punched geotextiles 
are continuously inspected and found to be needle-free. 

 
The CQA Site Manager will examine Manufacturer certifications to evaluate 

that the property values listed on the certifications meet or exceed those specified for 
the particular type of geotextile and the measurements of properties by the 
Manufacturer are properly documented, test methods acceptable and the certificates 
have been provided at the specified frequency properly identifying the rolls related to 
testing.  Deviations will be reported to the Project Manager. 

 
11.3 Labeling 

 
The Manufacturer will identify all rolls of geotextile with the following: 
 
• manufacturer’s name; 
• product identification; 
• lot number; 
• roll number; and 
• roll dimensions. 
 
The CQA Site Manager will examine rolls upon delivery and deviation from 

the above requirements will be reported to the Project Manager. 
 

11.4 Shipment and Storage 
 
During shipment and storage, the geotextile will be protected from 

ultraviolet light exposure, precipitation or other inundation, mud, dirt, dust, puncture, 
cutting or any other damaging or deleterious conditions.  To that effect, geotextile rolls 
will be shipped and stored in relatively opaque and watertight wrappings. 

 
Protective wrappings will be removed less than one hour prior to unrolling 

the geotextile.  After the wrapping has been removed, a geotextile will not be exposed 
to sunlight for more than 15 days, except for UV protection geotextile, unless otherwise 
specified and guaranteed by the Manufacturer. 
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The CQA Site Manager will observe rolls upon delivery at the site and 
deviation from the above requirements will be reported to the Project Manager. 

 
11.5 Conformance Testing 

 
11.5.1 Tests 

 
Upon delivery of the rolls of geotextiles, the CQA Site Manager will 

document that samples are removed and forwarded to the Geosynthetics CQA 
Laboratory for testing to evaluate conformance to Technical Specifications.  Required 
test and testing frequency for the geotextiles are presented in Table 9. 

 
These conformance tests will be performed in general accordance with the 

test methods specified in the Technical Specifications. 
 

11.5.2 Sampling Procedures 
 
Samples will be taken across the width of the roll and will not include the 

first three feet (linear meter).  Unless otherwise specified, samples will be 3 ft (1 m) 
long by the roll width.  The CQA Site Manager will mark the machine direction on the 
samples with an arrow. 

 
Unless otherwise specified, samples will be taken at a rate as indicated in 

Table 9 for geotextiles. 
 

11.5.3 Test Results 
 
The CQA Site Manager will examine results from laboratory conformance 

testing and will report non-conformance to the Project Manager. 
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11.5.4 Conformance Sample Failure 
 
The following procedure will apply whenever a sample fails a conformance 

test that is conducted by the CQA Laboratory: 
 
• The Manufacturer will replace every roll of geotextile that is in 

nonconformance with the Technical Specifications with a roll(s) that 
meets Technical Specifications. 

 
• The Geosynthetic Installer will remove conformance samples for 

testing by the CQA Laboratory from the closest numerical rolls on 
both sides of the failed roll.  These two samples must conform to the 
Technical Specifications.  If either of these samples fail, the 
numerically closest rolls on the side of the failed sample will be 
tested by the CQA Laboratory.  These samples must conform to the 
Technical Specifications.  If any of these samples fail, every roll of 
geotextile on site from this lot and every subsequently delivered roll 
that is from the same lot must be tested by the CQA Laboratory for 
conformance to the Technical Specifications.  This additional 
conformance testing will be at the expense of the Manufacturer. 

 
The CQA Site Manager will document actions taken in conjunction with 

conformance test failures. 
 

11.6 Handling and Placement 
 
The Geosynthetic Installer will handle all geotextiles in such a manner as to 

document they are not damaged in any way, and the following will be complied with: 
 
• In the presence of wind, all geotextiles will be weighted with 

sandbags or the equivalent.  Such sandbags will be installed during 
placement and will remain until replaced with earth cover material. 
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• Geotextiles will be cut using an approved geotextile cutter only.  If in 
place, special care must be taken to protect other materials from 
damage, which could be caused by the cutting of the geotextiles. 

 
• The Geosynthetic Installer will take all necessary precautions to 

prevent damage to underlying layers during placement of the 
geotextile. 

 
• During placement of geotextiles, care will be taken not to entrap in 

the geotextile stones, excessive dust, or moisture that could damage 
the geotextile, generate clogging of drains or filters, or hamper 
subsequent seaming. 

 
• A visual examination of the geotextile will be carried out over the 

entire surface, after installation, to document that no potentially 
harmful foreign objects, such as needles, are present. 

 
The CQA Site Manager will note non-compliance and report it to the Project 

Manager. 
 

11.7 Seams and Overlaps 
 
Geotextiles will be overlapped a minimum of 12 in. (0.3 m) prior to 

seaming. 
 

11.8 Repair 
 
Holes or tears in the geotextile will be repaired as follows: 
 
• A patch made from the same geotextile will be spot-seamed in place 

with a minimum of 6 in. (0.60 m) overlap in all directions. 
 
Care will be taken to remove any soil or other material that may have 

penetrated the torn geotextile. 
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The CQA Site Manager will observe any repair, note any non-compliance 
with the above requirements and report them to the Project Manager. 

 
11.9 Placement of Soil Materials 

 
The Contractor will place all soil materials located on top of a geotextile, in 

such a manner as to document: 
 
• no damage of the geotextile; 
• minimal slippage of the geotextile on underlying layers; and 
• no excess tensile stresses in the geotextile. 
 
Non-compliance will be noted by the CQA Site Manager and reported to the 

Project Manager. 
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12. GEOSYNTHETIC CLAY LINER (GCL) 
 

12.1 Introduction 
 
This section of the CQA Plan outlines the CQA activities to be performed 

for the geosynthetic clay liner (GCL) installation.  The CQA Consultant will review the 
Drawings, and the Technical Specifications, and approved addenda or changes. 

 
12.2 Manufacturing 

 
The Manufacturer will provide the Project Manager with a list of guaranteed 

“minimum average roll value” properties (defined as the mean less two standard 
deviations), for the GCL to be delivered.  The Manufacturer will also provide the 
Project Manager with a written quality control certification signed by a responsible 
party employed by the Manufacturer that the materials actually delivered have property 
“minimum average roll values” which meet or exceed all property values guaranteed for 
that GCL. 

 
The quality control certificates will include: 
 
• roll identification numbers; and 
• results of quality control testing. 
 
The Manufacturer will provide, as a minimum, test results for the following: 
 
• mass per unit area; and 
• index flux. 
 
Quality control tests must be performed, in general accordance with the test 

methods specified in Table 10, on GCL produced for the project. 
 
The CQA Site Manager will examine Manufacturer certifications to verify 

that the property values listed on the certifications meet or exceed those specified for 
the GCL and the measurements of properties by the Manufacturer are properly 
documented, test methods acceptable and the certificates have been provided at the 
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specified frequency properly identifying the rolls related to testing.  Deviations will be 
reported to the Project Manager. 

 
12.3 Labeling 

 
The Manufacturer will identify all rolls of GCL with the following: 
 
• manufacturer’s name; 
• product identification; 
• lot number; 
• roll number; and 
• roll dimensions. 
 
The CQA Site Manager will examine rolls upon delivery and deviation from 

the above requirements will be reported to the Project Manager. 
 

12.4 Shipment and Storage 
 
During shipment and storage, the GCL will be protected from ultraviolet 

light exposure, precipitation or other inundation, mud, dirt, dust, puncture, cutting or 
any other damaging or deleterious conditions.  To that effect, GCL rolls will be shipped 
and stored in relatively opaque and watertight wrappings. 

 
The CQA Site Manager will observe rolls upon delivery at the site and any 

deviation from the above requirements will be reported to the Project Manager. 
 

12.5 Conformance Testing 
 

12.5.1 Tests 
 
CQA personnel will sample the GCL either during production at the 

manufacturing facility or after delivery to the construction site.  The samples will be 
forwarded to the Geosynthetics CQA Laboratory for testing to assess conformance with 
the Technical Specifications.  The test methods and minimum testing frequencies are 
indicated in Table 10. 
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Samples will be taken across the width of the roll and will not include the 

first 3 ft (0.9 m) if the sample is cut on site.  Unless otherwise specified, samples will be 
3 ft (0.9 m) long by the roll width.  The CQA Consultant will mark the machine 
direction with an arrow and the manufacturer's roll number on each sample. 

 
The CQA Site Manager will examine results from laboratory conformance 

testing and will report non-conformance to the Project Manager. 
 

12.5.2 Conformance Sample Failure 
 
The following procedure will apply whenever a sample fails a conformance 

test that is conducted by the CQA Laboratory: 
 
• The Manufacturer will replace every roll of GCL that is in 

nonconformance with the Technical Specifications with a roll(s) that 
meets Technical Specifications. 

 
• The Geosynthetic Installer will remove conformance samples for 

testing by the CQA Laboratory from the closest numerical rolls on 
both sides of the failed roll.  These two samples must conform to the 
Technical Specifications.  If either of these samples fail, the 
numerically closest rolls on the side of the failed sample will be 
tested by the CQA Laboratory.  These samples must conform to the 
Technical Specifications.  If any of these samples fail, every roll of 
GCL on site from this lot and every subsequently delivered roll that 
is from the same lot must be tested by the CQA Laboratory for 
conformance to the Technical Specifications.  This additional 
conformance testing will be at the expense of the Manufacturer. 

 
The CQA Site Manager will document actions taken in conjunction with 

conformance test failures. 
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12.6 GCL Delivery and Storage 
 
Upon delivery to the site, the CQA Consultant will check the GCL rolls for 

defects (e.g., tears, holes) and for damage.  The CQA Consultant will report to the 
Project Manager and the Geosynthetics Installer: 

 
• any rolls, or portions thereof, which should be rejected and removed 

from the site because they have severe flaws; and 
 
• any rolls which include minor repairable flaws. 
 
The GCL rolls delivered to the site will be checked by the CQA Consultant 

to document that the roll numbers correspond to those on the approved Manufacturer's 
quality control certificate of compliance. 

 
12.7 GCL Installation 

 
The CQA Consultant will monitor and document that the GCL is installed in 

general accordance with the Drawings and the Technical Specifications.  The 
Geosynthetics Installer shall provide the CQA Consultant a certificate of subgrade 
acceptance prior to the installation of the GCL as outlined in the Technical 
Specifications.  The GCL installation activities to be monitored and documented by the 
CQA Consultant include: 

 
• monitoring that the GCL rolls are stored and handled in a manner 

which does not result in any damage to the GCL; 
 
• monitoring that the GCL is not exposed to UV radiation for extended 

periods of time without prior approval; 
 
• monitoring that the GCL are seamed in general accordance with the 

Technical Specifications and the Manufacturer's recommendations; 
 
• monitoring and documenting that the GCL is installed on an 

approved subgrade, free of debris, protrusions, or uneven surfaces; 
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• monitoring that the GCL is not installed on a saturated subgrade or 

standing water and is not exposed such that it is hydrated prior to 
completion of the construction; and 

 
• monitoring that any damage to the GCL is repaired as outlined in the 

Technical Specifications. 
 
The CQA Site Manager will note non-compliance and report it to the Project 

Manager. 
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13. GEOCOMPOSITE 
 

13.1 Introduction 
 
This section of the CQA Plan outlines the CQA activities to be performed 

for the geocomposite installation.  The CQA Consultant will review the Drawings, and 
the Technical Specifications, and any approved addenda or changes. 

 
13.2 Manufacturing 

 
The Manufacturer will provide the CQA Consultant with a list of certified 

“minimum average roll value” properties for the type of geocomposite to be delivered.  
The Manufacturer will also provide the CQA Consultant with a written certification 
signed by a responsible representative of the Manufacturer that the geocomposite 
actually delivered have “minimum average roll values” properties which meet or exceed 
all certified property values for that type of geocomposite. 

 
The CQA Consultant will examine the Manufacturers’ certifications to 

document that the property values listed on the certifications meet or exceed those 
specified for the particular type of geocomposite (geotextile and geonet).  Deviations 
will be reported to the Project Manager. 

 
13.3 Labeling 

 
The Manufacturer will identify all rolls of geocomposite with the following: 
 
• Manufacturer’s name; 
• product identification; 
• lot number; 
• roll number; and 
• roll dimensions. 
 
The CQA Site Manager will examine rolls upon delivery and deviation from 

the above requirements will be reported to the Project Manager. 
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13.4 Shipment and Storage 
 
During shipment and storage, the geocomposite will be protected from 

ultraviolet light exposure, precipitation or other inundation, mud, dirt, dust, puncture, 
cutting or any other damaging or deleterious conditions.  Therefore, geocomposite rolls 
will be shipped and stored in relatively opaque and watertight wrappings.  The CQA 
Site Manager will observe rolls upon delivery to the site and deviation from the above 
requirements will be reported to the Project Manager.  Damaged rolls will be rejected 
and replaced. 

 
Wrapping protecting geocomposite rolls will be removed less than one hour 

prior to unrolling geocomposite before placement.  After the wrapping has been 
removed, geocomposite should not be exposed to sunlight for more than 15 days, unless 
otherwise approved by the Manufacturer.  Approval by the Manufacturer will be a 
guarantee that the properties of the exposed geotextile will not degrade upon prolonged 
exposure to such values that would cause the material to not meet the Technical 
Specifications.  Any material that is exposed for more than 15 days, which has been 
approved for prolonged exposure by the Manufacturer, will be tested by the CQA 
Laboratory to document that the material properties are still in conformance with the 
Technical Specifications.  Any material that fails to meet the Technical Specifications 
will be replaced by the Manufacturer. 

 
The CQA Site Manager will observe that geocomposite is free of dirt and 

dust just before installation.  The CQA Site Manager will report the outcome of this 
observation to the Project Manager, and if the geocomposite is judged dirty or dusty, 
they will be cleaned by the Geosynthetic Installer prior to installation. 

 
13.5 Conformance Testing 

 
13.5.1 Tests 

 
The geocomposite material will be tested for transmissivity (ASTM D 4716) 

and for peel strength (ASTM D 413) at the frequencies presented in Table 11. 
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13.5.2 Sampling Procedures 
 
Upon delivery of the geocomposite rolls, the CQA Site Manager will 

document that samples are obtained from individual rolls at the frequency specified in 
this CQA Plan.  The geocomposite samples will be forwarded to the CQA Laboratory 
for testing to evaluate conformance to both the Technical Specifications and the list of 
physical properties certified by the Manufacturer. 

 
Samples will be taken across the width of the roll and will not include the 

first 3 linear ft (1 linear m).  Unless otherwise specified, samples will be 3 ft (1 m) long 
by the roll width.  The CQA Consultant will mark the machine direction on the samples 
with an arrow. 

 
13.5.3 Test Results 

 
The CQA Site Manager will examine results from laboratory conformance 

testing and compare results to the Technical Specifications.  The criteria used to 
evaluate acceptability are presented in the Technical Specifications.  The CQA Site 
Manager will report any nonconformance to the Project Manager. 

 
13.5.4 Conformance Test Failure 

 
The following procedure will apply whenever a sample fails a conformance 

test that is conducted by the CQA Laboratory: 
 
• The Manufacturer will replace every roll of geocomposite that is in 

nonconformance with the Technical Specifications with a roll that 
meets specifications. 

 
• The Geosynthetic Installer will remove conformance samples for 

testing by the CQA Laboratory from the closest numerical rolls on 
both sides of the failed roll.  These two samples must conform to the 
Technical Specifications.  If either of these samples fail, the 
numerically closest rolls on the side of the failed sample that is not 
tested, will be tested by the CQA Laboratory.  These samples must 
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conform to the Technical Specifications.  If any of these samples fail, 
every roll of geocomposite on site from this lot and every 
subsequently delivered roll that is from the same lot must be tested 
by the CQA Laboratory for conformance to the Technical 
Specifications. 

 
The CQA Site Manager will document actions taken in conjunction with 

conformance test failures. 
 

13.6 Handling and Placement 
 
The Geosynthetic Installer will handle all geocomposite in such a manner as 

to document they are not damaged in any way.  The Geosynthetic Installer will comply 
with the following: 

 
• In the presence of wind, the geocomposite will be weighted with 

sandbags or the equivalent.  Sandbags will be used during 
installation only and will remain until replaced with the appropriate 
cover material. 

 
• If in place, special care must be taken to protect other materials from 

damage, which could be caused by the cutting of the geocomposite. 
 
• The Geosynthetic Installer will take any necessary precautions to 

prevent damage to underlying layers during placement of the 
geocomposite. 

 
• During placement of geocomposite, care will be taken to prevent 

entrapment of dirt or excessive dust that could cause clogging of the 
drainage system, and/or stones that could damage the adjacent 
geomembrane.  If dirt or excessive dust is entrapped in the 
geocomposite, it should be cleaned prior to placement of the next 
material on top of it.  In this regard, care should be taken with the 
handling or sandbags, to prevent rupture or damage of the sandbag. 
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• A visual examination of the geocomposite will be carried out over 
the entire surface, after installation to document that no potentially 
harmful foreign objects are present. 

 
The CQA Site Manager will note noncompliance and report it to the Project 

Manager. 
 

13.7 Geocomposite Seams and Overlaps 
 
Adjacent geocomposite panels will be joined in general accordance with 

Construction Drawings and Technical Specifications.  As a minimum, the following 
requirements will be met: 

 
• Adjacent rolls will be overlapped by at least 4 in. (100 mm). 
 
• Each component of the geocomposite will be secured or seamed to 

the like component at overlaps. 
 
• The geocomposite overlaps will be secured by tying, in general 

accordance with the Technical Specifications. 
 
• The bottom layers of geotextile, if applicable, will be overlapped. 
 
• The top layers of geotextile will be continuously sewn. 
 
The CQA Consultant will note any noncompliance and report it to the 

Project Manager. 
 

13.8 Repair 
 
Holes or tears in the geocomposite will be repaired by placing a patch 

extending 2 ft (0.6 m) beyond edges of the hole or tear.  The patch will be secured by 
tying with approved tying devices every 6 in. (150 mm) through the bottom geotextile 
and the geonet of the patch, and through the top geotextile and geonet components of 
the geocomposite needing repair.  The top geotextile component of the patch will be 
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heat sealed to the top geotextile of the geocomposite needing repair.  If the hole or tear 
width across the roll is more than 50 percent of the width of the roll, the damaged area 
will be cut out and the two portions of the geocomposite will be joined in general 
accordance with Section 13.7. 

 
The CQA Site Manager will observe repairs, note noncompliances with the 

above requirements and report them to the Project Manager. 
 

13.9 Placement of Soil Materials 
 
The Contractor will place all soil materials located on top of a geocomposite 

in such a manner as to document: 
 
• the geocomposite and underlying liner materials are not damaged; 
 
• minimal slippage of the geocomposite on underlying layers occurs; 

and 
 
• no excess tensile stresses occur in the geocomposite. 
 
Unless otherwise specified by the CQA Consultant, lifts of soil material will 

be in conformance with the Technical Specifications.  If portions of the geocomposite 
are exposed, the CQA Consultant will periodically place marks on the geocomposite 
and the underlying geomembrane and measure the elongation of the geonet during the 
placement of soil. 

 
Noncompliance will be noted by the CQA Consultant and reported to the 

Project Manager. 
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14. SURVEYING 
 

14.1 Survey Control 
 
Survey control will be performed by the Owner as needed.  A permanent 

benchmark will be established for the site(s) in a location convenient for daily tie-in.  
The vertical and horizontal control for this benchmark will be established within normal 
land surveying standards. 

 
14.2 Precision and Accuracy 

 
A wide variety of survey equipment is available for the surveying 

requirements for these projects.  The survey instruments used for this work should be 
sufficiently precise and accurate to meet the needs of the projects.  Surveys shall be 
performed at 2nd order accuracy. 

 
14.3 Lines and Grades 

 
The following surfaces will be surveyed to verify the lines and grades 

achieved during soil placement and compaction. 
 
• Prepared Subgrade: 

– prepared subgrade surface. 
• Cover Soil: 

– finished compacted cover soil surface. 
 
The following structures will be surveyed to verify and document the lines 

and grades achieved during construction of the Project: 
 
• all culverts, inlet, and drop structures; 
 
• ditch bottoms and sideslopes; 
 
• permanent erosion control features; 
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• geomembrane terminations and selected geomembrane seams, as 
indicated by the CQA Manager; and 

 
• centerlines of pipes. 
 

14.4 Frequency and Spacing 
 
Surveying should be carried out immediately upon completion of a given 

installation to facilitate progress and avoid delaying commencement of the next 
installation.  In addition, spot checks during placement and compaction will be 
necessary to assist the Contractor in compliance with required grades. 

 
At the least the following minimum spacings and locations should be 

provided for survey points: 
 
• all “flat” surfaces with gradients less than 10 percent, should be 

surveyed on a square grid not wider spaced than 100 ft (30 m); 
 
• on all slopes greater than 10 percent, a square grid not wider than 

100 ft (30 m) should be used, but in any case, a line at the crest, 
midpoint, and toe of the slope should be taken; 

 
• a line of survey points no further than 100 ft (30 m) apart must be 

taken along any slope break (this will include the inside edge and 
outside edge of any bench on a slope); and 

 
• a line of survey points no further than 50 ft (15 m) apart must be 

taken at the invert of pipes or other appurtenances to the liner. 
 

14.5 Documentation 
 
Field survey notes should be retained by the Land Surveyor.  The findings 

from the field surveys should be documented on a set of Survey Record Drawings, 
which shall be provided to the Engineer in AutoCADD V.14 format or other suitable 
format as directed by the Owner. 
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TABLE 1 
TEST PROCEDURES FOR THE EVALUATION OF SOILS 

 
TEST METHOD DESCRIPTION TEST STANDARD 

Laboratory Test Procedures: 

Classification Classification of Soils ASTM D 2487 

Moisture Content Moisture Content ASTM D 2216 

Modified Proctor Moisture/Density Relationship 
of Soil (10 lb (4.54 kg) rammer 
and 18 in. (457 mm) drop) 

ASTM D 1557 

Hydrometer Analysis Particle Size Distribution of 
Fine Fraction of Soils 

ASTM D 422 

Sieve Analysis Particle Size Distribution of 
Coarse Fraction of Soils 

ASTM D 422 

Field Test Procedures: 

Nuclear Densometer In Situ Soil Unit Weight 
In Situ Moisture Content 

ASTM D 2922 
ASTM D 3017 

Sand Cone In Situ Soil Unit Weight 
Moisture Content 

ASTM D 1556 
ASTM D 2216 

Drive Cylinder In Situ Soil Unit Weight 
Moisture Content 

ASTM D 2937 
ASTM D 2216 
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TABLE 2 
 

MINIMUM SOILS TESTING FREQUENCIES 
FOR MATERIAL QUALIFICATION TESTING 

 
TEST ENGINEERED FILL 

Moisture Content 1 per source 
Sieve Analysis 1 per source 

Hydrometer Analysis 1 per source 
Soil Classification 1 per source 
Modified Proctor 1 per source 
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TABLE 3 
 

MINIMUM SOILS TESTING FREQUENCIES 
FOR CONFORMANCE TESTING 

 
TEST COVER SOIL 

Moisture Content 1 per 10,000 yd3 (7,646 m3) 
Sieve Analysis 1 per 10,000 yd3 (7,646 m3) 

Hydrometer Analysis 1 per 10,000 yd3 (7,646 m3) 
Soil Classification 1 per 10,000 yd3 (7,646 m3) 
Modified Proctor 1 per 10,000 yd3 (7,646 m3) 
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TABLE 4 
 

MINIMUM SOIL TESTING FREQUENCIES FOR 
CONSTRUCTION QUALITY CONTROL 

 
TEST ENGINEERED FILL 

Nuclear densometer 1 per 750 yd3  
Sand cone or drive cylinder 1 per 20 nuclear densometer tests 

 
Notes: (1) Nuclear densometer testing of the first lift of cover soil placed above the final cover system geosynthetics shall be 

performed at a depth no greater than 6 in. (i.e., 8-in. deep hole in 12-in. thick cover). 
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TABLE 5 
 

TEST PROCEDURES FOR THE EVALUATION OF AGGREGATE 
 

TEST METHOD DESCRIPTION TEST STANDARD 

Sieve Analysis Particle Size Distribution of 
Fine and Coarse Aggregates 

ASTM C 136 

Hydraulic Conductivity 
(Rigid Wall Permeameter) 

Permeability of Aggregates ASTM D 2434 
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TABLE 6 
 

MINIMUM AGGREGATE TESTING FREQUENCIES FOR 
MATERIAL QUALIFICATION TESTING 

 
TEST DRAINAGE AGGREGATE 

Sieve Analysis 1 per source 
Hydraulic Conductivity 1 per source 
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TABLE 7 
 

MINIMUM AGGREGATE TESTING FREQUENCIES FOR 
CONFORMANCE TESTING 

 
TEST TEST METHOD DRAINAGE AGGREGATE 

Sieve Analysis ASTM C 136 1 per 5,000 yd3 (3,823 m3) 
Hydraulic Conductivity ASTM D 2434 1 per 10,000 yd3 (7,646 m3) 
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TABLE 8 
 

GEOMEMBRANE CONFORMANCE TESTING REQUIREMENTS 
 

TEST NAME TEST METHOD FREQUENCY 

Specific Gravity ASTM D 792 
Method A or ASTM D 1505 

100,000 ft2 (9,290 m2) 

Thickness ASTM D 5994 or ASTM D 5199 100,000 ft2 (9,290 m2) 
Tensile Strength at Yield ASTM D 638 100,000 ft2 (9,290 m2) 
Tensile Strength at Break ASTM D 638 100,000 ft2 (9,290 m2) 
Elongation at Yield ASTM D 638 100,000 ft2 (9,290 m2) 
Elongation at Break ASTM D 638 100,000 ft2 (9,290 m2) 
Carbon Black Content ASTM D 1603 100,000 ft2 (9,290 m2) 
Carbon Black Dispersion ASTM D 5596 100,000 ft2 (9,290 m2) 
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TABLE 9 
 

GEOTEXTILE CONFORMANCE TESTING REQUIREMENTS 
 

TEST NAME TEST METHOD MINIMUM FREQUENCY 

Grab Strength ASTM D 4632 1 test per 260,000 ft2  
Puncture Resistance ASTM D 4833 1 test per 260,000 ft2  
Permittivity ASTM D 4491 1 test per 260,000 ft2  
Apparent Opening Size ASTM D 4751 1 test per 260,000 ft2  
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TABLE 10 
 

GCL CONFORMANCE TESTING REQUIREMENTS 
 

TEST NAME TEST METHOD MINIMUM FREQUENCY  

Mass per Unit Area ASTM D 3776 100,000 ft2 (9,290 m2) 
Index Flux ASTM D 5084 400,000 ft2 (37,160 m2) 
Residual Shear Strength ASTM D 5321 See Technical Specifications 
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TABLE 11 
 

GEOCOMPOSITE CONFORMANCE TESTING REQUIREMENTS 
 

TEST NAME TEST METHOD MINIMUM FREQUENCY 

Peel Strength ASTM D 413 1 test per 200,000 ft2 (18,580 m2) 
Hydraulic Transmissivity ASTM D 4716 1 test per 200,000 ft2 (18,580 m2) 
 
Note: Testing will be carried out at a frequency of one per lot or at listed frequency, whichever yields the greater number of 

samples. 
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SECTION 02200 
EARTHWORK 

 
PART 1 — GENERAL 

 
1.01 DESCRIPTION OF WORK 

 
A. The Contractor shall furnish all labor, materials, tools, supervision, transportation, 

equipment, and incidentals necessary to perform all Earthwork.  The work shall be carried 
out as specified herein and in accordance with the Drawings. 

 
B. The Work shall include, but not be limited to excavating, hauling, placing, moisture 

conditioning, backfilling, compacting, grading, and subgrade preparation.  Earthwork shall 
conform to the dimensions, lines, grades and sections shown on the Drawings or as directed 
by the Engineer. 

 
1.02 RELATED SECTIONS 

 
Section 02772 — Geosynthetic Clay Liner 
 
Section 02773 — Geocomposite 
 

1.03 REFERENCES 
 
A. Drawings. 
 
B. Site Construction Quality Assurance (CQA) Plan. 
 
C. Latest version of American Society for Testing and Materials (ASTM) standards: 
 

ASTM D 422 Standard Method for Particle-Size Analysis of Soils 
 

ASTM D 1557 Laboratory Compaction Characteristics of Soil Using Modified Effort 
(56,000 ft-lbf/ft3 (2,700 kN-m/m3)) 

 
ASTM D 2216 Standard Method for Laboratory Determination of Water (Moisture) 

Content of Soil, Rock, and Soil-Aggregate Mixtures 
 

ASTM D 2487 Standard Test Method for Classification of Soils for Engineering 
Purposes 

 
ASTM D 2922 Standard Test Methods for Density of Soil and Soil-Aggregate In-Place 

by Nuclear Density Methods (Shallow Depth) 
 

ASTM D 3017 Standard Test Method for Water Content of Soil and Rock In-Place by 
Nuclear Methods (Shallow Depth) 

 
1.04 SUBMITTALS 

 
A. The Contractor shall submit to the Engineer a description of equipment and methods 

proposed for Cover Soil, Anchor Trench Backfill, and Prepared Subgrade placement and 
compaction at least 7 days prior to the start of activities covered by this Section. 
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B. If the work of this Section is interrupted for reasons other than inclement weather, the 
Contractor shall notify the Engineer a minimum of 24 hours prior to the resumption of 
work. 

 
C. The Contractor shall provide the Engineer with sufficient time to perform as-built surveys 

of the completed cover soil and prepared subgrade. 
 
D. If foreign borrow materials are proposed for any earthwork material on this project, the 

Contractor shall provide the Engineer information regarding the source of the material.  In 
addition, the Contractor shall provide the Engineer an opportunity to obtain the necessary 
samples for conformance testing, prior to delivery of foreign borrow materials to the site. 

 
1.05 QUALITY ASSURANCE 

 
A. The Contractor shall ensure that the materials and methods used for Earthwork meet the 

requirements of the Drawings and this Section.  Any material or method that does not 
conform to these documents, or to alternatives approved in writing by the Engineer will be 
rejected and shall be repaired or replaced by the Contractor. 

 
B. The Contractor shall be aware of and accommodate all monitoring and field/laboratory 

conformance testing required by the CQA Plan.  This monitoring and testing, including 
random conformance testing of construction materials and completed work, will be 
performed by the Engineer.  If nonconformances or other deficiencies are found in the 
materials or completed work, the Contractor will be required to repair the deficiency or 
replace the deficient materials. 

 
PART 2 — PRODUCTS 

 
2.01 MATERIALS 

 
A. Cover soil shall consist of relatively homogeneous, natural soils that are free of debris, 

foreign objects, large rock fragments (greater than 6 inches in maximum dimension), roots, 
and organics.  The first lift of cover soil placed directly overlying the geosynthetic 
components of the cover system shall have a maximum particle size of 1 inch.  The cover 
soil shall be classified according to the Unified Soil Classification System (per 
ASTM D 2487) as SC, ML, CL, SM, SW, GW, GM, GC, or combinations of these 
materials.  The Contractor may propose the use of other soil types as cover soil, but then 
such use shall be at the sole discretion of the Engineer. 

 
B. Prepared subgrade is defined as the material directly underlying the geosynthetic liner 

system which shall meet the requirements listed above for cover soil.  No materials larger 
than 1.5 inch shall project or protrude from the surface of the prepared subgrade. 

 
C. Anchor Trench Backfill materials shall meet the requirements listed above for the cover 

soil. 
 

2.02 EQUIPMENT 
 
A. The Contractor shall furnish, operate, and maintain compaction equipment as is necessary to 

produce the required in-place soil density and moisture content. 
 
B. The Contractor shall furnish, operate and maintain tank trucks, pressure distributors, or 

other equipment designed to apply water uniformly and in controlled quantities to variable 
surface widths. 
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C. The Contractor shall furnish, operate, and maintain miscellaneous equipment such as 

scarifiers or disks, earth excavating equipment, earth hauling equipment, and other 
equipment, as necessary for Earthwork construction. 

 
PART 3 — EXECUTION 

 
3.01 FAMILIARIZATION 

 
A. Prior to implementing any of the work in this Section, the Contractor shall become 

thoroughly familiar with the site, the site conditions, and all portions of the work falling 
within this and other related Sections. 

 
B. Inspection: 
 

• The Contractor shall carefully inspect the installed work of all other Sections and 
verify that all work is complete to the point where the installation of the work 
specified in this Section may properly commence without adverse impact. 

 
• If the Contractor has any concerns regarding the installed work of other Sections, 

the Engineer shall be notified in writing prior to commencing work.  Failure to 
notify the Engineer or continuance of the work of this Section will be construed as 
Contractor's acceptance of the related work of all other Sections. 

 
3.02  SITE PREPARATION 

 
A. Prior to performing any earthworks on the site, the Contractor shall perform a baseline 

topographic survey.  This survey shall be conducted by a Professional Land Surveyor 
licensed in the state of Nevada.  This survey will serve as the starting point for earthwork 
quantities. 

 
3.03 ANCHOR TRENCH EXCAVATION 

 
A. The Contractor shall excavate the anchor trench to the limits and grades shown on the 

Drawings. 
 
B. All excavated materials not used for Anchor Trench Backfill or cover soil shall be 

stockpiled in an area designated by the Owner in accordance with Part 3.06 of this Section. 
 

3.04 SUBGRADE SURFACE PREPARATION 
 
A. The subgrade shall be prepared and made suitable as a foundation for placement and 

compaction of soil material, where applicable.  The subgrade shall be firm and able to 
support the Contractor's construction equipment without the development of depressions or 
ruts.  In addition, the subgrade shall provide adequate support such that the overlying fill 
material may be placed and compacted to the specified density. 

 
3.05 PREPARED SUBGRADE 

 
A. The prepared subgrade shall be made suitable as a foundation for placement of the 

geosynthetic components of the liner system (prepared subgrade).  The prepared subgrade 
shall be firm, meet the requirements outlined in Part 2.01, and be able to support the 
geosynthetic components of the liner system. 
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3.06 STOCKPILING 
 
A. Soil shall be stockpiled in areas designated by the Owner and shall be free of incompatible 

soil, clearing, clearing debris, or other objectionable materials. 
 
B. Stockpiles shall be no steeper than 2.1H:1V (Horizontal:Vertical) or other slope approved 

by the Engineer, graded to drain, sealed by tracking parallel to the slope with a dozer or 
other means approved by the Engineer, and dressed daily during periods when fill is taken 
from the stockpile.  The Contractor shall employ temporary erosion and sediment control 
measures (i.e. silt fence) as directed by the Engineer around stockpile areas. 

 
3.07 ANCHOR TRENCH BACKFILL 

 
A. The Anchor Trench Backfill shall be placed to the lines and grades shown on the Drawings. 
 
B. Soil used for the Anchor Trench Backfill shall meet the requirements of Part 2.01 of this 

Section. 
 
C. Soil used for the Anchor Trench Backfill shall be placed in a loose lift that results in a 

compacted lift thickness of no greater than 12 inches.  The maximum permissible pre-
compaction soil clod size is 6 inches. 

 
D. The Contractor shall compact each lift to at least 90 percent of its modified Proctor 

maximum dry density (ASTM D 1557).  The Contractor shall utilize compaction equipment 
suitable for achieving the soil compaction requirements. 

 
3.08 COVER SOIL 

 
A. The Cover Soil shall be placed to the lines and grades shown on the Drawings. 
 
B. Soil used for the Cover Soil shall meet the requirements of Part 2.01 of this Section. 
 
C. Place only when underlying geocomposite installation is complete including all 

Construction Quality Control (CQC) and CQA work. 
 
D. Soil used for the Cover Soil shall be placed in a loose lift that results in a compacted lift 

thickness of no greater than 12 inches.  The maximum permissible pre-compaction soil clod 
size is 6 inches. 

 
E. During wetting or drying, the material shall be regularly disced or otherwise mixed so that 

uniform moisture conditions in the appropriate range are obtained. 
 
F. The subgrade to the cover soil layer consists of a geocomposite.  Therefore, the Contractor 

shall avoid tearing, puncturing, folding, or damaging in any way the geocomposite during 
placement of the cover soil material. 

 
G. Any damage to the geosynthetic liner system which is caused by the Contractor or 

representatives of the Contractor shall be repaired by the Geosynthetics Installer at the 
expense of the Contractor. 

 
H. The Contractor shall compact each lift to at least 90 percent of its modified Proctor 

maximum dry density (ASTM D 1557).  The Contractor shall utilize compaction equipment 
suitable for achieving the soil compaction requirements. 
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I. The cover soil material shall be placed out in front of the equipment used to place the cover 
soil such that the minimum thickness requirements are maintained at all times between the 
geosynthetic materials and the wheels or tracks of the equipment used to place the cover soil 
material. 

 
J. Care must be exercised by the operators of tracked equipment to avoid sharp pivoting turns 

that could displace the cover soil material and result in damage to the liner system. 
 
K. The Contractor shall not push cover soil material down the side slope.  All soil materials 

shall be placed from the toe of slope upward. 
 
L. Equipment used in spreading the cover soil material on top of the geosynthetic liner system 

shall be restricted to the following maximum allowable equipment ground pressures: 
 

MAXIMUM ALLOWABLE 
EQUIPMENT GROUND PRESSURE 

(psi) 

INITIAL LIFT THICKNESS OF 
OVERLYING COVER SOIL 

(ft) 

<10 1.0 
>20 2.0 

 
 

3.09 FIELD TESTING 
 
A. The minimum frequency and details of quality control testing are provided below.  This 

testing will be performed by the Engineer.  The Contractor shall take this testing frequency 
into account in planning the construction schedule. 

 
1. Cover Soil material quality control testing: 

 
a. particle-size analyses conducted in accordance with ASTM D 422 at a 

frequency of one test per 10,000 yd3; 
 
b. moisture content tests conducted in accordance with ASTM D 2216 at 

a frequency of one test per 10,000 yd3; 
 
c. soil classification tests conducted in accordance with ASTM D 2487 at 

a frequency of one test per 10,000 yd3; and 
 
d. modified Proctor compaction tests conducted in accordance with 

ASTM D 1557 at a frequency of one test per 10,000 yd3. 
 

2. The Engineer will perform conformance tests on placed and compacted cover 
soil to evaluate compliance with these Specifications.  These tests will include 
in-situ moisture content and dry density.  The frequency and procedures for 
moisture-density testing are given in the CQA Plan.  At a minimum, the dry 
density and moisture content of the soil will be measured in-situ in accordance 
with ASTM D 2922 and ASTM D 3017, respectively. 

 
3. A special testing frequency will be used by the Engineer when visual 

observations of construction performance indicate a potential problem.  
Additional testing will be considered when: 

 
a. the rollers slip during rolling operation; 
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b. the lift thickness is greater than specified; 
c. the fill is at improper and/or variable moisture content; 
d. fewer than the specified number of roller passes are made; 
e. dirt-clogged rollers are used to compact the material; 
f. the rollers do not have optimum ballast; or 
g. the degree of compaction is doubtful. 

 
4. During construction, the frequency of testing will be increased by the Engineer 

in the following situations: 
 

a. adverse weather conditions; 
b. breakdown of equipment; 
c. at the start and finish of grading; 
d. if the material fails to meet specifications; or 
e. the work area is reduced. 

 
B. Defective Areas: 
 

1. If a defective area is discovered in the Earthwork, the Engineer will evaluate the 
extent and nature of the defect.  If the defect is indicated by an unsatisfactory 
test result, the Engineer will determine the extent of the defective area by 
additional tests, observations, a review of records, or other means that the 
Engineer deems appropriate.  If the defect is related to adverse site conditions, 
such as overly wet soils or surface desiccation, the Engineer shall define the 
limits and nature of the defect. 

 
2. Once the extent and nature of a defect is determined, the Contractor shall correct 

the deficiency to the satisfaction of the Engineer.  The Contractor shall not 
perform additional work in the area until the Engineer approves the correction 
of the defect. 

 
3. Additional testing may be performed by the Engineer to verify that the defect 

has been corrected.  This additional testing will be performed before any 
additional work is allowed in the area of deficiency.  The cost of the additional 
testing shall be borne by the Contractor. 

 
3.10 SURVEY CONTROL 

 
A. The Contractor shall perform all surveys necessary for construction layout and control. 
 

3.11 CONSTRUCTION TOLERANCE 
 
A. The Contractor shall perform the Earthwork construction to within ±0.1 ft on areas with a 

slope less than 10 percent and ±0.2 ft on areas with a slope greater than 10 percent of the 
grades indicated on the Drawings. 

 
3.12 PROTECTION OF WORK 

 
A. The Contractor shall use all means necessary to protect completed work of this Section. 
 
B. At the end of each day, the Contractor shall verify that the entire work area is left in a state 

that promotes drainage of surface water away from the area and from finished work.  If 
threatening weather conditions are forecast, at a minimum, compacted surfaces shall be 
seal-rolled to protect finished work. 
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C. In the event of damage to prior work, the Contractor shall make repairs and replacements to 

the satisfaction of the Engineer. 
 

PART 4 — MEASUREMENT AND PAYMENT 
 

4.01 GENERAL 
 
A. Providing for and complying with the requirements set forth in this Section for Prepared 

Subgrade will be measured as square feet (SF), and payment will be based on the unit price 
provided on the Bid Schedule. 

 
B. Providing for and complying with the requirements set forth in this Section for Anchor 

Trench Excavation and Backfill will be measured as linear feet (LF), and payment will be 
based on the unit price provided on the Bid Schedule. 

 
C. Providing for and complying with the requirements set forth in this Section for Cover Soil 

will be measured as in-place cubic yards (CY), and payment will be based on the unit price 
provided on the Bid Schedule. 

 
D. The following are considered incidental to the Work: 
 
 • material samples, sampling, and testing. 
 • layout survey. 
 • rejected material removal, re-testing, handling, and repair. 
 • rejected material. 
 • mobilization. 
 

END OF SECTION
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SECTION 02225 
DRAINAGE AGGREGATE 

 
PART 1 — GENERAL 

 
1.01 DESCRIPTION OF WORK 

 
A. The Contractor shall furnish all labor, materials, tools, supervision, transportation, 

equipment and incidentals necessary for the installation of drainage aggregate.  The work 
shall be carried out as specified herein and in accordance with the Drawings. 

 
B. The work shall include, but not be limited to, delivery, storage, and placement of drainage 

aggregate (aggregate). 
 

1.02 RELATED SECTIONS 
 
Section 02200 — Earthwork 
 
Section 02771 — Geotextile 
 

1.03 REFERENCES 
 
A. Drawings 
 
B. Site Construction Quality Assurance (CQA) Plan 
 
C. Latest Version of American Society for Testing and Materials (ASTM) Standards: 
 

ASTM C 33 Standard Specification for Concrete Aggregates 
ASTM C 136 Test Method for Sieve Analysis of Fine and Coarse Aggregates 
ASTM D 2434 Standard Test Method for Permeability of Granular Soils (Constant 

Head) 
 

1.04 SUBMITTALS 
 
A. The Contractor shall submit to the Engineer for approval, at least 7 days prior to the start of 

construction, Certificates of Compliance for proposed aggregate materials.  Certificates of 
Compliance shall include, at a minimum, typical gradation and source of aggregate 
materials. 

 
1.05 QUALITY ASSURANCE 

 
A. The Contractor shall ensure that the materials and methods used for Earthwork meet the 

requirements of the Drawings and this Section.  Any material or method that does not 
conform to these documents, or to alternatives approved in writing by the Engineer will be 
rejected and shall be repaired or replaced by the Contractor. 

 
B. The Contractor shall be aware of and accommodate all monitoring and field/laboratory 

conformance testing required by the CQA Plan.  This monitoring and testing, including 
random conformance testing of construction materials and completed work, will be 
performed by the Engineer.  If nonconformances or other deficiencies are found in the 
materials or completed work, the Contractor will be required to repair the deficiency or 
replace the deficient materials. 
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PART 2 — PRODUCTS 
 

2.01 MATERIALS 
 
A. Aggregate shall meet the requirements specified in ASTM C-33 and shall have a maximum 

particle size of 1-inch.  Aggregate shall have a minimum permeability of 1 x 10-2 cm/sec 
when tested in accordance with ASTM D 2434. 

 
2.02 EQUIPMENT 

 
A. The Contractor shall furnish, operate, and maintain hauling, placing, and grading equipment 

as necessary for aggregate placement. 
 

PART 3 — EXECUTION 
 

3.01 FAMILIARIZATION 
 
A. Prior to implementing any of the work in this Section, the Contractor shall become 

thoroughly familiar with the site, the site conditions, and all portions of the work falling 
within this and other related Sections. 

 
B. Inspection: 
 

• The Contractor shall carefully inspect the installed work of all other Sections and 
verify that all work is complete to the point where the installation of the work 
specified in this Section may properly commence without adverse impact. 

 
• If the Contractor has any concerns regarding the installed work of other Sections, 

the Engineer shall be notified in writing prior to commencing work.  Failure to 
notify the Engineer or continuance of the work of this Section will be construed as 
Contractor's acceptance of the related work of all other Sections. 

 
3.02 PLACEMENT 

 
A. Place only when underlying geosynthetic and CPE pipe installation is complete including 

all CQC and CQA work. 
 
B. Place to the lines, grades, and dimensions shown on the Drawings. 
 
C. The subgrade to the aggregate consists of a geocomposite overlying a geomembrane.  The 

Contractor shall avoid creating large wrinkles (greater than 6-inches high), tearing, 
puncturing, folding, or damaging in any way the geosynthetic materials during placement of 
the aggregate material. 

 
D. Any damage to the geosynthetic liner system which is caused by the Contractor or his 

representatives shall be repaired by the Geosynthetic Installer. 
 
E. No density or moisture requirements are specified for placement of the aggregate material. 
 
F. Place filter geotextile overlying aggregate as shown on the Drawings and as specified in 

Section 02771. 
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3.03 FIELD TESTING 
 
A. The minimum frequency and details of quality control testing are provided below.  This 

testing will be performed by the Engineer.  The Contractor shall take this testing frequency 
into account in planning the construction schedule. 

 
1. Aggregates quality control testing: 

 
a. particle-size analyses conducted in accordance with ASTM C-136 at a 

frequency of one test per 5,000 yd3; 
 
b. permeability tests conducted in accordance with ASTM D 2434 at a 

frequency of one test per 10,000 yd3. 
 

3.04 SURVEY CONTROL 
 
A. The Contractor shall perform all surveys necessary for construction layout and control. 
 

3.05 CONSTRUCTION TOLERANCE 
 
A. The Contractor shall perform the aggregate construction to within +0.1 ft of the thickness 

indicated on the Drawings. 
 

3.06 PROTECTION OF WORK 
 
A. The Contractor shall use all means necessary to protect all work of this Section. 
 
B. In the event of damage, the Contractor shall make repairs and replacements to the 

satisfaction of the Engineer. 
 

PART 4 — MEASUREMENT AND PAYMENT 
 

4.01 GENERAL 
 
A. Providing for and complying with the requirements set forth in this Section for Drainage 

Aggregate around CPE pipe will be measured in linear feet (LF), and payment will be based 
on the unit price provided on the Bid Schedule. 

 
B. Providing for and complying with the requirements set forth in this Section for Drainage 

Aggregate at geocomposite perimeter termination will be measured in linear feet (LF), and 
payment will be based on the unit price provided on the Bid Schedule. 

 
C. The following are considered incidental to the Work: 
 

• material samples, sampling, and testing. 
• layout survey. 
• rejected material. 
• rejected material removal, re-testing, handling, and repair. 
• mobilization. 

 
END OF SECTION
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SECTION 02711 
CORRUGATED POLYETHYLENE PIPE 

 
PART 1 — GENERAL 

 
1.01 DESCRIPTION OF WORK 

 
A. The Contractor shall furnish all labor, materials, tools, supervision, transportation, and 

equipment necessary to install perforated and solid wall corrugated polyethylene (CPE) pipe 
and fittings as shown on the Drawings and specified herein. 

 
1.02 RELATED SECTIONS 

 
Section 02200 — Earthwork 
 

1.03 REFERENCES 
 
A. Drawings 
 
B. Site Construction Quality Assurance (CQA) Plan 
 
C. Latest Version of American Society for Testing and Materials (ASTM) Standards: 
 

ASTM F 405 Standard Specification for Corrugated Polyethylene (CPE) Pipe and 
Fittings 

 
Latest American Association of State Highway and Transportation Officials (AASHTO) Standards:  
 
 AASHTO M252M-96  Corrugated Polyethylene Drainage Pipe 
 

1.04 SUBMITTALS 
 
A. The Contractor shall submit, at least 7 days prior to installation of this material, to the 

Engineer, certificates of compliance for the pipe materials and fittings to be furnished. 
 
B. The Engineer will supply a surveyor to document the as-built conditions of the piping.  The 

Contractor shall notify and allow the Engineer sufficient time to survey piping prior to 
backfilling the pipe. 

 
1.05 QUALITY ASSURANCE 

 
A. The Contractor shall ensure that the materials and methods used for corrugated polyethylene 

pipe meet the requirements of the Drawings and this Section.  Any material or method that 
does not conform to these documents, or to alternatives approved in writing by the Engineer 
will be rejected and shall be repaired or replaced by the Contractor. 

 
PART 2 — PRODUCTS 

 
2.01 PIPE 

 
A. HDPE pipe sizes shown on the Drawings and specified in this Section reference nominal 

inside diameter.  Pipe material, markings, properties, and size shall be in accordance with 
AASHTO M252. 
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B. Pipes shall be corrugated polyethylene pipe with a smooth interior wall, Type SP with 
Class 2 perforations in accordance with AASHTO M252. 

 
PART 3 — EXECUTION 

 
3.01 GENERAL 

 
A. When shipping, delivering, and installing pipe, fittings, and accessories, do so to ensure a 

sound, undamaged installation.  Provide adequate storage for all materials and equipment 
delivered to the job site.  Handle and store pipe and fittings in accordance with the 
Manufacturer's recommendation. 

 
3.02 PLACING AND LAYING PIPE 

 
A. Follow the Manufacturer's recommendations when hauling, unloading, and stringing the 

pipe. 
 
B. Corrugated polyethylene solid and perforated pipe shall be installed as shown on the 

Drawings. 
 
C. Corrugated polyethylene pipe shall be inspected for cuts, scratches, or other damages prior 

to installation.  Any pipe showing damage, which in the opinion of the Engineer will affect 
performance of the pipe, must be removed from the site.  Replace any material found to be 
defective. 

 
3.03 CONSTRUCTION TOLERANCE 

 
A. The Contractor shall perform the work to within ±0.1 ft of the grades indicated on the 

Drawings. 
 

PART 4 — MEASUREMENT AND PAYMENT 
 

4.01 GENERAL 
 
A. Providing for and complying with the requirements set forth in this Section for 6-inch 

HDPE perforated and solid wall CPE pipe and fittings will be measured in linear feet (LF), 
and payment will be based on the unit price provided on the Bid Schedule. 

 
B. Providing for and complying with the requirements set forth in this Section for 6-inch 

HDPE perforated and solid wall CPE pipe and fittings will be measured in linear feet (LF), 
and payment will be based on the unit price provided on the Bid Schedule. 

 
C. The following are considered incidental to the Work: 
 

• shipping, handling and storage. 
• layout survey. 
• mobilization. 
• rejected material. 
• rejected material removal, handling, re-testing, and repair. 

 
END OF SECTION
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SECTION 02770 
GEOMEMBRANE 

 
PART 1 — GENERAL 

 
1.01 DESCRIPTION OF WORK 

 
A. The Contractor shall furnish all labor, materials, tools, supervision, transportation, 

equipment, and incidentals necessary for the installation of double-sided textured high-
density polyethylene (HDPE) and smooth HDPE geomembrane, as shown on the Drawings.  
The work shall be carried out as specified herein and in accordance with Drawings. 

 
B. The work shall include, but not be limited to, delivery, storage, placement, anchorage, and 

seaming of the geomembrane. 
 
C. Double-sided textured geomembrane shall be used on the side slopes and smooth 

geomembrane shall be used on the top deck as shown on the Drawings. 
 

1.02 RELATED SECTIONS 
 
Section 02772 — Geosynthetic Clay Liner 
 
Section 02773 — Geocomposite 
 

1.03 REFERENCES 
 
A. Drawings 
 
B. Site Construction Quality Assurance (CQA) Plan 
 
C. Latest version of the American Society for Testing and Materials (ASTM) standards: 
 

ASTM D 638 Standard Test Method for Tensile Properties of Plastics 
 

ASTM D 792 Standard Test Methods for Specific Gravity (Relative Density) and 
Density of Plastics by Displacement 

 
ASTM D 1004 Standard Test Method of Initial Tear Resistance of Plastic Film and 

Sheeting 
 

ASTM D 1505 Standard Test Methods for Density of Plastics by Density-Gradient 
Technique 

 
ASTM D 1603 Standard Test Method for Carbon Black in Olefin Plastics 

 
ASTM D 4437 Standard Test Methods for Determining the Integrity of Field Seams 

Used in Joining Flexible Polymeric Geomembranes 
 

ASTM D 5321 Test Method for Determining the Coefficient of Soil and Geosynthetic or 
Geosynthetic and Geosynthetic Friction by the Direct Shear Method 

 
ASTM D 5397 Test Method for Evaluation of Stress Crack Resistance of Polyolefin 

Geomembranes Using Notched Constant Tensile Load Test 
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ASTM D 5596 Recommended Practice for Microscopical Examination of Pigment 
Dispersion in Plastic Compounds 

 
ASTM D 5641 Practice for Geomembrane Seam Evaluation by Vacuum Chamber 

 
ASTM D 5820 Practice for Pressurized Air Channel Evaluation of Dual Seamed 

Geomembranes 
 

ASTM D 5994 Standard Test Method for Measuring Core Thickness of Textured 
Geomembranes 

 
1.04 QUALIFICATIONS 

 
A. Geomembrane Manufacturer: 
 

1. The Geomembrane Manufacturer shall be responsible for the production of 
geomembrane rolls from resin and shall have sufficient production capacity and 
qualified personnel to provide material meeting the requirements of this Section 
and the construction schedule for this project. 

 
2. Prequalified Geomembrane Manufacturers include the following: 
 

GSE Lining Technology, Inc.
19103 Gundle Road 
Houston, TX  77073 
(800) 435-2008 
 
Serrot International, Inc. 
125 Cassia Way 
Henderson, NV 89014 
(800) 237-1777 

 
B. Geosynthetics Installer: 
 

1. The Geosynthetics Installer shall be responsible and shall provide sufficient 
resources for field handling, deploying, seaming, temporarily restraining 
(against wind), and other aspects of the deployment and installation of the 
geomembrane and other geosynthetic components of the project. 

 
2. The Geosynthetics Installer shall have successfully installed a minimum of 

2,000,000 ft2 of polyethylene geomembrane on previous projects. 
 

3. The installation crew shall have the following experience. 
 

a. The Superintendent shall have supervised the installation of a 
minimum of 2,000,000 ft2 of polyethylene geomembrane on at least 
five (5) different projects. 

 
b. At least one seamer shall have experience seaming a minimum of 

1,000,000 square feet of polyethylene geomembrane using the same 
type of seaming apparatus to be used at this site.  Seamers with such 
experience will be designated “master seamers” and shall provide 
direct supervision over less experienced seamers. 
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c. All other seaming personnel shall have seamed at least 100,000 square 
feet of polyethylene geomembrane using the same type of seaming 
apparatus to be used at this site.  Personnel who have seamed less than 
100,000 square feet shall be allowed to seam only under the direct 
supervision of the master seamer or Superintendent. 

 
1.05 WARRANTY 

 
A. The Geosynthetic Installer shall furnish the Engineer a 20-year written warranty against 

defects in materials.  Warranty conditions concerning limits of liability will be evaluated by, 
and must be acceptable to, the Engineer and Owner. 

 
B. The Geosynthetic Installer shall furnish the Engineer with a 5-year written warranty against 

defects in workmanship.  Warranty conditions concerning limits of liability will be 
evaluated by, and must be acceptable to, the Engineer and Owner. 

 
1.06 SUBMITTALS 

 
A. The Geosynthetic Installer shall submit the following documentation on the resin used to 

manufacture the geomembrane to the Engineer for approval 14 days prior to transporting 
any geomembrane to the site. 

 
1. Copies of quality control certificates issued by the resin supplier including the 

production dates and origin of the resin used to manufacture the geomembrane 
for the project. 

 
2. Results of tests conducted by the Geomembrane Manufacturer to verify the 

quality of the resin used to manufacture the geomembrane rolls assigned to the 
project. 

 
3. Certification that no reclaimed polymer is added to the resin during the 

manufacturing of the geomembrane to be used for this project, or, if recycled 
polymer is used, the Manufacturer shall submit a certificate signed by the 
production manager documenting the quantity of recycled material, including a 
description of the procedure used to measure the quantity of recycled polymer. 

 
B. The Geosynthetic Installer shall submit the following documentation on geomembrane roll 

production to the Engineer for approval 14 days prior to transporting any geomembrane to 
the site. 

 
1. Quality control certificates, which shall include: 

 
a. roll numbers and identification; and 
 
b. results of quality control tests, including descriptions of the test 

methods used, outlined in Part 2.02 of this Section. 
 

2. The manufacturer warranty specified in Part 1.05.A of this Section. 
 
C. The Geosynthetic Installer shall submit the following information to the Engineer for 

approval 14 days prior to mobilization. 
 

1. A drawing showing the installation layout identifying geomembrane panel 
configurations, dimensions, details, locations of seams, as well as any variance 
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or additional details that deviate from the Drawings.  The layout shall be 
adequate for use as a construction plan and shall include dimensions, details, 
etc. The layout drawings, as modified and/or approved by the Engineer, shall 
become part of these Specifications. 

 
2. Installation schedule. 

 
3. Copy of Geosynthetic Installer's letter of approval or license by the 

Geomembrane Manufacturer. 
 

4. Installation capabilities, including: 
 

a. information on equipment proposed for this project; 
b. average daily production anticipated for this project; and 
c. quality control procedures. 

 
5. A list of completed facilities for which the installer has installed a minimum of 

2,000,000 ft2 of polyethylene geomembrane, in accordance with Part 1.04 of 
this Specification.  The following information shall be provided for each 
facility: 

 
a. the name and purpose of the facility, its location, and dates of 

installation; 
 
b. the names of the owner, project manager, and geomembrane 

manufacturer; 
 
c. name of the supervisor of the installation crew; and 
 
d. thickness and surface area of installed geomembrane. 

 
6. In accordance with Part 1.04, a resume of the Superintendent to be assigned to 

this project, including dates and duration of employment, shall be submitted at 
least 7 days prior to beginning geomembrane installation. 

 
7. In accordance with Part 1.04, resumes of all personnel who will perform 

seaming operations on this project, including dates and duration of employment, 
shall be submitted at least 7 days prior to beginning geomembrane installation. 

 
D. A Certificate of Calibration less than 12 months old shall be submitted for each field 

tensiometer prior to installation of any geomembrane. 
 
E. During installation, the Geosynthetic Installer shall be responsible for the timely submission 

to the Engineer of: 
 

1. Quality control documentation; and 
 

2. Subgrade acceptance certificates, signed by the Geosynthetic Installer, for each 
area to be covered by geosynthetic materials. 

 
F. Upon completion of the installation, the Geosynthetic Installer shall be responsible for the 

submission to the Engineer of a warranty from the Geosynthetic Installer as specified in Part 
1.05.B of this Section. 
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G. Upon completion of the installation, the Geosynthetic Installer shall be responsible for the 
submission to the Engineer of a record drawing showing the location and number of each 
panel and locations and numbers of destructive tests and repairs. 

 
H. The Geosynthetic Installer shall submit the following documentation on welding rod to the 

Engineer for approval 14 days prior to transporting welding rod to the site: 
 

1. Quality control documentation, including lot number, welding rod spool 
number, and results of quality control tests on the welding rod. 

 
1.07 QUALITY ASSURANCE 

 
A. The Geosynthetic Installer shall ensure that the materials and methods used for installation 

of the geomembrane meet the requirements of the Drawings and this Section.  Any material 
or method that does not conform to these documents, or to alternatives approved in writing 
by the Engineer, will be rejected and shall be repaired or replaced by the Geosynthetic 
Installer. 

 
B. The Geosynthetic Installer shall be aware of and accommodate all monitoring and 

conformance testing required by the CQA Plan.  This monitoring and testing, including 
random conformance testing of construction materials and completed work, will be 
performed by the Engineer.  If nonconformances or other deficiencies are found in the 
Geosynthetic Installer’s materials or completed work, the Geosynthetic Installer will be 
required to repair the deficiency or replace the deficient materials. 

 
PART 2 — PRODUCTS 

 
2.01 GEOMEMBRANE PROPERTIES 

 
A. The Geomembrane Manufacturer shall furnish double-sided and smooth-textured 

geomembrane having properties that comply with the required property values shown in 
Table 02770-1. 

 
B. In addition to the property values listed in Table 02770-1, the geomembrane shall: 
 

1. Contain a maximum of 1 percent by weight of additives, fillers, or extenders 
(not including carbon black). 

 
2. Not have striations, pinholes (holes), bubbles, blisters, nodules, undispersed raw 

materials, or any sign of contamination by foreign matter on the surface or in the 
interior. 

 
2.02 MANUFACTURING QUALITY CONTROL 

 
A. Rolls: 
 

1. The Geomembrane Manufacturer shall continuously monitor geomembrane 
during the manufacturing process for defects. 

 
2. No geomembrane shall be accepted that exhibits any defects. 

 
3. The Geomembrane Manufacturer shall measure and report the geomembrane 

thickness at regular intervals along the roll length. 
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4. No geomembrane shall be accepted that fails to meet the specified thickness. 
 

5. The Geomembrane Manufacturer shall sample and test the geomembrane at a 
minimum of once every 50,000 ft2 to demonstrate that its properties conform to 
the values specified in Table 02770-1.  At a minimum, the following tests shall 
be performed: 

 
Test Procedure 
Thickness ASTM D 5994 
Specific Gravity ASTM D 792 Method A or ASTM D 1505 
Tensile Properties ASTM D 638 
Puncture Resistance ASTM D 4833 
Tear Resistance ASTM D 1004 
Carbon Black ASTM D 1603 
Carbon Black Dispersion ASTM D 5596 

 
6. Tests not listed above but listed in Table 02770-1 need not be run at the 1 per 

50,000 ft2 frequency.  However, the Geomembrane Manufacturer shall certify 
that these tests are in compliance with this section and have been performed on 
a sample that is identical to the geomembrane to be used on this project.  The 
Geosynthetic Installer shall provide the test result documentation to the 
Engineer. 

 
7. Any geomembrane sample that does not comply with the requirements of this 

Section will result in rejection of the roll from which the sample was obtained 
and will not be used for this project. 

 
8. If a geomembrane sample fails to meet the quality control requirements of this 

Section, the Geomembrane Manufacturer shall sample and test, at the expense 
of the Manufacturer, rolls manufactured, in the same resin batch, or at the same 
time, as the failing roll.  Sampling and testing of rolls shall continue until a 
pattern of acceptable test results is established to bound the failed roll(s). 

 
9. Additional testing may be performed at the Geomembrane Manufacturer's 

discretion and expense, to isolate and more closely identify the non-complying 
rolls and/or to qualify individual rolls. 

 
B. The Geomembrane Manufacturer shall permit the Engineer to visit the manufacturing plant 

for project specific visits.  If possible, such visits will be prior to or during the 
manufacturing of the geomembrane rolls for the specific project. 

 
2.03 LABELING 

 
A. Geomembrane rolls shall be labeled with the following information. 
 

1. thickness of the material; 
2. length and width of the roll; 
3. name of Geomembrane Manufacturer; 
4. product identification; 
5. lot number; and 
6. roll number. 

 
2.04 TRANSPORTATION, HANDLING AND STORAGE 
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A. Handling and care of the geomembrane prior to and following installation at the site shall be 
the responsibility of the Geosynthetic Installer.  The Geosynthetic Installer shall be liable 
for all damage to the materials incurred prior to final acceptance of the liner system by the 
Engineer. 

 
B. Geosynthetic Installer shall be responsible for storage of the geomembrane at the site.  The 

geomembrane shall be protected from excessive heat or cold, dirt, puncture, cutting, or 
other damaging or deleterious conditions.  Any additional storage procedures required by 
the Geomembrane Manufacturer shall be the Geosynthetic Installer’s responsibility.  
Geomembrane rolls shall not be stored or placed in a stack of more than two rolls high. 

 
C. The geomembrane shall be delivered at least 14 days prior to the planned deployment date 

to allow the Engineer adequate time to perform conformance testing on the geomembrane 
samples as described in Part 3.05 or this Section.  If the Engineer performed a visit to the 
manufacturing plant and performed the required conformance sampling, geomembrane can 
be delivered to the site within the 14 days prior to the planned deployment date as long as 
there is sufficient time for the Engineer to complete the conformance testing and confirm 
that the rolls shipped to the site are in compliance with this Section. 

 
PART 3 — GEOMEMBRANE INSTALLATION 

 
3.01 FAMILIARIZATION 

 
A. Prior to implementing any of the work described in this Section, the Geosynthetic Installer 

shall become thoroughly familiar with all portions of the work falling within this Section. 
 
B. Inspection: 
 

1. The Geosynthetic Installer shall carefully inspect the installed work of all other 
Sections and verify that all work is complete to the point where the work of this 
Section may properly commence without adverse effect. 

 
2. If the Geosynthetic Installer has any concerns regarding the installed work of 

other Sections, he shall notify the Engineer in writing prior to the start of the 
work of this Section.  Failure to inform the Engineer in writing or installation of 
the geomembrane will be construed as the Geosynthetic Installer’s acceptance of 
the related work of all other Sections. 

 
C. A pre-installation meeting shall be held to coordinate the installation of the geomembrane 

with the installation of other components of the composite liner system. 
 

3.02 GEOMEMBRANE DEPLOYMENT 
 
A. Layout Drawings: 
 

1. The Geosynthetic Installer shall deploy the geomembrane panel in general 
accordance with the layout drawing specified.  The layout drawings must be 
approved by the Engineer prior to installation of any geomembrane. 

 
B. Field Panel Identification: 
 

1. A geomembrane field panel is a roll or a portion of roll cut in the field. 
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2. Each field panel shall be given an identification code (number or letter-number).  
This identification code shall be agreed upon by the Engineer and Geosynthetic 
Installer. 

 
C. Field Panel Placement: 
 

1. Field panels shall be installed, as approved or modified, at the location and 
positions indicated on the layout drawings. 

 
2. Field panels shall be placed one at a time, and each field panel shall be seamed 

immediately after its placement. 
 

3. Geomembrane shall not be placed when the ambient temperature is below 40°F 
or above 104°F, unless otherwise authorized in writing by the Engineer. 

 
4. Geomembrane shall not be placed during any precipitation, in the presence of 

excessive moisture (e.g., fog, dew), in an area of ponded water, or in the 
presence of excessive winds. 

 
5. The Geosynthetic Installer shall ensure that: 

 
a. No vehicular traffic is allowed on the geomembrane. 
 
b. Equipment used does not damage the geomembrane by handling, 

trafficking, or leakage of hydrocarbons (i.e., fuels). 
 
c. Personnel working on the geomembrane do not smoke, wear damaging 

shoes, bring glass onto the geomembrane, or engage in other activities 
that could damage the geomembrane. 

 
d. The method used to unroll the panels does not scratch or crimp the 

geomembrane and does not damage the supporting soil or 
geosynthetics. 

 
e. The method used to place the panels minimizes wrinkles (especially 

differential wrinkles between adjacent panels).  The method used to 
place the panels results in intimate contact with adjacent components. 

 
f. Temporary ballast and/or anchors (e.g., sand bags), not likely to 

damage the geomembrane, are placed on the geomembrane to prevent 
wind uplift. 

 
g. The geomembrane is especially protected from damage in heavily 

trafficked areas. 
 
h. Any rub sheets to facilitate seaming are removed prior to installation of 

subsequent panels. 
 

6. Any field panel or portion thereof that becomes seriously damaged (torn, 
twisted, or crimped) shall be replaced with new material.  Less serious damage 
to the geomembrane may be repaired, as approved by the Engineer.  Damaged 
panels or portions of damaged panels that have been rejected shall be removed 
from the work area. 
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D. If the Geosynthetic Installer intends to install geomembrane between one hour before sunset 
and one hour after sunrise, he shall notify the Engineer in writing prior to the start of the 
work.  The Geosynthetic Installer shall indicate additional precautions, which shall be taken 
during these installation hours.  The Geosynthetic Installer shall provide proper illumination 
for work during this time period. 

 
3.03 FIELD SEAMING 

 
A. Seam Layout: 
 

1. In corners and at odd-shaped geometric locations, the number of field seams 
shall be minimized.  No horizontal seam shall be along a slope with an 
inclination steeper than 10 percent.  Horizontal seams shall be considered as any 
seam having an alignment exceeding 20 degrees from being perpendicular to the 
slope contour lines, unless otherwise approved by the Engineer.  No seams shall 
be located in an area of potential stress concentration. 

 
B. Personnel: 
 

1. All personnel performing seaming operations shall be qualified as indicated in 
Part 1.04 of this Section.  No seaming shall be performed unless a “master 
seamer” is present on-site. 

 
C. Weather Conditions for Seaming: 
 

1. Unless authorized in writing by the Engineer, seaming shall not be attempted at 
ambient temperatures below 40°F or above 104°F.  If the Geosynthetic Installer 
wishes to use methods that may allow seaming at ambient temperatures below 
40°F or above 104°F, he shall use a procedure approved by the Engineer. 

 
2. A meeting will be held with the Geosynthetic Installer and Engineer to establish 

acceptable installation procedures.  In all cases, the geomembrane shall be dry 
and protected from wind damage. 

 
3. Ambient temperatures shall be measured between 0 to 6 in. above the 

geomembrane surface. 
 
D. Overlapping: 
 

1. Geomembrane panels shall be sufficiently overlapped for welding and to allow 
peel tests to be performed on the seam.  Any seams that cannot be destructively 
tested because of insufficient overlap shall be treated as failing seams. 

 
E. Seam Preparation: 
 

1. Prior to seaming, the seam area shall be clean and free of moisture, dust, dirt, 
debris of any kind, and foreign material. 

 
2. If seam overlap grinding is required, the process shall be completed according 

to the Geomembrane Manufacturer's instructions within 20 minutes of the 
seaming operation and in a manner that does not damage the geomembrane.  
The grind depth shall not exceed ten percent of the geomembrane thickness. 
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3. Seams shall be aligned with the fewest possible number of wrinkles and 
“fishmouths.” 

 
F. General Seaming Requirements: 
 

1. Fishmouths or wrinkles at the seam overlaps shall be cut along the ridge of the 
wrinkle to achieve a flat overlap.  The cut fishmouths or wrinkles shall be 
seamed and any portion where the overlap is insufficient shall be patched with 
an oval or round patch of geomembrane that extends a minimum of 6 in. beyond 
the cut in all directions. 

 
2. Any electric generator shall be placed outside the area to be lined or mounted in 

a manner that protects the geomembrane from damage.  The electric generator 
shall be properly grounded. 

 
G. Seaming Process: 
 

1. Approved processes for field seaming are extrusion welding and fusion welding.  
Only equipment identified as part of the approved submittal specified in 
Part 1.06 shall be used. 

 
2. Extrusion Equipment and Procedures: 

 
a. The Geosynthetics Installer shall maintain at least one spare operable 

seaming apparatus on site. 
 
b. Extrusion welding apparatus shall be equipped with gauges giving the 

temperature in the apparatus. 
 
c. Prior to beginning a seam, the extruder shall be purged until all heat-

degraded extrudate has been removed from the barrel. 
 
d. The Geosynthetics Installer shall provide documentation regarding the 

welding rod to the Engineer and shall certify that the welding rod is 
compatible with the specifications. 

 
e. A smooth insulating plate or fabric shall be placed beneath the hot 

welding apparatus after use. 
 

3. Fusion Equipment and Procedures: 
 

a. The Geosynthetic Installer shall maintain at least one spare operable 
seaming apparatus on site. 

 
b. Fusion-welding apparatus shall be automated vehicular-mounted 

devices equipped with gauges giving the applicable temperatures and 
speed. 

 
c. A smooth insulating plate or fabric shall be placed beneath the hot 

welding apparatus after use. 
 
H. Trial Seams: 
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1. Trial seams shall be made on fragment pieces of geomembrane to verify that 
seaming conditions are adequate.  Trial seams shall be conducted on the same 
material to be installed and under similar field conditions as production seams.  
Such trial seams shall be made at the beginning of each seaming period, 
beginning of the day and after lunch, for each seaming apparatus used each day.  
The trial seam sample shall be a minimum of 5-ft long by 1-ft wide (after 
seaming) with the seam centered lengthwise for fusion equipment and at least 
3-ft long by 1-ft wide for extrusion equipment.  Seam overlap shall be as 
indicated in Part 3.03.D of this Section. 

 
2. Four adjoining coupon specimens, each 1-in. wide, shall be cut from the trial 

seam sample by the installer using a die cutter to ensure precise 1-in. wide 
coupons.  The coupons shall be tested in peel (outside (fusion only) and inside 
track) and shear using an electronic readout field tensiometer in accordance with 
ASTM D 4437, at a strain rate of 2 in./min., and they shall not fail in the seam 
(i.e., Film Tear Bond (FTB), which is failure in the parent material, is required).  
The required peel and shear seam strength is listed in Table 02770-2.  Ideally, 
samples shall be conditioned at 23±2oC at a relative humidity of 50±5% for two 
hours prior to testing.  If test conditions vary from these conditions, a 1-in. wide 
coupon of the parent geomembrane material (no weld) shall be tested in the 
same manner as the seam specimens to determine the break strength at this 
condition. 

 
3. If a coupon specimen fails, the entire operation shall be repeated.  If the 

additional coupon specimen fails, the seaming apparatus and seamer shall not be 
accepted and shall not be used for seaming until the deficiencies are corrected 
and two consecutive successful trial seams are achieved. 

 
I. Nondestructive Seam Continuity Testing: 
 

1. The Geosynthetic Installer shall nondestructively test for continuity on all field 
seams over their full length.  Continuity testing shall be carried out as the 
seaming work progresses, not at the completion of all field seaming.  The 
Geosynthetic Installer shall complete any required repairs in accordance with 
Part 3.03.K of this Section.  The following procedures shall apply: 

 
a. Vacuum testing in accordance with ASTM D 5641. 
 
b. Air pressure testing (for double-track fusion seams only) in accordance 

with ASTM D 5820 and the following: 
 

i. Energize the air pump to a pressure between 25 and 30 pounds 
per square inches, close valve, and sustain the pressure for not 
less than 5 minutes. 

 
ii. If loss of pressure exceeds 3 pounds per square inches, or does 

not stabilize, locate faulty area and repair in accordance with 
Part 3.03.K of this Section. 

 
iii. Cut opposite end of air channel from pressure gauge and 

observe release of pressure to ensure air channel is not 
blocked. 
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iv. Remove needle, or other approved pressure feed device, and 
seal repair in accordance with Part 3.03.K of this Section. 

 
c. Spark testing shall be performed if the seam cannot be tested using 

other nondestructive methods. 
 
J. Destructive Testing: 
 

1. Destructive seam tests shall be performed on samples collected from selected 
locations to evaluate seam strength and integrity.  Destructive tests shall be 
carried out as the seaming work progresses, not at the completion of all field 
seaming. 

 
2. Sampling: 

 
a. Destructive test samples shall be collected at a minimum average 

frequency of one test location per 500 ft of seam length.  Test locations 
shall be determined during seaming, and may be prompted by 
suspicion of excess crystallinity, contamination, offset seams, or any 
other potential cause of imperfect seaming.  The Engineer will be 
responsible for choosing the locations.  The Geosynthetic Installer shall 
not be informed in advance of the locations where the seam samples 
will be taken.  The Engineer reserves the right to increase the sampling 
frequency. 

 
b. Samples shall be cut by the Geosynthetic Installer at the locations 

designated by the Engineer as the seaming progresses in order to obtain 
laboratory test results before the geomembrane is covered by another 
material.  Each sample shall be numbered and the sample number and 
location identified on the panel layout drawing.  All holes in the 
geomembrane resulting from the destructive seam sampling shall be 
immediately repaired in accordance with the repair procedures 
described in Part 3.03.K of this Section.  The continuity of the new 
seams in the repaired areas shall be tested according to Part 3.03.I of 
this Section. 

 
c. Two strips of dimensions 1-in. wide and 12 in. long with the seam 

centered parallel to the width shall be taken from either side of the 
sample location.  These samples shall be tested in the field in 
accordance with Part 3.03.J.3 of this Section.  If these samples pass the 
field test, a laboratory sample shall be taken.  The laboratory sample 
shall be at least 1-ft wide by 3.5-ft long with the seam centered 
lengthwise.  The sample shall be cut into three parts and distributed as 
follows: 

 
i. One portion 12-in. long to the Geosynthetic Installer. 

 
ii. One portion 18-in. long to the Geosynthetic CQA Laboratory 

for testing. 
 

iii. One portion 12-in. long to the Engineer for archival storage. 
 

3. Field Testing: 
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 The two 1-in. wide strips shall be tested in the field tensiometer in the peel 
mode.  The Engineer has the option to request an additional test in the shear 
mode.  If any field test sample fails to meet the requirements in Table 02770-2, 
then the procedures outlined in Part 3.03.J.5 of this Section shall be followed. 

 
4. Laboratory Testing: 

 
 Testing by the Geosynthetics CQA Laboratory will include “Seam Strength” 

and “Peel Adhesion” (ASTM D 4437) with the 1-in. wide strip tested at a rate of 
2 in./min.  At least 5 specimens will be tested for each test method (peel and 
shear).  Four of the five specimens per sample must pass both the shear strength 
test and peel adhesion test when tested in accordance with ASTM D 4437.  The 
minimum acceptable values to be obtained in these tests are indicated in 
Table 02770-2.  Both inside and outside tracks of the dual track fusion welds 
shall be tested in peel. 

 
5. Destructive Test Failure: 

 
a. The following procedures shall apply whenever a sample fails a 

destructive test, whether the test is conducted by the Geosynthetic 
CQA's laboratory, the Geosynthetic Installer laboratory, or by a field 
tensiometer.  The Geosynthetic Installer shall have two options: 

 
i. The Geosynthetic Installer can reconstruct the seam (e.g., 

remove the old seam and reseam) between any two passed 
destructive test locations. 

 
ii. The Geosynthetic Installer can trace the welding path to an 

intermediate location, a minimum of 10 feet from the location 
of the failed test (in each direction) and take a small sample 
for an additional field test at each location.  If these additional 
samples pass the field tests, then full laboratory samples shall 
be taken.  These full laboratory samples shall be tested in 
accordance with Part 3.03.J.4 of this Section.  If these 
laboratory samples pass the tests, then the seam shall be 
reconstructed between these locations.  If either sample fails, 
then the process shall be repeated to establish the zone in 
which the seam should be reconstructed.  All acceptable 
seams must be bounded by two locations from which samples 
passing laboratory destructive tests have been taken.  In cases 
exceeding 150 ft of reconstructed seam, a sample taken from 
within the reconstructed zone must pass destructive testing. 

 
b. Whenever a sample fails, the Engineer may require additional tests for 

seams that were formed by the same seamer and/or seaming apparatus 
or seamed during the same time shift. 

 
K. Defects and Repairs: 
 

1. The geomembrane will be inspected before and after seaming for evidence of 
defects, holes, blisters, undispersed raw materials, and any sign of 
contamination by foreign matter.  The surface of the geomembrane shall be 
clean at the time of inspection.  The geomembrane surface shall be swept or 
washed by the Installer if surface contamination inhibits inspection. 
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2. Each suspected location, both in seam and non-seam areas, shall be 

nondestructively tested using the methods described Part 3.03.I of this Section, 
as appropriate.  Each location that fails nondestructive testing shall be marked 
by the Engineer and repaired by the Geosynthetic Installer. 

 
3. When seaming of a geomembrane is completed (or when seaming of a large 

area of a geomembrane is completed) and prior to placing overlying materials, 
the Engineer shall identify all excessive geomembrane wrinkles.  The 
Geosynthetic Installer shall cut and reseam all wrinkles so identified.  The 
seams thus produced shall be tested like any other seams. 

 
4. Repair Procedures: 

 
 a. Any portion of the geomembrane exhibiting a flaw, or failing a 

destructive or nondestructive test, shall be repaired by the Geosynthetic 
Installer.  Several repair procedures exist.  The final decision as to the 
appropriate repair procedure shall be agreed upon between the Engineer and the 
Geosynthetic Installer.  The procedures available include: 

 
i. patching, used to repair holes larger than 1/16 inch, tears, 

undispersed raw materials, and contamination by foreign 
matter; 

 
ii. abrading and reseaming, used to repair small sections of 

extruded seams; 
 

iii. spot seaming, used to repair minor, localized flaws; 
 

iv. capping, used to repair long lengths of failed seams; and 
 

v. removing bad seam and replacing with a strip of new material 
seamed into place (used with long lengths of fusion seams). 

 
b. In addition, the following criteria shall be satisfied: 

 
i. surfaces of the geomembrane that are to be repaired shall be 

abraded no more than 20 minutes prior to the repair; 
 

ii. all surfaces must be clean and dry at the time of repair; 
 

iii. all seaming equipment used in repair procedures must be 
approved; 

 
iv. the repair procedures, materials, and techniques shall be 

approved in advance, for the specific repair, by the Engineer; 
 

v. patches or caps shall extend at least 6 in. beyond the edge of 
the defect, and all corners of patches shall be rounded with a 
radius of at least 3 in.; and 

 
vi. the geomembrane below large caps shall be appropriately cut 

to avoid water or gas collection between the two sheets. 
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5. Repair Verification: 
 

a. Each repair shall be nondestructively tested using the methods 
described in Part 3.03.I of this Section, as appropriate.  Repairs that 
pass the nondestructive test shall be taken as an indication of an 
adequate repair.  Failed tests will require the repair to be redone and 
retested until a passing test results.  At the discretion of the Engineer, 
destructive testing may be required on large caps. 

 
3.04 MATERIALS IN CONTACT WITH THE GEOMEMBRANE 

 
A. The Geosynthetic Installer shall take all necessary precautions to ensure that the 

geomembrane is not damaged during its installation.  During the installation of other 
components of the liner system by the Contractor, the Contractor shall ensure that the 
geomembrane is not damaged.  Any damage to the geomembrane shall be repaired by the 
Geosynthetic Installer , at the expense of the Contractor. 

 
B. Soil and aggregate materials shall not be placed over the geomembranes at ambient 

temperatures below 40°F or above 104°F, unless otherwise specified. 
 
C. All attempts shall be made to minimize wrinkles in the geomembrane. 
 
D. Equipment shall not be driven directly on the geomembrane. 
 

3.05 CONFORMANCE TESTING 
 
A. Samples of the geomembrane will be removed by the Engineer and sent to a Geosynthetic 

CQA Laboratory for testing to ensure conformance with the requirements of this Section.  
The Geosynthetic Installer shall assist the Engineer in obtaining conformance samples.  The 
Geosynthetic Installer and Contractor shall account for this testing in the installation 
schedule.  Only material that meets the requirements of Part 2.02 this Section shall be 
installed. 

 
B. Samples will be selected by the Engineer in accordance with this Section and with the 

procedures outlined in the CQA Plan. 
 
C. Samples will be taken at a minimum frequency of one sample per 100,000 ft2. 
 
D. The Engineer may increase the frequency of sampling in the event that test results do not 

comply with the requirements of Part 2.02 of this Section. 
 
E. The following tests will be performed by the Engineer: 
 

Test Test Method 
Specific Gravity ASTM D 792 or D 1505 
Thickness ASTM D 5994 
Tensile Properties ASTM D 638 
Carbon Black Content ASTM D 1603 
Carbon Black Dispersion ASTM D 5596 

 
F. Any geomembrane that is not certified in accordance with Part 1.07.C of this Section, or 

that conformance testing indicates do not comply with Part 2.02 of this Section, will be 
rejected.  The Geosynthetic Installer shall replace the rejected material with new material. 
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3.06 GEOMEMBRANE ACCEPTANCE 
 
A. The Geosynthetic Installer shall retain all ownership and responsibility for the 

geomembrane until accepted by the Engineer. 
 
B. The geomembrane shall be accepted by the Engineer when: 
 

1. the installation is completed; 
 

2. all documentation is submitted; 
 

3. verification of the adequacy of all field seams and repairs, including associated 
testing, is complete; and 

 
4. all warranties are submitted. 

 
3.07 PROTECTION OF WORK 

 
A. The Geosynthetic Installer and Contractor shall use all means necessary to protect all work 

of this Section. 
 
B. In the event of damage, the Geosynthetic Installer shall make all repairs and replacements 

necessary, to the satisfaction of the Engineer. 
 

PART 4 — MEASUREMENT AND PAYMENT 
 

4.01 GENERAL 
 
A. Providing for a complying with the requirements set forth in this Section for HDPE 

geomembrane will be measured as in-place square feet (SF), including geomembrane in the 
anchor trench to the limits shown on the Drawings, and payment will be based on the unit 
price provided on the Bid Schedule. 

 
B. The following are considered incidental to the Work: 
 

• shipping, handling and storage. 
• layout survey. 
• mobilization. 
• rejected material. 
• overlaps and seaming. 
• rejected material removal, handling, re-testing, and repair. 
• temporary anchorage. 
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TABLE 02770-1 
REQUIRED HDPE GEOMEMBRANE PROPERTIES 

 
 
PROPERTIES 

 
QUALIFIERS 

 
UNITS 

SPECIFIED
VALUES 

 
TEST METHOD 

Physical Properties     
Thickness Average 

Minimum 
mils 
mils 

60 
54 

ASTM D 5994 or 
ASTM D 5199 

Specific Gravity Minimum N/A .94 ASTM D 792 Method A or 
ASTM D 1505 

Asperity Height Minimum mils 10 GRI GM12 
Mechanical Properties     
Tensile Properties (each direction)     
1. Tensile (Break) Strength 
2. Elongation at Break 
3. Tensile (Yield) Strength 
4. Elongation at Yield 

Minimum lb/in 
% 

lb/in 
% 

90 
100 
126 
12 

ASTM D 638 

Puncture Minimum lb 90 ASTM D 4833 
Tear Resistance Minimum lb 42 ASTM D 1004 
Interface Shear Strength - - Note 1 ASTM D 5321 
Environmental Properties     
Carbon Black Content Range % 2-3 ASTM D 1603 
Carbon Black Dispersion N/A none Note 2 ASTM D 5596 
Environmental Stress Crack Minimum hr 400 ASTM D 5397 
 
Notes: (1) Interface shear strength test(s) shall be performed, by the Engineer, on the composite liner system in accordance with 

Section 02772 — Geosynthetic Clay Liner. 
 (2) Minimum 9 of 10 in Categories 1 or 2; 10 in Categories 1, 2, or 3. 
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TABLE 02770-2 
REQUIRED GEOMEMBRANE SEAM PROPERTIES 

 
 
PROPERTIES 

 
QUALIFIERS 

 
UNITS 

SPECIFIED
VALUES 

 
TEST METHOD 

Shear Strength(1)     
  Fusion minimum lb/in 120 ASTM D 4437 
  Extrusion minimum lb/in 120 ASTM D 4437 
Peel Adhesion     
  FTB(2)     
  Fusion minimum lb/in 91 ASTM D 4437 
  Extrusion minimum lb/in 78 ASTM D 4437 
 
Notes: (1) Also called “Bonded Seam Strength”. 
 (2) FTB = Film Tear Bond means that failure is in the parent material, not the seam.  The maximum seam separation is 25 

percent of the seam area. 
 

END OF SECTION 
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SECTION 02771 
GEOTEXTILE 

 
PART 1 — GENERAL 

 
1.01 DESCRIPTION OF WORK 

 
A. The Contractor shall furnish all labor, materials, tools, supervision, transportation, 

equipment, and incidentals necessary for the installation of the geotextile.  The work shall 
be carried out as specified herein and in accordance with the Drawings. 

 
B. The work shall include, but not be limited to, delivery, storage, placement, and seaming of 

the various geotextile components of the project. 
 
C. Filter geotextile shall be used overlying the drainage aggregate. 
 

1.02 RELATED SECTIONS 
 
Section 02200 — Earthwork 
 
Section 02225 — Drainage Aggregate 
 

1.03 REFERENCES 
 
A. Drawings 
 
B. Site Construction Quality Assurance (CQA) Plan 
 
C. Latest version of American Society for Testing and Materials (ASTM) standards: 
 

ASTM D 4355 Standard Test Method for Deterioration of Geotextile from Exposure to 
Ultraviolet Light and Water 

 
ASTM D 4491 Standard Test Method for Water Permeability of Geotextile by 

Permittivity 
 

ASTM D 4533 Standard Test Method for Trapezoid Tearing Strength of Geotextile 
 

ASTM D 4595 Standard Test Method for Wide Width Tensile Properties of 
Geosynthetics 

 
ASTM D 4632 Standard Test Method for Breaking Load and Elongation of Geotextile 

(Grab Method) 
 

ASTM D 4751 Standard Test Method for Determining Apparent Opening Size of a 
Geotextile 

 
ASTM D 4833 Standard Test Method for Index Puncture Resistance of Geotextile, 

Geomembranes, and Related Products 
 

ASTM D 5261 Standard Test Method for Measuring Mass Per Unit Area of Geotextile 
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1.04 SUBMITTALS 
 
A. The Geosynthetic Installer shall submit to the Engineer, at least 7 days prior to geotextile 

delivery, the following information regarding the proposed geotextile: 
 

1. manufacturer and product name; 
 

2. minimum property values of the proposed geotextile and the corresponding test 
procedures; 

 
3. projected geotextile delivery dates; and 

 
4. list of geotextile roll numbers for rolls to be delivered to the site. 

 
B. At least 7 days prior to geotextile placement, the Geosynthetic Installer shall submit to the 

Engineer the manufacturing quality control certificates for each roll of geotextile.  The 
certificates shall be signed by responsible parties employed by the geotextile manufacturer 
(such as the production manager).  The quality control certificates shall include: 

 
1. lot, batch, and/or roll numbers and identification; and 

 
2. results of quality control tests, including a description of the test methods used. 

 
1.05 QUALITY ASSURANCE 

 
A. The Geosynthetic Installer shall ensure that the geotextile and installation methods used 

meet the requirements of the Drawings and this Section.  Any material or method that does 
not conform to these documents, or to alternatives approved in writing by the Engineer, will 
be rejected and shall be repaired or replaced by the Geosynthetic Installer. 

 
B. The Geosynthetic Installer shall be aware of and accommodate all monitoring and 

conformance testing required by the CQA Plan.  This monitoring and testing, including 
random conformance testing of construction materials and completed work, will be 
performed by the Engineer.  If nonconformances or other deficiencies are found in the 
Geosynthetic Installer’s materials or completed work, the Geosynthetic Installer will be 
required to repair the deficiency or replace the deficient materials. 

 
PART 2 — PRODUCTS 

 
2.01 GEOTEXTILE PROPERTIES 

 
A. Geotextile suppliers shall furnish materials in which the “Minimum Average Roll Values”, 

as defined by the Federal Highway Administration (FHWA), meet or exceed the criteria 
specified in Table 02771-1. 

 
B. The geotextile shall be nonwoven materials, suitable for use in filter/separation applications. 
 

2.02 MANUFACTURING QUALITY CONTROL 
 
A. The geotextile shall be manufactured with quality control procedures that meet or exceed 

generally accepted industry standards. 
 
B. The Geotextile Manufacturer shall sample and test the geotextile to demonstrate that the 

material conforms to the requirements of these Specifications. 
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C. Any geotextile sample that does not comply with this Section shall result in rejection of the 

roll from which the sample was obtained.  The Geosynthetic Installer shall replace any 
rejected rolls. 

 
D. If a geotextile sample fails to meet the quality control requirements of this Section the 

Geotextile Manufacturer shall sample and test, at the expense of the Manufacturer, rolls 
manufactured in the same lot, or at the same time, as the failing roll.  Sampling and testing 
of rolls shall continue until a pattern of acceptable test results is established to bound the 
failed roll(s). 

 
E. Additional sample testing may be performed, at the Geotextile Manufacturer's discretion 

and expense, to identify more closely any non-complying rolls and/or to qualify individual 
rolls. 

 
F. Sampling shall, in general, be performed on sacrificial portions of the geotextile material 

such that repair is not required.  The Geotextile Manufacturer shall sample and test the 
geotextile, at a minimum once every 130,000 ft2, to demonstrate that the geotextile 
properties conform to the values specified in Table 02771-1.  At a minimum, the following 
manufacturing quality control tests shall be performed on each type of geotextile: 

 
Test Procedure Filtration 

Grab strength ASTM D 4632 Yes 
Tear strength ASTM D 4533 Yes 
Puncture strength ASTM D 4833 Yes 
Permittivity ASTM D 4491 Yes 
A.O.S. ASTM D 4751 Yes 

 
G. The Geotextile Manufacturer shall comply with the certification and submittal requirements 

of this Section. 
 

2.03 PACKING AND LABELING 
 
A. Geotextile shall be supplied in rolls wrapped in relatively impermeable and opaque 

protective covers. 
 
B. Geotextile rolls shall be marked or tagged with the following information: 
 

1. manufacturer's name; 
2. product identification; 
3. lot or batch number; 
4. roll number; and 
5. roll dimensions. 

 
2.04 TRANSPORTATION, HANDLING, AND STORAGE 

 
A. The Geosynthetic Installer shall be liable for any damage to the materials incurred prior to 

and during transportation to the site. 
 
B. The geotextile shall be delivered to the site at least 14 days prior to the planned deployment 

date to allow the Engineer adequate time to perform conformance testing on the geotextile 
samples as described in Part 3.06 of this Section. 
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C. Handling, unloading, storage, and care of the geotextile prior to and following installation at 
the site, is the responsibility of the Geosynthetic Installer.  The Geosynthetic Installer shall 
be liable for any damage to the materials incurred prior to final acceptance by the Engineer. 

 
D. The Geosynthetic Installer shall be responsible for storage of the geotextile at the site. 
 
E. The geotextile shall be protected from sunlight, excessive heat or cold, puncture, or other 

damaging or deleterious conditions.  The geotextile shall be protected from mud, dirt, and 
dust.  Any additional storage procedures required by the geotextile Manufacturer shall be 
the responsibility of the Geosynthetic Installer. 

 
PART 3 — EXECUTION 

 
3.01 FAMILIARIZATION 

 
A. Prior to implementing any of the work described in this Section, the Geosynthetic Installer 

shall become thoroughly familiar with the site, the site conditions, and all portions of the 
work falling within this Section. 

 
B. Inspection: 
 

1. The Geosynthetic Installer shall carefully inspect the installed work of all other 
Sections and verify that all such work is complete to the point where the 
installation of this Section may properly commence without adverse effect. 

 
2. If the Geosynthetic Installer has any concerns regarding the installed work of 

other Sections or the site, the Engineer shall be notified, in writing, prior to 
commencing the work.  Failure to notify the Engineer or installation of the 
geotextile will be construed as Geosynthetic Installer’s acceptance of the related 
work of all other Sections. 

 
3.02 PLACEMENT 

 
A. Geotextile installation shall not commence until CQA conformance evaluations, by the 

Engineer, of previous work are complete, including evaluations of the Contractor's survey 
results to confirm that the previous work was constructed to the required grades, elevations, 
and thicknesses. Should the Contractor begin the work of this Section prior to the 
completion of CQA evaluations, he does so at his own risk.  The Contractor shall account 
for the CQA conformance evaluations in the construction schedule. 

 
B. The Geosynthetic Installer shall handle all geotextile in such a manner as to ensure they are 

not damaged in any way. 
 
C. The Geosynthetic Installer shall take any necessary precautions to prevent damage to 

underlying materials during placement of the geotextile. 
 
D. After unwrapping the geotextile from its opaque cover, the filtration and cushion geotextile 

shall not be left exposed for a period in excess of 15 days unless a longer exposure period is 
approved in writing by the geotextile manufacturer. 

 
E. The Geosynthetic Installer shall take care not to entrap stones, excessive dust, or moisture in 

the geotextile during placement. 
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F. The Geosynthetic Installer shall anchor or weight all geotextile with sandbags, or the 
equivalent, to prevent wind uplift. 

 
G. The Geosynthetic Installer shall examine the entire geotextile surface after installation to 

ensure that no foreign objects are present that may damage the geotextile or adjacent layers.  
The Contractor shall remove any such foreign objects and shall replace any damaged 
geotextile. 

 
3.03 SEAMS AND OVERLAPS 

 
A. On slopes steeper than 10 horizontal to 1 vertical, geotextiles shall be continuous down the 

slope; that is, no horizontal seams are allowed.  Horizontal seams shall be considered as any 
seam having an alignment exceeding 20 degrees from being perpendicular to the slope 
contour lines, unless otherwise approved by the Engineer. 

 
B. Filtration geotextile shall be overlapped a minimum of 12 inches. 
 

3.04 REPAIR 
 
A. Any holes or tears in the geotextile shall be repaired using a patch made from the same 

geotextile.  Geotextile patches will be sewn into place no closer than 1 inch from any panel 
edge.  Should any tear exceed 50% of the width of the roll, that roll shall be removed and 
replaced. 

 
B. Where geosynthetic materials underlie the geotextile being placed, care shall be taken to 

remove any soil or other material that may have penetrated the torn geotextile. 
 

3.05 PLACEMENT OF SOIL MATERIALS 
 
A. The Contractor shall place soil materials on top of the geotextile in such a manner as to 

ensure that: 
 

1. the geotextile and the underlying materials are not damaged; 
 

2. minimum slippage occurs between the geotextile and the underlying layers 
during placement; and 

 
3. excess stresses are not produced in the geotextile. 

 
B. Equipment shall not be driven directly on the geotextile. 
 
C. Unless otherwise approved in writing by the Engineer, all equipment operating on materials 

overlying the geotextile shall comply with Section 02200. 
 

3.06 CONFORMANCE TESTING 
 
A. Samples of the geotextile materials will be removed by the Engineer after the material has 

been received at the site and sent to a Geosynthetic CQA Laboratory for testing to ensure 
conformance with the requirements of this Section.  This testing will be carried out, in 
accordance with the CQA Plan, prior to the start of the work of this Section. 

 
B. Samples of each geotextile will be taken, by the Engineer, at a minimum frequency of one 

sample per 260,000 ft2. 
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C. The Engineer may increase the frequency of sampling in the event that test results do not 
comply with requirements of Part 2.01 of this Section until passing conformance test results 
are obtained for all material that is received at the site.  This additional testing shall be 
performed at the expense of the Contractor. 

 
D. The following conformance tests will be performed: 
 

Test Procedure Filtration 
Grab strength ASTM D 4632 Yes 
Puncture strength ASTM D 4833 Yes 
Permittivity ASTM D 4491 Yes 
A.O.S. ASTM D 4751 Yes 

 
E. Any geotextile that is not certified in accordance with Part 1.04 of this Section, or that 

conformance testing results do not comply with Part 2.01 of this Section, will be rejected.  
The Geosynthetic Installer shall replace the rejected material with new material. 

 
3.07 PROTECTION OF WORK 

 
A. The Geosynthetic Installer shall use all means necessary to protect all work of this Section. 
 
B. In the event of damage, the Geosynthetic Installer shall make repairs and replacements to 

the satisfaction of the Engineer at the expense of the Contractor. 
 

PART 4 — MEASUREMENT AND PAYMENT 
 

4.01 GENERAL 
 
A. Providing for and complying with the requirements set forth in this Section for Filtration 

Geotextile will be measured as in-place square feet (SF), and payment will be based on the 
unit price provided on the Bid Schedule. 

 
B. The following are considered incidental to the Work: 
 

• shipping, handling and storage. 
• layout survey. 
• mobilization. 
• rejected material. 
• overlaps and seaming. 
• rejected material removal, handling, re-testing, and repair. 
• temporary anchorage. 
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TABLE 02771-1 
REQUIRED PROPERTY VALUES FOR GEOTEXTILE 

 
 

PROPERTIES 
 

QUALIFIERS
 

UNITS 
FILTER 

SPECIFIED 
VALUES 

TEST 
METHOD 

Type   nonwoven (-) 
Mass per unit area minimum oz/yd2 6(1) ASTM D 5261 

Filter Requirements     
Apparent opening size (O95) maximum mm 0.21 ASTM D 4751 
Permittivity minimum s-1  0.5 ASTM D 4491 

Mechanical Requirements     
Grab strength minimum lb 130 ASTM D 4632 
Tear strength minimum lb 40 ASTM D 4533 
Puncture strength minimum lb 40 ASTM D 4833 

Durability     
Ultraviolet Resistance @ 500 hours minimum % 70 ASTM D 4355 
 
Notes: (1) For information purposes only, not a required property. 

 
END OF SECTION 
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 SECTION 02772 
GEOSYNTHETIC CLAY LINER 

 
PART 1 — GENERAL 

 
1.01 SCOPE 

 
A. The Contractor shall furnish all labor, materials, tools, supervision, transportation, 

equipment, and incidentals necessary for installation of the geosynthetic clay liner (GCL).  
The work shall be carried out as specified herein and in accordance with the Drawings. 

 
B. The work shall include, but not be limited to, delivery, storage, placement, anchorage, and 

seaming of the GCL. 
 

1.02 RELATED SECTIONS 
 
Section 02200 — Earthworks 
 
Section 02770 — Geomembrane 
 

1.03 REFERENCES 
 
A. Drawings 
 
B. Site Construction Quality Assurance (CQA) Plan 
 
C. Latest Version American Society of Testing and Materials (ASTM) Standards: 
 

ASTM D 2216 Standard Test Method for Laboratory Determination of Water (Moisture) 
Content of Soil, Rock, and Soil-Aggregate Mixtures 

 
ASTM D 5321 Determination of the Coefficient of Soil and Geosynthetic or 

Geosynthetic and Geosynthetic Friction by the Direct Shear Method 
 

ASTM D 5887 Test Method for Measurement of Index Flux Through Saturated 
Geosynthetic Clay Liner Specimens using a Flexible Wall Permeameter 

 
ASTM D 5888 Guide for Storage and Handling of Geosynthetic Clay Liners 

 
ASTM D 5890 Test Method for Swell Index of Clay Mineral Component of 

Geosynthetic Clay Liners 
 

ASTM D 5891 Test Method for Fluid Loss of Clay Component of Geosynthetic Clay 
Liners 

 
ASTM D 5993 Test Method for Measuring Mass per Unit Area of Geosynthetic Clay 

Liners 
 

1.04 QUALIFICATIONS 
 
A. The Manufacturer shall be a well-established firm with more than one year of experience in 

the manufacturing of GCL. 
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B. The Geosynthetic Installer shall install the GCL and shall meet the requirements of 
Section 02770 and this Section. 

 
1.05 SUBMITTALS 

 
A. At least 7 days before transporting any GCL to the site, the Manufacturer shall provide the 

following documentation to the Engineer for approval. 
 

1. list of material properties, including test method, to which are attached GCL 
samples. 

 
2. projected delivery dates for this project. 

 
3. Manufacturing quality control certificates for each shift's production, signed by 

responsible parties employed by the Manufacturer (such as the production 
manager). 

 
4. The quality control certificates shall include: 

 
a. roll numbers and identification; and 
 
b. results of quality control tests, including description of test methods 

used, outlined in Part 2.01 of this Section. 
 

5. The Manufacturer shall certify that the GCL meets all the properties outlined in 
2.01 of this Section. 

 
1.06 CONSTRUCTION QUALITY ASSURANCE MONITORING 

 
A. The Geosynthetic Installer shall ensure that the materials and methods used for the GCL 

meet the requirements of the Drawings and this Section.  Any material or method that does 
not conform to these documents, or to alternatives approved in writing by the Engineer, will 
be rejected and shall be repaired or replaced. 

 
B. The Geosynthetic Installer shall be aware of and accommodate all monitoring and 

conformance testing required by the CQA Plan.  This monitoring and testing, including 
random conformance testing of construction materials and completed work, will be 
performed by the Engineer.  If nonconformances or other deficiencies are found in the 
materials or completed work, the Geosynthetic Installer will be required to repair the 
deficiency or replace the deficient materials. 

 
PART 2 — PRODUCTS 

 
2.01 MATERIAL PROPERTIES 

 
A. The flux of the GCL shall be no greater than 1 x 10-8 m3/m2-sec, when measured in a 

flexible wall permeameter in accordance with ASTM D 5887 under an effective confining 
stress of 5 pounds per square inch. 

 
B. The GCL shall have the following minimum dimensions: 
 

1. the minimum roll width shall be 15 feet; and 
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2. the liner length shall be long enough to conform with the requirements specified 
in this Section. 

 
C. The bentonite used to fabricate the GCL shall have at least 90 percent sodium 

mortmorillonite. 
 
D. The bentonite component of the GCL shall be applied at a minimum concentration of 0.75 

pound per square foot, when measured at a water content of less than or equal to 0 percent. 
 
E. The geotextile components of the GCL shall have a minimum combined mass per unit area 

of 9 oz/yd2 in accordance with ASTM D 5261. 
 
F. The GCL shall meet the required property values listed in Table 02772-1. 
 
G. The bentonite will be adhered to the backing material(s) in a manner that prevents it from 

being dislodged when transported, handled, and installed in a manner prescribed by the 
Manufacturer.  The method used to hold the bentonite in place shall not be detrimental to 
other components of the lining system. 

 
2.02 INTERFACE SHEAR TESTING 

 
A. Interface Shear test(s) shall be performed on the proposed geosynthetic and soil components 

in accordance with ASTM D 5321.  Tests shall be performed as outlined below. 
 

1. Dry GCL interface - the GCL shall be underlain by prepared subgrade 
compacted to 90% of the maximum dry density (ASTM D 1557) at the optimum 
moisture content and overlain by a GCL textured 60-mil HDPE geomembrane, 
geocomposite, and cover soil.  The GCL, geomembrane, and geocomposite 
components of the liner system shall be allowed to “float” (i.e., not fixed) such 
that the failure surface can occur at the any of these interfaces. 

 
a. Before shearing, the GCL shall be hydrated under a loading of 120 psf 

(6 Kpa) for 48 hours.  The test shall be performed under saturated 
conditions, at normal stresses of 1, 2, and 4 psi at a shear rate of no 
more than 0.04 in./min. (1 mm/min.). 

 
b. The results of this test shall have a post-peak apparent friction angle in 

excess of 18 degrees. 
 
 

2.03 MANUFACTURING QUALITY CONTROL 
 
A. The GCL shall be manufactured with quality control procedures that meet or exceed 

generally accepted industry standards. 
 
B. The Manufacturer shall sample and test the GCL to demonstrate that the material complies 

with the requirements of this Section. 
 
C. Any GCL sample that does not comply with this Section will result in rejection of the roll 

from which the sample was obtained.  The Manufacturer shall replace any rejected rolls. 
 
D. If a GCL sample fails to meet the quality control requirements of this Section, the Engineer 

will require that the Manufacturer sample and test, at the expense of the Manufacturer, rolls 
manufactured in the same lot, or at the same time, as the failing roll.  Sampling and testing 
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of rolls shall continue until a pattern of acceptable test results is established to bound the 
failed roll(s). 

 
E. Additional sample testing may be performed, at the Manufacturer’s discretion and expense, 

to more closely identify any non-complying rolls and/or to qualify individual rolls. 
 
F. Sampling shall, in general, be performed on sacrificial portions of the GCL material such 

that repair is not required.  The Manufacturer shall sample and test the GCL to demonstrate 
that its properties conform to the requirements stated herein.  At a minimum, the following 
tests shall be performed by the Manufacturer: dry mass per unit area and index flux at 
frequencies of at least 1 per 50,000 ft2 and 1 per 200,000 ft2, respectively. 

 
G. The Manufacturer shall comply with the certification and submittal requirements of this 

Section. 
 

2.04 PACKING AND LABELING 
 
A. GCLs shall be supplied in rolls wrapped in impermeable and opaque protective covers. 
 
B. GCLs shall be marked or tagged with the following information: 
 

1. Manufacturer’s name; 
2. product identification; 
3. lot number; 
4. roll number; and 
5. roll dimensions. 

 
2.05 TRANSPORTATION, HANDLING AND STORAGE 

 
A. Handling, storage, and care of the GCL, prior to and following installation, is the 

responsibility of the Geosynthetic Installer, until final acceptance by the Engineer. 
 
B. The GCL shall be stored and handled in accordance with ASTM D 5888. 
 
C. The Geosynthetic Installer shall be liable for all damage to the materials incurred prior to 

and during transportation to the site. 
 
D. The GCL shall be on-site at least 14 days prior to the scheduled installation date to allow for 

completion of conformance testing described in Part 3.08 of this Section. 
 

PART 3 — EXECUTION 
 

3.01 FAMILIARIZATION 
 
A. Prior to implementing any of the work described in this Section, the Geosynthetic Installer 

shall carefully inspect the installed work of all other Sections and verify that all work is 
complete to the point where the installation of this Section may properly commence without 
adverse impact. 

 
B. Inspection: 
 

1. The Geosynthetic Installer shall carefully inspect the installed work of all other 
Sections and verify that all work is complete to the point where the installation 
of this Section may properly commence without adverse impact. 
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2. If the Geosynthetic Installer has any concerns regarding the installed work of 

other Sections, he should notify the Engineer in writing prior to commencing 
the work.  Failure to notify the Engineer or installation of the GCL will be 
construed as Geosynthetic Installer’s acceptance of the related work of all other 
Sections. 

 
C. A pre-installation meeting shall be held to coordinate the installation of the GCL with the 

installation of other components of the lining system. 
 

3.02 SURFACE PREPARATION 
 
A. The Geosynthetics Installer shall provide certification in writing that the surface on which 

the GCL will be installed is acceptable.  This certification of acceptance shall be given to 
the Engineer prior to commencement of geomembrane installation in the area under 
consideration. 

 
B. Special care shall be taken to maintain the prepared soil surface. 
 
C. No GCL shall be placed onto an area that has been softened by precipitation or that has 

cracked due to desiccation.  The soil surface shall be observed daily to evaluate the effects 
of desiccation cracking and/or softening on the integrity of the prepared subgrade. 

 
3.03 CREST ANCHORAGE SYSTEM 

 
A. The anchor trench shall be excavated, prior to GCL placement, to the lines and grades 

shown on the Drawings. 
 
B. No loose soil shall be allowed in the anchor trench beneath the GCL. 
 
C. The GCL shall be temporarily anchored in the anchor trench until all geosynthetic layers are 

installed in the anchor trench as shown on the Drawings. 
 

3.04 HANDLING AND PLACEMENT 
 
A. The Geosynthetic Installer shall handle all GCL in such a manner that they are not damaged 

in any way and so that they do not become hydrated prior to, or during, installation. 
 
B. In the presence of wind, all GCLs shall be sufficiently weighted with sandbags to prevent 

their movement. 
 
C. Any GCL damaged by stones or other foreign objects, or by installation activities, shall be 

repaired in accordance with Part 3.07 by the Geosynthetic Installer. 
 
D. If an alternative GCL is used, the vapor barrier portion of the GCL shall be installed against 

the underlying prepared subgrade. 
 
E. The GCL shall not be installed on an excessively moist subgrade or on standing water.  The 

GCL shall be installed in a way that prevents hydration of the GCL prior to completion of 
construction of the liner system. 

 
F. The GCL shall not be installed during precipitation or other conditions that may cause 

hydration of the GCL. 
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G. All hydrated GCL shall be removed and replaced by the Geosynthetic Installer. 
 

3.05 OVERLAPS 
 
A. On slopes steeper than 10 horizontal to 1 vertical, all GCL shall be continuous down the 

slope; that is, no horizontal seams shall be allowed on the slope.  Horizontal seams shall be 
considered as any seam having an alignment exceeding 20 degrees from being 
perpendicular to the slope contour lines, unless otherwise approved by the Engineer. 

 
B. All GCL shall be overlapped in accordance with the Manufacturer’s recommended 

procedures.  As a minimum, along the length (i.e., the sides) of the GCL the overlap shall be 
6 inches, and along the width (i.e., the ends) the overlap shall be 12 inches. 

 
3.06 MATERIALS IN CONTACT WITH THE GCL 

 
A. Geomembrane installation shall immediately follow the GCL installation.  All GCL that is 

placed during a day's work shall be covered with geomembrane before the Geosynthetic 
Installer leaves the site at the end of the day.  The edges of GCL placement should be 
covered each day and protected from hydration due to storm water run-on. 

 
B. Material shall not be placed on a GCL that is hydrated. 
 
C. Installation of other components of the liner system shall be carefully performed to 

minimize damage to the GCL. 
 
D. Equipment shall not be driven directly on the GCL. 
 
E. Installation of the GCL in appurtenant areas, and connection of the GCL to appurtenances 

shall be made according to the Drawings.  The Geosynthetic Installer shall ensure that the 
GCL is not damaged while working around the appurtenances. 

 
3.07 REPAIR 

 
A. Any holes or tears in the GCL shall be repaired by placing a GCL patch over the hole.  On 

slopes steeper than 10 percent, the patch shall overlap the edges of the hole or tear by a 
minimum of 2 feet in all directions.  On slopes 10 percent or flatter, the patch shall overlap 
the edges of the hole or tear by a minimum of 1 foot in all directions.  The patch shall be 
secured with a water-based adhesive approved by the Manufacturer. 

 
B. Care shall be taken to remove any soil or other material, which may have penetrated the torn 

GCL. 
 
C. The patch shall not be nailed or stapled. 
 

3.08 CONFORMANCE TESTING  
 
A. Samples of the GCL will be removed by the Engineer and sent to a Geosynthetic CQA 

Laboratory for testing to ensure conformance with the requirements of this Section.  The 
Geosynthetic Installer shall assist the Engineer in obtaining conformance samples.  The 
Geosynthetic Installer shall account for this testing in the installation schedule. 

 
B. The Engineer may increase the frequency of sampling in the event that test results do not 

comply with the requirements of Part 2.01 of this Section until passing conformance test 
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results are obtained for all material that is received at the site.  This additional testing shall 
be performed at the expense of the Contractor. 

 
C. As a minimum, the following conformance tests will be performed: mass per unit area and 

index flux.  All tests shall be carried out at a frequency of one sample per 100,000 ft2 and 
400,000 ft2, respectively.  In addition, the Engineer will perform a minimum of one 
interface shear strength test in accordance with Part 2.02. 

 
D. Any GCL that is not certified by the Manufacturer in accordance with Part 1.05 of this 

section or that does not meet the requirements specified in Part 2.01 shall be rejected and 
replaced by the Geosynthetic Installer. 

 
3.09 PROTECTION OF WORK  

 
A. The Geosynthetic Installer shall use all means necessary to protect all work of this Section. 
 
B. In the event of damage, the Geosynthetic Installer shall immediately make all repairs and 

replacements necessary to the approval of the Engineer. 
 

PART 4 — MEASUREMENT AND PAYMENT 
 
A. Providing for a complying with the requirements set forth in this Section for GCL will be 

measured as in-place square feet (SF), including GCL in the anchor trench to the limits 
shown on the Drawings, and payment will be based on the unit price provided on the Bid 
Schedule. 

 
B. The following are considered incidental to the Work: 
 

• shipping, handling and storage. 
• overlaps and seaming. 
• layout survey. 
• mobilization. 
• rejected material. 
• rejected material removal, handling, re-testing, and repair. 
• temporary anchorage. 
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TABLE 02772-1 
REQUIRED GCL PROPERTY VALUES 

 
PROPERTIES QUALIFIERS UNITS SPECIFIED(1) 

VALUES 
TEST METHOD 

Liner System Properties 

Interface Shear Strength minimum degrees 20° ASTM D 5321(2) 

GCL Properties 

Bentonite Content minimum lb/ft2 0.75 ASTM D 5993 
Bentonite Swell Index minimum mL/2g 24 ASTM D 5890 
Bentonite Fluid Loss maximum mL 18 ASTM D 5891 
Index Flux  minimum m3/m2-s 1 x 10-8 ASTM D 5887(3) 
Moisture Content (Bentonite) maximum percent 25 ASTM D 2216 

 
Notes: (1) All values represent minimum average roll values (i.e., any roll in a lot should meet or exceed the values in this table). 
 (2) Interface shear strength testing shall be performed, by the Engineer, in accordance with Part 2.02 of this Section. 
 (3) Hydraulic flux testing shall be performed under an effective confining stress of 5 pounds per square inch. 

(4) Measured at a moisture content of 0 percent. 
 

END OF SECTION
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SECTION 02773 
GEOCOMPOSITE 

 
PART 1 — GENERAL 

 
1.01 DESCRIPTION OF WORK 

 
A. The Contractor shall furnish all labor, materials, tools, supervision, transportation, 

equipment, and incidentals necessary for the installation of the geocomposite.  The work 
shall be carried out as specified herein and in accordance with the Drawings. 

 
B. The work shall include, but not be limited to, delivery, storage, placement, and seaming of 

the geocomposite. 
 
C. Single-sided geocomposite shall be used overlying the geomembrane and underlying the 

cover soil on the top deck area of the cover system.  Double-sided geocomposite shall be 
used overlying the geomembrane and underlying the cover soil on the side slopes of the 
cover system. 

 
1.02 RELATED SECTIONS 

 
Section 02200 — Earthwork 
 
Section 02770 — Geomembrane 
 

1.03 REFERENCES 
 
A. Drawings 
 
B. Site Construction Quality Assurance (CQA) Plan 
 
C. Latest version of American Society for Testing and Materials (ASTM) standards: 
 

1. ASTM D 413.  Standard Test Method for Rubber Property-Adhesion to Flexible 
Substrate. 

 
2. ASTM D 792.  Standard Test Methods for Density and Specific Gravity 

(Relative Density) of Plastics by Displacement. 
 

3. ASTM D 1603.  Standard Test Method for Carbon Black in Olefin Plastics. 
 

4. ASTM D 4491.  Standard Test Methods for Water Permeability of Geotextiles 
by Permittivity. 

 
5. ASTM D 4533.  Standard Test Method for Trapezoid Tearing Strength of 

Geotextiles. 
 

6. ASTM D 4632.  Standard Test Method for Grab Breaking Load and Elongation 
of Geotextiles. 

 
7. ASTM D 4716.  Standard Test Method for Constant Head Hydraulic 

Transmissivity (In-Plane Flow) of Geotextiles and Geotextile Related Products. 
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8. ASTM D 4751.  Standard Test Method for Determining Apparent Opening Size 
of a Geotextile. 

 
9. ASTM D 4833.  Standard Test Method for Index Puncture Resistance of 

Geotextiles, Geomembranes, and Related Products. 
 

10. ASTM D 5199.  Standard Test Method for Measuring Nominal Thickness of 
Geotextiles and Geomembranes. 

 
11. ASTM D 5261.  Standard Test Method for Measuring Mass per Unit Area of 

Geotextiles. 
 

1.04 QUALIFICATIONS 
 
A. The manufacturer shall be a well-established firm with more than one year experience in the 

manufacturing of geocomposite. 
 
B. The Geosynthetic Installer shall install the geocomposite and shall meet the requirements of 

Section 02770 and this Section. 
 

1.05 SUBMITTALS 
 
A. The Geosynthetic Installer shall submit to the Engineer, at least 7 days prior to 

geocomposite delivery, the following information regarding the proposed geocomposite: 
 

1. manufacturer and product name; 
 

2. minimum property values of the proposed geocomposite and the corresponding 
test procedures; 

 
3. projected geocomposite delivery dates; and 

 
4. list of geocomposite roll numbers for rolls to be delivered to the site. 

 
B. At least 7 days prior to geocomposite placement, the Geosynthetic Installer shall submit to 

the Engineer the manufacturing quality control certificates for each roll of geocomposite.  
The certificates shall be signed by responsible parties employed by the geocomposite 
manufacturer (such as the production manager).  The quality control certificates shall 
include: 

 
1. lot, batch, and/or roll numbers and identification; and 

 
2. results of quality control tests, including a description of the test methods used. 

 
1.06 CONSTRUCTION QUALITY ASSURANCE MONITORING 

 
A. The Geosynthetic Installer shall ensure that the geocomposite and installation methods used 

meet the requirements of the Drawings and this Section.  Any material or method that does 
not conform to these documents, or to alternatives approved in writing by the Engineer, will 
be rejected and shall be repaired or replaced by the Geosynthetic Installer. 

 
B. The Geosynthetic Installer shall be aware of and accommodate all monitoring and 

conformance testing required by the CQA Plan.  This monitoring and testing, including 
random conformance testing of construction materials and completed work, will be 
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performed by the Engineer.  If nonconformances or other deficiencies are found in the 
Geosynthetic Installer’s materials or completed work, the Geosynthetic Installer will be 
required to repair the deficiency or replace the deficient materials. 

 
PART 2 — PRODUCTS 

 
2.01 GEOCOMPOSITE PROPERTIES 

 
A. The Geocomposite Manufacturer shall furnish geocomposites having properties that comply 

with the required property values shown in Table 02773-1.  The Geocomposite 
Manufacturer shall provide results of tests performed using the procedures listed in Table 
02773-1, as well as certification that the materials meet or exceed the specified values. 

 
B. Geotextiles will be thermally bonded to one and two sides of the geonet component of 

geocomposite material rather than chemically bonded. 
 
C. Geocomposite suppliers shall furnish materials in which the “Minimum Average Roll 

Values”, as defined by the Federal Highway Administration (FHWA), meet or exceed the 
criteria specified in Table 02773-1. 

 
D. The geocomposite’s geotextile components shall be nonwoven materials, suitable for use in 

filter/separation and cushion applications. 
 

2.02 MANUFACTURING QUALITY CONTROL 
 
A. The geocomposite shall be manufactured with quality control procedures that meet or 

exceed generally accepted industry standards. 
 
B. The geocomposite Manufacturer shall sample and test the geocomposite to demonstrate that 

the material conforms to the requirements of these Specifications. 
 
C. Any geocomposite sample that does not comply with this Section shall result in rejection of 

the roll from which the sample was obtained.  The Geosynthetic Installer shall replace any 
rejected rolls. 

 
D. If a geocomposite sample fails to meet the quality control requirements of this Section the 

geocomposite Manufacturer shall sample and test, at the expense of the Manufacturer, rolls 
manufactured in the same lot, or at the same time, as the failing roll.  Sampling and testing 
of rolls shall continue until a pattern of acceptable test results is established to bound the 
failed roll(s). 

 
E. Additional sample testing may be performed, at the geocomposite Manufacturer's discretion 

and expense, to identify more closely any non-complying rolls and/or to qualify individual 
rolls. 

 
F. Sampling shall, in general, be performed on sacrificial portions of the geocomposite 

material such that repair is not required.  The Geocomposite Manufacturer shall sample and 
test the geocomposite, at a minimum once every 100,000 ft2, to demonstrate that the 
geocomposite properties conform to the values specified in Table 02773-1.  At a minimum, 
the following manufacturing quality control tests shall be performed on the geotextile 
component of the geocomposite: 

 



 
  Geocomposite 
Corrective Action Management Unit  Basic Remediation Company 

SC0313.SpecsCover.082106.d.doc Page 02773-4 11/03/06 

Test Procedure 
Mass per unit area ASTM D 5261
Grab strength ASTM D 4632 
Tear strength ASTM D 4533 
Puncture strength ASTM D 4833 
Burst Strength ASTM D 3786 
Permittivity ASTM D 4491 
A.O.S. ASTM D 4751 

 
 At a minimum, the following manufacturing quality control tests shall be performed on the 

geonet component of the geocomposite: 
 

Test Procedure 
Specific gravity ASTM D 792
Nominal thickness  ASTM D 5199 

 
 At a minimum, the following manufacturing quality control tests shall be performed on the 

geocomposite: 
 

Test Procedure 
Transmissivity ASTM D 4716
Peel strength ASTM D 413 

 
G. The geocomposite Manufacturer shall comply with the certification and submittal 

requirements of this Section. 
 

2.03 PACKING AND LABELING 
 
A. Geocomposite shall be supplied in rolls wrapped in relatively impermeable and opaque 

protective covers. 
 
B. Geocomposite rolls shall be marked or tagged with the following information: 
 

1. manufacturer's name; 
2. product identification; 
3. lot or batch number; 
4. roll number; and 
5. roll dimensions. 

 
2.04 TRANSPORTATION, HANDLING, AND STORAGE 

 
A. The Geosynthetic Installer shall be liable for any damage to the materials incurred prior to 

and during transportation to the site. 
 
B. The geocomposite shall be delivered to the site at least 14 days prior to the planned 

deployment date to allow the Engineer adequate time to perform conformance testing on the 
geocomposite samples as described in Part 3.06 of this Section. 

 
C. Handling, unloading, storage, and care of the geocomposite prior to and following 

installation at the site, is the responsibility of the Geosynthetic Installer.  The Geosynthetic 
Installer shall be liable for any damage to the materials incurred prior to final acceptance by 
the Engineer. 

 
D. The Geosynthetic Installer shall be responsible for storage of the geocomposite at the site. 
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E. The geocomposite shall be protected from sunlight, excessive heat or cold, puncture, or 

other damaging or deleterious conditions.  The geocomposite shall be protected from mud, 
dirt, and dust.  Any additional storage procedures required by the geocomposite 
Manufacturer shall be the responsibility of the Geosynthetic Installer. 

 
PART 3 — EXECUTION 

 
3.01 FAMILIARIZATION 

 
A. Prior to implementing any of the work described in this Section, the Geosynthetic Installer 

shall carefully inspect the installed work of all other Sections and verify that all work is 
complete to the point where the installation of this Section may properly commence without 
adverse impact. 

 
B. Inspection: 
 

1. The Geosynthetic Installer shall carefully inspect the installed work of all other 
Sections and verify that all work is complete to the point where the installation 
of this Section may properly commence without adverse impact. 

 
2. If the Geosynthetic Installer has any concerns regarding the installed work of 

other Sections, he should notify the Engineer in writing prior to commencing 
the work.  Failure to notify the Engineer or installation of the geocomposite will 
be construed as Geosynthetic Installer’s acceptance of the related work of all 
other Sections. 

 
C. A pre-installation meeting shall be held to coordinate the installation of the geocomposite 

with the installation of other components of the lining system. 
 

3.02 HANDLING AND PLACEMENT 
 
A. The Geosynthetic Installer shall handle all geocomposite in such a manner that it is not 

damaged in any way. 
 
B. Install the double-sided geocomposite down the slope not across the slope.  Place ends 

into the anchor trenches in such a manner as to continually keep the geocomposite in 
tension. 

 
C. Precautions shall be taken to prevent damage to underlying layers during placement of 

the geocomposite. 
 
D. In the presence of wind, all geocomposites shall be sufficiently weighted with sandbags 

or the equivalent to prevent movement. 
 
E. The geocomposite shall be positioned by hand after being unrolled to minimize wrinkles. 
 
F. Care shall be taken during placement of geocomposites not to entrap dirt or excessive 

dust in the geocomposite that could cause clogging of the drainage system, and/or stones 
that could damage the adjacent geomembrane.  If dirt or excessive dust is entrapped in 
the geocomposite, it should be cleaned prior to placement of the next material on top of 
it.  Care shall be exercised when handling sandbags, to prevent rupture or damage of the 
sandbags. 
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G. Geocomposites shall only be cut using a hooked utility blade. 
 
H. After unwrapping the geocomposite from its opaque cover, the geocomposite shall not be 

left exposed for a period in excess of 15 days. 
 

3.03 OVERLAPS AND SEAMS 
 
A. Geonet Components: 
 

1. The geonet components shall be overlapped a minimum 4 in. along the length.  
The geonet shall be overlapped by a minimum 1 ft. across the width. 

 
2. Geonet overlaps shall be secured by tying with nylon cable ties.  Tying devices 

shall be white or yellow for easy inspection.  Metallic devices shall not be used. 
 
3. Seaming of the geonet shall be performed by wrap-ties at 12-in. centers for end 

of panels and at 5-ft centers for edge of panel seams. 
 
4. No end-of-panel seams shall be placed on slopes exceeding 10 %. 

 
B. Geotextile Components: 
 

1. The bottom layers of geotextile shall be overlapped, if applicable.  The top 
layers of geotextiles shall be continuously sewn. 

 
2. Polymeric thread, with chemical resistance properties equal to or exceeding 

those of the geotextile component, shall be used for all sewing. 
 

3.04 PLACEMENT OF OVERLYING MATERIALS 
 
A. All overlying materials shall be placed in such a manner as to ensure that: 
 

1. The geocomposite and underlying materials are not damaged; 
2. Minimal slippage occurs between the geocomposite and underlying layers; and 
3. Excess tensile stresses are not produced in the geocomposite. 

 
B. Equipment shall not be driven directly on the geocomposite. 
 
C. Unless otherwise approved in writing by the Engineer, all equipment operating on the 

materials overlying the geotextile shall comply with Section 02200. 
 

3.05 CONFORMANCE TESTING 
 
A. Samples of geocomposite will be removed by the Engineer and sent to a Geosynthetic 

CQA Laboratory for testing to ensure conformance with the requirements of this Section.  
The Geosynthetic Installer shall assist the Engineer in obtaining conformance samples.  
The Geosynthetic Installer shall account for this testing in the installation schedule. 

 
B. Samples shall be taken at a minimum frequency rate of one sample per 200,000 square 

feet. 
 
C. The Engineer may increase the frequency of sampling in the event that test results do not 

comply with the requirements of Part 2.01 of this Section until passing conformance test 
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results are obtained for all material that is received at the site.  This additional testing shall 
be performed at the expense of the Contractor. 

 
D. As a minimum, transmissivity and peel strength will be performed on each sample. 
 
E. Any geocomposite that is not certified by the Manufacturer in accordance with Part 1.05 

of this section or that does not meet the requirements specified in Part 2.01 shall be 
rejected and replaced by the Geosynthetic Installer. 

 
3.06 PROTECTION OF WORK 

 
A. The Geosynthetic Installer shall use all means necessary to protect all work of this Section. 
 
B. In the event of damage, the Geosynthetic Installer shall immediately make all repairs and 

replacements necessary to the approval of the Engineer. 
 

PART 4 — MEASUREMENT AND PAYMENT 
 
A. Providing for a complying with the requirements set forth in this Section for geocomposite 

will be measured as in-place square feet (SF), including geocomposite in the anchor trench 
to the limits shown on the Drawings, and payment will be based on the unit price provided 
on the Bid Schedule. 

 
B. The following are considered incidental to the Work: 
 

• shipping, handling, and storage. 
• overlaps and seaming. 
• layout survey. 
• mobilization. 
• rejected material. 
• rejected material removal, handling, re-testing, and repair. 
• temporary anchorage. 
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TABLE 02773 - 1 
GEOCOMPOSITE PROPERTY VALUES – FINAL COVER LINER SYSTEM 

 

 
PROPERTIES 

 
QUALIFIER 

 
UNITS 

SPECIFIED 
VALUES (1) 

TEST 
METHOD 

Geonet Component: 
Specific gravity Minimum  0.935 ASTM D 792 
Carbon black content Range % 2 – 3 ASTM D 1603 
Nominal thickness Minimum mils 200 ASTM D 5199 
Geotextile Components: 
Mass per unit area Minimum oz/yd2 (g/m2) 6 (203) ASTM D 5291 
Filter Requirements     
Apparent opening size Maximum mm 095  0.21 mm ASTM D 4751 
Permittivity Minimum 1/s 0.5 ASTM D 4491 
Mechanical Requirements     
Grab strength Minimum lb (N) 130 (578) ASTM D 4632 
Tear strength Minimum lb (N) 40 (178) ASTM D 4533 
Puncture strength Minimum lb (N) 40 (178) ASTM D 4833 
Geocomposite: 
Transmissivity (2) Minimum m2/s 5 × 10-4 ASTM D 4716 
Peel Strength Minimum lb 0.5 ASTM D 413 

 
Notes: (1) All values except transmissivity represent minimum average roll values (i.e., any roll in a lot should meet or exceed the 

values in this table). 
 (2) The design transmissivity is the hydraulic transmissivity of the geocomposite measured using water at 68°F ±3°F  (20°C 

±1.5°C) with a hydraulic gradient of 0.1 under a compressive stress of not less than 2,000 psf (96 kPa).  For the test, the 
geocomposite shall be sandwiched between a layer of cover soil material and a textured 60-mil HDPE geomembrane.  
The minimum test duration shall be 24 hours and the report for the test results shall include measurements at intervals 
over the entire test duration. 

 
END OF SECTION 
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Attachment X 
Copy of NDEP Approval 

Letters for Closure of 
Phases I, II, IIIA, IIIB, and 

IV and for BMI North 
and BMI South Landfills

 
Basic Remediation Company (BRC) 

Corrective Action Management Unit (CAMU) 
Henderson, Nevada 

 











 
 
 
 
 
 

May 17, 2010 
 
Mr. Mark Paris 
Basic Remediation Company (BRC)  
875 West Warm Springs 
Henderson, NV  89011 
 
Re.:  Nevada Division of Environmental Protection Response to:  

CAMU Partial Final Closure Construction Quality Assurance Report Phase IIIA & Portion of 
Phase II, Basic Remediation Company, Corrective Action Management Unit, Henderson, Nevada 
dated April 2010 (received April 23, 2010)  

 NDEP Facility ID# H-000688 
 
Dear Mr. Paris: 
 
The NDEP has received and reviewed BRC’s Deliverable identified above and finds that it is 
acceptable. 

 
Should you have any questions or concerns, please do not hesitate to contact me at (775) 687-9373 or 
glovato@ndep.nv.gov. 
 

Sincerely, 
 
 
 

Greg Lovato, P.E. 
Supervisor, Remediation Branch 
Bureau of Corrective Actions 
Fax: (775) 687-8335 

GL:s 
 
 
 
 
 
 
 
 
 
 
 
 



Mr. Mark Paris 
5/17/2010 
Page 2 

 
 
 
 
 
ec: Jim Najima, NDEP, BCA, Carson City 
 Brian Rakvica, McGinley and Associates 

Steve Morrow, ASW 
 
cc: Barry Conaty, Holland & Hart LLP, 975 F Street, N.W., Suite 900,Washington, D.C. 20004 
 Brenda Pohlmann, City of Henderson, PO Box 95050, Henderson, NV 89009 
 Mitch Kaplan, U.S. Environmental Protection Agency, Region 9, mail code: WST-5,  

75 Hawthorne Street, San Francisco, CA 94105-3901 
Ebrahim Juma, Clark County DAQEM, 500 South Grand Central Parkway, PO  

Box 555210, Las Vegas, NV, 89155-5210 
Robert Williams, Clark County Fire Department, 575 East Flamingo Road, Las Vegas, Nevada 89119 
Ranajit Sahu, BRC, 311 North Story Place, Alhambra, CA 91801 

 Rick Kellogg, BRC, 875 West Warm Springs, Henderson, NV  89011 
 Rex Heppe, 2925 East Patrick Lane, Suite M, Las Vegas, NV 89120-2457 

David Sadoff, AIG Consultants, Inc., 121 Spear Street, 3rd Floor, San Francisco, CA 94105 
 Leslie Hill, U.S. Department of Justice, PO Box 23896, Washington, DC 20026-3986 
 Craig Wilkinson, TIMET, PO Box 2128, Henderson, Nevada, 89009-7003 

Kirk Stowers, Broadbent & Associates, 8 West Pacific Avenue, Henderson, Nevada 89015 
George Crouse, Syngenta Crop Protection, Inc., 410 Swing Road, Greensboro, NC 27409 
Nicholas Pogoncheff, PES Environmental, Inc., 1682 Novato Blvd., Suite 100, Novato, CA 94947-7021 
Susan Crowley, Crowley Environmental LLC, 366 Esquina Dr., Henderson, NV 89014 
Susan Crowley, Tronox LLC, PO Box 55, Henderson, Nevada 89009 
Mike Skromyda, Tronox LLC, PO Box 55, Henderson, Nevada 89009 
Keith Bailey, Environmental Answers, 3229 Persimmon Creek Dr, Edmond, Oklahoma 73013 
Matt Paque, Tronox LLC, 3301 NW 150th, Oklahoma City, OK  73134 
Roy Widmann, Tronox LLC, 3301 NW 150th, Oklahoma City, OK  73134 
Lee Erickson, Stauffer Management Company, P.O. Box 18890, Golden, Co  80402 

 Michael Bellotti, Olin Corporation, 3855 North Ocoee Street, Suite 200, Cleveland, TN 37312 
Curt Richards, Olin Corporation, 3855 North Ocoee Street, Suite 200, Cleveland, TN 37312 
Paul Sundberg, Montrose Chemical Corporation, 10733 Wave Crest Court 

Stockton, CA  95209 
Joe Kelly, Montrose Chemical Corporation of CA, 600 Ericksen Avenue NE, Suite 380,  

Bainbridge Island, WA 98110 
Deni Chambers, Northgate Environmental Management, Inc., 300 Frank H. Ogawa Plaza, Suite 510, Oakland, CA  

94612 
  Robert Infelise, Cox Castle Nicholson, 555 California Street, 10th Floor, San Francisco, CA 94104-1513 
 Michael C. Ford, Polsinelli Shughart, Security Title Plaza, 3636 N. Central Avenue Suite 1200, Phoenix, AZ  85012 

Jeff Gibson, AMPAC, 3883 Howard Hughes Pkwy, Ste 700, Las Vegas, NV 89169 
  
 

 
 

 







 
 

  
 

 
 

Attachment Y 
Long Term Groundwater 

Monitoring Plan 
Basic Remediation Company (BRC) 

Corrective Action Management Unit (CAMU) 
Henderson, Nevada 

 

 
(To Be Provided Upon Approval by the NDEP-BCA) 

 
 



 

 
875 West Warm Springs Road, Henderson, Nevada89011 • Phone 702.567.0400 • Fax 702.567.0473 

 
 
 
May 2, 2013 
 
 
Mr. Michael Friend, P.E. 
Nevada Division of Environmental Protection 
Bureau of Corrective Actions 
2030 E. Flamingo Road, Suite 230 
Las Vegas, Nevada89119-0818 
 
Subject: BRC Corrective Action Management Unit (CAMU) Long-Term Groundwater 

Monitoring Plan, BMI Complex, Henderson, Nevada (Revision 0) 
 
Dear Michael: 

Per our discussions, Basic Remediation Company (BRC) is providing this long-term 
Groundwater Monitoring Plan (GMP) for the BRC Corrective Action Management Unit 
(CAMU) in Clark County, Nevada.  While we accept that such monitoring is required per 
regulations, we note that upgradient water quality in the vicinity of the CAMU makes it 
impossible at this time to quantitatively use any monitoring data to identify leaks in the CAMU, 
should such leaks occur.  We note, of course, that the likelihood of any leaks from the CAMU, 
given its recent construction and the care (QA/QC) taken during its construction, including 
oversight by the NDEP and its consultants, makes the likelihood of any leaks very low.   

Table 1 summarizes the workplan including wells that are proposed to be monitored and the 
respective analytes.  Figure 1 shows the wells.  Details of the monitoring program are discussed 
below. 

Scope of Work 

The scope of work has been divided into three main tasks: 1) Field Implementation; 2) Data 
Evaluation; and 2) Reporting. 

Task 1: Field Implementation 

The requirements for sample collection and analysis are established in the BRC Quality 
Assurance Project Plan (QAPP; BRC and ERM 2009) and the Field Sampling and Standard 
Operating Procedures (FSSOP; BRC, ERM and MWH 2009), which are stand-alone NDEP-
approved project documents.  

Pre-Field Activities 

The pre-field activities will be conducted in accordance with applicable standard operating 
procedures (SOPs; BRC, ERM and MWH 2009). The BRC QAPP (BRC and ERM 2009) and 
BRCHealth and Safety Plan (BRC and MWH 2005) prepared for the BMI Common Areas will 
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be used for this proposed scope of work. All work will be completed under the direction of a 
State of Nevada Certified Environmental Manager. 

Water Level Measurements 

Water levels will be measured in all wells proposed for sampling within this CAMU long-term 
GMP, as shown on Figure 1 and Table 1.  These water level measurement events will be 
conducted over a one--day period.  Water level measurements will be performed in accordance 
with procedures described in the project specific SOP-5 (Water Sampling and Field 
Measurements). 

Annual Water Quality Sampling and Analysis 

Water quality samples will be collected from the wells in Figure 1/Table 1.  Samples will be 
collected once per year, typically in April, in coordination with other parties, included OSSM, 
who also collect annual water samples at that time.  Note that BRC will coordinate with OSSM 
for to ensure certain wells and analytes are included in their program.  BRC will ensure any data 
gaps are covered by our sampling plan. 

As approved by the NDEP in a July 25, 2006, meeting between BRC and the NDEP, BRC will 
use the micro-purge and sampling methodology that were used for previous groundwater 
monitoring events.  BRC-owned wells have been equipped with QED® Well Wizard (A-system) 
dedicated bladder pumps for the monitoring and sampling of wells for the CAMU long-term 
GMP. QED® MP10H high pressure micro-purge controllers will be used.  The Well Wizard 
A-system has been installed in all shallow zone wells. 

Field quality control measures to be implemented during the groundwater sampling events will 
be performed according to BRC QAPP requirements and BRC SOPs.  Specific wells where 
quality control (QC) samples will be collected will be identified at the beginning of each 
sampling event by BRC or its field consultant.  The required QC sample frequencies and field 
QC measures will generally be: 

• Collection of 10% field duplicates, 5% equipment blanks, 5% trip blanks, and 10% matrix 
spike/matrix spike duplicate samples; 

SOPs specific to groundwater sampling and field analytical procedures are presented in SOP-5 
and SOP-30. 

Waste Management 

Purge water resulting from groundwater sampling will be contained on-site in Department of 
Transportation-approved containers and allowed to settle.  Containers will be labeled by field 
personnel to identify contents, date, and source location.  Following settlement, the purge water 
will be disposed of in accordance with the applicable state and local regulations.  All generated 
wastes (i.e. purge and decontamination water) will be analyzed for the appropriate waste criteria 
for characterization prior to disposal.  SOP-35 will be followed during waste sampling activities. 
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Well Maintenance and Inspections 

Every monitoring well scheduled for water level measurement or sampling will be inspected for 
deficiencies and problems. An inspection checklist will be completed, noting any deficiencies 
and problems, and will include the following information: 

• Date, inspector's initials, well identification number; and 

• Description of condition for: 
 Security posts, well pad, security casing, and dedicated sampling components, if 

applicable; 
 Gasket, lock, well casing, well head, flange bolt tightness; and  
 Straightness of the well head. 

In addition to the routine well inspection, each well total depth will be measured to determine if 
formation material surrounding the well has migrated into and accumulated inside the well 
casing.  Wells that contain an accumulation of material that exceeds 20% of the screened interval 
will be considered for redevelopment. 

Routine maintenance such as lubricating the well cap lock with graphite, replacing the lock, 
replacing the well gasket, replacing the well head bolts, and tapping out the bolt holes will be 
performed each water level monitoring event, as needed, for on-site (i.e., BRC owned) wells 
only.  For all off-site wells requiring maintenance, the respective site owners will be notified.  
All maintenance performed will be documented in a bound logbook.  If well components are 
damaged and cannot be repaired on the spot (such as bent security posts or casing, or a cracked 
concrete well pad), the problem will be described and recommended for correction under a well 
maintenance task.  These routine maintenance activities will be summarized in the long-term 
groundwater monitoring reports. 

Analytical Program 

The proposed list of chemicals and analytical methods for the CAMU long-term GMP is 
provided in Table 1, and has been developed to reflect the analytes associated with soils removed 
from Eastside and placed within the CAMU and their potential to mobilize to groundwater. 

Certain analytes detected in Eastside or CAMU area soils are excluded from the long-term GMP 
as summarized below: 

• Asbestos - omitted due to the physical characteristics of this constituent, which is 
generally considered inert in the subsurface; 

• Dioxins/furans – omitted due to the physical characteristics of these constituents, which 
are relatively immobile in the subsurface; 

• Volatile organic compounds (VOCs) – omitted because of their limited historical 
detections in Eastside soils, and the expectation that they would have been volatilized 
during excavation and placement activities; 

• Radionuclides – omitted due to the high variability in historical detections in groundwater 
in the CAMU area;  

• PCBs – omitted due to the physical characteristics of these constituents, which are 
relatively immobile in the subsurface; and 
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• The following metals, which were not frequently detected in Eastside or CAMU 
soils:antimony, boron, mercury, molybdenum, selenium, silver, tin, and tungsten. 

BRC acknowledges that should a leak be detected and confirmed to be coming from the CAMU 
we will be required to sample for all contituents that were found in the waste analysis plan 
included in the NDEP approved Remedial Action Plan (March 2007). 

The QAPP specifies the project-specific detection and quantitation limits, calibration and 
calibration verification, and QC procedures and specifications.  The QAPP also requires that 
analyses be performed according to the method-specific SOPs, which have also been revised to 
be site-specific stand-alone documents.  Analytical laboratories that will performing the analyses 
will be required to have Nevada State certification for the methods to be performed. 

Task 2: Data Evaluation 

Measurement data will be assessed and documented to determine whether objectives were met.  
Once the data are collected, BRC will subject the data to validation per procedures agreed to 
previously with the NDEP and consistent with the BRC QAPP (BRC and ERM 2009) and SOP-
40. Only those data determined by the quality assurance/quality control (QA/QC) review to be 
suitable for use will be considered for the event data set. A separate Data Validation Summary 
Report will be prepared and submitted to NDEP for each monitoring event. 

Task 2: Reporting 

Once per year, the results from each event will be reported to the NDEP via a long-term 
groundwater monitoring report for that year.  The report will also contain historical data 
collected in prior years in appropriate tables and trend figures.  BRC will qualitatively review all 
data collected in each annual monitoring event to look for anomalous data different than historic 
trends (i.e. qualitative trend analyses will be performed).  We reiterate that no quantitative, 
statistical, analysis will be conducted since poor upgradient water quality makes such an analysis 
meaningless as far as leak detection is concerned.   

BRC currently maintains a comprehensive project database for all data it collects and has 
historically collected. All new data collected pursuant to this long-term GMP will be 
incorporated into the project database.  Each laboratory will provide the analytical data in 
electronic format for storage in the project analytical database.  The Data Manager (currently 
ERM) will amend the project database with each new set of data provided by the laboratory, 
perform accuracy checks between the hardcopy and electronic data reports, and maintain any 
data qualifiers resulting from data validation activities. 

Schedule 

Once final approval of the long-term GMP is received from NDEP, BRC will attempt to collect 
the data at the next synchronized event with the other BMI companies (typically in April).  BRC 
will provide NDEP with at least one week notice prior to the initiation of field activities at the 
Site.  It is anticipated that this annual monitoring can be completed within one week, depending 
on field conditions.  The groundwater samples will be submitted to the laboratories and placed 
on a standard turn around time, which is 28 days for the analyte list proposed.  A data validation 
report will be submitted to the NDEP within 4 weeks after all analytical data are received.  After 
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the validation report is approved, a final event report will be submitted within 4 weeks of 
approval of the validation report.   

Closing Remarks 

Please see below for appropriate certification language and signature. Please direct any 
remaining questions or comments you may have to me at 626-382-0001.  

Sincerely, 

Basic Remediation Company 
 
 
 
Ranajit Sahu, CEM 
Project Manager 

 
Attachments: Table 1 – Proposed GMP Wells and Analyte List 
 Figure 1 – Proposed CAMU GMP Monitoring Wells 
 
REFERENCES 
 
BRC, ERM and MWH.2009. BRC Field Sampling and Standard Operating Procedures, BMI 

Common Areas, Clark County, Nevada.December. 
 
BRC and ERM-West, Inc. (ERM). 2009. BRC Quality Assurance Project Plan. BMI Common 

Areas, Clark County, Nevada.May. 
 
Basic Remediation Company (BRC) and MWH. 2005. BRC Health and Safety Plan. BMI 

Common Areas, Clark County, Nevada.October. 
 
 
 

I hereby certify that I am responsible for the services described in this 
document and for the preparation of this document. The services described 
in this document have been provided in a manner consistent with the current 
standards of the profession and to the best of my knowledge comply with all 
applicable federal, state and local statutes, regulations and ordinances. I 
hereby certify that all laboratory analytical data was generated by a 
laboratory certified by the NDEP for each constituent and media presented 
herein. 
 

 
June 14, 2012 
Dr. Ranajit Sahu, C.E.M. (No. EM-1699, Exp. 10/07/2013)        Date 
BRC Project Manager 
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1. INTRODUCTION 

1.1 Terms of Reference 

This document comprises the Final Leachate Monitoring Plan for the leachate and 
vadose zone sumps at the Basic Remediation Company (BRC) Corrective Action 
Management Unit (CAMU).  

1.2 Purpose 

The purpose of this monitoring plan is to outline the general monitoring procedures and 
manufacturer information relevant to the leachate monitoring and removal systems. 
This plan includes procedures for monitoring the integrity of the system, which is 
comprised of leachate and vadose zone sump pumps, pump controls, and water level 
transducers. 

1.3 Responsible parties 

BRC is ultimately responsible for maintaining the integrity of the systems.  ENTACT, 
currently under contract to BRC, is responsible for operating and maintaining the 
system, troubleshooting the system, and notifying BRC of potential problems during the 
construction and operation of the CAMU. This Plan shall be amended if conditions 
and/or responsibilities change. 

The following parties are currently involved with the monitoring of the system. NDEP 
will be notified and this monitoring plan will be revised if BRC changes the involved 
parties or their roles. 

Owner 

Basic Remediation Company 
875 West Warm Springs Road 
Henderson, Nevada 89011 
Contact: Lee Farris 
Phone: (702) 567-0400 
Fax: (702) 567-0475 
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Monitoring Contractor 

ENTACT 
3030 Tara Murphy Drive 
Henderson, Nevada 89044 
Contact: Erik Gehringer 
Phone: (561) 707-7088 
 
Environmental Consultant 

Geotechnical and Environmental Services, Inc 
7150 Placid Street 
Las Vegas, Nevada, 89119 
Contact: Richard A. Cooke 
Phone: (702) 365-1001 
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2. BACKGROUND 

The BRC CAMU is an approximately 52-acre composite lined landfill currently being 
constructed in 6 phases concurrently with the BMI Common Areas Remediation 
Project.  The CAMU is designed with storage capacity for approximately 3.4 million 
cubic yards (MCY) of soil and sludge waste received from the Eastside Area, Western 
Ditch, and Slit Trenches.  The CAMU has been designed as a “dry landfill,” meaning 
that the waste to be placed in the CAMU will not generate leachate.  This was 
demonstrated in the Waste Processing and Placement Plan (WPPP) (Geosyntec 2008).  
The WPPP has established, through laboratory and field testing, minimum placement 
requirements for the material such that leachate will not be generated from the waste 
materials being placed in the CAMU.  

Following rain events in February 2009, leachate was discovered in the Phase I and II 
LCRS sumps and liquid was detected in the Phase I vadose zone sump.  The Phase II 
vadose zone sump did not have any detectable liquid present.  Nevada Division of 
Environmental Protection (NDEP) has requested a Leachate Management Plan as a 
result of the discovery of leachate in the leachate collection and recovery system 
(LCRS) sump in Phases I and II and vadose zone monitoring sump in Phase I. 

At the time of this Plan completion, Phase I, II, and IIIB sumps have been constructed. 
This report will be amended following construction of the Phase V sumps.  The 
locations of the sumps are shown in Figure 1. 

2.1 Sump Construction 

Four LCRS sumps with underlying vadose zone monitoring sumps are designed for the 
BRC CAMU in Phases I, II, IIIB, and V.  The LCRS sumps have bottom dimensions of 
10 feet (ft) wide (W) by 10 ft long (L) by 2 ft deep (D) with 2:1 horizontal to vertical 
(H:V) side slopes (Figure 2). The underlying vadose zone sump is 4 ft W by 4 ft L at the 
bottom of the sump by 1.5 ft D with 2:1 H:V side slopes (Figure 2). 

The sumps are constructed, from bottom to top, with the following components: 

• Geosynthetic clay liner, CETCO Bentomat DN®; 
• 60 mil Agru MicrospikeTM High Density Polyethylene (HDPE) Geomembrane; 
• SKAPS 240 mil Geocomposite; 
• 1.5 ft Drainage Aggregate; 
• Geosynthetic clay liner, CETCO Bentomat DN®; 
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• 60 mil Agru MicrospikeTM HDPE Geomembrane; 
• SKAPS 240 mil Geocomposite; 
• 2 ft Drainage Aggregate; and 
• Filtration Geotextile. 

The sumps are accessed by a 12 inch (in.) diameter HDPE pipe and an 18 in. diameter 
HDPE pipe for the vadose zone and LCRS sump, respectively. The pipe layouts for 
Phases I through IIIB vadose zone and LCRS sumps are shown on Figures 3 through 5. 
The pipe layout for Phase V will be included following construction of the sumps. 
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3. MONITORING EQUIPMENT 

The sumps are equipped with a transducer, leachate pump, and associated control 
equipment. Manufacturer’s information is provided in Appendix A. 

3.1 Control Panels 

The LCRS and vadose zone pump and level sensor control panels are EPG Model No. 
L975PTG.  Each control panel will operate each pump independently via generator 
supplied power.  The control panel includes simulators, 2 flow meters, pump call light, 
voltage monitor and disconnect for 12 volt DC battery backup and 12 volt DC 
terminals.  The enclosure is NEMA 4 rated.  

3.2 Transducers 

Each LCRS and vadose zone sump contains an EPG LevelMasterTM pressure transducer 
calibrated to measure the depth of liquid in each sump.  The pressure transducers are 
installed in each sump with the sump pumps; however, they can monitor the depth of 
liquid in the sumps without the pump present.   

The transducers are suspended by polyurethane jacketed shielded cable with a 
polyethylene vent tube and Kevlar tension members. The cable has self-healing 
properties; in the event of damage to the cable, the water block feature just inside the 
jacket will self-seal. The depth reading of the transducer is accurate from 0 to 138.4 
inches (0 – 5 pounds per square inch [psi]) with built-in temperature compensation.  
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3.3 LCRS Sump Pumps 

The following table presents the pump information for each LCRS sump. 

Phase Model Motor Motor Lead  Level 
Sensor 
Lead  

Suspension Cable 

I WSDPT5-3, 
EPG 
SurePump 

¾ HP 230 
VAC 1 
phase 

14 AWG Jacketed 
(110 ft ) 

(110 ft) 1/8 inch cable with 
clamps (110 ft) 

II WSDPT5-3, 
EPG 
SurePump 

¾ HP 230 
VAC 1 
phase 

14 AWG Jacketed 
(120 ft ) 

(120 ft) 1/8 inch cable with 
clamps (120 ft) 

IIIB WSDPT5-3, 
EPG 
SurePump 

¾ HP 230 
VAC 1 
phase 

14 AWG Jacketed 
(70 ft ) 

(70 ft) 1/8 inch cable with 
clamps (70 ft) 

V WSDPT5-3, 
EPG 
SurePump 

¾ HP 230 
VAC 1 
phase 

14 AWG Jacketed 
(70 ft ) 

(70 ft) 1/8 inch cable with 
clamps (70 ft) 
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3.4 Vadose Zone Sump Pumps 

The following table presents the pump information for each vadose zone sump. 

Phase Model Motor Motor Lead  Level 
Sensor 
Lead  

Suspension Cable 

I WSDPT2-3, 
EPG 
SurePump 

½ HP 230 
VAC 1 
phase 

14 AWG 
Jacketed (110 ft ) 

(110 ft) 1/8 inch cable with 
clamps (110 ft) 

II WSDPT2-3, 
EPG 
SurePump 

½ HP 230 
VAC 1 
phase 

14 AWG 
Jacketed (120 ft ) 

(120 ft) 1/8 inch cable with 
clamps (120 ft) 

IIIB WSDPT2-3, 
EPG 
SurePump 

½ HP 230 
VAC 1 
phase 

14 AWG 
Jacketed (70 ft ) 

(70 ft) 1/8 inch cable with 
clamps (70 ft) 

V WSDPT2-3, 
EPG 
SurePump 

½ HP 230 
VAC 1 
phase 

14 AWG 
Jacketed (70 ft ) 

(70 ft) 1/8 inch cable with 
clamps (70 ft) 
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4. LEACHATE MONITORING 

4.1 Leachate Depth Monitoring 

Leachate depth monitoring in both the LCRS and vadose zone sumps will be performed 
by the Monitoring Contractor listed in Section 1.  Monitoring will be conducted as 
follows: 

LCRS Sumps 

Monitoring Frequency LCRS Leachate 
Accumulation Rate (gpd) 

Daily >480 
Every other day 320 – 480 
Twice weekly 135 – 320 

Weekly 30 – 135 
Monthly 0 – 30 
Quarterly 0 

 

Vadose Zone Sumps 

Monitoring Frequency Vadose Zone Leachate 
Accumulation Rate (gpd) 

Daily >90 
Every other day 60 – 90 
Twice weekly 25 – 60 

Weekly 5 – 25 
Monthly 0 – 5 
Quarterly 0 

 

Upon completion of three years of quarterly monitoring with results of 0 gpd, 
monitoring will be reduced to annual.  

Following 0.25-inch storm events, prior to cell closure, monitoring during quarterly and 
annual monitoring events will be conducted daily for 3 consecutive days after the event. 
If monitoring indicates a rise in leachate generation, monitoring will continue per 
frequency specified previously. For example, monthly while greater than 0 gpd and less 
than 30 gpd, weekly while greater than 30 gpd and less than 135 gpd, etc. If monitoring 
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indicates no rise in leachate generation, monitoring will return to the previous quarterly 
or annual monitoring. 

Monitoring will be performed by recording the depth indicated by the transducer on the 
digital read out screen for each sump.  The depth of the leachate will be recorded prior 
to and after leachate removal from each sump pumped.  

4.2 Sample Collection 

Following leachate depth monitoring, and before commencement of any pumping, 
liquid sample collection will be performed under the following conditions: 

• Both the LCRS and vadose zone monitoring sumps will be sampled if 
transducers indicate liquid in the vadose zone monitoring sump not previously 
present; 

• Both the LCRS and vadose zone monitoring sumps will be sampled if liquid 
levels in the vadose zone sump increase in depth by 1 inch or more from the 
previous monitoring event; and/or 

• The LCRS sump will be sampled monthly, if sufficient liquids are present to 
collect a sample, while LCRS monitoring is daily, weekly, or monthly. The 
LCRS sump will be sampled during each monitoring event, if sufficient liquids 
are present to collect a sample, while LCRS monitoring is quarterly or annually.  

If no change or decreasing liquid levels are recorded, no additional samples will be 
collected from the LCRS or vadose zone sumps.  All samples will be collected from the 
respective sample port located at the top of the sump riser pipe.  

If sample collection is required, the Monitoring Contractor will alert BRC.  BRC will be 
responsible for coordinating sample collection with the Environmental Consultant. 
Sample collection will be performed by the Environmental Consultant listed in Section 
1.  

4.2.1 Purge Volume 

Prior to sample collection, if liquid was previously pumped from the sump, the 
remaining liquid in the discharge piping will be purged. A sample will be collected after 
the following minimum volumes are removed from the pipes: 
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Sump Volume (gallons) 

Phase I Vadose 3.24 

Phase I LCRS 7.5 

Phase II Vadose 3.63 

Phase II LCRS 8.4 

Phase IIIB Vadose 1.66 

Phase IIIB LCRS 3.8 

 

If the volume of leachate or liquid required for sample collection is unavailable 
following the pipe purge, samples will not be collected.  

4.2.2 Analytical Testing 

The following analyses will be conducted on the leachate samples: 

1. Metals by EPA Method 6010B; 

2. Total Dissolved Solids by 2540C; 

3. Volatile Organic Compounds by EPA 8260B; 

4. Pesticides by EPA 8081A; and 

5. Other analytes as requested by NDEP.  It is noted that NDEP must provide 
sufficient advance notice to allow GES to acquire the proper sample containers. 

Specific analytes are included in Table 1.  Samples will be sent to a laboratory certified 
by the State of Nevada for analyses under chain-of-custody procedures. Results of 
analytical testing will be provided to NDEP during routine reporting as specified in 
Section 5. 
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4.3 Leachate Removal 

Following leachate sample collection, if applicable, the leachate removal from the 
LCRS sumps will be required if depth is recorded at greater than 36-inches. The vadose 
zone sump will be pumped if the depth is recorded at greater than 8-inches. NDEP will 
be notified when the depth is recorded at greater than 36-inches in the LCRS sump. 

Leachate will be removed by connecting permanent pumps to the generator provided by 
the Monitoring Contractor.  Pump will be activated manually and will automatically 
stop pumping when liquid levels fall to 8 inches. The pumped volume (gallons) of 
leachate will be recorded for each sump based on the pumped volume indicated by the 
respective inline flow meter. 

4.4 Leachate Disposal 

During continued CAMU construction and operation, leachate will be disposed of in 
accordance with the Monitoring Contractor’s Water Management Plan and the 
Technical Specifications.  Following CAMU closure, leachate will be disposed of off-
site in an appropriately permitted facility. 

4.5 Decontamination 

All equipment placed within the LCRS and/or vadose zone monitoring side slope riser 
pipes and sumps shall be decontaminated before placement and after removal.  The 
equipment will be washed in water with a non-phosphate detergent, rinsed with potable 
water, followed by a final rinse with distilled water. 
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5. REPORTING 

During each monitoring event, the Monitoring Contractor will document the following: 

• level of leachate in each sump before and after any required pumping; 
• document if samples are collected; and  
• record the volume of leachate pumped from each sump.   

The Monitoring Contractor will provide BRC with monitoring documentation no later 
than 1 day following the monitoring event via a cumulative spreadsheet that documents 
all historical monitoring performed.   

The Environmental Consultant will provide BRC with the sample collection field forms, 
chain-of-custody, and analytical data.  Sample collection field forms shall include the 
following at a minimum: 

• weather; 
• date/time; 
• leachate depth before sample collection; 
• purge volume; and 
• name of field personnel. 

NDEP reporting will be dependent on monitoring frequency. NDEP reporting will occur 
as follows: 

Reporting 
Frequency 

Monitoring Frequency LCRS Leachate 
Accumulation Rate (gpd) 

Weekly1 Daily >480 

Monthly Every other day 320 – 480 

Monthly Twice weekly 135 – 320 

Monthly Weekly 30 – 135 

Monthly Monthly 0 – 30 

Quarterly Quarterly 0 

Annually Annually 0 

Note: 1 – Weekly reporting will be conducted by summary email containing, at a 
minimum, leachate depths, historical leachate depths, volume(s) of leachate removed, 
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and total leachate removed. A monthly report will be provided which will include the 
weekly report information and a summary table of current and past analytical testing 
and laboratory results of current analytical testing. 

If liquid is detected in a previously dry vadose zone sump, NDEP will be notified within 
one day of the detection. Following the initial notification, vadose zone monitoring 
reporting will be as follows: 

Reporting 
Frequency 

Monitoring 
Frequency 

Vadose Zone Leachate 
Accumulation Rate (gpd) 

Weekly Daily >90 

Weekly Every other day 60 – 90 

Weekly Twice weekly 25 – 60 

Weekly Weekly 5 – 25 

Monthly Monthly 0 – 5 

Quarterly Quarterly 0 

Annually Annually 0 

 

NDEP reporting will include a summary of the monitoring event(s) that occurred since 
the previous report. The summary will include, at a minimum, leachate depths, 
historical leachate depths, volume(s) of leachate removed, total leachate removed, a 
summary table of current and past analytical testing, and laboratory results of current 
analytical testing.  

Samples will have expedited, or “rush” turnaround times, as necessary, so analytical 
reports are included in the report. 
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Table 1
Leachate Testing Analytes

BRC CAMU
Henderson, Nevada

Volatile Organic Compounds Pesticides

1,1,1,2‐Tetrachloroethane  4,4´‐DDD

1,1,1‐Trichloroethane  4,4´‐DDE

1,1,2,2‐Tetrachloroethane  4,4´‐DDT 

1,1,2‐Trichloroethane  Aldrin

1,1‐Dichloroethane  alpha‐BHC 

1,1‐Dichloroethene beta‐BHC 

1,1‐Dichloropropene Chlordane (Technical) 

1,2,3‐Trichlorobenzene delta‐BHC

1,2,3‐Trichloropropane Dieldrin

1,2,4‐Trichlorobenzene  Endosulfan I

1,2,4‐Trimethylbenzene  Endosulfan II 

1,2‐Dibromo‐3‐chloropropane (DBCP)  Endosulfan sulfate 

1,2‐Dibromoethane (EDB) Endrin

1,2‐Dichlorobenzene  Endrin aldehyde

1,2‐Dichloroethane gamma‐BHC (Lindane)

1,2‐Dichloropropane Heptachlor

1,3,5‐Trimethylbenzene  Heptachlor epoxide

1,3‐Dichlorobenzene  Methoxychlor 

1,3‐Dichloropropane  Mirex 

1,4‐Dichlorobenzene Toxaphene 

2,2‐Dichloropropane Metals

2‐Chlorotoluene  Antimony (Sb) 

4‐Chlorotoluene  Arsenic (As)

4‐Isopropyltoluene  Barium (Ba) 

Benzene  Beryllium (Be) 

Bromobenzene Cadmium (Cd)

Bromochloromethane Chromium (Cr)

Bromodichloromethane Cobalt (Co)

Bromoform Copper (Cu)

Bromomethane  Lead (Pb)

Carbon tetrachloride  Mercury (Hg) 

Chlorobenzene Molybdenum (Mo) 

Chloroethane Nickel (Ni) 

Chloroform  Selenium (Se)

Chloromethane  Silver (Ag) 

cis‐1,2‐Dichloroethene  Thallium (Tl) 

cis‐1,3‐Dichloropropene Vanadium (V) 

Dibromochloromethane Zinc (Zn) 

Dibromomethane Total Dissolved Solids

Dichlorodifluoromethane Solids, Total Dissolved (TDS)

Dichloromethane

Ethylbenzene

Hexachlorobutadiene

Isopropylbenzene 

m,p‐Xylene 

Methyl tert‐butyl ether (MTBE) 

Naphthalene

n‐Butylbenzene 

n‐Propylbenzene

o‐Xylene

sec‐Butylbenzene

Styrene

tert‐Butylbenzene 

Tetrachloroethene

Toluene 

trans‐1,2‐Dichloroethene 

trans‐1,3‐Dichloropropene

Trichloroethene

Trichlorofluoromethane 

Vinyl chloride 
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Phase I  
As-Built Control Panel Schematics 

 



















 
 
 
 
 
 
 

Phase I  
Installation Records 







































 
 
 
 
 
 
 
 

Phase I  
As-Built Control Panel Setup Parameters 

 



MikeC
Text Box
PHASE I

MikeC
Line

MikeC
Text Box
20"

MikeC
Text Box
7"

MikeC
Line

MikeC
Line

MikeC
Text Box
36.1"



MikeC
Text Box
PHASE I

MikeC
Text Box
17"

MikeC
Line

MikeC
Line

MikeC
Line

MikeC
Text Box
7"

MikeC
Text Box
4"

MikeC
Text Box
-32.6

MikeC
Line



 
 
 
 
 
 
 
 

Phase I 
As-Built Pump Installation Cross Sections 

 



PHASE I LCRS SUMP PUMP INSTALLATION

ITEM LENGTH (FT) NOT TO SCALE

A 2.6

B 1.1

C 80.3

D 1.1

E 2.4
F 0.4EPG FITTING "T"

WSDPT5‐3 PUMP (S/N 2009‐3131)

FLOW METER

DESCRIPTION

CONNECTIONS/FITTINGS/TRANSITIONS

1.5" DISCHARGE LINE

CONNECTIONS/FITTINGS/TRANSITIONS



PHASE I VADOSE SUMP PUMP INSTALLATION

ITEM LENGTH (FT) NOT TO SCALE

A 2.5

B 1.1

C 77.7

D 0.7

E 1.7
F 0.3EPG FITTING "T"

WSDPT2‐3 PUMP (S/N 2009‐3109)

FLOW METER

DESCRIPTION

CONNECTIONS/FITTINGS/TRANSITIONS

1.0" DISCHARGE LINE

CONNECTIONS/FITTINGS/TRANSITIONS
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As-Built Photos 
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Phase II  
Engineer's Specification 
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Phase II  
As-Built Control Panel Schematics 

 



















 
 
 
 
 
 
 

Phase II 
Installation Records 







































 
 
 
 
 
 
 
 

Phase II 
As-Built Control Panel Setup Parameters 
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Phase II 
As-Built Pump Installation Cross Sections 

 



PHASE II LCRS SUMP PUMP INSTALLATION

ITEM LENGTH (FT) NOT TO SCALE

A 2.6

B 0.4

C 92.6

D 0.6

E 2.3
F 0.4EPG FITTING "T"

WSDPT5‐3 PUMP (S/N 2009‐3134)

FLOW METER

DESCRIPTION

CONNECTIONS/FITTINGS/TRANSITIONS

1.5" DISCHARGE LINE

CONNECTIONS/FITTINGS/TRANSITIONS



PHASE II VADOSE SUMP PUMP INSTALLATION

ITEM LENGTH (FT) NOT TO SCALE

A 2.6

B 0.6

C 88.8

D 0.8

E 2.5
F 0.3EPG FITTING "T"

WSDPT2‐3 PUMP (S/N 2009‐3140)

FLOW METER

DESCRIPTION

CONNECTIONS/FITTINGS/TRANSITIONS

1.0" DISCHARGE LINE

CONNECTIONS/FITTINGS/TRANSITIONS
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As-Built Photos 
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Phase IIIB  
Engineer's Specification 



MikeC
Text Box
PHASE IIIB LCRS

MikeC
Line

MikeC
Text Box
1







MikeC
Text Box
PHASE IIIB VADOSE

MikeC
Text Box
1

MikeC
Line







 
 
 
 
 
 
 
 

Phase IIIB  
As-Built Control Panel Schematics 

 



















 
 
 
 
 
 
 

Phase IIIB 
Installation Records 







































 
 
 
 
 
 
 
 

Phase IIIB 
As-Built Control Panel Setup Parameters 
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Phase IIIB 
As-Built Pump Installation Cross Sections 

 



PHASE IIIB LCRS SUMP PUMP INSTALLATION

ITEM LENGTH (FT) NOT TO SCALE

A 2.7

B 0.8

C 36.8

D 0.7

E 2.2
F 0.4EPG FITTING "T"

WSDPT5‐3 PUMP (S/N 2009‐3132)

FLOW METER

DESCRIPTION

CONNECTIONS/FITTINGS/TRANSITIONS

1.5" DISCHARGE LINE

CONNECTIONS/FITTINGS/TRANSITIONS



PHASE IIIB VADOSE SUMP PUMP INSTALLATION

ITEM LENGTH (FT) NOT TO SCALE

A 2.6

B 1.1

C 37.4

D 0.5

E 1.9
F 0.3EPG FITTING "T"

WSDPT2‐3 PUMP (S/N 2009‐3136)

FLOW METER

DESCRIPTION
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Phase IIIB 
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Engineer's Specification 
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Phase V  
As-Built Control Panel Schematics 

 



















 
 
 
 
 
 
 

Phase V 
Installation Records 







































 
 
 
 
 
 
 
 

Phase V 
As-Built Control Panel Setup Parameters 
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Phase V 
As-Built Pump Installation Cross Sections 

 



PHASE V LCRS SUMP PUMP INSTALLATION

ITEM LENGTH (FT) NOT TO SCALE

A 2.7

B 1.2

C 41.3

D 0.6

E 2.2
F 0.4EPG FITTING "T"

WSDPT5‐3 PUMP (S/N 2009‐3133)
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PHASE V VADOSE SUMP PUMP INSTALLATION

ITEM LENGTH (FT) NOT TO SCALE

A 2.5

B 1.2
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D 0.5

E 1.5
F 0.3EPG FITTING "T"

WSDPT2‐3 PUMP (S/N 2009‐3100)
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Phase V 
As-Built Photos 
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Installation / O&M Instructions 
 









































































































 
 
 
 
 
 
 
 

Pump Operation Standard Operating Procedures 
 



Pump Operation Standard Operating Procedure 
 

 
 

1. Evaluate current leachate levels by referencing the appropriate level sensor 
meters. 

2. If there is sufficient leachate present in the sump in accordance with the Pump 
System Control Panel parameters specified in this plan, then proceed to the 
following steps. 

3. Securely connect discharge hose to the riser outlet and to the water truck. 
4. Temporarily turn off the Control Panel Main Power Switch and connect Control 

Panel plug into 230VAC 1 Phase compatible generator. 
5. Start Generator. 
6. Turn back on Control Panel Main Power Switch.  
7. Note current Flow Meter value or press clear to start with 0 gal. 
8. Turn pump switch to "Auto"...the pump is now activated and you should see the 

flow meter total gallons pumped and flow rate readings update. 
9. Flow rates should be in general accordance with design specifications...If not, 

straighten out discharge line to ensure unhindered flow. 
10. Pump will remain on until minimum draw down parameters are met, as specified 

in this plan. 
11. Once the draw down parameters are met, the pump will turn off. 
12. Turn pump switch to off position (middle position between "Hand" and "Auto"). 
13. Note gallons pumped. 
14. Temporarily turn off Control Panel Main Power Switch and turn off generator. 
15. Turn back on Control Panel Main Power Switch and ensure level sensor meter is 

on. 
16. Carefully disconnect discharge line from riser.  
17. Carefully dispense of excess leachate within the hose into a 5 gallon bucket. 
18. Dispose of leachate within the 5 gallon bucket into the water truck. 
19. Carefully disconnect discharge line from water truck and repeat steps 17 and 18 

above. 
 
 

Other points of consideration when operating system 
 

1. If you have to remove the pump from the riser for maintenance, you must utilize 
the pumps 1/8" stainless steel suspension cable (DO NOT PULL ON THE 
DISCHARGE LINE COMPONENTS). 

2. As you remove the pump from the riser, you must 1st remove the flow meter and 
then clip the zip ties that connect the motor and level sensor leads to the discharge 
line...once you see the blue vent valve, you can stop cutting the zip ties and pull 
the pump out. 

3. Place pump on a garbage bag to prevent dirt from entering the pump inlet. 



4. When you are ready to insert the pump components back into the riser, lower the 
pump SLOWLY and replace the zip ties removed during extraction. 

 



 
 

  
 

 

 

Attachment AA 
Geosyntec Letter 

Regarding Invenergy 
Design 

Basic Remediation Company (BRC) 
Corrective Action Management Unit (CAMU) 

Henderson, Nevada 
 



10875 Rancho Bernardo Road, Suite 200 
San Diego, California 92127 

PH 858.674.6559 
FAX 858.674.6586 

www.geosyntec.com 

Invenergy.ltr.080911.doc 
 

9 August 2011 

Lee C. Farris, P.E. 
Vice President 
Basic Remediation Company 
875 West Warm Springs Road 
Henderson, Nevada 89015 
 
Subject: CAMU/BMI Landfill Surface Use Photovoltaic Project 

Invenergy Solar Development 
Henderson, Nevada 

Dear Mr. Farris: 

In accordance with your request, Geosyntec Consultants (Geosyntec) is pleased to submit to 
Basic Remediation Company (BRC) the following comments regarding the subject report, 
prepared by Invenergy Solar Development LLC dated 27 July 2011.   

1. Based on the weight information provided, the ground pressure is approximately 351 psf 
or 2.43 psi.  The loading is less than the loads used in the design (10.1 psi at the top of the 
geosynthetic liner system) of the final cover system.  Therefore, the proposed loading 
should not adversely impact the performance of the cover system geomembrane barrier.  

2. Based on the weight information provided, the additional loading is insignificant and 
should not affect global stability of the CAMU. 

3. Panel locations are not proposed on the side slopes, therefore veneer stability should not 
be affected.   

4. No wind loading was provided, but there may be an increase in the bearing pressure from 
eccentric loading associated with wind.  However, as long as the total loading is less than 
10.1 psi at the top of the geosynthetic liner system, the cover system should not be 
adversely affected.   

5. The panels are shown in the “open” areas of BMI North and Phase V and the figures 
don’t reflect the revised Phase V grading. 
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6. Trenching will need to be monitored and the installer will need to be aware of the 
potential repair requirements if the geosynthetic materials are damaged. 

7. Based on the cover system design calculations, traffic loads on the cover system should 
be limited to a loading that does not exceed 10.1 psi at the top of the geosynthetic liner 
system. 

If you have any questions or require additional information, please contact me at (858) 674-6559. 
 

Sincerely, 

 
Gregory T. Corcoran, P.E. 
Principal 

 



 
 

  
 

 

 

Attachment AB 
Future Solar Partner 

Design Documents 
[Reserved] 

Basic Remediation Company (BRC) 
Corrective Action Management Unit (CAMU) 

Henderson, Nevada 
 
 



 
 

  
 

 

 

Attachment AC 
Responses to Interim 

CAMU Design Review  
Basic Remediation Company (BRC) 

Corrective Action Management Unit (CAMU) 
Henderson, Nevada 
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23 January 2008 

 
Mr. Brian Rakvica, P.E. 
Nevada Division of Environmental Protection 
Bureau of Corrective Actions 
2030 E. Flamingo Road, Suite 230 
Las Vegas, NV 89119 
 
Subject: Response to Interim CAMU Design Review Report No. 2 

BMI Industrial Complex Remediation Design Review 
Henderson, Nevada 
Geosyntec Project:  SC0313 

 
Dear Mr. Rakvica: 

On behalf of Basic Remediation Company (BRC), Geosyntec Consultants (Geosyntec) 
hereby responds to the 14 January 2008 letter written by Applied Soil Water Technologies, 
LLC (ASW) to Nevada Department of Environmental Protection (NDEP) regarding the 
Interim CAMU Design Review.  The ASW review focused on the following aspects of the 
CAMU design: 

• Geotextile Separation/Filtration Review; 
• Geocomposite Equivalency; 
• HELP Model Results; 
• Sump Capacity; 
• Vadose Zone Monitoring; and 
• Grading Plan. 

For ease of review, the ASW’s discussion will be repeated in italics with Geosyntec’s 
response following. 
 
Geotextile Separation/Filtration Review 

 
Discussion 

The design calculations entail three functions, separation, water permittivity and 
filtration. 

 
We generally agree with the approach and conclusions associated with permittivity 
and filtration.  However we have the following comments; 

• The calculations were based on the assumption that the operations layer 
would be two-feet thick and comprised of “…on-site material, which has been 
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classified as silty sand to well-graded sand (SM, SM-SW according to the 
Unified Soil Classification System…”.  Laboratory hydraulic conductivity data 
from work performed by Converse Consultants presented in their 1999 report 
was used in the calculations. 

 
• The current specifications indicate that the operations layer will be comprised 

of soils derived from East Side Area and Western Ditch Materials as indicated 
in the Technical Specification.  These materials are described in the 
Technical Specifications, Section 02205.  It is not clear if these materials are 
consistent with the assumptions used in the calculations, specifically; 

o With respect to filtration, the finest soil criteria was used to select the 
minimum AOS sieve size so it should not be impacted by a difference 
in soil type, however, it should be acknowledged during construction, 

 
The retention portion of the filtration calculation was conservatively based on non-dispersive 
clay soil, which is not indicative of soils found on site, while the permittivity portion of the 
calculation was conservatively based on a higher hydraulic conductivity soil.  Soil from the 
Western Ditch will likely be used for operations layer for a majority of the project and is 
generally a well graded to silty sand material that meets with the design intent.  Soils 
excavated from the Eastside Area will entail silts (represented in GES investigation of silts 
and sludge materials from Eastside Area) and underlying sandy silt materials that will be 
mixed during the excavation process (silts are generally thin deposits that will be removed in 
the total 4 foot thickness of silt and soil mixture) that meets the design intent.  Although we 
agree that the text of the calculation package indicates well graded and silty sand materials 
will be used, the assumptions in the calculation are sufficiently conservative to allow for 
finer grained materials to be used as operations layer.   

o The hydraulic conductivity used in the calculations, 1.2 x 10-3 
centimeters per second (cm/sec) is most likely conservatively high, 
however, this should be verified during construction.  If soils with a 
higher hydraulic conductivity are encountered they should not be 
placed in the operations layer. 

 
We agree with the factors of safety used in the required permittivity calculations. 

 
Based on our understanding of the soil materials available for use on-site (native or waste 
materials), clean sands or gravels are not available for use as operations layer and agree that 
the assumed hydraulic conductivity is conservative.  Therefore, we do not believe that 
hydraulic conductivity testing during construction is warranted.  

With respect to separation and related durability of the geotextile we have the 
following comments; 

• In specifying the required mechanical properties of the geotextile the 
“…mechanical properties of geotextiles used in applications requiring 
moderate survivability…” were used.  In our opinion, at minimum the 
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requirements for a geotextile requiring “high survivability” should be used in 
reference to AASHTO Task Force 25 recommendations used in the 
calculations. 

 
The required degree of survivability is based on the subgrade conditions and the construction 
equipment.  Based on the subgrade preparation requirements outlined in the Technical 
Specifications Section 02200, performance of construction quality assurance, and the 
limitation of equipment ground pressure on soils overlying the geotextile, moderate 
survivability geotextile is adequate (Koerner, 1998).  

 
Project Specifications 

• The mechanical material properties referenced in the calculation package 
include; 

o Grab Strength    ≥ 130 lb. 
o Puncture Strength   ≥ 40 lb 
o Mullen Burst    ≥ 210 lb 
o Trapezoidal Tear   ≥ 40 lb 
o Ultraviolet Strength Retention  ≥70% 

 
• The project mechanical specifications require; 

o Grab Strength    ≥ 190 lb 
o Puncture Strength   ≥110 lb 

 
The designer should justify the omission of at least mullen burst and 
trapezoidal tear from the project specifications or they should be included.   
 

Mullen burst and trapezoidal tear properties have been added to the Technical Specifications.  

The designer should also verify that the test methods used to develop the 
AASHTO Task 25 values are the same test methods used in the project 
specifications. 
 

AASHTO Task 25 values were obtained with the following ASTM test methods: 

 ASTM D4632 – Standard Test Method for Breaking Load and Elongation of Geotextile 
(Grab Method) 

 ASTM D4533 – Standard Test Method for Trapezoid Tearing Strength of Geotextile 

 ASTM D4833 – Standard Test Method for Index Puncture Resistance of Geotextile, 
Geomembranes, and Related Products 

These methods are the same methods identified for testing geotextile in Section 02771 of the 
Technical Specifications. 
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• The permittivity requirement from the calculation package is; 

o ≥ 0.57 sec-1 
 

• The project permittivity specification is; 
o ≥0.6 l/sec 

 
The designer should verify that the permittivity value specified in the project’s 
technical specifications meets the minimum required in the calculation 
package. 

 
The project specification for permittivity of the filter geotextile is specified as 0.6 sec-1, 
which greater than the permittivity requirement from the calculation package.  

• The project’s technical specifications do not specify the polymer that the 
geotextile shall be manufactured from.  The designer should specify a 
polymer or polymers that are compatible with the waste. 

 
Due to pricing, non-woven geotextiles used in the construction industry that are available in 
the United States are manufactured using polypropylene.  Non-woven geotextiles 
manufactured from other polymers, which meet the requirements of the Technical 
Specifications, would be acceptable for use on this project. 

 
Geocomposite Equivalency Review 

 
Discussion
We agree with the calculation method as proposed by Koerner (1994) and, when using the 
same criteria, arrived at the same result.  
 

Equivalency Partial Factors of Safety 
According to the calculation method four partial factors of safety are accounted for in 
determining equivalency.  These factors of safety include, the factor of safety due to 
intrusion of the adjacent geotextile into the core of the geonet (FSIN), the factor of 
safety for creep deformation of the geonet (FSCR), the factor of safety against 
chemical clogging of the geonet (FSCC), and the factor of safety against biological 
clogging of the geonet (FSBC). 
 
The partial factors of safety used for the equivalency calculation for this project are 
as follows: FSIN = 1.0, FSCR = 2.0, FSCC = 1.0 and FSBC =1.0.  According to the 
design method, the recommended range of partial factors of safety at 1.5 to 2.0 
times the maximum anticipated stress on the geocomposite are FSIN = 1.5 to 2.0, 
FSCR = 1.4 to 2.0, FSCC = 1.5 to 2.0 and FSBC =1.5 to 2.0.   
 
It was noted in the design calculations package that the lower factors of safety used 
were due to factors of safety being accounted for in other related calculations and/or 
during the anticipated testing of the drainage composite.  ASW is requesting for 
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clarification on how the redundant factors of safety were applied in the equivalency 
calculations. 
 

The transmissivity testing outlined in the Technical Specifications requires the use of 
operations layer soil and a loading of 24 hours, which will effectively model the intrusion of 
the geotextile into the geonet and therefore the factor of safety was selected as 1.0.  The 
factor of safety for creep was maximized to be conservative.  The factor of safety for 
chemical clogging was selected to be 1.0 based on the waste material characterized in the 
RAP.  The waste material will be blended and dried so they are placed at below optimum 
moisture content, minimizing the generation of leachate and therefore limit the mobilization 
of soluble materials that could precipitate out of solution in the geocomposite.  The factor of 
safety for biological clogging was selected to be 1.0 as the waste material does not contain 
biodegradable materials that would provide a source of food for biological growth.  
Furthermore, the geotextile filtration calculation accounts for partial factor of safety values 
for clogging.   

Hydraulic Gradient
The hydraulic gradient used in the flow rate calculation in evaluating a prescriptive 
aggregate drainage layer was i= 0.02 (minimum slope of base liner system).  In the 
calculation package a hand correction was made changing the hydraulic gradient 
from 0.02 to 0.10.  ASW is requesting that support be provided for this correction. 
 

The hydraulic gradient in the calculation package was changed from 0.02 to 0.10 to facilitate 
laboratory testing. The minimum, realistic hydraulic gradient achievable in a lab setting is 
typically 0.10. In addition, because hydraulic gradient is inversely proportional to 
transmissivity, this generates a more conservative value. 

Maximum Stress 
In the calculation package an anticipated maximum height of the waste fill is 
expected to be 60-feet.  According to our review of the construction drawings the 
anticipated height of the waste fill including the final cover system is anticipated to be 
between 75-feet to 90-feet in the Phase I and Phase II portion of the facility. 
 

The maximum height will be between 75 feet and 90 feet in Phases I and II.  The calculation 
has been revised and is included as an attachment to this letter. 

Project Specifications
For the base liner system the project’s technical specifications require that the 
normal load applied to the system during transmissivity testing is only 7,000 psf.  The 
normal load required in the technical specifications should be consistent with the 
design calculations. 
 

The Technical Specifications have been updated to reflect a normal stress of 12,000 psf. 
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HELP Model Results 
A review of the Hydrologic Evaluation of Landfill Performance (HELP) model results was 
performed.   
 

Discussion      
Due to the overall intent of the design, to minimize the infiltration of water into the 
CAMU facility upon completion of construction, we are in agreement that the 
modeling should be performed to accommodate liquid introduced to the area within 
containment during construction activities to provide a worst case scenario event.  
However, it is our opinion that that the HELP model might not present the best 
interpretation of a high intensity short duration storm event that is typical of the 
project area.  Especially since the evaluated area is in containment and any surface 
runoff would eventually report to the LCRS.  Additionally the HELP model accounts 
for evaporation and evapotranspiration which would also provide less conservative 
results.    

 
Geosyntec agrees that runoff should not be accounted for in the HELP modeling.  However, 
the pipe size does not need to be increased since the runoff will occur over the operations 
layer to the sump where it will permeate through the operations layer into the sump and 
therefore never travel in the piping.  The current model presented in the RAP accounts for no 
evapotranspiration with a leaf area index set to 0.  Evaporation in the model is set to 18 
inches, which is considered conservative for the project area.   

It should also be noted that according to the design report, the 25 year 24 hour storm 
event is anticipated to generate 2.3-inches of precipitation. 

 
The HELP modeling was evaluated over a 20 year period using a worst case condition of the 
first shovel full of waste having been placed in the lined area (HELP model was set up with 
no waste).  The modeling resulted in a peak daily rain event of 1.83 inches.  As the waste 
placement in the cells will occur over a short period of time (greater than 5,000 CY per day 
waste placement is anticipated), it is highly unlikely that the cell will be fully exposed to a 
rain event of this magnitude without having waste placement well underway.   

 
Sump Capacity 
A review of the sump capacity was performed.   
 

Discussion 
 
 Sump Volumes 

Regarding the peak daily flows for the sumps evaluated, it is unclear as to what 
values were used to calculate those volumes.  ASW is requesting that the variables 
for the sump calculations be presented for clarification. 
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The average daily values used in the sump sizing calculations were based on the average 
annual totals (average annual total/365 days/year).  The following table presents the sump 
calculation values: 

Location 

Average Yearly 
Drainage 
Collected (cu. 
ft.) Area (acre) 

Annual 
Total 
(cu.ft.) 

Average 
Daily 
Value (cu. 
ft.) Sump 

Unit 1 3244 3.34 10835.0 29.7 1 
Unit 2 1817 5.98 10865.7 29.8 1 
Unit 3 1655 10.9 18039.5 49.4 2 
Unit 4 1818 11.9 21634.2 59.3 2 
Unit 5 1770 13.3 23541.0 64.5 3 
Unit A 14113 2.84 40080.9 109.8 1 
Unit B 14115 3.15 44462.3 121.8 2 

 

Therefore the totals for Sumps 1, 2, and 3 are as follows: 

Sump 1 = 29.7 ft3 + 29.8 ft3 + 110 ft3 = 169 ft3 

Sump 2 = 49.4 ft3 + 59.3 ft3 + 122 ft3 = 231 ft3

Sump 3 = 64.5 ft3 = 65 ft3 

The three sumps have since been split into four sumps, with sump 2 now becoming two 
different sumps.  This provides for a conservative sump sizing as sump 2 was used to 
calculate the size of all of the sumps in the calculation package.  When runoff is included in 
these values, the sump designs are still conservative with the following values: 

 

Average Yearly 
Drainage 
Collected (cu. ft.) 

Average Yearly 
Runoff Collected 
(cu. ft.) 

Area 
(acre) 

Annual 
Total 
(cu.ft.) 

Average Daily 
Value (cu. ft.) Sump 

Unit 1 3244 19 3.34 10898.4 29.9 1 
Unit 2 1817 17 5.98 10967.3 30.0 1 
Unit 3 1655 13 10.9 18181.2 49.8 2 
Unit 4 1818 16 11.9 21824.6 59.8 2 
Unit 5 1770 15 13.3 23740.5 65.0 3 
Unit A 14113 18 2.84 40132.0 110.0 1 
Unit B 14115 19 3.15 44522.1 122.0 2 

 

The totals for sumps 1, 2, and 3 with runoff included are 169 ft3, 231 ft3, and 65 ft3, 
respectively.  

 Maximum Head on Liner System 
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The leachate storage calculation in the drainage layer allows for the leachate pool to 
extend approximately 50 feet from the sump while allowing a maximum head of 1 
foot on the liner system.  Therefore there will be a minimum of 2 feet of head on top 
of the liner system in the sumps.  We do understand that a vadose zone monitoring 
system will be installed beneath the sumps.  However, we recommend that the 
technical specifications outline the importance for the contractor to remove water 
from the sumps in a timely fashion minimize the head on the liner in and around the 
sump locations.     
 
The operations manual and monitoring requirements should also emphasize this 
point. 
 

Section 01500, Part 1.24.A.5 of the technical specifications requires the contractor to not 
allow the liquid level in the sump to exceed 3 feet (2 foot deep sump plus 1 foot depth over 
lined area adjacent to sump).   

 Sump Locations 
It should also be noted that according to the construction drawings there will be a 
total of four sumps installed within the CAMU facility whereas the sump calculations 
considered three different sump locations. 
 

The additional sump has divided two previous areas flowing into one sump. Since the sumps 
have all been sized the same to account for the largest amount of leachate collected, the new 
sump is conservatively large. 

Vadose Zone Monitoring System 
A review of the vadose monitoring system was performed. 
 

According to the construction drawings sheet No. 36 of 45, Details-LCRS, details are 
not provided for the vadose zone monitoring pipe installation and associated 
components.  It is not clear in the drawings whether there is secondary containment 
provided beneath the collection pipe.  If a resistive barrier is intended beneath the 
vadose zone monitoring collection pipe then details should be provided. 

 
The vadose zone monitoring sump is to be lined with 60 mil HDPE geomembrane.   

Grading Plan 
A review of the grading plan presented in the construction drawings was performed. 
 
Discussion

The grading plan at the base of the landfill appears to be adequate based on the 
major design premise that there will be minimal leachate generation. 
 
During construction and prior to completion of the final cover there is the potential for 
water to be collected at various portions of the facility and pool (e.g. the south side of 
Phase 1 prior to completion of Phase 2).  It is our opinion that a design storm should 
be agreed on that will need to be accounted for during construction and during the 
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29 January 2008 
 
 
Mr. Brian Rakvica, P.E. 
Nevada Division of Environmental Protection 
Bureau of Corrective Actions 
2030 E. Flamingo Road, Suite 230 
Las Vegas, NV 89119 
 

Subject: Response to Interim CAMU Design Review Report No. 3 
BMI Industrial Complex Remediation Design Review 
Henderson, Nevada 
Geosyntec Project:  SC0313 

 
 
Dear Mr. Rakvica, 
 
On behalf of Basic Remediation Company (BRC), Geosyntec Consultants (Geosyntec) hereby 
responds to the 22 January 2008 letter written by Applied Soil Water Technologies, LLC (ASW) 
to Nevada Department of Environmental Protection (NDEP) regarding the Interim CAMU 
Design Review.  The ASW review focused on the following aspects of the CAMU design: 

• Earthworks; 
• Fills; 
• Waste Placement Plan; 
• Interim Cover Specifications; 
• Technical Specifications; 
• Construction Quality Assurance (CQA) Plan; and 
• Design Drawings. 

For ease of review, the ASW’s discussion will be repeated in italics with Geosyntec’s response 
following. 
 
Earthworks, Fills 
A review of the earthworks, pertaining to fill material, was performed. 
 
Documents Reviewed 
Technical Specifications for the BRC East Side Common Area Soils Remediation, Henderson, 
Nevada, October 2007 
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Discussion 
Waste placement in the CAMU during construction is critical in supporting the overall design 
premise to minimize the production of leachate within the facility.  This includes the placement of 
the 2-foot-thick operations layer overlain by the 4-foot-thick compacted contaminated material 
to be placed before the introduction of Silt Trench Contaminated material. 
 
Operations Layer 

 According to the technical specifications, the operations layer will consist of Eastside 
Area or Western Ditch materials meeting the specification of Engineered fill.  Additional 
placement specifications include minimum top surface grade, moisture conditioning, and 
compaction.  The Eastside Geotech Sampling Report, dated 1 October 2007, prepared by 
GES for Basic Remediation Company, presents various soils material testing results of 
samples obtained during the field exploration.  Moisture contents well above the 
laboratory determined optimum moisture, as determined by ASTM D1557, were reported 
for the Eastside Area soils.  Therefore, the handling and processing of these soils in 
preparation of placement of the operations layer is a critical path item.  The technical 
specifications do address these components in various sections of the specifications. Due 
to the critical nature of this facility component, it is our opinion that a summary be 
presented in a single location that outlines the critical path items associated with 
material selection, processing and placement of the operations layer.   
 

 Compacted Contaminated Material Overlying Operations Layer 
 Based on our review of the current version of the technical specifications, it is not clear 
how the compacted contaminated material will be placed.  It is our understanding that an 
updated version of the specification, regarding the placement of 4-feet of waste material 
overlying the operations layer prior to placement of Slit Trench waste materials, will be 
provided by Geosyntec with the response to Interim Report #2.  

 
Section 02205.3.11 of the Technical Specifications details soil-like material placement within the 
CAMU.  

 
Slit Trench Backfill 
According to the technical specifications Section 02200.3.08.B, Soil used for the Slit 
Trench Backfill shall be on-site materials meeting the requirements of Subpart 2.01,  Slit 
Trench Backfill shall consist of “…earthen materials excavated from the slit trenches that 
are separated and earthen materials adjacent to the slit trenches.”  Section 02205.2.01.B 
states that the Slit Trench Cover Soil is to be composed of clean soil materials.  ASW 
suggests that clarification be made in Section 02200 that the Slit Trench Backfill be clean 
or non-contaminated materials for consistency. 

 
All impacted slit trench materials are to be excavated, to the maximum extent possible.  Given 
that, NDEP agreed that the adjacent soils can be used as backfill within the slit trench excavation 
since the area was being capped by both the base liner and final cover systems of the CAMU.  
Therefore, the qualifier “clean” in Section 02200.3.08.B has been removed.   
 



Mr. Rakvica, P.E. 
29 January 2008 
Page 3 
 

SC0313.RTCNDEP3.20080129.d.ltr.doc 
 

Waste (Material) Placement 
A review of the material placement specifications for the CAMU was performed. 
  
Documents Reviewed 
Technical Specifications for the BRC East Side Common Area Soils Remediation, Henderson, 
Nevada, October 2007 

 
Discussion 
As previously noted, the placement of the various material components in the CAMU is critical 
to the overall design.  The various material specifications regarding type, moisture conditioning 
and placement are provided within the technical specifications.  However, due to the critical 
nature of these construction components we recommend that references be included, within the 
subpart 2.01 of Section 02205, that direct the reader to the critical components associated with 
waste material specifications.   
 
As mentioned in other areas of this report, liner system separation distances, both side slope and 
base liner, are not clear.  Clarification should be made, perhaps in the form of a table or figure. 
 
A table has been added to clarify the issue of waste placement separation distances.   
 
Interim Cover 
A review of the interim cover specifications for the CAMU was performed. 
  
Documents Reviewed 
Technical Specifications for the BRC East Side Common Area Soils Remediation, Henderson, 
Nevada, October 2007 

 
Discussion 
Upon review of the Interim Cover specifications, provision should be provided for wind ballast 
for the standard 6 mil visqueen required to cover interim slopes between phases.   
 
The following has been added to Section 02205.3.08.B: “The visqueen shall be nailed and/or 
sufficiently weighted to prevent wind uplift.” 
 
Section 02205.3.06.d specifies an interim cover placement compaction specification of 85% 
(minimum) of ASTM D1557 maximum dry density.  Due to the fact that a minimum of 1-foot of 
interim cover is specified to be placed beneath the entire final cover, the designer should justify 
the adequacy of the lower than typical compaction requirement. 
 
The compaction specification has been changed to 90%.    
 
Technical Specifications 
A review of the technical specifications was performed. 
 
Documents Reviewed 
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Technical Specifications for the BRC East Side Common Area Soils Remediation, Henderson, 
Nevada, October 2007  

 
Discussion 
The following comments were made regarding certain sections of the technical specifications. 

SECTION 01010 - SUMMARY OF WORK 

 1.02  A.  …final CAMU cover system and associated storm water management  
 features will be held as Option Scope… 

Is this correct that the final cover may not be constructed under this contract? 

This statement occurs in numerous sections in the Technical Specifications.  
Please clarify. 

The final cover and associated storm water features will be held as option scope for this contract. 
A cover will be placed over the CAMU; however, a different contractor may be contracted to 
build it. 

 
  B.2.a. Regarding placement of interim cover 

Listed as Option Scope; is this correct that placement of interim cover may 
not be a part of this contract?  It is described as being placed at the end of 
each day of waste placement under certain circumstances.  Please clarify. 

 
Through addendums with bidders and subsequent revisions of the Technical Specifications and 
bid package, the interim cover is now a bid item with the base bid package.  It will be measured 
by in-place cubic yards and will be the responsibility of the Contractor to place during waste 
placement. 

SECTION 01050 - FIELD ENGINEERING 

 3.01 A. 9.  Consider destructive seam sample locations be incorporated on As-
built drawings also. 

Each destructive seam sample will be repaired and as such documented on the as-built drawing.   

SECTION 01500 - CONSTRUCTION FACILITIES 

 1.24 A. 5. Monitor leachate levels within the sumps and at no time allow levels 
 within sump to exceed 3 feet in depth  

Need to specify where the depth is measure from, i.e. the top of the geomembrane. 

Section 01500.1.24.A.5 has been revised to state: “Monitor leachate levels within the sumps and 
at no time allow levels within sumps to exceed 3 feet in depth as measured from the top of the 
geomembrane.” 
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SECTION 02200 - EARTHWORK 

 1.04 C.  Regarding; “…laboratory test data for cover soils demonstrating shear 
strength cohesion”  

Need to provide more detailed requirements, i.e. testing parameters and required 
values. 

Section 02200.1.04.C has been revised to include “Shear strength tests shall be conducted at 90% 
maximum dry density.”  

Required shear strength values are not necessary because they will not be criteria for acceptance 
or rejection of cover soil materials. It is for informational purposes to be included with the CQA 
report. 

 2.01 B.  Regarding remolded shear strength requirements; 

Need to provide test method, normal loads, saturated conditions if 
applicable and frequency. 

Section 02200.2.01.B has been revised to state “Cover soil shall have a remolded minimum shear 
strength of 32 degrees and 500 psf cohesion at 90% compaction, based on Modified Proctor, at 
optimum moisture content, as measured by ASTM D3080.” 

Please note that suggested changes are provided below and can be identified by the underlining. 

 

 3.06 B.  Stockpiles shall be sealed by tracking parallel perpendicular? to 
slope…Please clarify. 

 

Section 02200.3.06.B has been revised to state “Stockpiles shall be sealed by tracking parallel 
with the direction of the slope”.   

 

 3.08 E.  compaction specification should have moisture specification as well as 
 density 

Section 02200.3.08.E. has been revised to state “the Contractor shall compact each lift to at least 
90 percent of its modified Proctor maximum dry density (ASTM D 1557) at a moisture content 
between -4% and +4% of the optimum moisture content for the soil. 

 3.10 A.  place only when ... and approved by construction manager 

Section 02200.3.10.A has been revised to include the suggested change. 

 
  D.  This seems to indicate that only the top of the top lift will be 

 compacted.  Is this correct?  Please clarify. 
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Section 02200.3.10.D. has been revised to state “the Contractor shall compact each lift of final 
cover soil to at least 90 percent of its modified Proctor maximum dry density (ASTM D 1557) at 
a moisture content between -4% and +4% of the optimum moisture content for the soil. 

SECTION 02205 - REMEDIAL EXCAVATING AND FILLING 

 2.01 F.  Interim slopes between phases shall be covered with standard 6 mil 
 visqueen 

 
ASW Comment: May want to require wind ballast. 
 

The following has been added to Section 02205.3.08.B: “The visqueen shall be nailed and/or 
sufficiently weighted to prevent wind uplift.” 

 
  Interim slopes shall be covered prior to forecasted precipitation events. 
 
  ASW Comment: May want to specify with what. 
 

Section 02205.3.08.B states: “Visqueen shall be placed when precipitation is forecasted.” 
 

 3.07 A.  place only when...and approved by construction manager 

Section 02205.3.07.A has been revised to include the recommended change. 

 

  L.  “…maintain less than 3 feet of fluid levels in the leachate collection 
 system sump.” 

ASW Comment: Need to specify where the depth is measure from, i.e. the top 
of the geomembrane. 

Section 02205.3.11.L has been revised to state: “…maintain less than 3 feet of fluid levels in the 
leachate collection system sump as measured from the top of the geomembrane.” 

 
  M. 3. Specifies  “…4-foot thick layer of compacted contaminated material 

must be placed across the CAMU bottom ahead of the working face of Slit 
Trench contaminated material …” 

 
  Does the 2-feet of Operations layer count as part of the 4-feet? 
  What is the minimum set-back from the side slopes? 
 

Section 02205.3.11.M has been revised to state: “A minimum of a 150-foot-wide, 4-foot-thick 
layer of compacted contaminated material above the 2-foot thick operations layer, for a total of 
6-feet of compacted contaminated material must be placed across the CAMU bottom ahead of 
the working face of Slit Trench contaminated material subsequently placed in the CAMU.” 
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Section 02205.3.11.Q.a states: “All materials placed from the outer extent (CAMU side) of the 
operational protective layer to a point 15 feet (measured laterally) from the CAMU liner or final 
cover system shall have a maximum particle size of 6 inches.  No other debris or oversized 
material with particle dimensions greater than 6 inches may be placed within this zone.”  
 

  O. 1. b.  Is there a minimum distance from bottom? 
 

Section 02205.3.11.M has been revised to state: “A minimum of a 150-foot-wide, 4-foot-thick 
layer of compacted contaminated material above the 2-foot thick operations layer, for a total of 
6-feet of compacted contaminated material must be placed across the CAMU bottom ahead of 
the working face of Slit Trench contaminated material subsequently placed in the CAMU.”  

 
  Q. 1. a.  Is there a minimum distance from bottom? 
 

Section 02205.3.11.M has been revised to state: “A minimum of a 150-foot-wide, 4-foot-thick 
layer of compacted contaminated material above the 2-foot thick operations layer, for a total of 
6-feet of compacted contaminated material must be placed across the CAMU bottom ahead of 
the working face of Slit Trench contaminated material subsequently placed in the CAMU.”  

 

 3.10 D. 1.  Regarding the requirement for One-Dimensional Consolidation 
 Testing; 

 Will these results be used for informational purposes only or is there a 
criteria associated with these results that the contractor will be held 
accountable for?  How should the results be presented?  What is the maximum 
load that the test will need to accommodate? 

One-dimensional consolidation testing results will be reported in the Construction Quality 
Assurance (CQA) report provided to NDEP. The consolidation testing will be used to determine 
leachate generation and the contractor will not be held accountable for the testing results. The 
CQA plan states that “Normal stress for test shall be equivalent to final depth of sample (based 
on final cover system topography) multiplied by unit weight of overlying waste and cover system 
materials.” 

SECTION 02225 - DRAINAGE AGGREGATE 

 3.02 A.  Place when...and approved by construction manager. 

Section 02225.3.02.A has been revised to include the suggested change. 

SECTION 02770 - GEOMEMBRANE 

 1.04 B. 3. a.  minimum experience with geomembrane requirement seems   
  low 
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Experience has been increased to 5,000,000 SF. 

 
    b.  minimum experience with geomembrane requirement low 
 

Experience is comparable to industry standard (based on GSE Field Installation Quality 
Assurance Manual).   

 

 1.06 E. 2.  Regarding subgrade acceptance; 

This section conflicts with 3.02 A.  Since the geomembrane will be 
installed on a GCL, the subgrade acceptance criteria and 
procedures may be more appropriate in the GCL section. 

 

The submittal requirement in Section 02770.1.06.E.2 has been moved to Section 02772.1.05. 
The subgrade acceptance statement in Section 02770.3.02.A has been deleted and Section 
02772.3.02.A states: “The Geosynthetics Installer shall provide certification in writing that the 
surface on which the GCL shall be installed is acceptable.  This certification of acceptance shall 
be given to the Construction Manager prior to commencement of GCL installation in the area 
under consideration.” 

 2.02 A. 7.  Need to add more detail on sampling adjacent rolls, etc. 

 

Section 02770.2.02.A.7 shall be revised to state: “If a geomembrane sample fails to meet the 
quality control requirements of this Section the Geomembrane Manufacturer shall sample and 
test, at the expense of the Manufacturer, rolls manufactured in the same lot, or at the same time, 
as the failing roll.  Sampling and testing of rolls shall continue until a pattern of acceptable test 
results is established to bound the failed roll(s).”  

 

 3.02 A.  This appears to conflict with 1.06 E. 2., See comments on that section 
above. 

 
The subgrade acceptance statement in Section 02770.3.02.A has been deleted and Section 
02772.3.02.A states: “The Geosynthetics Installer shall provide certification in writing that the 
surface on which the GCL shall be installed is acceptable.  This certification of acceptance shall 
be given to the Construction Manager prior to commencement of GCL installation in the area 
under consideration.” 
 

 3.03 G. 3. b.  should also have a means of measuring and monitoring roller  
   pressure. 
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Fusion welders do not typically provide a means to measure roller pressure, rather the welder 
pressure is set when the rollers are engaged on the geomembrane when initiating the welding 
process.  As this varies from fusion welder to fusion welder, it is difficult to require a means of 
measuring the roller pressure.  As such we typically do not require the monitoring of the roller 
pressure.   

 
  H. 2.  ASTM D 4437; Is this the correct test method? 
 

The new test method is ASTM D 6392, which replaces ASTM D 4437 for high density 
polyethylene geomembrane seams.   

 
  Record welder temperature, speed, & pressure and make sure settings  are the 

same during production welding. 
 

As previously discussed, roller pressure is a difficult setting to measure.  Therefore, we do not 
typically document roller pressure.    
 

  J. 4. a.  ASTM D 4437; Is this the correct method? 
 

The new test method is ASTM D 6392, which replaces ASTM D 4437 for high density 
polyethylene geomembrane seams.   

 

 3.06 A.  Allow for sampling at manufacturing location? 

 
At the end of Section 02770.3.06.A, the following has been added: “Conformance sampling may 
be conducted at the manufacturing facility shipment to the site.”    

SECTION 02771 - GEOTEXTILE 

 2.02 D.  Need similar statement in the related geomembrane section? 

Section 02770.2.02.A.7 shall be revised to state: “If a geotextile sample fails to meet the quality 
control requirements of this Section the Manufacturer shall sample and test, at the expense of the 
Manufacturer, rolls manufactured in the same lot, or at the same time, as the failing roll.  
Sampling and testing of rolls shall continue until a pattern of acceptable test results is established 
to bound the failed roll(s).” 

SECTION 02772 - GEOSYNTHETIC CLAY LINER 

 2.01 A. Addressed in previous report. 
  G. Addressed in previous report. 

 2.02 Regarding Interface Friction Testing 
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  Additional comments may be provided as part of the ASW review of the Final 
Cover requirements. 

Please explain how this section matches Final Waste Slope Stability Calculations?  

Section 02772.2.02.A.1: This represents the veneer stability of final soil lined slopes calculation. 
The calculation was performed based on an assumed weakest peak interface strength angle of 20 
degrees between the textured HDPE geomembrane and hydrated GCL.  

Section 02772.2.02.A.2: This represents the global stability of the base liner system. The slope 
stability calculation was performed based on a weakest interface strength of 12 degrees between 
the textured HDPE geomembrane and hydrated GCL.  

Section 02772.2.02.A.3: This represents the global stability of the base liner system when a GCL 
with a vapor barrier is used.  

 

 3.02 A.  “...prior to commencement of geomembrane GCL? installation...” 
Section 02772.3.02.A has been revised to state: “The Geosynthetics Installer shall provide 
certification in writing that the surface on which the GCL shall be installed is acceptable.  This 
certification of acceptance shall be given to the Construction Manager prior to commencement of 
GCL installation in the area under consideration.” 

 3.10 Consider provision to allow sampling at point of manufacture. 
 
Section 02772.3.10.A, the following has been added: “Conformance sampling may be conducted 
at the manufacturing facility shipment to the site.”    

 
  Provide detailed procedures in the event of a failure. 
 

Section 02772.3.10.C shall be revised to state: “If a GCL sample fails to meet the quality control 
requirements of this Section the GCL Manufacturer shall sample and test, at the expense of the 
Manufacturer, rolls manufactured in the same lot, or at the same time, as the failing roll.  
Sampling and testing of rolls shall continue until a pattern of acceptable test results is established 
to bound the failed roll(s).”    
 

 3.11 Should address protection against rain on both exposed and covered GCL. 

Section 02772.3.11.C has been included and states: “Contractor shall be responsible for 
protecting GCL from hydration from precipitation, dust spraying activities, or any other activities 
which could lead to GCL hydration.” 

SECTION 02773 - GEOCOMPOSITE 

 3.02 C.  “...inspect and verify geomembrane surface below geocomposite is free of 
loose soil and rocks greater than 1 inch.” 
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In our opinion 1 inch is too large of a particle size to be in contact with the 
geomembrane.  Please discuss. 

Section 02773.3.02.C has been revised to state states: “...inspect and verify geomembrane 
surface below geocomposite is free of loose soil and rock.”  

 
  H.  Consider specifying a maximum particle size for the sandbag fill 

 material. 
 

Section 02770.3.02.D.5.g. has been revised to include “Sand bags shall be filled with sand 
material with a maximum particle size of ½ inch.” 
 

 3.06 Consider provision for sampling at point of manufacture 

 
Section 02773.3.06.A the following has been added: “Conformance sampling may be conducted 
at the manufacturing facility shipment to the site.”    

 
  D.  Provide detail on what to do if sample fails. 
 

Section 02773.3.06.D shall be revised to state: “If a geocomposite sample fails to meet the 
quality control requirements of this Section the Manufacturer shall sample and test, at the 
expense of the Manufacturer, rolls manufactured in the same lot, or at the same time, as the 
failing roll.  Sampling and testing of rolls shall continue until a pattern of acceptable test results 
is established to bound the failed roll(s).”     
 
Construction Quality Assurance Plan 
A review of the CQA plan was performed.  
  
Documents Reviewed 
Construction Quality Assurance Plan for the Construction of the Corrective Action Management 
Unit (CAMU), Basic Remediation Company, Henderson, Nevada, October 2007 

 
Discussion 
The following comments were made regarding certain sections of the CQA plan. 
 

4.2.1 CQA Officer should be a licensed engineer in Nevada and be required to 
 stamp the CQA report. 

The following statement has been added to Section 4.2.1: “The CQA Officer shall be a licensed 
engineer in the State of Nevada and shall stamp the final CQA report.” 

 
6.6 In places where the CQA Report is referenced may want to consider changing 

“…in compliance with…” to “… in substantial compliance with…”.   
 



Mr. Rakvica, P.E. 
29 January 2008 
Page 12 
 

SC0313.RTCNDEP3.20080129.d.ltr.doc 
 

Document will be changed as suggested. 
 
7.2 “The CQA Laboratory will perform the conformance testing and CQC 
 testing.”  Confusing to mix CQA and CQC. 
 

The section will be revised and the “… and CQC testing.” will be removed.   
 

Are hydrometer tests necessary as part of the CQA program?  These could 
become a major undertaking and slow construction.  They are not clearly 
specified in the Technical Specifications and we are not clear as to where the 
hydrometer results can be used as an acceptance or rejection criteria.  The 
designer should clarify. 

 
Hydrometer testing will be removed. 

 
7.3.4 Should also monitor for wrinkles and trampolining of the geomembrane. 
 

Section 7.3.4 has been revised to include that the CQA Site Manager will document that 
“…placement of the overlying materials does not damage, create large wrinkles, or induce 
excessive tensile stress in the underlying geosynthetic materials.”   

 
7.3.5 Should also monitor for adequate separation of different waste materials from 

the liner system. 
 

Section 7.3.5 has been revised to include “…monitor the distance between slit trench wastes and 
debris and the both the base and side slope liner system…” 

 
7.4.2 Add procedures for delineating the extent of the failed area. 

 
Section 7.4.2 has been revised to include “Additional tests shall be taken at half the distance to 
the next passing test. If the retest has failed, half the distance from the retest to the passing test 
shall be tested, and continue until the test passes. If a test passes, half the distance from the 
passing retest to the failed test shall be considered failed.” 
 

8.3.1 Monitoring that the construction activities do not cause damage to 
 underlying geosynthetic materials and leachate collection pipes. 
 Should also monitor for wrinkles and trampolining of the geomembrane. 

 
Section 8.3.1 has been revised to include that the CQA Site Manager will document that 
“…placement of the overlying materials does not damage, create large wrinkles, or induce 
excessive tensile stress in the underlying geosynthetic materials and leachate collection pipes.” 

 
10.2.3 Consider making provision for sampling at point of manufacture. 
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Section 10.2.3 has been revised to state: “CQA personnel will sample the geocomposite either 
during production at the manufacturing facility or after delivery to the construction site.” 

 
 There are no detailed procedures to follow in the specifications in the event of a 
failing conformance sample as reference in the CQA Plan. 
 

The following procedures are outlined in the Technical Specifications: 
 
02770.3.06.F. - Any geomembrane that is not certified in accordance with Part 1.07.C of this 
Section, or that conformance testing indicates do not comply with Part 2.02 of this Section, shall 
be rejected.  The Geosynthetic Installer shall replace the rejected material with new material. 
 
02772.3.10.E. - Any GCL that is not certified by the Manufacturer in accordance with Part 1.05 
of this section or that does not meet the requirements specified in Part 2.01 shall be rejected and 
replaced by the Geosynthetic Installer. 
 
02773.3.06.E. - Any geocomposite that is not certified by the Manufacturer in accordance with 
Part 1.05 of this section or that does not meet the requirements specified in Part 2.01 shall be 
rejected and replaced by the Geosynthetic Installer. 
 

 
We have had problems in the past with minor scratches in the conformance test 
specimens having a major impact on the tensile break strength and elongation 
values.  This is especially prevalent when the conformance samples are 
obtained in the field.  Consideration should be given to the possibility of tensile 
at break criteria failures due to scratches and not material defects. 
 

Conformance samples will be collected in the manufacturing facility.  In addition, the 
geomembrane is textured, making it less susceptible to scratch induced failures.   

 
 10.4.2.1 The geomembrane is being deployed on GCL.  It may be better to put the 

 detailed sub-grade acceptance procedures in the GCL section. 
 

Section 10.4.2 has been excluded. Section 10.4.2.1 has been moved and included as Section 12.7 
with the exception of the statement “…placement of the overlying materials does not damage, 
create large wrinkles, or induce excessive tensile stress in the underlying geosynthetic materials” 
which has been moved to Section 7.3.4. 

 
10.4.3.2 Should consider protecting both the sub-grade and GCL from rain damage. 

 
Rain protection is the responsibility of the Contractor. The CQA Monitors will document 
subgrade and GCL conditions during installation. 
 

 10.4.4.3 Seaming apparatus pressures need to be incorporated into the Technical 
 Specifications. 
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 Document that production welding setting are consistent with settings used 
 during trial seams. 

Section 10.4.4.3 is revised to include “… production welding settings are consistent with settings 
used during trial seams.” 

 
10.4.4.7 For trial fusion welds, test both tracks in peel? 
 

As required in ASTM D 6392, each external seam will be peel tested.   
 
10.4.4.9 Resolution of pressure gauge should be specified. 
 

None required. 
 

 10.4.4.10Make Field Testing section consistent with specifications which tests one 
 strip on each side before testing the destructive sample. 

 
Contractor is responsible for cutting destructive sample for CQA testing and will therefore 
dictate sample collection upon completion of “bone” testing on each side of the destructive 
location.   

 
 CQA Laboratory Testing section should specify that samples will be 
 shipped the same day with next day delivery, depending on delivery 
 schedule of selected vendor 

Section 10.4.4.10 is revised to state “Destructive test samples will be packaged and shipped same 
day with next day delivery, if necessary, under the responsibility of the CQA Site Manager in a 
manner that will not damage the test sample.” 

 
10.4.5.3 define “large holes” and “small tears” 

 
The Section has been revised to define small holes as <1/8 inch and small tears as <1/2 inch. 

 
10.4.6 Geosynthetic liner system not accepted until CQA report and as-built 
 drawings received by Construction Manager—will this delay deployment of 
 cover composite? 

 
NDEP requires that a CQA Report be submitted prior to allowing waste placement.  In order to 
fulfill this requirement, BRC proposes to submit a letter upon completion of the liner system to 
satisfy this requirement and not impair the construction schedule or product quality.   
 

 12.2 for “minimum average roll value” properties, use definition that is consistent 
 with Technical Specifications. 

 
The CQA Plan will be revised to include minimum average roll value defined in accordance with 
Federal Highway Administration.   
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 12.5.1 incorporate provision to sample GCL during production at the manufacturing 

facility into the Technical Specifications. 
 
Section 02772.3.10.A has been revised.    

 
 12.7 Consider taking Section 10.4.2.1 regarding subgrade acceptance from the 

 Geomembrane Section and incorporating it here. 
 

Section 10.4.2.1 has been moved and included as Section 12.7 with the exception of the 
statement “…placement of the overlying materials does not damage, create large wrinkles, or 
induce excessive tensile stress in the underlying geosynthetic materials” which has been moved 
to Section 7.3.4. 
 

 13.5.4 “...remove conformance samples for testing by the CQA Laboratory from 
 the closest numerical rolls on both sides of the failed roll”—incorporate  these 
procedures for a failed conformance sample into the Technical Specifications. 

 
Technical Specifications have been revised with similar language as discussed above.    

 
13.6 need to add paragraph regarding presence of soil and oversize particles on 
 geomembrane. 

 
Section 13.6 has been revised to include the statement: “Prior to geocomposite installation, a 
visual examination of the geomembrane will be performed and documented. 

 
13.7 make minimum overlap consistent with specifications 

 
Section 13.7 has been revised to state: “The geonet components shall be overlapped a minimum 
of 4-inches along the length and a minimum of 12-inches along the width.” 

 
13.9 make equipment requirements and maximum loads consistent with 
 specifications 

 
Section 13.9 has been revised. 

 
Design Drawings  
Comments have been made to the design drawing in previous reports. 
 
Documents Reviewed 
Drawings titled, FINAL DESIGN, Basic Remediation Company, CORRECTIVE ACTION 
MANAGEMENT UNIT, CONTROL SYSTEMS DESIGN, HENDERSON, NEVADA, OCTOBER 
2007, prepared by Geosyntec Consultants. 
 
Discussion 
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22 February 2008 
 
Mr. Brian Rakvica, P.E. 
Supervisor, Special Projects Branch 
Nevada Division of Environmental Protection 
Bureau of Corrective Actions 
2030 E. Flamingo Road, Suite 230 
Las Vegas, NV  89119 
 

Subject: Geosyntec Response to ASW Comments on Response to Interim CAMU 
Design Review Report #1, #2, and #3 
BMI Industrial Complex Remediation Design Review 
Applied Soil Water Technologies, LLC Proj. No. 039-001 
Geosyntec Project:  SC0313 

 
 
Dear Mr. Rakvica, 
 
On behalf of Basic Remediation Company (BRC), Geosyntec Consultants (Geosyntec) hereby 
responds to the 1 and 7 February 2008 letters written by Applied Soil Water Technologies, LLC 
(ASW) to Nevada Department of Environmental Protection (NDEP) regarding the Interim 
CAMU Design Review.  In addition, this letter responds to the 12 February 2008 email prepared 
by Mr. Brian Rakvica of NDEP.  The ASW review focused on Geosyntec’s response to the 
Interim Design Review Report #1, #2, and #3 dated 8, 23, and 29 January 2008, respectively, and 
the final cover liner system design review.  
 
For ease of review, ASW’s discussion will be repeated in italics with Geosyntec’s response 
following.  Review Report #1 comments and responses are as follows: 
 
Design Standard/Basis of Design – Discussion 
GCL Hydraulic Conductivity and Time for Break-Through and 
Attenuation 
 
ASW is in agreement with the response provided.  Both of these design 
considerations are reliant on the major design premise of minimizing the 
potential for leachate generation.  Therefore, it is critical that moisture 
within the placed waste material and stormwater during construction 
activities be managed in strict accordance with the project’s Technical 
Specifications for the duration of the project.  
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Consistency with the Technical Specifications 
 
Geosyntec’s response states that, “A flux rate of 1x10-8 m3/m2-sec and a hydraulic 
conductivity 5x10-9 cm/sec are generally equivalent at an effective confining stress of 5 psi.” 
 
ASW requests that a reference or other justification be provided which presents the 
calculation used to derive the conversion. 
 
The attached CETCO Bentomat ST certified properties sheet notes for GCL index flux and 
GCL hydraulic conductivity indicates the following (Attachment A): 
“ASTM D5887 Index flux and hydraulic conductivity testing with deaired distilled/deionized 
water at 80 psi (551 kPa) cell pressure, 77 psi (531 kPa) headwater pressure and 75 psi (517 
kPa) tailwater pressure.  Reported value is equivalent to 92 gal/acre/day.  This flux value is 
equivalent to a permeability of 5 x 10-10 cm/sec for typical GCL thickness.”  
 
Geosyntec referenced Koerner and Daniel (1993) indicating that “…bentonite layer is 
typically 7 to 10mm thick…”  It is further indicated that “this thickness range, 0.27 to 0.39 
inches, is higher than the value of 0.2 inches used in the calculation, which results in a 
conservative evaluation of the GCL equivalency.”  
 
ASW is in agreement with the conservative evaluation.  However, we recommend that the 
design engineer specify a minimum thickness in the project’s Technical Specifications 
consistent with the equivalency evaluation.  Based on the response it does not appear that it 
will be a problem for manufacturers to meet the minimum thickness requirement. 
 
In the 18 February 2008 conference call between ASW, Geosyntec, and BRC, all parties 
agreed the mass per unit area testing, performed in accordance with ASTM D 5993, specified 
at a frequency of one per 100,000 square feet is sufficient for demonstrating the equivalency 
evaluation.  
 
Geosyntec stated that, “The seaming requirement described in the Specifications states that 
GCL shall be seamed with Manufacturer’s recommended procedures.  The Manufacturer’s 
typical seaming recommendations include bentonite-enhanced seams with a bentonite 
application rate of one quarter pound per lineal foot.” 
 
ASW recommends that a minimum standard be specified in the project’s Technical 
Specifications rather than relying on a yet-to-be-determined-Manufacturer’s procedures.  
 
The following statement has been added to Section 02772.3.06.of the Technical 
Specifications (Attachment B):  

C. GCL shall be seamed, at a minimum, as follows: 

1. CETCO Super Groove and GSE Gundseal products: No bentonite required. 

2. All others: bentonite application rate of one quarter pound per linear foot. 
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High Density Polyethylene (HDPE) Chemical Compatibility / Waste Placement Phasing 
 
Geosyntec’s response states that, “In accordance with Section 02205, Part 3.09.M, a 
minimum of 6 feet (2 feet of operations layer soil and 4 feet of contaminated soils) shall be 
placed prior to placement of Slit Trench waste material.  This requirement, coupled with the 
dry nature of the waste material placed in the CAMU, will limit the potential for high 
concentrations of chemicals from contacting the geosynthetic liner system components.  Also, 
the nature of the slit trench waste is typically not at concentrations that are representative of 
pure chemical and are not representative of typical chemical compatibility testing solutions.” 
 
Geosyntec also stated that, “The concentrations of chemicals within the East Side Area and 
Western Ditch Material Soils are not great enough to cause compatibility issues with the 
HDPE geomembrane.  In addition the dry nature of the soil when placed will limit the 
contact of chemicals with the liner system components…” 
 
ASW recommends that, at a minimum, concentration thresholds of chemical constituents 
anticipated to be encountered during the project that could potentially adversely affect the 
performance of the HDPE geomembrane be determined.  Areas with sample results that 
exceed these values could be handled accordingly. 
 
Section 02205.3.10 of the Technical Specifications describes waste handling procedures for 
all debris, hazardous and non-hazardous, to be disposed in the CAMU.  While mixing and 
blending of materials will occur based on the nature of the excavation and disposal process, 
additional mixing will be required if a large mass of suspected hazardous material is 
encountered.  Currently, the Specifications define hazardous and suspected hazardous 
material based on visual observation and they require the Construction Manager to be present 
if the material is encountered.  Therefore, the Construction Manager will ultimately decide if 
additional blending of the material is necessary. 
 
Veneer Stability of Geosynthetic-Saturated Soil Lined Sideslopes, Cover Liner System 
 
ASW preformed a review of the stability analysis as presented by Geosyntec Consultants 
dated January 8, 2008.  The analysis utilized an approach outlined in Koerner, R. K. and 
Soong, T.Y., (1998),  “Analysis and Design of Veneer Cover Soils”, Proceedings of the Sixth 
International Conference on Geosynthetics, Atlanta, Georgia, Vol. I, 1998. 
 
In summary of the Geosyntec analysis, “The calculations suggest that a minimum 
geosynthetic interface friction angle of 20 degrees is required to prevent the development of 
tension in the geosynthetic components of the side slope liner final cover system.  A review of 
the literature indicates that a friction angle of 20 degrees is obtainable.  The critical 
interface is likely the internal friction angle of the GCL.”  
 
ASW verified the veneer calculations by performing an analysis as outlined in Koerner, R.M. 
and Soong, T. Y., (2005), “Analysis and design of veneer cover soils”, Geosynthetics 
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International, Special Issue on the Giroud Lectures, 12 No. 1, 28-49, 2005.  The primary 
difference between this method and the method utilized in the Geosyntec analysis is that this 
method considers porewater pressures due to water accumulating at the toe of the slope and 
seepage forces due to flow parallel to the slope. 
 
In summary, utilizing the same input values used in the Geosyntec analysis it was determined 
that the factor of safety becomes less than one when toe saturation reaches an approximate 
height of 17-feet within the cover liner system.  Considering adequate toe drainage and the 
anticipated material properties for the final cover system, this condition is unlikely to occur.   
 
ASW recommends that Geosyntec verify the calculations that consider water accumulation at 
the toe and/or seepage forces for inclusion in the final design.      
 
As mentioned in a previous report, verification of interface friction assumptions of the final 
cover liner system using soils and materials that will be incorporated into the constructed 
product is critical. 
 
During the 18 February 2008 conference call between ASW, Geosyntec, and BRC, all parties 
agreed that the veneer stability evaluation performed is sufficient.  
 
Review Report #2 comments and responses are as follows: 
 
Geotextile Separation/Filtration Review 
 
Geosyntec’s response states that, “The retention portion of the filtration calculation was 
conservatively based on non-dispersive clay soil, which is not indicative of soils found on 
site, while the permittivity portion of the calculation was conservatively based on higher 
hydraulic conductivity soil.”   …” the assumptions in the calculation are sufficiently 
conservative to allow for finer grained materials to be used as operations layer.” 
 
ASW agrees that if a more conservative soil was considered for the analysis then the 
anticipated site soils should meet the design intent for this design component.  However, 
ASW recommends that consideration be made regarding the hydraulic conductivity of the 
operations layer in the general vicinity of the sumps.  This item is discussed in further detail 
in subsequent sections. 
 
Geosyntec’s response states that regarding the operations layer, ”…we do not believe that 
hydraulic conductivity testing during construction is warranted.” 
 
As presented herein, ASW recommends that the design engineer consider the material 
properties of the operations layer soils in the general vicinity of the facility sumps.  If the 
design engineer determines that further consideration be made to these soil material 
properties, ASW would suggest at a minimum performing hydraulic conductivity testing for 
these soils. 
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Hydraulic conductivity is unnecessary because water will either report to the sumps or, more 
likely, pond above the operations layer.  Stormwater collected in the sump or ponded on the 
operations layer will be removed and used for dust control or disposed as outlined in the 
Technical Specifications (Attachment B). 
 
Degree of Survivability 
We agree with the using “moderate survivability” for the geotextile overlying the 
geocomposite in the base liner system.  However, the placement specification for the 
operations layer was changed from a minimum compaction specification to a performance 
specification utilizing a D6 dozer.  The specification should be more specific as to the model 
of D6 that is acceptable (e.g. D6N LGP) due to the fact that the pressures applied by some 
models of D6 exceed the maximum ground pressure criteria for moderate survivability 
presented in Koerner. 
 
The attached puncture calculation demonstrates the 6 oz/yd2 geotextile can withstand ground 
pressure of greater than 10 psi, which is a higher ground pressure than a standard Caterpillar 
D6 dozer (Attachment C).  
 
Geocomposite Equivalency Review      
 
Geosyntec’s response states, “…The factor of safety for chemical clogging was selected to be 
1.0 based on the waste material characterized in the RAP.  The waste material will be 
blended and dried so they are placed at below optimum moisture content, minimizing the 
generation of leachate and therefore limit the mobilization of soluble materials that could 
precipitate out of solution in the geocomposite.” 
 
According to the design specifications regarding material placement in the CAMU, the waste 
material is to be moisture conditioned to at or less than optimum moisture content.  In the 
event that one or more significant storm events occur during construction activities, 
following the placement of the operations layer and prior to the placement of the overlying 
compacted waste, it is likely that the operations layer will remain at the soils field capacity.  
Considering that the operations layer soils are contaminated soils and that potential 
stormwater introduced to the operations layer during construction activities will have likely 
contacted waste, and also be contaminated, it is ASW’s opinion that the factor of safety for 
chemical clogging should be greater than 1.0. 
 
The calculation package has been revised to account for chemical clogging by increasing the 
factor of safety for chemical clogging from 1.0 to 1.5. With the increased chemical clogging 
factor of safety, the required transmissivity has been increased from 6.1x10-5 cm/sec to 
9.2x10-5 cm/sec(Attachment D). The technical specifications have been updated accordingly 
(Attachment B). 
 
HELP Model Results  
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Geosyntec’s report states that,”…runoff will occur over the operations layer to the sump 
where it will permeate through the operations layer into the sump and therefore never travel 
in the piping.  …Evaporation in the model is set to 18 inches, which is considered 
conservative for the project area.” 
 
It is ASW’s opinion that there is the potential that storm water runoff that reports to the sump 
areas will not be able to permeate through operations layer fast enough  to prevent excessive 
pooling in the event of a major storm event.   
 
Geosyntec’s response also states, “…it is highly unlikely that the cell will be fully exposed to 
a rain event of this magnitude without having waste placement well underway.” 
 
It is ASW’s understanding that the design premise is based on the fact that the waste material 
will be moisture conditioned and compacted in order to minimize the potential for meteoric 
water to infiltrate into the waste thereby minimizing the potential for long-term leachate 
generation.  Therefore, it should be expected that a very large percentage of storm water 
introduced to the facility during construction activities will eventually report to the sumps or 
other low lying areas and will need to be managed by the contractor. 
 
Hydraulic conductivity is unnecessary because water will either report to the sumps or, more 
likely, pond above the operations layer.  Stormwater collected in the sump or ponded on the 
operations layer will be removed and used for dust control or disposed as outlined in the 
Technical Specifications (Attachment B). 
 
Sump Capacity 
 
Geosyntec’s response states that sump capacities were designed based on average annual 
total HELP model results that were used to calculate average daily values.  Therefore, peak 
daily events were not considered when sizing the sumps.  The HELP reported a peak daily 
rain event of 1.83-inches.   
 
The totals for Sumps 1,2 and 3 based on average annual data are as follows: 
Sump 1 = 169 ft3 
Sump 2 = 231 ft3 
Sump 3 = 65 ft3  
 
According to the Geosyntec response regarding the HELP model results, runoff will occur 
over the operations layer to the sump where it will permeate through the operations layer 
into the sump.  Therefore consideration should be given to peak daily events.  As mentioned 
above there is the potential for a large percentage of a storm event to report to the sumps 
during construction.  ASW recommends that the design engineer consider the potential for 
managing these volumes of water to avoid a release from containment. 
 
We give caution in using the peak daily values reported by the HELP model directly for this 
evaluation.  For some reason the model allocated approximately 40-percent of the total peak 
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precipitation to Snow Water.  This should not have an impact on the sizing of the collection 
pipes due to the fact they had much more capacity then needed; however, the design engineer 
may want to review the results. 
 
Please see above response for stormwater management.  In addition, the Contractor is 
required to submit a storm water management plan to be approved by the Construction 
Manager.  The storm water management plan will outline what measures the Contractor will 
take to minimize leachate generation and respond to storm events. 
 
Vadose Zone Monitoring System   
 
Geosyntec’s response states that, “The vadose zone monitoring sump is to be lined with 60 
mil HDPE geomembrane.” 
 
ASW recommends that details associated with vadose zone monitoring system’s liner should 
be included in the Construction Drawings (e.g. type, termination, anchorage etc). 
 
Detail 12 of the Construction Drawings will be modified to show the vadose zone monitoring 
sump material types, limits, and dimensions. 
 
Grading Plan 
 
According to Geosyntec’s response, the technical specifications require the Contractor to 
prepare a Water Management plan.  Specifically it was stated in the discussion regarding 
maximum head on the liner system, that the specifications requires the contractor to not 
allow the liquid level in the sump to exceed 3 feet. 
 
Considering that the major design premise is to manage water during construction such that 
there will be minimal potential to generation leachate.  It is ASW’s opinion that there should 
be more upfront engineering to manage water during construction and less reliance on the 
contactor.   
 
The current Technical Specifications require the Contractor to submit a storm water 
management plan to be approved by the Construction Manager.  This plan will detail steps 
the Contractor will implement prior to, during, and after a storm event to handle water. 
 
Operation Layer General Comment 
 
When the specification was changed the moisture content at placement specification was 
deleted.  The moisture content at placement needs to be specified. 
 
Section 02205.3.08.D of the Technical Specifications has been updated to include the 
following statement: “Moisture content shall be less than or equal to optimum.” 
 
Review report responses #3  
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1500 W. Shure Drive  Arlington Heights, IL  60004  USA  800.527.9948  Fax  847.577.5571 
For the most up-to-date information please visit our website, www.cetco.com 

A wholly owned subsidiary of AMCOL International 

 
The information and date contained herein are believed to be accurate and reliable. CETCO makes no warranty of any kind and accepts no responsibility for the results 

obtained through application of this information. 
Revised 09/04 
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BENTOMAT® ST CERTIFIED PROPERTIES 
MATERIAL PROPERTY   TEST METHOD TEST FREQUENCY 

ft2(m2) 
REQUIRED VALUES 

Bentonite Swell Index1 ASTM D 5890 1 per 50 tonnes 24 ml/2g min. 

Bentonite Fluid Loss1 ASTM D 5891 1 per 50 tonnes 18 ml max. 

Bentonite Mass/Area2 ASTM D 5993 40,000 ft2 (4,000 m2) 0.75 lb/ft2 (3.6 kg/m2) min 

GCL Grab Strength3 
ASTM D 4632 
ASTM D 6768 

200,000 ft2 (20,000 m2)
90 lbs (400 N) MARV 
22.5 lbs/in (40 N/cm) MARV 

GCL Peel Strength3 
ASTM D 4632 
ASTM D 6496 

40,000 ft2 (4,000 m2) 
15 lbs (65 N) min 
2.5 lbs/in (4.4 N/cm) min 

GCL Index Flux4 ASTM D 5887 Weekly 1 x 10-8 m3/m2/sec max 

GCL Hydraulic Conductivity4 ASTM D 5887 Weekly 5 x 10-9 cm/sec max 

GCL Hydrated Internal 
Shear Strength5 

ASTM D 5321 
ASTM D 6243 

Periodic 
     500 psf (24 kPa) typ @ 200 psf  
6,500 psf (311 kPa) typ @ 10,800 psf 

Bentomat ST is a reinforced GCL consisting of a layer of sodium bentonite between a woven and a nonwoven 
geotextiles, which are needlepunched together. 
 
Notes 
1 Bentonite property tests performed at a bentonite processing facility before shipment to CETCO’s GCL production facilities. 
2 Bentonite mass/area reported at 0 percent moisture content. 
3 All tensile strength and peel strength testing is performed in the machine direction using 4 inch grips per modified ASTM D 4632.  Results are reported as minimum 

average roll values unless otherwise indicated.  Upon request, tensile strength can be reported per ASTM D 6768 and peel strength can be reported per ASTM D 6496. 
4 Index flux and permeability testing with deaired distilled/deionized water at 80 psi (551kPa) cell pressure, 77 psi (531 kPa) headwater pressure and 75 psi (517 kPa) 

tailwater pressure.  Reported value is equivalent to 925 gal/acre/day.  This flux value is equivalent to a permeability of 5x10-9 cm/sec for typical GCL thickness.  
Actual flux values vary with field condition pressures.  The last 20 weekly values prior the end of the production date of the supplied GCL may be provided. 

5 Peak values measured at 200 psf (10 kPa) and 10,800 psf (517 kPa) normal stress for a specimen hydrated for 48 hours.  Site-specific materials, GCL products, and 
test conditions must be used to verify internal and interface strength of the proposed design. 

 
CETCO has developed an edge enhancement system that eliminates the need to use additional granular sodium bentonite 
within the overlap area of the seams.  We call this edge enhancement, SuperGroove™, and it comes standard on both 
longitudinal edges of Bentomat® ST.  It should be noted that SuperGroove™ does not appear on the end-of-roll overlaps and 
recommend the continued use of supplemental bentonite for all end-of-roll seams.   
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SECTION 01010 
SUMMARY OF WORK 

PART 1 –  GENERAL 

 
1.01 SUMMARY 

A. The subject site is near the BMI Industrial Complex, in Clark County, Nevada, approximately 13 
miles south of Las Vegas, within the City of Henderson.  The property represents a portion of 
what is known as the BMI Common Areas.  The BMI Common Areas is comprised of two areas: 
the Eastside Area where remedial excavation shall occur and the Corrective Action Management 
Unit (CAMU) where the containment structure for the remedial wastes shall be constructed.  The 
total extent of the Site including the Eastside Area and the CAMU, as shown on the Construction 
Drawings, is approximately 2,330 acres.  The Eastside Area covers approximately 2,200 
contiguous acres, of which approximately 240 acres will be soil and sludge remediation and 93 
acres of haul roads, and the CAMU area covers the balance of 130 acres.   

B. The Eastside Area consists of: 

1. land on which unlined wastewater effluent evaporation ponds (and associated conveyance 
ditches) were built and into which various plant wastewaters were discharged from 1942 
through 1976; 

2. land on which lined wastewater effluent ponds were constructed and into which effluent 
from the Titanium Metals Company plant was discharged from 1976 to 2005; 

3. land on which the City of Henderson constructed municipal wastewater infiltration basins 
(i.e., the Southern Rapid Infiltration Basins (RIBs); 

4. land on which unlined wastewater effluent ponds were constructed but which were never 
used; and 

5. land which has remained virgin desert. 

C. The CAMU area consists primarily of land which contains: 

1. the closed North and South BMI Landfills; 

2. a series of trenches (the "Slit Trenches") into which various wastes were deposited; 

3. the western ditch; and 

4.  vacant land. 

1.02 DESCRIPTION OF WORK 

A. The Work generally involves the construction of six (6) phases of cell development for the 
CAMU, placement of waste material in the CAMU, and construction of final cover systems over 
the CAMU and North and South BMI Landfills. Construction of the final CAMU cover system 
and associated storm water management features overlying the CAMU will be held as Option 
Scope that may be added to the contract via Contract Modification at the Owner's sole discretion.   
If the Owner decides to exercise its option to add the Option Scope, the Construction Manager will 
notify the Contractor no later than 30 days after receipt of the final Eastside Area confirmation 
sampling results.  Excavation, stockpiling, hauling to the CAMU, and placement in the CAMU of 
an estimated 1.9 million cubic yards of contaminated soil and sludge from the Eastside Area shall 
generally occur concurrently with CAMU construction.  In addition to contaminated Eastside Area 
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soil and sludge, the western ditch contaminated soil and slit trench wastes, located on the CAMU 
site and as shown on the Construction Drawings, shall be placed in the CAMU.   

B. There will be nine (9) parts to the BRC Eastside Common Areas Soils Remediation project: six (6) 
phases of CAMU cell construction, final waste placement, and Capping of the CAMU, BMI 
North, and BMI South Landfills. The following construction activities will occur during the 9 
parts of the project:  

1. 6 Phased CAMU Construction and Waste Placement: 

a. Mobilization. 

b. Clearing and Grubbing. 

c. Demolition. 

d. Initial topographic survey. 

e. Mass excavation. 

f. Engineered fill. 

g. Storm water control installation: detention basins, storm drain pipe, manholes, channels 

h. Subgrade preparation. 

i. Post-excavation grade survey. 

j. Sump construction. 

k. Vadose zone monitoring system installation, including side slope riser pipe installation, 
geomembrane installation, cushion geotextile placement, drainage aggregate placement. 

l. Liner installation, including: GCL, geomembrane, geocomposite, and operations layer. 

m. Leachate collection system installation, including: side slope riser, concrete wall, 
leachate collection pipes, drainage aggregate, and filter geotextile. 

n. Excavation, scraping, hauling, mixing, solidifying, and placement of CAMU Area soils 
and wastes and Eastside Areas contaminated soils and sludges. 

o. Confirmation sampling, by Construction Manager, of completed Eastside Areas 
excavations. 

p. Slit trench backfilling with engineered fill. 

q. Slit trench waste excavation and placement  

r. Slit trench PCB impacted material excavation, hauling, and off-site disposal in 
accordance with all state and federal regulations.   

s. Placement of Interim cover  

t. As-built preparation and submittal   

2. Final Cover System– CAMU (Option Scope) 

a. Placement of interim cover. 
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b. Prepared Subgrade. 

c. Post-fill grade survey. 

d. Liner installation, including: GCL, geomembrane, geocomposite, and final cover soil 
layer. 

e. Drainage system installation, including: drainage pipes, drainage aggregate, and filter 
geotextile. 

f. Aggregate base road 

g. Storm water management features.   

h. As-built preparation and submittal. 

3. Final Cover –BMI Landfills 

a. Waste excavation. 

b. Engineered fill. 

c. Prepared subgrade, 

d. Final cover installation, including: GCL, geomembrane, geocomposite, and cover soil. 

e. As-built preparation and submittal. 

1.03 MANDATORY SEQUENCE OF WORK 

A. Contractor shall follow the following mandatory sequences of work. 

1. Contractor shall secure the CAMU perimeter and Eastside and CAMU staging areas with 
fencing and install security measures at the CAMU and Eastside Areas prior to starting any 
other physical work.  

2. Contractor shall submit to the Construction Manager, for approval all required pre-Notice to 
Proceed submittals.  Construction Manager approval is required prior to starting the work.   

3. Erosion control best management practices, in accordance with Contractor’s approved 
Surface Water Pollution Prevention Plan (SWPPP), shall be installed before any other soil 
surfaces are disturbed. 

4. The Northwest Retention Basin shall be installed first, followed by the Northeast Retention 
Basin and associated storm drain piping and manholes before any clearing and grubbing 
commences on the CAMU site.   

5. The western perimeter stormwater channels shall be excavated to the grades shown before 
any clearing and grubbing commences on the CAMU site.  

6. Phase I shall be the first phase constructed and shall be 100% constructed and approved 
prior to placement of waste within the lined area and prior to commencing excavation of 
Phase II. 

7. All decontamination areas and the vacuum station shall be established and constructed prior 
to any waste excavation or transport. 
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8. Western Ditch waste shall be excavated to provide operations layer material for Phase I 
before placement of any other waste within Phase I.  Western Ditch excavation shall 
continue during Phase II excavation.  Western Ditch soils shall be screen, if necessary for 
operations layer, and placed in Phase I. 

9. Phase II shall be constructed immediately after Phase I and shall be 100% constructed and 
approved prior to placement of waste within the lined area.   

10. Phases IIIA, IIIB, IV, and, V may be constructed concurrently with Phase II however, they 
must be completed in numerical order with each respective phase being 100% constructed 
and approved prior to placement of waste within the respective phased area. 

11. Slit trench waste shall be excavated during Phase II cell construction and filling, with waste 
material placed in Phase I and Phase II of the CAMU.  Slit trenches shall be backfilled and 
compacted as soon as Construction Manager approves of individual slit trench waste 
removal completion and Owner has conducted the post-excavation survey. 

12. Concurrent with Slit Trench waste excavation, commence East Side Area waste excavation 
and transport to the CAMU  

13. East Side Area waste excavation shall proceed in the following order with each preceeding 
area being 100% completed before proceeding to the next successive area.   

a. Sewer line alignment within the Beta ditch 

b. Parcel 7A. 

c. Remainder of Beta Ditch. 

d. Remainder of Eastside area with remediation proceeding from east to west.  Hot spot 
areas identified through confirmation sampling that require excavation shall receive 
priority attention and shall be excavated and removed before excavating other wastes. 

1.04 DEFINITIONS 

A. OWNER - The term Owner means Basic Remediation Company (BRC) for whom the Work is to 
be provided.  

B. CONSTRUCTION MANAGER – The term Construction Manager means the firm responsible for 
project administration and project documentation control (Weston Solutions, Inc).  All formal 
documents shall be submitted to the Construction Manager for proper distribution and/or review.  
During the period of Work the Construction Manager shall act as an authorized representative of 
the Owner. 

C. DESIGN ENGINEER - The term Design Engineer(s) means the firm(s) responsible for the design 
and preparation of the Construction Documents and is the Engineer-of-Record for the project.  The 
Engineer is responsible for approving all design changes, modifications, or clarifications 
encountered during construction.  The Design Engineer reports directly to the Owner. 

D. CQA ENGINEER – The term CQA Engineer refers to the firm responsible for CQA related 
monitoring and testing activities.  The CQA Engineer’s authorized personnel shall include CQA 
Engineer-of-Record and Lead CQA Monitor.  The CQA Engineer may also perform CQC work as 
appropriate.  The CQA Engineer reports directly to the Owner. 

E. CONTRACTOR - The term Contractor means the firm that is responsible for the Work.  The 
Contractor's responsibilities include the Work of any and all subcontractors and suppliers.  The 
Contractor reports directly to the Construction Manager.  All subcontractors report directly to the 
Contractor. 
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F. SURVEYOR – The term Surveyor means the firm that shall perform field surveys and provide as-
built Record Drawings for the Work.  A Surveyor shall be employed by the Contractor to provide 
construction layout, as-built Record Drawings, base-line surveys, and quantity estimates. A third 
party Surveyor, employed and paid for by the Owner, will perform quality assurance checks of 
control points, as-builts, and quantities, as directed by the Construction Manager.  The Surveyor 
shall be a Registered Land Surveyor, licensed to practice in the State of Nevada.   

G. SITE - The term Site refers to all approved staging areas, and all areas where the Work is to be 
performed, both public and privately owned.  

H. WORK - The term Work means the entire completed construction, or various separately 
identifiable parts thereof, required to be furnished under the Contract Documents.  Work includes 
any and all labor, services, materials, equipment, tools, supplies, and facilities required by the 
Contract Documents and necessary for the completion of the project.  Work is the result of 
performing services, furnishing labor, and furnishing and incorporating materials and equipment 
into the construction, all as required by the Contract Documents. 

I. DAY - A calendar day.   

J. CONTRACT DOCUMENTS - Contract Documents consist of all documents identified in the 
Agreement executed between the Owner and the Contractor.   

1.05 REFERENCES 

A. The Contractor is encouraged to familiarize itself with the following documents in preparing its 
bid. Unless otherwise noted, the documents are available on BRC’s website at 
www.landwellco.com. Proceed to “Data Repository” under “Current”. 

1. Basic Remediation Company (BRC), 2006, “Community Involvement Plan (CIP),” 
November. 

2. BRC, 2006. “Corrective Action Plan (CAP) For The Basic Remediation Company (BRC) 
Common Areas Remediation Project,” September. 

a. Appendix C: Dust Control and Mitigation Plan 

3. BRC, 2005. “Perimeter Air Monitoring Plan For Soil Remediation Activities BMI Upper 
and Lower Ponds and Ditches, Clark County, Nevada,” April 

4. BRC, Environmental Resources Management (ERM), and Daniel B. Stevens & Associates 
(DBS&A), 2007, “BRC Closure Plan: BMI Common Areas, Clark County, Nevada,” May. 

5. BRC, Geosyntec, ERM, 2007, “Draft: Remedial Alternative Study for the Slit Trench 
Area,” July. 

6. BRC and MWH, 2005, “BRC CAMU area, 2005 soil, soil vapor, groundwater, and slit 
trench investigation report,” October. 

7. Clark County Department of Comprehensive Planning, Land Use Planning, Land Use 
Permit No. UC-0389-06 dated May 10, 2006. (Provided in Bid Package) 

8. Daniel B Stephens & Associates, Inc (DBS&A), 2006, “Conceptual Site Model, Proposed 
CAMU Site, Henderson, Nevada,” October. 

9. Geosyntec, 2007 “Construction Quality Assurance Plan for the Construction of the 
Corrective Action Management Unit, Basic Remediation Company, Henderson, Nevada,” 
August. 
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10. Geosyntec, 2007. “Revised Remedial Action Plan (RAP) Permit Application for Corrective 
Action Management Unit (CAMU), Henderson, Nevada,” Prepared for Basic Remediation 
Company, Submitted to Nevada Department of Environmental Protection, March. 

11. Geotechnical & Environmental Services, Inc (GES), 2007, “Eastside Geotech Sampling, 
Henderson, Nevada,” Prepared for Basic Remediation Company, October.”Nevada 
Department of Environmental Protection, 2001, “Record of Decision: Remediation of Soils 
and Sediments in the Upper and Lower Ponds at the BMI Complex, Henderson, Nevada,” 
November. 

12. Nevada Department of Environmental Protection (NDEP), Permit for Hazardous 
Remediation Waste Management Activity, issued 24 September 2007. (Provided in Bid 
Package) 

13. NDEP, 2007, “Record of Decision: Remediation of Soil in the Slit Trench Area of the BMI 
Common Areas, Henderson, Nevada,” September.  

14. NDEP, 2001, “Record of Decision: Remediation of Soils and Sediments in the Upper and 
Lower Ponds at the BMI Complex, Henderson, Nevada.” 

15. Nevada Department of Transportation (NDOT) Traffic Permit No. 91464-2006 dated 13 
April 2006. 

16. PBS&J, 2006, “Landwell Haul Route: Traffic Control Plan, Boulder Highway and Warm 
Springs Road intersection,” Prepared for The Landwell Company, April. 

17. PBS&J, 2006, “Technical Drainage Study for the Eastside Landfill,” prepared for Basic 
Remediation Company, October. 

18. Conceptual Drainage Study 

19. Pond and Sludge Dewatering Studies: 

a. Hart Crowser, 2004, “Draft: Assessment of Geotextile Tube Dewatering Technology for 
Timet Ponds, Henderson, Nevada,” Prepared for Basic Remediation Company, 
November. 

b. Pincock Allen & Holt, 2004 “Assessment of Geotextile Tube Dewatering Technology 
for Timet Ponds, Henderson, Nevada,” Prepared for Basic Remediation Company, July. 

c. Ocean and Coastal Consultants, Inc, 2005, “Timet Ponds Drying Recommendations,” 
April.  

A. The Contractor is required to familiarize itself with the following documents in preparing its bid.   
These documents have been provided with the Contract Documents. 

1. BRC, 2006. “Appendix C: Dust Control and Mitigation Plan, Corrective Action Plan (CAP) 
For The Basic Remediation Company (BRC) Common Areas Remediation Project,” 
September. 

2. BRC, 2005. “Perimeter Air Monitoring Plan For Soil Remediation Activities BMI Upper 
and Lower Ponds and Ditches, Clark County, Nevada,” April 

3. BRC, Geosyntec, ERM, 2007, “Draft: Remedial Alternative Study for the Slit Trench 
Area,” July. 

4. BRC and MWH, 2005, “BRC CAMU area, 2005 soil, soil vapor, groundwater, and slit 
trench investigation report,” October. 
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5. Clark County Department of Comprehensive Planning, Land Use Planning, Land Use 
Permit No. UC-0389-06 dated May 10, 2006. (Provided in Bid Package) 

6. Geosyntec, 2007 “Construction Quality Assurance Plan for the Construction of the 
Corrective Action Management Unit, Basic Remediation Company, Henderson, Nevada,” 
August. 

7. Geotechnical & Environmental Services, Inc (GES), 2007, “Eastside Geotech Sampling, 
Henderson, Nevada,” Prepared for Basic Remediation Company, October.”Nevada 
Department of Environmental Protection, 2001, “Record of Decision: Remediation of Soils 
and Sediments in the Upper and Lower Ponds at the BMI Complex, Henderson, Nevada,” 
November. 

8. Nevada Department of Environmental Protection (NDEP), Permit for Hazardous 
Remediation Waste Management Activity, issued 24 September 2007. (Provided in Bid 
Package) 

9. Nevada Department of Transportation (NDOT) Traffic Permit No. 91464-2006 dated 13 
April 2006. 

10. PBS&J, 2006, “Landwell Haul Route: Traffic Control Plan, Boulder Highway and Warm 
Springs Road intersection,” Prepared for The Landwell Company, April. 

B. The Contractor is encouraged to familiarize itself with the following documents in preparing its 
bid. These documents have been provided with the Supplemental Documents 

1. Basic Remediation Company (BRC), 2006, “Community Involvement Plan (CIP),” 
November. 

2. BRC, 2006. “Corrective Action Plan (CAP) For The Basic Remediation Company (BRC) 
Common Areas Remediation Project,” September. 

3. BRC, Environmental Resources Management (ERM), and Daniel B. Stevens & Associates 
(DBS&A), 2007, “BRC Closure Plan: BMI Common Areas, Clark County, Nevada,” May. 

4. Daniel B Stephens & Associates, Inc (DBS&A), 2006, “Conceptual Site Model, Proposed 
CAMU Site, Henderson, Nevada,” October. 

5. Geosyntec, 2007. “Revised Remedial Action Plan (RAP) Permit Application for Corrective 
Action Management Unit (CAMU), Henderson, Nevada,” Prepared for Basic Remediation 
Company, Submitted to Nevada Department of Environmental Protection, March. 

6. NDEP, 2007, “Record of Decision: Remediation of Soil in the Slit Trench Area of the BMI 
Common Areas, Henderson, Nevada,” September.  

7. NDEP, 2001, “Record of Decision: Remediation of Soils and Sediments in the Upper and 
Lower Ponds at the BMI Complex, Henderson, Nevada.” 

8. PBS&J, 2006, “Technical Drainage Study for the Eastside Landfill,” prepared for Basic 
Remediation Company, October. 

9. Conceptual Drainage Study 

10. Pond and Sludge Dewatering Studies: 

a. Hart Crowser, 2004, “Draft: Assessment of Geotextile Tube Dewatering Technology for 
Timet Ponds, Henderson, Nevada,” Prepared for Basic Remediation Company, 
November. 
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b. Pincock Allen & Holt, 2004 “Assessment of Geotextile Tube Dewatering Technology 
for Timet Ponds, Henderson, Nevada,” Prepared for Basic Remediation Company, July. 

c. Ocean and Coastal Consultants, Inc, 2005, “Timet Ponds Drying Recommendations,” 
April. “ 

1.06 SUBMITTALS 

A. The following shall be submitted prior to issuance of Notice to Proceed: 

1. Performance and Payment Bond 

2. Insurance Certificates 

3. Approved City of Henderson and Clark County Land-use permits 

B. The Contractor shall submit to the Construction Manager the CAMU Grading Permit and Eastside 
Area Grading Permit in accordance with Subpart 1.12 of this Section. 

1.07 CONTRACTOR QUALIFICATIONS 

A. The Contractor, and all subcontractors, shall be licensed at the time of bidding, and throughout the 
period of the Contract, by the State of Nevada to do the type of work required under terms of these 
Contract Documents.  By submitting a bid, the Contractor certifies that he is skilled, competent, 
and knowledgeable on the nature, extent and inherent conditions of the Work to be performed and 
has been regularly engaged in the general class and type of work called for in these Contract 
Documents and meets the qualifications required in these Specifications. 

B. By submission of a bid for this Project, the Contractor acknowledges that he is thoroughly familiar 
with the Site conditions. 

1.08 CONTRACTOR’S RESPONSIBILITIES 

A. Start, layout, construct, and complete the Project in accordance with the Contract Documents. 

B. Provide a competent Site superintendent, capable of reading and understanding the Construction 
Documents, who shall receive instructions from the Construction Manager.  

C. Provide labor, construction supplies, equipment, tools, machinery, and other services and facilities 
necessary to properly execute and complete the work, and pay the cost thereof. 

D. Establish means, techniques, and procedures for constructing and otherwise executing the Work. 

E. Establish and maintain proper Health and Safety practices for the duration of the Project. The 
Contractor shall be responsible for health and safety of the personnel on site including: 
Contractor’s personnel, Owner, Construction Manager and personnel, consultants, subcontractors, 
suppliers, and visitors.  In particular, the Contractor shall account for site specific Health and 
Safety issues (hazards), including but not limited to waste excavation, heat, construction activities, 
etc. 

F. Pay cost of legally required sales, consumer, and use taxes and governmental fees. 

G. Perform Work in accordance with codes, ordinances, rules, regulations, orders, and other legal 
requirements of governmental bodies and public agencies bearing on performance of Work. 

H. Forward submittals and communications to the Construction Manager.  Where applicable, the 
Construction Manager shall coordinate submittals and communications with the representatives 
who shall give approvals and directions through the Construction Manager. 
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I. Maintain order, safe practices, and proper conduct at all times among Contractor's employees. The 
Construction Manager, and its authorized representative, may require that disciplinary action be 
taken against an employee of the Contractor for disorderly, improper, or unsafe conduct.  Should 
an employee of the Contractor be dismissed from his duties for misconduct, incompetence, or 
unsafe practice, or combination thereof, that employee shall not be rehired for the duration of the 
Work. 

J. Coordinate the Work with the utilities, private utilities, and/or other parties performing work on or 
adjacent to the Site. Other parties include those responsible for construction management, 
construction quality assurance monitoring, air and dust monitoring, and conformance sampling.  
Other parties also includes Owner, utility representatives, regulatory agencies, and/or inspectors.  
Eliminate or minimize delays in the Work and conflicts with those utilities or contractors.  
Coordinate activities with the Construction Manager.  Schedule private utility and public utility 
Work relying on survey points, lines, and grades established by the Contractor to occur 
immediately after those points, lines and grades have been established. 

K. Coordinate activities of the several trades, suppliers, and subcontractors, if any, performing the 
Work.   

L. The Contractor shall cooperate with all other parties engaged in project-related activities to the 
greatest extent possible.  Disputes or problems shall be referred to the Construction Manager for 
resolution. 

M. The Contractor is responsible for becoming familiar with all aspects of the Work prior to 
performing the Work. 

N.  The Contractor shall provide documentation for the following training for site personnel: 

1. All on-site personnel (except administrative staff):  

a. 40 hour OSHA HAZWOPER training meeting 29 CFR 1910 

b. 8 hour OSHA Refresher training meeting 29 CFR 1910 

c. Respirator Fit Test 

2. All on-site supervisors: 

a. 8 hour OSHA Supervisor training meeting 29 CFR 1910 

b. Red Cross First Aid and CPR training 

3. Geosynthetic Material Installation Technicians 

a. Qualifications and experience installing similar materials 

4. Landfill Manager 

a. SWANA Manager of Landfill Operations Training 

1.09 CONFORMANCE 

A. Work shall conform to the Technical Specifications, CQA Plan, and Drawings that form a part of 
these Contract Documents. 

B. Omissions from the Technical Specifications, CQA Plan, and Drawings or the misdescription of 
details of Work which are necessary to carry out the intent of the Contract Documents are 
customarily performed, shall not relieve the Contractor from performing such omitted or 
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misdescribed details of the Work, but they shall be performed as if fully and correctly set forth and 
described in the Technical Specifications, CQA Plan, and Drawings. 

1.10 CONTRACTOR USE OF WORK SITE 

A. Confine Site operations to areas permitted by law, ordinances, permits, and the Contract 
Documents.  The Contractor shall ensure that all persons under his control (including 
Subcontractors and their workers and agents) are kept within the boundaries of the Site and shall 
be responsible for any acts of trespass or damage to property by persons who are under his control.  
Consider the safety of the Work, and that of people and property on and adjacent to work Site, 
when determining amount, location, movement, and use of materials and equipment on work Site. 

B. The Contractor shall be responsible for protecting private and public property including 
pavements, drainage culverts, electricity, highway, telephone, and similar property and shall make 
good of, or pay for, all damage caused thereto.  Control of erosion throughout the project is of 
prime importance and is the responsibility of the Contractor.  The Contractor shall provide and 
maintain all necessary measures to control erosion during progress of the Work to the satisfaction 
of the Construction Manager and all applicable laws and regulations, and shall remove such 
measures and collected debris upon completion of the project.  All provisions for erosion and 
sedimentation control apply equally to all areas of the Work. 

C. Contractor shall promptly notify the Construction Manager in writing of any subsurface or latent 
physical conditions at the Site that differ materially from those indicated or referred to in the 
Contract Documents.  Construction Manager shall promptly review those conditions and advise 
Owner in writing if further investigations or tests are necessary.  If the Construction Manager 
finds that the results of such investigations or tests indicate that there are subsurface and latent 
physical conditions which differ materially from those intended in the Contract Documents, and 
which could not reasonably have been anticipated by Contractor, a Change Order shall be issued 
incorporating the necessary revisions. 

D. At no time shall Contractor interfere with operations of businesses on or in the vicinity of the Site.  
Should the Contractor need to work outside the regular working hours, the Contractor is required 
to submit a written request and obtain approval by the Construction Manager. 

1.11 EXISTING UTILITIES 

A. The Contractor shall be responsible for locating, uncovering, protecting, flagging, and identifying 
all existing utilities encountered while performing the Work.  The Contractor shall request that 
Underground Service Alert (USA) locate and identify the existing utilities.  The request shall be 
made 48 hours in advance. 

B. The Contractor shall locate all overhead utilities that enter the construction boundary and locate 
these lines until they terminate or exit the site to ensure that no underground utilities originate 
from these overhead utilities. If underground utilities do originate from these overhead lines, the 
Contractor shall locate the underground utility until it terminates or exits the construction 
boundary. 

C. All located live underground utilities shall be put on the as-built drawings and staked 50 feet on 
center or marked with other equal physical markings, and shall be protected until all intrusive 
work is completed in the area. Markings shall indicate both the horizontal and vertical position of 
the utilities. 

D. The Contractor shall not proceed with any intrusive work at the East Side Area, the CAMU, any 
integrated peripheral property, the haul roads, including Boulder Highway and West Warm 
Springs Road, or any other discrete work area until the utility locates have been completed, the 
Contractor has requested authorization to proceed, and written approval is obtained from the 
Construction Manager. 
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E. Where the work may encounter existing utilities: 

1. The Contractor shall de-energize the utilities. When this affects other utility users the 
Contractor shall make arrangements for alternate service if required. 

2. The Contractor shall determine and comply with the requirements of the utility owner for 
protection of that utility. The Contractor shall provide adequate advance notice to the utility 
owner, of work near an existing utility. 

F. When the Work requires the Contractor to be near or to cross locations of known utilities, the 
Contractor shall carefully uncover, support and protect these utilities and shall not cut, damage, or 
otherwise disturb them without prior authorization from the Construction Manager. 

G. Costs resulting from damage to utilities shall be borne by the Contractor.  Costs of damage shall 
include repair and compensation for incidental costs resulting from the unscheduled loss of utility 
service to affected parties. 

H. The Contractor shall immediately stop work and notify the Construction Manager of all utilities 
encountered and/or damaged.  The Contractor shall also Survey the exact location of any utilities 
encountered during construction. 

1.12 PRESERVATION OF SCIENTIFIC INFORMATION 

A. Federal and State legislation provides for the protection, preservation, and collection of data 
having scientific, prehistoric, historical, or archaeological value (including relics and specimens) 
that might otherwise be lost due to alteration of the terrain as a result of any construction work.  If 
evidence of such information is discovered during the course of the Work, the Contractor shall 
notify the Construction Manager immediately, giving the location and nature of the findings.  
written confirmation shall be forwarded within two (2) working days.   

B. The Contractor shall exercise care so as not to damage artifacts uncovered during excavation 
operations, and shall provide such cooperation and assistance as may be necessary to preserve the 
findings for removal or other disposition by the Construction Manager or Government agency. 

C. Where appropriate, by reason of a discovery, the Construction Manager may order delays in the 
time of performance, or changes in the Work, or both.  If such delays, or changes, or both, are 
ordered, the time of performance and contract price shall be adjusted in accordance with the 
applicable clauses of the Contract. 

1.13  ADDITIONAL REQUIREMENTS 

A. SURVEYING - The Surveyor shall be employed by the Contractor to provide construction layout, 
as-built Record Drawings, base-line surveys, and quantity estimates.  A third party Surveyor, 
employed and paid for by the Owner, will perform quality assurance checks of control points, as-
builts, and quantities, as directed by the Construction Manager.  Surveying shall be conducted 
such that all applicable standards required by the State of Nevada are in accordance with Section 
01050 of these Specifications.  The Surveyor shall be a Registered Land Surveyor, licensed to 
practice in the State of Nevada. 

B. PERMITS – The following permits shall be obtained by the Owner and Contractor for the Work.  

1. The Owner will provide the following permits: 

a. Remedial Action Plan (RAP) Permit, Nevada Department of Environmental Protection; 
and 
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b. Traffic –  District Permit No. 91464-2006, obtained from NDOT for allowing material 
haulage across Boulder Highway with up to 120 ton haul trucks permitted. Permits for 
use of Warm Springs Road and Boulder Highway crossing shall be supported with the 
provided Traffic Control Plan as necessary. The Traffic Control Plan describes changes 
to the signaling procedures at the Boulder Highway/Warm Springs interchange, as well 
as the presence of flagmen and other temporary traffic control procedures as necessary. 
Additional requirements for public haul roads are in specified in Section 01500. 

c. CAMU Land Use Permit, Clark County, Department of Comprehensive Planning, Land 
Use Planning Permit No. UC-0389-06. 

2. The Contractor shall be required to obtain permits in accordance with construction of the 
facility.  Permits include: 

a. Dust Control Permit – Obtained from the Air Pollution Control Division of the Clark 
County Health District. Owner shall provide Contractor with Dust Control Mitigation 
Plan and Perimeter Air Monitoring Plan outlining procedures for Dust Control Permit 
compliance. 

b. Zero-Discharge Permit - If deemed appropriate by the Bureau of Water pollution, “Zero 
Discharge” permits shall be obtained to address temporary ponds associated with 
remediation (i.e., decontamination rinse water, TIMET pond dewatering). 

c. Traffic – The Contractor shall obtain a Traffic Permit for use of West Warm Springs 
Road. The Permit shall be supported with the provided Traffic Control Plan as 
necessary. The Traffic Control Plan describes changes to the signaling procedures at the 
Boulder Highway/Warm Springs interchange, as well as the presence of flagmen and 
other temporary traffic control procedures as necessary.  Additional requirements for 
public haul roads are in specified in Section 01500. 

d. Eastside Grading – Contractor shall file and receive a grading permit for the Eastside 
areas with the COH based on the approved Conceptual Drainage Study (CDS) provided 
by the Owner.  

i. Contractor shall ensure the 100-year storm flows shall not increase or be redirected 
from the current condition established in the approved CDS.  

ii. Contractor shall ensure interim site conditions shall not increase or redirect flows 
from current conditions. 

e. CAMU Grading – The Contractor shall apply for the CAMU grading permit from Clark 
County. The Owner shall provide to the Contractor the following: 

i. Technical Drainage Study (TDS) 

ii. Improvement Plans 

iii. Comments and Approval from the building department 

f. Land-use Permit - Within 10 business days of project award, the Contractor shall submit, 
to the Construction Manager, a completed project specific City of Henderson/Clark 
County Land Use Permit that covers all work required for this project.  The Land Use 
Permit will subsequently be submitted by the Construction Manager to the Landwell 
Design Review Committee for review and approval.  Once approved by the Design 
Review Committee, the Owner will submit the Land Use Permit to the City of 
Henderson for review and approval.  The Contractor shall expect that the review and 
approval process, from the time the Contractor submits the Land Use Permit to final 
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approval by the City of Henderson, will take approximately 4 weeks.  A Notice to 
Proceed will not be issued before final approval of the Land Use Permit. 

C. SEDIMENTATION, EROSION CONTROL, AND DEWATERING - Contractor shall comply 
with all laws, ordinances, and permits for controlling erosion, water pollution, and dust emissions 
resulting from construction activities; the Contractor shall be responsible for any fines imposed 
due to noncompliance.  The Contractor shall prepare and perform work in accordance with the 
Storm Water Pollution Prevention Plan (SWPPP) in accordance with Section 01100 Subpart 3.08 
of these Specifications.  Stormwater shall be handled in accordance with SWPPP.  SWPPP shall 
address disposal of contaminated stormwater by off site disposal or as dust control over waste 
placed in lined areas of the CAMU. Contaminated stormwater is defined as water that contacts 
waste materials, water collected from sumps, and stormwater removed from waste excavations. 
Contaminated stormwater shall not be used for dust control on clean, interim or final cover.  

D. PROTECTION OF EXISTING WELLS - The Contractor shall exercise care to avoid disturbing or 
damaging the existing monitor wells that are to remain in place.  All wells damaged by the 
Contractor shall be immediately repaired by the Contractor to the satisfaction of the Construction 
Manager at no additional cost.  

E. WORKING HOURS - Contractor shall establish normal working hours and notify Construction 
Manager when work is scheduled outside of those hours. Available working hours are 24 hours a 
day, 7 days a week.with restricted work hours for the following: 

1. 7 pm to 6 am: use of non-highway approved trucks up to 120 tons gross weight are allowed 
for use to haul waste materials from the Eastside Area to the CAMU, crossing Boulder 
Highway, in accordance with Nevada Department of Transportation (NDOT) permit 91464-
2006 obtained by the Owner.   

2. Work which creates noise in excess of limits specified in Section 01560 shall be restricted 
during hours specified in that Section.  

F. BURNING - The use of open fires for any reason is prohibited. 

G. TEMPORARY ROADS - The Contractor shall be responsible for constructing and maintaining all 
temporary roads and lay down areas that the Contractor may require in the execution of the Work 
in accordance with Section 01500.   

H. CONSTRUCTION WATER - The Contractor shall obtain and pay for water from the City of 
Henderson Utilities Division for construction and dust control..   

I. SAFEGUARDS - The Contractor shall provide and use all personnel safety equipment, barricades, 
guardrails, signs, lights, flares, and flagmen as required by OSHA, state, or local codes and 
ordinances.   

J. SECURITY - The Contractor is responsible for 24-hour site security and the safety and condition 
of all of his tools and equipment.  The Contractor shall maintain security in accordance with 
Section 01100, Part 3.07.  

K. ACCEPTANCE OF WORK - The Contractor shall retain ownership and responsibility for all 
Work until Substantial Completion has been issued by Construction Manager.   

 
PART 2 –  PRODUCTS 

 
[NOT USED] 
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PART 3 –  EXECUTION 

3.01  CONSTRUCTION DRAWINGS 

A. Three sets of construction drawings comprise the Construction Drawings: 

1. Construction Drawings, Basic Remediation Company, Corrective Action Management Unit, 
Henderson, Nevada, August 2007 – prepared by Geosyntec Consultants, dated August 2007. 

2. Improvement Plans for Eastside Landfill – prepared by PBS&J, dated October 2006. 

3. Improvement Plans for Eastside Common Area Remediation- prepared by PBS&J, dated 
August 2007. 

B. Dimensions shown on the drawings take precedence over scaled dimensions. Large-scale details 
have precedence over smaller scale. 

 
PART 4 –  MEASUREMENT AND PAYMENT 

 
[NOT USED] 
 
 

[END OF SECTION] 
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SECTION 01025 
MEASUREMENT AND PAYMENT 

 
PART 1 –  GENERAL 

1.01 DESCRIPTION OF WORK 

A. This section covers measurement and payment criteria applicable to the Work performed under 
lump sum and unit price payment methods, and non-payment for rejected work. 

1.02 RELATED SECTIONS 

A. This section relates to all other sections of the contract. 

1.03 SUBMITTALS 

A. Comply with pertinent provisions of Section 01300, "Submittals." 

B. With each request for payment, the Contractor shall submit supporting information as necessary to 
justify the payment request as specified elsewhere throughout these specifications. 

C. Weight tickets when measurement for payment is by weight. 

1.04 AUTHORITY 

A. Measurement methods delineated in the individual specification sections are intended to 
complement the criteria of this section.  In the event of conflict, the requirements of the individual 
specification section shall govern. 

B. A surveyor, licensed in the State of Nevada, hired by the Contractor shall take all measurements.  
All measurements, cross-sections and quantities shall be stamped and certified by the licensed 
surveyor and submitted to the Construction Manager.  The Construction Manager maintains the 
right to provide additional measurements and calculation of quantities to verify measurements and 
quantities submitted by the Contractor. 

1.05 GENERAL 

A. Undefined items shall be included in the closed related item on the Bid Schedule. 

1.06 LUMP SUM ITEMS 

A. Lump-sum measurement will be for the entire item or unit of work, or combination thereof, as 
specified and as indicated in the Bid Schedule of the Bid Form. 

1. If the Contractor requests progress payments for lump-sum items or amounts in the Bid 
Schedule, such progress payments will be made in accordance with a well-balanced, 
detailed program of payment-apportioning, prepared by the Contractor and submitted to the 
Construction Manager for approval.  

2. Such program for each applicable lump-sum item shall show fixed definable and 
measurable quantities where possible and unit prices therefore as developed and assigned by 
the Contractor to the different features of the work and major subdivisions thereof. The 
summation of extensions of quantities and unit prices and related costs shall equal the 
amount of the lump-sum bid item indicated on the Bid Schedule. 

3. Following the Construction Manager’s approval, progress payments will be made in 
accordance with the Contractor’s payment-apportioning program and from the approved 
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progress schedule, reflecting the progress which occurred during the payment period as 
approved by the Construction Manager. 

1.07 UNIT PRICE ITEMS 

A. Values of Unit Prices: 

1. The number of units and quantities in the Bid Schedule as estimated quantities are 
approximate only, and final payment will be made for the actual number of units and 
quantities which are incorporated in the Work and required by the Contract. 

B. Measurement Standards: 

1. All work to be paid for at Contract price per unit measurement, as indicated in the Bid 
Schedule, will be measured by the Surveyor and verified by the Owner in accordance with 
United States Standard Measures. 

C. Measurement by Volume: 

1. Measurement by volume will be by the cubic dimension indicated in the Bid Schedule. 
Method of volume measurement will be by the unit volume in place or removed as 
specified. 

2. Measurement shall be by the cubic dimension using mean lengths, widths and heights or 
thickness, or by average end area method as measured by Contractor’s surveyor and as 
verified by Owner’s surveyor as appropriate.  All measurement shall be the difference 
between the original ground surface and the design (“neat-line”) dimensions and grades.  

3. Quantities and measurements indicated in the Bid Schedule are for bidding and contract 
purposes only.  Quantities and measurements supplied or placed in the Work and verified by 
the Construction Manager shall determine payment.  If the actual work requires more or 
fewer quantities than those quantities indicated, the Contractor shall provide the required 
quantities at the lump sum and unit prices contracted unless modified elsewhere in these 
Contract Documents. 

D. Measurement by Area: measurement by area will be by the square dimension shown as specified. 
Measurement shall be by the square dimension using mean lengths and widths and/or radius as 
measured by Contractor’s surveyor and as verified by Owner’s surveyor as appropriate. All 
measurement shall be the difference between the original ground surface and the design (“neat-
line”) dimensions and grades. 

E. Linear Measurement: linear measurement will be by the linear dimension listed in the Bid 
Schedule. Unless otherwise indicated, items, components, or work to be measured on a linear 
basis will be measured at the centerline of the item in place. 

1.08 PAYMENT 

A. Payment includes full compensation for all required labor, products, tools, equipment, 
transportation, services and incidentals; erection, application or installation of an item of the 
Work; and all overhead and profit.  Final payment for Work governed by unit prices shall be made 
on the basis of the actual measurements and quantities accepted by the Construction Manager 
multiplied by the unit price for Work which is incorporated in or made necessary by the Work. 

B. A monthly progress payment schedule shall be used to compensate the Contractor for the Work.  
The monthly amount to be paid to the Contractor is calculated as the percent of completed work 
for each bid item multiplied by the total anticipated work for that bid item. 
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1.09 NON-PAYMENT FOR REJECTED PRODUCTS 

A. Payment shall not be made for any of the following: 

1. Products wasted or disposed of in a manner that is not acceptable. 

2. Products determined as unacceptable before or after placement. 

3. Products not completely unloaded from the transporting vehicle. 

4. Products placed beyond the design lines, dimensions, grades and levels of the required 
Work. 

5. Products remaining on hand after completion of the Work. 

6. Loading, hauling, and disposing of rejected Products. 

7. Products rejected because of contamination (i.e. soil residues, fuel spills, solvents, etc.). 

1.10 BID ITEMS 

A. The bid items provided in the Bid Schedule shall be used by the Construction Manager and 
Contractor to bid the Work described in these bid documents. 

B. The bid schedule is broken into four categories for the measurement and payment of the Work:  

1. Base Items: Bid items comprising Phases I through V of CAMU construction, Interim 
CAMU cover placement, storm water controls, and cover construction for the North and 
South BMI Landfills 

2. Option Scope Items: Construction of the final CAMU cover system and associated storm 
water management features overlying the CAMU will be held as Option Scope items that 
may be added to the contract via Contract Modification at the Owner's sole discretion.   

3. Alternative Added/Deleted Items: Bid items including costs associated for additional waste 
placement greater than 15 percent of initial engineer’s estimate. Costs provided in this table 
shall be Contractor’s hourly labor rate and fleet vehicle hourly rates. Contractor shall 
provide two vendors’ rental quotes for equipment used but not listed in the bid schedule. 
The lesser of the two quotes shall be the daily cost for payment. 

4. Alternative Standby Items: Bid items to be used to calculate standby costs. Costs provided 
in this table shall be fleet vehicle daily rates. If rental equipment is used or if equipment 
used is not listed in the bid schedule, the Contractor shall provide documentation of two 
vendor rental quotes and the lesser of the two quotes shall be the daily cost for payment. 

C. Incidentals to be included in bid items are described in the associated Section. 

PART 2 –  PRODUCTS 

[NOT USED] 

 
PART 3 –  EXECUTION 

[NOT USED] 

PART 4 –  MEASUREMENT AND PAYMENT 

[NOT USED] 
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[END OF SECTION] 
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SECTION 01050 

FIELD ENGINEERING 

 

PART 1 –   GENERAL 

1.01 DESCRIPTION OF WORK 

A. This section covers field surveys, contractor design (not including shop drawing designs), as-built 
documentation, and locations of sampling and testing points. 

B. The Owner shall provide 3rd party quality assurance surveying to verify as-built documentation 
based on control points and to provide measurement for payment.  

C. The Contractor shall perform all surveying work to complete the Project except where survey 
work is specifically indicated in the Contract documents to be the Owner's responsibility. 

D. Costs for replacement by the Construction Manager of Construction Manager-established 
reference monuments damaged or destroyed by the Contractor shall be charged to the Contractor 
at the actual cost of labor, materials, supplies, and equipment to repair or replace such damaged or 
destroyed Construction Manager-established monuments and reference points. 

1.02 RELATED SECTIONS 

Section 01100—Project Meetings and Procedures 
 
Section 01300—Submittals 
 
Section 01400—Quality Control 
 
Section 01500—Construction Facilities  
 
Section 01560—Temporary Controls 
 
Section 02200—Earthwork 
 
Section 02205—Remedial Excavating and Filling 

 

1.03 SUBMITTALS 

A. Contractor shall submit documentation verifying surveying field supervisor is a Registered Land 
Surveyor in the State of Nevada. 

B. Original field books and electronic data not related to pay requests. 

C. Survey data and drawings of all sampling and testing location information shall be submitted to 
the Construction Manager showing coordinates and elevations. Horizontal coordinates shall be 
within ± 1.0 foot and vertical locations shall be within ± 0.1 foot. 

D. Survey information, drawings, survey data reductions, and calculations used to calculate the 
progress pay estimate quantities to the Construction Manager with each request for progress 
payment. Survey information shall include copies of original field books and electronic data. 
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E. Survey data for final payment for applicable work: The Contractor shall reduce the field notes and 
calculate final quantities for payment purposes.  Documentation shall bear the seal and signature 
of a Nevada Registered Land Surveyor. Specific submittals include: 

1. Measurement or survey field books or field notes, including original field books, electronic 
data, and note reductions.  Field books or notes shall include signatures of all personnel 
participating in the survey or measurements. 

2. Measurement drawings, topographic survey drawings, and cross-section drawings. 

3. Calculation sheets used to derive an actual quantity. Each calculation sheet shall clearly 
indicate the subject, calculations, totals, date, and signature of author. 

F. Written notification to Construction Manager of any survey work or layout work to be done. 

G. Survey as-built data. 

1.04 QUALITY ASSURANCE 

A. The Contractor shall provide experienced construction surveyors. All survey and layout work, and 
work quantity estimate documentation performed by the Contractor shall be performed under the 
supervision and direction of a Land Surveyor licensed in the State of Nevada with a minimum of 3 
years responsible charge of construction surveys for construction work similar in nature to that 
required by the Project. The Contractor shall maintain sufficient qualified personnel to perform 
required surveying work, including having a Registered Land Surveyor in the field overseeing the 
survey crew(s) at all times that survey work is performed. 

B. The Contractor instruments and other survey equipment shall be accurate, suitable for the surveys 
required in accordance with recognized professional standards, and in proper condition and 
adjustment at all times. Any equipment found to be inaccurate (beyond allowable tolerances) or 
defective shall immediately be repaired or removed from the work site by the Contractor. 

C. Contractor shall establish three reference points at the Eastside Area and an additional three 
reference points at the CAMU area for project control by QA/QC Survey. 

PART 2 –   PRODUCTS 

[Not Used] 

PART 3 –   EXECUTION 

3.01 FIELD SURVEYS 

A. Field Surveys, at a minimum, shall be performed: 

1. initially before any soil disturbance at the CAMU and Eastside, 

2. for verification of the final surface at the CAMU Detention Basin and Equilizer Basin, 

3. for verification of subgrade, base grade, and final finish grades of East and West CAMU 
Drainage Channels, 

4. for as-built conditions of CAMU Storm Drain 

5. for verification of excavated surfaces at Eastside, 

6. after slit trench excavations, prior to backfilling,  
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7. each successive excavated surface that needs to be excavated after conformance sampling, 

8. phased liner subgrade at CAMU,  

9. for as-built conditions of installed geomembrane showing panel corners, and the location of 
all recorded defects and repairs, 

10. interim waste surface, monthly, at CAMU, 

11. final waste surface at CAMU,  

12. final interim cover surface,  

13. final geosynthetic CAMU and North and South BMI Landfill cover subgrade,  

14. final cover surfaces at CAMU and North and South BMI Landfills, and 

15. final condition of all site areas disturbed. 

B. Electronic survey data submittals shall consist of the following: 

1. Hard copy printouts from survey data collector with observations and position of points 
showing coordinates and elevations. 

2. Copy of field books used during data collection. 

3. Electronic file of all points used in volume calculations in ASCI format. 

4. Electronic files of all drawings in AutoCAD, 2007 format or better, or in a DXF format that 
can be converted to AutoCAD. 

5. Electronic files shall be delivered to the Construction Manager on compact disk. 

6. Hard copies of all drawings, cross-sections, and other information generated during survey 
data collection, including drawings that show control points used for each survey. 

C. The Contractor shall utilize 50 foot by 50 foot design grid system provided by Construction 
Manager during construction. Construction Manager shall provide additional points for visible 
grade changes and at other significant locations that are not located on the grid system. All initial 
surveys and grade changes will be based on this grid system. The design grades shall be verified 
based on this system.   

D. Data gathered from incremental surveys performed of a respective surface (liner subgrade,  
Eastside remediated surfaces, final waste surface at CAMU, etc.) shall be combined and 
coordinated into a single cumulative composite drawing file that presents the entire surface as it is 
incrementally developed. 

E. The Contractor shall establish the final grade for backfill work by resurveying and staking the grid 
system points. The Contractor survey work shall demonstrate that drainage patterns have not 
changed, unless changes were specifically authorized by the Construction Manager. Where it is 
practical, the Contractor may propose alternate methods for establishing original and final grades 
within small excavation areas. Such alternate methods shall be approved by the Construction 
Manager prior to commencing the survey. 

F. Horizontal coordinates shall be within ±1.0 ft and vertical locations shall be within ± 0.1 ft.  
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G. The Contractor shall conduct such other surveys as are required to calculate payment quantities, 
document completion of a phase of excavation or backfill, or other documentation required for a 
complete record of Project activities and actions.  

H. The Construction Manager may at any time use line and grade points and markers established by 
the Contractor. The Contractor's surveys are a part of the work and may be checked by the 
Construction Manager. The Contractor shall be responsible for any lines, grades, or measurements 
which do not comply with specified or proper tolerances, or that are otherwise defective, and for 
any resultant defects in the work. The Contractor shall be required to conduct resurveys or check 
surveys to correct errors. 

I. The Contractor shall establish lines and grades necessary to control the work, and shall be 
responsible for measurements for execution of the work prescribed in these specifications or on 
the drawings. The Contractor shall establish, place, and replace stakes, markers, and other 
monuments for survey control, interim checks, and guidance of construction operation. 

J. The Contractor shall provide all materials and equipment for performing survey work, including, 
but not limited to instruments, stakes, spikes, steel pins, templates, and tools. Except for material 
that is to be incorporated in the work or left in place, all such materials and equipment shall 
remain property of the Contractor.  

K. Before commencing any layout of work and surveys, the Contractor shall provide written notice to 
the Construction Manager so the Construction Manager may witness or independently check such 
work.  

L. Prior to commencing excavation on existing ditch lines, and/or culverts planned for removal and 
replacement, a survey of existing features shall be performed by the Contractor. The survey shall 
be used as a control to establish the ditch/culvert alignment during reconstruction. The survey 
shall be sufficiently accurate to allow reinstalled and/or replacement ditches, or culverts to 
perform in a manner that is hydraulically equivalent to the original ditches, or culverts. 

M. On a monthly basis, the Contractor shall provide survey data to the Construction Manager on the 
excavation and backfill production during the previous month. 

N. Copies of all surveying notes and drawings prepared by the Construction Manager for verification 
of Contractor surveys shall be made available to the Contractor, when requested. 

O. The Contractor shall secure all field measurements required for proper and accurate fabrication 
and installation of the work included in this Contract. Exact measurements are the Contractor's 
responsibility. The Contractor shall furnish or obtain all templates, patterns, and setting 
instructions required for the installation of all work. All dimensions shall be verified by the 
Contractor by survey in the field. 

P. Unless otherwise stated in these Specifications, or by Construction Manager approval, tolerances 
in layout of work shall not exceed the following:  

 

TYPE OF LINE OR MARK 

 

HORIZONTAL 
POSITION 

 

ELEVATION 
 

Permanent reference points 

 

1 in 10,000 

 

± 0.02 ft. 
 

Reference points for general 
excavation and earthwork 

 

1 in 2,000 

 

± 0.10 ft. 
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Q. The Construction Manager shall perform sufficient field surveys to verify that the Contractor's 
field survey work is within acceptable tolerances and accurately depicts requirements of the 
drawings and these specifications. In the event that the Construction Manager's survey differs 
from the Contractor's survey, the Construction Manager's survey shall govern. 

R. The use of aerial survey for quantity determination shall not be allowed on this Project. All survey 
work shall be performed with land survey methods that have been approved by the Construction 
Manager. 

PART 4 –  MEASUREMENT AND PAYMENT  

4.01 GENERAL 

A. No separate measurement or payment shall be made for requirements of this section. Full 
compensation for conforming to such requirements shall be included in the price bid for Bid 
Schedule Items of Work and no additional compensation shall be allowed. 

 

[END OF SECTION] 
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SECTION 01100 

PROJECT MEETINGS AND PROCEDURES 

PART 1 –   GENERAL 

1.01 SCOPE 

A. This section covers preconstruction meeting, project meetings, regulatory oversight, community 
relations, site security, permits, final inspection, and  project record documents 

1.02 RELATED SECTIONS 

Section 01010—Summary of Work 

Section 01050—Field Engineering 

Section 01300—Submittals 

Section 01560 – Temporary Controls 

1.03 REFERENCES 

A. Geosyntec, 2007. “Revised Remedial Action Plan (RAP) Permit Application for Corrective Action 
Management Unit (CAMU), Henderson, Nevada,” Prepared for Basic Remediation Company, 
Submitted to Nevada Department of Environmental Protection, March. 

B. Basic Remediation Company (BRC), 2006, “Community Involvement Plan (CIP),” November. 

C. BRC, 2006. “Corrective Action Plan (CAP) For The Basic Remediation Company (BRC) 
Common Areas Remediation Project,” September. 

D. BRC, 2005. “Perimeter Air Monitoring Plan For Soil Remediation Activities BMI Upper and 
Lower Ponds and Ditches, Clark County, Nevada,” April 

E. Clark County Department of Comprehensive Planning and U.S. Fish and Wildlife Service, 2000, 
“Clark County Multiple Species Habitat Conservation Plan (CCMSHCP),” September. 

1.04 SUBMITTALS 

A. Comply with pertinent provisions of Section 01300, "Submittals" 

B. The following shall be submitted prior to issuance of Notice to Proceed: 

1. Site Security Plan: The Site Security Plan shall describe the type and number of personnel 
and the system to be used to ensure that access to the site is restricted to authorized 
personnel only. The Construction Manager shall review the Plan and return it to the 
Contractor with comments or approval 5 days after receiving the Plan. The Contractor shall 
obtain Site Security Plan approval from the Construction Manager prior to beginning any 
work at the site. 

2. Storm Water Pollution Prevention Plan 

C. The Contractor shall submit the following to the Construction Manager daily: 

1. Progress Reports 

2. Inspection Checklists 
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D. The Contractor shall submit weekly inspection reports to the Construction Manager 

E. The Contractor shall submit the following to the Construction Manager monthly: 

1. Status Report 

2. Inspection Checklist 

F. The Contractor shall submit monthly inspection reports to the Construction Manager 

G. Within 24-hours after a storm event, the Contractor shall submit to the Construction Manager a 
post-storm inspection checklist 

H. The Contractor shall submit to the Construction Manager incident reports as needed within 24-
hours of the incident occurance. 

I. Job Set of Project Record Documents 

J. If the Work discussed in these Specifications is interrupted for reasons other than inclement 
weather, the Contractor shall notify the in writing Construction Manager a minimum of 24 hours 
prior to the resumption of Work. 

PART 2 –  PRODUCTS 

2.01 NOT USED 

PART 3 –    EXECUTION 

3.01 PRECONSTRUCTION MEETINGS 

A. Construction Manager shall arrange a preconstruction meeting with the Contractor within 21 days 
of notice of award and before receipt of Notice to Proceed (NTP). The preconstruction meeting 
shall be required prior to issuing NTP.  

B. Authorized representatives of the Contractor, including the Bid Preparer, Project Manager, and 
On-Site Superintendent shall attend the preconstruction meeting. 

C. Data shall be distributed and/or discussed as necessary by the Construction Manager or Contractor 
as appropriate. The Project site shall be toured with the Contractor representative present, and at 
the least, the following items shall be addressed. 

1. Organizational arrangement of the forces and personnel, and those of the Contractor, the 
material and equipment suppliers, Subcontractors, and the Construction Manager. 

2. Procedures and protocol for Project communication. 

3. Contractor's mobilization schedule. The Contractor shall discuss how equipment, personnel, 
materials, etc., are to be mobilized throughout this Project and the effects of mobilization on 
the construction schedule. 

4. Construction schedule, work hours, planned overtime, and sequence of work. 

5. A narrative of the Contractor's general method of approach for each sequence of the work. 

6. Processing of shop drawings, submittals, and other data for Construction Manager for 
review. 

7. Procedures for Field Directives and Change Orders. 
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8. Rules and regulations governing performance of the work. 

9. Training requirements. 

10. Procedures for safety and first aid, security, quality control, housekeeping, and related 
matters. 

11. Work quantity measurement and payment request procedures. 

3.02 PROJECT MEETINGS 

A. Weekly construction progress meetings shall be conducted between the Construction Manager and 
Contractor. The Contractor's Project Manager shall attend these construction meetings. The 
meeting shall be conducted at the Project support facilities area and the time shall be coordinated 
between the Construction Manager and Contractor. 

B. At a minimum, the following items shall be discussed at the weekly meetings. 

1. Review of applicable specifications. 

2. Review of safety issues. 

3. Required equipment and personnel. 

4. Weekly progress and production. 

5. Two-week look-ahead schedule. 

C. Major Construction Activity meetings shall be conducted between the Construction Manager and 
Contractor prior to starting each general sequence of construction.   Meetings will be conducted 
prior to each of the following major construction activities 

1. Storm water collection system 

2. CAMU excavation and embankment placement 

3. Liner system installation 

4. Remedial waste excavation and transport and filling 

5. Slit Trench excavation 

6. Cover installation 

These meetings may be combined with other Project meetings with the mutual consent of the 
Construction Manager and Contractor. The intent of these meetings is to review and discuss 
specification requirements for that particular construction activity. A "dry run" walkthrough of 
major process may be required prior to starting each sequence, if deemed appropriate by the 
Construction Manager. The meetings shall assess, as examples 

1. Specification Requirements 

2. Adequacy of planning and procedures. 

3. Availability of equipment, personnel, and materials. 

4. Safety, emergency preparedness, and hazard analysis. 

5. Regulatory compliance. 
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The results of these meetings shall be formally documented by the Construction Manager and the 
applicable portions shall be provided to the Contractor. The Contractor shall address any identified 
concerns prior to the start of the reviewed work activity. 

D. Plan of the Day (POD) Meetings: The Construction Manager shall hold daily planning meeting 
that will not exceed 1 hour. Daily planning meetings shall be attended by the Contractor’s Project 
Manager, Operations Superintendent, Project Engineer, and Health and Safety Manager. The 
Quality Assurance Manager attendance at the POD meetings is optional. The Contractor shall 
provide a list of all activities planned for the next day. If changes to the daily plan are necessary, 
the Contractor shall verbally notify the Construction Manager Project Manager as soon as 
need for the change is identified by the Contractor.  The intent of the meeting will be to discuss 
issues, concerns, and resolutions encountered during the day and the work plan for the next day. 

E. Problem or Work Deficiency Meetings: A special meeting shall be held when and if a problem or 
deficiency is present or likely to occur.  The meeting shall be attended by the Contractor, the 
Construction Manager, the CQA Site Manager, and other parties as appropriate. 

3.03 PROJECT REPORTING AND RECORDKEEPING 

A. The Contractor shall provide the following records to the Construction Manager daily: 

1. Daily progress reports documenting daily construction activities. Records include: 

a. Date, Project Name, Location, and other Identification; 

b. Summary of weather conditions; 

c. Summary of construction location(s) and activities; 

d. Daily production records; 

e. Equipment and personnel on the project; and 

f. Meeting summary and attendance record. 

2. Inspection Checklist documenting: health and safety, haul roads, surface and storm water, 
waste placement, security, equipment. 

B. The Contractor shall provide inspection checklists to the Construction Manager weekly: 

C. The Contractor shall provide the following records to the Construction Manager monthly: 

1. Inspection Checklist documenting: health and safety, haul roads, surface and storm water, 
waste placement, security, equipment. 

2. Monthly status report summarizing: 

a. Significant milestones in construction; 

b. Completed milestones in construction;  

c. Estimated volumes of soil excavation, engineered fill, waste excavation and disposal or 
placement in CAMU, operations layer, interim cover, and final cover; 

d. Estimated quantity of liner system components delivered to the project and/or installed. 

D. The Contractor shall provide inspection checklists to the Construction Manager quarterly: 

E. The Contractor shall provide the following record to the Construction Manager post-storm: 
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1. Inspection Checklist documenting: health and safety, haul roads, surface and storm water. 

F. The Contractor shall provide incident reports to the Construction Manager as-needed. Incident 
reports shall summarize all incidents of: injury, fire, shut down, and/or hazardous or toxic 
Materials Release. The summary report shall include: 

a. Date, time, and type of incident; 

b. Name and quantity of material(s) involved; 

c. Assessment of actual or potential hazards to human health or the environment, where 
applicable; and 

d. Estimated quantity and disposition of recovered material that resulted from the incident. 

G. The Contractor shall maintain all personnel records onsite and shall make records available to 
Construction Manager upon request. Records include: 

1. Name of the employee filling each position 

2. A written job description including: requisite skill, education, or other qualifications 

3. Assigned duties of employee 

4. Description of training 

5. Records documenting completion of training. 

3.04 REGULATORY OVERSIGHT 

A. Authorized agents of the Nevada Department of Environmental Protection (NDEP), Nevada 
Department of Transportation (NDOT), Clark County, the City of Henerson, and other agencies 
designated by the Construction Manager shall have right of access to inspect the work covered by 
the Contract documents during the performance of this Contract. These inspections shall be 
performed in conjunction with an inspection by the Construction Manager. The Construction 
Manager shall coordinate inspections with the Contractor. 

3.05 COMMUNITY RELATIONS 

A. BRC has developed a Community Involvement Plan (CIP) that shall be made available to the 
Contractor. The Contractor is expected to facilitate relations with the community to the extent 
possible during the duration of the Project. The Contractor shall encourage employee participation 
in community activities, encourage relocation to the community during the Project, and discourage 
problematic employee behavior. The Contractor shall direct public inquiries to the Construction 
Manager and shall provide information necessary to respond to public inquiries as requested by 
the Construction Manager. 

3.06 ENDANGERED SPECIES 

A. In accordance with the CCMSHCP and the RAP, the Contractor shall contact the City of 
Henderson if a desert tortoise (gopherus agassizii) is encountered at the BMI Common Areas 
during construction. 

B. The Contractor shall protect any desert tortoises encountered on Site until the City of Henderson is 
available to relocate the tortoise off site.  
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3.07 SITE SECURITY 

A. The Contractor shall protect the work and control the site for the duration of the Project, except 
that control of the project site shall not become the responsibility of the Contractor until the 
effective date of the Notice to Proceed.  Site security, including manned patrols during non-work 
hours, shall be maintained 24 hours per day, 7 days per week, including shutdown periods. 

B. The Contractor shall submit a Site Security Plan. The Contractor shall identify a primary 
representative and an alternate representative responsible for day-to-day functions associated with 
site security. This plan shall be in accordance with the following minimum security requirements 
outlined in the CAP and RAP for the Eastside and CAMU areas, respectively: 

1. Eastside: 

a. Security shall be 24 hours/day, 7 days a week 

b. Continuously manned guard station shall be established at site entrance 

c. Gates shall be kept locked except for periods of continuous ingress/egress 

d. Fences shall be installed and maintained around exclusion zones 

e. Visitors shall use sign in/sign out log 

f. Visitors shall not be allowed in exclusion zone. 

2. CAMU: 

a. Contractor shall establish 24 hours/day, 7 days/week security either with full-time on-
site personnel during non manned hours or using remote video equipment 

b. Contractor shall provide continuously manned guard station at site entrance during 
working hours. 

c. Contractor shall be responsible for daily policing of site perimeter 

d. Contractor shall establish continuously manned guard station at CAMU entrance 

e. Gates shall be kept locked except for periods of continuous ingress/egress 

f. Fences shall be installed and maintained around site perimeter. 

g. Contractor shall report any security problems to the Construction Manager 

C. Communication: Security guards shall have mobile phones and two-way radios as specified in 
Section 01500.  

D. Exterior Fence Signage:  

1. Owner will install and maintain signs for exterior fences at Eastside Area.  

2. Contractor shall install and maintain “Danger. Construction Area. No Trespassing” bilingual 
signs at 100 foot intervals along the CAMU perimeter fence. Signs shall be 18 inch x 12 
inch aluminum with red or black l-inch lettering. 

E. Visitor Access: See Section 01560, Subpart 1.06 Access Control 
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3.08 STORM WATER POLLUTION PREVENTION PLAN 

A. The Contractor shall develop Storm Water Pollution Prevention Plan(s) (SWPPP) in accordance 
with the requirements of the Nevada Water Quality Act for all areas where work shall be taking 
place. The Contractor may divide the site into manageable units and submit a separate SWPPP for 
each unit. For the BRC Properties, the SWPPP shall be developed to show pollution prevention 
measures to be applied at various stages of excavation and backfill and measures to be applied 
after completion of excavation and backfill. The Contractor may not disturb any area until the 
pertinent SWPPP is accepted by the Construction Manager and the BMP’s identified in the 
SWPPP have been installed. 

B. All SWPPPs prepared by the Contractor must incorporate the following performance 
requirements: 

1. During the Contract performance period, the Contractor shall prevent storm-water runoff 
from leaving contaminated areas of the Project site. Under no circumstances shall runoff 
water be allowed to flow from a contaminated area to an uncontaminated or previously 
decontaminated area. The Contractor shall construct and maintain temporary storm-water 
pollution-control measures as necessary throughout the duration of the Project. 

2. Storm-water runoff shall include runoff water from any source. The Contractor is 
responsible for controlling storm-water runoff and erosion for all other areas disturbed 
under this Contract. Temporary erosion-control provisions shall be coordinated with 
permanent erosion-control features, if any, to the extent practical to assure economical, 
effective, and continuous erosion control throughout construction. 

3. Storm-water pollution and erosion control measures may include, but are not limited to, 
berms, dams, ditches, sediment/water retention basins, fiber mats, netting, gravel, mulches, 
grasses, slope drains, silt fences, and other methods as appropriate. Pumping water to runoff 
water control facilities is also an option. Water removed from contaminated excavations or 
collected as leachate shall be considered to be contaminated material and shall be used for 
dust control of contaminated areas. 

4. Contractor shall conduct storm water system inspections, at a minimum, after every storm 
exceeding ½ inch in 24 hours. Storm water conveyance system shall be inspected quarterly 
during the dry season and weekly during the wet season.  Conveyance system shall be 
inspected for sediment and debris build-up and scour or other damage.  

3.09 FINAL INSPECTION 

A. At the completion of this Project, the Contractor representative shall attend the final inspection to 
document any deficiencies in the completed Project. A Notice of Final Completion Inspection 
form shall be completed by the Construction Manager, with one copy delivered to the Contractor 
in accordance with the Terms and Conditions. 

B. The Contractor may request an inspection of work items at the time of completion, but these items 
shall be inspected again during the final inspection to verify compliance with the Contract. 

C. The Contractor shall schedule all inspections with the Construction Manager. 

3.10 PROJECT RECORD DOCUMENTS 

A. Promptly following receipt of the Notice to Proceed, the Contractor shall secure from the 
Construction Manager, at no charge to the Contractor, ten sets of full-size drawings and 
specifications. Throughout progress of the Project, the Contractor shall maintain a neat, current, 
and accurate record of the as-built status of the Project on the job set of the Project record 
documents. Two sets of the full-size drawings shall be used to record as-built survey data only. 



 

CAMU Construction 
 Project Meetings and Requirements

Basic Remediation Company

SC0313 - TECHNICAL SPECIFICATIONS.D.20080211.DOC Page 01100-8 22 February 2008

The drawings and these specifications are the Project record documents. As-built documents shall 
include documentation of all deviations from the original or revised drawings and these 
specifications. 

B. Upon receipt of the job set, identify each of the documents with the title, "RECORD 
DOCUMENTS—JOB SET." 

C. Store Record Documents separate from documents used for construction. 

D. Record information concurrent with construction progress. 

E. Contractor shall maintain on site, one set of the following record documents and record actual 
revisions to the Work. 

1. Drawings. 

2. Specifications. 

3. Addenda. 

4. Change Orders and other Modifications to the Contract. 

5. Reviewed Shop Drawings, product data, and samples. 

F. The Contractor shall thoroughly document changes on each page of the specifications and each 
sheet of drawings and other documents where such entry is required to show all changes. 
Documentation shall include the Change Order number as appropriate and shall be initialed and 
dated by the individual making the entry. 

G. Make entries within 24 hours after receipt of information that a change has occurred. 

H. Project record document entries shall be made using terminology and drafting standards that 
match those used in the Contract documents. Deviations from standards, if required, shall be noted 
on glossaries, legends, or other appropriate lists of definitions included in the Project record 
documents for that work. 

I. Record Documents and Shop Drawings:  Legibly mark each item to record actual construction 
including: 

1. Measured horizontal and vertical location of underground utilities and appurtenances 
referenced to permanent surface features. 

2. Measured locations of internal utilities and appurtenances concealed in construction, 
referenced to visible, accessible, and permanent features of the Work. 

3. Field changes of dimension and detail. 

4. Details not shown on original Construction Drawings. 

5. Making entries on drawings 

a. Use an erasable colored pencil (not ink or indelible pencil) and clearly describe the 
change by graphic line and note. 

b. Date and initial all entries. 

c. Call attention to the entry by a "cloud" drawn around the area or areas affected and 
reference the Change Order number as appropriate. 
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d. In the event of overlapping changes, use a different color for each overlapping changes. 

J. Specifications:  Legibly mark and record at each product Section a description of actual products 
installed, including the following: 

1. Manufacturer's name and product model and number. 

2. Product substitutions or alternates utilized. 

3. Changes made by Addenda and Modifications. 

K. Following the completion of each phase cell liner and leachate collection system construction, the 
Contractor shall provide to the Construction Manager the set of as-built Project record documents 
for the completed liner and leachate collection system. 

L. Contract drawings and Specifications shall submitted to the Construction Manager at completion 
of the work in accordance with Section this section. The requirements for submitting as-built 
survey data shall not relieve the Contractor in any way from the Contractor's responsibility to 
conform to the requirements of the work. 

M. As-built Project Record Documents 

1. The Contractor shall provide surveying services to document as-built conditions for 
completed work. The Contractor shall provide survey data to confirm that as-built locations 
of the work conform to the drawings where coordinates and/or elevations are shown. Where 
the drawings or specifications permit variable locations or detail for specific items of work, 
the Contractor shall survey the as-built locations or details. Surveys shall be sufficient to 
define the features or details at any given location. 

2. Submit the job set of as-built Project record documents to the Construction Manager after 
Construction Manager acceptance of the work. Construction Manager acceptance of the as-
built documents is required before any release of payment retainage shall be allowed. 

3. Verification of as-built locations shall be performed by Owner based on control points. 

PART 4 –  MEASUREMENT AND PAYMENT 

4.01 GENERAL 

A. No separate measurement or payment shall be made for requirements of this section. Full 
compensation for conforming to such requirements shall be included in the price bid for Bid 
Schedule Items of Work and no additional compensation shall be allowed. 

 

 

 [END OF SECTION] 
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SECTION 01110 
HEALTH AND SAFETY REQUIREMENTS 

PART 1 –  GENERAL 

 
1.01 DESCRIPTION OF WORK 

 
A. This section describes the Project health and safety requirements. All work performed shall be 

conducted in accordance with safety and health regulations promulgated by the Federal and State 
Occupational Safety and Health Administration (OSHA), Subcontract documents, and other 
Federal, State, and local agencies. 

B. The Contractor shall protect the health and safety of Contractor employees, visitors, and the 
public; prevent damage to property, materials, supplies, and equipment; and avoid work 
interruptions. 

 
1.02 RELATED SECTIONS 

Section 01010 – Scope of Work 

Section 01560 – Temporary Controls 

Section 02200 – Earthwork 

Section 02205 – Remedial Excavation and Filling 

1.03  REFERENCES 

A. American National Standards Institute (ANSI) 

1. ANSI Z88.2 Practices for Respiratory Protection 

2. ANSI Z89.1 Safety Requirements for Industrial Head Protection 

3. ANSI Z41.1-75 Men's Safety Toe Footwear 

B. Code of Federal Regulations (CFR) 

1. 29 CFR Labor 

1.04 SUBMITTALS 

A. The Contractor shall submit a Health and Safety Plan to the Construction Manager prior to Notice 
to Proceed.  The Construction Manager shall review the Plan and forward any questions to the 
Contractor, within 14 days of receipt, but shall not approve the Plan.  

B. Contractor shall submit to Construction Manager resumes for on-site Safety Officer and on-site 
Safety Technicians.  

PART 2 –  PRODUCTS 

[Not Used] 
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PART 3 –  EXECUTION 

3.01 GENERAL REQUIREMENTS 

A. The Contractor shall not conduct any work at the site, including mobilization, until Construction 
Manager has reviewed the Contractor’s Health and Safety Plan. 

B. The Contractor shall conduct daily health and safety tailgate meetings and record those in 
attendance.  

C. The Contractor shall conduct quarterly site specific health and safety meetings to review site 
specific hazards and incidents of the past quarter. 

D. The Contractor shall maintain and regularly update a site map showing active areas of remediation 
with exclusion, decontamination, and support zones clearly indicated. Map shall be posted in work 
area and include general wind direction, evacuation routes, refuge locations, and hospital route.  

E. The Contractor shall maintain on site all training records of employees. Training records shall be 
made available to Construction Manager upon request.  

F. The Contractor shall maintain records of analytical reports and monitoring data, provided by the 
Construction Manager or obtained by the Contractor, that document potential health hazards to 
employees. The Construction Manager will supply monitoring data as required by Federal, State, 
and local regulations or upon Contractor request. 

G. The Contractor shall provide appropriate safety barricades, signs, and signal lights in accordance 
with 29 CFR 1926 Subpart G, and 29 CFR 1910.144. 

H. Safety Inspections 

1. The Contractor shall conduct and document daily inspections and maintenance of personal 
protective equipment (PPE). The Contractor shall replace defective PPE promptly to avoid 
hazardous Project site conditions and practices. 

2. The Contractor shall conduct and document daily inspections of the job site, materials, and 
equipment for unsafe conditions or practices. Corrective action shall be taken promptly to 
avoid hazardous Project site conditions and practices. 

3. The Contractor shall perform initial safety inspections of vehicles, heavy equipment, and 
materials prior to commencement of work. Vehicles, heavy equipment, or materials that do 
not meet Federal OSHA standards shall not be used on site unless approved by the 
Construction Manager. 

4. A minimum of one full time, qualified safety officer and one safety technician shall be on-
site during all work activities.  An on-site safety officer shall be appointed to oversee the 
performance of the safety engineers. Qualifications should include a B.S. degree in safety 
engineering or certification by the Board of Certified Safety Professionals. Equivalent 
experience may be acceptable at the discretion of the Contractor. During waste excavation 
and placement activities, a minimum of two full time qualified safety officers and two safety 
technicians shall be on site during all work activities.   

I. Occupational Medical Examination: Prior to work on the site, Contractor and subcontractor 
personnel assigned to work on a hazardous substance site shall have a medical examination that 
meets the requirements addressed in 29 CFR 1910.120. The examination shall include, as 
appropriate, a medical screening for the use of respiratory protective devices and asbestos 
abatement. Subsequent annual physical examinations are required. 
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1. Records of all employee physicals and heavy metals sampling, where required, shall be 
maintained on site by the Contractor. The records shall be made available, at the 
Construction Manager’s request, for review by the Construction Manager. 

2. Contractor and subcontractors’ personnel entering the site may be required to provide heavy 
metal baseline sample information prior to start of employment on the site and at the start of 
each construction season, as directed by the Construction Manager. The Contractor shall 
provide to the Construction Manager results of each baseline sample analysis, signed by the 
physician. The results of the baseline analysis shall be submitted to the Construction 
Manager prior to the Construction Manager authorizing entry to the site.  Each person may 
be required to provide the heavy metals sampling results at the end of each construction 
season, at termination of employee's work on site, or after completion of the Project, 
whichever comes first, as directed by the Construction Manager. 

3.02 HEALTH AND SAFETY PROGRAM AND PLAN 

A. The Contractor shall have a written Health and Safety Program that complies with all applicable 
OSHA regulations prior to commencement of work. Certification of such program shall be 
submitted to the Construction Manager 

B. One site-specific Health and Safety Plan (HASP) shall be developed by the Contractor. The 
Contractor shall maintain and distribute the HASP. This HASP shall meet OSHA requirements 
contained in 29 CFR 1910.120 and be prepared and signed by a certified industrial hygenist. 

C. The HASP shall include the following at a minimum: 

1. Site location and description 

2. Scope of work 

3. Project team and organization 

4. Unique issues and concerns 

5. Contaminants or conditions of concern 

6. Personal Protective Equipment (PPE) 

7. Exposure assessment and air monitoring 

8. Activity hazard analysis 

9. Emergency assistance network 

10. General health and safety procedures for waste operations 

a. Injury and illness prevention 

b. Health and safety organization 

c. Personnel training 

d. Medical surveillance 

e. PPE 

f. Site controls 

g. Personal and equipment decontamination 
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h. Emergency response plan 

i. Documentation 

j. Thermal stress and severe weather 

k. General contaminate of concern information 

l. Biological hazards 

m. Standard operating procedures 

n. Common physical hazards and controls 

11. The following figures, at a minimum, shall be included: 

a. Site location 

b. Hospital route 

c. Sample protective equipment ensembles 

d. Diagram of site work zones 

12. The following tables, at a minimum, shall be included: 

a. Occupational health exposure and toxicological properties for contaminants of 
occupational health concern 

b. Activity hazard analysis form 

c. Emergency supplies 

d. Typical level D, C, and B decontamination approach 

D. The HASP shall also address the chemicals brought onsite by the Contractor for the Project. The 
HASP shall reference the MSDS binders. 

E. Employee Termination 

1. Notification of Employee Termination: The Contractor shall provide to the Construction 
Manager, within 5 days of termination a list of employees who have entered the BMI 
Common Areas and are terminated from employment at the Project. This requirement 
includes employees of subcontractors. Termination physicals are required in accordance 
with 29 CFR 1910.120 for hazardous waste site workers if a physical has not been 
performed within the last 6 months prior to termination. 

2. An exit physical examination that meets the requirements addressed in 29 CFR 1910.120 
shall be conducted at termination, which is defined as termination of employee's work on 
site or completion of the Project, whichever comes first. 

F. A Spill Prevention and Response Plan shall be contained within the site-specific HASP. The Spill 
Response Plan shall be maintained in the cab of each haul vehicle.  

G. Consequences of Noncompliance 

1. Failure of a worker to comply with the health and safety requirements shall be considered 
ample cause for suspension by the Contractor, pending correction of the problem. 
Suspension shall be at the Contractor's expense. 
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2. Repeated or serious violations of health and safety rules and/or requirements by a worker 
shall be cause to restrict or disqualify the worker from further on-site work. This 
requirement is at the discretion of the Construction Manager after review of documentation 
of violations and shall be enforced by the Contractor. Such violations by any Contractor or 
subcontractor personnel may result in further actions by the Construction Manager up to and 
including Subcontract Termination for Default in accordance with the Terms and 
Conditions. 

H. The Contractor shall permit only those employees qualified by training and/or experience to 
operate equipment and machinery. Records of such qualification shall be maintained on site by the 
Contractor and made available for review upon request by the Construction Manager. 

3.03 TRAINING REQUIREMENTS 

1. All on-site personnel (except administrative staff):  

a. 40 hour OSHA HAZWOPER training meeting 29 CFR 1910 

b. 8 hour OSHA Refresher training meeting 29 CFR 1910 

c. Respirator Fit Test 

2. All on-site supervisors: 

a. 8 hour OSHA Supervisor training meeting 29 CFR 1910 

b. Red Cross First Aid and CPR training 

3. Contractor shall provide quarterly on-the-job fire training. 

3.04  CONTAMINATION CONTROL AND MONITORING 

A. Personal Protective Equipment 

1. The Contractor shall supply personal protective equipment (PPE) based on the requirements 
in the site-specific HASP. 

2. PPE shall be supplied and maintained by the Contractor for use by all visitors, Construction 
Manager, Owner, Owner’s consultants, Contractor, and subcontractor personnel for the 
duration of the Contract.  

3. All safety equipment required by OSHA standards shall be provided and maintained by the 
Contractor except as specifically noted to be the responsibility of others. 

B. Personal and Area Monitoring 

1. Owner shall perform perimeter and breathing zone air monitoring for the entire site. 

2. Owner shall perform breathing zone monitoring for total organic vapor and dust every 30 
minutes during excavation.  

3.  Owner will conduct perimeter air monitoring during remediation activities.  Perimeter air 
monitoring shall involve continuous MIE Data RAM sampling and GilAir sampling pumps 
during excavation and waste placement.   

4. Personal air monitoring shall be required if breathing and work zone monitoring indicates 
health and safety problems.  The Contractor shall be responsible for personal air monitoring 
and shall be in accordance with the following:  
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a. The Monitoring and Sampling Program shall be in compliance with 29 CFR 1910 and 
1926 requirements. 

b.  Contractor personal air monitoring data shall be made available to the Construction 
Manager by the Contractor. 

c. The Construction Manager will review the Contractor's monitoring and sampling 
program and monitoring and sampling results to check the adequacy of controls and to 
ensure adequate protection of workers, the environment, and the public. 

5. Any monitoring data obtained by the Construction Manager throughout the course of work 
activities performed by the Contractor shall be made available to the Contractor upon 
initiation of a formal request for this information.  

6. Any tampering with monitoring equipment shall be cause for suspension of affected work, 
and shall be cause for termination of any employee involved in the tampering. 

C. Work Clothing: Adequate levels of protection for personnel on the Project site shall be identified 
by task in the site-specific HASP. Clothing such as tank tops, shirts cut off at the midriff, cutoff 
pants, moon boots, sandals, sneakers, and jogging shoes are considered unacceptable dress and 
will not be permitted. 

1. In general, work clothing should consist of the following: 

a. Full-length trousers/slacks/jeans in good condition. 

b. Sturdy work shoes, boots, or other footwear meeting the requirements of 
ANSI Standards Z41.1-75. 

c. Shirts that cover the shoulders, with sleeves at least T-shirt length. 

d. Hard hats that meet the requirements of ANSI Standard Z-89.1. 

2. Orange safety vests or "hunter orange" colored shirts shall be worn at all times. Exception 
may be granted by the Construction Manager. 

3. When PPE coveralls are required, a worker may wear modesty clothing under the coveralls 
in lieu of items 1.a and 1.c above (e.g., undershirts, smocks, swim shorts, shorts, leggings). 
Modesty clothing shall be provided by the Contractor. 

D. Exclusion Zones: All active excavation areas are considered to be restricted for the purposes of 
access control. The following requirements shall be enforced by the Contractor in these areas from 
the time that construction begins until the area is cleared for general access or verified 
uncontaminated by the Construction Manager. 

1. Access-Control Points: Access to exclusion zones shall be controlled through a designated 
Access-Control Point. Workers leaving the exclusion zone shall be monitored by Contractor 
Personnel for contamination. If contamination is found, workers will be required to 
perform decontamination activities. Such decontamination shall be directed by the 
Contractor’s safety professional. Install and maintain access-control fencing as shown on 
the drawings. Establish an Access-Control Point and maintain access-control fencing until 
conformance sampling results indicate remediation is complete. 

2. The Contractor shall restrict unescorted access to trained personnel. 

3. Workers who willfully fail to follow the established health and safety procedures will be 
disqualified and restricted from the exclusion zone. Retraining at the Contractor's expense, 
as a minimum, shall be necessary to regain qualification. 
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4. The Contractor shall take full responsibility for any Contractor, subcontractor, supplier, 
vendor, and other contractor-related employees who violate any safety rule. 

5. Exclusion zones shall have a 5 foot temporary boundary fence surrounding all excavations. 

E. Support Zones: All areas that do not contain hazardous substances shall be considered 
uncontrolled areas. The Contractor shall be responsible for general site security requirements in 
uncontrolled areas, but is not required to provide access control in these areas in addition to 
overall site access control. Areas that have been remediated and verified clean may be reclassified 
as uncontrolled areas. 

3.05 GENERAL HAZARD REQUIREMENTS 

A. The site-specific HASP shall identify hazards and controls including hazards of using 
contaminated water for dust control and the recycling of decontamination water. 

B. The Contractor is responsible for inspecting the site before and during construction activities to 
identify hazards, and shall take all necessary actions to protect the workers, the environment, and 
the general public against such known hazards. The Contractor shall notify the Construction 
Manager immediately of any previously unidentified hazards, and of any accidents, injuries, or 
illness that have occurred. Newly identified hazards shall be discussed during the daily health and 
safety tailgate meeting. 

C. Buried Utility Lines: Underground utilities (abandoned and active) may be encountered during the 
performance of the Project. Overhead utilities may be located over work areas. Utilities known or 
suspected by the Contractor are shown on the drawings. Refer to Section 01010, "Summary of 
Work," for requirements for Contractor utility location, protection, and replacement. 

1. Manually excavate active utility lines shown on the drawings. Notify the local utility 
company if: 

a. The line is not found within 18 inches of the estimated depth at the marked position;  

b. There is evidence of leaks in utility lines (Do not disturb this ground further until after 
the responsible utility and the Construction Manager have been notified and the 
Construction Manager authorizes further work in this area.); 

c. The line has been nicked, cut, or damaged in any way; or 

d. The corrosion-protection tape on a steel line has been nicked. 

2. The following actions shall be taken if there is a strong odor of gas or a line is broken: 

a. Remove the equipment bucket from the immediate vicinity of the break. 

b. Do Not move the equipment. Shut off equipment. Do not restart any vehicles in the area. 

c. Leave the area immediately. 

d. Notify the local utility company or the local Fire Department if there is no answer at the 
utility company. Give the following information: your name, location of incident, nature 
of incident, and type or color of pipe damaged (if known). 

e. Secure the area to prevent access by anyone except the utility company. 

f. Do not attempt to repair or stop the gas flow. 
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3. Notify the Construction Manager immediately of any utility damage and any suspicious 
odors or soil discolorations encountered during the work. 

D. Industrial Hygiene/Chemicals Concerns 

1. Noise Limitations 

a. Noise level restrictions as specified in Section 01560 and as measured from the property 
line, shall supersede noise restrictions discussed in this section.  

b. Construction equipment, including trucks, shall not exceed 85 dB(A) at 50 feet for a 
stationary noise limit per 40 CFR 202.21.  

c. Noise surveys shall be conducted by the Contractor on equipment. 

d. Hearing protection shall be provided by the Contractor and shall be worn when noise 
levels exceed 85 dB(A). Hearing protection shall be made available to all employees 
whose noise exposure may exceed an 82-dB(A) 8-hour time-weighted average (TWA). 
The Construction Manager may monitor the Contractor’s equipment and on-site 
personnel. This monitoring shall be considered incidental to the Contract.  

e. The Contractor shall institute a hearing conservation program for its employees per 
29 CFR 1910.95. 

2. The Contractor shall maintain MSDSs on site for all chemicals the Contractor brings onto 
the Project site. Chemicals include, but are not limited to, cements, fuels, lubricants, 
bleaches, and cleaners. Material Safety Data Sheet (MSDS) books shall be provided by and 
made available by the Contractor. The books shall be clearly marked and located in the 
work space or at the Access-Control Point for chemicals used within the exclusion zone. 
MSDS books stored in equipment or vehicles are not acceptable. 

E. Industrial Safety Concerns 

1. Refueling: Refueling shall only be permitted in the refueling area as identified in the 
Fueling Plan.  

2. Storage of Combustible Liquids: When storing 5 gallons or more of combustible liquids, or 
5 pounds of flammable gas, a 10B fire extinguisher shall be provided by the Contractor 
within 50 feet of the storage area. 

3.06 INCIDENT REPORTING 

A. The Contractor shall provide the Construction Manager a report detailing incidents occurring at 
the Site. The report shall include: 

1. Name, address, and telephone number of the operator; 

2. Name, address, and telephone number of the site; 

3. Date, time, and type of incident; 

4. Name and quantity of material(s) involved; 

5. Extent of injuries, if any; 

6. Assessment of actual or potential hazards to human health or the environment, where 
applicable; and 
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7. The estimated quantity and disposition of recovered material that resulted from the incident. 

PART 4 –  MEASUREMENT AND PAYMENT 

4.01 GENERAL 

A. Providing for and complying with the requirements set forth in this Section for Health and Safety 
Requirements shall be incidental to Earthworks, Section 02200, and Remedial Excavation, Section 
02205.  

B. Providing for and complying with the requirements set forth in this Section for the Health and 
Safety Plan shall be considered as incidental to Mobilization, Section 01505. 

 [END OF SECTION] 
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SECTION 01300 
SUBMITTALS 

PART 1 –  GENERAL 

 
1.01 DESCRIPTION OF WORK 

A. This section contains requirements for administrative and work-related submittals such as 
construction progress schedules, Shop Drawings, test results, operation and maintenance data, and 
other submittals required by Contract Documents. 

B. Submit required materials to the Construction Manager for proper distribution and review in 
accordance with requirements of the Contract Documents. 

1.02 CONSTRUCTION PROJECT SCHEDULES 

A. Project Schedules shall be prepared in the form of a horizontal bar chart.  The Project Schedule 
shall include the following items. 

1. A separate horizontal bar for each activity. The following shall be included for each activity: 

a. Activity duration 

b. Percent complete 

c. Remaining duration 

d. Early finish 

e. Calendar used. 

2. A horizontal time scale, which identifies the first workday of each week. 

3. A time scale with spacing to allow space for notations and future revisions. 

4. Listings arranged in order of early start for each item of the Work. 

5. Critical milestone dates and mandatory construction sequence constraints. 

B. The Project Schedule for construction of the Work shall include the following items where 
applicable. 

1. Submittals: dates for beginning and completion of each major element of construction and 
installation dates for major items.  Elements shall include, but not be limited to, the 
following items which are applicable: 

a. Mobilization schedule 

b. Demobilization schedule. 

c. Major elements for each phase as outline in Section 01010 Subpart 1.02: 

d. Final site clean-up. 

e. Show weekly, as of the first day of each week, anticipated percent of completion for 
each item.. 

f. Show each individual Bid Item with adequate support detail. 
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C. Schedule Revisions: 

1. Weekly to reflect changes in progress of Work. 

2. Indicate progress of each activity at submittal date. 

3. Show changes occurring since the previous schedule submittal.  Changes shall include the 
following. 

a. Major changes in scope. 

b. Logic changes. 

c. Activities modified since previous submittal such as: 

i. name changes 

ii. duration changes 

d. Revised projections of progress and completion. 

e. Other identifiable changes that affect the projected project completion. 

4. Provide a log of changes made to schedule since last version to define: 

a. Problem areas, anticipated delays, and impact on schedule. 

b. Recommended corrective action and its effect. 

1.03 DESIGN SUBMITTALS 

A. Prepare and submit to the Construction Manager detailed designs and plans for the construction 
facilities and temporary controls indicated or specified to be designed by the Contractor. 

B. Design submittals include: 

1. Slit Trench Shoring 

2. Excavations deeper than 20 ft bgs 

3. Haul Roads 

4. Decontamination Pads 

5. Debris Storage Area 

6. Access Ramp Design 

C. Each design submittal shall include: 

1. All field, geotechnical, survey, environmental, or other investigations performed to support 
the design. 

2. Descriptions of all design criteria, assumptions, calculations, or other documents that 
support the basis of the design. 

3. Blueline or blackline prints, one reproducible hard copy, and one electronic copy of all 
drawings. Electronic copies shall be in AutoCAD 2007 format or in a format readily 
convertible to AutoCAD 2007. 
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4. Notes on the drawings or specifications that explain construction procedures, methods, and 
performance criteria. 

D. Designs prepared by the Contractor shall bear the seal and signature of a Professional Engineer 
registered in the State of Nevada. 

E. The designs shall be reviewed by the Construction Manager for acceptability based on comparison 
with the minimum performance criteria set forth in these specifications and on the drawings. The 
Construction Manager shall forward, within 14 days after receiving the design documentation, any 
questions related to the design to the Contractor in writing requesting clarification. The Contractor 
shall respond in writing within five days after receiving the request for clarification from the 
Construction Manager. 

1.04 SHOP DRAWINGS AND SAMPLES 

A. Shop Drawings, product data, and samples shall be submitted as required in individual Sections of 
the Specifications. 

B. The Contractor’s Responsibilities: 

1. Review Shop Drawings, product data, and samples prior to submittal. 

2. Determine and verify: 

a. Field measurements. 

b. Field construction criteria. 

c. Catalog numbers and similar data. 

d. Conformance with Specifications. 

3. Coordinate each submittal with requirements of the Work and Contract Documents. 

4. Notify the Construction Manager in writing, at the time of the submittal, of deviations from 
requirements of Contract Documents. 

5. Begin no fabrication or Work pertaining to required submittals until return of the submittals 
with appropriate approval. 

6. Designate dates for submittal and receipt of reviewed Shop Drawings and samples in the 
construction progress schedule. 

C. Submittals shall contain: 

1. Date of submittal and dates of previous submittals. 

2. Project title and number. 

3. Contract identification. 

4. Names of: 

a. The Contractor. 

b. Supplier. 

c. Manufacturer. 



 

CAMU Construction 
 Submittals

Basic Remediation Company

SC0313 - TECHNICAL SPECIFICATIONS.D.20080211.DOC Page 01300-4 22 February 2008

5. Summary of items contained in the submittal. 

6. Identification of the product with identification numbers, and the Drawing and Specification 
section numbers. 

7. Clearly identified field dimensions. 

8. Details required on the Drawings and in the Specifications. 

9. Manufacturer, model number, dimensions, and clearances, where applicable. 

10. Relation to adjacent or critical features of the Work or materials. 

11. Applicable standards, such as ASTM or Federal Specification numbers. 

12. Identification of deviations from Contract Documents. 

13. Identification of revisions on re-submittals. 

14. 8-in. by 3-in. blank space for the Contractor’s proper approval stamp. 

15. The Contractor’s stamp, signed, certifying to review of the submittal, verification of the 
products, field measurements, field construction criteria, and coordination of information 
within the submittal with requirements of Work and Contract Documents. 

D. Submittal Response – Within 14 days of submittal receipt, Construction Manager will stamp and 
provide two copies to the Contractor. Construction Manager will respond as follows: 

1. No exceptions taken: Contractor shall file submittal and proceed with associated work. 

2. Correct as noted: Contractor shall make corrections noted and resubmit submittal. proceed 
with associated work. 

3. Rejected: Contractor shall not proceed with the associated work.   

4. Revise and resubmit: Contractor shall revise submittal and resubmit to Construction 
Manager. 

5. Submit Specified Items: Contractor shall submit specified items to provide Construction 
Manager information for appropriate review of submittal. 

E. Re-submittal Requirements: 

1. Re-submittal is required when corrections or changes in submittals are required by the 
Construction Manager.  Re-submittals are required until all comments by the Construction 
Manager, Design Engineer, or CQA Engineer is addressed and the submittal is approved. 

2. Shop Drawings and Product Data: 

a. Revise initial drawings or data and resubmit as specified for initial submittal. 

b. Indicate changes made other than those requested by the Construction Manager. 

1.05 TEST RESULTS AND CERTIFICATION 

A. Results of tests conducted by the Contractor on materials or products shall be submitted for 
review. 

B. Certification of products shall be submitted for review. 
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1.06 SUBMITTAL REQUIREMENTS 

A. Provide complete copies of required submittals as follows. 

1. Project Schedule 

a. Six copies of initial schedule. 

b. Six copies of each revision. 

2. Shop Drawings: Six copies. 

3. Certification Test Results: Six copies. 

4. Other Required Submittals: 

a. Six copies if required for review. 

b. Six copies if required for record. 

B. Deliver the required copies of the submittals to the Construction Manager. 

PART 2 –  PRODUCTS 

[Not Used] 

 
PART 3 –  EXECUTION 

[Not Used] 

PART 4 –  MEASUREMENT AND PAYMENT 

[Not Used] 

 
 

[END OF SECTION] 



 

CAMU Construction 
 Quality Control

Basic Remediation Company

\SC0313 - TECHNICAL SPECIFICATIONS.D.20080211.DOC Page 01400-1 22 February 2008

SECTION 01400 
QUALITY CONTROL 

 
PART 1 –  GENERAL 

1.01 DESCRIPTION OF WORK 

A. Monitor quality control over suppliers, Manufacturers, products, services, Site conditions, and 
workmanship, to produce Work of specified quality. 

B. Comply with Manufacturers' instructions, including each step in sequence. 

C. Should Manufacturers' instructions conflict with Technical Specifications, request clarification 
from Construction Manager before proceeding. 

D. Comply with specified standards as minimum quality for the Work except where more stringent 
tolerances, codes, or specified requirements indicate higher standards or more precise 
workmanship. 

E. Perform Work by persons qualified to produce workmanship of specified quality. 

1.02 TOLERANCES 

A. Monitor tolerance control of installed products to produce acceptable Work.  Do not permit 
tolerances to accumulate. 

B. Comply with Manufacturers' tolerances.  Should Manufacturers' tolerances conflict with Technical 
Specifications, request clarification from Construction Manager before proceeding. 

C. Adjust products to appropriate dimensions; position before securing products in place. 

1.03 REFERENCES 

A. For products or workmanship specified by association, trade, or other consensus standards, 
complies with requirements of the standard, except when more rigid requirements are specified or 
are required by applicable codes. 

B. Conform to reference standard by date of current issue on date of Notice to Proceed with 
construction, except where a specific date is established by code. 

C. Obtain copies of standards where required by product Specification sections. 

1.04 INSPECTING AND TESTING SERVICES 

A. The CQA Engineer shall perform construction quality assurance (CQA) inspections, tests, and 
other services specified in individual Sections of the Specification. 

B. The Contractor shall provide labor and equipment to assist in sample collection as needed for 
testing as well as assist in the preparation of test locations. 

C. The Contractor shall cooperate with CQA Engineer; furnish samples of materials, design mix, 
equipment, tools, storage, safe access, and assistance by incidental labor as requested. 

D. CQA testing or inspecting does not relieve Contractor, subcontractors, and suppliers from their 
requirements to perform quality control Work as indicated in the Technical Specifications. 

E. Owner’s Surveyor will perform QA monitoring of as-built documents using control points. 
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PART 2 –  PRODUCTS 

[Not Used] 

PART 3 –  EXECUTION 

[Not Used] 

PART 4 –  MEASUREMENT AND PAYMENT 

[Not Used] 

 

 

[END OF SECTION] 
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SECTION 01500 
CONSTRUCTION FACILITIES 

 

PART 1 –  GENERAL 

1.01 SECTION INCLUDES 

A. Construction facilities include furnishing of all equipment, materials, tools, accessories, 
incidentals, labor, and performing all work for the installation of equipment and for construction 
of facilities, including their maintenance, operation, and removal, if required, at the completion of 
the Work under the Contract. 

1.02 DESCRIPTION OF WORK 

A. Construction facilities include, but are not limited to, the following equipment, materials, 
facilities, areas, and services: 

1. Parking Areas. 

2. Temporary Roads. 

3. Temporary Trailers. 

4. Temporary Utilities. 

5. Temporary Sanitary Facilities. 

6. Lighting 

7. Storage of Materials and Equipment. 

8. Dust control water storage 

9. Temporary Water. 

10. Vacuum Truck Staging Area 

11. Decontamination Area 

12. Construction Equipment. 

13. First Aid Facilities. 

14. Health and Safety. 

15. Security. 

B. Construct/install, maintain, and operate construction facilities in accordance with the applicable 
federal, state, and local laws, rules, and regulations, and the Contract Documents. 

1.03 RELATED SECTIONS 

Section 01100 – Project Meetings and Proceedures 

Section 01110 – Health and Safety Requirements 

Section 02110 – Site Clearing 
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Section 02200 – Earthwork 

Section 02205 – Remedial Excavation and Filling 

1.04 SUBMITTALS 

A. The following submittals shall be submitted prior to issuance of Notice to Proceed: 

1. Construction facilities layout plan  

2. Staging area layout plan 

3. Haul road design plan  

4. Debris lined storage area design 

5. Water management plan: the Construction Manager shall review the Plan and forward any 
questions to the Contractor, but shall not approve the Plan. 

B. Contractor shall submit the Public Haul Road Maintenance and Repair Plan(s) in accordance with 
the traffic permits as required by the City of Henderson and Nevada Department of Transportation 

C. Debris lined storage area design 

D. Water management plan: the Construction Manager shall review the Plan and forward any 
questions to the Contractor, but shall not approve the Plan. 

1.05 REFERENCES 

A. Construction Drawings 

B. BRC, 2006. “Corrective Action Plan (CAP) For The Basic Remediation Company (BRC) 
Common Areas Remediation Project,” September. 

C. Geosyntec, 2007. “Revised Remedial Action Plan (RAP) Permit Application for Corrective Action 
Management Unit (CAMU), Henderson, Nevada,” Prepared for Basic Remediation Company, 
Submitted to Nevada Department of Environmental Protection, March. 

D. Nevada Department of Transportation (NDOT) Traffic Permit No. 91464-2006 dated 13 April 
2006. 

E. United States Department of Transportation, Federal Highway Administration: Manual on 
Uniform Traffic Control Devices, 20 November 2003. 

1.06 GENERAL REQUIREMENTS 

A. Contractor shall not proceed with the construction of any facilities until the initial field survey has 
been completed. This is a hold point. 

B. Contractor is responsible for furnishing, installing, constructing, operating, maintaining, removing 
and disposing of the construction facilities, as specified in this Section, and as required for the 
completion of the Work under the Contract. 

C. Contractor shall maintain construction facilities in a clean, safe and sanitary condition at all times 
until completion of the Work. 
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D. Contractor shall minimize land disturbances related to the construction facilities to the greatest 
extent possible and restore land, to the extent reasonable and practical, to its original contours by 
grading in accordance with grading permits 

E. Contractor shall establish construction facilities at locations specified on the Construction 
Drawings, unless otherwise approved by Construction Manager. 

F. The Contractor shall be responsible for general housekeeping during construction.  Upon 
completion of the Work, the Contractor shall remove all of his equipment, temporary 
improvements, facilities, construction materials, and trash.  All disturbed surface areas shall be re-
paved, re-vegetated, or otherwise put into the pre-existing condition before performing the Work, 
or a condition satisfactory to the Construction Manager. 

G. The following plywood signs shall be placed at the entrance to the Work Areas: 

1. Entrance to the CAMU, signs shall be posted in English and Spanish: 

a. Private Operation: Basic Remediation Company – Corrective Action Management Unit 

b. Owner: Basic Remediation Company; 

c. Operator: Weston Solutions, Inc; 

d. Hours of operation: 24 hours a day; and 

e. Materials accepted or excluded. 

2. Eastside Area and CAMU, signs shall be posted in English and Spanish stating:  

a. Safety measures at the site;  

b. Mandating that all instruction from site personnel be obeyed; and 

c. “Danger. Construction Area. No Trespassing.” 

1.07 TEMPORARY ROADS AND PARKING AREAS 

A. Temporary roads and parking areas are existing private roads that are improved or new private 
roads constructed by Contractor for convenience of Contractor in the performance of the Work 
under the Contract.  

B. Transportation of contaminated materials shall be restricted to the haul road corridors as shown on 
the drawings. 

C. Public haul roads consist of sections of West Warm Springs Road and Boulder Highway between 
the Eastside Areas and the CAMU, as shown on Construction Drawings. 

1. Public haul roads are shown on Construction Drawings. Hauling on public roads shall be on 
Boulder Highway and West Warm Springs Road only as per Nevada Department of 
Transportation (NDOT) Permit No. 91464-2006. Contractor is responsible for all conditions 
of the permit. 

2. Prior to beginning work, the Contractor shall perform a walk through with the Construction 
Manager, City of Henderson, and NDOT personnel.  This meeting is part of an overall 
process to establish a baseline condition of Boulder Highway and West Warm Springs 
Road.  It will also serve as a kick-off meeting with COH and NDOT to determine the 
following: 
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a. Establish a process to monitor the roadway condition. 

b. Establish a process to repair the roadway when necessary. 

3. The Contractor shall prepare a Public Haul Road Maintenance and Repair Plan to monitor 
and repair the pavement sections used for haul between the Eastside Area and the CAMU, 
as shown on the Construction Drawings. The plan shall be submitted to both NDOT and 
COH and shall include: 

a. Establishing a new pavement section for a specific lane of traffic to be determined by the 
COH, NDOT, and Contractor 

b. Determine a routine maintenance program to eliminate major damage to the roadway. 

4. The Contractor shall establish necessary improvements to reduce damage to Boulder 
Highway and West Warm Springs Road prior to commencement of hauling activities.  

D. Submit a Haul Road Plan consisting of a detailed engineering design for the road and drainage 
facilities to the Construction Manager for approval. Haul roads shall be designed and constructed 
to safely accommodate the weight and size of vehicles that the Contractor shall use on the haul 
roads. 

E. Haul Road Plan shall address and include provision for the following: 

1. Coordination of construction with Construction Manager and local utilities, fire, and police 
departments. 

2. Keep erosion to a minimum and maintain suitable grade and radii of curves to facilitate ease 
of movement of vehicles and equipment. 

3. Furnish and install longitudinal and cross drainage facilities, including, but not limited to, 
ditches, structures, pipes and the like.  

4. Maintain drainage paths crossed by haul roads through use of BMP’s or paving of ditches 
depending on haul trucks used. Features shall be designed to withstand the 10 year storm 
event of 610 cubic feet per second (cfs). 

5. Mud or dirt transported by equipment on paved roads both on-site and off-site shall 
immediately be vacuumed. 

6. Constructing improvements within the haul-road corridor between the Eastside and CAMU 
shall be restricted to using clean materials only. 

7. Interior haul roads and parking areas shall facilitate dust control and adequate control for 
surface runoff. At a minimum, parking areas and haul roads shall have 1” of cap rock 
maintained throughout the project.   

8. Inspection of the private haul roads and parking areas shall be daily and maintained by the 
Contractor in accordance with the following criteria: 

a. The private roads and parking area shall be graded to efficiently carry water off the 
traveled surface to collection ditches. Ponding on the road or parking surface is 
unacceptable and shall be immediately corrected by the Contractor. 

i. Private haul roads and parking areas shall conform to grading requirements 
specified in Section 01010. 
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b. Drainage ditches and culverts intended to handle runoff from the roadway and parking 
areas shall be installed and maintained in proper condition to prevent ponding adjacent 
to the roadway. Ponding adjacent to the roadway or on the parking area greater than 3 
inches deep or that is suspected to be adversely affecting the structural integrity of the 
roadway or parking areas shall be immediately corrected by the Contractor. 

c. Corrugations or washboarding on the roadway surface shall not exceed 2 inches in 
depth.  

d. The surface of the road and parking area shall be maintained in a condition that prevents 
visible dust. 

e. Potholes greater than 2 feet in diameter and 2 inches in depth shall be immediately 
corrected by the Contractor. 

f. Rutting greater than 3 inches deep shall be immediately corrected by the Contractor. 

g. Loose aggregate on the road surface or aggregate berms on the roadway shoulder or less 
traveled roadway areas greater than 4 inches in depth shall be immediately corrected by 
the Contractor. 

h. Signs, markings, and traffic control devices along the haul road shall conform to the 
Federal Highway Administration Manual on Uniform Traffic Control Devices for 
Streets and Highways. 

9. If haul road is constructed over existing BMI Landfills, Contractor shall place a minimum of 
3 inches of soil over the portion of haul road corridor on the landfill. The Contractor shall 
not displace BMI Landfill soils in road construction.  Contractor shall not construct haul 
road over completed BMI Landfill cover systems. 

10. Haul Roads used for transport of clean materials shall be separate from haul roads used for 
transport of contaminated materials. 

F. Construction vehicle traffic on public roads shall comply with all applicable traffic control 
requirements as established by the City of Henderson, Clark County, and the Nevada Department 
of Transportation (NDOT). 

1.08 TEMPORARY FACILITY REQUIREMENTS 

A. The Contractor shall prepare all surfaces to be adequate for utility and facility installation and to 
provide adequate stability and durability during the duration of this Contract. 

B. The Contractor shall consider the efficient use of space available at the Project site and schedule 
material deliveries, equipment use, and other remedial action activities to minimize storage and 
field facility requirements. The Contractor may locate, arrange, and lay out the facilities to best 
suit an efficient operation within the parameters defined herein. Obtain Construction Manager 
approval of building or trailer sizes and locations prior to mobilization. 

C. During the Project mobilization phase, the Contractor shall develop and establish the Project 
staging and stockpile areas in accordance with Construction Drawings. The staging area shall be 
used for Contractor construction material storage, laydown yard equipment, prefabrication of 
Project elements, acceptance testing (as appropriate), storage, uncontaminated construction vehicle 
parking, construction water source, vehicle maintenance, and any other temporary items associated 
with the Project. The Project staging area shall not include offices. 

D. Staging areas shall be located at both the Eastside and CAMU Areas in accordance with 
Construction Drawings. 
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E. The staging areas for receipt/storage of clean equipment, supplies, and materials shall not be 
located in a contaminated or controlled area. 

F. Construction Facilities Layout Plan shall include the location, size, layout, and traffic patterns of 
the staging, stockpile, and support facility areas at each different stage of the Project. 

G. Except for private vehicles, all vehicles and equipment associated with the Project, but not 
currently involved in remedial activities, shall be parked in the Contractor's staging area. 

H. All facilities and utilities shall be designed and installed to allow uninterrupted service during all 
seasons. 

1.09  LIGHTING REQUIREMENTS 

A. Illumination shall be in accordance with 29 CFR 1926.56. The following illumination 
requirements apply. 

1. Decontamination pad shall include the following: 

a. A minimum of 10-foot candles in all working areas. 

b. Direct lighting shall be available for both sides of any vehicle to eliminate shadowing. 

2. Active excavation areas shall include the following:  

a. A minimum of 3-foot candles in all working areas. 

b. Lighting shall be placed around perimeter of work area so light is evenly distributed 
around the perimeter. 

3. Equipment staging areas and refueling areas shall have a minimum of 3-foot candles. 

4. All minimum illumination guidelines shall be maintained from ground level to a height of 
six feet.  

B. Lighting shall be in accordance with 19.10.7 Operational performance standards in the Henderson 
Development Code: 

1. Freestanding light fixtures within 50 ft of Eastside western property line shall be no greater 
than 20 ft in height. 

2. Freestanding light fixtures 50 ft to 150 ft from Eastside western property line shall be no 
greater than 25 ft in height. 

3. Freestanding light fixtures at the CAMU and further than 150 ft from the Eastside western 
property line shall be no greater than 30 ft in height. 

4. Height shall be measured from the top of the light fixture to the adjacent grade at the base of 
the support for the light fixture. 

5. All lighting shall be directed downward and away from adjoining property and shall be 
shielded to prevent unnecessary glare. 

C. Security lighting shall be protected by weather- and vandal-resistant covering, shall be a managed 
light source, and shall be directed down to minimize glare and intrusiveness. 

D. White, full-spectrum “white light” shall be used at all times.  
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1.10 TEMPORARY TRAILERS 

A. Contractor is responsible for providing Contractor’s, Construction Managers, and CQA Engineer’s 
trailer and shall be located at the Eastside Areas staging area. The exact trailer locations shall be 
coordinated with Construction Manager. 

B. Construction Manager and CQA Engineer’s trailer shall be a minimum of one 60 foot single 
double-wide trailer with two offices at each end.  The trailer shall be furnished with six layout 
tables, eight desks, eight rolling chairs, plan table, drafting stool, plan rack, five – five drawer 
filing cabinets that can account for legal size, minimum 4’ x 8’ conference table, and twelve 
conference chairs.  Four five-ft high particians panels adequate for isolating four desks in the 
common area shall be provided. Operating heating and air conditioning of sufficient capacity shall 
be provided.   Electric power shall be provided to include a minimum of 4 duplex convenience 
outlets, illumination at the desks and conference table area, and an outside light.     Electric power 
shall be every 6 feet with duplex convenience outlets, illumination at the desks and conference 
table area, and an outside light.  Three outside phone lines and service shall be provided within the 
trailer.   

C. Trailers shall be equipped with high speed internet capabilities, DSL or cable internet equivalent 
with an N-wireless modem capable of a minimum download rate of 1.5 mega bit/sec. 

D. Trailers shall be equipped with a black and white printer, copier, scanner combination capable of, 
at minimum, the following: 

1. Copy/print rate of at least 40 pages per minute for 8 ½ inch x 11 inch paper size; 

2. Copying/printing/scanning up to 11 x 17 inch pages; 

3. Sorting capabilities up to 20 copies; 

4. Copy/print/scan 2 sided documents; and 

5. Compatible operating system: Windows 2000 through Windows Vista 

E. Trailers shall be equipped with a fax machine capable of printing single pages at a rate of 20 pages 
per minute.   

F. Trailers shall be equipped with four telephone numbers: one fax line, three voice lines. A 
minimum of 12 telephone jacks shall be in the trailer capable of reaching all three voice lines. One 
telephone jack shall be provided for the fax machine.   

G. Contractor is responsible for coordinating temporary trailer utilities with local agencies.  Available 
utilities are shown on the Construction Drawings. 

1.11 ON-SITE COMMUNICATION 

A. Contractor shall provide Construction Manager with two-way radios for all of the Construction 
Manager’s field staff, Security, the Owner, and the Owner’s consultants providing onsite field 
services (air monitoring, CQA, surveying, conformation sampling). 

B. Additional radios shall be maintained in the trailers on same or duel frequency to monitor site 
conversations and for contacting contractor representatives. 

C. Permits, licenses, and any equipment necessary for Contractor use of two-way radios shall be the 
responsibility of the Contractor. 
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1.12 TEMPORARY SANITARY FACILITIES 

A. Provide temporary male and female sanitary facilities at each office trailer. Sanitary facilities 
onsite will need to be provide for all employees and persons engaged in the Work, including 
subcontractors, their employees and authorized visitors, Construction Manager (4 persons), and 
CQA Engineer (3 persons).  

B. Sanitary facilities include enclosed chemical toilets and washing facilities.  These facilities must 
meet the requirements of local public health standards. 

C. Locate sanitary facilities as approved by Construction Manager, and maintain in a sanitary 
condition during the entire course of the Work. 

D. Sanitary Facilities shall be placed at both the CAMU and Eastside Areas. 

E. Sanitary Facilities shall be serviced weekly. 

1.13 TEMPORARY WATER 

A. Make all arrangements for water needs with the Construction Manager and the City of Henderson. 

B. Provide drinking water for all personnel at the site. 

C. The Contractor shall provide temporary pipes, hoses, and water as required for dust and moisture 
control during excavation and backfill operations, for the decontamination facilities, and for other 
remediation requirements.  Water can be potable or reclaim water obtained from the City of 
Henderson. Contractor shall make arrangements with the City for access to water. Reclaimed 
water access locations are shown on Construction Drawings.  Non-potable water sources and 
trucks shall be clearly marked with “NON-POTABLE WATER.” 

D. Available water sources for both potable and reclaimed water are shown on the Construction 
Drawings.  The Contractor is responsible for obtaining a hydrant meter from the City. The 
Contractor shall not add substances (such as soap) to construction water.  The Contractor shall 
utilize measuring devices that allow him to track the volume of water used.  Such usage records 
shall be maintained and provided to the Construction Manager. 

E. The Contractor shall obtain permission to use an existing potable water source for construction 
purposes. The Contractor shall make arrangements with the City of Henderson and shall be 
responsible for payment of all water used by the Contractor.  

F. Any hookups to a domestic potable water supply shall have a backflow- prevention device 
installed at the service connection to allow cross-connection control. 

1. Devices shall be equal in size to the service line and installed per manufacturer's 
recommendations. 

2. All water supply hookups shall be inspected, as required, by the appropriate local governing 
agency. 

1.14 STORAGE OF MATERIALS AND EQUIPMENT 

A. Storage areas shall be presented in the Staging Area Layout Plan. Locations and configurations of 
approved facilities are subject to the acceptance of the Construction Manager. 

B. Optional staging areas are shown on the Construction Drawings. Confirm staging areas with 
Construction Manager 
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C. Confine all operations, including storage of materials, to approved areas.  Store materials in 
accordance with these Technical Specifications and the Construction Drawings. 

D. Store construction materials and equipment within boundaries of designated areas.  Storage of 
gasoline or similar fuels must conform to state and local regulations and be limited to the areas 
approved for this purpose by the Construction Manager. 

E. The Contractor shall deliver packaged materials to the site in the manufacturer's original, 
unopened, labeled containers. Containers shall not be opened until the approximate time of use or 
as agreed to by the Contractor for the purposes of inspecting and testing. 

1.15 ADDITIONAL STORAGE AREAS 

A. Design of the following storage areas shall be included with the Construction Facilities Layout 
Plans submittals.  Design shall only be resubmitted when revised for a specific phase. 

1. VACUUM TRUCK STAGING AREA - The Contractor shall designate and maintain a 
vacuum truck staging area as shown on the Construction Drawings. 

2. DECONTAMINATION AREA - The Contractor shall provide a decontamination area with 
a concrete pad draining into a collection area at the Eastside Area and CAMU area. 
Locations of decontamination areas shall be in accordance with Construction Drawings. The 
Contractor shall provide a storage tank to hold decontamination water prior to disposal. 
Contractor shall provide additional decontamination areas at the Eastside and CAMU, as 
needed, consisting of bermed/sloped areas lined with plastic sheeting if necessary. The 
private haul road between the Decontamination Area and Warm Springs Road shall have a 
minimum of 3-inches of gravel a minimum of 20-feet wider than the largest truck. 

3. DEBRIS STORAGE AREA – The Contractor shall provide an 150 foot (ft) x 60 ft HDPE-
lined debris storage area constructed in accordance with Section 02770 of these 
Specifications. Debris storage area shall be built on top of existing ground with 3-ft lined 
berms and a sump for collection and removal of rain water.  Additional 1-ft berms shall be 
constructed within the debris storage area to segregate potentially hazardous matierals. A 
minimum 1 foot protection layer of soil, or other material, with particles no larger than 1 
inch shall be placed above the HDPE liner prior to debris disposal. 

1.16 CONSTRUCTION EQUIPMENT 

A. Erect, equip, and maintain all construction equipment in accordance with all applicable statutes, 
laws, ordinances, rules, and regulations or other authority having jurisdiction. 

B. Provide and maintain scaffolding, staging, hoists, barricades, and similar equipment required for 
performance of the Work.  Provide hoists or similar equipment with operators and signals, as 
required. 

C. Provide, maintain, and remove upon completion of the Work, all temporary rigging, scaffolding, 
hoisting equipment, debris boxes, barricades around openings and excavations, fences, ladders, 
and all other temporary work, as required for all Work hereunder. 

D. Construction equipment and temporary work must conform to all the requirements of state, 
county, and local authorities, OSHA, and underwriters that pertain to operation, safety, and fire 
hazard.  Furnish and install all items necessary for conformity with such requirements, whether or 
not called for under separate Sections of these Technical Specifications. 
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1.17 ELECTRICITY 

A. Using existing electrical sources on the property (as shown on the drawings), the Contractor shall 
provide temporary electric service as required for remediation purposes. The Contractor shall be 
responsible for any damage to the electrical system caused by the Contractor's improper use of the 
system. 

B. The Contractor shall verify the existing electrical service capacity and equipment available at the 
site, and verify the equipment and load requirements of temporary facilities to be provided. The 
Contractor shall provide any additions or modifications to the minimum allowable 
services as required by code, utility company, or municipal agency having jurisdiction to connect 
the required temporary facilities. Such additions or modifications shall include acquiring permits, 
fees, and all other administrative requirements. Additions or modifications to the minimum 
electrical service requirements shall be reviewed by the Construction Manager and 
shall be provided at no additional cost to the Construction Manager. (no change) 

1.18  TELEPHONE SERVICE 

A. The Contractor shall be responsible for establishment of service and establishment costs for 
telephone service including: telephone conduits, telephone hardware, and connection of service 
lines to the Construction Facilities. The Owner will be responsible for monthly costs associated 
with telephone use.  

B. The Contractor shall provide telephone with the following capabilities: 

1. Minimum capacity of 3 lines; 

2. Voicemail; 

3. Speaker phone;  

4. Redial; 

5. Memory; 

6. Transfer; and 

7. Hold. 

1.19 WEATHER PROTECTION 

A. The Contractor shall provide all heating for remedial work that requires cold-weather protection. 
All temporary heating arrangements shall comply with applicable codes and regulations. 
Equipment and surroundings shall be kept clean and safe. 

B. Open-flame heating devices or oil burning salamander-type devices may be used when approved 
by the Construction Manager. Approval shall be dependent on the Contractor's ability to provide 
adequate safety protection. 

C. The Contractor shall furnish and install temporary enclosures as needed to protect construction 
from damage due to weather or elements, or to maintain suitable temperature during the 
installation or finishing of work. At all times, the Contractor shall provide protection against 
freezing, storms, wind, rain, or heat to maintain work, materials, and equipment free from injury 
or damage. At the end of each day's work, all work susceptible to damage shall be protected. 
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1.20  TRASH AND DEBRIS CONTROL 

A. The Contractor shall inspect the site daily and remove uncontaminated trash/debris that has 
accumulated and properly dispose of it off site. 

B. Uncontaminated debris shall not be disposed of in the HDPE lined containment area. 

C. Contractor generated debris will be properly disposed of off-site at the expense of the Contractor. 

1.21 HEALTH AND SAFETY 

A. Provide necessary first aid equipment and supplies, health and safety monitoring equipment and 
personal protective equipment in accordance with Contractor prepared Site Health and Safety Plan 
and Section 01110 of these Specifications. 

1.22 SECURITY 

A. Make all necessary provisions and be responsible for the security of the Work and the Site until 
final inspection and acceptance of the Work, unless otherwise directed by the Construction 
Manager and in accordance with Section 01100, Part 3.07.  

1.23  TEMPORARY FACILITIES MAINTENANCE AND REMOVAL 

A. Maintain temporary facilities and controls as long as needed for safe and proper completion of the 
Project. All installed facilities shall be maintained in a clean, safe, and sanitary condition at all 
times until completion of the Contract. 

B. The Contractor shall provide janitorial services for all temporary support facilities, including 
trailers provided by the Contractor, established under the Contract. These services shall include 
cleaning the floors and restroom facilities twice weekly. 

C. Remove temporary facilities and controls as soon as the progress of the Project permits, as 
otherwise specified in the Contract documents, or as directed by the Construction Manager. 

D. Upon completion of the Work, or prior thereto, when so required by Construction Manager: 

1. If off-road trucks or overloaded trucks are used during remediation activities, upon 
completion of remedial haul operations, the Contractor shall coordinate with COH and 
NDOT to replace the entire length of the haul route used during construction down to the 
subgrade. Reconstruction of Boulder Highway West Warm Springs Road shall be discussed 
in the Public Haul Road Maintenance and Repair Plans.  

2. Interior haul roads shall have the top 6 inch surface removed and disposed of in the CAMU 
as indicated on the Construction Drawings.   

3. Remove and dispose of all construction facilities.  Similarly, all areas utilized for temporary 
facilities shall be returned to near original, natural state, or as otherwise indicated or 
directed by the Construction Manager. 

4. The Eastside and CAMU decontamination apron pads and concrete rubble and pads shall be 
removed, broken up, tested for contamination, and disposed of off site.  

5. At Project completion, demobilize the Contractor's staging area and reclaim 
support facilities areas installed under this Contract. Regrade areas to match 
existing contours and promote drainage without erosion.  
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1.24 SITE WATER MANAGEMENT 

A. The Contractor shall: 

1. Control and manage storm water runoff;  

2. Control discharges from dewatering activities; 

3. Direct use of clean and contaminated water for dust control; and  

4. Control water levels in all storm water sedimentation ponds on the site.  

5. Monitor leachate levels within the sumps and at no time allow levels within sump to exceed 
3 feet in depth as measured from the top of the geomembrane. 

B. The Water Management Plan shall describe how the Contractor shall dewater the Eastside Areas 
and active and inactive CAMU cells and other excavated areas, utilize water at the site, 
incorporating restrictions placed on the use of water for dust control, use of leachate for dust 
control, and control of water levels in the ponds. The Contractor shall coordinate the information 
in the Plan with the requirements of the Contractor Storm Water Pollution Prevention Plan. 

C. During the Contract performance period, and prior to completion of permanent runoff control 
features, including non-working hours such as holidays, the Contractor shall prevent runoff water 
from leaving contaminated areas of the Project site. The Contractor shall comply by using 
techniques that may include, but are not limited to, the following: 

1. Excavation of temporary swales, ditches, and/or retention ponds. 

2. Construction of temporary diversion dikes and berms.  

3. Pumping water to runoff water control facilities or using the water for dust control in 
contaminated areas. Water removed from contaminated excavations or runoff ponds shall be 
considered to be contaminated.  

D. Adequate runoff water control shall be maintained at all times in contaminated and/or controlled 
areas where the pre-existing surfaces have been removed or disturbed, and in stockpiles of 
materials on the Project site, so that water is prevented from flowing from contaminated areas to 
uncontaminated areas. 

E. Contractor shall prioritize contaminated water disposal in the following ways, in accordance with 
Health and Safety procedures indicated in the Health and Safety Plan: 

1. Dust control of contaminated materials within lined areas of CAMU; 

2. Waste placement moisture conditioning in the CAMU; and 

3. Off-site disposal. If contaminated water is disposed of off-site, Contractor shall: 

a. Follow waste manifest procedure for hauling of contaminated water. 

b. Contractor shall be responsible for establishing the waste profile for disposal purposes. 

F. The Contractor shall establish controls to keep runoff water from noncontaminated areas from 
entering the CAMU and any contaminated area.  

G. The Contractor shall install temporary drainage piping to control overland flow, route natural 
drainage under temporary roadways, and intercept groundwater flows, if necessary. The 
Contractor shall select the size and type of piping to be used, and shall be responsible for the 



 

CAMU Construction 
 Construction Facilities

Basic Remediation Company

..\SC0313 - TECHNICAL SPECIFICATIONS.D.20080211.DOC Page 01500-13 22 February 2008

performance of the temporary piping. The Contractor shall adequately compact materials around 
the drainage piping to ensure protection of the piping and adequacy of fill over the piping. The 
Contractor shall perform regular maintenance of any temporary piping as necessary to prevent 
plugging or reduced capacity.  

H. Water coming into contact with waste and operations layer materials shall be handled and 
disposed of as contaminated water. 

PART 2 –  PRODUCTS 

[Not Used] 

PART 3 –  EXECUTION 

[Not Used] 

PART 4 –  MEASUREMENT AND PAYMENT 

A. Providing for and complying with the requirements set forth in this Section for Construction 
Facilities shall be considered as incidental to Mobilization and Demobilization, Section 01505, 
and payment shall be based on the lump sum price provided on the Bid Schedule. 

 

 
[END OF SECTION]
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SECTION 01505 
MOBILIZATION / DEMOBILIZATION 

 
PART 1 –  GENERAL 

1.01 DESCRIPTION OF WORK 

A. Mobilization consists of preparatory work and operations, including but not limited to those 
necessary for the movement of personnel and project safety; including: adequate personnel, 
equipment, supplies, and incidentals to the project Site; establishment of facilities necessary for 
work on the project; premiums on insurance for the project and for other work and operations the 
Contractor must perform or costs the Contractor must incur before beginning work on the project, 
which are not covered in other bid items.   

B. Demobilization consists of work and operations including, but not limited to, movement of 
personnel, equipment, supplies, incidentals, and temporary facilities including trailers, haul roads, 
parking lots, and decontamination pads off-site. 

PART 2 –  PRODUCTS 

[Not Used] 

PART 3 –  EXECUTION 

[Not Used] 

PART 4 –  MEASUREMENT AND PAYMENT 

4.01 GENERAL 

A. Providing for and complying with the requirements set forth in this Section for Mobilization and 
Demobilization shall be lump sum (LS) and payment shall be based on the prices provided on the 
Bid Schedule. 

B. The Contractor shall include the following specified items as incidental to Mobilization and 
Demobilization and shall be included in the lump sum costs provided on the Base Bid Schedule. 
With the noted exceptions, the lump sum costs shall include initial set up and removal, operational 
and maintenance costs shall be included as incidental to Earthworks and Remedial Excavation and 
Filling, Sections 02200 and 02205, respectively: 

1. Construction Facilities 

a. Parking Areas 

b. Temporary Roads 

i. Haul Road Maintenance and Repair Plan 

ii. Haul Road Plan 

c. Temporary Trailers 

d. Temporary Utilities 

e. On-site communications 

f. Weather Protection 
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g. Contractor Generated Debris and Trash Control 

h. Temporary Sanitary Facilities: includes initial set-up, maintenance, and removal 

i. Lighting 

j. Material and Equipment Storage 

k. Dust Control Water Storage 

l. Vacuum Truck Staging Area 

m. Decontamination Area 

n. Construction Equipment 

o. First Aid Facilities 

p. HDPE-lined Storage Area 

2. Contract Close-out 

3. Temporary Controls: 

a. Dust Control 

i. Dust Control and Mitigation Plan 

b. Pollution Control 

i. Fuel Plan 

c. Traffic and Safety Control 

i. Signs 

ii. Traffic control equipment: cones, baracades 

d. Access Control 

i. Guard Stations 

ii. Gates and Fences 

iii. Site Security Plan 

e. Decontamination 

i. Decontamination Pad 

ii. Decontamination Water Storage Tank 

f. Noise Control 

i. Equipment Mufflers 

4. Health and Safety Plan 

a. Spill Prevention and Response Plan 
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5. And all other incidentals necessary for mobilization and demobilization. 

C. The Contract Price for Mobilization / Demobilization shall include the provision for movement of 
equipment onto the job site; removal of all facilities and equipment at the completion of the 
project; permits; preparation of a Health and Safety Plan; and all other related mobilization and 
demobilization costs.  Price bid for mobilization shall not exceed 10 percent of the total bid for the 
Project.  Fifty percent of the mobilization bid price, less retention, shall be paid on the initial 
billing provided all equipment and temporary facilities are in place.  The remaining 50 percent of 
the mobilization bid price shall be paid on satisfactory removal of all facilities and equipment on 
completion of the project. 

 
 

 

[END OF SECTION]
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SECTION 01560 
TEMPORARY CONTROLS 

 

PART 1 –  GENERAL 

1.01 DESCRIPTION OF WORK 

A. Temporary Controls required during the term of the Contract for the protection of the environment 
and the health and safety of workers and general public. 

B. Furnishing all equipment, materials, tools, accessories, incidentals, and labor, and performing all 
work for the installation of equipment and construction of facilities, including their maintenance 
and operation during the term of the Contract. 

C. Temporary Controls include: 

1. Dust Control. 

2. Pollution Control. 

3. Traffic and Safety Controls. 

4. Access Control. 

5. Decontamination 

6. Noise Control 

D. Perform Work as specified in the Technical Specifications and as required by the Construction 
Manager.  Maintain equipment and accessories in clean, safe and sanitary condition at all times 
until completion of the Work. 

1.02 RELATED SECTIONS 

Section 01505 – Mobilization/Demobilization 

Section 02820 – Chain Link Fence 

1.03 SUBMITTALS 

A. Dust Control Permit and Mitigation Plan 

B. Fuel Plan 

C. Site Security Plan 

D. Decontamination Plan 

1.04 REFERENCES 

A. Construction Drawings 

B. BRC, 2006. “Corrective Action Plan (CAP) For The Basic Remediation Company (BRC) 
Common Areas Remediation Project,” September. 

C. BRC, 2005. “Perimeter Air Monitoring Plan For Soil Remediation Activities BMI Upper and 
Lower Ponds and Ditches, Clark County, Nevada,” April 
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D. PBS&J, 2006, “Landwell Haul Route: Traffic Control Plan, Boulder Highway and Warm Springs 
Road intersection,” Prepared for The Landwell Company, April. 

E. Geosyntec, 2007. “Revised Remedial Action Plan (RAP) Permit Application for Corrective Action 
Management Unit (CAMU), Henderson, Nevada,” Prepared for Basic Remediation Company, 
Submitted to Nevada Department of Environmental Protection, March. 

F. Nevada Department of Transportation (NDOT) Traffic Permit No. 91464-2006 dated 13 April 
2006. 

G. United States Department of Transportation, Federal Highway Administration: Manual on 
Uniform Traffic Control Devices, 20 November 2003. 

1.05 DUST CONTROL 

A. Provide dust control measures in-accordance with the Technical Specifications, Dust Control 
Permit, Mitigation Plan, and Perimeter Air Monitoring Plan.  Dust control measures must meet 
requirements of applicable laws, codes, ordinances. 

B. The Contractor is responsible for applying for, obtaining, and complying with a Dust Control 
Permit and Mitigation Plan for construction activities through the Air Pollution Control District of 
the Clark County Health District. An example Dust Control Permit and Mitigation Plan is included 
as Appendix C of the Corrective Action Plan (CAP). 

C. Dust control consists of transporting water, furnishing required equipment, testing of equipment, 
additives, accessories and incidentals, and carrying out proper and efficient measures wherever 
and as often as necessary to reduce dust nuisance, and to prevent dust originating from 
construction operations throughout the duration of the Work. 

D. Dust suppression shall include all roadways, stockpiles, excavations, and other areas. 

E. Dust suppression activities shall be conducted as necessary, 7 days per week, 24 hours per day, 
including holidays. 

F. The Contractor shall take necessary measures to eliminate dust. Visible dust is not allowed. The 
Contractor may use techniques that include, but are not limited to, the following: 

1. Minimize disturbance of vegetated areas. 

2. Enforcement of lower speed limits on all vehicles traveling within the Project site. 

3. Suppressing dust generation by spraying the area with water or a Construction Manager-
accepted dust retardant. 

G. Adequate moisture content shall be maintained at all times in contaminated areas where the pre-
existing surfaces have been removed or disturbed, and in materials that have been stockpiled on 
the job site, so that dust shall not be generated. 

H. The Contractor shall protect all areas from any refuse or dust generated by the work. 

I. The Contractor shall provide surface covering to maintain mud-free conditions at the 
ingress/egress locations of the facility support area and at Project access locations indicated on the 
drawings. The Contractor shall maintain the covering for the duration of the Project. 

J. The Contractor shall not use contaminated leachate for dust control in uncontaminated or 
previously remediated areas.  Contaminated water shall not be used for dust-control purposes on 
the haul road. 
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1.06 POLLUTION CONTROL 

A. Pollution of Waterways: 

1. Perform Work using methods that prevent entrance or accidental spillage of solid or liquid 
matter, contaminants, debris, and other objectionable pollutants and wastes into 
watercourses, flowing or dry, and underground water sources. 

2. Such pollutants and wastes shall include, but shall not be limited to, refuse, earth and earth 
products, garbage, cement, concrete, sewage effluent, industrial waste, hazardous chemicals, 
oil and other petroleum products, aggregate processing tailings, and mineral salts. 

B. Existing Eastside Area pollutants shall be disposed of at the HDPE lined disposal cell, and tested 
by the Owner. Pollutants shall be transported for disposal off-site. 

C. Contractor shall be responsible for disposal of pollutants resulting from Contractor’s operations.  

D. Contractor shall only perform fueling activities and maintenance and repair activities in designated 
areas as shown on the Construction Drawings and in accordance with the Fuel Plan. 

E. Contractor shall be responsible for pollution that results from refueling, maintenance, or repair of 
construction equipment, or work activities resulting in pollutant release. 

F. All trucks shall be driven across gravel aprons prior to entering Warm Springs Road to remove 
loose soil. Gravel aprons shall extend from decontamination area to West Warm Springs Road. 

G. Storage and Disposal of Petroleum Product: 

1. Petroleum products covered by this Section include gasoline, diesel fuel, lubricants, and 
refined and used oil.  During project construction, store all petroleum products in such a 
way as to prevent contamination of all ground and surface waters and in accordance with 
local, state, and federal regulations. 

2. Lubricating oil may be brought into the project area in steel drums or other means, as the 
Contractor elects.  Store used lubricating oil in steel drums, or other approved means, and 
return them to the supplier for disposal.  Do not burn or otherwise dispose of at the Site. 

3. Secondary containment shall be provided for products stored on site, in accordance with the 
Contractor provided Storm Water Pollution Prevention Plan.   

H. Contaminated Material Spills 

1. In the event of a spill of contaminated material in an uncontrolled area, a total Project work 
stoppage shall be initiated by the Contractor. During the work stoppage, safety and 
procedural reviews, determination of root causes, and corrective actions shall be determined 
by the Construction Manager and implemented by the Contractor prior to resuming the 
work. No compensation shall be provided to the Contractor for work stoppages that result 
from spills. Work shall not be resumed without Construction Manager approval. 

2. In the event of spillage at Boulder Highway crossing, Contractor shall immediately sweep 
and vacuum spilled materials. 

I. At the daily conclusion of transport operations, Contractor shall vacuum the Boulder Highway 
crossing and public rights of way. 

1.07 TRAFFIC AND SAFETY CONTROLS 

A. Traffic controls shall be in accordance with the Owner provided Traffic Control Plan. 
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B. Post construction areas and roads with traffic control signs or devices used for protection of 
workmen, the public, and equipment.  Signs and devices must conform to the American National 
Standards Institute (ANSI) Manual on Uniform Traffic Control Devices for Streets and Highways.  

C. Interior private haul roads shall direct trucks to pond excavations, decontamination areas, refueling 
area, truck wash and repair, and designated disposal areas within the CAMU. Contractor shall post 
weather-proof signs along haul roads indicating active areas of remediation and waste placement. 

D. Remove signs or traffic control devices after they have finished serving their purpose.  It is 
particularly important to remove any markings on road surfaces that under conditions of poor 
visibility could cause a driver to turn off the road or into traffic moving in the opposite direction. 

E. Provide flag persons, properly equipped with International Orange protective clothing and flags, as 
necessary, to direct or divert pedestrian or vehicular traffic.   

F. Barricades for protection of employees must conform to the portions of the ANSI Manual on 
Uniform Traffic Control Devices for Streets and Highways, relating to barricades. 

G. Guard and protect all workers, pedestrians, and the public from excavations, construction 
equipment, all obstructions, and other dangerous items or areas by means of adequate railings, 
guard rails, temporary walks, barricades, warning signs, sirens, directional signs, overhead 
protection, planking, decking, danger lights, etc. 

H. Construct and maintain fences, planking, barricades, lights, shoring, and warning signs as required 
by local authorities and federal and state safety ordinances, and as required to protect all property 
from injury or loss and as necessary for the protection of the public, and provide walks around any 
obstructions made in a public place for carrying out the Work covered in this Contract.  Leave all 
such protection in place and maintained until removal is authorized by the Construction Manager. 

I. At the beginning of haul operations for the day, the Contractor shall inspect light signals at 
Boulder Highway and West Warm Springs Road intersection. Traffic and pedestrian light shall be 
in good, working order. If light signals are inoperable, Contractor shall provide flag persons, 
properly equipped with International Orange protective clothing and flags, as necessary, to direct 
or divert pedestrian or vehicular traffic.   

1.08 ACCESS CONTROL 

A. As remediation progresses, the Contractor shall maintain contamination-control boundaries 
between "clean" areas and exclusion areas. 

B. Perimeter fencing shall be installed and/or repaired to restrict, reduce, or eliminate access by the 
public, livestock, and wildlife into the work area. Interior fencing shall be installed at the Eastside 
Areas around the remediation area. Fence type(s) shall be in accordance with Section 02820 of 
these specifications and as indicated on the drawings. Fencing shall be placed and moved as 
necessary to minimize disruption to ongoing operations at the Project site and adjacent properties.  

C. The Contractor shall maintain CAMU site perimeter fences, gates, and signs to prevent intrusion 
by the general public. Maintenance includes keeping fences taut, performing all minor repairs that 
do not require additional materials, and placement of signs as designated by the Construction 
Manager. The Contractor shall remove or thin trees/brush so that the signs are visible. 

D. The Contractor shall install and maintain Eastside Area exclusion zone fences, and gates to 
prevent access by individuals without proper training. Maintenance includes keeping fences taut, 
performing all minor repairs that do not require additional materials designated by the 
Construction Manager. Eastside Area site perimeter fence will be maintained by Owner. Owner 
will provide and maintain site perimeter signs. 
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E. Private and personal vehicles not used for authorized construction purposes shall not access the 
controlled areas. Parking of private or personal vehicles shall be restricted to the designated 
support facilities area near the Eastside Areas and CAMU work areas as shown on the 
Construction Drawings. All Contractor vehicles shall comply with applicable licensing 
regulations.  

F. The Contractor shall provide gate attendants’ offices at the Eastside access gate and CAMU access 
gate off Warm Spring Rd. to be continuously manned and serve as a checkpoints.  

G. Contractor shall maintain a sign-in/sign-out log for all visitors. Contractor is responsible for 
logged visitors while visitors are on-site. Visitors shall not enter remedial excavation exclusion or 
support zones without documented proof of current training in accordance with Title 29 of the 
Code of Federal Regulations (CFR) Part 1910.120. Contractor shall provide tailgate health and 
safety briefing to all visitors prior to entering exclusion zone. 

1.09 DECONTAMINATION 

A. Construction equipment shall be decontaminated as follows prior to leaving both the Eastside and 
CAMU areas: 

1. Personnel shall be dressed in proper PPE 

2. Trucks shall be decontaminated such that there is no visible soil material build-up on sides, 
mud-flaps, undercarriage, or tires when leaving decontamination areas.  

3. Contractor shall steam clean equipment as recommended in the CAP. An alternative method 
of decontamination shall be permitted if shown by Contractor to be more economical and as 
effective as steam cleaning. 

4. Decontamination water shall be pumped from the collection area into a storage tank. Water 
shall be sampled if disposed of off-site at the Owner’s expense.  

B. Contractor shall provide personnel at access points to inspect trucks prior to entering public 
roadways. Trucks shall be inspected for caked soil and mud as well as tarps or covers over waste 
materials. 

1.10 NOISE CONTROL 

A. The Contractor is responsible for managing site construction noise at levels in accordance with 
Sections 19.10.7 and 19.14 of the City of Henderson Development Code.  

B. The following sound levels are the maximum allowed at the Eastside area, as measured from the 
property line, during the given times: 

Time of Day Maximum Permitted Sound 
Level (dBA) Outdoors 

7 am to 9 pm 65 – Daytime 

9 pm to 7 am 60 – Nightime 

24 hour 70 (Not to exceed for greater 
than 15 minutes in a 24-hr period 

C. The following sound levels are the maximum allowed at the CAMU area, as measured from the 
property line, during the given times: 
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Time of Day Maximum Permitted Sound Level 
(dBA) Outdoors 

5 am to 8 pm 73 – Daytime 

8 pm to 5 am 73 – Nightime 

24 hour 73 (Not to exceed for greater than 
15 minutes in a 24-hr period 

D. If the noise is not smooth and continuous or is not present between the hours of 10 pm and 7 am, 
one or more of the following corrections shall be applied to the above sound levels: 

Noise Source/Timing Correction in 
dBA 

Daytime operation only +5 

Noise source operates less than 20 percent of any one 
hour period 

+5 

Noise source operates less than 5 percent of any one 
hour period 

+10 

Noise of impulsive character such as hammering -5 

Noise of periodic character such as humming or 
screeching 

-5 

E. Noise shall be measured by a sound level meter or noise dosimeter meeting current American 
Standards Institute (ASI) Specification for Sound Level Meter, S1.4 (1983) Type S2A and set to 
use the A-weighted network with slow meter response. 

F. Contractor shall not operate equipment with unmuffled exhausts. 

G. Contractor shall not operate equipment with sound control devices less effective than those 
provided on the original equipment. 

1.11 MAINTENANCE 

A. Maintain all temporary controls in good working conditions during the term of the Contract for the 
safe and efficient transport of equipment and supplies, and for construction of permanent works. 

1.12 STATUS AT COMPLETION 

A. Upon completion of the Work, or prior thereto as approved by the Construction Manager, remove 
all temporary controls and restore disturbed areas. 

PART 2 –  PRODUCTS 

[Not Used] 

PART 3 –  EXECUTION 

[Not Used] 
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PART 4 –  MEASUREMENT AND PAYMENT 

4.01 GENERAL 

A. Providing for and complying with the requirements set forth in this Section for establishing and 
removing Temporary Controls shall be considered as incidental to Mobilization and 
Demobilization, Section 01505, and payment shall be based on the lump sum price provided on 
the Bid Schedule. 

B. Providing for and complying with the requirements set forth in this Section for operations and 
maintenance of Temporary Controls shall be considered as incidental to Earthworks and Remedial 
Excavation, Sections 02200 and 02205, respectively, and payment shall be based on the unit prices 
provided on the Bid Schedule. 

 
 

[END OF SECTION] 
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SECTION 01700 
CONTRACT CLOSEOUT 

 

PART 1 –  GENERAL 

1.01 CLOSEOUT PROCEDURES 

A. Contractor shall submit written certification that the Technical Specifications, CQA Plan, and 
Drawings have been reviewed, Work has been inspected, and that Work is complete and in-
accordance with the Technical Specifications, CQA Plan, and Drawings and ready for 
Construction Manager’s inspection. 

1.02 RELATED SECTIONS 

Section 01505 – Mobilization/Demobilization 

1.03 FINAL CLEANING 

A. Contractor shall execute final cleaning prior to final inspection. 

B. Contractor shall clean equipment and fixtures to a sanitary condition. 

C. Contractor shall remove waste and surplus materials, rubbish, and construction facilities from the 
construction Site. 

1.04 AS-BUILT DOCUMENTATION 

A. Contractor shall provide Construction Manager with all record documents. 

PART 2 –  PRODUCTS 

[Not Used] 

PART 3 –  EXECUTION 

[Not Used] 

PART 4 –  MEASUREMENT AND PAYMENT 

4.01 GENERAL 

A. Providing for and complying with the requirements set forth in this Section for Contract Closeout 
shall be considered as incidental to Mobilization and Demobilization, Section 01505, and payment 
shall be based on the lump sum price provided on the Base Bid Schedule. 

 
 

[END OF SECTION] 
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SECTION 02010 
DEMOLITION 

 
PART 1 –  GENERAL 

1.01 DESCRIPTION OF WORK 

A. The Contractor shall furnish all labor, materials, tools, supervision, transportation, and equipment 
necessary to perform all Work specified herein and as shown on the Construction Drawings. 

B. The Contractor shall remove, transport, dispose, and pay all costs thereof, the materials to be 
demolished as shown on the Construction Drawings. 

1.02 RELATED SECTIONS 

Section 02110 – Site Clearing 

1.03 REFERENCES 

A. Construction Drawings 

1.04 DEFINITIONS 

A. Clean Debris: Clean debris are demolished materials which is not contaminated as verified by 
analytical testing, or debris originally located within the CAMU Area, and can be disposed of in a 
municipal, solid waste landfill. 

B. Contaminated Debris: Contaminated debris are demolished materials outside of the Eastside Area 
Ponds found to be contaminated by analytical testing and cannot be disposed of in a municipal, 
solid waste landfill. 

1.05 SUBMITTALS 

A. The Contractor shall submit to the Construction Manager a description of equipment and methods 
proposed for the removal, transport, and disposal of materials to be demolished at least 7 days 
prior to the start of activities covered by this Section. 

PART 2 –  PRODUCTS 

PART 3 –  EXECUTION 

3.01 GENERAL 

A. The Contractor shall be responsible for demolition, removal, transport, and off-site disposal of the 
existing chain link fence as shown on the Construction Drawings. 

B. The Contractor shall be responsible for removing and proper off-site disposal of surficial debris 
from within the limits of work. If Eastside Area surficial debris exhibits evidence of containing 
potentially hazardous materials, it shall be stockpiled separately within the HDPE-lined Debris 
Storage Area as described in Section 01500 of these Specifications. Eastside Area debris 
stockpiled in the lined debris storage area will be tested by the Owner prior to release from site. 

C. The Contractor shall not demolish any materials outside of the areas specified on the Drawings 
without prior written approval by the Construction Manager.  Any unauthorized demolition of 
property features shall be repaired, to the satisfaction of the Construction Manager, at the 
Contractor’s expense. 
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3.02 DISPOSAL 

A. Eastside and CAMU Area clean debris shall be disposed off in an off-site municipal solid waste 
facility. 

B. Eastside debris found to be hazardous through testing shall be disposed of at an off-site hazardous 
waste facility. 

C. Contractor shall not place any demolition materials or surficial debris, hazardous or non-
hazardous, within the CAMU. 

 
PART 4 –  MEASUREMENT AND PAYMENT 

4.01 GENERAL 

A. Providing for and complying with the requirements set forth in this Section for clean debris 
disposal shall be per ton (TON) and payment shall be based on the unit price for clean 
debris/vegetation disposal provided on the Base Bid Schedule. 

B. Providing for and complying with the requirements set forth in this Section for contaminated 
debris disposal shall be per ton (TON) and and payment shall be based on the unit price for 
contaminated debris/vegetation disposal provided on the Base Bid Schedule. 

[END OF SECTION] 
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SECTION 02110 
SITE CLEARING 

PART 1 –  GENERAL 

1.01 DESCRIPTION OF WORK 

A. The Contractor shall furnish all labor, materials, tools, supervision, transportation, and 
equipment necessary to perform all Work specified herein and as shown on the Construction 
Drawings. 

B. The Contractor shall remove and dispose of all debris, vegetation, other organic and 
deleterious material, and other materials not suitable for Engineered fill materials that exist 
within the designated construction limits. 

1.02  RELATED SECTIONS 

Section 02200 – Earthwork 

Section 02770 – Geomembrane 

1.03 REFERENCES 

A. Construction Drawings 

1.04 DEFINITIONS 

A. Clean Vegetation/Debris: Clean vegetation/debris is vegetation/debris which is not 
contaminated as verified by analytical testing, or vegetation originally located within the 
CAMU Area, and can be disposed of in a municipal, solid waste landfill. 

B. Contaminated Vegetation/Debris: Contaminated vegetation/debris outside of the Eastside 
Area Ponds is vegetation found to be contaminated by analytical testing and cannot be 
disposed of in a municipal, solid waste landfill. 

PART 2 –  PRODUCTS 

[Not Used] 

PART 3 –  EXECUTION 

3.01 GENERAL 

A. The Contractor shall be responsible for all clearing and grubbing operations within the 
limits of work. 

B. No open burning of combustible materials shall be allowed. 

C. All materials removed during the site clearing operations shall be disposed of properly off 
site. 

D. Prior to site clearing, Contractor shall have implemented SWPPP. 
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3.02  CAMU CLEARING 

A. All vegetation, debris, deleterious and other organic material not suitable for Engineered fill 
materials shall be removed completely from within the construction limits and disposed of 
off site. 

3.03  EASTSIDE CLEARING 

A. Vegetation and debris cleared from the Eastside Area shall be stored in the HDPE-Lined 
Debris Storage Area until determination is made for off-site municipal or hazardous landfill 
disposal. 

B. Debris will visible indication of contamination cleared from the Eastside Area shall be 
stored in the HDPE-Lined Debris Storage Area until determination is made for off-site 
municipal or hazardous landfill disposal. 

C. Owner will sample debris and vegetation for hazardous materials and bioaccumulation. 
Debris shall be disposed of at an off-site municipal or hazardous landfill at the Contractor’s 
expense. If testing indicated debris is hazardous, it shall be disposed of within 30 days. 

D. Discolored soils beneath debris shall be sampled by the Owner and disposed of at an off-site 
hazardous landfill. 

PART 4 –  MEASUREMENT AND PAYMENT 

4.01 GENERAL 

A. Providing for and complying with the requirements set forth in this Section for clean 
vegetation disposal shall be per ton (TON) and payment shall be based on the unit price for 
clean debris/vegetation disposal provided on the Base Bid Schedule. 

B. Providing for and complying with the requirements set forth in this Section for 
contaminated vegetation disposal shall be per ton (TON) and payment shall be based on the 
unit price for contaminated debris/vegetation disposal provided on the Base Bid Schedule. 

 [END OF SECTION] 
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SECTION 02200 
EARTHWORK 

PART 1 –  GENERAL 

1.01 DESCRIPTION OF WORK 

A. The Contractor shall furnish all labor, materials, tools, supervision, transportation, and 
equipment necessary to perform all Work specified herein and as shown on the Construction 
Drawings. 

B. The Work shall include, but not be limited to excavating, hauling, placing, moisture 
conditioning, backfilling, compacting, grading, stockpiling, and subgrade preparation, 
including subgrade preparation for storm water pipeline and appurtenances.  Earthwork 
shall conform to the dimensions, lines, grades and sections shown on the Drawings or as 
directed by the Construction Manager.  

C. Construction of the final CAMU cover system and associated storm water management 
features overlying the CAMU will be held as an Option Scope that may be added to the 
contract via Contract Modification at the Owner's sole discretion.   If the Owner decides to 
exercise its option to add the Option Scope, the Construction Manager will notify the 
Contractor no later than 30 days after receipt of the final Eastside Area confirmation 
sampling 

1.02 RELATED SECTIONS 

Section 01025 — Measurement and Payment 

Section 02110 — Site Clearing 

Section 02205 — Remedial Excavating and Filling 

Section 02771 — Geotextile 

Section 02772 — Geosynthetic Clay Liner 

Section 02773 — Geocomposite 

Section 03400 — Cast-in-Place Concrete 

1.03 REFERENCES 

A. Construction Drawings 

B. Clark County Area Uniform Standard Specifications (CCAUSS) and Clark County Area 
Uniform Standard Drawings (CCAUSD). 

C. Geosyntec, 2007 “Construction Quality Assurance Plan for the Construction of the 
Corrective Action Management Unit, Basic Remediation Company, Henderson, Nevada,” 
August. 

D. Latest version of American Society for Testing and Materials (ASTM) standards: 

ASTM D 422 Standard Method for Particle-Size Analysis of Soils 
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ASTM D 1557 Laboratory Compaction Characteristics of Soil Using Modified Effort 
(56,000 ft-lbf/ft3 (2,700 kN-m/m3)) 

ASTM D 2216 Standard Method for Laboratory Determination of Water (Moisture) 
Content of Soil, Rock, and Soil-Aggregate Mixtures 

ASTM D 2487 Standard Test Method for Classification of Soils for Engineering Purposes 

ASTM D 2922 Standard Test Methods for Density of Soil and Soil-Aggregate In-Place by 
Nuclear Density Methods (Shallow Depth) 

ASTM D 3017 Standard Test Method for Water Content of Soil and Rock In-Place by 
Nuclear Methods (Shallow Depth) 

ASTM D 3080 Standard Test Method for Direct Shear Test of Soils Under Consolidated 
Drained Conditions 

ASTM D 4318 Standard Test Method for Liquid Limit, Plastic Limit, and Plasticity Index 
of Soils 

E. Latest version of American Association of State Highway and Transportation Officials 
(AASHTO) standards: 

AASHTO T 180 Standard Method of Test for Moisture-Density Relations of Soils Using a 
4.54-kg (10-lb) Rammer and a 457-mm (18-in.) Drop 

1.04 SUBMITTALS 

A. Prior to beginning earthwork, Contractor shall perform baseline topographic survey on a 
minimum 50-foot grid and at all grade breaks.  Baseline topographical survey shall be 
submitted to the Construction Manager within 20 working days of notice to proceed. 

B. The Contractor shall submit to the Construction Manager a notice of completion for within 
24 hours of completed excavation, engineered fill, prepared subgrade and cover layer as-
built survey to provide the Owner with sufficient time to verify as-built surveys  

C. The Contractor shall submit to the Construction Manager laboratory test data for cover soils 
demonstrating shear strength cohesion. Shear strength tests shall be conducted at 90 percent 
maximum dry density. 

D. The Contractor shall submit to the Construction Manager the GPS excavation control 
methods the Contractor has available for use. 

E. The Contractor shall submit to the Construction Manager the Stockpile Plan prior to Notice 
to Proceed. 

F. The Contractor shall submit to the Construction Manager product data sheets and 
manufacturer’s recommendations for soil binder material that will be used. 

1.05 QUALITY ASSURANCE 

A. The Contractor shall ensure that the materials and methods used for Earthwork meet the 
requirements of the Construction Drawings and this Section.  Any material or method that 
does not conform to these documents, or to alternatives approved in writing by the 
Construction Manager shall be rejected and shall be repaired or replaced by the Contractor. 
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B. The Contractor shall be aware of and accommodate all monitoring and field/laboratory 
conformance testing required by the CQA Plan.  This monitoring and testing, including 
random conformance testing of construction materials and completed work, shall be 
performed by the CQA Engineer.  If nonconformances or other deficiencies are found in the 
materials or completed work, the Contractor shall be required to repair the deficiency or 
replace the deficient materials. 

1.06 DELIVERY, STORAGE, AND HANDLING 

A. Deliver, store, and protect products brought to the Project site in accordance with this 
Section. 

B. Stockpiles 

1. Stockpile materials at locations in accordance with the Stockpile Plan or as agreed to 
by the Contractor and the Construction Manager.  Stockpiles shall be located so as not 
to interfere with other aspects of the work. 

2. Clear stockpile areas and install erosion and sedimention controls before depositing 
fill or excavated materials on approved stockpile areas. 

3. Prevent segregation of fill materials and mixing of one type of fill material with other 
types. 

PART 2 –  PRODUCTS 

2.01 MATERIALS 

A. Engineered fill shall consist of on-site relatively homogeneous, natural soils that contain 
<5% of debris, foreign objects, large rock fragments (greater than 6 inches in maximum 
dimension), roots, and organics.  No materials larger than 6 inches shall be allowed within 
the Engineered fill.  The Engineered fill shall be classified according to the Unified Soil 
Classification System (per ASTM D 2487) as SC, ML, CL, SM, SW, SP, GW, GP, GM, 
GC, or combinations of these materials.  The Contractor may propose the use of other soil 
types as Engineered fill, but then such use shall be at the sole discretion of the Engineer. 

B. Cover soil shall consist of on-site relatively homogeneous, natural soils that are free of 
debris, foreign objects, large rock fragments (greater than 6 inches in maximum dimension), 
roots, and organics.  The first lift of cover soil placed directly overlying the geosynthetic 
components of the cover system shall have a maximum particle size of 1 inch.  The cover 
soil shall be classified according to the Unified Soil Classification System (per 
ASTM D 2487) as SC, ML, CL, SM, SW, GW, GM, GC, or combinations of these 
materials.  The Contractor may propose the use of other soil types as cover soil, but then 
such use shall be at the sole discretion of the Engineer.  Cover soil shall have a remolded 
minimum shear strength of 32 degrees and 500 psf cohesion at 90% compaction, based on 
Modified Proctor, at optimum moisture content, as measured by ASTM D3080. 

C. Operations layer shall consist of Eastside Area or Western Ditch materials conforming to 
Specifications in Section 02205. 

D. Prepared subgrade is defined as the material directly underlying the geosynthetic liner 
system which shall meet the requirements listed above for Engineered fill.  No materials 
larger than 3/4 inch shall project or protrude from the surface of the prepared subgrade.  
Prepared subgrade limits are the top inside edge of the perimeter anchor trench.  
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E. Pipe Trench Backfill shall be in accordance with CCAUSS Section 208 and the 
Construction Drawings. 

F. Anchor Trench Backfill materials shall meet the requirements listed above for the 
Engineered Fill. 

G. Slit Trench Backfill shall consist of earthen materials excavated from the slit trenches that 
are separated and earthen materials adjacent to the slit trenches.   

H. Structure Embankment shall conform to CCAUSS Section 207 and the requirements shown 
on the Construction Drawings. 

I. Aggregate base for storm water channels and CAMU Base Road shall conform to CCAUSS 
Section 704.03.04 for Type II Aggregate Base and the Construction Drawings. 

J. Grouted Riprap atop 6-inch Type II aggregate base along the embankment channels shall 
have D50 = 12-inch rip rap. Grouted rip rap shall be in accordance with CCAUSS Section 
610 and the Construction Drawings. 

K. Grout shall be in accordance with CCAUSS Section 706 and the Construction Drawings. 

L. Final cover side slope surface treatment layer (gravel mulch) shall be 3/4-inch “Vista Gold” 
by Vista Landscape, Henderson, NV; telephone (702) 565-6611, or Construction Manager 
approved equal. 

M. Soil binder shall be long lasting plant derived material such as pitch and rosin emulsion, 
polymeric emulsion blends, or Portland cement based material as approved by the 
Construction Manager 

2.02 EQUIPMENT 

A. The Contractor shall furnish, operate, and maintain compaction equipment as is necessary to 
produce the required in-place soil density and moisture content. 

B. The Contractor shall furnish, operate and maintain tank trucks, pressure distributors, or 
other equipment designed to apply water uniformly and in controlled quantities to variable 
surface widths. 

C. The Contractor shall furnish, operate, and maintain miscellaneous equipment such as 
scarifiers or disks, earth excavating equipment, earth hauling equipment, and other 
equipment, as necessary for Earthwork construction. 

D. Equipment used in spreading the cover layer material on top of the geosynthetic liner 
system shall be restricted to the following maximum allowable equipment ground pressures: 
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MAXIMUM 
ALLOWABLE 

EQUIPMENT GROUND 
PRESSURE  

(psi) 

INITIAL LIFT 
THICKNESS OF 

OVERLYING 
AGGREGATE  

(ft) 

<10  1.0 

<20 2.0 

>20 3.0 

PART 3 –  EXECUTION 

3.01 FAMILIARIZATION 

A. Prior to implementing any of the work in this Section, the Contractor shall become 
thoroughly familiar with the site, the site conditions, and all portions of the work falling 
within this and other related Sections. 

B. Inspection: 

1. The Contractor shall carefully inspect the installed work of all other Sections and 
verify that all work is complete to the point where the installation of the work 
specified in this Section may properly commence without adverse impact. 

2. If the Contractor has any concerns regarding the installed work of other Sections, the 
Construction Manager shall be notified in writing prior to commencing work.  Failure 
to notify the Construction Manager or continuance of the work of this Section shall be 
construed as Contractor's acceptance of the related work of all other Sections. 

3.02 SITE PREPARATION 

A. Prior to performing any earthworks on the site, the Owner and Contractor shall perform a 
baseline topographic survey.  The survey, at a minimum shall be performed on a 50 foot 
grid and account for grade breaks and other topographic features affecting volume of 
earthworks. This survey shall be conducted by a Professional Land Surveyor licensed in the 
state of Nevada.  This survey shall serve as the starting point for earthwork quantities, both 
excavation and fill placement. 

B. The Contractor shall perform demolition and site clearing in accordance with the 
Construction Drawings and Sections 02010 and 02110 of these Specifications prior to any 
Earthwork activity. 

C. Prior to performing earthworks on the site, the Contractor shall install drainage and erosion-
control measures in accordance with the SWPPP. 

3.03 GENERAL EXCAVATION 

A. The Contractor shall excavate materials to the limits and grades shown on the Drawings. 

B. All excavated materials not used for Engineered Fill shall be stockpiled in accordance with 
the Stockpile Plan or in an area designated by the Construction Manager in accordance with 
Subpart 3.06 of this Section.  
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C. Excavated materials shall be used onsite only. Contractor shall not export excavated CAMU 
soils. 

D. Excavations in native soil shall not have slopes steeper than 2.1H:1V, unless otherwise 
indicated on the Construction Drawings or when approved by the Construction Manager. 

E. No excavations deeper than 4 feet with side slopes steeper than 2:1 (horizontal:vertical) 
shall be made unless otherwise indicated on the Construction Drawings or without the prior 
approval of the Construction Manager.  When shoring is required, the design and inspection 
of such shoring shall be the Contractor’s responsibility and shall be subject to the review of 
the Construction Manager prior to use.  No personnel shall Work within or next to an 
excavation requiring shoring until such shoring has been installed, inspected, and approved 
by an engineer registered in the State of Nevada.  The Contractor shall be responsible for 
any fines imposed due to violation of any laws and regulations relating to the safety of the 
Contractor’s personnel. 

F. Excavations shall be kept free from water. 

G. The Contractor shall notify the Construction Manager at once of springs, seeps, or wet 
zones found in excavations. 

H. Oversized materials encountered within the excavation or that result from screening 
operations of clean fill shall be segregated and stockpiled in accordance with the Stockpile 
Plan and Subpart 2.06 of this Section or in a location approved by the Construction 
Manager. 

I. Permanent Ditches and Channels: 

1. Cut ditches and channels accurately to the cross sections, grades, and elevations 
indicated on the drawings.  Do not cut below indicated grades without prior 
Construction Manager authorization. 

2. Do not deposit excavated material within 4 feet from the edge of a ditch or channel, 
unless the material is fill placed as indicated and specified. 

3. Keep completed ditches and channels free from blockage or obstruction by leaves, 
brush, sticks, trash, sediment, and other debris. 

4. Storm water ditch excavation through the Western Ditch shall be excavated 2.5 feet 
lower than grades shown on Construction Drawings. Excavated Western Ditch soil 
shall be stockpiled over the Western Ditch within the footprint of the Cell II in 
accordance with the Stockpile Plan. The storm water ditch shall immediately have 2.5 
foot over excavation backfilled with clean soil to the grades shown on the 
construction drawings. 

3.04 ANCHOR TRENCH EXCAVATION 

A. The Contractor shall excavate the anchor trench to the limits and grades shown on the 
Drawings. 

B. All excavated materials not used for Anchor Trench Backfill or Engineered fill shall be 
stockpiled in areas shown on Construction Drawings or as designated by the Construction 
Manager in accordance with Subpart 3.06 of this Section and the Stockpile Plan. 
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3.05 SUBGRADE SURFACE PREPARATION 

A. The subgrade shall be prepared and made suitable as a foundation for placement and 
compaction of soil material and geosynthetic components of liner system, where applicable. 
The prepared subgrade shall be proof-rolled and meet the requirements outlined in Subpart 
2.01 The subgrade shall be firm and able to support the Contractor's construction equipment 
without the development of depressions or ruts.  In addition, the subgrade shall provide 
adequate support such that the overlying fill material may be placed and compacted to the 
specified density. 

3.06 STOCKPILING 

A. Soil shall be stockpiled in areas shown on Construction Drawings and in accordance with 
the Stockpile Plan, or as designated by the Construction Manager. Stockpile shall be free of 
incompatible soil, clearing, clearing debris, or other objectionable materials. 

B. Stockpiles shall be no steeper than 2H:1V (Horizontal:Vertical) or other slope approved by 
the Construction Manager, graded to drain, sealed by tracking parallel with the direction of 
to the slope with a dozer or other means approved by the Construction Manager, and 
dressed daily during periods when fill is taken from the stockpile.  The Contractor shall 
employ temporary erosion and sediment control measures (i.e. silt fence) in accordance with 
the Contractor prepared SWPPP or as directed by the Construction Manager around 
stockpile areas. 

C. Western Ditch soil excavated during Phase IIIA shall be stockpiled over the Western Ditch 
within Cell II or placed within the lined areas of the CAMU as waste fill in accordance with 
Section 02205 of these Specifications. 

3.07 PIPE TRENCH EXCAVATION AND BACKFILL 

A. See CCAUSS Sections 206, 207, and 208. 

B. Trench excavation and backfill shall conform to the lines and grades shown on the 
Construction Drawings. 

3.08 ENGINEERED FILL, SLIT TRENCH BACKFILL, AND ANCHOR TRENCH 
BACKFILL 

A. The Engineered Fill, Slit Trench Backfill, and Anchor Trench Backfill shall be placed to the 
lines and grades shown on the Drawings. 

B. Soil used for the Engineered Fill, Slit Trench Backfill, and Anchor Trench Backfill shall be 
on-site materials meeting the requirements of Subpart 2.01 of this Section. 

C. Soil used for the Engineered Fill, Slit Trench Backfill, and Anchor Trench Backfill shall be 
placed in a loose lift that results in a compacted lift thickness of no greater than 12 inches.  
The maximum permissible pre-compaction soil clod size is 6 inches.   

D. Each 12-inch horizontal lift of Engineered Fill and Slit Trench Backfill placed against a 
slope shall be keyed into the slope a minimum of 3 feet, as measured horizontally from the 
top of the 12-inch lift. 

E. The Contractor shall compact each lift to at least 90 percent of its modified Proctor 
maximum dry density (ASTM D 1557) at a moisture content of between -4% and +4% of 
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the optimum moisture content for the soil.  The Contractor shall utilize compaction 
equipment suitable for achieving the soil compaction requirements. 

F. Contaminated water shall not be used for moisture conditioning or as dust control of final 
cover soils. 

G. During wetting or drying, the material shall be regularly disced or otherwise mixed so that 
uniform moisture conditions in the appropriate range are obtained.  

3.09 STRUCTURE EXCAVATION AND EMBANKMENT 

A. This shall include, but not be limited to, the following: detention basins, footings for riprap, 
concrete-lined storm water channels, aggregate-lined storm water channels, and cut-off 
walls for concrete aprons 

B. Refer to CCAUSS Sections 206 and 207 for Structure Excavation and Structure Backfill, 
respectively. 

3.10 FINAL COVER SOIL 

A. Place only when underlying drainage aggregate and filter geotextile or geocomposite 
installation is complete including all Construction Quality Control (CQC) and CQA work 
and approved by the Construction Manager. 

B. The subgrade to the cover soil consists of a geotextile or geocomposite.  Therefore, the 
Contractor shall avoid tearing, puncturing, folding, or damaging in any way the filter 
geotextile or geocomposite geotextile during placement of the cover layer material. 

C. Any damage to the geosynthetic liner system which is caused by the Contractor or 
representatives of the Contractor shall be repaired by the Geosynthetics Installer at the 
expense of the Contractor. 

D. The Contractor shall compact each final lift of final cover soil to at least 90 percent of its 
modified Proctor maximum dry density (ASTM D 1557) at a moisture content between -4% 
and +4% of the optimum moisture content for the soil. The Contractor shall utilize 
compaction equipment suitable for achieving the soil compaction requirements. 

E. The cover soil material shall be placed out in front of the equipment used to place the cover 
layer such that a 1-foot minimum thickness requirement is maintained at all times between 
the geosynthetic materials and the wheels or tracks of the equipment used to place the cover 
layer material. 

F. Care must be exercised by the operators of tracked equipment to avoid sharp pivoting turns 
that could displace the cover layer material and result in damage to the liner system.   

G. Contaminated water shall not be used for moisture conditioning or as dust control of final 
cover soils. 

H. A 2 inch layer of ¾ inch gravel mulch shall be placed on side slopes exceeding 5H:1V .  

H. A 2 inch layer of ¾ inch gravel mulch shall be placed on side slopes equal and greater than 
5H:1V for all CAMU and BMI Landfill Covers. 
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I. Soil binder shall be placed on top deck areas less than 5H:1V. Soil binder shall be applied at 
rates as recommended by the manufacturer for the prevention of water and wind induced 
erosion on exposed soils. 

3.11 AGGREGATE BASE  

A. Aggregate base placement and compaction shall be in accordance with CCAUSS Section 
301 and 302 for Type II aggregate base. Aggregate base shall be compacted to not less than 
95% compaction as determined by AASHTO T 180. 

3.12 GROUTED RIPRAP 

A. Grouted rip rap shall be placed in accordance with Section 610 of the CCAUSS and the 
Construction Drawings. 

3.13 FIELD TESTING 

A. The minimum frequency and details of quality control testing for engineered fill and final 
cover soil are provided below.  The Contractor shall provide equipment and operators to 
accommodate testing. This testing shall be performed by the CQA Engineer and is not 
separate from the testing outlined in the CQA Plan (i.e. QC and QA testing are the same and 
will not be duplicated).  The Contractor shall take this testing frequency into account in 
planning the construction schedule. 

1. Engineered fill and final cover soil material quality control testing: 

a. particle-size analyses conducted in accordance with ASTM D 422 at a frequency 
of one test per 10,000 yd3; 

b. Atterberg Limits conducted in accordance with ASTM D 4318 at a frequency of 
one test per 10,000 yd3; 

c. soil classification tests conducted in accordance with ASTM D 2487 at a 
frequency of one test per 10,000 yd3; and 

d. modified Proctor compaction tests conducted in accordance with ASTM D 1557 
at a frequency of one test per 10,000 yd3/lift. 

2. The CQA Engineer shall perform conformance tests on placed and compacted 
engineered fill and cover soil to evaluate compliance with these Specifications.  These 
tests shall include in-situ moisture content and dry density.  The frequency and 
procedures for moisture-density testing are given in the CQA Plan.  At a minimum, 
the dry density and moisture content of the soil shall be measured in-situ in 
accordance with ASTM D 2922 and ASTM D 3017, respectively. 

3. A special testing frequency shall be used by the CQA Engineer when visual 
observations of construction performance indicate a potential problem.  Additional 
testing shall be considered when: 

a. the rollers slip during rolling operation; 

b. the lift thickness is greater than specified; 

c. the fill is at improper and/or variable moisture content; 
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d. fewer than the specified number of roller passes are made; 

e. dirt-clogged rollers are used to compact the material; 

f. the rollers do not have optimum ballast; or 

g. the degree of compaction is doubtful. 

4. During construction, the frequency of testing shall be increased by the CQA Engineer 
in the following situations: 

a. adverse weather conditions; 

b. breakdown of equipment; 

c. at the start and finish of grading; 

d. if the material fails to meet specifications; or 

e. the work area is reduced. 

B. Defective Areas: 

1. If a defective area is discovered in the Earthwork, the CQA Engineer shall evaluate 
the extent and nature of the defect.  If the defect is indicated by an unsatisfactory test 
result, the CQA Engineer shall determine the extent of the defective area by 
additional tests, observations, a review of records, or other means that the CQA 
Engineer deems appropriate.  If the defect is related to adverse site conditions, such as 
overly wet soils or surface desiccation, the CQA Engineer shall define the limits and 
nature of the defect. 

2. Once the extent and nature of a defect is determined, the Contractor shall correct the 
deficiency to the satisfaction of the CQA Engineer.  The Contractor shall not perform 
additional work in the area until the CQA Engineer approves the correction of the 
defect.   

3. Additional testing may be performed by the CQA Engineer to verify that the defect 
has been corrected.  This additional testing shall be performed before any additional 
work is allowed in the area of deficiency.  The cost of the additional testing after 
failure shall be borne by the Contractor. 

3.14 SURVEY CONTROL 

A. The Contractor shall perform all surveys necessary for construction layout and control. 

3.15 CONSTRUCTION TOLERANCE 

A. The Contractor shall perform the Earthwork construction to within ±0.1 ft on areas with a 
slope less than 10 percent and ±0.2 ft on areas with a slope greater than 10 percent of the 
grades indicated on the Drawings. 

3.16 PROTECTION OF WORK 

A. The Contractor shall use all means necessary to protect completed work of this Section. 
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B. At the end of each day, the Contractor shall verify that the entire work area is left in a state 
that promotes drainage of surface water away from the area and from finished work.  If 
threatening weather conditions are forecast, at a minimum, compacted surfaces shall be 
seal-rolled to protect finished work. 

C. In the event of damage to prior work, the Contractor shall make repairs and replacements to 
the satisfaction of the Construction Manager. 

PART 4 –  MEASUREMENT AND PAYMENT 

4.01 GENERAL 

A. Providing for and complying with the requirements set forth in this Section for CAMU 
Excavation shall be measured as Lump Sum (LS) and payment shall be based on the lump 
sum price provided on the Bid Schedule. Specified items incidental to CAMU Excavation 
include: 

1. Anchor trench excavation 

2. Storm water channel excavation 

3. Stockpiling 

4. Prepared subgrade 

5. And all other incidentals necessary for a complete CAMU excavation. 

B. Providing for and complying with the requirements set forth in this Section for CAMU 
Engineered Fill shall be measured as Lump Sum (LS) and payment shall be based on the 
lump sum price provided on the Bid Schedule. Anchor trench backfill shall be incidental to 
CAMU Engineered Fill. This lump sum shall include all incidentals necessary for a 
complete CAMU Engineered Fill. 

C. Providing for and complying with the requirements set forth in this Section for Slit Trench 
Backfill shall be measured as compacted and moisture conditioned in-place cubic yards 
(CY), and payment shall be based on the unit price provided on the Bid Schedule. Incidental 
to Slit Trench Backfill shall be slit trench cover excavation. This lump sum shall include all 
incidentals necessary for a complete slit trench backfill. 

D. Providing for and complying with the requirements set forth in this Section for the BMI 
Landfills Cover Soil shall be measured as Lump Sum (LS), and payment shall be based on 
the lump sum price provided on the Bid Schedule. Incidental to the BMI Landfill Cover Soil 
shall be soil binder. This lump sum shall include all incidentals necessary for a complete 
Cover soil placement on the BMI Landfills. 

D. Providing for and complying with the requirements set forth in this Section for the BMI 
Landfills Cover Soil shall be measured as Lump Sum (LS), and payment shall be based on 
the lump sum price provided on the Bid Schedule. Incidental to the BMI Landfill Cover Soil 
shall be soil binder and gravel mulch. This lump sum shall include all incidentals necessary 
for a complete Cover soil placement on the BMI Landfills. 

E. Providing for and complying with the requirements set forth in this Section for CAMU 
Cover Soil shall be measured as in-place cubic yards (CY), and payment shall be based on 
the unit price provided on the Option Scope Bid Item Schedule. Incidental to CAMU Cover 



 

 
CAMU Construction 

 Earthwork
Basic Remediation Company

\SC0313 - TECHNICAL SPECIFICATIONS.D.20080211.DOC 02200-12 2/22/2008
 

soil shall be gravel mulch rip-rap and soil binder. The unit price shall include all incidentals 
necessary for a complete CAMU cover soil placement. 

F. Providing for and complying with the requirements set forth in this Section for the Storm 
Water Channel Excavation and Embankment shall be measured as Lump Sum (LS), and 
payment shall be based on the lump sum price provided on the Bid Schedule. The following 
are considered incidental to Storm water channel excavation and embankment: 

1. Subgrade preparation 

2. Aggregate base 

3. All other necessary incidentals for complete installation of storm water channels. 

G. Providing for and complying with the requirements set forth in this Section for the Storm 
Water Detention Basin Excavation and Embankment shall be measured as Lump Sum (LS), 
and payment shall be based on the lump sum price provided on the Bid Schedule. Lump 
sum shall include all necessary incidentals for complete installation of storm water detention 
basins. 

H. Providing for and complying with the requirements set forth in this Section for the Storm 
Water Collection Improvements- Concrete Channel at the CAMU shall be measured as 
Lump Sum (LS), and payment shall be based on the lump sum price provided on the Bid 
Schedule. The following are considered incidental to Storm Water Collection 
Improvements: 

1. Cast-in-place concrete 

2. Rip Rap 

3. Aggregate base 

4. Subgrade Preparation 

5. All necessary incidentals for complete installation of storm water concrete channels. 

H. Providing for and complying with the requirements set forth in this Section for the Storm 
Water Collection Improvements- Riprap at the CAMU shall be measured as Lump Sum 
(LS), and payment shall be based on the lump sum price provided on the Bid Schedule. The 
following are considered incidental to Storm Water Collection Improvements: 

1. Rip Rap 

2. Aggregate base 

3. Subgrade Preparation 

4. All necessary incidentals for complete installation of storm water concrete channels. 

I. Providing for and complying with the requirements set forth in this Section for Aggregate 
Base Road shall be measured as in-place square feet (SF), lump sum (LS) and payment shall 
be based on the unit price lump sum price provided on the Option Scope Bid Schedule.  The 
unit price shall include all incidentals necessary for a complete aggregate base road 
installation. 
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J. Providing for and complying with the requirements set forth in this Section for CAMU 
cover embankment channel grouted rip rap shall be measured as Square Foot (SF), and 
payment shall be based on the unit price provided on the Option Scope Bid Schedule. 
Specified items incidental to CAMU cover embankment channel rip rap are as follows: 

1. Grout 

2. Aggregate Base 

3. Subgrade preparation 

4. All other necessary incidentals for a complete CAMU cover embankment channel 
installation. 

K. Providing for and complying with the following incidentals shall be included in the 
Earthworks and Remedial Excavation and Filling, Sections 02200 and 02205, costs on the 
Bid Schedules: 

1. Construction and Dust Control Water 

2. Uncontaminated Dewatering 

3. Contaminated Water Management 

4. Dust Control 

5. Vacuum Trucks 

6. Spill Clean up 

7. Health and Safety 

a. Personal Protective Equipment 

b. Monitoring 

8. Operations and Maintenance of the following items: 

a. Parking Areas 

b. Temporary Roads 

c. Temporary Trailers 

d. Temporary Utilities 

e. On-site communications 

f. Weather Protection 

g. Contractor Generated Debris and Trash Control 

h. Temporary Sanitary Facilities 

i. Lighting 
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j. Material and Equipment Storage 

k. Dust Control Water Storage 

l. Vacuum Truck Staging Area 

m. Decontamination Area 

n. Construction Equipment 

o. First Aid Facilities 

p. HDPE-lined Storage Area 

q. Dust Control 

r. Pollution Control 

s. Traffic and Safety Control 

t. Access Control 

u. Decontamination 

v. Noise Control 

9. And all other incidentals necessary for Earthwork 

[END OF SECTION]
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SECTION 02205 
REMEDIAL EXCAVATING AND FILLING 

PART 1 –  GENERAL 

1.01 DESCRIPTION OF WORK 

A. The Contractor shall furnish all labor, materials, tools, supervision, transportation, and 
equipment necessary to perform all Work specified herein and as shown on the Construction 
Drawings. 

B. The work shall include, but not be limited to the following: 

1. Excavating contaminated materials from the slit trenches, western ditch, and eastside 
area. 

2. Temporary Excavation Support. 

3. Dewatering and site drainage during excavation of contaminated materials and 
subsequent slit trench backfill. 

4. Procedures for handling hazardous and suspected hazardous substances. 

5. Verifying depth and lateral extent of contamination in excavations. 

6. Loading, hauling, placement, moisture conditioning, and compaction of waste 
materials within the CAMU. 

7. Placement of interim and daily cover.   

1.02 RELATED SECTIONS 

Section 01010—Summary of Work 

Section 01025—Measurement and Payment 

Section 01300—Submittals 

Section 01400—Quality Control 

Section 01500—Construction Facilities 

Section 01560—Temporary Controls 

Section 02050—Demolition 

Section 02110— Site Clearing 

Section 02200— Earthwork 

1.03 REFERENCES 

A. Construction Drawings 

B. Geosyntec, 2007, “Construction Quality Assurance (CQA) Plan for the Construction of the 
Corrective Action Management Unit (CAMU), Henderson, Nevada,” September. 
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C. Geosyntec, 2007, “Remedial Alternative Study (RAS) for the Slit trench Area, Henderson, 
Nevada,” July. 

D. Conceptual Drainage Study  

E. Pond and Sludge Dewatering Studies: 

1. Pincock Allen & Holt, 2004 “Assessment of Geotextile Tube Dewatering Technology 
for Timet Ponds, Henderson, Nevada,” Prepared for Basic Remediation Company, 
July. 

2. Hart Crowser, 2004, “Draft: Assessment of Geotextile Tube Dewatering Technology 
for Timet Ponds, Henderson, Nevada,” Prepared for Basic Remediation Company, 
November. 

3. Ocean and Coastal Consultants, Inc, 2005, “Timet Ponds Drying Recommendations,” 
April.  

F. BRC, Environmental Resources Management (ERM), and Daniel B. Stevens & Associates 
(DBS&A), 2007, “BRC Closure Plan: BMI Common Areas, Clark County, Nevada,” May. 

G. BRC, 2006. “Corrective Action Plan (CAP) For The Basic Remediation Company (BRC) 
Common Areas Remediation Project,” September. 

H. Geosyntec, 2007. “Revised Remedial Action Plan (RAP) Permit Application for Corrective 
Action Management Unit (CAMU), Henderson, Nevada,” Prepared for Basic Remediation 
Company, Submitted to Nevada Department of Environmental Protection, March. 

I. BRC and MWH, 2005, “BRC CAMU area, 2005 soil, soil vapor, groundwater, and slit 
trench investigation report,” October. 

J. DBS&A, 2006, “Conceptual Site Model, Proposed CAMU Site, Henderson, Nevada,” 
October. 

K. Daniel B Stephens & Associates, Inc, 2006 “Conceptual Site Model, Proposed CAMU Site, 
Henderson Nevada,” October. 

L. Latest Version of American Society for Testing and Materials (ASTM) Standards: 

ASTM D 1556 Standard Test Method for Density and Unit Weight of Soil in Place 
by the Sand-Cone Method 

ASTM D 1557 Standard Test Methods for Laboratory Compaction Characteristics of 
Soil Using Modified 

ASTM D 2167 Standard Test Method for Density and Unit Weight of Soil in Place 
by the Rubber Balloon Method 

ASTM D 2216 Standard Test Methods for Laboratory Determination of Water 
(Moisture) Content of Soil and Rock by Mass 

ASTM D 2435 Standard Test methods for One-Dimensional Consolidation 
Properties of Soils Using Incremental Loading 
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ASTM D 2922 Standard Test Methods for Density of Soil and Soil-Aggregate In-
Place by Nuclear Density Methods (Shallow Depth) 

ASTM D 3017 Standard Test Method for Water Content of Soil and Rock in Place 
by Nuclear Methods (Shallow Depth) 

ASTM D 4643 Standard Test Method for Determination of Water (Moisture) Content 
of Soil by the Microwave Oven Method 

1.04  SUBMITTALS 

A. Comply with pertinent provisions of Section 01300, "Submittals." 

B. The following shall be submitted prior to Notice to Proceed: 

1. Waste Excavation Plan, including: 

a. Excavation Plan (for excavations deeper than 20 feet) 

b. Temporary Excavation Support Design 

2. The Contractor shall submit to the Construction Manager the GPS excavation control 
methods the Contractor has available for use. 

3. Access Ramp Design and Analysis 

B. Waste Excavation Plan, including: 

1. Excavation Plan (for excavations deeper than 20 feet) 

2. Temporary Excavation Support Design 

C. Notice of discovery of hazardous or suspect hazardous substances 

D. Hazardous or suspect hazardous substances disposal location data  

E. Asbestos-containing material (ACM) disposal location data 

F. Preliminary and Final Results of Quality Control Tests and Waste Characterization 

G. Asbestos: as-built location submittal 

G. The Contractor shall submit to the Construction Manager the GPS excavation control 
methods the Contractor has available for use. 

H. Pre-excavation Survey 

I. Post-excavation Survey 

J. Access Ramp Design and Analysis 

1.05  QUALITY ASSURANCE 

A. The Contractor shall provide dust and sediment control in accordance with the provisions of 
Section 01560, "Temporary Controls," and the SWPPP. 
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B. The Contractor shall ensure that the materials and methods used for Remedial Excavation 
meet the requirements of the Construction Drawings and this Section.  Any material or 
method that does not conform to these documents, or to alternatives approved in writing by 
the Construction Manager shall be rejected and shall be repaired or replaced by the 
Contractor. 

C. The Contractor shall be aware of and accommodate all monitoring, field/laboratory 
conformance, and conformance testing required by the CQA Plan and Closure Plan.  This 
monitoring and testing, including random conformance testing of construction materials and 
completed work, shall be performed by the CQA Engineer.  If nonconformances or other 
deficiencies are found in the materials or completed work, the Contractor shall be required 
to repair the deficiency or replace the deficient materials. 

1.06 SEQUENCING AND SCHEDULING 

A. The Contractor shall obtain clearances from Construction Manager at the following hold 
points before proceeding. 

1. Acceptance of Excavation Plan and Water Management Plan; before starting 
excavation or dewatering work in contaminated areas. 

2. Authorization for over-excavation beyond expected depth of contamination; before 
starting over-excavation. 

3. Verification that cleanup criteria are met and surveying of excavation is complete; 
before placing backfill or other clean material in excavated areas. 

4. Authorization to resume work or move equipment; before proceeding in an area 
where suspected hazardous substances are observed. 

5. Acceptance of changes to excavation and dewatering plan before affecting the 
changes. 

PART 2 –  PRODUCTS 

2.01 MATERIALS 

A. Eastside Contaminated Material: Soil- and sludge-like materials originating in Eastside Area 
ponds identified in Construction Drawings. This includes the top 6-inches of haul road soils 
to be removed at the conclusion of Eastside excavation and hauling operations. These 
materials are to be excavated, moisture conditioned, transported, and placed within the 
CAMU. 

B. Slit Trench Cover Soil – soil material, containing no debris or visible signs of waste, 
overlying the slit trench waste material to be segregated and stockpiled and used for 
backfilling portions of the slit trenches upon completion of slit trench waste removal.   

C. Slit Trench Contaminated Material: Debris or debris intermingled with soil containing,  but 
not limited, to the following materials; metal scraps, newspaper, dark brown to black oily 
residue/sludge, cement, glass, black fine material, plastic bottles, rope, charred wood, red 
brick, clay with hydrocarbon odor, rusted metal pipe fragments with insulation material 
coating, rubber cord, belt pieces, paper including empty DDT bags, wood, fabric, plastic, 
paper bags, chalky white powder, concrete, plastic sheeting, cardboard, greenish white 
powder, and debris and soils containing PCB’s. See BRC CAMU area, 2005 soil, soil vapor, 
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groundwater, and slit trench investigation report prepared by BRC and MWH for boring 
logs and Drawings for locations of borings and approximate limits of slit trenches.  

D. Western Ditch – Contaminated soils that are located within the Phase II, Phase IIIA, and 
western stormwater channels within and around the CAMU, as indicated on the 
Construction Drawings. Western Ditch soils shall be excavated as part of the Phase II , 
Phase IIIA and the stormwater channel construction and shall be placed within the CAMU.  
Stockpiling of Phase IIIA and stormwater channel contaminated soil shall be over the 
Western Ditch within Phase II. Limits of Western Ditch Phase II contaminated soils 
excavation are the prepared subgrade for the liner system construction and vertical walls, as 
shown on the Construction Drawings, along the northern and southern limits of the Western 
Ditch extending from the existing surface to the Phase II liner system prepared subgrade.  
Limits of Western Ditch Phase IIIA contaminated soils excavation are the prepared 
subgrade for the liner system construction, vertical walls, and anchor trenches as shown on 
the Construction Drawings.  The limits of the Western Ditch within the storm water channel 
are 2.5 feet below grades shown on the Construction Drawings through the width of the 
Western Ditch as shown on the Construction Drawings. 

E. Operations Layer materials: Eastside Area or Western Ditch materials. meeting the 
requirements listed in Section 02200 Subpart 2.01 for Engineered Fill, except that The 12 
inches of layer material to be placed directly overlying the geocomposite shall have a 
maximum particle size of 1 inch.  The upper 12 inches of the 24 inch layer shall have a 
maximum particle size of 6 inches.  The Eastside Area and Western Ditch materials shall be 
screened, as necessary, to meet the requirements for the operations layer. 

F. Interim Cover – clean, non-contaminated earthen material used to cover exposed debris 
waste materials within the CAMU.  Final side slopes where run-off water can exit the lined 
areas of the CAMU shall be covered with 1 foot of interim cover upon completion of waste 
placement for the day. Interim slopes between phases shall be covered with standard 6 mil 
visqueen.  Soil shall not be placed over visqueen when waste placement proceeds to 
adjacent cell in the following work phase. Interim slopes shall be covered prior to forecasted 
precipitation events. One foot of soil material below the final cover system geosynthetic 
materials shall be final interim cover.  

G. Daily Cover – Eastside Area materials shall be used to cover slit trench material daily.  A 
minimum of 6-inches of soil material shall be used to cover exposed slit trench waste.   

2.02 EXCLUSION ZONE ACCESS CONTROL FENCES 

A. Temporary exclusion zone fence shall be made of plastic and a minimum of 5 feet high. 

2.03 EQUIPMENT 

A. The Contractor shall furnish, operate, and maintain compaction equipment as is necessary to 
produce the required in-place soil density and moisture content. 

B. The Contractor shall furnish, operate and maintain tank trucks, pressure distributors, or 
other equipment designed to apply water uniformly and in controlled quantities to variable 
surface widths. 

C. The Contractor shall furnish, operate, and maintain miscellaneous equipment such as 
scarifiers or disks, earth excavating equipment, earth hauling equipment, and other 
equipment, as necessary for Remediation Excavation and waste placement. 
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D. Equipment used in spreading the operations layer material on top of the geosynthetic liner 
system shall be restricted to the following maximum allowable equipment ground pressures: 

MAXIMUM 
ALLOWABLE 

EQUIPMENT GROUND 
PRESSURE  

(psi) 

INITIAL LIFT 
THICKNESS OF 

OVERLYING 
MATERIALS 

(ft) 

<10  1.0 

≤20 2.0 

21-50 3.0 

51-80 4.0 

81+ 5.0 

 

PART 3 –  EXECUTION 

3.01 GENERAL REQUIREMENTS 

A. Contractor’s Health and Safety Plan shall address hazards associated with Remedial 
excavation and provide appropriate guidance for the required Level B Personal Protective 
Equipment. 

B. The Contractor shall establish the required lines, levels, contours, and datum before 
excavating and backfilling. 

C. The Contractor shall keep work involving contaminated materials separated from 
uncontaminated earthwork.  

D. Contaminated materials shall only be stockpiled in contaminated areas. 

E. Surface-water run-off from contaminated areas shall be controlled so that it does not flow 
onto uncontaminated areas. 

F. Excavated spoil, equipment, and materials shall be kept at a sufficient setback from 
excavations to prevent cave-ins or bank slides. 

G. The following shall be protected from damage by traffic or construction activities. 

1. Bench marks and survey monuments. 

2. Utilities not specified for removal. 

3. Monitoring wells not to be abandoned or destroyed. 

4. Archaeological artifacts encountered during the work. 

H. If utilities are uncovered during excavation activities, utilities shall be supported and 
backfilled in accordance with City of Henderson specifications upon verification of cleanup. 
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I. No excavations deeper than 4 feet with side slopes steeper than 2:1 (horizontal:vertical) 
shall be made unless otherwise indicated on the Construction Drawings or without the prior 
approval of the Construction Manager and the Construction Manager.  When shoring is 
required, the design and inspection of such shoring shall be the Contractor’s responsibility 
and shall be subject to the review of the Construction Manager prior to use.  No personnel 
shall Work within or next to an excavation requiring shoring until such shoring has been 
installed, inspected, and approved by an engineer registered in the State of Nevada.  The 
Contractor shall be responsible for any fines imposed due to violation of any laws and 
regulations relating to the safety of the Contractor’s personnel. 

J. Contractor shall survey remediated surface after each disturbance so depth and volume of 
additional removed material can be calculated. 

3.02 SLIT TRENCH PERSONAL PROTECTIVE EQUIPMENT 

A. To provide adequate protection of workers, Level B Personal Protective Equipment (PPE) 
shall be required at all times in the slit trench excavation work area and waste placement 
areas within the CAMU.  Level B PPE shall, at a minimum, consist of: 

1. Self Contained Breathing Apparatus (SCBA); 

2. Protective clothing; 

3. Outer and inner gloves; 

4. Outer boots; 

5. Safety glasses; 

6. Hard hat; and 

7. Hard-toed boots. 

B. Level B PPE shall be worn at CAMU during placement of slit trench wastes until daily 
cover is placed. 

C. Contractor shall provide a safe working space for personnel within the limits of excavations.   

D. Exclusion zone fencing and delineation and decontamination zones and supplies shall be 
provided by the Contractor at all times during waste excavation.   

3.03 SITE PREPARATION 

A. The Contractor shall lay out the boundaries of contaminated and uncontaminated materials, 
based on the available information, prior to the start of remedial work in each excavation 
area identified in the Excavation Plan.  Do not begin clearing, grubbing, or excavation in an 
excavation area until the boundaries are established. 

B. The Owner shall provide weather-proof signage with the pond identification, ditch section, 
or other identifiers and initial excavation depths at all Eastside Area remediation locations. 
Contractor shall place and maintain signs at ponds. 

C. Clear and grub brush, roots, and similar material down to the existing ground surface in 
accordance with Section 02110. 



 

 
CAMU Construction 

 Remedial Excavating and Filling
Basic Remediation Company

\SC0313 - TECHNICAL SPECIFICATIONS.D.20080211.DOC 02205-8 2/22/2008
 

3.04 EXCAVATION, DEWATERING, AND RUNOFF CONTROL 

A. Waste Excavation Plan: The Contractor shall prepare a plan for excavating contaminated 
areas and hauling the materials to the CAMU. The Waste Excavation and Haul Road Plan 
shall be coordinated with dewatering plans described in the Water Management Plan 
submitted in accordance with Section “01500 Construction Facilities”. At a minimum, the 
Plan shall include the following information: 

1. Overall excavation sequence for Slit Trench excavation including Temporary 
Excavation Support, showing how work shall progress, and in what order Slit 
Trenches shall be excavated.  

2. Overall excavation sequence for Western Ditch and Eastside Area excavations 
showing how work shall progress, and in what order ponds shall be excavated.  

3. Contractor shall limit removal of overburden to expose a maximum of 40,000 Square 
Feet of Slit Trench waste at any time. 

4. Methods for mixing of dry soils and wet sludges to moisture content less than 
optimum.   

5. Procedures for handling surface water during construction to minimize contaminated 
runoff that needs to be collected and treated. 

6. Procedures for odor control.  

7. Procedures for excavations around monitoring wells and active utility lines. 

8. Daily cover of exposed slit trench waste materials placed within the CAMU. 

9. A statement of how contaminated waters shall be prevented from mixing with 
uncontaminated waters and from flowing onto uncontaminated areas. 

10. The Contractor shall obtain Construction Manager approval of any substantive 
changes to the Plan before implementing changes. 

B. The Contractor shall excavate clean, non-contaminated over-burden material at slit trenches 
until visible signs of contaminated materials are evident. 

C. Materials not in accordance with the sizing requirements of Subpart 3.08 B of these 
Specifications shall be crushed or cut to conform to sizing requirements unless otherwise 
approved by Construction Manager. 

D. The Contractor shall stockpile clean, non-contaminated slit trench over-burden material in 
accordance with Section 02200, Subpart 3.06, which shall be used as Slit Trench Backfill. 

E. The Contractor shall remove contamination from areas which have been re-contaminated or 
were previously clean and have become contaminated as a result of Contractor’s actions, at 
no additional cost to the Owner.  

F. The Contractor shall excavate contaminated slit trench materials until the Construction 
Manager visually verifies the bottom of contamination is reached. Slit trench excavation 
shall be in accordance with the following: 
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1. Excavations shall be continuously monitored by the Construction Manager. 
Monitoring shall be conducted either visually or with instrumentation as appropriate 
to ensure only contaminated material is removed from the excavation. 

2. Contractor shall not excavate beyond the approximate depth of contamination except 
as required for verification or as otherwise authorized in advance by the Construction 
Manager.  Minimize to the extent possible by selective (NOT PRECISION) 
excavating of clean material to limit the placement of clean material in the CAMU.  
Contractor shall stop excavating and notify the Construction Manager if there are no 
visible signs of contaminated material even if the expected depths of excavation have 
not been reached.   The 1:1 slopes shown on the drawings are not required until 
equipment and or personnel enter the excavation.  Slit trench excavations shall be 
protected with temporary fencing as an exclusion zone.  Contractor is not entitled to 
payment for unauthorized over-excavation.  

3. Excavation of contaminated materials shall be considered unclassified excavation.  
All debris and materials encountered shall be removed and sized as part of excavation 
activities as described in Subpart 3.08 B. of this section. 

G. The Contractor shall excavate contaminated eastside materials to the estimated depths 
indicated on the Construction Drawings.  

1. Excavations shall proceed from east to west and from upgradient to downgradient to 
prevent recontamination of remediated surfaces. 

2. Excavations shall be continuously monitored by the Construction Manager. 
Monitoring shall be conducted either visually or with instrumentation as appropriate 
to ensure only contaminated material is removed from the excavation. 

3. Contractor shall not excavate beyond the approximate depth of contamination except 
as required for verification or as otherwise authorized in advance by the Construction 
Manager.   

4. Contractor shall bench and slope excavations in accordance with 29 CFR 1926 
Subpart P – excavations (Appendix B). Excavations deeper than 20 feet shall be 
designed by a Register Professional Engineer licensed in the State of Nevada. 
Portions of the walls shall be flattened or backfilled to support vehicle traffic or soil 
handling activities. 

5. The Contractor shall coordinate with the Construction Manager as needed to identify 
areas that are ready for Construction Manager verification and that all required 
contaminated materials have been removed from the excavated areas. Verification 
procedure shall be in accordance with Subpart 3.04 of this Section. 

6. Excavation of contaminated materials shall be considered unclassified excavation.  
Only soil- and sludge-like materials from eastside areas shall be disposed of in the 
CAMU.  Encountered debris shall be dispositioned according to the requirements of 
Section 02010 

H. In accordance with Contractor’s Water Management Plan, keep working areas free of 
standing water so that excavation and verification work can be performed in dry conditions. 

1. Excavations lying below groundwater shall be dewatered at the time of construction. 
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2. Divert and control isolated seeps or springs within work areas. 

3. Divert and control storm-water runoff, and other surface waters in working areas. 

4. Use best management practices identified in Contractor's SWPPP. 

I. Temporary Excavation Support 

1. Vertical excavations required to remove the slit trenches shall be supported by 
temporary retaining walls (such as soldier beam and lagging or sheet pile walls with 
tieback anchors) as shown on the Construction Drawings. 

2. The temporary retaining walls shall be designed by the Contractor, or specialty wall 
Subcontractor, and stamped by a Registered Professional Engineer in the State of 
Nevada. The temporary retaining walls shall be designed in accordance with the 
following criteria: 

a. The wall shall be designed to resist lateral loads from a soil with a unit weight of 
117 pounds per cubic foot, a friction angle of 35 degrees, and no cohesion. 

b. The wall shall be designed to resist lateral loads from a surcharge on the back of 
the wall from potential vehicular traffic of 100 pounds per square foot acting 
vertically behind the top of wall. 

c. The bottom of the wall shall be embedded a minimum of 5 feet below the bottom 
of the maximum excavation depth to satisfy global stability requirements. 

d. The wall shall be supported by tie back anchors to minimize movement of the top 
of the wall. 

3. If groundwater is encountered during the construction of the wall, dewatering shall be 
required to drawdown the water table at least 5 feet below the bottom of the proposed 
excavation. 

4. The design of the temporary wall support shall be submitted to the Construction 
Manager for the project for review at least 30 days prior to the start of wall 
construction. 

5. The Contractor is responsible for all construction permits for the wall. 

6. Contractor shall remove temporary excavation support above ground surface to a 
minimum of 3 ft below the design liner subgrade surface if support is left in place 
after excavation and backfill are complete. 

3.05  EASTSIDE VERIFICATION PROCEDURES 

A. When excavation depth indicated on the Construction Drawings is reached, Contractor shall 
suspend work activities at the pond for Verification Procedures. Work suspension at the 
pond shall continue until the Construction Manager receives confirmation sampling 
laboratory results. Upon receipt of results, approximately 45 to 65 days after sampling, 
Construction Manager shall direct Contractor to remove additional materials from the pond 
or proceed with measurement survey. 

1. Contractor shall assume that additional excavation will be required once in each area 
to achieve satisfactory confirmation sample results.  If additional excavation is 
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required for a second time in a given area, the Contractor shall be compensated on a 
time and materials basis. 

B. Contractor shall sectioned off verification area with a rope barrier to indicate the verification 
process has engaged and all contaminated equipment and personnel shall stay out of the 
area. 

C. Excavation may continue in areas where verification measurements are not being 
performed. 

D. If an area fails to meet cleanup criteria 

1. The Contractor shall return to the affected area and continue excavation as directed by 
Construction Manager. 

2. Suspend excavation as directed to allow the Construction Manager to take additional 
verification measurements. 

3. Continue this cycle until verification measurements confirm that the cleanup criteria 
have been met. 

E. If an area meets cleanup criteria 

1. The Contractor shall not begin backfilling, if backfilling is required by the drawings 
or specifications, until the Construction Manager gives written authorization. 

2. The area shall be delineated as "clean" by the Contractor by means of a visible barrier 
and no equipment, materials, or personnel shall be allowed to enter the verified area 
from an unverified area. 

3.06 HAZARDOUS AND SUSPECTED HAZARDOUS SUBSTANCES 

A. Hazardous and suspected hazardous substances include, but are not limited to, substances 
listed in B below.  Other substances may be identified by the Construction Manager that 
shall be designated to be included in this category. 

B. Stop work and notify Construction Manager immediately if evidence of previously 
unidentified suspect hazardous substances not shown on drawings is found.  Typical 
evidence of suspected hazardous substances may include: 

1. Soil or other materials that are odorous or that emits organic vapors or trace gases. 

2. Soil with unusual texture or consistency, such as crystals or sludge-like material. 

3. Free liquids, other than ordinary surface water or groundwater. 

4. Sustained readings of 5 parts per million (minimum) of organic vapors, measured 
with a photo-ionization detector at the air/soil contact in freshly disturbed soil. 

5. Surface water or groundwater with a visible sheen or phase separation. 

6. Tanks, cisterns, sumps, drain lines, landfills, or surface impoundments. 

7. Containers suspected to contain chemical waste or products and leaking or empty 
containers associated with staining or discoloration. 
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8. Casings or internal components of lead-acid batteries. 

9. Electrical transformers or capacitors. 

10. Workers experiencing unusual physical sensations such as dizziness, headache, 
nausea, or metallic taste in mouth. 

11. Plants or animals that are dead or have inhibited growth that may be attributed to 
contamination. 

12. Conditions designated by Construction Manager as evidence of suspected hazardous 
substances. 

C. Immediately notify workers to stay away from area of suspected hazardous substance. 
Install a physical barrier, such as a rope barrier, around the area until further direction is 
provided by the Construction Manager.  Leave equipment and tools that contacted the 
suspected hazardous substance in place until Construction Manager gives clearance to 
remove equipment and tools. 

D. Apply suitable health and safety measures in accordance with the Contractor’s Health and 
Safety Plan, whenever working with or near suspected hazardous substance or hazardous 
substance. 

3.07 INTERIM COVER PLACEMENT 

A. Interim cover consisting of 1 foot of clean, non-contaminated soil  shall be placed on final 
side slopes or other areas where run-off water can enter the storm water channels upon 
completion of waste placement for the day.   

B. The Contractor shall ensure a minimum 6-mil visqueen is placed over the slopes which 
could allow run-off to enter unlined areas of the CAMU. Visqueen shall be placed when 
precipitation is forecasted. Interim cover shall be placed above areas of exposed side slope. 
Interim cover shall be placed from the bottom of the slope upwards. Soil shall not be placed 
above visqueen. The visqueen shall be nailed and/or sufficiently weighted to prevent wind 
uplift. Damaged visqueen shall be replaced prior to next forecasted storm event. The 
Contractor shall berm or cover the top of waste, or otherwise channel contaminated storm 
water, to prevent clean, unlined areas of the CAMU and external storm water channels from 
encountering contaminated storm water. 

C. At the conclusion of waste placement, a 1-foot layer of final interim cover shall be placed 
across the entire CAMU top. The geosynthetic materials shall overlie this interim cover as 
shown on the Construction Drawings.  

D. Final interim cover shall be compacted to 85 90 percent (minimum) of ASTM D1557 
maximum dry density at less than or equal to optimum moisture content. 

E. Surface of final interim cover shall have no projections or protrusions greater than ¾ -inch. 

3.08 OPERATIONS LAYER PLACEMENT 

A. Place only when underlying drainage aggregate and filter geotextile or geocomposite 
installation is complete, including all Construction Quality Control (CQC) and CQA work, 
and approved by Construction Manager. 
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B. The subgrade to the operations layer consists of a geotextile or geocomposite.  Therefore, 
the Contractor shall avoid tearing, puncturing, folding, or damaging in any way the filter 
geotextile or geocomposite geotextile during placement of the operations layer material. 

C. Any damage to the geosynthetic liner system which is caused by the Contractor or 
representatives of the Contractor shall be repaired by the Geosynthetics Installer at the 
expense of the Contractor. 

D. Operations layer shall be compacted to 85 percent (minimum) of ASTM D1557 maximum 
dry density at less than or equal to optimum moisture content. The operations layer shall be 
compacted with 4 passes by a D-6 dozer, or equivalent upon approval by Construction 
Manager. Moisture content shall be less than or equal to optimum. 

E. The operations layer material shall be placed out in front of the equipment used to place the 
operations layer such that a 1-foot minimum thickness requirement is maintained at all times 
between the geosynthetic materials and the wheels or tracks of the equipment used to place 
the operations layer material. 

F. Care must be exercised by the operators of tracked equipment to avoid sharp pivoting turns 
that could displace the operations layer material and result in damage to the liner system.   

G. The Contractor shall not push operations layer material down the side slope.  All soil 
materials shall be placed from the toe of slope upward. 

H. The operations layer placed on the sideslopes shall be placed to a maximum vertical height 
above the horizontal surface of 10 ft at a slope inclination no steeper than 2.1H:1V as shown 
on the Drawings. 

3.09 WASTE ACCEPTANCE CRITERIA 

A. Dispose of the following slit trench materials in the CAMU, subject to sizing, placement 
restrictions, and other special management as specified in Subpart 3.08 B 3.11.I of this 
Section. 

1. Soil, organic soil matter, and rock fragments. Spread and compact as contaminated 
fill. 

2. Pieces of wood, concrete, and masonry. Process, size, and place. 

3. Structural steel members and similar long items. Size and place. 

4. Other structural debris. Size and place. 

5. Pipes and ducts. Process, size, and place. 

6. Geomembranes and similar products from decommissioned ponds, ditches, and other 
temporary facilities. Process and size. 

7. Tires excavated from contaminated areas. Process, size, and place. 

8. Free liquids that do not pass the paint filter test, but do not contain hazardous or 
suspect hazardous substances. Dewater or stabilize to pass the paint filter test before 
placement. 
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9. Sludges that require stabilization for efficient handling, but do not contain hazardous 
or suspect hazardous substances. Stabilize as necessary before placement. 

10. Containerized waste and already packaged asbestos. Handle and place. 

11. Lead-based paint and objects coated with such paint. Place as specified for debris and 
oversized materials. 

12. Contaminated trash and debris from construction operations. Place as specified for 
organic materials. 

13. Other materials as directed by the Construction Manager. 

B. Dispose of the following slit trench materials in the CAMU only if specified procedures for 
hazardous or suspect hazardous substances have been observed and if suitable pretreatment 
has been performed.  Disposal is subject to sizing, placement restrictions, and other special 
management as specified. 

1. Free liquids or sludges containing hazardous or suspect hazardous substances. 

2. Waste oils, volatile organic compounds, and similar wastes. 

3. Asbestos requiring protective packaging. 

4. Automotive batteries. 

5. Materials with highly concentrated contaminants, such as metallic sludges. 

6. Substances that may pose imminent safety or health hazards. 

C. Dispose of only eastside soil- and sludge-like materials from ponds as shown on 
Construction Drawings in CAMU. 

D. Do not dispose of the following materials in the CAMU. 

1. Contractor-owned items that can be readily decontaminated. 

2. Tires used by the Contractor in the course of the Project. 

3. Materials containing hazardous or suspect hazardous substances that have not been 
properly characterized or subjected to suitable pretreatment. 

4. Debris from the eastside area. 

5. Other materials considered by the Construction Manager to be unsuitable for disposal 
in the CAMU. 

6. Trash and debris generated during construction of the CAMU.   

E. The Construction Manager shall determine the acceptability of contaminated materials not 
falling clearly under any of the waste acceptance criteria. 

F. The Construction Manager may direct in specific cases that materials subject to special 
management, with or without pretreatment, be disposed off site and not within the CAMU. 
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Off-site disposal of contaminated materials originating on the site is the responsibility of the 
Owner under this contract. 

3.10 MATERIAL PLACEMENT IN CAMU 

A. Layout and staging of ramps and haul roads within the CAMU and an analysis of the ramps 
that demonstrates that geosynthetics shall be adequately protected and that the ramps shall 
not be unstable during the placement process. 

B. The Contractor shall be responsible for protecting geosynthetics during waste placement. 
Any damage to geosynthetics caused by the Contractor shall be repaired by the 
Geosynthetics Installer at the expense of the Contractor. 

C. The Contractor shall be responsible for removing, or otherwise managing, all fluids within 
the CAMU through all seasons of the year for the duration of the Project.  All fluids from 
the CAMU shall either be used for dust control in contaminated areas or shall be properly 
disposed of off-site. 

D. During placement of contaminated material, the top surface shall be placed so that the 
surface is graded at a slope no flatter than 3 percent and side slopes shall be no steeper than 
3H:1V.   

E. Contaminated material shall be placed parallel to surfaces sloped at 10H:1V or flatter shall 
be considered horizontal lifts. If surfaces to receive fill are steeper than 10H:1V, place fill in 
horizontal lifts abutting the surface. 

F. Daily cover consisting of 6 inches of eastside materials shall be placed over the entire 
surface of exposed Slit Trench contaminated material placed in the CAMU.  

G. Dust suppression requirements apply at all times. 

H. Contaminated water used for dust control shall not come into contact with clean, interim 
cover soils or unlined areas of the CAMU. 

I. Material Sizing and Processing: Process the following slit trench materials to be placed in 
the CAMU. 

1. Wood, Concrete, Masonry: Cut or break up to a maximum 3-foot size measured in 
any dimension. 

2. Structural Steel Members, Pipes, Ducts, Other Long Items: Cut into maximum 
10-foot lengths. 

3. Concrete, Clay Tile, and Other Pipes: Crush concrete and clay tile pipes. Crush other 
pipes and ducts that are 6 inches or greater in diameter or, if crushing is impractical, 
cut pipes and ducts in half longitudinally. Do not crush asbestos-cement pipe. 

4. Rubber Tires Excavated at the Site: Cut into two halves around the circumference. 

5. Geomembranes: shred to a maximum strip size of 3 inches feet by 3 inches feet. 

6. Other Sheet Material: Cut into strips a maximum of 4 feet wide by 4 feet long. 

J. Material Blending and Conditioning 
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1. Eastside area excavated material shall be mixed with sludge contained in the lined 
TIMET ponds as needed to achieve moisture content less than or equal to optimum 
moisture content. Solidified waste shall be transported and disposed of in the CAMU. 

2. Dry material if blending cannot achieve optimum or less moisture content. 

3. Do not add water (except to minimum extent needed for dust control) after material is 
delivered to CAMU. 

4. Remove materials within the CAMU that do not achieve specified moisture content.  
Re-blend or recondition material at a location within the CAMU that allows sufficient 
area for re-blending or reconditioning to meet specification requirements.  Perform 
removal, re-blending or reconditioning, and replacement at no extra cost to the 
Owner. 

K. Spreading and Compacting: Place contaminated materials, and soil-like materials with 
particle dimensions of 6 inches (maximum) as compacted contaminated fill. 

1. Spread contaminated fill in 1 foot maximum thickness horizontal lifts, measured 
before compaction.  

2. Lifts placed parallel to surfaces sloped at 10 (horizontal) to 1 (vertical) or flatter shall 
be considered horizontal lifts. If surfaces to receive fill are steeper than 10 
(horizontal) to 1 (vertical), place fill in horizontal lifts abutting the surface.  Lifts shall 
be placed across the entire base area for each phase prior to proceeding with 
subsequent lifts. 

3. Placement of contaminated fill shall begin at bottom of slope and progress to top of 
slope in horizontal lifts. Under no circumstances shall materials be pushed down the 
side slopes.  

4. Compact to 85 percent (minimum) of ASTM D 1557 maximum dry density, at less 
than or equal to optimum moisture content. 

L. Dewatering in CAMU: During placement of contaminated materials into the CAMU, during 
periods of temporary shutdown, and during other inactive periods after contaminated 
materials have been placed into the CAMU, the Contractor shall be responsible for 
dewatering the CAMU at a rate that shall allow all work to be accomplished in dry 
conditions and that shall maintain less than 3 feet of fluid levels in the leachate collection 
system sump as measured from the top of the geomembrane. All water removed from the 
CAMU shall be discharged for use as dust control or taken off site and shall be coordinated 
with the Contractor’s approved Water Management Plan. 

M. Placement of materials in the CAMU shall conform to the following requirements as 
specified in the following sections: 

Material Maximum 
Size 

Minimum 
Distance 
from Base 
Liner 

Minimum 
Distance 
from Side-
slope 
Liner 

Minimum 
Distance from 
Final Cover 
Liner 

Minimum Width 
of Compacted 
Eastside Material 
prior to material 
placement  

Wood/ 
Concrete/ 

3 ft (any 15 ft 15 ft 15 ft N.S. 
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Masonry direction) 

Structural Steel 
Members/ pipes/ 
ducts/ other long 
items 

10 linear 
ft 

15 ft  15 ft 15 ft N.S. 

Rubber Tires 
Excavated at the 
Site 

Cut in 
half 

15 ft  15 ft 15 ft N.S. 

Geomembranes 3 ft x 3 ft 6 ft 15 ft 15 ft N.S. 

Other Sheet 
Material 

4 ft x 4 ft 6 ft 15 ft 15 ft N.S. 

Slit Trench 
Material: Non-
hazardous 

<6” 

>6” 

6 ft 

15 ft 

6 ft 

15 ft 

6 ft 

15 ft 

150 ft 

150 ft 

Slit Trench 
Material: 
Hazardous or 
Suspected 
Hazardous 

<6” 

>6” 

6 ft 

15 ft 

100 ft 

100 ft 

6 ft 

6 ft 

150 ft 

150 ft 

N.S. – Not Specified 

N. M. Restrictions for Placement of Materials in CAMU 

1. The Contractor shall remove all clean fill ramps used for construction of the CAMU 
prior to placement of contaminated materials in the CAMU.  Any clean fill ramps 
placed over the liner shall be removed to within 2 feet of the liner in all areas.  
Portions of clean fill ramps over liners that are left in place shall not exceed 2,000 
yd³/ramp. 

2. Materials must be placed into the CAMU in a manner that prevents damage to the 
geosynthetic components and does not produce slope stability failures. 

3. A minimum of a 150-foot-wide, 4-foot-thick layer of compacted contaminated 
material above the 2-foot thick operations layer, for a total of 6-feet of compacted 
contaminated material must be placed across the CAMU bottom ahead of the working 
face of Slit Trench contaminated material subsequently placed in the CAMU. 

4. Vehicle access to the CAMU is limited to access ramps authorized by the 
Construction Manger.  Under no circumstances shall any vehicles access the CAMU 
over the sideslopes. 

5. Alternatives to access ramps can be proposed by the Contractor. Such proposals shall 
include relevant analyses and be submitted to the Construction Manager for 
evaluation. 

O. N. Requirements for Access Ramps 
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1. Design and analyses must be performed to verify that each ramp has a minimum 
factor of safety against slope failure of 1.5 when considering the transient loading of 
the equipment that shall use the access ramp. The analyses shall consider both internal 
failure of the ramp and block failure of the ramp at the geosynthetic/liner interface. 
Ramp design and analysis shall be stamped by a Registered Professional Engineer in 
the State of Nevada and shall be experienced and competent in the field of 
geosynthetic liner design and related construction operations. 

2. Construction of ramps for use during placement of contaminated materials must begin 
at the bottom of the slope and progress to the top of the slope. Under no 
circumstances shall materials be pushed down the sideslopes. 

3. The Contractor shall not construct more than two ramps per phase into/out of the 
CAMU for use during placement of contaminated materials. 

4. All parts of the ramp(s) shall be at least 100 feet horizontally away from any part of 
any sump. 

P. O. Selective Placement of Materials: Place the following materials at specified locations in 
CAMU. 

1. Hazardous or Suspected Hazardous Substances: May be dispersed throughout 
CAMU. 

a. The Contractor shall prepare and maintain records of the vertical and horizontal 
location within the CAMU of each load of hazardous or suspected hazardous 
substances placed in the CAMU to within ± 0.5 foot. The recorded vertical and 
horizontal locations shall be at approximately the centers of the areas where these 
substances are spread. Records also shall include a description of the materials 
placed at each location. Each location shall be plotted on the as-built drawings 
with ties to field survey data and other related records. 

b. Hazardous or suspected hazardous substances shall be transported to the disposal 
site and disposed in an area of the CAMU that is at least 100 feet horizontally 
from the CAMU sideslopes at the level of contaminated material where the 
substances shall be buried. The substances shall be placed in one layer and shall 
be covered immediately with at least 2 feet of soil, compacted as specified for the 
contaminated material placement. 

Q. P. Asbestos Handling and Placement 

1. The vertical and horizontal limits of each Asbestos Containing Material (ACM) 
disposal area in the CAMU shall be surveyed to within + 0.5 foot and shown on the 
as-built drawings.  

2. All ACM shall be buried within 24 hours with at least 2 feet of eastside material.  

3. After ACM has been transported, work areas and transport vehicles shall be cleaned 
with significant assurance that no asbestos fibers shall become airborne when other 
work takes place. Decontamination water from asbestos decontamination shall be 
segregated from site decontamination water and disposed of off site at an appropriate 
treatment and/or disposal facility. Asbestos decontamination water shall not be used 
for dust control. 
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4. The Contractor shall conduct required air monitoring during all ACM handling, 
transport, and disposal processes. The Contractor must obtain clearance from the 
Construction Manager prior to re-deploying any equipment or supplies that were used 
to handle, transport, or dispose of ACM. 

5. Provide PPE as required in the Contractors Heath and Safety Plan during ACM 
handling, transport, and placement. Contractor shall provide adequate  PPE to all site 
workers who may come in contact with ACM at no additional cost to the Owner.  

R. Q. Debris and Oversized Material: Place sized debris, bulky special-management waste, and 
material with particle dimensions greater than 6 inches as follows: 

1. Do not place debris or oversized material in the following parts of the CAMU. 

a. All materials placed from the outer extent (CAMU side) of the operational 
protective layer to a point 15 feet (measured laterally) from the CAMU liner or 
final cover system shall have a maximum particle size of 6 inches.  No other 
debris or oversized material with particle dimensions greater than 6 inches may be 
placed within this zone.  

b. Material placed further than 100 ft (measured laterally) from the CAMU liner 
shall be placed per all current requirements of the Construction Drawings and 
Construction Specifications.  Place large debris and bulky items individually, at 
widely separated locations in the lower part of the CAMU. 

2. Where individual placement is impractical, place debris and oversized material in 
piles or rows 2 to 3 feet high, spaced no less than 100 feet apart (measured 
horizontally).  

3. Place debris and oversized material to avoid nesting or creation of large voids. Fill 
voids with loose soil to minimize open space. 

4. Surround debris and oversized material with soil, placed and compacted as specified. 

3.11 FIELD QUALITY CONTROL 

A. Observation by Construction Manager: Do not place contaminated materials in the CAMU 
unless the Construction Manager is present to observe the work.  Construction Manager 
may waive observation at Construction Manager’s discretion. 

B. Sampling: Take the number and size of samples required to perform the specified tests. 

C. Contractor shall provide equipment and operator for testing, testing shall be perfomred by 
CQA Consultant: Test for in-place density and moisture content. 

1. Reference Density: ASTM D1557. Provide maximum dry density and optimum 
moisture content for each distinct type of material or contaminated soil being placed. 

a. Obtain one test (minimum) per distinct type of material or contaminated soil to be 
placed in the CAMU. 

2. In-Place Density: ASTM D 1556, ASTM D 2167, or ASTM D 2922. 

a. One test (minimum) per 2,500 cubic yards placed, or fraction thereof.  
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b. Additional density tests whenever definite changes in moisture content or quality 
of compaction are observed. 

c. At least one density test per shift in which contaminated fill is placed, regardless 
of volume placed. 

3. In-Place Moisture Content: ASTM D 2216, ASTM D 3017, or ASTM D 4643.  
Obtain one test with each in-place density test. 

D. One-Dimensional Consolidation: ASTM D 2435 

1. Obtain one in-situ Shelby Tube Sampler (minimum) per 50,000 cubic yards placed. 

E. Correction of Nonconforming Work 

1. Either re-work or remove and replace materials that do not conform to specified 
density or moisture content requirements. 

2. Perform additional density and in-place moisture content tests as needed to identify 
the limits of the nonconforming materials. 

3. Continue rework or removal and replacement until the compacted material conforms 
to the specified density and moisture content requirements, at no additional cost to the 
Owner. 

3.12  SURVEY CONTROL 

A. Prior to any disturbance of soils, Contractor shall perform initial layout survey. 

B. Contractor shall provide post excavation grade survey map with 0.5 foot contour intervals.  

PART 4 –  MEASUREMENT AND PAYMENT 

4.01 GENERAL 

A. Providing for and complying with the requirements set forth in this Section for slit trench 
backfill shall be measured by Cubic Yard (CY) and payment shall be based on the unit price 
provided in the Base Bid Schedule. Slit trench cover soil excavation shall be incidental to 
slit trench backfill.   

B. Providing for and complying with the requirements set forth in this Section for waste and 
debris excavation shall be measured by the in-place Cubic Yard (CY) of material excavated 
from the Eastside Area, Slit Trenches, and Western Ditch. Measurement shall be 
accomplished by calculating the volume of material excavated based on the Owner’s field 
survey cross-sections taken before start of waste/debris excavation and post excavation.  
Field survey cross-sections shall be taken at intervals not to exceed 50 feet, at major grade 
breaks, and at other significant locations as agreed to by the Construction Manager and 
Contractor. Payment will be provided based on the following bid schedules and estimated 
volume of soil: 

1. Base Bid Schedule: remediated volumes within +/-15 percent of the estimated 
quantity for excavated material placed in the CAMU. Payment will be made based on 
the unit price provided on the base bid schedule; and 
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2. Alternative Bid Items Schedule: remediated volumes above 15 percent of the 
estimated quantity for excavated material placed in the CAMU, if necessary. Payment 
will be based on a time and materials basis at the unit prices proved on the alternative 
bid items schedule.   

Payment shall be based on the unit prices provided on the bid schedules. Specified items 
incidental to the Waste Soil Excavation item on the Base Bid Schedule include: 

1. Access Ramp Design 

2. Waste Excavation Plan 

3. Temporary excavation support 

4. Material excavation, screening, processing, moisture conditioning, transporting, 
placing, and compaction in the CAMU 

5. Eastside material used for operations layer 

6. Odor Control 

7. Excavation Dewatering 

8. Contaminated Water Dewatering 

9. Temporary Exclusion Zone Control Fencing 

10. Daily cover 

11. Visqueen 

12. All other incidentals necessary for complete remedial excavation and filling of the 
CAMU. 

C. Measurement for special procedures or activities directed by the Construction Manager for 
handling, management, or treatment of hazardous or suspected hazardous substances shall 
be in accordance with the Alternative Bid Item Schedule to be Add/Deleted from Scope. 
Payment for special procedures or activities directed by the Contractor for handling, 
management, or treatment of hazardous or suspected hazardous substances shall be on a 
time and materials basis in accordance with prices provided on the Alternative Bid Item 
Schedule.  These costs shall include all necessary incidentals to complete the alternative bid 
items. 

D. Providing for and complying with the requirements set forth in this section for PCB 
contaminated soil excavation shall be by ton of PCB contaminated material excavated from 
the Slit Trenches, as defined on the Drawings.  Payment for the excavating, transport, and 
disposal of PCB contaminated soil shall be made by unit price bid per ton excavated from 
the Slit Trenches.  The unit price shall include all necessary incidentals for complete PCB 
contaminated soil excavation, transport, and disposal. The volume of PCB contaminated 
waste excavation shall be deducted from the Slit Trench Excavation volume described in A.   

E. Providing for and complying with the following incidentals shall be included in the 
Earthworks and Remedial Excavation and Filling, Sections 02200 and 02205, costs on the 
Bid Schedules: 
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1. Construction and Dust Control Water 

2. Uncontaminated Dewatering 

3. Contaminated Water Management 

4. Dust Control 

5. Vacuum Trucks 

6. Spill Clean up 

7. Health and Safety 

a. Personal Protective Equipment 

b. Monitoring 

8. Operations and Maintenance of the following items: 

a. Parking Areas 

b. Temporary Roads 

c. Temporary Trailers 

d. Temporary Utilities 

e. On-site communications 

f. Weather Protection 

g. Contractor Generated Debris and Trash Control 

h. Temporary Sanitary Facilities 

i. Lighting 

j. Material and Equipment Storage 

k. Dust Control Water Storage 

l. Vacuum Truck Staging Area 

m. Decontamination Area 

n. Construction Equipment 

o. First Aid Facilities 

p. HDPE-lined Storage Area 

q. Dust Control 

r. Pollution Control 
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s. Traffic and Safety Control 

t. Access Control 

u. Decontamination 

v. Noise Control 

9. And all other incidentals necessary for Remedial Excavation and Filling 

F. Providing for and complying with the requirements set forth in this Section, Interim Cover 
shall be measured by the in-place cubic yard (cy) of material placed as determined by field 
survey cross sections taken at maximum 50 foot spacing and at major grade breaks. 
Payment shall be based on the Bid Schedule Item “Interim Soil Cover.” 

 
 [END OF SECTION] 

 



 

 
CAMU Construction 

 Drainage Aggregate
Basic Remediation Company

\SC0313 - TECHNICAL SPECIFICATIONS.D.20080211.DOC 02225-1 2/22/2008
 

SECTION 02225 
DRAINAGE AGGREGATE 

PART 1 –  GENERAL 

1.01 DESCRIPTION OF WORK 

A. The Contractor shall furnish all labor, materials, tools, supervision, transportation, and 
equipment necessary to perform all Work specified herein and as shown on the Construction 
Drawings. 

B. Construction of the final CAMU cover system and associated storm water management 
features overlying the CAMU will be held as an Option Scope that may be added to the 
contract via Contract Modification at the Owner's sole discretion.   If the Owner decides to 
exercise its option to add the Option Scope, the Construction Manager will notify the 
Contractor no later than 30 days after receipt of the final Eastside Area confirmation 
sampling 

1.02 RELATED SECTIONS 

Section 02200 —Earthwork 

Section 02711 — Polyethylene Pipe 

Section 02712 — Corrugated Polyethylene Pipe 

Section 02771 — Geotextile 

1.03 REFERENCES 

A. Construction Drawings 

B. Geosyntec, 2007 “Construction Quality Assurance Plan for the Construction of the 
Corrective Action Management Unit, Basic Remediation Company, Henderson, Nevada,” 
August. 

C. Latest Version of American Society for Testing and Materials (ASTM) Standards: 

ASTM C 33 Standard Specification for Concrete Aggregates 

ASTM C 136 Test Method for Sieve Analysis of Fine and Coarse Aggregates 

ASTM D 2434 Standard Test Method for Permeability of Granular Soils (Constant Head) 

1.04 SUBMITTALS 

A. The Contractor shall submit to the Construction Manager for approval, at least 7 days prior 
to the start of construction, Certificates of Compliance for proposed aggregate materials.  
Certificates of Compliance shall include, at a minimum, typical gradation and source of 
aggregate materials.  

1.05 QUALITY ASSURANCE 

A. The Contractor shall ensure that the materials and methods used for Drainage Aggregate 
meet the requirements of the Drawings and this Section.  Any material or method that does 
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not conform to these documents, or to alternatives approved in writing by the Construction 
Manager shall be rejected and shall be repaired or replaced by the Contractor. 

B. The Contractor shall be aware of all monitoring and field/laboratory conformance testing 
required by the CQA Plan.  This monitoring and testing, including random conformance 
testing of construction materials and completed work, shall be performed by the CQA 
Engineer.  If nonconformances or other deficiencies are found in the materials or completed 
work, the Contractor shall be required to repair the deficiency or replace the deficient 
materials. 

PART 2 –  PRODUCTS 

2.01 MATERIALS 

A. Aggregate shall meet the requirements specified in ASTM C-33 and shall have a maximum 
particle size of 1-inch.  Aggregate shall have a minimum permeability of 1 x 10-2 cm/sec 
when tested in accordance with ASTM D 2434. 

2.02 EQUIPMENT 

A. The Contractor shall furnish, operate, and maintain hauling, placing, and grading equipment 
as necessary for aggregate placement. 

PART 3 –  EXECUTION 

3.01 FAMILIARIZATION 

A. Prior to implementing any of the work in this Section, the Contractor shall become 
thoroughly familiar with the site, the site conditions, and all portions of the work falling 
within this and other related Sections. 

B. Inspection: 

1. The Contractor shall carefully inspect the installed work of all other Sections and 
verify that all work is complete to the point where the installation of the work 
specified in this Section may properly commence without adverse impact. 

2. If the Contractor has any concerns regarding the installed work of other Sections, the 
Construction Manager shall be notified in writing prior to commencing work.  Failure 
to notify the Construction Manager or continuance of the work of this Section shall be 
construed as Contractor's acceptance of the related work of all other Sections. 

3.02 PLACEMENT 

A. Place only when underlying geosynthetic installation is complete, including all CQC and 
CQA work, and approved by Construction Manager. 

B. Place to the lines, grades, and dimensions shown on the Drawings. 

C. The subgrade to the aggregate consists of a geotextile overlying a geomembrane.  The 
Contractor shall avoid tearing, puncturing, folding, or damaging in any way the geosynthetic 
materials during placement of the aggregate material. 

D. Any damage to the geosynthetic liner system which is caused by the Contractor or his 
representatives shall be repaired by the Geosynthetic Installer at the Contractor’s expense. 
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E. No density or moisture requirements are specified for placement of the aggregate material. 

F. All equipment to be used in placing the aggregate material must be approved in writing by 
the Construction Manager prior to use.  The Contractor shall provide a list of the equipment 
to be used for placing the aggregate material and the necessary technical information 
(equipment specifications) on each piece of equipment to be approved at least two working 
days prior to use. 

G. Place filter geotextile overlying aggregate as shown on the Drawings and as specified in 
Section 02771. 

3.03 FIELD TESTING 

A. The minimum frequency and details of quality control testing are provided below.  This 
testing shall be performed by the CQA Engineer.  The Contractor shall take this testing 
frequency into account in planning the construction schedule. 

1. Aggregates quality control testing: 

a. particle-size analyses conducted in accordance with ASTM C-136 at a frequency 
of one test per 5,000 yd3; 

b. permeability tests conducted in accordance with ASTM D 2434 at a frequency of 
one test per 10,000 yd3. 

3.04 CONSTRUCTION TOLERANCE 

A. The Contractor shall perform the aggregate construction to within +0.1 ft of the thickness 
indicated on the Drawings. 

3.05 PROTECTION OF WORK 

A. The Contractor shall use all means necessary to protect all work of this Section. 

B. In the event of damage, the Contractor shall make repairs and replacements to the 
satisfaction of the Construction Manager. 

PART 4 –  MEASUREMENT AND PAYMENT 

4.01 GENERAL 

A. Providing for and complying with the requirements set forth in this Section for Drainage 
Aggregate shall be incidental to leachate collection polyethylene pipe and corrugated 
polyethylene pipe. 

[END OF SECTION]
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SECTION 02711 
LEACHATE COLLECTION POLYETHYLENE PIPE 

PART 1 –  GENERAL 

1.01 DESCRIPTION OF WORK 

A. The Contractor shall furnish all labor, materials, tools, supervision, transportation, and 
equipment necessary to perform all Work specified herein and as shown on the Construction 
Drawings. 

1.02 RELATED SECTIONS 

Section 02225 — Drainage Aggregate 

Section 02771 — Geotextile 

1.03 REFERENCES 

A. Drawings 

B. Construction Quality Assurance (CQA) Plan 

C. Latest Version of American Society for Testing and Materials (ASTM) Standards: 

ASTM F 714 Specification for Polyethylene Plastic Pipe (SDR-PR) Based on Outside 
Diameter 

ASTM D 1248 Specification for Polyethylene Plastics Molding and Extrusion 

ASTM D 2657 Standard Practice for Heat Fusion Joining of Polyolefin Pipe and Fittings 

ASTM D 3035 Specification for Polyethylene (PE) Plastic Pipe (SDR-PR) Based on 
Controlled Outside Diameter 

ASTM D 3350 Specification for Polyethylene Plastic Pipe and Fitting Materials 

1.04 DEFINITIONS 

A. Standard Dimensional Ratio (SDR) is defined as the actual outside pipe diameter divided by 
the wall thickness. 

1.05 SUBMITTALS 

A. The Contractor shall submit, at least 14 days prior to installation of this material, to the 
Construction Manager, certificates of compliance for the pipe materials and fittings to be 
furnished. 

B. The Contractor shall submit, at least 14 days prior to installation of this material, to the 
Construction Manager, copies of certifications for each operator responsible for welding 
pipe. 

C. The Construction Manager shall supply a surveyor to document the as-built conditions of 
the piping.  The Contractor shall notify and allow the Construction Manager sufficient time 
to survey piping prior to backfilling the pipe. 
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D. Contractor shall submit Manufacturer Butt-Fusion Training documentation for HDPE Pipe 
Joining Technicians 

1.06 QUALITY ASSURANCE 

A. The Contractor shall ensure that the materials and methods used for polyethylene pipe meet 
the requirements of the Construction Drawings and this Section.  Any material or method 
that does not conform to these documents, or to alternatives approved in writing by the 
Construction Manager shall be rejected and shall be repaired or replaced by the Contractor. 

PART 2 –  PRODUCTS 

2.01 PIPE 

A. HDPE pipe sizes shown on the Drawings and specified in this Section reference nominal 
inside diameter.  Pipe size shall be in accordance with ASTM F 714 and ASTM D 3035. 

B. Pipe shall be 4-inch, 12-inch, and 18-inch diameter, and shall be HDPE with a minimum 
standard dimension ratio (SDR) of 13.5, and have a cell classification of 345434C in 
accordance with ASTM D 3350.   

C. Pipe shall conform to the following requirements: 

1. Pipe and fittings shall contain no recycled compound except that generated in the 
Manufacturer's own plant and from resin of the same specification as the raw material 
supplier. 

2. Pipe and fittings shall be homogeneous throughout and free of visible cracks, holes, 
foreign inclusions, or other deleterious defects, being uniform in color, capacity, 
density, and other physical properties. 

D. The following information shall be continuously marked on the pipe or spaced at intervals 
not exceeding 5 feet. 

1. Name and/or trademark of the pipe Manufacturer. 

2. Nominal pipe size. 

3. Standard Dimensional Ratio (SDR). 

4. PE 3408. 

5. A production code from which the date and place of manufacture can be determined. 

PART 3 –  EXECUTION 

3.01 GENERAL 

A. When shipping, delivering, and installing pipe, fittings, and accessories, do so to ensure a 
sound, undamaged installation.  Provide adequate storage for all materials and equipment 
delivered to the job site.  Handle and store pipe and fittings in accordance with the 
Manufacturer's recommendation. 
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3.02 PLACING AND LAYING PIPE 

A. Follow the Manufacturer's recommendations when hauling, unloading, and stringing the 
pipe. 

B. Protect liners and other geosynthetic materials from damage while installing the leachate 
collection and removal systems. 

C. HDPE solid and perforated pipe shall be installed as shown on the Drawings. 

D. HDPE pipe shall be inspected for cuts, scratches, or other damages prior to installation.  
Any pipe showing damage, which in the opinion of the Construction Manager shall affect 
performance of the pipe, must be removed from the Site.  The Contractor shall replace any 
material found to be defective at no additional cost to the Construction Manager. 

E. The Contractor shall place HDPE solid and perforated pipe in such a manner that does not 
damage the pipe.  

F. The Contractor shall place the drainage aggregate material around the polyethylene pipe so 
as to not deform or otherwise damage the pipe and fittings.  Special care shall be taken 
when placing pipe bedding material beneath the spring-line of the pipe and fittings. 

G. The Contractor shall clean out pipe interior, as necessary, to remove debris that may affect 
performance of pipe. 

3.03 JOINING PIPE 

A. All pipe fusion shall be performed by the Supplier, or a by fusion operator certified by the 
Manufacturer.   

B. Join the polyethylene pipe by the method of thermal butt fusion, as outlined in ASTM D 
2657.  Electro-fusion couplings shall not be used.  Perform butt-fusion joining of pipe and 
fittings in accordance with the procedures established by the pipe Manufacturer.  Of 
particular importance is the use of proper interface pressures and heater plate temperatures. 

C. Do not perform pipe fusion on wet or excessively dirty pipe or when conditions are 
unsuitable for the work.  Secure open ends of pipe when work is not in progress, so that no 
water, earth, or other substance shall enter the pipe or fittings.  Plug, cap, or valve off ends 
of pipe left for future connections, if any. 

D. In order to allow the joining operation to continue in adverse weather conditions, a shelter 
may be required for the joining machine.  Particular caution should be exercised to prevent 
water from entering the pipe and from coming in contact with the heater plate. 

E. Only fully trained personnel shall be allowed to perform the fusion, installation, supervision, 
or inspection of polyethylene fusion joints. 

F. Pipe joints made with couplings can be slipped fitted for perforated pipe.  Solid wall pipe 
shall be joined with butt fusion or fusion coupler methods only.   
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PART 4 –  MEASUREMENT AND PAYMENT 

4.01 GENERAL 

A. Providing for and complying with the requirements set forth in this Section for 4-inch , 12-
inch, and 18-inch HDPE solid wall and perforated pipe, fittings, and gravel shall be 
measured as lump sum (LS), and payment shall be based on the lump sum price for LCRS 
HDPE piping and gravel provided on the Bid Schedule. Specified items incidental to LCRS 
HDPE piping and gravel include: 

1. Filter geotextile 

2. Drainage aggregate 

3. And all other incidentals necessary for a complete installation of LCRS HDPE Pipe 

 

[END OF SECTION]
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SECTION 02712 
CORRUGATED POLYETHYLENE PIPE 

 

PART 1 –  GENERAL 

1.01  DESCRIPTION OF WORK 

A. The Contractor shall furnish all labor, materials, tools, supervision, transportation, and 
equipment necessary to perform all Work specified herein and as shown on the Construction 
Drawings. 

B. Construction of the final CAMU cover system will be held as an Option Scope that may 
be added to the contract via Contract Modification at the Owner's sole discretion.   If the 
Owner decides to exercise its option to add the Option Scope, the Construction Manager 
will notify the Contractor no later than 30 days after receipt of the final Eastside Area 
confirmation sampling 

1.02  RELATED SECTIONS 

Section 02200 — Earthwork 

1.03  REFERENCES 

A. Construction Drawings 

B. Site Construction Quality Assurance (CQA) Plan 

C. Latest Version of American Society for Testing and Materials (ASTM) Standards: 

ASTM F 405 Standard Specification for Corrugated Polyethylene (CPE) 
Pipe and Fittings 

D. Latest American Association of State Highway and Transportation Officials (AASHTO) 
Standards:  

  AASHTO M252M-96  Corrugated Polyethylene Drainage Pipe 

1.04  SUBMITTALS 

A. The Contractor shall submit, at least 14 days prior to installation of this material, to the 
Construction Manager, certificates of compliance for the pipe materials and fittings to be 
furnished. 

B. The Construction Manager Contractor shall supply a surveyor to document the as-built 
conditions of the piping.  The Contractor shall notify and allow the Construction Manager 
sufficient time to survey piping prior to backfilling the pipe. Owner shall verify survey as-
built conditions using control points. 

1.05 QUALITY ASSURANCE 

A. The Contractor shall ensure that the materials and methods used for corrugated polyethylene 
pipe meet the requirements of the Drawings and this Section.  Any material or method that 
does not conform to these documents, or to alternatives approved in writing by the 
Construction Manager shall be rejected and shall be repaired or replaced by the Contractor. 
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PART 2 –  PRODUCTS 

2.01  PIPE 

A. HDPE pipe sizes shown on the Drawings and specified in this Section reference nominal 
inside diameter.  Pipe material, markings, properties, and size shall be in accordance with 
AASHTO M252. 

B. Pipes shall be corrugated polyethylene pipe with a smooth interior wall, Type SP with 
Class 2 perforations in accordance with AASHTO M252. 

PART 3 –  EXECUTION 

3.01  GENERAL 

A. When shipping, delivering, and installing pipe, fittings, and accessories, do so to ensure a 
sound, undamaged installation.  Provide adequate storage for all materials and equipment 
delivered to the job site.  Handle and store pipe and fittings in accordance with the 
Manufacturer's recommendation. 

3.02  PLACING AND LAYING PIPE 

A. Follow the Manufacturer's recommendations when hauling, unloading, and stringing the 
pipe. 

B. Corrugated polyethylene solid and perforated pipe shall be installed as shown on the 
Drawings. 

C. Corrugated polyethylene pipe shall be inspected for cuts, scratches, or other damages prior 
to installation.  Any pipe showing damage, which in the opinion of the Construction 
Manager shall affect performance of the pipe, must be removed from the site.  Replace any 
material found to be defective. 

3.03  CONSTRUCTION TOLERANCE 

A. The Contractor shall perform the work to within ±0.1 ft of the grades indicated on the 
Drawings. 

PART 4 –  MEASUREMENT AND PAYMENT 

4.01  GENERAL 

A. Providing for and complying with the requirements set forth in this Section for 4-inch 
HDPE perforated and solid wall CPE pipe and fittings shall be measured in linear feet (LF), 
and payment shall be based on the unit price provided on the Option Scope Bid Schedule. 
Specified items considered incidental to 4-inch Corrugate Polyethylene Pipe include: 

1. Filter Geotextile 

2. Drainage Aggregate 

3. And all other incidentals necessary for a complete installation of HDPE CPE Pipe. 

[END OF SECTION]
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SECTION 02770 
GEOMEMBRANE 

PART 1 –  GENERAL 

1.01 DESCRIPTION OF WORK 

A. The Contractor shall furnish all labor, materials, tools, supervision, transportation, and 
equipment necessary to perform all Work specified herein and as shown on the Construction 
Drawings  

B. Construction of the final CAMU cover system will be held as an Option Scope that may 
be added to the contract via Contract Modification at the Owner's sole discretion.   If the 
Owner decides to exercise its option to add the Option Scope, the Construction Manager 
will notify the Contractor no later than 30 days after receipt of the final Eastside Area 
confirmation sampling 

1.02 RELATED SECTIONS 

Section 02771 — Geotextile 

Section 02772 — Geosynthetic Clay Liner 

Section 02773 — Geocomposite 

1.03 REFERENCES 

A. Construction Drawings 

B. Geosyntec, 2007 “Construction Quality Assurance Plan for the Construction of the 
Corrective Action Management Unit, Basic Remediation Company, Henderson, Nevada,” 
August. 

C. Latest version of the American Society for Testing and Materials (ASTM) standards: 

ASTM D 638 Standard Test Method for Tensile Properties of Plastics 

ASTM D 792 Standard Test Methods for Specific Gravity (Relative Density) and Density 
of Plastics by Displacement 

ASTM D 1004 Standard Test Method of Initial Tear Resistance of Plastic Film and 
Sheeting 

ASTM D 1505 Standard Test Methods for Density of Plastics by Density-Gradient 
Technique 

ASTM D 1603 Standard Test Method for Carbon Black in Olefin Plastics 

ASTM D 5321 Test Method for Determining the Coefficient of Soil and Geosynthetic or 
Geosynthetic and Geosynthetic Friction by the Direct Shear Method 

ASTM D 5397 Test Method for Evaluation of Stress Crack Resistance of Polyolefin 
Geomembranes Using Notched Constant Tensile Load Test 

ASTM D 5596 Recommended Practice for Microscopical Examination of Pigment 
Dispersion in Plastic Compounds 
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ASTM D 5641 Practice for Geomembrane Seam Evaluation by Vacuum Chamber 

ASTM D 5820 Practice for Pressurized Air Channel Evaluation of Dual Seamed 
Geomembranes 

ASTM D 5994 Standard Test Method for Measuring Core Thickness of Textured 
Geomembranes 

ASTM D 6392 Test Method for Determining the Integrity of Non-reinforced 
Geomembrane Seams Produced using Thermo-Fusion Methods.  

1.04 QUALIFICATIONS 

A. The Geomembrane Manufacturer shall be responsible for the production of geomembrane 
rolls from resin and shall have sufficient production capacity and qualified personnel to 
provide material meeting the requirements of this Section and the construction schedule for 
this project. 

B. Geosynthetics Installer: 

1. The Geosynthetics Installer shall be responsible and shall provide sufficient resources 
for field handling, deploying, seaming, temporarily restraining (against wind), and 
other aspects of the deployment and installation of the geomembrane and other 
geosynthetic components of the project. 

2. The Geosynthetics Installer shall have successfully installed a minimum of 
10,000,000 ft2 of polyethylene geomembrane on previous projects. The 
Geosynthetics Installer shall provide documentation of installations to the 
Construction Manager.  

3. The installation crew shall have the following experience. 

a. The Superintendent shall have supervised the installation of a minimum of 
2,000,000 5,000,000 ft2 of polyethylene geomembrane on at least five (5) different 
projects. The Superintendent shall provide documentation of installations to the 
Construction Manager. 

b. At least one seamer shall have experience seaming a minimum of 1,000,000 
square feet of polyethylene geomembrane using the same type of seaming 
apparatus to be used at this site.  Seamers with such experience shall be 
designated “master seamers” and shall provide direct supervision over less 
experienced seamers. The master seamer shall provide documentation of 
experience to the Construction Manager. 

c. All other seaming personnel shall have seamed at least 100,000 square feet of 
polyethylene geomembrane using the same type of seaming apparatus to be used 
at this site.  Personnel who have seamed less than 100,000 square feet shall be 
allowed to seam only under the direct supervision of the master seamer or 
Superintendent. The other seamers shall provide documentation of seaming 
experiences to the Construction Manager. 

C. Contractor shall provide resumes for all geomembrane installation technicians with 
documentation of Manufacturer training on seaming geomembrane. 
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1.05 WARRANTY 

A. The Geosynthetic Installer shall furnish the Construction Manager a 20-year written 
warranty against defects in materials.  Warranty conditions concerning limits of liability 
shall be evaluated by, and must be acceptable to, the Construction Manager. 

B. The Geosynthetic Installer shall furnish the Construction Manager with a 1-year written 
warranty against defects in workmanship.  Warranty conditions concerning limits of liability 
shall be evaluated by, and must be acceptable to, the Construction Manager. 

1.06 SUBMITTALS 

A. The Geosynthetic Installer shall submit the following documentation on the resin used to 
manufacture the geomembrane to the Construction Manager for approval 21 days prior to 
transporting any geomembrane to the site. 

1. Copies of quality control certificates issued by the resin supplier including the 
production dates and origin of the resin used to manufacture the geomembrane for the 
project. 

2. Results of tests conducted by the Geomembrane Manufacturer to verify the quality of 
the resin used to manufacture the geomembrane rolls assigned to the project. 

3. Certification that no reclaimed polymer is added to the resin during the manufacturing 
of the geomembrane to be used for this project, or, if recycled polymer is used, the 
Manufacturer shall submit a certificate signed by the production manager 
documenting the quantity of recycled material, including a description of the 
procedure used to measure the quantity of recycled polymer. 

B. The Geosynthetic Installer shall submit the following documentation on geomembrane roll 
production to the Construction Manager for approval 21 days prior to transporting any 
geomembrane to the site. 

1. Quality control certificates, which shall include: 

a. roll numbers and identification; and 

b. results of quality control tests, including descriptions of the test methods used, 
outlined in Part 2.02 of this Section. 

2. The manufacturer warranty specified in Part 1.05.A of this Section. 

C. The Geosynthetic Installer shall submit the following information to the Construction 
Manager for approval 21 days prior to mobilization. 

1. A drawing showing the installation layout identifying geomembrane panel 
configurations, dimensions, details, locations of seams, as well as any variance or 
additional details that deviate from the Drawings.  The layout shall be adequate for 
use as a construction plan and shall include dimensions, details, etc. The layout 
drawings, as modified and/or approved by the Construction Manager, shall become 
part of these Specifications. 

2. Copy of Geosynthetic Installer's letter of approval or license by the Geomembrane 
Manufacturer. 
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3. Installation capabilities, including: 

a. information on equipment proposed for this project; 

b. average daily production anticipated for this project; and 

c. quality control procedures. 

4. A list of completed facilities for which the installer has installed a minimum of 
10,000,000 ft2 of polyethylene geomembrane, in accordance with Part 1.04 of this 
Specification.  The following information shall be provided for each facility: 

a. the name and purpose of the facility, its location, and dates of installation; 

b. the names of the owner, project manager, and geomembrane manufacturer; 

c. name of the supervisor of the installation crew; and 

d. thickness and surface area of installed geomembrane. 

5. In accordance with Part 1.04, a resume of the Superintendent to be assigned to this 
project, including dates and duration of employment, shall be submitted at least 14 
days prior to beginning geomembrane installation. 

6. In accordance with Part 1.04, resumes of all personnel who shall perform seaming 
operations on this project, including dates and duration of employment, shall be 
submitted at least 14 days prior to beginning geomembrane installation. 

D. A Certificate of Calibration less than 12 months old shall be submitted for each field 
tensiometer prior to installation of any geomembrane. Certificates of Calibration shall be 
renewed as necessary to provide certificates less than 12 months old throughout project 
duration. 

E. During installation, the Geosynthetic Installer shall be responsible for the timely submission 
to the Construction Manager of Quality Control documentation. 

1. Quality control documentation; and 

2. Subgrade acceptance certificates, signed by the Geosynthetic Installer, for each area 
to be covered by geosynthetic materials. 

F. Upon completion of the installation, the Geosynthetic Installer shall be responsible for the 
submission to the Construction Manager of a warranty from the Geosynthetic Installer as 
specified in Part 1.05.B of this Section. 

G. The Geosynthetic Installer shall submit the following documentation on welding rod to the 
Construction Manager for approval 21 days prior to transporting welding rod to the site: 

1. Quality control documentation, including lot number, welding rod spool number, and 
results of quality control tests on the welding rod. 

1.07 QUALITY ASSURANCE 

A. The Geosynthetic Installer shall ensure that the materials and methods used for installation 
of the geomembrane meet the requirements of the Drawings and this Section.  Any material 
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or method that does not conform to these documents, or to alternatives approved in writing 
by the Construction Manager, shall be rejected and shall be repaired or replaced by the 
Geosynthetic Installer. 

B. The Geosynthetic Installer shall be aware of and accommodate all monitoring and 
conformance testing required by the CQA Plan.  This monitoring and testing, including 
random conformance testing of construction materials and completed work, shall be 
performed by the CQA Engineer.  If nonconformances or other deficiencies are found in the 
Geosynthetic Installer’s materials or completed work, the Geosynthetic Installer shall be 
required to repair the deficiency or replace the deficient materials. 

PART 2 –  PRODUCTS 

2.01 GEOMEMBRANE PROPERTIES 

A. The Geomembrane Manufacturer shall furnish double-sided, 60-mil textured geomembrane 
having properties that comply with the required property values shown in Table 02770-1. 

B. In addition to the property values listed in Table 02770-1, the geomembrane shall: 

1. Contain a maximum of 1 percent by weight of additives, fillers, or extenders (not 
including carbon black). 

2. Not have striations, pinholes (holes), bubbles, blisters, nodules, undispersed raw 
materials, or any sign of contamination by foreign matter on the surface or in the 
interior. 

2.02 MANUFACTURING QUALITY CONTROL 

A. Rolls: 

1. The Geomembrane Manufacturer shall continuously monitor geomembrane during 
the manufacturing process for defects. 

2. No geomembrane shall be accepted that exhibits any defects. 

3. The Geomembrane Manufacturer shall measure and report the geomembrane 
thickness at regular intervals along the roll length. 

4. No geomembrane shall be accepted that fails to meet the specified thickness. 

5. The Geomembrane Manufacturer shall sample and test the geomembrane at a 
minimum of once every 50,000 ft2 to demonstrate that its properties conform to the 
values specified in Table 02770-1.  At a minimum, the following tests shall be 
performed: 

Test Procedure 
Thickness ASTM D 5994 
Specific Gravity ASTM D 792 Method A or ASTM D 1505 
Tensile Properties ASTM D 638 
Puncture Resistance ASTM D 4833 
Carbon Black ASTM D 1603 
Carbon Black Dispersion ASTM D 5596 
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6. Tests not listed above but listed in Table 02770-1 need not be run at the 1 per 
50,000 ft2 frequency.  However, the Geomembrane Manufacturer shall certify that 
these tests are in compliance with this section and have been performed on a sample 
that is identical to the geomembrane to be used on this project.  The Geosynthetic 
Installer shall provide the test result documentation to the Construction Manager. 

7. Any geomembrane sample that does not comply with the requirements of this 
Section shall result in rejection of the roll from which the sample was obtained and 
shall not be used for this project. If a geomembrane sample fails to meet the quality 
control requirements of this Section the Geomembrane Manufacturer shall sample and 
test, at the expense of the Manufacturer, rolls manufactured in the same lot, or at the 
same time, as the failing roll.  Sampling and testing of rolls shall continue until a 
pattern of acceptable test results is established to bound the failed roll(s). 

8. If a geomembrane sample fails to meet the quality control requirements of this 
Section, the roll shall be rejected and shall not be delivered to site.  

B. The Geomembrane Manufacturer shall permit the CQA Engineer to visit the manufacturing 
plant for project specific visits.  If possible, such visits shall be prior to or during the 
manufacturing of the geomembrane rolls for the specific project. 

2.03 LABELING 

A. Geomembrane rolls shall be labeled with the following information. 

1. thickness of the material; 

2. length and width of the roll; 

3. name of Geomembrane Manufacturer; 

4. product identification; 

5. lot number; and 

6. roll number. 

2.04 TRANSPORTATION, HANDLING AND STORAGE 

A. Handling and care of the geomembrane prior to and following installation at the site shall be 
the responsibility of the Geosynthetic Installer.  The Geosynthetic Installer shall be liable 
for all damage to the materials incurred prior to final acceptance of the liner system by the 
Construction Manager. 

B. Geosynthetic Installer shall be responsible for storage of the geomembrane at the site.  The 
geomembrane shall be protected from excessive heat or cold, dirt, puncture, cutting, or other 
damaging or deleterious conditions.  Any additional storage procedures required by the 
Geomembrane Manufacturer shall be the Geosynthetic Installer’s responsibility.  
Geomembrane rolls shall not be stored or placed in a stack of more than two rolls high. 

C. The geomembrane shall be delivered at least 30 days prior to the planned deployment date 
to allow the Construction Manager adequate time to coordinate conformance testing on the 
geomembrane samples as described in Part 3.05 or this Section.  If the CQA Engineer 
visited the manufacturing plant and performed the required conformance sampling, 
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geomembrane can be delivered to the site within the 14 days prior to the planned 
deployment date as long as there is sufficient time for the CQA Engineer to complete 
conformance testing and confirm that the rolls shipped to the site are in compliance with this 
Section. 

D. The CQA Engineer shall follow Chain-of-Custody procedures for sample transportation.  

PART 3 –  GEOMEMBRANE INSTALLATION 

3.01 FAMILIARIZATION 

A. Prior to implementing any of the work described in this Section, the Geosynthetic Installer 
shall become thoroughly familiar with all portions of the work falling within this Section. 

B. Inspection: 

1. The Geosynthetic Installer shall carefully inspect the installed work of all other 
Sections and verify that all work is complete to the point where the work of this 
Section may properly commence without adverse effect. 

2. If the Geosynthetic Installer has any concerns regarding the installed work of other 
Sections, he shall notify the Construction Manager in writing prior to the start of the 
work of this Section.  Failure to inform the Construction Manager in writing or 
installation of the geomembrane shall be construed as the Geosynthetic Installer’s 
acceptance of the related work of all other Sections. 

C. A pre-installation meeting shall be held to coordinate the installation of the geomembrane 
with the installation of other components of the composite liner system. 

3.02 GEOMEMBRANE DEPLOYMENT 

A. Prior to geomembrane deployment, Geosynthetic installer shall verify subgrade meets the 
requirements of Section 02200 for subgrade preparation. The Contractor shall provide the 
Construction Manager with a subgrade acceptance certificate. 

A. Layout Drawings: 

1. The Geosynthetic Installer shall deploy the geomembrane panel in general accordance 
with the layout drawing submitted to the Construction Manager.   

B. Field Panel Identification: 

1. A geomembrane field panel is a roll or a portion of roll cut in the field. 

2. Each field panel shall be given an identification code (number or letter-number).  This 
identification code shall be agreed upon by the Construction Quality Assurance 
Manager and Geosynthetic Installer. 

C. Field Panel Placement: 

1. Field panels shall be installed, as approved or modified, at the location and positions 
indicated on the layout drawings. 

2. Field panels shall be placed one at a time, and each field panel shall be seamed 
immediately after its placement.  Panels shall be overlapped so that the flow of liquid 
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above the liner is across the top of the weld and not into the flap area of the fusion 
weld (shingled to allow water to cross seam).   

3. Geomembrane shall not be placed when the ambient temperature is below 40°F or 
above 104°F, unless otherwise authorized in writing by the Construction Manager.  

4. Geomembrane shall not be placed during any precipitation, in the presence of 
excessive moisture (e.g., fog, dew), in an area of ponded water, or in the presence of 
excessive winds. 

5. The Geosynthetic Installer shall ensure that: 

a. Vehicular traffic shall be limited to vehicles that exhibit a ground pressure less 
than that of foot traffic pressure.  

b. Equipment used does not damage the geomembrane by handling, trafficking, or 
leakage of hydrocarbons (i.e., fuels). 

c. Only hook knives are used to cut geomembrane. 

d. Personnel working on the geomembrane do not smoke, wear damaging shoes, 
bring glass onto the geomembrane, or engage in other activities that could damage 
the geomembrane. 

e. The method used to unroll the panels does not scratch or crimp the geomembrane 
and does not damage the supporting soil or geosynthetics. 

f. The method used to place the panels minimizes wrinkles (especially differential 
wrinkles between adjacent panels).  The method used to place the panels results in 
intimate contact with adjacent components. 

g. Temporary ballast and/or anchors (e.g., sand bags), not likely to damage the 
geomembrane, are placed on the geomembrane to prevent wind uplift. Sand bags 
shall be filled with sand material with a maximum particle size of ½ inch. 

h. The geomembrane is especially protected from damage in heavily trafficked areas. 

i. Any rub sheets to facilitate seaming are removed prior to installation of 
subsequent panels. 

6. Any field panel or portion thereof that becomes seriously damaged (torn, twisted, or 
crimped) shall be replaced with new material.  Less serious damage to the 
geomembrane may be repaired, as approved by the CQA Engineer.  Damaged panels 
or portions of damaged panels that have been rejected shall be removed from the 
work area. Any damaged materials shall be replaced at the Geosynthetic Installers’ 
expense. 

D. If the Geosynthetic Installer intends to install geomembrane between one hour before sunset 
and one hour after sunrise, he shall notify the Construction Manager in writing prior to the 
start of the work.  The Geosynthetic Installer shall indicate additional precautions, which 
shall be taken during these installation hours.  The Geosynthetic Installer shall provide 
proper, adequate illumination for work during this time period. 
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3.03 FIELD SEAMING 

A. Seam Layout: 

1. In corners and at odd-shaped geometric locations, the number of field seams shall be 
minimized.  No horizontal seam shall be along a slope with an inclination steeper than 
10 percent.  Horizontal seams shall be considered as any seam having an alignment 
exceeding 20 degrees from being perpendicular to the slope contour lines, unless 
otherwise approved by the Construction Manager.  No seams shall be located in an 
area of potential stress concentration. 

B. Personnel: 

1. All personnel performing seaming operations shall be qualified as indicated in Part 
1.04 of this Section.  No seaming shall be performed unless a “master seamer” is 
present on-site. 

C. Weather Conditions for Seaming: 

1. Unless authorized in writing by the Construction Manager, seaming shall not be 
attempted at ambient temperatures below 40°F or above 104°F.  If the Geosynthetic 
Installer wishes to use methods that may allow seaming at ambient temperatures 
below 40°F or above 104°F, he shall use a procedure approved by the Construction 
Manager. 

2. A meeting shall be held with the Geosynthetic Installer and Construction Manager to 
establish acceptable installation procedures.  In all cases, the geomembrane shall be 
dry and protected from wind damage. 

3. Ambient temperatures shall be measured between 0 to 6 in. above the geomembrane 
surface. 

D. Overlapping: 

1. Geomembrane panels shall be sufficiently overlapped for welding and to allow peel 
tests to be performed on the seam.  Any seams that cannot be destructively tested 
because of insufficient overlap shall be treated as failing seams. 

E. Seam Preparation: 

1. Prior to seaming, the seam area shall be clean and free of moisture, dust, dirt, debris 
of any kind, and foreign material. 

2. If seam overlap grinding is required, the process shall be completed according to the 
Geomembrane Manufacturer's instructions within 20 minutes of the seaming 
operation and in a manner that does not damage the geomembrane.  The grind depth 
shall not exceed ten percent of the geomembrane thickness. 

3. Seams shall be aligned with the fewest possible number of wrinkles and 
“fishmouths.” 

F. General Seaming Requirements: 

1. Fishmouths or wrinkles at the seam overlaps shall be cut along the ridge of the 
wrinkle to achieve a flat overlap.  The cut fishmouths or wrinkles shall be seamed and 
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any portion where the overlap is insufficient shall be patched with an oval or round 
patch of geomembrane that extends a minimum of 6 in. beyond the cut in all 
directions. 

2. Any electric generator shall be placed outside the area to be lined or mounted in a 
manner that protects the geomembrane from damage.  The electric generator shall be 
properly grounded. 

G. Seaming Process: 

1. Approved processes for field seaming are extrusion welding and fusion welding.  
Only equipment identified as part of the approved submittal specified in Part 1.06 
shall be used. 

2. Extrusion Equipment and Procedures: 

a. The Geosynthetics Installer shall maintain at least one spare operable seaming 
apparatus on site. 

b. Extrusion welding apparatus shall be equipped with gauges giving the temperature 
in the apparatus. 

c. Prior to beginning a seam, the extruder shall be purged until all heat-degraded 
extrudate has been removed from the barrel. 

d. A smooth insulating plate or fabric shall be placed beneath the hot welding 
apparatus after use. 

3. Fusion Equipment and Procedures: 

a. The Geosynthetic Installer shall maintain at least one spare operable seaming 
apparatus on site. 

b. Fusion-welding apparatus shall be automated vehicular-mounted devices equipped 
with gauges giving the applicable temperatures and speed. 

c. A smooth insulating plate or fabric shall be placed beneath the hot welding 
apparatus after use. 

H. Trial Seams: 

1. Trial seams shall be made on fragment pieces of geomembrane to verify that seaming 
conditions are adequate.  Trial seams shall be conducted on the same material to be 
installed and under similar field conditions as production seams.  Such trial seams 
shall be made at the beginning of each seaming period, beginning of the day and after 
lunch, for each seaming apparatus used each day.  The trial seam sample shall be a 
minimum of 5-ft long by 1-ft wide (after seaming) with the seam centered lengthwise 
for fusion equipment and at least 3-ft long by 1-ft wide for extrusion equipment.  
Seam overlap shall be as indicated in Part 3.03.D of this Section. The CQA Engineer 
shall be present during trial seaming. 

2. The CQA Engineer shall collect four adjoining coupon specimens, each 1-in. wide, 
cut from the trial seam sample by the installer using a die cutter to ensure precise 1-in. 
wide coupons.  The coupons shall be tested by the CQA Engineer in peel (outside 
(fusion only) and inside track) and shear using an electronic readout field tensiometer 
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in accordance with ASTM D 4437 6392, at a strain rate of 2 in./min., and they shall 
not fail in the seam (i.e., Film Tear Bond (FTB), which is failure in the parent 
material, is required).  The required peel and shear seam strength is listed in 
Table 02770-2.  Ideally, samples shall be conditioned at 23±2oC at a relative 
humidity of 50±5% for two hours prior to testing.  If test conditions vary from these 
conditions, a 1-in. wide coupon of the parent geomembrane material (no weld) shall 
be tested in the same manner as the seam specimens to determine the break strength at 
this condition. 

3. If a coupon specimen fails, the entire operation shall be repeated.  If the additional 
coupon specimen fails, the seaming apparatus and seamer shall not be accepted and 
shall not be used for seaming until the deficiencies are corrected and two consecutive 
successful trial seams are achieved. 

I. Nondestructive Seam Continuity Testing: 

1. The Geosynthetic Installer shall nondestructively test for continuity on all field seams 
over their full length.  Continuity testing shall be carried out as the seaming work 
progresses, not at the completion of all field seaming.  The Geosynthetic Installer 
shall complete any required repairs in accordance with Part 3.03.K of this Section.  
The following procedures shall apply: 

a. Vacuum testing in accordance with ASTM D 5641. 

b. Air pressure testing (for double-track fusion seams only) in accordance with 
ASTM D 5820 and the following: 

i. Energize the air pump to a pressure between 25 and 30 pounds per square 
inches, close valve, and sustain the pressure for not less than 5 minutes. 

ii. If loss of pressure exceeds 3 pounds per square inches, or does not stabilize, 
locate faulty area and repair in accordance with Part 3.03.K of this Section. 

iii. Cut opposite end of air channel from pressure gauge and observe release of 
pressure to ensure air channel is not blocked. 

iv. Remove needle, or other approved pressure feed device, and seal repair in 
accordance with Part 3.03.K of this Section. 

c. Spark testing shall be performed if the seam cannot be tested using other 
nondestructive methods. 

J. Destructive Testing: 

1. Destructive seam tests shall be performed on samples collected from selected 
locations to evaluate seam strength and integrity.  Destructive tests shall be carried 
out as the seaming work progresses, not at the completion of all field seaming. 

2. Sampling: 

a. Test locations shall be determined during seaming, and may be prompted by 
suspicion of excess crystallinity, contamination, offset seams, or any other 
potential cause of imperfect seaming.  The CQA Engineer shall be responsible for 
coordinating the locations.  The Geosynthetic Installer shall not be informed in 
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advance of the locations where the seam samples shall be taken.  The CQA 
Engineer reserves the right to increase the sampling frequency. 

b. Obtain 1 sample (minimum) for each 500 linear feet, or fraction thereof, of fusion 
welded seam for each welding machine/welding technician combination.  

c. After completing a number of consecutive destructive sample laboratory tests for 
each welding machine/welding technician combination, as outlined in the 
following table, the frequency for the specific welding machine/welding 
technician may be adjusted as indicated in the following table. 

Number of Destructive 
Samples per Welding 

Machine/Welding 
Technician 

Failures Frequency (ft) 

0-10 0/≥1 500/500 

11-20 0/≥1 750/500 

21+ ≤1/≥2 1000/750 

 

d. Destructive testing of extrusion seams may be conducted upon scrap material that 
has been extrusion welded past the initial startup seam for the shift if the footage 
of extrusion weld for the shift is less than 200 linear feet and if the Contractor 
concurs 

e. Samples shall be cut by the Geosynthetic Installer at the locations designated by 
the CQA Engineer as the seaming progresses in order to obtain laboratory test 
results before the geomembrane is covered by another material.  Each sample 
shall be numbered and the sample number and location identified on the panel 
layout drawing.  All holes in the geomembrane resulting from the destructive 
seam sampling shall be immediately repaired in accordance with the repair 
procedures described in Part 3.03.K of this Section.  The continuity of the new 
seams in the repaired areas shall be tested according to Part 3.03.I of this Section. 

f. Two strips of dimensions 1-in. wide and 12 in. long with the seam centered 
parallel to the width shall be taken from either side of the sample location.  These 
samples shall be tested in the field in accordance with Part 3.03.J.3 of this Section.  
If these samples pass the field test, a laboratory sample shall be taken.  The 
laboratory sample shall be at least 1-ft wide by 42-inches long with the seam 
centered lengthwise.  The sample shall be cut into three parts and distributed as 
follows: 

i. One portion 12-in. long to the Geosynthetic Installer. 

ii. One portion 18-in. long to the Geosynthetic CQA Laboratory for testing. 

iii. One portion 12-in. long to the Construction Manager for archival storage. 

3. Field Testing: 



 

 
CAMU Construction 

 Geomembrane
Basic Remediation Company

\SC0313 - TECHNICAL SPECIFICATIONS.D.20080211.DOC 02770-13 2/22/2008
 

a. The two 1-in. wide strips shall be tested in the field tensiometer in the peel mode.  
The CQA Engineer has the option to request an additional test in the shear mode.  
If any field test sample fails to meet the requirements in Table 02770-2, then the 
procedures outlined in Part 3.03.J.5 of this Section shall be followed. 

4. Laboratory Testing: 

a. Testing by the Geosynthetics CQA Laboratory shall include “Seam Strength” and 
“Peel Adhesion” (ASTM D 4437) with the 1-in. wide strip tested at a rate of 
2 in./min.  At least 5 specimens shall be tested for each test method (peel and 
shear).  Four of the five specimens per sample must pass both the shear strength 
test and peel adhesion test when tested in accordance with ASTM D 4437 6392.  
The minimum acceptable values to be obtained in these tests are indicated in 
Table 02770-2.  Both inside and outside tracks of the dual track fusion welds shall 
be tested in peel. 

5. Destructive Test Failure: 

a. The following procedures shall apply whenever a sample fails a destructive test, 
whether the test is conducted by the Geosynthetic CQA's laboratory, the 
Geosynthetic Installer laboratory, or by a field tensiometer.  The Geosynthetic 
Installer shall have two options: 

i. The Geosynthetic Installer can reconstruct the seam (e.g., remove the old 
seam and reseam) between any two passed destructive test locations. 

ii. The Geosynthetic Installer can trace the welding path to an interim location, 
a minimum of 10 feet from the location of the failed test (in each direction) 
and take a small sample for an additional field test at each location.  If these 
additional samples pass the field tests, then full laboratory samples shall be 
taken.  These full laboratory samples shall be tested in accordance with Part 
3.03.J.4 of this Section.  If these laboratory samples pass the tests, then the 
seam shall be reconstructed between these locations.  If either sample fails, 
then the process shall be repeated to establish the zone in which the seam 
should be reconstructed.  All acceptable seams must be bounded by two 
locations from which samples passing laboratory destructive tests have been 
taken.  In cases exceeding 150 ft of reconstructed seam, a sample taken from 
within the reconstructed zone must pass destructive testing. 

b. Whenever a sample fails, the CQA Engineer may require additional tests for 
seams that were formed by the same seamer and/or seaming apparatus or seamed 
during the same time shift. 

K. Defects and Repairs: 

1. The geomembrane shall be inspected before and after seaming for evidence of 
defects, holes, blisters, undispersed raw materials, and any sign of contamination by 
foreign matter.  The surface of the geomembrane shall be clean at the time of 
inspection.  The geomembrane surface shall be swept or washed by the Installer if 
surface contamination inhibits inspection.   

2. Each suspected location, both in seam and non-seam areas, shall be nondestructively 
tested using the methods described Part 3.03.I of this Section, as appropriate.  Each 
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location that fails nondestructive testing shall be marked by the CQA Engineer and 
repaired by the Geosynthetic Installer. 

3. When seaming of a geomembrane is completed (or when seaming of a large area of a 
geomembrane is completed) and prior to placing overlying materials, the CQA 
Engineer shall identify all excessive geomembrane wrinkles (Wrinkles with a height 
to width ratio greater than 1H:6W,e.g., 2" height over 12" width).  The Geosynthetic 
Installer shall cut and reseam all wrinkles so identified.  The seams thus produced 
shall be tested like any other seams. 

4. Repair Procedures: 

a. Any portion of the geomembrane exhibiting a flaw, or failing a destructive or 
nondestructive test, shall be repaired by the Geosynthetic Installer.  Several repair 
procedures exist.  The final decision as to the appropriate repair procedure shall be 
agreed upon between the CQA Engineer and the Geosynthetic Installer.  The 
procedures available include: 

i. patching, used to repair holes larger than 1/16 inch, tears, undispersed raw 
materials, and contamination by foreign matter; 

ii. abrading and reseaming, used to repair small sections of extruded seams; 

iii. spot seaming, used to repair minor, localized flaws; 

iv. capping, used to repair long lengths of failed seams; and 

v. removing bad seam and replacing with a strip of new material seamed into 
place (used with long lengths of fusion seams). 

b. In addition, the following criteria shall be satisfied: 

i. surfaces of the geomembrane that are to be repaired shall be abraded no 
more than 20 minutes prior to the repair; 

ii. all surfaces must be clean and dry at the time of repair; 

iii. all seaming equipment used in repair procedures must be approved; 

iv. the repair procedures, materials, and techniques shall be approved in 
advance, for the specific repair, by the CQA Engineer; 

v. patches or caps shall extend at least 6 in. beyond the edge of the defect, and 
all corners of patches shall be rounded with a radius of at least 3 in.; and 

vi. the geomembrane below large caps shall be appropriately cut to avoid water 
or gas collection between the two sheets. 

5. Repair Verification: 

a. Each repair shall be nondestructively tested using the methods described in Part 
3.03.I of this Section, as appropriate.  Repairs that pass the nondestructive test 
shall be taken as an indication of an adequate repair.  Failed tests shall require the 
repair to be redone and retested until a passing test results.  At the discretion of the 
CQA Engineer, destructive testing may be required on large caps. 
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3.04 ANCHORAGE 

A. Temporary anchorage of the geomembrane shall be in accordance with the Construction 
Drawings and consist of the geomembrane extended approximately 10 ft from the toe of the 
waste slope and have two feet of operations layer placed on top. The edge of the 
geomembrane shall be protected with plywood. 

B. Temporary anchor trenches shall be as shown on the Construction Drawings. 

C. Permanent anchorage shall be as shown on the Construction Drawings and in accordance 
with the Specifications for Anchor Trenching in Section 02200. 

3.05 MATERIALS IN CONTACT WITH THE GEOMEMBRANE 

A. The Geosynthetic Installer shall take all necessary precautions to ensure that the 
geomembrane is not damaged during its installation.  During the installation of other 
components of the liner system by the Contractor, the Contractor shall ensure that the 
geomembrane is not damaged.  Any damage to the geomembrane shall be repaired by the 
Geosynthetic Installer , at the expense of the Contractor. 

B. Soil and aggregate materials shall not be placed over the geomembranes at ambient 
temperatures below 40°F or above 104°F, unless otherwise specified. 

C. All attempts shall be made to minimize wrinkles in the geomembrane. 

D. Equipment shall not be driven directly on the geomembrane. Equipment shall only be driven 
above operations layer. 

3.06 CONFORMANCE TESTING 

A. Samples of the geomembrane shall be removed by the CQA Engineer and sent to a 
Geosynthetic CQA Laboratory for testing to ensure conformance with the requirements of 
this Section. The Geosynthetic Installer shall assist the CQA Engineer in obtaining 
conformance samples.  The Geosynthetic Installer and Construction Manager shall account 
for this testing in the installation schedule.  Only material that meets the requirements of 
Part 2.02 this Section shall be installed. Conformance sampling may be conducted at the 
manufacturing facility prior to shipment to the site. 

B. Samples shall be selected by the CQA Engineer in accordance with this Section and with the 
procedures outlined in the CQA Plan. 

C. Samples shall be taken at a minimum frequency of one sample per 100,000 ft2. 

D. The CQA Engineer may increase the frequency of sampling in the event that test results do 
not comply with the requirements of Part 2.02 of this Section. 

E. The following tests shall be performed by the CQA Engineer: 

Test Test Method 
Specific Gravity ASTM D 792 or D 1505 
Thickness ASTM D 5994 
Tensile Properties ASTM D 638 
Carbon Black Content ASTM D 1603 
Carbon Black Dispersion ASTM D 5596 
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F. Any geomembrane that is not certified in accordance with Part 1.07.C of this Section, or 
that conformance testing indicates do not comply with Part 2.02 of this Section, shall be 
rejected.  The Geosynthetic Installer shall replace the rejected material with new material. 

3.07 GEOMEMBRANE ACCEPTANCE 

A. The Geosynthetic Installer shall retain all ownership and responsibility for the 
geomembrane until accepted by the CQA Engineer. 

B. The geomembrane shall be accepted by the CQA Engineer when: 

1. the installation is completed; 

2. all documentation is submitted; 

3. verification of the adequacy of all field seams and repairs, including associated 
testing, is complete; and 

4. all warranties are submitted. 

3.08 PROTECTION OF WORK 

A. The Geosynthetic Installer and Contractor shall use all means necessary to protect all work 
of this Section. 

B. In the event of damage, the Geosynthetic Installer shall make all repairs and replacements 
necessary, to the satisfaction of the CQA Engineer. 

PART 4 –  MEASUREMENT AND PAYMENT 

4.01 GENERAL 

A. Providing for a complying with the requirements set forth in this Section for textured HDPE 
geomembrane for the CAMU Liner Geosynthetic System shall be measured as Lump Sum 
(LS), including geomembrane in the anchor trench to the limits shown on the Drawings, and 
payment shall be included with the lump sum price for CAMU Liner System geosynthetic 
materials provided on the Base Bid Schedule.  

B. Providing for a complying with the requirements set forth in this Section for textured HDPE 
geomembrane for the North and South BMI Landfill Cover systems shall be measured as 
Lump Sum (LS), including geomembrane in the anchor trench to the limits shown on the 
Drawings, and payment shall be included with the lump sum price for North and South BMI 
Landfill Cover liner systems lump sum price provided on the Bid Schedule. 

C. Providing for a complying with the requirements set forth in this Section for textured HDPE 
geomembrane for the CAMU Cover system shall be measured as in-place square feet (SF), 
including geomembrane in the anchor trench to the limits shown on the Drawings, and 
payment shall be included in the unit price for CAMU Cover- geosynthetic system provided 
on the Option Scope Bid Schedule. 

D. The Lump Sum costs shall include all incidentals necessary for a complete installation of 
Geomembrane liner. 
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TABLE 02770-1 
REQUIRED HDPE GEOMEMBRANE PROPERTIES 

 

PROPERTIES QUALIFIERS UNITS SPECIFIED 
VALUES 

TEST 
METHOD 

Physical Properties     
Thickness Average 

Minimum 
mils 
mils 

60 
54 

ASTM D 5994 
 

Specific Gravity Minimum N/A .940 ASTM D 792 
Method A or 

ASTM D 1505 
Mechanical Properties     
Tensile Properties (each direction)     
1. Tensile (Break) 

Strength
 Tensile (Break) 
Strength 

2. Elongation at 
Break 

3. Tensile (Yield) 
Strength 

4. Elongation at Yield 

Minimum lb/in 
 
 
 

% 
 

lb/in 
 

% 

90 
 
 
 

100 
 

126 
 

12 

ASTM D 638 

Puncture Minimum lb 90 ASTM D 4833 
Tear Resistance Minimum lb 42 ASTM D 1004 
Interface Shear 
Strength 

- - Note 1 ASTM D 5321 

Environmental 
Properties 

    

Carbon Black Content Range % 2-3 ASTM D 1603 
Carbon Black 
Dispersion 

N/A none Note 2 ASTM D 5596 

Environmental Stress 
Crack 

Minimum hr 300 ASTM D 5397 

 
Notes: (1) Interface shear strength test(s) shall be performed, by the CQA Engineer, on the composite liner system in 

accordance with Section 02772 —Geosynthetic Clay Liner. 
 (2) Minimum 8 of 10 in Categories 1 or 2; 10 in Categories 1, 2, or 3. 
 



 

 
CAMU Construction 

 Geomembrane
Basic Remediation Company

\SC0313 - TECHNICAL SPECIFICATIONS.D.20080211.DOC 02770-18 2/22/2008
 

TABLE 02770-2 
REQUIRED GEOMEMBRANE SEAM PROPERTIES 

 

PROPERTIES QUALIFIERS UNITS SPECIFIED 
VALUES TEST METHOD 

Shear Strength(1)     
  Fusion minimum lb/in 120 ASTM D 6392 
  Extrusion minimum lb/in 120 ASTM D 6392 
Peel Adhesion     
  FTB(2)     
  Fusion minimum lb/in 91 ASTM D 6392 
  Extrusion minimum lb/in 78 ASTM D 6392 

 
Notes: (1) Also called “Bonded Seam Strength”. 
 (2) FTB = Film Tear Bond means that failure is in the parent material, not the seam.  The maximum seam separation is 

25 percent of the seam area. 
 

 
[END OF SECTION] 
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SECTION 02771 
GEOTEXTILE 

PART 1 –  GENERAL 

1.01 DESCRIPTION OF WORK 

A. The Contractor shall furnish all labor, materials, tools, supervision, transportation, and 
equipment necessary to perform all Work specified herein and as shown on the Construction 
Drawings  

B. The work shall include, but not be limited to, delivery, storage, placement, and seaming of 
the various geotextile components of the project. 

C. Filter geotextile shall be used overlying the drainage aggregate.  A UV protective geotextile 
shall be used overlying the exposed portions of geosynthetic components of the side slope 
liner system. 

D. Construction of the final CAMU cover system and associated storm water management 
features overlying the CAMU will be held as an Option Scope that may be added to the 
contract via Contract Modification at the Owner's sole discretion.   If the Owner decides to 
exercise its option to add the Option Scope, the Construction Manager will notify the 
Contractor no later than 30 days after receipt of the final Eastside Area confirmation 
sampling 

1.02 RELATED SECTIONS 

Section 02200 — Earthwork 

Section 02225 — Drainage Aggregate 

Section 02770 — Geomembrane 

Section 02773 — Geocomposite 

1.03 REFERENCES 

A. Drawings 

B. Construction Quality Assurance (CQA) Plan 

C. Latest version of American Society for Testing and Materials (ASTM) standards: 

ASTM D 3786 Standard Test Method for Hydraulic Bursting Strength of Knitted Goods 
and Nonwoven Fabric-Diaphragm Bursting Strength Test Method 

ASTM D 4355 Standard Test Method for Deterioration of Geotextile from Exposure to 
Ultraviolet Light and Water 

ASTM D 4491 Standard Test Method for Water Permeability of Geotextile by Permittivity 

ASTM D 4533 Standard Test Method for Trapezoid Tearing Strength of Geotextile 

ASTM D 4595 Standard Test Method for Wide Width Tensile Properties of Geosynthetics 
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ASTM D 4632 Standard Test Method for Breaking Load and Elongation of Geotextile 
(Grab Method) 

ASTM D 4751 Standard Test Method for Determining Apparent Opening Size of a 
Geotextile 

ASTM D 4833 Standard Test Method for Index Puncture Resistance of Geotextile, 
Geomembranes, and Related Products 

ASTM D 5261 Standard Test Method for Measuring Mass Per Unit Area of Geotextile 

1.04 SUBMITTALS 

A. The Geosynthetic Installer shall submit to the Construction Manager, at least 21 days prior 
to geotextile delivery, the following information regarding the proposed geotextile: 

1. manufacturer and product name; 

2. minimum property values of the proposed geotextile and the corresponding test 
procedures; 

3. projected geotextile delivery dates; and 

4. list of geotextile roll numbers for rolls to be delivered to the site. 

B. At least 21 days prior to geotextile placement, the Geosynthetic Installer shall submit to the 
Construction Manager the manufacturing quality control certificates for each roll of 
geotextile.  The certificates shall be signed by responsible parties employed by the 
geotextile manufacturer (such as the production manager).  The quality control certificates 
shall include: 

1. lot, batch, and/or roll numbers and identification; and 

2. results of quality control tests, including a description of the test methods used. 

C. The Contractor shall submit to the Construction Manager within 21 days after geomembrane 
installation, as-build conditions of installed geomembrane. As-built shall have locations of 
panel corners and all recorded defects and repairs. 

1.05 QUALITY ASSURANCE 

A. The Geosynthetic Installer shall ensure that the geotextile and installation methods used 
meet the requirements of the Drawings and this Section.  Any material or method that does 
not conform to these documents, or to alternatives approved in writing by the Construction 
Manager, shall be rejected and shall be repaired or replaced by the Geosynthetic Installer. 

B. The Geosynthetic Installer shall be aware of all monitoring and conformance testing 
required by the CQA Plan.  This monitoring and testing, including random conformance 
testing of construction materials and completed work, shall be performed by the CQA 
Engineer.  If nonconformances or other deficiencies are found in the Geosynthetic 
Installer’s materials or completed work, the Geosynthetic Installer shall be required to repair 
the deficiency or replace the deficient materials. 



 

 
CAMU Construction 

 Geotextile
Basic Remeditaion Company

\SC0313 - TECHNICAL SPECIFICATIONS.D.20080211.DOC 02771-3 2/22/2008
 

PART 2 –  PRODUCTS 

2.01 GEOTEXTILE PROPERTIES 

A. Geotextile suppliers shall furnish materials in which the “Minimum Average Roll Values”, 
as defined by the Federal Highway Administration (FHWA), meet or exceed the criteria 
specified in Table 02771-1. 

B. The geotextile shall be nonwoven materials, suitable for use in filter/separation applications 
and woven geotextile for use as a UV protective layer. 

2.02 MANUFACTURING QUALITY CONTROL 

A. The geotextile shall be manufactured with quality control procedures that meet or exceed 
generally accepted industry standards. 

B. The Geotextile Manufacturer shall sample and test the geotextile to demonstrate that the 
material conforms to the requirements of these Specifications. 

C. Any geotextile sample that does not comply with this Section shall result in rejection of the 
roll from which the sample was obtained.  The Geosynthetic Installer shall replace any 
rejected rolls. 

D. If a geotextile sample fails to meet the quality control requirements of this Section the 
Geotextile Manufacturer shall sample and test, at the expense of the Manufacturer, rolls 
manufactured in the same lot, or at the same time, as the failing roll.  Sampling and testing 
of rolls shall continue until a pattern of acceptable test results is established to bound the 
failed roll(s). If a geotextile sample fails to meet the quality control requirements of this 
Section the Manufacturer shall sample and test, at the expense of the Manufacturer, rolls 
manufactured in the same lot, or at the same time, as the failing roll.  Sampling and testing 
of rolls shall continue until a pattern of acceptable test results is established to bound the 
failed roll(s).” 

E. Additional sample testing may be performed, at the Geotextile Manufacturer's discretion 
and expense, to identify more closely any non-complying rolls and/or to qualify individual 
rolls. 

F. Sampling shall, in general, be performed on sacrificial portions of the geotextile material 
such that repair is not required.  The Geotextile Manufacturer shall sample and test the 
geotextile, at a minimum once every 100,000 ft2, to demonstrate that the geotextile 
properties conform to the values specified in Table 02771-1.  At a minimum, the following 
manufacturing quality control tests shall be performed on each type of geotextile: 

Test Procedure Filtration UV Protective 

Grab strength ASTM D 4632 Yes No 

Puncture strength ASTM D 4833 Yes No 

Mullen Burst ASTM D 3786 Yes No 

Trapezoidal Tear ASTM D 4533 Yes No 

Permittivity ASTM D 4491 Yes No 



 

 
CAMU Construction 

 Geotextile
Basic Remeditaion Company

\SC0313 - TECHNICAL SPECIFICATIONS.D.20080211.DOC 02771-4 2/22/2008
 

A.O.S. ASTM D 4751 Yes Yes 

Wide Width Tensile ASTM D 4595 No Yes 

 

G. The Geotextile Manufacturer shall comply with the certification and submittal requirements 
of this Section. 

2.03 PACKING AND LABELING 

A. Geotextile shall be supplied in rolls wrapped in relatively impermeable and opaque 
protective covers. 

B. Geotextile rolls shall be marked or tagged with the following information: 

1. manufacturer's name; 

2. product identification; 

3. lot or batch number; 

4. roll number; and 

5. roll dimensions. 

2.04 TRANSPORTATION, HANDLING, AND STORAGE 

A. The Geosynthetic Installer shall be liable for any damage to the materials incurred prior to 
and during transportation to the site. 

B. The geotextile shall be delivered to the site at least 30 days prior to the planned deployment 
date to allow the CQA Engineer adequate time to perform conformance testing on the 
geotextile samples as described in Part 3.06 of this Section. 

C. Handling, unloading, storage, and care of the geotextile prior to and following installation at 
the site, is the responsibility of the Geosynthetic Installer.  The Geosynthetic Installer shall 
be liable for any damage to the materials incurred prior to final acceptance by the 
Construction Manager. 

D. The Geosynthetic Installer shall be responsible for storage of the geotextile at the site. 

E. The geotextile shall be protected from sunlight, excessive heat or cold, puncture, or other 
damaging or deleterious conditions.  The geotextile shall be protected from mud, dirt, and 
dust.  Any additional storage procedures required by the geotextile Manufacturer shall be 
the responsibility of the Geosynthetic Installer. 

PART 3 –  EXECUTION 

3.01 FAMILIARIZATION 

A. Prior to implementing any of the work described in this Section, the Geosynthetic Installer 
shall become thoroughly familiar with the site, the site conditions, and all portions of the 
work falling within this Section. 
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B. Inspection: 

1. The Geosynthetic Installer shall carefully inspect the installed work of all other 
Sections and verify that all such work is complete to the point where the installation 
of this Section may properly commence without adverse effect. 

2. If the Geosynthetic Installer has any concerns regarding the installed work of other 
Sections or the site, the Construction Manager shall be notified, in writing, prior to 
commencing the work.  Failure to notify the Construction Manager or installation of 
the geotextile shall be construed as Geosynthetic Installer’s acceptance of the related 
work of all other Sections. 

3.02 PLACEMENT 

A. Geotextile installation shall not commence until CQA conformance evaluations, by the 
CQA Engineer, of previous work are complete, including evaluations of the Contractor's 
survey results to confirm that the previous work was constructed to the required grades, 
elevations, and thicknesses. Should the Contractor begin the work of this Section prior to 
the completion of CQA evaluations, he does so at his own risk.  The Contractor shall 
account for the CQA conformance evaluations in the construction schedule. 

B. The Geosynthetic Installer shall handle all geotextile in such a manner as to ensure they are 
not damaged in any way. 

C. The Geosynthetic Installer shall take any necessary precautions to prevent damage to 
underlying materials during placement of the geotextile. 

D. After unwrapping the geotextile from its opaque cover, the filtration geotextile shall not be 
left exposed for a period in excess of 15 days unless a longer exposure period is approved in 
writing by the geotextile manufacturer. 

E. The Geosynthetic Installer shall take care not to entrap stones, excessive dust, or moisture in 
the geotextile during placement. 

F. The Geosynthetic Installer shall anchor or weight all geotextile with sandbags, or the 
equivalent, to prevent wind uplift. 

G. The Geosynthetic Installer shall examine the entire geotextile surface after installation to 
ensure that no foreign objects are present that may damage the geotextile or adjacent layers.  
The Contractor shall remove any such foreign objects and shall replace any damaged 
geotextile. 

3.03 SEAMS AND OVERLAPS 

A. On slopes steeper than 10 horizontal to 1 vertical, geotextiles shall be continuous down the 
slope; that is, no horizontal seams are allowed.  Horizontal seams shall be considered as any 
seam having an alignment exceeding 20 degrees from being perpendicular to the slope 
contour lines, unless otherwise approved by the Construction Manager. 

B. Geotextile shall be continuously sewn (i.e., spot sewing is not allowed) using a “single 
prayer” seam, with the stitching a minimum of 1.5 inches from the edge of the geotextile.  

C. Geotextile shall be sewn with polymeric thread, having similar strength characteristics as 
the geotextile. 
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3.04 REPAIR 

A. Any holes or tears in the geotextile shall be repaired using a patch made from the same 
geotextile.  Geotextile patches shall be sewn into place no closer than 1 inch from any panel 
edge.  Should any tear exceed 50% of the width of the roll, that roll shall be removed and 
replaced. 

B. Where geosynthetic materials underlie the geotextile being placed, care shall be taken to 
remove any soil or other material that may have penetrated the torn geotextile. 

3.05 PLACEMENT OF SOIL MATERIALS 

A. The Contractor shall place soil materials on top of the geotextile in such a manner as to 
ensure that: 

1. the geotextile and the underlying materials are not damaged; 

2. minimum slippage occurs between the geotextile and the underlying layers during 
placement; and 

3. excess stresses are not produced in the geotextile. 

B. Equipment shall not be driven directly on the geotextile. 

C. Unless otherwise approved in writing by the Construction Manager, all equipment operating 
on materials overlying the geotextile shall comply with Section 02200 and Section 02225. 

3.06 CONFORMANCE TESTING 

A. Samples of the geotextile materials shall be removed by the CQA Engineer after the 
material has been received at the site and sent to a Geosynthetic CQA Laboratory for testing 
to ensure conformance with the requirements of this Section.  This testing shall be carried 
out, in accordance with the CQA Plan, prior to the start of the work of this Section. 

B. Samples of each geotextile shall be taken, by the CQA Engineer, at a minimum frequency of 
one sample per 200,000 ft2. 

C. The CQA Engineer may increase the frequency of sampling in the event that test results do 
not comply with requirements of Part 2.01 of this Section until passing conformance test 
results are obtained for all material that is received at the site.  This additional testing shall 
be performed at the expense of the Contractor. 

D. The following conformance tests shall be performed: 

Test Procedure Filtration UV Protective 

Grab strength ASTM D 4632 Yes No 

Puncture strength ASTM D 4833 Yes No 

Mullen Burst ASTM D 3786 Yes No 

Trapezoidal Tear ASTM D 4533 Yes No 
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Permittivity ASTM D 4491 Yes No 

A.O.S. ASTM D 4751 Yes Yes 

Wide Width Tensile ASTM D 4595 No Yes 

 

E. Any geotextile that is not certified in accordance with Part 1.04 of this Section, or that 
conformance testing results do not comply with Part 2.01 of this Section, shall be rejected.  
The Geosynthetic Installer shall replace the rejected material with new material. 

3.07 PROTECTION OF WORK 

A. The Geosynthetic Installer shall use all means necessary to protect all work of this Section. 

B. In the event of damage, the Geosynthetic Installer shall make repairs and replacements to 
the satisfaction of the Construction Manager at the expense of the Contractor. 

PART 4 –  MEASUREMENT AND PAYMENT 

4.01 GENERAL 

A. Providing for and complying with the requirements set forth in this Section for Filtration 
Geotextile shall be measured as incidental to:  

1. Base Bid Schedule: LCRS HDPE piping and gravel on the Base Bid Schedule; and 

2. Option Scope Bid Schedule:  

a. CAMU Cover – 4-inch Corrugated Polyethylene Pipe 

b. Aggregate Road Base 

B. Providing for and complying with the requirements set forth in this Section for UV 
Protection Geotextile shall be measured included as incidental to the CAMU Liner System 
Geosynthetic Materials, including UV Protection Geotextile in the anchor trench to the 
limits shown on the Drawings. 

C. The bid item costs shall include all incidentals necessary for a complete installation of 
Geotextile. 
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TABLE 02771-1 
REQUIRED PROPERTY VALUES FOR GEOTEXTILE 

PROPERTIES QUALIFIERS UNITS
FILTER 

SPECIFIED 
VALUES 

UV 
PROTECTIVE 

SPECIFIED 
VALUES 

TEST 
METHOD 

Type   nonwoven woven (-) 

Mass per unit area minimum oz/yd2 6(1) - ASTM D 5261 

Filter Requirements      

Apparent opening size 
(O95) 

maximum mm 0.21 0.43 ASTM D 4751 

Permittivity minimum s-1  0.6 - ASTM D 4491 

Mechanical 
Requirements 

     

Grab strength minimum lb 130 - ASTM D 4632 

Puncture strength minimum lb 40 - ASTM D 4833 

Mullen Burst minimum psi 210 - ASTM D 3786 

Trapezoidal Tear minimum lb 40 - ASTM D 4533 

Wide Width Tensile 
Strength 

minimum ppi - 110 ASTM D 4595 

Durability      

Ultraviolet Resistance 
@ 500 hours 

minimum % 70 70 ASTM D 4355 

Notes: (1) For information purposes only, not a required property. 

[END OF SECTION] 
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SECTION 02772 
GEOSYNTHETIC CLAY LINER 

PART 1 –  GENERAL 

1.01 DESCRIPTION OF WORK 

A. The Contractor shall furnish all labor, materials, tools, supervision, transportation, and 
equipment necessary to perform all Work specified herein and as shown on the Construction 
Drawings  

B. The work shall include, but not be limited to, delivery, storage, placement, anchorage, and 
seaming of the GCL. 

C. Construction of the final CAMU cover system will be held as an Option Scope that may 
be added to the contract via Contract Modification at the Owner's sole discretion.   If the 
Owner decides to exercise its option to add the Option Scope, the Construction Manager 
will notify the Contractor no later than 30 days after receipt of the final Eastside Area 
confirmation sampling 

1.02 RELATED SECTIONS 

Section 02200 — Earthworks 

Section 02770 — Geomembrane 

1.03 REFERENCES 

A. Drawings 

B. Construction Quality Assurance (CQA) Plan 

C. Latest Version American Society of Testing and Materials (ASTM) Standards: 

ASTM D 2216 Standard Test Method for Laboratory Determination of Water (Moisture) 
Content of Soil, Rock, and Soil-Aggregate Mixtures 

ASTM D 5321 Determination of the Coefficient of Soil and Geosynthetic or Geosynthetic 
and Geosynthetic Friction by the Direct Shear Method 

ASTM D 5887 Test Method for Measurement of Index Flux Through Saturated 
Geosynthetic Clay Liner Specimens using a Flexible Wall Permeameter 

ASTM D 5888 Guide for Storage and Handling of Geosynthetic Clay Liners 

ASTM D 5890 Test Method for Swell Index of Clay Mineral Component of Geosynthetic 
Clay Liners 

ASTM D 5891 Test Method for Fluid Loss of Clay Component of Geosynthetic Clay 
Liners 

ASTM D 5993 Test Method for Measuring Mass per Unit Area of Geosynthetic Clay 
Liners 
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1.04 QUALIFICATIONS 

A. The Manufacturer shall be a well-established firm with more than ten years of documented 
experience in the manufacturing of GCL. 

B. The Geosynthetic Installer shall install the GCL and shall meet the requirements of 
Section 02770 and this Section. 

1.05 SUBMITTALS 

A. At least 21 days before transporting any GCL to the site, the Manufacturer shall provide the 
following documentation to the Construction Manager for approval. 

1. documentation of Geomembrane Manufacturer’s experience in manufacturing GCL. 

2. list of material properties, including test method, to which are attached GCL samples. 

3. projected delivery dates for this project. 

4. Manufacturing quality control certificates for each shift's production, signed by 
responsible parties employed by the Manufacturer (such as the production manager). 

5. The quality control certificates shall include: 

a. roll numbers and identification; and 

b. results of quality control tests, including description of test methods used, outlined 
in Part 2.01 of this Section. 

6. The Manufacturer shall certify that the GCL meets all the properties outlined in 2.01 
of this Section. 

B. Contractor shall submit to Construction Manager results of interface shear test(s) performed 
on the proposed geosynthetic and soil components in accordance with ASTM D 5321 as 
specified in Subpart 2.02 of this Section. 

C. During installation, the Geosynthetic Installer shall be responsible for the timely submission 
to the Construction Manager of: 

1. Quality control documentation; and 

2. Subgrade acceptance certificates, signed by the Geosynthetic Installer, for each area 
to be covered by geosynthetic materials. 

1.06 CONSTRUCTION QUALITY ASSURANCE MONITORING 

A. The Geosynthetic Installer shall ensure that the materials and methods used for the GCL 
meet the requirements of the Drawings and this Section.  Any material or method that does 
not conform to these documents, or to alternatives approved in writing by the Construction 
Manager, shall be rejected and shall be repaired or replaced. 

B. The Geosynthetic Installer shall be aware of all monitoring and conformance testing 
required by the CQA Plan.  This monitoring and testing, including random conformance 
testing of construction materials and completed work, shall be performed by the CQA 
Engineer.  If nonconformances or other deficiencies are found in the materials or completed 
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work, the Geosynthetic Installer shall be required to repair the deficiency or replace the 
deficient materials. 

PART 2 –  PRODUCTS 

2.01 MATERIAL PROPERTIES 

A. The flux of the GCL shall be no greater than 1 x 10-8 m3/m2-sec, when measured in a 
flexible wall permeameter in accordance with ASTM D 5887 under an effective confining 
stress of 5 pounds per square inch. 

B. The GCL shall have the following minimum dimensions: 

1. the minimum roll width shall be 15 feet; and 

2. the liner length shall be long enough to conform with the requirements specified in 
this Section. 

C. The bentonite component of the GCL shall be applied at a minimum concentration of 0.75 
pound per square foot, when measured at a water content of less than or equal to 0 percent. 

D. The geotextile components of the GCL shall have a minimum combined mass per unit area 
of 9 oz/yd2 in accordance with ASTM D 5261. 

E. The GCL shall meet the required property values listed in Table 02772-1. 

F. The bentonite shall be adhered to the backing material(s) in a manner that prevents it from 
being dislodged when transported, handled, and installed in a manner prescribed by the 
Manufacturer.  The method used to hold the bentonite in place shall not be detrimental to 
other components of the lining system. 

G. An alternative GCL having a textured vapor barrier (i.e., geomembrane) as an integral 
component of the GCL may be provided.  If an alternative GCL is used, the textured HDPE 
vapor barrier component shall be placed against the prepared subgrade and shall meet the 
following requirements: 

1. have an average thickness of 30-mils in accordance with ASTM D 5994; 

2. not have striations, pinholes, or bubbles on the surface or in the interior; and 

3. be produced so as to be free of holes, blisters, undispersed raw materials, or any sign 
of contamination by foreign matter. 

2.02 INTERFACE SHEAR TESTING 

A. Interface Shear test(s) shall be performed on the proposed geosynthetic and soil components 
in accordance with ASTM D 5321.  Tests shall be performed on several geosythetic 
interfaces as outlined below.   

1. Hydrated GCL interface - the GCL shall be underlain by prepared subgrade 
compacted to 90% of the maximum dry density (ASTM D 1557) at the optimum 
moisture content and overlain by a textured 60-mil HDPE geomembrane, 
geocomposite, and operations layer material.  The geosynthetic components of the 
liner system shall be allowed to “float” (i.e., not fixed) such that the failure surface 
can occur between any of the interfaces.   
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a. Before shearing, the GCL shall be hydrated under a loading of 240 psf (11 Kpa) 
for 48 hours. The test shall be performed at normal stresses of 1, 2, and 3 psi at a 
shear rate of no more than 0.04 in./min. (1 mm/min.). 

b. The results of this test shall have a peak apparent friction angle in excess of 
20 degrees. 

2. Hydrated GCL interface - the GCL shall be underlain by prepared subgrade 
compacted to 90% of the maximum dry density (ASTM D 1557) at the optimum 
moisture content and overlain by a textured 60-mil HDPE geomembrane, 
geocomposite, and operations layer material.  The GCL component of the liner 
system shall be allowed to “float” (i.e., not fixed) such that the failure surface can 
occur at the top, bottom, or internal GCL interfaces. 

a. Before shearing, the GCL shall be hydrated under a loading of 240 psf (11 Kpa) 
for 48 hours.  The test shall be performed under saturated conditions, at normal 
stresses of 20, 40, and 80 psi at a shear rate of no more than 0.04 in./min. (1 
mm/min.).   

b. The results of this test shall have a post-peak apparent friction angle in excess of 
12 degrees.   

3. Hydrated GCL interface - If a GCL containing a geomembrane vapor barrier (i.e. 
Gundseal) is to be used, one additional shear strength test shall be performed.  The 
GCL shall be underlain by prepared subgrade compacted to 90% of the maximum dry 
density (ASTM D 1557) at the optimum moisture content and covered by a textured 
60 mil HDPE geomembrane, geocomposite, and operations layer material.   

a. The test shall evaluate the interface between the bentonite side of an unhydrated 
(i.e., dry) GCL containing a geomembrane vapor barrier and a textured 60 mil 
HDPE geomembrane.  The test shall be set up such that the failure occurs between 
the bentonite component of the GCL and the textured geomembrane.  The test 
shall be performed under dry conditions, at normal stresses of 20, 40, and 80 psi at 
a shear rate of no more than 0.04 in./min. (1 mm/min.). 

b. The acceptance criterion for the interface between the GCL consisting of a 
geomembrane vapor barrier component and the overlying geomembrane shall be 
as follows: 

 tan-1 (0.25 tan δhydrated + 0.75 tanδunhydrated) ≥ 12° 

 where δhydrated is the post-peak apparent friction angle in degrees determined in 
test No. 2 and δunhydrated is the post-peak apparent friction angle in degrees 
determined in test No. 3. 

2.03 MANUFACTURING QUALITY CONTROL 

A. The GCL shall be manufactured with quality control procedures that meet or exceed 
generally accepted industry standards. 

B. The Manufacturer shall sample and test the GCL to demonstrate that the material complies 
with the requirements of this Section. 

C. Any GCL sample that does not comply with this Section shall result in rejection of the roll 
from which the sample was obtained.  The Manufacturer shall replace any rejected rolls. 
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D. If a GCL sample fails to meet the quality control requirements of this Section, the 
Construction Manager shall require that the Manufacturer sample and test, at the expense of 
the Manufacturer, rolls manufactured in the same lot, or at the same time, as the failing roll.  
Sampling and testing of rolls shall continue until a pattern of acceptable test results is 
established to bound the failed roll(s). 

E. Additional sample testing may be performed, at the Manufacturer’s discretion and expense, 
to more closely identify any non-complying rolls and/or to qualify individual rolls. 

F. Sampling shall, in general, be performed on sacrificial portions of the GCL material such 
that repair is not required.  The Manufacturer shall sample and test the GCL to demonstrate 
that its properties conform to the requirements stated herein.  At a minimum, the following 
tests shall be performed by the Manufacturer: dry mass per unit area and index flux at 
frequencies of at least 1 per 50,000 ft2 and 1 per 200,000 ft2, respectively. 

G. The Manufacturer shall comply with the certification and submittal requirements of this 
Section. 

2.04 PACKING AND LABELING 

A. GCLs shall be supplied in rolls wrapped in impermeable and opaque protective covers. 

B. GCLs shall be marked or tagged with the following information: 

1. Manufacturer’s name; 
2. product identification; 
3. lot number; 
4. roll number; and 
5. roll dimensions. 

2.05 TRANSPORTATION, HANDLING AND STORAGE 

A. Handling, storage, and care of the GCL, prior to and following installation, is the 
responsibility of the Geosynthetic Installer, until final acceptance by the Construction 
Manager. 

B. The GCL shall be stored and handled in accordance with ASTM D 5888. 

C. The Geosynthetic Installer shall be liable for all damage to the materials incurred prior to 
and during transportation to the site. 

D. The GCL shall be on-site at least 30 days prior to the scheduled installation date to allow for 
completion of conformance testing described in Part 3.08 of this Section. 

PART 3 –  EXECUTION 

3.01 FAMILIARIZATION 

A. Prior to implementing any of the work described in this Section, the Geosynthetic Installer 
shall carefully inspect the installed work of all other Sections and verify that all work is 
complete to the point where the installation of this Section may properly commence without 
adverse impact. 

B. Inspection: 



 

 
CAMU Construction 

 Geosynthetic Clay Liner
Basic Remediation Company

\SC0313 - TECHNICAL SPECIFICATIONS.D.20080211.DOC 02772-6 2/22/2008
 

1. The Geosynthetic Installer shall carefully inspect the installed work of all other 
Sections and verify that all work is complete to the point where the installation of this 
Section may properly commence without adverse impact. 

2. If the Geosynthetic Installer has any concerns regarding the installed work of other 
Sections, he should notify the Construction Manager in writing prior to commencing 
the work.  Failure to notify the Construction Manager or installation of the GCL shall 
be construed as Geosynthetic Installer’s acceptance of the related work of all other 
Sections. 

C. A pre-installation meeting shall be held to coordinate the installation of the GCL with the 
installation of other components of the lining system. 

3.02 SURFACE PREPARATION 

A. The Geosynthetics Installer shall provide certification in writing that the surface on which 
the GCL shall be installed is acceptable.  This certification of acceptance shall be given to 
the Construction Manager prior to commencement of geomembrane GCL installation in the 
area under consideration. 

B. Special care shall be taken to maintain the prepared soil surface so no loose materials 
greater than 1-inch are on the subgrade. 

C. No GCL shall be placed onto an area that has been softened by precipitation or that has 
cracked due to desiccation.  The soil surface shall be observed daily to evaluate the effects 
of desiccation cracking and/or softening on the integrity of the prepared subgrade. Subgrade 
shall have no cracks larger than 1/16-inch and there shall be no visible damp/wet areas. 

D. Subgrade shall conform to requirements of Section 02200, Subpart 2.01. 

3.03 CREST ANCHORAGE SYSTEM 

A. The anchor trench shall be excavated, prior to GCL placement, to the lines and grades 
shown on the Drawings. 

B. No loose soil shall be allowed in the anchor trench beneath the GCL. 

C. The GCL shall be temporarily anchored in the anchor trench until all geosynthetic layers are 
installed in the anchor trench as shown on the Drawings. 

3.04 HANDLING AND PLACEMENT 

A. The Geosynthetic Installer shall handle all GCL in such a manner that they are not damaged 
in any way and so that they do not become hydrated prior to, or during, installation. 

B. In the presence of wind, all GCLs shall be sufficiently weighted with sandbags to prevent 
their movement. 

C. Any GCL damaged by stones or other foreign objects, or by installation activities, shall be 
repaired in accordance with Part 3.07 by the Geosynthetic Installer. 

D. If an alternative GCL is used, the vapor barrier portion of the GCL shall be installed against 
the underlying prepared subgrade. 
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E. The GCL shall not be installed on an excessively moist subgrade or on standing water.  The 
GCL shall be installed in a way that prevents hydration of the GCL prior to completion of 
construction of the liner system. 

F. The GCL shall not be installed during precipitation or other conditions that may cause 
hydration of the GCL. 

G. All hydrated GCL shall be removed and replaced by the Geosynthetic Installer. 

3.05 WESTERN DITCH LINER INSTALLATION 

A. GCL installers conducting GCL installation above the Western Ditch Area shall have 
current 40 hour Occupational Safety and Health Administration Hazardous Waste 
Operations and Emergency Response Standard (OSHA HAZWOPER) training. 

B. PPE required by the Contractor’s Health and Safety Plan shall be worn while installing GCL 
above Western Ditch Area.  

3.06 OVERLAPS 

A. On slopes steeper than 10 horizontal to 1 vertical, all GCL shall be continuous down the 
slope; that is, no horizontal seams shall be allowed on the slope.  Horizontal seams shall be 
considered as any seam having an alignment exceeding 20 degrees from being 
perpendicular to the slope contour lines, unless otherwise approved by the Construction 
Manager. 

B. All GCL shall be overlapped in accordance with the Manufacturer’s recommended 
procedures.  As a minimum, along the length (i.e., the sides) of the GCL the overlap shall be 
6 inches, and along the width (i.e., the ends) the overlap shall be 12 inches. 

C. GCL shall be seamed in accordance with Manufacturer’s bentonite seaming 
recommendations as follows: 

1. CETCO Super groove and Gundseal: No bentonite required. 

2. All others: bentonite application rate of one quarter pound per linear foot. 

3.07 MATERIALS IN CONTACT WITH THE GCL 

A. Geomembrane installation shall immediately follow the GCL installation.  All GCL that is 
placed during a day's work shall be covered with geomembrane before the Geosynthetic 
Installer leaves the site at the end of the day.  The edges of GCL placement should be 
covered each day and protected from hydration due to storm water run-on. 

B. Material shall not be placed on a GCL that is hydrated. 

C. Installation of other components of the liner system shall be carefully performed to 
minimize damage to the GCL. 

D. Vehicular traffic shall be limited to vehicles that exhibit a ground pressure less than that of 
foot traffic pressure.  

E. Installation of the GCL in appurtenant areas, and connection of the GCL to appurtenances 
shall be made according to the Drawings.  The Geosynthetic Installer shall ensure that the 
GCL is not damaged while working around the appurtenances. 
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3.08 REPAIR 

A. Any holes or tears in the GCL shall be repaired by placing a GCL patch over the hole.  On 
slopes steeper than 10 percent, the patch shall overlap the edges of the hole or tear by a 
minimum of 2 feet in all directions.  On slopes 10 percent or flatter, the patch shall overlap 
the edges of the hole or tear by a minimum of 1 foot in all directions.  The patch shall be 
secured with a water-based adhesive or hot air welded in place, in accordance with the 
manufacturers approved installation methods. 

B. Care shall be taken to remove any soil or other material, which may have penetrated the torn 
GCL. 

C. The patch shall not be nailed or stapled. 

3.09 ANCHORAGE 

A. Temporary anchorage of the GCL shall be in accordance with the Construction Drawings 
and consist of the GCL extended approximately 10 ft from the toe of the waste slope 
beneath the geomembrane.  

B. Temporary anchor trenches shall be as shown on the Construction Drawings. 

C. Permanent anchorage shall be as shown on the Construction Drawings and in accordance 
with the Specifications for Anchor Trenching in Section 02200. 

3.10 CONFORMANCE TESTING  

A. Samples of the GCL shall be removed by the CQA Engineer and sent to a Geosynthetic 
CQA Laboratory for testing to ensure conformance with the requirements of this Section.  
The Geosynthetic Installer shall assist the CQA Engineer in obtaining conformance 
samples.  The Geosynthetic Installer shall account for this testing in the installation 
schedule. Conformance sampling may be conducted at the manufacturing facility prior to 
shipment to the site.   

B. Samples shall be taken at a minimum frequency rate of one sample per 100,000 square feet. 

C. The CQA Engineer may increase the frequency of sampling in the event that test results do 
not comply with the requirements of Part 2.01 of this Section until passing conformance test 
results are obtained for all material that is received at the site.  This additional testing shall 
be performed at the expense of the Contractor. If a GCL sample fails to meet the quality 
control requirements of this Section the GCL Manufacturer shall sample and test, at the 
expense of the Manufacturer, rolls manufactured in the same lot, or at the same time, as the 
failing roll.  Sampling and testing of rolls shall continue until a pattern of acceptable test 
results is established to bound the failed roll(s).    

D. As a minimum, the following conformance tests shall be performed: mass per unit area and 
index flux.  All tests shall be carried out at a frequency of one sample per 100,000 ft2 and 
400,000 ft2, respectively.  In addition, the CQA Engineer shall perform a minimum of two 
interface shear strength tests in accordance with Part 2.02. 

E. Any GCL that is not certified by the Manufacturer in accordance with Part 1.05 of this 
section or that does not meet the requirements specified in Part 2.01 shall be rejected and 
replaced by the Geosynthetic Installer. 
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3.11 PROTECTION OF WORK 

A. The Geosynthetic Installer shall use all means necessary to protect all work of this Section. 

B. In the event of damage, the Geosynthetic Installer shall immediately make all repairs and 
replacements necessary to the approval of the Construction Manager. 

C. Contractor shall be responsible for protecting GCL from hydration from precipitation, dust 
spraying activities, or any other activities which could lead to GCL hydration. 

PART 4 –  MEASUREMENT AND PAYMENT 

A. Providing for a complying with the requirements set forth in this Section for CAMU Liner 
GCL shall be measured as Lump Sum (LS), including GCL in the anchor trench to the limits 
shown on the Drawings, and payment shall be included with the lump sum price provided 
on the Base Bid Schedule for Liner System Geosynthetic Materials. 

B. Providing for a complying with the requirements set forth in this Section for North and 
South BMI Landfill Cover GCL shall be measured as Lump Sum (LS), including GCL in 
the anchor trench to the limits shown on the Drawings, and payment shall be included with 
the lump sum price provided on the Base Bid Schedule for North and South BMI Landfill 
Cover System Geosynthetic Materials. 

C. Providing for a complying with the requirements set forth in this Section for CAMU Cover 
GCL shall be measured as square foot (SF), including GCL in the anchor trench to the limits 
shown on the Drawings, and payment shall be included with the unit price provided on the 
Option Scope Bid Schedule for CAMU Cover Geosynthetic System. 

D. The bid item costs shall include all incidentals necessary for a complete installation of GCL. 
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TABLE 02772-1 
REQUIRED GCL PROPERTY VALUES 

 

PROPERTIES QUALIFIERS UNITS SPECIFIED(1) 
VALUES TEST METHOD 

 
Liner System Properties 
Interface Shear Strength minimum degrees 12 (liner) 

20 (cover) 
ASTM D 5321(2) 

 
GCL Properties 
Bentonite Content(4) minimum lb/ft2 0.75 ASTM D 5993 
Bentonite Swell Index minimum mL/2g 24 ASTM D 5890 
Bentonite Fluid Loss maximum mL 18 ASTM D 5891 
Hydraulic Flux  minimum m3/m2-s 1 x 10-8 ASTM D 5887(3) 
Moisture Content (Bentonite) maximum percent 25 ASTM D 2216 
 
Notes: (1) All values represent minimum average roll values (i.e., any roll in a lot should meet or exceed the values in this table). 
 (2) Interface shear strength testing shall be performed, by the CQA Engineer, in accordance with Part 2.02 of this Section. 

(3) Hydraulic flux testing shall be performed under an effective confining stress of 5 pounds per square inch. 
(4) Measured at a moisture content of 0 percent. 

 
END OF SECTION 
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SECTION 02773 
GEOCOMPOSITE 

PART 1 –  GENERAL 

1.01 DESCRIPTION OF WORK 

A. The Contractor shall furnish all labor, materials, tools, supervision, transportation, and 
equipment necessary to perform all Work specified herein and as shown on the Construction 
Drawings  

B. The work shall include, but not be limited to, delivery, storage, placement, and seaming of 
the geocomposite. 

C. Geocomposite shall be used overlying the geomembrane and underlying the operations layer 
on the floor and side slopes for the base liner system.  Geocomposite shall be used overlying 
the geomembrane for the final cover liner system. 

D. Construction of the final CAMU cover system will be held as an Option Scope that may 
be added to the contract via Contract Modification at the Owner's sole discretion.   If the 
Owner decides to exercise its option to add the Option Scope, the Construction Manager 
will notify the Contractor no later than 30 days after receipt of the final Eastside Area 
confirmation sampling. 

1.02 RELATED SECTIONS 

Section 02200 — Earthwork 

Section 02770 — Geomembrane 

Section 02771 — Geotextiles 

1.03 REFERENCES 

A. Drawings 

B. Construction Quality Assurance (CQA) Plan 

C. Latest version of American Society for Testing and Materials (ASTM) standards: 

ASTM D 413.  Standard Test Method for Rubber Property-Adhesion to Flexible Substrate. 

ASTM D 792.  Standard Test Methods for Density and Specific Gravity (Relative Density) 
of Plastics by Displacement. 

ASTM D 1603.  Standard Test Method for Carbon Black in Olefin Plastics. 

ASTM D 4491.  Standard Test Methods for Water Permeability of Geotextiles by 
Permittivity. 

ASTM D 4533.  Standard Test Method for Trapezoid Tearing Strength of Geotextiles. 

ASTM D 4632.  Standard Test Method for Grab Breaking Load and Elongation of 
Geotextiles. 
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ASTM D 4716.  Standard Test Method for Constant Head Hydraulic Transmissivity (In-
Plane Flow) of Geotextiles and Geotextile Related Products. 

ASTM D 4751.  Standard Test Method for Determining Apparent Opening Size of a 
Geotextile. 

ASTM D 4833.  Standard Test Method for Index Puncture Resistance of Geotextiles, 
Geomembranes, and Related Products. 

ASTM D 5199.  Standard Test Method for Measuring Nominal Thickness of Geotextiles and 
Geomembranes. 

ASTM D 5261.  Standard Test Method for Measuring Mass per Unit Area of Geotextiles. 

1.04 QUALIFICATIONS 

A. The manufacturer shall be a well-established firm with more than one year documented 
experience in the manufacturing of geocomposite. 

B. The Geosynthetic Installer shall install the geocomposite and shall meet the requirements of 
Section 02770 and this Section. 

1.05 SUBMITTALS 

A. The Geosynthetic Installer shall submit to the Construction Manager, at least 21 days prior 
to geocomposite delivery, the following information regarding the proposed geocomposite: 

1. manufacturer and product name; 

2. manufacturer documentation of at least 1-year of experience manufacturing 
geocomposite 

3. minimum property values of the proposed geocomposite and the corresponding test 
procedures; 

4. projected geocomposite delivery dates; and 

5. list of geocomposite roll numbers for rolls to be delivered to the site. 

B. At least 21 days prior to geocomposite placement, the Geosynthetic Installer shall submit to 
the Construction Manager the manufacturing quality control certificates for each roll of 
geocomposite.  The certificates shall be signed by responsible parties employed by the 
geocomposite manufacturer (such as the production manager).  The quality control 
certificates shall include: 

1. lot, batch, and/or roll numbers and identification; and 

2. results of quality control tests, including a description of the test methods used. 

1.06 CONSTRUCTION QUALITY ASSURANCE MONITORING 

A. The Geosynthetic Installer shall ensure that the geocomposite and installation methods used 
meet the requirements of the Drawings and this Section.  Any material or method that does 
not conform to these documents, or to alternatives approved in writing by the Construction 
Manager, shall be rejected and shall be repaired or replaced by the Geosynthetic Installer. 
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B. The Geosynthetic Installer shall be aware of and accommodate all monitoring and 
conformance testing required by the CQA Plan.  This monitoring and testing, including 
random conformance testing of construction materials and completed work, shall be 
performed by the CQA Engineer.  If nonconformances or other deficiencies are found in the 
Geosynthetic Installer’s materials or completed work, the Geosynthetic Installer shall be 
required to repair the deficiency or replace the deficient materials. 

PART 2 –  PRODUCTS 

2.01 GEOCOMPOSITE PROPERTIES 

A. The Geocomposite Manufacturer shall furnish geocomposites having properties that comply 
with the required property values shown in Table 02773-1.  The Geocomposite 
Manufacturer shall provide results of tests performed using the procedures listed in Table 
02773-1, as well as certification that the materials meet or exceed the specified values. 

B. Geotextiles shall be thermally bonded to both sides of the geonet component of 
geocomposite material rather than chemically bonded. 

C. Geocomposite suppliers shall furnish materials in which the “Minimum Average Roll 
Values”, as defined by the Federal Highway Administration (FHWA), meet or exceed the 
criteria specified in Table 02773-1. 

D. The geocomposite’s geotextile components shall be nonwoven materials, suitable for use in 
filter/separation and cushion applications. 

2.02 MANUFACTURING QUALITY CONTROL 

A. The geocomposite shall be manufactured with quality control procedures that meet or 
exceed generally accepted industry standards. 

B. The geocomposite Manufacturer shall sample and test the geocomposite to demonstrate that 
the material conforms to the requirements of these Specifications. 

C. Any geocomposite sample that does not comply with this Section shall result in rejection of 
the roll from which the sample was obtained.  The Geosynthetic Installer shall replace any 
rejected rolls. 

D. If a geocomposite sample fails to meet the quality control requirements of this Section the 
geocomposite Manufacturer shall sample and test, at the expense of the Manufacturer, rolls 
manufactured in the same lot, or at the same time, as the failing roll.  Sampling and testing 
of rolls shall continue until a pattern of acceptable test results is established to bound the 
failed roll(s). 

E. Additional sample testing may be performed, at the geocomposite Manufacturer's discretion 
and expense, to identify more closely any non-complying rolls and/or to qualify individual 
rolls. 

F. Sampling shall, in general, be performed on sacrificial portions of the geocomposite 
material such that repair is not required.  The Geocomposite Manufacturer shall sample and 
test the geocomposite, at a minimum once every 100,000 ft2, to demonstrate that the 
geocomposite properties conform to the values specified in Table 02773-1.  At a minimum, 
the following manufacturing quality control tests shall be performed on the geotextile 
component of the geocomposite: 
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Test Procedure 

Mass per unit area ASTM D 5261 

Grab strength ASTM D 4632 

Puncture strength ASTM D 4833 

Mullen Burst ASTM D 3786 

Trapezoidal Tear ASTM D 4533 

Permittivity ASTM D 4491 

A.O.S. ASTM D 4751 
G. At a minimum, the following manufacturing quality control tests shall be performed on the 

geonet component of the geocomposite: 

Test Procedure 

Specific gravity ASTM D 792 

Nominal thickness ASTM D 5199 
H. At a minimum, the following manufacturing quality control tests shall be performed on the 

geocomposite: 

Test Procedure 

Transmissivity ASTM D 4716 

Peel strength ASTM D 413 
I. The geocomposite Manufacturer shall comply with the certification and submittal 

requirements of this Section. 

2.03 PACKING AND LABELING 

A. Geocomposite shall be supplied in rolls wrapped in relatively impermeable and opaque 
protective covers. 

B. Geocomposite rolls shall be marked or tagged with the following information: 

1. manufacturer's name; 

2. product identification; 

3. lot or batch number; 

4. roll number; and 

5. roll dimensions. 

2.04 TRANSPORTATION, HANDLING, AND STORAGE 

A. The Geosynthetic Installer shall be liable for any damage to the materials incurred prior to 
and during transportation to the site. 
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B. The geocomposite shall be delivered to the site at least 30 days prior to the planned 
deployment date to allow the CQA Engineer adequate time to perform conformance testing 
on the geocomposite samples as described in Part 3.06 of this Section. 

C. Handling, unloading, storage, and care of the geocomposite prior to and following 
installation at the site, is the responsibility of the Geosynthetic Installer.  The Geosynthetic 
Installer shall be liable for any damage to the materials incurred prior to final acceptance by 
the Construction Manager. 

D. The Geosynthetic Installer shall be responsible for storage of the geocomposite at the site. 

E. The geocomposite shall be protected from sunlight, excessive heat or cold, puncture, or 
other damaging or deleterious conditions.  The geocomposite shall be protected from mud, 
dirt, and dust.  Any additional storage procedures required by the geocomposite 
Manufacturer shall be the responsibility of the Geosynthetic Installer. 

PART 3 –  EXECUTION 

3.01 FAMILIARIZATION 

A. Prior to implementing any of the work described in this Section, the Geosynthetic Installer 
shall carefully inspect the installed work of all other Sections and verify that all work is 
complete to the point where the installation of this Section may properly commence without 
adverse impact. 

B. Inspection: 

1. The Geosynthetic Installer shall carefully inspect the installed work of all other 
Sections and verify that all work is complete to the point where the installation of this 
Section may properly commence without adverse impact. 

2. If the Geosynthetic Installer has any concerns regarding the installed work of other 
Sections, he should notify the Construction Manager in writing prior to commencing 
the work.  Failure to notify the Construction Manager or installation of the 
geocomposite shall be construed as Geosynthetic Installer’s acceptance of the related 
work of all other Sections. 

C. A pre-installation meeting shall be held to coordinate the installation of the geocomposite 
with the installation of other components of the lining system. 

3.02 HANDLING AND PLACEMENT 

A. The Geosynthetic Installer shall not begin geocomposite installation until all QC/QA 
documentation is complete for underlying materials. 

B. The Geosynthetic Installer shall handle all geocomposite in such a manner that it is not 
damaged in any way. 

C. The Geosynthetic Installer shall inspect and verify geomembrane surface below 
geocomposite is free of loose soil and rocks. greater than 1 inch. Geosynthetic installer shall 
remove loose soil and rocks from geomembrane surface prior to geocomposite placement. 

D. Install the geocomposite down the slope not across the slope.  Place ends into the anchor 
trenches in such a manner as to continually keep the geocomposite in tension. 
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E. Precautions shall be taken to prevent damage to underlying layers during placement of the 
geocomposite. 

F. In the presence of wind, all geocomposites shall be sufficiently weighted with sandbags or 
the equivalent to prevent movement.   

G. The geocomposite shall be positioned by hand after being unrolled to minimize wrinkles. 

H. Care shall be taken during placement of geocomposites not to entrap dirt or excessive dust 
in the geocomposite that could cause clogging of the drainage system, and/or stones that 
could damage the adjacent geomembrane.  If dirt or excessive dust is entrapped in the 
geocomposite, it should be cleaned prior to placement of the next material on top of it.  Care 
shall be exercised when handling sandbags, to prevent rupture or damage of the sandbags. 

I. Geocomposites shall only be cut using a hooked utility blade. 

J. After unwrapping the geocomposite from its opaque cover, the geocomposite shall not be 
left exposed for a period in excess of 15 days.  

3.03 OVERLAPS AND SEAMS 

A. Geonet Components: 

1. The geonet components shall be overlapped a minimum 4 in. along the length.  The 
geonet shall be overlapped by a minimum 1 ft. across the width. 

2. Geonet overlaps shall be secured by tying with nylon cable ties.  Tying devices shall 
be white or yellow for easy inspection.  Metallic devices shall not be used. 

3. Seaming of the geonet shall be performed by wrap-ties at 12-in. centers for end of 
panels and at 5-ft centers for edge of panel seams. 

4. No end-of-panel seams shall be placed on slopes exceeding 10 %. 

B. Geotextile Components: 

1. The bottom layers of geotextile shall be overlapped.  The top layers of geotextiles 
shall be continuously sewn.   

2. Polymeric thread, with chemical resistance properties equal to or exceeding those of 
the geotextile component, shall be used for all sewing.   

3.04 PLACEMENT OF OVERLYING MATERIALS 

A. All overlying materials shall be placed in such a manner as to ensure that: 

1. The geocomposite and underlying materials are not damaged; 

2. Minimal slippage occurs between the geocomposite and underlying layers; and 

3. Excess tensile stresses are not produced in the geocomposite. 

4. Equipment shall not be driven directly on the geocomposite. 
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5. Unless otherwise approved in writing by the Construction Manager, all equipment 
operating on the materials overlying the geotextile shall comply with Section 02200 
and Section 02225. 

3.05 ANCHORAGE 

A. Temporary anchorage of the geocomposite shall be in accordance with the Construction 
Drawings and consist of the geocomposite extended approximately 10 ft from the toe of the 
waste slope and have two feet of operations layer placed on top.  

B. Visqueen shall be placed around liner system anchorage as shown on the Construction 
Drawings. 

C. Temporary anchor trenches shall be as shown on the Construction Drawings. 

D. Permanent anchorage shall be as shown on the Construction Drawings and in accordance 
with the Specifications for Anchor Trenching in Section 02200. 

3.06 CONFORMANCE TESTING 

A. Samples of geocomposite shall be removed by the CQA Engineer and sent to a 
Geosynthetic CQA Laboratory for testing to ensure conformance with the requirements of 
this Section.  The Geosynthetic Installer shall assist the CQA Engineer in obtaining 
conformance samples. Conformance sampling may be conducted at the manufacturing 
facility prior to shipment to the site.  The Geosynthetic Installer shall account for this testing 
in the installation schedule. 

B. Samples shall be taken at a minimum frequency rate of one sample per 200,000 square feet. 

C. The CQA Engineer may increase the frequency of sampling in the event that test results do 
not comply with the requirements of Part 2.01 of this Section until passing conformance test 
results are obtained for all material that is received at the site.  This additional testing shall 
be performed at the expense of the Contractor.  

D. If a geocomposite sample fails to meet the quality control requirements of this Section the 
Manufacturer shall sample and test, at the expense of the Manufacturer, rolls manufactured 
in the same lot, or at the same time, as the failing roll.  Sampling and testing of rolls shall 
continue until a pattern of acceptable test results is established to bound the failed roll(s).     

E. D. As a minimum, transmissivity and peel strength shall be performed on each sample. 

F. Any geocomposite that is not certified by the Manufacturer in accordance with Part 1.05 of 
this section or that does not meet the requirements specified in Part 2.01 shall be rejected 
and replaced by the Geosynthetic Installer. 

3.07 PROTECTION OF WORK 

A. The Geosynthetic Installer shall use all means necessary to protect all work of this Section. 

B. In the event of damage, the Geosynthetic Installer shall immediately make all repairs and 
replacements necessary to the approval of the Construction Manager. 
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PART 4 –  MEASUREMENT AND PAYMENT 

4.01 GENERAL 

A. Providing for a complying with the requirements set forth in this Section for CAMU Liner 
Geocomposite shall be measured as Lump Sum (LS), including Geocomposite in the anchor 
trench to the limits shown on the Drawings, and payment shall be included with the lump 
sum price provided on the Base Bid Schedule for Liner System Geosynthetic Materials. 

B. Providing for a complying with the requirements set forth in this Section for North and 
South BMI Landfill Cover Geocomposite shall be measured as Lump Sum (LS), including 
Geocomposite in the anchor trench to the limits shown on the Drawings, and payment shall 
be included with the lump sum price provided on the Base Bid Schedule for North and 
South BMI Landfill Cover System Geosynthetic Materials. 

C. Providing for a complying with the requirements set forth in this Section for CAMU Cover 
Geocomposite shall be measured as square foot (SF), including Geocomposite in the anchor 
trench to the limits shown on the Drawings, and payment shall be included with the unit 
price provided on the Option Scope Bid Schedule for CAMU Cover Geosynthetic System. 

D. The bid item costs shall include all incidentals necessary for a complete installation of 
Geocomposite. 
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TABLE 02773 - 1 

GEOCOMPOSITE PROPERTY VALUES  

SPECIFIED 
VALUES (1) 

 
PROPERTIES 

 
QUALIFIER 

 
UNITS 

Base Liner Final Cover 

TEST 
METHOD 

Geonet Component: 

Specific gravity Minimum  0.935 0.935 ASTM D 792 

Carbon black content Range % 2 – 3 2 – 3 ASTM D 1603 

Nominal thickness Minimum mils 200 200 ASTM D 5199 

Geotextile Components: 

Mass per unit area Minimum oz/yd2  8  6 ASTM D 5261 

Filter Requirements      

Apparent opening size Maximum mm 0.21  0.21 ASTM D 4751 

Permittivity Minimum 1/s 0.6 0.5 ASTM D 4491 

Mechanical Requirements      

Grab strength Minimum lb  190  130 ASTM D 4632 

Puncture strength Minimum lb  110  40 ASTM D 4833 

Mullen Burst Minimum psi 350 210  

Trapezoidal Tear Minimum lb 85 40  

Geocomposite: 

Transmissivity  Minimum m2/s 6 9.2x 10-5   

(2) 
5 x 10-4   (3) ASTM D 4716 

Peel Strength Minimum gm/in 500 500 ASTM D 413 

Notes: 

1. All values except transmissivity represent minimum average roll values (i.e., any roll in a lot should meet or exceed the 
values in this table). 

2. The design transmissivity is the hydraulic transmissivity of the base liner geocomposite measured using water at 68°F 
±3°F  (20°C ±1.5°C) with a hydraulic gradient of 0.1 under a compressive stress of not less than 7,000 12,000 psf.  For the 
test, the geocomposite shall be sandwiched between a layer of operations material and a textured 60-mil HDPE 
geomembrane.  The minimum test duration shall be 24 hours and the report for the test results shall include measurements at 
intervals over the entire test duration. 

3. The design transmissivity is the hydraulic transmissivity of the final cover geocomposite measured using water at 68°F 
±3°F  (20°C ±1.5°C) with a hydraulic gradient of 0.1 under a compressive stress of not less than 300 psf.  For the test, the 
geocomposite shall be sandwiched between a layer of cover soil material and a textured 60-mil HDPE geomembrane.  The 
minimum test duration shall be 24 hours and the report for the test results shall include measurements at intervals over the 
entire test duration. 

 
END OF SECTION 
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SECTION 02820 
CHAIN LINK FENCE 

PART 1 –  GENERAL 

1.01 DESCRIPTION OF WORK 

A. The Contractor shall furnish all labor, materials, tools, supervision, transportation, and 
equipment necessary to perform all Work specified herein and as shown on the Construction 
Drawings  

B. The Work shall include construction of footers, construction of posts, rails, and bracing, 
placement and securing the fence fabric, construction and installation of swing gates, and all 
other Work incidental to construction of a completed fence as shown on the Drawings and 
as described in this Section. 

1.02 RELATED SECTIONS 

Section 01025 –  Measurement and Payment 

Section 01050 – Field Engineering  

Section 01300 – Submittals 

Section 01400 – Quality Control 

Section 01500 – Construction Facilities 

Section 01560 – Temporary Controls  

Section 02200 – Earthwork 

Section 03400 – Cast-in-Place Concrete 

1.03 REFERENCES 

A. Construction Drawings 

B. Latest Version of American Society for Testing and Materials (ASTM) Standards: 

ASTM A 153 Standard Specification for Zinc Coating (Hot-Dip) on Iron and Steel Hardware 

ASTM A 392 Zinc-Coated Steel Chain Link Fence Fabric 

ASTM A 1043 Standard Specification for Strength and Protective Coatings on Metal 
Industrial Chain Link Fence Framework 

1.04 DELIVERY, STORAGE, AND HANDLING 

A. Deliver materials to Site in good condition, in unopened packaging, and with labels intact.  
Inspect materials upon delivery and replace damaged or contaminated materials. 

B. Store materials above ground, under cover, in a dry place, and in a manner to prevent 
damage or staining. 
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C. Handle materials to prevent damage to surfaces, edges, and ends.  Replace damaged 
materials at no additional cost to the Construction Manager. 

1.05 SUBMITTALS 

A. The Contractor shall submit to the Construction Manager, at least 14 days prior to 
installation of fence material, certificates of compliance with the fence Manufacturer’s 
specifications and that the material meets or exceeds all internal quality control 
requirements and the requirements of this Section. 

B. The Contractor shall submit the locations of the fence posts shall be surveyed by the 
Surveyor, and shall be included in the Record Drawings in accordance with Section 01050 
of these Specifications. 

1.06 QUALITY ASSURANCE 

A. The Contractor shall ensure that the materials and methods used for security chain link 
fence construction meet the requirements of the Manufacturer, the Drawings, and this 
Section.  Any material or method that does not conform to these documents, or to 
alternatives approved in writing by the Construction Manager shall be rejected and shall be 
repaired or replaced by the Contractor to the satisfaction of the CQA Engineer at the 
Contractor’s expense. 

PART 2 –  PRODUCTS 

2.01 SECURITY FENCE FABRIC 

A. Fence height shall be consistent with fence currently on site. 

B. Fence fabric: 2” by 2” mesh size, 11 gauge core size, hot-dip zinc galvanized steel wire. 

C. Fence fabric shall be a commercial-grade fence system, as supplied by Master-Halco, or 
shall be equivalent in core material, metallic-coating material, and all coating processes and 
strengths.   

D. Manufacturer shall warranty the fence materials against defects and deterioration, other than 
normal wear and tear, for a minimum of 12 years. 

E. Fabric selvages shall be twisted (barbed) on the top and knuckled on the bottom. 

F. The heights of fabric shall be sufficiently long so that no horizontal splices are required. 

2.02 FRAMEWORK 

A. Framework includes all posts and rails. 

B. Fencing framework shall be made of tubular galvanized steel pipe that conforms to ASTM F 
1043, Group 1a.  The framework shall be standard weight, schedule 40 steel pipe, 
galvanized by the hot-dip method, with a minimum average of 1.8 ounces per square foot of 
zinc-coated surface. 

C. Dimensions of the framework components shall be as shown on the Drawings. 
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2.03 FOOTERS 

A. Post footers shall be made with concrete rated at a minimum of 2,500 pounds per square 
inch (psi) and shall be constructed to the dimensions as shown on the Construction 
Drawings. 

2.04 SWING GATES 

A. Gates frames shall be of the same materials and coatings as for the fence fabric and 
framework. 

B. Dimensions of the gates and gate components shall be as shown on the Construction 
Drawings. 

C. Gate frame members shall be welded at joints for a rigid connection. 

D. Contractor shall provide and install the following hardware for each gate: 

1. Hinges: provide hinges of type to, size, and material to suit gate size.  Hinges shall be 
non-liftoff type, offset to permit 180 degree gate opening. 

2. Latch: exit control lock and cylinder, as shown on the Drawings. 

3. Latch rail: steel plate, weld to stiles at interior side of gate to receive and protect latch. 

2.05 HARDWARE  

A. Hardware shall include bolts, tension rods, and truss rods. 

B. Hardware shall be made of galvanized steel as per ASTM A 153.  

C. Bolts shall be 3/16” diameter self drilling hex head TEK screws with flat washers, as 
manufactured by Hilti, Red Head, or approved. 

D. Tension rods shall be in standard lengths to equal full height of fabric, with maximum cross 
section to suit fabric openings.  Provide one tension rod for each gate post and corner post. 

E. Truss rods shall be minimum 3/8” diameter threaded, galvanized steel rod and turnbuckle. 

2.06 FITTINGS 

A. Fittings include: tension and brace bands, caps, eye tops, rail ends, sleeves, and tie wires. 

B. All fittings, except tie wires, shall be hot-dip galvanized steel.  Tie wires shall be zinc-
coated steel wire.   

PART 3 –  EXECUTION 

3.01 GENERAL 

A. In the Eastside Area, Contractor shall erect fence around the perimeter of the active work 
area shown on the Construction Drawings, while the Owner maintains existing site 
perimeter fence. 
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B. When shipping, delivering, and installing all fence materials, do so to ensure a sound, 
undamaged installation.  Provide storage for all materials and equipment delivered to the 
Site that is protective of stored materials.  Handle and store materials in accordance with the 
Manufacturer's recommendations. 

C. Prior to installation, examine surfaces designated to receive Work described in the Section 
for conditions adversely affecting the finished Work.  Repair or replace surfaces not 
meeting tolerances or quality requirements governing substrate construction prior to 
initiating this Work. 

D. Do not begin installation and erection before construction of the concrete secondary 
containment portion of the Work is complete. 

3.02 INSTALLATION 

A. Install materials in accordance with accepted shop drawings and Manufacturer’s printed 
instructions. 

B. Provide top and interim rails as shown on Drawings.  Install each as one piece between 
posts.  Offset as necessary to allow for depth of fabric. 

C. Place chain link fabric on the outside of the area to enclosed.  Secure one end and apply 
sufficient tension to remove all slack before making attachments elsewhere.  Tighten the 
fabric to provide a smooth uniform appearance, free from sag. 

D. Set line posts equidistant at 10 foot (maximum) spacings. 

E. Set terminal (end, corner, and pull) and gate posts at 500 foot (maximum) spacings. 

F. Install braces and truss rods at gate posts and terminal posts. 

G. Install fence fabric 1 inch above ground level. 

H. Cut the fence fabric at the terminal posts. 

I. Cut fabric by untwisting on picket and attach each span independently at all terminal posts.  
Install tension rods with bolts and washers at 15” on center. 

J. Fasten fabric to all posts, rails, and gate frames with bolts and washers at 15” on center. 

K. Clearances:  install fencing and gates with a maximum ½” clearance between the perimeter 
of the fabric and the framing, between the framing and adjacent construction, and between 
the perimeter of each gate leaf and surrounding construction.  Close off gaps exceeding 
1/2”at the direction of the Construction Manager. 

3.03 GATES 

A.  Install gates plumb, level and secure, for full operation without interference.  Adjust 
hardware for smooth operation and lubricate where necessary.  Gates shall open outward 
form the area to be secured. 

B. Set keepers, stops, and other accessories into concrete as indicated and in accordance with 
manufacturer’s instructions. 

C. Adjust hardware for smooth operation and lubrication where necessary 
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3.04 CLEANING UP 

A. During the progress of the Work, the premises shall be kept free of debris and waste.  Upon 
completion, remove from the Site and dispose of all debris and surplus materials in a lawful 
manner. 

B. At completion of Work, touch up minor damage to all surfaces to the satisfaction of the 
Construction Manager.  Protect completed Work until final acceptance by the Construction 
Manager. 

C. Repair of Galvanized Surfaces: use galvanize repair compound (stick form) or other method 
to repair galvanized surfaces. Comply with manufacturer’s instructions.  

3.05 SURVEY 

A. The locations of the fence posts shall be surveyed by the Surveyor, and shall be included in 
the Record Drawings in accordance with Section 01050 of these Specifications. 

PART 4 –  MEASUREMENT AND PAYMENT 

4.01 GENERAL 

A. Providing for and complying with the requirements set forth in this Section for chain link 
fence shall be included with the Mobilization and Demobilization lump sum costs provided 
on the Base Bid Schedule. 

B. The bid item costs shall include all incidentals necessary for a complete installation of 
Chain Link Fence. 

END OF SECTION]
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SECTION 03400 
CAST-IN-PLACE CONCRETE 

 

PART 1 –   GENERAL 

1.01 DESCRIPTION OF WORK 

A. The Contractor shall furnish all labor, materials, tools, supervision, transportation, and 
equipment necessary to perform all Work specified herein and as shown on the Construction 
Drawings  

B. The Work shall include, but not be limited to, procurement, delivery, subgrade preparation, 
formwork, concrete placement, control joints, surface treatment, and curing. 

1.02 RELATED SECTIONS 

Section 02200 – Earthwork 

1.03 REFERENCES 

A. Construction Drawings 

B. Geosyntec, 2007 “Construction Quality Assurance Plan for the Construction of the 
Corrective Action Management Unit, Basic Remediation Company, Henderson, Nevada,” 
August. 

C. Clark County Area Uniform Standard Specifications (CCAUSS) and Clark County Area 
Uniform Standard Drawings (CCAUSD). 

D. Latest version of American Concrete Institute (ACI) standards: 

ACI 117 Tolerances for Concrete Construction and Materials 

ACI 211.1 Selecting Proportions for Normal, Heavyweight, and Mass Concrete 

ACI 301 Structural Concrete for Buildings 

ACI 304R Measuring, Mixing, Transporting, and Placing Concrete 

ACI 308 Standard Practice for Curing Concrete 

ACI 318 Building Code Requirements for Reinforced Concrete 

ACI 347R Formwork for Concrete 

E. Latest version of the American Society for Testing and Materials (ASTM) standards: 

ASTM A185 Welded Steel Wire Fabric for Concrete Reinforcement 

ASTM A497 Welded Deformed Steel Wire Fabric for Concrete Reinforcement 

ASTM A 615 Deformed and Plain Billet-Steel Bars for Concrete Reinforcement 

ASTM C 33 Concrete Aggregates 



 

CAMU Construction  Cast-in-Place Concrete
SC0313 - TECHNICAL SPECIFICATIONS.D.20080211.DOC Page 03400-2 22 February 2008

 

ASTM C 39 Compressive Strength of Cylindrical Concrete Specimens 

ASTM C 94 Ready- Mixed Concrete 

ASTM C 127 Specific Gravity and Adsorption of Coarse Aggregate 

ASTM C 128 Specific Gravity and Adsorption of Fine Aggregate 

ASTM C 143 Slump of Hydraulic Cement Concrete 

ASTM C 150 Portland Cement 

ASTM C 171 Sheet Materials for Curing Concrete 

ASTM C 172 Standard Practice for Sampling Freshly Mixed Concrete 

ASTM C 192 Making and Curing Concrete Test Specimens in the Laboratory 

ASTM C 260 Air Entraining Admixtures for Concrete. 

ASTM C 293 Standard Test Method for Flexural Strength of Concrete (Using Simple 
Beam With Center-Point Loading) 

ASTM C 309 Liquid Membrane - Forming Compounds for Curing Concrete 

ASTM C 403 Time of Setting of Concrete Mixtures by Penetration Resistance 

ASTM C 494 Chemical Admixtures for Concrete 

ASTM C 618 Coal Fly Ash and Raw or Calcined Natural Pozzolan for Use as a Mineral 
Admixture in Portland Cement Concrete 

ASTM D 1751 Preformed Expansion Joint Fillers for Concrete Paving and Structural 
Construction. 

ASTM D 1752 Preformed Sponge Rubber and Cork Expansion Joint Fillers for Concrete 
Paving and Structural Construction. 

F. Latest version of Federal Standards (FS): 

FS TT-C-800 Curing Compound, Concrete, for New and Existing Surfaces. 

1.04 SUBMITTALS 

A. At least 14 days prior to construction of the concrete, Contractor shall submit a mix design 
for the type of concrete to the Construction Manager.  The Contractor shall submit a 
complete list of materials including types, brands, sources, amount of cement, fly ash, 
pozzolans, retardants, and admixtures, and applicable reference specifications for the 
following: 

1. Slump design based on total gallons of water per cubic yard. 

2. Type and quantity of cement. 

3. Brand, type, ASTM designation, active chemical ingredients, and quantity of each 
admixture. 
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4. Compressive strength based on 28-day compression tests. 

B. Delivery Tickets:  

1. Provide duplicate delivery tickets with each load of concrete delivered, one for 
Contractor's records and one for Construction Manager, with the following 
information:  

a. Date and serial number of ticket.  

b. Name of ready-mixed concrete plant, operator, and job location.  

c. Type of cement, admixtures, if any, and brand name.  

d. Cement content, in bags per cubic yard (CY) of concrete, and mix design.  

e. Truck number, time loaded, and name of dispatcher.  

f. Amount of concrete (CY) in load delivered.  

g. Gallons of water added at job, if any, and slump of concrete after water was 
added.  

h. Identification of mix design number. 

C. Contractor shall submit Record Drawings presenting the dimensions, locations and 
elevations of the features. 

1.05 MANUFACTURER QUALITY CONTROL (MQC) 

A. Aggregates shall be sampled and tested in accordance with ASTM C 33. 

B. Concrete test specimens shall be made, cured, and stored in conformity with ASTM C 192 
and tested in conformity with ASTM C 39.  

C. Slump shall be determined in accordance with ASTM C 143. 

1.06 LIMITING REQUIREMENTS 

A. Unless otherwise specified, each concrete mix shall be designed and concrete shall be 
controlled within the following limits:  

1. Concrete slump shall be kept as low as possible, consistent with proper handling and 
thorough compaction.  Unless otherwise authorized by the Construction Manager, 
slump shall not exceed 4 in.  

2. The admixture content, batching method, and time of introduction to the mix shall be 
in accordance with the manufacturer's recommendations for minimum shrinkage and 
for compliance with this Section.  A water-reducing admixture may be included in 
concrete.  
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PART 2 –  PRODUCTS 

2.01 CONCRETE 

A. Concrete Materials 

1. Portland cement concrete shall be in accordance with CCAUSS Section 501. 
2. Cement:  ASTM C150 Sulphate Resistant-Type V low alkali Portland type only, gray 

color; shall conform to CCAUSS Section 701. 
3. Fine and Coarse Aggregates: Shall conform to ASTM C33, and Section 706 of the 

Standard Specifications.  Coarse aggregates shall be 1 ½ inches maximum size, except 
otherwise specified within. 

4. Water:  Clean and not detrimental to concrete.  Water shall be of potable quality. 
2.02 FORM MATERIALS 

A. Conform to ACI 301. 

2.03 REINFORCEMENT 

A. Reinforcing materials shall be in accordance with CCAUSS Section 713. Reinforcing Steel:  
ASTM A615; Grade 60; plain or deformed billet steel bars, as noted on Drawings. 

B. Welded Steel Wire Fabric:  Plain type, ANSI/ASTM A185; in flat sheets; uncoated. 

C. Tie Wire:  Annealed steel, minimum 16 gage size. 

D. Dowels:  ASTM A615; 40 ksi yield grade, plain steel, uncoated finish. 

2.04 ACCESSORIES 

A. Concrete curing materials and admixtures shall be in accordance with CCAUSS Section 
702. Curing Compound:  FS TT-C-800, Type 1, 30 percent solids. 

B. Joint material shall conform to CCAUSS Section 707, except as otherwise noted on 
drawings or by Engineer. 

2.05 ADMIXTURES 

A. Air Entrainment:  ASTM C260. 

B. Chemical Admixture:  ASTM C494, Type A - water reducing, or Type D water reducing 
and retarding. 

2.06 CONCRETE MIX 

A. Concrete shall conform to the requirements of CCAUSS Section 501 and to the 
requirements of ASTM C94, subject to the modifications and supplemental requirements 
contained in these Specifications.  

B. Concrete mix shall be Class AA - 3,000 psi, 28 day compressive strength. 
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C. The Contractor is hereby cautioned that the cement contents shown above are minimum 
values and for general information.  The contractor or concrete supplier shall, at its own 
expense, furnish additional quantities of cement as required to consistently obtain the 
compressive strengths designated above.  Mix design shall be per governing agency 
standards and specifications.  

PART 3 –  EXECUTION 

3.01 SUBGRADE PREPARATION 

A. Subgrade preparation shall be in accordance with Section 02200. 

B. Subgrade shall be graded to the lines and elevations as shown on the Drawings. 

C. Standing water, mud, debris, and foreign matter shall be removed before concrete is placed. 

3.02 INSPECTION 

A. Provide written verification that compacted granular base is ready to support paving and 
imposed loads. 

B. Provide written verification that gradients and elevations of base are correct. 

C. Beginning of installation means acceptance of existing conditions. 

3.03 PREPARATION 

A. Moisten base to minimize absorption of water from fresh concrete. 

B. Notify Construction Manager a minimum of 24 hours prior to commencement of concreting 
operations. 

3.04 FORMING 

A. Place and secure forms to correct location, dimension, and profile. 

B. Assemble formwork to permit easy stripping and dismantling without damaging concrete. 

C. Place joint fillers vertical in position, in straight lines.  Secure to formwork during concrete 
placement. 

3.05 REINFORCEMENT 

A. Place reinforcement at mid-height of slabs-on-grade unless otherwise indicated on 
Drawings. 

B. Interrupt reinforcement at joints as shown on Drawings. 

C. Provide dowelled joints at interruptions of concrete with one end of dowel lubricated to 
allow longitudinal movement. 

3.06 FORMED JOINTS 

A. Locate joints as specified herein or shown on the plans. 
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B. Make all joints perpendicular and straight. 

C. Contraction Joints. 

1. Contraction joints shall be constructed every 10 feet (maximum) and shall conform to 
CCAUSS Section 613 unless otherwise noted on Drawings or by the Construction 
Manager. 

2. Contraction joints shall be constructed every 10 feet (maximum) by using steel 
templates not less than 1/8 inch nor more than 3/16 inch in thickness.  The templates 
shall be removed as soon as the concrete has set sufficiently to hold its shape.  Where 
concrete is placed by slipform methods, the contraction joints every 10 feet may be 
provided by cutting into the fresh concrete to a minimum depth of 1-1/2 inches to 
create a plane of weakness.  The edges of such joints shall be rounded to provide a 
neat workmanship appearance. 

3. Immediately after the forms are removed, the Construction Manager shall inspect the 
contraction joints carefully.  Any concrete or mortar that has sealed across the joint 
shall be cut neatly and removed. 

D. Expansion joints. 

1. Expansion joints, ½ inch in thickness, shall be constructed every 30 feet and at 
changes in direction by using premolded expansion joint filler and shall conform to 
CCAUSS Section 613 unless otherwise noted on Drawings or by the Construction 
Manager.   

3.07 PLACING CONCRETE 

A. Place concrete in accordance with ACI 301 and CCAUSS Section 502. 

B. Ensure reinforcement, inserts, embedded parts, formed joints and dowels are not disturbed 
during concrete placement. 

C. Place concrete continuously between predetermined construction joints.  Do not break or 
interrupt successive pours such that cold joints occur. 

D. Place concrete to straight line pattern.   

3.08 FINISHING OF CONCRETE SURFACES 

A. All finished or formed surfaces shall conform accurately to the shape, alignment, grades and 
sections as shown or requested.  Surfaces shall be free of fins, bulges, ridges, offsets, 
honeycombing, or roughness of any kind, and shall present a finished, smooth, continuous, 
hard surface. 

B. Exposed vertical corners of all concrete structures shall be given a ¾ inch chamfer.  Forms 
shall not be removed until permission to do so has been received from the Construction 
Manager. 

C. Excessive floating of surfaces while the concrete is plastic shall not be permitted.  Exposed 
uniformed surfaces of concrete shall be given the following finishes:  Area paving – broom 
finish; Other surfaces – steel trowel finish. 
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D. Dusting on of dry cement or sand to absorb excess moisture shall not be permitted.  Unless 
otherwise shown, the edges of all exposed horizontal surfaces shall be finished with an 
edging tool to a radius of ½ inch. 

E. All concrete surfaces on which pedestrians can walk shall be finished such that the 
minimum static coefficient of friction between the surface and normal hard soled shoes shall 
be in strict accordance with ADA Guidelines, latest edition. 

3.09 CURING 

A. Place curing compound on exposed concrete surfaces immediately after finishing.  All 
structural concrete shall be cured by being moist for fourteen (14) days after placing or, at 
the option of the Contractor, may be cured by use of a curing compound meeting the 
requirements of CCAUSS Section 702, and which has been approved by the Engineer and 
Construction Manager. 

B. The curing compound shall be applied in accordance with the manufacturer’s instructions at 
a minimum coverage rate of 150 square feet per gallon in such a manner as to cover the 
surface with a uniform film which will seal thoroughly. 

3.10 FIELD QUALITY CONTROL 

A. Concrete Tests 

1. A set of four (4) concrete cylinders shall be taken for every 75 cubic yards, or fraction 
thereof, of each class of concrete placed each day.  One (1) additional test cylinder 
will be taken during cold weather and cured on site under the same conditions as the 
concrete it represents. 

2. One (1) slump test shall be per 20 cubic yards, or fraction thereof, of concrete. 

3. Maintain records of placed concrete items.  Record data, location of placement, 
quantity, air temperature, and test samples taken. 

4. Portland cement concrete shall be subject to the requirements and test methods 
contained in CCAUSS Section 501.02.03. ASTM C 293 shall be performed at a 
frequency of 1 test per 300 cubic yards of concrete. 

5. The determination of compressive strength in psi shall be made by testing 6 inch 
diameter by 12 inch cylinders, made and cured in accordance with ASTM C31 and 
ASTM C39.  Tests and analysis of the aggregates and of the resulting concrete will be 
made by the Construction Manager and the mixes used shall be changed whenever, in 
the opinion of the Construction Manager, such change is necessary or desirable to 
secure the required workability, density, impermeability, surface finish and strength; 
and the Contractor shall be entitled to no additional compensation because of such 
changes.  The cost of laboratory tests on cement, aggregate, and concrete will be 
borne by the Contractor.  The Contractor shall assist the Construction Manager in 
obtaining specimens for testing.  

3.11 PROTECTION 

A. Immediately after placement, protect concrete from premature drying, excessive hot or cold 
temperatures, and mechanical injury.  
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3.12 SURVEY 

A. The Surveyor shall locate the features of the concrete structure. The dimensions, locations 
and elevations of the features shall be presented on the Surveyor’s Record Drawings. 

PART 4 –  MEASUREMENT AND PAYMENT 

4.01 GENERAL 

A. Providing for and complying with the requirements set forth in this Section for LCRS Cast-
In-Place Concrete Anchors shall be on a per-anchor basis (EA) and payment shall be based 
on the unit price for LCRS Concrete Anchors provided on the Bid Schedule. 

B. Providing for and complying with the requirements set forth in this Section for Storm water 
collection improvements at the CAMU – Concrete Channel shall be lump sum (LS), and 
payment shall be based on the Lump Sum price provided on the Bid Schedule. Specified 
items incidental to storm water improvements – concrete channel are: 

1. concrete channel 

2. aggregate base 

3. subgrade preparation 

C. The bid item costs shall include all incidentals necessary for a complete installation of Cast-
in-Place Concrete. 

 
 

[END OF SECTION] 
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SECTION 03410 
REINFORCED CONCRETE PIPE 

 

PART 1 –   GENERAL 

1.01 DESCRIPTION OF WORK 

A. The Contractor shall furnish all labor, materials, tools, supervision, transportation, and 
equipment necessary to perform all Work specified herein and as shown on the Construction 
Drawings  

1.02 RELATED SECTIONS 

Section 02200 – Earthwork  

1.03 REFERENCES 

A. Construction Drawings 

B. Clark County Area Uniform Standard Specifications (CCAUSS) and Clark County Area 
Uniform Standard Drawings (CCAUSD) 

C. Construction Quality Assurance (CQA) Plan 

D. Latest version of American Concrete Institute (ACI) standards: 

ACI 117 Tolerances for Concrete Construction and Materials 

ACI 211.1 Selecting Proportions for Normal, Heavyweight, and Mass Concrete 

ACI 301 Structural Concrete for Buildings 

ACI 304R Measuring, Mixing, Transporting, and Placing Concrete 

ACI 308 Standard Practice for Curing Concrete 

ACI 318 Building Code Requirements for Reinforced Concrete 

ACI 347R Formwork for Concrete 

E. Latest version of the American Society for Testing and Materials (ASTM) standards: 

ASTM A 615 Deformed and Plain Billet-Steel Bars for Concrete Reinforcement 

ASTM C 33 Concrete Aggregates 

ASTM C 39 Compressive Strength of Cylindrical Concrete Specimens 

ASTM C 94 Ready- Mixed Concrete 

ASTM C 127 Specific Gravity and Adsorption of Coarse Aggregate 

ASTM C 128 Specific Gravity and Adsorption of Fine Aggregate 

ASTM C 143 Slump of Hydraulic Cement Concrete 
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ASTM C 150 Portland Cement 

ASTM C 171 Sheet Materials for Curing Concrete 

ASTM C 192 Making and Curing Concrete Test Specimens in the Laboratory 

ASTM C 309 Liquid Membrane - Forming Compounds for Curing Concrete 

ASTM C 403 Time of Setting of Concrete Mixtures by Penetration Resistance 

ASTM C 494 Chemical Admixtures for Concrete 

ASTM C 618 Coal Fly Ash and Raw or Calcined Natural Pozzolan for Use as a 
Mineral Admixture in Portland Cement Concrete 

1.04 SUBMITTALS 

A. At least 14 days prior to construction of the concrete, Contractor shall submit a mix design 
for the type of concrete to the Construction Manager.  The Contractor shall submit a 
complete list of materials including types, brands, sources, amount of cement, fly ash, 
pozzolans, retardants, and admixtures, and applicable reference specifications for the 
following: 

1. Slump design based on total gallons of water per cubic yard. 

2. Type and quantity of cement. 

3. Brand, type, ASTM designation, active chemical ingredients, and quantity of each 
admixture. 

4. Compressive strength based on 28-day compression tests. 

B. Delivery Tickets:  

1. Provide duplicate delivery tickets with each load of concrete delivered, one for 
Contractor's records and one for Construction Manager, with the following 
information:  

a. Date and serial number of ticket.  

b. Name of ready-mixed concrete plant, operator, and job location.  

c. Type of cement, admixtures, if any, and brand name.  

d. Cement content, in bags per cubic yard (CY) of concrete, and mix design.  

e. Truck number, time loaded, and name of dispatcher.  

f. Amount of concrete (CY) in load delivered.  

g. Gallons of water added at job, if any, and slump of concrete after water was 
added.  

h. Identification of mix design number. 
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C. Contractor shall submit Record Drawings presenting the dimensions, locations and 
elevations of the features. 

1.05 MANUFACTURER QUALITY CONTROL (MQC) 

A. Aggregates shall be sampled and tested in accordance with ASTM C 33. 

B. Concrete test specimens shall be made, cured, and stored in conformity with ASTM C 192 
and tested in conformity with ASTM C 39.  

C. Slump shall be determined in accordance with ASTM C 143. 

1.06 LIMITING REQUIREMENTS 

A. Unless otherwise specified, each concrete mix shall be designed and concrete shall be 
controlled within the following limits:  

1. Concrete slump shall be kept as low as possible, consistent with proper handling and 
thorough compaction.  Unless otherwise authorized by the Construction Manager, 
slump shall not exceed 4 in.  

2. The admixture content, batching method, and time of introduction to the mix shall be 
in accordance with the manufacturer's recommendations for minimum shrinkage and 
for compliance with this Section.  A water-reducing admixture may be included in 
concrete.  

PART 2 –  PRODUCTS 

2.01 REINFORCED CONCRETE PIPE 

A. Reinforced Concrete Pipe (RCP) shall be in accordance with CCAUSS Sections 601, 603, 
708, and the Construction Drawings.  

2.02 MANHOLES  

A. Manholes shall be in accordance with CCAUSS Section 609 and the Construction 
Drawings. 

PART 3 –  EXECUTION 

3.01 GENERAL 

A. RCP: Refer to CCAUSS Sections 601, 603, 708, and the Construction Drawings for pipe 
execution. 

B. Manholes: Refer to CCAUSS Section 609 and the Construction Drawings for execution. 

PART 4 –  MEASUREMENT AND PAYMENT 

4.01 GENERAL 

A. Providing for and complying with the requirements set forth in this Section for Reinforced 
Concrete Pipe and Manholes and Inlets shall be measured as Lump Sum (LS), and payment 
shall be based on the lump sum price for Storm water collection improvements at CAMU – 
storm drain piping provided on the Bid Schedule. Incidental to RCP and Manholes are: 
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1. Earthworks 

2. Backfill 

3. Subgrade Preparation 

4. All other necessary incidentals for a complete installation of RCP pipe, manholes, and 
inlets. 

[END OF SECTION] 
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1. INTRODUCTION 
 

1.1 Terms of Reference 
 
GeoSyntec Consultants (GeoSyntec) has prepared this Construction Quality 

Assurance (CQA) Plan for the construction of the Corrective Action Management Unit 
(CAMU) Base Liner System for Basic Remediation Company (BRC) located in 
Henderson, Nevada.  Hereinafter, the CAMU construction is referred to as the Project. 

 
This CQA Plan was prepared by Mr. Gregory T. Corcoran, P.E. of 

GeoSyntec Consultants (GeoSyntec) under the direction of Mr. James A. McKelvey III, 
P.E.  In general accordance with the peer review policies of the firm, Mr. James A. 
McKelvey III, P.E. of GeoSyntec was responsible for senior peer review of the work 
presented in this plan. 

 
1.2 Purpose and Scope of the Construction Quality Assurance Plan 

 
The purpose of the CQA Plan is to address the CQA procedures and 

monitoring requirements for construction of the Project.  The CQA Plan is intended to: 
(i) define the responsibilities of parties involved with the construction; (ii) provide 
guidance in the proper construction of the major components of the Project; (iii) 
establish testing protocols; (iv) establish guidelines for construction documentation; and 
(v) provide the means for assuring that the Project is constructed in conformance to the 
Technical Specifications, permit conditions, applicable regulatory requirements, and 
Construction Drawings. 

 
This CQA Plan addresses the soils and geosynthetic components of the liner 

system for the project.  The soils, geosynthetic, and appurtenant components include 
engineered fill, prepared subgrade, operations layer material, drainage aggregate, 
geosynthetic clay liner, geomembrane, geotextile, geocomposite, and polyethylene pipe.  
It should be emphasized that care and documentation are required in the placement and 
compaction of the soils and aggregate and in the production and installation of the 
geosynthetic materials placed during construction.  The CQA Plan, therefore, delineates 
the procedures to be followed for monitoring construction of these materials. 

 
The scope of this CQA Plan includes the CQA of the soil and geosynthetic 

components of the Project.  The CQA monitoring activities during the selection, 
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evaluation, treatment, placement, and compaction of soils for earthworks, and drainage 
aggregate are included in the scope of this plan.  The CQA protocols applicable to 
manufacturing, shipping, handling, and installing all geosynthetic materials are also 
included.  However, this CQA Plan does not specifically address either installation 
specifications or specification of soils and geosynthetic materials as these requirements 
are addressed in the Technical Specifications. 

 
1.3 References 

 
The CQA Plan includes references to test procedures in the latest editions of the 

American Society for Testing and Materials (ASTM). 
 

1.4 Organization of the Construction Quality Assurance Plan 
 
The remainder of the CQA Plan is organized as follows: 
 
• Section 2 presents definitions relating to CQA; 
• Section 3 describes the parties involved with the CQA; 
• Section 4 describes the responsibilities of the CQA personnel; 
• Section 5 describes site and project control requirements; 
• Section 6 presents CQA documentation; 
• Section 7 presents CQA of earthworks; 
• Section 8 presents CQA of the drainage aggregates; 
• Section 9 presents CQA of the pipe and fittings; 
• Section 10 presents CQA of the geomembrane; 
• Section 11 presents CQA of the geotextile; 
• Section 12 presents CQA of the geosynthetic clay liner; 
• Section 13 presents CQA of the geocomposite; and 
• Section 16 presents CQA surveying. 
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2. DEFINITIONS RELATING TO CONSTRUCTION QUALITY 
ASSURANCE 
 
This CQA Plan is devoted to Construction Quality Assurance.  In the context 

of this document, Construction Quality Assurance and Construction Quality Control are 
defined as follows: 

 
Construction Quality Assurance (CQA) - A planned and systematic pattern 

of means and actions designed to assure adequate confidence that materials and/or 
services meet contractual and regulatory requirements and will perform satisfactorily in 
service. 
 

Construction Quality Control (CQC) - Those actions which provide a means 
to measure and regulate the characteristics of an item or service in relation to 
contractual and regulatory requirements. 

 
In the context of this document: 
 
• CQA refers to means and actions employed by the CQA Consultant 

to assure conformity of the Project “Work” with this CQA Plan, the 
Drawings, and the Technical Specifications. 

 
• Construction Quality Control refers to those actions taken by the 

Contractor, Manufacturer, or Geosynthetic Installer to verify that the 
materials and the workmanship meet the requirements of this CQA 
Plan, the Drawings, and the Technical Specifications.  In the case of 
soil components, CQC is combined with CQA and is provided by the 
CQA Consultant.  In the case of the geosynthetic components and 
piping of the Work, CQC is provided by the Manufacturer and 
Geosynthetic Installer and the Contractor.  CQA testing of soil, pipe, 
and geosynthetic components is provided by the CQA Consultant. 
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3. PARTIES INVOLVED WITH CONSTRUCTION QUALITY 
ASSURANCE 
 

3.1 Engineer 
 
Responsibilities 
 
The Engineer is responsible for the design, Drawings, and Technical 

Specifications for the Project Work.  In this CQA Plan, the term “Engineer” refers to 
Parsons Engineering Science, Inc. (Parsons) and GeoSyntec. 

 
Qualifications 
 
The Engineer of Record shall be a qualified engineer, registered as required 

by Nevada state regulations.  The Engineer should have expertise, which demonstrates 
significant familiarity with piping, geosynthetics and soils, as appropriate, including 
design and construction experience related to landfill liner systems. 

 
3.2 Project Manager 

 
Responsibilities 
 
The Project Manager is responsible for implementing the design, and 

overseeing subcontractors.  In this CQA Plan, the term “Project Manager” refers to a 
qualified BRC employee. 

 
Qualifications 
 
The Project Manager shall be a qualified engineer having familiarity with 

earthwork construction and installation of geosynthetic materials. 
 

3.3 Contractor 
 
Responsibilities 
 
In this CQA Plan, Contractor refers to an independent party or parties, 

contracted by the Owner, performing the Work in general accordance with this CQA 
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Plan, the Drawings, and the Technical Specifications.  The Contractor will be 
responsible for the installation of the soils and geosynthetic components of the liner 
system.  This work will include excavation, placement and compaction of engineered 
fill and prepared subgrade, placement of drainage aggregate and native soil (operations 
layer material), installation and of piping and concrete manhole, installation of 
temporary erosion control features, and coordination of work with the Geosynthetic 
Installer and other subcontractors. 

 
The Contractor will be responsible for constructing the liner system and 

appurtenant components in general accordance with the Drawings and complying with 
the quality control requirements specified in the Technical Specifications. 

 
Qualifications 
 
Qualifications of the Contractor are specific to the construction contract.  

The Contractor should have a demonstrated history of successful earthworks 
construction and maintain current state and federal licenses as appropriate. 

 
3.4 Resin Supplier 

 
Responsibilities 
 
The Resin Supplier produces and delivers the resin to the Geosynthetics 

Manufacturer. 
 
Qualifications 
 
Qualifications of the Resin Supplier are specific to the Manufacturer’s 

requirements.  The Resin Supplier will have a demonstrated history of providing resin 
with consistent properties. 

 
3.5 Geosynthetics Manufacturer 

 
Responsibilities 
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The Manufacturer is responsible for the production of finished material 
(geomembrane, geotextile, geosynthetic clay liner, geocomposite, pipe, and other 
specified material) from appropriate raw materials. 

 
Qualifications 
 
The Manufacturer(s) will be able to provide sufficient production capacity 

and qualified personnel to meet the demands of the project.  The Manufacturer(s) must 
be a well established firm(s) that meet the requirements identified in the Technical 
Specifications. 

 
3.6 Geosynthetic Installer 

 
Responsibilities 
 
The Geosynthetic Installer is responsible for field handling, storage, 

placement, seaming, loading or anchoring against wind uplift, and other aspects of the 
geosynthetic material installation.  The Geosynthetic Installer may also be responsible 
for specialized construction tasks (i.e., including construction of anchor trenches for the 
geosynthetic materials). 

 
Qualifications 
 
The Geosynthetic Installer will be trained and qualified to install the 

geosynthetic materials of the type specified for this project.  The Geosynthetic Installer 
shall meet the qualification requirements identified in the Technical Specifications. 
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3.7 CQA Consultant 
 
Responsibilities 
 
The CQA Consultant is a party, independent from the Contractor, 

Manufacturer, and Geosynthetic Installer, who is responsible for observing, testing, and 
documenting activities related to the CQC and CQA of the earthwork, piping, and the 
geosynthetic components used in the construction of the Project.  The CQA Consultant 
will also be responsible for issuing a CQA report at the completion of the Project 
construction, which details the earthworks, piping, and geosynthetic installation 
activities and associated CQA activities.  The CQA report will be signed and sealed by 
the CQA Officer who will be a Professional Engineer registered in the State of Nevada. 

 
The CQA Consultant will be responsible for obtaining and testing 

representative samples of all components used in construction of the Project as required 
by this CQA Plan and Technical Specifications.  All tests will be conducted in general 
accordance with ASTM or other applicable state or federal standards.  Test results must 
be submitted to the Project Manager within a reasonable timeframe, which will not 
impede or delay construction of the Project.  The CQA Consultant will be responsible 
for inspecting all earthwork, piping, and geosynthetic operations to verify that the 
components are installed in general accordance with this CQA Plan and Technical 
Specifications. 

 
Qualifications 
 
The CQA Consultant is a well established firm specializing in geotechnical 

and geosynthetic engineering and possess the equipment, personnel, and licenses 
necessary to conduct the geotechnical and geosynthetic tests required by the project 
plans and Technical Specifications.  The CQA Consultant will provide qualified staff 
for the project, as necessary, which will include, at a minimum, a CQA Officer, and a 
CQA Site Manager.  The CQA Officer will be a professionally licensed engineer as 
required by Nevada State regulations. 

 
The CQA Consultant will be experienced with earthwork construction and 

the installation of geosynthetic materials similar to those materials used in construction 
of the Project.  The CQA Consultant will be experienced in the preparation of CQA 
documentation including CQA Plans, field documentation, field testing procedures, 
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laboratory testing procedures, construction specifications, construction drawings, and 
CQA reports. 

 
The CQA Site Manager will be specifically familiar with the construction of 

earthworks, piping, and the installation of geosynthetic materials and will be trained by 
the CQA Consultant in the duties of a CQA Site Manager. 

 
3.8 Surveyor 

 
Responsibilities 
 
The Surveyor is a party, independent from the Contractor, Manufacturer, and 

Geosynthetic Installer, that is responsible for surveying, documenting, and verifying the 
location of all significant components of the Work.  The Surveyor’s work is coordinated 
and employed by the Owner.  The Surveyor is responsible for issuing record drawings 
of the construction. 

 
Qualifications 
 
The Surveyor will be a well established surveying company with at least 

3 years experience in the profession of surveying services in the State of Nevada.  The 
Surveyor will be a licensed professional as required by the State of Nevada regulations.  
The Surveyor shall be fully equipped and experienced in the use of total stations and 
AutoCAD Version 14.  All surveying will be performed under the direct supervision of 
the Owner. 

 
3.9 CQA Laboratory 

 
Responsibilities 
 
The CQA Laboratory is a party, independent from the Contractor, 

Manufacturer and Geosynthetic Installer, that is responsible for conducting tests in 
general accordance with ASTM and other applicable test standards on samples of 
geosynthetic materials, soil, and in the field and in either an on-site or off-site 
laboratory. 

 
Qualifications 



 

 

SC0313.CQAPlan.111006.d.wkp.doc 9 06 11 10/15:53 

 
The CQA Laboratory will have experience in testing soils and geosynthetic 

materials and will be familiar with ASTM and other applicable test standards.  The 
CQA Laboratory will be capable of providing test results within a maximum of seven 
days of receipt of samples and will maintain that capability throughout the duration of 
earthworks construction and geosynthetic materials installation. The CQA Laboratory 
will also be capable of transmitting geosynthetic destructive test results within 24 hours 
of receipt of samples and will maintain that capability throughout the duration of 
geosynthetic material installation. 
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4. CQA CONSULTANTS PERSONNEL ORGANIZATION AND 
DUTIES 
 

4.1 Overview 
 
The CQA Officer will provide supervision within the scope of work of the 

CQA Consultant.  The scope of work for the CQA Consultant includes monitoring of 
construction activities including the following: 

 
• excavation and screening of materials; 
 
• placement and compaction of engineered fill, surcharge prepared 

subgrade, and operations layer material; 
 
• installation of geotextile; 
 
• installation of geosynthetic clay liner; 
 
• installation of geomembrane; 
 
• installation of drainage aggregate; 
 
• installation of geocomposite;  

 
• installation of cast-in-place concrete; and 
 
• installation of piping. 
 
The duties of the CQA personnel are discussed in the remainder of this 

section. 
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4.2 CQA Personnel 
 
For construction of the Project, the CQA Consultant’s personnel will 

include: 
 
• the CQA Officer, who operates from the office of the CQA 

Consultant and who conducts periodic visits to the site as required; 
and 

 
• the CQA Site Manager, who is located at the site. 
 
The duties of the CQA Personnel are discussed in the following subsections. 
 

4.2.1 CQA Officer 
 
The CQA Officer shall supervise and be responsible for monitoring and 

CQA activities relating to the construction of the earthworks, piping, and installation of 
the geosynthetic materials of the Project.  Specifically, the CQA Officer: 

 
• reviews the project design, this CQA Plan, Drawings, and Technical 

Specifications; 
 
• reviews other site-specific documentation; unless otherwise agreed, 

such reviews are for familiarization and for evaluation of 
constructability only, and hence the CQA Officer and the CQA 
Consultant assume no responsibility for the liner system design; 

 
• reviews and approves the Geosynthetic Installer’s QC Plan; 
 
• attends resolution and/or pre-construction meetings as needed; 
 
• administers the CQA program (i.e., provides supervision of and 

manages on-site CQA personnel, reviews field reports, and provides 
engineering review of CQA related activities); 
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• provides quality control of CQA documentation and conducts site 
visits; 

 
• reviews the record drawings; and 
 
• with the CQA Site Manager, prepares the CQA report documenting 

that the project was constructed in general accordance with the 
Construction Documents. 

 
4.2.2 CQA Site Manager 

 
The CQA Site Manager: 
 
• acts as the on-site representative of the CQA Consultant; 
 
• attends CQA-related meetings (e.g., resolution, pre-construction, 

daily, weekly (or designates a representative to attend the meeting)); 
 
• prepares or oversees the ongoing preparation of the record drawings; 
 
• reviews test results provided by Contractor; 
 
• assigns locations for testing and sampling; 
 
• oversees the collection and shipping of laboratory test samples; 
 
• reviews results of laboratory testing and makes appropriate 

recommendations; 
 
• reviews the calibration and condition of on-site CQA equipment; 
 
• prepares a daily summary report for the project; 
 
• reviews the Manufacturer’s QC documentation; 
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• reviews the Geosynthetic Installer’s personnel Qualifications for 
conformance with those pre-approved for work on site; 

 
• notes in the daily summary report and reports to the CQA Officer and 

Project Manager on-site activities that could result in damage to the 
geosynthetic materials or other completed work; 

 
• reports unresolved deviations from the CQA Plan, Drawings, and 

Technical Specifications to the Project Manager; and 
 
• assists with the preparation of the CQA report. 
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5. SITE AND PROJECT CONTROL 
 

5.1 Project Coordination Meetings 
 
Meetings of key project personnel are necessary to assure a high degree of 

quality during installation, and promote clear, open channels of communication.  
Therefore, Project Coordination Meetings are an essential element in the success of the 
project.  Several types of Project Coordination Meetings are described below, 
including: (i) resolution meetings; (ii) pre-construction meetings; (iii) progress 
meetings; and (iv) problem or work deficiency meetings. 

 
5.1.1 Resolution Meeting 

 
Following the completion of the design, Drawings, and Technical 

Specifications for the project and prior to the start of construction, a Resolution Meeting 
will be held.  This meeting may include the CQA Officer, the CQA Site Manager, the 
Engineer, and the Project Manager. 

 
The purpose of this meeting is to begin planning for coordination of 

construction tasks, anticipate installation problems which might cause difficulties and 
delays in construction, and, above all, present the CQA Plan to the parties involved.  It 
is very important that the criteria regarding testing, repair, and other CQA activities be 
known and accepted by the parties involved in the work prior to the installation of 
geosynthetic materials and construction of the soil components for the Project. 

 
The first part of the Resolution Meeting may be devoted to a review of the 

Drawings and Technical Specifications for familiarity.  This is different from the peer 
review of the design, including design calculations, which will have been carried out 
previously. 

 
The Resolution Meeting may include the following activities: 
 
• distribute relevant documents to all parties; 
 
• review critical design details of the project; 
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• review this CQA Plan; 
 
• review the Drawings and Technical Specifications; 
 
• make appropriate modifications to the design criteria, Drawings, and 

Technical Specifications so that the fulfillment of the design 
specifications or performance standards can be determined through 
the implementation of the CQA Plan; 

 
• reach a consensus on the quality control procedures, especially on 

methods of evaluating acceptability of the soils and geosynthetic 
materials; 

 
• assign the responsibilities of each party; 
 
• establish work area security and health and safety protocol; 
 
• confirm the methods for documenting observations, reporting, and 

distributing documents and reports; and 
 
• confirm the lines of authority and communication. 
 
The Project Manager will appoint one of the meeting attendees to record the 

discussions and decisions of the Resolution Meeting.  The record of the meeting will be 
documented by the appointee in the form of meeting minutes, which will be 
subsequently distributed to all attendees. 

 
5.1.2 Pre-Construction Meeting 

 
A Pre-Construction Meeting will be held at the site prior to construction of 

the Project.  As a minimum, the Pre-Construction Meeting will be attended by the 
Contractor, the Geosynthetic Installer’s Superintendent, the CQA Consultant, the 
Engineer, and the Project Manager. 

 
Specific items for discussion at the pre-construction meeting include the 

following: 
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• appropriate modifications or clarifications to the CQA Plan; 
 
• the Drawings and Technical Specifications; 
 
• the responsibilities of each party; 
 
• lines of authority and communication; 
 
• methods for documenting and reporting, and for distributing 

documents and reports; 
 
• acceptance and rejection criteria; 
 
• protocols for testing; 
 
• protocols for handling deficiencies, repairs, and re-testing; 
 
• the time schedule for all operations; 
 
• procedures for packaging and storing archive samples; 
 
• panel layout and numbering systems for panels and seams; 
 
• seaming procedures; 
 
• repair procedures; and 
 
• soil stockpiling locations. 
 
The Project Manager will conduct a site tour to observe the current site 

conditions and to review construction material and equipment storage locations.  A 
person in attendance at the meeting will be appointed by the Project Manager to record 
the discussions and decisions of the meeting in the form of meeting minutes.  Copies of 
the meeting minutes will be distributed to all attendees. 
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5.1.3 Progress Meetings 
 
Progress meetings will be held between the CQA Site Manager, the 

Contractor, Project Manager, and other concerned parties participating in the 
construction of the project.  This meeting will include discussions on the current 
progress of the project, planned activities for the next week, and revisions to the work 
plan and/or schedule.  The meeting will be documented in meeting minutes prepared by 
a person designated by the CQA Site Manager at the beginning of the meeting.  Within 
2 working days of the meeting, draft minutes will be transmitted to representatives of 
parties in attendance for review and comment.  Corrections and/or comments to the 
draft minutes shall be made within 2 working days of receipt of the draft minutes to be 
incorporated in the final meeting minutes. 

 
5.1.4 Problem or Work Deficiency Meeting 

 
A special meeting will be held when and if a problem or deficiency is 

present or likely to occur.  The meeting will be attended by the Contractor, the Project 
Manager, the CQA Site Manager, and other parties as appropriate.  If the problem 
requires a design modification, the Engineer should either be present at, consulted prior 
to, or notified immediately upon conclusion of this meeting.  The purpose of the work 
deficiency meeting is to define and resolve the problem or work deficiency as follows: 

 
• define and discuss the problem or deficiency; 
• review alternative solutions; 
• select a suitable solution agreeable to all parties; and 
• implement an action plan to resolve the problem or deficiency. 
 
The Project Manager will appoint one attendee to record the discussions and 

decisions of the meeting.  The meeting record will be documented in the form of 
meeting minutes and copies will be distributed to all affected parties.  A copy of the 
minutes will be retained in facility records. 
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6. DOCUMENTATION 
 

6.1 Overview 
 
An effective CQA Plan depends largely on recognition of all construction 

activities that should be monitored and on assigning responsibilities for the monitoring 
of each activity.  This is most effectively accomplished and verified by the 
documentation of quality assurance activities.  The CQA Consultant will document that 
all quality assurance requirements have been addressed and satisfied. 

 
The CQA Site Manager will provide the Project Manager with signed 

descriptive remarks, data sheets, and logs to verify that monitoring activities have been 
carried out.  The CQA Site Manager will also maintain, at the job site, a complete file 
of Drawings and Technical Specifications, a CQA Plan, checklists, test procedures, 
daily logs, and other pertinent documents. 

 
6.2 Daily Recordkeeping 

 
Preparation of daily CQA documentation will consist of daily reports 

prepared by the CQA Site Manager which may include CQA monitoring logs, and 
testing data sheets.  This information may be regularly submitted to and reviewed by the 
Project Manager. 

 
The CQA Site Manager will prepare daily reports that document the 

activities observed during each day of activity.  The daily reports may include 
monitoring logs and testing data sheets.  At a minimum, these logs and data sheets will 
include the following information: 

 
• the date, project name, location, and other identification; 
 
• a summary of the weather conditions; 
 
• a summary of locations where construction is occurring; 
 
• equipment and personnel on the project; 
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• a summary of meetings held and attendees; 
 
• a description of materials used and references of results of testing 

and documentation; 
 
• identification of deficient work and materials; 
 
• results of re-testing corrected “deficient work;” 
 
• an identifying sheet number for cross referencing and document 

control; 
 
• descriptions and locations of construction inspected; 
 
• type of construction and inspection performed; 
 
• description of construction procedures and procedures used to 

evaluate construction; 
 
• a summary of test data and results; 
 
• calibrations or re-calibrations of test equipment and actions taken as 

a result of re-calibration; 
 
• decisions made regarding acceptance of units of work and/or 

corrective actions to be taken in instances of substandard testing 
results; 

 
• a discussion of agreements made between the interested parties 

which may affect the work; and 
 
• signature of the respective CQA Site Manager. 
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6.3 Construction Problems and Resolution Data Sheets 
 
Construction Problems and Resolution Data Sheets, to be submitted with the 

daily reports prepared by the CQA Site Manager, describing special construction 
situations will be cross-referenced with daily reports, specific observation logs, and 
testing data sheets and will include the following information, where available: 

 
• an identifying sheet number for cross-referencing and document 

control; 
 
• a detailed description of the situation or deficiency; 
 
• the location and probable cause of the situation or deficiency; 
 
• how and when the situation or deficiency was found or located; 
 
• documentation of the response to the situation or deficiency; 
 
• final results of responses; 
 
• measures taken to prevent a similar situation from occurring in the 

future; and 
 
• signature of the CQA Site Manager and a signature indicating 

concurrence by the Project Manager. 
 
The Project Manager will be made aware of significant recurring 

nonconformance with the Drawings, Technical Specifications, or CQA Plan.  The cause 
of the nonconformance will be determined and appropriate changes in procedures or 
specifications will be recommended.  These changes will be submitted to the Engineer 
for approval.  When this type of evaluation is made, the results will be documented and 
any revision to procedures or specifications will be approved by the Contractor and 
Engineer. 
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A summary of supporting data sheets, along with final testing results and the 
CQA Site Manager’s approval of the work, will be required upon completion of 
construction. 

 
6.4 Photographic Documentation 

 
Photographs will be taken and documented in order to serve as a pictorial 

record of work progress, problems, and mitigation activities.  The basic file will contain 
color prints.  Negatives will also be stored in a separate file in chronological order.  
These records will be presented to the Project Manager upon completion of the project.  
Photographic reporting data sheets, where used, will be cross-referenced with 
observation and testing data sheet(s), and/or construction problem and solution data 
sheet(s).  Photographs used for documentation will be identified with the date, time, and 
location of the photograph. 

 
6.5 Design and/or Specifications Changes 

 
Design and/or specifications changes may be required during construction.  

In such cases, the CQA Site Manager will notify the Project Manager.  Design and/or 
specification changes will be made with the written agreement of the Project Manager 
and the Engineer and will take the form of an addendum to the Drawings and Technical 
Specifications. 

 
6.6 CQA Report 

 
At the completion of the Project, the CQA Consultant will submit to the 

Project Manager the CQA report signed and sealed by the Professional Engineer 
licensed in the State of Nevada.  The CQA report will acknowledge: (i) that the work 
has been performed in compliance with the Drawings and Technical Specifications; (ii) 
physical sampling and testing has been conducted at the appropriate frequencies; and 
(iii) that the summary document provides the necessary supporting information.  At a 
minimum, this report will include: 
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• Manufacturers’ quality control documentation; 
 
• a summary report describing the CQA activities and indicating 

compliance with the Drawings and Technical Specifications which is 
signed and sealed by the CQA Officer; 

 
• a summary of CQA/CQC testing, including failures, corrective 

measures, and retest results; 
 
• contractor personnel resumes and qualifications; 
 
• documentation that the geomembrane trial seams were performed in 

general accordance with the CQA Plan and Technical Specifications; 
 
• documentation that field seams were non-destructively tested using a 

method in general accordance with the applicable test standards; 
 
• documentation that nondestructive testing was monitored by the 

CQA Consultant, that the CQA Consultant informed the 
Geosynthetic Installer of any required repairs, and that the CQA 
Consultant inspected the seaming and patching operations for 
uniformity and completeness; 

 
• records of sample locations, the name of the individual conducting 

the tests, and the results of tests; 
 
• record drawings as provided by the Surveyor; 
 
• documentation showing that piping was tested in general accordance 

with the Technical Specifications; and 
 
• daily inspection reports. 
 
The record drawings will include scale drawings depicting the location of 

the construction and details pertaining to the extent of construction (e.g., depths, plan 
dimensions, elevations, soil component thicknesses).  Base maps required for 
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development of the record drawings and the record drawings will be prepared by a 
qualified Professional Land Surveyor registered in the State of Nevada.  These 
documents will be reviewed by the CQA Consultant and included as part of the CQA 
Report. 
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7. EARTHWORKS 
 

7.1 Introduction 
 
This section prescribes the CQA activities to be performed to monitor that 

earthwork components are constructed in general accordance with Drawings and 
Technical Specifications.  The earthworks construction procedures to be monitored by 
the CQA Consultant include: 

 
• excavation; 
• surcharge placement; 
• engineered fill placement; 
• anchor trench excavation and backfill; 
• subgrade preparation; and 
• operations layer material placement. 
 

7.2 Testing Activities 
 
Soil testing will be performed for material qualification, material 

conformance, and construction quality control (CQC).  These three stages of testing are 
defined as follows: 

 
• Material qualification tests are used to evaluate the conformance of a 

proposed soil source to the material specifications for qualification of 
the source prior to construction. 

 
• Soils conformance testing is used to evaluate the conformance of a 

particular batch of soil from a qualified source to the material 
specifications prior to installation of the soil. 

 
• CQC tests are performed on completed portions of the earthwork 

during construction to demonstrate that the placement procedures are 
resulting in a product that meets or exceeds both material and 
performance specifications. 
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The Contractor will be responsible for submitting material qualification test 
results to the Project Manager and to the CQA Site Manager for review.  The CQA 
Laboratory will perform the conformance testing and CQC testing.  Soil testing will be 
conducted in general accordance with the current versions of the corresponding 
American Society for Testing and Materials (ASTM) test procedures.  The test methods 
indicated in Table 1 are those that will be used for this testing unless the test methods 
are updated or revised prior to construction.  Revisions to the test methods will be 
reviewed and approved by the Engineer and the CQA Site Manager prior to their usage. 

 
7.2.1 Sample Frequency 

 
The frequency of soils testing for material qualification will conform to the 

minimum frequencies presented in Table 2.  The frequency of soils testing for material 
conformance will conform to the minimum frequencies presented in Table 3.  The 
actual frequency of testing required will be increased by the CQA Site Manager as 
necessary if variability of materials is noted at the site, during adverse conditions, or to 
isolate failing areas of the construction. 

 
7.2.2 Sample or Test Location Selection 

 
With the exception of qualification samples, sampling locations will be 

selected by the CQA Site Manager.  Conformance samples will be obtained from 
borrow pits and/or stockpiles of material.  The Contractor must plan the work and make 
soil available for sampling in a timely and organized manner so that the test results can 
be obtained before the material is installed.  The CQA Site Manager must document 
sample locations so that failing areas can be immediately isolated.  The CQA Site 
Manager will follow standard sampling procedures to obtain representative samples of 
the proposed soil materials. 

 
CQC sample and test locations will be selected by the CQA Site Manager at 

the minimum test frequency specified in Table 4.  Samples and test locations will 
generally be selected at random, however a special testing frequency will be used at the 
discretion of the CQA Site Manager when visual observations of construction 
performance indicate a potential problem.  Additional testing for suspected areas will be 
considered when: 

 
• rollers slip during rolling operation; 
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• lift thickness is greater than specified; 
• fill is at improper and/or variable moisture content; 
• less than specified number of roller passes are made; 
• dirt-clogged rollers are used to compact the material; 
• rollers may not have used optimum ballast; 
• fill materials differ substantially from those specified; 
• the degree of compaction is doubtful; and 
• as directed by the Project Manager or the CQA Site Manager. 
 
The frequency of testing may also be increased in the following situations: 
 
• adverse weather conditions; 
• breakdown of equipment; 
• at the start and finish of grading; 
• material fails to meet specifications; and 
• the work area is reduced. 
 

7.3 CQA Monitoring Activities 
 

7.3.1 Earthwork 
 
The CQA Site Manager will monitor and document the earthworks required 

for the Project.  In general, monitoring the construction for earthwork includes the 
following activities: 

 
• reviewing documentation of the material qualification test results 

provided by the Contractor; 
 
• monitoring the prepared subgrade and subgrade surfaces for 

compliance with the Technical Specifications before geosynthetic 
materials are placed; 

 
• sampling and testing for conformance of the materials to the 

Technical Specifications; 
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• documenting that the earthwork is constructed using the specified 
equipment and procedures; 

 
• documenting that the earthwork is constructed to the lines and grades 

shown on the Drawings; 
 
• monitoring that the construction activities do not cause damage to 

underlying geosynthetic materials; 
 
• quality control testing to determine the acceptability of the work 

during construction; and 
 
• monitoring the action of the compaction and heavy hauling 

equipment on the construction surface (i.e., penetration, pumping, 
cracking, etc.). 

 
The specific activities required for CQA of each of the major soil 

components of the Liner System are presented in the following sections. 
 

7.3.2 Engineered Fill Material 
 
Monitoring the earthwork for the engineered fill material specifically 

includes the following: 
 
• reviewing documentation of the qualification and conformance test 

results; 
 
• monitoring soil for maximum particle size and deleterious materials; 
 
• monitoring the thickness of lifts during placement of the materials; 
 
• monitoring compaction operations; and 
 
• measuring and recording the field density and the field moisture 

content of the in-place material. 
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7.3.3 Prepared Subgrade 
 
During construction, the CQA Site Manager will monitor the prepared 

subgrade to document that the prepared subgrade soil characteristics are consistent with 
those specified in the Technical Specifications.  The CQA Site Manager will monitor 
the construction activities to document that sharp rocks and other undesirable materials 
are removed and that the subgrade is prepared using the procedures and equipment 
specified in the Technical Specifications. 

 
The upper portion of the subgrade can be damaged by excess moisture 

(causing softening) or insufficient moisture (causing desiccation and shrinkage).  At a 
minimum, the CQA Site Manager will determine the suitability of the subgrade for 
geomembrane placement by: 

 
• documenting that the surface is free of sharp rocks, debris and other 

undesirable materials; 
 
• documenting that the surface is smooth, uniform, and free from 

desiccation cracks by visually monitoring proof rolling activities; and 
 
• documenting that the subgrade surface meets the lines and grades 

shown on the Drawings by reviewing certified survey results. 
 

7.3.4 Operations Layer Material 
 
The CQA Site Manager will monitor the earthwork of the operations layer 

material for the following: 
 
• the Contractor’s submittals and qualification test results for 

consistency between the proposed methods and the approved 
methods; 

 
• the conformance testing of the material and notifying the Contractor 

of results for compliance with material specifications; 
 
• the thickness of lifts during placement; 
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• the placement equipment operation on the sideslopes is in general 

accordance with the Technical Specifications; 
 
• the construction procedures to monitor that completed sections of 

liner and geomembrane are protected from damage; and 
 
• the survey data to monitor that operations layer material is 

constructed to the proposed lines and grades and to the specified 
thickness. 

 
7.4 Deficiencies 

 
If a defect is discovered in the earthwork product, the CQA Site Manager 

will immediately determine the extent and nature of the defect.  If the defect is indicated 
by an unsatisfactory test result, the CQA Site Manager will determine the extent of the 
deficient area by additional tests, observations, a review of records, or other means that 
the CQA Site Manager deems appropriate.  If the defect is related to adverse site 
conditions, such as overly wet soils or surface desiccation, the CQA Site Manager will 
define the limits and nature of the defect. 

 
7.4.1 Notification 

 
After evaluating the extent and nature of a defect, the CQA Site Manager 

will notify the Project Manager and Contractor and schedule appropriate re-tests when 
the work deficiency is to be corrected. 

 
7.4.2 Repairs and Re-Testing 

 
At locations where the field testing indicates densities below the 

requirements of the specification, the failing area will be reworked.  The Contractor will 
correct the deficiency to the satisfaction of the CQA Site Manager.  If a project 
specification criterion cannot be met, or unusual weather conditions hinder work, then 
the CQA Site Manager will develop and present to the Engineer and/or Project Manager 
suggested solutions for his approval. 
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All re-tests recommended by the CQA Site Manager must verify that the 
defect has been corrected before any additional work is performed by the Contractor in 
the area of the deficiency.  The CQA Site Manager will also verify that installation 
requirements are met and that submittals are provided. 
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8. DRAINAGE AGGREGATE 
 

8.1 Introduction 
 
This section prescribes the CQA activities to be performed to monitor that 

drainage aggregates are constructed in general accordance with Drawings and 
Technical Specifications.  The drainage aggregates construction procedures to be 
monitored by the CQA Consultant include drainage aggregate placement. 

 
8.2 Testing Activities 

 
Aggregate testing will be performed for material qualification and material 

conformance.  These two stages of testing are defined as follows: 
 
• Material qualification tests are used to evaluate the conformance of a 

proposed aggregate source to the material specifications for 
qualification of the source prior to construction. 

 
• Aggregate conformance testing is used to evaluate the conformance 

of a particular batch of aggregate from a qualified source to the 
material specifications prior to installation of the aggregate. 

 
The Contractor will be responsible for submitting material qualification test 

results to the Project Manager and to the CQA Site Manager for review.  The CQA 
Laboratory will perform the conformance testing and CQC testing.  Aggregate testing 
will be conducted in general accordance with the current versions of the corresponding 
American Society for Testing and Materials (ASTM) test procedures.  The test methods 
indicated in Table 5 are those that will be used for this testing unless the test methods 
are updated or revised prior to construction.  Revisions to the test methods will be 
reviewed and approved by the Engineer and the CQA Site Manager prior to their usage. 

 
8.2.1 Sample Frequency 

 
The frequency of aggregate testing for material qualification will conform to 

the minimum frequencies presented in Table 6.  The frequency of aggregate testing for 
material conformance will conform to the minimum frequencies presented in Table 7.  
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The actual frequency of testing required will be increased by the CQA Site Manager as 
necessary if variability of materials is noted at the site, during adverse conditions, or to 
isolate failing areas of the construction. 

 
8.2.2 Sample Selection 

 
With the exception of qualification samples, sampling locations will be 

selected by the CQA Site Manager.  Conformance samples will be obtained from 
borrow pits and/or stockpiles of material.  The Contractor must plan the work and make 
aggregate available for sampling in a timely and organized manner so that the test 
results can be obtained before the material is installed.  The CQA Site Manager must 
document sample locations so that failing areas can be immediately isolated.  The CQA 
Site Manager will follow standard sampling procedures to obtain representative samples 
of the proposed aggregate materials. 

 
8.3 CQA Monitoring Activities 

 
8.3.1 Drainage Aggregate 

 
The CQA Site Manager will monitor and document the installation of the 

drainage aggregates.  In general, monitoring the installation of the drainage aggregates 
includes the following activities: 

 
• reviewing documentation of the material qualification test results 

provided by the Contractor; 
 
• sampling and testing for conformance of the materials to the 

Technical Specifications; 
 
• documenting that the drainage aggregates are installed using the 

specified equipment and procedures; 
 
• documenting that the drainage aggregates are constructed to the lines 

and grades shown on the Drawings; and 
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• monitoring that the construction activities do not cause damage to 
underlying geosynthetic materials. 

 
8.4 Deficiencies 

 
If a defect is discovered in the drainage aggregates, the CQA Site Manager 

will evaluate the extent and nature of the defect.  If the defect is indicated by an 
unsatisfactory test result, the CQA Site Manager will determine the extent of the 
deficient area by additional tests, observations, a review of records, or other means that 
the CQA Site Manager deems appropriate. 

 
8.4.1 Notification 

 
After evaluating the extent and nature of a defect, the CQA Site Manager 

will notify the Project Manager and Contractor and schedule appropriate re-tests when 
the work deficiency is to be corrected. 

 
8.4.2 Repairs and Re-testing 

 
The Contractor will correct the deficiency to the satisfaction of the CQA Site 

Manager.  If a project specification criterion cannot be met, or unusual weather 
conditions hinder work, then the CQA Site Manager will develop and present to the 
Engineer and/or Project Manager suggested solutions for approval. 

 
All re-tests recommended by the CQA Site Manager must verify that the 

defect has been corrected before any additional work is performed by the Contractor in 
the area of the deficiency.  The CQA Site Manager will also verify that installation 
requirements are met and that submittals are provided. 
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9. HIGH DENSITY POLYETHYLENE (HDPE) PIPE AND FITTINGS 
 

9.1 Material Requirements 
 
HDPE pipe and fittings must conform to the requirements of the Technical 

Specifications.  The CQA Consultant will document that the HDPE pipe and fittings 
meet those requirements through manufacturer’s quality control certificates, 
conformance testing, and visual examination of materials arriving on site. 

 
9.2 Manufacturer 

 
9.2.1 Submittals 

 
Prior to the installation of HDPE pipe, the Manufacturer will provide to the 

CQA Consultant: 
 
• a properties’ sheet including, at a minimum, all specified properties, 

measured using test methods indicated in the Technical 
Specifications, or equivalent; and 

 
• a certification that property values given in the properties sheet are 

minimum values and are guaranteed by the Manufacturer. 
 
The CQA Consultant will document that: 
 
• the property values certified by the Manufacturer meet the Technical 

Specifications; and 
 
• the measurements of properties by the Manufacturer are properly 

documented and that the test methods used are acceptable. 
 

9.2.2 Identification 
 
Prior to shipment, the Manufacturer will provide the Project Manager and 

the CQA Site Manager with a quality control certificate for each lot/batch of HDPE 
pipe provided.  The quality control certificate will be signed by a responsible party 
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employed by the Manufacturer, such as the Production Manager.  The quality control 
certificate will include: 

 
• lot/batch numbers and identification; and 
• sampling procedures and results of quality control tests. 
 
The CQA Site Manager will: 
 
• document that the quality control certificates have been provided at 

the specified frequency for all lots/batches of pipe, and that each 
certificate identifies the pipe lot/batch related to it; and 

 
• review the quality control certificates and document that the certified 

properties meet the Technical Specifications. 
 

9.3 Handling and Laying 
 
Care will be taken during transportation of the pipe such that it will not be 

cut, kinked, or otherwise damaged. 
 
Ropes, fabric, or rubber-protected slings and straps will be used when 

handling pipes.  Chains, cables, or hooks inserted into the pipe ends will not be used. 
Two slings spread apart will be used for lifting each length of pipe.  Pipe or fittings will 
not be dropped onto rocky or unprepared ground. 

 
Pipes will be handled and stored in general accordance with the 

Manufacturer’s recommendation.  The handling of joined pipe will be in such a manner 
that the pipe is not damaged by dragging it over sharp and cutting objects.  Slings for 
handling the pipe will not be positioned at butt-fused joints.  Sections of the pipes with 
deep cuts and gauges will be removed and the ends of the pipe rejoined. 

 
9.4 Joints 

 
Lengths of pipe will be assembled into suitable installation lengths by the butt-

fusion process.  Butt-fusion means the butt-joining of the pipe by softening by heat the 
aligned faces of the pipe ends in a suitable apparatus and pressing them together under 
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controlled pressure.  This process will be applied by personnel experienced with the 
process.  Certification will be provided that the person performing this work is qualified 
by experience and instruction in the procedure.  All pipe so joined will be made from the 
same class and type of raw material made by the same raw material supplier. 

 



 

 

SC0313.CQAPlan.111006.d.wkp.doc 37 06 11 10/15:53 

10. GEOMEMBRANE 
 

10.1 General 
 
This section discusses and outlines the CQA activities to be performed for 

high density polyethylene (HDPE) geomembrane installation.  The CQA Site Manager 
will review the Drawings, and the Technical Specifications, and any approved Addenda 
regarding this material. 

 
10.2 Geomembrane Material Conformance 

 
10.2.1 Introduction 

 
The CQA Site Manager will document that the geomembrane delivered to 

the site meets the requirements of the Technical Specifications prior to installation.  The 
CQA Site Manager will: 

 
• review the manufacturer’s submittals for compliance with the 

Technical Specifications; 
 
• document the delivery and proper storage of geomembrane rolls; and 
 
• conduct conformance testing of the rolls before the geomembrane is 

installed. 
 
The following sections describe the CQA activities required to verify the 

conformance of geomembrane. 
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10.2.2 Review of Quality Control 
 

10.2.2.1 Material Properties Certification 
 
The Manufacturer will provide the Project Manager and the CQA Site 

Manager with the following: 
 
• a properties sheet including, at a minimum, all specified properties, 

measured using test methods indicated in the Technical 
Specifications, or equivalent; 

 
• the sampling procedure and results of testing; and 
 
• a certification that property values given in the properties sheet are 

guaranteed by the Manufacturer. 
 
The CQA Site Manager will document that: 
 
• the property values certified by the Manufacturer meet all of the 

Technical Specifications; and 
 
• the measurements of properties by the Manufacturer are properly 

documented and that the test methods used are acceptable. 
 

10.2.2.2 Resin Certification 
 
The Manufacturer will also provide the Project Manager with the following 

information concerning the resin used to manufacture the geomembrane: 
 
• the origin (Resin Supplier’s name and resin production plant), 

identification (brand name, lot number), and production date of the 
resin; and 

 
• the raw material quality control certificates. 
 
The CQA Site Manager will: 
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• evaluate that the quality control certificates have been provided at the 

specified frequency, and that the certificate identifies the rolls related 
to it; and 

 
• review the quality control certificates and evaluate that the certified 

properties meet the specifications. 
 

10.2.2.3 Geomembrane Roll QC Certification 
 
Prior to shipment, the Manufacturer will provide the Project Manager and 

the CQA Site Manager with a quality control certificate for every roll of geomembrane 
provided.  The quality control certificate will be signed by a responsible party employed 
by the Geomembrane Manufacturer, such as the production manager. The quality 
control certificate will include: 

 
• roll numbers and identification; and 
 
• results of quality control tests - as a minimum, results will be given 

for thickness, specific gravity, carbon black content, carbon black 
dispersion, tensile properties, tear resistance, puncture resistance, and 
single point stress rupture evaluated in general accordance with the 
methods indicated in the specifications or equivalent methods 
approved by the Engineer. 

 
The CQA Site Manager will: 
 
• evaluate that the quality control certificates have been provided at the 

specified frequency, and that the certificate identifies the rolls related 
to the roll represented by the test results; and 

 
• review the quality control certificates and evaluate that the certified 

roll properties meet the specifications. 
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10.2.3 Conformance Testing 
 
Upon delivery of the rolls of geomembrane, the CQA Site Manager will 

document that the rolls are unloaded and stored on site as required by the Technical 
Specifications.  Damage caused by unloading will be documented by the CQA Site 
Manager and the damaged material will not be installed.  The CQA Site Manager shall 
obtain conformance samples at the specified frequency and forward them to the 
Geosynthetics CQA Laboratory for testing to monitor conformance to both the 
Technical Specifications and the list of properties certified by the Manufacturer.  The 
test procedures will be as indicated in Table 8.  Where optional procedures are noted in 
the test method, the requirements of the Technical Specifications will prevail. 

 
Samples will be taken across the width of the roll and will not include the 

first linear 3 ft (1 m) of material.  Unless otherwise specified, samples will be 3 ft (1 m) 
long by the roll width.  The CQA Site Manager will mark the machine direction on the 
samples with an arrow along with the date and roll number.  The required minimum 
sampling frequencies are provided in Table 8. 

 
The CQA Site Manager will examine results from laboratory conformance 

testing and will report any non-conformance to the Project Manager and the 
Geosynthetic Installer.  The procedure prescribed in the Technical Specifications will be 
followed in the event of a failing conformance test. 

 
10.3 Delivery 

 
10.3.1 Transportation and Handling 

 
The CQA Site Manager will document that the transportation and handling 

does not pose a risk of damage to the geomembrane. 
 
Upon delivery at the site, the Geosynthetic Installer and the CQA Site 

Manager will conduct a surface observation of the rolls for defects and damage. This 
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inspection will be conducted without unrolling unless defects or damages are found or 
suspected.  The CQA Site Manager will indicate to the Project Manager: 

 
• rolls, or portions thereof, which should be rejected and removed from 

the site because they have severe flaws; and 
 
• rolls that include minor repairable flaws. 
 

10.3.2 Storage 
 
The Geosynthetic Installer will be responsible for the storage of the 

geomembrane on site.  The Contractor will provide storage space in a location (or 
several locations) such that on-site transportation and handling are optimized if 
possible. 

 
The CQA Site Manager will document that storage of the geomembrane 

provides adequate protection against sources of damage. 
 

10.4 Geomembrane Installation 
 

10.4.1 Introduction 
 
The CQA Consultant will document that the geomembrane installation is 

carried out in general accordance with the Drawings, Technical Specifications and 
Manufacturer’s recommendations. 

 
10.4.2 Earthwork 

 
10.4.2.1 Surface Preparation 

 
The CQA Site Manager will document that: 
 
• a qualified land surveyor has verified lines and grades; 
 
• that the supporting prepared subgrade or subgrade meets the 

Technical Specifications and has been approved; and 
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• placement of the overlying materials does not damage, create large 

wrinkles, or induce excessive tensile stress in the underlying 
geosynthetic materials. 

 
The Geosynthetic Installer will certify in writing that the surface on which 

the geomembrane will be installed is acceptable.  The certificate of acceptance will be 
given by the Geosynthetic Installer to the Project Manager prior to commencement of 
geomembrane installation in the area under consideration.  The CQA Site Manager will 
be given a copy of this certificate by the Project Manager. 

 
After the supporting subgrade has been accepted by the Geosynthetic 

Installer, it will be the Geosynthetic Installer’s responsibility to indicate to the Project 
Manager any change in the supporting soil condition that may require repair work.  If 
the CQA Site Manager concurs with the Geosynthetic Installer, then the Project 
Manager will document that the supporting soil is repaired. 

 
At any time before and during the geomembrane installation, the CQA Site 

Manager will indicate to the Project Manager locations that may not provide adequate 
support to the geomembrane. 

 
10.4.2.2 Geosynthetic Termination 

 
The CQA Site Manager will document that the geosynthetic terminations have 

been constructed in general accordance with the Drawings.  Backfilling above the 
terminations will be conducted in general accordance with the Technical Specifications. 

 
10.4.3 Geomembrane Placement 

 
10.4.3.1 Panel Identification 

 
A field panel is the unit area of geomembrane which is to be seamed in the 

field, i.e., a field panel is a roll or a portion of roll cut in the field.  It will be the 
responsibility of the CQA Site Manager to document that each field panel is given an 
“identification code” (number or letter- number) consistent with the layout plan.  This 
identification code will be agreed upon by the Project Manager, Geosynthetic Installer 
and CQA Site Manager. This field panel identification code will be as simple and 
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logical as possible.  Roll numbers established in the manufacturing plant must be 
traceable to the field panel identification code. 

 
The CQA Site Manager will establish documentation showing 

correspondence between roll numbers, and field panel identification codes.  The field 
panel identification code will be used for all quality assurance records. 

 
10.4.3.2 Field Panel Placement 

 
Location 
 
The CQA Site Manager will document that field panels are installed at the 

location indicated in the Geosynthetic Installer’s layout plan, as approved or modified 
by the Engineer. 

 
Installation Schedule 
 
Field panels may be installed using one of the following schedules: 
 
• all field panels are placed prior to field seaming in order to protect 

the subgrade from erosion by rain; 
 
• field panels are placed one at a time and each field panel is seamed 

after its placement (in order to minimize the number of unseamed 
field panels exposed to wind); and 

 
• any combination of the above. 
 
If a decision is reached to place all field panels prior to field seaming, it is 

usually beneficial to begin at the high point area and proceed toward the low point with 
“shingle” overlaps to facilitate drainage in the event of precipitation.  It is also usually 
beneficial to proceed in the direction of prevailing winds.  Accordingly, an early 
decision regarding installation scheduling should be made if and only if weather 
conditions can be predicted with reasonable certainty.  Otherwise, scheduling decisions 
must be made during installation, in general accordance with varying conditions.  In any 
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event, the Geosynthetic Installer is fully responsible for the decision made regarding 
placement procedures. 

 
The CQA Site Manager will evaluate every change in the schedule proposed 

by the Geosynthetic Installer and advise the Project Manager on the acceptability of that 
change.  The CQA Site Manager will document that the condition of the supporting soil 
has not changed detrimentally during installation. 

 
The CQA Site Manager will record the identification code, location, and 

date of installation of each field panel. 
 
Weather Conditions 
 
Geomembrane placement will not proceed unless otherwise authorized: 
 
• when the ambient temperature is below 40°F or above 104°F; 
 
• when the geomembrane sheet temperature is below 40°F or above 

104°F; or 
 
• when wind gusts are in excess of 20 mph. 
 
Geomembrane placement will not be performed during any precipitation, in 

the presence of excessive moisture (e.g., fog, dew), in an area of ponded water, or in the 
presence of excessive winds (i.e., wind gusts in excess of 20 mph). 

 
The CQA Site Manager will document that the above conditions are 

fulfilled.  Additionally, the CQA Site Manager will document that the supporting soil 
has not been damaged by weather conditions.  The Geosynthetics Installer will inform 
the Project Manager if the above conditions are not fulfilled. 

 
Method of Placement 
 
The CQA Site Manager will document the following: 
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• equipment used does not damage the geomembrane by handling, 
trafficking, excessive heat, leakage of hydrocarbons or other means; 

 
• the surface underlying the geomembrane has not deteriorated since 

previous acceptance, and is still acceptable immediately prior to 
geomembrane placement; 

 
• geosynthetic elements immediately underlying the geomembrane are 

clean and free of debris; 
 
• personnel working on the geomembrane do not smoke, wear 

damaging shoes, or engage in other activities which could damage 
the geomembrane; 

 
• the method used to unroll the panels does not cause scratches or 

crimps in the geomembrane and does not damage the supporting soil; 
 
• the method used to place the panels minimizes wrinkles (especially 

differential wrinkles between adjacent panels); and 
 
• adequate temporary loading and/or anchoring (e.g., sand bags, tires), 

not likely to damage the geomembrane, has been placed to prevent 
uplift by wind (in case of high winds, continuous loading, e.g., by 
adjacent sand bags, is recommended along edges of panels to 
minimize risk of wind flow under the panels). 

 
The CQA Site Manager will inform the Project Manager if the above 

conditions are not fulfilled. 
 
Damaged panels or portions of damaged panels that have been rejected will 

be marked and their removal from the work area recorded by the CQA Site Manager.  
Repairs will be made in general accordance with procedures described in Section 10.4.5. 
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10.4.4 Field Seaming 
 
This section details CQA procedures to document that seams are properly 

constructed and tested in general accordance with the Manufacturer’s specifications and 
industry standards. 

 
10.4.4.1 Seam Layout 

 
The Geosynthetic Installer will provide the Project Manager and the CQA 

Site Manager with a seam layout drawing, i.e., a drawing of the facility to be lined 
showing all expected seams.  The CQA Site Manager will review the seam layout 
drawing and evaluate that it is consistent with the preliminary geomembrane panel 
layout.  No panels may be seamed in the field without the Project Manager’s approval.  
In addition, panels not specifically shown on the seam layout drawing may be used 
without the Project Manager’s prior approval. 

 
In general, seams should be oriented parallel to the line of maximum slope, 

i.e., oriented along, not across, the slope.  In corners and odd-shaped geometric 
locations, the number of seams should be minimized.  No horizontal seam should be 
less than 5 ft (1.5 m) from the toe of the slope, or areas of potential stress 
concentrations, unless otherwise authorized. 

 
A seam numbering system compatible with the panel numbering system will 

be agreed upon at the Resolution and/or Pre-Construction Meeting. 
 

10.4.4.2 Requirements of Personnel 
 
All personnel performing seaming operations will be qualified by experience 

or by successfully passing seaming tests, as outlined in the Technical Specifications.  
The most experienced seamer, the “master seamer”, will provide direct supervision over 
less experienced seamers. 

 
The Geosynthetic Installer will provide the Project Manager and the CQA 

Site Manager with a list of proposed seaming personnel and their experience records.  
This document will be reviewed by the Project Manager and the Geosynthetics CQA 
Manager. 
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10.4.4.3 Seaming Equipment and Products 
 
Approved processes for field seaming are fillet extrusion welding and fusion 

welding. 
 
Fillet Extrusion Process 
 
The fillet extrusion-welding apparatus will be equipped with gauges giving 

the temperature in the apparatus. 
 
The Geosynthetic Installer will provide documentation regarding the 

extrudate to the Project Manager and the CQA Site Manager, and will certify that the 
extrudate is compatible with the specifications, and in any event is comprised of the 
same resin as the geomembrane sheeting. 

 
The CQA Site Manager will log apparatus temperatures, ambient 

temperatures, and geomembrane surface temperatures at appropriate intervals. 
 
The CQA Site Manager will document that: 
 
• the Geosynthetic Installer maintains on site the number of spare 

operable seaming apparatus decided at the Resolution Meeting; 
 
• equipment used for seaming is not likely to damage the 

geomembrane; 
 
• the extruder is purged prior to beginning a seam until all heat-

degraded extrudate has been removed from the barrel; 
 
• the electric generator is placed on a smooth base such that no damage 

occurs to the geomembrane; 
 
• a smooth insulating plate or fabric is placed beneath the hot welding 

apparatus after usage; and 
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• the geomembrane is protected from damage in heavily trafficked 
areas. 

 
Fusion Process 
 
The fusion-welding apparatus must be automated vehicular-mounted 

devices.  The fusion-welding apparatus will be equipped with gauges giving the 
applicable temperatures and pressures. 

 
The CQA Site Manager will log ambient, seaming apparatus, and 

geomembrane surface temperatures as well as seaming apparatus pressures. 
 
The CQA Site Manager will also document that: 
 
• the Geosynthetic Installer maintains on-site the number of spare 

operable seaming apparatus decided at the Resolution Meeting; 
 
• equipment used for seaming is not likely to damage the 

geomembrane; 
 
• for cross seams, the edge of the cross seam is ground to a smooth 

incline (top and bottom) prior to welding; 
 
• the electric generator is placed on a smooth base such that no damage 

occurs to the geomembrane; 
 
• a smooth insulating plate or fabric is placed beneath the hot welding 

apparatus after usage; 
 
• the geomembrane is protected from damage in heavily trafficked 

areas; and 
 
• a movable protective layer may be used directly below each overlap 

of geomembrane that is to be seamed to prevent build- up of moisture 
between the sheets. 
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10.4.4.4 Seam Preparation 
 
The CQA Site Manager will document that: 
 
• prior to seaming, the seam area is clean and free of moisture, dust, 

dirt, debris, and foreign material; and 
 
• seams are aligned with the fewest possible number of wrinkles and 

“fishmouths.” 
 

10.4.4.5 Weather Conditions for Seaming 
 
The normally required weather conditions for seaming are as follows unless 

authorized in writing by the Project Manager: 
 
• seaming will only be approved between ambient temperatures of 

40°F (4°C) and 104°F (40°C); and 
 
• seaming will not be approved if sustained wind speed is in excess of 

20 mph (32 km/hr). 
 
If the Geosynthetic Installer wishes to use methods that may allow seaming 

at ambient temperatures below 40°F (4°C) or above 104°F (40°C), the Geosynthetic 
Installer will demonstrate and certify that such methods produce seams which are 
entirely equivalent to seams produced within acceptable temperature and wind 
requirements, and that the overall quality of the geomembrane is not adversely affected. 

 
The CQA Site Manager will document that these seaming conditions are 

fulfilled and will advise the Project Manager if they are not.  The Project Manager will 
then decide if the installation will be stopped or postponed. 

 
10.4.4.6 Overlapping and Temporary Bonding 

 
The CQA Site Manager will document that: 
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• the panels of geomembrane have a finished overlap of a minimum of 
3 in. (75 mm) for both extrusion and fusion welding; 

 
• no solvent or adhesive bonding material are to be used; and 
 
• the procedure used to temporarily bond adjacent panels together does 

not damage the geomembrane. 
 
The CQA Site Manager will log appropriate temperatures and conditions, 

and will log and report to the Project Manager non-compliances. 
 

10.4.4.7 Trial Seams 
 
Trial seams will be made on fragment pieces of geomembrane liner to verify 

that seaming conditions are adequate.  Such trial seams will be made at the beginning of 
each seaming period, beginning of the day and after lunch, for each seaming apparatus 
used that day.  Also, each seamer will make at least one trial seam each day.  Trial 
seams will be made under the same conditions as actual seams. 

 
Extrusion welded trial seam samples will be at least 3 ft (0.9 m) long by 1 ft 

(0.3 m) wide (after seaming) with the seam centered lengthwise.  Fusion welded trial 
seam samples will be at least 5 ft (1.5 m) long by 1 ft (0.3 m) wide (after seaming) with 
the seam centered lengthwise.  Seam overlap will be as indicated in Section 10.5.3.6. 

 
Four specimens, each 1 in. (25 mm) wide, will be cut from the trial seam 

sample by the Geosynthetic Installer.  One specimen will be tested for shear strength 
and three specimens will be tested for peel adhesion using a gauged tensiometer.  All 
specimens tested will exhibit a Film Tear Bond (FTB) and will not fail in the seam.  In 
addition, all specimens will meet or exceed the minimum strength requirements 
described in the Technical Specifications.  If any of the four specimens fails, the entire 
trial seaming operation will be repeated.  If any of the four additional specimens fails, 
the seaming apparatus and seamer will not be approved for production seaming until the 
deficiencies are corrected and two consecutive trial seam tests achieve the FTB 
requirements outlined above. 
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The CQA Site Manager will observe trial seam procedures.  Trial seam 
samples will be assigned a number.  The CQA Site Manager, will log the date, time, 
machine temperature(s), number of the seaming unit, name of the seamer, and pass or 
fail description for each trial seam sample tested. 

 
10.4.4.8 General Seaming Procedure 

 
Unless otherwise specified, the general seaming procedure used by the 

Geosynthetic Installer will be as follows: 
 
• Fishmouths or wrinkles at the seam overlaps will be cut along the 

ridge of the wrinkle in order to achieve a flat overlap.  The cut 
fishmouths or wrinkles will be seamed and any portion where the 
overlap is inadequate will then be patched with an oval or round 
patch of the same geomembrane extending a minimum of 6 in. 
(150 mm) beyond the cut in all directions. 

 
• If seaming operations are carried out at night, adequate illumination 

will be provided at the Geosynthetic Installer’s expense. 
 
• Seaming will extend to the outside edge of panels to be placed in the 

anchor trench. 
 
The CQA Site Manager will document that the above seaming procedures 

are followed, and will inform the Project Manager if they are not. 
 

10.4.4.9 Nondestructive Seam Continuity Testing 
 
Concept 
 
The Geosynthetic Installer will non-destructively test field seams over their 

length using a vacuum test unit, air pressure test (for double fusion seams only), or 
other approved method.  The purpose of nondestructive tests is to check the continuity 
of seams.  It does not provide information on seam strength.  Continuity testing will be 
carried out as the seaming work progresses, not at the completion of field seaming. 
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The CQA Site Manager will: 
 
• observe continuity testing; 
 
• record location, date, test unit number, name of person conducting 

the test, and the results of tests; and 
 
• inform the Geosynthetic Installer and Project Manager of required 

repairs. 
 
The Geosynthetic Installer will complete any required repairs in general 

accordance with Section 10.4.5. 
 
The CQA Site Manager will: 
 
• observe the repair and re-testing of the repair; 
• mark on the geomembrane that the repair has been made; and 
• document the results. 
 
The following procedures will apply to locations where seams cannot be 

non-destructively tested: 
 
All such seams will be cap-stripped with the same geomembrane. 
 
• If the seam is accessible to testing equipment prior to final 

installation, the seam will be non-destructively tested prior to final 
installation. 

 
• If the seam cannot be tested prior to final installation, the seaming 

and cap-stripping operations will be observed by the CQA Site 
Manager and Geosynthetic Installer for uniformity and completeness. 

 
The seam number, date of observation, name of tester, and outcome of the 

test or observation will be recorded by the CQA Site Manager. 
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Vacuum Testing 
 
The equipment will be comprised of the following: 
 
• a vacuum box assembly consisting of a rigid housing, a transparent 

viewing window, a soft neoprene gasket attached to the bottom, port 
hole or valve assembly, and a vacuum gauge; 

 
• a steel vacuum tank and pump assembly equipped with a pressure 

controller and pipe connections; 
 
• a rubber pressure/vacuum hose with fittings and connections; 
 
• an approved applicator; and 
 
• a soapy solution. 
 
The following procedures will be followed: 
 
• energize the vacuum pump and reduce the tank pressure to 

approximately 5 psi (35 kPa) (10 in. of Hg.) gauge; 
 
• wet a strip of geomembrane approximately 12 in. by 48 in. (0.3 m by 

1.2 m) with the soapy solution; 
 
• place the box over the wetted area; 
 
• close the bleed valve and open the vacuum valve; 
 
• document that a leak tight seal is created; 
 
• for a period of not less than ten seconds, examine the geomembrane 

through the viewing window for the presence of leaks indicated by 
soap bubbles; 
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• if no leaks appear after ten seconds, close the vacuum valve and open 
the bleed valve, move the box over the next adjoining area with a 
minimum 3 in. (75 mm) overlap, and repeat the process; 

 
• areas where soap bubbles appear will be marked and repaired in 

general accordance with Section 10.4.5 and retested using the 
vacuum testing method. 

 
Air Pressure Testing (For Double-Track Fusion Seam Only) 
 
The following procedures are applicable to those processes that produce a 

double seam with an enclosed space. 
 
The equipment will be comprised of the following: 
 
• an air pump (manual or motor driven) equipped with pressure gauge 

capable of generating and sustaining a pressure of 30 psi (200 kPa) 
and mounted on a cushion to protect the geomembrane; 

 
• a rubber hose with fittings and connections; 
 
• a sharp hollow needle, or other approved pressure feed device. 
 
The following procedures will be followed: 
 
• seal both ends of the seam to be tested; 
 
• insert needle or other approved pressure feed device into the tunnel 

created by the fusion weld; 
 
• insert a protective cushion between the air pump and the 

geomembrane; 
 
• energize the air pump to a pressure of 25 to 30 psi (170 to 204 kPa), 

close valve, and sustain pressure for not less than 5 minutes; 
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• if loss of pressure exceeds 3 psi (20 kPa) or does not stabilize, locate 
faulty area and repair in general accordance with Section 10.4.5; 

 
• cut end of tested seam area, opposite the location of the pressure 

gauge, after completion of the five minute pressure hold period to 
verify complete testing of the seam.  If the pressure gauge does not 
indicate a release of pressure, locate blockage of the air channel and 
retest until entire seam is tested; and 

 
• remove needle or other approved pressure feed device and repair any 

holes in the geomembrane resulting from the air pressure testing 
procedure in general accordance with Section 10.4.5. 

 
10.4.4.10 Destructive Testing 

 
Concept 
 
Destructive seam testing will be performed on site and at the independent 

CQA laboratory in general accordance with the Drawings and the Technical 
Specifications.  Destructive seam tests will be performed at selected locations.  The 
purpose of these tests is to evaluate seam strength.  Seam strength testing will be done 
as the seaming work progresses, not at the completion of all field seaming. 

 
Location and Frequency 
 
The CQA Site Manager will select locations where seam samples will be cut 

out for laboratory testing.  Those locations will be established as follows. 
 
• The frequency of geomembrane seam testing is a minimum of one 

destructive sample per 500 feet of weld.  The minimum frequency is 
to be evaluated as an average taken throughout the entire facility. 

 
• A minimum of one test per seaming machine over the duration of the 

project phase. 
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• Test locations will be evaluated during seaming at CQA Site 
Manager’s discretion.  Selection of such locations may be prompted 
by suspicion of excess crystallinity, contamination, offset welds, or 
any other potential cause of imperfect welding. 

 
The Geosynthetic Installer will not be informed in advance of the locations 

where the seam samples will be taken. 
 
Sampling Procedure 
 
Samples will be cut by the Geosynthetic Installer as the seaming progresses 

in order to have laboratory test results before the geomembrane is covered by another 
material.  The CQA Site Manager will: 

 
• observe sample cutting; 
• assign a number to each sample, and mark it accordingly; 
• record sample location on layout drawing; and 
• record reason for taking the sample at this location (e.g., statistical 

routine, suspicious feature of the geomembrane). 
 
Holes in the geomembrane resulting from destructive seam sampling will be 

immediately repaired in general accordance with repair procedures described in 
Section 10.4.5.  The continuity of the new seams in the repaired area will be tested in 
general accordance with  Section 10.4.4.9. 

 
Size and Distribution of Samples 
 
The destructive sample will be 12 in. (0.3 m) wide by 42 in. (1.1 m) long 

with the seam centered lengthwise. The sample will be cut into three parts and 
distributed as follows: 

 
• one portion, measuring 12 in. × 12 in. (0.30 cm × 30 cm), to the 

Geosynthetic Installer for field testing; 
 
• one portion, measuring 12 in. × 18 in. (30 cm × 45 cm), for CQA 

Laboratory testing; and 
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• one portion, measuring 12 in. × 12 in. (30 cm × 30 cm), to the 

Contractor for archive storage. 
 
Final evaluation of the destructive sample sizes and distribution will be 

made at the Pre-Construction Meeting. 
 
Field Testing 
 
Field testing will be performed by the Geosynthetic Installer using a gauged 

tensiometer.  Prior to field testing the Geosynthetic Installer shall submit a calibration 
certificate for gauge tensiometer to the CQA Consultant for review.  Calibration must 
have been performed within one year of use on the current project.  Five 1 in. (25 mm) 
wide strips will be taken for peel.  The specimens shall not fail in the seam and shall 
meet the strength requirements outlined in the Technical Specifications.  If any field test 
specimen fails, then the procedures outlined in Procedures for Destructive Test Failures 
of this section will be followed. 

 
The CQA Site Manager will witness field tests and mark samples and 

portions with their number. The CQA Site Manager will also log the date and time, 
ambient temperature, number of seaming unit, name of seamer, welding apparatus 
temperatures and pressures, and pass or fail description. 

 
CQA Laboratory Testing 
 
Destructive test samples will be packaged and shipped, if necessary, under 

the responsibility of the CQA Site Manager in a manner that will not damage the test 
sample.  The Project Manager will document that packaging and shipping conditions 
are acceptable.  The Project Manager will be responsible for storing the archive 
samples.  This procedure will be outlined at the Resolution Meeting.  Samples will be 
tested by the CQA Laboratory.  The CQA Laboratory will be selected by the CQA Site 
Manager with the concurrence of the Project Manager. 

 
Testing will include “Bonded Seam Strength” and “Peel Adhesion.” The 

minimum acceptable values to be obtained in these tests are given in the Technical 
Specifications.  At least five specimens will be tested for each test method.  Specimens 
will be selected alternately by test from the samples (i.e., peel, shear, peel, shear...).  A 
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passing test will meet the minimum required values in at least four out of five 
specimens. 

 
The CQA Laboratory will provide test results no more than 24 hours after 

they receive the samples.  The CQA Site Manager will review laboratory test results as 
soon as they become available, and make appropriate recommendations to the Project 
Manager. 

 
Geosynthetic Installer’s Laboratory Testing 
 
The Geosynthetic Installer’s laboratory test results will be presented to the 

Project Manager and the CQA Site Manager for comments. 
 
Procedures for Destructive Test Failure 
 
The following procedures will apply whenever a sample fails a destructive 

test, whether that test conducted by the CQA Laboratory, the Geosynthetic Installer’s 
laboratory, or by gauged tensiometer in the field.  The Geosynthetic Installer has two 
options: 

 
• The Geosynthetic Installer can reconstruct the seam between two 

passed test locations. 
 
• The Geosynthetic Installer can trace the welding path to an 

intermediate location at 10 ft (3 m) minimum from the point of the 
failed test in each direction and take a small sample for an additional 
field test at each location.  If these additional samples pass the test, 
then full laboratory samples are taken.  If these laboratory samples 
pass the tests, then the seam is reconstructed between these locations.  
If either sample fails, then the process is repeated to establish the 
zone in which the seam should be reconstructed. 

 
Acceptable seams must be bounded by two locations from which samples 

passing laboratory destructive tests have been taken.  In cases where the failed seam 
segment exceeds 150 ft (50 m), a destructive sample will be taken from the zone in 
which the seam has been reconstructed.  Repairs will be made in general accordance 
with Section 10.4.5. 
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The CQA Site Manager will document actions taken in conjunction with 

destructive test failures. 
 

10.4.5 Defects and Repairs 
 
This section prescribes CQA activities to document that defects, tears, rips, 

punctures, damage, or failing seams shall be repaired. 
 

10.4.5.1 Identification 
 
Seams and non-seam areas of the geomembrane will be examined by the 

CQA Site Manager for identification of defects, holes, blisters, undispersed raw 
materials and signs of contamination by foreign matter.  Because light reflected by the 
geomembrane helps to detect defects, the surface of the geomembrane will be clean at 
the time of examination. 

 
10.4.5.2 Evaluation 

 
Each suspect location both in seam and non-seam areas will be non-

destructively tested using the methods described in Section 10.4.4.9 as appropriate.  
Each location that fails the nondestructive testing will be marked by the CQA Site 
Manager and repaired by the Geosynthetic Installer.  Work will not proceed with any 
materials that will cover locations which have been repaired until laboratory test results 
with passing values are available. 

 
10.4.5.3 Repair Procedures 

 
Portions of the geomembrane exhibiting a flaw, or failing a destructive or 

nondestructive test, will be repaired.  Several procedures exist for the repair of these 
areas.  The final decision as to the appropriate repair procedure will be at the discretion 
of the CQA Consultant with input from the Project Manager and Geosynthetic Installer.  
The procedures available include: 

 
• patching, used to repair large holes, tears, undispersed raw materials, 

and contamination by foreign matter; 
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• grinding and re-welding, used to repair small sections of extruded 
seams; 

 
• spot welding or seaming, used to repair small tears, pinholes, or other 

minor, localized flaws; 
 
• capping, used to repair large lengths of failed seams; 
 
• removing bad seam and replacing with a strip of new material 

welded into place (used with large lengths of fusion seams). 
 
In addition, the following provisions will be satisfied: 
 
• surfaces of the geomembrane which are to be repaired will be 

abraded no more than 20 minutes prior to the repair; 
 
• surfaces must be clean and dry at the time of the repair; 
 
• all seaming equipment used in repairing procedures must be 

approved; 
 
• the repair procedures, materials, and techniques will be approved in 

advance by the CQA Consultant with input from the Project Manager 
and Geosynthetic Installer; 

 
• patches or caps will extend at least 6 in. (150 mm) beyond the edge 

of the defect, and all corners of patches will be rounded with a radius 
of at least 3 in. (75 mm); and 

 
• the geomembrane below large caps should be appropriately cut to 

avoid water or gas collection between the two sheets. 
 

10.4.5.4 Verification of Repairs 
 
Each repair will be numbered and logged.  Each repair will be non-

destructively tested using the methods described in Section 10.4.4.9 as appropriate.  
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Repairs that pass the non- destructive test will be taken as an indication of an adequate 
repair.  Large caps may be of sufficient extent to require destructive test sampling, at 
the discretion of the CQA Site Manager.  Failed tests indicate that the repair will be 
redone and re-tested until a passing test results.  The CQA Site Manager will observe all 
non-destructive testing of repairs and will record the number of each repair, date, and 
test outcome. 

 
10.4.5.5 Large Wrinkles 

 
When seaming of the geomembrane is completed (or when seaming of a 

large area of the geomembrane liner is completed) and prior to placing overlying 
materials, the CQA Site Manager will observe the geomembrane wrinkles.  The CQA 
Site Manager will indicate to the Project Manager which wrinkles should be cut and re-
seamed by the Geosynthetic Installer.  The seam thus produced will be tested like any 
other seam. 

 
10.4.6 Lining System Acceptance 

 
The Geosynthetic Installer and the Manufacturer(s) will retain all 

responsibility for the geosynthetic materials in the liner system until acceptance by the 
Owner. 

 
The geosynthetic liner system will be accepted by the Owner when: 
 
• the installation is finished; 
 
• verification of the adequacy of all seams and repairs, including 

associated testing, is complete; 
 
• all documentation of installation is completed including the CQA 

Site Manager’s acceptance report; and 
 
• CQA report, including “as built” drawing(s), sealed by a registered 

professional engineer has been received by the Project Manager. 
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The CQA Site Manager will document that installation has proceeded in 
general accordance with the Technical Specifications for the project except as noted to 
the Project Manager. 
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11. GEOTEXTILE 
 

11.1 Introduction 
 
This section of the CQA Plan outlines the CQA activities to be performed 

for the geotextile installation.  The CQA Consultant will review the Drawings, and the 
Technical Specifications, and any approved addenda or changes. 

 
11.2 Manufacturing 

 
The Manufacturer will provide the Project Manager with a list of guaranteed 

“minimum average roll value” properties (defined as the mean less two standard 
deviations), for each type of geotextile to be delivered.  The Manufacturer will also 
provide the Project Manager with a written quality control certification signed by a 
responsible party employed by the Manufacturer that the materials actually delivered 
have property “minimum average roll values” which meet or exceed all property values 
guaranteed for that type of geotextile. 

 
The quality control certificates will include: 
 
• roll identification numbers; and 
• results of quality control testing. 
 
The Manufacturer will provide, as a minimum, test results for the following: 
 
• mass per unit area (cushion geotextile only); 
• grab strength (cushion and filtration geotextiles only); 
• tear strength (cushion and filtration geotextiles only); 
• burst strength (cushion and filtration geotextiles only); 
• puncture strength (cushion and filtration geotextiles only); 
• wide width tensile strength (UV protection geotextile only); 
• permittivity (filtration geotextile only); and 
• apparent opening size (filtration and UV protection geotextiles only). 
 
Quality control tests must be performed, in general accordance with the test 

methods specified in Table 9, on geotextile produced for the project.  The Manufacturer 
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will also provide a written certification that the nonwoven, needle-punched geotextiles 
are continuously inspected and found to be needle-free. 

 
The CQA Site Manager will examine Manufacturer certifications to evaluate 

that the property values listed on the certifications meet or exceed those specified for 
the particular type of geotextile and the measurements of properties by the 
Manufacturer are properly documented, test methods acceptable and the certificates 
have been provided at the specified frequency properly identifying the rolls related to 
testing.  Deviations will be reported to the Project Manager. 

 
11.3 Labeling 

 
The Manufacturer will identify all rolls of geotextile with the following: 
 
• manufacturer’s name; 
• product identification; 
• lot number; 
• roll number; and 
• roll dimensions. 
 
The CQA Site Manager will examine rolls upon delivery and deviation from 

the above requirements will be reported to the Project Manager. 
 

11.4 Shipment and Storage 
 
During shipment and storage, the geotextile will be protected from 

ultraviolet light exposure, precipitation or other inundation, mud, dirt, dust, puncture, 
cutting or any other damaging or deleterious conditions.  To that effect, geotextile rolls 
will be shipped and stored in relatively opaque and watertight wrappings. 

 
Protective wrappings will be removed less than one hour prior to unrolling 

the geotextile.  After the wrapping has been removed, a geotextile will not be exposed 
to sunlight for more than 15 days, except for UV protection geotextile, unless otherwise 
specified and guaranteed by the Manufacturer. 
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The CQA Site Manager will observe rolls upon delivery at the site and 
deviation from the above requirements will be reported to the Project Manager. 

 
11.5 Conformance Testing 

 
11.5.1 Tests 

 
Upon delivery of the rolls of geotextiles, the CQA Site Manager will 

document that samples are removed and forwarded to the Geosynthetics CQA 
Laboratory for testing to evaluate conformance to Technical Specifications.  Required 
test and testing frequency for the geotextiles are presented in Table 9. 

 
These conformance tests will be performed in general accordance with the 

test methods specified in the Technical Specifications. 
 

11.5.2 Sampling Procedures 
 
Samples will be taken across the width of the roll and will not include the 

first three feet (linear meter).  Unless otherwise specified, samples will be 3 ft (1 m) 
long by the roll width.  The CQA Site Manager will mark the machine direction on the 
samples with an arrow. 

 
Unless otherwise specified, samples will be taken at a rate as indicated in 

Table 9 for geotextiles. 
 

11.5.3 Test Results 
 
The CQA Site Manager will examine results from laboratory conformance 

testing and will report non-conformance to the Project Manager. 
 

11.5.4 Conformance Sample Failure 
 
The following procedure will apply whenever a sample fails a conformance 

test that is conducted by the CQA Laboratory: 
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• The Manufacturer will replace every roll of geotextile that is in 
nonconformance with the Technical Specifications with a roll(s) that 
meets Technical Specifications. 

 
• The Geosynthetic Installer will remove conformance samples for 

testing by the CQA Laboratory from the closest numerical rolls on 
both sides of the failed roll.  These two samples must conform to the 
Technical Specifications.  If either of these samples fail, the 
numerically closest rolls on the side of the failed sample will be 
tested by the CQA Laboratory.  These samples must conform to the 
Technical Specifications.  If any of these samples fail, every roll of 
geotextile on site from this lot and every subsequently delivered roll 
that is from the same lot must be tested by the CQA Laboratory for 
conformance to the Technical Specifications.  This additional 
conformance testing will be at the expense of the Manufacturer. 

 
The CQA Site Manager will document actions taken in conjunction with 

conformance test failures. 
 

11.6 Handling and Placement 
 
The Geosynthetic Installer will handle all geotextiles in such a manner as to 

document they are not damaged in any way, and the following will be complied with: 
 
• On slopes, the geotextiles will be securely anchored in the anchor 

trench and then rolled down the slope in such a manner as to 
continually keep the geotextile sheet in tension. 

 
• In the presence of wind, all geotextiles will be weighted with 

sandbags or the equivalent.  Such sandbags will be installed during 
placement and will remain until replaced with earth cover material. 

 
• Geotextiles will be cut using an approved geotextile cutter only.  If in 

place, special care must be taken to protect other materials from 
damage, which could be caused by the cutting of the geotextiles. 
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• The Geosynthetic Installer will take all necessary precautions to 
prevent damage to underlying layers during placement of the 
geotextile. 

 
• During placement of geotextiles, care will be taken not to entrap in 

the geotextile stones, excessive dust, or moisture that could damage 
the geotextile, generate clogging of drains or filters, or hamper 
subsequent seaming. 

 
• A visual examination of the geotextile will be carried out over the 

entire surface, after installation, to document that no potentially 
harmful foreign objects, such as needles, are present. 

 
The CQA Site Manager will note non-compliance and report it to the Project 

Manager. 
 

11.7 Seams and Overlaps 
 
All geotextiles will be continuously sewn in accordance with Technical 

Specifications.  Geotextiles will be overlapped 6 in. (0.15 m) prior to seaming.  No 
horizontal seams will be allowed on side slopes (i.e. seams will be along, not across, the 
slope), except as part of a patch. 

 
Sewing will be done using polymeric thread with chemical and ultraviolet 

resistance properties equal to or exceeding those of the geotextile. 
 

11.8 Repair 
 
Holes or tears in the geotextile will be repaired as follows: 
 
• On slopes: A patch made from the same geotextile will be double 

seamed into place.  Should a tear exceed 10 percent of the width of 
the roll, that roll will be removed from the slope and replaced. 
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• Non-slopes: A patch made from the same geotextile will be spot-
seamed in place with a minimum of 6 in. (0.60 m) overlap in all 
directions. 

 
Care will be taken to remove any soil or other material that may have 

penetrated the torn geotextile. 
 
The CQA Site Manager will observe any repair, note any non-compliance 

with the above requirements and report them to the Project Manager. 
 

11.9 Placement of Soil or Aggregate Materials 
 
The Contractor will place all soil or aggregate materials located on top of a 

geotextile, in such a manner as to document: 
 
• no damage of the geotextile; 
• minimal slippage of the geotextile on underlying layers; and 
• no excess tensile stresses in the geotextile. 
 
Unless otherwise specified by the Engineer, all lifts of soil material will be 

in conformance with the following guidelines: 
 

Equipment Ground Pressure Minimum Loose Lift Thickness 
Psi kPa in. m 
<10 < 68 12 0.30 
<20 < 138 24 0.60 
>20 > 138 36 0.90 
 
If portions of the geotextile are exposed, the CQA Site Manager will 

periodically place two (or more, at his discretion) marks on the geotextile 10 ft (3 m) 
apart along the slope and measure the elongation of the geotextile during the placement 
of soil.  This elongation will be related, by the Engineer, to the tensile stress in the 
geotextile. 

 
Non-compliance will be noted by the CQA Site Manager and reported to the 

Project Manager. 
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12. GEOSYNTHETIC CLAY LINER (GCL) 
 

12.1 Introduction 
 
This section of the CQA Plan outlines the CQA activities to be performed 

for the geosynthetic clay liner (GCL) installation.  The CQA Consultant will review the 
Drawings, and the Technical Specifications, and approved addenda or changes. 

 
12.2 Manufacturing 

 
The Manufacturer will provide the Project Manager with a list of guaranteed 

“minimum average roll value” properties (defined as the mean less two standard 
deviations), for the GCL to be delivered.  The Manufacturer will also provide the 
Project Manager with a written quality control certification signed by a responsible 
party employed by the Manufacturer that the materials actually delivered have property 
“minimum average roll values” which meet or exceed all property values guaranteed for 
that GCL. 

 
The quality control certificates will include: 
 
• roll identification numbers; and 
• results of quality control testing. 
 
The Manufacturer will provide, as a minimum, test results for the following: 
 
• mass per unit area; and 
• index flux. 
 
Quality control tests must be performed, in general accordance with the test 

methods specified in Table 10, on GCL produced for the project. 
 
The CQA Site Manager will examine Manufacturer certifications to verify 

that the property values listed on the certifications meet or exceed those specified for 
the GCL and the measurements of properties by the Manufacturer are properly 
documented, test methods acceptable and the certificates have been provided at the 
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specified frequency properly identifying the rolls related to testing.  Deviations will be 
reported to the Project Manager. 

 
12.3 Labeling 

 
The Manufacturer will identify all rolls of GCL with the following: 
 
• manufacturer’s name; 
• product identification; 
• lot number; 
• roll number; and 
• roll dimensions. 
 
The CQA Site Manager will examine rolls upon delivery and deviation from 

the above requirements will be reported to the Project Manager. 
 

12.4 Shipment and Storage 
 
During shipment and storage, the GCL will be protected from ultraviolet 

light exposure, precipitation or other inundation, mud, dirt, dust, puncture, cutting or 
any other damaging or deleterious conditions.  To that effect, GCL rolls will be shipped 
and stored in relatively opaque and watertight wrappings. 

 
The CQA Site Manager will observe rolls upon delivery at the site and any 

deviation from the above requirements will be reported to the Project Manager. 
 

12.5 Conformance Testing 
 

12.5.1 Tests 
 
CQA personnel will sample the GCL either during production at the 

manufacturing facility or after delivery to the construction site.  The samples will be 
forwarded to the Geosynthetics CQA Laboratory for testing to assess conformance with 
the Technical Specifications.  The test methods and minimum testing frequencies are 
indicated in Table 10. 
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Samples will be taken across the width of the roll and will not include the 
first 3 ft (0.9 m) if the sample is cut on site.  Unless otherwise specified, samples will be 
3 ft (0.9 m) long by the roll width.  The CQA Consultant will mark the machine 
direction with an arrow and the manufacturer's roll number on each sample. 

 
The CQA Site Manager will examine results from laboratory conformance 

testing and will report non-conformance to the Project Manager. 
 

12.5.2 Conformance Sample Failure 
 
The following procedure will apply whenever a sample fails a conformance 

test that is conducted by the CQA Laboratory: 
 
• The Manufacturer will replace every roll of GCL that is in 

nonconformance with the Technical Specifications with a roll(s) that 
meets Technical Specifications. 

 
• The Geosynthetic Installer will remove conformance samples for 

testing by the CQA Laboratory from the closest numerical rolls on 
both sides of the failed roll.  These two samples must conform to the 
Technical Specifications.  If either of these samples fail, the 
numerically closest rolls on the side of the failed sample will be 
tested by the CQA Laboratory.  These samples must conform to the 
Technical Specifications.  If any of these samples fail, every roll of 
GCL on site from this lot and every subsequently delivered roll that 
is from the same lot must be tested by the CQA Laboratory for 
conformance to the Technical Specifications.  This additional 
conformance testing will be at the expense of the Manufacturer. 

 
The CQA Site Manager will document actions taken in conjunction with 

conformance test failures. 
 

12.6 GCL Delivery and Storage 
 
Upon delivery to the site, the CQA Consultant will check the GCL rolls for 

defects (e.g., tears, holes) and for damage.  The CQA Consultant will report to the 
Project Manager and the Geosynthetics Installer: 
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• any rolls, or portions thereof, which should be rejected and removed 

from the site because they have severe flaws; and 
 
• any rolls which include minor repairable flaws. 
 
The GCL rolls delivered to the site will be checked by the CQA Consultant 

to document that the roll numbers correspond to those on the approved Manufacturer's 
quality control certificate of compliance. 

 
12.7 GCL Installation 

 
The CQA Consultant will monitor and document that the GCL is installed in 

general accordance with the Drawings and the Technical Specifications.  The 
Geosynthetics Installer shall provide the CQA Consultant a certificate of subgrade 
acceptance prior to the installation of the GCL as outlined in the Technical 
Specifications.  The GCL installation activities to be monitored and documented by the 
CQA Consultant include: 

 
• monitoring that the GCL rolls are stored and handled in a manner 

which does not result in any damage to the GCL; 
 
• monitoring that the GCL is not exposed to UV radiation for extended 

periods of time without prior approval; 
 
• monitoring that the GCL are seamed in general accordance with the 

Technical Specifications and the Manufacturer's recommendations; 
 
• monitoring and documenting that the GCL is installed on an 

approved subgrade, free of debris, protrusions, or uneven surfaces; 
 
• monitoring that the GCL is not installed on a saturated subgrade or 

standing water and is not exposed such that it is hydrated prior to 
completion of the construction; and 

 



 

 

SC0313.CQAPlan.111006.d.wkp.doc 73 06 11 10/15:53 

• monitoring that any damage to the GCL is repaired as outlined in the 
Technical Specifications. 

 
The CQA Site Manager will note non-compliance and report it to the Project 

Manager. 
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13. GEOCOMPOSITE 
 

13.1 Introduction 
 
This section of the CQA Plan outlines the CQA activities to be performed 

for the geocomposite installation.  The CQA Consultant will review the Drawings, and 
the Technical Specifications, and any approved addenda or changes. 

 
13.2 Manufacturing 

 
The Manufacturer will provide the CQA Consultant with a list of certified 

“minimum average roll value” properties for the type of geocomposite to be delivered.  
The Manufacturer will also provide the CQA Consultant with a written certification 
signed by a responsible representative of the Manufacturer that the geocomposite 
actually delivered have “minimum average roll values” properties which meet or exceed 
all certified property values for that type of geocomposite. 

 
The CQA Consultant will examine the Manufacturers’ certifications to 

document that the property values listed on the certifications meet or exceed those 
specified for the particular type of geocomposite (geotextile and geonet).  Deviations 
will be reported to the Project Manager. 

 
13.3 Labeling 

 
The Manufacturer will identify all rolls of geocomposite with the following: 
 
• Manufacturer’s name; 
• product identification; 
• lot number; 
• roll number; and 
• roll dimensions. 
 
The CQA Site Manager will examine rolls upon delivery and deviation from 

the above requirements will be reported to the Project Manager. 
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13.4 Shipment and Storage 
 
During shipment and storage, the geocomposite will be protected from 

ultraviolet light exposure, precipitation or other inundation, mud, dirt, dust, puncture, 
cutting or any other damaging or deleterious conditions.  Therefore, geocomposite rolls 
will be shipped and stored in relatively opaque and watertight wrappings.  The CQA 
Site Manager will observe rolls upon delivery to the site and deviation from the above 
requirements will be reported to the Project Manager.  Damaged rolls will be rejected 
and replaced. 

 
Wrapping protecting geocomposite rolls will be removed less than one hour 

prior to unrolling geocomposite before placement.  After the wrapping has been 
removed, geocomposite should not be exposed to sunlight for more than 15 days, unless 
otherwise approved by the Manufacturer.  Approval by the Manufacturer will be a 
guarantee that the properties of the exposed geotextile will not degrade upon prolonged 
exposure to such values that would cause the material to not meet the Technical 
Specifications.  Any material that is exposed for more than 15 days, which has been 
approved for prolonged exposure by the Manufacturer, will be tested by the CQA 
Laboratory to document that the material properties are still in conformance with the 
Technical Specifications.  Any material that fails to meet the Technical Specifications 
will be replaced by the Manufacturer. 

 
The CQA Site Manager will observe that geocomposite is free of dirt and 

dust just before installation.  The CQA Site Manager will report the outcome of this 
observation to the Project Manager, and if the geocomposite is judged dirty or dusty, 
they will be cleaned by the Geosynthetic Installer prior to installation. 

 
13.5 Conformance Testing 

 
13.5.1 Tests 

 
The geocomposite material will be tested for transmissivity (ASTM D 4716) 

and for peel strength (ASTM D 413) at the frequencies presented in Table 11. 
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13.5.2 Sampling Procedures 
 
Upon delivery of the geocomposite rolls, the CQA Site Manager will 

document that samples are obtained from individual rolls at the frequency specified in 
this CQA Plan.  The geocomposite samples will be forwarded to the CQA Laboratory 
for testing to evaluate conformance to both the Technical Specifications and the list of 
physical properties certified by the Manufacturer. 

 
Samples will be taken across the width of the roll and will not include the 

first 3 linear ft (1 linear m).  Unless otherwise specified, samples will be 3 ft (1 m) long 
by the roll width.  The CQA Consultant will mark the machine direction on the samples 
with an arrow. 

 
13.5.3 Test Results 

 
The CQA Site Manager will examine results from laboratory conformance 

testing and compare results to the Technical Specifications.  The criteria used to 
evaluate acceptability are presented in the Technical Specifications.  The CQA Site 
Manager will report any nonconformance to the Project Manager. 

 
13.5.4 Conformance Test Failure 

 
The following procedure will apply whenever a sample fails a conformance 

test that is conducted by the CQA Laboratory: 
 
• The Manufacturer will replace every roll of geocomposite that is in 

nonconformance with the Technical Specifications with a roll that 
meets specifications. 

 
• The Geosynthetic Installer will remove conformance samples for 

testing by the CQA Laboratory from the closest numerical rolls on 
both sides of the failed roll.  These two samples must conform to the 
Technical Specifications.  If either of these samples fail, the 
numerically closest rolls on the side of the failed sample that is not 
tested, will be tested by the CQA Laboratory.  These samples must 
conform to the Technical Specifications.  If any of these samples fail, 
every roll of geocomposite on site from this lot and every 
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subsequently delivered roll that is from the same lot must be tested 
by the CQA Laboratory for conformance to the Technical 
Specifications. 

 
The CQA Site Manager will document actions taken in conjunction with 

conformance test failures. 
 

13.6 Handling and Placement 
 
The Geosynthetic Installer will handle all geocomposite in such a manner as 

to document they are not damaged in any way.  The Geosynthetic Installer will comply 
with the following: 

 
• In the presence of wind, the geocomposite will be weighted with 

sandbags or the equivalent.  Sandbags will be used during 
installation only and will remain until replaced with the appropriate 
cover material. 

 
• If in place, special care must be taken to protect other materials from 

damage, which could be caused by the cutting of the geocomposite. 
 
• The Geosynthetic Installer will take any necessary precautions to 

prevent damage to underlying layers during placement of the 
geocomposite. 

 
• During placement of geocomposite, care will be taken to prevent 

entrapment of dirt or excessive dust that could cause clogging of the 
drainage system, and/or stones that could damage the adjacent 
geomembrane.  If dirt or excessive dust is entrapped in the 
geocomposite, it should be cleaned prior to placement of the next 
material on top of it.  In this regard, care should be taken with the 
handling or sandbags, to prevent rupture or damage of the sandbag. 

 
• A visual examination of the geocomposite will be carried out over 

the entire surface, after installation to document that no potentially 
harmful foreign objects are present. 
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The CQA Site Manager will note noncompliance and report it to the Project 

Manager. 
 

13.7 Drainage composite Seams and Overlaps 
 
Adjacent geocomposite panels will be joined in general accordance with 

Construction Drawings and Technical Specifications.  As a minimum, the following 
requirements will be met: 

 
• Adjacent rolls will be overlapped by at least 4 in. (100 mm). 
 
• Each component of the geocomposite will be secured or seamed to 

the like component at overlaps. 
 
• The geocomposite overlaps will be secured by tying, in general 

accordance with the Technical Specifications. 
 
• The bottom layers of geotextile will be overlapped. 
 
• The top layers of geotextile will be continuously sewn. 
 
The CQA Consultant will note any noncompliance and report it to the 

Project Manager. 
 

13.8 Repair 
 
Holes or tears in the geocomposite will be repaired by placing a patch 

extending 2 ft (0.6 m) beyond edges of the hole or tear.  The patch will be secured by 
tying with approved tying devices every 6 in. (150 mm) through the bottom geotextile 
and the geonet of the patch, and through the top geotextile and geonet components of 
the geocomposite needing repair.  The top geotextile component of the patch will be 
heat sealed to the top geotextile of the geocomposite needing repair.  If the hole or tear 
width across the roll is more than 50 percent of the width of the roll, the damaged area 
will be cut out and the two portions of the geocomposite will be joined in general 
accordance with Section 13.7. 
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The CQA Site Manager will observe repairs, note noncompliances with the 

above requirements and report them to the Project Manager. 
 

13.9 Placement of Soil Materials 
 
The Contractor will place all soil materials located on top of a geocomposite 

in such a manner as to document: 
 
• the geocomposite and underlying liner materials are not damaged; 
 
• minimal slippage of the geocomposite on underlying layers occurs; 

and 
 
• no excess tensile stresses occur in the geocomposite. 
 
Unless otherwise specified by the CQA Consultant, lifts of soil material will 

be in conformance with the Technical Specifications.  If portions of the geocomposite 
are exposed, the CQA Consultant will periodically place marks on the geocomposite 
and the underlying geomembrane and measure the elongation of the geonet during the 
placement of soil. 

 
Noncompliance will be noted by the CQA Consultant and reported to the 

Project Manager. 
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14. SURVEYING 

 
14.1 Survey Control 

 
Survey control will be performed by the Owner as needed.  A permanent 

benchmark will be established for the site(s) in a location convenient for daily tie-in.  
The vertical and horizontal control for this benchmark will be established within normal 
land surveying standards. 

 
14.2 Precision and Accuracy 

 
A wide variety of survey equipment is available for the surveying 

requirements for these projects.  The survey instruments used for this work should be 
sufficiently precise and accurate to meet the needs of the projects.  Surveys shall be 
performed at 2nd order accuracy. 

 
14.3 Lines and Grades 

 
The following surfaces will be surveyed to verify the lines and grades 

achieved during soil placement and compaction. 
 
• Excavation: 

– original grade surface; 
– completed excavation surface prior to fill placement. 

• Engineered Fill: 
– subgrade surface; and 
– finished compacted engineered fill surface. 

• Prepared Subgrade: 
– prepared subgrade surface. 

 
The following structures will be surveyed to verify and document the lines 

and grades achieved during construction of the Project: 
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• all culverts, inlet, and drop structures; 
 
• ditch bottoms and sideslopes; 
 
• permanent erosion control features; 
 
• geomembrane terminations and selected geomembrane seams, as 

indicated by the CQA Manager; and 
 
• centerlines of pipes. 
 

14.4 Frequency and Spacing 
 
Surveying should be carried out immediately upon completion of a given 

installation to facilitate progress and avoid delaying commencement of the next 
installation.  In addition, spot checks during placement and compaction will be 
necessary to assist the Contractor in compliance with required grades. 

 
At the least the following minimum spacings and locations should be 

provided for survey points: 
 
• all “flat” surfaces, such as the base of the landfill, with gradients less 

than 10 percent, should be surveyed on a square grid not wider 
spaced than 100 ft (30 m); 

 
• on all slopes greater than 10 percent, a square grid not wider than 

100 ft (30 m) should be used, but in any case, a line at the crest, 
midpoint, and toe of the slope should be taken; 

 
• a line of survey points no further than 100 ft (30 m) apart must be 

taken along any slope break (this will include the inside edge and 
outside edge of any bench on a slope); and 

 
• a line of survey points no further than 50 ft (15 m) apart must be 

taken at the invert of pipes or other appurtenances to the liner. 
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14.5 Documentation 
 
Field survey notes should be retained by the Land Surveyor.  The findings 

from the field surveys should be documented on a set of Survey Record Drawings, 
which shall be provided to the Engineer in AutoCADD 2000 format or other suitable 
format as directed by the Owner. 
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TABLE 1 
TEST PROCEDURES FOR THE EVALUATION OF SOILS 

 
TEST METHOD DESCRIPTION TEST STANDARD 

Laboratory Test Procedures: 

Classification Classification of Soils ASTM D 2487 

Modified Proctor Moisture/Density Relationship 
of Soil (10 lb (4.54 kg) rammer 
and 18 in. (457 mm) drop) 

ASTM D 1557 

Hydrometer Analysis Particle Size Distribution of 
Fine Fraction of Soils 

ASTM D 422 

Sieve Analysis Particle Size Distribution of 
Coarse Fraction of Soils 

ASTM D 422 

Field Test Procedures: 

Nuclear Densometer In Situ Soil Unit Weight 
In Situ Moisture Content 

ASTM D 2922 
ASTM D 3017 

Sand Cone In Situ Soil Unit Weight 
Moisture Content 

ASTM D 1556 
ASTM D 2216 

Drive Cylinder In Situ Soil Unit Weight 
Moisture Content 

ASTM D 2937 
ASTM D 2216 
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TABLE 2 
 

MINIMUM SOILS TESTING FREQUENCIES 
FOR MATERIAL QUALIFICATION TESTING 

 
TEST ENGINEERED FILL 

Sieve Analysis 1 per source 
Hydrometer Analysis 1 per source 

Soil Classification 1 per source 
Modified Proctor 1 per source 
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TABLE 3 
 

MINIMUM SOILS TESTING FREQUENCIES 
FOR CONFORMANCE TESTING 

 
TEST ENGINEERED FILL 

Sieve Analysis 1 per 10,000 yd3 (7,646 m3) 
Hydrometer Analysis 1 per 10,000 yd3 (7,646 m3) 

Soil Classification 1 per 10,000 yd3 (7,646 m3) 
Modified Proctor 1 per 10,000 yd3 (7,646 m3) 
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TABLE 4 
 

MINIMUM SOIL TESTING FREQUENCIES FOR 
CONSTRUCTION QUALITY CONTROL 

 
TEST ENGINEERED FILL 

Nuclear densometer 1 per 500 yd3 (76 m3) 
Sand cone or drive cylinder 1 per 20 nuclear densometer tests 
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TABLE 5 
 

TEST PROCEDURES FOR THE EVALUATION OF AGGREGATE 
 

TEST METHOD DESCRIPTION TEST STANDARD 

Sieve Analysis Particle Size Distribution of 
Fine and Coarse Aggregates 

ASTM C 136 

Hydraulic Conductivity 
(Rigid Wall Permeameter) 

Permeability of Aggregates ASTM D 2434 
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TABLE 6 
 

MINIMUM AGGREGATE TESTING FREQUENCIES FOR 
MATERIAL QUALIFICATION TESTING 

 
TEST DRAINAGE AGGREGATE 

Sieve Analysis 1 per source 
Hydraulic Conductivity 1 per source 
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TABLE 7 
 

MINIMUM AGGREGATE TESTING FREQUENCIES FOR 
CONFORMANCE TESTING 

 
TEST TEST METHOD DRAINAGE AGGREGATE 

Sieve Analysis ASTM C 136 1 per 5,000 yd3 (3,823 m3) 
Hydraulic Conductivity ASTM D 2434 1 per 10,000 yd3 (7,646 m3) 
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TABLE 8 
 

GEOMEMBRANE CONFORMANCE TESTING REQUIREMENTS 
 

TEST NAME TEST METHOD FREQUENCY 

Specific Gravity ASTM D 792 
Method A or ASTM D 1505 

100,000 ft2 (9,290 m2) 

Thickness ASTM D 5994 100,000 ft2 (9,290 m2) 
Tensile Strength at Yield ASTM D 638 100,000 ft2 (9,290 m2) 
Tensile Strength at Break ASTM D 638 100,000 ft2 (9,290 m2) 
Elongation at Yield ASTM D 638 100,000 ft2 (9,290 m2) 
Elongation at Break ASTM D 638 100,000 ft2 (9,290 m2) 
Carbon Black Content ASTM D 1603 100,000 ft2 (9,290 m2) 
Carbon Black Dispersion ASTM D 5596 100,000 ft2 (9,290 m2) 
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TABLE 9 
 

GEOTEXTILE CONFORMANCE TESTING REQUIREMENTS 
 

TEST 
NAME 

TEST 
METHOD 

MINIMUM 
FREQUENCY 

CUSHION 

MINIMUM 
FREQUENCY 
FILTRATION 

MINIMUM 
FREQUENCY 

UV 
PROTECTION 

Mass per Unit 
Area 

ASTM D 5261 1 test per 
200,000 ft2 
(18,580 m2) 

--- --- 

Grab Strength ASTM D 4632 1 test per 
200,000 ft2 
(18,580 m2) 

1 test per 
200,000 ft2 
(18,580 m2) 

--- 

Puncture 
Resistance 

ASTM D 4833 1 test per 
200,000 ft2 
(18,580 m2) 

1 test per 
200,000 ft2 
(18,580 m2) 

--- 

Permittivity ASTM D 4491 --- 1 test per 
200,000 ft2 
(18,580 m2) 

--- 

Apparent 
Opening Size 

ASTM D 4751 --- 1 test per 
200,000 ft2 
(18,580 m2) 

1 test per 
200,000 ft2 
(18,580 m2) 

Wide Width 
Tensile 

ASTM D 4595 --- --- 1 test per 
200,000 ft2 
(18,580 m2) 
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TABLE 10 
 

GCL CONFORMANCE TESTING REQUIREMENTS 
 

TEST NAME TEST METHOD MINIMUM FREQUENCY  

Mass per Unit Area ASTM D 3776 100,000 ft2 (9,290 m2) 
Index Flux ASTM D 5887 400,000 ft2 (37,160 m2) 
Residual Shear Strength ASTM D 5321 See Technical Specifications 
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TABLE 11 
 

GEOCOMPOSITE CONFORMANCE TESTING REQUIREMENTS 
 

TEST NAME TEST METHOD MINIMUM FREQUENCY 

Peel Strength ASTM D 413 1 test per 200,000 ft2 (18,580 m2) 
Hydraulic Transmissivity ASTM D 4716 1 test per 200,000 ft2 (18,580 m2) 

 
Note: Testing will be carried out at a frequency of one per lot or at listed frequency, whichever yields the greater number of 

samples. 
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SECTION 02110 
SITE CLEARING 

PART 1 –  GENERAL 

1.01 Description of Work 

A. The Contractor shall furnish all labor, materials, tools, supervision, transportation, and 
equipment necessary to perform all work specified herein and as shown on the Drawings. 

B. The Contractor shall remove and dispose of all debris, vegetation, other organic and deleterious 
material, and other materials not suitable for Engineered fill materials that exist within the 
designated construction limits. 

1.02  Related Sections 

 Section 02200 — Earthwork 

1.03 References 

A. Drawings 

B. Construction Quality Assurance (CQA) Plan 

PART 2 –  PRODUCTS 

A. Not Used. 

PART 3 –  EXECUTION 

3.01 General 

A. The Contractor shall be responsible for all clearing and grubbing operations within the limits of 
work. 

B. All vegetation, debris, deleterious and other organic material not suitable for Engineered fill 
materials shall be removed completely from within the construction limits. 

C. No open burning of combustible materials will be allowed. 

D. All materials removed during the clearing and grubbing operations shall be disposed of 
properly. 

E. Prior to site clearing, Contractor shall have implemented erosion control plan. 

PART 4 –  MEASUREMENT AND PAYMENT 

4.01 General 

A. Providing for and complying with the requirements set forth in this Section for Clearing and 
Grubbing will be incidental to earthworks (Section 02200). 

B. The following are considered incidental to the Work: 

• Mobilization 
• Layout survey 

END OF SECTION 
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SECTION 02200 
EARTHWORK 

PART 1 –  GENERAL 

1.01 Description of Work 

A. The Contractor shall furnish all labor, materials, tools, supervision, transportation, equipment, 
and incidentals necessary to perform all Earthwork.  The work shall be carried out as specified 
herein and in accordance with the Drawings. 

B. The Work shall include, but not be limited to excavating, hauling, placing, moisture 
conditioning, backfilling, compacting, grading, stockpiling, surcharging, and subgrade preparation.  
Earthwork shall conform to the dimensions, lines, grades and sections shown on the Drawings or as 
directed by the Engineer. 

1.02 Related Sections 

Section 02110 — Site Clearing 

Section 02771 — Geotextile 

Section 02772 — Geosynthetic Clay Liner 

Section 02773 — Geocomposite 

1.03 References 

A. Drawings 

B. Construction Quality Assurance (CQA) Plan 

C. Latest version of American Society for Testing and Materials (ASTM) standards: 

ASTM D 422 Standard Method for Particle-Size Analysis of Soils 

ASTM D 1557 Laboratory Compaction Characteristics of Soil Using Modified Effort 
(56,000 ft-lbf/ft3 (2,700 kN-m/m3)) 

ASTM D 2216 Standard Method for Laboratory Determination of Water (Moisture) 
Content of Soil, Rock, and Soil-Aggregate Mixtures 

ASTM D 2487 Standard Test Method for Classification of Soils for Engineering Purposes 

ASTM D 2922 Standard Test Methods for Density of Soil and Soil-Aggregate In-Place by 
Nuclear Density Methods (Shallow Depth) 

ASTM D 3017 Standard Test Method for Water Content of Soil and Rock In-Place by 
Nuclear Methods (Shallow Depth) 

1.04 Submittals 

A. The Contractor shall submit to the Engineer a description of equipment and methods proposed 
for Engineered Fill, Operations Layer, Anchor Trench Backfill, and Prepared Subgrade placement 
and compaction at least 7 days prior to the start of activities covered by this Section. 
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B. If the work of this Section is interrupted for reasons other than inclement weather, the 
Contractor shall notify the Engineer a minimum of 24 hours prior to the resumption of work. 

C. The Contractor shall provide the Engineer with sufficient time to perform as-built surveys of 
the completed excavation, engineered fill, prepared subgrade, and operations layer. 

D. If foreign borrow materials are proposed for any earthwork material on this project, the 
Contractor shall provide the Engineer information regarding the source of the material.  In addition, 
the Contractor shall provide the Engineer an opportunity to obtain the necessary samples for 
conformance testing, prior to delivery of foreign borrow materials to the site.  

1.05 Quality Assurance 

A. The Contractor shall ensure that the materials and methods used for Earthwork meet the 
requirements of the Drawings and this Section.  Any material or method that does not conform to 
these documents, or to alternatives approved in writing by the Engineer will be rejected and shall be 
repaired or replaced by the Contractor. 

B. The Contractor shall be aware of and accommodate all monitoring and field/laboratory 
conformance testing required by the CQA Plan.  This monitoring and testing, including random 
conformance testing of construction materials and completed work, will be performed by the 
Engineer.  If nonconformances or other deficiencies are found in the materials or completed work, 
the Contractor will be required to repair the deficiency or replace the deficient materials. 

PART 2 –  PRODUCTS 

2.01 Materials 

A. Engineered fill shall consist of relatively homogeneous, natural soils that are free of debris, 
foreign objects, large rock fragments (greater than 6 inches in maximum dimension), roots, and 
organics.  No materials larger than 6 inches shall be allowed within the Engineered fill.  The 
Engineered fill shall be classified according to the Unified Soil Classification System (per 
ASTM D 2487) as SC, ML, CL, SM, SW, SP, GW, GP, GM, GC, or combinations of these 
materials.  The Contractor may propose the use of other soil types as Engineered fill, but then such 
use shall be at the sole discretion of the Engineer. 

B. Prepared subgrade is defined as the material directly underlying the geosynthetic liner system 
which shall meet the requirements listed above for Engineered fill.  No materials larger than 3/4 
inch shall project or protrude from the surface of the prepared subgrade. 

C. Anchor Trench Backfill materials shall meet the requirements listed above for the Engineered 
fill. 

D. Operations Layer materials shall meet the requirements listed above for the Engineered fill, 
except that the 12 inches of layer material to be placed overlying the geocomposite shall have a 
maximum particle size of 1 inch. 

E. Surcharge materials shall have a minimum wet density, as compacted in place of 135 pounds 
per cubic foot. 

2.02 Equipment 

A. The Contractor shall furnish, operate, and maintain compaction equipment as is necessary to 
produce the required in-place soil density and moisture content. 
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B. The Contractor shall furnish, operate and maintain tank trucks, pressure distributors, or other 
equipment designed to apply water uniformly and in controlled quantities to variable surface widths. 

C. The Contractor shall furnish, operate, and maintain miscellaneous equipment such as scarifiers 
or disks, earth excavating equipment, earth hauling equipment, and other equipment, as necessary 
for Earthwork construction. 

PART 3 –  EXECUTION 

3.01 Familiarization 

A. Prior to implementing any of the work in this Section, the Contractor shall become thoroughly 
familiar with the site, the site conditions, and all portions of the work falling within this and other 
related Sections. 

B. Inspection: 

• The Contractor shall carefully inspect the installed work of all other Sections and verify 
that all work is complete to the point where the installation of the work specified in 
this Section may properly commence without adverse impact. 

• If the Contractor has any concerns regarding the installed work of other Sections, the 
Engineer shall be notified in writing prior to commencing work.  Failure to notify the 
Engineer or continuance of the work of this Section will be construed as Contractor's 
acceptance of the related work of all other Sections. 

3.02 Site Preparation 

A. The Contractor shall perform clearing and grubbing in accordance with the Drawings and 
Section 02110 of these Specifications prior to any Earthwork activity. 

B. Prior to performing any earthworks on the site, the Contractor shall perform a baseline 
topographic survey.  This survey shall be conducted by a Professional Land Surveyor licensed in the 
state of Nevada.  This survey will serve as the starting point for earthwork quantities, both 
excavation and fill placement. 

3.03 General Excavation 

A. The Contractor shall excavate materials to the limits and grades shown on the Drawings. 

B. All excavated materials not used for Engineered fill or operations layer shall be stockpiled in an 
area designated by the Owner in accordance with Part 3.06 of this Section. 

C. Excavations in native soil shall not have slopes steeper than 2.1H:1V, unless otherwise 
approved by the Engineer. 

3.04 Anchor Trench Excavation 

A. The Contractor shall excavate the anchor trench to the limits and grades shown on the 
Drawings. 

B. All excavated materials not used for Anchor Trench Backfill or Engineered fill shall be 
stockpiled in an area designated by the Owner in accordance with Part 3.06 of this Section. 

3.05 Surcharge 
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A. The surcharge soil shall be placed and compacted as shown on the drawings. 

B. Surcharge shall have slopes no steeper than 1H:1V. 

C. Settlement plates shall be installed as shown on the drawings and shall be surveyed on a weekly 
basis, at a minimum. 

D. Surcharge shall be removed once settlement has reached levels differing no more than 5% from 
previous readings or no more than 0.05 feet. 

3.06 Subgrade Surface Preparation 

A. The subgrade shall be prepared and made suitable as a foundation for placement and 
compaction of soil material, where applicable.  The subgrade shall be firm and able to support the 
Contractor's construction equipment without the development of depressions or ruts.  In addition, 
the subgrade shall provide adequate support such that the overlying fill material may be placed and 
compacted to the specified density. 

3.07 Prepared Subgrade 

A. The prepared subgrade shall be made suitable as a foundation for placement of the geosynthetic 
components of the liner system (prepared subgrade).  The prepared subgrade shall be firm, meet the 
requirements outlined in Part 2.01, and be able to support the geosynthetic components of the liner 
system. 

3.08 Stockpiling 

A. Soil shall be stockpiled in areas designated by the Owner and shall be free of incompatible soil, 
clearing, clearing debris, or other objectionable materials. 

B. Stockpiles shall be no steeper than 2.1H:1V (Horizontal:Vertical) or other slope approved by 
the Engineer, graded to drain, sealed by tracking parallel to the slope with a dozer or other means 
approved by the Engineer, and dressed daily during periods when fill is taken from the stockpile.  
The Contractor shall employ temporary erosion and sediment control measures (i.e. silt fence) as 
directed by the Engineer around stockpile areas. 

3.09 Engineered Fill And Anchor Trench Backfill 

A. The Engineered fill and Anchor Trench Backfill shall be placed to the lines and grades shown 
on the Drawings. 

B. Soil used for the Engineered fill and Anchor Trench Backfill shall meet the requirements of 
Part 2.01 of this Section. 

C. Soil used for the Engineered fill and Anchor Trench Backfill shall be placed in a loose lift that 
results in a compacted lift thickness of no greater than 12 inches.  The maximum permissible pre-
compaction soil clod size is 6 inches.   

D. Each 12-inch horizontal lift of Engineered fill placed against a slope shall be keyed into the 
slope a minimum of 3 feet, as measured horizontally from the top of the 12-inch lift. 

E. The Contractor shall compact each lift to at least 90 percent of its modified Proctor maximum 
dry density (ASTM D 1557).  The Contractor shall utilize compaction equipment suitable for 
achieving the soil compaction requirements. 
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F. During wetting or drying, the material shall be regularly disced or otherwise mixed so that 
uniform moisture conditions in the appropriate range are obtained.  

3.10 Operations Layer 

A. Place only when underlying drainage aggregate and filter geotextile or geocomposite 
installation is complete including all Construction Quality Control (CQC) and CQA work. 

B. The subgrade to the operations layer consists of a geotextile or geocomposite.  Therefore, the 
Contractor shall avoid tearing, puncturing, folding, or damaging in any way the filter geotextile or 
geocomposite geotextile during placement of the operations layer material. 

C. Any damage to the geosynthetic liner system which is caused by the Contractor or 
representatives of the Contractor shall be repaired by the Geosynthetics Installer at the expense of 
the Contractor. 

D. No density requirements are specified for placement of the operations layer material.  
Operations layer material shall be placed at a moisture content less than the optimum moisture 
content for the soil. 

E. The operations layer material shall be placed out in front of the equipment used to place the 
operations layer such that the minimum thickness requirements are maintained at all times between 
the geosynthetic materials and the wheels or tracks of the equipment used to place the operations 
layer material. 

F. Care must be exercised by the operators of tracked equipment to avoid sharp pivoting turns that 
could displace the operations layer material and result in damage to the liner system.   

G. The Contractor shall not push operations layer material down the side slope.  All soil materials 
shall be placed from the toe of slope upward. 

H. Equipment used in spreading the operations layer material on top of the geosynthetic liner 
system shall be restricted to the following maximum allowable equipment ground pressures: 

MAXIMUM 
ALLOWABLE 

EQUIPMENT GROUND 
PRESSURE  

(psi) 

INITIAL LIFT 
THICKNESS OF 

OVERLYING 
AGGREGATE  

(ft) 

<20 2.0 

>20 3.0 

I. The operations layer shall be placed to a maximum vertical height of 10 ft at a slope inclination 
no steeper than 2.5H:1V as shown on the Drawings. 

3.11 Field Testing 

A. The minimum frequency and details of quality control testing are provided below.  This testing 
will be performed by the Engineer.  The Contractor shall take this testing frequency into account in 
planning the construction schedule. 

1. Engineered fill material quality control testing: 
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a. particle-size analyses conducted in accordance with ASTM D 422 at a frequency 
of one test per 10,000 yd3; 

b. soil classification tests conducted in accordance with ASTM D 2487 at a 
frequency of one test per 10,000 yd3; and 

c. modified Proctor compaction tests conducted in accordance with ASTM D 1557 
at a frequency of one test per 10,000 yd3. 

2. The Engineer will perform conformance tests on placed and compacted Engineered fill 
to evaluate compliance with these Specifications.  These tests will include in-situ 
moisture content and dry density.  The frequency and procedures for moisture-density 
testing are given in the CQA Plan.  At a minimum, the dry density and moisture content 
of the soil will be measured in-situ in accordance with ASTM D 2922 and 
ASTM D 3017, respectively. 

3. A special testing frequency will be used by the Engineer when visual observations of 
construction performance indicate a potential problem.  Additional testing will be 
considered when: 

a. the rollers slip during rolling operation; 
b. the lift thickness is greater than specified; 
c. the fill is at improper and/or variable moisture content; 
d. fewer than the specified number of roller passes are made; 
e. dirt-clogged rollers are used to compact the material; 
f. the rollers do not have optimum ballast; or 
g. the degree of compaction is doubtful. 

4. During construction, the frequency of testing will be increased by the Engineer in the 
following situations: 

a. adverse weather conditions; 
b. breakdown of equipment; 
c. at the start and finish of grading; 
d. if the material fails to meet specifications; or 
e. the work area is reduced. 

B. Defective Areas: 

1. If a defective area is discovered in the Earthwork, the Engineer will evaluate the extent 
and nature of the defect.  If the defect is indicated by an unsatisfactory test result, the 
Engineer will determine the extent of the defective area by additional tests, 
observations, a review of records, or other means that the Engineer deems appropriate.  
If the defect is related to adverse site conditions, such as overly wet soils or surface 
desiccation, the Engineer shall define the limits and nature of the defect. 

2. Once the extent and nature of a defect is determined, the Contractor shall correct the 
deficiency to the satisfaction of the Engineer.  The Contractor shall not perform 
additional work in the area until the Engineer approves the correction of the defect.   

3. Additional testing may be performed by the Engineer to verify that the defect has been 
corrected.  This additional testing will be performed before any additional work is 
allowed in the area of deficiency.  The cost of the additional testing shall be borne by 
the Contractor. 
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3.12 Survey Control 

A. The Contractor shall perform all surveys necessary for construction layout and control. 

3.13 Construction Tolerance 

A. The Contractor shall perform the Earthwork construction to within ±0.1 ft on areas with a slope 
less than 10 percent and ±0.2 ft on areas with a slope greater than 10 percent of the grades indicated 
on the Drawings. 

3.14 Protection of Work 

A. The Contractor shall use all means necessary to protect completed work of this Section. 

B. At the end of each day, the Contractor shall verify that the entire work area is left in a state that 
promotes drainage of surface water away from the area and from finished work.  If threatening 
weather conditions are forecast, at a minimum, compacted surfaces shall be seal-rolled to protect 
finished work. 

C. In the event of damage to prior work, the Contractor shall make repairs and replacements to the 
satisfaction of the Engineer. 

PART 4 –  MEASUREMENT AND PAYMENT 

4.01 General 

A. Providing for and complying with the requirements set forth in this Section for Excavation will 
be measured as in-place cubic yards (CY), prior to excavation, and payment will be based on the 
unit price provided on the Bid Schedule. 

B. Providing for and complying with the requirements set forth in this Section for Engineered Fill 
will be measured as compacted and moisture conditioned in-place cubic yards (CY), and payment 
will be based on the unit price provided on the Bid Schedule. 

C. Providing for and complying with the requirements set forth in this Section for Prepared 
Subgrade will be measured as square feet (SF), and payment will be based on the unit price 
provided on the Bid Schedule. 

D. Providing for and complying with the requirements set forth in this Section for Anchor Trench 
Excavation and Backfill will be measured as linear feet (LF), and payment will be based on the unit 
price provided on the Bid Schedule. 

E. Providing for and complying with the requirements set forth in this Section for Operations 
Layer will be measured as in-place cubic yards (CY), and payment will be based on the unit price 
provided on the Bid Schedule. 

F. Providing for and complying with the requirements set forth in this section for Surcharge will 
be measured as in-place cubic yards (CY), and payment will be based on the unit price provided on 
the Bid Schedule. 

G. The following are considered incidental to the Work: 

• material samples, sampling, and testing. 
• layout survey. 
• rejected material removal, re-testing, handling, and repair. 
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• rejected material. 
• mobilization. 
• Stockpiling. 
• settlement plates. 
• surcharge removal. 

END OF SECTION 
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SECTION 02225 
DRAINAGE AGGREGATE 

PART 1 –  GENERAL 

1.01 Description of Work 

A. The Contractor shall furnish all labor, materials, tools, supervision, transportation, equipment 
and incidentals necessary for the installation of drainage aggregate.  The work shall be carried out 
as specified herein and in accordance with the Drawings. 

B. The work shall include, but not be limited to, delivery, storage, and placement of drainage 
aggregate (aggregate). 

1.02 Related Sections 

Section 02200 — Earthwork 

Section 02771 — Geotextile 

1.03 References 

A. Drawings 

B. Construction Quality Assurance (CQA) Plan 

C. Latest Version of American Society for Testing and Materials (ASTM) Standards: 

ASTM C 33 Standard Specification for Concrete Aggregates 

ASTM C 136 Test Method for Sieve Analysis of Fine and Coarse Aggregates 

ASTM D 2434 Standard Test Method for Permeability of Granular Soils (Constant Head) 

1.04 Submittals 

A. The Contractor shall submit to the Engineer for approval, at least 7 days prior to the start of 
construction, Certificates of Compliance for proposed aggregate materials.  Certificates of 
Compliance shall include, at a minimum, typical gradation and source of aggregate materials.  

B. The Contractor shall submit to the Engineer a list of equipment and technical information for 
equipment proposed for use in placing the aggregate material in accordance with this Section. 

1.05 Quality Assurance 

A. The Contractor shall ensure that the materials and methods used for Earthwork meet the 
requirements of the Drawings and this Section.  Any material or method that does not conform to 
these documents, or to alternatives approved in writing by the Engineer will be rejected and shall be 
repaired or replaced by the Contractor. 

B. The Contractor shall be aware of all monitoring and field/laboratory conformance testing 
required by the CQA Plan.  This monitoring and testing, including random conformance testing of 
construction materials and completed work, will be performed by the Engineer.  If 
nonconformances or other deficiencies are found in the materials or completed work, the Contractor 
will be required to repair the deficiency or replace the deficient materials. 
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PART 2 –  PRODUCTS 

2.01 Materials 

A. Aggregate shall meet the requirements specified in ASTM C-33 and shall have a maximum 
particle size of 1-inch.  Aggregate shall have a minimum permeability of 1 x 10-2 cm/sec when 
tested in accordance with ASTM D 2434. 

2.02 Equipment 

A. The Contractor shall furnish, operate, and maintain hauling, placing, and grading equipment as 
necessary for aggregate placement. 

PART 3 –  EXECUTION 

3.01 Familiarization 

A. Prior to implementing any of the work in this Section, the Contractor shall become thoroughly 
familiar with the site, the site conditions, and all portions of the work falling within this and other 
related Sections. 

B. Inspection: 

1. The Contractor shall carefully inspect the installed work of all other Sections and verify 
that all work is complete to the point where the installation of the work specified in this 
Section may properly commence without adverse impact. 

2. If the Contractor has any concerns regarding the installed work of other Sections, the 
Engineer shall be notified in writing prior to commencing work.  Failure to notify the 
Engineer or continuance of the work of this Section will be construed as Contractor's 
acceptance of the related work of all other Sections. 

3.02 Placement 

A. Place only when underlying geosynthetic installation is complete including all CQC and CQA 
work. 

B. Place to the lines, grades, and dimensions shown on the Drawings. 

C. The subgrade to the aggregate consists of a geotextile overlying a geomembrane.  The 
Contractor shall avoid creating large wrinkles (greater than 6-inches high), tearing, puncturing, 
folding, or damaging in any way the geosynthetic materials during placement of the aggregate 
material. 

D. Any damage to the geosynthetic liner system which is caused by the Contractor or his 
representatives shall be repaired by the Geosynthetic Installer. 

E. No density or moisture requirements are specified for placement of the aggregate material. 
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F. Equipment used in spreading the aggregate material on top of the geosynthetic liner system 
shall be restricted to the following maximum allowable equipment ground pressures: 

MAXIMUM ALLOWABLE 
EQUIPMENT GROUND 

PRESSURE  
(psi) 

INITIAL LIFT THICKNESS OF 
OVERLYING AGGREGATE  

(ft) 

<10 1.0 

<20 2.0 

>20 3.0 

G. The aggregate material shall be placed out in front of the equipment used to place the aggregate 
such that the minimum thickness requirements are maintained at all times between the geosynthetic 
materials and the wheels or tracks of the equipment used to place the aggregate material. 

H. All equipment to be used in placing the aggregate material must be approved in writing by the 
Engineer prior to use.  The Contractor shall provide a list of the equipment to be used for placing 
the aggregate material and the necessary technical information (equipment specifications) on each 
piece of equipment to be approved at least two working days prior to use. 

I. Care must be exercised by the operators of tracked equipment to avoid sharp pivoting turns that 
could displace the aggregate material and result in damage to the geosynthetic liner system.  Care 
must also be exercised by the operators to avoid the formation of waves greater than 6-inches high 
in the underlying geosynthetic materials which, when formed and pushed out in front of the leading 
face of the aggregate material, may grow to such magnitude as to result in a fold in the underlying 
geosynthetic materials.  The Contractor shall place, by backhoe or some other acceptable method, 
aggregate material on the geosynthetic liner system out in front of the leading face of the aggregate 
material to trap small waves in the underlying geosynthetic materials and prevent the small waves 
from combining and growing as the aggregate material is spread.  Folds in the underlying 
geosynthetic materials shall be considered as damage to the liner and must be repaired by the 
Geosynthetic Installer at the expense of the Contractor. 

J. Place filter geotextile overlying aggregate as shown on the Drawings and as specified in 
Section 02771. 

3.03 Field Testing 

A. The minimum frequency and details of quality control testing are provided below.  This testing 
will be performed by the Engineer.  The Contractor shall take this testing frequency into account in 
planning the construction schedule. 

1. Aggregates quality control testing: 

a. particle-size analyses conducted in accordance with ASTM C-136 at a frequency 
of one test per 5,000 yd3; 

b. permeability tests conducted in accordance with ASTM D 2434 at a frequency of 
one test per 10,000 yd3. 

3.04 Survey Control 
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A. The Contractor shall perform all surveys necessary for construction layout and control. 

3.05 Construction Tolerance 

A. The Contractor shall perform the aggregate construction to within +0.1 ft of the thickness 
indicated on the Drawings. 

3.06 Protection Of Work 

A. The Contractor shall use all means necessary to protect all work of this Section. 

B. In the event of damage, the Contractor shall make repairs and replacements to the satisfaction 
of the Engineer. 

PART 4 –  MEASUREMENT AND PAYMENT 

4.01 General 

A. Providing for and complying with the requirements set forth in this Section for Drainage 
Aggregate will be measured as in-place cubic yards (CY) and payment will be based on the unit 
price provided on the Bid Schedule. 

B. The following are considered incidental to the Work: 

• material samples, sampling, and testing. 
• layout survey. 
• rejected material. 
• rejected material removal, re-testing, handling, and repair. 
• mobilization. 

END OF SECTION 
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SECTION 02711 
POLYETHYLENE PIPE 

PART 1 –  GENERAL 

1.01 Description of Work 

A. The Contractor shall furnish all labor, materials, tools, supervision, transportation, and 
equipment necessary to install perforated and solid wall high density polyethylene (HDPE) pipe and 
fittings as shown on the Drawings and specified herein. 

1.02 Related Sections 

Section 02225 — Drainage Aggregate 

Section 02774 — Geotextile 

1.03 References 

A. Drawings 

B. Construction Quality Assurance (CQA) Plan 

C. Latest Version of American Society for Testing and Materials (ASTM) Standards: 

ASTM F 714 Specification for Polyethylene Plastic Pipe (SDR-PR) Based on Outside 
Diameter 

ASTM D 1248 Specification for Polyethylene Plastics Molding and Extrusion 

ASTM D 2657 Standard Practice for Heat Fusion Joining of Polyolefin Pipe and Fittings 

ASTM D 3035 Specification for Polyethylene (PE) Plastic Pipe (SDR-PR) Based on 
Controlled Outside Diameter 

ASTM D 3350 Specification for Polyethylene Plastic Pipe and Fitting Materials 

1.04 Definitions 

A. Standard Dimensional Ratio (SDR) is defined as the actual outside pipe diameter divided by the 
wall thickness. 

1.05 Submittals 

A. The Contractor shall submit, at least 7 days prior to installation of this material, to the Engineer, 
certificates of compliance for the pipe materials and fittings to be furnished. 

B. The Contractor shall submit, at least 7 days prior to installation of this material, to the Engineer, 
copies of certifications for each operator responsible for welding pipe. 

C. The Engineer will supply a surveyor to document the as-built conditions of the piping.  The 
Contractor shall notify and allow the Engineer sufficient time to survey piping prior to backfilling 
the pipe. 

1.06 Quality Assurance 
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A. The Contractor shall ensure that the materials and methods used for polyethylene pipe meet the 
requirements of the Drawings and this Section.  Any material or method that does not conform to 
these documents, or to alternatives approved in writing by the Engineer will be rejected and shall be 
repaired or replaced by the Contractor. 

PART 2 –  PRODUCTS 

2.01 Pipe 

A. HDPE pipe sizes shown on the Drawings and specified in this Section reference nominal inside 
diameter.  Pipe size shall be in accordance with ASTM F 714 and ASTM D 3035. 

B. Pipe shall be, 4-inch, 6-inch, and 18-inch diameter, and shall be HDPE with a minimum 
standard dimension ratio (SDR) of 13.5, and have a cell classification of 345434C in accordance 
with ASTM D 3350.   

C. Pipe shall conform to the following requirements: 

1. Pipe and fittings shall contain no recycled compound except that generated in the 
Manufacturer's own plant and from resin of the same specification as the raw material 
supplier. 

2. Pipe and fittings shall be homogeneous throughout and free of visible cracks, holes, 
foreign inclusions, or other deleterious defects, being uniform in color, capacity, 
density, and other physical properties. 

D. The following information shall be continuously marked on the pipe or spaced at intervals not 
exceeding 5 feet. 

1. Name and/or trademark of the pipe Manufacturer. 

2. Nominal pipe size. 

3. Standard Dimensional Ratio (SDR). 

4. PE 3408. 

5. A production code from which the date and place of manufacture can be determined. 

 

PART 3 –  EXECUTION 

3.01 General 

A. When shipping, delivering, and installing pipe, fittings, and accessories, do so to ensure a 
sound, undamaged installation.  Provide adequate storage for all materials and equipment delivered 
to the job site.  Handle and store pipe and fittings in accordance with the Manufacturer's 
recommendation. 

3.02 Placing and Laying Pipe 

A. Follow the Manufacturer's recommendations when hauling, unloading, and stringing the pipe. 

B. HDPE solid and perforated pipe shall be installed as shown on the Drawings. 
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C. HDPE pipe shall be inspected for cuts, scratches, or other damages prior to installation.  Any 
pipe showing damage, which in the opinion of the CQA Engineer will affect performance of the 
pipe, must be removed from the Site.  The Contractor shall replace any material found to be 
defective at no additional cost to the Owner. 

D. The Contractor shall place the Trench Backfill material around the polyethylene pipe so as to 
not deform or otherwise damage the pipe and fittings.  Special care shall be taken when placing pipe 
bedding material beneath the spring-line of the pipe and fittings. 

E. The Contractor shall clean out pipe interior, as necessary, to remove debris that may affect 
performance of pipe. 

3.03 Fusion Welding Pipe 

A. All pipe fusion shall be performed by the Supplier, or a by fusion operator certified by the 
Manufacturer. 

B. Join the polyethylene pipe by the method of thermal butt fusion, as outlined in ASTM D 2657.  
Electro-fusion couplings shall not be used.  Perform butt-fusion joining of pipe and fittings in 
accordance with the procedures established by the pipe Manufacturer.  Of particular importance is 
the use of proper interface pressures and heater plate temperatures. 

C. Do not perform pipe fusion on wet or excessively dirty pipe or when conditions are unsuitable 
for the work.  Secure open ends of pipe when work is not in progress, so that no water, earth, or 
other substance will enter the pipe or fittings.  Plug, cap, or valve off ends of pipe left for future 
connections, if any. 

D. In order to allow the joining operation to continue in adverse weather conditions, a shelter may 
be required for the joining machine.  Particular caution should be exercised to prevent water from 
entering the pipe and from coming in contact with the heater plate. 

E. Only fully trained personnel will be allowed to perform the fusion, installation, supervision, or 
inspection of polyethylene fusion joints. 

 

3.04 Construction Tolerance 

A. The Contractor shall perform the work to within ±0.1 ft of the grades indicated on the 
Drawings. 

PART 4 –  MEASUREMENT AND PAYMENT 

4.01 General 

A. Providing for and complying with the requirements set forth in this Section for 4-inch HDPE 
solid wall pipe and fittings will be measured in linear feet (LF), and payment will be based on the 
unit price provided on the Bid Schedule. 

B. Providing for and complying with the requirements set forth in this Section for 4-inch HDPE 
perforated pipe and fittings will be measured in linear feet (LF), and payment will be based on the 
unit price provided on the Bid Schedule. 
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C. Providing for and complying with the requirements set forth in this Section for 6-inch HDPE 
solid wall pipe and fittings will be measured in linear feet (LF), and payment will be based on the 
unit price provided on the Bid Schedule. 

D. Providing for and complying with the requirements set forth in this Section for 18-inch HDPE 
perforated and solid wall pipe and fittings will be measured in linear feet (LF), and payment will be 
based on the unit price provided on the Bid Schedule. 

E. Providing for and complying with the requirements set forth in this Section for 4-inch HDPE 
solid and perforated pipe and fittings for vertical installation in wells will be incidental to Section 
02074 for well installation. 

F. The following are considered incidental to the Work: 

• shipping, handling and storage. 
• layout survey. 
• mobilization. 
• Fittings, and other pipe appurtenances. 
• Fusing and Joining. 
• rejected material. 
• rejected material removal, handling, re-testing, repair, and replacement. 
• filtration Geotextile in accordance with Section 02771. 
• trench Excavation and Backfill in accordance with Section 02200. 

 

END OF SECTION 
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SECTION 02770 
GEOMEMBRANE 

PART 1 –  GENERAL 

1.01 Description of Work 

A. The Contractor shall furnish all labor, materials, tools, supervision, transportation, equipment, 
and incidentals necessary for the installation of textured high-density polyethylene (HDPE) 
geomembrane, as shown on the Drawings.  The work shall be carried out as specified herein and in 
accordance with Drawings. 

B. The work shall include, but not be limited to, delivery, storage, placement, anchorage, and 
seaming of the geomembrane. 

1.02 Related Sections 

Section 02771 — Geotextile 

Section 02772 — Geosynthetic Clay Liner 

Section 02773 — Geocomposite 

1.03 References 

A. Drawings 

B. Construction Quality Assurance (CQA) Plan 

C. Latest version of the American Society for Testing and Materials (ASTM) standards: 

ASTM D 638 Standard Test Method for Tensile Properties of Plastics 

ASTM D 792 Standard Test Methods for Specific Gravity (Relative Density) and Density 
of Plastics by Displacement 

ASTM D 1004 Standard Test Method of Initial Tear Resistance of Plastic Film and 
Sheeting 

ASTM D 1505 Standard Test Methods for Density of Plastics by Density-Gradient 
Technique 

ASTM D 1603 Standard Test Method for Carbon Black in Olefin Plastics 

ASTM D 5321 Test Method for Determining the Coefficient of Soil and Geosynthetic or 
Geosynthetic and Geosynthetic Friction by the Direct Shear Method 

ASTM D 5397 Test Method for Evaluation of Stress Crack Resistance of Polyolefin 
Geomembranes Using Notched Constant Tensile Load Test 

ASTM D 5596 Recommended Practice for Microscopical Examination of Pigment 
Dispersion in Plastic Compounds 

ASTM D 5641 Practice for Geomembrane Seam Evaluation by Vacuum Chamber 
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ASTM D 5820 Practice for Pressurized Air Channel Evaluation of Dual Seamed 
Geomembranes 

ASTM D 5994 Standard Test Method for Measuring Core Thickness of Textured 
Geomembranes 

ASTM D 6392 Test Method for Determining the Integrity of Non-reinforced 
Geomembrane Seams Produced using Thermo-Fusion Methods.  

1.04 Qualifications 

A. The Geomembrane Manufacturer shall be responsible for the production of geomembrane rolls 
from resin and shall have sufficient production capacity and qualified personnel to provide material 
meeting the requirements of this Section and the construction schedule for this project. 

B. Geosynthetics Installer: 

1. The Geosynthetics Installer shall be responsible and shall provide sufficient resources 
for field handling, deploying, seaming, temporarily restraining (against wind), and other 
aspects of the deployment and installation of the geomembrane and other geosynthetic 
components of the project. 

2. The Geosynthetics Installer shall have successfully installed a minimum of 
10,000,000 ft2 of polyethylene geomembrane on previous projects. 

3. The installation crew shall have the following experience. 

a. The Superintendent shall have supervised the installation of a minimum of 
2,000,000 ft2 of polyethylene geomembrane on at least five (5) different projects. 

b. At least one seamer shall have experience seaming a minimum of 1,000,000 
square feet of polyethylene geomembrane using the same type of seaming 
apparatus to be used at this site.  Seamers with such experience will be 
designated “master seamers” and shall provide direct supervision over less 
experienced seamers. 

c. All other seaming personnel shall have seamed at least 100,000 square feet of 
polyethylene geomembrane using the same type of seaming apparatus to be used 
at this site.  Personnel who have seamed less than 100,000 square feet shall be 
allowed to seam only under the direct supervision of the master seamer or 
Superintendent. 

1.05 Warranty 

A. The Geosynthetic Installer shall furnish the Engineer a 20-year written warranty against defects 
in materials.  Warranty conditions concerning limits of liability will be evaluated by, and must be 
acceptable to, the Engineer and Owner. 

B. The Geosynthetic Installer shall furnish the Engineer with a 1-year written warranty against 
defects in workmanship.  Warranty conditions concerning limits of liability will be evaluated by, 
and must be acceptable to, the Engineer and Owner. 

1.06 Submittals 
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A. The Geosynthetic Installer shall submit the following documentation on the resin used to 
manufacture the geomembrane to the Engineer for approval 14 days prior to transporting any 
geomembrane to the site. 

1. Copies of quality control certificates issued by the resin supplier including the 
production dates and origin of the resin used to manufacture the geomembrane for the 
project. 

2. Results of tests conducted by the Geomembrane Manufacturer to verify the quality of 
the resin used to manufacture the geomembrane rolls assigned to the project. 

3. Certification that no reclaimed polymer is added to the resin during the manufacturing 
of the geomembrane to be used for this project, or, if recycled polymer is used, the 
Manufacturer shall submit a certificate signed by the production manager documenting 
the quantity of recycled material, including a description of the procedure used to 
measure the quantity of recycled polymer. 

B. The Geosynthetic Installer shall submit the following documentation on geomembrane roll 
production to the Engineer for approval 14 days prior to transporting any geomembrane to the site. 

1. Quality control certificates, which shall include: 

a. roll numbers and identification; and 

b. results of quality control tests, including descriptions of the test methods used, 
outlined in Part 2.02 of this Section. 

2. The manufacturer warranty specified in Part 1.05.A of this Section. 

C. The Geosynthetic Installer shall submit the following information to the Engineer for approval 
14 days prior to mobilization. 

1. A drawing showing the installation layout identifying geomembrane panel 
configurations, dimensions, details, locations of seams, as well as any variance or 
additional details that deviate from the Drawings.  The layout shall be adequate for use 
as a construction plan and shall include dimensions, details, etc. The layout drawings, 
as modified and/or approved by the Engineer, shall become part of these Specifications. 

2. Installation schedule. 

3. Copy of Geosynthetic Installer's letter of approval or license by the Geomembrane 
Manufacturer. 

4. Installation capabilities, including: 

a. information on equipment proposed for this project; 
b. average daily production anticipated for this project; and 
c. quality control procedures. 

5. A list of completed facilities for which the installer has installed a minimum of 
10,000,000 ft2 of polyethylene geomembrane, in accordance with Part 1.04 of this 
Specification.  The following information shall be provided for each facility: 

a. the name and purpose of the facility, its location, and dates of installation; 
b. the names of the owner, project manager, and geomembrane manufacturer; 
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c. name of the supervisor of the installation crew; and 
d. thickness and surface area of installed geomembrane. 

6. In accordance with Part 1.04, a resume of the Superintendent to be assigned to this 
project, including dates and duration of employment, shall be submitted at least 7 days 
prior to beginning geomembrane installation. 

7. In accordance with Part 1.04, resumes of all personnel who will perform seaming 
operations on this project, including dates and duration of employment, shall be 
submitted at least 7 days prior to beginning geomembrane installation. 

D. A Certificate of Calibration less than 12 months old shall be submitted for each field 
tensiometer prior to installation of any geomembrane. 

E. During installation, the Geosynthetic Installer shall be responsible for the timely submission to 
the Engineer of: 

1. Quality control documentation; and 

2. Subgrade acceptance certificates, signed by the Geosynthetic Installer, for each area to 
be covered by geosynthetic materials. 

F. Upon completion of the installation, the Geosynthetic Installer shall be responsible for the 
submission to the Engineer of a warranty from the Geosynthetic Installer as specified in Part 1.05.B 
of this Section. 

G. Upon completion of the installation, the Geosynthetic Installer shall be responsible for the 
submission to the Engineer of a record drawing showing the location and number of each panel and 
locations and numbers of destructive tests and repairs. 

H. The Geosynthetic Installer shall submit the following documentation on welding rod to the 
Engineer for approval 14 days prior to transporting welding rod to the site: 

1. Quality control documentation, including lot number, welding rod spool number, and 
results of quality control tests on the welding rod. 

1.07 Quality Assurance 

A. The Geosynthetic Installer shall ensure that the materials and methods used for installation of 
the geomembrane meet the requirements of the Drawings and this Section.  Any material or method 
that does not conform to these documents, or to alternatives approved in writing by the Engineer, 
will be rejected and shall be repaired or replaced by the Geosynthetic Installer. 

B. The Geosynthetic Installer shall be aware of and accommodate all monitoring and conformance 
testing required by the CQA Plan.  This monitoring and testing, including random conformance 
testing of construction materials and completed work, will be performed by the Engineer.  If 
nonconformances or other deficiencies are found in the Geosynthetic Installer’s materials or 
completed work, the Geosynthetic Installer will be required to repair the deficiency or replace the 
deficient materials. 

PART 2 –  PRODUCTS 

2.01 Geomembrane Properties 
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A. The Geomembrane Manufacturer shall furnish double-sided, textured geomembrane having 
properties that comply with the required property values shown in Table 02770-1. 

B. In addition to the property values listed in Table 02770-1, the geomembrane shall: 

1. Contain a maximum of 1 percent by weight of additives, fillers, or extenders (not 
including carbon black). 

2. Not have striations, pinholes (holes), bubbles, blisters, nodules, undispersed raw 
materials, or any sign of contamination by foreign matter on the surface or in the 
interior. 

2.02 Manufacturing Quality Control 

A. Rolls: 

1. The Geomembrane Manufacturer shall continuously monitor geomembrane during the 
manufacturing process for defects. 

2. No geomembrane shall be accepted that exhibits any defects. 

3. The Geomembrane Manufacturer shall measure and report the geomembrane thickness 
at regular intervals along the roll length. 

4. No geomembrane shall be accepted that fails to meet the specified thickness. 

5. The Geomembrane Manufacturer shall sample and test the geomembrane at a minimum 
of once every 50,000 ft2 to demonstrate that its properties conform to the values 
specified in Table 02770-1.  At a minimum, the following tests shall be performed: 

Test Procedure 
Thickness ASTM D 5994 
Specific Gravity ASTM D 792 Method A or ASTM D 1505 
Tensile Properties ASTM D 638 
Puncture Resistance ASTM D 4833 
Carbon Black ASTM D 1603 
Carbon Black Dispersion ASTM D 5596 

6. Tests not listed above but listed in Table 02770-1 need not be run at the 1 per 50,000 ft2 
frequency.  However, the Geomembrane Manufacturer shall certify that these tests are 
in compliance with this section and have been performed on a sample that is identical to 
the geomembrane to be used on this project.  The Geosynthetic Installer shall provide 
the test result documentation to the Engineer. 

7. Any geomembrane sample that does not comply with the requirements of this 
Section will result in rejection of the roll from which the sample was obtained and will 
not be used for this project. 

8. If a geomembrane sample fails to meet the quality control requirements of this Section, 
the Geomembrane Manufacturer shall sample and test, at the expense of the 
Manufacturer, rolls manufactured, in the same resin batch, or at the same time, as the 
failing roll.  Sampling and testing of rolls shall continue until a pattern of acceptable 
test results is established to bound the failed roll(s). 
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9. Additional testing may be performed at the Geomembrane Manufacturer's discretion 
and expense, to isolate and more closely identify the non-complying rolls and/or to 
qualify individual rolls. 

B. The Geomembrane Manufacturer shall permit the Engineer to visit the manufacturing plant for 
project specific visits.  If possible, such visits will be prior to or during the manufacturing of the 
geomembrane rolls for the specific project. 

2.03 Labeling 

A. Geomembrane rolls shall be labeled with the following information. 

1. thickness of the material; 
2. length and width of the roll; 
3. name of Geomembrane Manufacturer; 
4. product identification; 
5. lot number; and 
6. roll number. 

2.04 Transportation, Handling and Storage 

A. Handling and care of the geomembrane prior to and following installation at the site shall be 
the responsibility of the Geosynthetic Installer.  The Geosynthetic Installer shall be liable for all 
damage to the materials incurred prior to final acceptance of the liner system by the Engineer. 

B. Geosynthetic Installer shall be responsible for storage of the geomembrane at the site.  The 
geomembrane shall be protected from excessive heat or cold, dirt, puncture, cutting, or other 
damaging or deleterious conditions.  Any additional storage procedures required by the 
Geomembrane Manufacturer shall be the Geosynthetic Installer’s responsibility.  Geomembrane 
rolls shall not be stored or placed in a stack of more than two rolls high. 

C. The geomembrane shall be delivered at least 14 days prior to the planned deployment date to 
allow the Engineer adequate time to perform conformance testing on the geomembrane samples as 
described in Part 3.05 or this Section.  If the Engineer performed a visit to the manufacturing plant 
and performed the required conformance sampling, geomembrane can be delivered to the site within 
the 14 days prior to the planned deployment date as long as there is sufficient time for the Engineer 
to complete the conformance testing and confirm that the rolls shipped to the site are in compliance 
with this Section. 

PART 3 –  PART 3 — GEOMEMBRANE INSTALLATION 

3.01 Familiarization 

A. Prior to implementing any of the work described in this Section, the Geosynthetic Installer shall 
become thoroughly familiar with all portions of the work falling within this Section. 

B. Inspection: 

1. The Geosynthetic Installer shall carefully inspect the installed work of all other 
Sections and verify that all work is complete to the point where the work of this 
Section may properly commence without adverse effect. 

2. If the Geosynthetic Installer has any concerns regarding the installed work of other 
Sections, he shall notify the Engineer in writing prior to the start of the work of this 
Section.  Failure to inform the Engineer in writing or installation of the geomembrane 
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will be construed as the Geosynthetic Installer’s acceptance of the related work of all 
other Sections. 

C. A pre-installation meeting shall be held to coordinate the installation of the geomembrane with 
the installation of other components of the composite liner system. 

3.02 Geomembrane Deployment 

A. Layout Drawings: 

1. The Geosynthetic Installer shall deploy the geomembrane panel in general accordance 
with the layout drawing specified.  The layout drawings must be approved by the 
Engineer prior to installation of any geomembrane. 

B. Field Panel Identification: 

1. A geomembrane field panel is a roll or a portion of roll cut in the field. 

2. Each field panel shall be given an identification code (number or letter-number).  This 
identification code shall be agreed upon by the Engineer and Geosynthetic Installer. 

C. Field Panel Placement: 

1. Field panels shall be installed, as approved or modified, at the location and positions 
indicated on the layout drawings. 

2. Field panels shall be placed one at a time, and each field panel shall be seamed 
immediately after its placement. 

3. Geomembrane shall not be placed when the ambient temperature is below 40°F or 
above 104°F, unless otherwise authorized in writing by the Engineer. 

4. Geomembrane shall not be placed during any precipitation, in the presence of excessive 
moisture (e.g., fog, dew), in an area of ponded water, or in the presence of excessive 
winds. 

5. The Geosynthetic Installer shall ensure that: 

a. No vehicular traffic is allowed on the geomembrane. 

b. Equipment used does not damage the geomembrane by handling, trafficking, or 
leakage of hydrocarbons (i.e., fuels). 

c. Personnel working on the geomembrane do not smoke, wear damaging shoes, 
bring glass onto the geomembrane, or engage in other activities that could 
damage the geomembrane. 

d. The method used to unroll the panels does not scratch or crimp the geomembrane 
and does not damage the supporting soil or geosynthetics. 

e. The method used to place the panels minimizes wrinkles (especially differential 
wrinkles between adjacent panels).  The method used to place the panels results 
in intimate contact with adjacent components. 
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f. Temporary ballast and/or anchors (e.g., sand bags), not likely to damage the 
geomembrane, are placed on the geomembrane to prevent wind uplift. 

g. The geomembrane is especially protected from damage in heavily trafficked 
areas. 

h. Any rub sheets to facilitate seaming are removed prior to installation of 
subsequent panels. 

6. Any field panel or portion thereof that becomes seriously damaged (torn, twisted, or 
crimped) shall be replaced with new material.  Less serious damage to the 
geomembrane may be repaired, as approved by the Engineer.  Damaged panels or 
portions of damaged panels that have been rejected shall be removed from the work 
area. 

D. If the Geosynthetic Installer intends to install geomembrane between one hour before sunset 
and one hour after sunrise, he shall notify the Engineer in writing prior to the start of the work.  The 
Geosynthetic Installer shall indicate additional precautions, which shall be taken during these 
installation hours.  The Geosynthetic Installer shall provide proper illumination for work during this 
time period. 

3.03 Field Seaming 

A. Seam Layout: 

1. In corners and at odd-shaped geometric locations, the number of field seams shall be 
minimized.  No horizontal seam shall be along a slope with an inclination steeper than 
10 percent.  Horizontal seams shall be considered as any seam having an alignment 
exceeding 20 degrees from being perpendicular to the slope contour lines, unless 
otherwise approved by the Engineer.  No seams shall be located in an area of potential 
stress concentration. 

B. Personnel: 

1. All personnel performing seaming operations shall be qualified as indicated in Part 1.04 
of this Section.  No seaming shall be performed unless a “master seamer” is present on-
site. 

C. Weather Conditions for Seaming: 

1. Unless authorized in writing by the Engineer, seaming shall not be attempted at ambient 
temperatures below 40°F or above 104°F.  If the Geosynthetic Installer wishes to use 
methods that may allow seaming at ambient temperatures below 40°F or above 104°F, 
he shall use a procedure approved by the Engineer. 

2. A meeting will be held with the Geosynthetic Installer and Engineer to establish 
acceptable installation procedures.  In all cases, the geomembrane shall be dry and 
protected from wind damage. 

3. Ambient temperatures shall be measured between 0 to 6 in. above the geomembrane 
surface. 

D. Overlapping: 
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1. Geomembrane panels shall be sufficiently overlapped for welding and to allow peel 
tests to be performed on the seam.  Any seams that cannot be destructively tested 
because of insufficient overlap shall be treated as failing seams. 

E. Seam Preparation: 

1. Prior to seaming, the seam area shall be clean and free of moisture, dust, dirt, debris of 
any kind, and foreign material. 

2. If seam overlap grinding is required, the process shall be completed according to the 
Geomembrane Manufacturer's instructions within 20 minutes of the seaming operation 
and in a manner that does not damage the geomembrane.  The grind depth shall not 
exceed ten percent of the geomembrane thickness. 

3. Seams shall be aligned with the fewest possible number of wrinkles and “fishmouths.” 

F. General Seaming Requirements: 

1. Fishmouths or wrinkles at the seam overlaps shall be cut along the ridge of the wrinkle 
to achieve a flat overlap.  The cut fishmouths or wrinkles shall be seamed and any 
portion where the overlap is insufficient shall be patched with an oval or round patch of 
geomembrane that extends a minimum of 6 in. beyond the cut in all directions. 

2. Any electric generator shall be placed outside the area to be lined or mounted in a 
manner that protects the geomembrane from damage.  The electric generator shall be 
properly grounded. 

G. Seaming Process: 

1. Approved processes for field seaming are extrusion welding and fusion welding.  Only 
equipment identified as part of the approved submittal specified in Part 1.06 shall be 
used. 

2. Extrusion Equipment and Procedures: 

a. The Geosynthetics Installer shall maintain at least one spare operable seaming 
apparatus on site. 

b. Extrusion welding apparatus shall be equipped with gauges giving the 
temperature in the apparatus. 

c. Prior to beginning a seam, the extruder shall be purged until all heat-degraded 
extrudate has been removed from the barrel. 

d. The Geosynthetics Installer shall provide documentation regarding the welding 
rod to the Engineer and shall certify that the welding rod is compatible with the 
specifications. 

e. A smooth insulating plate or fabric shall be placed beneath the hot welding 
apparatus after use. 

3. Fusion Equipment and Procedures: 

a. The Geosynthetic Installer shall maintain at least one spare operable seaming 
apparatus on site. 
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b. Fusion-welding apparatus shall be automated vehicular-mounted devices 
equipped with gauges giving the applicable temperatures and speed. 

c. A smooth insulating plate or fabric shall be placed beneath the hot welding 
apparatus after use. 

H. Trial Seams: 

1. Trial seams shall be made on fragment pieces of geomembrane to verify that seaming 
conditions are adequate.  Trial seams shall be conducted on the same material to be 
installed and under similar field conditions as production seams.  Such trial seams shall 
be made at the beginning of each seaming period, beginning of the day and after lunch, 
for each seaming apparatus used each day.  The trial seam sample shall be a minimum 
of 5-ft long by 1-ft wide (after seaming) with the seam centered lengthwise for fusion 
equipment and at least 3-ft long by 1-ft wide for extrusion equipment.  Seam overlap 
shall be as indicated in Part 3.03.D of this Section. 

2. Four adjoining coupon specimens, each 1-in. wide, shall be cut from the trial seam 
sample by the installer using a die cutter to ensure precise 1-in. wide coupons.  The 
coupons shall be tested in peel (outside (fusion only) and inside track) and shear using 
an electronic readout field tensiometer in accordance with ASTM D 4437, at a strain 
rate of 2 in./min., and they shall not fail in the seam (i.e., Film Tear Bond (FTB), which 
is failure in the parent material, is required).  The required peel and shear seam strength 
is listed in Table 02770-2.  Ideally, samples shall be conditioned at 23±2oC at a relative 
humidity of 50±5% for two hours prior to testing.  If test conditions vary from these 
conditions, a 1-in. wide coupon of the parent geomembrane material (no weld) shall be 
tested in the same manner as the seam specimens to determine the break strength at this 
condition. 

3. If a coupon specimen fails, the entire operation shall be repeated.  If the additional 
coupon specimen fails, the seaming apparatus and seamer shall not be accepted and 
shall not be used for seaming until the deficiencies are corrected and two consecutive 
successful trial seams are achieved. 

I. Nondestructive Seam Continuity Testing: 

1. The Geosynthetic Installer shall nondestructively test for continuity on all field seams 
over their full length.  Continuity testing shall be carried out as the seaming work 
progresses, not at the completion of all field seaming.  The Geosynthetic Installer shall 
complete any required repairs in accordance with Part 3.03.K of this Section.  The 
following procedures shall apply: 

a. Vacuum testing in accordance with ASTM D 5641. 

b. Air pressure testing (for double-track fusion seams only) in accordance with 
ASTM D 5820 and the following: 

i. Energize the air pump to a pressure between 25 and 30 pounds per square 
inches, close valve, and sustain the pressure for not less than 5 minutes. 

ii. If loss of pressure exceeds 3 pounds per square inches, or does not 
stabilize, locate faulty area and repair in accordance with Part 3.03.K of 
this Section. 
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iii. Cut opposite end of air channel from pressure gauge and observe release 
of pressure to ensure air channel is not blocked. 

iv. Remove needle, or other approved pressure feed device, and seal repair in 
accordance with Part 3.03.K of this Section. 

c. Spark testing shall be performed if the seam cannot be tested using other 
nondestructive methods. 

J. Destructive Testing: 

1. Destructive seam tests shall be performed on samples collected from selected locations 
to evaluate seam strength and integrity.  Destructive tests shall be carried out as the 
seaming work progresses, not at the completion of all field seaming. 

2. Sampling: 

a. Destructive test samples shall be collected at a minimum average frequency of 
one test location per 500 ft of seam length.  Test locations shall be determined 
during seaming, and may be prompted by suspicion of excess crystallinity, 
contamination, offset seams, or any other potential cause of imperfect seaming.  
The Engineer will be responsible for choosing the locations.  The Geosynthetic 
Installer shall not be informed in advance of the locations where the seam 
samples will be taken.  The Engineer reserves the right to increase the sampling 
frequency. 

b. Samples shall be cut by the Geosynthetic Installer at the locations designated by 
the Engineer as the seaming progresses in order to obtain laboratory test results 
before the geomembrane is covered by another material.  Each sample shall be 
numbered and the sample number and location identified on the panel layout 
drawing.  All holes in the geomembrane resulting from the destructive seam 
sampling shall be immediately repaired in accordance with the repair procedures 
described in Part 3.03.K of this Section.  The continuity of the new seams in the 
repaired areas shall be tested according to Part 3.03.I of this Section. 

c. Two strips of dimensions 1-in. wide and 12 in. long with the seam centered 
parallel to the width shall be taken from either side of the sample location.  These 
samples shall be tested in the field in accordance with Part 3.03.J.3 of this 
Section.  If these samples pass the field test, a laboratory sample shall be taken.  
The laboratory sample shall be at least 1-ft wide by 3.5-ft long with the seam 
centered lengthwise.  The sample shall be cut into three parts and distributed as 
follows: 

i. One portion 12-in. long to the Geosynthetic Installer. 
ii. One portion 18-in. long to the Geosynthetic CQA Laboratory for testing. 
iii. One portion 12-in. long to the Engineer for archival storage. 

3. Field Testing: 

a. The two 1-in. wide strips shall be tested in the field tensiometer in the peel mode.  
The Engineer has the option to request an additional test in the shear mode.  If 
any field test sample fails to meet the requirements in Table 02770-2, then the 
procedures outlined in Part 3.03.J.5 of this Section shall be followed. 
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4. Laboratory Testing: 

a. Testing by the Geosynthetics CQA Laboratory will include “Seam Strength” and 
“Peel Adhesion” (ASTM D 4437) with the 1-in. wide strip tested at a rate of 
2 in./min.  At least 5 specimens will be tested for each test method (peel and 
shear).  Four of the five specimens per sample must pass both the shear strength 
test and peel adhesion test when tested in accordance with ASTM D 4437.  The 
minimum acceptable values to be obtained in these tests are indicated in 
Table 02770-2.  Both inside and outside tracks of the dual track fusion welds 
shall be tested in peel. 

5. Destructive Test Failure: 

a. The following procedures shall apply whenever a sample fails a destructive test, 
whether the test is conducted by the Geosynthetic CQA's laboratory, the 
Geosynthetic Installer laboratory, or by a field tensiometer.  The Geosynthetic 
Installer shall have two options: 

i. The Geosynthetic Installer can reconstruct the seam (e.g., remove the old 
seam and reseam) between any two passed destructive test locations. 

ii. The Geosynthetic Installer can trace the welding path to an intermediate 
location, a minimum of 10 feet from the location of the failed test (in each 
direction) and take a small sample for an additional field test at each 
location.  If these additional samples pass the field tests, then full 
laboratory samples shall be taken.  These full laboratory samples shall be 
tested in accordance with Part 3.03.J.4 of this Section.  If these laboratory 
samples pass the tests, then the seam shall be reconstructed between these 
locations.  If either sample fails, then the process shall be repeated to 
establish the zone in which the seam should be reconstructed.  All 
acceptable seams must be bounded by two locations from which samples 
passing laboratory destructive tests have been taken.  In cases exceeding 
150 ft of reconstructed seam, a sample taken from within the 
reconstructed zone must pass destructive testing. 

b. Whenever a sample fails, the Engineer may require additional tests for seams that 
were formed by the same seamer and/or seaming apparatus or seamed during the 
same time shift. 

K. Defects and Repairs: 

1. The geomembrane will be inspected before and after seaming for evidence of defects, 
holes, blisters, undispersed raw materials, and any sign of contamination by foreign 
matter.  The surface of the geomembrane shall be clean at the time of inspection.  The 
geomembrane surface shall be swept or washed by the Installer if surface contamination 
inhibits inspection.   

2. Each suspected location, both in seam and non-seam areas, shall be nondestructively 
tested using the methods described Part 3.03.I of this Section, as appropriate.  Each 
location that fails nondestructive testing shall be marked by the Engineer and repaired 
by the Geosynthetic Installer. 
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3. When seaming of a geomembrane is completed (or when seaming of a large area of a 
geomembrane is completed) and prior to placing overlying materials, the Engineer shall 
identify all excessive geomembrane wrinkles.  The Geosynthetic Installer shall cut and 
reseam all wrinkles so identified.  The seams thus produced shall be tested like any 
other seams. 

4. Repair Procedures: 

a. Any portion of the geomembrane exhibiting a flaw, or failing a destructive or 
nondestructive test, shall be repaired by the Geosynthetic Installer.  Several repair 
procedures exist.  The final decision as to the appropriate repair procedure shall 
be agreed upon between the Engineer and the Geosynthetic Installer.  The 
procedures available include: 

i. patching, used to repair holes larger than 1/16 inch, tears, undispersed raw 
materials, and contamination by foreign matter; 

ii. abrading and reseaming, used to repair small sections of extruded seams; 

iii. spot seaming, used to repair minor, localized flaws; 

iv. capping, used to repair long lengths of failed seams; and 

v. removing bad seam and replacing with a strip of new material seamed 
into place (used with long lengths of fusion seams). 

b. In addition, the following criteria shall be satisfied: 

i. surfaces of the geomembrane that are to be repaired shall be abraded no 
more than 20 minutes prior to the repair; 

ii. all surfaces must be clean and dry at the time of repair; 

iii. all seaming equipment used in repair procedures must be approved; 

iv. the repair procedures, materials, and techniques shall be approved in 
advance, for the specific repair, by the Engineer; 

v. patches or caps shall extend at least 6 in. beyond the edge of the defect, 
and all corners of patches shall be rounded with a radius of at least 3 in.; 
and 

vi. the geomembrane below large caps shall be appropriately cut to avoid 
water or gas collection between the two sheets. 

5. Repair Verification: 

a. Each repair shall be nondestructively tested using the methods described in Part 
3.03.I of this Section, as appropriate.  Repairs that pass the nondestructive test 
shall be taken as an indication of an adequate repair.  Failed tests will require the 
repair to be redone and retested until a passing test results.  At the discretion of 
the Engineer, destructive testing may be required on large caps. 
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3.04 Materials In Contact With The Geomembrane 

A. The Geosynthetic Installer shall take all necessary precautions to ensure that the geomembrane 
is not damaged during its installation.  During the installation of other components of the liner 
system by the Contractor, the Contractor shall ensure that the geomembrane is not damaged.  Any 
damage to the geomembrane shall be repaired by the Geosynthetic Installer , at the expense of the 
Contractor. 

B. Soil and aggregate materials shall not be placed over the geomembranes at ambient 
temperatures below 40°F or above 104°F, unless otherwise specified. 

C. All attempts shall be made to minimize wrinkles in the geomembrane. 

D. Equipment shall not be driven directly on the geomembrane. 

3.05 Conformance Testing 

A. Samples of the geomembrane will be removed by the Engineer and sent to a Geosynthetic CQA 
Laboratory for testing to ensure conformance with the requirements of this Section.  The 
Geosynthetic Installer shall assist the Engineer in obtaining conformance samples.  The 
Geosynthetic Installer and Contractor shall account for this testing in the installation schedule.  
Only material that meets the requirements of Part 2.02 this Section shall be installed. 

B. Samples will be selected by the Engineer in accordance with this Section and with the 
procedures outlined in the CQA Plan. 

C. Samples will be taken at a minimum frequency of one sample per 100,000 ft2. 

D. The Engineer may increase the frequency of sampling in the event that test results do not 
comply with the requirements of Part 2.02 of this Section. 

E. The following tests will be performed by the Engineer: 

Test Test Method 
Specific Gravity ASTM D 792 or D 1505 
Thickness ASTM D 5994 
Tensile Properties ASTM D 638 
Carbon Black Content ASTM D 1603 
Carbon Black Dispersion ASTM D 5596 

F. Any geomembrane that is not certified in accordance with Part 1.07.C of this Section, or that 
conformance testing indicates do not comply with Part 2.02 of this Section, will be rejected.  The 
Geosynthetic Installer shall replace the rejected material with new material. 

3.06 Geomembrane Acceptance 

A. The Geosynthetic Installer shall retain all ownership and responsibility for the geomembrane 
until accepted by the Engineer. 

B. The geomembrane shall be accepted by the Engineer when: 

1. the installation is completed; 

2. all documentation is submitted; 
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3. verification of the adequacy of all field seams and repairs, including associated testing, 
is complete; and 

4. all warranties are submitted. 

3.07 Protection of Work 

A. The Geosynthetic Installer and Contractor shall use all means necessary to protect all work of 
this Section. 

B. In the event of damage, the Geosynthetic Installer shall make all repairs and replacements 
necessary, to the satisfaction of the Engineer. 

PART 4 –  MEASUREMENT AND PAYMENT 

4.01 General 

A. Providing for a complying with the requirements set forth in this Section for textured HDPE 
geomembrane will be measured as in-place square feet (SF), including geomembrane in the anchor 
trench to the limits shown on the Drawings, and payment will be based on the unit price provided 
on the Bid Schedule. 

B. The following are considered incidental to the Work: 

• shipping, handling and storage. 
• layout survey. 
• mobilization. 
• rejected material. 
• overlaps and seaming. 
• rejected material removal, handling, re-testing, and repair. 
• temporary anchorage. 
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TABLE 02770-1 
REQUIRED HDPE GEOMEMBRANE PROPERTIES 

 

PROPERTIES QUALIFIERS UNITS SPECIFIED 
VALUES 

TEST 
METHOD 

Physical Properties     
Thickness Average 

Minimum 
mils 
mils 

60 
54 

ASTM D 5994 
 

Specific Gravity Minimum N/A .94 ASTM D 792 
Method A or 

ASTM D 1505 
Mechanical Properties     
Tensile Properties (each direction)     
1. Tensile (Break) 

Strength
 Tensile (Break) 
Strength 

2. Elongation at 
Break 

3. Tensile (Yield) 
Strength 

4. Elongation at Yield 

Minimum lb/in 
 
 
 

% 
 

lb/in 
 

% 

90 
 
 
 

100 
 

126 
 

12 

ASTM D 638 

Puncture Minimum lb 90 ASTM D 4833 
Tear Resistance Minimum lb 42 ASTM D 1004 
Interface Shear 
Strength 

- - Note 1 ASTM D 5321 

Environmental 
Properties 

    

Carbon Black Content Range % 2-3 ASTM D 1603 
Carbon Black 
Dispersion 

N/A none Note 2 ASTM D 5596 

Environmental Stress 
Crack 

Minimum hr 400 ASTM D 5397 

 
Notes: (1) Interface shear strength test(s) shall be performed, by the Engineer, on the composite liner system in 

accordance with Section 02772 — Geosynthetic Clay Liner. 
 (2) Minimum 8 of 10 in Categories 1 or 2; 10 in Categories 1, 2, or 3. 
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TABLE 02770-2 
REQUIRED GEOMEMBRANE SEAM PROPERTIES 

 

PROPERTIES QUALIFIERS UNITS SPECIFIED 
VALUES TEST METHOD 

Shear Strength(1)     
  Fusion minimum lb/in 120 ASTM D 6392 
  Extrusion minimum lb/in 120 ASTM D 6392 
Peel Adhesion     
  FTB(2)     
  Fusion minimum lb/in 91 ASTM D 6392 
  Extrusion minimum lb/in 78 ASTM D 6392 

 
Notes: (1) Also called “Bonded Seam Strength”. 
 (2) FTB = Film Tear Bond means that failure is in the parent material, not the seam.  The maximum seam separation is 

25 percent of the seam area. 
 

 
END OF SECTION 
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SECTION 02771 
GEOTEXTILE 

PART 1 –  GENERAL 

1.01 Description of Work 

A. The Contractor shall furnish all labor, materials, tools, supervision, transportation, equipment, 
and incidentals necessary for the installation of the geotextile.  The work shall be carried out as 
specified herein and in accordance with the Drawings. 

B. The work shall include, but not be limited to, delivery, storage, placement, and seaming of the 
various geotextile components of the project. 

C. Filter geotextile shall be used overlying the drainage aggregate.  Cushion geotextile shall be 
used overlying the geomembrane and underlying the drainage aggregate.  A UV protective 
geotextile shall be used overlying the exposed portions of geosynthetic components of the side slope 
liner system. 

1.02 Related Sections 

Section 02200 — Earthwork 

Section 02225 — Drainage Aggregate 

Section 02770 — Geomembrane 

Section 02773 — Geocomposite 

1.03 References 

A. Drawings 

B. Construction Quality Assurance (CQA) Plan 

C. Latest version of American Society for Testing and Materials (ASTM) standards: 

ASTM D 3786 Standard Test Method for Hydraulic Bursting Strength of Knitted Goods 
and Nonwoven Fabric-Diaphragm Bursting Strength Test Method 

ASTM D 4355 Standard Test Method for Deterioration of Geotextile from Exposure to 
Ultraviolet Light and Water 

ASTM D 4491 Standard Test Method for Water Permeability of Geotextile by Permittivity 

ASTM D 4533 Standard Test Method for Trapezoid Tearing Strength of Geotextile 

ASTM D 4595 Standard Test Method for Wide Width Tensile Properties of Geosynthetics 

ASTM D 4632 Standard Test Method for Breaking Load and Elongation of Geotextile 
(Grab Method) 

ASTM D 4751 Standard Test Method for Determining Apparent Opening Size of a 
Geotextile 
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ASTM D 4833 Standard Test Method for Index Puncture Resistance of Geotextile, 
Geomembranes, and Related Products 

ASTM D 5261 Standard Test Method for Measuring Mass Per Unit Area of Geotextile 

1.04 Submittals 

A. The Geosynthetic Installer shall submit to the Engineer, at least 7 days prior to geotextile 
delivery, the following information regarding the proposed geotextile: 

1. manufacturer and product name; 

2. minimum property values of the proposed geotextile and the corresponding test 
procedures; 

3. projected geotextile delivery dates; and 

4. list of geotextile roll numbers for rolls to be delivered to the site. 

B. At least 7 days prior to geotextile placement, the Geosynthetic Installer shall submit to the 
Engineer the manufacturing quality control certificates for each roll of geotextile.  The certificates 
shall be signed by responsible parties employed by the geotextile manufacturer (such as the 
production manager).  The quality control certificates shall include: 

1. lot, batch, and/or roll numbers and identification; and 

2. results of quality control tests, including a description of the test methods used. 

1.05 Quality Assurance 

A. The Geosynthetic Installer shall ensure that the geotextile and installation methods used meet 
the requirements of the Drawings and this Section.  Any material or method that does not conform 
to these documents, or to alternatives approved in writing by the Engineer, will be rejected and shall 
be repaired or replaced by the Geosynthetic Installer. 

B. The Geosynthetic Installer shall be aware of all monitoring and conformance testing required 
by the CQA Plan.  This monitoring and testing, including random conformance testing of 
construction materials and completed work, will be performed by the Engineer.  If 
nonconformances or other deficiencies are found in the Geosynthetic Installer’s materials or 
completed work, the Geosynthetic Installer will be required to repair the deficiency or replace the 
deficient materials. 

PART 2 –  PRODUCTS 

2.01 Geotextile Properties 

A. Geotextile suppliers shall furnish materials in which the “Minimum Average Roll Values”, as 
defined by the Federal Highway Administration (FHWA), meet or exceed the criteria specified in 
Table 02771-1. 

B. The geotextile shall be nonwoven materials, suitable for use in filter/separation and cushion 
applications and woven geotextile for use as a UV protective layer. 
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2.02 Manufacturing Quality Control 

A. The geotextile shall be manufactured with quality control procedures that meet or exceed 
generally accepted industry standards. 

B. The Geotextile Manufacturer shall sample and test the geotextile to demonstrate that the 
material conforms to the requirements of these Specifications. 

C. Any geotextile sample that does not comply with this Section shall result in rejection of the roll 
from which the sample was obtained.  The Geosynthetic Installer shall replace any rejected rolls. 

D. If a geotextile sample fails to meet the quality control requirements of this Section the 
Geotextile Manufacturer shall sample and test, at the expense of the Manufacturer, rolls 
manufactured in the same lot, or at the same time, as the failing roll.  Sampling and testing of rolls 
shall continue until a pattern of acceptable test results is established to bound the failed roll(s). 

E. Additional sample testing may be performed, at the Geotextile Manufacturer's discretion and 
expense, to identify more closely any non-complying rolls and/or to qualify individual rolls. 

F. Sampling shall, in general, be performed on sacrificial portions of the geotextile material such 
that repair is not required.  The Geotextile Manufacturer shall sample and test the geotextile, at a 
minimum once every 100,000 ft2, to demonstrate that the geotextile properties conform to the values 
specified in Table 02771-1.  At a minimum, the following manufacturing quality control tests shall 
be performed on each type of geotextile: 

Test Procedure Cushion Filtration UV Protective 

Mass per unit area ASTM D 5261
  

Yes No No 

Grab strength ASTM D 4632 Yes Yes No 

Puncture strength ASTM D 4833 Yes Yes No 

Permittivity ASTM D 4491 No Yes No 

A.O.S. ASTM D 4751 No Yes Yes 

Wide Width Tensile ASTM D 4595 No  No Yes 

 

G. The Geotextile Manufacturer shall comply with the certification and submittal requirements of 
this Section. 

2.03 Packing and Labeling 

A. Geotextile shall be supplied in rolls wrapped in relatively impermeable and opaque protective 
covers. 

B. Geotextile rolls shall be marked or tagged with the following information: 

1. manufacturer's name; 
2. product identification; 
3. lot or batch number; 
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4. roll number; and 
5. roll dimensions. 

2.04 Transportation, Handling, and Storage 

A. The Geosynthetic Installer shall be liable for any damage to the materials incurred prior to and 
during transportation to the site. 

B. The geotextile shall be delivered to the site at least 14 days prior to the planned deployment 
date to allow the Engineer adequate time to perform conformance testing on the geotextile samples 
as described in Part 3.06 of this Section. 

C. Handling, unloading, storage, and care of the geotextile prior to and following installation at the 
site, is the responsibility of the Geosynthetic Installer.  The Geosynthetic Installer shall be liable for 
any damage to the materials incurred prior to final acceptance by the Engineer. 

D. The Geosynthetic Installer shall be responsible for storage of the geotextile at the site. 

E. The geotextile shall be protected from sunlight, excessive heat or cold, puncture, or other 
damaging or deleterious conditions.  The geotextile shall be protected from mud, dirt, and dust.  
Any additional storage procedures required by the geotextile Manufacturer shall be the 
responsibility of the Geosynthetic Installer. 

PART 3 –  EXECUTION 

3.01 Familiarization 

A. Prior to implementing any of the work described in this Section, the Geosynthetic Installer shall 
become thoroughly familiar with the site, the site conditions, and all portions of the work falling 
within this Section. 

B. Inspection: 

1. The Geosynthetic Installer shall carefully inspect the installed work of all other 
Sections and verify that all such work is complete to the point where the installation of 
this Section may properly commence without adverse effect. 

2. If the Geosynthetic Installer has any concerns regarding the installed work of other 
Sections or the site, the Engineer shall be notified, in writing, prior to commencing the 
work.  Failure to notify the Engineer or installation of the geotextile will be construed 
as Geosynthetic Installer’s acceptance of the related work of all other Sections. 

3.02 Placement 

A. Geotextile installation shall not commence until CQA conformance evaluations, by the 
Engineer, of previous work are complete, including evaluations of the Contractor's survey results to 
confirm that the previous work was constructed to the required grades, elevations, and thicknesses. 
Should the Contractor begin the work of this Section prior to the completion of CQA evaluations, 
he does so at his own risk.  The Contractor shall account for the CQA conformance evaluations in 
the construction schedule. 

B. The Geosynthetic Installer shall handle all geotextile in such a manner as to ensure they are not 
damaged in any way. 
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C. The Geosynthetic Installer shall take any necessary precautions to prevent damage to 
underlying materials during placement of the geotextile. 

D. After unwrapping the geotextile from its opaque cover, the filtration and cushion geotextile 
shall not be left exposed for a period in excess of 15 days unless a longer exposure period is 
approved in writing by the geotextile manufacturer. 

E. The Geosynthetic Installer shall take care not to entrap stones, excessive dust, or moisture in 
the geotextile during placement. 

F. The Geosynthetic Installer shall anchor or weight all geotextile with sandbags, or the 
equivalent, to prevent wind uplift. 

G. The Geosynthetic Installer shall examine the entire geotextile surface after installation to ensure 
that no foreign objects are present that may damage the geotextile or adjacent layers.  The 
Contractor shall remove any such foreign objects and shall replace any damaged geotextile. 

3.03 Seams and Overlaps 

A. On slopes steeper than 10 horizontal to 1 vertical, geotextiles shall be continuous down the 
slope; that is, no horizontal seams are allowed.  Horizontal seams shall be considered as any seam 
having an alignment exceeding 20 degrees from being perpendicular to the slope contour lines, 
unless otherwise approved by the Engineer. 

B. Geotextile shall be continuously sewn (i.e., spot sewing is not allowed) using a “single prayer” 
seam, with the stitching a minimum of 1.5 inches from the edge of the geotextile.  Cushion to 
filtration geotextile shall be overlapped a minimum of 12 inches. 

C. Geotextile shall be sewn with polymeric thread, having similar strength characteristics as the 
geotextile. 

3.04 Repair 

A. Any holes or tears in the geotextile shall be repaired using a patch made from the same 
geotextile.  Geotextile patches will be sewn into place no closer than 1 inch from any panel edge.  
Should any tear exceed 50% of the width of the roll, that roll shall be removed and replaced. 

B. Where geosynthetic materials underlie the geotextile being placed, care shall be taken to 
remove any soil or other material that may have penetrated the torn geotextile. 

3.05 Placement of Soil Materials 

A. The Contractor shall place soil materials on top of the geotextile in such a manner as to ensure 
that: 

1. the geotextile and the underlying materials are not damaged; 

2. minimum slippage occurs between the geotextile and the underlying layers during 
placement; and 

3. excess stresses are not produced in the geotextile. 

B. Equipment shall not be driven directly on the geotextile. 
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C. Unless otherwise approved in writing by the Engineer, all equipment operating on materials 
overlying the geotextile shall comply with Section 02200 and Section 02225. 

3.06 Conformance Testing 

A. Samples of the geotextile materials will be removed by the Engineer after the material has been 
received at the site and sent to a Geosynthetic CQA Laboratory for testing to ensure conformance 
with the requirements of this Section.  This testing will be carried out, in accordance with the CQA 
Plan, prior to the start of the work of this Section. 

B. Samples of each geotextile will be taken, by the Engineer, at a minimum frequency of one 
sample per 200,000 ft2. 

C. The Engineer may increase the frequency of sampling in the event that test results do not 
comply with requirements of Part 2.01 of this Section until passing conformance test results are 
obtained for all material that is received at the site.  This additional testing shall be performed at the 
expense of the Contractor. 

D. The following conformance tests will be performed: 

Test Procedure Cushion Filtration UV Protective 

Mass per unit area ASTM D 5261
  

Yes No No 

Grab strength ASTM D 4632 Yes Yes No 

Puncture strength ASTM D 4833 Yes Yes No 

Permittivity ASTM D 4491 No Yes No 

A.O.S. ASTM D 4751 No Yes Yes 

Wide Width Tensile ASTM D 4595 No No Yes 

 

E. Any geotextile that is not certified in accordance with Part 1.04 of this Section, or that 
conformance testing results do not comply with Part 2.01 of this Section, will be rejected.  The 
Geosynthetic Installer shall replace the rejected material with new material. 

3.07 Protection of Work 

A. The Geosynthetic Installer shall use all means necessary to protect all work of this Section. 

B. In the event of damage, the Geosynthetic Installer shall make repairs and replacements to the 
satisfaction of the Engineer at the expense of the Contractor. 
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PART 4 –  MEASUREMENT AND PAYMENT 

4.01 General 

A. Providing for and complying with the requirements set forth in this Section for Cushion 
Geotextile will be measured as in-place square feet (SF), including Cushion Geotextile in the anchor 
trench to the limits shown on the Drawings, and payment will be based on the unit price provided 
on the Bid Schedule. 

B. Providing for and complying with the requirements set forth in this Section for Filtration 
Geotextile will be measured as in-place square feet (SF), including Filtration Geotextile in the 
anchor trench to the limits shown on the Drawings, and payment will be based on the unit price 
provided on the Bid Schedule. 

C. Providing for and complying with the requirements set forth in this Section for UV Protection 
Geotextile will be measured as in-place square feet (SF), including UV Protection Geotextile in the 
anchor trench to the limits shown on the Drawings, and payment will be based on the unit price 
provided on the Bid Schedule. 

D. The following are considered incidental to the Work: 

• shipping, handling and storage. 
• layout survey. 
• mobilization. 
• rejected material. 
• overlaps and seaming. 
• rejected material removal, handling, re-testing, and repair. 
• temporary anchorage. 



Geosyntec Consultants 

 
Corrective Action Management Unit 

 Geotextile
Basic Remeditaion Company

\SC0313.LINERSPECS.082106.D.SPC.DOC 02771-8 11/3/2006
 

TABLE 02771-1 
REQUIRED PROPERTY VALUES FOR GEOTEXTILE 

PROPERTIES QUALIFIERS UNITS

CUSHION 

SPECIFIED 
VALUES 

FILTER 

SPECIFIED 
VALUES 

UV 
PROTECTIVE 

SPECIFIED 
VALUES 

TEST 
METHOD 

Type   Nonwoven nonwoven Woven (-) 

Mass per unit area minimum oz/yd2 16 6(1) - ASTM D 5261 

Filter Requirements       

Apparent opening size 
(O95) 

maximum mm - 0.21 0.43 ASTM D 4751 

Permittivity minimum s-1  - 0.8 - ASTM D 4491 

Mechanical 
Requirements 

      

Grab strength minimum lb 350 130 - ASTM D 4632 

Puncture strength minimum lb 155 40 - ASTM D 4833 

Wide Width Tensile 
Strength 

minimum ppi - - 110 ASTM D 4595 

Durability       

Ultraviolet Resistance 
@ 500 hours 

minimum % 70 70 70 ASTM D 4355 

Notes: (1) For information purposes only, not a required property. 

END OF SECTION 
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SECTION 02772 
GEOSYNTHETIC CLAY LINER 

PART 1 –  GENERAL 

A. The Contractor shall furnish all labor, materials, tools, supervision, transportation, equipment, 
and incidentals necessary for installation of the geosynthetic clay liner (GCL).  The work shall be 
carried out as specified herein and in accordance with the Drawings. 

B. The work shall include, but not be limited to, delivery, storage, placement, anchorage, and 
seaming of the GCL. 

1.02 Related Sections 

Section 02200 — Earthworks 

Section 02770 — Geomembrane 

1.03 References 

A. Drawings 

B. Construction Quality Assurance (CQA) Plan 

C. Latest Version American Society of Testing and Materials (ASTM) Standards: 

ASTM D 2216 Standard Test Method for Laboratory Determination of Water (Moisture) 
Content of Soil, Rock, and Soil-Aggregate Mixtures 

ASTM D 5321 Determination of the Coefficient of Soil and Geosynthetic or Geosynthetic 
and Geosynthetic Friction by the Direct Shear Method 

ASTM D 5887 Test Method for Measurement of Index Flux Through Saturated 
Geosynthetic Clay Liner Specimens using a Flexible Wall Permeameter 

ASTM D 5888 Guide for Storage and Handling of Geosynthetic Clay Liners 

ASTM D 5890 Test Method for Swell Index of Clay Mineral Component of Geosynthetic 
Clay Liners 

ASTM D 5891 Test Method for Fluid Loss of Clay Component of Geosynthetic Clay 
Liners 

ASTM D 5993 Test Method for Measuring Mass per Unit Area of Geosynthetic Clay 
Liners 

1.04 Qualifications 

A. The Manufacturer shall be a well-established firm with more than ten years of experience in the 
manufacturing of GCL. 

B. The Geosynthetic Installer shall install the GCL and shall meet the requirements of 
Section 02770 and this Section. 
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1.05 Submittals 

A. At least 7 days before transporting any GCL to the site, the Manufacturer shall provide the 
following documentation to the Engineer for approval. 

1. list of material properties, including test method, to which are attached GCL samples. 

2. projected delivery dates for this project. 

3. Manufacturing quality control certificates for each shift's production, signed by 
responsible parties employed by the Manufacturer (such as the production manager). 

4. The quality control certificates shall include: 

a. roll numbers and identification; and 

b. results of quality control tests, including description of test methods used, 
outlined in Part 2.01 of this Section. 

5. The Manufacturer shall certify that the GCL meets all the properties outlined in 2.01 of 
this Section. 

1.06 Construction Quality Assurance Monitoring 

A. The Geosynthetic Installer shall ensure that the materials and methods used for the GCL meet 
the requirements of the Drawings and this Section.  Any material or method that does not conform 
to these documents, or to alternatives approved in writing by the Engineer, will be rejected and shall 
be repaired or replaced. 

B. The Geosynthetic Installer shall be aware of all monitoring and conformance testing required 
by the CQA Plan.  This monitoring and testing, including random conformance testing of 
construction materials and completed work, will be performed by the Engineer.  If 
nonconformances or other deficiencies are found in the materials or completed work, the 
Geosynthetic Installer will be required to repair the deficiency or replace the deficient materials. 

PART 2 –  PRODUCTS 

2.01 Material Properties 

A. The flux of the GCL shall be no greater than 1 x 10-8 m3/m2-sec, when measured in a flexible 
wall permeameter in accordance with ASTM D 5887 under an effective confining stress of 5 
pounds per square inch. 

B. The GCL shall have the following minimum dimensions: 

1. the minimum roll width shall be 15 feet; and 

2. the liner length shall be long enough to conform with the requirements specified in this 
Section. 

C. The bentonite used to fabricate the GCL shall have at least 90 percent sodium mortmorillonite. 

D. The bentonite component of the GCL shall be applied at a minimum concentration of 0.75 
pound per square foot, when measured at a water content of less than or equal to 0 percent. 
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E. The geotextile components of the GCL shall have a minimum combined mass per unit area of 9 
oz/yd2 in accordance with ASTM D 5261. 

F. The GCL shall meet the required property values listed in Table 02772-1. 

G. The bentonite will be adhered to the backing material(s) in a manner that prevents it from being 
dislodged when transported, handled, and installed in a manner prescribed by the Manufacturer.  
The method used to hold the bentonite in place shall not be detrimental to other components of the 
lining system. 

H. An alternative GCL having a textured vapor barrier (i.e., geomembrane) as an integral 
component of the GCL may be provided.  If an alternative GCL is used, the textured HDPE vapor 
barrier component shall be placed against the prepared subgrade and shall meet the following 
requirements: 

1. have an average thickness of 30-mils in accordance with ASTM D 5994; 

2. not have striations, pinholes, or bubbles on the surface or in the interior; and 

3. be produced so as to be free of holes, blisters, undispersed raw materials, or any sign of 
contamination by foreign matter. 

2.02 Interface Shear Testing 

A. Interface Shear test(s) shall be performed on the proposed geosynthetic and soil components in 
accordance with ASTM D 5321.  Tests shall be performed on several geosythetic interfaces as 
outlined below.   

1. Dry GCL interface - the GCL shall be underlain by prepared subgrade compacted to 
90% of the maximum dry density (ASTM D 1557) at the optimum moisture content and 
overlain by a textured 60-mil HDPE geomembrane, geocomposite, and operations layer 
material.  The geosynthetic components of the liner system shall be allowed to “float” 
(i.e., not fixed) such that the failure surface can occur between any of the interfaces.   

a. The test shall be performed, under dry conditions, at normal stresses of 1, 3, and 
5 psi at a shear rate of no more than 0.04 in./min. (1 mm/min.). 

b. The results of this test shall have a post peak apparent friction angle in excess of 
18 degrees. 

2. Hydrated GCL interface - the GCL shall be underlain by prepared subgrade compacted 
to 90% of the maximum dry density (ASTM D 1557) at the optimum moisture content 
and overlain by a textured 60-mil HDPE geomembrane, geocomposite, and operations 
layer material.  The GCL component of the liner system shall be allowed to “float” (i.e., 
not fixed) such that the failure surface can occur at the top, bottom, or internal GCL 
interfaces. 

a. Before shearing, the GCL shall be hydrated under a loading of 240 psf (11 Kpa) 
for 48 hours.  The test shall be performed under saturated conditions, at normal 
stresses of 20, 40, and 80 psi at a shear rate of no more than 0.04 in./min. (1 
mm/min.).   

b. The results of this test shall have a post-peak apparent friction angle in excess of 
12 degrees.   
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3. Hydrated GCL interface - If a GCL containing a geomembrane vapor barrier (i.e. 
Gundseal) is to be used, one additional shear strength test shall be performed.  The 
GCL shall be underlain by prepared subgrade compacted to 90% of the maximum dry 
density (ASTM D 1557) at the optimum moisture content and covered by a textured 60 
mil HDPE geomembrane, geocomposite, and operations layer material.   

a. The test shall evaluate the interface between the bentonite side of an unhydrated 
(i.e., dry) GCL containing a geomembrane vapor barrier and a textured 60 mil 
HDPE geomembrane.  The test shall be set up such that the failure occurs 
between the bentonite component of the GCL and the textured geomembrane.  
The test shall be performed under dry conditions, at normal stresses of 20, 40, 
and 80 psi at a shear rate of no more than 0.04 in./min. (1 mm/min.). 

b. The acceptance criterion for the interface between the GCL consisting of a 
geomembrane vapor barrier component and the overlying geomembrane shall be 
as follows: 

 tan-1 (0.25 tan δhydrated + 0.75 tanδunhydrated) ≥ 12° 

 where δhydrated is the post-peak apparent friction angle in degrees determined in 
test No. 2 and δunhydrated is the post-peak apparent friction angle in degrees 
determined in test No. 3. 

2.03 Manufacturing Quality Control 

A. The GCL shall be manufactured with quality control procedures that meet or exceed generally 
accepted industry standards. 

B. The Manufacturer shall sample and test the GCL to demonstrate that the material complies with 
the requirements of this Section. 

C. Any GCL sample that does not comply with this Section will result in rejection of the roll from 
which the sample was obtained.  The Manufacturer shall replace any rejected rolls. 

D. If a GCL sample fails to meet the quality control requirements of this Section, the Engineer will 
require that the Manufacturer sample and test, at the expense of the Manufacturer, rolls 
manufactured in the same lot, or at the same time, as the failing roll.  Sampling and testing of rolls 
shall continue until a pattern of acceptable test results is established to bound the failed roll(s). 

E. Additional sample testing may be performed, at the Manufacturer’s discretion and expense, to 
more closely identify any non-complying rolls and/or to qualify individual rolls. 

F. Sampling shall, in general, be performed on sacrificial portions of the GCL material such that 
repair is not required.  The Manufacturer shall sample and test the GCL to demonstrate that its 
properties conform to the requirements stated herein.  At a minimum, the following tests shall be 
performed by the Manufacturer: dry mass per unit area and index flux at frequencies of at least 1 per 
50,000 ft2 and 1 per 200,000 ft2, respectively. 

G. The Manufacturer shall comply with the certification and submittal requirements of this 
Section. 

2.04 Packing and Labeling 

A. GCLs shall be supplied in rolls wrapped in impermeable and opaque protective covers. 
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B. GCLs shall be marked or tagged with the following information: 

1. Manufacturer’s name; 
2. product identification; 
3. lot number; 
4. roll number; and 
5. roll dimensions. 

2.05 Transportation, Handling and Storage 

A. Handling, storage, and care of the GCL, prior to and following installation, is the responsibility 
of the Geosynthetic Installer, until final acceptance by the Engineer. 

B. The GCL shall be stored and handled in accordance with ASTM D 5888. 

C. The Geosynthetic Installer shall be liable for all damage to the materials incurred prior to and 
during transportation to the site. 

D. The GCL shall be on-site at least 14 days prior to the scheduled installation date to allow for 
completion of conformance testing described in Part 3.08 of this Section. 

PART 3 –  EXECUTION 

3.01 Familiarization 

A. Prior to implementing any of the work described in this Section, the Geosynthetic Installer shall 
carefully inspect the installed work of all other Sections and verify that all work is complete to the 
point where the installation of this Section may properly commence without adverse impact. 

B. Inspection: 

1. The Geosynthetic Installer shall carefully inspect the installed work of all other 
Sections and verify that all work is complete to the point where the installation of this 
Section may properly commence without adverse impact. 

2. If the Geosynthetic Installer has any concerns regarding the installed work of other 
Sections, he should notify the Engineer in writing prior to commencing the work.  
Failure to notify the Engineer or installation of the GCL will be construed as 
Geosynthetic Installer’s acceptance of the related work of all other Sections. 

C. A pre-installation meeting shall be held to coordinate the installation of the GCL with the 
installation of other components of the lining system. 

3.02 Surface Preparation 

A. The Geosynthetics Installer shall provide certification in writing that the surface on which the 
GCL will be installed is acceptable.  This certification of acceptance shall be given to the Engineer 
prior to commencement of geomembrane installation in the area under consideration. 

B. Special care shall be taken to maintain the prepared soil surface. 

C. No GCL shall be placed onto an area that has been softened by precipitation or that has cracked 
due to desiccation.  The soil surface shall be observed daily to evaluate the effects of desiccation 
cracking and/or softening on the integrity of the prepared subgrade. 
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3.03 Crest Anchorage System 

A. The anchor trench shall be excavated, prior to GCL placement, to the lines and grades shown 
on the Drawings. 

B. No loose soil shall be allowed in the anchor trench beneath the GCL. 

C. The GCL shall be temporarily anchored in the anchor trench until all geosynthetic layers are 
installed in the anchor trench as shown on the Drawings. 

3.04 Handling and Placement 

A. The Geosynthetic Installer shall handle all GCL in such a manner that they are not damaged in 
any way and so that they do not become hydrated prior to, or during, installation. 

B. In the presence of wind, all GCLs shall be sufficiently weighted with sandbags to prevent their 
movement. 

C. Any GCL damaged by stones or other foreign objects, or by installation activities, shall be 
repaired in accordance with Part 3.07 by the Geosynthetic Installer. 

D. If an alternative GCL is used, the vapor barrier portion of the GCL shall be installed against the 
underlying prepared subgrade. 

E. The GCL shall not be installed on an excessively moist subgrade or on standing water.  The 
GCL shall be installed in a way that prevents hydration of the GCL prior to completion of 
construction of the liner system. 

F. The GCL shall not be installed during precipitation or other conditions that may cause 
hydration of the GCL. 

G. All hydrated GCL shall be removed and replaced by the Geosynthetic Installer. 

3.05 Overlaps 

A. On slopes steeper than 10 horizontal to 1 vertical, all GCL shall be continuous down the slope; 
that is, no horizontal seams shall be allowed on the slope.  Horizontal seams shall be considered as 
any seam having an alignment exceeding 20 degrees from being perpendicular to the slope contour 
lines, unless otherwise approved by the Engineer. 

B. All GCL shall be overlapped in accordance with the Manufacturer’s recommended procedures.  
As a minimum, along the length (i.e., the sides) of the GCL the overlap shall be 6 inches, and along 
the width (i.e., the ends) the overlap shall be 12 inches. 

3.06 Materials in Contact With the GCL 

A. Geomembrane installation shall immediately follow the GCL installation.  All GCL that is 
placed during a day's work shall be covered with geomembrane before the Geosynthetic Installer 
leaves the site at the end of the day.  The edges of GCL placement should be covered each day and 
protected from hydration due to storm water run-on. 

B. Material shall not be placed on a GCL that is hydrated. 

C. Installation of other components of the liner system shall be carefully performed to minimize 
damage to the GCL. 
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D. Equipment shall not be driven directly on the GCL. 

E. Installation of the GCL in appurtenant areas, and connection of the GCL to appurtenances shall 
be made according to the Drawings.  The Geosynthetic Installer shall ensure that the GCL is not 
damaged while working around the appurtenances. 

3.07 Repair 

A. Any holes or tears in the GCL shall be repaired by placing a GCL patch over the hole.  On 
slopes steeper than 10 percent, the patch shall overlap the edges of the hole or tear by a minimum of 
2 feet in all directions.  On slopes 10 percent or flatter, the patch shall overlap the edges of the hole 
or tear by a minimum of 1 foot in all directions.  The patch shall be secured with a water-based 
adhesive approved by the Manufacturer. 

B. Care shall be taken to remove any soil or other material, which may have penetrated the torn 
GCL. 

C. The patch shall not be nailed or stapled. 

3.08 Conformance Testing  

A. Samples of the GCL will be removed by the Engineer and sent to a Geosynthetic CQA 
Laboratory for testing to ensure conformance with the requirements of this Section.  The 
Geosynthetic Installer shall assist the Engineer in obtaining conformance samples.  The 
Geosynthetic Installer shall account for this testing in the installation schedule. 

B. Samples shall be taken at a minimum frequency rate of one sample per 100,000 square feet. 

C. The Engineer may increase the frequency of sampling in the event that test results do not 
comply with the requirements of Part 2.01 of this Section until passing conformance test results are 
obtained for all material that is received at the site.  This additional testing shall be performed at the 
expense of the Contractor. 

D. As a minimum, the following conformance tests will be performed: mass per unit area and 
index flux.  All tests shall be carried out at a frequency of one sample per 100,000 ft2 and 400,000 
ft2, respectively.  In addition, the Engineer will perform a minimum of two interface shear strength 
tests in accordance with Part 2.02. 

E. Any GCL that is not certified by the Manufacturer in accordance with Part 1.05 of this section 
or that does not meet the requirements specified in Part 2.01 shall be rejected and replaced by the 
Geosynthetic Installer. 

3.09 Protection of Work 

A. The Geosynthetic Installer shall use all means necessary to protect all work of this Section. 

B. In the event of damage, the Geosynthetic Installer shall immediately make all repairs and 
replacements necessary to the approval of the Engineer. 

PART 4 –  MEASUREMENT AND PAYMENT 

A. Providing for a complying with the requirements set forth in this Section for GCL will be 
measured as in-place square feet (SF), including GCL in the anchor trench to the limits shown on 
the Drawings, and payment will be based on the unit price provided on the Bid Schedule. 
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B. The following are considered incidental to the Work: 

• shipping, handling and storage. 
• overlaps and seaming. 
• layout survey. 
• mobilization. 
• rejected material. 
• rejected material removal, handling, re-testing, and repair. 
• temporary anchorage. 
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TABLE 02772-1 
REQUIRED GCL PROPERTY VALUES 

 

PROPERTIES QUALIFIERS UNITS SPECIFIED(1) 
VALUES TEST METHOD 

 
Liner System Properties 
Interface Shear Strength minimum degrees 18° (unhydrated) 

12° (hydrated) 
ASTM D 5321(2) 

 
GCL Properties 
Bentonite Content(4) minimum lb/ft2 0.75 ASTM D 5993 
Bentonite Swell Index minimum mL/2g 24 ASTM D 5890 
Bentonite Fluid Loss maximum mL 18 ASTM D 5891 
Hydraulic Flux  minimum m3/m2-s 1 x 10-8 ASTM D 5887(3) 
Moisture Content (Bentonite) maximum percent 25 ASTM D 2216 
 
Notes: (1) All values represent minimum average roll values (i.e., any roll in a lot should meet or exceed the values in this table). 
 (2) Interface shear strength testing shall be performed, by the Engineer, in accordance with Part 2.02 of this Section. 

(3) Hydraulic flux testing shall be performed under an effective confining stress of 5 pounds per square inch. 
(4) Measured at a moisture content of 0 percent. 

 
END OF SECTION 
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SECTION 02773 
GEOCOMPOSITE 

PART 1 –  GENERAL 

1.01 Description of Work 

A. The Contractor shall furnish all labor, materials, tools, supervision, transportation, equipment, 
and incidentals necessary for the installation of the geocomposite.  The work shall be carried out as 
specified herein and in accordance with the Drawings. 

B. The work shall include, but not be limited to, delivery, storage, placement, and seaming of the 
geocomposite. 

C. Geocomposite shall be used overlying the geomembrane and underlying the operations layer on 
the side slopes for the base liner system.  Geocomposite shall be used overlying the geomembrane 
for the final cover liner system. 

1.02 Related Sections 

Section 02200 — Earthwork 

Section 02770 — Geomembrane 

Section 02771 — Geotextiles 

1.03 References 

A. Drawings 

B. Construction Quality Assurance (CQA) Plan 

C. Latest version of American Society for Testing and Materials (ASTM) standards: 

ASTM D 413.  Standard Test Method for Rubber Property-Adhesion to Flexible Substrate. 

ASTM D 792.  Standard Test Methods for Density and Specific Gravity (Relative Density) 
of Plastics by Displacement. 

ASTM D 1603.  Standard Test Method for Carbon Black in Olefin Plastics. 

ASTM D 4491.  Standard Test Methods for Water Permeability of Geotextiles by 
Permittivity. 

ASTM D 4533.  Standard Test Method for Trapezoid Tearing Strength of Geotextiles. 

ASTM D 4632.  Standard Test Method for Grab Breaking Load and Elongation of 
Geotextiles. 

ASTM D 4716.  Standard Test Method for Constant Head Hydraulic Transmissivity (In-
Plane Flow) of Geotextiles and Geotextile Related Products. 

ASTM D 4751.  Standard Test Method for Determining Apparent Opening Size of a 
Geotextile. 
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ASTM D 4833.  Standard Test Method for Index Puncture Resistance of Geotextiles, 
Geomembranes, and Related Products. 

ASTM D 5199.  Standard Test Method for Measuring Nominal Thickness of Geotextiles and 
Geomembranes. 

ASTM D 5261.  Standard Test Method for Measuring Mass per Unit Area of Geotextiles. 

1.04 Qualifications 

A. The manufacturer shall be a well-established firm with more than one year experience in the 
manufacturing of geocomposite. 

B. The Geosynthetic Installer shall install the geocomposite and shall meet the requirements of 
Section 02770 and this Section. 

1.05 Submittals 

A. The Geosynthetic Installer shall submit to the Engineer, at least 7 days prior to geocomposite 
delivery, the following information regarding the proposed geocomposite: 

1. manufacturer and product name; 

2. minimum property values of the proposed geocomposite and the corresponding test 
procedures; 

3. projected geocomposite delivery dates; and 

4. list of geocomposite roll numbers for rolls to be delivered to the site. 

B. At least 7 days prior to geocomposite placement, the Geosynthetic Installer shall submit to the 
Engineer the manufacturing quality control certificates for each roll of geocomposite.  The 
certificates shall be signed by responsible parties employed by the geocomposite manufacturer 
(such as the production manager).  The quality control certificates shall include: 

1. lot, batch, and/or roll numbers and identification; and 

2. results of quality control tests, including a description of the test methods used. 

1.06 Construction Quality Assurance Monitoring 

A. The Geosynthetic Installer shall ensure that the geocomposite and installation methods used 
meet the requirements of the Drawings and this Section.  Any material or method that does not 
conform to these documents, or to alternatives approved in writing by the Engineer, will be rejected 
and shall be repaired or replaced by the Geosynthetic Installer. 

B. The Geosynthetic Installer shall be aware of and accommodate all monitoring and conformance 
testing required by the CQA Plan.  This monitoring and testing, including random conformance 
testing of construction materials and completed work, will be performed by the Engineer.  If 
nonconformances or other deficiencies are found in the Geosynthetic Installer’s materials or 
completed work, the Geosynthetic Installer will be required to repair the deficiency or replace the 
deficient materials. 

PART 2 –  PRODUCTS 
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2.01 Geocomposite Properties 

A. The Geocomposite Manufacturer shall furnish geocomposites having properties that comply 
with the required property values shown in Table 02773-1.  The Geocomposite Manufacturer shall 
provide results of tests performed using the procedures listed in Table 02773-1, as well as 
certification that the materials meet or exceed the specified values. 

B. Geotextiles will be thermally bonded to both sides of the geonet component of geocomposite 
material rather than chemically bonded. 

C. Geocomposite suppliers shall furnish materials in which the “Minimum Average Roll Values”, 
as defined by the Federal Highway Administration (FHWA), meet or exceed the criteria specified in 
Table 02773-1. 

D. The geocomposite’s geotextile components shall be nonwoven materials, suitable for use in 
filter/separation and cushion applications. 

2.02 Manufacturing Quality Control 

A. The geocomposite shall be manufactured with quality control procedures that meet or exceed 
generally accepted industry standards. 

B. The geocomposite Manufacturer shall sample and test the geocomposite to demonstrate that the 
material conforms to the requirements of these Specifications. 

C. Any geocomposite sample that does not comply with this Section shall result in rejection of the 
roll from which the sample was obtained.  The Geosynthetic Installer shall replace any rejected 
rolls. 

D. If a geocomposite sample fails to meet the quality control requirements of this Section the 
geocomposite Manufacturer shall sample and test, at the expense of the Manufacturer, rolls 
manufactured in the same lot, or at the same time, as the failing roll.  Sampling and testing of rolls 
shall continue until a pattern of acceptable test results is established to bound the failed roll(s). 

E. Additional sample testing may be performed, at the geocomposite Manufacturer's discretion 
and expense, to identify more closely any non-complying rolls and/or to qualify individual rolls. 

F. Sampling shall, in general, be performed on sacrificial portions of the geocomposite material 
such that repair is not required.  The Geocomposite Manufacturer shall sample and test the 
geocomposite, at a minimum once every 100,000 ft2, to demonstrate that the geocomposite 
properties conform to the values specified in Table 02773-1.  At a minimum, the following 
manufacturing quality control tests shall be performed on the geotextile component of the 
geocomposite: 

Test Procedure 

Mass per unit area ASTM D 5261 

Grab strength ASTM D 4632 

Puncture strength ASTM D 4833 

Permittivity ASTM D 4491 

A.O.S. ASTM D 4751 
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G. At a minimum, the following manufacturing quality control tests shall be performed on the 
geonet component of the geocomposite: 

Test Procedure 

Specific gravity ASTM D 792 

Nominal thickness ASTM D 5199 

H. At a minimum, the following manufacturing quality control tests shall be performed on the 
geocomposite: 

Test Procedure 

Transmissivity ASTM D 4716 

Peel strength ASTM D 413 

I. The geocomposite Manufacturer shall comply with the certification and submittal requirements 
of this Section. 

2.03 Packing and Labeling 

A. Geocomposite shall be supplied in rolls wrapped in relatively impermeable and opaque 
protective covers. 

B. Geocomposite rolls shall be marked or tagged with the following information: 

1. manufacturer's name; 

2. product identification; 
3. lot or batch number; 
4. roll number; and 
5. roll dimensions. 

2.04 Transportation, Handling, and Storage 

A. The Geosynthetic Installer shall be liable for any damage to the materials incurred prior to and 
during transportation to the site. 

B. The geocomposite shall be delivered to the site at least 14 days prior to the planned deployment 
date to allow the Engineer adequate time to perform conformance testing on the geocomposite 
samples as described in Part 3.06 of this Section. 

C. Handling, unloading, storage, and care of the geocomposite prior to and following installation 
at the site, is the responsibility of the Geosynthetic Installer.  The Geosynthetic Installer shall be 
liable for any damage to the materials incurred prior to final acceptance by the Engineer. 

D. The Geosynthetic Installer shall be responsible for storage of the geocomposite at the site. 

E. The geocomposite shall be protected from sunlight, excessive heat or cold, puncture, or other 
damaging or deleterious conditions.  The geocomposite shall be protected from mud, dirt, and dust.  
Any additional storage procedures required by the geocomposite Manufacturer shall be the 
responsibility of the Geosynthetic Installer. 

PART 3 –  EXECUTION 
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3.01 Familiarization 

A. Prior to implementing any of the work described in this Section, the Geosynthetic Installer shall 
carefully inspect the installed work of all other Sections and verify that all work is complete to the 
point where the installation of this Section may properly commence without adverse impact. 

B. Inspection: 

1. The Geosynthetic Installer shall carefully inspect the installed work of all other 
Sections and verify that all work is complete to the point where the installation of this 
Section may properly commence without adverse impact. 

2. If the Geosynthetic Installer has any concerns regarding the installed work of other 
Sections, he should notify the Engineer in writing prior to commencing the work.  
Failure to notify the Engineer or installation of the geocomposite will be construed as 
Geosynthetic Installer’s acceptance of the related work of all other Sections. 

C. A pre-installation meeting shall be held to coordinate the installation of the geocomposite with 
the installation of other components of the lining system. 

3.02 Handling and Placement 

A. The Geosynthetic Installer shall handle all geocomposite in such a manner that it is not 
damaged in any way. 

B. Install the geocomposite down the slope not across the slope.  Place ends into the anchor 
trenches in such a manner as to continually keep the geocomposite in tension. 

C. Precautions shall be taken to prevent damage to underlying layers during placement of the 
geocomposite. 

D. In the presence of wind, all geocomposites shall be sufficiently weighted with sandbags or the 
equivalent to prevent movement.   

E. The geocomposite shall be positioned by hand after being unrolled to minimize wrinkles. 

F. Care shall be taken during placement of geocomposites not to entrap dirt or excessive dust in 
the geocomposite that could cause clogging of the drainage system, and/or stones that could damage 
the adjacent geomembrane.  If dirt or excessive dust is entrapped in the geocomposite, it should be 
cleaned prior to placement of the next material on top of it.  Care shall be exercised when handling 
sandbags, to prevent rupture or damage of the sandbags. 

G. Geocomposites shall only be cut using a hooked utility blade. 

H. After unwrapping the geocomposite from its opaque cover, the geocomposite shall not be left 
exposed for a period in excess of 15 days.  

3.03 Overlaps and Seams 

A. Geonet Components: 

1. The geonet components shall be overlapped a minimum 4 in. along the length.  The 
geonet shall be overlapped by a minimum 1 ft. across the width. 
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2. Geonet overlaps shall be secured by tying with nylon cable ties.  Tying devices shall be 
white or yellow for easy inspection.  Metallic devices shall not be used. 

3. Seaming of the geonet shall be performed by wrap-ties at 12-in. centers for end of 
panels and at 5-ft centers for edge of panel seams. 

4. No end-of-panel seams shall be placed on slopes exceeding 10 %. 

B. Geotextile Components: 

1. The bottom layers of geotextile  shall be overlapped.  The top layers of geotextiles shall 
be continuously sewn.   

2. Polymeric thread, with chemical resistance properties equal to or exceeding those of the 
geotextile component, shall be used for all sewing.   

3.04 Placement of Overlying Materials 

A. All overlying materials shall be placed in such a manner as to ensure that: 

1. The geocomposite and underlying materials are not damaged; 

2. Minimal slippage occurs between the geocomposite and underlying layers; and 

3. Excess tensile stresses are not produced in the geocomposite. 

4. Equipment shall not be driven directly on the geocomposite. 

5. Unless otherwise approved in writing by the Engineer, all equipment operating on the 
materials overlying the geotextile shall comply with Section 02200 and Section 02225. 

3.05 Conformance Testing 

A. Samples of geocomposite will be removed by the Engineer and sent to a Geosynthetic CQA 
Laboratory for testing to ensure conformance with the requirements of this Section.  The 
Geosynthetic Installer shall assist the Engineer in obtaining conformance samples.  The 
Geosynthetic Installer shall account for this testing in the installation schedule. 

B. Samples shall be taken at a minimum frequency rate of one sample per 200,000 square feet. 

C. The Engineer may increase the frequency of sampling in the event that test results do not 
comply with the requirements of Part 2.01 of this Section until passing conformance test results are 
obtained for all material that is received at the site.  This additional testing shall be performed at the 
expense of the Contractor. 

D. As a minimum, transmissivity and peel strength will be performed on each sample. 

E. Any geocomposite that is not certified by the Manufacturer in accordance with Part 1.05 of this 
section or that does not meet the requirements specified in Part 2.01 shall be rejected and replaced 
by the Geosynthetic Installer. 

3.06 Protection of Work 

A. The Geosynthetic Installer shall use all means necessary to protect all work of this Section. 
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B. In the event of damage, the Geosynthetic Installer shall immediately make all repairs and 
replacements necessary to the approval of the Engineer. 

PART 4 –  MEASUREMENT AND PAYMENT 

A. Providing for a complying with the requirements set forth in this Section for geocomposite will 
be measured as in-place square feet (SF), including geocomposite in the anchor trench to the limits 
shown on the Drawings, and payment will be based on the unit price provided on the Bid Schedule. 

B. The following are considered incidental to the Work: 

• shipping, handling, and storage. 
• overlaps and seaming. 
• layout survey. 
• mobilization. 
• rejected material. 
• rejected material removal, handling, re-testing, and repair. 
• temporary anchorage. 
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TABLE 02773 - 1 

GEOCOMPOSITE PROPERTY VALUES – BASE LINER SYSTEM 

 
PROPERTIES 

 
QUALIFIER 

 
UNITS 

SPECIFIED 
VALUES (1) 

TEST 
METHOD 

Geonet Component: 

Specific gravity Minimum  0.935 ASTM D 792 

Carbon black content Range % 2 – 3 ASTM D 1603 

Nominal thickness Minimum mils 200 ASTM D 5199 

Geotextile Components: 

Mass per unit area Minimum oz/yd2  8  ASTM D 5261 

Filter Requirements     

Apparent opening size Maximum mm 0.21 mm ASTM D 4751 

Permittivity Minimum 1/s 0.6 ASTM D 4491 

Mechanical Requirements     

Grab strength Minimum lb  190  ASTM D 4632 

Puncture strength Minimum lb  110  ASTM D 4833 

Geocomposite: 

Transmissivity (2) Minimum m2/s 6.1 x 10-5 ASTM D 4716 

Peel Strength Minimum gm/in 500 ASTM D 413 

Notes: 

1. All values except transmissivity represent minimum average roll values (i.e., any roll in a lot should meet or exceed the 
values in this table). 

2. The design transmissivity is the hydraulic transmissivity of the geocomposite measured using water at 68°F ±3°F  (20°C 
±1.5°C) with a hydraulic gradient of 0.1 under a compressive stress of not less than 12,000 psf (574 kPa).  For the test, the 
geocomposite shall be sandwiched between a layer of operations material and a textured 60-mil HDPE geomembrane.  The 
minimum test duration shall be 24 hours and the report for the test results shall include measurements at intervals over the 
entire test duration. 

 
END OF SECTION 
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SECTION 02820 
CHAIN LINK FENCE 

PART 1 –  GENERAL 

1.01 Description of Work 

A. The Contractor shall furnish all labor, materials, tools, supervision, transportation, equipment, 
and incidentals necessary to construct the Chain Link Fence.  The Work shall be performed as 
specified herein and in accordance with the Drawings. 

B. The Work shall include construction of footers, construction of posts, rails, and bracing, 
placement and securing the fence fabric, construction and installation of swing gates, and all other 
Work incidental to construction of a completed fence as shown on the Drawings and as described in 
this Section. 

1.02 Related Sections 

Section 01025 –  Measurement and Payment 

Section 01300 – Submittals 

Section 01400 – Quality Control 

Section 01500 – Construction Facilities 

Section 01560 – Temporary Controls  

Section 02200 – Earthwork 

Section 03400 – Cast-in-Place Concrete 

1.03 References 

A. Drawings 

B. Latest Version of American Society for Testing and Materials (ASTM) Standards: 

ASTM A 153 Standard Specification for Zinc Coating (Hot-Dip) on Iron and Steel 
Hardware 

ASTM A 1043 Standard Specification for Strength and Protective Coatings on Metal 
Industrial Chain Link Fence Framework 

1.04 Delivery, Storage, and Handling 

A. Deliver materials to Site in good condition, in unopened packaging, and with labels intact.  
Inspect materials upon delivery and replace damaged or contaminated materials. 

B. Store materials above ground, under cover, in a dry place, and in a manner to prevent damage 
or staining. 

C. Handle materials to prevent damage to surfaces, edges, and ends.  Replace damaged materials 
at no additional cost to the Owner. 
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1.05 Submittals 

A. The Contractor shall submit to the Construction Manager, at least 7 days prior to installation of 
fence material, certificates of compliance with the fence Manufacturer’s specifications and that the 
material meets or exceeds all internal quality control requirements and the requirements of this 
Section. 

1.06 Quality Assurance 

A. The Contractor shall ensure that the materials and methods used for security chain link fence 
construction meet the requirements of the Manufacturer, the Drawings, and this Section.  Any 
material or method that does not conform to these documents, or to alternatives approved in writing 
by the Design Engineer will be rejected and shall be repaired or replaced by the Contractor to the 
satisfaction of the CQA Engineer at the Contractor’s expense. 

PART 2 –  PRODUCTS 

2.01 Security Fence Fabric 

A. Fence fabric: 2” by 2” mesh size, 11 gauge core size, hot-dip zinc galvanized steel wire. 

B. Fence fabric shall be a commercial-grade fence system, as supplied by Master-Halco, or shall 
be equivalent in core material, metallic-coating material, and all coating processes and strengths.   

C. Manufacturer shall warranty the fence materials against defects and deterioration, other than 
normal wear and tear, for a minimum of 12 years. 

D. Fabric selvages shall be twisted (barbed) on the top and knuckled on the bottom. 

E. The heights of fabric shall be sufficiently long so that no horizontal splices are required. 

2.02 Framework 

A. Framework includes all posts and rails. 

B. Fencing framework shall be made of tubular galvanized steel pipe that conforms to ASTM F 
1043, Group 1a.  The framework shall be standard weight, schedule 40 steel pipe, galvanized by the 
hot-dip method, with a minimum average of 1.8 ounces per square foot of zinc-coated surface. 

C. Dimensions of the framework components shall be as shown on the Drawings. 

2.03 Footers 

A. Post footers shall be made with concrete rated at a minimum of 2,500 pounds per square inch 
(psi) and shall be constructed to the dimensions as shown on the Drawings. 

2.04 Swing Gates 

A. Gates frames shall be of the same materials and coatings as for the fence fabric and framework. 

B. Dimensions of the gates and gate components shall be as shown on the Drawings. 

C. Gate frame members shall be welded at joints for a rigid connection. 

D. Contractor shall provide and install the following hardware for each gate: 
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E. Hinges: provide hinges of type to, size, and material to suit gate size.  Hinges shall be non-
liftoff type, offset to permit 180 degree gate opening. 

F. Latch: exit control lock and cylinder, as shown on the Drawings. 

G. Latch rail: steel plate, weld to stiles at interior side of gate to receive and protect latch. 

2.05 Hardware  

A. Hardware shall include bolts, tension rods, and truss rods. 

B. Hardware shall be made of galvanized steel as per ASTM A 153.  

C. Bolts shall be 3/16” diameter self drilling hex head TEK screws with flat washers, as 
manufactured by Hilti, Red Head, or approved. 

D. Tension rods shall be stainless steel, in standard lengths to equal full height of fabric, with 
maximum cross section to suit fabric openings.  Provide one tension rod for each gate post and 
corner post. 

E. Truss rods shall be minimum 3/8” diameter threaded, galvanized steel rod and turnbuckle. 

2.06 Fittings 

A. Fittings include: tension and brace bands, caps, eye tops, rail ends, sleeves, and tie wires. 

B. All fittings, except tie wires, shall be hot-dip galvanized steel.  Tie wires shall be zinc-coated 
steel wire.   

PART 3 –  EXECUTION 

3.01 General 

A. When shipping, delivering, and installing all fence materials, do so to ensure a sound, 
undamaged installation.  Provide storage for all materials and equipment delivered to the Site that is 
protective of stored materials.  Handle and store materials in accordance with the Manufacturer's 
recommendations. 

B. Prior to installation, examine surfaces designated to receive Work described in the Section for 
conditions adversely affecting the finished Work.  Repair or replace surfaces not meeting tolerances 
or quality requirements governing substrate construction prior to initiating this Work. 

C. Do not begin installation and erection before construction of the concrete secondary 
containment portion of the Work is complete. 

3.02 Installation 

A. Install materials in accordance with accepted shop drawings and Manufacturer’s printed 
instructions. 

B. Provide top and intermediate rails as shown on Drawings.  Install each as one piece between 
posts.  Offset as necessary to allow for depth of fabric. 
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C. Place chain link fabric on the outside of the area to enclosed.  Secure one end and apply 
sufficient tension to remove all slack before making attachments elsewhere.  Tighten the fabric to 
provide a smooth uniform appearance, free from sag. 

D. Cut fabric by untwisting on picket and attach each span independently at all terminal posts.  
Install tension rods with bolts and washers at 15” on center. 

E. Fasten fabric to all posts, rails, and gate frames with bolts and washers at 15” on center. 

F. Gates: install gates plumb, level and secure, for full operation without interference.  Adjust 
hardware for smooth operation and lubricate where necessary.  Gates shall open outward form the 
area to be secured. 

G. Clearances:  install fencing and gates with a maximum ½” clearance between the perimeter of 
the fabric and the framing, between the framing and adjacent construction, and between the 
perimeter of each gate leaf and surrounding construction.  Close off gaps exceeding 1/2”at the 
direction of the Construction Manager. 

3.03 Cleaning Up 

A. During the progress of the Work, the premises shall be kept free of debris and waste.  Upon 
completion, remove from the Site and dispose of all debris and surplus materials in a lawful manner. 

B. At completion of Work, touch up minor damage to all surfaces to the satisfaction of the 
Construction Manager.  Protect completed Work until final acceptance by the Owner. 

3.04 Survey 

A. The locations of the fence posts shall be surveyed by the Surveyor, and shall be included in the 
Record Drawings. 

PART 4 –  MEASUREMENT AND PAYMENT 

4.01 General 

A. Providing for and complying with the requirements set forth in this Section for chain link fence 
will be measured as linear feet (LF), and payment will be based on the unit price provided on the 
Bid Schedule. 

B. The following are considered incidental to the Work: 

• Submittals. 
• Mobilization. 
• Quality Control. 
• Shipping, handling and storage. 
• Footers 
• Framework 
• Welding. 
• Fence fabric 
• Gates 
• Hardware and fittings 
• Clean up 
• As-built survey. 
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END OF SECTION 
 



 
 
 
 
 
 
 
 
 
 

Section 5 
Final Cover Calculation Packages









































































































































































































































































































































































































































 
 
 
 
 
 
 
 
 
 

Section 6 
Final Cover Construction Quality Assurance Plan
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1. INTRODUCTION 
 

1.1 Terms of Reference 
 
GeoSyntec Consultants (GeoSyntec) has prepared this Construction Quality 

Assurance (CQA) Plan for the construction of the Corrective Action Management Unit 
(CAMU) Final Cover System for Basic Remediation Company (BRC) located in 
Henderson, Nevada.  Hereinafter, the CAMU construction is referred to as the Project. 

 
This CQA Plan was prepared by Mr. Gregory T. Corcoran, P.E. of 

GeoSyntec Consultants (GeoSyntec) under the direction of Mr. Brad Cooley, P.E.  In 
general accordance with the peer review policies of the firm, Mr. Brad Cooley, P.E. of 
GeoSyntec was responsible for senior peer review of the work presented in this plan. 

 
1.2 Purpose and Scope of the Construction Quality Assurance Plan 

 
The purpose of the CQA Plan is to address the CQA procedures and 

monitoring requirements for construction of the Project.  The CQA Plan is intended to: 
(i) define the responsibilities of parties involved with the construction; (ii) provide 
guidance in the proper construction of the major components of the Project; (iii) 
establish testing protocols; (iv) establish guidelines for construction documentation; and 
(v) provide the means for assuring that the Project is constructed in conformance to the 
Technical Specifications, permit conditions, applicable regulatory requirements, and 
Construction Drawings. 

 
This CQA Plan addresses the soils and geosynthetic components of the final 

cover system for the project.  The soils, geosynthetic, and appurtenant components 
include cover soil, prepared subgrade, drainage aggregate, geosynthetic clay liner, 
geomembrane, geotextile, geocomposite, and corrugated polyethylene (CPE) pipe.  It 
should be emphasized that care and documentation are required in the placement and 
compaction of the soils and aggregate and in the production and installation of the 
geosynthetic materials placed during construction.  The CQA Plan, therefore, delineates 
the procedures to be followed for monitoring construction of these materials. 

 



 GeoSyntec Consultants 
 
 

 

SC0313.CQAPlanCover.082106.d.DOC 2 06 11 03/10:38 

The scope of this CQA Plan includes the CQA of the soil and geosynthetic 
components of the Project.  The CQA monitoring activities during the selection, 
evaluation, treatment, placement, and compaction of soils for earthworks, and drainage 
aggregate are included in the scope of this plan.  The CQA protocols applicable to 
manufacturing, shipping, handling, and installing all geosynthetic materials are also 
included.  However, this CQA Plan does not specifically address either installation 
specifications or specification of soils and geosynthetic materials as these requirements 
are addressed in the Technical Specifications. 

 
1.3 References 

 
The CQA Plan includes references to test procedures in the latest editions of the 

American Society for Testing and Materials (ASTM). 
 

1.4 Organization of the Construction Quality Assurance Plan 
 
The remainder of the CQA Plan is organized as follows: 
 
• Section 2 presents definitions relating to CQA; 
• Section 3 describes the parties involved with the CQA; 
• Section 4 describes the responsibilities of the CQA personnel; 
• Section 5 describes site and project control requirements; 
• Section 6 presents CQA documentation; 
• Section 7 presents CQA of earthworks; 
• Section 8 presents CQA of the drainage aggregates; 
• Section 9 presents CQA of the pipe and fittings; 
• Section 10 presents CQA of the geomembrane; 
• Section 11 presents CQA of the geotextile; 
• Section 12 presents CQA of the geosynthetic clay liner; 
• Section 13 presents CQA of the geocomposite; and 
• Section 14 presents CQA surveying. 
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2. DEFINITIONS RELATING TO CONSTRUCTION QUALITY 
ASSURANCE 
 
This CQA Plan is devoted to Construction Quality Assurance.  In the context 

of this document, Construction Quality Assurance and Construction Quality Control are 
defined as follows: 

 
Construction Quality Assurance (CQA) - A planned and systematic pattern 

of means and actions designed to assure adequate confidence that materials and/or 
services meet contractual and regulatory requirements and will perform satisfactorily in 
service. 

 
Construction Quality Control (CQC) - Those actions which provide a means 

to measure and regulate the characteristics of an item or service in relation to 
contractual and regulatory requirements. 

 
In the context of this document: 
 
• CQA refers to means and actions employed by the CQA Consultant 

to assure conformity of the Project “Work” with this CQA Plan, the 
Drawings, and the Technical Specifications. 

 
• Construction Quality Control refers to those actions taken by the 

Contractor, Manufacturer, or Geosynthetic Installer to verify that the 
materials and the workmanship meet the requirements of this CQA 
Plan, the Drawings, and the Technical Specifications.  In the case of 
soil components, CQC is combined with CQA and is provided by the 
CQA Consultant.  In the case of the geosynthetic components and 
piping of the Work, CQC is provided by the Manufacturer and 
Geosynthetic Installer and the Contractor.  CQA testing of soil, pipe, 
and geosynthetic components is provided by the CQA Consultant. 
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3. PARTIES INVOLVED WITH CONSTRUCTION QUALITY 
ASSURANCE 
 

3.1 Engineer 
 
Responsibilities 
 
The Engineer is responsible for the design, Drawings, and Technical 

Specifications for the Project Work.  In this CQA Plan, the term “Engineer” refers to 
Parsons Engineering Science, Inc. (Parsons) and GeoSyntec. 

 
Qualifications 
 
The Engineer of Record shall be a qualified engineer, registered as required 

by Nevada state regulations.  The Engineer should have expertise, which demonstrates 
significant familiarity with piping, geosynthetics and soils, as appropriate, including 
design and construction experience related to landfill liner systems. 

 
3.2 Project Manager 

 
Responsibilities 
 
The Project Manager is responsible for implementing the design, and 

overseeing subcontractors.  In this CQA Plan, the term “Project Manager” refers to a 
qualified BRC employee. 

 
Qualifications 
 
The Project Manager shall be a qualified engineer having familiarity with 

earthwork construction and installation of geosynthetic materials. 
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3.3 Contractor 
 
Responsibilities 
 
In this CQA Plan, Contractor refers to an independent party or parties, 

contracted by the Owner, performing the Work in general accordance with this CQA 
Plan, the Drawings, and the Technical Specifications.  The Contractor will be 
responsible for the installation of the soils and geosynthetic components of the liner 
system.  This work will include excavation, placement and compaction of engineered 
fill and prepared subgrade, placement of drainage aggregate and native soil (operations 
layer material), installation and of piping and concrete manhole, installation of 
temporary erosion control features, and coordination of work with the Geosynthetic 
Installer and other subcontractors. 

 
The Contractor will be responsible for constructing the liner system and 

appurtenant components in general accordance with the Drawings and complying with 
the quality control requirements specified in the Technical Specifications. 

 
Qualifications 
 
Qualifications of the Contractor are specific to the construction contract.  

The Contractor should have a demonstrated history of successful earthworks 
construction and maintain current state and federal licenses as appropriate. 

 
3.4 Resin Supplier 

 
Responsibilities 
 
The Resin Supplier produces and delivers the resin to the Geosynthetics 

Manufacturer. 
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Qualifications 
 
Qualifications of the Resin Supplier are specific to the Manufacturer’s 

requirements.  The Resin Supplier will have a demonstrated history of providing resin 
with consistent properties. 

 
3.5 Geosynthetics Manufacturer 

 
Responsibilities 
 
The Manufacturer is responsible for the production of finished material 

(geomembrane, geotextile, geosynthetic clay liner, geocomposite, pipe, and other 
specified material) from appropriate raw materials. 

 
Qualifications 
 
The Manufacturer(s) will be able to provide sufficient production capacity 

and qualified personnel to meet the demands of the project.  The Manufacturer(s) must 
be a well established firm(s) that meet the requirements identified in the Technical 
Specifications. 

 
3.6 Geosynthetic Installer 

 
Responsibilities 
 
The Geosynthetic Installer is responsible for field handling, storage, 

placement, seaming, loading or anchoring against wind uplift, and other aspects of the 
geosynthetic material installation.  The Geosynthetic Installer may also be responsible 
for specialized construction tasks (i.e., including construction of anchor trenches for the 
geosynthetic materials). 

 



 GeoSyntec Consultants 
 
 

 

SC0313.CQAPlanCover.082106.d.DOC 7 06 11 03/10:38 

Qualifications 
 
The Geosynthetic Installer will be trained and qualified to install the 

geosynthetic materials of the type specified for this project.  The Geosynthetic Installer 
shall meet the qualification requirements identified in the Technical Specifications. 

 
3.7 CQA Consultant 

 
Responsibilities 
 
The CQA Consultant is a party, independent from the Contractor, 

Manufacturer, and Geosynthetic Installer, who is responsible for observing, testing, and 
documenting activities related to the CQC and CQA of the earthwork, piping, and the 
geosynthetic components used in the construction of the Project.  The CQA Consultant 
will also be responsible for issuing a CQA report at the completion of the Project 
construction, which details the earthworks, piping, and geosynthetic installation 
activities and associated CQA activities.  The CQA report will be signed and sealed by 
the CQA Officer who will be a Professional Engineer registered in the State of Nevada. 

 
The CQA Consultant will be responsible for obtaining and testing 

representative samples of all components used in construction of the Project as required 
by this CQA Plan and Technical Specifications.  All tests will be conducted in general 
accordance with ASTM or other applicable state or federal standards.  Test results must 
be submitted to the Project Manager within a reasonable timeframe, which will not 
impede or delay construction of the Project.  The CQA Consultant will be responsible 
for inspecting all earthwork, piping, and geosynthetic operations to verify that the 
components are installed in general accordance with this CQA Plan and Technical 
Specifications. 

 
Qualifications 
 
The CQA Consultant is a well established firm specializing in geotechnical 

and geosynthetic engineering and possess the equipment, personnel, and licenses 
necessary to conduct the geotechnical and geosynthetic tests required by the project 
plans and Technical Specifications.  The CQA Consultant will provide qualified staff 
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for the project, as necessary, which will include, at a minimum, a CQA Officer, and a 
CQA Site Manager.  The CQA Officer will be a professionally licensed engineer as 
required by Nevada State regulations. 

 
The CQA Consultant will be experienced with earthwork construction and 

the installation of geosynthetic materials similar to those materials used in construction 
of the Project.  The CQA Consultant will be experienced in the preparation of CQA 
documentation including CQA Plans, field documentation, field testing procedures, 
laboratory testing procedures, construction specifications, construction drawings, and 
CQA reports. 

 
The CQA Site Manager will be specifically familiar with the construction of 

earthworks, piping, and the installation of geosynthetic materials and will be trained by 
the CQA Consultant in the duties of a CQA Site Manager. 

 
3.8 Surveyor 

 
Responsibilities 
 
The Surveyor is a party, independent from the Contractor, Manufacturer, and 

Geosynthetic Installer, that is responsible for surveying, documenting, and verifying the 
location of all significant components of the Work.  The Surveyor’s work is coordinated 
and employed by the Owner.  The Surveyor is responsible for issuing record drawings 
of the construction. 

 
Qualifications 
 
The Surveyor will be a well established surveying company with at least 

3 years experience in the profession of surveying services in the State of Nevada.  The 
Surveyor will be a licensed professional as required by the State of Nevada regulations.  
The Surveyor shall be fully equipped and experienced in the use of total stations and 
AutoCAD Version 14.  All surveying will be performed under the direct supervision of 
the Owner. 
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3.9 CQA Laboratory 
 
Responsibilities 
 
The CQA Laboratory is a party, independent from the Contractor, 

Manufacturer and Geosynthetic Installer, that is responsible for conducting tests in 
general accordance with ASTM and other applicable test standards on samples of 
geosynthetic materials and soil in the field and in either an on-site or off-site laboratory. 

 
Qualifications 
 
The CQA Laboratory will have experience in testing soils and geosynthetic 

materials and will be familiar with ASTM and other applicable test standards.  The 
CQA Laboratory will be capable of providing test results within a maximum of seven 
days of receipt of samples and will maintain that capability throughout the duration of 
earthworks construction and geosynthetic materials installation. The CQA Laboratory 
will also be capable of transmitting geosynthetic destructive test results within 24 hours 
of receipt of samples and will maintain that capability throughout the duration of 
geosynthetic material installation. 



 GeoSyntec Consultants 
 
 

 

SC0313.CQAPlanCover.082106.d.DOC 10 06 11 03/10:38 

4. CQA CONSULTANTS PERSONNEL ORGANIZATION AND 
DUTIES 
 

4.1 Overview 
 
The CQA Officer will provide supervision within the scope of work of the 

CQA Consultant.  The scope of work for the CQA Consultant includes monitoring of 
construction activities including the following: 

 
• screening of materials; 
 
• placement and compaction of cover soil and prepared subgrade; 
 
• installation of geotextile; 
 
• installation of geosynthetic clay liner; 
 
• installation of geomembrane; 
 
• installation of drainage aggregate; 
 
• installation of geocomposite; and 
 
• installation of piping. 
 
The duties of the CQA personnel are discussed in the remainder of this 

section. 
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4.2 CQA Personnel 
 
For construction of the Project, the CQA Consultant’s personnel will 

include: 
 
• the CQA Officer, who operates from the office of the CQA 

Consultant and who conducts periodic visits to the site as required; 
and 

 
• the CQA Site Manager, who is located at the site. 
 
The duties of the CQA Personnel are discussed in the following subsections. 
 

4.2.1 CQA Officer 
 
The CQA Officer shall supervise and be responsible for monitoring and 

CQA activities relating to the construction of the earthworks, piping, and installation of 
the geosynthetic materials of the Project.  Specifically, the CQA Officer: 

 
• reviews the project design, this CQA Plan, Drawings, and Technical 

Specifications; 
 
• reviews other site-specific documentation; unless otherwise agreed, 

such reviews are for familiarization and for evaluation of 
constructability only, and hence the CQA Officer and the CQA 
Consultant assume no responsibility for the liner system design; 

 
• reviews and approves the Geosynthetic Installer’s QC Plan; 
 
• attends resolution and/or pre-construction meetings as needed; 
 
• administers the CQA program (i.e., provides supervision of and 

manages on-site CQA personnel, reviews field reports, and provides 
engineering review of CQA related activities); 
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• provides quality control of CQA documentation and conducts site 
visits; 

 
• reviews the record drawings; and 
 
• with the CQA Site Manager, prepares the CQA report documenting 

that the project was constructed in general accordance with the 
Construction Documents. 

 
4.2.2 CQA Site Manager 

 
The CQA Site Manager: 
 
• acts as the on-site representative of the CQA Consultant; 
 
• attends CQA-related meetings (e.g., resolution, pre-construction, 

daily, weekly (or designates a representative to attend the meeting)); 
 
• prepares or oversees the ongoing preparation of the record drawings; 
 
• reviews test results provided by Contractor; 
 
• assigns locations for testing and sampling; 
 
• oversees the collection and shipping of laboratory test samples; 
 
• reviews results of laboratory testing and makes appropriate 

recommendations; 
 
• reviews the calibration and condition of on-site CQA equipment; 
 
• prepares a daily summary report for the project; 
 
• reviews the Manufacturer’s QC documentation; 
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• reviews the Geosynthetic Installer’s personnel Qualifications for 
conformance with those pre-approved for work on site; 

 
• notes in the daily summary report and reports to the CQA Officer and 

Project Manager on-site activities that could result in damage to the 
geosynthetic materials or other completed work; 

 
• reports unresolved deviations from the CQA Plan, Drawings, and 

Technical Specifications to the Project Manager; and 
 
• assists with the preparation of the CQA report. 
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5. SITE AND PROJECT CONTROL 
 

5.1 Project Coordination Meetings 
 
Meetings of key project personnel are necessary to assure a high degree of 

quality during installation, and promote clear, open channels of communication.  
Therefore, Project Coordination Meetings are an essential element in the success of the 
project.  Several types of Project Coordination Meetings are described below, 
including: (i) resolution meetings; (ii) pre-construction meetings; (iii) progress 
meetings; and (iv) problem or work deficiency meetings. 

 
5.1.1 Resolution Meeting 

 
Following the completion of the design, Drawings, and Technical 

Specifications for the project and prior to the start of construction, a Resolution Meeting 
will be held.  This meeting may include the CQA Officer, the CQA Site Manager, the 
Engineer, and the Project Manager. 

 
The purpose of this meeting is to begin planning for coordination of 

construction tasks, anticipate installation problems which might cause difficulties and 
delays in construction, and, above all, present the CQA Plan to the parties involved.  It 
is very important that the criteria regarding testing, repair, and other CQA activities be 
known and accepted by the parties involved in the work prior to the installation of 
geosynthetic materials and construction of the soil components for the Project. 

 
The first part of the Resolution Meeting may be devoted to a review of the 

Drawings and Technical Specifications for familiarity.  This is different from the peer 
review of the design, including design calculations, which will have been carried out 
previously. 

 
The Resolution Meeting may include the following activities: 
 
• distribute relevant documents to all parties; 
 
• review critical design details of the project; 
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• review this CQA Plan; 
 
• review the Drawings and Technical Specifications; 
 
• make appropriate modifications to the design criteria, Drawings, and 

Technical Specifications so that the fulfillment of the design 
specifications or performance standards can be determined through 
the implementation of the CQA Plan; 

 
• reach a consensus on the quality control procedures, especially on 

methods of evaluating acceptability of the soils and geosynthetic 
materials; 

 
• assign the responsibilities of each party; 
 
• establish work area security and health and safety protocol; 
 
• confirm the methods for documenting observations, reporting, and 

distributing documents and reports; and 
 
• confirm the lines of authority and communication. 
 
The Project Manager will appoint one of the meeting attendees to record the 

discussions and decisions of the Resolution Meeting.  The record of the meeting will be 
documented by the appointee in the form of meeting minutes, which will be 
subsequently distributed to all attendees. 

 
5.1.2 Pre-Construction Meeting 

 
A Pre-Construction Meeting will be held at the site prior to construction of 

the Project.  As a minimum, the Pre-Construction Meeting will be attended by the 
Contractor, the Geosynthetic Installer’s Superintendent, the CQA Consultant, the 
Engineer, and the Project Manager. 
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Specific items for discussion at the pre-construction meeting include the 
following: 

 
• appropriate modifications or clarifications to the CQA Plan; 
 
• the Drawings and Technical Specifications; 
 
• the responsibilities of each party; 
 
• lines of authority and communication; 
 
• methods for documenting and reporting, and for distributing 

documents and reports; 
 
• acceptance and rejection criteria; 
 
• protocols for testing; 
 
• protocols for handling deficiencies, repairs, and re-testing; 
 
• the time schedule for all operations; 
 
• procedures for packaging and storing archive samples; 
 
• panel layout and numbering systems for panels and seams; 
 
• seaming procedures; 
 
• repair procedures; and 
 
• soil stockpiling locations. 
 
The Project Manager will conduct a site tour to observe the current site 

conditions and to review construction material and equipment storage locations.  A 
person in attendance at the meeting will be appointed by the Project Manager to record 
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the discussions and decisions of the meeting in the form of meeting minutes.  Copies of 
the meeting minutes will be distributed to all attendees. 

 
5.1.3 Progress Meetings 

 
Progress meetings will be held between the CQA Site Manager, the 

Contractor, Project Manager, and other concerned parties participating in the 
construction of the project.  This meeting will include discussions on the current 
progress of the project, planned activities for the next week, and revisions to the work 
plan and/or schedule.  The meeting will be documented in meeting minutes prepared by 
a person designated by the CQA Site Manager at the beginning of the meeting.  Within 
2 working days of the meeting, draft minutes will be transmitted to representatives of 
parties in attendance for review and comment.  Corrections and/or comments to the 
draft minutes shall be made within 2 working days of receipt of the draft minutes to be 
incorporated in the final meeting minutes. 

 
5.1.4 Problem or Work Deficiency Meeting 

 
A special meeting will be held when and if a problem or deficiency is 

present or likely to occur.  The meeting will be attended by the Contractor, the Project 
Manager, the CQA Site Manager, and other parties as appropriate.  If the problem 
requires a design modification, the Engineer should either be present at, consulted prior 
to, or notified immediately upon conclusion of this meeting.  The purpose of the work 
deficiency meeting is to define and resolve the problem or work deficiency as follows: 

 
• define and discuss the problem or deficiency; 
• review alternative solutions; 
• select a suitable solution agreeable to all parties; and 
• implement an action plan to resolve the problem or deficiency. 
 
The Project Manager will appoint one attendee to record the discussions and 

decisions of the meeting.  The meeting record will be documented in the form of 
meeting minutes and copies will be distributed to all affected parties.  A copy of the 
minutes will be retained in facility records. 
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6. DOCUMENTATION 
 

6.1 Overview 
 
An effective CQA Plan depends largely on recognition of all construction 

activities that should be monitored and on assigning responsibilities for the monitoring 
of each activity.  This is most effectively accomplished and verified by the 
documentation of quality assurance activities.  The CQA Consultant will document that 
all quality assurance requirements have been addressed and satisfied. 

 
The CQA Site Manager will provide the Project Manager with signed 

descriptive remarks, data sheets, and logs to verify that monitoring activities have been 
carried out.  The CQA Site Manager will also maintain, at the job site, a complete file 
of Drawings and Technical Specifications, a CQA Plan, checklists, test procedures, 
daily logs, and other pertinent documents. 

 
6.2 Daily Recordkeeping 

 
Preparation of daily CQA documentation will consist of daily reports 

prepared by the CQA Site Manager which may include CQA monitoring logs, and 
testing data sheets.  This information may be regularly submitted to and reviewed by the 
Project Manager. 

 
The CQA Site Manager will prepare daily reports that document the 

activities observed during each day of activity.  The daily reports may include 
monitoring logs and testing data sheets.  At a minimum, these logs and data sheets will 
include the following information: 

 
• the date, project name, location, and other identification; 
 
• a summary of the weather conditions; 
 
• a summary of locations where construction is occurring; 
 
• equipment and personnel on the project; 
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• a summary of meetings held and attendees; 
 
• a description of materials used and references of results of testing 

and documentation; 
 
• identification of deficient work and materials; 
 
• results of re-testing corrected “deficient work;” 
 
• an identifying sheet number for cross referencing and document 

control; 
 
• descriptions and locations of construction inspected; 
 
• type of construction and inspection performed; 
 
• description of construction procedures and procedures used to 

evaluate construction; 
 
• a summary of test data and results; 
 
• calibrations or re-calibrations of test equipment and actions taken as 

a result of re-calibration; 
 
• decisions made regarding acceptance of units of work and/or 

corrective actions to be taken in instances of substandard testing 
results; 

 
• a discussion of agreements made between the interested parties 

which may affect the work; and 
 
• signature of the respective CQA Site Manager. 
 

6.3 Construction Problems and Resolution Data Sheets 
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Construction Problems and Resolution Data Sheets, to be submitted with the 

daily reports prepared by the CQA Site Manager, describing special construction 
situations will be cross-referenced with daily reports, specific observation logs, and 
testing data sheets and will include the following information, where available: 

 
• an identifying sheet number for cross-referencing and document 

control; 
 
• a detailed description of the situation or deficiency; 
 
• the location and probable cause of the situation or deficiency; 
 
• how and when the situation or deficiency was found or located; 
 
• documentation of the response to the situation or deficiency; 
 
• final results of responses; 
 
• measures taken to prevent a similar situation from occurring in the 

future; and 
 
• signature of the CQA Site Manager and a signature indicating 

concurrence by the Project Manager. 
 
The Project Manager will be made aware of significant recurring 

nonconformance with the Drawings, Technical Specifications, or CQA Plan.  The cause 
of the nonconformance will be determined and appropriate changes in procedures or 
specifications will be recommended.  These changes will be submitted to the Engineer 
for approval.  When this type of evaluation is made, the results will be documented and 
any revision to procedures or specifications will be approved by the Contractor and 
Engineer. 
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A summary of supporting data sheets, along with final testing results and the 
CQA Site Manager’s approval of the work, will be required upon completion of 
construction. 

 
6.4 Photographic Documentation 

 
Photographs will be taken and documented in order to serve as a pictorial 

record of work progress, problems, and mitigation activities.  The basic file will contain 
color prints.  Negatives will also be stored in a separate file in chronological order.  
These records will be presented to the Project Manager upon completion of the project.  
Photographic reporting data sheets, where used, will be cross-referenced with 
observation and testing data sheet(s), and/or construction problem and solution data 
sheet(s).  Photographs used for documentation will be identified with the date, time, and 
location of the photograph. 

 
6.5 Design and/or Specifications Changes 

 
Design and/or specifications changes may be required during construction.  

In such cases, the CQA Site Manager will notify the Project Manager.  Design and/or 
specification changes will be made with the written agreement of the Project Manager 
and the Engineer and will take the form of an addendum to the Drawings and Technical 
Specifications. 

 
6.6 CQA Report 

 
At the completion of the Project, the CQA Consultant will submit to the 

Project Manager the CQA report signed and sealed by the Professional Engineer 
licensed in the State of Nevada.  The CQA report will acknowledge: (i) that the work 
has been performed in compliance with the Drawings and Technical Specifications; (ii) 
physical sampling and testing has been conducted at the appropriate frequencies; and 
(iii) that the summary document provides the necessary supporting information.  At a 
minimum, this report will include: 

 
• Manufacturers’ quality control documentation; 
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• a summary report describing the CQA activities and indicating 
compliance with the Drawings and Technical Specifications which is 
signed and sealed by the CQA Officer; 

 
• a summary of CQA/CQC testing, including failures, corrective 

measures, and retest results; 
 
• contractor personnel resumes and qualifications; 
 
• documentation that the geomembrane trial seams were performed in 

general accordance with the CQA Plan and Technical Specifications; 
 
• documentation that field seams were non-destructively tested using a 

method in general accordance with the applicable test standards; 
 
• documentation that nondestructive testing was monitored by the 

CQA Consultant, that the CQA Consultant informed the 
Geosynthetic Installer of any required repairs, and that the CQA 
Consultant inspected the seaming and patching operations for 
uniformity and completeness; 

 
• records of sample locations, the name of the individual conducting 

the tests, and the results of tests; 
 
• record drawings as provided by the Surveyor; 
 
• documentation showing that piping was tested in general accordance 

with the Technical Specifications; and 
 
• daily inspection reports. 
 
The record drawings will include scale drawings depicting the location of 

the construction and details pertaining to the extent of construction (e.g., depths, plan 
dimensions, elevations, soil component thicknesses).  Base maps required for 
development of the record drawings and the record drawings will be prepared by a 
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qualified Professional Land Surveyor registered in the State of Nevada.  These 
documents will be reviewed by the CQA Consultant and included as part of the CQA 
Report. 
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7. EARTHWORKS 
 

7.1 Introduction 
 
This section prescribes the CQA activities to be performed to monitor that 

earthwork components are constructed in general accordance with Drawings and 
Technical Specifications.  The earthworks construction procedures to be monitored by 
the CQA Consultant include: 

 
• cover soil placement; 
• anchor trench excavation and backfill; and 
• subgrade preparation. 
 

7.2 Testing Activities 
 
Soil testing will be performed for material qualification, material 

conformance, and construction quality control (CQC).  These three stages of testing are 
defined as follows: 

 
• Material qualification tests are used to evaluate the conformance of a 

proposed soil source to the material specifications for qualification of 
the source prior to construction. 

 
• Soils conformance testing is used to evaluate the conformance of a 

particular batch of soil from a qualified source to the material 
specifications prior to installation of the soil. 

 
• CQC tests are performed on completed portions of the earthwork 

during construction to demonstrate that the placement procedures are 
resulting in a product that meets or exceeds both material and 
performance specifications. 

 
The Contractor will be responsible for submitting material qualification test 

results to the Project Manager and to the CQA Site Manager for review.  The CQA 
Laboratory will perform the conformance testing and CQC testing.  Soil testing will be 
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conducted in general accordance with the current versions of the corresponding 
American Society for Testing and Materials (ASTM) test procedures.  The test methods 
indicated in Table 1 are those that will be used for this testing unless the test methods 
are updated or revised prior to construction.  Revisions to the test methods will be 
reviewed and approved by the Engineer and the CQA Site Manager prior to their usage. 

 
7.2.1 Sample Frequency 

 
The frequency of soils testing for material qualification will conform to the 

minimum frequencies presented in Table 2.  The frequency of soils testing for material 
conformance will conform to the minimum frequencies presented in Table 3.  The 
actual frequency of testing required will be increased by the CQA Site Manager as 
necessary if variability of materials is noted at the site, during adverse conditions, or to 
isolate failing areas of the construction. 

 
7.2.2 Sample or Test Location Selection 

 
With the exception of qualification samples, sampling locations will be 

selected by the CQA Site Manager.  Conformance samples will be obtained from 
borrow pits and/or stockpiles of material.  The Contractor must plan the work and make 
soil available for sampling in a timely and organized manner so that the test results can 
be obtained before the material is installed.  The CQA Site Manager must document 
sample locations so that failing areas can be immediately isolated.  The CQA Site 
Manager will follow standard sampling procedures to obtain representative samples of 
the proposed soil materials. 

 
CQC sample and test locations will be selected by the CQA Site Manager at 

the minimum test frequency specified in Table 4.  Samples and test locations will 
generally be selected at random, however a special testing frequency will be used at the 
discretion of the CQA Site Manager when visual observations of construction 
performance indicate a potential problem.  Additional testing for suspected areas will be 
considered when: 

 
• rollers slip during rolling operation; 
• lift thickness is greater than specified; 
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• fill is at improper and/or variable moisture content; 
• less than specified number of roller passes are made; 
• dirt-clogged rollers are used to compact the material; 
• rollers may not have used optimum ballast; 
• fill materials differ substantially from those specified; 
• the degree of compaction is doubtful; and 
• as directed by the Project Manager or the CQA Site Manager. 
 
The frequency of testing may also be increased in the following situations: 
 
• adverse weather conditions; 
• breakdown of equipment; 
• at the start and finish of grading; 
• material fails to meet specifications; and 
• the work area is reduced. 
 

7.3 CQA Monitoring Activities 
 

7.3.1 Earthwork 
 
The CQA Site Manager will monitor and document the earthworks required 

for the Project.  In general, monitoring the construction for earthwork includes the 
following activities: 

 
• reviewing documentation of the material qualification test results 

provided by the Contractor; 
 
• monitoring the prepared subgrade and subgrade surfaces for 

compliance with the Technical Specifications before geosynthetic 
materials are placed; 

 
• sampling and testing for conformance of the materials to the 

Technical Specifications; 
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• documenting that the earthwork is constructed using the specified 
equipment and procedures; 

 
• documenting that the earthwork is constructed to the lines and grades 

shown on the Drawings; 
 
• monitoring that the construction activities do not cause damage to 

underlying geosynthetic materials; 
 
• quality control testing to determine the acceptability of the work 

during construction; and 
 
• monitoring the action of the compaction and heavy hauling 

equipment on the construction surface (i.e., penetration, pumping, 
cracking, etc.). 

 
The specific activities required for CQA of each of the major soil 

components of the Final Cover System are presented in the following sections. 
 

7.3.2 Cover Soil Material 
 
Monitoring the earthwork for the cover soil material specifically includes the 

following: 
 
• reviewing documentation of the qualification and conformance test 

results; 
 
• monitoring soil for maximum particle size and deleterious materials; 
 
• monitoring the thickness of lifts during placement of the materials; 
 
• monitoring compaction operations; and 
 
• measuring and recording the field density and the field moisture 

content of the in-place material. 
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7.3.3 Prepared Subgrade 

 
During construction, the CQA Site Manager will monitor the prepared 

subgrade to document that the prepared subgrade soil characteristics are consistent with 
those specified in the Technical Specifications.  The CQA Site Manager will monitor 
the construction activities to document that sharp rocks and other undesirable materials 
are removed and that the subgrade is prepared using the procedures and equipment 
specified in the Technical Specifications. 

 
The upper portion of the subgrade can be damaged by excess moisture 

(causing softening) or insufficient moisture (causing desiccation and shrinkage).  At a 
minimum, the CQA Site Manager will determine the suitability of the subgrade for 
geomembrane placement by: 

 
• documenting that the surface is free of sharp rocks, debris and other 

undesirable materials; 
 
• documenting that the surface is smooth, uniform, and free from 

desiccation cracks by visually monitoring proof rolling activities; and 
 
• documenting that the subgrade surface meets the lines and grades 

shown on the Drawings by reviewing certified survey results. 
 

7.4 Deficiencies 
 
If a defect is discovered in the earthwork product, the CQA Site Manager 

will immediately determine the extent and nature of the defect.  If the defect is indicated 
by an unsatisfactory test result, the CQA Site Manager will determine the extent of the 
deficient area by additional tests, observations, a review of records, or other means that 
the CQA Site Manager deems appropriate.  If the defect is related to adverse site 
conditions, such as overly wet soils or surface desiccation, the CQA Site Manager will 
define the limits and nature of the defect. 

 
7.4.1 Notification 
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After evaluating the extent and nature of a defect, the CQA Site Manager 

will notify the Project Manager and Contractor and schedule appropriate re-tests when 
the work deficiency is to be corrected. 

 
7.4.2 Repairs and Re-Testing 

 
At locations where the field testing indicates densities below the 

requirements of the specification, the failing area will be reworked.  The Contractor will 
correct the deficiency to the satisfaction of the CQA Site Manager.  If a project 
specification criterion cannot be met, or unusual weather conditions hinder work, then 
the CQA Site Manager will develop and present to the Engineer and/or Project Manager 
suggested solutions for his approval. 

 
All re-tests recommended by the CQA Site Manager must verify that the 

defect has been corrected before any additional work is performed by the Contractor in 
the area of the deficiency.  The CQA Site Manager will also verify that installation 
requirements are met and that submittals are provided. 
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8. DRAINAGE AGGREGATE 
 

8.1 Introduction 
 
This section prescribes the CQA activities to be performed to monitor that 

drainage aggregates are constructed in general accordance with Drawings and 
Technical Specifications.  The drainage aggregates construction procedures to be 
monitored by the CQA Consultant include drainage aggregate placement. 

 
8.2 Testing Activities 

 
Aggregate testing will be performed for material qualification and material 

conformance.  These two stages of testing are defined as follows: 
 
• Material qualification tests are used to evaluate the conformance of a 

proposed aggregate source to the material specifications for 
qualification of the source prior to construction. 

 
• Aggregate conformance testing is used to evaluate the conformance 

of a particular batch of aggregate from a qualified source to the 
material specifications prior to installation of the aggregate. 

 
The Contractor will be responsible for submitting material qualification test 

results to the Project Manager and to the CQA Site Manager for review.  The CQA 
Laboratory will perform the conformance testing and CQC testing.  Aggregate testing 
will be conducted in general accordance with the current versions of the corresponding 
American Society for Testing and Materials (ASTM) test procedures.  The test methods 
indicated in Table 5 are those that will be used for this testing unless the test methods 
are updated or revised prior to construction.  Revisions to the test methods will be 
reviewed and approved by the Engineer and the CQA Site Manager prior to their usage. 

 
8.2.1 Sample Frequency 

 
The frequency of aggregate testing for material qualification will conform to 

the minimum frequencies presented in Table 6.  The frequency of aggregate testing for 
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material conformance will conform to the minimum frequencies presented in Table 7.  
The actual frequency of testing required will be increased by the CQA Site Manager as 
necessary if variability of materials is noted at the site, during adverse conditions, or to 
isolate failing areas of the construction. 

 
8.2.2 Sample Selection 

 
With the exception of qualification samples, sampling locations will be 

selected by the CQA Site Manager.  Conformance samples will be obtained from 
borrow pits and/or stockpiles of material.  The Contractor must plan the work and make 
aggregate available for sampling in a timely and organized manner so that the test 
results can be obtained before the material is installed.  The CQA Site Manager must 
document sample locations so that failing areas can be immediately isolated.  The CQA 
Site Manager will follow standard sampling procedures to obtain representative samples 
of the proposed aggregate materials. 

 
8.3 CQA Monitoring Activities 

 
8.3.1 Drainage Aggregate 

 
The CQA Site Manager will monitor and document the installation of the 

drainage aggregates.  In general, monitoring the installation of the drainage aggregates 
includes the following activities: 

 
• reviewing documentation of the material qualification test results 

provided by the Contractor; 
 
• sampling and testing for conformance of the materials to the 

Technical Specifications; 
 
• documenting that the drainage aggregates are installed using the 

specified equipment and procedures; 
 
• documenting that the drainage aggregates are constructed to the lines 

and grades shown on the Drawings; and 
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• monitoring that the construction activities do not cause damage to 

underlying geosynthetic materials. 
 

8.4 Deficiencies 
 
If a defect is discovered in the drainage aggregates, the CQA Site Manager 

will evaluate the extent and nature of the defect.  If the defect is indicated by an 
unsatisfactory test result, the CQA Site Manager will determine the extent of the 
deficient area by additional tests, observations, a review of records, or other means that 
the CQA Site Manager deems appropriate. 

 
8.4.1 Notification 

 
After evaluating the extent and nature of a defect, the CQA Site Manager 

will notify the Project Manager and Contractor and schedule appropriate re-tests when 
the work deficiency is to be corrected. 

 
8.4.2 Repairs and Re-testing 

 
The Contractor will correct the deficiency to the satisfaction of the CQA Site 

Manager.  If a project specification criterion cannot be met, or unusual weather 
conditions hinder work, then the CQA Site Manager will develop and present to the 
Engineer and/or Project Manager suggested solutions for approval. 

 
All re-tests recommended by the CQA Site Manager must verify that the 

defect has been corrected before any additional work is performed by the Contractor in 
the area of the deficiency.  The CQA Site Manager will also verify that installation 
requirements are met and that submittals are provided. 
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9. CORRUGATED POLYETHYLENE (CPE) PIPE AND FITTINGS 
 

9.1 Material Requirements 
 
CPE pipe and fittings must conform to the requirements of the Technical 

Specifications.  The CQA Consultant will document that the CPE pipe and fittings meet 
those requirements through manufacturer’s quality control certificates, conformance 
testing, and visual examination of materials arriving on site. 

 
9.2 Manufacturer 

 
9.2.1 Submittals 

 
Prior to the installation of CPE pipe, the Manufacturer will provide to the 

CQA Consultant: 
 
• a properties’ sheet including, at a minimum, all specified properties, 

measured using test methods indicated in the Technical 
Specifications, or equivalent; and 

 
• a certification that property values given in the properties sheet are 

minimum values and are guaranteed by the Manufacturer. 
 
The CQA Consultant will document that: 
 
• the property values certified by the Manufacturer meet the Technical 

Specifications; and 
 
• the measurements of properties by the Manufacturer are properly 

documented and that the test methods used are acceptable. 
 

9.2.2 Identification 
 
Prior to shipment, the Manufacturer will provide the Project Manager and 

the CQA Site Manager with a quality control certificate for each lot/batch of CPE pipe 
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provided.  The quality control certificate will be signed by a responsible party employed 
by the Manufacturer, such as the Production Manager.  The quality control certificate 
will include: 

 
• lot/batch numbers and identification; and 
• sampling procedures and results of quality control tests. 
 
The CQA Site Manager will: 
 
• document that the quality control certificates have been provided at 

the specified frequency for all lots/batches of pipe, and that each 
certificate identifies the pipe lot/batch related to it; and 

 
• review the quality control certificates and document that the certified 

properties meet the Technical Specifications. 
 

9.3 Handling and Laying 
 
Care will be taken during transportation of the pipe such that it will not be 

cut, kinked, or otherwise damaged. 
 
Ropes, fabric, or rubber-protected slings and straps will be used when 

handling pipes.  Chains, cables, or hooks inserted into the pipe ends will not be used. 
Two slings spread apart will be used for lifting each length of pipe.  Pipe or fittings will 
not be dropped onto rocky or unprepared ground. 

 
Pipes will be handled and stored in general accordance with the 

Manufacturer’s recommendation.  The handling of joined pipe will be in such a manner 
that the pipe is not damaged by dragging it over sharp and cutting objects.  Slings for 
handling the pipe will not be positioned at joints.  Sections of the pipes with deep cuts 
and gauges will be removed and the ends of the pipe rejoined. 
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9.4 Joints 
 
Lengths of pipe will be assembled into suitable installation lengths by a 

manufacturer-recommended method. 
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10. GEOMEMBRANE 
 

10.1 General 
 
This section discusses and outlines the CQA activities to be performed for 

high density polyethylene (HDPE) geomembrane installation.  The CQA Site Manager 
will review the Drawings, and the Technical Specifications, and any approved Addenda 
regarding this material. 

 
10.2 Geomembrane Material Conformance 

 
10.2.1 Introduction 

 
The CQA Site Manager will document that the geomembrane delivered to 

the site meets the requirements of the Technical Specifications prior to installation.  The 
CQA Site Manager will: 

 
• review the manufacturer’s submittals for compliance with the 

Technical Specifications; 
 
• document the delivery and proper storage of geomembrane rolls; and 
 
• conduct conformance testing of the rolls before the geomembrane is 

installed. 
 
The following sections describe the CQA activities required to verify the 

conformance of geomembrane. 
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10.2.2 Review of Quality Control 
 

10.2.2.1 Material Properties Certification 
 
The Manufacturer will provide the Project Manager and the CQA Site 

Manager with the following: 
 
• a properties sheet including, at a minimum, all specified properties, 

measured using test methods indicated in the Technical 
Specifications, or equivalent; 

 
• the sampling procedure and results of testing; and 
 
• a certification that property values given in the properties sheet are 

guaranteed by the Manufacturer. 
 
The CQA Site Manager will document that: 
 
• the property values certified by the Manufacturer meet all of the 

Technical Specifications; and 
 
• the measurements of properties by the Manufacturer are properly 

documented and that the test methods used are acceptable. 
 

10.2.2.2 Resin Certification 
 
The Manufacturer will also provide the Project Manager with the following 

information concerning the resin used to manufacture the geomembrane: 
 
• the origin (Resin Supplier’s name and resin production plant), 

identification (brand name, lot number), and production date of the 
resin; and 

 
• the raw material quality control certificates. 
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The CQA Site Manager will: 
 
• evaluate that the quality control certificates have been provided at the 

specified frequency, and that the certificate identifies the rolls related 
to it; and 

 
• review the quality control certificates and evaluate that the certified 

properties meet the specifications. 
 

10.2.2.3 Geomembrane Roll QC Certification 
 
Prior to shipment, the Manufacturer will provide the Project Manager and 

the CQA Site Manager with a quality control certificate for every roll of geomembrane 
provided.  The quality control certificate will be signed by a responsible party employed 
by the Geomembrane Manufacturer, such as the production manager. The quality 
control certificate will include: 

 
• roll numbers and identification; and 
 
• results of quality control tests - as a minimum, results will be given 

for thickness, tensile properties, specific gravity, carbon black 
content, carbon black dispersion, tear resistance, puncture resistance, 
and single point stress rupture evaluated in general accordance with 
the methods indicated in the specifications or equivalent methods 
approved by the Engineer. 

 
The CQA Site Manager will: 
 
• evaluate that the quality control certificates have been provided at the 

specified frequency, and that the certificate identifies the rolls related 
to the roll represented by the test results; and 

 
• review the quality control certificates and evaluate that the certified 

roll properties meet the specifications. 
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10.2.3 Conformance Testing 
 
Upon delivery of the rolls of geomembrane, the CQA Site Manager will 

document that the rolls are unloaded and stored on site as required by the Technical 
Specifications.  Damage caused by unloading will be documented by the CQA Site 
Manager and the damaged material will not be installed.  The CQA Site Manager shall 
obtain conformance samples at the specified frequency and forward them to the 
Geosynthetics CQA Laboratory for testing to monitor conformance to both the 
Technical Specifications and the list of properties certified by the Manufacturer.  The 
test procedures will be as indicated in Table 8.  Where optional procedures are noted in 
the test method, the requirements of the Technical Specifications will prevail. 

 
Samples will be taken across the width of the roll and will not include the 

first linear 3 ft (1 m) of material.  Unless otherwise specified, samples will be 3 ft (1 m) 
long by the roll width.  The CQA Site Manager will mark the machine direction on the 
samples with an arrow along with the date and roll number.  The required minimum 
sampling frequencies are provided in Table 8. 

 
The CQA Site Manager will examine results from laboratory conformance 

testing and will report any non-conformance to the Project Manager and the 
Geosynthetic Installer.  The procedure prescribed in the Technical Specifications will be 
followed in the event of a failing conformance test. 

 
10.3 Delivery 

 
10.3.1 Transportation and Handling 

 
The CQA Site Manager will document that the transportation and handling 

does not pose a risk of damage to the geomembrane. 
 
Upon delivery at the site, the Geosynthetic Installer and the CQA Site 

Manager will conduct a surface observation of the rolls for defects and damage. This 
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inspection will be conducted without unrolling unless defects or damages are found or 
suspected.  The CQA Site Manager will indicate to the Project Manager: 

 
• rolls, or portions thereof, which should be rejected and removed from 

the site because they have severe flaws; and 
 
• rolls that include minor repairable flaws. 
 

10.3.2 Storage 
 
The Geosynthetic Installer will be responsible for the storage of the 

geomembrane on site.  The Contractor will provide storage space in a location (or 
several locations) such that on-site transportation and handling are optimized if 
possible. 

 
The CQA Site Manager will document that storage of the geomembrane 

provides adequate protection against sources of damage. 
 

10.4 Geomembrane Installation 
 

10.4.1 Introduction 
 
The CQA Consultant will document that the geomembrane installation is 

carried out in general accordance with the Drawings, Technical Specifications and 
Manufacturer’s recommendations. 

 
10.4.2 Earthwork 

 
10.4.2.1 Surface Preparation 

 
The CQA Site Manager will document that: 
 
• a qualified land surveyor has verified lines and grades; 
 



 GeoSyntec Consultants 
 
 

 

SC0313.CQAPlanCover.082106.d.DOC 41 06 11 03/10:38 

• that the supporting prepared subgrade or subgrade meets the 
Technical Specifications and has been approved; and 

 
• placement of the overlying materials does not damage, create large 

wrinkles, or induce excessive tensile stress in the underlying 
geosynthetic materials. 

 
The Geosynthetic Installer will certify in writing that the surface on which 

the geomembrane will be installed is acceptable.  The certificate of acceptance will be 
given by the Geosynthetic Installer to the Project Manager prior to commencement of 
geomembrane installation in the area under consideration.  The CQA Site Manager will 
be given a copy of this certificate by the Project Manager. 

 
After the supporting subgrade has been accepted by the Geosynthetic 

Installer, it will be the Geosynthetic Installer’s responsibility to indicate to the Project 
Manager any change in the supporting soil condition that may require repair work.  If 
the CQA Site Manager concurs with the Geosynthetic Installer, then the Project 
Manager will document that the supporting soil is repaired. 

 
At any time before and during the geomembrane installation, the CQA Site 

Manager will indicate to the Project Manager locations that may not provide adequate 
support to the geomembrane. 

 
10.4.2.2 Geosynthetic Termination 

 
The CQA Site Manager will document that the geosynthetic terminations have 

been constructed in general accordance with the Drawings.  Backfilling above the 
terminations will be conducted in general accordance with the Technical Specifications. 

 
10.4.3 Geomembrane Placement 

 
10.4.3.1 Panel Identification 

 
A field panel is the unit area of geomembrane which is to be seamed in the 

field, i.e., a field panel is a roll or a portion of roll cut in the field.  It will be the 
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responsibility of the CQA Site Manager to document that each field panel is given an 
“identification code” (number or letter- number) consistent with the layout plan.  This 
identification code will be agreed upon by the Project Manager, Geosynthetic Installer 
and CQA Site Manager. This field panel identification code will be as simple and 
logical as possible.  Roll numbers established in the manufacturing plant must be 
traceable to the field panel identification code. 

 
The CQA Site Manager will establish documentation showing 

correspondence between roll numbers, and field panel identification codes.  The field 
panel identification code will be used for all quality assurance records. 

 
10.4.3.2 Field Panel Placement 

 
Location 
 
The CQA Site Manager will document that field panels are installed at the 

location indicated in the Geosynthetic Installer’s layout plan, as approved or modified 
by the Engineer. 

 
Installation Schedule 
 
Field panels may be installed using one of the following schedules: 
 
• all field panels are placed prior to field seaming in order to protect 

the subgrade from erosion by rain; 
 
• field panels are placed one at a time and each field panel is seamed 

after its placement (in order to minimize the number of unseamed 
field panels exposed to wind); and 

 
• any combination of the above. 
 
If a decision is reached to place all field panels prior to field seaming, it is 

usually beneficial to begin at the high point area and proceed toward the low point with 
“shingle” overlaps to facilitate drainage in the event of precipitation.  It is also usually 
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beneficial to proceed in the direction of prevailing winds.  Accordingly, an early 
decision regarding installation scheduling should be made if and only if weather 
conditions can be predicted with reasonable certainty.  Otherwise, scheduling decisions 
must be made during installation, in general accordance with varying conditions.  In any 
event, the Geosynthetic Installer is fully responsible for the decision made regarding 
placement procedures. 

 
The CQA Site Manager will evaluate every change in the schedule proposed 

by the Geosynthetic Installer and advise the Project Manager on the acceptability of that 
change.  The CQA Site Manager will document that the condition of the supporting soil 
has not changed detrimentally during installation. 

 
The CQA Site Manager will record the identification code, location, and 

date of installation of each field panel. 
 
Weather Conditions 
 
Geomembrane placement will not proceed unless otherwise authorized: 
 
• when the ambient temperature is below 40°F or above 104°F; 
 
• when the geomembrane sheet temperature is below 40°F or above 

104°F; or 
 
• when wind gusts are in excess of 20 mph. 
 
Geomembrane placement will not be performed during any precipitation, in 

the presence of excessive moisture (e.g., fog, dew), in an area of ponded water, or in the 
presence of excessive winds (i.e., wind gusts in excess of 20 mph). 

 
The CQA Site Manager will document that the above conditions are 

fulfilled.  Additionally, the CQA Site Manager will document that the supporting soil 
has not been damaged by weather conditions.  The Geosynthetics Installer will inform 
the Project Manager if the above conditions are not fulfilled. 
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Method of Placement 
 
The CQA Site Manager will document the following: 
 
• equipment used does not damage the geomembrane by handling, 

trafficking, excessive heat, leakage of hydrocarbons or other means; 
 
• the surface underlying the geomembrane has not deteriorated since 

previous acceptance, and is still acceptable immediately prior to 
geomembrane placement; 

 
• geosynthetic elements immediately underlying the geomembrane are 

clean and free of debris; 
 
• personnel working on the geomembrane do not smoke, wear 

damaging shoes, or engage in other activities which could damage 
the geomembrane; 

 
• the method used to unroll the panels does not cause scratches or 

crimps in the geomembrane and does not damage the supporting soil; 
 
• the method used to place the panels minimizes wrinkles (especially 

differential wrinkles between adjacent panels); and 
 
• adequate temporary loading and/or anchoring (e.g., sand bags, tires), 

not likely to damage the geomembrane, has been placed to prevent 
uplift by wind (in case of high winds, continuous loading, e.g., by 
adjacent sand bags, is recommended along edges of panels to 
minimize risk of wind flow under the panels). 

 
The CQA Site Manager will inform the Project Manager if the above 

conditions are not fulfilled. 
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Damaged panels or portions of damaged panels that have been rejected will 
be marked and their removal from the work area recorded by the CQA Site Manager.  
Repairs will be made in general accordance with procedures described in Section 10.4.5. 

 
10.4.4 Field Seaming 

 
This section details CQA procedures to document that seams are properly 

constructed and tested in general accordance with the Manufacturer’s specifications and 
industry standards. 

 
10.4.4.1 Seam Layout 

 
The Geosynthetic Installer will provide the Project Manager and the CQA 

Site Manager with a seam layout drawing, i.e., a drawing of the facility to be lined 
showing all expected seams.  The CQA Site Manager will review the seam layout 
drawing and evaluate that it is consistent with the preliminary geomembrane panel 
layout.  No panels may be seamed in the field without the Project Manager’s approval.  
In addition, panels not specifically shown on the seam layout drawing may be used 
without the Project Manager’s prior approval. 

 
In general, seams should be oriented parallel to the line of maximum slope, 

i.e., oriented along, not across, the slope.  In corners and odd-shaped geometric 
locations, the number of seams should be minimized.  No horizontal seam should be 
less than 5 ft (1.5 m) from the toe of the slope, or areas of potential stress 
concentrations, unless otherwise authorized. 

 
A seam numbering system compatible with the panel numbering system will 

be agreed upon at the Resolution and/or Pre-Construction Meeting. 
 

10.4.4.2 Requirements of Personnel 
 
All personnel performing seaming operations will be qualified by experience 

or by successfully passing seaming tests, as outlined in the Technical Specifications.  
The most experienced seamer, the “master seamer”, will provide direct supervision over 
less experienced seamers. 
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The Geosynthetic Installer will provide the Project Manager and the CQA 

Site Manager with a list of proposed seaming personnel and their experience records.  
This document will be reviewed by the Project Manager and the Geosynthetics CQA 
Manager. 

 
10.4.4.3 Seaming Equipment and Products 

 
Approved processes for field seaming are fillet extrusion welding and fusion 

welding. 
 
Fillet Extrusion Process 
 
The fillet extrusion-welding apparatus will be equipped with gauges giving 

the temperature in the apparatus. 
 
The Geosynthetic Installer will provide documentation regarding the 

extrudate to the Project Manager and the CQA Site Manager, and will certify that the 
extrudate is compatible with the specifications, and in any event is comprised of the 
same resin as the geomembrane sheeting. 

 
The CQA Site Manager will log apparatus temperatures, ambient 

temperatures, and geomembrane surface temperatures at appropriate intervals. 
 
The CQA Site Manager will document that: 
 
• the Geosynthetic Installer maintains on site the number of spare 

operable seaming apparatus decided at the Resolution Meeting; 
 
• equipment used for seaming is not likely to damage the 

geomembrane; 
 
• the extruder is purged prior to beginning a seam until all heat-

degraded extrudate has been removed from the barrel; 
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• the electric generator is placed on a smooth base such that no damage 
occurs to the geomembrane; 

 
• a smooth insulating plate or fabric is placed beneath the hot welding 

apparatus after usage; and 
 
• the geomembrane is protected from damage in heavily trafficked 

areas. 
 
Fusion Process 
 
The fusion-welding apparatus must be automated vehicular-mounted 

devices.  The fusion-welding apparatus will be equipped with gauges giving the 
applicable temperatures and pressures. 

 
The CQA Site Manager will log ambient, seaming apparatus, and 

geomembrane surface temperatures as well as seaming apparatus pressures. 
 
The CQA Site Manager will also document that: 
 
• the Geosynthetic Installer maintains on-site the number of spare 

operable seaming apparatus decided at the Resolution Meeting; 
 
• equipment used for seaming is not likely to damage the 

geomembrane; 
 
• for cross seams, the edge of the cross seam is ground to a smooth 

incline (top and bottom) prior to welding; 
 
• the electric generator is placed on a smooth base such that no damage 

occurs to the geomembrane; 
 
• a smooth insulating plate or fabric is placed beneath the hot welding 

apparatus after usage; and 
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• the geomembrane is protected from damage in heavily trafficked 
areas. 

 
10.4.4.4 Seam Preparation 

 
The CQA Site Manager will document that: 
 
• prior to seaming, the seam area is clean and free of moisture, dust, 

dirt, debris, and foreign material; and 
 
• seams are aligned with the fewest possible number of wrinkles and 

“fishmouths.” 
 

10.4.4.5 Weather Conditions for Seaming 
 
The normally required weather conditions for seaming are as follows unless 

authorized in writing by the Project Manager: 
 
• seaming will only be approved between ambient temperatures of 

40°F (4°C) and 104°F (40°C); and 
 
• seaming will not be approved if sustained wind speed is in excess of 

20 mph (32 km/hr). 
 
If the Geosynthetic Installer wishes to use methods that may allow seaming 

at ambient temperatures below 40°F (4°C) or above 104°F (40°C), the Geosynthetic 
Installer will demonstrate and certify that such methods produce seams which are 
entirely equivalent to seams produced within acceptable temperature and wind 
requirements, and that the overall quality of the geomembrane is not adversely affected. 

 
The CQA Site Manager will document that these seaming conditions are 

fulfilled and will advise the Project Manager if they are not.  The Project Manager will 
then decide if the installation will be stopped or postponed. 

 
10.4.4.6 Overlapping and Temporary Bonding 
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The CQA Site Manager will document that: 
 
• the panels of geomembrane have a finished overlap of a minimum of 

3 in. (75 mm) for both extrusion and fusion welding; 
 
• no solvent or adhesive bonding material are to be used; and 
 
• the procedure used to temporarily bond adjacent panels together does 

not damage the geomembrane. 
 
The CQA Site Manager will log appropriate temperatures and conditions, 

and will log and report to the Project Manager non-compliances. 
 

10.4.4.7 Trial Seams 
 
Trial seams will be made on fragment pieces of geomembrane liner to verify 

that seaming conditions are adequate.  Such trial seams will be made at the beginning of 
each seaming period, beginning of the day and after lunch, for each seaming apparatus 
used that day.  Also, each seamer will make at least one trial seam each day.  Trial 
seams will be made under the same conditions as actual seams. 

 
Extrusion welded trial seam samples will be at least 3 ft (0.9 m) long by 1 ft 

(0.3 m) wide (after seaming) with the seam centered lengthwise.  Fusion welded trial 
seam samples will be at least 5 ft (1.5 m) long by 1 ft (0.3 m) wide (after seaming) with 
the seam centered lengthwise.  Seam overlap will be as indicated in Section 10.5.3.6. 

 
Four specimens, each 1 in. (25 mm) wide, will be cut from the trial seam 

sample by the Geosynthetic Installer.  One specimen will be tested for shear strength 
and three specimens will be tested for peel adhesion using a gauged tensiometer.  All 
specimens tested will exhibit a Film Tear Bond (FTB) and will not fail in the seam.  In 
addition, all specimens will meet or exceed the minimum strength requirements 
described in the Technical Specifications.  If any of the four specimens fails, the entire 
trial seaming operation will be repeated.  If any of the four additional specimens fails, 
the seaming apparatus and seamer will not be approved for production seaming until the 
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deficiencies are corrected and two consecutive trial seam tests achieve the FTB 
requirements outlined above. 

 
The CQA Site Manager will observe trial seam procedures.  Trial seam 

samples will be assigned a number.  The CQA Site Manager, will log the date, time, 
machine temperature(s), number of the seaming unit, name of the seamer, and pass or 
fail description for each trial seam sample tested. 

 
10.4.4.8 General Seaming Procedure 

 
Unless otherwise specified, the general seaming procedure used by the 

Geosynthetic Installer will be as follows: 
 
• Fishmouths or wrinkles at the seam overlaps will be cut along the 

ridge of the wrinkle in order to achieve a flat overlap.  The cut 
fishmouths or wrinkles will be seamed and any portion where the 
overlap is inadequate will then be patched with an oval or round 
patch of the same geomembrane extending a minimum of 6 in. 
(150 mm) beyond the cut in all directions. 

 
• If seaming operations are carried out at night, adequate illumination 

will be provided at the Geosynthetic Installer’s expense. 
 
• Seaming will extend to the outside edge of panels to be placed in the 

anchor trench. 
 
The CQA Site Manager will document that the above seaming procedures 

are followed, and will inform the Project Manager if they are not. 
 

10.4.4.9 Nondestructive Seam Continuity Testing 
 
Concept 
 
The Geosynthetic Installer will non-destructively test field seams over their 

length using a vacuum test unit, air pressure test (for double fusion seams only), or 
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other approved method.  The purpose of nondestructive tests is to check the continuity 
of seams.  It does not provide information on seam strength.  Continuity testing will be 
carried out as the seaming work progresses, not at the completion of field seaming. 

 
The CQA Site Manager will: 
 
• observe continuity testing; 
 
• record location, date, test unit number, name of person conducting 

the test, and the results of tests; and 
 
• inform the Geosynthetic Installer and Project Manager of required 

repairs. 
 
The Geosynthetic Installer will complete any required repairs in general 

accordance with Section 10.4.5. 
 
The CQA Site Manager will: 
 
• observe the repair and re-testing of the repair; 
• mark on the geomembrane that the repair has been made; and 
• document the results. 
 
The following procedures will apply to locations where seams cannot be 

non-destructively tested: 
 
All such seams will be cap-stripped with the same geomembrane. 
 
• If the seam is accessible to testing equipment prior to final 

installation, the seam will be non-destructively tested prior to final 
installation. 

 
• If the seam cannot be tested prior to final installation, the seaming 

and cap-stripping operations will be observed by the CQA Site 
Manager and Geosynthetic Installer for uniformity and completeness. 
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The seam number, date of observation, name of tester, and outcome of the 

test or observation will be recorded by the CQA Site Manager. 
 
Vacuum Testing 
 
The equipment will be comprised of the following: 
 
• a vacuum box assembly consisting of a rigid housing, a transparent 

viewing window, a soft neoprene gasket attached to the bottom, port 
hole or valve assembly, and a vacuum gauge; 

 
• a steel vacuum tank and pump assembly equipped with a pressure 

controller and pipe connections; 
 
• a rubber pressure/vacuum hose with fittings and connections; 
 
• an approved applicator; and 
 
• a soapy solution. 
 
The following procedures will be followed: 
 
• energize the vacuum pump and reduce the tank pressure to 

approximately 5 psi (35 kPa) (10 in. of Hg.) gauge; 
 
• wet a strip of geomembrane approximately 12 in. by 48 in. (0.3 m by 

1.2 m) with the soapy solution; 
 
• place the box over the wetted area; 
 
• close the bleed valve and open the vacuum valve; 
 
• document that a leak tight seal is created; 
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• for a period of not less than ten seconds, examine the geomembrane 
through the viewing window for the presence of leaks indicated by 
soap bubbles; 

 
• if no leaks appear after ten seconds, close the vacuum valve and open 

the bleed valve, move the box over the next adjoining area with a 
minimum 3 in. (75 mm) overlap, and repeat the process; 

 
• areas where soap bubbles appear will be marked and repaired in 

general accordance with Section 10.4.5 and retested using the 
vacuum testing method. 

 
Air Pressure Testing (For Double-Track Fusion Seam Only) 
 
The following procedures are applicable to those processes that produce a 

double seam with an enclosed space. 
 
The equipment will be comprised of the following: 
 
• an air pump (manual or motor driven) equipped with pressure gauge 

capable of generating and sustaining a pressure of 30 psi (200 kPa) 
and mounted on a cushion to protect the geomembrane; 

 
• a rubber hose with fittings and connections; 
 
• a sharp hollow needle, or other approved pressure feed device. 
 
The following procedures will be followed: 
 
• seal both ends of the seam to be tested; 
 
• insert needle or other approved pressure feed device into the tunnel 

created by the fusion weld; 
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• insert a protective cushion between the air pump and the 
geomembrane; 

 
• energize the air pump to a pressure of 25 to 30 psi (170 to 204 kPa), 

close valve, and sustain pressure for not less than 5 minutes; 
 
• if loss of pressure exceeds 3 psi (20 kPa) or does not stabilize, locate 

faulty area and repair in general accordance with Section 10.4.5; 
 
• cut end of tested seam area, opposite the location of the pressure 

gauge, after completion of the five minute pressure hold period to 
verify complete testing of the seam.  If the pressure gauge does not 
indicate a release of pressure, locate blockage of the air channel and 
retest until entire seam is tested; and 

 
• remove needle or other approved pressure feed device and repair any 

holes in the geomembrane resulting from the air pressure testing 
procedure in general accordance with Section 10.4.5. 

 
10.4.4.10 Destructive Testing 

 
Concept 
 
Destructive seam testing will be performed on site and at the independent 

CQA laboratory in general accordance with the Drawings and the Technical 
Specifications.  Destructive seam tests will be performed at selected locations.  The 
purpose of these tests is to evaluate seam strength.  Seam strength testing will be done 
as the seaming work progresses, not at the completion of all field seaming. 

 
Location and Frequency 
 
The CQA Site Manager will select locations where seam samples will be cut 

out for laboratory testing.  Those locations will be established as follows. 
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• The frequency of geomembrane seam testing is a minimum of one 
destructive sample per 500 feet of weld.  The minimum frequency is 
to be evaluated as an average taken throughout the entire facility. 

 
• A minimum of one test per seaming machine over the duration of the 

project phase. 
 
• Test locations will be evaluated during seaming at CQA Site 

Manager’s discretion.  Selection of such locations may be prompted 
by suspicion of excess crystallinity, contamination, offset welds, or 
any other potential cause of imperfect welding. 

 
The Geosynthetic Installer will not be informed in advance of the locations 

where the seam samples will be taken. 
 
Sampling Procedure 
 
Samples will be cut by the Geosynthetic Installer as the seaming progresses 

in order to have laboratory test results before the geomembrane is covered by another 
material.  The CQA Site Manager will: 

 
• observe sample cutting; 
• assign a number to each sample, and mark it accordingly; 
• record sample location on layout drawing; and 
• record reason for taking the sample at this location (e.g., statistical 

routine, suspicious feature of the geomembrane). 
 
Holes in the geomembrane resulting from destructive seam sampling will be 

immediately repaired in general accordance with repair procedures described in 
Section 10.4.5.  The continuity of the new seams in the repaired area will be tested in 
general accordance with  Section 10.4.4.9. 

 
Size and Distribution of Samples 
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The destructive sample will be 12 in. (0.3 m) wide by 42 in. (1.1 m) long 
with the seam centered lengthwise. The sample will be cut into three parts and 
distributed as follows: 

 
• one portion, measuring 12 in. × 12 in. (0.30 cm × 30 cm), to the 

Geosynthetic Installer for field testing; 
 
• one portion, measuring 12 in. × 18 in. (30 cm × 45 cm), for CQA 

Laboratory testing; and 
 
• one portion, measuring 12 in. × 12 in. (30 cm × 30 cm), to the 

Contractor for archive storage. 
 
Final evaluation of the destructive sample sizes and distribution will be 

made at the Pre-Construction Meeting. 
 
Field Testing 
 
Field testing will be performed by the Geosynthetic Installer using a gauged 

tensiometer.  Prior to field testing the Geosynthetic Installer shall submit a calibration 
certificate for gauge tensiometer to the CQA Consultant for review.  Calibration must 
have been performed within one year of use on the current project.  Five 1 in. (25 mm) 
wide strips will be taken for peel.  The specimens shall not fail in the seam and shall 
meet the strength requirements outlined in the Technical Specifications.  If any field test 
specimen fails, then the procedures outlined in Procedures for Destructive Test Failures 
of this section will be followed. 

 
The CQA Site Manager will witness field tests and mark samples and 

portions with their number. The CQA Site Manager will also log the date and time, 
ambient temperature, number of seaming unit, name of seamer, welding apparatus 
temperatures and pressures, and pass or fail description. 

 
CQA Laboratory Testing 
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Destructive test samples will be packaged and shipped, if necessary, under 
the responsibility of the CQA Site Manager in a manner that will not damage the test 
sample.  The Project Manager will document that packaging and shipping conditions 
are acceptable.  The Project Manager will be responsible for storing the archive 
samples.  This procedure will be outlined at the Resolution Meeting.  Samples will be 
tested by the CQA Laboratory.  The CQA Laboratory will be selected by the CQA Site 
Manager with the concurrence of the Project Manager. 

 
Testing will include “Bonded Seam Strength” and “Peel Adhesion.” The 

minimum acceptable values to be obtained in these tests are given in the Technical 
Specifications.  At least five specimens will be tested for each test method.  Specimens 
will be selected alternately by test from the samples (i.e., peel, shear, peel, shear...).  A 
passing test will meet the minimum required values in at least four out of five 
specimens. 

 
The CQA Laboratory will provide test results no more than 24 hours after 

they receive the samples.  The CQA Site Manager will review laboratory test results as 
soon as they become available, and make appropriate recommendations to the Project 
Manager. 

 
Geosynthetic Installer’s Laboratory Testing 
 
The Geosynthetic Installer’s laboratory test results will be presented to the 

Project Manager and the CQA Site Manager for comments. 
 
Procedures for Destructive Test Failure 
 
The following procedures will apply whenever a sample fails a destructive 

test, whether that test conducted by the CQA Laboratory, the Geosynthetic Installer’s 
laboratory, or by gauged tensiometer in the field.  The Geosynthetic Installer has two 
options: 

 
• The Geosynthetic Installer can reconstruct the seam between two 

passed test locations. 
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• The Geosynthetic Installer can trace the welding path to an 
intermediate location at 10 ft (3 m) minimum from the point of the 
failed test in each direction and take a small sample for an additional 
field test at each location.  If these additional samples pass the test, 
then full laboratory samples are taken.  If these laboratory samples 
pass the tests, then the seam is reconstructed between these locations.  
If either sample fails, then the process is repeated to establish the 
zone in which the seam should be reconstructed. 

 
Acceptable seams must be bounded by two locations from which samples 

passing laboratory destructive tests have been taken.  In cases where the failed seam 
segment exceeds 150 ft (50 m), a destructive sample will be taken from the zone in 
which the seam has been reconstructed.  Repairs will be made in general accordance 
with Section 10.4.5. 

 
The CQA Site Manager will document actions taken in conjunction with 

destructive test failures. 
 

10.4.5 Defects and Repairs 
 
This section prescribes CQA activities to document that defects, tears, rips, 

punctures, damage, or failing seams shall be repaired. 
 

10.4.5.1 Identification 
 
Seams and non-seam areas of the geomembrane will be examined by the 

CQA Site Manager for identification of defects, holes, blisters, undispersed raw 
materials and signs of contamination by foreign matter.  Because light reflected by the 
geomembrane helps to detect defects, the surface of the geomembrane will be clean at 
the time of examination. 

 
10.4.5.2 Evaluation 

 
Each suspect location both in seam and non-seam areas will be non-

destructively tested using the methods described in Section 10.4.4.9 as appropriate.  
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Each location that fails the nondestructive testing will be marked by the CQA Site 
Manager and repaired by the Geosynthetic Installer.  Work will not proceed with any 
materials that will cover locations which have been repaired until laboratory test results 
with passing values are available. 

 
10.4.5.3 Repair Procedures 

 
Portions of the geomembrane exhibiting a flaw, or failing a destructive or 

nondestructive test, will be repaired.  Several procedures exist for the repair of these 
areas.  The final decision as to the appropriate repair procedure will be at the discretion 
of the CQA Consultant with input from the Project Manager and Geosynthetic Installer.  
The procedures available include: 

 
• patching, used to repair large holes, tears, undispersed raw materials, 

and contamination by foreign matter; 
 
• grinding and re-welding, used to repair small sections of extruded 

seams; 
 
• spot welding or seaming, used to repair small tears, pinholes, or other 

minor, localized flaws; 
 
• capping, used to repair large lengths of failed seams; 
 
• removing bad seam and replacing with a strip of new material 

welded into place (used with large lengths of fusion seams). 
 
In addition, the following provisions will be satisfied: 
 
• surfaces of the geomembrane which are to be repaired will be 

abraded no more than 20 minutes prior to the repair; 
 
• surfaces must be clean and dry at the time of the repair; 
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• all seaming equipment used in repairing procedures must be 
approved; 

 
• the repair procedures, materials, and techniques will be approved in 

advance by the CQA Consultant with input from the Project Manager 
and Geosynthetic Installer; 

 
• patches or caps will extend at least 6 in. (150 mm) beyond the edge 

of the defect, and all corners of patches will be rounded with a radius 
of at least 3 in. (75 mm); and 

 
• the geomembrane below large caps should be appropriately cut to 

avoid water or gas collection between the two sheets. 
 

10.4.5.4 Verification of Repairs 
 
Each repair will be numbered and logged.  Each repair will be non-

destructively tested using the methods described in Section 10.4.4.9 as appropriate.  
Repairs that pass the non- destructive test will be taken as an indication of an adequate 
repair.  Large caps may be of sufficient extent to require destructive test sampling, at 
the discretion of the CQA Site Manager.  Failed tests indicate that the repair will be 
redone and re-tested until a passing test results.  The CQA Site Manager will observe all 
non-destructive testing of repairs and will record the number of each repair, date, and 
test outcome. 

 
10.4.5.5 Large Wrinkles 

 
When seaming of the geomembrane is completed (or when seaming of a 

large area of the geomembrane liner is completed) and prior to placing overlying 
materials, the CQA Site Manager will observe the geomembrane wrinkles.  The CQA 
Site Manager will indicate to the Project Manager which wrinkles should be cut and re-
seamed by the Geosynthetic Installer.  The seam thus produced will be tested like any 
other seam. 

 
10.4.6 Lining System Acceptance 
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The Geosynthetic Installer and the Manufacturer(s) will retain all 

responsibility for the geosynthetic materials in the liner system until acceptance by the 
Owner. 

 
The geosynthetic liner system will be accepted by the Owner when: 
 
• the installation is finished; 
 
• verification of the adequacy of all seams and repairs, including 

associated testing, is complete; 
 
• all documentation of installation is completed including the CQA 

Site Manager’s acceptance report; and 
 
• CQA report, including “as built” drawing(s), sealed by a registered 

professional engineer has been received by the Project Manager. 
 
The CQA Site Manager will document that installation has proceeded in 

general accordance with the Technical Specifications for the project except as noted to 
the Project Manager. 
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11. GEOTEXTILE 
 

11.1 Introduction 
 
This section of the CQA Plan outlines the CQA activities to be performed 

for the geotextile installation.  The CQA Consultant will review the Drawings, and the 
Technical Specifications, and any approved addenda or changes. 

 
11.2 Manufacturing 

 
The Manufacturer will provide the Project Manager with a list of guaranteed 

“minimum average roll value” properties (defined as the mean less two standard 
deviations), for each type of geotextile to be delivered.  The Manufacturer will also 
provide the Project Manager with a written quality control certification signed by a 
responsible party employed by the Manufacturer that the materials actually delivered 
have property “minimum average roll values” which meet or exceed all property values 
guaranteed for that type of geotextile. 

 
The quality control certificates will include: 
 
• roll identification numbers; and 
• results of quality control testing. 
 
The Manufacturer will provide, as a minimum, test results for the following: 
 
• grab strength; 
• tear strength; 
• burst strength; 
• puncture strength; 
• permittivity; and 
• apparent opening size. 
 
Quality control tests must be performed, in general accordance with the test 

methods specified in Table 9, on geotextile produced for the project.  The Manufacturer 
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will also provide a written certification that the nonwoven, needle-punched geotextiles 
are continuously inspected and found to be needle-free. 

 
The CQA Site Manager will examine Manufacturer certifications to evaluate 

that the property values listed on the certifications meet or exceed those specified for 
the particular type of geotextile and the measurements of properties by the 
Manufacturer are properly documented, test methods acceptable and the certificates 
have been provided at the specified frequency properly identifying the rolls related to 
testing.  Deviations will be reported to the Project Manager. 

 
11.3 Labeling 

 
The Manufacturer will identify all rolls of geotextile with the following: 
 
• manufacturer’s name; 
• product identification; 
• lot number; 
• roll number; and 
• roll dimensions. 
 
The CQA Site Manager will examine rolls upon delivery and deviation from 

the above requirements will be reported to the Project Manager. 
 

11.4 Shipment and Storage 
 
During shipment and storage, the geotextile will be protected from 

ultraviolet light exposure, precipitation or other inundation, mud, dirt, dust, puncture, 
cutting or any other damaging or deleterious conditions.  To that effect, geotextile rolls 
will be shipped and stored in relatively opaque and watertight wrappings. 

 
Protective wrappings will be removed less than one hour prior to unrolling 

the geotextile.  After the wrapping has been removed, a geotextile will not be exposed 
to sunlight for more than 15 days, except for UV protection geotextile, unless otherwise 
specified and guaranteed by the Manufacturer. 
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The CQA Site Manager will observe rolls upon delivery at the site and 
deviation from the above requirements will be reported to the Project Manager. 

 
11.5 Conformance Testing 

 
11.5.1 Tests 

 
Upon delivery of the rolls of geotextiles, the CQA Site Manager will 

document that samples are removed and forwarded to the Geosynthetics CQA 
Laboratory for testing to evaluate conformance to Technical Specifications.  Required 
test and testing frequency for the geotextiles are presented in Table 9. 

 
These conformance tests will be performed in general accordance with the 

test methods specified in the Technical Specifications. 
 

11.5.2 Sampling Procedures 
 
Samples will be taken across the width of the roll and will not include the 

first three feet (linear meter).  Unless otherwise specified, samples will be 3 ft (1 m) 
long by the roll width.  The CQA Site Manager will mark the machine direction on the 
samples with an arrow. 

 
Unless otherwise specified, samples will be taken at a rate as indicated in 

Table 9 for geotextiles. 
 

11.5.3 Test Results 
 
The CQA Site Manager will examine results from laboratory conformance 

testing and will report non-conformance to the Project Manager. 
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11.5.4 Conformance Sample Failure 
 
The following procedure will apply whenever a sample fails a conformance 

test that is conducted by the CQA Laboratory: 
 
• The Manufacturer will replace every roll of geotextile that is in 

nonconformance with the Technical Specifications with a roll(s) that 
meets Technical Specifications. 

 
• The Geosynthetic Installer will remove conformance samples for 

testing by the CQA Laboratory from the closest numerical rolls on 
both sides of the failed roll.  These two samples must conform to the 
Technical Specifications.  If either of these samples fail, the 
numerically closest rolls on the side of the failed sample will be 
tested by the CQA Laboratory.  These samples must conform to the 
Technical Specifications.  If any of these samples fail, every roll of 
geotextile on site from this lot and every subsequently delivered roll 
that is from the same lot must be tested by the CQA Laboratory for 
conformance to the Technical Specifications.  This additional 
conformance testing will be at the expense of the Manufacturer. 

 
The CQA Site Manager will document actions taken in conjunction with 

conformance test failures. 
 

11.6 Handling and Placement 
 
The Geosynthetic Installer will handle all geotextiles in such a manner as to 

document they are not damaged in any way, and the following will be complied with: 
 
• In the presence of wind, all geotextiles will be weighted with 

sandbags or the equivalent.  Such sandbags will be installed during 
placement and will remain until replaced with earth cover material. 
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• Geotextiles will be cut using an approved geotextile cutter only.  If in 
place, special care must be taken to protect other materials from 
damage, which could be caused by the cutting of the geotextiles. 

 
• The Geosynthetic Installer will take all necessary precautions to 

prevent damage to underlying layers during placement of the 
geotextile. 

 
• During placement of geotextiles, care will be taken not to entrap in 

the geotextile stones, excessive dust, or moisture that could damage 
the geotextile, generate clogging of drains or filters, or hamper 
subsequent seaming. 

 
• A visual examination of the geotextile will be carried out over the 

entire surface, after installation, to document that no potentially 
harmful foreign objects, such as needles, are present. 

 
The CQA Site Manager will note non-compliance and report it to the Project 

Manager. 
 

11.7 Seams and Overlaps 
 
Geotextiles will be overlapped a minimum of 12 in. (0.3 m) prior to 

seaming. 
 

11.8 Repair 
 
Holes or tears in the geotextile will be repaired as follows: 
 
• A patch made from the same geotextile will be spot-seamed in place 

with a minimum of 6 in. (0.60 m) overlap in all directions. 
 
Care will be taken to remove any soil or other material that may have 

penetrated the torn geotextile. 
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The CQA Site Manager will observe any repair, note any non-compliance 
with the above requirements and report them to the Project Manager. 

 
11.9 Placement of Soil Materials 

 
The Contractor will place all soil materials located on top of a geotextile, in 

such a manner as to document: 
 
• no damage of the geotextile; 
• minimal slippage of the geotextile on underlying layers; and 
• no excess tensile stresses in the geotextile. 
 
Non-compliance will be noted by the CQA Site Manager and reported to the 

Project Manager. 
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12. GEOSYNTHETIC CLAY LINER (GCL) 
 

12.1 Introduction 
 
This section of the CQA Plan outlines the CQA activities to be performed 

for the geosynthetic clay liner (GCL) installation.  The CQA Consultant will review the 
Drawings, and the Technical Specifications, and approved addenda or changes. 

 
12.2 Manufacturing 

 
The Manufacturer will provide the Project Manager with a list of guaranteed 

“minimum average roll value” properties (defined as the mean less two standard 
deviations), for the GCL to be delivered.  The Manufacturer will also provide the 
Project Manager with a written quality control certification signed by a responsible 
party employed by the Manufacturer that the materials actually delivered have property 
“minimum average roll values” which meet or exceed all property values guaranteed for 
that GCL. 

 
The quality control certificates will include: 
 
• roll identification numbers; and 
• results of quality control testing. 
 
The Manufacturer will provide, as a minimum, test results for the following: 
 
• mass per unit area; and 
• index flux. 
 
Quality control tests must be performed, in general accordance with the test 

methods specified in Table 10, on GCL produced for the project. 
 
The CQA Site Manager will examine Manufacturer certifications to verify 

that the property values listed on the certifications meet or exceed those specified for 
the GCL and the measurements of properties by the Manufacturer are properly 
documented, test methods acceptable and the certificates have been provided at the 
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specified frequency properly identifying the rolls related to testing.  Deviations will be 
reported to the Project Manager. 

 
12.3 Labeling 

 
The Manufacturer will identify all rolls of GCL with the following: 
 
• manufacturer’s name; 
• product identification; 
• lot number; 
• roll number; and 
• roll dimensions. 
 
The CQA Site Manager will examine rolls upon delivery and deviation from 

the above requirements will be reported to the Project Manager. 
 

12.4 Shipment and Storage 
 
During shipment and storage, the GCL will be protected from ultraviolet 

light exposure, precipitation or other inundation, mud, dirt, dust, puncture, cutting or 
any other damaging or deleterious conditions.  To that effect, GCL rolls will be shipped 
and stored in relatively opaque and watertight wrappings. 

 
The CQA Site Manager will observe rolls upon delivery at the site and any 

deviation from the above requirements will be reported to the Project Manager. 
 

12.5 Conformance Testing 
 

12.5.1 Tests 
 
CQA personnel will sample the GCL either during production at the 

manufacturing facility or after delivery to the construction site.  The samples will be 
forwarded to the Geosynthetics CQA Laboratory for testing to assess conformance with 
the Technical Specifications.  The test methods and minimum testing frequencies are 
indicated in Table 10. 
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Samples will be taken across the width of the roll and will not include the 

first 3 ft (0.9 m) if the sample is cut on site.  Unless otherwise specified, samples will be 
3 ft (0.9 m) long by the roll width.  The CQA Consultant will mark the machine 
direction with an arrow and the manufacturer's roll number on each sample. 

 
The CQA Site Manager will examine results from laboratory conformance 

testing and will report non-conformance to the Project Manager. 
 

12.5.2 Conformance Sample Failure 
 
The following procedure will apply whenever a sample fails a conformance 

test that is conducted by the CQA Laboratory: 
 
• The Manufacturer will replace every roll of GCL that is in 

nonconformance with the Technical Specifications with a roll(s) that 
meets Technical Specifications. 

 
• The Geosynthetic Installer will remove conformance samples for 

testing by the CQA Laboratory from the closest numerical rolls on 
both sides of the failed roll.  These two samples must conform to the 
Technical Specifications.  If either of these samples fail, the 
numerically closest rolls on the side of the failed sample will be 
tested by the CQA Laboratory.  These samples must conform to the 
Technical Specifications.  If any of these samples fail, every roll of 
GCL on site from this lot and every subsequently delivered roll that 
is from the same lot must be tested by the CQA Laboratory for 
conformance to the Technical Specifications.  This additional 
conformance testing will be at the expense of the Manufacturer. 

 
The CQA Site Manager will document actions taken in conjunction with 

conformance test failures. 
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12.6 GCL Delivery and Storage 
 
Upon delivery to the site, the CQA Consultant will check the GCL rolls for 

defects (e.g., tears, holes) and for damage.  The CQA Consultant will report to the 
Project Manager and the Geosynthetics Installer: 

 
• any rolls, or portions thereof, which should be rejected and removed 

from the site because they have severe flaws; and 
 
• any rolls which include minor repairable flaws. 
 
The GCL rolls delivered to the site will be checked by the CQA Consultant 

to document that the roll numbers correspond to those on the approved Manufacturer's 
quality control certificate of compliance. 

 
12.7 GCL Installation 

 
The CQA Consultant will monitor and document that the GCL is installed in 

general accordance with the Drawings and the Technical Specifications.  The 
Geosynthetics Installer shall provide the CQA Consultant a certificate of subgrade 
acceptance prior to the installation of the GCL as outlined in the Technical 
Specifications.  The GCL installation activities to be monitored and documented by the 
CQA Consultant include: 

 
• monitoring that the GCL rolls are stored and handled in a manner 

which does not result in any damage to the GCL; 
 
• monitoring that the GCL is not exposed to UV radiation for extended 

periods of time without prior approval; 
 
• monitoring that the GCL are seamed in general accordance with the 

Technical Specifications and the Manufacturer's recommendations; 
 
• monitoring and documenting that the GCL is installed on an 

approved subgrade, free of debris, protrusions, or uneven surfaces; 
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• monitoring that the GCL is not installed on a saturated subgrade or 

standing water and is not exposed such that it is hydrated prior to 
completion of the construction; and 

 
• monitoring that any damage to the GCL is repaired as outlined in the 

Technical Specifications. 
 
The CQA Site Manager will note non-compliance and report it to the Project 

Manager. 
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13. GEOCOMPOSITE 
 

13.1 Introduction 
 
This section of the CQA Plan outlines the CQA activities to be performed 

for the geocomposite installation.  The CQA Consultant will review the Drawings, and 
the Technical Specifications, and any approved addenda or changes. 

 
13.2 Manufacturing 

 
The Manufacturer will provide the CQA Consultant with a list of certified 

“minimum average roll value” properties for the type of geocomposite to be delivered.  
The Manufacturer will also provide the CQA Consultant with a written certification 
signed by a responsible representative of the Manufacturer that the geocomposite 
actually delivered have “minimum average roll values” properties which meet or exceed 
all certified property values for that type of geocomposite. 

 
The CQA Consultant will examine the Manufacturers’ certifications to 

document that the property values listed on the certifications meet or exceed those 
specified for the particular type of geocomposite (geotextile and geonet).  Deviations 
will be reported to the Project Manager. 

 
13.3 Labeling 

 
The Manufacturer will identify all rolls of geocomposite with the following: 
 
• Manufacturer’s name; 
• product identification; 
• lot number; 
• roll number; and 
• roll dimensions. 
 
The CQA Site Manager will examine rolls upon delivery and deviation from 

the above requirements will be reported to the Project Manager. 
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13.4 Shipment and Storage 
 
During shipment and storage, the geocomposite will be protected from 

ultraviolet light exposure, precipitation or other inundation, mud, dirt, dust, puncture, 
cutting or any other damaging or deleterious conditions.  Therefore, geocomposite rolls 
will be shipped and stored in relatively opaque and watertight wrappings.  The CQA 
Site Manager will observe rolls upon delivery to the site and deviation from the above 
requirements will be reported to the Project Manager.  Damaged rolls will be rejected 
and replaced. 

 
Wrapping protecting geocomposite rolls will be removed less than one hour 

prior to unrolling geocomposite before placement.  After the wrapping has been 
removed, geocomposite should not be exposed to sunlight for more than 15 days, unless 
otherwise approved by the Manufacturer.  Approval by the Manufacturer will be a 
guarantee that the properties of the exposed geotextile will not degrade upon prolonged 
exposure to such values that would cause the material to not meet the Technical 
Specifications.  Any material that is exposed for more than 15 days, which has been 
approved for prolonged exposure by the Manufacturer, will be tested by the CQA 
Laboratory to document that the material properties are still in conformance with the 
Technical Specifications.  Any material that fails to meet the Technical Specifications 
will be replaced by the Manufacturer. 

 
The CQA Site Manager will observe that geocomposite is free of dirt and 

dust just before installation.  The CQA Site Manager will report the outcome of this 
observation to the Project Manager, and if the geocomposite is judged dirty or dusty, 
they will be cleaned by the Geosynthetic Installer prior to installation. 

 
13.5 Conformance Testing 

 
13.5.1 Tests 

 
The geocomposite material will be tested for transmissivity (ASTM D 4716) 

and for peel strength (ASTM D 413) at the frequencies presented in Table 11. 
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13.5.2 Sampling Procedures 
 
Upon delivery of the geocomposite rolls, the CQA Site Manager will 

document that samples are obtained from individual rolls at the frequency specified in 
this CQA Plan.  The geocomposite samples will be forwarded to the CQA Laboratory 
for testing to evaluate conformance to both the Technical Specifications and the list of 
physical properties certified by the Manufacturer. 

 
Samples will be taken across the width of the roll and will not include the 

first 3 linear ft (1 linear m).  Unless otherwise specified, samples will be 3 ft (1 m) long 
by the roll width.  The CQA Consultant will mark the machine direction on the samples 
with an arrow. 

 
13.5.3 Test Results 

 
The CQA Site Manager will examine results from laboratory conformance 

testing and compare results to the Technical Specifications.  The criteria used to 
evaluate acceptability are presented in the Technical Specifications.  The CQA Site 
Manager will report any nonconformance to the Project Manager. 

 
13.5.4 Conformance Test Failure 

 
The following procedure will apply whenever a sample fails a conformance 

test that is conducted by the CQA Laboratory: 
 
• The Manufacturer will replace every roll of geocomposite that is in 

nonconformance with the Technical Specifications with a roll that 
meets specifications. 

 
• The Geosynthetic Installer will remove conformance samples for 

testing by the CQA Laboratory from the closest numerical rolls on 
both sides of the failed roll.  These two samples must conform to the 
Technical Specifications.  If either of these samples fail, the 
numerically closest rolls on the side of the failed sample that is not 
tested, will be tested by the CQA Laboratory.  These samples must 
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conform to the Technical Specifications.  If any of these samples fail, 
every roll of geocomposite on site from this lot and every 
subsequently delivered roll that is from the same lot must be tested 
by the CQA Laboratory for conformance to the Technical 
Specifications. 

 
The CQA Site Manager will document actions taken in conjunction with 

conformance test failures. 
 

13.6 Handling and Placement 
 
The Geosynthetic Installer will handle all geocomposite in such a manner as 

to document they are not damaged in any way.  The Geosynthetic Installer will comply 
with the following: 

 
• In the presence of wind, the geocomposite will be weighted with 

sandbags or the equivalent.  Sandbags will be used during 
installation only and will remain until replaced with the appropriate 
cover material. 

 
• If in place, special care must be taken to protect other materials from 

damage, which could be caused by the cutting of the geocomposite. 
 
• The Geosynthetic Installer will take any necessary precautions to 

prevent damage to underlying layers during placement of the 
geocomposite. 

 
• During placement of geocomposite, care will be taken to prevent 

entrapment of dirt or excessive dust that could cause clogging of the 
drainage system, and/or stones that could damage the adjacent 
geomembrane.  If dirt or excessive dust is entrapped in the 
geocomposite, it should be cleaned prior to placement of the next 
material on top of it.  In this regard, care should be taken with the 
handling or sandbags, to prevent rupture or damage of the sandbag. 
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• A visual examination of the geocomposite will be carried out over 
the entire surface, after installation to document that no potentially 
harmful foreign objects are present. 

 
The CQA Site Manager will note noncompliance and report it to the Project 

Manager. 
 

13.7 Geocomposite Seams and Overlaps 
 
Adjacent geocomposite panels will be joined in general accordance with 

Construction Drawings and Technical Specifications.  As a minimum, the following 
requirements will be met: 

 
• Adjacent rolls will be overlapped by at least 4 in. (100 mm). 
 
• Each component of the geocomposite will be secured or seamed to 

the like component at overlaps. 
 
• The geocomposite overlaps will be secured by tying, in general 

accordance with the Technical Specifications. 
 
• The bottom layers of geotextile, if applicable, will be overlapped. 
 
• The top layers of geotextile will be continuously sewn. 
 
The CQA Consultant will note any noncompliance and report it to the 

Project Manager. 
 

13.8 Repair 
 
Holes or tears in the geocomposite will be repaired by placing a patch 

extending 2 ft (0.6 m) beyond edges of the hole or tear.  The patch will be secured by 
tying with approved tying devices every 6 in. (150 mm) through the bottom geotextile 
and the geonet of the patch, and through the top geotextile and geonet components of 
the geocomposite needing repair.  The top geotextile component of the patch will be 
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heat sealed to the top geotextile of the geocomposite needing repair.  If the hole or tear 
width across the roll is more than 50 percent of the width of the roll, the damaged area 
will be cut out and the two portions of the geocomposite will be joined in general 
accordance with Section 13.7. 

 
The CQA Site Manager will observe repairs, note noncompliances with the 

above requirements and report them to the Project Manager. 
 

13.9 Placement of Soil Materials 
 
The Contractor will place all soil materials located on top of a geocomposite 

in such a manner as to document: 
 
• the geocomposite and underlying liner materials are not damaged; 
 
• minimal slippage of the geocomposite on underlying layers occurs; 

and 
 
• no excess tensile stresses occur in the geocomposite. 
 
Unless otherwise specified by the CQA Consultant, lifts of soil material will 

be in conformance with the Technical Specifications.  If portions of the geocomposite 
are exposed, the CQA Consultant will periodically place marks on the geocomposite 
and the underlying geomembrane and measure the elongation of the geonet during the 
placement of soil. 

 
Noncompliance will be noted by the CQA Consultant and reported to the 

Project Manager. 
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14. SURVEYING 
 

14.1 Survey Control 
 
Survey control will be performed by the Owner as needed.  A permanent 

benchmark will be established for the site(s) in a location convenient for daily tie-in.  
The vertical and horizontal control for this benchmark will be established within normal 
land surveying standards. 

 
14.2 Precision and Accuracy 

 
A wide variety of survey equipment is available for the surveying 

requirements for these projects.  The survey instruments used for this work should be 
sufficiently precise and accurate to meet the needs of the projects.  Surveys shall be 
performed at 2nd order accuracy. 

 
14.3 Lines and Grades 

 
The following surfaces will be surveyed to verify the lines and grades 

achieved during soil placement and compaction. 
 
• Prepared Subgrade: 

– prepared subgrade surface. 
• Cover Soil: 

– finished compacted cover soil surface. 
 
The following structures will be surveyed to verify and document the lines 

and grades achieved during construction of the Project: 
 
• all culverts, inlet, and drop structures; 
 
• ditch bottoms and sideslopes; 
 
• permanent erosion control features; 
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• geomembrane terminations and selected geomembrane seams, as 
indicated by the CQA Manager; and 

 
• centerlines of pipes. 
 

14.4 Frequency and Spacing 
 
Surveying should be carried out immediately upon completion of a given 

installation to facilitate progress and avoid delaying commencement of the next 
installation.  In addition, spot checks during placement and compaction will be 
necessary to assist the Contractor in compliance with required grades. 

 
At the least the following minimum spacings and locations should be 

provided for survey points: 
 
• all “flat” surfaces with gradients less than 10 percent, should be 

surveyed on a square grid not wider spaced than 100 ft (30 m); 
 
• on all slopes greater than 10 percent, a square grid not wider than 

100 ft (30 m) should be used, but in any case, a line at the crest, 
midpoint, and toe of the slope should be taken; 

 
• a line of survey points no further than 100 ft (30 m) apart must be 

taken along any slope break (this will include the inside edge and 
outside edge of any bench on a slope); and 

 
• a line of survey points no further than 50 ft (15 m) apart must be 

taken at the invert of pipes or other appurtenances to the liner. 
 

14.5 Documentation 
 
Field survey notes should be retained by the Land Surveyor.  The findings 

from the field surveys should be documented on a set of Survey Record Drawings, 
which shall be provided to the Engineer in AutoCADD V.14 format or other suitable 
format as directed by the Owner. 
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TABLE 1 
TEST PROCEDURES FOR THE EVALUATION OF SOILS 

 
TEST METHOD DESCRIPTION TEST STANDARD 

Laboratory Test Procedures: 

Classification Classification of Soils ASTM D 2487 

Moisture Content Moisture Content ASTM D 2216 

Modified Proctor Moisture/Density Relationship 
of Soil (10 lb (4.54 kg) rammer 
and 18 in. (457 mm) drop) 

ASTM D 1557 

Hydrometer Analysis Particle Size Distribution of 
Fine Fraction of Soils 

ASTM D 422 

Sieve Analysis Particle Size Distribution of 
Coarse Fraction of Soils 

ASTM D 422 

Field Test Procedures: 

Nuclear Densometer In Situ Soil Unit Weight 
In Situ Moisture Content 

ASTM D 2922 
ASTM D 3017 

Sand Cone In Situ Soil Unit Weight 
Moisture Content 

ASTM D 1556 
ASTM D 2216 

Drive Cylinder In Situ Soil Unit Weight 
Moisture Content 

ASTM D 2937 
ASTM D 2216 



 GeoSyntec Consultants 
 
 

 
HL0389\SC0313.CQAPlanCover.082106.d.DOC  06 11 03/10:38 

TABLE 2 
 

MINIMUM SOILS TESTING FREQUENCIES 
FOR MATERIAL QUALIFICATION TESTING 

 
TEST ENGINEERED FILL 

Moisture Content 1 per source 
Sieve Analysis 1 per source 

Hydrometer Analysis 1 per source 
Soil Classification 1 per source 
Modified Proctor 1 per source 
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TABLE 3 
 

MINIMUM SOILS TESTING FREQUENCIES 
FOR CONFORMANCE TESTING 

 
TEST COVER SOIL 

Moisture Content 1 per 10,000 yd3 (7,646 m3) 
Sieve Analysis 1 per 10,000 yd3 (7,646 m3) 

Hydrometer Analysis 1 per 10,000 yd3 (7,646 m3) 
Soil Classification 1 per 10,000 yd3 (7,646 m3) 
Modified Proctor 1 per 10,000 yd3 (7,646 m3) 
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TABLE 4 
 

MINIMUM SOIL TESTING FREQUENCIES FOR 
CONSTRUCTION QUALITY CONTROL 

 
TEST ENGINEERED FILL 

Nuclear densometer 1 per 750 yd3  
Sand cone or drive cylinder 1 per 20 nuclear densometer tests 

 
Notes: (1) Nuclear densometer testing of the first lift of cover soil placed above the final cover system geosynthetics shall be 

performed at a depth no greater than 6 in. (i.e., 8-in. deep hole in 12-in. thick cover). 
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TABLE 5 
 

TEST PROCEDURES FOR THE EVALUATION OF AGGREGATE 
 

TEST METHOD DESCRIPTION TEST STANDARD 

Sieve Analysis Particle Size Distribution of 
Fine and Coarse Aggregates 

ASTM C 136 

Hydraulic Conductivity 
(Rigid Wall Permeameter) 

Permeability of Aggregates ASTM D 2434 
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TABLE 6 
 

MINIMUM AGGREGATE TESTING FREQUENCIES FOR 
MATERIAL QUALIFICATION TESTING 

 
TEST DRAINAGE AGGREGATE 

Sieve Analysis 1 per source 
Hydraulic Conductivity 1 per source 
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TABLE 7 
 

MINIMUM AGGREGATE TESTING FREQUENCIES FOR 
CONFORMANCE TESTING 

 
TEST TEST METHOD DRAINAGE AGGREGATE 

Sieve Analysis ASTM C 136 1 per 5,000 yd3 (3,823 m3) 
Hydraulic Conductivity ASTM D 2434 1 per 10,000 yd3 (7,646 m3) 
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TABLE 8 
 

GEOMEMBRANE CONFORMANCE TESTING REQUIREMENTS 
 

TEST NAME TEST METHOD FREQUENCY 

Specific Gravity ASTM D 792 
Method A or ASTM D 1505 

100,000 ft2 (9,290 m2) 

Thickness ASTM D 5994 or ASTM D 5199 100,000 ft2 (9,290 m2) 
Tensile Strength at Yield ASTM D 638 100,000 ft2 (9,290 m2) 
Tensile Strength at Break ASTM D 638 100,000 ft2 (9,290 m2) 
Elongation at Yield ASTM D 638 100,000 ft2 (9,290 m2) 
Elongation at Break ASTM D 638 100,000 ft2 (9,290 m2) 
Carbon Black Content ASTM D 1603 100,000 ft2 (9,290 m2) 
Carbon Black Dispersion ASTM D 5596 100,000 ft2 (9,290 m2) 



 GeoSyntec Consultants 
 
 

 
HL0389\SC0313.CQAPlanCover.082106.d.DOC  06 11 03/10:38 

TABLE 9 
 

GEOTEXTILE CONFORMANCE TESTING REQUIREMENTS 
 

TEST NAME TEST METHOD MINIMUM FREQUENCY 

Grab Strength ASTM D 4632 1 test per 260,000 ft2  
Puncture Resistance ASTM D 4833 1 test per 260,000 ft2  
Permittivity ASTM D 4491 1 test per 260,000 ft2  
Apparent Opening Size ASTM D 4751 1 test per 260,000 ft2  
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TABLE 10 
 

GCL CONFORMANCE TESTING REQUIREMENTS 
 

TEST NAME TEST METHOD MINIMUM FREQUENCY  

Mass per Unit Area ASTM D 3776 100,000 ft2 (9,290 m2) 
Index Flux ASTM D 5084 400,000 ft2 (37,160 m2) 
Residual Shear Strength ASTM D 5321 See Technical Specifications 
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TABLE 11 
 

GEOCOMPOSITE CONFORMANCE TESTING REQUIREMENTS 
 

TEST NAME TEST METHOD MINIMUM FREQUENCY 

Peel Strength ASTM D 413 1 test per 200,000 ft2 (18,580 m2) 
Hydraulic Transmissivity ASTM D 4716 1 test per 200,000 ft2 (18,580 m2) 
 
Note: Testing will be carried out at a frequency of one per lot or at listed frequency, whichever yields the greater number of 

samples. 
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SECTION 02200 
EARTHWORK 

 
PART 1 — GENERAL 

 
1.01 DESCRIPTION OF WORK 

 
A. The Contractor shall furnish all labor, materials, tools, supervision, transportation, 

equipment, and incidentals necessary to perform all Earthwork.  The work shall be carried 
out as specified herein and in accordance with the Drawings. 

 
B. The Work shall include, but not be limited to excavating, hauling, placing, moisture 

conditioning, backfilling, compacting, grading, and subgrade preparation.  Earthwork shall 
conform to the dimensions, lines, grades and sections shown on the Drawings or as directed 
by the Engineer. 

 
1.02 RELATED SECTIONS 

 
Section 02772 — Geosynthetic Clay Liner 
 
Section 02773 — Geocomposite 
 

1.03 REFERENCES 
 
A. Drawings. 
 
B. Site Construction Quality Assurance (CQA) Plan. 
 
C. Latest version of American Society for Testing and Materials (ASTM) standards: 
 

ASTM D 422 Standard Method for Particle-Size Analysis of Soils 
 

ASTM D 1557 Laboratory Compaction Characteristics of Soil Using Modified Effort 
(56,000 ft-lbf/ft3 (2,700 kN-m/m3)) 

 
ASTM D 2216 Standard Method for Laboratory Determination of Water (Moisture) 

Content of Soil, Rock, and Soil-Aggregate Mixtures 
 

ASTM D 2487 Standard Test Method for Classification of Soils for Engineering 
Purposes 

 
ASTM D 2922 Standard Test Methods for Density of Soil and Soil-Aggregate In-Place 

by Nuclear Density Methods (Shallow Depth) 
 

ASTM D 3017 Standard Test Method for Water Content of Soil and Rock In-Place by 
Nuclear Methods (Shallow Depth) 

 
1.04 SUBMITTALS 

 
A. The Contractor shall submit to the Engineer a description of equipment and methods 

proposed for Cover Soil, Anchor Trench Backfill, and Prepared Subgrade placement and 
compaction at least 7 days prior to the start of activities covered by this Section. 
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B. If the work of this Section is interrupted for reasons other than inclement weather, the 
Contractor shall notify the Engineer a minimum of 24 hours prior to the resumption of 
work. 

 
C. The Contractor shall provide the Engineer with sufficient time to perform as-built surveys 

of the completed cover soil and prepared subgrade. 
 
D. If foreign borrow materials are proposed for any earthwork material on this project, the 

Contractor shall provide the Engineer information regarding the source of the material.  In 
addition, the Contractor shall provide the Engineer an opportunity to obtain the necessary 
samples for conformance testing, prior to delivery of foreign borrow materials to the site. 

 
1.05 QUALITY ASSURANCE 

 
A. The Contractor shall ensure that the materials and methods used for Earthwork meet the 

requirements of the Drawings and this Section.  Any material or method that does not 
conform to these documents, or to alternatives approved in writing by the Engineer will be 
rejected and shall be repaired or replaced by the Contractor. 

 
B. The Contractor shall be aware of and accommodate all monitoring and field/laboratory 

conformance testing required by the CQA Plan.  This monitoring and testing, including 
random conformance testing of construction materials and completed work, will be 
performed by the Engineer.  If nonconformances or other deficiencies are found in the 
materials or completed work, the Contractor will be required to repair the deficiency or 
replace the deficient materials. 

 
PART 2 — PRODUCTS 

 
2.01 MATERIALS 

 
A. Cover soil shall consist of relatively homogeneous, natural soils that are free of debris, 

foreign objects, large rock fragments (greater than 6 inches in maximum dimension), roots, 
and organics.  The first lift of cover soil placed directly overlying the geosynthetic 
components of the cover system shall have a maximum particle size of 1 inch.  The cover 
soil shall be classified according to the Unified Soil Classification System (per 
ASTM D 2487) as SC, ML, CL, SM, SW, GW, GM, GC, or combinations of these 
materials.  The Contractor may propose the use of other soil types as cover soil, but then 
such use shall be at the sole discretion of the Engineer. 

 
B. Prepared subgrade is defined as the material directly underlying the geosynthetic liner 

system which shall meet the requirements listed above for cover soil.  No materials larger 
than 1.5 inch shall project or protrude from the surface of the prepared subgrade. 

 
C. Anchor Trench Backfill materials shall meet the requirements listed above for the cover 

soil. 
 

2.02 EQUIPMENT 
 
A. The Contractor shall furnish, operate, and maintain compaction equipment as is necessary to 

produce the required in-place soil density and moisture content. 
 
B. The Contractor shall furnish, operate and maintain tank trucks, pressure distributors, or 

other equipment designed to apply water uniformly and in controlled quantities to variable 
surface widths. 
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C. The Contractor shall furnish, operate, and maintain miscellaneous equipment such as 

scarifiers or disks, earth excavating equipment, earth hauling equipment, and other 
equipment, as necessary for Earthwork construction. 

 
PART 3 — EXECUTION 

 
3.01 FAMILIARIZATION 

 
A. Prior to implementing any of the work in this Section, the Contractor shall become 

thoroughly familiar with the site, the site conditions, and all portions of the work falling 
within this and other related Sections. 

 
B. Inspection: 
 

• The Contractor shall carefully inspect the installed work of all other Sections and 
verify that all work is complete to the point where the installation of the work 
specified in this Section may properly commence without adverse impact. 

 
• If the Contractor has any concerns regarding the installed work of other Sections, 

the Engineer shall be notified in writing prior to commencing work.  Failure to 
notify the Engineer or continuance of the work of this Section will be construed as 
Contractor's acceptance of the related work of all other Sections. 

 
3.02  SITE PREPARATION 

 
A. Prior to performing any earthworks on the site, the Contractor shall perform a baseline 

topographic survey.  This survey shall be conducted by a Professional Land Surveyor 
licensed in the state of Nevada.  This survey will serve as the starting point for earthwork 
quantities. 

 
3.03 ANCHOR TRENCH EXCAVATION 

 
A. The Contractor shall excavate the anchor trench to the limits and grades shown on the 

Drawings. 
 
B. All excavated materials not used for Anchor Trench Backfill or cover soil shall be 

stockpiled in an area designated by the Owner in accordance with Part 3.06 of this Section. 
 

3.04 SUBGRADE SURFACE PREPARATION 
 
A. The subgrade shall be prepared and made suitable as a foundation for placement and 

compaction of soil material, where applicable.  The subgrade shall be firm and able to 
support the Contractor's construction equipment without the development of depressions or 
ruts.  In addition, the subgrade shall provide adequate support such that the overlying fill 
material may be placed and compacted to the specified density. 

 
3.05 PREPARED SUBGRADE 

 
A. The prepared subgrade shall be made suitable as a foundation for placement of the 

geosynthetic components of the liner system (prepared subgrade).  The prepared subgrade 
shall be firm, meet the requirements outlined in Part 2.01, and be able to support the 
geosynthetic components of the liner system. 
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3.06 STOCKPILING 
 
A. Soil shall be stockpiled in areas designated by the Owner and shall be free of incompatible 

soil, clearing, clearing debris, or other objectionable materials. 
 
B. Stockpiles shall be no steeper than 2.1H:1V (Horizontal:Vertical) or other slope approved 

by the Engineer, graded to drain, sealed by tracking parallel to the slope with a dozer or 
other means approved by the Engineer, and dressed daily during periods when fill is taken 
from the stockpile.  The Contractor shall employ temporary erosion and sediment control 
measures (i.e. silt fence) as directed by the Engineer around stockpile areas. 

 
3.07 ANCHOR TRENCH BACKFILL 

 
A. The Anchor Trench Backfill shall be placed to the lines and grades shown on the Drawings. 
 
B. Soil used for the Anchor Trench Backfill shall meet the requirements of Part 2.01 of this 

Section. 
 
C. Soil used for the Anchor Trench Backfill shall be placed in a loose lift that results in a 

compacted lift thickness of no greater than 12 inches.  The maximum permissible pre-
compaction soil clod size is 6 inches. 

 
D. The Contractor shall compact each lift to at least 90 percent of its modified Proctor 

maximum dry density (ASTM D 1557).  The Contractor shall utilize compaction equipment 
suitable for achieving the soil compaction requirements. 

 
3.08 COVER SOIL 

 
A. The Cover Soil shall be placed to the lines and grades shown on the Drawings. 
 
B. Soil used for the Cover Soil shall meet the requirements of Part 2.01 of this Section. 
 
C. Place only when underlying geocomposite installation is complete including all 

Construction Quality Control (CQC) and CQA work. 
 
D. Soil used for the Cover Soil shall be placed in a loose lift that results in a compacted lift 

thickness of no greater than 12 inches.  The maximum permissible pre-compaction soil clod 
size is 6 inches. 

 
E. During wetting or drying, the material shall be regularly disced or otherwise mixed so that 

uniform moisture conditions in the appropriate range are obtained. 
 
F. The subgrade to the cover soil layer consists of a geocomposite.  Therefore, the Contractor 

shall avoid tearing, puncturing, folding, or damaging in any way the geocomposite during 
placement of the cover soil material. 

 
G. Any damage to the geosynthetic liner system which is caused by the Contractor or 

representatives of the Contractor shall be repaired by the Geosynthetics Installer at the 
expense of the Contractor. 

 
H. The Contractor shall compact each lift to at least 90 percent of its modified Proctor 

maximum dry density (ASTM D 1557).  The Contractor shall utilize compaction equipment 
suitable for achieving the soil compaction requirements. 
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I. The cover soil material shall be placed out in front of the equipment used to place the cover 
soil such that the minimum thickness requirements are maintained at all times between the 
geosynthetic materials and the wheels or tracks of the equipment used to place the cover soil 
material. 

 
J. Care must be exercised by the operators of tracked equipment to avoid sharp pivoting turns 

that could displace the cover soil material and result in damage to the liner system. 
 
K. The Contractor shall not push cover soil material down the side slope.  All soil materials 

shall be placed from the toe of slope upward. 
 
L. Equipment used in spreading the cover soil material on top of the geosynthetic liner system 

shall be restricted to the following maximum allowable equipment ground pressures: 
 

MAXIMUM ALLOWABLE 
EQUIPMENT GROUND PRESSURE 

(psi) 

INITIAL LIFT THICKNESS OF 
OVERLYING COVER SOIL 

(ft) 

<10 1.0 
>20 2.0 

 
 

3.09 FIELD TESTING 
 
A. The minimum frequency and details of quality control testing are provided below.  This 

testing will be performed by the Engineer.  The Contractor shall take this testing frequency 
into account in planning the construction schedule. 

 
1. Cover Soil material quality control testing: 

 
a. particle-size analyses conducted in accordance with ASTM D 422 at a 

frequency of one test per 10,000 yd3; 
 
b. moisture content tests conducted in accordance with ASTM D 2216 at 

a frequency of one test per 10,000 yd3; 
 
c. soil classification tests conducted in accordance with ASTM D 2487 at 

a frequency of one test per 10,000 yd3; and 
 
d. modified Proctor compaction tests conducted in accordance with 

ASTM D 1557 at a frequency of one test per 10,000 yd3. 
 

2. The Engineer will perform conformance tests on placed and compacted cover 
soil to evaluate compliance with these Specifications.  These tests will include 
in-situ moisture content and dry density.  The frequency and procedures for 
moisture-density testing are given in the CQA Plan.  At a minimum, the dry 
density and moisture content of the soil will be measured in-situ in accordance 
with ASTM D 2922 and ASTM D 3017, respectively. 

 
3. A special testing frequency will be used by the Engineer when visual 

observations of construction performance indicate a potential problem.  
Additional testing will be considered when: 

 
a. the rollers slip during rolling operation; 
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b. the lift thickness is greater than specified; 
c. the fill is at improper and/or variable moisture content; 
d. fewer than the specified number of roller passes are made; 
e. dirt-clogged rollers are used to compact the material; 
f. the rollers do not have optimum ballast; or 
g. the degree of compaction is doubtful. 

 
4. During construction, the frequency of testing will be increased by the Engineer 

in the following situations: 
 

a. adverse weather conditions; 
b. breakdown of equipment; 
c. at the start and finish of grading; 
d. if the material fails to meet specifications; or 
e. the work area is reduced. 

 
B. Defective Areas: 
 

1. If a defective area is discovered in the Earthwork, the Engineer will evaluate the 
extent and nature of the defect.  If the defect is indicated by an unsatisfactory 
test result, the Engineer will determine the extent of the defective area by 
additional tests, observations, a review of records, or other means that the 
Engineer deems appropriate.  If the defect is related to adverse site conditions, 
such as overly wet soils or surface desiccation, the Engineer shall define the 
limits and nature of the defect. 

 
2. Once the extent and nature of a defect is determined, the Contractor shall correct 

the deficiency to the satisfaction of the Engineer.  The Contractor shall not 
perform additional work in the area until the Engineer approves the correction 
of the defect. 

 
3. Additional testing may be performed by the Engineer to verify that the defect 

has been corrected.  This additional testing will be performed before any 
additional work is allowed in the area of deficiency.  The cost of the additional 
testing shall be borne by the Contractor. 

 
3.10 SURVEY CONTROL 

 
A. The Contractor shall perform all surveys necessary for construction layout and control. 
 

3.11 CONSTRUCTION TOLERANCE 
 
A. The Contractor shall perform the Earthwork construction to within ±0.1 ft on areas with a 

slope less than 10 percent and ±0.2 ft on areas with a slope greater than 10 percent of the 
grades indicated on the Drawings. 

 
3.12 PROTECTION OF WORK 

 
A. The Contractor shall use all means necessary to protect completed work of this Section. 
 
B. At the end of each day, the Contractor shall verify that the entire work area is left in a state 

that promotes drainage of surface water away from the area and from finished work.  If 
threatening weather conditions are forecast, at a minimum, compacted surfaces shall be 
seal-rolled to protect finished work. 
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C. In the event of damage to prior work, the Contractor shall make repairs and replacements to 

the satisfaction of the Engineer. 
 

PART 4 — MEASUREMENT AND PAYMENT 
 

4.01 GENERAL 
 
A. Providing for and complying with the requirements set forth in this Section for Prepared 

Subgrade will be measured as square feet (SF), and payment will be based on the unit price 
provided on the Bid Schedule. 

 
B. Providing for and complying with the requirements set forth in this Section for Anchor 

Trench Excavation and Backfill will be measured as linear feet (LF), and payment will be 
based on the unit price provided on the Bid Schedule. 

 
C. Providing for and complying with the requirements set forth in this Section for Cover Soil 

will be measured as in-place cubic yards (CY), and payment will be based on the unit price 
provided on the Bid Schedule. 

 
D. The following are considered incidental to the Work: 
 
 • material samples, sampling, and testing. 
 • layout survey. 
 • rejected material removal, re-testing, handling, and repair. 
 • rejected material. 
 • mobilization. 
 

END OF SECTION
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SECTION 02225 
DRAINAGE AGGREGATE 

 
PART 1 — GENERAL 

 
1.01 DESCRIPTION OF WORK 

 
A. The Contractor shall furnish all labor, materials, tools, supervision, transportation, 

equipment and incidentals necessary for the installation of drainage aggregate.  The work 
shall be carried out as specified herein and in accordance with the Drawings. 

 
B. The work shall include, but not be limited to, delivery, storage, and placement of drainage 

aggregate (aggregate). 
 

1.02 RELATED SECTIONS 
 
Section 02200 — Earthwork 
 
Section 02771 — Geotextile 
 

1.03 REFERENCES 
 
A. Drawings 
 
B. Site Construction Quality Assurance (CQA) Plan 
 
C. Latest Version of American Society for Testing and Materials (ASTM) Standards: 
 

ASTM C 33 Standard Specification for Concrete Aggregates 
ASTM C 136 Test Method for Sieve Analysis of Fine and Coarse Aggregates 
ASTM D 2434 Standard Test Method for Permeability of Granular Soils (Constant 

Head) 
 

1.04 SUBMITTALS 
 
A. The Contractor shall submit to the Engineer for approval, at least 7 days prior to the start of 

construction, Certificates of Compliance for proposed aggregate materials.  Certificates of 
Compliance shall include, at a minimum, typical gradation and source of aggregate 
materials. 

 
1.05 QUALITY ASSURANCE 

 
A. The Contractor shall ensure that the materials and methods used for Earthwork meet the 

requirements of the Drawings and this Section.  Any material or method that does not 
conform to these documents, or to alternatives approved in writing by the Engineer will be 
rejected and shall be repaired or replaced by the Contractor. 

 
B. The Contractor shall be aware of and accommodate all monitoring and field/laboratory 

conformance testing required by the CQA Plan.  This monitoring and testing, including 
random conformance testing of construction materials and completed work, will be 
performed by the Engineer.  If nonconformances or other deficiencies are found in the 
materials or completed work, the Contractor will be required to repair the deficiency or 
replace the deficient materials. 
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PART 2 — PRODUCTS 
 

2.01 MATERIALS 
 
A. Aggregate shall meet the requirements specified in ASTM C-33 and shall have a maximum 

particle size of 1-inch.  Aggregate shall have a minimum permeability of 1 x 10-2 cm/sec 
when tested in accordance with ASTM D 2434. 

 
2.02 EQUIPMENT 

 
A. The Contractor shall furnish, operate, and maintain hauling, placing, and grading equipment 

as necessary for aggregate placement. 
 

PART 3 — EXECUTION 
 

3.01 FAMILIARIZATION 
 
A. Prior to implementing any of the work in this Section, the Contractor shall become 

thoroughly familiar with the site, the site conditions, and all portions of the work falling 
within this and other related Sections. 

 
B. Inspection: 
 

• The Contractor shall carefully inspect the installed work of all other Sections and 
verify that all work is complete to the point where the installation of the work 
specified in this Section may properly commence without adverse impact. 

 
• If the Contractor has any concerns regarding the installed work of other Sections, 

the Engineer shall be notified in writing prior to commencing work.  Failure to 
notify the Engineer or continuance of the work of this Section will be construed as 
Contractor's acceptance of the related work of all other Sections. 

 
3.02 PLACEMENT 

 
A. Place only when underlying geosynthetic and CPE pipe installation is complete including 

all CQC and CQA work. 
 
B. Place to the lines, grades, and dimensions shown on the Drawings. 
 
C. The subgrade to the aggregate consists of a geocomposite overlying a geomembrane.  The 

Contractor shall avoid creating large wrinkles (greater than 6-inches high), tearing, 
puncturing, folding, or damaging in any way the geosynthetic materials during placement of 
the aggregate material. 

 
D. Any damage to the geosynthetic liner system which is caused by the Contractor or his 

representatives shall be repaired by the Geosynthetic Installer. 
 
E. No density or moisture requirements are specified for placement of the aggregate material. 
 
F. Place filter geotextile overlying aggregate as shown on the Drawings and as specified in 

Section 02771. 
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3.03 FIELD TESTING 
 
A. The minimum frequency and details of quality control testing are provided below.  This 

testing will be performed by the Engineer.  The Contractor shall take this testing frequency 
into account in planning the construction schedule. 

 
1. Aggregates quality control testing: 

 
a. particle-size analyses conducted in accordance with ASTM C-136 at a 

frequency of one test per 5,000 yd3; 
 
b. permeability tests conducted in accordance with ASTM D 2434 at a 

frequency of one test per 10,000 yd3. 
 

3.04 SURVEY CONTROL 
 
A. The Contractor shall perform all surveys necessary for construction layout and control. 
 

3.05 CONSTRUCTION TOLERANCE 
 
A. The Contractor shall perform the aggregate construction to within +0.1 ft of the thickness 

indicated on the Drawings. 
 

3.06 PROTECTION OF WORK 
 
A. The Contractor shall use all means necessary to protect all work of this Section. 
 
B. In the event of damage, the Contractor shall make repairs and replacements to the 

satisfaction of the Engineer. 
 

PART 4 — MEASUREMENT AND PAYMENT 
 

4.01 GENERAL 
 
A. Providing for and complying with the requirements set forth in this Section for Drainage 

Aggregate around CPE pipe will be measured in linear feet (LF), and payment will be based 
on the unit price provided on the Bid Schedule. 

 
B. Providing for and complying with the requirements set forth in this Section for Drainage 

Aggregate at geocomposite perimeter termination will be measured in linear feet (LF), and 
payment will be based on the unit price provided on the Bid Schedule. 

 
C. The following are considered incidental to the Work: 
 

• material samples, sampling, and testing. 
• layout survey. 
• rejected material. 
• rejected material removal, re-testing, handling, and repair. 
• mobilization. 

 
END OF SECTION
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SECTION 02711 
CORRUGATED POLYETHYLENE PIPE 

 
PART 1 — GENERAL 

 
1.01 DESCRIPTION OF WORK 

 
A. The Contractor shall furnish all labor, materials, tools, supervision, transportation, and 

equipment necessary to install perforated and solid wall corrugated polyethylene (CPE) pipe 
and fittings as shown on the Drawings and specified herein. 

 
1.02 RELATED SECTIONS 

 
Section 02200 — Earthwork 
 

1.03 REFERENCES 
 
A. Drawings 
 
B. Site Construction Quality Assurance (CQA) Plan 
 
C. Latest Version of American Society for Testing and Materials (ASTM) Standards: 
 

ASTM F 405 Standard Specification for Corrugated Polyethylene (CPE) Pipe and 
Fittings 

 
Latest American Association of State Highway and Transportation Officials (AASHTO) Standards:  
 
 AASHTO M252M-96  Corrugated Polyethylene Drainage Pipe 
 

1.04 SUBMITTALS 
 
A. The Contractor shall submit, at least 7 days prior to installation of this material, to the 

Engineer, certificates of compliance for the pipe materials and fittings to be furnished. 
 
B. The Engineer will supply a surveyor to document the as-built conditions of the piping.  The 

Contractor shall notify and allow the Engineer sufficient time to survey piping prior to 
backfilling the pipe. 

 
1.05 QUALITY ASSURANCE 

 
A. The Contractor shall ensure that the materials and methods used for corrugated polyethylene 

pipe meet the requirements of the Drawings and this Section.  Any material or method that 
does not conform to these documents, or to alternatives approved in writing by the Engineer 
will be rejected and shall be repaired or replaced by the Contractor. 

 
PART 2 — PRODUCTS 

 
2.01 PIPE 

 
A. HDPE pipe sizes shown on the Drawings and specified in this Section reference nominal 

inside diameter.  Pipe material, markings, properties, and size shall be in accordance with 
AASHTO M252. 
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B. Pipes shall be corrugated polyethylene pipe with a smooth interior wall, Type SP with 
Class 2 perforations in accordance with AASHTO M252. 

 
PART 3 — EXECUTION 

 
3.01 GENERAL 

 
A. When shipping, delivering, and installing pipe, fittings, and accessories, do so to ensure a 

sound, undamaged installation.  Provide adequate storage for all materials and equipment 
delivered to the job site.  Handle and store pipe and fittings in accordance with the 
Manufacturer's recommendation. 

 
3.02 PLACING AND LAYING PIPE 

 
A. Follow the Manufacturer's recommendations when hauling, unloading, and stringing the 

pipe. 
 
B. Corrugated polyethylene solid and perforated pipe shall be installed as shown on the 

Drawings. 
 
C. Corrugated polyethylene pipe shall be inspected for cuts, scratches, or other damages prior 

to installation.  Any pipe showing damage, which in the opinion of the Engineer will affect 
performance of the pipe, must be removed from the site.  Replace any material found to be 
defective. 

 
3.03 CONSTRUCTION TOLERANCE 

 
A. The Contractor shall perform the work to within ±0.1 ft of the grades indicated on the 

Drawings. 
 

PART 4 — MEASUREMENT AND PAYMENT 
 

4.01 GENERAL 
 
A. Providing for and complying with the requirements set forth in this Section for 6-inch 

HDPE perforated and solid wall CPE pipe and fittings will be measured in linear feet (LF), 
and payment will be based on the unit price provided on the Bid Schedule. 

 
B. Providing for and complying with the requirements set forth in this Section for 6-inch 

HDPE perforated and solid wall CPE pipe and fittings will be measured in linear feet (LF), 
and payment will be based on the unit price provided on the Bid Schedule. 

 
C. The following are considered incidental to the Work: 
 

• shipping, handling and storage. 
• layout survey. 
• mobilization. 
• rejected material. 
• rejected material removal, handling, re-testing, and repair. 

 
END OF SECTION
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SECTION 02770 
GEOMEMBRANE 

 
PART 1 — GENERAL 

 
1.01 DESCRIPTION OF WORK 

 
A. The Contractor shall furnish all labor, materials, tools, supervision, transportation, 

equipment, and incidentals necessary for the installation of double-sided textured high-
density polyethylene (HDPE) and smooth HDPE geomembrane, as shown on the Drawings.  
The work shall be carried out as specified herein and in accordance with Drawings. 

 
B. The work shall include, but not be limited to, delivery, storage, placement, anchorage, and 

seaming of the geomembrane. 
 
C. Double-sided textured geomembrane shall be used on the side slopes and smooth 

geomembrane shall be used on the top deck as shown on the Drawings. 
 

1.02 RELATED SECTIONS 
 
Section 02772 — Geosynthetic Clay Liner 
 
Section 02773 — Geocomposite 
 

1.03 REFERENCES 
 
A. Drawings 
 
B. Site Construction Quality Assurance (CQA) Plan 
 
C. Latest version of the American Society for Testing and Materials (ASTM) standards: 
 

ASTM D 638 Standard Test Method for Tensile Properties of Plastics 
 

ASTM D 792 Standard Test Methods for Specific Gravity (Relative Density) and 
Density of Plastics by Displacement 

 
ASTM D 1004 Standard Test Method of Initial Tear Resistance of Plastic Film and 

Sheeting 
 

ASTM D 1505 Standard Test Methods for Density of Plastics by Density-Gradient 
Technique 

 
ASTM D 1603 Standard Test Method for Carbon Black in Olefin Plastics 

 
ASTM D 4437 Standard Test Methods for Determining the Integrity of Field Seams 

Used in Joining Flexible Polymeric Geomembranes 
 

ASTM D 5321 Test Method for Determining the Coefficient of Soil and Geosynthetic or 
Geosynthetic and Geosynthetic Friction by the Direct Shear Method 

 
ASTM D 5397 Test Method for Evaluation of Stress Crack Resistance of Polyolefin 

Geomembranes Using Notched Constant Tensile Load Test 
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ASTM D 5596 Recommended Practice for Microscopical Examination of Pigment 
Dispersion in Plastic Compounds 

 
ASTM D 5641 Practice for Geomembrane Seam Evaluation by Vacuum Chamber 

 
ASTM D 5820 Practice for Pressurized Air Channel Evaluation of Dual Seamed 

Geomembranes 
 

ASTM D 5994 Standard Test Method for Measuring Core Thickness of Textured 
Geomembranes 

 
1.04 QUALIFICATIONS 

 
A. Geomembrane Manufacturer: 
 

1. The Geomembrane Manufacturer shall be responsible for the production of 
geomembrane rolls from resin and shall have sufficient production capacity and 
qualified personnel to provide material meeting the requirements of this Section 
and the construction schedule for this project. 

 
2. Prequalified Geomembrane Manufacturers include the following: 
 

GSE Lining Technology, Inc.
19103 Gundle Road 
Houston, TX  77073 
(800) 435-2008 
 
Serrot International, Inc. 
125 Cassia Way 
Henderson, NV 89014 
(800) 237-1777 

 
B. Geosynthetics Installer: 
 

1. The Geosynthetics Installer shall be responsible and shall provide sufficient 
resources for field handling, deploying, seaming, temporarily restraining 
(against wind), and other aspects of the deployment and installation of the 
geomembrane and other geosynthetic components of the project. 

 
2. The Geosynthetics Installer shall have successfully installed a minimum of 

2,000,000 ft2 of polyethylene geomembrane on previous projects. 
 

3. The installation crew shall have the following experience. 
 

a. The Superintendent shall have supervised the installation of a 
minimum of 2,000,000 ft2 of polyethylene geomembrane on at least 
five (5) different projects. 

 
b. At least one seamer shall have experience seaming a minimum of 

1,000,000 square feet of polyethylene geomembrane using the same 
type of seaming apparatus to be used at this site.  Seamers with such 
experience will be designated “master seamers” and shall provide 
direct supervision over less experienced seamers. 
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c. All other seaming personnel shall have seamed at least 100,000 square 
feet of polyethylene geomembrane using the same type of seaming 
apparatus to be used at this site.  Personnel who have seamed less than 
100,000 square feet shall be allowed to seam only under the direct 
supervision of the master seamer or Superintendent. 

 
1.05 WARRANTY 

 
A. The Geosynthetic Installer shall furnish the Engineer a 20-year written warranty against 

defects in materials.  Warranty conditions concerning limits of liability will be evaluated by, 
and must be acceptable to, the Engineer and Owner. 

 
B. The Geosynthetic Installer shall furnish the Engineer with a 5-year written warranty against 

defects in workmanship.  Warranty conditions concerning limits of liability will be 
evaluated by, and must be acceptable to, the Engineer and Owner. 

 
1.06 SUBMITTALS 

 
A. The Geosynthetic Installer shall submit the following documentation on the resin used to 

manufacture the geomembrane to the Engineer for approval 14 days prior to transporting 
any geomembrane to the site. 

 
1. Copies of quality control certificates issued by the resin supplier including the 

production dates and origin of the resin used to manufacture the geomembrane 
for the project. 

 
2. Results of tests conducted by the Geomembrane Manufacturer to verify the 

quality of the resin used to manufacture the geomembrane rolls assigned to the 
project. 

 
3. Certification that no reclaimed polymer is added to the resin during the 

manufacturing of the geomembrane to be used for this project, or, if recycled 
polymer is used, the Manufacturer shall submit a certificate signed by the 
production manager documenting the quantity of recycled material, including a 
description of the procedure used to measure the quantity of recycled polymer. 

 
B. The Geosynthetic Installer shall submit the following documentation on geomembrane roll 

production to the Engineer for approval 14 days prior to transporting any geomembrane to 
the site. 

 
1. Quality control certificates, which shall include: 

 
a. roll numbers and identification; and 
 
b. results of quality control tests, including descriptions of the test 

methods used, outlined in Part 2.02 of this Section. 
 

2. The manufacturer warranty specified in Part 1.05.A of this Section. 
 
C. The Geosynthetic Installer shall submit the following information to the Engineer for 

approval 14 days prior to mobilization. 
 

1. A drawing showing the installation layout identifying geomembrane panel 
configurations, dimensions, details, locations of seams, as well as any variance 
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or additional details that deviate from the Drawings.  The layout shall be 
adequate for use as a construction plan and shall include dimensions, details, 
etc. The layout drawings, as modified and/or approved by the Engineer, shall 
become part of these Specifications. 

 
2. Installation schedule. 

 
3. Copy of Geosynthetic Installer's letter of approval or license by the 

Geomembrane Manufacturer. 
 

4. Installation capabilities, including: 
 

a. information on equipment proposed for this project; 
b. average daily production anticipated for this project; and 
c. quality control procedures. 

 
5. A list of completed facilities for which the installer has installed a minimum of 

2,000,000 ft2 of polyethylene geomembrane, in accordance with Part 1.04 of 
this Specification.  The following information shall be provided for each 
facility: 

 
a. the name and purpose of the facility, its location, and dates of 

installation; 
 
b. the names of the owner, project manager, and geomembrane 

manufacturer; 
 
c. name of the supervisor of the installation crew; and 
 
d. thickness and surface area of installed geomembrane. 

 
6. In accordance with Part 1.04, a resume of the Superintendent to be assigned to 

this project, including dates and duration of employment, shall be submitted at 
least 7 days prior to beginning geomembrane installation. 

 
7. In accordance with Part 1.04, resumes of all personnel who will perform 

seaming operations on this project, including dates and duration of employment, 
shall be submitted at least 7 days prior to beginning geomembrane installation. 

 
D. A Certificate of Calibration less than 12 months old shall be submitted for each field 

tensiometer prior to installation of any geomembrane. 
 
E. During installation, the Geosynthetic Installer shall be responsible for the timely submission 

to the Engineer of: 
 

1. Quality control documentation; and 
 

2. Subgrade acceptance certificates, signed by the Geosynthetic Installer, for each 
area to be covered by geosynthetic materials. 

 
F. Upon completion of the installation, the Geosynthetic Installer shall be responsible for the 

submission to the Engineer of a warranty from the Geosynthetic Installer as specified in Part 
1.05.B of this Section. 
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G. Upon completion of the installation, the Geosynthetic Installer shall be responsible for the 
submission to the Engineer of a record drawing showing the location and number of each 
panel and locations and numbers of destructive tests and repairs. 

 
H. The Geosynthetic Installer shall submit the following documentation on welding rod to the 

Engineer for approval 14 days prior to transporting welding rod to the site: 
 

1. Quality control documentation, including lot number, welding rod spool 
number, and results of quality control tests on the welding rod. 

 
1.07 QUALITY ASSURANCE 

 
A. The Geosynthetic Installer shall ensure that the materials and methods used for installation 

of the geomembrane meet the requirements of the Drawings and this Section.  Any material 
or method that does not conform to these documents, or to alternatives approved in writing 
by the Engineer, will be rejected and shall be repaired or replaced by the Geosynthetic 
Installer. 

 
B. The Geosynthetic Installer shall be aware of and accommodate all monitoring and 

conformance testing required by the CQA Plan.  This monitoring and testing, including 
random conformance testing of construction materials and completed work, will be 
performed by the Engineer.  If nonconformances or other deficiencies are found in the 
Geosynthetic Installer’s materials or completed work, the Geosynthetic Installer will be 
required to repair the deficiency or replace the deficient materials. 

 
PART 2 — PRODUCTS 

 
2.01 GEOMEMBRANE PROPERTIES 

 
A. The Geomembrane Manufacturer shall furnish double-sided and smooth-textured 

geomembrane having properties that comply with the required property values shown in 
Table 02770-1. 

 
B. In addition to the property values listed in Table 02770-1, the geomembrane shall: 
 

1. Contain a maximum of 1 percent by weight of additives, fillers, or extenders 
(not including carbon black). 

 
2. Not have striations, pinholes (holes), bubbles, blisters, nodules, undispersed raw 

materials, or any sign of contamination by foreign matter on the surface or in the 
interior. 

 
2.02 MANUFACTURING QUALITY CONTROL 

 
A. Rolls: 
 

1. The Geomembrane Manufacturer shall continuously monitor geomembrane 
during the manufacturing process for defects. 

 
2. No geomembrane shall be accepted that exhibits any defects. 

 
3. The Geomembrane Manufacturer shall measure and report the geomembrane 

thickness at regular intervals along the roll length. 
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4. No geomembrane shall be accepted that fails to meet the specified thickness. 
 

5. The Geomembrane Manufacturer shall sample and test the geomembrane at a 
minimum of once every 50,000 ft2 to demonstrate that its properties conform to 
the values specified in Table 02770-1.  At a minimum, the following tests shall 
be performed: 

 
Test Procedure 
Thickness ASTM D 5994 
Specific Gravity ASTM D 792 Method A or ASTM D 1505 
Tensile Properties ASTM D 638 
Puncture Resistance ASTM D 4833 
Tear Resistance ASTM D 1004 
Carbon Black ASTM D 1603 
Carbon Black Dispersion ASTM D 5596 

 
6. Tests not listed above but listed in Table 02770-1 need not be run at the 1 per 

50,000 ft2 frequency.  However, the Geomembrane Manufacturer shall certify 
that these tests are in compliance with this section and have been performed on 
a sample that is identical to the geomembrane to be used on this project.  The 
Geosynthetic Installer shall provide the test result documentation to the 
Engineer. 

 
7. Any geomembrane sample that does not comply with the requirements of this 

Section will result in rejection of the roll from which the sample was obtained 
and will not be used for this project. 

 
8. If a geomembrane sample fails to meet the quality control requirements of this 

Section, the Geomembrane Manufacturer shall sample and test, at the expense 
of the Manufacturer, rolls manufactured, in the same resin batch, or at the same 
time, as the failing roll.  Sampling and testing of rolls shall continue until a 
pattern of acceptable test results is established to bound the failed roll(s). 

 
9. Additional testing may be performed at the Geomembrane Manufacturer's 

discretion and expense, to isolate and more closely identify the non-complying 
rolls and/or to qualify individual rolls. 

 
B. The Geomembrane Manufacturer shall permit the Engineer to visit the manufacturing plant 

for project specific visits.  If possible, such visits will be prior to or during the 
manufacturing of the geomembrane rolls for the specific project. 

 
2.03 LABELING 

 
A. Geomembrane rolls shall be labeled with the following information. 
 

1. thickness of the material; 
2. length and width of the roll; 
3. name of Geomembrane Manufacturer; 
4. product identification; 
5. lot number; and 
6. roll number. 

 
2.04 TRANSPORTATION, HANDLING AND STORAGE 
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A. Handling and care of the geomembrane prior to and following installation at the site shall be 
the responsibility of the Geosynthetic Installer.  The Geosynthetic Installer shall be liable 
for all damage to the materials incurred prior to final acceptance of the liner system by the 
Engineer. 

 
B. Geosynthetic Installer shall be responsible for storage of the geomembrane at the site.  The 

geomembrane shall be protected from excessive heat or cold, dirt, puncture, cutting, or 
other damaging or deleterious conditions.  Any additional storage procedures required by 
the Geomembrane Manufacturer shall be the Geosynthetic Installer’s responsibility.  
Geomembrane rolls shall not be stored or placed in a stack of more than two rolls high. 

 
C. The geomembrane shall be delivered at least 14 days prior to the planned deployment date 

to allow the Engineer adequate time to perform conformance testing on the geomembrane 
samples as described in Part 3.05 or this Section.  If the Engineer performed a visit to the 
manufacturing plant and performed the required conformance sampling, geomembrane can 
be delivered to the site within the 14 days prior to the planned deployment date as long as 
there is sufficient time for the Engineer to complete the conformance testing and confirm 
that the rolls shipped to the site are in compliance with this Section. 

 
PART 3 — GEOMEMBRANE INSTALLATION 

 
3.01 FAMILIARIZATION 

 
A. Prior to implementing any of the work described in this Section, the Geosynthetic Installer 

shall become thoroughly familiar with all portions of the work falling within this Section. 
 
B. Inspection: 
 

1. The Geosynthetic Installer shall carefully inspect the installed work of all other 
Sections and verify that all work is complete to the point where the work of this 
Section may properly commence without adverse effect. 

 
2. If the Geosynthetic Installer has any concerns regarding the installed work of 

other Sections, he shall notify the Engineer in writing prior to the start of the 
work of this Section.  Failure to inform the Engineer in writing or installation of 
the geomembrane will be construed as the Geosynthetic Installer’s acceptance of 
the related work of all other Sections. 

 
C. A pre-installation meeting shall be held to coordinate the installation of the geomembrane 

with the installation of other components of the composite liner system. 
 

3.02 GEOMEMBRANE DEPLOYMENT 
 
A. Layout Drawings: 
 

1. The Geosynthetic Installer shall deploy the geomembrane panel in general 
accordance with the layout drawing specified.  The layout drawings must be 
approved by the Engineer prior to installation of any geomembrane. 

 
B. Field Panel Identification: 
 

1. A geomembrane field panel is a roll or a portion of roll cut in the field. 
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2. Each field panel shall be given an identification code (number or letter-number).  
This identification code shall be agreed upon by the Engineer and Geosynthetic 
Installer. 

 
C. Field Panel Placement: 
 

1. Field panels shall be installed, as approved or modified, at the location and 
positions indicated on the layout drawings. 

 
2. Field panels shall be placed one at a time, and each field panel shall be seamed 

immediately after its placement. 
 

3. Geomembrane shall not be placed when the ambient temperature is below 40°F 
or above 104°F, unless otherwise authorized in writing by the Engineer. 

 
4. Geomembrane shall not be placed during any precipitation, in the presence of 

excessive moisture (e.g., fog, dew), in an area of ponded water, or in the 
presence of excessive winds. 

 
5. The Geosynthetic Installer shall ensure that: 

 
a. No vehicular traffic is allowed on the geomembrane. 
 
b. Equipment used does not damage the geomembrane by handling, 

trafficking, or leakage of hydrocarbons (i.e., fuels). 
 
c. Personnel working on the geomembrane do not smoke, wear damaging 

shoes, bring glass onto the geomembrane, or engage in other activities 
that could damage the geomembrane. 

 
d. The method used to unroll the panels does not scratch or crimp the 

geomembrane and does not damage the supporting soil or 
geosynthetics. 

 
e. The method used to place the panels minimizes wrinkles (especially 

differential wrinkles between adjacent panels).  The method used to 
place the panels results in intimate contact with adjacent components. 

 
f. Temporary ballast and/or anchors (e.g., sand bags), not likely to 

damage the geomembrane, are placed on the geomembrane to prevent 
wind uplift. 

 
g. The geomembrane is especially protected from damage in heavily 

trafficked areas. 
 
h. Any rub sheets to facilitate seaming are removed prior to installation of 

subsequent panels. 
 

6. Any field panel or portion thereof that becomes seriously damaged (torn, 
twisted, or crimped) shall be replaced with new material.  Less serious damage 
to the geomembrane may be repaired, as approved by the Engineer.  Damaged 
panels or portions of damaged panels that have been rejected shall be removed 
from the work area. 
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D. If the Geosynthetic Installer intends to install geomembrane between one hour before sunset 
and one hour after sunrise, he shall notify the Engineer in writing prior to the start of the 
work.  The Geosynthetic Installer shall indicate additional precautions, which shall be taken 
during these installation hours.  The Geosynthetic Installer shall provide proper illumination 
for work during this time period. 

 
3.03 FIELD SEAMING 

 
A. Seam Layout: 
 

1. In corners and at odd-shaped geometric locations, the number of field seams 
shall be minimized.  No horizontal seam shall be along a slope with an 
inclination steeper than 10 percent.  Horizontal seams shall be considered as any 
seam having an alignment exceeding 20 degrees from being perpendicular to the 
slope contour lines, unless otherwise approved by the Engineer.  No seams shall 
be located in an area of potential stress concentration. 

 
B. Personnel: 
 

1. All personnel performing seaming operations shall be qualified as indicated in 
Part 1.04 of this Section.  No seaming shall be performed unless a “master 
seamer” is present on-site. 

 
C. Weather Conditions for Seaming: 
 

1. Unless authorized in writing by the Engineer, seaming shall not be attempted at 
ambient temperatures below 40°F or above 104°F.  If the Geosynthetic Installer 
wishes to use methods that may allow seaming at ambient temperatures below 
40°F or above 104°F, he shall use a procedure approved by the Engineer. 

 
2. A meeting will be held with the Geosynthetic Installer and Engineer to establish 

acceptable installation procedures.  In all cases, the geomembrane shall be dry 
and protected from wind damage. 

 
3. Ambient temperatures shall be measured between 0 to 6 in. above the 

geomembrane surface. 
 
D. Overlapping: 
 

1. Geomembrane panels shall be sufficiently overlapped for welding and to allow 
peel tests to be performed on the seam.  Any seams that cannot be destructively 
tested because of insufficient overlap shall be treated as failing seams. 

 
E. Seam Preparation: 
 

1. Prior to seaming, the seam area shall be clean and free of moisture, dust, dirt, 
debris of any kind, and foreign material. 

 
2. If seam overlap grinding is required, the process shall be completed according 

to the Geomembrane Manufacturer's instructions within 20 minutes of the 
seaming operation and in a manner that does not damage the geomembrane.  
The grind depth shall not exceed ten percent of the geomembrane thickness. 
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3. Seams shall be aligned with the fewest possible number of wrinkles and 
“fishmouths.” 

 
F. General Seaming Requirements: 
 

1. Fishmouths or wrinkles at the seam overlaps shall be cut along the ridge of the 
wrinkle to achieve a flat overlap.  The cut fishmouths or wrinkles shall be 
seamed and any portion where the overlap is insufficient shall be patched with 
an oval or round patch of geomembrane that extends a minimum of 6 in. beyond 
the cut in all directions. 

 
2. Any electric generator shall be placed outside the area to be lined or mounted in 

a manner that protects the geomembrane from damage.  The electric generator 
shall be properly grounded. 

 
G. Seaming Process: 
 

1. Approved processes for field seaming are extrusion welding and fusion welding.  
Only equipment identified as part of the approved submittal specified in 
Part 1.06 shall be used. 

 
2. Extrusion Equipment and Procedures: 

 
a. The Geosynthetics Installer shall maintain at least one spare operable 

seaming apparatus on site. 
 
b. Extrusion welding apparatus shall be equipped with gauges giving the 

temperature in the apparatus. 
 
c. Prior to beginning a seam, the extruder shall be purged until all heat-

degraded extrudate has been removed from the barrel. 
 
d. The Geosynthetics Installer shall provide documentation regarding the 

welding rod to the Engineer and shall certify that the welding rod is 
compatible with the specifications. 

 
e. A smooth insulating plate or fabric shall be placed beneath the hot 

welding apparatus after use. 
 

3. Fusion Equipment and Procedures: 
 

a. The Geosynthetic Installer shall maintain at least one spare operable 
seaming apparatus on site. 

 
b. Fusion-welding apparatus shall be automated vehicular-mounted 

devices equipped with gauges giving the applicable temperatures and 
speed. 

 
c. A smooth insulating plate or fabric shall be placed beneath the hot 

welding apparatus after use. 
 
H. Trial Seams: 
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1. Trial seams shall be made on fragment pieces of geomembrane to verify that 
seaming conditions are adequate.  Trial seams shall be conducted on the same 
material to be installed and under similar field conditions as production seams.  
Such trial seams shall be made at the beginning of each seaming period, 
beginning of the day and after lunch, for each seaming apparatus used each day.  
The trial seam sample shall be a minimum of 5-ft long by 1-ft wide (after 
seaming) with the seam centered lengthwise for fusion equipment and at least 
3-ft long by 1-ft wide for extrusion equipment.  Seam overlap shall be as 
indicated in Part 3.03.D of this Section. 

 
2. Four adjoining coupon specimens, each 1-in. wide, shall be cut from the trial 

seam sample by the installer using a die cutter to ensure precise 1-in. wide 
coupons.  The coupons shall be tested in peel (outside (fusion only) and inside 
track) and shear using an electronic readout field tensiometer in accordance with 
ASTM D 4437, at a strain rate of 2 in./min., and they shall not fail in the seam 
(i.e., Film Tear Bond (FTB), which is failure in the parent material, is required).  
The required peel and shear seam strength is listed in Table 02770-2.  Ideally, 
samples shall be conditioned at 23±2oC at a relative humidity of 50±5% for two 
hours prior to testing.  If test conditions vary from these conditions, a 1-in. wide 
coupon of the parent geomembrane material (no weld) shall be tested in the 
same manner as the seam specimens to determine the break strength at this 
condition. 

 
3. If a coupon specimen fails, the entire operation shall be repeated.  If the 

additional coupon specimen fails, the seaming apparatus and seamer shall not be 
accepted and shall not be used for seaming until the deficiencies are corrected 
and two consecutive successful trial seams are achieved. 

 
I. Nondestructive Seam Continuity Testing: 
 

1. The Geosynthetic Installer shall nondestructively test for continuity on all field 
seams over their full length.  Continuity testing shall be carried out as the 
seaming work progresses, not at the completion of all field seaming.  The 
Geosynthetic Installer shall complete any required repairs in accordance with 
Part 3.03.K of this Section.  The following procedures shall apply: 

 
a. Vacuum testing in accordance with ASTM D 5641. 
 
b. Air pressure testing (for double-track fusion seams only) in accordance 

with ASTM D 5820 and the following: 
 

i. Energize the air pump to a pressure between 25 and 30 pounds 
per square inches, close valve, and sustain the pressure for not 
less than 5 minutes. 

 
ii. If loss of pressure exceeds 3 pounds per square inches, or does 

not stabilize, locate faulty area and repair in accordance with 
Part 3.03.K of this Section. 

 
iii. Cut opposite end of air channel from pressure gauge and 

observe release of pressure to ensure air channel is not 
blocked. 
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iv. Remove needle, or other approved pressure feed device, and 
seal repair in accordance with Part 3.03.K of this Section. 

 
c. Spark testing shall be performed if the seam cannot be tested using 

other nondestructive methods. 
 
J. Destructive Testing: 
 

1. Destructive seam tests shall be performed on samples collected from selected 
locations to evaluate seam strength and integrity.  Destructive tests shall be 
carried out as the seaming work progresses, not at the completion of all field 
seaming. 

 
2. Sampling: 

 
a. Destructive test samples shall be collected at a minimum average 

frequency of one test location per 500 ft of seam length.  Test locations 
shall be determined during seaming, and may be prompted by 
suspicion of excess crystallinity, contamination, offset seams, or any 
other potential cause of imperfect seaming.  The Engineer will be 
responsible for choosing the locations.  The Geosynthetic Installer shall 
not be informed in advance of the locations where the seam samples 
will be taken.  The Engineer reserves the right to increase the sampling 
frequency. 

 
b. Samples shall be cut by the Geosynthetic Installer at the locations 

designated by the Engineer as the seaming progresses in order to obtain 
laboratory test results before the geomembrane is covered by another 
material.  Each sample shall be numbered and the sample number and 
location identified on the panel layout drawing.  All holes in the 
geomembrane resulting from the destructive seam sampling shall be 
immediately repaired in accordance with the repair procedures 
described in Part 3.03.K of this Section.  The continuity of the new 
seams in the repaired areas shall be tested according to Part 3.03.I of 
this Section. 

 
c. Two strips of dimensions 1-in. wide and 12 in. long with the seam 

centered parallel to the width shall be taken from either side of the 
sample location.  These samples shall be tested in the field in 
accordance with Part 3.03.J.3 of this Section.  If these samples pass the 
field test, a laboratory sample shall be taken.  The laboratory sample 
shall be at least 1-ft wide by 3.5-ft long with the seam centered 
lengthwise.  The sample shall be cut into three parts and distributed as 
follows: 

 
i. One portion 12-in. long to the Geosynthetic Installer. 

 
ii. One portion 18-in. long to the Geosynthetic CQA Laboratory 

for testing. 
 

iii. One portion 12-in. long to the Engineer for archival storage. 
 

3. Field Testing: 
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 The two 1-in. wide strips shall be tested in the field tensiometer in the peel 
mode.  The Engineer has the option to request an additional test in the shear 
mode.  If any field test sample fails to meet the requirements in Table 02770-2, 
then the procedures outlined in Part 3.03.J.5 of this Section shall be followed. 

 
4. Laboratory Testing: 

 
 Testing by the Geosynthetics CQA Laboratory will include “Seam Strength” 

and “Peel Adhesion” (ASTM D 4437) with the 1-in. wide strip tested at a rate of 
2 in./min.  At least 5 specimens will be tested for each test method (peel and 
shear).  Four of the five specimens per sample must pass both the shear strength 
test and peel adhesion test when tested in accordance with ASTM D 4437.  The 
minimum acceptable values to be obtained in these tests are indicated in 
Table 02770-2.  Both inside and outside tracks of the dual track fusion welds 
shall be tested in peel. 

 
5. Destructive Test Failure: 

 
a. The following procedures shall apply whenever a sample fails a 

destructive test, whether the test is conducted by the Geosynthetic 
CQA's laboratory, the Geosynthetic Installer laboratory, or by a field 
tensiometer.  The Geosynthetic Installer shall have two options: 

 
i. The Geosynthetic Installer can reconstruct the seam (e.g., 

remove the old seam and reseam) between any two passed 
destructive test locations. 

 
ii. The Geosynthetic Installer can trace the welding path to an 

intermediate location, a minimum of 10 feet from the location 
of the failed test (in each direction) and take a small sample 
for an additional field test at each location.  If these additional 
samples pass the field tests, then full laboratory samples shall 
be taken.  These full laboratory samples shall be tested in 
accordance with Part 3.03.J.4 of this Section.  If these 
laboratory samples pass the tests, then the seam shall be 
reconstructed between these locations.  If either sample fails, 
then the process shall be repeated to establish the zone in 
which the seam should be reconstructed.  All acceptable 
seams must be bounded by two locations from which samples 
passing laboratory destructive tests have been taken.  In cases 
exceeding 150 ft of reconstructed seam, a sample taken from 
within the reconstructed zone must pass destructive testing. 

 
b. Whenever a sample fails, the Engineer may require additional tests for 

seams that were formed by the same seamer and/or seaming apparatus 
or seamed during the same time shift. 

 
K. Defects and Repairs: 
 

1. The geomembrane will be inspected before and after seaming for evidence of 
defects, holes, blisters, undispersed raw materials, and any sign of 
contamination by foreign matter.  The surface of the geomembrane shall be 
clean at the time of inspection.  The geomembrane surface shall be swept or 
washed by the Installer if surface contamination inhibits inspection. 
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2. Each suspected location, both in seam and non-seam areas, shall be 

nondestructively tested using the methods described Part 3.03.I of this Section, 
as appropriate.  Each location that fails nondestructive testing shall be marked 
by the Engineer and repaired by the Geosynthetic Installer. 

 
3. When seaming of a geomembrane is completed (or when seaming of a large 

area of a geomembrane is completed) and prior to placing overlying materials, 
the Engineer shall identify all excessive geomembrane wrinkles.  The 
Geosynthetic Installer shall cut and reseam all wrinkles so identified.  The 
seams thus produced shall be tested like any other seams. 

 
4. Repair Procedures: 

 
 a. Any portion of the geomembrane exhibiting a flaw, or failing a 

destructive or nondestructive test, shall be repaired by the Geosynthetic 
Installer.  Several repair procedures exist.  The final decision as to the 
appropriate repair procedure shall be agreed upon between the Engineer and the 
Geosynthetic Installer.  The procedures available include: 

 
i. patching, used to repair holes larger than 1/16 inch, tears, 

undispersed raw materials, and contamination by foreign 
matter; 

 
ii. abrading and reseaming, used to repair small sections of 

extruded seams; 
 

iii. spot seaming, used to repair minor, localized flaws; 
 

iv. capping, used to repair long lengths of failed seams; and 
 

v. removing bad seam and replacing with a strip of new material 
seamed into place (used with long lengths of fusion seams). 

 
b. In addition, the following criteria shall be satisfied: 

 
i. surfaces of the geomembrane that are to be repaired shall be 

abraded no more than 20 minutes prior to the repair; 
 

ii. all surfaces must be clean and dry at the time of repair; 
 

iii. all seaming equipment used in repair procedures must be 
approved; 

 
iv. the repair procedures, materials, and techniques shall be 

approved in advance, for the specific repair, by the Engineer; 
 

v. patches or caps shall extend at least 6 in. beyond the edge of 
the defect, and all corners of patches shall be rounded with a 
radius of at least 3 in.; and 

 
vi. the geomembrane below large caps shall be appropriately cut 

to avoid water or gas collection between the two sheets. 
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5. Repair Verification: 
 

a. Each repair shall be nondestructively tested using the methods 
described in Part 3.03.I of this Section, as appropriate.  Repairs that 
pass the nondestructive test shall be taken as an indication of an 
adequate repair.  Failed tests will require the repair to be redone and 
retested until a passing test results.  At the discretion of the Engineer, 
destructive testing may be required on large caps. 

 
3.04 MATERIALS IN CONTACT WITH THE GEOMEMBRANE 

 
A. The Geosynthetic Installer shall take all necessary precautions to ensure that the 

geomembrane is not damaged during its installation.  During the installation of other 
components of the liner system by the Contractor, the Contractor shall ensure that the 
geomembrane is not damaged.  Any damage to the geomembrane shall be repaired by the 
Geosynthetic Installer , at the expense of the Contractor. 

 
B. Soil and aggregate materials shall not be placed over the geomembranes at ambient 

temperatures below 40°F or above 104°F, unless otherwise specified. 
 
C. All attempts shall be made to minimize wrinkles in the geomembrane. 
 
D. Equipment shall not be driven directly on the geomembrane. 
 

3.05 CONFORMANCE TESTING 
 
A. Samples of the geomembrane will be removed by the Engineer and sent to a Geosynthetic 

CQA Laboratory for testing to ensure conformance with the requirements of this Section.  
The Geosynthetic Installer shall assist the Engineer in obtaining conformance samples.  The 
Geosynthetic Installer and Contractor shall account for this testing in the installation 
schedule.  Only material that meets the requirements of Part 2.02 this Section shall be 
installed. 

 
B. Samples will be selected by the Engineer in accordance with this Section and with the 

procedures outlined in the CQA Plan. 
 
C. Samples will be taken at a minimum frequency of one sample per 100,000 ft2. 
 
D. The Engineer may increase the frequency of sampling in the event that test results do not 

comply with the requirements of Part 2.02 of this Section. 
 
E. The following tests will be performed by the Engineer: 
 

Test Test Method 
Specific Gravity ASTM D 792 or D 1505 
Thickness ASTM D 5994 
Tensile Properties ASTM D 638 
Carbon Black Content ASTM D 1603 
Carbon Black Dispersion ASTM D 5596 

 
F. Any geomembrane that is not certified in accordance with Part 1.07.C of this Section, or 

that conformance testing indicates do not comply with Part 2.02 of this Section, will be 
rejected.  The Geosynthetic Installer shall replace the rejected material with new material. 
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3.06 GEOMEMBRANE ACCEPTANCE 
 
A. The Geosynthetic Installer shall retain all ownership and responsibility for the 

geomembrane until accepted by the Engineer. 
 
B. The geomembrane shall be accepted by the Engineer when: 
 

1. the installation is completed; 
 

2. all documentation is submitted; 
 

3. verification of the adequacy of all field seams and repairs, including associated 
testing, is complete; and 

 
4. all warranties are submitted. 

 
3.07 PROTECTION OF WORK 

 
A. The Geosynthetic Installer and Contractor shall use all means necessary to protect all work 

of this Section. 
 
B. In the event of damage, the Geosynthetic Installer shall make all repairs and replacements 

necessary, to the satisfaction of the Engineer. 
 

PART 4 — MEASUREMENT AND PAYMENT 
 

4.01 GENERAL 
 
A. Providing for a complying with the requirements set forth in this Section for HDPE 

geomembrane will be measured as in-place square feet (SF), including geomembrane in the 
anchor trench to the limits shown on the Drawings, and payment will be based on the unit 
price provided on the Bid Schedule. 

 
B. The following are considered incidental to the Work: 
 

• shipping, handling and storage. 
• layout survey. 
• mobilization. 
• rejected material. 
• overlaps and seaming. 
• rejected material removal, handling, re-testing, and repair. 
• temporary anchorage. 
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TABLE 02770-1 
REQUIRED HDPE GEOMEMBRANE PROPERTIES 

 
 
PROPERTIES 

 
QUALIFIERS 

 
UNITS 

SPECIFIED
VALUES 

 
TEST METHOD 

Physical Properties     
Thickness Average 

Minimum 
mils 
mils 

60 
54 

ASTM D 5994 or 
ASTM D 5199 

Specific Gravity Minimum N/A .94 ASTM D 792 Method A or 
ASTM D 1505 

Asperity Height Minimum mils 10 GRI GM12 
Mechanical Properties     
Tensile Properties (each direction)     
1. Tensile (Break) Strength 
2. Elongation at Break 
3. Tensile (Yield) Strength 
4. Elongation at Yield 

Minimum lb/in 
% 

lb/in 
% 

90 
100 
126 
12 

ASTM D 638 

Puncture Minimum lb 90 ASTM D 4833 
Tear Resistance Minimum lb 42 ASTM D 1004 
Interface Shear Strength - - Note 1 ASTM D 5321 
Environmental Properties     
Carbon Black Content Range % 2-3 ASTM D 1603 
Carbon Black Dispersion N/A none Note 2 ASTM D 5596 
Environmental Stress Crack Minimum hr 400 ASTM D 5397 
 
Notes: (1) Interface shear strength test(s) shall be performed, by the Engineer, on the composite liner system in accordance with 

Section 02772 — Geosynthetic Clay Liner. 
 (2) Minimum 9 of 10 in Categories 1 or 2; 10 in Categories 1, 2, or 3. 
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TABLE 02770-2 
REQUIRED GEOMEMBRANE SEAM PROPERTIES 

 
 
PROPERTIES 

 
QUALIFIERS 

 
UNITS 

SPECIFIED
VALUES 

 
TEST METHOD 

Shear Strength(1)     
  Fusion minimum lb/in 120 ASTM D 4437 
  Extrusion minimum lb/in 120 ASTM D 4437 
Peel Adhesion     
  FTB(2)     
  Fusion minimum lb/in 91 ASTM D 4437 
  Extrusion minimum lb/in 78 ASTM D 4437 
 
Notes: (1) Also called “Bonded Seam Strength”. 
 (2) FTB = Film Tear Bond means that failure is in the parent material, not the seam.  The maximum seam separation is 25 

percent of the seam area. 
 

END OF SECTION 
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SECTION 02771 
GEOTEXTILE 

 
PART 1 — GENERAL 

 
1.01 DESCRIPTION OF WORK 

 
A. The Contractor shall furnish all labor, materials, tools, supervision, transportation, 

equipment, and incidentals necessary for the installation of the geotextile.  The work shall 
be carried out as specified herein and in accordance with the Drawings. 

 
B. The work shall include, but not be limited to, delivery, storage, placement, and seaming of 

the various geotextile components of the project. 
 
C. Filter geotextile shall be used overlying the drainage aggregate. 
 

1.02 RELATED SECTIONS 
 
Section 02200 — Earthwork 
 
Section 02225 — Drainage Aggregate 
 

1.03 REFERENCES 
 
A. Drawings 
 
B. Site Construction Quality Assurance (CQA) Plan 
 
C. Latest version of American Society for Testing and Materials (ASTM) standards: 
 

ASTM D 4355 Standard Test Method for Deterioration of Geotextile from Exposure to 
Ultraviolet Light and Water 

 
ASTM D 4491 Standard Test Method for Water Permeability of Geotextile by 

Permittivity 
 

ASTM D 4533 Standard Test Method for Trapezoid Tearing Strength of Geotextile 
 

ASTM D 4595 Standard Test Method for Wide Width Tensile Properties of 
Geosynthetics 

 
ASTM D 4632 Standard Test Method for Breaking Load and Elongation of Geotextile 

(Grab Method) 
 

ASTM D 4751 Standard Test Method for Determining Apparent Opening Size of a 
Geotextile 

 
ASTM D 4833 Standard Test Method for Index Puncture Resistance of Geotextile, 

Geomembranes, and Related Products 
 

ASTM D 5261 Standard Test Method for Measuring Mass Per Unit Area of Geotextile 
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1.04 SUBMITTALS 
 
A. The Geosynthetic Installer shall submit to the Engineer, at least 7 days prior to geotextile 

delivery, the following information regarding the proposed geotextile: 
 

1. manufacturer and product name; 
 

2. minimum property values of the proposed geotextile and the corresponding test 
procedures; 

 
3. projected geotextile delivery dates; and 

 
4. list of geotextile roll numbers for rolls to be delivered to the site. 

 
B. At least 7 days prior to geotextile placement, the Geosynthetic Installer shall submit to the 

Engineer the manufacturing quality control certificates for each roll of geotextile.  The 
certificates shall be signed by responsible parties employed by the geotextile manufacturer 
(such as the production manager).  The quality control certificates shall include: 

 
1. lot, batch, and/or roll numbers and identification; and 

 
2. results of quality control tests, including a description of the test methods used. 

 
1.05 QUALITY ASSURANCE 

 
A. The Geosynthetic Installer shall ensure that the geotextile and installation methods used 

meet the requirements of the Drawings and this Section.  Any material or method that does 
not conform to these documents, or to alternatives approved in writing by the Engineer, will 
be rejected and shall be repaired or replaced by the Geosynthetic Installer. 

 
B. The Geosynthetic Installer shall be aware of and accommodate all monitoring and 

conformance testing required by the CQA Plan.  This monitoring and testing, including 
random conformance testing of construction materials and completed work, will be 
performed by the Engineer.  If nonconformances or other deficiencies are found in the 
Geosynthetic Installer’s materials or completed work, the Geosynthetic Installer will be 
required to repair the deficiency or replace the deficient materials. 

 
PART 2 — PRODUCTS 

 
2.01 GEOTEXTILE PROPERTIES 

 
A. Geotextile suppliers shall furnish materials in which the “Minimum Average Roll Values”, 

as defined by the Federal Highway Administration (FHWA), meet or exceed the criteria 
specified in Table 02771-1. 

 
B. The geotextile shall be nonwoven materials, suitable for use in filter/separation applications. 
 

2.02 MANUFACTURING QUALITY CONTROL 
 
A. The geotextile shall be manufactured with quality control procedures that meet or exceed 

generally accepted industry standards. 
 
B. The Geotextile Manufacturer shall sample and test the geotextile to demonstrate that the 

material conforms to the requirements of these Specifications. 
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C. Any geotextile sample that does not comply with this Section shall result in rejection of the 

roll from which the sample was obtained.  The Geosynthetic Installer shall replace any 
rejected rolls. 

 
D. If a geotextile sample fails to meet the quality control requirements of this Section the 

Geotextile Manufacturer shall sample and test, at the expense of the Manufacturer, rolls 
manufactured in the same lot, or at the same time, as the failing roll.  Sampling and testing 
of rolls shall continue until a pattern of acceptable test results is established to bound the 
failed roll(s). 

 
E. Additional sample testing may be performed, at the Geotextile Manufacturer's discretion 

and expense, to identify more closely any non-complying rolls and/or to qualify individual 
rolls. 

 
F. Sampling shall, in general, be performed on sacrificial portions of the geotextile material 

such that repair is not required.  The Geotextile Manufacturer shall sample and test the 
geotextile, at a minimum once every 130,000 ft2, to demonstrate that the geotextile 
properties conform to the values specified in Table 02771-1.  At a minimum, the following 
manufacturing quality control tests shall be performed on each type of geotextile: 

 
Test Procedure Filtration 

Grab strength ASTM D 4632 Yes 
Tear strength ASTM D 4533 Yes 
Puncture strength ASTM D 4833 Yes 
Permittivity ASTM D 4491 Yes 
A.O.S. ASTM D 4751 Yes 

 
G. The Geotextile Manufacturer shall comply with the certification and submittal requirements 

of this Section. 
 

2.03 PACKING AND LABELING 
 
A. Geotextile shall be supplied in rolls wrapped in relatively impermeable and opaque 

protective covers. 
 
B. Geotextile rolls shall be marked or tagged with the following information: 
 

1. manufacturer's name; 
2. product identification; 
3. lot or batch number; 
4. roll number; and 
5. roll dimensions. 

 
2.04 TRANSPORTATION, HANDLING, AND STORAGE 

 
A. The Geosynthetic Installer shall be liable for any damage to the materials incurred prior to 

and during transportation to the site. 
 
B. The geotextile shall be delivered to the site at least 14 days prior to the planned deployment 

date to allow the Engineer adequate time to perform conformance testing on the geotextile 
samples as described in Part 3.06 of this Section. 

 



 
  Geotextile 
Corrective Action Management Unit  Basic Remediation Company 

SC0313.SpecsCover.082106.d.doc Page 02771-4 11/03/06 

C. Handling, unloading, storage, and care of the geotextile prior to and following installation at 
the site, is the responsibility of the Geosynthetic Installer.  The Geosynthetic Installer shall 
be liable for any damage to the materials incurred prior to final acceptance by the Engineer. 

 
D. The Geosynthetic Installer shall be responsible for storage of the geotextile at the site. 
 
E. The geotextile shall be protected from sunlight, excessive heat or cold, puncture, or other 

damaging or deleterious conditions.  The geotextile shall be protected from mud, dirt, and 
dust.  Any additional storage procedures required by the geotextile Manufacturer shall be 
the responsibility of the Geosynthetic Installer. 

 
PART 3 — EXECUTION 

 
3.01 FAMILIARIZATION 

 
A. Prior to implementing any of the work described in this Section, the Geosynthetic Installer 

shall become thoroughly familiar with the site, the site conditions, and all portions of the 
work falling within this Section. 

 
B. Inspection: 
 

1. The Geosynthetic Installer shall carefully inspect the installed work of all other 
Sections and verify that all such work is complete to the point where the 
installation of this Section may properly commence without adverse effect. 

 
2. If the Geosynthetic Installer has any concerns regarding the installed work of 

other Sections or the site, the Engineer shall be notified, in writing, prior to 
commencing the work.  Failure to notify the Engineer or installation of the 
geotextile will be construed as Geosynthetic Installer’s acceptance of the related 
work of all other Sections. 

 
3.02 PLACEMENT 

 
A. Geotextile installation shall not commence until CQA conformance evaluations, by the 

Engineer, of previous work are complete, including evaluations of the Contractor's survey 
results to confirm that the previous work was constructed to the required grades, elevations, 
and thicknesses. Should the Contractor begin the work of this Section prior to the 
completion of CQA evaluations, he does so at his own risk.  The Contractor shall account 
for the CQA conformance evaluations in the construction schedule. 

 
B. The Geosynthetic Installer shall handle all geotextile in such a manner as to ensure they are 

not damaged in any way. 
 
C. The Geosynthetic Installer shall take any necessary precautions to prevent damage to 

underlying materials during placement of the geotextile. 
 
D. After unwrapping the geotextile from its opaque cover, the filtration and cushion geotextile 

shall not be left exposed for a period in excess of 15 days unless a longer exposure period is 
approved in writing by the geotextile manufacturer. 

 
E. The Geosynthetic Installer shall take care not to entrap stones, excessive dust, or moisture in 

the geotextile during placement. 
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F. The Geosynthetic Installer shall anchor or weight all geotextile with sandbags, or the 
equivalent, to prevent wind uplift. 

 
G. The Geosynthetic Installer shall examine the entire geotextile surface after installation to 

ensure that no foreign objects are present that may damage the geotextile or adjacent layers.  
The Contractor shall remove any such foreign objects and shall replace any damaged 
geotextile. 

 
3.03 SEAMS AND OVERLAPS 

 
A. On slopes steeper than 10 horizontal to 1 vertical, geotextiles shall be continuous down the 

slope; that is, no horizontal seams are allowed.  Horizontal seams shall be considered as any 
seam having an alignment exceeding 20 degrees from being perpendicular to the slope 
contour lines, unless otherwise approved by the Engineer. 

 
B. Filtration geotextile shall be overlapped a minimum of 12 inches. 
 

3.04 REPAIR 
 
A. Any holes or tears in the geotextile shall be repaired using a patch made from the same 

geotextile.  Geotextile patches will be sewn into place no closer than 1 inch from any panel 
edge.  Should any tear exceed 50% of the width of the roll, that roll shall be removed and 
replaced. 

 
B. Where geosynthetic materials underlie the geotextile being placed, care shall be taken to 

remove any soil or other material that may have penetrated the torn geotextile. 
 

3.05 PLACEMENT OF SOIL MATERIALS 
 
A. The Contractor shall place soil materials on top of the geotextile in such a manner as to 

ensure that: 
 

1. the geotextile and the underlying materials are not damaged; 
 

2. minimum slippage occurs between the geotextile and the underlying layers 
during placement; and 

 
3. excess stresses are not produced in the geotextile. 

 
B. Equipment shall not be driven directly on the geotextile. 
 
C. Unless otherwise approved in writing by the Engineer, all equipment operating on materials 

overlying the geotextile shall comply with Section 02200. 
 

3.06 CONFORMANCE TESTING 
 
A. Samples of the geotextile materials will be removed by the Engineer after the material has 

been received at the site and sent to a Geosynthetic CQA Laboratory for testing to ensure 
conformance with the requirements of this Section.  This testing will be carried out, in 
accordance with the CQA Plan, prior to the start of the work of this Section. 

 
B. Samples of each geotextile will be taken, by the Engineer, at a minimum frequency of one 

sample per 260,000 ft2. 
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C. The Engineer may increase the frequency of sampling in the event that test results do not 
comply with requirements of Part 2.01 of this Section until passing conformance test results 
are obtained for all material that is received at the site.  This additional testing shall be 
performed at the expense of the Contractor. 

 
D. The following conformance tests will be performed: 
 

Test Procedure Filtration 
Grab strength ASTM D 4632 Yes 
Puncture strength ASTM D 4833 Yes 
Permittivity ASTM D 4491 Yes 
A.O.S. ASTM D 4751 Yes 

 
E. Any geotextile that is not certified in accordance with Part 1.04 of this Section, or that 

conformance testing results do not comply with Part 2.01 of this Section, will be rejected.  
The Geosynthetic Installer shall replace the rejected material with new material. 

 
3.07 PROTECTION OF WORK 

 
A. The Geosynthetic Installer shall use all means necessary to protect all work of this Section. 
 
B. In the event of damage, the Geosynthetic Installer shall make repairs and replacements to 

the satisfaction of the Engineer at the expense of the Contractor. 
 

PART 4 — MEASUREMENT AND PAYMENT 
 

4.01 GENERAL 
 
A. Providing for and complying with the requirements set forth in this Section for Filtration 

Geotextile will be measured as in-place square feet (SF), and payment will be based on the 
unit price provided on the Bid Schedule. 

 
B. The following are considered incidental to the Work: 
 

• shipping, handling and storage. 
• layout survey. 
• mobilization. 
• rejected material. 
• overlaps and seaming. 
• rejected material removal, handling, re-testing, and repair. 
• temporary anchorage. 
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TABLE 02771-1 
REQUIRED PROPERTY VALUES FOR GEOTEXTILE 

 
 

PROPERTIES 
 

QUALIFIERS
 

UNITS 
FILTER 

SPECIFIED 
VALUES 

TEST 
METHOD 

Type   nonwoven (-) 
Mass per unit area minimum oz/yd2 6(1) ASTM D 5261 

Filter Requirements     
Apparent opening size (O95) maximum mm 0.21 ASTM D 4751 
Permittivity minimum s-1  0.5 ASTM D 4491 

Mechanical Requirements     
Grab strength minimum lb 130 ASTM D 4632 
Tear strength minimum lb 40 ASTM D 4533 
Puncture strength minimum lb 40 ASTM D 4833 

Durability     
Ultraviolet Resistance @ 500 hours minimum % 70 ASTM D 4355 
 
Notes: (1) For information purposes only, not a required property. 

 
END OF SECTION 
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 SECTION 02772 
GEOSYNTHETIC CLAY LINER 

 
PART 1 — GENERAL 

 
1.01 SCOPE 

 
A. The Contractor shall furnish all labor, materials, tools, supervision, transportation, 

equipment, and incidentals necessary for installation of the geosynthetic clay liner (GCL).  
The work shall be carried out as specified herein and in accordance with the Drawings. 

 
B. The work shall include, but not be limited to, delivery, storage, placement, anchorage, and 

seaming of the GCL. 
 

1.02 RELATED SECTIONS 
 
Section 02200 — Earthworks 
 
Section 02770 — Geomembrane 
 

1.03 REFERENCES 
 
A. Drawings 
 
B. Site Construction Quality Assurance (CQA) Plan 
 
C. Latest Version American Society of Testing and Materials (ASTM) Standards: 
 

ASTM D 2216 Standard Test Method for Laboratory Determination of Water (Moisture) 
Content of Soil, Rock, and Soil-Aggregate Mixtures 

 
ASTM D 5321 Determination of the Coefficient of Soil and Geosynthetic or 

Geosynthetic and Geosynthetic Friction by the Direct Shear Method 
 

ASTM D 5887 Test Method for Measurement of Index Flux Through Saturated 
Geosynthetic Clay Liner Specimens using a Flexible Wall Permeameter 

 
ASTM D 5888 Guide for Storage and Handling of Geosynthetic Clay Liners 

 
ASTM D 5890 Test Method for Swell Index of Clay Mineral Component of 

Geosynthetic Clay Liners 
 

ASTM D 5891 Test Method for Fluid Loss of Clay Component of Geosynthetic Clay 
Liners 

 
ASTM D 5993 Test Method for Measuring Mass per Unit Area of Geosynthetic Clay 

Liners 
 

1.04 QUALIFICATIONS 
 
A. The Manufacturer shall be a well-established firm with more than one year of experience in 

the manufacturing of GCL. 
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B. The Geosynthetic Installer shall install the GCL and shall meet the requirements of 
Section 02770 and this Section. 

 
1.05 SUBMITTALS 

 
A. At least 7 days before transporting any GCL to the site, the Manufacturer shall provide the 

following documentation to the Engineer for approval. 
 

1. list of material properties, including test method, to which are attached GCL 
samples. 

 
2. projected delivery dates for this project. 

 
3. Manufacturing quality control certificates for each shift's production, signed by 

responsible parties employed by the Manufacturer (such as the production 
manager). 

 
4. The quality control certificates shall include: 

 
a. roll numbers and identification; and 
 
b. results of quality control tests, including description of test methods 

used, outlined in Part 2.01 of this Section. 
 

5. The Manufacturer shall certify that the GCL meets all the properties outlined in 
2.01 of this Section. 

 
1.06 CONSTRUCTION QUALITY ASSURANCE MONITORING 

 
A. The Geosynthetic Installer shall ensure that the materials and methods used for the GCL 

meet the requirements of the Drawings and this Section.  Any material or method that does 
not conform to these documents, or to alternatives approved in writing by the Engineer, will 
be rejected and shall be repaired or replaced. 

 
B. The Geosynthetic Installer shall be aware of and accommodate all monitoring and 

conformance testing required by the CQA Plan.  This monitoring and testing, including 
random conformance testing of construction materials and completed work, will be 
performed by the Engineer.  If nonconformances or other deficiencies are found in the 
materials or completed work, the Geosynthetic Installer will be required to repair the 
deficiency or replace the deficient materials. 

 
PART 2 — PRODUCTS 

 
2.01 MATERIAL PROPERTIES 

 
A. The flux of the GCL shall be no greater than 1 x 10-8 m3/m2-sec, when measured in a 

flexible wall permeameter in accordance with ASTM D 5887 under an effective confining 
stress of 5 pounds per square inch. 

 
B. The GCL shall have the following minimum dimensions: 
 

1. the minimum roll width shall be 15 feet; and 
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2. the liner length shall be long enough to conform with the requirements specified 
in this Section. 

 
C. The bentonite used to fabricate the GCL shall have at least 90 percent sodium 

mortmorillonite. 
 
D. The bentonite component of the GCL shall be applied at a minimum concentration of 0.75 

pound per square foot, when measured at a water content of less than or equal to 0 percent. 
 
E. The geotextile components of the GCL shall have a minimum combined mass per unit area 

of 9 oz/yd2 in accordance with ASTM D 5261. 
 
F. The GCL shall meet the required property values listed in Table 02772-1. 
 
G. The bentonite will be adhered to the backing material(s) in a manner that prevents it from 

being dislodged when transported, handled, and installed in a manner prescribed by the 
Manufacturer.  The method used to hold the bentonite in place shall not be detrimental to 
other components of the lining system. 

 
2.02 INTERFACE SHEAR TESTING 

 
A. Interface Shear test(s) shall be performed on the proposed geosynthetic and soil components 

in accordance with ASTM D 5321.  Tests shall be performed as outlined below. 
 

1. Dry GCL interface - the GCL shall be underlain by prepared subgrade 
compacted to 90% of the maximum dry density (ASTM D 1557) at the optimum 
moisture content and overlain by a GCL textured 60-mil HDPE geomembrane, 
geocomposite, and cover soil.  The GCL, geomembrane, and geocomposite 
components of the liner system shall be allowed to “float” (i.e., not fixed) such 
that the failure surface can occur at the any of these interfaces. 

 
a. Before shearing, the GCL shall be hydrated under a loading of 120 psf 

(6 Kpa) for 48 hours.  The test shall be performed under saturated 
conditions, at normal stresses of 1, 2, and 4 psi at a shear rate of no 
more than 0.04 in./min. (1 mm/min.). 

 
b. The results of this test shall have a post-peak apparent friction angle in 

excess of 18 degrees. 
 
 

2.03 MANUFACTURING QUALITY CONTROL 
 
A. The GCL shall be manufactured with quality control procedures that meet or exceed 

generally accepted industry standards. 
 
B. The Manufacturer shall sample and test the GCL to demonstrate that the material complies 

with the requirements of this Section. 
 
C. Any GCL sample that does not comply with this Section will result in rejection of the roll 

from which the sample was obtained.  The Manufacturer shall replace any rejected rolls. 
 
D. If a GCL sample fails to meet the quality control requirements of this Section, the Engineer 

will require that the Manufacturer sample and test, at the expense of the Manufacturer, rolls 
manufactured in the same lot, or at the same time, as the failing roll.  Sampling and testing 
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of rolls shall continue until a pattern of acceptable test results is established to bound the 
failed roll(s). 

 
E. Additional sample testing may be performed, at the Manufacturer’s discretion and expense, 

to more closely identify any non-complying rolls and/or to qualify individual rolls. 
 
F. Sampling shall, in general, be performed on sacrificial portions of the GCL material such 

that repair is not required.  The Manufacturer shall sample and test the GCL to demonstrate 
that its properties conform to the requirements stated herein.  At a minimum, the following 
tests shall be performed by the Manufacturer: dry mass per unit area and index flux at 
frequencies of at least 1 per 50,000 ft2 and 1 per 200,000 ft2, respectively. 

 
G. The Manufacturer shall comply with the certification and submittal requirements of this 

Section. 
 

2.04 PACKING AND LABELING 
 
A. GCLs shall be supplied in rolls wrapped in impermeable and opaque protective covers. 
 
B. GCLs shall be marked or tagged with the following information: 
 

1. Manufacturer’s name; 
2. product identification; 
3. lot number; 
4. roll number; and 
5. roll dimensions. 

 
2.05 TRANSPORTATION, HANDLING AND STORAGE 

 
A. Handling, storage, and care of the GCL, prior to and following installation, is the 

responsibility of the Geosynthetic Installer, until final acceptance by the Engineer. 
 
B. The GCL shall be stored and handled in accordance with ASTM D 5888. 
 
C. The Geosynthetic Installer shall be liable for all damage to the materials incurred prior to 

and during transportation to the site. 
 
D. The GCL shall be on-site at least 14 days prior to the scheduled installation date to allow for 

completion of conformance testing described in Part 3.08 of this Section. 
 

PART 3 — EXECUTION 
 

3.01 FAMILIARIZATION 
 
A. Prior to implementing any of the work described in this Section, the Geosynthetic Installer 

shall carefully inspect the installed work of all other Sections and verify that all work is 
complete to the point where the installation of this Section may properly commence without 
adverse impact. 

 
B. Inspection: 
 

1. The Geosynthetic Installer shall carefully inspect the installed work of all other 
Sections and verify that all work is complete to the point where the installation 
of this Section may properly commence without adverse impact. 
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2. If the Geosynthetic Installer has any concerns regarding the installed work of 

other Sections, he should notify the Engineer in writing prior to commencing 
the work.  Failure to notify the Engineer or installation of the GCL will be 
construed as Geosynthetic Installer’s acceptance of the related work of all other 
Sections. 

 
C. A pre-installation meeting shall be held to coordinate the installation of the GCL with the 

installation of other components of the lining system. 
 

3.02 SURFACE PREPARATION 
 
A. The Geosynthetics Installer shall provide certification in writing that the surface on which 

the GCL will be installed is acceptable.  This certification of acceptance shall be given to 
the Engineer prior to commencement of geomembrane installation in the area under 
consideration. 

 
B. Special care shall be taken to maintain the prepared soil surface. 
 
C. No GCL shall be placed onto an area that has been softened by precipitation or that has 

cracked due to desiccation.  The soil surface shall be observed daily to evaluate the effects 
of desiccation cracking and/or softening on the integrity of the prepared subgrade. 

 
3.03 CREST ANCHORAGE SYSTEM 

 
A. The anchor trench shall be excavated, prior to GCL placement, to the lines and grades 

shown on the Drawings. 
 
B. No loose soil shall be allowed in the anchor trench beneath the GCL. 
 
C. The GCL shall be temporarily anchored in the anchor trench until all geosynthetic layers are 

installed in the anchor trench as shown on the Drawings. 
 

3.04 HANDLING AND PLACEMENT 
 
A. The Geosynthetic Installer shall handle all GCL in such a manner that they are not damaged 

in any way and so that they do not become hydrated prior to, or during, installation. 
 
B. In the presence of wind, all GCLs shall be sufficiently weighted with sandbags to prevent 

their movement. 
 
C. Any GCL damaged by stones or other foreign objects, or by installation activities, shall be 

repaired in accordance with Part 3.07 by the Geosynthetic Installer. 
 
D. If an alternative GCL is used, the vapor barrier portion of the GCL shall be installed against 

the underlying prepared subgrade. 
 
E. The GCL shall not be installed on an excessively moist subgrade or on standing water.  The 

GCL shall be installed in a way that prevents hydration of the GCL prior to completion of 
construction of the liner system. 

 
F. The GCL shall not be installed during precipitation or other conditions that may cause 

hydration of the GCL. 
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G. All hydrated GCL shall be removed and replaced by the Geosynthetic Installer. 
 

3.05 OVERLAPS 
 
A. On slopes steeper than 10 horizontal to 1 vertical, all GCL shall be continuous down the 

slope; that is, no horizontal seams shall be allowed on the slope.  Horizontal seams shall be 
considered as any seam having an alignment exceeding 20 degrees from being 
perpendicular to the slope contour lines, unless otherwise approved by the Engineer. 

 
B. All GCL shall be overlapped in accordance with the Manufacturer’s recommended 

procedures.  As a minimum, along the length (i.e., the sides) of the GCL the overlap shall be 
6 inches, and along the width (i.e., the ends) the overlap shall be 12 inches. 

 
3.06 MATERIALS IN CONTACT WITH THE GCL 

 
A. Geomembrane installation shall immediately follow the GCL installation.  All GCL that is 

placed during a day's work shall be covered with geomembrane before the Geosynthetic 
Installer leaves the site at the end of the day.  The edges of GCL placement should be 
covered each day and protected from hydration due to storm water run-on. 

 
B. Material shall not be placed on a GCL that is hydrated. 
 
C. Installation of other components of the liner system shall be carefully performed to 

minimize damage to the GCL. 
 
D. Equipment shall not be driven directly on the GCL. 
 
E. Installation of the GCL in appurtenant areas, and connection of the GCL to appurtenances 

shall be made according to the Drawings.  The Geosynthetic Installer shall ensure that the 
GCL is not damaged while working around the appurtenances. 

 
3.07 REPAIR 

 
A. Any holes or tears in the GCL shall be repaired by placing a GCL patch over the hole.  On 

slopes steeper than 10 percent, the patch shall overlap the edges of the hole or tear by a 
minimum of 2 feet in all directions.  On slopes 10 percent or flatter, the patch shall overlap 
the edges of the hole or tear by a minimum of 1 foot in all directions.  The patch shall be 
secured with a water-based adhesive approved by the Manufacturer. 

 
B. Care shall be taken to remove any soil or other material, which may have penetrated the torn 

GCL. 
 
C. The patch shall not be nailed or stapled. 
 

3.08 CONFORMANCE TESTING  
 
A. Samples of the GCL will be removed by the Engineer and sent to a Geosynthetic CQA 

Laboratory for testing to ensure conformance with the requirements of this Section.  The 
Geosynthetic Installer shall assist the Engineer in obtaining conformance samples.  The 
Geosynthetic Installer shall account for this testing in the installation schedule. 

 
B. The Engineer may increase the frequency of sampling in the event that test results do not 

comply with the requirements of Part 2.01 of this Section until passing conformance test 
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results are obtained for all material that is received at the site.  This additional testing shall 
be performed at the expense of the Contractor. 

 
C. As a minimum, the following conformance tests will be performed: mass per unit area and 

index flux.  All tests shall be carried out at a frequency of one sample per 100,000 ft2 and 
400,000 ft2, respectively.  In addition, the Engineer will perform a minimum of one 
interface shear strength test in accordance with Part 2.02. 

 
D. Any GCL that is not certified by the Manufacturer in accordance with Part 1.05 of this 

section or that does not meet the requirements specified in Part 2.01 shall be rejected and 
replaced by the Geosynthetic Installer. 

 
3.09 PROTECTION OF WORK  

 
A. The Geosynthetic Installer shall use all means necessary to protect all work of this Section. 
 
B. In the event of damage, the Geosynthetic Installer shall immediately make all repairs and 

replacements necessary to the approval of the Engineer. 
 

PART 4 — MEASUREMENT AND PAYMENT 
 
A. Providing for a complying with the requirements set forth in this Section for GCL will be 

measured as in-place square feet (SF), including GCL in the anchor trench to the limits 
shown on the Drawings, and payment will be based on the unit price provided on the Bid 
Schedule. 

 
B. The following are considered incidental to the Work: 
 

• shipping, handling and storage. 
• overlaps and seaming. 
• layout survey. 
• mobilization. 
• rejected material. 
• rejected material removal, handling, re-testing, and repair. 
• temporary anchorage. 
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TABLE 02772-1 
REQUIRED GCL PROPERTY VALUES 

 
PROPERTIES QUALIFIERS UNITS SPECIFIED(1) 

VALUES 
TEST METHOD 

Liner System Properties 

Interface Shear Strength minimum degrees 20° ASTM D 5321(2) 

GCL Properties 

Bentonite Content minimum lb/ft2 0.75 ASTM D 5993 
Bentonite Swell Index minimum mL/2g 24 ASTM D 5890 
Bentonite Fluid Loss maximum mL 18 ASTM D 5891 
Index Flux  minimum m3/m2-s 1 x 10-8 ASTM D 5887(3) 
Moisture Content (Bentonite) maximum percent 25 ASTM D 2216 

 
Notes: (1) All values represent minimum average roll values (i.e., any roll in a lot should meet or exceed the values in this table). 
 (2) Interface shear strength testing shall be performed, by the Engineer, in accordance with Part 2.02 of this Section. 
 (3) Hydraulic flux testing shall be performed under an effective confining stress of 5 pounds per square inch. 

(4) Measured at a moisture content of 0 percent. 
 

END OF SECTION
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SECTION 02773 
GEOCOMPOSITE 

 
PART 1 — GENERAL 

 
1.01 DESCRIPTION OF WORK 

 
A. The Contractor shall furnish all labor, materials, tools, supervision, transportation, 

equipment, and incidentals necessary for the installation of the geocomposite.  The work 
shall be carried out as specified herein and in accordance with the Drawings. 

 
B. The work shall include, but not be limited to, delivery, storage, placement, and seaming of 

the geocomposite. 
 
C. Single-sided geocomposite shall be used overlying the geomembrane and underlying the 

cover soil on the top deck area of the cover system.  Double-sided geocomposite shall be 
used overlying the geomembrane and underlying the cover soil on the side slopes of the 
cover system. 

 
1.02 RELATED SECTIONS 

 
Section 02200 — Earthwork 
 
Section 02770 — Geomembrane 
 

1.03 REFERENCES 
 
A. Drawings 
 
B. Site Construction Quality Assurance (CQA) Plan 
 
C. Latest version of American Society for Testing and Materials (ASTM) standards: 
 

1. ASTM D 413.  Standard Test Method for Rubber Property-Adhesion to Flexible 
Substrate. 

 
2. ASTM D 792.  Standard Test Methods for Density and Specific Gravity 

(Relative Density) of Plastics by Displacement. 
 

3. ASTM D 1603.  Standard Test Method for Carbon Black in Olefin Plastics. 
 

4. ASTM D 4491.  Standard Test Methods for Water Permeability of Geotextiles 
by Permittivity. 

 
5. ASTM D 4533.  Standard Test Method for Trapezoid Tearing Strength of 

Geotextiles. 
 

6. ASTM D 4632.  Standard Test Method for Grab Breaking Load and Elongation 
of Geotextiles. 

 
7. ASTM D 4716.  Standard Test Method for Constant Head Hydraulic 

Transmissivity (In-Plane Flow) of Geotextiles and Geotextile Related Products. 
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8. ASTM D 4751.  Standard Test Method for Determining Apparent Opening Size 
of a Geotextile. 

 
9. ASTM D 4833.  Standard Test Method for Index Puncture Resistance of 

Geotextiles, Geomembranes, and Related Products. 
 

10. ASTM D 5199.  Standard Test Method for Measuring Nominal Thickness of 
Geotextiles and Geomembranes. 

 
11. ASTM D 5261.  Standard Test Method for Measuring Mass per Unit Area of 

Geotextiles. 
 

1.04 QUALIFICATIONS 
 
A. The manufacturer shall be a well-established firm with more than one year experience in the 

manufacturing of geocomposite. 
 
B. The Geosynthetic Installer shall install the geocomposite and shall meet the requirements of 

Section 02770 and this Section. 
 

1.05 SUBMITTALS 
 
A. The Geosynthetic Installer shall submit to the Engineer, at least 7 days prior to 

geocomposite delivery, the following information regarding the proposed geocomposite: 
 

1. manufacturer and product name; 
 

2. minimum property values of the proposed geocomposite and the corresponding 
test procedures; 

 
3. projected geocomposite delivery dates; and 

 
4. list of geocomposite roll numbers for rolls to be delivered to the site. 

 
B. At least 7 days prior to geocomposite placement, the Geosynthetic Installer shall submit to 

the Engineer the manufacturing quality control certificates for each roll of geocomposite.  
The certificates shall be signed by responsible parties employed by the geocomposite 
manufacturer (such as the production manager).  The quality control certificates shall 
include: 

 
1. lot, batch, and/or roll numbers and identification; and 

 
2. results of quality control tests, including a description of the test methods used. 

 
1.06 CONSTRUCTION QUALITY ASSURANCE MONITORING 

 
A. The Geosynthetic Installer shall ensure that the geocomposite and installation methods used 

meet the requirements of the Drawings and this Section.  Any material or method that does 
not conform to these documents, or to alternatives approved in writing by the Engineer, will 
be rejected and shall be repaired or replaced by the Geosynthetic Installer. 

 
B. The Geosynthetic Installer shall be aware of and accommodate all monitoring and 

conformance testing required by the CQA Plan.  This monitoring and testing, including 
random conformance testing of construction materials and completed work, will be 
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performed by the Engineer.  If nonconformances or other deficiencies are found in the 
Geosynthetic Installer’s materials or completed work, the Geosynthetic Installer will be 
required to repair the deficiency or replace the deficient materials. 

 
PART 2 — PRODUCTS 

 
2.01 GEOCOMPOSITE PROPERTIES 

 
A. The Geocomposite Manufacturer shall furnish geocomposites having properties that comply 

with the required property values shown in Table 02773-1.  The Geocomposite 
Manufacturer shall provide results of tests performed using the procedures listed in Table 
02773-1, as well as certification that the materials meet or exceed the specified values. 

 
B. Geotextiles will be thermally bonded to one and two sides of the geonet component of 

geocomposite material rather than chemically bonded. 
 
C. Geocomposite suppliers shall furnish materials in which the “Minimum Average Roll 

Values”, as defined by the Federal Highway Administration (FHWA), meet or exceed the 
criteria specified in Table 02773-1. 

 
D. The geocomposite’s geotextile components shall be nonwoven materials, suitable for use in 

filter/separation and cushion applications. 
 

2.02 MANUFACTURING QUALITY CONTROL 
 
A. The geocomposite shall be manufactured with quality control procedures that meet or 

exceed generally accepted industry standards. 
 
B. The geocomposite Manufacturer shall sample and test the geocomposite to demonstrate that 

the material conforms to the requirements of these Specifications. 
 
C. Any geocomposite sample that does not comply with this Section shall result in rejection of 

the roll from which the sample was obtained.  The Geosynthetic Installer shall replace any 
rejected rolls. 

 
D. If a geocomposite sample fails to meet the quality control requirements of this Section the 

geocomposite Manufacturer shall sample and test, at the expense of the Manufacturer, rolls 
manufactured in the same lot, or at the same time, as the failing roll.  Sampling and testing 
of rolls shall continue until a pattern of acceptable test results is established to bound the 
failed roll(s). 

 
E. Additional sample testing may be performed, at the geocomposite Manufacturer's discretion 

and expense, to identify more closely any non-complying rolls and/or to qualify individual 
rolls. 

 
F. Sampling shall, in general, be performed on sacrificial portions of the geocomposite 

material such that repair is not required.  The Geocomposite Manufacturer shall sample and 
test the geocomposite, at a minimum once every 100,000 ft2, to demonstrate that the 
geocomposite properties conform to the values specified in Table 02773-1.  At a minimum, 
the following manufacturing quality control tests shall be performed on the geotextile 
component of the geocomposite: 
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Test Procedure 
Mass per unit area ASTM D 5261
Grab strength ASTM D 4632 
Tear strength ASTM D 4533 
Puncture strength ASTM D 4833 
Burst Strength ASTM D 3786 
Permittivity ASTM D 4491 
A.O.S. ASTM D 4751 

 
 At a minimum, the following manufacturing quality control tests shall be performed on the 

geonet component of the geocomposite: 
 

Test Procedure 
Specific gravity ASTM D 792
Nominal thickness  ASTM D 5199 

 
 At a minimum, the following manufacturing quality control tests shall be performed on the 

geocomposite: 
 

Test Procedure 
Transmissivity ASTM D 4716
Peel strength ASTM D 413 

 
G. The geocomposite Manufacturer shall comply with the certification and submittal 

requirements of this Section. 
 

2.03 PACKING AND LABELING 
 
A. Geocomposite shall be supplied in rolls wrapped in relatively impermeable and opaque 

protective covers. 
 
B. Geocomposite rolls shall be marked or tagged with the following information: 
 

1. manufacturer's name; 
2. product identification; 
3. lot or batch number; 
4. roll number; and 
5. roll dimensions. 

 
2.04 TRANSPORTATION, HANDLING, AND STORAGE 

 
A. The Geosynthetic Installer shall be liable for any damage to the materials incurred prior to 

and during transportation to the site. 
 
B. The geocomposite shall be delivered to the site at least 14 days prior to the planned 

deployment date to allow the Engineer adequate time to perform conformance testing on the 
geocomposite samples as described in Part 3.06 of this Section. 

 
C. Handling, unloading, storage, and care of the geocomposite prior to and following 

installation at the site, is the responsibility of the Geosynthetic Installer.  The Geosynthetic 
Installer shall be liable for any damage to the materials incurred prior to final acceptance by 
the Engineer. 

 
D. The Geosynthetic Installer shall be responsible for storage of the geocomposite at the site. 
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E. The geocomposite shall be protected from sunlight, excessive heat or cold, puncture, or 

other damaging or deleterious conditions.  The geocomposite shall be protected from mud, 
dirt, and dust.  Any additional storage procedures required by the geocomposite 
Manufacturer shall be the responsibility of the Geosynthetic Installer. 

 
PART 3 — EXECUTION 

 
3.01 FAMILIARIZATION 

 
A. Prior to implementing any of the work described in this Section, the Geosynthetic Installer 

shall carefully inspect the installed work of all other Sections and verify that all work is 
complete to the point where the installation of this Section may properly commence without 
adverse impact. 

 
B. Inspection: 
 

1. The Geosynthetic Installer shall carefully inspect the installed work of all other 
Sections and verify that all work is complete to the point where the installation 
of this Section may properly commence without adverse impact. 

 
2. If the Geosynthetic Installer has any concerns regarding the installed work of 

other Sections, he should notify the Engineer in writing prior to commencing 
the work.  Failure to notify the Engineer or installation of the geocomposite will 
be construed as Geosynthetic Installer’s acceptance of the related work of all 
other Sections. 

 
C. A pre-installation meeting shall be held to coordinate the installation of the geocomposite 

with the installation of other components of the lining system. 
 

3.02 HANDLING AND PLACEMENT 
 
A. The Geosynthetic Installer shall handle all geocomposite in such a manner that it is not 

damaged in any way. 
 
B. Install the double-sided geocomposite down the slope not across the slope.  Place ends 

into the anchor trenches in such a manner as to continually keep the geocomposite in 
tension. 

 
C. Precautions shall be taken to prevent damage to underlying layers during placement of 

the geocomposite. 
 
D. In the presence of wind, all geocomposites shall be sufficiently weighted with sandbags 

or the equivalent to prevent movement. 
 
E. The geocomposite shall be positioned by hand after being unrolled to minimize wrinkles. 
 
F. Care shall be taken during placement of geocomposites not to entrap dirt or excessive 

dust in the geocomposite that could cause clogging of the drainage system, and/or stones 
that could damage the adjacent geomembrane.  If dirt or excessive dust is entrapped in 
the geocomposite, it should be cleaned prior to placement of the next material on top of 
it.  Care shall be exercised when handling sandbags, to prevent rupture or damage of the 
sandbags. 
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G. Geocomposites shall only be cut using a hooked utility blade. 
 
H. After unwrapping the geocomposite from its opaque cover, the geocomposite shall not be 

left exposed for a period in excess of 15 days. 
 

3.03 OVERLAPS AND SEAMS 
 
A. Geonet Components: 
 

1. The geonet components shall be overlapped a minimum 4 in. along the length.  
The geonet shall be overlapped by a minimum 1 ft. across the width. 

 
2. Geonet overlaps shall be secured by tying with nylon cable ties.  Tying devices 

shall be white or yellow for easy inspection.  Metallic devices shall not be used. 
 
3. Seaming of the geonet shall be performed by wrap-ties at 12-in. centers for end 

of panels and at 5-ft centers for edge of panel seams. 
 
4. No end-of-panel seams shall be placed on slopes exceeding 10 %. 

 
B. Geotextile Components: 
 

1. The bottom layers of geotextile shall be overlapped, if applicable.  The top 
layers of geotextiles shall be continuously sewn. 

 
2. Polymeric thread, with chemical resistance properties equal to or exceeding 

those of the geotextile component, shall be used for all sewing. 
 

3.04 PLACEMENT OF OVERLYING MATERIALS 
 
A. All overlying materials shall be placed in such a manner as to ensure that: 
 

1. The geocomposite and underlying materials are not damaged; 
2. Minimal slippage occurs between the geocomposite and underlying layers; and 
3. Excess tensile stresses are not produced in the geocomposite. 

 
B. Equipment shall not be driven directly on the geocomposite. 
 
C. Unless otherwise approved in writing by the Engineer, all equipment operating on the 

materials overlying the geotextile shall comply with Section 02200. 
 

3.05 CONFORMANCE TESTING 
 
A. Samples of geocomposite will be removed by the Engineer and sent to a Geosynthetic 

CQA Laboratory for testing to ensure conformance with the requirements of this Section.  
The Geosynthetic Installer shall assist the Engineer in obtaining conformance samples.  
The Geosynthetic Installer shall account for this testing in the installation schedule. 

 
B. Samples shall be taken at a minimum frequency rate of one sample per 200,000 square 

feet. 
 
C. The Engineer may increase the frequency of sampling in the event that test results do not 

comply with the requirements of Part 2.01 of this Section until passing conformance test 
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results are obtained for all material that is received at the site.  This additional testing shall 
be performed at the expense of the Contractor. 

 
D. As a minimum, transmissivity and peel strength will be performed on each sample. 
 
E. Any geocomposite that is not certified by the Manufacturer in accordance with Part 1.05 

of this section or that does not meet the requirements specified in Part 2.01 shall be 
rejected and replaced by the Geosynthetic Installer. 

 
3.06 PROTECTION OF WORK 

 
A. The Geosynthetic Installer shall use all means necessary to protect all work of this Section. 
 
B. In the event of damage, the Geosynthetic Installer shall immediately make all repairs and 

replacements necessary to the approval of the Engineer. 
 

PART 4 — MEASUREMENT AND PAYMENT 
 
A. Providing for a complying with the requirements set forth in this Section for geocomposite 

will be measured as in-place square feet (SF), including geocomposite in the anchor trench 
to the limits shown on the Drawings, and payment will be based on the unit price provided 
on the Bid Schedule. 

 
B. The following are considered incidental to the Work: 
 

• shipping, handling, and storage. 
• overlaps and seaming. 
• layout survey. 
• mobilization. 
• rejected material. 
• rejected material removal, handling, re-testing, and repair. 
• temporary anchorage. 
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TABLE 02773 - 1 
GEOCOMPOSITE PROPERTY VALUES – FINAL COVER LINER SYSTEM 

 

 
PROPERTIES 

 
QUALIFIER 

 
UNITS 

SPECIFIED 
VALUES (1) 

TEST 
METHOD 

Geonet Component: 
Specific gravity Minimum  0.935 ASTM D 792 
Carbon black content Range % 2 – 3 ASTM D 1603 
Nominal thickness Minimum mils 200 ASTM D 5199 
Geotextile Components: 
Mass per unit area Minimum oz/yd2 (g/m2) 6 (203) ASTM D 5291 
Filter Requirements     
Apparent opening size Maximum mm 095  0.21 mm ASTM D 4751 
Permittivity Minimum 1/s 0.5 ASTM D 4491 
Mechanical Requirements     
Grab strength Minimum lb (N) 130 (578) ASTM D 4632 
Tear strength Minimum lb (N) 40 (178) ASTM D 4533 
Puncture strength Minimum lb (N) 40 (178) ASTM D 4833 
Geocomposite: 
Transmissivity (2) Minimum m2/s 5 × 10-4 ASTM D 4716 
Peel Strength Minimum lb 0.5 ASTM D 413 

 
Notes: (1) All values except transmissivity represent minimum average roll values (i.e., any roll in a lot should meet or exceed the 

values in this table). 
 (2) The design transmissivity is the hydraulic transmissivity of the geocomposite measured using water at 68°F ±3°F  (20°C 

±1.5°C) with a hydraulic gradient of 0.1 under a compressive stress of not less than 2,000 psf (96 kPa).  For the test, the 
geocomposite shall be sandwiched between a layer of cover soil material and a textured 60-mil HDPE geomembrane.  
The minimum test duration shall be 24 hours and the report for the test results shall include measurements at intervals 
over the entire test duration. 

 
END OF SECTION 



 
 
 
 
 
 
 
 
 
 

Section 8 
Previous Explorations 
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