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1.0 INTRODUCTION 

1.1 Site Name and Location 

Facility Name: Hawthorne Army Depot 
 
Site Location:  Hawthorne, Nevada 
 
Operable Unit/Site: Solid Waste Management Unit (SWMU) I07 

1.2 Statement of Basis and Purpose 

This Decision Document describes the rationale for the selected remedy of No Further 
Action (NFA), industrial scenario, at SWMU I07 at Hawthorne Army Depot (HWAD) 
(hereafter referred to as SWMU I07), Hawthorne, Nevada (Figure 1 and 2). 

Remedial investigations of hazardous substances, pollutants, or contaminants at SWMU 
I07 have demonstrated that: 

 Additional Remedial Action (RA) is not necessary. A previous SWMU I07 RA 
involved excavation and backfill which was selected in the June 2001 Decision 
Document (TetraTech, 2001).   

 The vertical distribution of Total Petroleum Hydrocarbons-diesel (TPH-d) at 
SWMU I07 above the State of Nevada Screening Level (100 milligrams per 
kilogram [mg/kg]) is limited to approximately 8 to 24 feet below ground surface 
(bgs). Based on the analytical results and site contaminant modeling, 
unacceptable risks are not present and further site evaluation is not 
recommended unless residential land use is proposed.      

 Hexahydro-1,3,5-trinitro-1,3,5-triazine (RDX) was detected in soil sample I07-01-
S-(05) at a concentration of 40 mg/kg at 5 feet bgs.  This RDX concentration 
exceeds the 2011 United States Environmental Protection Agency (USEPA) 
Industrial Regional Screening Level (RSL) of 24 mg/kg; however, this result is 
significantly less than the Site-Specific Target Level (SSTL) of 363 mg/kg as 
developed for the SWMU B04 corrective action plan (Plexus, 2008) and adopted 
for this site. Therefore, the residual RDX soil contamination at SWMU I07 does 
not constitute a risk to human health or the environment.   

1.3 Description of Selected Remedy 

Based on investigative and remedial action results, the United States Army 
Environmental Command (Army), with concurrence from the Nevada Division of 
Environmental Protection (NDEP), has determined that no significant risks or threats to 
human health or the environment exist at this time and the selected remedy for SWMU 
I07 is NFA, industrial scenario.    

1.4 Regulatory Setting 

The USEPA provides regulatory oversight of contamination assessment and corrective 
measures at Resource Conservation and Recovery Act (RCRA) SWMUs under Section 
3004 (u) of the 1984 Hazardous and Solid Waste Amendments to RCRA.  Corrective 
action for releases of hazardous wastes or constituents is required under 40 CFR Part 
264.101 (a), (b), and (c).   
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2.0 DECISION SUMMARY  

The Decision Summary identifies the selected remedy, explains how the remedy fulfills 
statutory and regulatory requirements, and provides a substantive summary of the 
Administrative Record file that supports the remedy selection decision. 

2.1 Site Name, Location, and Description 

SWMU I07 is located in the HWAD central magazine area, southeast of the main 101 
production area (Figure 2) and approximately 500 feet southwest of SWMU B04.  The 
SWMU is an inactive landfill that is 450 southwest of Building 101-44.  The landfill 
consists of a pit that is estimated to be 150 feet long by 80 feet wide.  The United States 
Army Corps of Engineers (USACE), HWAD, and the NDEP agreed to define the 
boundaries of SWMU I07 using annotated monuments and survey pins (Tetra Tech, 
1998). Tetra Tech surveyed SWMU I07 and constructed a survey monument, 
designated as HWAAP-55-1996, which includes the SWMU number I07.  Two corner 
pins were set and surveyed to define the SWMU boundary, using the monument as the 
northwest corner. 

2.2 Physical Setting 

HWAD is located on the southern shore of Walker Lake, 140 miles southeast of Reno, 
Nevada. It occupies approximately 150,000 acres of semi-arid land surrounding the 
Hawthorne community. The town has a resident population of about 5,000. The site 
layout of SWMU I07 is shown in Figure 3.   

2.3 Investigation History Summary 

Multiple investigations and one RA have been completed at SWMU I07.  A summary of 
SWMU I07 site actions is included in Table 2-1.    

Initial investigation activities completed in the 1990s identified explosives and TPH-d 
contamination in the landfill pit at SWMU I07.  As documented in the 1988 United States 
Army Environmental Hygiene Agency (USAEHA) report and the 1998 Tetra Tech 
investigation report, large pieces of scrap metal, several empty 55-gallon drums, and 
one 55-gallon drum of “petroleum hydrocarbon liquid” were present in the landfill.  Soils 
with concentrations of explosive constituents exceeding the Preliminary Remediation 
Goals (PRG) and TPH-d impacted soils exceeding actions levels were detected within 
the landfill. 

Following the identification of contaminants of potential concern (COPCs) within the 
landfill pit at SWMU I07, a RA was completed in 2003 by Chung and Associates.  The 
purpose of the RA was to remove RDX-impacted soil to below an established 
Preliminary Remediation Goal (PRGs) and to remove the highest concentrations of TPH-
d impacted soils.  A total of 880 cubic yards of impacted soil were removed, bio-
remediated, and disposed of at the NDEP-Permitted Group 24 Industrial Solid Waste 
Disposal Cell.  

Subsequent to the RA activities at SWMU I07, confirmation soil sampling was 
completed. However, the vertical distribution of COPCs was not clearly defined.  In 2012 
a supplemental investigation was completed by Bay West, Inc. (Bay West) to document 
the vertical distribution of TPH-d and explosives (Octahydro-1,3,5,7-tetranitro-1,3,5,7-
tetrazocine [HMX] and RDX).   
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Table 2-1 Summary of Actions at SWMU I07 

Date 
Action 

Purpose 
Company Site Actions Major Findings Recommendations 

1988 Site Inspection USAEHA SWMU I07 site inspection. 

Several empty 55-gallon drums and 
one full drum, which reportedly 
contained hydrocarbon contaminated 
water, were observed at the Site.  No 
investigation or sampling occurred 
during the site inspection (USAEHA, 
1988).  

Additional site assessment. 

1988 RCRA Facility 
Assessment 

Jacobs 
Engineering SWMU I07 site inspection.  Evidence of metal debris waste in 

landfill pit (Jacobs, 1988).  Additional site assessment. 

1992 Site Screening 
Inspection 

Resource 
Application 
Inc. (RAI) 

SWMU I07 site inspection. 

Evidence of metal waste debris noted 
in the disposal pit. No investigation or 
sampling occurred during the site 
inspection (RAI, 1992). 

Additional site assessment. 
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Table 2-1 Summary of Actions at SWMU I07 

Date 
Action 

Purpose 
Company Site Actions Major Findings Recommendations 

1989, 
1994, and 

1997 

Groundwater 
Monitoring 

WaterWork 
(1989) 

 
Ecology and 
Environment 

(1994) 
 

Tetra Tech 
(1997) 

 

As documented in the TetraTech Final 
Remedial Investigation Report 
(TetraTech, 1998), various 
groundwater sampling events occurred 
upgradient and downgradient from 
SWMU I07.  The report references the 
following groundwater monitoring well 
groups:  

 Upgradient groundwater 
monitoring wells DZB101-44MW1, 
DZB101-44MW2, and DZB101-
44MW3, which are located 
southeast of Building 101-44, 
within or near SWMU B04.   

 Upgradient groundwater 
monitoring wells IRPMW38 and 
IRPMW39 which are located 
approximately 5,080 feet southeast 
of SWMU I07.  

 Downgradient groundwater 
monitoring wells IRPMW36 and 
IRPMW37 which are located 
approximately 2,000 feet northwest 
of SWMU I07, within the boundary 
of SWMU B20.   

Groundwater monitoring well locations 
are illustrated on the TetraTech 1998 
Figure 3-2, included in Attachment 1.  

Groundwater samples collected in 
1989, 1994, and 1997 were analyzed 
for various chemical constituents.  
However, the Groundwater 
contamination  documented in the Tetra 
Tech Final Remedial Investigation 
Report (Tetra Tech, 1998) is based on 
analytical data collected from 
monitoring wells located within other 
active SWMU boundaries and/or are 
located a considerable distance from 
SWMU I07 and are not considered to 
be a result of activities associated with 
SWMU I07.   

No recommendation.   
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Table 2-1 Summary of Actions at SWMU I07 

Date 
Action 

Purpose 
Company Site Actions Major Findings Recommendations 

1994 Remedial 
Investigation Tetra Tech 

Completion of a soil gas survey.  The 
survey included the completion of 10 
soil gas probes (SG01 through SG10) 
and the collection of 10 soil gas 
samples.  Soil gas samples were 
analyzed for volatile organic 
compounds (VOCs). 
 
Soil gas sample locations are 
illustrated on the Tetra Tech 1998 
Figure 3-1, included in Attachment 1.   

No VOCs were detected above 
laboratory reporting limits in the soil gas 
samples.   
 
Analytical results are included on the 
Tetra Tech 1998 Table 1 in 
Attachment 1. 

No recommendation. 

Completion of four hand auger borings 
(I07-HA01, I07-HA02, I07-HA03, and 
I07-HA04) and collection of eight soil 
samples.  Soil samples were collected 
from two feet bgs and five feet bgs.  
Soils samples were analyzed for 
metals (aluminum, arsenic, barium, 
cadmium, chromium, and lead) and 
TPH-d.  Soils samples were further 
field screened for benzene, toluene, 
ethyl benzene, and xylenes (BTEX).  
 
Soil boring locations are illustrated on 
the Tetra Tech 1998 Figure 3-1, 
included in Attachment 1.   

Metals analyzed were detected below 
an established background screening 
level.  
 
TPH-d ranged from 1.2 mg/kg to 
15,000 mg/kg.  
 
BTEX field screening ranged from non-
detect to greater than 300 mg/kg.  
 
Analytical results and background 
screening levels are included on the 
Tetra Tech 1998 Table 4-1 in 
Attachment 1. 

Bio-remediation of 
petroleum impacted soils 
(Tetra Tech, 1998).  



 FINAL Decision Document SWMU I07 
Hawthorne Army Depot, Hawthorne, Nevada 

 

2-7 
 

Table 2-1 Summary of Actions at SWMU I07 

Date 
Action 

Purpose 
Company Site Actions Major Findings Recommendations 

1997 Remedial 
Investigation Tetra Tech 

Collection of surface soil sample I07-
SS01-1-S and replicate sample I07-
SS02-1-S from the yellow-brown ash-
like material noted in the southeast 
area of the SWMU I07 landfill. Soil 
samples were analyzed for metals 
(aluminum, arsenic, barium, cadmium, 
chromium, and lead) and explosives 
(RDX and HMX).  

The surface soil sample location is 
illustrated on the Tetra Tech 1998 
Figure 3-1, included in Attachment 1.   

Aluminum, arsenic, barium, total 
chromium, and lead were below their 
respective Proposed Closure Goal 
(PCGs).  Concentrations of HMX, at 
5.97 mg/kg and 3.7 mg/kg, and 
concentrations of RDX, at 27.4 mg/kg 
and 20.7 mg/kg, were detected in both 
soil samples; however, they were below 
their respective PCGs.   

Analytical results and the 1997 PCGs 
are included on the Tetra Tech 1998 
Table 4-1 in Attachment 1.   

The yellow-brown ash-like 
material located within the 
landfill at SWMU I07 did not 
appear to be a significant 
environmental impact, 
however, the soil was 
recommended for removal 
(Tetra Tech, 1998).  
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Table 2-1 Summary of Actions at SWMU I07 

Date 
Action 

Purpose 
Company Site Actions Major Findings Recommendations 

Completion of three soil borings 
(SB01, SB02, and SB03).  Soil borings 
SB01 and SB02 were completed to 
25.5 feet bgs, and SB03 was 
completed to 50 feet bgs.  A total of 
twelve soil samples were collected 
from fine-grained soil horizons from 4.5 
to 50 feet bgs.  All soil samples were 
analyzed for VOCs and field tested for 
TPH-d.  Two soil samples (I07-SB03-
3-S and I07-SB03-7-S) were analyzed 
by a fixed-based laboratory for TPH-d.   

 Soil boring locations are illustrated on 
the Tetra Tech 1998 Figure 3-1, 
included in Attachment 1.   

The field-based TPH-d testing 
produced inconsistent results.  Field 
testing indicated that all soil samples 
analyzed had a TPH-d concentration 
greater than 100 mg/kg.  Laboratory 
analytical data indicated TPH-d in soil 
boring SB03 at a concentration of 2,000 
mg/kg at 15.5 feet bgs and 26 mg/kg at 
50 feet bgs.  

With exception to soil sample I07-
SB03-3-S all other soil samples 
analyzed for VOCs were below 
detection limits.  Soil sample I07-SB03-
3-S, collected at a depth of 15.5 feet 
bgs, was reported to contain 1,2,4-
trimethylbenzene at 0.0008 mg/kg, 
1,3,5-trimethylbenezene at 0.002 
mg/kg, and 4-isopropyltoluene at 
0.001 mg/kg.  
 
Analytical results and the 1997 PCGs 
are included on the Tetra Tech 1998 
Table 4-1 in Attachment 1.   

Remediation of petroleum 
impacted soils (Tetra Tech, 
1998). 

Collection of sludge sample I07-SD01-
1-SD from a 55-gallon drum.  Sludge 
sample was analyzed for VOCs and 
TPH.  

Based on the analytical result the drum 
contained oil.  Drum was removed in 
May 1997 by Day and Zimmermann 
(Tetra Tech, 1998).   
 
Analytical results of the sludge samples 
are included on the Tetra Tech 1998 
Table 4-1 in Attachment 1.   

No recommendation.  

1997 Remedial 
Investigation, 

cont. 

Tetra Tech 
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Table 2-1 Summary of Actions at SWMU I07 

Date 
Action 

Purpose 
Company Site Actions Major Findings Recommendations 

2002 
Remedial 

Action 
(Excavation) 

Chung/Geofon 

Completion of an RA at SWMU I07 to 
remove soil impacted by TPH-d and 
explosives.   The removal action 
included the removal of 463 cubic 
yards (cy) of impacted soil and 
collection of confirmation samples.  

Based on analytical results of 
confirmatory samples collected from 
the base of the excavation, RDX 
exceeded the USEPA PRGs.  
 
Analytical results of the initial 
confirmatory samples are not included 
in this Decision Document since a 
second removal was completed and 
excavation was re-sampled.  

Continue remedial action.  

2002 
Remedial 

Action 
(Excavation) 

Chung/Geofon 

Completion of phase II of the RA at 
SWMU I07 to remove additional soil 
impacted by TPH-d and explosives.   
The removal action included the 
removal of 417 cy of impacted soil and 
collection of confirmation samples 
(Chung/Geofon, 2003).  

The final excavation contour and 
confirmation soil sample locations are 
included on the Chung/Geofon 2003 
Figure 2.2 included in Attachment 2.  
Note – The last number in the sample 
name is included on Figure 2.2 as the 
sample location.  Also, the highlighting 
and check marks on Figure 2.2 were 
added by an NDEP reviewer.   

Based on analytical results of 
confirmatory samples collected from 
the base of the excavation RDX 
concentrations were below USEPA 
PRG (22 mg/kg), however, TPH-d was 
still present at concentrations ranging 
from below laboratory detection limits to 
11,000 mg/kg at soil sample location 
I07-CF01-02-20 (or Figure 2.2 sample 
#20) from 6.9 feet bgs.   

The excavation depth ranged from 
approximately two feet bgs to 15 feet 
bgs.  

Analytical results and final excavation 
depths are included on the 
Chung/Geofon 2003 Table 2-2 in 
Attachment 2.   

Remediation Complete. 
NDEP concurrence letter 
dated 06 October 2003 is 
included in Attachment 3.  
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Table 2-1 Summary of Actions at SWMU I07 

Date 
Action 

Purpose 
Company Site Actions Major Findings Recommendations 

2002/2003 Soil Bio-
remediation Chung/Geofon 

Following the completion of a bio-
remediation pilot study in 2000, and 
the finalization of a Decision Document 
in 2001 (Tetra Tech, 2001), bio-
remediation of 880 cy of soil was 
completed by a soil compost method.  
Four windrows were created and 
staged in a treatment pad located 
south of building 101-44.  Bio-
remediation continued until analytical 
results indicated that RDX was below 
the USEPA PRG of 22 mg/kg and 
TPH-d was below the established 
disposal limit of 2,000 mg/kg.    

Following remediation, bio-remediated 
soil was disposed of at the NDEP-
Permitted Group 24 Industrial Solid 
Waste Disposal Cell.  Subsequent to 
the soil disposal the top six to 18 inches 
of soil from the treatment pad 
(approximately 100 cy) were removed 
and disposed of at NDEP-Permitted 
Group 24 Industrial Solid Waste 
Disposal Cell.  Following treatment pad 
removal soil samples were collected for 
TPH-d and explosives analysis.  Based 
on the analytical data TPH-d and 
explosives were below laboratory 
detection limits (Chung/Geofon, 2004).  

Remediation Complete. 
NDEP concurrence letter 
dated 25 February 2004 is 
included in Attachment 3. 
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Table 2-1 Summary of Actions at SWMU I07 

Date 
Action 

Purpose 
Company Site Actions Major Findings Recommendations 

2012 Supplemental 
Investigation Bay West Inc. 

Completed three soil borings (I07-01, 
I07-02, and I07-03) to a depth of 75 
feet bgs to evaluate the vertical 
distribution of TPH-d and explosives 
(RDX and HMX).    Based on the 
analytical data obtained during the 
2002 RA the supplemental 
investigation soil borings were placed 
in relation to known areas of TPH-d 
contamination.   27 Soil samples were 
collected from the three soil borings.  
The soil samples were collected from 
approximately 5, 10, 15, 25, 35, 45, 55, 
65, and 75 feet bgs. 
 
Supplemental investigation soil boring 
locations and the 2002 RA former 
sample locations are included on the 
Bay West 2012 Figure 1-4 and 3-1, 
Attachment 4.     

TPH-d was detected at concentrations 
exceeding the State of Nevada 
Screening Level of 100 mg/kg in five 
soil samples: I07-02-S-(015), I07-02-S-
(21), I07-03-S-(010), I07-03-S-(15), and 
I07-03-S-(23). TPH-d concentrations 
ranged from 2,200 to 8,600 mg/kg. 

Based on the analytical data from the 
supplemental investigation TPH-d 
contamination is limited to 
approximately eight to 24 feet bgs.   

It should be noted that the 2002 RA 
excavation, within the area of the 
supplemental investigation soil borings, 
was completed to an approximate 
depth of eight to 10 feet bgs and 
backfilled with treated compost.    

One soil sample collected during the 
supplemental investigation contained 
explosives (RDX) above the 2011 
USEPA RSL of 24 mg/kg.  Soil sample 
I07-01-S-(05) had an RDX 
concentration of 40 mg/kg at a depth of 
five feet bgs. This detection is attributed 
to the backfill material since the area 
was remediated to a depth of 
approximately eight feet bgs.  

Analytical results are included on the 
Bay West 2012 Figure 3-1 and Table 3-
1 in Attachment 4.   

Based on fate and transport 
modeling and calculations 
of Tier II SSTLs for TPH-d 
and RDX, residual soil 
contamination present at 
SWMU I07 currently does 
not pose a risk to human 
health or the environment 
(Bay West, 2012).   
 
Site recommended for No 
Further Action, industrial 
scenario.  
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2.4 Nature and Extent of Contamination 

Investigation activities completed in the 1990s identified RDX, HMX and TPH-d 
contamination in a 150-foot-long and 80-foot-wide landfill pit identified as SWMU I07. 
Field screening and laboratory analyses of the near-surface soils collected from within 
the landfill pit detected concentrations of petroleum hydrocarbon products as high as 
15,000 mg/kg at depths of five feet bgs.  The RDX and HMX were detected in yellow-
brown ash-like material located on the surface within the landfill pit.   

The explosives contamination was believed to be limited to near surface soil or the ash-
like material.  However, the TPH-d concentrations above 100 mg/kg were detected to a 
depth of 50 feet bgs. Based on the data obtained during the remedial investigations 
SWMU I07 was recommended for RA.  The selected remedy was soil removal and soil 
bio-remediation.      

In 2002, a RA was completed at SWMU I07 by Chung and Associates.  The purpose of 
the RA was to remove RDX impacted soil and ash-like material to below an established 
RDX USEPA PRG of 22 mg/kg, and TPH-d impacted soils with the greatest 
concentration nearest the landfill pit surface.  A total of 880 cubic yards of RDX and 
TPH-d impacted soil was removed, bio-remediated, and disposed of at the NDEP-
Permitted Group 24 Industrial Solid Waste Disposal Cell. As documented in the Final 
Remediation Report Addendum A (Chung/Geofon 2003), the RA completed at SWMU 
I07 had successfully demonstrated the removal of RDX impacted soil.  However, the 
vertical distribution of TPH-d beyond the base of the excavation was not determined.  
Furthermore, the total depth of TPH-d impacts beyond 50 feet bgs had not been 
investigated.        

A supplemental investigation was completed in 2012 to evaluate the vertical distribution 
of TPH-d, HMX and RDX within the 2002 remediated area. The SWMU I07 2012 
supplemental investigation included the completion of three soil borings within areas of 
known TPH-d contamination to a depth 75 feet bgs, and the collection of 27 soil 
samples.  The soil samples were collected from approximately 5, 10, 15, 25, 35, 45, 55, 
65, and 75 feet bgs.  Based on data collected during the supplemental investigation, the 
vertical distribution of TPH-d at SWMU I07 above the State of Nevada Screening Level 
of 100 mg/kg is limited to approximately 8 to 24 feet bgs (Bay West, 2012).       

As documented during the 2002 RA, RDX contamination above the established USEPA 
PRG (22 mg/kg) had been demonstrated to be removed from within the excavation 
footprint. With exception to soil sample I07-01-S-(05), RDX and HMX were detected 
below USEPA RSLs during the 2012 supplemental investigation. The RDX concentration 
in soil sample I07-01-S-(05) was 40 mg/kg which is above the 2011 USEPA Industrial 
RSL of 24 mg/kg.  Soil sample I07-01-S-(05) was collected at a depth of five feet bgs.  
Soil sample I07-01-S-(05) was collected from with the RA backfill zone and is attributed 
to the backfill material and not residual contamination from the RA.  Backfilling is further 
discussed in Section 2.8.    

2.5 Fate and Transport 

The site conceptual model for SWMU I07 is based on an unlined landfill pit with oil and 
petroleum waste products followed by transport or migration of contaminants to the soil.  
After petroleum waste leaks from the storage containers, gravitational forces act to draw 
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the fuel downward. While fuel is migrating downward, the fuel is either adsorbed to soil 
particles or trapped in soil pore space.   

Based on data collected during the 2012 Supplemental Investigation, TPH-d 
contamination at SWMU I07 is limited vertically to a depth range of approximately 8 to 
24 feet bgs. 

The contaminant migration pathway at SWMU I07 is through dissolution of residual 
TPH-d in the soil by infiltration of water.  Due to low rainfall in the Hawthorne area (<5 
inches per year) it is unlikely that consequential amounts of water might move through 
the soil and leach contamination to groundwater.  Fate and Transport modeling 
completed for SWMU I07 by Chung/Geofon in 2004 supports TPH-d’s limited migration 
potential, as shown in Table 2-2. A more detailed discussion of the modeling is included 
as Attachment 5.    

Table 2-2 SWMU I07 COPC Modeled Transport Depth  

SWMU Modeled 
COPC 

Highest COPC 
Concentration Detected 

COPC Depth  
(feet) 

Modeled Vertical 
Transport  

Depth (feet) 

I07* TPH-d 11,000 mg/kg (1) 31-50 (2) 72 
* Chung/Geofon, 2004. Final Remediation Report, Solid Waste Management Unit B29 and I07, Hawthorne 

Army Depot, Hawthorne, Nevada, February 2004. 

1-TPH-d contamination concentration data collected during the 2002 RA as documented in the 
Chung/Geofon 2003 Final Remediation Report Addendum A. 

2-TPH-d contamination depth data collected during the 1997 Remedial Investigation as documented in the 
Tetra Tech 1998 Final Remedial Investigation Report. 

2.6 Tier II SSTL for TPH-d 

A Tier II SSTL for TPH-d at SWMU I07 was developed to assist in evaluating the 
potential risk posed by petroleum contaminated soils present at the site. Nevada 
Administrative Code (NAC) 445A.22705, allows for the application of the ASTM 
Standard E-1739-95 Risk Based Corrective Action (RBCA) to develop Tier II SSTLs in 
setting site-specific risk criteria.  Because diesel contains relatively little of the more 
mobile and more toxic VOCs, the primary concern is on the prevention of free product on 
groundwater.  NAC 445A.22735 requires that free product be reduced to less than 0.5 
inch. Therefore the TPH-d SSTL was developed based on the prevention of free product 
migration to groundwater.   

2.6.1 Tier II SSTL background 
Soil has the ability to retain non-mobile liquids in smaller and discontinuous pore 
spaces.  The amount of liquids that soil can hold is called its residual saturation.  Once 
residual saturation has been exceeded, the liquid can migrate.  Diesel exists as a light 
non-aqueous phase liquid (LNAPL) and is held in retention along with water.  The 
American Petroleum Institute (API) published a summary of empirical models and 
compared the results with experimentally measured residual saturated values.  The 
results of these comparisons were then used to develop screening level criteria for 
specific soils and products.  

The API utilizes three empirical models in developing a method for conservative 
screening levels. These include: 1) a zero water method; 2) a field moisture capacity 
method (both developed by Hoag and Marley, 1986); and 3) a method developed by 
Zytner (1993).  The Hoag and Marley methods are based on average soil particle 
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diameter and that residual retention is related to available surface area.  In the zero 
water method, all the pore spaces are available for the LNAPL.  In the field moisture 
capacity method some of the available pore space is occupied by water.  Therefore, field 
conditions would be expected to range somewhere between the zero water and field 
moisture methods. The Zytner method is based on observed relationships of residual 
saturation and the ratio of product density over soil bulk density.  A more detailed 
discussion of the SSTL is presented in Attachment 6. 

2.6.2 Tier II SSTL Conclusion 
Results of the empirical models for SWMU I07 indicated a petroleum residual saturated 
value of between 32,000 and 174,000 mg/kg.  The average of the three methods is 
higher than the median API value. Therefore, applying the 90% confidence value of 
11,000 mg/kg would provide an acceptable conservative margin.  Groundwater 
contacting fine- to medium-grained soils with a TPH-d concentration less than 11,000 
mg/kg would not likely result in free product (Bay West, 2012).   

Based on the current analytical results TPH-d was detected above State of Nevada 
Screening Level of 100 mg/kg in five soil samples: I07-02-S-(015), I07-02-S-(21), I07-03-
S-(010), I07-03-S-(15), and I07-03-S-(23). The TPH-d concentration range of the 
previously mentioned soil samples is 2,200 to 8,600 mg/kg which is below the 90% 
confidence level.  Therefore the residual TPH-d contamination at SWMU I07 does not 
constitute a risk to groundwater.  

2.7 Tier II SSTL for RDX 

With NDEP concurrence, a Tier II SSTL for RDX, as documented in the Revised Final 
Corrective Action Plan for SWMU B04, (Plexus, 2008), was utilized to evaluate the 
health and environmental risks associated with RDX concentrations at SWMU I07.  The 
RDX Tier II evaluation at SWMU B04 was performed to develop SSTLs for a range of 
protectiveness.  As part of the evaluation, three exposure scenarios were developed: 1) 
current and future standard workers; 2) on-site workers; and, 3) potential future 
construction workers. Based on the exposure factor for each scenario, specific SSTLs 
were calculated.  The range of SSTLs was evaluated for applicability and a single SSTL 
value was selected as a final RDX remediation/clean-up goal.  The final RDX soil clean-
up goal developed for SWMU B04, which is protective of human health and the 
environment, is 363 mg/kg.  The SWMU B04 SSTL value was based on the construction 
work scenario with a target risk level of 1x10-6. 

Based on the analytical data collected during the 2011 supplemental investigation, RDX 
was detected in I07-01-S-(05) at a concentration of 40 mg/kg.  This RDX concentration 
exceeds the USEPA 2011 Industrial RSL of 24 mg/kg; however, this result is significantly 
less than the SSTL developed for SWMU B04 of 363 mg/kg.  Therefore, the residual 
RDX soil contamination at SWMU I07 does not constitute a risk to human health or the 
environment.   

2.8 Decommissioning Activities  

The excavation pit was backfilled with satisfactorily treated compost that was located 
around the treatment pad, south of Building 101-44.  Backfill material was transported by 
dump truck to the excavation area.  The backfill material was placed in lifts at two feet or 
less, moisture-conditioned, and compacted.  Native soil was placed in loose lifts over the 
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top two feet of the excavation foot print.  The finished surface of the excavated area was 
smooth and free from irregular surface changes (Chung/Geofon, 2004).   

Following bio-remediation activities the surface of the treatment pad was cleaned using 
a loader to scrape the top six to 12 inches of soil (100 cy).  Following surface scraping 
the area was divided into grids and four soil samples were collected by using a five-point 
composite sampling method.  Based on the analytical results, two of the four composite 
samples had TPH-d concentrations greater than 100 mg/kg, however explosives were 
below laboratory detection limits.  Subsequently the treatment pad area was re-scraped 
and sampled using the same methodology.  The soil samples collected after the second 
treatment pad scraping indicated TPH-d below laboratory detection limits 
(Chung/Geofon, 2004).  

The following photograph was collected February 2012 during the 2012 Supplement 
Investigation.  The photograph was taken after soil borings were completed.  

 

       

 

 
 

Photograph view to 
the northwest 
towards Walker 
Lake, NV.  The 
former excavation/ 
landfill pit is located 
in the foreground of 
the photograph.  The 
tire tracks in the 
photograph are from 
drilling equipment 
utilized during the 
2012 Supplemental 
Investigation. 

Photograph of Former SWMU I07 Landfill Pit 
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3.0 CONCLUSIONS 

Investigations, a RA, fate and transport modeling, and Tier II SSTL calculations indicate 
that no present or future receptors are likely to be adversely impacted by residual RDX 
and TPH-d soil contamination at SWMU I07.  NFA, industrial scenario, is requested 
following NAC 445A.227 guidelines, under which issues were addressed as shown in 
Table 3-1. 
 

Table 3-1 Site Evaluation for SWMU I07 

Assessment Criteria Response 

A Depth of any groundwater Estimated to be 134 feet bgs. 

B Distance to irrigation or drinking 
water wells 

No irrigation or drinking water wells are located within 
three miles down-gradient from SWMU I07. 

C The type of soil that is 
contaminated 

The soil encountered during the 2012 supplemental 
investigation includes sand with varying amounts of 
silt.   

D The annual precipitation Annual precipitation for Hawthorne, Nevada is 4.6 
inches. 

E The type of waste or substance 
released 

TPH-d is most likely from waste oil releases from 
drums found within the landfill pit and/or from dumping 
waste products in the pit.  
 
The explosive constituents that were detected at 
SWMU I07 in 2012 were most likely the result of 
disposal and burning of explosives within the landfill 
pit. 

F The extent of the contamination 

Based on 2012 characterization results, it appears 
that the TPH-d soil contamination is present from 8 to 
24 feet bgs.  Fate and transport modeling completed 
by Chung/Geofon in 2004 indicated that the residual 
TPH-d contamination at the site is highly unlikely to 
impact groundwater.  
The RDX detection of 40 mg/kg noted in 2012 at five 
feet bgs is attributed to backfill material rather than 
residual SWMU I07 contamination.  

G The present and potential use for 
the land 

SWMU I07 is currently considered industrial and 
future use of the site is expected to remain industrial.       

H The preferred routes of migration Contaminant migration at SWMU I07 is vertical, due to 
gravity and capillary forces. 

I The location of structures and 
impediments 

SWMU I07 is located 450 southwest of Building 101-
44.  There are no known subsurface structures or 
physical impediments to horizontal migration of 
contaminants at SWMU I07. 

J The potential for a hazard related 
to fire, vapor, or explosion 

Based on field observations, there are no apparent 
hazards related to fire, vapor, or explosions at SWMU 
I07.   

K Other site-specific factors No other SWMU-specific factors have been noted. 
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Attachment 1 

 

Supporting Documentation from the 1998 Tetra Tech Final Remedial 
Investigation Report for Solid Waste Management Units, Hawthorne Army Depot, 

Hawthorne, Nevada. 
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SWMU I07 Table 4-1

Sample ID I07-HA01-1-S I07-HA01-2-S I07-HA02-1-S I07-HA02-2-S I07-HA03-1-S I07-HA03-2-S I07-HA04-1-S I07-HA04-2-S I07-SB01-1-S
Location ID HA01 HA01 HA02 HA02 HA03 HA03 HA04 HA04 SB01
Sample Date 7/20/94 7/20/94 7/21/94 7/21/94 7/21/94 7/21/94 7/21/94 7/21/94 2/26/97

Sample Depth (feet) 2 5 2 5 2 5 2 5 5

Metals (mg/kg)�
Methods 6000 to 7000
Aluminum NA NA NA NA NA NA NA NA NA

Arsenic 5.2 J <4 4.6 J <4 <4 4.7 J <4 <4 NA

Barium 34 99 46 64 63 70 74 150 NA

Cadmium <0.2 <0.2 <0.2 <0.2 <0.2 0.26 J <0.2 <0.2 NA

Chromium 1.7 J 3.6 J 0.6 2 J 1 J 3.1 J 1 J 2.1 J NA

Lead <5 <5 <5 <5 <5 <6 <6 <5 NA

Explosives (mg/kg)�
Method 8330
HMX NA NA NA NA NA NA NA NA NA

RDX NA NA NA NA NA NA NA NA NA

RDX Test Kit (mg/kg)�
Method 8510
RDX NA NA NA NA NA NA NA NA NA

RDX-Dup NA NA NA NA NA NA NA NA NA

RDX (Rerun) NA NA NA NA NA NA NA NA NA

Volatile Organics (mg/kg)�
Method 8260A
Tetrachloroethene NA NA NA NA NA NA NA NA <0.0002

1,1-Dichloroethene NA NA NA NA NA NA NA NA <0.0001

1,2,4-Trimethylbenzene NA NA NA NA NA NA NA NA <0.0001

1,3,5-Trimethylbenzene NA NA NA NA NA NA NA NA <0.0001

4-Isopropyltoluene NA NA NA NA NA NA NA NA <0.0002

BTEX Test Kit (mg/kg)�
Method 4031
BTEX X>50 X>50 X<2 X<2 10<X<50 50<X<300 50 X>300 NA

TPH Test Kit (mg/kg)�
Method 4030
TPH-d NA NA NA NA NA NA NA NA 100<X<500
TPH-d (Rerun) NA NA NA NA NA NA NA NA NA

TPH-d-Dup NA NA NA NA NA NA NA NA NA

 3/4/98 3:16:48 PM Page 1 of 8



SWMU I07 Table 4-1

Sample ID I07-HA01-1-S I07-HA01-2-S I07-HA02-1-S I07-HA02-2-S I07-HA03-1-S I07-HA03-2-S I07-HA04-1-S I07-HA04-2-S I07-SB01-1-S
Location ID HA01 HA01 HA02 HA02 HA03 HA03 HA04 HA04 SB01
Sample Date 7/20/94 7/20/94 7/21/94 7/21/94 7/21/94 7/21/94 7/21/94 7/21/94 2/26/97

Sample Depth (feet) 2 5 2 5 2 5 2 5 5

Petroleum Hydrocarbons (mg/kg)�
Methods M8015E & 8015M
C11-C22 (Diesel) NA NA NA NA NA NA NA NA NA

C23-C30 (Motor oil) NA NA NA NA NA NA NA NA NA

C31-C40 (Heavy oil) NA NA NA NA NA NA NA NA NA
TPH-d 1.2 J 1.3 J <0.2 <0.2 1800 J 15000 J 14000 J 9170 J NA
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SWMU I07 Table 4-1

Sample ID
Location ID
Sample Date

Sample Depth (feet)

Metals (mg/kg)�
Methods 6000 to 7000
Aluminum
Arsenic
Barium
Cadmium
Chromium
Lead

Explosives (mg/kg)�
Method 8330
HMX
RDX

RDX Test Kit (mg/kg)�
Method 8510
RDX
RDX-Dup
RDX (Rerun)

Volatile Organics (mg/kg)�
Method 8260A
Tetrachloroethene
1,1-Dichloroethene
1,2,4-Trimethylbenzene
1,3,5-Trimethylbenzene
4-Isopropyltoluene

BTEX Test Kit (mg/kg)�
Method 4031
BTEX

TPH Test Kit (mg/kg)�
Method 4030
TPH-d
TPH-d (Rerun)
TPH-d-Dup

I07-SB01-2-S I07-SB01-3-S I07-SB01-4-S I07-SB02-1-S I07-SB02-2-S I07-SB02-3-S I07-SB02-4-S I07-SB03-1-S I07-SB03-2-S
SB01 SB01 SB01 SB02 SB02 SB02 SB02 SB03 SB03

2/26/97 2/26/97 2/26/97 2/20/97 2/20/97 2/20/97 2/20/97 2/26/97 2/26/97
5 18 25 4.5 4.5 14.5 25 7 7

NA NA NA NA NA NA NA NA NA

NA NA NA NA NA NA NA NA NA

NA NA NA NA NA NA NA NA NA

NA NA NA NA NA NA NA NA NA

NA NA NA NA NA NA NA NA NA

NA NA NA NA NA NA NA NA NA

NA NA NA NA NA NA NA NA NA

NA NA NA NA NA NA NA NA NA

NA NA NA NA NA NA NA NA NA

NA NA NA NA NA NA NA NA NA

NA NA NA NA NA NA NA NA NA

<0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0003

<0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001

<0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001

<0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001

<0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0003

NA NA NA NA NA NA NA NA NA

100<X<500 100<X<500 100<X<500 100<X<500 100<X<500 100<X<500 100<X<500           X=500 100<X<500
NA NA NA NA NA NA      0<X<20 100<X<500 NA

NA NA NA NA NA NA NA NA NA
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SWMU I07 Table 4-1

Sample ID
Location ID
Sample Date

Sample Depth (feet)

Petroleum Hydrocarbons (mg/kg)�
Methods M8015E & 8015M
C11-C22 (Diesel)
C23-C30 (Motor oil)
C31-C40 (Heavy oil)
TPH-d

I07-SB01-2-S I07-SB01-3-S I07-SB01-4-S I07-SB02-1-S I07-SB02-2-S I07-SB02-3-S I07-SB02-4-S I07-SB03-1-S I07-SB03-2-S
SB01 SB01 SB01 SB02 SB02 SB02 SB02 SB03 SB03

2/26/97 2/26/97 2/26/97 2/20/97 2/20/97 2/20/97 2/20/97 2/26/97 2/26/97
5 18 25 4.5 4.5 14.5 25 7 7

NA NA NA NA NA NA NA NA NA

NA NA NA NA NA NA NA NA NA

NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA
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SWMU I07 Table 4-1

Sample ID
Location ID
Sample Date

Sample Depth (feet)

Metals (mg/kg)�
Methods 6000 to 7000
Aluminum
Arsenic
Barium
Cadmium
Chromium
Lead

Explosives (mg/kg)�
Method 8330
HMX
RDX

RDX Test Kit (mg/kg)�
Method 8510
RDX
RDX-Dup
RDX (Rerun)

Volatile Organics (mg/kg)�
Method 8260A
Tetrachloroethene
1,1-Dichloroethene
1,2,4-Trimethylbenzene
1,3,5-Trimethylbenzene
4-Isopropyltoluene

BTEX Test Kit (mg/kg)�
Method 4031
BTEX

TPH Test Kit (mg/kg)�
Method 4030
TPH-d
TPH-d (Rerun)
TPH-d-Dup

I07-SB03-3-S I07-SB03-4-S I07-SB03-5-S I07-SB03-6-S I07-SB03-7-S I07-SD01-1-SD I07-SS01-1-S I07-SS02-1-S
SB03 SB03 SB03 SB03 SB03 SD01 SS01 SS01

2/26/97 2/26/97 2/26/97 2/26/97 2/26/97 2/16/97 2/16/97 2/16/97
15.5 31 37 43 50 0 0.5 0.5

NA NA NA NA NA NA 4200 3010
NA NA NA NA NA NA 4.4 4.7
NA NA NA NA NA NA 39.3 31.7
NA NA NA NA NA NA <0.021 <0.021

NA NA NA NA NA NA 3.2 2.4
NA NA NA NA NA NA 2.8 2.8

NA NA NA NA NA NA 5.97 3.7
NA NA NA NA NA NA 27.4 20.7

NA NA NA NA NA NA 47.6 NA

NA NA NA NA NA NA NA NA

NA NA NA NA NA NA NA NA

<0.0002 <0.0002 <0.0002 <0.0002 <0.0002 0.24 J NA NA

<0.0001 <0.0001 <0.0001 <0.0001 <0.0001 0.11 J NA NA

0.0008 J <0.0001 <0.0001 <0.0001 <0.0001 0.035 J- NA NA

0.002 J <0.0001 <0.0001 <0.0001 <0.0001 0.06 J- NA NA

0.001 J <0.0002 <0.0002 <0.0002 <0.0002 <0.02 UJ- NA NA

NA NA NA NA NA NA NA NA

           X<500 100<X<500 100<X<500 100<X<500 100<X<500 NA NA NA

100<X<500 NA NA NA NA NA NA NA

NA NA NA NA NA NA NA NA
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SWMU I07 Table 4-1

Sample ID
Location ID
Sample Date

Sample Depth (feet)

Petroleum Hydrocarbons (mg/kg)�
Methods M8015E & 8015M
C11-C22 (Diesel)
C23-C30 (Motor oil)
C31-C40 (Heavy oil)
TPH-d

I07-SB03-3-S I07-SB03-4-S I07-SB03-5-S I07-SB03-6-S I07-SB03-7-S I07-SD01-1-SD I07-SS01-1-S I07-SS02-1-S
SB03 SB03 SB03 SB03 SB03 SD01 SS01 SS01

2/26/97 2/26/97 2/26/97 2/26/97 2/26/97 2/16/97 2/16/97 2/16/97
15.5 31 37 43 50 0 0.5 0.5

2000 NA NA NA 26 <8100 NA NA

230 NA NA NA <0.41 480000 NA NA

<3 NA NA NA <0.31 500000 J NA NA
NA NA NA NA NA NA NA NA
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SWMU I07 Table 4-1

Sample ID
Location ID
Sample Date

Sample Depth (feet)

Metals (mg/kg)�
Methods 6000 to 7000
Aluminum
Arsenic
Barium
Cadmium
Chromium
Lead

Explosives (mg/kg)�
Method 8330
HMX
RDX

RDX Test Kit (mg/kg)�
Method 8510
RDX
RDX-Dup
RDX (Rerun)

Volatile Organics (mg/kg)�
Method 8260A
Tetrachloroethene
1,1-Dichloroethene
1,2,4-Trimethylbenzene
1,3,5-Trimethylbenzene
4-Isopropyltoluene

BTEX Test Kit (mg/kg)�
Method 4031
BTEX

TPH Test Kit (mg/kg)�
Method 4030
TPH-d
TPH-d (Rerun)
TPH-d-Dup

Analyses Detections Minimum Maximum PCG PCG Hits Background Background Hits

2 2 3010 4200 80,000 0 12365 0
10 5 4.4 5.2 100 0 18.1 0
10 10 31.7 150 2,000 0 447 0
10 1 0.26 0.26 20 0 1.08 0
10 10 0.6 3.6 20 0 13.76 0
10 2 2.8 2.8 100 0 16.7 0

2 2 3.7 5.97 4000 0 0 0
2 2 20.7 27.4 64 0 0 0

1 1 47.6 47.6 64 0 0 0
0 0 ND ND NE NE 0 0
0 0 ND ND NE NE 0 0

16 1 0.24 0.24 15 0 0 0
16 1 0.11 0.11 NE NE 0 0
16 2 0.0008 0.035 NE NE 0 0
16 2 0.002 0.06 NE NE 0 0
16 1 0.001 0.001 NE NE 0 0

8 1 50 50 NE NE 0 0

15 0 ND ND NE NE 0 0
3 0 ND ND NE NE 0 0
0 0 ND ND NE NE 0 0
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SWMU I07 Table 4-1

Sample ID
Location ID
Sample Date

Sample Depth (feet)

Petroleum Hydrocarbons (mg/kg)�
Methods M8015E & 8015M
C11-C22 (Diesel)
C23-C30 (Motor oil)
C31-C40 (Heavy oil)
TPH-d

Analyses Detections Minimum Maximum PCG PCG Hits Background Background Hits

3 2 26 2000 100 1 0 0
3 2 230 480000 NE NE 0 0
3 1 500000 500000 NE NE 0 0
8 6 1.2 15000 100 4 0 0
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Supporting Documentation from the (September) 2003 Chung/Geofon Final 
Remediation Report Addendum A, Solid Waste Management Unit I07, Building 

101-44 Landfill, Hawthorne Army Depot, Hawthorne, Nevada. 
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TABLE 2.2 SWMU 107 Pit Final Sampling Results 

Date 
Collected Sample Name 

6/25/2003 107-CF01-02-01 
6/25/2003 107-CF01-02-02 
6/25/2003 107-CF01-02-03 
6/25/2003 107-CF01-02-04 
6/25/2003 107-CF01-02-05 
6/25/2003 107-CF01-02-06 
6/25/2003 107-CF01-02-07 

6/25/2003 
107 -DUP43 {field duplicate of 

107 -CF-02-07 
6/25/2003 107 -CF01-02-08 
6/25/2003 107 -CF01-02-08-QA 
6/25/2003 107-CF01-02-09 
6/25/2003 107-CF01-02-10 
6/25/2003 107-CF01-02-11 
6/25/2003 107-CF01-02-12 
6/25/2003 107-CF01-02-13 
6/25/2003 107-CF01-02-14 
6/25/2003 107-CF01-02-15 
6/25/2003 107-CF01-02-16 
6/25/2003 107-CF01-02-17 
6/25/2003 107-CF01-02-18 
6/25/2003 107-CF01-02-19 
6/25/2003 107-CF01-02-20 
6/25/2003 107-CF01-02-21 
6/25/2003 107 -CF01-02-22 
6/25/2003 107-CF01-02-23 
6/25/2003 107-CF01-02-24 
6/25/2003 107-CF01-02-25 
6/25/2003 107 -CFO 1-02-25-QA 
6/25/2003 107 -CF01-02-26 
6/25/2003 107 -CF01-02-27 

6/25/2003 
107 -DUP44 {field duplicate of 

107-CF-02-27 
6/25/2003 107-CF01-02-28 
6/25/2003 107-CF01-02-29 
6/25/2003 107 -CF01-02-30 
6/25/2003 107 -CF01-02-31 
6/25/2003 107-CF01-02-32 
6/25/2003 107 -CF01-02-33 
6/25/2003 107-CF01-02-34 
6/25/2003 107 -CF01-02-35 

6/25/2003 
107-DUP45 {field duplicate of 

107-CF-02-35 
6/25/2003 107 -CFO 1-02-36 
6/25/2003 107-CF01-02-37 
6/2512003 107 -CF01-02-38 
6/25/2003 107 -CF01-02-39 
6/25/2003 107-CF01-02-40 
6/25/2003 107-CF01-02-41 . . 

• Bold Indicates exceedmg prehmmary remediation goals . 
a= Preliminary remediation goal for RDX Is 22 mglkg. 
b = Preliminary remediation goal for HMX is 44,000 mg/kg. 

Area 

NW 
NW 
NW 
NW 
NW 
N 
N 

N 

N 
N 
N 
N 

NE 
NE 
NE 
NE 
NE 
w 
w 
w 
w 
w 

Center 
Center 
Center 
Center 
Center 
Center 

E 
E 

E 
E 
E 
E 

sw 
sw 
sw 
sw 
s 
s 
s 
s 
s 
s 

SE 
SE 

Location Depth in ROXin 
wlln area feet ma/ka 

sw 4.7 5.0 
NW 2.7 5.0 
SE 13.9 5.0 
NE 5.8 5.0 

Center 9.1 5.0 
sw 3.6 5.0 
NW 12.4 5.0 

NW 12.4 5.0 

SE 4.3 5.0 
SE 4.3 
NE 7.9 5.0 

Center 11.5 5.0 
sw 2.7 5.0 
NW 6.9 5.0 
SE 3.4 5.0 
NE 9.3 5.0 

Center 9.3 5.0 
sw 2.8 5.0 
NW 4.3 5.0 
SE 11 .8 5.0 
NE 15.2 5.0 

Center 6.9 5.0 
sw 12.3 5.0 
NW 15.1 5.0 
SE 10.0 5.0 
NE 10.8 5.0 

Center 15.1 5.0 
Center 15.1 
sw 9.4 5.0 
NW 8.7 5.0 

NW 
8.7 5.0 

SE 3.8 5.0 
NE 6.9 5.0 

Center 6.1 5.0 
NW 2.6 5.0 
SE 3.5 5.0 
NE 9.4 5.0 

Center 6.2 5.0 
sw 2.5 5.0 

sw 2.5 5.0 

SE 9.8 5.0 
NE 1.8 5.0 
NE 6.1 5.0 

Center 5.0 5.0 
NW 6.4 5.0 

Center 4.0 9.7 

c =Preliminary remediation goal for TPH-diesells 100 mg/kg. The level for the disposal cell is 2,000 mglkg. 

HMXin TPH-dlesel 
ma/ka In mg_lk_g 

u 5.0 u 120 
u 5.0 u 5.0 u 
u 5.0 u 4,200 
u 5.0 u 5.0 u 
u 5.0 u 6,100 
u 5.0 u 360 
u 5.0 u 5.0 u 
u 5.0 u 5.0 u 
u 5.0 u 160 

u 5.0 u 35 
u 5.0 u 1,600 
u 5.0 u 240 
u 5.0 u 2,400 
u 5.0 u 220 
u 5.0 u 21 
u 5.0 u 29 
u 5.0 u 22 
u 5.0 u 84 
u 5.0 u 1,000 
u 5.0 u 2,900 
u 5.0 u 11,000 
u 5.0 u 5.0 u 
u 5.0 u 880 
u 5.0 u 1,700 
u 5.0 u 3,300 
u 5.0 u 110 

u 5.0 u 1,300 
u 5.0 u 19 

u 5.0 u 5.0 u 
u 5.0 u 280 
u 5.0 u 900 
u 5.0 u 78 
u 5.0 u 5.0 u 
u 5.0 u 17 
u 5.0 u 3,400 
u 5.0 u 5.0 u 
u 5.0 u 5.0 u 
u 5.0 u 5.0 u 
u 5.0 u 2,000 
u 5.0 u 5.0 u 
u 5.0 u 5.0 u 
u 5.0 u 5.0 u 
u 5.0 u 5.0 u 

5.0 u 440 

J = The analyte was positively identified. The associated numerical value Is the approximate concentration of the analyte in the sample. 
J+ = The compound was positively identified. The associated numerical value has a high bias and is the approximate concentration of the 

compound in the sample. 
UJ =The material was analyzed for, but was not detected. The associated value is an estimate and may be inaccurate or imprecise. 
U = The material was analyzed for, but was not detected above the level of the associated value. 



TABLE 2 4 SWMU 107 Pit Table of Coordinates Location 
til' ~ 

.. .,p u d 
Oepuf t=. 

II! Average Pin 
Sample Name ~ Northing (f! et) Eas!lng (feet) :. Elevation (feet) .,'iiEievation (feet) 

~ 

107-CF01-01 -N 1387089.71 501678.00 4247.34 4.0 
107-CF02-01-N 1387089.44 501692.44 4247.13 4.2 
107 -CF03-01-N 1387085.84 501685.18 4244.72 6.6 
107 -CF04-01-N 1387080.64 501678.90 4241.51 9.8 
107 -CF05-01 -N 1387079.11 501691.49 4241.47 9.9 
107-CF01-01-S 1387044.95 501682.70 4247.39 4.0 
107 -CF02-01-S 1387049.82 501668.44 4246.95 4.4 
107 -CF03-01-S 1387051 .09 501677.32 4244.38 7.0 
107 -CF04-01-S 1387055.56 501684.53 4241.49 9.9 
107 -CF05-01-S 1387057.94 501674.60 4240.21 11.1 
107 -CF01 -01-E 1387075.45 501718.85 4242.39 9.0 
107 -CF02-01-E 1387065.24 501717.77 4241 .94 9.4 
107 -CF03-01-E 1387070.00 501707.74 4240.44 10 9 
107-CF04-01-E 1387075.39 501696.36 4239.77 11.6 
107-CF05-01-E 1387064.26 501696.43 4240 11.3 
107-CF01-01-W 1387060.01 501663.27 4245.35 6.0 
107 -CF02-01-W 1387078.81 501661 .71 4245.25 6 1 
107 -CF03-01 -W 1387061 .30 501664.94 4243.05 83 
107-CF04-01-W 1387061 .30 501672.07 4240.07 11 .3 
107 -CF05-01-W 1387076.99 501673.07 4239.61 11 .7 
107-CF01-01-F 1387063.03 501677.14 4237.32 14 0 
107-CF02-01-F 1387075.11 501678.00 4237.67 13 7 
107-CF03-01 -F 1387068.09 501682.95 4239.36 12.0 
107 -CF04-01 -F 1387063.88 501688.99 4241 .05 10 3 
107-CF05-01-F 1387075.01 501690.23 4240.35 11 0 
107-CF-02-01 1387067.95 501656.97 4246.64 4 .7 
107-CF-02-02 1387084.73 501657.79 4248.69 2.7 
107-CF-02-03 1387068.29 504679.58 4237.41 13.9 
107-CF-02-04 1387089.03 501679.63 4245.57 5.8 
107-CF-02-05 1387079.43 501667.78 4242.21 9 1 
107-CF-02-06 1387091 .57 501683.91 4247.72 3.6 
107-CF-02-07 1387066.92 501703.23 4238.98 12.4 
107-CF-02-08 1387087.81 501703.27 4247.03 4.3 
107-CF-02-09 1387082.47 501693.78 4243.49 7.9 
107-CF-02-10 1387066.17 501707.04 4239.86 11.5 
107-CF-02-11 1387089.56 501708.46 4248.63 27 
107-CF-02-12 1387064.03 501729.02 4244.44 6.9 
107-CF-02-1 3 1387084.71 501730.81 4247.92 34 
107-CF-02-14 1387076.45 501719.12 4242.01 9.3 
107 -CF-02-15 1387076.27 501718.76 4242.01 9.3 
107 -CF-02-16 1387047.51 501660.43 4248.54 28 
107-CF-02-17 1387063.09 501657.66 4247.08 43 
107 -CF-02-18 1387045.01 501680.52 4239.54 11 8 
107-CF-02-19 1387062.88 501680.71 4237.17 14 2 
107-CF-02-20 1387054.27 501667.29 4244.46 69 
107-CF-02-21 1387044.39 501685.12 4239.08 12.3 
107-CF-02-22 1387063.09 501686.86 4236.21 15 1 
107-CF-02-23 1387044.36 501697.54 4241 .35 10 0 
107-CF-02-24 1387058.22 501701 .02 4240.52 10 8 
107-CF-02-25 1387056.27 501689.46 4236.26 15 1 
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TABLE 2.4 SWMU 107 Pit Table of Coordinates Location 
a .. , fl. ''• ,. 

"oepth fro~ • II 

I ~Elevation (feet) i" 
Average Pin 

Sample Name Northing (feet) Easti!J9 (feet) _11 Elevation (feet) 

107-CF-02-26 1387045.35 501701.03 4241 .97 9.4 
107-CF-02-27 1387060.70 501706.66 4242.67 87 
107-CF-02-28 1387041.34 501724.83 4247.57 3.8 
107-CF-02-29 1387061.15 501727.40 4244.49 6.9 
107-CF-02-30 1387050.42 501715.52 4245.24 6.1 
107 -CF-02-31 1387043.23 501664.85 4248.71 2.6 
107 -CF-02-32 1387028.99 501680.35 4247.82 35 
107-CF-02-33 1387039.99 501680.94 4241.92 9.4 
107-CF-02-34 1387036.55 501676.69 4245.14 6.2 
107-CF-02-35 1387026.69 501687.99 4248.85 2.5 
107-CF-02-36 1387040.15 501687.34 4241 .50 9.8 
107-CF-02-37 1387031 .11 501700.21 4249.59 1 8 
107-CF-02-38 1387038.93 501699.88 4245.24 6.1 
107-CF-02-39 1387032.63 501691.30 4246.38 5.0 
107-CF-02-40 1387040.65 501705.16 4244.95 64 
107-CF-02-41 1387033.87 501710.28 4247.35 40 

Monument 55 107 1387124.72 501613.21 4249.89 1.5 
TetraTech Pin 1 1387124.71 501787.23 4251 .06 0.3 
TetraTech Pin 2 1386991 .77 501613.20 4251 .63 -0.3 

Note. Coordinates are based on an electromc map file. usmg the NAD 1983 datum. Depth from average prn elevatron rs the 
distance from the average of Tetra Tech Pin 1 and Tetra Tech Pin 2 to the sample location. 
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NDEP Remedial Action Concurrence Letters 
 
 

 



R. Michael Turnipseed, Director 
Allen Biaggi, Administrator 
(775) 687-4670 
TDD 687-4678 

Administration 
Facsimile 687-5856 
 
Mining Regulations and Reclamation 
Facsimile 684-5259  

STATE OF NEVADA 
KENNY C. GUINN 

Governor 

 

Waste Management 
Corrective Actions 

Federal Facilities 
Facsimile 687-6396 

Air Quality 
Water Quality Planning 

Facsimile 687-6396 

Department of Conservation and Natural Resources 

Division of Environmental Protection 
 

333 W. Nye Lane, Room 138 

Carson City, Nevada 89706-0851  

October 6, 2003  

 
 
David W. Dornblaser 
Lieutenant Colonel 
Department of The Army 
Hawthorne Army Depot 
1 South Maine Street 
Hawthorne, NV 89415-9404 
 

Subject: September 2003 Final Remedial Investigation Report Addendum A, Solid  
              Waste Management Unit I07, Building 101-44 Landfill, Hawthorne Army  
              Depot, Hawthorne, Nevada  

Dear Col. Dornblaser: 
 
The Nevada Division of Environmental Protection (NDEP), Bureau of Federal Facilities staff, 
received and evaluated Hawthorne Army Depot's (HWAD) September 2003 subject report. The 
report provides a summary of additional work performed at Solid Waste Management Unit 
(SWMU) I07. SWMU I07 is an inactive disposal pit that is known to have received diesel fuel 
contaminated with explosives. 
 
Based on this review, NDEP comments previously transmitted on June 20, 2003 have been 
incorporated and supplemental information was provided. This final document is therefore 
approved. Proceed with the recommendations as discussed in the subject report. 
 
If you should have any questions, please contact our office at 775-687-9396.  
 

 
                                                    Sincerely, 
 

Page 1 of 2Nevada Division of Environmental Protection Outgoing Correspondence

9/8/2011file://C:\Documents and Settings\joshm\Local Settings\Temporary Internet Files\Content.Ou...



                                                    Ramon Naranjo 
                                                    Environmental Hydrologist 
                                                    Bureau of Federal Facilities 

 
PJL/REN/RCN/cb  
 
cc:  
Herman Millsap, HWAD 
Paul Zianno, USACE Sacramento District 
Mineral County Commission, P.O. Box 1450, Hawthorne, NV 
Hawthorne Fire Department, P.O. Box 1095, Hawthorne, NV 
Mineral County Sheriffs Department, P.O. Box 2290, Hawthorne, NV 
Walker River Paiute Tribe, P.O. Box 220, Schurz, NV 89427 

Page 2 of 2Nevada Division of Environmental Protection Outgoing Correspondence

9/8/2011file://C:\Documents and Settings\joshm\Local Settings\Temporary Internet Files\Content.Ou...



ALLEN BIAGGI, Administrator
STATE OF NEVADA

KENNY C. GUINN
Governor

R. MICHAEL TURNIPSEED, Director

Waste Management
Corrective Actions
Federal Facilities

Air Pollution Control
Air Quality Planning
Water Quality Planning

Facsimile 687-6396

(775) 687-4670

TDD 687-4678

Administration
Facsimile 687-5856

Water Pollution Control
Facsimile 687-4684

Mining Regulation and
Reclamation
Facsimile 684-5259

DEPARTMENT OF CONSERVATION AND NATURAL RESOURCES

DIVISION OF ENVIRONMENTAL PROTECTION
333 W. Nye Lane, Room 138

Carson City, Nevada 89706

February 25, 2004

David W. Dornblaser
Lieutenant Colonel
Department of The Army
Hawthorne Army Depot
1 South Maine Street
Hawthorne, NY 89415-9404

Subject: February 2004 Final Remedial Investigation Report Solid Waste Management Unit 107, Building
101-44 Landfill, Hawthorne Anny Depot, Hawthorne, Nevada

Dear Col. Dornblaser:

The Nevada Division of Environmental Protection (NDEP), Bureau of Federal Facilities staff, received and
evaluated Hawthorne Army Depot's (HW AD) February 2004 subject report. The report provides the results of
excavation and remediation efforts conducted at Solid Waste Management Area 107. Soils were contaminated
with explosives and total petroleum hydrocarbons (TPH-D) and were treated by composting in windrows.
Confirmation samples were taken inside the excavation to insure explosives were removed. The results of the
fate and transport modeling effort concluded that the total petroleum hydrocarbons left in place would not pose a
risk to groundwater.

Based on this review, NDEP comments previously transmitted (October 6, 2003) have been incorporated and
supplemental information was provided. This final document is therefore approved.

If you should have any questions, please contact our office at 775-687-9396.

Sincerely,

f;E~E=l'--.
Ramon Naranj
Environmental ~
Bureau of Federal Facilities

REN/RCN'"
Cc: Terre Maize, NDEP

Herman Millsap, HW AD
Rebecca Benecot, HW AD
Paul Zianno, USACE Sacramento District
Mineral County Commission, P.O. Box 1450, Hawthorne, NV
Hawthorne Fire Department, P.O. Box 1095, Hawthorne, NY
Mineral County Sheriffs Department, P.O. Box 2290, Hawthorne, NV
Richard Black, Fallon Paiute-Shoshone Tribe Environmental Director, 1011 Rio Vista Drive, Fallon, NV 89406
Tad Williams, Walker River Paiute Tribe Environmental Director, P.O. Box 220 ShuTZ NY 89427
Duane Masters Sr. Yerington Paiute Tribe Environmental Director, 603 W. Bridge Street, Yerington, NV 89447
Tansey Smith, Tribal-State Liaison, Inter-Tribal Council of Nevada Inc., 333 W. Nye Lane, Carson City NV 89706

(0) 1991
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Supporting Documentation from the 2012 Bay West Inc. Final SWMU I07 
Technical Memorandum, SWMU I07 Building 101-44 Former Landfill, Hawthorne 

Army Depot, Hawthorne, Nevada. 
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Figure 1-4 Sample Locations
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Figure 3-1   Sample Locations
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Figure 3-1 

SWMU 107 
Sample Locations 

and Analytical Results 

Hawthorne Army Depot 
Hawthorne, Nevada 

® 2012 Soil Boring Location 

e Former Sample Location 

IND.NO.NOI Sample Resu~s (RDX, HMX, TPH-D) 

-- Excavation Contour Line 

N D- Not Detected above laboratory detection limits 

NA - Not Analyzed I Not Available 

RDX. HMX, end TPH-D (TPH-Diesel) reported In mg/kg 

Bold - Results above screening criteria 

(1) - United States Environmental Protection Agency 
(USEPA) Industrial Regional Screening Levels 
(RSLs). June 2011 

(2) - State of Nevada Screening Level 

J - Estimated: The analyze was positively Identified: the 
quentitatlon Is an estimation 

JJ- Estimated: The quantitation Is en estimation due to 
discrepancies In meeting certain analyte-specific 
quality control criteria 

D - Sample result required a dilution 

Q- One or more quality control criteria failed. 

U - Undetected at the Lim ~ of Detection . 

M - Manual Integrated com pound. 

Drawn By: M.B. Date Drawn: 512412012 Project 11- J090499 
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Table 3-1 SWMU I07 Analytical Results 

• 
107-<11-S-(OS) 

2/8/2012 

04-o6 ft: bgs 

Test America 
EPA RSls (2011) EPA RSl s (2011) 

Analyte CAS Number Method Units Indu strial residential 
Result Qualifier 

Total Petroleum Hydrocarbon - Diesel (TPH-Diesel) 

TPH-Diesel 

Explosires 

2-Amino -4,6-di nitro toluene 

4-Amino-2,6-dinitrotoluene 

1,3-Dinitro benzene 

2,4-Dinltroto luene 

2,6-DinJtroto luene 

HMX 

Nitrobenzene 

2-Nitrotoluene 

3-N itrotoluene 

4-Nitrotoluene 

ROX 

etryl 

1,3,5-Tri nitro benzene 
2,4,6-Trinitrotol uene 

Notes: 

RSLs· R!giona!Sa~nlng L~s 

HWAD • H &Nthornl! Army Ol!pot 

MDL · MI!thodOI!ti!ction Limit 

BGS- Bl!lcw Ground SYrf~l! 

~/kg·ni11£r~ perkilogrcrn 

l.&f\:e:· miaCKrernpl!l"kiloe:ri7'11 

N/A· NotAppli~i! c.- Not Esti!Oiishi!d 

lbkl - rl!sUtsabove method detection Mmit 

Hie;hlightl!d in yi!ICM' ·l!lbovi! EPAinckJstril!ll RSl 

N/A 8015B mg/Kg 100(1) 

35572-78-2 83308 mo./K• 2000 

19406·51-0 83309 mg/Kg 1900 

99-65-0 83308 mol« 62 

121-14-2 83308 mg/Kg 5.5 

606-20-2 83308 mg/Kg 620 

2691-41-0 83308 rno/K• 49000 

98-95-3 83309 mg/Kg 24 

88-72-2 83309 mo.!<• 13 

99-08-1 83308 rng/Kg 62 

99-99-0 83308 mg/Kg 110 

121-82-4 83308 mg/Kg 24 

479-45· 8 83309 mg/Kg 2500 

99-35-4 83309 mo.!<• 27000 

118-96-7 83308 mg/Kg 79 

L~c.-l!ltc.-yQul!llfil!l"s 

J-Estim«l!d:Th l! l!ll'leiyl.I!Waspositill i!Jvidl!lltifil!d;thi!QUl!ll'ltitl!ltion is ool!stims:ion 

100(1) 54 

150 0.039 

150 0.039 

6.1 0.039 

1.6 0.039 

61 0.039 

3800 4.8 

4.8 0.098 

2.9 0.079 

6.1 0.079 

30 0.098 

5.6 40 

240 0.079 

2200 0.039 

19 0.039 

lJ • Estlntl!ltl!d: Thi! QU!I'Ititi!lion Is !I'I I!Stiml!lt:ion dul! to discti!Pl!ll'ldl!sln ml!tting Cl!rtllin !l'lltytl!-spl!<ificQul!llity control critl!ril!l 

D·Si7'11pll!rl!si.Atri!qUrl!dl!l dikJt ion 

Q- Onl! or mc.-1! QUl!llitvcontrol critl!l"klflill!d. 

U -Undl!tectl!dl!lt th i!LimkofDeti!Ction. 

(1)-Sta:e r:A Nevadl!IScreenlne:Level 

M • Ml!lnuill int~l!lted CO~OU'Id . 

B· BIM k conti7Tl inl!ltion: Th!: ool!ll'{t!:wl!ISdl!tectl!d ltlove 

0111!-half th!:ri!J)ortine:imitinl!lnl!IS:SOChtl!dbll!lnk. 

u 
u 
u 
u 
u 

u 
u 
u 
u 
J 

u 
u 
u 

107-<11-S- (10) 107-<l1-S-(10~Z 

2/8/2012 2/8/2012 

08-10 ft bgs Duplicate 

Test America Test America 

MOl Result Qualifier MOl Result Qualifier M Ol Result 

0. 73 2.9 J 0.7 4 J 0.7 1.9 

0 .032 0.039 u 0.032 0.04 u 0.033 0.04 

0 .029 0.039 u 0.029 0.04 u 0.03 0.04 

0.016 0.039 u 0.016 0.04 u 0.016 0.04 

0 .014 0.039 u 0.014 0.04 u 0.015 0.04 

0 .019 0.039 u 0.019 0.04 u 0.019 0.04 

0 .022 0.039 u 0.022 0.04 u 0.023 0.04 

0 .084 0.097 u 0.082 0 .099 u 0.084 0.1 

0 .0 46 0.078 u 0.046 0 .079 u 0.047 0.08 

0.063 0.078 u 0.062 0.079 u 0.063 0.08 

0.036 0.097 u 0.035 0.099 u 0.036 0.1 

0 .04'2 0.097 J 0.042 0.12 J 0.043 0.08 

0 .0 43 0.078 u 0.043 0 .079 u 0.044 0.08 

0 .014 0.039 u 0.013 0.04 u 0.014 0.04 

0.03 0.039 u 0.03 0.04 u 0.03 0.04 

107-01 
107-<l 1-S-(lS ) I07-o1-S-(2S) 107-<l 1-S-(35) 107-01-S-(45) 107-01-S-(SS) 107-01-S-(65) 107-o1-S-(7S) 

2/8/2012 2/8/20 12 2/8/ 2012 2/8/ 2012 2/ 8/20 12 2/ 8/2012 2/8 /2012 

14-16 ft bgs 24-26 ft bgs 34-36 ft bgs 44-46 ftbgs 44-56 ftbgs 64-66 ft bgs 74-75 ft bgs 

Test America Test America Test America T est America Test America Test Am erica Test America 

Qualifier MOl Result Qualifier MOl Result Qual Wier MDL Result Qualif ie r MOl Result Qualifier MOl Result Qualifier MOl Result Qualif ier MOl 

J 0.66 1 .5 J 0.72 1.5 J 0.77 2.2 J 0.69 1.9 J 0.69 1.2 J 0.79 1.1 J 0.74 

u 0.03 3 0.0 4 u 0.033 0.04 u 0 .033 0.039 u 0.032 0.038 u 0.032 0.04 u 0.033 0.04 u 0.033 
u 0.03 0.04 u 0.0 3 0.04 u 0 .03 0.039 u 0.029 0.038 u 0.029 0.04 u 0.03 0.04 u 0.03 

u 0.017 0.0 4 u o.016 0.04 u 0 .017 0.039 u 0.016 0.038 u 0.016 0.04 u 0.01 7 0.04 u 0.017 
u 0.015 0.0 4 u 0.0 15 0.04 u 0 .0 15 0.039 u 0.014 0.038 u 0.014 0.04 u 0.015 0.04 u 0.015 
u 0.019 0.04 u 0.0 19 0.04 u 0 .019 0.039 u 0.019 0.038 u 0.018 0.04 u 0.019 0.04 u 0.019 

u 0.02 3 0.0 4 u 0.023 0.04 u 0 .023 0.039 u 0.022 0.038 u 0.022 0.04 u 0.023 0.04 u 0.023 
u 0.085 0.099 u 0.084 0.1 u 0 .085 0.098 u 0.083 0.096 u 0.082 0.1 u 0.085 0.1 u 0.085 
u 0.047 0.079 u 0.047 0.08 u 0 .047 0.078 u 0.046 0.077 u 0.045 0.08 u 0.047 0.08 u 0.047 

u 0.064 0.079 u 0.063 0.08 u 0 .064 0.078 u O.C63 0.077 u O.C62 0.08 u O. C64 0.08 u O.C64 
u 0.036 0.099 u 0.0 36 0.1 u 0 .036 0.098 u 0.036 0.096 u 0.035 0.1 u 0.036 0.1 u 0.036 

UM 0.043 0.079 u 0.043 0.08 U M 0.043 0.078 U M 0.042 0.077 u 0.041 0.08 U M 0.043 0.08 u 0.043 

u 0.044 0.079 u 0.044 0.08 u 0 .044 0.078 u 0.043 0.077 u 0.042 0.08 u 0.044 0.08 u 0.044 
u 0.014 0.04 u 0.014 0.04 u 0 .014 0.039 u 0.013 0.038 u 0.013 0.04 u 0.014 0.04 u 0.014 
u 0.031 0.0 4 u 0.03 0.04 u 0.031 u.u''" u U. U> U.U> " u U.U> U.U4 u I.U>l U.U4 u IU. U>l 
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Table 3-1 SWMU I07 Analytical Results (Continued) 

 

• 
107-<12-S-(05 ) 

2/9/2012 

04..()6 ft bgs 

Test America 
EPA RSLs {2011) EPA RSl s (2011) 

Analyte CAS Num ber Method Units Industrial residentia l Result Qualifier 

Total Petroleum Hydrocarboo - Diesel (lPH-Oiesel) 

TPH-Diesel 

Explosives 

2-Amino-4,6-dirltrotoluene 

4-Amino-2,6-di ritroto luene 

1,3-0inltrobenzene 

2,4-0inltrotoluene 

2,6-0inltroto luene 

HMX 

Nitrobenzene 

2-Nitrotoluene 

3-Nitrotoluene 

4-N itrotoluene 

RDX 

Tetrvl 

1,3, 5-Tri nitro benzene 

2,4,6-Trinitrot olu ene 

Not« 

RSLs-~ionl!I Scrf!er~lne;l~f!ls 

HWAD- HaNthorneArmy [)ep:lt 

MOl- M et:hod Detection lirnit 

BGS- Bf!low GroundSUrf;,:e 

nt:/l!i· rnill~r!lmp!rkiloe;ran 

~g- micr~r!lmpf!rkiloe;r!!m 

N/A· Net Appl c!lblf! 0( Net fst!lblishf!d 

Ibid · r~ts!lboVI!t'l'l@th od O!tectlon lim I: 

Hf&hl£hted in yelow- !lboveEPA indusl:rilll RSl 

N/ A 80158 mg/Kg 100(1) 100(1) 37 

35572-78-2 8330B rr«IK• 2000 150 0.034 

19406-51-0 8 330B mg/Kg 1900 150 0.039 

99-65-0 8330B rr«/K• 62 6.1 0.039 

121-14-2 8330B ,.., .. 5.5 1.6 0.039 

606-20-2 8330B mg/Kg 620 61 0.039 

2691-41.() 8 330B rr«IK• 49000 3800 0.16 

98-95-3 8 330B rr«/K• 24 4 .8 0.097 

88-n-2 8 330B mg/Kg 13 2.9 0.078 

99-08-1 8330B ,.., .. 62 6 .1 O.D78 

99-99-0 8330B ~g_ 110 30 0.097 

121-82-4 8330B mg/Kg 24 5.6 0.41 

479-45-8 8 330B rr«/K• 2500 240 0.078 

99-35-4 8 330B ~/Kg 27000 2200 0.059 

118-96-7 8 330B rro<JKS 79 19 0.039 

l 5>cnt.oryQUlllfiers 

J· EstlrMt~:Thf!M81yl.f!was positiYf!tv idf!ntifi f!d; tl'lf!qu&ntitl!ll:ion isM f!stima:lon 

11- Estimated: The qucntiraion is en estimation due t o distrepancies in meeting certain cn<fyte-spedfi c quality control criteria 

0-Scrnpleresultreq.iredadik.Jtion 

Q- One or more QUal ity control criteria f oi led 

u- Undet:ectf!d l!ll: thf!Uml: ofDf!tection. 

(l) · Sta:f! cl NI!V!Id!Scr~nlng Leve 

M • MMU!II int~!lt~ compOU"Id. 

B -Bim k conti7lllnetion: The¥Jl!llvtewMdet:ected5:love 

one-h!llfthe reportingiml: inl!lrl!ISSOCiMedbll!lnk 

J 

u 
u 
u 
u 

u 
u 
u 
u 

u 
J 

u 

107-<12-S-(01) I07-o2-S-(015) 

2/9/2012 2/9/2012 

06-08 It bgs 14-16 ft bgs 

Test America Test Amedca 

MDL Result Qualifier MDL Result Qualifier 

0.68 38 0 .71 8600 DQ 

0.032 0.039 u 0.032 0.039 u 
0 .029 0.039 u 0.029 0.039 u 
0.016 0.039 u 0.016 0.039 u 
0.014 0.039 u 0.014 0.039 u 
0.019 0.039 u 0.019 0.039 u 
0.022 0 .066 J 0.022 0.038 J J 

0 .083 0.097 u 0.082 0.099 u 
0.046 0.078 u 0.046 0.079 u 
0 .062 0.078 u 0.062 0.079 u 
0 .036 0.097 u 0.035 0.099 u 
0.042 0 .1 JJ 0.042 0.079 u 
0.043 0.078 u 0.043 0.079 u 
0.013 0 .016 J J 0.013 0.039 u 
O.D3 0.039 u 0 .03 0.039 u 

107-02 
107-<12-S-(21) 107-<12-S-(31) 107-<l 2 -s-(31) 107-02-S-(SS) 107-02-5-(65) 107-02-S-(75) 

2/9/2012 2/9/2012 2/9/2012 2/9/2012 2/9/2012 2/9/ 2012 

20-22 It bgs 30-32 It bgs 36-3 8 ft: bgs 54.-56 ftbgs 64-66 ft bgs 74-75 f t bgs 

Test America Test America Test America Test America Test America Test America 

MDL Result Qualifier MDL Result Qualifier MDL Result Qualifier MDL Result Qualifier MDL Result Qualifier MDL Result Qualifier MDL 

15 2200 DQ 7.3 93 0.72 2.1 J 0.64 2 J 0. 73 2.1 J 0.77 2.6 J M 0 .72 

0.032 0.037 u 0.03 0 .038 u 0.031 0.039 u 0.032 0.039 u 0.032 0.039 u 0.032 0.0 38 u 0.031 

0.03 0 .0 37 u 0.028 0 .038 u 0.028 0.039 u 0.029 0.039 u 0.029 0.039 u 0.029 0.038 u 0.029 

0.016 0 .037 u 0.015 0 .0 38 u 0.016 0.039 u 0.016 0.039 u 0.016 0.039 u 0 .016 0.038 u 0.016 

0.015 0 .037 u 0.014 O.D38 u 0.014 0.039 u 0.014 0.039 u 0.014 0.039 u 0 .014 0.038 u 0.014 

0.019 0 .037 u 0.018 0 .038 u 0.018 0.039 u 0.018 0.039 u 0.019 0.039 u 0.019 0.038 u 0.018 

0.022 0 .0 37 u 0.021 0 .038 u 0.021 0.039 u 0.022 0.039 u 0.022 0.039 u 0.022 0.038 u 0.022 

0.084 0 .0 92 u 0.078 0 .094 u 0.08 0.097 u 0.082 0.097 u 0.082 0.097 u 0.083 0.096 u 0.081 

0.047 0 .074 u 0.044 0 .076 u 0.045 0.077 u 0.046 0.078 u 0.046 0.078 u 0.046 0.0 77 u 0.045 

0.063 0 .0 74 u 0.059 0 .076 u 0.06 0.0 77 u 0.062 0.078 u 0.062 0.078 u 0 .062 0.077 u 0.061 

0.036 0 .0 92 u 0.034 0 .094 u 0.034 0.097 u 0.035 0.097 u O.D35 0.097 u 0.036 0.096 u 0.035 

0.042 0 .074 u 0.04 0 .076 u 0.041 0.0 77 u 0.042 0.078 u 0.042 0.078 u 0.042 0.077 u 0.041 

0.043 0 .074 u 0.04 0.076 u 0.041 0.077 u 0.042 0.078 u 0.043 0.078 u 0.043 0.077 u 0.042 

0.014 0 .0 37 u 0.013 0 .038 u 0.013 0.0 39 u 0.013 0.039 u 0.013 0.039 u 0.013 0.038 u 0.013 

0.03 0.0 37 u 0.028 0 .038 u 0.029 0 .039 u 0.03 0.039 u 0.03 0 .039 u 0.03 0 .038 u 0.029 
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Table 3-1 SWMU I07 Analytical Results (Continued) 

• 
107-<13-S-(03 ) 

EPA RSl s (20 11) EPA RSLs (10 11) 
2/9/ 2012 

Anafyte CAS Number Method Units 
Industrial residential 02-04 ft bgs 

Test America 

Result Qualifier 

al Petroleum Hydrotarbon- Diesel (TPH-Oiesel) 

TPH-Oiesel 

Explosi•es 

2-Amino -4,6-di ritroto luene 

4.,1\mino-2,6<11 titroto luen e 

1, 3-0ititrobenzene 

2,4-0initrotoluene 

2,6-Dinitroto luene 

HMX 

Nitrobenzene 

2~itrotoluene 

3~itrotoluene 

4~itrotoluene 

ROX 

Tetryl 

1,3,5-Trinitro benZEne 

2,4,6-Tri nit rota luene 

Notos 

RSls·Re&:ion~Screenine levels 

HWAD · HBrNthorneArmy Depot 

MOl· MethodOaection Umit 

BGS· Belcr.v GroundSurfz.::e 

ITi/l<i·rrilli&r~pe-ki~<f'll 

t.e/ke·micr~r~perkiloi:r5'11 

N/A· NotApp~c~ble or Not Esr:ablished 

Ibid · resllts~bove mahoddetection lim I: 

Hiehlihted in yel~ ·llboVeEPAindustrllll RSL 

N/A 80158 mg/<g 100(1) 100(1) 89 

35572-78-2 8330B mg/Kg 2000 150 0.038 

19406-51-0 8330B mg/Kg 1900 150 0.038 

99-65-0 8330B mg/Kg 62 6.1 0.038 

121-14-2 8330B mg/Kg 5.5 1.6 0.038 

605-20-2 8330B mg/Kg 620 61 0.038 

2691-41-{) 8330B mg/Kg 49000 3000 0 .082 

98-95-3 8330B mg/Kg 24 4.8 0.094 

88-72-2 8330B mg/Kg 13 2.9 0.075 

99-08-1 8330B mg/Kg 62 6.1 0.075 

99-99..0 8330B mg/Kg 110 30 0.094 

121-82-4 8330B mg/Kg 24 5.6 0.2 1 

479-45-8 8330B mg/Kg 2500 240 0.075 

99-35-4 8330B mg/Kg 27000 2200 0 .05 

118-96-7 8330B mg/Kg 79 19 0.038 

l~orl!ltoryQ~flers 

J · EstirMted: The ~~vz.e waspositiYe~ identified; the Q~tit~ion is ~n estimaion 

JJ ·Estimated: The ~Mtitlf:ion ls <11 estimation clue to ciscrepandesln mea:ine cert~n !lldyte-speciflcQuality control criteri~ 

D·S<f'llpler~re~red~dilution 

Q· Oneormore~itycontrol criteri~fllled. 

U· Undetected ~the limit: ofDetectioo . 

(1) · Sra:e cL NevadaSaeenine Level 

M- Man~ inte&:r&ed CO~C'Uld. 

B· Bl<llk contEmlnlll':ion: The i!nalvteMJsdetected ~OYe 

one-hlllfthe reponine limit: in an ~socilll':ed bli!nk. 

u 
u 
u 
u 
u 
J 

u 
u 
u 
u 

u 
J 

u 

107-03-S-(010 ) 107-<13-S-(15) 

2/9/ 2012 2/9/2012 

08 -10 ft bgs 14-16 ft bgs 

T est America Test America 

MDL Result Qualifier MDL Result Qualif ier MDL 

0.69 7100 DQ 13 7200 DQ 14 

0.031 0.039 u 0 .032 0.036 UQ 0.03 

0.028 0.039 u 0 .029 0.036 UQ 0.027 

0.016 0.039 u 0.016 0.036 UQ 0.015 

0.014 0.039 u 0 .014 0.036 UQ 0.013 

0.018 0.039 u 0.018 0.036 UQ 0.017 

0.021 0.39 0.022 0.036 UQ 0.021 

0.08 0.096 u 0 .082 0.091 UQ 0.077 

0.044 0.077 u 0 .045 0.073 UQ 0.043 

0.06 0.077 u 0.062 0.073 UQ 0.058 

0.034 0.096 u 0.035 0.091 UQ 0.033 

0.04 3.7 0 .041 0.073 UQ 0.039 

0.041 0.077 u 0.042 0.073 UQ 0.04 

0.013 0.039 u 0 .013 0.036 UQ 0.013 

0.029 0.039 u 0.03 0.036 UQ 0.028 

107-03 
107-<13-S-(lS~Z 107-<13-S-(23) 107 -<13-S-(33) 107-03-S-(45) 107-03-S-(5 1) 107-03-S-(65) 107-<13-S-(75) 

2/9/2012 2/9/2012 2/9/2012 2/9/2012 2/10/2012 2/ 10/2012 2/ 10/2012 

Duplicate 22-24 ft bgs 32-34 ft bgs 44-46 ft bgs 50-52ft bgs 64~6 ft bgs 74-75 ft bgs 

Test America Test America Test America Test America Test America Test America Test America 

Result Qualifier MDL Result Qualif ier MDL Result Qualifier MDL Result Qualifier MDL Result Qualifier MDL Result Qualifier MDL Result Qualifier MDL 

7700 DQ 14 4100 DQ 6.7 2.5 J 0.7 2.8 J 0.66 2.1 J 0.69 0.94 J M 0.77 1.6 J 0.71 

0.04 UQ 0.033 0.038 u 0.032 0.039 u 0.032 0.038 u 0.03 1 0.039 u 0.032 0.039 u 0.032 0.037 u 0.03 

0.04 UQ 0.03 0.038 u 0.029 0.039 u 0.029 0.038 u 0.029 0.039 u 0.029 0.039 u 0.029 0.037 u 0.028 

0.04 UQ 0.016 0.038 u 0.016 0.039 u 0.016 0.038 u 0.016 0.039 u 0.016 0.039 u 0.016 0.037 u 0.015 

0.04 UQ 0.015 0.038 UQ 0.014 0.039 u 0.014 0.038 u 0.014 0.039 u 0.0 14 0.039 u 0.014 0.037 u 0.014 

0.04 UQ 0.019 0.038 u 0.018 0.039 u 0 .019 0.038 u 0.018 0.039 u 0.019 0.039 u 0.019 0.037 u 0.018 

0.04 UQ 0.023 0.038 UQ 0.022 0.039 u 0.022 0.038 u 0.022 0.039 u 0.022 0.039 u 0.022 0.037 u 0 .021 

0.099 UMQ 0.084 0.096 UQ 0.082 0.099 u 0.084 0.095 u 0.081 0.097 u 0.083 0.098 u 0.083 0.092 u 0.078 

0.54 QMJ 0.047 0.34 J Q 0.045 0.079 u 0.047 0.076 u 0.045 0.078 u 0.046 0.078 u 0.046 0.074 u 0 .0 44 

0.079 UQ 0.064 0.077 u 0.061 0.079 u 0.063 0.076 u 0.061 0.078 u 0.062 O.Q78 u 0.063 0.074 u 0.059 

0.099 UQ 0.036 0.096 u 0.035 0.099 u 0.036 0.095 u 0.035 0.097 u 0.036 0.098 u 0.036 0.092 u 0.034 

0.079 UQ 0.043 0.84 0.041 0.079 u 0 .042 0.076 u 0.041 0.078 u 0.042 0.078 UM 0.042 0.074 UM 0.04 

0.079 UQ 0.044 0.077 u 0.042 0.079 u 0.043 0.076 u 0.042 0.078 u 0.043 0.078 u 0.043 0.074 u 0.041 

0.04 UQ 0.014 0.038 UQ 0.013 0.039 u 0.014 0.038 u 0.0 13 0.039 u 0.013 0.039 u 0.014 0.037 u 0.013 

0.04 UQ 0.03 0.038 UQ 0.029 0.039 u 0.03 0.038 u 0.029 0.039 u 0 .03 0.039 u 0.03 0.037 u 0 .028 
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Attachment 5 
 

Fate and Transport Model Supporting Documentation from the 2004 
Chung/Geofon Final Remediation Report, Solid Waste Management Unit B29 

and I07, Hawthorne Army Depot, Hawthorne, Nevada. 



HSSM HYDROCARBON SPILL SCREENING MODEL FOR HWAD F&T 
RELEASE SITES 

Introduction 

Hydrocarbon Spill Screening Mode (HSSM) is an EPA model that simulates releases of light 
nonaqueous phase liquids (LNAPLs). The model includes separate modules for LNAPL flow 
through the vadose zone, spreading in the capillary fringe, and transport to chemical 
constituents of the LNAPL in a water able aquifer. These modules are based on simplified 
conceptualizations of the flow and transport phenomena, which were used to that the resulting 
model would be a practical, though approximate tool. For select HWAD release sites, HSSM is 
used only to model petroleum hydrocarbon fate and transport to groundwater. A model's 
predictive ability is only as good as the assumptions, data inputs, and professional judgment 
that constitute the model. For HWAD, using HSSM is appropriate for estimating impact to 
groundwater from leaking UST and surface releases. Wherever possible, site-specific data is 
utilized, and if not available, then appropriate parameter values are used from the HSSM 
documentation or literature. Representative and conservative inputs are used so that model 
output will be realistic; yet eerr on the conservative side. 

HSSM is a screening model; it includes a number of chemical and hydraulic phenomena, 
assume subsurface homogeneity, executes rapidly, and excludes some phenomena. For 
example, if gasoline is spilled, HSSM< may be used to give a rough estimate of groundwater 
concentrations of constituents of gasoline. Also, one would not expect to calibrate the model by 
adjusting the spatial distinctions of the parameters, as heterogeneity is not include din the 
model. 

If simulation of complex, heterogeneous sites is needed or other approximations made in HSSM 
are unacceptable (using another model with the available data is not likely to yield a "better" 
prediction), then additional soil boring sand samples would be need to be collected. 

This vadose zone fate and transport report present the model description, model results and 
conclusions, model inputs, input screens, model output, for both the calibrated and reported 
(estimated) scenarios, and sensitivity analysis, parameter input value table and the user guide 
and theoretical background (EPA manuals). 

Model Description 

HSSM simulates the impacts of water-immiscible contaminants (LNAPLs) on water table 
aquifers. The model is based on approximate treatments of flow through the vadose zone, 
LNAPL spreading along the water table, and miscible transport of a single chemical constituent 
of the LNAPL through a water table aquifer to various receptor points. Surface and 
underground storage tank releases are potential areas for use of HSSM. 

In HSSM, the LNAPL (or hydrocarbon) is assumed to be composed of two components. The 
first component is the LNAPL itself, which is a liquid that is separate from and does not mix with 
the subsurface water. The model contains a set of equations for tracking the motion of the 
LNAPL phase. Several of the results and graphs produced by the model depict the distribution 
of the LNAPL phase. The second component is referred to as a chemical constituent of the 
LNAPL, because typical LNAPLs are composed of many individual chemicals. HSSM tracks the 
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transport of one of these chemicals. Since the chemical constituent may dissolve into the 
subsurface water, it can be transported by the groundwater and contaminate downgradient 
receptor points. For example, HSSM may be used to simulate a gasoline release. Benzene 
could be the chemical constituent of interest. All of the rest of the chemicals composing the 
gasoline would be treated as being part of the LNAPL. When the impact of another constituent 
of gasoline, say toluene, needed to be determined, the chemical constituent would be the 
toluene. In this way, HSSM could be run for several of the important chemical constituents of 
the LNAPL. The model user could develop a feel for the behavior of the different chemicals by 
comparing the results. 

HSSM is designed for LNAPLs, and is not suitable for denser-than-water NAPLs (DNAPLs) as 
the NAPL is assumed to "float" on the water table. The vadose zone module ofHSSM could, 
however, be used for a DNAPL, as that module is not affected by fluid density. 

Model Components 

A typical release of a LNAPL pollutant at the ground surface is shown below. The LNAPL flows 
downward through the vadose zone due to gravity and capillary forces. The LNAPL is deflected 
from its downward path by geologic heterogeneities it encounters on its way toward the water 
table. Infiltrating rainwater may push the LNAPL down faster than it would move on its own. 
Once in the vicinity of the water table, the LNAPL floats in the capillary fringe since it is a 
nonwetting phase that is less dense than water. Fluctuation of the water table due to natural 
causes or wells may create a smear zone containing trapped LNAPL. Contact with the ground 
water or infiltrating recharge water causes the chemical constituents of the LNAPL to dissolve, 
resulting in aquifer contamination. The constituents may be leached at different rates due to 
their diverse properties. Depending on their volatility, the constituents also partition into the 
vadose zone air. 

Once in the aquifer, limited mixing leaves the constituents in a relatively narrow band near the 
top of the aquifer. These constituents are transported by advection and dispersion through the 
aquifer. The aquifer, like the vadose zone, is heterogeneous and flow may follow preferential 
pathways. 

HSSM is based on a simple conceptual.ization of an LNAPL release. Within HSSM, the LNAPL 
follows a one-dimensional path from the surface to the water table. Properties of the subsurface 
are taken as being uniform. The LNAPL is composed of two components: one is the LNAPL 
phase and the other is the chemical constituent of interest. At the water table, the LNAPL 
spreads radially, which implies that the regional gradient has no effect on the flow of the LNAPL. 
Dissolution of the chemical constituent obeys local equilibrium partitioning, but is driven by the 
flowing ground water and recharge water reaching the water table. The chemical constituent is 
transported by advection and dispersion to multiple receptor points in the uniform aquifer. 

The model is composed of three modules, based on the simplified conceptualization presented 
above. All of the modules are in the form of semi-analytical solutions of the governing 
equations, so the modules of HSSM do not use discretization of the flow domain nor iterative 
solution techniques. These approximations are designed to execute rapidly. The conceptual 
basis of the modules is discussed in the following paragraphs. The mathematical details of the 
modules are presented in the HSSM documentation. The model is intended to address the 
problem of LNAPL flow and transport from the ground surface to a water table aquifer. 
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Assuming that the principle interest lies with water quality, an emphasis of the model is the 
determination of the NAPL lens size and the mass flux of contaminants into the aquifer. These 
quantities define the source condition for aquifer contamination and must be based upon 
multiphase flow phenomena in the vadose zone. The first two modules of HSSM address the 
vadose zone flow and transport of the LNAPL. These two are the Kinematic Oily Pollutant 
Transport (KOPT) and OILENS modules. KOPT and OILENS are combined into one computer 
code, HSSM-KO, which provides a time- variable source condition for the aquifer model. 

A chemical constituent dissolved in both the LNAPL and water phases is tracked by KOPT and 
OILENS. Once that chemical constituent reaches the water table , it contaminates the aquifer by 
contact with the recharge water and by dissolution from the LNAPL lens. Thus, the third part of 
the model is transported through the aquifer of one chemical constituent of the LNAPL. Notably, 
the mass flux from OILENS is time varying so that the aquifer model must be capable of 
simulating a time-varying source condition. In keeping with the level of approximation used in 
KOPT and OILENS, one suitable choice is the Transient Source Gaussian Plume (TSGPLUME) 
model, which uses an analytical solution of the advection-dispersion equation. TSGPLUME 
uses different numerical techniques than KOPT and OILENS so it is not incorporated within 
HSSMKO, but rather is implemented in the computer code HSSM- T. The TSGPLUME model 
takes the dissolution mass flux from the OILENS module of HSSM-KO and calculates the 
expected concentrations at a number of downgradient receptor points. 

Windows interfaces are provided to create input data sets, run the model, and graph the results. 

Rationale 

The EPA HSSM was used to model the movement of diesel contamination (TPH-d) through the 
unsaturated zone to determine potential impact to groundwater at SWMU 107. This model was 
designed to simulate the behavior of water-immiscible contaminants, such as diesel fuel. The 
HSSM model is appropriate for use at HWAD to evaluate potential TPH-d impact to 
groundwater. 

HSSM Model application to HWAD SWMU 107 

The HSSM model was calibrated b~ changing the most sensitive parameter, flux. This 
simulation assumes a specific flux (volume released) over a specified duration (release time). 
The flux is varied to indicate that the hydrocarbon contamination would reach the lowest depth 
with detected TPH-d. In the case of SWMU 107, sample 107-8803-7-S indicated hydrocarbon 
contamination had reached a maximum depth of 50 feet bgs, at a concentration of 26 mg/kg, 
well below the action level of 100 mg/kg. None of the LNAPL simulations have an input 
parameter for the actual measured concentration. The highest concentrations of TPH-d 
occurred near the surface. Therefore, by choosing the maximum depth at which TPH-d was 
detected and assuming that no lateral migration has occurred (HSSM assumption), the most 
conservative calibration is achieved. If the maximum detected concentration occurred at depth , 
other assumptions would have to be made regarding calibration of the HSSM model (e.g., 
assume that the vertical extent of contamination is deeper than the maximum depth of detected 
TPH-d, or perhaps looking at BTEX compounds). 

Maximum concentration observed at the site is not a sufficient input parameter for the HSSM 
Model; therefore , an addition calculation can be performed as secondary assurance that based 
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on the maximum concentration observed groundwater will not be impacted. This calculation is 
presented below. 

Additionally , a range of the necessity for each input was evaluated and is presented in Table 
G1. 

Additional Modeling 

As demonstrated in a Tetra Tech report in March 2002 diesel will not be mobile until the 
concentration in the soil exceeds 69,000 mg/kg or seven percent by weight. This was 
determined by employing a conservative method to determine if groundwater might be 
impacted. This method to estimate the volume of fuel necessary to overcome the effects of 
adsorption and to reach the water table is presented in the USEPA document Underground 
Technology Update, Volume 4, Number 4, August 1994: "Soil porosity and bulk hydrocarbon 
physical characteristics will determine the soil volume (Vs) necessary to immobilize a release 
(through adsorption)." The formula is 

Vs = 0.2 x Vhc I P x Rs 

Where Vs = soil volume, Vhc = volume in barrels of discharged hydrocarbons (one barrel = 44 
gallons), P = effective porosity, and RS = residual saturation capacity (RS of soils is generally 
about 33% of the soil's water holding capacity). For this site, an RS value of 0.15 for diesel is 
appropriate. This equation can be rearranged to solve for the fuel concentration at which no 
further migration would occur because this is any concentration that results in a residual 
porosity (porosity unfilled by diesel) greater than the residual saturation capacity of the soil. The 
equation indicates that one cubic yard of soil with a porosity of 0.25 percent can absorb/adsorb 
approximately 0.19 barrels of diesel. A barrel of diesel weighs about 144 kg. Therefore, one 
cubic yard of soil can absorb 27 kg of diesel. Assuming that the dry bulk density of soils is 
about 500 kg/cubic meter, each cubic yard of soil weighs about 400 kg. This means that 400 kg 
of soil can absorb 27 kg of diesel, or in other words, the diesel will not be mobile until the 
concentration in the soil exceeds about 69,000 mg/kg, or about seven percent by weight. Thus 
based upon site conditions (final prt- sampling result 107 -CF01-02-20 had the highest 
concentration of 11 ,000 mg/kg TPH-diesel) any residual diesel is unlikely to pose a threat to 
groundwater quality. 
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Fjgure 1 - Calibrated model using a flux of 0.00165 meters per day. 
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Figure 2 -Estimated model using a flux of 0.00224 meters per day. 
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HSSM INPUT PARAMETERS FOR SWMU 1-07, HAWTHORNE ARMY DEPOT 
!HYDOLOGIC INPUT PARAMETERS Value Source Expected Range at HWAD I 
Water Dynamic Viscosity (cp) 1 Standard value NA 

Water Density (g/cm3
) 1 Standard value NA 

Water Sufrace Tension (dyne/em) 65 HSSM default assumption NA 
Maximum kiW during infiltration 0.5 HSSM default assumption NA 

Recharge/Saturation 
Saturation 0.19 Flint et al., 1996 NA 

Capillary Pressure Curve Model (sand) , 

Brooks and Corey's Lambda 0.573 Page 166, Table 92, HSSM User's Guide 0.216 to 0.573 (silt loam to sand) 

Air Entry Head ChcJ / 0.353 Page 166, Table 92, HSSM Users Guide 0.353 to 0.693 (sand to silt loam) 

Residual Water Saturation 
11 

0.045 Page 167, Table 94, HSSM Users Guide 0.045 to 0.067 (sand to silt loam)" 

l I 
Porous Medium Properties (sand) 
Saturated Vertical Hydraulic Conductivity (k) 7.1 Page 169, Table 96, HSSM User's Guide 0.060 to 7.1 (silt to sand) 
Porosity (n) 0.349 Page 166, Table 92, HSSM User's Guide 0.349 to 0.484 (sand to silt loam) 

!HYDROCARBON PHASE PARAMETERS (Diesel) Value Source Expected Range at HWAD I 
NAPL Density (g/cm3) 0.85 Env. Canada Oil Properties Database 0.85 to 0.87 (diesel to fuel oil) 
NAPL Dynamic Viscosity (cp) 2 Env. canada Oil Properties Database 2 to 4 (diesel to fuel oil) 
Vadose Zone Residual NAPL Saturations 0.1 HSSM Default Value NA 
NAPL Surface Tension (dyne/em) 25 Env. Canada Oil Properties Database 25-28 (diesel to fuel oil) 

NAPL Flux (m/d) variable (0.00224 for SWMU 1-07) site specific 
Beginning Time (d) 58 NA 
Ending Time (d) 5 site specific 

NOTE: The values chosen as imput parameters were the most conservative based on a predominant sand soil type. 



Modeling I1npact to Groundwater using the Hydrocarbon Spill Screening 
Model (HSSM), SWMU I-07, Hawthorne Anny Depot, Hawthorne, Nevada 

Sensitivity Analysis 

A sensitivity analysis was conducted to determine which HSSM input parameters had the 
most impact on hydrocarbon (diesel) penetration depth . The following graphs indicate 
that flux had the most impact, while viscosity had l·ittle impact on penetration depth. 
Both conductivity and porosity have possible signjficant impacts over the range of 
extreme values (up to 15 meters for porosity), but the conditions expected at Hawthorne 
Army Depot indicate that flux will be the most sensitive parameter. 
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Run Tilles: 

H\1/AD building 101-4.( .. S\1/t.tU 107 
Die~el Arrival Time at Groundwater flux 0.00165 

: ·· Printing switches ·· ·· ·-···· · · - ··· ··· ··--· ·-·-.. ·· - ... - ... -····--.. -- -·-
·. . 

' r;; Create output file* 

r Echo print data only 

r. Run models 

~· ·· File names · ... -· · · ··· -

0~ 

Cancel 

~- · Module switches _ .. ___ ... _ ... ... ·-·-· ····· ·-··· ·· --· -·----·· ----· : · I 
~Run KOPT 

r Run OILENS 

i 
r Write HSSM-T input file 

~ ... ·-·--- .. ... _ .. . - ..... ·· --- -- ·· ·- -- ..... . .. ... .. .. ..... .. ....... ·- .... ___ j 

NOTE: These filenames will be used iflhe data file 
is saved under a new name with the "SaveAs .. option. 

C:\HSSM\HWADJ07.DAT 
C:\HSSM\HWAOI07.HSS 
C:\HSSM\H\I/ADI07.Pl1 
C:\HSSM\HWADI07.Pl2 
C:\HSSM\HWAOI07.Pl3 
C:\HSSM\HWADI07.PMI . 
C:\HSSM\HWADI07. TSG 
C:\H SSN\H\1/AD I 07. PM P 

HSSN-KO input file 
H SS N -KO output file 
HSSN·KO plot file 1 
HSSM-KO plot file 2 
HSSN-KO plot file 3 
HSSM-T input fife 
HSSN-T output file 
HSSM 4 T plot file 



HYDROLOGIC PROPERTIES 

Water dynamic visco$ily ('cp} _ . . . 1 
t--------t 

Water density (g/cm') .. __ . _ . . . 1 
1--------1 

Water $Uif. tension {d.}'ne/cm) . . . 65 
t--------i 

Maximum krw during infiltration ... 0.5 

;· Recharge·· ·· -· ··-·· ·· ···-· ····· .............. .. 

~ r Average recharge rate (m/dj 

: r. Saturation 

-· · Capillary pressure curve rnodel ···~ · 

r. Brooks and · Corey 

r van G enuchlen 

Brook~ and Corey's lambda ... . 
Air entry head (m) ... _ ...... . 
A esiduaJ water satur alion . _ _ .. __ 

van Genuchten·$ alpha {1/m) •.. 

..__ ____ -.J 

value: 

J.19 

...... _ .. , .... --· ·-- .... - .... . 

0.573 
0.353 
0.045· 
n ----

van Genuchlen•s n _ .. _ .... _ . ! o· 
.......... .. .. ....... .. .. --·- ··--·-···---.--- .. ·---· ...... , .. _ ... ~- ...... ......... ....... ·-- ...... -·- .. ---- ....... - .... ___ ... _ .. 

Data file: OK 
C:\HSSM\HWADI07.DAT 

r Enable range checking Cancel 

POROUS -MEDIUM PROPERTIES 

Sat•d vert hydraulic cond. (m/d) _ 
Ratio of horz/vert hyd. cond. . . .. 
Po1osity _ . . . _ . . _ . . _ _ _ _ _ . __ . 

-7.1 
1 
0.349 
0 

. . 0 
Bulk density [gJcm') . _ . __ ...... 
Aquifer saturated lhickne$S {m) .. 
Oeplh to water table (m) .. _ .. _ . 

CapiDary thickness pat ameter (m) . 
0 
0 

Groundwater gradient (m/m} .... . . 0 
Longiludjnal dispersivity (m) .... . .0 
Transverse disper.sivit.Y (m) __ ... . . 0 
Vertical dispersivity (m) _ ...... . .0 



HYDROCARBON PHASE PROPERTIES . 

NAPl den~ily (g/crnJ)_ .. _ .. _ . __ 

NAPl dynamic viscosity (cpl ... . 
HJdrocarbon solubility (mg/L) ... . 
Aquifer relidual NAPl saturation .. 
Vadose zone re~idual NAPL $at•n .. 
Soil/wa•er partition coeff. {l/kg) .. 
NAPl s:urface tension (dyne~cm) .. 

0.85 
2 
0 

0 
0.1 
0 
25 

DISSOLVED CONSTITUENT PROPERTIES 

I D i~~olved constituent exists 

Initial con$tit. cone. in NAPL 0 
t-------i 

NAPl/waler partition coefficient . D 
1------~ 

~oil/water partition coeff. (l/kg) .. .,_J.J ____ ~ 

Conllituenl solubility (rng/l) ... . · _ 0 .__ ____ ~ 
r Constit. Ji-life in aquifer (d) _ . . 0. G 

'---__,;::;;;;:......__--1 

Data f~Je: 
C:\HSS M\H\tiADI07.DAT 

r Enable range checking 

:· HYDROCARBON RELEASE 
i 

r. Specified flux 

r Specified volume/area 

r Conllant head ponding 

OK 

Cancel 

r Variable ponding after const head· period 

. 00165 
0 
365 

NAPL II~ ( m/ d) . • ~ . . _ . . ~ ~ . 
Beginning .lime (d) ~ _ . ~ .. _ .. 
Ending ti.,e (d) ... ~ ..... _ .. 
Pending depth {m) . . .. _ . _ .. 
NAPL volume/area (m). _ .... _ 
lower depth of NAPL zone {m). 

. n 
iJ 
0 

: 
i 

il 

j 

I 

-· · - M •O• .. - ... - ·· - · -· .. ~- -·-· .. 0 0 • ,00 0 .... _0 00 "'f•0•· ·--· .. _ ... __ 0000-,00• .... .. ··- ............. , •• • - . ........ - ....... -. "-··-·-.J 



SIMULATION CONTROl PARAMETERS 

Radius of NAPl lens source (m) ... 1.2 
i------i 

R a diu~ multiplication factor . ~ . . . ._o ____ ---1 

Max NAPL s-aturation in NAPL lens 0 
J-.------! 

Simulation ending time (d) ...... · 36500 
J------t 

1-taximum tolution time :tep (d) ... 100 L..-____ _.. 

Minimum time between printed time 110 deps (d) '-· ____ ___, 

OILENS Simulation ending criterion ···- · · .. -· ...... 
r. U :er -specified time 

r NAPL lens ~preading ~lop~ 

r Max contaminant mas~ flux into aquifer 

r Contaminant leached from lens 

Fraction of ma:s remaining •.. -I._U_· ----~!; 
: . . . .. . . ... , _ .... ~ - · .. ~ ....... · · ·· · -- · ·· · - - · · --· ·· ·- · _ ... . . . . -- · - ···· • •• • • - .. . .... .. _ ...., _ , __ .. ... · · ····· · · ·-· ·-· - · - · · ~ 4 • • • . ...... - - . · · ·-

HSSM-T MODEl PARAMETERS 

Percent max. contam•t 1adius (~_) .. 0 
Minimum output conc·n (mg/L) ... . 0 .;. 

Beginning time (d) .... . . _ ..... . 0 
E nding time (d) . . . . . . . . . . . _ . . . 0 
Time increment {d) ........ - .. . 0 

Data file: 

C: \HS S M \.H\11 AD I 07. D AT 

r Enable range checking 

NAPllENS PROFILES 
Enter time (d) for 
each of ·up lo 
10 profile~ 

Numbe1 of 
profile~ 

RECEPTOR WEll 
lOCATIONS 

Enter coordinates 
for each oJ up to 
6 wens 

Number or 
wells [] 

1 
2 
3 .. 
5 
6 

X (rn) 

0 

1 
2 
3 
4 
5 
6 

7 
8 
9 

10 

OK 

Cancel 

3650 
7300 
10950 
1-4'600 

19250 
21900 
25550 
29250 

32850 
36500 

y {m} 

0 
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TETRA TECH, INC. 

IRP!\l\V36 l 1 80 Howaod Stlf•et . Sullt ;>SO 
Log of \\'eJJ. No. 

San Frilntosco , CA !:'4105· 1661 
Hawthorne Army Depot 

I 
Teltphone 14151 974-1 ~21 
FAX (415) 9/4-5914 Ha~1borne, Nevada 

Date Staned: 11/19/96 Completed: 11120/96 \\'ater Le,·cl During Drilling : 185.0 ft s~bilizr:d : 131.8 ft 

LoH-ed By: K. Bronson Checked By: R. Brunner Ca!>inf! : P\'C schedule ~0 Diameter: ~ inches 

Drilling Co : " 1ater De,·. Corp. Driller: R. Anderson Perforation:O.Ol ·incb circumslot § from 185A tt 10 '190.~ ft 

Drilling Method: ARCH Pack: 30-50 Sand D from ISO.O ft to 191.0 ft . 

I 
Drilling Equipment : C1\1E95 Seal: Bent onH e Seal D from 176.0 ft !O 180.0 ft 

Ground Surf:ace Elevation: 4233.93 ft Total Dc:pt.h: ~ 9l.CV't Grout ~ from 0 ft 10 176.0 ft 

Monitoring c 0 -=- \\'ell 
~ c..J L!: =..u LlTHOLOGJC DESCRIPTION Lithology Construction Time 

:> REM ARKS :.J :J :::; 0 ~ o::::. n: u E::-;!) C) n: 
r= 0::: 

SAND. silty. fine to coarse sand and gra\'d, subangular 10 · · SM ~~/~ ~~- · r- 95 Ltthology from pilot 
1- angular, nry loose. roorlers present < l fi . fines with depth ~:-- ~~: 1530 boring SBJ-l- 101 ,"42 

~ r-
to a fines wit.h deptllto :a silty fine to \'fine sand. Color: ~~ ~~. logged by E&E 
2.5Y-714 (Pale Yellow) }) >~ 9110.'96 & 91 12.'96 . 

f- Fines with depth 10 silty \'ery fine to fine sand. o/~ ~~: 
1535 100 

. . :~~ 

~ 
..... .. . . ~~ 

5-
S.-\ND. well .soned v.fme to fine. micaceous. v.loose to ·SW :-y; ~ -

1545 100 
f- loose and slightly sill)' from 9' to 1 0'. 2.5Y-i/4 ~~ ~· I .. 
r- ~~ ~ . 

~ ~ ,_ 
,.... .·~ 1550 100 

\ 

- ~ 
/ 

' ... 
10 r- . . . 

· ~ SAND. well soned, v .fine sand. ~icaceous loose to med. ·SW ~ 1600 90 Scm;>le I 

I r- dense, tr silt. 2 .5Y-7/4 

~~ 
2-101 :42 ·SBI -l -01 0 

'-
(An;tlytic21) 

. . . ~~· r-- SILTY SAND, sill)' v.fine sand. loose to meet dense, . .. SM 
~~ 

1603 100 
micaceous and sl. moist. 2 .5Y -6/4 (It Yllw-Bm) 

- . . 

~~ 15 
·.· .. ~ f- 1-

~ 
1606 40 

r-
S.-\ND. well soned. fine 10 med . sand. micaceous, v.loose. SW 

'~ - 2.5¥-614 ~ ~:< 

~ 
r-~ 1615 100 f- :<:%t ... 

f- SAND. poorly sorud, fmc to coarse, v.loosc . 1 .5¥-612 (It . . ~ - SP ~ ~ ~~ Brn-Gry) 
20 1-- - .• ~. ~ 

d SAND. poorly soned, fine to coarse, v.loose. sub-angular 10 . · SP ~ ~ 1625 98 . 
- sub-round,littlegr.m:l20 ' to21'. finer2l'~22'. 2.5Y-6/2 

~~ -- ·.• ~ .. ~~ ~ 
1-

1- SAND, well sorted, ft.ne to ·med . , v.loose, micaceous, little 

~ 
sc 1630 100 

.coarse sand. 2.SY-6/2 ~~ f- ~~ ~ 25 ~ VJ ~~ 

~ SAND. poorly soned, ft.ne to coarse. b)·ered, liltle gravel. SP ~~ 1635 100 
- 2.5Y-6/2 

~~ ~ - .. ~~ .. 
f-

1- SAND. well soned, fl.ne sand, v.loose , micaceous, tr coarse SW ~ ~ 1643 100 
sand. 2.5Y-fJ/2 (It gray) 

,.... 
~ ~:.:. 

~I ~~ 
30 - ~~ ..._ 

1647 

~~ 
100 

-
SAND . poorly.soned, fine to coarse sand and, l/4. to 1/2" SP ~~ ~ - subrounded fine granl, coarsens wit.h deplh to med. to 

'-

Conrinutd Na1 Pagt 
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TETRA TECH. INC. 
Log of Well No. 

180 Howard Street . Suite 250 
San Francisco , CA 94105- 1 661 
Telephone(4l5J 974-1221 
FAX (415)974-5914 

Hawthorne Army Depot 
Hawthorne, Ne,·ada 

Monitoring 

LITHOLOGIC DESCRIPTION Lithology 
V.'ell u 

Construc\ion } Time 
r: 

coarse sand. 5Y-6/3 (Pak Olive) 

35~~--------------------------~~~~~--~~-~-~--~ SAND. poorly sorttd, fine to coarse. gra\'elly 35' to 36', · SP 
1- micaceous. fines with depth. 3 .5Y -6/6 (Olive-Yllw) 

- SANDY GRA \'EL, fine 10 coarse, sub-round 10 sub-•n~ular ; ~ GW ~ 
- gravel. mostly >3". SY-7/3 (Pale Yllw) 1-' ~ ~ 

40~~~~~~~~~--~~----~----~~---+0~o~·S~M~~~ 
SILTY SAND, silty fine sand, low to med. cemenution in ,...r~ 
1/2" to 1· layers. loos_e to med. dense . SY-7/3 ~0.; 

1-

45>--

f-

. - ~~ 
~~~~~--~~----~~--~~~-4~" +." ~~~~ 

SAND. silry fine sa.nd , mod . cementation throughout. 1.5" - · SM ~~ 
varved silry la)·e~ (It gry) at 43' _ 5Y-7/3 ~0 

~ ~ ~ 
~ 

,_ SAND. well soned, white (non~quanz) sand, low to mod . 

~ :·:·:r· ~~ cemenunion. 5Y-7/3 

1- t-:S:-:-AN~D:-.-v.-·e~ll-s-o-ne-d:-, -=-fi-ne_t_o_m_e_,d-. -san~d-, :-lo-o-se-. -co_a_rs_e-ns-~-- /,----t~~s""'w.,............--1-~ 
depth, turning from v.:hite sand to qtz. sand . 2.5Y-8/2 ~ 

.50 I-- SAND. well soned, r .fine to fine sand. sl. micaceous, loose SW ~ 
1- to v.loose. 5Y~6i3 · 

,//? 
1- ~SILTY SAND, silry to clayey, hard, blocky. SY-6/3 1 ••• lt'i"i 

1- SAND, well sorted, v. fine to fine sand, sl. micaceous, loose • • • SC ~ 
to v.loose, sl. varved layering to 55', dry 10 moisL 5Y-6!3 SW ~ 

55~ changeSio 5Y-7f.l (Pale Yllw)., 60' ~ 

~ 
~ 

-

601--

1-

1-

1-

- ~~ · 
- ~~ 

~~ 
... ~ 

SAND, silty, v .fine to fine sand, derue. dry, blocky . : } SM ~ 
65 ,__ 'r\.5Y-7/3 I -.• · •• SW p;0: 

f-. SAND, well soned, v.fine to fine, loose, dry. sl. micaceous, • • • ~ 
dry, sl. silly 69' 10 70' . 5Y-7/3 ~ 

~ 
... ~ 
::: ~ 

~~~~~~~~~~~-·~·=-~~~ 
~

AND, POORLY SORTED. FINE TO COARSE SAND .... ~~ 
••• SW P/:~ r- • 1/4 • to 1.25" sub-rounded to sub-angular gravel. rv//. 

1-

1-

701--

Conrinued Nat Pagt 

TC Number: 0082-29 TETRA TECH, INC. 

v:. 

1655 

1700 

1703 

1708 

1716 

1725 

1730 

1738 

1742 

1746 

1752 

1756 

0700 

0704 

0712 

0716 

0722 

100 

90 

90 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

}.00 

100 

100 

REMARKS 

Sample 
2-101142-SB 1-1-035 
(Analytical) 
Sample 
2-l01/42-SB2- l-035 

. (Duplic2te) 
Sample 
2-101/4 2-583-1-035 
(Splil) 

Sample 
2-101/42-SBl-1-050 
(Analytical) 
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TETRA TECH, INC. 
Log of \Vel! No . 1 80 Howald S1teet. Suite 250 

San Francisco, CA 94105-1661 
Telephone (415) 974-1221 
FAX 1415! 974-5914 

Hawthorne Army Depot 
Ha,~1horne, Nevada 

Monitoring 

LITHOLOGIC DESCRIPTION Lilhology 
Well o 

Construction @- Time 
c-c: 

V) 

f- \\SY-6/3 Jl .--. :. SP II 
\SAND, well soned, v.fine to fme sand, loose, dry . SY-6/3 J :: -· ~-

75L- SAND , poorly soned , med . to coarse sand and sub-angular t'\ ~ 
gr.~vel , tr fine sand and silL 5Y-6/3 - · r-.. ~ 

: 1---.S~AN~D""'.-s-:-:il_ry_t_o_c7la-y-ey-.'fi~m-e_s_an-d'. -tr-m-ed-:-.-5-an-d~. -v-. d;-e-n-se-,--+V7/"::/~S~C:---~~·"~/ ~ 
'\2 .5¥-614 ~~ ~ 1%)~ 

'- 1 SAND. poorly soned med . to coarse sand and l/4" to >3~ ~ ~.0 
80 _ W_ravel. 2.5Y-6/4 SC ~~~ _ 

SAND. silty lO clayey, fine sane), dry, brittle . dense, hard. SM ~// 
- h\2.5Y-6/2 1r+-~I~ ........ WM..__"""~· 
f- LAYERED, silty fme sand, silly fine to med . sand, well '-+-:-...,....,+IS-=..t'l.•··'--{>:/-0~'%//l ~ _ 

r1 somd med. sand. silly fine to med. sand, clayey fine sand. 

1
·,- II MSCL ~ :< ~ :'\ 

r- \dry . 2 .5Y -6/2 ~~~=-----v;Y-1'" /~A ~ ~ 
r- ~\_SANDY SILT, mcd. dense. dry to mom. 2.5Y-6i4 F_ :~:::: SW V.h r 

85 r-- SAND, well soned, fine, micaceous, v .loose 10 loose, dry ~ ~~ r-
\sl. moist. 5Y -6/3 . j ·:· . -1- SM ~ . ~2< 

~ I. SILTY SAND, fine to med. sand, 25% silt, med . dense, . J 'V':f ~~ 
_ \dry, brittle . 5Y-6/3 J -::. -_ · SP "--/~ ;.-~ 

~~ ~~-~~-WD, poorly soned . med. with some coarse. v .loose, dry, -~.>< ~ 
- I \sub-round. 5Y-6/3 r+-:-·:_:· ....... J,..._ Mr::IS~!M:---l~<v~J..,_'i ~~ 
r- SILTY SA.~D. silry fine sand. tr. clayey sand . 5Y-7/3 ~« ~ 

90
r- S.A.ND, well sorted, fine, dry, loose. 5Y-7/3 . :.:-:-sw ~ ~~ r-

SlLTY SA.~D. silry fine sand, med. dense to hard, minor . .-. · · SM ~~ ~ 
- layers of mod . cemented, fine 10 v.fine sand. Caliche !:ayers ~ ~ 
_ appx. 1" with broken pieces throughout. 5Y-6i3 - : . ~ ~ 
r- SAND, silty, fme to coarse sand (mostly fine to med .), liule ·_. ·. · SM @ ~{ r-

fine, sub-angular. 1/4" to 3/8" gravel. 5Y-6'3 ~ ~~ 
~ ~~~~~~~~~~----~--~-------+~~--~~/'l.~~ ~ 

CALlCHE, > 3" rock and broken gravel size pieces. ~..._,.. ~ ~ 

~-~~~-=61~3~~~~~~-~~--~-lJ!~r~~~~;;~~~~~~~~~ ~~~ - ILTY CALJCHE, caliche rock, ~ravel and coarse sane in SM -u~ ~~ 
dry matrix. med. dense, hard . SY-613 SC §: ~~ 

t- ""s=JL-=T=Y~SA.!..,-:-:N=o~y,....c=L,...A--=-=Y,_. -=fi-ne_s_an____,d...,, b~l-oc-:-k-y-. "'"br...,.it.....,tl,-e-, v-.-st..,..ifi=,--' ~ y;; ~ ~ -, 
f- "-hard. moist at 97.5'. 5Y-7/3 /r+-rl-r l..-lii,.,.._,_.MH--~o.~·,"\A~ ~ 
,.. 1\_SlLT, .white, var'\'ed, hard, dry. 2.5Y~8/0 (white) 1 -:· _ -1- SM [« ~ ~ 

r"\.'::S:-:-lL'~T;-;:·y~';""""";:SAN~D=-=, ,-m~e_d._d_e_ns ..... e_, _dry~t-;:"'o_m'7'o_ts-:t.-5-=iY.~-::-:-:6'/3~--~/,..;t/,....;/,.~~~·"*=~lr~I---+~,,v~r;."'i ~ 
100 r- "\_SANDY CLAY. fine sand, v.stiffto hard . -SY-612 ML ~~ ~ 

'- SANDY SlLT, fine sandy silt to sandy' day, moist, stiff. CL ~~ 
_ \.5¥-612 I I l II Ml J-.0_ 

~SILT, gr.ay-white, varved. I ~//.h.rr ~ 
- L \'SANDY CLAY, fine sandy clay. stiff. sl. moist. 5Y -6/2 f ~ CL ~ 
,.. SA . .NDY CLAY, fme sand, Sll[)', dense, stiff, dry to moiS! . · :. SP t\: ~ 

I05~hi~5~Y~-6~/2~~~~~~~~~~~~~~~--JI~~~~CL __ ~~ 
SAND, poorly soned, fine to coarse sand and fine gravel, ML ~ 
loose. 5Y-5/3 (Olive) ~ 
\SANDY CLAY,1me sand, v.stiff, dry to mo1st. SY-6/3 ~ 
SANDY SILT, fine sand , minor clay, moist, soft, crumbly. ~ 
5Y-6/3 ~ 

~ 

' f-

-
-

lJOr-
~ 
~ 
> 

- t-;-..,.:~S~IL~T~YC"S~AN~~:::-D-:_, -;.,.~ ti~m~e~s~an~dS, ~lo~o~se~.~st~iff;.~dSry~· t~o;m~o~is~t.=· ~5 Y~-~5~/3:==1~-';-;. frrs;..-:':;M -:-'----1 LY:~~ ~ SANDY CLAY, some sil£, fine to coarse sand, fines w/ ~CL ~ 

-

~ depth, stiff. 2 .5Y-5/4 (It Olive-Bm) ~ W, 
Continued Nat Page 

TC Number: 0082-29 TETRA TECH, INC. 

0730 

0737 

0745 

0750 

0755 

0800 

0806 

0820 

0835 

0850 

0930 

0955 

1000 

1012 

]025 

1035 

90 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

REMARKS 

Sample 
2-101 /42-SB 1-1-1 DO 
(Analytical) 
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TETRA TECH, INC. 
Log of \Veil ~o. IRP1\1\V36 

1 BO Howard Street , Sui1e 250 
San F1ancisco, CA 941 05· 1661 
Telephone (4 1 5} £174-1221 Hawthorne Army Depot 

155 

FAX ~415) 974-5514 

LITHOLOGIC pESCRIPTION 

SILTY SAND, fine sand. loose. med . dense, st. micaceous. 
silt decreases w/ dcplh . 2 .5Y ·514 

fine to med . sand, trace coarse sand, ~1. more moist. 

silt content increases. 

grave wnh med. to coarse sand. 
, . . loose, sub-angular (Qtz, Oli\'ine, Volcanics). 2.5Y -4/4 
(Oiive-Bm) 

Continued No:r 

Lithology 

Ha\\1borne, Nevada 
Monitoring 

Well 
Construction Time 

10-D 

1050 

1100 

1106 

1115 

1125 

1135 

1143 

1200 

1300 

1330 

1400 

1415 

1440 

1500 

1520 

TC Number: 0082-29 TETRA TECH, INC. 

c D 
u u: > 

~ 0 0 u ..s C) 

~ 0:: 

JOO 

100 

100 

100 

100 

100 

90 

5 

60 

85 

100 

100 

100 

100 

90 

100 

REMARKS 

le 
01/42-134 
size) 
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TETRA TECH, INC. 
180 Howard SHeet, Suite 250 
San Francisco, CA 941 05· 1661 
Telephone (415) 974-1221 
FAX (4 151 974-5914 

LITHOLOGIC DESCRIPTJON 

. sand, dense, minor clay, mo1sc 

ry. fine to med. sand, loose to m 
increasing dens icy and silt w/ depth, tr sub-round to 
sub-angular coarse sand, wet. lOYR-5/3 

-Notes:-- -- ------- ---- - -- -·- -----
Pilot boring SBl-1-101/42 drilled by hollow stem auger to a 
total depth of 185 feet. 
Lithology logged from pilot boring by E&.E 9/10/96 & 
9/12/96. 
Soil types classified in accordance the Unified Soil 
Classification System. 
Well Construction: 
Well drilling method ARCH (Air rotary casing hammer). 
Well construcrion depths measured from ground surface. 
Well boring completed to 191 ft bgs. 
Well installed to 190.9 ft bgs. 
30-50 Filter pack sand placed from 191 ft to 183 ft. 
30-50 Transition sand placed from 183 ft to 180 ft. 
Centralizers placed at depths of 190 ft, 185 ft, 165 fi, 125 ft, 
85 ft, 45ft, and 10ft. 
Well completed aboYeground with a steel stovepipe set in a 

Continued Next 

Lithology 

Log of Well No. 

Hawthorne Army Depot 
Hawthorne, Ne,·ada 

Monitoring c Well ~ 

Construction :> 
0 
u 
u 
~ 

100 

1645 100 

1710 90 

1735 100 

1755 lOO 

1825 100 

lOO 

100 

0730 100 

100 

100 

70 

TC Number: 0082-29 TETRA TECH, INC. 

0 
2 E REMARKS 0 c::.. 

!;; c:: 

Sample 
-101142-184 

(Grain size) 
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~ 
TETRA TECH, INC. IRP1\l,V36 
180 How~rd· Street. Suite 250 

Log of Well No. 
San Francisco, CA 94105·1661 Hawthorne Army Depot Telephone (4151 974-1221 
FAX (-415) 974-5914 Ha~1borne, Nevada 

Moniwring c 0 
~~ 

Well tl 

C..iJ c. tl L:: 
LITHOLOGIC DESCRIPTION Lithology Construction Time > REMARKS 

:J u E 0 0 c.. 
0~ 

t<: I.J .,s 
ll) u 0: ~ 

j-
concrelc apron with a sun·ey pin . 

f- Sun•ey pin elevation 4134.46 fi above msl. 
Top of well casing notch surveyed at 4236.93 ft above msl. 

i-

r-

~00 -

f-

1-

1-

-
105 -

-
f-

I-

.... 

210 ,...--

,.-

1-

i-

I-

215 -
I-

f-

1-

1-

220 1--

f-

f-

1-

1- -..._. 

225 ~ 

-
1-

I-

-~ 

230 1--

1-

I-

~ 

1-

235 f--

1-

. TC Number: 0082-29 TETRA TECH, INC . Page 6 of 6 



TETRA TECH, INC. 
Log of \Veil No. IRPl\1lV37 

1 80 Howard Street, Suite 250 
San francisco, CA 941 05·1661 
Telephone !4151 974-12.21 
FAX !415) 974-5914 

Ha'"1horne Army Depot 
Ha'"1horne, Ne\'ada 

Monitoring 

LITHOLOGIC DESCRIPTION Lithology 

Well u 

Construction } Time 
~ 

coarse sand . SY -6i3 (Pale Olive) 

~ 35~~------------------------~~--~~··~--~~~Yh~ 
SAND. poorly soned, fine lo coarse, gravelly 35' to 36', · SP ~"'~ ~ 
micaceous, fmes with depth. 3 .5Y-6/6 (Olive-YIIw) ~ 

~ SA.~DY GRAVEL, fine 10 coarse, sub-round to sub-angular 
f- gravel. mostly >3". 5Y-7/3 {Pale Yllw) 

40 f-- SILTY SAND, silty fine sand, low to med. cementation in 
'-- 1/2" to 1 • layers, loose to med. dense. 5Y • 7/3 

r-
t- SAND. silry fine sand, mod. cementation throughout, 1.5" 

va.rved silty layer {h gry) at 4 3'. SY • 7/3 
f-

45t--

..... 

1- SAND, well sorted, while (nori-quaru) sand, low to mod . 
cementation. SY-7/3 

..._ SAND. well soned, fine to med. sand, loose. coarsens w/ 
depth, ruming from white sand to qtz. sand. 2.5Y-8/2 

l~o1 GW 
t>c 
Oo 

· SM 

·SM 

SW 

sw 

SOt-- D I fi SAN , wei sorted, v.fine to me sand, sl. micaceous, loose SW 
1-- to v.loose. SY-613 

'"' t\.SILTY SAND. silty to clayey, hard, blocky. SY-613 1 
1 ~"1 

..._ SAND. well sorted, v .fine to fine sand, sl. micaceous, loose SC 
10 v.Joose, sl. var;ed layering to 55', dry to moist. 5Y-6/3 • •• SW 

f- changes to SY-7/3 (Pale Yllw) at 60' 

551--

1-

.. 
601-- --- .... 

. . . 

r- SAND, silty, v.fme to fine sand, dense, dry, blocky. d-l SM 
651- t-\SY-7/3 1 SW 

f- SAND. well sorted, v.fme to fme, loose, dry, sl. mJcaceous, ••• 
dry, sl. silry 69' 10 70'. 5Y-7/3 

r-

701--

1-

r-
h~~D. POORLY SORTED, FINE TO COARSE SAND 

f- 1 ~D. 114• TO 1.25" sub-rounded to sub-angular gravel. 

Conrinutd Nar PaK~ 

... 

... . . . . . . 
.• .. 
... . . . 

I· .. . sw 

TC Number: 0082-29 TETRA TECH, INC. 

lr. 

1655 

1700 

1703 

1708 

1716 

1725 

1730 

1738 

1742 

1746 

1752 

1756 

0700 

0704 

0712 

0716 

0722 

100 

90 

90 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

REMARKS 

Sample 
2· 101 /42-SB l· 1 ·035 
(Analy t ica I) 
Sample 
2-1 Ol/42-SB2·1-035 
(Duplicate) 
Sample 
2-10 1142-SB3·l-035 
(Split) 

Sample 
2-101/42-SBl -1 ·050 
(Analytical) 
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TETRA TECH, INC. 
Log of \\'ell No. 

180 Howard Sueet. Sutte 250 
San Francisco, CA B'll 05· i 561 
Telephone !-11151 974-1221 
FAX 14151974-5914 

Hawthorne Army Depot 
Hawthorne, NeYada 

Monitoring 

LITHOLOGIC DESCRIPTION Lithology 

Well v 

Construction t Time 
n: 

V'j 

0730 
_!-

!- 1\\5 Y -613 if .-·. : · SP 
\SAND. well soned. v.fine 10 fine sand . loose, dry . 5Y-6/3 f ::· · 

7 5 !-- SAND , poorly soned, med. to coarse sand and sub-angular 
1- gra\'el, tr fine sand and silt. 5Y -6/3 

-
0737 

0745 

Oi50 

0755 

0800 

0806 

0820 

0835 

0&50 

0930 

0955 

1000 

1012 

1-
_ SAND . silty to clayey, fine sand, trmed. sand, v.densc. V//SC. W~'l.: 

\2 .5Y-6/4 ISP ~ 
- \SAND. poorly soned med. to coarse sand and l/4 " to >3" ,+----;~1 r:~:·n~-t'::Yj~y~./ 

80~ ""~r.lvel. 2.5Y-6/4 · SC ~...< 
f- SAND, silry to clayey, fine sand, dry, brink. dense, hard . f ,~~ 0~ 

h\2 ·5Y-612 !I SW ~ 
!- 11 LA YER.£0, silty fine sand, silty fine to med. sand, well I<::M ~ 

h soned med. sand. silrv fine to med . sand. clayey fine sand, 
1
u Ill lj SMCL ~ 

!- ~ry. 2.5Y-6/2 . 1111 ~ 
'- !\SANDY SILT, med. dense, dry 10 moJSl. 2.5Y-6/4 f ;.:-:· SW ~~ 

85 
..__ ~~AND. well soned, fine, micaceous, v.loose to loose, dry ~ 

1 \sl. moist. 5Y-6/3 ·:: .+ SM ~~ 
f.- ~SILTY SAND, fine to med. sand, 25% sill, med . dense, i ~ 
f- 1 \dry. briule. 5Y -6/3 .-·. : · SP ~ 

SAND, poorly soned, med. with some coarse. v.loosc , dry , ~ 
!- \sub-round . 5Y-6/3 < .. l SM ·o v 
1- _SILTY SAND. silty fim:. sand. lr. clayey sand. 5Y-7/3 1 :-\ ~ 

90
1-- SAND. well soned, fme, dry, loose. 5Y-7/3 ;.:.:- SW ~ 

SILTY SAND, silry fme sand. med. dense 10 hard, minor : · · SM ~ 
layers of mod . cemented, fine to v.fine sand. Caliche layers ~~ 

appx. 1 • with broken pieces throughout. 5Y -6!3 ·.. .· ·. su . ~~~ 
f- SAND. silry , fine to coarse sand (mostly fine to med.). little 1\J ~ 

fine, sub-angular. 1/4 • to 3/8 • gravel. 5Y -6/3 : ~ 
~ ~~=-~~~~--~~-----n~~~--~wfi CALICHE, >3" rock and broken .gravel size pieces . .---.- f-.'\t/..( 

95~~~5Y~-~6!~3~~==~~--~--~~~----~~JI,~t-+.~--~~~~~ 
f- ~'siLTY CALICHE, caliche rock, gravel and coarse sand in -, SM ~~~ 

I ~~·i=Jry~m~a~ln~·x~·~m=ed~·~d_e~ns_e~,h_a_rd_._S~Y~--6_13 __ ~~-·--~~~' SC ~ 
._ SILTY SANDY CLAY, fine sand, bloc1cy, briule, v.sliff, ~ 0 
1- ,_,hard.moistat97.5'. 5Y-7/3 r+..--r-rt---4..#'~ " 'llll~fl-~ .... v 
!- \SILT. white, varved, hard, dry. 2.5Y-8/0 (white) -;· :l SM ;;:/~ 

~SILTY SAND, med. dense, dry 10 mmst. 5Y-6/3 !:&'//.:IFf ~ 
1001--[\'sANDY CLAY, fine sand. v_stiff to hard. SY-6/2 ML ~ 

~ SANDY SILT, fine sandy silt lo sandy clay, moist, stiff. CL ~ 
f.- I\5Y-6/2 . /In 'T MT '/ij 

~!LT. gray-while, \'arved. ·r ~lr1 ~ 
1- _\SANDY CLAY, fine sandy clay, stiff, sl. moisl. SY-612 f ~ CL ~ 
f.- ,SANDY CLAY, fine sand, Silty. dense, stiff, dry to mo1st. : : .I,P ~ 

5Y -6/2 . ~ ~ CL ~ 
105 !-- h\'<s.-.:AN"''Tf'D'.-=p.....,oo=-r71y-s:-:o-=n-:-ed7 ,'ti=-m-:-e-=-to-c:::-:o-a=-rs-e -san~d-:-an-:-d"JFfi:-ne=-g--ra'-,-, e'l ,-.Jir¥mf1-l\-1L--.....f.G~Y'./ 

1-. ~~pose. SY-513 (Olive) ~~~ 
1- \SANDY CLAY. fine sand, v.stitf, dry to mo1st. 5Y-6/3 ~ 

SANDY SILT, fine sand, minor clay. moist , soft, crumbly. ~ 

5Y-613 ~ 
~ 

110~ 1025 

1035 

//, 

I-
f-,. SILTY SAND, fine sand, loose, stiff, dry to moist. SY-5/3 : · . IC::M 

SANDY CLAY. some sill. fine to coarse sand, fmes w/ f ~ CL 
.depth, stiff. 2.5Y-5/4 (It Olive-Bm) ~ 

Continued Nat Pagt 
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TETRA TECH, INC. 
1 80 Howard SHeet , Suite 250 
San f'rancisco. CA 94105·1661 
Te lephone (415) 974-1221 
FAX 14151 974-59,4 

LITHOLOGIC DESCRIPTION 

. dense, sl. micaceous, 
2 .5Y-5/4 

fine to med. sand, trace coarse sand. sl. more moist. 

silt content increases . 

Pilot boring SBl-1-101/42 drilled by hollow stem auger to a 
total depth of 185 feet (see IRPMW36 log) . 
Lithology logged from pilot bor1ng by E&E on 9/10/96 & 
9/12/.96. 
Soil rypes classified in accordance with the Unified Soil 
Classification Svstem. 

· Well Construcrfon: 
Well .di'illing mclhod ARCH (Air rotary casing hanuner) . 
Well construction depths measured from ground surface. 
Well boring completed to 138ft bgs. 
Well installed to 137.5 ft bgs . 
20-40 Filter pack sand placed from 138 ft to 125 .S ft. 
20-40 Transition sand placed from 125.5 ft to 123.5 ft. 
Centralizers placed at depths of 7 ft, 57 ft, 97 ft. 127 ft . and 
137 ft. 
Well completed aboveground with a steel stovepipe set in a 
concrete apron with a survey pin. 
Su.rvey pin elevation 4234 .83 ft above msl. 
Top of well casing JJorch surveyed at 4237.34 ft above msl. 

Lithology 

Log of \Veil No. 

Ha\\1borne Army Depot 
Ha\\1horne, Ne,·ada 

Monitoring 
Well 

Construction Time 

lO·B 100 

1050 100 

1100 100 

1106 100 

l 115 100 

1125 100 

1135 90 

1143 5 

1200 60 

1300 

TC Number: 0082-29 TETRA TECH, INC. 
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************************************************** 
HSSM HYDROCARBON SPILL SIMULATION MODEL 
************************************************** 
KOPT 
OILENS 
TSGPLUME 

KINEMATIC OILY POLLUTANT TRANSPORT 
RADIAL OIL LENS MOTION 

TRANSIENT SOURCE GAUSSIAN PLUME 
************************************************** 
HWAD building 101-44, SWMU 107 
Diesel Arrival Time at Groundwater 

INPUT DATA 
--------------------

DATA FILES: 
HSSM-KO INPUT: C:\HSSM\HWADI07.DAT 
HSSM-KO OUTPUT: C:\HSSM\HWADI07.HSS 
HSSM-KO PLOT 1: C:\HSSM\HWADI07 .PL 1 
HSSM-KO PLOT 2: C:\HSSM\HWADI07.PL2 
HSSM-KO PLOT 3: C:\HSSM\HWADI07.PL3 
HSSM-T INPUT: C:\HSSM\HWADI07.PMI 
HSSM-T OUTPUT: C:\HSSM\HWADI07.TSG 
HSSM-T PLOT: C:\HSSM\HWADI07.PMP 

INTERFACE FLAG = W 
WRITING CRITERIA = 1 
KOPT RUN FLAG = 1 
DISSOLVED CONSTITUENT FLAG = 0 
OILENS RUN FLAG = 0 
TSGPLUME RUN FLAG = 0 

CONSTANTS & MATRIX PROPERTIES .......... . 
SAT. VERT. HYD.CONDUCJIVITY = 7.100 (M/D) 
RATIO OF HORZIZONTAL TO 
VERTICAL CONDUCTIVITY = 1.000 (*) 
RELATIVE PERMEABILITY INDEX = 1 (*) 
POROSITY = .3490 (*) 
RESIDUAL WATER SATURATION = .4900E-01 (*) 
BROOKS AND COREY'S LAMBDA = .5730 (*) 

WATER EVENT CHARACTERISTICS ............ . 
DYNAMIC VISCOSITY = 1.000 (CP) 
DENSITY = 1.000 (G/CC) 
RAIN TYPE: 1-FLUX 2-SAT. = 2 (*) 
WATER FLUX OR SATURATION = .1900 (M/D) OR(*) 
MAX KRW DURING INFILTRATION= .5000 (*) 
DEPTH TO WATER TABLE = .0000 (M) 

Remediation Report -FINAL-
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POLLUTANT EVENT CHARACTERISTICS ........ . 
DYNAMIC VISCOSITY = 2.000 (CP) 
DENSITY = .8500 (G/CC) 
RESIDUAL NAPL SATURATION = .1000 (*) 
OIL LOADING TYPE = 1 (*) 

CAPILLARY SUCTION PARAMETERS .......... .. 
AIR ENTRY HEAD = .3530 (M) 
WATER SURFACE TENSiON = 65.00 (DYNE/CM) 
OIL SURFACE TENSION = 25.00 (DYNE/CM) 

FLUX LOADING RATE 
BEGINNING TIME 
ENDING TIME 

= .2240E-02 (MID) 
= .0000 (D) 

= 365.0 (D) 

DISSOLVED CONSTITUENT PARAMETERS ........ 
INITIAL CONC. IN NAPL = .0000 (MG/L) 
NAPL/WATER PARTITION COEF. = .0000 (*) 
SOIL/WATER PARTITION COEF. = .0000 (L/KG) 
SOIL/WATER (HYDROCARBON) = .0000 (L/KG) 
BULK DENSITY = .0000 (G/CC) 

OILENS SUBMODEL PARAMETERS ............ .. 
RADIUS OF POLLUTANT SOURCE = 1.000 (M) 
RADIUS MULTIPLYING FACTOR = .0000 (*) 
THICKNESS OF CAP. FRINGE = .0000 (M) 
AQUIFER'S VERT DISPERSIVITY = .0000 (M) 
GROUNDWATER GRADIENT = .0000 (*) 
NAPL RESIDUAL IN AQUIFER = .0000 (*) 
MAX NAPL SATURATION IN LENS= .0000 (*) 
WATER SOLUBILITY CONTAMINANT= .0000 (MG/L) 
WATER SOLUBILITY OF OIL = .0000 (MG/L) 

SIMULATION PARAMETERS .................. . 
SIMULATION ENDING TIME = .3650E+05 (D) 
MAXIMUM RKF TIME STEP = 100.0 (D) 
MIN. TIME BETWEEN PRINTING = 10.00 (D) 
ENDING CRITERIA - = 1 (*) 
FACTOR FOR ENDING CRITERIA 4= .0000 (*) 

PROFILES ............................... . 
NUMBER OF PROFILES = 5 (*) 
AT TIMES: (D) 

3650.0000 7300.0000 10550.0000 
14400.0000 36500.0000 

TSGPLUME MODEL PARAMETERS .............. . 
LONGITUDINAL DISPERSIVITY .0000 (M) 
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TRANSVERSE DISPERSIVITY .0000 (M) 
PERCENT MAX. RADIUS .0000 (*) 
MINIMUM OUTPUT CONC. .0000 (MG/L) 
CONSTITUENT HALF LIFE .0000 (D) 
NUMBER OF RECEPTOR LOCATIONS 1 (*) 
BEGINNING TIME (D) .0000 (D) 
ENDING TIME (D) .0000 (D) 
TIME INCREMENT (D) .0000 (D) 
AQUIFER THICKNESS (M) .0000 (M) 

RECEPTOR LOCATIONS 
X y 

.0000 .0000 

LEGEND 
------------
(*) DIMENSIONLESS OR NOT APPLICABLE 
(M) METERS 
(M"2) SQUARE METERS 
(D) DAYS 
(M/D) METERS PER DAY 
(CP) CENTIPOISE 1.0 CP = 0.01 GR/CM/SEC 
(DYNE/CM) DYNE PER CENTIMETER 
(MG/L) MILLIGRAMS PER LITER 
(L/KG) LITERS PER KILOGRAM SOIL 
(G/CC) GRAMS PER CUBIC CENTIMETER 

***END OF INPUT DATA*** 

CALCULATED PARAMETERS .................. . 
SAT VERT NAPL CONDUCTIVITY= 3.018 (M/D) 
AREA OF THE SOURCE = 3.142 (M"2) 
TRAPPED AIR SATURATION = .9633E-01 (*) 
DARCY VELOCITY = .0000 (M/D) 
SEEPAGE VELOCITY = .0000 (M/D) 
RETARDATION FACTOR = 1.000 (*) 
WATER SATURATION = .1900 (*) 
WATER FLUX = .2958E-04 (M/D) 
MAX. OIL CONDUCTIVITY = .8682 (M/D) 
POLLUANT VOLUME FLUX = .2240E-02 (M/D) 
TOTAL OIL LOADING, VOL/AREA= .8176 (M) 
TOTAL OIL MASS = 2183. (KG) 

1 
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WATER-AIR, NAPL-AIR CAPILLARY PRESSURE CURVE 
******************************************** 

WATER or NAPL CAPILLARY CAPILLARY 
SATURATION HEAD HEAD 

(M) WATER (M) NAPL 
=================================================== 

.0690 

.0890 

.1090 

.1290 

.1490 

.1690 

.1890 

.2090 

.2290 

.2490 

.2690 

.2890 

.3090 

.3290 

.3490 

.3690 

.3890 

.4090 

.4290 

.4490 

.4690 

.4890 

.5090 

.5290 

.5490 

.5690 

.5890 

.6090 

.6290 

.6490 

.6690 

.6890 

.7090 

.7290 

.7490 

.7690 

.7890 

.8090 

.8290 

.8490 
Remediation Report 

298.3588 
88.9982 
43.8598 
26.5475 
17.9844 
13.0830 
9.9971 
7.9189 
6.4475 
5.3646 
4.5426 
3.9026 
3.3938 
2.9821 
2.6438 
2.3622 
2.1250 
1.9233 
1.7501 
1.6002 
1.4696 
1.3550 
1.2539 
1.164~ 

1.0841 
1.0123 
.9478 
.8895 
.8367 
.7886 
.7448 
.7046 
.6678 
.6339 
.6026 
.5737 
.5469 
.5220 
.4989 
.4773 

Solid Waste Management Unit 107 

13'5.0040 
40.2707 
19.8461 
12.0124 
8.1377 
5.9199 

4.5236 
3.5832 
2.9174 
2.4274 
2.0555 
1.7659 
1.5356 
1.3493 
1.1963 
1.0688 
.9615 
.8703 
.7919 
.7241 
.6650 
.6131 
.5674 
.5267 
.4005 
.4581 

.4289 

.4025 

.3786 

.3568 

.3370 

.3188 

.3022 

.2868 

.2727 

.2596 

.2475 

.2362 

.2257 

.2160 
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1 

.8690 

.8890 

.9090 

.9290 

.9490 

.9690 
1.0000 

.4572 

.4384 

.4207 

.4042 

.3886 

.3740 
.3530 

.2069 

.1984 

.1904 

.1829 

.1759 

.1692 
.1597 

************************************************** 

LOCATION OF THE NAPL FRONT 
************************************************** 

HWAD building 101-44, SWMU 107 
Diesel Arrival Time at Groundwater 

NAPL 

STEP TIME DEPTH SATURATION FLUX RUNOFF MASS PONDING 
UCHAR SPD.FRONT SPD.DCHAR SPD. 

(D) (M) (*) (M/D) (KG) (KG) (M) (M/D) (M/0) (M/D) 

================================================================== 
--------------------

1 .0000 
3 100.0001 
4 200.0001 
5 300.0001 
6 350.0001 
7 365.0000 
10 415.0011 
11 435.6458 
13 448.1458 
14 459.2470 
15 470.4673 
16 482.4541 
17 495.5410 
18 509.9270 
19 525.8499 
20 543.5164 
21 563.0671 
22 584.7380 
23 608.8083 

Remediation Report 

.0000 .2658 .0022 .0000 
2.4149 .2658 .0022 .0000 
4.8298 . . 2658 .0022 .0000 
7.2448 .2658 -:{)022 .0000 
8.4522 .2658 .0022 .0000 
8.8145 .2658 .0022 .0000 
10.0221 .2658 .0022 .0000 
10.5208 .2658 .0022 .0000 
10.8015 .2586 .0019 .0000 
11.0216 .2532 .0017 .0000 
11.2222 .2485 .0015 .0000 
11.4169 .2441 .0013 .0000 
11.6105 .2398 .0012 .0000 
11.8044 .2357 .0011 .0000 
12.0002 .2317 .001 0 .0000 
12.1983 .2277 .0009 .0000 
12.3979 .2238 .0008 .0000 
12.5996 .2200 .0007 .0000 
12.8038 .2163 .0006 .0000 

.0000 
598.2 
1196. 
1794. 
2094. 
2183. 

2183. 
2183. 
2183. 
2183. 
2183. 
2183. 
2183. 
2182. 
2182. 
2182. 
2182. 
2182. 
2182. 

-FINAL-
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.0000 

.0000 

.0000 

.0000 

.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
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24 635.5538 13.0103 .2126 . 0005 .0000 2182 . .0000 
25 665.1304 13.2180 .2090 . 0005 .0000 2182 . .0000 
26 697.9465 13.4276 .2055 . 0004 .0000 2182 . .0000 
27 734.4182 13.6396 .2021 . 0004 .0000 2182 . .0000 
28 774.9642 13.8537 .1986 .0003 .0000 2182. .0000 
29 819.8107 14.0686 .1953 .0003 .0000 2181. .0000 
30 869.5591 14.2850 .1921 .0003 .0000 2181. .0000 
31 924.8699 14.5034 .1889 . 0002 .0000 2181 . .0000 
32 986.4032 14.7238 .1858 .0002 .0000 2181. .0000 
33 1054.6630 14.9449 .1827 .0002 .0000 2181. .0000 
34 1130.2290 15.1663 .1797 .0002 .0000 2181. .0000 
35 1214.2280 15.3890 .1768 .0002 .0000 2181. .0000 
36 1307.7500 15.6132 .1739 .0001 .0000 2180. .0000 
37 1407.7500 15.8303 .1712 .0001 .0000 2180. .0000 
38 1507.7500 16.0275 .1687 .0001 .0000 2180. .0000 
39 1607.7500 16.2080 .1666 . 0001 .0000 2180 . .0000 
40 1707.7500 16.3745 .1646 .0001 .0000 2180. .0000 
41 1807.7500 16.5290 .1628 .0001 .0000 2180. .0000 
42 1907.7500 16.6730 .1612 . 0001 .0000 2180 . .0000 
43 2007.7500 16.8079 .1597 .0001 .0000 2179. .0000 
44 2107.7500 16.9348 .1583 .0001 .0000 2179. .0000 
45 2207.7500 17.0544 .1570 .0001 .0000 2179. .0000 
46 2307.7500 17.1672 .1557 .0001 .0000 2179 . .0000 
47 2407.7500 17.2741 . 1545 .0001 .0000 2179. .0000 
48 2507.7500 17.3755 .1534 .0001 .0000 2179. .0000 
49 2607.7500 17.4720 .1524 .0001 .0000 2179. .0000 
50 2707.7500 17.5641 .1514 .0000 .0000 2178. .0000 
51 2807.7500 17.6520 .1505 .0000 .0000 2178. .0000 
52 2907.7500 17.7362 .1496 .0000 .0000 2178. .0000 
53 3007.7500 17.8169 .1488 .0000 .0000 2178. .0000 
54 3107.7500 17.8944 .1480 .0000 .0000 2178. .0000 
55 3207.7500 17.9690. .1473 .0000 .0000 2178. .0000 
56 3307.7500 18.0407 .1466 ~ .0000 .0000 2178. .0000 
57 3407.7500 18.1099 .1459 .0000 .0000 2178. .0000 
58 3507.7500 18.1767 .1452 .0000 .0000 2178 . .0000 
59 3607.7500 18.2412 . 1446 .0000 .0000 2178. .0000 
60 3650.0000 18.2679 .1443 .0000 .0000 2178. .0000 
61 3750.0000 18.3294 .1438 .0000 .0000 2177 . .0000 
62 3850.0000 18.3890 . 1432 .0000 .0000 2177. .0000 
63 3950.0000 18.4467 .1426 .0000 .0000 2177. .0000 
64 4050.0000 18.5026 .1420 .0000 .0000 2177. .0000 
65 4150.0000 18.5567 .1415 .0000 .0000 2177 . .0000 
66 4250.0000 18.6092 . 1410 .0000 .0000 2177. .0000 
67 4350.0000 18.6602 .1405 .0000 .0000 2177. .0000 
68 4450.0000 18.7097 .1400 .0000 .0000 2176. .0000 
69 4550.0000 18.7578 .1395 .0000 .0000 2176. .0000 
70 4650.0000 18.8046 .1391 .0000 .0000 2176. .0000 
71 4750.0000 18.8502 .1386 .0000 .0000 2176. .0000 
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72 4850.0000 18.8946 .1382 .0000 .0000 2176. .0000 
73 4950.0000 18.9378 . 1378 .0000 .0000 2176 . .0000 
7 4 5050.0000 18.9800 .1374 . 0000 .0000 2176 . .0000 
75 5150.0000 19.0211 .1370 . 0000 .0000 2176 . .0000 
76 5250.0000 19.0613 .1366 . 0000 .0000 2176 . .0000 
77 5350.0000 19.1005 .1363 .0000 .0000 2176. .0000 
78 5450.0000 19.1388 .1359 .0000 .0000 2176. .0000 
79 5550.0000 19.1762 .1356 .0000 .0000 2175. .0000 
80 5650.0000 19.2128 .1352 . 0000 .0000 2175 . .0000 
81 5750.0000 19.2486 .1349 .0000 .0000 2175. .0000 
82 5850.0000 19.2837 .1346 .0000 .0000 2175. .0000 
83 5950.0000 19.3179 .1343 . 0000 .0000 2175 . .0000 
84 6050.0000 19.3515 .1340 . 0000 .0000 2175 . .0000 
85 6150.0000 19.3844 .1337 .0000 .0000 2175. .0000 
86 6250.0000 19.4166 .1334 .0000 .0000 2175. .0000 
87 6350.0000 19.4482 .1331 .0000 .0000 2175. .0000 
88 6450.0000 19.4792 .1328 .0000 .0000 2175. .0000 
89 6550.0000 19.5096 .1326 .0000 .0000 2175. .0000 
90 6650.0000 19.5394 .1323 .0000 .0000 2174. .0000 
91 6750.0000 19.5687 .1320 .0000 .0000 2174. .0000 
92 6850.0000 19.5974 .1318 .0000 .0000 2174. .0000 
93 6950.0000 19.6256 .1315 .0000 .0000 2174. .0000 
94 7050.0000 19.6533 .1313 .0000 .0000 2174. .0000 
95 7150.0000 19.6805 .1310 .0000 .0000 2174. .0000 
96 7250.0000 19.7072 .1308 .0000 .0000 2174. .0000 
97 7300.0000 19.7204 .1307 .0000 .0000 2174. .0000 
98 7 400.0000 19.7465 .1305 .0000 .0000 2174. .0000 
99 7 500.0000 19.7721 .1302 .0000 .0000 2174. .0000 
100 7600.0000 19.7973 .1300 .0000 .0000 2174 . .0000 
101 7700.0000 19.8221 . 1298 .0000 .0000 2173. .0000 
102 7800.0000 19.8465 .1296 .0000 .0000 2173. .0000 
103 7900.0000 19.8704 .1294 .0000 .0000 2173 . .0000 
1 04 8000.0000 19.8941 . 1292 .0000 .0000 2173. .0000 
105 8100.0000 19.9173 .1290 .0000 .0000 2173. .0000 
1 06 8200.0000 19.9402 .1288 .0000 .0000 2173 . .0000 
107 8300.0000 19.9627 . 1286 .0000 .0000 2173 . .0000 
108 8400.0000 19.9848 . 1284 .0000 .0000 2173. .0000 
1 09 8500.0000 20.0066 .1282 .0000 .0000 2173 . .0000 
110 8600.0000 20.0280 . 1280 .0000 .0000 2173 . .0000 
111 8700.0000 20.0491 . 1278 .0000 .0000 2173 . .0000 
112 8800.0000 20.0699 . 1276 .0000 .0000 2173 . .0000 
113 8900.0000 20.0904 . 1274 .0000 .0000 2172 . .0000 
114 9000.0000 20.1105 . 1272 .0000 .0000 2172 . .0000 
115 9100.0000 20.1303 . 1271 .0000 .0000 2172. .0000 
116 9200.0000 20.1499 .1269 .0000 .0000 2172 . .0000 
117 9300.0000 20.1692 . 1267 .0000 .0000 2172. .0000 
118 9400.0000 20.1881 .1265 .0000 .0000 2172. .0000 
119 9500.0000 20.2069 .1264 .0000 .0000 2172. .0000 
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120 9600.0000 20.2253 .1262 .0000 .0000 2172. .0000 
121 9700.0000 20.2435 .1260 .0000 .0000 2172. .0000 
122 9800.0000 20.2614 .1259 .0000 .0000 2172. .0000 
123 9900.0000 20.2791 .1257 .0000 .0000 2172. .0000 
12410000.0000 20.2966 .1256 .0000 .0000 2171. .0000 
12510100.0000 20.3138 .1254 .0000 .0000 2171. .0000 
12610200.0000 20.3308 .1253 .0000 .0000 2171. .0000 
12710300.0000 20.3475 .1251 .0000 .0000 2171. .0000 
12810400.0000 20.3641 .125Q .0000 .0000 2171. .0000 
12910500.0000 20.3804 .1248 .0000 .0000 2171. .0000 
13010550.0000 20.3885 .1248 .0000 .0000 2171. .0000 
13110650.0000 20.4045 .1246 .0000 .0000 2171. .0000 
13210750.0000 20.4203 .1245 .0000 .0000 2171. .0000 
1331 0850.0000 20.4359 .1243 .0000 .0000 2171. .0000 
13410950.0000 20.4513 .1242 . 0000 .0000 2171 . .0000 
13511050.0000 20.4665 .1241 .0000 .0000 2171. .0000 
13611150.0000 20.4816 .1239 .0000 .0000 2170. .0000 
13711250.0000 20.4964 .1238 .0000 .0000 2170. .0000 
13811350.0000 20.5111 .1237 .0000 .0000 2170. .0000 
13911450.0000 20.5256 .1235 . 0000 .0000 2170 . .0000 
14011550.0000 20.5399 .1234 .0000 .0000 2170. .0000 
14111650.0000 20.5540 .1233 .0000 .0000 2170. .0000 
14211750.0000 20.5680 .1232 .0000 .0000 2170 . .0000 
14311850.0000 20.5819 . 1231 .0000 .0000 2170. .0000 
14411950.0000 20.5955 .1229 .0000 .0000 2170 . .0000 
14512050.0000 20.6090 . 1228 .0000 .0000 2170. .0000 
14612150.0000 20.6224 .1227 .0000 .0000 2170. .0000 
14712250.0000 20.6356 .1226 .0000 .0000 2170. .0000 
14812350.0000 20.6487 .1225 .0000 .0000 2169. .0000 
14912450.0000 20.6616 .1224 .0000 .0000 2169 . .0000 
15012550.0000 20.6744 . 1223 .0000 .0000 2169. .0000 
15112650.0000 20.6870 .1221 .0000 .0000 2169. .0000 
15212750.0000 20.6995 .1220 .0000 .0000 2169. .0000 

~ 

15312850.0000 20.7119 .1219 .0000 .0000 2169. .0000 
1 5412950.0000 20.7241 .1218 .0000 .0000 2169 . .0000 
15513050.0000 20.7362 . 1217 .0000 .0000 2169. .0000 
15613150.0000 20.7482 .1216 .0000 .0000 2169. .0000 
15713250.0000 20.7601 1215 .0000 .0000 2169 . .0000 
15813350.0000 20.7718 . 1214 .0000 .0000 2169. .0000 
15913450.0000 20.7834 .1213 .0000 .0000 2169. .0000 
16013550.0000 20.7949 .1212 .0000 .0000 2169. .0000 
16113650.0000 20.8063 .1211 .0000 .0000 2168 . .0000 
16213750.0000 20.8176 . 1210 .0000 .0000 2168. .0000 
16313850.0000 20.8287 .1209 .0000 .0000 2168. .0000 
16413950.0000 20.8398 .1208 .0000 .0000 2168. .0000 
16514050.0000 20.8507 .1208 .0000 .0000 2168. .0000 
16614150.0000 20.8615 .1207 .0000 .0000 2168. .0000 
16714250.0000 20.8723 .1206 .0000 .0000 2168. .0000 
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16814350.0000 20.8829 .1205 .0000 .0000 2168. .0000 
16914400.0000 20.8882 .1204 .0000 .0000 2168. .0000 
17014500.0000 20.8986 .1203 .0000 .0000 2168. .0000 
17114600.0000 20.9090 .1203 .0000 .0000 2168. .0000 
17214 700.0000 20.9193 .1202 .0000 .0000 2168. .0000 
17314800.0000 20.9294 .1201 .0000 .0000 2168. .0000 
17 414900.0000 20.9395 .1200 .0000 .0000 2167. .0000 
17515000.0000 20.9495 .1199 .0000 .0000 2167. .0000 
17615100.0000 20.9594 .119& .0000 .0000 2167. .0000 
17715200.0000 20.9692 .1198 .0000 .0000 2167. .0000 
17815300.0000 20.9789 .1197 .0000 .0000 2167. .0000 
17915400.0000 20.9886 .1196 .0000 .0000 2167. .0000 
1801 5500.0000 20.9981 .1195 .0000 .0000 2167. .0000 
18115600.0000 21.0076 .1194 .0000 .0000 2167. .0000 
18215700.0000 21.0169 .1194 .0000 .0000 2167 . .0000 
18315800.0000 21.0262 . 1193 .0000 .0000 2167. .0000 
18415900.0000 21.0354 .1192 .0000 .0000 2167 . .0000 
18516000.0000 21.0446 . 1191 .0000 .0000 2167. .0000 
18616100.0000 21.0536 .1190 .0000 .0000 2167. .0000 
18716200.0000 21.0626 .1190 .0000 .0000 2166 . .0000 
18816300.0000 21.0715 . 1189 .0000 .0000 2166. .0000 
18916400.0000 21.0803 .1188 .0000 .0000 2166 . .0000 
19016500.0000 21.0891 . 1188 .0000 .0000 2166. .0000 
19116600.0000 21.0977 .1187 .0000 .0000 2166. .0000 
19216700.0000 21.1063 .1186 .0000 .0000 2166 . .0000 
19316800.0000 21.1149 . 1185 .0000 .0000 2166 . .0000 
19416900.0000 21.1233 . 1185 .0000 .0000 2166. .0000 
19517000.0000 21.1317 .1184 .0000 .0000 2166 . .0000 
19617100.0000 21.1400 . 1183 .0000 .0000 2166. .0000 
19717200.0000 21.1483 .1183 .0000 .0000 2166. .0000 
19817300.0000 21.1565 .1182 .0000 .0000 2166. .0000 
19917 400.0000 21.1646 .1181 .0000 .0000 2166. .0000 
20017500.0000 21.17i6 .1181 .0000 .0000 2166 . .0000 
20117600.0000 21.1806 . 1180 .0000 .0000 2165 . .0000 
20217700.0000 21.1886 . 1179 .0000 .0000 2165 . .0000 
20317800.0000 21.1964 . 1179 .0000 .0000 2165 . .0000 
20417900.0000 21.2042 . 1178 .0000 .0000 2165. .0000 
20518000.0000 21.2120 1177 .0000 .0000 2165 . .0000 
20618100.0000 21.2197 . 1177 .0000 .0000 2165 . .0000 
20718200.0000 21.2273 . 1176 .0000 .0000 2165 . .0000 
20818300.0000 21.2349 . 1176 .0000 .0000 2165 . .0000 
20918400.0000 21.2424 . 1175 .0000 .0000 2165 . .0000 
21018500.0000 21.2498 . 1174 .0000 .0000 2165 . .0000 
21118600.0000 21.2572 . 1174 .0000 .0000 2165 . .0000 
21218700.0000 21.2646 . 1173 .0000 .0000 2165 . .0000 
21318800.0000 21.2718 . 1172 .0000 .0000 2165 . .0000 
21418900.0000 21.2791 . 1172 .0000 .0000 2164 . .0000 
21519000.0000 21.2863 . 1171 .0000 .0000 2164. .0000 
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21619100.0000 21.2934 .1171 .0000 .0000 2164 . .0000 
21719200.0000 21.3004 . 1170 .0000 .0000 2164 . .0000 
21819300.0000 21.3075 . 1170 .0000 .0000 2164 . .0000 
21919400.0000 21.3144 . 1169 .0000 .0000 2164 . .0000 
22019500.0000 21.3214 . 1168 .0000 .0000 2164 . .0000 
22119600.0000 21.3282 . 1168 .0000 .0000 2164 . .0000 
22219700.0000 21.3351 . 1167 .0000 .0000 2164. .0000 
22319800.0000 21.3418 .1167 .0000 .0000 2164 . .0000 
22419900.0000 21.3485 . 116Q.. .0000 .0000 2164. .0000 
22520000.0000 21.3552 .1166 .0000 .0000 2164. .0000 
22620100.0000 21.3619 .1165 .0000 .0000 2164. .0000 
22720200.0000 21.3684 .1165 .0000 .0000 2164 . .0000 
22820300.0000 21.3750 . 1164 .0000 .0000 2163 . .0000 
22920400.0000 21.3815 . 1164 .0000 .0000 2163. .0000 
23020500.0000 21.3879 .1163 .0000 .0000 2163. .0000 
23120600.0000 21.3943 .1163 .0000 .0000 2163 . .0000 
23220700.0000 21.4007 . 1162 .0000 .0000 2163 . .0000 
23320800.0000 21.4070 . 1162 .0000 .0000 2163. .0000 
23420900.0000 21.4133 .1161 .0000 .0000 2163 . .0000 
23521000.0000 21.4195 . 1161 .0000 .0000 2163. .0000 
236211 00.0000 21.4257 .1160 .0000 .0000 2163. .0000 
23721200.0000 21.4318 .1160 .0000 .0000 2163 . .0000 
23821300.0000 21.4379 . 1159 .0000 .0000 2163. .0000 
23921400.0000 21.4440 .1159 .0000 .0000 2163 . .0000 
24021500.0000 21.4500 . 1158 .0000 .0000 2163 . .0000 
24121600.0000 21.4560 . 1158 .0000 .0000 2162. .0000 
24221700.0000 21.4620 .1157 .0000 .0000 2162 . .0000 
24321800.0000 21.4679 . 1157 .0000 .0000 2162. .0000 
24421 900.0000 21.4738 .1156 .0000 .0000 2162. .0000 
24522000.0000 21.4796 .1156 .0000 .0000 2162. .0000 
24622100.0000 21.4854 .1155 .0000 .0000 2162. .0000 
24 722200.0000 21.4911 .1155 .0000 .0000 2162. .0000 
24822300.0000 21.4969 .1154 .0000 .0000 2162. .0000 
24922400.0000 21.5025 .1154 .0000 .0000 2162 . .0000 
25022500.0000 21.5082 . 1153 .0000 .0000 2162. .0000 
25122600.0000 21.5138 .1153 .0000 .0000 2162. .0000 
25222700.0000 21.5194 .1153 .0000 .0000 2162 . .0000 
25322800.0000 21.5249 . 1152 .0000 .0000 2162. .0000 
25422900.0000 21.5304 .1152 .0000 .0000 2162. .0000 
25523000.0000 21.5359 .1151 .0000 .0000 2161 . .0000 
256231 00.0000 21.5414 . 1151 .0000 .0000 2161 . .0000 
25723200.0000 21.5468 . 1150 .0000 .0000 2161. .0000 
25823300.0000 21.5521 .1150 .0000 .0000 2161. .0000 
25923400.0000 21.5575 .1149 .0000 .0000 2161 . .0000 
26023500.0000 21.5628 . 1149 .0000 .0000 2161 . .0000 
26123600.0000 21.5681 .1149 .0000 .0000 2161 . .0000 
26223700.0000 21.5733 .1148 .0000 .0000 2161. .0000 
26323800.0000 21.5785 .1148 .0000 .0000 2161 . .0000 
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36033500.0000 21.9399 .1107 .0000 .0000 2154. .0000 
36133600.0000 21.9425 .1107 .0000 .0000 2154. .0000 
36233700.0000 21.9451 .1107 .0000 .0000 2154. .0000 
36333800.0000 21.9477 .1106 .0000 .0000 2154. .0000 
36433900.0000 21.9503 .1106 .0000 .0000 2154. .0000 
36534000.0000 21.9528 .1106 .0000 .0000 2154. .0000 
36634100.0000 21.9554 .1105 .0000 .0000 2154. .0000 
36734200.0000 21.9579 .1105 .0000 .0000 2154. .0000 
36834300.0000 21.9604 .1105 .0000 .0000 2154. .0000 
36934400.0000 21.9629 .1104 .0000 .0000 2154. .0000 
37034500.0000 21.9654 .1104 .0000 .0000 2154. .0000 
37134600.0000 21.9678 .1104 .0000 .0000 2154. .0000 
37234700.0000 21.9703 .1104 .0000 .0000 2154. .0000 
3 7 334800.0000 21.9727 .1103 .0000 .0000 2154. .0000 
3 7 434 900.0000 21.9751 .1103 .0000 .0000 2153. .0000 
37535000.0000 21.9775 .1103 .0000 .0000 2153. .0000 
37635100.0000 21.9799 .1102 .0000 .0000 2153. .0000 
37735200.0000 21.9823 .1102 .0000 .0000 2153. .0000 
37835300.0000 21.9847 .1102 .0000 .0000 2153. .0000 
3 7935400.0000 21.9870 .1102 .0000 .0000 2153. .0000 
38035500.0000 21.9894 .1101 .0000 .0000 2153. .0000 
38135600.0000 21.9917 .1101 .0000 .0000 2153. .0000 
38235700.0000 21.9940 .1101 .0000 .0000 2153. .0000 
38335800.0000 21.9963 .1101 .0000 .0000 2153. .0000 
38435900.0000 21.9986 .1100 .0000 .0000 2153. .0000 
38536000.0000 22.0008 .1100 .0000 .0000 2153. .0000 
386361 00.0000 22.0031 .1100 .0000 .0000 2153. .0000 
38736200.0000 22.0053 .1099 .0000 .0000 2153. .0000 
38836300.0000 22.0076 .1099 .0000 .0000 2153. .0000 
38936400.0000 22.0098 .1099 .0000 .0000 2153. .0000 

39036500.0000 22.01 
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Diesel #2a 
C11-C22 Aromatics 60% 
C 11-C22 Aliphatics 40% 

% solubility in 

Com~ound expected mg/Lb Contribution 
C10-12 aliphatics 8.00% 0.034 0.00272 
C10-12 aromatics 9.00% 25 2.25 
C 12-16 aliphatics 16.00% 0.00076 0.0001216 
C12-16 aromatics 24.00% 5.8 1.392 
C 16-C21 aromatics 24.00% 0.65 0.156 
C16-C35 aliphatics 16.00% 0.000003 0.00000048 
C21-C68 aromatics 3.00% 0.0066 0.000198 
Total 100.00% 3.80104008 

a) Compositional Assumptions from New Mexico Environmental 
Department TPH Screening Guidelines, June 24, 2003 
b) Water Solubilities given by California Air Resources Board 

Most conservative value is 25 

The only relevant items in the model that were altered in an attempt to understand 
sensitivity and make the model more conservative were: 

1) Porosity- varied between 0.25 and 0.5 (Cherry & Freeze) 
2) Bulk density- used at the highest calculated of 1.26 and lowest allowed, 1.21. 

3) Hydrocarbon solubility- may or may not be relevant, depends on how used (i.e. is if 
used with infiltration, not if in aquifer). Used a value of 25 mg/L as the most conservative 
(see Diesel sol sheet) 
4) NAPL surface tension (increased to 29 as per recommendation on pg. 44, Table 11 ). 

5) Radius of lens source was decreased to 1, as OILENs is not being run and this is the rec 
Did not see a depth of greater than 30 m in the most conservative scenario after 1 00 year 
simulation. 
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HSSM Parameters and Associated Results 

I General Data 
Module Switch 

Report 
value I Run 1 I Run 2 Run 3 Run 4 Run 5 Run 6 

Hydrolo ic Parameters ,, •· " ':;"' ~ ~ ~~ "Y,:,;Ill 

H_1_drologic Properties 
~ ~ 

~·· •• .l' ' 

Water dynamic viscosity (cp) I 1 I 1 I 1 I 1 I 1 I 1 I 1 
Water densit /cm3 1 
Water surface tentionld1f1~Cm) 65 HSSM default 

Max. Krw during infiltration I 0.5 I 0.5 I 0.5 I 0.5 I 0.5 I 0.5 I 0.5 
Recharge Saturation I 0.1 9 I 0.19 I 0.19 I 0.19 I 0.19 I 0.19 I 0.19 IF1intetal. , 1996 
Brooks & Core 's lambda 
Air entry head (m) pg . 166, Table 92 , HSSM user's guide 

Residual water saturation I 0.045 I 0.045 I 0.045 I 0.057 I 0.065 I 0.095 I 0 .067 lpg. 167, Table 94, HSSM user's guide 
Porous Media I ., ,. _.; -. .:, J:-''<e't~'':'v't. ~ 

Sat'dverticalhydraulicconductivity (m/d) I 7.1 I 7.1 I 7.1 I 3.5 I 1.1 I 0.25 I 0.11 jpg . 169, Table96 , HSSMuser'sguide 
Ratio of horizontal/vertical conductivity I 1 I 1 I 1 I 1 I 1 I 1 I 1 I Assume homogeneous 
Porosity I 0.349 I 0.25 I 0.5 I 0.41 I 0.423 I 0.452 I 0.484 lpg . 166, Table 92, HSSM user's guide= 0.349 
Bulk density (g/cm3) I 0 I 1.26 10.72 /1.2110.85 /1 .211 0.83 /1 .2110 .79 /1 .211 0.7 4 I 1 .211= solids density • (1-porosity) density ranges 1.44-1.68 g/cm~Jrrwstbe >1 .2) 
Aquifer saturation thickness (m) I 0 I 10 l 10 J _1() _____ L 10 I 10 1 10 _ _llrr:_el_e_va_nt_a~t_~~diesel is not being evaluated in gw 
DElQ_thtowatertable(m) I 0 I 40.8 I 40.8 I 40.8 I 40.8 I 40.8 I 40.8 l134ft=40.8m, fromthesurface , irrelevantifitdoesnotreach 
Capillary thickness parameter (~2 I 0 I 0.01 I 0.01 I 0.01 I 0.01 I 0.01 I 0.01 !Irrelevant as the diesel is not being evaluated_in_the gw, HSSM default 
Groundwater gradient (m/m) I 0 I 0.01 I 0.01 I 0.01 I 0.01 I 0.01 I 0.01 

Lon itudinal dispersivit m) irrelevant as the diesel is not being evaluated in Jhe gw 
Transverse dispersitivity (m) 
Vertical dispersivity (m) I 0 l 1 ( I 1 I 1 I 1 I 1 I 1 

t f:lydrocarbon Phase Data 
Hydrocarbon Phase Properties ~· 

NAPL densit 
NAPL dynarnL~\'i_SCQSltyj_cg) Env. Canada Oil Properties Database 

Hydrocarbon solubility (mg/L) I 0 I 25 I 25 I 25 I 25 I 25 I 25 !see sheet 2, average and most conservative run 
Aquifer residual NAPL saturation I 0 I 0.25 I 0.25 I 0.25 I 0.25 _ L_ 0.25 I 0.25 Jirr~IE!\f§.n_l._~!~seus_ not being evaluated in the gw, HSSM user's guide, pg .43 
Vadose Zone residual NAPL saturation I 0.1 I 0.1 I 0.1 I 0.1 I 0.1 I 0.1 I 0.1 I most conservative recommended by HSSM User's guide pg . 43 
Soil/water partition coefficient_ildl<_g}_ I 0 I 100 I 100 I 100 I 100 I 100 I 100 !irrelevant as the diesel is a single constituent 
NAPL surface tension (dyne/cml_ _ _ _ _l 25 I 29 I 29 I 29 I 29 I 29 I 29 jpg . 44, Table 11 , HSSM user's guide 

H drocarbon Release .-.-¥~~.,....:-. :.:..~ ,~-,;.}j;~·- ~: ... :_·~~ .. -- ·-· -~~.-:c.~~~;]';)! a 

NAPL Flux (m/d) m_O§!CQn~erva_tivE!calculated from 500 gallon release 
Beginning time (d) I o I o I o I o I 0 I o I o 
Endin_g_ time (d) I 365 I 365 I 365 I 365 I 365 I 365 I 365 Released over 1 year. 

1 Model Simulation Data "' 
Model Simulation 

j!j .!· -,~-: ., '·~-~' ~ 

~- .;:.~ -~ ~s- .:1;..~ 
Radius of lens source (m) 25ft by 25ft area= 4.3 m radius , however, no OILENs, 1 selected J)_g_. 48 HSSM 
Radius multiplicity factor I 0 I 1.001 I 1.001 1.001 1.001 1.001 1.001 pg . 48 HSSM default value, not relevant without OILENs 
Max. NAPL saturation in NAPL lense I 0. 1 I 0.1 I 0.1 0.1 0.1 0.1 0.1 Irrelevant as the diesel is not being evaluat~c:j_irl_groundwater 
Simulation end time (d) I 36500 I 36500 I 36500 36500 36500 36500 36500 100 years 
Max. Solution step time (d) I 100 I 25 I 25 25 25 25 25 Recommended la~t_v_alue on pg . 48 HSSM user's guide 
Minimum time between printed time steps@ I 10 I 10 I 10 10 10 10 10 Irrelevant, only affects the output as per pg . 48 , HSSM user's_g_uide 

Oilens Simulation Ending Criterion ~- ~., - , 

User-specified time? I yes I yes 1 yes yes yes yes yes 
HSSM-T Model Parameters I .• '" ~- '-~ .• '"· .. ·~ ..,~ .. 

Percent maximum contaminant radius Irrelevant as it is used for TSGPLUME , which implies constituent is in groundwater, 
Minimum output concentration (mg/L) recommended default HSSM user's guide, pg . 50 
Beginning time (d) I o I o I o I o I o I o I o 
Endin time d) Irrelevant as it is used for TSGPLUME , which implies constituent is in groundwater 
Time increment (d) 

DEPTH REACHED__irl1l I 22 I -30 I -17 I -16 I -14 I -7.5 I -6 Depth from the_ground surface. 

Note Italics indicate that the value is irrelevant if diesel does not reach groundwater because it is a property of the groundwater. 
Yellow indicates relevant differences between the most conservative model and the original model. 
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4.0 FATE AND TRANSPORT 

The site conceptual model for SWMU I07 is based on an unlined landfill pit with oil and 
petroleum waste products followed by transport or migration of contaminants to the soil.  
When petroleum waste leaks from the storage containers, gravitational forces act to 
draw the fuel downward.  While fuel is migrating downward, the fuel is either adsorbed to 
soil particles or trapped in soil pore space.   

Based on data collected during the limited site investigation, TPH-d contamination at 
SWMU I07 is limited vertically (I07-03) to a depth of approximately 24 feet bgs. 

The contaminant migration pathway at I07 is through dissolution of residual TPH-d in the 
soil by infiltration of water.  Due to low rainfall in the Hawthorne area (<5 inches per 
year) it is unlikely that consequential amounts of water might move through the soil and 
leach contamination to groundwater.  Fate and Transportation modeling completed at 
SWMU I07 and SWMU I08 supports TPH-d’s limited migration potential at SWMU I07, 
as shown in Table 4-1. 

Table 4-1 COPC Modeled Transport Depth Comparison 

SWMU Modeled COPC Highest COPC 
Concentration 

COPC 
Depth (feet) 

Modeled Transport  

Depth (feet) 

I07* TPH-d 11,000 mg/kg 31-50 72 
I08** TPH-e 19,000 mg/kg 53 55 

* Chung/Geofon, 2004. Final Remediation Report, Solid Waste Management Unit B29 and I07, Hawthorne 

Army Depot, Hawthorne, Nevada, February 2004. 

**Secor, 2004. Final Remedial Investigation Report Additional Soils Remedial Investigation SWMU I08, 
Building 70 Pit/Landfill Hawthorne Army Depot, Hawthorne, Nevada. April 2004. 

4.1 Tier II Site-Specific Target Level for TPH-d 

A Tier II Site-Specific Target Level (SSTL) for TPH-d at Site I07 was developed to assist 
in evaluating the potential risk posed by petroleum-contaminated soils present at the 
site. A similar method for determining a SSTL for TPH-d was utilized at SWMU K03a, b, 
and d (Plexus, 2007).  NAC 445A.22705 allows for the application of the American 
Society for Testing and Materials (ASTM) Standard E-1739-95 Risk Based Corrective 
Action (RBCA) to develop Tier II SSTLs in setting site-specific risk criteria.  Because 
diesel contains relatively little of the more mobile and more toxic VOCs, the primary 
concern is on the prevention of free product on groundwater.  NAC 445A.22735 requires 
that free product be reduced to less than 0.5 inch. Therefore, the TPH-d SSTL was 
developed based on the prevention of free product migration to groundwater.  

4.1.1 Background 
Soil has the ability to retain non-mobile liquids in smaller and discontinuous pore 
spaces.  The amount that a soil can hold is called its residual saturation.  Once residual 
saturation has been exceeded, the liquid can migrate.  Diesel exists as a light non-
aqueous phase liquid (LNAPL) and is held in retention along with water.  The American 
Petroleum Institute (API) published a summary of empirical models and compared the 
results with experimentally measured residual saturated values (API, 2000).  The results 
of these comparisons were used to develop screening level criteria for specific soils and 
products. The evaluation of the TPH-d SSTL will consider both the empirical results and 
the recommended values provided by the API. 
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4.1.2 Empirical Models 
The API utilized three empirical models in developing a method for conservative 
screening levels. These included 1) a zero water method; 2) a field moisture capacity 
method (both developed by Hoag and Marley, 1986); and 3) a method developed by 
Zytner (1993).  The Hoag and Marley methods are both based on average soil particle 
diameter and that residual retention is related to available surface area.  In the zero 
water method, all the pore spaces are available for the LNAPL.  In the field moisture 
capacity method, some of the available pore space is occupied by water.  Therefore, 
field conditions would be expected to range somewhere between the two methods. The 
Zytner method is based on observed relationships of residual saturation and the ratio of 
product density over soil bulk density.  Equations are shown below and the results 
empirical models are summarized in Table 4-2. 

The zero water method is as follows: 

 
Where:  dp = average grain diameter (in cm). Site soils are fine to medium sands.  Average 
grain size is assumed to be 0.01 to 0.05 cm (recommended by API) 

 

The field moisture capacity method is as follows: 

 
The Zytner method is as follows: 

 

Where: t= total porosity, use 0.41, this is the average of fine to medium sand by Todd (1980). 
It is also the value recommended by API.  
o= product density, use 0.8, this is the value recommended by API for diesel fuel (middle 
distillate). 
s= soil dry bulk density (1.56 calculated from porosity). 

 
Table 4-2 Summary of Empirical Residual Saturation Results (Gasoline) 

Average grain diameter 
(cm) 

Residual Saturation (mg/kg) 

0.05 0.01 Average 

Zero Water 56,000 174,000 115,000 
Field Moisture Capacity 32,000 55,000 43,000 

Zytner 71,000 NA 
Average of all -- 77,000 

Notes:  
cm - centimeter 
 

 

 

 

 

 

 

 



SWMU I07 Technical Memorandum 
Hawthorne Army Depot, Hawthorne, Nevada 

4-3 

API Recommended Values 
The API defined residual saturation to be as follows: 

 
Where: 
Sr= soil retention fraction (see text below) 
t= total porosity, use 0.41, this is the average of fine to medium sand by Todd (1980). It is 
also the value recommended by API.  
o= product density, use 0.8, this is the value recommended by API for diesel fuel (middle 
distillate) 
s= soil dry bulk density (1.56 calculated from porosity) 
 

The value for Sr was determined by the API by statistical evaluation of the above 
methods (plus the Zytner method) against measured residual saturation concentrations. 
This evaluation found that the median trend (50% confidence) was for diesel in fine- to 
medium-grained sand to have a Sr value of 0.19. The evaluation also found that the 
value of Sr was 0.05 for diesel in fine- to medium-grained sands at confidence level of 
90%. At a 90% confidence there is only a 10% probability of a measured value 
exceeding the calculated value.  Results of the API values used in equation 4 are 
provided in Table 4-3. 

Table 4-3 Summary of API Residual Saturation Results 

Confidence level Residual Saturation (mg/kg) 

50% 40,000 
90% 11,000 

Notes 
% - percent 

4.1.3 Summary 
Results of the empirical models indicated a residual saturated value of between 32,000 
and 174,000 mg/kg.  The average of the three methods is higher than the median API 
value. Therefore, applying the 90% confidence value of 11,000 mg/kg would provide an 
acceptable conservative margin.  Groundwater contacting fine- to medium-grained soils 
with a TPH-d concentration less than 11,000 mg/kg would not likely result in free 
product.   

Based on the current analytical results, TPH-d was detected above State of Nevada 
Screening Level of 100 mg/kg in five soil samples: I07-02-S-(015), I07-02-S-(21), I07-03-
S-(010), I07-03-S-(15), and I07-03-S-(23). TPH-d concentration range of the previously 
mentioned soil samples is 2,200 to 8,600 mg/kg which is below the 90% confidence 
level.  Therefore, the residual TPH-d contamination at SWMU I07 does not constitute a 
risk to groundwater.  

4.2 Tier II SSTL for RDX 

As documented in the Revised Final Corrective Action Plan for SWMU B04, (Plexus, 
2008), a RDX Tier II evaluation was performed to develop site-specific target levels for a 
range of protectiveness.  As part of the evaluation, three exposure scenarios were 
developed: current and future standard workers, on-site workers, and potential future 
construction workers.  Based on the exposure factor for each scenario, specific SSTLs 
were calculated.  The range of SSTLs was evaluated for applicability and a single SSTL 
value was selected as a final RDX remediation/clean-up goal.  The final RDX soil clean-




