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1.0 Introduction

This Corrective Action Investigation Plan (CAIP) is part of an ongoing U.S. Department of
Energy (DOE)-funded project for the investigation of Corrective Action Unit (CAU) No. 416,
Project Shoal Area (PSA). Project Shoal was conducted to determine whether seismic waves
produced by undergrdund nuclear testing could be differentiated from naturally occurring
earthquakes. The PSA site is located approximately 30 miles southeast of Fallon, Nevada, in the
northern portion of Sand Springs Mountains in Churchill County (Figure 1-1). This CAIP will
be implemented in accordance with the Federal Facility Agreement and Consent Order (FFACO),
the-Industrial Sites Quality Assurance Project Plan (DOE, 1994), and all applicable Nevada
Division of Environmental Protection (NDEP) policies and regulations (NDEP, 1992).

1.1 Purpose

The PSA CAIP consists of a surface and subsurface PSA investigation. The purpose of the
surface investigation is to determine if the materials within a PSA impoundment (mudpit) are
contaminated, and if so, to determine the extent of the contamination and the appropriate
corrective action. The purpose of the subsurface investigation, as described in the FFACO
Appendix VI, is to collect aquifer and grgﬁndwater quality data to model the groundwater flow
and contaminant transport. This model will then be used to establish a CAU boundary and buffer
zone that encompasses the extent of the contamination.

"1.2 .Scope
The scope of this investigation will include sampling the material in the PSA impoundment,
installation of bedrock groundwater monitoring wells, collection of site-specific aquifer data,
hydrogeologic modeling, and review of possible remedial actions.

1.3 Federal Facility Agreement and Consent Order Requirements

The FFACO requires that CAIPs include or reference management, technical, quality assurance,
health and safety, public involvement, field sampling, and waste management information
needed to conduct the investigation. The management aspects of this project are discussed in the
U.s. Department of Energy, Nevada Operations Office (DOE/NV) Environmental Restoration
Program (ERP) Project Management Plan. The technical aspects of this corrective action

* investigation are discussed in this document. Field and laboratory Quality Assurance and _
Quality Control (QA/QC) issues are detailed in the Industrial Sites Quality Assurance Project
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Plan (QAPP) and in approved contractor Standard Quality Procedures. Health and safety are
documented in the DOE/NV ERP Health and Safety Plan (HASP) and a site-specific HASP will
be written just prior to commencement of field work. Public involvement will follow the
requirements stipulated in the Public Involvement Plan in Appendix V of the FFACO. Field
sampling activities are discussed in Section 4.0 of this CAIP and waste management is described
in Section 5.0 of this CAIP.




CAIP for Shoal
Section: 2.0
Revision: 0 .
Date: 08/21/36
Page 4 of 120

2.0 Project Shoal Area Site History

2.1 Overview

Detailed information on the site history can be found in the draft Project Shoal Preliminary Site
Characterization Report (DOE, 1996), which was used as the source of informatioﬁ for this
section. Project Shoal was part of the Vela Uniform Program, a joint effort of the U.S.
Department of Defense (DoD) and the U.S. Atomic Energy Commission (AEC) to study the
effects of different geological media on seismic waves produced by underground nuclear
detonations and to determine if seismic waves prodﬁced from underground nuclear testing could
be differentiated from natural earthquakes (Desert Research Institute [DRI], 1988). The PSA in
Churchill County, Nevada (Figure 2-1), was selected as the tentative PSA site in 1961 and after a
yearloﬁg geologic exploration of the area, it was confirmed as the chosen sife and preparations
for the test began in late 1962.

The Shoal event consisted of detonating a nuclear device with a 12-kiloton yield on

October 26, 1963. The device was placed in granitic rock at 367 meters (m) (1,204 feet [ft])
below ground surface via a 3.7- by 1.8-m (12- by 6-ft) shaft, 402 m (1,320 ft) deep; a 2.4- by
2.4-m (8- by 8-ft) drift, 320 m (1,050 ft) to the east; and a 9-m (30-1t) vertical “buttonhook raise”
(AEC, 1970,'p. 9). In addition the drift was extended 97 m (320 ft) west from the base of the
shaft,

Data collected fromi the post—shot dnll—back indicated that the shot cavity collapsed, producing a
rubble-filled chimney 52 m (171 ft) in dlameter and 109 m (356 ft) high with an 11-m (36-ft)
void at the top (Korver et al., 1965, p. 4-5). The actual source term for the event is not available,
however, using the estimates from Borg et al. (1976) the combined inventory from the fission
products and neutron activation has decayed to less than 1 percent of the original inventory.
Residual radionuclides are most likely contained in the insoluble melt rubble at the bottom of the
shot cavity.

There was no venting of particulate debris during or after the explosion although some
radionuclides, mostly gases, may have been injected into fractures as far as 135 m (443 ft) from
the shot point. Gaseous short-lived radionuclides (iodine-131, xenon-131m, and xenon-133)
were liberated into the air during drill-back or were brought to the surface on drill equipment or
in circulating drilling mud. These radionuclides were trapped by filters and were subsequently
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mixed with clean soil and buried in the impoundment area (mudpit) beneath uncontaminated soil
(Gardner and Nork, 1970, p. 39).

2.2  Potential Site Contamination

Review of pre-event site characterizations, operations, closure reports, and aerial photos has _
identified two areas within the PSA that may have been impacted by the underground test and
support activities conducted at the site: the post-shot mudpit and the shot cavity. Surface
contamination is associated with the impoundment (mudpit) used during the post-shot drilling
activities. Localized groundwater contamination around the shot cavity is probable, although no
site-specific groundwater data have been collected with respect to radionuclide contamination.
Water quality data from wells and springs to the east and west of the PSA Surface Ground Zero
(SGZ) area are collected annually as part of the off-sites Long-term Hydrologic Monitoring
Program (LTHMP), but data cannot currently be collected from the immediate SGZ area because
the PSA test borings and wells have all been abandoned.

In the FFACO, the following five corrective action sites (CASs) are identified at the PSA area:

* Muck Pile (emplacement shaft cuttings), CAS 57-06-02
 Mudpit (impoundment), CAS 57-09-01 :

* Emplacement Shaft, CAS 57-49-01

* Event Cavity, CAS 57-57-001

»  Waste Pile/Oil Cans, CAS 57-98-01

Only the mudpit ( impoundmer;t) will be sampled during the PSA corrective action investigation.
The waste pile/oil cans will be addressed under the ERP “Housekeéping” sites sampling
program, and it is assumed that the emplacement shaft will be backfilled with the material in the
muck pile. Analytical samples from the event cavity cannot be collected, so it will not be
addressed as a part of the CAIP.

2.2.1 PSA Impoundment

Review of the above mentioned reports and photos and a site visit have identified only one
drilling mud impoundment (mudpit) at the PSA. During a site visit on August 23, 1994, by DOE
and IT Corporation (IT) representatives, an impoundment 12 to.15 m (40 to 50 ft) in diameter
that appeared to contain drilling mud was located (Deshler, 1996). The location of this
impoundment corresponds well with the post-shot impoundment location indicated in Fauver’s _
. (1986) Hazardous Waste Installation Assessment Report, (Figure 2-2). A site visit by DOE and

,,,,,,,,,,
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IT representatives on March 12, 1996, documented the location and the dimensions of this
impoundment (Figure 2-3). Historical documents suggest a second pit may exist; however, a
thorough site reconnaissance failed to locate it.

All contaminated soil and (futtings resulting from the post-shot drilling activities were reponedly
combiried with clean soil and buried in the impoundment area. The three identified contaminanis
of concern in this soil were short-lived radioisotopes: of iodine (iodine-131) and xenon

(xenon 131m and xenon-133). Iodine-131 and xenon-131m decay to a stable isotope of xenon
.(xenon-131) in 8 and 11.8 days, respectively, and xenon-133 decays to a stable isotope of cesium
(cesium-133) in 5.2 days. Because of the short half-lives of these radionuclides, it is likely that
they have decayed to below detectable levels in the soils buried in the impoundment. There were
no documents detailing the release of nonradioactive hazardous materials found during the
literature/records review completed as part of the preliminary site characterization process. One
soil sample was collected from the surface of the impoundment and analyzed for toxicity
characteristic (TC) metals (as discussed in the Hazardods Waste Inistallation Report,

‘[Fauver, 1986]). The results of the Toxicity Characteristic Leaching Procedure (TCLP) aﬁalysis
showed 8.2 milligrams per liter (mg/L) of barium. The detected barium concentration is

8 percent of the 100 mg/L concentration considered Haz_ardous in Title 40 Code of Federal
Regulations (CFR), Section 261.24 (Fauver, 1986, p. 19). No other metals were identified in the
sample.

2.2.2 Groundwater o

Groundwater contamination at PSA is associated with the installation and yield of the Shoal test
device and neutron activation of the Sand Springs granite adjacent to the shot cavity. No
LTHMP points or monitoring wells exist within the 2,560-acre withdrawn area because the PSA
test borings and wells were abandoned (Figure 2-4). A regional groundwater monitoring well
and spring sampling network is currently maintained by the U.S. Environmental Protection
Agency (EPA) in its PSA LTHMP (Fig'ure 2-5). Bedrock monitoring wells will be installed at
the SGZ area to investigate potential radionuclide transport and water quality near the shot
cavity. The new wells will be added to the LTHMP after the initial round of groundwater
samples are collected. Well installation details and objectives are provided in Appendix A.

vy = ————— e =
’ i
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3.0 Objectives

- The objectives for the corrective action investigation of the PSA site were established by using
the Data Quality Objectives (DQO) process developed by the EPA (1993 and 1994). The DQOS
are-qualitative and quantitative statements that specify thé type, amount, and quality of the
environmental data iequired to support corrective action decisions for the site.. The DQO process
was employed to clearly define the purposes for which environmental data will be collected and
used, and to design a data collection program that will satisfy these purposes.

3.1  Surface Conceptual Model (Soil)

A preliminary site conceptual model has been developed to identify potential contaminant
migration routes and exposure pathways from the impoundment (Figure 3-1). The conceptual
model is based on the following assumptions:

» The impoundment is situated in an arroyo.

* The bottom of the impoundment is within a short vertical distance of, if not dlrectly on,
granitic bedrock (Figure 3-1).

* Groundwater is approximately 305 m (1,000 ft) below the ground surface (BGS).

* The material present in the impoundment is a relatively homogeneous mixture of native
soils, drill cuttings, and drilling mud and is covered by at least 2 feet of clean native soil.

The preliminary conceptual model postulates that there is one contaminant migration route from
the impoundment: mobilization and transport downstream along the soil/bedrock interface. The
potential exposure route is by ingestion and/or inhalation of contaminated soil resulting from
intrusion into the impoundment or arroyo sediments.

3.2 Subsurface Conceptual Model (Groundwater)
Regional groundwater conditions at the PSA have been generally outlined in previous studies of
the Sand Springs range and vicinity by DOE, Desert Research Institute (DRI), U.S. Geological

- Survey (USGS), and others (Appendix A). Hydrogeologic data collected to document pre-shot
conditions indicate the Sand Springs Range is a groundwater recharge area (University of
Nevada, 1965). Intermittent runoff from seasonal precipitation infiltrates the thin soil veneer at
PSA and penetrates the water-bearing joints, fractures, and faults of the Sand Springs granite as




CAIP for Shoal
Secuon: 3.0

Date: 08/21/96

Rewvision: 0
Page 13 of 120

=

juswpunodwi jo muotzw\

EL
-

%901p3q 9NIUDIY

(4 08) w z'gt Aziowixoiddy

‘wopoq
juswpunodu)

10

uonosnbijuod
ajowxoiddy

yue3

3N malA

-1\

3WaS OL ION
OUVIR3HOS

A|ayowixoiddy

([u] 19 01)
d =1
Nﬂv SEIETTIG Y

(i 81) wgg

Figure 3-1
Diagramatic Cross Section
Shoal Impoundment

96/61/€0

LOVIOb Y




CAIP for Shoal
Section: 3.0
Revision: 0
Date: 08/21/96
Page 14 of 120

unsaturated flow to the water table about 305 m (1,000 ft) BGS. Groundwater velocity is poorly
defined, but limited hydrologic data suggest a groundwater flow divide exists to the west of SGZ
that splits the regional flow direction into easterly and westerly components (Cohen and Everett,
1963) (Figure 3-2). Both hydraulic conductivity and the local and regional hydraulic gradients
are also poorly defined in the area. . :

As discussed in Gardner and Nork (1970), the PSA detonation essentially dewatered the area
immediately adjacent to the shot cavity, lowering the groundwater level in the vicinity of the
working point. The groundwater system has likely returned to pre-shot conditions over the

33 years since the test and the shot cavity is probably now filled with groundwater. Over the
time since the test, radionuclides with short half-lives have decayed to below the Recommended
Concentration Guide. Because radionuclides with relatively long half-lives, except tritium, tend
to sorb to mineral surfaces, these contaminants are not expected to readily transport from the
immediate shot cavity and chimney area. In addition, some radionuclides will remain encased
within the melt glass of the shot cavity. Because tritium does not sorb, its transport from the shot
cavity area likely commenced once the shot cavity was filled with groundwater.

Groundwater flow and contaminant transport at PSA is governed by the physical makeup of the
fractures in the Sand Springs granite (e.g., fracture extent, interconnection, size, shape,
orientation). Groundwater modeling will be completed to predict flow and the fate and transport
of radionuclide contaminants at PSA. Historical groundwater data and specific objectives and
details of the proposed groundwater model for PSA are presented in Appendix A.

3.3 Contaminants of Potential Concern

3.3.1 Surface (Soil)

As discussed in Section 2.2.1, the PSA impoundment was used to store drilling effluent
generated during drilling of the post-shot borehole PS-1. The drilling fluids used were bentonite
drilling mud, air, and air-mist. Because the pqst—shot borehole penetrated the shot cavity, fission
products resulting from the test are the primary contaminants of potential concern. A daily log
for the post-shot borehole drilling operation is provided in the Project Manager’s Report Project
Shoal (AEC, 1964). The daily log indicates that drilling mud was used to:
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* Drill through the uppermost 100 feet of rock

* Combat a loss of circulation in the uppermost 183 m (600 ft) of the hole: both drilling
mud and cement grout were used for this purpose

e Drill through cement grout from grade to 183 m (600 ft) BGS; the grout was introduced
to the hole to fix the loss of circulation

. Atterﬂpt to drill through boulders from approximately 920 to 970 feet BGS.

The daily log also suggests that no diesel and/or other drilling mud additives were used in the
post-shot borehole drilling mud except for loss-of-circulation materials. Additives used to
combat the circuilation problems included cotton seed husks and cane fibers. Because diesel was
typically used for its lubricating properties for drilling in fine-grained material (like shale), it may
not have been needed for drilling in granite or cement grout, nor-was it likely to be needed for
controlling the loss of circulation. Based on the information provided in the daily log,
contamination of the drilling mud by total petroleum hydrocarbons (TPH) or other substances
such as barium (from barite) or chromium (from chrome lignosulfonate) is not expected. Barite
and chrome lignosulfonate additives have been used in drilling mud at other sites, such as the
Central Nevada Test Area.

Air was used 'to drill through rock (before the circulation loss problem was encountered) from
30.5 to 183 m (100 to 600 ft) BGS, and air-mist (a mixture of air, water, and detergent) was used
to drill from 183 m (600 ft) BGS to the bottom of the hole at approximately 424 m

(1,391 ft) BGS. No contaminants other than fission products are expected in the effluent from
the air and air-mist drilling operations.

3.3.2 Subsurface (Groundwater)

The primary contaminants of concern for groundwater are man-made radionuclides resulting
from underground testing at the PSA including:

* Original nuclear material that has not undergone fission or thermonuclear reaction

 Direct products of nuclear reaction, such as the fission products cesium-137 and
strontium-90

* Neutron activation products in the immediate vicinity of the explosion, such as tritium
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These contaminants can migrate by leaching into the groundwater, by direct injection, or by
fracture injection. To date, there have been no site-specific sampling efforts to detect
radionuclides in the groundwater at the PSA.

3.4 DQO Process . A
The DQO process is a systematic planning tool for establishing criteria for data type, quantity,

and quality and for developing data collection programs that satisfy the needs of the project. It is
an iterative seven-step process as follows:

+ State the problem

* Identify the decision

* Identify the inputs to the decision

* Define the study boundaries

* Develop a decision rule

»  Specify limits on the decision errors

» Optimize the design for obtaining data

These seven steps have been applied to the PSA site to identify a course of action.
3.4.1 Statement of the Problem

3.4.1.1  Surface (Soil)

The soil present in the PSA impoundment may contain contaminants that pose a threat to human
health and the environment. In addition, surface water flowing into the impoundment could
mobilize contaminants and transport them through the containment dike, uﬁdemeath the dike, or
along the soil/bedrock interface into the arroyo sediments downstream from the dike.

3.4.1.2 Subsurface (Groundwater)

The PSA underground nuclear test was detonated below the water table. Although the
transmissive properties of the Sand Springs granite are believed to be poor (Nevada Bureau of
Mines et al., 1964), the test was conducted in a groundwater recharge area and flow of
groundwater through the cavity and the surrounding area is expected. There are no groundwater
monitoring wells in the immediate SGZ area to determine if there is a threat to groundwater and

assess groundwater flow direction.
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3.4.2 Identification of the Decision

3.4.2.1 Surface (Soil)

The decisions to be made for the surface are whether the material in the impoundment is .
contaminated, whether the contaminant is migrating, and if so, what actions need to be taken. )
This CAIP has been designed to generate sufficient environmental data to determine the presence
or absence of contamination in the impoundment and, if contamination is present, to support
selection of the appropriate remedial action to address the contamination.

3.4.2.2 Subsurface (Groundwater)

The primary decision to be made for the subsurface is the location of the acceptable contaminant
boundary within which water use restrictions will be implemented to prevent exposure to
potentially contaminated groundwater. Remediation of the groundwater is not practical because
the primary contaminant of concern (tritium) is not treatable/removable using any known
treatment technologies.

3.4.3 ldentification of Inputs to the Decision

3.4.3.1 Surface (Soil)
The primary inputs to the decision will be chemical analytical data from soil samples collected

from the impoundment and from the arroyo sediments downstream from the impoundment.

3.4.3.2 Subsurface (Groundwater) _

The primary inputs to support decisions for the subsurface will be the extent of groundwater
contamination, which will be estimated through numerical groundwater flow and contaminant
transport modeling. The data needed for modeling are the type and amount of contaminants
generated by the test that could be available to migrate and the physical flow characteristics of
the aquifer. - .

* Literature reviews, including information on the estimated yield of the PSA test, will be
used to identify the type and amount of contaminants that could be available to migrate.

* Data on physical flow characteristics will be gathered from existing literature for the site
and for similar aquifers (if available) and from test data from the newly installed-
monitoring wells.
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3.4.4 Definition of the Study Boundaries

3.4.4.1 Surface (Soil) :

The horizontal boundaries of the study area are 3 m (10 ft) around the impoundment and above,
the containment dike and 15 m (50 ft) down the arroyo from the downgradient toe of the

. containment dike. The vertical boundaries are the top of the material in the impoundment and
0.6 m (2 ft) below the bottom of the impoundment material or until refusal (Figure 3-1).

3.4.4.2 Subsurface (Groundwater)
The spatial extent of the subsurface study area is from well H-3 in the basin on the west to well

HS-1 in the basin on the east, and the current institutional boundaries on the.north and south
(Figure 2-5). '

3.4.5 Development of the Decision Rules

3.4.5.1 Surface (Soil)

The analytical results for the samples collected from the impoundment and adjacent soils will be
used to determine if the impbundment requires remediation. If concentrations for all targeted
analytes are below action levels (see Section 3.5.1 for a discussion qf action levels), no further
action will be required. If concentrations for targeted analytes are equal to or greater than action
levels, remedial alternatives will be evaluated, such as no action, removal and off-site disposal,
and in situ containment and capping, and an appropriate alternative will be selected based on the

type(s), concentration(s), and mobility of contaminants encountered.

3.4.5.2 Subsurface (Groundwater) )
If the predicted contaminant boundary is outside of the current institutional boundary, the
boundary will be expanded to the predicted contaminant boundary. |

3.4.6 Specification of Limits on Decision Errors

3.4.6.1 Surface (Soil)

The primary decision errors in implementing the surface investigation portion of this CAIP are
deciding that no further action is required when concentrations of contaminants of potential
‘concern in the impoundment actually exceed action levels (a false positive error) or deciding that
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active remedial action is required when concentrations of all contaminants of potential concern
are actually below action levels (a false negative error).

The primary consequence of a false positive error is that contamination would remain in place
without controls and potential threats to human health and the environment would continue. The
primary consequence of a false negative error would be spending funds on active remediation
when no remedial action was required. . '

Control of potential errors depends foremost on an accurate representation of the site in the
conceptual model (Section 3.1) because the conceptual model is used to design the sampling and
analysis program. If the conceptual model is accurate, the sampling and analysis program
generally will provide adequate data for supporting decisions. The decision error rate goal for
the surface investigation portion of this project has been set at no more than a 10 percent chance
of making a decision error.

3.4.6.2 Subsurface (Groundwater)

The primary decision errors in implementing the subsurface investigation portion of this CAIP
are deciding that the existing institutional boundary-is sufficient to prevent contact with
contaminated groundwater when the contaminant boundary actually should be expanded (a false
positive error) or that the contaminant boundary needs to be expanded to protect human health
and the environment when the existing boundary is adequate for that need (a false negative
error), ‘

The primary consequence of a false positive error is that there would be no controls on water use
in portions of the groundwater system that could be impacted by contaminants and potential
threats to human health and the environment would continue. The primary consequence of a
false negative error would be restricting or eliminating water use in areas that the plume will not
. impact. It should be noted, however, that the long-term hydrologic monitoring program will
continue regardless of where the contaminant boundary is established, which will provide added

protection to human health and the environment through point-of-use monitoring.

3.4.7 Optimization of the Design for Obtaining Data
The sampling and analysis program for the PSA site is described in Section 4.0. This program is
designed to provide sufficient environmental data to support the remedial decisions to be made
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for the impoundment and PSA groundwater, and to minimize the potential for making decision

€ITOrIS.

The sampling program for the impoundment has been.designed to provide sufficient data to
allow statistical determination of whether targeted analytes are presented in the impoundment
soils at hazardous levels. This determination will be made using the procedures described in
Chapter 9 of the EPA publication SW-846, Tests Methods for Evaluating Solid Waste,
Physical/Chemical Methods. The mean concentration (or activity) and standard deviation of
each targeted analyte in the impoundment soils will be used to calculate the number of samples
necessary to make that determination at the 90 percent confidence level (equivalent to the
decision error rate goal discussion in Section 3.4.6.1). Based on the existing information about
the likely concentrations of the contaminants of concern in the impoundment soils, it was
decided by the DQO process participants that nine composite samples of the soils in the
impoundment would be sufficient for the statistical determination. The samples will be collected

in a systematic fashion using a grid to ensure adequate coverage of the impoundment.

As discussed in Section 3.4.3.2, the decision for the groundwater contaminant boundary will be
based primarily on modeling results. Contaminant boundaries will be identified at several
confidence levels, including the 90 percent confidence level, as discussed in Appendix VI,
Section 3.2 of the FFACO..

3.5 -Measurement Objectives

. 3.5.1 Surface (Soil)

As discussed in Section 3.3.1; the primary contaminants of concern for the PSA impoundment
are fission products, and all soil and sediment samples:collected from the study area will be
analyzed for these contaminants. To verify that diesel fuel or other common drilling mud
additives were not used in the post-shot borehole drilling mud, the samiples collected from within
the impoundment will be analyzed for TPH, total barium, and total chromium.

The decision rules for the impoundment are based on whether targeted analyses exceed action
levels. The action levels identified for this CAIP are not necessarily'the cleanup goals for the
impoundment, but are only intended to ensure that the analytical methods selected for the project
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are capable of measuring the contaminants of potential concern at or below levels of concern.

For the purpose of this CAIP, the-action levels in soil for the targeted analytes are:

* Fission products (man-made radionuclides) - analytical laboratory reporting limits

. TPH - 100 milligrams per kilogram (mg/kg), whicli is the NDEP regulatory action level
for TPH (Nevada Administrative Code [NAC] 459.9973)

* Barium (total) - 4,000 mg/kg, which is the draft 40 CFR 264 Subpart S-recommended
action level for barium

¢ Chromium (total) - 400 mg/kg for chromium, which is the draft 40 CFR 264 Subpart
S-recommended action level for hexavalent chromium. Although hexavalent chromium
is not expected in the impoundment, there is no Subpart S-recommended action level for
trivalent chromium when direct contact is the pathway of concern; in the hexavalent
chromium value is being used to establish measurement objectives.

The draft 40 CFR 264 Subpart S-recommended action levels were selected in accordance with
the NDEP Contaminated Soil and Ground Water Remediation Policy (NDEP, 1992) for sites

where ingestion or dermal exposure to contaminants is the primary exposure pathway.

The analytical measurement objectives for the soil and sediment samples have been established
at 50 percent of the action level value to ensure that the analytical methods selected for the
project are capable of meeting quantitation limit needs for the project. Table 3-1 provides a list
_of the analytical methods to be used, the measurement objectiveé for the targeted analytes, and
the quantitation limits for the targeted analytes. The quantitation limits are typically reported by
the analytical laboratory to be used for the project for the specified analytical methods. As
indicated in the table the analytical methods specified for the project are capable of measuring
the targeted analytes at levels significantly below the measurement objecﬁves.

Table 3-1 also lists the-analytical accuracy and pre0151on typlcally achieved by the analytical

?

laboratory for the methods specified.

3.5.2 Subsurface (Groundwater)

As discussed in Section 3.4.3.2 and Appendix A, the primary inputs to the groundwater
compliance boundary decision will be the modeling results.. Groundwater analytical data

' collected from the new monitoring wells will be used to augment and enhance data from the-

literature for the modeling effort.




CAIP for Shoal

_ Section: 3.0
Revision: 0
Date: 08/21/96 -
Page 23 of 120
Table 3-1
PSA Impoundment Investigation Measurement Ob]ectlves
Analytical
Measurement Reporting Precision Accuracy
Analyte Method Goal Limit (RPD) (%R)
Gross Alpha SM 7110% 1 pCilg 1 pCilg 425 75-125
Gross Beta SM 7110 3 pCi/g 3 pCifg +25 75-125
Gamma-spec Hi\'gl_zSS(‘) 0, 1 pCi/g 1 pCilg +25 75-125
Tritium EERF H-01° 1 pCilg 1 pCi/g +25 75-125
TPH (diesel) 8015" 50 mg/k 25 mg/k +40 61-144
Modified g g/k9
Barium . 6010° 2,000 mg/kg 20 mg/kg +35 75-125
Chromium 6010° 200 mg/kg 1 mg/kg +35 75-125

EAmerican Public Health Association, Standard Methods for the Examination of Water and Wastewater

U.S. Department of Energy Environmental Measurements Laboratory Procedure Manual, HASL-300
tJ.S. Environmental Protection Agency (EPA) Eastern Environmental Radiation Facility ’
EPA SW-846, Test Methods for Evaluating Solid Waste, 3" Edition, modified according to the California State Water Resources
Control Board, Leaking Underground Fuel Tank Field Manual, Guidelines for Slte Assessment, Cleanup, and Underground
Storage Tank Closure, Appendix B.

®EPA. SW- 846, Test Methods for Evaluating Solid Waste, 3" Edition

d

pCi/g - PicoCuries per gram
mg/kg - Milligrams per kilogram
RPD - Relative percent difference
%R - Percentrecovery

Groundwater samples collected from the monitoring wells will be analyzed for radionuclides,
general water quality parameters, and hydrogen, oxygen, and carbon isotopes (°C and "“C). Of
the targeted analytes, the following have regulatory limits that can be used to establish

measurement objectives for the project:

* Tritium - 20,000 picoCuries per liter (pCi/L), which is the tritium activity assumed by EPA
to produce a dose of 4 millirems/year, which is the Safe Drinking Water Act (SDWA)
maximum contaminant level (MCL) for beta particle and photon radioactivity from man-
made radionuclides (40 CFR 141.16)

* Gross alpha - 15 pCi/L, which is the SDWA MCL for gross alpha particle activity (40 CFR
141.15)

* Chloride - 250 mg/L, which is the SDWA secondary MCL for chloride (40 CFR 143.3)
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* Nitrate - 10 mg/L, which is the SDWA MCL for nitrate (40 CFR 141.62)
* Sulfate - 250 mg/L, which is the SDWA MCL for sulfate (40 CFR 143.3)

. Like the soil measurement objectives, the measurement objectives for the groundwater analyses
have been established at 50 percent of the'regulatory limits for the above analytes, and at the
analytical reporting limits fer the remaiﬁing analytes to ensure that the analytical methods
selected are capable of meeting the project quantitation limit needs. Table 3-2 provides the
analytical methods selected for the groundwater samples, and the quantitation limits typically
reported by the analytical laboratory to be used for the project. As indicated in the table, the
methods specified for the project are capable of meeting the measurement objectives.

3.6° Schedule .

Field work will begin after the approval of this CAIP .by the NDEP. Upon approval of this plan,
NDEP will be notified of the scheduled start date for the field activities at least 10 working days
prior to the start of field work. The expected completion schedule, in working days (assuming a
5 day work week), is:

* Day 0: Mobilize drill crew and Geoprobe® to the site.
* Day 5: Finish impoundment (mudpit) characterization.
* Day 20: Complete drilling, borehole geophysical logging, and well development.

* Day 21: Start groundwaterisampling and installation of pressure transducers to monitor
water levels. -

* Day 25: Complete groundwater sampling.

* Day 26: Demobilize the drill crew from the site.

* Day 35: Receive analytical results for the impoundment sampling.
* Day 55: Receive analytical results from the groundwater sampling.

* Three months after completion of drllhng or when the water levels stabilize as defined in
section 4.2 aquifer testing will begin.

* Complete aquifer testing 2 weeks after start of testing.
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Factors beyond DOE/NV’s control, such as weather or delays in receipt of laboratory results may
delay field activities. If such delays occur, NDEP will be notified verbally.

Within eight months of receipt of validated analytical results from the final field activities, a
Corrective Action Decision document will be submitted to NDEP.
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Table 3-2
PSA Groundwater Investigation
Measurement Objectives
Analytical .
Measurement | Reporting Precision | Accuracy
Analyte | Method Goal Limit (RPD) (%R)
Gross Alpha - EPA 900.0% 7 pCilL 1 pCilL *25 75-125
Gross Beta EPA 900.0° 4 pCilL 4 pCilL +25 75-125
Spg;;gglip y EPA 901.1% 20 pCill. 20 pGilL 25 | 75-125
Tritium EPA® 10,000 pGilL | 50 pCilL +25 75-125
Enriched Tritium EPA® 5pCil. .| 5pCiL | . 20 80-120
c ;%i‘g{;gity SM 2510 B° 10 pmholem pmgg/cn:l +25 75-125
Silica SM 4500-Si F° 1.0 mg/L 1.0 mg/L +25 75-125
pH SM4500-HB° | 0.02pHunit | 002PH 425 75-125
Alkalinity GS I-1030-85¢ 5 mg/L 5 mg/L +25 75-125
Chloride SM 4500-CI E® 125 mg/L 0.5 mg/L +25 75-125 -
Sulfate SM 4110 B® 125 mg/L 0.5 mg/L +25 75-125
Nitrate SM 4500-NO, F° 5 mg/L 0.01 mg/L +25 75-125
Sodium . SM3111B° 0.1 mg/L 0.1 mg/L +25 75-125
Potassium SM 3111 B¢ 0.1 mg/L 0.1 mg/L *25 75-125
Calcium SM 3111 B° 0.2 mg/L 0.2 mg/L +25 75-125
Magnesium SM3111B° | 0.1mglL 0.1 mg/L +25 75-125 .
Hydrogen DRI® NA NA +0.2 100
" Oxygen DRI® NA NA +0.04 100
e - DRI° 0.5 PMC 0.5 PMC +0.3 98-100
B¢ DRI® NA NA +0.04 75-100

Prescribed Procedures for Measurement of Radioactivity in Drinking Water, U.S. Environmental Protection‘Agency, 1980
Handbook of Radiochemical Methods, EPA

Standard Methods for the Examination of Water and Wastewater, American Public Health Association, 1992

eMethods for Determination of Inorganic Substances in Water and Fluvial Sediments, U.S. Geological Survey, 1985

[ Desert Research Institute Environmental Isotopes Laboratory Procedures Manual, Version 3.0

Desert Research Institute Environmental Isotopes Laboratory Procedures Manual, Version 2.0

Qo on

ma/L - Milligrams per liter

NA - Not applicable

pCilL - PicoCuries per liter

PMC - Percent modem carbon
RPD - Relative percent difference

pmho/cm - Micromhos per centimeter or 0.1 millisiemens per meter
%R - Percent recovery
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4.0 Corrective Action Investigation

This section of the CAIP describes the methodology for the investigation of the PSA and the
installation of groundwater monitoring wells. The DQO process has been implemented in order
to design a data collection program that will support the site’s data needs and to supply sufficient
information to make a decision on a course of action. All sampling activities will be conducted
in compliance with the Industrial Sites QAPP (DOE, 1994), the IT Corporation, Las Vegas
Office (ITLV) Program Procedures Manual (IT, 1993), and all applicable approved contractor
procedures. Requirements for field and laboratory environmental sampling QA/QC are
contained in the Industrial Sites QAPP (DOE, 1994).

4.1  PSA Impoundment Investigation

A subsurface investigation will be conducted within and down stream of the PSA 1mpoundment
to answer the following questions:

* What are the physical and chemical characteristics of the material within the
" impoundment?

* What is the thickness and areal extent of the materials within the impoundment?

* Has there been any vertical and/or horizontal migration of materials from the
impoundment? .

*  What are the levels of radionuclides and metals outside of the impoundment vicinity?

Soil samples will be collected from selected locations within, adjacent to, and downstream froﬁ
the impoundment. A total of 14 locations will be sampled by means of a truck-mounted
Geoprobe® system capable ;)f collecting continuous core samples (Figure 4-1). Nine sample
locations will be within the impoundment, and the remaining five sample locations will be
located adjacent to and downstream from the impoundment.

A reference grab soil sample will be collected from 0 to 0.6 m (0 to 2 ft) BGS at an undisturbed
location upgradient from the impoundment. The exact location of the reference sample will be
determined in the field. Based on a review of the topography at the PSA, it is anticipated that the
reference sample will be collected about 152 m (500 ft) upgradient from the impoundment. The
reference.sample will bé analyzed for gross alpha/beta, gamma spec, chromium, and bafium.
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Beginning at the ground surface, the core barrel will be advanced at 2-ft intervals and extracted.
Core samples will be collected, logged, and described. Core samples of the impoundment
materials will continue to be collected until the natural soils underlying the impoundment are
reached. If possible, samples will be collected from five borings advanced below the interface
between natural soil and impoundment materials to investigate the potential vertical migration of
impoundment materials. The five borings advanced through the interface will be randomly
selected from the nine borings advanced within the impoundment. If the interface can be
observed in the cores, soil samples will be collected at 0.5 m (1.5 ft) below the interface. If the
-interface between natural soil and impoundment material cannot be detected in the field, (deep)
samples to target-potential vertical migration will be collected from just above the bedrock
surface. If the bedrock surface is below 6 m (20 ft) BGS, the deep soil samples will be collected
from 6 m (20 ft) BGS.

The volume of the Geoprobe® core barrel is approximately 320 milliliters (mL). If several
borings are neceésary to collect an adequate volume of soils, additional borings will be advanced
in a circular pattern around the first boring location at a distance interval of not greater than

0.3 m (1 ft).

The impoundment materials collected at the nine sample locations will be composited into nine
uniform samples and split out for the analyses noted in Table 4-1. Composite soil sampling will
be completed in accordance with Standard Quality Practice (SQP) ITLV-0605 from the ITLV
Program Procedures Manual (IT, 1993).

A grab sample of the natural substrate materials at five borings outside the impoundment will be
analyzed according to Table 4-1. The samples outside the impoundment will be collected to
target potential horizontal and downgradient migration of impoundment materials. The exact
location of the natural soil borings will be determined in the field.

Materials collected from the core barrel will be described by a field geologist. A description of
the retrieved materials will include as a minimum:

* Color

* Qrain size

* Relative moisture (dry to wet)

* Relative density (loose to hard)

* Unified Soil Classification System (USCS) symbol
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» Type of materials - fill or natural

* Depth interval of sample collected

« Contact between impounded materials and native materials

» Nature of material - stratified or massive. '

Samples will be handled, packaged, and shipped in accordance with approved procedures and
énalyzed at a DOE-approved laboratory. Investigation-derived waste (IDW) will be managed
according to the procedures detailed in Section 5.0. '

After sampling, the cutting shoe, barrel, stop pin, and drive rods will be decontaminated by using
a three-stage bath of Alconox and water. Decontamination fluids will be containerized for later
disposal in accordance with all applicable regulations. Upon completion of sampling, the
Geoprobe® soundings will be backfilled with bentonite pellets. .

All samples collected will be analyzed for gross alpha/beta, gamma spectroscopy, and tritium. In
addition, the samples taken from within the impoundment will be analyzed for TPH, total
barium. and total chromium. One field duplicate sample and one matrix spike/matrix spike
duplicate pair will be collected from the impoundment. The field duplicate will be analyzed for
all targeted analytes. The matrix spike/matrix spike duplicate will be analyzed for TPH, barium,

and chromium. A summary of the collected samples and the analytical methods is presented in
Table 4-1. ‘

4.2  Groundwater Investigation

Data gaps that need to be addressed are groundwater gradient, flow direction, and flow velocity.
Existing data are such that the limits of the impacted groundwater at the site can only be stated
with a high level of uncertainty. To establish a refined compliance boundary for the tritium

contamination assumed to exist at the site, site-specific groundwater conditions will be evaluated
by:

* Installation of three or four groundwater monitoring wells (Appendix A)

» Calculation of a gradient and flow direction from the water-level information collected
from the new wells

* Collection of groundwater samples from each well for hydrochermcal isotopic, and
radiological analysis (Table 4-2)
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* Collection and radiological analysis of drill cuttings from each new well borehole

* Collection of downhole geologic and geophysical data

* Groundwater modeling.

. Table 4-1
PSA Impoundment Sampling Requirements
Number .
Sample of Constituent of Analytical Container Type and
Location Samples | Sample Type Concern Method Volume Required | Preservative
— e —— ]
Gross QTES - 7110° 4-0z glass or poly none
" Alpha/beta HASL300 8-0z glass or poly none
lmpoqndment 10 Soll Gamma spec 452.3°EPA 8-0z glass or poly none
Materials Composite Tritium EERF H-01° .
Impoundment Soil 0 8-oz glass with poly- Cool to 4°C
Matenals " Composite TPH 8015M, Dilesei lined cap
Impoundment Soil Barium and g o
Materials " Composite Chromium 6010 8-0z glass Cool t04°C
Gross QTES -7110 4-0z glass or poly none
. . . Alpha/beta HASL300 8-0z glass or poly none
Naive Solls 5 Soll Grab Gamma spec 4523 ° 8-0z glass or poly none
Tritium EPA EERF H-01
Gross g 4-0z glass or poly none
Reference Alpha/beta g}gf ZSJ 0 8-0z glass or poly none
Sample 1 Soil Grab Gamma spec 4523 8-o0z glass none
P Barium, 6010, Cool to 4°C
Chromium
Cutting ' . HASL 300 8-0z gléss none
Samples 3 Soil Grab Gamma spec 4523

EAmerican Public Health Association, Standard Methods for the Examination of Water and Wastewater
U.S. Department of Energy Environmental Measurements Laboratory Procedure Manual, HASL-300

U.S. Environmental Protsction Agency (EPA) Eastem Environmental Radiation Facility

EPA SW-846, Test Methods for Evaluating Solid Waste, 3" Edition, modified according to the California State Water Resources

Control Board, Leaking Underground Fuel Tank Field Manual, Guidelines for Site Assessment, Cleanup, and Underground
eSlorage Tank Closure, Appendix B

EPA, SW-846, Test Methods for Evaluating Solid Waste, 3" Edition

Samples of the cuttings from the new well borings will be field-screened for gamma radiation

and sent to the laboratory for gamma spectroscopic analysis. The cuttings samples will be

collected from about 6 m (20 ft) below the level at which groundwater is first encountered while

drilling the new wells. One sample from each new borehole will be collected for the gamma

analysis.

et o
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Groundwater sampling will commence after the groundwater level has recovered and stabilized
from drilling and development operations. Given the low storativity and hydraulic conductivity
of the Sand Springs granite reported in earlier studies, groundwater in the new wells may not
recover to static levels until several weeks have claps:ed. Water-level recovery will be monitored
by dedicated downhole transducers connected to data loggers. To minimize the time required to

allow the water levels to stabilize, sampling will commence after one or all of the following
criteria are met:

* Water levels recovered to 95 percent of the level first encountered during drilling

» The difference between the water level over 10 sequential days of measurement does not
exceed 0.15 m (0.05 ft)

«  Three months have elapsed since well development was completed.

The hydrogeologic investigation is fully detailed in Appendix A. IDW will be managed
according to the procedures detailed in Section 5.0.
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Number of Container Type and
Sample Location Samples Parameter Volume Required Preservative -

Gross Alpha 500-mL glass or poly HNO3 to pH<2
Gross Beta 500-mL glass or poly HNOj to pH<2
Gamma spec 1-L glass or poly HNOg to pH<2

Tritium 200-mL glass None

Spec. Cond. 25-mL glass or poly None

Silica 25-mL glass or poly None

pH 25-mL glass or poly None

Alkalinity 200-mL glass or poly None

Chloride 25-mL glass or poly None

Sulfate 25-mL glass or poly None

hﬁ&ﬁggﬁg(\i}vﬂgﬁg 3 Nitrate 25-mL glass or poly None
' Sodium 25-mL glass or poly HNOj, to pH<2
Potassium 25-mL glass or poly HNOg to pH<2
Calcium 25-mL glass or poly HNOj to pH<2
Magnesium 25-mL glass or poly HNOg to pH<2

Hydrogen (1: E(:;)mL glass with poly-lined None

Oxygen ; g{-}mL glass with poly-ined |

14C 10-gal plastic None
500-mL. glass or poly HNO; to pH<2
i3C 1-L glass or poly HNOj, to pH<2

250-mL glass or poly None
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5.0 Waste Management Plan

Management of the wastes derived from the assessment field work will be determined based on
regulatory requirements, field observations, and the results of DOE-approved, off-site laboratory
analysis of site characterization samples. Administrative controls (e.g., decontarrlinatjdn
procedures and characterization Strategies) will minimize hazardous waste generated during site
investigation activities. Hazardous and/or mixed waste, if it is generated, will be managed and
disposed of in accordance with DOE Orders, U.S. Department of Transportation (DOT)
requirements, NDEP regulations, Resource Conservation and Recovery Act (RCRA) regulations,
and site-specific requirements. Decontamination activities will be performed according to
approved procedures specified in the field sampling instructions and will be written considering
the contaminants of concern present at the site.

5.1 Waste Minimization

Characterization activities have been planned to minimize the amount of IDW generated. The
planned field technique will generate minimal soil waste in the form of cuttings. Fluids will be
managed under a fluid management plan in accordance with the Nevada-Water Pollution Control
Act and its associated regulatory réquirements. Soil waste generated that is not RCRA-regulated
will be left at the site and used in site recountouring operations and/or construction of berms as
required. /

5.2  Potential Waste Streams )

Based on preliminary sampling results of similar type sites and process knewledge, no mixed or
transuranic waste streams are expected. It is also unlikely that hazardous wastes will be
generated. Itis possiBIe that low-level, hydrocarbon and sanitary wastes will result from field
activities. Potential waste constituents include tritium, fission products, and petroleum
hydrocarbons. '

Wastes generated during the characterization activities may include, but are not limited to:

* Decontamination rinsate

* Disposable sampling equipment (plastic, paper, sample containers, aluminum foil)
* Personal protective equipment (PPE)

* Development and sample purge water

* Dirill cuttings/sand from the newly installed wells
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5.3  Fluid Management

Fluids will be contained in tanks or lined sumps pending characterization and will be managed in
accordance with a fluid management plan negotiated with the State of Nevada. Fluids found to
meet fluid management criteria (i.e., less than or equal to five times the SDWA MCLs may be
released to the ground. surface Fluids that do not meet fluid management criteria will be
managed in accordance with applicable regulatory requlrements and DOE Orders. Fluids that
contain in excess of 100,000 pCi/L tritium will be contained in tanks or lined sumps and allowed
to evaporate. If fluids are encountered that contain radionuclides above established health-and
safety or air quality limits (such as those listed in the National Emissions Standards for
Hazardous Air Pollutants), drilling will be stopped until a management strategy is developed.

5.4  Sanitary Waste Management

Sanitary waste will be containerized in a manner that prevents spread of debris (i.e., in plastic
bags, dumpsters, or drums) and will be transported to a sanitary waste landfill. . Soils that are not
RCRA-regulated or are below low-level waste (LLW) limits for radioactivity will be left on site.

5.5 Low-level Waste Management

LLW will be managed in accordance with DOE Orders and the requ1rements of the Nevada Test
Site Defense Waste Acceptance Criteria, Certzflcatzon and Transfer Requirements, NVO-325,
Rev. 1 (DOE, 1992). Liquid LLW will be evaporated on site. Solid IDW, such as sampling
equipment and PPE, will be placed in plastic bags with an attached waste tracking tag in
accordance with Standard Quality Practices. The bags will be placed in DOT-compliant drums,
which will be properly labeled and locked or fitted with tamper-indicating devices. The drums .
will be staged at a designated Radioactive Materials Area pending dispesal under NVO-325
criteria.

5.6 Hazardous Waste Management
Suspected hazardous wastes will be placed in DOT-compliant drums, which will be properly
labeled and locked or fitted with tamper-indicating dev1ces Hazardous wastes will be staged at
the site of generation pending characterization and transport to the Nevada Test Site Area 5
permitted Hazardous Waste Storage Site or to an off-site commercial permitted treatment,
storage, and disposal facility. '
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5.7 Hydrocarbon Waste Management
Hydrocarbon waste (containing more than 100 parts per million TPH) will be properly

containerized in bags or drums and will be transported to an appropriately permitted hydrocarbon
waste management facility after the waste is fully characterized.
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6.0 Reporting

Upon completion of field activities and receipt of the sample analytical and data validation
results (as applicable), a report of findings will be produced. The report will, at a minimum,
include the following:

* Drawings of the site, including appropriate site boundaries, sampling locations, estimated
boundaries of contamination (if applicable), and other relevant features

* Discussions of the characterization methods used, including soil sampling methods,
materials, and logs

« Information regarding the presence and concentrations of constituents of concern
» Tables sufnmarizing laboratory and field-screening data

» Discussion regarding the adequacy of the characterization of the site
 Discussion regarding the quality control data obtained for the characterization

* Recommendations for further assessment, remediation, or closure of the site

» Photo documentation

In addition to the aforementioned scheduled deliverables, the DOE will notify the State of

- ‘Nevada Division of Environniental Protection, as soon as it is practicable, of any findings that
will require the alteration of this plan, or that will have a major imi)act on potential remedial
action for the site and/or human health and the environment. A
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Source Term

The Shoal nuclear test produced significant quantities of radionuclides as a result of fission
reactions and neutron activation. The pfecise quantities produced remain ¢lassified, but two sources
of unclassified data exist: a Post-Shot Hydrologic Safety report by Hazleton-Nuclear Science Corp.
(HNS) (1965), and a Nevada Offsites Integrated Risk Assessment by the Nevada Risk Assessment
Management Program (NRAMP) group (Draft, 1996). HNS estimated the quantities and identity
of radionuclides produced by Shoal considering the total yield, external neutron fluxes, and the type
of chemical elements exposed to the fluxes (Table 1). NRAMP calculated radionuclide production
using the ORIGEN2 code designed for nuclear reactors (Table 2).

The amount of the radionuclide source term available for transport in groundwater is called the
“hydrologic source term” and is smaller than the radiologic source because many of the
radionuclides cannot be transported by groundwater due to incorporation in the relatively insoluble
melt glass or rapid decay (Smith et al., 1995). Those nuclides that do leach slowly out of melt debris
often have strong sorbing properties that also limit migration. The few radionuclides produced in
forms mobile in water are of greatest concern for radionuclide transport: tritium, 85Kz, 36Cl, 1297,
99Tc, and 1238b, and of these, tritium is present in the largest concentration for 100 to 200 years after
a test (Smith et al., 1995). S

TABLE1 RADIONUCLIDE PRODUCTION FRCM AN ASSUMED 12-KT SHOAL
DEVICE, AS REPORTED BY HAZLETON-NUCLEAR SCIENCE (1965).

Nuclide Half-Life in Years Source™ Shot-Time Activity in curies

Cel44 "0.78 f 6.7x 104
H3 ' . 12.3 a - 3.0x 104
Pm!47 2.7 f 9.7x 103
Rul06 1.0 f 6.4x 103
Csl37 30.0 f 2.2x 103
FeS5 ' 2.6 f 2.0x 103
Sr20 28.0 f 1.9x 103
Sbi2s 27 f 8.0x 102
Eul55 1.7 f&a 4.7x 102
Sm!5! . 90.0 a&f 4.2x 102
cdlidm 14.0 : f 3.0x 10!
Gdis3 0.6 a 1.5x10!

*f = fission product

a = activation product

NOTE: Table 1 includes device and neutron-activation produced non-gaseous radionuclides in quantity greater than 10 curies and
with half-lives greater than one-half year. The amount of fission produced tritjum is small relative to the total neutron activation
production of tritium and does not alter the above figure significantly.
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TABLE2. RADIONUCLIDES CONSIDERED FOR THE HYDROLOGICAL SOURCE TERM FOR
PROJECT SHOAL IN CHURCHILL COUNTY, NEVADA (IN CURIES), AS REPORTED

BY NRAMP (IN DRAFT).
Half-Life - :
Isotope (years) 1996 in 10 years in.100 years in 1,000 years in 10,000 years
1 H3 12.3 59000 34000 220 0 0
2 C14 5730 - 14000 14000 14000 12000 4100
3 Sm-151 90 1500 1400 720 0.7 )
4  CI-36 301000 1500 1500 1500 . 1500 1400
5  Eu-155 471 1200 300 0.001 0 0
6  Fe-55 2.73 670 47 1.8E-09 0 ' 0
.7 Cs-137 30.2 620 490 62 5.7E-08 0
8  Si-32 100 560 560 510 190 0.013
9  Ca4l 103000 460 460 460 450 420
10 Sr-90 29.1 370 290 35 1.7E-08 0
11 Co-60 527 260 70 0.00051 0 0
12 Pu-241 14.4 160 99 1.3 4.7E-09 1.3E-19
13 Bel0 1.6E06 76 76 76 76 76
14  Pu-240 6560 54 54 53 48 19
15 Am-241 433 20 22 22 5.1 2.8E-06
16 Pm-147 2.62 2.8 .02 9.5E-12 0 0
17 Pm-145 17.7 1.6 Il 0.033 1.6E-17 0
18  Cd-113m 14.1 0.72 0.45 0.0062 1.7E-21 ‘ 0
19 K40 . 1.28E09 0.56 0.56 0.56 0.56 0.56
20  Sb-125 2.76 0.27 0.022 3.7E-12 0 0
21  Ag-108m 130 0.19 0.18 0.11 0.00081 3.8E-25
22 Sn-126 . 100000 0.044 0.044 0.044 0.044 0.041
23 Np-237° °  2.14E06 . 0.00014 0.00020 0.00087 0.0042 . 0.0053
24 U-236 2.34E07 5.3E-05 6.8E-05 0.00021 . ° 0.0016 0.0098

*Long-lived daughter product

Near-Source Hydrology

The Shoal detonation occurred at a depth of 365 m in the Sand Springs granite, with groundwater
generally occurring about 290 m below ground surface in the immediate test area. Thus, the Shoal
hydrologic source term is in contact with groundwater. Nuclear detonations typically cause a
temporary unsaturated zone in the immediate vicinity of the blast, as a result of high temperatures
and pressures and increased porosity in the cavity and chimney. This region of depressed water
levels recovers after the test as water from adjacent saturated rock infills the cavity, chimney, and
drift workings. Migration of groundwater, and thus contaminants, away from the test cannot occur
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until water level recovery is complete, estimated as taking approximately 10 years at Shoal (HNS,
1965).

Once the rubble chimney is filled with groundwater, migration of contaminants from Shoal will
be governed by the transport characteristics of the contaminants and the transport characteristics of
the groundwater system. Data are available on the geochemlstry of the granite, and scant data are
published on distribution coefficients for strontium and cesium in Sand Springs granite (N ork,
1969), but following the logic of Smith et al. (1995), the followmg discussion will focus on tritium
transport, which depends solely on the flow field.

Groundwater Flow in the Immediate Test Area

Groundwater transport in the Sand Springs granite occurs through a cross-cutting fracture
network. Most fractures in the granite are steeply dipping to vertical and oriented NE-SW and
NW-SE. Based on hydraulic tests and water level monitoring in six holes near grouﬁd zero (ECH-D,
USBM-1, PM-1, PM-2, PM-3, and PM-8; Figure 1), it was concluded that the rate of groundwater
movement in the vicinity of the test is low (University of Nevada, 1965, p.301). This is also
supported by the rapid de-watering of most structural openings encountered in the underground
workings mined for the shot (HNS, 1965). The hydrologic tests indicated a raﬁge of hydraulic
éonditions, but that in general, the transmissivity was lower than that measured at H-3 (which was
less than 200 gpd/ft, or 0.3 cm?/s; H-3 is compléted in granite beneath a veneer of alluvium on the
western fan below the range; Figure 2). A range of transmissivity near the site of 0.02 to 0.2 cm?/s
was based on recovery curves for the near-shot wells (HNS, 1965). The average hydraulic
conductivity is on the order of 103 cm/s, but characterization of fracture flow is difficult and
dependent on wells intercepting widely spaced hydrologic features. It is worth noting.that zones
‘were encounteréd in the undérground workings that produced large quantities of water. These
water-bearing zones could have conductivities of 10! to 1 cm/s (I-iNS, 1965). .

Hydraulic gradients in the immediate Shoal area are questionable due to the effect of drilling and
testing activities on water levels (Figure 3). Based on these questionable data, a groundwater divide
is suspected northwest of the test, with a gradient of 0.15 to the southeast from PM-2 to PM-3, and
a gradient of 0.013 from PM-3 to Fairview Valley. Though the head measurements suggest flow
to Fairview Valley from the Shoal site, hydrochemical data suggest westward flow to Fourmile Flat
(University of Nevada, 1965; Chapman et al., 1994), and neither pathway can be ruled out.

No data are available regarding the effective porosity of the fractured granite aquifer. Given that,
as well as concerns regarding data quality for hydraulic conductivity and gradient, some earlier
workers concluded that though the rate of groundwater movement in the granite is extremely low,
“...it is not possible to compute accurately the rate...” (University of Nevada, 1965, p.275). Other
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workers have calculated velocity using the same University of Nevada dataset despite quality
concerns, and reported velocities ranging from 1.6x10% cm/s to 1.6x10- cm/s (0.5 to 5 m/yr) (HNS,
1965; note that these values are not consistent with the data used for the calculations. An error may
have resulted from using effective porosity as a percent without converting to the correct decimal
value. Recalculating using the data in the report gives a range of 1.6x107 to'1.6x10"4 cm/s, or 5-50
m/yr). An estimate of westward velocity of 5 m/yr and eastward of 2.7 m/yr were reported by
Chapman et al. (1995). . Co '

Groundwater Flow in the Region

The Sand Springs Range is located in a probable groundwater recharge area, based on the water
table beneath the range being higher than that in the adjacent valleys; and the observation of
decreasing head with depth in well ECH-D (University of Nevada, 1965). Local recharge infiltrates
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Figure 1. Drill hole locations, Shoal test site. From Hazleton-Nuclear Science (1965).
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Figure 2. Map of the Sand Springs Range and vicinity showing the location of wells and springs
near the Shoal Site (from Chapman et al., 1994).

through the thin soil cover and enters the groundwater system within the fractured granite. Though
minor high-altitude seeps and springs are encountered elsewhere in the range, none are located in
the Shoal area. Instead, groundwater is believed to move downgradient then laterally out to the
adjacent valleys (Figure 4). The overall recharge rate and contribution of water to the valleys is
believed to be low based on rainfall amounts, groundwater chemistry (University of Nevada, 1965),
and groundwater age dates in the valleys (Chapman et al., 1994).

In the valleys, groundwater occurs in alluvial material eroded from the highland areas. Though
hydraulic testing in wells installed for Shoal studies (HS-1 and H-4 in Fairview Valley and H-3 and
H-2 in Fourmile Flat) indicated much higher transmissivities in the valley fill, hydraulic gradients
on the valley floors are low and effe;cﬁve porosity greater than in the granite (University of Nevada,
1965), leading to moderate estimates of groundwater velocity in Fairview Valley of 2 x 10-5 cm/s
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Figure 4. Vertical cross section with idealized groundwater flow arrows (Hazleton-Nuclear
Science, 1965). :

(6 to 7 m/yr) and in Fourmile Flat of 1.6 x 10-cm/s (4 to 5 m/yr) (University of Nevada, 1965; HNS,
1965). Using larger gradients calculated from the Shoal site to valley wells yields velocities on the
order of 100 m/yr to HS-1 in Fairview Valley and 140 m/yr to Bucky O’Neil flowing well in
Fourmile Flat (Chapman et al., 1995). .

Baseline Risk Assessments

Three assessments of contaminant transport have been published: one by HNS (1965) where
tritium, '37Cs, and 0Sr transport were all found to present a negligible hazard to regional water
supplies; an' exposure assessment of tritium transport by Chapman et al. (1995), which was
performed for the Environmental Impact Statement for DOE activities in Nevada; and, a risk
assessment of a large suite of contaminants transported to existing wells in the area by NRAMP (in
draft). The tritium transport presented in Chapman et al. (1995) evaluated transport to hypothetical
wells on both the eastern and western boundary, and transport to the first well on both the east and
west pathway (Figure 5), and considered a range of hydraulic conditions for each flowpath. The
range in excess cancer mortality risk is within the EPA goal for risk due to environmental
contaminants (10-9) at the closest existing well east of the site, HS-1, for all scenarios, but exceeds
the EPA goal for cases of high spatial variability in hydraulic properties and/or high uncertainty in
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Figure 5. Diagram of the four transport scenarios considered, showing the scenario number and
transport distance used in the calculations. The distance to HS-1 reflects the length
of the flowpath through the granite rather than the full distance to the well. The
diagram is not drawn to scale. (From Chapman et al., 1995).

TABLE 3. HEALTH RISK RESULTS FOR THE GROUNDWATER TRANSPORT SCENARIOS
CONSIDERED AT THE SHOAL SITE. The risk numbers bound the excess-cancer-mortality
risk between the five -and 95 percent levels on the cumulative risk function. Scenarios are
identified on Figure 5. (From Chapman et al., 1995). ' ‘

Scenario U, m/yr A 90% Risk Confidence Interval
la 2.7 0 0.3 1/10L 2 x 10°10 to 8x 107
1b 27 20% 0.3 V1oL 2 x 10°° to 7x 106

Ic. 2.7 40% 0.3 1/10L 6x 108 to 2x 104
1d 2.7 0 0.6 1/10L 3x 107 to 1 x 103
le 2.7 0 .12 1/10L 6x 108 to 2x 104
If 2.7 40% 1.2 1/10L 7 x 107 to 2x103
2a 2.7 0 0.3 1/10L 4x 1024 to = 4x1018
2b- 2.7 20% 0.3 I/10L 3x 1020 to 2x 10714
2¢ 2.7 40% 0.3 1/10L 5x 10715 to 7x 10710
2d 2.7 0 0.6 /10L 3x 10719 to 1x10°13
2e 2.7 0 1.2 1/10L 5x 10715 to 8 x 10°10
2f 2.7 40% 12 1/10L 4x 1012 to 2x107 -
3a 5 0 0.3 /1oL - 2x10l - ¢o 1x 107
3b 5 20% 0.3 1/10L 2 x 10-10 to 1x 106
3¢ 5 40% 0.3 1/10L 9x 107 to 6x 103
3d 5 0 0.6 1/10L 3x 1010 to 3x 106
3e 5 0 1.2 1/10L 9% 109 to 6x 105
3f 5 40% 1.2 1/10L 1x107 to . 6x10%
4a 5 0 0.3 1/10L 4x 10715 to 1x 1010
4b 5 20% 0.3 1/10L 2x 1013 to 6x 107
4c 5 40% 0.3 1/10L 7x 10°1 to 2x 106
4d 5 0 0.6 1/10L 5x 1013 to 2x108
de 5 0 1.2 1/10L gx 10711 to- 2x10°
af 5 40% 12 1/10L 3x10° to 4x 103
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mean velocity for the remaining three flowpaths (Table 3). Calculations considering less spatial
variability and/or less uncertainty result in agreement with the EPA goal for all scenarios. In the
NRAMP calculations, only tritium was found to be significant of all the nuclides considered.
NRAMP found a maximum risk of 2 x 103 (mean plus one standard deviation) at well H-3, and 2
x 107 at HS-1. They consider these estimates conservative and note that they are higher than those
in Chapman et al. (1995) because NRAMP assumed a'larger source term, calculated their risk as an
arithmetic rather than geometric-mean, and used a 2 litér/day intake assumption rather than an
age-dependent intake. '

Data Problems

Substantial efforts were made to define Shoal Site hydrology at the time of the test and these
efforts are well documented by University of Nevada (1965). Despite these efforts, problems remain
in supporting predictions of contaminant migration. Most important among these are:

1. Uncértainty in the potentiometric surface in the test area, leading to uncertainty in the
direction of flow (i.e., location of groundwater divide relative to the test) and magnitude
of flow as related to the hydraulic gradient. The problem is best summed up by the
original workers: “The validity of data on the potentiometric surface in the vicinity of
Ground-Zero is questionable due to the effect of drilling and testing activities.” This
continues with “The 350-foot pliss rise of ECH-D during the spring of 1963 while the
PM holes were under construction suggests that much of the ground-water mound and
associated gradients may be the result of introduced drilling water.” (University of
Nevada, 1965). In addition to the introduction of water during drilling, there were
de-watering activities in the drift that may have been the cause of observed declines in
water level with time. The possible impacts of these activities are diagrammed in Figure 6.

2. Unknown effective porosity. This is acommon problem in fracture-dominated aquifers.

3. Unknown variability and correlation of hydraulic conductivity. As evidenced by the
range of risk values presented in Chapman.et al. (1995) (Table 3), transport of
radionuclides’ is particularly sensitive to spatial variability in the flow field.
Groundwater velocity, and thus contaminant transport, can be described by a mean value
and spreading about that mean caused by a range of faster and slower flowpaths created
by geologic heterogeneity. Because of the rémediating action of decay, the leading edge
of éarly arrivals in a plume is particularly important for describing peak radionuclide
concentrations (Andricevic et al., 1994).

4. Scant data on sorption properties for the Sand Springs granite.
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The proposed field program will address the data gaps described in items 1, 2, and 3. The
evaluation of proxy data from the site and use of parameter ranges determined at similar sites will
be used to address item 4 and augment item 3 during the modeling phase.

SHOAL SUBSURFACE WORK PLAN

The characterization work for subsurface contamination at Shoal will have three primary parts:
1. Field work involving drilling and testing characterization wells at the site.
2. Modeling efforts to ﬁredict contaminant transport.

3. Housekeeping efforts to document existing conditions for all wells installed in the Shoal
area by DOE (or its predecessor, the Atomic Energy Commission).

‘Each of these three efforts is described below.

Field Characterization Efforts _ )

All wells drilled on the-Sand Springs Range for the Shoal test have been plugged and there is
currently no access to the groundwater beneath the Sand Springs Range in the Shoal vicinity. Given
the questions regarding the true potentiometric surface in the Shoal test area, as well as related
questions regarding the groundwater velocity, the characterization work at Shoal will include three,
and possibly four, wells within the land area withdrawn by the Department of Energy around ground
zero. The broad objective for the well program can be stated as providing additional data to support
calculations of contaminant transport from the Shoal test. This includes data to support calculations
of groundwater velocity and direction, and data to constrain boundary conditions regarding recharge
from infiltrating precipitation. The following are the specific data objectives for the well drilling
program: ' '

* Determine the groundwater gradient in the test area under undisturbed conditions.

e Obtain information on the nature of permeability and porosity in the Sand Springs
granite.

¢ Obtain information on recharge conditions.
¢ Obtain information on migration of contaminants from the nuclear test.
Well Location and Rationale

The objectives listed above will be reached by drilling three or four new wells (Figure 7). Exact
well location§ will not be determined until site visits evaluate drilling rig access and cultural resource
impacts, but approximate locations have been identified.  Well HC-1 (Hydrologic
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Characterization—1) will be drilled first and will be located west of abandoned well PM-2. Well -
HC-1 will resolve the great uncertainty in the static water level north of the test area, created by the
more than ‘1'00 m variation in water levels measured at PM-2. Well HC-2, northwest of the shaft,
will be drilled next and, if a water level is successfully obtained from the shaft, will help address
the question of the location of the gfoundwater divide relative to the nuclear test. If the water levels
at the shaft, well HC-1, and well HC-2 indicate flow to the east, well HC-3 will be drilled east of
the abandoned well PM-3, down GZ Canyon. In addition to refining the potentiometric gradient
eastward off the’Sand Springs Range, well HC-3 will provide data on correlation of hydraulic
properties across greater distances, necessary for predicting contaminant transport on the scale of
several kilometers (current data coverage emphasizes spatial scales of hundreds of meters). If water
levels indicate flow to the west, well HC-3 will be drilled on the western flank of the Sand Springs '
Range (Well HC-3-alt, on figure 7), completed in granite beneath the veneer of alluvium. This
location would refine the western potentiometric gradient and provide data coverage at a greater
distance, as with the other possible location of HC-3. Another alternate plan involves the possible
drilling of well HC—4, which may be installed southwest of ground zero if water level data cannot
be obtained from the shaft or if the gradient cannot be determined from the shaft and wells HC-1
and HC-2.

Well Drilling and Fluid Control

The drilling method will be selected to minimize disturbance to in situ hydraulic conditions and
minimize the introduction of fluids to the subsurface. It is expected that a method such as a
down-hole hammer will be used, with air to return the cuttings to the surface. The well locations
are not expected to encounter event-related contaminants, with the possible exception of tritium.
Water returns are expected to be small given that most of the drilling is in the unsaturated zone and
the low hydraulic conductivity (<3x10~7 m/s) of the saturated granite. Based on a drilling rate of
7 minutes per foot (obtained during the drilling of the PM wells in 1963), the conductivity given
above, and a saturated extent of 300 ft, maximum water production would be on the order of 15,000
gallons, and is expected to be much less due to anticipéted faster penetration rates and conductivities
less than 3 x 1077 In addition, given the spatial distribution of the wells, a contaminant plume is
not likely to be encountered in more than one well. Fluid management will be conducted in
accordance with the procedures outlined in Section 5.0 of this document.

Well Completion and Rationale

The wells will obtain valuable data simply by encountering the water table, but the target
completion depths will be 250 to 300 ft below the water table. This depth will coincide with the
depth below water where the nuclear shot was detonated. If significant contamination is detected
during drilling (meaning the detection of gamma emitting nuclides), drilling will be halted and the
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well completed at that depth. The wells will be left as open holes below required surface casing.
Prior drilling at the site apparently encountered no problems with hole stability, and the open holes
will enhance hydrologic investigations. The holes will probably be drilled to a 9-7/8 inch diameter,
allowing ample room for logging tools and leaving the possibility of installing well screen and casing

with room to tremie in a gravel pack should permanent monitoring ability be chosen in the future.

Data Collection

1. Static water level will be estimated during drilling. Given the low storativity and low
permeability reported for the Sand Springs granite, it may be months after drilling before
the static water level has recovered for measurement and sampling. Therefore, the
drilling program will be designed to obtain as much immediate data as possible. Drilling
progress will be slowed as previously measured water levels are approached to improve
resolution on identifying the top of the saturated zone via cuttings. Saturated cuttings will
be collected at the surface for possible water extraction and analysis.

2. Geophyéical logs (e.g., caliper, acoustic velocity, formation density) will be run to
provide additional data for the sequential indicator simulation modeling of the spﬁtial
characteristics of aquifer properties (more information on the modeling is provided in
the following section). '

3. Perform a video log in each well to identify fracture zones that are contributing flow as
the well recovers. The video will be evaluated to estimate effective porosity.

4. A transducer will be installed in'each well to monitor water level recovery. The data will
be used to determine when the static water level is reached, and for estimating
transmissivity.

5. Once the wells have recovered, a temperature/electrical conductivity log will be run to
identify potential inflow zones and the presence of vertical flow.

6. Thermal flowmeter measurements will be perforined to determine direction and velocity
of vertical flow in the well. Measurement locations will be picked based on zones of
interest identified with the temperature/electrical conductivity log.

7. Water samples will be collected at locations identified based on the temp/EC log and
thermal flowmeter measurements. Samples will be analyzed for tritium to identify
migration from the Shoal test, and major ions, stable isotopes, and carbon isotopes (-13
and -14) to identify current recharge conditions at the the Sand Springs Range and
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correlate with the differing water chemistries found in Fairview Valley and Fourmile
Flat.

Point dilution tests will be performed to determine lateral flow velocities, once the test
protocols are established from Nevada Test Site applications.

Slug tests will be performed to estimate aquifer properties.

Water levels will be monitored in the wells for a one-year period to identify and seasonal
impacts on potentiometric levels. The monitoring will be performed using pressure
transducers reporting to data loggers.

Predicting Contaminant Transport in the Subsurface

The Shoal underground nuclear test was detonated below the water table. Though the
transmissive pfoperties of the Sand Springs granite are believed to be poor (Nevada Burean of
Mines, et al., 1964), the test was conducted in a groundwater recharge area and flow of groundwater

through the cavity and surrounding area is expected. This flow has the potential of trarisporting

shot-related contaminants away from Shoal ground zero. Plans for-remediating the site will rely

upon predictions of contaminant transport. This prediction-based approach is followed for two
Teasons: '

There is no reasonable remediation process (e.g., pump-and-treat) for at least one of the
primary contaminants of concern (tritium). It is expected that the appropriate
remediation will be preventing exposure by restricting groundwater use in contaminated
aquifers. Thus, the present location of contaminants is of less concern than predicting
the future extent of migration. '

. The hydrogeologic environment at Shoal is a fractured granite. The highly variable and

unpredictable nature of fracture occurrence and interconnection render efforts to define .
plume geometry in the field infeasible.

Thus, the final product of the groundwater characterization phase at the Shoal site will be

predictions of contaminant transport within desired confidence intervals. This will be achieved
through three primary work elements:

1.

2.

Collection of data from the new characterization wells (described above).

Analysis of historic and newly acquired data from wells in the Shoal area to map aquifer
properties and provide a framework for flow simulations that will determine the mean
flow velocity, mean flow direction, and spatial characteristics of the flow field.

. . Predictions of solute migration to determine the boundary of specified contaminant
‘concentrations in the aquifer. .
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The field efforts involved in the first phase are described in detail elsewhere, as are the existing
data. The following discussion will emphasize the importance of collecting hydrologic data for the
transport calculations, particularly data on flow velocities. All of the data gathered from the new
wells will be useful for the modeling effort. Hydraulic head data will be used to constrain the flow
model and calculate appropriate gradients. Hydrologic logging and borehole testing can provide
data on hydraulic properties and flow velocities. Data from water sampling will be used to determine
recharge .boundary conditions, and perhaps constrain transport calculations if tritium is detected.

When environmental concerns focus on groundwater transport, a careful description of the
subsurface, and hydrogeologic heterogeneity in particular, becomes necessary. To develop support
for the transport calculations, there must be an adequate understanding of the geologic and
hydrologic environment at Shoal. In virtually all regulated settings in the subsurface, the volume
of aquifer modeled is many of orders of magnitude greater than the volume of geologic material
actually obsérved or sampled (Journel and Alabert, 1989); this is especially true given the sparse data
" density at Shoal. In addition, the fractured granite nature of the Shoal Site make obtaining a
deséription of geologic heterogeneity far more difficult than in cases of porous media flow.
Tremendous extrapolation is necessary and introduces significant unbertainty into our geologic
understanding. As a result, the modeling effort contains uncertainties that are a direct resuit of our
incomplete knowledge.

Limited field characterization at Shoal severely restricts our knowledge of hydraulic properties
at the site, particularly since extreme heterogeneity in hydraulic properties is characteristic of
fractured granite terranes. Our approach will assemble and synthesize historic and newly acquired
well data at Shoal, and augment that data as far as possible. Predictive models will then be carried
out using the observed data, recognizing that the true range in hydrologic parameters may be much
greater than observed: Parameter ranges at better-characterized granitic sites will be used to evaluate
the potential transport impact of unobserved high permeability fractures at Shoal. .

The scarcity of data points requires maximizing the hydrologic interpretations. The use of all
available types of data (geological, geophysical, and hydrological) is neéded to describe the geologic
heterogeneity at Shoal in three dimensions and to quantify the ﬁncertainfy. The second work element
will effectively muitiply the data from the seven former wells in the ground zero area (PM-1, PM-2,
PM-3, ECH-A, ECH-D, PM-8, USBM-1), and the three new wells and shaft, by using geophysical
logs to supplement hydrologic data. Specifically, caliper, resistivity, gamma, and neutron logs (run
prior to the Shoal test) will be used to infer fracture density and pefrﬁeable zones and these high
resolution data will be correlated between wells using sequential indicator simulation (SIS)
methods. This volume-data generation technique has been successfully applied in a variety of
environments. For example, DRI used SIS methods and geophysical data from boreholes in central
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Yucca Flat (Pohimann and Andricevic, 1994) and is currently applying the technique in Frenchman
Flat, of the NTS. The analysis in Yucca Flat used geophysical log data and SIS methods to infer the
three-dimensional distribution of fractured tuffs. This information will be important for delineating
flow and transport features that would not have been revealed by analysis of the scarce traditional
hydrologic data (e.g., aquifer tests).

Application of the technique to the Shoal Site will involve identifying logs that are likely to
distinguish properties important to groundwater flow (pérticularly fractured zones), correlating
between the geophysical logs and available hard data on hydraulic properties (hydraulic
conductivity), then generating three-dimensional maps of hydraulic conductivity that characterize

- spatial anisotropy and connectivity patterns to be used as input for a numerical model of groundwater
flow.

Difficulties applying the technique to the Shoal site center on the issue of data density. Well
control close (within 600 m) to ground zero is relatively good, but from that point, it is 3400 m to
the closest well. Some of these issues will be addressed during the field program via the location
of the new wells.(particularly well HC-3). These problems will persist in the flow modeling, though
the flow calculations will have the advantage of the three dimensional permeability structure based
on geophysical data. Itis hoped that the data collected from the new wells will resolve issues of the
position of ground zero relative to the groundwater divide beneath the Sand Springs Range. Given
that substantial uncertainties in the flow field will remain even after the field investigations, the
uncertainty will be included in the calculations by considering a reasonable range of boundary
conditions, recording the resulting mean velocities, mean flow directions, and flow-field structures
for input to the transport model.

The contaminant migration. process is described in Dagan et al. (1992), Andricevic and
Cvetkovic (1996), and Andricevic et al. (1994) through the Lagrangian concept of motion following
aparticle on the Darcy scale. The solute flux method evaluates movement of a solute from the source
to a plane perpendicular to the direction of flow. Aquifer heterogeneity is included and represented
by the variance of log-hydraulic conductivity, 62, and the hydraulic conductivity integral scale,
M. The variance represents the variability of K in space and may range from near zero for
homogeneous deposits to three, or higher, for extremely variable porous media (Hoeksema and
Kitanidis, 1985). Because it is distributed in space, K usually has some degree of spatial correlation.
The correlation length of X, A, represents the distance beyond which there is no correlation between
data points. The higher the value of A, the greater the spatial continuity of K. When the log-normal
distribution and the negative exponential covariance function are assumed, the heterogeneous,
isotropic hydraulic conductivity figlél can be statistically characterized by three parameters: pyx,
0%k, and A. The combination of the spatial variability of aquifer properties and the uncertainty in

Well Number Diameter in- Depth to Water ©  Discharge in GPM Pump Type Remarks
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the estimates of these properties causes the solute flux to be a random function described by a
probability density function (pdf). The mean and variance of the solute flux are converted to the
flux-averaged concentration by dividing by the groundwater flux, Q. Importantly, the variance of
the solute flux allows calculatio}l of the standard deviation so that the transport results can be
presented within desired confidence intervals.

The previous application of the solute flux method to the Shoal site (Chapman et al., 1995) only
calculated the transport of the plume in one dimension, laterally along the flowpath, resulting in a
breakthrough curve and associated uricertainty atany desired distance downgradient. This approach
is suitable for calculating the distance to a desired concentration- or risk-based limit, but provides
no information on transverse plume spreading. The method which will be employed during the
characterization phase will calculate not only the longitudinal spreading of the contaminant plume,
but also the transverse spreading, creé.ting amap of the plume. Atspecified distances downgradient,
the breakthrough curves will be generated (concentration vs. time). Concentration as a function of
transverse distance from the mean flow direction will also be calculated. Thus forany given distance
down the mean flowpath, there will be a rﬁap of contaminant concentration in time and space.
Numerous flowpath distances will be analyzed, mapping plume migration and allowing
identification of the plane which meets the desired criteria of a mean tritium concentration of less
than 20,000 pCi/l.

To summarize, the Shoal undergrouhd nuclear test was conducted in the saturated zone of a
fractured granite aquifer. Site data are quite limited but will be enhanced by the planned hydrologic
field activity of drilling three new wells. Fractured aquifers are very difficult to characterize and

experience great variability in hydrologic properties. State-of-the-art data analysis appfoaches and-
' proxy data will be applied to minimize the inevitable imperfect understanding of the hydrologic
system and produce transport predictions.

Documentation of Status of Existing DOE Wells

As part of site characterization and data collection from the test, DOE (AEC) drilled a number
of holes in the Shoal area (Tables 4 and 5). Four of these are in the adjacent valleys: HS-1 and H-4
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The following is an addendum to Section 3 (DQOs) of the Corrective Action Investigation Plan
(CAIP) for Project Shoal Area CAU No. 416. The addendum is based on guidance provided by
NDERP for revisions to the Roller Coaster Lagoons DQOs on June 28, 1996.

3.4.1 - Statement of the Problem

3.4.1.1 - Surface (Soil) .

This section is unchanged. Sections 2.2.1 and 3.3.1 of the CAIP provide more detailed
information regarding potential contamination in the impoundment. Excerpts from the historical
documentation that form the bases for these sections are included as Attachment A to this
addendum,

3.4.1.2 - Subsurface (Groundwater)

This section is unchanged. Sections 2.2.2 and 3.3.2 and Appendix A of the CAIP provide more
detailed information regarding potential contamination of the groundwater.

3.4.2 - Identification of the Decision

3.4.2.1 - Surface (Soil)
Replace the existing section with the following:

Implementation of the surface investigation portion of this CAIP is intended to support the
following decisions:

"+ Determine whether the soils present in the impoundment are contaminated above

preliminary action levels. Contaminants of potential concern and preliminary action
levels are described in Section 3.5.1 of the CAIP.

* Determine whether contaminants present in the impoundment soils have migrated to the

soils surrounding the impoundment and to the arroyo sediments downstream from the
impoundment.
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3.4.2.2 - Subsurface (Groundwater)
Replace the existing section with the following:

Implementation of the subsurface investigation portion of this CAIP is intended to determine the
location of the contaminant boundary within which water use restrictions will be implemented' to
prevent exposure to potentially contaminated groundwater. The subsurface investigation is ‘
described in detail in Appendix A of the CAIP.

3.4.3 - Identification of Inputs to the Decision

3.4.3.1 - Surface (Soil)

Replace the existing section with the following:

The potential contamination of the impoundment soils will be evaluated by collecting systematic
environmental samples within the impoundment. Potential contaminant migration from the
impoundment will be evaluated by collecting samples from soils adjacent to the impoundrhent
upstream from the containment dike, and collecting arroyo sediment samples below the

downstream toe of the containment dike.

As discussed in Section 3.3.1 of the CAIP, the primary contaminants of concern for the
impoundment soils, surrounding soils, and arroyo sediments are fission products. All soil and
sediment samples collected from the study area will be analyzed for these contaminants of
concern. To verify that diesel fuel or other common drilling mud additives were not used in the
postshot borehole drilling mud, the samples collected from within the im[;oundment will be
analyzed for TPH, total barium, and total chromium.

i
Although historical information is available for the site, it is not sufficient to confirm that any
wastes disposed of in the impoundment would be considered RCRA listed wastes. Because of
this, it is assumed that if the irhpoundment soils are removed as a part 6f site remediation, they
would be characteristic wastes. The sampling and analysis program for the impoundment soils
includes collection of three samples from within the impoundment for TCLP volatile and
semivolatile organic compounds and TCLP metals analyses to determine whether any
contaminants present in the impoundment soils exceed RCRA toxicity characteristic criteria to
allow evaluation of remedial alterndtives and to support waste management decisions.




CAIP for Shoal
Addendum 1
Revision: 0
Date: 08/21/96
Page 67 of 120

3.4.3.2 - Subsurface (Grouhdwater)
Replace the existing section with the following:

The potential extent of groundwater contamination will be evaluated through modeling. The:
input parameters for.modeling will be based on the following:

e Literature reviews, including information on the estimated yield of the Shoal test, will be
used to identify the type and amount of contaminants that could be available to migrate.

* Data on physical flow characteristics will be gathered from existing literature for the site
and for similar aquifers (if available).

The information obtained from literature will be augmented by geophysical and geochemical data
collected from four new monitoring wells to be installed as a part of the CAIP implementation.

3.4.4- Definition of the Study Boundaries

3.4.4.1 - Surface (Soil)
Replace the existing section with the following:

The physical boundaries of the surface study area are:

+ Three meters (10 feet) outside of the impoundment upstream from the containment dike

« Fifteen meters (50 feet) down the arroyo from the downstream toe of the containment
dike

 Six meters (20 feet) below the impoundment or to bedrock, whichever is shallower

These boundaries are based on the preliminary site cohceptual model discussed in Section 3.1 of
the CAIP. The physical boundaries of the surface study area may change depending on the
results of the analytical data generated during sampling. There are no temporal constraints or
boundaries for collection and use of data for the surface study area.
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4,3 SECURITY ANALYSIS

As alrcady discussed in Paragrash 3.3 b, SHOAL samples and analysss
arc classified and create a security problem. Therefore, for tnis
reason, as well as health safety (discussed in Paragrapns &.5 and 4.7
in which ground water movement calculzations are givern), an excavation
and drilling exclusion area is required. The exclusion arez lies
between a level of plus 5,050 feot zbovs mean sea level and plus 3,330
feet (i.e., betwecn 180 feet znd 1,700 feet belo: SGZ) and out wo &
horizontal. distance of 3,300 feat from SE€Z. Alse iucluded is any ve-
entry into drill holes or the shaft wichin the horizontal restrictione.,
This restricted area is shovm on Figures 4 and 5 and becomes & part of
the rccommendations given in Paragraph 5.3,

bt

4.5

X A4

'Negligible consolidaticn of the ‘chimnev rubble might occur from 1

STRUCTURAL SAFETY ANALYSIS .

As stated in Paragraph 4.2 b, the SHOAL cavity collapsed immediately
after detonation, with collapse moving upward until the bulkihg of t
tet

broken granite blocks provided z configuration of the void at the top

that did not permit further-in-fzll. The area has a recent history of

seismic activity; however, the present stability is not likely to be
here shoul

altered by earth tremors or ground water activity, Even if t
be some rearrangement of blocks in the chimney with some att

sidence, there are over 800. feet of granite in its nzatural state berweea:
the top of the chimney-cavity and the surface; thus, there snculd be no
structural safety hazard, )

ar
nearby seismic activity, with consequent resumption of upward stoping.
However, even a 20 percent compaction of the existing ‘rubble would
permit only another 20 to 30 feet maxirum of ceiling in-fall, The
present chimney should present no problem for physical stability .and
safety. i

RADIOLOGICAL SAFETY ARALYSIS

Most of ‘the nongaseous radioactive residue of the nuclear explosion was
trapped in the melt portion at the bottom of the cavity or Gispersed
through the rubble chimney volume, The unfractured granite cover the
chimney has maintained its integrity as a radioactive cshield; therefore,
access ‘to-the radioactive melt can be achidved oanly by use of drilling
equipment, Entry through the original shaft and crift has been effectis
blocked by collzpse of the shaft below 1,060 feet and by intervening sar
plugs as well as the reinforced concrete cover slab sealing the shaft a:
the -surface,

No radioactive materials were vented at shot time; however, wminor .radio-
activity reached the surface during the postshot drill back, This re-

lease was mostly a gas under well-controlled conditions and x:as safely-
channeled into filters and traps. Soil and cuttings contaminated with
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short-lived radicisotopes of iodine and xenon resulting Irom postshot

drilling operatious werce mixed. rith clean soil and buried pencath un-

contaminated soili. A final radiological safety survey vas made o tue
curface work and burial areas. Soil samples werc coliected and analyzecd
from all surface areas known TO have been contaminated. The an2lysis of
these samplcs together with the radiological survey indicate no radiation
levels above natural background.

mounts of radiocactivily were:

When the USBM#Ll holc was reentered, sma g
found iu air when & plug at 411 to 311-fect was drilled¢ out. Cracks
ctonation, permitted migracicon
ect,

or frectures, very Llikely opened by the d
of radioactivity out to a distance of 445

T

ooy
There are no channels to provide com:
the surface, xcept-man-made onenings (shafts, drifts, and bore holes);
thus, if these structures arc permapently szaled, subsurface contamina-
tion could not become @ radiological healtin safety hazard. Because of
the contamination within the SHOAL drift, cavity, and chimney, reentry
into these arcas by any-means must be prohibited. Therefore, the neces-
sity of an Excavation and Drilling Exclusion Area discussed in Paragraph
4.3 applies as a health safety precaution’as well as a security restric-

tion. (See Figure &.)

~unication of radioisotopes with

PR

CLIMATE AND METEOROLOGICAL EFFECTS ANALYSIS

The Sand Springs Mcuntain Range has a semiarid to subhumid climate.
Temperatures range from below 0°F to over LOOOF during the year. Rain-
fall and snowfall;combiped‘provide abcut & inches annual precipitation.
No disposal safety problems are inferred from meteorological conditions.
No known radioactive objects which are water soluble or flood trans-
portable have been left on or near the surface with the exception of

the buried soil and drill cuttings which were contaminated with short-
lived radioisotopes. These radioisotopes have now decayed to below
detectable levels. . (Reference Parzgraph 4.5.)

HYDROLOGIC SAFETY ANALYSIS

A local dewatered zome was created in the Sand ‘Springs Range granite by
(1) removal of water which seeped into the SHOAL ugderground workings
during construction, (2) temporary displacement of iground water ‘'surround-
ing the detonation point caused by high pressurcs ereated by the blast,
and (3) creation of new, unsaturatcd pore space in theiexplosion chimney-
cavity and surrounding area. This cewdtered region was not in equilibrium
with the surrounding hydrologic potential field; therefore, water will
move toward the hydrologic sink of the dewatered zone., = ...

Radionuclides in solution may migrate beyond the rubble chimney .through
molecular diffusion during adjustment of the zone. However; large-scale
transport of contaminated ground water will not occur until water in the
underground workings and rubble chimney is in or near equilibrium with
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Entry of all personnel into RADEX arcas was conuolled by the Project Manager
through Federal Services, Inc., and the REECo Radiological Safety Organization. All personnel
entering RADEX areas were equipped with appropriate antieontamination clothing, respiratory
devices, and listed on the Area Dosage Registers. Personnel exiting RADEX areas were monitored
for contamination and decontaminated as necessary at the check sration.

d. Personnel Radiation Dosimetry and Analysis

All personnél ar the Shoal Site were provided with film badges. Results for all film
badges processed indicate no gamma exposure to any project participant. -t

Pretest urine specimens were obtained from project participants for use as a base line
for internal exposure. Subsequent urine specimens were taken from these personnel during and
following completion of the drilling program and analyzed. Analysis results of urine samples sub-
mitted indicated no internal exposure.

e. Decontamination

Large area decontamination was not necessary during or following this project. Some
surface decontamination was required around the surface ground zero drill hole and in the catch
basin for contaminated drilling debris. Although contamination levels were low, in order to leave
the site unattended, it was necessary to scrape the surface and bury all contaminated soil.-Before
burial the contaminated soil was'mixed with clean soil during the blading operation to reduce the
concentrations. It was then placed in the basin and covered with several feet 6f clean top soil.

Minor decontamination was required on drilling equipment. The drill rig was decon-
taminated prior to removal from the surface ground zero position. Decontamination of drill pipe,
drilling bits and associated equipment was successful on the majority of items.

f. Remote Monitoring Systems
1) Jordan Radector System

The Jordan Radector system utilized remote Neher-White ionization chambers. This
system, having satisfactory shock resistant and distance characteristics and affording direct read-
out, was used to provide-information during the tcst and following post-shot operation on any radio-

"activity which might have been released. The system consisted of 18 remotely positioned detectors
on D-Day. Two of these were underground in the main drift and the remainder were located on the
surface in an arc of 270° at distances ranging from 500 to 10,000 feet from surface ground zero. The
readout panel was located in the Radiation Safety trailer at the CP and connected with the detector
by field wire. )

For the post-shot drilling operation a number of the far-out detectors were repositioned
on the effluent exhaust system and direct readout meters located in the Radiological Safety Base
Station. These units were located on each component of the exhaust system.

2) Remote Gamma Recorder System
The second system was a remote gamma recorder system. This system also utilized
Jordan Radector components and was used to record gamma radiation dose rates on the drill rig and
effluent exhaust system. Esterline-Angus recorders were modified to house the electronics of the

Radector and connected to the meter circuit in place of the instrument meter. The recorder was then
connected with the detector by field wire. ’
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As soon as it was determined that there was no release of radioactive gases or
debris, recovery parties were allowed to enter the area to recover data. Projects utilizing film
or light sensitive paper for recording were given priority for re-entry. These recoveries were
mostly completed within three hours of the event. It was expected that the cavity collapse would
occur at approximately H + 6 hours and for this reason the ground zero area and the area downwind
from ground zero was kept clear during thar time. Geophones installed in drift, shaft, and near the
surface at the shaft were monitored continuously for any indication of cavity collapse; however, it
was later determined that the cables from the geophones in the shaft and drift had been lost, but .
the .surface geophones were operable and should have detected any collapse activity.

The drill rig for post-shot drilling was moved on-site on D + 2 and set up. Because
of the belief that the cavity was intact, drilling plans were modified completely. It was decided
to attempt a line-of-sight hole to enter the cavity at the top center. This procedure in itself
would slow down drilling considerably, but plans were also made not to enter the cavity until
about four weeks had elapsed for cooling and decay of the radioactivity. Drilling proceeded
under these conditions while an exhaust system was set up to handle any radioactive gases
encountered during drilling.

A line-of-site hole was maintained to 250 feet with only a small deviation obtained
down to total depth. At G600 feet the hole was cemented to prevent leakage in the upper layers of
the formation. Several voids and open fractures were entered at depths below 800 feet and the
drilling became difficult because cuttings did not retum to the surface and piled up in the hole.
The hole was reamed and casing set to a depth of 937 feet and the'hole continued through that
to a depth of 1391 feet. The hole was logged for temperature and radiation. A side-wall sample
was taken from near TD and other radioactive debris was obtained from cuttings on December 19.
Samples were forwarded to LASL for analysis.

Drilling did not find a cavity where expected; it apparently collapsed immediately
after formation at shot time. Only small amounts of radioactive gases and cuttings were
encountered and the exhaust and scrubbing system worked satisfactorily to control release to
the atmosphere.

The post-shot hole was closed off after lowering a drill stem to the bottom with. a
valve and pressure gage mounted on top. The top of the hole was cemented between the casing
and drill stem and was completed on December 20, 1963.
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WELL HISTORY - PROJECT SHOAL - POST, SHOT NO. 1

Moved in and rigged up Brinkerhoff Drilling Co., National T-20
with 2 - 900 cfm compressors and 1 - 600 cim compressor.
Drilled rat hole.

Spudded in at 1:45 a.m. and drill an 11" hole (HIS-OYV bit). to
66" using mud as the circulating media. 9.2#/gallon, 39 vis-
cosity. Drilling with 2000if on bit, GO0 EPM and 200 psi on
pump. Sperry Sun Surveys are: . .

460 - 0°15' 8 10° W
62! - 0°05! N €0° W

Drillied an 11" hole from €6' to 887.

€6' to T9' 60 RPi, 10,000;+ 100 psi.
79t to 88' L5 RPM, 15,0003 150 psi.

Drilled 11" hole to 100', ran Sperry Sun Survey at 98¢ -

09307 I 58° W. Pulled out and made up 17-1/2" Reed hole open-
er and 1—3/h” drill collars. Began opening hole at 1500 hours.
Opened hole to U4lr. -

Opened hole to 17-1/2" from 41* to 98'. Rigged up and ran
102.387 (L jts) of 13-3/8" - 5h.503¢ casing including a Baker
float shoe at 83.38' ground level and cemented with 201 cu. ft.
of 50-50- Posmix cement plus 2% CaCl2 using B. J. Cementers.
Mixed 0200 hours - 0210 hours. Displacement was calculated to
have 10' plug inside casing, no bleed back-when cement was in
place. )

Baker shoe 1.75°
13-3/8" casing: (1) 33.05
: (2) 29.12

(3) 19.45

Baker Shoe 03.3
at Landing Joint 19.00
102.83:

Backed off landing joint and installed blow &t . preventor.
Nippled up after 4 hours of WOC Closed blind rams in BOP and
.pressured up with water to 1200 psi inside casing. Held pres-
sure for 15 minutes. Pressure held o.k.

Picked up 5-1/2" drill pipe and one drill collar. Ran in and

closed drill pipe rams. Pressure up with mud to 1,000 psi.
Pressure held o.k. for 15 minutes. '
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Ban in to top of cement and blew water out of 13-3/8" casing.

Finished nippling vell head. Ran in with 9-7/8" ¥C 26 button
bit and 9-7/8" button reamer. Drilled out 13-3/8" casing shoe
and drilled ahead to 124' with air. Installed cover for drill-
ing head and made up sampling ond bleed off ranifold.

Dridled to 160! with 9-7/8" bit. Survers:

132' - oco7' U 7h" k.-
1691 - 020 159 I

Drilled to 183'. Picked up off bottom, closed drill pipe
rams, pressured up to 100 psi, pressure dropped back to 62 psi
in 15 minutes. Changed bits and drilled ahead to 206!. Sur-
veys - 190" 0025' N 67° y.

160' - 183* T2 RPM, 6-8000%
183' - 190t T2.RPM, 6-8000:
190! - 197" T2 RPM, L4-60003
197! - 206! 55 REM, 2-40007

Drilled to 223', pulled out and changed bits, ran in with
9-7/8" Reed buttom bit and buttom reamer and drilled ahead to
231'. Survey, 221'.0°30' N 2° E. o

Drilled to 231', closed rams and tested formation. Pumped. in
air at the rate of 1735 cfm at 50 psi stand pipe pressure,
pressure under rams recorded as follows:

in 5 minutes - 32 psi
in 15 minutes -.32 psi
in 30 minutes - .32 psi
in- b0 minutes - 32 psi.

Dripped .input pressure'on compressors to 32 psi and annulus
pressure dropped to 9 psi in 5 minutes. Annular pressure re-
mained at 9 psi for 15 minutes during period air was injected
at 32 psi, stand pipe pressure.

Opened compressors wide oper and after 3 minutes of injection,
prescurz on stand pipe was 63 psi, pressura on annulus built

up to 32 psi. Closed system to shut in pressuré, annulus pres--
sure hiad back to 3 psi ‘in-2 minutes, 3 pci to 2-psi in L5
secorie and 2 psi-vo 1 psi in 1O minvtes. Test complcted at
1250 hcurs. Witnessed Ly Beb Burton, Scndia Corporation.

Drillel abead to 279*' with 9-7/8" bit and reamer and di‘y air.
Suz_'vey:

S50 - og Lot m~3ogw.
278+ - 0° 25' N 22%,
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Drilled shead to 404! with dry &ir.
: ' ’ Page 82 0of 120

Surveys:
307t 0° 25' N 26° W
336! c° 23' N.72° W
367" 0° 25+.N 75° W
396" 0° 257 N T5° W

Drilled ahead to 503'.

Surveys:

Lot 0°37! s 49° W.
4581 0°35! § 52° W.
489t 0°LLt S LE° W.

Drilled shead t0.589'.
Surveys:

500" 003! § 54O W
551' 0°4o! § 68° W -
582t 0°Lko* S 8oo W

Drilled shead to 600', survey at 600!, 0° 33', s 82° W.
Pulled out of hole and repleced drill collars with 5 1/2"
drill pipe. Ren in hole open ended and hooked up Halliburton
truck. Mixed 42 viscosity mud and lost circulation material
composed of 19 sacks of gel, 10 sacks of cotton seed hulls,

- 6 sacks of fibertex and 2.sacks of mica. Measured lost cir-

culation material and mud thru Halliburton truck.

Began filling hole at 1125 hours with open ended drill pipe
hung at 590'. Pumped in 500 cu. ft. of material, no returns.
Mixed 300 ‘cu. ft. mud and lost circulation materiel, pumped

" in hole. Tested fluid level inside drill pipe with wire line

and probe, found fluid at LOO' - host,

Mixed 44S cu. £t. of lost circulation material and 55 viscos-
ity mud, added kb sacks.of cement to mud and pumped into hole,
no returns. After 12 minutes waiting for fluid to equalize,
ren inside of drill-pipe and found fluid level at 375°'.

Pumped e total of 1245 cu. £t. of mud and lost circulation ma-
terial, eguivalent to 292 ybls. fluid level remained at 375°.
Total capacity of hole to 600t is 58.51 bbls. Total lost cir-
culstion material used: ’

60 sacks of gel
15 sacks of cotton seed hulls

AL AL AT 10T MBIV
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L sacks of Mica

Ran in with 5 1/2" drill pipe hung open ended at 586'. Pumped
in 545 cu. ft. of cement, composed of 15# gilsonite per sack
of Type C cement, mixed 93-95# per.cu. ft. slurry. Began mix-
ing cement at 1755 hours, cement in place at 1815 hours,
pulled out drill pipe.

11-13-63 Waited on cement urtil 0600 hours. Ran in with drill pipe
. and found top of cement at 415'. Pulled out of hole, rigged
up iines for Stage #2.

Ran in with drill pipe hung at 399°'. Began pumping in 93:#
cu. ft. cement slurry at 0827 hours. . Pumped in 272 cu. ft.
of cement slurry. Cement in placé at 0837 hours. Ran in
with wire line and weighted can, brought out sample of 'soft
cement at 132'. Waited on cement from 0900 hours to 1500
hours. . .

Hooked up Halliburton truck and ran in with 2 stands of 5 1/2"
drill pipe hung at 120'. Pumped in 117 cu. ft. of 93# cu. ft.
‘of cement slurry. Filled to bottom of blow out preventer.
Pulled pipe and hooked up lines to squeeze cement. Cement in
place at 1541 hours.

Closed rams at 1555 hours. Cementers ppmped in an additiénal
1k sacks o cement after rams were closed, pressure built up
+o 400 psi. : '

Squeeze = at 1638 hours, pumped in 2 cu. ft. of water under
closed rams and pressure built up to maximum allowable.to 200
psi. Pressure tled back to 100 psi in 2 1/2 minutes. Built
up pressure tc 220 psi, dropped off to 100 psi in 4 minutes.
Increased to 290 psi, dropped to 30 zsi in 20 minutes. Contin-
uei o build up pressure to 200 psi until 2120 hours at which
time the volume of displacement fluid was so small that no.
cement was teing squeezed away at the 2C0 psi allowable.

Shut well in at 2120 hours after having displaced 5.76! of ce-
ment inside of 13 3/8" casing using approximately 5 cu. ft. of
water. Standing cemented.

At 0600 hours,. ran in with 9 77/8" bit to drill out cement with

mud. Found top of cement inside 13.3/8" casing at 20'. (7' be-
11-14-63 low BOP). Mixed mud to 40 viscosity using 30 sacks of gel and

drilled out cement to 580' KB. Circulated 30 minutes at 580"

with no loss of fluid. Pulled up to 138' and began blowing

out mud with eir. Continued to blow hole dry in 1 stand

stages. Hole reguired 100 psi of pressure to unload on each.
stand. :

MAETIA~ATALI 11CE NN Y
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After hole was blown dry, closed rams and built pressure up to
psi. Pressure dropped back to-60 psi in 5 minutes. Checked
line for leaks, pressured up to 100 psi agein end pressure fell
back to 40 psi in 5 minutes.

Mixed 4O vicosity mud in tenk using 43 sacks of gel. Filled
hole to bottom of blow out preventor. After 30 minutes, fluid
had dropped 3' inside 13-3/ " casing.

"Added 18 sacks of gel and built up viscosity to 90 vis mud.

Filled hole by circulating end displacing hole. Fluid level
was T! below KB and after 30 minutes it had dropped an addi-
tional 1°. '

Closed rams, pumped in 37.20 cu. £t. of mud under O pressure.
Filled hole again, closed rams ené pumped away 42 cu. ft. of
mud under O pressure. Shut off pump and checked fluid level.
Filled with 26 cu. £t. Waitad 30 minutes, refilled with 5T cu.
Pt. Waited 30 minutes, filled with 53.4 cu. ft. Weited 30
minutes and filled with 135.8 cu. £+. Added 2 sacks of mica
in last 10 cu. ft. Waited 30 minutes and filled with 112 8
cu. ft., waited 30 minutes filled with 115.8 cu. ft.

Ran in with drill pipe blowing hole dry to bottom for cement.

With 5-1/2" drill pipe hung et ST4', pumped in 50 cubic feet
of water shead of cement. Filled hole to surface with 30k

cu. £t. of slurry composed of Type C cement and 4% gel, B. J.
Cementing Co.

Mixed and pumped 1720-1733 hours. Pulled out end filled hole
with 121 cu. f£t. of slurry (drill pipe displacement). Cement
kept falling, closed rams and pumped in 41 cu. £ft. of slurry
with O pressure.

Ran in with 5- l/ " 3rill pipe hung gt 93' and pumped in 91
cu. ft. of slurry before cement came +o surface.

Closed drill pipe rams.and pumped in 66 cu. ft. of slurry at
200 to 250 psi.. Bled off znd pulled drill pipe. Pumped in 63
cu. ft., did-not £ill hole. Waited 1-1/2 hours and pumped

in’ 90 cu.-£t. of slurry and dropped 2 sacks of perlite in ce-

ment whilé slurry was pumped - in hole. Filled hole to surface
at 2140 hours. '

At 22L0 hours, cement had lowered 10! inside of 13-3/8" cas-
ing. Filled hole, -closed rems and squeezed away 13 cu. ft. of
slurry at 300 psi maximun allowsble pressure.

Pressure bled back to 250 psi and remmined at such for 8 min-
utes. Pumped 1/2 cu. f£. of slurry and built up to 300 psi.

. A%t..0015 hours pressure had dropped to 225 psi. Squeezed away

‘cement in 1/2 hour intervals maintaining 300 psi maxinn:un pres-

. sure.
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'Shut well in at 300 psi at 0115 hours. Total slurry used

4

was 13G8 cu. ft. of Type C cement.and‘y% gel.
Shut in and nippled up for drilling cement out with mud.

Ran in with 9-7/9" bit and found cement 15 below K3 (2' be-
low GL). Drilled out cement to 580° witd 9-7/8" bit using.
mud as circulating media. Nippled up.to‘drill with air.

When drill pipe was removed fluid -stood at approximately shoe
of casing, indiceting hole {took no fluid.

Ran in to 120! and began unloading hole. Added soap and un-
loaded hole to 240° in short stages. Unloaded hole in 30°
stages to 580°'. . :

Closed blind rams and pumped in air through well head at
psi for 2 minutes. Increased air and built up pressure
50 psi at OLL1S hours and shut in. In one hour pressure
bled back to 41 psi. One valve was leaking and soze pr
was being lost +hrough blind rams. Tightened linesz, va
ete. :
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Built up pressure to 78 psi and after 5 minutes pressure had
bled back to 75 psi. 0521 - 0526 hours. .

Bled off all pressure, ran in with drill collars and one stend
of drill pipe to test back pressure valve in drilling assembly.
Built up pressure to 40 psi, remained at this pressure. for 20
minutes. Well head gauge was orsned and pressure ¢ropped o

35 psi. A plastic bag placed on top of open drill oipe indi-
cated that the back pressure valve was leaking. Test was ap-
proved by R. Burton and W. Allaire and ordsrs were given to
drill out cement and drill ahead. Finished test at 0730 hours.

Drilied out cement from 580! to 600." and drilled from 600! to
648! with a 9-T/8" bit using air-mist as circulating ‘media. In-
jected 8 to 10 bbls. of water with 1/2 gal. soap per bbl. Sur-
vey at 642!, 0°45' 5 61° V. ‘

Drilled ahead from 648! to T58' using air-mist, 6 to 8 bbls.
of water/nr. and 1/2 gal. of soap/bbl. Surveys: -

672" - 0935t § 46° ..
704t - 0950' N 88° w. -
735' - 0°Ls! § 639 W,
7€5' - 19007 S 6U° W.

Drillins with €8 RPM,.180004 'on bit.
Drilled with air-mist to T65'. BRan surveys snd pulled out to

core.
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Ran in with €' X 4" Christensen standard running type ccre
barrel with a set of 5-3/L4" OD Bowen Jars and a g-3/4" ap
roller type reamer plus 9 - 7-1/2" OD drill ccllars. & S5 x
4" Christensen diamoné core head was run on core barrel.
Cored from 765! <o TTh! with 290 psi of air, soap and watsr. .
Mixture was L4 gal. of soap to 7 bbls of vater, injsction rate
was 7 bbls/hr. Cored 9% and xecovered 9'. Total hours cor-
ing, bL4- 1/2 hrs. or 2'/hr. of pen- cration rate. Extracted core,
opened 6" core hoie Trom 765' to 774’ tc 2-7/8" and O_”‘l.x.lc'i
ahead to 803!'. Checked surveys at T35, 'ZVS , 801 and 55z
Survey, &01¢, 0°55' S 620 W.

Drilled aheazd to 840' using air-miszt. 1/2 gel. of soap to ik
bbls. of water, injected at the rate of 6 to 8 bbls./hr.

Survey: 832! 1°07T!
a small flow of water at

S 82° ¥. Changed bits. ZIZncouxmtered
o4z,

Survey: 859 1°05t S 72° W. Driliee shead o 86kt
dropped thru to 887 - badly fresiured and no returns.
not have o rotate bit for penetr:t .,:mn from 865¢ - 887°¢;
890" - 895*. Ficked 9-,/b" it of vottom, lost 67 of hole.
Drilled out to 896% with nc rsturni. Drilled from 898 <o
901" in 10 minutes. ’ .

\;‘a

u

i

Drilling with 2000 - 830C#. Puiled up 3i° o mm surveys, re-
drilled hole from 890’ to 921!'. Tan P‘ad Safe gamma probe.
Drilled to 92T7* with nc returns. Injected 3 bbls. of water
with no returns. Zoured 3 ¢ts. of s02p in drill pipe, no re-
turns. Drilled zahesd, had returns of 900 cfm of air, no cut-
ting. Yorkad drill pips every 3'. Increzsad-injection rate
to € z2l. of soap to 1 tbl. of watsr. Circulated for-reiurns.
Chang=a injection t0 16 3al. of scap t2 il bbls. <f waber.
Injectec at / 2 vol/he. Hnile driliing, had returns of air
but no soap or mist. A% iB30 hours had returns of :'na.ll a-

‘mount of 50ap. Reamed and worked ulf-{ﬂ'b spct to- 93 drilied

+0 982 in badly fraciured grenite SurveVS'

890° - 9950¢ 5 75° ¥.
9zi! - 058! 5 62° W,
9(:3: - 10251 590 W‘

Ran Rad Safe probe in 4rill pipe. Pulled out of hole, air
continued to.blow out of-hole at the rate of 3600 cfm. JCon-

*inued tc let air blow out of hole 0230 hours to G730 hours.

Reran Red Safe probe to 886'. Opened 9-7/8" hole to 12-1/L"
om shos of 13-3 /8% casing to 165'.

Opened 9-7/8" hole %o 12-1/4" to 28‘5' Changed hdle opener

and reamed opened hole to 256°.

Opened hole from 9-T/8" to 12-1/4" from 256°- to- 5T2'.
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Began injecting soap and vater at 348% using 7 btlz. of water
and . gal. of voup/ua. From Lilbt to LT72* injected at the raze
of 3-% tbls. of water anl 1 gal. of soap/hr.
Cpened 9-7/5" hole <o 12-1/L" Injected
soap and water at the rate of
Opened 9-7/2" hole To 12-1/L" ; ‘. . ¥cle kept
cloughing. .worked reamer thru ti Ly . from 913! <o S337,
Difficulty making connection: igged ur and ran Schlumberger

Density loa o 913",

Ran in with 12-1/L" hole opener ard pilot dit, trring to clear
poulders ovt of hole from 900! to 922'. Bled dovn nhole and
yan Sandia Teievision camerz. Picked up jars, 12- 1/4" vit

and reamed hole from 910' to 922!, and opened hole to 9u0',
Continued o work pipe hazk =nd TForth from 9107 to QuD' o
remove broken granite that keeps ¥alling into the hele.

Pulled out.

When drill. pipe was removed, left jars, 3 subs and 12-1/8"
bit in hole. Mandrel on jars had twisted off at the boztom
of threads. Waited on 5-3/4" slips tc be flowvn in fronm
Wyoming. Zop of fish at QiT7', rigged up and ran T cumITE,
unable to get to top of fich.

Picked up jars, 5-3/4" overshot and worked tools down <o X sh.
Pulled out and ran vack in with overshot and bent single.
Worked on fish, pulled out znd found skirt bedly bent. Fish

down to 9211'.

Sent for 8-5/8" skirt end znuckle joint., Ran in to top of
fish tried :o. work over top of fish. Wo results. Picksd up
12-1/4" bi%, ran in and cleaned out o top of Iisk.

Drilled up toulders from 910' to 9z4!, . Pulled out ané ran in
with fishing tools. DPulled out, rzn in with $" drill collar:s
and €-3/4" vit. Cleaned out znd blew hols to 927'. Fulled

out, ran knuckle guide and &- 3/L skirt could nos get over
fish. Pulled out and ran in with S" DL end G-3/4" bit,
cleaned cut to 927'.

Pulled out, ran in with ‘combination mill and J-3/h" overshot,
milling on top of fish. Pulled out to check tool. Ran in anc
drove mill and overshot over Tish. Jarred fish loose and puiled
out of hole. ' ’

Ran in with 9-7/&" tit and clezned out to 983'. Fulled out
and added l?-l/h" bit and rgamer‘to drilling aszembly .

Drilled up boulders from 940! to 983!, ~Worked 15' of kelly
and 36! of drill pipe out of tlght hole. Tnaected.h bls. of
mud with 2 gsl. of soap/h.. to try to malc hole hold up znd

CIFFICIAL USE ONLY
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working pipe in and out from 920' to 970! using mud and soap
as circulating media. .Blowing hole to dry.

12-6-63 Vorking pipe thru tight hole. Injected slugs of soap and
' water at the rate of 2 bbls. of water and 10 gals. of soap.
Injected slugs of water and soap until pressure build up and
began to fall, then injected an additional slug of mixture
to pull out. Pulled out and let hole blow down.

Ran TV camera and found hole bridge over Witl'} boulders at
901’'.

Ran in with 9-7/8" bit and worked pipe thru bad spot at 932°
to 939! with water and soap injected at the rate of 10 gals.

of soap to 2 bbls. of water per hour. Pulled out and ran in
with 12-1/4" bit, reamed and circulated from 938! to 982°.

12-7-63 Drilled up boulders from 923' to 938'. Injected soap and water
at the rate of L bbls. of water with 10 gals. of soa.p/hr. '
Pulled out of hole to run 10-3/4" casing.

Ran 949 .h1' of 10-3/k, ho.s# J-55 casing with Baker guide shoe
set at 937.61'. Casing would not.go beyond 937.61'. Made up
casing with power tongs and maintained L43000-45000 foot pounds
of torque on make up on turned down collars, (11.25" Collar.
diameter). Pipe stopped at 3537, TLO0*, and 935°.

Cemented ca.s:.ng at 937.61' using B. J. Cementing Co. with 375
sacks of Type A cement and 2% CaCl mixed with 259 cu. ft. of
vater, total of 438.7 cu. ft. of slurry. Displace with one
rubber plug, mixed 6 sacks of cement or 7 cu. ft. and pumped
in on top of rubber plug. Pumped in 155 cu. ft. of water on

top of plug and cement. (Casing calculated to take 522 cu. ft.
of vater to displace cement.)

Mixed cement 1415 - lh?9 hours
Displaced 1436 - 14k hours

Ran in with probe on Halliburton line and found rubber plug
at 935'. Cement in place at 1500 hours. Standing cemented.

12-8-63 Ran Welex Bond Log to determine cement around casing. TFirst
run stopped on top of- cement at 914'. Tried to pull casing
with 10000# over casing weight, .no movement, indlca:tn.ng some
cement was around shoe of 10-3/L" casing. Raised BOP and set
slips with 30000%‘ of weight, cut off casing and nippled up well
head. Cut off landing joint (2L4.56') ran in with 9-5/8" bit and
found top of cement at 922'. Drilled out cement to 936.76!
and reran Welex acoustic cement bond log 'to 931!, Log shows. -
no cement around shoe of lO 3/1!" casing. - . :
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Blew hole dry to T735'. Ran in with VWelex tool and located
fluid 'at 735'. Ban in with 4 - 1-11/16" link jits and shot
L - .LO" holes at 932" to 933f.. Pulled up and located fluid.
at 736'. Set tool in fluid at 738 and-found no drop in
£luid for 10 minutes. Rechecked fluid in 1 hour and found
no drop. Ren tool to perforation and surged, pulled up and
found no drop in fluid.

Ran in with drill pipe to 735" and filled casing with 380 cu.
ft. of water using B. J. Cement truck. When returns were ob-
tained, closed rams and pressured up with LOO psi gauge pres- -
sure. With 401 psi hydrostatic pressure - total 801 psi of
pressure against perforations and found no break down in gauge
pressure. ‘

Blew hole dry to 935' and ran in with TV camera. Witnessed
holes in casing. It is apparent there is a cement job around
the casing, even though the bond log shows negative results.

Drilled out cement to 9Uh!, closed rams arcuni &rill pipe and
regulated compressors sor a constant T5 psi air a2t surface
for pressure test on cement around 10-3/L" uasing.

Rigged up well head with a 30 psi, 1 pouné increments, in an-
milus between 10-3" and 13-3/8" casing. 4 surface pressure oI
75 psi remained constant.while 30 psi. ‘gauge rerained at zero
psi. Teést remained on annulus between casing strings for 1
hour. Shut off compressors, checked back flow of air, Rad

Safe reported negative results from air.

Drilled out cemen:t with 9-5/8" bit from 9k9' to 983*. Drilled
in fractured granite from 983' to 1070'. Blew hole down for
low gamma probe and TV camera.

Ran gammas probe and TV camera. Ran in hole , drilling out
bridges to 107C'. Pulled out and ran Schlumberger Temperature
survey and high intensity gamma probe. Found fill at 1065°.

Laid dovn monel collar and ran in with 9-5/8" bit. Drilled.
from 1070* to 1082'. Hole fell in while drilling, worked pipe
loose. Rocks continued to fall in on top of bit to 10856’.

‘Worked pipe to break up boulders.

. Rotary clutch burned .out while working drill pipe, connecting

links broken. - Sent to Casper, Wyoming for complete new cluteh.

Installed clutch at 1T4S hours, injected 10 gals. of soap to
L bbls. of water. Slugged hole with one 4 vbl. rate then ad-
ded slowly. Shut off water.and soap, pulled pipe loose,

pulled out to check drilling assembly. Ran back in and drilled
e 9~5/8" hole to 1115'.- -
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12-13-64 Drilled boulders from 1076* to 1115°'. Trouble making connect-
: ions. Jars are installed on 6th drill collar. In order to
make connections in rubble zone to 11T75', mixed and injected
10 gals. of soap (no water) with air. Circulated and blew
hole for 15-20 minutes after soap injection, then connection
could be made. Drilled to 13L0°*.

12-14-63 Drilled 9-5/8" hole to 1355'. . Blew hole for gemma and temp-
erature probes. Ran Totco to 1351' - 20. Worked pipe to re-
run LRL temperatire and gasima probe. K

Checked annulus between 10-3/4" and 13-3/6" casing. Pressure
on annulus indicated pressure to be one psi. Drilled 9-5/8"
hole go 1391!' stuck pipe and jarred loose. Ran Totco to 1391°* -
1-1/2" and reren IRL temperature probe and gamma probe.

Worked pipe out of tight hole.

12-15-63 Blowing hole and working pipe. Ran LRL logs. Began pulling
out to run Homco sidewall sampler. Pipe was tight for 300°'.
After bit was removed, rams were closed. Noticed blind rams
would not completely close. Upon examination of bowl, found
that the 10-3/4" casing had been pulled up into bowl. Found
2 pieces of metal on jars when they were at surface.

Tried to reseat rotating drilling head. The head lacked 3!
of seating. Contacted the -Rad-Safe monitor and was informed

there was too much explosive gas to remove the BOP and cut
off casing. )

Sandia requested that hole be completely bled down before re-
medial work is begun on 10-3/4" casing. Bled down well for
12 hours. Hole continued to bleed down at 1700 lineal feet
per minute after 12 hours. :

12-16-63 Bled hole until 0845 hours. Removed drilling head and let
hole vent into Rad-Safe line. . -

Rigged up to run television camera, would not go into 10-3/1#'
céasing. When blind rams were closed, casing had been pinched
together enough that camera would not go below BOP. Picked

up BOP and cut off 3.2' of 10-3/4" casing that was up inside
of BOP.

Ran TV camera and found casing perted on 3rd joint. With
close examination, threads in collar looked like there had

been no serious damage. -Collar looks ok but pin end of casing
indicated damage. .

Pulled casing from approximately 108!. Replaced bottom and

top joint. BRan back in with casing. end screwed into 10-3/4"
collar. Tightened with 45,000# of torgque and pulled casing

string with 25;000# to check comnection.
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When 3rd joint was removed, the casing indicated that some
part of the drilling assembly had cavght under pin end and
-pulled it out of the collar.

Reset slips, cut off landing joint and nippled up-.

12-17-G3 Finished nippling up. Iade up Homco sidewall sawnler,
nomel collar, jars and measured in hole. Drilled cut bridges
and boulders from 947’ to 1255'. Bit began to torgue badly.
Pulled out of hole to check drilling asgembly. Changed
Cobra bit, ran in and drilled bridges and boulders from
to 1298!. Hole is very bad from 1267! to 1298!'.

£ b

7" -

\Q ct
=0

Slugged with soap and one barrel of water, no change in hold
conditions. Tried slugging with 2 gals. of soap and T bbls.
of water, no change. Made connection by pumping in mixture as.
follows: Two gallons of soap to 1h bbls. of water. Pumped

in 6 bbls. and hole tried tc unload. VWhen pressure on gauge
started, pumped in 2nd slug, mixed as above. When pressure
started dropping, pulled up znd made connection. Pressure
build up was to 200 psi maximum. Drilled to 1391' with this
method of injection.

12-18-63 Cleaned out to 1391°. Condition hole for sidewall sampling.
Installed sand line. Tried pulling duqmy plug from sampler.
Redressed retreaving tool, pulled plug and took first sample
at 1327'. Pulled up to 1324 and tried b times to get szmple.
Sample tube showed 50 MR but nothing was found in tube. 2ulleld
up to 1318', could not get tube out of tool, bottom of tool
f£illed in with cuttinzs. Tried unplugging tool with air, pres
sure built up to 450 psi and remained constant. Pulled 120000
1bs to free pipe.

Sandia gave orders to pull oui of hole snd delete any further

sidewall sampling. When Homco tool was removed from hole, re-
covered good sample from within sampling tool. Sampling tool

was damaged beyond repair becausz2 of the bad hole conditions.

Found 4' of cuttings inside of sampling tool.

Tried to run Sperry Sun multishdts.from 1391, film was burned,
no Sperry Sun shots below 1288, temperature vas 560°F at 1288°.
Pulled out and surveys on 2 joint intervals. Surveys vere as

follows:
- 1391°¢ - -Totco - 1930°
1351' - Totco 2°00"
1300*' - No picture ] )
12657 ~ Sperry Sun 2°00's 5° E
1265' - Totco (Check Shot) 2200
1202 - Sperry Sun 0°50t S 10° E

1140' - Sperry Sun 1°40° 5 1°W
. (Contt.) ‘
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1078' - 2 runs with Sperry Sun - no picture

10781 - Totco 10 Ls5!
1025' - Totco : © 19 L5t
970" - Totco .7 10 307

12-19-63 Laid down pipe collars and tools. Washed down equipment with
soap and water to decontaminate tools. All tools and equip-
ment ok by Rad-Safe.

Picked up one 5-1/4" drill collar; new 6-3/4" Reed YHWR bit
and Tun in on 3-1/2" drill pipe, 2-11/16" I.D. to 11T1'.
Worked pipe down to 1390.97 KB (1377.97' ground level. k-
er back pressure valve installed on top of bit at 1389°.)

Left approximately 3' of drill pipe sticking up above well
head. Set weitht on bottom and made dummy run with Welex.

Hit top of back pressure valve at 1389.5 K2 (1376 gr. level.)

Made up 8" x 9-5/8" wooden plug and bolied around drill pipe.
Plug was designed so that it would stop on top- of lst drill -
pipe tool joint below surface. Tool joint is at 26.76° below
surface. lixed neat cement and dumped dowvn annulius. Filled

to within one foot of surface using approximately 12 sacks of
cement. Cement was in place at 1955 hours. Informed AEC &s

to time and amount of cement used.

Ran in with.Welex link jet perforator and shot 3 - .49" hole

at the middle of every joint below 940, perforated at the
folloving depths:

KB HMeasurements Ground Measurements
1373° 1360°%
13451 ; 1312¢
1315° 1302°
1285 12727
1256° - ’ 1243
1235° 1222!

11195 . 1182
1651 -1152*
1134 1121t
1106! 10937
1Q75? - 10627
1045 1032t
1014 1001°*
985 t . 972 t
955°* . ot2t
okat 929"

12-2C-63 Finished perfoi'ating drill pipe at 0100 hours. Took off sand
line and began Tearing down.

Installed velve and sampling connection on top.of drillpipe
so testing and sampling could be done in the future.

Rig reléased at 1600 hours.
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SIZE
1"
17-1/2"
9-7/8"
9-7/8"
9-7/8"
- 9-7/8"
9-7/8"
6
9-7/8"
9-7/8"
12-1/k
12-2/h
12-1/4
12-1/%
12-1/h

12:1/k

12-1/% -

6-3/k
6-3/h
9-7/8
12-1/%
12-1/)4
9-/8"
9-5/8"
_9-5/3"
6-2 /4

TYPE

oWV

HO
YE2GJ
HW
YE2G
WTR
YCCJ
Diamond
YCGT
YCGI
e (o)

HO

HO

HO

HC
YHWR
YHWR
YWH-2
THW-R
YHW-2

m=-J

YEW-E
YOGR
YCG-R

YHW-R

BITS
DEPTH I

0
0
100
183

223

DEPTH OUT
100
98?
1183
223

600

DRILLING OUT CEMENT

600

765

765
€40

100

100

202

Ll

850

910

918
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The sampling program for the CNTA mud pits has been designed to provide sufficient data to
allow statistical determination of whether targeted analytes are present in the mud pits in
concentrations that exceed preliminary action levels. This determination will be made using the
procedures described in Chapter 6 of the EPA publication Methods for Evaluating the Attainment
of Cleanup Standards. Volume I: Soils and Solid Media (EPA 230/02-89-042. 19891. For each
mud pit, the mean concentration (or activity for radionuclides in the UC-1 mud pit) and standard
deviation of each targeted analyte detected in the mud pit soils will be used to calculate the _
number of samples necessary to make that determination at the 90 percent confidence level
(equivalent to the decision error rate goal of 10 percent) using the following equation {equation
.6.6 from the referenced document): o

n, = s? -__-ZI'B+ZR-°‘ ’
d Cs-p,

Where:
ng = number of samples
s = standard deviation of the sample population
o = false positive rate
B = false negative rate
Zi., = critical value for normal distribution with a probability of 1-c

' 2,y = critical value for normal distribution with a probability of 1-B
the cleanup standard (or action level)
M; = mean concentration of contaminant

Q
o
i

By using z, , and z, 3 values (usually available from statistics text books) for & = = 0.10 (the 10
percent decision error rate goal for the project), the number of samples that need to be collected
to make the determination at the 90 percent confidence level can be calculated. If the calculated
number of samples is less than or equal to the number of samples actually collected, no additional
samples would be required to support the decision with no more than a 10 percent chance of
making a decision error. If the calculated number of samples is greater than the number actually
collected, then either additional samples can be collected to meet the decision error goal, or the
decision could be made with the level of confidence calculated for the number of samples
collected.

The TPH analytical data collected in 1995 from the Central Mud Pit (Table 1) can be used to

- illustrate the process. A total of ten samples were collected from the surface and near-surface of
the mud pit, four from the 0- to 3-inch depth interval (samples 1A, 3A, 4A, and 5A), one from the
3- to 6-inch depth interval (sample 2A), one from the 18- to 21-inch depth interval (sample 1B),
and four from the 20- to 23-inch depth interval (samples 2B through 5B). Assuming that the top
two feet of the drilling mud is homogeneous (i.e., there is no stratification of TPH contamination,
and the analytical results are representative of the top two feet of mud), the data can be used to
calculate how many samples would be required to determine whether TPH concentrations in the
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Table 1
Central Mud Pit and UC-4 Mud Pit 1995 Analytical Results
Sample Depth (n-ll-gFE_g) T&LQF;LC):"
Central Mud Pit

1A 0-3in 680 - 23.0

2A "3-6in 220 . 25.6

3A 0-3in 840 15.7 ,

4A 0-3in 190 12.3 “

5A 0-3in

1B 18-211in

2B 20-23in 150 2.20 ‘ :

3B 20-23in 260 1.80

4B 20-23in 290 1.29

5B 20-23in. 59 1.50 _|

5C 5ft6in-6ft <25 - 0.93

5D 6ft-6ft3in <25 0.65 |

UC-4 Mud Pit

6A 0-3in 150 6.60

7A 0-3in 96 6.80

8A 0-3in 130 10.7 :

6B- 20-23in 140 . ’ 0.96 ||

7B 20-231in <25 | 0.53 "

8B 20-23in <25 10.8 “ .
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top two feet of drilling mud exceed the TPH action level. with no more than a 10 percent chance
or making a decision error (& and B = 0.10). The values for the equation variables are:

My = 376.9 mg/kg (the mean TPH concentration for the ten samples)
258.77 mg/kg (the standard deviation for the ten samples)
100 mg/kg (the preliminary action level for TPH)
CZ,, }.282 (for ¢=0.10)
1.282 (for $=0.10)

~

1l

(@]
o
1l

Z'_[',

Using these values in the eﬁuation above, the number of samples needed to make the
determination (n,) at the specified confidence level is 5.74, rounded up to 6. Since 10 samples

. were collected, no additional samples are needed to make the determination with no more than a
10 percent chance of a decision error (the determination would be that the mean concentration of
TPH in the uppermost two feet of drilling mud exceeds the preliminary action level for TPH). It
should be noted that the equation is applicable to normally distributed data. Although the
distribution of data for the mud pits is unknown, Gilbert (1987) indicates that the arithmetic mean
(normal distribution) is a reasonable estimator of the true mean when the coefficient of variation
(sample standard deviation divided by sample mean) is less than 1.2. Since the coefficient of

variation for the above example is approximately 0.93, the agsumption of normality appears to be
reasonable.

It should be noted that the closer the mean concentration is to the action level, or the greater the
standard deviation (or both), the greater the number of samples needed to make the
determination. In addition, the false positive (¢) and false negative (B) rates specified for the
statistical calculations also affect the number of samples needed. As a result, the number of
samples needed to make the determination for other mud p1ts may not be the same as the number
needed for the top two feet of the Central Mud Pit.

References:

Gilbert, Richard O. 1987. Statistical Methods for Environmental Pollution Monitorin:g. Van
Nostrand Reinhold. New York, NY.

U.S. Environmental Protection Agency. 1989. Methods for Evaluating the Attainment of
Cleanup Standards, Volume 1: Soils and Solid Media. EPA/230/02-89-042.
Washington, DC.
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Addendum 2: Respdnses to NDEP Comments on the
Corrective Action Investigation Plan for

Project Shoal Area CAU No. 416
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COMMENT 1:

Pg. 2 The map shows the land withdrawal boundary. Has a document search been completed to
establish the original entity that withdrew the land and for what purpose? Can DOE document
the approval given to them to utilize the land for testing and the area in which this second
withdrawal encompasses? Does the second withdrawal provide DOE with the access needed to
remediate the entire Shoal Project-site?

RESPONSE:

The U.S. Bureau of Land Management withdrew the land for the exclusive use of the U.S.
Atomic Energy Commission under Public Land Order (PLO) No. 2771 (September 6, 1962), as
amended by PLO No. 2834 (December 4, 1962). Both Public Land Orders were published in the
Federal Register. Attachment 1 provides an excerpt from historical documentation that describes
the land withdrawal.

The land still is withdrawn for the exclusive use of the DOE. All site work to be conducted as a
part of the CAIP implementation will be within the withdrawn land boundary, so no access
difficulties are anticipated.

COMMENT 2:

Pg. 3 NDEP is requesting a copy of the site-specific HASP.

RESPONSE:

The site-specific HASP currently is being finalized. A copy will be transmitted to NDEP when it
. is completed. ' '

COMMENT 3:
Pg. 4 NDEP is requesting a copy of the Project Shoal Preliminary Site Characterization Report.

RESPONSE:

A copy of the Project Shoal Preliminary Site Characterization Report was transmitted to NDEP
in mid June, 1996.
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COMMENT 4:

Pg. 4 The shot cavity collapsed and left a 171 ft. in diameter chimney with a 36 ft. void at the
top of the chimney. DOE needs to assess the stability of the ground in this area and if
appropriate, evaluate the options available to secure or stabilize the void.

RESPONSE: .

The stability of the chimney and void was evaluated by the AEC as a part of the evaluation of site
disposal options. Attachment 2 provides an excerpt from historical documentation that discusses
cavity stability. No additional studies of cavity stability are currently planned. However, DOE
will implement institutional controls to limit access to the surface ground zero area. The specific
details of these institutional controls will be provided in the Corrective Action Plan (CAP) for the
CAU.

COMMENT 5:

Pg. 4 NDEP needs to review the classified document(s) to concur that the source term is all .
inclusive to the listed radionuclides of concern.

RESPONSE:

The classified document(s) are available for review by NDEP personnel with Q clearan.ce.

COMMENT 6:

Pg. 6 In order to clean up waste sites under the “Housekeeping” program, DOE needs to identify
the types of waste and provide justification for the CAS under this classification.

RESPONSE:

The Waste Pile/Oil Cans Corrective Action Site (CAS No. 57-98-01) consists of six (6) empty
oil cans found near the ECH-A borehole during a recent (March 12, 1996) site visit. Additional
site characterization is not considered to be necessary before these empty cans are removed from
the site, which is consistent with the description of the housekeeping process presented in
section 1.5.1 of Appendix VI to the FFACO.
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COMMENT 7:

It appears that the decision for the emplacement shaft to be backfilled with the material in the

muck pile has been made. How will the material be utilized, i.e., crushed, screened? Previous
statements were made that other sources of available material were to be used. What happened
to the BLM borrow pit option and has a cost analysis been performed? '

RESPONSE:

If the remediation plan for the shaft had included installing a well in the shaft, other sources of
backfill materials would have been necessary to ensure that the well was properly stemmed and
sealed. However, the current plan does not include installing a well in the shaft, so the material
in the muck pile is considered adequate for backfilling. Backfilling of the emplacement shaft is
being addressed under a separate plan from the CAIP. This plan will be submitted to the State
when it has been completed.

COMMENT 8:

Pg. 12 The assumption is made that the material present in the impoundment is a homogeneous
mixture. What if during sample collection it is found not to be homogeneous? How will this
condition modify the sample collection?

RESPONSE:

The sampling strategy for the impoundment soils will be revised in the field if the material
present in the impoundment is found not to be homogeneous. Specifically, if the drilling mud is
found to occur in a discrete layer(s) within the impoundment, the mud will be preferentially
sampled and analyzed for TPH, total barium, and total chromium (potential mud additives).

COMMENT 9:

Pg. 14 In order to clearly détermine the existing hydrogeological conditions at the site; an
evaluation of the groundwater system must validate the present assumption that the shot cavity
has filled with water.

RESPONSE:

Calculations of water infill rates following the nuclear test estimated that the cavity would fill
approximately 10 years after the test (filled by 1973). A discussion of this, including references
to the source documents, is provided on pages 3 and 4 of Appendix A of the CAIP. It is
recognized that regardless of this estimate, the current hydrologic status of the cavity has not
been measured. However, drilling directly into the shot cavity is very difficult due to the
potential health and environmental problems that would result from high levels of radionuclide
contamination. It is also not necessary from the standpoint of conservatively estimating
contaminant transport. Flow of groundwater away from the cavity will be governed by regional
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hydrologic conditions (gradient, hydraulic conductivity, porosity) that will be estimated based on
historic data and data from the new wells. If the cavity has not filled yet, that would only further
delay any contaminant migration from the shot cavity, and also would indicate very non-
transmissive hydrologic conditions, which would be favorable for containing the contaminants
close to the site. For these reasons, the assumptlon that the shot cav1ty has filled with
groundwater is believed to be conservative.

Although knowledge of the precise cavity.conditions at resent is not considered necessary for
transport predictions, understanding the position of the cavity in the hydrologic system is
important, particularly the position of the cavity in relation to the groundwater divide beneath the
Sand Springs Range. As discussed on page 14 of Appendix A to the CAIP, proposed well HC-4
was to be drilled if groundwater level data could not be obtained from the shaft. DRI’s video
logging of the shaft in late May 1996 did not encounter saturated conditions, so well HC-4is
now part of the drilling plan. The location of HC-4 has also been shifted slightly to the east to
provide groundwater data closer to ground zero and hopefully address NDEP’s concerns
regarding near-field conditions. A map showing the new location for HC-4 is included as
Attachment B. '

COMMENT 10:

Pg. 18 “Remediation of the groundwater is not practical because the primary contaminant of
concern (tritium) is not treatable/removable using any known treatment technologies”. This
statement is inaccurate. There are available technologies, however, based on our information,
they are presently not cost-effective, which is not the same as nonexistent.

RESPONSE:

The addendum to the CAIP DQO section includes a revision to the text that indicates that there
currently are no cost-effective technologies available for the treatment of tritium in groundwater.
This revised text is in section 3.4.5.2 of the addendum. ' ’

COMMENT 11:

Pg. 21 The sampling program for the impoundment is vague. A better description of the
sampling locations needs to be provided with rationale for the points that were chosen for
sampling. For an example that was reviewer friendly to read and evaluate, please refer to the
Corrective Action Investigation plan: Roller Coaster Lagoons and North Disposal Trench,
Tonopah Test Range.

RESPONSE:

The sampling program for the PSA impoundment is described in ‘detail in section 4 of the CAIP.
The addendum to the CAIP DQO section includes revisions to several DQO steps that provide
additional details and justification for the proposed sampling. '
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COMMENT 12:

Pg. 22 It is unclear why a 50% value has been chosen for quantification limits when the
analytical method referenced already provides method detection and quantification limits.

RESPONSE:

The 50% values discussed in the CAIP are the measuremeént objectives for the study, not
analytical method quantitation limits. As discussed on page 22 of the CAIP, the purpose of
establishing measurement objectives at 50% of the preliminary action levels is to ensure that the
analytical methods selected for the project are capable of meeting the quantitation limit needs for
the project. The quantitation limits for the analytical methods selected for the project are
presented in the “Analytical Reporting Limit” column of Tables 3-1 and 3-2 of the CAIP.

COMMENT 13:

Pg. 29 The third paragraph assumes vertical homogeneity. Consideration needs to be given if it
is not the case.

RESPONSE:
See the response to comment 8, above.

COMMENT 14:

Pg. 37 As stated in the FFACO, NDEP should be receiving bi-weekly status on field activities.

RESPONSE:

Bi-weekly status reports for field activities will be submitted to NDEP when the Shoal field
programs are implemented.







CAIP for Shoal
Attachment A
Revision: 0
Date: 08/21/96
Page 104 of 120

Attachment A

Excerpts from the
Site Disposal Report
Fallon Nuclear Test Site (Shoal)
Churchill County, Nevada




CAIP for Shoat
Attachment A
Revision: 0
Date: 08/21/96
Page 105 of 120

40406

ey

~
fad

Wi

2
X

How
e

¢ £3

ke

Sye
.
8 theve

[y

we s,

N r'd
L] [ T

SUNROEA bt B e

o

TATUS VERIFIED UNCLASSIFIED

R AN 0]y

_—i

o~
Y
-

]

P

DATE

LR A




CAIP for Shoal

~ CREVE N Attachment A

Yim e ENB B Rewvision; 0
Date: 08/21/96
Page 106 of 120

(g) DLY Stock Well, 4.2 miles east, 3064 feet deep

71
-
()
i
E"m
-
)

£

(h) Frenchman Spring, 4.4 miles scutheast, 3 feet deep

(3) Commercial Wells and Pipelines

There are no oil or gas wells within 20 miles of SGZ and the
nearest pipeline terminates at Fallcn, 30 miles to the north-
west, :

(4) AEC Drill loles

Cight holes were drilled by the AEC supporting organizatiomns
for the SIIOAL project., For location and status of these ALT
holes sec Figure 2 and Appendix I.b. Four hydrologic test
holes avre listed in Paragraph 3.1 C (2).

Land and Site Value

The land is presently used by Navy Auxiliary Air Station (NAAS)

at Fallon, Nevada, in conjunction with the Bernard Bombing Target
Area in accordance with the agreement between AEC/NVOO and the NAAS:
of January 1, 1966, '

There is one active mine (Northern Dipper) within 10 miles, and
the salt deposits located 5-1/2 miles northwest are commercially
operated on a limited scale.

Accuisiticn

On November 24, 1961, the Albuquerque Operations O0ffice (ALOO) of
the AEC submitted an application to the BIM for withdrawal of
public domain unimproved land for the proposed SHOAL project in
Churchill County, Nevada. Withdrawal from public domain was-
authorized by Bureau of Land Management Permit No, 058078 and
Public ‘Land Order (PLO) No, 2771, dated September 6, 1962 (27
FyR.-9062), as amendéd by PLO No. 2834, dated December 4, 1962 (F.R.
Doc., 62-9076) which assigned the land to the U, S. Atomlc Energy
Commission for its exclusive use. ‘:

Special Use Permit No. 058079, received on January 26, 1962, pro-
vided an additional 100 square miles surrounding .the orlglnal with-

‘drawn area for the purposes of survey, OeoLoglcal study, construction

of necessary roads and exploratory drilling. '"Right of Lntry" was
also granted by this permit to an area of 400 square ‘miles enveloping
the SHOAL area, Negotiations were completed between the AEC and the
NAAS, Fallon, Nevada, for'a small plot of land in Fairview Valley to
be used for a seismic detection station,
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Excerpts from the
Site Disposal Report
Fallon Nuclear Test Site (Shoal)
Churchill County, Nevada
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both the oranite body and metamorphic rock is overlain by Tert:a:y
and Quaternary voicaaic rocks,”zlthough not in tihhe immediate S3GZ

area. The GZ and projsct erce is within &he granite upiift and
there are northeszst trending feults to the eest d west. (Se2

a
Figure &.) ilumerous aplite-pegnatite dlkcs cut the tra i.te bodv

In turn, andesite and rhyolite dikes inlr the
metamorphic rocks and the ?~1€te-pegra it >
Quaternary alluvium. znd ecolian deposits -bg

east and west of thc raange.

Faze is & north-south a
th-south fzults are rawnz; the range
fted alonz a series of northwast- and

YAlthough ti:a r
block, true nor
having been u;l
northeast-trendi ia o
pattern in p-au. The cowndropped Fairwview Va
block to the ezst concains over 5,030 Zezet of
dated sediments; in coentrast, the Four Mile F
the west is a peuiment, thinly veneere< ne
with alluvium, which thickens to about 1,300 feet imme-
diately south of the salt flats. "t

Subsurface Cavity and Chimney

The nuclear explo
a cavity which ap
filled chimney &t imately 170 feet in cI
460 feet high (acco Lil” te Keuver, 19%64)., T
36~-foot high void =i thln the vop of the chimn

lotons procaced
ving a rubb_c-

ive vith a wield of 12,5 £ 0.5 k
v collapsed immediztel
a:

— 7
D ke
B

)

-~
XS

4,2 PHYSICAL PROPERTIES

a.

N id

Host Material

The host litholozy consists of an intrusive granitic mass cf granl
to. granodiorite composition, intruded by younger aplite- pe°mati'e,
rhyolite and andesite dikes. The GZ granite is most comm only a po
phyritic biotite grznite with zbundant larze feldspar crystals., '
Locally, it is coarsely grained without the large crystals., The
mineralogical composition is 45 to 70 perceat feldspar, 25 to 40
cent quartz, 5 to 10 percent biotite mica, and 1 percent or less
minerals.

) ‘1)

Both the granite and granodicrite show typical scherical weatheric
In addition, steeply dipping faults, jeints, and shear zones with
northwest and noLtheast orientation are pravalent.

Physical'Stability

A stable, collapsed cavity exists at the SuOAL site. Bulking has
provided physical stability by the "shrinkage stope' process, wel’

1Reference 39, p. 24, °
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uown to miners. This process consists of large blocks of ceiling
materizl collapsing into the cavity and f£illing the zvailable volune.
The stoping process continues upward until the cavity void space Rhas
been distributed more or less evenly throughout the resulting chimney
and in this situation a saucer-shaped void remains at the top in a

configurztion that normally will not permit further caving or in-fall.

}_I_Z'drc.'l o
The intrusive and metamorphic nost rocks at the SUOAL site are of
themselves nearly impermeable. The granitic rock has been broken up

to such a dcgrec by faults and fractures that the whole mountain mass
may be regarded as a single hydrologic pnit with relatively imperme&plie
hydrologic properties similay to.a very coarse gravel filled with cl
and silt. Test and construction holes drilled at the SHO.AL $ite ingdi-
cate that ground water cxists, and that regional water table can be
found &t about 270 feet below the surface. The piezometric surface,
clopes auvay from the SHOAL site, both westward toward Four Mile Flat
and eastuvard toward Fairview Valiey, because the site is near the
apex of the recharge zone in the sand Springs Mountain Range.

the metamorphic and intrusive rocks which comprise the Range have -
scity to transmit water. In hydrologic test holes which

little cep
penetrated 300 ox more fcet of the saturated granite, low~-pumping
rates rapi

dly depressed water levels attesting to the low-trans-
missive capac¢ity of the fractured rocks.

Figure & shows the locations of private water wells and springs.
Appendis I.a tabulates the wells and springs in the vicinity of the
SHOAL site. -

Figure 2 shows AEC drill holes. Appendix I.b is a tabulation of
the LEC ¢rill holes, listing the responsible organizations and

" othetr factual data,

Foy additional information, refer to VUF-1001, Nevada Bureau of Min2
leport oi Geological, Geophysical, Chemical, and Hydrologicel Studie
and other documents referenced in Appendix II.’

——t
st cantm

The shaft drifts and chimney-cavity area are all lwithin the single
¢ssentially uniform media described above, The 1local arez is 2a
ground water divide and recharge area. (See Figure 7.) Surface
water will move into the man-made voids and slowly through frac-
tures. Water will later move downward and outward by a circuitous
fracture path toward the alluvium of the valleys to the east and

west,

Event iManifestations N

Gross high-level radiation at the site vas confined to the melt-rubdle
wivture at the bottom of the cavity. No venting of particulate debris.
0. curred during or after shot time,
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4.3 SECURITY ANALYSIS

4.4

4.5

a"

As already discussed in Paragraph 3 3 b, SHOAL samples and anzlyses

are classified and create a uECL-lty problem. Therefore, for this
reason, as well as health safety (discussed in Paragrapns 4.5 and 4.7
in which ground water movement calculations are given), an excavation -~
and drilling exclusion area is requived, The exclusion area lies
between a level of plus 5,050 fect zbovs mean sea level zand plus 3,330
feet' (i.e., betuzen 180 feet and 1,700 feet belo:r SGZ) ané ot To a
horizontal distance of 3,300 feet froh SGZ., Alsc iucluded is any re-
entry into drill holes or the shaft within the hor:zunuul restrictions.
This restricted area is shovm on Figures 4 and 5 and becomes & part of
the rccommendations given in Paragraph 5.3,

STRUCTURAL SAFETY ANALYSIS

As stated in Paragraph 4.2 b, the SHOAL cavity collapsed 5ﬂJediately
after detonation, with collapse moving upward until the bulking of the
broken granite.blocks provided a configuration of the void at ths top

that did not permit“further in-fzll. The area has a recent history cf
seismic activity; however, the present stability is not likely to be
altered by earth treénmors or ground water activity, Even if there shouls
be some rearrangement-of blocks in the chimney with sowe atten
sidence, there are over 800 feet of granite in its natural sta:
the top of the chimney-cavity and the surface; thus, there shculd be no
structural safety hazard,

Negligible consolidation of the chimney rubble might occur £
nearby seismic activity, with consequent resumption of upwar
However, even a 20 percent compaction of the existing rubble
permit only another 20 to 30 feet maxinum of ceiling in-fal
present chimney should present no problem for physical stabili
safety,.

RADIOLOGICAL SAFETY ARALYSIS

Most of the nongaseous radioactive residue of the nuclear explosion was
trapped in the melt portion at the bottom of the cavity or disp ersed
through the rubble chimney volume. The unfractured granite over the’
chimney has maintained its integrity as a radioactive chielg; therefors,
access to the radioactive melt can be achiéved only by use of drillingz
equipment, Entry through the original shaft and crift has been zffectiw.
blocked by collapse of the shaft below 1,060 feet and by iatervsni
plugs as well as the reinforced concrete cover slab sealing cthe sh
the surface. ’

No radioactive materials s were vented at shot time; however, minor radic-

activity reached the surface during the postshot drill back. This re-
lease was mostly a gas under well-controlled conditions and <as safely
ated with

channeled into filters and traps. Soil and cuttines contaming
o -
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Appendix D

Addendum 3: Responses to NDEP Comments on the
Corrective Action Investigation Plan for
Project Shoal Area CAU No. 416 and
Fluid Management Plan for the Project Shoal Area
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COMMENT 1:
The CAIP contains a.schedule in Section 3.6 which generally outlines site characterization
timelines. -

RESPONSE:
The PSA CAIP is to be modified as follows:

Replace Section 3.6 in its entirety with:
Field work will begin upon receipt of approval of this CAIP by NDEP. Upon receipt of approval
of this plan, NDEP will be notified of the schedule start date for the field activities at least ten
(10) working-days prior to the start of field activities, as reported on the FFACO Field Activity
Report. The expected completion schedule, represented in working-days and assuming a 5-day
work week, is:
+ Day 0: Mobilize field staff to the site.
« Day 1: Mobilize construction crew for site preparation activities.
«  Day 5: Complete the construction of drill pads, sumps, and access roadways.
»  Day 6: Mobilize direct-push contractor
*  Day 9: Complete direct-push sampling and.mobilize drill crew
*  Day 10: Commence drilling operations and demobilization of direct-push contractor
*  Waste management samples will be collect from each sump updn completion of
activities at each individual well site and the sampling results will be available within
five (5) working-days from the day of sample shipment to the Iaboratory.
¢ Day 30: Receive analytical results for the impoundment sampling

e Day 50: Quality assured analytical data available for the impoundment sampling

*  Day 55: Complete drilling operations, thermal ﬂowmeter/Chem—tool loggmg, wire-line
geophysical logging, and well development

+  Day 56: Start groundwater sampling and installation of pressure transducers to monitor
water levels.

¢ Day 61: Complete groundwater sampling.
» Day 62: Demobilize drill crew from the site.

o  Day 72 : Receive analytical results from the groundwater sampling.
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»  Day 94: Quality assured data available for the groundwater sampling.

«  Three (3) months after completion; of drilling or when the groundwater level stabilizes,
as defined in section 4.2, aquifer testing will begin.

»  Complete aquifer testing two (2) weeks after start of testing.

Factors beyénd DOE/NV’s control, such as weather or delays in receipf of laboratory results may
delay field activities. If such events occur, NDEP will be notified and a revised schedule
submitted. '

COMMENT 2: , :
FMP - inconsistencies or conflicts exist between CAIP and FMP or within the FMP related to
IDW characterization and/or those management of those wastes.

RESPONSE: .
The FMP has been substantially rewritten and portions of the CAIP amended to eliminate
inconsistencies. More detail.is provided in the comment responses below.

COMMENT 3: :

The FMP provides a logic diagram as Figure 5-1 which implies sampling will be conducted to
define when wastes are to be contained in the sump. The narrative on Page 7 (Section 3. 1/3/2)
states that only tritium monitoring will be conducted on'site. Sampling of wastes going into the
sump will only be conducted when the sump is full or when operations are completed. This
condition asserts that waste decisions will not be made until sometime in the future after the
wastes are generated. This is not consistent with Figure 5-1. Does this mean that all drilling
material will be placed in the sump and waste determinations made at the end of the project
allowing mixing to occur? This method of sampling is not consistent with the CAIP, which

* states that waste will be minimized: All of the drilling waste may not be hazardous, and in fact,
it is implied, that initial material will most probably be inert solid waste. By depositing
everything into the sump, the potential exists to make all sump wastes regulated. Trying to make
appropriate waste determinations after all drilling wastes are blended could be difficult.
RESPONSE:

The FMP has been revised to incorporate on-site lead monitoring to minimize the potential for
generation of hazardous or mixed waste and to incorporate both single- and double-lined sumps
at each drill pad. Fluids shown through on-site monitoring to contain tritium or lead at
concentrations greater than ten times the Nevada Drinking Water Standards will be routed to the
double-lined sump to provide a greater degree of containment. Decisions to sample for tritium
and lead and monitor these constituents on-site were based on process knowledge. After each
well is drilled, the sump contents (of both the single- and double-lined sumps) will be sampled
for all fluid management parameters and the samples analyzed by an off-site laboratory. A 14-
day turnaround time will be requested from the laboratory. This will provide for timely
confirmation of process knowledge and waste and fluid management decision-making.
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In addition, the PSA CAIP is to be modified as follows:

Page 32 of 40, Section 4.0, Delete last sentence on page and replace with:

Fluids will be managed in accordance with the Fluid Management Plan for the Project Shoal
Area, Off-Sites Subproject (FMP) (DOE, 1996b). Solid waste will be managed in accordance
with Section 5.0 of this plan.

Replace Section 5.1 in its entirety with: .

Characterization activities have been planned to minimize the amount of IDW generated. The
planned field technique will generate minimal soil waste in the form of cuttings. Fluids will be
managed under the FMP (DOE, 1996b) and will be screened on site for tritium and lead to
minimize the potential for generation of mixed waste. Soil waste generated that does not require
management as radioactive or RCRA-regulated waste will be left at the site and either closed in
place under state of Nevada industrial landfill waiver requirements or used in site recountouring
operations and/or construction of berms. Other waste, such as disposable sampling and personal
protective equipment, will be segregated to the greatest extent possible to avoid generation of
hazardous, radioactive, or mixed waste. Hazardous materials will be controlled minimize
generation of hazardous or mixed waste.

COMMENT 4: u

If the waste is found to be hazardous and RCRA regulated, by the time DOE makes this waste
determination, after the completion of the project, they could be in violation of failure to provide
adequate containment of accumulating wastes by a generator at a SAA, which exceeds 55 gallons
and/or is stored longer than 90 days. The final report is not proposed to be completed to up to
nine months. There are no proposal alternatives on how to manage waste or requests for
approval to manage these wastes on site and no be construed to be a violation of RCRA, such as
the request and case made for the SCEPs IDWs. DOE needs to provide clarification and
document consistency on these issues.

RESPONSE:

The fluid management plan has been amended to clarify how fluids will be managed if they
require management as hazardous, mixed, or radioactive waste. On-site lead monitoring will be
conducted to minimize the probability of generating mixed or hazardous waste in the lined
sumps. However, should this occur, operations will be halted, NDEP notified, and steps will be
taken to containerize and appropriately manage the fluids and solids. The CAIP has been
amended as stated below. It should be noted that it is expected that drilling each well will take
about 3 days; upon completion of drilling, a sump sample will be collected for off-site analysis.
The laboratory will be requested to meet a 14-day turnaround time for analyses. Therefore, DOE
will be able to determine appropriate fluid disposition within 17 days of initial generation of fluid
* from each well. It is not expected that waste, if hazardous or mixed, would remain on site for
longer than 90 days.
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In addition, the PSA CAIP is to be modified as follows:
Replace Section 5.3 in its entirety with:

5.3 Fluid and Drilling Solids Management

Fluids generated from drilling operations will be contained in single- or double-lined sumps
pending off-site laboratory characterization in accordance with the FMP (DOE, 1996b). Fluids
emerging from the blooie line will be field screened for tritium and lead contamination. The on-
site screening results will be used to determine whether fluids are routed to single- or double-
lined sumps. Fluids containing contaminants in excess of five times the Nevada Drinking Water
Standards (NDWS) for lead or tritium will be contained in lined sumps. If hazardous waste
limits are not met or exceeded, the fluids will be allowed to evaporate in lined sumps. Fluids
containing contaminants less than five times the NDWS may be routed to the ground surface.
Solids and liners associated with fluids containing contaminants less than ten times the N DWS
may be closed in place or used for site restoration and recountouring. Solids and liners
associated with fluids containing radioactive contaminants greater than or equal to ten times the
NDWS will be managed as low-level waste. Solids associated with fluids containing hazardous
constituents at or above RCRA limits will be managed as hazardous (or mixed) waste if sampling
and analysis of the solids demonstrates the presence of constituents at or above RCRA-regulated
levels. Solids associated with fluids containing hazardous constituents greater than ten times the
NDWS but less than RCRA-regulated levels will either be managed in place under the state of
Nevada'’s industrial landfill regulations, or removed and managed at a permitted landfill. The
state will be notified as to the ultimate disposition of solids generated from drilling operations.

If lead levels approach RCRA-regulated levels, drilling will stop and NDEP will be notified. The
field screening and laboratory analytical strategy dgfailed in the FMP (DOE, 1996b) is designed
to minimize the probability of generating hazardous or mixed waste and to minimize generation
of low-level waste.

In addition, fluid samples will be collected of the sump contents to provide additional data for
fluid management decision-making and to provide confirmation of process knowledge. The
sump samples will be collected immediately after each well is drilled: a 14-day turnaround time
will be requested for laboratory analyses. This will provide timely information for fluid
management decision-making. Detailed fluid management and characterization strategy
information is provided in the FMP (DOE, 1996b).

Drilling solids will be managed as sanitary, hazardous, mixed, or low-level waste, depending
upon characterization results that implement the following decision process. Solids will be
initially characterized by sampling and analyzing the fluids in accordance with the EMP
(DOE, 1996b).

If hazardous constituents are presént at or above RCRA-regulated levels, the liquids will be
pumped from the sumps and placed in appropriate containers and transported to a permitted
facility. The remaining solids will be sampled and analyzed to determine if hazardous
constituents are present at or above RCRA:regulated levels. If 80, the solids will be managed as
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hazardous waste and will be appropriately containerized and transported to a permitted facility
within 90 days of generation. Containerization, transportation, treatment, storage, and disposal
will be conducted in accordance with state and federal hazardous waste regulations. The waste
may be transported to the Nevada Test Site permitted hazardous waste storage area or may be
transported directly to a commercial, permitted, treatment, storage, and disposal facility.

If radioactive constituents are present at levels greater than those designated under DOE Orders,
NDEP will be notified, and the liquids will be allowed to evaporate and the solids will be
sampled and analyzed. If the solids are shown to be low-level waste, they will be appropriately
containerized and stored at a designated Radioactive Materials Area pending disposal at the
Nevada Test Site. The Radioactive Materials Area may be designated as a location at the PSA or
the waste may be transported to a designated Radioactive Materials Area at the Nevada Test Site.

If both radioactive and hazardous constituents are present at levels such that the fluids and solids
are considered mixed waste, NDEP will be notified and the liquids will be removed from the
sump, placed in appropriate containers, and transported to the Nevada Test Site Area 5
Transuranic Waste Storage Pad. Mixed waste is that waste that contains hazardous constituents
at or above RCRA -regulatory limits and radioactive constituents at or above limits established by
DOE Orders. The remaining solids will be sampled to determine if mixed waste is present. If
so, the solids will be removed, placed in appropriate containers, and transported to the Nevada
Test Site Area 5 Transuranic Waste Storage Pad. The mixed waste will be stored, and a
treatment plan developed, in accordance with the mutual consent agreement reached between the
state of Nevada and DOE/NV for the storage of mixed waste generated by DOE’s environmental
restoration activities within the state of Nevada. The mixed waste will be removed from the PSA
within 90 days of generation. '

If the fluids are shown to contain only constituents below regulatory levels and DOE limits for
radioactivity, the solids will be assumed to be uncontaminated and will be managed on-site under
state of Nevada industrial landfill regulations. The solids and liner will be closed in place after
evaporation of the fluids. ‘

Background samples will be collected from the undisturbed locations within the surrounding area
to provide information regarding naturally-occurring metals, such as arsenic, lead, and mercury.
In order to determine if solids require management as sanitary, hazardous, or mixed waste, the
background levels will be added to the NDWS or RCRA limits for characteristic waste to
provide a regulatory limit or action level for those constituents. For example, if arsenic is shown
to be present as a naturally-occurring leachable metal at 2 milligrams per liter, the regulatory

limit for this constituent as a hazardous waste would be 7 milligrams per liter, rather than 5
milligrams per liter.

Sampling of the solids remaining in the sumps will be conducted by establishing a grid over each
sump and collecting samples from random locations within the grid. The number of samples
required will be dependent upon the volume of solids generated; a minimum of three samples
will be collected per sump. The liner will be characterized through process knowledge; i.e., it
will be assumed that the liner contains the same contaminants as the solids. In addition, if there
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is evidence of liner leakage, the underlying soils will be sampled and analyzed to determine if
contamination is present. If so, NDEP will be notified and a plan developed to determine what
remedial actions are required for the underlying soil.

Because of the above revisions to the CAIP, the following revisions are also required:

Throughout Text:
Replace:

(DOE, 1996)
With:

(DOE, 1996a)

List of Acronyms and Abbreviations

Add: ,
FMP Fluid Management Plan
NDWS Nevada Drinking Water Standards

Section 7.0, References

Replace:

U.S. Department of Energy, Nevada Operations Office. 1996. Draft Project Shoal Preliminary
Site Characterization Report, Shoal Site, Nevada. Las Vegas, NV: IT Corporation.

With:

U.S. Department of Energy, Nevada Operations Office. 1996a. Draft Project Shoal Preliminary
Site Characterization Report, Shoal Site, Nevada. Las Vegas, NV: IT Corporation.

Add: :

U.S. Department of Energy, Nevada Operations Office. 1996b. Fluid Management Plan for the
Project Shoal Area, Off-Sites Subproject. Las Vegas, NV.
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