RECORD OF TECHNICAL CHANGE

Technical Change No. _DOE/NV--1312-Rev. 2 ROTC-1 Page 1 of 2

Activity Name Underground Test Area Activity Date 1/30/14

The following technical changes (including justification) are requested by:

Sam Marutzky UGTA Proiect Manager, N-I

(Name) (Title)

Description of Change:
Pahute Mesa Phase !l Corrective Action Investigation Plan for Corrective Action Units 101 and 102: Central
and Western Pahute Mesa, Nevada Test Site, Nye County, Nevada, Rev. 2, July 2009, Page 89 of 121,
Section 6.1.2.2.1 Groundwater Sample Collection, Paragraph 1 — Delete the paragraph:
“The single-well test pumping period also provides extended development and thorough purging before
collecting the groundwater geochemical characterization sample from each well. The geochemical
characterization sample analysis, as specified in the UGTA QAPP
(NNSA/NSO, 2003), includes:

e Major anions and cations

e Trace elements

e Cforinorganic carbon and *C activity for organic and inorganic carbon

e Radioisotopes, including **Cl and *H (see Section 5.2.11)

e Strontium and uranium isotopic ratios

e Dissolved noble gases, including helium-3 (*He)

e Stable isotopes of hydrogen and oxygen

e Colloids”

Replace with:
“The single-well test pumping period also provides extended development and thorough purging before
collecting the groundwater geochemical characterization sample from each well. Groundwater
characterization samples collected during well development and testing will be analyzed for the parameters
listed in Table 6-3, including:

e Major anions and cations

e Trace elements

e °Cfor inorganic carbon and *C activity for organic and inorganic carbon

e Radioisotopes, including **Cl and *H (see Section 5.2.11)

e Strontium and uranium isotopic ratios

e Dissolved noble gases, including helium-3 (*He)

e Stable isotopes of hydrogen and oxygen”

(insert Table 6-3, Groundwater Characterization Sample Analysis Parameters)

Page 109 of 121, Section 6.3.3.2 Fluid Sampling and Analysis, Paragraph 4 — Delete the Paragraph:
“Groundwater samples include characterization samples from newly installed wells and samples from wells
used as water-supply wells for drilling and well construction. Groundwater characterization samples are
collected from the newly installed wells at the completion of well development and periodically thereafter
until the well is taken out of service or until monitoring is no longer required. Water-supply wells are
sampled before their use. Sampling and analysis of the water-supply wells ensure that the groundwater is
free of target constituents. This also establishes background water chemistry and radiochemistry levels for
constituents of concern, and provides baseline data for wells not previously sampled.”
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Replace with:

“Groundwater samples include characterization samples from newly installed wells and samples from wells
used as water-supply wells for drilling and well construction. Groundwater characterization samples are
collected from the newly installed wells at the completion of well development and testing. Water-supply
wells are sampled before their use. Sampling and analysis of the water-supply wells ensure that the
groundwater is free of target constituents. This also establishes background water chemistry and
radiochemistry levels for constituents of concern, and provides baseline data for wells not previously
sampled.”

Page 109-110 of 121, Section 6.3.3.2 Fluid Sampling and Analysis, Paragraph 4 — Delete the Sentence:

“All groundwater samples are then sent to analytical laboratories to be analyzed for the parameters listed in
Table 5-1 of the UGTA Project QAPP (NNSA/NSO, 2003). The analyses listed in this table include metals, major
ions, general chemistry, age and migration parameters, radiological indicator parameters, nuclear fuel
products, and other RNs.”

Replace with:

“Groundwater characterization samples collected during well development and testing will be analyzed for
the parameters listed in Table 6-3.”

Justification:

The current version of the UGTA Quality Assurance Plan does not contain the table of analytical parameters
(Table 5-1) referenced in the previous Quality Assurance Project Plan (QAPP). This ROTC replaces the
reference to Table 5-1 in the QAPP with a table of analytical parameters in the CAIP (Table 6-3).

The task time will be (Increased) (Decreased) (Unchanged) by approximately 0 days.

Applicable Activity-Specific Document(s):
DOE/NV-1312-Rev. 2, Phase II Corrective Action Investigation Plan for Corrective Action Units 101 and 102: Central
and Western Pahute Mesa, Nevada Test Site, Nye County, Nevada, Rev. 2, July 2009

'S

R /s/ Wilhelm R. Wilborn = ,i_/_s-:/,%
Activity Lead
/s/ Robert F. Boehlecke ... 2/=zo/1
’_léM Qperations Manageg
_Js/ChrisAndres  pue 22419
NDEP b
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Table 6-3
Groundwater Characterization Sample Analysis Parameters

Sample Volume
and Container

Type

Analytical
Method

Parameter Laboratory Filtration Preservative

Aluminum
Arsenic
Barium

Cadmium
Calcium

Chromium

lron
Lead
Lithium SW-846 6010 1-L filtered for
Magnesium Commercial dissolved
Manganese (2) 1-L polyethylene analysis & 1-L HNO, to pH<2
Potassium nonfiltered for
Selenium total analysis
Silicon
Silver
Sodium
Strontium

Uranium SW-846 6020

Holding
Time

180 days

SW-846 7470

HClor HzSO4

o a;gté'arbon EPA 415.1 :;L)bﬁo-g;s Commercial | Nonfiltered to pH<2,
9 g Coolto 4 °C

Chloride
Fluoride i
EPA 300.1 (1) 1-L polyethylene | CSommercial Filtered Coolto 4 °C 28 days
Bromide
Sulfate
pH EPA 150.1 ASAP
EC EPA 120.1 28 days
Total
) . EPA 160.1 Commercial 7 days
Dissolved Soiids (1) 1-L polyethylene Nonfiltered Coolto 4 °C
Total :
Suspended Solids Sy Ve
Carbonate/
Bicarbonate EPA 310.2 14 days
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Dissolved Organic
Carbon

Total Sulfide

DRI SOP

(2) 125-mL factory
baked, pre-cleaned,
amber glass

EPA 376.1

DRI

Filtered
(DRI
numbered,
pre-cleaned,
0.45 um
groundwater
cartridge)

Nonfiltered

Coolto 4 °C

28 days

ZnAc + NaOH
to pH>9,
Coolto 4 °C

pre-cleaned HDPE

~ .
Gamma Scan EPA 901.1 (1) 1-L polyethylene Selulyle Nonfiltered HNO; to pH<2 180 days
Tritium ® SHALLA () el Commercial | \onfiltered None 180 days
equivalent amber glass
Tritium ° EPA 906.0 (3) 1-L Commercial
(Low Level) (Low Level) polyethylene NemicrE pere EUEEB
Gross Alpha Commercial
Gross Beta EPA 900.0 (1) 1-L polyethylene Nonfiltered HNO; to pH<2 180 days
% G ASTM D5811-00 Commercial
Strontium or EPA 905.0 (1) 1-L polyethylene Nonfiltered HNQ; to pH<2 180 days
Eichrom Resin
LEELITCI Commercial
"Z0dine © TK1(ARS-138) | (1) 1-L polyethylene Nonfiltered None 180 days
(counted by Liquid
Scintillation)
230239200p) tonjym | [ASL 300 (2) 1-L polyethylene | Commercial Nonfiltered HNOs to pH<2 | 180 days
Se-03/G-01
*Technetium® HTAcva.%go (1) 1-L polyethylene | COMMercial |\ hfitered HNOstopH<2 | 180 days
s b
Tritium SOP-UGTA-121 (1L LLNL Nonfiltered None Indefinite
(Low Level) amber or clear glass
2% odine ° SOP-UGTA-123 (2) 1L LLNL Nonfiltered None Indefinite
amber glass
238/239 . p | SOP-UGTA-130 (1) 1-L pre-cleaned ) )
Plutonium SOP-UGTA-135 HDPE LLNL Nonfiltered HNO; to pH<2 Indefinite
“Technetium® | SOP-UGTA-111 | (4Lor@ 2L LLNL Nonfiltered None Indefinite
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Commercial

“Carbon EPA EERF C-01 | (1) 1-L polyethylene Nonfiltered None 180 days
Eichrom Resin
BRI LT Commercial
®Chlorine TK1(ARS-138) (1) 1-L polyethylene Nonfiltered None 180 days
(counted by Liquid
Scintillation)
ejete mlvaor?:er e Filtered Coolto4°C
5"Carbon and
TICITOC SOP-UGTA-116 LLNL 180 days
(6) 40 ml amber glass Nonfiltered HgCly,
VOA Coolto 4 °C
14 b
Carbon SOP-UGTA-116 (1) 125 ml amber ) HgCl,, -
(Inorganic) SOP-UGTA-136 glass wisepta LLNL Nonfiltered Cool to 4 °C Indefinite
(1) 1-L polyethylene
w/(1) 125 ml
*®Chlorine ® SOP-UGTA-115 | polyethylene Cl field LLNL Nonfiltered None Indefinite
blank as provided by
lab
Anions® SOP-UGTA-120 ()il LLNL Filtered Cool to 4 °C 180 days
polyethylene
Helium SOP-UGTA-122 (2) copper tubes LLNL Nonfiltered None 180 days
° Hydrogen
SOP-UGTA-128 (1) 30 ml glass LLNL Nonfiltered None 180 days
5'®0Oxygen
sopuoas | 21
234/238, . =
Uranium SOP-UGTA-130 .
ST grontium SOP-UGTA-133 su1-ll_klea;bslrtz:;?r3:"e LLNL Filtered HNO; to pH<2 180 days
SOP-UGTA-134 PP P
water blank
Filtered
: (DRI
Sissolved Oranic| DRI SOPINSF | 1L factoy baked: | ppynE | numbered,
Iss‘?(.\‘,larbon% Arizona AMS P Iass' Arizona AMS pre-cleaned, Coolto 4 °C 28 days
Laboratory SOP 9 Laboratory 0.45 um
groundwater
cartridge)
Gas-flow isotope c(j)e1thLllt:rr1e
*Sulfur® ratio mass polyethylene USGS Filtered None 180 days
pre-cleaned by acid
spectrometry rinse
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® Tritium analysis to be performed with higher detection levels (~ 300 pCi/L). This sample may be collected from groundwater where the
tritium activities are known to or are expected to exceed low level tritium analysis thresholds established by the laboratories.

® Qptional sample that is collected and is analyzed by two participating laboratories.
¢ Optional sample collected for Radiological Indicator Parameter Level Il analysis from Table 5-1 Groundwater Characterization Pa-

rameters (NNSA/NSO, 2003).

(NNSA/NSO, 2003).

Optional sample collected for Age and Migration Parameter analysis from Table 5-1 Groundwater Characterization Parameters

Note: For commercial laboratory analysis the most current EPA or equivalent accepted standard laboratory analytical methods maybe

used as appropriate to attain specified detection limits. All analysis performed by commercial and non-commercial laboratories must
be compliant with the Underground Test Area Activity Quality Assurance Plan Nevada National Security Site, Nevada, Rev. 1.

*U.S. Department of Energy, National Nuclear Security Administration, Nevada Site Office. 2003.
Underground Test Area Quality Assurance Project Plan, Nevada Test Site, Nevada, DOE/NV--341-Rev. 4. Las Vegas, NV.

°C = Degrees Celsius

AMS = Accelerator Mass Spectrometry

ASTM = American Society of Testing Materials
Cl = Chlorine

DRI = Desert Research Institute

EPA = Environmental Protection Agency
H,S0O, = Sulfuric Acid

HCI = Hydrochloric Acid

HDPE = High-density Polyethylene

HgCl; = Mercuric Chloride

HNO; = Nitric Acid

L = Liter

LLNL = Lawrence Livermore National Laboratory
mL = Milliliter

um = Micrometer

NaOH = Sodium Hydroxide

NSF = National Science Foundation

pCi/L = Picocuries per Liter

SOP = Standard Operating Procedure
TIC = Total Inorganic Carbon

TOC = Total Organic Carbon

USGS = U.S. Geological Survey

VOA = Volatile Organic Analysis
ZnAc = Zinc Acetate
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RECORD OF TECHNICAL CHANGE

Technical Change No. _DOE/NV—-1312-Rev, 2 ROTC-2 Page 1 of __1
Activity Name Undereround Test Area Activity Date ___ November 25. 2014

The following technical changes (including justification) are requested by:

—Sam Marutzky », _UGTA Project Manager, N-|

(Name) (Title)

Description of Change:

Pahute Mesa Phase (i Corrective Actlion Investigation Plan for Corrective Action Units 101 and 102: Central
and Western Pahute Mesa, Nevada Test Site, Nye County, Nevada, Rev. 2, July 2009, Page 109-110 of 121,
Section 6.3.3.2 Fuld Sampling and Analysis, add the following at the end of paragraph 5:

Subsequent sampling and analysis will be performed according to location type as shown in Table 6-4.
Additional analyses will be performed as needed.

(insert Table 6-4, Sample Location Type Definitions and Analytes)

Justification:
This ROTC describes sampling that takes place once well-development and testing has been completed. it

provides a table that summarizes sample location types and analytical parameters required for each sample
location type (Table 6-4).

The task time will be (Increased) (Decreased) (Unchanged) by approximately 0 days.

Applicable Activity-Specific Document(s):
DOE/NV--1312-Rev. 2, Phase 11 Corrective Action Investigation Plan for Corrective Action Units 101 and 102. Central
and Western Pahute Mesa, Nevada Test Site, Nye County, Nevada, Rev. 2, July 2009

aoovedy: IS/ Wilhelm R. Wilborn  py, ///z féw
Activity Lead V / / /

/sL.Robert F. Boehlecke pwe #/2 /é/;z‘

/T diperations Manager |

/s/ Chrus Andres . /z/, /’5‘
o 7
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Table 6-4
Sample Location Type Definitions and Analytes
(Page 1 of 2)

Location Type Definition
— e —
s Alkalinity, pH, specific conductance
e Anions (Br, Cl, F, SO,)
® ;botaée mestiaig (AS) Al, As, Ba, Ca, Cd, Cr, Fe, K, Li, Mg. Mn, Na,
e , 98, Of, Of, W
| Characterization ® Usedforsysteme::’!;?ur:goge:zahonormwel o Gross alpha and gross beta
’ . 2%3&:1;&1 emitters (®Al, *Nb, **'Cs, *Eu, *Eu, 2*U, *'Am,

o *H (standard and/or low-level) ©
o C,¥CI, ®Tc, ¥sr,'®), 20py

Located within the plume from an underground
nuclear test (i.e., test-related contamination « *H (standard), 1C, *cl, ®Tc, '

Source/Plume present), and COCs detected above standard

measurement levels (e.g.,>H >300 pCilL)

Located downgradient of an underground test or
Source/Plume well, and no COCs detected above

Early Detection standard measurement levels * °H (low-level)

(i.e., °H <300 pCilL)

Distal Outside the Early Detection area ¢ o H (standard)

. : Located on BLM or private land; used as a water 3
munity supply source or is iocated near one * "H(standard)
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Table 6-4
Sample Location Type Definitions and Analytes
(Page 2 of 2)

Not currently sampled but available for sampling if
conditions warrant

 Required analyses performed by a commercial lab certified by NDEP.

® Characterization locations will transition to another type when a sufficient baseline (a minimum of three samples) is established to support
categorization.

¢ Standard *H analytical methods achieve a minimum detection limit of approximately 300 pCilL; low-level °H analytical methods achieve
detection limits as low as 1 pCill.

“The Early Detection area is defined as the area directly downgradient of an underground nuclear test where COCs have not been detected
above levels detectable using standard analytical methods.

Ag = Silver Cd = Cadm I = lodine = Plutoni
Al = Aluminum = admium K = Potassium Pu - ium

L Ci = Chlorine . Se = Selenium
Am = Americium - iur Li = Lithium Qs

i Cr = Chromium . Si = Silicon
As = Arsenic Cs = Cesium Mg = Magnesium SO, = Sulfate
Ba = Barium Eu = Europi Mn = Manganese 2 ;

. u = Europium Sr = Strontium
Br = Bromide F = Fluori Na = Sodium :
uorne i Te = Technetium

Ca = Calcium 34 = Tritium Pb = Lead

BLM = Bureau of Land Management

COC = Contaminant of concern

NDEP = Nevada Division of Environmental Protection
pCi/l. = Picocuries per liter
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1.0 Introduction

Pahute Mesa, extending over Nevada Test Site (NTS) Areas 19 and 20 (Figure 1-1), was one of
several areas used for underground nuclear testing. The Phase I corrective action investigation (CAI),
hereafter referred to as the Phase I CAI, was directed by the Corrective Action Investigation Plan
(CAIP) for Corrective Action Units 101 and 102: Central and Western Pahute Mesa, Nevada Test
Site, Nevada (DOE/NV, 1999), hereafter referred to as the Pahute Mesa CAIP. Phase I modeling
results are presented in the Phase I Transport Model of Corrective Action Units 101 and 102:
Central and Western Pahute Mesa, Nevada Test Site, Nye County, Nevada (SNJV, 2009), and
supported by the Groundwater Flow Model of Corrective Action Units 101 and 102: Central and
Western Pahute Mesa, Nevada Test Site, Nye County, Nevada and the Addendum to the
Groundwater Flow Model of Corrective Action Units 101 and 102: Central and Western Pahute
Mesa, Nevada Test Site, Nye County, Nevada (SNJV, 2006 and 2007). The Phase I transport model
predicted potential migration of radionuclides (RNs) exceeding the Safe Drinking Water Act (SDWA)
standard (CFR, 2009d) off Pahute Mesa within a 1,000-year time frame. This document summarizes
the Phase I CAI and Phase I modeling results. This Phase II CAIP is an updating addendum to the
Pahute Mesa CAIP (DOE/NV, 1999).

The Phase I modeling objective was to use flow and transport models to evaluate RN migration from
underground nuclear tests at Pahute Mesa and generate forecasts of contaminant boundaries for the
corrective action units (CAUs). A preemptive review subcommittee appointed by the Underground
Test Area (UGTA) Technical Working Group (TWG) evaluated the Phase I model results and
recommended modifying the Phase I objectives. The recommendation was made because the models
had incompletely constrained parameter values and the TWG recognized that the contaminant
boundary forecasts could be overly conservative and/or unrealistic. The U.S. Department of Energy
(DOE), National Nuclear Security Administration Nevada Site Office (NNSA/NSO) and the Nevada
Division of Environmental Protection (NDEP) agreed with the subcommittee recommendation and
decided to change the objectives of the Phase I studies and initiate Phase II studies. The Phase I
studies were refocused on model and parameter sensitivity and uncertainty analysis, and the

identification of data needed to improve the Phase Il model. The objective of the Phase II studies is to
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improve confidence in the reliability of model forecasts of contaminant boundaries, an important step

in the successful implementation of the UGTA strategy.

The UGTA Project TWG Pahute Mesa Phase I1 CAIP ad hoc Subcommittee (hereafter referred to as
the ad hoc Subcommittee) was formed to review the Phase I state of knowledge, flow and transport
models sensitivity, uncertainty, and model results. They identified data needs, prioritized new data
collection, and proposed further work to support Phase II modeling. Additional work includes new
data collection, data analysis, and modeling activities for Central and Western Pahute Mesa CAUs
101 and 102. Work will be performed progressively, with iterative evaluation of new data and
changes in uncertainty. Adequacy of Phase Il work to define contaminant boundaries will be
determined by mutual agreement of NNSA/NSO and NDEP, consistent with the revised UGTA
strategy in Section 3.0 of Appendix VI of the Federal Facility Agreement and Consent Order
(FFACO) (1996, as amended February 2008). The following subsections summarize the Phase I CAI
results, FFACO Appendix VI changes affecting Phase II, and planned Phase I1 CAIP work. The

organization and content of this document are outlined at the end of the section.

1.1  Purpose

This Phase IT CAIP describes new work needed to potentially reduce uncertainty and achieve
increased confidence in modeling results. This work includes data collection and data analysis to
refine model assumptions, improve conceptual models of flow and transport in a complex
hydrogeologic setting, and reduce parametric and structural uncertainty. The work was prioritized
based on the potential to reduce model uncertainty and achieve an acceptable level of confidence in
the model predictions for flow and transport, leading to model acceptance by NDEP and completion
of the Phase Il CAI stage of the UGTA strategy.

1.2  Scope

The Phase I CAI has been completed as specified by the requirements of the FFACO (1996,
as amended February 2008). Because the CAI will go to Phase II, the contaminant boundaries have

not been formally defined, and the adequacy of the model and data results have not been evaluated by
NDEP and NNSA/NSO (see FFACO Appendix VI, Section 3.0).
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Figure 1-2 shows the Phase I Pahute Mesa-Oasis Valley (PM-OV) model area. This area will remain
unchanged in the Phase II studies. This Phase Il CAIP provides plans for drilling and testing to
acquire new data; summarizes data analysis activities of new and existing data to improve
knowledge of parameter values for transport processes; and plans for the revision of the flow and

transport models.

1.3  Summary of the Phase | CAl

The Phase I CAI began with the publication of the Pahute Mesa CAIP (DOE/NV, 1999), which
included conducting field and laboratory studies designed to reduce existing uncertainties through
data analysis and applied modeling studies. Field activities included geophysical surveys, well
drilling and completion, and sampling and analysis of both clean and contaminated wells. Laboratory
studies provided data and a better understanding of RN transport processes in groundwater. Data
analysis methods included geochemical modeling, geophysical and geologic modeling, and
CAU-scale groundwater flow and transport modeling. Table B.1-1 in Appendix B lists and briefly
describes all data collection and analysis documents for the Phase I CAL. Table B.1-1 also lists other
relevant, non-Pahute Mesa CAU-specific documents. The results of the investigations and analyses

are summarized in Sections 3.0 and 5.0.

The Pahute Mesa CAIP (DOE/NYV, 1999) identified a three-step process: data analysis, groundwater
flow model development, and transport model development. The approach for flow and transport
modeling was presented in the Modeling Approach Strategy for Corrective Action Units 101 and 102,
Central and Western Pahute Mesa (SNJV, 2004b). During the model development process, the TWG
preemptive review process included periodic reviews and critiques with suggested revisions and

improvements to the studies.

Completion of the first step in the CAIP process was documented in a series of data compilation and
analysis reports, including two compendium reports: the Hydrologic Data for the Groundwater Flow
and Contaminant Transport Model of Corrective Action Units 101 and 102: Central and Western
Pahute Mesa, Nye County, Nevada (SNJV, 2004a) and the Contaminant Transport Parameters for the
Groundwater Flow and Contaminant Transport Model of Corrective Action Units 101 and 102:
Central and Western Pahute Mesa, Nye County, Nevada (Shaw, 2003). Multiple hydrostratigraphic
framework models (HFMs) were developed and documented in A Hydrostratigraphic Model and
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Alternatives for the Groundwater Flow and Contaminant Transport Model of Corrective Action Units

101 and 102: Central and Western Pahute Mesa, Nye County, Nevada (BN, 2002).

Completion of the second step was reported in the Groundwater Flow Model of CAUs 101 and 102:
Central and Western Pahute Mesa, Nye County, Nevada and in the Addendum to the Groundwater
Flow Model of CAUs 101 and 102: Central and Western Pahute Mesa, Nye County, Nevada
(SNJV, 2006 and 2007).

Completion of the third step was reported in the Phase I Transport Model of Corrective Action Units
101 and 102: Central and Western Pahute Mesa, Nevada Test Site, Nye County, Nevada

(SNJV, 2009). During the development of the transport model, an additional iteration of flow model
development was conducted with modified structural and hydrostratigraphic features to improve flow
model calibration and better fit the observed groundwater geochemistry data. Consequently, the
Phase I report covers both revisions to the flow model from step two and implementation of the
transport model. The report also includes a critique of the results of flow and transport modeling
embodied in the Pahute Mesa CAU studies and identifies data needs for development of defensible
contaminant boundaries. A source-term model was also developed and is reported in Unclassified
Source Term and Radionuclide Data for Groundwater Flow and Contaminant Transport Model of
Corrective Action Units 101 and 102: Central and Western Pahute Mesa, Nye County, Nevada
(SNJV, 2004d), which integrates with the transport model.

1.3.1  Phase | CAl Accomplishments

The Phase I transport model (SNJV, 2009) is the culmination of the Phase I work and provides an
overview of all elements of the CAU conceptual model incorporated in the transport model. The
Pahute Mesa Phase I flow model and transport model integrate the component models (alternative
HFMs, recharge model[s], alternative boundary conditions and fluxes, reactive mineral model, and
simplified source-term model [SSM]), and transport parameter distributions used to predict the
contaminant boundaries. Simulations using the flow and transport models evaluate the extent of
predicted RN transport per the alternative models used for the contaminant boundary definitions and
to assess the areas of greatest concern. In addition, the relative importance of the parametric and
structural uncertainty of the model was assessed to guide prioritization of Phase II characterization

and development work.
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1.3.2 Phase | CAl Modeling Conclusions

The Phase I transport model (SNJV, 2009) presented the results of transport modeling studies and
identified concerns and data needs for future data characterization and modeling studies of the Pahute
Mesa CAU. The Phase I transport model simulated migration of RNs downgradient of Pahute Mesa
and outlined areas where groundwater may exceed the SDWA radiological standards (CFR 2009d)
for the Pahute Mesa CAU within the 1,000-year time frame. The dominant flow path for predicted
transport was characterized by convergence of groundwater flow south-southwest off of Pahute Mesa,
across the margins of the Timber Mountain caldera complex (TMCC) and Silent Canyon caldera
complex (SCCC), and extending southwestward along the western flank of Timber Mountain to Oasis
Valley. Uncertainty in the flow model also suggested secondary flow paths both east and west of the
dominant flow path with somewhat less extensive RN transport. An overall assessment of
uncertainty of flow and transport as a function of geologic, hydrologic, and flow and transport
parameter uncertainty provides insight for an identification of characterization priorities for the
Pahute Mesa Phase I1 CAIL The conceptual model (HFM, groundwater, hydrologic source term
[HST]) uncertainty and parametric (flow and transport parameters) uncertainty affect the predicted

transport (flow path and RN concentration with distance from the source underground tests).

1.3.3 TWG Pahute Mesa Phase Il CAIP ad hoc Subcommittee Review

The ad hoc Subcommittee was formed to review the Pahute Mesa Phase I CAI status, determine
Phase II data needs, and develop recommendations for Phase II data collection and analysis.
Appendix C contains a summary of the subcommittee results. The reviewers included the UGTA
NNSA/NSO Federal Sub-Project Director (or designee); subject matter experts from UGTA Project
participants: Desert Research Institute (DRI), Lawrence Livermore National Laboratory (LLNL),
Los Alamos National Laboratory (LANL), National Security Technologies, LLC (NSTec), and
Stoller-Navarro Joint Venture (SNJV); a representative from NDEP; and two Community Advisory
Board (CAB) members. Table C.1-1 contains the prioritized data needs. Recommendations for
future data acquisition were focused on identifying locations for drilling and well installations related
to model-predicted flow paths and RN transport. Specific approaches to testing and data collection
were associated with each drilling location in addition to the standard data collection programs,
including multiple-well aquifer tests (MWATSs) and tracer tests. As discussed in Section 5.0, the
groundwater flow and transport model results indicated a high probability of transport paths that
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extend from test sources on Pahute Mesa, converge in the Bench area (the area between the SCCC
and TMCC; see Figure 5-1 for feature identification and Figure 5-2 for an illustration of the transport
pathways), and move southward along the western margin of Timber Mountain dome (TMD). The
focus for the Phase II investigation is on these flow and transport pathways and the hydrogeologic

factors that control pathway convergence.

The first consideration for Phase II studies is to reduce uncertainty in the hydrologic framework and
the flow and transport conceptual models; the secondary consideration is reduction in parameter
uncertainty within the models. The ad hoc Subcommittee identified and prioritized locations for
drilling and well construction, sampling, and testing to collect data (Table C.1-2) as well as additional
data analyses using available data. These data will address uncertainties in the flow, source term, and
transport modeling (see Section C.1.3) regarding the data needs identified in Table C.1-1; test basic

assumptions of conceptual models; and evaluate adequacy of conceptual models.

1.3.4 Community Advisory Board Recommendations

The federally chartered Environmental Management Site-Specific CAB for NTS Programs is an
appointed formal group of volunteers and liaison members organized to provide informed
recommendations and advice to the NNSA/NSO Environmental Management Program.
Attachment 1 of Appendix D contains letters from CAB members providing their review of the

Phase I CAI work and recommendations for drilling new wells.

1.4  Revision of the FFACO Affecting the Phase Il CAl

The Phase IT CAI will conform to the 2009 revisions in Section 3.0 of Appendix VI of the FFACO
(1996, as amended February 2008). Critical aspects of the revisions affecting the Pahute Mesa
Phase IT CAI include development of ensembles of contaminant boundary forecasts; iterative cycles
of model refinements during all stages of the UGTA strategy; and the integrated use of modeling,
monitoring, and institutional controls to reduce the risk of public exposure to contaminated

groundwater. These revisions are discussed in Section 2.1.
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1.5 Overview of Pahute Mesa Phase Il CAIP

This section presents an evaluation of the current state of knowledge of the Pahute Mesa CAUs, and
identifies data and model insights gained during Phase I studies. A review of Phase I CAI data and
technical analyses is presented in Section 3.0 for data assessment and Section 5.0 for modeling.
Section 5.0 includes summaries of conclusions from the model reports to support the proposed data

collection and data analysis activities for the Phase I1 CAI (Section 6.0).

The Phase I CAl includes multiple approaches to data collection (including well drilling and testing),
refined data analysis using newly acquired information, and model refinements using enhanced
information. Yearly work tasks will be proposed for the CAI. Continuous review and assessment of
the results will guide decisions for additional work. Changes to this Phase II CAIP will be made
through memorandums of agreement between NNSA/NSO and NDEP or revisions to this document,

as needed.

1.5.1 Characterization Activities

Phase IT CAI characterization activities include drilling new investigation boreholes for geologic and
hydrostratigraphic information; completing wells in these boreholes to access testing intervals;
sampling groundwater; and conducting hydrologic measurements and tests. New borehole data will
be incorporated in data analyses, in testing of conceptual models and model assumptions used in the
Phase I flow and transport models. These collective activities are designed to reduce parametric
uncertainty and increase confidence in the reliability of modeling results. Section 6.1.1.2 presents a
prioritized list of 12 proposed drilling locations. The list is coordinated with proposed large-scale
tests, MWATS, and tracer tests, all of which require two or more wells. Additional proposals for data
collection and studies are also presented. The data acquisition approach will be iterative. The initial
scope of data acquisition (Section 6.2) is based on the priorities assigned to data needs. Further data
acquisition will be proposed as necessary as new data are acquired, integrated into the data analyses,
and used to assess the potential reduction in uncertainty of the flow and transport models. These

changes in data acquisition will be negotiated through memorandums of agreement between
NNSA/NSO and NDEP.
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1.5.2 Assessment of Data

The Phase IT CAI will include further analyses of existing data; incorporation of new characterization
data into Phase I analyses; new data analyses focused on improving the understanding of groundwater
flow and contaminant transport; and resolving uncertainties associated with the forecasts of

contaminant boundaries.

Descriptions of data analysis focus and objectives for new and existing data are presented in
Section 6.2. New data will be integrated into the data analyses and used to assess the potential
reduction in uncertainty of the flow and transport models on an ongoing basis. An iterative approach

will be used to evaluate new data and help refine subsequent drill-hole locations.

1.5.3 Revision of Groundwater Flow and Transport Models

The refined conceptual models and parameter data from Phase II characterization will be used to
revise the groundwater flow and transport models. The procedure to revise and refine the CAU
groundwater flow and contaminant transport models is detailed in Figure 5-1 of the Pahute Mesa

CAIP (DOE/NY, 1999).

1.5.4 Acceptance of Groundwater and Contaminant Transport Models

Model acceptance is required at two decision points in the UGTA strategy: (1) at the end of the CAI
stage and (2) at the end of the Corrective Action Decision Document (CADD)/Corrective Action Plan
(CAP) stage. Phase II CAI studies leading to model acceptance are based on the iterative process of
model evaluation described in the Section 3.0 of Appendix VI of the FFACO (1996, as amended
February 2008) and in U.S. Environmental Protection Agency (EPA) model guidance (EPA, 2009).

1.5.5 CAIl Documentation

The Pahute Mesa Phase 11 CAI activities will be reported in data and analysis reports, documentation

packages, CAU model reports, and the CADD as follows:

* Data reports will document the results of new characterization activities.

* Analysis reports will evaluate characterization and document the analysis of the data.
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* An updated HFM will document the assessment of new geologic data and describe the
resulting revised hydrostratigraphic model(s).

« Updated hydrologic and transport data documentation will document the assessment of new
data in combination with existing data.

» Updated source term, flow, and transport model reports will document the results of the
Phase IT modeling process.

1.6  Document Organization

This Phase IT CAIP has been organized following the format of the Pahute Mesa CAIP
(DOE/NYV, 1999). Additional subsections have been added to accommodate new subjects and

information categories.

The Pahute Mesa CAIP (DOE/NYV, 1999) documents the information and data that were available
leading to the CAIL. The completed Phase I CAI work is documented in reports listed in Appendix B.
Links in the electronic text are provided to the referenced sections of the Pahute Mesa CAIP, which is

included on the compact disc. This report is organized into the following sections:

» Section 1.0 - Introduction

» Section 2.0 - Legal/regulatory requirements

» Section 3.0 - CAU descriptions

« Section 4.0 - Data quality objectives (DQOs) summary
» Section 5.0 - Phase II CAI

» Section 6.0 - Phase II characterization activities

+ Section 7.0 - Quality assurance (QA) requirements

» Section 8.0 - Duration and records/data availability

» Section 9.0 - References

* Appendix A - DQO development

* Appendix B - List and summary of major Phase I CAI documents
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Appendix C - ad hoc Subcommittee recommendations

Appendix D - CAB correspondence on Pahute Mesa Phase I results and new
well recommendations

Appendix E - NDEP comments on CAIP draft
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2.0 Legal/Regulatory Requirements

The FFACO (1996, as amended February 2008) is the regulatory driver for environmental restoration
(ER) activities at the NTS. Appendix VI, Section 3.0, contains the ER strategy for the underground
test areas (UGTA strategy). The FFACO was signed by the DOE, Nevada Operations Office
(DOE/NYV), the U.S. Department of Defense (DoD), and NDEP in 1996, and is updated periodically.
The Phase I CAI (DOE/NV, 1999) was completed in accordance with the FFACO. During the Phase I
CALI, the parties acknowledged that a Phase II CAI would be required, and the objectives of Phase I
were revised to identify the issues and uncertainties in the models requiring additional information.
Lessons learned from the Phase I CAI have been incorporated in Section 3.0 of Appendix VI of the
FFACO. This section addresses the requirements pertaining to the Phase I CAL. Any additional
changes that affect this CAIP addendum will be addressed through memorandum of agreement

between NNSA/NSO and NDEP.

Central Pahute Mesa (CAU 101) and Western Pahute Mesa (CAU 102) are combined for the Phase 11
CAI consistent with the Phase I CAI

2.1 FFACO Requirements

This section summarizes the FFACO requirements (1996, as amended February 2008) and presents
the revised UGTA corrective action strategy. The NNSA/NSQO, through the UGTA Project, is
responsible for completing corrective actions for five CAUs associated with historical underground
nuclear testing. The UGTA Project CAUs are Frenchman Flat (CAU 98), Central and Western Pahute
Mesa (CAUs 101 and 102), Yucca Flat/Climax Mine (CAU 97), and Rainier Mesa/Shoshone
Mountain (CAU 99) (Figure 2-1). The CAUs were defined based on geography and hydrogeologic

characteristics. This figure also shows the number of corrective action sites (CASs) for each CAU.

2.1.1 General Requirements

Corrective action investigations (CAls) are conducted for the purposes outlined in the FFACO,
Subparts I1.1.b.1i and 1. 1.¢, Subparts IV.14 and IV.15, and Appendix VI (FFACO, 1996; as amended
February 2008).
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Underground Nuclear Test Locations Conducted at the NTS
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11.1.b.ii. “Determine whether releases of pollutants and or hazardous wastes or potential releases
of pollutants and or hazardous wastes are migrating or potentially could migrate, and if so,
identify the constituents, their concentration(s), and the nature and extent of that migration.”

Characterization and modeling activities designed to determine whether releases are migrating or
could potentially migrate are described in Sections 5.0 and 6.0. Preliminary predictions of the nature
and extent of contaminant migration based on the Phase I transport model (SNJV, 2009) are presented

in Section 5.2.3. This model will be revised and refined during the Phase II CAL

11 1.c. “Providing all parties with sufficient information to enable adequate evaluation of
appropriate remedies by specifying the radioactive and hazardous constituents for each
corrective action unit.”

A preliminary list of radioactive and hazardous constituents for the Pahute Mesa CAUs is provided in
Section 3.5 by reference to the Pahute Mesa CAIP (DOE/NYV, 1999) and Phase I CAI documents.
These references will be updated based on the Phase 11 CAL

1V 14. “Corrective action investigation (CAI) shall mean an investigation conducted by the DOE
and or DoD to gather data sufficient to characterize the nature, extent, and rate of migration or
potential rate of migration from releases or discharges of pollutants or contaminants and or
potential releases or discharges from corrective action units identified at the facilities.”

The CAI will gather sufficient data to characterize the nature, extent, and rate of migration or
potential rate of migration from releases or potential releases of contaminants from the Pahute Mesa
CAU. This Phase II CAIP describes the planned investigation activities, which include gathering
field data (see Section 6.0) and CAU groundwater flow and transport modeling (see Section 5.0).

IV 15. “Corrective action investigation plan (CAIP) shall mean a document that provides or
references all of the specific information for planning investigation activities associated with
corrective action units of corrective action sites. A CAIP may reference information in the
optional CAU work plan or other applicable documents. If a CAU work plan is not developed,
then the CAIP must include or reference all of the management, technical, quality assurance,
health and safety, public involvement, field sampling, and waste management information needed
to conduct the investigations in compliance with established procedures and protocols.™

This document provides specific references for information used for planning investigation activities
for the Pahute Mesa CAUs. This includes management, technical, QA, health and safety, public
involvement, field sampling, and waste management information needed to conduct the

investigation in compliance with established procedures and protocols. All information provided in
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this CAIP is based on the current state of knowledge, and results of the completed CAI will be
reported in the CADD.

2.1.2 Revised UGTA Corrective Action Strategy

The UGTA corrective action strategy is discussed in Section 3.0 of Appendix VI of the FFACO
(1996, as amended February 2008). The revisions to the UGTA strategy retain four stages
(CAIP, CAIL CADD/CAP, and Closure Report [CR]). This section describes the changes in the
CAI stage, covering activities described in the Phase Il CAIP (see Figure 2-2).

The CAI stage steps have been refined with minor changes in step names; a data completeness step
with a loop to auxiliary data assessment has been added after data evaluation and before development

of CAU flow and transport models. Three new or modified decision steps are:

1. A joint assessment by NDEP and NNSA/NSO of the adequacy of model results and data

completeness after completion of the flow and transport model.

2. An assessment of the achievability of the UGTA strategy before development of a
revised CAIP.

3. A model acceptance after peer review and before the start of the CADD/CAP stage.

The following sections include definitions used in this Phase II CAIP. There are some minor wording

modifications from Section 3.0 of Appendix VI of the FFACO (1996, as amended February 2008).

2.1.2.1 Boundary Definitions

Contaminant Boundary

A contaminant boundary is defined as the model-forecast perimeter and a lower hydrostratigraphic

unit (HSU) boundary that delineates the extent of RN-contaminated groundwater over a 1,000-year
time period. The contaminated groundwater is a volume (three-dimensional [3-D]) and is projected
upward to the ground surface to define a (two-dimensional [2-D]) contaminant boundary perimeter.
Contaminated groundwater is defined as water exceeding the SDWA radiological standards

(CFR, 2009d). Simulation modeling of contaminant transport will be used to forecast the location of
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contaminant boundaries within 1,000 years and must show the 95" percentile of the model results
(boundary outside of which only 5 percent of the simulations exceed the SDWA standards). An
ensemble of contaminant boundaries from multiple model simulations will provide the basis for

negotiations by NNSA/NSO and NDEP of a compliance boundary for each CAU.

The term forecast is used instead of prediction to denote the methods and uncertainty of evaluating
contaminant boundaries. Transport modeling simulations are used to compute RN concentrations in
time and space within a CAU. These 3-D concentration data are integrated into probabilistic
forecasts of the likelihood of groundwater exceeding or remaining below the SDWA radiological
standards (CFR, 2009d). Contaminant boundaries are not discrete predictions of the location or
concentration of contaminants, but instead are spatial representations of the probability of exceeding
SDWA standards.

Compliance Boundary

A compliance boundary negotiated between NDEP and NNSA/NSO represents a regulatory-based
distinction between groundwater contaminated or not contaminated by the effects of underground
testing. The ensemble of contaminant boundary forecasts for a CAU will provide the initial technical

basis for negotiation of the compliance boundary.

The NNSA/NSO must demonstrate with an acceptable level of confidence gained through
implementation of the UGTA corrective action strategy, that groundwater outside the compliance
boundary meets the SDWA radiological standards (CFR, 2009d). The areas of potentially
contaminated groundwater inside the compliance boundary are expected to require institutional
controls to restrict public access. These controls may be legal restrictions on land use or access to
groundwater, processes and procedures for monitoring compliance to restrictions, and maintenance of

boundaries or deterrents to support restrictions.

The considerable depth to groundwater throughout most areas of the NTS effectively restricts surface
exposure to contaminated groundwater. The NNSA/NSO and long-term stewardship organization
will be responsible for establishing and ensuring compliance with the institutional controls. The
compliance boundary may or may not coincide with individual contaminant boundary forecasts or
ensemble contaminant boundary forecasts, but will be negotiated by NDEP and NNSA/NSO.

An initial compliance boundary will be established at the beginning of the CADD/CAP, and a final
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compliance boundary will be established before developing the CAU closure report. The compliance
boundary could change, subject to NNSA/NSO and NDEP negotiations, during the iterative process
of model evaluation, model acceptance, and testing/corroboration of model forecasts through the

monitoring and closure programs.

2.1.2.2 Revised Decision Process

The revised CAI decision process is shown in Figure 2-2. A three-step approach is used to establish

adequacy of CAI data and model results.

First, NDEP reviews and approves the data used for modeling. Second, the flow and transport model
is reviewed by NDEP and revised through comment resolution. Third, the results of flow and
transport modeling, including sensitivity and uncertainty analysis, are reviewed by NNSA/NSO and
NDEP to decide whether to use the model forecasts as a tool for regulatory decisions. If the data or
model results are inadequate, NDEP and NNSA/NSO will evaluate model alternatives and assess
whether the UGTA strategy is achievable, or whether a new cycle of data collection and modeling is
necessary. If the results are adequate, a peer review is conducted, and the CAU model would be

evaluated by NDEP for model acceptability.

2.1.2.3 Model Acceptance

Model acceptability is a process of building confidence in model results through verification,
calibration, and model evaluation during the iterative stages of data gathering, model refinements,
and monitoring. Model acceptance is decision dependent and is required at two stages in the

UGTA strategy: (1) at the end of the CAI stage and (2) at the end of the CADD/CAP stage.

Model acceptance is defined as a joint judgment by NNSA/NSO and NDEP that sufficient
credibility and reliability of model studies exist to use the transport modeling forecasts as the basis for
regulatory decisions. Model acceptance consists of overlapping processes of model verification,

calibration and evaluation:

1. Jerification includes assessments to ensure the code is programmed correctly and algorithms

are implemented properly, with no assumption or program errors.
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Calibration is a demonstration that a model adequately estimates hydraulic properties within

an acceptable range of error throughout a model domain (field-measured hydraulic heads and

estimated boundary flows).

Evaluation 1s an iterative process of testing if model output makes sense using a range of
model adequacy measures. Model evaluation for the UGTA strategy involves development of
increased confidence in the reliability of model outputs through successive efforts to test and
extend the model using multiple alternative approaches designed to assess the impact of
uncertain model components. Successful evaluation of a model is achieved through a
demonstrated inability to disprove a model for a range of modeling and monitoring studies
(robust model). Model evaluation is consistent with and derived from guidance from the

National Research Council (NRC, 2007) and EPA (2009).

Corrective Action Implementation and CAU Closure

After negotiation of an initial CAU compliance boundary, the CADD/CAP is prepared, revised

through comment resolution, and approved or not approved by NDEP. Non-approval requires

revision and resubmittal of the CADD/CAP. An approved CADD/CAP implements the CAP through

monitoring initiation. The goals for the initial monitoring program are:

Continue model evaluation with an increased focus on assessing the reliability of contaminant

boundary forecasts.

Test model output and contaminant boundary forecasts through additional drill-hole

exploration and focused testing and sampling.

Develop an initial monitoring network that will transition to a long-term closure monitoring

network. The CADD/CAP will include design criteria for initial monitoring wells.

Monitoring data will be used to refine model evaluations. Monitoring will continue at existing and/or

new wells to gather data to increase confidence in the reliability of model results. This iterative

process of monitoring and model refinements will continue until model acceptance decision by
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NDERP at the end of the CADD/CAP stage (Figure 2-2). If the model is accepted by NDEP as a

regulatory decision tool, the project will progress to the closure stage with the following goals:
1. Negotiate the final compliance boundary.

2. Prepare the CR, describing the development of a long-term closure monitoring program, the
approaches and policies for land-use restrictions, and a design plan for transition of the UGTA
Project to long-term stewardship. The CR will be reviewed through comment and resolution
by NDEP and NNSA/NSO.

The results of long-term monitoring will be evaluated for consistency with the CAU conceptual
models of flow and transport, remedial action strategy, and to ensure land-use restrictions are fully
protective of human health and the environment. If the remedial action strategy remains consistent
with monitoring results, the organization responsible for long-term stewardship will evaluate
monitoring results for data changes, assess whether new information requires refinements in CAU
modeling studies, evaluate requirements for new and/or replacement monitoring wells, and continue
the monitoring program. If the monitoring results invalidate the remedial action strategy, the closure

monitoring will be curtailed or suspended, and a new strategy evaluated (Figure 2-2).

2.2 Other Changes or Updates

2.2.1 Death Valley Regional Groundwater Flow System Regional Model

Regional models of groundwater flow within the NTS and the Death Valley Regional Groundwater
Flow System of Nevada and California have been completed (DOE/NV, 1997; D’ Agnese et al., 1997,
Belcher et al., 2004). These regional models are used to establish boundary conditions, groundwater

boundary flows, and the uncertainty in groundwater boundary flows for individual CAUs.

2.2.2 Specification of Bowen et al. (2001) Unclassified Inventory

Corrective action unit models will use the inventory and inventory uncertainty of Bowen et al. (2001)

as the initial radiologic source term (RST).
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3.0 Description of Corrective Action Units

The Pahute Mesa CAIP (DOE/NYV, 1999) contained a complete description of the Pahute Mesa
CAUs (101 and 102) based on available information at the time of publication. The Phase I
investigation and analysis activities produced an extensive set of documents covering all aspects of
the data compiled and analyzed for the Phase I CAI. A complete listing of these documents is
provided in Appendix B of this document. In this section, the description of the CAUs will be
updated by reference to the major documents that summarize new information, using the same subject

breakdown and section designations as used in the Pahute Mesa CAIP (DOE/NYV, 1999).

3.1 Investigative Background

The Pahute Mesa CAIP (DOE/NYV, 1999) discusses the investigative background for the Pahute Mesa
CAUs (Section 3.1 of the Pahute Mesa CAIP).

3.1.1 General Information

The Pahute Mesa CAIP (DOE/NYV, 1999) presents general information (Section 3.1.1 of the Pahute
Mesa CAIP).

3.1.2 Precipitation and Recharge

The Pahute Mesa CAIP (DOE/NYV, 1999) discusses precipitation and recharge for the Pahute Mesa
CAUs (Section 3.1.2 of the Pahute Mesa CAIP). Updated information is presented in Hydrologic
Data for the Groundwater Flow and Contaminant Transport Model of Corrective Action Units 101
and 102: Central and Western Pahute Mesa, Nye County, Nevada (SNJV, 2004a).

3.1.3 Topography

The Pahute Mesa CAIP (DOE/NYV, 1999) discusses topography for the Pahute Mesa CAUs

(Section 3.1.3 of the Pahute Mesa CAIP). The Pahute Mesa CAIP information for this topic has been
updated with additional information published in A Hydrostratigraphic Model and Alternatives for
the Groundwater Flow and Contaminant Transport Model of Corrective Action Units 101 and 102:
Central and Western Pahute Mesa, Nye County, Nevada (BN, 2002).
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3.1.4 Geology

The Pahute Mesa CAIP (DOE/NYV, 1999) discusses geology for the Pahute Mesa CAUs (Section 3.1.4
of the Pahute Mesa CAIP). The Pahute Mesa CAIP information for this topic has been updated with
additional information published in A Hydrostratigraphic Model and Alternatives for the
Groundwater Flow and Contaminant Transport Model of Corrective Action Units 101 and 102:
Central and Western Pahute Mesa, Nye County, Nevada (BN, 2002).

3.1.5 Groundwater

The Pahute Mesa CAIP (DOE/NYV, 1999) discusses groundwater for the Pahute Mesa CAUs
(Section 3.1.5 of the Pahute Mesa CAIP). The Pahute Mesa CAIP information for this topic has been
updated with additional general information published in A Hydrostratigraphic Model and
Alternatives for the Groundwater Flow and Contaminant Transport Model of Corrective Action Units
101 and 102: Central and Western Pahute Mesa, Nye County, Nevada (BN, 2002), and with detailed
information published in the Groundwater Flow Model of CAUs 101 and 102: Central and Western
Pahute Mesa, Nevada Test Site, Nye County, Nevada and the Addendum to the Groundwater Flow
Model of CAUs 101 and 102: Central and Western Pahute Mesa, Nevada Test Site, Nye County,
Nevada (SNJV, 2006 and 2007).

3.1.6  Groundwater Chemistry

The Pahute Mesa CAIP (DOE/NYV, 1999) discusses groundwater chemistry for the Pahute Mesa
CAUs (Section 3.1.6 of the Pahute Mesa CAIP). The Pahute Mesa CAIP information for this topic
has been updated with additional information published in the Hydrologic Data for the Groundwater
Flow and Contaminant Transport Model of Corrective Action Units 101 and 102: Central and
Western Pahute Mesa, Nye County, Nevada (SNJV, 2004a); Geochemical and Isotopic Interpretations
of Groundwater Flow in the Oasis Valley Flow System, Southern Nevada (Thomas et al., 2002); and
Geochemical Data Analysis and Interpretation of the Pahute Mesa - Oasis Valley Groundwater Flow
System, Nye County, Nevada August 2002 (Rose et al., 2000).
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3.1.7 Groundwater Radiochemistry

The Pahute Mesa CAIP (DOE/NYV, 1999) discusses groundwater radiochemistry for the Pahute Mesa
CAUs (Section 3.1.5 of the Pahute Mesa CAIP). The Pahute Mesa CAIP information for these topics
has been updated with additional information published in the Evaluation of the Hydrologic Source
Term from Underground Nuclear Tests on Pahute Mesa at the Nevada Test Site: The CHESHIRE Test
(Pawloski et al., 2001); Nevada Test Site Radionuclide Inventory, 1951-1992 (Bowen et al., 2001);
and 7YBO/'BENHAM: Model Analysis of Groundwater Flow and Radionuclide Migration from
Underground Nuclear 1ests in Southwestern Pahute Mesa, Nevada (Wolfsberg et al., 2002). The
radiochemistry information is summarized in the Unclassified Source Term and Radionuclide Data
Jor Groundwater Flow and Contaminant Transport Model of Corrective Action Units 101 and 102:
Central and Western Pahute Mesa, Nye County, Nevada (SNJV, 2004d).

3.1.8 Contaminant Transport Parameters

The Pahute Mesa CAIP (DOE/NYV, 1999) discusses contaminant transport parameters for the Pahute
Mesa CAUs (Section 3.1.8 of the Pahute Mesa CAIP). The Pahute Mesa CAIP information for these
topics has been updated with additional information published in the Contaminant Transport
Parameters for Groundwater Flow and Contaminant Transport Model of Corrective Action Units 101
and 102: Central and Western Pahute Mesa, Nye County, Nevada (Shaw, 2003) and the Phase 1
Contaminant Transport Model of Corrective Action Unit 99: Rainier Mesa Shoshone Mountain,

Nevada Test Site, Nye County, Nevada (SNJV, 2008a).

3.2 Operational History

The Pahute Mesa CAIP (DOE/NV, 1999) discusses the operational history for the Pahute Mesa CAUs
(Section 3.2 of the Pahute Mesa CAIP). The Pahute Mesa CAIP information for these topics has been
updated with additional information published in United States Nuclear 1ests, July 1945 through
September 1992 (DOE/NV, 2000) and Contaminant Transport Parameters for the Groundwater Flow
and Contaminant Transport Model of Corrective Action Units 101 and 102: Central and Western
Pahute Mesa, Nye County, Nevada (Shaw, 2003).
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3.3 Corrective Action Sites

The Pahute Mesa CAIP (DOE/NV, 1999) discusses the CASs for the Pahute Mesa CAUSs (Section 3.3
of the Pahute Mesa CAIP). The Pahute Mesa CAIP information for these sites has been updated with
additional information published in the FFACO (1996, as amended February 2008) and the
Contaminant Transport Parameters for the Groundwater Flow and Contaminant Transport Model of
Corrective Action Units 101 and 102: Central and Western Pahute Mesa, Nye County, Nevada
(Shaw, 2003).

3.4  Physical Setting

The Pahute Mesa CAIP (DOE/NYV, 1999) discusses the physical setting for the Pahute Mesa CAUs
(Section 3.4 of the Pahute Mesa CAIP). The Pahute Mesa CAIP information for the following topics
under this heading has been updated with additional information published in A Hydrostratigraphic
Model and Alternatives for the Groundwater Flow and Contaminant Transport Model of Corrective
Action Units 101 and 102: Central and Western Pahute Mesa, Nye County, Nevada (BN, 2002).

Background information is presented for the following topics:

* Climate

« Topography

« Surface water
« Geology

3.4.1 Hydrogeology

The Pahute Mesa CAIP (DOE/NYV, 1999) discusses the hydrogeology for the Pahute Mesa CAUs
(Section 3.4.5 of the Pahute Mesa CAIP). The hydrogeology of the investigation area incorporated in
the Phase I flow and transport models is presented in the Groundwater Flow Model of Corrective
Action Units 101 and 102: Central and Western Pahute Mesa, Nevada Test Site, Nye County, Nevada
and the Addendum to the Groundwater Flow Model of CAUs 101 and 102: Central and Western
Pahute Mesa, Nevada Test Site, Nye County, Nevada (SNJV, 2006 and 2007), and in the Phase 1
Transport Model of Corrective Action Units 101 and 102: Central and Western Pahute Mesa,
Nevada Test Site, Nye County, Nevada (SNJV, 2009).
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3.4.1.1 Regional Hydrogeology

The hydrology of the NTS region is described in the Regional Groundwater Flow and Tritium
Transport Model and Risk Assessment of the Underground lest Area, Nevada Test Site, Nevada
(DOE/NV, 1997). Updated information is presented in the Death Valley Regional Model
Ground-Water Flow System, Nevada and California-Hydrogeologic Framework and Transient
Ground-Water Flow Model (Belcher et al., 2004).

3.4.1.1.1 Regional Hydrostratigraphy

The Bechtel Nevada (BN) (2002) report and the Pahute Mesa CAIP (DOE/NYV, 1999) discuss the
hydrostratigraphy for the Pahute Mesa CAUs (Section 3.4.5.1.1 of the Pahute Mesa CAIP).

3.4.1.1.2 Groundwater

The Pahute Mesa CAIP (DOE/NYV, 1999) discusses groundwater for the Pahute Mesa CAUs
(Section 3.4.5.1.2 of the Pahute Mesa CAIP). The updated groundwater conceptual model of the
investigation area incorporated in the Phase I flow and transport models is presented in the
Groundwater Flow Model of CAUs 101 and 102: Central and Western Pahute Mesa, Nevada Test
Site, Nye County, Nevada and the Addendum to the Groundwater Flow Model of CAUs 101 and 102:
Central and Western Pahute Mesa, Nevada Test Site, Nye County, Nevada (SNJV, 2006 and 2007),
and in the Phase I Transport Model of Corrective Action Units 101 and 102: Central and Western
Pahute Mesa, Nevada Test Site, Nye County, Nevada (SNJV, 2009).

3.4.1.2 Hydrogeology of the Investigation Area

The Pahute Mesa CAIP (DOE/NYV, 1999) discusses the current understanding of the hydrogeology
within the investigation area for the Pahute Mesa CAUs (Section 3.4.5 .2 of the Pahute Mesa CAIP).
The hydrogeology of the investigation area was incorporated in the Phase I flow and transport models
is presented in the Groundwater Flow Model of CAUs 101 and 102: Central and Western Pahute
Mesa, Nevada Test Site, Nye County, Nevada and the Addendum to the Groundwater Flow Model of
CAUs 101 and 102: Central and Western Pahute Mesa, Nevada Test Site, Nye County, Nevada
(SNJV, 2006 and 2007), and in the Phase I Transport Model of Corrective Action Units 101 and 102:
Central and Western Pahute Mesa, Nevada 1est Site, Nye County, Nevada (SNJV, 2009).
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3.4.1.2.1 Hydrostratigraphy

The BN (2002) report describes the hydrostratigraphy used in the alternative hydrostratigraphic
models used for Pahute Mesa. The current understanding of hydrostratigraphy within the
investigation area was incorporated in the Phase I flow and transport models and is presented in
Hydrologic Data for the Groundwater Flow and Contaminant Transport Model of Corrective Action
Units 101 and 102: Central and Western Pahute Mesa, Nye County, Nevada (SNJV, 2004a), and the
Phase I Hydrologic Data for the Groundwater Flow and Contaminant Transport Model of Corrective
Action Unit 99: Rainier Mesa Shoshone Mountain, Nevada Test Site, Nye County, Nevada (SNJV,
2008b). The Groundwater Flow Model of CAUs 101 and 102: Central and Western Pahute Mesa,
Nevada Test Site, Nye County, Nevada and the Addendum to the Groundwater Flow Model of CAUs
101 and 102: Central and Western Pahute Mesa, Nevada 1est Site, Nye County, Nevada (SNJV, 2006
and 2007), and the Phase I Transport Model of Corrective Action Units 101 and 102: Central and
Western Pahute Mesa, Nevada Iest Site, Nye County, Nevada (SNJV, 2009) discuss the

hydrostratigraphy incorporated in the flow and transport models.

3.4.1.2.2 Groundwater

The groundwater conceptual model of the investigation area incorporated in the Phase I flow and
transport models is presented in the Groundwater Flow Model of CAUs 101 and 102: Central and
Western Pahute Mesa, Nevada Test Site, Nye County, Nevada and the Addendum to the Groundwater
Flow Model of CAUs 101 and 102: Central and Western Pahute Mesa, Nevada Iest Site, Nye County,
Nevada (SNJV, 2006 and 2007), and in the Phase I Transport Model of Corrective Action Units 101
and 102: Central and Western Pahute Mesa, Nevada 1est Site, Nye County, Nevada (SNJV, 2009).

3.4.2 Groundwater Chemistry

The Pahute Mesa CAIP (DOE/NYV, 1999) discusses the groundwater chemistry for the Pahute Mesa
CAUs (Section 3.4.6 of the Pahute Mesa CAIP). The Pahute Mesa CAIP information for these topics
has been supplemented with additional information published in the Hydrologic Data for
Groundwater Flow and Contaminant Transport Model of Corrective Action Units 101 and 102:
Central and Western Pahute Mesa, Nye County, Nevada (SNJV, 2004a); Geochemical and Isotopic
Interpretations of Groundwater Flow in the Oasis Valley Flow System, Southern Nevada
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(Thomas et al., 2002); Evaluation of Groundwater Flow in the Pahute Mesa - Oasis Valley Flow
System using Groundwater Chemical and Isotopic Data (Kwicklis et al., 2005); and Geochemical
Data Analysis and Interpretation of the Pahute Mesa - Oasis Valley Groundwater Flow System,
Nye County, Nevada August 2002 (Rose et al., 20006).

3.4.3 Groundwater Radiochemistry

The Pahute Mesa CAIP (DOE/NYV, 1999) discusses groundwater radiochemistry for the Pahute Mesa
CAUs (Section 3.4.7 of the Pahute Mesa CAIP). The Pahute Mesa CAIP information for the topics
listed below has been updated with additional information published in the Unclassified Source Term
and Radionuclide Data for Groundwater Flow and Contaminant Transport Model of Corrective
Action Units 101 and 102: Central and Western Pahute Mesa, Nye County, Nevada (SNJV, 2004d).

This document includes updated information from the following programs:

« Hydrologic Resources Management Program

* Long-Term Hydrological Monitoring Program

* NNSA/NSO Annual Environmental Monitoring
» UGTA Project

3.4.4 Contaminant Transport Parameters

The Pahute Mesa CAIP (DOE/NYV, 1999) discusses contaminant transport parameters for the Pahute
Mesa CAUs (Section 3.4.8 of the Pahute Mesa CAIP). The Pahute Mesa CAIP information for the
topics listed below has been supplemented with additional information published in the Contaminant
Transport Parameters for the Groundwater Flow and Contaminant Transport Model of Corrective
Action Units 101 and 102: Central and Western Pahute Mesa, Nye County, Nevada (Shaw, 2003) and
the Phase I Transport Model of Corrective Action Units 101 and 102: Central and Western Pahute
Mesa, Nevada Test Site, Nye County, Nevada (SNJV, 2009). The parameter information addressed by

the Pahute Mesa CAIP and supplemented by the aforementioned documents includes:

*  Matrix porosity

+ Effective porosity

» Dispersivity

* Matrix diffusion parameters

»  Matrix sorption parameters

» Fracture sorption parameters

* Colloid-facilitated transport parameters
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3.5 Contaminants

The Pahute Mesa CAIP (DOE/NV, 1999) discusses contaminants for the Pahute Mesa CAUs
(Section 3.5 of the Pahute Mesa CAIP).

3.5.1 Radioactive and Hazardous Substances Present

The Pahute Mesa CAIP (DOE/NYV, 1999) discusses radioactive and hazardous substances present for
the Pahute Mesa CAUs (Section 3.5.1 of the Pahute Mesa CAIP). The Pahute Mesa CAIP
information for these topics has been supplemented with additional information published in the
Unclassified Source Term and Radionuclide Data for Groundwater Flow and Contaminant Transport
Model of Corrective Action Units 101 and 102: Central and Western Pahute Mesa, Nye County,
Nevada (SNJV, 2004d).

3.5.2 Potential Contaminants for the CAl

The Pahute Mesa CAIP (DOE/NYV, 1999) discusses potential contaminants for the Pahute Mesa
CAUs (Section 3.5.2 of the Pahute Mesa CAIP). The Pahute Mesa CAIP information for these topics
has been updated with additional information published in the Unclassified Source Term and
Radionuclide Data for Groundwater Flow and Contaminant Transport Model of Corrective Action
Units 101 and 102: Central and Western Pahute Mesa, Nye County, Nevada (SNJV, 2004d) and the
Phase I Transport Model of Corrective Action Units 101 and 102: Central and Western Pahute Mesa,
Nevada Test Site, Nye County, Nevada (SNJV, 2009).

3.6 Conceptual Model of the CAU

The Pahute Mesa CAIP (DOE/NYV, 1999) discusses the conceptual model for the Pahute Mesa CAUs
(Section 3.6 of the Pahute Mesa CAIP). The conceptual model of contaminant release and migration
as incorporated in the Phase I flow and transport models is presented in the Categorization of
Underground Nuclear lests on Pahute Mesa, Nevada Test Site, for Use in Radionuclide Transport
Models (Pawloski et al., 2002); the Unclassified Source Term and Radionuclide Data for
Groundwater Flow and Contaminant Transport Model of Corrective Action Units 101 and 102:
Central and Western Pahute Mesa, Nye County, Nevada (SNJV, 2004d); the Groundwater Flow
Model of CAUs 101 and 102: Central and Western Pahute Mesa, Nevada Test Site, Nye County,

UNCONTROLLED When Printed



Pahute Mesa Ph Il CAIP
Section: 3.0

Revision: 2

Date: July 2009

Page 30 of 121

Nevada and the Addendum to the Groundwater Flow Model of CAUs 101 and 102: Central and
Western Pahute Mesa, Nevada Test Site, Nye County, Nevada (SNJV, 2006 and 2007); and the Phase 1
Transport Model of Corrective Action Units 101 and 102: Central and Western Pahute Mesa,
Nevada Test Site, Nye County, Nevada (SNJV, 2009). These documents discuss the following topics
also described in the Pahute Mesa CAIP (DOE/NV, 1999):

* Release and discharge mechanisms
» Migration routes

* Contaminated media

* Exposure pathways

+ Uncertainties

3.7 Preliminary Action Levels

The Pahute Mesa CAIP (DOE/NYV, 1999) discusses groundwater for the Pahute Mesa CAUs
(Section 3.7 of the Pahute Mesa CAIP). The Pahute Mesa CAIP information for this topic has been
updated with additional information in the Phase I Transport Model of Corrective Action Units 101
and 102: Central and Western Pahute Mesa, Nevada 1est Site, Nye County, Nevada (SNJV, 2009).
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4.0 Summary of Data Quality Objectives

Section 4.0 of the Pahute Mesa CAIP (DOE/NV, 1999) discusses DQOs for the Phase I CAI and
presents the background for the Pahute Mesa CAU DQOs. This section presents a summary of DQO
updates further detailed in Appendix A. The DQOs for the Phase II CAI are not substantially
changed from the Pahute Mesa CAIP, but are updated to conform to revised guidance and
regulatory/administrative changes since the publication of the CAIP. The purpose and objectives for
the Phase II CAI remain as stated in the Pahute Mesa CAIP (DOE/NYV, 1999).

4.1  Data Quality Objectives Approach

The EPA guidance for the DQO process was most recently updated in 2006 (EPA, 2006). While the
DQO process and guidance has been refined, the DQO process established for the Pahute Mesa CAIP
(Appendix A of DOE/NYV, 1999), based on the 1987 and 1993 guidance (EPA, 1987 and 1993), is still
appropriate and consistent. The DQO process for the Phase I DQOs is discussed in detail in
Appendix A of this document relative to the EPA (2006) guidance.

The ad hoc Subcommittee met to review the state of knowledge of Pahute Mesa CAU
hydrogeology and the status of flow and transport modeling at the conclusion of the Phase I CAL
The results of the ad hoc Subcommittee discussions were summarized in Section 1.3.3 and are
further discussed in Appendix C. The nature and importance of uncertainties affecting the flow and
transport models were evaluated, and the subject uncertainties were prioritized as data needs. The
ad hoc Subcommittee meetings and conclusions provide the basis for updating the DQOs for this
Phase IT CAIP.

4.2 Data Quality Objectives Process

The DQO process is organized according to the seven-step method of the DQO guidance
(EPA, 2006), which is discussed in detail in Appendix A. The Phase II revisions for each step are
presented in Appendix A and address revisions to the NTS boundary, and Phase II data collection

and analysis.
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4.3 Relationship between Data Collection Activities and Conceptual Models

The characterization activities resulting from the DQO process will improve both the conceptual
models used for Pahute Mesa flow and transport modeling, and knowledge of appropriate

parameter values used in the models. Transport model predictions made with improved models and
parameter values will lead to more reliable simulations of the migration flow paths and the location of
the contaminant boundary. The relationships between the data collection activities and the
conceptual models are documented in the relationships shown in Table C.1-1 among the broad
topics of uncertainty, the specific statements for data needs, and the specific data collection activities
in Table C.1-2.
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5.0 Corrective Action Investigation

The focus of the Phase II studies is to reduce uncertainty and achieve increased confidence in
modeling results. Several parameter- or process-specific models are used to support the numerical
models that simulate groundwater flow and contaminant transport at the CAU scale. These
supporting models operate within the framework of a CAU-scale model comprised of an HFM,
hydrologic conceptual model, source-term model, transport conceptual model, and regional flow
model. The first part of this section addresses the Phase I CAl results that are embodied in the flow
and transport models and supporting models. The discussion focuses on the evaluation of conceptual
models and results of Phase I modeling, and parameter characterization for sensitivity and
uncertainty. This evaluation directly relates to the Phase II data collection activities and priorities.
The latter part of this section discusses Phase II changes to the modeling approach and revisions to
the CAU supporting models. These include refinements to the Phase I models based on Phase 1
modeling experience, additions to models based on new data analyses, and incorporation of new data

to be acquired during Phase II. The Phase II data collection activities are described in Section 6.0.

Figure 5-1 provides reference for the discussions of geologic features and geologic structure. Plate 2
provides hydrostratigraphic information at the water table for the Pahute Mesa investigation area.
This plate also shows the sequence of HSUs for the entire HFM in the legend. The basic concepts
used to describe the hydrologic character of the rocks are the hydrogeologic unit (HGU) and the HSU.
The HGU describes the rock character in terms of mineralogy, porosity and permeability. The HSUs
are depositional stratigraphic units comprised of one or more HGU components. The HSUs used to
construct the HFM for Pahute Mesa are identified on Plate 2. A complete discussion of the
relationship of HSUs and HGUs can be found in the HFM document (BN, 2002).

5.1 Consideration of Uncertainty in Modeling

An important characteristic of the UGTA strategy is the emphasis on the quantification of uncertainty
in both model development and evaluation of model results. This was emphasized in the
recommendations of the external peer review of the Phase I Frenchman Flat CAI (IT, 1999).

Formal uncertainty nomenclature is used throughout this report to identify and discuss important

components of uncertainty. This nomenclature is derived from Morgan and Henrion (1990),
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Figure 5-1
Shaded Relief Map of Structural Features of the Pahute Mesa Investigation Area
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Cullen and Frey (1999), Wainwright and Mulligan (2004), and Krupnic et al. (2006); the
recommendations of the Intergovernmental Panel on Climate Change (IPCC, 2004); and the

National Research Council (NRC, 2007).

Uncertainty is divided into statistical and structural uncertainty. Statistical uncertainty includes
variability and parameter uncertainty where variability can be viewed as a subset of parameter
uncertainty and parameter uncertainty is often called knowledge uncertainty. Variability is the
inherent heterogeneity of an empirical quantity across a population, and it cannot be reduced through
additional research or data gathering (Krupnic et al., 2006). It can sometimes be quantified through
model disaggregation, but this generally cannot be achieved for complex environmental problems
with sparse characterization datasets. Parameter uncertainty, sometimes called epistemic uncertainty,
is a lack of knowledge about a quantity due largely to limitations in measurements or data collection.
Parameter uncertainty can be quantified through the use of probability density functions and Monte

Carlo simulation, and it can be reduced through focused data collection.

Structural uncertainty refers to model, conceptual model, and decision or regulatory uncertainty.
Model uncertainty can also be viewed as a form of information uncertainty. It is controlled largely by
the selection and inherent assumptions in models used to mathematically represent the real world or
real-world processes. Model uncertainty can merge with parameter uncertainty where models are
used to produce parameters that are outputs of the models. Model uncertainty is difficult to address
and has been assessed through intercomparisons of model results using different models to represent
complex systems (e.g., Linkov and Burmistrov, 2003). Conceptual uncertainty, sometimes referred to
as framework or scenario uncertainty, refers to model constructs that represent multiple permissive
sets of alternative approaches or assumptions. It is sometimes referred to as a discrete form of
uncertainty because it cannot easily be represented as probability density functions and often requires
propagation of discrete sets or ensembles of model simulations using alternative model assumptions
or model frameworks. Examples of conceptual model uncertainty applied in the Pahute Mesa
modeling studies include alternative HFMs and alternative recharge models. Decision or regulatory
uncertainty refers to the use of uncertain model outputs as a decision tool to solve regulatory or policy
issues. The use of uncertain model predictions to define ensembles of contaminant boundaries for a
CAU based on the implementation of the SDWA (CFR, 2009d) is a form of decision uncertainty for
the UGTA Project.
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5.2 Phase | Groundwater Flow and Contaminant Transport Models

The CAU-scale model that has been developed for Pahute Mesa was based on existing data as
referenced in Section 3.0 of this document. The Phase I CAI was summarized in Section 1.3, and the
DOE/NV review of the Phase I model was discussed in Section 1.3.3. This review identified further
data needs (see Table C.1-1) and drilling locations to acquire data (Table C.1-2) to reduce uncertainty
in the CAU model. New data acquisition proposals for the Phase IT CAI are described in Section 6.0.
This section provides an overview of the Phase I modeling, an assessment of sensitivity of the Phase I
CAU model to uncertainties in the conceptual model and parameter values, proposed revisions and

improvements and changes for the Phase Il CAU modeling.

The following topics were discussed in Section 5.1 of the Pahute Mesa CAIP (DOE/NV, 1999)

concerning selection of the flow and transport codes:

*  Overview of modeling process

* Model selection

* Code attributes

* General attributes

« Groundwater flow model attributes

+ Transport model attributes

« Desirable attributes

» Code identification and preliminary selection

Section 3.0 and Appendix A of the Phase I flow model document and addendum (SNJV, 2006 and
2007) present information on the applied selection process and the selected flow and transport code.
Section 6.0 of the Phase I transport model document (SNJV, 2009) presents further information on the

transport code.

These discussions will apply to Phase II modeling, which is proposed to use the same codes selected

for Phase I, as developed in the Phase I flow and transport modeling documents.
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5.2.1 Pahute Mesa CAU Model Structure

The Pahute Mesa CAU model comprises a group of interdependent models designed to predict the
extent of contamination in groundwater due to the underground nuclear tests conducted within this
CAU. The CAU model consists of a CAU groundwater model comprising two major components:

a groundwater flow model and a transport model. The CAU groundwater flow model is supported by
an HFM and a recharge model, and the CAU transport model is supported by a source-term model
and a reactive mineral category (RMC) model. Within this document, the term “CAU model” refers
to the Pahute Mesa CAU model as a whole, including all component and supporting models. Any
single model that is part of the CAU model or any other type of model referred to in this document is
explicitly identified. The reference to “Phase I” used as a qualifier for the CAU model or any of its
component or supporting models, refers to the version completed under the Pahute Mesa CAIP

(DOE/NYV, 1999) and reviewed by DOE/NV.

The CAU model consists of multiple parts, including:
1. Flow model

- Multiple equally weighted HFMs (structural uncertainty)
- Multiple equally weighted recharge models (treated as structural uncertainty)

- Alternative boundary conditions (structural uncertainty but also used as weighted
calibration targets)

2. Transport model

- Simplified source-term model

- Monte Carlo simulations of transport where transport parameters are sampled as stochastic
variables (probability density functions to represent statistical uncertainty)

Structural uncertainty is accounted for by creating flow models drawn from a matrix of alternative
HFMs, recharge models, and alternative boundary conditions. After the initial calibration of the flow
models, an independent check of the models was performed by comparing them to geochemical
mixing models as a test of reasonableness. The screened set of calibrated models established the
groundwater flow conditions that serve as input to the transport model. The calibration step was only

used during the flow model phase of the flow and transport simulation sequence.
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5.2.2 Groundwater Flow Model Development

The following topics were discussed in Section 5.1 of the Pahute Mesa CAIP (DOE/NV, 1999) and
are updated with discussions in Sections 2.0, 4.0, and 5.0 of the Phase I flow model document and

addendum (SNJV, 2006 and 2007):

« Groundwater flow data assessment
* Model setup
» Groundwater flow model calibration

5.2.3 Contaminant Transport Model Development

The following topics were discussed in Section 5.1 of the Pahute Mesa CAIP (DOE/NV, 1999) and
are updated with discussions in Sections 3.0, 5.0, 6.0, 7.0, and 8.0 of the Phase I transport model
document (SNJV, 2009):

» Contaminant transport data assessment

* Model setup

« Uncertainty and sensitivity analysis
The transport model developed for Phase I is not calibrated because there are no data with which to
perform calibration. However, an objective for Phase II data collection is to acquire contaminant

transport data that could be used for transport model calibration (see Table 6-2 of this document).

5.2.4 Summary of Phase | Flow and Transport Modeling

The Phase I flow model document and addendum (SNJV, 2006 and 2007) and transport model
document (SNJV, 2009) present detailed discussions of the development and final configuration of
those models. The discussion in this document is focused on the results of the Phase I modeling,
lessons learned, and conclusions drawn from the models, which will be used to guide the Phase II

CAI modeling.

Throughout groundwater flow and transport modeling, the elements of the models (conceptual
models, HFM, supporting models, process models) and parameter values were adjusted to calibrate
the flow models to available data. However, these data are insufficient to uniquely constrain the

groundwater flow and transport models. Multiple configurations of the groundwater flow and
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transport models can non-uniquely match available observations, and the range of models yield

transport predictions with great variability.

Initially, transport modeling was conducted after flow modeling, which revealed characteristics of the
flow model performance that were not apparent when results for the flow simulation are viewed
alone. During transport modeling, the flow model and the transport model were evaluated together,
and the flow model was further developed. Simultaneous evaluation of the two models leads to a
more complete understanding of the groundwater system and associated uncertainty of the conceptual
model. Uncertainties regarding features of the conceptual models and processes represented in the

existing models were identified and indicate important data gaps that warrant further investigation.

Periodic evaluation of modeling results by the TWG Pahute Mesa Modeling Preemptive Review
Subcommittee and discussion of the achievable modeling certainty led to review of the Phase I CAU
model by the ad hoc Subcommittee (Appendix C of this document) to guide selection of Phase II data
collection activities. The following discussion (Sections 5.2.4.1 and 5.2.4.2) summarizes the major
conclusions from the flow and transport model documents, including the sensitivity assessment of the

models and associated uncertainties, and the reviews by the TWG subcommittees.

5.2.4.1 Conceptual Hydrogeologic Model

This subsection summarizes the major aspects of hydrogeologic interpretation of the Pahute Mesa
model area flow system relative to the development of the flow and transport models. This discussion
provides the basis for the subsequent summaries of sensitivities and uncertainties of those models and
supporting models. For complete presentations of the details of the flow and transport models, refer
to the Pahute Mesa Phase I flow model report and addendum (SNJV, 2006 and 2007) and the
transport model report (SNJV, 2009).

The primary groundwater flow path southward from Pahute Mesa, starting in the area of the
underground test locations on Pahute Mesa, can be described in terms of four distinct geologic
subdomains: (1) the volcanic highland of Pahute Mesa, which overlies the buried SCCC and is the
area where the underground nuclear testing was conducted; (2) an area referred to as the Bench,
which is a distinctly different sequence of rocks that separates the SCCC and TMCC; (3) the

down-dropped collapse caldera of the TMCC, including the Timber Mountain resurgent dome
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(TMD) and the caldera moat zone; and (4) southward toward the Amargosa Valley and including the
town of Beatty.

Groundwater flux through underground tests is predominantly derived from recharge and
groundwater flow coming in from the northern boundary of the flow model, north of the SCCC.
Groundwater flows from northwest to southeast in western Pahute Mesa, from northeast to southwest
in eastern Pahute Mesa, and southwest in central Pahute Mesa. Groundwater flow is most
pronounced in the welded-tuff aquifer (WTA) and the lava-flow aquifer (LFA) HGUs. The primary
HSUs through which contaminated groundwater is thought to migrate off of Pahute Mesa are the
Benham aquifer (BA) and the Topopah Spring aquifer (TSA). The Calico Hills zeolitic composite
unit (CHZCM) is the most widespread HSU within the model that restricts flow off of Pahute Mesa.
Based on geochemical mixing models for the distinctive groundwaters found in Areas 19 and 20, the
flow paths of water from western and central Pahute Mesa appear to converge northwest of the
TMCC then flow around the western margin of the TMD parallel to the western ring fracture zone of
the TMD through the Timber Mountain composite unit (TMCM). This latter region was referred to
as the “corridor” in the geophysical framework report of Grauch et al. (1999). Those same

geochemical mixing models indicate limited flow along the east side of Timber Mountain.

The migration of contaminants from Pahute Mesa is strongly dependent upon continuity and
connectivity of high- and low-permeability units. The Phase I groundwater flow model assigns
uniform permeability for each HSU according to its average continuum properties. However,
investigations at the CHESHIRE site found that the HSU in which this test was located (CHZCM),
consisted of interfingered high- and low-permeability units that provided higher-permeability flow
channels through the low-permeability HSU. The local presence of such interfingered
high-permeability stringers and connectivity to high-permeability HSUs is not well known for other
tests in the CHZCM. The Phase I model does not incorporate the level of detail required to simulate
flow variation for high-permeability rocks embedded within low-permeability HSUs, and the source
input to the transport model does not account for potential contaminant input through such paths.

Further investigation of flow variability and source term are warranted.

The alternative HFMs used for the analysis offered two generalized scenarios relative to transport.

Where high-permeability HSUs form a long, continuous, channelized flow path bracketed by
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lower-permeability units, simulated RN migration is more rapid, and RN concentrations remain high
long distances from the source. Where there was not a continuous, channelized high-permeability
pathway, the RN plume would spread laterally, and slower transport resulted in greater sorption and
diffusion of RNs into the rocks. Predicted transport was enhanced by local faulting, the presence and
continuity of high-permeability fractures and cooling joints in volcanic aquifers, and uncertainty in

parameterizations used to represent fracture matrix interactions.

Two major north-south-oriented faults within the SCCC, the Purse and the Boxcar, have a
pronounced impact on the water table head distribution. Measured heads in wells show as much as
100 meters (m) of head drop from the west side of the Purse fault to the east side. Head
measurements for wells on the west side of the Boxcar fault indicate that head is about 40 m lower
than on the east side. The water table in the structural block between the Purse fault and the

Boxcar fault is substantially lower than in the adjoining upgradient blocks, and the head difference
indicates that the faults may restrict transverse flow. The impacts of other faults on groundwater head

are less well defined.

Another factor affecting flow through rocks within and between the subdomains is juxtaposition of

HSUs across structural boundaries, resulting in uncertainty of flow path continuity and connectivity.

The Bench subdomain lies between the SCCC and the TMCC. The Bench subdomain is interpreted
to be underlain by carbonate rocks (lower carbonate aquifer [LCA]) that extended through the region
before the formation of the calderas of the Southwestern Nevada Volcanic Field (SWNVF), which is
structurally truncated to the north and south by the bounding caldera structural margins. The
carbonate structural block was subsequently covered by ash falls, ash flows, and lava flows from the
caldera building events, bracketed by the debris of the caldera margins, and intersected by faults and
fractures. The information defining this structural block is primarily derived from magneto-telluric
and gravimetric geophysical surveys and boundaries are not well constrained. The Northern Timber
Mountain moat structural zone (NTMMSZ), often referred to simply as the “moat fault,” is located
along the southern margin of the SCCC. This structural zone appears to have a minimal effect on
flow based on the minimal observed head difference between wells located on the north and south
sides of the structure. The nature of this fault is unknown, and further characterization is warranted

by its importance for modeled flow paths from tests.
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The TMCC subdomain, located south of the Bench subdomain, is composed of a central resurgent
dome (TMD) with a surrounding moat. The resurgent dome is composed of intracaldera densely
welded tuff with well developed cooling joints. These rocks may have been subjected to intrusion by
granitic rocks with migration of late stage pegmatitic and hydrothermal fluids which infilled and
reduced the fracture permeability of the cooling joints. The juxtaposition of the lower-permeability
Fortymile Canyon composite unit (FCCM) rocks against the TMCM promotes restricted flow
through the relatively high-permeability TMCM near the contract between the rock units.
Alternatively, this channelized flow may be an artifact of the permeability assignments for the two
HSUs in the transport model. Interconnected lenses of higher-permeability fractured volcanic rocks
may be present within the lower-permeability FCCM. The presence of these rocks could result in
more distributed flow through the FCCM than allowed by the current model approach which assumes
homogeneous permeability. These alternative interpretations are to be investigated as part of the

Phase 1I studies.

The fourth subdomain is the southern extent of the modeled flow field where groundwater flows to
discharge and is not included in total in the Pahute Mesa CAU model, but is truncated at the southern
and western model boundaries and represented by boundary conditions. The groundwater that flows
through the TMCM of the TMCC subdomain discharges into the alluvium south of the TMCC or
continues toward the Amargosa Valley and Death Valley in a deeper carbonate aquifer. Discharge is
calculated from spring discharge measurements and estimates of evapotranspiration (ET) based on
plant type and population density. For the model to simulate sufficiently high head to account for the
observed discharges, a depth-decay factor which reduces permeability with increasing depth, was

applied to the permeability distributions for certain HSUs.

5.24.2 Flow and Transport Models

During the flow model calibration, multiple alternative HFMs were evaluated. Simulations using the
different HFMs were compared on the basis of calibration targets (measured heads and spring flow
estimates) and geochemical mixing targets at wells along the groundwater flow paths. The models
that showed the best fit to the observed well heads and estimated discharge, and that reasonably

matched the geochemical mixing targets were selected as alternative flow models for transport
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modeling. Groundwater ages were used for evaluating groundwater fluxes by comparing travel times

between wells estimated from carbon-14 (**C) age dating through inverse geochemical modeling.

Steady-state flow fields for each of the selected alternative flow models provided the groundwater
flow paths along which transport of RNs were simulated. Simulation of transport was performed
through particle tracking and a convolution-based particle tracking method was used to calculate the
flux-averaged concentration in the groundwater model. The particle tracks through the model domain
reveal that downgradient flow preferentially channeled from the test locations on Pahute Mesa

(the SCCC subdomain) through interconnected high-permeability HSUs. Further, flow was focused
into channelized flow paths by bounding low-permeability HSUs juxtaposed along structural
boundaries. Review of the transport modeling concluded that the assignment of homogeneous
permeability (high or low permeability) to HSUs, especially the thick composite HSUS s, results in
simulated flow through the model that may not be representative of expected or observed behavior for
naturally occurring geologic units. The oversimplification resulting in such channelized flow, results
in conditions that enhance transport through the model domain. Because hydrogeologic variability is
excluded, the model predicts RN transport that is not observed in existing wells at or near predicted

flow paths.

5.2.5 Modeling the Contaminant Boundary

The ultimate objective of transport modeling is to forecast the contaminant boundary, defined in
Section 2.1.2.1. For Phase I transport modeling, the objective was changed to use the flow and
transport models to evaluate data needs for the Phase I1 CAI. The effect of various model
permutations on contaminant boundary predictions were determined using the concept of exceedance
volume (EV). The EV is the volume of model grid nodes for which there is a 95 percent probability
of exceeding the maximum containment levels (MCLs) for 1,000 years using multiple realizations of
the model. The surface projection (map view) of the perimeter of the EV can be used to represent the

contaminant boundary.

5.2.5.1 Sensitivity Analyses

Sensitivity of transport predictions to transport parameters and to flow model uncertainty were

explored during transport modeling. The following sections summarize the CAU model development
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and flow and transport model sensitivity results included to provide information relevant to the
understanding of the data needs (Table C.1-1) and the data acquisition tasks proposed in Section 6.0.
A complete discussion of the sensitivity analysis can be found in Section 8.0 of the transport model

document (SNJV, 2009).

5.2.5.1.1 Sensitivity to HFM Alternatives

The alternative HFMs provide multiple representations of the structural and hydrostratigraphic
framework of HSUs and the assignment of hydraulic parameter values by HSU. There are two major
components of uncertainty for the alternative HFMs. First, there is conceptual uncertainty associated
with the spatial extent and contact configurations of volcanic rocks units in a complex caldera setting,
and with the nature and geometry of structural boundaries and faults that disrupt the rock units. These
represent a discrete form of uncertainty that is propagated through the transport model using multiple
alternative representations of the HFMs and their structural setting. An additional consideration that
may be important for the Phase II studies is the scale of the HFMs. The HFMs were developed for the
Pahute Mesa modeling domain, whereas the results of transport modeling show that most of the
important components of transport modeling occur in specific regions of the model domain (western
Pahute Mesa, Bench area, and the constricted flow around the western margin of the TMD). Insight
would be gained by further evaluating alternative HFMs for the areas of preferred pathways of RN
migration as indicated by the transport modeling. Second, there is statistical (parametric) uncertainty
in assigning permeability values for spatially variable HSUs and structural uncertainty (alternative
conceptual models) in developing conceptual models of the controlling process that produced the
spatial heterogeneity in permeability. Groundwater flow modeling was conducted on multiple
conceptual models of the geologic structure to evaluate the effect of structural uncertainty. The
available data are insufficient to characterize heterogeneity at scales smaller than HSUs across the
model domain; thus, only the gross behavior of groundwater flow can be simulated, resulting in
unrepresented processes at the sub-HSU level. Quantification of HSU heterogeneity and uncertainty

across scale is to be addressed during the Pahute Mesa Phase 11 task.

Geologic uncertainty was represented by seven alternative HFMs, which include the original five
alternative HFMs in the HFM document (Section 6.0 of BN, 2002). The identification of basin-scale

preferential transport paths within subdomains of the TMCM led to reanalysis of flow model
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conceptualization. Two additional alternatives were developed from the Lower Clastic Confining
Unit 1-Modified Maxey-Eakin recharge model (LCCU1-MME) HFM alternative (Section 3.0 of
SNJV, 2009). The three flow models discussed later in this subsection encompass the uncertainty and
illustrate the characteristics of modeled flow paths. Figures 5-2 through 5-4 illustrate contaminant
transport predictions for each model showing the results for 1,000 realizations of the model,
color-coded for first arrival time at model nodes of RNs exceeding SWDA standards (CFR, 2009d).
The configuration of the surface projection of the EV indicates the general predicted flow paths along

which contamination travels from the various source locations.

The LCCU1-MME flow model uses the preferred base HFM (the LCCU1 model) and recharge using
the MME model. Figure 5-2 shows the extent of the predicted contaminant plume for any time of
exceedance for source locations that originate from Pahute Mesa tests. Using this model, flow from
northeast Pahute Mesa moves to the southwest toward the northwest perimeter of Timber Mountain.
Flow from northwest Pahute Mesa is confined to the TSA and BA HSUs to the southeast by the
Fluorspar Canyon confining unit (FCCU), and moves southeast to converge with flows from the
northeast. The combined groundwater flow is channelized around the western flank of the TMD by
the FCCM to the west, and in the upper TMCM due to reduced permeability with depth

(depth decay). Flow restriction is through interconnected high-permeability units, further enhanced
by bounding low-permeability units. To some extent, the apparent confinement may be attributed to

the gross assignment of single permeabilities to HSUs in the model.

The Deeply Rooted Belted Range Thrust Fault-Desert Research Institute Alluvium (DRT-DRIA)
model shown in Figure 5-3 has the same structure in the north model area as the LCCU1 model but
raises the elevation of the low-permeability, pre-Tertiary basement in the model region. The
uppermost pre-Tertiary rock immediately downgradient of Pahute Mesa is the (nonconductive)
LCCUI rather than the (conductive) LCA. The consequence is the focus of groundwater flow at
shallower depths in the model, thus increasing flow velocity. Additionally, recharge from the
DRT-DRIA recharge model is much greater than for the MME model. The reduced extent of the
contaminant plume south of Pahute Mesa is attributed to dilution by increased recharge to

groundwater from TMD.
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Figure 5-2

LCCU1-MME Surface Projection of the EV along Flow Paths

Source: Modified from SNJV, 2009
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Figure 5-3
DRT-DRIA Surface Projection of the EV along Flow Paths
Source: Modified from SNJV, 2009
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Figure 5-4
LCCU1-TMCM Surface Projection of the EV along Flow Paths
Source: Modified from SNJV, 2009

The LCCU1-MME-TMCM flow model used the LCCU1 HFM but with an alternative representation
for the TMCM subcomponent HSUs to test the extent to which the flow field and contaminant
distribution would change. The permeabilities of the TMCM, FCCU, and FCCM were adjusted to
approximately the permeability of the TMCM. Figure 5-4 shows result for this flow model.
Contaminants travel additional flow paths that do not all converge to the channelization of previous
flow models. This increases the volume of rock through whic<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>