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

UNCONTROLLED When Printed



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.

UNCONTROLLED When Printed



Pahute Mesa Ph Il CAIP
Section: 1.0

Revision: 2

Date: July 2009

Page 11 of 121

* 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,
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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 which flow occurs; increases the
fracture-matrix interface area across which contamination can diffuse; and reduces the flow velocity,

thereby increasing contaminant migration time.

All three models predict flow paths to the south that follow the northwest perimeter of the TMD.
However, there is considerable variation between the models as to the extent of contaminant transport
over 1,000 years and, in the case of the LCCU1-MME-TMCM model, the potential for additional
flow paths from western Pahute Mesa toward the Thirsty Canyon Lineament and from central Pahute

Mesa around the east side of Timber Mountain down Fortymile Canyon.
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5.2.5.1.2 Transport Parameter Sensitivity

Sensitivity analysis of model output was performed on the model for 35 input parameters and
contaminant output for each of the seven alternative HFMs. The model components identified

through this analysis of transport predictions are:

*  Mass transfer coefficient (MTC) for the WTA

» Effective porosity for the WTA

+ Tritium ("H) concentration from the TYBO underground test (southernmost source term)
* The plutonium (Pu) reduction factor to represent colloidal migration

+ Effective porosity of the tuff confining unit (TCU)

Assessment of sensitivity to transport parameters for different HFMs revealed that the first three
parameters were most important for transport through the four HFMs in which the results were most
variable. These four HFMs were characterized by channelized, high-flux transport paths through
welded tuffs and lava flows. The last two parameters were most important for transport through the
three HFMs for which the results for transport parameters were characterized by lower flux/high
dilution. Different HFMs identified different HSUs as most important with regard to transport.
Transport predictions were also evaluated for sensitivity to the dispersion coefticient value.
Increasing dispersion coefficient values resulted in faster movement of the contaminant front and
increased extent of contamination. This result may be an artifact of the numerical model solution to

the dispersion equation.

The results of the sensitivity analyses demonstrated that transport prediction is sensitive to flow
model parameter uncertainty. The substantial and preferential transport simulated in the base
HFM-derived models is explained by the interconnectivity of high-permeability HSUs.

These interconnected high-permeability units are bounded by low-permeability units, resulting

in converging flow paths. Transport predictions were also found to be sensitive to the

depth-decay coefficient value for the flow model, which affects the vertical extent of flow paths and

mixing volume.

5.2.5.2 Assessment of Uncertainties

Section 9.0 of the transport model document (SNJV, 2009) discusses flow and transport uncertainty

relative to specific features and processes, rearranged in order of importance for the transport
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prediction. Table 5-1 lists the uncertainty categories and cross-references them to Table C.1-1 and

Section C.1.3 of this document, relating the transport modeling conclusions with the ad hoc

Subcommittee assessments.

Table 5-1
Uncertainty Categories
Uncertainty Categories ﬁfﬁTeNc?ﬁ‘ff ) (giﬁiﬁﬂﬂ‘.'f 3)
Pahute Mesa Bench Complexity 1C 3,4,6, 12 13,14, 18, 20
Faults (hydrologic properties, effects) 1C, 1H 3,4,7,10,12, 14,18
Heterogeneity (of composite units, spatial variability within HSUs) 1A, 1BéA1\D’ G 1.2 15881 99 218 213? 13,
Transport in Fractured Media - Fracture Properties, Fracture Pathways 1A 20, 23, 29
Depth Decay 1J 12,13
Transport Calibration 1E 17,21
Source Term (RST, HST at source locations) 1D, 3A, 3B, 3C 25,26, 27,28
Recharge 1F, 11, 2C 15, 16
Specific Discharge (inflow, outflow, flow system) 1B, 1D, 1F, 2A, 2B 1,12, 13
Boundary Flow (inflow division between volcanic and carbonate aquifers) 2A, 2B 11,17, 20

Following is a discussion of these uncertainty categories with regards to how the various uncertainties

interact and affect transport prediction.

Pahute Mesa Bench Complexity - Flow path convergence and confinement due to the HFM HSU

configuration from Pahute Mesa onto the Bench subdomain immediately south of central Pahute

Mesa and juxtaposition of low-permeability composite units of the Timber Mountain moat along the

downgradient Bench boundary are shown in Figure 5-2. The majority of modeled flow paths from

Pahute Mesa sources are constrained between the Purse fault and the Boxcar fault, and track

southwestward into the Bench subdomain, where they converge along the axis of the Bench and then

track to the southeast. The axis of the converged flow paths turn to the south toward Timber

Mountain along the inferred extension of the Boxcar fault (M1 extension inferred). The Bench

subdomain is a distinctly different arrangement of rocks between the SCCC and the TMCC. The

Bench subdomain as defined in the Pahute Mesa HFM document (BN, 2002) was more restricted than
the usage in this Phase 1T CAIP, where it specifically referred only to the structural Bench located
between the common Ammonia Tanks and Rainier Mesa caldera structural margin (to the south) and

the Area 20 caldera structural margin (A20SM) (to the north). Reference to the Bench subdomain is
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broadened in this Phase II CAIP to include the additional terrain from the A20SM northward to the
NTMMSZ. The extra-caldera volcanic aquifers and confining units of the additional terrain are
suspected to be underlain by moderately high basement of original sedimentary rocks. The lithologic
units found in each caldera and across the Bench are not necessarily continuously deposited units but
somewhat unique sequences of rock. In addition to eruptive cycles and deposition of volcanic rock
from different depositional centers, structural offset along faults can further displace units at the
Bench. The fault structures may constitute either conduits or barriers to flow, which may vary along
strike of the faults. The arrangement and properties of the HSUs and faults in this area are primary

controls on flow and transport to downgradient locations.

Faults - There is limited information about fault-zone hydraulics and transport dynamics in the
Pahute Mesa system. The simulations conducted with the alternative flow models predict substantial
migration away from Pahute Mesa (for tests from southern Area 20) without considering faults as
potentially more conductive conduits for transport. Contaminant migration sensitivity to fault
properties regarding their potential to enhance or retard migration was not thoroughly assessed.

Information on faults in locations distant from testing areas is lacking.

Heterogeneity - An additional consideration regarding uncertainty of the HFM is the hydrologic
representation of the two major composite units of the Timber Mountain moat: the FCCM and the
TMCM. These thick composite units are undifferentiated as HSUs but have been observed to contain
intervals of variable permeability (e.g., fractured welded tuffs) in drill holes. The flow model treats
these composite units as massive, homogeneous, single-permeability units that, along with depth
decay, result in converging, channelized flow paths. The introduction of heterogeneity or discrete
layers that would provide alternative flow paths through these units could significantly affect the

predicted flow.

Transport in Fractured Media - Transport in fractured media is controlled to a great extent by
fracture properties. The fracture property distributions used for the sensitivity analyses reflect the
limited field-scale information and substantial uncertainty. The fracture aperture distribution was
developed using a theoretical relationship and the distributions of fracture porosities and fracture
spacing based on data. Fracture aperture is the least constrained parameter for the transport model.

Approximately 40 percent of the model realizations included fracture apertures greater than
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1 centimeter (cm). Such large fracture apertures lead to simulations with minimized mass transfer
from the fractures to the matrix as a result of small wetted-surface-area to fracture volume ratio.
Observations of welded-tuff fracture apertures in boreholes, core, and in tunnels conflict with such
larger apertures, as do estimates based on other properties. Considering the conflicting indirect

evidence for actual fracture geometry and properties, fracture model parameters are uncertain.

Groundwater flow in fractured rocks occurs primarily in the fractures; however, the flow and
transport models use equivalent porous media conceptualization that also incorporates a dual-porosity
capability. There are significant limitations in using equivalent porous media properties to represent
complex fracture networks. A uniform permeability value is assigned to all model nodes in an HSU,
providing full continuity within that HSU, which is equivalent to fracture pathways that are fully
connected and continuous. In reality, fractures comprise networks where the connectivity through
fractured rocks is dependent on fracture density, length, and orientation variation. One of the primary
issues is that the volume at which a continuum parameter is applied may be very large, but the
effective parameters may vary with scale. Heterogeneity within HSUs is lost, and the effective
field-scale permeability fails to represent complex processes at smaller scales. At smaller scales,
flow may follow tortuous pathways in the fracture network. Such pathways would expose solutes to
substantially greater surface area across which mass transfer may occur. Many realizations in the
sensitivity analysis involve large fracture apertures, which lead to limited or no matrix diffusion,
which, in turn, leads to limited or no matrix sorption of reactive species. Also, for larger apertures,
colloid retardation is less than for smaller apertures. Fracture properties and effective retardation are

highly uncertain.

Depth Decay - Depth decay conceptually reduces permeability with depth relative to the
permeability distribution assigned to an HSU. The effect of depth decay on the flow model is to
reduce the depth of penetration of flow paths and increase the proportion of the specific discharge
higher in the flow system. Although depth decay is not well characterized, it has proven to be
necessary to calibrate to head and discharge targets (SNJV, 2006 and 2007). Regarding transport
predictions, depth decay affects the vertical spreading of contaminants and consequently modeled
retardation. Depth decay may be an important uncertainty affecting plume evolution and,
consequently, definition of the regulatory boundary. In the flow model calibration analysis, depth

decay and anisotropy are highly correlated. However, they may have substantially different impacts
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on contaminant migration and simulated concentrations. This issue was not rigorously investigated

in Phase 1.

Transport Calibration - The transport modeling predictions cannot be calibrated or validated with
presently available data. The Phase I transport modeling predicts that RNs are likely to have

already migrated downgradient into the Bench subdomain and beyond. However, RNs have not been
observed in the wells located in this area. Further, RN concentrations similar to the

source-term concentrations used for transport modeling have not been observed near source locations.
Consequently, both the transport predictions and the source term used for transport modeling are

highly uncertain.

Source Term - A source-term model is used to provide the RN mass flux from individual nuclear test
sites for input into the CAU-scale transport model. Source-term uncertainty is attributable to
parameter uncertainty and to conceptual model or structural uncertainty. A source-term model of
near-field processes was developed and calibrated to measurements for post-detonation conditions at
and near the working point for two tests. An SSM that is computationally tractable was developed to
use for specifying the source term for all the sources for transport modeling. This model abstracts the
general features of a 3-D process model, incorporating parameter variability that describes the
uncertainty in the parameter space, which is then reflected in the output distribution. The SSM is a
one-dimensional (1-D) representation of a 3-D process model. As such, some processes that are

3-D in nature cannot be directly represented by the 1-D model. The fluid flux rate input to the SSM is
derived from flux through the cavity calculated with the CAU-scale flow model. The various HFM
models result in different fluxes, and in turn fluxes for each HFM model vary with the recharge
model used. The source-term model used to specify the flow model source term uses the unclassified

RN inventory.

An important factor that determines the source term applied to the flow system, constraining mass
flux from the test cavity for each test site, is the connection to the flow system, as represented by the
HSU assigned for the SSM. For those tests that are in or beneath the water table and are located in
high-permeability rocks, assigned HSU properties promote substantial flux through the cavity.
Alternatively, the test cavity may be located in a low-permeability HSU that connects to

high-permeability rocks. Several variations of this situation can be conceptualized: (1) a test may be
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located within a low-permeability HSU containing high-permeability layers (heterogeneity), which
provide connection to the high-permeability flow system; (2) a test may be located in a
low-permeability HSU that is overlain by a high-permeability HSU beneath the water table, and the
chimney rubble serves as a connection for groundwater flow (by heat-driven convection) and RN
migration; (3) a test within a low-permeability HSU may be connected to an underlying
high-permeability HSU by fracturing; and (4) the high volatility RNs could be dispersed in a vapor
phase for both high- and low-permeability rocks and thereby removed from the aqueous source term.
These different situations highlight the uncertainty of whether the Phase I SSM approach captures
enough detail about the source locations to accurately account for the 3-D system dynamics relative

to the resolution of HSUs.

Recharge - The recharge applied to the model may be a significant component of the water budget
affecting the water balance and groundwater fluxes. Three different recharge models were applied to
evaluate the sensitivity of transport predictions to uncertainty of recharge amount and distribution.
In particular, recharge and the postulated recharge mound beneath TMD, adjacent to the

primary groundwater flow path from Pahute Mesa, are significant controls on the flow paths.
Uncertainties for the permeability of the TMD and recharge rates at TMD are substantial. Less
recharge on the TMD than the assumed rate could significantly affect flow dynamics in the TMD area

and therefore transport.

Specific Discharge - Specific discharge in the model domain is not a measurable parameter to which
the flow model can be calibrated; rather, it is a simulation result based upon calibration of the flow
model to groundwater heads, where large-scale permeability is estimated. Specific discharge within
the model is important because it directly impacts groundwater flow velocity and consequently

transport velocity and, in turn, impacts the effect of matrix diffusion.

Boundary Flow - Inflow and outflow across the lateral boundaries of the model constrains the
calibration of the flow models. These values are estimated from the regional flow model

(DOE/NYV, 1997) and the Yucca Mountain site-scale flow model (Zyvoloski et al., 2003), which
overlap the Pahute Mesa southern boundary. Radionuclide migration has been predicted primarily in
shallow volcanic units, with little interaction with the deeper carbonate flow system. Inflows and

outflows between the carbonate and volcanic systems along model boundaries have not been
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differentiated. The flow model was calibrated to net inflow, but small differences in the distribution
of boundary flux between the volcanic and carbonate systems may lead to substantial flux changes

affecting RN migration in the volcanics.

Boundary flows exert an effect on transport prediction uncertainty. This is reflected in a lack of
supporting information from field observations of contamination that has led to the decision to
develop this Phase II CAIP and identify uncertainties at the boundaries through acquisition of data

that can be used to verify transport model predictions.

5.2.6 Contaminant Boundary Forecasts

Probabilistic forecasts of preliminary contaminant boundaries were developed using the definitions
and methods described in Section 2.1.2.1. These forecasts do not represent formal representations of
contaminant boundaries but provide a basis for comparison of model-predicted transport over

1,000 years for alternative models (see, for example, Figures 5-2 through 5-4).

5.2.7 Model Evaluation

The process of model validation described in the Pahute Mesa CAIP (DOE/NYV, 1999) has been
replaced by a process of model evaluation that is designed to build confidence in model output
leading to model acceptance by NDEP. Model evaluation and model acceptance are described in
Section 2.1.2.3. After review and assessment of the Phase I CAI results, the TWG Pahute Mesa
Modeling Preemptive Review Subcommittee concluded that there is insufficient confidence in the
Phase I CAU model results to complete contaminant boundary forecasts. Phase II data collection and

model revisions are required.

5.2.8 Supporting Models

As discussed in the introduction to this section, the CAU model is made up of component models and
supporting models: the regional groundwater flow model, the HFM (and alternatives and
sub-models), the Pahute Mesa flow model (with supporting recharge models), the Pahute Mesa
transport model (with the supporting SSM), and additional supporting models. This section briefly

discusses the major supporting models. Other supporting models were used for development of
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elements of the CAU model, and are discussed in the flow and transport model documents
(SNJV, 2006 and 2009).

5.2.8.1 Regional Groundwater Flow Model

The UGTA regional groundwater flow model documented in Regional Groundwater Flow and
Tritium Transport Modeling and Risk Assessment of the Underground Test Area, Nevada Iest Site,
Nevada (DOE/NYV, 1997) was created to provide the necessary regional framework within which the
CAU model operates. The regional model balances groundwater inflows and outflows on a regional
scale to ensure that large-scale model flow is consistent with measured water levels, inflows, and
outflows. This regional model was used for Phase I Pahute Mesa flow and transport modeling.

Use of the UGTA regional flow model (DOE/NV, 1999) and adjustments to it for the Pahute Mesa
flow modeling are discussed generally in Section 2.1 of the Pahute Mesa flow model document and
addendum, and specifically in Section 6.4.2 (SNJV, 2006 and 2007).

Subsequently, the Death Valley Regional Model Ground-Water Flow System, Nevada and
California - Hydrogeologic Framework and Transient Ground-Water Flow Model
(Belcher et al., 2004), which encompasses the NTS, has been published, and the flow and

transport models will be transitioned to this regional model.

5.2.8.2 Hydrostratigraphic Framework Model

The Pahute Mesa HFM was initially developed and documented in the Pahute Mesa HFM document
(BN, 2002). The HFM was further developed during modeling in a number of ways. More detail was
incorporated in a sub-HSU of the TMCM to support the Phase I groundwater flow model. Proposals
for further development of the HFM model and associated sub-models are discussed in Section 6.2.1

of this document.
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5.2.8.3 Recharge Models

Three approaches were used to develop alternative recharge models for the NTS area, which includes

the Pahute Mesa flow model area. The three approaches are:

« Maxey-Eakin estimation techniques
* Net infiltration-recharge distributed parameter modeling
« Chloride mass-balance modeling

Five alternative recharge models were used to assess uncertainty for Phase I flow modeling. Each of

the alternatives was assumed for at least one of the calibrated alternative models selected for transport

simulation. The alternative recharge models are:

*  MME - Modified Maxey-Eakin

« USGSD - USGS recharge with redistribution

«  USGSND - USGS recharge without redistribution

» DRIA - DRI recharge with alluvial mask

» DRIAE - DRI recharge with alluvial and elevation mask

5.2.8.4 Source-Term Model(s)

The Pahute Mesa CAU model includes an SSM (see Section 4.1 of the transport model document
[SNJV, 2009]) that is abstracted from a process model representation of the near-field source-term
releases from the CHESHIRE test (Pawloski et al., 2001). Section 6.2.5 of this document discusses
additional data analysis activities that would support improvement of the source-term conceptual

model as well as refinement of the SSM.

5.2.8.5 Random Field Generator

Section 5.2.2 of the Pahute Mesa CAIP (DOE/NYV, 1999) discusses application of random field
generation to the representation of parameter heterogeneity within HSUs. This development was not
applied to Phase I modeling but is proposed as a refinement for Phase II modeling. A proposal for
development of conceptual heterogeneity models is discussed in Section 6.2.1 of this document, and

the proposal for development of the numeric heterogeneity models is discussed in Section 5.3.2.6.
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5.2.9 Evaluation of Phase | Flow and Transport Modeling

The TWG Pahute Mesa Modeling Preemptive Review Subcommittee periodically reviewed the
results of the Phase I flow and transport modeling. In November 2007, the group determined that
Phase I modeling was developed to the extent possible with available data (UGTA TWG, 2007).
Additional drilling exploration with new data acquisition would be required to test the reliability of
the model predictions, test and refine alternative conceptual models of the hydrogeological setting
and features of the flow system, and increase data and potentially reduce uncertainty for topical areas

of the model domain.

5.2.9.1 Flow Path Evaluation

The initial Phase I alternative flow models all produced concentrations of flow lines in the TMCM
around the northwestern side of Timber Mountain with predictions of transport southward within the
1,000-year time frame. Models showing convergent flow paths on the northwest side of Timber
Mountain approximate the constraints determined by geochemical flow path investigations as they
incorporate isotopic mixtures west of the Purse Fault and east of the Purse Fault. Flow along flow
paths further west were restricted by lower-permeability rock units. The LCCU1-MME-TMCM
model was developed such that permeabilities were assigned across the TMCM and to the FCCM
more uniformly, acting as a surrogate for formation heterogeneity. This resulted in more flow paths
from Area 20 and predicts flow from Area 19 around the eastern side of Timber Mountain, in
contrast with the other models. Shallow flow paths through Fortymile Canyon/Wash are interpreted
from measured geochemical data to carrying isotopically heavier groundwater characteristic of

surface recharge.

5.2.9.2 Flow Model Parameter Evaluation

Sensitivity of transport results to permeability parameters was evaluated, which indicated that flow
paths and transport distances are sensitive to flow parameters. Specific concerns for flow modeling
include the incorporation of depth decay. The uncertainty regarding depth decay is of concern due to
the effect on predicted transport related to the effect of depth decay on the flow model. Depth decay
reduces permeability with increasing depth, resulting in reduced vertical spreading of flow

downgradient, which in turn results in greater predicted transport distance due to reduced spreading
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of contaminants in formations. The incorporation of depth decay is problematic due to the large
uncertainty in the characterization of depth decay. There was general concern that the flow field is

not adequately represented in the current Pahute Mesa model.

5.2.9.3 Transport Model Parameter Evaluation

Transport predictions are sensitive to matrix-diffusion parameters. Wider fracture aperture result in
more rapid transport with little retardation due to matrix diffusion, and there is little dispersion with
travel times. The fracture porosity determines the effective porosity for the WTA and LFA HGUs.
Closely spaced fractures result in slower transport, also contribute little dispersion with travel times,
and the system behaves similarly to a porous medium with the matrix porosity approximating the
“effective” porosity of the fracture/matrix system. However, intermediate fracture spacings result in
significant dispersion of travel times. Predicted transport was sensitive to longitudinal dispersivity
values used in the flow model; increasing longitudinal dispersivity resulted in faster and more distant
predicted contaminant transport. Scaling of MTCs, which embody the matrix diffusion process, is
believed by some to be necessary when using a 1-D transport model (i.e., Phase I Pahute Mesa
transport model) to simulate transport in fractured rock. Heterogeneous fracture network modeling
with different flow geometries may provide insight. Alternately, use of travel time information based
on "C or test-related RNs has the potential of determining “effective” parameters for the

1-D modeling.

5.2.9.4 Source-Term Evaluation

There is limited evidence for RN release from tests in the near-field and for RN transport
downgradient from sources compared to predictions from the source and transport models.
Near-field groundwater samples generally do not confirm the RN concentrations and, by extension,
the RN mass used for the source terms in the transport model. Several explanations can be offered.
Some tests may not be leaky, such as ALMENDRO and BULLION. This may be because the tests
were conducted in low-permeability media and a permeability barrier was created by the compression
of the rock for up to several cavity radii, or because the system has self-sealed due to localized
post-test hydrothermal alteration of the rock. Also, vapor-phase transport up the chimney, as
suggested by vadose-zone detections of *H above the water table, may remove some of the volatile

RNs from the cavity environment. It was not uncommon to detect gaseous RNs at land surface days

UNCONTROLLED When Printed



Pahute Mesa Ph Il CAIP
Section: 5.0

Revision: 2

Date: July 2009

Page 59 of 121

after tests, indicating that vapor-phase transport may be a common mechanism for removal of some
of the RN inventory (specifically *H and '*C) from the cavity. Additional characterization of the
near-field environment may help explain the actual occurrences of RN transport, which conflict with

model results, and improve simplified release and migration models.

With the exception of the BENHAM-TYBO example of contaminant transport, based on Pu source
identification, significant contaminant plumes from Pahute Mesa sources have not been observed.
The Phase I transport modeling predicted contaminant plumes extending downgradient substantial
distances into areas where existing wells have not identified contamination. This may be because the
existing wells are not located in appropriate places to sample contaminated groundwater given the
uncertainty in the fracture-controlled flow paths, or that contaminant plumes have not migrated as
predicted. Field observations of contaminant transport proximal to tests, in the immediate
downgradient, and in the middle distance would provide a basis for evaluating the apparent
discrepancy. Additional characterization of the near-field environment may help explain the actual
occurrences of RN transport, which conflict with model results, and improve simplified release and

migration models.

5.2.9.5 Fracture-Scale Transport Evaluation

Transport at a fracture network scale, considering the effects of heterogeneity, anisotropy, and scale,
needs to be better understood. The Phase I transport modeling approach (1-D along path lines)
inherently assumes a set of parallel fractures that are oriented along the flow path, which is calculated
assuming homogeneous and isotropic rock permeability. More realistically, the natural system is
comprised of non-parallel fracture sets that impose anisotropy on the rock permeability, which affects
the flow field, and within which heterogeneity of aperture and orientation causes branching of flow
and changes in velocity within the fracture network. With the current approach, a large number of the
realizations simulate sets of parallel fractures that traverse entire HSUs, which transport RNs with
little attenuation. Modeling HSU heterogeneity at a smaller scale would help correct this problem,
including geostatistical heterogeneity modeling for porous media and fracture network modeling for
fractured media. Fracture network models are criticized as non-unique, but heterogeneous porous
media models are also non-unique. However, these models provide the best approach to understand

transport processes. Fracture network models cannot practically be used at the CAU scale but could
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be developed at local scales for evaluating the effects of the fracture flow field and provide insight on

better transferring a simplified process to the CAU model.

5.2.9.6 Additional Considerations

The TWG Pahute Mesa Modeling Preemptive Review Subcommittee reviewed the transport
document (SNJV, 2009), which included considerations for Phase II modeling (UGTA TWG, 2008).

These considerations included:

» Incorporating the RMC concept into the flow model, given that RMC subdivision contains
more information on lithology and permeability than HSUs.

+ Using the UGTA regional model (DOE/NYV, 1997) for boundary conditions while other
CAU models are using variants of the Death Valley Regional Flow System (DVRFS) model
resulting in inconsistency between different CAU models.

2

+ Using different boundary fluxes among the CAU models for common borders, even when
developed using the same regional model.

» Evaluating conceptual model uncertainty, which is explicitly based on HFM and recharge
model differences, and uncertainty of boundary fluxes.

* Applying RN flux for tests located above the water table.

* Addressing uncertainty in flow-model parameters and dispersivity.

5.2.10 TWG Pahute Mesa Phase Il CAIP ad hoc Subcommittee Review

The ad hoc Subcommittee evaluated presentations by the program participants including HFMs,
geochemistry, source term, and flow and transport models. Important conclusions from the transport

model include:

* More extensive RN migration than expected based on knowledge of the flow system,
source-term and geochemical data from hot well sampling, and processes of RN transport and
preliminary constraints on groundwater ages.

* A major identified cause of extensive RN transport was convergent groundwater flux along
the western and southwest flanks of Timber Mountain and the presence of preferential
migration pathways in higher-permeability welded tuff of the TMCM. The factors causing
this convergent flux are present in all alternative HFMs.
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» Radionuclide migration was highly sensitive to fracture matrix interactions and continuity in
fractured rock represented in the model domain for pathways extending from Pahute Mesa
toward TMD.

« Other important parametric uncertainties affecting RN migration include assumptions
concerning the availability and release of RNs from the source term, release and mobility of
colloidal Pu from the source, and the effective porosities of RMCs.

The ad hoc Subcommittee discussed the statistical and structural uncertainties affecting the model
predictions of RN transport and identified data needs that could improve understanding the processes
of flow and transport as incorporated in the flow and transport models (Data Need listed in

Table C.1-1). These data needs were grouped into three major topical areas, including:

« Improvements in the understanding of flow and transport in fracture-dominated pathways
leading south from Pahute Mesa toward TMD (see first column of Table C.1-1).

« Refinements in understanding of the groundwater inflow into and within Pahute Mesa.

» Refining and attempting to reduce the uncertainty in source term applied to the Pahute Mesa
CAU transport model.
Each subcommittee member independently established priorities for data needs and refined
assignments through group discussions at subsequent subcommittee workshops. The top five
priorities in decreasing order from this evaluation are (see also the Priority and Description columns

of Table C.1-1):

1. The flow models of Pahute Mesa show convergence of groundwater flow paths west of
Timber Mountain, east of Thirsty Canyon, and along the approximate geologic contact
between the TMCM and FCCM HSUs in the Bench area of the modeling domain. These areas
are also strongly affected by faults associated with the Timber Mountain and SCCC calderas.
Are the representations of these flow fields in the flow models realistic, and do the models

provide reliable predictions of RN transport?

2. Groundwater flow through the TMCM and FCCM HSUs may be complicated and spatially
variable. There are concerns with how the hydraulic properties of these units are represented

in the flow and transport models.
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3. Plutonium from the 1968 BENHAM test was found at the ER-20-5 site, 1.3 kilometers (km)
from the test. The extent of RN migration immediately downgradient of drill hole ER-20-5 is
currently unknown. Where and how fast are RNs migrating over time; what are the
characteristics and extent of contaminant plumes in this critical area; and why were no RNs
detected at drill hole ER-EC-6 approximately 4 km from the ER-20-5 site, as would be

expected based on Phase I model predictions of transport?

4. What are the hydraulic characteristics of faults in critical migration pathways off of Pahute
Mesa? Are these faults barriers or conduits for flow, and are the faults reasonably represented

in the models of flow and transport?

5. What is the spatial variability of permeability for HSUs in the critical flow pathways leading
off of Pahute Mesa toward TMD? Are these permeabilities correctly upscaled and represented

in the flow and transport models?

The ad hoc Subcommittee used the combination of the identified data needs, major topical areas
identified for flow and transport predictions, their prioritized data topics to develop and rank locations
of drill holes for data collection (Table C.1-2), and proposed data analysis activities (Section C.1.3)
for the Phase 11 CAL

5.2.11 TWG Source Term Subcommittee

Kersting (2008) submitted the concerns of the TWG Source Term Subcommittee regarding the state
of knowledge of the HST and information supporting the HST models to the ad hoc Subcommittee.
Kersting (2008) addressed the importance of the source term to transport prediction, and specifically
noted the discrepancy for *C between estimates of the near-field concentration for the HST used for
transport modeling based on the Bowen inventory (Bowen et al., 2001) and actual measured
concentrations. Because "*C is a major determinant of the contaminant boundary, this discrepancy is
significant. Kersting (2008) further noted that other high-mobility RNs (°*H, chlorine-36 [**Cl],
technetium-99 [*Tc], and iodine-129 ['*’I]) are not observed in the field as predicted by the transport
model, to the extent of the available data. These concerns are similar to those presented in

Section 5.2.9 4 of this document concerning the source term used for transport modeling.
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5.2.12 NDEP Concern Regarding Fortymile Canyon/Southeastern CAU Boundary

The NDEP has identified particular concern regarding lack of information for the southeastern
boundary of the Pahute Mesa CAU and possible groundwater flow from central Pahute Mesa

(Area 19) around the eastern side of Timber Mountain, along Fortymile Canyon. The NDEP has
indicated that data must be collected via some means (e.g., well installation, modeling, geophysics) to
provide information concerning this possibility. Geochemical mixing targets in wells along the
eastern side of the TMD indicate that groundwater has a high meteoric water component and limited

contribution from Area 19 groundwater.

5.2.13 Community Advisory Board

The 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. The CAB has reviewed the Pahute Mesa information and Phase I modeling,
and provided comments and recommendations for well drilling. Appendix D contains a cover letter

and a technical summation submitted by the CAB concerning the siting of wells on Pahute Mesa.

5.3 Phase Il Modeling

The modeling approach and structure used for the Phase I CAI will continue to be used during the
Phase I modeling activities, and the models developed during Phase I will be further developed
based on new data and analyses. This section discusses proposed revisions and improvements to

those models.

5.3.1  Suitability of Current Numeric Models

The numeric modeling approach developed for Phase I flow and transport modeling was determined
by the technical modeling team to be a suitable approach for predicting the regulatory contaminant
boundary. However, the initial conceptual and parametric distribution within the groundwater flow
and transport domain does not reproduce the observed or expected system response. Therefore,
Phase I modeling is proposed to further develop those models as well as supporting models with the

improvements listed in Section 5.3.2.
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5.3.2 Proposed Revisions/Improvements to Current Models

Revisions and improvements proposed to further refine the conceptual model and reduce modeling

uncertainty include, but are not limited to, the following:

* Re-evaluate role of major hydrostratigraphic and structural features.
* Refine model boundary conditions.

* Conduct simultaneous flow and transport simulation.

» Correct water table clipping.

*  Develop sub-CAU scale heterogeneity model.

+ Develop sub-CAU model of the Bench subdomain.

* Revise fracture parameter model.

» Develop discrete fracture models for upscaling.

* Revise the SSM.

* Reduce the number of RNs modeled.

The Phase 11 field activities are designed to collect information to fill data gaps identified from
groundwater flow and transport model evaluation and review. For Phase II modeling, conceptual
models will be improved and parametric distributions revised based on Phase II field data
collection. Numerical and analytical models will be developed and revised concurrently with well
drilling, development, and testing activities. This approach allows testing and refinement of
applications that are necessary to effectively process the measured data and optimize model
calibration and increase confidence that the contaminant boundary is a reasonable representation of

future contaminant transport.

5.3.2.1 Re-evaluate Role of Major Hydrostratigraphic and Structural Features

The Purse and Boxcar faults located on Pahute Mesa appear to have a significant effect on the
configuration of groundwater head and to act as transverse barriers to flow. The effect of other
hydrostratigraphic and structural features is not as apparent from available head data, which are
sparse. During review of the conceptual model, other features were identified that may have
substantial effects on the flow system, which include the NTMMSZ (moat fault); the inferred
southern extension of the Boxcar fault (M1 extension inferred); an area of CHZCM that extends
above the water table at the intersection of the NTMMSZ and the Boxcar fault; the A20SM; the
Timber Mountain caldera complex structural margin (TMCCSM), which includes the Rainier Mesa

caldera structural margin (RMSM) and Ammonia Tanks caldera structural margin (ATSM); and
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juxtaposition of HSUs from the Bench to the FCCM/TMCM across the TMCCSM in the Timber

Mountain moat west of Timber Mountain.

The physical and hydrologic nature of these structural boundaries as well as appropriate hydraulic
properties will be incorporated into the flow and transport model using the flow model to determine
how these geologic features affect calibration. In addition, Pahute Mesa Phase II drilling and
hydraulic testing will specifically investigate major structural features to evaluate their hydrology.
The additional information and hydrologic characteristics will be incorporated into the Phase 11 flow

and transport models.

5.3.2.2 Refine Model Boundary Conditions

The groundwater flow model requires specification of head and/or flow at the boundaries of the
model and at internal discharge points of the numerical model, termed boundary conditions. The
Pahute Mesa CAU model accounts for regional inflow and outflow across all four lateral edges,
internal flow from precipitation recharge, and internal discharge at Oasis Valley. This was
particularly uncertain for the Pahute Mesa CAU model because the model boundaries do not coincide
with natural hydrologic boundaries. Boundary conditions for the Phase I Pahute Mesa flow model
were primarily derived from the regional flow model simulation, adjusted to incorporate applicable
data, but generally are not defined by head measurement. The Phase I boundary conditions reflect
potential overestimation of fluxes along the model boundaries that is an artifact of the regional model
conceptualization and the coarser resolution of the regional grids. The Phase II flow model boundary
conditions will be derived from DVRFS model coordinated with the other CAU flow models.
Reassignment of boundary conditions that allow the flow model to better honor the measured heads at
observation wells near the model perimeter will be considered, which may provide better simulation

of appropriate boundary fluxes.

5.3.2.3 Evaluate Depth Decay and Anisotropy

During Phase II modeling, uncertainties regarding depth decay and anisotropy will be further
evaluated for both flow modeling and transport modeling. These factors directly affect the modeled
flow and secondarily affect contaminant migration as a result of modeled spreading of contaminants

and, consequently, modeled retardation.
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5.3.24 Conduct Simultaneous Flow and Transport Simulation

The Phase I Pahute Mesa flow model was built first and calibrated independent of the transport
model, which then uses the calculated groundwater fluxes from the flow model to determine transport
paths. During transport modeling, simulation of particle tracks based on the flow paths and
calculation of the flux-averaged solute concentration revealed irregularities that were not directly
apparent from the flow model results. During Phase I Pahute Mesa transport model development,
some of these discrepancies were investigated to evaluate the changes to the flow model that would
improve the calibration of the model and accuracy of the predictions. Key among the observed
transport model results that require further investigation is the effect that large, homogeneous HSUs
have on contaminant transport. Phase II modeling will concurrently simulate groundwater flow and
transport such that the behavior of the flow field can be evaluated relative to transport modeling

before selecting the flow field alternatives.

5.3.2.5 Correct Water Table Clipping

The Phase I groundwater flow model cuts off (“clips”) the upper surface of the water table at 1,500 m
above sea level. At some locations, the water table is above this elevation. Radionuclide
mobilization in the upper, higher-permeability units may not be captured in those areas where the
water table is “clipped.” This condition could result in exclusion of alternative flow paths along
which RNs are migrating. Use of the moving water table approximation in Finite Element Heat and
Mass Transfer code (FEHM) would help solve this problem. This situation will be evaluated and

corrected as necessary.

5.3.2.6 Develop Sub-CAU Scale Heterogeneity Model

Heterogeneity is a positional property of the rocks through which flow and transport occur, referring
to the variability of properties at multiple scales, in the case of the flow model for effective
permeability assigned to each HSU. Heterogeneity can be represented at the nominal scale of the grid
blocks as an averaged value defined by a group of grid blocks or as a sub-grid size representation.
The first representation of the heterogeneity used in the Pahute Mesa flow and transport model uses
variable size grid blocks to characterize local complex geological structures and groups of grid blocks

for homogeneous representation of individual HSUs. When groundwater flow and transport results
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are viewed together, transport is shown to be sensitive to both flow and transport heterogeneity.
However, for high-flow velocities, transport parameter heterogeneity may be insensitive in any form.
High-flow grid blocks in volcanic rocks result where data are sparse and the assembled grid blocks
represent kilometer-scale HSUs. For those HSUs that are characterized as high-permeability rocks,
the path becomes a conduit for more rapid flow and contaminant migration. This fast migration also
reduces diffusion and adsorption from the fractures to matrix which, in turn, contributes to transport
parameter insensitivity. Lower-permeability rocks are also represented as homogeneous blocks that,
when adjacent to the high-permeability rocks, confine flow through the higher-permeability units.

This effect results in higher velocities through the permeable rocks due to constricted flow.

Hydrostratigraphic units are not homogeneous but exhibit sub-HSU, grid-scale variability that
includes layering and interfingering of both high- and low-permeability rocks. This structure had
significant effect on the results of the CHESHIRE study by Pawloski et al. (2001) and the
BENHAM-TYBO study reported by Wolfsberg et al. (2002). To adequately represent the nature of
the flow and transport through such HSUs, it may be necessary to incorporate some degree of
sub-HSU scale heterogeneity into the large homogeneous HSUs, or otherwise derive equivalent
effective properties. A range of possible permeabilities for sub-HSU heterogeneity can be sampled
from the probability distribution for each HSU and assigned based on geostatistical metrics

(correlation length and juxtapositional relationship).

Approaches to integrating heterogeneity of properties into the Phase II models that may be

used include:

* Sequential indicator simulation (SISIM) was used to upscale the sorption coefficient (K )
through incorporation of spatial variability for the Phase I Pahute Mesa transport model. The
model grid was subdivided into smaller grid blocks that were more representative of the scale
at which measurements were recorded, and multiple realizations of the K, fields were
generated. This approach could also be used for incorporating permeability field variation
within each of the HSUs. The method is particularly relevant to Pahute Mesa HSUs because it
captures the hydraulic discontinuity between fracture and matrix permeability within a grid
block, which incorporates the discontinuity at the larger HSU scale.

* The pilot-point method (Doherty, 2003) could be used to assign spatial variability in the
permeability field. Although the locations of pilot points are qualitatively assigned, a
quantitative assignment for optimal placement of pilot points within HSUs is possible using
numerically derived sensitivities to permeability (e.g., Lavenue and de Marsily, 2001).
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Implementation of the pilot-point method within Pahute Mesa HSUs may incorporate scales
of spatial correlation, as well as the pilot-point permeability, as fitting parameters during flow
model calibration.

* A transition probability-based geostatistical method (Carle, 1999; Dai et al., 2007a and b)
would be a third approach to define permeability heterogeneity within HSUs. This approach
can be used to simulate multiple categorical zones within a single HSU while honoring
available borehole data. The zones may be categorical classes of permeability (e.g., low,
medium, high), stratigraphic layers, or some other relevant hydrogeologic characteristic. The
strength of the transition probability method over other geostatistical methods is that the
juxtapositional tendencies of HSUs as observed in the field (or in theory) can be reproduced,
and also that the models of spatial variability and their parameters can be understood in terms
of standard geologic descriptions and observations. This allows better incorporation of
subjective as well as observed geologic knowledge into the models of spatial variability.

5.3.2.7 Develop Sub-CAU Model of the Bench Subdomain

The Bench subdomain that lies between the SCCC and the TMCC is very important for modeling
flow and transport from Pahute Mesa. The Bench is particularly complex because it represents a
transitional zone between the adjacent caldera complexes that have each experienced multiple caldera
formation events. The lithologic units found in each caldera and across the Bench are not necessarily
continuously deposited units but represent unique hydrostratigraphy in each area. In addition to
eruptive cycles and deposition of volcanic rock, structural offset along faults displace HSUs
juxtaposing HSUs at interfaces across structure, which affects continuity of permeability along flow
paths. The arrangement of the HSUs and faults is a primary control on flow and transport to

downgradient locations.

A sub-CAU model of the Bench subdomain is proposed to allow greater detail to be modeled.
Specific concerns are juxtaposition of lithologic units across faults and structural boundaries;

the distribution and connectivity of permeable HSUs; and location and hydraulic properties of faults
that may provide or prevent communication between HSUs vertically, transversely, and
longitudinally, determining flow paths. This model could also incorporate heterogeneity within

HSUs for both flow and transport properties.
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5.3.2.8 Revise Fracture Parameter Model

Fracture aperture, spacing, and porosity are model parameters that substantially affect flow through
fractured rocks and the transfer of contaminant mass between fractures and the matrix for which there
are little data directly characterizing parameter values. For Phase I modeling, these related
parameters were calculated based on some data and relationships between the parameters for the
parallel plate conceptual model of transport in a fracture. Fracture aperture was calculated from
sampled distributions of measured porosity and fracture spacing in boreholes, which produced large

apertures that are an artifact of the method and not necessarily representative of expected ranges.

An alternate approach calculates the aperture, keeping the permeability fixed and varying the fracture
spacing. Porosity is then calculated using the previously calculated aperture and associated fracture
spacing, providing a range of apertures that are tied to the permeability. This approach, discussed in
Section 5.0 of the Phase I Pahute Mesa transport model document (SNJV, 2009), will be used to
recalculate fracture aperture and porosity as it relates to fracture-matrix mass transfer for the Phase 11
model HGUs and RMCs. As with spatial variability of permeability, which was calculated for each
of the HSUs using geostatistical approaches, the porosity distribution can be calculated for the RMCs.
Porosity variability introduces variability in the mass exchange between fractures and the rock matrix

within an HSU that will correlate with permeability variations in the flow model.

The current approach assumes a continuum model to represent the fracture distribution. Additional
approaches to better describe the fracture system may be explored. Other alternative approaches that
may be investigated include a fracture network modeling approach and use of *C travel time data to

calibrate transport parameters.

5.3.2.9 Develop Discrete Fracture Models for Upscaling

Fractured volcanic rocks are the primary media for groundwater flows through and downgradient
from Pahute Mesa. Fracture connectivity, spacing, and aperture substantially determine actual
groundwater flow paths, flow velocities, and contaminant mass transfer that occurs between the
fracture and rock matrix. The Phase I models do not account for variability of the fracture system
within individual HSUs. This is represented by homogeneity assigned at the HSU level and signifies

a lack of information about the variation of fracture properties at the HSU level. Fracture properties
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(e.g., orientation, aperture width, fracture roughness, fracture connectivity, flowing fractures) have
generally been measured only at the borehole scale and are not well characterized for any local site,
much less at the HSU-scale. An approach to account for fracturing variability at the sub-HSU scale
may be identified and evaluated for application regarding modeling feasibility and data requirements.
Once the range of fracture properties is defined and the method to represent fracture variability is
chosen, the range of flow and transport behavior may be evaluated through stochastic modeling from

which uncertainty and sensitivity can be assessed.

Discrete fracture network models could be developed at the local scale and used for assessing effects
of fracturing variability. In particular, discrete fracture network modeling could be used for
evaluation of upscaling from the scale of data to the grid-block scale, and then to the scale of
transport. Parameters requiring evaluation for upscaling include flow parameters (e.g., hydraulic

conductivity and storage) and transport parameters (e.g., effective porosity, MTC, and K).

5.3.2.10 Revise the SSM

The contaminant mass flux used for the CAU-scale transport modeling is derived from a 1-D SSM of
local-scale flow and transport through the test cavity and adjacent disturbed rock. The 1-D model is
derived by fitting an analytical solution to the mass flux calculated using a 3-D process model for the
CHESHIRE test site. The generalized model is applied to all other Pahute Mesa tests. Calculation of
the source term using this approach is less labor intensive and more computationally efficient than
building a 3-D simulation for each Pahute Mesa test, and data are unavailable for most of the test sites
to validate a test-specific SSM. However, several potentially important 3-D processes are not
represented with the Phase I SSM. This oversight can lead to an overestimation of the source-term
concentration that is then applied during the numerical modeling activity. Additional analysis will be
conducted to incorporate the necessary processes, how to generalize source-term knowledge, and how

to represent source-term uncertainty.

5.3.2.11 Reduce the Number of Radionuclides Modeled

The importance of individual RNs in the transport modeling is dependent upon the contribution that
each makes to the total dose at the contaminant boundary. For Phase I transport modeling, RNs were

assigned to three groups corresponding to SDWA (CFR, 2009d) standards categories: alpha emitters,
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beta emitters, and uranium (U) isotopes. The importance of each RN group depends on the total
inventory, half-life, and sorption coefficient that each RN within the group contributes to the total
exceedance. Those RNs that possess a short half-life, high sorption coefticient, or low inventory
are less likely to persist as a dose risk. For the Phase I Pahute Mesa transport modeling, the RNs
that were incorporated were *H, "*C, '*°I, **Cl, *Tc, **' Am, *'Np, *°Sr, Total Pu, and total U.
These RNs will be further evaluated during transport modeling for importance in determining the

contaminant boundary.

Section 3.5.2 of the Pahute Mesa CAIP (DOE/NYV, 1999) specified seven RNs, identified by the
TWG that were judged most likely to affect regulatory compliance metrics within the 1,000-year
period. These RNs were "C, 1, #***Py, ¥'Cs, *°Sr, *H, and ***U. Additional RNs of concern
(**Cl1, ®"Np, and *Tc) were included in Phase I transport modeling. The Pahute Mesa CAIP
(DOE/NYV, 1999) states that the list of potential radioactive contaminants that will be included in
simulations of the contaminant boundary for Pahute Mesa may be modified based on the findings of
the CAL. A formal evaluation and selection process using the transport model, based on running all
RNs in the inventory for one source to show relative migration extent, could provide justification for
the elimination of specific RNs. The TYBO or BENHAM tests are likely candidates because they
were high-yield tests in high-permeability rocks near the southwestern end of Pahute Mesa and

therefore pose the highest risk of contributing contaminant mass to the contaminant boundary.

5.3.3 Model Acceptance

As discussed in Section 2.1.2.3, model acceptance will be based on overlapping processes of model
verification, calibration, and model evaluation through the iterative processes of data gathering and
model refinements. The model evaluation process is proposed to replace model validation.
Verification refers to evaluations to ensure the model code is programmed correctly and the
algorithms are implemented with no assumption errors or program bugs. Calibration refers to the
process of refining the model representation of the hydrogeologic framework, hydraulic properties,
and boundary conditions to achieve a desired degree of correspondence between the model
simulation and observations of the groundwater flow system. Model evaluation involves

developing confidence in the reliability of model outputs through efforts to test and extend the model.
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A successful model evaluation is achieved through an inability to disprove a model. Model
confidence increases with successful verification, calibration, and model evaluations.
5.3.4 Contaminant Boundary Forecasts

The contaminant boundary per Section 2.1.2.1 will be forecast using the CAU flow and transport
model, and a resulting ensemble of model forecast contaminant boundaries will serve as the basis for

negotiating the compliance boundary.
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6.0 Phase Il Characterization Activities

The primary goal of the Phase II characterization activities is to obtain data that would increase
confidence that the flow and transport model results can be used effectively to forecast CAU
contaminant boundaries required to implement the UGTA strategy. The objectives for the data
characterization are to test conceptual models of flow and transport, address data requirements that
could reduce the uncertainty of parameters required for the modeling studies, and continue the
process of model evaluation. Successful completion of the Phase II studies would lead to completion
of ensembles of contaminant boundary forecasts, provide supporting information required for
negotiation of the compliance boundary, and allow initiation of the monitoring program leading to the
CAU closure report. Descriptions of support activities for drilling and other field characterization are

provided in this section of the report.

6.1 Characterization Activities

The Pahute Mesa Phase II CAl includes proposals for extensive investigation, characterization, and

data analysis, including:

* Hydrogeologic field investigation program
- Drilling and well construction
- Coring (contingent)
- Well development and single-well testing
- Geochemical sampling
- Water-level monitoring
- Multiple-well aquifer tests
- Single-well and cross-hole tracer tests
- Hydrophysical logging
- Temperature profiling
* Geologic and geophysical studies
* Hydrology studies
+ Isotope- and geochemistry-based studies
» Transport parameter studies
* Source-term studies

These are discussed in more detail in the following subsections.
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6.1.1 Hydrogeologic Field Investigation Program

The hydrogeologic field investigation program includes drilling new boreholes and completing new
hydrogeologic investigation wells, collecting and evaluating data, testing the individual wells, and

performing large-scale testing of groups of wells.

6.1.1.1 Objectives

The objective of the field investigation program is to institute a second phase of data collection
designed to test assumptions of the component models, improve the quality of parameter data used in
models, and increase confidence in the transport model results used to predict contaminant migration
boundaries. This includes collecting data to reduce uncertainties of the HFM, flow, source term, and
transport models; and investigating RN migration along predicted flow paths that could be used to
verify flow path and calibrate transport predictions. Specific data collection objectives are based on
the data needs identified by the ad hoc Subcommittee (Table C.1-1), bolstered with additional

considerations identified in reviews discussed in Section 5.0.

6.1.1.2 Proposed Well Locations

Table 6-1 presents location information for the 12 highest priority wells identified in the technical
review of Phase I CAI results by the ad hoc Subcommittee, summarized in Section 5.2.10 and
Appendix C. One contingency well (ER-20-11) is also included to address high-priority objectives
if the Priority Wells 1 and 2 (ER-20-7 and ER-EC-11, respectively) do not meet intended objectives.
The planned contingency well is discussed at the end of this section. The Phase I CAI drilling
program was largely an exploratory program with wells located in areas where there was limited
geological and/or hydrological data or control. In contrast, the Phase II drilling program was
developed after development of geologic, flow, and transport models, and evaluation of the

results of model predictions of RN transport where the model implements the current state of
knowledge and uncertainty in processes of flow and transport. The Phase II drilling program
represents a transition from an exploratory program to a focused program using model results to
identify key program issues and uncertainties. The ultimate goal of Phase II data collection is to
develop confidence that the transport model provides a reliable tool for predicting the 1,000-year

extent of contaminant boundaries.
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Table 6-1
Proposed Drilling Locations
UTM NAD 27 Zone 11 (m) Elevation Planned ™D Predicted Pr:tw::ed Penetration
Well Name Priority amsl Target HSU(s) Depth Elevation | Depth to Water amsl below SWL
Easting Northing (ft) (bgs ft) (bgs ft) (bgs ft) ) (bgs ft)
ER-20-7 2 1 546,219 4,118,430 6,209 TSA 2,500 3,709 2,016 4,193 484
ER-EC-112 2 544,839 4,116,703 5,657 BA, TCA, TSA 3,500 2,157 1,477 4,180 2,023
ER-20-8 # 3 546,675 4,119,269 5,849 BA, TCA, TSA 3,700 2,149 1,650 4,199 2,050
ER-20-11° (4/5) To be determined N/A BA, TCA, TSA N/A N/A N/A N/A N/A
ER-EC-12° 4 545,059 4,113,972 5,520 BA, TCA, TSA 3,650 1,870 1,335 4,185 2,315
ER-EC-13° 5 540,184 4,113,512 5,170 FCCM, TMCM 3,000 2,170 1,036 4,134 1,964
ER-EC-14° 6 543,815 4,110,254 5,210 FCCM, TMCM 3,400 1,810 1,046 4,164 2,354
ER-EC-15° 7 542,675 4,115,325 5,360 BA, TCA, TSA 3,200 2,160 1,195 4,165 2,005
ER-20-9° 8 548,635 4,114,414 5,670 BA, SPLFA, PLFA 3,000 2,670 1,444 4,226 1,656
ER-EC-16° 9 540,866 4,109,976 5,040 FCCM, TMCM 2,900 2,140 880 4,160 2,020
ER-20-10°° 10 546,679 4,120,324 6,275 TCA, TSA 3,000 3,275 2,090 4,185 910
ER-20-4 ° 11 549,676 4,116,493 5,740 BRA 3,100 2,640 1,495 4,245 1,605
ER-EC-3A° 12 545,909 4,101,849 6,000 TMCM 2,500 3,500 1,735 4,265 765

? Global Positioning System (GPS) coordinates, elevation of staked location.
P This contingency well is proposed for the second drilling campaign if RNs are not found at Wells ER-20-7 or ER-EC-11.
¢ Coordinates of map location, not staked.

amsl = Above mean sea level N/A = Not applicable
bgs = Below ground surface SWL = Static water level
ft = Foot TD = Total depth
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The coordinates listed in Table 6-1 are based on locations plotted onto a topographic map, except for
the first three wells and ER-20-4 (an existing well site), as noted, which have been staked and located
by GPS. The map-based locations may be moved as necessary when located on the ground. Planned
drilling depths are based on the depths of the target units as modeled in the HFM and actual drilled
depths may vary depending upon the geology encountered during drilling. The planned drilling
depths shown are the full depth of the target HSUs for wells on Pahute Mesa and on the Bench.
Planned depths for wells on the south side of the Bench and in the TMCC have been limited for the
deepest target HSU(s) to bottom elevations consistent with upgradient target depth elevations.
Figure 6-1 shows the proposed locations. Plate 1 shows the well locations on a large-scale
topographic base, and Plate 2 shows the well locations on a map of the HSUs at the water table, which
includes and identifies pertinent structural features. Drilling order may differ from the priority order
in some cases to improve efficiency of drilling operations and reduce costs primarily related to
considerations for access to drilling locations (i.e., from the NTS or off the NTS). Drilling is planned
to take place over several years with breaks during the winter when inclement weather would make
drilling operations inefficient. Considered in the drilling priority is the acquisition of information that
may affect the optimal placement of subsequent wells. The well locations are designed to answer a

sequence of questions:

1. Where and how rapidly are contaminants being released from their sources and moving off

Pahute Mesa (plume identification)?

2. What are the geologic structures and HSUs that control convergence of groundwater flow and

RN transport in the area of the Bench?

3. Do contaminants move in preferential higher-permeability pathways from the Bench area into

and across the Timber Mountain caldera?

The answer to the first question will strongly affect approaches to addressing the latter questions and
may affect locations of the subsequent drill holes. While specific locations of all wells are listed,
their final locations and priorities could change as the drilling program proceeds based on the specific
objectives and new information. It is intended that drilling be conducted in several separate

campaigns, allowing new information to be evaluated before subsequent campaigns.
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Figure 6-1
Locations of Proposed Hydrogeologic Investigation Wells
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Table 6-2 presents information on the location specifications, data collection objectives, and proposed
testing for each well. Included are cross-references for the proposed wells with the ad hoc
Subcommittee prioritized data needs listed in Table C.1-1. Continuous evaluation of information
gained from each well and the associated reduction in uncertainty will provide the basis for judging
the sufficiency of new data for addressing the uncertainties. The types of well construction and
testing planned for each well are also indicated. Well locations have been assigned UGTA Project
well names for identification are cross-referenced to the ad hoc Subcommittee well names in

Table 6-2. These UGTA specific well names are cross-referenced to the ad hoc Subcommittee
recommendations for new well drilling listed in Table C.1-2, which defines investigation objectives
for each well. Figure 6-1 shows the well locations and the physiographic, geologic, and structural

features referred to in the descriptions.

A decision point is associated with the contingency well (ER-20-11). The highest priority objective
for the first well, ER-20-7, is to locate RN transport downgradient from the ER-20-5 well cluster
(at the TYBO test location), both to confirm the predicted flow path and to observe RN contaminant
plume evolution. If RNs are not found at the ER-20-7 location, a contingency well is proposed to be
drilled to the southeast of the ER-20-5 location to further pursue the objective. This contingency well
would be drilled in the second drilling season as the new priority 4, and subsequent priority wells

shifted downward.

6.1.1.3 Drilling Operations

Specific information on the drilling and completion of each hole will be described in a drilling criteria
document. In general, boreholes will be drilled according to typical UGTA Project drilling practices
using air-foam rotary techniques or alternative methods as specific drilling conditions and
borehole/well completion requirements dictate. Drilling operations will be designed to prevent or
minimize cross-connection of distinct aquifer units where multiple aquifer units are penetrated. This
is particularly important for wells located where RN contaminants are anticipated or found.
Boreholes designed for accessing multiple zones independently for development, sampling, testing,

and monitoring may require more complex designs and potentially larger boreholes.
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UGTA WeI_I ID Data Need Location Specifications Data Collection Objectives Testing
(ad hoc Subcommittee #)
Investigate RN migration
Downgradient of the ER-20-5 well downgradient from the ER-20-5 well Single-well hydraulic testing (possibly
ER-20-7 (CAB #2) 1E 3C cluster based on Pahute Mesa flow cluster/TYBO test. Characterize limited by RN production), MWAT
W) ' model flow paths; north of the NTMMSZ hydrologic properties and observation well, geochemical
NTMMSZ. transition to Bench area in sampling, RN sampling.
conjunction with ER-EC-11.
Investigate RN migration
downgradient from ER-20-7, across
ER-EC-11 In the Bench area, south of the NTMMSZ into Bench area. Single-well hydraulic testing, MWAT
(13) 1C, 1H NTMMSZ and north of the A20SM, Investigate predicted transport paths observation well, geochemical
downgradient from ER-20-7. through Bench. Characterize sampling, potential RN sampling.
NTMMSZ hydrologic properties in
conjunction with ER-20-7.
Investigate predicted flow path
. through Bench area downgradient Single-well hydraulic testing, potential
ER-20-8 — In the Bench area, on the westside of | 'F F 41 Characterize M1 MWAT production well or MWAT
, the M1 extension of the Boxcar fault . . . ;
(2 . extension of Boxcar fault (inferred) observation well, geochemical
(inferred), north of the A20SM. ) o . : .
hydrologic properties in conjunction sampling.
with ER-20-9 and ER-EC-12.
Investigate contaminant plume Single-well hydraulic testing (possibly
ER-20-11A Downgradient of the ER-20-5 site - migration downgradient from ER-20-5 limited by RN production), MWAT
or 1E, 3C alternate flow path to the southeast; well cluster/TYBO test. Characterize observation well geocher,nical
ER-20-11B north of the NTMMSZ. NTMMSZ hydrologic properties in sampling, RN sa,mpling
conjunction with ER-20-8. ' '
Investigate predicted flow path
through Bench area along the M1
ER-EC-12 ler;(’fzr?s?oenng? tfm:aeg’o\;(v::e:: fo; JlTe M1 extension of Boxcar fault (inferred) Single-well hydraulic testing, potential
1C, 1H downgradient from ER-20-8. MWAT production well or observation

4

(inferred), south of the A20SM and
north of the TMCCSM.

Characterize fault hydrologic
properties in conjunction with
ER-20-8.

well, geochemical sampling.
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Table 6-2
Well-Specific Objectives and Drilling Information
(Page 2 of 3)

UGTA WeI_I ID Data Need Location Specifications Data Collection Objectives Testing
(ad hoc Subcommittee #)
Northwest of TMD in the Timber Investigate hydrostratigraphy of . . ) )
ER-EC-13 1B 1A 1G Mountain moat, south of the FCCM and TMCM composite units, I\SAI\?\%(ETYS!:K/C;%UAI\?V??U negc’)g?etfnr;gz:
(5) e TMCCSM, where the FCCM is characterize TMCCSM in conjunction samolin 9
thought to be thick. with ER-EC-15. ping.
Investigate flow path downgradient of
Northwest of TMD in the Timber Bench area around northwest side of
ER-EC-14 Mountain moat, south of the TMD along the M1 extension of Single-well hydraulic testing, potential
(8) 1H, 1B, 1A, 1G TMCCSM, near the TMD margin on Boxcar fault (inferred) downgradient MWAT observation well, geochemical
the west side of the M1 extension of from ER-EC-12. Characterize fault sampling.
the Boxcar fault (inferred). hydrologic properties in conjunction
with ER-EC-12.
Investigate Bench area south of the . . ) .
In the Bench area north of the Single-well hydraulic testing, potential
ER-EC-15 1C, 2A TMCCSM, south of the A20SM, in A20SM, alternate westem transport | \wyaT opservation well, geochemical
(12) line with ER-EC-13 and ER-EC-11, | Paths. Characterize TMCCSMin samplin
* | conjunction with ER-EC-13, Ping
South of the NTMMSZ and north of | 11V estigate flow paths off Pahute . o .
) Mesa east of Boxcar fault. Single-well hydraulic testing, potential
ER-20-9 the TMCCSM, on the east side of the . . ) .
1C, 1H ) Characterize M1 extension of Boxcar | MWAT observation well, geochemical
(3) M1 extension of the Boxcar fault . . . .
(inferred) across from ER-20-8 fault (inferred) hydrologic properties sampling.
' in conjunction with ER-20-8.
. i . Investigate flow paths along TMD
West of TMD in the Tlmbe_r Mountain margin downgradientfrom ER-EC-14. | Single-well hydraulic testing, potential
ER-EC-16 moat, near the TMD margin on the . : i ) .
1B, 1A, 1G . . Characterize TMD margin hydrologic | MWAT observation well, geochemical
(6) west side of the M1 extension of the A . . ) :
Boxcar fault (inferred) properties. Site for potential tracer sampling, potential tracer test well.
’ testin the FCCM/TMCM.
Track RN migration from BENHAM Sinale-well hvdraulic test
ER-20-10 3B Nearby, downgradient from the test toward ER-20-5 well cluster. ( o’?entiall Iir¥1ited by RN production)
(14) BENHAM test; (near-field well). Evaluate RN transport evolution P Y Y P o
geochemical sampling, RN sampling.
along the flow path.
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Table 6-2
Well-Specific Objectives and Drilling Information
(Page 3 of 3)
UGTA WeI_I ID Data Need Location Specifications Data Collection Objectives Testing
(ad hoc Subcommittee #)
Investigate flow paths from Central
ER-20-4 North of NTMMSZ, west of the Pahute Mesa along West Greeley Single-well hydraulic testing, potential
(19) 1H West Greeley fault; existing ER-20-4 fault. Characterize the West Greeley | MWAT observation well, geochemical
undrilled well site. fault and NTMMSZ hydrologic sampling.
properties.
Determine the water table elevation
ER-EC-3 and vertical gradient in the TMCM Determine head change with depth,

9

11

Central TMD

beneath TMD, characterize the
fracturing/fault structure and hydraulic
conductivity beneath the TMD.

conduct single-well hydraulic testing,
geochemical sampling.

@See Table C.1-1.
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6.1.1.4 Typical Data Collection

During drilling and well completion, data will be collected similar to the typical UGTA Project data
collection suite for past drilling programs. A typical program for well development and hydraulic
testing will be conducted for each new well. During the constant-rate test for each well, other nearby
wells will be instrumented to collect response data of opportunity across distances, which would
provide basic information for use in design of MWATs and supplement the data from the
multiple-well tests for comprehensive joint analysis of the hydraulic network response data.

A groundwater geochemical characterization sample as specified in the UGTA Quality Assurance
Project Plan (QAPP) (NNSA/NSO, 2003) will be collected after the well has been fully developed.
Additional sampling and testing activities may be conducted for specific wells related to individual
circumstances or other data collection needs, such as for geochemical flow path evaluation, and

particularly for wells encountering RN contamination.

6.1.1.4.1 Drilling Records

During drilling, the following information will be recorded:

* Drilling narrative

* Drilling parameters

* Fluid management data
*  Water production

6.1.1.4.2 Drill Cuttings Collection

Drill cuttings will be collected during the drilling. Composite drill cutting samples will be collected
for geologic analysis at regular 3-m (10-ft) intervals during the drilling process starting at the base of
the conductor casing and continuing to the total depth of the borehole. The collection and
management of geologic cuttings and core for the UGTA Project will be conducted in accordance
with the UGTA internal contractor procedures. Sample handling, packaging, storage, and
chain-of-custody maintenance will be conducted in accordance with applicable internal contractor
procedures. All internal contractor procedures will be compliant with the requirements of the UGTA
QAPP (NNSA/NSOQO, 2003). The cuttings as well as core will be stored at the U.S. Geological Survey
(USGS) Mercury Core Library. The term of storage is indefinite.
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6.1.1.4.3 Drill Cuttings Sample Description

Drill cuttings descriptions will be recorded on a lithologic log in compliance with UGTA internal
contractor procedures and requirements of the UGTA QAPP (NNSA/NSQO, 2003). The lithologic log
is the basis for identification of geologic formations penetrated by the borehole. Description methods
may be modified for cuttings containing RNs. Descriptions of cuttings provide information such as
lithology (e.g., color, grain size, and texture), percentages of minerals, and degradation or alteration
of primary minerals. Cutting descriptions are interpreted to determine stratigraphic formations, tops
of formations, unit thicknesses, lithologic composition, and the presence or absence of fractures.
Samples of cuttings may be used for petrographic and chemical analysis or other properties relevant
to data needs such as fractures, degree of alteration, matrix clay content, porosity, and permeability.
In addition, samples of cuttings can be used for chemical analysis of bulk elemental and mineralogic

constituents, and possibly RNs, if encountered.

6.1.1.4.4 Coring

Two types of coring are available: sidewall coring and continuous coring. Sidewall cores (rotary or
percussion method) can be collected as part of geophysical logging and are included in the standard
data collection suite. Sidewall core can be taken after drilling and the interval of interest is identified.
However, sidewall cores are not suitable for all types of characterization use, and certain data
collection objectives require continuous core. Continuous coring adds substantial time and cost to
drilling operations and is considered a specialized data collection activity to be specified and

authorized individually as appropriate data collection opportunities are identified.

In general, core is used for mineralogic studies, fracture studies, and bulk properties (e.g., density,
porosity) and also can be used for contaminant studies where a contaminant plume is encountered.
The two types of coring provide core samples with different qualities for data collection and analysis.
Continuous core preserves large-scale features of the formation for evaluation and analysis, and is the
only type of core suitable for some purposes. Formation intervals of interest for coring are typically
identified based on their occurrence in proximal boreholes. However, continuous core cannot be
collected after the fact in the exploratory borehole once the hole has been drilled by rotary methods.
In investigation boreholes where there is no prior knowledge of location-specific formation depths or

characteristics, continuous core intervals must be specified in advance, and cannot be narrowly
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targeted. There are two alternatives for obtaining continuous core after the interval of interest is
identified: core drill the interval of interest via directional methods allowing for a side track of the
original borehole, or drill a new hole from the surface to the target depth. For optimum fracture
information, the core hole may be oriented based on information from the fracture characterization
logs to cross high-angle fracturing at as low an angle as possible. This increases the sampling of

fractures as well as improving sample recovery.

Collecting continuous core using the first approach may substantially interrupt normal drilling
operations, and the second approach requires a separate drilling operation. Either approach will
require specific NNSA/NSO authorization. Consequently, continuous coring is not included as a
predetermined data collection activity but is proposed as an activity of opportunity, to be added to the

data collection program when authorized.

6.1.1.4.5 Geophysical Logging

A comprehensive suite of geophysical logs will be conducted in the open borehole following drilling
to total depth. Logs may be run at intermediate depths if upper intervals are to be cased off during
drilling in order to collect full-depth geophysical log information for the hole. Geophysical logging
may include fracture characterization logs (Data Need 1A in Table C.1-1) and other specialty logs to

provide additional data-need-specific and well-specific objectives information.

The proposed standard geophysical logging suite provides basic definition of the geologic,
hydrologic, and physical characteristics of rock units encountered within the boreholes. These logs
provide discrete control for the HFM. In addition, the geophysical logs help determine and

ensure appropriate completion of the borehole. In most cases, geophysical logs are collected
within the uncased borehole before well completion. Geophysical logging will be conducted
through the saturated and unsaturated intervals of each borehole from the well total depth to the
bottom of the conductor casing. The recommended suite of saturated-zone geophysical logs/core

includes the following:

« Caliper

* Spectral gamma ray

» Temperature/differential temperature
» Compensated density
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+ Neutron porosity
* Resistivity
» Sonic
* Borehole deviation (gyroscopic)
« Sidewall cores (percussion/rotary)
*  Video log
* Acoustic televiewer
* Formation micro-imager (FMI)/electric micro-imager (EMI)
+ Nuclear magnetic resonance
* Chemistry log (electrical conductivity [EC], pH, temperature, specific ion)
* Temperature log(s)
+  Flow log(s)
- Thermal flowmeter (low flow rate, ambient conditions)
« Magnetic susceptibility

Additional characterization data collected downhole during the testing program include:

« Chemistry log (EC, pH, temperature, specific ion)
« Temperature log(s)
» Flow log(s)
- Thermal flowmeter (low flow rate, ambient conditions)
- EM flowmeter (if available)
- High-performance spinner flowmeter (high flow rate, stressed conditions)

6.1.1.5 Well Completion

After circulating to reduce the residual effects of drilling, geophysical logging will be conducted and
completion intervals in the borehole identified. Well completion includes installing and cementing
casings, placing screened intervals, stemming gravel and sand, and installing other well hardware.
Well completion strategies will vary from well to well, depending upon the specific objectives and
hydraulic testing plan for each well. The UGTA Project typical well completion (Figure 6-2) will be
the default design, which will be adapted based on additional requirements, borehole conditions, and

specific well completion objectives.

Well drilling and completion will be designed to prevent or minimize cross-connection of distinct
aquifer units where possible when aquifer units are penetrated. This is particularly important for
wells located where RNs are anticipated or found. Wells designed for accessing multiple units
independently for development, sampling, testing, and monitoring will require more complex design

and potentially larger boreholes/completions. Wells intended for use as production wells for MWATSs
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UGTA Typical Well Design
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may also require a larger diameter borehole to accommodate a pump capable of production rates

necessary to meet testing objectives.

6.1.1.5.1 Well Development

Well development is required to remove residual drilling-induced fluids, return formation water to
natural ambient water quality, and develop an efficient hydraulic connection to the formation. Data
collection includes performance testing using step-rate tests. This information provides a measure of
the effectiveness and completeness of hydraulic well development, and the information is also used
for analysis of well losses for hydraulic tests. Flow and temperature logs collected during the stress

periods (at multiple production rates) will be collected for evaluation.

Development is conducted in two steps: open-borehole development and completion-zone
development. The first step is conducted in the open borehole before well completion, provided the
borehole is stable, after the total depth is reached and drilling is completed. The second step is
conducted in the completion zone or zones after well construction is complete. The rate of water
production during development is monitored to collect information on the production capacity of the
formation. Produced water is monitored both visually and with water quality monitoring
instrumentation to observe changes occurring during development and to evaluate whether natural
water quality has been restored. Drilling fluids used during drilling typically have an
NDEP-approved tracer added for which residual concentration can be readily monitored during
development to determine when drilling-induced fluids and chemical changes have been removed. In
wells where contaminants have been encountered, development must remove residual contaminants
from the non-contaminated aquifer unit(s) that may have been introduced during drilling. Produced
fluids are monitored for fluid management purposes, as required in the Attachment I Fluid
Management Plan (FMP) for the Underground Test Area Project (NNSA/NSO, 2009). Samples
taken for fluid management purposes along with samples collected for laboratory analysis will be
handled in accordance with applicable internal contractor procedures that are compliant with the
UGTA QAPP (NNSA/NSQ, 2003), and chain of custody will be maintained.
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6.1.1.5.2 Static Flow, Temperature, and Geochemical Logging

After the well has been developed and has reached equilibrium with the natural groundwater system,
logs are run to collect equilibrium vertical flow information, temperature profile, and geochemical
parameters profiles. These logs may be run after recovery from hydraulic testing to ensure they

reflect the most complete development.

6.1.1.5.3 Stressed Flow and Temperature Logging

Stressed flow and temperature logs are run after development of the well as part of the hydraulic
testing program. These may be combined with the step-rate test at the end of development or run

during the single-well test.

6.1.1.6 Well-Specific Objectives and Drilling Information

Table 6-2 provides well-specific information about data collection objectives for the proposed drilling
location, cross-referencing the data need identified by the ad hoc Subcommittee (Table C.1-1).

Table 6-1 contains the location and specific drilling target information. This information is presented
at an overview level in this document. The drilling criteria for the Pahute Mesa Phase IT CAI wells
will provide greater detail and specifics about operational plans. The target HSUs and anticipated
drilling depths are based on the Phase I HFM and flow model. Drilling may encounter different
conditions than predicted by the HFM, and adjustment to total drilling depth may be required. Data
collection and well completion also may be adjusted to adapt to revised objectives dependent upon

conditions encountered.

6.1.2 Hydrologic Data Collection

A variety of characterization activities may be conducted in conjunction with the new wells. The data
collection program for each well will be designed to characterize the geology and hydrogeology at
each location, and address other well-specific objectives. Additional data collection objectives
include characterization of the large-scale hydrogeology throughout the area where the new wells will

be drilled, which will drive additional data collection during testing activities.
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6.1.2.1 Water-Level Monitoring

Water-level monitoring will be conducted within the CAU in addition to individual well testing,
including both new wells and existing wells. Existing well locations will be selected for monitoring
based on location relative to new wells for monitoring during drilling and single-well testing to
capture incidental information for characterizing hydraulic connectivity to potentially aid in the
design of MWATs. Continuous-recording instrumentation will be installed to record background
head variations and long-term water-level trends, responses to barometric and earth-tide stresses,
and hydraulic responses to pumping of other wells. Following the drilling and testing program,
additional long-term water-level monitoring may be conducted to support background

hydrology characterization.

6.1.2.2 Single-Well Aquifer Tests

Single-well aquifer tests are conducted at each well after well development. These tests establish the
basic hydraulic connectivity of the well to the formation(s) and evaluate in-well hydraulics, and test
results are used to determine hydraulic parameters for the local formation. Nearby wells will be
monitored during the single-well tests to provide larger-scale connectivity information, which will be
used in the design of MWATs (see Section 6.1.2.3).

6.1.2.2.1 Groundwater Sample Collection

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:

* Major anions and cations

* Trace elements

+  BC for inorganic carbon and "*C activity for organic and inorganic carbon
+ Radioisotopes, including **Cl and *H (see Section 5.2.11)

+ Strontium and uranium isotopic ratios

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

« Stable isotopes of hydrogen and oxygen

+ Colloids
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In addition, where RNs are encountered, samples will be taken for additional analytes, including
fission and activation products (*Tc, "I, *'Cs, *’Eu) and actinides (particularly Pu). During drilling
or testing, when RNs have been identified in groundwater, time-series sampling may be conducted,
and samples analyzed for limited parameters to provide information on the variation of RN

concentrations with respect to the borehole locations.

6.1.2.3 Multiple-Well Aquifer Test

Multiple-well aquifer tests may be conducted to evaluate the large-scale hydraulic properties of
formations and to evaluate the hydraulic properties of the structural boundaries/fault system

(Topics 1B, 1C, 1G, 1H, and 1J in Table C.1-1). Such tests would involve monitoring of hydraulic
responses in a network of wells to pumping in a central production well. The test design may include
multi-HSU objectives requiring the isolation of one or more specific intervals within a borehole for
independent response monitoring. Wells used for such tests may require specific design features to
support this data collection. Production wells for MWATSs may need to be larger in diameter to
accommodate higher-rate pumps than has been standard UGTA Project practice for single-well tests.
Evaluation of potential test scenarios by the ad hoc Subcommittee determined that production rates of
500 gallons per minute (gpm) or greater, and test durations of up to 90 days may be required to

achieve objectives for large-scale hydraulic characterization.

Selection of a production well(s) and observation wells for an MWAT would optimally be determined
after drilling, completing, and testing all new wells so that the test design can be optimized to suit the
conditions encountered. The observation well network would be specified to consider responses
propagated both along geologic structure(s) and across HSU units to provide comprehensive data
within the context of the large-scale hydrogeologic structure. However, decisions about completing
wells as potential production wells or observation wells must be made immediately after drilling
because well completions for the different purposes will require different configurations. In addition,
suitability for completion as a production well requires connectivity to high-permeability
formation(s) and/or structure, and suitable borehole conditions for high productivity. Based on the
specific objectives for MWATS listed in the next section, the focus area for MWATS and possible
alternate locations for the production wells can be identified in advance, and decisions for

completions as production wells and observation wells made depending upon conditions encountered
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during drilling. Existing wells in areas adjacent to the new investigation wells may also be included

in the observation well network to cover those areas.

6.1.2.3.1 Objectives

Multiple-well aquifer tests may be used to evaluate:

« Connectivity across and along the NTMMSZ separating Pahute Mesa from the Bench area
« Connectivity across aquifer HSUs in the Bench area and along/across the A20SM

« Connectivity along and across the M1 extension of the Boxcar fault (inferred) from the Bench
area to the TMD margin

« Connectivity across the geologic transition (TMCCSM) from the Bench area to the Timber
Mountain moat

* Variability of hydraulic conductivity of subunits within the thick composite FCCM and
TMCM units northwest of Timber Mountain

« Connectivity of high-permeability subunits across the FCCM and TMCM composite units

6.1.2.3.2 Test Design

Several MWATs may be required to pursue all of these objectives. In addition, completion of all the
objectives will depend upon the availability of wells in suitable locations to support testing for each
objective. This primarily depends upon new wells completed for Phase II. Existing wells would be
incorporated in testing, but new wells are required to specifically address the objectives. In order of
well priority, an MWAT in the Bench area would be supported by new wells and several existing
wells. A second MWAT in the TMCC moat area also may be supported. Depending upon the results
of these two MWATS, the need for additional testing would be assessed. Wells would be instrumented
on a priority basis, limited by available equipment. Well instrumentation priorities will be determined

based on data objectives refined after analysis of the single-well hydraulic testing results.

6.1.2.4 Single-Well Tracer Test

Single-well tracer tests could be conducted to provide information on fracture-matrix mass transfer

(Table C.1-1). Specific wells (Table 6-2) have not been identified for such testing.
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Single-well tracer tests have both active and passive elements: injection of a tracer, a passive drift
period, and then pumpback of the tracer. The drift period provides information to determine natural
groundwater flow rates. A refinement would add an initial injection and pumpback without a drift
period to provide information on the effects of the injection/pumpback operations, which are difficult
to control downhole. Wells installed for tracer tests may require more extensive characterization of
the fracture system than the standard data collection to better support analysis of tests. This could
include fracture logs and downhole logging associated with tracer injection. The tracer tests may
target multiple intervals within the formation at the site, and the design of tracer test wells may
require specific features to support the tracer testing, such as separable injection/production intervals.
The wells used for tracer tests may be non-standard size to accommodate special equipment.
Single-well tracer tests may be an element of a joint program with a forced-gradient tracer test and
provide initial information for use to design a forced-gradient tracer test. Information from both
types of tests on one site would improve the analysis for that site as well as provide a basis for
comparing information from the two types of tests for other locations where only single-well tracer
tests were conducted. Analysis of tracer test results requires determination of formation properties
around the well within the extent of tracer movement during the test and may require additional

hydrologic characterization.

6.1.2.4.1 Objectives

Specific objectives for single-well tracer tests are to obtain data to determine matrix diffusion MTCs
for fracture-matrix interactions, for both WTA rocks in the Bench area and the volcanic TMCM rocks
northwest of Timber Mountain. Single-well tracer tests are simpler and less expensive than

forced-gradient tracer tests, and may be conducted in more wells.

6.1.2.5 Cross-Hole Tracer Test

A cross-hole forced-gradient tracer test could be conducted to provide information on fracture matrix
mass transfer (Table C.1-1). The proposed wells (Table 6-1) do not include a paired well set for such
atest. If a forced-gradient tracer test becomes a priority, a second well would be drilled nearby a
previously drilled well. The ER-EC-16 location (Table 6-2) was identified by the ad hoc
Subcommittee as the highest priority location for a forced-gradient experiment (FGE) (Table C.1-2).
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A forced-gradient tracer test uses a pair of wells, one of which is pumped while tracer is injected into
the other well. The forced flow field moves tracer from the injection well to the production well
independent of the natural gradient. However, the flow path is dependent upon the formation
properties between the wells, which must be determined for analysis of the test results. Connectivity
between the two wells can be evaluated with hydraulic testing, and the flow path involved in tracer
transport is defined somewhat better than for a single-well tracer test. Wells installed for tracer tests
require thorough characterization of the fracture system to support analyses of the tests. Tracer tests
may be conducted on multiple intervals of the formation(s), and the design of the tracer test wells may
require special construction features to support the tracer testing such as separable injection and
production intervals, affecting the well size and configuration. Forced-gradient tracer tests may be an
element of a joint program with a single-well tracer test conducted in one or both of the wells used for
the forced-gradient test. Information from both types of tests on one site would improve the analysis
for that site as well as provide a basis for comparing information from the two types of tests for other

locations where only single-well tracer tests were done.

6.1.2.5.1 Objectives

Specific objectives for forced-gradient tracer tests are to obtain data to determine matrix-diffusion
mass-transfer coefficients for fracture-matrix interactions, for both WTA rocks in the Bench area and
the volcanic TMCM rocks northwest of TMD.

6.1.2.6 Coring and Fracture Analysis in Radionuclide Plume or Tracer
Test Formation

Cores from rock through which a groundwater tracer has moved could be analyzed to provide data on
flow of groundwater through individual fractures, which could be used to determine fracture
properties appropriate to RN transport. Such core could also be analyzed to evaluate matrix diffusion
in situ. This method would be applicable to rock through which an RN plume is moving, or to the
tested formation after a tracer test. This activity could be added to the characterization program if an
RN plume were located, or to a tracer test (Table 6-2). In the case where an RN plume has been
identified, a new borehole nearby or a sidetrack of the exploration borehole could be continuously
cored through the contaminated interval, and the core analyzed for the location of RNs in the fractures

and diffusion of the tracer into the matrix from the fractures. The continuous core would provide
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information on the specific fractures that conducted flow containing tracer, assumed to be the same as
the natural hydraulically active fractures. Fracture spacing relevant to transport could thereby be
determined for that location. In the case of a tracer test, core would be collected from the test interval.
Alternately, a simpler approach yielding reduced information would use sidewall coring or
over-coring to collect samples from the interval of interest. A variant for observing matrix diffusion
in situ would be to place tracer in a borehole where the borehole sidewall can be accessed

(specific well construction features would be required). After some time, the formation in the test

interval would be sampled, and the core samples analyzed to determine diffusion into the matrix.

Specific well(s) have not been identified for application of these types of data collection activities
because they would be additions to new drilling dependent on several factors, such as location
of an RN plume or conduct of a tracer test, priorities for well(s) and testing, and suitable

formation conditions.

6.1.2.7 Fluid Electrical Conductivity Logging

Flowing fluid electrical conductivity (FEC) logging (also known as hydrophysical logging) could be
used to locate the major flowing intervals in wells, estimate the relative transmissivity of the flowing
intervals, and estimate specific discharge. Hydraulic conductivity of the flowing intervals can be
estimated in conjunction with the results of the single-well aquifer test. To conduct such tests,
deionized (DI) water is pumped into the borehole in a circulation loop to replace the formation water.
The replacement process is monitored by logging with an EC probe. When completed, DI water
injection is halted, and the evolution of the EC profile along the wellbore is monitored by logging
with the EC probe as natural cross-flow from the formation through the borehole displaces the DI
water. This is done under both ambient and pumped conditions, providing additional information.
Pumping rates are typically low. Data are interpreted under several assumptions, resulting in a

non-unique analysis with uncertainty.

A specific well(s) has not been identified for FEC logging. This activity may be determined to be a

priority for a specific well(s) based on results hydraulic testing.
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6.1.2.8 Temperature Profiling

Temperature profile data are useful for evaluating transient groundwater flow changes and natural
groundwater flow patterns. For example, where substantial temperature profile changes occur during
pumping, such data could provide information to improve the conceptual model used for aquifer test
analyses and decrease uncertainty in the resultant estimation of hydraulic conductivity. It takes
several hours to log an entire borehole using a temperature tool trolled along the borehole to obtain
depth-discrete measures of temperature; thus, rapid depth-discrete changes during starting and
stopping of pumping are not captured. Distributed temperature sensors (DTSs) could be used in
applications where rapid and frequent collection of the temperature profile is required to capture a
rapidly evolving temperature profile. The DTS technology can capture temperature profiles at

1-m resolution, updated as rapidly as every 60 seconds, up to 2 km deep, with temperature resolution
of 0.02 degrees Celsius (°C). Temperature profiling using DTS technology may be determined to be

appropriate for hydraulic testing applications.

6.2 Additional Studies

Additional studies including both field data collection and data analysis are identified to address
uncertainties identified by the ad hoc Subcommittee, listed in Table C.1-1, and other reviews
discussed in Section 5.0. These studies interact with the well drilling and field program, and may also
include additional field data collection. These studies address the variety of uncertainties discussed in

Section 5.0, and will be prioritized according to the needs for Phase Il modeling.

6.2.1 Geologic and Geophysical Studies

Proposals for data analysis activities to address specific geologic and hydrostratigraphic concerns to

reduce uncertainty for the HFM used for flow and transport modeling are:

» Develop alternative conceptual models of the Bench area, along predicted flow paths.

- The Bench area has complex geology and stratigraphy, and the geologic structures that
control many of the defined geologic contacts are not fully constrained. Modeled flow
paths converge in the Bench area. The variability in the flow paths and transport
predictions may be strongly controlled by spatial variability in volcanic units and structural
features that disrupt these rocks. The effects of these uncertainties need to be investigated
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through development of alternative geologic models of the Bench area and evaluation of
their effects on transport predictions.

Develop conceptual models of heterogeneity in the volcanic aquifer (VA) and volcaniclastic
confining unit (VCU) HSUs in Western Pahute Mesa.

- The Phase I flow and transport models apply uniform properties to VA and VCU HSUs in
Western Pahute Mesa, although it is known that properties vary spatially. Uncertainty
regarding flow and transport related to the variability would be investigated using
heterogeneity models for the properties.

Expand the enhancement of the TMCM in the HFM to include the eastern portion of
Timber Mountain.

- The TMCM is a thick composite HSU that includes intervals of permeable fractured
welded tuffs and lava flows within generally low-permeability tuffs. Further evaluation of
geologic data has supported development of a sub-HSU model of the TMCM for the
western Timber Mountain area that differentiates these different rock units. Additional
work would extend the differentiation through the remainder of the TMCM extent, and the
sub-HSU model would then be loaded into the EarthVision HFM.

Evaluate the connectivity of permeable intervals within the CHZCM to the groundwater
flow system.

- Many cavities are located in the CHZCM that, per CHESHIRE investigations, have
embedded permeable intervals (LFAs) providing potential for transfer of RNs from the
cavity to the groundwater flow system. This work could lead to more confident
subdivision of LFA and TCU intervals in the CHZCM. Such subdivision is incorporated in
the Phase I reactive mineral model, but lateral extents are uncertain.

Investigate the physical nature of the structural boundaries/faults along the southern edge of
Pahute Mesa and bounding the Bench area that potentially affect flow off Pahute Mesa and
toward Timber Mountain.

- The structural boundaries/faults in the HFM defining the caldera margins and intervening
Bench area represent geologic discontinuities in the HFM, and also may have distinct
hydraulic properties. Properties for structural boundaries/faults in the Phase I flow model
are adjusted as a calibration factor. Information directly evaluating hydraulic properties
would increase confidence in the hydraulic effects of the these features.

Investigate the extent of hydrothermal alteration in the Bench area and downgradient
(Transvaal Hills) that may affect the hydrology and, consequently, groundwater flow paths.
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- Areas of HSUs affected by hydrothermal alteration may have hydraulic properties differing
from general data for the HSUs. Information on the effect of hydrothermal alteration on
hydraulic properties and on the extent of the alteration would improve the model.

6.2.1.1 Field Activities

Data collected from the drilling activities discussed in Section 6.1.1 would provide certain field data
for supporting these analyses. In conjunction with the hydrologic investigation program, the field
locations of major faults (structural boundaries) in the HFM — particularly the NTMMSZ (i.e., Moat
fault), the M1 extension of the Boxcar fault (inferred), the SCCCSM (structural boundary for the
SCCC within the Bench), and the TMCCSM (structural boundary for the Area 20 caldera and Rainier
Mesa caldera) along the south of the Bench — would be evaluated for location, orientation, and

physical features.

6.2.1.2 Data Analyses

Following subject-specific data analyses, the results of individual studies and analyses will be
integrated into the HFM (and alternatives). The HFM model document will be updated with a revised
geologic conceptual model and supporting descriptions of new information on geology and structure;

in particular, composite unit subdivisions, faults, structural margins, and hydrothermal alteration.

6.2.2 Hydrology Studies

Specific data analysis topics concerning hydrology to reduce uncertainty for the flow model used for

transport modeling are:

« Additional studies to refine the recharge models.

- Currently, three different types of recharge models with two subsets are used to estimate
recharge for the flow model, producing estimates with a range of a factor of over two.

« Development of alternate conceptual models based on systematic review of the hydraulic
test data.

» Re-evaluation of existing test data for the ER-EC wells for additional information on

formation hydraulic properties, refinement of hydraulic property values, and in conjunction
with analysis of new test data.
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« Further development of methodologies for the evaluation of the effect of the faults on
groundwater flow.

» Further development of the temperature model of the Pahute Mesa model area and use in
evaluation regarding recharge and groundwater flow.

» Further characterization of the head configuration within the study area.

6.2.2.1 Field Activities

Data collected from the drilling and testing activities discussed in Section 6.1.1 would provide new
field data for these analyses for each new well. Additional temperature data may be obtained from
existing wells and boreholes to support improvement of the temperature model. Long-term
water-level monitoring of new and existing wells may be conducted to characterize seasonal head

variation and long-term trends of head.

6.2.2.2 Data Analyses

Following the integration of individual studies and analyses, the flow model will be updated to
incorporate the new hydrologic information. In addition, the flow model documentation will be
supplemented with descriptions of new information on hydrology as well as incorporation into the

flow model.

6.2.3 Isotope- and Geochemistry-Based Studies

Specific data analysis activities concerning isotope- and geochemistry-based data to reduce

uncertainty for the conceptual flow used for transport modeling are:

« Refine the geochemical mixing models for the geochemistry-based flow path analysis using
new geochemical information from the Phase II wells.

« Integrate the revised geochemical mixing models with the conceptual HFM (and alternatives),
conceptual flow model, and recharge models.

+ Review revised C dataset for use in evaluating groundwater travel times through the Pahute
Mesa flow system.
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6.2.3.1 Field and Laboratory Activities

Field activities include incorporation of all requisite parameters for the geochemistry-based flow
path analysis in the geochemical sampling and analysis for new wells. The sampling objective
would be HSU-specific; isolation of individual aquifer HSUs and individual development of
separate completions is necessary to provide optimal samples. In addition, new sampling and
analyses of groundwater from existing wells for which current and complete geochemical data
are not available, including "*C data upgradient of the drilling focus area, would fill data gaps in
the available geochemical information and support improvement of the isotope- and
geochemistry-based flow path analyses. Sampling efforts may include field support for purging

wells and obtaining quality samples.

6.2.3.2 Data Analyses

Analysis activities include compilation of new geochemistry data, review of the Pahute Mesa
geochemistry dataset, and reinterpretation of the pattern of geochemical evolution of groundwater
flow through the system. Within the more focused area of the new proposed investigations, the
greater density of data would provide better resolution for geochemistry-based analyses. The
geochemical flow path analysis document would be updated with the new information and

interpretations, and these interpretations would be used to refine the flow model.

6.2.4 Transport Parameter Studies

Reduction of uncertainty for transport parameters used for transport modeling includes the
parameters affecting fracture-matrix interaction such as fracture spacing (possibly determined from
other parameters) and diffusion coefficients. Other information that may be used to determine the
transport parameter values includes information on mineralogy and fracture coatings, measures of
effective porosity for transport, fracture aperture, hydraulically active fracture spacing, and other

related information.
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Specific concerns for data analyses to reduce uncertainty in transport parameters used for transport

modeling are:

« Refine the conceptual model and appropriate parameter distributions for fracture aperture,
fracture spacing, and matrix diffusion coefficients.

» Develop alternate conceptual models for spatial distribution of parameter variability.

« Develop an approach for determining appropriate values for effective porosity for fractured
HSUs, particularly for the FCCM and TMCM, taking into account the variability of
orientation and spacing.

« Evaluate the anisotropy of effective porosity and potential effect on anisotropy of the MTC.

6.2.4.1 Field and Laboratory Activities

Field data supporting these analyses would be collected from the hydrologic investigation program
(Section 6.1.1). Flow logging under stress, discussed in Section 6.1.1.5.3, provides data for
determining the hydraulically active fracture spacing. Tracer test data collection, discussed

separately in Sections 6.1.2.4 and 6.1.2.5, would provide information on matrix diffusion.

As mentioned in Section 6.1.1.4.4, core may be collected from wells/drilling locations
opportunistically, depending upon encountering RNs during drilling. Continuous core taken from
contaminated intervals in wells in which RNs have been identified may be analyzed to identify the
fractures in which the RNs were migrating, the depth of diffusion of the RNs from each fracture into
the matrix, and the concentration gradient. Based on estimates of the time and concentration history
of the RNs in the fractures, diffusion coefficients from the fracture into the matrix can be estimated as
well as the appropriate fracture spacing for use in transport modeling. This methodology could also
be applied to core from the BULLION tracer test site because diffusion of the residual tracer from the
tracer test into fractures would provide similar information for the LFA test interval. Sidewall core
taken from tracer injection wells used for tracer tests some time after the tracer test could be analyzed

for diffusion of the tracer into the matrix to determine diffusion coefficients.
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6.24.2 Data Analyses

The various types of data collected can be used to determine various parameters related to
fracture-matrix interactions. Where more than one kind of data are collected, the analyses can be
coordinated to reduce uncertainty. Variability and representativeness of the parameters can be
assessed as more data are available for analysis. The analyses will be designed to fulfill the transport

parameter evaluation objectives.

6.2.5 Source-Term Studies

Specific topics for additional data analyses regarding RST and HST uncertainties are:

*  Develop a more realistic assessment of how the RST translates to the HST.

- Use available data to develop a comprehensive conceptual model, including uncertainty, of
how the RST interacts with the environment for all the different test settings on Pahute
Mesa, and in the near and far field. Investigate processes that remove RNs from the RST,
in particular, gas phase transport, and develop an understanding of the impact of the
identified uncertainties.

» Evaluate the variability of source release from cavities and transfer to the groundwater flow
system as a function of the working point in various rock types (HGUs - WTA, VTA, VCU).

» Assess the variability of source-term distribution and geochemical processes in the exchange
volume to refine and bound the abstraction to the SSM.

» Identify all important processes and the important RN/mineral interactions, and evaluate
whether they are appropriately represented in the SSM.

» Improve the simplified source-term upscaling.
» Assess colloid-facilitated transport.

- Within the uncertainty bounds on parameters governing colloid facilitated Pu transport, Pu
mobility simulated in the Phase I transport model could contribute to the definition of the
contaminant boundary. Develop better understanding of processes and constraints for
model parameters associated with colloid facilitated transport in NTS groundwater.
Specific areas for reducing uncertainty include: (1) assessment of the actual Pu-colloid
source. Currently, it is not known or understood how much of the radiologic inventory is
available to migrate on colloids; either formed in the cavity or as a sorptive process of Pu
onto natural colloidal minerals. (2) Assessment of colloid mobility in natural groundwater;
specifically in fractures. Natural colloids are measured in NTS groundwater, but the
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distances they can travel are not well understood. Conduct field and laboratory
investigations to reduce uncertainty on the mobility parameters for colloids.

6.2.5.1 Field and Laboratory Activities

Well ER-20-10 in Table 6-1 is specifically located to assess the HST of the BENHAM test by
sampling the RNs in the groundwater system just outside of the test-affected zone. Sampling the RNs
near the BENHAM cavity would provide data useful for assessing transfer of RNs to the groundwater
flow system and RN transport processes between BENHAM and the ER-20-5 well cluster.

6.2.5.2 Source-Term Data Analyses

6.2.5.2.1 Evaluate SSM Predictions for Source Term Versus Existing Hot Well Data

The Phase I Pahute Mesa transport model indicates that *C (MCL = 2,000 picocuries per liter
[pCi/L]) will be an important RN for predicting the contaminant boundary. However, recent hot well
C analyses have not identified any locations with '*C concentrations above 2,000 pCi/L. The
UGTA Project geochemistry database contains only 3 of 280 entries for '*C with activities above
2,000 pCi/L. The data appear to suggest that the importance of "*C to contaminant boundary
calculations may be overstated by models. Similar observations have been made for the other
non-sorbing RNs (**Cl, *Tc, '*1) reported as relevant to the prediction of the contaminant

boundary. The apparent inconsistency between the SSM-determined source term and existing hot
well data will be investigated, requiring review of the near-field process model and derived SSM
model, evaluation of available hot well data, unclassified and classified source term information, and

RN partitioning models.

6.2.5.2.2 Evaluate Generation and Stability of Actinide Colloids

The current transport models lack the ability to accurately predict the colloidal transport of actinides,
such as Pu, because actinide loading onto colloids and the mechanisms of attachment/detachment are
not well understood. Further, the source of the actinide colloids is not known (generation from test
debris, glass dissolution, or sorption to natural colloids). Determining where and how actinides are
bound to colloids would help eliminate key uncertainties in the UGTA Project transport models.
Additional work is necessary to incorporate a defensible colloid model into Phase II transport

modeling calculations. The proposed work includes laboratory experiments focusing on reduction of
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the uncertainty in colloidal actinide source-term flux. If source-term fluxes are found to be
substantially below the MCL for alpha emitters (15 pCi/L), colloid-facilitated transport would not

contribute to the predicted contaminant boundary.

6.2.6 Other Data Analysis Recommendations

Additional topics for data analyses will be determined based on data collected and considerations
related to development and evaluation of the Phase II flow, transport, and supporting models.

Databases will be maintained and updated to support Phase II analyses and modeling.

6.3 Field Support

Field support includes those activities associated with the acquisition of scientific data and
information, including waste management, health and safety, and sampling and analysis. These
support activities, along with the current versions of the documents that describe the corresponding
policies and practices to be followed, are discussed in the following subsections. The CAI activities
will be conducted under the policies and practices that are in effect at that time, as specified in the
appropriate governing documents. The following general descriptions of field support activities are

provided for the CAI work that is described in Section 6.0.

6.3.1 Waste Management

Waste management is one element of a comprehensive onsite environmental compliance program to
be implemented at Pahute Mesa Phase Il investigation sites. The development of this program is
tailored to anticipated site conditions; however, it includes contingencies in case field operating
conditions change. Periodic field evaluations are conducted to ensure proper implementation of this
program and onsite compliance. The program also includes waste minimization (Section 6.3.1.2) and
fluid management (Section 6.3.3.2). The details of the comprehensive compliance program may be
found in the Underground Test Area Project Waste Management Plan (WMP) (NNSA/NSQO, 2009)
and site-specific planning and field documents. The UGTA Project FMP is included as Attachment 1
to the WMP (NNSA/NSO, 2009). Waste management covers the segregation, tracking,
characterization, and disposal of wastes generated during field activities. Pahute Mesa Phase 11 CAI
activities that are expected to generate waste include drill site construction, well drilling, well

completion, well development, testing, and sampling operations (herein termed “well installation
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activities”). Other investigation activities also may include periodic groundwater sampling of newly
installed wells and existing wells. Also, waste in the form of personal protective equipment (PPE),
sampling equipment, and drilling materials is generated as a result of this investigation. The largest
volume of waste generated during drilling and sampling activities is effluent (fluids) and
groundwater. The management of fluids and groundwater produced at the Pahute Mesa Phase 11
wells is addressed in the UGTA Project FMP (NNSA/NSQO, 2009), discussed later in this section.
Other wastes — such as sanitary, hydrocarbon, and hazardous waste — are generated as a result of
the operation and maintenance of heavy equipment as well as other support functions as part of the

specific type of activity.

6.3.1.1 Investigation-Derived Waste Management

Management of investigation-derived waste (IDW) is described in the UGTA Project WMP
(NNSA/NSO, 2009), which provides a general framework for waste management at Pahute Mesa
Phase I investigation sites. Details regarding the characterization, storage, treatment, and disposal of
wastes generated at Phase II investigation sites are to be addressed in site-specific field instructions or
similar working-level documents. All wastes generated as a result of the Phase II investigation
activities are to be managed and disposed of in compliance with applicable federal, state, and local
laws and regulations. Based on an evaluation of available data and technical input from scientists
supporting the UGTA Project program, the wells that are currently proposed for drilling and
completion are considered to be far-field wells except for ER-20-10. Wells ER-20-7, the contingency
well (ER-20-11) to locate RN transport downgradient from the ER-20-5 well cluster, and possibly
ER-EC-11 are considered to be potential near-field wells. The potential for generating radioactive
waste 1s considered remote for the other wells. Any well that is found to be RN-contaminated in
excess of the UGTA FMP criteria will be recategorized to near-field status. In particular, the presence
of °H in excess of the fluid management criteria listed in the UGTA Project FMP (NNSA/NSO, 2009)
will require the well to be recategorized as a near-field well. The designation of near- and far-field is
important because the waste management strategies for the near- and far-fields wells differ.
Near-field activities require establishment of a controlled area where radioactive contamination
would be closely monitored and managed; far-field activities do not require such monitoring. Process
knowledge regarding the presence of hazardous materials or radioactive contaminants as well as data

from sampling and analysis, combined with available onsite monitoring results, are used to define the
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waste management strategy for each well location. The potential for generating hazardous,
radioactive, and mixed waste streams are assessed separately for each well location. Prevention of
hazardous waste generation is emphasized during the operations conducted under this Phase II CAIP.
When required, personnel are trained and procedures implemented to address management of

radioactive and hazardous waste streams.

Waste characterization is based on the results of process knowledge, fluid management monitoring
and sampling, and groundwater characterization sampling. This information is used to assign the
appropriate waste type (i.e., sanitary, hydrocarbon, hazardous, radioactive, or mixed) to the IDW.

Direct sampling of waste may be necessary if process knowledge is inadequate for characterization.

6.3.1.2 Waste Minimization

The generation of IDW is minimized through the implementation of a comprehensive compliance
program. Waste minimization is achieved through the control of hazardous materials, materials
substitution, and waste segregation. Hazardous materials are controlled, managed, and tracked in
accordance with Occupational Safety and Health Administration (OSHA) requirements and
applicable procedures and protocols. Material substitution is implemented wherever possible to
prevent or minimize the generation of a hazardous waste. Waste such as effluent and PPE are
segregated to the greatest extent possible to minimize the generation of hazardous, radioactive, and/or

mixed waste.

6.3.2 Health and Safety

The health and safety of workers and the public as well as protection of the environment will have the
highest priority during the Pahute Mesa Phase II CAl, in accordance with the NNSA/NSO Integrated
Safety Management System. Worker protection will be achieved through compliance with DOE
Orders, OSHA regulations, the primary Real Estate/Operations Permit (REOP) holder’s Health and
Safety Plan (HASP), and secondary REOP Field Activity Work Packages (FAWPs). Requirements
specified in these documents are subject to change, and the work performed for this CAl is to be
conducted in accordance with the most current published versions of these documents. The current
UGTA Project HASP/FAWP (NSTec, 2008¢) is the governing document under which all UGTA
Project ER operations are conducted. The UGTA Project HASP (NSTec, 2008c) prescribes the
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minimum procedures that will be followed while performing field operations and describes the roles
and responsibilities of key project personnel. The requirements are written to comply with DOE
Orders and current federal regulations such as 29 Code of Federal Regulations (CFR) 1910

(CFR, 2009b) and 29 CFR 1926 (CFR, 2009¢c). The governing documents will be updated to be

current with regulations at the time the drilling or testing programs are initiated.

Individual subprojects, sites, and/or tasks require the production of a FAWP to identify the nature of
anticipated work, particular site features, hazards communication, and protective measures to be
employed on that site. Work will be conducted in accordance with the FAWP, which will address the
anticipated physical, chemical, and radiological hazards associated with the activity. The FAWP will
be written to comply with the requirements of the UGTA Project HASP (NSTec, 2008c).

The principal hazards associated with activities at drilling sites are those general or physical hazards
associated with industrial operations. These activities involve heavy equipment operation, potential
for falling objects, and rotating and moving machinery. Environmental conditions such as the
weather and terrain may increase the potential for accidents. The remoteness of some of these sites
and the terrain may delay the response time for medical and fire services. During the spring, summer,
and fall months, personnel may encounter snakes, spiders, and scorpions, and possibly mountain
lions. Some deer mice in Nevada have been found to carry the hantavirus. Although the possibility
of encountering deer mice in Pahute Mesa Phase II fieldwork may be low, the risk exists and needs to

be evaluated during planning for field activities.

Hazardous chemicals, including lead, at levels of occupational health concern are not anticipated in
the groundwater. The only anticipated source of chemical hazards to workers is from the materials
brought on site. These materials may include fuel for the drill rig and generators; small volumes of
nitric, hydrochloric, or sulfuric acid to be used as sample preservatives; and testing standards and
reagents used for groundwater analysis. Proper storage and handling of these materials, as outlined in

the FAWP, reduce the potential for accidents involving chemical hazards.

When radiological constituents are present in groundwater at levels of occupational health concern or
are anticipated due to the proximity of the well to an underground nuclear test, additional documents
apply. Work controls are guided by the Nevada Test Site Radiation Protection Program (RPP)
(NSTec, 2008a), NV/YMP Radiological Control (RadCon) Manual (NNSA/NSO, 2004), and
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10 CFR 835, “Occupational Radiation Protection” (CFR, 2009a). The NTS RPP establishes the
policy by which radiological doses are maintained within acceptable limits and radiation exposures
are maintained as-low-as-reasonably-achievable (ALARA) below these limits. The NV/YMP
RadCon Manual represents DOE-accepted guidelines and best practices for implementing NTS and
YMP radiation protection programs in accordance with the current 10 CFR 835 regulations

(CFR, 2009a). The governing documents will be updated to be current with regulations at the time

the drilling program is initiated.

Groundwater from some wells installed as part of the Pahute Mesa Phase 11 CAI may contain RN
concentrations above EPA drinking water standards. The primary RN that may generally be
encountered at elevated levels is *H in the form of tritiated groundwater. Due to the distance of the
wells from underground nuclear tests — except ER-20-10 and potentially ER-20-7, the contingency
well (ER-20-11), and possibly ER-EC-11 — significant amounts of *H or mixed fission products are
not expected to be encountered. As a precautionary measure, operations will be conducted to ensure
that personnel exposure to water vapor, splashes of groundwater, and drilling fluids will be minimized
and that access to the site is restricted to only personnel involved in the field activities. Wells
ER-20-10, ER-20-7, and the contingency well (ER-20-11) are located proximal to tests specifically to
investigate known RN contaminant plumes. Well ER-EC-11 is located downgradient along a
predicted flow path. It is not known what levels of RNs may be encountered, and drilling, testing,

and sampling of these wells will be handled accordingly.

The *H concentration in groundwater produced at the surface is monitored hourly. If *H is detected
above the action level set in the UGTA Project HASP/FAWP (NSTec, 2008c¢), operations are
conducted in accordance with the current 29 CFR 1910 (CFR, 2009b) regulations and Radiological
Work Permits (RWPs). Precautions include wearing water-impervious clothing when handling
materials that have contacted the groundwater and establishing radiologically controlled areas to
prevent the contamination of personnel. Engineering controls such as closed fluid transport systems
and sampling enclosures also may be invoked to prevent worker contact with groundwater and to
keep potential exposure ALARA. The governing documents will be updated to be current with

regulations at the time the drilling program is initiated.
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Workplace radiological monitoring is specified in the RWPs and is used to control potentially
contaminated materials and prevent these materials from leaving the established radiologically

controlled area. Such precautions also control potential contamination from other RNs.

6.3.3 Sampling and Analysis

Sampling and analysis of solids and fluids will be performed during this investigation. The
associated activities include sample collection, onsite field screening for potential contamination, and
offsite laboratory analysis. Onsite field screening for the leading indicator contaminants is conducted
to reduce the risks to the environment and ensure the health and safety of project personnel and the
public. Laboratory analyses of samples are used to ensure compliance with program requirements

and for characterization of process materials and the groundwater.

6.3.3.1 Solid Sampling and Analysis

Solid samples of interest include surface and subsurface soils, rock cuttings, and cores collected from
the boreholes during drilling. Surface and subsurface soil samples will be collected before initiating
construction activities. At drilling pad sites, nonintrusive surface radiological surveys will be
conducted with portable survey instruments. Surface and shallow subsurface soil samples also will
be collected for field and laboratory chemical and radiochemical analysis. Rock-cuttings samples are
collected from the drilling fluid discharge line as the borehole is advanced. Core samples are
collected using percussion sidewall, rotary sidewall, vertical rotary, or similar techniques. The
sampling frequency and intervals for collection of rock cuttings and core samples are performed in
accordance with task-specific plans and the appropriate procedures. Field screening for any potential
contaminants is conducted at each sample interval. Field analysis of rock cuttings and core samples is
performed by onsite geologists to describe and identify the rocks penetrated during drilling
operations. Laboratory testing to determine hydrologic, physical, and chemical properties also may
be performed on selected cuttings and core samples. The activities associated with the collection,
processing, and description of cuttings and core are performed as directed in task-specific plans and

in accordance with approved procedures.
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6.3.3.2 Fluid Sampling and Analysis

Fluid samples of interest include process fluids and groundwater. Process fluids are those fluids
produced during the drilling, well construction, development, and purging activities that occur before
collecting a representative groundwater sample. They include drilling fluid compound formulations,
water produced during well completion, well development activities, and water purged before
sampling. Groundwater is defined as water that is considered representative of the aquifer and is

suitable for sampling and aquifer characterization purposes.

Fluids generated during all phases of the operation are managed in accordance with the UGTA Project
FMP (NNSA/NSOQO, 2009), site-specific plans, and field instructions. Fluids produced during drilling,
well completion, and well development and testing are collected for both field and laboratory
analysis. Fluids that do not meet the fluid management criteria for release to an unlined infiltration

basin are contained in lined sumps.

In addition, fluids produced during well purging or development are monitored for pH, conductivity,
and temperature to determine stabilization before collecting groundwater characterization samples.
These activities are conducted in accordance with the site-specific plans, field instructions, and the
appropriate procedures. Additional parameters may be monitored as prescribed in the site-specific

plans and instructions.

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.

Process fluid and groundwater samples are collected, processed, and transported in accordance with
state and federal regulations and applicable internal contractor procedures. If onsite monitoring or

other knowledge indicates the potential for environmental samples to meet the definition of
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hazardous material under U.S. Department of Transportation (DOT) regulations, internal contractor
procedures for the transport of hazardous materials shall be followed. These contractor procedures
mandate compliance with applicable DOT shipping regulations. Specific guidance for this type of
sampling is provided in site-specific plans and instructions and in accordance with appropriate
internal contractor procedures. Process fluid samples collected for fluid management purposes are
analyzed for selected metals, *H, gross alpha, and gross beta parameters as specified in the UGTA
Project FMP (NNSA/NSQO, 2009). 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 RNss.

6.3.3.3 Quality Assurance

All sampling and analysis tasks are conducted in accordance with the requirements of the UGTA
Project QAPP (NNSA/NSO, 2003). Section 7.0 of this document provides a summary of the
QA program.

6.3.3.4 Field Quality Control

Project participants ensure that field quality control (QC) samples are collected and submitted

to a selected analytical laboratory in a manner consistent with the UGTA Project QAPP
(NNSA/NSO, 2003). The frequency, number, and type of QC samples collected during sampling
activities are specified in site-specific plans, project plans, the UGTA Project QAPP

(NNSA/NSO, 2003), and appropriate procedures. The types of QC samples may include field
duplicates, equipment rinsate blanks, and, if necessary, rinsate source blanks. Collection and
documentation of field QC samples are conducted in accordance with approved plans and procedures
that meet the requirements of the UGTA Project QAPP (NNSA/NSO, 2003).

6.3.3.5 Waste Management

Waste in the form of PPE, sampling equipment, and drilling materials will be generated as a result of
this investigation. Specific requirements for characterization sampling of these wastes are contained
in Section 6.3.1.1 of this document and in the UGTA Project WMP (NNSA/NSQ, 2009).
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7.0 Quality Assurance

A comprehensive QA program applies to all activities performed under the UGTA Project, including
those defined in this document. That program is documented in the UGTA Project QAPP
(NNSA/NSO, 2003). The scope of work specified in this Phase IT CAIP requires three different types
of activities addressed in the UGTA Project QAPP: (1) assessment of existing data, (2) modeling, and
(3) collection of new data. The UGTA Project QAPP also requires that methods be in place for the
control and transfer of data, control of interpretive work products, and control of data within the
central database. All UGTA participating organizations and contractors will apply methods and
procedures compliant with the UGTA QAPP (NNSA/NSQ, 2003).

7.1  Assessment of Existing Data

Section 5.1 of the UGTA Project QAPP (NNSA/NSO, 2003) states that new and existing data shall be
evaluated against current requirements for their intended use. Criteria are specified to address
evaluation of data concerning the quality of the data documentation and the quality of the data. In
addition, considerations for transfer of data to a CAU are discussed in the Transferability of Data

Related to the Underground Test Area Project, Nevada Test Site, Nye County, Nevada (SNJV, 2004c).

7.1.1 Data Documentation Evaluation

Data documentation evaluation addresses determination of the level of knowledge about the data
collection process and data traceability, categorized according to standardized levels. The five levels

of data documentation evaluation flags are as follows:

« Level 1: New data collected in accordance with NNSA/NSO project-specific QAPPs,
approved State of Nevada procedures, and/or participant-specific procedures. This ranking
indicates that all supporting documentation for the data is on file and available for review by
data users.

+ Level 2: Data collected in accordance with approved plans and procedures as required for
Level 1; however, one or more documentation requirements may be deficient in some way.
Examples of data documentation deficiencies may include lost or destroyed field-data
collection forms, or data acquired using interim or draft procedures.
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« Level 3: Data collected using accepted scientific methodology (e.g., American Society for
Testing and Materials [ASTM], EPA methods). The data are accompanied by supporting
and corroborative documentation such as testing apparatus diagrams, field or laboratory notes,
and procedures.

« Level 4: Data collected before issuing and implementing project-approved standard policies,
procedures, or practices governing data acquisition and qualification. The methods of data
collection are documented and traceable; however, the validity of data use or compliance with
reference procedures is indeterminate, or supporting documentation may not exist.

« Level 5: Data obtained under unknown, undesirable, or uncertain conditions. When data
documentation is unknown, any available supporting or helpful descriptions of the intended
use and conditions of data capture should be described.

Data documentation level is taken into account in evaluating data quality and also indicates the level

of available documentation for further examination when using the data.

7.1.2 Data Quality Evaluation

The criteria used to evaluate the quality of the different types of required data are dependent on the
type and the intended use of the data. The general procedure includes assigning one or more flags,
termed data quality evaluation flags, to each record or group of similar records compiled in the
dataset, indicating the data quality or suitability of the individual data record for the intended usage.

This may be taken into account in data analysis, either qualitatively or quantitatively.

7.1.3 Data Transfer

The UGTA Project data transferability document (SNJV, 2004¢) points out that the UGTA Project
relies on data from a variety of sources and states that a process is needed to identify relevant factors
for determining whether material-property data collected from other areas can be used to support
groundwater flow, RN transport, and other models within a CAU. This document describes the
overall data transfer process and documentation of the data transfer decision and process. The
document and its accompanying appendices do not provide the specific criteria to be used for transfer
of data for specific uses. Rather, it outlines the bases for the criteria to be established by separate
parameter-specific and model-specific data transfer protocols. The CAU data documentation
packages and data analysis reports will apply the protocols and provide or reference a document with

the data transfer evaluations and decisions.
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7.2 Modeling

The QA requirements for modeling are specific in Section 5.2 of the UGTA Project QAPP
(NNSA/NSO, 2003) and generally consist of software/hardware configuration control, technical
evaluation of new codes, code verification and validation activities, and software documentation.
Output from modeling runs will be well documented and traceable to the code from which it was
generated. Participating organizations’ procedures will provide for the specific methods used for

performing these activities.

7.3 Collection of New Data

Extensive requirements for the collection of samples to obtain new data are provided in Section 5.3 of
the UGTA Project QAPP (NNSA/NSOQO, 2003). Participating organizations' standard procedures must
meet the requirements of the QAPP and will be used to perform sample collection, handling,

documentation, and analysis. Data from newly acquired samples will be evaluated against the criteria

established in the UGTA Project QAPP (NNSA/NSQO, 2003) and this Phase IT CAIP before use.
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8.0 Records and Data Availability

8.1  Data Availability

The duration of the work as described in this plan, through peer review of the CAU model completing
the Phase II CAl is projected in the current UGTA life-cycle baseline (LCBL) to be approximately
11 years (fiscal year [FY] 2008 through FY 2019). The LCBL is subject to change.

Verified and validated analytical results for sampling will be scheduled for availability within
90 calendar days of the date on which they are collected for the purposes of this investigation.
Other quality-affecting data or measurements will be scheduled for availability on a similar schedule

following completion of task activities.

8.2 Document/Records Availability

This Phase IT CAIP and all unclassified primary supporting documents/documentation are available
to the extent allowed by law (and as addressed in paragraph XIII.3 of the FFACO [1996, as amended
February 2008]) in the DOE Public Reading Rooms located in Las Vegas and Carson City, NV, and
from the UGTA NNSA/NSO Federal Sub-Project Director. The NDEP maintains the official
administrative record for all activities conducted under the auspices of the FFACO (1996, as amended
February 2008). For further information about where to obtain documents and other data relevant to

this plan, please contact the UGTA NNSA/NSO Federal Sub-Project Director at (702) 295-3314.
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