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1.0 INTRODUCTION

The Federal Facility Agreement and Consent Order (FFACOQO) (1996, as amended), the governing
agreement between the U.S. Department of Energy (DOE) and Nevada Division of Environmental
Protection (NDEP), has four stages: corrective action investigation plan (CAIP), corrective action
investigation (CAI), corrective action decision document (CADD)/corrective action plan (CAP), and
closure report (CR). The Frenchman Flat CAIP stage was completed with the publication of the CAIP
in 1999 (DOE/NYV, 1999). The CAI stage was completed in 2010 for Frenchman Flat with the
successful peer review of the Phase II flow and transport model (N-I, 2010) culminating in NDEP
acceptance of the model (Murphy, 2010). Frenchman Flat has been in the CADD/CARP stage since
2011, focusing on model evaluation to ensure that existing models provide adequate guidance for

Frenchman Flat regulatory decisions regarding monitoring and institutional controls.

There are five steps in the CADD/CARP stage, as shown in Figure 1-1. In Step 1, specific evaluation
targets and data-collection activities were identified (Table 1-1) with an expert elicitation (Chapman
and Pohlmann, 2011). This information was included in the CADD/CAP (NNSA/NSO, 2011), which
was approved by NDEP in 2011 (Murphy, 2011), completing Step 2. To fulfill Step 3, Wells ER-5-5
and ER-11-2 were drilled, and the following activities were performed: a ground magnetic survey, a
limited resurvey of well locations and elevations, water-level measurements, and well hydraulic
testing and sampling. As data collection and analysis progressed, meetings were held with the
pre-emptive review (PER) committee where interim findings were evaluated and feedback provided.
This report is part of Step 4, the model evaluation report required by the CADD/CAP, which supports
NDEP Decision 6 in the FFACO strategy.

Model evaluation focused solely on the PIN STRIPE and MILK SHAKE underground nuclear
tests’ contaminant boundaries (CBs) because they had the largest extent, uncertainty, and

potential consequences (NNES, 2010). The CAMBRIC radionuclide migration experiment also had
a relatively large CB, but because it was constrained by transport data (notably Well UE-5n), there
was little uncertainty, and radioactive decay reduced concentrations before much migration could
occur. Each evaluation target and the associated data-collection activity were assessed in turn to

determine whether the new data support, or demonstrate conservatism of, the CB forecasts

Section 1.0 “
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Process Flow Diagram for CADD/CAP Model Evaluation Process
Source: NNSA/NSO, 2011

Figure 1-1
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Table 1-1
Summary of Model Evaluation Targets and Data-Collection Activities

Model Evaluation Target Data-Collection Activity

Geologic logging of subsurface rock type, geophysical logging
Internal continuity of TSA to determine rock type, bed dip, and fracture characteristics.
Surface magnetic geophysical survey.

Geologic logging of subsurface rock type, geophysical logging
Spatial extent of TSA in the north to determine rock type, bed dip, and fracture characteristics.
Surface magnetic geophysical survey.

Hydraulic conductivity of WTA (TSA) Constant rate pumping testing.

Geologic logging of subsurface rock type, geophysical logging
Continuity of BLFA to determine rock type, bed dip, and fracture characteristics.
Surface magnetic geophysical survey.

Measurement of hydraulic head in new wells and in existing

Conceptual model of basin drainage to the southeast
wells as part of a water-level measurement program.

Source release conservative assumptions Analysis of radionuclides in groundwater samples.

Hydraulic conductivity of BLFA Constant rate pumping testing.

Measurement of hydraulic head in new wells and in existing

Flow boundary conditions
wells as part of a water-level measurement program.

Size of exchange volume None.

Analysis of C, stable isotopes, and major ions

Geochemical age and velocity constraints .
in groundwater samples.

BLFA = Basalt lava-flow aquifer
C = Carbon
WTA = Welded-tuff aquifer

(NNSA/NSO, 2011, p. 55). The modeling team—in this case, the same team that developed the
Frenchman Flat geologic, source term, and groundwater flow and transport models—analyzed the
new data and presented the results to a PER committee. Existing site understanding and its
representation in numerical groundwater flow and transport models was evaluated in light of the new

data and the ability to proceed to the CR stage of long-term monitoring and institutional control.

This report presents a summary of the data-collection activities; the results of the evaluation of model
evaluation targets presented in the CADD/CAP; and modeling team and PER committee
recommendations for additional data collection in the CADD/CAP stage, model refinements, and
whether the corrective action unit (CAU) can proceed to the CR stage. In addition, correspondence
between the DOE, National Nuclear Security Administration Nevada Field Office (NNSA/NFO) and
NDEP regarding work performed during the CADD/CAP stage are included in Appendix B.

1-3
Section 1.0



Model Evaluation Report for CAU 98: Frenchman Flat

2.0 MobDEL EVALUATION DATA-COLLECTION SUMMARY

Data-collection activities designed specifically for the Frenchman Flat model evaluation included
performing ground-based magnetic surveys, drilling model evaluation wells, performing hydraulic

testing, and analyzing water chemistry. Each of these data-collection activities is summarized below.

2.1 Ground-Based Magnetic Survey of Frenchman Flat

The U.S. Geological Survey (USGS) conducted a ground-based magnetic survey of the northeast
portion of Frenchman Flat within the Nevada National Security Site (NNSS), and within the adjacent
Nevada Test and Training Range (NTTR) (Phillips et al., 2014). The survey was designed to help
address geologic uncertainties related to proposed sites of new wells downgradient and within
potential contaminant plumes resulting from the MILK SHAKE and PIN STRIPE underground

nuclear tests. Ground magnetic data were collected along 23 separate lines (Figure 2-1).

In the vicinity of MILK SHAKE, groundwater flow and transport model results showed significant
sensitivity to the transport properties of the basalt, encountered within the alluvial section near the
water table at MILK SHAKE and several other drill holes in the area. Interpretation of the new
magnetic data suggests that the basalt extends as a single, large continuous unit much farther to the
east and southeast than modeled in the Frenchman Flat BASE hydrostratigraphic framework model
(HFM) (BN, 2005), but similar to the BLFA alternative HFM also presented in BN (2005).

At PIN STRIPE, model results were very sensitive to the continuous, unfaulted, saturated Topopah
Spring aquifer (TSA) in the area extending eastward from PIN STRIPE as modeled in the Frenchman
Flat BASE HFM (BN, 2005). Ground magnetic data were collected east and northeast of PIN
STRIPE to evaluate whether northward-striking faults observed in the hills north of PIN STRIPE
extend southward below the alluvium that could possibly disrupt the TSA east of PIN STRIPE.
However, complex magnetic signatures likely associated with cultural interference such as power
lines, variable magnetic intensities, and inclinations of the shallow volcanic rocks in the area

precluded reliable recognition of buried faults east of PIN STRIPE.

Section 2.0 “
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Figure 2-1
Map of Frenchman Flat Showing Locations of Ground Magnetic Survey Lines
Colored by Magnetic Intensity Overlain on BLFA Alternative HFM
Source: Modified from Phillips et al., 2014
Note: Cavity radius (R,) is calculated using the maximum of the announced yield range in DOE/NV (2000) and
Equation (1) in Pawloski (1999).
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2.2 Model Evaluation Wells

The Frenchman Flat well-drilling program is part of the CADD/CAP for Frenchman Flat CAU 98
(NNSA/NSO, 2011). Two wells, Wells ER-5-5 and ER-11-2, were drilled to support CADD/CAP
data-collection objectives downgradient from the MILK SHAKE and PIN STRIPE underground
nuclear tests, respectively. The primary purpose of each well was to provide geologic, hydrogeologic,
chemical, and radiological data that could be used to test and build confidence in the applicability of
the Frenchman Flat CAU groundwater flow and contaminant transport models for their intended
purpose; and to address specific issues and uncertainties identified as model evaluation targets, which
are listed in Table 4-1 of the CADD/CAP document and included in this report as Table 1-1.

Figure 2-2 shows CB forecasts from the flow and transport report (NNES, 2010) for the MILK
SHAKE and PIN STRIPE underground nuclear tests, and the locations of Wells ER-5-5 and ER-11-2.
The CB is computed from transport model results and is not a direct measure of groundwater
contamination. The CB is created by analyzing transport model Monte Carlo results to give the
probability (Daniels and Tompson, 2003; NNES, 2010) of exceeding the Safe Drinking Water Act
(SDWA) regulatory standards (CFR, 2014). The outlines shown in Figure 2-2 encompass the

5 percent chance or greater of exceeding the maximum contaminant level (MCL) at selected times. At
the time of the Frenchman Flat peer review, a transport code error was identified, and an impact
assessment was conducted (N-I, 2012a) that showed the effect of the error was to overstate
concentrations and the extent of the CBs. The impact assessment showed that Wells ER-5-5 and
ER-11-2 are located where the computed probability of exceeding the MCL after 50 years of

migration is greater than about 70 percent.

2.2.1  Well ER-5-5

Well ER-5-5 was the first of two wells constructed in Frenchman Flat during the summer of 2012.
The primary purpose for drilling Well ER-5-5 was to obtain data to evaluate uncertainty in the
conceptual model of flow and transport and its CB forecasts (N-I, 2012b). In particular, the well was
intended to produce data that would help characterize the hydrogeology and possible radiological
contamination immediately downgradient from the MILK SHAKE underground nuclear test,
conducted in Emplacement Hole U-5k in 1968 (DOE/NV, 2000). Well ER-5-5 is sited along the
centerline of the model-forecasted CBs approximately 5 R, or 195.0 meters (m) (640 feet [ft]),
south—southeast from MILK SHAKE (Figure 2-2). The cavity radius was calculated using the
maximum of the announced yield range for the test published in DOE/NV (2000) and Equation (1) in
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Figure 2-2
Satellite Image of Northern Frenchman Flat Showing Forecast CBs

for the Northern Testing Area Underground Nuclear Tests
Note: Cavity radius is calculated using the maximum of the announced yield range in DOE/NV (2000) and
Equation (1) in Pawloski (1999).
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Pawloski (1999). The well was also expected to provide information regarding the nature and

hydrologic character in the alluvial section, particularly the intercalated BLFA.

Data collected during construction of Well ER-5-5 include composite drill cuttings samples collected
every 3.0 m (10 ft) from 36.6 to 331.3 m (120 to 1,087 ft). Figure 2-3 shows the hydrology and
general completion of Well ER-5-5. Open-hole geophysical logging was conducted in the portion of
the hole below the surface casing to help verify the geology and assess the hydrologic characteristics
of the alluvium and BLFA. However, the log data collected above the depth of 206.7 m (678 ft) were
unusable because much of the borehole had been cemented during drilling to stabilize sloughing
zones. A complete listing of these data is presented in the completion report for Well ER-5-5
(NNSA/NSO, 2013a).

Well ER-5-5 was drilled entirely within Quaternary—Tertiary alluvium, which contains an intercalated
rubblized basalt flow (i.e., BLFA) that was penetrated between the depths of 290.8 and 297.5 m
(954 and 976 ft) (Figure 2-4). The stratigraphy, general lithology, and water level were as expected,
though the expected BLFA is basalt rubble and not the dense, fractured lava as modeled.

For more information on the drilling and completion of Well ER-5-5, refer to Completion Report for
Model Evaluation Well ER-5-5, Corrective Action Unit 98: Frenchman Flat (NNSA/NSO, 2013a).

2.2.2 Well ER-11-2

Well ER-11-2 was the second of two Underground Test Area (UGTA) model evaluation wells
constructed in Frenchman Flat during the summer of 2012 (NNSA/NSO, 2013b). The primary
purpose for drilling Well ER-11-2 was to obtain data to evaluate uncertainty in the conceptual model
of flow and transport at PIN STRIPE and its CB forecasts. In particular, the well was intended to
produce data that would help characterize the hydrogeology and possible radiological contamination
immediately downgradient from the PIN STRIPE underground nuclear test, which was conducted in
Emplacement Hole U-11b in 1966 (DOE/NYV, 2000). Well ER-11-2 is sited along the centerline of the
model-forecasted CBs approximately 5 R, or 190.5 m (625 ft), east of PIN STRIPE (Figure 2-2).
The cavity radius was calculated using the maximum of the announced yield range for the test
published in DOE/NV (2000) and Equation (1) in Pawloski (1999).
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Figure 2-3
Geology and Hydrology of Well ER-5-5
Source: Modified from NNSA/NSO, 2013a
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Northwest-Southeast Geologic Cross Section through Well ER-5-5
Source: Modified from NNSA/NSO, 2013a
Note: Cavity radius is calculated using the maximum of the announced yield range in DOE/NV (2000) and
Equation (1) in Pawloski (1999).
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Data collected during and shortly after hole construction include composite drill cuttings samples
collected every 3.0 m (10 ft) from 33.5 m (110 ft) to 399.3 m (1,310 ft). Open-hole geophysical
logging was conducted to help verify the geology and assess the hydrologic characteristics of the
saturated units. A complete listing of these data is presented in the completion report for

Well ER-11-2 (NNSA/NSO, 2013b).

The well penetrated 42.7 m (140 ft) of Quaternary and Tertiary alluvium and 356.9 m (1,171 ft) of
Tertiary volcanic rock (Figure 2-5). See Table 2-1 for stratigraphic nomenclature. The stratigraphy,
general lithology, and the water level were generally as expected at Well ER-11-2, though the
stratigraphic section is structurally higher than expected due to faulting disrupting the flow path to the
east from PIN STRIPE; however, this uncertainty was identified in the flow and transport report
(NNES, 2010).

For more information on the drilling and completion of Well ER-11-2, refer to Completion Report for
Model Evaluation Well ER-11-2, Corrective Action Unit 98: Frenchman Flat (NNSA/NSQO, 2013Db).

2.3 Well Testing and Sampling

After drilling, logging, and completing Wells ER-5-5 and ER-11-2, additional data-collection
activities in support of the evaluation targets shown in Table 1-1 were conducted. These included

(1) water-level monitoring by discrete depth-to-water measurements and pressure transducers over
about a 16-month period; (2) well development, including step testing and water-quality

(total dissolved solids [TDS], dissolved oxygen [DO], turbidity, specific electrical conductance
[SEC], pH, bromide) monitoring at Well ER-5-5; (3) a three-day constant-rate pumping test after
well development at Well ER-5-5; (4) bailing at Well ER-11-2 and associated water-quality
monitoring (TDS, DO, turbidity, SEC, pH, bromide), because hydrogeologic conditions

(saturated hydrostratigraphic units [HSUs] in well; see Section 3.1) could not support pumping; and
(5) groundwater sample collection for radiochemical and geochemical analyses at the end of the
development and testing operations (N-I, 2013b and ¢). Samples were analyzed by a commercial
laboratory certified through the NDEP Bureau of Safe Drinking Water. These results are presented in
N-1(2013b and c). Samples were also analyzed by Lawrence Livermore National Laboratory (LLNL)
using non-standard methods that provide significantly lower detection capabilities. These data are
used to support specific model-evaluation targets. The data and their interpretation are presented for

each relevant target as described in Section 3.0.
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Table 2-1
Key to Stratigraphic Units and Symbols of the Well ER-11-2 Area
Stratigraphic Unit Map Symbol
Quaternary and Tertiary deposits QT
young alluvial deposits Qay
intermediate alluvial deposits Qai
old alluvial deposits QTa
Timber Mountain Group Tm
Ammonia Tanks Tuff Tma
Rainier Mesa Tuff Tmr
mafic-poor Rainier Mesa Tuff Tmrp
tuff of Holmes Road Tmrh
Paintbrush Group Tp
Topopah Spring Tuff Tpt
Calico Hills Formation Th
mafic-poor Calico Hills Formation Thp
Wahmonie Formation Tw

Source: NNSA/NSO, 2013b

2.4 Water-Level Measurement Program

The CADD/CAP (NNSA/NSO, 2011, p. 55) includes developing a water-level monitoring program in
Frenchman Flat. Water levels have been routinely monitored at the Area 5 Radioactive Waste
Management Complex (RWMC) since 1996 and throughout the Frenchman Flat CAU beginning
around 2003 (Table 2-2). These established programs constitute an ongoing monitoring program that
has resulted in approximately 80 percent more static water-level measurements since the CAI data
compilation documented by Stoller-Navarro Joint Venture (SNJV) in 2004 (SNJV, 2004c).

A standardized protocol, as specified in the CADD/CAP (NNSA/NSQO, 2011), has been implemented
by DOE in accordance with the UGTA Quality Assurance Plan (NNSA/NSO, 2012). This protocol
includes a reference-point dataset that was established to ensure high-precision measurements needed
to resolve the small water-level differences among the CAU wells. Reference points for water-level
measurements include the latitude, longitude, ground-surface elevation, and the measure-point
elevation. A review conducted by NSTec (Ortego, 2013a) confirmed that the differential leveling
survey completed in 2001 of 14 Frenchman Flat wells reflects the best available survey technology
and provides accuracies in the range of 0.01 ft (Table 2-3). Pre-2013 records for nine other

Frenchman Flat wells did not have a sufficient survey precision or documentation, and were
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Table 2-2
Quarterly Water-Level Monitoring for Wells in Frenchman Flat
Quarterly Monitoring Measurements
Well Since HDD
Organization Start (SNJV, 2004c)

ER-5-3 deep piezometer UsGS Q12002 38
ER-5-3 main (upper zone) UsGS Q12002 38
ER-5-3 shallow piezometer UsGS Q12002 37
ER-5-3 #2 USGS Q12002 37
ER-5-3 #3 USGS Q12002 37
ER-5-4 main USGS Q3 2003 38
ER-5-4 piezometer UsGS Q3 2003 38
ER-5-4 #2 USGS Q12003 39
ER-5-5 USGS Q32012 19

RNM-1 USGS Q4 2004 37
RNM-28 USGS Q12001 40

UE-5n USGS Q12001 40
WW-5A USGS Q1 1992 117
WW-5B USGS Q1 2003 35

TW-3 USGS Q12005 33
ER-11-2 USGS Q22014 64 *

RNM-2 b USGS - 0
UE-1Mac USGS - 0

UE-5 PW-1 NSTec Q11996 36

UE-5 PW-2 NSTec Q11996 36

UE-5 PW-3 NSTec Q11996 36

2 As of 01/01/2014. Well ER-11-2 was instrumented with a transducer, so quarterly electric tape measurements were initiated Q2 2014.
Most of the measurements are calibrated electric tape measurements performed by N-I.

b The completion for Well RNM-2 has been obstructed since 12/04/2006. The well was checked quarterly until 06/24/2010 to see
whether the obstruction is still present.

¢ Water levels were measured in Well UE-11a from 09/30/1965 to 07/26/1996. The well is still monitored quarterly to verify the water
level is not above the collapsed bottom.

HDD = Hydrologic data document -- = Not started
N-I = Navarro-Intera, LLC
NSTec = National Security Technologies, LLC
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Table 2-3
Comparison of Ground-Surface Elevation Surveys for Water-Level Monitoring Wells
in Frenchman Flat and Vicinity

wen | ovaton: | Eevaton® | surveysurice| 200N | 20NSTee | e | Difeencentatuesn | SODION
Rel\[l):r:]t:ang (SNJV, 2004c) (SNJV, 2006) Elevation® y y Measurement
(m amsl) Ground-Surface Elevation (m amsl) SNJV, 2004c | SNJV, 2006 Program
ER 5-3 (3" deep) 1,017.24 1,016.57 1,016.57 - 1,016.54 1,016.54 0.70 0.03 Y
ER 5-3 (3" shallow) 1,017.24 1,016.57 1,016.57 - 1,016.54 1,016.54 0.70 0.03 Y
ER 5-3 (main) 1,017.24 1,016.57 1,016.57 - 1,016.54 1,016.54 0.70 0.03 Y
ER 5-3 #2 1,017.24 1,016.58 1,016.58 - 1,016.56 1,016.56 0.68 0.02 Y
ER 5-3 #3 1,017.24 1,016.58 1,016.58 - 1,016.55 1,016.55 0.69 0.03 Y
ER 5-4 (main) 954.54 954.58 954.58 - 954.54 954.54 0.00 0.04 Y
ER 5-4 (piezometer) 954.54 954.58 954.58 - 954.54 954.54 0.00 0.04 Y
ER 5-4 #2 954.54 954.62 954.62 - 954.56 954.56 -0.02 0.06 Y
RNM-1 955.6 955.66 955.66 955.60 - 955.60 0.00 0.06 Y
RNM-2 953.66 953.63 953.63 953.66 - 953.66 0.00 -0.03 Y (obstructed/infill)
RNM-2S 954.16 954.20 954.20 954.09 - 954.09 0.07 0.11 N
TW-3 1,061.96 - - 1,061.96 - 1,061.96 0.00 NC N
UE-11a 1,078.48 - - 1,078.48 - 1,078.48 0.00 NC Y (obstructed/infill)
UE-11b 1,093.01 - - - - 1,093.01 0.00 NC N
UE-5 PW-1 968.73 - - - 968.77 968.77 -0.04 NC Y
UE-5 PW-2 989.54 - - 989.41 - 989.41 0.13 NC Y
UE-5 PW-3 1,004.50 - - - 1,004.51 1,004.51 -0.01 NC Y
UE-5¢ WW upper 980.32 - - 980.32 - 980.32 0.00 NC N
UE-5¢c WAW lower 980.32 - - 980.32 - 980.32 0.00 NC N
UE-5f 1,006.09 - - 1,006.09 - 1,006.09 0.00 NC N
UE-5n 948.95 948.99 948.99 948.85 - 948.85 0.10 0.14 Y
WAW-1 944.88 - - - - 944.88 0.00 NC N
WW-5A 942.97 942.68 942.68 942.63 - 942.63 0.34 0.05 Y
WW-5B 942.83 - - 942.48 - 942.48 0.35 NC Y
WW-5C 939.73 939.28 939.28 939.24 - 939.24 0.49 0.04 N
ER-5-5 Not drilled Not drilled Not drilled Not drilled 1,017.20 1,017.20 - NC Y
ER-11-2 Not drilled Not drilled Not drilled Not drilled 1,089.12 1,089.12 - NC N

aTable 8-1 (SNJV, 2004c)

b As reported in Table A.1-1 (SNJV, 2006)

¢ Ortego, 2013a
4 Ortego, 2013b

¢Negative values indicate best available values are greater than previously published value.

amsl| = Above mean sea level

N = No

NC = No change from SNJV (2004c)

Y = Yes

-- = Not applicable
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resurveyed during 2013 using the Global Positioning System (GPS) to provide more accurate well

site locations (Ortego, 2013b).

Resurvey of the nine wells resulted in modest changes to reference elevations (Table 2-3). Revised
reference elevations are compared to the reference elevations reported in the Frenchman Flat HDD
(SNJV, 2004¢) and the Frenchman Flat flow model report (SNJV, 2006). Overall, best available
ground surface elevation measurements are within a few centimeters of those used in the Frenchman

Flat models (Table 2-3).

Permanent reference points for data collection were established at each of the water-level monitoring
wells. For the majority of wells, angle irons have been welded onto well casings, providing a
land-surface reference location. In all cases, diagrams with land surface, reference mark, and
measuring point values were completed for each well to clearly document measure points and values.
These documents are stored in the UGTA Technical Data Repository, available on the UGTA Field

Operations SharePoint Site and used by data-collection staff.

The majority of Frenchman Flat water levels are monitored by the USGS Nevada Water Science
Center in support of the UGTA activity. USGS conducts a hydrologic data-collection program at the
NNSS and vicinity, which includes an onsite water-level monitoring well network. Typically, water
levels in the wells in Frenchman Flat are measured quarterly within a day of two of one another,
providing synoptic datasets. These water levels are recorded as depth to water from a reference point
using electric tapes that are calibrated annually with a USGS steel reference tape. Table 2-2 lists the
wells monitored in Frenchman Flat and vicinity, the start of quarterly data, and the number of new
measurements since the Frenchman Flat HDD (SNJV, 2004c¢).

In addition to the USGS water-level monitoring program, three exploratory boreholes were drilled to
the water table in Area 5 of the NNSS in 1992. Wells UE-5 PW-1, UE-5 PW-2, and UE-5 PW-3 are
located in a triangular array near the southeast, northeast, and northwest corners, respectively, of the
approximately 2.6-square-kilometer Area S RWMC. Water levels are currently monitored quarterly
by NSTec as part of the operations for the RWMC facility (Table 2-2). Depth to water is measured in
the wells using an electric tape, consistent with the methodology employed by USGS. The RWMC
water-level measurements are taken on the same day for all three wells, allowing synoptic
comparisons. Historically, the RWMC measurements have not been synchronized with the USGS

measurement schedule, though the measurement dates sometimes coincide. Coordination between the
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programs has been initiated to synchronize the measurement schedule in the future, as required in the
CADD/CAP (NNSA/NSO, 2011).

Water-level measurements are also made by N-I field staff during data-collection activities such as
aquifer tests or groundwater sampling. Measurement methods may include electric tapes or
transducers depending on the access to the well and the needs of the data-collection program. N-I uses
the same measure points as those documented in the well-specific diagrams used for the quarterly

monitoring program.

Water-level data from all of these monitoring programs are compiled and available in the
USGS National Water Information System (NWIS) database (USGS, 2014). The NWIS database also

includes data comments and reference elevations used for data collection.
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3.0 MODEL EVALUATION TARGETS AND RESULTS

Evaluation targets identified in the CADD/CAP (described in Section 1.0) were addressed by
data-collection activities summarized in Section 2.0. This section presents the analysis of the data and

target evaluation.

3.1 Internal Continuity of TSA

Well ER-11-2 (Section 2.2.2) and a ground-based magnetic survey (Section 2.1) were designed to
investigate whether the BASE HFM is overly conservative in representing the TSA as a continuous,
well-connected HSU. Specifically, the goals were to investigate the possibility that vertical
displacement on north—south-striking normal faults are present that could disrupt a flow path
eastward through the TSA. Results from the ground magnetic survey were inconclusive (Section 2.1).
The data from Well ER-11-2, however, are unambiguous in establishing the disruption of the TSA
east of PIN STRIPE. Well ER-11-2 encountered completely unsaturated TSA approximately 100 m
(328 f1) higher than observed at Well UE-11b and PIN STRIPE (Figure 2-5). Geological analysis of
the PIN STRIPE area incorporating the new data from Well ER-11-2 strongly suggests that a
northward-striking, down-on-the-west normal fault is present between PIN STRIPE and

Well ER-11-2. This fault completely disrupts the continuity of the TSA east of PIN STRIPE as
hypothesized in the CADD/CAP target description, and juxtaposes the tuff confining unit (TCU)
against the TSA along the flow path east of PIN STRIPE, severing the eastward TSA flow path.

3.2 Spatial Extent of TSA in the North

Results from Well ER-11-2 indicate that the TSA is unsaturated and approximately 100 m (328 ft)
higher along the modeled flow path east and downgradient of PIN STRIPE, and also that the TCU is
juxtaposed against the TSA east of PIN STRIPE. Thus, the amount of saturated TSA is overestimated
in the BASE HFM, and the uncertainty of the structural dip of the TSA along the flow path east of
PIN STRIPE is rendered irrelevant by the results from Well ER-11-2,
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3.3 Hydraulic Conductivity of WTA (TSA)

Hydraulic conductivity of the TSA was an uncertainty that affected forecasted CBs from PIN STRIPE
when it was believed that saturated TSA might extend east of Well ER-11-2. As shown in the flow
and transport report (NNES, 2010), the hydraulic conductivity of the TSA—which is modeled as a
thin, continuous strip of fractured rock along the northern edge of the basin, sandwiched between the
lower tuff confining unit (LTCU) on the north and the older alluvial aquifer (OAA) on the
south—exercises a strong control on CB extent. The contrast in the CBs between the BASE-USGS
alternative (most extensive CB) and the Northern Hydrologic Alternative (NHA) (least extensive CB,
with lower hydraulic conductivity TSA) illustrates this issue (see NNES, 2010, Appendix D for

further discussion).

However, another key, more impacting uncertainty developed in the transport model report is the
potential for the TSA to be disrupted by faulting, as evaluated in Section 3.1. Geologic interpretation
of Well ER-11-2 shows that the TSA is above the water table with the saturated TCU below. Thus,
this target cannot be evaluated because the TSA is dry at Well ER-11-2. Given the configuration of
the geology, this target is no longer of consequence because even if the TSA is saturated farther east,
the path is blocked by the TCU just west of Well ER-11-2.

3.4 Continuity of BLFA

Results of the ground magnetic survey (Phillips et al., 2014) suggest that the basalt encountered in
several holes in northern Frenchman Flat, designated the BLFA HSU, is likely more extensive and
continuous south and east of MILK SHAKE than depicted in the Frenchman Flat BASE HFM

(BN, 2005), but is similar to an alternative model also presented in BN (2005) (Figure 2-1, this
report). Thus, the ground magnetic survey decreased the uncertainty associated with the lateral extent

and continuity of the BLFA, particularly along the modeled flow path from MILK SHAKE.

3.5 Conceptual Model of Basin Drainage to the Southeast

This model evaluation target was addressed by measuring water levels at new wells and as part of a
water-level monitoring program (Sections 2.3 and 2.4). Table 4-1 in the CADD/CAP (NNSA/NSO,
2011) describes the conceptual model of basin drainage to the southeast as a low priority model

evaluation target focusing on flow directions and velocities.
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The conceptual models for groundwater flow in the Frenchman Flat basin have been developed over
decades (Winograd and Thordarson, 1975; Laczniak et al., 1996), culminating with the UGTA CAI
(SNJV, 2006; NNES, 2010). Dominant features of all conceptual models for the basin are the high
hydraulic heads in the CP basin northwest of Frenchman Flat (over 100 m higher than heads in the
alluvial basin); the semiperched condition of groundwater in the alluvium and volcanic aquifers as
evidenced by the higher heads in these aquifers compared to the regional LCA; and the southeastward
thinning of the volcanic section away from the volcanic centers located northwest of Frenchman Flat.
These features support key inferences regarding groundwater flow paths in the alluvial and volcanic
aquifers. In these aquifers, the dominant flow is horizontal across the Frenchman Flat basin from
northwest to southeast, and limited leakage into the LCA occurs as the volcanic units thin and/or are
offset by faults associated with the Rock Valley fault system. The vertical gradient in the shallow
basin-fill units is approximately an order of magnitude less than the horizontal gradient; however,

both gradients are very small.

Despite the multiple sources of evidence supporting the conceptual flow model described here, the
groundwater flow directions have not been observed through radionuclide migration and have not
been easy to resolve from direct data controls due to the very small differences among measured
water levels. Data-collection activities identified in Table 4-2 in the CADD/CAP (NNSA/NSO, 2011)
include measurement of hydraulic head at Wells ER-5-5 and ER-11-2 to support this model

evaluation target.

3.56.1 Water-Level Analysis

Water-level data collected as part of the monitoring program, documented in Section 2.4, were
compiled and analyzed to evaluate whether new data collected at Wells ER-5-5 and ER-11-2 resulted
in changes in the interpretation of groundwater elevations or flow paths since the CAIL The focus of
this analysis was in the Northern Testing Area of Frenchman Flat because this portion of the CAU
model was targeted for evaluation during the CADD/CAP (NNSA/NSOQO, 2011).

3.5.2 Water-Level Data

The groundwater elevation data were primarily compiled from records maintained by USGS in the
NWIS database (Elliott and Fenelon, 2010). The NWIS database includes water-level data collected
by USGS, NSTec, and N-I on the NNSS and is the most comprehensive source of data. These data

3-3
Section 3.0



Model Evaluation Report for CAU 98: Frenchman Flat

have been compiled and are reported in common units, using well-documented reference and
measure-point elevations. Fenelon et al. (2010) independently analyzed NWIS data through 2009.
Figure 3-1 shows the USGS interpretation of groundwater flow in the basin-fill materials of
Frenchman Flat, indicating that groundwater flow is dominated by southeasterly flow, consistent with

the CAI flow and transport models and subsequent CB forecasts.

For the CADD/CAP model evaluation, the hydrograph of each well was examined, and water levels
that were not affected by field operations such as drilling, sampling, or aquifer testing were
identified. Data qualifiers were used to document water levels not suitable for further calculations.
The remaining data reflect static water-level measurements. These data were then corrected for any
quantifiable borehole deviation using borehole deviation surveys. Table 3-1 documents the static
water levels for wells with new data since the CAI data compilation (SNJV, 2004a). Newly collected
water-level data are in good agreement with previously available groundwater data at the majority of

well locations.

Water-level measurements have several components of uncertainty. As described in the HDD
(SNJV, 2004a), the following six uncertainty factors are summed to produce the total uncertainty for a

static water-level average:

* Accuracy of the Reference Point Elevation. This is the vertical accuracy of the survey used
to measure the elevation of the reference point at the well head.

« Accuracy of Estimate Static Water-Level Elevation. This is the standard deviation of the
water-level measurements used in the average water level.

* Accuracy of Depth-to-Water Measurements. This is the accuracy of the measurement
method used to determine depth to water. Averages composed of steel-tape-calibrated electric
tape measurements are estimated to be accurate to 0.03 m. The measurement methodology has
varied for the Area 5 RWMC, so a more conservative accuracy is estimated for these
measurements of 0.06 m.

* Uncertainty Due to Barometric Effects. This is the variation in the water level caused by
fluctuations in atmospheric pressure. The value 0.15 m was determined by examining a
long-term record of S-minute frequency transducer measurements at Well ER-5-5.

* Accuracy of Borehole Deviation Correction. This reflects the resolution and data
availability for borehole deviation adjustments.
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Figure 3-1
USGS Interpretation of Water-Table Elevations in Frenchman Flat Alluvium
Source: Modified from Fenelon et al., 2010
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Table 3-1

Summary of Static Head Data and Components of Uncertainty ?

Accuracy Accuracy Accuracy of | Uncertaint Accuracy of
N b f Static of the of Estimate y y y Accuracy
umber o - Depth-to- Due to Borehole Total
. Water Level Reference Static . o Due to Data .
Well Static h Water Barometric | Deviation Uncertainty
. (m amsl) Point Water-Level - Frequencyd
Reporting Name Water-Level - - Measurements Effects Correction
Elevation Elevation ¢
Measurements ®
(m)
ER 5-3 (3" shallow) 50 733.85 0.03 0.05 0.03 0.15 0.001 0.00 0.26
ER 5-3 (3" deep) 8 733.46 0.03 0.03 0.03 0.15 0.001 0.00 0.24
ER 5-3 (Upper Completion) 42 733.86 0.03 0.04 0.03 0.15 0.001 0.00 0.25
ER 5-3#2 16 729.69 0.03 0.11 0.03 0.15 0.001 0.00 0.32
ER 5-3 #3 50 733.90 0.03 0.05 0.03 0.15 0.001 0.00 0.26
ER 5-4 (main) 45 733.42 0.03 0.06 0.03 0.15 0.001 0.00 0.27
ER 5-4 (piezometer) 44 733.58 0.03 0.06 0.03 0.15 0.001 0.00 0.27
ER 5-4 #2 11 756.29 0.03 0.06 0.03 0.15 0.001 0.00 0.27
ER 5-5 16¢ 733.72 0.03 0.05 0.03 0.15 0.001 0.00 0.26
ER 11-2 2e 737.36 0.03 0.06 0.03 0.15 0.005 0.10 0.38
RNM-1 37 733.21 0.03 0.05 0.03 0.15 0.75 0.10 1.11
RNM-2 12 733.6 0.03 0.06 0.03 0.15 0.02 0.50 0.79
RNM-2S 64 733.55 0.03 0.07 0.03 0.15 0.02 0.00 0.30
TW-3 59 725.63 0.03 0.18 0.30 0.15 0.03 0.05 0.74
UE-11a 1 733.79 0.07 f 0.30 0.15 0.04 0.50 1.06
UE-5 PW-1 40 733.60 0.06 0.06 0.03 0.15 0.03 0.00 0.33
UE-5 PW-2 40 733.68 0.06 0.05 0.03 0.15 0.05 0.00 0.34
UE-5 PW-3 40 733.77 0.06 0.04 0.03 0.15 0.01 0.00 0.29
UE-5n 55 733.68 0.04 0.08 0.03 0.15 0.02 0.00 0.32
WW-5A 214 726.43 0.29 0.63 0.03 0.15 0.02 0.00 1.12
WW-5B 39 732.84 0.30 0.19 0.30 0.15 0.02 0.00 0.96

2 Only for wells with new data since SNJV (2006).

b Through June 2013

¢ Standard deviation

4 Estimated

¢ Through December 2013

f Static head determined from only one measurement
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* Accuracy Due to Data Frequency. Accuracy due to data frequency was assigned to each
static water level based on the analysis reported in SNJV (2004, p. 8-19). These uncertainties
account for the temporal distribution of water-level measurements and the likelihood that
those values accurately represent aquifer conditions over the measurement time period. It was
assigned as follows:

- 0.0 for many measurements of similar value over a significant time period,

- between 0.1 and 0.25 m when several measurements were available, but those
measurements constituted single measurements or only a few measurements at different
time periods,

- 0.5 m when only one static measurement was available, and
- 1.0 m for wells having only a single water-level measurement.

Table 3-1 shows the components and total uncertainty in static water levels estimated for each well
with new measurements since the CAL Figure 3-2 shows the static groundwater elevation and
uncertainty for wells completed in the alluvial aquifer (AA) or OAA revised with the new data.
Overall, the water-level uncertainty is significantly lower throughout Frenchman Flat than before the
additional measurements were obtained. This is due to the approximately 80 percent more static
water-level measurements since the CAI data analysis (SNJV, 2004a), improved land surface survey

data (Section 2.4), and long-term observations of barometric pressure effects.

3.5.3 Comparison of Static Water Levels to CAl Models Used for CB Forecasts

In the CAI modeling reports (SNJV, 2006; NNES, 2010), simulated hydraulic heads are compared to
static hydraulic head calibration targets, reflecting predevelopment conditions and estimated
measurement uncertainty. Within Frenchman Flat, simulated values were generally in agreement with
the CAI static heads presented in SNJV (2006, Appendix A) to within the estimated uncertainties
presented in SNJV (2004c¢) (Figure 3-3). Data reported in Table 3-1 were used to update the static
water level and estimated uncertainty in Figure 3-4, while leaving the simulated water levels in the
CAI models unchanged. In general, the reduction in uncertainty and the consistency in the water-level
data indicate that the models provide a good representation of the current understanding of water
levels and associated flow patterns in the Northern and Central Testing Areas. Somewhat larger

residuals exist at Wells ER-5-3 #2, WW-5A, and WW-5C.
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Figure 3-2
Static Hydraulic Head and Total Uncertainty for Wells in OAA and AA
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Figure 3-3
CAl Model Hydraulic Head Match to CAl Static Water-Level Data

Source: NNES, 2010

Section 3.0



0'€ uonosg

CAl Model Hydraulic Head Match to CADD/CAP Static Water-Level Data
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The observed head at Well ER-5-3 #2 (LCA) is well matched by the BASE-USGSD alternative model
but underestimated by the NHA model (Figure 3-4). Interestingly, at the time of the CAI model
construction and calibration, the best understanding of hydraulic head at Well ER-5-3 #2 was closer
to the NHA modeled values (Figure 3-3). Recently collected data indicate that regionally
groundwater elevations have been increasing throughout the LCA (Elliot and Fenelon, 2010). In both
models, the observed downward head gradient between the alluvium and LCA in northern Frenchman
Flat is captured, and the observed magnitude of the measured vertical gradient is bounded by the

CAI models.

The simulated hydraulic heads at Wells WW-5A and WW-5C, completed in the alluvium, are higher
than the contemporary measured heads at these wells. These wells are located near ongoing
withdrawals that were not incorporated into the CAI models, which attempted to simulate
predevelopment conditions. A transient analysis demonstrating that continued withdrawals from the
water wells in southern Frenchman Flat will not change the CBs in the Central Testing Area is

reported in NNES (2010).

3.5.4 New Well Water-Level Data

New groundwater observation Wells ER-5-5 and ER-11-2 provide water-level measurements in
portions of the Frenchman Flat CAU where limited data were available. Well ER-5-5 is screened in
the BLFA and the OAA (Section 2.2). The static water level observed for the CAI at Well ER-5-5 is
approximately 0.15 m lower than water levels observed in these same HSUs at Well Cluster ER-5-3.
Well ER-5-5 water levels are consistent with the conceptual and numerical model of the alluvial basin
where groundwater flow is to the southeast; therefore, the water level at Well ER-5-5 was expected to
be lower than observed at Well Cluster ER-5-3. Although these data were not available at the time of
groundwater model calibration, the simulated water level in the NHA model at Well ER-5-51s 0.03 m
lower than the static water level reported in Table 3-1. Similarly, the BASE-USGSD alternative
model is in agreement with the new data within 0.16 m (low). In both models, the gradient was
overestimated, leading to faster radionuclide migration from MILK SHAKE than the observed
hydraulic gradients would indicate. The hydrograph for Well ER-5-5 is shown in Figure 3-5 along

with the approximate water-table elevation in Northern Frenchman Flat.

Water levels at Well ER-11-2 (static water level is 737.36 m) are much higher than observed

elsewhere in the alluvial basin (see Figures 3-2 and 3-18, and Table 3-1). The elevated water levels at
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Figure 3-5
Well ER-5-5 Water-Level Elevations
Well ER-11-2 reflect the lithology of the unit, which is bedded tuff, a larger-scale aquitard in the
Frenchman Flat basin (SNJV, 2004a and 2006). The Frenchman Flat CAU HFM and subsequent flow
and transport models had an aquifer rather than TCU in this position, resulting in lower simulated
groundwater elevations than observed at Well ER-11-2 by 3.6 m. The head measurement at
Well ER-11-2 is compatible with more southward flow and Iess eastward flow in the northern part of

the basin, consistent with the discontinuous TSA in the vicinity of Well ER-11-2.

3.5.5 Water Levels in the Vicinity of MILK SHAKE

The observed hydrograph for Well ER-5-5 is compared to the hydrographs for the OAA/BLFA
completions at Well Cluster ER-5-3 in Figure 3-6. Groundwater elevations are higher in the
northernmost location (Well ER-5-3 #3) and decrease to the south (Well UE-5 PW-2). Inspection of
Figure 3-6 reveals that water levels collected on the same day are closely tracking one another. For
example, all water levels at Well Cluster ER-5-3 are high on the same day. Because these water levels
are collected by two different organizations (NSTec and USGS), it is not bias introduced by field
staff. In fact, this relationship among the water-level data is observed throughout the semiperched
basin of Frenchman Flat. A significant uncertainty component to all contemporary water-level

measurements within Frenchman Flat comprises the standard deviation among water-level
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Figure 3-6
Water Levels at Wells in the Vicinity of MILK SHAKE
measurement and barometric uncertainty (Table 3-1). By considering the relationship among water
levels collected during synoptic water-level sampling events, the uncertainty in the inferred

groundwater gradients can be reduced to better clarify the direction and magnitude of gradients.

To investigate the influence of water-level uncertainty on the local understanding of groundwater
flow directions and gradients in the vicinity of MILK SHAKE, a multiple linear regression
water-level calculation model was developed using a similar approach to Devlin (2003). This
approach assumes that the water table is approximated as a plane, a reasonable assumption
throughout the semiperched basin. Uncertainty was evaluated by sampling from triangular
distributions representing the static water level and total water-level uncertainty (Table 3-1) for
Wells ER-5-3 #3, ER-5-3 Shallow, UE-5 PW-2, and ER-5-5. Using this approach, a regression fit was
used to calculate a best-fit horizontal plane that characterized the gradient magnitude and direction of
groundwater movement for each realization of the water levels. Solutions reflect a least squares fit of
a plane to the sampled water levels. When the total water-level uncertainty is considered without
regard to the time-dependent relationship in the measurements, the median of 10,000 Monte Carlo
realizations of the groundwater flow direction in the vicinity of MILK SHAKE is 165 degrees
clockwise from north, or southeast (Figure 3-7). Well ER-5-5 was drilled 5 R and 156 degrees away
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Figure 3-7
Rose Diagram of Best-Fit Plane Average Water-Level Uncertainty
(Wells ER-5-5, ER-5-3 Shallow Piezometer, ER-5-3 #3)

from MILK SHAKE, right along the anticipated flow path from MILK SHAKE (Figure 3-7). While
the median flow direction calculated from the Monte Carlo realizations reflects a strong clustering of
water-level simulations, different trajectories were calculated, allowing for groundwater flow in any
direction from MILK SHAKE but with very low probability. When the sum of squared residuals
(SSR) is calculated for the best-fit plane, the lowest 5 percent of the SSR corresponds to the median
of the 10,000 Monte Carlo simulations and gradients that range from 1 x 10*to 4 x 10+,

Given the time-dependent trending of water-level measurements, the calculations were repeated using
synoptic water-level measurements. Because these measurements remove the background

environmental variability (such as barometric pressure), a more precise and accurate understanding of
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groundwater flow directions is possible. Figure 3-8 shows the gradient magnitude and direction of
groundwater movement for each synoptic measurement set. The synoptic data from Wells ER-5-3 #3,
ER-5-3 upper piezometer, and UE-5 PW-2 indicate that groundwater is moving to the southeast at
approximately 130 degrees from north. When new data from Well ER-5-5 are incorporated into this
analysis, the gradient reduces about half an order of magnitude and takes a more southerly orientation
by about 35 degrees (Figure 3-8). Estimated flow directions (angular data) and gradients are
consistently to the southeast and gradients are clustered (radial axis). These gradients and directions
are consistent with the simulations that have the lowest SSR values from the Monte Carlo analysis of
the average static water levels and associated uncertainty. The synoptic data provide the

highest-quality, most consistent interpretation of the water-level data for Frenchman Flat.

While synoptic data significantly reduce the total uncertainty and better honor the time-dependent
trend of water-level measurements, uncertainty is still associated with the measurements. The
uncertainty in synoptic water levels reflects the sum of the measurement error (land surface and
instrument) and deviation correction. The gradient magnitude and direction of groundwater
movement for the uncertainty associated with one synoptic measurement set are shown in Figure 3-9.
The measurement method and correction uncertainties are independent of the water-level
measurements; therefore, the uncertainty shown in Figure 3-9 is representative of the uncertainty
associated with calculated gradient magnitude and direction for each synoptic measurement. The
uncertainty associated with averaging water levels, environmental variability, and measurement
uncertainty (Figure 3-7) is included for comparison. The basin-scale interpretation of groundwater
flow direction and gradients are unchanged as a result of these analyses, in the alluvium of

Frenchman Flat groundwater flow is to the southeast.

3.5.6 Summary and Conclusions

Newly collected data at Wells ER-5-5 and ER-11-2 described in Sections 3.5.4 and 3.8, respectively,
are in good agreement with the conceptual model of the semiperched groundwater system. At

Well ER-5-5, observed heads are similar to other observations in this portion of the basin at

Well Cluster ER-5-3 and Well UE-5 PW-2. Local gradient calculations indicate that groundwater
flow in the vicinity of MILK SHAKE is 165 degrees from north with a median gradient of 3 x 10,
The observed flow direction is bounded by the NHA and BASE-USGSD alternative flow models, and
reflected in the CB forecasts. Although observations at Well ER-11-2 are more difficult to compare
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Figure 3-8
Polar Plot of Best-Fit Planes of Synoptic Water-Level Data
in the Vicinity of MILK SHAKE

directly to CB results due to the discrepancy between the HFM and observed geology, the
groundwater elevation at Well ER-11-2 is a few meters higher than observed in the wells completed
in the alluvium HSUs. The water level reflects a transition between the higher heads in the confining
units and CP basin and the lower heads in the alluvium. Due to the stratigraphy at the water table,
observed heads in CP basin, and limited recharge at Massachusetts Mountain, groundwater flow is

directed from north to south in this portion of the basin.

Building on the water-level analysis, the best-fit horizontal planar water-level modeling tool, and
simulated water-table elevations by the NHA model, an integrated water-table map has been

constructed for Northern Frenchman Flat (Figure 3-10). To do this, the most representative water
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Figure 3-9
Polar Plot of Best-Fit Planes of One Synoptic Water-Level Set and Associated
Uncertainty in the Vicinity of MILK SHAKE

level was identified for each well and used as a water-level constraint. In the defined polygons shown
in Figure 3-10, synoptic data were used to calculate the direction and magnitude of the groundwater
gradient. The median direction and magnitude were then used to further constrain the direction and
spacing of the groundwater contours. Finally, the NHA model simulated water levels were used away
from well and gradient control to aid in the interpretations of local flow directions. The NHA model
was selected because of the good agreement between the observed and simulated flow directions, and
the small error at Well ER-5-5 and the updated static water levels. During calibration, the NHA model
matched water-level measurements and included properties reflecting the spatial distribution of

HSUs; therefore, the model provides several constraints on the extrapolation of the contours. The

3-17
Section 3.0



0'g uonoes

8i-¢

591i0lJD

€ ungerground Test Location

— Groundwale: Sonlours

—— Frenchman Fiat Faulls

[= Gradlent direction

Northern Test Area 95th Percentite CBs
BASE USGSD Atteimatve

"] BASEUSGSD Atematrs wih axionded BLFA
BASE.USGSD Alternatee with it dapersh ty

[ ] BASE.USGSD Atematwe NSMC
BASE-USGSD Alemate e wih high disperssity

] WHAuSGSD
HHA-USGED NSMT

[T WHA-USESD wih axtended BLFA

@ waterLevel Moniloring Welt

Water Level {m amsh) +/- Lincertainty {m)

Gradient Palygon

— Pobygaen 1

Pabygen 2

Patygon 3

Fokygon 4

HNSE Bousndary

HMES Area Boundary

ool

uUTcu

TS5A _witrophyre
TSA MWT/OWT
TSA PWT/NWT

Tikday\FGISFF_201407 11 zoom med? 112014

593,000

* [~

DERRINGER

o

2,000 4,000

Coordinate Systemn: UTM, NAD27, Zone 11N, Meters.
Source: N-1 GIS, 2014: NNSAMNY, 2002

7336 +/-0.33
® —

595,000

DIAGONAL LINE

£/l DIANA MOON
NEW POINT :

*
MINUTE STEAK

ERGOD
1733108 2026 %%g%@aa
.. MILK SHAKE _

UE-5 PW-1 A

—

-~

,be Nevada National | Nevada Test and
4\"5 Security Site Training Range

— /
- —

4,083,000

I
4,082,000

]
4,080,000

I
4,078,000

Figure 3-10

Composite Water Table with BASE HFM
Note: HSUs shown at interpreted water-table elevation.

86 NV 404 pioday uonenjeAy [9POl

1B/ UBWIYIUDI



Model Evaluation Report for CAU 98: Frenchman Flat

best-fit horizontal plane neglected vertical gradients because observed vertical gradients in the
alluvium are approximately an order of magnitude lower than observed horizontal gradients, and
flow logging at Well ER-5-3 indicated a significant decrease in flow with depth in the alluvium
(NNES, 2010), likely reflecting the significant anisotropy in the hydraulic conductivity tensor.
Integrating all of this information indicates that the direction of groundwater flow in the basin is to

the south—southeast, as determined during the CAL

3.6 Source Release Conservative Assumptions

Because DOE classification guidelines require use of maximum announced yield and unclassified
inventory (Bowen et al., 2001), this target has been more broadly interpreted as evaluation of the
overall release and near-field (5 R)) transport adjacent to PIN STRIPE and MILK SHAKE via the
data-collection activity at Wells ER-5-5 and ER-11-2. This is consistent with the suggestion by
Konikow (2010) that because of conceptual and numerical challenges in simulating contaminant
transport, computed results should not be expected to match observed concentration variations, even

in a single observation well. Rather, major trends and locally averaged values should be considered.

The data-collection activity associated with this model evaluation target was the collection of
groundwater samples and analysis of radiologic data from two wells drilled at approximately 5 R_

downgradient from the MILK SHAKE and PIN STRIPE tests (Wells ER-5-5 and ER-11-2,

respectively). Radiochemistry measurements were completed for both wells and are evaluated below.

Comparing the CB, a probabilistic result, to field data poses additional challenges. The CB is created
by analyzing transport model Monte Carlo results to give the probability (Daniels and Tompson,
2003; NNES, 2010) of exceeding the SDWA regulatory standards (CFR, 2014). Thus, all that can be
determined from the CBs at PIN STRIPE and MILK SHAKE is the chance of exceeding the MCL.
Wells ER-5-5 and ER-11-2 are located in areas where the total chance of exceeding the SDWA MCL
(the sum of contributions from alpha and beta emitters and uranium) is more than 90 percent
(NNES, 2010); conversely, the chance of groundwater contamination below the MCL is less than

10 percent. Conceptually, the CB computations suggest that groundwater contamination above MCL
is likely to be present at Wells ER-5-5 and ER-11-2. Tritium (°*H), the most abundant radionuclide in
the Bowen et al. (2001) inventory, has an MCL of 20,000 picocuries per liter (pCi/L), is reliably

detected at very low levels, and is considered the key diagnostic for evaluating transport.
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3.6.1  Summary of Well ER-5-5 Data

There are indications that the leading edge of a test-derived radiologic plume, presumably from the
MILK SHAKE test, is present at Well ER-5-5. The analytic results for the radionuclides predicted to
dominate the CBs in Frenchman Flat (NNES, 2010) are shown in Table 3-2. Ultra-low-level 3H
analysis at LLNL determined a *H activity of 1.1 + 0.4 pCi/L at this well (Table 3-2). This value is
considered above the detection limit (0.8 pCi/L) and above natural background for groundwater at
this location. Furthermore, careful examination of noble-gas data provides strong evidence for the
presence of the decay product of test-derived *H, namely helium (*He). The **He ratio (relative to air)
is 7.8 £ 0.2 at Well ER-5-5. This value is substantially higher than values measured in Frenchman
Flat clean wells (Table 3-3). The average of 10 ¥*He ratio clean-well samples from Frenchman Flat
is 0.7 £ 0.5. The ¥*He ratio (relative to air) at Well ER-5-5 is approximately one order of magnitude
higher. The higher ratio is the result of the unusually high *He content in the groundwater at

Well ER-5-5 (108 atoms per gram [atoms/g] compared to 1056203 atoms/g in Frenchman Flat

clean wells).

Table 3-2
Radionuclide Concentrations in Well ER-5-5 Groundwater
Value Error MCL
Radionuclide
(pCi/L)

H 112 0.4 20,000

e 0.1413 0.0005 2,000

(| 3.37E-04 4.9E-06 700

T <0.00086 N/A 900

129] 2.5E-06 2.0E-07 1

22 sigma detection limit is 0.8 pCi/L.

Cl = Chlorine N/A = Not applicable
| = lodine Tc = Technetium

All other noble-gas indicators appear to be normal at Well ER-5-5. Thus, the high *He value at
Well ER-5-5 is most likely derived from the decay of *H from the MILK SHAKE test about
200 m away.

There is only one other well at the NNSS that exhibits a °*H and noble-gas signature similar to

Well ER-5-5. Well ER-2-1 is located in proximity to three underground saturated nuclear tests in
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Table 3-3
3He and “He Concentrations in Clean Wells
Located in Frenchman Flat and Well ER-5-5

Location *He ‘He *He/*He
(atoms/g) (atoms/g) (R/R,)*
WW 5a 4.62E+06 3.16E+12 1.06
WW 5¢ 3.41E+06 8.67E+12 0.28
VWW 5b 3.85E+06 3.90E+12 0.71
ER-5-4 4.10E+06 5.45E+13 0.054
ER-5-4 #2 1.65E+06 1.35E+12 0.89
UE-5¢ WW 5.18E+06 1.89E+13 0.20
UE-5 PW-3 4.34E+06 2.15E+12 1.46
ER-5-3 3.09E+06 5.20E+12 0.43
ER-5-3 #2 2.42E+07 1.28E+13 1.37
WW 4a 2.42E+06 3.16E+12 0.55
ER-5-5 1.10E+08 1.02E+13 7.8310.16

2R/R, is *He/*He relative to *He/*He in ambient air.

Yucca Flat (Figure 3-11). This well contained trace (200 pCi/L) levels of *H that can be attributed to
the nearby underground nuclear tests. As in the case of Well ER-5-5, the decay of trace level *H has
led to an elevated **He ratio (14.2) relative to clean wells. At both Wells ER-5-5 and ER-2-1, the
combination of *H activity and ¥*He ratio data are a strong indicator for radiologic contamination

related to underground nuclear testing.

The “C activity, though well below its MCL, is significantly higher than background activities in
Frenchman Flat groundwater (1*C groundwater age at Well ER-5-5 is 64 percent modern carbon
compared to 9 percent modern carbon at Well ER-5-3). Due to the long sample hold time (6.4 months
compared to the maximum hold time of 2 months identified in the LLNL SOP-UGTA-136 “C
analysis procedure [LLNL, 2013]), these *C data should be considered unreliable until such a time
that the well can be resampled. For samples with *C activity below 100 percent modern carbon, long
hold times lead to carbon dioxide exchange between the sample and air, and an increase in sample *C
activity over time. The long hold time would lead to *C activities biased high in the Well ER-5-5
sample. Thus, test-derived *C migration from MILK SHAKE to Well ER-5-5 may be less (and not
more) significant than the data suggest. Due to the proximity of Well ER-5-5 to MILK SHAKE and
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Well ER-2-1 -

_ gl )
T 1109000, thind &

Figure 3-11
Location of Well ER-2-1 That Yielded a 3H and ¥‘He Signature Similar

to That Observed at Well ER-5-5
Note: Well ER-2-1 is located 140 to 520 m laterally from three nearby saturated tests. Cavity radius is calculated
using the maximum of the announced vyield range in DOE/NV (2000) and Equation (1) in Pawloski (1999).

the presence of test-derived *H water, samples from this well will not be reliable for age dating

because of the possibility of test-derived C.

The 3¢Cl, *Tc, and I activities and concentrations are either below LLNL’s detection limit or at
natural background levels. The **Cl activity (0.000337 pCi/L) is similar to that observed at Wells
ER-5-3 (0.00043 pCi/L) and ER-5-3 #2 (0.00029 pCi/L). The *T activity is indistinguishable from
background (the 12°12'T ratio determined by accelerator mass spectrometer (AMS) [61 x 101] is
equivalent to the ratio reported for carrier blanks [140 x 10-1* and 40 x 10-14]). All radionuclide

activities are more than four orders of magnitude below their respective MCLs (Table 3-2).
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3.6.2 Conceptual Model of Contaminant Migration from MILK SHAKE to Well ER-5-5

Based on the radiochemical information from Well ER-5-5, contaminants appear to be slowly
migrating from MILK SHAKE to the south—southeast. Three independent indicators for radionuclide
migration are present at Well ER-5-5. First, low-level *H data suggest that contaminants are migrating
via groundwater flow to Well ER-5-5. Second, the elevated ¥*He ratio at Well ER-5-5 is indicative of
anthropogenic H decay. Based on the half-life of *H, the elevated **He is too high to be attributed to
the decay of low-level *H at Well ER-5-5 alone. Gas-phase transport of *He from the MILK SHAKE
near-field and through the vadose zone is likely contributing to the elevated ¥**He at Well ER-5-5.
Finally, 1*C activities are above natural background levels. Migration of *C can occur both via
groundwater flow and gas-phase transport in the vadose zone. However, due to the long sample hold
times, resampling of this well is needed to confirm these C activities. Importantly, analysis issues
would lead to C results that are biased high. Therefore, 1*C results represent a conservative estimate
of 1*C transport. A conceptual representation of contaminant migration at MILK SHAKE is shown

in Figure 3-12.

3.6.3 Implications with Respect to Model Evaluation Target

Evaluating the radiologic data at Well ER-5-5 in the context of model results provides perspective
regarding the nature of model forecasts. The very low activities measured at Well ER-5-5
demonstrate that model forecasts are conservative in nature. However, the dominant factor
controlling the conservative nature of transport forecasts is the hydrologic conceptualization of the
MILK SHAKE area and not the source release model. As described in Sections 2.2.1 and 3.7, the
dominant hydrologic unit (BLFA) controlling radionuclide transport from MILK SHAKE was
conceptualized as a fractured lava-flow aquifer. Data from Well ER-5-5 indicate that the BLFA is not
a competent fractured rock aquifer. As a result, contaminant transport from MILK SHAKE is likely to

be better represented by slower alluvium-flow velocities rather than faster fracture-flow velocities.

3.6.4 Summary of Well ER-11-2 Data

From the standpoint of test-derived radiologic signatures, there is no definitive indication that
radiologic contamination is present at Well ER-11-2. Ultra-low-level *H analysis does not suggest any
anthropogenic H at Well ER-11-2 (Table 3-4). Noble-gas sampling and analysis were not successful.

Noble-gas measurement of bailed samples from low-permeability rocks is not always reliable due to
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Note: The leading edge of a *H plume has reached Well ER-5-5. High 3He is indicative of a combination of saturated
groundwater flow and gas-phase transport of the decay product of 3H. C results, though inconclusive, suggest that
anthropogenic *C may have reached Well ER-5-5 at trace concentrations. All radionuclide activities are more than
four orders of magnitude below their respective MCLs.

Figure 3-12
Conceptual Model of Radionuclide Migration
from the MILK SHAKE Test to Well ER-5-5

Note: Cavity radius is calculated using the maximum of the announced yield range in DOE/NV (2000) and
Equation (1) in Pawloski (1999).
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Table 3-4
Radionuclide Concentrations in Well ER-11-2 Groundwater
Value Error MCL
Radionuclide
(pCilL)

34 0.34a 0.16 20,000

e 0.2429 0.0009 2.000

3#C| 9.54E-04 1.4E-05 700

129] 2 8E-06 2.0E-07 1

22 sigma detection limit is 0.32 pCi/L.

the potential for air exchange and sample degassing. Based on the H alone, it can be concluded that a

radiologic groundwater plume does not exist at Well ER-11-2.

The *C activity, though well below its MCL, is significantly higher than background activities in
Frenchman Flat groundwater (e.g., 1*C groundwater age at Well ER-11-2 is 53 percent modern carbon
compared to 9 percent modern carbon at Well ER-5-3). However, several factors may have led to the
observed C activity. First, for samples with *C activity below 100 percent modern carbon, long hold
times (4.3 months for Well ER-11-2 compared to the maximum hold time of 2 months identified in
the LLNL SOP-UGTA-136 C analysis procedure [LLNL, 2013]) could have led to carbon dioxide
exchange between the sample and air, and an increase in sample *C activity over time. Second, the
contribution of drilling fluid and/or atmospheric exchange during sample bailing could have led to
higher C activities. As a result, 1*C measurements of groundwater from Well ER-11-2 are likely
biased high. Thus, *C activities in Well ER-11-2 are likely lower (and not greater) than these data
suggest. The present data lead to the conclusion that the *C activity at Well ER-11-2 are at least four
orders of magnitude below its MCL.

The 3¢Cl and T activities are at natural background levels. The 3¢ClI activity (0.00095 pCi/L) is
similar to that observed at Wells ER-5-3 (0.00043 pCi/L) and ER-5-3 #2 (0.00029 pCi/L). Thus, it
does not appear that 3°C] at this location is of anthropogenic origin. The *1 activity is
indistinguishable from background (the 21?7 ratio determined by AMS [64 x 10-1] is equivalent
to the ratio reported for carrier blanks [140 x 10-* and 40 x 10-'#]). All radionuclide activities are

four orders of magnitude or more below their respective MCLs (Table 3-4).
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3.6.5 Conceptual Model of Contaminant Migration from PIN STRIPE to Well ER-11-2

Based on the radiochemical information, radiologic contamination resulting from the PIN STRIPE
test does not exist at Well ER-11-2. All radionuclides measured at Well ER-11-2 were four orders of
magnitude or more below their respective MCLs. While the *C activity was higher than expected for
background *C at this location, the relatively long sample hold time and artifacts associated with
sample gas exchange during bailing tend to bias these results high. Based on the revised
hydrogeologic model at PIN STRIPE, it appears unlikely that radionuclides associated with the

PIN STRIPE test have a viable path to Well ER-11-2.

3.6.6 Implications with Respect to Model Evaluation Target

Evaluating the radiologic data at Well ER-11-2 in the context of model forecasts provides some
perspective regarding the conservative nature of model forecasts. While a direct comparison between
measured radionuclide activities and a CB probability map is not possible, the absence of
anthropogenic radionuclides at Well ER-11-2 is consistent with the revised interpretation of
hydrogeologic conditions at Well ER-11-2. The overestimated transport velocities are a product of the
conservative hydrogeologic conceptual model used to forecast these velocities and not the
conservative source release model. As described in Section 3.1, the presence of a fault between the
PIN STRIPE test and Well ER-11-2 disrupts the continuity of the saturated TSA, which was the

presumed conduit for radionuclide migration.

3.7 Hydraulic Conductivity of the BLFA

This uncertainty affects forecasted CBs from MILK SHAKE.

Well development, step testing, and constant rate testing were performed in Well ER-5-5 from

April 27 to May 21, 2013. The log-log diagnostic plot of drawdown from the final phase of
pumping starting on May 14 is shown in Figure 3-13. The derivative of the observed drawdown
shows two apparent drawdown stabilizations, whereas a Theis-like response would show as a single
flat line. Several causes for this result are possible, including pumping rate change (not confirmed by
data), thermal expansion effects (not confirmed by data), delayed yield (model does not fit), or
heterogeneity. The latter explanation, heterogeneity, is most likely based on two considerations:

(1) if the observed fluctuations in the ground magnetic survey intensity can be correlated to changes

in BLFA characteristics (such as thickness and propensity for fracturing), then an increase in BLFA
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