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1 . O INTRODUCTION

In 2009, the Phase 11 Corrective Action Investigation Plan (CAIP) for Corrective Action Units 101
and 102: Central and Western Pahute Mesa, Nevada Test Site, Nye County, Nevada (NNSA/NSO,
2009) was published. This plan describes activities governed by the Federal Facility Agreement and
Consent Order (FFACO) Underground Test Area (UGTA) strategy (FFACO, 1996; as amended 2010)
and forms an essential part of corrective action unit (CAU) compliance overseen by the Nevada
Division of Environmental Protection (NDEP). Characterization activities described in this plan were
initiated for the U.S. Department of Energy (DOE), National Nuclear Security Administration
Nevada Site Office’s (NNSA/NSO) UGTA Sub-Project. Wells were drilled at three locations during
fiscal year (FY) 2009 and FY 2010: ER-20-7, ER-20-8, and ER-EC-11 (NNSA/NSO, 2010a, 2011a,
and 2010b). The closest underground nuclear tests to the area of investigation are TYBO (U-20y),
BELMONT (U-20as), MOLBO (U-20ag), and BENHAM (U-20c) (Figure 1-1). The TYBO,
MOLBO, and BENHAM tests had working points located below the regional water table. The
BELMONT test working point was located just above the water table, and the cavity for this test is
calculated to extend below the water table (Pawloski et al., 2002). The broad purpose of these wells
is to determine the extent of radionuclide-contaminated groundwater (radiochemistry), the geologic
formations, groundwater geochemistry as an indicator of age and origin, and the water-bearing
properties and hydraulic conditions that influence radionuclide migration. The area location, wells,
underground nuclear tests, and other features are shown in Figure 1-1.

Hydrostratigraphic cross sections A-A’, B-B’, and C-C’ are shown in Figures 1-2, 1-3, and
1-4, respectively.

A striking feature of the area is its structural complexity. Some faulting is due to Basin-and-Range
tectonic activity, and some is due to multiple stages of caldera collapse associated with the
coalesced Silent Canyon caldera complex (SCCC) (Warren et al., 2000; BN, 2002). The Northern
Timber Mountain moat structural zone (NTMMSZ) has between 1,000 and 2,200 feet (ft) of

displacement (Figure 1-2), with other major faults having displacement of hundreds of feet

Section 1.0 n
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(Figures 1-2 through 1-4). Fracture density may increase with proximity to faults; however, the
hydrologic properties, if any, of faults themselves in the area are not well known. Limited data
suggest that the full spectrum of hydraulic properties, from barrier to conduit, may be possible
(Blankennagel and Weir, 1973; Faunt, 1997). In the area of interest, it may be that the major
influence of faults is to juxtapose formations creating complex flow paths, as generally suggested by
Faunt (1997). The area known as the Bench, on the downthrown side of the NTMMSZ, is of interest
because radionuclide-contaminated groundwater has been observed to be migrating through the
structure and off the Nevada National Security Site (NNSS), formerly the Nevada Test Site (NTS)
(NNSA/NSO, 2010b and 2011a).

Well ER-20-7 (NNSA/NSO, 2010a), located on southern Pahute Mesa in southwest operational
Area 20, was drilled and constructed between June 6 and July 7, 2009. Its primary objective was to
characterize groundwater contamination downgradient of the TYBO and BENHAM tests—it was
found to be contaminated and was completed only in the TSA (Figure 1-5). Well development and
testing (WDT) operations occurred between August 30 and October 12, 2010, and are described in
the Navarro Nevada Environmental Services, LLC (NNES), report (NNES, 2010b).

The Well ER-20-8 pad is located just south of the southern topographical margin of Pahute Mesa in
NNSS operational Area 20. Well ER-20-8 #2 (NNSA/NSO, 2010b and 2011a) is located on the
Well ER-20-8 pad in the southwestern portion of Area 20. Well ER-20-8 #2 was the second well
constructed at the Well ER-20-8 site but the first tested. Drilling and construction of Well ER-20-8 #2
occurred between August 22 and September 2, 2009, and was completed in the Scrugham Peak
aquifer (SPA) and the lower portion of the overlying Benham aquifer (BA) (Figure 1-6). Well
development and testing operations occurred at ER-20-8 #2 between November 16 and December 18,
2009, and are described in NNES (2010c).

Well ER-EC-11 is located just south of the southern topographical margin of Pahute Mesa on the
Nevada Test and Training Range (NTTR), approximately 716 meters (m) (2,350 ft) south of the
southwestern NNSS boundary. Well ER-EC-11 was drilled and constructed between September 13
and October 22, 2009 (Figure 1-7). Well development and testing operations occurred between
April 29 and May 19, 2010, and are described in NNES (2010d).
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Figure 1-5
ER-20-7 Well Configuration and Geology

Modified from N-I, 2010a; NNSA/NSO, 2010a
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Figure 1-6
ER-20-8 #2 Well Configuration and Geology

Source: Modified from N-I, 2010b

NNSA/NSO, 2011a
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Figure 1-7
ER-EC-11 Well Configuration and Geology
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Pahute Mesa Well Development and Testing Analyses for Wells ER-20-7, ER-20-8 #2, and ER-EC-11

This report analyzes the following data collected from ER-20-7, ER-20-8 #2, and ER-EC-11 during
WDT operations:

» Chemical indicators of well development (Section 2.0)

 Static hydraulic head (Section 3.0)

* Radiochemistry and geochemistry (Section 4.0)

» Drawdown observed at locations distal to the pumping well (Section 5.0)
» Drilling water production, flow logs, and temperature logs (Section 6.0)

The new data are further considered with respect to existing data as to how they enhance or change
interpretations of groundwater flow and transport, and an interim small-scale conceptual model is
also developed and compared to Phase | concepts.
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Pahute Mesa Well Development and Testing Analyses for Wells ER-20-7, ER-20-8 #2, and ER-EC-11

20 WELL DEVELOPMENT

The purpose of well development is to remove drilling fluids and drilling-associated fines from the
formation adjacent to a well so samples reflecting ambient groundwater water quality can be
collected, and to restore hydraulic properties near the well bore. Drilling fluids can contaminate
environmental samples from the well, resulting in nonrepresentative measurements. Both drilling
fluids and preexisting fines in the formation adjacent to the well can impede the flow of water from
the formation to the well, creating artifacts in hydraulic response data measured in the well.

Well development can be monitored by measuring several water-quality indicators during pumping.
Dissolved oxygen (DO), pH, turbidity (nephelometric turbidity unit [NTU]), and specific
conductivity (SEC) stabilize as fluid introduced during drilling is removed (EPA, 2001). This
stabilization is an indication that water produced from the well is representative of the formation.

Wells drilled for UGTA are drilled with an air-foam/polymer drilling fluid. Drilling fluids in UGTA
wells are tagged with lithium bromide (LiBr) in order to estimate groundwater production during
drilling, and to aid in determining well development (N-1, 2010a, b, and c). Bromide (Br) is typically
found in low concentrations in NNSS groundwater, so the tagging allows removal of drilling fluid to
be monitored. Bromide levels in non-environmental restoration (ER) wells in Table A.1-4 of
Appendix A are variable but generally indicate concentrations < 0.1 milligrams per liter (mg/L) in
Area 20 wells. Bromide concentration in the drilling fluid varies with the amount of groundwater
inflow but is generally 30 to 100 mg/L for the injected fluid. Detailed logs of the concentrations in
the injected fluid and the discharge during drilling can be found in the drilling data report for each
well (e.g., NNES, 2010b, c, and d).

Bromide concentrations are also monitored during WDT to gauge the removal of drilling fluid. Grab
samples are collected every two hours (or as needed) from the discharge line while personnel are on
site. The Br concentration is measured with a HORIBA F-53 meter equipped with an 8005-10C

Br- electrode. The measurement range of the 8005-10C electrode is 0.8 to 80,000 mg/L
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Pahute Mesa Well Development and Testing Analyses for Wells ER-20-7, ER-20-8 #2, and ER-EC-11

(HORIBA, 2003). During WDT, the instrument is calibrated daily at 0.5, 1, and 5 mg/L. Readings
below the measurement range for the Br- electrode do not follow Nernst’s equation (HORIBA, 2003),
so it is difficult to make solid conclusions based on such measurements. However, the nature of the
measurements below the measurement range is such that lower readings are indicative of lower

concentrations when the instrument is calibrated in the same manner.

The cement slurry used to fix casing in the well and isolate completion intervals is alkaline and, in
most groundwater, this slurry raises the pH of fluid it mixes with before it cures. As the well is
cleaned out during development, residual cement-tainted fluids will be removed, and pH from
produced water should stabilize to a representative level for the water in the formation.

Turbidity is an indication of fines suspended in the water, and the trend and absolute values of
turbidity indicate whether fines are still being removed from the well. As drilling fluid and sediment
are removed from the well, clarity improves and turbidity drops. Wells tend to show spikes in
turbidity when the pump is turned on initially. The U.S. Environmental Protection Agency (EPA)
standard operating procedure for well development recommends that wells be developed until the
water has a turbidity of less than 50 NTU (EPA, 2001).

The SEC is a measure of the capacity of water produced from the well to conduct an electrical
current. Electrical conductance of water is a function of the types and quantities of dissolved
substances in water, but there is no universal linear relation between total dissolved substances and
conductivity (USGS, 2011).

To frame the discussion of well development in the new wells, it is useful to look at water-quality
samples from a previously developed well. Well ER-EC-6 was drilled and developed as part of
Phase | Pahute Mesa activities. For WDT, 1.7 million gallons (gal) of water were produced from the
well between January 14 and February 11, 2000 (IT, 2000b). Observations from thermal flow
logging in 2000 indicate 0.58 gal per minute (gpm) downward flow within the upper flow completion
under static conditions. This flow could allow as much as 2.7 million gal to flow through the well
over the nine years the well was open, although this estimate should be treated as an upper bound
because the gradient between the sections of the well—and, therefore, the flow—will decrease

with time.
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Pahute Mesa Well Development and Testing Analyses for Wells ER-20-7, ER-20-8 #2, and ER-EC-11

Well ER-EC-6 was pumped from April 7 to April 12, 2009, so georadiochemistry samples could be
obtained (SNJV, 2009). Water-quality parameter monitoring data from the 2009 sampling are
provided in Table 2-1 and Figure 2-1 to allow comparison of the new wells to a previously
developed well.

Well ER-EC-6 Grab Sample Sum-lr-fllgs étgtistics (April 8 to April 12, 2009)
EC DO Turbidity Br

pH (mmhos/cm) | (mg/L) (NTU) (malL)
Average 8.04 0.54 3.48 2.62 0.91
Standard Deviation 0.32 0.08 0.36 451 0.44

EC = Electrical conductivity
mmbhos/cm = Millimhos per centimeter

2.1  Well ER-20-7

Well development and testing operations for ER-20-7 produced a total of 2.4 million gal of

water from September 14 to September 24, 2010. Of this total, 1.1 million gal were produced during
the formal development operations (September 14 to September 17, 2010). Figure 2-2 shows
production rates and water-quality measurements for the WDT period. The time of geochemical and
radiochemical sampling (further described in Section 4.0) is also shown.

There are no Br measurements available for ER-20-7 from the first day of production. Measurements
of Br concentration in grab samples on September 15, 2010, average 2.45 mg/L with a standard
deviation of 3.42 mg/L. After September 15, 2010, measurements average 0.27 mg/L with a standard
deviation of 0.09 mg/L. Bromide concentration clearly drops at the start of development and remains
well below the measurement range thereafter. The final Br concentration is lower than the
concentrations in the other wells discussed in this report.

Overall, there is little change in the pH measurements of grab samples from ER-20-7 over the course
of pumping. There is a statistically significant difference in the mean populations of pH

measurements during the first two days of development (September 14 and September 15, 2010) and
the remainder of development (September 16 to September 24, 2010). The mean pH during the first
two days is 8.23 with a standard deviation of 0.16. The mean pH for the rest of testing is 7.44 with a
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Figure 2-1

Well ER-EC-6 Water-Quality Monitoring Values
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Figure 2-2

Well ER-20-7 Water-Quality Monitoring Values
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Pahute Mesa Well Development and Testing Analyses for Wells ER-20-7, ER-20-8 #2, and ER-EC-11

standard deviation of 0.31. This difference is likely caused by the removal of drilling fluids including
residuals from cement slurry.

There is a lot of variability in the turbidity measurements from the grab samples. On September 15,
2010, there is a single measurement of 40 NTU. After this measurement, the average turbidity
measurement is 12.4 NTU with a standard deviation of 3.1 NTU. There is a slightly downward slope
to a linear trend fit through the measurements data; however, the scatter makes this trend uncertain.
While the turbidity in this well is higher than the others discussed in this report, it is still well below
the EPA recommended values.

During the first two days of production, the SEC of samples from the well was slightly elevated and
much more variable than the remainder of operations. The average SEC measurement of samples
collected on September 14 and September 15, 2010, is 0.57 mmhos/cm, and the standard deviation is
0.09 mmhos/cm. The average measurement of samples collected after this period is 0.44 mmhos/cm
with standard deviation of 0.03 mmhos/cm. Some variability in specific conductivity is expected in
Pahute Mesa groundwater, and the variability in measurements compares favorably to ER-EC-6.

2.2 Well ER-20-8 #2

Well development and testing operations for ER-20-8 #2 produced a total of 1.9 million gal of water
from November 28 to December 18, 2009. Of this total, 0.8 million gal were produced during the
formal development operations (November 28 to December 3, 2009). Figure 2-3 shows production
rates and water-quality measurements for the WDT period. The time of geochemical and
radiochemical sampling (further described in Section 4.0) is also shown.

There is a single high Br measurement of 76.4 mg/L on the first day of well development but no
discernible trend after this. The average Br concentration measured after the first day of development
is 0.77 mg/L with a standard deviation of 0.47 mg/L. These measurements hover around the lower
range of measurement for the Br- electrode, so there is evidence of some residual Br in the well.

As with ER-EC-11, the final Br concentration is much lower than the concentrations found in
drilling fluids.
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Figure 2-3

Well ER-20-8 #2 Water-Quality Monitoring Values
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The pH measurement of a single grab sample during the first day of production (November 28, 2010)
is 9.23. After this first measurement, the pH averages 8.15 with a standard deviation of 0.16. There
IS no significant trend in the pH measurements after the first day. The average pH is higher than
ER-EC-6, but some variation is expected between wells. The standard deviation of the ER-20-8 #2
measurements is less than the ER-EC-6 measurements.

There is a lot of variability in the turbidity measurements from the well. There is a single turbidity
measurement of 101 NTU during the first day of production. Excluding the first day, the average
turbidity measurement is 7.68 NTU with a standard deviation of 6.83 NTU. No definitive trend can
be assigned, given the scatter in the measurement. The range of measured turbidity near the end of
the constant rate test agrees favorably with measurements from ER-EC-6 and is well below the
recommended criteria specified by the EPA (2001).

Specific conductivity stays steady for most of the development period. The average SEC
measurement of the all the grab samples is 0.40 mmhos/cm, and the standard deviation of the
population is 0.028 mmhos/cm. Some variability in specific conductivity is expected in Pahute Mesa
groundwater, and the variability in measurements compares favorably to ER-EC-6.

23 Well ER-EC-11

Well development and testing operations for ER-EC-11 produced a total of 5.6 million gal of water
from April 29 to May 20, 2010. Of this total, 1.8 million gal were produced during the formal
development of operations (April 29 to May 4, 2010). Figure 2-4 shows production rates and
water-quality measurements for the WDT period. The time of geochemical and radiochemical
sampling (further described in Section 4.0) is also shown.

There is a clear drop in the Br levels comparing first and second days of development, but no
discernible trend after this. Bromide levels drop from 4 to 18 mg/L on the first day of development
to an average of 0.79 mg/L, with a standard deviation of 0.58 mg/L for the rest of development and
testing. Although many of these measurements are below the measurement range of the Br- electrode
used to measure them, there are occasional measurements within the range, indicating the Br level is
close to the detection limit. However, the final concentration of Br is less than 3 percent of the initial
concentration, indicating that the majority of the Br has been removed. The average Br concentration

Section 2.0 “



Pahute Mesa Well Development and Testing Analyses for Wells ER-20-7, ER-20-8 #2, and ER-EC-11

?[ 8 | 400
= 55 ProductionRate . | - 350 é
2 20 @  Grab Samples | N L300 2
z ——— Sample Collection | [° | - 250 %
> 15 e I B o
z | 200
g 10 b © I 150 5
2 g ‘. & . W a e : - 100 §
® 2 @ g % ¢ Sl
0 T T T T T T T T T T T T T ~'|_ 0
04/29/2010 05/03/2010 05/07/2010 05/11/2010 05/15/2010 05/19/2010
400
150 | —_
1§8} ProductionRate : | - 350 E_
10 Il ke | | ° Grab Samples l - 300 2
Q‘m 3 | | Il | === sample Collection I | 250 %
E ‘ ” | L 200 %
e @ ’ e ¢ ' 150 8
8 4] 8/q o L & . » ' S
o) ey (L N N & 100 3
2 | ‘ 50
0+ ' o °
T T T T T T T T T T T T T T T T T T T T T
04/29/2010 05/03/2010 05/07/2010 05/11/2010 05/15/2010 05/19/2010
18 - 400
12 . ' | 350 E
5} Production Rate \ pe I 350 E.
3 | - ° Grab Samples | - 300 2
iy | | [ ———  Ssample Collection I L 050 %
£ 24 - . | - 200 E
o
& - | - 150 =
. a |° L 3
; TS i
- ® s % $o - 50 =
0 T T T T T — T T T T T T T T T 0
04/29/2010 05/03/2010 05/07/2010 05/11/2010 05/15/2010 05/19/2010
400
- | —
074 I - 350 E
-E- 0.6 Production Rate | | 200 O
3 -] Grab Samples &0 1 Ti =
"% 051 o ——— SampleCollecton | © ® o & g @ - dfo @150 £
£ 04 ! L 200 €
E 034 o I L 150 %
O 0.2 / | L
S 021 |/ | 100 ,§
® 01 |/ I -S0 &
L |/ _ 1 R
0.0 T L T T T T T T T T T T T T T | 0
04/29/2010 05/03/2010 05/07/2010 05/11/2010 05/15/2010 05/19/2010
10 ~ l 400
- o I -350 E
L ¢ - ProductionRate | | _ o
g9 - b — LL— © Grab Samples ° | oo ®
- ‘ i | || | === sample Collection | - 250 &
T & & - o | | +4
5 I ) & B» 0 & ® 200 _
&+ | 4 8 ) T el Y e §
- / °
|/ . ! - 100 3
I | . | - 50 2
IIII T T T | T T T I T T T | T T T T T T T T I T 0 &
04/29/2010 05/03/2010 05/07/2010 05/11/2010 05/15/2010 05/19/2010

Figure 2-4
Well ER-EC-11 Water-Quality Monitoring Values
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after the first day in ER-EC-11 is also below the average concentration for Phase 11 sampling
in ER-EC-6.

The pH measurements of grab samples during the first two days of production range from 8.90 to
9.86. After the first day, the pH averages 8.24 with a standard deviation of 0.29. There is no
significant trend in the pH measurements after the first day. The average pH is higher than ER-EC-6,
but some variation is expected between wells. The standard deviation of the ER-EC-11
measurements is less than the ER-EC-6 measurements.

There is a lot of variability in the turbidity measurements from the well. Samples measured on or
before April 30, 2010, vary from 2.0 to 37.8 NTU. A linear trend fitted to the measurements during
the constant rate test shows a decrease with time, but there is a lot of scatter. The range of measured
turbidity near the end of the constant rate test agrees favorably with measurements from ER-EC-6
and is well below the recommended criteria specified by the EPA (2001).

Specific conductivity stays steady for most of the development period. There is a small jump

between May 15 and May 16, 2010, but it is difficult to determine what caused this difference. The
average SEC measurement of all the grab samples is 0.48 mmhos/cm, and the standard deviation of
the population is 0.033 mmhos/cm. Some variability in specific conductivity is expected in Pahute

Mesa groundwater, and the variability in measurements compares favorably to ER-EC-6.

2.4 Conclusion

Wells ER-20-7, ER-20-8 #2, and ER-EC-11 have all been successfully developed. In general, the
variations in the water-quality parameters monitored in the three wells compare favorably with those
measured in ER-EC-6 during supplementary Phase Il sampling. All three wells had elevated Br
concentrations during the first few days of pumping that leveled off to a steady-state tail. The
steady-state tail is higher than the expected natural concentration; however, Br is a spiked constituent
of the drilling fluid, and the residual concentrations are much lower than the initial concentrations in
the drilling fluid. The specific conductivity and pH show some measurement variation, but there
were no definitive trends after the first several days of pumping, which indicates the residual fluids
from drilling no longer have a large effect on the chemistry of water produced from the well.
Radiochemistry and geochemistry samples collected near the end of pumping are representative of
in situ conditions in the formation.
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30 STATIC HEAD

Static head data from wells provide information about potentiometric gradients and groundwater
flow. Fenelon et al. (2010) conducted a broad study of wells across the NNSS that covers the area
surrounding ER-20-7, ER-20-8 #2, and ER-EC-11. The contours developed and locations of data
used in Fenelon et al. (2010) are shown in Figure 3-1. These contours provide a good overview of the
general direction of flow that is consistent with the interpretations of radionuclide transport data in
the vicinity of southwest Area 20.

To better understand smaller-scale variations and the degree that the data support interpretations of
local flow direction and the potentiometric gradient, the data and interpretation from Fenelon et al.
(2010) have been combined with new water levels acquired during Pahute Mesa Phase 11
characterization operations (ER-20-7, ER-20-8 #2, and ER-EC-11) and the detailed geologic model.
Table 3-1 shows the wells, water levels, and hydrostratigraphic units (HSUSs) discussed in this section.
The complexity of the geology makes it difficult to develop a clear picture of smaller-scale
phenomena; however, a discussion of the data with respect to flow directions and the geologic
framework is still instructive, particularly in understanding the effects of the many faults and
structures in the area.

Figure 3-2 shows water levels that have been separated out by aquifer HSU as defined by Bechtel
Nevada (BN) (2002) in the Phase | hydrostratigraphic framework model (HFM) along with contours
from Fenelon et al. (2010). Well ER-EC-1 was not considered because all the completions are open,
and assigning the water level to a particular HSU is ambiguous. As Figure 3-2 shows, water levels
can vary between aquifer units at the same well. The clearest instance of this is in U-20y. The
average of water levels in the TCA in U-20y is 1,340.8 m above mean sea level (amsl), while those in
the deeper TSA in the same well are 1,277.1 m amsl. The TCA and TSA are separated by a 60-m
section of the LPCU composed of zeolitized tuffs. In this case, it is likely that the well samples an
isolated portion of the TCA and the higher water level is caused by local recharge, held above a larger
flow system by the limited permeability of the LPCU. Fenelon et al. (2010) calls these water levels
perched or semiperched.
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Figure 3-1
Southwest Area 20 and Vicinity Water-Level Contours
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Table 3-1
Water Levels with Intersected Aquifer HSUs
Well Name V\/(ar\rt]e;rlr_](:}/)el HSU Source
ER-20-1 1,277.7 TCA Fenelon et al., 2010
ER-20-5-1 1,276.5 TSA Fenelon et al., 2010
U-20ag 1,285.6 BA Fenelon et al., 2010
U-20ak 1,278.3 BA Fenelon et al., 2010
U-20a0 1,317.7 BA Fenelon et al., 2010 @
U-20ax 1,329.8 CHZCM Fenelon et al., 2010 @
U-20ay 1,360.9 CHZCM Fenelon et al., 2010
U-20bb <1,272.8 BA Fenelon et al., 2010
U-20bb 1 1,279.6 BA Fenelon et al., 2010
U-20bf >1,339.0 CHZCM Fenelon et al., 2010
U-20c 1,273.5 CHZCM Fenelon et al., 2010
U-20y 1,340.8 TCA Fenelon et al., 2010 @
U-20y 1,277.1 TSA Fenelon et al., 2010
UE-20c >1,266.7 TCA, TSA Fenelon et al., 2010
UE-20d 1,273.8 TSA Fenelon et al., 2010
UE-20d 1,272.5 TCA Fenelon et al., 2010
UE-20d <1,295.4 CHZCM Fenelon et al., 2010 2
ER-20-7 1,276.0 TSA N-1, 2011b
ER-20-8 Deep 1,274.6 TSA N-1, 2011b
ER-20-8 Intermediate 1,274.7 TCA N-1, 2011b
ER-20-8-2 1,274.5 BA N-I, 2011b
ER-EC-11 Deep (Tptm) 1,274.2 TSA N-1, 2011b
ER-EC-11 Intermediate (Tpcm) 1,274.0 TCA N-I, 2011b
ER-EC-11 Main 1,274.1 TCA, TSA N-1, 2011b
ER-EC-11 Shallow (Tpb) 1,273.9 BA N-1, 2011b
ER-20-5-3 1,275.4 CHZCM N-1, 2011b

a Water level marked as “anomalously high” in Fenelon et al. (2010). Not used in contouring.
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Figure 3-2
Water Levels by Aquifer
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Pahute Mesa Well Development and Testing Analyses for Wells ER-20-7, ER-20-8 #2, and ER-EC-11

With the exceptions of U-20ao and U-20ag, there is only a modest amount of variation in the water
levels of wells completed in the BA in southwestern Pahute Mesa. Both U-20ao and U-20ag are close
to the West Boxcar fault. The elevated water levels in the two wells reflect the higher water levels
found in the CHZCM wells across the fault. The range of water levels in the rest of the BA wells is
1,272.8 t0 1,279.6 m. This entire range is expressed in two different wells (U-20bb and U-20bb 1,
respectively) that are very close to each other, illustrating the amount of noise in the water-level data.
Across the NTMMSZ, water levels in ER-EC-11 and ER-20-8 #2 differ by only 0.5 m.

There are several anomalous water levels in wells in the TCA. The water level in the TCA/TSA in
UE-20c is only 1,266.8 m amsl. The water level is the last measurement in a recovery test that
recovered about 15 m in 1 hour 40 minutes. The recovery rate over the last 40 minutes is 2 m per
hour, so it appears the last water level is within a few meters of recovery. It is difficult to reconcile
this water-level measurement with the surrounding wells. The measurement is a local minimum at a
point where there is no known discharge sink. The water level in U-20y is anomalously high
compared to the surrounding wells. There is only a 13-m column of water at the bottom of the TCA
above a section of zeolitized tuff in the well. This water is likely local recharge retarded by the
zeolitized tuff. There is only a modest difference (about 3 m) between ER-EC-11 and ER-20-8 #2
and the wells on the other side of the NTMMSZ. Across the NTMMSZ, water levels in ER-EC-11
and ER-20-8 #2 differ by only 0.6 m in the TCA.

There is little variation in the water levels in the TSA in southwestern Pahute Mesa. Excluding the
anomalously low level in the TCA/TSA in UE-20c, the range is 1,273.8 to 1,277.1 m expressed in
UE-20d and U-20y, respectively. Across the NTMMSZ, water levels in ER-EC-11 and ER-20-8
differ by only 0.4 m. These levels are noticeably lower than the three closest wells in the TSA north
of the NTMMSZ. Itis difficult to say if this is more than coincidence due to the amount of
unexplained variance in the water-level measurements.

In the CHZCM east of the Boxcar fault, three wells (U-20ay, U-20bf, and U-20ax) have water levels
of 1,360.9, 1,339.0, and 1,329.8 m, respectively. Well U-20ay is completed in the upper LFA portion
of the HSU and should be representative of an extended portion of the aquifer. Wells U-20bf and
U-20ax are both completed in zeolitized tuffs below the upper LFA and may be less representative.
Across the Boxcar and West Boxcar faults, water levels in the CHZCM are significantly lower.
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Pahute Mesa Well Development and Testing Analyses for Wells ER-20-7, ER-20-8 #2, and ER-EC-11

Over southwest Area 20, a large number of wells have water levels between 1,271.5 and 1,279.5 m.
This supports the current (Fenelon et al., 2010) and past (DOE/NV, 1997; O’Hagan and Laczniak,
1996; Blankennagel and Weir, 1973) characterization of southwest Area 20 as a flatter valley in the
potentiometric surface. New characterization data do not suggest that an abrupt change in this
interpretation is necessary (at least for the BA/SPA, TCA, and TSA), even with the NTMMSZ present
in a configuration most likely to make the effects of the fault detectable (Faunt, 1997). The presence
of tritiated groundwater at ER-20-7, ER-20-8 #2, and ER-EC-11 is an unambiguous indication that

groundwater is flowing from southwest Area 20.

3.1 Vertical Head Differences

The aquifer system in the area of the Bench has a distinct layered sequence of aquifers (fractured
welded tuffs and lavas) and aquitards (zeolitized bedded tuff). A preliminary assessment of the
propensity for vertical flow between formations can be made by examining differences in static head.
In the southwest Area 20 region, three well pads are currently configured to monitor the BA/SPA,
TCA, and TSA water levels separately: ER-EC-6 (packers were installed in 2009 to isolate the
intervals), ER-20-8 (not discussed in this report), and ER-EC-11. Elliot and Fenelon (2010) report
the initial interval water levels in ER-EC-6 after the packers were set; additional new data are
presented here. Well ER-EC-1 has intervals open to multiple HSUs, but the formations are free to
cross flow under natural conditions.

As part of transducer installation, depths to water are recorded with calibrated electric tapes (e-tapes).
These data are summarized in Tables 3-2 and 3-3 for ER-EC-6 and ER-EC-11, respectively. Data
sources are the 2010 long-term head monitoring report (N-1, 2011b), and field data forms

(N-1, 2011a). Higher frequency data are available from pressure transducer records, but the

smaller dataset is easier to understand for this reconnaissance.
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Pahute Mesa Well Development and Testing Analyses for Wells ER-20-7, ER-20-8 #2, and ER-EC-11

Table 3-2
ER-EC-6 Static Head Measurements

Adjusted Head @
Date Time Interval HSU BP Depth to Water Head Source
(mbar) (ft bgs) (ft amsl) (ftamsl) | (m amsl)
Shallow
06/20/2009 | 09:54 . BA 821 1,425.21 4,179.19 | 4,179.19 | 1273.82 | NI, 2011b
Piezometer
06/20/2009 | 10:20 _Deep TSA 821 1,426.14 4,178.26 | 4,178.26 | 1273.53 | NI, 2011b
Piezometer
06/20/2000 | 16:35 | Mtermediate | o 821 1,425.42 4,178.98 | 4,178.98 | 1273.75 | NI, 2011b
Piezometer
04/05/2011 | 15:30 | 'Mermediate | Lo 819 1,425.43 4,178.97 | 4,178.92 | 1273.73 | NI, 2011a
Piezometer
04/06/2011 | 12:55 _Deep TSA 826 1,426.11 4,178.29 | 4,178.46 | 1273.60 | NI, 2011a
Piezometer
) Shallow
04/06/2011 | 16:40 . BA 826 1,425.42 4,178.98 | 4,179.15 | 1273.80 | NI, 2011a
Piezometer
Source: N-l, 2011aand b
aHead adjusted to the barometric pressure change from 06/20/2009.
bgs = Below ground surface
BP = Barometric pressure
mbar = Millibar
Table 3-3
ER-EC-11 Static Head Measurements
BP Depth to Water Head Adjusted Head 2
Date Time Interval HSU Source
(mbar) (ft bgs) (ftamsl) | (ftamsl) | (m amsl)
11/12/2009 | 08:50 _Deep TSA 821 1,476.22 4,180.04 | 4,180.04 | 1274.08 | NI,2011b
Piezometer
11/12/2009 | 09:15 | 'nermediate | o, 821 1,477.08 4,179.18 | 4,179.18 | 1273.81 | NI,2011b
Piezometer
. Shallow
11/12/2009 | 08:20 . BA 821 1,476.93 4,179.33 | 4,179.33 | 1273.86 | NI,2011b
Piezometer
04/07/2010 | 14:30 _Deep TSA 834 1,476.94 4,179.32 | 4,179.74 | 1273.99 | NI,2011b
Piezometer
04/07/2010 | 17:30 | 'Mtermediate | Lo 832 1,477.35 4,178.91 | 4,179.28 | 1273.84 | NI,2011b
Piezometer
) Shallow
04/08/2010 | 14:00 . BA 827 1,477.31 4,178.95 | 4,179.14 | 1273.80 | NI,2011b
Piezometer
04/08/2011 | 12:55 | 'Nermediate | o\ 815 1,476.50 4,179.76 | 4,179.54 | 1273.92 | NI, 2011a
Piezometer
Shallow
04/15/2011 | 11:45 . BA 833 1,477.61 4,178.65 | 4,179.04 | 1273.77 | NI, 2011a
Piezometer

Source: N-I, 201la and b

2Head adjusted to the barometric pressure change from 06/20/2009.
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Pahute Mesa Well Development and Testing Analyses for Wells ER-20-7, ER-20-8 #2, and ER-EC-11

3.1.1 Well ER-EC-6

Packers were installed on May 13, 2009, along with tubing to allow monitoring of the upper three
(BA, TCA, and TSA) intervals. On June 20, 2009, and between April 4 and 6, 2010, depth to water
was measured for each open piezometer (the bottom completion was inaccessible because of the
bridge plug). Additionally, data for each interval were collected in 2000 with bridge plugs to isolate
each interval as described in IT Corporation (IT) (2002) and shown in Table 3-4.

Table 3-4
ER-EC-6 2000 Interval Static Head Measurements
Interval HSU (ftl_iaer‘?gl) (mHS;dsl)
Shallow BA 4,178.57 1,273.63
Upper intermediate TCA 4,178.01 1,273.46
Lower intermediate TSA 4,176.66 1,273.05
Lower CFCM 4,173.00 1,271.93

Figure 3-3 shows the head profiles for the three available datasets; the center of the screen is used for
the elevation reference, although given the permeability variation in fractured rock, this is more
convenient than accurate. The barometric efficiency of this well is high (N-1 [2011b] assumed a
barometric efficiency of 1), and barometric pressure changes were included. The newer data show
smaller differences (less than 0.5 m across all three intervals), although still directed downward, than
the 2000 data. This interpretation is consistent with that of Elliot and Fenelon (2010).

Density variations can have an important effect on interpreting groundwater systems (Hickey, 1989;
Post et al., 2007), and temperature corrections for groundwater analysis at NNSS have been described
by Winograd (1970). Three temperature logs were considered for use in temperature correction.
One was collected immediately after drilling, during development but before the constant rate test,
and the other about a month after WDT operations finished in 2000 (Figure 3-4). Computations were
performed with Desert Research Institute (DRI) pre-WDT data using the method of Winograd (1970)
as described by Fenelon et al. (2010). The resulting corrections were about 1 and 5 m for the upper
middle or intermediate (TCA), and lower middle or deep (TSA) piezometers. The downward sense is
maintained after the temperature correction but is larger with respect to the TSA. However, these
adjustments should be considered approximate and preliminary because insufficient time elapsed for
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Figure 3-3
Vertical Hydraulic Head Profile at ER-EC-6
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Well ER-EC-6 Temperature Profiles
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the temperature profile to return to undisturbed conditions. Gillespie (2005) suggested a year was
necessary for this to occur.

3.1.2 Well ER-EC-11

On November 12, 2009, transducers were installed in each of ER-EC-11’s piezometers. Depth to
water was measured again in April 2010 and April 2011 (Table 3-3). Head profiles for the three
datasets are shown in Figure 3-5. Changes in barometric pressure were accounted for using a
barometric efficiency of one. The apparent vertical hydraulic gradient is upward, and is less than
0.3 m. Two temperature logs are available (Figure 3-6): one immediately after drilling, and the other
not quite six months later about five days before the start of WDT operations. Using the latter
log to compute temperature corrections using the method of Winograd (1970) as described by
Fenelon et al. (2010) gives head reductions of about 2, 3, and 4 m for the shallow (BA),
intermediate (TCA), and deep (TSA) completions, respectively. As noted for ER-EC-6, these
corrections should be considered preliminary, however, it is likely that the true vertical hydraulic
gradient is downward, not upward, at ER-EC-11.
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Figure 3-5
Well ER-EC-11 Vertical Head Profiles
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Well ER-EC-11 Temperature Profiles

3.2 Summary

Static head data collected at Phase Il characterization boreholes provide information to refine the
understanding of potentiometric gradients and groundwater flow in the bench area of southwest
Area 20. Observed head conditions indicate that groundwater flow is consistent with previous
estimates of flow to the south and west. Generally, heads are lower in deeper aquifer units, possibly
indicating that recharge is limited to deeper units by the presence of thick tuff confining units.
Analysis of static groundwater heads in the vicinity of faults did not show discontinuities in the
groundwater gradients, indicating that faults in this area are unlikely to significantly impede
groundwater flow.
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40 GROUNDWATER CHEMISTRY

This section presents chemistry data for ER-20-7, ER-20-8 #2, and ER-EC-11; and provides a
qualitative evaluation of trends in the groundwater chemistry of these wells and of others in their
vicinity. The wells included in this evaluation, along with the primary HSU sampled within each
well, are presented in Figure 4-1. In general, the primary HSU is the HSU that extends the largest
length within the effective open interval. The chemistry data included in the evaluation are presented
in Appendix A. Comprehensive groundwater chemistry evaluations for Pahute Mesa are presented in
Thomas et al. (2002), Kwicklis et al. (2005), and Rose et al. (2006). This section integrates the new

data with these earlier investigations in a qualitative manner.

Samples were collected from ER-20-7, ER-20-8 #2, and ER-EC-11 during drilling operations and
also during WDT. The samples collected during drilling operations are more likely to be impacted by
drilling fluids but provide depth-discrete groundwater chemistry data that can be evaluated with
respect to samples collected during WDT, once large quantities of water are purged from the well.

4.1  Evaluation of Samples Collected during Drilling Operations

During drilling, fluid-discharge samples were collected from each well for onsite and/or laboratory
analysis of tritium. Additional analyses were performed on the fluid-discharge samples on a case by
case basis as described in Sections 4.1.1 through 4.1.3. Samples were also collected at the end of
drilling using a depth-discrete wireline bailer and analyzed for a limited number of parameters by a
commercial laboratory certified by the State of Nevada (i.e., ALS Laboratory Group and/or Eberline
Services). Details of the sampling activities are presented in NNES (2010b, c, and d) for ER-20-7,
ER-20-8 #2, and ER-EC-11, respectively.

4.1.1 Well ER-20-7

Elevated levels of tritium (approximately 53,000 picocuries per liter [pCi/L]) were encountered in the
fluid-discharge samples when the borehole reached 2,063 ft bgs (TCA HSU), approximately 40 ft
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Figure 4-1
Wells Included in the Groundwater-Chemistry Evaluation

Note: The primary HSUs are as follows for wells that sample multiple completions: PM-3-1 (TCA),

PM-3-2 (UPCU), ER-20-5 #1 (TSA), ER-20-5 #3 (CHZCM), ER-EC-11 int (TCA), ER-EC-11 deep (TSA),

ER-EC-11 main (TSA).
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Pahute Mesa Well Development and Testing Analyses for Wells ER-20-7, ER-20-8 #2, and ER-EC-11

below the static water level. Tritium activities averaged approximately 3.3 million pCi/L between
2,063 and 2,375 ft bgs within the TCA, LPCU, and TSA HSUs; and increased to an average of

20 million pCi/L, with a maximum of 61.7 million pCi/L at 2,645 ft bgs, within the TSA

(NNES, 2010b).

Seven fluid-discharge samples, collected between 2,115 to 2,930 ft bgs, were analyzed by Lawrence
Livermore National Laboratories (LLNL) for gamma-emitting radionuclides, tritium, and anions; and
three samples were analyzed for isotopic plutonium (?3%24Pu). These analyses are described in the
LLNL letter report presented in Appendix B. The concentrations of Br ranged from 0.4 to 7.0 mg/L
with the exception of the sample collected at 2,115 ft bgs with a Br concentration reported as

321 mg/L. The low Br suggests that fluid in the samples is predominantly formation water. Fluoride
(F) concentrations ranged from 2.3 to 6.2 mg/L, chloride (CI) from 27.9 to 32.6 mg/L, and sulfate
(SO,%) from 52.4 to 65.8 mg/L (see Appendix B). No detectable gamma-emitting radionuclides were
reported except for the sample collected between 2,842 to 2,930 ft; cesium-137 (*3’Cs) was reported
as approximately 4 pCi/L (a value very near the detection limit) for this sample (see Appendix B).
Tritium activities range from 1.82 million to 18.3 million pCi/L, and the 2% 240Py activities range from
approximately 0.005 to 0.12 pCi/L (Table 4-1). The 2% 24Py activities are well below the 15 pCi/L
EPA Safe Drinking Water Act (SDWA) maximum contaminant level (MCL) for alpha-emitting
radionuclides (CFR, 2011). The Pu isotope measurements of LLNL suggest that the Pu
contamination is attributable, in both the TCA and TSA, at least in part to the BENHAM test

(see Appendix B).

Depth-discrete bailer samples were collected within the TSA at ER-20-7 at depths of 2,535 and
2,650 ft bgs on June 30 and July 1, 2009 (Figure 1-5), and analyzed by ALS Laboratory Group. The
results of the analyses are presented in Table A.1-1 of Appendix A. Similar chemistry is observed
between the depth-discrete samples. For instance, F- concentrations ranged from 5.5 to 5.6 mg/L, CI-
from 29 to 30 mg/L, SO,> from 49 to 50 mg/L, calcium (Ca?*) from 4.1 to 4.4 mg/L, potassium (K*)
from 4.1 to 4.3 mg/L, and magnesium (Mg?*) from 0.13 to 0.15 mg/L. These results are also
consistent with LLNL’s for the fluid-discharge samples (see Appendix B) with the exception of SO,%,
which was lower in the bailer samples.
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Table 4-1
Results of LLNL Analysis of ER-20-7 Fluid-Discharge Samples
Sample Depth HSU Br- Triti'um 239xz“f’Pu
Date (ft) (mgl/L) (pCilL) (pCi/L)
06/17/2009 2,115 TCA 321 1.98 (+ 0.01) E+06 ~0.005
06/17/2009 2,208 LPCU 35 2.35 (+ 0.01) E+06
06/21/2009 2,211 LPCU 7.0 1.82 (+ 0.01) E+06
06/21/2009 2,237 LPCU 4.0 6.08 (+ 0.03) E+06 0.04
06/24/2009 2,193-2,526 LPCU/TSA 2.7 1.37 (+ 0.007) E+07
06/25/2009 2,540-2,809 TSA 0.4 1.83 (+ 0.009) E+07
06/27/2009 2,842-2,930 | TSA/CHZCM 0.8 1.80 (+ 0.009) E+07 0.12

Source: LLNL letter report (see Appendix B); NNSA/NSO, 2010a

-- = Not analyzed

Tritium activities in the depth-discrete bailer samples were reported as 17.9 million pCi/L at

2,535 ft bgs, and 18.1 million pCi/L and 18.2 million pCi/L (duplicate sample) at 2,650 ft bgs. In
addition, the 23%240Py activity was reported as 0.068 pCi/L in the sample collected at 2,650 ft bgs
(see Table A.1-1 of Appendix A). The 239240Py activity in the other two samples, reported as

0.030 pCi/L (2,535 ft) and 0.046 pCi/L (2,650 ft), are less than the detection limit (0.020 pCi/L and
0.025 pCi/L, respectively) plus the analytical error (0.020 pCi/L and 0.027 pCi/L, respectively), and
are considered highly uncertain. The bailer samples were also analyzed for gamma-emitting
radionuclides. Although no gamma emitters were detected in these samples, only those listed as
potential contaminants of concern in NNSA/NSO (2011b) (i.e., identified in the inventory from
Bowen et al., 2001) are presented in Table A.1-1. Gamma emitters include americium-241 (**Am),
cesium-137 (*¥7Cs), curium-244 (?4324Cm), europium-152 (**2Eu), ***Eu, and uranium-235 (*°U).

4.1.2 Well ER-20-8 #2

Although fluid-discharge samples were measured on site for tritium, inconsistencies were observed
and the results were determined to be unreliable (NNES, 2010c). Thirteen composite samples,
collected over 50-ft intervals from 1,700 ft bgs to the total depth of the borehole, were analyzed by
LLNL for tritium and anions. The samples are believed to be primarily from the SPA; samples were
collected during drilling within the SPA and top of the UPCU. These analyses are described in the
LLNL letter report presented in Appendix C.

m Section 4.0



Pahute Mesa Well Development and Testing Analyses for Wells ER-20-7, ER-20-8 #2, and ER-EC-11

Tritium analyses were performed by the LLNL UGTA laboratory and the LLNL low-level tritium
analysis laboratory (Environmental Monitoring Radioanalytical Laboratory [EMRLY]) to test for
consistency among laboratories and methods. Eichrom tritium columns were used by the LLNL
UGTA laboratory to remove possible interference from organics (chemiluminescence) and other
radionuclides. Tritium activities were low in shallow samples but started increasing with depth at
1,953 ft (Table 4-2). The highest activities were reported as 1,395 and 1,500 pCi/L using the two
methods at LLNL. All measured values are below the 20,000 pCi/L MCL (CFR, 2011).

Table 4-2
Results of LLNL Analysis of Bromide and Tritium in ER-20-8 #2 Drilling Fluids
Tritium (pCi/L)
Sample Depth HSU Br-
Date (1) (mglL) LLNL UGTA EMRL
Lab2
08/29/2009 1,744 UPCU 8.4 ND® 67 + 48
08/29/2009 1,808 SPA 6.2 ND® 39 + 47
08/29/2009 1,843 SPA 5.1 ND b 183 + 50
08/29/2009 1,936 SPA 33 ND© 68 + 48
08/29/2009 1,953 SPA 2.0 179 + 158 230+ 51
08/29/2009 2,001 SPA 2.6 262 + 159 244 £ 52
08/29/2009 2,050 SPA 3.1 201 + 156 329+ 54
08/29/2009 2,104 SPA 1.9 763 + 159 873+ 64
08/30/2009 2,157 SPA 1.1 836 + 157 962 + 65
08/30/2009 2,203 SPA 2.3 883 + 158 940 + 65
08/30/2009 2,250 SPA 1.2 1,043 + 160 1,220 £ 70
08/30/2009 2,310 MPCU 0.7 1,337 £ 163 1,410 £ 72
08/30/2009 2,338 MPCU 0.8 1,395 + 163 1,500 + 74

Source: LLNL letter report (see Appendix C); NNSA/NSO, 2011a

a Analyzed using Eichrom column purification followed by liquid scintillation counting.
b Detection limit is approximately 100 pCi/L.

ND = Not detected

The concentrations of Br decreased from 8.4 mg/L at 1,744 ft bgs to 0.8 mg/L at 2,338 ft bgs
(Table 4-2); the decrease in Br concentrations with depth suggests the portion of formation water in
the drilling fluid returns increased with depth. The other anion concentrations tended to be more
dilute in the samples collected between 1,744 to 1,843 ft bgs (F ranges from 2.5 to 3.4 mg/L, CI-
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from 19.0 to 21.1 mg/L, and SO,* from 42.2 to 44.0 mg/L) when compared the concentrations in the
deeper samples (F- ranges from 3.9 to 4.5 mg/L, ClI- from 24.1 to 26.1 mg/L, and SO,> from 44.5 to
46.4 mg/L) (see Appendix C).

Depth-discrete bailer samples were collected from ER-20-8 #2 at depths of 1,710 ft bgs (BA HSU)
and 2,200 ft bgs (SPA HSU) on August 31, 2009 (Figure 1-6) (NNES, 2010c). The results of these
analyses are presented in Table A.1-2 of Appendix A. The ALS Laboratory Group reported tritium
activities of 680 £ 230 pCi/L and 850 + 250 pCi/L for the duplicate well samples collected at

1,710 ft bgs, and 900 + 250 pCi/L for the sample collected at 2,200 ft bgs. Although a 2% 24Py
activity of 0.016 pCi/L is reported for one of the samples collected at 1,710 ft bgs, the measured value
is less than the detection limit (0.009 pCi/L) plus the error (£ 0.015) and is thus highly uncertain. No
other radionuclides were detected in these depth-discrete samples (see Table A.1-2).

The sample collected from 2,200 ft bgs tended to exhibit higher concentrations of most of the
chemical constituents when compared to the samples collected at 1,710 ft bgs. These results are also
consistent with LLNL’s for the fluid-discharge samples (see Appendix C).

4.1.3 Well ER-EC-11

Elevated levels of tritium (10,730 pCi/L) were encountered in the fluid discharge when the borehole
reached a depth of 2,719 ft bgs within the BA HSU, approximately 1,242 ft below the static water
level (NNES, 2010d). Tritium activities measured on site averaged approximately 14,400 pCi/L
within the BA HSU and the upper portion of the TCA HSU (between 2,719 and 3,212 ft bgs). A
maximum tritium activity of 37,229 pCi/L was reported at 2,808 ft bgs within the BA HSU.

Fluid-discharge samples were also analyzed at two laboratories, LLNL and Eberline Services. The
analyses performed at LLNL are described in the LLNL letter report presented in Appendix D.
Tritium, measured by LLNL, ranged from 6,480 to 13,600 pCi/L in samples collected at 2,847 to
3,244 ft bgs within the BA HSU and top of the TCA HSU (Table 4-3). Tritium was below the
detection limits (222 to 229 pCi/L) in samples collected above 2,290 ft and ranged from less than
150 pCi/L to 280 pCi/L below a depth of 3,244 ft. Tritium levels measured by Eberline Services
ranged from 3,295 to 12,533 pCi/L within the BA HSU and top of the TCA HSU; other samples
ranged from nondetect to 180 pCi/L.
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Table 4-3
Results of LLNL Analysis of Tritium in ER-EC-11 Drilling Fluids
“oae | d | Y|l o | oae | D@ | MY o
09/18/2009 | 1,542 TMA <229 10/03/2009 | 2,949 BA 13,300 + 300
09/18/2009 | 1,582 FCCU <222 10/03/2009 | 3,004 BA 12,700 + 300
09/18/2009 | 1,610 FCcu <225 10/03/2009 | 3,043 BA 12,700 + 300
09/29/2009 | 1,843 FCCU <229 10/04/2009 | 3,103 UPCU 13,500 + 300
09/29/2009 | 1,881 FCCU <225 10/04/2009 | 3,148 UPCU 13,300 + 300
09/30/2009 | 1,943 FCCU <227 10/04/2009 | 3,206 TCA 12,800 + 300
09/30/2009 | 1,988 FCCU <223 10/12/2009 | 3,244 TCA 6,480 + 150
09/30/2009 | 2,047 FCCU <224 10/12/2009 | 3,300 TCA <153
09/30/2009 | 2,090 FCcu <226 10/12/2009 | 3,351 TCA <152
09/30/2009 | 2,136 FCCu <226 10/12/2009 | 3,403 TCA <151
09/30/2009 | 2,185 FCCcu <224 10/12/2009 | 3,465 LPCU <150
09/30/2009 | 2,236 FCCU <226 10/12/2009 | 3,498 LPCU 200 + 90
09/30/2009 | 2,290 FCCU <226 10/12/2009 | 3,555 TSA 280 + 100
10/03/2009 | 2,847 BA 13,600 + 300 || 10/12/2009 | 3,601 TSA <152
10/03/2009 | 2,900 BA 13,500 + 300

Source: LLNL letter report (see Appendix D); NNSA/NSO, 2010b

Depth-discrete bailer samples were collected from ER-EC-11 at depths of 2,450 (FCCU HSU), 2,750
(BA HSU), 3,150 (UPCU HSU), 3,285 (TCA HSU), and 3,755 (TSA HSU) ft bgs between October 9
and October 17, 2009 (Figure 1-7) (NNES, 2010d). The results of these analyses are presented in
Table A.1-3 of Appendix A. Tritium activities in the samples associated with the FCCU, BA, and
UPCU HSUs (i.e., 2,450, 2,750, and 3,150 ft bgs) ranged from 9,800 to 10,100 pCi/L, and were
below the detection limits in the TCA and TSA HSUs (i.e., 3,285 and 3,755 ft bgs). These results are
consistent with those measured by LLNL in the fluid-discharge samples (Table 4-3). No other

radionuclides above detectable limits for these samples were reported (see Appendix A).

4.2 Evaluation of Samples Collected during WDT

Groundwater samples were collected during WDT and submitted to multiple laboratories for analysis
for a wide range of chemical parameters including major ions, stable isotopes, trace metals, and
radioisotopes (see Appendix A). Laboratories performing the analyses include the commercial
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laboratory (ALS Laboratory Group), DRI, LLNL, Los Alamos National Laboratory (LANL), and the
U.S. Geological Survey (USGS). The commercial laboratory is certified by the State of Nevada; the
other laboratories provide state-of-the-art analyses not available from commercial laboratories in
addition to analyses used to corroborate commercial laboratory results . Water-quality measurements
were made on grab samples collected throughout the testing period to ensure sufficient well
development to obtain samples representative of the formation water (Section 2.0).

4.2.1 Sample Collection

The following section summarizes sample collection and water-quality measurements performed
during WDT operations. Details of these activities are presented in data reports (N-1, 20103, b, and c)
for ER-20-7, ER-20-8 #2, and ER-EC-11, respectively.

4.2.1.1 Well ER-20-7

Well samples were collected in duplicate on September 24, 2010, after pumping more than

2.2 million gal (N-1, 2010a). The water-quality measurements performed during development and
testing for ER-20-7 are presented in Section 2.1. Figure 2-2 demonstrates stabilization of the
water-quality parameters (temperature, pH, SEC, DO, and turbidity) before samples were collected
for laboratory analysis. This stabilization along with the low Br concentrations (0.18 to 0.21 mg/L)
suggest the samples likely represent formation waters. The water-quality measurements made
during sample collection ranged from 34.0 to 34.1 degrees Celsius (°C) (temperature), 7.92 to

7.97 (pH), 0.500 to 0.522 mmhos/cm (SEC), 3.5 to 6.0 mg/L (DO), and 5.0 to 8.2 NTU (turbidity).

4.2.1.2 Well ER-20-8 #2

A depth-discrete sample was collected from ER-20-8 #2 on December 3, 2009, at a depth of
2,100 ft bgs (SPA HSU) while the well was pumped at approximately 132 to 136 gpm; the total
production from the well increased from approximately 95,700 to 836,000 gal during sampling
(N-I, 2010b). On December 18, 2009, samples were collected from the well after pumping nearly
1.9 million gal. The water-quality measurements performed during development and testing of
ER-20-8 #2 are presented in Section 2.2 and those associated with the samples collected for
laboratory analysis are presented in Table A.1-2 of Appendix A. Figure 2-3 demonstrates
stabilization of these water-quality parameters (temperature, pH, SEC, DO, and turbidity) before
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samples were collected for laboratory analysis. This stabilization along with the low Br
concentrations suggest the samples likely represent formation waters. The water-quality
measurements made during sample collection ranged from 41.4 to 41.9 °C (temperature), 8.04 to 8.18
(pH), 0.383 to 0.437 mmhos/cm (SEC), 2.4 to 3.3 mg/L (DO), and 1.6 to 2.9 NTU (turbidity).

4.2.1.3 Well ER-EC-11

Depth-discrete bailer samples were collected on May 2, 2010, at a depth of 3,750 ft bgs in the deep
piezometer (TSA HSU), and from 3,300 ft bgs in the intermediate piezometer (TCA HSU) while the
well was pumped at approximately 293 gpm (N-I, 2010c). Well-head samples were collected from
the main completion (TSA HSU) on May 18, 2010, after pumping more than 5.2 million gal. The
water-quality measurements performed during development and testing of ER-EC-11 are presented in
Section 2.3. Figure 2-4 demonstrates stabilization of the water-quality parameters (temperature, pH,
SEC, DO, and turbidity) before samples were collected for laboratory analysis. This stabilization
along with the low Br concentrations (0.5 to 1.2 mg/L) suggest the samples likely represent formation
waters. The water-quality measurements made during sample collection ranged from 38.7 to 43.5 °C
(temperature), 7.46 to 8.24 (pH), 0.512 to 0.519 mmhos/cm (SEC), 3.2 to 3.4 mg/L (DO), and 0.7 to
3.3 NTU (turbidity).

4.2.2 Results

The following section presents an evaluation of the major-ion, stable-isotope, and radionuclide data
for the samples collected from ER-20-7, ER-20-8 #2, and ER-EC-11 and from other wells in the
vicinity. The data used for the evaluations are presented in Tables A.1-4 and A.1-5 of Appendix A.
The evaluation focusses on the samples collected during WDT because these samples are considered
most representative of the formation water. The mean concentrations are reported for the wells with
multiple samples available.

4.2.2.1 Major lons

As the dissolved constituents in groundwater provide a record of the minerals encountered as water
moves through an aquifer, evaluation of the major-ion characteristics of groundwater can provide
insights on the source areas and flow directions for groundwater movement. Major ions typically

consist of calcium (Ca?*), potassium (K*), magnesium (Mg?*), sodium (Na*), chloride (CI-), sulfate
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(SO,?), bicarbonate (HCO;), and carbonate (CO,%). Other constituents (such as silica or boron) are
occasionally at concentrations high enough to be considered major constituents of groundwater.
These constituents, however, more commonly occur as minor or trace constituents at significantly

lower concentration levels.

A Piper diagram—illustrating the relative major-ion chemistry of the groundwaters from ER-20-7,
ER-20-8 #2, and ER-EC-11 and from other wells in the vicinity—is presented in Figure 4-2. The
Piper diagram presents relative concentrations of major ions in percent milliequivalents per liter
(%meq/L) and is used to classify various groundwater chemistry types, or facies, and illustrate the
relationships that may exist between water samples. The relative concentrations of cations and anions
are presented in the left and right triangles, respectively, and are projected onto the central diamond to

present the combined major-ion chemistry (Figure 4-2).

The Piper diagram shows that Na + K are the dominant cations in all groundwaters in the study area.
The relative concentrations of anions are substantially more variable (Figure 4-2); the dominant anion
in several samples is HCO,", but significant relative concentrations of Cl-and SO,? are also present in
many of the samples. The groundwaters vary from a Na-HCO, type (greater than 50 percent HCO,
as the dominant anion) to a Na-HCO,/SO,/Cl type (relatively equal concentrations of the three anions
are present). These groundwater types are characteristic of waters that have dissolved volcanic
rhyolitic lava, ash-fall and ash-flow tuffs, and associated volcanic alluvium. The elevated levels of
Cl-and SO,* observed in samples are thought to result from interaction with hydrothermally altered
zones; drill core and cuttings from wells in the area show evidence of hydrothermal alteration

(IT, 1998).

The groundwaters of ER-20-7, ER-20-8 #2, and ER-EC-11 plot quite similarly on the Piper diagram,
and lie in the middle of a rough trend line connecting the Na-HCO, and Na-HCO,/SO,/Cl type waters.
The end members of this trend line consist of samples collected from the cluster of wells in the
northeastern portion of the study area including UE-20bh#1, U-20a0, and U-20c (Na-HCO, type) and
the wells located west of the Purse fault including ER-EC-1 and PM-3 (Na-HCO,/SO,/Cl type). With
the exception of the sample from the intermediate piezometer of ER-EC-11, the pumped well and

depth-discrete samples plot quite close together; the Ca?* to Na* ratio is greater in this intermediate
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Piper Diagram Illustrating Groundwater Major-lon Chemistry of
ER-20-7, ER-20-8 #2, and ER-EC-11 and Wells in Their Vicinity

piezometer sample. This may be due to the presence of cement and insufficient purging of this
piezometer. The Ca?* to Na* ratio is also greater in the samples from U-20ao, ER-EC-1, and PM-3.

Chloride typically behaves conservatively in groundwater; it is highly soluble and does not
participate in any common geochemical reactions at concentrations typical of most groundwaters.
Therefore, preliminary flow paths can be evaluated based on Cl- concentrations. The concentration of
Cl-ranges from 29 to 31 mg/L in bailed and pumped samples from ER-20-7, all of which are from the
TSA (see Table A.1-1 of Appendix A). The ER-20-8 #2 samples analyzed by LLNL (31 mg/L) are
slightly higher than those analyzed by the commercial laboratory (22 to 27 mg/L) (see Table A.1-2).
The CI- concentrations for ER-EC-11 are greater (56 to 57 mg/L) in the depth-discrete samples
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collected from depths of 2,450, 2,750, and 3,150 ft after drilling (FCCU, BA, and UPCU HSUs);
ClI- concentrations are reported as 38 to 49 mg/L for samples collected between 3,285 ft (TCA HSU)
and 3,755 ft (TSA HSU) (see Table A.1-3).

Figure 4-3 presents a spatial representation of CI- concentrations along with the primary HSU
sampled. For ER-EC-1 and ER-EC-6, the primary HSU is specified as the BA because flow logs
show that production in these wells was derived from the upper completions (IT, 2000a and b). The
reported Cl- concentrations are associated with the samples collected during WDT because these
samples are considered most representative of the formation water. The mean CI- concentrations are
reported for the wells with multiple samples available. This is the case for ER-EC-1 and ER-EC-6,
for which concentrations range from 88 to 100 mg/L and 44 to 54 mg/L, respectively, for samples
collected in 2000, 2003, and 20009.

Some trends are apparent from Figure 4-3. First, the highest CI- concentrations, ranging from 84 to
112 mg/L, are observed in ER-EC-1 and PM-3 located in Thirsty Canyon (see Table A.1-4). Next,
the lowest CI- concentrations, ranging from 3 to 13 mg/L, are observed in wells located in the
northeastern portion of the study area (U-20 Water Well, UE-20bh #1, U-20n PS 1D, UE-20 n1,
U-20a #2 Water Well, U-20a0, and U-20c). The samples from these wells are primarily associated
with the CHZCM HSU. Groundwater samples from the remaining wells (including ER-20-7,
ER-20-8 #2, and ER-EC-11) exhibit a range in ClI- concentrations intermediate to these values and are
potentially a mixture of groundwater from these two areas. These trends were described in the earlier
investigations (Thomas et al., 2002; Kwicklis et al., 2005; and Rose et al., 2006). The inference from
these results was that the relatively dilute groundwater from Pahute Mesa flows southwest toward

Thirsty Canyon, where it mixes with more concentrated groundwater flowing from the north.

4.2.2.2 Stable Isotopes

The stable isotopes of hydrogen (*H/*H or D/*H) and oxygen (*30/€Q) are intrinsic to the water
molecule and therefore behave conservatively in most groundwater systems. In the water cycle, these
isotopes are fractionated (partitioned) between the liquid and vapor phases during evaporation and
condensation processes. Once the precipitation has infiltrated to the water table, the stable isotope
values are unaffected by water-rock interaction at temperatures below approximately 100 °C

(Criss, 1999). These isotopes are therefore used along with Cl- as conservative tracers for evaluating
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Figure 4-3
Spatial Distribution of Cl within the Study Area
Note: The primary HSUs are as follows for wells that sample multiple completions: PM-3-1 (TCA),
PM-3-2 (UPCU), ER-20-5 #1 (TSA), ER-20-5 #3 (CHZCM), ER-EC-11 int (TCA), ER-EC-11 deep (TSA),
ER-EC-11 main (TSA).
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groundwater origin and flow paths. Hydrogen and oxygen isotopes are conventionally reported as
delta (3) values representing permil (%o) variations in the isotope ratio of the sample relative to a
reference standard.

Samples collected from ER-20-7 were analyzed by LLNL for 8D (-113 %o) and 680 (-15.4 %o); DRI
does not participate in hot-well analyses. The 6D and 880 in samples collected from ER-20-8 #2
were measured by DRI (-115 and -15.2 %o, respectively) and LLNL (-117 and -15.4 %o, respectively).
The D in samples collected from ER-EC-11 was measured by DRI (-115 %o), and the 580 was
measured by DRI (-15.2 %o) and LLNL (-15.3 %o); the 3D measurement by LLNL is in progress.
Although within the analytical uncertainties associated with 6D (£2 %o) and 680 (£0.2 %o)
measurements (NNSA/NSO, 2011b), the isotopic values tend to be lower when measured by LLNL.

Plots of 6D versus 680 and 6D versus Cl-are presented in Figures 4-4 and 4-5, respectively. The
three data points for ER-EC-1 and ER-EC-6 represent averages of the multiple samples collected for
each of the three sampling events. Unfortunately, the number of wells with isotope data is less than
those with major-ion data. For reference, the global meteoric water line (GMWL) defined by Craig
(1961) and the local meteoric water line (LMWL) defined by Ingraham et al. (1990) are included
(Figure 4-4). The meteoric water lines represent the observed correlations in 5*30-3D values of
precipitation samples from around the world and from the NNSS, respectively. The GMWL is
defined by the equation 6D = 8580 + 10 (Craig, 1961), while the LMWL is defined by the equation
oD =6.875%0 - 6.5 (Ingraham et al., 1990). The symbol colors correspond to the primary HSU
sampled: green (UPCU), yellow (TSA), blue (SPA), orange (BA), red (TCA), and black (CHZCM).
All samples (except ER-20-7) plot well below the present-day global or local meteoric water lines,
suggesting that the groundwater is mostly fossil groundwater unrelated to present precipitation
(Merlivat and Jouzel, 1979).

Although, 8*0 is not consistent within HSUs, there is rough trend in 6D and CI-. The 8D values
range from -117 to -115 %o for the BA HSU, -115 to -113 %o for the TSA HSU, and -114 to -110 %o
for the CHZCM HSU; and CI- concentrations range from 48 to 96 mg/L for the BA HSU, 24 to

26 mg/L for the TSA HSU, and 4 to 17 mg/L for the CHZCM HSU (Figures 4-4 through 4-6). The

other HSUs are represented by single samples and cannot be assessed.
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Plot of 6D versus Cl
Note: Symbol colors represent the primary HSU: yellow (TSA), blue (SPA), orange (BA),
green (UPCU), red (TCA), and black (CHZCM).
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Figure 4-6
Spatial Distribution of 8D within the Study Area
Note: The primary HSUs are as follows for wells that sample multiple completions: PM-3-1 (TCA),
PM-3-2 (UPCU), ER-20-5 #1 (TSA), ER-20-5 #3 (CHZCM), ER-EC-11 int (TCA), ER-EC-11 deep (TSA),
ER-EC-11 main (TSA).
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Within the study area, 'O values range from -15.4 to -14.7 %o, and 8D values range from -117 to
-110 %o. The samples collected from the northeastern portion of the study area (U-20a #2 Water Well,
UE-20bh #1, U-20n PS#1 DDH, and UE-20n #1) tend to have the most enriched 6D and 520, with
dD values ranging from -114 to -110 %o and &0 values ranging from -14.9 to -14.7%o. A rough
inverse correlation is observed for 6D and CI- (Figure 4-4). Relatively enriched 6D and dilute CI-
concentrations are observed for wells in the northeastern portion of the study area, and lighter 6D and
greater CI- concentrations are observed in the Thirsty Canyon wells located west of the Purse fault.
The difference in the conservative tracer compositions of groundwater on either side of the Purse fault
suggests two distinct water masses occur in this area. Immediately downgradient from this
water-level discontinuity, intermediate 6D and ClI values exist, implying the two water masses

are mixing.

Kwicklis et al. (2005) applied the geochemical modeling code, PHREEQC, to groundwater chemistry
data of Pahute Mesa to develop mixing models based on the conservative (Cl, SO,%, 6D, and 5*20)
and reactive (cations, dissolved silica, pH, alkalinity, and carbon isotopes [6**C and *C])
components in groundwater. Based on the PHREEQC models, Kwicklis et al. (2005) determined that
groundwater at ER-EC-6 is composed of roughly equal amounts of groundwater from ER-EC-1 and
U-20 Water Well, with a possible minor contribution of groundwater from the vicinity of UE-19h
(located northeast of U-20 Water Well).

4.2.2.3 Radionuclides

Samples collected during WDT are considered representative of the formation waters (Section 4.2.1).
These samples were analyzed for a large suite of radionuclides by the commercial laboratory

(ALS Laboratory Group) as well as LLNL and LANL (see Appendix A). The focus of these analyses
is on those radionuclides listed as potential contaminants of concern in NNSA/NSO (2011b)

(i.e., identified in the inventory from Bowen et al., 2001). Although these samples were analyzed for
the full suite of gamma-emitting radionuclides, only *Am, 13'Cs, 24324Cm, 152Eu, 1>4Eu, 2*U are
presented in Appendix A.
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Well ER-20-7

The ALS Laboratory Group reported tritium activities of 19.1 million and 18.9 million pCi/L for the
duplicate well samples collected at the end of WDT (see Table A.1-1 of Appendix A). Isotopic
plutonium (23 240Py) activities were reported as 0.062 + 0.032 pCi/L and 0.070 £ 0.040 pCi/L; the
detection limits associated with these analyses are 0.010 and 0.041 pCi/L, respectively. Tritium and
Pu activities of 17.7 million pCi/L and 0.10 pCi/L, respectively, were reported by LLNL for these
samples. Technetium-99 (**Tc) was reported by the ALS Laboratory Group as 13.4 + 4.5 pCi/L and
16.4 + 4.7 pCi/L for the duplicate well samples; detection limits were reported as 6.1 and 6.0 pCi/L,
respectively. Strontium-90 (*°Sr) was reported by the ALS Laboratory Group as 1.47 £+ 0.43 pCi/L
and 1.52 + 0.45 pCi/L for the duplicate well samples; detection limits were reported as 0.31 and
0.32 pCi/L, respectively. No other radionuclides were detected (see Appendix A). Tritium is the only
radionuclide that exceeded the MCL (20,000 pCi/L); although detectable quantities of 23%24pPuy (MCL
= 15 pCi/L), ®*Tc (MCL =900 pCi/L), and *°Sr (MCL = 8 pCi/L) were measured in the ER-20-7
samples, the levels were far below their associated MCL.

It is important to note that the “C values reported by Navarro-Intera, LLC (N-I), (2010a) as

23,500 and 38,700 pCi/L and by NNES (2010b) as 11,500 and 7,500 pCi/L were later determined to
be in error. The analytical signal identified as **C was actually a result of an interference from the
high concentration of tritium in the samples (see the LLNL letter report presented in Appendix B for
discussion). Because of the tritium interference, the ALS Laboratory Group could not quantify 4C in
the samples. The “C analysis performed by LLNL uses instrumentation that is not impacted by the
high level of tritium. Additional radionuclide analyses for ER-20-7 are in progress at LLNL and
LANL (including *4C analysis by LLNL).

Well ER-20-8 #2

The ALS Laboratory Group reported tritium activities of 1,040 + 270 pCi/L and 880 + 250 pCi/L for
the duplicate well samples collected in the SPA HSU at the end of WDT. A tritium activity of 1,280 +
97 pCi/L was reported by LLNL. No other radionuclides were detected by the ALS Laboratory
Group (see Appendix A); the detection limits obtained by LLNL are generally much lower than for
the commercial laboratories, including the ALS Laboratory Group. The activities of iodine-129 (**°1),
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234y, 235U, 236U, and 238U are reported as 9.27E-05 pCi/L, 3.08 pCi/L, 0.0366 pCi/L, <2.3E-05 pCi/L,
and 0.780 pCi/L, respectively (see Appendix A). Additional radionuclide analyses for ER-20-8 #2
are in progress at LLNL and LANL. No MCL exceedances were observed in the ER-20-8 #2 samples.

Well ER-EC-11

No radionuclides, including tritium, were detected by the commercial laboratory (ALS Laboratory
Group) in the well samples collected during the pumping test or the samples collected at depths of
3,300 and 3,750 ft bgs, from the intermediate (TCA HSU) and deep piezometers (TSA HSU),
respectively (see Appendix A). Uranium isotope data were reported by LLNL as 2.35 pCi/L,
0.0269 pCi/L, <1.7E-5 pCi/L, and 0.577 pCi/L for 24U, 23U, 236U, and 238U, respectively

(see Appendix A). Additional radionuclide analyses for ER-EC-11 are in progress at LLNL

and LANL.

No MCL exceedances were observed in the ER-20-8 #2 samples. Although tritium was detected in
the drilling samples from the FCCU, BA, and UPCU HSUs, it did not exceed the 20,000 pCi/L MCL.
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5 . O DRAWDOWN ANALYSIS

5.1 Geologic Conceptual Model

During WDT activities at ER-20-7, ER-20-8 #2, and ER-EC-11, hydraulic responses were observed
in welded ash-flow tuffs and lavas (i.e., welded-tuff aquifers and lava-flow aquifers) throughout
southwestern Pahute Mesa and the Bench (Figure 1-1). The lavas and ash-flow tuffs were laid down
by sequential volcanic eruptions. The distribution of permeability in these aquifer units reflects a
complex history of eruptive and cooling processes that have been overprinted by regional tectonic
activity. The volcanic aquifers are separated by layers of tuff confining units that are typically
low-permeability ash-fall tuffs that have become zeolitic in the saturated zone.

Lava-flow aquifers in the Bench area are composed of rhyolitic lavas. These are highly viscous,
silicic lava flows that erupt from local vents or fissures and form relatively thick steep-sided flows
that typically have thickness to lateral extent ratios considerably greater than more fluid volcanic
deposits such as ash-flow tuffs and basalt. Phase Il drill-hole data have refined the extent of lava
flows in the area (NNSA/NSO, 2010a, 2011a, and 2010b) to differentiate three separate, overlapping
rhyolitic lava flows that increase in age from west to east. Stratigraphically, from oldest to youngest,
these rhyolitic lava flows are the rhyolite of Scrugham Peak (Tps), rhyolite of Benham (Tpb), and
rhyolite of Comb Peak (Tpk). Interim interpretation of the extents of the lavas is shown in Figure 5-1.
The three rhyolitic lava flows have been designated hydrostratigraphically as the Comb Peak aquifer
(CPA), Benham aquifer (BA), and Scrugham Peak aquifer (SPA) and, as mentioned above, are
separated from one another by relatively thin layers of tuff confining unit. The three lava-flow
aquifers are thought to have similar hydrologic properties because they are related to the same

eruptive cycle, are very similar mineralogically, and exhibit the same basic internal architecture

Section 5.0 “



Pahute Mesa Well Development and Testing Analyses for Wells ER-20-7, ER-20-8 #2, and ER-EC-11

.U-20ww
NP/ U-20ac
U-20bf NP UE-20bh #1
® - U-20a U-20n U-20n #1 L
S /Vo t X NP NPTUNP
~ sy, PM-3 ~ e
N ° U-20a #2ww [ U-20b
~, g, NP 9
U~ Mbg, NP ®
~ \/140‘//” U-20av NP
~ ey, NP U-20az
~ \//\7 Moa o0 NP UE-20av 'z,
PR Urs ;J-ZObe
S&S (] /<. NP ‘
Area 20 caldera TSN ° / /’ .‘ 0
ER-20

structural margin

164

ER-20-4
~ _ (Tps eroded out)

rhyolite of Comb Peak
(Tpk)

\S\crugham Peak / \

PN
rhyolite of g
“ (Tps) ~~._

i”’b o
< oy, 0 o
air, . ~
Moy, ER-EC-12 ~~ 0
Ory, {} )’
D4 ~
& tr, NP S
ER-EC-13 ey,
NDE

&

ER-20-2 #1

a:

— Caldera structural margin (buried)

Surface fault (bar and ball on downthrown side)
1 (Slate et al., 1999)

Phase Il drill hole - second drilling campaign

Drill hole with thickness of Tpk lava in meters
Drill hole with thickness of Tpb lava in meters
Drill hole with thickness of Tps lava in meters A——A’ Cross section location

Z

Drill hole (NP = lava not present; NDE = not deep enough)
I:l Tps outcrop extent (Byers and Cummings, 1967) Scale = 1:48,000

e Tpk lava unit extent I:l Tpb outcrop extent (Byers and Cummings, 1967)
~——— Tpk lava isopach, contour interval 100 m . 1,500 0 1,500 3,000 m
e Tpb lava unit extent (dashed where buried by younger lava) 120 Approximate exposed thickness in meters
——— Tpb lava isopach, contour interval 100 m (dashed where buried by younger lava) A Horizontal component of flow direction 4500 0 4.500 9,000 ft
e Tps lava unit extent (dashed where buried by younger lava) (Byers and Cummings, 1967)
——— Tps lava isopach, contour interval 100 m (dashed where buried by younger lava)
Isopach Maps of Post-Tpc Paintbrush Group Lavas, Southwestern Pahute Mesa
A A
West-Southwest East-Northeast TiO Zr Ba
EREC5 ER-EC-6 _goung sutace ER-20:8 024 2 - 250 00 =
,,,,,,,,,, Water Table_ ~ o0z 240 300
Q . ©
= 2 200 T 2 200
=0 B g g
160- - 100- +
7777777777777777777777 -
o. T T T v 4 4 T T T
Tpk  Tpb  Tps Tpk  Tpb  Tps Tpk  Teb  Tps
Stratigraphic Unit Stratigraphic Unit Stratigraphic Unit

0 4000 feet

[ ot rcoms s

. hyolite of Scrugham Peak

Schematic Cross Section A -A’

No vertical exaggeration

Important: Faults and associated offsets not shown.

the Three Lava Flows

Trace Element Analyses for Post-Tpc Lavas in Southwestern
Pahute Mesa Showing Chemical Differences between

Figure 5-1
Extent of Lava-Flow Aquifers in Southwest Area 20
Source: Modified from Drellack, 2011a
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consisting of five distinct lithofacies. (Figure 5-2 illustrates the general conceptual model of a
rhyolitic, lava-flow aquifer.) From top to bottom, these lava lithofacies are as follows:

1. Pumiceous lava cap — porous and poorly fractured; included in the overlying tuff confining
layer where zeolitic.

2. Upper vitrophyre — fractured with very low primary porosity.

3. Stony lava interior — fractured with double porosity.
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Figure 5-2
Conceptual Hydrologic Model of a Rhyolitic, Lava-Flow Aquifer
Source: Modified from Drellack, 2010a

Section 5.0 “



Pahute Mesa Well Development and Testing Analyses for Wells ER-20-7, ER-20-8 #2, and ER-EC-11

4. Lower vitrophyre — fractured with very low primary porosity.

5. Basal flow breccia — porous with lower fracture intensity than seen in the vitrophyre or
stony interior. Depending on degree of alteration, may or may not be included within
lava-flow aquifer.

In contrast to rhyolitic lavas, ash-flow tuffs are highly fluid pyroclastic deposits emplaced very
quickly as the eruption column of a large volcanic eruption collapses. The resulting high-temperature
density currents consisting of ash, pumice, mineral crystals, and rock fragments flow out at high rates
away from the volcano. Many large-volume ash-flow tuffs are related to caldera formation when the
land surface around the erupting volcano collapses rapidly as the underlying magma chamber is
depleted. Caldera-forming ash-flow tuffs can accumulate to great thicknesses within the subsiding
portions of calderas. Outside the caldera, the same large-volume, caldera-forming ash-flow tuff is
typically much thinner with thickness to lateral extent ratios considerably less than more viscous
volcanic deposits like rhyolitic lavas.

Ash-flow tuffs typically have an internal architecture defined by zones of varying degrees of welding
with welding typically increasing inward toward the interior of the ash flow. This welding process
occurs as the flow cools and compresses after emplacement. Thermal contraction during the cooling
and welding processes results in the formation of cooling joints within the welded portions of the
flow, particularly at the top and bottom. Figure 5-3 illustrates the general conceptual model of a
non-lithophysal ash-flow tuff. This forms the initial fracture network from which the permeability of
the rock is derived—the permeability of the matrix is orders of magnitude lower because of the
welding. Lithophysae, small cavities caused by expanding gases before solidification, form if gas is
entrapped in the center portion of the unit.

Two saturated welded ash-flow tuffs, the Tiva Canyon tuff (Tpc) and older Topopah Spring tuff (Tpt),
are present in drill holes in southwestern Pahute Mesa and the Bench. Both represent outflow sheets
from caldera sources located south of the Bench. These two welded ash-flow tuffs form welded-tuff
aquifers and have been designated hydrostratigraphically as Tiva Canyon aquifer (TCA) and Topopah
Spring aquifer (TSA). Although both are welded-tuff aquifers, they differ significantly in internal
architecture, particularly with regards to the distribution of fractures and lithophysae. The TCA
contains prominent and well-developed lithophysal zones within its interior, resulting in fractures

concentrated at the top and bottom of the flow and few fractures in the lithophysal interior
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Figure 5-3
Preliminary Conceptual Model of the TSA in Southwestern Pahute Mesa Area
Source: Modified from Drellack, 2010b
(Prothro et al., 2009; Prothro, 2009 and 2010). The TSA lacks well-developed lithophysal zones, and
borehole image logs indicate that fractures are distributed more evenly throughout the aquifer
(Prothro et al., 2009; Prothro, 2009 and 2010).

For hydrologic purposes, rocks are categorized by their ability to transmit water (e.g., aquifer or
aquitard) rather than stratigraphy as shown in Figures 5-2 and 5-3. As a result, the non-welded and
pumiceous portions of ash-flow tuffs undergo zeolitic alteration in the presence of water and are
included in adjacent tuff confining units. This results in the interleaved sequence of aquifers and

aquitards seen in cross section.
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The presence of aquitards between aquifers would conceptually restrict vertical communication
resulting in vertical head changes through the geologic section, a feature noted by Blankennagel and
Weir (1973) elsewhere on Pahute Mesa. However, one of the striking features of this area is the
presence of faults and other large structures. Caine and Forster (1999) proposed a fault conceptual
model that includes fault gouge and damage zones of altered permeability that result in a range,
depending on the proportions of each component, of hydraulic behavior. Sweetkind and Drake
(2007) noted that damage zones tend to scale with fault offset in volcanic rocks in Yucca Flat, and
damage zones associated with large-offset faults (greater than 100 m) are many tens of meters wide,
whereas damage zones associated with smaller offset faults are generally only a meter or two wide.
They also noted that zeolitized tuff develops moderate-sized (on the scale of meters) damage zones.
Prothro et al. (2009) also studied faults at the NNSS and observed the following: (1) faults often form
discrete zones; (2) more recently active faults probably form permeable fault zones where they cut
stronger rocks such as welded tuff and lava; (3) faults that intersect TCU form zones of enhanced
permeability, relative to TCU protolith, although of less absolute permeability than those in welded
tuff and lava; and (4) any enhanced fault-zone permeability will be generally controlled by fractures
that will be subparallel to the strike of the fault resulting in anisotropic permeability. Blankennagel
and Weir (1973) suggested that well yields could be enhanced in rocks otherwise unfavorable for
pumping near large structures because of fault damage zone enhanced permeability. Geldon (2004)
notes that, at Yucca Mountain, faults that cut tuffaceous rocks tend to locally enhance permeability.
Due to the structural complexity, one of the goals of the Phase Il characterization work is to better
inform the geologic model of the area by incorporating feedback from hydrologic data. That is, are
the geology and hydrology consistent? Figure 5-4 shows a preliminary fault distribution
interpretation that will be considered in the analysis of well-test interference that follows.

In summary, an initial flow system conceptual model would have the following features:

» Multiple flow systems revealed by clear vertical head differences—because the mineralogy of
the rocks is quite similar, geochemical differences may not be distinguishable.

» Areally extensive drawdown responses in the laterally extensive welded tuffs.

» Localized responses in the limited lava-flow aquifers, unless otherwise connected by
permeable faults or offset to other permeable rocks.

» Fault structures through aquitards allowing vertical connections between otherwise laterally
and vertically separated aquifers.
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Figure 5-4

Preliminary Structure Map for Southwest Pahute Mesa
Source: Modified from Drellack, 2011b
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5.2 Interference Data Analysis

The response of wells to pumping provides key information about formation properties and flow
regime. The analysis of pressure/head transient data begins by reviewing the data with the log-log
pressure and pressure derivative diagnostic plot in order to identify responses that are characteristic of
certain types of flow regimes, and also to identify how changes over time further refine conceptual
understanding (Horne, 1995). In the complexly faulted geology at Pahute Mesa, the assumptions
inherent in prototypical conceptual models that are tractable with semianalytic methods are violated.
Additionally, the assumption that the drawdown response seen by an observation well is due to the
full discharge from the pumping well is violated in fractured rock. A small response at a distal well
may result from a poor connection to the fracture system that is being pumped, rather than a high
transmissivity. However, while it is true that properties may not be reliably estimated with simple
solutions, they are still useful for comparing and contrasting the observed response to gain conceptual
insight into what is actually occurring. Halford et al. (2010) bypassed this issue by constructing a
numerical model of the ER-20-8 #2 and ER-EC-11 tests considered here. Streltsova (1988) defines
the radius of investigation as r = \2nt, where 1 is hydraulic diffusivity (L2/T) and t is transmissivity
divided by storativity for a single aquifer or fracture—when data are normalized by t/r? different
diffusivity, flow paths can be distinguished because if the diffusivity is the same, all the curves will
plot on top of one another. Knudby and Carrera (2006) show that this approximate measure can be
useful in mapping fracture connectivity. To examine the relationships among hydraulic responses and
geologic structure, each set of test data was examined to determine trends in well behavior. This type
of plot is termed a “composite” plot in well-test software such as AQTESOLV (Duffield, 2007).

Additional insight can be provided through distance-drawdown analysis. This approach examines the
total drawdown (displacement) as a function of distance from the pumping well at a specific time.
Deviations from the theoretical Theis solution provide guidance for determining whether specific
hydraulic pathway connections are enhanced or attenuated compared to an anticipated response.

An analysis was completed using data processed by the USGS (Halford et al., 2010; Fenelon et al.,
2011) (for consistency’s sake and convenience) to examine hydraulic diffusivity, potential conceptual
interpretations of the aquifer system, and the presence and absence of flow barriers or high-flow
features such as faults. Because the test data presented here needed to be highly processed before
these analyses, only wells with “high” to “moderate” relative certainty of drawdown (as classified by
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Halford et al., 2010, and Fenelon et al., 2011) were examined. Beauheim (2007) illustrates such
an analysis.

5.2.1 Hydraulic Responses from ER-20-7 Topopah Spring Aquifer Pumping

Table 5-1 shows the map distances between ER-20-7 and the observation wells (Fenelon et al., 2011).

Table 5-1
Distances between ER-20-7 and Observation Wells
Well Name Distance f(r]%m ER-20-7
ER-20-5 #3 2520
ER-20-5 #1 2 620
ER-20-8D 7,440
ER-20-8l 7,440
ER-20-8S 7,440
ER-EC-11-LI 7250
ER-EC-11-Ul 7250
ER-EC-6D 10.230
ER-EC-6l 10230
ER-EC-6S 10230
ER-EC-1 14,920
ER-20-1 4.970

Source: Modified from Fenelon et al., 2011

When ER-20-7 (TSA) is pumped (composite plot shown in Figure 5-5; Theis solution also shown
for comparison), the following observations can be made:

1. The responses at ER-20-5#1 (TSA) and ER-20-5#3 (CHZCM) are very similar in magnitude
and timing. This is significant because ER-20-5#3 is separated from the TSA by about 150 m
of zeolitized bedded tuffs while ER-20-5#1 is completed in the TSA. The ER-20-5 cluster lies
on the opposite side of the ER-20-7 fault. The fault is possibly providing the vertical
connection to both observation intervals.

2. ER-20-1 (TCA) responds less than the ER-20-5 cluster but is also open to only about 23 m
of saturated TCA. The LPCU separates the TSA from the TCA. Explanations for the
response include connection through the ER-20-1 fault and partial juxtaposition across the
ER-20-1 fault.
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Composite Plot for ER-20-7 Pumping Observation Wells, and Distance-Drawdown
Plot for ER-20-7 Pumping Observation Wells
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3. Distance-drawdown analysis of these data indicates that ER-20-1 drawdown is much less than
anticipated based on its distance from ER-20-7 (the pumping well). As mentioned above, this
may be due to the relatively short screened interval and the fault disrupting the flow path.

4. Distance-drawdown analysis of ER-20-5 #1 and ER-20-5 #3 indicates that in both
cases, drawdown is similar to that which would be anticipated if the system were uniform and
fully connected. This is significant for ER-20-5 #3 because of the zeolitized bedded tuff
between the TSA and the CHZCM rhyolitic lava.

Data from ER-20-7 were noisy when the pump was running. This was determined to be from
electrical interference between the pump’s power line and the transducer to data logger cable.
However, when a similarly noisy signal (same transducer model) was compared with that from an
integrated transducer/logger, the non-interfered data plotted approximately through the middle of the
noisy data (Londergan, 2011). Processing the signal to identify the full response via the standard
log-log diagnostic plot was not attempted. Rather, it was assumed that flow conditions were infinite
acting and radial, and a Cooper-Jacob semi-log analysis was performed with the program
AQTESOLYV (Duffield, 2007). The results are shown in Figure 5-6. The transmissivity

(16,000 square feet per day [ft?/d]) is about five times higher than the total Paintbrush unit

(UPCU, TCA, LPCU, and TSA) suggested by Halford et al. (2010); because this is the pumping well,
the storativity estimate is not valid. Furthermore, because the analysis conceptual model was
assumed, statistical measures of uncertainty are not valid. Depending on how the straight line is
drawn through the data, the range of transmissivity is roughly between 5,000 and 40,000 ft?/d.

5.2.2 Hydraulic Responses from ER-20-8 #2 Scrugham Peak Aquifer Pumping

Table 5-2 shows the map distances between ER-20-8 #2 and the observation wells
(Halford et al., 2010).

When ER-20-8 #2 (SPA) is pumped (composite plot shown in Figure 5-7; Theis solution also shown

for comparison), the following observations are made:

1. All the completions at ER-20-8 respond. The shallow SPA/BA completion shows the most
response, which is consistent with a direct connection between the two horizons. However,
the two deeper completions show responses not long thereafter, requiring some kind of
vertical communication.
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Cooper-Jacob Analysis of ER-20-7 Drawdown Data

Table 5-2
Distances between ER-20-8 #2 and Observation Wells
Well Name Distance fr%ctm) ER-20-8 #2
ER-20-7 =250
ER-20-8D =
ER-20-8I =
ER-20-8S =
ER-EC-11-LI 6220
ER-EC-11-Ul 6220
ER-EC-6D 6720
ER-EC-6l 6720
ER-EC-6S 6720
ER-EC-1 16,870
ER-20-1 11,770

Source: Modified from Halford et al., 2010
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2. The intermediate completion shows more response than the deep, which suggests a shorter
connection to the interval. The ER-20-8 fault (with about 300 ft of displacement
[NNSA/NSO, 2011a]) could explain the observed behavior. Alternatively, Halford et al.
(2010) suggests that leaky aquitards may exist between the SPA/BA, TCA, and TSA.

3. When ER-EC-11 main (TSA/TCA) was pumped, the response in the deeper TSA was earlier
than the TCA. The difference may indicate that the TSA is the primary hydraulic pathway
and indicate higher conductivity between ER-EC-11 and ER-20-8.

5.2.3 Hydraulic Responses from ER-EC-11 Main Topopah Spring and Tiva Canyon
Aquifer Pumping

Table 5-3 shows the map distances between ER-EC-11 and the observation wells
(Halford et al., 2010).

Table 5-3
Distances between ER-EC-11 and Observation Wells

Well Name Distance fr(c;tr;] ER-EC-11
ER-20-5 #1 9.670

ER-20-5 #3 9.650

ER-20-7 7,250

ER-20-8D 6.250

ER-20-8I 6.250

ER-20-8S 6.250

ER-EC-1 10,700
ER-EC-6D 3.250

ER-EC-6! 3.250

ER-EC-6S 3.250

ER-20-1 9.130

Source: Modified from Halford et al., 2010

The observation well data for the second, larger phase of drawdown (from about May 10 to May 19,
2010) was considered (Figure 5-8) and the following observations made:

1. Hydraulic responses are observed in TSA, TCA, BA, and SPA well completions. The
ER-20-7 fault or the ER-20-1 fault could explain the observed behavior. Alternatively,
Halford et al. (2010) suggests that leaky aquitards may exist between the SPA/BA, TCA,
and TSA.

Section 5.0 m



Pahute Mesa Well Development and Testing Analyses for Wells ER-20-7, ER-20-8 #2, and ER-EC-11

1. TTTTTI T T T e | Obs. Wells

Y = ER-EC-6S
s ER-EC-6l
ER-EC-6D
* ER-20-8S
ER-20-8|
* ER-20-8D
© ER-20-7
1 + ER-20-5#1
ER-20-543
@ ER-EC-1
+ ER-EC-111

4+ 4+

+

0.1

Displacement (ft)
T

0.01

0.001 MEFERRETIT BT EEETTT BT TRTT EETETEETIT B TETT B SR EETE T
1.0E-6 1.0E-5 1.0E-4 0.001 0.01 0.1 1. 10.
Time, t/r2 (min/ﬂz)

0.9 T T rrrn T T T rorn T T rrrn T T Obs. Wells

- + 1 o ER-EC-6S

5 i s ER-EC-6I
ER-EC-6D

mER-20-8S

5 . ER-20-81

#ER-20-8D

0.72 & ER-20-7

5 - + ER-20-5#1
ER-20-5#3

1 ER-EC-1

L 4 +ER-EC-111

0.54

Displacement (ft)

0.36 o

0.18 -

10. 100. 1000. 1.0E+4 1.0E+5
Radial Distance (ft)

Figure 5-8
Composite Plot for ER-EC-11 Main Pumping Observation Wells,
and Distance-Drawdown Plot for ER-EC-11 Main Pumping Observations Wells

Section 5.0 m



Pahute Mesa Well Development and Testing Analyses for Wells ER-20-7, ER-20-8 #2, and ER-EC-11

2. Hydraulic diffusivity is not equivalent among the responding well completions when the
composite plot is examined (Figure 5-8). This result demonstrates that while the aquifers in
this portion of Pahute Mesa are connected, the response is enhanced along some pathways
(for instance, the BA and SPA might have been expected to show little response according to
the initial conceptual model) and attenuated along others. The Theis solution is also shown
for comparison.

3. Section B-B’ (Figure 1-3) shows a tuff confining unit between the ER-20-7 fault and the SPA
completion of ER-20-8 and ER-20-8 #2. The hydraulic response apparent at ER-20-8S
indicates that the TCA and/or TSA of ER-EC-11 are connected to the shallow SPA at
ER-20-8S, although not as well as the deeper intervals. This can be explained by drawdown
transmission through a leaky aquitard (Halford et al., 2010), or through a fault such as the
ER-20-7 fault. Depending on the transmissivity of the SPA, estimated to be quite high by
Halford et al. (2010), this aquitard “wrapper” may not be permissible with the hydraulic data.

4. All the ER-EC-6 completions respond at similar time. One explanation is that the postulated
ER-20-1 fault (Figure 5-4) cross connects all the formations, and that the fault-crossing
zeolitic tuff confining units are permeable. Another explanation is that the aquitards are quite
leaky (Halford et al., 2010). Because the shallow completion (BA) responds earlier than the
TSA and TCA completions, this would require both leaky aquitards and a BA with higher
diffusivity than the TCA and TSA, which is how the model of Halford et al. (2010) generates
the fit to this data. In the absence of good single-well tests allowing diagnosis of the
interpretive model, the conceptual uncertainty cannot be resolved.

5. Similar to the early response in the BA at ER-EC-6, the TSA response at ER-20-7 has a high
diffusivity, responds nearly in concert with ER-EC-6S (BA), and is clearly better connected to
the pumped interval of ER-EC-11 main than most of the other observation points. Of note is
that the map distance to ER-20-7 is greater than the distance to several of the other responding
wells, and the structure (Table 5-3, Figure 1-1) is thought to have up to 2,200 ft of vertical
offset in the TSA across this distance. This response suggests alternative interpretations as
follows: (1) the NTMMSZ itself provides a rapid connection (is a conduit) between these two
well completions; and/or (2) the displacement across the NTMMSZ is not as large as
previously thought, allowing juxtaposition or otherwise not causing as much head loss as
might have been expected. The NTMMSZ does not appear to be a barrier.

6. The TCA and TSA completions of ER-20-8 behave similarly, in contrast to the SPA
completion, which shows a lower peak response and a time lag in response relative to the
distance between the wells. The ER-EC-11 pumped intervals, the TSA and TCA, show the
clearest response in ER-20-8, based on proximity and the presence of all units of interest. The
response in ER-20-8D (TSA) suggest a higher diffusivity than observed for ER-20-8l,
reflecting the higher anticipated transmissivity of the TSA than the TCA.

7. The lower peak of the ER-20-8S (SPA piezometer) response implies different diffusivity

along the path from ER-EC-11. It could be the degree of connection in the fault (less),
path length of the connection (more), or in the transmissivity of the SPA (lower, assuming
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the same storativity as TCA and TSA). The lower transmissivity of the SPA for this
piezometer is reasonable given that the completion is a short interval (9.3 m) in the stony
lava interior of the rhyolitic lava, which may have somewhat lower fracture intensity than the
overlying and underlying vitrophyres (Prothro, 2010).

8. Responses were also observed in ER-20-5 #1, ER-20-5 #3, and ER-EC-1. These flow
paths appear to have lower diffusivity values to the other observed pathways through the
aquifer systems.

9. Distance-drawdown (Figure 5-8) shows that many of the wells respond within a reasonable
range of a theoretical Theis response based on the total drawdown and the well locations. All
wells located north of the NTMMSZ (ER-20-5 #1, ER-20-5 #3, and ER-20-7) respond with
higher drawdown than anticipated based on their Euclidian distance. A particularly strong
connection is observed at ER-20-7, further indicating that this pathway is significantly
enhanced compared to the anticipate pressure wave propagation to this well location.
Conversely, the distance-drawdown analysis shows that ER-20-8S (SPA) has significantly less
drawdown than would be expected at this location.

5.3 Observations and Conclusions

1. The drawdown data do not show responses consistent with any prototypical aquifer response
(e.g., infinite acting radial flow, linear flow).

2. Drawdown data suggest that enhanced pathways exist due to faulting, but that these
enhancements are not uniform nor are they ubiquitous among all units in all directions.

3. The NTMMSZ appears to provide significant connections and enhancement in hydraulic
responses across the structure.

4. \Vertical connections between the three major water-bearing units (SPA/BA, TCA, and TSA)
appear to exist along faults.

5. The hydraulic diffusivity observed in all aquifer tests indicates that the diffusivity value for
the TSA is greater than the TCA.
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60 OTHER SUPPORTING INFORMATION

During the drilling and testing of ER-20-7, ER-20-8 #2, and ER-EC-11, a large amount of
information was collected, some of which can be used to support flow system interpretation.

That information is summarized here.

6.1  Water Production during Drilling

The drilling method used for ER wells under saturated conditions is rotary tool with underbalanced
air-foam and conventional circulation. This approach limits the amount of water and other drilling
fluids that need to be introduced to the formations during drilling. As mentioned in Section 2.0, LiBr
is added to drilling fluid to help estimate water production volumes during drilling and the efficacy of
well development. During drilling operations, the bit advances down the hole, and the water inflow
from the formation that reaches the bit is circulated up to the surface using pumps and hydraulic lines.
This water quantity is shown in Figures 6-1 through 6-3 as estimated water production profiles for
ER-20-7 (NNES, 2010b), ER-20-8 #2 (NNES, 2010c), and ER-EC-11 (NNES, 2010d). The relative
change in flow can be considered a qualitative indicator of the formation hydraulic conductivity in the
saturated zone. This information is qualitative and dependent on many unmeasured, downhole

conditions including pump pressures, formation pressures, and other items.

Figure 6-1 (ER-20-7) shows that low water production began immediately below the water table in
the Tiva Canyon moderately welded tuff (the TCA HSU) with low production through the bedded
Paintbrush tuff. Production increased markedly in the Topopah Spring moderate to densely welded
tuff (the TSA HSU), reaching a maximum about in the middle, with no clear pattern of diminution to
the bottom of the unit, although reduced inflow is suggested in the bottom 100 ft of the hole. The
hydrologic conceptual model of a welded-tuff aquifer is that flow will be concentrated in the fractures
that will tend to be in the most densely welded middle of the ash flow (Figure 5-3). The onset
location of flow is generally consistent with this conceptual model, and the reduction in flow toward
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Figure 6-1
Well ER-20-7 Water Production during Drilling

NNSA/NSO, 2010a

Source: Modified from NNES, 2010b
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Figure 6-2
Well ER-20-8 #2 Water Production during Drilling

Source: Modified from NNES, 2010c; NNSA/NSO, 2011a
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Figure 6-3
Well ER-EC-11 Water Production during Drilling

NNSA/NSO, 2010b

Source: Modified from NNES, 2010d
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the bottom of the ash flow is consistent with the lower fracture intensity expected away from the
center of the unit.

Sporadic low production began just below the water table when ER-20-8 #2 was drilled (Figure 6-2)
in the bedded tuff at the bottom of the Benham formation. The hydrologic conceptual model for this
interval is that it has very low fracture intensity and, if saturated, is zeolitized, implying flow should
be minimal. Production increases slightly in the pumiceous lava at the top of the Scrugham Peak
formation, consistent with the conceptual model, and continues to increase through the flow breccia
and into the vitrophyric and rhyolitic lava where the fracturing is conceptualized to be most intense.
There is some production decline at the bottom Scrugham Peak formation, which is broadly
consistent with a reduction in fracture intensity at the base of rhyolitic lava flows. Observations of
water production in the bedded ash-fall tuffs (TCU hydrogeologic unit [HGU]) may indicate that flow
from overlying ash-flow tuffs or lava enters the hole after the bit advances, relieving local
drilling-induced pressures, or may reflect the presence of flow in fractures that are noted in borehole
image logs of Well ER-20-8.

When drilling ER-EC-11, there was almost no production through the bedded tuff from 1,560 to
2,520 ft bgs, which NNSA/NSO (2010b) states has undergone zeolitic alteration making the interval
into the TCU HGU, which conceptually transmits water poorly. Production increased in the
pumiceous top of the Benham formation lava and continued at about the same rate throughout the
remainder of the Benham formation, even in the tuffaceous bottom interval. Once casing was set,
production immediately decreased in the moderately to densely welded (but incorporating abundant)
lithophysae Tiva Canyon tuff (the TCA HSU), and through the bedded Paintbrush tuffs. The
production decline in the TCA compared to the rhyolitic lava is consistent with the conceptual model
because of the extensive presence of lithophysae that can disrupt the formation of cooling fractures,
which is the interpretation of the production data. Consistent with the conceptual model of an
ash-flow tuff (Figure 5-3), increased production occurred at the top of the moderately to densely
welded Topopah Spring tuff (the TSA HSU) and similarly to the bottom of the formation.
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6.2 Flow Logging

Flow logging can be useful for determining the hydrologic significance of geologic features and,
when run under static borehole conditions, for directly evaluating formation potential differences.

No usable flow logs were obtained for ER-20-7 (N-1, 2010a).

Flow logging during pumping at ER-20-8 #2 was performed by Baker Atlas (spinner, reservoir
performance monitor [RPM] tools) and DRI (thermal flowmeter [TFM]) concurrent with the end of
the well-development/step-drawdown pumping testing operations on December 1 and 2, 2009. The
tools measured the vertical velocity of water in the cased portion of the well, and the resulting logs
provide cumulative vertical flows in each interval shown as a blue bar (Figure 6-4). Most of the
inflow occurs in the rhyolitic and vitrophyric lava, which is generally consistent with the conceptual
model of a lava-flow aquifer.

Desert Research Institute performed non-stressed (static) TFM logging at ER-20-8 #2 on April 28
and 29, 2010, and on June 17, 2010; the results are shown in Figure 6-5. The static TFM logging

provides information on natural-gradient driven flow in the well, which reflects head relationships
(N-1, 2010b).

Flow logs (spinner, RPM, and thermal pulse) in ER-EC-11 were run by Baker Atlas in the
intermediate and the deep piezometers (monitoring the TCA and TSA HSUs) while the well was
being pumped. Figure 6-6 shows representative flow (RPM final station log results) and temperature
logs for the stressed condition. The RPM flow logs are approximate indicators of flow in the main
casing, but the results suggest that approximately 85 percent of the production during pumping came
from the lower completion interval, and most of that from the upper 200 ft of the lower interval
(3,800 to 3,600 ft bgs). Most of the production from the upper completion interval originated from a
short interval near the center of the interval (approximately 3,350 to 3,000 ft bgs). The spinner and
TFM logs reflect flow distribution in the piezometers, and generally indicate low flow rates, as
expected. The static condition TFM logs run by DRI in the main completion yielded very little
interpretable valid results. The logging of the intermediate and deep (TCA and TSA HSU)
piezometers showed downward flow between the formations (the bridge plug between TCA

and TSA was not yet replaced).
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Figure 6-4
Spinner and RPM Logs for ER-20-8 #2 while Pumping

NNSA/NSO, 2011a

Source: Modified from N-1, 2010b

Section 6.0



Pahute Mesa Well Development and Testing Analyses for Wells ER-20-7, ER-20-8 #2, and ER-EC-11

><\\

'\
//

010Z]
‘(1eyowug
DIIPUOD)

T
vzeld)
nEls.

L0Z/62/10

‘(uoay
suopl

Hwo? ule)
PUOD JlElS ~—

"6002/40Ie Y

S

ioyipu

Ellilerss]
passolis ~

-

L}02/L1/90
)

uonajduog. Lie)
s -t

<

Lo opeys —

1 pJemd

MO

ENRS

Jen

\UM(

Pd

sbq

1000z -2°€92'2)
w00/ - 8'689
‘Buises g pasou|ing
Sfuelg urGz9 L

sbq (i 8ee -

929'L) W 9ZLL - 9'G6Y
‘ajoya.og "UIrGZ'Z}
sbq

(W2'€92'T - 1'089'})
wg68Y - ZZIG ‘Buised
SS PaNOIS "UIGZ9'L
s6q (1 9'8e€°C - €29°4)
wezLL- L'v6Y
‘[eneI9 "urg/e

sbq

(wevezz- 1'e99't)
w0489 - 6905
‘Buign) S pasou|ing
‘PalIoIS "UIG/8'T

sBq (1 1288'L
- €998 WZ'SLS
- 889G ‘I0JOI “UIGL'E

sBq (1 £'998'L

- G'Gy8‘L) W 8'89s

- 629G ‘1010 "UI-GL'E
sBq (4 55v8'L

- 8'0¥8°L) W G295

- 1°19G ‘[e9S "Urrgee
sbq

(wgors’L -09z8't)
W |96 - 9°965
‘dwnd ymus) "ui-y
sbq
(Bo9ze'L-8018')
W 9956 - 6155
‘dwnd yijue) “u-y

sbq

(U 6'¥6L°L -5€9L'))
w | pS - G2eS ‘Buigny
SO PaNOIS UIGLE'T

sbq

(B+089') -61¥9'))
wZ'Zls - 500G ‘Buises
SSiUElg ‘U529 L

sBq (48018t

-0) W6'LGS - 0 “Buigny
SO Muelg UG8

sbq

(11°€99°L - '199°1)
W 6905 - 90 ‘Buian}
SS 'UI-G/8'Z 01§D Ul
-G/€'Z WO} JIBAOSS0ID

sbq

(W6'179'L - 8'6€9'L)

W G°006 - 8'66% ‘Buisea
S§S "urr6z9’L 01 SO'Ul
-GZ9'/ WOl JBAOSS0ID

sBq (W 5e9s't

-0) W g'/€G - 0 “Buigny
SO {UBIg UFSLET
sBq (1 929'L - ¥09°L)
w9'geY - 6887 ‘Il
69 (4 y'199'L

- 0) W 905 - 0 “Buign}
SO Muelg UrGLE'T
6 (4 8'6€9')

- 0) wg'esy - 0 ‘Buiseo
SO Muelg ur6z9'L
sbq (y

929'L - §'€8) W 9'S6Y -
g5z urg'zL

OOOOOOZ
OOOOOC%
Q00

OO
OO
O

)

OO OO
[010]6]

DIOIOIVIOIOIVIOIOIVIOIVIVIOIOIOION]

C

)

O O O O O O O O O O O I O i QO OO O )()()(JO()()

(

INRERNRNRENS

TTTIITT

TLOITITTIITTT

JIOIOIVIOIVIVIOIOIVIVIIVIOIVIVIOIVIVIOIVIVIOIVIVIPIVIVIOIVIVIOIVIVINIVIPINIOI0Iv]

)IO]

W AT T T T L T L T OO T T Ty T A T A T AT T T T T T OT DT ITTTT
8 0 O A A

DIOIGIVIOIOIVIVIVIVIOIVIVIVIVIVIOIVI0IVINIVIVIVIVIVIVIVIVIVIVIVIOIVIVIOIVIVIOIPIVIOIPIVIVI0IOIVI0I0I0LE

sB6q (4 ¥09°L - 8L'L) w
6'88% - 2'ZeY JUBWaD
sB6q (4 2'209't

- 0) weggy - 0 ‘Buiseo
SO uelg urGLE'EL

jun Buluyuod
ysniqured
3IPPIA
‘NOdAl

— 00€7_ o,

papiApun
‘dnoigy
ysniqyured
dp L

>>>>>>>>‘

#n1 peppeg

Jajinbe yeaq
weybniog
vds

00¢g-

eAe
ouAydoain

— 059

00Lg-

eAeT ooy

0002~

ene

oLAYydoA - 009

006}

B10031g MO|4 pue

Jead
weybniog Jo
A)oAys :sd |

eaeq
snoaolwing

— 0SS

jun Buuyuod
ysnigiured
Jaddn :nodn

— 008}

PapiApun
‘dnoug ~
ysnigyured
4N peppag dL

>>>>>>2>> >
T

>

19)inbe
weyuag :vg

00LH

ene
snoaolwing

— 00§

009}

B1002.g MO|4

ene
snosojwing

weyuag jo r
ayjoAyl :qd ) | 00S

oL |

i
(wdB)
4L

uoloNIISUOY |IBAA

|oAe

Halep NSH

()
ydeq

(w)

Aydeibnens yydaq

ABojoup

sbq 3 ge¢‘z :uideq payua

V/N:poads aur

wdb g pue 0 ‘ggl :8)ey uononpold

Iswe w /°z8/‘)

Iswe Y g'818'S

uoeAs|3 eoeuNg

|| 8seyd esa ainyed :welboid 1 am

120G.¥'911L :M Baq

696261°,€ N BeQ

£8 QN bBuope

14Q@ :Jojoenuo) Buibbo

we'el0’LLG Bunses

W £'8G0°}/2'9 :BulyoN

€8 AVN OdSN

0102/21/90 8 0102/62/¥0 ‘6002/20/Z| :81eq buibBo

W 89'2/9'9vS :bunseq

wog'Lle'9LL'y (BulyuoN

¢ A¥N NLN

¢# 8-0c-d3:dl lIvM

Figure 6-5
TFM Log under Static Conditions for ER-20-8 #2

NNSA/NSO, 2011a

Source: Modified from N-I, 2010b
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Figure 6-6
Temperature and RPM Logs from ER-EC-11 under Pumping Conditions

Modified from N-I, 2010c; NNSA/NSO, 2010b

Source
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6.3 Temperature Logging

Variation in temperature can be used to infer hydraulic properties due to heat transport (Stallman,
1963; Anderson, 2005; Gillespie, 2005). Temperature logs collected at various stages of drilling and
testing are qualitatively reviewed—no quantitative interpretation is attempted. The data are unlikely
in thermal equilibrium due to the well drilling and development work, but can be evaluated to screen
potential relationships associated with transitions between flowing and low/no flow intervals.

Gillespie (2005) provides an example of a temperature profile used during an earlier investigation of
the relationship between flow distribution within formations and temperature distribution down a
borehole (Figure 6-7). At Well PM-1, Gillespie (2005) identified four different regions: from the
water table to 965 m bgs, 965 to 1,595 m bgs, 1,595 to 2,040 m bgs, and 2,040 m bgs. The interval
below 1,595 m bgs is densely welded tuff, and Gillespie suggests that the low heat flow computed for
the interval may be due to horizontal groundwater flow. More importantly, for the purpose of the
qualitative analysis discussed here, there are minor variations in thermal gradient with lithology
compared to what is seen in the wells considered by Gillespie, possibly reflecting that the boreholes
have not achieved thermal equilibrium. However, the use of these data to further investigate and test
conceptual distribution of flow in the subsurface allows for insight into the constraints and
relationships among the aquifers and confining units.

On October 11, 2010, DRI logged temperature and pH under ambient conditions at ER-20-7 after
the WDT activities shown in Figure 6-8 (N-1, 2010a). The stable groundwater temperatures from
2,420 ft bgs to approximately 2,750 ft bgs suggest advective dispersal of heat by groundwater
flow—conceptually consistent with the presence of TSA in this interval and water production
observed during drilling. The steadily increasing groundwater temperatures below 2,750 ft bgs
indicate low flow in the less welded and bedded tuffs, although lower thermal conductivity of these

rocks will result in a higher temperature gradient (Gillespie, 2005).

Well ER-20-8 #2 was logged for temperature at pumping and static conditions (N-1, 2010b) as shown
in Figure 6-9. The static temperature log shows a cooler zone below about 2,080 ft bgs (in the
vitrophyric lava), with a rise throughout the flow breccia, and pumiceous and bedded tuffs. The
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Temperature Profiles, Lithology, and Well Construction for Well PM-1
Source: Gillespie, 2005
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Figure 6-8
Temperature and pH Logs at ER-20-7 under Ambient Conditions

Modified from N-I, 2010a; NNSA/NSO, 2010a
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Figure 6-9
ER-20-8 #2 Temperature Logs under Stressed and Ambient Conditions

NNSA/NSO, 2011a

Source: Modified from N-1, 2010b
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location of this temperature change is near the first major inflow detected in stressed flow logging
(Figure 6-4); thus, this temperature perturbation is from lateral groundwater flow into the borehole
and mixing the water vertically within the flowing interval.

The main completion and intermediate and deep piezometers of ER-EC-11 were logged on June 13
and 14, 2010 (bridge plug reinstalled June 29, 2010). The temperature, pH, and electrical
conductivity results for the main completion are shown in Figure 6-10—the results for the
piezometers are nearly identical. The low temperature gradients from 4,040 to 3,700 ft bgs, 3,380 to
3,200 ft bgs, and 3,020 to 2,740 ft bgs suggest lateral groundwater flow is disturbing the temperature
profile. These zones are also generally coincident with drilling water production and flow logging
inflow locations. Conversely, the presence of temperature gradients between 3,660 to 3,380 ft bgs,
3,200 to 3,040 ft bgs, and above 2,540 ft bgs suggests little lateral groundwater flow, consistent with
these units comprising mostly bedded tuff.

The diverse volcanic rock lithologies encountered at ER-20-7, ER-20-8 #2, and ER-EC-11 include
unaltered nonwelded and bedded tuffs, altered (zeolitic) tuffs, variably welded ash-flow tuffs, and
pumiceous to vitrophyric rhyolitic lava. The dependency of any conclusions from the temperature on
the variation in thermal conductivity should be considered. Gillespie (2005) has reviewed thermal
properties for NNSS rocks and temperature profiles at selected NNSS wells. Laboratory thermal

conductivity for volcanic rock types are shown in Figure 6-11. The range is relatively narrow.
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Figure 6-10
ER-EC-11 Main Completion Temperature, pH, and Electrical Conductivity Logs

; NNSA/NSO, 2010b

d from N-I, 2010c
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Laboratory Measured Thermal Conductivity Values (watt per m °C)
for Tertiary Lithologies
Source: Gillespie, 2005
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70 SMALL-SCALE CONCEPTUAL MODEL OF SOUTHWEST
AREA 20 AND THE BENCH

The Phase Il corrective action investigation for Pahute Mesa emphasizes the importance of
understanding the flow path from southwest Area 20 to Oasis Valley. Of particular interest is the area
between the SCCC and the Timber Mountain caldera structural margin where the rocks present in
southwest Area 20 have been downdropped up to 2,200 ft along the NTMMSZ in an area known as
the Bench (Section 1.0). Furthermore, the rocks in the area are reasonably permeable and contiguous,
circumstances that are favorable for radioactive groundwater to migrate from underground tests. The
flow paths through large structures, the properties of rocks on either side of the structure, and any
flow and transport properties of the structures themselves are not directly measured, and are the focus
of Phase Il characterization activities. As part of the Phase Il characterization effort, ER-20-7,
ER-20-8#2, and ER-EC-11 were pumped for the purpose of development and sampling, HSU
transmissivity estimation, and drawdown observations at distal wells in this critical area.

Characterization of the NTMMSZ was considered during WDT operations. Specifically, static head
measurements—the new wells are closer to the NTMMSZ than any previous—were examined to see
whether the NTMMSZ affects the potentiometric surface (Section 3.0). Although the structure is
orthogonal to groundwater flow, similar to the Purse Fault in Figure 3-1, the new data indicate there is
no detectable difference of the potentiometric due to the NTMMSZ. This result is in contrast to the
obvious influence of the Purse Fault on the local flow directions. The new data are consistent with
the de facto NTMMSZ conceptual model implemented in the Phase | model, which had the alteration
of permeability in the structural zone mostly neutral, and relied upon juxtaposition and HSU
properties to direct flow through the structure. The exact configuration of HSUs across the
NTMMSZ is unknown, and it is possible that there is enough juxtaposed transmissivity across the
structure to not significantly impede groundwater flow. This is the interpretation of Halford et al.
(2010). Itis also possible, based on the fault damage zone conceptual model (Caine and Forster,
1999), that the structure itself has a direct role in conducting groundwater flow through the
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area—conceptually acting as a manifold. This could imply that there is little low-permeability core.
In tension with this interpretation is Faunt’s (1997) suggestion that, because of the regional stress
field, faults that strike northwest-southeast should be in compression and closed. The NTMMSZ is
thought to be related to the foundering of a block of the SCCC and the adjacent inter-caldera area into
the Timber Mountain caldera (BN, 2002). Vertical profiles of hydraulic head generally showed a
downward hydraulic gradient (Section 3.1), consistent with flow logging, with up to potentially
several meters of head difference.

The drawdown response data at wells distal from the pumping wells provided additional insight into
the role of structure and stratigraphy (Section 5.2). Overall, the most striking result from these data is
how well connected the formations are vertically (through multiple aquitards) and laterally through
faults and the NTMMSZ. Of particular interest is that ER-20-7, completed in the TSA on the upside
of the NTMMSZ (closer to the underground nuclear tests), responded as fast to pumping at ER-EC-11
as ER-EC-6, which is closer to ER-EC-11 and the downdropped side of the NTMMSZ (Figures 5-5
and 5-4). These data confirm the concept that the NTMMSZ is more or less transparent to
groundwater flow, but not how this transparency occurs. The vertical connection between formations
is illustrated by the response to ER-EC-11 pumping at ER-EC-6, and the response at ER-20-8 from
ER-20-8 #2 pumping (Figure 5-8). The postulated ER-20-1 fault (also roughly coincident with a fault
segment identified at the surface by Slate et al. [1999] [Figure 5-4]), with either the fault-damage
zone concepts in zeolitic rocks (Section 5.0) or juxtaposition (the fault offset is not known
accurately), provides a straightforward explanation of why all three horizons respond nearly
identically, when pumping at ER-EC-11 is only from the bottom two HSUs. In the case of ER-20-8
#2, pumping the uppermost HSU, the SPA, results in rapid drawdown in the lowermost HSUs, the
TCA and the TSA (Figure 5-7). The NNSA/NSO (2011b) report states the following (references
have been rewritten to reflect those in this document):

“The Topopah Spring Tuff in Well ER-20-8 is 88.4 to 110.6 m (290 to 363 ft) thinner
than in other holes in the area such as Wells ER-EC-6 (DOE/NV, 2000), ER-20-7
(NNSA/NSO, 2010a), ER-EC-11 (NNSA/NSO, 2010b), and ER-20-5#3 (DOE/NV,
1997). The proximity of these wells to Well ER-20-8 suggests that the thinning is not
related to depositional processes (i.e., stratigraphic thinning) but instead to faulting
(i.e., structural thinning). This means that the Well ER-20-8 borehole intercepted a
fault that effectively cuts out approximately 91.4 m (300 ft) of Topopah Spring Tuff in
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the well. Detailed analyses of data from the well...indicate that the fault is within the
Topopah Spring Tuff and not at the top or base of the unit.”

That this fault, eliminating 300 ft of TSA, is acting as a conduit is the most direct
explanation—juxtaposition is not a factor because both wells are in the same fault block.

Broadly, the flow paths from a two-dimensional potentiometric map (Figure 3-1) are the same as
those estimated from geochemical data. Kwicklis et al. (2005) and Rose et al. (2006) analyzed flow
paths from southwestern Pahute Mesa based upon several tracers, including Cl- and 6D. Samples
from new and existing wells suggest that the general conclusions about the flow paths from
geochemical data are still the same (Section 4.0). However, a more local inspection of the data shows
that there is a transition zone from groundwater with a Cl- concentration of about 10 mg/L to
PM-3-type groundwater with a concentration of about 95 mg/L (Figure 4-3). Observations include
the following:

* The CI- concentration in ER-EC-11 is virtually the same in all completions (although the
intermediate TCA completion has a different calcium/magnesium concentration), and is
about half of the PM-3 end member (Figure 4-3). Based on the analysis of Kwicklis et al.
(2005) and Rose et al. (2006), a southeast flow direction from ER-EC-1 would be required to
create the observed mixing.

* Well ER-20-1 has a CI- concentration about half of PM-3 (Figure 4-3). Hydraulically, it seems
unlikely that water could flow due southeast across the Purse fault for 4.5 kilometers to mix
with water from the east.

» The CI- concentration is only slightly greater in ER-20-1 than that in ER-EC-11 and ER-EC-6
suggesting possible flow from the north (along the ER-20-1 fault?) mixing with more dilute
water from the northeast (e.g., U-20 Water Well [Figure 4-3]).

» The CI- concentration in ER-20-5 #1 and #3, and ER-20-8 #2 is about a quarter of PM-3, but
about twice of the wells to the north (e.g., U-20 Water Well [Figure 4-3]). Hydraulically, it is
not probable that water has crossed the southern part of the Purse fault to create this chemistry.
The 5D also shows a trend to heavier water in the Bench area that is difficult to explain with
complete segregation of the flow system west of the Purse fault until the NTMMSZ is
reached, inconsistent with the Phase | groundwater flow paths.

The entire Purse Fault was essentially a no-flow boundary in the Phase | flow model (SNJV, 2006).
This did not allow for any water balance uncertainty in the northern inflow component, and forced the

majority of the water flowing through the area roughly between the Purse and Boxcar faults to come
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from the east, which did reasonably match the estimated mixing ratios in some cases. A somewhat
different conceptual model of the Purse fault can be generated by noting that Fenelon et al. (2010)
infer a small inflow component of what would be PM-3-type water across the Purse fault in
north-central Area 20 (Figure 3-1). This flow would go due south and is a potential explanation for
the CI- concentrations seen in the vicinity of southwest Area 20. However, the basic premise of the
Purse fault, that it restricts flow into Area 20, does not change.

Groundwater samples for radionuclide analysis were collected during drilling, at discrete depths
in piezometers with bailers, and from screened intervals during pumping (see Table A.1-5).
Observations include the following:

» Although there is some imprecision in the sample depth, tritium concentrations increased
during drilling ER-20-7 to a maximum in about the center of the TSA, roughly consistent with
the conceptual model of a welded, non-lithophysal ash-flow tuff. The apparent tritium
concentrations in the LPCU are probably an artifact of no groundwater inflow through the unit
(Section 6.0), meaning the samples are really representative of the TCA.

» Tritium was reported during ER-20-8 #2 drilling, with the samples from the completion
interval (SPA/BA) at the end of the WDT at roughly 1,000 pCi/L.

» Tritium was detected primarily in the BA at ER-EC-11 during drilling, with possible detection
at the top of the TCA (which could be still circulating water from the BA). This suggests that
the flow through the NTMMSZ does not result in complete mixing of water vertically among
the aquifers of the Bench.

The Pahute Mesa Phase | (SNJV, 2009) and Frenchman Flat Phase Il transport model (NNES, 2010a)
results suggested that tritium, *C, %Cl, *Tc, and *?°l would be the radionuclide most likely
encountered in groundwater away from underground nuclear tests. Results for C and 3¢Cl have yet
to be obtained, but no '?°I was detected in any of the samples from these wells. Technetium-99 was
detected in ER-20-7 groundwater at concentrations about 50 times lower than the regulatory limit of
900 pCi/L (CFR, 2011). These preliminary data suggest that either the mobility or inventory of *Tc
and 2°I may have been overestimated in Phase | transport calculations.
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In summary, a working conceptual model of the area has the following features and uncertainties:

1. Faulting has created vertical pathways for groundwater leakage. Geologic and drawdown
data clearly support this concept. However, radionuclide concentration data do not indicate
that the leakage is ubiquitous and/or homogenous.

Uncertainty

The fault damage zone is the mechanism that creates the pathway. How ubiquitous are
these zones? Halford et al. (2010) did not simulate the effect of individual faults on
the test interference data, but more broadly changed the TCU properties.
Conceptually, this would allow diffuse leakage, rather than concentrated leakage,
between aquifers. With respect to the radionuclide profile at ER-EC-11, if the relative
flow rates are much different in the aquifers, the radionuclides may be diluted to low
levels—there still may be migration in the other units. This effect would not become
clear until (if) very high concentrations such as those at ER-20-7 cross the structure.

2. The distribution of secondary porosity (fracturing) influences groundwater flow pathways and
the distribution of radionuclides within HSUs. The conceptual fracture distributions shown in
Figures 7-1 and 7-2 for the TCA and TSA, respectively, indicate that the rock is not
ubiquitously fractured through the entire HSU. Observations of tritium concentrations that
are higher in the central portion of the TSA and the top of the TCA support this conclusion.

Uncertainty

The heterogeneity of the system is large, the permeability of the aquifer units is high,
and the faulted TCU provides for leakage among the units. Vertical variations of
radionuclide concentration within HSUs are only a reflection of local variations of
vertical leakage, and these processes are effectively uniform at the scale of the Bench.

3. The hydraulic responses throughout the Bench, indicating that diffusivity of the TSA is higher
than the TCA, support the more fractured nature of the TSA and the hypothesis that the
presence of lithophysae in the TCA have disrupted the development of cooling fractures in the
center of the unit as conceptualized in Figure 7-1. Sweetkind and Williams-Stroud (1996)
observed that lower joint frequencies and connectivities occured in the lithophysal zones of
the Tiva Canyon and Topopah Spring tuffs at Yucca Mountain.

Uncertainty

The large-scale diffusivity and apparent hydraulic responses in the ash-flow aquifers
are a reflection of the juxtaposition of the aquifer units and may not be reflective of the
extent of fracturing within the unit.
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PWT = Partially welded ash-flow tuff
MWT = Moderately welded ash-flow tuff
DWT = Densely welded ash-flow tuff

Figure 7-1
Preliminary Conceptual Model of the TCA in Southwestern Pahute Mesa Area
Source: Modified from Drellack, 2010b

4. The presence of only tritium and *°Tc (pending results for *4C and *¢Cl) suggests that
conclusions drawn from previous calculations about the radionuclides of concern (tritium, *#C,
36Cl, °Tc, and *2°1) are supported by data, but that the mobility or inventory may still be
overestimated in some cases.

Uncertainty

The radiological source term, both unclassified and classified, has only general
estimates of inventory uncertainty. Additionally, there may be other physical
processes that influence the availability of the inventory to groundwater.

m Section 7.0



Pahute Mesa Well Development and Testing Analyses for Wells ER-20-7, ER-20-8 #2, and ER-EC-11

2
9
T &
-3 >
NN &
« & & > A
S §F S ¢ g8 F
S KX ¢ & I3 &
) N < @ . &
> O o N XS x5
S X ° o O RS
X L LS Sy
g S & &
S F S O & S
$ O O S RN >
F & L ST $
S F e &
o VR &
2
2
€ | O |NWT|NA
L F Very low
= | = PWT [10% Low \
a 3:) =
£ 2|8
5 |5 |2
Eols | 5 [MwT
o .
£ S |5 | to |60%| Moderate to high
& | 2| |DwT
= = =
© Q[ 2
Q ()] ]
o < | B
Q S g
SRR
2 | = [PwT|30% Low
o
'_
5 o)
= D Very low
92O [NwT|NA
T O = Ba,
O
aLPCU = Lower Paintbrush confining unit
CHZCM = Calico Hills zeolitic composite unit
CHCU = Calico Hills confining unit
b TCU = Tuff confining unit
©NWT = Nonwelded ash-flow tuff
PWT = Partially welded ash-flow tuff
MWT = Moderately welded ash-flow tuff
DWT = Densely welded ash-flow tuff
Figure 7-2

Preliminary Conceptual Model of the TSA in Southwestern Pahute Mesa Area
Source: Modified from Drellack, 2010b
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Table A.1-1

Water-Chemistry Data for ER-20-7

(Page 1 of 4)

Depth Discrete Composite Wellhead
N-I
Analyte N-1 LLNL USGS
2,535 ft
06/30/2009 07/01/2009 09/24/2010
Miscellaneous and Field Measurements
Bromide (field) (mg/L) - - - 0.182 0.212
DO (field) (mg/L) - - 5.99 2 3542
pH (field) 7.972 7.922
pH (lab) 8.24° 8.36° 8.49 b 8.49b | 8.52" . .
SEC (field) (mmhos/cm) - -- 0.522a 0.500 2
SEC (lab) (mmhos/cm) 0.510 0.504 0.515 0.502 | 0.500 - -
Turbidity (NTU) - - 8.22 50
Temperature (°C) - - - 34.12 34.02
Major and Minor Constituents (mg/L)
Bicarbonate as CaCO, 150 140 150 140 140 - - - - -
Carbonate as CaCO, <20 <20 <20 <20 <20 - - - - -
Bromide 0.29 0.28 0.38 0.15° 0.15° <0.05 - - - -
Chloride 30 29 29 30 31 29.7 - - - -
Fluoride 5.6 5.5 55 6.3 6.3 6.4 - - - -
Sulfate 50 49 49 53 53 49.6 - - - -
Calcium 4.4 4.4 4.1 4.9 4.8 6.6 4.9 5.1 4.3 4.6
Magnesium 0.15¢ 0.15¢ 0.13¢ <1d <1d 0.18 <0.4 <0.4 <0.4 <0.4
Potassium 4.3 4.3 4.1 4.9 4.8 3.9 - - - -
Sodium 97 96 98 92 93 118 109 109 102 99
Aluminum 3.9°/1.9 3.6°/1.8 3.0°/1.4 1.7°/15°% 1.7°/11° 0.065 13 11 0.1 0.4
Iron 5.6°/2.4 6.1°/2.4 7.4°/58 0.16¢/0.16 ¢ 0.179 /<0.10¢ 0.007 -- -- -- --
Silicon 31/26 32/26 28/24 33/33 33/32 -- 34.6 -- 27.3 -
Sulfide <2°b <2b <2 <2 <2 -- - - - -
Total Dissolved Solids 430° 430° 410 350° 360° - - - - -
Total Inorganic Carbon - - - -- -- 37.9 - - - -
Total Organic Carbon 6.5 7.6 5.7 <0.1 <0.1 0.55 - - - -
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Water-Chemistry Data for ER-20-7

Table A.1-1

(Page 2 of 4)

Depth Discrete

Composite Wellhead

Analyte s N-1 LLNL USGS
2,650 ft 2,535 ft
06/30/2009 07/01/2009 09/24/2010
Trace Constituents (ug/L)

Antimony - - -- -- -- 0.26 <1 <1 <1 <1
Arsenic 5.713.7 5.0/4.0 <3.4/<34 7.215.0 58/7.6 52 4.2 4.0 4.0 4.5
Barium <1009/<100¢ | <100¢ /<1009 | <100¢9/<100¢ 1.9¢/1.8¢ 2.3¢/13¢ 7.1 <15 <15 <15 <15

Beryllium - -- -- -- -- <0.15 <1 <25 <1 <1

Boron -- -- -- - - <48 209 196 191 192

Cadmium <5d/<5d <5d/<5d <0.4/<5¢ <0.3/<0.3 <0.3/<0.3 <0.036 <1 <1 <1 <1
Cesium - - - -- -- 112 <1 <1 <1 <1

Chromium <10¢/<10¢d <109 /<1049 <109 /<1049 <109 /<0.5 <0.5/0.85 0.54 <45 <45 <4.5 <4.5
Cobalt -- -- -- - - <0.054 <1.3 <1.3 <1.3 <1.3
Copper -- -- -- - - 0.78 <25 <25 <2.5 <25

Lead 404/4.14 3.949/4.74 3.349/3.1¢ <1/<1 22¢/<1 0.51 <0.9 <0.9 <0.9 <0.9
Lithium --/110 --/110 --/120 --/95°b --/95°b -- 90.4 88.4 84.8 89.5
Manganese 170/130 180/130 290/ 300 12/12 12 /<10¢ 4.32 11.6 10.2 3.8 4.3
Mercury <0.29/<0.24 <0.29/<0.24 <0.29/<0.24 0.023 ¢/<0.01 0.017 ¢/<0.01 -- -- -- -- --
Molybdenum -- -- -- -- -- 15.1 15.6 16.0 14.9 155
Nickel - -- -- -- -- 0.36 <15 <15 <15 <15
Rubidium -- -- -- -- -- 12.4 7.6 7.3 4.9 5.6
Selenium 47135 <2/<2 26/28 <3/<3 <3/<3 24 <5 <5 <5 <5
Silver <0.8/<0.8 <0.8/<0.8 <0.8/<0.8 <1.1/<11 <1.1/<11 <0.06 <3.5 <35 <35 <35

Strontium -1 -/11 --/<10¢ -/6.1¢ -/55¢ 5.9 14.9 15.0 11.2 12.5
Uranium -/6.3 -16.2 -/6.3 --/8.0 -17.7 7.5 8.2¢,7.87 | 8.2¢, 76" | 81,747 | 81¢,78"

Vanadium -- -- -- -- -- 1.8 2.2 15 1.9 1.9

Zinc - - - - - 4.8 <15 <15 <15 <15
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Table A.1-1
Water-Chemistry Data for ER-20-7
(Page 3 of 4)

Depth Discrete Composite Wellhead
N-I
Analyte N-I LLNL USGS
2,650 ft 2,635 ft
06/30/2009 07/01/2009 09/24/2010
Environmental Isotopes
8D (%o) - - - - - -113.3 - - - -
5180 (%) - - - - - -15.4 - -- -- --
813C (%o) - - - - - - - - - -
£25/4S (Ratio) - - - - - - 17.6 - 17.7 -
87Sr/8¢Sr (Ratio) -- -- -- - - 0.71096 0.71103 0.71096 0.71089 0.71091
24U/23U Activity Ratio - - - - - 3.020 3.032 3.042 3.049 3.049
Radionuclides (pCi/L)
Tritium 1.81E+07 £ 1.82E+07 £ 1.79E+07+ 1.91E+07 £ 1.89E+07 + 1 77E407 _ _ _ _
0.27E+07 0.28E+07 0.27E+07 0.29E+07 0.29E+07

Gross Alpha 75+22 6.3+1.9 7.6+2.1 85+25 8.8+24 B B B B B

(2.0)¢ (1.5)¢ 1.7)¢ (1.9)¢ 1.7)¢
Gross Beta 13.9+3.2 14.3+3.3 18.0+3.6 16.6 +3.4 18.0+3.4 B B B B B

(3.1)¢ (3.3)¢ (2.8) ¢ (2.3)¢ (2.0)¢
uc - - - R R - - - - -
a0 B B B 1.47+0.43 1.52+0.45 B B B B B

(0.31)9 (0.32)9
w0Te B B B 13.4+45 16.4+4.7 B B B B B

(6.1) ¢ (6.0) 9
1291 -- -- -- <3.0 <29 -- -- -- -- --
BCs <8.4 <9.2 <8.3 <8.8 <8.9 -- -- -- -- --
152Ey <40 <61 <47 <52 <58 - - - - -
14Eu <47 <55 <57 <51 <59 -- -- -- -- --
24y -- -- -- - - 8.16 -- -- -- --
25U <43 <30 <29 <76 <66 0.124 -- -- -- --
236y -- -- -- -- -- <7.8E-05 - - - -
238y -- -- -- - - 2.66 -- -- -- --
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Table A.1-1
Water-Chemistry Data for ER-20-7
(Page 4 of 4)
Depth Discrete Composite Wellhead
N-I
Analyte N-I LLNL USGS
2,650 ft 2,535 ft
06/30/2009 07/01/2009 09/24/2010
20210py, 0.068 +0.031 | 0.046+0.027 | 0.030+0.020 || 0.062+0.032 0.070 + 0.040 0.10 __ __ __ __
(0.021) ¢ (0.025) ¢ (0.020) ¢ (0.010) ¢ (0.041) ¢ :
21Am <7.8 <11 <8.8 <72 <55 - - - - -

243.244Cm <19 <21 <22 <50 <46 -- -- -- - -

V Xipuaddy

a Field measurements were made by N-I (formerly NNES) and coincide as closely as possible to the collection time for the associated samples.

b Value is an estimate. Hold time was exceeded for pH, sulfide, and total dissolved solids measurements. Measurements of other constituents considered an estimate as a result

of failure to meet specific quality control (QC) criteria.

¢ Value is an estimate with a negative bias as a result of failure to meet specific QC criteria.

4 Contamination was observed in the associated blank. The measured value is reported if greater than the contract required reporting limit; otherwise, the value is reported as less than
the contract required reporting limit.

¢ Analyzed using thermal ionization mass spectrometry with isotope dilution.

f Analyzed using inductively coupled plasma mass spectrometry.

9 Detection limit

-- = Not analyzed
R = Data were rejected. High tritium interfered with the 4C analysis.

Note: Values reported with a "/" indicate analysis results from unfiltered/filtered samples.
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Table A.1-2
Water-Chemistry Data for ER-20-8 #2
(Page 1 of 4)

Depth Discrete Composite Wellhead
N-I
Analyte USGS N-I LLNL DRI
1,710 ft 2,200 ft 2,100 ft
08/31/2009 12/03/2009 12/17/2009 12/18/2009
Miscellaneous and Field Measurements
Bromide (field) (mg/L) -- -- -- -- -- 1.332 1322 0.852 0.992 0.802 0.852
DO (field) (mg/L) - - - - - 2.382 3.092 2.662 3.262 3.152 2.662
pH (field) -- -- -- -- -- 8.182 8.122 8.182 8.142 8.04 2 8.182
pH (lab) 8.45° 8.47° 8.60° 8.43° 8.39° -- -- 8.41° 8.53° - -
SEC (field) (mmhos/cm) -- -- - - - 0.3832 0.3832 0.436 2 0.437 2 0.4372 | 0.436°
SEC (lab) (mmhos/cm) 0.425 0.428 0.555 0.442 0.441 - - 0.448 0.449 - -
Turbidity (NTU) - - - - - 222 242 162 29a 212 162
Temperature (°C) -- -- -- -- -- 4182 4192 4152 4152 41,42 4152
Major and Minor Constituents (mg/L)
Bicarbonate as CaCO, 110 110 110 120 120 - - 110 110 - -
Carbonate as CaCO, <20 <20 <20 <20 <20 - - <10 <10 -- -
Bromide 0.92 0.95 4.0 0.12° 0.12° - - 0.12° 0.12° - -
Chloride 23 22 24 27 27 - - 26 26 30.6 -
Fluoride 2.8 2.9 3.3 4.6 4.6 - - 4.5 45 5.7 -
Sulfate 36 37 45 49 49 - -- 49 49 59.6 -
Calcium -11.9 ~-117 53/4.9 25/22 27123 -- - -/1.8 1.8/1.9 1.8 -
Magnesium --10.024 ¢ --10.023 ¢ 0.37/0.24° |0.12¢/<0.007 | 0.18 ¢/ <0.007 - - -- 1 <0.007 <0.007/0.011¢| 0.034 -
Potassium -13.5 -13.3 6.4/5.3 2.8/ 29 29/29 - - -125 25/25 2.2 -
Sodium -- 166 -170 100/ 100 82/ 82 82/ 84 - -- --/80 80/81 96 --
Aluminum 6.2/17 6.0/1.7 581/2.4 03/<0.2¢ | 0.43/<0.2¢ 0.046 0.046 <0.29/<0.2¢ | <0.2¢/<0.2¢ 0.046
Iron 38¢/18¢ 31¢/17¢ 3.4¢/11¢ |1.0°/<0.001°|1.0°/<0.001°" -- -- <0.19/<0.19 <0.19/<0.19 <0.03
Silicon 30/19 29/19 29/22 24124 25/25 25.1 25.9 24124 2424 -- -
Sulfide <2 <2 <2 <2°® <2°® - - <2°® <2°b - -
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Table A.1-2
Water-Chemistry Data for ER-20-8 #2

(Page 2 of 4)

Depth Discrete

Composite Wellhead

Analyte e N-I LLNL DRI
1,710 ft 2,200 ft 2,100 ft
08/31/2009 12/03/2009 12/17/2009 12/18/2009
Total Dissolved Solids 450 430 750 300 300 -- - 300° 290° - -
Total Inorganic Carbon -- -- -- -- -- -- -- - - 27.7 --
Total Organic Carbon 35 36 53 <1 <1 -- - <1 <1 0.7 0.3
Trace Constituents (ug/L)

Antimony -- -- -- -- -- 0.3 0.3 - - 0.272 -
Arsenic 48/<34 35/<34 46/5.1 7.419.0 44192 7.5 7.5 6.9/6.8 6.9/8.4 - -
Barium <100¢/<10049 |<100¢/<100¢| <1009¢/120 55¢/12¢ 58¢/1.0¢ <3 <3 21¢/1.0¢ 0.91¢/1.3¢ 15 --
Beryllium -- -- -- -- -- <0.2 <0.2 - - <0.048 -
Boron -- -- -- -- -- 118 122 - - 123 -
Cadmium 0.81/<0.38 0.43/0.66 1.2/<0.38 <0.52/<0.52 | <0.52/<0.52 <0.2 <0.2 <0.52/<0.52 <0.52/<0.52 <0.06 -
Cesium - - - - - - - - - 1.12 -
Chromium 21/<10¢ 14/<10¢ 12/<10¢ 5.0¢/<0.85 4.3°/<0.85 <0.9 <0.9 <10¢/<10¢ <109/<10¢ 0.82 -
Cobalt -- -- -- -- -- <0.25 <0.25 -- - <0.033 -
Copper - - - - - 3.9 2.3 -- -- 1.68 --
Lead 77138 75/3.1 55/45 170/<1.1 170/6.5° 0.80 0.43 23/1.2 1.3/<1.1 0.419 --
Lithium --/150 --/150 350/ 360 110/110 110/110 105 109 --/110 110/110 - -
Manganese 470/ 340 410/ 310 94 /48 16°/<0.2° 17°/<0.2° 11 11 10/10 <109/10 9.2 --
Mercury <0.209/<0.209| 0.21/<0.20¢ | 0.20/<0.20¢ | 0.071/0.040 | 0.088/0.048 -- -- <0.02°/<0.02"% | <0.02"°/<0.02"° -- --
Molybdenum -- -- -- -- -- 6.3 6.4 - - 6.2 -
Nickel - - - - - <3 <3 -- -- 0.52 -
Rubidium - - - - - 8.4 8.4 - - 8.5 -
Selenium <3.2/<3.2 <3.2/<3.2 59/6.4 <2.2/<2.2 <2.2/<2.2 <1 <1 <5d/<2.2 <2.2/<22 <6.0 -
Silver <l/<1 <l/<1 <l/<1 <1.2/<1.2 <l1.2/<1.2 <0.7 <0.7 <1.2/<1.2 <1.2/<1.2 <0.018 -

Strontium -/19¢ -/10¢ 54/6.3¢ <0.08 /<0.08 | <0.08/<0.08 2.4 2.4 --/<0.08 <0.08/<0.08 2.35 --
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Table A.1-2
Water-Chemistry Data for ER-20-8 #2
(Page 3 of 4)

Depth Discrete

Composite Wellhead

Analyte N USGS N-I LLNL DRI
1,710 ft 2,200 ft 2,100 ft
08/31/2009 12/03/2009 12/17/2009 12/18/2009
Uranium -/1.4 -/1.4 26/2.1 24724 24724 2.52¢,2431252¢ 238" -124 26/24 2.335 -
Vanadium -- -- -- -- -- 17 17 - - 2.24 -
zZinc -- -- -- -- -- <3 <3 - - 2.22 -
Environmental Isotopes
5D (%o) - - - - - - - - - -116.7 -115
530 (%o) - - - - - - - - - -15.4 -15.2
83C (Inorganic Carbon) _ _ _ _ _ _ __ _ _ 202 5.4
(%)
313C (Organic Carbon) (%o) - - - - - - - - - - -26.7
14C (Organic Carbon) _ _ _ _ _ _ __ _ _ _ 28.9
(pmc)
825/84S (%o) - - - - - 18.0 18.0 - - - -
87Sr/36Sr -- -- -- -- -- 0.70967 0.70968 -- -- 0.70905 -
24U/28U Activity Ratio -- -- -- -- -- 3.87 3.88 - - 3.895 -
Radionuclides (pCi/L)
Tritium 680 + 230 850 + 250 900 + 250 730 + 190 880 + 210 i i 1,040 £ 270 880+250 [1,280£70|
(310) ¢ (320) ¢ (320) ¢ (230) ¢ (230) ¢ (320) ¢ (330) ¢ (97)
Gross Alpha 6.1+17 50+15 64+18 3.0+09 37+15 B B 26+18 26+18 B B
(1.3)¢ (1.3)¢ (1.5)9 (0.9)¢ (.59 (2.5)9 (2.5)9
Gross Beta 8'(122)29'0 7'(2.11)19'9 9'(2_’—;)29'4 4'(21.’—;)153 3'(12;)19'7 - - <25 <24 - -
“C <290° <290° <290° <410° <410° -- -- <420 <420 - -
%Sy . . . . . . - <0.49 <0.51 - -
®Tc - - - - - - - <6.9 <6.8 - -
129 - - - - - - - <1.8° <7.1° 9.27E-05 -
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Table A.1-2
Water-Chemistry Data for ER-20-8 #2
(Page 4 of 4)

V Xipuaddy

Depth Discrete Composite Wellhead
N-1
Analyte USGS N-I LLNL DRI
1,710 ft 2,200 ft 2,100 ft
08/31/2009 12/03/2009 12/17/2009 12/18/2009

B7Cs <9.2 <9.5 <9.3 <9.5 <9.0 -- - <9.7 <9.9 - -
2By <47 <56 <46 <54 <46 - - <48 <43 -- -
1S4Eu <53 <56 <55 <56 <50 - - <59 <61 -- -
234 - - - - - - - - - 3.08 -
=5y <43 <51 <51 <38 <62 -- - <33 <57 0.0366 -
236 - - - - - - - - - <2.31E-05 -
238 - - - - - - - . . 0.780 -
239.240py <0.027 0?01?)(;;95)9035 <0.025 <0.040 <0.049 -- -- <0.026 <0.025 -- --
241Am <83 <8.9 <13 <50 <67 -- - <48 <86 -- -
243244Cm <46 <23 <27 <29 <40 -- - <30 <49 - -

a Field measurements were made by N-I (formerly NNES) and coincide as closely as possible to the collection time for the associated samples.

b Value is an estimate. Hold time was exceeded for pH, sulfide, and total dissolved solids measurements. Measurements of other constituents considered an estimate as a result

of failure to meet specific QC criteria.

¢ Value is an estimate with a negative bias as a result of failure to meet specific QC criteria.

4 Contamination was observed in the associated blank. The measured value is reported if greater than the contract required reporting limit; otherwise, the value is reported as less than
the contract required reporting limit.

¢ Analyzed using thermal ionization mass spectrometry with isotope dilution.

f Analyzed using inductively coupled plasma mass spectrometry.

9 Detection limit

" Reported value is less than the detection limit plus the error and thus highly uncertain.

-- = Not analyzed
R = Data were rejected. High tritium interfered with the C analysis.

Note: Values reported with a "/" indicate analysis results from unfiltered/filtered samples.
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Table A.1-3
Water-Chemistry Data for ER-EC-11
(Page 1 of 4)

Depth Discrete

Composite Wellhead

NI
Analyte 3750 1t 3,300 ft NI LLNL | DRI USGS
2450t | 2,750t | 3,150 ft 3,285t 3,755 ft (Deep Piazometery | (INtermediate
Piezometer)
10/09/2009 10/10/2009 10/17/2009 05/02/2010 05/18/2010
Miscellaneous and Field Measurements
Bromide (field) (mg/L) -- -- -- -- -- -- -- -- -- 0.46 2 0.263,0.70 2
DO (field) (mg/L) - -~ -~ -~ - - - - - 3.2%,3.49 3442
pH (field) - - - - - - - -~ - 7.462,8.202 8.24 2
pH (lab) 7.81° 805° | 8.00° 9.08° 9.04° 8340 870" 8.65° 8.86° 8.50° | 8.58° - | - | - | -
SEC (field) (mmhos/cm) - - - - - - - - - 0.5193 0.517 3 0.5122
SEC (lab) (mmhos/cm) || 0.670 0.663 | 0.665 0.571 0.564 0.556 0.542 0.541 0.540 0.538 | 0.545 - | - - | -
Turbidity (NTU) - - - - - - - - - 3.3%,1.1%,074
Temperature (°C) -- -- -- -- -- -- - - - 38.72,4353 4242
Major and Minor Constituents (mg/L)
Bicarbonate as CaCO, 140 140 140 120 120 130 130 130 120 120 110 - - - -
Carbonate as CaCO, <20 <20 <20 <20 <20 <20 <20 <20 <20 <10 <10 - - - -
Bromide 0.78 0.94 11 11 11 0.61 0.17° 0.17b 0.17° 0.21 <0.023 - - - -
Chloride 56 56 57 38 38 42 49 42 47 43 42 -~ -~ -~ -
Fluoride 36 2.9 27 25 25 2.9 2.9 2.9 2.9 31 3.0 - - - -
Sulfate 86 86 83 630 620 64 v 68 66 67 70 70 - - - -
Calcium 24/24 | 38/38 | 39/41 |4.1°/455|425/445|43/45°| -/58 ~17.3 ~130 ~14.0 ~13.9 3.9 - 3.9 3.9
Magnesium 0.050 - : 048.10207/ <<Od?00077/ 28%%7/ %8.10%7/ 0.0d6 - : 0.09/8 c 0.2/c 1.é <o.o/13 <o.o/13 0.009 | - - -
Potassium 40/39 | 29/28 | 24/22 | 54/47 | 55/47 | 1.7/14 | —/064c | -~/065¢ | -/080¢ || ~/075¢ | -/0.68¢ 07 - - -
Sodium 110/110 | 110/110 | 110/110 | 100/100%| 100/ 100° | 975/96° | - /94 ~/95 ~/95 ~/95 ~/95 110 - - -
Aluminum 1.8/0.82 | 1.2/0.47 | 1.1/0.42 | 1.4/0.33 | 1.5/0.32 [0.78/0.31{0.59/0.27¢| 0.20¢/0.35 | 3.8/2.7 |[<0.2¢/<0.2¢|<0.2¢/<0.24| 0.031 0.030 | 0.029
Iron 35/14 |4.0/0.88 | 1.7/0.56 | 49b/16° | 51°/16° |20°/5.15| 15/3.7 48/48 19/17 |[0.05°/0.09%( 0.08°/0.07 | <0.045 | R - -
Silicon 25/24 | 24/23 | 23/23 | 18/15 | 18/15 | 22/20 | 21/20 20/20 2723 19/19 19/19 - - 195 | 19.4
Sulfide <2 <2 <2 <2 <2 <2 <2 <2 <2 <2 <2 - - - -
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Table A.1-3
Water-Chemistry Data for ER-EC-11
(Page 2 of 4)

Depth Discrete

Composite Wellhead

N-I
Analyte 3.750 ft 3,300 fF N-I LLNL DRI USGS
2,450 ft 2,750 ft 3,150 ft 3,285 ft 3,755 ft (Deep biezometer) (Lr:;ezrgnrﬁgtlg:)e
10/09/2009 10/10/2009 10/17/2009 05/02/2010 05/18/2010
Total Dissolved Solids 490 470 470 500 460 430 340 350 350 330 340 -- -- -- --
Total Inorganic Carbon - - - - -- - - - - - - 28.7 - - -
Total Organic Carbon a7 27 26 29 30 19 <0.12 <0.12 <0.12 <0.12 <0.12 0.42 0.02 -- --
Trace Constituents (ug/L)

Antimony - - - - - - - - - - - 0.25 -- <1 <1
Arsenic <3.4/46°|<3.4/<3.4(<3.4/<3.4/<3.8/<3.8(<3.8/<3.8|<3.8/<3.8| 7.5/50 8.2/4.6 12/8.2 9.8/7.2 94/11 8.8 -- 8.2 8.4
Barium 16°/100° | 19¢/99¢ (10¢/5.2¢| 45¢/110° |44¢°/140°| 35¢/68°| 18°¢/6.0¢ | 7.3¢/12°¢ 43°¢/53¢ |/0.36¢°/0.50¢| 1.2¢/0.41°¢ 11 -- <15 <15

Beryllium - - - - - - - - - - - <0.18 -- <1 <1

Boron - - - - - - - - - - - -- 161 164

Cadmium Gow | wow | wm | we | om | we | <os Py Py Py o | 008 | - <t <
Cesium - - - - - - - - - - - 3.9 - 3.9 3.9

Chromium 240/ 150 40/ 17 24110 51b/16° | 53b/16"° |170°/36°| 120/15°" 28/31 41 /67 <0.51/<0.51{<0.51/<0.51| 0.84 -- <4.5 <4.5
Cobalt - - - - - - - - - - - <0.05 - <13 | <13
Copper -- -- -- -- -- -- -- -- -- -- -- 1.2 -- <2.5 <25

Lead 49/3.4 1.8/<1.8 |<1.8/<1.8{<1.1/<1.1|<1.1/<1.1|<1.1/<1.1| 15/2.6° 25¢/7.1 5.3¢/6.9 3.2¢/10 8.9/8.3 1.0 - 1.3 1.2
Lithium 11%%be llssoobb/ 1fg0bb/ 225400bbl 225500be Zzlooobb/ 17(; 17(/) 17(/) 1_7_0/ b 1_7_0/ b - - 163 | 163
Manganese 240/ 791/ 38/ 1,000°/ 1,000°/ 400°/ 270/ 76/ 250/ 22¢] 2.8¢/ 2.0 - 21 21
210 56 29 750 P 750 P 280° 80 150 430 3.3¢ 2.7¢
Mercury <0.2¢/ | <0.2¢/ | <0.2¢/ | 0032/ | <0.021/ | <0.021/ | <0.0097/ | <0.0097/ | <0.0097/ || <0.0097/ | <0.0097/ B B B B
<0.24 <0.24 <0.24 <0.021 <0.021 <0.021 <0.0097 <0.0097 <0.0097 <0.0097 0.016 ¢
Molybdenum - - - - - - - - - - - 3.9 - 4.3 4.4
Nickel -- -- -- -- -- -- -- -- -- -- -- 0.43 -- <15 <15
Rubidium - - - - - - - - - - - 55 - 5.4 5.4
Selenium <8.2/<3.2 [<3.2/<3.2(<3.2/<3.2(<2.2/<2.2|<2.2/<2.2|<2.21<2.2| <2.7/<2.7| <2.7/<27 <2.71<2.7 <2.71<27 | <271<2.7 <12 -- <5 <5
Silver <1l/<1 <1l/<1 <1/<1 |<1.2/<12|<12/<12|<1.2/<12|<1.1/<11| <1.1/<11 <11/<11 || <1.1/<11 | <11/<11 <0.01 -- <3.5 <3.5
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Table A.1-3

Water-Chemistry Data for ER-EC-11

(Page 3 of 4)

Depth Discrete

Composite Wellhead

N-1
Analyte 4750t 3,300 ft N-| LLNL | DRI USGS
2450t | 2,750ft | 3,150 ft 3,285 ft 3,755 ft (Deep Piosometer) | (Intermediate
Piezometer)
10/09/2009 10/10/2009 10/17/2009 05/02/2010 05/18/2010
Strontium 41°/49¢|2.4°/29¢°|49¢°/47¢| 22°/230 | 23°/255 | 21°/22°| /37 /44 /94 7300 /300 | 344 - 35 36
Uranium 64/58 | 69/66 | 6.4/6.4 |0.43/0.38|044/0.38(084/0.79| -/17 ~117 ~122 ~116 ~/16 164 | - [N LTSRN
Vanadium - - - - - - - -- -- -- -- 2.6 - 15 1.6
Zinc - - - - - - - - - - - 0.8 - <15 | <15
Environmental Isotopes
3D (%) - - - - - - - - - - - - 115 | - -
5150 (%) - - - - - - - - - - - 153 | 152 | - -
35C (DIC) (%) - - - - - - - - - - - 253 | 47 - -
35C (DOC) (%) - - - - - - - - - - - ~ | es1 | - -
14C (DOC) (%) - - - - - - - - - - - - 522 | - -
225/S (Ratio) - - - - - - - - - - - - ~ | 187 | 187
875155 (Ratio) - - - - - - - - - - - - — |o.700860.70087
234238 Activity Ratio -- -- -- -- - - - - - - - - - 4.033 | 4.045
Radionuclides (pCi/L)
10,000+ | 10,100+ | 10,331+
Tritium 13:238; 13:232; gg)%? . | <230 |<265 <230|<264:<240| <310 <310 <310 <270 <270 <134 | - - -
289 281 1,500
Gross Alpha 7320 | 80+21 | 70%19 | _ o, [23°+13|27°214] 290214 26°+13 | 24°x11 || 245514 | 34215 ~ ~ ~ ~
@ss | @5 | (169 aes | @es | @ne (15) (15) (1.8) (1.6)

Gross Beta 7'(22_1;)2&2 6'(2_?;)29'2 4'(82_?;)29'0 6'(%_2)29'0 4'(72_2)158 <25 <27 4'(%.2)19'7 <25 <22 <24 - - - -
1c <420 <420 <420 <420 <420 <420 <390 <390 <390 <390 <390 - - - -
s0sy - - - - - - - - - <0.59 <0.55 - - - -
9Tc -- -- -- -- -- -- - -- -- <7.7 <8.1 -- -- -- --
129] _— _— _— _— _— _— _— _— _— _— _— _— _— — _—
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Table A.1-3
Water-Chemistry Data for ER-EC-11
(Page 4 of 4)

Depth Discrete Composite Wellhead
N-I
Analyte 3.750 ft 3,300 f.t N-I LLNL DRI USGS
2,450 ft 2,750 ft | 3,150 ft 3,285 ft 3,755 ft (Deep biezometer) (Intermediate
Piezometer)
10/09/2009 10/10/2009 10/17/2009 05/02/2010 05/18/2010

B37Cs <7.8 <8.6 <8.4 <7.3 <9.1 <9.1 <8.9 <8.1 <8.2 <8.6 <4.8 - - -- --
2By <38 <54 <41 <46 <43 <42 <47 <53 <41 <53 <30 - - - -
S4Eu <34 <48 <41 <42 <49 <44 <49 <60 <51 <55 <28 -- -- - --
24y -- -- -- -- - - - - - - - 2.35 - - -
235y <51 <46 <34 <31 <45 <37 <43 <44 <41 <40 <36 0.0269 - - -
23y - - - - - - - - - - - <1.7E-05| -- - -
238 - - - - . . - - - - - 0.577 - - -
239.240py <0.026° | <0.016% | <0.023P | <0.027® | <0.008" | <0.007°® <0.016 <0.018 <0.005 <0.027 <0.008 - - - -
241Am <12 <12 <60 <43 <39 <70 <11 <40 <69 <64 <44 -- -- -- --
243244Cm <20 <20 <42 <33 <20 <39 <26 <48 <40 <41 <28 -- -- -- --

a Field measurements were made by N-I (formerly NNES) and coincide as closely as possible to the collection time for the associated samples.

b Value is an estimate. Hold time was exceeded for pH, sulfide, and total dissolved solids measurements. Measurements of other constituents considered an estimate as a result of failure
to meet specific QC criteria.

¢ Value is an estimate with a negative bias as a result of failure to meet specific QC criteria.

4 Contamination was observed in the associated blank. The measured value is reported if greater than the contract required reporting limit; otherwise, the value is reported as less than
the contract required reporting limit.

¢ Analyzed using thermal ionization mass spectrometry with isotope dilution.

f Analyzed using inductively coupled plasma mass spectrometry.

9 Detection limit

-- = Not analyzed
R = Data were rejected. High tritium interfered with the *4C analysis.

Note: Values reported with a "/" indicate analysis results from unfiltered/filtered samples.
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Table A.1-4

Major-lon Data for Wells in the Study Area

(Page 1 of 5)

site ID Date Sigfle iy (':1%%) (nf;)/i) (mall) | (mai) (nfg)/i) (mall) | (mait) | (malL) | (o) | (malL) | Balance Source
07/02/2001 13365 - - - - - - - 3.7 0.1 155 3.7 - BN (2005)
07/26/2005 14109 2,000 b 187 1.3 57 83 3.0 3.3 0.1¢ 128 3.4 -6.2 NSTec (2006)
ER-20-1 07/26/2005 14109 2,000 b - - - - - - 3.4 0.1¢ 125 3.4 - NSTec (2006)
10/31/2007 14831.5 2,000 185 <1.2 - 53 83 3.1 - - - - - NSTec (2008)
10/31/2007 14831 2,000 ® 185 <1.2 - 57 84 3.2 3.3 0.1 141 35 - NSTec (2008)
06/03/1996 3921 2,300-2,572 149 8.0 <0.25 27 41 11.5 6.0 0.9 107 11 4.7 IT (1997)
06/03/1996 12318 2,300-2,572| 187¢ - - 26 41 10.3 4.2 0.2 113 6.1 1.4 Rose et al. (1997)
04/22/1997 3922 2,300-2,572 186 <10 0.10 22 38 8.6 5.7 0.4 105 7.2 2.0 IT (1997)
ER-20-5 #1 04/22/1997 12317 2,300-2,572| 186¢ - <0.05 23 39 10.1 4.5 0.3 104 6.6 -0.8 Rose et al. (1997)
07/09/1998 5164 2,300-2,356 145 10 <0.25 24 41 9.8 - - - - - IT (1999)
07/09/1998 12316 2,300-2,572| 182¢ - <0.04 25 40 9.6 5.7 0.4 106 7.2 1.0 LLNL (2003b)
11/30/2004 13234 - 193¢ - 0.07 25 43 10.8 4.6 0.1 118 6.2 1.9 LLNL (2005)
07/31/1996 3923 3,432-3,881 103 6.4 <0.25 18 35 3.2 6.5 0.6 74 6.1 -6.4 IT (1997)
07/31/1996 12322 3,432-3,881| 109¢ - - 18 35 3.2 3.0 0.1 73 3.1 3.4 Rose et al. (1997)
04/22/1997 3924 3,432-3,881 115 <10 0.08 15 31 3.0 6.0 0.2 74 3.4 -6.4 IT (1997)
04/22/1997 12321 3,432-3,881| 108¢ - 0.98 17 35 3.3 3.1 0.1 70 3.2 2.0 Rose et al. (1997)
ER-20-5 #3 04/30/1998 5166 3,432-3,881 - - <0.25 16 33 3.4 7.9 0.4 72 4.1 - IT (1999)
04/30/1998 5167 3,432-3,881 - - - - - - 4.0 0.2 76 2.7 - IT (1999)
04/30/1998 12320 3,432-3,881| 107¢ -- <0.02 17 33 3.2 2.1 0.1 68 1.8 0.04 LLNL (2003b)
11/15/2001 12319 3,432-3,881 994 - 0.76 19 35 3.6 3.3 0.1 87 4.4 14 LLNL (2003b)
11/29/2004 13235 - 1354 - 0.07 17 35 4.1 3.5 <0.04 80 35 1.5 LLNL (2005)
06/30/2009 14912 2,650 183 ¢ <12 0.29 30 50 5.6 4.3 0.2¢ 97 4.4 -6.4 SNJV (2009)
06/30/2009 14913 2,650 171 <12 0.28 29 49 55 4.3 0.2¢ 96 4.4 -4.3 SNJV (2009)
07/01/2009 14914 2,535 183 ¢ <12 0.38 29 49 55 4.1 0.1¢ 98 4.1 -5.6 SNJV (2009)
09/24/2010 15470 - 193" - <0.05 30 50 6.4 3.9 0.2 118 6.6 1.8 LLNL (2011b)
ER-20-7 09/24/2010 15383 - 171¢ <12 0.15¢ 30 53 6.3 4.9 - 92 4.9 -7.5 N-I (2011)
09/24/2010 15384 - 171 ¢ <12 0.15¢ 31 53 6.3 4.8 - 93 4.8 -7.4 N-I (2011)
09/24/2010 | 15457/15488 - - - - - - - - <0.4 109 5.0 - USGS (2011)
09/24/2010 | 15459/15460 - - - - - - - - <0.4 100 4.4 - USGS (2011)
02/01/2000 8459 2,298-4,750| 158¢ <6 - - - - 8.2 0.5 120 19 - IT (2001)
EREC1 02/01/2000 8459.4 2,298-4,750 - - 0.46 95 120 2.6 8.3 0.5 120 20 - IT (2001)

TT-03-43 pue ‘z# 8-02-d3 '£-02-H3 S|I9M 104 sasAfeuy Bunsal pue juswdolaaaq |9 BSSIN dinyed



V Xipuaddy

Table A.1-4

Major-lon Data for Wells in the Study Area

(Page 2 of 5)

. Sample Depth HCO, CO, Br Cl SO, F K Mg Na Ca Charge
Site ID Date IDs (M | (mgiL) | (molL) | (mg/L) | (mg/L) | (mg/L) | (mg/L) | (mgiL) | (mg/l) | (mglL) | (mglL) |Balance Source
02/01/2000 |7441/7441.21(2,298-4,750| 148 ¢ - 1.1 97 145 2.4 6.0 0.4 154 19 3.1 DRI (2001)
06/03/2003 12402  |2,298-4,750| 102°¢ - 0.45 88 121 27 6.2 0.5 153 20 6.9 DRI (2004)
06/03/2003 12383  |2,298-4,750| 149¢ - 1.4 97 119 23 4.9 0.4 144 19 3.2 LLNL (2004)
06/03/2003 12368  |2,298-4,750| 146°¢ <6 0.44 95 120 26 8.1°¢ 0.4°¢ 150 19 -0.03 SNJV (2004)
ER-EC-1 06/03/2003 12368  |2,298-4,750| - - - - - - 8.0°¢ 0.4°¢ 150 19 - SNJV (2004)
(continued) 06/03/2003 | 12368.5 |2,298-4,750| 146°¢ <6 0.42 92 110 2.6 7.9¢ 0.4° 150 19 1.9 SNJV (2004)
06/03/2003 | 123685 [2,298-4,750| - - - - - - 8.4°¢ 0.4°¢ 150 19 - SNJV (2004)
04/02/2009 | 15200/15202 |2,298-4,750| 158 ¢ <12 0.53 97 120 25 7.3¢ 0.4°¢ 140 20 -4.3 NNES (2010a)
04/02/2009 | 15201/15203 |2,298-4,750| 158 ¢ <12 0.39 100 120 25 7.2¢ 0.4°¢ 140 20 -4.9 NNES (2010a)
04/03/2009 15407  |2,298-4,750| 159 ¢ - - 94 118 1.7 55 0.4 155 18 0.3 LLNL (2011a)
02/10/2000 | 8475/8475.4 |1,628-4,904| 146 <3 0.32 52 77 3.1 3.2 <1.0 130 42 3.4 IT (2001)
ER-EC-6
(1,581-5,000 ) 02/10/2000 8475.4  |1,628-4,904|  -- - - - - - 3.1 <1.0 140 41 - IT (2001)
02/10/2000 | 743421 [1,628-4,904| 153¢ - 0.84 a4 56 31 2.0 <0.02 128 40 6.7 LLNL (2000b)
06/10/2003 12406 - 134 ND 0.25 50 79 3.0 2.0 0.03 128 49 3.8 DRI (2004)
06/10/2003 12387 - 147 ¢ - 0.90 52 75 2.7 1.8 0.2 120 46 1.2 LLNL (2004)
06/10/2003 12372 - 146 <6 0.24 53 79 2.8 3.1 10°¢ 120 42 0.8 SNJV (2004)
06/10/2003 12372 - - - - - - - 3.2 1.0°¢ 120 41 - SNJV (2004)
ER-EC-6 N
(1,581-3,820 f) 06/10/2003 | 123725 - 146 <6 0.25 53 79 2.9 2.9 1.0 120 41 -1.0 SNJV (2004)
06/10/2003 | 123725 - - - - - - - 2.9 10°¢ 120 42 - SNJV (2004)
04/09/2009 15408 - 163 ¢ - - 47 73 2.0 1.9 0.01 132 41 3.0 LLNL (2011a)
04/09/2009 | 15209/15210 - 158 <12 0.24 53 78°¢ 26 2.8 <1.0 120 45 2.2 NNES (2010a)
04/09/2009 | 15208/15211 - 158 <12 0.21 54 79¢ 25 2.6 <1.0 110 43 -6.8 NNES (2010a)
05/02/2010 15448 3,750 158 ¢ <12 0.17 42 66 2.9 0.7°¢ 0.2°¢ 95 73 7.9 N-I (2011)
ER-EC-11 deep
05/02/2010 15446 3,750 158 <12 0.17 49 68 2.9 06° 01°¢ 94 5.8 -12 N-I (2011)
ER-EC-11
) . 05/02/2010 15450 3,300 158 ¢ <12 0.17 47 67 2.9 0.8°¢ 1.8 95 30 2.9 N-I (2011)
intermediate
10/09/2009 15318 2,450 171°¢ <12 0.78 56 86 3.6 3.9 0.02°¢ 110 2.4 -12 NNES (2010b)
10/09/2009 15318 2,450 - - - - - - 40 0.04°¢ 110 2.4 NNES (2010b)
10/10/2009 15321 2,750 171°¢ <12 0.94 56 86 2.9 2.8 <0.01 110 3.8 -11 NNES (2010b)
ER-EC-11 main
10/10/2009 15321 2,750 - - - - - - 2.9 0.01°¢ 110 3.8 NNES (2010b)
10/10/2009 15324 3,150 171¢ <12 1.1 57 83 27 2.2 <0.01 110 3.9 -10 NNES (2010b)
10/10/2009 15324 3,150 - - - - - - 2.4 <0.01 110 41 - NNES (2010b)
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Major-lon Data for Wells in the Study Area

(Page 3 of 5)

site ID Date Siggle iy (':1%%) (ni?/i) (mall) | (mai) (n?;‘b (mall) | (mait) | (malL) | (o) | (malL) | Balance Source
10/17/2009 | 15327 3,285 146° | <12 1.1 38 63° 2.5 5.4 0.01 100 41c 6.3 NNES (2010b)
10/17/2009 | 15328 3,285 146¢ | <12 11 38 62°¢ 2.5 47 | <001 | 100 44c¢ 71 NNES (2010b)
10/17/2009 | 15328 3,285 - - - - - - 5.5 0.01 100 4.2 - NNES (2010b)
10/17/2009 | 15327 3,285 - - - - - - 47 | <001 | 100 45 - NNES (2010b)
ER-EC-11 main || 10/17/2009 | 15332 3,755 158 | <12 0.61 42 64c 2.9 14 | 005¢ | 96¢ 45¢ -8.6 NNES (2010b)
(continued) | 10/17/2009 15332 3,755 - - - - - - 1.7 0.03c | o7¢ 43 - NNES (2010b)
05/18/2010 | 15454 - 146 ¢ <6 <0.02 42 70 3.0 07 | <0.01 95 3.9 8.1 N-I (2011)
05/18/2010 | 15452 - 146 <6 0.21 43 70 3.1 08 | <0.01 95 4.0 -83 N-I (2011)
05/18/2010 | 15405 - - - - - - - 0.7 0.01 110 3.9 - LLNL (2011b)
05/18/2010 | 15455 - - - - - - - - - - 3.9 - USGS (2010)
10/27/1988 3153 1,654 165 - 0.7 95 122 - 12 1.4 141 35 2.2 DOE/NV (1996)
10/27/1988 3153 1,654 155 - 0.6 97 123 - 11 1.4 138 34 17 DOE/NV (1996)
10/28/1988 3154 - 153 - 0.6 08 124 - 1 1.4 137 34 1.2 DOE/NV (1996)
PI3 10/28/1988 3158 1,455 150 - 0.5 98 130 2.4 10 15 130 36 2.0 DOE/NV (1996)
05/17/1989 3155 1,490 159 - 0.5 93 125 2.5 11 0.6 137 28 17 DRI (1994b)
03/17/1992 3157 1,305 158 - 7.4 84 92 2.5 12 4.0 124 19 -1.0 DRI (1994b)
07/19/2005 | 14226 1,994 12 <1.2 - 112 114 2.7 74 5.0 114 17 NSTec (2006)
06/12/2007 | 14834 1,993 ° 108 <0.6 - 94 106 2.5 6.9 5.2¢ 101 15 -8.0 NSTec (2008)
PM-3-1 06/12/2007 | 148345 1,993 ° - - - 9 114 3.6 - - - - - NSTec (2008)
04/29/2009 | 15464 1,993 ° 99 - - 93 103 2.4 8.8 3.8 130 17 3.9 NSTec (2011)
10/12/2000 8501 - 142 0.0 - 95 114 - 15 4.4 125 22 1.0 Mizell et al. (2008)
12/10/2003 | 13411 1,560 117 <0.3 - 93 116 3.7¢ 14 49 114 21 2.6 BN (2005)
05/25/2004 | 13270 1,560 b 119 <0.7 - 93 114 3.6 16 5.5 119 22 0.1 BN (2005)
PM-3-2 06/12/2007 | 14835 1,560 114 <0.6 - 94 109 3.8 12 43 88 18 13 NSTec (2008)
04/29/2009 | 15465 1,560 113 - - 89 110 3.7 15 5.1 125 21 3.0 NSTec (2011)
04/29/2009 | 15466 1,560 b - - - 92 112 3.8 15 5.2 126 21 - NSTec (2011)
05/23/1987 3233 ~ 111 - - 12 31 ~ 17 0.3 57 6.4 0.6 Chapman and Lyles (1993)
04/16/1990 3234 - 113 - - 12 29 - 18 0.2 58 5.7 1.2 Chapman and Lyles (1993)
U-20 Water Well || 08/02/1990 3235 -- m -- -- 11 31 -- 18 0.7 58 5.4 17 Chapman and Lyles (1993)
09/11/1990 3236 -- 107 11 -- 11 31 - 17 0.4 57 6.2 2.1 Chapman and Lyles (1993)
05/31/1995 5160 - 88 <5 <0.25 11 27 2.4 13 0.6 60 7.6 12 IT (1999)
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site ID Date Siggle iy (':1%%) (ni?/i) (mall) | (mai) (n?;‘b (mall) | (mait) | (malL) | (o) | (malL) | Balance Source
05/31/1995 3238 - 924 - - 12 - - 2.1 0.3 59 6.2 23 LLNL (1999)
U-20 Water Well 11/05/1997 4950.22 - 101 6.1 - 12 32 - 1.6 0.3 59 7.8 2.6 DRI (1998c)
(continued) 11/05/1997 |  4950.27 - 93 - 0.1 1 31 2.2 1.4 0.3 61 6.8 7.2 HRC (1998)
11/05/1997 5130 - 95 - 0.1 11 31 2.4 1.4 0.3 59 6.7 54 HRC (1998)
10/14/1964 3162 - 108 ND - 11 28 2.6 1.9 <0.1 58 5.9 1.0 Blankennagel and Weir (1973)
10/14/1964 3163 - 108 ND - 11 28 2.6 1.9 - 58 5.9 0.8 USGS (1994)
03/10/1966 3164 -- 106 ND -- 11 27 2.7 0.2 0.1 55 6.1 -1.2 Blankennagel and Weir (1973)
03/21/1971 3165 - 113 ND - 11 29 2.7 2.2 <0.1 57 59 -1.4 USGS (1994)
10/06/1971 3166.21 -- 110 ND -- 10 28 2.8 2.2 0.2 55 5.9 -1.2 USGS (1994)
V:/J;;aﬁ:" 04/16/1973 3167 - 122°¢ - - 12 29 3.1 1.9 0.02 47 1.5 -18 DRI (1994a)
07/03/1973 3170 - 116 ¢ - - 11 30 2.7 2.6 0.05 58 0.1 -6.8 DRI (1994a)
01/16/1975 3173 - 113 ¢ - - 15 28 2.4 2.2 0.1 70 1.0 2.7 DRI (1994a)
07/08/1975 3178 - 118 ¢ - - 10 28 2.7 3.8 0.1 62 1.2 -1.2 DRI (1994a)
04/01/1988 3184 - 111 - - 12 33 - 1.7 0.2 59 6.2 1.8 Chapman and Lyles (1993)
04/10/1988 3185 - 112 - - 11 38 - 2.3 0.2 63 6.3 2.4 Chapman and Lyles (1993)
U-20a0 12/10/1984 3144 - 114 - - 3.2 8.1 - 1.9 1.2 38 8.8 2.1 Chapman and Lyles (1993)
09/14/1967 3143 - 140 39 - 6.8 10 59 0.9 <0.1 95 0.9 -1.1 USGS (1994)
U-20¢ 09/14/1967 3142 - 130 37 - 8.1 18 6.4 1.4 <0.1 95 2.8 0.1 USGS (1994)
09/21/1998 12188 4,101-4,111| 109¢ - 0.40 11 28 4.0 1.7 0.1 61 2.9 -0.9 Smith et al. (1999)
09/21/1998 5184 - 107 <6 0.40 13 34 4.8 1.3 <0.1 62 3.0 3.4 IT (1998)
09/21/1998 5184 - - - - - - - 2.0 <0.1 61 3.0 - IT (1998)
U-20n PS#1 DD-H 10/12/1999 12187 - 108 ¢ - <0.03 11 28 3.6 25 0.2 65 4.8 4.1 Davisson et al. (2001)
07/09/2003 12394 - 90 ¢ - 0.60 11 28 3.6 1.9 0.1 61 3.8 5.4 LLNL (2004)
11/15/2005 14016 - 944 - <0.01 12 33 4.4 1.7 0.1 62 2.0 0.8 LLNL (2006)
UE-20bh #1 12/08/1999 6627.23 2,770 81 - <0.1 35 8.3 - 0.7 <0.1 36 0.5 0.5 DRI (2000)
03/08/1966 3195 2,920 122 ND - 23 40 3.1 0.2 - 81 1.4 -0.9 Blankennagel and Weir (1973)
03/08/1966 3196 3,200 120 ND - 24 42 3.1 0.1 0.1 83 1.4 -0.2 Blankennagel and Weir (1973)
UE-20d 07/27/1966 3198 2,446-4,500 137 ND - 23 44 2.8 1.7 0.1 88 4.3 1.7 Blankennagel and Weir (1973)
07/28/1966 3199 2,446-4,500 143 5.0 - 8.8 53 2.4 0.5 0.1 68 21 3.7 Blankennagel and Weir (1973)
08/12/1966 3200 2,446-4,500 192 4.0 - 24 40 3.0 2.6 0.1 107 8.5 2.0 Blankennagel and Weir (1973)
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Major-lon Data for Wells in the Study Area
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site ID Date R mat) | (mah) | o) | (mall) | (mall) | (o) | (mol) | mak) | (maiL) | (moiLy |Balanse Source

06/23/1987 12263 2,850 97 - 0.6 13 31 4.4 - 0.2 75 7.8 13 Marsh (1991)
06/30/1987 9007 2,850 93 - 0.55 13 31 4.4 - 0.2 75 7.8 - DRI (2002)
06/30/1987 9007.5 2,850 101 - - 12 31 4.4 - 0.2 75 7.9 - DRI (2002)
07/07/1987 12261 2,850 - - - 13 34 45 3.8 0.3 76 12 - Marsh (1991)
07/07/1987 12255 2,850 - - - 13 33 45 29 0.2 96 1 - Marsh (1991)
07/07/1987 12260 2,850 - - - 14 34 47 - - - - - Marsh (1991)
07/07/1987 9008 2,850 - - - 13 34 45 3.8 0.3 76 12 - DRI (2002)
07/07/1987 9010 - - - - 13 33 45 2.9 0.2 96 1 - DRI (2002)
07/08/1987 9012 2,850 - - - 13 35 45 2.8 0.2 95 9.6 - DRI (2002)
07/08/1987 12244 2,850 - - - 13 35 45 2.8 0.2 95 9.9 - Marsh (1991)
07/08/1987 9012.5 - - - - 13 35 45 2.8 0.2 95 10 - DRI (2002)

UE-20n #1 07/09/1987 12240 2,850 - - 0.3 12 36 45 3.8 0.2 80 8.8 - Marsh (1991)

(continued) 07/22/1987 12223 2,750 - - 0.1 13 36 4.2 3.1 0.2 96 8.8 - Marsh (1991)
07/22/1987 12229 2,750 - - - 16 37 4.6 2.8 0.2 94 8.7 - Marsh (1991)
07/22/1987 9020.5 2,850 - - 0.04 13 35 43 3.1 0.2 97 8.9 - DRI (2002)
07/22/1987 9019 2,850 - - - 16 37 4.6 2.8 0.2 95 8.7 - DRI (2002)
07/22/1987 9020 2,850 - - 0.06 14 37 4.1 3.0 0.2 95 8.7 - DRI (2002)
07/23/1987 | 9022.11 2,600 - - - 12 37 35 2.4 0.17 88 9.6 - DRI (2002)
07/23/1987 12220 2,600 - - - 12 37 35 2.4 0.2 88 9.6 - Marsh (1991)
08/06/1987 12217 2,750 - - 0.2 13 34 43 27 0.2 97 9.7 - Marsh (1991)
08/06/1987 12215 2,750 - - 0.2 13 34 43 3.0 0.2 88 7.8 - Marsh (1991)
10/28/1987 12214 2,750 - - 0.2 - 76 - 1.8 0.2 65 5.7 - Marsh (1992)
02/09/1988 12213 2,750 - - - - - - 1.9 0.2 64 6.3 - Marsh (1992)
05/10/1988 12212 2,750 - - - - - - 2.9 0.7 68 6.1 - Marsh (1992)

a UGTA Geochemistry Database sample identification number.
® Depth is from top of the casing.

¢ Value is an estimate.

d Data were reported as dissolved inorganic carbon in mg/L HCO, units.
¢ Data were converted from mg/L CaCO,units to mg/L HCO, units by multiplying times 1.219.

f Data were converted from dissolved organic carbon in mg/L C units by multiplying times 5.081.

ND = Not detected
-- = Not analyzed
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Pahute Mesa Well Development and Testing Analyses for Wells ER-20-7, ER-20-8 #2, and ER-EC-11

Table A.1-5
Environmental-lsotope Data for Wells in the Study Area
(Page 1 of 2)

S e Sample Depth | 670 | oD | o°C | ¥C | ®CIiCl cource
ID2 (ft) (%o) (%o) (%o0) (pmc) | (ratio)
06/03/1996 10463 2,3002,572 | -148 | -116 338 - - DRI (1997b)
06/03/1996 12318 2300-2572 | -149 | -114 23 | 28169 |3.94E:00| ML ;ﬁ?&m
04/04/1997 3915 2,300-2,572 | -149 | -115 34 - - DRI (1997a)
ER-20-5#1 04122/1997 12317 2,300-2,572 | -15.0 - 28 | 33600 |381E-09| Roseetal (1997)
07/09/1998 5164 2,300-2,356 | -14.8 | -114 3.9 - - DRI (1998a)
07/09/1998 12316 2,300-2,572 | -14.9 - 25 | 81657 | 4.11E-0 LLNL (2003b)
11/30/2004 13234 - 149 | -115 47 | 96,300 |4.39E-09 LLNL (2005)
07/31/1996 10464 - 152 | -115 6.7 - - DRI (1997h)
07/31/1996 12322 3432-3881 | -151 | -114 57 1450 |173E11| L CLNE z(ig(ig)sm
04/04/1997 3919 3432-3881 | -151 | -113 65 - - DRI (1997a)
04/22/1997 12321 3432-3881 | -15.1 - 58 1,462 | 1.68E-11 R‘IJ_SLeNEI’_t 3681321?7)
ER-20-5#3 04/30/1998 5166 3432-3881 | -151 | -113 6.8 - - DRI (1998b)
04/30/1998 12320 3432-3881 | -151 | -114 56 1,346 | 1.93E-11 e ggggg;
11/15/2001 12319 3432-3.881 | -150 | -114 4.0 - - LLNL (2003b)
11/29/2004 13235 - 151 | -114 93 1,680 | 2.27E-11 LLNL (2005)
4126/2011 15705 - 157 | -118 - - - LLNL (2011c)
ER-20-7 09/24/2010 15470 - 154 | -113 - - - LLNL (2011b)
12/18/2009 15400 - 152 | -115 5.4 - - DRI (2011)
ER-20-8-2
12/18/2009 15406 - 154 | 117 20 - - LLNL (2011b)
02/01/2000 7441 2208-4,749 | -148 | -114 43 - - DRI (2001)
02/01/2000 7441.21 2,208-4,749 | -148 | -116 4.0 59 |5.46E-13 e (égg(l)‘é‘))
ER-ECL 06/03/2003 12402 22084749 | -149 | -116 338 - - DRI (2004)
06/03/2003 12383 22084749 | -149 | -116 31 72 | 5.14E13 LLNL (2004)
04/02/2009 15380 22084749 | -149 | -116 46 - - DRI (2010)
04/03/2009 15407 2,208-4,749 | -150 | -116 2.9 152 | 5.54E-13 LLNL (2011a)
05/18/2010 15401 - 152 | -115 47 - - DRI (2011)
ER-EC-11 main
05/18/2010 15405 - 153 - 25 - - LLNL (2011b)
02/10/2000 7434 1628-4,904 | -149 | -114 44 - - DRI (2001)
ER-EC-6
(1581-5,000 ) || 02/10/2000 7434.21 16284904 | -150 | -116 34 54 |541E-13 v (égg(l’g))
06/10/2003 12406 - 152 | -116 34 - - DRI (2004)
EREC.6 06/10/2003 12387 - 150 | -117 27 66 |5.07E-13 LLNL (2004)
(1,581-3,820 1) || 04/09/2009 15408 - -15.3 -116 2.6 16.3 |5.62E-13 | LLNL (2011aand c)
04/11/2009 15381 - 151 | -116 43 - - DRI (2010)
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Pahute Mesa Well Development and Testing Analyses for Wells ER-20-7, ER-20-8 #2, and ER-EC-11

Table A.1-5
Environmental-lsotope Data for Wells in the Study Area
(Page 2 of 2)

Site ID Date Sample Depth 5180 oD 513C 14C 36Cl./CI Source
ID2 (ft) (%o) (%o) (%o0) (pmc) | (ratio)
10/27/1988 3153 1,655 151 | -116 6.8 - - DRI (1994b)
10/27/1988 3153 1,655 150 | -116 6.3 - - DRI (1994b)
PM-3 10/28/1988 3154 1,655 150 | -116 6.7 - - DRI (1994b)
(3,019 05/17/1989 10453 1,490 -14.8 -116 - - - DRI (1997b)
05/17/1989 10455 1,780 147 | 114 - - - DRI (1997b)
05/17/1989 10457 1,950 148 | -115 - - - DRI (1997b)
PM-3-2 10/12/2000 8501 - 148 | -115 6.8 - - Mizell et al. (2008)
05/31/1995 3238 - - - - 9.1 |567E-13 LLNL (1999)
U-20 Water Well || 11/05/1997 4950.21 - 147 | -113 72 - - DRI (1998c)
11/05/1997 4950.23 - - - 6.2 8.6 - LLNL (1998a)
U-20a #2 Water Well - 3186 - 148 | -114 135 15.3 - White and Chuma (1987)
09/21/1998 12188 - 149 | -3 57 | 160,450 | 1.09E-09 Smith et al. (1999)
10/12/1999 12187 - 150 | -13 6.0 | 153,900 | 1.60E-09 | Davisson et al. (2001)
U-20n PS#1 DD-H
07/09/2003 12394 - 150 | -114 -40 | 169,000 | 2.22E-09 LLNL (2004)
11/15/2005 14016 - 149 | 114 6.4 | 158,000 | 1.20E-09 LLNL (2006)
06/20/1993 4423 - 147 | -109 9.2 21.0 | 6.45E-13 LLNL (1999)
UE-20bh #1 12/08/1999 6627.23 2,770 147 | -110 -105 - - DRI (2000)
12/08/1999 6627.21 2,770 - - 9.7 22.4 - LLNL (2000c)
05/26/1987 8998 2,407 148 | -111 - - - DRI (2002)
05/26/1987 8998.5 2,407 147 - - - - DRI (2002)
UE-20n #1
05/30/1987 8999 3,003 149 | -110 - - - Marsh (1991)
05/31/1987 9000 3,204 150 | -110 - - - Marsh (1991)

a UGTA Geochemistry Database sample identification number.

Appendix A m
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” B Lawrence Livermore

National Laboratory
September 15, 2009
To: Bill Wilborn, Federal Sub-Project Director, UGTA Sub-Project
From: Environmental Radiochemistry Group, Lawrence Livermore National Laboratory
RE: Isotopic Analyses: 2009 ER-20-7 drilling fluids

Attached are the analysis results of drilling fluid samples collected from ER-20-7 in
2009. LLNL received 7 drilling fluid samples from SNJV. The first four samples were
identified with specific sampling times and collected while drilling through the Tiva
Canyon tuff. The following three samples were identified as composite samples from a
specific day and collected while drilling through the Topopah Spring tuff and the top of
the Calico Hills formation. Thus, the first four samples are associated with the Tiva
Canyon tuff aquifer while the latter three are associated with the Topopah Spring tuff
aquifer. Figure 1 identifies the approximate drilling depth at the time of sample
collection. Approximate drill depths were taken from SNJV daily drilling reports.
Figure 1 includes preliminary stratigraphic unit identification, taken from the 07/07/09
daily drilling report.

Samples were analyzed for tritium, plutonium, gamma-emitting radionuclides, and
anions. For tritium analyses, samples were run using two different scintillation cocktails
and treated or not treated with tritium columns (Eichrom). Use of different scintillation
cocktails or sample purification methods produced results that differed by no more than
10%. NSTec/SNJV field measurements taken at approximately the same times are
consistent with our values.

Analysis results are reported in Tables 1 to 3. Bromide concentrations are low for all
samples except the first. This very high bromide concentration may be the result of
incomplete mixing of bromide tracer. Low bromide in all other samples suggests that
fluid in these samples is predominantly formation water.

All ER-20-7 drilling fluids had high ®H activities. The H activity in the Tiva Canyon
tuff samples is somewhat lower than in the Topopah Spring tuff. However, these
differences may also be an artifact of drilling fluid mixing with formation waters. The
activities measured by LLNL are consistent with field measurements reported in daily
drilling reports (Table 1). The activities are also consistent with activities reported by
Paragon Labs for fluids sampled on 06/30/09 and 07/01/09 (~1.8x10" pCi/L).



Well ID: ER-20-7 |Dri||ing Program: Pahute Mesa Phase || | Northing:4,118,430 m
Date: 7/07/09 |Start Date: 6/06/2009 |Stop Date: 7/07/09 | Easting: 546,219 m
Environmental Contractor: UGTA/SNJV | Project Number: UG09-223 [ Surface Elevation: 6,209 ft amsl|
Drilling Contractor:United Drilling Inc.|Drill MethodRotary Air Foam |Geologist:Steven Hopkins I Drilled Depth:2,936.24 ft bgs
Preliminary Well Construction Diagram Loggers Depth:2,924 ft bgs
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Figure 1. Approximate completion of ER-20-7 and approximate drilling depths during
sampling.



SNJV provided LLNL with Paragon Labs analysis of samples collected on 6/30/09 and
07/01/09. As part of their analyses, 1*C activities were reported. The reported activities
are surprisingly high and inconsistent with LLNL experience measuring *C activities in
NTS hot wells. Figure 2 plots LLNL *H/*C measurements of Pahute Mesa hot wells and
compares these values to those reported by Paragon Labs. The *H/**C ratio for Paragon
Labs ER-20-7 samples are one to two orders of magnitude lower than expected based on
past LLNL analyses. We believe that the scintillation counting technique employed by
Paragon Labs is not an accurate method in cases where *H activities are high. We
measured *H and “C activities in standard solutions that contained only *H or only **C.
These spectra are plotted in Figure 3. When counting *H and **C simultaneously, the
energy window used for *H is 0-12 keV and **C is 12-156 keV. However, a fraction of
the counts in the 12-156 keV window is attributable to *H and a fraction of the counts in
the 0-12 keV window is attributable to **C. While most liquid scintillation counters
correct for this, corrections are imperfect due to the subtle changes in scintillation
cocktail behavior under particular solution conditions (e.g. quenching). As a result, our
unquenched pure *H standard resulted in a measured *H activity of 4.1x10° pCi/L and a
14C activity of 3.6x10* pCi/L. Importantly, the **C activity is the result of interference
from the large tritium peak and not from **C. We believe that the *C measurement
reported by Paragon Labs is a result of similar *H interference (LSC spectra of ER-20-7
samples show no indication of a **C peak, Figure 4). LLNL will measure *C activities in
ER-20-7 groundwater in FY10 using Accelerator Mass Spectrometry which does not
suffer from these types of interferences. We expect *C activities using this method to
provide a more accurate result, and a substantially lower **C activity in ER-20-7
groundwater.

Plutonium measurements were performed (Table 2). Plutonium was detected in all three
samples analyzed. Activities were all below the maximum contaminant level for alpha-
emitting radionuclides (15 pCi/L). Isotope ratio measurements for two samples with
substantial Pu activity suggest that the source of plutonium is the Benham test. This
suggests that the Tiva Canyon and Topopah aquifers are contaminated with Pu from the
Benham test. However, the measurements need to be confirmed (re-analysis in
underway). Samples will also be shipped to LANL for comparison.

All seven samples were counted for four days each on gamma counters at LLNL. The
results are reported in Table 3. All radionuclide activities were below detection in all
samples examined except **'Cs in one sample. However, the **Cs activity in this sample
was very close to the limit of detection. Appreciable quantities of gamma-emitting
radionuclides are not present in any sample.

While it is important to remember that these samples are drilling fluids and not
groundwater samples from a developed well, it does appear that both the Tiva Canyon
tuff and Topopah Spring tuff aquifers are contaminated with high activities of *H.
Furthermore, Pu isotope measurements suggest that the Pu contamination is attributable,
in both aquifers, to the Benham test. Appreciable quantities of gamma-emitting
radionuclides were not detected in any samples and the **C data reported by Paragon labs



for three ER-20-7 samples appear to be inaccurate and an artifact of interference from “H.
For reference, “H and ~**'Pu activities at ER-20-5, ER-20-7, and ER-20-8 are plotted in
Figure 5. Importantly, we cannot attribute the contamination at ER-20-8 to any particular
test due to the lack of test-specific isotopic indicators. Nevertheless, it appears that
radiologic contamination may have migrated as much as several kilometers away from
underground nuclear test locations.

Questions regarding these analyses should be directed to Mavrik Zavarin.

/s/ Mavrik Zavarin

Mavrik Zavarin

Chemical Sciences Division

Lawrence Livermore National Laboratory
7000 East Ave., L-231

Livermore, CA 9455]

(925) 424-6491

Zavarinl@lInl.gov
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Table 1. ER-20-7 LLNL analyses of drilling fluids

Tritium, SNJV/NSTec

Sampling date/time depth, ft Unit Tritium field measurements Bromide Fluoride Chloride Nitrate Sulfate
pCi/L +/- pCi/L? ppm
6/17/2009 17:45 2115 Tpc (Tiva Canyon Tuff) 1.98E+6 1E+4 2.48E+6 321 3.0 31.5 <1 63.0
6/17/2009 22:45 2208 Tp (top of Paintbrush) 2.35E+6 1E+4 4.49E+6 35 30 30.6 <1 62.0
6/21/2009 5:30 2211 Tp (top of Paintbrush) 1.82E+6 9E+3 1.20E+7 7.0 23 27.9 <1 61.3
6/21/2009 8:10 2237 Tp (top of Paintbrush) 6.08E+6 3E+4 5.22E+6 4.0 3.9 30.7 <1 61.5
Tp/Tpt
6/24/2009 24 HRS 2193-2526 (Painbrush/Topopah) 1.37E+7 TE+4 1.50E+7 2.7 5.6 32.6 <1 65.8
6/25/2009 24 HRS 2540-2809 Tpt (Topopah) 1.83E+7 9E+4 2.16E+7 0.4 6.2 28.6 <1 52.5
Tpt/Th (Topopah/Calico
6/27/2009 24 HRS 2842-2930 Hills) 1.80E+7 9E+4 1.74E+7 0.8 6.0 28.5 <1 52.4
# Average measurement or measurement made closest in time to sample analyzed at LLNL.
Table 2. ER-20-7 LLNL Pu analyses of drilling fluids
Sampling date/time depth, ft Unit Tritium 289.240p 289.240p
pCi/L +/- pg/L pCi/L
6/17/2009 17:45 2115 Tpc (Tiva Canyon Tuff) 1.98E+6 1E+4 ~0.03 ~0.005
6/21/2009 8:10 2237 Tp (top of Paintbrush) 6.08E+6 3E+4 0.29 0.04
2842-
6/27/2009 24 HRS 2930 Tpt/Th (Topopah/Calico Hills) 1.80E+7 9E+4 0.84 0.12




Table 3. ER-20-7 LLNL analyses of drilling fluids, gamma counting

Sampling date/time  depth, ft Unit Oco 1255 ®¥cs e =] BiEY ey #Am
pCi/L pCi/L pCi/L pCi/L pCi/L pCi/L pCi/L
Maximum Contaminant Level, MCL 100 300 200 200 60 600 15
6/17/2009 17:45 2115 Tpc (Tiva Canyon Tuff) <6 <18 <6 <19 <12 <22 <43
6/17/2009 22:45 2208 Tp (top of Paintbrush) <8 <25 <10 <27 <15 <30 <84
6/21/2009 5:30 2211 Tp (top of Paintbrush) <3 <13 <5 <14 <9 <17 <30
6/21/2009 8:10 2237 Tp (top of Paintbrush) <4 <16 <6 <18 <11 <23 <82
6/24/2009 24 HRS 221;)2‘2_ Tp/Tpt (Painbrush/Topopah) <7 <23 <9 <25 <14 <27 <74
612512009 24 HRS o> Tpt (Topopah) <7 <24 <9 <24 <14 <26 <73
61272009 24 HRS 208 Tpt/Th (Topopah/Calico Hills) <1 <5 ~4 <6 <4 <6 <11
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” B Lawrence Livermore

National Laboratory
October 14, 2009
To: Bill Wilborn, Federal Sub-Project Director, UGTA Sub-Project
From: Environmental Radiochemistry Group, Lawrence Livermore National
Laboratory
RE: I sotopic Analyses: 2009 ER-20-8#2 drilling fluids

Attached are the results of analyses of drilling fluid samples collected from ER-20-8#2 in
2009. LLNL received 13 drilling fluid samples from ER-20-8#2 (the second hole) with
sampling times that indicate drilling was occurring in the Benham aguifer (Tpb) and the
top of the Paintbrush group (Tp). We believe that all these fluids are primarily from the
Benham aquifer. Figure 1 identifies the approximate drilling depth at the time of sample
collection (based on SNJV tritium monitoring data in daily drilling reports). Figure 1
was taken from 9/03/2009 ER-20-8 #2 daily drilling report.

All samples were analyzed for tritium and anions. For tritium analyses, samples were
treated with tritium columns (Eichrom) prior to analysis. The sampleswerealsorun at a
separate LLNL low level tritium analysis laboratory (Environmental Monitoring
Radioanalytical Laboratory) to test consistency among laboratories and methods at
LLNL. All analysesresulted in equivaent values, within the limits of measurement
uncertainty (Figure 2). Bromide concentrations tend to decrease with depth. This
suggests that the fraction of formation water in drilling fluid returns increased with depth,
asindicated in SNJV drilling logs. The significant increasein tritium activity at 2100 ft
correlates with the observed increase in groundwater production rates at that same depth.
Results are reported in Table 1.

ER-20-8#2 drilling fluids were below tritium detection limits (~100 pCi/L for low level
measurements) in shallow samples but increased with depth starting at 1953 ft. The
highest tritium activity was well above background but still low (1395 and 1500 pCi/L
from two LLNL labs, respectively). The activities measured at LLNL are consistent with
field measurements reported in daily drilling reports. However, activities measured in the
field were below their detection limits (estimated to be in the vicinity of 3000 pCi/L).

The activities are below any regulatory limits (tritium MCL is 20,000 pCi/L).

Whileit isimportant to remember that these samples are drilling fluids and not
groundwater samples from a developed well, it does appear that the Benham aquifer at
ER-20-8#2 contains tritium above environmental background levels. Furthermore,
tritium activities appear to be higher in the deeper section of the aquifer. The data
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suggest that contamination from underground nuclear testing has indeed reached ER-20-
8#2. These results are in good agreement with tritium measurements from ER-20-8#1
drilling fluids from the same aquifer (maximum activity of 1220 pCi/L measured at
LLNL).

Questions regarding these analyses should be directed to Mavrik Zavarin.

/s/ Mavrik Zavarin

Mavrik Zavarin

Chemical Sciences Division

Lawrence Livermore National Laboratory
7000 East Ave., L-231

Livermore, CA 94551

(925) 424-6491

Zavarinl@lInl.gov



Well ID: ER-20-8 #2 |Dri||ing Program: Pahute Mesa Phase I Northing:4,119,269.1 m
Date: 9/03/08 IStarE Date:  8/17/09 |Stop Date: 8/30/09 Easting: 546,675.2 m
Environmental Contractor: UGTA/SNJV | Project Number: RU09-601 | Surface Elevation: 5,849 ft amsl
Drilling Contractor: United Drilling Inc.‘ Drill Method: Air Rotary Foam }Geologist: S. Hopkins Drilled Depth: 2,338.62 ft bgs
Preliminary Well Construction Diagram Loggers Depth: N/A
Depth| Depth| Stratigraphy Lithology Water Well Construction
(m) (ft) Level
0] 0 Tmat Rhyolitic Lava 3 P
N
1 100 - Hill
50v—- E
- 200 —
1 1
1 300
100 — 7]
i 400 ‘—‘:
150 —_ 500 _:
1 oo
200 —| a
1 ™
1 so0—]
250 — :
T eo0 —:
%0 1000 —:
1 1100 —:
350 —| 5
7 1200
400 ; 1300 {
1 100 ;rrmma of Bedded Tuf
- Fluorspar
450 —| Canyon
4 1500 - u
1 Tpb: Pumiceous Lava
4 Rhyolite of
4 1600 Benham
iy - ‘
1 1700 = E
] = ER-20-8-082909-1
550 — 1800 e — ER-20-8-082909-2
i — ER-20-8-082909-3
1 1900 ==
i — ER-20-8-082909-4
600 — = ER-20-8-082909-5
4 2000 — ER-20-8-082909-6
] —— ER-20-8-082909-7
- 2100 _— ER-20-8-082909-8
650 —
i = ER-20-8-083009-1
- 2200 s —— ER-20-8-083009-2
7 , - = ER-20-8-083009-3
R o A e ER-20-8-083009-4

ER-20-8-083009-5 ——

Figure 1. Approximate completion of ER-20-8 #2 and drilling locations during sampling.
Figure from Daily Drilling Reports.
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Figure 2. Comparison of measured tritium concentrations in Seaborg Lab (supported by
UGTA) and Environmental Monitoring Radioanalytical Laboratory (EMRL) located in
the Chemical Sciences Division. Both laboratories located at LLNL.



Tablel. ER-20-8#2 LLNL analyses of drilling fluids.

Tritium,
Sampling dateltime  depth, ft Unit Tritium Tritium SNJ\f’igl\‘dST ®  Bromide Fluoride Chloride  Nitrate Sulfate
measurements
pCi/L +- pCi/L? +- pCi/L® ppm
8/29/2009 2:05 1744 Tpb (thyolite of Benham) ND - 67 48 9375/4352 84 25 19.0 <1 422
812912009 4:25 1808 Tpb (thyolite of Benham) ND - 39 47 2712913289 6.2 30 19.8 <1 406
8/29/2009 5:45 1843 Tpb (thyolite of Benham) ND - 183 50 1407 5.1 34 211 <1 440
8/29/2009 10:30 1936 Tpb (thyolite of Benham) ND - 68 48 1330 33 41 241 <1 4.9
8/29/2009 11:30 1953 Tpb (thyolite of Benham) 179 158 230 51 0 20 43 24.7 <1 457
8/29/2009 14:30 2001 Tpb(hyoliteof Benham) 262 159 244 52 0 26 45 253 <1 454
8/29/2009 18:00 2050  Tpb (thyoliteof Benham) 201 156 329 54 3936 31 43 245 <1 454
8/29/2009 23:00 2104 Tpb (thyoliteof Benham) 763 159 873 64 2005 19 43 2.8 11 445
8/30/2009 2:00 2157 Tpb (thyoliteof Benham) 836 157 962 65 3700 11 43 25.4 <1 445
8/30/2009 5:30 2203 Tpb(thyoliteof Benham) 883 158 940 65 1883 23 44 255 20 46.4
8/30/2009 9:00 2250 Tpb(thyoliteof Benham) 1043 160 1220 70 4161 12 42 25.7 <1 46.4
8/30/2009 11:40 2310 Tp (top of Paintbrush) 1337 163 1410 72 0 07 39 255 <1 454
8/30/2009 13:00 2333 Tp (top of Paintbrush) 1395 163 1500 74 2779 08 39 26.1 <1 448

& Samples analyzed at LLNL by independent Environmental Monitoring Radioanalytical Laboratory (EMRL) located in the Chemical Sciences Division.
® Average measurement or measurement made closest in time to sample analyzed at LLNL (from SNJV daily drilling reports).
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” B Lawrence Livermore

National Laboratory
November 6, 2009
To: Bill Wilborn, Federal Sub-Project Director, UGTA Sub-Project
From: Environmental Radiochemistry Group, Lawrence Livermore National
Laboratory
RE: | sotopic Analyses: 2009 ER-EC-11 drilling fluids

Attached are the results of analyses of drilling fluid samples collected from ER-EC-11 in
2009. LLNL received 29 ER-EC-11 drilling fluid samples from SNJV with sampling
times that indicate drilling was occurring in the bottom of Rainier Mesa tuff (Tmr), the
Rhyolite of Fluorspar Canyon (Tmrf), the Rhyolite of Benham (Tpb), the Tiva Canyon
Tuff (Tpc), and undifferentiated Paintbrush (Tp). Figure 1 identifies the approximate
drilling depth at the time of sample collection (based on SNJV tritium monitoring data in
daily drilling reports). Figure 1 was taken from 10/14/2009 ER-EC-11 daily drilling
report.

All samples were analyzed for tritium only. Samples 1 to 21 were centrifuged to remove
particulate material and, in some cases, subsequently filtered through 0.45um pose size
filters, prior tritium column treatment. Cocktail Ecolume was used for LSC. All samples
went through 3 counting cycles. The first cycle exhibited chemiluminescence which
produced apparent tritium activity that was not observed in subsequent cycles. The
counting results of the 2nd and 3rd cycles were equivalent. The last two counting cycles
were used to calculate the final results. Duplicate samples of supernatant from sample 4
and 5 were filtered and counted. The results were the same as the column treated
fractions. Duplicate samples 17 and 18 were centrifuged for ~1hour and counted. The
counting results showed that these two samples had same activities as column treated
samples.

Samples 22 to 29 were centrifuged for ~17 hrs and top (presumable organic air foam)
layer removed. The aqueous supernatants were filtered using 0.45um pose size filters and
5 mL filtrates were taken for LSC. In this batch, the Ultima Gold cocktail was used. All
samples were counted for 5 cycles. The counts stabilized after the 2nd cycle. Counting
results of cycles 3, 4 and 5 were used for the final calculations. Sample 22 has above
LLD activity, and samples 27 and 28 showed activities slightly above the LLDs.

Groundwater samples collected from the Rhyolite of Benham had consistently high
tritium activities (13,180+380 pCi/L) well above our detection limits but below the
tritium MCL (20,000 pCi/L). Thefirst sample collected from the Tiva Canyon tuff had
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measurable tritium activity but subsequent samples did not. This may be an indication
that fluids from the Rhyolite of Benham penetrated slightly into the Tiva Canyon tuff.
Very low but measurable tritium activities were observed in some Paintbrush tuff
samples. However, activities were very near our limit of detection using standard
scintillation counting techniques. Samples collected and analyzed during well
development and testing will provide more reliable tritium values for the lower aquifers
and minimize potential drilling artifacts.

While it is important to remember that these samples are drilling fluids and not
groundwater samples from a developed well, it is clear that the Benham aquifer at ER-
EC-11 contains tritium above environmental background levels. Tritium contamination
of aquifers below the Benham is extremely low or non-existent at this location. Sampling
and low level tritium analysis during well development and testing will be necessary to
confirm these observations.

Questions regarding these analyses should be directed to Mavrik Zavarin.

/s/ Mavrik Zavarin

Mavrik Zavarin

Chemical Sciences Division

Lawrence Livermore National Laboratory
7000 East Ave., L-231

Livermore, CA 94551

(925) 424-6491

Zavarinl(@lInl.gov



Well ID: ER-EC-11

[Drilling Program: Pahute Mesa Phase Il

Northing:4,166,703.30 m

Date: 10/14/09

[Start Date: 9/12/09

IStop Date: TBD

Easting: 544,839.14 m

Environmental Contractor: UGTA/NNES

| Project Number: UG10-203

Surface E

evation: 5,657 ft amsl

Drilling Contractor: United Drilling Inc.‘ Drill Method: Rotary Air Foam ‘Geologist: R.Rupp

Drilled Depth: 4148.80 ft bgs

Preliminary Well Construction Diagram

Loggers Depth: 3,196 ft bgs
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Figure 1. Approximate completion of ER-EC-11 and drilling locations during sampling.
Figure from Daily Drilling Reports. Samplesin which tritium was detected are
highlighted in red.
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Table1l. Anaysis...

Tritium,
SamPle. sampling dteftime  depth Unit Tritium Lpe  SNIVINSTee
measurements
ft pCi/L +-  pCGilL pCi/L?
1 9/18/09 12:30 1542 Tmr (bottom of Rainier Mesa tuff) <229 - 229 2806
2 9/18/09 14:45 1582 Tmrf (top of Rhyolite of Fluorspar Canyon) <222 - 222 1904
3 9/18/09 16:00 1610 Tmrf (top of Rhyolite of Fluorspar Canyon) <225 - 225 2876
4 9/29/09 18:15 1843 Tmrf (Rhyalite of Fluorspar Canyon) <229 - 229 1989
5 9/29/09 21:18 1881 Tmrf (Rhyolite of Fluorspar Canyon) <225 - 225 1609
6 9/30/09 2:15 1943 Tmrf (Rhyolite of Fluorspar Canyon) <227 - 227 2281
7 9/30/09 5:15 1988 Tmrf (Rhyolite of Fluorspar Canyon) <223 - 223 0
8 9/30/09 9:35 2047 Tmrf (Rhyolite of Fluorspar Canyon) <224 - 224 947
9 9/30/09 11:00 2090 Tmrf (Rhyolite of Fluorspar Canyon) <226 - 226 1315
10 9/30/09 13:40 2136 Tmrf (Rhyolite of Fluorspar Canyon) <226 - 226 1483
11 9/30/09 15:35 2185 Tmrf (Rhyolite of Fluorspar Canyon) <224 - 224 1503
12 9/30/09 17:35 2236 Tmrf (Rhyolite of Fluorspar Canyon) <226 - 226 1804
13 9/30/09 20:35 2290 Tmrf (Rhyolite of Fluorspar Canyon) <226 - 226 1116
14 10/3/09 3:25 2847 Tpb (Rhyolite of Benham) 13600 300 305 16101
15 10/3/09 7:20 2900 Tpb (Rhyolite of Benham) 13500 300 303 10113
16 10/3/09 9:30 2949 Tpb (Rhyolite of Benham) 13300 300 302 19627
17 10/3/09 13:40 3004 Tpb (Rhyolite of Benham) 12700 300 294 28191
18 10/3/09 17:35 3043 Tpb (Rhyolite of Benham) 12700 300 296 21087
19 10/4/09 2:00 3103 Tpb (Rhyolite of Benham) 13500 300 305 56640
20 10/4/09 5:30 3148 Tpb (Rhyolite of Benham) 13300 300 305 13230
21 10/4/09 11:45 3206 Tpc (top of Tiva Canyon tuff) 12800 300 298 13941
22 10/12/09 5:45 3244 Tpc (Tiva Canyon tuff) 6480 150 150 94114
23 10/12/09 8:30 3300 Tpc (Tiva Canyon tuff) <153 - 153 59640
24 10/12/09 10:45 3351 Tpc (Tiva Canyon tuff) <152 - 152 2834
25 10/12/09 12:30 3403 Tpc (Tiva Canyon tuff) <151 - 151 3627
26 10/12/09 14:30 3465 Tp (top of paintbrush) <150 - 150 2486
27 10/12/09 15:35 3498 Tp (Paintbrush) 200 90 150 1748
28 10/12/09 17:30 3555 Tp (Paintbrush) 280 100 151 1381
29 10/12/09 19:20 3601 Tp (bottom of Paintbrush) <152 - 152 306

@ Average measurement or measurement made closest in time to sample analyzed at LLNL.
® lower limit of detection
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