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ABSTRACT

The Underground Test Area (UGTA) Activity uses a variety of methods to collect
groundwater samples to identify radionuclide migration from underground nuclear tests.
These include depth-discrete bailing, pumping with low-volume rod pumps, and pumping
with electrical submersible pumps. The Nevada National Security Site (NNSS) Integrated
Groundwater Sampling Plan specifies that when sampling with a pump, a minimum of three
effective well volumes are withdrawn and then samples are collected after water-quality
parameters have stabilized. In locations where pumping is not feasible, depth-discrete bailing
is used and purging prior to sampling is usually not required. A recent study evaluated three
sampling technologies and recommended that historical tritium results be evaluated where
both pumped and bailed samples are available to identify preferred sampling protocols for
the collection of tritium samples.

The tritium (*H) activities were obtained from the UGTA chemistry data base. Wells
were identified with known *H activities above method detection limits, and then evaluated if
both bailed and pumped samples had been collected. Twenty two wells and piezometers with
bailed samples, pumped samples, and *H activities above background were identified for
further consideration.

The conclusions from this analysis are:

e Bailed samples collected for *H analysis near the water surface in a well are lower in
3H activity than bailed samples from within screened intervals and pumped samples.

e Depth-discrete bailed samples from within the screened intervals are generally in
good agreement with pumped samples from developed wells and piezometers.

e Depth-discrete bailed samples from undeveloped wells and piezometers are in good
agreement with the first pumped samples. However, the next pumped samples
increased in *H activity, resulting in a greater percent difference between the
undeveloped bailed samples and later pumped samples.

e Continuous pumping over extended periods removing large purge volumes from
wells can perturbate the surrounding groundwater system for long periods of time.
These perturbations can cause large changes in *H activities in the aquifer near the
well because of the mixing of groundwater with variable *H activities.

Recommendations include:
e Bailed samples for *H should not be collected near the water surface in the well.
¢ Bailed samples should be collected from within the well screen.

e Logs of temperature, chemistry, and thermal flow should be evaluated to identify
optimal depths within the well screen to collect depth-discrete bailer samples.

e Purging of large volumes of water from the well over extended periods of time should
be avoided when collecting *H samples.

e Sufficient time should be allowed after pumping large volumes of water from the well
(e.g., after well development) for the surrounding aquifer and *H activities to return to
ambient conditions.
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INTRODUCTION

The Underground Test Area (UGTA) Activity uses a variety of methods to collect
groundwater samples to identify radionuclide migration from underground nuclear tests.
These methods include depth-discrete bailing, pumping with low-volume rod pumps, and
pumping with electrical submersible pumps (ESP). The Nevada National Security Site
(NNSS) Integrated Groundwater Sampling Plan defines data collection criteria for
groundwater sampling and identifies tritium (*H) as the contaminant of concern (U.S.
DOE/EM NV, 2018). Depending on the type of sample location, analytical detection limits
for *H range from low level (<10 picocuries per liter [pCi/L]) at early detection locations to
standard detection (>300 pCi/L) at source/plume locations.

The NNSS Integrated Groundwater Sampling Plan specifies that when sampling with
a pump, a minimum of three effective well volumes are withdrawn, and then samples are
collected after water-quality parameters have stabilized (U.S. DOE/EM NV, 2018). In
locations where pumping is not feasible, depth-discrete bailing is used to collect samples and
purging water from the well prior to sampling is usually not required. A recent study by
Navarro (2015a) evaluating three sampling technologies recommended that historical results
from wells at the NNSS where both pumped and bailed samples are available should be
evaluated with respect to sampling technology type and aquifer sampled. This report
examined the differences in *H activity between samples collected by pumping and samples
collected by depth-discrete bailing to evaluate whether one method is preferential to the other
in terms of data quality and representativeness of °H activities in groundwater. This report
does not address the *H analytical results with respect to the aquifer sampled, but does
consider sampling depths for depth-discrete bailers as compared to samples collected near the
water surface. Additionally, some comparisons were made between samples collected using
bailing or pumping at different times (some were several years apart). However, these
comparisons may not always be valid because they neglect *H decay, analytical variability,
and changes in *H activity resulting from plume migration.

The *H activity results were obtained from the UGTA chemistry data base.
Twenty-two wells and piezometers with bailed samples, pumped samples, and *H activities
above background were identified for this analysis. All of these wells have unique
completion configurations, which are described below. Well completion diagrams are
provided in the Appendix.

RESULTS AND DISCUSSION
Comparisons are listed from lowest to highest measured *H activities.
ER-EC-6_m4

Well ER-EC-6 has four different completion zones in the main string that have been
sampled with different zones open at different times since 2000. Only the most recent
samples collected from the m4 zone allow comparison between bailed and pumped samples.
Zone m4 was developed along with the other three zones (all four zones open) in 2000. At
the end of well development in 2000, a bridge plug was installed to isolate the lowest zone,
ml, from the rest of the well. In 2003 and 2009, zones m2, m3, and m4 were open and
pumped at the same time to collect water samples. After sampling, piezometers and hydraulic



packers were installed in the well to isolate zones m2, m3, and m4 from each other (shown
in Figure A-1 in the Appendix). One purge volume for m4 is 8,642 liters (L) (2,283 gallons
[gal]) (Navarro-Intera, 2014a).

On January 7, 2015, pumping from m4 began with a rod pump driven with a surface
pump jack (hereafter referred to as a rod pump) at approximately 9.5 liters per minute (Ipm)
(2.5 gallons per minute [gpm]). The *H samples were collected on January 12, 2015, after
approximately 61,700 L (16,300 gal) were purged (7.1 well volumes) (Navarro-Intera,
2015a). These two samples had *H activities of 4.4 and 5.2 pCi/L. Another sample collected
the next day after approximately 76,000 L (20,000 gal) were purged (8.8 well volumes)
(Navarro-Intera, 2015b) had a *H activity of 4.2 pCi/L. An average of the three samples is a
3H activity of 4.6 pCi/L (Table 1 and Figure 1). In August 2017, two samples were bailed
from the p3 piezometer, which samples the open interval in zone m4 in the main string. One
sample had an activity of 6.6 pCi/L, whereas another was 3.8 pCi/L. The average for these
two samples is 5.3 pCi/L. Table 2 lists the pertinent well information for the bailed samples.
The percent difference between the 2015 pumped samples and the 2017 bailed samples is
13 percent (Table 1).

wn
L

3 ® Bailed

@ Pumped

0
Mar-14 Dec-14 Oct-15 Aug-16 Jun-17 Apr-18

Date

Figure 1.  Bailed (2017) versus rod-pump (2015) *H sample results for well ER-EC-6_m4.



Table 1.  Summary of *H sampling events and results. Wells are listed from lowest to highest *H activity.

*H Activity Average Percent Bailed II:;::{I; Purge One Well  Number
Well Date (pCi/L) Difference Depth Debth Volume Volume* of Well
Average (m bgs) P (L) (L) Volumes
Bailed Pumped Samples (m bgs)
ER-EC-6_m4 January 15, 2015 - 4.6 - - 458.4 75,700 8,642 8.8
August 17,2017 5.3 - 13 451.1 - - -
ER-EC-11 pl July 15 and 16, 2014 6.5 - - 1,176.5 - - -
July 21-24,2014 - 6.9 5.6 - 476.6 48,500 12,931 3.7
July 25,2014 - 10.9 50 - 476.6 64,000 12,931 5.0
October 2, 2017 - 10.9 50 - 5284 59,000 12,931 4.6
ER-EC-11_p2 July 30,2014 11.6 - - 1,021.1 - - -
August 7, 2014 - 29.0 - - 453.5 38 6,602 0.006
August 7-8, 2014 - 5.3 74 - 453.5 24,760 6,602 3.8
August 11-12, 2104 - 11.3 2.8 - 453.5 75,700 6,602 12
ER-EC-11_m2 September 26, 2017 - 10.8 7.3 - 481.4 147,600 7,893 18.7
ER-12-3 pl July 26,2016 22.1 - - 449.6 - - -
September 7, 2016 - 23.6 6.4 - 429.6 16,350 757 21.6
Comment: ER-12-3 pl not developed before bailed samples collected.
PM-3 pl July 20 and 22, 2011 28.5 - 604.7 - - -
March 12, 2012 46.0 - 607.5 - - -
July 30,2013 13.8 - 448.4 - - -
August 11,2013 - 40.4 - 509.9 91,600 7,117 12.9
August 12,2013 - 87.8 509.9 109,216 7,117 15.3
June 11, 2014 77.8 - 448.4 - - -
June 11, 2014 39.0 - 604.4 - - -
September 13, 2016 124 - 606.6 - - -
September 13, 2016 34.2 - 606.6 - - -

* Percent difference = (|(x-y)|/((x+y)/2))*100
+ Source of well volumes are described in text.



Table 1.  Summary of *H sampling events and results. Wells are listed from lowest to highest *H activity (continued).

SH Activity Bailed Pump
Average (pCi/L) Percent Difference |/ Intake Purge One Well  Number of
. epth +
Well Date Bailed vs. (m bgs) Depth  Volume  Volume Well
Bailed  Pumped Pumped (m bgs) L) (L) Volumes
ER-20-8 ml August 8, 2011 - 267 - - 557.5 WD WD WD
ER-20-8 pl September 3, 2014 121.5 - 75 966.2 - - -
September 27, 2017 192.3 - 33 981.8 - - -
PM-3 p2 September 25, 2000 10.7 - - 475.5 - - -
October 12, 2000 - 12.1 12.3 - unknown  unknown 9,021 -
May 18, 2010 47.6 - - 475.5 - - -
July 20 and 22, 2011 60.6 - - 475.5 - - -
March 13, 2012 69.0 - - 475.5 - - -
July 31, 2013 <2.0 - - 448.4 - - -
August 15,2013 - 150 - - 445.4 163 9,022 0.02
August 22,2013 12:35 - 237 - - 445.4 121,100 9,022 13.4
August 22,2013 15:32 - 355 - - 445.4 123,000 9,022 13.6
June 11, 2014 130 - - 447.8 - - -
June 11,2014 227 - - 475.5 - - -
- September 13, 2016 190 - - 475.5 - - -
ER-20-8-2 ml December 18, 2009 - 1,067 82 - 575.1 WD WD WD
ER-20-8-2 pl September 17, 2014 2555 - - 640.1 - - -
September 30-October 7, 2014 - 2,426 52 - 515.8 98,400 15,709 6.3
ER-20-8-2 m1 October 14-17, 2014 - 2,712 6.0 - 534.6 420,000 15,709 26.7
September 19, 2017 - 3,615 34 - 534.6 170,300 15,709 11
ER-20-8 m2 June 27, 2011 2,856 99 - 557.4 WD WD WD
ER-20-8 p2 October 21, 2014 8,500 - - 853.4 - - -
ER-20-8 m2 March 5, 2015 10:17 - 445 - - 537.1 114 9,486 0.012
March 5, 2015 11:01 - 8,200 3.6 - 537.1 4,540 9,486 0.48
March 5, 2015 14:41 - 6,300 30 - 537.1 28,390 9,486 3.0
March 5, 2015 15:25 - 6,100 33 - 537.1 29,930 9,486 3.5
March 8, 2015 10:35 - 4,038 71 - 537.1 435,000 9,486 46
September 4, 2017 - 6,500 27 - 537.1 138,900 9,486 15

* Percent difference = (|(x-y)|/((x+y)/2))*100
+ Source of well volumes are described in text.
WD = Well Development



Table 1.  Summary of *H sampling events and results. Wells are listed from lowest to highest *H activity (continued).

H Activity Average Percent Bailed Depth II:;:LI; Purge One Well  Number of
Well Date (pCi/L) Difference Bailed (m bgs) Depth Volume  Volume" Well
Bailed Pumped vs. Pumped” (m bgs) L) (L) Volumes
ER-EC-11_p3 August 14, 2014 12,400 - - 838.2 - - -
August 19-15,2014 - 16,200 27 - 477.4 90,721 34,663 2.6
October 12,2017 - 18,250 38 - 532.4 105,632 34,663 3.0
Comment: ER-EC-11_p3 not developed before bailed samples collected.
ER-20-12_pl June 9, 2016 19,800 - - 1,051.6 - - -
July 6, 2016 - 18,750 5.4 - 614.9 89,241 15,641 5.7
July 17,2017 - 25,250 24 - 603.3 38,509 15,641 2.5
Comment: ER-20-12_p1 not developed before bailed samples collected.
ER-20-12_ml June 10, 2016 30,200 - - 1,249.7 - - -
August 19, 2016 - 33,800 11.3 - 668.0 114,209 32,888 3.5
July 12,2017 - 41,400 31 - 658.2 223,740 32,888 6.8
Comment: ER-20-12_m1 not developed before bailed samples collected.
UE-5n_ml June 2, 2014 1.53E+05 - - 216.0 - - -
June 12,2014 - 1.54E+05 1.0 - 258.2 75,700 12,617 6.0
ER-20-11_ml August 5, 2013 - 186,667 - - 620.9 WD WD WD
October 18,2017 - 202,000 - - 5344 149,667 10,332 14.5
UE-2ce ml August 25, 1993 139,000 - - 445 - - -
August 22,2001 147,500 - 11.3 472.4 - - -
July 12, 2005 93,000 - - 481 - - -
July 2, 2008 - 261,875 56 - 477.2 115,106 4,542 253
December 14, 2016 - 132,750 10.5 - 477.2 221,624 4,542 48.8

* Percent difference = (|(x-y)|/((x+y)/2))*100
+ Source of well volumes are described in text.
WD = Well Development



Table 2.  Bailed sample collection depths and screened interval information for select wells.

Bailed Bailed Bailed Depth Depth Depthto Topof Top of Bottom Bottom Middle Middle
Sample Sample to to of of of of
Well Name Sample Water Screen  Screen Comments
Date Depth  Depth Water Water Date (mbgs)  (ft bgs) Screen  Screem  Screem  Screen
(mbgs) (ft bgs) (mbgs) (ft bgs) g g (mbgs) (ftbgs) (mbgs) (ft bgs)
ER-EC-6 m4  8/17/2017 451.1 1,480 43453 142562 8/16/2017 49634 1,62842 570.13 1,870.49 53323 1,749.46 ?ri‘;llp;d
ER-EC-11 pl  7/152014 1,176.5 3,860 45021 1477.08 7/15/2014 1,109.72 3,640.82 1,247.80 4,093.83 1,178.76 3,867.33
ER-EC-11 pl  7/15/2014 1,176.5 3,860 45021 1,477.08 7/15/2014 1,109.72 3,640.82 1247.80 4,093.83 1,178.76 3,867.33
ER-EC-11 p2  7/30/2014 1,021.1 3,350 44991 1,476.07 7/29/2014 962.74 3,158.61 1,029.49 3,377.58 996.12 3,268.10
ER-12-3 pl  7/26/2016 449.6 1475 379.01 124348 7/26/2016 431.15 141453 467.10 1,532.49 449.13 1,473.51
PM-3 pl 7/20/2011 6047 1,984  444.00 1,456.70 7/22/2011 58522 1,920 65349 2,144 61935 2,032
PM-3 pl 7/22/2011 6044 1,983  444.00 145670 7/22/2011 58522 1,920 65349 2,144 61935 2,032
PM-3 pl 3/13/2012  607.4 1,993 44390 1,456.38 3/12/2012 58522 1,920 65349 2,144 61935 2,032
PM-3 pl 7/30/2013 4484 1471 44403 145678 7/30/2013 58522 1,920 65349 2,144 61935 2,032 i‘;";cvgmr
PM-3 pl 7/30/2013 4484 1471 44403 145678 7/30/2013 58522 1,920 65349 2,144 61935 2,032 iﬁ?;;gater
PM-3 pl 6/11/2014 4484 1471 444.62 145873 6/11/2014 58522 1,920 65349 2,144 61935 2,032 i‘;";cvgmr
PM-3 pl 6/11/2014 6044 1,983  444.62 1,458.73 6/11/2014 58522 1,920 65349 2,144 61935 2,032
PM-3 pl 9/13/2016  606.6 1,990 444.05 1456.85 9/13/2016 58522 1,920 65349 2,144 61935 2,032
ER-20-8 pl 9/3/2014 9662 3,170  508.0 1,666.55 9/3/2014  957.4 3,140.94 1,006.5 3,302.18 981.9 3,222
ER-20-8 pl  9/27/2017 981.8 3221 5082 1,667.21 9/20/2017 9574 3,140.94 1,006.5 3,302.18 981.9 3,222
PM-3 p2 1/5/2000 4755 1,560 44371 145573 12/6/1999 439.52 1442  508.10 1,667 47381 1,555
PM-3 p2 9/25/2000 473.7 1,554 443.69 1,455.66 9/11/2000 439.52 1442  508.10 1,667  473.81 1,555
PM-3 p2 5/25/2004 4755 1,560 443.61 145540 4/6/2004 439.52 1442  508.10 1,667 47381 1,555
PM-3 p2 5/18/2010 4755 1,560 44340 1,454.72 5/4/2010 439.52 1,442  508.10 1,667  473.81 1,555




Table 2.  Bailed sample collection depths and screened interval information for select wells (continued).

Bailed Bailed Bailed Depth  Depth Depthto  Topof Top of Bottom Bottom Middle Middle
Sample Sample to to of of of of
Well Name Sample Water Screen  Screen Comments
Date Depth  Depth Water Water Date (mbgs) (ft bgs) Screen  Screen Screem  Screen
(m bgs) (ftbgs) (mbgs) (ft bgs) (mbgs) (ftbgs) (mbgs) (ft bgs)
PM-3 p2 7/20/2011 475.5 1,560 443.42 1,454.80 7/22/2011 439.52 1,442 508.10 1,667  473.81 1,555
PM-3 p2 7/22/2011 475.5 1,560 44342 1,454.80 7/22/2011 439.52 1,442  508.10 1,667  473.81 1,555
PM-3 p2 3/13/2012 475.5 1,560  443.36 1,454.59 3/12/2012 439.52 1,442 508.10 1,667  473.81 1,555
PM-3 p2 7/31/2013 4484 1471 44344 145485 7/31/2013 43952 1442 508.10 1,667 47381 1,555 ii?;:evater
PM-3 p2 6/11/2014  447.8 1469 44396 145657 6/11/2014 439.52 1442  508.10 1,667 473.81 1,555 iﬁ;gmr
PM-3 p2 6/11/2014 475.5 1,560 44396 1,456.57 6/11/2014 439.52 1,442  508.10 1,667  473.81 1,555
PM-3 p2 9/13/2016 475.5 1,560  444.04 1,456.81 9/13/2016  439.52 1,442 508.10 1,667  473.81 1,555

ER-20-8-2_pl  9/17/2014 640.1 2,100 50822 1,667.40 9/17/2014 50639 1,661.37 681.00 2,23426 593.69 1,947.82
ER-20-8 p2 10/21/2014  853.4 2,800 507.88 1,666.27 10/20/2014 761.45 2,498.19 886.72 2,909.18 824.08 2,703.69
ER-EC-11 p3  8/14/2014 838.2 2,750  450.15 1,476.86 §8/13/2014 816.11 2,677.51 911.72 2,991.20 836.91 2,834.36
ER-20-12 pl 6/9/2016 1,051.6 3,450 566.77 1,859.48 6/6/2016 1,043.69 3,424.18 1,116.70 3,663.73 1,080.20 3,543.96
ER-20-12 m1  6/10/2016  1,249.7 4,100 563.75 1,849.57 6/6/2016 1,216.70 3,991.81 1,349.94 4,428.95 1,283.32 4,210.38




ER-EC-11_pl1

Well ER-EC-11 has two screened intervals (m1 and m2) in the main well, two
piezometers (pl and p2) screened at the same depths as the main well, and two piezometers
outside the well casing with no gravel packs (p3 and p4). ER-EC-11_m1 and m2 were
developed in 2010, and therefore p1 and p2 were also developed. After well development, a
retrievable bridge plug was installed in the main well between m1 and m2, which isolated
them from each other (shown in Figure A-2 in the Appendix). ER-EC-11 p4 has never been
sampled. All samples collected during well development were below detection for standard
3H analysis except for one sample collected from the combined screen intervals from m1 and
m2 that was analyzed by low-level *H analysis (31 pCi/L).

Samples were collected with a depth-discrete bailer from ER-EC-11 p1 in July 2014
as part of a study evaluating different sampling technologies (Navarro, 2015a). These two
samples have an average *H activity of 6.5 pCi/L *H (Table 1 and Figure 2A). Table 2 lists
the pertinent well information for the bailed samples.

In July 2014, after samples were bailed, ER-EC-11 p1 was pumped and samples
were collected as part of a study evaluating different sampling technologies (Navarro,
2015a). ER-EC-11_pl was pumped continuously with a rod pump at approximately 10.2 Ipm
(2.7 gpm) for approximately four days. One well volume for ER-EC-11 p1is 12,931 L
(3,416 gal; Navarro, 2015a). During time-series sampling, approximately 48,500 L
(12,800 gal) or 3.7 well volumes were purged from pl after approximately three days of
pumping. At the end of four days of pumping, over 64,000 L (17,000 gal) or 5.0 well
volumes were purged from the piezometer. The *H activities ranged from 5.5 to 8.2 pCi/L
during the four days of pumping with no trend in either increasing or decreasing *H activities
(Figure 2A). The average *H activity during the four days of continuous pumping is
6.9 pCi/L, which is in good agreement (5.6 percent difference) with the bailed samples
(Table 1 and Figure 2A). After 23 hours of pumping and after the end of the time-series
sampling, two additional samples were collected. There was an increase in *H activity for
these samples, with an average activity of 10.9 pCi/L (Table 1 and Figure 2A). In
October 2017, a sample was collected by rod pump with a *H activity of 10.9 pCi/L (Table 1
and Figure 2B) after purging over 59,000 L (15,600 gal; 4.6 well volumes) (Navarro, 2018a).
The two samples collected after 23 hours of pumping in 2014, and the rod-pump samples
from 2017, are 50 percent different from the bailed samples in 2014 (Table 1).
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Figure 2.  A) Bailed (July 2014) versus rod-pump (July 2014) *H sample results for ER-EC-11_pl;
B) Bailed (July 2014) versus rod-pump (July 2014 and October 2017) *H sample results
for ER-EC-11_pl.



ER-EC-11_m2 and ER-EC-11_p2

Well ER-EC-11 has two main screened intervals at two different depths and two
piezometers that are screened adjacent to one of the main well screens, and two piezometers
outside the well casing with no gravel packs (p3 and p4), as described above (shown in
Figure A-2 in the Appendix). In July 2014, samples were collected from ER-EC-11_p2 with
a depth-discrete bailer as part of a study evaluating sampling technologies (Navarro, 2015a).
Table 2 lists the pertinent well information for the bailed samples. These two samples have
an average “H activity of 11.6 pCi/L *H (Table 1 and Figure 3A).

In August 2014, after samples were bailed, ER-EC-11_p2 was pumped and
samples were collected. ER-EC-11_p2 was pumped continuously with a rod pump at
approximately 9.5 Ipm (2.5 gpm) for approximately five days. One well volume for
ER-EC-11 p2is 6,602 L (1,744 gal; Navarro, 2015a). During time-series sampling,
approximately 24,760 L (6,540 gal; 3.8 well volumes) were purged from p2 after
approximately two days of pumping. At the end of five days of pumping, over 75,700 L
(20,000 gal) or 12 well volumes were purged from the piezometer. The first two samples
collected at the beginning of pumping after only 38 L (10 gal) were purged from the well
have an average *H activity of 29.0 pCi/L. After these initial samples, *H activity ranged
from 3.3 to 8.2 pCi/L during the two days of pumping, with no trend in either increasing or
decreasing *H activities (Figure 3B). The average *H activity during the two days of
continuous pumping (excluding the two initial samples) is 5.3 pCi/L, which is 74 percent
different from the earlier bailed sample (Table 1 and Figure 3A).

Four samples were collected after another three days of pumping and after the end of
the time-series sampling. There was an increase in *H activity for these samples, with an
average activity of 11.3 pCi/L, which is in good agreement (2.8 percent difference) with the
bailed samples (Table 1 and Figure 3A). Two samples were collected from ER-EC-11_m2
by pumping with an ESP in September 2017, with an average *H activity of 10.8 pCi/L
(Table 1 and Figure 3B) after purging over 147,600 L (39,000 gal; 17.8 well volumes;
Navarro, 2018a). These samples are 7.3 percent different from the bailed samples collected
from p2 during 2014 (Table 1).
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Figure 3. A) Bailed (July 2014) versus rod-pump (August 2014) *H sample results for
ER-EC-11_p2; B) Bailed (July 2014) versus rod-pump (August 2014) *H sample
results for ER-EC-11_p2 and ESP (September 2017) *H sample results for
ER-EC-11_m2.

ER-12-3 pl

Well ER-12-3 consists of a main completion with two different screened intervals at
two different depths (shown in Figure A-3 in the Appendix). Pumped samples were collected
from the m1 completion in 2005, 2008, and 2015, but there are no bailed samples from m1.
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In 2005, while the well was being drilled, piezometer pl was installed near the water
table. The piezometer, with a 36.0 m (118 ft) screened interval, was installed in the borehole
outside the well casing. A gravel pack was not installed around the piezometer screen, which
is open to approximately 239.4 m (785 ft) of geologic formation between the top of the
screen and the top of the cement seal holding the main well casing in place in the well
(Figure A-3 in the Appendix).

In July 2016, samples were bailed from the pl piezometer. This piezometer was not
developed or purged prior to bailer sampling in 2016. Table 2 lists the pertinent well
information for the bailed samples. The first water bailed from p1 was described as “highly
turbid with a dark green color” (Navarro, 2016a) and became less turbid and lighter in color
as bailing continued. Four analyses from these samples have an average *H activity of
22.1 pCi/L (Table 1 and Figure 4).

In September 2016, a rod pump was installed in p1 and samples were collected over
two days. One well volume for pl is 757 L (220 gal; Navarro, 2016a). Sampling was initiated
after approximately 16,350 L (4,320 gal; 21.6 well volumes) were purged. Four analyses
from these samples have an average *H activity of 23.6 pCi/L (Table 1 and Figure 4). The *H
activities between bailed and pumped samples are in good agreement at 6.4 percent
difference between the average values (Table 1).

30

@ Bailed

10 © Pumped

0
19-Jul-16 18-Aug-16 17-5ep-16

Date

Figure 4. Bailed (July 2016) versus rod-pump (September 2016) *H sample results for
ER-12-3 pl. ER-12-3 pl was not developed prior to bailer sampling in 2016.
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PM-3 pl

Well PM-3 was drilled and developed in 1988. The well was completed as an
uncased, open borehole below 449.0 m bgs (1,473 ft bgs). In 1992, PM-3 was recompleted
with two piezometers, PM-3 pl (deep) and PM-3 p2 (shallow). During recompletion,
approximately 397,500 L (105,000 gal) of drilling fluid (lithium bromide-tagged water) were
lost downhole. During well development, approximately 64,000 L (16,900 gal) were
swabbed from PM-3 pl and 12,526 L (3,309 gal) from PM-3 p2, leaving most of the
drilling fluid downhole. Table 2 lists the pertinent well information for the bailed samples
and Figure A-4 in the Appendix shows the well completion diagram.

From 2000 through 2010, PM-3_p1 was bailed 11 times with all *H activities below
detection. In July 2011, bailed samples were analyzed four times with one sample below
detection (<28 pCi/L) and an average *H activity for the other three samples of 28.5 pCi/L.
The detected activities ranged from 18.6 to 33.8 pCi/L. Bailed samples were also collected in
2012 with an average activity of 46.0 pCi/L (Table 1 and Figure 5).

On July 30, 2013, two bailed samples were collected with an average *H activity of
13.8 pCi/L (Table 1 and Figure 5). However, these were estimated values. These bailed
samples were collected just below the surface of the water in the piezometer.

On August 6, 2013, pumping with a rod pump began at PM-3 pl. A sample was
collected after 984 L (260 gal) or 0.1 well volumes were purged (Navarro-Intera, 2014b) with
an activity of 37.2 pCi/L (estimated value). Pumping continued until August 11th, when two
samples were collected after approximately 91,600 L (24,200 gal) or 12.9 well volumes were
purged (Navarro-Intera, 2014b) with an average of 40.4 pCi/L. Another sample was collected
on August 12, 2013, after approximately 109,216 L (28,852 gal) or 15.3 well volumes were
purged (Navarro-Intera, 2014b) with an activity of 87.8 pCi/L (Table 1 and Figure 5). One
well volume for PM-3 plis 7,117 L (1,880 gal) (Navarro-Intera, 2013b).

In 2014, two samples were bailed from PM-3 pl. The first sample was bailed from
near the water surface with a *H activity of 77.8 pCi/L and the second sample was bailed
from lower in the screened interval with an activity of 39.0 pCi/L. In 2016, two samples were
bailed from PM-3_pl1 that had a large difference in *H activities. The first sample had
an activity of 124 pCi/L. The second sample was collected 40 minutes later and had an
activity of 34.2 pCi/L (Table 1 and Figure 5).

The average *H activity from each sampling date suggest that *H activity is increasing
with time. However, there is large variability in the analytical results of duplicate samples
collected during pumping in August 2013 and in duplicate bailed samples in 2014 and 2016,
making the increasing trend uncertain. The pumped sample *H activity from August 2013
increased with continued pumping, which suggests that pumping might be pulling higher *H
activity water into the well. Bailed and pumped samples were collected in 2018 to better
understand tritium activities at this location.
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Figure 5. Bailed (2011, 2012, 2013, 2014, and 2016) versus rod-pump (2013) *H sample results for
PM-3 pl. Samples collected near the water surface are identified.

Bailed samples collected from just below the water surface in the piezometer on

July 30, 2013, had the lowest *H activity of any sample except for samples below detection.
The lower activity seen at the water surface suggests that *H from the water near the surface
may be exchanging with hydrogen ('H) in the atmosphere in the piezometer above the water
surface. The sample from near the water surface on June 2014 with higher *H activity could
be left over from pumping in 2013 if the last sample collected during pumping (88.7 pCi/L)
is accurate. If it is accurate, then the 10 months between pumping and bailing near the water
surface provided time for the *H in the water near the surface to exchange isotopically with
atmospheric 'H, slowly reducing the *H activity in the near surface water (77.8 pCi/L).

In this instance, depth-discrete samples collected from areas of the screen identified
by temperature and chemistry logging are likely more representative of °H in the formation,
provided there is sufficient time after pumping to allow the well and surrounding
groundwater to return to pre-pumping conditions. Again, because of the large variability in
duplicate samples, it is difficult to ascertain which samples are most representative of °H
activity in the aquifer.

ER-20-8_m1 and ER-20-8 pl

Well ER-20-8 has two main screened intervals at two different depths and two
piezometers that are screened corresponding to one of the main well screens (shown in
Figure A-5 in the Appendix). A third piezometer (ER-20-8 p3) is completed just below the
water table outside of the 27.3 cm (10.75 inch) casing. ER-20-8 m1 and ER-20-8 pl are the
deeper completions, whereas ER-20-8 m2 and ER-20-8 p2 are the shallower completions.
The main well completions are separated by a retrievable bridge plug, whereas the
piezometers and gravel packs are separated by 39.6 m (130 ft) of cement.
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During well development in 2011, one sample was bailed from p1 while m1 was
being pumped. ER-20-8 m1 was pumped at approximately 488 Ipm (129 gpm) and the
sample collected from p1 while m1 was being pumped was below detection (<320 pCi/L).
Five samples collected from m1 at the end of well development with the ESP were all below
detection (<350 and <500 pCi/L) except for one sample with 267 pCi/L *H (Table 1 and
Figure 6). There are no bailed samples from the m1 completion.

The samples collected at the end of well development do not provide representative
contaminant concentrations (in this case, *H activities) because of the large volume of water
removed during well development and the resulting perturbation to the aquifer. These
samples are not directly comparable to samples collected during typical bailing or pumping
sampling events at a later time after well development. The large volume of water removed
by pumping during well development can either increase contaminant concentrations by
inducing higher contaminant concentration parts of the plume toward well, or can dilute
plume contaminant concentrations by inducing fresh water to the well from outside the
contaminant plume depending on the location of the well relative to the contaminant plume.
Samples collected from ER-20-8 m1 in 2011 at the end of well development are not directly
comparable to samples collected at a later time after well development during typical bailing
or pumping sampling events because of the large volume of water removed during well
development (approximately 7,200,000 L [1,900,000 gal]) (Navarro-Intera, 2011). Bailed
samples from ER-20-8 pl collected while m1 was being pumped are also not directly
comparable to samples collected at a later time after well development during typical bailing
or pumping sampling events

Two bailed samples were collected from ER-20-8 pl in September 2014 and in
September 2017 (Figure 6). The average *H activity was 121.5 and 192 pCi/L for the two
bailing events, respectively. Table 2 lists the pertinent well information for the bailed
samples. The percent difference for the average activity for September 2014 bailed samples
compared with the 2011 pumped samples at the end of well development is 75 percent
(Table 1), whereas the difference for bailed samples from September 2017 and pumped
samples from 2011 is 33 percent. The lower *H activity in bailed samples from p1 in
September 2014 as compared to the pumped sample at the end of well development in 2011
suggests that the aquifer had time to recover to near ambient conditions after well
development (more than three years). The increased *H activity in 2017 may indicate *H
plume migration toward ER-20-8. Note that the half-life of *H is 12.3 years; the impact of
radioactive decay for *H between well development and bailed samples was not estimated for
this discussion.

15



300

250

*H (pCi/L)

z @ Pumped m1
100 @ Bailed p1l

50

0
Jan-10 Sep-11 May-13 Dec-14 Aug-16 Apr-18

Date

Figure 6.  Bailed (September 2014 and September 2017) *H sample results for ER-20-8 p1 versus
ESP (August 2011) *H sample results for ER-20-8 m1 collected at the end of well
development.

PM-3_p2

Well PM-3 was drilled and developed in 1988. The well was completed as an
uncased, open borehole below 449.0 m bgs (1,473 ft bgs). In 1992, PM-3 was recompleted
with two piezometers, PM-3 pl and PM-3 p2 (shown in Figure A-4 in the Appendix).
During recompletion, approximately 397,500 L (105,000 gal) of drilling fluid (lithium
bromide-tagged water) were lost downhole. During well development, approximately
64,000 L (16,900 gal) were swabbed from PM-3 pl and 12,526 L (3,309 gal) were swabbed
from PM-3 p2, leaving most of the drilling fluid downhole.

The next activity at PM-3 p2 was sample collection by bailing in January 2000.
These samples were below detection at a detection limit of 280 pCi/L. In September 2000, a
sample was bailed with a *H activity of 10.7 pCi/L reported as an estimated value that was
biased high. In October 2000, samples were collected by Bennett pump; the purge
volume for these samples is not known. These two samples have an average *H activity of
12.1 pCi/L. However, one of these samples was reported as an estimated value that was
biased high.

Bailed samples were collected from PM-3 p2 from November 2000 through
April 2009. All samples were below detection, with a range in detection limit from 18.5 to
28.1 pCi/L, except for one detectable value of 20.2 pCi/L in 2004, which was just above the
detection limit. Bailed samples continued to be collected annually from 2010 to 2012 with
increasing *H activities (Table 1 and Figure 7).
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On July 31, 2013, two bailed samples from just below the water surface were both
below the detection limit of 2.0 pCi/L. Samples collected near the water surface had much
lower *H activity than samples collected from within the screened interval, which was also
observed in PM-3 pl (Figures 5 and 7). Table 2 lists pertinent well information for the
bailed samples.

On August 15, 2013, pumping with a rod pump began at PM-3 p2. A sample
collected after 163 L (43 gal) were purged showed an activity of 150 pCi/L. Pumping
continued to August 22, 2013, when two samples were collected after approximately
121,100 L (32,000 gal) or 13.4 well volumes (Navarro-Intera, 2014b) were purged with an
average °H activity of 237 pCi/L. Another sample was collected on August 22, 2013,
approximately three hours later and after approximately 123,000 L (32,500 gal) or 13.6 well
volumes (Navarro-Intera, 2013a had been purged). This sample had a *H activity of
355 pCi/L (Table 1 and Figure 7). One well volume for PM-3 p2 is 9,022 L (2,383 gal)
(Navarro-Intera, 2013b). Two different laboratories analyzed these samples (237 versus
355 pCi/L), which is a possible explanation for the difference between the two samples.

In 2014, samples bailed from just below the water surface in PM-3_p2 had a *H
activity of 130 pCi/L (447.8 m bgs [1,469 bgs]). Samples bailed from between the water
surface and the bottom of the screen had an average activity of 227 pCi/L (475.5 m bgs
[1,560 ft bgs]). Samples were bailed again in 2016 (475.5 m bgs [1,560 ft bgs]) that had an
average activity of 190 pCi/L (Table 1 and Figure 7).
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Figure 7. Bailed (September 2000, 2004, 2010, 2011, 2012, 2014, and 2016) versus Bennett pump
(October 2000) and rod-pump (2013) *H sample results for PM-3_p2 that show an
increasing trend in *H activity. The sample collected near the water surface is identified.
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An increasing trend in *H activity over time is evident in Figure 7. Additionally,
pumped *H activities appear to be dependent on pumped volume because *H activity
increases as more water is pumped. This suggests that pumping during purging is pulling
higher *H activities toward the well. The *H activities in bailed samples collected roughly
one and three years later appear to be decreasing with time suggesting that *H activities in
the aquifer near the well are slowly returning to ambient conditions prior to pumping/purging
in 2013. Note, however, that radioactive decay was not considered.

Bailed samples collected from just below the water surface in the piezometer on
July 30, 2013, had the lowest *H activity of any sample since *H was observed above
detection limits. The lower activity seen at the water surface in PM-3_p2 from the bailed
samples collected in 2013 and 2014 suggests that *H from the water near the surface may be
exchanging with 'H in the atmosphere in the piezometer above the water surface. Collecting
depth-discrete samples within the screened interval are likely more representative of *H in
the formation, provided there is sufficient time after pumping to allow the well and
surrounding groundwater to return to pre-pumping conditions.

WW A _ml

The well construction diagram for WW A _ml1 is presented in Figure A-6 in the
Appendix. The analytical results from WW A_m1 indicate an increase in *H activities in
ESP samples from 1978 through 1994. No samples were collected from 1994 until 2001
(Figure 8). In 2001, bailed samples showed more than a three-fold increase in *H activities
from 1994 (170 to 570 pCi/L). Since 2001, bailed samples have decreased by roughly
200 pCi/L. The 3H activity tends seen in WWA-m1 have been attributed to pumping induced
transport of °H from the nearby HAYMAKER test (Lyles, 1990; Navarro, 2016b).
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Figure 8.  Bailed (2001-2012) versus ESP (1978-1994) 3H sample results for well WWA m1.
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ER-20-8-2_m1 and ER-20-8-2_pl

Well ER-20-8-2 has one main screened interval and one piezometer that is screened
in the same interval (shown in Figure A-7 in the Appendix). In September 2014, samples
were bailed from ER-20-8-2 pl. Table 2 lists the pertinent well information for the bailed
samples. The average *H activity for these two samples is 2,555 pCi/L (Table 1 and
Figure 9).

In September and October 2014, after samples were bailed, ER-20-8-2 pl was
pumped and samples were collected as part of a study evaluating sampling technologies
(Navarro, 2015a). ER-20-8-2 pl was pumped continuously with a rod pump
at approximately 8.7 Ipm (2.3 gpm) for approximately nine days. One well volume for
ER-20-8-2 ml and pl is 15,709 L (4,150 gal; Navarro, 2015a). During time-series sampling,
approximately 62,800 L (16,600 gal) or 4.0 well volumes (Navarro, 2015a) were purged
from p1 after approximately six days of pumping. At the end of nine days of pumping, over
98,400 L (26,000 gal) or 6.3 well volumes (Navarro, 2015b) were purged from the
piezometer. The *H activities ranged from a low of 1,770 pCi/L (Figure 9) at the start of
pumping, peaked at 2,720 pCi/L after approximately 21 hours of pumping, and then
fluctuated between 2,100 and 2,600 pCi/L over the nine days of pumping.

In October 2014, after ER-20-8-2 p1 was pumped, ER-20-8-2 m1 was pumped
continuously with an ESP at approximately 102 lpm (27 gpm) for approximately three days.
During time-series sampling, approximately 62,800 L (16,600 gal) or 4.0 well volumes
(Navarro, 2015a) were purged from m1 after approximately 9.5 hours of pumping. At the end
of three days of pumping, over 420,000 L (111,000 gal) or 26.8 well volumes (Navarro,
2015b) were purged from the well. The *H activities ranged from a low of 2,060 pCi/L
(average, shown in Table 1) at the start of pumping, peaked at 3,170 pCi/L after
approximately 2.5 hours of pumping, and then fluctuated between 2,500 and 3,100 pCi/L
over the three days of pumping (Figure 10A).

The bailed samples from ER-20-8-2 p1 in September 2014 at 2,555 pCi/L (average)
are in good agreement with the average activities for the time-series and post-time-series
samples for the rod pump in ER-20-8-2 pl (average of samples after peak activity,

2,426 pCi/L, 5.2 percent difference [Figure 9 and Table 1]). The bailed samples from
ER-20-8-2 pl are also in good agreement with the average activities for the time-series and
post-time-series samples for the ESP in ER-20-8-2 m1 (average of samples after peak
activity, 2,712 pCi/L, 6.0 percent difference [Figure 10A and Table 1]).

ER-20-8-2_m1 was pumped again with an ESP at approximately 117 Ipm (31 gpm) in
September 2017. Samples were collected after approximately 25 hours of pumping and
approximately 170,300 L (45,000 gal; approximately 10.8 well volumes) were purged from
the well (Navarro, 2018b). The average of these samples is 3,600 pCi/L. This average
activity is greater than the *H activity collected in the second half of the time-series sampling
in 2014 by approximately 1,000 pCi/L (Table 1 and Figure 10B).

During well development in 2009, two samples were bailed from p1 while m1 was
being pumped at approximately 488 Ipm (129 gpm). The average *H activity for these two
samples was 805 pCi/L. Three samples from m1 at the end of well development with the ESP
averaged 1,067 pCi/L *H (Figure 10B). There are no bailed samples from the m1 completion.
The samples collected from m1 and pl in 2009 during well development likely are not
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directly comparable to samples collected during typical bailing or pumping sampling events
at a later time after well development because of the large volume of water removed during
well development and the resulting perturbation to the aquifer (approximately 6,900,000 L
[1,800,000 gal]) (Navarro-Intera, 2010).

Bailed samples in 2014 from ER-20-8-2 p1 are in good agreement with low-volume
rod-pump samples from p1 (5.2 percent difference, Table 1). Bailed samples from p1 are also
in good agreement with high-volume ESP samples from m1 from 2014 (6.0 percent
difference, Table 1). However, ESP samples on average are approximately 300 pCi/L higher
than rod-pump samples. The ESP samples from 2017 from m1 are approximately 900 pCi/L
higher than samples from 2014. This suggests that *H activities are increasing at ER-20-8-2
either because of contaminant migration by natural groundwater flow or because of pumping-
induced flow to the well from groundwater with higher *H activity. The ESP samples from
ml at the end of well development are in poor agreement (82 percent difference, Table 1 and
Figure 10B) with bailed samples from p1 in 2014. The impact of radioactive decay for *H
between well development and more recent samples was not estimated for this discussion.
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Figure 9. Bailed (September 2014) versus rod-pump (September and October 2014) *H sample
results for ER-20-8-2 pl, including nine days of continuous pumping.
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Figure 10. A) Bailed (September 2014) *H sample results for ER-20-8-2 p1 versus ESP *H sample
results for well ER-20-8-2 m1 during time-series sampling over approximately nine
hours of pumping in October 2014; B) Bailed (September 2014) *H sample results for
ER-20-8-2 p1 versus ESP (October 2014 and September 2017) *H sample results for
ER-20-8-2 m1 and ESP (December 2009) 3H sample results for ER-20-8-2 ml at the
end of well development.
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UE-7nS_ml

The well construction diagram for UE-7nS_m1 is presented in Figure A-8 in the
Appendix. From 1977 to 1987, samples were collected by ESP. No samples were collected
from 1987 through 1993. In 1993, samples were collected by bailing. There is a wide range
in *H activity for both pumped and bailed samples (Figure 11) from 41 to 4,604 pCi/L.
Because of this wide range in *H activity, and because there are no sampling events that
paired pumped and bailed samples at approximately the same time, these data were not
considered further. These data are presented here for completeness.

3,000 v

ey

P O omm o
Mar-71 Nov-84 Jul-98 Apr-12
Date

@ Bailed

® Pumped
@

Figure 11. Bailed (1993-2015) versus ESP (1977-1987) *H sample results for UE-7nS_ml1.

ER-20-8_m2 and ER-20-8_p2

Well ER-20-8 has two main screened intervals at two different depths and two
piezometers that are screened adjacent to one of the main well screens, as described above
(shown in Figure A-5 in the Appendix). During well development in 2011, two samples were
bailed from p2 while m2 was being pumped at approximately 379 Ipm (100 gpm). The
average >H activity for these two samples was 2,090 pCi/L (not shown). Five samples from
m2 at the end of well development with the ESP averaged 2,856 pCi/L *H (Figure 12A).
There are no bailed samples from the m2 completion. The samples collected from m2 and p2
in 2011 during well development are likely not directly comparable to samples collected
during typical bailing or pumping sampling events at a later time after well development
because of the large volume of water removed during well development and the resulting
perturbation to the aquifer (approximately 11,400,000 L [3,000,000 gal]) (Navarro-Intera,
2012). The impact of radioactive decay for *H between well development and bailed samples
was not estimated for this discussion.
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Figure 12. A) Bailed (October 2014) *H sample results for ER-20-8 p2 versus ESP (March 2015
and September 2017) 3H sample results for well ER-20-8 m2 and ESP (June 2011)
samples from ER-20-8 m?2 at the end of well development; B) ESP *H sample results for
ER-20-8 m?2 over three days of continuous pumping in March 2015; C) ESP *H sample
results for ER-20-8 m2 during time-series sampling over approximately five hours of

pumping on March 5, 2015.
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In October 2014, samples were bailed from ER-20-8 p2. Table 2 lists the pertinent
well information for the bailed samples. The average *H activity for these two samples is
8,500 pCi/L (Table 1 and Figure 12A).

In March 2015, ER-20-8 m2 was pumped and samples were collected as part of a
study evaluating sampling technologies (Navarro, 2015a). ER-20-8 m2 was pumped
continuously with an ESP at approximately 98 Ipm (26 gpm) for approximately three days.
One well volume for ER-20-8 m?2 is 9,486 L (2,506 gal; Navarro, 2015a). During time-series
sampling, 33,175 L (8,764 gal) were purged from m2 after approximately 5.5 hours of
pumping. At the end of three days of pumping, over 435,000 L (115,000 gal) were purged
from the well. The *H activities ranged from a low of 445 pCi/L (average Table 1) at the
start of pumping, peaked at 8,200 pCi/L after approximately an hour of pumping, and then
decreased gradually to approximately 4,000 pCi/L at the end of pumping (Figures 12A
and 12B).

Initial samples collected after only 114 L (30 gal) were purged averaged 445 pCi/L
(Figure 12B and 12C), which is substantially less than later samples. This may be the result
of water from near the water surface, which tends to have much lower *H activity than water
from within the screened interval, entering the pump string during pump installation. The
highest activity was 8,200 pCi/L observed after approximately 4,540 L (1,200 gal) had been
purged, or approximately half of one well volume (Figure 12C). At approximately three well
volumes, *H activity had decreased to 6,300 pCi/L (Figure 12C). The continued decrease in
3H activity as pumping continued suggests that pumping with an ESP at this rate
(approximately 95 lpm [25 gpm]), as opposed to pumping with a rod pump at a much lower
rate (9.5 Ipm [2.5 gpm]), was drawing in uncontaminated water and diluting the *H activity in
the samples.

The bailed samples from ER-20-8 p2 in October 2014 at 8,500 pCi/L (average) are in
good agreement (3.6 percent difference) with the 8,200 pCi/L measured after half of one well
volume had been purged. ER-20-8 m2 was pumped again with an ESP at approximately
117 Ipm (31 gpm) in September 2017. Samples were collected after approximately 20 hours
of pumping and 138,900 L (36,700 gal; approximately 14.6 well volumes) were purged from
the well. The average of these samples is 6,500 pCi/L (Figure 12A). This average activity is
similar to the *H activity collected in the second half of the time-series sampling in 2015
(Table 1, Figure 12A), which both are approximately 30 percent different from bailed
samples in October 2014.

ER-EC-11_p3

Well ER-EC-11 has two main screened intervals at two different depths and two
piezometers that are screened adjacent to one of the main well screens, and two piezometers
outside the well casing with no gravel packs (p3 and p4), as described above (shown in
Figure A-2 in the Appendix). ER-EC-11_p3 was not developed prior to bailed samples being
collected in August 2014, the average of these two samples was 12,400 pCi/L *H (Table 1
and Figure 13). Table 2 lists the pertinent well information for the bailed samples. Pumped
samples were collected in August 2014 after bailed samples as part of a study evaluating
sampling technologies (Navarro, 2015a). Rod-pump samples were collected over a
seven-day period and after an initial sample at 8,400 pCi/L, samples ranged from 15,700 to
16,700 pCi/L with an average of approximately 16,200 pCi/L *H (Table 1 and Figure 13)
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with approximately 90,720 L (23,966 gal) or 2.6 well volumes purged from p1 by the end of
sampling. One well volume for ER-EC-11 p3 is 34,663 L (9,157 gal) (Navarro, 2015). Two
rod-pump samples were again collected from p3 in 2017 with an average of 18,250 pCi/L *H
(Table 1 and Figure 13) after approximately 60,800 L (16,072 gal) or 1.8 well volumes were
purged from the well. Average *H activities are increasing with time, the undeveloped bailed
sample average is 27 percent different form the time-series rod-pump samples and 38 percent
different from the rod-pump samples from 2017 (Table 1).
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Figure 13. Bailed (August 2014) *H sample results versus rod-pump (August 2014 and
October 2017) *H sample results for well ER-EC-11_p3. ER-EC-11_p3 was not
developed prior to bailer sampling in 2014.

ER-20-12_p1

ER-20-12 has five different completion zones, each one samples a different
hydrostratigraphic unit (shown in Figure A-9 in the Appendix). ER-20-12 p1 was not
developed prior to bailed samples being collected in June 2016, one sample was
19,800 pCi/L *H (Table 1 and Figure 14). Table 2 lists the pertinent well information for the
bailed samples. Rod-pump samples were collected on July 2016 with an average *H result of
18,750 pCi/L (Table 1 and Figure 14) after approximately 89,200 L (approximately
23,575 gal) or 5.7 well volumes were purged from the well. One well volume is 15,640 L
(4.132 gal) (Navarro, 2018c). Rod-pump samples were again collected from pl in July 2017
with an average of 25,250 pCi/L *H (Table 1 and Figure 14) after approximately 38,500 L
(approximately 10,170 gal) or 2.5 well volumes were purged from the well. Average *H
activities are increasing with time, the undeveloped bailed sample average from 2016 is
5.4 percent different form the rod-pump samples in 2016 and 24 percent different from the
rod-pump samples from 2017 (Table 1).
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Figure 14. Bailed (June 2016) *H sample results versus rod-pump (July 2016 and July 2017) *H
sample results for well ER-20-12_pl. ER-20-12_p1 was not developed prior to bailer
sampling in 2016.

ER-20-12_m1

ER-20-12 has five different completion zones, each one samples a different
hydrostratigraphic unit (shown in Figure A-9 in the Appendix). ER-20-12_m1 was not
developed prior to bailed samples being collected in June 2016, the average for two bailed
samples was 30,200 pCi/L *H (Table 1 and Figure 15). The ESP samples were collected on
August 2016 with an average *H result of 33,800 pCi/L (Table 1 and Figure 15) after
approximately 114,200 L (approximately 30,170 gal) or 3.5 well volumes were purged from
the well (Navarro, 2018c). One well volume for ER-20-12_m1 is approximately 32,900 L
(approximately 8,700 gal) (Navarro 2018d). The ESP samples were again collected from m1
in July 2017 with an average of 41,400 pCi/L *H (Table 1 and Figure 15) after approximately
223,700 L (approximately 59,100 gal) or 6.8 well volumes were purged from the well. The
undeveloped bailed sample average from 2016 is 11 percent different form the ESP samples
in 2016 and 31 percent different from the ESP samples from 2017 (Table 1). The *H activity
in ER-20-12_ml is increasing with time, but the large amount of water that is removed from
m1 before samples are collected may be pulling higher *H activity water toward the well.
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Figure 15. Bailed (June 2016) *H sample results versus ESP (August 2016 and July 2017) *H sample
results for well ER-20-12_m1. ER-20-12_m1 was not developed prior to bailer sampling
in 2016.

UE-5n_ml

UE-5n_m1 has perforated casing from 219.5 to 222.5 m bgs (720 to 730 ft bgs).
There is no gravel pack in the well and the casing is hung in the open borehole and cemented
at the bottom of the borehole (shown in Figure A-10 in the Appendix). Figure 16 shows the
3H activities. Although records were not readily available at this time, the pump (type of
pump used prior to 2004 is not known) was removed sometime after February 2004, which
allowed samples to be bailed in 2007. A sample was collected in 2010, although it cannot be
verified that the sample was pumped. In 2014, samples were bailed, and a dedicated ESP
was then installed (NNSA 2016). Two bailed samples from June 2014 have an average
3H activity of 152,500 pCi/L, and three pumped samples have an average activity of
154,100 pCi/L, which are in good agreement (Table 1 and Figure 16). One well volume for
UE-5n_ml is approximately 12,617 L (3,333 gal) (Navarro-Intera, 2014e).
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Figure 16. Bailed (2007 and 2014) versus pumped *H sample results for well UE-5n_m1.

ER-20-11_m1 and ER-20-11_p1

ER-20-11 has one main well completion, m1, and one piezometer, p1, both screened
in the same interval. During well development in 2013, two samples were bailed from p1
while m1 was being pumped at approximately 693 lpm (183 gpm). The average *H activity
for these two samples was 217,000 pCi/L (not shown). Three samples from m1 at the end of
well development with the ESP averaged 186,667 pCi/L *H (Figure 17). There are no bailed
samples from the m1 completion. The samples collected from m1 and p1 in 2013 during well
development are likely not directly comparable to samples collected during typical bailing or
pumping sampling events at a later time after well development because of the large volume
of water removed during well development and the resulting perturbation to the aquifer
(approximately 40,500,000 L (10,700,000 gal]) (Navarro-Intera, 2014f). The impact of
radioactive decay for °H between well development and bailed samples was not estimated for
this discussion.

One ESP sample was collected from m1 in October 2017 with a *H activity of
202,000 pCi/L after approximately 150,000 L (39,538 gal) or 14.5 well volumes were purged
(Table 1 and Figure 17). One well volume for ER-20-11_ml is 10,332 L (2,729 gal)
(Navarro, 2018a).
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Figure 17. ESP (August 2013) *H sample results for well ER-20-11_m1 at the end of well
development and ESP (October 2017) 3H sample results for well ER-20-11 ml.

UE-2ce_ml

UE-2ce ml is screened from 420.0 to 495.0 m bgs (1,378 to 1,624 ft bgs). There is
no gravel pack in the well and the casing is hung in the open borehole and cemented above
the screen (shown in Figure A-12 in the Appendix). The depth to water was approximately
443.5 m bgs (1,455 ft bgs) (USGS, 2018) in November 2017. The well was sampled by
pumping (the type of pump is not known) many times between 1977 and 1984 (LLNL, 2010)
followed by a period from 1984 to 1993 when no samples were collected. Figure 18 shows
the *H activity since 1993. Samples were collected by bailing in 1993 (445 m bgs), 2001
(472.4 m bgs), and 2005 (481 m bgs). An ESP was installed in 2008 (Navarro, 2016¢) and
samples were collected (Table 1 and Figure 18). Pumped samples were also collected in
2016. Tritium activities during pumping in 2016 increased over approximately three days
suggesting that *H may have been pulled into the well from a *H plume. One well volume for
UE-2ce ml is 4,542 L (1,200 gal; Navarro, 2017). There is good agreement between bailed
samples in 1993 and 2001, poor agreement between bailed samples in 2001 and pumped
samples in 2008, and good agreement between bailed samples in 2001 and pumped samples
in 2016 (Table 1 and Figure 18). The impact of radioactive decay for *H between well
development and bailed samples was not estimated for this discussion.
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Figure 18. Bailed (1993, 2001, and 2005) versus ESP (2008 and 2016) *H sample results for
UE-2ce ml.

UE-20n 1_o2

The well construction diagram for UE-20n_o02 is presented in Figure A-11 in the
Appendix. Although both pumped and bailed samples are available from UE-20n 1 02 from
1987, bailed samples were collected while the ESP was operating. Therefore, the available
data from UE-20n 1 02 are not directly comparable to typical bailed and purged samples.

Identification of Sampling Zones

To obtain a representative and repeatable *H activity, depth-discrete bailed samples
should be collected at depths that take advantage of active groundwater flow zone.
Appropriate depths can be identified by examining logging data under both stressed and
ambient conditions. For example, logs at ER-20-8 p2 can be used to identify an optimal
sampling depth in the Tiva Canyon Aquifer (TCA).

Examinations of temperature logs and thermal flow logs (TFM) under stressed
conditions (Figure 19), bailed *H activity under stressed conditions (Figure 20), and
temperature logs and thermal flow logs under non-stressed conditions (Figure 21) are used to
identify the origination of flow into the well at discrete depths. From these logs, a change in
temperature at approximately 868.7 m bgs (2,850 ft bgs; Figure 19) indicates flow into the
well, which corresponds to the lowest measured *H activity. From there, the flow is upward
with approximately one half of the flow at approximately 853.4 m bgs (2,800 ft bgs) and *H
activity increases from roughly 600 pCi/L at 868.7 m bgs (2,850 ft bgs) to approximately
1,800 pCi/L at 853.4 m bgs (2,800 ft bgs). Above 853.4 m bgs (2,800 ft bgs), the *H activity
is relatively uniform. An appropriate place to collect depth-discrete samples in ER-20-8 p2
to obtain consistent *H activity results is at 853.4 m bgs (2,800 ft). Review of these types of
logs while planning bailing activities will increase confidence that samples for *°H activity are
collected at appropriate depths that take advantage of borehole flow.
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Figure 19. Desert Research Institute (DRI) TFM and temperature logs at ER-20-8 on May 25, 2011,
under stressed conditions (375 Ipm [99 gpml]).
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Figure 20. Tritium activity with depth in the TCA at ER-20-8 under stressed conditions
(375 Ipm [99 gpm]).
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Figure 21. DRI TFM and temperature logs in the TCA at ER-20-8 under static conditions.
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Summary of Wells Evaluated

The wells evaluated have a wide range in *H activity from approximately 5 pCi/L at

ER-EC-6_m4 to 264,000 pCi/L at UE-2ce_m1. Samples collected by bailing generally are
not purged of stagnant water in the well prior to sampling. Rod pumps withdraw water at a
low rate (approximately 9.5 Ipm [2.5 gpm]), but they can purge multiple well volumes over
several days of pumping. The ESPs remove water at a higher rate (greater than 95 Ipm

[25 gpm]) and can purge large volumes in a short time. The important points from the
analysis of each well include:

ER-EC-6_m4 may have an increasing trend in *H activity. Bailed and pumped
samples were collected two-and-a-half years apart, so a direct comparison between
the two methods at this well may not be valid.

ER-EC-11 pl was bailed and pumped as part of a sampling technology study in
2014. A low-volume rod pump was used to pump the well. There was no trend of
increasing or decreasing *H activities during time-series sampling. There is a

7.5 percent difference between bailed (6.5 pCi/L) and pumped time-series samples
(6.9 pCi/L) after 3.7 well volumes were purged. Continued pumping after time-series
sampling increased *H activity to 10.9 pCi/L after 5.0 well volumes were purged.
Rod-pump samples from 2017 were also higher, at 10.9 pCi/L, after 4.6 well volumes
were purged. Purging multiple well volumes may be drawing higher *H activity water
into well from a nearby *H plume.

ER-EC-11 p2 was bailed and pumped as part of sampling technology study in 2014.
Bailed samples had 11.6 pCi/L prior to pumping. At the beginning of pumping, after
only 10 gal purged (0.006 well volumes), the *H activity of 29.0 pCi/L. After that,
rod-pump time-series samples ranged from 3.3 to 8.2 pCi/L (average = 5.3 pCi/L),
with no increasing or decreasing trend in *H activities after 3.8 well volumes were
purged. Continued pumping after time-series sampling increased *H activity to

11.3 pCi/L after 12 well volumes were purged, which is in good agreement with
bailed samples. The ESP samples from m2 collected in 2017 had an activity of

10.8 pCi/L after 22 well volumes were purged, which is in good agreement with the
bailed samples from p2. The variation between bailed samples, an initial high-activity
pumped sample, lower activity during time-series sampling, and similar activity
between bailed samples and longer time-pumping samples (low and high volume)
makes any conclusions uncertain.

ER-12-3 pl was not developed prior to samples being bailed, these samples had an
average “H activity of 22.1 pCi/L. Rod-pump samples were 23.6 pCi/L after pumping
21.6 well volumes, which is in good agreement with bailed samples. However,
because pl was not developed prior to bailing and pumping, these results may not be
representative of °H activity in the aquifer.

PM-3 pl had minimal well development prior to bailing. There appears to be an
increasing trend in *H activity over time, but large variability in duplicate samples
since 2013 make this increasing trend uncertain. Large volumes of water were purged
in 2013 (110,961 L [29,313 gal]; 16 well volumes). The increasing trend could be
caused by pumping drawing higher *H activity water from the aquifer into the well
when large volumes are purged. The *H near the surface of the water in the well is
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likely exchanging with 'H in the atmosphere in the well above the water surface.
Depth-discrete bailed samples from within the screened interval are more likely to be
representative of *H activity in the aquifer than samples collected near the water
surface. Sufficient time after pumping is required to allow wells and the surrounding
aquifers to return to ambient conditions before bailing more samples. The amount of
time needed for a well and the surrounding aquifers to return to ambient conditions
after pumping should be determined for each well.

The only pumped sample from ER-20-8 m1 and p1 was collected from m1 at the end
of well development after approximately 7,200,000 L (1,900,000 gal) were purged
from the well. Two sets of bailed samples from p1 three and eight years after well
development are lower in *H activity than the pumped sample.

PM-3_p2 pumped *H activities appear to be dependent on pumped volume because
the *H activity increases as more water is pumped. Large volumes of water were
purged in 2013 (approximately 123,000 L [32,500 gal]; 14 well volumes). This
suggests that pumping during purging is pulling higher *H activities toward the well.
Overall, there is an increasing trend with time. However, *H activities in bailed
samples roughly one and three years later appear to be decreasing with time, which
suggests that *H activities in the aquifer are slowly returning to ambient conditions
prior to pumping and purging in 2013. Samples were bailed at the water table in 2013
and the *H activity was <2 pCi/L, which was much less than other samples of all
types. This is likely the result of *H near the water surface exchanging with 'H in the
atmosphere within the well. Depth-discrete samples collected from within the
screened interval are likely more representative of *H in the aquifer, provided that
there is sufficient time after pumping to allow the well and surrounding aquifer to
return to pre-pumping conditions.

WW A *H activities in pumped samples from 1978 to 1994 were lower than bailed
samples from 2001 to 2012. Bailed sample *H activities have been decreasing
since 2001.

ER-20-8-2 *H activities are increasing either because of contaminant migration by
natural groundwater flow or because of pumping-induced flow to the well from
groundwater with higher *H activity. Large volumes of water were purged in 2014
(27 well volumes) and 2017 (11 well volumes).

UE-7nS *H activities in pumped samples from 1997 to 1987 varied widely from
below detection to over 4,000 pCi/L. Bailed samples from 1993 to 2015 were less
than 500 pCi/L and decreased with time except for one set of samples from 2001.
Tritium in bailed samples is lower in general than in pumped samples.

ER-20-8 *H activities decreased with continuous pumping, which suggests that water
with lower *H activity is being pulled to the well. Large volumes of water were
purged in 2015 (46 well volumes) and 2017 (15 well volumes). The interaction
between the deeper ER-20-8 and the shallower ER-20-8-2 was not considered for this
report, but the short distance between the wells and the timing of pumping is likely
important for understanding the changes in *H in this well complex.
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ER-EC-11_p3 3H activity of bailed samples prior to any pumping was 12,400 pCi/L
in 2014. Time-series samples collected by pumping after bailing in 2014 were higher
in *H (16,200 pCi/L). Tritium activities continued to increase in pumped samples in
2017 (18,250 pCi/L).

ER-20-12_p1 H activity of bailed samples prior to any pumping was 19,800 pCi/L
in 2016. Pumped samples collected after well development had a similar °H
activity (18,750 pCi/L). Pumped samples collected in 2017 were higher in *H at
25,250 pCi/L.

ER-20-12_m1 *H activity of bailed samples prior to any pumping was 30,200 pCi/L
in 2016. Pumped samples collected after well development had higher *H activity
at 33,800 pCi/L. Pumped samples collected in 2017 increased in *H activity at
41,400 pCi/L.

UE-5n bailed and pumped samples from 2014 are in good agreement at over
150,000 pCi/L *H.

ER-20-11 does not have any directly comparable bailed and pumped sample. A
pumped sample in 2017 at 202,000 pCi/L was higher than pumped samples collected
at the end of well development in 2013 at 187,000 pCi/L *H.

UE-2ce had good agreement between bailed samples in 1993 and 2001, poor
agreement between bailed samples in 2001 and pumped samples in 2008, and good
agreement between bailed samples in 2001 and pumped samples in 2016. The impact
of radioactive decay for *H between well development and bailed samples and
possible *H migration was not considered.

UE-20n does not have any directly comparable bailed and pumped samples.

CONCLUSIONS AND RECOMMENDATIONS

Several conclusions can be drawn from the observations made during this study.

Bailed samples collected for °H analysis near the water surface in a well are lower in
3H activity than bailed samples from screened intervals and pumped samples. The *H
in water near the interface with the atmosphere in the well is likely isotopically
exchanging with 'H in the atmosphere. This was observed in bailed samples from
PM-3 pl and PM-3 p2.

Depth-discrete bailed samples from within well screens are generally in good
agreement with pumped samples from developed wells and piezometers at
ER-EC-11 pl, ER-20-8-2 pl, UE-5n_ml, and UE-2e ml.

Depth-discrete bailed samples from undeveloped wells and piezometers are in
good agreement with the first pumped samples at ER-12-3 p1, ER-EC-11_p3,
ER-20-12 pl, and ER-20-11_ml. However, the next pumped samples increased
in 3H activity, resulting in greater percent difference between the undeveloped
bailed samples and later pumped samples at ER-EC-11_p3, ER-20-12 pl, and
ER-20-11_ml.
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Continuous pumping over extended periods (i.e., days for low-volume rod pumps,
hours for high-volume ESPs) removing large purge volumes from wells can
perturbate the surrounding groundwater system for long periods of time (i.e., months
to years). This was observed at ER-EC-11 pl, ER-EC-11 _p2, PM-3 pl,

PM-3 p2, ER-20-8-2 pl, ER-20-8 ml, ER-20-8 p2, ER-20-8 m2, ER-EC-11 p3,
ER-20-12 pl, and ER-20-12 m1. This should not be an issue for most naturally
occurring chemical constituents under long-term equilibrium conditions, such as
major ions, trace metals, and environmental isotopes. However, these perturbations
can cause large changes in *H activities (and possibly other radionuclides and other
contaminants) in the aquifer near the well because *H activities are of limited extent
and are variable within the aquifer.

Recommendations based on the study’s observations and conclusions include:

Bailed samples for *H should not be collected near the water surface in the well.
Bailed samples should be collected from within the well screen.

Ideally, logs of temperature, chemistry, and thermal flow should be evaluated to
identify optimal depths within the well screen to collect depth-discrete bailer samples.

Bailing can be used to detect the presence of a *H plume edge in early detection
wells.

Bailing can be used to monitor *H in distal and community wells when samples are
analyzed by low-level *H analytical methods.

Purging of large volumes of water from the well (many well volumes) over extended
periods of time should be avoided when collecting samples for *H analyses.

Care should be taken to replicate purging and sampling conditions at any given well
so that *H activities between sampling events are directly comparable.

Sufficient time should be allowed after pumping large volumes of water from the well
(e.g., after well development) for the surrounding aquifer and *H activities to return to
ambient conditions.

The amount of time needed after pumping to allow a well and the surrounding aquifer
to return to ambient conditions should be determined for each well.
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APPENDIX: Well Completion Diagrams

Well ID: ER-EC-6

UTM NAD 27

Northing: 4,115,728.7 m

Easling: 5446736 m

Start Date: 02/11/1888 | Stop Date: 03/28/1999

NSPC NAD 83

Northing: 6,270,582 6 m

Easting: 515,0124 m

Drilling Program: WPM-OV

LatiLong NAD 83

Deg N: 37.188716

Deg W: 116.497574

Environmental Contractor: UGTAIT

Surface Elevation

5,604.38 fr amsl

1,708.2 m ams!

Drilling Contractor: UDI

Drill Method:

Rotary Air Foam

Drilled Depth: 5,000 ft

Well Construction Diagram (Current as of 03/30/2018)
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Figure A-1. ER-EC-6 well completion diagram.
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Figure A-2. ER-EC-11 well completion diagram.
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e v Galico Hills oo - 318, Gravel (3620 - 4,148 bgs)
% Thp: Mafic- e Ided Ash-Fl. zeolitic =0
250 —4100 — ,,o'grc:ufu ﬂwe Ao composite O i —————7.825-in. 55 blank casing with bullnosed
E L1 Hills Formation Bedded Tuft o = teimination (4.100.65 - 4,142.00 ft bys)

11, LS. Depariment of Ene
1128l aczessed an 04614

Mations] Nuclar Sceurity Administation
evels from LSGS NWIS and




Well ID:ER-12-3 UTM NAD 27 Northing: 4,116,592.2 m Easting: 568,748.3 m
Start Date: 03/26/2005  Stop Date: 04/28/2005 NSPC NAD 83 Northing: 6.271,358.5 m Easting: 540,087.2m
Drilling Program: Rainier Mesa-Shoshone Mountain| Lat/Long NAD 83 |Deg N: 37.194868 Deg W 116.214993
Environmental Contractor: UGTA/SNJV Surface Elevation | 7.390.8 ft ams| 2,252 7 m amsl
Drilling Cantractar: UDI Drill Methad: Rotary Air Foam Drilled Depth; 4,908 ft bgs
Well Construction Diagram (Current as of 04/09/2018)
Depth| Depth Stratigraphy Lithology HsU Water Well Gonstruction
(m) | (fty Lavel
0 0
b E Trrp: mafic-poor Moderately TIMWTA: L] r—— 4%in. Barehale {0 - 54 fi bgs)
1 1003 Rainigr Mega Tuff M| Welded Ash- Timber =~ 30-in. Garbon-steel (TS} casing, (0 - 53.5 ftbgs)
1 E v | Flow Tuff Mountain
50— 3J L welded Wil Cement (0 - 54 ft bgs)
1 2005 Partially Al | aquifer ~=- 20-in. Borehale {54 - 255 ft bys)
] E VY Welded Ash-
300 3 Flow Tuff
100 | 3} Tmrh: tuff of Holmes TMLVTA:
T Road V) Nonwelded M Timber
Ei W | Ash-Flow Tuff Mountain
] 3 | Tp: Paintbrush Group f \owr vitric
150 —| sop | undivided V| Gedded Tl {uff aquifer
1 v
1 Th: Calico Hills
] swo Farmation v
200 | — v
] 7oo Tw! iWahmonie j‘v H——————— 2376-in Blank CS tubing {0 - 1,414 53 ft bgs)
Formation
i v
250 &0 Tc: Crater Flat Group, [ Loroees
1 i undivided .
Y Bedded Tuff uTcut:
b Upper tuff
300 1000 . = confining
] Thd: Dead Harse Flat Yy, unit 1
1100 Formation LA
q Moderalely to BRA: Belted
360 Thg: Grouse Canyon F Densely 1 Range Ip
J1z00 Tuft Welded Ash- aquifer Water Leval: pl
1 v Flow Tuff \;f T | 124288 fibes
1300 ] v LTCW: 03272018
0 foK e Ak Tumne! 1] Beddled Tulf Cowsr tuft
ik v canfining L
] Bl TnaJ: beds 4J Tunng! Hnie S| 18.5-in. Borehole (256 - 2,522 ft bgs)
- v
450 74500 )\ Formation B~ 2.375n. Sloted stainless-steel (SS) tubing with
] | Tnah beds aH : bullnose termination (1,414.53 - 1.532.49 ft bgs)
sgo J'%° ) Tunne! Formation ¥ 13.375-In, Blank CS casing (3 - 2,436.03 7t bgs)
Y1700 " PvdG InFeus. A(|3 "
1 1| St % 7.625-In. Blank CS casing (0 - 3,502.77 ftbgs)
550 —1800 TndAF: beds 44 - F (5] Nonwelded T 2.875-in. Blank S8 tubing (0 - 3,503 87 f bgs)
1 Tunnel Formation V| Ash-Flow Tuﬂ/ 0SECU:
J1aco Vi Oak Springs
1 Thal: beds 30 Bedded Tulf Butte
800, 00 Tunnel Formation B (J:Ir:ﬂning
Tn3BC: beds 3BC Ash-Flow Tuff 1
Turnel Farmation /A‘rcu i
850 R Argillic tuff
2200 Tn34. beds 34 Tunnel edded Tu confining
1 Formation ‘ — unit
700 —13300 Tub: Tub 8pring Tuff tCFﬁ Cement (2,200 - 2 445 ft bgs)
B owvar
2400 Tord tunnelbed 2| carbonate
750 ] I | aquifer 3-
"0 s00 Tot: tuff of Twin Paaks Thrust plate
1 To: Volcanics of Oak
00 2500 Spring Bulte
Ha700 Pz: Paleszoic
i Cartionats Racks
850 —as00 undivided
Jesoo
900 —|
Ta000
50 ]300
000 ]
Jaa00 V) A fein % 5eim
1 st
1 Fuin LS - Crossover, blank G5 7.625-in. to blank 55 5.5-in.
050 ;3400 :,ifhf?,i‘!?‘ o (350277 -3.505.11 ftbgs)
[ e
20T fcin 3 05 =T ) P
Sy ™=~ Crassover tubing lo pump
100 j35°0 LTISCH sl e \ (3.503.87 - 3,505.41 ftbgs)
1 e Tost iR ~~4.00-in. Electric submersible pump., (10— 40
{3700 gpim), (3.505.41 - 3,522.06 ft bas), intake at
150 3.522.06 fi bgs
{3800 3.75.in. Seal (3.522.05 - 3,528.00 ft bys)
T3s00 3.75-n. Motor (3.528.00 - 3.546.08 ft bgs)
200 ml 5.5-in. Blank SS casing {2.505.11 - 3,591.00 f
Janao bygs)
1 5.5-in. Slotted 55 casing 3.691.00 - 3,805.79 t
250 4100 bgs)
] L[| Lmestene \ 12.25-in. Borehole {2,622 - 4.908 7 bgs)
5.5-in. Blark S§ casing (3.805.78 - 4,181.58 f
m = bge) 2
4300 B
- |
Jas00 N
5.5-in. Slotted 55 casing with bullnose
0| termination (4,191.58 - 4,880.00 ft bgs)
] |
{4700
450 —| =
Jasoo = T
14800 [Tl

Soury: Machilie Fruom Ruiwier Mesa Weell FR-12-3 Dot Report far Well Develuprient and Hydraulic Testing, SKTV, 2006; Completion Report for Wll ER-12-3. U8, Depurienl of Enerzy. National Nuglear Seurily Adiministryion
Newada Site Office, 2003; Strarigraphy ¢ Lithology from “LG1'A Steatigraphy and | itholegy Datahase,” LEG 1A Technical Dow Reposstory Datahase Identification Number L ¢rEAsd-134. havarro, 2017; Waer Levels fiom LEFS-NWIS
and Mapvarrsy D409:2018,

Figure A-3. ER-12-3 well completion diagram.




Well ID: Pahute Mesa 3 {(PM-3)

UTM NAD 27

Northing: 4,121,281.28 m

Easting: 538,011.77 m

Start Date: 09/01/1988 |Stop Date: 11/03/1988

NSPC NAD 83

Northing: 6,276,156.56 m

Easting: 509,368.57 m

Drilling Program: HRMP

LatLong NAD 83 |Deg N: 37.239019

Deg W. 116.561074

Enviranmental Contractor: UGTA

Surface Elevation | 5823.00 ft amsl

1,774.85 m ams|

Drilling Contractor: REECo Drill Method: Air Foam Drilled Depth: 3,018 ft bgs
Well Construction Diagram {Current as of 01/11/2018}
Depth| Depth Stratigraphy Lithology HSuU Water| Well Construction
(m | (f Level
0 O ] [ Tt Tral Ridge TufT Densely welded TCVA: Thirsty 76-in. Carbon-steel (CS) casing. 0-26.36 m
1 Ash-Flow Tuff Canyon volcanic (0- 93 ft bgs)
g 1 aquiter T——— 24-in. Borehole, 0 - 37.80 m (0 - 124 ft bgs)
4 a0 3 Bedded Tof i
1/ Tip: Pahuie Mesa ~ Type Il cement, 0- 28.35 m {0 - 93 ft bgs)
b B Tutf Densely vWelded
50 | ] Ash-Flow Tuff
1 200 Ticm: Middle
Comendite of Ribbon Nonwelded Tuff |
T Clift
T Lava
q so0
100 i Lower BeT
E Comendite of Ribbon
1 400 it
1 Tibr: thyclite of
1 Chukar Canyan Geaded TUT
150 —{ 500
i Trmap: maic-poor Nonwelded Ash- TRIATA: Timber
] Ammania Tanks Tuff Flow Tuff Mountain welded-
1uff aquifer 10.75-in. Blank CS casing, 0 - 401.42 m
1 sa0 Trmab: bedded Partially Welded (0-1,317 fLbgs)
R Ammania Tanks Tuff Ash-Flow Tuff
200 Tromr: mafic-fich )" Eeoded Tufl ‘J
1 700 Rainier Mesa Tuff | I Type Il cement, 01 - 42032 m
g Partally Velded (0- 1379 L bgs)
i Ash-Flow Tuff
7 soo WModerately
250 — Welded Ash-Flow 2.875-in. Blank CS tubing, 0 - 439.52 m
i ] Tuff TMLVTA: Timber (0 - 1,442 TLbgs}
1 Trmip: mafic-poar i Mountain lower
800 — | Rainier Mesa Tuft Partially Welded Vitric-UIT aquifer
1 1 AshFlowTuff |
1 ] 14.76-in. Borehale, 37.80 - 502.01 m
T Nomwelded Ash- (124 - 1,647 it has)
o Flow/muft 2 875-in. Blank CS tubing, 0 - 58522 m
i ] (0~ 1,920 1t bgs)
Jr10 4
360 — ]
1200
R I | T hyoite of URCU: Upper
4 - Fluorspar Canyon Paintbrush
400 |1200 confining unit
i ] 10.75-in. Blank I teel (S5) casing,
401.42 - 449.97 m {1,317 - 1,473 ft bgs)
B Water Lol pl
1400 o L4365 ftbas Type Il cement, 403.25 - 449.97 m
] ] s (1,323 - 1,473 L bgs}
] Bedded Tuff (1907 20/40 Silica sand, 420.32- 43221 m
“50*‘500 = - {1,379 - 1,418 fi bgs}
i Nonwalded Ash- 6/ Silica sand, 43221 - 435,25 m
i Flow Tuff 1.6 [ bus
5 (1,415 - 1,428 t bs}
Jieoo J AR Obstruction in p2 (PM-3-2), noted by Navarro
500 1 a1 1,560 t bgs on 061032015
b 2.87%-in. Slofted €5 tubing,
1700 439.52 - 50810 m {1,442 - 1,667 ft bas)
] 38-In. Gravel. 435.25 - 51145 m
1 ] = = (1,426 - 1,678 ft bgs}
4 Tmi: Basals of Tierra Basalt 670 Silica 2nd, 511 45 - 514.20
550 —1800 Tpox T Canyon, Breooia 11.676-1,687 fl bgs)
7 Landslideor Breccia g, Type Il cement, 514,20 - 570.59 m
i | Bedded Tufr {1,687 - 1,872 fl b
. gs}
H1800 Tpoy: tuff of Pinyon {57 TCA. Tha Canyon
Pass st Partialy Weided aquifer 20/40 Silica sand, 670,59 - 676.38 m
| W Ash-Flow Tuff (1,872 - 1,891 i bgs)
5001 Tpem: Pahuts Mesa — |8 5/9 Silica sand, 575.38 - 579.42 m
12000 loge of Tiva Canyon Wioderately nags
Tuff | Welded Ash-Flow (fige1=A, 201 g}
1 e Tutt
W
- ;2100 WY K::ﬁ}g’ﬁ%w 2.875-in. Slofted 8 tubing
i Tod T o T E T 586.22 - 65349 m (1.920- 2144 1 bgs)
+ | Delirium Canyon ; Paintbrush 5/8-in. Gravel, 579,42 - 868,12 m
2200 B canfining unit (1,801 - 2,182 fi bgs}
J | [Tpbc Topopan v
| Spring. Landslice or  Yyp
700 —foang T, BE =
q 3] Tpitm: Pahute Mesa
i J | ioke of Topopah
daase Spring Tuff
1 ] Nonwelded Ash-
750 1 Flow Tuff 9.876-in. Borehole, 502.01 - 920.19 m
- (1,847 - 2,019 ft bas}
600 Type |l cement, 688,12 - 794.00 m
800 - (2192 - 2,605 ft bigs)
i [ Thr: maficrich Calico
J |/ Hils Formaticn
1700 o | Bedded TUff CHZCM: Calica
i 1 |[Teg: Latite of Grimy | Hills zeolitic
] ! Gulch i composite unit
350 Tza00 - Tebs: Bullfog Tuff, | {3
q /chkdaie Wash [T5 Bedded TU BFCU: Bulfirog
L M— oA Nomweided Ash- confining unit
gp: Crystal Poor
2500 f’ Grovse Canyon Tut | Bevedh Werged | Rivas sater
1 Tbob: Grouse Canyor) Ash-Flow Tuff il kil L I, Fill 784.00 - $20.19 m (2,605 - 3,019 f bys)
200 /Tull Bedded = PBRCM: Pre-Balted)
] S/ Tqn Middle rhyaite Nonwalded Ash- Range composite
3000 of Quartz Mountain Flow Tuft unit

Figure A-4. PM-3 well completion diagram.



Well ID: ER-20-8

UTM NAD 27 Northing: 4.116.218.33 m

Easting: 546,688.35 m

Start Date:07/12/2008 | Stop Date: 08/15/2009

NSPC NAD 83 Northing: 6,271,085.35 m

Easting: 517,027.54 m

Drilling Program: Pahute Mesa Phase ||

Lat/Long NAD 83 [Deg N: 37.193032

Deg W: 116.474866

Environmental Contractor. UGTA/SNJV

Surface Elevation | 5,848.3 ft amsl

1.782.56 m amsl

Drilling Contractor: United Drilling Inc. |Dr\|l Method: Rotary Air Foam |Drilled Depth: 3,442.25 ft bgs

Well Construction Diagram (Current as of 03/26/2018)

Depth |Depth|  Stratigraphy Lithclogy HSU Water Well Construction
(m | {M Level
0| 0 T Rwo i Lavy TIILFA, A ot (2 i - e
i e s T o e
4 1 I: Ll lovs /A-‘\ 42-i7, Boretok {0 -125 T o3z,
- 100 — o —  Cemant{C- 35 tkgs
50— e
4 200
200
100 | ]
1 ac0
150 - 500 -
7 so0 -
200 - 1
b - THEM
’ - Tannerfaur
— il cempesits A ||
3 L
250 4 A irsshyric Tu
1 =) E GF DIErs 1Lomng i
1 aon WPt ally = 16~ C8 casing (D - 161395 TEgs)
B [ Norweiisd 1088 ) b-ank basing (3 - 175215 R bz
300 - hsFion Tt
1000 %
J N i e ”
J = 1540 S8 uoing 19~ 2.088.60 T8ga)
i I T,
1100 __ Trmbr Wt
A T gy ¥
350 | | e [ e
T1zo0— | Farialy Weldud £5 easing i0- 235000 A bgs)
B - i, Ack-Flowr Tuff
J v
Worwaider
1 1300 — b rglit: Ry o Fi T
400 — ] aiFlorsaar [y
7 il o Fedesd Tuf
J1400 i
1 W
450 - 3 - 2
- T o Fumioeous Cerent {1 454 - | B16 1 bgs)
11500 T Lewa
1 R Beaham vt?\:‘ﬁ‘??’hiy:;’ . i cyses e 188)
11600 Cruseov 2375 68tk ubive ka2 87571, 58 ohank ubire
. (15855141 S f o3s)
500 oo 1 Water Level: pl
UPCLL s Fill {186 -1.538.3< Y bgs]
{170 = o 1GEG.89 Ehgs ik 73 ok awta s B ke
b T contiring it (06/15:2017) HETE TR P )
T e b Water Level pd o 175316 - 1.752.98 R
v = rcosover (175315 - 1.752.99 fbgs]
550 —| 1800 e T 1,666.40 1L byzs
4 ot Serughsm lewa (06132007
1 Eaok HwG e Lave
11900 anct i Senghan Waler Level:
] iruna Pcac sl 1L667.22 ft bas
600 —| T {06/15/2017)
2000 1 i 14750 Buttoc
4 5in 55 uasiy
B ol e P3 NN B 55 olsnk tubing (151,152 ¢68.18 fbs:
~2100 \E softed tubng (2088 A18.02 1 bgs)
650 —|
i VitrophTic 7 7
2200 Ash-Flawy Tuff g
] S . / oy
700 —{2300 v i /
B v oanfining Jnit /
1 ,547\ Fil (2357 - 2352 R B
o400 % — W ubing (158713 -3 146 34 1L byt
] v _—
750 —| tpey et AL M o st B
2500 Pl Pass T asvFew Tut 3 q T ——— b Silia send (2455 - 2471 £ ost
R TEor P [ P ally Ve TR 7% Pa—
i s loba of W At Flow TuT Canyan ¥s;
va Cayer .
2600 T W el O
- rueine: s
&0 M| nen P Tur B
J e b
2700 v
T N 5 i 55 slensd buillnossd “ukirg (2 <68 16 - 2,509 18 £ a9s)
7 = Bn GreaveliP 471 Y A2 bary
850 — 5500 v i 7S
5 % .
1 A Y Mo gt =
(L] 2o T LR e | Y 5751 Borshos (3 362 00 - 3,42 25 ogs)
TF W Baccad Tuff 2 tikmnash )
Painlonmsn canfining anit 5.5 Baser Hughes wiaine reuievabls brciga olug
et v e [2.9813 - 2,067 A bgs). camer elsment af 2.995 & ogs.
nchuiced A Gerrenl (7 840 30011 ys)
v ———— £5in 88 bankcezng (2 812 625 oge)
20040 Silia s2rdl 2070 - 305”4 bygsh
2 TRl i sand (3,081 30831 oge;
] bt aly vietcs:
1 T b T rl
1 1 Hhesa lobs of TModereely Topepst
5200 oY e SEE it 329835
1 ] Sanng It ¥ At 1tk A 58 slectad Eulinased tubirg (2 140 B4 - 3202 A5 - 535}
. ———— ir mel (2085 -3 lxnsi
1000 g [ T e[y meeTa CCH G J0in Bl 0,057 14wl 8
1 poseile Calis IS : 5 55 bk bulloss 625 5 258 35 - 3,090 51 AL bgs)
1 teenaen | Carraas e e
134004 L E o5
] 1 v o 2 Fil (3,449 - 300225 % bg)
Souree: Completion Report for Wells bt 2,18 DOENNSA. 201 1 Phase 1 Pahute MosafOnsis Valley Model_ B

Dalabase Identifieation Mo, UGTA-4-134,

L Samp. Plan ID's (18PIDS - hips:idexiranct,

doe gov/Borcholes ISPTIDS xls

Figure A-5. ER-20-8 well completion diagram.

126G A Stratigraphy and Lithalogy Database, UG LA Technical Data Gepositony
e
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Well ID:WW-A

UTM NAD 27

Morthing: 4,099,194.2 m

Easting: 585.713.5 m

Start Date: 05/30/1960 [Stop Date: 09/21/1960

NSPC NAD 83

Northing: 6,253,899.8 m

Easting: 556,006.9 m

Drilling Program: N/A

Environmental Contractor N/A

Lat/Lonyg NAD 83

Surface Elevation

Deg N: 37.036829
4,006.42 ft amsl

Ceg W 116.037107
1,221.16 m amsl

Driling Contractor. REECe Ciill Method: Cenventional - Air/Foam Drilled Depth: 1,870.00 ft bgs
Well Construction Diagram (04/28/2018)
Depth| Depth Stratigraphy Lithology HSU Water Well Construction
(my [ (i) Level
° o _
QTa 1 Alluvium AAZ: Alluvial ESTHE;LE‘U - 10 bgs), Betton &
B i Quaternary! aquier
Tertiary
i T | alwvium
q 100+
50 1
q 280 o
1 3e0— 16-in. Borehole (¢ - 601 ft bys)
100 1
7 400 —
150 g |
600 —|
200
| o0
1 12.75-in. Casing {0 - 1,555 ft bs)
800 —|
250 — g
900 — 1.8-in. Tubing (0 - 1,809 ft bgs)
300 — T
1000 —
1100 —| 15-in. Barehale (601 - 1,600 ft bgs)
350 —| ]
1200 —
1300 —
400 —| ]
|1200 —
450 — ]
1500 o a
1 Water Level: m1 a Cemant (1,650 - 1.600 t bgs). Top is
5 estimated
1800 — ! 1.601.54 ft bgs
1 m— — 10.75-in. Blank Casing {1,547 - 1.608 ft
097182017 bys). Note upper 10 ft is swedged out
500 — against 12.75-in. casing
1700
4 12.25-in. Borehale (1,600 - 1,870 ft bos)
g T —— 10.75in. Slotied Casing (1,608 - 1870 R
550 {1800 |
1 =l
Sonree: Moditicd from TISGS Repore TRT800, Ground Warer Test Well A, New 1 Site, Nye County, Nevada, 0171771962 and Fenix & Seisson Hole Tisrory: TIGTA-4320), Yueea Flat Thase TRV Rase Case

Tiydrostratigraphic (peologic Maocdel ey 17 Tnf, Samp. Plan TN {TSPINS) - httpszexrranetnv.doe,govTioreholes/TSPINS vlex, pecessed on )4,

Figure A-6. WW A well completion diagram.
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Figure A-7. ER-20-8-2 well completion diagram.

Well ID:ER-20-8 #2 UTM NAD 27 Northing: 4,116,211.30m Easting. 546,672.68 m
Start Date: 08/17/2009 |Stop Date: 08/30/2008 | NSPC NAD 83 Northing: 6,271,058.37 m Easting' 517.013.84 m
Drilling Program: Pahute Mesa Phase Il Lat/Long NAD 83 |Deg N: 37.192869 Deg W: 116.475021
Environmental Contractor. UGTA/SNJY Surface Elevation | 5,848 8 ft amsl 1.782.71 m amsl
Drilling Contracter: United Drilling Inc. ‘DriH Method:Air Retary Foam |Drilled Depth: 2,338.62 ft bgs
Well Construction Diagram (Current as of 03/06/2018)
Depth |Depth| Stratigraphy | Lithology HSU WWate Well Censtruction
tm) | (ft) |Level
T T Tt ot Toile Lava TALTA T Carbon ghea | a0 Thoet
ar Tamentaun
1 4 ‘T‘ewwew T Hill ket Terer i 42-in. Barenola (C - 23.53 T bgs;
1 E Gerrar (9 - 83,50 £ bos)
- 100
50 | 1
- 200
1 200
100 — ]
7 400
150 o 5o ]
7 s00
200 — ]
7 700
1 ] N
| Tanncrtaur
1 Hill comr pasita
| aoo s 1337540, O b ca e (0- 166 16 ¥y
350 — ] v ‘Pi’llgl\‘v‘:ir"&d 7.0254r CE blank sasing o6 - 16152 f bgs)
| 1 v 23754 189127 f kg
] R NomeEer “eE dorerue (954 - 15255 kgs)
1 1 ke (1 1,735 951 bge:
500 - v
] ] v
1 TR
v
200 — 1
1000 —| v
1 1 v
1 B o Rewathed
] 1 L
1100 Ty
1 v | e
50 1 | o i
1 v e
4 4 ek-Flow Tuf
1200 — v il
E 4 v Menweked SN
] W P
| 1 v
T e
= 3 v
100|130 afFumn .
] g v
1 g v
[ 1400 w
1 g v
1 v
450 — T il Fomiceom
1500 A o Van n
Gressever fom T.626-in, C34e 7625 4, 83 sarrg
1800 I 1636 8¢ - 154" 8C febas)
500 Water |evel: m1 A - Cresever from 2375 19 2.875-in. 55 -ubing i 5
75T 05 bas)
T URCT v | ! 166743 1t hos 5% ¥
E Laa Pae i | |004182017 o 7.8264r, 38 blenk cesing {1 57152 - 1 58026 £ aga)
41700 o
BT Vo2
Pamtnen |y Vo2 X
] e bog L
] wndivess [y bsds P, (18 = 40 gpre
550 {1800 Trs s Fomoem Y5 %s
] of Segram Lava Legs
ask o
1 Rhyolle Lava SPA Vats
and Flow Samgnar bee
{1900 <=cin Faaaq.ifer b2t
8
1 2.0754r. 5 bullaess & oo bkrg 11,601 37 - 2,224 26 T ks
800 — i SBin. Graval i 529 - 2308 62 fl bgs,)
2000 Akl T ¥ 7.E254r. 55 sloted casing (1 580.26 - £ 26325 frbgs)
s 12754 Horebole (126 38 - 2,338 52 1 bge:
1 =
| Ry Lavm 0
{2100 oge
&30 §En
] g VoS
AgtFlawr T EE
{2200 o
1 3 WV Badded Tulf TRCLE
Painibn sh middle = :5-r. 33 bulhasse blank tasing (2 203,23 - 2 300,
700 — 7300 Group. v Pa thruzr
undivees 20Nt i7g unit
i | 2
st Viadified fiom Panle Mesa Plinss TTFR-M-8 22 Well Dexelopinen, Testing, a0 S ity Report, -1, 2010, Conrg dmvinisacation Neviky Site
2011 : Phase 11 Pahute Mesr:Oasis Valley Medal N-L D620 Ine Sarp Man 1578 18P11383 - hrges: Texmraner n.d




Well ID: UE-7nS UTM NAD 27 Northing: 4,106,091.4 m Easting: 588643.5m
Start Date: 06/03/1976  |Siop Date: 0711571976 NSPC NAD 83 Northing: 6,260,788.6 m Easting. 558,880.8 m
Drilling Program: NMO/ARPA Lat/Long NAD 83 | Deg N 37.098723 Deg W: 118.003352
Environmenial Contractor: LLNL Surface Elevation | 4,369.79 ft amsl 1,331.91 m amsl
Drilling Contractorr REECo Drill Method Rotary/Air-foam Drilled Depth: 2,205 ft bgs
Well Construction Diagram {Current as of 03/21/2018)
[Depth| Depth) Stratigraphy Lithology HSU Water Well Construction
(my | (ft) Level
Q 0
4 | ota Alluvium AAZ: Alluvial
71 4 | cuatemary- aquifer 20-in. Ganductor casing
= B Tertiary
4| aluvium Cement {0 - 80 ft bgs)
-1 100 —
i q 36-in. Boreholz (0 - 82 ftbys)
50 ] Cement (5 - 1,707 ftbgs]
A TrnrTmrh Bedded and TMLVTA:
i Rainier Mesa Nonwelded Tuft Timber
TuftJ tuff of WMountain
1 Holmes Road lower vitric-
tuff aquifer
100 —
150 — 500
— Undiff: V| Bedded Tuff LTCU,
Undiffsrentiated v Lowver tuff
& volcanics confining
i i, unit
800 W
1 v
200 — W
= v
700 Y
1 v
b v
7 =00 Y
250 | v
i x Gement {5 - 1,707 i hgs)
I %
7 v
| S 17.54n. Borahole (82 - 1,796 ft bgs)
300 — W 2.375-in. Blank Hydril tuing {0 - 1,860 ft
1000 v bgs)
b v 2.875-in. Blank T/C tubing (1 - 1,962 f
1 - bgs)
4 7.625-in. Carbon-steel (CS) casing (0 -
1100 : 1,895 ft bgs)
350 — Wt
i v
1200 v
b v
g v
q v
so0 1200 v
i v
v
71400 Toy: Vucea Flat Partially Welded QSBCLU.
4 Tuft N | Ash-Flow Tuft Dak Spring
v Euite:
N {To3: volcanics | v confining
450 — of Oak Spring [
1500 - Butte. tunnel |y | Bedded Tuff
B bed 3 o
Partially Welded
5 Tor: Redrock |y ¥ Ash-Flow Tuft
i Valley Tuff W
Bedded Tuff
1600 Toz: Volcanics (¥
of Oak Spring  |a
500 — Butte, tunnel
bed 2 B2 carbonate LCA: Lower
q | carbonate
1700 Pz Paleczoic ﬁ aquiter External packer {1,598 - 1.707 f bgs)
i -::cd.l:mnlary h Float collar (1,707 - 1.709 ft bgs)
550 1800 %
1s00 2 10.625-in. Berehole (1,798 - 2,205 it bgs)
T Warter | evel {al): al a2 /
600 —| W | 1oenainibe —
(R267207 L | | 2.375-in. Hydril tubing. parforated 0.5-in
2000 H = H hiles (1,960 - 2,020.0% t bge). It was
4 reported that a pressure transducer anci
ﬁ \\ unknenn amount of wireline were lost in
4 i — — ~—— 1he tubing string
do100 ] 2.875-in. TIC tubing, perforated 0.5-in.
| 11 hales (1,962 - 2.022.06 ft bgs)
650 — \\
1 T 7.425-in. Slotted CS casing (1,095 - 2,199
=2200 1t bgs}
Sonree: Wuodified froom Preliminary Lata Drilling Kepore L E-7nS, 03405/ 19%0; ot Samp. Plan 12 1187 = hitps: Lithologic, and H3L

i “1IGTA Siratigraphy and ©ithology Ditabace™, LGTA Technis

al Data Repasitery Dalahase Tentilic

aticin N 1CTA-134, N

Figure A-8. UE-7nS well completion diagram.

xtranet ny, dee.goviBorcholesd SPILS xlsx accessed on 032172018,




Well ID:ER-20-12 UTM NAD 27 Naorthing: 4,125.952.84 m Easting: 540,925.06 m

Start Date: 104815 Stop Date: 1/6/16 NSPC NAD 83 Naorthing: 6,280.622.82 m Easting: 51128885 m

Drilling Program: Pahute Mesa Phase Il Lat/Long NAD 83 | Deg N: 37.281047 Deg W 116.539246

Environmental Cantractor: UGTA/Navarra Surface Elevation | 5,258 40 f amsl 1,907.56 m amsl|

Drilling Contractor: UDI Drill Method Conventional-Air/Foam Drilled Depth: 4,543.33 ft bgs

Current Well Construction Diagram (03/23/2018)

Depth| Depth|  Stratigraphy Lithology HSU ENB“T’ Well Construction
m | () evels
T 7] [ rrearioge P woderatey weiasa TGVA ZA Rt . Do ;;j os)

- 100 Tutt AshiFlow Tult E’;‘ﬁ'gn 42-in. Carbon Steel (CS) Blark Casing

50— Tip: Pahute Bodded Tuff volcanic (0-65 bgs)
— 200 Mesa Tuff aquifer 36-in. borehole (6.6 - 63.5 ft bgs)
- \ ta Cement (8.6 - B3.5 ft bgs)
7 Tie: Gomandite Partially Welded 30-in. CS Blank Casing (0 - 62.5 ft bgs)

100 2 300 of Ribbon CIiff Ash-Flow Tuff
2 a4 Partially ta
b ] Woderately Welded

. Ash-Flow Tuff
5| E Lava

600
1 4 Lava and Flow

200 ] Breccia
- 700

250 — 990 1 Tibw: hyolite Bedded Tuff
] I of Beatty Wash B 1.9-in. CS blank tubing (-1.50 - 1,635 65 ft
7 so0 Lava B bs)
| Tmar: Timber  f TMWTA TT————- 55-in. CS blank tubing (D - 1,771.43 fl bgs)

300 —ygpp T Mountain [ Monwelded and Timber
- Arnrmonia Reworked Tuff Mountain
~ Tanks mafic- ||V welded tuff
100 vich Tuff v Beddsd Tuff aquiter 2.875-n. 8S blank tubing (0 - 2,149.39 f

= bgs)

20 Tmab: Timber (4t Lommelded to
{1200 Mountain y/| Moserately Weided
g Ammenia | Y] ash-Fiow Tuff 20-in. C8 Casing {0 - 2,502.60 ft bgs]

B Tank
400 — 1300 ks becidad |1 23754n, CS blank lubing (0 - 2,651 42 L
4 u o Moderately to b
I as)
] o Densely Welded
—1e00 Tmro: Timber (1% Ash-Flow Tuff 26-1n. borehole (83.5- 25103 tbgs)
q Mauntain <]

450 1500 Reinior Mesa | (81 Waer T el pd Ips
i e 1.613.6 1L bgs 1.8-in. C8 blank tubing (0- 3,079.52
Zisno Tmre Timber || rereii bgs)

500 — Mountain -9 Rty
Jy700 Rainier Mesa K 14450 f bps L )

] mafic-ich Tuff || ¥ 117292017 2.375-in. CS blank tubing (0 - 3,423.34 ft
2 Waler T vl pl| H H bas}

550 — 1800 Trmep: Timber gl Vitrophyre 15572 1L bys ————— 1%-in. CS sintted Wwhing with orange peeled
7 Mountain TMLVTA: [y 112930 S termination ¢1,685.55 - 1,901.79 i bos)
Thane Raimerivissa Partially ta Timber = [Watler Loval: p2, "= 551, CS 10 5.5.in. S8 Crossover
| mafic-poor Tuft Woderately Welded Mourtain 14739 fi has (1,771,453 - 1.772.64 ft bgs)

800 — Agh-Flow Tuff lower vitric 117292017 9 5/8-in. C§ Casing (0- 3900 ft bas)
—z000 tuff aquifer Water Lovel
5 Nonwelded Ash-Flow 14741 ft bas 2875, cross over (2,149.38 - 2,150.22 1t
—2100 Tuft 1292017 bas)

850 — r - REDA Pump (2,150.22 - 2,158.50
a0 }lerb' Timber ftbgs), Intake at 2,159.50 #

3 Mountain —
g Rainier Mesa o - EEE:A Seal (2.169.50 - 2.167.53 R

700 |z3n0 bedded tuff UPCU! ] " g8

Upper T REDA Motor (2,167.53 - 2.175.82 1
s Paintbrush bgs)
3 Tp: Paintbrush Nonwelded Ash-Flow confining

750 — Group Non- unit Cement (2,267 - 2,510.3 ft bgs). calculated
2500 wldeg tut 7 volumelrise
4 P Lava = 2.375-in. G5 to 2.875-in. Stainlkess Sleel
2600 [ThrlCalicotill=) (88} Crossover (2,551.42 - 2,552 26 ft

800 — - Rhyolitiz Lava bgs)
| 2.875-n. S slotted tubing (2,552.26 -
“eToe 2912.96fbgs)

850 —oano 55-in. S8 blank tubing (177283 -

3,991.81 ft bgs)
] CHZCM:
2900 . : 2.8754n. S§ Bullnose termination

s .'F‘j;wewe“ hahERlew lce“t"‘ﬁ‘l’t”"”s {26126 . 2,815.08 t bgs)

) The: Calica Hills '
< s i compssite Cement (2,346.93 - 3,053 ft hgs)
7 20/40 Silica Sand (3,053 - 3,071 ft bgs|

950 3100 I — 1.4in. CS slotted lubing with orange pesled
7 termination (3,079.52 - 2,142.13 ft bs)
Tlsz00 Th: Calico Hils gy e
| thic G Tut Egrz;few pack 0.375-in. (3,071 - 3,157 ft

1000 i
3300 |/ Th: Calico Hills Bedded/Nonwelded T Cement (3,157 - 3,343 ft bgs)
. J Ceddeci T 20/40 Silica Sand (3,343 - 3,376 # bgs)
hoso — Densely Welded BRA; Belted 2.3754n. CS ta 2.875-in. §8 Crossover
3500 Toy: Grouse Ash-Flow Tuff Range (3.423.34 - 3.424.18 ft bgs)
- Ganyon Tuff aquiter 5
i 4 . ) 18.5-in. borehole (2,510.3 - 4,352 ft bs)
h1op —3600 T, 2:875-in. 85 slotted tubing (3.424.18 -
Comendite of 3.862.73 ft bgs)
- Quartet Dome - Gravel pack 0.375-n. (3,376 - 3.725 ft
—3700 Moderately lo "~ baos
1150 1 Densely Wekied “~ 2875n. S8 Bulnose termination
“sa00 Ash-Flow Tuff / g (3.663.73 - 3,565.85 1 bgs)
] Taj: rhyolte of PBRCM / | S
- Handley Lava Pre-Belted / Cement (3,725 - 3,816 ft bgs)
3900 Rangs
1200 composite
—an00 nit
250 —a100
—4200 ;3"“ and Flow 5.5n. 55 slofied tubing {3,891.81 -
1 reccia
1300 — 4.428.95 ft bgs)
-4300 _—— 55dn. 55 Bullnosa termination
J e (4,428.95 - 4.431.15 i bas)
] i
—4400 i
P Monwelded Tuff B.54in. barehole (4,352 - 454333 t bys)
¥ Fill {4,618 - 4,643.33 t bgs)
Sawree: Viodiicd from Camplstion Report for Wl ER-20-12 Navamo 2016 U S, Depariment of Fiorzy. National Nuelear Sccurity Admimisiration. Mevada Ficld Gffice, 016, Wailer Tevels from USGS NWIS 08237013
Joc Samp. 1M 10°s (SELDS)- htrps:ifaxtranct.nv.doe 2oviBoecholesi| SPLLS xlsx acovssed on 03232018

Figure A-9. ER-20-12 well completion diagram.



Well ID:UE-5n UTM NAD 27 Northing: 4,075.284.87 m Easting: 582 626.39 m
Start Date; 02/09/1976 | Stop Dale: 03/01/1978 NSPC NAD 83 Northing: 6,229,960.18 m Easling: 562,836.83 m
DCrilling Pragram: Exploratory Borehole Lat/Long NAD 83 |Deg N: 36.820673 Deg W: 115.96231
Environmental Contractor: Fenix & Scission. Inc Surface Elevation | 3,113.36 ft amsl 948.95 m ams|
Drilling Contractor: ReeCo Drill Method Reverse Circulation Drilled Depth: 1,687 ft bgs
‘Well Construction Diagram (Current as of 03/19/2018)
Depth| Depth|  Stratigraphy Lithology HSU Water Well Construction
(m} | i) Level |
] o
" — &4-n_Borenole (0
] | oTa af Aluvium A3 5 bgsl
1 Quatemnary Aluvival 9
1| Tertiary altovium PO quifer TR e o [0-&ft
] & bgs)
1 @) 48-n. Carbon-
4 100 & slee! (CS) casing
] '@ {0- 5 ftbgs)
1 i < 36-in. Borehole (5
'@ - 82 ft bos)
50— h| Q
] '@ Cament (0 - 82t
1 200 o bgs)
i 20-in. Blank CS
‘@ casing (0 - 795 ft
4 & bgs)
E 1 '@
7 500 @)
100 ] @
E E 10.75-in.Blank CS
1 @ casing (0 - 72011
| 400 - bez)
] 1 K 2.375-in. CS blank
] tubing {0 - 840.02
| i ‘@ 1t bos)
- 7 '@
50 sa0
{1 ‘@
1 - '@
7 20 @)
il 1 @)
200 — i
7 - v Water Level: mi
—_— S V706,94 i bes
17 - 01710:2018 i | 10.75-in
g Perforated CS
| ] xCQ) casing (720 - 730
ft bos)
] 1 @)
800 — ks
250 — B @)
E & Crossower (340.02
1 i @) T 840,62 t bgs)
| 2 & T 456n. Electiic
— '@ submersible pump,
b (10 - 40 gom)
] ] (840,52 - B47.04
i & bgs), intake at
] ] < \ 847.02 ftbgs
] @) 4,04n, Seal
300 S {84704 354,45 ft
1000 — @ bgs)
1 b & 4.0-in. Motor
1 @ (85449 - 864,09
1 ] e bas)
] i 5.54n. Shroud
p— 5% (849.84 - 869.84 ft
1 ) bys)
) — 15-in. Borehole
50— 1 S T =2 (82 - 1.667 ft bas}
1 I T 10754nBlank CS
1 il — casing (0 - 1,523 ft
1200 — 5% e bgs)
1 ] "7 ——— Obstruction (1,184
<
1 1 &
1 9
1 1 &
1300 — @
400 — ] o
j 1 @)
4 &
1 1 @)
1400 —| 4
b ] @)
| ] &
] 9
450 — 8
I
1500 — o
1 '@
1 7 Q
] 30 Gement (1437 -
1 3 rE 1,887 i bgs)
{1800 - '@
B K
500 — R '@
4 Q
1 4 ‘@ A
Souree: Madified (rom Fvilion of Faisiing Wells al the Nevida Tes! Site (or Plugging and Abamdomment or for Recomplelion s Monilering Wells, U-S. Depariment ol Energy, Nevada Operations (e,

Sept, 1996 Navarro and N$Tec records; Int, Samp, Plan [Ts {TSPIDS) - hitps:ife:

¢.doe.gov/Th

Figure A-10. UE-5n well completion diagram.
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, Navalro 2017

ithologic, ans
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Well ID: ER-20-11 UTM

NAD 27

Northing: 4.116.550.43 m

Easting: 545,778.81 m

Start Date:09/01/2012  [Stop Date: 09/14/2012

NSPC NAD 83

Northing: 6,271,400 72 m

Easting: 516,120.70 m

Drilling Program: Pahule Mesa Phase Il

Lat/Long NAD 83

Deg N: 37.196070

Deg W. 116.485074

Environmental Contractor: UGTA/N-|

Surface Elevation

5,834.0 ft ams|

1,778.2 m amsl

Drilling Contractor: UDI Drill Method. Rotary Air Foam Drilled Depth: 3,003.85 ft bgs
Well Construction Diagram (Current as of 03/23/2018)
Depth| Depth  Stratigraphy Lithology HSU Water Well Construction
(m) | (ft) Level
a o Tib: Beally Bedded and TCVA! N
g ok Nonwalded Tuft Thirsty a X 30-in. Carbon-stes| (CS) casing (0 - 58.38 ft bgs)
1 Formation A Ca‘wor' ] ”' 42-in. Borehole (0 - 80 ftbgs)
J anwelded to volcanic
1 Trar: mafic- Partially Welded squifer Cement (- 60 ft bgs)
7 rich Ammonia Ash-Flow Tuff
50— 1 Tarks Tuff /
1 200 — Nonwelded Ash-Flow
B -1 Tmap: mafic- Tuff
1| poor Ammania |
gl T || Tanks Tuff Bedded Tuff THLFA:
{ 3002 | Tannenbaum
100 7 [ Tmab: bedded Fumiceous Rhyolite Hill lava-
1 Ammenia ava flow aquifar
1 T || Tanks Tuff
+ 400 - Stoney Rhyolite Lava
J 4| Tmat myolite
J 1o
1 | Tannenbaum
150 s00— | HIl
00— Vitrophyric Rhyelite
1 - Lava
200 —| 1
700 —
250 ] 800 — 7 625-in. Blank GS casing (0 - 1,515.67 ft bgs)
J 1 2.375-in. Blank CS tubing (0 - 1.622.31 ft bgs)
s} 13.375-n. CS casing (0- 1,673 21 f bgs)
1 1 2.875-in I 1485} blark tubing
1 1 {0- 1,742 54 ft bys)
3 1600 ]
] ] o e 17.5-in. Borehole (B0 - 1,706.74 t bgs)
BRRL]
350 — ] Y| Bedded Tuff THCM:
B - Tannenkaum
1200 — v Hill
: W composite
] - V| Nonwelded Tuf unit
400 —|1300 — v
] 1 v
1 1 [y Bedded Tuff
{100 : i P THIWTA: »
it mafc. || Moderately o Timber _
E rich Rainier Densely Welded Molintsin Cemant(1.410 - 1.676 ft bgs)
- Mesa Tuff Ash-Flow Tuff
i onveelded ASRFIGH WE“’;-‘“"“" Crossaver, 2.375-in, CS to 2.675-In. $S tubing
b e E L {1,622.31 - 1,623.14 ft bgs)
7 Partially Welded FEEU
B Ash-Flow Tufl ;
1800 ] Nonwelded Ash-Flow @:fﬁ‘:‘ar ) 1 _————— Crossover, 7 625-h. GS to 6:525-n. 55 casing
500 1 T'rr::rlf rhyolite T Sat Water Level: pl = {1,615.67 - 1,816.52 ft bgs)
= 7 | of Fluorspar n o )
] Wi o Nomwelded Tut unit 1.655.0 Il bgs
{1700 & Fill {1,676 - 1,706.74 ft bgs)
1 1 4 | Bedded Tuff
b e 3 Nonwelded Tuff Crossover (1.742.54 - 1,744.43 ft bgs)
20 E 4.0-in. Electric submersible pump. (10 - 40 gpm).
1 1 {1,744.43 - 1,753.18 ft bgs), intake at 1,753.18 ft
q 3 bgs
e 3 4.0-in, Seal {1,753.18 - 1.760.63 1 bos]
- ] 1 ™ Nonwelded Tuf 4.56-in. Motor (1.780.63 - 1,770.35 t bgs}
L2000 2 ¥ Bedded Tuff
] ] &
] 1 v
i v | Nonwelded Tuff — 6.825-in. Blank S8 casing (1,616.52 - 2,612.40 ft
650 —| 4 |[TmeTmber | |y
J 4 |/ Mountai
T \ e T 2675, Blank S tubing {1623.14 - 2,609.25 ft
2200 — P v
1 undivided
1 5 v
E ] Tpw: rhyolite of [y
700 —{2300 —JB Windy Wash g
1 1 : 12.25-in. Borehole (1,706.74 - 3.003.85 t bgs)
00 )
750 —| ] ‘
1 1 v Cement (2.409 - 2,662 ft bgs)
00 Tph: thyalie of |y
i Benham Al Pumicaous Rhyolie
Lava pl| [ — 20/40 Silica sand (2,562 - 2.578 ft bgs)
00 | , ] ml T —————_ g Silica sand (2,578 - 2,591 i bgs}
800 —| Vitrophyric Rhyolie BA Bonham 5
T ki snifor 2 875-in. Slotted SS tubing with bullnosed
o700 tarmination (2.608.25 - 2.965.16 fl bys}
J Stoney Rhyolite Lava
1 6.625-in. Slotted SS casing with bullnosed
350 | termination (2,612 40 - 2.966.78 ft bys}
2800
1 'UPCLU!
Tlesoo Uppar
4 Paintbrush 3B-in. Gravel (2,591 - 3,003.85 t bgs)
o m;lmmg
Ja000 Bedded Tuff

A
Source: Mowlilied irom Pahule Mesa ER-20-11 Well Daws Reporl N-T, 2013: Cemnpleton Repot for Well ER-20-11 US. Depariment of Enerey, N
xtranelny. due.gov Borchules] SPIDS.s1sX uovessed vn .

Phase [ Pabule Mesaasis Valley Model, N-1, 06

012, 1oL Samp. Plan 1D (1SPIDS)- bitlps:

ali

Figure A11. ER-20-11 well completion diagram.
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Well ID: UE-2¢ce UTM NAD 27 Northing: 4,110,772.7 m Easting: 576.804.2 m
Start Date: 01/101977  |Stop Date; 01/25/1977 NSPC NAD 83 Northing: 6,265,512.7 m Easting: 547,134.8 m
Drilling Program: N/A Lat/Long NAD 83 | Deg N: 37.141863 Deg W: -116.138082
Environmental Contractor: N/A Surface Elevation | 4 764 53 ft amsl 1,452 23 m amsl|
Drilling Contractor: REECo Drill Method: Drilled Depth: 1,650 ft bgs
Well Construction Diagram (03/20/2018)
Depth| Depth Stratigraphy Lithalogy HsU Water Well Canstruction
(m) Level
1 | am KT siwium AAZ: Allovial
i Quatemary/ Q *| aquifer
| Tertiary @ 26-in. Borehole {0 - 81 ft bgs)
J - e o T Cement 10- 121 fibos)
1 Ol T~ 13.3754n. Carbon-Steel (CS] Casing (0 -
100 — ; < &1 fthgs)
@)
1 4 <
B 1 @
50 A
| @)
200 —|
| <
1 @)
7 [
1 @
1 .
7 300 @)
100 1 =
] (@)
4 &l
] i@
7 400 — Pre-Tmr: Pre-  [¥] bedded tuff TMLVTA:
Rainier Mesa [y Timber
q 7] Tuft w Mountain
k lower vitric-
4 4 v tuff agquifer
| v
180 g0 | v
] v
A v
i ] v
4| Togb: Growse |V
Canyon v
800 | pedded wit
| 4 v
1 v
200 — v
Tn: Tunnel v
E Farmation w 8.626-in. Blank CS Casing (m1) (0 - 1,378
700 t bgs)
v
v
R v
| v 2.875-in. CS tubing (0 - 1,555.16 ft bgs]
800 A
250 N
v
1 v
b 12.25-in. Borehole {81 - 1,650 ft bgs)
00 i
i v
v
1 v
300 | &
1000 W
R v
v
1 W
v
1100 v
1 + | Cbk: Bonanza Dolomite LCAS:
1| King Fermatien Loweer
350 - carbonate
b aquifer
4 Ei upper thiust
1200 —
g E Cement (1,352 - 1.383 ft bgs)
1300
400 - Dowell cement basket set on slotted joint
b #5 between stops (1,377.95 - 1,383.86 ft
o bgs)
8:625-in. Slotted CS Casing {m 1) with
1 1 Bullnase (2)(1378- 1624 1t
1400 —| bgs)
T E Water Level: m1 Crossover (1,555.16 - 1,555.74 ft bgs)
4 1 ! 1,455 4 fibes Centrilift 4-in. Pump (155574 - 156567
1 10:24:2017 ft bgs), intake at 1,566 67 ft bgs
4505 i Centrilift Seal (1,586.67 - 1.570.21 fibgs)
|1500 4
B Shroud {connected above intake of pump)
i 4 (1.564.79 - 1595.02 ft bgs)
1 1 Centrifift Moter {3.75-in.} {1,570.21 -
1800 1561.00 fl bgs}
500 - 1

Sovurce: Modified frvm Resulis from Exploraory Drill Hole TE-2ee, TTNL: TRCID- 19324 March 1932 TE-2ee W MSTee Pump Tnslallaion Records «06:24:2008 k. Waler Levels frem TSGS WWIS D3/1973018: Inl. Samp. Flan 11's

FISPHO8] - ips:
Tdentilienion Ko, UG TAd 134, Nawarrs 2017

Figure A-12. UE-2ce well completion diagram.
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aaranet.nv.doc.2ov3asehaless ISP D% x15% aceessed on (3182015, Suatigraphic, Lithologic, and IS4 infarmation trom ~UGTA Suatierapiy and Lidialngy Database™, L (7 Teehnical Iara Repasitery Datahase




\Well ID: UE-20n #1

UTM NAD 27

Northing: 4,121, 483.82 m

Easting: 551.273.21 m

Start Date: 05/13/1967  |Stap Date: 06/10/1987

NSPC NAD 83

Northing: 8,276,316.25 m

Easting: 521,634.28 m

Drilling Program: Radienuclide Migration Program

Lat/Long NAD 83

Deg N: 37 240254

Deg W:116.422823

Environmental Contractor: N/A

Surface Elevation

6.460.98 ft ams|

1.968.31 m ams|

Drilling Contractor: REEGo

Drill Method

Rotary Air Foam

Drilled Depth: 3,300 ft bgs

Well Construction Diagram (Current as of 03/30/2018}

Depth | Depth Stratigraphy Lithology HSU Vvater Well Construction
m | (i Level
T I AL L N S TCVA Thisy
] - ™ | Gk §§j¥§,” vocanic 13.375:n. Carbon-stssl (CS) Gasing (0 - 182 f. hgs|
4 toe | T Pahuishiesa EeddsdiTuft 1754, Barehale 0 - 1921 bas}
] v i
1 - . Partally Vieided GCement (0 -192 fibgs)
50— - Tir, Rocket Wash W™ | Ash-Flaw TuT
20— ™ v
] T
Tibr rwalie of Beoded TR
1 Chukar Canyen |V
1 Towehyome o [
100 Bsaty Wash N Wommreidet Aahe
1 T~ Elow Tuff TRITA Timbar
J son o | Twar mareen | V] Mountain welded-
4 i ?rr%muula 2nke Partally Vigided tuf aquifer
] Ll w | Ash-Flow Tuff
150 - Tmap. malcpoor |3 |/ Tiogertey
1 e Ammonia Tanks [V s aeh-Flow
e o
1 e
] eoe l Tmab begded M| onted Tl
2| Ammonia Tanks
= Partally Vieided |
&0 it o Y\ renkiow Tt |
1 v
T mano o
4 THoderatel
] Roinicr ez Tt [V | iion ach-Fow
E W | TR
1 001 T malic-paor
250 7 | RanierlesaTuft |y
& ] v
1 woe ] v
i E v
300 — 400 2 s Virophyric Ash-
] v Fiow Tut
7 Nomwelded Ash- TMLYTA: Timier
Tiisg T wirel Flow Tuff Mlourtain ower o
g T, Holmes Road Rric-tut aquier asn a5 3 bisni ubing (0
56 Berdod To 221570 t bas)
J Trrw: rhyolfie of 9625-n. G5 casing (0 - 2260 04 ft bos)
fagg | vy viash Pumiceaus Lava 2
4 ] 23780, CEWbing 10 - 2,302.23 [L bas)
] ] F5ie Lav VA g
] Rhyalita Lava Viash aw"'-;; 12.26-in. Borzhels (102 - 2,323 t bys
00 ] 1300
1400 3
50
1500
- 1600
00 E
11700 5
550 — 1800 T Farmmen N Beodad ToT TP Uppar
+ 3 Group Paintorush
. E confining unit
- 1800 —
800 —| ]
12000 3 Waler Level: 02
] W | 2,040.06 1) bs
a1 (2,009 - 232
ot 05/17/2012 Ceinen! {2,009 - 2 323 11 bgs)
d2100 2 Thp: MaRG-ROOT Riyolite Lava CHZCW: Calicn
7| calicoHils Hill zaolfic
650 | 1 Formation composte Uit
] Cragsover. 3.5in. fo 2875-in. (ubing i2,215.70
2200 227601 fibgs)
] ] 2&75-in, Pup joint {2,216.21 - 2,220.68 i bgs}
i I5) £ Electic submersible pump with § 5-in
700 — 2300 shioud, (18~ 40 gpin), (2,220.85 - 2.232.08 1
7 s}
N q = 40dn Seal (2237 0B - 2,236 62 ft ngs)
il 404N, Mot 2.208.52 - 2.244.7 ftags)
750 — ] Tailpipa {2,244.74 - 2,257 29 ft bgs)
2500 — _
B 8.75.n. Barshole {2,323 - 2407 f bgs)
2800
800 —| E
2700 —
850 — 2800
1 il GCement {2,624 -2 836 ft bgs}
3 20040 Siliga sand {2,836 - 2 342 ft bgs)
2800 Bridge plug (2,842 7. bgs)
200 —| ] &5, Borehcle (2407 - 3,300 ft bgg)
3000
g50 | 2100 3
Jem0 2
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Figure A-13. UE-20n well completion diagram.
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