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1. Introduction

This Compliance Monitoring Report (CMR) summarizes the Lawrence Livermore National
Laboratory (LLNL) Site 300 Comprehensive Environmental Response, Compensation, and
Liability Act (CERCLA) Remedial Action compliance monitoring activities performed during
January through December 2014. The report is submitted in compliance with the Compliance
Monitoring Plan (CMP)/Contingency Plan (CP) for Environmental Restoration at Lawrence
Livermore National Laboratory Site 300 (Dibley et al.,2009a) and CMP/CP Addendum
(MacQueen et al., 2013).

During the reporting period of January through December 2014, approximately eight million
gallons of ground water and 100 million cubic feet of soil vapor were treated at Site 300,
removing approximately 9 kilograms (kg) of VOCs, 110 grams (g) of perchlorate, 1,300 kg of
nitrate, 120 g of Research Department Explosive (RDX), 5.4 g of a mixture of tetrabutyl
orthosilicate (TBOS) and tetrakis (2-ethylbutyl) silane (TKEBS) and 5.5 g of total uranium
(Table Summ-1).

Since remediation began in 1991, approximately 426 million gallons of ground water and
920 million cubic feet of soil vapor have been treated, removing approximately 600 kg of VOCs,
1.5 kg of perchlorate, 15,000 kg of nitrate, 2.1 kg of RDX, 9.5kg of TBOS/TKEBs, and 0.047 kg
of total uranium (Table Summ-2).

2. Extraction and Treatment System Monitoring and
Ground and Surface Water Monitoring Programs

Section 2 presents the monitoring results for the Site 300 remediation systems, ground water
monitoring network, and surface water sampling and analyses. These results are presented and
discussed by operable unit (OU) as follows:

2.1. General Services Area OU 1

2.2. Building 834 OU 2

2.3. Pit 6 Landfill OU 3

2.4. High Explosives Process Area (HEPA) OU 4

2.5. Building 850/Pit 7 Complex OU 5

2.6. Building 854 OU 6

2.7. Building 832 Canyon OU 7

2.8. Site-Wide OU 8 (Building 833, Building 801/Pit 8, Building 845/Pit 9, and

Building 851)

The locations of the Site 300 OUs 1 through 8 are shown on Figure 2-1. The Pit 2, 8, and

9 Landfills (OU 8) are discussed in Section 3.

Treatment facility operations and maintenance issues that occurred during second semester
2014 and influent and effluent analytical data collected during second semester 2014 are
included in this report. Treatment facility pH data collected during second semester 2014 are
presented in Appendix A. Ground and surface water monitoring analytical data and ground
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water elevation measurements for the entire calendar year 2014 are presented in Appendices B
and C, respectively. Analytical data from the analysis of soil samples collected during 2014
drilling operations are presented in Appendix E. New wells and boreholes installed during 2014
are presented in Table 2-1. An acronym list is located in the Table Section of this report.

In accordance with the 2009 CMP/CP requirements, post-only concentration maps and
isoconcentration contour maps depicting primary and secondary contaminant of concern (COC)
data are presented in this annual CMR report along with hydraulic capture zones for all
hydrostratigraphic units (HSUs) where ground water elevation and concentration data are
contoured.

Total VOC isoconcentration contour maps were constructed by contouring the sum of the
results of the following VOCs: trichloroethene (TCE); tetrachloroethene (PCE); cis-1,2-
dichloroethene (cis-1,2-DCE); trans-1,2-dichloroethene (trans-1,2-DCE); carbon tetrachloride;
chloroform; 1,1-dichlorethane (1,1-DCA); 1,2-dichlorethane (1,2-DCA); 1,1-dichloroethene (1,1-
DCE); 1,1,1-trichloroethane (1,1,1-TCA); trichlorofluoromethane (Freon 11); 1,1,2-trichloro-
1,2,2-trifluoroethane (Freon 113); 1,1,2-trichloroethane (1,1,2-TCA); and vinyl chloride. The
individual VOCs that make up these total VOC concentrations are also posted on these maps.
VOC concentrations presented in the text are total VOCs described above unless a specific VOC
is indicated. Isoconcentration contour maps and post-only maps for the primary COCs were
constructed using second semester 2014 data. Isoconcentration contour maps and post-only
maps for the secondary COCs were constructed using first semester 2014 data. To create a
snapshot in time, hydraulic capture zones and extents of saturation are based on ground water
elevation data collected during the same semester as the same COC data. For collocated wells,
the highest concentration was used for contouring.

As a result, in some rare instances, the maximum COC concentrations reported in the text
might not agree with the value posted on the contour map. The two values would not agree if the
annual maximum concentration sample was collected during a different semester. The two
values would also not agree if the maximum concentration sample was collected during the same
semester, but during a different quarter. All COC and ground water elevation maps were
constructed using a single quarterly sampling data set selected because it contained the most
complete geographic coverage for the 6-month reporting period. Specific ground water
monitoring data are discussed within each OU section and all ground water analytical data are
included in the data tables presented in Appendix B of this report.

Hydraulic capture and injection zones are also presented in this report. The capture zones are
defined only for extraction and injection wells that were active during the time period when the
ground water elevations were measured. The CMR capture zones are based primarily on the
equipotentials of the ground water elevation contour maps. These equipotential-based CMR
capture zones may differ from the capture zones presented in the Site-Wide Remediation
Evaluation Summary Report (SWESR) (Ferry et al., 2006), because the SWESR capture zones
were estimated using computer models such as Winflow or FEFLOW. As a general rule, the
CMR capture zones were extended to two upgradient ground water elevation contours. For cases
where there were few observation wells located nearby, a Thiem solution for steady-state radial
flow in the vicinity of a pumping well was used to control the ground water elevation contours.
Hydraulic capture and injection zones are displayed on ground water elevation contour maps and
primary and secondary COC isoconcentration contour maps for all OUs where active ground
water remediation is occurring (i.e., OU 1, OU 2, OU 4, OU 5, OU 6 and OU 7). As previously
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mentioned, hydraulic capture zones are based on ground water elevation data collected during
the same semester the COC data was collected.

During 2014, it was discovered that the check valves were not functioning properly
in some low-yield and cyclic-operating extraction wells. These check valves allowed extracted
ground water to back-flow into the same well during non-pumping periods. This resulted in
some overestimates of extracted ground water volumes and, therefore, overestimates of the total
contaminant mass removed from the effected extraction wells. Work is currently underway to
identify all extraction wells with this problem, and to install additional check valves in pump
discharge lines to prevent ground water from back-flowing into the wells. When this work is
completed and more accurate discharge volumes have been determined, the revised extracted
ground water volumes and contaminant mass removed, will be presented in a future report.

During 2014, shallow water-bearing zones throughout Site 300 continued to be dewatered by
pumping extraction wells and prevailing drought conditions.

In this report, concentrations for most organic compounds are reported in pg/L. The primary
exception is nitrate, which is reported in mg/L.

2.1. General Services Area (GSA)OU 1

The GSA OU consists of the Eastern and Central GSA areas.

The source of contamination in the Eastern GSA was abandoned debris burial trenches that
received craft shop debris. Leaching of solvents in the debris resulted in the release of volatile
organic compounds (VOCs) to ground water.

A ground water extraction and treatment system (GWTS) was operated in the Eastern GSA
from 1991 to 2007 to remove VOCs from ground water. VOC-contaminated ground water was
extracted from three wells (W-26R-03, W-25N01 and W-25N-24), located downgradient of the
debris burial trenches, at a combined flow rate of 45 gallons per minute (gpm). The extracted
ground water was treated in three 1,000-pound (Ib) granular activated carbon (GAC) units that
removed VOCs through adsorption. The treated effluent water was discharged to nearby Corral
Hollow Creek.

Remediation efforts in the Eastern GSA successfully reduced concentrations of TCE and
other VOCs in ground water to below their respective Maximum Contaminant Level (MCL)
cleanup standards set in the GSA Record of Decision (ROD) (United States [U.S.] Department of
Energy [DOE], 1997). The Eastern GSA ground water extraction and treatment system was shut
off on February 15,2007 with the U.S. Environmental Protection Agency (EPA), Regional
Water Quality Control Board (RWQCB) and California Department of Toxic Substances Control
(DTSC) approval. As required by the GSA ROD, ground water monitoring was conducted for
five years after treatment facility shutdown to determine if VOC concentrations rose or
“rebounded” above MCL cleanup standards. The results of the monitoring, indicating that VOC
concentrations had remained below cleanup standards during the five-year post shutdown-
monitoring period, were presented at the February 24, 2012 Remedial Project Manager’s (RPM)
Meeting. The regulatory agencies agreed that cleanup of the Eastern GSA was complete,
monitoring and reporting could cease, and that close out documentation should be submitted.
Therefore, the Eastern GSA is no longer discussed in the CMRs (Dibley et al., 2012).
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At the Central GSA, chlorinated solvents, mainly TCE, were historically used as degreasing
agents in craft shops, such as Building 875. Rinse water from these degreasing operations was
disposed of in dry wells. Typically, the dry wells were gravel-filled holes about three to four feet
deep and two feet in diameter. The Central GSA dry wells were used until 1982. In 1983 and
1984, these dry wells were decommissioned and excavated.

The Central GSA GWTS has been operating since 1992 removing VOCs from ground water.
The current ground water extraction wellfield consists of eight wells (W-7I, W-70, W-7P,
W-7R, W-872-02, W-873-07, W-875-07 and W-875-08). However, due to declining water
levels resulting from extraction and regional drought conditions, only four of these wells (W-7R,
W-872-02, W-873-07, and W-875-08) contributed to the volumes extracted during second
semester 2014. The combined flow rates declined from approximately 2.0 gpm to 0.2 gpm by
the end of 2014 The Central GSA GWTS began receiving partially treated water from the
Building 830-Distal South (830-DISS) facility at the end of first semester 2007. The current
ground water extraction wellfield from 830-DISS connected to the Central GSA GWTS consists
of W-830-2216, W-830-51, W-830-52 and W-830-53. During second semester 2014, the flow
rates also decreased from these wells to a combined flow rate of 3.3 gpm from only two
extraction wells, W-830-2216 and W-830-51. Therefore, most of the water undergoing
treatment at the Central GSA GWTS by the end of second semester 2014 (declining from
3.3 gpm vs. 0.2 gpm) derived from the 830-DISS extraction wellfield. The current GWTS
configuration includes particulate filtration, air stripping to remove VOCs from extracted water,
and GAC to treat vapor effluent from the air stripper. Treated ground water is discharged to the
surrounding natural vegetation using misting towers.

The Central GSA soil vapor extraction and treatment system (SVTS) began operation in
1994, in the GSA adjacent to the Building 875 dry well contaminant source area, removing
VOCs from soil vapor. Soil vapor is currently extracted from seven wells (W-71, W-875-07,
W-875-08, W-875-09, W-875-10, W-875-11 and W-875-15) at a combined total flow rate of
approximately 32 to 39 standard cubic feet per minute (scfm). This flow rate has been fairly
consistent over the operational history of this system. Simultaneous ground water extraction in
the vicinity lowers the elevation of the water table and maximizes the volume of unsaturated soil
influenced by vapor extraction. The current SVTS configuration includes a water knockout
chamber, a rotary vane blower, and four 140-1b vapor-phase GAC columns arranged in series.
Treated vapors are discharged to the atmosphere under a regulatory permit from the San Joaquin
Valley Unified Air Pollution Control District.

A map of the Central GSA, showing the locations of monitor and extraction wells and
treatment facilities is presented on Figure 2.1-1.
2.1.1. GSA Ground Water and Soil Vapor Extraction and Treatment System Operations

and Monitoring

This section is organized into five subsections: facility performance assessment; operations
and maintenance issues; compliance summary; and sampling plan evaluation and modifications.

2.1.1.1. GSA Facility Performance Assessment

The monthly ground water and soil vapor discharge volumes and rates and operational hours
for second semester 2014 are summarized in Table 2.1-1. The total volume of ground water and
vapor extracted and treated and masses removed during the reporting period is presented in
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Table Summ-1. The cumulative volume of ground water and soil vapor treated and discharged
and masses removed are summarized in Table Summ-2. Analytical results for influent and
effluent samples collected during second semester 2014 are presented in Table 2.1-2. The pH
measurement results are presented in Appendix A.

2.1.1.2. GSA Operations and Maintenance Issues

The following maintenance and operational issues interrupted continuous operations of the
Central GSA GWTS and SVTS during second semester 2014:

* The GWTS was offline from July 7 until July 22 due to electrical breaker issues and
condensate problems with the compressor.

* The GWTS was offline from September 19 until September 22 to repair a break in the
treated water line between misting towers.

* Changed the operations of the misting towers from using both misting heads on towers #1
and #4 to both heads on towers #2 and #3.

* The GWTS was offline from October 16 until October 28 to repair the effluent transfer
pump.

* Changed the operations of the misting towers from using both misting heads on towers #2
and #3 to the use of a single misting head on all four misting towers.

* The GWTS was taken offline for freeze protection on December 8 for the remainder of
the reporting period.

2.1.1.3. GSA Compliance Summary

The Central GSA GWTS operated in compliance with the RWQCB Substantive
Requirements for Wastewater Discharge during second semester 2014. The Central GSA SVTS
system operated in compliance with San Joaquin Valley Air Pollution Control District permit
limitations.

2.1.1.4. GSA Facility Sampling Plan Evaluation and Modifications

The Central GSA treatment facility sampling and analysis plan complies with the monitoring
requirements in the CMP/CP. The treatment facility sampling and analysis plan is presented in
Table 2.1-3. No modifications were made to the plan during this reporting period.

2.1.1.5. GSA Treatment Facility and Extraction Wellfield Modifications

No modifications were made to the Central GSA GWTS, SVTS, or the extraction wellfield
during this reporting period.

2.1.2. GSA Surface Water and Ground Water Monitoring

The sampling and analysis plan for ground water monitoring at the Central GSA is presented
in Table 2.1-4. This table delineates and explains deviations from the sampling plan and
indicates any additions that were made to the CMP. The sampling and analysis plans for the
three Eastern GSA offsite water-supply wells and for the three Eastern GSA wells retained for
CMP monitoring downgradient of the Central GSA, have been incorporated into Table 2.1-4.
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During the reporting period, ground water monitoring was conducted in accordance with the
CMP monitoring requirements with the following exceptions; a total of 20 required analyses
were not performed in 14 different wells because the wells were dry or there was insufficient
water to collect the samples, a total of five required analyses were not performed in three
different wells due to an inoperable pump, a total of 14 required analyses were not performed in
12 different wells due to unsafe conditions (muddy impassable roads) making the wells
inaccessible, and one analysis was not performed due to an error by the analytical laboratory. A
total of six required analyses were not performed in six different extraction wells (one per well)
that were turned off for winter freeze protection.

Of the 14 required analyses that were not performed in 12 wells due to unsafe conditions
making the wells inaccessible, access was available and sampling successfully conducted for 12
of the 14 required analyses, in 11 of the 12 wells, during other quarters of 2014, fulfilling CMP
requirements.

Of the three wells with an inoperable pump, one was repaired in April 2014 and used for
subsequent sampling (well CDF1) and two others (wells W-7B and W-7C) are scheduled for
repair and should be operational for planned second quarter 2015 sampling.

Analytical results and ground water elevation measurements obtained during 2014 are
presented in Appendices B and C, respectively.

For the Central GSA, ground water elevations and the potentiometric surface contour map,
based on second semester 2014 data, for the Qt-Tnsc; and Qal-Tnbs; HSUs, including hydraulic
capture zones, are presented on Figure 2.1-2.

2.1.3. GSA Remediation Progress Analysis

This section is organized into four subsections: mass removal; analysis of contaminant
distribution and concentration trends; remediation optimization evaluation; and performance
issues.

2.1.3.1. GSA Mass Removal

The monthly ground water and soil vapor mass removal estimates for second semester of
2014 are summarized in Table 2.1-5. The total mass removed during the reporting period and
cumulative mass estimates are summarized in Table Summ-1 and Table Summ-2, respectively.

2.1.3.2. GSA Contaminant Concentrations and Distribution

At the Central GSA, VOCs are the only COCs in ground water and soil vapor. TCE is the
most prevalent VOC detected in Central GSA ground water, comprising approximately 90% of
the total VOCs. Other VOC COCs identified in the Central GSA include tetrachloroethene
(PCE), cis-1,2-dichloroethene (DCE), 1,1-dichloroethene (1,1-DCE), 1,1,1-trichloroethane
(TCA), benzene, bromodichloromethane, and chloroform. The HSUs in the Central GSA are
the: Qt-Tnsc; HSU (western part of the Central GSA), Qal-Tnbs; HSU (eastern part of the
Central GSA), and underlying Upper and Lower Tnbs; HSUs.

For the Qt-Tnsc, and Qal-Tnbs, HSUs, isoconcentration contours and individual
concentrations for total VOCs, based mostly on second semester 2014 data, are presented on
Figure 2.1-3. Because each CMR map is representative of contaminant concentrations during a
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particular semester, the maximum concentration shown on the CMR map may not match the
maximum concentration for 2014 described in the text.

Dry Well Pad Area

A VOC plume is present in Qt-Tnsc, and Qal-Tnbs, HSU ground water in the Central GSA
dry well pad area. The highest VOC and TCE concentrations have been detected in wells
screened in the Qt-Tnsc; HSU within the Building 875 dry pad area. Prior to remediation, the
historic maximum total VOC (mostly TCE) concentration detected in Central GSA ground water
was 272,000 pg/L (in a bailed ground water sample collected during drilling of the Building 875
dry well pad area extraction well W-875-07 in March 1992). Total VOC concentrations in the
Building 875 dry well area have decreased to a 2014 maximum of 364 ug/L. (W-7I, April).
While most of the VOCs detected in the Building 875 dry well area well samples consist of TCE,
other VOC:s in this area detected in 2014 included PCE, 1,1-DCE, cis-1,2-DCE, trans-1,2-DCE,
1,1-DCA and 12-DCA. Of these VOCs, only TCE, PCE and cis-1,2-DCE were present at
concentrations that significantly exceeded their MCL cleanup standards while 1,1-DCE and
1,2-DCA were present at concentrations slightly above their MCL cleanup standards. During
2014, Freon 11, bromodichloromethane and chloroform were not detected in this area. Several
Building 875 dry well pad area wells were not sampled during 2014 due to insufficient water.

TCE concentrations in this area have decreased from a historic maximum of 240,000 ug/L.
(W-875-07, 1993) to a 2014 maximum of 290 pg/L (W-71, April and W-875-08, October). PCE
concentrations have decreased from a historic maximum of 25,000 pg/L (W-875-07, 1993) to a
2014 maximum of 37 ug/L. (W-7I, April). Cis-1,2-DCE concentrations have decreased from a
historic maximum of 16,000 pg/L (W-71, 1993) to a 2014 maximum of 53 pg/L in the same well
(W-875-08, October). Concentrations of 1,1-DCE have decreased from a historic maximum of
860 ug/L (W-71, 1993) to a 2014 maximum of 6.3 ug/L. (W-875-08, October). Concentrations of
1,2-DCA have decreased from a historic maximum of 38 pg/L. (W-875-08, 1993 and W-T7I,
1993) to a 2014 maximum of 0.68 pg/L (W-71, April). 1,1-DCA concentrations have decreased
from a historic maximum of 38 pg/L. (W-71, 1993) to a 2014 maximum of 0.59 ug/L. (W-7I,
April). Overall, a decreasing trend of VOC concentrations in ground water continued in 2014.

During 2014, TCE soil vapor concentrations in the Building 875 dry well pad area (wells
W-71, W-875-07, W-875-08, W-875-09, W-875-10, W-875-11, W-875-12 and W-875-15 ranged
from 0.19 to 1.8 parts per million on a volume per volume basis (ppmyy). These vapor
concentrations have decreased significantly from the historic maximum TCE vapor concentration
of 530 ppm,,, measured in extraction well W-875-07, in 1994.

Outside the Dry Well Pad Area

Outside the Building 875 dry well pad area, wells monitor the (1) Qt-Tnsc; and the Qal-
Tnbs; HSUs, (2) Upper Tnbs; HSU and (3) Lower Tnbs; HSU.

Qt-Tnsc; and Qal-Tnbs; HSUs

For monitor wells screened in the Qt-Tnsc; and the Qal-Tnbs; HSUs, the historic maximum
total VOC concentration was detected in well W-70 (screened in the Qt-Tnsc; HSU) at 920 pg/L
(1994) declining to 91 pg/L (April) representing the 2014 maximum total VOC concentration
detected in wells outside the Building 875 dry well area. Most of VOCs detected for both
maxima in well W-70 consisted of TCE (870 pg/L in 1994 and 83 pg/L in April 2014) and these
represent the historic and 2014 maximum TCE concentrations detected in wells outside the
Building 875 dry well area. During 2014, VOCs detected in wells outside the Building 875 dry

7
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well area consisted primarily of TCE, with minor concentrations of PCE, 1,1-DCE, cis-1,2-DCE,
trans-1,2-DCE and Freon 11. Of these VOCs, only TCE and PCE (at 6.2 pg/L) were present
above their MCL cleanup standards of 5 ug/L (both compounds).

Lower Tnbs; HSU

Five monitor wells are screened in the deeper Lower Tnbs; HSU. The historic maximum
total VOC concentration was detected in well W-7G at 47 pg/L (primarily TCE, 1989) declining
to less than the reporting limit in all five wells, during 2014. No VOCs above the reporting limit
have been detected in Lower Tnbs; Central GSA wells located on LLNL property since 2001.

South of the Site 300 Boundary

South of the Site 300 boundary, 17 wells monitor the (1) Qt-Tnsc; HSU, (2) Upper Tnbs;
HSU and (3) Lower Tnbs; HSU.

South of the Site 300 boundary, seven monitor wells and two guard wells are screened in the
Qt/Tnsc; HSU. During 2014, VOCs (mostly TCE) were detected in only two Qt-Tnsc; HSU
offsite monitor wells, W-35A-01 (39 pg/L, November) and W-35A-10 (15 pg/L, November).
The historic maximum total VOC concentration observed in Qt/Tnsc; HSU ground water south
of the Site 300 boundary was detected in well W-35A-01 at 545 pg/L (comprised of 510 pg/L
TCE and 30 pg/L PCE, 1991). Total VOC concentrations in this well have declined to 39 pg/L
(November, 2014), consisting of TCE (36 pg/L), PCE (2.3 pg/L) and 1,1-DCE (0.71 pg/L). Of
these VOCs, only TCE was detected above its MCL cleanup standard (5 pg/L). During 2014,
well W-35A-10 yielded a maximum total VOC concentration of 15 pg/L, comprised of TCE
(9.6 pg/L) and Freon 11 (5.8 pg/L). Only the TCE concentration exceeded its MCL cleanup
standard of 5 pg/L. The historic maximum total VOC concentration in this well was 86 ng/L
(1994). During 2014, no VOCs were detected above the reporting limit in the remaining
Qt/Tnsc; HSU Central GSA wells located south of the Site 300 boundary including guard wells
W-35A-08 and W-35A-14, neither of which has had detectable VOCs since their construction in
1994.

Upper Tnbs; HSU

In 2014, no VOCs were detected in the three ground water monitor wells (W-35A-05, -12
and -13) screened in the Upper Tnbs; HSU, south of the Site 300 boundary. No VOCs have been
detected in this HSU south of the Site 300 boundary since 1996 (2.4 pg/L, W-35A-13).

Lower Tnbs; HSU

Except for a very small detection of chloroform (CDFI, 0.81 ug/L, November), no VOCs
above the reporting limit were detected in the five Lower Tnbs, Central GSA wells located south
of the Site 300 boundary, in 2014. No VOCs have been detected in this HSU south of the
Site 300 boundary since 2001 (CDF, 1.96 ug/L, the historic maximum, and CON1, 1.3 ug/L).

2.1.3.3. GSA Remediation Optimization Evaluation

Ground water extraction and drought conditions continue to lower the ground water table
within the GSA OU. At the Central GSA, ground water extraction continues to capture the
highest concentrations in ground water. Remediation efforts have reduced VOC concentrations
in Central GSA ground water from a historic maximum of 272,000 ug/L in 1992 (W-875-07) to
a 2014 maximum of 364 nug/L (W-7I, April). This follows a declining trend from the 2013
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maximum concentration of 450 pg/L in the same well. At the eastern edge of the VOC plume,
VOC concentrations continue to decrease in monitor wells W-26R-06 and W-26R-11.

Ground water remediation continues to reduce VOC concentrations in the two offsite wells in
which VOCs have recently been detected. Wells W-35A-01 and W-35A-10 are located within
50 and 100 feet of the southern site boundary, respectively. Monitor well W-35A-01 appears to
be within the hydraulic capture zone of the Central GSA extraction well W-875-08 based on
capture zone analysis. Although monitor well W-35A-10 does not appear to be within the
hydraulic capture zone of the Central GSA extraction wellfield, VOC and TCE concentrations
continue to exhibit a long-term declining trend. TCE concentrations in this well, with a historic
maximum of 86 pg/L (1994) remained low at 9.6 pug/L in November 2014; just above its 5 pg/L
MCL cleanup standard. No other VOCs are detected above their MCL cleanup standard in well
W-35A-10.

Historically and during 2014, substantially more VOC mass was removed by soil vapor
extraction than by ground water extraction. Of the 622 grams (g) of VOCs removed during 2014
at the Central GSA treatment facility, 570 g (92%) were removed in the vapor phase. For ground
water and soil vapor combined, an approximate 12% decline in VOC mass removed occurred in
2014 (622 g) compared with 2013 (710 g). A comparison from 2013 to 2014 indicates the
volume of treated soil vapor decreased by approximately 10% from 19.8 million cf (2013) to
17.7 million cf (2014) and the volume of treated ground water decreased by 80% from
1,751,000 gallons (2013) to 354,000 gallons (2014). The decrease in treated ground water
volume is due the lack of water available from extraction wells W-70 (which dried out in June
2014) and W-7I (which dried out in August 2014) and the overall declining ground water table as
the field continues to be dewatered by pumping and drought. Table Summ-1 lists the mass
removed by each individual treatment facility.

The third GSA Five-Year Review (Valett et al., 2011) included a recommendation to track
VOC concentrations in monitor well W-889-01 (located in the northern plume area) and if
concentrations increase, the well should be considered for conversion to an extraction well.
During 2014, total VOC concentrations in W-889-01 were 8.1 ug/LL  (June) continuing a
declining trend since 1998 (75 pg/L) and 2011 (28 pug/L). In 2012, a new extraction well
(W-CGSA-2708) was installed in the northern plume area, in lieu of converting well W-889-01
to an extraction well. Due to the dense infrastructure in the area that precluded constructing a
pipeline from the new extraction well to the Central GSA treatment facility, DOE instead plans
to install a new treatment facility (CGSA-North) to address VOCs in the northern plume. During
2013, a new injection well (W-CGSA-2907) was installed in the vadose zone portion of the
Qt-Tnsc, HSU, upgradient of planned extraction well W-CGSA-2708. The well was developed
and tested during first semester 2014; test results indicate this well has sufficient capacity to
accept ground water extracted from W-CGSA-2708.

2.1.3.4. GSA OU Remedy Performance Issues

Ground water extraction activities and prevailing drought conditions continued to lower the
ground water table and dewater the Central GSA dry well pad area, resulting in a decreased
volume of ground water that can be extracted for treatment. Otherwise, there were no new issues
that affect the performance of the cleanup remedy for the GSA OU during this reporting period.
The remedy continues to be effective and protective of human health and the environment, and to
make progress toward cleanup.



2014 Annual CMR LLNL Site 300 March 2015

2.2. Building 834 OU 2

The Building 834 Complex has been used to test the stability of weapons and weapon
components under various environmental conditions since the 1950s. Past spills and piping leaks
at the Building 834 Complex have resulted in soil and ground water contamination with VOCs
and TBOS/TKEBs. Nitrate concentrations in Building 834 ground water that exceed the MCL
cleanup standard (45 milligrams per liter [mg/L]) are likely the result of a combination of natural
sources and septic system leachate. In addition, a former underground diesel storage tank
released diesel to the subsurface.

The Building 834 OU is informally divided into three areas: the core, leachfield (septic
system), and distal areas (Figure 2.2-1). The core area generally refers to the vicinity of the
buildings and test cells in the center of the Building 834 Complex where the majority of
contaminant releases occurred. The leachfield area is located immediately southwest of the core
area. The distal (T2) area refers to the area downgradient (south) of the core and leachfield
areas. A map of Building 834 OU showing the locations of monitor and extraction wells and
treatment facilities is presented on Figure 2.2-1.

The Building 834 GWTS and SVTS began operation in 1995 and 1998, respectively. These
systems are located in the Building 834 core area. The ground water extraction wellfield
removes VOCs nitrate and TBOS/TKEBs from ground water within the Tpsg HSU and the
SVTS removes VOCs from soil vapor. Due to the very low ground water yield from individual
ground water extraction wells (<0.1 gpm), the GWTS and SVTS have been operated
simultaneously in batch mode. Although the GWTS can be operated alone, the SVTS is not
operational without ground water extraction due to the upconing of the ground water in the well
that covers the well screen and prevents soil vapor flow.

The current extraction wellfield consists of 13 dual extraction wells for both ground water
and soil vapor. Nine extraction wells (W-834-B2, -B3, -D4, -D6, -D7, -D12, -D13, -J1, and
-2001) are located within the core area and three (W-834-S1, -S12A, and -S13) within the
leachfield area. The GWTS extracts ground water at an approximate combined flow rate of
between 0.12 and 0.31 gpm and the SVTS extracts soil vapor at a combined flow rate of
approximately 116 to 155 scfm. The current GWTS configuration includes floating hydrocarbon
adsorption devices to remove the floating silicon oil, TBOS/TKEBs, and floating diesel (if any),
followed by aqueous-phase GAC to remove VOCs, dissolved-phase TBOS/TKEBs, and diesel
from ground water. Nitrate-bearing treated effluent is then discharged via a misting tower onto
the landscape for uptake and utilization of the nitrate by indigenous grasses. The current SVTS
configuration includes vapor-phase GAC for VOC removal. Treated vapors are discharged to
the atmosphere under an air permit issued by the San Joaquin Valley Unified Air Pollution
Control District.

Since 2005, a long-term enhanced in situ bioremediation treatability test has been conducted
at the distal T2 Area. This testing has included biostimulation to transform ground water from
oxidizing to reducing conditions and bioaugmentation with KB-1"™, a natural non-pathogenic
microbial consortium capable of complete dechlorination of TCE to ethene. This long-term test
is described in Sections 2.2.3.3 and 2.2.3.4.
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2.2.1. Building 834 OU Ground Water and Soil Vapor Extraction and Treatment System
Operations and Monitoring

This section is organized into four subsections: facility performance assessment; operations
and maintenance issues; compliance summary; and sampling plan evaluation and modification.

2.2.1.1. Building 834 OU Facility Performance Assessment

The monthly ground water and soil vapor discharge volumes and rates and operational hours
for second semester 2014 are summarized in Table 2.2-1. The total volumes of ground water and
vapor extracted and treated and masses removed during 2014 are presented in Table Summ-1.
The cumulative volume of ground water and soil vapor treated and discharged and masses
removed are summarized in Table Summ-2. Analytical results for influent and effluent samples
collected during second semester 2014 are presented in Tables 2.2-2 through 2.2-4. The pH
measurement results are presented in Appendix A.

2.2.1.2. Building 834 OU Operations and Maintenance Issues

The following maintenance and operational issues interrupted continuous operations of the
Building 834 GWTS and SVTS during second semester 2014:

* Both the GWTS and SVTS were offline from July 25 until July 28 due to high
temperature interlock shutdown on the SVE system.

* The GWTS was taken offline for one day on October 1 for upgrades to the electronic
interlock system.

* Both the GWTS and SVTS were taken offline on December 8 through the remainder of
the year for freeze protection.

2.2.1.3. Building 834 OU Compliance Summary

The Building 834 GWTS operated in compliance with the RWQCB Substantive
Requirements for Wastewater Discharge during second semester 2014. The Building 834 SVTS
system also operated in compliance with San Joaquin Valley Air Pollution Control District
permit limitations during second semester 2014.

2.2.1.4. Building 834 OU Facility Sampling Plan Evaluation and Modifications

The Building 834 treatment facility sampling and analysis plan complies with the monitoring
requirements in the CMP/CP. The sampling and analysis plan is presented in Table 2.2-5. No
modifications were made to the plan during 2014.

2.2.1.5. Building 834 OU Treatment Facility and Extraction Wellfield Modifications

No modifications to the treatment facility or to the extraction wellfield were made during this
reporting period.

2.2.2. Building 834 OU Ground Water Monitoring

The sampling and analysis plan for ground water monitoring is presented in Table 2.2-6.
This table also delineates and explains deviations from the sampling plan and indicates any
additions made to the CMP.

11
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During this reporting period, ground water monitoring was conducted in accordance with the
CMP monitoring requirements with the following exceptions; a total of 116 required analyses in
34 different wells were not performed because the wells were dry or there was insufficient water
in the wells to collect the samples and a total of seven required analyses in two different wells
were not performed because of an inoperable pump. Of the two wells with an inoperable pump,
one well (W-834-T1) was repaired in time for scheduled sampling in December 2014 and the
second well (W-834-T3) is scheduled for repair.

Analytical results and ground water elevation measurements obtained during 2014 are
presented in Appendices B and C, respectively.

The ground water elevation contour map for the Tpsg HSU is presented on
Figure 2.2-2. Ground water elevations for the Tps-Tnsc, HSU are posted on Figure 2.2-3.

2.2.3. Building 834 OU Remediation Progress Analysis

This section is organized into four subsections: mass removal, analysis of contaminant
distribution and concentration trends, remediation optimization evaluation, and performance
issues.

2.2.3.1. Building 834 OU Mass Removal

The monthly ground water and soil vapor mass removal estimates for second semester 2014
are summarized in Table 2.2-7. The total mass removed during the reporting period and
cumulative mass estimates are summarized in Table Summ-1 and Table Summ-2, respectively.

2.2.3.2. Building 834 OU Contaminant Concentrations and Distribution

At the Building 834 OU, VOCs (primarily TCE but also PCE, cis-1,2-DCE, 1,1,1-TCA and
chloroform) are the primary COCs detected in ground water; TBOS/TKEBs and nitrate are the
secondary COCs. These COCs have been identified in two shallow HSUs: (1) the Tpsg perched
water-bearing gravel zone, and (2) the underlying Tps-Tnsc, perching horizon. Figure 2.2-1
shows the location of wells and treatment facilities in the Building 834 OU.

For the Tpsg HSU: (1) isoconcentration contour and individual concentration maps for total
VOCs, based on second semester data, are presented on Figure 2.2-4; (2) first semester
TBOS/TKEBS concentrations are posted on Figure 2.2-5; and (3) first semester nitrate
concentrations are posted on Figure 2.2-6. For the Tps-Tnsc, HSU, individual VOC,
TBOS/TKEBS and nitrate concentrations are posted on Figure 2.2-3. Because each CMR map is
representative of contaminant concentrations during a particular semester, the maximum
concentration shown on the CMR map may not match the maximum concentration for 2014
described in the text.

2.2.3.2.1. VOCs Concentrations and Distribution

Although the overall extent of VOCs in the Building 834 OU ground water and soil vapor
have not changed significantly, the maximum concentrations have decreased by more than one
order-of-magnitude since remediation began in the mid 1990s. VOCs detected in Building 834
area ground water consist primarily of TCE and cis-1,2-DCE. Other VOCs including PCE,
1,1-DCE, 1,1,2-TCA, trans-1,2-DCE, Freon 113, vinyl chloride and chloroform as well as ethane
and ethene have also been detected, albeit in much lower concentrations during 2014. The
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compounds cis-1,2-DCE, vinyl chloride, ethene and ethane are the TCE microbial dechlorination
breakdown products under anaerobic conditions.

Core Area

The Building 834 core area continues to exhibit the highest VOC concentrations in ground
water and soil vapor. VOC concentrations and distribution in ground water and soil vapor in the
Tpsg and Tps-Tnsc, HSUs in the Building 834 core area are discussed below.

Tpsg HSU

Twenty-six wells (18 monitor and eight dual extraction) are screened in the Tpsg HSU,
where active remediation has reduced total VOC ground water concentrations from a historic
maximum of 1,100,000 ug/L (all TCE, W-834-D5, 1988) to a 2014 maximum of 54,000 pg/L
(July) in extraction well W-834-C5, located approximately 100 ft south of W-834-D5. The
highest 2013 concentration of total VOCs in core area Tpsg HSU wells was 60,000 ug/L in
extraction well W-834-C5.

TCE concentrations have decreased from a historic maximum of 1,100,000 ug/L in
W-834-D5 (1988) to a 2014 maximum of 34,000 ug/L (July) in W-834-C5. In 2013, the highest
TCE concentration measured in core area Tpsg HSU wells was 37,000 pg/L, also in W-834-C5.

In the core area, cis-1,2-DCE and vinyl chloride are microbial dechlorination products of
TCE in wells that contain TBOS/TKEBS as co-contaminants. Cis-1,2-DCE concentrations have
decreased from a historic maximum of 540,000 pg/L (W-834-D4, 1990) to a 2014 maximum of
20,000 pg/L (W-834-BS5, July). In 2014, the only vinyl chloride detections above the reporting
limit in core area Tpsg HSU wells, were observed in extraction well W-834-B3 (14 nug/L, April),
monitor well W-834-D3 (7.1 pg/L, February), and extraction well W-834-D5 (2.7 pg/L, March).
Very low concentrations of ethene recently detected in monitor well W-834-J2 (0.74 ng/L,
2012), monitor well W-834-D3 (0.66 pg/L, 2012) and extraction well W-834-B3 (0.27 pg/L,
2012) indicate at least partial degradation under biotic or abiotic processes to a benign end
product.

PCE concentrations have decreased from a historic maximum of 10,000 pg/L (W-834-D3,
1993) to a 2014 maximum of 120 pg/L (W-834-C5, July). Although 1,1,1-TCA was detected at
33,000 pg/L in extraction well W-834-J1 (1991), this compound was not detected above the
reporting limit in this or any other well in the Building 834 OU during 2014, as well as in 2013.
The compound 1,1-DCE was detected in two area wells above its 6 ug/LL MCL cleanup level at
58 ng/L (W-834-C5, July) and 15 pg/L (W-834-B3, August); two other area wells had very low
concentrations or were below the reporting limit. The compounds 1,1,2-TCA, trans-1,2-DCE
and Freon 113 were detected at very low concentrations or were below reporting limits.

During 2014, TCE soil vapor concentrations from the core area SVE wells ranged from 0.068
to 12 ppmy,. The highest detection (12 ppmys) is representative of ongoing vapor extraction
operations not rebound conditions, as it was collected from extraction well W-834-B3, 28 days
after the resumption of treatment facility operations following the freeze protection shut down
period. Higher vapor concentrations could be measured after an extended rebound period.
These TCE vapor concentrations have decreased by three orders-of-magnitude from a pre-
remediation maximum core area concentration of 3,200 ppm,, (extraction well W-834-D4,
1989). Well W-834-D4 is located approximately 10 feet from well W-834-D5, where the
historic maximum ground water VOC concentration in the Tpsg HSU was observed.
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Tps-Tnsc; HSU

In the core area, underlying the Tpsg HSU, the Tps-Tnsc, HSU continues to yield the highest
VOC ground water concentrations in the Building 834 OU and at Site 300. Five wells (four
monitor and one dual extraction) are screened in the Tps-Tnsc, HSU. Total VOC concentrations
in this HSU, comprised mostly of TCE, have decreased from a historic maximum of
250,000 pg/L (2002) to a 2014 maximum of 180,000 pg/L (February) and PCE concentrations
have decreased from a historic maximum of 7,900 pg/L (2001) to a 2014 maximum of 940 pg/L
(April); both TCE and PCE maxima were at monitor well W-834-Al.  Chloroform
concentrations have decreased from a historic maximum of 42 pg/L (W-834-A1 and monitor
well W-834-U1, 2000) to below reporting limits in all core area Tps-Tnsc, HSU wells in 2014.
The historic maximum for cis-1,2-DCE was 11,000 pg/L (W-834-U1, 2009).

In a July 2014 sample from well W-834-A1, cis-1,2-DCE was reported at 33,000 pug/L by the
analytical laboratory. This measurement is anomalously high, by an order-of-magnitude,
compared with historic results and suspect. Previously, the maximum cis-1,2-DCE detection in
this well was 9,700 pg/L (February 2008) and typical detections of cis-1,2-DCE have been in the
range of 1,500 to 9,000 nug/L, since 2010. Furthermore, when the well was previously and
subsequently sampled in February 2014 and February 2015, cis-1,2-DCE was detected at
2,200 pg/L and 2,400 ng/L, respectively. Both of these detections are consistent with historic
results while the July 2014 result of 33,000 ug/L is not. Future cis-1,2-DCE concentrations will
be closely monitored for this well.

During 2014, vinyl chloride, 1,1-DCE, 1,1,2-TCA, trans-1,2-DCE and Freon 113 were not
detected above the reporting limit, in any Tps-Tnsc, HSU well in the core area.

During the reporting period, TCE soil vapor concentrations from the sole core area Tps-Tnsc;
HSU SVE well W-834-2001 ranged from 0.37 to 1.7 ppmys. The highest detection (1.7 ppmyy)
is representative of ongoing vapor extraction operations, not rebound conditions, as it was
collected in November, before the freeze protection shut down period. The historic maximum
TCE vapor concentration from this well was 30 ppm,, (April 2011), and representative of
rebound conditions following a prolonged period of treatment facility shutdown.

Leachfield Area

VOC concentrations and distribution in ground water and soil vapor in the Tpsg and
Tps-Tnsc, HSUs in the Building 834 leachfield area are discussed below.

Tpsg HSU

In the leachfield area, six wells (three monitor and three dual extraction) are screened in the
Tpsg HSU. Total VOCs in this HSU have decreased from a pre-remediation maximum of
179,200 pg/L (mostly TCE, W-834-S1, 1988) to a 2014 maximum of 9,300 pg/L (almost
entirely TCE) detected in monitor well W-834-2113 (August). The historic maximum PCE
detection was 6,300 png/L (W-834-S1, 1986) declining to a 2014 maximum of 48 pug/L (March)
observed in the same well. Cis-1,2-DCE concentrations have decreased from a historic
maximum of 3,900 ug/L. (W-834-S13, 2003) to a 2014 maximum of 240 pg/L (W-834-S1,
April). The historic maximum chloroform detection was 950 ug/L (W-834-S1, 1989); during
2014, chloroform was not detected in any leachfield area Tpsg HSU wells. Vinyl chloride,
1,1-DCE, 1,1,2-TCA, trans-1,2-DCE and Freon 113 were also not detected in any leachfield area
Tpsg HSU wells.
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During 2014, TCE soil vapor concentrations in the leachfield area Tpsg HSU ranged from
0.18 to 1.2 ppmyy, significantly lower than the 710 ppm,, maximum pre-remediation
concentration measured in 2004 in well W-834-S13. The highest detection (1.2 ppmyy) is
representative of ongoing dual extraction operations, not rebound conditions, as it was collected
from extraction well W-834-S1, 28 days after the resumption of treatment facility operations
following the freeze protection shut down period.

Tps-Tnsc; HSU

In the leachfield area, the underlying Tps-Tnsc, HSU (monitored by two wells, W-834-S8
and -S9) exhibits VOCs concentrations significantly lower than in the overlying Tpsg HSU or in
the core area. Total VOC concentrations in Tps-Tnsc, HSU ground water have decreased from a
historic maximum of 16,000 pg/L (entirely TCE, W-834-S8, 1992) to a 2014 maximum of 1,800
pg/L (entirely TCE, W-834-S9, February). The 2013 maximum total VOC concentration of
3,100 pg/L was detected in well W-834-S8. However, this well was dry and not sampled during
2014.

PCE concentrations have declined from a historic maximum of 170 pg/L (W-834-S8, 1993)
to a 2014 maximum of 3.6 pg/L (W-834-S9, February). Cis-1,2-DCE concentrations have
decreased from a historic maximum of 130 pg/L (W-834-S8, 1991) to a 2014 maximum of
2.8 ng/L. (W-834-S9, February). 1,1,1-TCA concentrations have declined from a historic
maximum of 260 pg/L (W-834-S8, 1991) to below the reporting limit since 2013. Chloroform
concentrations have decreased from a historic maximum of 6.1 ug/L (W-834-S8, 1993) to below
the reporting limit since first semester 2013.

The Tps-Tnsc; HSU in the leachfield area has exhibited declining VOC trends since
monitoring began in 1989.

Distal Area

VOC concentrations and distribution in ground water in the Tpsg, Tps-Tnsc,, and Tnbs;
HSUs in the Building 834 distal area are discussed below.

Tpsg HSU

The distal area contains 20 monitor wells completed in the Tpsg HSU. Since 2005, this HSU
(in the T2 area) has been the target of a long-term enhanced in sifu bioremediation treatability
study, discussed in Section 2.2.3.4 of this report.

Total VOC concentrations in this area have decreased from a historic maximum of
86,000 ng/L (entirely TCE) in well W-834-T2A (1988) to a 2014 maximum of 7,600 pg/L
(entirely TCE) in monitor well W-834-2117 (February).

PCE concentrations have decreased from a historic maximum of 160 pg/L (W-834-S6, 1987)
to a 2014 maximum of 18 pug/L. (W-834-T2A, August). Except for this well and wells
W-834-T2D (6.5 pg/L, February), W-834-1833 (0.89 ng/L, August) and W-834-1824 (0.71
ng/L, February), PCE concentrations were below the reporting limit in all distal area Tpsg HSU
wells during 2014. Cis-1,2-DCE has decreased from a historic maximum concentration of
6,200 pg/L in W-834-T2 (2008) to a 2014 maximum of 1,000 pg/L in the same well (February).
1,1,1-TCA concentrations have decreased from a historic maximum of 200 pg/L in well W-834-
T2D (1991) to below the reporting limit in all wells during 2014. During the reporting period,
chloroform decreased from a historic maximum concentration of 270 ug/L (W-834-M1, 1999) to
0.93 pg/L (March 2014) in the same well. This concentration (0.93 pg/L) is far below its MCL
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cleanup standard of 80 pg/L and was one of only three detectable chloroform detections (also
1.6 pg/L in W-834-T2A and 1 pg/L in W-834-T2D) above the reporting limit in all distal area
Tpsg HSU wells. During 2014, the only vinyl chloride detections above the reporting limit in
distal area Tpsg HSU wells, were observed in wells W-834-T2 (330 ug/L, February) and
W-834-1824 (8.1 ng/L, February). These vinyl chloride detections are within the range of
concentrations observed in these wells in recent years. In distal area Tpsg HSU wells, 1,1-DCE
and 1,1,2-TCA were detected at very low concentrations in (1) four wells for 1,1-DCE
(W-834-T2, -1824, -T2A and -T2D) and (2) two wells for 1,1,2-TCA (W-834-T2A and -T2D).
Trans-1,2-DCE and Freon 113 were not detected in any wells.

In 2014, the Tpsg HSU in the distal area has continued to exhibit declining VOC trends since
monitoring began in 1989.

Tps-Tnsc; HSU

The underlying Tps-Tnsc, HSU is monitored by well W-834-2119, which contained a 2014
maximum total VOC concentration of 13,000 pg/L (all TCE, February). After an initial increase
between 2005 (when monitoring began) and 2007, VOC concentrations in this well have since
been relatively stable in a range between 11,000 pg/L and 16,700 pg/L.

Tnbs; HSU

In the distal area, the deeper Tnbs; HSU is monitored by well W-834-T1. VOCs have not
been detected since 1986 and 1987 when very low concentrations (<4 pg/L) were detected
immediately following well installation and were likely due to some cross contamination from
shallow soil, during drilling.

2.2.3.2.2. TBOS/TKEBS Concentrations and Distribution

TBOS/TKEBS concentrations in ground water have decreased from a historic maximum of
7,300,000 pg/L (core area Tpsg HSU monitor well W-834-D3, 1995) to 91 nug/L (core area Tpsg
HSU extraction well W-834-B2, February 2014). Over the past five years, maximum
TBOS/TKEBS concentrations in well W-834-D3 ranged from 96,000 pg/L to 13,000 pg/L. The
February 2014 sample from this well was below the detection limit (<50 pg/L) a result verified
by the analytical laboratory. Also, a recent sample collected in February 2015 had 25 ng/L.

In the core area, seven Tpsg HSU wells yielded detectable TBOS/TKEBS in 2014 (all in
August) ranging from 17 to 91 pg/L (extraction wells W-834-B2, -D4, -D12, -D7, -D6, -D13 and
W-834-J1).

This compound is a light, non-aqueous phase liquid (LNAPL) that is found primarily in the
core area, with the highest concentrations in the Tpsg HSU. TBOS/TKEBS concentrations differ
significantly from one sampling event to the next. Although several attempts have been made to
identify and measure TBOS/TKEBS as a floating product, it was last observed in some core area
wells in the mid-1990s. Wells that contain TBOS/TKEBS as co-contaminants with TCE,
generally exhibit the highest concentrations of degradation products, such as cis-1,2 DCE and
vinyl chloride.

Because TBOS/TKEBS concentrations in Tpsg HSU wells in the leachfield and distal areas
have historically been low or below reporting limits, sampling for TBOS/TKEBS in the
leachfield and distal areas are performed biennially, with approximately half the wells sampled
during even numbered years and half sampled during odd numbered years. In the leachfield and
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distal area Tpsg HSU wells sampled during 2014, TBOS/TKEBS concentrations were below
reporting limits, with the exception of two wells. In the leachfield area, TBOS/TKEBS were
detected in Tpsg HSU extraction wells W-834-13 (52 ng/L, August) and W-834-S1 (33 pg/L,
February). Historically, these wells have been below reporting limits for TBOS/TKEBS.

The concentration and extent of TBOS/TKEBS in ground water are greater in the Tpsg HSU
than the underlying Tps-Tnsc; HSU. The historic maximum TBOS/TKEBS detection in the
Tps-Tnsc, HSU is 110 pg/L (W-834-U1, 2009). During the reporting period, TBOS/TKEBS
were detected in two wells screened in the Tps-Tnsc, HSU, leachfield area well W-834-S9
(75 ng/L, February) and core area well W-834-A1 (31 pg/L, February). In 2014, TBOS/TKEBS
remained below the reporting limit in guard wells W-834-T1 and W-834-T3.

2.2.3.2.3. Nitrate Concentrations and Distribution

During 2014, nitrate concentrations in ground water exceeded the 45 mg/L MCL cleanup
standard in the Building 834 core, leachfield and distal areas in the Tpsg HSU. During 2014,
nitrate in Tpsg HSU ground water ranged from a maximum concentration of 300 mg/L
(February) in monitor well W-834-M1 (located about 400 feet east of the leachfield area) to
below the 0.5 mg/L reporting limit.

In the core area, nitrate concentrations in the Tpsg HSU varied spatially and temporally due
to denitrification associated with the ongoing intrinsic in situ biodegradation of TCE. In core
area Tpsg HSU wells, nitrate concentrations in ground water exceeded the 45 mg/L MCL
cleanup standard in (1) seven core area wells at concentrations ranging from 60 to 210 mg/L
(W-834-D12, -J1, -J2, -C4, -C5, -D7, and -B2), (2) four leachfield arca wells at concentrations
ranging from 73 to 150 mg/L (W-834-S1, -S12A, -S13, and -2113), and (3) six distal area wells
at concentrations ranging from 66 to 300 mg/L (W-834-J3, -M2, -T2A, -T2D, -2117, and -2118).
All of these detections were within the historical range of nitrate concentrations observed in
these wells since 2006. All other Tpsg HSU wells were below the 0.5 mg/L reporting limit.

In the Tps-Tnsc, HSU, nitrate concentrations in ground water exceeded the 45 mg/L. MCL
cleanup standard in (1) no core area wells, (2) one leachfield area well (W-834-S9, 95 mg/L,
February), (3) one distal area well (W-834-2119, 84 mg/L, February), and (4) one well south of
the distal area (W-834-T5, 93 mg/L, February). All of these detections were within the historical
range of nitrate concentrations observed in these wells since 2006. All other Tps-Tnsc, HSU
wells were below the 0.5 mg/L reporting limit.

Nitrate concentrations in ground water have decreased from a historic maximum of 749 mg/L
(monitor well W-834-K1A, 2000 mg/L) to a 2014 maximum of 300 mg/L. However, the
continued presence of elevated nitrate indicates that an ongoing source of nitrate to ground water
exists, likely due to a combination of both natural and anthropogenic sources. During 2014,
nitrate was not detected in guard wells W-834-T1 and W-834-T3.

2.2.3.2.4. Other Contaminant Concentrations and Distribution

The extent of diesel in ground water in the Building 834 area is limited to the vicinity of a
former underground storage tank located beneath the paved portion of the core area. Diesel
concentrations have decreased from a historic maximum of 3,900,000 pg/L (W-834-2001, 2004)
to a 2014 maximum of 2,300 pg/L (W-834-2001, March). Diesel concentrations measured in
ground water tend to vary from one sampling event to the next, likely due to varying amounts of
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free-phase product in the subsurface and fluctuating ground water levels. No floating product
was detected in ground water during 2014.

Perchlorate concentrations have decreased from a historic maximum of 11 pg/L
(W-834-2118, 2005) to below the 4 pg/L reporting limit during 2014. However, attempts to
sample ground water for perchlorate from monitor well W-834-S7, which has historically
contained perchlorate at concentrations ranging from 8.8 to 11 ug/L, were unsuccessful because
the well was dry. Monitoring for perchlorate will continue for wells W-834-2118, W-834-S7
and W-834-A2.

2.2.3.3. Building 834 OU Remediation Optimization Evaluation

Ground water extraction and drought conditions continue to lower the ground water table
within the Building 834 OU. The number of wells throughout the OU that were dry or did not
have enough available water to perform sampling increased from 29 in 2013 to 34 during 2014.

During 2014, no modifications were made to the core or leachfield area extraction wellfields.
As in years past, during 2014, substantially more VOC mass was removed by soil vapor
extraction than by ground water extraction. Of the 6,520 g of VOCs removed during 2014,
6,100 g (94%) were removed in the vapor phase. For ground water and soil vapor combined, an
approximate 13% decline in VOC mass removed occurred in 2014 (6,520 g) compared with
2013 (7,460 g). In 2014, the volume of treated ground water decreased by approximately 5%
from 111,500 gallons (2013) to 106,300 gallons (2014) while the volume of treated soil vapor
increased by 13% from 50,534,000 cf (2013) to 57,069,000 cf (2014). This is due to the
lowering ground water table as the field is dewatered by pumping and drought conditions.
During 2014, the total nitrate mass removed was 33 kg and the total TBOS/TKEBS mass
removed was 5.4 g, similar to previous years. Table Summ-1 lists the mass removed by each
individual treatment facility.

Core Area

Dual extraction operations in the core area and regional drought conditions continue to
dewater the Tpsg HSU. TCE biodegradation continues within the core area where significant
amounts of TBOS/TKEBS are present and, when hydrolyzed, serves as an electron donor for
biodegradation. Historically, the primary biodegradation byproduct has been cis-1,2-DCE,
although vinyl chloride and trace detections of ethene have also been historically detected in
some wells, especially in well W-834-D3. Cis-1,2-DCE and vinyl chloride are degradation
products of intrinsic anaerobic biodegradation of TCE, in the core area. Low concentrations of
ethene (0.74 pg/L in W-834-J2 and 0.66 pg/L in W-834-D3, both 2012) suggest at least partial
degradation to a benign end product.

During 2014, both cis-1,2-DCE and vinyl chloride were observed in core area Tpsg HSU
ground water at maximum concentrations of 20,000 pg/L (W-834-C5, July) and 14 pg/L
(W-834-B3, August), respectively. Ethane and ethene were not measured in core area wells in
2014.

A post freeze protection evaluation was conducted in February 2014 that entailed monitoring
water chemistry parameters (including oxidation-reduction potential [ORP]) after the prolonged
freeze protection shutdown period from December 2013 to February 2014. The results of this
evaluation indicated reducing conditions in one well (Tps extraction well W-834-2001, -19 mV)
and positive ORP in the nine other extraction wells with available water.
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During first semester 2014, the treatment system was restarted on February 4, after having
been off since December 2, 2013 to protect against freeze damage. Ideally, data regarding the
accumulation of VOCs, TCE, cis-1,2-DCE and vinyl chloride during the shutdown period could
serve as indicators of in sifu biodegradation. Typically, increases in cis-1,2-DCE are expected
during the treatment facility shutdown period when subsurface conditions become anaerobic.
Field oxidation reduction potential (ORP) measurements of ground water during the
February 2014 sampling episode indicated reducing conditions at W-834-D3 (-254 mV) and at a
deeper Tps well W-834-2001 (-19 mV). No other core area wells had ORP measurements
indicating reducing conditions but many that have historically exhibited reducing conditions
such as W-834-D14 and W-834-J2 were dry or had insufficient water.

The Tpsg HSU extraction wellfield within the core area continues to adequately capture the
highest VOC concentrations in ground water. Per the recommendations presented in the third
Five-Year Review Report for the Building 834 Operable Unit (Valett et al., 2012), VOC
concentrations in monitor well W-834-C5 and nearby well W-834-B4 will continue to be
observed closely during the next five years. If these wells exhibit increasing VOC trends,
installation of extraction wells in the vicinity of these wells may be considered. Since both wells
were installed in 2000, VOCs in W-834-C5 have fluctuated seasonally with no apparent
increasing or decreasing long-term trend and W-834-B4 has remained generally stable.

VOC concentration trends in the underlying Tps-Tnsc; HSU will also continue to be
monitored closely during the next five years. Per the recommendations presented in the
Building 834 Five-Year Review, if well W-834-A1 exhibits increasing VOC trends, installation
of additional extraction wells in this area may be considered. Total VOC concentrations in this
HSU have decreased from a historic maximum of 250,000 pg/L (W-834-A1, 2002) to a 2014
maximum of 180,000 ng/L (W-834-Al, February). However, there has been no notable
increasing or decreasing VOC concentration trend in this well since it was installed in 2000. A
detection of cis-1,2-DCE at 33,000 pg/L reported by the laboratory in a February 2014 sample
from well W-834-A1 is very suspect and anomalously high (by an order-of-magnitude),
compared to historic results for this well. Future cis-1,2-DCE concentrations will be closely
monitored for this well.

Leachfield Area

In the leachfield area, the extraction wellfield continues to capture some portions of the VOC
plume in Tpsg HSU ground water. However, the areas with the highest concentrations (in the
vicinity of monitor well W-834-2113) are not fully captured. In accordance with
recommendations presented in the Building 834 Five Year Review, the leachfield area will
undergo an extraction wellfield expansion by converting W-834-2113 from a monitor to
extraction well during fiscal year 2015.

VOC concentration trends in the underlying Tps-Tnsc, HSU will also continue to be
monitored closely during the next five years. Per the recommendations presented in the
Building 834 Five-Year Review, if distal area monitor well W-834-2119 exhibits increasing
VOC trends, installation of additional extraction wells in this area may be considered. Since
well W-834-2119 was constructed in 2005, VOC concentrations in have remained generally flat,
in a range between 6,300 to 16,700 pg/L.

VOCs in ground water are expected to continue to decrease as remediation progresses. The
deep regional Tnbs; aquifer continues to be free of contaminants as demonstrated by quarterly
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analyses of ground water as recently as first semester 2014 from guard wells W-834-T1 and
W-834-T3, both screened in the Lower Tnbs; HSU.

2.2.3.4. T2 Treatability Study

Since 2005, the Tpsg HSU in the distal area has been the target of a long-term enhanced
in situ bioremediation treatability study, including biostimulation using sodium lactate and
bioaugmentation using KB-1, a consortium of dechlorinating bacteria that contain
Dehalococcoides.  This treatability study continued during 2014 in the form of post-
biostimulation rebound monitoring. The primary objective of this pilot-scale treatability study
was to assess the performance of enhanced in sifu bioremediation of TCE at concentrations
greater than 10,000 pg/L in a water-bearing zone typical of TCE contaminant source areas at
Site 300. Since 2005, progress of this test has been reported semi-annually in the CMRs.

During 2014, a draft Phase 2 pilot study work plan describing enhanced in situ
bioremediation of TCE was submitted to regulators for review (LLNL, 2014). Planned activities
include expansion of the original in situ bioremediation treatment zone at T2 by implementing a
small-scale recirculation cell extracting ground water from two nearby wells, W-834-T2A and
W-834-T2D, and continuing to use W-834-1824 as an injection well for biostimulation using a
more effective form of lactate (ethyl lactate). In February 2014, wells W-834-1824, W-834-1833
and W-834-T2 were sampled for bacterial, volatile fatty acids and light hydrocarbons
(W-834-1825 did not have sufficient water for sampling during 2014). The results indicate that
Phase 1 in situ bioremediation continues to be successful and ideal conditions for Phase 2
implementation are present, with the exception that water levels in this area have declined
significantly. Ethene production is ongoing, significant lactate is still present, and dechlorinating
bacteria remain in the subsurface at high levels. Performance during Phase 2 will be measured
by how effectively the treatment zone can be expanded by the recirculation cells beyond the
original Phase 1 treatment zone.

In the T2 area, Tpsg HSU well W-834-1833 had notable VOC concentrations in 2013 of
4,100 pg/L (entirely TCE) dropping to 340 pg/L (almost all TCE) in 2014. This continues a
steady decline from a historic maximum total VOC concentration of 21,000 pug/L. (comprised
entirely of TCE in 2004 in this well). Ethene was slightly above the reporting limit and had an
ORP of -54 mV in February. This well was not sampled for VOCs during first semester 2014,
due to insufficient water.

Concentrations of cis-1,2-DCE and vinyl chloride during 2014 were highest in well
W-834-T2 at 1,000 pg/L and 330 pg/L, respectively (February). Ethene was detected in this
well at 200 pg/L in February. The total VOC concentration in this sample was 1,390 pg/L,
declining steadily from 30,000 ug/L. (entirely TCE) in 2004. The trend demonstrates the
dechlorination of TCE to its degradation end product ethene through bioaugmentation with
KB-1. Well W-834-T2 had an ORP of -169 mV in February.

During 2014, well W-834-1824 had 650 ug/L total VOCs comprised of 450 ug/L. TCE,
190 pg/L cis-1,2-DCE and 8.1 pg/L vinyl chloride; ethene was detected at 3 pg/L. and ORP
measured in the field during sampling was -230 mV (February). In 2004, this well yielded
26,000 pg/L total VOCs (mostly TCE). The trend also shows the dechlorination of TCE to its
degradation end product ethene through bioaugmentation with KB-1.
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In 2013, well W-834-1825 had 80 pug/L total VOCs comprised of 54 ng/L. TCE, 19 pg/L
cis-1,2-DCE and 7.3 pg/L vinyl chloride; ORP measured in the field during sampling was
-126 mV (August 2013). In January 2013, ethene was detected in this well at 100 pg/L with an
ORP of -81 mV. This well was not sampled during 2014 due to insufficient water. In 2004, this
well yielded 19,000 pg/L total VOCs (mostly TCE). The trend also shows the dechlorination of
TCE to its degradation end product ethene through bioaugmentation with KB-1.

During 2014, well W-834-T2A yielded 5,500 pg/L total VOCs (mostly TCE, February)
continuing a steady decline from 86,000 pg/L in 1988. Although this well was outside the
treatment zone of the treatability test, a 2013 ground water sample from this well contained
0.48 ng/L ethene and 22 pg/l. ethane.  The presence of ethane indicates continued
biodegradation of ethene under highly anaerobic conditions most likely in the T2 treatment zone
upgradient of W-834-T2A.

The cumulative 2014 data presented above, especially the continued presence of ethene, the
overall reduction in total VOCs, and redox conditions indicate that enhanced in situ
bioremediation of TCE continues in the T2 area, particularly in the vicinity of wells W-834-T2,
W-834-1824 and W-834-1825 (based on 2013 data). Initially, VOCs exhibited some rebound in
the treatment zone for several months following the end of Phase 1 biostimulation in 2008 but
they now exhibit a decreasing trend to the lowest historical VOC levels. Additionally, total VOC
concentrations in well W-834-2117, located upgradient of the T2 treatment zone, have declined
steadily from 22,000 pg/L in 2005 to 6,000 pg/L in August 2014. Total VOC concentrations in
well W-834-2118, located downgradient of the T2 treatment zone, have similarly decreased from
600 pg/L in 2005 to 130 pg/L in August 2014.

2.2.3.5. Building 834 OU Remedy Performance Issues

During the reporting period, there were no new issues that affect the performance of the
cleanup remedy for the Building 834 OU. Although declining water levels have impacted the
ability to collect ground water samples and implement the second phase of the T2 enhanced
bioremediation treatability test, soil vapor extraction in the core area continues to be an effective
VOC mass removal method and continues to be protective of human health and the environment.
Per the recommendations presented in the Building 834 Five Year Review, VOC trends are
being monitored in Tps-Tnsc, HSU wells and installation of additional extraction wells in this
HSU may be considered to increase the effectiveness of remediation of VOCs in the Tps-Tnsc,
HSU beneath the core area. Perched ground water beneath the 834 area in the Tpsg and
Tps/Tnsc, HSUs continues to decline as a result of extraction operations and ongoing regional
drought conditions.

2.3. Pit 6 Landfill (Pit 6) OU 3

The Pit 6 Landfill covers an area of 2.6 acres near the southern boundary of Site 300. This
landfill was used from 1964 to 1973 to bury waste in nine unlined debris trenches and animal
pits. The buried waste, which includes shop and laboratory equipment and biomedical waste, is
located on or adjacent to the Corral Hollow-Carnegie Fault. Farther east, the fault trends to the
south of two nearby water-supply wells CARNRW1 and CARNRW2. These active water-
supply wells are located about 1,000 feet east of the Pit 6 Landfill. They provide water for the
nearby Carnegie State Vehicular Recreation Area and are monitored on a monthly basis.
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The Pit 6 Landfill was capped and closed in 1997 under CERCLA to prevent further leaching
of contaminants resulting from percolation of rainwater through the buried waste. The
engineered, multi-layer cap is intended to prevent rainwater infiltration into the landfill, mitigate
potential damage by burrowing animals and vegetation, prevent potential hazards from the
collapse of void spaces in the buried waste, and prevent the potential flux of VOC vapors
through the soil. Surface water flow onto the landfill is minimized by a diversion channel on the
north side and drainage channels on the east, west, and south sides of the engineered cap. A map
of Pit 6 Landfill OU showing the locations of monitor and water-supply wells are presented on
Figure 2.3-1.

2.3.1. Pit 6 Landfill OU Surface Water and Ground Water Monitoring

The sampling and analysis plan for ground water and surface water monitoring is presented
in Table 2.3-1. This table also delineates and explains deviations from the sampling plan and
indicates any additions made to the CMP.

During the reporting period, ground water monitoring was conducted in accordance with the
CMP monitoring and post-closure requirements with the following exceptions; a total of 31
required analyses in seven different wells were not performed because the wells were dry or
there was insufficient water to collect the samples and a total of 14 required analyses were not
performed due to inoperable pumps in four different wells (K6-03, K6-04, K6-25 and K6-34).

The pump issues have been resolved in the following manner:

e K6-03 and K6-34 pumps have been replaced.

e K6-04 pump was removed and the well will now be sampled with a bailer.

e K6-25 pump was repaired prior to third quarter 2014 sampling.

The seven wells that were dry or had insufficient water to sample during 2014, have been

dry, for several years. Of these wells:

e BC6-13 (dry since 2000) is screened from 0-5 ft bgs and used to monitor contaminants in
Spring 7.

e K6-15 (dry since 1999) and K6-32 (dry since 2006) are located upgradient of the Pit 6
Landfill and have never had detectable VOCs.

e K6-21 (dry since 2000) has a nearby existing well (EP6-09) screened at a greater depth
within the same HSU, which had available ground water and was successfully sampled
for the same required analytes.

e K6-24 (dry since 2011) has a nearby existing well (W-PIT6-2817) screened at a greater
depth within the same HSU, which had available ground water and was successfully
sampled for the same required analytes.

* K6-33 had insufficient water to collect a sample in September 2014. This well has been
sporadically dry or had insufficient water to sample, since 2007.

e W-33C-01 went dry in 2014.

Analytical results and ground water elevation measurements obtained during 2014 are
presented in Appendices B and C, respectively. The ground water elevation contour map for the
Qt-Tnbs; HSU is presented on Figure 2.3-2.
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2.3.2. Pit 6 Landfill OU Remediation Progress Analysis

This section is organized into three subsections: analysis of contaminant distribution and
concentration trends; remediation optimization evaluation; and performance issues.

2.3.2.1. Pit 6 Landfill OU Contaminant Distribution and Concentration

At the Pit 6 Landfill OU, VOCs and tritium are the primary COCs detected in ground water.
Perchlorate and nitrate are secondary COCs. These constituents have historically been identified
within the Qt-Tnbs; HSU. The concentrations of COCs have significantly declined below
historic maximum levels in Pit 6 ground water.

As part of the recent Five-Year Review for OUs 3 (Pit 6 Landfill) and 8 (Buscheck et al.,
2013) the Qt-Tnbs; HSU was formally divided into the Qt-Tnbs; North HSU (portion north of
the Corral Hollow-Carnegie Fault Zone) and the Qt-Tnbs; South HSU (portion within the Corral
Hollow-Carnegie Fault Zone) due to the difference in hydraulic response to pumping from
private CARNRW water-supply wells and seasonal rainfall events on either side of this regional
fault. A deeper water-bearing zone (Tnbs; Deep HSU) occurs beneath a low permeability-
confining layer at an approximate depth of 170 feet within the Tnbs,; stratigraphic unit in the
northern fault block. Transducers in guard wells K6-34 and W-PIT6-1819 continuously monitor
water levels in the Qt-Tnbs; North HSU. During 2014, water level data from these wells (K6-34
and W-PIT6-1819) indicated an ongoing hydraulic response from sporadic pumping in nearby
private water-supply wells CARNRW1 and CARNRW?2 (approximately 200 to 400 ft to the
east). The pumping schedule of the nearby private water-supply wells is not controlled by
LLNL. The ground water potentiometric surface depicted on Figure 2.3-2 is based on 2014
water level data collected when these nearby CARNRW water-supply wells were not pumping at
the same rate as in previous years. Therefore, the potentiometric surface north of the Corral
Hollow-Carnegie Fault Zone is higher than the surface shown on the same figure, in recent
CMRs.

2.3.2.1.1. VOC Concentrations and Distribution

The VOC COCs in Pit 6 Landfill ground water identified in the Site-Wide ROD included
chloroform, 1,2-DCA, cis-1,2-DCE, trans-1,2-DCE, PCE, 1,1,1-TCA and TCE. In the 2013
Five-Year Review for OUs 3 (Pit 6 Landfill) and 8, 1,2-DCA, cis- and trans-1,2-DCE, PCE and
1,1,1-TCA were removed as COCs in Pit 6 ground water (Buscheck et al., 2013). Per the Five-
Year Review, these VOCs will no longer be discussed in this section unless they are detected in a
well. Only TCE, cis-1,2-DCE and PCE were detected in four Pit 6 Landfill ground water
monitor wells at concentrations above the 0.5 pg/L reporting limit during 2014. TCE was
detected at a concentration above its 5 pg/LL MCL cleanup standard in only one well (5.2 pg/L,
Qt-Tnbs; South HSU monitor well EP6-09, January 2014); a routine and duplicate sample
collected from the same well in July both yielded 4.8 pg/L TCE (below the 5 ug/L MCL cleanup
standard). Cis-1,2-DCE concentrations were below the reporting limit in 28 of the 30 wells
currently monitored. In the two wells where this compound was detected, historic concentrations
have: (1) been below its cleanup standard (6 pg/L) since 1993 in well K6-01S and (2) have
never been higher than 0.9 pg/L in well K6-18. PCE was detected in one well, Qt-Tnbs; North
HSU monitor well W-PIT6-2816, at concentration of 0.6 pg/L, slightly above the reporting limit
of 0.5 pg/L, but well below its 5 pg/L MCL cleanup standard.
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In the Qt-Tnbs; North HSU, TCE concentrations have decreased from a historic maximum of
1.4 pg/L (monitor well K6-36, 2001) to below the 0.5 pg/L reporting limit during 2014. Except
for a single detection of 0.6 ug/L PCE in one Qt-Tnbs; North HSU well (W-PIT-2816), no other
VOCs were detected in the Qt-Tnbs; North HSU during the reporting period. Due to insufficient
water, ground water samples have not been collected from monitor wells EP6-08 (since April
2008) and K6-24 (since January 2011). In 2012, to help resolve this problem, two new monitor
wells were drilled in the Qt-Tnbs; HSU with screens at greater depths in the saturated Tnbs;,
north of the fault, in the vicinity of EP6-08 and K6-24. As shown on Figure 2.3-1, well
W-PIT6-2816 is located 30 feet east-southeast of well EP6-08 and W-PIT6-2817 is located
50 feet east-southeast of well K6-24. Sampled semi-annually (first and third quarters beginning
in 2013), except for the aforementioned detection of low PCE concentrations in one well
(W-PIT6-2816, 0.6 ng/L, January), VOCs have not been detected above the reporting limit in
these wells since their installation in 2012.

In the Qt-Tnbs; South HSU, TCE concentrations have decreased from a historic maximum of
250 pg/L (K6-19, 1988) to a 2014 maximum concentration of 5.2 pg/L (monitor well EP6-09,
January). During 2014, TCE was detected in three wells in the Qt-Tnbs; South HSU (EP6-09,
K6-18 and K6-19) at concentrations above the reporting limit, barely exceeding the 5 pg/LL MCL
cleanup standard in only one well, EP6-09 (5.2 pg/L in January). During 2014, only two
Qt-Tnbs; South HSU wells had detectable cis-1,2-DCE at 2.7 pg/L (monitor well K6-01S,
January) and 0.9 pg/L (monitor well K6-18, January); both significantly below the 6 pg/L MCL
cleanup standard. The presence of cis-1,2-DCE, a common anaerobic degradation product of
TCE, suggests that some natural dechlorination may be occurring. Historic maximum
cis-1,2-DCE concentrations for these wells are 9.8 pg/L (K6-01S, 1992) and 0.9 pg/L (K6-18,
2008).

No VOCs, including TCE, were detected in the Tnbs; Deep HSU during 2014. During the
reporting period, VOCs were not detected in guard wells W-PIT6-1819, K6-17, K6-22 and
K6-34 nor from the two active CARNRW water-supply wells and two inactive CARNRW water-
supply wells.

2.3.2.1.2. Tritium Concentrations and Distribution

During 2014, trittum was detected above the 100 picoCuries per liter (pCi/L) reporting limit
in samples from six wells completed in both the Qt-Tnbs; North and Qt-Tnbs; South HSUs.
Tritium has never been detected in Pit 6 Landfill ground water at activities exceeding the
20,000 pCi/L MCL cleanup standard.

In the Qt-Tnbs; North HSU, tritium activities have decreased from a historic maximum of
2,150 pCi/L (monitor well K6-36, 2000) to a 2014 maximum of 183 pCi/L (CARNRW-3, July).
Well K6-36 has not been sampled since 2006 due to insufficient water. However, tritium was
not detected in an adjacent monitor well K6-35 (screened in a deeper interval) above the
100 pCi/L reporting limit since 2009.

In the Qt-Tnbs; South HSU, tritium activities have decreased from a historic maximum of
3,420 pCi/L (monitor well BC6-13, 2000) to a 2014 maximum of 150 pCi/L (K6-19, January).
Well BC6-13, which is screened from 0 to 5 feet below ground surface and was used to monitor
for contaminants in Spring 7, has been dry since 2000.
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Tritium was not detected above 100 pCi/L in the Tnbs; Deep HSU during 2014. The historic
maximum trittum activity in this HSU is 1,680 pCi/L (monitor well K6-26, 1999), well below its
20,000 pCi/L MCL cleanup standard.

In 2014, the tritium activity was less than the reporting limit (<100 pCi/L) in guard well
W-PIT6-1819, that is used to define the downgradient extent of tritium in Pit 6 ground water
with activities above the 100 pCi/L background level; in 2013, this well yielded 149 pCi/L. This
well is located approximately 100 feet west of the Site 300 boundary within the Carnegie SVRA
residence area and about 200 feet west of the CARNRW1 and CARNRW?2 water-supply wells.
Prior to 2014, tritium activities in well W-PIT6-1819 ranged from <100 pCi/L to 295 pCi/L
(2007). During 2014, tritium was not detected in guard wells K6-34, K6-22 or K6-17 nor at
activities above the 100 pCi/L reporting limit in any of the monthly ground water samples from
two of the four CARNRW offsite wells. Overall, the areal extent of the tritium plume with
activities above the 100 pCi/L reporting limit, both north and south of the fault, in both the
Qt-Tnbs; North and Qt-Tnbs; South HSUs, has decreased significantly from last year
(Figure-2.3-4).

2.3.2.1.3. Perchlorate Concentrations and Distribution

In the 2013 Five-Year Review for OUs 3 (Pit 6 Landfill) and 8, perchlorate was removed as a
COC in Pit 6 ground water. Per the Five-Year Review, perchlorate will no longer be discussed
in this section unless it is detected in a well. During 2014, perchlorate was detected in a
duplicate sample from well K6-18 at 8.7 ug/L (January), above the MCL cleanup standard of
6 ng/L. However, the perchlorate concentration in the coincident routine sample collected from
this well on the same day/time was below the reporting limit of 4 ug/L. Aside from this well,
perchlorate was not detected at or above the 4 pg/L reporting limit in any Qt-Tnbs; North,
Qt-Tnbs; South, or Tnbs; Deep HSU ground water samples, including samples collected from
guard wells and the CARNRW water-supply wells.

2.3.2.1.4. Nitrate Concentrations and Distribution

During 2014, nitrate was detected in samples collected from wells completed within the
Qt-Tnbs; North and South HSUs.

In the Qt-Tnbs; North HSU, nitrate was detected in four wells during 2014, including K6-03
(3.8 mg/L, January), CARNRW-2 (1.6 mg/L, May), guard well W-PIT6-1819 (1.4 mg/L,
January) and W-PIT6-2817 (0.7 mg/L, January). Nitrate concentrations in these four Qt-Tnbs;
North HSU wells were well below its 45 mg/LL MCL cleanup standard and within the range of
background. Nitrate was not detected in ground water samples from any wells completed in the
Qt-Tnbs; North HSU at concentrations above the MCL cleanup standard or outside the range of
nitrate background levels.

In the Qt-Tnbs; South HSU, nitrate was detected during 2014, in ground water above the
45 mg/L MCL cleanup standard in one well, monitor well K6-23 (130 mg/L, January). The
historic maximum nitrate concentration detected in well K6-23 was 240 mg/L (2000). This well
consistently yields ground water nitrate concentrations in excess of the MCL cleanup standard
and is located in close proximity to the Building 899 septic system, which is recognized as a
likely source of the nitrate at this location (Dibley et al., 2013). Four other wells completed in
the Qt-Tnbs; South HSU contained detectable but low nitrate concentrations well below the
45 mg/L MCL cleanup standard including K6-18 (16 mg/L, January), K6-16 (11 mg/L, January),
EP6-09 (8.7 mg/L, January) and CARNRW-4 (1.8 mg/L, December). Except for the
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aforementioned well K6-23, nitrate was not detected in ground water samples from any wells
completed in the Qt-Tnbs; South HSU at concentrations above the MCL cleanup standard or
outside the range of nitrate background levels.

During 2014, nitrate was detected (at very low concentrations) in only two Tnbs; Deep HSU
above the 0.5 mg/L reporting limit (BC6-10, 1.5 mg/L, January and K6-14, 0.55 mg/L, January).
Nitrate has never been detected in this HSU above its 45 mg/L. MCL cleanup standard.

During 2014, nitrate was detected in guard well W-PIT6-1819 at a very low concentration of
1.4 mg/L (January). Nitrate was not detected in: (1) guard wells K6-34, K6-22 or K6-17,
(2) water-supply well CARNRW1 or (3) inactive water-supply well CARNRW3 above the
reporting limit. During 2014, nitrate was detected in water-supply well CARNRW?2 (1.6 mg/L,
May) and inactive water-supply well CARNRW4 (1.8 mg/L, December) at concentrations well
below its MCL cleanup standard of 45 mg/L.

2.3.2.2. Pit 6 Landfill OU Remediation Optimization Evaluation

The remedy for trititum and VOCs in ground water at the Pit 6 Landfill is MNA. Ground
water levels and contaminants are monitored on a regular basis to: (1) evaluate the efficacy of
the natural attenuation in reducing contaminant concentrations, and (2) detect any new chemical
releases from the landfill. In general, the primary ground water COCs (VOCs and tritium) at the
Pit 6 Landfill OU continue to decline and ground water levels beneath the landfill remain
approximately 50 ft below the buried waste.

In general, VOCs in ground water near Pit 6 continue to exhibit decreasing trends and the
VOC plume extent is generally decreasing. Concentrations of the VOC COCs 1,2-DCA, trans-
1,2-DCE, 1,1,1-TCA, PCE (except for one small detection), and chloroform are all below
reporting limits in all Pit 6 wells. Concentrations of cis-1,2-DCE have been below its 6 pg/L
cleanup standard since 1993. TCE concentrations in ground water remain below the 5 pg/L
MCL cleanup standard in samples from all Pit 6 Landfill OU wells except for one well, EP6-09,
where it was detected slightly above the 5 pg/L cleanup standard during January (5.2 pg/L) then
dropped to 4.8 ug/L in July. As recommended in the recent Five-Year Review for OUs 3 and 8
(Buscheck et al., 2013), TCE concentrations will be monitored in ground water from well
EP6-09 over the next five years and if concentrations increase or remain above 5 pg/L, remedial
measures such as pump-and-treat or enhanced in situ bioremediation will be considered for this
well.

Tritium activities in ground water continue to decrease toward background levels and remain
far below the 20,000 pCi/L MCL cleanup standard and the tritium plume extent is decreasing.
During 2014, tritium was detected at concentrations slightly above the 100 pCi/L reporting limit
in wells W-PIT6-2817, K6-18, K6-19, K-33, CARNRW-3 and CARNRW-2. These low
activities indicate that the MNA remedy for tritium in ground water at the Pit 6 Landfill OU 3
continues to be effective.

Perchlorate concentrations in Pit 6 area ground water have decreased from a maximum of
65 ng/L (following the 1998 El Nifo in well K6-19) to below its reporting limit (4 pg/L) in all
but one Pit 6 Landfill OU wells (K6-18, 8.7 ug/L, January). However, the perchlorate
concentration in the coincident routine sample collected from this well on the same day/time was
below the reporting limit of 4 pg/L. Except for this detection in the one duplicate sample,
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perchlorate concentrations have remained below its reporting limit (and its 6 pg/L MCL cleanup
standard) in all Pit 6 wells since March 2009.

Nitrate continues to be consistently detected in a single Pit 6 well (K6-23) above its 45 mg/L
MCL cleanup standard. During 2014, nitrate was detected at 130 mg/L (January) in this well,
declining from 180 mg/L in July 2013. As stated above, well K6-23 is located in close proximity
to the Building 899 septic system, which is the likely source of the nitrate at this location.

2.3.2.3. Pit 6 Landfill OU Performance Issues

Currently, there is very little contamination above ground water cleanup standards at the Pit 6
Landfill OU. Based on these results, the remedy continues to be effective and protective of
human health and the environment, and to make progress toward cleanup.

2.4. High Explosives Process Area (HEPA) OU 4

The HEPA has been used since the 1950s for the chemical formulation, mechanical pressing,
and machining of high explosives (HE) compounds into shaped detonation charges. Surface
spills from 1958 to 1986 resulted in the release of contaminants at the former Building 815 steam
plant. Subsurface contamination is also attributed to HE waste water discharges into former
unlined rinse water lagoons. Another minor source of contamination in ground water resulted
from leaking contaminated waste stored at the former Building 829 Waste Accumulation Area
(WAA) located near Building 829.

Five GWTSs operate in the HEPA: Building 815-Source (815-SRC), Building 815-Proximal
(815-PRX), Building 815-Distal Site Boundary (815-DSB), Building 817-Source (817-SRC),
and Building 817-Proximal (817-PRX). A sixth GWTS, Building 829-Source (829-SRC), was
dismantled in 2013 following approval by the regulatory agencies. As approved, water is still
extracted from the same extraction well previously used at 829-SRC, but the water is now
collected in a portable tank and transported to the 815-SRC GWTS for treatment. The details of
this change are described below. A map of the HEPA OU showing the locations of monitor and
extraction wells and treatment facilities is presented on Figure 2.4-1.

The 815-SRC GWTS began operation in September 2000 removing VOCs (primarily TCE),
HE compounds (RDX and High Melting Explosive [HMX]), and perchlorate from ground water.
Ground water is extracted from wells W-815-02, W-815-04 and W-815-2803 with a current
combined flow rate of approximately 1.5 gpm. The current GWTS configuration includes two
ion-exchange resin columns connected in series for perchlorate removal, and three aqueous-
phase GAC canisters (also connected in series) for VOC and HE compound removal. The
treated effluent is injected into well W-815-1918 for in situ denitrification in the Tnbs, HSU.

The 815-PRX GWTS began operation in October 2002 removing TCE and perchlorate from
ground water. Ground water is extracted from wells W-818-08 and W-818-09 at a current
combined flow rate of approximately 1.0 gpm. The current GWTS configuration includes a
Cuno filter to remove particulates, two ion-exchange resin columns connected in series for
perchlorate removal, and three aqueous-phase GAC canisters (also connected in series) for TCE
removal. The treated effluent is injected into well W-815-2134 where an in sifu natural
denitrification process reduces the nitrate to nitrogen in the Tnbs, HSU.

The 815-DSB GWTS began operation in September 1999 removing low concentrations (less
than 10 pg/L) of TCE from ground water extracted near the Site 300 boundary. Ground water is
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extracted from wells W-35C-04, W-6ER and W-815-2608 at a combined flow rate of
approximately 4 gpm. The current GWTS configuration includes a Cuno filter to remove
particulates and three aqueous-phase GAC canisters connected in series for TCE removal. The
treated effluent is discharged to an infiltration trench.

The 817-SRC GWTS began operation in September 2003 removing HE compounds (RDX
and HMX) and perchlorate from ground water. Well W-817-01 extracts ground water from a
very low yield portion of the Tnbs; aquifer. It pumps ground water intermittently using solar
power at current flow rates ranging from 400 to 700 gallons per month, averaging approximately
0.01 gpm. The current GWTS configuration includes a Cuno filter to remove particulates, two
ion-exchange resin columns connected in series for perchlorate removal, and three aqueous-
phase GAC canisters (also connected in series) for HE compound removal. Treated ground
water is injected into upgradient injection well W-817-06A where an in sifu natural
denitrification process reduces the nitrate to nitrogen in the Tnbs, HSU.

The 817-PRX GWTS began operation in September 2005 removing VOCs, RDX and
perchlorate from ground water. Ground water is currently extracted from wells W-817-03 and
W-817-2318 at a combined flow rate of approximately 1.7 to 2.0 gpm, with about 75% from
W-817-03. The current GWTS configuration includes a Cuno filter to remove particulates, two
ion-exchange resin columns connected in series for perchlorate removal, and three aqueous-
phase GAC canisters (also connected in series) for removal of VOCs and HE compounds.
Treated ground water containing nitrate is injected into upgradient injection wells W-817-2109
and W-817-02, where an in sifu denitrification process reduces the nitrate to nitrogen in the
Tnb52 HSU.

The 829-SRC GWTS began operation in August 2005 removing VOCs, nitrate and
perchlorate from ground water. Solar power was used to extract ground water from well
W-829-06 at a flow rate of approximately 1 to 10 gallons per day (gpd). The previous
configuration included two ion-exchange resin columns connected in series for perchlorate
removal and three aqueous phase GAC canisters (also connected in series) for VOC removal.
Treated effluent was injected into upgradient well W-829-08. Currently, ground water is
extracted from W-829-06 and transported to, and treated at, the 815-SRC ground water treatment
system.

2.4.1. HEPA OU Ground Water Extraction and Treatment System Operations and
Monitoring

This section is organized into four subsections: facility performance assessment; operations
and maintenance issues; compliance summary; and sampling plan evaluation and modifications.

2.4.1.1. HEPA OU Facility Performance Assessment

The monthly ground water discharge volumes, extraction flow rates, and operational hours
during second semester 2014 are summarized in Tables 2.4-1 through 2.4-6. The total volume of
ground water extracted and treated and the total contaminant mass removed during the reporting
period are presented in Table Summ-1. The total volume of ground water treated and discharged
and the total contaminant mass removed are summarized in Table Summ-2. Analytical results
for influent and effluent samples collected during second semester 2014 are presented in
Tables 2.4-7 through 2.4-9. The pH measurement results are presented in Appendix A.
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2.4.1.2. HEPA OU Operations and Maintenance Issues

The following maintenance activities and operational issues occurred at the 815-SRC,
815-PRX, 815-DSB, 817-SRC and 817-PRX GWTS, and the 829-SRC extraction well during
second semester 2014:

815-SRC GWTS

The GWTS was shut down on August 18 to replace a flow meter.

The GWTS was shut down on December 8 and remained down for the rest of the
reporting period for freeze protection.

815-PRX GWTS

The GWTS was shut down for several hours on July 31 to repair a leak at the treatment
system. A very small volume of water (<I gallon) leaked from a Cuno filter, and was
confined to the cement pad at the facility.

The GWTS was shut down from October 6 to October 9 to perform maintenance on the
extraction wells.

The GWTS was shut down on December 8 and remained down for the rest of the
reporting period for freeze protection.

815-DSB GWTS

No ground water was extracted from W-6ER from September 11 to September 17 due to
interlock problems, and was then operated intermittently through October.

The GWTS was shut down from October 24 to October 30 due to electronic interlock

issues, and then was operated intermittently through November 7 until the problem could
be addressed.

The GWTS was offline from December 30 for the remainder of the reporting period due
to a power outage.

817-SRC GWTS

The GWTS operated without interruption through December 8, at which time it was shut
down for the remainder of the reporting period for freeze protection.

817-PRX GWTS

The extraction well W-817-2318 was only operated for a couple days per week
throughout the reporting period to protect the pump from sustaining damage if allowed to
run dry. The pumping strategy needs to be changed to cyclic pumping.

The GWTS was shut down from August 11 until August 13 for perchlorate ion exchange
resin change out.

The GWTS was shut down on December 8 through the remainder of the reporting period
for freeze protection.
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829-SRC Extraction Well

* No ground water extraction was conducted on August 8 while the collected water was
transferred to 815-SRC for treatment.

* No ground water extraction was conducted after December 8 when the system was shut
down for freeze protection through the end of the year.

2.4.1.3. HEPA OU Compliance Summary

The 815-SRC, 815-PRX, 815-DSB, 817-PRX and 817-SRC GWTSs operated in compliance
with the RWQCB Substantive Requirements for Wastewater Discharge.

2.4.1.4. HEPA OU Facility Sampling Plan Evaluation and Modifications

The HEPA OU facility sampling and analysis plan complies with the monitoring
requirements in the CMP/CP. The sampling and analysis plan is presented in Table 2.4-10. The
only modifications made to the plan included the following:

1) Modification of monitoring requirements for 829-SRC due to the discontinuation of
ground water treatment at this location. Since water extracted at this system began being
treated at the 815-SRC GWTS, only the influent (extraction well) samples were collected
from this area. No effluent samples were collected at 829-SRC, since extracted ground
water from this area is treated at the 815-SRC facility. There is no longer a treatment
system at 8§29-SRC.

2.4.1.5. HEPA OU Treatment Facility and Extraction Wellfield Modifications

No modifications were made to any of the HEPA OU GWTSs or their associated extraction
wellfield during this reporting period.

2.4.2. HEPA OU Ground Water and Surface Water Monitoring

The sampling and analysis plan for ground water and surface water monitoring is presented
in Table 2.4-11. This table also explains deviations from the sampling plan and indicates any
additions made to the CMP.

During the reporting period, ground water monitoring was conducted in accordance with the
CMP monitoring requirements with the following exceptions: a total of 48 required analyses in
12 different wells and one spring were not performed because the wells/springs were dry or
contained insufficient water to collect the samples; a total of 14 required analyses were not
performed due to unsafe conditions at nine different monitor wells (high grass surrounding
W-35B-01 [fire hazard for vehicle access], erosion near W-815-05, and muddy trail conditions at
wells W-815-2110, W-6J, W-6H, W-35B-01, W-35B-02, W-35B-03, W-35B-04 and
W-35B-05); and, a total of 18 required analyses from 12 different wells were not performed due
to inoperable pumps in the wells.

Analytical results and ground water elevation measurements obtained during 2014 are
presented in Appendices B and C, respectively.

Ground water elevations for the Tpsg-Tps and Tnsc, HSUs are posted on Figures 2.4-2 and
2.4-8, respectively. The ground water elevation contour map, including hydraulic capture zones,
for the Tnbs, HSU is presented on Figure 2.4-3.
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2.4.3. HEPA OU Remediation Progress Analysis

This section is organized into four subsections: mass removal; contaminant concentrations
and distribution; remediation optimization evaluation; and performance issues.

2.4.3.1. HEPA OU Mass Removal

The monthly ground water mass removal estimates for second semester 2014 are summarized
in Tables 2.4-12 through 2.4-17. The total mass removed during the reporting period and
cumulative mass estimates are summarized in Table Summ-1 and Table Summ-2, respectively.

2.4.3.2. HEPA OU Contaminant Concentrations and Distribution

At the HEPA OU, VOCs (mainly TCE) are the primary COCs detected in ground water;
RDX, HMX, 4-ADNT, perchlorate and nitrate are secondary COCs. Most of the ground water
contamination in the HEPA OU occurs in the Tnbs, HSU. Some COCs (TCE, RDX, HMX,
perchlorate and nitrate) have also been detected in perched ground water of the Tpsg-Tps HSU in
the vicinity of Buildings 815 and 817. Minor concentrations of VOCs, perchlorate and nitrate
are also present in perched ground water located in the Tnsc,, HSU beneath the former
Building 829 WAA. The WAA is located in the northwest portion of HEPA. No contamination
has been detected in the Upper and Lower Tnbs, HSUs in the HEPA OU. Figure 2.4-1 shows the
location of wells in the HEPA OU.

Total VOC concentration data are contoured for the Tnbs, HSU (Figure 2.4-4) and posted for
Tpsg- Tps and Tnsc,, HSUs on Figures 2.4-2 and 2.4-8, respectively. Isoconcentration contour
and posted concentration maps for the secondary COCs are presented on: (1) Figure 2.4-2 for
the Tpsg- Tps HSU, (2) Figures 2.4-5 through 2.4-7 for the Tnbs, HSU, and (3) Figure 2.4-8 for
the Tnsc,, HSU located in the Building 829 former burn pit area. Because each CMR map is
representative of contaminant concentrations during a particular semester, the maximum
concentration shown on the CMR map may not match the maximum concentration for 2014
described in the text.

2.4.3.2.1. VOC Concentrations and Distribution

VOC concentrations and distribution in ground water in the Tpsg-Tps, Tnbs,, and Tnsc,,
HSUs in the HE Process Area are discussed below.

Tpsg-Tps HSU

VOCs, primarily TCE, but also 1,1-DCE, chloroform, cis-1,2-DCE, 1,2-DCA and carbon
tetrachloride have been detected in the sands and gravels of the Tpsg-Tps HSU. Total VOC
concentrations in Tpsg-Tps HSU ground water have decreased from a historic maximum of
450 pg/L (W-815-01, 1992) to a 2014 maximum of 25 pg/L (comprised entirely of TCE) in the
February sample collected from 817-PRX extraction well W-817-2318. TCE concentrations in
samples collected from well W-817-2318 in April, July and October were 23 pg/L, 23 ng/L and
19 pg/L, respectively. VOCs have remained below the 0.5 pg/L reporting limit in Tpsg-Tps well
W-35C-05, located near the site boundary. Drought conditions and limited recharge have led to
insufficient to no ground water available for sampling in some wells screened in the Tps-Tpsg
HSU, including well W-815-01, which has not been sampled since 1999.

During 2014, VOCs other than TCE were only detected at concentrations above the 0.5 pg/L
reporting limit in wells W-809-01 and W-814-01. Samples collected in March and August from
well W-809-01 contained chloroform and 1,1-DCE with maximum concentrations of 1.6 pg/L
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and 1.7 pg/L, respectively, well below their MCL cleanup standards. Samples collected in
March and September from W-814-01 contained cis-1,2-DCE, carbon tetrachloride, chloroform,
and 1,2-DCA with maximum concentrations of 1.1 pg/L, 0.6 ug/L, 0.7 pg/L and 0.8 pg/L,
respectively. The carbon tetrachloride detected in well W-814-01 exceeded the 0.5 pg/L State
MCL but not the 5 pg/L Federal MCL, and the 1,2-DCA concentration was slightly above the
0.5 pg/L MCL cleanup standard. Similar concentrations of the aforementioned VOCs were
detected in these wells during 2013.

Tnbs; HSU

In the Tnbs, HSU, the highest VOC concentrations are found downgradient of Building 815
in the 815-PRX extraction wellfield. Total VOC concentrations in Tnbs, HSU ground water
have decreased from a historic maximum of 110 pg/L in extraction well W-818-08 (1992) to a
2014 maximum of 40 pg/L in monitor well W-818-11 (March). The 2013 maximum total VOC
concentration of 45 pg/L was also measured in a ground water sample collected from well
W-818-11.

During 2014, TCE was the main VOC detected in the Tnbs, HSU with concentrations in
samples from 20 wells exceeding the 5 pg/L MCL cleanup standard. Several wells also
contained 1,1-DCE and/or chloroform at concentrations slightly above the 0.5 pg/L reporting
limit. Samples collected from well W-815-02 in January, April, July and October contained
0.8 ng/L, 0.78 ng/L, 0.69 pg/L and 0.61 pg/L of 1,1-DCE, respectively; the September sample
collected from well W-818-07 contained 0.6 pg/L of chloroform; the March sample from well
W-818-01 contained 0.8 pg/L of chloroform; the March sample from well W-818-11 yielded
0.7 ng/L of chloroform and 0.5 pg/L of 1,1-DCE; and, the routine and duplicate samples
collected in September from well W-818-11 both contained 0.6 pg/L of 1,1-DCE.

VOCs continue to be detected in ground water from the Tnbs, HSU at the southern end of
Building 832 Canyon. This contamination probably originates from sources located in both the
Building 832 Canyon OU and the HEPA OU. Since June 2007, when extraction well
W-830-2216 began pumping ground water, total VOC concentrations have steadily decreased
from a historic maximum of 20 pg/L in 2007 to a 2014 maximum of 4.2 pg/L (May). A similar
decrease in VOC concentrations has been observed in nearby monitor well W-830-13. During
first semester 2014, VOCs detected in wells W-830-2216 and W-830-13 were comprised entirely
of TCE.

During 2014, TCE was detected at concentrations below the 5 ng/L MCL cleanup standard in
ten samples collected from Tnbs, onsite guard wells W-815-2110 and W-815-2111, located near
the Site 300 boundary. The maximum TCE concentrations in these samples were 1.8 pg/L and
1.2 pg/L for wells W-815-2110 and W-815-2111, respectively. Similar TCE concentrations
were detected in these wells in 2013. VOCs were not detected in samples from any other onsite
or offsite HEPA Tnbs, HSU guard wells. In addition, VOCs were not detected in all 32 routine
and duplicate samples collected monthly from offsite water-supply well GALLOI.

Overall, total VOC concentrations in the Tnbs, HSU, remained stable or decreased slightly in
2014, and the extents of ground water containing total VOCs at concentrations above the
0.5ug/L reporting limit and 5 pg/L and 10 pg/L remain similar to 2013.

Tnscy, HSU

Ground water in two wells (extraction well W-829-06 and monitor well W-829-08) screened
in the Tnsc;, HSU yielded TCE at concentrations exceeding the 5 pg/LL MCL cleanup standard
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during 2014. The 2014 maximum TCE concentration of 20 pg/L. was detected in a November
sample from extraction well W-829-06. The historic maximum of 1,013 pg/L was also detected
in a 1993 ground water sample collected from W-829-06. During first semester 2014, TCE was
the only VOC detected at concentrations above the 0.5 pg/L reporting limit. During second
semester 2014, the September sample collected from W-829-08 contained 0.6 pg/L of cis-1,2-
DCE in addition to 5.7 pg/L of TCE. VOCs have never been detected in ground water from
nearby monitor well W-829-1940 or in nearby monitor wells screened in the Lower Tnbs; HSU.

2.4.3.2.2. HE Compound Concentrations and Distribution

During 2014, the HE compounds HMX, RDX and 4-Amino-2,6-dinitrotoluene (4-ADNT)
were detected at concentrations exceeding reporting limits in ground water only from wells
screened in the Tnbs, HSU. All three HE compounds were detected in March and August
samples collected from monitor well W-809-03, a July duplicate sample collected from
extraction well W-815-04, and a July duplicate sample collected from extraction well
W-815-2803. Samples collected from (1) extraction wells W-815-02 and W-817-01 contained
both HMX and RDX, and (2) four wells (monitor wells W-815-06, W-817-04 and W-818-11,
and extraction well W-817-03) contained only RDX.

RDX concentrations in Tnbs, HSU ground water in the HEPA OU have decreased from a
historic maximum of 204 pg/L (817-SRC extraction well W-817-01, 1992) to a 2014 maximum
of 87 pg/L in monitor well W-809-03 (March).

During 2014, RDX concentrations in 815-SRC extraction wells W-815-02 and W-815-04
decreased to 41 pg/L and 30 pg/L from their 2013 concentrations of 47 pg/L and 34 pg/L,
respectively.  Extraction well W-815-2803, intended to increase hydraulic capture of HE
compounds and perchlorate in the 815 source area, was connected to the 815-SRC facility in
second semester 2012 and may be contributing to the decreasing RDX concentrations observed

in extraction wells W-815-02 and W-815-04 during 2013 and 2014.

HMX concentrations in Tnbs, HSU ground water in the HEPA OU have decreased from a
historic maximum of 57 pg/L (W-817-01, 1995) to a 2014 maximum of 21 pg/L. (W-809-03,
August), significantly below the Regional Tapwater Screening Level of 780 pg/L.

4-ADNT concentrations in Tnbs, HSU ground water have decreased from a historic
maximum of 24 pg/L. (W-817-01, 1997) to a 2014 maximum of 9.8 pg/L. (W-809-03, August).

As stated previously, during 2014, HE compounds were only detected at concentrations
exceeding the reporting limit in wells screened in the Tnbs, HSU. During 2013, ground water
samples from Tpsg-Tps HSU monitor wells W-809-04 and W-815-1928, located near the
Building 809 Complex, contained HMX, RDX and 4-ADNT at concentrations above the
reporting limits. It is now believed that, due to an error in the field or laboratory, the March
2013 RDX and HMX detections in well W-809-04 were actually results for well W-809-03, and
that HE compounds were not present in well W-809-04. HE compounds were not detected in
ground water collected from well W-809-04 in March 2014. The March 2013 sample collected
from well W-815-1928 contained 78 pg/L of RDX and 14 pg/L of HMX. During 2014, well
W-815-1928 contained insufficient water for sampling.

During 2014, ground water samples from monitor well W-809-03, screened in the Tnbs;
HSU and located approximately 250 feet northeast of the 815-SRC treatment facility, contained
the maximum concentrations of RDX, HMX and 4-ADNT. The extent of RDX at concentrations
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exceeding the 1 pg/L cleanup standard has not changed significantly, and concentrations in most
wells have decreased since 2013.

2.4.3.2.3. Perchlorate Concentrations and Distribution

Perchlorate concentrations and distribution in ground water in the Tpsg-Tps, Tnbs,, and
Tnsc,, HSUs in the HE Process Area are discussed below.

Tpsg-Tps HSU

During 2014, ground water samples from only one Tpsg-Tps HSU well, extraction well
W-817-2318, contained perchlorate at concentrations exceeding the 6 pg/L MCL cleanup
standard. The February sample and the routine and duplicate samples collected in July contained
13 pg/L, 15 pg/L and 14 pg/L, respectively. This represents a slight decrease from the historic
maximum perchlorate concentration of 18 pg/L detected in monitor well W-6CS.

Tnbs; HSU

In the Tnbs, HSU, eleven wells yielded ground water with perchlorate concentrations
exceeding the 6 pg/LL MCL cleanup standard during 2014. Wells with the highest perchlorate
concentrations are located in the vicinity of the 817-SRC and 817-PRX treatment facilities. The
2014 maximum perchlorate concentration of 29 pg/L. was measured in February and July ground
water samples from extraction well W-817-01. Ground water samples from well W-817-01 also
contained the 50 pg/L historic maximum (1998) and the 2013 maximum of 31 pg/L. Since
2013, perchlorate concentrations in almost all wells have decreased and the extent of ground
water containing perchlorate at concentrations exceeding the 4 pg/L reporting limit has also
decreased. Perchlorate was not detected in any of the Tnbs, HSU guard wells or other monitor
wells located near the Site 300 boundary.

Tnscy, HSU

Perchlorate concentrations in the Tnsc;, HSU have decreased from a historic maximum of
29 ng/L (extraction well W-829-06, 2000) to a 2014 maximum of 13 pug/L in the same well.
This was the only Tnsc;, HSU well with perchlorate concentrations exceeding the 6 ng/l. MCL
cleanup standard and 4 pg/L reporting limit during 2014.

2.4.3.2.4. Nitrate Concentrations and Distribution

Nitrate concentrations and distribution in ground water in the Tpsg-Tps, Tnbs,, and Tnsc,,
HSUs in the HE Process Area are discussed below.

Tpsg-Tps HSU

Nitrate concentrations in Tpsg-Tps HSU ground water have decreased from a historic
maximum of 720 mg/L (W-6CS) to a 2014 maximum of 510 mg/L in the same well. As there
are no known nitrate sources associated with Site 300 operations located near this well, it is
possible that a sheep ranch that predates Site 300 discovered in a historic photo of the area may
be the source of this localized elevated nitrate. Ground water samples from other wells screened
in the Tpsg-Tps HSU have significantly lower nitrate concentrations; the maximum during 2014
in these other wells was 120 mg/L (February, extraction well W-817-2318).

Tnbs; HSU

During 2014, nitrate concentrations in ground water collected from the Tnbs, HSU ranged
from <0.5 mg/L in the vicinity of the Site 300 boundary to a maximum of 110 mg/L in monitor
wells W-809-03 and W-817-2609. During 2014, nitrate was not detected above the reporting
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limit in 24 routine and duplicate samples collected from offsite water-supply well GALLOL.
Nitrate was not detected above the 45 mg/L MCL cleanup standard in ground water from any of
the Tnbs, HSU guard wells sampled during 2014. The 2014 nitrate data from Tnbs, HSU wells
continue to support the interpretation that nitrate is being degraded in sifu by natural processes
consistent with MNA. Due to microbial denitrification, nitrate concentrations remain below the
45 mg/L cleanup standard in all wells near the southern site boundary where ground water is
present under oxygen depleted, confined conditions.

Tnscy, HSU

The maximum 2014 nitrate concentration measured in ground water sample from a well
screened in the Tnscy, HSU was 73 mg/L, in an April sample from extraction well W-829-06,
located near Building 829. The 2013 maximum nitrate concentration of 75 mg/L was also
measured in a sample from W-829-06.

Nitrate concentrations, many of which are slightly lower than in 2013, and distribution,
remain similar to those seen in 2013.

2.4.3.3. HEPA OU Remediation Optimization Evaluation

Remediation at the HEPA OU is managed by balancing ground water extraction at the site
boundary with pumping upgradient in the source and proximal areas. This strategy is designed
to capture the leading edge of the VOC plume while minimizing the migration of multiple, co-
mingled plumes from the source areas. To date, the non-VOC comingled plumes remain in the
source and proximal areas and the overall spatial extent of total VOCs, perchlorate and nitrate in
the HEPA did not change significantly during 2014.

Contaminants in the Tpsg-Tps HSU, although limited in areal extent, include VOCs,
perchlorate, HE compounds and nitrate. During 2014, COC concentrations in most wells were
similar to those seen during 2013. Extraction well W-817-2318 extracts ground water from the
Tpsg-Tps HSU in the area of highest COC concentrations near Spring 5. Although declining
water levels due to drought conditions and the low permeability of the HSU have hampered
remediation efforts, the TCE concentrations in extraction well W-817-2318 decreased to 25 pg/L
during 2014, compared to 38 pg/L in 2013. During 2014, HE compounds were not detected in
any wells screened in the Tpsg-Tps HSU. RDX and HMX, detected during 2013 for the first
time in Tpsg-Tps HSU monitor well W-809-04 (110 pg/L of RDX and 21 pg/L of HMX,
March 13, 2013), were not detected in the March 2014 ground water sample. Due to an error in
the field or laboratory, the March 2013 RDX and HMX detections in well W-809-04 were most
likely switched with results for well W-809-03, and HE compounds were not present in well
W-809-04. Monitor well W-815-3024 was installed during first semester 2014 to investigate
contaminant concentrations in the deeper portion of the Tpsg-Tps HSU. The well was dry at the
time of drilling. Soil vapor sampling is planned, and the well will be monitored for the presence
of ground water and samples will be collected when ground water is available.

During 2014, Tnbs, HSU extraction wells W-818-08 and W-818-09 continued to exhibit
declining COC trends and capture ground water in the areas with the highest VOC
concentrations, and extraction wells W-6ER, W-35C-04 and W-815-2608 continued to capture
VOCs along the southern site boundary at the leading edge of the plume preventing any
detectable VOCs from reaching water-supply well GALLOI.
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The overall footprint of the RDX plume in the Tnbs, HSU did not change significantly
during 2014. RDX concentrations continue to fluctuate above and below the 1 pg/L reporting
limit near the leading edge of the plume. Extraction wells W-815-02, W-815-04 and
W-815-2803 (connected to the 815-SRC GWTS) and extraction well W-817-01 (connected to
the 817-SRC GWTYS) extract ground water from the areas with the highest RDX concentrations.
During 2014, the RDX concentrations in ground water samples collected from extraction wells
W-815-02 and W-815-04 had decreased significantly from their 2013 maximum concentrations.
RDX concentrations decreased from 60 ug/L to 41 pg/L in W-815-02, and from 45 pg/L to
30 ug/L in W-815-04. RDX concentrations in extraction wells W-815-2803 and W-817-01
remained stable.

Perchlorate concentrations in the Tnbs, HSU have decreased steadily since monitoring for
this COC began in 1998 and the trend continued during 2014 with lower concentrations in
almost all of the wells sampled. The areas with the highest perchlorate concentrations continue
to be located in the vicinity of the 817-SRC and 817-PRX treatment facilities.

Nitrate concentrations in the confined portions of the Tnbs, HSU near the Site 300 boundary
continue to be near or below the reporting limit, demonstrating the continued effectiveness of
MNA of nitrate even under pumping conditions.

Hydraulic testing involving Tnbs, HSU extraction wells W-818-08 and W-818-09 (815-PRX
GWTS), and W-6ER, W-35C-04 and W-815-2608 (815-DSB GWTS), was conducted during
first semester 2014 to better determine drawdown, radius of influence, and hydraulic capture
associated with each extraction well. During testing of the 815-PRX extraction wells, W-818-08
and W-818-09, each well was pumped individually for four days with the non-pumping well
observed for response to pumping. During the duration of the test neither well showed a
response to pumping. Testing of the 815-DSB extraction wells was conducted by initiating
pumping (at operational flow rates) in the following order: W-6ER, W-35C-04 and W-815-2608.
Pumping of W-6ER resulted in a drawdown of approximately 2 ft in well W-35C-04. None of
the other nearby wells responded to pumping of W-6ER. Initiating pumping of W-35C-04 also
produced no response in nearby wells. With both W-6ER and W-35C-04 operating at their
normal pumping rates and water levels, pumping of well W-815-2608 was initiated. An almost
immediate response was observed in guard wells W-815-2110 and W-815-2111, with slower,
more gradual responses observed in guard wells W-6H and W-6J. Drawdowns of 6 ft, 7 ft, 2.5 ft
and 2 ft were observed in W-815-2110, W-815-2111, W-6H and W-6J, respectively. This
information was used to more accurately locate the location and extent of hydraulic capture from
the 815-DSB extraction wellfield.

Throughout the reporting period, pumping from HEPA extraction wells has been effective in
capturing COCs and preventing farther migration of contaminated ground water towards the
Site 300 southern boundary. During 2014, VOCs were not detected at offsite water-supply well
GALLO1 and VOCs in onsite guard wells W-815-2110 and W-815-2111 remained stable at very
low concentrations. Upgradient and downgradient pumping will continue to be balanced so that
hydraulic capture at the Site 300 boundary is maintained without accelerating migration from
upgradient sources. Close monitoring of VOC concentrations in the southern site boundary area
will also continue, especially near offsite water-supply well GALLOI.

During 2014, the total mass removed from all HEPA treatment facilities included 127 g of
VOCs; 75 g of perchlorate; and 116 g of RDX. Table Summ-1 lists the mass removed by each
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individual HEPA treatment facility.  Nitrate in the Tnbs, HSU wundergoes in situ
biotransformation to benign nitrogen gas by anaerobic-denitrifying bacteria.

During 2014, four new wells were installed in the HEPA OU: monitor wells W-817-3023
and W-817-3024, and planned injection wells W-817-3025 and W-817-3026 (Figure 2.4-1).
Monitor well W-817-3023, located near the 817-SRC GWTS, is intended to monitor COC
concentrations between extraction well W-817-01 and injection well W-817-06A. Monitor well
W-817-3024, located near extraction well W-815-2803, was dry at time of drilling and will be
used as a vadose zone monitor well, but will also be monitored for the presence of ground water.
Vapor sample collection is planned and ground water samples will also be collected if ground
water is detected. Planned injection wells W-817-3025 and W-817-3026 were installed to
replace/augment existing 817-PRX GWTS effluent injection wells W-817-02 and W-817-2109.

2.4.3.4. HEPA OU Remedy Performance Issues

There were no new issues that affect the performance of the cleanup remedy for the HEPA
OU during this reporting period. The remedy continues to be effective and protective of human
health and the environment.

2.5. Building 850/Pit 7 Complex OU 5

High explosive experiments were conducted at the Building 850 Firing Table from the 1950s
until 2008. While explosives tests were conducted at Building 850, the firing table was covered
with gravel to absorb the shock. The Building 850 Firing Table was routinely rinsed down with
water after each experiment to reduce dust. Infiltrating water mobilized chemicals from the
contaminated gravel to the underlying bedrock and ground water, however this practice was
discontinued in 2004. Until 1989, gravels from the firing table surface were periodically
removed and disposed of in several pits in the northwest part of the site.

A Corrective Action Management Unit (CAMU) was constructed in the Building 850 area of
OU 5 in 2009 as part of the Building 850 Removal Action. A total of 27,592 cubic yards of
polychlorinated biphenyl-, dioxin-, and furan-contaminated soil were excavated from the
Building 850 Firing Table area, mixed with Portland cement and water, and consolidated and
compacted to form the CAMU. Additional information on the Building 850 Removal Action is
presented in the Building 850 Action Memorandum (Dibley et al., 2008). Design information
for the CAMU is presented in the construction subcontractor’s 100% design submittal (SCS
Engineers, 2009). The inspection and maintenance program for the CAMU program is described
in Section3. A map of the Building 850 area within OU 5 showing the locations of
Building 850, the CAMU, and monitor wells are presented on Figure 2.5-1.

An in situ bioremediation treatability study for reduction of perchlorate in ground water
immediately downgradient of Building 850 commenced in September 2011. A summary of the
current status and preliminary results of the treatability study is presented in Section 2.5.2.2.
Results indicate that the injection of ethyl lactate has resulted in bacterially-motivated reduction
of perchlorate and nitrate in the treatment zone to concentrations below reporting limits.

The Pit 7 Complex area within OU 5 consists of the Pit 3, 4, 5 and 7 Landfills. The Pit 7
Complex landfills were used to dispose of firing table debris and gravel. These pits were
constructed by excavating topsoil and alluvial materials to an average depth of 15 to 20 feet
(Taffet et al., 1989). The majority of the waste material in the pits came from the firing tables at
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Buildings 850 and 851, where aboveground detonations were conducted. The waste placed in
the pits included wood, plastic, material, and debris from tent structures, pea gravel, and
exploded test assemblies, some of which contained tritium and depleted uranium.

When rainfall increased to above normal levels, such as during El Nifio years, the pit waste
and underlying bedrock were often inundated and residual contamination came into contact with
shallow subsurface ground water. Ground water contaminants include tritium, uranium,
perchlorate, nitrate and VOCs.

In 1992, an engineered cap was constructed over the Pit 7 Landfill (referred to as the Pit 7
Cap) in compliance with Resource Conservation and Recovery Act (RCRA) requirements. The
design included interceptor trenches and surface water drainage channels, a top vegetative layer
to prevent erosion, a biotic barrier layer to minimize animal burrowing, and a clay layer of very
low permeability to prevent infiltration of precipitation and shallow subsurface interflow that
could result in leaching of contaminants. The Pit7 cap also covers 100% of Pit4 and
approximately 25 to 30% of Pit 3. The original compacted native soil cover on most of Pit 3 and
all of Pit 5 remains intact.

The Pit 7 Drainage Diversion System, completed in March 2008, was designed to prevent
additional releases of COCs from the pits and underlying bedrock to ground water. There are
four components that comprise the drainage diversion system:

1. A subsurface drainage network on the western hillslope.

2. Upgraded riprap at the end of the existing north-flowing concrete channel for the Pit 7
Landfill cap.

3. A vegetated surface water diversion swale along the base of the eastern hillslope, along
the paved road (Route 4), including several culverts under Route 4 and dirt fire trails.

4. An upgraded surface water-settling basin at the south end of the existing south-flowing
concrete channel for the Pit 7 Landfill cap.

Additional information on the Pit 7 cap and Drainage Diversion System design is presented
in the Remedial Design Document for the Pit 7 Complex (Taffet et al., 2008). The detection
monitoring, inspection, and maintenance program for the Pit 7 Complex Landfills and the
inspection and maintenance program for the Drainage Diversion System are described in
Section 3.

The Pit 7-Source (PIT7-SRC) GWTS began operation in May 2010. Ground water is
currently extracted from Quaternary alluvium/Weathered bedrock (Qal/WBR) HSU wells,
NC7-64, W-PIT7-2306, W-PIT7-2703, W-PIT7-2704 and W-PIT7-2705; Tnbs;/Tnbs, bedrock
HSU wells NC7-25 and W-PIT7-2307; and from well W-PIT7-2305, which is completed in both
HSUs. The current GWTS configuration includes three ion-exchange resin canisters for the
removal of uranium followed by three ion-exchange resin canisters containing a perchlorate-
selective resin. An additional ion exchange column for removal of nitrate has been added in
series after the perchlorate removal columns because the latter became saturated with nitrate and
are not effective in removing nitrate. Ground water that has been treated to remove uranium,
perchlorate and nitrate is then piped through three aqueous-phase GAC canisters to remove
VOCs. The treated water, which still contains tritium, is discharged to an infiltration trench.
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A map of the Pit 7 Complex area within OU 5 showing the locations of the landfills, drainage
diversion system, extraction and monitor wells, and the treatment system is presented on
Figure 2.5-1.

The Building 850 area of OU 5 is discussed in Sections 2.5.1 and 2.5.2. The Pit 7 Complex
area of OU 5 is discussed in Sections 2.5.3 through 2.5.5.

2.5.1. Building 850 Area of OU 5 Ground Water Monitoring

The sampling and analysis plan for ground water and surface water monitoring is presented
in Table 2.5-1. This table also delineates and explains deviations from the sampling plan and
indicates any additions made to the CMP.

During the reporting period, ground water monitoring was conducted in accordance with the
CMP monitoring requirements with the following exceptions: a total of 69 required analyses
from 11 different wells and two springs were not performed because the wells/springs were dry
or contained insufficient water to collect the samples, a total of 68 required analyses from seven
different wells (K1-01C, K1-02B, K1-04, NC2-10, NC2-12D, NC7-59 and W-PIT7-16) were not
performed due to inoperable pumps, and four required analyses from well W-PIT1-2225 were
not performed due to unsafe conditions (muddy fire trail). The pumps in wells K1-01C, K1-02B
and K1-04 have been replaced, but replacement of pumps in NC2-10, NC2-12D and W-PIT7-16
has been delayed due to issues with the pump truck (GFCI trip) that are being resolved. Well
NC7-59 has a damaged casing and will be decommissioned.

Analytical results and ground water elevation measurements obtained during 2014 are
presented in Appendices B and C, respectively.

Ground water elevation contour maps for the Qal/WBR and Tnbs;/Tnbsy HSUs within the
OU are presented on Figures 2.5-2 and 2.5-3, respectively. Ground water elevations in both

HSUs have generally declined since Spring 2011 due to lower than average rainfall during water
years 2012, 2013 and 2014.

2.5.2. Building 850 Area of OU 5 Remediation Progress Analysis

This section is organized into three subsections: analysis of contaminant distribution and
concentration trends; remediation optimization evaluation; and performance issues.

2.5.2.1. Building 850 Area of OU 5 Contaminant Concentrations and Distribution

In the Building 850 area of OU 5, tritium and perchlorate are the primary COCs detected in
ground water; depleted uranium and nitrate are secondary COCs. These constituents have been
identified within the Qal/WBR and Tnbs;/Tnbsy HSUs. The distribution of tritium in the
Qal/WBR and Tnbs;/Tnbsy HSUs, based on data collected during second semester 2014
(primarily the fourth quarter), is contoured on Figures 2.5-4 and 2.5-5, respectively. The
distribution of perchlorate in the Qal/WBR and Tnbs;/Tnbsy HSUs, based on data collected
during first semester 2014 (primarily the second quarter), is contoured on Figures 2.5-10 and
2.5-11, respectively. Concentrations of uranium and nitrate in Qal/WBR and Tnbs;/Tnbsy
ground water, based on data collected during first semester 2014 (primarily the second quarter),
are presented on Figures 2.5-6 through 2.5-9. The COC data presented on Figures 2.5-4 through
2.5-11 represent specific time periods during 2014, and therefore, some of the data discussed in
the text are not displayed on the figures.
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2.5.2.1.1. Tritium Activities and Distribution

The maximum tritium activities in ground water downgradient of Building 850 have
decreased from an historic maximum of 566,000 pCi/L (monitor well NC7-28, 1985) to the 2014
maximum of 25,100 pCi/L in the sample from Qal/WBR HSU monitor well NC7-70. During
2014, the 20,000 pCi/L MCL cleanup standard for tritium activity was exceeded only in ground
water samples collected from well NC7-70. Tritium activities and distribution in ground water
in the Qal/WBR and Tnbs;/Tnbsy HSUs in the Building 850 Area are discussed below.

Qal/WBR HSU

Tritium activity exceeding the 20,000 pCi/L MCL cleanup standard was detected only in
ground water samples collected from Qal/WBR HSU monitor well NC7-70 during 2014. Well
NC7-70 is located approximately 20 feet downgradient (east) of the Building 850 Firing Table.
Samples collected in April and October contained 25,100 pCi/L and 23,200 pCi/L, respectively.
Overall, tritium activities continue to decline in most portions of the Building 850 plume.

Wells W-PIT2-2301 and W-PIT2-2302, located in Elk Ravine downgradient of the Pit2
Landfill, are monitored to determine the downgradient extent of tritium in the Qal/WBR HSU.
However, neither well contained sufficient water for sampling during 2014. The most recent
samples from these wells, collected in 2012, yielded tritium activities within background range
(<100 pCi/L). Given the background activities of tritium in the Qal/WBR HSU samples from
previous years, tritium from Building 850 is apparently not present in this HSU downgradient of
the Pit 2 Landfill.

Since 2013, the extent of tritium exceeding the 20,000 pCi/L MCL cleanup standard has
decreased significantly and is now limited to one well (NC7-70) located immediately
downgradient of the Building 850 Firing Table. The extent of ground water with tritium in
excess of background is stable (similar to that of previous years).

Tnbsy/Tnbsy HSU

During 2014, tritium activity exceeding the 20,000 pCi/L MCL cleanup standard was not
detected in any ground water samples collected from wells screened in the Tnbs;/Tnbsy HSU.
The maximum 2014 and 2013 tritium activity in ground water collected from the Tnbs;/Tnbsy
HSU was 8,560 pCi/L in both the November 2014 and May 2013 samples from monitor well
W-850-2145. Well W-850-2145 is located approximately 3,000 feet downgradient (east) of the
Building 850 Firing Table. Overall, tritium activities in most Tnbs;/Tnbsy HSU monitor wells
have decreased since 2013 and the extent of ground water with tritium in excess of background is
similar to that of previous years.

2.5.2.1.2. Uranium Concentrations and Distribution

During 2014, uranium analyses were performed primarily by alpha spectroscopy with
selected samples analyzed by Inductively Coupled Plasma - Mass Spectrometry (ICP-MS). High
precision uranium isotope data (uranium-235/uranium-238 [*°U/**U] atom ratio) for
determining the presence of depleted uranium are only available by ICP-MS analysis. The
presence of depleted uranium is indicated by a >°U/***U atom ratio of less than 0.007. Historic
uranium isotope data indicate that regions of ground water containing some added depleted
uranium extend downgradient about 1,200 feet within the Qal/WBR HSU, and 700 feet within
the Tnbs;/Tnbsy HSU, from the Building 850 Firing Table and have remained relatively stable.

40



2014 Annual CMR LLNL Site 300 March 2015

Uranium activities and distribution in ground water in the Qal/WBR and Tnbs;/Tnbsy HSUs in
the Building 850 Area are discussed below.

Qal/WBR HSU

The historic and 2014 maximum total uranium activity measured in ground water samples
collected from wells in the Building 850 area is 24 pCi/L, measured in both the January 2013
sample from Qal/WBR HSU well NC7-28 and the April 2014 sample from Tnbs;/Tnbsy HSU
well W-850-2315. During 2014, total uranium activities exceeding the 20 pCi/L MCL cleanup
standard were not detected in any ground water samples collected from Qal/WBR HSU. The
2014 maximum total uranium activity in the Qal/WBR HSU was 9.6 pCi/L, measured in the
October sample from well NC7-28. Well NC7-28 is located immediately downgradient of the
Building 850 firing table and the ethyl lactate injection wells W-850-2417 and NC7-70. The
total uranium activities of ground water samples collected from well NC7-28 in January, April,
August and October were 9.6 pCi/L, 5.4 pCi/L, 4.9 pCi/L, and 6.3 pCi/L, respectively. Prior to
ethyl lactate injection, which began in September 2011, uranium activity in the July 2011 ground
water sample from this well was 9.8 pCi/L. After ethyl lactate injection began, uranium
activities in samples from this well have ranged from 2 pCi/L to 24 pCi/L. Injection of ethyl
lactate lowers the pH of the ground water and creates reducing conditions. Short-term decreases
in total uranium activity in ground water are a product of the reducing conditions that lower the
solubility of uranium. Uranium activities can rebound as dissolved oxygen concentrations rise,
and uranium activities in excess of pre-injection activities may result due to the lowered pH and
oxidizing conditions that increase uranium solubility and may mobilize depleted and natural
uranium sorbed/precipitated onto aquifer mineral surfaces.

Tnbs/Tnbsy HSU

During 2014, total uranium activities in ground water samples from two Tnbs;/Tnbsy HSU
wells in the Building 850 area exceeded the 20 pCi/L MCL cleanup standard. Samples collected
during first semester 2014 from wells W-850-2315 and NC7-29 had activities of 24 pCi/L and
21 pCi/L, respectively. The total uranium activities of ground water samples collected from
these wells during second semester 2014 decreased to 20 pCi/L and 18 pCi/L for W-850-2315
and NC7-29, respectively. The uranium analyses of second semester samples were performed
using ICP-MS. The *U/**U atom ratios measured were 0.0073 for both wells, indicating
natural uranium. Both wells exhibit increasing uranium trends with historic maxima of 24 pCi/L
(April 2014) and 22 pCi/L (April 2008) for W-850-2315 and NC7-29, respectively. The wells
are located approximately 1,400 feet south-southeast (cross-gradient) of Building 850 and are
completed in the Tnbs;/Tnbsy HSU.

2.5.2.1.3. Nitrate Concentrations and Distribution

Nitrate was detected at concentrations at or above the 45 mg/L MCL cleanup standard in
samples from six Building 850 area wells during 2014. Nitrate concentrations and distribution in
ground water in the Qal/WBR and Tnbs;/Tnbsy HSUs in the Building 850 Area are discussed
below.

Qal/WBR HSU
During 2014, two wells located in the vicinity of the Building 850 firing table contained
ground water with nitrate concentrations that exceeded the 45 mg/L MCL cleanup standard.

Routine and duplicate samples collected in May from monitor well NC7-44, located upgradient
of the firing table and the in situ bioremediation treatment zone, contained 53 mg/L and 57 mg/L
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of nitrate, respectively, and routine and duplicate samples collected in May from monitor well
NC7-61, located downgradient of the firing table and the in situ bioremediation treatment zone,
both contained 49 mg/L of nitrate. Nitrate concentrations in ground water samples from wells
NC7-28, NC7-70 and W-850-2417, located within the in situ bioremediation treatment zone,
remained below the 0.5 mg/L reporting limit during 2014 as a result of denitrification related to
ethyl lactate injection in wells W-850-2417 and NC7-70 (see Section 2.5.2.3 for details on the
treatability study).

Tnbs/Tnbsy HSU

The 2014 maximum nitrate concentration in the Building 850 Area was 160 mg/L in the
April ground water sample from monitor well NC7-29. The historic local maximum nitrate
concentration of 190 mg/L was detected in the April 2013 ground water sample collected from
this well. Well NC7-29 is located south and crossgradient of Building 850. The other
Tnbs;/Tnbsy HSU wells with nitrate concentrations exceeding the 45 mg/L MCL cleanup
standard are located southeast of the Pit 2 Landfill (NC2-12S and NC2-20) and east of the Pit 1
Landfill (W-PIT1-2209).

Historic data indicate that ground water nitrate concentrations in the Qal/WBR and
Tnbs;/Tnbsy HSUs are limited in extent and relatively stable. Overall, except for the in situ
bioremediation treatment zone, the distribution and concentrations of nitrate in ground water are
generally consistent, or have declined slightly from those observed in previous years.

2.5.2.1.4. Perchlorate Concentrations and Distribution

During 2014, perchlorate concentrations exceeding the 6 ng/LL MCL cleanup standard were
detected in ground water samples from 16 wells east and south (downgradient) of Building 850
and south and east (downgradient) of Pit 1 and Pit 2, in and immediately north of Elk Ravine.
Perchlorate concentrations are similar to or have decreased slightly from 2013. Wells
downgradient of the Building 850 Firing Table, with the exception of three wells (NC7-28,
W-850-2417 and NC7-70) located within the in situ bioremediation treatment zone, continue to
exhibit the highest perchlorate concentrations in the Building 850 area. Perchlorate
concentrations and distribution in ground water in the Qal/WBR and Tnbs;/Tnbs) HSUs in the
Building 850 Area are discussed below.

Qal/WBR HSU

The 2014 maximum perchlorate concentration of 44 pg/L. was detected in the March and
August samples collected from well NC7-61. The maximum concentration detected in samples
collected during 2013 from well NC7-61 was also 44 pg/L. Well NC7-61 is located 500 feet
east of the firing table and directly downgradient of the in situ bioremediation treatment zone and
is screened in the Qal/WBR and Tnbs;/Tnbsy HSUs. The 2013 maximum perchlorate
concentration of 52 pug/L was detected in the July sample from well NC7-70. Following the
injection of ethyl lactate into well NC7-70, beginning in September 2013, perchlorate
concentrations in all samples collected from the well have been below the 4 ug/L reporting limit.
During 2014, perchlorate concentrations in ground water samples from all wells located
upgradient (west) of well NC7-61, with the exception of one sample from well NC7-28
(4.3 ng/L, May), were below the 4 ug/L reporting limit. Ground water in the Qal/WBR HSU
that contains perchlorate with concentrations in excess of the 6 ng/l. MCL cleanup standard
extends approximately 2,200 feet downgradient of the Building 850 firing table. The extent is
similar to that of 2013, with the exception of the wells located upgradient (west) of well NC7-61
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where ethyl lactate injection into wells NC7-70 and W-850-2417 has reduced perchlorate
concentrations to below the 4 pg/L reporting limit.

Tnbs/Tnbsy HSU

The 2014 maximum perchlorate concentration in ground water samples from wells screened
in the Tnbs;/Tnbsy HSU was 11 pg/L in monitor well NC7-27 (both April and October samples),
and monitor well NC7-29 (both April and November samples). Wells NC7-27 and NC7-29 are
located approximately 900 feet east (downgradient) and 1,500 feet south (cross-gradient) of the
Building 850 firing table, respectively. Other Tnbs;/Tnbsy HSU wells containing ground water
with perchlorate concentrations exceeding the 6 ng/LL MCL cleanup standard during 2014 are
located east of the Building 850 firing table (NC2-18 and W-850-2145), southeast of the Pit 2
Landfill (NC2-05A, NC2-12I and NC2-17), and east of the Pit 1 Landfill (K1-02B, W-PIT1-
2326 and W-PIT1-2620). During 2014, the extent of ground water containing perchlorate at
concentrations greater than the 4 png/L reporting limit remained similar to 2013.

2.5.2.1.5. HE Compound Concentrations and Distribution

During 2014, ground water samples from 21 wells located in the vicinity of Building 850 or
downgradient of the Building 850 Firing Table were analyzed for HE compounds at a reporting
limit, generally, of 1 pg/L. Only HMX and RDX were detected at concentrations exceeding the
reporting limits. The source appears to be the Building 850 Firing Table. HE compound
concentrations and distribution in ground water in the Qal/WBR and Tnbs;/Tnbsy HSUs in the
Building 850 Area are discussed below.

Qal/WBR HSU

During 2014, only ground water samples collected from well NC7-61 (January, April,
August, October and November) consistently contained RDX at concentrations that exceeded its
1 pg/L MCL cleanup standard. The 2014 maximum RDX concentration of 5.7 pg/L was
detected in the November sample, a slight increase from the 2013 maximum of 4.2 ug/L, also in
well NC7-61. The only other detection of RDX during 2014 that exceeded the cleanup standard
was 2.6 pg/L in an October sample collected from well NC7-28, the first detection of RDX in
this well since ethyl lactate injection into well W-850-2417, immediately upgradient of well
NC7-28, began in September 2011. Prior to September 2011, RDX concentrations in ground
water samples from wells NC7-28 and W-850-2417 exceeded the 1 pg/L cleanup standard.
After September 2011, RDX concentrations in samples from these wells have not exceeded the
reporting limit until the October 2014 detection in well NC7-28. The decrease in RDX
concentrations at these wells is likely related to degradation of RDX caused by reducing
conditions created following ethyl lactate injection into well W-850-2417. Wells W-850-2417
and NC7-28 are located immediately downgradient (east) of the Building 850 Firing Table, and
well NC7-61 is located approximately 500 feet downgradient of the Building 850 Firing Table.

During 2014, samples collected from wells NC7-28, NC7-61 and W-850-2417, all located
immediately downgradient of the Building 850 Firing Table, contained HMX at concentrations
above the reporting limit with the maximum of 6.8 ng/L detected in a November sample from
well NC7-61. The 2013 maximum HMX concentration of 8.1 pg/L was also detected in well
NC7-61. These concentrations are all significantly below the Regional Tapwater Screening
Level for HMX (780 pug/L).

The extent of HE compounds in ground water at Building 850 has decreased since 2008,
when regular sampling and analysis for these compounds commenced, and during 2014 was
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limited to only three wells located within 500 feet (east, downgradient) of the Building 850
Firing Table.

Tnbs/Tnbsy HSU

During 2014, HE compounds were not detected above the reporting limit, in ground water
from wells screened in the Tnbs;/Tnbsy HSU downgradient of Building 850 or from wells
screened in the underlying Tnsco HSU.

2.5.2.2. Building 850 Area of OU 5 Remediation Optimization Evaluation

Data collected during the reporting period continue to support that natural attenuation
(dispersion, radioactive decay and a decreasing source term) continues to be effective in reducing
trittum activities in ground water to levels below the 20,000 pCi/L MCL cleanup standard. The
highest tritium activities in ground water continue to be located directly downgradient of the
tritium sources at the Building 850 Firing Table and continue to decline. The extent of the
20,000 pCi/L MCL cleanup standard tritium activity contour is limited to a small area
immediately downgradient of the firing table. Since 2013, only well NC7-70 has contained
ground water with tritium activities that exceeds the 20,000 pCi/L MCL cleanup standard. In
general, the footprint of the ground water tritium plume remains stable and activities continue to
decline and are significantly below historic highs throughout the Building 850 plume. The
leading edge of the tritium plume is stable, within the Site 300 interior, and is expected to
completely attenuate within the boundaries of Site 300.

During first semester 2014, two wells in the Building 850 area had total uranium activities
that exceeded the 20 pCi/L MCL cleanup standard. Samples collected in April from wells
NC7-29 and W-850-2315 contained total uranium activities of 21 pCi/L and 24 pCi/L,
respectively. Wells NC7-29 and W-850-2315 are approximately 20 feet apart, are completed in
the Tnbs;/Tnbsy HSU, and are located 1,400 feet south-southeast and cross-gradient of
Building 850. Samples from these wells during second semester 2014 and analyzed by ICP-MS
contained uranium activities of 18 pCi/L and 20 pCi/L for NC7-29 and W-850-2315,
respectively, and yielded *°U/**U atom ratios indicative of natural uranjum. The monitoring-
only strategy for uranium at Building 850 continues to be protective given that: (1) total uranium
activities in ground water at and downgradient from Building 850 are below the 20 pCi/L MCL
cleanup standard, (2) *’U/**U atom ratios are indicative of natural uranium and (3) the areal
extent of depleted uranium has not changed during the period of monitoring. Temporal trends in
23U/P8U isotope ratios from past samples have remained stable.

During 2014, the overall extent and maximum concentrations of nitrate and perchlorate in
ground water are also similar to those observed in 2013. Within the in sifu perchlorate
bioremediation treatment zone, perchlorate and nitrate concentrations in ground water samples
from wells NC7-28, NC7-70 and W-850-2417 remained below reporting limits.

2.5.2.3. Building 850 Area of OU 5 Enhanced Bioremediation Treatability Study

The in situ perchlorate bioremediation treatability study commenced at Building 850 during
second semester 2011. The objective of this study is to evaluate the efficacy of in situ enhanced
bioremediation methods in reducing perchlorate concentrations in Building 850 ground water.
To date, the test has consisted of injecting ethyl lactate mixed with ground water in wells
W-850-2417 and NC7-70 to facilitate the in situ bioremediation of perchlorate by indigenous
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bacteria, while monitoring these and nearby wells NC7-28 and W-850-2416 to evaluate
bioremediation performance.

Monitoring results indicate that microbial reduction reduced perchlorate concentrations in
well W-850-2417 from a pre-test 2011 maximum of 74 ug/L to below the 4 pg/L reporting limit
by 2012. Perchlorate concentrations remain below reporting limits in samples collected from
this well during 2014. Perchlorate concentrations have also been reduced in well NC7-28 from a
pre-test 2011 maximum of 71 pg/L to below the 4 pg/L reporting limit by 2012. Perchlorate
concentrations remain below reporting limits in samples collected from this well since then, with
the exception of the February 2013 sample (5.8 pg/L) and the May 2014 sample (4.3 pg/L).
Perchlorate in injection well NC7-70 has been reduced from a pre-injection concentration of
52 pg/L to below the reporting limit.

During 2014, perchlorate concentrations in ground water samples from all wells located in
the treatment area, with the exception of well NC7-61 (located farther downgradient of the
lactate injection wells) and one sample from well NC7-28 (4.3 ug/L, May), were below the
4 ug/L reporting limit.

Although not specifically targeted for bioremediation, nitrate concentrations and uranium
activities were also monitored in the injection well W-850-2417 and performance monitor well
NC7-28. Nitrate concentrations in wells W-850-2417 and NC7-28 decreased from pre-test 2011
maximum concentrations of 52 mg/L and 57 mg/L, respectively, to below the 0.5 mg/L reporting
limit following ethyl lactate injection in 2011. Nitrate in well NC7-70 decreased from a pre-
injection concentration of 32 mg/L (January 2013) to below the 0.5 mg/L reporting limit. Nitrate
concentrations have remained below the reporting limit in all samples (with the exception of the
January 2013 sample from well NC7-28 with a nitrate detection of 0.54 mg/L) collected from
these wells during 2012, 2013 and 2014.

Total uranium activities in samples from wells W-850-2417 and NC7-28 also decreased from
pre-injection 2011 maximum activities of 9.1 pCi/L and 9.8 pCi/L, respectively, to 2011 post-
injection activities of 3.5 pCi/L and 2 pCi/L, respectively. Uranium activities in ground water
samples collected from well W-850-2417 have remained below pre-injection activities with a
maximum 2014 activity of 1.1 pCi/L (January). Uranium activities in well NC7-28 increased
throughout 2012 and reached a maximum activity of 24 pCi/L (a new historic maximum) in the
January 2013 ground water sample. The uranium activities in subsequent samples collected from
well NC7-28 have decreased. The 2014 maximum uranium activity in a ground water sample
collected from well NC7-28 was 9.6 pCi/L (January). Uranium in ground water at well NC7-70
decreased from a pre-injection activity of 1.3 pCi/L (January 2013) to <0.063 pCi/L (April
2014), and then increased to 1.9 pCi/L (August and October 2014). Following ethyl lactate
injection, decreasing uranium activities appear to result from concurrent reduction of U™ species
in ground water to U** species, which form insoluble mineral solids. Later increases likely arise
from a combination of dissolution of natural U under low pH conditions and oxidation of
reduced uranium from solids on mineral surfaces back into solution, coupled with arrival of pre-
existing dissolved uranium from upgradient of the treatment area.

In March 2013, fluorescein, a non-toxic tracer, mixed with ground water was injected into
NC7-70 to independently track the migration of injected fluids along the flow path from well
NC7-70 downgradient through the treatment zone to wells W-850-2417 and NC7-28. Tracer
was first detected in the December 4, 2013 ground water sample from well W-850-2417. In the
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first semester 2014, fluorescein tracer dye was detected in wells W-850-2417 and NC7-28,
located downgradient of well NC7-70. Monitoring of the tracer test continued through 2014 and
a complete analysis of the results will be presented in the Building 850 Focused Feasibility Study
report.

2.5.2.4. Building 850 Area of OU 5 Remedy Performance Issues

There were no new issues that affect the performance of the MNA cleanup remedy for
tritium in the Building 850 area during this reporting period. The remedy for tritium continues to
be effective and protective of human health and the environment, and to make progress toward
cleanup. Perchlorate, uranium and RDX distribution in ground water downgradient of the
Building 850 Firing Table will continue to be closely monitored and reported. The in situ
bioremediation treatability study analytical results will continue to be evaluated and reported in
future reports. The performance of this technology with respect to uranium and RDX
remediation or stabilization will also be evaluated. A work plan is currently being prepared for
the installation of three boreholes within the footprint of the Building 850 Firing Table to
determine if residual perchlorate exists in the unsaturated zone beneath the firing table. Ground
water samples from these boreholes will also be analyzed for perchlorate.

2.5.3. Pit 7 Complex Area of OU 5 Ground Water Treatment System Operations and
Monitoring

This section is organized into five subsections: facility performance assessment; operations
and maintenance issues; compliance summary; facility sampling plan evaluation and
modifications; and treatment facility and extraction wellfield modifications.

2.5.3.1. Pit 7 Complex Area of OU 5 Facility Performance Assessment

The monthly ground water discharge volumes and rates and operational hours for second
semester 2014 are summarized in Table 2.5-2. The total volume of ground water extracted and
treated, and masses removed during the reporting period are presented in Table Summ-1. The
cumulative volume of ground water treated and discharged and masses removed are summarized
in Table Summ-2. Analytical results for influent and effluent samples collected during second
semester 2014 are presented in Tables 2.5-3 through 2.5-6. The pH measurement results are
presented in Appendix A.

2.5.3.2. Pit 7 Complex Area of OU 5 Operations and Maintenance Issues

The following maintenance activities and operational issues occurred at the PIT7-SRC
GWTS during second semester 2014:

* Ground water extraction wells NC7-25 and NC7-64 were taken offline on August 27 for
check valve installations and water level verification. Both wells were brought back
online on September 4.

e The GWTS was taken offline on October 6 to allow for well recovery to facilitate
quarterly sampling of extraction wells. The system was restarted upon completion of the
sampling on October 13.
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2.5.3.3. Pit 7 Complex Area of OU 5 Compliance Summary

The PIT7-SRC GWTS operated within compliance with the RWQCB Substantive
Requirements for Wastewater Discharge throughout the reporting period.

2.5.3.4. Pit 7 Complex Area of OU 5 Facility Sampling Plan Evaluation and Modifications

The PIT7-SRC treatment facility sampling and analysis plan complies with the monitoring
requirements in the CMP/CP. The treatment facility sampling and analysis plan is presented in
Table 2.5-7. No modifications to the plan were made during this reporting period.

2.5.3.5. Pit 7 Complex Area of OU 5 Treatment Facility and Extraction Wellfield
Modifications

During second semester 2014, a double check valve was installed in wells NC7-25 and
NC7-64 to prevent backflow of extracted ground water. Double check valves have now been
installed in all operational PIT7-SRC extraction wells.

2.5.4. Pit 7 Complex Area of OU 5 Ground Water Monitoring

The sampling and analysis plan for ground water and surface water monitoring is presented
in Table 2.5-8. This table also delineates and explains deviations from the sampling plan and
indicates any additions made to the CMP.

During the reporting period, ground water monitoring was conducted in accordance with the
CMP monitoring requirements with the following exceptions: a total of 106 required analyses in
20 different wells were not performed because the wells were dry or there was insufficient water
in the wells to collect the samples, and one required analysis from well W-PIT7-13 was not
performed due to an inoperable pump.

Analytical results and ground water elevation measurements obtained during 2014 are
presented in Appendices B and C, respectively.

Ground water elevation contour maps for the Qal/WBR and Tnbs;/Tnbsy HSUs within the
OU, based on data collected during second semester 2014, are presented on Figures 2.5-2 and
2.5-3, respectively. Ground water elevations in both HSUs have generally declined since spring
2011 due to lower than average rainfall during water years 2012, 2013 and 2014.

2.5.5. Pit 7 Complex Area of OU 5 Remediation Progress Analysis

This section is organized into three subsections: analysis of contaminant distribution and
concentration trends; remediation optimization evaluation; and performance issues.

2.5.5.1. Pit 7 Complex Area of OU 5 Mass Removal

The monthly ground water mass removal estimates for second semester 2014 are summarized
in Table 2.5-9. The total mass removed during the reporting period and cumulative mass
estimates are summarized in Table Summ-1 and Table Summ-2, respectively.

2.5.5.2. Pit 7 Complex Area of OU 5 Contaminant Concentrations and Distribution

In the Pit 7 Complex area of OU 5, tritium is the primary COC in ground water, and uranium,
perchlorate, nitrate and VOCs are secondary COCs. These constituents have been identified
within the Qal/WBR and Tnbs;/Tnbsy) HSUs. The distribution of tritium in the Qal/WBR and
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Tnbs;/Tnbsy HSUs, based on data collected during second semester 2013 (primarily the fourth
quarter), is contoured on Figures 2.5-4 and 2.5-5, respectively. The distribution of perchlorate in
the Qal/WBR and Tnbs;/Tnbsy, HSUs, based on data collected during first semester 2013
(primarily the second quarter), is contoured on Figures 2.5-10 and 2.5-11, respectively.
Concentrations of uranium and nitrate in Qal/WBR and Tnbs;/Tnbs, ground water, based on data
collected during first semester 2013 (primarily the second quarter), are presented on
Figures 2.5-6 through 2.5-9. The COC data presented on Figures 2.5-4 through 2.5-11 represent
specific time periods during 2013; therefore, some of the data discussed in the text are not
displayed on the figures.

2.5.5.2.1. Tritium Activities and Distribution

Commingled plumes of tritium in ground water extend from Pit 3 and Pit 5 Landfill sources.
The Pit 7 Landfill is not an apparent source of tritium to ground water as most of the tritium-
bearing experiments at Site 300 were conducted prior to its opening in 1979 (Taffet et al., 2008)
and monitor well NC7-48, located directly downgradient of Pit 7 and upgradient of Pit 3, has
generally yielded ground water samples that contain tritium activities within background ranges.
Tritium activities in the ground water samples collected from well NC7-48 during 2014 were
below the 100 pCi/L reporting limit for tritium. Tritium activities and distribution in ground
water in the Qal/WBR and Tnbs;/Tnbsy HSUs in the Pit 7 Complex Area are discussed below.

Qal/WBR HSU

Tritium activities in the Qal/WBR HSU ground water in the Pit 7 Complex area have
decreased from a historic maximum of 2,660,000 pCi/L (NC7-63, 1998) to a 2014 maximum
activity of 134,000 pCi/L in the duplicate sample collected from monitor well NC7-51 in January
(the routine sample contained 126,000 pCi/L). Subsequent samples collected from this well in
April, July and October contained 120,000 pCi/L, 129,000 pCi/L (duplicate sample, the routine
sample yielded 119,000 pCi/L), and 115,000 pCi/L (routine and duplicate samples), respectively.
The 2013 maximum tritium activity of 144,000 pCi/L was also from monitor well NC7-51
(July). Well NC7-51 is located about 40 feet northeast of Pit 5 and 60 feet east of Pit 3. Overall,
most tritium activities in Qal/WBR ground water have declined slightly since 2013. In the
Qal/WBR HSU, the region of ground water containing trittum in excess of the MCL cleanup
standard extends about 1,600 feet southeast from the eastern edge of Pit 3. The extent of the
20,000 pCi/L MCL cleanup standard ground water tritium activities in the Qal/WBR HSU in the
Pit 7 Complex area is similar to that observed for 2013.

Tnbs/Tnbsy HSU

In the Pit7 Complex area, tritium activities in Tnbs;/Tnbsy HSU ground water have
decreased from a historic maximum of 770,000 pCi/L (1999) to a 2014 maximum of
182,000 pCi/L (October). Both the historic and 2014 maximum tritium activities were detected
in samples from extraction well NC7-25, located about 250 feet downgradient (northeast) of the
Pit 3 Landfill. In general, tritium activities in the Tnbs;/Tnbsy HSU are similar or have declined
slightly compared to 2013 measurements. The highest tritium activities observed in the
Tnbs;/Tnbsy HSU in Pit 7 Complex area ground water, in excess of the 20,000 pCi/L MCL
cleanup standard, continue to extend about 800 feet northeast of Pit 3 and Pit 5. The extent of
tritium in excess of the 20,000 pCi/L MCL cleanup standard in the Tnbs;/Tnbsy HSU in the Pit 7
Complex area is also similar to 2013 observations.
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Overall, the extent of tritium in ground water with activities in excess of the 100 pCi/L
background level remains stable, and is similar to that observed in 2013.

2.5.5.2.2. Uranium Concentrations and Distribution

Uranium activities and distribution in ground water in the Qal/WBR and Tnbs;/Tnbsy HSUs
in the Pit 7 Complex Area are discussed below.

Qal/WBR HSU

Uranium activities in Qal/WBR HSU ground water in the Pit 7 Complex area have decreased
from a historic maximum of 781 pCi/L (monitor well NC7-40, 1998) to a 2014 maximum of
109 pCi/L (extraction well W-PIT7-2703, April). The 2013 and 2012 maximum uranium
activities of 106 pCi/L and 94 pCi/L, respectively, were detected in samples collected from
extraction well NC7-64. Both extraction wells, W-PIT7-2703 and NC7-64 are located directly
downgradient (east) of Pit 3. Uranium activities exceeded the 20 pCi/L MCL cleanup standard
in samples from seven wells in the Qal/WBR HSU in 2014. During 2014, six other wells
(W-PIT7-1903, W-PIT7-1904, W-PIT7-1905, W-PIT7-1916, W-PIT7-1917 and W-PIT7-1919)
that have consistently yielded ground water with uranium activities exceeding the 20 pCi/L MCL
cleanup standard were not sampled due to being dry or not having sufficient water for sampling.

All of the wells with uranium activities exceeding the 20 pCi/L MCL cleanup standard are
proximal to the landfills and have historically shown *>U/**U isotopic ratios indicating some
depleted uranium. The extent of uranium in excess of the MCL cleanup standard in the
Qal/WBR HSU is confined to an area directly east of Pit 3 and another area that extends about
500 feet southeast from the center of Pit 5. The spatial extent of shallow ground water impacted
with depleted uranium has been stable since the mid-1990s. Areas of depleted uranium in
ground water are bounded by wells that exhibit *°U/**U atom ratios indicative of natural
uranium. Sorption and ion-exchange are likely responsible for retarding the migration of
depleted uranium in ground water compared to conservative contaminants such as tritium.

Tnbs/Tnbsy HSU

During 2014, uranium activities in the Tnbs;/Tnbsy HSU increased to a historic maximum of
100 pCi/L in an October ground water sample collected from extraction well NC7-25. The
previous historic maximum of 51 pCi/L (October 1998) was also measured in a sample from
well NC7-25. Well NC7-25 is the only Tnbs;/Tnbsy HSU well that historically and currently
yields ground water with uranium in excess of the MCL cleanup standard, and all >*°U/**U atom
ratio data, until the October 2014 sample, indicated that the uranium in NC7-25 ground water
was natural. The **U/**U atom ratio measured in the October sample was 0.0066, indicating
the presence of some depleted uranium. After two years of ground water extraction from well
NC7-25 (began in August 2012), uranium activities in the extracted ground water have increased
significantly and, for the first time, the *U/**U atom ratio data indicate the presence of
depleted uranium. The presence of some depleted uranium in the recent sample may be a result
of migration of Qal/WBR water into the well capture zone. The increase in overall activity
suggests movement of largely natural uranium-bearing water into the vicinity of this pumping
well.

The maximum uranium activity in a 2014 sample from a well screened in both the Qal/WBR
and Tnbs;/Tnbs) HSUs was 21 pCi/L in an April sample, from extraction well W-PIT7-2307.
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As is the case for the Building 850 portion of OU 5, uranium activity analyses for 2014 were
performed primarily by alpha spectroscopy with selected samples analyzed by Inductively
Coupled Plasma-Mass Spectrometry (ICP-MS).

2.5.5.2.3. Nitrate Concentrations and Distribution

Nitrate concentrations and distribution in ground water in the Qal/WBR and Tnbs;/Tnbs,
HSUs in the Pit 7 Complex Area are discussed below.

Qal/WBR HSU

During 2014, extraction well NC7-64 was the only Qal/WBR HSU well with nitrate at or
above the 45 mg/LL. MCL cleanup standard. Nitrate concentrations in the Qal/WBR HSU have
decreased from the historic maximum of 90 mg/L in a sample from well NC7-63 (April 2011) to
the 2014 maximum nitrate concentration of 45 mg/L (April) in a sample from well NC7-64,
located immediately downgradient of Pit 3. Well NC7-64 is located 17 feet southwest of well
NC7-63 (nearer to Pit 3) and is screened 13 feet deeper. Well NC7-63 was dry during 2014.

Tnbsy/Tnbsy HSU

During 2014, nitrate was detected at concentrations at or above the 45 mg/L MCL cleanup
standard in samples from Tnbs;/Tnbsy HSU wells NC7-47 and W-PIT7-13, both located
downgradient and northeast of the Pit 7 Complex area. The 2014 maximum nitrate concentration
detected in the Pit 7 Complex area was 66 mg/L in well NC7-47 (May). Well NC7-47 is also the
location of the historic maximum nitrate concentration of 85 mg/L (2003) and the 2013 and 2012
maximum nitrate concentrations of 64 mg/L and 65 mg/L, respectively. The April routine and
duplicate samples collected from well W-PIT7-13 contained 51 mg/L and 55 mg/L, respectively.

The 2014 maximum nitrate concentration in a well screened in both the Qal/WBR and
Tnbs;/Tnbsy HSUs was 46 mg/L in a April routine sample from monitor well K7-01; the
duplicate sample contained 38 mg/L.. Well K7-01 is located immediately downgradient of Pit 5.

Historic data indicate that nitrate concentrations in the Qal/WBR and Tnbs;/Tnbsy HSU
ground water are limited in extent and relatively stable. The distribution and concentrations of
nitrate in ground water during 2014 are generally similar to what was observed in 2013.

2.5.5.2.4. Perchlorate Concentrations and Distribution

During 2014, perchlorate was detected at concentrations exceeding the 6 ug/L. MCL cleanup
standard in samples from 10 wells downgradient (east) of the landfills. The perchlorate
concentrations in ground water samples from several wells containing perchlorate exceeding the
6 ng/L MCL cleanup standard during 2013 were below the cleanup standard in 2014 (NC7-40,
NC7-68, W-PIT7-03 and W-PIT7-2141) or were dry or contained insufficient water for sampling
(NC7-34 and W-PIT7-2309). Perchlorate concentrations and distribution in ground water in the
Qal/WBR and Tnbs;/Tnbsy HSUs in the Pit 7 Complex Area are discussed below.

Qal/WBR HSU

Perchlorate concentrations in the Qal/WBR HSU ground water in the Pit 7 Complex area
have decreased from a historic maximum of 40 pg/L (extraction well W-PIT7-2306, 2009) to a
2014 maximum concentration of 14 pg/L in an April sample from extraction well W-PIT7-2305,
located immediately downgradient of Pit 5. A subsequent sample from well W-PIT7-2305 in
October contained 13 ng/L. Well W-PIT7-2306 has not contained sufficient water for sampling
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since May 2012. Other Qal/WBR HSU wells with samples containing perchlorate at
concentrations exceeding the 6 pg/LL. MCL cleanup standard during 2014 were monitor well
NC7-51 and extraction wells NC7-64 and W-PIT7-2703, located immediately downgradient of
Pit 3, and monitor well W-PIT7-1918 and extraction wells W-PIT7-2305 and W-PIT7-2705,
located immediately downgradient of Pit 5.

Tnbsy/Tnbsy HSU

Perchlorate concentrations in Tnbs;/Tnbsy HSU ground water have decreased from a historic
maximum of 29 pg/L in monitor well K7-03 (April 2005) to the 2014 maximum concentration of
10 pg/L, in extraction well W-PIT7-2307 (April). During 2014, samples collected from monitor
well K7-03 and extraction well NC7-25 also contained perchlorate at concentrations exceeding
the 6 ug/L MCL cleanup standard. Well NC7-25 is located immediately downgradient of Pit 3,
and wells K7-03 and W-PIT7-2307 are located immediately downgradient of Pit 5.

The maximum perchlorate concentration in a 2014 sample from a well screened in both the
Qal/WBR and Tnbs;/Tnbs) HSUs was 14 ng/L in a April duplicate sample from monitor well
K7-01. The routine sample from K7-01 contained 9.9 pg/L. Well K7-01 is located immediately
downgradient of Pit 5.

Overall, with the exception of the perchlorate concentration of ground water in Tnbs;/Tnbs,
HSU well W-PIT7-2141 decreasing to below the cleanup standard, the extent of perchlorate at
concentrations exceeding the 6 pg/LL MCL cleanup standard in ground water in the Pit7
Complex area did not change significantly from 2013 to 2014.

2.5.5.2.5. VOC Concentrations and Distribution

The VOC COCs in Pit 7 Complex Area ground water include TCE and 1,1-DCE. VOCs
were detected in ground water samples from six Pit 7 Complex area wells during 2014.
Individual VOC concentrations were below MCL cleanup standards in all six wells in 2014 and
since 2011. VOC concentrations and distribution in ground water in the Qal/WBR and
Tnbs;/Tnbsy HSUs in the Pit 7 Complex Area are discussed below.

Qal/WBR HSU

During 2014, VOCs were detected in monitor wells NC7-12, NC7-21 and NC7-51. Total
VOC concentrations in Qal/WBR HSU ground water in the Pit 7 Complex area have decreased
from a historic maximum of 21 pg/L in 1995 (monitor well NC7-51, comprised of 15 pg/L TCE
and 6.2 pg/L 1,1-DCE) to a 2014 maximum of 0.9 pg/L (NC7-51, April, comprised entirely of
TCE). The 2013 maximum of 1.2 pg/L (also comprised entirely of TCE) was also detected in
well NC7-51. During 2014, 1,1-DCE was not detected at concentrations above the 0.5 pg/L
reporting limit in any wells completed in the Qal/WBR HSU. Wells NC7-12 and NC7-21
contained only chloroform at concentrations slightly above the 0.5 pg/L reporting limit and well
below the 80 pg/lL MCL for total trihalomethanes. Well NC7-51 is located immediately
downgradient of Pit 3, and wells NC7-12 and NC7-21 are located approximately 1,000 ft and
500 ft southeast (downgradient) of Pit 5, respectively.

Tnbs/Tnbsy HSU

During 2014, VOCs were detected in monitor well K7-03 and extraction well W-PIT7-2307,
both located immediately downgradient of Pit 5. The 2014 maximum total VOC concentration
in a Pit 7 Complex well was 5.8 ng/L (comprised of 4.4 pg/L TCE and 1.4 pg/L 1,1-DCE) in
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extraction well W-PIT7-2307 (April). During 2014, the ground water level in extraction well
W-PIT7-2307 remained below the Qal/WBR contact and entirely in the Tnbs;/Tnbsy HSU. Well
W-PIT7-2307 was the only well with samples in the Pit7 Complex area that contained
concentrations of 1,I-DCE above the 0.5 pg/L reporting limit during 2014. Well K7-03
contained only TCE at a concentration of 0.68 pg/L (April).

Monitor well K7-01, completed in both HSUs, yielded TCE at concentrations of 0.82 pg/L
and 0.9 pg/L in the routine and duplicate April samples, respectively.

2.5.5.3. Pit 7 Complex Area of OU 5 Remediation Optimization and Performance Evaluation

Ground water extraction and treatment at the PIT7-SRC facility began in March 2010. A
wellfield expansion in second semester 2012 added wells W-PIT7-2703, W-PIT7-2704 and
W-PIT7-2705 to the Pit 7 extraction wellfield. In addition to the new extraction wells, extraction
of ground water from NC7-25, screened in the Tnbs;/Tnbsy bedrock HSU, was initiated and the
pump intake in well W-PIT7-2307 was raised to target the Qal/WBR HSU. Well W-PIT7-2305
contributes most of the flow to the PIT7-SRC facility. Concentrations of COCs in well
W-PIT7-2305 ground water have fluctuated since pumping started in 2010, but have shown
decreases from pre-pumping conditions to present. For example:

» Tritium activities decreased from 73,900 pCi/L (January 2010) to 30,900 pCi/L (October
2014).

* Uranium activities decreased from 21 pCi/L (January 2010) to 13 pCi/L (October 2014).
Since 2008, the ground water from this well has contained only natural uranium.

* TCE concentrations were below the 0.5 ug/L reporting limit (January 2010), were
reported at 0.63, 0.67 and 0.52 pg/L in May 2010, October 2010 and April 2011,
respectively, and have remained below the 0.5 pg/L reporting limit since October 2011.

To increase uranium mass removal, pumping of Tnbs;/Tnbsy HSU well NC7-25 was initiated
in August 2012. Until 2014, uranium in this well had historically always exhibited a natural
23U/APU atom ratio but exceeded its MCL cleanup standard. After two years of ground water
extraction, the October 2014 ground water sample yielded a total uranium activity of 100 pCi/L,
a significant increase and historic maximum for this well, with a 25U/28U ratio of 0.0066,
indicating the presence of some depleted uranium for the first time in a sample from this well.

An assessment of water levels and ground water COC trends at well W-PIT7-2307 during the
first year of ground water extraction and treatment at PIT7-SRC (March 2010 to March 2011)
indicated that the extracted ground water from well W-PIT7-2307 was derived primarily from
the Tnbs;/Tnbsy bedrock HSU. Pumping was suspended in early March 2011 to avoid drawing
contaminants from Qal/WBR HSU ground water into the Tnbs;/Tnbsy HSU. In early
February 2013, the pump intake was raised to target the Qal/WBR HSU. Approximately
200 gallons of water were extracted and treated during February and March of 2013 before water
levels dropped below the pump intake. Due to below average precipitation during rainfall years
2011-2012, 2012-2013, and 2013-2014, water levels have remained below the pump intake.
Since 2011, COC concentrations and activities in this well have remained constant or decreased
slightly with the exception of uranium. Since 2012, the uranium activities in four out of five
ground water samples collected from this well have exceeded the 20 pCi/L MCL cleanup
standard and the *°U/**U atom ratios indicate a small component of depleted uranium. It may
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become necessary to re-evaluate the pumping scheme for this well if uranium activities continue
to exceed the MCL cleanup standard.

Extraction wells W-PIT7-2306 and W-PIT7-2704 have had insufficient water for pumping
during 2013 and 2014, and have not been sampled since 2012.

Following wellfield expansion work in 2012, the volume of extracted ground water increased
and mass removal of COCs, except for VOCs, also increased with the additional ground water
extracted. There has been no VOC mass removal since 2013 because the water level is below
the pump intake in well W-PIT7-2307, the only extraction well containing detectable VOCs.

2.5.5.4. Pit 7 Complex Area of OU 5 Remedy Performance Issues

MNA for tritium continues to be effective and protective of human health and the
environment, and to make progress toward cleanup. The extraction and treatment of uranium,
perchlorate, VOCs and nitrate continue to reduce the concentrations and masses of these
contaminants in Pit 7 Complex ground water. Continued operation of the PIT7-SRC facility and
wellfield expansion in 2012 (extraction from four additional wells) have increased the volume of
extracted ground water and mass removed, but not as much as previously reported. During 2014,
it was discovered that the check valves in some low-yield and cyclic-operating extraction wells
located throughout Site 300 were not functioning properly. These check valves allowed
extracted ground water to back-flow into the same well during non-pumping periods. This has
resulted in some amount of over-estimates of extracted ground water volumes and, therefore,
over-estimates of total contaminant mass removed from these extraction wells. Starting with
extraction well W-PIT7-2305 in May, additional check valves were installed in all operational
PIT7-SRC extraction wells. For example, during the first four months of 2014, prior to
installation of a new check valve, the average extracted ground water volume per month from
well W-PIT7-2305 was 6,500 gallons. After installation of the check valve, the average
extracted volume per month from well W-PIT7-2305 was slightly more than 500 gallons.
Revised volume and contaminant mass removed estimates for the PIT7-SRC GWTS will be
presented in the upcoming OUS5 Five Year Review.

During 2014, tritium activities in treated effluent from PIT7-SRC were in the range of
35,800 pCi/L to 53,900 pCi/L. Tritium activities in performance monitor wells K7-01 (2014
maximum of 32,700 pCi/L), NC7-16 (contained insufficient water for sampling in first semester
2014) and NC7-21 (2014 maximum of 34,000 pCi/L), located near the effluent discharge trench
are lower than the treated effluent activities and continue to exhibit decreasing tritium trends.
The tritium activities in these wells will continue to be closely monitored to assess any negative
impacts to the distribution of tritium in ground water.

The performance summary of PIT7-SRC indicates that:

* Progress has been made in reducing COC concentrations towards cleanup standards.
Uranium activities to date have remained relatively stable, and those in excess of MCL
cleanup standards are limited in extent. TCE concentrations have dropped below the MCL
cleanup standard. Perchlorate concentrations are stable to decreasing. Nitrate concentrations
and distribution have decreased from historic maxima.

* The extent of uranium in excess of the MCL cleanup standard in the Qal/WBR HSU
continues to be confined to an area immediately east of Pit 3 and another area that extends
from Pit 5 southeast about 500 feet. The extents of both these regions have remained stable
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and similar to what has been observed over the last few years. The most recent sample
results from extraction well W-PIT7-2704, completed at the northeast corner of Pit5,
indicate that the uranium in Qal/WBR HSU ground water in excess of the cleanup level is
less extensive than previously depicted.

* Generally, tritium activities in wells downgradient of the infiltration trench are stable or
decreasing, indicating that the discharge of tritium-bearing water is not adversely impacting
downgradient ground water.

As discussed in the Remedial Design (RD) for the Pit 7 Complex (Taffet et al., 2008), the
drainage diversion system design was not intended to capture 100% of the precipitation that falls
in the Pit 7 Complex area. Rather, it was designed to divert excess surface water runoff and
shallow subsurface recharge from the hillslopes to the west and east of the Pit 7 Complex
landfills during high intensity storms and periods of extreme rainfall (i.e., the 1997-1998 El
Nifio) to minimize ground water contact with the pit waste and underlying contaminated
bedrock. Thus, the drainage diversion system performance can best be evaluated during a future
El Nifio season or other period of very high rainfall.

Criteria indicating that the drainage diversion system is not operating as intended and
corresponding recent performance include:

1. Ground water elevation responses to rainfall events observed in key monitoring wells are
similar to those observed before the installation of the drainage diversion system:

* Drainage diversion system performance is evaluated by 22 monitor wells outfitted in
April 2010 with dedicated pressure transducers that measure ground water elevations.

* Review of these data indicates that ground water elevation responses to rainfall are
less than those observed prior to drainage diversion system installation in several
wells. For example, in 2005, prior to installation of the drainage diversion system,
ground water elevation in well NC7-17, located downgradient of the drainage
diversion system at the south end of Pit7, increased 5 inches per inch of rain
received. In 2011, after installation of the drainage diversion system, ground water
elevation increased less than 4 inches per inch of rain received for the same time
period during the water year. These data indicate a 20% reduction in ground water
elevation response to rainfall in well NC7-17 after installation of the drainage
diversion system. Total precipitation received during water years 2004-2005 and
2010-2011 was greater than average and almost identical at 13.7 inches and
13.5 inches, respectively. Precipitation received during rainfall years 2011-2012,
2012-2013, and 2013-2014 was below average and water elevation response
evaluations have not been performed for these time periods.

2. Maximum ground water rises into the pit waste and underlying contaminated bedrock as
indicated by ground water elevation data:

* Ground water levels have remained well below the bottoms of the Pit 7 Complex
Landfills. Ground water elevations in the Qal/WBR HSU have decreased since
spring 2011 due to below average rainfall (average is approximately 10.2 inches for
Site 300) received during rainfall years 2011-2012 (approximately 7 inches), 2012-
2013 (approximately 8 inches), and 2013-2014 (approximately 5 inches).
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3. Increasing trends in tritium, uranium, VOCs or perchlorate activities/concentrations are
observed over a period of at least four quarters in ground water samples from key wells
downgradient of the landfills:

* (COC trends in Pit 7 Complex ground water are decreasing:

- Tritium activities decreased from a historic maximum of 2,660,000 pCi/L in 1998
to a 2014 maximum tritium activity of 182,000 pCi/L.

- Uranium activities have decreased from a historic maximum of 781 pCi/L in 1998
to a 2014 maximum of 109 pCi/L.

- Nitrate concentrations have decreased from the historic maximum of 363 mg/L in
2003 to a 2014 maximum of 66 mg/L.

- Perchlorate concentrations have decreased from a historic maximum of 40 pg/L in
2009 to a 2014 maximum of 14 pg/L.

- Total VOC concentrations have decreased from a historic maximum of 21.2 pg/L in
1995 to a 2014 maximum of 5.8 ug/L, with concentrations of all VOC COCs
below cleanup standards.

Based on the evaluation of ground water elevation and contaminant activity/concentration
data collected from Pit 7 Complex area wells against the performance criteria, the drainage
diversion system appears to be operating as intended. However, it is important to note that the
drainage diversion system is designed to divert recharge during peak events and has not yet been
tested under the conditions for which it was designed.

2.6. Building 854 OU 6

The Building 854 Complex has been used to test the stability of weapons and weapon
components under various environmental conditions and mechanical and thermal stresses. A
map of the Building 854 OU showing the locations of monitor and extraction wells and treatment
facilities is presented on Figure 2.6-1.

Three GWTSs are currently operated in the Building 854 OU; Building 854-Source
(854-SRC), Building 854-Proximal (854-PRX), and Building 854-Distal (854-DIS). One SVTS
is also operated at the 854-SRC facility.

The 854-SRC GWTS began operation in December 1999 removing VOCs and perchlorate
from ground water. During 2014, ground water was extracted from wells W-854-02 and
W-854-2218 at an approximate combined flow rate of 3.5 to 4.5 gpm. Operational flow rates
will be higher in the future once interlock issues are addressed (discussed in Section 2.6.1.2).
The GWTS configuration includes a particulate filtration system, two ion-exchange resin
columns connected in series for perchlorate removal, and three aqueous-phase GAC units
connected in series for VOC removal. Nitrate-bearing treated effluent is then discharged via a
misting tower onto the landscape for uptake and utilization of the nitrate by indigenous grasses.

A SVTS began operation at the 854-SRC in November 2005. Soil vapor is currently
extracted from well W-854-1834 at an approximate flow rate of 45 to 50 scfm. This system
consists of vapor-phase GAC to remove VOCs from extracted soil vapor. Treated vapors are
discharged to the atmosphere under a permit issued by the San Joaquin Valley Air Pollution
Control District.
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The 854-PRX GWTS began removing VOCs, nitrate and perchlorate from ground water in
November 2000. During first semester 2014, upgrades to the 854-PRX GWTS were initiated to
improve operational effectiveness and are discussed in detail in Section 2.6.1.5. Following
completion of facility upgrades on October 20, 2014, ground water was extracted at an
approximate flow rate of 5.3 gpm from well W-854-03, located southeast of the Building 854
complex. This is a significant increase from the extraction rate of 1.5 gpm in previous years.

The 854-DIS GWTS is solar-powered and began operation in July 2006 removing VOCs and
perchlorate from ground water. Ground water is extracted from well W-854-2139 and operates
cyclically. The current operational flow rate averages approximately 400 gallons per month,
with a sustained flow rate of approximately 0.003 gpm. The GWTS configuration includes two
ion-exchange resin columns connected in series for perchlorate treatment followed by three
aqueous-phase GAC units connected in series for VOC removal prior to discharge to an
infiltration trench. Nitrate concentrations are low at this location, so no nitrate removal is
currently needed at this GWTS.

2.6.1. Building 854 OU Ground Water Treatment System Operations and Monitoring

This section is organized into five subsections: facility performance assessment; operations
and maintenance issues; receiving water monitoring; compliance summary; and sampling plan
evaluation and modifications.

2.6.1.1. Building 854 OU Facility Performance Assessment

The monthly ground water discharge volumes, rates and operational hours for second
semester 2014 are summarized in Tables 2.6-1 through 2.6-3. The total volume of ground water
treated and masses removed during the reporting period are presented in Table Summ-1. The
cumulative volume of ground water treated and discharged and the masses removed are
summarized in Table Summ-2. Analytical results for influent and effluent samples collected
during second semester 2014 are presented in Tables 2.6-4 and 2.6-5. The pH measurement
results are presented in Appendix A.

2.6.1.2. Building 854 OU Operations and Maintenance Issues

The following maintenance activities and operational issues occurred at the 854-SRC GWTS
and SVTS, and 854-PRX and 854-DIS GWTSs during second semester 2014:

854-SRC GWTS and SVTS

* The GWTS was shut down on July 30 for change out of the GAC. Due to problems
found with the replacement GAC vessels, the system was not restarted until August 11.

* Both the GWTS and the SVTS were offline from August 20 to August 25 for a scheduled
power outage.

* The GWTS was shut down on October 9 for operation strategy and interlock evaluations.
The system was restarted on October 22 with only one extraction well, W-854-02, in
operation. The system remained in single well operational mode for the remainder of
second semester, 2014. Extraction from W-854-2218 will resume once interlock issues
have been addressed.
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e Both the GWTS and the SVTS were offline from October 28 to October 29 due to a
power outage.

e The GWTS was shut down on December 8 and remained down for the remainder of
2014, for freeze protection.

854-PRX GWTS

* The GWTS was shut down from the start of second semester 2014, until October 8 for
facility upgrade work. The GWTS was operated in day-only operations from October 8
until October 20, when the second set of compliance startup sampling results indicated all
operations were within compliance. Normal operations were initiated at that time.

e The GWTS was shut down from October 27 to October 29 for electronic validation and
nitrate sensor maintenance.

854-DIS GWTS
* The GWTS was offline from July 9 until August 4, due to a faulty extraction well pump.

* The GWTS was offline from offline from October 28 to October 29, due to a power
outage.

e The GWTS was shut down on December 8 and remained down for the rest of 2014, for
freeze protection.

2.6.1.3. Building 854 OU Compliance Summary

The 854-SRC, 854-PRX and 854-DIS GWTSs all operated in compliance with the RWQCB
Substantive Requirements for Wastewater Discharge. The 854-SRC SVTS operated in
compliance with San Joaquin Valley Air Pollution Control District permit limitations.

2.6.1.4. Building 854 OU Facility Sampling Plan Evaluation and Modifications

The Building 854 OU facility sampling and analysis plan complies with the monitoring
requirements in the CMP/CP. The sampling and analysis plan is presented in Table 2.6-6. There
were no modifications to the plan during this reporting period.

2.6.1.5. Building 854 OU Treatment Facility and Extraction Wellfield Modifications

There were no treatment facility or extraction wellfield modifications performed for the
854-DIS, 854-SRC GWTSs, or the 854-SRC SVTS, during the reporting period.

During second semester 2014, upgrades to the 854-PRX GWTS were completed. Due to
decreasing nitrate concentrations in the 854-PRX extraction well (<45 mg/L cleanup standard
and effluent limitation), the containerized wetland biotreatment units were removed. The
removal of the biotreatment units, which limited the treatment flow rate, allows the extraction
flow rate to be increased to 5 gpm. The treatment system now includes an in-line nitrate sensor
and one additional nitrate specific ion exchange column, flow to which is controlled by a diverter
valve dependent on data from the nitrate sensor. In the event nitrate concentrations increase and
approach the discharge limit, flow will be diverted through an additional nitrate-selective ion-
exchange resin column to remove the nitrate. The upgraded system will also be able to operate
during cold weather periods without shutting down for freeze protection. These upgrades are
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intended to increase hydraulic capture and contaminant mass removal. The 854-PRX upgrades
were completed and the facility was fully operational, on October 20, 2014.

2.6.2. Building 854 OU Ground Water Monitoring

The sampling and analysis plan for ground water and surface water monitoring is presented
in Table 2.6-7. This table also explains any deviations from the sampling plan and indicates any
additions made to the CMP.

During the reporting period, ground water monitoring was conducted in accordance with the
CMP monitoring requirements with the following exceptions:

* two analyses in one well were not performed because of an inoperable pump.

* A total of 35 analyses in six different wells and one spring were not performed because
the wells/spring were dry or contained insufficient water for sample collection.

Analytical results and ground water elevation measurements obtained during 2014 are
presented in Appendices B and C, respectively.

A ground water elevation contour map for the Tnbs;/Tnsco HSU, based on data collected
during second semester 2014, is presented on Figure 2.6-2. Ground water elevations measured
during second semester 2014 are posted for the Qls and Tnbs; HSUs on Figure 2.6-6. Ground
water elevations measured in both HSUs were similar to those observed in previous years.

2.6.3. Building 854 OU Remediation Progress Analy