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 Summary
Significant 2000 Livermore Site Ground Water Project (GWP) restoration activities included:

1. The Lawrence Livermore National Laboratory (LLNL) Livermore Site GWP submitted
documents required by the Comprehensive Environmental Response, Compensation, and
Liability Act and the Livermore Site Federal Facility Agreement.  Thirteen documents or
letter reports were submitted to the regulatory agencies in 2000.  These documents
consist of the Ground Water Project 1999 Annual Report, six Remedial Project
Manager’s meeting summaries, four quarterly self-monitoring reports, an Explanation of
Significant Differences for changes to the ground water treatment system at Trailer 5475,
and an Action Memorandum for a time-critical removal action, which documented the
removal of soil containing residual polychlorinated biphenyls (PCBs) in the East Traffic
Circle.  Three of the U.S. Department of Energy (DOE)/LLNL Remedial Action
Implementation Plan milestones were met ahead of schedule, and one was delayed three
months with regulatory concurrence to accommodate an adjacent construction project
unrelated to the GWP activities.

2. The Community Work Group met twice in 2000 to discuss the DOE budget, Long-Term
Stewardship, technology deployments, and progress on the Livermore Site cleanup.

3. DOE/LLNL met two times with members of Tri-Valley Communities Against a
Radioactive Environment and their scientific advisor to discuss the Livermore Site GWP
activities.

4. The GWP submitted 1,546 ground water samples for analyses that were collected during
973 sampling events.

5. LLNL continued to use the three-dimensional ground water flow and contaminant
transport model of hydrostratigraphic units 1B and 2 (HSU 1B and HSU 2) for
remediation system performance evaluation and optimization.  The HSU 1B and 2 model
was re-calibrated in 2000.  The previous model was calibrated to the Treatment Facility
A (TFA) and Treatment Facility B (TFB) areas, and the revised model is calibrated for
the entire site, including the Treatment Facility D (TFD) and Treatment Facility E (TFE)
areas for the first time.  The HSU 1B and 2 ground water flow and transport model was
converted from the Coupled Flow, Energy and Solute Transport (CFEST) computer code
into the Finite Element subsurface FLOW system (FEFLOW) computer code.  The 3-
dimensional site-wide flow model was calibrated to measured ground water elevations,
gradients, and volatile organic compound (VOC) plume distributions.

6. DOE/LLNL began using electro-osmosis (EO) in a contaminant source area near the TFD
Helipad to extract high concentrations of VOCs from fine-grained sediments in HSU 3.
EO induces the migration of ground water containing VOCs to extraction wells for
treatment.  Model simulations aided in the design of control mechanisms that helped
mitigate the adverse effects of electrochemical processes on system performance during
EO.

7. The extraction wells operating in 2000, extraction rates, and estimated total VOC mass
removed by the Livermore Site ground water and vapor treatment facilities in the TFA,
TFB, Treatment Facility C (TFC), TFD, TFE, Treatment Facility G (TFG), Treatment
Facility 406 (TF406), Treatment Facility 518 (TF518), and Treatment Facility 5475
(TF5475) areas are summarized in Table Summ-1.  The 2000 estimated total VOC mass
removal rate slightly exceeded that of 1999.
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8. Remediation construction activities in 2000 included:

• Operating a portable treatment unit in the TFD Helipad area.

• Instrumenting EO cells and conducting field tests in the TF406 and TFD Helipad
areas under the Accelerated Site Technology Deployment Initiative for source area
cleanup as part of the Phased Source Remediation (PSR) strategy.  Preliminary data
show an increase in VOC concentrations at the cathode wells during EO operations.

• Operating a solar treatment unit at TF518 North.

• Operating a miniature treatment unit at TFD Southshore.

• Operating a miniature treatment unit at TFE Southwest.

• Operating an above-ground closed-loop catalytic reductive dehalogenation treatment
unit (CRD-2) at Trailer 5475 (TF5475-3).

• Conducting remediation testing at well W-1550 south of the helipad in the TFD area
using a solar treatment unit.

9. Seventeen wells installed in 2000 are listed in Table Summ-2.

10. Five offsite monitor wells located on private property west of TFA were destroyed in
November 2000.

11. Ten hydraulic tests conducted in 2000 are listed in Table Summ-3 and Appendix B.

12. Passive soil vapor surveys were conducted in June 2000 within the TF518 source area
and around the perimeter of Buildings 419, 511, and 518 to characterize VOCs in near-
surface sediments.

13. Savannah River Site characterization and remediation technologies were tested by:

• Deploying Purge Water Management Systems in two wells at the Livermore Site as
an alternative method to reduce sampling purge water.

• Deploying a Ribbon Non-Aqueous Phase Liquid (NAPL) Sampler in the TF518
area to determine if NAPL was present in the vadose zone.  No NAPL was
detected.

14. LLNL performed a three-week recovery test on HSU 3B and 4 wells in the southeastern
portion of the Livermore Site to evaluate the effects of de-watering from ground water
extraction in these two hydrostratigraphic units.

15. DOE/LLNL operated all facilities in the TFA, TFB, TFC, TFD, TFE, TFG, TF406,
TF518, and TF5475 areas in 2000.  A total of 80 ground water extraction wells
operated at 25 separate locations at an average flow rate of 962,000 gal per day.  Vapor
treatment facilities VTF518 and VTF5475 operated at an average flow of 29,700
standard cubic ft per day.  Together, the ground water and vapor treatment facilities
removed approximately 269 kg of VOC mass in 2000.  Since initial operation,
approximately 1,430 million gal of ground water and over 24 million cubic ft of vapor
have been treated, removing more than 1,021 kg of VOCs.

16. The area inside the 5 parts per billion (ppb) HSU 1B offsite VOC plume contour is
approximately one-third of its size in 1989 when our first ground water treatment
facility began operating.  The area of the HSU 2 offsite VOC concentrations greater
than 5 ppb is 40 percent smaller since 1989, and currently covers an area of about
62 acres.

17. Ground water VOC plumes were aggressively extracted as part of the Engineered
Plume Collapse strategy in 2000, resulting in subsequent changes in VOC
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concentrations. VOC concentrations in the HSU 1B, 2 and 3A plumes along the
western margin of the Livermore Site in the TFA, TFB, and TFC areas continued to
decline in response to ground water extraction.  Offsite HSU 1B wells are now below
Maximum Contaminant Levels (MCLs) for all compounds of concern with the
exception of two wells, W-571 and W-1425, which have maximum tetrachloroethene
concentrations of 6.2  and 7.9 ppb, respectively.

Table Summ-1.  Extraction wells operating in 2000, extraction rates, and estimated VOC mass
removed.

Treatment facility area Extraction wells Extraction rate
Estimated total VOC
mass removed (kg)

TFA W-109, W-254, W-262, W-408,
W-415, W-457, W-518, W-520,
W-522, W-601, W-602, W-603,
W-605, W-609, W-614, W-712,
W-714, W-903, W-904, W-1001,
W-1004, W-1009

245–345 gpm 13.8

TFB W-357, W-610, W-620, W-621,
W-655, W-704, W-1423

76–79 gpm 7.1

TFC W-701, W-1015, W-1102,
W-1103, W-1104, W-1116,
W-1213

54–70 gpm 7.9

TFD W-314, W-351, W-361, W-906,
W-907, W-1206, W-1208,
W-1215, W-1216, W-1301,
W-1303, W-1306, W-1307,
W-1308, W-1503, W-1504,
W-1510, W-1523, W-1550,
W-1551, W-1552, W-1601,
W-1602, W-1651, W-1654

101–176 gpm 107

TFE W-566, W-1109, W-1211,
W-1409, W-1418, W-1422,
W-1518, W-1520, W-1522

50–53 gpm 23.8

TF406 GSW-445, W-1309, W-1310 19–30 gpm 1.6

TFG W-1111 9 gpm 0.8

TF5475 W-1302, W-1415, W-1606,
W-1608

3 gpm 0.9

VTF5475 SVI-EST-504 20 scfm 102

TF518 W-112, W-1410 5–9 gpm 1.7

VTF518 SVI-518-201, SVI-518-303 0.6 scfm 2.8

2000 Totals 562–774 gpm
20.6 scfm

269.4

Notes:

kg = Kilograms.

gpm = Gallons per minute.

scfm = Standard cubic feet per minute.
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Table Summ-2.  Livermore Site wells installed in 2000.

Treatment facility area Well(s)

TFA W-1614

TFB None

TFC None

TFD W-1650, W-1651, W-1652, W-1653, W-1654, W-1655,
W-1656, W-1657

TFE None

TF406 W-1613

TFG None

TF518 W-1615

TF5475 W-1605, W-1606, W-1607, W-1608, W-1609, W-1610

Table Summ-3.  Wells in which hydraulic tests were conducted in 2000.

Treatment facility area Well(s)

TFA W-1614

TFB None

TFC None

TFD W-1601, W-1602, W-1654, W-1655

TFE W-1518, W-1520, W-1522

TF406 W-1515

TFG None

TF518 None

TF5475 W-1610
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1.  Introduction
This report summarizes the Lawrence Livermore National Laboratory (LLNL) Livermore

Site Ground Water Project (GWP) activities for the year 2000 in five sections:  Regulatory
Compliance; Field Investigations; Ground Water Flow and Transport Modeling; Annual
Summary of Remedial Action Program, including discussions of treatment facility activities; and
Trends in Ground Water Analytical Results.  The 2000 GWP quarterly self-monitoring reports
(Bainer and Joma, 2000a; Bainer and Abbott, 2000a, 2000b, 2001) were issued separately.

Figure 1 shows the locations of monitor wells, piezometers, extraction wells, and treatment
facilities at the Livermore Site and vicinity, as well as other areas referenced in this report.
Wells drilled or sealed in 2000 are shown in larger type.

Appendices A through D present Well Construction and Closure Data, Hydraulic Test
Results, the 2001 Ground Water Sampling Schedule, and the 2000 Drainage Retention Basin
(DRB) Annual Monitoring Program Summary, respectively.  Ground water volatile organic
compound (VOC) analyses, water level elevations, and the Treatment Facility F/Treatment
Facility 406 (TFF/TF406) area ground water fuel hydrocarbon (FHC) analyses are available on
request.

2.  Regulatory Compliance
In 2000, the U.S. Department of Energy (DOE)/LLNL submitted documents required by the

Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA) and the
Livermore Site Federal Facility Agreement (FFA).  In addition, DOE/LLNL continued
environmental restoration and community activities as discussed below.

2.1.  CERCLA Documents

As required by the FFA, DOE/LLNL issued the Ground Water Project 1999 Annual Report
(Aarons et al., 2000) on schedule on March 31, 2000.  DOE/LLNL also issued six final Remedial
Project Managers’ (RPMs’) meeting summaries.  Quarterly self-monitoring data were reported in
letter reports (Bainer and Joma, 2000a; Bainer and Abbott, 2000a, 2000b, 2001).

An Explanation of Significant Differences was issued on February 28, 2000 that described a
change to the ground water treatment system at Trailer 5475 (T5475) to allow ground water
containing both VOCs and tritium above their Maximum Contaminant Levels (MCLs) to pass
through an aboveground facility to treat VOCs (Berg, 2000).  Treated water still containing
tritium is subsequently recharged back into the same hydrostratigraphic unit (HSU) via two
adjacent recharge wells.

DOE/LLNL also issued an Action Memorandum on March 6, 2000 for a time-critical
removal action that documented the removal of soil containing residual polychlorinated
biphenyls (PCBs) from the East Traffic Circle (Joma, 2000).

2.2.  Milestones and Activities

Table 1 presents the 2000 Remedial Action Implementation Plan (RAIP) milestones (Table 5
in Dresen et al., 1993) for the Livermore Site.  Three milestones were completed ahead of
schedule, and one was delayed three months with regulatory concurrence to accommodate an
adjacent construction project unrelated to GWP activities.
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Environmental Restoration activities in 2000 also included:

• Continuing to implement Engineered Plume Collapse (EPC) to accelerate mass removal
and cleanup at the Livermore Site.  EPC incorporates hydrostratigraphic unit analysis,
smart pump and treat, source isolation, and treatment of VOCs in fine-grained sediments.

• Deploying electro-osmosis (EO) as part of the Accelerated Site Technology Deployment
Initiative (McNab and Ruiz, 1999).  EO and Portable Treatment Unit 10 (PTU10) were
deployed in the Treatment Facility D (TFD) Helipad area for source area cleanup as part
of the Phased Source Remediation (PSR) strategy.

• Preparing data and graphics for DOE’s Long-Term Stewardship document.

• Filling in a sinkhole around an abandoned well south of LLNL on Sandia National
Laboratories’ property.

• Receiving San Francisco Regional Water Quality Control Board (RWQCB) approval to
reduce ground water monitoring of the residual fuel hydrocarbons at TFF (Bainer and
Joma, 2000b).

• Working with consultants to review proposed modifications to the DRB to support a
shallow, vegetated ecological system.

• Investigating and analyzing data associated with recently discovered high VOC
concentrations in a perched water-bearing zone in the Building 518 area.

• Conducting Gore-Sorber™ studies in the Building 419, 511, and 518 areas to identify
potential source areas.

• Arranging for the Savannah River Site to deploy their Purge Water Management System
in two wells on the Livermore Site as another method to reduce purge water when
sampling monitor wells.

• Arranging for the Savannah River Site to deploy their Ribbon Non-Aqueous Phase Liquid
(NAPL) Sampler in the Treatment Facility 518 (TF518) area to determine if dense NAPL
was present.  No NAPL was detected.

• Preparing a Ground Water Initiative proposal for DOE requesting additional funds from
Congress to accelerate treatment facility buildout and the start of Long-Term Stewardship.
No decision has been made on this funding request.

• Proposing a change to postpone the Treatment Facility D Northwest Pipeline milestone
with a higher priority location on the south side of the DRB (TFD Marina location).  This
change will be documented in an updated Consensus Statement in 2001.

• Receiving RWQCB approval to discharge water from well W-408 along the Treatment
Facility A (TFA) West pipeline directly into Arroyo Seco to free up capacity on the
pipeline (Chou, 2000a).

• Receiving RWQCB approval to discharge a portion of TFA treated water directly into
Arroyo Seco to help manage the Recharge Basin (Chou, 2000b).

• Working with an LLNL wildlife biologist to manage the bullfrog population in the DRB.
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• Participating at the Agency for Toxic Substances Disease Registry Site Team meetings.

• Conducing a design safety review for the second catalytic reductive dehalogenation (CRD)
unit.

• Destroying five offsite wells on property north of East Avenue, south of Arroyo Seco, and
west of Vasco Road to accommodate a new housing development.

2.3.  Community Relations

The Community Work Group (CWG) met twice in 2000 to discuss the DOE budget, Long-
Term Stewardship, technology deployments, and progress of the Livermore Site cleanup.
Correspondence and communication continued with CWG members throughout the year.
DOE/LLNL met twice with members of Tri-Valley Communities Against a Radioactive
Environment (CAREs) and their scientific advisor as part of the activities funded by an
Environmental Protection Agency Technical Assistance Grant.

Other Livermore Site community relations activities in 2000 included communications and
meetings with neighbors; local, regional, and national interest groups; other community
organizations; public presentations including those to local Realtors; producing and distributing
the Environmental Community Letter; maintaining the Information Repositories and the
Administrative Record; conducting tours of the site environmental activities; and responding to
public and news media inquiries.  In addition, community questions were addressed via
electronic mail, and documents, letters, and public notices were posted on a public website at
www-envirinfo.llnl.gov.

3.  Field Investigations

3.1.  Ground Water Sampling

In 2000, the GWP collected 1,546 water samples during 973 sampling events.  The samples
were analyzed for VOCs, FHCs, PCBs, metals, radionuclides, or combinations of these analytes
depending on the contaminants of concern.

Livermore Site ground water sampling frequency recommendations are updated quarterly
using a cost-effective sampling algorithm that evaluates trends in contaminant levels in each well
over an 18-month period.  The sampling frequency is determined by the treatment facility
Subproject Leaders, based on algorithm results and other data.  The main features of the
algorithm that help to determine the sampling frequencies are based on the following criteria:

• Wells exhibiting little change [<10 parts per billion (ppb) per year] are sampled annually
or biennially (every two years).

• Wells exhibiting moderate change (≥10 ppb but <30 ppb per year) are sampled
semiannually (twice a year).

• Wells showing large annual change (≥30 ppb) are sampled quarterly.

• Wells with less than 18 months of analytical history are sampled quarterly for the first
18 months.  After 18 months, algorithm logic and input from the Subproject Leaders are
used to determine the sampling frequency.

Sampling methods for the 1,546 samples collected from 400 wells and piezometers during
the year vary depending on the yield of each well.  Substantial cost reduction is achieved through
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the use of Low-Volume and Specific-Depth Grab Sampling methods and devices.  Sampling
methods used in 2000 were:

• Three volume pre-sample purge (three casing volumes removed by electric submersible
pump prior to sampling):  272 events.

• Low-volume pre-sample purge (less than one casing volume removed by electric
submersible pump prior to sampling):  125 events.

• Specific-Depth Grab Sampling (sample collected from a specific point within the
screened interval with an EasyPump):  428 events.

• Other (grab samples with bailer, grab samples with electronic submersible, etc.):
148 events.

Wells identified as “Guard Wells” as specified in the Compliance Monitoring Plan (Nichols
et al., 1996) are sampled quarterly using a three casing volume pre-sample purge method.  All
other sampling methods are determined by the Hydrogeology Group and Subproject Leaders.
The sampling schedule for 2001 is presented in Appendix C.

LLNL utilized a cost-effective sampling device developed at LLNL (EasyPump) to replace
existing higher cost sampling devices when they failed and wherever its use was deemed
appropriate.  This year at LLNL, the EasyPump was used to collect 428 samples (43% of the
total number of sampling events).  The use of this device saved several thousand dollars per well
in pump replacement costs and produced no wastewater for treatment and disposal.  If three
volume pre-sample purge sampling was used at these 400 locations, approximately
40,000 gallons of purge water would have been produced.  The Purge Water Management
System is being used in two locations to also minimize waste water.

3.2.  Source Investigations

Source investigations conducted in 2000 at Buildings 419/511 and TF518 are discussed
below.

3.2.1. Buildings 419/511

A passive soil vapor survey using Gore-Sorber™ modules was conducted in June 2000 in the
Building 419/511 (B419/511) area to screen for near-surface VOC sources around the perimeter
of the buildings.  Forty Gore-Sorber™ modules were deployed to depths of approximately 3 ft at
various locations adjacent to both buildings.  Results from this study indicate there may be three
separate sources of VOCs in near-surface sediments in the vicinity of these two buildings:  (1) a
trichloroethene (TCE) source area immediately north of B419, (2) a TCE source area north of
B511, and (3) a tetrachloroethene (PCE) source area along the east side of B511.

3.2.2.  TF518

A passive Gore-Sorber™ soil vapor survey was also conducted in the TF518 source area in
June 2000.  Thirty Gore-Sorber™ modules were deployed to a depth of about 3 feet in a 40 ft ×
110 ft grid area west of Vapor Treatment Facility 518 (VTF518) to screen for VOCs in near-
surface sediments.  Results from this study indicated that VOC concentrations were three orders
of magnitude lower near the vapor extraction wells compared to those at the westernmost
perimeter of the surveyed area, demonstrating the effectiveness of source area vapor extraction
wells SVE-518-303 and SVE-518-101.  The results of this study were used to locate additional
vadose zone wells W-1615 and W-1616, west of the current vapor monitoring well positions.
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4.  Ground Water Flow and Transport Modeling
Ground water flow and contaminant transport models are used at the Livermore Site to

optimize remediation system design and operation, to support ongoing subsurface
characterization activities, and to improve our ability to forecast, monitor, and interpret the
progress of the ground water remediation program.  In 2000, we further re-calibrated our three-
dimensional (3-D) ground water models for the Livermore Site, and continued to evaluate the
use of innovative technologies for source area remediation.  Development of the
hydrostratigraphic units (HSUs) 1B/2 and EO models in 2000 are described below.

4.1.  HSU 1B/2 Model

In 2000, DOE/LLNL continued to use the 3-D ground water flow and contaminant transport
model of HSUs 1B/2 for remediation system performance evaluation and optimization.  The
HSU 1B/2 model was used primarily to evaluate PCE and TCE transport for the TFA and
Treatment Facility B (TFB) areas.  The model proved useful during 2000 as a decision support
tool, and was used by task leaders, hydrogeologists and engineers to:

• Optimize well extraction rates.

• Size pumps for wells.

• Analyze capture zones.

• Evaluate the interference patterns from varying pumping rates.

• Evaluate the impact of increased pumping on upgradient plumes.

• Forecast long-term cleanup scenarios.

In December 2000, the HSU 1B/2 model was re-calibrated.  The previous model was
calibrated to the TFA and TFB areas; however, the revised model is calibrated for the entire site.
This revision included calibrating the model for the TFD and Treatment Facility (TFE) areas for
the first time.  Revisions to the model include:

• Increased vertical and horizontal resolution to improve model accuracy for resolving
drawdown and contaminant transport.

• Modified areal recharge to conform with measured rainfall data rather than the average
annual rainfall.

• Refined the hydraulic conductivity distribution to more accurately represent the site
hydrogeology.

• Updated and added detail to model boundaries to more accurately represent variable
hydrogeological conditions outside the model domain.

• Developed a more accurate initial contaminant plume distribution based on 1992 data.

• Updated well pumping histories for all onsite and known offsite wells.

These revisions improved simulations of LLNL remediation history.  Figures 2 and 3
compare model results for PCE to the measured data for 2000.  Overall, the match between the
simulated and measured plumes shows good agreement.  The primary difference is that the distal
end of the offsite HSU 2 PCE plume did not detach as seen in the measured data.  This level of
variability between the model and measured data is most likely attributed to hydrogeological
heterogeneity not included in the model, variability in measured data, and assumptions used in
contouring measured data. The measured plumes show a slightly faster cleanup rate than the
model results, indicating slightly conservative model assumptions.  Further refinement of the
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model and analysis of the measured data can further minimize these differences.  The good
agreement between the modeled and measured PCE distributions indicates that the overall
conceptual model is sound.

4.2.  Electro-Osmosis Modeling

In 2000, DOE/LLNL continued to evaluate the effectiveness of EO to remediate areas with
high VOC concentrations in fine-grained sediments.  EO applies an electric field in the
subsurface by placing electrodes within ground water wells.  This electric field induces migration
of ground water containing VOCs; however, the resulting electrolysis reactions also affect the
pH in soil and ground water.  To evaluate these effects, DOE/LLNL is using the reactive
transport model code PHREEQC Version 2 (Parkhurst and Appelo, 1999) to simulate these
reactions.  For example, the electrolysis reactions of water produce reduced pH values at the
positively charged electrode (anode) and elevated pH values at the negatively charged electrode
(cathode).  These pH differences can significantly change the solubility of a variety of mineral
phases in the soil and can also effect the adsorption of various trace metals.  This may result in
the precipitation of metal oxyhydroxide, calcium carbonate, or magnesium carbonate minerals
near the cathode.  In 2000, model results were used to aid in the design of control mechanisms
that will mitigate the adverse effects of these geochemical processes on system performance.

A series of detailed flow and transport models were developed in 2000 for the electro-
osmotic remediation pilot test sites located at TFD Helipad and T5475.  The models were
developed using the FlexPDE code.  The models were calibrated to a series of  hydraulic tests
that were conducted in the TFD Helipad and T5475 areas.  The models were used to calculate
reasonable extraction/injection rates from wells that were used in the design of the EO
remediation systems and for the selection of the down-hole pumps.

In 2000, work began on developing a mathematical model that can simulate flow and
transport that couples the processes of ground water flow and electro-osmotic flow.  The model
is intended to aid in the evaluation of field data from the electro-osmotic remediation pilot test
sites to determine whether EO remediation can effectively reduce contamination in fine-grained
sediments that are not significantly impacted by ground water extraction.

5.  Annual Summary of Remedial Action Program
This section summarizes activities performed during 2000 to support the Remedial Action

Program at the Livermore Site.  These activities include treatment system design, new
construction, modifications to existing systems, treatment facility performance, treatability tests,
well installation, well abandonment, and hydraulic tests.

In 2000, DOE/LLNL operated ground water treatment facilities in the TFA, TFB, Treatment
Facility C (TFC), TFD, TFE, Treatment Facility (TFG), TF406, TF518, and Treatment Facility
5475 (TF5475) areas.  A total of 80 ground water extraction wells supplied water to 25 separate
treatment facilities at a combined average flow rate of about 670 gallons per minute (gpm).  In
2000, these facilities treated about 308 million gal of ground water and removed about 270 kg of
VOCs (Table 2).  Since initial operation, approximately 1,430 million gal of ground water have
been treated, and about 675 kg of VOCs have been removed from the subsurface (Fig. 4 and
Table 3).  In addition, DOE/LLNL operated two vapor treatment facilities, VTF518 and
VTF5475.  A total of 3 vapor extraction wells at two separate locations operated at a combined
average flow rate of 20.6 standard cubic ft per minute (scfm).  In 2000, these facilities treated
over 7.6 million standard cubic ft (scf) of vapor and removed about 103 kg of VOCs (Table 2).
Since initial operation, the two vapor treatment facilities combined have treated over 24 million
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scf of vapor and removed over 347 kg of VOCs (Fig. 4 and Table 3).  The combined ground
water and vapor treatment systems have removed over 1,021 kg of VOCs from the subsurface.

The performance of the treatment facilities is evaluated from several different data sets.
Figures 5 through 10, show the hydraulic capture areas in HSUs 1B, 2, 3A, 3B, 4 and 5,
respectively, based on November 2000 ground water elevation data.  Figures 11 through 16 show
fourth quarter total VOC isoconcentrations in the same six HSUs.  Figures 17 through 37 show
treatment facility extraction wells, pipelines, discharge locations, and self-monitoring program
sampling stations.  Several different types of treatment facilities were operated at LLNL in 2000.
These include:

• Treatment Facilities located in buildings (TFs).

• Vapor Treatment Facilities (VTFs).

• Portable Treatment Units (PTUs).

• Miniature Treatment Units (MTUs).

• Granular activated-carbon (GAC) Treatment Units (GTUs).

• Solar-powered Treatment Units (STUs).

• Catalytic Reductive Dehalogenation treatment units (CRDs).

The performance of each Livermore Site treatment facility is discussed in the following sections.

5.1.  Treatment Facility A

Two treatment facilities, TFA and TFA East (TFA-E), located in the southwestern portion of
the Livermore Site (Figs. 1, 17, and 18) operated in 2000 in the TFA area.  TFA is located near
the intersection of Vasco Road and East Avenue (Figs. 1 and 17).  TFA-E is located along West
Perimeter Drive in the southwestern corner of LLNL (Figs. 1 and 18).

In 2000, TFA treated ground water from 21 extraction wells, including seven HSU 1B wells
(W-262, W-408, W-520, W-601, W-602, W-1001, W-1004), thirteen HSU 2 wells (W-109,
W-415, W-457, W-518, W-522, W-603,W-605, W-609, W-614, W-714, W-903, W-904 and
W-1009), and one HSU 3A well (W-712).

TFA treats ground water using a large-capacity air-stripping system that was installed in
1997.  The effluent air from the stripper is passed through GAC filters to remove VOCs.  The
treated air is then vented to the atmosphere.  This new system is permitted by the RWQCB to
treat up to 500 gpm of ground water.  From 1989 to 1997, TFA processed VOCs in ground water
using an ultraviolet/hydrogen peroxide system.  Ground water treated at TFA is discharged to the
Recharge Basin, located about 2,000 ft southeast of TFA on DOE property administered by
Sandia National Laboratories (Figs. 1 and 17).  DOE/LLNL received permission from the
RWQCB to discharge up to 100 gpm from TFA to Arroyo Seco to facilitate Recharge Basin
maintenance.  This option has not been exercised yet.  TFA complied with all permits throughout
2000.

From 1989 through September 1994, TFA treated ground water from well W-415.  The TFA
North and TFA Arroyo Pipelines connected nine additional extraction wells to TFA in
September 1994.  The TFA South Pipeline connected eight additional extraction wells to TFA in
July 1995.  The TFA North Pipeline connected one additional extraction well to TFA in June
1998, and two additional extraction wells in July 1998.

TFA-E began operation in August 1999.  TFA-E (STU7) uses a solar-powered pump to
extract ground water from one HSU 2 well (W-254).  The ground water is treated by a series of
aqueous-phase GAC canisters.  Treated ground water from TFA-E is discharged to Arroyo Seco
(Fig. 18).  TFA-E complied with all permits throughout  2000.
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5.1.1.  Performance Summary

During 2000, the combined TFA facilities operated at an average flow rate of 320 gpm and
treated over 141 million gal of ground water containing an estimated 13.8 kg of VOCs (Table 2).
Since system startup in 1989, TFA has treated over 793 million gal of ground water and has
removed about 137 kg of VOC mass from the subsurface (Table 3).

The TFA area extraction wells hydraulically control the VOC plumes in HSUs 1B, 2 and 3A
based on the capture zone analysis shown on the ground water elevation contour maps (Figs. 5,
6, and 7) and the total VOC isoconcentration maps (Figs. 11, 12, and 13) for each HSU.  Offsite
HSU 1B extraction well W-408 continues to be pumped to ensure hydraulic control of the
HSU 1B VOC plume at well W-1425 where the PCE concentration was 6 parts per billion (ppb)
in August 2000. Offsite HSU 3B well W-506 is hydraulically influenced by ground water
extraction from well W-712.  Pumping from offsite HSU 2 extraction wells W-109 and W-904
was maintained at about 30 gallons per minute (gpm) each to ensure hydraulic control of the
HSU 2 VOC plume at well W-404 where the PCE concentration was 17 ppb in July 2000.

5.1.2.  Field Activities

In 2000, monitor well W-1614 was completed in HSU 1B in the TFA north pipeline area, and
a one-hour drawdown test was conducted.  Well construction details are provided in Table A-1
of Appendix A, and the results of the hydraulic test are presented in Appendix B.

Five offsite monitor wells (W-456, W-460, W-1005, W-1006, and W-1007) were destroyed
in November 2000 because the property owner is preparing for a housing development.  These
wells were located on private property northwest of the intersection of East Avenue and Vasco
Road.  Well destruction details are provided in Table A-2 of Appendix A.

5.2.  Treatment Facility B

One treatment facility operated in 2000 in the TFB area, located in the west-central portion of
the Livermore Site (Figs. 1 and 19).  TFB is located north of Mesquite Way near Vasco Road.  In
2000, TFB treated ground water from seven extraction wells, consisting of three HSU 1B wells
(W-610, W-620, and W-704), and four HSU 2 wells (W-357, W-621, W-655, and W-1423).
Extraction from well W-655 was discontinued in January when its concentrations remained
below MCLs for all contaminants of concern.

TFB treats ground water using a large-capacity air-stripping system installed in 1998.  The
effluent air from the stripper is passed through GAC filters to remove VOCs, and the treated air
is vented to the atmosphere.  Ground water is treated for hexavalent chromium using an ion-
exchange unit.  TFB requires treatment for hexavalent chromium only during the wet season
(December 1–March 31) based on the current metals discharge requirements (Berg et al., 1997).
From 1990 to 1998, TFB processed VOCs in ground water using an ultraviolet/hydrogen
peroxide system.

Treated ground water from TFB is discharged into the north-flowing drainage ditch parallel
to Vasco Road that empties into Arroyo Las Positas (Figs. 1 and 19).  On August 2, 2000, a
control and interlock system failed that allowed the discharge of about 39,000 gallons of ground
water to the drainage ditch while the air stripper was offline.  The RWQCB was notified on
August 3, 2000 via telephone.  After repairs, TFB was reactivated on October 10, 2000.  Other
than this incident, TFB was in compliance with all permits during 2000.

From 1990 through September 1995, TFB treated ground water extracted from wells W-357
and W-704.  The TFB North Pipeline, TFB East Pipeline, and TFB West Pipeline connected four
additional extraction wells to TFB in September 1995 (Fig. 19).  Well W-1423 was connected to
the TFB East Pipeline in July 1999.
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5.2.1.  Performance Summary

During 2000, TFB operated at an average flow rate of 71 gpm to treat over 27 million gal of
ground water containing an estimated 7.1 kg of VOCs (Table 2).  Since system startup in 1990,
TFB has treated about 141 million gal of ground water and removed about 45 kg of VOC mass
from the subsurface (Table 3).

The TFB area extraction wells hydraulically control the VOC plumes in HSUs 1B and 2
based on the capture zone analysis shown on the ground water elevation contour maps (Figs. 5
and 6) and the total VOC isoconcentration maps (Figs. 11 and 12) for each HSU.

5.2.2.  Field Activities

No new monitor wells or extraction wells were installed and no hydraulic tests were
conducted in the TFB area during 2000.

5.3.  Treatment Facility C

Two treatment facilities, TFC and TFC Southeast (TFC-SE), operated in 2000 in the TFC
area, located in the northwestern portion of the Livermore Site (Fig. 1).  TFC is located north of
Westgate Drive and west of Avenue A (Fig. 20).  In 2000, TFC treated ground water from six
HSU 1B extraction wells (W-701, W-1015, W-1102, W-1103, W-1104, and W-1116).  TFC-SE
(PTU1) is located near the intersection of Avenue A and Sixth Street (Figs. 1 and 21).  TFC-SE
treats ground water from one HSU 1B well (W-1213).

TFC and TFC-SE remove VOCs from ground water using air stripping.  The effluent air
from the stripper is treated with GAC prior to discharge to the atmosphere.  Hexavalent
chromium in the ground water is treated using ion-exchange.  TFC and TFC-SE require
treatment for hexavalent chromium only during the wet season (December 1–March 31) under
the current metals discharge requirements (Berg et al., 1997).

Treated ground water from TFC is discharged into Arroyo Las Positas (Fig. 20).  Treated
ground water from TFC-SE is discharged into a storm sewer that also empties into Arroyo Las
Positas via a north-flowing drainage ditch (Fig. 21).  TFC and TFC-SE complied with all permits
throughout 2000.

From 1993 through September 1996, TFC treated ground water extracted from well W-701.
The TFC North Pipeline connected five additional extraction wells to TFC in September 1996.
TFC-SE began operation in January 1997.

5.3.1.  Performance Summary

During 2000, the combined TFC area facilities operated at an average flow rate of 56 gpm
and treated almost 25 million gal of ground water containing an estimated 7.9 kg of VOCs
(Table 2).  Since system start up in 1993, the combined TFC area facilities have treated over
108 million gal of ground water and removed about 40 kg of VOC mass from the subsurface
(Table 3).

In the TFC area, VOCs are confined to HSU 1B.  The TFC area extraction wells
hydraulically control the VOC plumes in HSU 1B based on the capture zone analysis shown on
the ground water elevation contour map (Fig. 5) and the total VOC isoconcentration map
(Fig. 11).
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5.3.2.  Field Activities

No new boreholes or wells were drilled and no hydraulic tests were conducted in the TFC
area during 2000.

5.4.  Treatment Facility D

Eight treatment facilities operated in 2000 in the TFD area, located in the northeastern
portion of the Livermore Site, near the Drainage Retention Basin (DRB) (Figs. 1 and 22–30).
These facilities are TFD, TFD West (TFD-W), TFD East (TFD-E), TFD Southeast (TFD-SE),
TFD South (TFD-S), TFD Southshore (TFD-SS), PTU10, and STU10.  The latter two are
discussed further in Section 5.4.3.  TFD treated ground water from five extraction wells,
including one HSU 2 well (W-906) one HSU 3A well (W-1208), two HSU 4 wells (W-351 and
W-1206), and one HSU 5 well (W-907) (Fig. 22).  TFD-W located south of North Inner Loop
Road (Fig. 23), treats ground water from two HSU 2 extraction wells (W-1215 and W-1216).
TFD-E is located east of the DRB (Fig. 24).  TFD-E treats ground water from four extraction
wells, including two HSU 2 wells (W-1303 and W-1306), one HSU 3A well (W-1301), and one
HSU 4 well (W-1307).  TFD-SE is located north of Avenue K and east of Inner Loop Road
(Fig. 25).  TFD-SE treats ground water from two extraction wells, HSU 2 well W-1308 and
HSU 4 well W-314.  TFD-S is located south of Inner Loop Road and the DRB (Fig. 26).  TFD-S
treats ground water from three extraction wells, including HSU 2 well
W-1510, HSU 3A/3B well W-1504, and HSU 4 well W-1503.

One new treatment facility, TFD-SS, was activated June 30, 2000.  With regulatory
concurrence, this milestone was delayed three months due to an adjacent drainage and parking
lot construction project.  TFD-SS is located south of the DRB (Fig. 27).  TFD-SS treats ground
water from three extraction wells, including HSU 2 well W-1602, HSU 3B well W-1601, and
HSU 4 well W-1523.

TFD, TFD-W, TFD-E, TFD-SE, TFD-S, and TFD-SS process ground water for VOC
treatment using air stripping.  The effluent air from the air strippers is treated with GAC prior to
venting to the atmosphere.  Treated ground water from TFD and TFD-E is discharged into either
the DRB or an underground pipeline downstream of the DRB weir, and flows northward to
Arroyo Las Positas (Figs. 22 and 24).  Treated ground water from TFD-W is discharged into a
nearby underground storm sewer that also empties into Arroyo Las Positas (Fig. 23).  Treated
ground water from TFD-SE is discharged into a lined drainage ditch that flows west-northwest
into the DRB or an unlined drainage ditch to the east that eventually intersects the lined ditch
that flows into the DRB (Fig. 25).  Treated ground water from TFD-S is discharged into a
drainage ditch that flows north into the DRB (Fig. 26).  Treated ground water from TFD-SS is
discharged into an underground storm sewer that flows north into the DRB (Fig. 27).  All TFD
facilities were in compliance with all permits throughout 2000.  The discharge pump at TFD
failed on May 22, 2000.  The discharge pump was repaired and the system resumed operation on
June 1, 2000.

TFD began operation in September 1994, treating ground water from wells W-351, W-906,
and W-907.  Wells W-1206 and W-1208 were connected to TFD in April 1998.  TFD-W (PTU6)
was activated in April 1997, TFD-E (PTU8) began operating in September 1997, TFD-SE
(PTU11) was activated in March 1998, TFD-S (PTU2) was activated in June 1999, and TFD-SS
(MTU-2) was activated in June 2000.

5.4.1.  Performance Summary

During 2000, the TFD area facilities operated at an average flow rate of 150 gpm to treat
over 66 million gal of ground water containing an estimated 107 kg of VOCs (Table 2).  Since
system start up in 1994, the combined TFD facilities have treated over 250 million gal of ground
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water and removed about 342 kg of VOC mass from the subsurface (Table 3).  These data
include facilities used in field-scale pilot tests (Section 5.4.3).

The TFD area extraction wells hydraulically control VOCs in HSUs 2, 3A, 3B, 4, and 5
based on the capture zone analysis shown on the ground water elevation contour maps (Figs. 6,
7, 8, 9, and 10) and the total VOC isoconcentration maps (Figs. 12, 13, 14, 15, and 16) for each
HSU.  Distal VOC plumes in the western TFD area should be hydraulically controlled once
planned TFC-East and TFC-Northeast treatment facilities are operating, scheduled for 2002 and
2003, respectively.

5.4.2.  Field Activities

Eight wells were installed in the TFD area during 2000.  Wells W-1650, W-1652,
W-1653, W-1655, W-1656, and W-1657 were completed as anode/injection wells, and wells
W-1651, and W-1654 were completed as cathode/extraction wells along with W-1552 for the
TFD Helipad area EO pilot study (Section 5.4.3).  Construction details for the new TFD area
wells are provided in Table A-1 of Appendix A.

In 2000, one-hour drawdown tests were conducted on TFD area extraction wells
W-1601, W-1602, and W-1655, and on injection well W-1654.  Results of the hydraulic tests are
presented in Appendix B.

TFD-W extraction well W-1216 (HSU 2) was redeveloped in December 2000.  As a result,
the drawdown in W-1216 decreased from 48 ft to 10 ft using an 8 gpm flow rate; therefore, the
specific capacity of the well was increased by five-fold.

5.4.3.  Field-Scale Pilot Test

During 2000, ERD began a pilot test to evaluate the potential of EO as a means of expediting
removal of VOCs from source areas characterized by high VOC concentrations in low
permeability sediments.  An EO system was installed near the Helipad VOC source area during
the spring and summer of 2000.  The deployment site is characterized by relatively high VOC
concentrations (5 to 10 parts per million [ppm], primarily TCE) in low-permeability, fine-grained
sediments (average flow rates in wells in the area are less than 0.5 gal/min).  The EO system
consists of a grid of nine electrode-bearing ground water wells, with screened intervals for the
wells ranging from 95  to 120 ft below ground surface.  Ground water impacted by TCE and
other VOCs is drawn by an induced direct current from the anode wells (positively charged) to
the center array of wells holding negatively-charged electrodes (cathodes) by EO and hydraulic
pumping (Fig. 29A).  Water is circulated between the electrodes and buffering tanks at the
surface to maintain pH neutrality during electrolysis reactions.  A schematic diagram of an EO
configuration is shown in Figure 29B.  pH control is necessary to prevent the acidification of the
sediments near the anodes (with consequent reduction in electro-osmotic conductivity) as well as
formation of mineral deposits at the cathodes.  Extracted ground water is treated in PTU10 that
removes VOCs by air-stripping followed by GAC prior to venting to the atmosphere.  Treated
water is returned to the subsurface by injection at the anode wells to facilitate water
management.  Support equipment includes submersible pumps, water level sensors, and flow
meters for each well, along with a manifold assembly that directs the flow of water between
extraction wells, pH adjustment units for the cathode and anode arrays, the ground water
treatment facility, and injection wells.  Preliminary data shows an increase in VOC
concentrations at the cathode wells during EO operation.

Following successful treatability tests conducted in 1997 and 1998, STU1 operated at well
W-361 (HSU 3A) located on the south shore of the DRB (Fig. 1) in January 2000 only.  Well
W-1603 was installed in 1999 to replace well W-361 for future extraction.
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When not connected to the EO pilot test, PTU10, located northeast of the DRB at the TFD
Helipad area continued to operate at wells W-1551 (HSU 3A/3B) and W-1552 (HSU 3A/3B) in
2000 to expedite VOC mass removal and source area cleanup (Fig. 28).  PTU10 operated at a
flow rate of about 4.2 gpm, and treated about 1.7 million gallons of ground water containing an
estimated 14.9 kg VOCs.  These data are included in the TFD volume and VOC mass totals
presented in Tables 2 and 3, and total mass removed in Figure 4.

STU10 operated  at  well W-1550 (HSU 3A/3B) for the remainder of 2000.  STU10 is
located in a parking lot east of the DRB and discharges treated ground water into the DRB via an
underground storm sewer (Fig. 30).  STU10 operated at a flow rate of about 2.9 gpm, and treated
about 0.1 million gallons of ground water containing an estimated 1.2 kg VOCs.  These data are
included in the TFD volume and VOC mass totals presented in Tables 2 and 3, and total mass
removed in Figure 4.

5.5.  Treatment Facility E

Three treatment facilities, TFE East (TFE-E), TFE Northwest (TFE-NW), and TFE
Southwest (TFE-SW) operated in the TFE area, located in the east-central portion of the
Livermore Site (Figs. 1, 31, 32, and 33).  TFE-E is located south of the DRB and Inner Loop
Road (Fig.  31) and treats ground water from two extraction wells, W-1109 (HSU 2) and W-566
(HSU 5).  TFE-NW is located south of the South Inner Loop Road, immediately west of
Southgate Drive (Fig. 32).  TFE-NW treats ground water from two extraction wells, W-1409
(HSU 2) and W-1211 (HSU 4).

One new treatment facility, TFE Southwest (TFE-SW), was activated June 27, 2000, ahead
of the June 30, 2000 RAIP milestone date.  TFE-SW is located south of the DRB and Inner Loop
Road (Fig. 33) and uses an MTU to treat VOCs in ground water via an air stripper.  The effluent
air is treated with GAC to remove VOCs prior to venting to the atmosphere.  TFE-SW treats
ground water from three extraction wells (HSU-2 well W-1518, HSU-3B well W-1522, and
HSU-4 well W-1520).  Treated ground water from TFE-SW is discharged into a drainage ditch
that flows north into the DRB (Fig. 33).

TFE-E and TFE-NW use PTUs to treat VOCs in ground water via an air stripper.  The
effluent air is treated with GAC to remove VOCs prior to venting to the atmosphere.  Treated
ground water from TFE-E is discharged into a drainage ditch that flows north into the DRB
(Fig. 31).  Treated ground water from TFE-NW is discharged into a storm drain that flows north
into Arroyo Las Positas (Fig. 32).  TFE-E, TFE-NW, and TFE-SW were in compliance with all
permits throughout 2000.

TFE-E (PTU3) began operation in November 1996, and the location TFE-NW (PTU9) was
activated  in June 1998.

5.5.1.  Performance Summary

During 2000, the TFE area facilities operated at an average flow rate of 63 gpm and treated
over 28 million gal of ground water containing an estimated 23.8 kg of VOCs (Table 2).  Since
system startup in 1996, the combined TFE facilities have treated over 81 million gal of ground
water and removed about 95 kg of VOC mass from the subsurface (Table 3).

The TFE-E, TFE-NW, and TFE-SW extraction wells hydraulically contain some portions of
VOC plumes in HSUs 2, 3A, 3B, 4, and 5 based on the capture zone analysis shown on the
ground water elevation contour maps (Figs. 6, 7, 8, 9, and 10) and the total VOC
isoconcentration maps (Figs. 12, 13, 14, 15, and 16) for each HSU.  The VOC plumes in
HSUs 3, 4, and 5 in the western and southern portion of the TFE area should be hydraulically
controlled once the TFE-Southeast, and TFE-West treatment facilities begin operating in 2001.
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5.5.2.  Field Activities

No new wells were installed in the TFE area during 2000.  No hydraulic tests were conducted
in the TFE area during 2000.

A three-week recovery test was conducted on HSU 3B and 4 wells in the southeastern
portion of the Livermore Site to evaluate the effects of de-watering by extraction in these two
HSUs.  Between December 20, 2000 and January 3, 2001, the pumps in HSU 3B and
4 extraction wells at TFD-S, PTU4 (Section 5.5.3), and TFE-NW were shut off, and the rate of
ground water level recovery was observed in surrounding HSU 3B and 4 extraction and monitor
wells.  This recovery test will help evaluate whether we can manage HSU 3B and 4 water levels
in key extraction wells by reducing pumping elsewhere in the well field.

5.5.3.  Field-Scale Pilot Tests

During 2000, PTU4 continued to treat water from wells W-1418 (HSU 4) and W-1422
(HSU 3B) in the northern part of the TFE area to expedite VOC mass removal and site cleanup.
The facility was in compliance with all permits throughout 2000.  Wells W-1418 and W-1422
pumped at a combined flow rate of about 25 gpm, and PTU4 treated about 5.9 million gal of
ground water containing an estimated 8.7 kg of VOCs.  These data are included in the TFE
volume and mass data presented in Tables 2 and 3, and total mass removed data in Figure 4.

5.6.  Treatment Facility G

TFG-1 is located in the south-central portion of the Livermore Site, near Avenue B, about
300 ft north of East Avenue (Figs. 1 and 34).  TFG-1, activated in April 1996, treats ground
water from HSU 2 extraction well W-1111.

Prior to May 1999, TFG-1 processed ground water for VOC treatment using an air stripper,
and the effluent air was treated with GAC to remove VOCs prior to venting to the atmosphere.
In May 1999, the PTU at TFG-1 was replaced by GAC treatment unit 1 (GTU1).  Three 450-lb
GAC canisters in series are used to process the water from well W-1111.  Ground water is no
longer treated for hexavalent chromium since influent concentrations have consistently been
below the 22 ppb discharge limit since March 1997.

Treated ground water from TFG-1 is discharged to a storm drain located about 50 ft north of
TFG-1 (Fig. 34) that empties into Arroyo Seco.  TFG-1 was in compliance with all permits in
2000.

5.6.1.  Performance Summary

During 2000, TFG-1 operated at an average flow rate of 8.5 gpm, treating over
3.9 million gal of ground water containing an estimated 0.8 kg of VOCs (Table 2).  Since system
startup in 1996, TFG-1 has treated almost 14 million gal of ground water and removed about
2.7 kg of VOC mass from the subsurface (Table 3).

TFG-1 extraction well W-1111 provides hydraulic control of HSU 2 in the TFG area based
on the capture zone analysis shown on the ground water elevation contour map (Fig. 6) and the
total VOC isoconcentration map for HSU 2 (Fig. 12).

5.6.2.  Field Activities

No new boreholes or wells were drilled and no hydraulic tests were conducted in the TFG
area during 2000.
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5.7.  Treatment Facility 406

TF406 is located in the south-central portion of the Livermore Site, east of Southgate Drive
near East Avenue (Fig. 35).  In 2000, TF406 treated ground water from three extraction wells,
GSW-445 (HSU 4), W-1309 (HSU 4) and W-1310 (HSU 5).  Pumping was temporarily
discontinued in September 2000 from HSU 4 extraction wells GSW-445 and W-1309 to increase
water levels in HSU 4 extraction well W-1410 at TF518-North (See Section 5.9).  Since TCE
concentrations in HSU 4 well W-1309 rebounded from 5 ppb to 25 ppb during this time, we plan
to resume pumping in 2001.  Well GSW-445 TCE concentrations remained below the MCL of 5
ppb through December 2000.

TF406 uses PTU5 to process ground water for VOC treatment using an air stripper.  GAC
removes VOCs from effluent air prior to discharge to the atmosphere.  All treated ground water
is discharged to a storm drain that flows to Arroyo Las Positas (Fig. 35).  TF406 was in
compliance with all permits throughout 2000.

When activated in August 1996, TF406 processed ground water from extraction wells
GSW-445 and W-1114.  In 1997, well W-1114 was destroyed and new extraction wells W-1309
and W-1310 were installed.  TF406 began processing ground water from wells W-1309 and
W-1310 in February 1998.

Passive bioremediation continued in the TF406 area during 2000 to remediate FHCs in HSUs
3A and 3B.  Active ground water extraction and treatment for residual dissolved FHCs at former
Treatment Facility F was discontinued in 1996 with regulatory agency concurrence (RWQCB,
1996).

5.7.1.  Performance Summary

During 2000, TF406 operated at an average flow rate of 25 gpm, treating over 12 million gal
of ground water containing an estimated 1.6 kg of VOCs (Table 2).  Since system startup in
1996, TF406 has treated over 34 million gal of ground water and removed about 5.8 kg of VOC
mass from the subsurface (Table 3).

The TF406 and TF518-North (see Section 5.9) extraction wells provide significant hydraulic
control of VOC plumes in HSUs 4 and 5 in the TF406 area based on the capture zone analysis
shown on the ground water elevation contour maps (Figs. 9 and 10) and the total VOC
isoconcentration maps (Figs. 15 and 16) for each HSU.  The VOC plumes in HSUs 3A, 4, and 5
should be hydraulically controlled once treatment facility TF406-Northwest is installed in 2002.

5.7.2.  Field Activities

One well, W-1613 in HSU 3B, was installed in the TF406 area during 2000. Well
construction details are provided in Table A-1 of Appendix A.

Two hydraulic tests were performed in the TF406 area in 2000 on well W-1515:  a six-hour
constant drawdown test and a step-drawdown test.  Results of these tests are presented in
Appendix B.

5.7.3.  Field-Scale Pilot Tests

In February 2000, DOE/LLNL continued evaluating EO for remediating VOCs in fine-
grained, low-permeability sediments.  The TF406 area was chosen as a test location because
prior characterization indicated the presence of fine-grained lithologic sequences.  Initial testing
was conducted to determine design parameters (e.g., electrode spacing, voltage gradients), to
evaluate operational issues (e.g., control of high pH and hydrogen gas at the cathode), and to
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measure electrochemical properties of the soil (e.g., electrical and electro-osmotic conductivity).
The results of this work were used to design and deploy the EO system that operated in the TFD
Helipad area in 2000 (Section 5.4.3).

5.8.  Vapor Treatment Facility 518

The VTF518 vapor treatment facility is located north of East Avenue and near Avenue H,
adjacent to TF518 (Fig. 1).  VTF518 was shut down in August 1999 due to lack of flow from the
primary extraction well, SVI-518-201.  Field investigations indicated that the reduction in vapor
flow rates was due to development of a perched water layer, which severely restricted air flow in
the vadose zone.  Soil vapor extraction (SVE) flow rates were estimated at 0.6 scfm from well
SVE-518-204.  The vacuum produced by VTF518 caused an up-welling of the perched water,
which contains high concentrations of VOCs.  The ground water was extracted from two of the
vapor extraction wells, SVI-518-204 and SVI-518-303, on a periodic basis during 2000 to
expedite mass removal.

Soil vapor extracted from the vadose zone is passed through a series of GAC canisters to
remove VOCs.  Following treatment, the effluent air is discharged to the atmosphere.  VTF518
was in compliance with its Bay Area Air Quality Management District permit throughout 2000.

VTF518 began operation in September 1995  by treating soil vapor from extraction well
SVI-518-201 (Fig. 1).  In 1997, extraction well SVI-518-303 was added to the system.  Since
1998, the flow rate from primary extraction well SVI-518-201 has dropped from about 29 scfm
to less than 2 scfm.  The majority of vapor flow during this time period was coming from the
secondary extraction well, SVI-518-303 (Fig. 1).  VOC concentrations in SVI-518-303 have
dropped from approximately 50 parts per million on a volume-to-volume basis (ppmv/v) at the
start of operation to 3 to 4 ppmv/v currently.

5.8.1.  Performance Summary

From July to December 2000, VTF518 operated at an average flow rate of 0.6 scfm, treating
about 138 thousand cubic ft (Kft3) of vapor containing an estimated 2.8 kg of VOCs (Table 2).
In addition, approximately 650 gallons of water containing about 0.09 kg of VOCs were hand-
bailed from the two vapor extraction wells at VTF518 in 2000.  Since system start up in 1995,
VTF518 has treated nearly 15 Kft3 of vapor and removed about 150 kg of VOC mass from the
subsurface (Table 3).

5.8.2.  Field Activities

Passive soil vapor surveys using Gore Sorbers™ were conducted around Buildings 419, 511,
and 518 in the Building 518 area during the summer of 2000.  The results indicated TCE
concentrations in near surface soils east and north of B511, and north of B419 were 7.25 µg,
140 µg, and 35 µg, respectively.  The Gore-Sorber™ data matched well with ground water VOC
isoconcentration maps of the area.  Results of the passive soil vapor survey near VTF518 show
that the highest VOC concentrations are located northwest of the main vapor extraction area.

Two boreholes were drilled in the VTF518 area during 2000.  Well W-1615 was installed as
a vadose zone well, and well W-1616 was installed with an Instrumented Membrane System
(IMS), formerly known as Seamist™ or FLUTE™ lined boreholes.   Well construction details are
provided in Table A-1 of Appendix A.

Two IMS sampling/monitoring wells, SEA-518-301 and SEA-518-304, were installed in
1995 to monitor vadose zone remediation in the VTF518 area.  The IMS system collects vapor
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pressure, soil temperature, soil moisture, and soil vapor concentration data from various discrete
depths.

5.8.3.  Field-Scale Pilot Tests

The VTF518 area was selected as a deployment site for a Savannah River Site source
investigation tool, the NAPL Ribbon Sampler.  The NAPL Ribbon, which is deployed along an
open borehole wall using an IMS borehole liner, is used to identify the presence of dense non-
aqueous phase liquids (DNAPLs) such as TCE.  Based on the results of the passive soil vapor
survey, boreholes B-1615 and B-1616 were drilled at locations with the highest surface VOC
concentrations.  No DNAPLs were detected in either of the boreholes.

5.9.  Ground Water Treatment Facility 518

Two treatment facilities, TF518 and TF518 North (TF518-N) operated in the TF518 area in
2000 (Figs. 1, 36, and 37).  TF518 is located north of East Avenue and east of Southgate Drive
(Fig. 36), and treats ground water from HSU-5 extraction well W-112.  A new treatment facility,
TF518-N, was activated on January 26, 2000, ahead of the June 28, 2000 milestone date.
TF518-N is located south of the South Outer Loop Road north of Building 411 (Figs. 1 and 37).
TF518-N treats ground water from HSU-4 extraction well W-1410.

TF518 was originally equipped with a PTU and began operating in January 1998.  In
July 1998, miniature portable treatment unit 1 (MTU-1) replaced the PTU due to lower flow
rates from the TF518 extraction wells.  Pumping from well W-211 (HSU 6) was discontinued in
May 1998 after six consecutive sampling events between September 1997 and April 1998
showed that VOC concentrations remained below the 5 ppb MCL. VOC concentrations in this
well remained below MCLs in 2000.  Continuous pumping was discontinued from well W-112
in December 1999 due to low water levels caused by dewatering HSU-5 in the southeastern
portion of the Livermore Site.  Cyclic pumping was discontinued in June 2000 after water levels
failed to recover sufficiently.  Future operation of TF518 is planned if HSU 5 water levels
recover sufficiently to provide sustainable flow in well W-112.

The MTU at TF518 processes ground water for VOC treatment using an air stripper, and the
effluent air is treated with GAC prior to venting to the atmosphere.  When TF518 is operating,
treated ground water is discharged to a storm drain located about 250 ft west that ultimately
empties into Arroyo Las Positas (Fig. 36).  TF518-N employs a series of aqueous-phase GAC
canisters to treat ground water.  Treated ground water from TF518-N is discharged into a storm
drain that flows north and ultimately empties into Arroyo Las Positas (Fig. 37).

5.9.1.  Performance Summary

During 2000, the combined TF518 area facilities operated at an average flow rate of 6.5 gpm,
treating over 2.9 million gal of ground water containing an estimated 1.7 kg of VOCs (Table 2).
Since system startup in January 1998, the combined TF518 facilities have processed over
6.6 million gal of ground water containing an estimated 3.0 kg of VOCs (Table 3).

The extraction wells in the TF518 and nearby areas provide hydraulic control of VOC
plumes in HSU 4 and 5 based on the capture zone analysis shown on the ground water elevation
contour maps (Figs. 9 and 10) and the total VOC isoconcentration maps (Figs. 15 and 16).  The
sustained de-watering in HSU 5 impacts hydraulic control by widening the capture areas.
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5.9.2.  Field Activities

No new boreholes or wells were drilled and no hydraulic tests were conducted in the TF518
area during 2000.

5.10.  Treatment Facility 5475 (TF5475)

Three ground water treatment facilities operated in 2000 in the Trailer 5475 (T5475) area,
located in the east-central portion of the Livermore Site (Figs. 1 and 38).  TF5475-1, activated in
September 1998, treats ground water from extraction well W-1302 (HSU 3A).  TF5475-2,
activated in March 1999, is located west of T5475 and treats ground water from HSU-2 well
W-1415 (Fig. 38).  TF5475-3 is located west of T5475 and treats ground water from two
HSU 3A extraction wells, W-1606 and W-1608 (Fig. 1).  TF5475-3 began operation on
September 27, 2000, ahead of the September 29, 2000 RAIP milestone date.

TF5475-1 uses a CRD unit (CRD-1) to treat VOCs in ground water.  CRD technology is
based on the reaction of dissolved hydrogen on a palladium catalyst.  When in contact with
VOC-bearing ground water, the VOCs are reduced to ethane, methane, or ethene, and free
chloride ions.  Because of the quick reaction rates of CRD, treatment takes place during one pass
through the unit.  After treatment, the ground water is returned to the same HSU from which it
was extracted.  This technology treats VOCs in ground water while keeping the ground water
containing tritium in the subsurface in the T5475 area.  CRD-1 operates in extraction
well W-1302, a dual-screened well in which it extracts ground water containing VOCs and
tritium from the lower screened interval for VOC treatment, and then reinjects treated ground
water containing tritium into the upper screened interval of the same HSU.  CRD-1’s destruction
efficiency at TF5475-1 was over 90% in 2000.  TF5475-1 was shut down February 24, 2000 due
to biological fouling.  The unit was flushed and resumed operation from July 12, 2000 to mid
November when it was shut down again for maintenance.  The facility did not run from mid
November through the end of December.

TF5475-2 employs STU 5 that uses a direct current (DC)-powered pump to extract ground
water through a series of aqueous-phase GAC canisters for treatment.  Tritium is not a
contaminant of concern at TF5475-2.  Treated ground water from TF5475-2 is discharged into a
storm sewer that flows north into Arroyo Las Positas (Fig. 38).  TF5475-2 was in compliance
throughout 2000, although anomalous data were reported in June and July that indicated
breakthrough of VOCs from the carbon.  Subsequent samples from the same carbon indicated no
detectable VOCs.  The effluent water was collected in a storage tank until the samples were
analyzed and results indicated no detectable VOCs in the effluent.

TF5475-3 uses CRD-2 to treat VOCs in ground water. CRD-2 also uses catalytic reductive
dehalogenation and is similar in design to CRD-1, except that it is an above-ground treatment
unit rather than deployed in a well.  Due to elevated tritium concentrations in ground water
within HSU 3A, TF5475-3 is a closed loop system.  Ground water is extracted from wells W-
1606 and W-1608, processed in CRD-2, and then returned to the subsurface using reinjection
wells W-1605 and W-1607.  The destruction efficiency for CRD-2 was greater than 90% in
2000.

5.10.1.  Performance Summary

During 2000, the TF5475 area facilities operated at an average flow rate of 1.7 gpm to treat
about 0.1 million gal of ground water containing an estimated 0.9 kg of VOCs (Table 2).  Since
system start up in 1998, the combined TF5475 facilities have treated over 0.3 million gal of
ground water and removed about 3.2 kg of VOC mass from the subsurface (Table 3).
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5.10.2.  Field Activities

During 2000, two HSU 3A extraction wells, W-1606 and W-1608, and two HSU 3A re-
injection wells, W-1605 and W-1607, were installed in the TF5475 area.  Two HSU 5 extraction
wells, W-1609 and W-1610 were also installed in the same area.  Well construction details are
provided in Table A-1 of Appendix A.  An hydraulic injection test was conducted on
well W-1610 in the T5475 area during 2000.  Results of this test are presented in Appendix B.

5.11.  Vapor Treatment Facility 5475 (VTF5475)

VTF5475 is located north of TF5475-3 in the east-central portion of the Livermore Site, and
treats soil vapor from vadose zone well SVI-ETS-504 (Fig. 1).  VTF5475 began operation in
January 1999.

Soil vapor is extracted from the vadose zone using a vapor extraction system and is treated
using GAC.  Due to elevated tritium concentrations in the vadose zone, VTF5475 is a closed
loop system.  The vapor stream is heated to reduce the humidity of the tritiated vapor prior to
entering the GAC.  Following removal of VOCs from the process air-stream, tritiated vapor is re-
injected into the subsurface at soil vapor inlet well SVI-ETS-505 (Fig. 1).  Tritium absorbed by
the GAC during treatment for VOCs is ultimately handled as mixed waste.  Because no effluent
vapor from VTF5475 is released to the atmosphere, the Bay Area Air Quality Management
District has granted the facility a letter of exemption.

5.11.1.  Performance Summary

During 2000, VTF5475 operated at an average flow rate of 20 scfm and treated about
7.5 million scf of vapor containing an estimated 102 kg of VOCs (Table 2).  Since system start
up in 1999, VTF5475 operated at an average flow rate of 20 scfm and treated about 9.6 million
scf of vapor containing an estimated 198 kg of VOCs (Table 3).

5.11.2.  Field Activities

Two IMS sampling/monitoring wells, SEA-ETS-506 and SEA-ETS-507, continued to
monitor vadose zone remediation in the VTF5475 area.  The IMS system is used to collect vapor
pressure, soil temperature, soil moisture, and soil vapor concentration data from various discrete
depths.

6.  Ground Water Discharges During 2000
Tables 4 through 6 present the total volumes of water discharged to the following surface

features:

• The Recharge Basin.

• Arroyo Las Positas.

• Arroyo Seco.

Approximately 143 Mgal of treated ground water from TFA was discharged to the Recharge
Basin at an average flow rate of 267 gpm.  About 164 Mgal of treated ground water was
discharged to Arroyo Las Positas.  An estimated 4.3 Mgal of treated ground water from TFA-E
and TFG-1 was discharged into Arroyo Seco.  Ground water from TFD-EO, TF5475-1, and
TF5475-3 was piped back into wells for discharge into the same HSU from which it was
extracted.
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7.  Trends in Ground Water Analytical Results
Overall, the decrease in size and concentration observed in the Livermore Site VOC plumes

is consistent with the 270 kg of VOC removed by the ground water extraction wells during 2000.
Therefore, most of the observed trends in VOC concentrations are attributed to the active ground
water extraction system operating at the Livermore Site.  Notable results of VOC analyses of
ground water received from January 2000 through December 2000 are discussed below.

Concentrations in the HSU 1B, 2 and 3A VOC plumes along the western margin of the
Livermore Site in the TFA, TFB, and TFC areas continued to decline in response to ground
water extraction.  Offsite HSU 1B wells are now below MCLs for all contaminants of concern
with the exception of two wells, W-571 and W-1425, that had maximum PCE concentrations of
6.2 ppb and 7.9 ppb in 2000 (PCE MCL = 5 ppb).

In the TFD area, VOC concentrations in parts of HSU 2 continue to decline in response to
pumping the TFD extraction wells.  Total VOC concentrations in HSU 2 extraction well W-906
have decreased from 789 ppb in 1995 to 100 ppb in October 2000.  In nearby HSU 2 monitor
well W-355, TCE concentrations have decreased from a maximum of 3,100 ppb in April 1992 to
36 ppb in October 2000.

The HSU 2 Freon 11 plume in the northeastern TFD area continues to decline in response to
pumping at TFD-W extraction wells W-1215 and W-1216.  Freon 11 concentrations in monitor
well W-316, located near the source area, have decreased from 1,100 ppb in 1992 to 230 ppb in
August 2000.

In the southern TFD and northern TFE areas, VOC concentrations in HSU 4 are showing
significant decreases due to pumping at HSU 4 extraction wells W-1418 and W-1504.  Total
VOC concentrations in well W-1418 have declined from 945 ppb in 1998 to 153 ppb in
November 2000.  Total VOC concentrations in well W-1504 have declined from 338 ppb in
1999 to 231 ppb in October 2000.

In the TFE-E area, total VOC concentrations in HSU 2 extraction well W-1109 have
decreased from 1,744 ppb in January 1998 to 586 ppb in October 2000. In nearby HSU 2
monitor well W-257, TCE concentrations have decreased from a maximum of 6,400 ppb in 1988
to 110 ppb in May 2000.

East of TFE in the T5475 area, significant decreases in VOC concentrations in HSU 3A were
observed during 2000.  Total VOC concentrations in monitor well SIP-ETS-204 have decreased
from 8,130 ppb in 1998 to 600 ppb in May 2000.  However, total VOC concentrations in
HSU-3A monitor well W-1117 increased from 120 ppb in 1995 to 1,663 ppb in November 2000.

In the TF518 area, the offsite HSU 5 VOC plume continues to show significant decreases in
VOC concentrations since the start of pumping at the TF406 and TF518 facilities in August 1996
and January 1998, respectively.  Total VOC concentrations in offsite monitor well W-219 have
declined from 114 ppb in October 1997 to 3 ppb in October 2000.  Total VOC concentrations in
another offsite monitor well, W-225, have declined from over 2,100 ppb in 1987 to 4 ppb in
October 2000.

At VTF518, field investigations indicate a relatively recent development of perched water
that is mobilizing VOCs from the vadose zone.  Total VOC concentrations from samples of
perched water in two vapor extraction wells ranged from 24,000 to 81,000 ppb in SVI-518-204,
and 7,000 to 18,000 ppb in SVI-518-303.

In the TF518 North area, a significant increase in VOC concentrations was observed in
HSU 3B monitor well GSW-011.  Total VOC concentrations have increased from 31 ppb in
February 1998 to 556 ppb in October 2000.  This VOC plume appears to be migrating out of the
B419 source area that is located 400 ft to the east.


