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Summary  

In 2005, restoration activities for the Lawrence Livermore National Laboratory (LLNL) 
Livermore Site Ground Water Project (GWP) included: 

• Operating 27 ground water treatment facilities and 8 soil vapor treatment facilities. 

• Operating 77 ground water extraction wells, 1 ground water injection well, 22 dual 
extraction1 wells, 20 soil vapor extraction wells, and 1 soil vapor injection well. 

• Installing one dual extraction well, three ground water monitoring wells and eight soil 
vapor wells.  

• Installing three anode wells for the institution and decommissioning (drilling out old 
equipment and grouting the borehole) three anode wells.  

• Conducting 4 hydraulic tests. 

• Conducting 13 soil vapor extraction (SVE) tests. 

• Meeting all regulatory/DOE milestones by starting treatment facilities ahead of schedule 
at:   

– TFD East Traffic Circle South 

– TFD Hotspot 

– TFE Hotspot 

– TF406 Hotspot 

• Removing over 71 kilograms (kg) of volatile organic compounds (VOCs) from ground 
water and over 196 kg of soil vapor (Table Summ-1). 

Since remediation began in 1989, over 2.8 billion gallons of ground water and over 
175 million cubic feet of soil vapor have been treated, removing a combined total of over 
2,079 kg of VOCs (Table Summ-2). 

 

 

 

 

 

 

 

 

 

 

 
1Extraction of ground water using a downhole pump with concurrent application of vacuum to the well.  Ground water and 

soil vapors are removed in separate pipe manifolds and treated. 
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Table Summ-1.  Summary of Livermore Site 2005 VOC remediation. 

 
Treatment 

facility 
areaa 

Volume of  
ground water 

treated  
(Mgal)b 

VOC mass 
removed from 
ground water 

(kg) 

Volume of  
soil vapor 

treated 
(kft3)b 

 
VOC mass 

removed from 
soil vapor (kg) 

Estimated total 
VOC mass 
removed  

(kg) 

TFA 110.5 6.9 na na 6.9 

TFB 29.5 3.2 na na 3.2 

TFC 36.6 5.8 na na 5.8 

TFD 75.8 42.7 15,687.0 58.4 101.1 

TFE 26.4 9.9 38,733.7 27.4 37.3 

TFG 7.3 1.2 na na 1.2 

TFH 12.1 1.5 28,401.5 110.5 112.0 

Total c 298c 71c 82,822c 196c 267c 

Notes: 

Mgal = Millions of gallons. 

kft3 = Thousands of cubic feet. 

kg = Kilograms. 

na = Not applicable. 
a Treatment areas and facilities (Refer to Table 2 for abbreviations): 
 TFA area:  TFA, TFA-E 
 TFB area:  TFB 
 TFC area:  TFC, TFC-E, TFC-SE 
 TFD area:  TFD, TFD-E, TFD-HPD, TFD-S, TFD-SE, TFD-SS, TFD-W, VTFD-ETCS, VTFD-HPD, VTFD-HS 
 TFE area:  TFE-E, TFE-HS, TFE-NW, TFE-SE, TFE-SW, TFE-W, VTFE-ELM, VTFE-HS 
 TFG area:  TFG-1, TFG-N 
 TFH area:  TF406, TF406-NW, VTF406-HS, TF518-N, VTF518-PZ, TF5475-1, TF5475-2, TF5475-3, VTF5475 
b Total volumes for each treatment facility area. 
c Rounded numbers. 
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Table Summ-2.  Summary of cumulative Livermore Site VOC remediation.   

 
Treatment 

facility 
area 

Volume of  
ground water 

treated  
(Mgal)a 

VOC mass 
removed from 
ground water 

(kg) 

Volume of  
soil vapor 

treated 
(kft3)a 

 
VOC mass 

removed from 
soil vapor (kg) 

Estimated 
total VOC 

mass removed  
(kg) 

TFA 1,301.8 178.6 na na 178.6 

TFB 296.6 65.7 na  na  65.7 

TFC 254.7 71.9 na  na  71.9 

TFD 625.5 649.8 21,033.8 66.0 715.8 

TFE 224.1 172.4 66,208.7 123.0 295.4 

TFG 37.7 7.2 na na 7.2 

TFH 107.0 22.6 88,020.8 722.2 744.8 

Total b 2,847b 1,168b 175,263b 911b 2,079b 

Notes: 

Kg =  Kilograms. 

kft3 =  Thousands of cubic feet. 

Mgal =  Millions of gallons. 

na = Not applicable. 
a Total volumes for each treatment facility area. 
b Rounded numbers. 
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1.  Introduction  

This report summarizes the Lawrence Livermore National Laboratory (LLNL) Livermore 
Site Ground Water Project (GWP) activities for calendar year 2005. 

Figures 1 and 2 (a, b, c, d) show the treatment areas, treatment facilities, and wells at the 
Livermore Site.  Table 1 summarizes the types and numbers of Livermore Site wells.  Table 2 
lists all the treatment facilities and summarizes their abbreviations, including those with 
upcoming 2006 regulatory milestones.  Table 3 lists the 12 wells that were installed in 2005, and 
the additional three anode wells for LLNL cathodic protection system that were paid for by the 
institution.  In addition, the Environmental Restoration Division (ERD) decommissioned three 
anode wells.  Tables 4 and 5 summarize the hydraulic, dual extraction, and soil vapor extraction 
(SVE) tests conducted in 2005.  Table 6 documents achievement of all the 2005 Remedial Action 
Implementation Plan (RAIP) milestones.  Table 7 lists each treatment facility along with its 
discharge sampling location(s) and extraction wells. 

Appendices A through E present Well Construction and Closure Data, Hydraulic Test 
Results, Soil Vapor Extraction Test Results, the 2006 Ground Water Sampling Schedule, and the 
Haussmann Lake Annual Monitoring Program Summary, respectively.  Water level elevations, 
volatile organic compound (VOC) analytical results, and the TF406 fuel hydrocarbon analyses 
are available on request. 

2.  Regulatory Compliance  

In 2005, the U.S. Department of Energy (DOE)/LLNL submitted the GWP 2004 Annual 
Report (Karachewski et al., 2005) and GWP quarterly self-monitoring reports on schedule (Yow 
and Wong 2005 a, b, c, and 2006).  In addition, DOE/LLNL completed four 2005 RAIP 
milestones (Table 6) ahead of schedule (Dresen et al., 1993). 

Livermore Site community relations activities in 2005 included communications and 
meetings with neighbors and local, regional, and national interest groups and other community 
organizations; making public presentations; 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, DOE/LLNL met with the Community Work Group, and met with 
members of Tri-Valley Communities Against a Radioactive Environment and their scientific 
advisor as part of the activities funded by a U.S. Environmental Protection Agency (EPA) 
Technical Assistance Grant.  Community questions were also addressed via electronic mail, and 
project documents, letters, and public notices were posted on a public website at:  

http://www-envirinfo.llnl.gov/ 
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3.  Field Investigations 

3.1.  Ground Water Monitoring  

In 2005, the GWP collected 1,017 ground water samples from 359 wells during 823 sampling 
events. The wells were sampled at varying frequencies depending upon their data quality 
objectives.   The ground water samples were collected using the following methods: 

• Specific-Depth Grab Sampling (SDGS) using a Voss EasyPump or Geotech Specific 
Depth Sampler pump:  518 events (63%), 

• Three-volume purge using a dedicated electric submersible pump:  104 events (13%), 

• Low-volume purge:  71 events (8%), and 

• Other (bailer, electronic submersible pump, etc.):  130 events (16%). 

The ground water samples were analyzed for VOCs, fuel hydrocarbons, polychlorinated 
biphenyls, metals, radionuclides, or combinations thereof depending upon sampling plan 
specifications.   

Both ERD and the LLNL Water Guidance and Monitoring Group (WGMG) Project Leaders, 
in conjunction with the Sampling Coordinator, evaluated data quality objectives, historical 
analytical results, the Cost-effective Sampling (CES) algorithm, and other hydraulic data to 
determine the sampling frequency, required analyses, and appropriate sampling method for each 
well. 

Ongoing and significant cost reduction was achieved again in 2005 through the use of SDGS 
and low-volume purge methods.  The benefits of these methods include: 

• Ongoing cost savings by eliminating the need to replace dedicated pumps and related 
sampling equipment, 

• Increased technician efficiency and reduction in sampling time, 

•  Increased personnel safety, and 

• Elimination of approximately 50,000 gallons of purge water that may have required 
treatment and disposal.  

SDGS is the preferred method for collecting ground water samples from wells that can 
produce mixed-waste (VOCs and tritium) purge water.  This method eliminates the collection, 
treatment, and disposal of mixed-waste water, which results in significant cost savings.   

 3.2.  Source Investigations  

Gore-Sorber® investigations and drilling activity continued to focus on source areas to 
achieve upcoming RAIP milestones (Fig. 3).  During 2005, two passive soil vapor investigations 
were conducted in the TFC and TFH (Trailer 5475) areas to fill data gaps (Whetzel, 2005a,b).  
Fifty Gore-Sorber® modules each were installed in the TFC area and near Trailer 5475 (Fig. 3).  
The Gore-Sorber® modules were installed to a depth of approximately three feet below the 
surface and were left in the ground for three weeks prior to retrieval and submission for VOC 
analysis. 



2005 Annual Report  UCRL-AR-126020-05 
 

03-06/Liv. Site Annual Rpt:gl 3 

In the TFC area, VOCs were not detected at 32 of 50 locations and where present, the 
trichloroethylene (TCE) or tetrachloroethylene (PCE) concentrations were very low (maximum 
4.6 micrograms). Near Trailer 5475, VOCs were not detected at 28 of 50 locations; however, the 
TCE and PCE concentrations ranged up to a maximum of 40.2 micrograms.  Results of these 
investigations will be incorporated into models to assess the potential risk to ground water and 
the need for future remediation using soil vapor extraction systems. 

3.3.  Soil Vapor Extraction Tests 

SVE and/or dual extraction tests were conducted at the TFD and TFE Hotspots (Fig. 2).  The 
results of these tests were incorporated into planning the design, startup, and operation of these 
RAIP milestone-related treatment facilities.  The SVE test wells are listed in Table 5 and the 
results are summarized in Appendix C.  

4.  Flow and Transport Modeling 

Ground water flow and contaminant transport models are used at the Livermore Site to 
optimize the design and operation of remediation systems; to support ongoing subsurface 
characterization activities; and to improve the ability to forecast, monitor, and interpret the 
progress of the remediation program.  In addition, site-specific models are developed to assess 
the potential impact to ground water from residual contamination in surfacial sediments and 
subsurface sediments above the water table. 

In the last few years Livermore Site field activities have focused on completing RAIP 
milestones that mainly address source areas by deploying dual-extraction technologies.  The 
operation of these systems necessitated development of modeling tools that allow simulation of 
these dual-phase systems.  To better understand the impact of these source areas, a Zone-
Partitioning-Flux (ZPF) model was developed to simulate the behavior of chlorinated VOCs, 
partitioned between dense non-aqueous phase liquid, aqueous, gaseous, and adsorbed phases, in 
response to soil vapor and ground water extraction.  By history matching the ZPF models with 
observed downgradient VOC concentrations, realistic source release functions can be developed 
that will be incorporated into the basin-scale three-dimensional (3-D) model.  The ZPF model is 
also useful for optimizing operation of the dual-extraction remediation systems. 

In 2005, ERD continued development of the comprehensive 3-D basin-scale ground water 
flow and transport model to simulate all relevant subsurface hydrologic processes influencing 
contaminant transport at the Livermore Site.  The model is currently applied to improve the 
remediation efficiency for the distal plumes west of the site.  This model will also be applied to 
better understand dewatering processes observed at the eastern portion of the site, predict the 
migration of VOCs between adjacent HSUs and, as described above, it will incorporate realistic 
source terms to better estimate cleanup times. 

In addition, a series of one-dimensional vadose zone models to evaluate potential impacts 
from residual contamination in shallow soil to ground water at the Building 514 Area was 
completed in 2005.  The models were used to support closure activities at this Building 514.  The 
approach developed for this evaluation can also be applied to support other building closure 
activities where determining potential impact to ground water from shallow soil is important. 
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5.  Summary of Remedial Action Program 

This section summarizes activities performed in 2005 to support the Comprehensive 
Environmental Response, Compensation, and Liability Act (CERCLA) Remedial Action 
Program at the Livermore Site.  These activities included designing and constructing new 
treatment facilities, modifying existing systems, monitoring performance of treatment facilities, 
conducting treatability tests, installing wells, and performing preliminary hydraulic and SVE 
tests. 

In 2005, DOE/LLNL operated 27 ground water treatment facilities in the TFA, TFB, TFC, 
TFD, TFE, TFG, and TFH (TF406, TF518, and TF5475) areas (Fig. 1 and Table 7).  The 
77 ground water extraction wells and 20 dual extraction wells produced over 298 million gallons 
of ground water at an average flow rate of about 570 gallons per minute (gpm), removing over 
71 kilograms (kg) of VOCs (Table Summ-1).  For comparison, in 2004 the ground water 
treatment facilities removed approximately 86 kg of VOCs.  The lower quantity of mass 
removed in 2005 is partially due to decreasing concentrations in the TFD and TFE source areas 
and declining extraction well flow rates due to remediation-induced dewatering at the site.  Since 
remediation began in 1989, over 2.8 billion gallons of ground water have been treated, resulting 
in removal of over 1,168 kg of VOCs (Fig. 4 and Table Summ-2).   

In 2005, DOE/LLNL also operated eight soil vapor treatment facilities:  VTFD East Traffic 
Circle South, VTFD Helipad, VTFD Hotspot, VTFE Eastern Landing Mat, VTFE Hotspot, 
VTF406 Hotspot, VTF518 Perched Zone, and VTF5475 (Fig. 1 and Table 7).  The 20 soil vapor 
extraction wells and 22 dual extraction wells produced nearly 83 million standard cubic ft (scf) 
of soil vapor, and the treatment facilities removed over 196 kg of VOCs (Table Summ-1).  For 
comparison, in 2004 the soil vapor treatment facilities removed approximately 133 kg of VOCs.  
The significantly higher rate of mass removal in 2005 (a 47% increase) is due to activation of 
new vapor treatment facilities VTFD-ETCS, VTFD-HS, VTFE-HS, and VTF406-HS.  Since 
initial operation, more than 175 million cubic feet of soil vapor has been extracted and treated, 
removing over 911 kg of VOCs (Fig. 4 and Table Summ-2) from the subsurface.  

Four hydraulic tests were conducted in 2005 (Table 4 and Appendix B).  Fourteen SVE or 
dual extraction tests were also conducted in 2005 (Table 5 and Appendix C).   

Treatment facility performance is evaluated using multiple data sets.  Figures 5 through 10 
show the estimated hydraulic capture areas in HSUs 1B, 2, 3A, 3B, 4, and 5, respectively, based 
on ground water elevation data collected during the fourth quarter in 2005.  Figures 11 
through 16 show the total VOC isoconcentration maps in the same six HSUs during the third 
quarter 2005.  Contaminant concentration trends (Section 7) are also used to evaluate treatment 
facility performance and hydraulic capture. 

5.1.  Treatment Facility A Area  

Two treatment facilities, TFA and TFA East (Figs. 1 and 2b), operated in compliance with all 
permits throughout 2005 with one exception.  A leak was reported on December 27, 2005 from 
the pipeline that connects the well W-415 to TFA.  The leak was caused by an improperly 
connected pipe flange when a contractor modified the pipeline as part of a realignment of Arroyo 
Seco.  Well W-415 and its pipeline were shut down.  About 10,200 gallons of untreated ground 
water flowed into Arroyo Seco.  Ground water from well W-415 contains about 21 parts per 
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billion (ppb) total VOCs, principally PCE.  The discharged water contained about 0.81 grams of 
total VOCs.  The San Francisco Bay Regional Water Quality Control Board was notified and 
corrective action was taken by properly securing the flange.  The pipeline was tested for leaks 
before restarting operations.  Once surface water flow resumed in Arroyo Seco after a rainstorm, 
a receiving water sample (TFG-ASW) was collected.  No VOCs were detected in the receiving 
water sample.  

 Except at two locations, TFA area extraction wells continue to hydraulically control all of 
the VOC plumes in HSUs 1B and 2, based on the capture zones shown in Figures 5 and 6 and 
total VOC isoconcentration maps (Figs. 11 and 12).  In HSU-1B, well W-552 remains outside 
the capture area of extraction well W-408.  Well W-552 PCE concentrations were 1 ppb in July 
2005.  In HSU-2, the westernmost offsite plume is outside the capture area of extraction well 
W-109.  However, capture zone analysis and stable concentrations at well W-404 (20 ppb PCE, 
September 2005) suggest that the plume remains immobilized within a stagnant zone west of the 
TFA extraction well field (Figs. 6 and 12).  Pumping continues at offsite extraction well W-408 
to ensure hydraulic control of the residual HSU-1B plume at wells W-506 and W-1425 (Fig. 11), 
where the PCE concentrations were 3.7 ppb in July 2005 and 11 ppb in December 2005, 
respectively.  Six of the eight HSU-1B and 2 extraction wells in the TFA South area remained 
off in 2005, as concentrations in this area continue to decline without the need for additional 
ground water extraction from these two HSUs.  In HSU-3A, pumping at extraction well W-712 
continues to capture a low-concentration carbon tetrachloride plume near Vasco Road.  VOC 
concentrations in offsite HSU-3A well W-505 remain below MCLs for all contaminants of 
concern (Figs. 7 and 13). 

5.2.  Treatment Facility B Area  

TFB (Figs. 1 and 2a) operated in compliance with all permits throughout 2005. 

Except for two small offsite areas in HSU-1B that are below MCLs for all contaminants of 
concern (wells W-517 and W-571), the TFB area extraction wells hydraulically control the VOC 
plumes in HSUs 1B and 2, based on the capture zones shown in Figures 5 and 6, the total VOC 
isoconcentration maps (Figs. 11 and 12), and stable or declining VOC concentrations in the area. 
To improve hydraulic capture of the HSU-2 plume along Vasco Road, extraction well W-655 
was restarted at a flow rate of 5 gpm and the W-621 flow rate was increased from 7 gpm to  
8 gpm on July 14, 2005. 

5.3.  Treatment Facility C Area  

Three treatment facilities, TFC, TFC East, and TFC Southeast, (Figs. 1 and 2c), operated in 
compliance with all permits throughout 2005.   

A passive soil vapor survey using 50 Gore-Sorber® modules was conducted in the TFC area 
in 2005 (Section 3.2).  In addition, an anode well for pipeline cathodic protection was installed.  
The previous anode well was also decommissioned by drilling out the old well and grouting the 
borehole. 

In the central and western TFC area, VOCs are confined to HSU-1B.  In the eastern TFC 
area, VOCs are in both HSU-1B and HSU-2.  The TFC area extraction wells hydraulically 
control the VOC plumes in HSU-1B and HSU-2, based on the capture zones shown in Figures 5 
and 6 and the total VOC isoconcentration maps (Figs. 11 and 12).  
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5.4.  Treatment Facility D Area  

Ten treatment facilities operated in the TFD area during 2005 (Figs. 1 and 2c):  TFD, TFD 
East, TFD Helipad, TFD South, TFD Southeast, TFD Southshore, TFD West, VTFD East Traffic 
Circle South, VTFD Helipad, and VTFD Hotspot.  The treatment facilities operated in 
compliance with all permits throughout the year.  

Twelve new wells were installed in the TFD area in 2005 (Fig. 2c).  These included three 
ground water monitor wells, eight soil vapor monitor wells, and one anode well for pipeline 
cathodic protection (Table 3).  The previous anode well was also decommissioned.  The results 
of dual extraction and SVE tests are presented in Appendix C.  

The TFD East Traffic Circle South milestone was completed on July 13, 2005.  This 
milestone consisted of adding two ground water extraction wells (W-2005 and W-1403) and two 
dual extraction wells (W-1904 and SIP-ETC-201) to TFD Southeast (Table 7).  In addition to the 
dual extraction wells, three soil vapor extraction wells (W-ETC-2003, W-ETC-2004A, and 
W-ETC-2004B) were connected to VTFD East Traffic Circle South (Table 7).  The TFD Hotspot 
milestone, which targets a high-concentration, low-permeability VOC source area within  
HSU-3A, was completed on September 20, 2005.  This milestone consisted of connecting four 
dual extraction wells (W-653, W-2011, W-2101, and W-2102) to both TFD and a new vapor 
treatment facility, VTFD Hotspot (Table 7). 

 The TFD area extraction wells exert significant hydraulic control over VOC plumes in 
HSUs 3A, 3B, and 4 and over large portions of VOC plumes in HSU-2 and 5 based on the 
capture zones shown in Figures 6, 7, 8, 9, and 10 and the total VOC isoconcentration maps 
(Figs. 12, 13, 14, 15, and 16).  Distal portions of VOC plumes in HSUs 1B and 2 (Figs. 5, 6, 11, 
and 12) in the western TFD area are being hydraulically contained by TFC East.  Distal portions 
of the VOC plume in HSU-3A in the northwestern TFD area are being hydraulically contained 
by extraction wells at TFD West and TFD (Figs. 7 and 13). 

5.5.  Treatment Facility E Area  

Eight treatment facilities operated in the TFE area during 2005 (Figs. 1 and 2d):  TFE East, 
TFE Hotspot, TFE Northwest, TFE Southeast, TFE Southwest, TFE West, VTFE-Eastern 
Landing Mat, and VTFE Hotspot.  The treatment facilities operated in compliance with all 
permits throughout the year. 

The TFE Hotspot milestone was completed on August 23, 2005.  This milestone, which 
addresses the clean up of a vadose zone source area, consisted of connecting one dual extraction 
well (W-2105) and one ground water extraction well (W-2012) to a new ground water treatment 
facility, TFE Hotspot (Table 7).  In addition to the dual extraction well, five soil vapor extraction 
wells (W-ETS-2008A, W-ETS-2008B, W-ETS-2009, W-ETS-2010A, and W-ETS-2010B) were 
also connected to a new vapor treatment facility, VTFE Hotspot (Fig. 2d and Table 7). 

The TFE East, TFE Northwest, TFE Southeast, TFE Southwest, TFE Hotspot, and TFE West 
extraction wells hydraulically contain portions of the VOC plume in HSU-3A and most of the 
VOC plumes in HSUs 2, 3A, 3B, 4, and 5 based on the capture zones shown in Figures 6, 7, 8, 9, 
and 10 and the total VOC isoconcentration maps (Figs. 12, 13, 14, 15, and 16).  
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5.6.  Treatment Facility G Area  

Two treatment facilities, TFG-1 and TFG North (Figs. 1 and 2d), operated in compliance 
with all permits throughout 2005.  An anode well for pipeline cathodic protection was installed 
in the TFG area.  The previous anode well was also decommissioned. 

Extraction well W-1111 hydraulically controls most of the VOC plume in HSU-2 in the 
southern TFG-1 area based on the capture zones shown in Figure 6 and the total VOC 
isoconcentration map (Fig. 12).  Extraction wells W-1806 and W-1807 hydraulically control a 
significant portion of the VOC plumes in HSUs 1B and 2, respectively, in the northern portion of 
the TFG area (Figs. 5, 6, 11 and 12). 

5.7.  Treatment Facility H Area  

The southeast corner of the Livermore Site includes multiple treatment facilities and 
upcoming milestones with various names (e.g., TF406, B419, B511, TF518, and TF5475).  
These facility/milestone locations are grouped into Treatment Facility H (TFH) (Berg and Wong, 
2005).  Activities in the TFH area are discussed below. 

5.7.1.  Treatment Facilities Near Building 406   

Three treatment facilities, TF406, TF406 Northwest, and VTF406 Hotspot (Figs. 1 and 2d), 
operated in compliance with all permits in 2005.  Passive bioremediation of fuel hydrocarbons in 
HSUs 3A and 3B continued during 2005. 

  The TF406 Hotspot milestone was completed on August 30, 2005.  This milestone 
consisted of connecting three soil vapor extraction wells (W-514-2007A, 
W-514-2007B, and W-217) to a new vapor treatment facility (VTF406 Hotspot) to implement 
vadose zone cleanup in a VOC source area. 

The TF406, TF406 Northwest, and adjacent TF518 North (see Section 5.7.2) extraction wells 
hydraulically control most of the VOC plumes in HSUs 4 and 5 and provide significant hydraulic 
control of VOC plumes in HSUs 3A based on the capture zones shown in Figures 7, 9, and 10, 
the total VOC isoconcentration maps (Figs. 13, 15, and 16), and stable or declining VOC 
concentrations.  

5.7.2. Treatment Facilities Near Building 518  

The two treatment facilities near Building 518, TF518 North and VTF518 Perched Zone 
(Figs. 1 and 2d), were in compliance with all permits in 2005.   

VTF518 Perched Zone continued to treat soil vapor and collect perched ground water from 
this source area.  As in 2004, the water collected from the facility’s dual extraction wells is 
stored in a 500-gallon tank (TF518-HDTANK) and transferred to TF406 Northwest for 
treatment.   

HSU-4 extraction well W-1410 at TF518 North and HSU-5 extraction wells at TF406 and 
TFE Southeast continue to hydraulically control most of the VOC plumes based on the capture 
zones shown in Figures 9 and 10 and the total VOC isoconcentration maps (Figs. 15 and 16).  
HSU-5 remained dewatered throughout 2005 in the area where TF518 was formerly located.  
The sustained dewatering in HSU-5 increases hydraulic control by widening the capture areas of 
existing extraction wells. 
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5.7.3.  Treatment Facilities Near Trailer 5475   

Three ground water treatment facilities, TF5475-1, TF5475-2, TF5475-3, and one vapor 
treatment facility, VTF5475 (Figs. 1 and 2d) operated near Trailer 5475 in 2005. TF5475-1 and 
TF5475-3 use catalytic reductive dehalogenation (CRD) to remediate VOCs in ground water.  
TF5475-2 and VTF5475 use granular activated carbon to remediate VOCs.  Former ground 
water extraction wells W-1606 and W-1608 continued to operate as soil vapor extraction wells at 
TF5475-3 since HSU-3A remains dewatered near Trailer 5475. 

During the year, LLNL resolved several operational issues that occurred during 2004 at 
TF5475-1 (CRD-1) and TF5475-3 (CRD-2) (Karachewski et al., 2005). 

• In August 2005, DOE/LLNL added aqueous phase carbon after CRD-1 treatment to 
mitigate an increase in the ratio of recalcitrant to treatable VOCs.  CRD-1 treatment 
efficiency is now 100% with no detectable VOCs in the effluent. 

• LLNL installed electrically-powered heater tape along the hydrogen lines, the gas/water 
heat exchanger, and the hydrogen meter at CRD-2 to improve VOC destruction 
efficiency in cold weather.  The CRD-2 VOC destruction efficiency was tested on 
February 16, 2005 and February 28, 2005 before restarting the treatment facility.  Both 
tests showed that the process was in compliance with a removal efficiency of 93.3% and 
96.6%, respectively.  ERD is also planning to add aqueous phase carbon to CRD-2, based 
on the success of this approach at CRD-1.   

Two compliance issues occurred in 2005:  TF5475-3 (CRD-2) exceeded the chromium 
discharge limit and there was accidental spill in the TFE yard where ground water collected near 
Trailer 5475 was temporarily stored. 

•  TF5475-3 (CRD-2) exceeded the 50 ppb chromium discharge limit on May 26, 2005 with 
a total chromium effluent concentration of 56 ppb.  The CRD process reduces the 
hexavalent chromium to trivalent chromium, which adheres to the catalyst.  ERD is 
currently evaluating alternatives in this area.  The treated ground water which exceeded 
the discharge limit from CRD-2 is reinjected into the subsurface and did not impact 
surface water quality. 

•  A minor accidental spill occurred when a painter’s vehicle collided with a spherical tank 
on a two-wheel trailer (a ‘bubble’) and knocked it over, releasing 250 gallons of stored 
ground water that was to be used for an injection test.  The ground water in the tank was 
from well W-1108 had a total VOC concentration of 388 ppb, mainly TCE (310 ppb).  
The ground water spilled onto asphalt at the TFE yard containing an estimated 
0.37 grams of VOCs.  In the future, ERD will use trailer outriggers to stabilize the water 
tank and prevent similar accidents.  

A passive soil vapor survey using 50 Gore-Sorber® modules was conducted near Trailer 
5475 in 2005 (Section 3.2). 

6.  Ground Water Discharges 

In 2005, approximately 254.4 millions of gallons (Mgal) of treated ground water was 
discharged to Arroyo Las Positas, and an estimated 44.2 Mgal of treated ground water was 
discharged to Arroyo Seco. 
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7.  Trends in Ground Water Analytical Results 

In 2005, concentrations continued to decrease in most Livermore Site VOC plumes.  The 
decline in VOC concentrations is primarily attributed to active remediation and reflects the 
removal of over 267 kg of VOCs by the ground water and soil vapor extraction wells during the 
year (Table Summ-1).  Notable trends and results from the third quarter 2004 through the third 
quarter 2004 through the third quarter 2005 are discussed below. 

VOC concentrations on the western margin of the site generally continued to decline very 
slowly, indicating continued effective hydraulic control of the boundary plumes in the TFA, 
TFB, and TFC areas.  The offsite HSU-1B VOC plumes were below MCLs except at one well, 
where a slight decrease in PCE concentration (from 11 ppb in July 2004 to 9.7 ppb at well 
W-1425 in August 2005) was observed.  The entire offsite and onsite TFA HSU-2 total VOC 
plume remained below 50 ppb (Fig. 12).  The highest PCE levels offsite remain at wells W-404 
and W-654, where third quarter 2005 concentrations were 20 ppb and 13 ppb, respectively.  All 
TFA, TFB, and TFC source areas remained unchanged, except at the TFC Hotspot area.  
Concentrations of TCE in this area increased from 170 ppb (October, 2004) to 260 ppb (October, 
2005) in HSU-1B well SIP-501-007 (Fig. 11).  Ground water remediation is scheduled to begin 
in this area during Fiscal Year (FY) 2006 as part of the TFC Hotspot RAIP milestone. 

VOC concentrations in a mobile HSU-2 plume located in the western TFE area continue to 
decline.  Downgradient from the source area, total VOC concentrations decreased below 100 ppb 
in TFE-W extraction well W-305.  Total VOCs in piezometer SIP-331-001, located in the distal 
part of the plume, declined from 69 ppb in March 2004 to 36 ppb in June 2005 due to continued 
ground water extraction at the TFE West treatment facility.  Concentrations in the VOC source 
area at the Eastern Landing Mat have remained relatively constant over the last two years  
(210 ppb TCE at extraction well W-1109, July 2005) (Fig. 12). 

PCE and TCE appeared in TFB HSU-3A well W-310 for the first time (3.5 ppb, and 1.3 ppb, 
respectively) in November 2004.  Testing is planned to determine whether these VOCs represent 
the leading edge of an HSU-3A plume emanating from the TFD area or are due to faulty well 
completion.  Total VOC concentrations in TFD Helipad HSU-3A source area extraction wells 
continued to decline, in part due to vacuum-enhanced ground water extraction.  For example, the 
VOC concentrations in well W-1657 declined from 884 ppb in July 2004 to 502 ppb in August 
2005.  A large concentration decline was observed in the Trailer 5425 area, where total VOCs in 
well W-206 were 1,651 ppb in July 2004 and 378 ppb in August 2005.  Further downgradient to 
the southwest at well W-1201, total VOC concentrations increased from 230 ppb in August 2004 
to 375 ppb in August 2005.  These changes may be due in part to ground water extraction at the 
TFE Hotspot (well W-2012), which began operation this year (Fig. 13).  Elsewhere in HSU-3A, 
VOC concentrations remained largely unchanged. 

VOC concentrations in HSU-3B and HSU-5 remained largely unchanged during 2005.  
Concentrations in HSU-4 also remained relatively unchanged except for well W-351 in the TFD 
area, where TCE concentrations decreased from 470 ppb in July 2004 to 120 ppb in October 
2005.  This decrease may be due to ground water extraction at the TFD Helipad (well W-1254), 
which began operation in June 2004.  Concentrations continued to decline in HSU-5 on Sandia 
property in the TF406 South area, with only TCE remaining above MCLs in two offsite wells 
(10 ppb in well W-509 and 5.6 ppb in well W-1113, October 2005).  The ongoing cleanup at the 
TF406 South location indicates that construction of a new facility is not warranted at this time.  
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Accordingly, a revised schedule of remedial actions was signed by the Remedial Project 
Managers on October 11, 2005 removing the TF406 South facility as an FY 2006 milestone. 

During 2005, tritium activities in ground water from all wells at the Livermore Site, 
including those in the Trailer 5475 and Building 292 areas, were below the 20,000 picocuries per 
liter  (pCi/L) MCL and continued to decrease by natural decay. 
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Hydraulic Test Results 
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Figure 1.  Livermore Site treatment areas and treatment facility locations.
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during 2005 are shown in red.
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Figure 2b.  Locations of Livermore Site wells and treatment facilities, December 2005.
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Figure 2c.  Locations of Livermore Site wells and treatment facilities, December 2005.
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Figure 2d.  Locations of Livermore Site wells and treatment facilities, December 2005.
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Figure 4.  Total VOC mass removed from the Livermore Site subsurface since 1989.
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Figure 5. Ground water elevation contour map based on 135 wells completed within HSU-1B showing estimated hydraulic
capture areas, LLNL and vicinity, October 2005.
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Figure 6. Ground water elevation contour map based on 160 wells completed within HSU-2 showing estimated hydraulic 
capture areas, LLNL and vicinity, October 2005.
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Figure 7. Ground water elevation contour map based on 72 wells completed within HSU-3A showing estimated hydraulic 
capture areas, LLNL and vicinity, December 2005.
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Figure 8. Ground water elevation contour map based on 31 wells completed within HSU-3B showing estimated hydraulic 
capture areas, LLNL and vicinity, December 2005.
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Figure 9. Ground water elevation contour map based on 34 wells completed within HSU-4 showing estimated hydraulic 
capture areas, LLNL and vicinity, November 2005.
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Figure 10. Ground water elevation contour map based on 48 wells completed within HSU-5 showing estimated hydraulic 
capture areas, LLNL and vicinity, October 2005.
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Figure 11. Isoconcentration contour map of total VOCs from 132 wells completed within HSU-1B, fourth quarter 2005 
(or the next most recent data), and supplemented with soil chemistry data from 39 borehole locations.
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Figure 12. Isoconcentration contour map of total VOCs from 190 wells completed within HSU-2, fourth quarter 2005 
(or the next most recent data), and supplemented with soil chemistry data from 66 borehole locations.
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Figure 13. Isoconcentration contour map of total VOCs from 108 wells completed within HSU-3A, fourth quarter 2005 
(or the next most recent data), and supplemented with soil chemistry data from 139 borehole locations.
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Figure 14. Isoconcentration contour map of total VOCs from 42 wells completed within HSU-3B, fourth quarter 2005 
(or the next most recent data), and supplemented with soil chemistry data from 104 borehole locations.
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Figure 15. Isoconcentration contour map of total VOCs from 44 wells completed within HSU-4, fourth quarter 2005 
(or the next most recent data), and supplemented with soil chemistry data from 51 borehole locations.

Patterson Pass Road

East Avenue

Va
sc

o 
R

d

G
reenville R

oad

Legend
!( Monitor well or piezometer
!! Ground water extraction well

Well discussed in text
Total VOC isoconcentration contour (ug/L)
Tick marks indicate depression contour
Stream (ephemeral)
Road
LLNL Livermore Site boundary

W-1410
 5 



!!
!!

!!

!!

!!

!!

!!

!!

!!

!!

!!

!!

!!

!!

!!

!!

!!
!!

!!

!!

!!

!!

!!

!!

!!

!!

!!

!!

!!!!

!!

!!

!!

!!

!!

!!

!!

!!!!

!!

!!

!!

!!

!!
!!

!!

!!
!!

!!

!!

!!

!!

!!

!!

 

A
rr o

yo
 S

eco

Arroyo Las Positas

 
W-509

W-1113

W-1108

´

0 1,000

Feet

Figure 16. Isoconcentration contour map of total VOCs from 55 wells completed within HSU-5, fourth quarter 2005 
(or the next most recent data), and supplemented with soil chemistry data from 94 borehole locations.
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