


UCRL-AR-144919 Interim RD for the Building 834 OU, LLNL Site 300 February 2002

Table of Contents

EXECULIVE SUMIMEAIY ....c..eiiiieiieiieeiie ettt st se et st saeesaesnsesneesbesneesreenseennens Summ-1
IO 1 11 0o [0 Tox 1 o o RS 1
00 T oo 11 o VR SURRRTR 2
S (=N o [ o RS ORRSTRN 2
1.3. Site Characterization and RemMOVal ACHONS.........ccccueereririieiirese e 2
IR I IS 1 (X @1 == ot = 7= o] OSSR U 2
1.3.2. REMOVE ACLIONS......coiiiiiiiiiiie ittt st sae e e seesneeeenns 3

1.4, REQUIALOTY HISIOIY ..ottt ettt sttt b e et re b e 4
2. Geology and HYdrogEOIOQY .......uerueririierieeieeiesee sttt sttt e e s sbe et e et neesneeeas 4
2.1. Geology and HYdroge0I0OgY .........ccueruerierieerieriiesieseesiee e sieseesreessesssesee e sreessessesseesaeees 4
2.2. Conceptual Hydrogeol0giC MOEL...........coiiiiiirieieeeeeee e 5
PRI VAT (< g = TH o (o RS PRR 5
2.4. Contaminant DiStIDULION.........ccuoiiiirie e 5
2.4.1. SOUBEAIOCK.......eiiiiieieieeie ettt sttt st sreesae e e sae e e 6

p S o I oo SR 6
2.4.3. GIOUNG WELET ........ciitiiieiiieiee ettt sttt s be et e s se e beeneesseeseeensesneenbeeneenneenee 7

I = = o LY 1= (] o TR 8
3.1. Soil Vapor and Ground Water EXtraction TESNG.........coverereriiereneenie et 8
3.2. Extraction Well Configuration TESHNG.........coveeeririerieneeeese e 9
3.3. Aqueous-Phase Granular Activated Carbon (GAC) TeStING......ccovrererrenenenereere e 9
3.4. Intrinsic Bioremediation TESHING.......ccuerueririeiienesiee e 10
3.5. Other Treatability TESES.......cooiiieieeeeeeie ettt e e ens 11
S 0T o = I DT o o RPN 12
v I VAV TN = Lo I 1= o o O 12
4.1.1. Existing Extraction WEllfIeld.........c.oooiiieeeee e 12
4.1.2. Extraction/Monitor Wellfield EXPanSiON..........c.ccoviririeneneneneesee e 12
4.1.3. Ground Water Capture Zone ANAlYSIS........covriereririierienie e 13

4.2. Treatment System Design and SPeCifiCatiONS...........coceeeerereerinrenie e 14
4.2.1. Existing Treatment SyStem DESIgN......cccceeeririere et 14
4.2.2. Modified Treatment SyStem DESIGN........cociiiriireeie e 15

4.3, PerfOrmanCe SUMMEIY ..........cooeiieiiriieseesieesieseesieesteseesteessessesseessesessseessesssesseessesnsesseeses 17
G I €1 1018 a0 YV (< SR 17
G I V= 01 Ao 1= NSRS 18

02-02/ERD B834 RD:rtd i



UCRL-AR-144919 Interim RD for the Building 834 OU, LLNL Site 300 February 2002

intrinsic bioremediation through cyclic operation of selected vapor extraction wells in the Core
Area. Enhanced in situ bioremediation is currently being studied as atreatability test. Use of this
technology may be necessary in the future to address VOCs in low conductivity subsurface
sediments.
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1. Introduction

This Remedial Design (RD) report describes the existing and proposed remedial designs for
the Building 834 Operable Unit (OU) at Lawrence Livermore National Laboratory (LLNL),
Site 300. Site 300 is a U.S. Department of Energy (DOE)-owned experimenta test facility
operated by the University of Caifornia (Figure 1). The siteislocated in the southeastern Altamont
Hills of the Diablo Range, about 17 miles east-southeast of Livermore and 8.5 miles southwest of
Tracy, Cadifornia. The Building 834 OU is situated in the southeast portion of Site 300.

In 2001, an Interim Site-Wide Record of Decision (ROD) was signed by DOE and the
regulatory agencies. In the Interim ROD, interim remedial actions were selected for a majority of
the Site 300 OUs, including the Building 834 OU. The selected remedy for the Building 834 OU
is ground water and soil vapor extraction and treatment along with compliance monitoring, and
administrative controls. A Remedial Design Work Plan (Ferry et a., 2001) presents the strategic
approach and schedule to implement the remedies selected in the Interim ROD.

DOE is the lead agency for cleanup at Site 300 with regulatory oversight by the U.S.
Environmental Protection Agency (EPA), the California Department of Toxic Substances Control
(DTSC), and the Regional Water Quality Control Board-Central Valley Region (RWQCB).

The scope and format of this document are consistent with EPA guidance documents (EPA,
1989; 1990). Assuggested by EPA, this RD report contains engineering design specifications for
the ground water extraction and soil vapor extraction systems, including Process and
Instrumentation Diagrams (P& I1Ds), system descriptions, monitoring and construction schedules,
and cost estimates. This RD report also includes Quality Assurance/Quality Control (QA/QC)
Plans and Health and Safety Plans for both construction and operation and maintenance (O& M),
and the requirements for onsite storage and offsite shipment of hazardous waste and project
closeout.

Section 1 of this RD describes the location of the Building 834 OU, the history of the OU,
previous investigations and removal actions, and regulatory history. Section 2 presents a summary
of the geology and hydrogeology and contaminant distribution. Section 3 describes the treatability
studies conducted in the OU. Section 4 presents the current remedial system design and the
proposed long-term remedial design. Section 5 contains the Remedial Action Work Plan. The
following appendices are also included:

Appendix A: Historical VOC Datain Building 834 Wells.

Appendix B: Monitoring and Reporting Requirement Documents:

1. Substantive Requirements, Building 834 Removal Action, Lawrence Livermore National
Laboratory Site 300, San Joaguin County

2. Monitoring and Reporting Program Requirements for the Building 834 Remova
Action, Lawrence Livermore National Laboratory Site 300

3. San Joaquin County San Joaquin Valey Unified Air Pollution Control District:
Facilitywide Requirements

Appendix C: Construction Quality Assurance/Quality Control Plan.
Appendix D: Construction Health and Safety Plan.
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Appendix E: Operations and Maintenance Quality Assurance/Quality Control Plan.
Appendix F: Operations and Maintenance Health and Safety Plan.
Appendix G: Soil vapor extraction system shutoff evaluation.

1.1. Location

The Building 834 OU islocated in the southeast portion of Site 300 (Figure 2). A detailed map
of the Building 834 OU with the existing ground water monitor wellfield isincluded as Figure 3.
The Building 834 OU is bounded to the north by the Site 300 property line, to the east by the
General Services Area OU, and to the south and west by the Building 832 Canyon OU.

Site 300 defense activities have always been focused in the Core Area which consists of four
main buildings (A, B, C, and D) surrounded by aring of eight peripheral buildings (E, F, G, H, J, K,
L, and M). Thefunctions of the various buildings are listed in Figure 4. The Core Areais |located
on an isolated hilltop at about 1,020 ft above sealevel. Accessto thisareaisrestricted for security
and safety reasons. The ground water and soil vapor treatment facility islocated near Building D.
A temporary trailer (T8340) is located near the treatment facility to house equipment and control
systems.

1.2. Site History

Since the late 1950s, Building 834 facilities have been used for weapons testing activities.
Trichloroethylene (TCE) was used as the primary heat transfer fluid in these experimentsinvolving
thermal cycling of weapon components. Occasionally TCE was mixed with silicone ails, tetrabutyl
ortho silicate (TBOS) and tetrakis (2-ethylbutyl) silane (TKEBS), to prevent degradation of pump
seals and gaskets. DOE/LLNL estimates that approximately 550 gallons of TCE were released
mainly from leaking pipes, either directly to the ground surface and/or to a nearby septic system
leach field through floor drains and pipes (Webster-Scholten, 1994). The thermal testing system
was dismantled between September 1993 and May 1994 and TCE is no longer used in experiments
at the facility.

High levels of nitrate also occur in the ground water in the Building 834 OU, but the sourceis
uncertain. Effluent from the septic system leach field has possibly contributed to elevated nitrate
concentrations in ground water. Additional natural and/or anthropogenic nitrate sources may exist.
A separate nitrate source study is currently being conducted for the entire Site 300.

1.3. Site Characterization and Removal Actions

1.3.1. Site Characterization

Early site characterization activities in the Building 834 OU are described in the Site-Wide
Remedia Investigation (SWRI) Report (Webster-Scholten, 1994). A summary of characterization
activities performed in the Building 834 OU arelisted in Table 1 of thisreport. Theinitial and most
extensive phase of site characterization took place between 1983 and 1990. During this period,
contaminant rel ease areas were identified, wells were drilled to characterize the nature and extent of
soil and ground water contamination, and some corrective actions were taken.
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To date, 75 boreholes have been drilled in the Building 834 OU; 55 of these boreholes are
completed as ground water monitor wells. Twenty-nine ground water monitor wells are located in
the Core Area and 26 wells are located in the Distal Area (Figure 3). The geologic and chemical
data from these wells and boreholes are used to characterize the site hydrogeology and monitor
temporal and spatial changes in saturation and dissolved contaminants.

In 1988, 17 test pits were excavated along the hillslope southeast of the Core Areato monitor
saturation along this seepage face and evauate the potentia for evapotranspiration of voldile
organic compounds (VOCs). Shallow piezometers were installed in seven of these tests pit to
monitor transient saturation in thisarea. Additional details regarding these test pits can be found in
Chapter 10 and Appendix A of the SWRI Report (Webster-Scholten, 1994). Although ground
water has not been detected in these piezometers during routine monthly monitoring, it is believed
that short-term saturation occurs along this hillslope during heavy rainfall events. TCE detected in
soil and soil vapor associated with these test pits is discussed in Sections 2.4.1 and 2.4.2,
respectively.

From 1998 to 2000, a passive soil vapor survey using GORE-SORBERS® was conducted to
more accurately define the current distribution of VOC contamination in soil and shallow ground
water. The results of this survey are presented in Figure 5. Based on the GORE-SORBER®
survey, 17 ground water monitor wellswere installed (eight in the Core Area and nine in the Distal
Ared). These wells were installed to more accurately define and monitor tempora and spatia
changes in saturation and dissolved contaminants. In addition, 10 wells were abandoned.

Also beginning in 1998, a detailed study was undertaken to verify and characterize intrinsic
biodegradation at the site. This study included monthly monitoring (biomonitoring) of VOC
concentrations, oxidation-reduction potential, dissolved oxygen, pH, nitrate, sulfide, and chloride,
etc. The main objectives of the biomonitoring are to characterize biogeochemical processes and
estimate natural attenuation of contaminants associated with intrinsic biodegradation. Microbial
characterization (Halden et a., 2001), stable isotope analysis, and microcosm studies were also
performed as part of this study (Halden et al., 1999; Vansheeswaran et al., 1999a; 1999b). The
results of this study are summarized in Section 3.4 of thisreport.

1.3.2. Removal Actions

Cleanup began in October 1982 with the excavation of TCE-contaminated shallow soil from
behind Building 834C. Additiona excavations of TCE-contaminated soil were performed in 1983
at Buildings 834 B, C, D, G, and J (Ragaini, 1983). A reported volume of 110 yd3 of contaminated
soil were removed during these excavations (Lindeken et al., 1986); an estimated 96 kg of TCE was
removed with the excavated soil. All excavations are documented in the Remedial Investigation and
Feasbility Study for the Lawrence Livermore National Laboratory Site 300 Building 834 Complex
(Bryn et d., 1990). A brief summary of excavated soil volumes and TCE mass remova is
presented in Table 2.

Significant mass removal of TCE was attributed to early treatability testing of soil vapor and
ground water extraction systems conducted from 1986 to 1989. Results from these tests were
originally reported in the Building 834 Feasibility Study (Landgraf et a., 1994). These early
treatability tests are briefly discussed further in Section 3 of this report because they are relevant to
the existing and proposed remedial designs. It was reported that over 200 kg of TCE was removed
during these tests (Bryn et al., 1990).
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1n 1994, 17 Core Area ground water monitor wells were converted to ground water and soil
vapor extraction wells. Continuous ground water extraction and treatment began in October 1995
following a series of Proof-of-System tests. Continuous ground water and soil vapor extraction
began in 1998. Ground water and soil vapor mass removal is summarized in the Performance
Summary, Section 4.3.

1.4. Regulatory History

Site 300 was placed on the EPA’s National Priorities List in 1990. In June 1992, DOE, EPA,
DTSC, and the RWQCB signed a Federal Facility Agreement (FFA) to facilitate compliance with
the Comprehensive Environmental Response, Compensation, and Liability Act of 1980 (CERCLA),
as amended by the Superfund Amendments and Reauthorization Act of 1986 (SARA). As part of
the CERCLA process, the LLNL Environmental Restoration Division (ERD) has prepared a series
of documents for the Building 834 OU:

The Site-Wide Remedid Investigation (SWRI) Chapter 10 (Webster-Scholten, 1994)
characterized the site hydrogeology and contaminant distribution.

An Interim Record of Decision for the Building 834 OU (DOE, 1995) emphasized the
testing of innovative technologies at Building 834 to help select the most effective long-term
remedy for the OU.

The Site-Wide Feasbility Study (SWFS) (Ferry et d., 1999) screened and evauated
remedia aternativesfor all OUs at Site 300.

The Interim Site-Wide ROD (DOE, 2001) specifies ground water and soil vapor extraction,
monitoring, and administrative controls (e.g., risk and hazard management) as components
of the remedy for the Building 834 OU.

The Remedial Design Work Plan (RDWP) (Ferry et d., 2001) describes the dtrategic
approach and schedule to implement cleanup as established in the Interim Site-Wide ROD.

2. Geology and Hydrogeology

The geology and hydrogeology of the Building 834 OU are discussed in detail in Chapter 10 of
the SWRI report and Section 2.5 of the Building 834 OU Interim ROD and briefly summarized
below. Thissummary emphasizes those aspects of the conceptual hydrogeologic model that are
relevant to the proposed remedial design.

2.1. Geology and Hydrogeology

The Building 834 OU islocated on an isolated hilltop underlain by flat-lying, semi-consolidated
sand, gravel, and clay (Tps). These deposits overlie Neroly Formation bedrock that dips gently to
the southwest. Assummarized in Table 3, six geologic units have been defined based on physical
and hydraulic characteristics. Two water-bearing zones exist within these six geologic units:

1. A shallow (< 50 ft below ground surface [bgs]) variably saturated, perched water-bearing
zone, and a

2. A deeper (~ 380 ft bgs) bedrock, water-supply aquifer.
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The shallow perched water-bearing zone consists mainly of sands and gravels of the Tpsg
interval. The Tpsg isunderlain by avariable saturated perching horizon that is composed of afine-
grained clay (Tps clay) followed by an interbedded siltstone and claystone (Tnsc,). Cleanup of
contaminated soil and ground water in the Tpsg is the main focus of this RD report.
Approximately 300 ft of unsaturated bedrock (Tnbs, and Tnsc,) separate these shalow water-
bearing zone from the deep water-supply aquifer (Tnbs,).

2.2. Conceptual Hydrogeologic Model

A smplified conceptual hydrogeologic model is presented in Figure 6. Ground water entersthe
shallow perched water-bearing zone primarily through direct infiltration during heavy ranfal
events. Some of this recharge water ultimately exits and/or evaporates on the hill slopes
surrounding the Building 834 OU and some of it partitions into the underlying Tps clay and Tnsc,
bedrock units, where it resides in long-term storage. Perched ground water beneath the Core Area
is hydraulically separate from the southwestern Distal Area, except following heavy rainfall events
(e.0., El Nifio), when the areas may temporarily form a single continuous saturated zone. Most of
the time these areas are hydraulically separated and ground water existsin isolated “ static pools”.

The deeper Tnbs, regiona aquifer contains ground water that is chemicaly distinct from
shallow, perched ground water indicating that these two water-bearing zones are hydraulically
separate. These two waters can be distinguished on the basis of inorganic chemistry and stable
isotope (oxygen-18) signatures. For example, the shalow Tps water has a delta oxygen-18
signature of -3.7, while the deeper aquifer has a delta oxygen-18 signature of -6.2. Additionally, the
deep aquifer beneath the Building 834 OU is devoid of anthropogenic chemicalsand it is recharged
by a different pathway than the shallow perched water-bearing zone. The Tnbs; aquifer is
recharged in Elk Ravine, several hundred feet to the north and northwest of the Building 834 Core
Area. The deep water table is about 270 ft below contaminated soil and shallow ground water
benesth the Core Area.

2.3. Water Budget

A water budget analysis was conducted for the Building 834 Core Areato evaluate changesin
saturation and storage resulting from recharge during a large-magnitude rainfall event. The analysis
is based on monthly water level data collected in the Core Area during the El Nifio rainfall events of
January through June, 1998, when 15 inches of rainfall were recorded at Site 300. These rainfall
events resulted in approximately 9~ 10° gallons (about three acre-feet) of water falling over the
recharge area (950,000 ft?). The observed change in storage in shallow ground water during this
time period was approximately 1.3~ 10° gallons (15% of the total rainfall). Lessthan 5% of this
recharge volume was extracted by the ground water remediation system during this same period.

2.4. Contaminant Distribution

Details of the nature and extent of contamination in the Building 834 OU are discussed in
Chapter 10, Section 10-4 of the SWRI, summarized in Chapter 1 of the SWFS, and briefly
discussed below. All confirmed contaminant release sites are presented in Figure 4. The
approximate distribution of soil and ground water contamination is presented in Figures 7 and 8.
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2.4.1. Soil/Bedrock

Most VOC contamination in soil and bedrock occurs beneath the Core Areain the vicinity of
Buildings A, C, and D, athough TCE releases have been confirmed at other building locations. The
primary contaminants of concern in subsurface soil and bedrock are TCE, tetrachloroethylene
(PCE), and toluene. Other contaminants of concern detected in soil or bedrock are TBOS/ITKEBS
and cis-1,2-dichloroethylene (DCE). TBOS/TKEBS were released as co-contaminants along with
the TCE, while the cis-1,2-DCE is the result of microbial dechlorination of the TCE. Evidence of
biodegradation of TCE to cis-1,2-DCE is discussed in Section 3.4.

TCE concentrations in surface and subsurface soils at the Building 834 Operable Unit are
shown in Table 4. The extent of TCE soil contamination at concentrations greater than
0.1 milligram per kilogram (mg/kg) in the Core Areais presented in Figure 7. The highest TCE
concentrations (10,000 to 12,000 mg/kg) in near surface soil (< 5 ft) were detected in samples
collected near Building C. The highest VOC concentrations in deeper soil were detected in samples
collected at the Tpsg/Tps clay interface in well W-834-D3 at a maximum concentration of
970 mg/kg. High VOC concentrations (257 mg/kg) were also encountered in soil samples
collected from the unsaturated Tpsg in abandoned borehole B-834-D1 located in the D-Cell shed.
Using EarthVision’ s volumetric analyses, the total VOC massin the soil is estimated to be around
860 kg, or 155 gallons. However, the current extent and magnitude of VOC contamination beneath
Building D isuncertain. Thisareais not easily accessible using a conventional drilling rig. Recent
attempts to collect additional soil samplesin the vicinity of the B-834-D1 borehole using a hand
auger were unsuccessful due to ahard, cemented sand layer at a depth of about five feet. Ten soil
samples were collected to a depth of five feet that contained low VOC concentrations
(< 0.01 mg/kg). A limited access drilling rig will be needed to collect confirmatory soil samples
below this cemented sand layer.

Although the bulk of VOC soil mass resides in shallow, unsaturated coarse-grained soils and at
the Tpsgy/Tps clay interface, significant VOC concentrations (> 10 mg/kg) have been detected in soil
in the underlying Tps clay perching horizon during recent characterization activities. For example,
wells W-834-A1, located west of Building A, and W-834-U1, located near a former diesel
underground storage tank contained maximum VOC Tps clay soil concentrations of 13 and
8 mg/kg, respectively.

VOC concentrations in soil in the Distal Area are generally lower than the Core Area. The
source of VOCs in the Distal Areawas TCE spillage within the Core Areatest cells that were
connected to the septic leach field viafloor drains. VOCs were also probably transported to the
distal areaviaground water transport during periods of high water elevations where the Core Area
was hydraulically linked to the Distal Area. TCE soil concentrations up to 0.5 mg/kg have been
detected in the Tpsg zone in the Distal Area, while higher concentrations (> 1 mg/kg) have been
detected in the underlying Tps clay. Soil samples collected to a maximum depth of 13 ft bgs during
excavation of the test pits on the hillslope southwest of the Core Areayielded relatively low TCE
concentrations ranging from below analytical detection limits (< 0.0002 mg/kg) to 0.070 mg/kg.

2.4.2. Soil Vapor

Both active and passive (GORE-SORBER®) soil vapor surveys have been conducted at the
Building 834 OU. In 1989, active soil vapor measurements were made in wells W-834-D3, -D4,
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-D5 and seven nearby dedicated soil vapor monitoring points as part of initial soil vapor extraction
treatability testing. TCE vapor concentrations ranging from less than 1 to 9,500 parts per million on
avolume per volume basis (ppm,,,) were detected during this test; the highest concentrations were
detected in the vicinity of wells W-834-D3 and -D4. Vapor TCE concentrations decreased by one
to three orders-of magnitude during this one month long test (Landgraf et ., 1994).

In the summer of 1999, an extensive passive soil vapor survey using GORE-SORBERS® was
performed to define the distribution of VOC contamination in soil and shalow ground water
throughout the Building 834 OU. As shown in Figure 5, GORE-SORBER® survey results are
generally consistent with soil and ground water data with the exception of the ephemeral seepage
face on the hillslope southwest of the Core Area. GORE-SORBERS® were placed in shallow test
pit piezometers located on this hillslope. Asdisplayed in Figure 5, VOC vapors were detected at
these locations, suggesting the presence of V OC-contaminated soil moisture along this ephemeral
seepage face. The high GORE-SORBER® survey results in this area probably result from the
discharge of VOC-laden vapors aong this hilldope, as a result of evaporation and
evapotranspiration of residual VOCsin soil moisture. Therelatively permeable, gravel-filled test
pits may actually increase soil vapor flux along the slope. Additional GORE-SORBERS® were
placed in two deep ground water monitor wells, W-834-D9A (Tnbs,, 70 ft) and W-834-T1 (Tnbs,,
320 ft). The objective of placing the GORE-SORBERS® in these wells was to determine whether
VOC vapors could be detected in unsaturated Neroly bedrock. VOCs were detected in the W-834-
D9A well; no VOCs were detected in the deeper W-834-T1 sample.

2.4.3. Ground Water

The distribution of contaminated ground water beneath the Building 834 OU is controlled
primarily by temporal and spatial variations in saturation related to rainfall events and treatment
facility operation. As shown in Figure 8, the current distribution of ground water contaminantsis
somewhat limited because the extent of saturation in the Core Area has been significantly reduced
due to ground water cleanup efforts during the past five years.

The primary contaminants of concern in ground water in the Building 843 OU are VOCs.
Total VOC concentrationsin the Core Area generally range from 20,000 to 40,000 micrograms per
liter (ug/L), although concentrations greater than 200,000 pg/L have been detected in recent samples
collected from the Tps clay. Total VOC concentrations for individual Core Areawells generally
show decreasing trends over the last 10 years of monitoring. The total mass of VOCsin the Core
Areaground water in 1995 is estimated at 58.9 kg. Using the same assumptions, which are
presented in Section 4.3 (Performance Summary), the mass of VOCs remaining in the Core Area
ground water by the end of the third quarter of 2000 is 22.5 kg.

Most of the VOC mass exists as TCE, athough significant concentrations of cis-1,2-DCE have
also been detected. For example, the maximum total VOC concentration detected in a ground water
sample collected from the Tpsg in 2000 was 130,000 pg/L. This sample, which was nearly al cis-
1,2-DCE, was collected from well W-834-D4 following a 2.5-month period of soil vapor extraction
system shut down. A long-term time series plot of TCE and cis-1,2-DCE for well W-834-D3 is
presented in Figure 9. This plot shows that increasesin cis-1,2-DCE concentrations are inversely
correlated to TCE concentrations. These temporal changesin VOC concentrations are related to
treatment facility operations and intrinsic biodegradation as discussed in Section 3.4.
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The extent of VOC contamination in ground water in the Tnsc, bedrock unit beneath the Tps
clay in the Core Areais unknown. Ground water in the Tnsc, unit is not currently being monitored
in the Core Area although, as discussed below, this unit contains VOCs in the Distal Area.

VOC concentrationsin ground water in the Distal Arearange from 10,000 to over 30,000 pg/L.
Lower VOC concentrations (1,000 to 3,000 ug/L) have been detected in the ground water samples
from the deeper Tnsc, bedrock unit based on data from wells W-834-S8 and W-834-S9.
Detections of cis-1,2-DCE in W-834—-T2 cluster wells at concentrations of up to 2,400 pg/L, aong
with low dissolved oxygen and low oxidation/reduction potentias, suggest that intrinsic
biodegradation is occurring in thisarea. TCE was detected in ground water samples from the
former -T4 cluster wells (W-834-T4, -T4A, -T4B, and -T4C) at concentrations up to 30,000 pg/L.
Sporadic detections (12 to 84 pg/L) of cis-1,2-DCE had also been reported in these wells. The total
VOC massin the Distal Areaground water is estimated to be 34.5 kg (£ 30%).

Additional contaminants of concern at Building 834 OU include nitrate and TKEBS/TBOS.
Nitrate concentrations in ground water during 2000 ranged from less than 10 milligrams per liter
(mg/L) to 750 mg/L. This maximum concentration was detected in arecently installed monitor well,
W-834-K 1A, located near the former septic system leach field. Nitrate concentrationsin the Core
Areaare generally an order-of-magnitude lower than nitrate concentrations in the Distal Area. The
reduced nitrate concentrations in the Core Areais thought to result from microbia denitrification.

TKEBS and TBOS were detected at concentrations ranging up to 250,000 pg/L during 2000.
Although these silicone oils have been detected almost exclusively in the Core Area, TBOS'TKEBS
have been detected at 72 pg/L in wel W-834-S13 located southwest of the Core Ares
approximately 300 ft southwest of the former septic system leach field. It was also detected in
recently installed monitor wells, W-834-C5 and W-834-U1, screened in the Tpsg and the
underlying Tps clay, respectively.

Benzene, toluene, and ethylbenzene have been detected sporadically in a number of ground
water samples collected in new wellsin the Core Area, dthough only one well, W-834-U1, currently
contains al three compounds at concentrations ranging from 8 to 33 pg/L.

3. Treatability Testing

A series of treatability tests were conducted to evaluate the effectiveness of both conventional
and innovative technologies in remediating contaminants at the Building 834 OU. These tests are
listed and briefly summarized in Table-4-5. For additional information regarding tests performed
prior to 1995, see Appendices D and E of the Final Building 834 Feasibility Study (Landgraf et al.,
1994).

3.1. Soil Vapor and Ground Water Extraction Testing

Treatability testing was conducted between 1986 and 1989 to eval uate ground water and soil
vapor extraction systems performance. Soil vapor testing employed a water-filled Marathon pump
with a maximum vacuum flow rate capacity of 100 standard cubic feet per minute (scfm). The
testing determined that even at 40 scfm, vacuum influence could be detected at distances greater than
60 feet. Thistesting also determined that when a vacuum greater than 12 inches of mercury was

02-02/ERD B834 RD:rtd 8



UCRL-AR-144919 Interim RD for the Building 834 OU, LLNL Site 300 February 2002

applied, water was drawn upward in the well casing above the well screen. At higher vacuums, the
water level rose to the ground surface. This demonstrated the necessity of conducting ground water
extraction along with soil vapor extraction. TCE concentrations ranging from 350 to 9,500 ppm,
were measured in soil vapor in wells and soil vapor monitoring points. Soil vapor mass removal
rates ranging from 8 to 30 kilograms per day (kg/day) were achieved during theseinitia treatability
tests. The maximum mass removal rate was achieved by extracting from four wells (W-834-D3,
-D4, -D5, and -D6) at atotal flow rate of about 40 scfm. An estimated 201 kg of TCE was reported
to have been removed from the vadose zone via soil vapor extraction. VVOC concentrations of up to
510,000 pg/L in ground water were measured in samples collected from wells W-834-D3 and -D4
during the testing. It is estimated that approximately 6 kg of VOCs were removed via ground water
extraction during these tests.

A long-term combined ground water and soil vapor extraction test was conducted from
November 1988 to June 1989 in the Distal Area at the former W-834-T4 cluster. The results of
this test further supported that soil vapor extraction is a superior mass removal mechanism to
ground water extraction. During the -T4 test, former wells W-834-T4 and -T4C were pumped and
wells W-834-T4A and -T4B were monitored for response. The initial ground water extraction rate
was 0.44 gallons per minute (gpm), decreasing to a stabilized flow rate of 0.07 gpm (110 gallons
per day). Significant water-level responses were observed in both wells W-834-T4A and -T4B,
indicating hydraulic connectivity between wells more than 30 ft apart. Ground water TCE
concentrations from the two extraction wells decreased from 19,000 pg/L to 440 pg/L during the
test, while soil vapor concentrations increased from 0.04 ppm, to 9.6 ppm, .

3.2. Extraction Well Configuration Testing

From 2000 through March 2001, a number of tests were conducted to determine whether mass
removal could be increased using different extraction wellfield configurations. Dataindicated that
greater VOC mass removal was achievable with alarger number of extraction wells. However,
certain wellswith low soil vapor concentrations and low ground water concentrations only dilute the
extraction stream and do not provide much benefit. Therefore, well configuration testing, including
zone of influence testing and individual soil vapor analyses, will continue as part of ongoing
performance optimization activities.

3.3. Aqueous-Phase Granular Activated Carbon (GAC) Testing

Treatability testing is being conducted to evaluate whether air sparging could be eliminated from
the ground water treatment system and replaced with aqueous-phase GAC. One 55-gallon GAC
canister was placed upstream of the primary sparging unit. Agueous samples of the GAC effluent
are analyzed for VOCs and TKEBS/TBOS to evaluate the performance of the agueous-phase GAC.
Test results indicate that GAC effectively reduces VOC concentrations to below method detection
limits. However, low levels of TBOS (1 to 11 pg/L) have been detected in the effluent from the
aqueous-phase GAC on numerous occasions. This test is ongoing to evaluate longer-term
effectiveness of aqueous-phase GAC.
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3.4. Intrinsic Bioremediation Testing

An investigation to evaluate the role of intrinsic biodegradation in the Core Areawas conducted
from January 1998 through December 2000. Thisinvestigation involved the monthly sampling of
biogeochemical indicators such as VOCs, pH, oxidation-reduction potential and dissolved oxygen,
to determine whether microbial processes were degrading TCE. Laboratory experiments have
shown that the breakdown of silicone oils (TBOS/TKEBS) result in the release of acoholic
compounds that, upon microbial fermentation, yield dissolved hydrogen (Vansheeswaran et 4.,
1999a). The latter then serves to drive the biotransformation of TCE to cis-1,2-DCE in the absence
of oxygen. These experiments showed that biodegradation occurs in the form of anaerobic
microbial dechlorination. The degradation pathway for TCE is asfollows:

During the three year test, it was shown that intrinsic microbial degradation is inhibited during
periods of active soil vapor extraction, because the soil vapor extraction system draws oxygen-rich
vapors into the subsurface and the microbes become dormant. Microbial activity returns fairly
quickly (within one week) when the soil vapor extraction system is shut off. Thus, the extraction
system functions as an off/on switch for anaerobic microbia degradation of TCE and
TBOS/TKEBS.

A more detailed field experiment was conducted to quantify the efficacy of intrinsic
biodegradation of VOCs in the Core Area under monitored natural attenuation conditions. Two
weeks after discontinuing ground water and soil vapor extraction, the ground water in the vicinity of
two monitor wells turned anaerobic. |mmediately thereafter, the onset of biologically-mediated
reductive dehalogenation of TCE was indicated by increases in both cis-1,2-DCE and chloride
concentrations and decreasesin TCE concentrations in the two wells. Initia transformation of TCE
to cis-1,2-DCE resulted in the net destruction of up to 1.7 + 0.4 kg of VOC and transient
accumulation of 4.7 £ 1.2 kg of cis-1,2-DCE as estimated from contaminant contour plots. Within
a 10-day to two week period after recommencing both soil vapor and ground water extraction, the
cis-1,2-DCE concentrations drop by 78% to 98%. Figure 9 shows the changing TCE and cis-1,2-
DCE concentrations in extraction well W-834-D3 relative to facility operations. The ultimate fate
of cis-1,2-DCE remains uncertain.

Thereis evidence that at least some of the cis-1,2-DCE is further degraded into compounds
such as vinyl chloride and further to ethene and ethane. Historical TCE, cis-1,2-DCE, and vinyl
chloride data are presented in Appendix A for those wells that have had any detections of cis-1,2-
DCE. Vinyl chloride has been detected in two wells (W-834-B3 and W-834-U1l) at low
concentrations. There are likely significant concentrations of vinyl chloride in the other wells where
biodegradation is measurable. Unfortunately, since the analytical laboratories have to dilute the
highest concentration samplesto force TCE and cis-1,2-DCE into calibration range, detection limits
arevery high for al constituents in these samples (including vinyl chloride). Detection limits for
wells with high VOC concentrations where biodegradation is occurring, such as wells W-834-D3
and -D4, vary between 300 and 900 pg/L. Datain Table6 demonstrates that, to some degree, the
degradation proceeds to the production of ethene and ethane. Asindicated by the concentrations,
either avery small percentage of the DCE is degraded to that point, or thereis agreat deal of loss of
these compounds during sample collection of light hydrocarbons.
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Although there is evidence of some biodegradation, either avery small percentage of the cis-1,2-
DCE is degraded further, or it is removed from the system by some other means. Likely removal
mechanisms include:

«  Complete reductive biodechlorination of cis-1,2-DCE to ethene and ethane, and/or

Voldtilization of cis-1,2-DCE followed by some other degradation process such as
cooxidation in the aerobic, unsaturated soils, and/or

- Removal of cis-1,2-DCE viathe ground water extraction system upon reinitiating of the
extraction system.

As stated above, the fate of the DCE is uncertain. However, the biodegradation processes at
Building 834 will continue to be studied and monitored.

The beneficial effect of silicone oilsin the Core Area has sparked an interest to elicit similar
biodegradative processes in the Distal Area and perhapsin the Tps claysin the Core Area. Field
and |aboratory studies are underway to determine whether the addition of microbial nutrients, other
than slicone lubricants, to ground water also can effect rapid biologica attenuation of TCE
concentrations (enhanced in situ bioremediation). Evidence already suggests that a limited amount
of microbial dechlorination isalready occurring in an area monitored by well W-834-C5, inthe T2
cluster area, and in the Tps clay formation in the vicinity of well W-834-U1. Thiswas confirmed
by periodic reducing conditions as well as the detection of cis-1,2-DCE.

Continued treatability testing of intrinsic bioremediation will take place during periods when
selected wells are shut down to promote the anaerobic conditions and for a short period after restart.
Detailed monitoring will be conducted for continued evidence of intrinsic biodegradation along with
quantification of the TCE destruction. This biomonitoring will include field monitoring for
dissolved oxygen, oxidation-reduction potentials, pH, and sulfides, and laboratory analyses of
VOCsfor TCE and cis-1,2-DCE comparisons, as well as analysis of other inorganic constituents
such as chlorides, nitrates, etc. Recent data revealed that biodegradation may also be occurring in an
areadightly to the north of the W-834-D3 and -D4 wells. Thislocation, monitored by a new well,
W-834-C5, does have low concentrations of TKEBS/TBOS that may be driving intrinsic
biodegradation in this area. Therefore, biomonitoring of the wells to the north of the main
extraction areawill also be conducted to document intrinsic in situ biodegradation.

3.5. Other Treatability Tests

The Building 834 Core Area has also been used as atest bed for several innovative technology
projects, including an EPA Superfund Innovative Technology Evaluation (SITE) test of a Perox-
Pure™ ultraviolet soil vapor treatment system; an electrical soil-heating (Joule-Heating) pilot test;
and a demonstration of an electron accelerator to treat soil vapor. A surfactant push-pull test was
performed in 1998 to evaluate the use of surfactants to enhance dissolution of VOC source areas
and increase ground water mass removal. These technologies and tests are described in the Site-
Wide Feasibility Study (Ferry et al., 1999). They were not selected for use at Building 834 OU
and therefore are not discussed further in this report.
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4. Remedial Design

The existing ground water and soil vapor extraction and treatment systems have been in
operation since 1995; first as aremoval action and now as an interim remedial action under the
Interim Site-Wide ROD. Asaresult, the concentration and volume of contaminants have been
significantly reduced in the subsurface of the Building 834 Core Area. The remedial design of the
Building 834 OU wellfield and treatment systems will focus on modifications to the existing
treatment system and expansion of the extraction wellfield.

4.1. Wellfield Design

The ground water and soil vapor extraction wellfield design is based on hydrogeol ogic analyses,
contaminant distribution data, and extraction well configuration testing. The existing extraction
wellfield isdiscussed in Section 4.1.1. Modifications that will be made to the existing wellfield to
maximize contaminant mass removal and prevent plume migration in the shallow, perched aquifer
arediscussed in Section 4.1.2.

4.1.1. Existing Extraction Wellfield

Currently, both soil vapor and ground water are extracted from 16 wellsin the Core Area of the
Building 834 OU (W-834-B2, -B3, -C2, -D3, -D4, -D5, -D6, -D7, -D10, -D11, -D12, -D13, -D14,
-H2, -J1, -and -J2). However, severa of these wells have not contributed significant volumes of
water to the ground water treatment system in the past couple of years due to declining water
elevations. The extraction systems were designed to remove VOCs from reatively high
permeability soils and water-bearing zones to maximize contaminant mass removal from the Core
Area source and prevent plume migration in the shallow, perched aquifer. Soil vapor extractionis
the main mass removal mechanism, while ground water extraction exposes more soil/rock to the
applied vacuum of soil vapor extraction, thereby significantly enhancing VOC mass removal. In
addition, it is necessary to pump ground water in order to extract soil vapor from the wells due to
up-coning of ground water which can cover the extraction well screen rendering it inaccessible to
the soil vapor extraction system. Figure 10 presents the existing extraction wellfield in the Core
Area

Each extraction well contains an air pressure-actuated Solo pump (QED, Inc.). Solo pumps are
equipped with float mechanisms that automatically trigger actuation of the pump upon recovery.
Ground water yields in these wells range from 4 to 23 gallons per day, while the entire extraction
wellfield produces approximately 800 to 1,200 gallons per week. Soil vapor is pumped from the
extraction wells utilizing a 15-horsepower vacuum pump.

4.1.2. Extraction/Monitor Wellfield Expansion

The existing ground water and soil vapor extraction well field configuration in the Core Area
will be dightly modified. Extraction wellsW-834-B2, -D11, and -D12 have not yielded significant
volumes of water in the past two years due to declining water levels. Although a small amount of
water is available in some of these wells, there is insufficient volume to activate the dedicated
extraction pumps, which require at least 4 ft of submergence. Obtaining a sample for contaminant
or biodegradation monitoring purposesis not possible while the wells are equipped with dedicated
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ground water extraction pumps. Therefore, the extraction pumps will be removed from wells
W-834-B2, -D11, and -D12 to enable ground water sample collection using a different device.
Should conditions change, such as rising water elevations due to increased recharge, the wells can
be easily converted back to extraction well status.

Well W-834-D10 is completed in the Tps clay, and due to the fine-grained nature of this
formation, is not amenable to soil vapor or ground water extraction. It will be converted to a
monitor well. Soil vapor extraction will continue on all remaining wells at this time. A full
evaluation of individual extraction wells, including zone of influence testing, will be conducted as a
baseline for the soil vapor extraction shutdown evauation criteria. All datawill be made availableto
the regulatory agenciesand will be used to re-evduate the status of al wells. The resulting
extraction well configuration will consist of twelve wells for ground water extraction (W-834-B3,
-C2, -D3, -D4, -D5, -D6, -D7, -D13, -D14, -H2, -J1, and -J2) and fifteen wells for soil vapor
extraction (W-834-B2, -B3, -C2, -D3, -D4, -D5, -D6, -D7, -D11, -D12, -D13, -D14, -H2, -J1, and
-J2). Thiswill alow for optimum contaminant removal from both the Tpsg water-bearing zone and
vadose zone within the Core Area.

The welfield will aso be expanded to include extraction from two Distal Area plumes,
converting six existing monitor wells to extraction wells. All of these wells (W-834-S1, -S12A,
-S13, -T2, -T2A, and -T2D) will be used for both ground water and soil vapor extraction from the
Tpsg unit in the Distal Area. Additional extraction wells may be added to increase contaminant
removal by converting existing monitor wells or drilling new wells. Locations for these wells, as
well as the number necessary, will be determined after sufficient review of the facility performance
in the new wellfield design has been completed.

Table 7 lists the extraction wells for the remediation of the Building 834 OU. The design
specifications for the extraction wells are presented in Table 8. Figures 11 and 12 present the
proposed extraction and monitor wellfield for the Core and Distal Aress, respectively. The
proposed extraction well VOC concentrations, estimated yield, and flow weighted average for VOCs
areshown in Table9. These were used to calculate the estimated total influent concentration of
26,371 pg/L for the treatment system remedial design.

Additional monitor wells are proposed to: (1) further characterize the subsurface contaminant
distribution, (2) help evaluate the extent of hydraulic capture and remediation effectiveness, and (3)
identify areas of little or no ground water flow. To determine the extent of the VOC source
remaining in the vadose zone beneath the D-Cell shed, one shallow borehole will be installed.
Should high concentrations be encountered, the borehole may be converted into a soil vapor
extraction well. At least six additional boreholes/wells will be completed to further characterize soil
and ground water contamination in the Distal Area, and one additional borehole/well is planned in
the Core Area. Approximate locations for these boreholes/wells are included in Figures 11 and 12.
The exact location and number of wellswill be determined after ground water extraction from the
expanded extraction system begins and hydraulic testing is conducted to optimize well placement.
Proposed monitoring well locations will be discussed with the regulatory agencies and approved
prior to installation.

4.1.3. Ground Water Capture Zone Analysis

Estimated capture zones for the Core and Distal Areas are shown on Figures 13 and 14,
respectively. The capture zones were calculated using an anaytica-edement flow model that
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conservatively assumed a constant recharge to the area and constant extraction rates from the wells.
Due to the limited recharge in the Building 834 area, the actual capture zones may be larger than
estimated. However, de-watering of the extraction wellsmay ultimately limit the extent of the
capture zones. The size of the actual capture zones of the extraction wells will be verified using
ground water elevation measurements.

4.2. Treatment System Design and Specifications

The Building 834 OU treatment systems are operated to treat contaminants in ground water and
soil vapor extracted from the subsurface. The ground water treatment system is designed to remove
VOCs and TBOS/TKEBs from extracted ground water to meet the Substantive Requirements for
ground water discharge issued by the RWQCB. The soil vapor treatment system removes VOCsin
extracted soil vapor to meet the permit requirements specified by the SIVUAPCD.

4.2.1. Existing Treatment System Design

The existing ground water extraction and treatment system consists of:
A ground water extraction wellfield described in Section 4.1.
- Water distribution pipelines.
An oil skimmer/phase separator.
A pre-treatment storage tank.
- Air sparging units, a particul ate filter, three vapor-phase GAC units, and an emissions stack.
Post-treatment storage tanks.
A post-treatment discharge pump.
« A fina misting storage tank.
A dischargeline.
A series of discharge misting nozzles.
The soil vapor extraction and treatment system consists of :
A soil vapor wellfield described in Section 4.1.
Vapor distribution pipelines.
- Anair-intakevave.
A water knock-out drum.
A vacuum pump controlled by a variable speed motor controller.
«  Four vapor-phase GAC units; the first two in parallel and final two in series.
A stack to discharge the treated vapor stream to the atmosphere.

A Process and Instrumentation Diagram (P&ID) of the existing facility is included in
Figures 15A—E. Extracted water and vapors are transferred through copper pipes to the treatment
facility, located on a concrete slab/asphalt area next to trailer T8340. The extracted ground water
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passes through two 5-micron filters to remove particulates from ground water that could reduce the
treatment system efficiency. An oil skimmer/phase separator isthen used to remove TBOS/TKEBs
in the light non-aqueous phase liquid (LNAPL) from extracted ground water. Extracted ground
water and any entrained LNAPLs are pumped from the wells to a chamber containing a series of
baffles and weirs that cause the LNAPL s to coal esce and separate from the ground water. LNAPLS
float to the surface and gravity drain from a port near the top of the chamber. The gravity-drained
LNAPLs are collected in drums.

The water stream then enters the air sparging units where VOCs are removed from the water by
air injection. Two separate sparge tanks, aligned in series, subject the water to intense aeration,
driving VOCsinto the vapor phase. Contaminated vapor from the air sparging tanks passes
through a heat exchanger that condenses and removes the water fraction. The air stream then
passes through vapor-phase GAC canisters to sorb the VOCs.

Following air sparging, the treated water passes through two agueous-phase GAC units as a
final polishing step. Carbon dioxide is injected into the effluent to reduce the formation of
precipitates in the discharge lines and/or to achieve a pH within the discharge limits, if necessary.

Effluent from the ground water treatment system is discharged into the air using misting towers.
Nitrate is present in the treatment system effluent at varying concentrations (10 to 60 mg/L). The
concentration of nitrate in the system effluent is affected by the amount of denitrification occurring
in the subsurface. During periods when the extraction system is shut off on the key wells to
promote the biodegradation of TCE, the nitrate levels will likely drop to below the Maximum
Contaminant Level of 45 mg/L. The amount of nitrate released during misting operations is not
significant enough to cause detectable increases in nitrate deposition rates downwind of the facility.
Therefore, misting of nitrate-containing effluent is not expected to impact loca ground water

quality.

The soil vapor extraction system consists of a blower (Pego©) that is operated at a variable flow
rate and electronically controlled to maintain a manifold vacuum of 8 in. Hg. The operating flow
rate depends on the number of wells connected to the system, moisture conditions, pressure, etc.
The maximum flow rate for this blower is around 300 scfm,; the operating flow rate is about 100
scfm. Extracted soil vapor passes through awater knock-out drum to reduce the water content in
the vapor. The VOCs are removed by passing the contaminated vapor stream through GAC units
where the VOCs are adsorbed to the carbon. The treated vapor is then released to the atmosphere
though a discharge stack under a permit from the SIVUAPCD. Additional details of the ground
water and soil vapor extraction and treatment systems are contained in the Building 834 OU
Feasibility Study (Landgraf et a., 1994).

Daily operation (i.e., 8 hr/day; 5 days/week) of both ground water and soil vapor extraction and
treatment began in 1998 and continuous 24-hour operation began at the end of 1999. The treatment
facility has been periodically shut down for periods of days to weeks for maintenance, modification,
or to monitor intrinsic biodegradation.

4.2.2. Modified Treatment System Design

Two major design changes will be made to the current facility. First, as discussed in
Section 4.1.2, the wellfield will be expanded to include ground water and soil vapor extraction in the

02-02/ERD B834 RD:rtd 15



UCRL-AR-144919 Interim RD for the Building 834 OU, LLNL Site 300 February 2002

Distal Area. Second, the facility will be modified to use agueous-phase GAC instead of air
sparging to remove contaminants from ground water.

As discussed in Section 3.3, the use of aqueous-phase GAC has the potential for alowing the
release of low levels (< 15 pg/L) of silicone oils (TBOS and TKEBS). During the aqueous-phase
GAC testing, one 55-gallon GAC container was utilized. If the agueous-phase GAC unit is
approved to replace the air sparging unit as the primary treatment technology, DOE/LLNL
anticipates installing two to three 1,000-gallon aqueous-phase GAC units. It is possible that TBOS
or TKEBS will be totally adsorbed when using the larger capacity GAC units and no
TBOSTKEBS will be discharged. However, as requested by the RWQCB, DOE/LLNL evauated
the toxicity of TBOS/TKEBS potentiad breakdown products and possible esthetic effects if
TBOS/TKEBS were discharged at low concentrations.

Potential breakdown products from TBOS and TKEBS under anaerobic conditions include 1-
butanol and silicic acid, and 2-ethylbutanol and silicic acid, respectively. The alcohols, 1-butanol
and 2-ethylbutanol, can also undergo additional breakdown to n-butyrate and 2-ethylbutyrate. The
butanol and butyrate compounds have been detected in samples collected from several wells where
anaerobic degradation of TCE occurs. However, these breakdown products have not been
measured in the ground water trestment system effluent. There are no maximum contaminant levels
or action levels published for either the original compounds or breakdown products. There are,
however, preliminary remediation goals (PRGS) for 1-butanol listed in the EPA Region 9 PRG
tables. The PRG concentration for tap water for 1-butanol is 3,600 pg/L. Since the maximum
effluent concentration of TBOS/ TKEBS to be misted is not expected to exceed 15 pg/L, and the
breakdown products would most likely be even lower in concentration, the amount of any
breakdown products will be well below the PRGs. In addition, due to adsorption losses and low
solubility, the quantity of oil or potential breakdown products that could impact ground water is
very minimal.

Literature searches were conducted for toxicologica data on TBOS/TKEBS and their
breakdown products. Within the “Handbook of Toxic and Hazardous Chemicals and
Carcinogens’, information was available for 1-butanol that reported although EPA has not set any
criteria on permissible concentrations in water, EPA has suggested ambient limits for n-butanol (1-
butanol) at 2,070 ug/L, based on health effects. Thisisagain well above the potential discharge
concentrations. Data searches were also conducted within EPA’s Integrated Risk Information
System (IRIS). Datawas available on human oral exposure to n-butanol. The oral Reference Dose
(RfD) was listed at 1 mg/kg/day. It was reported in IRIS that based on a 10-year study,
occupational exposure to 100 ppm butanol had no health impacts. Dueto the location of the
misting towers and the anticipated concentrations contained in the discharge, DOE/LLNL does not
believe human oral exposure isan issue. The only other toxicological data found wasincluded in
the EPA Ecotoxicology Database, ECOTOX. Thisdataonly included toxicologica effects of silicic
acid, the other breakdown product of both TBOS and TKEBS, on aquatic life forms. Since the
effluent from the Building 834 ground water treatment system is not being discharged to receiving
waters, thisdatais not relevant.

DOE/LLNL also considered the esthetic affects of the discharge of TBOS/TKEBS from the
ground water treatment system via the misting system and whether this discharge would lead to an
oily buildup over time. Based on the low concentrations (< 15 pg/L), climatic conditions, and large
surface area over which the discharge would be misted, DOE/LLNL does not believe that this would
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occur. However, DOE/LLNL will monitor the conditions of the ground surface and report on these
conditions in each of the quarterly compliance monitoring reports. In summary, this evaluation
suggests that there would be no negative impacts resulting from the misting of treated ground water
containing detectable levels of TBOS'TKEBS.

The P&IDs for the proposed treatment facility are presented in Figures 16A-E. The
Building 834 OU treatment system equipment specifications are included as Table 10. The
remediation strategy is discussed in Section 5.3.

4.3. Performance Summary

The effectiveness and protectiveness of the remedy for the Building 834 OU was assessed
primarily by reviewing contaminant concentration reduction and mass remova data. In the
following sections, DOE has included estimates of the pre-remediation mass of contaminantsin the
subsurface, and compared these values to the mass of contaminants removed by ground water and
soil vapor extraction. The estimates of the pre-remediation mass of contaminants in the subsurface
have a degree of uncertainty and are given as arange of values, assuming an uncertainty of £30%
as calculated from sensitivity analyses. The comparison of pre-remediation mass to that removed
through extraction should not be used as the basis for decision-making regarding the performance
of the remedy.

4.3.1. Ground Water

The mass of VOCs estimated to have been present in the ground water in the Building 834 OU
prior to the beginning of remediation was 93.4 kg. Thisincludes an estimated 58.9 kg (41.2—76.6
kg) in the Core Area and 34.5 kg (24.2-44.8 kg) in the Distal Area. Since then, 34 kg of VOCs
have been removed by ground water extraction, representing roughly 36% of the original mass.
Over 174,000 gallons of contaminated ground water have been extracted and treated. The estimated
amount of VOC mass remaining in the ground water in 2000 is 57 kg (39.9-74.1 kg), including
both Core and Distal Areas. This represents roughly 61% of the VOCs mass remaining. Since
ground water extraction can only account for a maximum of 36% of the removal, the difference may
berelated to measurement error and other factors such as diffusion, dilution, dispersion, and
biodegradation. The cumulative mass of VOCs extracted from ground water over time is shown on
Figure 17. Future massremoval rates are extremely difficult to predict because: (1) remova
efficiency varies as aresult of fluctuating ground water elevation and contaminant concentration, (2)
changes in extraction well configuration affect removal rate, and (3) the mass removal rate will
continue to decline as VOCs are removed from high-permeability sediments and diffuse slowly out
of fine-grained materials.

DOE estimates that achieving MCLs for VOCs in ground water in the perched aquifer could
require 140-220 yearsdueto: (1) low well yields, (2) limited amount of ground water available for
extraction, and (3) the difficulty in removing VOCs that have diffused into low-permeability
sediments. To shorten cleanup time using only ground water extraction would require installing a
large number of additional extraction wells (possibly more than 25), but the limited amount of
recharge to the perched agquifer may not make this approach viable. However, since the perched
aquifer at Building 834 is not used as a source of water, isisolated from the underlying regional
water-supply, and is not significantly migrating, ground water extraction is a viable long-term
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strategy for reducing the mass of contaminants in the subsurface. An important aspect of DOE’s
cleanup strategy for the Building 834 OU is the application of other technologies (eg.,
bioremediation) to supplement ground water extraction and reduce the time required to restore
beneficia uses of ground water.

4.3.2. Vadose Zone

The origind mass of VOCs estimated to have been present in the vadose zone was
602-1,118 kg. Since then, 275 kg of VOCs have been removed by soil vapor extraction,
representing 25-46% of the original mass. Also, an estimated 96 kg was removed during early soil
excavations. The cumulative mass of VOCs removed from the subsurface over time is shown on
Figure 17. Therate of massremoval is extremely variable, possibly as aresult of: (1) temporal
permeability variations in the subsurface caused by changes in vadose zone moisture content, (2)
seasonal changesin the thickness of the vadose zone from fluctuating ground water levels, and/or
(3) changes in the VOC concentration in extracted soil vapor as the extraction and air injection well
configuration is changed.

4.3.3. Removal Technology Effectiveness

As shown in Figure 17, soil vapor extraction is clearly a more effective mass remova
technology for VOCs than ground water extraction. In fact, more mass was removed in six months
(Fourth Quarter 1999—First Quarter 2000) using soil vapor extraction than was accomplished in the
first five years using solely ground water extraction. The major controlling factor regarding ground
water mass removal isthe relatively small volume of ground water available and the low hydraulic
conductivity of the subsurface. Ground water yields from individua wells are low; typically
hundreds of gallons per month. Observations during hydraulic tests indicate that ground water
capture zones are very limited, in some cases less than 10 ft in diameter. Ground water yield,
however, isincreased 2- to 3-fold when the ground water extraction system is operated concurrently
with soil vapor extraction. The highest VOC mass removal rates (1 kg/month) in ground water to
date were achieved during the months following the 1998 El Nifio rains.

Intrinsic in situ biodegradation is an additional mass removal mechanism in the Core Area
Microbia dechlorination of TCE (molecular weight = 131.40 gramsmole) to cis-1,2-DCE
(molecular weight = 96.95 gramsg/mole) results in mass reduction of 34.45grams per mole.
Intrinsic biodegradation is facilitated by the presence of the silicone oil, TKEBS/TBOS. Evidence
of microbial dechlorination of TCE to cis-1,2-DCE has been detected in several wellsin the Core
Area, including (W-834-D3, -D4, -D5, -D13, and -B3) (Halden et al., 1999; Semprini et al., 2000).
Within one week to ten days after shutting down the soil vapor extraction system, the oxygen levels
in these wells decreased below 2 mg/L. Under anaerobic conditions, the TCE concentrations
decreased by orders-of-magnitude and the cis-1,2-DCE concentrations increased by orders-of-
magnitude. Biomonitoring data indicate that mass removal rates approaching 1 to 2 kg/month were
potentially achievable viaintrinsic biodegradation. Additional data will be necessary to confirm
these mass removal rates. Treatability testing of intrinsic bioremediation is discussed in
Section 3.4.
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4.4. Performance Standards and Monitoring

Performance standards are set at the effluent discharge requirements for the ground water
treatment system. To ensure these standards are met, periodic monitoring of influent and effluent
concentrations is required as specified in the Substantive Requirements issued by the RWQCB
(Appendix B). Performance standards for the soil vapor treatment system are specified by the
SIVUAPCD Permit to Operate for the Building 834 Removal Actions (Appendix B). When the
facility sparging units are replaced with agueous-phase GAC, only one air permit will be needed for
the soil vapor treatment system. Currently, two air permits are in place; one for the vapor stream
generated by the air sparging unit and one for the soil vapor treatment unit vapor stream.
Adjustmentsto in-flow rates or blower rates may be necessary. System performance will also be
monitored to optimize massremoval. Sample port locations are identified in the P& 1Ds.

4.5. Controls and Safeguards

The Core Area ground water extraction and treatment system is designed so that the failure of
any component or energy source (mechanical or electrical), or loss of control signal will cause the
system to shut down safely. In addition, all pipelines will be visually monitored for leaks. The
treatment facility is equipped with interlocks and an interlock control panel. If one of the
components listed below malfunctions, the entire system will automaticaly shut down. The
operator will need to determine and correct the problem before the system can be manualy
restarted.

A system shutdown involves de-energizing the following equipment:
SVE Blower.

- Compressor.
All transfer pumps.
All pneumatic and electrical control valves.

A ground water extraction and treatment system shutdown would be initiated by the following
interlocks:

- Highwater levels.

« Lossof power to controls and instrumentation.

- Therma overload on eectric pump.

- High pressure at the particulate filter influent due to blockage of the discharge line.

The high pressure interlock switch may be incorporated after regulatory approval of the RD
designisreceved.

A soil vapor extraction and treatment system shutdown involves de-energizing the vacuum
pump. A soil vapor extraction and treatment system shutdown would be initiated by the loss of
power to controls and instrumentation. In addition, all above-ground pipelines will be visualy
monitored for signs of wear that may result in leakage.
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4.6. Discharge of Treated Water and Vapor

Treated ground water will be discharged to misters located on the western side of the hilltop and
will meet the discharge requirements specified in the Substantive Requirements for waste water
discharge issued by the RWQCB (Appendix B).

The treated vapor stream from the soil vapor treatment systems will be discharged to the
atmosphere in accordance with the air permitsissued by the SIVUAPCD (Appendix B).

4.7. Construction, Startup, and Document Schedule

DOE/LLNL has completed the design, construction, and startup of the existing ground water
and soil vapor treatment systems and a portion of the extraction wellfiedld. The schedule for
extraction wellfield expansion and replacement of the ground water treatment system is shown in
Table11. Alsoincludedin Table 11, are the agreed upon submitted dates for the Draft, Draft Fina,
Building 834 Five-Y ear Review reports.

4.8. Costs Estimates

The cost for treatment system design, construction, and startup, and estimated costs for
treatment system O&M are shown in Tables 12A-D.

5. Remedial Action Work Plan

The Remedial Action Work Plan for the Building 834 OU isthe basis for DOE and LLNL’s
approach to the implementation of the designed Remedia Action. The Remediation Strategy,
discussed in detail in Section 5.3, will consist of continued soil vapor and ground water extraction
and treatment, build-out to include Distal Area soil vapor and ground water extraction, and in situ
bioremediation. The Remedial Action Work Plan includes QA/QC Plans and Health and Safety
Plans for construction and O& M that are attached in Appendices C, D, E, and F. The Remedial
Action Work Plan also includes the monitoring and reporting requirements for the ground water
and soil vapor treatment systems and for extraction wells and monitor wells (Appendix B). In
addition, requirements for onsite storage and offsite shipment of hazardous waste, preliminary
remediation completion criteria, and procedures for facility and well closure are discussed in this
section.

5.1. Quality Assurance/Quality Control and Health and Safety
Plans

The QA/QC and the Health and Safety Plans for construction are presented as Appendices C
and D of this document. The QA/QC Plan for construction defines the quality objectives and areas
of responsibility for the proposed modifications to the Building 834 OU remediation system. The
Health and Safety Plan for these remediation system modifications defines areas of responsibility
for health and safety during modification activities and references existing LLNL Health and Safety
documents which address construction/modification health and safety issues.
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The QA/QC Plan for O&M of the Building 834 OU treatment facilities is presented in
Appendix E. This plan describes the organizational structure, responsibilities, and authority for
0O&M QA/QC and the objectives, quality goals, and QA elements for O&M of the Building 834
OU treatment facility. Appendix F contains the Health and Safety Plan for O&M of the
Building 834 OU treatment facility. This plan presents. (1) organizationa structure and
responsibilities, (2) hazard analyses and control measures, (3) training requirements for the
Building 834 OU treatment facility O& M, and (4) emergency safety procedures.

5.2. Monitoring and Reporting Programs

A Site-Wide Compliance Monitoring Plan for Site 300 is scheduled to be completed in 2002
that will include the monitoring and reporting program for the Building 834 OU. However, the
monitoring and reporting requirements for facility operations and ground water extraction and
monitor wellswill be briefly discussed in thisreport. These monitoring activities are necessary to
assess the ground water and vadose zone remediation progress.

5.2.1. Ground Water Treatment System Influent and Effluent

As stipulated by the RWQCB Substantive Requirements for the Building 834 Removal Action,
the Monitoring and Reporting Program Requirements, and the monitoring reduction letter report
(Appendix B), ground water treatment system influent and effluent sampling and/or monitoring will
be used to evaluate facility performance and to meet discharge permit requirements. The current
treatment system monitoring requirements are shown in Table 13, and are consistent with the
requirements of the Substantive Requirements, the Monitoring and Reporting Program, and the
monitoring reduction letter (Lamarre, 1998).

5.2.2. Ground Water Extraction and Monitor Wells

Ground water concentrations will be determined by analyzing samples collected from extraction
and monitor wellsto track changes in plume concentration and size that result from remediation and
natural processes such as dispersion, degradation, adsorption, diffusion, advection, and
biodegradation. Chemical analyses will be performed according to EPA Methods or andytica
methods contained in the ERD Standard Operating Procedures (Dibley and Depue, 2000). Results
will be evaluated according to QA/QC procedures contained in the Quality Assurance Project Plan
(QAPP) (Dibley, 1999). Measured ground water concentrations will be used to prepare
contaminant isoconcentration contour maps in order to assess the cleanup progress. These
assessments enhance understanding of the response of contaminant concentrations to ground water
extraction so that the extraction wellfield can be managed to achieve the most cost-effective and
expeditious remediation.

Ground water concentrations at extraction and monitor wells will be measured at a sampling
frequency specified by the Monitoring and Reporting Program or in the monitoring reduction letter.
These frequencies are generally dependent on: (1) the rate of observed or expected changesin
concentrations in each well and other nearby wells, (2) the location of the well, and (3) the purpose
or current use of thewell. Based on data from previous remediation, significant changesin ground
water contaminant concentrations are expected to occur over time intervals of monthsto years.
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The sampling schedule for Building 834 OU ground water extraction and monitor wells is
shown in Table 14. DOE/LLNL will discuss any future proposed changes to the monitoring
program with the regulatory agencies. Possible changes to the monitoring program may include,
but not be limited to: (1) the addition of a monitoring schedule for new ground water extraction or
monitor wells, and (2) changes in the sampling frequency or parameters of existing ground water
extraction or monitor wells in order to better assess how the new extraction system is affecting
ground water flow, contaminant migration, and ground water quality. DOE/LLNL will notify the
regulatory agencies and solicit their input on sampling frequency and parameter changes when
changes to the monitoring program are considered. The Site-Wide Compliance Monitoring Plan,
scheduled to be findized in September 2002, will supercede the RWQCB’s Monitoring and
Reporting Program and the sampling schedule contained in this document for the Building 834
Ou.

5.2.3. Soil Vapor Treatment System Influent and Effluent

VOC concentrations in soil vapor measured before, during, and after treatment will be used to
evauate the performance of vadose zone remediation systems. Monitoring requirements are
specified in the SIVUAPCD Permit to Operate for the Building 834 Removal Action
(Appendix B). Based on treatability test data and experience at other stes, contaminant
concentrations in soil vapor are anticipated to change over time intervals of weeks under stressed
conditions (i.e., during soil vapor extraction), or months to years under natural conditions. Sail
vapor sampling in the Building 834 area is not currently required under a specific permit.
Periodically, individual soil vapor extraction wells will be monitored to assess the effectiveness of
the soil vapor extraction system and extent of remaining VOC contamination in the vadose zone.

5.3. Remediation Strategy

The key to remediation performance at the Building 834 OU is understanding the three-
dimensional distribution of VOCs and designing an appropriate, media-specific cleanup strategy.
The bulk of VOC mass beneath the Core Area occurs in unsaturated soil, and extensive testing has
shown that the most efficient mass removal technology for this site is soil vapor extraction. Soil
vapor extraction mass removal rates are 5 to 6 times greater than ground water extraction mass
removal rates, when both systems are operated concurrently.

Theremedial strategy for the Building 834 OU consists of:
Continued soil vapor and ground water extraction in the Core Area
Expansion of the wellfield to extract soil vapor and ground water from Distal Areawells.

«  Optimizing VOC mass remova by intrinsic in situ bioremediation through cyclic operation
of selected Core Area extraction wells.

Enhanced in situ bioremediation is currently being studied as a treatability test to evaluate the
use of thistechnology to address dissolved and dense non-aqueous phase liquid (DNAPL) solvents
in low hydraulic conductivity subsurface sediments as discussed in Section 5.3.4.
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5.3.1. Continued Ground Water and Soil Vapor Extraction and Treatment in
the Core Area

Ground water and soil vapor will be extracted simultaneously from eleven wells, while soil
vapor only will be extracted from an additional four wells in the Core Area as described in
Section 4.1.2. The treatment facility will be operated to maximize soil vapor extraction mass
removal because thisisamore efficient mass removal mechanism than ground water extraction.
The ground water extraction system will be operated primarily to expose more soil and rock to the
applied vacuum of the soil vapor extraction system, enhancing VOC mass removal. The extraction
systems will also be operated cyclically on selected wells for mass removal by intrinsic in situ
bioremediation as discussed in Section 5.3.3.

5.3.2. Wellfield Expansion in the Distal Area

The wdlfield expansion will be performed to address the Distal Area contamination plumes. As
discussed in Section 2.2, the perched water-bearing zones in the Core and Distal areas are for the
most part hydraulically separated. Therefore, this expansion is necessary in order to remediate
distal area perched water contamination, which cannot be remediated using the existing extraction
wellfield in the Core Area. Asdiscussed in Section 4.1.2, six additional Distal Areawellswill be
added to address the downgradient VOC contamination. Aswithin the Core Area, extraction will
include both soil vapor and ground water.

5.3.3. VOC Mass Removal Optimization through Intrinsic In Situ
Bioremediation

Intrinsic biodegradation of TCE in the form of anaerobic dehalogenation is occurring in the
Building 834 Core Area. Since the biodegradation of TCE isinhibited while the facility is in
operation, both soil vapor and ground water extraction will be cycled on and off in selected wells,
W-834-D3, -D4, -D5, and -D13, where significant TBOS is avalable and biodegradation is
measurable. Bioremediation data suggests that a two-week period is sufficient to achieve anaerobic
conditions and a nearly complete transformation of TCE to cis-1,2-DCE. Although it may not take
the same period to reverse these conditions and remove, or cause the remova of, the DCE,
DOE/LLNL proposes to use atwo-week on and two-week off schedule. Sampleswill be collected
at more frequent time intervals in order to fine-tune the cycling frequency. All other wells will
remain on-line unless future monitoring data suggests a change to this configuration. In thisway,
DOE/LLNL can take advantage of the intrinsic biodegradation that occurs in the Core Area without
discontinuing the conventional extraction and treatment in other parts of the Building 834 area. The
facility will actually be used as an “on/off switch” to first promote the conversion of TCE to cis-
1,2-DCE during shut-off, followed by complete degration or removal of the cis-1,2-DCE upon re-
initiation of extraction in the selected wells. Thiswill also help reduce the nitrate concentrations, by
allowing regular denitrification. At some point in the future, when the magority of the contaminants
have been removed from the higher permesbility soils and water bearing zones, in situ
bioremediation may be necessary to remove VOCs from low hydraulic conductivity sediments, as
discussed below.
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5.3.4. Treatability Studies of Enhanced In Situ Bioremediation

The presence of dissolved and dense non-agueous phase liquid (DNAPL) solvents in low
hydraulic conductivity subsurface materids may limit the performance of pump-and-treat
operations, even in combination with soil vapor extraction. Pump-and-treat operations may at some
point in the future become ineffective at the site due to: (1) subsurface heterogeneity and complex
hydrogeology, (2) extremely limited ground water yield of less than 50 gallons per day per well, (3)
seasonally fluctuating water levels and alimited extent of saturation, (4) the presumed presence of
residual DNAPL sources, (5) limited ground water recharge and flushing of contaminants from the
vadose zone, and (6) the constant diffusion of contaminants out of heavily contaminated fine-
grained sediments (i.e., the Tps clay). Perched ground water at the site may not be remediated
effectively unless contaminants diffusing out of the Tps clay are intercepted and destroyed.

Biogeochemical data collected in over three years of biomonitoring demonstrate that this site
may be an appropriate candidate for deployment of enhanced in situ bioremediation.
Characterization of the microbial community of the site indicates the presence of various indigenous
dechlorinating microorganisms (Halden et d., 2001). Field data, stable-isotope anayses, and
various microcosm studies have shown that significant mass removal is occurring in the Core Area
through intrinsic in situ biodegradation (Halden et al., 1999; Vansheeswaran et a., 1999a; 1999b).
Intrinsic biodegradation currently is limited to the Core Area where silicone-based lubricants serve
asastrong driver of reductive dechlorination (Halden et a., 1999). Inthe T2 well cluster area and
other locations of the site (W-834-U1l and -C5), biotransformation of contaminants, although
occurring, islimited by alack of nutrients.

Treatability testing will be conducted in the future to evauate the use of enhanced insitu
bioremediation for the cleanup of contamination in the Tps clay, and/or those areas of higher
permeability such as the Tpsg where sufficient nutrients are not available. VOC contamination
within low permeability materials, such asthe Tps clay, are not readily accessible by conventional
extraction methods. The treatability testing will involve severa stages of work including
characterization of the microbial community, testing of nutrient substrates, and evaluation of nutrient
delivery methods. The nutrient delivery testing would possibly include the use of soil fracturing
with concurrent nutrient injection and would be followed by implementation and monitoring. To
obtain long-term protection of groundwater quality in permeable zones, enhanced in sSitu
bioremediation may be able to intercept and biotransform pollutants that dowly diffuse out of
heavily contaminated low-permeability zones by establishing a biodegradative permeable barrier
(biofilm) at the interface between relatively clean high-permeability zones (sand and/or gravel units
that are subject to ground water flushing) and highly contaminated |ow-permeability zones (silts
and clays that potentially may function as long-term source areas). Growth of bacteriain strategic
locations may be promoted by the use of hydraulic fracturing along the gravel/clay interface and
concomitant injection of a slurry consisting of nutrients, proppant (e.g., diatomaceous earth) and, if
necessary, TCE-transforming microorganisms.

Nutrient consumption by microorganismsis designed to trigger microbia growth and anaerobic
conditions conducive to the in situ reductive dechlorination of contaminants.  Fortuitous
cooxidation reactions also may occur in locations where the biofilm is in contact with high-
permeability material (Vancheeswaran et al., 1999). Once the injected nutrients are depleted, the
decaying biofilm itself becomes amicrobia food source that, over time, will slowly release organic
compounds to sustain the long-term biotransformation of pollutants (McCarty, 2000). In situations
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where strong DNAPL sources exist, repeated injection of nutrients may be warranted to create thick
bioreactive layers that effectively control rebound of contaminant concentrations in surrounding
ground water. Inthisway, in situ bioremediation makes use of biofouling and biotransformation to
confine and destroy contaminantsin situ.

5.4. Hazardous Waste Handling

Aqueous-phase GAC containing sorbed VOCs are replaced on-site as needed to remain in
compliance with RWQCB Substantive Requirements discharge limits. Vapor-phase GAC from the
Building 834 OU soil vapor extraction and treatment system will be replaced as needed to remain in
compliance with the SIVUAPCD air discharge limit. The spent aqueous-phase and vapor-phase
GAC from the Building 834 OU treatment facility will be removed from the 1,000-1b capacity
containers onsite by the vendor. The vendor will ship the spent GAC to a RCRA-permitted facility
for regeneration or disposal. DOE/LLNL will comply with the Offsite Rule (40 CFR 300.440) for
the offsite shipment of CERCLA waste.

5.5. Requirements for Closure

5.5.1. Ground Water Cleanup

Building 834 OU ground water cleanup will be complete when ground water samples
demonstrate that cleanup standards, which will be selected and codified in the Final Site-Wide
ROD, are achieved. When VVOC concentrations in ground water have been reduced to agreed upon
cleanup standards, the ground water extraction and treatment system will be shut off and placed on
standby in concurrence with agreement from the regulatory agencies. VOC concentrations may rise
in ground water after extraction ceases due to slow desorption from fine-grained sediments.
Therefore, ground water post-closure monitoring will be performed for two years after pumping
ceases. Should VOC concentrations in ground water rebound above cleanup standards, re-initiation
of remediation efforts will be discussed with the regulatory agencies.

5.5.2. Soil Vapor Cleanup

The soil vapor extraction system will be operated until it is demonstrated that VOC removal
from the vadose zone is no longer technically or economicaly feasible in meeting the aquifer
cleanup standards sooner, more cost effectively, and more reliably. The decision on whether it is
appropriate to shut off the soil vapor extraction system will be made based on the results of the
“Soil Vapor Extraction System Shut-Off Evaluation” discussed in Appendix G in concurrence
with the regulatory agencies. The evaluation presented in Appendix G was, by design, intended to
be applicable to all OUs where soil vapor extraction will be conducted. In addition, site-specific
considerations will need to be evaluated at the Building 834 OU and include the following:

1. At some point in the future, shut down of the soil vapor extraction system may be necessary
to optimize VOC remova from low hydraulic conductivity sediments through in situ
bioremediation as discussed in Section 5.3.4. In this eventuality, supportive data would be
presented for the regulatory agencies to evaluate in order to make an informed decision.
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2. A redesignation of ground water at the Building 834 OU through an amendment to the
Basin Plan could affect ground water cleanup standards and alter the ground water and soil
vapor remediation strategy.

When the decision is made by DOE and concurred by the regulatory agencies that the soil
vapor extraction system will be shut down based on the results of the Soil Vapor Extraction System
Shut-Off Evaluation, the monitoring of ground water and soil vapor will continue. Should site
conditions change or monitoring indicate that soil vapor concentrations have rebounded and will
cause the ground water to exceed ground water cleanup standards, re-initiation of remediation
efforts will be discussed with the regulatory agencies.

Cleanup will be considered complete when contaminant concentrations in ground water remain
below the cleanup standards for two years. Cleanup completion will be determined in conjunction
with the regulatory agencies.

After concurrence with the regulatory agencies that cleanup is complete, the Building 834 OU
extraction wells and monitor wellswill be decommissioned. Wellswill be closed by in-situ casing
perforation and pressure grouting, or by well removal as appropriate, consistent with the approved
LLNL Livermore Site and Site 300 Environmental Restoration Project Standard Operating
Procedures (SOPs) (Dibley and Depue, 2000). Wellhead abandonment will include removal of any
protective covers, instruments, concrete pads, etc., and the upper two to three ft will be filled with
low-permeability soil to restore grade.

After remediation is complete, the Building 834 OU ground water and soil vapor trestment
systems and their influent and discharge piping will be decontaminated, dismantled, and salvaged, or
used at other locations. Any wash water containing hazardous materials will be collected, sampled,
and disposed at one of several offsite RCRA-permitted facilities. GAC with sorbed VOCswill be
disposed according to the specifications described in Section 5.4 “Hazardous Waste Handling.”

6. References for LLNL Facilities Standards,
Specifications, and Guide Documents

6.1. General

Designs, construction drawings, and specifications will conform to and comply with the
applicable requirements of the latest adopted edition of the references listed herein, which will be
considered minimum requirements.

6.2. Regulations
U.S. Department of Energy (DOE)

DOE 5480.7A Fire Protection Program

DOE 6430.1A Genera Design Criteria
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Code of Federal Requlations (CFR)

10 CFR 435 Energy Conservation Standards

29 CFR 1910 Occupationa Safety and Health Standards (OSHA)

29 CFR 1910.7 Definitions and Requirements for a Nationally Recognized Testing
Laboratory (NRTL)

47CFR 15 Teecommunication (FCC Rules, Part 15)

State of California Department of Labor (DOL)

DOL Labor Code Division 5—Safety in Employment
Chapter 9—M iscellaneous Labor Provisions

Cdlifornia Code of Regulations (CCR)

CCRTitle8 Industrial Relations; Chapter 4, Subchapter 6

CCRTitle20 Public Utilities; Chapter 53—Energy
Conservation in New Building Construction

University of California, Lawrence Livermore National L aboratory (UCRL)

UCRL 15910 Design and Evaluation Guidelines for Department of Energy Fecilities
Subjected to Natural Phenomena Hazards

UCRL 15714 Suspended Ceiling System Survey and Seismic Bracing
Recommendations

6.3. Codes

American Concrete Ingtitute (ACI)

ACI 318 Building Code Requirements for Reinforced Concrete
American Indtitute of Steel Construction (AISC)

AISC Steel Construction Manual (Allowable Stress Design)
American National Standards Ingtitute (ANSI)

ANSI A58.1 Building Code Requirements for Minimum Design Loads for
Buildings and Other Structures
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American Welding Society (AWS)

AWSD 1.1 Welding Code—Sted

International Conference of Building Officials (ICBO)

ICBOUBC Uniform Building Code

ICBO UMC Uniform Mechanical Code

ICBO UPC Uniform Plumbing Code
National Fire Protection Association (NFPA)

NFPA 70 National Electrical Code
NFPA 90A Ingtalation of Air Conditioning and Ventilating Conditioning
Systems

6.4. Standards

American Concrete Ingtitute (ACI)

ACI 347 Recommended Practice for Concrete Form Work
American Society for Testing and Materials

American Water Works Association

Construction Specifications I nstitute

National Electric Manufacturers Association

Sheet Metal and Air Conditioning Contractors National Association, Inc.

6.5. LLNL Manuals and Reports
M-010  LLNL Health and Safety Manual

LLNL Site Development and Facilities Utilization Plan
LLNL Landscape Master Plan and Design Guidelines
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