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Executive 1mmary

Soil vapor extraction (SVE) is being used to remove carbon tetrachloride from the vadose
zone at the 200-PW-1 Operable Unit (OU). The purpose of this document is to report the
SVE system operating data and the effectiveness of SVE in remediating carbon
tetrachloride contamination based on the existing remedial design. This report covers
operations for fiscal year (FY) 2009 (October 1, 2008, through September 30, 2009) and
provides a general overview of the entire operating period from February 25, 1992,

through September 30, 2009.

The 216-Z-9 Trench, 216 _ 1A Tile Field, and 216-Z-18 Crib (216-Z-9, 216-Z-1A, and
216-Z-18 sites, respectively) were used from 1955 through 1973 for soil column disposal
of aqueous and organic liquid wastes containing carbon tetrachloride. 1e SVE

operations are focused on the vadose zone in the vicinity of these three waste sites.

Two +.2 m’/min (500 ft’/min) SVE systems were operated from April through
September 2009. One system extracted soil vapor at the combined 216-Z-1A/216-Z-18
Well Field, and one system extracted soil vapor at the 216-Z-9 Well Field. uring this
time, the two SVE systems extracted 177 kg (390 1b) of carbon tetrachloride from the
vadose zone. Between April 1991 (when the pilot test was conducted) and

September 2009, approximately 79,557 kg (175,391 Ib) of carbon tetrachloride were
removed from the vadose zone. Of this total, 54,711 kg (120,616 1b) were removed from
the 216-Z-9 Well Field, and 24,845 kg (54,773 1b) were removed from the
216-Z-1A/216-Z-18 Well Field.

Approximately 5 kg (11 lb) of carbon tetrachloride were removed from the vadose zone
m FY 2009 using passive SVE systems installed on eight wells in the
216-Z-1A/216-Z 3 Well Field. Passive SVE is a naturally occurring process driven by

barometric pressurc fluctuations and is often referred to as “barometric pumping.”

The primary source of the remaining carbon tetrachloride appears to be the relatively
low-permeability zones within and overlying the Cold Creek unit (CCU). As carbon
tetrachloride from ese lower permeability zones migrates into the overlying and
underlying higher permeability zones, it can be removed using SVE. However, the rate of
removal will be controlled by the rates of carbon tetrachloride desorption and diffusion.

At many monitoring locations, including locations within the higher permeability zones,




SGW-44694, REV. 0

the relatively low carbon tetrachloride rebound concentrations indicate that the readily
available mass (i.e., carbon tetrachloride already in the vapor phase or volatizing directly

frc  residual nonaqueous phase liquid) has been removed.

Recommendations for SVE « er. ons include cont 1ing operation of active and passive
extraction systems and continuing development of a final remedial action determined
through the Comprehensive Environmental Response, Compensation, and Liability Act of
19801 (CERCLA) remedial  restigation (RI)/feasibility study (FS) process for the

200 W-10U.

1 Compr
ailable

9601, et seq.
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Terms
B&K™ Briiel & Kjaer™
bgs below ground surface
( RCLA Comprehensive Environmental Response, Compensation, and Liability
Act of 1980
CCU Cold Creek unit
CPT cone penetrometer
DNAPL dense nonaqueous | ase liquid
I A expe ted response action
El F Environmental Restoration Disposal Facility
FS feasibility study
FY fiscal year
GAC granular activated carbon
HMI hume machine interfacc
ou operable unit
PFP Plutonium Finishing Plant
PLC programmable logic controller
ppmv parts per million by volume
RECUPLEX Recovery of Uranium and Plutonium by Extraction
RI remedial investigation
ROD record of decision
SVE soil vapor extra on

™ Briel & Kjaer is a trademark of Briel & Kjaer North America, Inc., Norcross, Georgia.
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1 Introduction and Summary of Fiscal Year 2009 Activities

In the mid-1980s, carbon tetrachloride was found in the unconfined aquifer beneath the 200 West Area of
the Hanfor Site. During this time, groundwater monitoring results indicated that the carbon tetrachloride
plume was widespread and that concentrations were increasing. The source of the carbon tetrachloride
contamination was determined tc e waste liquids discharged to the vadose zone through engineered
disposal sites.

Soil vapor extraction (SVE) was initiated in February 1992 to remove carbon tetrachloride contamination
from the vadose zone in the vicinity of these disposal sites. The purpose of the remediation using SVE is
to mitigate the threat to the environment caused by the migration of carbon tetrachloride vapors through
the soil column and into the groundwater.

Since February 1992, SVE has been operated as an interim action taken pendi nal cleanup activities
for these waste sites. The final cleanup activities will be determined as part of Comprehensive
Environmental Response, Compensation, and Liability Act of 1980 (CERCLA) remedial investigation
(} /feasibility study (FS) process currently being conducted for the 200-PW-1 Operable Unit (OU).
The 200-PW-1 OU includes the waste sites and associated vadose zone that received the carbon
tetrachloride waste liquids. The nature and extent of the carbon tetrachloride contamination in the
200-PW-1 OU is provided in DOE/RL-2006-51.

The purpose of this report is to evaluate the SVE system operating data and the effectiveness of SVE in
remediating the carbon tetrachloride contamination based on the existing remedial design. This report
covers operations for fiscal year (FY) 2009 (October 1, 2008, through September 30, 2009) and provides
a general overview of operations from February 25, 1992, through September 30, 2009. The following
activities were completed during FY 2009 to support SVE system operations.

Two new, 14.2-m*/min ( 0-ft’/min) SVE systems were installed and operated at the carbon
tetrachloride site. One system operated at the combined 216-Z-1A/216-Z-18 well field from April
through September 2009, and one system operated at the 216-Z-9 well field from April through
September 2009. During this time, the two SVE systems extracted 177 kg (390 1b) of carbon
tetrachloride from the vadose zone.

e / proximately 5 kg (11 Ib) of carbon tetrachloride were removed from the vadose zone using passive
SVE in FY 2009.

Soil vapor monitoring continued monthly throughout FY 2009 at wells and probes that were not
on-line to the SVE system. Based on evaluation of soil vapor concentrations measured near the
vadose zone/groundwater interface, temporarily suspending operation of the SVE system from
October 2008 through March 2009 appears to have had no negative impact on groundwater quality.
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2 200-PW-1 Operable Unit Soil Vapor Extraction

During FY 2009, carbon tetrachloride was removed from the vadose zone using two active SVE systems
and eight passive SVE systems.

1 Soil Vapor Extraction System Description

» active SVE systems use an applied vacuum to extract carbon tetrachloride vapor from the vadose
zone. These systems extract vapor through multiple vadose zone borings at the following three primary
carbon tetrachloride disposal sites:

e 216-Z-9 Trench (216-Z-9)
e 216-Z-1A Tile Field (216-Z-1A)
o 216-Z-18 Crib (216-Z-18)

One of the active SVE systems may also be used to extract vapor through wells at the 216-Z-12 Crib
(216-Z-12). The 216-Z-1A, 216-Z-18, and 216-Z-12 sites are discussed together because the well fields at
these sites overlap.

The passive SVE systems use naturally occurring changes in barometric pressure to drive the extraction
of carbon tetrachloride vapor. This process is also referred to as “barometric pumping.” In general, falling
atmospheric pressure causes subsurface vapor to move to the atmosphere through wells, while rising
atmospheric pressure causes atmospheric air to move into the subsurface. The eight passive SVE systems
were installed at eight individual vadose zone borings at the 216-Z-1A and 216-Z-18 sites.

The soil vapor extracted by the active and passive SVE systems is treated above-ground using canisters of
granular activated carbon (GAC). The GAC adsorbs the carbon tetrachloride from the vapor. The treated,
cle: soil vapor is then vented to the atmosphere.

211 Active Soil Vapor Extraction

Each SVE system operated in FY 2009 consists of a filter skid, a process trailer, and GAC canisters
which are described as follows.

e Each filter skid includes a filter, piping, and quick-disconnect fittings for connection of process hoses.

e FEach process trailer is divided into two sections separated by a dividing w. . The rear section
(- proximately 3/4 of the trailer) contains process equipment, and the front section is the
control room.

- 1e process section in the rear of each trailer includes a primary water separator, a positive
displacement air blower, an air-to-air heat exchanger vapor cooler, a secondary water separator,
ar an exhaust stack.

— The control room in the front of each trailer contains the SVE control and monitoring system,
which includes a programmable logic controller (PLC) and human machine interface (HMI)
computer for control, monitoring, and data logging; a gas chromatograph for measurement of
volatile organic compound (VOC) concentrations in process air; and electrical distribution
equipment. The SVE control and monitoring system also includes local instrumentation,
distributed controls, and interlocks for monitoring and control of system parameters.
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2.2.4 Carbon Tetrachloride Soil Vapor Extraction in Fiscal Year 2009

During FY 2009, each of the two 14.2-m*/min (500-ft/min) SVE systems operated from April 1 through
September 30. One system was used for extraction at the 216-Z-1A Well Field, and one system was used
for extraction at the 216-Z-9 Well Field. At each location, the extraction strategy followed in FY 2009
was similar to that used in previous years.

At the 216-Z-1A site, extraction wells open near or within the CCU in the 216-Z-1A Tile Field were
selected to optimize mass removal. The initial extraction wells were 299-W18-165, 299-W18-166,
299-W18-167, 299-W18-168, and 299-W18-174 (Figure 2-1). Two additional wells (299-W18-175 and
299-W18-253) were added on-line on April 29, and two additional wells (299-W18-89 and
299-W18-248) were added on-line on May 4 (Appendix A).

At the 216-Z-9 site, initial on-line wells were selected close to the 216-Z-9 Trench, and wells farther
away from the trench were brought on-line as extraction continued. The four initial extraction wells were
299-W15-9U, 299-W15-9L, 299-W15-82, and 299-W15-217 (Figure 2-1). Four additional wells
(299-W15-8U, 299-W15-48 [the slant well under the waste site], 299-W15-86, and C5340) were added
on-line on] 1y 4, and two additional wells (C4937 and C4938) were added on-line on May 21
(Appendix A).

At the 216-Z-1A/216-Z-18 site, passive SVE systems continued to operate from October 1, 2008, through
September 30, 2009 on the following eight wells: 299-W18-6L, 299-W18-7, 299-W18-10L,
299-W18-11L, 299-W18-12, 299-W18-246L, 299-W18-247L, and 299-W18-252L.

2.3 SoilV »orExtrac on rstem Performance

The operating data that are routinely recorded for each SVE system include carbon tetrachloride
concentrations, hours of operation, and system flow rates (Appendix B). These parameters are monitored
at the inlet to each SVE system to represent the combined contribution of all extraction wells currently
on-line. In addition, samples are periodically collected at individual wells to obtain well-specific data

(¢ pendix C). Flow meters, vacuum/pressure transmitters, and volatile organic monitors are calibrated,
and the calibration data are retained and available for review. The VOC monitoring instruments are
checked periodically with gas standards. The detection limit for carbon tetrachloride using this
instrumentation is 1 part per million by volume (ppmv).

2 1 Concentration Changes over Time

Carbon tetrachloride concentrations in the extracted soil vapor have decreased significantly at the 216-Z-9
and 216-Z-1A/216-Z-18/216-Z-12 Well Fields during operation of SVE. Carbon tetrachloride
concentrations in soil vapor extracted om the 216-Z-9 Well Field using the SVE systems have declined
from approximately 30,000 ppmv at startup in March 1993 to a maximum of 14 ppmv in FY 2009

(Figure 2-7). Carbon tetrachloride concentrations in soil vapor extracted from the
216-Z-1A/216-7Z-18/216-7-12 Well Field using the SVE systems have declined from approximately

1,500 ppmv at startup in February 1992 to a maximum of 9 ppmv in FY 2009 (Figure 2-8).

This decrease in concentrations with continued extraction is typical of SVE operations and represents
removal of the volatile contaminant readily available in the swept pore spaces. Extracted contaminant

v or concentration approaches an asymptotic level as the supply of volatile contaminant to the high-flow
zone becomes limited by :sorption and diffusion of carbon tetrachloride from sediment particles and soil
moisture. Diffusion also controls contaminant migration from the pore spaces between sediment particles
in the lower permeability/lower flow zones to pore spaces in the higher permeability/higher flow zones.
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The maximum concentrations measured in FY 2009 were approximately half of those measured in

FY 20C During initial SVE operations in FY 2009, representative carbon tetrachloride conce:  tions
were not recor  d because of equipment problems. Representative data are not available for the first four
weeks at the 216-Z-9 site and for the first ten weeks at the 216-Z-1A site. At both sites, the maximum
concentrations were measured after approximately three months of operation. Typically, the maximum
concentration is measured during the first week of operation. This suggests that if concentration data were
available during initial operations, the maximum values measured in FY 2009 would have been larger.

In FY 2009, vapor extracted from the 216-Z-1A site using the active SVE system showed only a slight
decrease in carbon tetrachloride concentrations from mid-July, when concentrations were highest, through
September (Figure 2-9). A slight decrease in concentrations from July through September was also
observed at the 216-Z-9 site (Figure 2-10).

In previous years, the carbon tetrachloride concentrations at the 216-Z-9 site declined to approximately
the same asymptotic value at the end of each operating period. In FY 2009, the ending (tailing)
concentrations are lower than those of previous years (Figure 2-11). A decrease in tailing concentrations
also is evident at the 216-Z-1A site (Figure 2-12). The lower concentrations in recent years are most

i : to an overall reduction in the 1 if carbon tetrachloride available for extraction at these
1 Exte :the duration of the«, 1 periodateach  itior = FY 2009 a ly
c id to icrease in tailing concentrations. During SVE operations each year, extraction wells

are added on-line and others are taken off-line (Table 2-1). In addition, the length of time prior to
initiation of operations for concentrations to rebound varies from year to year. These differences in
on-line wells and rebound times also contribute to differences in the relative magnitudes of the extracted
carbon tetrachloride concentrations shown in Figure 2-11 and Figure 2-12.

Although the initial (1992 through 1993) carbon tetrachloride concentrations were an order of magnitude
higher at the 216-Z-9 site (30,000 ppmv) than at the 216-Z-1A site (1,500 ppmv), the concentrations at
the two sites at the en  of FY 2009 operations were similar. Carbon tetrachloride concentrations in
extracted soil vapor were approximately 6 to 8 ppmv at both well fields at the end of September 2009
whena ve SVE operations ended in FY 2009.
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2.3.2 Volume of Soil Vapor Treated

For each SVE system, the volume of soil vapor processed was calculated using the hours that the system
operated and the measured flow rates. The flow rate measured at the SVE system represents the combined
flow from all on-line wells and may change as the selection of on-line wells changes. For a given applied
vacuum, the flow produced from each well is a function of the air permeability of the soil, open area of
the screened or perforated interval, ar  well diameter.

During FY 2009 operations, 2.5 million m® of extracted vapor were treated (1.5 million m’ were extracted
from 216-Z-1A, and 1 million m’ were extracted from 216-Z-9). Between April 1991 (pilot testing) and
September 2009, 106.2 million m’ of soil vapor were extracted and treated. This volume was extracted
from two well fields, with 46.9 million m® extracted from the 216-Z-9 Well Field and 59.2 million m*
extracted from the 216-Z-1A/216-Z-18/216-7-12 Well Field.

The flow rates at individual extraction wells were estimated by apportioning the flow rates measured

at the SVE systems among the on-line wells (Appendix A of BHI-00720). To estimate the flow rate at
each well on each day of operation, the system flow rate was multiplied by the ratio of the well’s open

ar (o the sum of the open areas for all of the wells operating on that system on that particular day. The
daily flow rates and the number of operating hours were then used to estimate the cumulative flow from
ea extraction well. At the 216-Z-9 Well Field, an estimated 31.2 million m’ of soil vapor were extracted
from wells open above the CCU (Table 2-3), and 15.7 million m’ of soil vapor were extracted from wells
open 2low the CCU (Table 2-4). For the 216-Z-1A/216-7-18/216-7Z-12 Well Field, an estimated

38.7 million m’ of soil vapor were extracted from wells open above the CCU (Table 2-3), and

20.5 million m® were extracted from wells « 2n below the CCU (Table 2-4).

Since system startup, 75 pore volumes of soil vapor have been extracted by the SVE systems above the
C( inthe 216-Z-9 area, based on an average lateral zone of influence of 55,000 m’ (592,000 ft*) above
the CCU in the 216-Z-9 area; an average Hanford formation thickness of 38 m (125 ft); an average
porosity of 20 percent; and an assumed uniform distribution of flow. Similarly, for the 216-Z-1A/216-

Z 3/216-7Z-12 area, based on an average lateral zone of influence of 155,000 m” (1,668,000 ft*), 33 pore
v umes of soil vapor have been extracted by the SVE systems above the CCU.

Based on an average lateral zone of influence of 40,000 m’ (431,000 ftz) below the CCU in the 216-Z-9
area, an average Ringol Unit E thickness of 21 m (69 ft) in the unsaturated zone, an average porosity of
20 percent, and an assumed uniform distribution of flow, 93 pore volumes of soil vapor have been

e acted by the SVE systems below the CCU. Similarly, for the 216-Z-1A/216-Z-18/216-7-12 site,
based on an average lateral zone of influence of 100,000 m” (1,076,000 ft*), 49 pore volumes of soil vapor
have been extracted by the SVE systems below the CCU.

2.3.3 Carbon Tt achloride Mass Removed

The mass of carbon tetrachloride removed from each well field was calculated using the measured flow,
concentration, and hours of operation data (Appendix B). In FY 2009, approximately 177 kg (390 Ib)
of carbon tetrachloride were removed from the vadose zone using the SVE system. Of the 177 kg

(390 ), approximately 103 kg (228 1b) of carbon tetrachloride were removed from the 216-Z-9 site
and 73 kg (162 1b) were removed from the 216-Z-1A site (Table 2-2).

In the absence of representative carbon tetrachloride concentrations measured at the inlet to the SVE
systems iring initial operations in FY 2009 (section 2.3.1), the characterization data collected weekly at
individual on-line extraction wells was used to estimate the mass removed.
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2.4 Analysis of Cyclic Soil Vapor Extraction Operational Data

Recent research associated with vadose zone transport processes for chlorinated organics (e.g., carbon
tetrachloride) has provided a basis to examine the flux of vadose zone contaminants across the water table
under conditions relevant to 2 200-PW-1 OU (Truex et al., 2009). Additionally, the dataset from
operation of the 200-PW-11 2-m’/min (500-ft’/min) SVE system in a cyclic mode (e.g., on for 6 months
and off for 6 months) from 1997 through 2008 is being analyzed to estimate the contaminant mass flux of
carbon tetrachloride remaining within the vadose zone (e.g., release of carbon tetrachloride from sorbed
phases into the vapor phase where it can transport to the groundwater) and how this mass flux changed
over time. Using this analysis, an estimate of vadose zone contaminant mass flux can be applied using an
approach based on the method described in Truex et al. (2009) to evaluate the future impact of the
remaining vadose zone contamination on the groundwater at the Hanford Site. This analysis is anticipated
to- vide the following results, which will be used in the FS for the 200-PW-1 OU to support the
evaluatic  of remedial alternatives:

e Documentation of the decline in SVE mass extraction in a way that can be used to predict likely
future carbon tetrachloride extraction given the same operating strategy

e Anestimate of how the current carbon tetrachloride contamination in the vadose zone is impacting
the groundwater

e Proposal of a technically defensible strategy for determining when the SVE remediation can be
discontinued without future impact of vadose zone carbon tetrachloride contamination on the ability
to reach groundwater cleanup goals.
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3 Sc¢ 1ipor Monitoring

Non-operational soil vapor monitoring data are ¢ ected at wells and probes that are not on-line to the
SVE system. The objectives of monitoring the non-operational wells and probes are as follows:

o To measure carbon tetrachloride concentrations and trends near the vadose/atmosphere and
vadose/groundwater interfaces to evaluate whether non-operation of the SVE system is negatively
impacting the atmosphere or groundwater

e To be cognizant of carbon tetrachloride concentrations and trends near the CCU to provide an
indication of concentrations that can be expected during restart of SVE operations and to support
selection of on-line wells

For each well field, the period of rebound begins when SVE operations are temporarily suspended.

Ce tetrachloride concentrations rebound during periods of non-operation as a result of carbon

tet ride accumulating in the pore spaccs after apparent diffusion from sediment micropores, soil
moisture, residual dense nonaqueous phase liquid (DNAPL), and/or low-permeability zones. When

op tions resume, initial extracted carbon tetrachloride concentrations are higher than the carbon
tetrachloride concentrations at the previous shutdown. These initial concentrations will generally be lower
than the initial concentrations following previous periods of rebound. However, the non-operational
duration for each well field varies from year to year, which also affects the rebound concentrations.

3. Fiscal Year 2009 Monitoring

Soil vapor monitoring at off-line wells and probes was conducted in FY 2009 using sampling methods
similar to those developed for the rebound study in FY 1997 (BHI-01105). A low-flow (0.8-L/min
[0.2-gal/min]) sampling pump was used to draw soil vapor samples from wells and probes into a 1-L
(0.3-gal) Tedlar® bag for analysis using a Briiel & Kjaer™ (B&K ™) multi-gas monitor. Two purge
volumes were drawn before the representative sample was collected. At the wells, a tube was lowered to
the target depth where the casing is perforated to minimize the volume of air to be purged. A metal filter
attached to the end of the tube also served as a weight. Each well equipped w 1 a sampling tube remained
sealed at the well head throughout the monitoring period and allowed access to the sampling tubes in the
wells.

Soil vapor samples were ¢t ected monthly from approximately 30 off-line probes and wells, including
the 8 passive SVE wells. As in previous years, soil vapor samples were analyzed primarily to monitor for
carbon tetrachloride. However, samples were also analyzed for chloroform, methylene chloride, methyl
ethyl ketone, and water vapor because the B&K ™ multi-gas analyzer has been configured to monitor these
¢ stituents in support of routine operations. The passive monitoring data for FY 2009 are included in
Appendix D; the soil vapor monitoring data for FY 2009 are included in Appendix E. Both sets of data
are included in the FY 2009 rebound data evaluation.

E ed on monitoring during FY 2009, the following maximum carbon tetrachloride soil vapor
concentrations were detected in the vadose zone at the 216-Z-9 and 216-Z-1A/216-Z-18 sites.

e The maximum concentration detected near the ground surface (between 2 and 10 m {7 and 33 ft] bgs)
was 7 ppmv at a depth of 8 m (25 ft) in the 216-Z-1A/216-Z-18 Well Field (at probe CPT-32). At the

® Tedlar is a registered trademark of E. I. du Pont de Nemours and Company or its affiliates.
™ Brilel & Kjaer is a trademark of Briiel & Kjaer North America, Inc., Norcross, Georgia.
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4 Status of Expec ed Response Action

The purpose of the expedited response action (ERA) is described as follows (Smith and Stanley, 1992,
“Action Memorandum: Expedited Response Action Proposal for 200 West Area Carbon
Tetrachloride Plume”):

The purpose of this action is to mitigate the threat to site workers, public health, and the
environment caused by the migration of carbon tetrachloride vapors through the soil column
and into the groundwater. The action is an interim action taken to reduce the mass of carbon
tetrachloride in the soil column beneath the 200 West Area pending the final cleanup
activities associated with the 200-ZP-1 and 200-ZP-2 Operable Units.

Between 1992 and 2009, the carbon tetrachloride concentrations in the upper portion of the unconfined
aq er underlying the primary carbon tetrachloride source waste sites were reduced (DOE/RL-2010-11).
This reduction likely has resulted from the dual application of SVE remediation in the vadose zone and
P I-treat remediation in the  sundwater © the vi = "'y of the source waste sites.

An interim remedial measure pump-and-treat system is currently operating in the 200-ZP-1 OU and will
continue to operate under the requirements established in the interim record of decision (ROD)
(EPA/ROD/R10-95/114) until the treatment system required by the final ROD (EPA et al., 2008)
becomes operational, which is expected to occur by December 2011.

One objective for the pump-and-treat interim remediation is the reduction of the carbon tetrachloride |
groundwater concentration that is greater than 2,000 pg/L. This goal for groundwater has been met at both |
the 216-Z-1A and 216-Z-9 sites. Concentrations in groundwater in extraction well pair
299-W15-32/299-W15-47 (near the 216-Z-9 Trench) have declined from approximately 8,000 pg/L in
1997 to concentrations ranging from 820 to 1,300 pg/L in FY 2009 (DOE/RL-2010-11). Carbon

tetra  oride concentrations in gror  dwater from Well 299-W18-16 (east of the 216-Z-1A Tile Field)
ranged from 180 to 1,000 pg/L in FY 2009 (DOE/RL-2010-11).

The history of mass recovery using SVE at the carbon tetrachloride source cribs reflects two phases
commonly observed during SVE remediation projects (Figure 2-13). The first phase is generally
characterized by higher rates of mass removal while the readily available volatile contaminant is being
removed from the higher permeability zones. With continued extraction, concentrations decrease more
slowly as the supply of volatile contaminant becomes limited by desorption and diffusion of the
contaminant from micropores and/or lower permeability soil. In this second phase, diffusion controls
contaminant migration.

£ hough additional carbon tetrachloride can be recovered using SVE, the rate of removal has been
decreasing. The de ne in the rate of removal can be attributed primarily to the following:

e Reduction in SVE system capacity (i.e., from a total of 85 m*/min to 14.2 m*/min [3,000 ft*/min to
500 ft’/min]) in 1998, with an increase to 28.3 m*/min (1,000 ft’/min) in 2009

Reduction in the yearly duration of extraction operations (i.e., from 12 months each year to
3 months each year at each site) in 1998, with an increase to 6 months each year at each site in 2009

. eduction in the mass of carbon tetrachloride available for extraction, as a result of previous mass
removal using SVE

¢ Diffusion-controlled contaminant migration
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The reduction in SVE system capacity and yearly duration of extraction operations contributed to the
decline in mass removed in 1998. Extraction rates limited by diffusion of contaminated vapors from the
finer grained layers to the higher flow zones have contributed to the continuing decrease in the mass
removed each year since 1998.

Because of the reduction of carbon tetrachloride mass it 1€ soil, it is reasonable to con 1de that the
much higher percentage of extracted mass has been removed from the larger pore spaces and that the
carbon tetrachloride that remains is in finer-grained layers.
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5 Conclusions and Recommenc __ions

5. Conclusions

Operation of the SVE systems between 1991 and 2009 has resulted in the removal of 79,557 kg
(175,391 1Ib) of carbon tetrachloride from the vadose zone underlying the primary carbon tetrachloride
disposal sites. Of this total mass of carbon tetrachloride removed, 77 kg (390 1b) were removed in
FY 2009.

The old 14.2 m*/min (500 ft’/min) SVE system was operated for approximately six months each year
between 1998 and 2008 (except when it was not operated in 2000). In 2009, two new 14.2 m’/min

(500 ft'/min) SVE systems were operated simultaneously for six months. Operations during each of these
years have continued to remove carbon tetrachloride from the vadose zone. Although removal rates have
decreased in recent years, use of SVE still results in an annual average extraction of approximately 225 kg
(500 1b) of carbon tetrac| le from the vadose zone per year (average extraction based on the FY 2007
througl v 2009 results ... . .ble 2-2). With the readily accessible carbon tetrachloride removed, mass
removal (in terms of mass removed per operation time) is more efficient with intermittent SVE operation,
which allows the carbon tetrachloride vapor concentration in the higher flow zones to increase while the
system 1s not operating.

The passive SVE systems ave removed approximately 95 kg (209 1b) of carbon tetrachloride from the
vadose zone between October 1999 and September 2009. Of this total mass of carbon tetrachloride
removed using passive SVE systems, approximately 5 kg (11 1b) were removed in FY 2009. Mass
removal per year using the passive systems has remained fairly constant at 5 to 10 kg (11 to 22 Ib).

5.2 Recommendations

> following recommendations are made to maximize the effectiveness of SVE operations and
monitoring and to provide information to support a final ROD.

e Evaluate the impact on operations and mass removal of operating the SVE systems for two additional
months, March and October, when the ambient air temperature typically is cooler.

Continue operation of the passive SVE systems.
e Continue monthly monitoring.

* Consider adding extraction points in the vicinities of the source cribs, including the area south of the
216-Z-9 waste site. The use of additional extraction points will alter the subsurface airflow pathways.
Carbon tetrachloride concentrations extracted using these new airflow pathways can be used to
evaluate continued carbon tetrachloride remediation using SVE.

¢ Consider adding extraction/monitoring points near the vadose zone/groundwater interface, where data
are relatively sparse, to evaluate vapor concentrations below the CCU and potential mass flux to the
groundwater.

e Consider implementing an SVE operating strategy that ultimately will support demonstration of the
successful completion of remediation using SVE. For example, potential operational strategies
include operating for either longer durations or at different locations to compare the SVE response to
the response observed in previous cyclic operations, focusing soil vapor extraction in targeted areas,
and using a combination of extraction wells and injection wells (i.e., we  open to the atmosphere) to
focus air flow through selected areas.
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7 . .evious Evaluations of Soil Vi or Extraction Data

Detailed information on previous SVE operating periods (FY 1992 through FY 2008) and on
characterization data collected during the 200-PW-1 QU RI can be obtained from the following reports:

e FY 1992 through FY 2001 — BHI-00720
e FY 2002 - WMP-17869
e FY 2003 -WMP-21327
e 1 2004-WMP-26178
e FY 2005 - WMP-30426
e FY 2006 - SGW-33746
e FY2007-SGW-37111
e 1 2008-SGW-40456
e DOE/RL-2006-51

e DOE/RL-2006-24

e DOE/RL-2006-58

e DOE/RL-2007-22
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Appendix A

We san | »w Rates for Each Cycle F Soil Vapor Extraction,
1997 )9
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A Wellsi 1..ow s for _a¢  rcle of Soil Vapor Extraction,
)} 109

This appendix provides the following data on the wells and flow rates for each cycle of soil vapor
ex ction from 1997 through 2009.

Table A-1 provides a list of the wells and flow rates for soil vapor extraction at the 216-Z-9 site.

e Table A-2 provides a list of the wells and flow rates for soil vapor extraction at the
216-Z-1A/216-Z-18/216-Z-12 site.

A-1
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Apr dixB

isc " Year 709 Daily Soil Vapor "traction Data
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B Fiscal Year 2009 Daily Soil Vapor Extraction Data
This appendix provides daily data for soil vapor extraction operations for fiscal year 2009:

e Table B-1 provides the daily data for soil vapor extraction operations at the 216-Z-9 site for fiscal
year 2009.

e Table B-2 provides e daily data for soil vapor extraction operations at the 216-Z-1A site for fiscal
year 2009.
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Appendix C

Fiscal Year 2009 Soil Vapor Extraction Well Characterization Data
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C Fiscal Year 2009 Soil Vapc« Extraction Well Characterization Data
This appendix prov s soil vapor extraction well characterization data for fiscal year 2009:
e Table C-1 provides the 216-Z-1A soil vapor extraction well characterization data for fiscal year 2009.

e Table C-2 provides the 216-Z-9 soil vapor extraction well chara rization data for fiscal year 2009.

C-1
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Appendix D

Fiscal Year i 09 Pas: se So Vapor E: ‘action Data




SGW-44694, REV. 0



SGW-44694, REV. 0

D s )09 Passive Soil Vapor «tra( ata

is appendix contains the following four tables of data from fiscal year 2009 for passive soil vapor
extraction:

e Table D-1 provides passive soil vapor extraction well monitoring data for the 216-Z-1A/216-Z-
18/216-Z-12 site.

e Table D-2 provides data on carbon tetrachloride concentration standard analyses.
Table D-3 provides data on blank analyses.

e Table D provides data on field blank analyses.
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Appendix

Fiscal Year 20 ) Soil Vapor or oring Data
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Fiscal Year: 19S¢ Vi orMoi oring a

This appendix presents the following five tables containing data for fiscal year 2009 soil vapor
monitoring:

e Table E-1 provides monitoring data for non-oper onal wells and prc 1 at t
© 3Z-1A/216-7Z-18/216-Z-12 site.

e Table E-2 provides monitoring data for non-operational wells and probes at the 216-Z-9 site.
e Table E-3 provides data for carbon tetrachloride concentration standard analyses.
e T leE-4provides dataon! ik analyses.

e Table E-5 provides d 1 on field blank analyses.

E-1
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