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EXECUTIVE SUMMARY

Soil vapor extraction (SVB)is beinguéed to remove carbon tetrachloride from the vadose zone
at the 200-PW-1 Operable Unit (formerly designated as the 200-ZP-2 Operable Unit). 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 has been revised to cover the operating period from February 25, 1992 through
September 30, 2001. The scope of the report includes the history of SVE operations at
200-PW-1, the efficiency of those operations over time, the volume of vapor processed per
extraction system, the change in carbon tetrachloride concentrations with time, the mass of
carbon tetrachloride removed per site, and recommendations for future operations and
evaluations. This revision includes an update to the carbon tetrachloride conceptual model.

Carbon tetrachloride was found in the unconfined aquifer beneath the 200 West Area at the
Hanford Site in the mid-1980’s. Groundwater monitoring indicated that the carbon tetrachloride
plume was widespread and that concentrations were increasing. In response to this
contamination, removal of carbon tetrachloride from the vadose zone in the 200 West Area was
initiated in 1992 using SVE followed by aboveground vapor treatment on granular activated
,cafbon. By March 1993, three SVE systems, located near the three primary carbon tetrachloride
disposal sites, were in operation with 2 total capacity of 85 m*/min. The three primary carbon
tetrachloride disposal sites were the 216-Z-9, 216-Z-1A, and 216-Z-18 subsurface infiltration
facilities used from 1955 through 1973 for soil column disposal of aqueous and organic liquid
wastes.

Carbon tetrachloride concentrations in the extractod soil vapor have decreased significantly at all
three sites during operation of the SVE systems. Initial carbon tetrachloride concentrations in
extracted soil vapor were approximately 30,000 parts per million by volume (ppmv) at the
216-Z-9 wellfield and 1,500 ppmy at the 216-Z-1A{Z-18 wellfield. Concentrations in extracted
soil vapor were approximately 40 ppmv at the 216-Z-9 wellfield and 25 ppmyv at the
216-Z-1A/Z-18 wellfield when active SVE was last used at these sites in 2001.

Performance Eval. Report for SVE at the Carbon Tet. Sit_e; Feb. 1992 — Sept. 2001
June 2002 . ES-1
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Operation of all three SVE systems was temporarily suspended du?ing fiscal year (FY) 1997
{(from November 1996 through June 1997) to evaluate the'magnituide and rate of carbon
tetrachloride concentration rebound following temporary %ssaﬁuf%bf operations. Soil vapor
concentrations were measured in samples collected from 90 probes%and wells throughout the
SVE sites. The observed febound in vapor concentrations indicatés that additional carbon
tetrachloride is available for removal using SVE.

The primary source of this remaining available carbon tetrachlond& appears to be the relatively
low-permeability zone from approximately 38 to 45 m depth. As earbon tetrachloride from this
lower permeability zone migrates into the overlying and undeﬂ)ung:hxggher permeability zones, it
can be removed using SVE. However, the rate of removal will be ¢ontrolled by the rates of
carbon tetrachloride desorption and diffusion. At many momtonng locations, including ones
within the higher permeability zones, the relatively low carbon tetrachloride rebound
concentrations indicate that the readily accessible mass (carbon mhlmdaalmady in the vapor
phase or volatilizing directly from residual nonaqueous-phase quui%:l) has been removed. At
these locations, the availability of additional mass for removal usinb SVE is controlled by
desorption and diffusion kinetics of carbon tetrachloride adsorbed within soil particle micropores

and dissolved in soil moisture.

Based on the results of the FY 1997 rebound study and the decli rate of carbon tetrachloride
removal during continuous extraction operations, the operating suai,%gy was modified from that

of FY 1997 and previous years. Rather than operating all three SV@ systems continuously, only
the 14.2-m*/min system was used for carbon tetrachloride removal during FY 1998, FY 1999,
and FY 2001. During each of these fiscal years, the 14.2-m*/min system was operated from
April through September; operation was temporarily suspehded eacii fiscal year from October
‘through March. Operation was temporarily suspended during the emu'e year in FY 2000. The
28.3-m*/min and 42.5-m*/min SVE systems were maintainedin staniby mode during FY 1998,
FY 1999, and FY 2001. All three systems were maintained in sum#uy mode during FY 2000,
Carbon tetrachloride concentrations were monitored at each wenﬁeid during each period of

nonoperation.

A
iyl
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Between April 1991 (when the pilot test was conducfed) and September 2001, approximately
77,154 kg of carbon tetrachloride were removed from the vadose zone using these three SVE
systems, Of this total, 53,318 kg were removed from the 216-Z-9 wellfield and 23,836 kg were -
removed from the 216-Z-1A/Z-18 wellfield. |

Passive SVE systems were installed on eight wells in FY 1999 and operated throughout FY 2000
and FY 2001 to remove carbon tetrachloride from the vadose zone. Passive SVE is a naturally
occurring process driven by barometric pressure fluctuations and is often referred to as
“barometric pumping.” The eight wells are located in the 216-Z-1A/Z-18 weilfield. Between
October 1999 and September 2001, approximately 30 kg of carbon tetrachloride were removed

from the vadose zone using passive SVE.

The total mass of carbon tetrachloride removed between 1991 and 2001 using SVE represents an
estimated 10% of the original carbon tetrachloride inventory (approximately 750,000 kg)
discharged to the soil column. Approximately 0.1% oii the original inventory was removed each
year in FY 1998, FY 1999, and FY 2001 (782 kg, 811 kg, and 710 kg, respectively). Between
1955 and 1990, an estimated 21% of the original inventory was lost to the atmosphere, 2% was
dissolved in groundwater, and 1% was biodegraded. The remaining 66% of the original
inventory is believed to be primarily in residual saturation, soil moisture, and nonequilibrium
sorption sites within the vadose zone and groundwater and possibly as a dense nonaqueous-phase
liquid in groundwater.

Recommendations for FY 2002 SVE operations include continuing cyclic SVE operations with
potential modifications to the system location and/or to the schedule to allow more efficient
extraction, continuing operation of the passive SVE systems with potential modifications to the
dcsigh and locations of the systems, and continuing carbon tetrachloride vapor concentration
monitoring during periods of nonoperation of the SVE system. It is recommended that an
evaluation be conducted to determine the frequency and type of SVE operations and monitoring
to be implemented in FY 2003. |

Performance Eval. Report for SVE at the Carbon Tet. Site, Feb. 1992 — Sept. 2001 ' :
June 2002 ES-3-
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METRIC CONVERSION CHART
Into Metric Units Out of Metric Units
If You Know Multiply By  To Get If You Know Multiply By  To Get
inches 254 millimeters millimeters 0.039 inches
inches 2.54 centimeters centimeters 0.394 inches
feet 0.305 meters meters 3281 feet
yards 0914 meters meters 1.094 yards
miles 1.609 kilometers kilometers 0.621 miles
Area Area
5q. inches 6.452 5q. centimeters | sq. centimeters 0.155 sq. inches
sq. feet 0.093 5q. meters 8q. meters 10.76 sq. feet
sq. yards 0.0836 8. meters $q. meters 1.196 5q. yards
sq. miles 26 5q. kilometers sq. kilometers 0.4 8q. miles
acres 0.405 hectares - hectares 247 acres
Mass (weight) Mass (weight)
ounces 2835 grams grams 0.035 ounces
pounds 0.454 kilograms kilograms 2.205 pounds
ton 0.907 metric ton metric ton 1.102 ton
Volume Volume
teaspoons 5 milliliters milliliters -0.033 fluid ounces
tablespoons 15 milliliters - liters 2.1 pints
fluid ounces 30 milliliters Liters 1.057 quarts
cups 024 liters liters 0.264 gallons
pints 0.47 liters cubic meters 35315 cubic feet
quarts 095 liters cubic meters 1.308 cubic yards
gallons 38 liters
cubic feet - 0.028 cubic meters
cubic yards 0.765 . cubic meters
Temperature Temperature
Fahrenheit subtract 32,  Celsios Celsing multiplyby  Fahrenheit
then 9/5, then add
multiply by 32
. 59

Radioactivity Radioactivity
picocuries - 37 millibecquerel millibecquerel 0.027  picocuries
Pressure Pressure
inches (water) 24907 pascals pascals 0.0040149 inches (water)
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1.0 PURPOSE

Soil vapor extraction (SVE) is being used to remove-carbon tetrachloride from the vadose zone
at the 200-PW-1 Operable Unit (formerly designated as the 200-ZP-2 Operable Unit). 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 has been revised to cover the operating period from February 25, 1992 through
September 30, 2001. The previous versions of the report covered the operating periods from
February 25, 1992 through September 30, 2000 (Rev. 5), February 25, 1992 through
September 30, 1999 (Rev. 4); February 25, 1992 through September 30, 1998 (Rev. 3);
February 25, 1992 through September 30, 1997 (Rev, 2); February 25, 1992 through June 30,
1996 (Rev. 1); and from February 25, 1992 through June 30, 1995 (Rev. 0). The scope of the
report includes the history of SVE operations at 200-PW-1, the efficiency of those operations
over time, the volume of vapor processed per system, the change in carbon tetrachloride
concentrations with time, the mass of carbon tetrachloride removed per site, and
recommendations for future operations and data evaluation. This revision includes an update to
the 1994 carbon tetrachloride conceptual model (Rohay et al. 1994).

Performance Eval. Report for SVE at the Carbon Tet. Site, Feb. 1992 = Sept.-2001
June 2002 1-1
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2.0 BACKGROUND

Carbon tetrachloride Was found in the unconfined aquifer beneath the 200 West Area at the
Hanford Site in'the mid-1980’s. Groundwater monitoring indicated that the carbon tetrachloride
plume was widespread and that concentrations were increasing. On December 20, 1990, the
U.S. Environmental Protection Agency (EPA) and the Washington State Department of Ecology
(Ecology) requested the U.S. Department of Energy (DOE), Richland Operations Office (RL), to
proceed with the detailed planning, including nonintrusive field work, required to implement an -
Expedited Response Action (ERA) for removing carbon tetrachloride contamination from the
unsaturated soils if'the 200 West Area. The request was based on concemns that the carbon
tetrachloride residing in the soils was continuing to spread to the groundwater and, if left
unchecked, would significantly increase the areal extent of groundwater contamination. The
purpose of this ERA is to minimize carbon tetrachloride migration within the vadose zone
beneath and away from the carbon tetrachloride disposal sites in the 200 West Area.

The first site evaluations were conducted from January through April 1991 to refine the .
preliminary conceptual model and to'collect data in support of the selection and design of an
initial remedial action (Hagood and Rohay 1991). These initial site evaluations included a pilot
test of a SVE system. - Results of the initial ERA site evaluations were summarized in
September 1991 E—-RL 1991)

Based on the mmal mvesﬁgauons and on the engineering evaluation and cost analysis (EE/CA),
the preferred altemative forremoval of the carbon tetrachloride from the vadose zone was SVE
followed by aboveground vapor treatment on granular activated carbon (GAC) (DOE-RL 1991).
In January 1992, the EPA and Ecology issued an Action Memorandum authorizing the DOE to
initiate SVE for cleanup of the carbon tetrachloride (EPA 1992). The first SVE system began

operating in February 1992,

The objective of the ERA, assmwdmtheAcumMemorandum is to mitigate the threat to site

. workers, public health, and the'énvironment caused by the migration of carbon tetrachloride
vapors through the soil colamm and into the groundwater. The ERA is an interim action taken to
reduce the mass of carbon tetﬁchioﬂdem the soil column beneath the 200 West Area pending
the final cleannp actm&es -

The final cleanup aeuvihzﬁ wi& he determined as part ﬁf the Comprehensive Environmental
Response, Compensation, and Liability Act of 1980 rémedial investigation/feasibility study
process for the 200-PW-1 Operable Unit. The remedial investigation of the carbon tetrachloride

vadose zone plume was initiuted in fiscal year (FY) 2002 (DOE-RL 2002s).

Performance Eval. Report for SVE at the Carbon Tet. Site, Feb. 1992~ Sept. 2001
June 2002 2-1
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2.1 CARBON TETRACHLORIDE WASTE DISPOSAL

Carbon tetrachloride, contained in aqueous and organic wastes generated during the Recuplex
and Plutonium Reclamation Facility plutonium processing operations at Z Plant (currently called
the Plutonium Finishing Plant), was discharged primarily to three _"ubsurfaoe infiltration
facilities: the 216-Z-9 Trench from 1955 to 1962, the 216-Z-1A Tile Field (and the associated
216-Z-1 and 216-Z-2 Cribs) from 1964 to 1969, and the 216-Z-18 Enb from 1969 to 1973
(Figure 2-1). The Recuplex operation was discentinued after a cntgcahty incident in April 1962,
and it was replaced in May 1964 by the Plutoniom Reclamation Fagility; no liquid organic waste
associated with these operations was discharged to cribs in the intefvening years. No liquid
organic waste was discharged to cribs after 1973. A total of 570,000 to 920,000 kg (360,000 to
580,000 L) of carbon tetrachloride is estimated to have been discharged to the soil column during
this time (Table 2-1) (DOE-RL 1991).

Three other sites in the vicinity of Z Plant also received some carbﬂn tetrachloride wastes: the
216-Z-12 Crib, the 216-Z-19 Ditch, and the 216-T-19 Crib (Figure;2-1). The 216-Z-12 Crib
received analytical and development laboratory waste from Z Plant from 1959 to 1973 and is
estimated to have received a small volume of organics, which included carbon tetrachloride
(Kasper 1982). The 216-Z-19 Ditch was used to convey process céolmg water and steam
condensate from Z Plant from 1971 to 1981; apparently, carbon tetrachioride was also
occasionally and/or accidentally released to this ditch because heavy organic was noted in the
outfall (Rohay and Johnson 1991). Between 1973 and 1976, aqueous waste saturated with
carbon tetrachloride was sent to the 242-T Evaporator; during that time, the 216-T-19 Crib

~ received approximately 1,400 kg (880 L) of carbon tetrachloride in the overhead condensate
discharged from this evaporator (Rohay et al. 1993).

2.2 CARBON TETRACHLORIDE WELLFIELD

~ The vadose zone underlying the carbon tetrachloride area consists of approximately 66 m of
relatively permeable sand and gravel interrupted by a relatively less permeable interval
composed of 4 m of silt and sand and 3 m of carbonate-rich silt and sand. Because it constitutes
a relatively low flow zone, this less permeable interval from approximately 38 to 45 m depth
effectively divides the wellfield into two zones: an upper zone from the ground surface to the
top of the less permeable layer and a lower zone from the bottom of the less permeable layer to
the water table. Because of its higher concentration of calciwm carbonate, the less permeable
Plio-Pleistocene layer is informally referred to as the “caliche layer.”

There are currently 46 drilled wells available for on-line extraction (Figure 2-1). Thirteen of
these wells were drilled during 1992 and 1993 and completed as vapor extraction wells with
stainless steel casing and screens; one well was drilled at a 45° mchne Existing wells, drilled
between 1954 and 1978 and completed with carbon steel casing, were adapted for vapor
extraction by perforating the well casing using mechanical or jet perforators. Two of these wells
were deepened in 2001 and completed with stainless steel screens and casing that extend below
the perforated intervals (BHI 2001). Seventeen wells have two screened or perforated open

Performance Eval. Report for SVE at the Carbon Tet. Site, Feb. 1992 — Sept. 2001
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intervals isolated during operations by downhole packers. The two open intervals in the two
wells deepened in 2001 are isolated by cement grout placed in the annulus between the two
casings. Twenty-one well intervals are available at each of the 2 wellfields, 216-Z-18/Z-12 and
216-Z-1A; 23 well intervals are available at the 216-Z-9 wellfield. Seventeen of these 65
intervals are open below the Plio-Pleistocene layer (6 at 216-Z-18/Z-12, 2 at 216-Z-1A, and 9 at
216-Z-9). Well diameters range from 5 to 20 cm (2 to 8 in.). Each SVE system extracts
simultaneously from multiple wells open either above and/or below the Plio-Pleistocene layer.
Cross sections through the 216-Z-18/Z-12, 216-Z-1A, and 216-Z-9 wellfields are shown in
Figures 2-2a, 2-2b, and 2-2c, respectively.

There are 126 subsurface monitoring probes installed at >2-m depth (Figure 2-1) as follows:

* A cone penetrometer was used in 1993 to install 11 extraction or monitoring wells
constructed of 2.54-cm- (1-in.) diameter hollow stainless steel rod. The open interval,
located at the bottom of each well, consists of 4 m of rod machined with 33 0.64-cm-
(0.25-in.) diameter holes per each 1-m interval. The deepest open interval ends 34 m below
ground surface (bgs). One of these wells was decommissioned in April 1997.

» A cone penetrometer was used to install 106 subsurface monitoring probes at 35 locations at
the carbon tetrachloride site between 1991 and 1994. Up to five monitoring probes were
installed at each location at various depths. Each subsurface monitoring probe consists of a
sintered metal monitoring screen (12.7 cm long with an outside diameter of 1.27 cm)
attached to a 0.64-cm- (0.25-in.) diameter teflon tube that runs to the surface. The deepest
monitoring probe installed at the vapor extraction sites using the cone penetrometer is 36 m

bgs.

¢ Ten stainless steel tubes were strapped to the outside of the casing of four wells during
installation in 1993 to enable monitoring above and below the screened intervals.

There are up to 87 shallow soil vapor probes at depths ranging from 1.2 to 1.8 m bgs

(Figure 2-3). The network was installed between 1991 and 1995. The total number of existing
probes is uncertain because some of the probes have since been destroyed, primatily as a result
of other near-surface construction activities or prolonged exposure to weather conditions.

Performance Eval. Report for SVE at the Carbon Tet. Site, Feb. 1992 — Sept. 2001
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2-1. Location of Extraction and Monitoring
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' Figure 2-2b. Cross Section Through the 216-Z-1A Wellfield.
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Figure 2-2c.| Cross Section Through the 216-Z-9 Wellfield.
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Table 2-1. Contaminant Inventoty Dischitrged to

Carbon Tetrachloride Disposal Sites.
- | Total Liquid
Carbon Carbon ‘
Plutonium | Americiumn (Agueous and Operating
Site Tetrachloride (kg) (kg) Tetrachloride )
kg L) 1 o"’"km . Dates
216-Z-9 | 130,000-480,000 106" 25 83,000-300,000 4.09E+06 - 1955-1962
216-Z-1A 270,000 57 1 170,000 5.20E+06 1964-1969
216-Z-18 170,000 23 04 110000 |  3.86E+06 1969-1973
Total 570,000-920,000 186 _ 39 363,000-580,000 13.15E+06 1955-1973

*58 kg was later removed.
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3.0 SOIL VAPOR EXTRACTION SYSTEM DESIGN

To meet the accelerated ERA startup schedule, constrain costs, and fulfill the requirements for
working in a radiologically controlled area, the initial approach to the ERA maximized the use of
field screening-level data, existing boreholes, and off-the-shelf technology. During subsequent
phases, additional characterization data collected during SVE system operatlons were used to
upgrade the remediation design and performance objectives.

The initial SVE system, purchased for the pilot test, was upgraded to expedite initiation of
extraction operations. It consisted of a water knockout tank to remove entrained water droplets

~ that would otherwise damage downstream equipment; a high-efficiency particulate air (HEPA)
filter to remove entrained particulate matter, including radionuclides; a blower to extract the soil
vapor; GAC-filled canisters in series for adsorbing carbon tetrachloride; and a stack for venting
the treated vapor to the atmosphere (Figure 3-1). A chiller to cool the vapor was added later
between the blower and the GAC-filled canisters. Two other SVE system units purchased later
had a similar design.

The SVE systems were designed for completely automated operations monitoring, requiring only
routine checks to ensure that the systems were functioning properly. The pilot-scale SVE test
unit was designed with continuous air monitoring instruments for detection of volatile organic
compounds (VOCs) and alpha and beta radiation. The output from these instruments, along with
other system parameters such as vapor flow rate and system vacuum, was connected to a
personal computer-based data logging system. During the test period, however, it was
discovered that the instrumentation required almost constant operator attention to maintain
extraction operations. VOC sampling was performed using an on-line flame ionization detector
that proved unable to specifically target detection of carbon tetrachloride and required frequent
calibration and maintenance. Instruments for monitoring alpha and beta radiation and radon gas
(added in 1992) were removed in 1994 once baseline operating data were accumulated.

To support an improved design for the first production-mode SVE system, an alternative VOC
monitoring instrument was investigated. A new technology was pursued that used a solid-state
VOC-sensing device. Testing indicated that the instrument produced both accurate and
repeatable measurements of carbon tetrachloride concentrations. During the first year of
operations, however, it was discovered that carbon tetrachloride degraded the solid-state sensor,
causing unpredictable instrument failures. Following the overheating of a GAC canister in
June 1993, revised operating procedures required that concentrations of other, more readily
reactive VOCs, such as methyl ethyl ketone, be routinely measured during operations. For these
reasons, another VOC monitoring technology using a photoacoustic infrared detector, the

Britel & Kjaer Type 1302 multi-gas monitor (B&K, a trademark of Brilel & Kjaer, DK-2850),
was purchased. During its initial use, manual sampling every 2 hours was performed during
8-hr/day operating periods to test the performance of the instrument. The B&K instrument
proved to be accurate and reliable, and had the added feature of being able to measure several
other targeted VOCs, in addition to being readily adaptable to automated operation. The B&K
instrument is currently being used to support 24-hr/day SVE system operations providing
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automated sampling and analysis at the SVE system inlet, between GAC canisters, and at the
vent stack (Figure 3-2).

Passive SVE uses naturally induced pressure gradients between the subsurface and the surface to
drive soil vapor to the surface. . The presence of a borehole screened in the vadose zone provides
a preferential pathway for flow. In general, falling atmospheric prgssure causes subsurface vapor
to move to the atmosphere through wells, while rising atmospheri¢ pressure causes atmospheric
air to move into the subsurface. At the carbon tetrachloride site, passive SVE systems are

installed on selected wells.

The minimum component for a passive SVE system is a well to provide the preferential pathway
from the subsurface zone to the surface. On the systems designed for use at the carbon
tetrachloride site, additional components include an aboveground ganister of GAC to collect the
venting carbon tetrachloride; hoses to connect the well to the canis , and a one-way, flow-
activated valve that lets soil vapor flow out through the well but prevents atmospheric air from
flowing in through the well (Figure 3-3). Each system also has an'ﬁn—line, replaceable cartridge
of GAC for sampling upstream of the canister of GAC. Analysis of the GAC in the cartridge
provides a time-integrated estimate of the mass removed while the GAC was in-line. Three of
the passive systems are also instrumented to measure and record the flow rate and carbon
tetrachloride vapor concentration on an hourly basis; these data can be used to calculate an
estimate of the amount of mass removed.

i

Ll
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Soil Vapor Extraction System Design -

Figure 3-1. Soil Vapor Extracﬂnn System Process Flow Diagram.
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Figure 3-2. Configuration of Instrumentation Moniuiﬁlng Volatile Organic
Compounds at the Soil Vapor Extraction System.
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Figure 3-3. Passive Soil Vapor Extraction System.
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4.0 HISTORY OF SOIL VAPOR EXTRACTION SYSTEM OPERATIONS

A pilot SVE system was tested at the 216-Z-1A Tile Field in April 1991 (DOE-RL. 1991). Based
on the results of this testing and as part of the ERA, a full-scale SVE system was installed and
began extracting from wells at the tile field on February 25, 1992. Two of the 216-Z-18 Crib
wells were added to the same system in May 1992. This s 3ystﬂam ongmaliy had a design capacity
of 14.2 m*/min (500 ft*/min), but was upgraded to 28.3 m”/min (1,000 ft Imm) in March 1993,
Two additional SVE systems, one with 42.5-m*/min (1 500—ft’lnnn) capacity and the other with
14.2-m/min (500-ft*/min) capacity, began operating in March 1993 at the 216-Z-9 Trench.

These three areas, the 216-Z-1A Tile Field, 216-Z-9 Trench, and 216-Z-18 Crib, were selected
for initial SVE operations because they were the primary known disposal sites for carbon
tetrachloride. ,

Extracted carbon tetrachloride is collected on GAC contained in 2.4-m- (8-ft) tall, 1.2-m- (4-ft)
diameter carbon steel canisters. Operation of all three systems was temporarily suspended on
June 3, 1993 because of a GAC canister overheating incident at 216-Z-9 (Driggers 1994). The
28.3-m Imm system resumed operation at the 216-Z-1A/Z-18 wellfield on November 12, 1993;
the 42.5-m’/min system resumed operation at the 216-Z-9 wellfield on February 23, 1994; and
the 14.2-m*/min system, which was moved to the 216-Z-18 wellfield, resumed operation on June
30, 1994.

Upon initial startup and restart following the overheating incident, each system was operated
during the regular work shift only, Monday through Friday. This schedule was necessary to
allow manual sampling of the VOC monitors to ensure compliance with operating limits. With
the incorporation of a reliable, automated VOC monitor (the B&K instrument), the SVE systems
began continuous operations. The 28. 3—m 3/min SVE system began operating 24 hr/day,

7 days/week on July 11, 1994; the 14.2-m*/min SVE system began on August 3, 1994; and the
42.5-m’/min SVE system began on October 19, 1994.

On August 15, 1995, SVE operations using the 14.2-m*/min SVE system were expanded to
include the 216-Z-12 site. This disposal site was known to have received some carbon
tetrachloride, and ERA characterization activities indicated sxgmﬁcant concentrations of carbon
tetrachloride in the subsurface soil vapor.

A rebound study was conducted throughout the carbon tetrachloride SVE sites from

November 1996 through July 1997 (Rohay 1997). The purpose of the study was to determine
the increase in carbon tetrachloride vapor concentrations following temporary cessation of
operations. Operation of all three SVE systems was temporarily suspended on November 4,
1996 and restarted on July 18, 1997. The results of the 1997 studyatesummanzedm

Section 6.1 of tlus report. All three SVE systems continved to opmte untﬂ Soptember 30, 1997.

Based on ﬂ'lemults of the FY 1997 rebound study and the dechmng rate of carbon tetrachlonde
removal during continuous extraction operations (Rohay 1997), the operating stmtegy was
modified. Rather than operating all three SVE systems continuously, only the 14.2-m’/min
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system was used for carbon tetrachloride removal during FY 1998;, EY 1999, and FY 2001. The
14.2-m*/min system was modified so that it could be moved betwqen the 216-Z-1A/Z-18/Z-12
and 216-Z-9 wellfields. The 28.3- and 42.5-m*/min SVE systems were maintained in standby
mode during FY 1998, FY 1999, and FY 2001. All three SVE systems were maintained in
standby mode during FY 2000.

The 14.2-m*/min SVE system was operated from March 30 throu June 30, 1998 at the
combined 216-Z-1A/Z-18/Z-12 wellfield and from July 7 through eptcmber 30, 1998 at the
216-Z-9 wellfield. Operation of the system was temporarily suspended during the winter from
October 1, 1997 through March 29, 1998.

i
The 14.2-m*/min SVE system was operated from March 29 through June 28, 1999 at the 216-Z-9
wellfield and from June 30 through September 30, 1999 at the conibmed 216-Z-1A/Z-18/Z-12
wellfield. Operation of the system was temporarily suspended during the winter from October 1,
1998 through March 28, 1999,

Operation of the 14.2-m*/min SVE system was temporarily suspe:gﬂed in FY 2000 from
October 1, 1999 through September 30, 2000 as a result of higher priority remediation activities
competing for the limited funding.

i
The 14.2-m*/min SVE system was operated from April 4 through July 18, 2001 at the combined
216-Z-1A/Z-18/Z-12 wellfield and from July 20 through September 30, 2001 at the 216-Z-9
wellfield. Operation of the system was temporarily suspended during the winter from October 1,
2000 through April 3, 2001. :
For the 6 months that the system was not operated in FY 1998, FYF 1999, and FY 2001, and the

concentrations was monitored at wells and probes covenng both W ’
that the system was operated at 216-Z-1A/2-18/Z-12, carbon te

concentrations were monitored at nonoperational wells and probes primarily at the 216-Z-1A/
Z-18/Z-12 wellfield. Results of the FY 1998, FY 1999, FY 2000, and FY 2001 rebound
measurements are summarized in Sections 6.2, 6.3, 6.4, and 6.5 of this report, respectively. .

[
Between April 1991 (when the pilot test was conducted) and September 2001, 77,154 kg of
carbon tetrachloride was removed from the vadose zone using thesg three SVE systems
(Table 4-1). The mass of carbon tetrachloride removed from the 2, ‘6-Z-lA 216-Z-18, and
216-Z-12 sites is reported as a combined value because wells fromithe 216-Z-1A and 216-Z-18
sites were undergoing extraction simultaneously using the 28.3-m’fmin SVE system in 1992 and
1993; wells from the 216-Z-18 and 216-Z-12 sites were undergoing extraction simultaneously
using the 14.2-m*/min SVE system from 1995 to 1997; and wells from the 216-Z-1A, 216-Z-18,
and 216-Z-12 sites have been undergoing extraction simultaneously using the 14. 2-m3hmn SVE
system since 1998. The wellfields at these sites overlap.

I
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Passive SVE systems were installed on eight wells in FY 1999 and operated throughout FY 2000
and FY 2001 to remove carbon tetrachlotide from the vadose zone. The eight wells are located
in the 216-Z-1A/Z-18 wellfield. Between October 1999 and September 2001, approximately

30 kg of carbon tetrachloride were removed from the vadose zone using passive SVE.
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Table 4-1. Mass of Carbon Tetrachloride Removed Using Soil Vapor Extraction.

o Carbon Tetrachloride Removed Each Calendar Year (kg)
te .
1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 Total
216-Z-18/Z-12 :
140 959 2,541 8,757 1,307 2.581 583 258 375 0 335 23,836
216-2-1A
216-Z.9 - -- 1,065 35,029 | 11,500 | 3,150 1,239 524 436 0 375 53,318
Total 140 :959 3,606 | 43,78 | 18,807 | 5,731 1,822 782 811 i 710 71,154
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5.0 SOIL VAPOR EXTRACTION SYSTEM OPERATING DATA

Soil vapor extraction system operating data that are routinely recorded include carbon
tetrachloride concentrations, applied vacuums, system flow rates, and hours of operation. All
instruments (e.g., flowmeters, vacuum gauges, and volatile organic monitors) are calibrated. All
calibration data on each instrument are retained and available for review. The VOC monitoring
instruments are checked frequently and periodically challenged with calibrated gas standards.
The detection limit for carbon tetrachioride is 1 part per million by volume (ppmv).

As part of operations, the SVE system technicians complete daily, weekly, and monthly
surveillance checklists on which they verify system startup, shutdown, and compliance monitoring.
These records are stored by Document and Information Services and are available for review.

When operations began in 1992, the system data were automatically recorded, first on a
datalogger and then using the Strawberry Tree software program (a trademark of Strawberry
Tree Incorporated, Computer Instrumentation and Controls, Sunnyvale, California), in binary
format. These recording systems sampled the SVE system parameters every 15 minutes without
distinguishing between ongoing operations, calibration checks, etc. As a result, these data are
essentially raw instrument data and require careful evaluation for validity prior to use for
determining SVE system performance. These data were not used in this report.

Field activities, including operation of the SVE systems, are recorded daily by the SVE system
technicians in field logbooks. The technicians carefully reviewed the logbooks to reconstruct the
operating history for each SVE system, including flow rate, vacuum, carbon tetrachloride
concentration, and operating hours. These data were used in preparation of this report,
particularly for the 1992-1993 operating period.

As an upgrade to the Strawberry Tree software, a programmable logic controller (PLC) was
installed to control the SVE process. The Interact (a registered trademark of Computer
Technology Corporation, Milford, Ohio) software was implemented as an operator interface to
the PLC. A PLC was incorporated into the 28.3-m*/min SVE system in March 1993 and into the
14.2-m’/min system upon restart in 1994, The 42.5-m*/min system was equipped with an Allen-
Bradley (Milwaukee, Wisconsin) PLC and operator interface software when it was purchased.
Each PLC records flow and vacuum data every 15 minutes and concentration data every 2 hours;
the SVE system technicians use these data to establish daily records of representative system
- variables. For example, at the 14.2-m31p1in system, four data points (6:00 a.m., noon, 6:00 p.m.,
and midnight) are averaged to establish the loading data for a given day.

Following the GAC overheating incident in 1993, revised operating procedures required a more
structured format for recording representative system data. Therefore, beginning in 1994, the
representative daily data orded on spreadsheets created by the technicians. That same
year, a more reliab ed VOC monitor (the B&K instrument) was used at all-three SVE
systems to collect concentration data. Data for the 14.2- and 28.3- *fmin SVE systems were
entered onto sgreidsheéis manually until December 1995 when the system was automated; data
for the 42.5-m>/min system were always recorded automatically. These spreadsheets were the
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source of the 1994-1997 data used in this report. Representative dgily data provided weekly by
the SVE technician were the source of the 1998-2001 data used in this report.

5.1 SOIL VAPOR EXTRACTION SYSTEM AVAILABILITY

‘The availability of each SVE system is evaluated by comparing th? amount of time it was
operating to the amount of time it was planned to be operating. This comparison is summarized
as “percent availability.” Availability data are provided for 1994, 1995, 1996, 1997, 1998 1999,
and 2001.

il
The amount of time each SVE system was planned to be operatmgj changed as operations
became more routine (Table 5-1). In addition, for 16 days during ﬂovember and December 1994
and 14 days during November and December 1993, the systems w not expected to be
operational. Using only the planned operating time to define the um possible system
availability directly reflects the impacts that GAC changeouts, system malfunctions, and
scheduled maintenance have on system operations.

‘ the first full month of
ted in Figure 5-1. Between

The operating efficiency of all three systems since November 1
24-hr/day, 7-days/week operations for all three systems, is illus

November 1994 and September 2001, the monthly availability for all three s Qrstems averaged
93%. During 1998, 1999, and 2001, the monthly availability for the 14.2-m°/min SVE system
averaged 99%, 98%, and 91%, respectively, exceeding the goal of achlevmg 90% availability.

With the following exceptions, each system was operated at greate ¢ than 65% availability,
selected as a minimum reference value, during 1994, 1995, 1996, 1997, 1998, 1999, and 2001
(Table 5-2). The 14.2-m*/min SVE system operated at less than 65% avaxlabxhty during
- July 1994, its initial startup month, and January and February 1995 (Flgure 5-2). For 5 weeks
during January and February 1995, extraction operations at the 14,2 -m /min SVE system were
limited to 9 hr/day, 5 days/week because malfunction of the automgted sampling system
necessitated manual sampling of VOC concentrations. The 28.3-my’/min SVE system, which was
restarted in November 1993, dropped to 65% availability in November 1994, when extraction
operations were limited to 9 hr/day, 5 days/week for 1 week because of malfunction of the
automated VOC sampling system (Figure 5-3). The 42.5-m*/min SVE system operated at less
than 65% availability only during March and April 1994, its mmal restart months (Figure 5-4).

In general, opcratlon of the systems is most dxfficult to mamtam d ing the winter months, as

draining water from the extraction hoses and water knockc;ut : ‘f during cold weather. The
increased volume of water in the hoses and knockout tanks during the winter months results from
condensation of moisture in the extracted soil vapor when it enc ; ters colder temperatures. In
addmon, when the water in the hoses freezes before it can be drai ,L - operatwn of the extraction
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operational difficulties were the basis of the decision to temporarily suspend operation of the
SVE system during the winter rather than the summer months in 1998, 1999, and 2001.

Significant changes in the rate at which each SVE system was operated are reflected in the
changes in slope of the cumulative hours plotted with time (Fxgure 5-5). For example, the loss of
operating time during January and February 1995 at the 14. 2-m*/min system is reflected by the
decrease in slope; the chan ge from 7-hr/day operanons to 24-hr/day operations in October 1994
at the 42.5-m’/min system is reflected by the increase in slope. Between April 1991 (when the
pilot test was conducted) and September 2001, the three SVE systems together have operated
72,470 hours: - the 14.2-m*/min system has operated a total of 30,799 hours; the 28.3- 3/min
system has operated a total of 23,568 hours; and the 42.5-m>/min system has operated a total of
18,103 hours (Table 5-3).

52 VOLUME OF SOIL VAPOR PROCESSED

For each SVE system, the volume of soil vapor processed was calculated using the hours the
system operated and the measured flow rate of soil vapor exiting the system (FM6, Figure 3-1).
The average daily flow rates measured at each system since 24-hr/day operatlons began are
shown in Figures 5-6 through 5-8.

The flow rate measured at the SVE system represents the combined flow from all the 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, the open area of
the screened or perforated interval, the well diameter, and the radius of influence of the well.

The flow rate at each SVE system may also be adjusted by the SVE system technicians to meet
varying conditions and requirements. For example, during the winter months, flow rates were
reduced by the technicians to minimize the volume of knockout water generated. Ice blockages
within the vapor extraction hoses occasionally also limited the flow to the extraction system.
During the warmer months, ﬂow rates are generally established at approximately 90% to 95% of
blower capacity (e.g., 14.2 m*/min) to avoid exceeding the operating limits. A well with an open
interval in a lower permeability soil layer that produces vapor at a lower flow rate may be placed
on line because it has higher contaminant concentrations; typically, the flow rate will increase as
extraction continues and airflow pathways are established.

With the exception of the winter months, the. ﬂow rate at the 14.2-m’/min SVE system was
generally maintained between 11 and 14.2 m*min between July 1994 and August 1996

(Figure 5-6). The flows were reduced for two:separate weeks in April and May 1995 during
testing at a single extracuanwan. Between September 1996 and September 1999, the flow rate
was often between 14 and 16 m*/min (Figure 5-6). The flows were lower in August 1997 during
testing associated with the rebound study. The initial extraction wells selected for SVE restart
operations at the 216-Z-9 site in July 1998, in March 1999, and in July 2001 produced flows that
were lower than 14.2 m*/min.

Performance Eval. Report for SVE at the Carbon Tet. Site, Feb. 1992 — Sept. 2001
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From July 1994 through mid-April 1995, the flow rate at the 28‘3~§m3lmin SVE system varied
between 14.2 and 22.7 m’/min (Figure 5-7). In March and April 1995, flow rates were
significantly improved by jet perforating 10 of these extraction wells, which previously had been
mechanically perforated. Since then, flow rates at the 28.3-m*min SVE system generally have
varied from 22.7 to 28.3 m’/min. The improved flow rates allow ghe 28.3-m*/min SVE system to
operate at lower vacuums, which reduces the heat generated at the{blower motor. Prior to jet
perforating, the system vacuum had to be reduced during hot weather to avoid overheating the
blower motor, which resulted in lower flow rates. The flows were reduced for a week in

August 1997 for a low-flow test to estimate the impact of low SVE flow on carbon tetrachloride
removal rates.

From mid-February through June 1995, the flow rate at the 42.5-m’/min SVE system tended to
be either 36.8 to 39.6 m*/min or 28.3 to 33.9 m*/min (Figure 5-8).  During this time, an off-gas
treatment system was being tested that frequently temporarily suspended operations. Between
July 1995 and January 1996, the flow rate using all three blowers varied from 34 to 42.5 m*/min.
From February through August 1996, the system operated on only two blowers at flow rates
ranging between 28.3 and 34 m*/min.

Between April 1991 (when the pilot test was conducted) and Septgmber 2001, 89 million m® of
soil vapor was extracted and processed using the three SVE systems (Table 5-4a). Of this
volume, 40 million m® was extracted from the 216-Z-9 wellfield and 49 million m® was extracted
from the 216-Z-1A/Z-18/Z-12 wellfield (Table 54b). The volume of vapor extracted daily by
each system is shown in Figures 5-9 through 5-11.

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). For each well, the system
flow rate was multiplied by the ratio of that well’s open area to thejsum of the open areas for all
the wells in operation on that system on that particular day. These daily flow rates and the
number of operating hours were then used to estimate the cumulative flow from each extraction
well. At the 216-Z-9 wellfield, an estimated 27 million m® of soil wapor was extracted from
wells open above the Plio-Pleistocene layer and 13 million m® was/extracted from wells open
below the Plio-Pleistocene layer (Table 5-5). For the 216-Z-1A/Z/18/Z-12 wellfield, an
estimated 30 million m® of soil vapor was extracted from wells open above the Plio-Pleistocene
layer, and 19 million m* was extracted from wells open below the Plio-Pleistocene layer.

Based on an average areal zone of influence of 55,000 m? above tha Plio-Pleistocene layer in the
216-Z-9 area, an average Hanford formation thickness of 38 m, an javerage porosity of 20%, and
assuming a umiform distribution of flow, 65 pore volumes of soil v@por have been extracted by
the 42.5- and 14.2-m*min SVE systems above the Plio-Pleistocenl?i layer. Similarly, for the
216-Z-1A/Z-18/2-12 area, based on an average areal zone of inﬂu%ncc of 155,000 m?, 25 pore
volumes of soil vapor have been extracted by the 28.3- and 14.2-m’/min SVE systems above the
Plio-Pleistocene layer.

4
Based on an average areal zone of influence of 40,000 m” below the Plio-Pleistocene layer in the
216-Z-9 area, an average Ringold Unit E thickness of 21 m in the unsaturated zone, an average
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porosity of 20%, and assuming a uniform dlsmbunon of flow, 75 pore volumes of soil vapor
have been extracted by the 42.5- and 14.2-m 3/min SVE systems below the Plio-Pleistocene layer.
Similarly, for the 216-Z-1A/Z-18/Z-12 area, based on an average areal zone of mﬂuence of
100,000 m?, 45 pore volumes of soil vapor have been extracted by the 28.3- and 14.2-m 3/min
SVE systems below the Plio-Pleistocene layer.

The areal zones of influence at the 216-Z-9 and 216-Z-1A/Z-18/Z-12 wellfields were estimated
using numerical airflow modeling (Rohay and McMahon 1996). Two sets of wellfield flow and
monitoring data were used to calibrate the model; each set produced a different estimate of the
zones of influence above and below the Plio-Pleistocene layer. In this report, the results were
averaged to estimate the pore volumes of soil vapor that have been extracted since 1992.

Approximately 1,128,000 kg of water was removed from the subsurface in the 88,510,000 m’ of
soil vapor extracted between February 1992 and September 2001. An equal volume of ambient
air drawn into the subsurface added 532,000 kg of water over the same time period. These
estimates were made by updating the calculations provided by Cameron (1997) for the period
February 1992 through June 1996. The calculations are based on an average temperature of

15 °C and a relative humidity of 100% for the extracted soil vapor and an average temperature of
12 °C and a relative humidity of 59% for the ambient air. When the additional water added to
the subsurface through natural recharge is factored into the water balance, the impact of SVE on
soil moisture content in the vadose zone becomes negligible (Cameron 1997). However, as
Cameron (1997) points out, the higher flow zones may have been more dried out than the
average subsurface volume.

53 VOLUME OF KNOCKOUT WATER DRAINED FROM SVE SYSTEMS

Water condensate was first noticed in the water knockout tank on the 28.3-m>/min SVE system
on October 20, 1992. ‘Between October 20, 1992 and February 9, 1994, approximately 1,022 L
of knockout water was collected from the 28.3-m*/min SVE system from operations at the
216-Z-1A and 216-Z-18 sites (Table 5-6). This water was sent to the purgewater storage facility
using purgewater trucks. After February 9, 1994 (approximately March 1), the carbon
tetrachloride was designated as a listed waste, and shipments of the condensate as purgewater
ceased. ‘

Since February 9, 1994, SVE knockout water has been transferred to the 200-ZP-1 pump-and-
treat operation for treatment. ‘The first transfer, in January 1995, consisted of 92 drums of
condensate water stored in 208-L. (55-gal) drums with 90-mil liners. The SVE technicians recall
that these drums were nearly full. Assuming that each drum held 170 L (45 gal) of water, this
transfer represents-an additional 15,700 L of knockout water. Approximately 3,500 L of this
water is assumed to have been collected during the 1993-1994 winter after February 9, 1994
(15,700 L minus the Octobet December 1994 volumes listed in Table 5-6).

Between October 1994 and Apnl 1995, 27,290 L of water was drained from the SVE systems
(Table 5-6). Significant amounts of water did not accumulate after April 1995 during the
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1994-1995 winter season (Figure 5-12). Between October 1995 agd June 1996, 66,741 L of
water was drained from the SVE systems. Although most of the \ﬁhter had accumulated by the
end of April 1996, additional water was drained as late as June (Figure 5-12). During

October 1996, 5,564 L of water was drained from the SVE systems. Operation of the systems
was temporarily suspended for the rest of the 1996-1997 winter on November 4, 1996; the
rebound study was conducted during this planned temporary shutdown. In April 1998,
approximately 189 L of water was drained from the SVE hoses when SVE operations resumed
after the 1997-1998 winter. In April 1999, approximately 379 L of water was drained from the
SVE hoses when SVE operations resumed after the 1998-1999 winter. In April 2001,
approximately 757 L of water was drained from the SVE hoses when SVE operations resumed
after FY 2000 and the 2000-2001 winter.

More than twice as much water was drained from the SVE syste f;‘idun'ng the 1995-1996 winter
season as during the 1994-1995 winter season. This increase is paftly a result of the increased
volume of vapor extracted during 1995-1996. During the 6 months of the 1994-1995 winter
(October 20, 1994-April 19, 1995), 10 million m® of vapor was extracted, producing 26,000 L of
water. Durinag the same 6 months of the 1995-1996 winter (October 19, 1995-April 17, 1996),
15 million m” of vapor was extracted, producing 62,000 L of water,

The cumulative liters of water drained per million cubic meters of?kapor extracted are compared
for the three SVE systems during the 1994-1995, 1995-1996, and 1996-1997 seasons in
Figure 5-13. During 1994-1995, the 28.3-m>/min SVE system proguced a significantly higher
volume of water per million cubic meters of vapor extracted than qithcr the 14.2- or 42.5-m’/min
systems (Figure 5-13). Between October 20, 1994 and April 26, 1995, the 28.3- 3/min SVE
system produced an average of 3,600 L of water per million cubic meters of vapor extracted. :
During this same period, the 14.2-m*/min SVE system produced axt average of 2,300 L of water
per million cubic meters of vapor, and the 42.5-m*/min SVE system produced an average of
2,200 L of water per million cubic meters of vapor. The maximurm water production rate was
~ also higher for the 28.3-m>/min SVE system (5,400 L of water perimillion cubic meters of vapor)
than for the 14.2- and 42.5-m*min systems (2,800 and 3,300 L of Water per million cubic meters
of vapor, respectively). Unlike the water knockout tanks on the lﬂ},ﬂ-— and 42.5-m/min systems,
one of the two water knockout tanks on the 28.3-m’/min system was not insulated during this
time. The cooler temperature of the knockout tank on the 28.3-m*/min SVE system is the most
likely explanation for its higher water accumulation rate.

During 1995-1996, however, the 14.2-m*/min SVE system produced a slightly higher volume of
water per million cubic meters of vapor extracted than the other two SVE systems. Between
October 19, 1995 and April 17, 1996, the 14.2-m%/min SVE systent produced an average of
5,100 L of water per million cubic meters of vapor extracted. During this same period, the
28.3-m’/min SVE system produced an average of 4,500 L of water|s itli
vapor, and the 42.5-m*/min SVE system produced an average of 3,500 L of water per million
cubic meters of vapor. The maximum water production rate was also higher for the 14.2-m*/min
system (6,200 L of water per million cubic meters vapor) than for ghe 28.3- and 42.5-m’/min
systems (4,700 and 4,100 L of water per million cubic meters of vépor, respectively). Use of the
14.2-m*/min SVE system to extract from the 216-Z-12 Crib beginning in August 1995 added a
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long hose run to the system, which may be responsible for the increased water production from
September 1995 through January 1996 by allowing more cooling to take place. Decreased flow
rates at the 14.2-m*/min SVE system during the 1995-1996 winter (Figure 5-6) also lengthened
the travel time through the extraction hoses, potentially increasing the volume of water generated
for a given volume of vapor extracted. The second water knockout tank on the 28.3-m>/min SVE
system was insulated in October 1995.

Other factors that may have caused increased water production in 1995-1996 include differences
in the mix of on-line wells and the depths of their open intervals, differences in the daily
temperature fluctuations, and/or changes in the method of measuring the volumes.

The water production rates for the three SVE systems appear to be similar during October 1996.
However, the data are insufficient to allow detailed evaluation.

Eight composite samples from the 60 drums of knockout water present in November 1994 were
analyzed for radionuclide activity prior to being released for processing in the 200-ZP-1
treatment system. The samples were below minimum detectable activity for both alpha and beta-
gamma contamination. These data, plus analyses of a sample collected June 30, 1994 and a
sample collected February 22, 1993, indicate that there is no activity above natural background
in the SVE condensate water.

Four samples of SVE knockout water have been analyzed for VOCs. On June 30, 1994, a
composite condensate water sample was collected and analyzed by an offsite laboratory; the
volatile organic analyses followed the EPA protocol except that the sample was not preserved.
A sample collected on January 26, 1995 was analyzed the following day on site. The sample
was not preserved, did not maintain zero headspace, and was not stored on ice.

Two samples were collected on December 12, 1995 and analyzed using the 200-ZP-1 pump-and-
treat process equipment. Analytical results for carbon tetrachloride, chloroform,
tetrachloroethylene, and trichloroethylene are summarized in Table 5-7.

The mass of carbon tetrachloride removed in the SVE knockout water is estimated as 1to 40 g,
based on the total volume of water, 104,677 L (Table 5-6), and the range of carbon tetrachloride
concentrat@ons, 10 ug/L to 380 pg/L (Table 5-7).
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54 CHANGE IN CARBON TETRACHLORIDE CON CENTRATIONS

Carbon tetrachloride concentrations in the extracted soil vapor ha decreased significantly at
both the 216-Z-1A/Z-18/Z-12 and 216-Z-9 wellfields during ion of the SVE systems. This
is typical of SVE operations and represents removal of the volatile contaminant readily available
in the pore spaces swept out by extracted vapor, Extracted cont ant concentrations approach
an asymptotic level as the supply of volatile contaminant to the high-flow zone becomes limited
by desorption and diffusion of the contaminant from the 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 hi gher permcablhty, higher
flow zones.

Measurements made at the inlet to the extraction system represent the combined soil vapor
concentrations from all on-line wells connected to the system.

Carbon tetrachloride concentrations in soil vapor extracted from the 216-Z-1A/Z-18/Z-12
wellfield using the 28.3- and 14.2-m*/min SVE systems have declined from approximately
1,500 ppmv at startup in 1992 to 25 ppmv in September 2001 (Fi 5-14). The increase in
August 1995 was caused by addition of an extraction well in the 216-Z-12 wellfield.

The most dramatic decline in carbon tetrachloride concentrations has been at the 216-Z-9
wellfield using the 42.5- and 14.2-m*/min SVE systems. Carbon tstrachloride concentrations in
extracted soil vapor have declined from approximately 30,000 ppmv at startup in 1993 to

40 ppmyv in September 2001 (Figures 5-15 and 5-16).

L
The trend of the 1992 to 2001 concentration data is compared to the volume of soil vapor
extracted in Figures 5-14 and 5-15. As expected, concentrations decrease with increasing
volume of soil vapor extracted. The data also indicate that concentrations rebound during
periods of nonoperation as a result of carbon tetrachloride accumulating in the pore spaces after
apparently diffusing from sediment micropores, soil moisture, resigual dense nonaqueous-phase
liquid (DNAPL), and/or low-permeability zones. When SVE opejﬂuons resume, the initial
extracted contaminant concentrations are higher. This concentration rebound can be seen at both
wellfields in July 1997 following the 8-month temporary shutdo for the rebound study and in
1998, 1999, and 2001 following the temporary shutdowns during those years (Figures 5-14 and
5-15). The increase in concentrations can also be detected for shomr duration shutdowns. For
example, during 12 days in December 1994 and 10 days in Decem&ner 1995, the systems did not
operate, and when operations resumed the following January, concentrations were slightly higher
(e.g.. Figure 5-15). This shorter duration rebound phenomenon is more apparent in Figure 5-16,
which shows the carbon tetrachloride concentration data for the 21(»2—9 site since 24-hr/day
operatlons began in October 1994. The rebound was apparently faster and of greater magnitude
in January 1995 when concentrations were still relatively high, indicating a more access:blc and
extensive contaminant source.

%
11
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5.4.1 Fiscal Years 1997 and 1998

In FY 1997, operation of all three SVE systems was temporarily suspended from

November 1996 through July 1997 for the rebound study. All of the 216-Z-9 and 216-Z-1A
wells were placed on line on July 18, 1997. Extraction using all three systems continued through
September 30, 1997 (Rohay 1997).

In FY 1998, SVE resumed on March 30, 1998 at the 216-Z-1A/Z-18/Z-12 wellfield using the
14.2-m’/min SVE system, which was on the northern side of the 216-2-18 Crib (Figure 5-17).
Fifteen extraction wells distributed throughout the wellfield were selected to optimize both
protection of groundwater and mass removal of contaminant. Initial characterization of the 15
on-line wells indicated that the system was extracting soil vapor effectively from only the closest
wells and that the applied vacuum at the distant wells was insufficient to produce flow. Tests
showed that the SVE system could, however, extract soil vapor effectively from isolated, distant
wells. Therefore, the mix of on-line extraction wells was periodically switched among one set of
seven relatively nearby wells and various sets of four relatively distant wells (Figure 5-17). Each
set included wells open near the groundwater and wells open near the lower permeability Plio-
Pleistocene unit. As a result, the SVE system was extracting from wells primarily associated
with the 216-Z-18 site for the first 7 weeks (March 30 through May 17) and from wells primarily
associated with the 216-Z-1A site for the following 6 weeks (May 18 through June 30).
Comparison of the changes in inlet concentrations to the changes in the sets of on-line wells
indicated that the higher concentrations observed from May 18 through June 30 tended to be
associated with the 216-Z-1A wells (Figure 5-17).

Scil vapor extraction resumed July 7, 1998 at the 216-Z-9 wellfield using the 14.2-m’*/min SVE
system, Initial on-line wells were selected close to the 216-Z-9 Trench (Figure 5-18). As
extraction continued, wells farther away from the crib were brought on line. Each selection of
on-line wells included wells open near the groundwater and wells open near the lower
permeability Plio-Pleistocene unit.

The daily mass removal rate from the 216-Z-9 wellfield increased significantly twice during the
3 months of extraction as a result of changes in extraction wells (Figure 5-19):

e Two additional wells were brought on line on July 29, 1998. (A third additional well added
on July 29 was removed on July 31.) The mass removal rate increased, despite a continued
decline in concentrations, because the flow rate increased (flow rate is shown in Figure 5-6).

¢ The mix of on-line wells was changed again on September 1, 1998. The mass removal rate
increased, despite a constant flow rate, because the inlet concentrations increased.

54.2 Fiscal Year 1999

In FY 1999, SVE resumed on March' 29, 1999 at the 216-Z-9 wellfield usihg the 14.2-m*/min
SVE system. Following an extraction strategy similar to that used in FY 1998, initial on-line
wells were selected close to the 216-Z-9 Trench and wells farther away from the trench were
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brought on line as extraction continued (Figure 5-20). Each selectﬁbn of on-line wells included
wells open near the groundwater and wells open near the lower permeability Plio-Pleistocene
unit.

On April 20, 1999, the B&K multi-gas monitor used to analyze cafbon tetrachloride
concentrations in the SVE inlet vapor was discovered to be out of cahbrauon and was replaced.
All of the SVE inlet concentrations recorded between March 29 and April 20 were multiplied by
a factor of 1.5 as a correction. This factor was selected so that the ioriginal concentration
recorded on April 20, 2000 (35 ppmv) would match the concentral bn recorded with the
replacement B&K on April 21, 2000 (52 ppmv). (Note: This correction was applied to the data
only to illustrate concentration trends. The original data were used to calculate the mass
removed.)

Soil vapor extraction resumed on June 30, 1999 at the 216-Z- lAIZH 8/Z-12 wellfield. Extraction
wells open near the Plio-Pleistocene unit, primarily within the 216:Z-1A Tile Field, were
selected to optimize mass removal of contaminant (Figure 5-21). Because passive SVE systems
were being installed on the wells open near the groundwater in the 216-Z-1A/Z-18 wellfield,
these wells were not selected for active SVE using the 14.2-m*/min SVE system in FY 1999,

The daily mass-removal rate increased mgmﬁcantly twice during thé 3 months of extraction at
each wellfield as a result of adjustments in the mix of on-line wells and the flow rate

(Figure 5-22).
54.3 Fiscal Years 2000 and 2001

In FY 2000, operation of all three SVE systems was temporarily sﬁspended from October 1999
through September 2000.

In FY 2001 SVE resumed on April 4, 2001 at the 216—Z—1A/Z-18[£-12 wellfield using the
14.2-m*/min SVE system. Following an extraction Strategy similar to that used in FY 1999,
extraction wells open near the Plio-Pleistocene unit, primarily Wl%z the 216-Z-1A Tile Field,
were selected to optimize mass removal (Figure 5-23). Although passive SVE systems were
installed on wells open near the groundwater in the 216-Z-1A/Z-18 wellfield, two of these wells
were selected for active SVE using the 14.2-m*/min SVE system in FY 2001.

Before full-scale operations were initiated at the 216-Z-9 wellfield tm July 2001, tests were
conducted to characterize the initial carbon tetrachloride concentrations at the new extraction
intervals completed in each of the two wells deepened in 2001 (Bl-jl 2001). During each test,
only the one test well was placed on line to the SVE system. Extracted soil vapor was
monitored 5 minutes after SVE start to obtain a representative sample of the concentration
adjacent to the well. Soil vapor was then monitored hourly for 2 to 3 hours to determine the
carbon tetrachloride concentration at progressive distances from the well.

Well 299-W15-95L was tested on July 20, 2001. Carbon tetrachlo ’ée concentrations in
extracted soil vapor increased from 34.7 ppmv to 62.4 ppmv dunng the 3-hour test (Figure 5-24).

i
:t"!
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This well is screened from 39.3 to 48.5 m bgs. Carbon tetrachloride vapor concentrations
observed during drilling near this interval in May 2001 ranged from 174 ppmv at 37.2 m bgs
(base of Plio-Pleistocene) to 46.1 ppmv at 44.7 m to <1 at 50.1 m (Figure 5-25a).

Well 299-W15-84L was tested on July 23, 2001. Carbon tetrachloride concentrations in
extracted soil vapor increased from 27.3 ppmv to 29.1 ppmv during the 2-hour test (Figure 5-24).
This well is screened from 50.5 to 59.7 m bgs. Carbon tetrachloride vapor concentrations
observed during drilling near this interval in June 2001 ranged from 34.9 ppmv at 51.8 m to

37.7 ppmyv at 55.1 m to 1.5 ppmy at 58.8 m (Figure 5-25b).

Full-scale SVE operations resumed at the 216-Z-9 wellfield on July 23, 2001. Following an
extraction strategy similar to that used in FY 1998 and FY 1999, 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 (Figure 5-26). Each selection of on-line wells included wells open near
the groundwater and wells open near the lower permeability Plio-Pleistocene unit.

The daily mass removal rate changed during the 3 months of extraction at each wellfield as a
result of adjustments in the mix of on-line wells and the flow rate (Figure 5-27).

5.4.4 Rebound Following Nonoperation of Soil Vapor Extraction Systems

Carbon tetrachloride concentrations measured in extracted soil vapor at the 216-Z-9 site
following the 8-month shutdown in 1997 were lower than concentrations measured following the
9-month shutdown in 1998 (Figure 5-28). The slightly longer time for rebound in 1998 would
typically produce higher initial concentrations. However, the 1998 concentrations are higher
than the 1997 concentrations throughout most of the 3-month extraction period. This
concentration difference most likely reflects the mix of on-line wells: in 1997, all wells were
placed on line as part of the rebound test, whereas in 1998 only the higher concentration wells
were selected to optimize mass removal. In addition, the lower flow 14.2-m*/min SVE system
used.in 1998 might have resulted in less dilution of the soil vapor.

The higher concentration welis were also selected in 1999 and 2001 to optimize mass removal.
Although the initial 1998 concentrations following 9 months of rebound were higher than the
initial 1999 concentrations following 6 months of rebound, the 1998 and 1999 concentrations
were the same after the first 4 to 5 weeks of extraction (Figure 5-28). The initial 2001
concentrations following 24 months of rebound were nearly twice as high as the initial 1998
concentrations, but were the same as the 1998 concentrations after 8 weeks of extraction

(Figure 5-28). .

In all 4 years, the initial rebound concentrations were three to six times higher than
concentrations after 3 months of extraction. The relative rates of concentration decrease in 1998,
1999, and 2001 were similar to that observed during the 1997 rebound study: carbon
tetrachloride concentrations decreased most rapidly in the first 5 weeks following SVE restart,
after which they continued decreasing more slowly with continued SVE operations

(Rohay 1997).
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Initial carbon tetrachloride concentrations measured in extracted s6il vapor at the 216-Z-18 site
following the 8-month shutdown in 1997 were higher than initial concentrations measured
. following the 6-month shutdown in 1998 (Figure 5-29). This mayjreflect the longer period for
rebound in 1997. After 1 week of extraction, the 1998 concentratipns were equal to the 1997
concentrations. (After approximately 25 days of operations in 1997, selected 216-Z-18 wells
were taken off line to support additional rebound study testing, an the concentrations in soil
vapor extracted from the remaining on-line wells decreased significantly.)

Initial carbon tetrachloride concentrations measured in extracted sqil vapor at the 216-Z-1A site
following the 8-month shutdown in 1997 were slightly lower than the initial concentrations
measured following the 12-month shutdown in 1999 and the 18-menth shutdown in 2001.
(Figure 5-30). This may reflect the longer time for rebound in 1999 and 2001 and/or the
preferential selection’of high-concentration 216-Z-1A wells in 1999 and 2001 to optimize
removal. Concentrations decreased more rapidly in 1997 than in 1999 and 2001, probably
because in 1997 all 216-Z-1A wells were placed on line as part of the rebound test. Despite the
longer period of rebound, the initial concentrations in 2001 were slightly lower than the initial
concentrations in 1999, possibly reflecting an overall decline in concentrations with continued
remediation.

In 1998, extraction was primarily from the 216-Z-1A wellfield during the last 6 weeks of SVE
operations, but limited extraction from 216-Z-1A also occurred duging the preceding 7 weeks of
operations when extraction was primarily from the 216-Z-18 wellfigld. In Figure 5-30 , the 1998
concentrations extracted from the 216-Z-1A site are shown as begifining on day 50 of SVE
operations rather than on day 1 to indicate that limited extraction fijgm 216-Z-1A had already
occurred. The concentrations during the last 6 weeks of SVE opefiitions in 1998 are similar to
the concentrations during the last 6 weeks of operations during 1998

9 and 2001. During 1998,
1999, and 2001, higher concentration wells were selected to optimize removal.

5.4.5 Estimate of Future Concentration Decline

As an initial approach to estimating the future decline in carbon tetgachloride inlet
concentrations, exponential curves were used to model the: carbon Mtrachloride concentration
data measured at each SVE system from October 1995 through Navember 1996 (Figure 5-31).
October 1995 was selected as the beginning of the interval becauss! it occurs after the decline of
the last major increase in inlet concentrations (the August 1995 cof eentration spike at the
14.2-m’/min SVE system caused by addition of the 216-Z-12 wellfjeld, Figure 5-14). The
interval of October 1995 through November 1996 thus represents the last continuous operating
run that illustrates the decline in SVE inlet concentrations simultaripously at all three systems. In
addition, for the purpose of predicting future concentrations, the efiphasis was placed on the

- concentration data more representative of the later, tailing phase of|pperations rather than of the
initial, rapid removal phase. Two or more different equations may‘ be needed to describe the
entire curve of concentration decline if two or more different carbeli tetrachloride removal
mechanisms were operating over the life of the SVE remediation.
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The exponential decay curves, fitted to the data through November 1996, were projected to
March 1999 in order to evaluate their relationship to the concentration data following the 1997 .
rebound study and the 1998 winter shutdown (Figure 5-32). The equation values as of
November 4, 1996 were held constant until July 18, 1997 and then allowed to resume the
exponential decline until September 30, 1997. The equation values as of September 30, 1997
were held constant until March 30, 1998 for the 216-Z-1A and Z-18 wellfields and until

July 7, 1998 for the 216-Z-9 wellfield and then allowed to resume the exponential decline.
Relative to the exponential decay curves, both the 1997 and 1998 rebound data are initially
elevated, as expected. The carbon tetrachloride concentrations decline to concentrations that
approach the exponential decay curves in September 1997 but do not appear to approach the
exponential decay curves in 1998. In 1997, all the available wells were on line continuously; in
1998, the mix of on-line wells was periodically changed to optimize mass removal.

This preliminary evaluation suggests that these decay curves can be used to provide a reasonable
estimate of future concentration decline only under similar operating conditions and similar
carbon tetrachloride removal mechanisms. For example, the physical and chemical processes
that control carbon tetrachloride removal in the near term may be different than those that
determine the removal rate in the long term.

5.4.6 Concentration Data for Individual Extraction Wells

The characterization data routinely measured for individual extraction wells include vacuum,
flow, and carbon tetrachloride concentration (Tables B-1 through B-3, Appendix B). To monitor
concentrations at individual extraction wells, a sampling apparatus is placed in line at the
wellhead to collect a soil-gas sample in a Tedlar™ (E. 1. du Pont de Nemours & Company,
Wilmington, Delaware) bag. Concentrations are typically monitored monthly at individual on-
line extraction wells and quarterly at individual off-line monitoring wells. One “snap-shot”
sample is collected at each on-line extraction well. Three samples are collected during an hour
of continuous extraction at wells that have been off line during the month in which quarterly
sampling is conducted; only the last of the three samples is included in Tables B-1 through B-3.

Carbon tetrachloride concentrations measured at individual extraction wells have also been
decreasing with continued vapor extraction operations (Figures 5-33 and 5-34). At the
216-Z-1A/Z-18 wellfield, concentrations measured in wells with perforated or screened intervals
open above the Plio-Pleistocene layer have been the same order of magnitude as those measured
in wells open below the Plio-Pleistocene layer throughout extraction operations (Figure 5-33).
At the 216-Z-9 wellfield, concentrations measured above the Plio-Pleistocene layer during initial
operations (i.e., before April 1994) were generally an order of magnitude higher than those
measured below; after approximately 6 months of operations, concentrationis measured above -
and below the Plio-Pleistocene layer had reached comparable levels (Figure 5-34).

In general, initial carbon tetrachloride concentrations measured at individual 216-Z-1A wells
when SVE operations resumed in 1997 after the rebound study appear to be slightly higher than
concentrations measured at the same wells when operations resumed in 1998 after the winter
shutdown (Table 5-8). Higher concentrations in 1997 would be consistent with the longer time
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available for rebound in 1997 (8 months) than in 1998 (6 months) wSmularly, initial :
concentrations measured when SVE operations resumed in 1999 ap to be higher than the
corresponding 1998 concentrations, consistent with the longer timg available for rebound in 1999
(12 months) than in 1998 (6 months). However, the initial lack oﬁfﬂow from 216-Z-1A wells in
1998 makes these comparisons difficult. Initial concentrations measured when SVE operations
resumed in 2001, after 18 months of rebound, were slightly less, in general, than concentrations
measured in 1999.

At the 216-Z-9 site, three of the wells monitored 3 days after operﬁmns resumed in 1997 were
also monitored 3 days after operations resumed in 1998. Carbon ttrachloride concentrations
were higher in 1998 in two of these three wells (Table 5-8). The glightly longer time available
for rebound in 1998 (9 months) than in 1997 (8 months) would typically favor higher
concentrations. Comparison of the initial 1999 and 2001 concentqtlons to the initial 1998
concentrations at the same three wells indicates that the 1999 conq#nt:anons were lower in all
three wells and that the 2001 concentrations were higher in two of the wells. The lower
concentrations in 1999 could reflect the shorter time available for gebound in 1999 (6 months)
than in 1998 (9 months); the higher concentrations in 2001 could reflect the longer time available
for rebound in 2001 (24 months).

The concentrations of chloroform measured at individual extractiop wells have been proportional
to the concentrations of carbon tetrachloride measured at individug] extraction wells. The
chloroform is assumed to have been produced primarily through biedegradation of carbon
tetrachloride during the early phases of s0il column disposal and migration. The linear
relationship suggests that the fate and transport iof the chloroform has been gimilar to that of the
carbon tetrachloride. For concentrations measured at 216-Z-9 wells, the ratio between carbon
tetrachloride and chloroform is relatively constant for carbon tetrachloride concentrations
between 25,000 and 1,000 ppmv (Figure 5-35).' At carbon tetrachlgride concentrations less than
1,000 ppmyv, two different linear trends between carbon tetrachlorigle and chloroform are
apparent (Figure 5-35). These two linear trends are still apparent when the same data are plotted
at a finer scale (Figure 5-36). (The data shown in Figure 5-36 are the same as those shown in
Figure 5-35 for carbon tetrachloride concentrations less than 1,000/ppmv.) Each trend includes
data from above and below the Plio-Pleistocene layer. The reason mor the two trends is unknown.
Data from two individual wells suggest that the contaminant ratios may decrease more rapidly at
relatively low carbon tetrachloride concentrations (Figure 5-37).

The concentration data measured at 216-Z-1A/Z-18/Z-12 wells alsp suggest two different
chloroform-to-carbon tetrachloride trends for carbon tetrachloride goncentrations less than
1,000 ppmv, although the trends are not as well defined as at 216-Z-9 (Figure 5-38). Based on
the apparent trends, the chloroform-to-carbon tetrachloride ratios at 216-Z-9 wells appear to be
higher than at 216-Z-1A/Z-18/Z-12 wells. If the chloroform is a dey ton product of the
carbon tetrachloride under anaerobic conditions, higher ratios would be expected at 216-Z-9,
where aqueous soil column disposal might have been sufficient to create saturated conditions
under the disposal site and induce anaerobic conditions.
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All of the data used to construct Figures 5-33 through 5-38 were measured using the B&K
instrument. Because the minimum detection limit for carbon tetrachloride on the B&K
instrument is 1 ppmv, only carbon tetrachloride and chloroform data recorded as greater than
1 ppmv were used in this evaluation.

55 MASS OF CARBON TETRACHLORIDE REMOVED

The mass of carbon tetrachloride removed from each wellfield was calculated using the
measured flow, concentration, and hours of operation data. Between April 1991 (when the pilot
test was conducted) and September 2001, approximately 23,836 kg of carbon tetrachloride was
removed from the 216-Z-1A and 216-Z-18/Z-12 wellfields (Table 4-1). Between March 1993
and September 2001, approximately 53,318 kg of carbon tetrachloride was removed from the
216-Z-9 wellfield (Table 4-1). The total mass of carbon tetrachloride removed (77,154 kg)
represents an estimated 10% of the original carbon tetrachloride inventory (approximately
750,000 kg) discharged to the soil column (Table 2-1). Approximately 0.1% of the original
carbon tetrachloride inventory was removed each year in 1998, 1999, and 2001 (782 kg, 811 kg,
and 710 kg, respectively) (Figure 5-39).

Based on the following assumptions, the total mass of carbon tetrachloride removed represents
an average of 13% of the residual mass potentially available in the vadose zone. An estimated
440,000 kg of carbon tetrachloride was initially discharged to the 216-Z-1A and 216-Z-18 Cribs,
and 310,000 kg was initially discharged to the 216-Z-9 Crib (Table 2-1). (The mass of carbon
tetrachloride discharged to the 216-Z-12 Crib is unknown and therefore not included in this
calculation.) Of this original inventory, an estimated 21% had been lost to the atmosphere by
1990, 1% to 2% had been dissolved in the upper 10 m of the unconfined aquifer, and 1% had
biodegraded (WHC 1993, Rohay and Johnson 1991, Hooker et al. 1996). (These calculations
and the 1990 inventory estimates both use the average of the estimated range of carbon
tetrachloride discharged to 216-Z-9, Table 2-1.) For the purpose of these calculations, all of the
mass that has not been lost to atmosphere, dissolved in groundwater, or biodegraded is assumed
to remain as residual mass in the vadose zone. Assuming that 330,000 kg of carbon tetrachloride
remained as residual mass in the vadose zone beneath the 216-Z-1A and 216-Z-18 sites, 7%
(24,000 kg + 330,000 kg) of the residual mass potentially available at 216-Z-1A and 216-Z-18
has been removed using SVE. Similarly, assuming that 240,000 kg remained as residual mass in
the vadose zone beneath the 216-Z-9 site, 22% (53,000 kg + 240,000 kg) of the available mass
potentially avmlable at 216—2-9 has been removed using SVE.

Iheseesumtesofﬂwpemmofresldual mass removedateachmtecannotbeconelatedtothe
estimate made by Yonge et al. {1996) that SVE can remove only 10% to 15% of the initial mass
in contaminated zones through which flow is passing directly. Yonge et al. established known
initial conditions for their laboratory experiments in order to compare the amount they removed
to the amount they loaded into the soil. At the carbon tetrachloride site, the corresponding initial
conditions are unknown, and the data are not available to determine what percent of the “initial” .
mass has been removed by SVE. In addition, no DNAPL carbon tetrachloride was included in
this particular experiment by Yonge et al., but concentrations observed at the 216-Z-9 site in
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1993 and 1994 suggest that some carbon tetrachloride was present in the vadose zone as a
DNAPL at that time (Rohay et al. 1994), :

© One indication that DNAPL was present in the vadose zone beneath 216-Z-9 is based on the inlet
- SVE concentrations. If a major fraction of the carbon tetrachloride originally discharged to the
216-Z-9 site were still present in the soil column as a nonaqueous-phase liquid, a relatively high
_soil vapor concentration would be expected. For example, a pure, nonaqueous carbon
tetrachloride liquid phase in the soil pore space should result in a maximum soil vapor
concentration of 120,000 ppmv at 20°C (DOE-RL 1991). Asa ml@-of-thumb for soils saturated
with an organic contaminant, standard SVE will produce a vapor stream containing one-tenth to
one-half the expected concentration (EPA 1993), Therefore, vapoq' extraction concentrations
greater than 12,000 ppmv of carbon tetrachloride may indicate that the soil near the extraction
VE operations at the 216-Z-9
site, soil vapor concentrations extracted from wells open above the, Plio-Pleistocene layer were in
excess of 12,000 ppmv, suggesting the presence of a nonaqueous ¢arbon tetrachloride phase
(Figure 5-15). In situ soil vapor samples collected during drilling prior to initiation of SVE
remediation also exceeded 12,000 ppmv in one well above the Plio-Pleistocene layer at the
216-Z-9 site (Figure 5-40).

Another indication that DNAPL might have been present in the vaﬂose zone beneath 216-2-9
prior to SVE remediation is based on comparison of the mass
present. Approximately 17% (53,000 kg + 310,000 kg) of the
site has been removed since 1993. Using available carbon tetrachiride soil vapor concentrations
(primarily baseline monitoring of naturally venting borehaoles) and uilibrium partitioning
relationships, it was estimated that in 1990 12% of the original carbon tetrachloride inventory
was present in the vadose zone as vapor, dissolved in soil moisture; , or adsorbed to soil particles
(WHC 1993). It was not possible to calculate a mass of DNAPL c& tetrachloride using the
equilibrium partitioning relationships, and thus a large fraction (65%) of the inventory was
termed “unaccounted.” The removal of more than 12% of the original inventory from this site
suggests that additional mass was present in the vadose zone asresidual liquid saturation and/or

in nonequilibrium sorption sites.

The mass of carbon tetrachloride removed daily is compared to the.¢umulative total for each
wellfield in Figures 5-41 and 5-42. The rate of mass removal has ds
carbon tetrachloride concentrations. The decline in the total mass re
wellfields since 24-hr/day, 7-days/week operation began is shown | n Figure 5-43. Despite this
“decline, in September 1997 the three SVE systems were still remowmg an average of
approximately 15 kg of carbon tetrachloride every day (6 kg from ﬂae 216-Z-1A/18 wellfield and
9 kg from the 216-Z-9 wellfield). In October 1996, prior to the rehpund study, the three SVE
systems were removing an average of 15 kg of carbon tetrachloride Pvery day. At the close of
operations at the 216-Z-1A wellfield in 2001, the 14.2-m’/min SVE system was removing an
average of 3 kg of carbon tetrachloride every day; at the close of operations at the 216-Z-9
wellfield in 2001, the system was removing an average of 5 kg of carbon tetrachloride every day.
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The mass of carbon tetrachloride removed during cyclic SVE operations in FY 1997, FY 1998,
and FY 1999 can be compared to the estimated mass projected to have been removed if SVE had
been continued at the asymptotic concentration level. (Because the SVE system shutdown
throughout FY 2000 was not related to cyclic operations, this comparison is only continued
through FY 1999.) The mass removed following the rebound study in FY 1997 was compared to
the projected mass removed had the SVE systems continued to operate throughout FY 1997
(Rohay 1997). Those comparisons suggested that continuous operation of the SVE systems
would have removed three to four times more carbon tetrachloride than was removed in the

2.5 months of operatlons following the 8-month rebound period.

The mass of carbon tetrachloride removed at the 216-Z-9 wellfield is compared to the projected
mass removed had the 14.2-m*/min SVE system continued to operate throughout FY 1998 and
FY 1999 in Figure 5-44. Continuous operations would have removed 1657 kg, which is one to
two times more carbon tetrachloride than was removed during cyclic operations (966 kg). (If
continuous operations had begun at 216-Z-9 in March 1998 rather than July 1998, the projected
amount would be higher.) The estimate of the projected mass removed during continuous
operations is based on the average of the daily concentrations durmg the last week of operation
in FY 1998 (24 ppmv) and continuous operation of the 14.2-m 3/min SVE system at its full
capacity. During actual operations, the daily concentrations probably would have continued to
slowly decrease and the availability of the system might have been less than 100% during the
winter months. Even if the daily concentrations are maintained at half the concentration
assumed in Figure 5-44 (i.c., 12 ppmv rather than 24 ppmv), slightly more carbon tetrachloride is
removed by continuous operations (1,085 kg). These comparisons suggest that the highest mass
removal is achieved by continuous operations. An additional advantage to continuous operations
is that a maximum concentration gradient would be maintained between the source of the carbon
tetrachloride and the high-flow zone into which it is diffusing.

The 14.2-m’/min SVE system actually removed 966 kg of carbon tetrachloride from the 216-Z-9
wellfield during FY 1998-FY 1999, compared to a projected 1,657 kg, or 60% of the mass in
40% of the time. Thus, once the readily accessible mass of contaminant has been removed
during early stages of SVE, mass removal is more efficient (in terms of mass removed per hour
of operation) if SVE operations are intermittent rather than continuous. An additional advantage
to cyclic operations is that waste minimization is achieved if the SVE system is operated only
during warm months. During operations in warm months, water condensate is not generated by
the SVE system. In addition, the higher carbon tetrachloride concentrations extracted during
cyclic operations require less GAC per unit mass of carbon tetrachloride extracted because the
GAC adsorption of the carbon tetrachloride is more efﬁclent at higher concentrations
(Cameron 1997). ‘ '

56 IMPACTOF 200-ZP-1 PHASE I PUMP-AND-TREAT OPERATIONS

The 200-ZP-1 gmundwater pmnp—and—treat system has been in operauon since. August 1994
(DOE-RL 2000). Phase III of the remediation operations was initiated in August 1997 to include
extraction wells in the vicinity of the 216-Z-9 wellfield. In particular, Phase III groundwater
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extraction well 299-W15-32 is 11 m northeast of SVE well 299~W35-9 and 34 m southwest of
SVE well 299-W15-6. Full-scale groundwater extraction from well 299-W15-32 began on
August 27, 1997. Drawdown of the water table at this well was only 1.5 m below pre-
operational levels. Lowering of the water table in the vicinity of this well has the potential to
volatilize additional carbon tetrachloride, either from the introduction of soil vapor in previously
saturated pores and/or from the additional agitation of the groundwater. However, the carbon
tetrachloride concentration in vapor samples collected from ‘wells 299-W15-9L and

299-W15-6L has not measurably increased (Figure 5-45). During: [’,‘Y 1999, groundwater
extraction well 299-W15-32 was off line for approximately 200 days (from June 29, 1999 until
February 2, 2000) (DOE-RL 2000). Soil vapor concentrations measured at well 299-W15-9L
appear unaffected by the shutdown and subsequent restart of grous dwater pumping from well
299-W15-32. As of September 30, 2001, groundwater extraction f- erations have had no
detectable impact on carbon tetrachloride concentrations in vapor extracted from multiple wells
and measured at the inlet to either the 42.5- or 14.2-m’*/min SVE system (Figure 5-26).

Measurement of groundwater extraction effects may be hampered ;iaa:ause of differences in the
completion/configuration of the groundwater and vapor extraction wells. The screened interval
in well 299-W15-32 is 59 to 72 m bgs. The SVE interval in well 299-W15-6L extends from
47 m bgs to the current water table at 64 m bgs (the well is perforated to 109 m bgs), and the
SVE interval in well 299-W15-9L is 49 to 58 m bgs.

The slight increase in carbon tetrachloride concentrations measm'ed at well 299-W15-9L at the
start of each period of SVE operations suggests a nearby carbon tetrachloride source

(Figure 5-45).

5.7 PASSIVE SOIL VAPOR EXTRACTION

Passive SVE systems began operating on cight wells in the 216-Z-1 A/Z-18 wellficld in
October 1999. The eight passive SVE systems are installed on 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 (Figure 5-46). All eight passive SVE systems are installed on well intervals
open below the Plio-Pleistocene layer. The systems are described in Section 3.0. The passive
SVE data are provided in Appendix C.

All eight passive SVE systems include a removable cartridge of G@C that is replaced monthly.
Samples of the GAC that was removed from the wells are then sent to an off-site laboratory for
analysis of carbon tetrachloride concentrations. In addition, three Qf the wells (299-W18-6L,
299-W18-247L, and 299-W18-252L) are instrumented to record flpw, differential pressure,
temperatures, and carbon tetrachloride concentrations hourly. In jese three wells, differential
pressures are also monitored hourly in the well intervals open abowe the Plio-Pleistocene (299-
W18-6U, 299-W18-247U, and 299-W18-252U). The upper intervals are sealed to atmosphere.
A ninth well, 299-W18-9, has an interval open below the Plio-Pleigtocene layer, is sealed to
atmosphere, and serves as a control well. It is instrumented to n g! differential pressure and
temperatures hourly. Differential pressures are also monitored hourly at three stainless steel
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tubes open at depths above, between, and below the two screens on well 299-W18-252 and at
five soil vapor probes installed above the Plio-Pleistocene layer at CPT-4F (Figure 5-46).

5.7.1 Mass of Carbon Tetrachioride Removed by Passive Soil Vapor Extraction Systems

Analysis of the GAC in the cartridges was intended to provide a passive, time-integrated
measure of the amount of mass removed through the well each month. Analysis of the flow and
concentration instrument data was inténded to allow calculation of the hourly amount of mass
removed, which could then be summed and compared to the time-integrated monthly amount.
Because the sampling and analysis of the GAC cartridges was an innovative addition to the
passive SVE systems, the hourly flow and concentration measurements were intended to help
evaluate whether the cartridge results are repesentative of the mass removed by barometric
pumping. Availability of hourly data is presented in Table 5-9. Sampling, analytical, and
calculation methods are provided in Appendix C.1 for GAC cartridges and Appendix C.2 for
hourly wellhead data.

The mass removed from the passive wells during FY 2000 based on the GAC cartridge results is
at least an order of magnitude lower than the mass removed based on the hourly data

(Table 5-10a). The discrepancy is even more significant considering that hourly data were
typically not available for the entire sample interval that the GAC cartridges were on the wells
(Table 5-11a). Based on the GAC cartridge data, a total of 59 g of carbon tetrachloride were '
removed from the three instrumented wells; based on the hourly measurements, a total of 1,953 g
of carbon tetrachloride were removed from the three instrumented wells during FY 2000. Based
on the GAC cartridge data, a total of 252 g of carbon tetrachloride were removed from all eight
passive wells during FY 2000. As discussed in Section 5.7.1.1, the eight passive systems are
estimated to have removed at least 10 kg of carbon tetrachloride in FY 2000.

In FY 2001, hourly data to calculate the mass removed from the three instrumented wells are
limited; the carbon tetrachloride mass could only be calculated for 3 months at

well 299-W18-252L (Table 5-10b). For this well, the mass removed in 12 months, based on the
GAC cartridge data, was 41 g; the mass removed in 3 months, based on the hourly
measurements, was 219 g. As in FY 2000, the hourly data are typically not available for the
entire sample interval during which the GAC cartridges were on the wells (Table 5-11b). Based
on the GAC cartridge data, a total of 216 g of carbon tetrachloride were removed from all eight
passive wells during FY 2001. As discussed in Section 5.7.1.2, the eight passive systems are
estimated to have removed approxlmately 20 kg of carbon tetrachloride in FY 2001.

5.7.1.1 Estimate of Carbon Tetrachloride Mass Removed in FY 2090. Although the GAC
cartridge analytical data and hourly wellhead calculations do not agree in magnitude, they do
reflect the same pattern of relative total mass removed. For the three wells with both GAC
cartridge data and hourly wellhead data, the highest total carbon tetrachloride mass removed
based on cither data sct was at well 209-W18-252L and the lowest total carbon tetrachloride
mass removed based on either data set was at well 299-W18-247L (Table 5-10a). (Note: this
pattern based on relative total mass removed is not consistent in each monthly sampling
interval.)
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Because the GAC cartridge data and the wellhead data both show the same pattern of relative
total carbon tetrachloride mass removed for the three wells, a linear correlation was established
between the two data sets to provide a basis for correcting the GAC-based estimate of total mass
removed at all eight passive SVE wells (Figure 5-47). Use of this ,gpnelauon assumes that the
GAC data under-represent the amount of mass removed at each well, relative to the hourly
measurement data. The equation describing the linear trend was then applied to the GAC
cartridge data to estimate the total amount of carbon tetrachloride ppmoved from each well
(Table 5-12). Using this approach, a total of 10 kg (9,827 g) of carbon tetrachloride were
removed from the subsurface using the eight passive SVE systems in FY 2000.

For the purposes of establishing the correlation, the total amount _'_ parbon tetrachlondc removed
at each well was based only on months for which data both from the GAC cartridges and from
the wellhead instruments were available at that well (Table 5-10a, figure 5-47). However, for
any given month that the GAC cartridges were in place, the hourlﬂﬁvel]head data were typically
not available for the entire month (Table 5-11a). As a result, mnngme total mass removed based
on hourly data calculations to correct the total mass removed based on GAC data provides only a
minimum value of total carbon tetrachloride removed from each well (Table 5-12).

: : CH
5.7.1.2 Estimate of Carbon Tetrachloride Mass Removed in FY, 2001. In FY 2001, the
hourly data are insufficient to allow a correlation to be established with the GAC cartridge data.
Because the total mass removed, based on the GAC cartridge data,iﬁs similar in FY 2000 (252 g)
and FY 2001 (216 g), it might be expected that the corrected minimum estimate for FY 2000
(9,827 g) would be a reasonable minimum estimate for FY 2001.
In FY 2001, the carbon tetrachloride concentrations at seven of the gight passive wells were
monitored on June 1, 2001 using a sampling method similar to that used during the rebound
study (Rohay 1996). The eighth passive well was on line to the S‘iﬁ system during the
sampling, and its concentration was monitored on May 31, 2001 as part of routine SVE
characterization (Table 5-13). These concentration data can be ; 1 to estimate the total carbon
tetrachloride mass that potentially could have been removed from the passive wells. Flow rates
needed for this calculation were measured at the three instrumented wells and assumed at the
other five wells (Table 5-13).

Using the June 1, 2001 sample resuits and the measured and assumd flow rates, a total of 20 kg
(19,748 g) of carbon tetrachloride is estimated to have been extracted from the eight passive
wells during FY 2001 (Table 5-13). This calculation assumes that {1) the wells exhale 50% of
the time; (2) during outflow, the average flow rate is one-half of the maximum flow rate; (3)
during outflow, the average concentration is one-half of the-maximum concentration; and (4) the
concentrations measured on June 1, 2001 were maximum values.

5.7.1.3 Evaluation of Passive Soil Vapor Extraction Data. One gxplanation for the relatively
low values of carbon tetrachloride mass recorded by the GAC cartridge data may be interference
by water that condenses from the vapor stream in the passive systeap hoses and GAC cartridges
during cold-weather months; the sampler often noted that the GAC was wet when the cartridges
were retrieved in the winter (Table C-25 and, for example, Tables C—4 and C-5). This water
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could have impacted the ability of the GAC in the cartridge to absorb the carbon tetrachloride
from the vapor stream, thus reducing the concentration of carbon tetrachloride absorbed on the
GAC in the cartridges during the winter. Compatison of the amount of carbon tetrachloride
removed from each well monthly based on the GAC cartridge data illustrates these seasonal
differences (Figure 5-48).

However, the mass removal rates in the summer months based on GAC cartridge analyses are
still significantly lower than the rates calculated using the hourly wellhead data. A possible
explanation for the relatively low values of carbon tetrachloride on the GAC in the cartridges
during the hot-weather months may be desorption of the carbon tetrachloride resulting from solar
heating.

Another possible explanation for the relatively low values of carbon tetrachloride on the GAC in
the cartridges might be that the GAC in the cartridges becomes saturated with carbon
tetrachloride prior to being sampled. However, this explanation seems unlikely. The expected

- loading efficiency for carbon tetrachloride on GAC i8 25%, i.e., 450 g of GAC (the approximate
amount in one cartridge) would be expected to absorb 100 to 125 g of carbon tetrachloride. The
highest amount of carbon tetrachloride absorbed on any cartridge of GAC in a single month was
only 37.5 g (Table 5-10). However, the maximum loading efficiency may have been reduced
because concentrations are relatively low and flow is episodic.

It is also possible that the GAC cartridge data may over-represent the mass of carbon
tetrachloride removed from the passive wells because the clean GAC that was used to fill each
-cartridge may have already contained some carbon tetrachloride. Analysis of two samples of the
clean GAC supply, one collected in October 1999 and one in May 2000, indicate that a cartridge
~ of that GAC initially would have contained 0.6 g and 0.1 g of carbon tetrachloride, respectively
(Tables C-1 and C-7). These values were not factored into the above analysis of mass removed
because many GAC cartridge samples contained less than 0.6 g of carbon tetrachloride.
However, it is acknowledged that the clean GAC analytical results suggest that the GAC
cartridge results may reflect an initial mass loading in addition to that added by passive
extraction. A third sample of clean GAC, collected in March 2001 after a new supply was
obtained, indicated that a cartridge of that GAC initially would have contained 0.0 g of carbon
tetxachlonde (Table C-17).

The values of carbon tetrachloride mass recorded by the wellhead instruments also under-
represent the total mass removed by each instrumented system. As described above, the hourly
wellhead data are not available for the entire time that the passive SVE systems were in
operation and therefore must under-represent the actual mass removed by each instrumented
system. In addition, water in the hoses and in the GAC cartridges would have limited the flow of
carbon tetrachloride-laden vapor through the system. As a result, the hourly wellhead data
under-represent the potential amount of carbon tetrachloride that could have been removed from
each instrumented well had the flow pathways been completely unrestricted. '

At each instrumented systeni, flow should only be associated with positive differential pressure
because the one-way valve limits flow into the well when the differential pressure is negative.
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(For this project, positive differential pressure is defined as subsurface pressure greater than
surface pressure.) However, plots of the flow and differential preggure for each instrumented
well indicate that low flows are associated with both positive and pegative differential pressure
(Figures C-10 through C-15). Therefore, a “threshold flow™ was sgilected for each well for each
fiscal year, based on the maximum flow associated with a negatwq differential pressure. Flows
above the threshold flows were used in the mass calculation to repgesent actual flow out of the
passive systems. Comparison of the mass removed using all flows to the mass
removed using only flows greater than the threshold flows indicates that in these wells 74% to
84% of the mass was removed when flows exceeded the threshold values (Table 5-14).
. it

5.7.2 Carbon Tetrachloride Concentrations, Flow Rates, and Differential Pressures

Measured at Passive Soil Vapor Extraction Systems

The trend of the carbon tetrachloride concentrations and the sha the carbon tetrachloride
concentration signal during outflow may indicate the relative loc of the source of the
contamination. In wells 299-W18-6L and 299-W18-247L, concenjrations measured over the
18-month period (October 1999 to April 2001) do not exhibit evide mends (Flgures 5-49 and
5-50). In contrast, concentrations measured in well 299-W18-252} :
throughout FY 2000 (Figure 5-51). (The drop in concentration in Idecember 2000 may reflect
the changeout of the B&K instruments on November 30, 2000.) The increasing trend suggests
that a source is being drawn to the well that is not drawn away or dﬂuted during periods of no
flow. The shapes of the concentration gignals are consistent with the long-term record. During
periods of outflow from well 299-W18-252L, carbon tetrachloride ¥apor concentrations are
immediately at a maximum value and maintain that value until flow ceases (Figure 5-52). In
wells 299-W18-6L and 299-W18-247L, concentrations increase gradually to maximum values.

During FY 2000 and FY 2001, the highest carbon tetrachloride tration recorded at the
three instrumented wells was 69 ppmv at well 299-W18-6L (TableX>-27). This value is almost
twice the maximum concentration of 36 ppmv recorded at this welliduring the 1997 rebound
study (Rohay 1997). The highest concentration recorded at well 299-W18-252L was 46 ppmyv,
which is almost identical to the maximum concentration of 48 ppm¥ recorded during the rebound
study. The highest concentration recorded at well 299-W18-247L v was 14 ppmv; the highest
concentration recorded during the rebound study was 3 ppmv.

The maximum flow rates measured in wells 299-W18-6L, 299-W1§-247L, and 299-W18-252L
were 0.4 m*/min, 0.2 m*/min, and 0.3 m*/min, respectively (Table (}-28). In all three wells, the
average flow rate, for all flows exceeding the individual well threshold flow rate, was 0.1 m*/min
in FY 2000. The average flow rate was 0.2 m*/min in wells 299-Wl 8-6L and 299-W18-247L,
and 0.1 m*/min in well 299-W18-252L, in FY 2001. I

In general, the average positive differential pressure increases thh pth (Figure 5«53) Ata
given location, the differential pressure reflects the cumulative relafiive i
overlying material. In the 200 West Area, the differential pressure
dramatically at monitoring locations below the Plio-Pleistocene 1
approximately 45 m [150 ft} bgs) (Rohay 1996).
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5.7.3 Performance of Passive Soil Vapor Extraction Systems

During the winter months, water condensed from the venting soil vapor into the hoses and onto
the GAC in the cartridges. This water potentially blocked the venting of air through the hoses
and GAC and/or prevented the absorption of carbon tetrachloride onto the GAC in the cartridges.
Any low spot in the system can accumulate the water and reduce or prevent venting from the
system. The generation of the water necessitated periodic draining of the hoses, detracting from
the low maintenance advantages of the passive SVE systems. If the water in the hoses freezes
before it can be drained, the passive venting systems can become completely blocked until
warmer weather melts the ice. Reconfiguring the passive systems to be vertical or to drop water
out of the hoses would eliminate this source of interference with system operations.

Plots of flow and differential pressure for each of the three instrumented passive systems indicate
that an approximately linear relationship between positive differential pressure and flow occurs
near the zero differential pressure node (Figures C-10 through C-15). The cracking pressure for
the one-way valves used on these wells is approximately 0.04 kPa (Rohay 1996). When the
positive differential pressure exceeds this value, the valve should open, allowing flow out of the
system. The approximately linear relationship between positive differential pressure and flow
appears to originate at the cracking pressure.

The plots of flow and differential pressure also indicate that low flows are associated with both
negative and positive differential pressures and appear to occur relatively symmetrically around
the zero differential pressure node (Figures C-10 through C-15). The high negative differential
pressures (atmospheric pressure greater than subsurface pressure) are expected to develop when
the valve is closed, sealing the well to atmosphere. The high positive differential pressures
(atmospheric pressure less than subsurface pressure) may be a result of water blocking the
passive system, effectively sealing the well to atmosphere and allowing high positive differential
pressures to develop. The low flows recorded at these negative and high positive differential
pressures may fall below the lower threshold for the flowmeters (i.c., these low flows may be in
the range equivalent to zero flow for these instrtuments). As indicated previously, for the
purposes of calculating the mass removed, the threshold flow for each system was defined as a
highest flow associated with a negative differential pressure.

At each of these systems, moderate flows are associated with moderate positive differential
pressures. These data may indicate an increase in the cracking pressure, possibly caused by
moisture condensing on the valve and increasing its weight, and/or a partial restriction in flow
caused by water in the hoses or GAC cartridge.

If the low flows reflect actual flow within the passive systems, the low flows associated with
negative differential pressures may be a result of minor leaks in the passive systems between the
flowmeters and the one-way valves (e.g., cracks in the flexible hoses or loss of seals around the
fittings). For example, flow and differential pressure records during a 5-day period in May 2000
at well 299-W18-247L indicate a flow associated with a local minimum in the differential
pressure (Figure 5-54). (The maximum flow associated with the pressure minimum in this figure
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was used as the threshold flow value for this well for FY 2000.) Carbon tetrachioride
concentrations and flow decrease to zero when the differential presgure becomes negative; while
the pressure is negative, the flow may actually be negative also (i.¢,, into the well) through a
minor leak. Heating of the above-ground system causing expansiom of the vapor in the system
may also induce flow in the "negative” direction. (Note: The flowmeter records fiow magnitude
but not flow direction, i.e., all flow is recorded as a positive value),

During FY 2000, the supply of clean, regenerated GAC that was uged to fill each cartridge before
placement in line on a passive system was sampled and analyzed twice, once in October 1999,
when passive operations started, and again in May 1999, when the supply of clean GAC was
replenished. Laboratory analysis indicated that the “clean” GAC contained carbon tetrachloride
(Tables C-1 and C-7). Because the mass of carbon tetrachloride extracted by the passive systems
is relatively low, compared to the mass extracted by the active SVE systems, this concentration
of carbon tetrachloride on the regenerated GAC can be a significant percentage of the total
analyzed on the passive GAC cartridge samples.

Factors identified above that may affect the operation of the passivé SVE systems will be
considered as the passive SVE systems are upgraded in the future.
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Figure 5-1. Combined Monthly Availability of the Three Soil Vapor Extraction Systems,
November 1994 - September 2001.

" 14.2 m3/min SVE only

Auquiieay Appuop eBeseay

Perfortiance Eval. Report for SVE at the Carbon Tet. Site, Feb. 1992 — Sept. 2001

Tune 2002 5-25



j BHI-00720
Soil Vapor Extraction System Operating Data Rev. 6

Figure 5-2. Monthly Availability of the 14.2-m*/min Soil Vapor Extraction System,
January 1994 - September 2001.
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'Figure 5-3. Monthly Availability of the 28.3-m*/min Soil Vapor Extraction System,
January 1994 - September 2001.
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Figure 5-4. Monthly Availability of the 42.5-m”min Soil Vapor Extraction System,
January 1994 - September 2001.
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Figure 5-5. Number of Hours the Three.Soil Vapor Extraction Systems Operated,
February 1992 - September 2001.
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Figure 5-6. Daily Average Flow Rate Measured at the 14.2-m%min Soil Vapor Extraction
System During 24-hr/day, 7-days/week Operations, August 1994 - September 2001.
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Figure 5-7. Daily Average Flow Rate Measared at the 28.3-m’/min Soil Vapor Extraction
System During 24-hr/day, 7-days/week Operations, July 1994 - September 2001.
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Figure 5-8. Daily Average Flow Rate Measured at the 42.5-m*/min Soil Vapor Extraction
System During 24-hr/day, 7-days/week Operations, October 1994 - September 2001.
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Figure 5.9. Volume of Vapor Processed by the 14.2-m*/min Soil Vapor Extraction System,
June 1994 - September 2001,
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Figure 5-10. Volume of Vapor Processed by the 28.3-m*/min Soil Vapor Extraction System,
February 1992 - September 2001.
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Figure 5-11. Volume of Vapor Processed by the 42.5-m’/min Soil Vapor Extraction System,

March 1993 - September 2001.
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Figure 5-12. Weekly Volume of Knockout Water Drained from Soil Vapor Extraction
Systems, October 1994 - September 1997. '
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Figure 5-13. Ratio of Cumulative Volume of Knockout Water Drained to Cumulative
Volume of Vapor Extracted for Each Soil Vapor Extraction System,
October 1994 - April 1995; October 1995 - June 1996; and October 1996.
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- Figure 5-14. Comparison of Carbon Tetrachloride Concentrations Measured at the Sofl
Vapor Extraction System Inlet to Volume of Vapor Extracted at the 216-Z-1A/Z-18/Z-12
Wellfield, February 1992 - September 2001.
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Figure 5-15. Comparison of Carbon Tetrachloride Concentrations Measured at the Soil
Vapor Extraction System Inlet to Volume of Vapor Extracted at the 216-Z-9 Wellfield,
March 1993 - September 2001.
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N’
Figure 5-16. Carbon Tetrachloride Concentrations Measured at the Soil Vapor Extraction

System Inlet During Extraction at the 216-Z-9 Wellfield During 24-hr/day Operations,

October 1994 - September 2001.
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Figure 5-17. Carbon Tetrachloride Concentrations Measured at the 14.2-m”/min
Soil Vapor Extraction System Inlet During Extraction at the
216-Z-1A/Z-18/Z-12 Wellfield, April 1998 - June 1998,
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Figure 5-18. Carbon Tetrachloride Concentrations M d at the 14.2-m*/min Soil
Vapor Extraction System Inlet During Extraction at the 216-Z-9 Wellfield,
July 1998 — September 1998.
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Figure 5-19. Comparison of Carbon Tetrachloride Concentrations and Mass
Removal Rates Using the 14.2-m’/min Soil Vapor Extraction System,
April 1998 — September 1998,

14

Daily Carbon Tetrachloride Mass Removed (kg)

12

=)

-

extraction at the 216-Z-9 site

|
|

additional wells

mix of on-line

i

brought on-ine

@ concentration

140

TP~
. ':.'go o - !
z o
i s S
g §§ o 1
g LY -
3 e |
fg %
1 % |
a 52 |
. 3
T 8 88 8 % 8

o
[~

{mwdd) uopenuesuoy) epuojyoeae) uoged Area

831 9M4 9728

an7

7120

68 622 8
1998

4/27 SMY 5125

413

3430

Performance Eval. Report for SVE at the Carbon Tet. Site, Feb. 1992 — Sept. 2001

June 2002

543



BHI-00720

Soil Vapor Extraction System Operating Data Rev. 6
Figure 5-20. Carbon Tetrachloride Concentrations Measured at the 14.2-m*/min Soil
Vapor Extraction System Inlet During Extraction at the 216-Z-9 Wellfield,
April 1999 - June 1999.
£ s 1V Iirs _
- 3 e 11
5 o :ﬁ’.!o lii! {
. . ] 1'! S. iife O
===t o S g . ol
K g | e Ll 13 !0
. 1 oR 50 OE e ¢ o ‘
. | 3 14 o8 z
. ﬁE: e : 30 0; :OIG;l
. . - e A A
4 ] =
s ! e ¥
: 1 |[= 11 Ini i
. ] l*{ § o eo
. | ‘ Ih- o l
P ° Iy i
' " E?!“ fo 20 10T
: ; fo §  “wof
; e edk Y
. . i® 0 OF -
: f [z 1)
2 S = = Il 4
.: s ‘ i % b -ll"i { Io_ 1ite o
% I (o Hiso ot
: | Iy 1
E : | ze l:!i;; te I ]
. L Yo !0 Ld] 0 Gﬂ
:' (o} !O:oajg e ' 30 .i'
. ] £ : - e
: ] ; go 30 8§
. o
o 1 £ 11
- E lif”
. ] 5 io ife o
: - Iy
.: } : ‘0 atg! !0
R . | . !0 ! } :l
. . ]
I.J.I | e —ry L PR TV IS U .-- !o =o .i
g & ¢ 8 °§ =
(nencl} apieppoane | vogmo
001
544

June 2002

Performance Eval. Report for SVE at the Carbon Tet. Site, Feb. 1992 - Sept. 2

g[



BHI-00720
Rev. 6

Soil Vaipor Extraction System Operating Data

Figure 5-21. Carbon Tetrachloride Concentrations Measured at the 14.2-m*/min Soil
Vapor Extraction System Inlet During Extraction at the 216-Z-1A/Z-18/Z-12
Wellfield, July 1999 — September 1999.
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Figure 5-22. Comparison of Carbon Tetrachloridd:Concentrations
and Mass Removal Rates Using the 14.2-m”min Soil Vapor
Extraction System, April 1999 - September 1999.
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Figure 5-23. Carbon Tetrachloride Concentrations Measured at the 14.2-m*/min
Soil Vapor Extraction System Inlet During Extraction at the
216-Z-1A/Z-18/Z-12 Wellfield, April 2001 — July 2001.
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Figure 5-24. Carbon Tetrachloride Concentrations d During Initial Soil Vapor
Extraction Tests at New Screened Intervals in Wells 299-W15-84L
and 299.W15-95L, July 2001.
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Figure 5-25a. Comparison of Carbon Tetrachloride Concentrations in Soil Vapor Sampled
During Drilling and Soil Vapor Extracted Using the Soil Vapor
Extraction System at Well 299-W15-95L.,
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Figure 5-25b. Comparison of Carbon Tetrachloride Concentrations in Soil Vapor Sampled
During Drilling and Soil Vapor Extracted Using the Seoil Vapor
Extraction System at Well 299-W15.84L.
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Figure 5-26. Carbon Tetrachloride ConcentrationgMeasured at the
14.2-m"/min Soll Vapor Extraction System Inlet During Extraction
at the 216-Z-9 Wellfield, July 2001 — September 2001.
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Figure 5-27. Comparison of Carbon Tetrachloride Concentrations and Mass Removal
Rates Using the 14.2-m*min Soil Vapor Extraction System,
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Figure 5-28. Carbon Tetrachloride Concentrations in V#or Extracted from the
216-Z-9 Site, July 1997 - September 1997, July 1998 - September 1998,
' April 1999 - June 1999, and July 2001 - September 2001.
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Figure 5-29. Carbon Tetrachloride Concentrations in Vapor Extracted
* from the 216-Z-18 Site, July 1997 - September 1997 and

April 1998 - May 1998, -
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Figure 5-30. Carbon Tetrachloride Concentrations in Yapor Extracted from

the 216-Z-1A Site, July 1997 - September 1997, May 1998 — June 1998,
July 1999 - September 1999, and April 2001 - July 2001.
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Figure 5-31. Exponential Decay of Carbon Tetrachloride Concentrations,
October 1995 Through November 1996.
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Figure 5-32. Exponential Decay of Carbon ThMGMoﬁde Concentrations,
October 1995 Through September 1998.
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Figure 5-33. Carbon Tetrachloride Concentrations Measured at Extraction Wells in the
216-Z-1A/Z-18 Welifield, April 1992 - September 2001.
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Figure 5-34. Carbon Teétrachloride Concentrations Measureﬂ at Extraction Wells in the
216-Z-9 Wellfield, March 1993 - Scptembm' 2001.
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Figure 5-35. Relationship Between Concentrations of Carbon Tetrachloride and
Chloroform Measured at Extraction Wells in the 216-Z-9 Wellfield.
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Figure 5-36. Relationship Between Concentrations of; _

Tetrachloride

Less Than 1,000 ppmv and Chloroform Més at
Extraction Wells in the 216-Z-9 Welifield.
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Figure 5-37. Relationship Between Concentrations of Carbon Tetrachloride and
‘Chioroform Measured at Two 216-Z-9 Wells, 299-W15-82 and 299-W15-217.
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Figure 5-38. Relationship Between Concentrations of Carbon Tetrachloride and
Chloroform Measured at Extraction Wells in .Iihe 216-Z-1A/Z-18/Z-12 Wellfield.
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Figure 5-39. Total Mass of Carbon Tetrachioride Removed,
February 1992 - September 2001.
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Figure 5-41. Mass of Carbon Tetrachloride Removed from the 216-Z-1A/Z-18/Z-12

Wellfield, February 1992 — September 2001.
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Figure 5-42. Mass of Carbon Tetrachloride Removed from the 216-Z-9 Wellfield,
March 1993 - September 2001.
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Figure 5-43, Decline in Total Carbon Tetrachloride Mass Removal Rate Between
October 1994 and September 2001.
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-
Figure 5-44. Comparison of Mass Removed Using the 14.2-ny{/min Soil Vapor Extraction
System During Cyclic Operations at the 216-Z-9 Wellfield to the Projected Mass
Removed During Continuous Operations.
e £2
8gs, 56
20 23
L 516 -
€53 3k i §
- x :
: : —— §
b - (=]

() PeAoWweY SPLOIYR] UOGIED SARRINUMD

Performance Eval. Report for SVE at the Carbon Tet. Site, Feb. 1992 — Sept. 2001
June 2002 ‘ 5-68

E



Soil Vapor Extraction System Opefaﬁng Data:

BHI-00720
Rev. 6

Figure 5-45. Carbon Tetrachloride Concentrations Monitored at the 216-Z-9 Wellfield,

Wells 299-W15-6L and 299-W15-9L.
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Soil Vapor Extraction System Operating Data

Figure 5-46. Location of Passive Soil Vapor Extraction Wells.
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Figure 5-47. Correlation Between Total Carbon Tetrachloride Mass Removed Based on
GAC Cartridge Analytical Data and Wellliead Hourly Measurements.
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o
Figure 5-48. Monthly Amount of Carbon Tetrachloride Remeved from Each Passive Soil
Vapor Extraction Well, Based on GAC Cartridge Data.
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Figure 5-49. Carbon Tetrachloride Concentrations and Flow Rates Measured Hourly at
Well 299-W18-6L, October 1999 — September 2001.
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Figure 5-50. Carbon Tetrachloride Concentrations and Flowis.ihtes Measured Hourly at
Well 299-W18-247L, October 1999 — September 2001.
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Figure 5-51. Carbon Tetrachloride Concentrations and Flow Rates Measured Hourly at
. Well 299-W18-252L, October 1999 — September 2001.
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'Figure 5-52. Comparison of Carbon Tetrachloride Concentrfﬁtions Measured Hourly at
Wells 299-W18-6L., 299-W18-247L, and 299-W18-252L, July 2000.
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Figure 5-53, Average Positive nmmu Pressures Measured at
Passive Soil Vapor Extraction Wells.
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Figure 5-54. Carbon Tetrachloride Concentrations, Flow Ratps, and Differential Pressures ~
Measured Hourly at Well 299-W18-247L, May 2000.
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Table 5-1. Planned Operating Times foi the Soil Vapor Extraction Systems.

Soil Vapor Extraction
System (m’/min)

Time Period

Operating
. Hours/Day

Operating
Days/Week

425

2/23/94 - 519194
5/10/94 - 10/18/94
10/19/94 - 11/3/96

11/4/96 - 711197
118097 - 9130097

10/1/98 - 9/30/99

10/1/99 - 9/30/00
10/1/00 - 9/30/01

28,3

11394 - 4/29/94
5/2/94 - 111094

11794 - 111396 -

11/4/96 - 11197
T8/9T - 9/30/97
10/1/98 — 9/30V99
10/1/99 — 9/30/00
10/1/00 - 9/30/01

142

8/3/94 - 1113196
11/4/96 - 1117/97
1897 ~ 913097
10/1/97 - 329/8
3/30/98 — 9/30/98
10/1/98 - 3/28/99
3/29/99 - 9/30/99
10/1/99 — 9/30/00

10/1/00 — 4/3/01

4/4/01 ~ 9/30/01
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Table 5-2. Monthly Availability Data for the Soil Vapoy Extraction Systems,
January 1994 — September 2001. (2 Pages)
42.5 w’/min 28.3 or’/min 14.2 n’/min Total
| Month o | e | Avans | P Aval | ya | OB | Aval op | Al | Avat
Jmo4| - - - 123 | 147 | 8% | - - - 123 | 147 | s4%
Febod| - - - 103 | 140 | 74% | - - - 103 | 140 | 74%
Mar94| 101 | 1890 | s3% | 127 | 161 | 9% [ - - -~ 228 | 350 | 65%
Apod]| 7 147 | 49% | 105 | 147 | ne | - - - 177 | 294 | 60%
May94f 144 | 183 | 79% | 400 | 452 | 88% | - - - 544 | 635 | 86%
Jno4| 175 | 197 | 89% | 339 | 460 | 749 | - - - 514 | 657 | 8%
oa] 111 | 166 | 67% | 397 | 5715 | 6% 44 | 180 | 4% | ss1 | 921 | e0%
|Augoa| 179 | 203 | 88% | 694 | 744 | 3% | 522 | 707 | 4% | 1395 | 1654 | 4%
Sep94| 168 | 193 | 87% | 589 | 720 | 82% [ 709 | 720 | 98% | 1466 | 1633 | 90%
Oct94| 261 | 372 | 70% | 655 | 744 | 88% | 684 | 744 | 02% | 1600 [ 1860 | s6%
Novod| 534 | 624 | 86% | 408 | 624 | 65% | 521 | 624 | 83w | 1463 | 1872 | 78%
Dec94| 374 | 504 | 74% | 417 | 516 | 81% | 364 | s04 | 72% | 1154 | 1524 | 76%
Jan95| 593 | 696 | 85% | 668 | 696 | 96% | 192 | 696 | 28% | 1453 | 2088 | 70%
Febos| 591 | 672 | ssm | 629 | 672 | 94% | 419 | 672 | 62% | 1639 | 2016 | 81%
Mar95] 687 | 744 | 92% | 596 | 744 | so% | 741 | 744 [100% | 2023 | 2232 | 91%
Apros) 625 | 720 | 87% | 694 | 720 | 96% | 699 | 720 [ 97% | 2018 | 2160 | 93%
May95] 595 | 744 | 80% | 741 | 744 | 100% | 700 | 744 | 9a% | 2035 [ 2232 | o1%
Jun9s| 628 [ 720 | 87% | 698 | 720 | 9% | 700 | 720 [ 97% [ 2026 | 2160 [ 94%
mios| 704 | 744 | 95% | 639 | 672 | 95% | 734 | 744 | 99% [ 2077 | 2160 | 96%
Aug95] 737 | 744 | 99% | 700 | 744 | 9s% | 741 | 744 | 100% | 2188 | 2232 [ 98%
Seposf 701 | 720 | 97% | e91 | 720 | 96% | €23 | 720 | 86% | 2015 | 2160 | 93%
Oct95| 643 | 744 | 86% | 692 | 744 | 93% | 667 | 744 | oo% | 1904 | 2208 | 90%
Novo5| 617 | 672 | 92% | 593 | 606 | 98% | 603 | 605 | 100% | 1813 | 1883 | 96%
Dec95| 507 | 518 | 98% | 512 | 587 | 99% | 416 | s17 | so% | 1434 | 1552 | 92%
Jan96| 590 | 711 | 83% | 697 | 710 | 98% | sso | 710 | s2% | 1866 | 2131 | ss®
Feb96] 552 | 696 | 79% | 653 | 696 | 94% | 506 | 696 | 73% | 1710 | 2088 | 82%
Mar96| 720 | 744 | 98% | 715 | 744 | 96% | s89 | 744 | 70% [ 2034 | 222 | ;1%
Apr96) 713 | 720 | 9% | 662 | 720 | 92% | 715 | 720 | 99% | 2088 | 2160 | 97%
May96f 651 | 744 | 87% | 731 | 744 | 98% | 725 | 744 | 97% | 2106 | 2232 | 9%
Jon96| 637 | 720 | 88% | 610 | 720 | 85®% | s70 | 720 | 79% | 1817 | 2160 | 84%
o | 533 {“744 [ 2% | 742 | 744 | 100% | 595 | 744 [ so®% [ 1811 | 2232 | sa®m
Aug96] 628 | 744 | 8a%m | 742 | 744 | 100% | 712 | 744 | 96% | 2082 | 2232 | o3%
Sep96| 644 | 720 | 89% | 671 | 720 | 93% | 690 | 720 | 96% | 2005 | 2160 | 93%
Oct96| 741 | 744 | 100% | 741 | 744 | 100% | 743 | 744 | 100% | 2225 | 2232 | 100%
Novos| so 80 | 100% | 91 91 [ 100% | 92 | 92 [ 1w00% | 263 | 263 | 100%
97 ) 320 | 326 | 98% | 327 | 327 | 100% | 322 | 326 | 9% | 969 | 979 | 9%
Aug97] 738 | 744 | 99% | 741 | 744 | 100% | 678 | 744 | 91% | 2157 | 232 | 97%
Performance Eval. Report for SVE at the Carbon Tet. Site, Feb. 1992 — Sept, 2001 .
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Soil Vapor Extraction System Operating Data

Table 5-2. Monthly Availability Data for the Soil Vapor Extraction Systems,
January 1994 — September 2001. (2 Pages)

42.5 m/min 28.3 m’/min M2 m’min Total

et | | A Tavr | A T | 0 T T | 2 T [
Sep97] 720 | 720 [ 100% ] 707 | 708 | 100% ] 663 | 720 | 92% | 2000 | 2148 | 97%
Apros| - - - - - | - 77 | 768 | 100% | 767 | 768 | 100%
May9s] - - - - - - 744 | 744 | 100% | 744 | 744 | 100%
Jn98 | - - - - -~ - 706 | 720 | 98% | 706 | 720 | 98%
s | - - - - -~ - 589° | 600 | 98% | s89 | 600 | 98%
Augos| -- - - - - -~ 740 | 744 | 9% | 740 | 744 | 9%
Sep98| - - - - - - e | 720 | 99% | 716 | 720 | 99%
Aproo| - - - - - - 2| 78 | 9% | T2 | TIB | 9%
May99| -- - - - - ~ [ 743 | 744 | 100% | 743 | 744 | 100%
Jm9o | - - - - - - 17612 | 96 | 96% | 672 | 696 | 9%
| - - - - - - P3| 744 | 100% | 743 | 744 | 100%
Aug99) - - - - - -~ Jo704 | 744 | 95% | 704 | 744 | 95%
Sep99| - - - - - - 708 | 720 | 98% | 708 | 720 | 98%
Apro1f - - - - - - Jo611- | 639 | 96% | 611 | 639 | 96%
MayOl| - - - - - - 1743 744 | 100% | 743 744 | 100%
JunO1 | - ~ - - - - 658 | 720 | 91% | 658 | 720 | 91%
huto1 | --- - - - - - f.566 | 744 | 76% | 3566 | 744 | 76%
AugOi] -- - - - - - |.689 | 744 | 93% 689 744 | 93%
Sep01| - - - - - - | 614 | 126 | 93% 674 | 726 | 93%
*Mounthly availability = monthly operating hours/monthly available cperating hours.

Performance Eval. Report for SVE at the Carbon Tet. Site, Feb. 1992 — Sept. 2001

June 2002 5-81



B)e( SuneradQ waysig uonrenxy Jodep 10§

'E'" s
g 2
E Table 5-3. Number of Hours Each Seil Vapor Extraction System Has Operated.
3 Soll Vapor Number of Hours Operated Each Calendar Year
o Extraction
Y System (m’/min) | 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 | Total
o
3 14.2 - - ~ | 2843 | 7235 | 6516 | 1663 | 4261 | 4342 0 3940 | 30,799
% 28.3 104 852 1565 | 4357 | 7582 | 7054 | 1,775 0 0 0 23,568
=18 425 - - 76 2,119 | 7628 | 649 | 1784 0 0 0 18,103
§_ 3 Total 104 | 852 | 1681 | 9319 | 22725 | 20066 | 5222 | 4261 | 4342 | 0 | 3940 | 72470
el .
g Table 5-4a. Volume of Vapor Processed by Each Soil Vapor Extraction System.
hu)
o Seil Vapor Volume of Vapor Processed Each Calendar Year
& Extraction 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 Total
x| |System (m'/min)| (m) (u) (ur’) (or’) (m) (nr’) () (ur’) (o) () () (or’)
- 142 - - ~  [2.100E+03 | 4,900B+03 | 4,550E+03 | 1,220B+03 [ 3.490E+03 |3,550E+03] 0  |2,520E+03] 22,330B+03
8 28.3 47E+03 | 150E+03 | 1,420E+03 | 4,190E+03 [10,470E+0311,190E+03| 2,830E403| 0 0 0 0 ], 30300E+03
R 425 - - 10B+03 | 3,190B+03 {15,6008+03]12,180E+03} 4,8608+03] 0 0 0 0 35.930B+03
i} Totsl 4TE+03 | 150E+03 | 1,430E+03 | 9,4808+03 [31,0608+03(27.920E+03| 8.910E+03 | 3490E+03 [3.5508+403| 0 [2,5208+03] 88,560E+03
)
.................... S o o
Table 5-4b. Volume of Vapor Extracted from Each Soil Vapor Extraction Wellfield.
Volume of Vapor Extracted Each Calendar Year .
Site 1991 1992 1993 1994 1995 1996 1997 | 1998 1999 2000 | 2001 Total
- () (o) (o) (n) @ | @) () (m*) () () (m*) ()
ZICL 1A | 47B+03 | 150B+03 |1420B403 | 6,290B403 |15.370E+03(15,7408403) 40508403 | 19108403 | 18408403 | 0 | 1,7808+03 | 48.590E+03
216-Z-9 - - 10E+03 | 3,190E+03 |15,690E+03]12,180E+03] 4,860E+03 | 1,500E+03 | 1,720E+03| 0 750E+03 | 39.980E+03
Total 47E+03 | 150E+03 |1,430E+03 | 9,480E+03 [31,060E+03]27,920B+03| 8 910E+03 | 3,490E+03 [3,550B+03| 0  |2,520B+03| 88,560E+03
A
2]
(3]

9 A%y
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Table 5-5. Volume of Vapor Extracted from Each Extraction Well Between

April 1991 and September 2001.
21629 Wells | Vapor Extracted | , 277 | Vapor Extracted | 216-Z-1A Wells | Vapor Extracted
3/93-901 (m®) 2202.9/01 Ny 4/91-9/01 g
W15-6L 2,390E+03 W18-10L 2,440E+03 W18-6L 1,970E+03
W15-6U 150E+03 W18-10U 660E+03 W18-6U 150E+03
W15-8 OE+03 W1s-11L 240E+03 W18-7 8,440E+03
W15-9L 870E+03 W18-12 940E+03 W18-87L 40E+03
W15-9U 840E+03 W18-93 10E+03 W18-87TM 20E+03
W15-82 5,040E+03 Wi8-94 OE+03 W18-87U 40E+03
W15-84L 130E+03 W18-96 440E+03 W18-89 7,340E+03
W15-84U 2,510E+03 W18-97 230E+03 W18-150L 240B+03
W15-85 2,650B+03 W18-98 0B+03 W18-150M 40E+03
W15-86 690E+03 W18-99 160E+03 W18-150U 40E+03
W15-95L 280E+03 W18-152 1,770E+03 W18-158L 230E+03
W15-95U T90E+03 W18-153 480E+03 W18-158M O0E+03
W15-216L 1,160E+03 W18-246L 1,490E+03 W18-158U 820B+03
W15-216U 560E+03 W18-246U 690E+03 W18-159 930F+03
W15-217 4,530E+03 W18-249 670E+03 W18-163L 170E+03
W15-218L 3,530E+03 W18-252L 3,370E+03 W18-163M 10E+03
W15-218U 3,400E+03 | WIis-252U 1,100B+03 W18-163U . 410E+03
W15-219L 2,800E+03 ' W18-165 1,900E+03
W15-219U 2,770E+03  W18-166 860E+03
W15-220L 1,440E+03 W18-167 1,510E+03
W15-220U 2,010E+03 W18-168 1,600E+03
W15-223 1,420E+03 W18-169 140E+03
W18-171L 500E+03
W18-171M 390E+03
W18-171U 460E+03
W18-174 2,830E+03
W18-175 350E+03
W18-248 2,450E+03
Plio. Pleisone] 213608403 | puo o Abovel ¢ 220R+03 Plio-Ple Abovel 53 480E+03.
Plio.Plet Below 1) s00B+03 Plio-Pleism BASOEH03 | . o Below| 16 4108403
Total] 39,950E+03 Total]l 14,700E+03 Total| 33,890E+03
Performance Eval. Report for SVE at the Carbon Tet. Site, Feb. 1992 - Sept. 2001
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Table 5-6. Weekly Volume of Knockout Water Drain from Soil Vapor

Extraction Systems, October 1994 — September 2001. (3 Pages)
: SVESystem Total
Week Start | WeekEnd | 25m/min | 283m¥min | 14.2 m¥/min @
(L) (L) - (L)
10720192 2/9/94 0 1,022 1,022
2/10/94 6/30/94 1,747 1,747 3,493
1992-1994 Total* 1,747 2,769 4,515
10/13/94 10/19/94 0 303 303 606
10/20094 10/26/94 0 341 303 643
10/27/94 1172194 379 757 265 1,400
11/3/94 11/9/94 833 303 303 1,438
11/10/94 11/16/94 833 643 303 1,779
11/17/94 112394 795 757 98 1,650
11/24/94 11/30/94 643 454 53 1,151
12/1/94 121194 530 454 303 1,287
12/8/94 12/14/94 303 530 303 1,136
12/15/94 122194 738 227 151 1,117
12/22/94 12/28/94 0 0
12/29/94 1/4/95 0 0
1/5/95 1/11/95 303 0 303
1/12/95 1/18/95 284 379 379 1,041
1/19/95 1725095 0 0 0 0
1/26/95 21195 568 189 0 757
212095 2/8/95 379 379 189 946
2/9/95 2/15/95 0 379 0 379
216/95 2/22/95 454 379 227 1,060
2123195 3/1/95 757 379 303 1,438
312/95 3/8/95 757 379 303 1,438
319/95 3/15/95 662 379 303 1,344
3/16/95 3122095 568 379 227 1,173
3/23/95 3/29/95 1,514 871 530 2914
3/30/95 4/5/95 0 0 0 0
4/6/95 412095 0 0 0 0
4113095 4/19/95 568 492 379 1,438
420195 4/26/95 379 473 0 852

Performance Eval. Report for SVE at the Carbon Tet. Site, Feb. 1992 ~ Sept. 2001
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Soil Vapor Extraction System Operating Data Rev. 6
Table 5-6. Weekly Volume of Knockout Water Drained from Soil Vapor
Extraction Systems, October 1994 — September 2001. (3 Pages)
SVE System Total
Week Start | WeekEnd |  42.5 m’/min 283m”min | 14.2 m¥min @
(L) (L) (L)

1994-1995 Total 11,942 10,125 5223 27,290
9/28/95 10/4/95 0 0 379 379
10/5/95 10/1195 0 379 379 757
10/12/95 10/18/95 0 379 379 757
10/19/95 10/25/95 757 1,703 757 3217
1026195 11195 157 1,419 757 3,747
1172195 11/8/95 1,722 1,628 530 3,880
11/9/95 11/15/5 1,628 1,287 568 3,482
11/16/95 11/22/95 1,136 1,154 511 2,801
11/23/95 11/29/95 757 303 170 1,230
11/30/95 12/6/95 1,457 1211 341 3,009
127795 12/13/95 1,192 1,363 95 2,650
12/14/95 1272095 1,646 1,230 416 3,293
12/21/95 12/21/95 700 208 132 1,041
12/28/95 1/3/96 0 0 0 0
| 1/4196 1/10/96 1,609 2,309 492 4,410
1/11/96 1/17/96 1,609 1,382 492 3,482
1/18/96 1/24/96 852 1,400 549 2,801
1725196 1/31/96 341 662 151 1,154
2/1/96 2/7/96 530 1,173 246 1,949
2/8/96 2/14/96 1,325 1,173 322 2,820
21596 | 20219 795 568 151 1514
2122196 2728096 1514 1,628 76 3217
2/29/96 | 3/6196 - 1,325 1,363 416 3,104
311196 311396 757 1,022 151 1,930
3/14M96 3/20/96 246 700 341 1,287
3/21/96 312796 908 1,249 189 2,347
3/28/96 413196 606 681 379 1,665
4/496 4/10/96 303 397 208 908
4/11/96 417196 0 454 114 568
4/18/96 4124/96 341 757 454 1,552

Performance Eval. Report for SVE at the Carbon Tet. Site, Feb. 1992 — Sept. 2001
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Table 5-6. Weekly Volume of Knockout Water Drain from Soil Vapor
Extraction Systems, October 1994 - September 2001. (3 Pages)

SVE System -
Week Start | WeekEnd | 425m’min | 283m”min | 142 m*/min T&f;"
(L) (L) (L)
4125/96 5/1/96 0 0 0 0
512196 5/8/96 0 0 0 0
5/9/96 5/15/96 454 265 227 946
5/16/96 5122/96 0 0 0 0
5123196 5/29/96 0 454 0 454
513096 6/5/96 0 0 0 0
6/6/96 6/12/96 0 0 0
6/13/96 6/19/96 0 0 0
62006 | 6/26/96 0 0 390 390
1995-1996 Total 26,079 29,902 - 10,761 66,741
10/10/96 10/16/96 0 530 303 833
10/17/96 10/23/96 1,325 662 284 2,271
10/24/96 10/30/96 757 1,136 568 2,460
* 1996-1997 Total® 2,082 2,328 1,154 5,564
1997-1998 Total® 0 0 189 189 -
1998-1999 Total® 0 0 37 379
2000-2001 Total® 0 0 757 757
1992-2001 Total 41,849 45,123 18,463 105,434

- "No SVE June 4, 1993 through November 11, 1993 following the GAC overhemng incident on June 3, 1993;
volume February 10, 1994 through June 30, 1994 divided equally between the 28.3- and 42.5- m*/min SVE

systems.
*No SVE November 4, 1996 through July 17, 1997 during the rebound study.
*No SVE October 1, 1997 through March 29, 1998dtmngtheplmnedwmtershutdown The 14.2-m’/min
SVE system operated March 30, 1998 through September 30, 1998.

* “No SVE October 1, 1998 through March 28, l999¢hmngthcplmnedw1mershutdown The 14.2-m*min
SVE system operated March 29, 1999 through September 30, 1999.
*No SVE October 1, 1999through5eptembe130 2000. No SVE October 1, 2000dmughApnl3 2001
during planned winter shutdown. 14.2 m*min SVE system operated April 4, 2001 through September 30,
2001.

Performance Eval. Report for SVE at the Carbon Tet. Site, Feb. 1992 - Sept. 2001 \
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Table 5-7. Analyses of Soil Vapor Extraction System Knockout Water. |

| /3094 1726195 12112095
""*é.f"’..,,.i';.'?;‘;,"“ Result | DStecton | pegut l"u“;i“:"‘ Result | Resui [ Diecton
Ggl) | ery | I | gy | 0D 08D
Carbon tetrachloride 10] 10 380 N/A 130 140 N/A
Chloroform 130 10 19 N/A <10 | <10 N/A
Tetrachlorocthylenc 10U 10 071 20 <5 <5 N/A
Trichloroethylene 10U 10 <1 NA <5 <5 N/A

J = estimated value
N/A = not available
U = analyzed for but not detected

Performance Eval. Report for SVE at the Carbon Tet. Site, Feb, 1992 — Sept. 2001

June 2002
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CCl4 = carbon tetrachloride

ppmv = parts per million by volume

i
Soil Vapor Extraction System Operating Data ; Rev. 6
'
. |
Table 5-8. Initial Carbon Tetrachloride Concentrations Measured at Individual Extraction Wells. }
Z1A Restart 7/1897 Restart 3/30/98 ' Restart 6/30/99 cé“ R:nnuml
Well Well Wdl ) Wi
Invtr:nwal Date v('g)“ (mgllgn) (fpﬁ) Date v(‘:g';‘ (mns’:?;n) (:p(::) Date V(k"’;:)"‘ (mI;ll;'::n) opm) Date V:;:)m (m%) (:p?-l:‘h
- Wi8-6L 712197 1 1 27 3/30/98 6 0 26 - -~ - - -~ - - ~
W18-7 12197 2 3 31 3/30/98 1 1 15 - - - - - - - -
| wis-167 121197 2 5 21 498 | 0 1 27 - - - - - 4/4/01 2 7 33
W18-174 7121197 2 0 7 4198 | I o o 8 6/30/99 9 2 39 4/4/01 6 1 30
W18-248 12197 3 0 59 .| 33008 | | 2 0 1 - - - - - - - -
W18-252U 12197 4 4 42 3008 | 1 9 2 % | - - - - - - - -
wW18-152 - ~ ~ ~ |3oms | e 0 T - - - - — - - -
. W18-96 - C - - ~ w8 | 9 2 16 - ~ ~ - ~ -~ - —~
WIis-12 ~ - - - 3/30/98 9 0 29 ~ - - - - - - -~
| W8-89 - - — ~ 3/30/98 1 0 28 ~ ~ - I ~ - - -
W18-246U -~ - -~ - 33008 | 9 1 30 - - - L - - - -
W18-252L - - - ~ | 3nw8 | 12 1 29 - - ~ - - - - —~
W18-249 - -~ - - 33008 | i 7 3 33 - - - - - —~ - -
Wi8-168 - -~ —~ ~ | 48 0 0 1 | 63009 8. 3 46 4/4/01 3 1 18
W18-165 - - - - 4198 | . o 0 6 | 630m9 7 4 16 | 4/4/01 3 2 $
Wi8-166. = - - - - f- - - 6/30/99 8 3 82 414101 3 2 12
- - - - ~ - |7 - —~ - - -~ - L+ | 01 3 0 0
_ _ Restart 7/18/97 - . Restart 77798 Restart 3/29/99 ! Restart 7/23/01
Z-9 Well/ : Well Well - ' ' Ciwen. | oo - well : Well
futerrsl | Date | Vacwmm | () | gy | Dste | Veomm | B | o | Date | Vocwmm | ity | gpwy | Date | Voemm | (O | G | Date Vacwm | o | ooy
WISSL | 771897 16 2 20 | w7 19 2 .21 | 71008 | | 19. 2 17 | 3Boee | 23 3 16 | 7301 27 2 21
w1582 | 771897 16 2 106 | 2197 | 14 2 47 71008 | . 17 2 196 | 3730M9 20 . 2 167 | 72301 2% 2 154
WI5-217 | 7187 16 5 256 . | P97 12 6 8 | 710M8 | 15 4 135 | 33009 19 4 116 | 72301 2 5 236
W15-6L | 7/18/97 10 3 20 721/97 8 2 20 7/30/98 9 2 - 18 - - - - - - - -
Wi5-86 | 71897 15 5 138 | 12197 12 5 nr | msems | 13 4 107 - - - ES ~ - - -
W15-218L1 7/18/97 20 3 20 712197 13 2 ) - - - - - - - + - - - -
wis-218U| 71897 17 6 21 12197 11 5 22 73098 12 6 - - - - - ~ - -
W15-9U - - —~ - - -~ - -~ 71098 | 20 2 30 | 37309 24 2 35 72301 | 20 1 150
~ =no data : - ;

Performance Eval. Report for SVE at the Carbon Tet. Site, Feb. 1992 ~ Sept. 2001
June 2002
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Table 5-9a. Hourly Data Availability for Passive Soil Vapor Extraction Wells

During FY 2000,
Carbon Tetrachloride
Flow Rate Data Concentration and
Well Concentration Data
2/30/99 11/11/99-12/30/99
299-W18-6L (1,{1”,(1,3%,00 11/11/99-03/28/00 01/03/00-02/09/00
03/07/00-09/25/00 04/28/00-09/30/00 03/07/00-03/28/00
04/28/00-09/25/00
11/15/99-12/30/99 01/05/00-02/09/00
299-W18-247L' | 0103000209000 | oiP LS 02RO 03/07/00-03/28/00
03/07/00-09/25/00 9/30/00 04/28/00-09/25/00
11/11/99-12/21/99 11/11/99-12/21/99
2281990 12/28/99-12/30/99
‘ \ ! 1/20/00 01/03/00-01/20/00
10/14/99-12/30/99 01/24/00-02/25/00 oL /00
299.W18-252L 01/03/00-02/09/00 03/05/00-03/28/00 o wl’mmm
03/07/00-09/25/00 05/22/00-06/14/00 oo 700-0 2810
7/00-08/05/00 06/27/00-08/05/00
© 08/20/00-09/28/00
i 08/26/00-09/25/00

*Concentration data collected prior to 01/05/00 at this well are not representative.

Table 5-9b. Hourly Data Availability for Passive Soil Vapor Extraction Wells

During FY 2001.
Well Coneen'z'uﬂon Darti:e Flow Rate Data Concentration and
Available Available Flow Rate Data Available
10/01/00 — 10/24/00
299-W18-6L 10/23/00 - 11/08/00 |  11/30/00 — 12/18/00 i‘l””‘m: im
11/30/00 - 04/04/01 | 02/01/01 - 04/05/01 mmuomz . 1
04/13/01 - 06/22/01 04/040
10/01/00 — 10/24/00
290.Wiga47Ls | 1024000 - 110800 | 11/30/00 - 12/18/00 10/24/00 — 10/24/00
11/30/00 - 04/04/01 |  02/17/01 - 04/05/01 11730400 — 12/18/00
_ 04/13/01 - 06/22/01
i | 1001001024000 |
299-W18-252L 10/23/00- 11/08/00 * |  11/30/00 - 12/18/00 FV23/00 - 102470
11/30/00 - 04/04/01 | 02/25/01 - 04/05/01 130/ mml 0
05/07/01 - 06/22/01 02/25/01 - 04/04/0

*Concentration data collected after 01/15/01 at this well are not representative. '

Performance Eval. Report for SVE at the Carbon Tet. Site, Feb. 1992 — Sept. 2001
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Table 5-10a. Carbon Tetrachloride Removed by Passive Soil Vapor Extraction Systenis During FY 2000.

!?i

26°S

1002 1doS - 2661 *q2:4 “211S 121 40GuD) oy 1D A 40f 1oday oag souviLiofis |

10/14/1999 | 10/28/1999 | 11/29/1999 | 12/28/1999 | 1/2772000 | 2/29/2000 | 6/1/2000 | /2712000 | 773172000 | 872972000 FY 2000
Well  10/28/1999| 11/29/1999 | 12/28/1999 | 1/27/2000 | 2/29/2000 | 6/1/2000 | 6/27/2000 | 7/31/2000 | 8/29/2000 | 9/27/2000 | Total
® ® ® ® ® ® |- ® ® ® ® ®
GAC cartridge monthly analytical data
299-W18-6L 29 1 0.7 2.0 1.0] 2.1 14 2.3 2.6 3.5 20.1
299-W18-7 11 18 05 0.8 1.7 3.1 152 375 2.0| 1.0f 64.6
299-W18-10L 09 12 0.1 04 0.5 0.9 2.5 27 12 1.6] 12.1
299-W1s-11L 0.9 1.0 03 0.7 0.4 0.9 04 1.5 02 0.1 6.2
299-W18-12 3.0 0.1 1.3 0.2 23 16.9 17.2 7 6.0{ 50.8
299-W18-246L 1.4 2.0] 0.3 0.5 0.7 7.3 242 15.5 7.0 0.4 59.2
299-W18-247L 0.8 0.7 0.2 12 04 1.0| 2.0 1.0{ 02 0.3 7.8
299-W18-252L 19| 33 0.5 19 0.5 2.5 8.8 4.2 4.6| 2.6 30.8
Total ' 9.7 14.6| 2.6| 8.7 5.5 20.1 71.3 82.0§ 21.5 156 2517
Wellbead hourly measurement data" "

o OOWMEEL | N4 .. 03 45 624 - 60 - 1096 - oo 73l yedl . 3mal 7essl-
299-WI18-47L} N/A N/A N/A 3.7 0.5 29.3 123 7.5 0.0 8.9 622
299-W18-252L| N/A 262 26.2 188.1 94.0 383 85.1 192.0| 112.8 3289 10916
Total N/A 265 30.7 2542 157.5 177.2 97.4 278.8 241.2 689.1 1952.6

"Bascd on flows above the following threshold flows: 299-W13-6L = 0.03 m'/min; 299-W18-247L = 0.05 m*/min; 299-W18-252L = 0.04 nr’/min.
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Table 5-10b. Carbon Tetrachloride Removed by Passive Soil Vapor Extraction Systems During FY 2001.

97272000 | 10/31/2000| 11/29/2000| 12/27/2000| 1/25/2001 | 2/27/2001 | /26/2001 | 4/30/2001 | 5/30/2001 | 672672001 | 7/30/2001 | 8/30/2001 | FY 2001

Wl  [10/317200 | 11/2972000| 122772000 172972001 | 2/2772001 | 3/26/2001 | 4/30/2001 | 5/30/2001 | 6/26/2001 | 7/30/2001 | 8/30/2001 | 9/26/2001 | Total

_ ' ® ® ® ® ® ® ® @® ® ® @® ®

GAC cartridge monthly analytical data |
299-W18-6L 5.6| 09 0.0 0.0 0.0| 0.0 02 14.6 103 12,6 69 20 532
299.-W18-7 2.2 1. 40 0.1 4.6 1.4 71 11.0} 0.8 0.0 331
299.W18-10 15 0.8 2.4 0.1 14 0.6 2.6 68 12 3.1 2.7 10 241
299-W18-11 0.0 0.0 0.0 0.0 0.0{ 0.0 0.3 0.0| 0.0| 0. 02 0.1 0.9
299-W18-12 32 17 313 0.0 23 2.0| 74 12,5 75 0.0} 40.1
299-W18-246L 02 0.1 03 0.1 0.1 0.8 4.6 4.1 7.0| 0.1 174
299-W18-247L 05 0.1 0.0 0.0] 0.0 0.0 0.0| 13 1.7 0.0 05 13 5.5
299-W18-252L 71 2.3 12 2.0| 1.5 0.8 38 3.6 0.7 8.2 74 24 414
Total 209)| 7.8 114 2.3 9.9 55 26.0 54.0} 29.3 24.1 17.8 66 2156]

Wellhead hourly measurement data®

299-W18-6L ©00] NA 00| N/A 0.0| 0.0 00| MNA NA N/A NA NA 0.0
299-W18-247L 0o NA 00 MNA NA N/A N/A N/A N/A N/A N/A N/A 0.0
299-W18-252L. 00| NA 752] NA 0.0 104.7 393 NA N/A NA N/A N/A 2192
Total 00{ NA 752] NA 0.0 104.7 393 NA N/A NA N/A N/A 219.2

*Based oa flows above the foliowing threshold flows: 299-W18-6L = 0.04 m*/min; 299-W18-247L = (.09 m’/min; 299-W18-252L = 0.02 m%min.
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Table S-11a. Number of Days Hourly Data are Available During Each GAC Cartridge Sampling Interval in FY 2000, _

10/1499 10/28/99 11729199 1272899 12700 2129100 1/00 627700 7131/00 8/29/00
GAC Sample Intervals | 1q,509 | 112090 | 1228990 | 127700 | 22000 | &m0 | 2700 | 3100 | szomo | emame | TO

Number of days in GAC

le in ] 14 31 29 30 33 04 26 34 29 29 349
Number of days hourly data
available for calalllnng mass ] 18 29 26 13 55 26 4 29 27 257
removal at 299-W18-6L.
Number of days hourly data
available for calculating L 0 0 2 13 55 26 34 29 27 206
removal at 299-W18-247L
Number of days hourly data
gvailable for calculzating mass 0 18 22 22 13 31 13 34 18 27 198
removal at 299-W18-252L

Table 5-11b. Number of Days Hourly Data are Available During Each GAC Cartridge Sampling Interval in FY 2001.

¥6-¢

9/27/00 | 131700 | 11/29/00 | 1272700 | 1720001 | 22701 | 326/01 | 43001 | 530001 | e26/01 | 730m1 | s3em1
GACsampleintervals | 15310 | 112900 | 1227000 | 172901 | 2271 | 3261 | a3won | s;3em1 | eemn | 73001 | sraemr | oneen | TOW
34 29 28 33 29 27 35 30 27 34 31 27 364
1 0 18 0 2 27 9 0 0 0 0 0 81

removal at 299-W18-6L

Number of days hourly data
|available for calculating mass 1 0 18 0 0 0 0 0 0 0 0 0 19
removal at 299-W18-247L

Number of days hourly data

available for calculating mass 1 0 18 0 2 27 9 0 0 0 0 0 57
removal at 299-W18-252L
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Table 5-12. Estimate of Total Carbon Tetrachloride Removed from Each Passive Soil Vapor
Extraction Well in FY 2000 Based on Linesr Trend Between Monthly GAC Cartridge
~ Analytical Data and Hourly Wellhead Measurement Data.

vjeq SuperadQ wa)sig uonoexnxy JodeA fos

1007 1438 — Z661 “qod ‘F1S 12 U0QUUD 43 12 FAS 40f uoday ‘a7 soupuLfiad

Total Carbon Teiraehlorid(;)MmRemwdinﬂm
Well R
WM;;M Gi.édwmon%lzh MML‘:&rdeDI::mGAC
Data ’ Total = 39.044* GAC T

299-W18-6L 798.8 20.1 785.43
200-W18-7 ) 64.6 2,523.21

299-W18-10L 12.1 473.78

299-W18-11L 6.2 240.95
299.W18-12 50.8 1,982.76
" 299.W18-246L 59.2 2,313.10

299-W18-247L 62.2 7.8 305.27
299-W18-252L 1,091.6 308 1.202.32
Total 1,952.6 2517 9,826.82
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Table 5-13. Estimate of Potential Total Carbon Tetrachloride Removed from
Each Passive Soil Vapor Extraction Well in FY 2001.

Maximum Carbon
Tetrachloride Maximum Flow
Concentration Nmamber of Mass
Well Hourly Days in Removed
o : peration ®
oy % Mesmuremenss | fomed | O
(m’/min) :
299-W18-6L 474 0.4 365 7.545.9
| 299-wis-7 38.5" 04" 151 2,535.6
299-W18-10L 12.8 0.2° 214 944.8
| 299-w1s-11L 114 0.2° 365 1,120.9
299-W18-12 305 04° 186** 2,467.6
299-W18-246L 409 0.2° {72¢ 1,664.6
299-W18-247L 7.2 02 365 7109
299-W18-252L 38.1 02 ‘305! 2,757.8
Total 19,748.1

*On line to SVE system during June 1, 2001 sampling; concentration mcasureddunngdwactmzmon of individual
on-line extraction wells on May 31, 2001 (Table B-1).

® Assumed to be the same as 299-W18-6L.

° Assumed to be the same &s 299-W18-247L.

4 Assumed to be the same as 209-W18-252L.

* Taken off line to passive system on May 31, 2001.

f Assumed to be blocked 50% of October through March by water in system (Tables C- l‘zﬂmughc-l'l)

! Taken off line to passive system on June 5, 2001. i

"AuumedlnbehlockedSO%ofOctobattumghlanulrybywatermsynem('l‘ablesG:éthroughC-lS)

! Assumed to be blocked 50% of October through February by water in system. (Tables C+i2 through C-16).

} Assumed to be blocked 50% of November through February by water in system (Tables C-13 through C-16).

Performance Eval. Report for SVE at the Carbon Tet. Site, Feb. 1992 ~ Sept. Zﬁﬁ
June 2002 l“
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Table 5-14a. Comparison of Carbon Tetrachloride Removed in FY 2000

Based on Selected Flow Rates,
Total Carbon
T IT"“ll |C.rur:°ﬁ oo | _Tetrachloride Mass | Carbon Tetrachloride
Well Removed Based on Removed Based on All Mass Removed,
Flows Above Threshold| Maximum Hourly Rate
Al Flows Recorded
Flow" (g/hr)
® ®
WI18-6L 1083.0 798.8 4.1
WI18-247L 75.1 62.2 0.5
W18-252L 1366.6 1091.6 4.4

*Threshold flows are as follows: WIS-GL =0.03 m*/min; W18-247L = 0.05 m*/min;
W18-252L = 0.04 m*/min.

Table 5-14b. Comparison of Carbon Tetrachloride Removed in FY 2001

Based on Selected Flow Rates.
) Total Carbon
T IT"""' lcﬂ‘d":“l'; Tetrachloride Mass | Carbon Tetrachloride
Well Removed Based on Removed Based on All Mass Removed,
All Flo Flows Above Threshold| Maximum Hourly Rate
ws Recorded
Flow* (g/hr)
® ®
W1s-6l. 127 0.0 0.2
WI18-247L 1.8 0.0 0.0
wi18-252L 261.7 219.1 27

*Threshold flows are as follows: W18-6L = 0.04 m*/min; W18.247L = 0.09 m*/min;
W18-252L, = 0.02 m*/min, :

Performance Eval. Report for S

June 2002
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6.0 NONOPERATIONAL SOIL VAPOR MONITORING DATA

Nonoperational soil vapor monitoring data are collected at wells and probes that are not on line
to the SVE system. The objectives of monitoring the nonoperational wells and probes are (1) to
measure carbon tetrachloride concentrations and trends near the vadose-atmosphere and vadose-
groundwater interfaces to evaluate whether nonoperation of the SVE system is negatively
impacting the atmosphere or groundwater; and (2) to be cognizant of carbon tetrachloride
concentrations and trends near the lower permeability Plio-Pleistocene layer to provide an
indication of concentrations that can be expected during restart of SVE operations and to support
selection of on-line wells.. The maximum carbon tetrachloride concentrations measured during
each period of rebound are provided in Table 6-1. For each wellfield, the period of rebound
begins when SVE operations are temporarily suspended.

6.1 SUMMARY OF FISCAL YEAR 1997 REBOUND STUDY

A rebound study was conducted at the carbon tetrachloride SVE sites from November 1996
through July 1997 (Rohay 1997). The purpose of the study was to determine the increase in
carbon tetrachloride vapor concentrations following shutdown of the extraction systems. During
the time when the systems were off line, carbon tetrachloride concentrations were monitored at
90 subsurface monitoring locations, ranging in depth from 2 to 64 m.

The magnitude and rate of rebound can be used to indicate the distribution of remaining carbon
tetrachloride sources and the transfer of additional carbon tetrachloride to the vapor phase that
can be remediated using SVE. However, based on the results of a bench-scale experimental
study conducted by Yonge et al..(1996), the mass of carbon tetrachloride remaining in the soil at
the vapor extraction sites cannot be reliably determined using the rebound study vapor-phase
data. Yonge et al. conducted experiments using pure carbon tetrachloride and clean site-specific
soils and concluded that calculation of carbon tetrachloride soil concentrations using measured
vapor-phase concentrations and either empirical relationships or adsorption isotherms to estimate
the soil-partitioning coefficient can lead to significant error (Yonge et al. 1996). This conclusion
was based on comparison of calculated and measured so0il concentrations using data generated
during the experiments. The predictive equations generally assume equilibrium partitioning
between phases. However, these relationships do not account for the nonequilibrium partitioning
of carbon tetrachloride within the soil particles (the apparent “irreversible” adsorption).

The maximum carbon tetrachloride concentration measured at each individual sampling location

is plotted with depth in Figure 6-1. The highest concentration detected was 797 ppmv at

well 299-W15—217 (35 m-deep)in the 216-Z-9 wellfield. This vertical profile indicates that the
tetrachloride available for removal using SVE is primarily associated with the

ing Ph stocesie caliche layers (zones 3 and 4, Figure 2-2). Remaining
carbon tetrachlorlée sources are located in these layers as a result of (1) the initial accumulation
of carbon tetrachloride in these finer grained, lower permeability layers, observed during
characterization in 1991-1993 (Rohay et al. 1994); and (2) the relative inability of the extraction

Performance Eval. Report for SVE at the Carbon Tet. Site, Feb. 1992 — Sept. 2001
June 2002 6-1
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systems to induce airflow through this lower permeability zone to effectively remove the carbon
tetrachloride.

The maximum chloroform concentration measured at each samplinjg location is plotted with
depth in Figure 6-2. The results are similar to those of carbon tetra 5_5'- oride with two exceptions:
maximum chloroform concentrations tend to be relatively high nethe ground surface (zone 1,
Figure 2-2) and also near the water table (zone 6, Figure 2-2). Twgshallow soil vapor probes,
one approximately 30 m west of 216-Z-12 and one approximately 0 m northeast of 216-Z-9,
had relatively high maximum chloroform concentrations (20 to 30| ‘ mv), represented by one
data point at 2 m depth in Figure 6-2. The maximum chloroform cqy

ncentration at the other
shallow probes in the 216-Z-1A/Z-18/Z-12 area was 4.3 ppmv and fn the 216-Z-9 area was
8.7 ppmv, represented by the other data point at 2 m depth in Flgungi 6-2. Atthe momtonng
locations near the groundwater (zone 6), the maximum chloroform goncentration in the
216-Z-1A area was 8.1 ppmv and in the 216-Z-9 area was 7.5 ppmv. The cause of the
apparently elevated chloroform is undetermined.

‘tE:—i
The concentrations of carbon tetrachloride and chloroform are comfyared for the 216-Z-9 site in
Figure 6-3 and for the 216-Z-1A/Z-18/Z-12 site in Flgure 6-4. Thq data are plotted at the same
scales as in Figures 5-36 and 5-38 for ease of comparison. The chlgroform to carbon
tetrachloride trends for the rebound data at the 216-Z-9 and 216-anf Z-18/Z-12 monitoring
locations appear to be similar. For carbon tetrachloride rebound copjcentrations greater than
approximately 100 ppmv, the trends of the chloroform to carbon tetgachloride ratios follow the
shallower of the two trends identified in the extracted soil vapor (Figures 5-36 and 5-38). The
data in Figures 6-3 and 6-4 include all the rebound data for zones 2 t%hrough 6 (not Just the
maximum values).

Carbon tetrachloride concentrations rebounded significantly (i.e., by j an order of magnitude) at
only five locations monitored during the study, indicating that in many areas the readily

agy locations indicates that the
. e porgspaces affected by SVE is
limited by diffusion of the contaminant from soil moisture and micggpores and/or from the lower
permeability zones. These data also indicate that the distribution ofjcarbon tetrachloride sources
is not uniform. During the first 3 weeks of SVE operations in July, 1997 following rebound, the
three SVE systems combined were extracting an average of 178 kgjweek, compared to
102 kg/week in November 1996 and in September 1997. These comparisons indicate that carbon

tetrachloride is still available for extraction using SVE.

Carbon tetrachloride concentrations rebounded most rapidly in the §jto 16 weeks following SVE
shutdown but continued rebounding (at the same rate or mare slowlly) for 8 months and
presumably would continue for years. Carbon tetrachloride concenjyations decreased most
rapidly in the first 5 weeks following SVE restart, after which they gontinued decreasing more
slowly with continued SVE operations. Therefore, to optimize the bon tetrachloride mass
removal efﬁcxency (in terms of mass of carbon tetrachloride removy ,- per volume of soil vapor
extracted), the minimum operating cycle recommended in 1997 wa$s4 to 8 weeks of SVE
operation followed by 8 to 16 weeks of rebound.

Performance Eval. Report for SVE at the Carbon Tet. Site, Feb. 1992 ~ Sept. 206!15
June 2002 !g 6-2
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Carbon tetrachloride concentrations near the water table remained relatively constant or
increased slowly, suggesting that volatilization of carbon tetrachloride from the dissolved source
in the groundwater into the unsaturated zone is occurring slowly relative to the 8-month-long
rebound study period. Based on comparison of measured vapor concentrations to theoretical
vapor concentrations that would be in equilibrium with measured groundwater concentrations,
the groundwater and vapor do not appear to be in equilibrium. The expected direction of carbon
tetrachloride migration is from the groundwater to the vadose zone, based on the comparison of
measured to theoretical vapor concentrations.

Numerical model simulations were conducted to evaluate the location of potential sources of
residual carbon tetrachloride in the vicinity of the 216-Z-9 Trench (Riley 1998). Carbon
tetrachloride concentrations diffusing from assumed source zones of varying configurations and
depths in the model were compared to the rebound field data. Model simulations suggested that
a horizontal zone of residual DNAPL contamination at a depth of 21 to 47 m was most consistent
with the field data. The simulations suggested that a vertical zone of residual contamination
directly below the 216-Z-9 Trench would not produce the rebound concentrations observed
during the field study. The numerical model also suggested that rebound at other depths may be
caused by more localized, diffuse sources.

6.2 FISCAL YEAR 1998 SOIL VAPOR MONITORING

Soil vapor monitoring at off-line wells and probes was conducted in FY 1998 using the sampling
methods developed for the rebound study conducted in FY 1997 (Rohay 1997). A low-flow

(0.8 L/min) sampling pump was used to draw soil vapor sampies from wells and probes into a
1-L Tedlar bag for analysis using a B&K multi-gas monitor. Two purge volumes were drawn
before the sample was collected. For most of the wells in which the sampling pump was used, a
tube was lowered to the target depth where the casing is perforated (i.c., open to the sediment
and its pores) 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 sampling tube remained in the well for the duration of the
monitoring period. Each well equipped with a sampling tube remained sealed at the wellhead
throughout the monitoring period. As a test, at a limited number of wells the sampling pump
was used to collect a sample at the wellhead without use of a sampling tube extended to the
perforated interval. These wells were purged for either 3 minutes or 10 minutes using the
sampling pump. The wells remained sealed, and the sample pump was used to collect samples in
1-L Tedlar bags for analysxs using the B&K.

Soil vapor samples were collected from appmx;mately 25 off-line wells and probes once per
month. All of the FY 1998 soil vapor monitoring data are included in Appendix D.

Soil vapor samples were analyzed primarily to monitor for carbon tetrachloride. However, the
samples collected from off-line wells and probes were also analyzed for chloroform, methylene
chloride, methy}l ethyl ketone, and water vapor because the B&K multi-gas monitor had been
configured to analyze for all four contaminants plus water vapor to support routine monitoring
during extraction operations.

Performance Eval. Report for SVE at the Carbon Tet. Site, Feb. 1992 — Sept. 2001
June 2002 6-3
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During October 1997 through March 1998, soil vapor concentrati E were monitored near the
groundwater and near the ground surface to assess whether nonopergtion of the SVE system was
allowing carbon tetrachloride to migrate out of the vadose zone to the atmosphere and/or to the
groundwater. The maximum concentration detected between dep ‘!of 2 and 5 m bgs was
1 ppmv; the maximum concentration detected between depths of 8 gnd 18 m was 43 ppmv. Near
the groundwater, at depths ranging from 54 to 63 m bgs, maximum; poncemrat:ons ranged from
14.6 to 31.3 ppmv. These results, obtained during 6 months of rebaynd, are similar to those
obtained during the 8-month rebound study conducted in FY 1997 (Rohay 1997).
During April through June 1998, soil vapor monitoring was continujgd at the shallow and deep
locations at the 216-Z-9 site. Monitoring locations were added nea Ethe lower permeability Plio-
Pleistocene unit at the 216-Z-9 site to provide an indication of congghtrations that could be
expected during restart of SVE in July 1998. Concentrations detecke in the near-surface and
near-groundwater zones during these three additional months of rehgund were similar to those
observed during the previous 6 months. Nearer the Plio-Pleistocent ﬂayer, at depths ranging
from 18 to 35 m bgs, maximum concentrations ranged from 0 to 63{ ppmv. The highest
concentration was detected at well 2909-W15-217 (35 m deep), the well at which the highest
concentration was detected during the FY 1997 rebound study. Thege results were obtained
during 9 months of rebound and are similar to those obtained durmg the 8-month rebound study
conducted in FY 1997 (Rohay 1997).
During July through September 1998, soil vapor monitoring was regimed at the 216-Z-1A and
216-Z-18 sites. Monitoring was conducted in the near-surface, neajyPlio-Pleistocene, and near-
groundwater zones. The maximum concentration detected was 143 ppmv at well 299-W18-158L
(36 m deep) in the 216-Z-1A Tile Field. These results were obtained during only 3 months of
rebound. - :
The maximum carbon tetrachloride concentration measured at each gampling location in
FY 1998 is plotted with depth in Figure 6-5. The maximum concent
rebound study (Figure 6-1) are included for comparison. g

i
Samples were collected initially from well 299-W15-217 at the wellliead before the downhole
sampling tube was installed to evaluate the effect of the sampling tufe. In March and
April 1998, these wellhead samples contained 65 and 25 ppmv of cgibon tetrachloride,
respectively. Samples collected in May and June 1998 using the doWnhole sampling tube
contained 630 and 504 ppmv of carbon tetrachloride, respectively. fJther wells sampled without
the sampling tube had anomalcusly low to nondetectable carbon tetygchloride concentrations.
Based on these results, samples collected at the wellhead when the 1 fells are not venting are not
representative of in situ concentrations. These results were not used in evaluation of the
monitoring data. ;

il .
Because carbon tetrachloride concentrations did not increase signifigantly at the shallow probes
monitored in FY 1998, temporarily suspending operation of the SV system for 6 to 9 months P

appears to have caused minimal detectable vertical transport of carbun tetrachloride through the

[
48
i
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soil surface to the atmosphere. Because carbon tetrachloride concentrations did not increase
significantly near the water table during this time, temporarily suspending operation of the SVE
systems appears to have had no negative impact on groundwater quality. The results of the

FY 1998 soil vapor monitoring again suggest that the silt and underlying Plio-Pleistocene caliche
layers are the most likely source of carbon tetrachloride available for removal using SVE.

6.3 FISCAL YEAR 1999 SOIL VAPOR MONITORING

Soil vapor monitoring at off-line wells and probes was also conducted in FY 1999 using the
sampling methods developed for the rebound study conducted in FY 1997 (Rohay 1997). Soil
vapor samples were collected from 30 off-line wells and probes once per month. All of the

FY 1999 soil vapor monitoring data are included in Appendix E. As in FY 1998, soil vapor
samples were analyzed primarily to monitor for carbon tetrachloride. However, the samples
collected from off-line wells and probes were also analyzed for chloroform, methylene chloride,
methyl ethyl ketone, and water vapor because the B&K multi-gas monitor had been configured
to analyze for all four contaminants plus water vapor to support routine monitoring during
extraction operations. '

Soil vapor concentrations were monitored near the groundwater and near the ground surface to
assess whether nonoperation of the SVE system was allowing carbon tetrachloride to migrate out
of the vadose zone to the atmosphere and/or to the groundwater. Monitoring was also conducted
at locations near the lower permeability Plio-Pleistocene unit to provide an indication of
concentrations that could be expected during restart of SVE.

Both the 216-Z-1A/Z-18/Z-12 and 216-Z-9 wellfields were monitored between October 1998
and March 1999 while operation of the SVE system was temporarily suspended for the winter.
The 216-Z-1A/Z-18/Z-12 wellfield was monitored during SVE operations at 216-Z-9 from April
through June 1999, and the 216-Z-9 wellfield was monitoring during SVE operations at
216-Z-1A/Z-18/Z-12 from July through September 1999.

The maximum concentration detected between depths of 2 and 5 m bgs was 5 ppmyv; the
maximym concentration detected between depths of 8 and 18 m was 57 ppmv (Figure 6-5). Near
the groundwater, at depths ranging from 54 to 63 m bgs, maximum concentrations ranged from
13 to 29 ppmv. Nearer the Plio-Pleistocene layer, at depths ranging from 21 and 47 m bgs,
maximum concentrations ranged from 0 to 561 ppmv (Figure 6-5). These results, obtained
during 3 to 12 months of rebound, are similar to those obtained during the 8-month rebound
study conducted in FY 1997 (Rohay 1997).

The highest concentration was detected at the 216-Z-9 wellfield at well 299-W15-217 (35 m
deep), the well at which the highest concentrations were detected during the FY 1997 rebound
study and the FY 1998-monitoring. This result was obtained during 6 months of rebound. At the
216-Z-1A/Z-18 wellfield, the maximum concentration detected was 492 ppmv at well
299-W18-158L (36 m deep), the well at which the highest concentrations were detected during
FY 1998 monitoring. This result was obtained during 12 months of rebound.

Performance Eval. Report for SVE at the Carbon Tet. Site, Feb. 1992 — Sept. 2001
June 2002 6-5



BHI-00720
Nonoperational Soil Vapor Monitoring Data Rev. 6

Because carbon tetrachloride concentrations did not increase signifigantly at the shallow probes
monitored in FY 1999, temporarily suspending operation of the SVl system for 6 to 12 months
appears to have caused minimal detectable vertical transport of ca -':n tetrachloride through the
soil surface to the atmosphere. Because carbon tetrachloride conc '-fi- ations did not increase
significantly near the water table during this time, temporarily suspghding operation of the SVE
system appears to have had no negative impact on groundwater q ty. AsinFY 1997 and

FY 1998, soil vapor monitoring results in FY 1999 suggest that the gilt and underlying
Plio-Pleistocene caliche layer are the most likely source zone for the observed carbon
tetrachloride vapor.

6.4 FISCAL YEAR 2000 SOIL VAPOR MONITORiNG

Soil vapor monitoring at off-line wells and probes was also conduqé in FY 2000 using the
sampling methods developed for the rebound study conducted in F¥| 1997 (Rohay 1997). Soil
vapor samples were collected from 22 off-line wells and probes ond# per month. All of the
FY 2000 soil vapor monitoring data are included in Appendix F. Aliin previous years, soil vapor
samples were analyzed primarily to monitor for carbon tetrachloride, However, the samples
- collected from off-line wells and probes were also analyzed for chlgtoform, methylene chloride,
methyl ethyl ketone, and water vapor because the B&K multi-gas n _x nitor had been configured
to analyze for all four contaminants plus water vapor to support routine monitoring during

extraction operations.

During FY 2000, soil vapor was sampled hourly at three of the passive SVE wells and analyzed
for carbon tetrachloride, chloroform, methylene chloride, methyl ethyl ketone, and water vapor
using a B&K multi-gas monitor. These data are included in the evaluation of the FY 2000
rebound data.

Soil vapor concentrations were monitored near the groundwater and
assess whether nonoperation of the SVE system was allowing carbe

of the vadose zone to the atmosphere and/or to the groundwater. Mpnitoring was also conducted
at locations near the lower permeability Plio-Pleistocene unit to pray
concentrations that could be expected during restart of SVE. Duringl FY 1998 and FY 1999,
carbon tetrachloride concentrations were also monitored at shallow Mbil vapor probes (2 m deep).
In light of the sporadic and low concentrations detected at these shal

low soil vapor probes,
shallow monitoring was not conducted during FY 2000.

Both the 216-Z-1A/Z-18/Z-12 and 216-Z-9 wellfields were monitoi’?ﬁd between October 1999
and September 2000 while operation of the SVE system was tempofarily suspended for the year.
i
The maximum concentration detected near the ground surface (betwpen 2 and 10 m bgs) was

9.4 ppmv. Near the groundwater, the maximum concentration was 0.4 ppmv in monthly
samples collected from a depth of 54 m bgs at the 216-Z-9 site using the rebound study sampling
methods. The maximum concentration was 69.2 ppmv in hourly sathples collected from depths
ranging from 51 to 63 m bgs at the three passive extraction wells at the 216-Z-1A/Z-18 site.

Hi
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Near the Plio-Pleistocene layer, at depths ranging from 25 and 40 m bgs, the maximum
concentration detected was 442 ppmv (Figure 6-5). These results, obtained during 12 to 15
months of rebound, are similar to those obtained during the 8-month rebound study conducted in
FY 1997 (Rohay 1997).

During FY 2000 monitoring, the highest concentration (442 ppmv) was detected at the 216-Z-9
wellfield at well 299-W15-217 (35 m deep), the well at which the highest concentrations were
detected during FY 1997, FY 1998, and FY- 1999 monitoring. This result was obtained during
15 months of rebound. At the 216-Z-1A/Z-18 wellfield, the maximum concentration detected
was 248 ppmv at well 299-W18-167 (32 m deep) in the 216-Z-1A Tile Field, the well at which
the highest concentrations were detected during FY 1997 monitoring in this area. The-well at
which the highest concentrations were detected during FY 1998 and FY 1999 monitoring at the
216-Z-1A/Z-18 site is also in the tile field. This result was obtamed during 12 months of
rebound.

Because carbon tetrachloride concentrations did not increase significantly at the near-surface
probes monitored in FY 2000, temporarily suspending operation of the SVE system for 12 to

15 months appears to have caused minimal detectable vertical transport of carbon tetrachloride
through the soil surface to the atmosphere. Because carbon tetrachloride concentrations did not
increase significantly near the water table during this time, temporarily suspénding operation of
the SVE systems appears to have had no negative impact on groundwater quality. Asin

FY 1997, FY 1998, and FY 1999, soil vapor monitoring results in FY 2000 suggest that the silt
and underlying Plio-Pleistocene caliche layer are the most likely source zone for the observed
carbon tetrachloride vapor.

6.5 FISCAL YEAR 2001 SOIL VAPOR MONITORING

Soil vapor monitoring at off-line wells and probes was also conducted in FY 2001 using the
sampling methods developed for the rebound study conducted in FY 1997 (Rohay 1997). Soil
vapor samples were collected from 22 off-line wells and probes once per month. All of the

FY 2001 soil vapor monitoring data are included in Appendix G. As in previous years, soil
vapor samples were analyzed primarily to monitor for carbon tetrachloride. However, the
samples collected from off-line wells and probes were also analyzed for chloroform, methylene
chloride, methyl ethyl ketone, and water vapor because the B&K multi-gas monitor had been
configured to analyze for all four contaminants plus water vapor to support routine monitoring
during extraction operations.

During FY 2001, soil vapor was sampled hourly at three of the passive SVE wells and analyzed
for carbon tetrachloride, chloroform, methylene chloride, methyl ethyl ketone, and water vapor
using a B&K multi-gas monitor. These data are included in the evaluation of the FY 2001
rebound data. -

Soil vapor concentrations were monitored near the groundwater and near the ground surface to
assess whether nonoperation of the SVE system was allowing carbon tetrachloride to migrate out

Performance Eval. Report for SVE at the Carbon Tet. Site, Feb. 1992 — Sept. 2001
June 2002 , 6-7
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of the vadose zone to the atmosphere and/or to the groundwater. Mgnitoring was also conducted
at locations near the lower permeability Plio-Pleistocene unit to propide an indication of
concentrations that could be expected during restart of SVE. Durm 1 FY 1998 and FY 1999,
carbon tetrachloride concentrations were also monitored at shallow soil vapor probes (2 m deep).
In light of the sporadic and low concentrations detected at these shallow soil vapor probes,
shallow monitoring was not conducted during FY 2000 or FY 2001,

! I
Because the SVE systems were not operated during FY 2000, the concentrations measured
during FY 2001 represent a continuation of the rebound that began fbllowing SVE in FY 1999,
The monitoring at both the 216-Z-1A/Z-18/Z-12 and 216-Z-9 wellfi¢lds that was conducted
between October 1999 and September 2000 was continued through March 2001 while operation

of the SVE system was temporarily suspended.

The maximum concentration detected near the ground surface (betw)
16.5 ppmv (Figure 6-5). Near the groundwater, the maximum concg
monthly samples collected from a depth of 54 m bgs at the 216-Z-9 j'
sampling methods. The maximum concentration was 69.2 ppmv in hou ly samples collected
from depths ranging from 51 to 63 m bgs at the three passive extraciion wells at the 216-Z-1A/Z-
18 site. - Near the Plio-Pleistocene layer, at depths ranging from 25 ghd 40 m bgs, the maximum
concentration detected was 442 ppmv (Figure 6-5). These results, gbtained during 18.to

24 months of rebound, are similar to those obtairied during the 8-month rebound study conducted
in FY 1997 (Rohay 1997). :

i
REE

During FY 2000 and 2001 monitoring, the highest concentlgaﬁon (44

216-Z-9 wellfield at well 299-W15-217 (35 m deep), the well at wh |

ppmv) was detected at the
h the highest
concentrations were detected during FY 1997, FY 1998, and FY 1 Iﬁ monitoring. This result
was obtained during 21 months of rebound. At the 216-Z-1A/Z-18 ellfield, the maximum
concentration detected was 284 ppmv at well 299-W18-158L (36 rdHieep) in the 216-Z-1A Tile
Field, the well at which the highest concentrations were detected duging FY 1998 and FY 1999
monitoring. This result was obtained during 18 months of rebound.;’

Carbon tetrachloride rebound concentrations measured at well 299-W15-217 during four
different periods of nonoperation of the SVE system are shown in 6-6. Although the
lengths of time available for rebound ranged from 6 to 21 months, the maximum carbon
tetrachloride concentration decreased with each successive monitorigg period. This decline in
maximum concentrations may indicate that the remaining carbon tetrachloride is becoming less
accessible and/or diffusing from increasingly greater distances.

Because carbon tetrachloride concentrations did not increase signifigntly at the near-surface

probes monitored in FY 2001, temporarily suspending operation of the SVE system for 18 to

21 months appears to have caused minimal detectable vertical trangpprt of carbon tetrachloride
through the soil surface to the atmosphere. Becanse carbon tetrachii
increase significantly near the water table during this time, temporayj]
the SVE systems appears to have had no negative impact on groundate
FY 1997, FY 1998, FY 1999, and FY 2000, soil vapor monitoring results in FY 2001 suggest

{1
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that the silt and underlying Plio-Pleistocene caliche layer are the most likely source zone for the
observed carbon tetrachloride vapor.

6.6 COMPARISON OF SOIL VAPOR MONITORING BEFORE AND
AFTER SOIL VAPOR EXTRACTION REMEDIATION

Baseline monitoring was conducted to estimate the magnitude of carbon tetrachloride subsurface
vapor concentrations prior to initiation of SVE operations to remove carbon tetrachloride from
the vadose zone. The baseline monitoring program for the vapor extraction system consisted of
116 selected wells and deep soil vapor probes that were monitored twice per week from
December 1991 through December 1993 (Fancher 1994).

The wells and deep soil vapor probes were monitored using a total organic vapor monitor (a
photoionization detector [PID] equipped with an 11.8-¢V lamp). The range for the instrument
was 0.1 to 2,000 ppmv. The total VOC measurement was assumed to consist solely of carbon
tetrachloride, based on confirmation at selected sample stations using carbon tetrachloride-
specific colorimetric tubes and the predominance of carbon tetrachloride in other samples
analyzed using gas chromatography (Fancher 1994, Rohay et al. 1994).

The wells were sampled at the wellhead by inserting the PID probe a few centimeters into the
well and allowing air to be drawn through the instrument for at least 10 seconds before a reading
was taken. At soil vapor probes, the PID was directly coupled to the sample tube leading from
the subsurface probe to the surface. At least two purge volumes were extracted from the tube
before the vapor was monitored. At both wells and probes, the vapor was monitored while
readings increased; once the readings peaked, the maximum value was recorded (Fancher 1994).

Observed carbon tetrachloride concentrations (measured as total organic vapor) ranged from 0 to
over 2,000 ppmv; in this report, readings above 2,000 ppmv (observed at five locations in the
216-Z-9 wellfield) were set equal to 2,000 ppmv (the maximum calibration value). Because the
contaminant concentrations fluctuate in response to barometric pressure, the maximum baseline
monitoring value for each well or probe was judged to have the greatest likelihood of
representing equilibrium conditions.

Although the highest concentrations for the baseline monitoring network measured between
December 1991 and December 1993 appear to be associated with the lower permeability
Plio-Pleistocene layer, relatively high concentrations are observed throughout the vadose zone
(Figure 6-7). (Although SVE was initiated at the 216-Z-1A and 216-Z-18 sites in 1992,
operations were limited to 7 hr/day, 5 days/week using up to 11 wells. The baseline monitoring
data set presented here is considered generally representative of pre-remediation conditions.)
Vertical profiles for carbon tetrachloride concentrations monitored at wells and deep soil vapor
probes after remediation in 1996, 1997, 1998, and 1999 (Figure 6-5) suggest that SVE has been
relatively successful in remediating the higher permeability, higher flow zones in the sands and
gravels above and below the Plio-Pleistocene unit.

Performance Eval. Report for SVE at the Carbon Tet. Site, Feb. 1992 - Sept. 2001
June 2002 6-9
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The maximum carbon tetrachloride values measured between Decegnber 1991 and December
1993 at wells and deep soil vapor probes with open areas above thelPlio-Pleistocene unit are
shown in Figure 6-8a; the maximum values for wells with open arefis below the Plio-Pleistocene
unit are shown in Figure 6-8b. In constructing these figures, it was| ed that the results
collected at various monitoring points are comparable to each othegiflespite the differing ages,
locations, depths, and completions of individual wells and probes. | E [ intervals in the
boreholes range from approximately 23 to 48 m bgs. The deep sm\ vapor probes range in depth
from 3 to 33 m. In addition, the distributions of vapor shown in Fj ‘_ 6-8 are limited by the
extent of the monitoring network. Laterally, the highest concentratipns were observed at the
216-Z-9 wellfield. Concentrations observed at the 216-Z-12 Crib wells were comparable in
magnitude to those observed at the 216-Z-1A Tile Field.

The maximum values observed during the 1997 rebound momtormg are shown in Figures 6-9a
and 6-9b.

E\i
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Figure 6-1. Vertical Profile of Maximum Carbon Tetrachloride Rebound Concentrations,
November 1996 - July 1997. ‘
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Figure 6-2. Vertical Profile of Maximum Chloroform Rebound Concentrations,

November 1996 - July 1997.
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Figure 6-3. Relationship Between Concentrations of Carbon Tetrachloride

and Chloroform Measured at Rebound Study Monitoring
Lecations in the 216-Z-9 Wellfield. '
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Figure 6-4. Relationship Between Concentrations of Cagbon Tetrachloride and
Chloroform Measured at Rebound Study Monitdring Locations
in the 216-Z-1A/7-18/Z-12 Wellfield.
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Figure 6-5. Vertical Profile of Maximum Carbon Tetrachloride Rebound Concentrations,
November 1996 — July 1997, October 1997 - September 1998, July 1998 — September 1999,
and July 1999 - September 2001. ‘
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Figure 6-6. Carbon Tetrachloride Rebound Concentrations Measured at 216-Z-9
Well 299-W15-217, November 1996 — June 2001.
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Figure 6-7. Vertical Profile of Maximunm Carbon Tetrachloride Baseline Concentrations,

December 1991 — December 1993,
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Figure 6-8a. Maximum Carben Te

Wells and Deep Soil Vapor Probes Open Above the Plip-Pleistocene Unit,
December 1991 — December 1993 (frem Fancher 1994).
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Figure 6-8b. Maximum Carbon Tetrachloride Baseline Concentrations Recorded at Wells
Open Below the Plio-Pleistocene Unit, December 1991 ~ December 1993
(from Fancher 1994).
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Figure 6-9a. Maximum Carbon Tetrachloride Rebound eentraﬂons Recorded at

Wells and Deep Soil Vapor Probes Open Above the

November 1996 - July 1997.
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Figure 6-9b. Maximum Carbon Tetrachloride Rebound Concentrations Recorded
at Wells Open Below the Plio-Pleistocene Unit, November 1996 - July 1997.
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Table 6-1. Comparison of Maximum Carbon Tetrachioride Rebound Concentrations Monitored at the 200-PW-1
Soil Vapor Extraction Site, FY 1997 - FY 2001. (5 Pages)
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Table 6-1. Comparison of Maximum Carbon Tetrachloride Rebound Concentrations Monitored at the 200-PW-1
Soil Vapor Extraction Site, FY 1997 - FY 2001. (5 Pages)
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November 1996 - October 1997 - July 1998 - July 2001 -
- July 1997 September 1998 September 1999 July 1999 - June 2001 September 2001
(Well or Site Depth Maxivuom Maximnm Maximom Maximum Maximum
Probe) (m) Rebound Months of] Rebound Months of’ Rebound Months of Rebound Months of Rebound Months of|
Carbon Ret P Carbon Ret P Carbon Ret 3 Carbon Rel P Carbon Rel g
Tetrachloride Tetrachloride Tetrachloride Tetrachloride Tetrachloride
(ppmv) (ppmv) (ppmv) (ppmv) (ppmv)
W18-7/ 197 ft |Z-1A] 60 28.5 8 173 3 29.0 12 - - - -
W18-12/ 198 ft | Z-18| 60 - - 38 3 18.5 12 - - -- -
'W18-6L/ 208 ft 1Z-1A| 63 36.0 8 313 6 145 12 - - - -

216-Z-18 and 216-Z-12 wells off line October 1996-April 1998.
CPT-1A, CPT-94, and possibly CPT-7A appeared to be beyond the SVE zane of influence in October 1996 based on differential pressure (Rohay 1997).
CPT-9A, CPT-21A, and CPT-28 were beyond the SVE zone of influence in May 1996 based on carbon tetrachioride concentrations and airflow modeling based on measured vacoums (Rohay 1997). -

* Based ou location (216-Z-1A/18/12 or 216-Z-9) of monitoeing point; specific points may be beyond the SVE zone of infinence during particalar operating configurations.
— = pot measured
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7.0 2001 CARBON TETRACHLORIDE CONCEPTUAL MODEL UPDATE

This section summarizes the current conceptual model as well as working hypotheses concerning
the source term, environmental setting, vadose zone and groundwater contaminant distribution,
and vadose zone and groundwater transport of carbon tetrachloride and associated contaminants
in the 200 West Area. Additional details are provided in Appendix H. The conceptual model of
the 200 West Area carbon tetrachloride plume has been continuously refined as additional site-
specific data have been collected and as the understanding of DNAPL behavior in the subsurface
has been developed by the scientific community. The conceptual model presented in this report
provides an update to the conceptual models presented in Rohay and Johnson (1991), Last and
Rohay (1991, 1993), Last et al. (1991), Rohay et al. (1994), and Swanson et al. (1999).

Carbon tetrachloride contamination is present in muitiple phases and at varying concentrations
throughout the vadose zone and groundwater systems. Near the disposal sites, the soil vapor
concentrations are much higher and are found throughout the vadose zone; the highest
concentrations are associated with the Plio-Pleistocene layer. Farther away from the disposal
sites, vapor concentrations are much lower and are usually found at the capillary zone or
immediately beneath the Plio-Pleistocene layer. This implies that the farfield diffuse vapor
plume may be the result of aquifer outgassing. Based on these observations, carbon tetrachloride
contamination can be divided geographically into three main areas:

1. A higher concentration vadose zone plume at the three primary disposal facilities: 216-Z-9,
216-Z-1A, and 216-Z-18 (approximately 0.2 km?)

2. A higher concentration groundwater plume with the centroid located north-northwest of the
three primary disposal facilities (although, because of recent pump-and-treat remediation
efforts, the centroid is being displaced and the northern edge is moving toward the
gmund;vater extraction wells) (Appendix H, Figure H-6) (DOE-RL 2002b) (approximately
0.6 km") '

3. A geographically large dissolved and diffuse groundwater plume (<1,000 ug/L) and vapor
plume (approximately 11 km?). The lateral extent of the vapor plume is not defined but,
based on volatilization from groundwater, could be at a minimum coincident with the
dissolved groundwater plume. _

Possible transport mechanisms and distributions of contaminant phases for the high-
concentration zone of the plume, which may also contain DNAPL/residual carbon tetrachloride,
are depicted in Figure 7-1. Because of the differences in the sizes of the three primary disposal
sites and the quantities of waste received at these disposal sites, one trangport mechanism and
resulting contaminant distribution (e.g., vapor-phase and aqueous-phase migration to
groundwater) may be more sppropriate for one or two disposal sites, and another transport
mechanisim and contaminant distribution (e.g., DNAPL, vapor-phase, and aqueous-phase
migration to groundwater) may be more appropriate for the other(s). '
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7.1  CONTAMINANT INVENTORY

A total of 570,000 to 920,000 kg (average of approximately 750,000 kg) of carbon tetrachloride
were discharged to the soil column from 1955 through 1973 (Tab) 52- ). Estimates of the
current distribution of the original inventory are based on historiceflinformation, equilibrium
partitioning calculations, site-specific characterization measurements, and remediation operating

data (Table 7-1).

‘7.2 ENVIRONMENTAL SETTING

The 66-m-thick vadose zone can be broadly divided into an uppen[ gravel and sand interval
(Hanford formauon) and a lower gravel and sand interval (ngo d

tetrachlonde Dlsposed llqllld wastes would have been impeded by
through the vadose zone to the water table (Piepho 1996) and lates|gluring post-disposal drainage.
Other fine-grained zones in both the upper and lower gravel and said intervals may also be
minor accumulation and spreading zones. Carbon tetrachloride may be in nonequilibrium
sorption sites within intraparticle sediment pore spaces in these ﬁma-gramed units (Yonge et al.

1996).

this unit during movement

Migration of fluids, both liquid and vapor, are influenced by the n_]‘ fural stratification and
variability in these sediments. The surface of the Plio-Pleistocene;fnit generally slopes toward
the south from the primary carbon tetrachloride disposal sites (Rohay et al. 1994). Areally, the
character of the Plio-Pleistocene layer varies across the 200 West and includes locally less
cemented, more permeable areas and fractures that allow more rapid fluid flow (Slate 1996).

The groundwater system in the area of the d1sposal sites can be b f pdly divided into three
dominant hydrostratigraphic units: an upper, 66-m-thick unconfingd (water table) aquifer
(Ringold Formation Unit E); a confining unit/aquitard (Ringold lower mud); and a confined
aquifer (from the lower mud to the top of basalt bedrock). This sy{ fem is more complicated,
however, when considered at a site-specific scale (tens of meters),t Jecause of spatial
heterogeneities including lateral and vertical changes in grain size, u:hanges in degree of
cementation, and variably interbedded gravels, sands, silts and clays. Hydrologic properties
within the same hydrostratigraphic unit vary spatially and directionally in the unconfined aquifer
{Thorne and Newcomer 1992).

7.3  CONTAMINANT DISTRIBUTION

Carbon tetrachloride in the subsurface can exist as a vapor phase, § a dissolved aqueous phase,
as an adsorbed phase on solid matrices, and as a separate organic ghase (DNAPL). Carbon
tetrachloride as a DNAPL has never been observed directly in the vadose zone or in groundwater
in the 200 West Area.

T
e
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7.3.1 Vadose Zone Concentrations

Carbon tetrachloride is found throughout the vadose zone within the 0.2-km? source arca.
Laterally, the highest concentrations historically have been consistently located in the vicinity of
the 216-Z-9 Trench. Vertically, the highest concentrations are associated with the finer grained,
relatively less permeable units (e.g., the Plio-Pleistocene unit). The highest vapor and soil
concentrations measured before and after SVE operations are summarized in Table 7-2.

Higher vapor concentrations (>12,000 ppmv) of carbon tetrachloride measured prior to SVE
operations suggested the presence of DNAPL/residual carbon tetrachloride in the vadose zone
(Appendix H). The 1997 rebound study and 1998, 1999, 2000, and 2001 monitoring results now
indicate that at most locations within the influence of the SVE systems, much of the readily
available carbon tetrachloride has been removed. The lower permeability Plio-Pleistocene layer
appears to be the most significant continuing source of carbon tetrachloride soil vapor (Rohay
1997). :

In addition to the carbon tetrachloride contamination, plutonium and americium co-contaminants
are distributed within the upper 30 m of the vadose zone (Price et al. 1979). The transuranic
contamination at these sites may have been carried downward by a combination of acidic waste
liquids and organic-complexant mixtures..

7.3.2 Groundwater Concentrations

The zone of highest groundwater concentrations (~3,700 to ~5,500 pg/L) no longer includes the
216-Z-9 Trench, but has shifted in response to 200-ZP-1 pump-and-treat operations to the area of
the three northemmost extraction wells (299-W15-33, 299-W15-34, and 299-W15-35). This
suggests that carbon tetrachloride discharged to the 216-Z-9 Trench may no longer be providing
a continuous or significant source of contamination to the groundwater. The relatively low soil
vapor concentrations monitored deep within the vadose zone from 1997 through 2001 supports
this conclusion. Based on dissolved phase concentrations in the upper 10 m of the unconfined
aquifer in 1990, prior to pump-and-treat remediation, nearly 60% of the mass of carbon.
tetrachloride was estimated to be contained within about 10% of the area of the plume (Rohay
and Johnson 1991).

Although the magnitude and extent of contamination in the deep unconfined aquifer and
confined aquifer are not well defined, recent data indicate that contamination is more extensive
then previously thought. Contamination has been detected throughout the unconfined aquifer at
the 216-Z-9 disposal site, west and north of Z Plant, near U Plant, and near T Plant (Appendix
H). Dissolved carbon tetrachloride has also been observed within the deeper confined aquifer
systern at wells south and east of the 216-Z-9 disposal site and on the perimeter of the T-TY-TX
Tank Farms (Appendix H).

In addition to disposal at the Z cribs and trenches, carbon tetrachloride may also have been
disposed in the T Plant area and reached groundwater. Carbon tetrachloride concentrations in
the T Plant area exceed 1,000 pg/L (Hartman et al. 2002).

Performance Eval. Report for SVE at the Carbon Tet. Site, Feb. 1992 - Sept. 2001
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If DNAPL is present in the groundwater, the most likely location wbuld be near the

216-Z-9 Trench. Numerical modeling of vadose zone flow and trafisport indicates that both
dissolved and nonaqueous-phase liquid carbon tetrachloride migrated through the vadose zone
and reached the unconfined aquifer below the 216-Z-9 Trench (Piepho 1996).

74  CONTAMINANT TRANSPORT

74.1 Vadose Zone

diffusion and by advective
tration areas to low-

Contaminated vapors can move downward and laterally by molecy]
flow. Vapors will diffuse along a chemical gradient from high-comy

concentration areas in any direction (including upgradient with res dect to the groundwater flow
direction). The presence of a relatively low-permeability zone, sugh as a building foundation or
soil horizon, can also enhance the lateral extent of diffusion. This phight be significant in the

soils underlying the Plio-Pleistocene layer or in the area of Z Plant, where surface facilities could
act as a barrier and promote lateral expansion of the vapor plume, -

;
The density of soil vapor contaminated with carbon tetrachloride i ‘

As nonaqueous-phase liquid carbon tetrachloride moves down thig
the DNAPL will become discontinuous and will be held in the soil[pores as residual
contamination. Numerical modeling of vadose zone flow and trangport indicates that 66% to
90% of the carbon tetrachloride discharged to the 216-Z-9 site waglyetained in the vadose zone
(Piepho 1996). Tt should be noted, however, that DNAPL charactegistically moves nonuniformly
downward through the vadose zone (Cohen et al. 1993). The numéfical modeling, therefore,
may have overestimated the volume retained in the vadose zone. -

Boreholes are also potential preferential pathways for movement of,carbon tetrachloride vapor
and liquid (both dissolved and DNAPL liquids and vapor). Most by
are capped but unsealed at the surface and therefore have the potential to draw carbon
tetrachloride vapors horizontally along barometrically induced pressure gradients from the
source area toward their open intervals. In addition, because most 200 West Area boreholes
have no annular seal, the potential for vapor cornmunication and transport of liquid also exists
along the outside of the casing.

The presence of locally saturated or near-saturated vadose zone sediments underlying other
aqueous waste disposal sites can inhibit the lateral extent of diffusign. The movement of vapor-
phase contamination or DNAPL would be away from the hydmulicf?barrier.

R
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As aqueous liquids from natural recharge or from artificial discharge to nearby disposal facilities
migrate downward through the vadose zone, they may dissolve and transport carbon
tetrachloride vapor and/or residual liquid phases

The carbon tetrachloride was not d:scharged asa pure hqmd but as a mixture with other organics
(tributyl phosphate {TBP], dibutyl butyl phosphonate [DBBP], and lard oil). The organic
composites (even the carbon tetrachloride:lard oil mixture) were found to be denser and more
viscous than water (Last and Rohay 1993). Vapor pressures of the carbon tetrachloride:DBBP
and carbon tetrachloride:lard oil mixtures are only half that of the pure carbon tetrachloride and
the carbon tetrachloride: TBP mixture. The interfacial tension between the 50:50 carbon -
tetrachloride:lard oil mixture and a 5 M sodium nitrate solution was found to be low, suggesting
that the fluids may be somewhat miscible, allowing them to mix and behave more as an aqueous
fluid (Last and Rohay 1993, Appendix H).

7.42 Capillary Fringe

The capillary fringe forms the interface between the vadose and groundwater zones. Carbon
tetrachloride in an aqueous or DNAPL phase can migrate through the capillary fringe. The
primary mechanisms for aqueous contaminant migration through the capillary fringe are
diffusion and dispersion, advection due to infiltrating water, and water-table fluctuations
(Pankow and Cherry 1996). These processes of aqueous phase transport would produce a
shallow plume in the aquifer (Pankow and Cherry 1996). Once present in the groundwater,
carbon tetrachloride might move deeper into the aquifer because of a continuing downward
hydraulic gradient created by past surface liquid discharges. However, the downward gradient is
becoming less significant as a result of pump-and-treat operations. Transport and partitioning of
carbon tetrachloride vapor between the vadose zone and groundwater may contribute to the large
“low concentration halo” surrounding the high-concentration core of the groundwater plume

{Appendix H).

Lateral spreading of DNAPL may occur at the capillary fringe until sufficient hydraulic head
builds up to displace water and allow the organic liquid to move into the groundwater (Pankow
and Cherry 1996). Residual DNAPL would remain at this interface even after the main body of
DNAPL contamination moved through. Water-level fluctuations at this interface could increase
or decrease the amount of contamination dissolving from the residual mass. A relatively high
water table occurred from 1965 to 1984 and may have resulted in carbon tetrachloride dissolving
from any residual mass into the groundwater (Appendix H). The water table is now declining at
a rate of about 0.40 m/yr in the area of the disposal sites, extending the depth of the vadose zone
vapor plume (DOE-RL 2002b). DNAFL has not been detected at the capillary fringe, but high
soil vapor concentrations were detected at this depth at the 216-Z-9 site prior to SVE remediation
(Table 7-2). The declining water table and the relatively low soil vapor concentrations detected
near the water table following SVE remediation suggest that significant residual DNAPL is not
now present at the capillary fnnge
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743 Groundwater Hydraulics

The hydraulic flow field during and after carbon tetrachloride w disposal was characterized
by an increase in the water table elevation by 2 m (1965 to 1977). After discharges to the |

U Pond were discontinued in 1984, the water table began declmmg in the area of the disposal
sites.

The U Pond produced a groundwater mound in the area of the dis n: al sites, creating a radial

flow pattern in this area. Formerly, the flow direction was from welst to east (Zimmerman et al.
1986, Newcomer 1990). This radial (up- or cross-gradient) flow difection probably pushed the
high-concentration portion of the groundwater plume to the north/morthwest. However, several
hypotheses might account for the location of the plume center (Cenﬁ‘()ld) to the northwest of the

known disposal sites, including the following:

¢ Mounding of groundwater locally in the region of the carbon tetrachloride disposal sites, with
a significant northwest trending hydraulic gradient.

¢ A continuous fine-grained stratigraphic unit d:ppmg to the nortiywest that could have laterally
diverted disposed liquids in this direction. The pnmary unit polgntially affecting horizontal
contaminant movement would be the Plio-Pleistocene unit, I:mgI this unit is thought to dip to
the south in the area of the disposal sites based on regional geq]'gic information. However,
recent surface geophysics work suggests that DNAPL discharged to the 216-Z-9 Trench
would flow to the north and northeast (Temples et al. 2001). This latest information supports

the idea that carbon tetrachloride may have moved to the north ai‘ the 216-Z-9 Trench.

¢ Other undocumented sources of carbon tetrachloride from soil calumn disposal near the
centroid.

» A vertical hydraulic barrier in the vadose zone from wastewatemhsposal at other facilities
(e.g., the 216-Z-20 Trench) to the south, driving contaminant migration locally to the north
and west.

It should also be noted that limited vadose zone data or groundwater data are available beneath
the large area that the Z Plant surface facilities cover. Because of thjs, the plume center may not
be positioned as far northwest of the 216-Z-9 Trench as previously thought. Plume contouring
may be biased toward the higher well densny to the northwest.

744 Groundwater

Numerical modeling of carbon tetrachloride flow and transport in thg vadose zone indicates that
the depth of penetration of carbon tetrachloride (dissolved and nonagueous liquid phases) into
the aquifer primarily depends on the residual saturation in the vadosé zone (Piepho 1996).
Dissolved groundwater contamination may have reached 50 m below the water table and
nonaqueous-phase liquid carbon tetrachloride about 25 m below the water table based on this

modeling study.
i
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Preliminary sitewide numerical modeling of carbon tetrachloride transport indicates that under
nonretarded flow conditions contamination in excess of 5 ug/L will move significantly past the
200 East Area perimeter in 200 years (Chiaramonte et al. 1997). However, if a small retardation
factor is included in the analysis, the movement of carbon tetrachloride will be significantly
slowed. The extent of contamination is very sensitive to the carbon tetrachloride partitioning
coefficient between the aquifer sediments and groundwater. However, values for the partitioning
coefficient on Hanford Site sediments are not well defined. Other important factors that this
modeling effort did not take into account were biodegradation, abiotic degradation, and
volatilization of carbon tetrachloride during transport. These factors may reduce the extent of

" contamination over any comparable period of time.

The higher concentration portion of the carbon tetrachloride plume for FY 2001 (Figure H-6) has
a similar shape as the FY 2000 plume, but the overall concentration distribution has changed.
High concentrations of carbon tetrachloride present beneath the PFP complex are being drawn
toward the extraction wells. In the area of the injection wells, concentrations continue to decline
from the injection of treated groundwater into the aquifer, and as hydraulic mounding drives
groundwater toward the extraction wells. The high-concentration area of the plume appears to
be shrinking in size, evidenced by decreasing concentrations in monitoring and extraction wells,

~ the smaller area of the 4,000 pug/L. contour intervals, and decreasing concentrations in the

- 200-ZP-1 influent tank from 4,041 pug/L in FY 2000 to 3,600 pg/L in FY 2001. In addition, the
groundwater data no longer support a 6,000 ug/L contour (DOE-RL 2002b).

7.5 DATA GAPS

The nature and extent of the carbon tetrachloride plume have been partially defined, but several
key data gaps currently exist. The data gaps are identified in this report to help describe some
uncertainties in the existing database bemg used to formulate the conceptual model.

1. The nature and magnitude of the exchange of carbon tetrachloride between the vadose zone
and groundwater needs to be investigated. This information will be required in the future to
address the interdependency of the vadose zone-groundwater system in achieving
remediation of the 200 West Area subsurface carbon tetrachloride contamination. The study,
including field measurements near the groundwater-vadose zone interface, should be
undertaken to quantify the volahhzat:on process.

2. The lateral extent of the carbon tetrachloride plume in the vadose zone and vertical extent of

" the carbon tetrachloride plume in the groundwater need to be better defined. These data
would help define the extent of the contamination and therefore the expected magnitude of
the remediation efforts.

3. The location, amount, and properties of DNAPL carbon tetrachloride within the subsurface
need to be quantified. This information would help focus and define the remediation needs.

Performance Eval. Report for SVE at the Carbon Tet. Site, Feb. 1992 — Sept. 2001
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10.

. 8
The residual saturation of carbon tetrachloride (i.e., the carbonjtetrachloride held in vadose
zone sediments that is no longer mobile except through partitigiing to porewater that is still
migrating) needs to be quantified. This information would help account for inventory
between the vadose and groundwater zones, help refine the estiy of flux from the vadose
zone to the groundwater, and help refine the numerical modeling estimates of the depth of
carbon tetrachloride in the aquifer. Becaunse SVE operations hive modified the distribution
of subsurface carbon tetrachloride and possibly soil moisture bgneath the disposal sites, part
of this task would be identification of suitable locations for data collection and

measurements.

Data are needed to determine the extent of the nonequilibrium gorption in the vadose zone
and groundwater. This information would help account for the inventory and help define
remediation needs. :

!\
The partitioning coefficient (K,) for carbon tetrachloride on smﬁ sediments and its variation
across the site needs to be quantified. This information would help refine the pl'edlctlons of
carbon tetrachloride transport rates using numerical models.

e
The interaction between carbon tetrachloride and calcium carbanate needs to be quantified.
This information would help determine carbon tetrachloride transport mechanisms and rates
through the Plio-Pleistocene unit.

. :
The abiotic half-life of carbon tetrachloride under site conditions needs to be quantified. The
potential degradation of carbon tetrachloride may contribute to natural attenuation of the
plume and could be a significant term in the assessment of the carbon tetrachloride mass
balance.

The inventory mass balance should be mevaluated based on mqlpe recent studies and data
from current remedial actions in the groundwater and the vadosp zone. The existing
evaluation of the mass balance was based on 1990 groundwater'plume data for the upper
10 m of the aquifer and limited soil vapor data. This information would help define the
source term.

The hydraulic flow fields during and after the carbon tetrachlogii
reevaluated to determine if the distribution of the relatively hig 'gconcentratlons of carbon
tetrachloride to the northwest, the low-concentration lobes of cggbon tetrachloride to the
south, and the concentrations of carbon tetrachloride near T Plapt are reasonable based on the
hydraulics alone. Results of this evaluation potentially may ldennfy other contributing
carbon tetrachloride disposal areas.

disposal should be
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11. A systematic study of the carbon tetrachloride/chloroform relationship in both the vadose
zone and groundwater should be conducted using existing data. Understanding the cause and
significance of the variation in the ratio of carbon tetrachloride to chloroform could
potentially yield insights on contaminant source, inventory, distribution, and persistence of
the chloroform plume. This study could be extended to include the full carbon tetrachloride
degradation chain to support evaluation of natural attenuation.

12. A predictive modeling effort needs to be performed that considers the fate and transport of
carbon tetrachloride over the next several hundred years. Such a model is needed to account
for all of the significant factors that affect the migration and concentration of carbon
tetrachloride and ultimately will be needed to support final remediation decisions.

13. Numerical modeling of carbon tetrachlmde migration in the vadose zone is needed that
incorporates the effects of three-dimensional stratigraphy and heterogeneities, multi-phase
flow, and co-contaminants. This model could help guide characterization and remediation
efforts in vadose zone and groundwater and support selection of remedial alternatives.

Performance Eval. Report for SVE at the Carbon Tet. Site, Feb. 1992 — Sept. 2001
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Figure 7-1. Schematic Ilustration of Carbon Tetrachloride &:d Wastewater Migration
Beneath the 216-Z-9 Trench in the Higher Concentration Portion of the Plume,

umndw-lca.-m‘\

"N 1etrag ide in tha vapor phase. by diffusion
and atmospheric pumping
v Water table
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Table 7-1. Disposition of Carbon Tetrachloride Inventory Discharged
to the Sofl Column.
Percent of
fetimated Oviginal | potimated Mass of
Carbon Tetrachloride Carbon
Disposition Tt;trachlnrlde Tetrachloride Reference
nventory kg)
(Average
750,000 kg)
. Estimated using pre-remediation data
Equilibrivm partitioning within
vadose zone into vapor, dissolved, 12 91,000 WHC 1993
and adsorbed phases
Lost to atmosphere 21 159,000 WHC 1993
Biodegraded 1 §,000 (‘:;'31:;5;“2'9 Hooker et al. 1996
Dissolved in upper 10 m of
unconfined aquifer (assuming 30% § _
ity and po partitioning o 1-2 5,250 - 15,740 Rohay and Johnson 1991
aquifer solids)
DNAPL/residual in vadose and/or
unconfined aquifer 65 - 484,000 WHC 1993
Measured using remediation data
Removed from vadose zone using '
soil vapor extraction (FY 1991- 10 77,150 Table 4-1
FY 2001)
Removed from unconfined aquifer
using pump and treat (200-ZP-1
oo 300 UP.1 ions) 0.8 5,820 DOE-RL 2002b
(FY 1994-FY 2001)
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Table 7-2. Carben Tetrachloride Concentrations Measured in the Vadose Zone.

Maximum
Location/Type Facility Geologic Unit Year Carbon
Tetrachloride
Concentration

Shatlow soil vapor All three sites Near surface 1991 | 72 ppmv
survey .
Wellheads/deep soil 216-Z-9 Above PP 1991-93 | >10,000 ppmv
vapor probes ' (cstimated)
Wellheads/deep soil 216-Z-1A/Z-18 | Above PP 1991-93 | 1,000 ppmv
vapor probes i
Wellheads All three sites Below PP 21991—93 1,000 ppmv
Sediment samples 216-Z-9 PP 1992-93 | 37.8 ppm
Sediment samples 216-Z-1A/Z-18 | PP 1992-93 | 6.6 ppm
In situ soil vapor 216-Z2-9 PP 1993 21,000 ppmv
In situ so0il vapor 216-Z9 Capillary fringe . 1993 10,000 ppmyv
In situ soil vapor 216-Z-1A/Z-18 | PP 1993 | 1,400 ppmv
SVE inlet 216-Z-9 Above PP 1993 | 30,000 ppmv
SVE inlet 216-Z-1A/Z-18 | Above PP 1992 | 1,500 ppmv
Weltheads/deep soil 216-Z-9 Above PP 1997 | 797 ppmv
vapor probes ‘
Wellheads/deep soil 216-Z-1A Above PP 1997 573 ppmv
vapor probes
Wellheads 216-Z-9 Below PP 11997 298 ppmv
Wellheads 216-Z-1A Below PP 1997 | 94 ppmv
PP = Plio-Pleistocene
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8.0 CONCLUSIONS

Operation of SVE between 1991 and 2001 has removed 77,154 kg of carbon tetrachloride
(approximately 10% of the estimated original inventory) from the vadose zone underlying the
primary carbon tetrachloride disposal sites. This mass removal has contributed to achieving the
ERA objective of mitigating 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. Monitoring data indicate that, in the area of the disposal sites, the expected
direction of the chemical gradient between the vadose and groundwater zones has been reversed
since SVE operations began; the expected direction of carbon tetrachloride migration is currently
from the groundwater to the vadose zone. However, monitoring data near the vadose zone-
groundwater interface are sparse.

Although SVE is being used successfully to reduce the mass of carbon tetrachloride in the soil
column, the ERA was implemented as an interim action pending the final cleanup activities
associated with the 200-PW-1 Operable Unit. The final cleanup activities will be determined as
part of the CERCLA remedial investigation/feasibility study process for the 200-PW-1 Operable
Unit. The remedial investigation of the carbon tetrachloride vadose zone plume was initiated in
FY 2002 (DOE-RL 2002a).
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9.0 RECOMMENDATIONS

9.1 STATUS OF FISCAL YEAR 1997 RECOMMENDATIONS FOR
FISCAL YEAR 1998 |

The status of recommendations regarding future SVE operations that were based on the FY 1997
rebound study, operating experience, and data evaluation (Rohay 1997) is as follows:

1. FY 1997 Recommendation: Implement cyclic operations of the SVE systems using a
minimum of 4 to 8 weeks of operation followed by 8 to 16 weeks of rebound to optimize the
carbon tetrachloride mass removal efficiency (in terms of mass of carbon tetrachloride
removed per volume of soil vapor extracted).

“Status: At the conclusion of the rebound study, the three SVE systems were operated for
11 weeks (July 1997-September 1997). During FY 1998, one SVE system was operated for
12 weeks (April 1998-June 1998) at the 216-Z-1A/Z-18/Z-12 site following 26 weeks of
rebound (October 1997-March 1998), and then operated for 12 weeks (July 1998-September
1998) at the 216-Z-9 site following 39 weeks of rebound (October 1997-June 1998).

2. FY 1997 Recommendation: Implement carbon tetrachloride vapor monitoring during future
periods of nonoperation of the SVE systems to confirm that groundwater quality and
atmospheric emissions are not being negatively impacted.

Status: Carbon tetrachloride vapor monitoring was conducted at both the 216-Z-1A/Z-18/
Z-12 site and the 216-Z-9 site from October 1997 through March 1998 during the 26 weeks
of nonoperation of the SVE system. While the SVE system was operated at 216-Z-1A/Z-18/
Z-12 from April 1998 through June 1998, vapor monitoring was focused at 216-Z-9, and
while the SVE system was operated at 216-Z-9 from July 1998 through September 1998,
vapor monitoring was focused at 216-Z-1A/Z-18/Z-12. Based on the available monitoring,
nonoperation of the SVE system appears to have caused no additional degradation of
groundwater quality and minimal detectable vertical transport of carbon tetrachloride through
the soil surface to atmosphere.

3. FY 1997 Recommendation: Repeat the measurement of carbon tetrachloride rebound in the
first 4 to 8 weeks following SVE operations at 216-Z-1A planned from April through June
1998 and following SVE operations at 216-Z-9 planned from July through September 1998.

Status: The first carbon tetrachloride rebound measurements were made at the 216-Z-1A
site 6.5 weeks (August 1998) after SVE operations ceased at that site (June 1998). The first
carbon tetrachloride rebound measurements were made at the 216-Z-9 site 5 weeks
(November 1998) after SVE operations ceased at that site (September 1998). Rebound
measurements were continued monthly at both sites.

Performance Eval. Report for SVE at the Carbon Tet. Site, Feb. 1992 ~ Sept. 2001
June 2002 9-1



BHI-00720
Recommendations : ' Rev. 6

4. FY 1997 Recommendation: Consider implementation of pas;ive SVE, also known as
barometric pumping, as an alternative to active SVE operatlons

Status: Passive SVE systems were installed on eight wells dunng FY 1999. The passive
SVE systems began operation in FY 2000. :

5. FY 1997 Recommendation: Update the carbon tetrachloride gite conceptual model,
including the estimate of the current distribution of the origi | icarbon tetrachloride
~ inventory and the nature and magnitude of the exchange of carbon tetrachloride between the
vadose zone and groundwater.

Status: Plans to update the carbon tetrachloride site conceptug] model were included in the
detailed planning for FY 1998. The 1998 update to the site com model was included

in Revision 3 of this performance evaluation report; the 1999 ypdate was included in

~ Revision 4 of the repont; the 2000 update was included in Rev|§ of the report; and the 2001
update is included in this revision of the report. The Universi ;Iof Washington is evaluating
the estimate of the current distribution of the original carbon tagrachloride inventory. Results
are anticipated in 2002. Investigation of the exchange of carbaf tetrachloride between the

vadose zone and groundwater was not implemented in FY 1998 and was carried forward as a
FY 1998 recommendation in this report (Section 9.2).

92 STATUS OF FISCAL YEAR 1998 RECOMMENDATIONS FOR
FISCAL YEAR 1999

1. FY 1998 Recommendation: Investigate the nature and magnifude of the exchange of
carbon tetrachloride between the vadose zone and groundwategti This information will be
required in the future to address the interdependency of the vadbse zone-groundwater system
in achieving remediation of the 200 West Area subsurface carbon tetrachloride

* contamination, ‘ .

Status: A study to specifically investigate the exchange of cariion tetrachloride between the
vadose zone and groundwater did not occur in FY 1999.

2. FY 1998 Recommendation: Continue cyclic SVE c)peral:iom;.j However, consider one or
more of the following modifications:

a. InFY 1999, return the 14.2-m>/min SVE system to a positign closer to the 216-Z-1A Tile
Field, where carbon tetrachloride concentrations are highesy ito improve extraction
efficlency from that site by allowing more wells to be on lise simultaneously. From its
position in FY 1998 at the 216-Z-18 Crib, the 14.2-m*/min ! SV’E system could not extract
from all 216-Z-1A/Z-18/Z-12 wells simultaneously.

b. Extend the length of the operating period at the 216-Z-1A/Z-18/Z-12 site to allow
additional time to cycle between sets of wells.
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‘Status: Cyclic SVE operations were continued during FY 1999, One SVE system operated
for 12 weeks (April through June 1999) at the 216-Z-9 site following 26 weeks of rebound
(October 1998 through March 1999) and then operated for 12 weeks (July through
September 1999) at the 216-Z-1A/Z-18/Z-12 site following 52 weeks of rebound (July 1998
through June 1999). The modifications recommended in FY 1998 were not implemented
during FY 1999.

3. FY 1998 Recommendation: Continue carbon tetrachloride vapor monitoring during future
periods of nonoperation of the SVE systems to confirm that groundwater quality is not being
negatively impacted. Consider discontinuing the near-surface (1.5-m depth) monitoring for
atmospheric emissions based on sporadic and low concentrations detected in FY 1997 and

- FY 1998.

Status: Carbon tetrachloride vapor monitoring was conducted at both the 216-Z-1A/
Z-18/Z-12 gite and the 216-Z-9 site from October 1998 through March 1999 during the
26 weeks of nonoperation of the SVE system. While the SVE system was operated at
216-Z-9 from April through June 1999, vapor monitoring was focused at 216-Z-1A/Z-18/
Z-12, and while the SVE system was operated at 216-Z-1A/Z-18/Z-12 from July through
September 1999, vapor monitoring was focused at 216-Z-9. Based on the available
monitoring, nonoperation of the SVE system appears to have caused no additional
degradation of groundwater quality and minimal detectable vertical transport of carbon
tetrachloride through the soil surface to atmosphere. The near-surface monitoring was
discontinued, as recommended, in FY 2000.

4. FY 1998 Recommendation: Repeat the measurement of carbon tetrachloride rebound in the
first 4 to 8 weeks following SVE operations at 216-Z-9 planned from April through June
1999 and following SVE operations at 216-Z-1A planned from July through September
1999.

Status: The first carbon tetrachloride rebound measurements were made at the 216-Z-9 site -
4.5 weeks (July 1999) after SVE operations ceased at that site (June 1999). The first carbon
tetrachloride rebound measurements were made at the 216-Z-1A site 4 weeks (October 1999)

- after SVE operations ceased at that site (September 1999). Rebound measurements were
continued monthly at both sites.

5. FY 1998 Recommendation: Consider application of one or more innovative technologies to
significantly enhance characterization and/or remediation of carbon tetrachloride in the
vadose zone and/or groundwater. An Innovative Treatment Remediation Demonstration
program, funded by the DOE Office of Environmental Restoration, has been implemented
to evaluate appropriate technologies to address the Hanford Site 200 Area carbon
tetrachloride plume. Treatability testing of the characterization and/or remediation
technology recommended by the Innovative Treatment Remediation Demonstration
program is scheduled to begin in January 2000 and implementation is scheduled for
September 2000.
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Status: During FY 1999, the Innovative Treatment Remediatigip Demonstration program

focused on the need for additional characterization and recomyginded conducting a
Partitioning Interwell Tracer Test under the 216-Z-9 site to evajjjate the presence of DNAPL
(i-e., carbon tetrachloride as a separate organic phase) in the vadbse and groundwater zones.
Possible test configurations and cost estimates were evaluated during FY 1999 and FY 2000.
Because of other priorities, this recommendation was not adopted by the project.

93 STATUS OF FISCAL YEAR 1999 RECOMMENDATIONS FOR
FISCAL YEAR 2000 AND FISCAL YEAR 2001 :

1. FY 1999 Recommendation: Continue cyclic SVE operations using the 14.2-m>/min SVE
system to remove carbon tetrachloride mass.
. I
Comparison of the mass of carbon tetrachloride removed duringicyclic operations to the mass
projected to be removed during continuous operations mdacateq *mt greater mass removal is
achieved using continuous operations. However, waste mi tion is achieved using
cyclic operations in which the SVE system is operated during wiirm months. In addition,
available soil vapor monitoring indicates that nonoperation of thie SVE system for 6 to 12
months does not appear to have a negative impact on groundwatgr quality.
EL
Consider one or more of the following modifications to cyclic S’VE operations:
i
a. During extraction from the 216-Z-1A/Z-18/Z-12 wellfield, ;!;
system to a position closer to the 216-Z-1A Tile Fiald, whert
concentrations are higher, to improve extraction efficiency fiy
more wells to be on line simultaneously. From its position il FY 1998 and FY 1999 at
the 216-Z-18 Crib, the 14.2-m*/min SVE system could not extract from all 216-Z-1A/
Z-18/Z-12 wells simuitaneously.

b. Move the SVE system between the 216-Z-9 and 216-Z-1A/3-18/Z-12 wellfields after 4 to

8 weeks of operation, or when concentrations return to an a’iﬁmptotic decline
i

¢. Use the SVE system to apply a vacuum at wells open below!{or above) the Plio-
Pleistocene unit and monitor pressures at wells open above {pr below) the Plio-
Pleistocene unit. The pressure response in the monitoring wélls can be used to help
evaluate the continuity and relative permeability of the Plio+Pleistocene unit. This
evaluation, in tumn, supports understanding of vertical pathways for contaminant
migration and remediation strategies using SVE.

Status: Soil vapor extraction using the 14.2-m*/min SVE system was not conducted during
FY 2000. The suggested modifications were carried forward.

i
i
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2.

3.

FY 1999 Recommendation: Continue operation of the eight passive SVE systems to obtain
a long-term record of performance.

Passive SVE systems were installed on eight wells in the 216-Z-1A/Z2-18 area in FY 1999
and began operation in FY 2000. These eight wells were selected because they are open
below the Plio-Pleistocene unit. Differential pressures between the subsurface and surface
drive passive venting (“barometric pumping™) and are higher below the Plio-Pleistocene unit
than above it (Section 3.0).

Consider the following modifications to operation of the passive SVE systems:

a. Use virgin GAC rather than regenerated GAC in the passive systems. Analytical results
of passive SVE GAC cartridge samples indicate that the regenerated GAC placed in the
cartridges contains carbon tetrachloride.

b. Reconfigure the passive systems to be vertical or to drop water out of the hoses (e.g.,
- through a series of baffles). During the winter months, water condensed from the venting
soil vapor into the hoses and onto the GAC in the cartridges, potentially interfering with
operation of the systems.

Status: The eight passive SVE systems were operated during FY 2000. Modifications to the
systems were not made during FY 2000. The recommended changes were carried forward.

FY 1999 Recommendation: Consider further implementation of passive SVE systems as
the rate of carbon tetrachloride delivery to the high flow zones becomes diffusion-limited.
Very few additional wells are available below the Plio-Pleistocene unit in the active SVE
wellfields. The differential pressure in wells open above the Plio-Pleistocene will be lower
but should still be sufficient to drive barometric pumping. In addition, impermeable surface
barriers that artificially increase the differential pressure in the zone between the surface and
the Plio-Pleistocene layer can be considered in implementation of passive systems on
shallower wells.

Status: Additional passive SVE systems were not installed in FY 2000. The
recommendations were carried forward.

FY 1999 Recommendation: Repeat the measurement of carbon tetrachloride rebound in the
first 4 to 8 weeks following SVE operations. Consider monitoring selected wells (e.g.,
299-W15-217, 299-W18-158L) more frequently to confirm the rate of concentration rebound
immediately following cessation of SVE operations. During the rebound study in 1997, the
initial rapid increase appeared to take place during the first 6 to 8 weeks of rebound

(Rohay 1997).

Status: SVE operations were not conducted during FY 2000.
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5. FY 1999 Recommendation: Continue carbon tetrachloride vqsgyor monitoring during future
periods of nonoperation of the SVE systems to confirm that groundwater quality is not being
negatively impacted.

Status: Carbon tetrachloride vapor monitoting was canducted|s ?t both the 216-Z-1A/
Z-18/Z-12 site and the 216-Z-9 site from October 1999 throug] September 2000 during
nonoperation of the SVE system. Based on the available mon#fpring, nonoperation of the
SVE system appears to have caused no additional degradation 4 groundwater quality and
minimal detectable vertical transport of carbon tetrachlonde through the soil surface to
atmosphere.

94 STATUS OF FISCAL YEAR 2000 RECOMMENDATIONS FOR
FISCAL YEAR 2001 AND FISCAL YEAR 2002

1. FY 2000 Recommendation: Resume cyclic SVE opetauons usmg the 14.2-m*/min SVE
system to remove carbon tetrachlondc mass. .

Cons1der one or more of the modifications to cyclic SVE opcra}ions recommended in
FY 1999 (Section 9.3, Recommendation 1).

S

Status: Cyclic SVE operations were conducted durmg FY 20601. One SVE operated for
15 weeks (April through July 2001) at the 216—2—1A/Z-18/Z-1 "sne following 78 weeks of
rebound (October 1999 through March 2001) ‘and then opera ) _Ifor 10 weeks (July 2001
through September 2001) at the 216-Z-9 site following 104 wagks of rebound (July 1999
through June 2001). During extraction from the 216-Z-1A/Z-18/Z-12 wellfield, the SVE
system was moved to a position closer to the 216-Z-1A tile fic&l as recommended in

FY 1999 (Section 9.3, Recommendation 1). L

2. FY 2000 Recommendation: Continue operation of the eight I_;#ssive SVE systems to obtain
a long-term record of performance.

Consider one or more of the modifications to operation of the plsswe SVE systems
- recommended in FY 1999 (Section 9.3, Recommendation 2). Also, consider the following
new recommendations:

- a. Use longer GAC cartridges, or two in series, to test whethetthe current GAC cartridges
- are becoming saturated prior to being sampled for analysis.

b. Obtain backup power supplies for the dataloggers to prevetii data loss during power
outages.

c. Move the wellhead instrumentation to different wells each quarter to obtam hourly flow
and concentrations at each well by the end of the year. : :
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d. Discontinue the differential pressure monitoring above the Plio-Pleistocene layer at the
CPT-F soil vapor probes. Additional data are not needed to characterize this location.

e. Discontinue the differential pressure monitoring at the control well, 299-W18-9. This
well could be used for passive SVE.

f. Evaluate each passive SVE system for minor leaks and replace component parts (e.g.,
hoses) as needed.

Status: The eight passive SVE systems were operated during FY 2001.

3. FY 2000 Recommendation: Consider further implementation of passive SVE systems on
wells open below or above the Plio-Pleistocene unit in the active SVE wellfields. Wells open
below the Plio-Pleistocene are available in the 216-Z-9 wellfield. The differential pressure
data recorded above the Plio-Pleistocene unit during FY 1996 testing and during FY 2000
implementation indicate that although the driving force will be lower in wells open above the
Plio-Pleistocene (compared to wells open below the Plio-Pleistocene), the differential
pressure should be sufficient to drive barometric pumping (Section 9.3, Recommendation 3).

Status: Additional p‘dssive SVE systems were not installed in FY 2001.

.4. FY 2000 Recommendation: Repeat the measurement of carbon tetrachloride rebound in the
first 4 to 8 weeks following SVE operations. :

Status: The first carbon tetrachloride rebound measurements were made at the
216-Z-1A/Z-18/Z-12 site two weeks (July 2001) after SVE operations ceased at that site
(July 2001). The first carbon tetrachloride rebound measurements were made at the 216-Z-9
site five weeks (November 2001) after SVE operations ceased at that site (September 2001).
Rebound measurements were continued monthly at both sites.

5. FY 2000 Recommendation: Cominue carbon tetrachloride vapor momtonng during future
periods of nonoperation of the SVE systems to confirm that groundwater quality is not being
negatively impacted.

Status: Carbon tetrachloride vapor monitoring was conducted at the 216-Z-1A/2-18/Z-12
and the 216-Z-9 sites from October 2000 through September 2001 during periods of
nonoperation of the SVE system. Based on the available monitoring, nonoperation of the
SVE system appears to have caused no additional degradation of groundwater quality and
minimal detectable vertncal transport of carbon tetrachloride through the soil surface to
atmosphere _ _

6. FY 2000 Recommwdnﬂon: Inventory the network of shallow soi} vapormbas and CPT-
emplaced soil vapor probes and rods. Consider decommissioning those probes/rods no
longer needed to support SVE operations or field characterization activities for the 200-PW-1
Operable Unit.
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Status: An inventory of the vapor probe network was not conéﬁcmd duning FY 2001.

9.5  FISCAL YEAR 2001 RECOMMENDATIONS FOR FISCAL YEAR 2002

1. Resume cyclic SVE operations using the 14.2- */min SVE system to remove carbon
tetrachloride mass.

Consider moving the SVE system between the 216-Z-9 and 2 Z-1A/Z-18/Z-12 wellfields
after 4 to 8 weeks of operation, or when concentrations return to an asymptotic decline
(Section 9.3, Recommendation 1).

2. Continue operation of the eight passive SVE systems.

Consxder one or more of the following modifications to operatmn of the passive SVE
systems: _

a. Reconfigure the passive systems to be vertical or to drop waer out of the hoses (e.g.,
- through a series of baffles). During the winter months, watér condensed from the venting
soil vapor into the hoses, potentially interfering with operatwn of the systems
(Section 9.3, Recommendation 2).

b. Discontinue sampling using in-line, replaceable caﬁ:idges éi' GAC. These sample results
were found to be unrepresentative of the mass extracted thragh each well (Section 5.7).

carbon tetrachloride vapor
stalled in FY 1999,
In tetrachloride vapor

c. Discontinue automated hourly measurements of flow rate o)
concentrations at individual wells using the instrumentation
- Conduct future automated monitoring of flow rate and carlwh
concentrations at individual wells using an instrumentation lackage that can be moved
from well to well relatively easily. Move the wellhead inst ymentation to different wells
each quarter to obtain hourly flow and concentrations at eaél well by the end of the year
(Section 9.4, Recommendation 2).

d. Monitor passive extraction wells monthly using the sampling method used for the

nonoperational wells. Monitor the vapor concentration both ppstream and downstream of
the GAC canister. The measured vapor concentrations can He used to estimate the
amount of carbon tetrachloride extracted through each well ﬂunng the month

(Section 5.7.1.2).

e. Discontinue the differential pressure monitoring above the Mio-Pleistocene layer at the
CPT-F soil vapor probes. Additional data are not needed to eharactenze this Jocation
(Section 9.4, Recommendation 2).

f. Discontinue the differential pressure monitoring at the contgl well, 299-W18-9. This
well could be used for passive SVE (Section 9.4, Recommeﬂdatwn 2).

i
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g. Evaluate each passive SVE system for minor leaks and replace component parts (e.g.,
hoses) as needed (Section 9.4, Recommendation 2).

3. Consider further implementation of passive SVE systems on wells open below or above the
Plio-Pleistocene unit in the active SVE wellfields. Wells open below the Plio-Pleistocene are -
available in the 216-Z-9 wellfield. The differential pressure data recorded above the
Plio-Pleistocene unit during FY 1996 testing and during FY 2000 implementation indicate
that although the driving force will be lower in wells open above the Plio-Pleistocene
(compared to wells open below the Plio-Pleistocene), the differential pressure should be
sufficient to drive barometric pumping (Section 9.3, Recommendation 3; Section 9.4,
Recommendation 3).

4. Repeat the measurement of carbon tetrachloride rebound in the first 4 to 8 weeks following
SVE operations.

5. Continue carbon tetrachloride vapor monitoring during future periods of nonoperation of the
SVE systems to confirm that groundwater quality is not being negatively impacted.

6. Inventory the network of shallow soil vapor probes and CPT-emplaced soil vapor probes and
rods. Consider decommissioning those probes/rods no longer needed to support SVE
operations or field characterization activities for the 200-PW-1 Operable Unit (Section 9.4,
Recommendation 6).

7. Evaluate the condition of the wells currently included in the SVE well network. Identify and
prioritize those wells recommended for decommissioning.

9.6 RECOMMENDATIONS FOR FISCAL YEAR 2003

It is recommended that an evaluation be conducted to determine the frequency and type of SVE
operations and monitoring to be implemented in FY 2003. During cyclic operations in FY 1998,
FY 1999, and FY 2001, only approximately 0.1% of the original inventory was removed each
year. Although the mass removed each year during cyclic operations is low compared to the
total mass removed during early stages of SVE, each year of cyclic operations does remove
approximately 0.75 metric tons of carbon tetrachloride from the vadose zone. Based on the
existing remedial design, the following components could be considered for an operating
strategy over the next few years:

¢ Continuing cyclic SVE operations using one or more SVE systems. Now that the readily
accessible carbon tetrachloride has been removed, mass removal is more efficient (in terms
of mass removed per hour of operation) if SVE operations are intermittent, allowing the
carbon tetrachloride vapor concentrations to rebound during periods of temporary shutdown.
An additional advantage to cyclic operations is that waste minimization is achieved if the
SVE system is operated only during warm months, when water condensate is not generated
by the SVE system. :
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* Resuming continuous SVE operations using one or more SNE systems. Comparison of

- the mass removed during cyclic operations to the projected mags removed had the SVE
system continued to operate throughout the year suggests that te highest amount of mass
removal is achieved by continuous operations. An additional gdvantage to continuous

operations is that a maximum concentration gradient is maintaiped between the source of the

carbon tetrachloride and the high-flow zone into which it is &@nsing.

e Continuing use of passive SVE systems. Passive SVE systepis have low operation and
maintenance costs because they are designed to use only renewible energy resources and to
operate unattended for long periods of time. However, the amgunt of mass removed each
year by the existing passive systems is significantly lower than|the amount removed using the
active system. The driving force for barometric pumping is greter if the well is screened
below a low permeability layer such as the Plio-Pleistocene unjt, but the differential pressure
should also be sufficient to drive barometric: pumping in wells above the Plio-Pleistocene
unit. '

d concentrations are

e Continuing monitoring of rebound concentrations. Rebounk
g)ne objective of monitoring

monitored during periods of nonoperation of the SVE system..
the nonoperational wells and probes is to measure-carbon tetraghloride concentrations and
trends near the vadose-atmosphere and vadose-groundwater inf#rfaces to evaluate whether
nonoperation of the SVE system is negatively impacting atmogfhere or groundwater.
Monitoring is also conducted near the Plio-Pleistocene unit to snpport SVE operations.
Monitoring is conducted monthly at approximately 30 locations. Considerations could be
given to changing the monitoring frequency and/or locations.
;
¢ Implementing enhancements to the SVE system(s). The wvative Treatment and
~ Remediation Demonstration program reviewed the availabl%nologics to enhance

remediation using the SVE system(s). Feasibility testing of on¢ or more of these or other
enhancements could be conducted to determine their cost and performance effectiveness.

}
i
i

* Revising the existing SVE extraction well network. The exijting well network consists of
46 vertical wells that provide 48 perforated or screened intervals open above the
Plio-Pleistocene unit and 17 perforated or screened intervals opgn below the Plio-Pleistocene
unit. Some wells in the current well network may need to be decommissioned, and
additional wells may need to be added to provide complete covitrage of the vadose zone in
the source term area. Consideration could be given to installing horizontal wells for
enhancing the carbon tetrachloride remediation.
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APPENDIX A

200-PW-1 FLOW RATE ESTIMATION METHODOLOGY

The memorandum included in this appendix describes the methodology used to estimate the flow
rates and cumulative volume of vapor extracted from each individual extraction well. The
memorandum was prepared in July 1996 to support preparation of Revision 1 of this report, and
the results it presents are now out-of-date. The results have been updated using the same
methodology to support preparation of Revisions 2 through 6 and are presented in Table 5-5 of

this report.
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Memorandum

To:  Rhett Tranbarger, Virginia Rohay Date: July 16, 1996
From:  Kirk W, Hudson 'K’Uﬂ/ 2 MEMO:0021-96

Subjeci; 200-ZP-2 Flow Rate Estimation Methodology and Results

mwmmumothmemem
flow rate estimates for the 200-ZP-2 system. The purpose of this work was to: 1) develop
a spreadsheet that estimates the flow rates at extraction wells based on the flow rates at the
header; and 2) estimate cumulative flow from each extraction well to date; and 3) plot

uﬁnmedﬂuwnmmmmmwﬁmefmwm

for comparison. mwmm&emwuudwaﬁmunﬂwnmm
the results.

mzoo-zr-zsvasymmammwmmmla Z-1A, andZ-Q)wnh
ms(ﬂmbicfmpuminm(cfm),looom,uﬂl,smdmﬂwmmﬁu
The systems are configured in such a manner that real-time flow rates, cumulative volume
removed, and vacuurn are indicated at a common header. The individual extraction wells
are not equipped with vacuum gauges or flow meters. However, & truck-mounted flow
meter and vacuum gaige are used periodically (scheduled once per quarter) to record
kuummdﬂownmradmgsumdwidmlumcmnwdhdmngsymnopumon

METHODOLOGY

meannﬁndsmdmﬁ&dmmmmﬂowmﬁmnu@hummwdlwon
thevawummdﬁowmmmuatﬂlehudai

METHOD 1:

Using the Johnson Equation [Jolnson 1990]:

1- o=y
QsHI_'K(E)IP'I‘ L4
: B R,
"R

7
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S
Kirk W. Hudson | , MEMO:0021-96
Page 2 '
July 16, 1996

¢

“Therefore, a factor can be develgped for

pressure (psf)
P, = absolute wellhead vacuum (P - we.llhadmum)(pd)
H -lmgthofsuemedinmalinvadoum(ﬁ) -

k -soilpemnbﬂity(sq.ﬁ.)

¥ = viscosity of air (b-sec/sq. fL.)

R, = radius of the well screen (in.)

R, =wporndiusofmﬂm(mumd20mm)(in)

nr_,p,mn,mmmmmtmm;lmwnﬁmmr“
each well, then the only missing factor is k. lflllthe\nﬁthl
wells (i.c., upper and lower nested wells) then k can be astimated {jop

each well to the total flow measured at the header. ‘Ihe permeabi
be adjusted accordingly to calibrate to the characterization data.

Use of ulisequationisbuedonﬂlefollow'nsmm ions:
o Radial flow and equal velocity distrib S

. Muofmﬂmumﬁmtﬁomwdlwudlamqu(mmzom)
. Vumdtyofm(mnpu:m)uthemﬁomwdltowﬂ
¢ Wells are screened in the vadose zone
METHOD 2: ’ _
Uﬁnganﬁoofﬂmopmm(screa\edorjupufmmd)ofﬂneéﬂ&"
For example: | |
Wells A, B, and C have ten, mnmty,amnhmyaqmm-.mctmof"éi yand

en area, respectivel
uebemguseduemacﬁmwelhwithaﬂwmatﬂwsymthderoflooom The
flow rates are proportioned out as follows:

10 10 '
Well A flow rate = 1000 * ——20 = 1000 x 10 - 167 cfin
ow rate = 1000 * 520+ % * 60 ‘
Well B flow rate = -1000--:%-333.:;»:

}EE
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Well C flow maie = 1000=%g--500cﬁn

Use of this method is based on the following assumptions:

o Thsﬂowmﬁmnmdmdnalwdlsmdimcﬂypmpomunltotheopmmof
the well screens.

* The soil permeabilities are the same for every well.
* Friction losses from the well head to the system are the same for every well.
*  Well losses are the same for each well, '

METHOD 3:

Umanﬂodeﬁmﬂeﬂﬁﬂﬁﬁuhﬁﬂu@twmwhmwdhm

screened to proportion flow rates amongst wells.
Sysiem header flow rate = 500 cfim and,

Well A is scresned in the Hanford Lower Coarse layer from 50 - 60 feet below grade.
Well B is screened in the Plio-Pieistocene layer from 125 - 140 feet below grade.

Rmmmwmmmmmmhyuumebemnmﬂmm
the Plio-Pleistocene Jayer then the flow rate from Well A is twice that of Well B.

Well A flow rate = soosz—f-l--soos%-ssscfm

Well B flow rate 500’2+1 .‘600“3 167 ¢fm
mwwwfummmmmmmhwdmﬂnﬂwmm(ﬁom
chmnondan)frmwdkmeandmd:ffemnm ‘
Useofﬂnsmﬂwdnhnﬁonthefoﬂomn;mmphm

. mmm:,weHmunm,ndmofwcn,u\dmofhﬂminthe
Johnson Equation (Method 1) combine to form a constant. This constant does not
dwmmmm»mmﬂummmm well
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vacuum, mdmsofwell and radius of influence. Themﬁm the most significant
pu:mm:sﬂnmmoninsoﬂpmnubxhtyfromweﬂwwdl

EVAIUATION OF METHODOLOGY

Characterization data was used to evaluate the three methiods. Clipaceerizatic
uudforeompmmnpmpomuﬂyifitwmmn!hnl -_; Prior 0 June

1995, wells were characterized on an individual basis as | 4 on a system basis where
all wells in operation are characterized. Bated on this criterion, tWhb characterization data
events were determined to be vseable from the Z-18 system. Ong tharacterization data event
was determined to be usesble from the Z-14 system. Two charat N data events were

determined to be useable from the Z-9 system. 'rablelpruemstmmnnryofﬂw
dmmnoanuthatmdmmumdwbeumhk. .

12, 246U, 246L, 252U,
320, 96 _
Z-18 11716095 | 152, 2521 17
e L
Z-1A B4B5 - [7,39,248, 165,174 |34
A ———
29 ;1M5 - [42,90, 84,895,217, |20
22095 2181, 219U, 219L,
29U _ _
p 1112895 - | 6L, SU, 216L, 2180, |20 {aes 1M
1172995 | 218U, 2201, 220U, %2,
86, 217, 2191, 219U
-

Based on the characterization data, Z-9. 0 be the the most complese
data as there was characterization data for 14 out of 20 wells mmaﬁmsoflhe

The results of the estimated flow raies tmm utfarized in Table 2
- Method 1 flow rate estimates are apusted ﬂownwsmxtdng

from the average adjusted k valves from both characterization daty' sets for Z-9

f
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Mo 1607 3% 164 %
66 _ 54 46% 164 108%
“ 420 06 6% 167 -151% 164 -156%
8 166 105 167 1% 164 -1% r
217 67 © 148 152 126% 164 145K
218L 95 163 . 152 “w% 2 -16%
2180 s m 152 -15% Ciea | oam
2190 7 ™. 152 114% 02 u’s-r '
2190 0 152 Ll 164 ns
TOTAL 1,28 ' |
Charscierization Datn Set #2 _
'sa. ' 91 100 0% " 121 3% 9 5%
9 39 “ 12% 50 71% 138 255%
216L 3 T w% | 30B% 9% 6%
fan 103 Cm 8% 199 "% 96 ., a5}
218U 194 18 % 139 -40% 138 “0%
0L 98 157 60% 139 Q% 138 a%
20U 135 201 o% 139 % 9% 1%
2 95 97 2% 153 6% 1 %%
% 190 306 61% 59 20% 138 3%
217 103 98 % 139 8% | 138 1%
jas 3s o 3% 19 9% 96 Im%
219U & T4 13% 139 114% 138 113%
TOTAL R ] N b
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and the total measured flow rates) from the
.questions sbout the confidence in the

memuluofmmmﬂyﬁsfouead\weumuchchuacwnnmmmm
summariudin'l‘abha. _

-86% w0 120%
-151% 10 126%
1 -156% 10 145% J

absence of characterization data, it can be (Attachme
increases significantly (-185% to 260%) cstimated iy X

alnholdsmfmmuhod3whxchmhuhuvilymchumﬁ“jdauwuﬁmm :
permeabilities of different lithologies. ‘ '

mymmmthmmzm
Furthermore, discrepancies in cumulative f

wellmﬂlewellﬁeldhuﬂvecolummumaled Vnthlt Thmcollmmsmnmtofdn
following:

» Operation - ("on" is entered in uﬁscellethiswellm{fseduanmwdl
on a particular date). Cel!wasleﬁblankxfﬂneweilwunotbungundum
extraction well. .

o Fiow- mmatedﬂwram:mdmﬂmdforﬂlwellsr% "on" entered in the
operation column by multiplying the system flow rate by the ratio of that well's

Hhik

|} i
e
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Tuly 16, 1996

open area to the sum of the open areas for all the wells in operation for that
particular day.

» Volume Removed - uﬁmwdbymulﬂplyingtheuunmedwenﬂowntebyﬂn
mmawdduntionofopmuonformatpaructuarday '

* Cumulative Volume Removed - mmmauon of the Volume Removed cells for
individual wells,

¢ Carbon Tetrachloride Concentration - lndividualwel!mbmt:uachlonde
oonmmmmmmdconupondm;wmdaymw These

concentrations unbeusedforeompaﬁsonmﬂ\ﬂowram. wmullnvcﬂpw, and
time.

MGﬂyoﬂmindmduﬂwdldmmmedmmmMopmm(pWﬁded)ofmh
well screen.  Some of the wells have open areas which changed due to jet perforating.
Therefore, the open areas of some wells may vary depending on the date with which the well
was in operation. The dates of operation, duration of operation, and system flow rate
columns were used as the reference to which all data were input and estimates were linked.

mmmpﬁmuﬂmmmﬁmmmmsﬂmmufdm:

. Theﬂowuwsuﬁndmdua!weusmdirecﬂypmpommnltomeopmmof
* individoal well screens. -

* Wells that were used as part of other well fields were included in each system’s
spreadsheet. Flow rates, however, were only estimated in the system spreadsheet
forﬂesystemvﬂti&wasexmnﬁngvaponﬁomﬂntwe]lonapa;qculudam.

¢ The screened areas for wells W15-223 and W18-167 were modified to reflect

" actual operating conditions. The flow rates based on the provided open areas were
grossly over-estimated. The open area for well W15-223 was modified by using
an estimated open area of 3.67 in*/ft of well screen. At 20 feet of well screen, the
open area was estimated at 73.4 in®. The open area of well W18-167 was
modnﬁedbyi;tmn;theopenbottomofﬂ\ewell Therefore, an open area of
8.438 in’ was used when operated on 4/22/94 and 4/26/94 and 23.562 in® was
used for this well when operated from 8/10/95 to 4/24/96.

Asaqualltydwckonﬂnwm the:yswmhadu'ﬂownmmnmlhpliedbyﬂn
estimated duration of operation and summed. This estimated total system volume removed

was compared and confirmed to be equivalent to the summation of the individual well
cumulative volumes removed.
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CUMULATIVE VOLUME }

Z-1A 1% B

[WELLS _[W1s1 T [ WIER7  [Wis-10L_[Wis-100

[CU.FT. | T.48E+08 E 1,096408] 1.1 1.62E+07]
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Table B-1. Characterization Data for Individual Extraction Wells in the

216-Z-1A Wellfield, April 1992-September 2001. (12 Pages)

Vacoum*! Flow | CCl |CCLFhux |CHCL| CH;Cl, | MEK
Date | Wellandlnterval | pa) | (m’/min) | (ppouv) | Gig/day) |(ppmv)| (pprav) | ppmv)
05/02/1994 299-W18-6L 22 | 108 304.0 28.9 0.0 4.0 0.0
06/20/1994 299-W18-6L 21.4 11.0 | 5250 52.2 0.0 7.0 0.0
11/22/1994 299-W18-6L 26.7 9.7 199.0 175 0.0 00 |. 00
02/07/1995 299.W18-6L 249 11.8 161.0 172 0.0 1.0 0.0
09/06/1995 299-W18-6L 5.7 12 73.5 0.8 0.0 1.3 0.0
05/09/1996 299-W18-6L 52 0.9 544 0.4 0.0 0.0 0.0
05/14/1996 299-W18-6L 112 25 30.0 0.7 0.0 0.0 0.0
09/18/1996 299-W18-6L 32 1.4 19.6 0.3 2.2 0.0 0.0
10/29/1996 299-W18-6L 35 24 15.8 0.3 0.0 0.0 0.0
07/21/1997 209-W18-6L 1.5 0.5 26.8 0.1 37 0.0 0.0
07/24/1997 299-W18-6L 20 0.5 24.4 0.1 29 0.0 0.0
07/28/1997 299-W18-6L 19 0.4 30.9 0.1 38 0.0 0.0
07/31/1997 299-W18-6L 2.1 0.5 8.6 0.0 2.0 0.0 0.0
03/30/1998 299-W18-6L 6.0 0.0 25.6 0.0 0.6 0.0 0.0
04/08/1998 | - 299-W1B-6L 0.8 0.0 0.1 0.0 0.4 0.0 0.0
04/10/1998 299-W18-6L 0.0 0.0 334 0.0 1.1 0.0 0.0
04/16/1998 299-W18-6L 15 0.1 0.1 0.0 0.6 0.0 0.0
04/29/1998 299.W 18-6L(f) 21.7 2.9 17.6 0.5 0.9 0.0 12
04/30/1998 299.W1i8-6L 0.6 0.0 332 0.0 14 0.0 0.0
05/21/1998 299-W18-6L 11.0 2.7 28.1 0.7 29 0.0 0.0
05/29/1998 299-W18-6L 112 2.9 29.1 0.8 1.6 0.0 0.0
06/19/1998 299-W18-6L 2.1 0.8 13.5 0.1 1.6 0.0 0.0
09/06/1995 299-W18-6U 45 2.4 10.1 0.2 0.0 0.3 0.0
05/09/1996 299-W18-6U 45 23 15.1 0.3 0.0 0.0 0.0
09/18/1996 299-W18-6U 22 24 69 | - 01 1.1 0.0 0.0
10/29/1996 209.-W18-6U 3.2 2.5 1.2 0.0 1.1 0.0 0.0
09/24/1997 |  299-W18-6U 2.1 1.2 6.8 0.1 2.3 0.0 0.0
05/25/2001 299-W18-6U 1.0 0.8 323 0.2 0.5 1.0 0.3
05/30/2001 299-W18-6U 12 0.7 234 0.1 02 0.0 0.1
06/06/2001 209-W18-6U 1.8 11 16.2 0.2 0.1 0.0 0.1
05/06/1994 ' 299-W18-7 239 6.1 209.0 1.6 0.0 3.0 0.0
06/21/1994 299-W18-7 21.2 6.3 388.0 22.1 0.0 6.0 0.0
11/22/1994 299-W18-7 24.4 5.1 197.0 9.2 0.0 0.0 0.0
02/01/1995 299-W18-7 26.2 7.8 192.0 13.6 0.0 4.0 0.0
03/28/1995 299-W18-7(e) - 232 12.4 160.0 180 | 00 29.0 3.0
05/31/1995 299-W18-7(e) - 23,9 119 | 1060 114 | 10 2.0 0.0
08/04/1995 299-W18-7(e) 50 7.1 75.6 49 }.05 25 0.4
11/28/1995 299-W18-7(¢) 4.7 6.5 342 | 20 0.9 0.1 0.0
12/20/1995 299.-W18-7(e) 35 - 33.0 - 0.7 1.4 —
05/02/1996 299.-W18-7(c) 5.0 6.6 31.0 1.9 0.0 0.0 0.0
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Table B-1. Characterization Data for Individual Extp
216-Z-1A Wellfield, April 1992-September mq i

i (12 Pages)
Vacuum* | Flow | CCL |cCCy CHCh | CH,CL | MEK
Date Welland Interval | * xpa) | (m'/min) (ppmtv) w pmv)| (ppmv) | (ppmv)
05/14/1996 299.W18-7(¢) 6.5 9.9 432 39 0.0 0.0 0.0
07/17/1996 299-W18-7(¢) 2.5 54 16.5 0.4 2.6 0.0 0.0
09/16/1996 299.W18-7(c) 3.7 59 17.7 19 1.7 0.0 0.0
10/29/1996 299-W18-7(e) 3.0 2.8 0.0 08 0.0 0.0 0.0
07/21/1997 299-W18-7(e) 2.5 2.8 30.8 0.8 6.1 0.0 0.0
0712411997 299-W18-7(e) 2.0 3.5 3.9 0.} 3.3 0.0 0.0
07/28/1997 299-W18-7(e) 2.0 35 9.8 0, 2.7 0.0 0.0
07/31/1997 299.W18-7(e) 2.5 3.6 26.6 0 32 0.0 0.0
03/30/1998 299-W18-7(e) 12 0.7 14.8 0ik 0.7 0.1 0.0
04/09/1998 299-W18-7(¢) 0.6 0.7 0.9 0, 0.0 0.1 0.0
04/10/1998 299-W18-7(e) 0.4 1.7 26.8 0, 12 0.0 0.0
04/16/1998 299-W18-7(c) 1.0 0.0 0.0 0 1.1 0.0 0.0
04/30/1998 299-W18-7(c) 0.5 0.0 0.3 00 0.1 0.1 0.0
06/05/1998 290-W18-7(¢) 2.0 35 24.6 08 2.1 0.0 0.0
06/11/1998 290-W18-7(e) 1.8 1.1 25.7 0/ 2.6 0.0 0.0
05/31/2001 299-W18-7(e) 1.4 2.4 38.5 048 1.1 0.8 0.3
06/06/2001 299-W18-7(¢) 2.5 2.4 36.2 08 0.6 0.7 0.3
06/13/2001 299-W18-7(¢) 1.1 1.1 374 04 0.8 1.0 0.3
06/20/2001 299-W18-7(e) 2.1 24 36.5 o8 0.8 0.6 0.2
06/27/2001 299-W18-7(e) 2.0 2.4 36.1 04 0.8 1.1 0.2
07/03/2001 299.-W18-7(e) 1.8 24 36.7 08 0.6 0.7 0.2
07/11/2001 299-W18-7(e) 2.1 24 | 358 04 0.6 0.6 0.3
02/03/1993 299-W18-87 24.9 2.3 365.0 18 - - -
06/02/1993 299-W18-87 32.4 14 75.0 23 - - -
11/16/1993 299-W18-87 31.6 2.2 55.0 11 0.1 0.3 0.0
03/03/1995 290-W18-87 offline - - -4, - - -
07/26/1994 299-W18-89 24.2 104 | 496.0 ] 0.0 6.0 0.0
1112271994 299-W18-89 25.4 99 123.0 1101 0.0 0.0 0.0
08/04/1995 209-W18-89 1.7 7.3 92.0 6.1 0.2 3.6 0.7
11/16/1995 299-W18-89 5.0 8.2 34.0 25 0.5 0.0 0.0
12/20/1995 299.W18-89 42 - 32.0 - 0.3 1.3 -
05/01/1996 |  299-W18-89 45 6.9 28.1 1.8 0.0 0.0 0.0
07/17/1996 200-W18-89 2.5 . 4.9 30.6 1.4 15 0.0 0.0
09/18/1996 299-W18-89 45 6.2 14.3 0.8 1.7 0.0 0.0
1012971996 299.W18-89 3.2 3.4 20.8 0.8 0.0 0.0 1.1
- 092411997 299-W18-89 1.9 3.1 15.5 0.4 39 0.0 0.0
03/30/1998 299-W18-89 1.2 0.4 28.1 0.1 0.7 0.2 0.0
04/08/1998 299-W18-89 0.6 0.5 0.8 0 0.2 0.1 0.0
04/10/1998 209-W18-89 0.5 1.6 25.9 oM 0.7 1.0 0.0
04/16/1998 209-W18-89 0.9 2.0 5.9 oﬁ, 1.1 0.0 0.0
Performance Eval. Report for SVE at the Carbon Tet. Site, Feb. 1992 — Sept. 2001
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Table B-1. Characterization Data for Individual Extraction Wells in the
216-Z-1A Wellfield, April 1992-September 2001. (12 Pages)

Vacoum® | Flow | CCl |CCL Flux|CHCL| CH,CL | MEK
Date | Wellandinterval | " (pe) | (u¥/min) | (ppmv) | (kgday) |(ppmv)| @pmv) | pmv)
04/18/1994 | 299-W18-158L 29.9 1.4 192.0 2.5 09 - 0.5
02/01/1995 299-W18-158L 26.2 04 45.0 0.2 20 3.0 0.0
08/08/1995 299-W18-158L 10.0 . 0.0 - - - - -
07/30/1996 | 299-W18-158L 37 1.2 76.5 0.8 0.0 9.4 0.0
09/16/1996 | 299-W18-158L 8.2 0.0 0.2 0.0 04 0.0 0.0
10/29/1996 | 299-W18-158L 35 0.0 77.6 0.0 0.0 0.0 6.5
09/24/1997 299-W18-158L 37 0.0 0.0 0.0 24 0.0 0.0
07/27/1999 | 299-W18-158L 6.5 0.3 1.1 0.0 0.0 2.8 0.7
07/28/1999 299-W18-158L 6.0 0.3 0.1 0.0 1.3 4.7 1.5
04/04/2001 299-W18-158L 32 0.2 0.3 0.0 0.1 0.8 0.1
04/06/2001 299-W18-158L 35 0.2 1.0 0.0 0.0 0.0 0.0
04/11/2001 209-W18-158L 15 0.2 18 | 00 0.0 0.0 0.1
06/01/1993 | 299-W18-158M 32.6 1.1 91.0 0.9 - - -
04/18/1994 | 299-W18-158M(c) | 311 0.8 106.0 0.7 0.6 - 0.8
06/01/1993 | 299-W18-158U(c) 1.1 1.8 2.0 0.0 - - -
04/18/1994 | 299-W18-158U(c) 30.9 2.2 38.0 0.8 04 - 0.5
- 08/08/1995 | 299-W18-158U(e) 75 1.8 248.0 40 00 | 108 0.0
11/29/1995 | 299-W18-158U(e) 4.7 0.4 127.0 0.5 8.0 180 | 1.0
12/22/1995 | 299-W18-158U(e) 3.7 - 124.0 - 0.0 12.0 -
06/03/1996 | 299-W18-158U(e) 5.0 1.9 99.8 1.7 0.0 7.8 0.0
09/16/1996 | 299-W18-158U(e) 6.2 2.8 2.5 0.1 0.6 0.2 0.0
10/29/1996 | 299-w18-158U(e) 2.5 14 0.0 0.0 1.3 0.0 0.0
092471997 | 299-W18-158U(e) 3.0 0.9 0.0 0.0 3.7 0.0 0.0
09/22/1992 299-W18-15%a) 249 1.6 580.0 8.5 - - -
06/01/1993 299-W18-159 32.9. 2.0 307.0 5.7 - - -
04/15/1994 299-W18-159 31.6 1.1 243.0 2.4 0.7 - 0.4
06/20/1994 299-W18-159 242 1.1 238.0 2.4 - - --
11/22/1994 299-W18-159 - 0.0 - - - - -
02/01/1995 299-W18-159 26.2 0.8 150.0 1.1 0.0 70 0.0
05/31/1995 | 299-W18-159(e) 24.9 11.1 71.0 11 0.0 3.0 0.0
06/13/1996 | 299-W18-15%e) . 6.2 3.8 9.7 0.3 2.5 1.3 0.0
07/30/1996 | 299-W18-15%(¢) 3.0 39 8.1 0.3 3.1 0.0 0.0
09/18/1996 | 299-W18-15%(¢) 3.7 3.1 5.6 0.2 14 1.4 0.0
10/29/1996 | 299-W18-15%e) 3.5 3.1 11.7 0.3 00 | 00 2.1
09/24/1997 | 299-W18-159%e) 2.5 0.8 a1 0.0 3.6 0.0 0.0
05/3122001 | 299-W18-15%e) 1.3 1.9 22.7 0.4 0.3 0.4 0.2
06/0672001 | 299.W18:15%e) 2.7 24 20.8 05 - | 021 03 0.2
06/13/2001 209-W18-159(¢) 10 1.3 21.1 0.3 01 { 00 0.2
06/20/2001 | 299-W18-15%(e) 2.0 22 209 04 0.2 0.0 0.1
06272001 | 299-W18-159(¢) 2.0 2.1 234 0.4 0.3 0.t 0.1
Performance Eval. Report for SVE at the Carbon Tet. Site, Feb. 1992 — Sept. 2001
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g
Table B-1. Characterization Data for Individual Extimaction Wells in the

216-Z-1A Wellfield, April 1992-September 2oq . (12 Pages)
Vaocmum* | Flow | CCL [CC CHClL | CH;C; | MEK
Date | Wellandinterval | «Pw) | (n'/min) | apeav) % (ppmv)| (ppow) | (pprav)

04/30/1998 299-W18-89 0.5 1.9 28.5 03 1.3 0.0 0.0
05/08/1998 299-W18-89 0.5 1.0 27.4 it} 3.1 0.0 0.0
05/13/1998 299-W18-89 0.5 1.0 21.7 03 1.7 00 | 00
06/19/1998 299-W18-89 1.6 42 23.6 09 2.1 0.0 0.0
07/29/1999 299-W18-89 2.0 4.5 41.6 17 1.7 0.0 0.0
08/06/1999 299-W18-89 1.9 49 21.9 12 1.1 27 0.2
08/13/1999 299-W18-89 1.9 5.0 23.9 1.] 0.7 2.0 0.4
08/19/1999 200-W18-89 1.8 44 27.2 1 0.8 29 0.6
08/26/1999 299-W18-89 2.0 4.7 25.2 1 - 07 2.6 0.5
09/03/1999 299-W18-89 2.2 4.8 30.6 1. 0.7 0.2 0.1
09/08/1999 299-W18-89 2.1 45 21.1 08 05 0.5 0.1
09/13/1999 299-W18-89 2.0 50 204 08 0.7 1.0 0.2
04/19/2001 299-W18-89 2.3 4.2 46.0 14 0.3 0.1 0.2
04/26/2001 299-W18-89 22 44 37.2 1 0.3 0.1 0.2
05/02/2001 299-W18-89 2.7 4.5 32.5 1. 0.3 0.0 0.1
05/09/2001 299-W18-89 1.1 2.5 32.1 0. 0.2 0.5 0.2
05/16/2001 299-W18-89 1.6 2.4 23.7 0. 0.1 1.0 02
05/23/200% 299-W18-89 1.0 2.6 324 04 0.5 0.2 0.3
05/30/2001 299-W18-89 1.1 2.2 21.2 04 0.2 0.0 02
06/06/2001 299.W18-89 15 2.6 27.5 of 0.2 0.0 0.2
06/13/2001 299-W18-89 0.7 1.7 23.7 0.4 0.3 0.0 0.1
06/20/2001 299-W18-89 15 3.3 21.5 0.8 0.1 0.0 0.2
06/27/2001 299-W18-89 1.3 2.5 21.8 04 02 01 | 02
07/03/2001 299-W18-89 1.1 21 21.2 0, 0.3 0.0 0.2
07/11/2001 299-W18-89 1.3 2.5 215 0.5 0.2 0.0 0.1
06/01/1993 299-W18-150L 329 24 219.0 4,1 - - -

11/15/1993 299-W18-150L 32.1 14 243.0 3.1 0.1 2.7 1.1
11/15/1993 | 299-W18-150L(b) 32.1 14 - 0.6 6.7 -

04/15/1994 299-W18-150L 31.6 15 150.0 2.0 0.4 - 0.2
11/22/1994 299-W18-150L 25.9 1.1 82.0 0.8 0.0 0.0 0.0
02/01/1995 299-W18-150L 24.4 12 10.0 0.1 0.0 1.0 0.0
06/01/1993 | 299-W18-150M 32.9 0.8 157.0 LE — - -

04/18/1994 | 299-W18-150M 28.9 0.5 180.0 0.8 0.0 - 0.9
06/01/1993 | 299-W18-150U 326 09 | 350 0.3 — - -

04/18/1994 | 299-wis-150Uu | 301 0.6 181.0 0.9 0.0 - 1.3
05/25/1995 299-W18-150 alpha - - i - —

04/30/1992 | 299-W18-1581(a) 27.4 1.7 270.0 4 - - -

09/22/1992 | 299-W18-158L(a) 227 1.3 500.0 S8 - — -

06/01/1993 | 299-W18-158L 32.6 1.1 144.0 Ly - - -

11/15/1993 299-W18-158L 30.9 0.7 394.0 2.8 3.8 3.6 0.8

Performance Eval. Report for SVE at the Carbon Tet. Site, Feb. 1992 - Sept. 2001
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Table B-1. Characterization Data for Individual Extraction Wells in the
216-Z-1A Wellfield, April 1992-September 2001. (12 Pages)

Vacoum®* | Flow: | CCl |CClFlux|CHCl| CH;ChL | MEK
Date | WellandInterval | gps) | cun¥nin) | opov) | (kefday) |ppmv)| ppuay) | (ppruv)
07/03/2001 299-W18-15%¢e) 1.8 2.1 20.0 04 0.2 0.0 0.2
0771172001 | 299-W18-159(¢) 20 2.1 22.1 04 0.2 0.0 0.1
09722/1992 | 299-W18-163L(a) 19.9 0.7 140.0 09 - - -
06/01/1993 299.W18-163L 309 0.2 5.0 0.0 - - -
11/15/1993 299-W18-163L 31.9 0.0 - - - - --
04/18/1994 299-W18-163L 29.9 0.0 - - - - -
06/02/1993 299-W18-163M 324 0.3 2.0 0.0 - — -
04718/1994 | 299-W18-163M 29.1 0.0 - - - - -
08/08/1995 | 299-W18-163L(e) 1.5 1.8 80.6 1.3 2.0 2.5 0.0
05/10/1996 | 299-W18-163L(e) 3.0 0.5 31.1 0.2 0.0 0.0 0.0
10/29/1996 | 299-W18-163L(c) 2.0 0.5 1.7 0.0 0.0 0.0 0.0
09/24/1997 | 299.W18-163L(e) 1.7 0.0 52 0.0 2.6 0.0 0.0
05/04/2001 | 299-W18-163L(¢e) 0.7 0.2 16.3 0.0 04 0.0 0.1
05/0972001 | 299-W18-163L(e) 1.0 0.3 16.0 0.0 0.0 0.1 0.1
05/1672001 | 299-W18-163L(e) 1.3 02 11.4 0.0 0.0 0.2 0.1
05/23/2001 | 299-W18-163L(¢e) 0.8 0.3 18.4 0.0 02 | 02 0.2
06/02/1993 299-W18-163U 35.1 0.3 2.0 0.0 - - -
04/18/1994 | 299-W18-163U 29.6 0.0 - - - - -
08/08/1995 | 299-W18-163U(e) 6.2 4.0 72.1 2.6 0.1 9.1 0.0
06/13/1996 | 299-W18-163U(e) 5.0 2.1 17.7 0.3 0.0 13.5 0.0
07/30/1996 | 299-W18-163U(c) 1.7 2.1 21.5 0.5 0.0 139 0.0
10/29/1996 | 299-W18-163U(e) 1.7 . 24 56 0.1 0.0 1.3 8.7
09/24/1997 | 299-W18-163U(c) 1.5 1.0 14.8 0.1 15 24 0.0
05/25/2001 | 299-W18-163U(e) 0.7 0.5 232 0.1 0.3 2.3 04
05/30/2001 | 299-W18-163U(e) 0.8 0.7 29.3 0.2 0.6 16 0.1
06/06/2001 | 299-W18-163U(e) 1.0 0.8 24.6 0.2 04 1.1 | 02
06/13/2001 { 299-W18-163U(e) 0.5 0.4 26.8 0.1 0.5 0.0 0.1
06/20/2001 | 299-W18-163U(e) 1.0 0.9 33.4 03 0.5 13 0.2
- 06/27/2001 | 299-W18-163U(e) 1.1 0.9 20.0 0.2 0.3 13 0.1
07/03/2001 | 299-W18-163U(e) 1.0 08 304 0.2 0.2 16 | 03
07/11/2001 | 299-W18-163U(e) 1.1 1.0 38.6 0.3 04 2.0 0.2
04/2011994 299-W18-165 30.4 0.1 140.0 0.1 - - -
05/31/1995 | 299-W1B-165(e) 24.9 6.7 150.0 9.1 0.0 5.0 0.0
08/07/1995 299-W18-165(¢) | 149° 6.2 91.9 5.2 22 40 0.0
1129/1995 | 299-W18-165(e) 50 14 29.4 0.4 2.0 40 0.4
12/22/1995 | 299-W18-165(e) 3.7 -~ 25.0 - 0.0 0.0 -
06/03/1996 |  299-W18:165(8) 6.7 3.8 10.0 03 |60 05 .y 01
0730/1996 | 299-W18-165(e) 6.2 22 8.9 0.2 18 0.0 0.0
09/16/1996 | 299-W18-165(e) 55 33 16.0 0.5 1.6 0.0 0.0
102901996 | 299-W18-165(c) 3.0 2.7 29.9 0.7 0.0 0.0 1.9
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ik
Table B-1. Characterization Data for Individual Exaction Wells in the
216-Z-1A Wellfield, April 1992-September g. (12 Pages)
Vacoum* | Flew | CC, | CHCL | CH,CL, | MEK
Date | Wellandknterval | “qpy) | (m¥jmin) | ppmv) | (kghthy) |(ppmv)| (ppo) | (ppmv)

0972411997 | 299-W18-165(c) 3.5 1.9 155 ik 2.1 0.0 0.0
04/01/1998 | 299-W18-165(c) 0.3 0.0 5.8 0x 1.0 0.0 0.0
04/09/1998 | 299-W18-165(¢) 0.6 00 | 367 00 0.5 1.8 0.0
04/10/1998 | 299-W18-165(e) 0.6 0.5 33.6 0 1.6 1.0 0.0
04/30/1998 | 299-W18-165(c) 0.5 04 42.0 02 2.9 0.0 0.0
05/08/1998 | 299-W18-165(c) 0.3 0.0 2.5 09 0.4 0.0 0.0
05/13/1998 | 299-W18-165(¢) 0.4 0.0 14 09 0.9 00 | 00
06/05/1998 | 299-W18-165(c) 2.5 17 40.3 0% 39 0.0 0.0
06/11/1998 299-W18-165(¢) 2.4 1.7 43.2 ﬂl?r 3.2 0.0 0.0
06/19/1998 | 299-W18-165(e) 7.0 33 22.3 oy 2.8 0.0 0.0
063071999 | 299-W18-165(c) 75 37 | 164 't?}g 08 | 42 0.5
07/08/1999 | 299-W18-165(c) 8.0 3.6 502 | 16 1.0 2.5 0.2
07/14/1999 | 299-W18-165(e) 8.2 3.7 49.4 1§ 238 0.0 0.0
072311999 | 299-W18-165(e) 8.0 3.7 453 1] 12 2.7 03
077281999 | 299-W18-165(e) 6.0 3.5 40.6 13 1.3 2.4 0.9
08/06/1999 | 299-W18-165(c) 4.0 2.8 46.3 1 07 | 43 0.5
08/13/1999 | 299-W18-165(c) 42 2.6 33.4 (i} 0.7 24 0.3
08/19/1999 | 299-W18-165(c) 3.5 2.7 39.7 18 0.6 4.1 0.6
08/26/1999 | 299-W18-165(¢) 4.0 2.5 35.8 of 07 | 28 0.5
09/03/1999 | 299-W18-165(e) 4.7 2.9 338 0% 0.4 1.0 0.2
09/08/1999 | 299-W1B-165(c) 4.7 2.8 24.8 0 09 09 0.1
09/13/1999 | 299-W18-165(¢) 4.0 2.8 28.3 af 0.7 1.1 03
09/22/1999 | 299-W18-165(e) 4.0 2.7 26.6 a 0.7 0.9 0.6
09/27/1999 | 299-W18-165(c) 3.0 2.1 17.5 ' 03 0.3 0.3
04/0472001 | 299-W18-165(c) 3.5 1.8 40.7 1.4 1.3 1.6
04/11/2001 | 299-W18-165(c) 3.7 3.0 416 14 0.0 0.2
04/19/2001 299-W18-165(¢) 2.2 1.7 38.2 6.1 09 9.7
04/26/2001 | 299-W18-165(¢) 20 1.5 55.8 1.1 0.6 0.2
05/02/2001 | 299-W18-165(¢) 2.2 1.0 35.4 0.4 0.0 0.1
05/09/2001 | 299-W18-165(c) 1.8 1.0 71.8 1.1 1.0 0.2
05/16/2001 | 299-W18-165(c) 2.3 1.1 80.3 1.0 0.9 0.3
05/23/2001 299-W18-165(c) 1.6 1.0 71.5 13 1.0 04
057302001 | 299-W18-165(¢) 2.1 1.0 63.7 09 08 0.3
06/0672001 | 299-W18-165(¢) 2.7 1.4 51.1 09 0.4 0.3
06/13/2001 | 299-W18-165(c) 1.2 0.7 472 0.6 0.0 0.1
06/20/2001 | 299-W18-165(c) 32 1.4 43.1 0.7 0.0 0.2
06/27/2001 | 299-W18-165(e) 32 1.2 44.0 0.9 0.3 0.2
07/03/2001 | 299-W18-165(e) 3.0 1.3 38.4 0.6 0.1 0.2
0771172001 | 299-W18-165(e) 3.0 1.3 36.0 0.4 0.0 0.1
06/01/1993 299-W18-166 324 0.5 82.0 - - -

Performance Eval. Report for SVE at the Carbon Tet. Site, Feb. 1992 — Sept. 200

June 2002 i B-6




Appendix B - Characterization Data

BHI-00720

Rev. 6

Table B-1. Characterization Data for Individual Extraction Wells in the
216-Z-1A Wellfield, April 1992-September 2001. (12 Pages)

Vacoum* | Flow | CClL |CClL Fux|CHCL| CH,Ch, | MEK

Date | WellandlInterval | “Gpy) | (mmin) | ppmv) | (kefday) |(ppmv)| (ppmv) | (ppruv)
11/16/1993 299-W18-166 319 0.1 700 0.1 0.3 0.7 0.0
04/18/1994 299-W18-166 299 0.1 148.0 0.2 0.7 - 0.8
.05/31/1995 | 299-W18-166(e) 25.7 6.9 37.0 23 1.0 1.0 0.0
08/07/1995 | 299-W18-166(c) 162 57 66.6 35 0.3 4.0 0.0
06/13/1996 | 299-W18-166(c) 6.7 2.1 174 0.3 15 0.0 0.0
07/30/1996 | 299-W18-166{¢e) 6.2 19 9.7 0.2 0.0 0.0 0.0
09/18/1996 | 299-W18-166{e) 8.7 47 7.0 0.3 1.1 1.7 0.0
10/29/1996 | 299-W18-166{(e) 2.7 2.1 8.4 0.2 0.0 0.0 0.0
09/24/1997 | 299-W18-166(c) 5.0 2.5 15.9 04 4.4 0.0 0.0
03071999 | 299-W18-166(e) 8.0 35 423 13 0.1 6.6 0.0
07/08/1999 | 299-W18-166(e) 8.7 3.7 26.0 0.9 0.0 3.0 0.3
07/14/1999 | 299-W18-166(c) 8.7 3.7 259 0.9 1.6 0.6 0.0
07/23/1999 | 299.W18-166(c) 8.7 3.3 19.8 0.6 15 1.5 0.1
09/21/1999 | 299-W18-166(¢e) 42 2.4 93 | 02 0.3 1.5 0.2
09/27/1999 | 299-W18-166(c) 35 1.8 8.0 0.1 0.5 0.4 0.3
04/0412001 | 299-W18-166(c) 35 1.6 124 0.2 0.0 0.1 0.7
04/112001 | 299-W18-166(¢) 4.0 17 24.4 0.4 0.2 0.5 0.2

047192001 | 299-W18-166(e) 24 13 20.3 0.2 0.1 0.4 02 .
047262001 | 299-W18-166(e) 2.5 1.3 18.0 0.2 0.1 0.3 0.1
05022001 | 299-W18-166(c) 2.0 0.6 14.3 0.1 0.0 0.0 0.0
05/09/2001 | 299-W18-166(e) 19 0.8 15.2 0.1 0.0 0.0 0.1
05/16/2001 | 299-W18-166(c) 2.5 0.8 12.5 0.1 0.0 0.1 0.1
05/23/2001 | 299-W18-166(¢e) 1.7 0.8 14.7 0.1 0.1 0.0 0.3
04/20/1994 299-W18-167 299 16 180.0 2.7 - - -
06/21/1994 299-W18-167 217 0.6 191.0 1.0 0.0 3.0 0.0
03/28/1995 | 299-W18-167(e) 20.7 129 51.0 59 1.0 22.0 3.0
08/08/1995 | 299-W18-167(c) 25 6.4 208.0 12.1 08 | 58 0.0
1120/1995 | 299.W18-167(c) 3.7 7.1 34.4 22 3.4 7.0 06
12/2211995 | 299-W18-167(¢) 3.7 - 27.0 - 0.0 3.0 -
05/10/1996 | 299-W18-167(c) 3.7 8.2 18.9 14 0.0 0.5 0.0
07/30/1996 | 299-W18-167(e) 2.0 54 16.0 0.8 1.2 29 0.0
10/29/1996 | 299-W18-167(e) 3.0 3.5 189 0.6 0.0 0.0 1.8
072111997 | 299-W18-167{c) 1.7 4.8 20.6 0.9 36 55 1.1
072411997 | 299-W18-167(¢) 2.2 4.8 21.2 0.9 34 2.2 0.0
07/28/1997 | 299-W18-167(e) 2.0 49 15.3 0.7 3.5 1.8 0.0
07/31/1997 | 299-W18-167(e) 24 4.7 1.8 0.1 271 00 0.0
0972411997 | 299-W18-167(e) 2.0 50 219 1.3 2.9 0.0 0.0
04/01/1998 | 299-W18-167(e) 03 1.0 26.9 02 28 | o0 0.0
04/09/1998 | 299-W18-167(c) 0.4 1.2 11.7 0.1 0.3 0.3 0.0
04/10/1998 | 299-W18-167(s) 0.3 1.3 11.1 0.1 1.0 0.4 0.0
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Table B-1. Characterization Data for Individual
216-Z-1A Wellfield, April 1992-September

Vacoum* | Flow CC\ ]
Date | Wellandinterval | (upa) | u’/min) | (ppw) | Geghiny

04/3001998 | 299-W18-167(e) 0.4 1.8 19.6 0.
05/08/1998 | 299-W18-167(e) 04 0.9 304 [ -. !
05/13/1998 | 299-W18-167(e) 0.5 0.0 0.0 1) 1.2 0.0 0.0
06/05/1998 | 299-W18-167(e) 13 4.6 25.1 10 2.7 0.0 0.0
06/11/1998 | 299-W18-167(e) 12 4.5 23.9 10 2.8 0.0 0.0
07/27/1999 | 299-W18-167(c) 2.7 9.1 141.0 1.6 0.9 29 0.5
07/28/1999 | 299-W18-167(c) 2.7 9.0 375 3.1 0.2 59 0.7
08/06/1999 | 299-W18-167(c) 2.0 6.4 34,9 20 0.5 6.2 0.7
08/13/1999 | 299-W18-167(e) 2.1 6.5 28,7 1.7 04 5.0 0.4
08/19/1999 | 299-W18-167(c) 19 6.3 33.8 19 0.2 7.0 0.9
08/26/1999 | 299-W18-167(¢) 2.0 6.4 31.0 18 0.3 5.0 0.7
09/03/1999 | 299-W18-167(¢) 2.3 6.8 27.2 17 04 24 0.3
09/08/1999 | 299-W18-167(¢) 2.2 6.9 24,5 15 0.4 2.3 0.2
09/13/1999 | 299-W18-167(c) 2.1 6.7 244 15 04 26 0.4
09/22/1999 | 299-W18-167(c) 2.4 7.0 26.3 57 0.5 1.7 0.6
09/27/1999 | 299-W18-167(c) 2.7 8.2 27.4 3i0 0.3 1.6 02
04/04/2001 | 299-W18-167(¢) 25 72 32,6 4] 0.5 0.6 2.1
04/112001 | 299-W18-167(e) 2.5 15 41.5 28 0.6 14 0.2

- 04/19/2001 | 299-W18-167(e) 1.9 4.8 377 16 0.6 1.7 1.3
04/26/2001 | 299-W18-167(e) 16.9 4.9 29.1 13 0.5 0.8 0.2
05/02/2001 | 299-W18-167(e) 2.4 5.8 38.2 20 05 | o1 0.1
05/09/2001 | 299-W18-167(e) 1.0 2.8 344 09 0.5 1.0 0.2
05/162001 | 299-W18-167(e) 1.4 2.7 35.7 09 0.3 1.0 0.2
05/23/2001 | 299-W18-167(¢) 0.8 2.9 33.7 0.9 0.5 0.9 0.4
05/30/2001 | 299-W18-167(c) 0.8 2.0 27.7 0,5 0.3 0.0 0.2
06/06/2001 | 299-W18-167(c) 1.1 2.2 27.1 (i3 0.4 0.3 0.2
06/13/2001 | 299-W18-167(e) 0.6 2.0 274 Qb 0.3 0.0 0.2
06/20/2001 | 299-W18-167(¢) 1.0 2.7 24.0 (i3 0.4 0.0 0.1
062772001 | 299-W18-167(¢) | 1.0 2.8 244 06 04 0.0 0.1
07/03/2001 | 299-W18-167(¢) 0.9 2.8 243 a6 0.2 0.0 0.1
07/11/2001 | 299-W18-167(¢) 1.1 2.7 259 ab 0.1 0.0 0.2
10/06/1992 | 299.W18-168(a) 249 03 - | 6700 1 - - -
06/01/1993 299-W18-168 34.6 0.8 212.0 L5 -- - -
11/16/1993 299-W18-168 32.1 0.4 371.0 12 3.6 50 0.3
11/16/1993 | 299-W18-168(b) 32.1 0.4 - - 1.5 -
04/18/1994 299-W18-168 299 0.4 108.0 a4 0.0 - 0.6
06/20/1994 299-W18-168 222 0.2 - - - -
03/30/1995 | 299-W18-168(c) 25.7 1.2 101.0 4 60 | 1010 5.0
08/09/1995 | 299-W18-168(e) 6.2 2.2 302.0 4l 5.1 0.0 0.0
11/29/1995 | 299-W18-168(e) 45 0.4 54.6 a2 3.6 7.0 0.6
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Table B-1. Characterization Data for Individual Extraction Wells in the

' 216-Z-1A Wellfield, April 1992-September 2001. (12 Pages)

' {Vacoum*| Flow | CCL |CClL Flux | CHCh| CH,C; | MEK
Date | WellandInterval | " pq) | n'/min) | (ppmv) | (kg/day) |@pmv)| (ppmv) | (ppmv)
12/22/1995 | 299-W18-168(e) 47 - 54.0 - 0.0 2.0 -
1. 05/1071996 | 299-W18-168(c) 4.7 09 423 03 0.0 0.0 0.0
10/29/1996 | 299-W18-168(c) 2.5 0.8 2.8 0.0 1.3 0.0 0.0
09724/1997 | 299-W18-168(c) 3.7 1.4 272 0.4 2.1 0.0 0.0
04/01/1998 | 299-W18-168(e) 0.4 0.0 1.3 0.0 0.7 0.0 0.0
04/09/1998 | 299-Wi8-168(e) 0.5 0.0 0.3 0.0 0.1 0.0 0.0
04/10/1998 | 299-W18-168(e) 0.4 0.0 24 0.0 1.1 0.0 0.0
0472971998 | 299-WiB-168(eXf) | 164 4.0 44.1 1.6 2.9 0.0 0.0
0473071998 | 299-W18-168(¢) 0.5 0.0 11.9 0.0 0.8 0.0 0.0
05/21/1998 | 299-W18-168(e) 10.0. 4.7 28.1 12 2.5 0.0 0.0
05/29/1998 | 299-W18-168(¢) 11.0 59 35.1 1.9 2.4 0.0 0.0
06/19/1998 | 299-W1B-168(e) 6.2 32 31.2 0.9 24 0.0 0.0
06/30/1999 | 209-W18-168(¢) 8.0 33 46.1 1.4 0.1 4.1 0.5
07/08/1999 | 299-W18-168(¢) 9.0 32 46.7 14 0.0 4.9 0.3
071411999 |  299-W18-168(¢) 9.0 3.3 52.0 1.6 1.2 2.8 0.1
07/23/1999 | 299-W18-168(c) 8.7 3.5 492 1.5 0.1 54 0.4
07/28/1999 | 299-W18-168(e) 32 0.9 53.5 0.4 1.1 4.0 1.0
08/06/1999 | 299-W18-168(e) 2.5 04 55.8 0.2 0.5 41 0.4
08/13/1999 | 299-W18-168(e) 2.5 04 58.6 0.2 0.0 2.8 0.2
08/19/1999 | 299-W18-168(c) 23 0.3 58.5 0.2 0.1 4.5 0.7
08/26/1999 | 299-W18-168(e) 2.5 0.3 55.0 0.2 0.0 43 0.6
09/03/1999 | 299-W18-168(e) 27 04 52.5 0.2 0.0 14 02
09/08/1999 |  299-W18-168(e) 2.7 04 473 0.2 0.0 15 0.2
09/13/1999 | 299-W18-168(e) 2.1 0.4 45.9 0.2 0.2 1.4 0.2
09/22/1999 | 299-W18-168(¢) 2.7 0.5 414 | 02 0.2 1.7 04
09/27/1999 | 299-W18-168(¢) 3.5 0.8 40.9 0.3 0.0 1.0 0.2
04/04/2001 | 299-W18-168(e) 2.7 09 17.6 0.1 0.3 0.2 0.3
04/11/2001 | 299-W18-168(c) 3.0 0.8 48.7 0.3 0.6 1.1 0.2
04/19/2001 | 299-W18-168(e) 2.4 0.2 442 0.1 0.7 0.8 0.2
047262001 299-W18-168(e) 2.2 02 44.8 0.1 0.4 0.9 0.2
05/02/2001 | . 299-W18-168(¢) 2.5 0.4 50.3 0.2 0.4 0.2 0.1
05/09/2001 | 299-W18-168(e) 1.2 0.2 53.9 0.1 0.4 1.1 0.2
05/16/2001 299-W18-168(c) 1.6 0.2 514 0.1 0.3 09 0.2
052372001 | 299-W18-168(e) 1.0 0.3 522 0.1 0.6 0.8 0.4
- 05/31/2001 299-W18-168(e) 0.7 0.3 77:1 0.2 0.7 1.2 0.4
06/06/2001 | 299-W18-168(e) ' 15 0.2 10.0 0.0 0.2 0.0 0.1
06/07/2001 | 2999/18-168(e) - 0.3 49.7 0.1 0.6 0.2 0.3
06/13/2001 | 299-W18-168(e) 0.8 0.2 33.8 0.1 0.4 0.0 0.1
06/20/2001 209-W18-168{c) 1.3 0.3 44.8 0.1 0.4 0.1 0.2
06/21/1994 299-W18-169 22.4 0.0 - -- - - -
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Vacoum* | Flow CCl, MEK
Date Well and Interval Pa) | (/i) | (ppunv) (Epmy)
03/28/1995 299-W18-169 23.7 1.2 266.0 29 00 | 540 6.0
09/06/1995 | 299-W18-169(c) 3.7 37 15.6 03 14| 14 0.1
05/10/1996 299-W18-16%(e) 35 4.1 115 0.4 0.0 0.3 0.0
09/25/1996 | 299-W18-16%e) 5.0 4.4 4.1 03 1.6 0.0 0.0
10/29/1996 | 299-W18-169(e) 3.5 37 0.0 00 0.0 0.0 0.0
09724/1997 | 299-W18-16%(e) 2.5 1.8 42 0. 22 0.0 00
05/25/2001 | 299-W18-169(e) 1.0 0.8 12 04 0.0 0.2 0.2
05/30/2001 | 299-W18-16%e) 1.1 1.1 2.4 08 0.0 0.0 0.0
02/03/1993 299-W18-171 24.9 8.5 3500 | 270 - - -
06/02/1993 299-W18-171 324 8.4 3290 250 - - -
1171271993 |  299-w18-171(d) 32.4 8.2 29.0 2. - - -
11/16/1993 | 299-W18-171(d) 269 7.1 51.5 3. 0.0 0.8 0.0
04/15/1994 | 299-W18-171(d) 30.6 9.2 50.0 4. 0.0 o 0.1
06/20/1994 | 299-W18-171(d) 21.9 8.0 8.0 0. 0.0 1.0 0.0
08/16/1995 290-W18-171L 9.0 40 72 0. 0.6 0.0 0.0
04/03/1996 299-W18-171L 7.0 29 33 0.1 0.0 0.0 0.0
09/25/1996 | 299-W18-171L 6.2 17 1.8 04 0.0 0.0 0.0
10/26/1996 299-W18-171L 7.0 46 4.6 0.2 1.3 0.0 0.0
0912471997 299-W18-171L 47 2.4 5.0 0. 3.1 0.0 0.0
05/25/2001 299-W18-171L 2.5 1.9 5.0 0. 0.1 0.1 0.3
05/30/2001 299-W18-171L 2.5 1.8 5.4 0.1 0.2 0.0 0.1
08/16/1995 209-W18-171U 15 5.6 0.6 0p 13 0.0 0.0
04/03/1996 | 299-Wi18-171U 6.0 4.1 0.5 0.p 0.0 0.0 0.0
09/25/1996 | 299-wis-171U 6.0 53 0.0 o 1.2 0.0 0.0
10/29/1996 | 299-W18-171U 6.0 7.8 0.0 08 0.0 0.0 1.6
09/24/1997 299-W18-171U 40 32 0.0 0.p 2.1 0.0 0.0
04/21/1994 299-W18-174 20.9 3.5 199.0 6,3 0.0 4.0 0.0
06/20/1994 299-W18-174 234 32 2270 6.5 1.0 40 0.0
11/22/1994 299-W18-174 - 0.0 - - - -
02/01/1995 299-W18-174 25.4 0.0 - — - -
05/31/1995 209-W18-174 249 2.9 82.0 2 1.0 3.0 0.0
08/07/1995 299-W18-174 1.5 L1 80.6 08 2.7 0.8 0.0
10/29/1996 200.-W18-174 1.0 0.0 0.0 0.0 0.0 0.0 0.0
0712171997 299-W18-174 25 0.4 7.0 Q 3.1 0.0 0.0
0712411997 299-W18-174 2.5 0.4 2.9 0 14 0.0 0.0
07/28/1997 200-W18-174 25 0.4 0.0 0.0 1.8 00 | 00
07/31/1997 299.-W18-174 3.2 0.4 4.0 0.0 1.9 0.0 0.0
09/24/1997 299-W18-174 4.0 0.8 14.6 0% 2.8 0.0 0.0
04/01/1998 299-W18-174 0.4 0.0 1.7 0.0 0.8 0.0 0.0
04/09/1998 299-W18-174 0.7 0.0 0.4 0. 0.0 0.0 0.0
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Table B-1. Characterization Data for Individual Extraction Wells in the

216-Z-1A Wellfield, April 1992-September 2001. (12 Pages)

Vacoum* | Flow | CCL |CC)Flux|CHCL| CH.Ch, | MEK
Date | Wellandnterval | " pa) | (n'fmin) | (ppm) | (kg/day) |(ppmmv)| pprav) | ppmv)

05/21/1998 299-W18-174 10.5 2.5 15.2 0.3 2.1 0.0 0.0
05/29/1998 299-W18-174 9.5 29 224 0.6 19 0.0 0.0
06/30/1999 209-W18-174 8.7 1.8 38.8 0.6 0.7 4.6 0.0
07/08/1999 299-W18-174 9.2 2.1 25.2 0.5 0.1 3.9 0.3
07/14/1999 299-W18-174 9.0 22 30.9 0.6 1.8 0.9 0.0
07/23/1999 209-W18-174 9.0 24 23.1 0.5 0.3 4.7 0.5
09/22/1999 299-W18-174 5.7 0.8 18.5 0.1 0.3 25 0.5
09/27/1999 299-W18-174 6.0 1.0 15.2 0.1 02 15 0.3
04/04/2001 299-W18-174 6.2 12 29.5 0.3 0.7 1.0 0.6
04/11/2001 299-W18-174 2.7 0.3 23.2 0.1 02 | 06 0.1
04/19/2001 209-W18-174 2.7 04 22.1 0.1 0.2 0.4 0.2
04/26/2001 299.W18-174 2.5 0.3 16.4 0.0 0.3 0.2 0.1
05022001 299-W18-174 42 0.8 14.5 0.1 0.1 0.0 0.0
04/13/1992 | 299-W18-175(a) 24.9 2.5 275.0 6.4 - - -

09/22/1992 | 299-W18-175(a) 22.4 1.7 605.0 93 - - -

06/01/1993 299-W18-175 329 1.9 490.0 8.6 - - -

04/15/1994 299-W18-175 309 0.9 576.0 49 0.0 - 1.6
06/20/1994 299-W18-175 219 1.1 494.0 5.1 0.0 12.0 1.0
11/22/1994 299-W18-175 25.2 0.8 193.0 14 0.0 0.0 0.0
02/01/1995 299-W18-175 264 | 09 2710 2.3 00 § 220 0.0
04/24/1995 299-W18-175 alpha - - - - - -

04/21/1994 299-W18-248 29.9 0.8 142.0 1.1 0.0 1.0 0.0
06/21/1994 299-W18-248 22.7 0.8 301.0 2.1 1.0 4.0 1.0
12/20/1994 299-W18-248 26.4 0.7 137.0 0.9 0.0 3.0 0.0
02/07/1995 299-W18-248 25.9 0.6 69.0 04 0.0 00 | 00
03/28/1995 299-W18-248 24.7 2.0 263.0 4.7 0.0 37.0 4.0
05/31/1995 299-W18-248 24.9 0.7 433.0 2.6 2.0 2.0 0.0
08/04/1995 299-W18-248 0.0 0.1 - - - | - -

05/07/1996 299-W18-248 125 0.5 2710 1.1 0.0 0.0 0.0
07/17/1996 299-W18-248 2.5 0.1 9.5 0.0 0.0 0.0 0.0
09/16/1996 299-W18-248 8.7 0.6 62.3 0.3 22 0.0 0.0
10/29/1996 299-W18-248 6.0 05 8.4 0.0 0.0 0.0 0.0
07/21/1997 299-W18-248 3.2 0.1 59.3 0.0 3.7 0.0 0.0
07/24/1997 299-W18-248 37 0.3 579 0.1 2.2 0.0 0.0
07/28/1997 209.W18-248 3.5 0.3 2.7 0.0 2.9 0.0 0.0
07/31/1997 299-W18-248 3.7 04 26.4 0.1 2.0 0.0 0.0
09/30/1997 299-W18.248 37 0.0 4.8 0.0 25 0.0 0.0
03/30/1998 299-W18-248 2.5 0.0 0.7 0.0 0.0 0.5 0.0
04/09/1998 299-W18-248 0.9 0.0 0.0 0.0 0.2 0.0 0.0
04/10/1998 200.W18-248 1.8 0.0 36.4 0.0 12 0.0 0.0
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Appendix B — Characterization Data

Table B-1. Characterization Data for Individual Ex
216-Z-1A Wellfield, April 1992-September

Vacoum?® { Flow CC) MEK

04/16/1998 299-W18-248 1.8 0.0 0.0 0 0.6 0.0 0.0
04/30/1998 209-W18-248 1.0 0.0 09 obj 0.3 0.0 0.0
05/21/1998 209-W18-248 112 0.5 4.0 02 2.3 0.0 0.0
05/29/1998 299-W18-248 125 0.8 29.5 0. 2.1 0.0 0.0
07/27/1999 299.W18-248 1.0 0.3 369 0. 1.1 42 1.0
07/28/1999 299-W18-248 6.5 0.3 20.1 0.0 0.6 3.2 0.8
08/06/1999 299-W18-248 42 0.3 28.5 0.1 0.6 3.9 0.4
08/13/1999 299-W18-248 4.5 0.3 25.3 0.1 0.1 3.2 0.4
08/19/1999 290-W18-248 3.7 0.3 35.8 0.4 0.6 4.3 0.9
08/26/1999 299-W18-248 45 0.3 36.8 0.1 0.1 3.2 0.6
09/03/1999 299-W18-248 55 03 36.6 o1 0.3 1.2 0.2
09/08/1999 209-W18-248 52 0.3 349 01 0.2 1.2 0.2
09/13/1999 299-W18-248 42 0.3 31.7 0.1 0.0 1.6 0.2
09/22/1999 299-W18-248 6.0 0.3 340 0.1 0.4 1.2 0.4
09/27/1999 299-W18-248 57 0.3 29,8 0.8 0.4 0.5 0.1
04/19/2001 299-W18-248 2.7 0.2 110.0 0.2 1.5 1.2 0.6
04/26/2001 299-W18-248 25 0.2 53.1 o 0.9 0.7 0.3
05/02/2001 209-W18-248 7.0 0.2 42.8 0 0.6 0.0 0.2
05/09/2001 299-W18-248 2.1 0.2 36.5 0l 0.5 0.6 0.2
05/16/2001 299-W18-248 25 0.3 22.0 0% 0.2 0.0 0.0
05/23/2001 299-W18-248 1.9 0.3 33.5 0. 0.6 0.2 0.3

*After 6/15/95, all measurements made at the wellhead.

‘Odyssey snalysis,

*Gas chromatograph analysis

“Packer broken.

*After jet perforating.

Only well on-line.

CCly = carbon tetrachioride

CHC), = chloroform

CH,Cl; = methylene chloride

MEK = methyl ethyl ketone

Performance Eval. Report for SVE at the Carbon Tet. Site, Feb. 1992 - Sept. 2001

June 2002 B-12

LjH
1
ilki

i
|
I



Appendix B — Characterization Data
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Rev. 6

Table B-2. Characterization Data for Individual Extraction Wells in the
216-Z-18/Z-12 Wellfield, May 1992-September 2001. (5 Pages)

Vacuum®* | Flow CCl, | CCl Flux | CHCL | CH,Ch; | MEK
Date Welland Interval | ~ (py) | (a/min) | (ppmv) | (kg/day) |(ppmv)| (ppmv) | (ppmv)

06/05/1992 299-W18-10L(a) 25.7 24 274 0.6 - - -

06/09/1992 299-W18-10L(a) 249 1.9 2000 34 - - -

06/12/1992 299-W18-10L(a) 249 09 280.0 24 - - --

06/15/1992 299-W18-10L(a) 249 2.6 190.0 435 -- -- -

02/03/1993 299-W18-10L 26.9 18 210.0 35 - -- -

06/02/1993 299-W18-10L 324 23 221.0 4.5 - - -

11/16/1993 299-W18-10L 324 1.3 3420 4.0 4.7 6.0 0.8
04/15/1994 299-W18-10L 309 14 267.0 3.4 0.0 - 0.2
07/26/1994 299-W18-10U&L 249 23 149.0 3l 1.3 1.0 0.8
11/02/1994 299-W18-10U&L 25.2 2.0 430 0.8 1.0 0.0 0.0
05/10/1995 299-W18-10L 244 1.5 18.0 0.2 2.0 30 0.0
04/04/1996 299-W18-10L -18.7 1.0 11.5 0.1 0.0 0.0 0.0
05/14/1996 299-W18-10L 194 09 7.0 0.1 0.1 0.0 0.0
09/23/1996 299-W18-10L - - 40 -- 0.0 0.0 0.0
04/04/1996 209-W18-10U - 0.0 -- - - - -

09/23/1996 209-W18-10U 199 0.0 -- - -- -- -

07/14/1994 299-W18-11U&L 25.2 0.9 54.1 0.5 0.0 10 1.8
05/10/1995 299-W18-11L 247 0.8 8.0 0.1 1.0 2.0 0.0
06/07/1995 299-W1i8-11L 24.7 0.8 27.0 0.2 1.0 0.0 0.0
04/04/1996 299-W18-11L 19.2 0.3 1.7 0.0 0.0 0.0 00
09/19/1996 299-W18-11L 189 0.9 1.1 0.0 0.5 1.4 0.0
04/04/1996 299-W18-11U 17.9 08 20 0.0 0.0 0.0 0.0
09/19/1996 299-W18-11U 18.2 1.2 1.2 0.0 10 0.0 0.0
04/10/1995 299-W18-12(b) 25.7 7.1 82.0 53 -- - --

05/10/1995 299-W18-12(b) 25.4 5.6 55.0 2.8 3.0 4.0 0.0
06/07/1995 299-W18-12(b) 252 5.6 46.0 23 2.0 2.0 0.0
08/03/1995 299.-W18-12(b) 247 55 230 1.1 1.0 0.0 0.0
04/04/1996 299-W18-12(b) 157 44 17.1 0.7 0.0 0.0 0.0
05/14/1996 299-W18-12(b) 169 32 15.4 0.5 0.0 0.0 0.0
05/23/1996 209-W1B-12(b) 14.9 6.2 10.7 0.6 1.7 0.0 00
03/30/1998 299-W18-12(b) 8.7 04 28.7 0.1 1.0 0.0 0.0
04/09/1998 299-W18-12(b) 2.1 0.8 19.1 0.1 1.3 0.0 0.0
04/10/1998 299-W18-12(b) 2.5 1.9 0.3 0.0 0.5 0.0 0.0
04/16/1998 299-W18-12(b) 04 54 0.0 0.0 0.3 0.0 0.0
04/30/1998 299.-W18-12(b) 3.0 18 17.4 03 12 0.0 00
05/08/1998 299-W18-12(b) 13 0.5 14.6 0.1 12 0.0 00
05/13/1998 299-W18-12(b) 14 0.7 14.1 0.1 2.3 0.0 0.0
07/14/1994 299-W18-93 24.9 48 258 11 0.0 1.8 1.0
04/04/1996 299-W18-93 149 2.8 04 0.0 0.2 0.0 0.2
09/19/1996 299-W18-93 159 35 0.1 0.0 14 0.0 0.0

Performance Eval. Report for SVE at the Carbon Tet. Site, Feb. 1992 - Sept. 2001
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Appendix B — Characterization Data Rev. 6
Table B-2. Characterization Data for Individual Exfgaction Wells in the
216-Z-18/Z-12 Wellfield, May 1992-September #901. (5 Pages)
Vacoum* | Flow | CC), 1 Fiux [ CHCL | CH,C); | MEK
Date | WellandToterm! | Pa) | (n'min) | ppa) | acgifiay) | ppomv)| ppu) | @punv)
07/25/1994 299-W18-94 254 7.7 220 | 45 0.0 1.3 0.8
04/06/1996 299-W18-94 13.2 6.1 0.5 00 00 | 00 0.0
09/19/1996 299-W18-94 . 13.4 5.6 0.1 a0 15 0.0 0.0
07/13/1994 299-W18-96 24.9 7.2 103.0 6.8 0.7 - 0.3
11/02/1994 299-W18-96 25.9 8.2 29.0 2 1.0 0.0 0.0
02/15/1995 299-W18-96 24.4 9.4 1210 | 103 - - -
03/28/1995 299-W18-96 25.2 9.3 120.0 1.0 0.0 0.0
04/10/1995 299-W18-96 28.9 9.9 143.0 - - -
05/10/1995 299-W18-96 24.9 1.5 50,0 4 2.0 40 | o0
08/03/1995 299-W18.96 24.7 7.2 13.0 U 1.0 0.0 0.0
04/09/1996 2990-W18-96 12.0 6.5 7.2 0.2 0.0 0.0
09/23/1996 299-W18-96 12.5 8.2 3.4 a3 0.0 0.0 0.0
03/30/1998 299-W18-96 92 1.6 16.2 a2 0.6 0.0 0.0
04/09/1998 299-W18-96 2.0 2.1 26.5 a5 14 0.0 0.0
05/08/1998 299.W18-96 14 1.8 142 02 0.9 0.0 0.0
05/13/1998 299-W18-96 1.5 . 1.9 19.9 a3 24 0.0 0.0
0512512001 299-W18-96 25 2.8 8.0 (1) 0.2 0.1 0.3
05/30r2001 299-W18-96 1.7 24 10.5 02 0.1 0.0 0.1
05/01/1992 | 299-W18-97(s) 6.2 2.9 95,0 25 - - -
05/05/1992 299-W18-97(a) 55 3.2 700 2 - - -
02/03/1993 299-W18-97 27.1 15 3550 | 244 - - -
06/02/1993 299-W18-97 334 8.8 230 18 - - -
11/16/1993 299-W18-97 319 - 95.0 + 0.0 0.0 0.0
04/15/1994 299-W18-97 32.1 1.3 482 3 0.5 - 0.1
07/26/1994 299-W18-97 25.4 8.4 12.0 op 0.0 1.9 0.7
04/06/1996 299-W18-97 13.0 6.2 0.3 i) 0.0 0.0 0.0
09/23/1996 299-W18-97 132 1.6 0.0 it 1.3 0.0 0.0
07/12/1994 299-W18-98 31.4 9.3 37.6 32 1.5 1.7 0.1
07/12/1994 299-W18-98 25.2 15 39.0 2l 0.0 3.8 0.5
04/04/1996 299-W18-98 13.7 54 0.3 0i0 0.2 0.0 0.0
09/23/1996 299-W18-98 13.9 7.1 0.0 0 1.0 0.0 0.0
06/30/1994 299-W18-99 24.7 6.4 106.0 6id 0.3 1.6 0.3
02/16/1995 |  299-W18-99 25.4 1.8 11.0 0l 0.0 2.0 0.0
03/28/1995 299-W18-99 24.4 7.8 9.0 0 - 0.0 0.0 0.0
04/05/1996 299-W18-99 23.7 54 0.7 0l 0.0 0.0 0.0
09/24/1996 299-W18-99 14.4 6.4 0.0 a0 1.3 0.0 0.0
07/12/1995 299-W18-152 24.9 6.6 3620 | 247 13.0 | 200 3.0
11/16/1995 299-W18-152 8.7 39 47.0 15 0.0 0.0 0.0
12120/1995 299-W18-152 8.5 - 389 o 0.7 0.7 -
05/07/1996 299-W18-152 14.7 6.9 31.7 2 0.0 0.0 0.0
Performance Eval, Report for SVE at the Carbon Tet. Site, Feb. 1992 — Sept. 2001
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Table B-2. Characterization Data for Individual Extraction Wells in the
216-Z-18/Z-12 Wellfield, May 1992-September 2001. (5 Pages)

Vacoum®*| Flow | CCl |CClL Fiux | CHCL | CH,Cl, | MEK
Date | WellandInterval | ey | ('/min) | (ppmv) | Ghg/day) |(opmv)| (ppmv) | (ppury)
07/17/1996 299-W18-152 11.7 6.6 209 13 3.7 0.0 0.0
10/29/1996 299-W18-152 2.2 1.0 114 0.1 1.7 0.0 0.0
09/24/1997 299-W18-152 24,9 3.9 12.7 0.4 2.6 0.0 0.0
03/30/1998 299-W18-152 6.5 0.4 20.8 0.1 0.7 0.0 0.0
04/09/1998 299-W18-152 0.1 0.0 0.3 0.0 14 0.0 0.0
06/05/1998 299-W18-152 5.0 44 183 0.7 2.1 0.0 0.0
06/11/1998 299-W18-152 6.5 33 16.8 0.5 28 0.0 0.0
07/12/1995 209-W18-153 24.9 10.0 52.0 4.7 2.0 2.0 0.0
05/07/1996 209-W18-153 5.0 9.7 2.7 0.2 0.0 0.0 0.0
09/26/1996 209-W18-153 11.5 10.6 0.7 0.1 1.7 0.0 0.0
10/29/1996 299-W18-153 25 3.8 0.0 0.0 0.0 0.0 0.0
09/24/1997 299-W18-153 5.7 0.0 2.2 0.0 2.4 0.0 0.0
07/12/1995 200-W18-157 24.9 10.1 20.0 1.8 1.0 1.0 0.0
04/06/1996 299-W18-157 62 8.1 6.5 0.5 0.2 0.0 0.0
09/26/1996 299-W18-157 9.0 8.1 0.6 0.0 0.5 0.2 0.2
04/20/1994 299-W18-246L 30.1 1.7 162.0 2.5 0.7 0.8 0.1
04/20/1994 299-W18-246L 177 12 169.0 1.9 0.3 0.2 0.0
06/21/1994 299-W18-246L 217 1.5 236.0 32 0.0 2.0 0.0
11/02/1994 | 299-W18-246U&L 25.4 8.6 134.0 10.4: 1.0 0.0 0.0
06/07/1995 299-W18-246L 24.9 2.1 114.0 2.1 4.0 5.0 0.0
08/03/1995 299-W18-246L 24.7 52 490 | 23 10 2.0 0.0
04/06/1996 299-W18-246L 16.9 1.8 322 0.5 0.0 0.0 0.0
05/14/1996 299-W18-246L 17.4 1.5 32.3 0.4 0.0 0.0 0.0
09/18/1996 299-W18-246L 18.7 2.4 16.3 0.4 1.7 0.0 0.0
10/29/1996 299-W18-246L 7.5 14 6.9 0.1 2.0 0.0 0.0
06/25/2001 209-W18-246L 1.7 0.2 37.2 0.1 0.5 0.0 0.1
06/27/2001 299-W18-246L 1.8 0.2 34.8 0.1 0.4 0.0 0.1
07/03/2001 299-W18-246L 15 0.3 26.8 0.1 0.3 0.0 0.1
07/11/2001 209-W18-246L 1.8 02 32.6 0.1 0.3 0.0 0.1
04/19/1994 209-W18-246U 29.1 54 271.0 13.4 0.2 - 0.4
06/21/1994 299-W18-246U 224 44 125.0 5.0 0.0 3.0 0.0
08/03/1995 | 299-W18-246U 25.2 54 48.0 2.3 2.0 2.0 0.0
04/06/1996 209-W18-246U 16.9 42 279 1.1 0.0 0.0 0.0
07/17/1996 209-W18-246U 14.9 52 9.8 0.5 1.2 0.0 0.0
09/18/1996 209-W18-246U 13.9 5.7 29.7 1.5 1.2 0.0 0.0
10/29/1996 299-W18-246U 55 11.6 9.0 0.9 0.0 0.0 0.0
03/30/1998 | 299-W18-246U 8.7 1.2 29.7 0.3 08 0.0 0.0
04/08/1998 299-W18-246U 1.8 1.6 15.2 0.2 0.8 13 0.0
~ 05/08/1998 299-W18-246U 1.4 12 22.4 0.2 1.5 0.0 0.0
05/13/1998 299-W18-246U 1.6 1.1 23.4 0.2 2.0 0.0 0.0
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i
Table B-2. Characterization Data for Individual Extraction Wells in the
216-2-18/Z-12 Wellfield, May 1992-September 2901. (5 Pages)
Vacvum*{ Flow | CCL [CCL: CHCL | CH. MEK
Date | Wellandinterval | "Gr " | romin) | opaow) | o) |apuam)| copare (pparv)
06/25/2001 | 299-W18-246U 1.5 0.4 219 ¢l 0.4 0.0 0.2
06/27/2001 299-W18-246U 1.6 0.4 162 0} 0.2 0.0 0.1
07/03/2001 |  299-W18-246U 14 0.3 126 o0 0.1 0.0 0.2
07/11/2001 | 299-W18-246U 1.7 0.4 13.3 0.1 0.0 0.0 0.1
05/08/1996 | 299-W18-247L 17.9 1.4 2.9 00 0.0 00 | 00
09/19/1996 | 299-W18-247L 16.9 25 1.4 G0 16 | 00 0.1
05/08/1996 |  299-W18-247U 20.4 0.4 52 00 0.0 0.0 0.0
09/19/1996 | 299-W18-247U 19.9 0.0 4. 0.0 1.7 0.1 0.0
07/11/1994 299-W18-249 21.2 135 | 1080 { 13, 0.0 1.7 0.5
02/15/1995 299-W18-249 18.4 142 | 930 12.0 - — -
03/28/1995 299-W18-249 17.4 142 | 320 4] 0.0 0.0 0.0
04/05/1996 299-W18-249 5.7 10.4 2.1 02 0.4 0.0 0.0
09/24/1996 299-W18-249 11.5 9.1 15.7 1;3 1.3 0.0 0.0
03/30/1998 299-W18-249 7.0 2.7 33.4 08 0.3 0.0 0.0
04/09/1998 299-W18-249 1.1 3.2 20.2 06 1.0 0.0 0.0
05/08/1998 299-W18-249 1.0 3.3 13.6 [ 0.9 0.0 0.0
' 05/13/1998 299-W18-249 1.1 3.1 15.9 il 2.9 0.0 0.0
08/30v1999 299-W18-249 2.7 7.3 9.7 0 1.0 0.0 0.1
05/04/2001 299-W18-249 1.9 55 19.9 10 0.3 0.0 0.1
05/09/2001 299-W18-249 20 52 17.6 08 00 | 00 0.0
05/16/2001 299-W18-249 2.5 54 16.0 0.8 0.3 0.0 0.0
05/23/2001 299-W18-249 2.0 5.4 17.3 0if 0.1 0.0 0.2
03/07/1994 | 299.W18-252L 30.4 27 | 6180 | 15 4.3 6.0 0.2
08/03/1995 | 299-Wi8-252L 25.7 3.0 97.0 2 4.0 50 0.0
11/16/1995 | 299-w1s-252L 11.2 2.0 35.0 0% 0.0 0.0 0.0
122011995 | 299-wis-252L [ 112 - 28.2 i 0.4 0.2 -
04/09/1996 | 299-W18-252L 12.2 59 41.6 23 0.0 0.0 0.0
05/14/1996 | 299-W18-252L 15.9 6.4 25.0 14 0.0 0.0 0.0
07/17/1996 | 299-W18-252L 184 0.0 - ; - - -
09/18/1996 | 299-W18-252L 13.4 4.2 13.9 0, 1.6 0.0 0.0
10/29/1996 | 299-W18-252L 9.0 14.2 14.6 15 0.0 0.0 0.0
03/30/1998 | 299-w18-252L 12.0 0.5 28.9 0. 0.6 0.0 0.0
04/09/1998 | 299.W18-252L 2.5 0.0 117 | o8 1.5 0.0 0.0
04/10/1998 |  299-W18-252L 25 12 23.3 0.3 0.7 0.0 0.0
04/16/1998 | 299-W18-252L 2.5 1.2 25.6 o 0.9 00 | 00
04/30/1998 |  299-W18-252L 2.5 14 247 | of 14 0.0 0.0
05/08/1998 | 299-w18-252L 1.9 0.7 29.1 0, 1.7 0.0 0.0
05/13/1998 299-W18-252L 1.7 0.9 11.9 o 1.6 0.0 1.0
01/05/1994 | 299-W18-252U - 22.9 42 97.0 3 0.6 1.2 0.2
01/06/1994 | 299-W18-252U 31.6 67 [ 5270 | a3l 3.6 5.8 0.1
Performance Eval. Report for SVE at the Carbon Tet. Site, Feb. 1992 — Sept. 20011
June 2002 ’ E B-16
]
il




Appendix B — Characterization Data

BHI-00720

Rev. 6

Table B-2. Characterization Data for Individual Extraction Wells in the
216-Z-18/Z-12 Wellfield, May 1992-September 2001. (5 Pages)

. Vacoum*| Flow | CCl |CCLFiux]|CHCL| CH,C, | MEK
Date | Wellandinterval | Gps) | (u'fmin) | ppoav) | (kg/day) (jgnn(l:l:) | ppomv) | (ppn)
01720/1994 | 299-W18-252U 31.6 6.7 5000 | 1302 - - -
03/10/1994 | 299-W18-252U 142 5.3 - —~ - - -
03/10/1994 | 299-W18-252U 18.4 58 - - - - -
03/10/1994 | 299-W18-252U 237 6.6 - - - - -
03/10/1994 | 299-W18-252U 28.4 73 | 5470 ] 361 - - ~
03/10/1994 | 299-W18-252U 32.6 76 - - - - -
05/16/1994 | 299-W18-252U 242 6.1 3680 | 222 0.0 0.0 0.0
05/17/1994 | 299-W18-252U 23.9 6.8 4400 [ 270 0.0 4.0 0.0
05/18/1994 | 299-W18-252U 239 6.6 3950 | 235 0.0 40 .00
05/19/1994 | 299-W18-252U 237 6.7 4040 | 245 0.0 4.0 0.0
1220011994 | 299-W18-252U 252 8.7 106.0 8.3 1.0 - 0.0
051171995 | 299-W18-252U 6.7 2.6 - - - - -
05/11/1995 | 299-W18-252U 8.7 4.0 143.0 5.2 0.0 0.0 -
05/11/1995 | 299-W18-252U 110 52 182.0 8.5 70 | 100 -~
05/11/1995 | 299-W18-252U 13.7 62 2390 | 134 90 | 130 -
05/11/1995 | 299-w18.252U 17.4 6.6 2340 [ 141 80 | 120 -
05/11/1995 | 299-W18-252U 212 13 2350 | 156 90 | 130 -
05/11/1995 | 299.-W18-252U 24.4 79 | 2420 173 90 | 140 -
05/11/1995 | 299-W18-252U 28.1 84 | 2410 | 184 90 | 140 -
08/03/1995 | 299-W18-252U 24.9 6.5 53.0 3.1 20 3.0 0.0
06/12/1996 | 299-W18-252U 1.2 6.6 55 0.3 0.0 60 | 00
09/18/1996 | 299-W18-252U 242 . 6.1 72 0.4 1.7 0.0 0.0
10/29/1996 | 299-W18-252U 45 10.8 10.4 1.0 0.0 0.0 0.0
0712111997 299-W18-252U 37 42 41.5 1.6 44 0.0 Q.0
0TA/199T | 299-W18-252U 47 3.6 258 | . 0.8 3.1 0.0 00 .
071281997 |  299-W18-252U 42 35 1.4 0.4 4.1 0.0 0.0
073111997 | 299-Wi8-252U 5.0 4.0 8.4 0.3 2.6 0.0 0.0
03/30/1998 | 299-W18-252U 9.0 1.7 35.7 0.5 09 0.0 0.0
04/09/1998 | 299-W18-252U 2.2 1.7 332 0.5 1.6 0.0 0.0
05/08/1998 | 299-W18.2520 2.0 1.1 28.4 0.3 2.0 0.0 0.0
05/13/1998 | 299-W18.252U 20 0.4 27.2 0.1 2.7 0.0 0.0
*After 6/15/95, all measurements made at the wellhead.
\Odysscy analysis.
After jet perforating.
CCly = carbon tetrachloride.
CHC]; = chloroform
CH,Cl, = methylene chloride
MEK = methyl ethy} ketone
Performance Eval. Report for SVE at the Carbon Tet. Site, Feb. 1992 — Sept. 2001
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Appendix B - Characterization Data

Table B-3. Characterization Data for Individual Ex i
216-Z-9 Wellfield, March 1993-September

Vacuum* | Flow (o8 7 MEK
Date Well and Interval kPa) | (ur¥ouin) | pp ) (ppm)
08/22/1995 209-W15-6L(d) - 21.2 3.5 796 0.1
11/28/1995 299-W15-61.(d) 13.7 2.6 35.3 0.0
1272001995 299-W15-6L(d) 21.7 - 30.5 -
05/02/1996 209-W15-6L(d) 16.9 2.8 24.4 0.0
05/14/1996 299-W15-6L(d) 29 | 36 26.4 0.0
07/23/1996 299.W15-6L(d) 17.9 3.3 15.3 0.0
09/10/1996 299-W15-6L(d) 19.9 48 14.6 0.0.
10/29/1996 299-W15-6L(d) 8.7 25 14.2 0.0
07/18/1997 299-W15-6L(d) 10.0 2.7 20.2 0.0
07/21/1997 209.W15-6L(d) 8.0 24 20.3 0.0
0712411997 299-W15-6L(d) 11.0 2.2 22.6 0.0
07/28/1997 209.W15-6L(d) 12.5 3.0 20.6 0.0
07/31/1997 299-W15-6L(d) 100 2.9 20.5 0.0
09/26/1997 299-W15-6L(d) 10.5 2.0 16.5 ) 0.0
07/30/1998 299-W15.6L(d) 9.5 2.1 17.6 1.7 1.8 0.0
08/25/1998 299-W15-6L(d) 10.5 2.9 18.1 0.8 0.9 1.2 0.0
09/03/1998 299-W15-6L(d) 45 1.6 18.] 0.3 1.8 14 0.0
09/14/1998 299-W15-6L(d) 4.5 1.7 17.0 ) 0.8 1.5 0.0
09/22/1998 299-W15-6L(d) 3.0 1.3 14.5 14 1.6 0.0
09/30/1998 299-W15-6L(d) 2.5 14 179 0.6 2.1 0.0
04/15/1999 299-W15-6L(d) 149 34 | 120 0.0 0.0 0.0
04/21/1999 299-W15-6L(d) 117 2.8 226 0.0 56 0.0
04/28/1999 299-W15-6L(d) 14.9 3.3 22.0 0.0 47 0.0
05/03/1999 299-W15-6L(d) 14.9 3.1 223 1.4 3.9 0.0
05/10/1999 299-W15-6L(d) 13.7 28 215 0.0 52 0.0
05/17/1999 299-W15-6L(d) 14.4 29 22.4 0.0 6.2 0.0
05/25/1999 299-W15-6L(d) 20.7 35 21.1 0.0 6.1 0.0
06/01/1999 299-W15-6L(d) 20.4 38 207 - 0.0 4.6 0.0
06/10/1999 299-W15-6L(d) 19.7 3.5 19.6 0.0 54 0.0
06/15/1999 299-W15-6L(d) 12.0 2.5 200 0.0 6.3 0.0
06/21/1999 299-W15-6L(d) 13.4 3.0 19.1 0.0 1.0 0.0
06/25/1999 299-W15-6L(d) 10.0 2.5 19.7 1.4 43 0.0
08/22/1995 299-W15-6U(d) 19.9 43 15.3 0.0 0.0 0.0
05/02/1996 299-W15-6U(d) 16.2 3.2 1.8 0.0 0.0 0.0
09/12/1996 | 299-W15-6U(d) 179 4.6 0.0 1.1 0.0 0.0
10/29/1996 299-W15-6U(d) 75 24 0.0 0.0 0.0 0.0
12/02/1994 299-W15-8L 24.9 15 | 1190 5.0 - 0.0
02/01/1995 299-W15-8L, 26.4 0.7 - el - - -
02/10/1995 209-W15-8L 26.9 12 22,0 02 3.9 2.7 1.0
03/09/1995 200-W15-8 alpha - - - - --
Performance Eval. Report for SVE at the Carbon Tet. Site, Feb. 1992 - Sspt. 200
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Table B-3. Characterization Data for Individual Extraction Wells in the
216-Z-9 Wellfield, March 1993-September 2001. (13 Pages)

‘ Vacuum* | Flow CClL, |CCl Fhux | CHCL | CH;Ck: | MEK
Date . | Wellandlnterval | "qpy) | (m'/min) | (ppmv) | (kg/dsy) |@ppmv)| @pmv) | (pponv)

12/02/1994 299-W15-9L 24.9 1.4 110.0 1.4 5.0 - 0.0
02/01/1995 299-W15-9L 264 1.0 - -- - - --
02/10/1995 299-W15-9L 27.6 1.0 93.0 0.9 5.7 4.9 1.0
07/10/1995 299-W15-9L(d) 13.7 14 63.0 0.8 14 4.0 0.5
05/03/1996 299-W15-9L(d) 17.4 1.6 14.2 0.2 0.0 0.0 0.0
05/14/1996 | = 299-W15-91(d) 274 2.1 19.4 04 - 0.0 0.0 0.0
09/12/1996 299-W15-9L(d) 19.7 24 11.4 0.3 1.3 0.0 0.0
10/29/1996 299-W15-9L(d) 10.0 2.0 9.7 0.2 0.0 0.0 0.0
07/18/1997 299-W1i5-9L(d) 16.2 1.7 19.8 0.3 2.2 0.0 0.0
07/21/1997 299-W15-9L(d) 19.4 1.8 21.3 0.3 3.6 0.0 0.0
07/24/1997 299-W15-9L(d) 21.2 2.1 21.0 0.4 1.4 0.0 0.0
07/28/1997 299-W15-9L(d) 20.9 27 14.8 0.4 33 0.0 0.0

- 07/31/1997 299-W15-9L(d) 19.4 24 14.5 0.3 37 0.0 0.0
09/26/1997 299-W15-9L(d) 18.7 25 12.6 0.3 2.8 0.0 0.0
07/10/1998 | 299-W15-91(d) 19.4 23 16.7 04 25 0.0 0.0
07/30/1998 299-W15-9L(d) 19.4 1.7 19.3 0.3 1.7 1.0 0.5
08/25/1998 299-W15-9L(d) 17.7 2.0 15.0 03 1.5 0.0 0.0
09/03/1998 299-W15-9L(d) 10.0 1.3 15.3 0.2 13 0.0 0.0
09/14/1998 299-W15-9L(d) 100 14 13.4 0.2 1.3 0.0 0.0
09/22/1998 299-W15-9L(d) 5.5 0.9 9.4 0.1 1.1 0.0 0.0
09/30/1998 299-W15-9L(d) 5.5 0.9 12.1 0.1 14 0.0 0.0
03/30/1999 299-W15-9L(d) 234 2.6 15.5 0.4 0.0 0.0 0.0
04/05/1999 209-W15-9L(d) 23.7 24 16.1 0.3 0.0 NA NA
04/12/1999 299-W15-9L(d) 224 2.5 17.7 04 0.0 0.0 0.0
04/21/1999 299-W15-9L{d) 18.9 2.0 19.9 0.4 0.0 4.1 0.0
04/28/1999 299-W15-9L(d) 24.7 24 17.3 0.4 0.0 2.8 0.0
05/03/1999 299-W15-9L(d) 242 2.1 220 0.4 12 2.7 0.0
05/10/1999 299-W15-91(d) 239 2.4 17.5 04 0.0 3.6 00
05/17/1999 299-W15-91.(d) 22,7 1.7 17.8 0.3 0.0 4.2 0.0
05/25/1999 299-W15-9L(d) 234 2.1 18.9 04 0.0 5.0 0.0
06/01/1999 209-W15-9L(d) 229 2.2 18.7 0.4 0.0 2.6 0.0
06/10/1999 299-W15-9L(d) 227 2.1 16.9 0.3 0.0 34 0.0
06/15/1999 299-W15-SL(d) 13.0 1.4 17.7 0.2 0.0 4.1 0.0
06/21/1999 299-W15-9L(d) 14.9 1.9 16.2 0.3 0.0 4.8 0.0
06/25/1999 299-W15-91(d) 10.5 1.3 16.0 0.2 2.1 12 . 0.0
07/23/2001 299-W15-91(d) 26.9 1.6 20.7 0.3 04 1.7 04
08/01/2001 299-W15-9L(d) 144 14 222 0.3 0.4 0.5 0.1
08/08/2001 299-W15-91.(d) 14.9 14 22.1 0.3 0.2 1.0 0.2
08/22/2001 299-W15-9L(d) 14.9 12 249 0.3 0.2 1.6 03
(9/05/2001 299-W15-9L(d) 19.9 14 28.3 0.4 03 1.7 0.2
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Table B-3. Characterization Data for Individual Exfg
216-Z-9 Wellfield, March 1993-September 201

Vacum* | Flow | CCl
Date Well and Interval | "4 o™ | ou¥pmin) (o)
09/12/2001 | 299-W15-9L(d) 8.2 0.8 23.7
09202001 |  299-W15-9L(d) 8.7 0.8 21.6
08/02/1995 |  299-W15-9U(d) 17.9 2.2 972
11/28/1995 | 299-W15-9U(d) 134 1.1 26.0
12/22/1995 | 299-W15-9U(d) 15.2 - 325 ! .
05/03/1996 | 299-W15-9U(d) 17.9 1.4 682 o 0.0 0.0 0.0
09/12/1996 | 299-W15-9U(d) 21.7 1.6 489 ay 1.6 0.0 0.0
1029/1996 | 299-W15-9U(d) 10.7 1.3 8.1 0l 0.0 1.1 1.1
09/26/1997 | 299-W15-9U(d) 19.7 1.4 8.4 k] 1.7 0.0 0.0
07/10/1998 |  299-W15-9U(d) 19.9 2.0 29.6 0l 1.9 0.0 0.0
07/30/1998 |  299-W15-9U(d) 18.4 2.0 335 ( 1.9 0.0 0.5
08/25/1998 | 299-W15-9U(d) 19.4 1.8 163 043 1.4 0.0 0.0
03/30/1999 |  299-W15-9U(d) 23.9 2.5 3438 ol 0.0 0.0 0.0
04/05/1999 |  299-W15-9U(d) 24.9 2.1 175 03 0.0 NA NA
04/12/1999 | 299-W15-9U(d) 23.7 2.1 112 il ] 0.0 0.0 0.0
04/21/1999 |  299-W15-9U(d) 18.9 1.8 14.1 o 00 |- 27 0.0
04/28/1999 | 299-W15-9U(d) 24.7 2.1 12.8 0 0.0 1.2 0.0
05/03/1999 | 299-W15-9U(d) 24.9 1.7 15.3 02 1.3 1.9 0.0
05/10/1999 | 299-W15-9U(d) 23.7 2.0 11.8 olp 13 1.5 0.0
05/17/1999 | 299-W15-9U(d) 23.9 1.8 115 i) 0.0 2.7 0.0
05/25/1999 | 299-W15-9U(d) 229 1.6 11.7 0/ 00 | 33 0.0
06/01/1999 | 299-W15-9U(d) 237 1.8 11.3 R 0.0 1.5 0.0
06/10/1999 |  299-W15-9U(d) 224 1.6 | 105 0 0.0 2.1 0.0
06/15/1999 |  299-W15-9U(d) 13.4 0.9 107 | o 1.1 1.9 0.0
06/21/1999 | 299-W15-9U(d) 14.9 1.1 111 | - ¢ 0.0 34 0.0
0772372001 | 299-W15-9U(d) 29.1 1.2 150.0 1 1.8 6.4 0.7
08/01/2001 | 299-W15-9U(d) 14.9 0.8 42.4 Jitf] 0.7 0.9 0.2
08/08/2001 | 299-W15-9U(d) 15.2 1.1 29.0 (il 04 0.6 02
08/22/2001 | 299-W15-9U(d) 14.9 0.8 214 0;8 0.1 0.7 0.3
09/05/2001 | 299-W15-9U(d) 20.9 1.1 23.5 Q 0.2 0.0 0.1
09/12/2001 | 299-W15-9U(d) 85 0.4 274 0 0.2 0.1 03
09/20/2001 | 299-W15-9U(d) 9.0 0.4 25.8 0, 0.3 0.0 0.0
0331/1993 | 299-W15-82(a)b) | 319 0.7 111848.0 D - - -
04/01/1993 | 299-W15-82(a)c) | - 1.6 | 82080| 1159 - — -
04/12/1993 | 299-W15-82(a)(c) - - 61010 Ho] - - -
04/28/1993 299-W15-82 6.5 20 |260000] 4672 - - -
06/03/1993 299-W15-82 17.2 72 | 285000] 13482 - - -
02/23/1994 299-W15-82 3.2 1.4 [230000{ 3081 {1130 1140 | 309
02/23/1994 |  299-W15-82(b) 3.2 1.4 i 161 | 24.6 -
02/24/1994 299-W15-82 32 14 [253000] 3137 | 1060]| 1390 | 41
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Table B-3. Characterization Data for Individual Extraction Wells in the
216-Z-9 Wellfield, March 1993-September 2001. (13 Pages)

Vacuom* [ .Flow | CClL |CClkFlux | CHCh| CH,Cl, | MEK
Date Well and Interval | Pa) | (w¥hnin) | ppowv) | (kg/day) |(ppmv) | (ppov) | (ppmnv)
02/24/1994 299-W15-82(b) 32 14 - - 250 | 250 -
05/10/1994 299-W15-82 50 -~ |20300.0 - 1020 | 1150 2.4
- 05/11/1994 209-W15-82 52 - 19800.0 - 9.2 | 1180 2.8
06/01/1994 299-W15-82 115 - 11700.0 - 698 | 747 2.0
06/10/1994 209-W15-82 249 - 80400 | - 683 | 61.6 2.0
09/06/1994 299-W15-82 28.9 82 |52400| 3874 | 563 | 288 1.3
10/26/1994 209-W15-82 29.9 104 | 15500 1456 | 597 | 819 5.8
11/22/1994 299-W15-82 309 103 | 5820 54.1 29.0 - 3.0
01/31/1995 299-W15-82 25.7 9.1 - - - - -
02/08/1995 209-W15-82 25.2 9.1 378.0 31.2 209 | 225 3.6
05/12/1995 299-W15-82 249 7.6 279.0 19.2 7.3 14.8 1.3
08/01/1995 299-W15-82 19.9 49 94.5 42 1.3 6.3 1.2
11/29/1995 - 299-W15-82 17.7 27 155.0 3.8 7.1 10.6 09
12/20/1995 299-W15-82 19.7 - 143.0 - 1.0 1.2 -
04/25/1996 299-W15-82 239 2.3 180.0 3.7 0.0 { 00 0.0
07/19/1996 209-W15-82 209 2.2 87.3 1.7 2.0 0.0 0.0
09/10/1996 209-W15-82 249 32 439 1.3 0.0 0.0 0.0
10/29/1996 299-W15-82 134 19 28.5 0.5 1.2 0.0 0.0
07/18/1997 299-W15-82 15.9 1.6 106.0 1.5 2.8 6.7 0.0
07/21/1997 299-W15-82 13.7 2.1 46.8 0.9 4.1 0.0 0.0
07/24/1997 209-W15-82 169 . 1.9 170.0 2.9 42 0.0 0.0
07/28/1997 299-W15-82 16,7 18 126.0 2.0 3.8 0.0 0.0
07/31/1997 299-W15-82 18.4 1.8 116.0 1.9 4.0 0.0 0.0
09/26/1997 299-W15-82 14.9 1.5 19.7 0.3 1.6 0.0 0.0
07/10/1998 299-W15-82 17.4 2.1 196.0 3.8 3.5 11.0 0.0
07/30/1998 299-W15-82 12.5 1.6 153.0 2.2 44 0.0 0.1
08/25/1998 290.W15-82 12.7 1.6 89.9 1.3 2.1 0.0 0.0
09/03/1998 299-W15-82 6.2 0.8 70.0 0.5 24 0.0 0.0
09/14/1998 299-W15-82 6.5 0.9 40.7 0.3 1.7 0.0 0.0
09/22/1998 299-W15-82 40 0.5 41.4 0.2 1.8 0.0 0.0
09/30/1998 299-W15-82 3.7 0.5 567 | 03 1.3 0.0 0.0
03/30/1999 299-W15-82 20.4 1.8 167.0 2.7 14 | 00 0.0
04/05/1999 299-W15.82 214 22 136.0 2.8 0.0 NA NA
04/12/1999 209.W15-82 212 2.0 118,0 22 2.1 0.0 0.0
04/21/1999 ' 299-W15-82 137 1.7 119.0 1.8 0.0 0.0 0.0
04/28/1999 299-W15-82 17.9 1.7 102.0 1.6 0.0 0.0 - 0.0
05/03/1999 | © 299-W15-82 - 172 1.6 954 | 1.3 1.1 | 00 0.0
05/10/1999 |  299-W15-82 - 17.4 1.6 91.1 14 00 | 00 0.0
05/17/1999 299-W15-82 169 1.7 86.6 1.3 0.0 0.0 0.0
05/25/1999 209.W15-82 17.2 1.6 83.6 1.2 0.0 1.6 0.0
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Table B-3. Characterization Data for Individual Extgaction Wells in the
216-Z-9 Wellfield, March 1993-September 20q . (13 Pages)
Vacuum* | Flow cC CHCL | CH,CL, | MEK
Date Well and Interval (kPa) | (m’/min) (;g‘v) /ifmy) |(ppmv)| (ppmv) (ppmv)

06/01/1999 299-W15-82 17.2 1.6 80.0 1 0.0 0.0 0.0
06/10/1999 299-W15-82 15.9 1.6 76.2 1] 0.0 0.0 0.0
06/15/1999 299-W15-82 10.0 1.0 745 | 0] 0.0 2.0 0.0
06/21/1999 299-W15-82 115 1.1 76.3 0} 0.0 2.8 0.0
06/25/1999 299-W15-82 105 0.8 66.4 0} 1.4 0.0 0.0
07/23/2001 299-W15-82 24.4 1.9 154.0 26 1.7 12.9 09
08/01/2001 299-W15-82 134 1.0 | 4280 I8 59 | 128 1.4
08/08/2001 299-W15-82 13.7 1.1 3250 34 4.1 5.1 1.0
08/22/2001 299-W15-82 13.4 1.2 2200 24 2.3 1.7 0.6
09/05/2001 299-W15-82 16.9 14 | 2270 39 34 1.6 0.6
09/12/2001 299-W15-82 7.5 0.5 2130 10 3.3 1.7 0.8
09/20/2001 299-W15-82 8.2 0.5 2020 19 3.1 0.9 0.6
09/12/2001 299-W15-84L 7.7 1.8 231 | o4 0.2 0.5 0.3
09/20/2001 299-W15-84L 8.7 1.9 25.9 04 0.2 0.3 0.2
04/02/1993 | 299-W15-84U(a) 31.9 00 | - i — - -
04/29/1993 299-W15-84U 5.0 21 | 847501 163 - — -
03/01/1994 299-W15-84U 16.2 9.1 |82300] 68%4 | 517 | 58.8 1.6
03/01/1994 | 299-W15-84U(b) 162 9.] - i 328 | 60 -
03/01/1994 299-W15-84U 10.0 27 |71000] 1768 | 436 | 515 1.4
03/01/1994 | 299-W15-84U(b) 10.0 2.7 — -+ 46.7 5.3 -
03/02/1994 299-W15-84U 10.0 58 |99100] 5240 | 574 | 692 2.2
03/02/1994 | 299-W15-84U(b) 10.0 5.8 - B 64.8 6.8 -
05/10/1994 299-W15-84U 5.0 -~ 1172000] 4 83.3 | 1000 | 20
05/11/1994 299-W15-84U 52 - 1163000 -4 793 | 100.0 3.0
06/01/1994 299-W15-84U 11.5 i 5010,0 - 317 | 3718 1.9
06/10/1994 299-W15-84U 24.9 . 4470.0 375 | 387 2.0
09/06/1994 299-W15-84U 25.2 125 | 4440 5011 74 6.9 0.5
10/26/1994 299-W15-84U 28.1 153 | 7870 | 9477 325 | 457 3.3
11/22/1994 299-W15-84U 26.4 135 | 3480 | 4277 17.0 - 1.0
01/31/1995 299-W15-84U 26.7 12.5 -~ g - - -
02/08/1995 299-W15-84U 25.9 133 } 1660 | 1919 119 | 130 22
08/02/1995 299-W15-84U 149 | 19 | 547 58 2.0 45 | 06
04/25/1996 299-W15-84U 11.7 12.9 0.0 0.0 0.0 0.0 0.0
09/12/1996 299-W15-84U 6.7 7.0 0.0 04 1.6 0.0 0.0
10/29/1996 299-W15-84U 10.5 10.0 1.6 Q.f 0.0 0.0 0.0
09/26/1997 299.W15-84U 18.7 0.7 20.8 ok 24 | 00 0.0
09/03/1998 299-W15-84U 3.0 4.2 15.2 0.6 1.0 0.8 0.0
09/14/1998 299-W15-84U 4.2 4.6 133 | 4@ 1.9 0.0 0.0
09/22/1998 299-W15-84U 3.2 4.1 12.8 03 0.7 1.4 0.2
09/30/1998 299-W15-84U 2.2 42 39.0 1.5 1.5 5.1 0.0
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Table B-3. Characterization Data for Individual Extraction Wells in the
216-2-9 Wellfield, March 1993-September 2001. (13 Pages)

Vacuum* | Flow | CClL |CCl Flux|CHClL| CH,CL | MEK
Date | Wellandlnterval | py) | (ufmin) | (pponv) | (kg/day) (ppg'} (ppmv) | (ppm)

06/22/1999 299-W15-84U 3.5 33 0.0 0.0 0.0 16.0 0.0
04/02/1993 299-W15-85(a) 324 0.0 - - - - —

04/05/1993 299-W15-85(a) 30.6 0.0 - - - - -

04/30/1993 299-W15-85 42 21 |16700.0] 3215 I - -

03/03/1994 299-W15-85 229 65 [104000] 6140 | 603 | 553 1.3
03/03/1994- |  299-W15-85(b) 22.9 6.5 - - 16.1 55 -

03/03/1994 299-W15-85 154 27 1126000]| 3105 | 591 | 76.6 2.2
03/03/1994 299-W15-85(b) 154 2.7 - - 12.9 6.4 -

09/06/1994 299-W15-85 28.6 6.1 256.0 14.2 48 1.0 0.3
10/26/1994 299-W15-85 - 324 15 237.0 16.1 108 | 153 12
11/22/1994 299-W15-85 29.9 74 111.0 14 5.0 - 0.0
01/31/1995 299-W15-85 25.9 55 - - - - -

02/08/1995 299-W15-85 25.2 6.7 86.0 52 71 | 14 1.7
05/16/1995 299-W15-85 25.9 8.6 41.1 3.2 0.6 2.7 1.0
08/02/1995 299-W15-85 17.9 4.1 18.0 0.8 1.3 2.1 0.6
04/10/1996 299-W15-85 224 8.6 475 3.7 0.0 0.0 0.0
07/19/1996 299-W15-85 20.9 52 97.0 45 28 | 00 0.0
09/12/1996 299-W15-85 234 6.6 64.4 3.9 12 0.0 0.0
10/29/1996 299-W15-85 10.5 24 62 0.1 0.0 0.0 0.0
09/26/1997 299-W15-85 17.4 54 22.0 1.1 26 | 00 0.0
09/22/1998 299-W15-85 4.0 22 1.1 0.0 1.1 0.0 0.0
09/30/1998 299-W15-85 3.2 35 0.8 0.0 1.4 0.0 0.0
08/22/1995 299-W15-86(d) 18.7 8.6 215.0 16.8 49 10.9 0.7
11/29/1995 299-W15-86(d) 18.7 54 59.7 29 4.1 6.8 0.6
12/22/1995 299-W15-86(d) 224 - 49.0 -- 0.5 2.9 -

05/07/1996 299.W15-86(d) 19.7 4.6 2.5 0.1 0.0 0.0 0.0
09/16/1996 | 299-W15-86(d) 15.4 6.5 65.9 3.9 15 0.0 0.0
10/29/1996 209-W15-86(d) 16.2 8.0 41.8 3.0 1.2 1.7 0.0
07/18/1997 299-W15-86(d) 15.2 4.8 138.0 6.0 42 0.0 0.0
0712111997 299-W15-86(d) 12.5 5.1 111.0 5.1 34 0.0 0.0
0712411997 299-W15-86(d) 16.4 4.9 57.8 2.6 35 0.0 0.0
07/28/1997 299-W15-86(d) 139 4.7 69.6 3.0 5.1 0.0 0.0
07/31/1997 299-W15-86(d) 16.7 47 62.5 27 | 28 0.0 0.0
09/26/1997 299-W15-86(d) 149 45 34.9 14 2.1 0.0 0.0
07/30/1998 299-W15-86(d) 13.0 4.1 107.0 40 | 22 0.0 0.0
08/25/1998 299-W15-86(d) 139 43 3712 15 | 15 0.0 0.0
09/03/1998 299-W15-86(d) 15 0.3 15 00 .} 02 ]| 00 0.1
09/14/1998 | 299-W15-86(d) 8.2 0.3 0.1 0.0 0.6 00 | 00
04/15/1999 299-W15-86(d) 13.7 3.8 4.0 01 | 14 0.0 0.0
04/21/1999 209-W15-86(d) 14.9 3.4 64.3 2.0 0.0 44 0.0
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Table B-3. Characterization Data for Individual on Wells in the
216-Z-9 Wellfield, March 1993-September m‘:ﬂs Pages)
Vacoum* | Flow | CQy |C CHClL | CH,Cl, | MEK
Date | Wellandnterval | pa) | (mmin) | (pprav) w (epo| opes | ppu

04/28/1999 | 299-W15-86(d) 19.9 4.5 59.3 24 0.0 3.2 0.0
05/03/1999 299-W15-86(d) 19.9 48 54.7 24 0.0 3.4 0.0
05/1001999 |  299-w15-86(d) 19.9 48 485 21. | 00 3.2 0.0
05/17/1999 | 299-W15-86(d) 19.2 4.8 46.4 20 0.0 59 0.0
05/25/1999 |  299-W15-86(d) 18.9 4.7 45.7 1,9 0.0 4.9 0.0
06/01/1999 |  299-W15-86(d) 18.7 4.5 43.6 18 0.0 4.0 0.0
06/1001999 |  299-W15-86(d) 17.9 4.4 41.0 16 0.0 44 0.0
06/15/1999 |  299-W15-86(d) 9.0 2.8 38.8 10 0.0 5.4 0.0
06/21/1999 {  299-W15-86(d) 9.5 3.0 39.0 1] 0.0 6.6 0.0
06/25/1999 |  299-W15-86(d) 15 2.6 35.9 08 1.0 3.0 0.0
09/05/2001 299-W15-86(d) 9.7 24 71.0 1,7 1.0 1.5 0.3
09/12/2001 299-W15-86(d) 1.5 2.0 73.5 1.3 1.1 1.6 0.5
09/20/2001 299-W15-86(d) 8.5. 2.1 68.7 18 0.8 1.0 0.3
09/05/2001 299-W15-95L 7.5 38 25.7 0 01 | 24 0.3
09/12/2001 209-W15-95L 52 32 243 iy 0.4 2.4 0.3
09/20/2001 299-W15-95L 5.1 3.1 23.6 0.7 0.2 2.2 0.2
04/05/1993 | 299-W15-95U(a) 30.6 0.0 - - - -

04/13/1993 | 299-W15-95U(a)(c) — 0.6 |143200] 735 - - -

04/14/1993 | 299-W15-95U(a)(c) - 06 |62400] 3 - - —~

04/28/1993 299-W15-95U 29.4 1.0 |107000| o934 - - —

03/08/1994 299-W15-95U 26.2 0.6 [11900.0] 641 609 | 67.3 1.6
03/08/1994 { 299-W15-95U(b) 26.2 0.6 - 4 126 | 46 | -

05/18/1994 299-W15-95U 25.7 21 | 87400 1660 | 449 | 496 0.0
06/01/1994 299-W15-95U 11.5 - 45300 219 | 303 0.6
06/10/1994 299-W15-95U 24.9 - 2110.0 -4 141 | 184 1.3
09/06/1994 299-W15-95U 24.7 1.8 4440 74 6.4 5.3 0.4
10/26/1994 299-W15-95U 28.1 2.3 3300 64 145 | 196 1.6
11/22/1994 299-W15-95U 26.9 2.1 249.0 4 11.0 -- 0.0
01/31/1995 299-W15-95U 27.9 15 - w4 - ~ -

02/10/1995 299-W15-95U 29.4 1.6 | 211.0 38 109 | 124 1.4
05/02/1996 | 299-W15-95U(d) 14.9 99 1.7 01 0.0 0.0 0.0
09/11/1996 | 299-W15-95U(d) 15.9 9.1 1.0 o1 | 14 0.0 0.0
10/29/1996 | 299-W15-95U(d) 9.5 33 0.0 o 1.6 0.0 0.0
09/26/1997 | 299-W15-95U(d) 19.9 24 33.6 0, 3.4 0.0 0.0
09/03/1998 | 299-W15-95U(d) 55 5.0 6.9 0. 1.2 0.0 0.0
09/14/1998 | 299-W15-95U(d) 6.5 4.8 0.4 ofl 1.3 0.0 0.0
061221999 | 299-W1595U(d) | 6.0 33 0.0 o 00 [ 133 0.0
03/17/1994 | 299-W15-216L 26.4 2.4 878.0 194 39 6.9 0.7
03/17/1994 | 299-w15-216L(b) 26.4 2.4 - 4 0.2 0.1 -

02/02/1995 299-W15-216L 28.1 2.0 - - - — -
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Table B-3. Characterization Data for Individual Extraction Wells in the
216-Z-9 Wellfield, March 1993-September 2001. (13 Pages)

Vacoum* | Flow | CCL | CCLFlx|CHCL| CH MEK
Date | WellandInterval | " (cPa) | (ofmin) an:r) (kcgl;dap ﬂmc:g) _gpf:; (ppmy)
02/14/1995 299-W15-216L 27.1 2.0 139.0 2.6 6.5 74 1.1
07/10/1995 299-W15-216L 212 - 0.8 1.5 0.5 1.9 3.9 0.7
11/28/1995 299-W15-216L 18.7 0.7 39.7 0.2 0.0 0.9 0.0
12120/1995 299-W15-216L 19.4 - 32.7 - 0.3 12 -
04/19/1996 299-W15-216L 232 14 17.8 02 | o0 0.0 0.0
05/14/1996 299-W15-216L 22.4 0.8 213 0.2 0.0 0.0 0.0
09/11/1996 209-W15-216L 18.7 1.6 9.5 0.1 2.0 0.0 0.0
10/29/1996 299-W15-216L 14.4 14 113 0.1 0.0 0.0 0.0
09/30/1997 299-W15-216L, 14.9 17 | 55 0.1 5.6 0.0 0.0
09/22/1998 299-W15-216L 4.7 1.1 53 0.1 1.0 0.0 0.0
09/30/1998 299-W15-216L 45 1.1 5.7 0.1 0.2 0.0 0.0
03/18/1994 299-W15-216U 26.7 56 |14100]| 709 9.2 8.8 0.0
03/18/1994 | 299-W15-216U(b) 26.7 56 - - 44 0.2 -
02/02/1995 299 W15-216U 23.9 72 - -- - - -
02/14/1995 299-W15-216U 25.4 1.6 40.0 2.8 3.9 2.5 0.9
07/10/1995 299-W15-216U 19.9 8.1 24.0 1.8 0.1 0.6 0.0
04/19/1996 299.W15-216U 18.4 65 14.9 0.9 0.0 0.0 0.0
07/23/1996 299-W15-216U 202 6.1 4.7 0.3 1.4 0.0 0.0
09/11/1996 299-W15-216U 16.2 70 7.1 0.4 1.7 0.0 0.0
10/29/1996 299-W15-216U 8.7 57 12.0 0.6 0.0 0.0 0.0
0973011997 299.-W15-216U 13.9 19 3.2 0.1 43 0.0 0.0
09/22/1998 299-W15-216U 32 2.7 65 0.2 12 0.0 0.0
09/30/1998 299.-W15-216U 3.0 2.8 48 | ot 0.6 0.0 0.0
05/04/1993 299-W15-217 15.4 2.1 18200.0| 350.4 — - -
05/05/1993 299-W15-217 32.4 44 [23800.0] 959.2 - - -
05/10/1993 299-W15-217 29.6 53 123000.0] 1098.1 - - -
05/11/1993 299-W15-217 23.7 5.0 |[25500.01 1165.1 - - -
03/04/1994 299-W15-217 7.0 1.1 |155000] 1592 | 760 | 889 2.9
03/04/1994 | 299-W15-217(b) 7.0 1.1 - - 15.1 3.5 -
03/04/1994 299-W15-217 102 2.1 |163000] 3138 | 744 | 967 39
03/04/1994 | 299-W15.217(b) 10.2 2.1 - - 24.7 3.7 --
03/04/1994 299-W15-217 152 27 [203000] 4950 | 932 | 1120 3.9
03/04/1994 | 299-W15-217(b) 152 2.7 - - 18.5 3.0 -
03/04/1994 200-W15-217 | 182 28 [214000] 5493 | 1040 | 1220 3.7
03/04/1994 | 299-W15-217(b). | 182 2.8 - - 1.3 2.9 -
05/10/1994 200-W15-217 - | 5.0 - 7070.0 - 45| 411 1.9
05/11/1994 200.W15-217 - | 52 7000.0 - 429 | 484 1.8
06/01/1994 209-W15-217 11.5 - 10600.0 - 603 | 67.1 2.1
06/10/1994 299-W15-217 249 - 6800.0 —~ so.1 | 535 1.7
09/06/1994 299-W15-217 28.4 45 14200 ] 576 206 | 11.0 0.8
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Table B-3. Characterization Data for Individual Exfigaction Wells in the
216-Z-9 Wellfield, March 1993-September 20(1. (13 Pages)
Vacoum* | Flow CCl W CH;Cl, | MEK
Date | WellandInterval | " pa) | (m¥/min) | pprnv) | ighlfny | (ppmv) | (ppmv)

10/26/1994 299-W15-217 32.4 57 14300 TS 71.5 5.5
11/22/1994 299-W15-217 30.6 52 | 11310 - 3.0
01/31/1995 299-W15-217 28.4 5.3 ~ - -
02/10/1995 299-W15-217 28.9 50 | 6900 36.0 4.3
05/16/1995 299-W15-217 26.2 5.8 150.0 78 46 1.0
08/02/1995 299-W15-217 154 1.9 63.0 0.2 0.1
11/29/1995 299-W15-217 20.7 2.9 104.0 : 10.1 0.8
12/22/1995 299-W15-217 23.4 - 102.0 2.8 -
04/25/1996 299-W15-217 23.9 3.3 272 0if 0.0 0.0
07/19/1996 |  299-W15-217 21.7 3.8 2.8 0.0 0.0
09/10/1996 299-W15-217 23.7 5.7 2.1 [iil 0.0 0.0
10/29/1996 .|  299-W15-217 16.9 79 717 51 2.6 0.0
07/18/1997 299-W15-217 15.7 4.7 2560 0.5 0.0
0712111997 299-W15-217 12.5 58 86.3 00 0.0
0712411997 299-W15-217 17.4 3.8 164.0 56 2.7 0.0
07/28/1997 299-W15-217 14.7 3.8 129.0 4 00 | 00
07/31/1997 299-W15-217 174 3.8 1310 0.0 0.0
09/26/1997 299-W15-217 14.9 4.0 26.0 9 0.0 0.0
07/10/1998 299-W15-217 14.9 44 135.0 54 5.8 0.0
07/30/1998 299-W15-217 12,5 4.0 50.4 1 & 1.1 0.2
08/25/1998 299-W15-217 10.5 2.8 59 0.0 0.0
03/30/1999 |  299-W15-217 18.7 4.0 1160 0.0 0.0
04/05/1999 299-W15-217 182 4.1 82.0 NA NA
04/12/1999 299-W15-217 17.4 4.4 65.6 p 0.0 14
04/21/1999 299-W15-217 14.9 3.8 652 20 58 0.0
04/28/1999 299-W15-217 18.7 5.0 470 2 45 0.0
05/03/1999 299-W15-217 184 4.9 51.4 2. 5.3 0.0
05/10/1999 299-W15-217 184 4.9 48.5 2, 5.8 0.0
05/17/1999 299-W15-217 18.9 5.0 45.7 2 6.8 0.0
05/25/1999 299-W15-217 17.7. 4.7 409 1. 7.3 0.0
06/01/1999 299-W15-217 18.9 4.6 45.6 1.5 7.3 0.0
06/10/1999 299-W15-217 174 4.5 30.5 1, ) 0.0
06/15/1999 299-W15-217 9.5 24 34.5 i 92 00
06/21/1999 209-W15-217 10.2 2.6 28.0 OfF 9.5 0.0
06/25/1999 299-W15-217 8.5 2.0 40.8 0t 6.7 0.0
07/23/2001 299-W15-217 22.4 48 2360 15.1 1.2
080172001 | 299-W15-217 12.0 2.5 167.0 6.7 0.7
08/08/2001 299-W15-217 12.7 2.5 1410 44 0.6
08/22/2001 299-W15-217 11.7 2.1 101.0 27 0.7
09/05/2001 299-W15-217 10.7 2.0 65.5 1.7 0.3
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Table B-3. Characterization Data for Individual Extraction Wells in the

216-Z-9 Wellfield, March 1993-September 2001. (13 Pages)

. | Vacoum* | Flow | CCL | CCLFlux | CHCh| CH,Cl; | MEK

Date . nghndlnternl (kPs) | (m¥/min) | (ppmv) | (kg/day) |(ppmv)| (ppmv) | (ppmv)
0971272001 1299-W15.217 8.0 1.6 54.5 0.8 0.8 1.5 0.4
09/20/2001 299-W15-217 8.7 2.0 522 09" 0.7 1.0 0.3
03/24/1994 299-W15-218L 24.7 43 808.0 31.7 49 | 74 0.3
03/24/1994 | 299-W15.218L(b) 247 43 - - 12 | <01 -
09/07/1994 | 299-W15-218L 274 29 595.0 15.9 8.8 8.8 0.5
10/26/1994 299-W15-218L 30.1 44 319.0 12.9 164 | 264 1.7
11/22/1954 299-W15-218L 289 48 175.0 1.7 9.0 - 0.0
02/02/1995 299-W15-218L - 269 42 - - - - -
02/14/1995 | 299-W15-218L 279 42 127.0 4.8 9.4 12.7 1.6
05/16/1995 | 299-W15-218L 257 | 52 17.2 0.8 04 3.7 09
08/02/1995 | 299-W15-218L 18.7 2.7 42.5 1.0 1.3 4.8 0.5
11/28/1995 | 299-W15-218L(c) 214 2.9 26.1 0.7 2.8 5.5 04

1220/1995 | 299-W15-218L(¢) | 219 - 234 - 0.5 4.1 -
04/10/1996 | 299-W15.218L 249 3.8 24.2 0.8 0.0 2.5 0.0
05/14/1996 | 299-W15-218L 232 37 19.8 0.7 0.0 1.8 0.0
07/19/1996 299-W15-218L - 24.4 3.8 15.0 0.5 1.1 1.6 0.0
00/11/1996 299-W15-218L 15.4 4.1 16.1 0.6 1.1 1.6 0.0
10/29/1996 299-W15.218L 8.0 1.6 137 0.2 0.0 1.8 0.0
07/18/1997 299-W15-218L 19.9 3.0 20.3 0.6 3.0 0.3 0.0
07/21/1997 | 299-W15-218L 12.7 24 21.9 0.5 2.7 1.6 0.2
07/24/1997 299-W15-218L 159 2.4 20.0 0.4 25 0.0 0.0
07128/1997 | 299-Wi15-218L | 149 24 20.0 0.4 24 0.0 0.0
07/31/1997 299-W15-218L - 16.2 -- 124 - 19 0.0 0.0
09/26/1997 | 209-W15-218L | 187 29 16.2 0.4 2.1 1.9 0.0
06/22/1999 299-W15-218L ~ 7.5 14 24.2 0.3 0.0 8.8 0.0
06/25/1999 299-W15-218L 10.2 2.0 222 0.4 0.0 6.2 0.0
09/12/2001 299-W15-218L 8.7 1.5 28.6 04 0.3 3.6 0.4
09/20/2001 299-W15-218L 10.0 1.6 29.6 0.4 0.2 2.7 0.3
03/25/1994 299-W15-218U 24.7 28 [148000] 3723 | 652 | 827 0.0
03/25/1994 | 299-W15-218U(b) 24.7 2.8 - - 12.0 0.7 —
09/07/1994 299-W15-218U 29.1 3.7 424.0 14.0 7.6 42 0.1
10/26/1994 299:W15:218U - | 316 6.3 339.0 195 | 175 | 285 1.9
11/22/1994 | 2993W15-218U 29:.1 5.0 181.0 8.1 9.0 - 0.0
02/02/1995 299-W15-218U | 269 42 - - - - -
02/14/1995 299.-W15-2180 | 274 4.2 143.0 5.4 7.6 7.8 1.2
05/16/1995 299-W15-218U0 | 24.7 5.1 574 2.7 0.4 15 1.2
05/16/1995 | 299-WI5-218UL | 259 8.6 377 29 1.2 5.3 1.3
08/02/1995 299-W15-218U 17.4 5.0 56.8 2.6 17 6.6 0.5
11728/1995 | 299-W15-218U(e) 18.4 55 25.6 1.3 2.4 5.2 0.2
12/20/1995 | 299.W15-218U(e) 19.2 - 23.8 - 0.2 4.3 -
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Table B-3. Characterization Data for Individual Extiraction Wells in the

216-Z-9 Wellfield, March 1993-September (k. (13 Pages)
Vacoum* | Flow | CCY | CCl¥lux | CHCkL | CH MEK
Date | WellandInterval | “py) | (m/min) (ppg‘v giay) |@pmv) P (ppmv)

04/10/1996 | 299-W15.218U 24.9 3.8 24.3 0.0 2.1 0.0
07/19/1996 | 299-W15-218U 24.9 2.4 8.8 0.2 2.1 0.0 0.0
09/11/1996 | 299-W15-218U 17.9 2.4 6.9 0 1.1 0.0 0.0
10/29/1996 | 299-W15-218U 7.0 2.9 15.6 old 0.0 2.5 0.0
07/18/1997 299.W15-218U 17.4 6.0 21.1 12 1.9 0.9 0.0
07/21/1997 200-W15-218U 11.5 4.6 21.8 0 20 1.5 0.0
07/24/1997 209.-W15-218U 13.7 4.2 21.1 0B 4.8 0.0 0.0
07/28/1997 | 299-W15-218U 127 42 220 0B 2.7 0.0 0.0
07/31/1997 299-W15-218U 16.2 33 19.1 qu 3.4 0.0 0.0
09/26/1997 | 299-W15-218U 12.5 5.4 15.0 ik 2.6 0.0 0.0
0730/1998 | 299-W15-218U 12.0 2.4 57 0] 1.1 0.0 0.2

| 06/15/1999 | 299-W15-218U 10.0 1.3 7.7 o)) 0.0 41 0.0
062171999 | 299-w15-218U 139 2.6 6.0 aJ) 0.0 42 0.0
06/25/1999 209-W15-218U 10.2 2.0 73 0, 2.0 0.0 0.0
03/21/1994 299-W15-219L 279 3.8 [23600| 806 133 | 20.1 0.3
03/21/1994 | 299-W15-219L(b) 27.9 3.8 - 3.2 0.1 -
09/07/1994 209-W15-219L 27.6 35 4500 143 6.4 8.0 0.3
10/26/1994 209-W15-219L 29.9 3.6 341.0 11,0 166 | 265 1.7
11/22/1994 299.-W15-219L. 28.1 4.1 1920 7. 10.0 - 0.0
02/02/1995 299-W15-219L 26.2 ‘3.3 w 4 - - -
02/13/1995 299-W15-219L 27.6 3.4 172.0 58 104 | 158 1.5
05/16/1995 299-W15-219L 26.2 1.8 38.0 1, 0.6 44 0.7
08/02/1995 299-W15-219L 22.4 2.0 26.3 0. 2.0 22 0.1
1112971995 209-W15-219L, 19.7 1.0 | 232 o 3.5 5.8 0.7
04/19/1996 | 299-W15-219L(e) 22.4 24 251 | - @ 0.0 0.1 0.0
05/14/1996 299-W15-219L, 23.9 2.5 20.6 0.5 0.0 1.4 0.0
09/11/1996 209-W15-219L 202 33 52 0.2 0.0 0.0 00
10v29/1996 299-W15-219L 139 2.6 12.8 0.3 0.0 29 0.0
09/30/1997 299.W15-219L 15.4 2.4 10.8 0.2 3.4 0.0 0.0
09/03/1998 | 299-W15-219L 4.7 1.0 18.3 0.2 1.3 1.0 0.1
09/14/1998 | 299-W15-219L 4.7 1.0 16.8 0.2 14 1.5 0.0
09/22/1998 299-W15-219L 3.0 1.0 12.4 0.§ 08 | 15 0.2
09/30/1998 299-W15-219L 2.7 1.0 12.6 o.f 0.8 0.8 0.0
06/15/1999 299-W15-219L 10.0 14 246 | O3 0.0 6.8 " 0.0
06/21/1999 | 299-W15-219L 11.2 1.5 21.2 0, 0.0 8.1 0.0
06/25/1999 | 299-W15-219L° 7.0 1.0 202 | a2 0.0 47 0.0
0312211994 | 299-W15-219U° 27.1 43 |97100] 38ia | 422 | so.1 0.0
031221994 | 299-W15-219U(h) | 27.1 4.3 - 1 6.8 0.2 -
09/07/1994 | 209-W15219U | 28.1 a5 4900 | 8.4 7.0 0.3
1026/1994 |  299-w15-219U 30.6 42 430.0 164 206 | 297 2.2
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Table B-3. Characterization Data for Individual Extraction Wells in the

216-Z-9 Wellfield, March 1993-September 2001. (13 Pages)
’ , Vacoum* | Flow CClL | CCLFux |CHChL| CH;Cl; | MEK
Date WeDand Interval | (xpa) | (ofmin (ppmv) | (kg/day) |(ppmv)| (ppmv) | (ppmv)
11/22/1994 299-W15.219U 279 42 93.0 3.6 4.0 -- 0.0
02/02/1995 299-w15-219U0 26.2 44 -- -- - — -
02/13/1995 299-W15-219U 26.9 4.0 72.0 2.6 5.0 54 0.8
05/16/1995 299-W15-219U 26.4 4.7 16.1 0.7 1.1 2.3 0.7
05/16/1995 299-W15-219UL 25.2 6.8 27.0 1.7 0.8 25 0.3
08/02/1995 299-W15-219U 224 24 21.0 04 0.7 2.1 0.4
11/29/1995 299-W15-215U 18.9 18 13.0 0.2 23 34 0.4
12/22/1995 299-W15-219U 214 -- 6.8 - 0.4 1.6 -
04/24/1996 | 299-W15-219U(e) 22.4 4.1 24.1 0.9 0.0 1.1 0.0
07/23/1996 290-W15-219U0 19.4 22 4.0 0.1 0.0 0.0 0.0
09/11/1996 299-W15-219U 224 o0 13.6 0.4 1.1 0.0 0.0
10/29/1996 299-W15-219U 13.7 40 0.0 0.0 0.0 0.0 0.0
09/30/1997 299-W15-219U 159 2.5 10.2 0.2 2.0 0.0 0.0
03/23/1994 299-W15-220L 259 42 589.0 225 3.0 3.8 0.3
03/23/1994 | 299-W15-220L(b) 259 4.2 -- -- 0.3 <0.1 ==
02/13/1995 299-w15-220L 27.6 4.2 190.0 72 99 11.6 1.5
08/21/1995 299-W15-220L 149 2.7 74.8 1.8 0.9 23 0.2
11/28/1995 299-W15-220L 202 28 326 0.8 0.0 0.7 0.0
12/20/1995 299.W15-220L 2.7 - 23.2 - 0.7 0.8 -
04/19/1996 | 299-W15-220L(e) 26.2 2.7 16.8 0.4 0.0 0.0 0.0
05/14/1996 299-W15-220L 23.2 3.0 17.4 0.5 0.0 0.0 0.0
09/11/1996 299-W15-220L 194 39 10.6 0.4 12 0.0 00
10/29/1996 299-W15-220L 11.2 32 12.1 0.3 1.2 0.0 0.0
09/26/1997 | = 299-W15-220L 13.4 2.1 13.5 0.3 3.0 0.0 0.0
09/22/1998 299-W15-220L 2.5 1.1 9.7 6.1 0.9 0.0 0.1
09/30/1998 299-W15-220L 25 1.1 102 0.1 0.9 0.0 0.0
03/23/1994 299-W15-220U 232 45 2740.0 111.1 13.3 19.6 0.0
03/23/1994 | 299-W15-220U(b) 232 45 -- -- 1.0 <0.1 -
02/13/1995 299-W15-220U - 262 5.1 2310 10.7 105 12.3 L5
08/21/1995 299-W15-220U 19.9 4.5 108.0 44 L5 32 0.1
11/28/1995 299-W15-220U 18.9 3.8 42.1 1.5 0.0 0.6 0.0
12/20/1995 299.W15-220U 204 - 29.4 -- 0.6 0.5 --
04/19/1996 | 299-W15-220U(e) 264 48 215 09 0.0 0.0 0.0
07/23/1996 299-W15-220U 18.7 35 114 0.4 14 0.0 0.0
09/10/1996 299-W15-220U 18.7 5.8 0.0 0.0 0.0 0.0 0.0
10/29/1996 299-W15-220U 10.0 38 8.1 0.3 12 0.0 0.0
09/26/1997 299-W15-220U 12.7 27 0.0 00 2.6 0.0 0.0
06/22/1999 299-W15-220U 4.7 28 17.4 04 0.0 27 0.0
06/25/1999 | . 299-W15-220U 6.7 3.5 19.3 0.6 1.7 0.0 0.0
03/16/1994 299-W15-223 22.7 59 1500.0 80.5 8.4 11.3 0.1
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“Table B-3. Characterization Data for Individual Exj
216-2-9 Wellfield, March 1993-September 208]. (13 Pages)

. Vacuum®* | Flow | CCL 3 ¥mx | CHCh | CH.C); | MEK
Dute | Wellandfntervel | Pw) | (mY/min) | oprav) | (kghbay) | ppmv)| @puuv) | (ppmv)
03/16/1994 | 299-W15-223(b) 22.7 59 — ;- 2.1 0.1 -
02/01/1995 299-W15-223 27.6 8.1 - b - - -
02/14/1995 299-W15-223 30.1 4.7 761.0 287 | 35.1 4.1
05/15/1995 299-W15-223 24.7 8.9 21.3 ] 1.6 0.7 0.9
06/30/1995 209-W15-223 162 5.9 219 1.5 4.4 0.8
09/19/1995 209-W15-223 13.0 5.1 62.7 - - -
09/26/1995 299-W15-223 - - 183 - | - -
05/01/1996 |  299-W15-223 125 64 | 64.1 0.0 0.0 00
09/12/1996 299-W15-223 14.4 8.4 585 2.1 0.0 0.0
10/25/1996 299-W15-223 9.0 3.9 10.0 2.7 0.0 0.0
09/26/1997 299-W15-223 16.2 6.6 0.0 ) 2.8 0.0 0.0
06/15/1999 299-W15-223 6.7 3.0 28.9 Ll 0.0 3.8 0.0
06/21/1999 299-W15.223 9.0 3.3 101 |- ng 0.0 4.6 0.0
09/12/2001 209-W15-223 15 2.3 159 0i3 0.2 0.5 0.2
09/20/2001 299-W15-223 8.5 2.5 9.9 i) 0.0 0.0 0.1
06/03/1993 CPT-8 239 0.3 54 0 - -
05/27/1993 CPT-12 252 1.8 74.0 12 34 - -
*After /15/95, all measurements made at the wellhead. '
*Before pesforating well casing
®Gas chromatograph analysis
analysis.
9AfRer jet perforating.
deflated.

MEK = methy] ethy! ketone

I
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PASSIVE SOIL VAPOR EXTRACTION DATA

This appendix contains data collected at passive soil vapor extraction (PSVE) systems operating
on cight wells in the 216-Z-1A/Z-18 wellfield between October 1999 and September 2001. The
eight PSVE systems are installed on 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. All eight
PSVE systems are installed on wells with intervals open below the Plio-Pleistocene layer. Some
well names include an “L” following the number to designate this lower interval (e.g.,
299-W18-6L); these wells also have an interval open above the Plio-Pleistocene layer that would
be designated by a “U” following the number (e.g., 299-W18-6UJ). In wells with two open
intervals, the intervals are isolated by a downhole packer.

All eight PSVE systems include a removable cartridge of granular activated carbon (GAC) that is
replaced monthly; samples of the GAC that was removed from the well are then sent to ah offsite
laboratory for analysis of carbon tetrachloride concentrations. In addition, three of the wells
(299-W18-6L, 299-W18-247L, and 299-W18-252L) are instrumented to record flow, differential
pressure, temperature, and carbon tetrachloride concentrations hourly. In these three wells,
differential pressures are also monitored hourly in the well intervals open above the Plio-
Pleistocene (299-W18-6U, 299-W18-247U, and 299-W18-252U). A ninth well, 299-W18-9, has
an interval open below the Plio-Pleistocene layer, is sealed to atmosphere, and serves as a control
well. 1t is instrumented to record differential pressure and temperatures hourly. In wells 299-
W18-6L, 299-W18-247L, 299-W18-252L, and 299-W18-9, temperatures are measured at 3 m
and 61 m below the top of the well. Differential pressures are also monitored hourly at

three stainless steel tubes open at depths above, between, and below the two screens on well 299-
W18-252 and at five soil vapor probes installed above the Plio-Pleistocene layer at CPT-4F.

The PSVE systems are described in Section 3.0 of this report. Evaluation of the data is provided
in Section 5.7 of this report. The locations of the PSVE systems and associated differential
pressure monitoring are shown in Figure 5-46.

The following data are included in this appendix:

e Carbon tetrachloride concentrations monitored hourly at the three instrumented PSVE
systems (Figures C-1 through C-3) .

e Chloroform concentrations monitored hourly at the three instrumented PSVE systems
(Figure C-4 through C-6)

e Methylene chloride concentfations monitored hourly at the three instrumented PSVE systems
(Figures C-7 through C-9)

¢ Comparisons of flows and differential pressures monitored hourly at the three instrumented
PSVE systems in FY 2000 (Figures C-10 through C-12) and FY 2001 (Figures C-13 through
C-15) . :

Performance Eval. Report for SVE at the Carbon Tet. Site, Feb. 1992 — Sept. 2001
June 2002 C-1



BHI-00720
Appendix C - Passive Soil Vapor Extraction Data Rev. 6

¢ Temperatures monitored hourly at the three instrumented PSVE systems and at the sealed
control well (Figures C-16 through C- 19)

e Monthly comparisons of carbon tetrachlonde concentrations momtored hourly at the three
instrumented PSVE systems (Figures C-20 through C-36)

| & Sample collection and analysis data for the GAC cartridges at ﬂle eight PSVE systems
{Tables C-1 through C-24)

e Volume of water dramed from GAC cartridges and hoses durmg sample collection at the
eight PSVE systems (Table C-25)

¢ Passive soil vapor extraction well network parameter and mstrumentatmn (Table C-26)

1!
¢ Summary of contaminant concentrations, differential pressurcs, and flowrates measured

during passive soil vapor extraction (Tables C-27 and C-28)

C1 MONTHLY GAC CARTRIDGE SAMPLING AND ANALYSIS
il

The following method is used to collect samples from the ,passivef §AC sample cartridges:

““

1. Upon arrival, collect all 8 previously prepa:ed sample cartri stored at the site. Each of
the catmdges has been assigned to a specific well and labelei; iccordingly. At each of the
passive well sites, replace the in-line cartridge with the correspendmg cartridge of clean
GAC.

2. Sample each of the removed cartridges by pounng the: GAC infio a plastic bag Weigh the
used GAC from the cartridge and record the weight. Usinga. spnle scoop, mix the GAC in
the bag thoroughly and fill sample jars with sample media. Thg: ample jar size is 250 mL.

3. Fill the cartridge with approximately 0.45 kg (1 Ib) of clean GA.C Weigh the clean GAC
used to fill the cartridge and record the weight. ,

4. Store the re-filled clean cartridges for use during the next samplmg event the following
month.

The volume of drainable water contained in the used GAC cartridggs and/or in the PSVE hoses is
estimated and recorded by the sampler. Routine inspection by the!Soi
operator also resulted in occasional water drainage from the PSVE hoses.
The sampling is performed in accordance with the following proceures:

e BHI-EE-01, Procedure 1.5 “Field Logbooks”

Performance Eval. Report for SVE at the Carbon Tet. Site, Feb. 1992 — Sept. méiz
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¢ BHI-EE-01, Procedure 3.0 “Chain of Custody”
BHI-EE-01, Procedure 3.1 “Sample Packaging and Shipping”
BHI-EE-01, Procedure 4.4 “Container Sampling.”

At the off-site laboratory, a subsample of the GAC sample is used for analysis. Initially, two
methods were selected for analysis of carbon tetrachloride on the GAC: bomb combustion to
obtain a total volatile organic compound (VOC) concentration (i.c., total chloride concentration)
and traditional volatile organic analysis (VOA) (SW-846 method 8260) to obtain individual
VOC concentrations. The purpose of sélecting two methods was to evaluate whether the
traditional method was detecting all of the VOC by comparing the total VOC concentration to
the sum of the individual VOC concentrations. The laboratory also provides % moisture for each
sample.

Based on initial analytical results, the bomb combustion method was discontinued. Because of
the water content on the GAC, the laboratory was unable to get the GAC to burn consistently. In
the October 1999 analytical results, low total chloride results correlate to GAC noted to be wet at
time of sampling (Tables C-1 and C-2). In addition, the high carbon tetrachloride concentrations
detected by the traditional VOA method suggested that the traditional VOA method (which does
not have a low detection limit) would be adequate to analyze the samples. Therefore, the bomb
combustion method was not retained for analysis of the GAC.

Because of the high carbon tetrachloride concentrations, the VOA method was modified to be
“medium level.” In the medium-level method, methanol is used to extract carbon tetrachloride
from the GAC. This approach improves the consistency of the laboratory results and avoids
overwhelming the gas chromatograph with high concentrations. Although using methanol may
result in a more thorough removal of the carbon tetrachloride for analysis, it also results in
dilution of the sample. Dilution of the sample may explain the results for chloroform being
below the detection limit in later analyses.

Thc mass of carbon tetrachloride on each cartridge of GAC is calculated according to the
following method:

1. Receive laboratory values based on as-received material:
a. carbon tetrachloride concentration as (micrograms of carbon tetrachlondc)l(hlograms of
GAC and water) in aliquot, where the GAC in the aliquot consists of GAC and water;

b. percent solids as (kg of dry GAC)/(lulograms of GAC and water) * 100

2. Divide the carbon tetrachloride result by the percent sollds, providing (micrograms of carbon
- tetrachloride)/(kilograms of dry GAC)

3. Multiply by the dry weight of GAC in the cartridge measured by the sampler before the
cartridge is placed on the well, providing (micrograms of carbon tetrachloride)

Grams of carbon tetrachloride = [(ug CCl4)/(kg GAC-+water)/(percent solids))* (kg dry
GACY*(1 gl/(1E+06 pg).

Performance Eval. Report for SVE at the Carbon Tet. Site, Feb. 1992 — Sept. 2001 _
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C.2 HOURLY WELLHEAD SAMPLING AND ANALYSIS

ie
Three of the eight wells used for passive extraction (299~W18—6L 599-W18—247L,
299-W18-252L) are also instrumented to record hourly data (ﬂowgi ifferential pressure,
temperature, and carbon tetrachloride concentrations). The flow, _i- ssure, and temperature data
are recorded on Campbell dataloggers; the carbon tetrachloride cory g entrations are stored in the
memory of the B&K monitors. The hourly data are downloaded frg
the B&Ks every 2 to 4 weeks. The instruments are powered by lin power The flow meters
measure flow in 1.2-m (4-ft) lengths of 10.2-cm (4-in. )—dtqm:tet PN'C pipe built in-line with the

flexible hoses (Figure 3-3). Twelve additional locations in the 21647 1A/Z-18 well field are

a datalogger, downloaded every 2 to 4 weeks, and poWerei! by liné? power. The instrumentation
used at these locations is identified in Table C-26.

At each of the three instrumented wells, a samphng pump ;s used, '
wellhead for analysis by the B&K to protect the internal purop in th
the downhole differential pressure. The sampling pump releases th
jar which has a narrow diameter tube to atmosphere to maintain ar

j pull a vapor sample from the
B&K from pulling against
vapor sample into a buffer
bient pressure in the sample

The datélogger is programmed to turn on the sample pump to sampy 'e the well at 2 minutes
before the hour. The datalogger is programmed to turn off the sanhle pump at 5 minutes after

the hour. After downloading the B&K, the sampler turns on the B J at a time close to, but
after, 5 minutes after the hour (e.g., 6 minutes after the hoyr). The I B&K is programmed to
sample every 60 minutes after that (in this example, theoretically a ways sampling at 6 minutes

after the hour). However, the B&K internal clock loses time at a of approximately 7 minutes
every 2 weeks. .

The datalogger is programmed to measure temperature, pressure, d flow every ten seconds and
" to save the data in an intermediate memory. At the end of each heu!, the data are averaged and
the result recorded as a single data point for that hour.

To calculate the mass removed using the flow and concentration d :.: the B&K data must be
assigned to the top of the hour to be associated with the correspon -:' ng flow data. Because of the
drifting B&K clock, the following rule was used to assign B&K d; to a particular hour: If the
B&K analysis is recorded at a time later than 2 minutes before the pour and earlier than

2 minutes before the following hour, the data is assigned to that hour. For example, data
collected between 9:58 and 10:58 is assigned to 10:00.

In January 2000, it was discovered that at well 209-W18-247L, ample tube length had been
entered into the B&K computer program as 0 ft. instead of 10 ft. [1 2 sample tube length affects
the purge time for the sample loop (the B&K calculates the purge, ;- lume/time based in part on
sample tube length). Between October 1999 and January 2000, ca] bon tetrachloride
concentrations recorded at this well were very low. After January $000 concentrations became

detectable and followed a typical venting well pattern (rising and i :
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pressure fluctuations). Therefore, concentration data collected prior to correcting the parameter
in the B&K computer have been disregarded as unrepresentative.

After January 15, 2001, the soil vapor results from well 299-W18-247L are flagged with an “X”.
The flag is automatically supplied by the B&K instrument and indicates an error message. These
data do not appear to be representative of the passive soil vapor extraction process. On April 4,
2001, the sampler noted that the B&K internal sample pump was not working. It is assumed that
the error flag is a result of the malfunctioning pump, and these data were not retained for
analysis.

The mass of carbon tetrachloride removed is calculated based on the following formula:

Grams of carbon tetrachloride = X ppmv * Y ft*/min * 60 min/hr * 1 hr * (1/E+06) *
153.84 g/mol * 1 mol/22.4 L (0 °C, 1 atm) * 273 °K/298 °K * 28.32 L/,

Performance Eval. Report for SVE at the Carbon Tes. Site, Feb. 1992 — Sept. 2001
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Figure C-1. Carbon Tetrachloride Concentrations Monitored Hourly
at Well 299-W18-6L, October 1999 through April 2001.
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Figure C-2. Carbon Tetrachloride Concentrations Monitored Hourly
at Well 299-W18-247L, October 1999 through April 2001,
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Figure C-3. Carbon Tetrachloride Concentrations Monitored Hourly
at Well 299-W18-252L, October 1999 through April 2001.
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Figure C-4. Chloroform Concentrations Monitored Hourly at Well 299-W18-6L,
October 1999 through April 2001.

80

8/01

401

1200

z Pt
& e ¥
)

E |

f§

H

R S

Performance Eval. Report for SVE at the Carbon Tet. Site, Feb. 1992 — Sept. 2001
June 2002

C-9



BHI-00720
Appendix C - Passive Soil Vapor Extraction Data Rev. 6

i
Figure C-5. Chloroform Concentrations Monitored Hourly at Well 299-W18-247L.,
October 1999 through April 2001.
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.....

Figure C-6. Chloroform Concentrations Monitored Hourly at Well 299-W18-252L,
October 1999 through April 2001.
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Figure C-7. Methylene Chloride Concentrations Monitored urly at Well 299-W18-6L,
October 1999 threugh April 2001, :
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Figure C-8. Methylene Chloride Concentrations Monitored Hourly at Well 299-W18-247L,
October 1999 through April 2001.

6101

4/01

299-W18-247L

Performance Eval. Report for SVE at the Carbon Tet. Site, Feb. 1992 — Sept. 2001
June 2002 C-13



\ - , BHI-00720
Appendix C - Passive Soil Vapor Extraction Data Rev. 6

i ~r
Figure C-9. Methylene Chloride Concentrations Monitored Hourly at Well 299-W18-252L,,
October 1999 through April 2001. '
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Figure C-10. Comparisons of Flows and Differential Pressures Monitored Hourly
at Well 299-W18-6L, October 1999 through September 2000.
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Figure C-11. Comparisons of Flows and Differential ures Monitored Hourly
at Well 299-W18-247L, Ocmbtar 1999 through September 2000.
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Figure C-12. Comparisons of Flows and Differential Pressures Monitored Hourly
at Well 299-W18.252L,, October 1999 through September 2000.
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Figure C-13. . Comparisons of Flow and Differential PressureqisMonitored Hourly at Well
299-W18-6L, October 2000 through June 2001.
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. Figure C-14. Comparisons of Flow and Differential Pressures Monitored Hourly at Well

299-W18-247L, October 2000 through June 2001.
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Figure C-15. Comparisons of Flow and Differential ' Monitored Hourly at Well
299-W18-252L, October 2000 through Juae 2001.
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Figure C-16. Temperatures Monitored Hourly at Top and Bottom of Well 299-W18-6L.

8/01

+ Upper Temperature
6101

401

12/00

299-W18-6L
1000

Performance Eval. Report for SVE at the Carbon Tet. Site, Feb. 1992 — Sept. 2001
June 2002 C-21



BHI-00720

Appendix C - Passive Soil Vapor Extraction Data Rev. 6

Figure C-17. Temperatures Monitored Hourly at Top and Boﬁom of Well 299-W18-247L.
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- Figure C-22. Comparison of Carbon Tetrachloride Concentrations Monitored Hourly
at Wells 299-W18-61,, 299-W18-247L, and 299-W18-252L, December 1999.
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Figure C-23. Comparison of Carbon Tetrachloride Conce; ; tions Monitered Hourly
at Wells 299-W18-6L, 299-W18-274L, and 299-W18-252L, January 2000.
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Figure C-24. Comparison of Carbon Tetrachloride Concentrations Monitored Hourly

at Wells 299-W18-6L, 299-W18-247L, and 299-W18-252L, February 2000.
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Figure C-25. Comparison of Carbon Tetrachloride Concenty tions Monitored Hourly

at Wells 299-W18-6L, 299-W18-247L, and 299-W18- ,{ 521, March 2000.
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Figure C-26. Comparison of Carbon Tetrachloride Concentrations Monitored Hourly
at Wells 299-W18-6L, 299-W18-247L, and 299-W18-252L, April 2000.
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l"'igure C-27. Comparison of Carbon Tetrachloride Concen tions Monitored Hourly
at Wells 299~W18-6L, 299-W18-247L, and 299-W18-252L, May 2000.
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Figure C-28, Comparison of Carbon Tetrachloride Concentrations Monitored I-Iourly
at Wells 299-W18-6L, 299-W18-247L, and 299-W18-252L, June 2000. :
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Figure C.29. Comparison of Carbon Tetrachloride Conceny tions Monitored Hourly
at Wells 299-W18-6L, 299-W18-247L, and 299-W13-252L July 2000,
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Figure C-30. Comparison of Carbon Tetrachloride Concentrations Monitored Hourly
at Wells 299-W18.6L, 299.W18-247L., and 299-W18-252L., August 2000.
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Figure C-31. Comparison of Carbon Tetrachloride Concenfigations Monitored Hourly
at Wells 299-W18-6L, 299-W18-247L, and 299-W18-252L, September 2000,
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