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the deep vadose zone. The stu  area for the Step Il RI of e dispersed plume is shown in
Figure 1-1.

Figure 1-1. Study ea for Step II of the Dispersed Carbon Tetrachloride
Vadose-Zon¢  lume Investigation. (From DOE/RL-2001-01)
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During the DQO process for the Step II investigation, two approaches were used to identify
additional characterization activities. In one approach, the Step I investigation results and
additional information were used to identify known or potential carbon tetrachloride release sites
that need to be characterized. Release sites are near-surface engineered facilities (or unplanned
releases) that have the potential to release carbon tetrachloride to the vadose zone. In the other
approach, areas of elevated concentrations in the groundwater plume were identified that may
indicate the locations of carbon tetrachloride sources in the deep vadose zone that are
contributing mass to the groundwater and that should be characterized.

The sampling design in the Step II sampling and analysis plan outlined a sequence of sampling
events (DOE/RL-2001-01, Appendix D). The logic was developed to allow some sampling
decisions to be made based on the initial sampling results. For example, the sampling design
specified that soil samples would be collected, if feasible, at locations with carbon tetrachloride
soil-vapor concentrations exceeding 1,200 parts per million by volume (ppmv). The
concentration of 1,200 ppmv is 10 percent of the concentration of saturated carbor :trachloride
vapor.

The Step II sampling design is summarize in Table D-8 in the Work Plan (DOE/F -2001-01,
Appendix D). That table is reproduced in this report as Table 1-1. Under the “Sample-
Collection Methodology” column, the boldface type has been added to help the reader locate the
discussion of the specific investigation activities and the results of those investigations in this
report.

Based on the Step I investigation results and evaluation of sites outside the Step I study area, the
following known or potential carbon tetrachloride release sites were identified for further
characterization in Step II during the DQO process (CP-15372):

216-Z-1A Tile Field

216-Z-9 Trench

216-Z-18 Crib

216-T-19 Crib

216-Z Ditch system (216-Z-1D, 216-Z-11, 216 _ 19 Ditches, an 216 _ 20 Crib)
216-Z-7 Crib

216-Z-12 Crib

216-Z-16 Crib

216-Z-17 Trench

Trench T-04 in the 218-W-4C Burial Ground
216-S-25 Crnib

e 218-W-3A Burial Ground.

1-4
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DOE

Table D-8 from
(6 Pages)

Sample-Collection
Methodology

Key Features of Design*

Basis for Sampling Design

Sampling using direct-push
technology to evaluate
potential accumulation
areas at the 216-Z-9
Trench, 216-Z-1A Tile
Field, and 216-Z-18 Crib.

Investigation activities are
described in Section 2.2,
and the results are
described in Section 3.2.

. Develop Cold Creek unit topographic maps in the area
surrounding the three primary carbon tetrachloride waste
sites using te  10logies such as seismic response, barometric
pressure response, and/or geophysical logging of existing
boreholes.

2. Collect soil-vapor samples above and within the Cold
Creek unit low points and/or breakthrough locations using
direct-push technology for confirmation of potential DNAPL
or source presence (DOE/RL-2001-01, Table D-9).

3. Collect soil-vapor samples above and within the Cold
Creek unit at the locations northwest and southwest of the
216-Z-9 Trench, where an anom  that potentially could
indicate DNAPL was identified during the seismic-reflection
survey in 1999.

At each sampling location, collect samples from depths of
4.6 and 7.6 m (15 and 25 ft) below ground surface.
Continue sampling at 7.6 m (25-ft) depth intervals until
reaching 38.1 m (125 ft) below ground surface or until the
direct-push technology cannot advance deeper into the
subsurface (i.e., refusal).

Analyze soil-vapor samples for VOCs using field-screening
instrument.

This characterization will be
conducted near the 216-Z-9
Trench, 216-Z-1A Tile Field, and
216-Z-18 Crib waste sites to
evaluate lateral migration beyond
the waste-site boundaries. The
results will be used to identify low
points in the formation that could
be source or DNAPL accumulation
points. This information will
support deep vadose-zone
investigations for source or
DNAPL effects on groundwater.

Sampling using direct-push
technology adjacent to the
216-T-19 Crib,
216-Z-Ditches,

216-Z-7 Crib,

216-Z-12 Crib,

216-Z-16 Crib, and
216-Z-17 Trench liquid-
waste discharge sites.

Investigation activities are
described in Section 2.3,
and the results are
described in Section 3.3.

Collect and analyze soil-vapor samples above, within, and
below the Cold Creek unit. At each sampling location,
collect samples from depths of 4.6 and 7.6 m (15 and 25 ft)
below ground surface. Continue sampling at 7.6 m (25-ft)
depth intervals until reaching groundwater at approximately
69 m (225 ft) below ground surface or until the direct-push
technology cannot advance deeper into the subsurface

(i.e., refusal) (DOE/RL-2001-01, Table D-9).

Analyze soil-vapor samples for VOCs usi
instrument.

field-screening

Data collected at these release sites
during Step I did not extend
through the upper vadose zone.
Data are needed during Step II in
the deep vadose zone. If possible,
soil and soil-vapor sampling
cor cted during drilling of a
borehole planned for the 216-Z-7
Crih ac part of the 200-LW-2

le Uni edial
investigation (DOE/RL-2001-66)
may be used to collect soil-vapor
and soil-sampling data at that site
instead of the DPT methods
specified in this sampling design.

Contingency soil sampling
at the 216-T-19 Crib,
216-Z-Ditches,

216-Z-7 Crib,

216-Z-12 Crib,

216-Z-16 Crib, and
216-Z-17 Trench liquid-
waste discharge sites.

No soil sampling was
conducted, because vapor
concentrations did not

exceed 1,200 ppmv
{Qacrtinn 2 2N

If feasible, collect and analyze soil samples at locations with
carbon tetrachloride vapor concentrations exceeding

12,000 ppmv to evaluate the presence of DNAPL. Analyze
the soil samples for the COCs, COls, and physical properties
identified in DOE/RL-2001-01, Section D1.3. If sufficient
soil volume is not available, prioritize analyses based on
DOE/RL-2001-01, Table D-7.

If feasible, collect and analyze soil samples at locations with
carbon tetrachloride vapor concentrations exceeding

1,200 ppmv to evaluate the presence of a nearby carbon
tetrachloride source. Analyze the soil samples for carbon
tetrachloride.

If possible, a direct-push
technology with soil-sampling
capability (e.g., wireline cone
penetrometer, Enhanced Access
Penetration System) will be used to
collect soil samples.

The concentration of 12,000 ppmv
is 10 percent of the concentration
of saturated carbon tetrachloride
vapor.
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ipling Design. (Table D-8 from

DOE/RL-2001-01, Appendix DY (6 Pages)

Sample-Collection
Methadalaov

Key Features of Design*

Basis for Sampling Design

Contingency soil sampling
at the 216-S-25 Crib liquid-
waste discharge site.

No soil sampling was
conducted, because vapor
concentrations did not
exceed 1,200 ppmv
(Section 3.6).

If feasible, collect and analyze soil samples at locations with
significant carbon tetrachloride vapor concentrations
(exceeding 12,000 ppmv) to evaluate the presence of
DNAPL. Analyze the soil samples for the COC, COls, and
physical properties identified in DOE/RL-2001-01,

Section D1.3. If sufficient soil volume is not available,
prioritize analyses based on DOE/RL-2001-01, Table D-7.

If feasible, collect and analyze soil samples at locations with
carbon tetrachloride vapor concentrations exceeding

1,200 ppmv to evaluate the presence of a nearby carbon
tetrachloride source. Analyze the soil samples for carbon
tetrachloride.

If possible, a direct-push
technology with soil-sampling
capability (e.g., wireline cone
penetrometer, Enhanced Access
Penetration System) will be used to
collect soil samples.

The concentration of 12,000 ppmv
is 10 percent of the concentration
of saturated carbon tetrachloride
vapor.

Sampling at the 21¥3-W-3A
Burial Ground.

Investigation activities are
described in Section 2.7,
and the results are
described in Section 3.7.

1. Collect vapor samples within engineered trenches through
caisson risers or vent risers, if caisson risers or vent risers are
accessible.

2. If feasible, use passive soil-vapor sampling methods
(e.g., sorbent collectors flux chambers) or active vapor-
sampling methods (e.g., sampling from driven soil-vapor
probes) on tops of trenches if vent risers are not available.
Sample every 15 m (50 ft) along the length of the trench.
The depth of the active vapor-sampling probes would be
determined by ground-penetrating radar surveys.

3. Use direct-push technology to collect soil-vapor samples
above the Cold Creek unit to the sides of the trenches, if vent
risers and passive or active shallow measurements are not
available. Sample every 15 m (50 ft) along the length of the
trench. Exploration using the direct-push technology should
extend to a maximum depth of 15 m (50 ft).

Sampling using passive or active methods or direct-push
technology should be conducted approximately every 15 m
(50 ft) along the length of the trench beino investigated. At
each sampling location, collects le:  m depths of

4.6 and 7.6 m (15 and 25 ft) below ground surface.
Continue sampling at 7.6 m (25-ft) depth intervals until
reaching 15 m (50 ft) below ground surface or until the
direct-push technology cannot advance deeper into the
subsurface (i.e., refusal) (DOE/RL-2001-01, Table D-9).

Analyze soil-vapor samples for VOCs using field-screening
insetrmment

Contingency soil-vapor
sampling at hot spots at the
218-W-3A Burial Ground.

Soil-vapor sampling
results did not warrant
further vadose-zone
investigation (Section 3.7).

If elevated carbon tetrachloride-concentration hot spots are
detected in activity #3 above, use direct-push technology to
collect soil-vapor samples above, within, and below the Cold
Creek unit to the sides of the trenches at locations of carbon
tetrachloride hot spots. At each sampling location, collect
samples from depths of 4.6 and 7.6 m (15 and 25 ft) below
ground surface. Continue sampling at 7.6 m (25-ft) depth
intervals until reaching groundwater at approximately 69 m
(225 ft) below ground surface or until the direct-push
technology cannot advance deeper into the subsurface

(i.e., refusal) (DOE/RL-2001-01, Table D-9).

Analyze soil-vapor samples for VOCs using field-screening
inctrmment

1-8

Cost-effective method to focus
vadose-zone sampling in suspect
burial ground release sites.

The passive and active soil-vapor
sampling methods will be deployed
at locations of known shallow
carbon tetrachloride contamination
to evaluate their effectiveness.

This sampling will provide soil-
vapor concentration data from the
vadose zone adjacent to hot spots
identified in burial ground
trenches.

‘I'h1s sampling will provide soil-
vapor concentration data from the
vadose zone adjacent to hot spots
ide ied in burial ground
trenches.
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e Well 299-W15-16 nortl ast of the 218-W-4C Buri:  Ground (Area 7)
e S-SX Tank Farm (Are: 7).

The location of the eight areas "elevated concentrations in the carbon te .« loride groundwater
plume that were characterized  Step Il is shown in Figure 1-2.

In addition to the field activitic Jescribed in the san ling and analysis plan for the Step
investigation (DOE/RL-2001-C" Appendix D), data integration and numerical modeling were
conducted to support refineme  of the conceptual model. Specific tasks included the following:

o Use data collected by o er projects (e.g., well drilling within the PFP Protected Area,
well deepening near th¢  16-Z-9 Trench, well drilli ; at the 216-T-26 Crib) to augment
the existing 200 Areas rbon tetrachloride database.

e Refine the initial evalui on of the hydraulic w fields during and after the carbon
tetrachloride disposal t¢ mown waste sites, to determine if the distribution of carbon
tetrachloride in ground' ter is reasonable based on ydraulics alone. Results of this
evaluation may identify ther contributing carbon tetrachloride di osal areas.

o Continue numerical mcucling of carbon tetrachloric  flow and transport in the vadose
zone to help guide field *avestigations of the disper 17 1me.

Results of these non-field inve: gations are summarized in Section 3.10.
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Figure 1-2. Step II Groundwater “Hot Spot” Sampling Areas. (From DOE/RL-2001-01)
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Soil-vapor samples were collected under two sampling regimes. The first and simplest was
collection of soil vapor through a soil-vapor sampling cone that had been advanced to the target
depth by direct push. In this case, samples were taken without any delay period, because the
formation was regarded as undisturbed. The vapor samples were transported to the surface
through Teflon' lines pumped by a small bladder pump. Samples were collected in 1 L

Tedlar” bags. '

The second regime was related to soil-vapor conditions after EAPS air-rotary-drilling activities.
It is recognized that the natural soil-gas concentration of any analyte will be perturbed because of
permeation of air into a formation, which is inevitable during air rotary drilling. For this project,
a period of 12 hours was adopted for the formation to recover after drilling, based ¢ modeling
performed during EAPS development (Appendix B). After this rebound eriod, soil-vapor
samples were collected through the soil-vapor sampling cone as the EAP> outer drill casing was
retracted. The borehole was filled with grouting material just below the desired sampling depth,
and then the sample was taken.

Details concerning the drilling, pushing, and sampling of the EAPS boreholes are discussed
below and are documented in Appendix B.

The 37-ton CPT truck was used to collect soil-vapor samples at the 216-Z Ditches and the
216-Z-12 Crib during the investigation described in Section 2.1.

A summary of the soil-vapor sampling conducted at each of these waste sites is provided below
(Table 2-4). The results for each sample location are discussed in Section 3.3. The Step 11
sampling design (Table 1-1) included contingency soil sampling at locations with carbon
tetrachloride vapor concentrations exceeding 1,200 ppmv to evaluate the presence of a nearby
carbon tetrachloride source and at locations with carbon tetrachloride vapor concentrations
exceeding 12,000 ppmv to evaluate the presence of DNAPL. Because tI  soil-vapor
concentrations did not meet or approach these action levels, no soil sampling was conducted in
respon to this aspect of the samp™ ; design. (Soil samples were collected durii  the ™ 1"
of Borehole C4183 at the 216-Z-7 Crib in accordance with the sampling and analysis plan for the
200-LW-2 OU remedial investigation (DOE/RL-2001-66.)

216-Z-16 Crib — Borehole C4884 was located on the east side center of the 216-Z-16 Crib,

1.5 m (5 ft) from the edge. The CPT was pushed and soil-vapor samples were collected at 4.6,
7.6, and 15.2 m (15, 25, and 50 ft) bgs before refusal at 19.8 m (65 ft). The 7.25 cm (2.875-1n.)
EAPS was used to drill down to the desired depth of 46.1 m (151.3 ft), so that soil-vapor samples
could be collected at 45.7 and 38.1 m (150 and 125 ft). At 30.4 m (100 ft), the outer drill casing
broke before a soil-vapor sample could be collected, so the borehole was redrilled to that depth,
and soil-vapor samples were subsequently collected at 30.4 and 22.9 m ( 0 and 75 ft) before the
borehole was decommissioned.

! Teflon is a trademark of E.I. du Pont de Nemours and Company, Wilmington, Delaware.

? Tedlar is a registered trademark of E. 1. du Pont de Nemours and Company, Wilmington, Delaware.
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2.4  ACTIVITIES AT TRENCH T-04 IN THE
218-W-4C BURIAL GROUND

Soil-vapor data collected in the vicinity of Trench T-04 in the 218-W-4C Burial Ground during
the Step I investigation in 2002 did not extend through the upper vadose zone. Therefore, the
focus of the Step II investigation at this location was to collect samples from deeper in the
vadose zone (Table 1-1). However, RL and the U.S. Environmental Protection Agency
concurred that the existing carbon tetrachloride vadose-zone data at Trench T-04 were sufficient
and that no additional investigations need to be conducted at this location as part of the
200-PW-1 RI, so no soil-vapor or soil sampling was con icted at this site during the Step 11
investigation (FH-0602151, “Meeting Minutes, Unit Managers’ Meeting, 200 Arez roundwater
an Source Operable Units, August 23, 2006,” Attachment 12, “200 Area Unit Managers’
Meeting Source Operable Units and Facilities Status™).

After the Step I investigation at the 218-W-4C Burial Ground was completed in 2002, two
activities were conducted at this waste site in support of Hanford Federal Facility Agreement
and Consent Order (Ecology et al., 1989) (Tri-Party Agreement) Milestone M-91-40 for retrieval
of retrievably stored waste.

e Vent-riser sampling was initiated on October 15, 2003. Eighty-nine vapor samples were
collected in Tedlar bags or SUMMA' canisters between October 5 and October 22,
2003. The last two samples (one Tedlar bag and one SUMMA canister) were collected
between December 8 and December 10, 2003. The vapor samples in Tedlar bags were
analyzed for carbon tetrachloride using field-screening instruments. The samples in
SUMMA canisters were analyzed for volatile organic compounds in a laboratory. In
accordance with Tri-Party Agreement Milestone M-91-40, these results were reported in
quarterly letter reports to the Washington State Department of Ecology. The two reports,
one for October to December 2003 and one for January to March 2004, are provided as
Appendix C1 and Appendix C2, respectively, for completeness. Results are summarized
in Section 3.4.

e A soil-vapor extraction system was operated at Trench T-04 from November 2003
through April 2004. The soil-vapor extraction system was operated to remove carbon
tetrachloride from the burial ground trench to minimize release to the environment.
Approximately 11 kg of carbon tetrachloride were removed from trench T-04 in the
218-W-4C Burial Ground during fiscal year 2004. The soil-vapor extraction system then
was permanently removed, to allow retrieval operations to remove the bulk of the soil
overburden covering the drums at ¢ east end of Trench T-04 (WMP-26178,
Performance Evaluation Report for Soil Vapor Extraction Operations at the
200-PW-1 Carbon Tetrachloride Site, Fiscal Year 2004).

"' SUMMA is a trademark of Moletrics, Inc., Cleveland, Ohio.
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Figure 2-7. Sampling Locations in the 218-W-3A Burial Ground.
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Vapor samples from the 17 ven isers present in portions of trenches T-9S, T-3S, T-05, and T-08
were collected and analyzed us 3 field-screening instruments (Figure 2-7). All of the vent risers
in trenches T-98S (1 riser), T-3S 1} risers), and T-05 (6 risers) were sampled on August 25, 2005,
and all of the vent risers in trench T-08 (7 risers) were sampled on September 6, 2005. A sample
location number (trench and riser) was established and recorded for each vent riser. The vent
risers in each trench were numbered sequentially from west ) east.

After the vent-riser cap was removed, a 15.2 m (50-ft)-long piece of Teflon-lined TY GON
tubing was lowered to the bottom of the riser or until refusal (Figure 2-8). The tubing measured
0.64 cm (0.25-1in.) inside diame -and 0.95 cm (0.375-in.) « tside diameter, with a metal filter
on the lower end. The tubing w : marked at 0.3 m (1-ft) intervals so that depth from the top of
the riser to the bottom could be easured. The depth-to-bo 1m from the top of the riser
typically was 5.8 t0 6.4 m (19t 1 ft) (Table 2-8). The tubing then was pulled back
approximately 0.08 m (0.25-ft) ., lift the filter off the bottom of the trench. The top of the riser
was sealed to prevent intrusion of ambient air during purging and sampling.

Figure 2-8. Schematic View of the 218-W-3A Burial Ground Trench
and the Vent-Riser Sampling Method.
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organic compounds. Following sample analysis, the sample tubing was removed from the riser
and the cap was replaced.

The results of these investigations are discussed in Section 3.7. Because none of the sample
locations had significar soil-vapor concentrations of carbon tetrachloride that would warrant a
vadose-zone investigation, no further investigations were conducted at the 218-W-3A Burial
Ground for the RI.

Sampling of the vent risers in portions of the 218-W-3 A Burial Ground trenches containing
retrievably stored waste was required by DOE/RL-2004-71, 218-W-3A Burial Ground Sampling
and Analysis Plan. Nine of the 17 vent risers (2 in Trench T-05 and 7 in Trench T-08) also were
sampled for the 218-W-3 A Burial Ground environmental release investigation.
DOE/RL-2004-71 required field screening plus additional analysis of vapor samples in the
laboratory. All of the vent risers were sampled once for field screening. For the risers covered
by DOE/RL-2004-71, additional sampling was conducted for laboratory analysis. The quarterly
letter report for October to December 2005 to the Washington State Depa nent of Ecology
describes the additional sampling and is included in Appendix D. The laboratory results are
included in Section 3.7 for completeness.

2.8 INVESTIGATION OF GROUNDWATER
“HOT SPOTS”

Eight carbon tetrachloride grou Iwater “hot spots™ that have locally elevated carbon
tetrachloride concentrations were investigated in the Step II investigation. If one of these “hot
spots” were found to be persistent, it might be indicative of a continuing source at that location.
By “looking up” from the groundwater hot spots, the source of the contamination in the vadose
zone may be identified. The investigation included sampling soil vapor and groundwater in
existing wells at each of the eight “hot spots™ and a geostatistical evaluation of the potential
persistence of these “hot spots.”

2.8.1 Sampling at Existing Wells

The investigation of the eight groundwater “hot spot” a s shown on Figure -2 was conducted
by collecting both soil-vapor and groundwater samples from existing wells in the vicinity of
these “hot spots™ and then comparing the sample results usi ; Henry’s law for the equilibrium
partitioning of carbon tetrachlo: e between the vapor and aqueous phases (DOE/RL-2001-01,
Appendix D, p. D-21). Thelist wells in Table D-10 of the Work Plan (DC 'RL-2001-01) was
revised during the pre-job planning for the Step II field work, and the wells that were sampled
and their rationale for selection are listed in Table 2-9. The well locations are shown in

Figure 2-9.

The results and evaluation of these investigations at existing wells are discussed in Section 3.8.
Because the evaluation indicated that there were no locations of apparent continuing sources, no
soil-vapor sampling was conducted in the vadose zone using direct-push technology in these
eight areas for the RI. ~ ) soil sampling was conducted because vapor concentrations did not
exceed 1,200 ppmv (Section 3.8).
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prevent inflow of atmospheric air until falling atmospheric and venting conditions existed before
sampling began. Sealing of the wells was accomplished by using a large plastic bag placed over
the top of the casing and thent ing it closed. During times with rising barometric pressure, the
bag would be drawn tight against the well casing, and during times of falling barometric
pressure, the bag would be inflated.

Vapor samples were collected in Tedlar bags through probes and/or Teflon-lined TYGON tubing
from the surface to just above the water surface. The tubing was purged from the line by using a
portable diaphragm pump. The purging time was based on the length of the tubing and the
pumping rate. After one volume of air ha been purged, the line was attached to the Tedlar bags
and a sample was collected. Analysis of the soil vapor was performed using a B&K' 1302
photoacoustic gas analyzer or other field-screening instrument that could differentiate carbon
tetrachloride from chloroform . the target-required quantitation limits (DOE/RL-. 01-01,

Table D-5).

To establish the carbon tetrachloride concentration gradient in the upper 3 m (10 ft) of the
unconfined aquifer, depth-discrete groundwater samples were planned to be collected from one
w  in each groundwater hot spot area (DOE/RL-2004-78, Appendix A). Howev: the key
weus in hot spot areas 1, 3, and 6 could not be sampled because of insufficient water in these
wells. The wells and sampling depths for the depth-discrete sampling are listed in Table 2-10.
The depth-discrete groundwater samples were collected from all wells using the same
equipment, except for well 299-W11-25B, where the water samples were collected by pumping
after the borehole was drilled to 6, 2, 18, 24, 30, and 36 m (20, 40, 60, 80, 100, and 120 ft)
below the water table (PNNL-15776, Borehole Data Package for Two RCRA Wells
299-W11-25B and 299-W11-46 at Single-Shell Tank Waste Management Area T,  mnford Site,
Washington). A straddle packer system was used to isolate the well screen or perforated casing
intervals (0.6 m [2-t] interval in 10 and 15 cm | and 6-in.] wells and 0.9 m [3-ft] interval in
20 cm [8-in.] wells). Low-flow purging and sampling methods using a bladder pu  p were used
to collect each groundwater sample. Purge rates typically ranged from 150 to 500 mL/min until
field parameters were stable, and then the sample was collected. The depth-discre groundwater
oles v collected frr  the top to the bottom of the well to minimize disturbance of t|
water column. The groundwater samples then were labc__ ory analyzed for volatile organic
compounds, using EPA Method 8260 (SW-846).

2.8.2 Geostatistical Evaluation

Pacific Northwest National Laboratory conducted a geostatistical analysis of the persistence of
carbon tetrachloride groundwater concentration for eight areas of elevated carbon tetrachloride
groundwater concentrations in the 200 West Area that were identified by uor Hanford
(PNNL-16509, Geostatistical Analyses of the Persistence and Inventory of Carbon Tetrachloride
in the 200 West Area of the Hanford Site). The purpose of this analysis was to help evaluate the
potential for vadose-zone sources at these areas to support the field investigations of the eight
groundwater “hot spots” discussed in Section 2.8.1. The eight areas evaluated in PNNL-16509

' B&K is a trademark of Briiel & Kj: S&V, Nerum, Denmark.
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nated to have 10.7 m (35 ft) of water. Sample at 1.5 and 3.0 m
er level.

drilled adjacent to well 299-W11-39, was sampled at depth-
) ft) below the water table to the Ringold Formation lower mud
1005.

.not have sufficient water for depth-discrete sampling.

vater table was estimated to be at 88.9 m (291.8 ft) in this well
stimated to have 2.6 m (8.5 ft) of water. Sample at 1.2 and

7.6m (5,15, and 2!

24 m (4 and 8§ ft) b * w the static water level.

5 Three key wells, 26 W15-40, 299-W15-43, and 299-W15-765, were sampled at depth-discrete
intervals by VistaE ineering in January 2005.

6 The key well, 299-'  5-15, does not have sufficient wate; r depth-discrete sampling.
One key well, 299-  [5-30, was sampled at depth-discrete intervals by Vista Engineering in
February 2005.

8 Sample well 299-W -4, The water table was estimated to be at 66.9 m (219.6 ) in this well in
July 2005, and the * |l was estimated to have 9.1 m (30 ft) of water. Sample at 1.5, 4.6, and

) below the static water level

The available carbon tetrachloride data for the period of 1994 to 2004 were reviewed to identify

a set of wells that were sample

selected from 53 wells for whi
1996, 1998, 2000, and 2002. (
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configurations. A fifth data se
11 wells during 2003; 5 wells 1
because they were not samplec
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was observed during the last tv

-~gularly through the 10-year period. Data sets initially were
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sistent well locations were selected for each time period, so

'en area would not be c: 1 by changes in well

is added to represent conditions in 37 wells during 2004 and
1the initial four data sets could not be used in the fifth data set,
2003 or 2004. Although the results for . 04 generally agreed
s, the missing five well locations increased the degree of

nces were seen in the overall distribution of carbon

he 10-year time period. A slight decrease in concentrations
ime periods.
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Table 2-11. Passive Soil-Vanaor Snrvev at T Plant (2 Pagex)

12 B1D¥3> 05/26/2005 10:39 U6/01/2005 12:09 | 567374.6 136876.7
13 B1D836 05/26/2005 10:41 06/01/2005 12:12 567372.7 136926.7
10 BID837 05/26/2005 10:50 06/01/2005 12:17 567378 2 136776.8
16 BID838 05/7 2005 10:54 06/01/2005 12:19 567425.2 1 136778.7
15 B1D8&39 05/. 510:57 06/01/2005 12:22 567430.5 136716.9
14 B1D840 05/. 5 10:59 06/01/2005 12:24 567432.8 136655.2
8 BI1D8&41 05/. 3 11:01 06/01/2005 12:26 567382.9 136653.3
9 BI1D842 05/. y 11:04 06/01/2005 12:28 567380.6 136715.0
26 B1DR4? 05/. y 13:28 06/01/2005 12:33 567592.7 136684.5
27 B1Dg44 05/26/2005 13:30 06/01/2005 12:36 567621.8 136725.1
28 BID845 05/26/2005 13:33 06/01/2005 12:38 567651.0 136765.8
dugl?(;ate B1D846 05/27/2005 09:07 06/01/2005 12:40 567651.0 136765.8
29 B1D847 05/26/2005 13:35 06/01/2005 12:42 567680.1 136806.4
30 B1D8g48 05/. 2005 13:37 N6/01/2005 12:43 567709.2 136847.1

HEIS = Hanford Environmental 1 rmation System aatabase.

This approach for sampling int  vicinity of T Plant was presented at Vista Engineering’s
Project Technical Workshop #2 in January 2005 and approved in that meeting by the

U.S. Environmental Protection Agency. It also was agreed at that meeting that passive
soil-vapor sampling was not needed in the vicinity of well 299-W13-1, where relatively high
carbon tetrachloride concentrations were detected at the base of the uncon 1ed aquifer, for the
following two reasons: (1) there is no reason to suspect a near-surface source in that area; and
(2) the deep carbon tetrachloride groundwater data indicate a distant source.

2.9.2 Fiscal Year 2001 to 2006 Well Drilling for Other
Operable Units

Soil-vapor samples have been collected and analyzed for carbon tetrachloride in support of the
200-PW-1 OU RI in 19 wells that were drilled for the investigation of other OUs or in support of
other activities in the 200 West Area from fiscal year 2001 through fiscal year 2006. These
soil-vapor samples are summarized in Table 2-12 and discussed in Section 3.8. The locations of
the wells are shown in Figure 2- " 2.
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Six soil samples were collected during the drilling of Borehole C3102 in the 216-T-26 Crib and
were analyzed for carbon tetrachloride in support of the 200-PW-1 OU RI (DOE/RL-2002-42,
Remedial Investigation Report for the 200-TW-1 and 200-TW-2 Operable Units (Includes the
200-PW-5 Operable Unit)). The 216-T-26 Crib is located east of the TY Tank Farm in the

200 West Area. Borehole C3102 was drilled from June 24 through July 26, 2001, in support

of the RI for the 200-TW-1 OU. The soil samples were collected from the following intervals:
6.7 to 7.5 m (22 to 24.5 ft) bgs, 20.5 to 21.3 m (67.3 to 69.8 ft) bgs; 28.0 > 28.8 m (92 to 94.5 ft)
bgs, 45.0 to 45.3 m (147.5 to 148.5 ft) bgs, 60.2 to 60.6 m (197.5 to 198.8 ft) bgs, and 68.9 to
69.2 m (226 to 227 ft) bgs.

2.9.3 Monitoring of Step I Temporary Probes

During the Step I dispersed carbon tetrachloride investigation, eight temporary probes were
installed for additional soil-vapor monitoring to confirm the initial Step I sampling results
(CP-13514). The GeoProbe was used to install three soil-vapor probes at the 218-W-4C Burial
Ground in November 2002. The CPT system was used to install five soil-vapor probes adjacent
to liquid-waste disposal sites in September 2002. Details of the installations using the two
drilling systems are described in the report on Step [ sampling and analysis (CP-13514).

The temporary probes were monitored from October 2002 through November 2004. Monitoring
was discontinued after November 2004 with concurrence from the U.S. Environmental
Protection Agency, as documented in the Unit Managers’ Meeting minutes for November 18,
2004 (FH-0403949, “Meeting Minutes, Unit Managers’ Meeting, 200 Area Groundwater and
Source Operable Units”).

2.10 SOIL-VAPOR BOREHOLE DECOMMISSIONING

P1 i-rod ©  allation and extraction usii  the GeoProbe and EAPS systems was performed in
accordance with WAC 173-160, “Minimum Standards for Construction and Maintenance of
Wells.” The boreholes were decommissioned by extraction of the rods and simultaneous
installation of granular bentonite. The granular bentonite was installed as the rods were removed
to prevent water from entering the vadose zone at the push location. A brass marker with the
well name was set in cement grout at the ground surface of each direct-push location.

2.11 CIVIL SURVEY
The locations of decommissioned GeoProbe and EAPS push locations and passive soil-vapor

extraction samplers were surveyed in accordance with applicable procedures. Coordinates were
recorded using NAVD88 and NADS83 with the 1991 adjustment for horizontal coordinates.
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2.12 WASTE MANAGEMENT

M" 1 waste was generated during the Step I ~ :oProbe d EAPS operations and soil-vapor
sampling, passive soil-vapor sampling, and sampling of existing wells. Investigation-derived
waste generated by characteriz  on activities was managed in accordance with WMP-20501,
Waste Control Plan for the Plutonium/Organic-Rich Process Condensate/Process Waste Group
Operable Unit: Includes the 2 '-PW-1, 200-PW-3, and 200-PW-6 Operable Units.
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The anomalies identified during a 1999 seismic-reflection survey that could be attributed to
possible carbon tetrachloride DNAPL near the top of the Cold Creek unit adjacent to the
216-Z-9 Trench (Waddell et al., 2003) we investigated by passive soil-vapor locations 56, 59,
87, and 88 (Figure 4.3 in DOE/RL-2006-58), CPT locations P17, P20, and P24 (Figure 4.10 in
DOE/RL-2006-58), and HHR locations P55, P56, and P51 (Figure 2.4 in DOE/RL-2007-22).
The highest carbon tetrachloride concentrations measured at these locations were ¢ ng/trap at
passive soil-vapor location 87, 5 ppmv at CPT location P20 at a depth of 0.2 m (0.58 ft), and
<5 pg/kg at the HHR locations (Bratton et al., 2004, Integrated Approach for Carbon
Tetrachloride Source Term Location, 200 West Area Hanford Site, Washington, Final Report;
DOE/RL-2006-58; DOE/RL-2007-22, respectively). These results are significantly less

than concentrations expected from a DNAPL source; however, the vapor concentr: ons in

the shallow depths of these investigations may have been affected by the soil-vapor

extraction operations.

Geophysical logging was conducted at 11 wells in the vicinities of the 216-Z-9 Trench,
216-Z-1A Tile Field, and 216-Z-18 Crib as part of the Step Il investigation (Table 2-3). The
spectral-gamma logging system was used at each well to identify specific gamma-en ting
radionuclides. Passive-neutron logging was performed at selected wells. This logging method
has been shown to be effective in qualitatively detecting zones of alpha-emitting nuclides,
including transuranic radionuclides, even where no gamma emissions are available for detection.
The passive-neutron signal depends on the concentration of alpha sources, and also on the
concentrations of lighter elements such as nitrogen, oxygen, fluorine, magnesium, aluminum,
and silicon that emit neutrons after alpha capture. The neutron-moisture logging system was
used at selec | wells to measure the volumetric moisture content in percent. Variations in
concentrations of naturally occurring, gamma-emitting radionuclides (K-40, U-238, Th-232) and
moisture content observed throughout a borehole may aid in interpreting lithology changes. In
the sampling plan (DOE/RL-2001-01, Appendix D), the geophysical logging was planned to aid
in interpretation of the configuration of the Cold Creek unit to support sampling otential
DNAPL accumulation areas (Table 1-1). However, as discussed in the first para  h of this
section, the ¢ | 1Isive cross-well seismic sur iducted by Vista Engin = ngv e
used to prepare the contour maps of the Cold Creek unit and other lithologic units at the

216-Z-9 Trench, 216-Z-1A Tile Field, and 216-Z-18 Crib. The geophysical logging results will
be used in the RI Report to support the conceptual site models for these waste sites.

A snmmarv of the resnlts. taken from the log data reports provided by S. M. Stoller,' available at
is as follows.

o Well 299-W15-82, east of the 216-Z-9 Trench: The only manmade radionuclide detected
was Cs-137 near the ground surface at less than 1 pCi/g.

The moisture data indicated some variability.

! Stoller is a trademark of S. M. Stoller Corporation, Lafayette, Colorado.
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The samj ng in 2003 included collection of soil-vapor samples in SUMMA canisters. The
SUMMA canister samples were analyzed in the laboratory for volatile organic compounds, using
a gas chromatograph/mass spectrometer according to a modified EPA Method TO. 5
(EPA/625/R-96/010b, Compendium of Methods for the Determination of Toxic Organic
Compounds in Ambient Air). The SUMMA canister samples were collected from : vent riser
in each trench that had the highest volatile organic compound concentrations, bas¢ n the
field-screening results (Appendix C2). The sample and duplicate sample from vent riser T4-04
required multiple dilutions to bring the tetrachloroethylene (PCE) into calibration range. The
very high concentration of PCE in the initial lower dilutions of these sa. H>les saturated the
instrument detector, requiring the laboratory to recondition the mass-spectrometer detector. The
samples then were analyzed at higher dilutions. Only one other compound (1-butanol) also was
detected at the high-dilution level in the T4-04 sample (sample B17TL2), andno ¢ er
compounds were detected at the high-dilution level in the vent riser T4-04 duplicate sample
(sample B17TL3).

The U.S. Environmental Protection Agency concurred that no additional sampling was required
in the 218-W-4C Burial Ground as part of the Step II investigation (FH-06(""51, “Area Unit
Managers’ Meeting, 200 Area Groundwater and Source Operable Units,” Attachment 12,
“Source Operable Units and Facilities Status”™).

35 RESULTSINTHE} UTONIUM INISHING
PLANT PROTECTED AREA

3.5.1 Active Soil-Vapor Sampling Results

Relatively low concentrations of carbon tetrachloride (1 to 4.24 ppmv) were detected in active
soil-vapor samples from 6 of the 17 sampling locations. The detections were typically, but not
exclusively, in the samples collected from an approximate depth of 12.2 m (40 ft) bgs. The
relatively low concentrations of carbon tetrachloride vapor measured st :est that there is not an
active source of contamination in the upper vadose zone at these locatic .. Based on these
relatively low concentrations, additional sampling at these locations during the Step 11
investigation was not needed.

Soil vapor was sampled at one or more denth intervals at each borehole )cation (Table 3-7).
The samples were collected in 1 L Tedlar ags and analyzed within the six-hour holding time
using an Innova 1312 multi-gas analyzer. Between sample collection and sample analysis, the
Tedlar bags containing the samples were kept in an unrefrigerated ice chest to minimize
exposure to sunlight.
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The results measured using the MIRAN analyzer field-screening instrument for samples
collected through 218-W-3 A Burial Ground vent risers ar¢ rovided in Table 3-11. The only
concentrations of carbon tetrachloride (5 to 36 ppmv) were detected in the western part of
Trench T-08.

Soil-vapor samples also were collected in SUMMA canisters for laboratory analysis in support
of Tri-Party Agreement Milestone M-91 for the 218-W-3A Burial ( und environmental release
investigation. The SUMMA canister samples were collected from vent risers T-05-02, T-08-03,
and T-08-05 on September 8, 2005. The an: rtes detected by laboratory analysis of the
218-W-3A Burial Grou1 ~ vent-riser samples are provided in Table 3-12 and discussed in
Appendix D.

3.7.3 Acti Vapor-Sampling Quality Control

For vent-riser vapor samples introduced directly into the MIRAN anal r, field quality control
consisted of duplicate samples. (The 200-PW-1 sampling and analysis plan [DOE/RL-2001-01,
Appendix D] specified equipment blanks for soil-vapor samples collected in Tedlar bags.
However, equipment blanks cannot be collected when the soil vaporis roduced rectly into
the MIRAN analyzer.) For vent-riser vapor samples collected in SUMI \ canisters, field
quality control consisted of duplicate samples and equipment-blank sar .es (DOE/RL-2004-71).

For vent-riser vapor samples drawn directly into the MIRAN analyzer, at least one duplicate
sample was analyzed on each day of sam; ng. As aresult, one field d licate was analyzed for
every 20 samples, as required. Duplicate samples were collected on August 25, 2005, at vent
risers T-05-02 and T-05-06 and on September 6, 2005, at vent riser T-08-01 (Table 3-11). The
duplicate samples were collected to evaluate the performance of the analytical method by
comparing two analyses of the vapor concentration. Of the three sample/duplicate pairs analyzed
using the MIRAN analyzer, one pair from August 25, 2005 (vent riser T-05-02) had three
detectable volatile 0-~~1ic compounds in both the sample and the duplicate. The September 6,
2005, pair (vent rise. .-08-01) had four detected volatile organic compounds in tl  duplic :, of
which three also were detected in the sample.

The relative percent difference (RPD) was calculated for the pairs of volatile organic compound
results according to the formula:

(Cc —c.
RPD - x100
)2
where
C; = the larger of the two observed values
C, = the smaller of the two observed values.
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4.0 SUl MARY AND CONCLUSIONS

No sources of carbon tetrachloride contamination we identified in the vadose zone other than
the three primary, known release sites (216-Z-9 Trench, 216-Z-1A Tile Field, 216-Z-18 Crib).

The highest carbon tetrachloride concentrations in the shallow, intermediate, and deep vadose
zone generally are locate within about 75 to 150 m (250 to 500 ft) of the release sites.

Outside of the area around the release sites, carbon tetrachlc de vapor concentrations up to
about 10 to 12 ppmv were found at various locations int : vadose zone, but these concentrations
are not considered to have the potential for significant current or future groundwater impacts.

The soil-vapor and shallow-groundwater sampling at wells within the eight carbon tetrachloride
groundwater “hot spot” areas indicated that the deep vadose-zone soil-vapor concentrations are
not significant sources of groundwater contamination in  se areas.

All of the results from Step II of the RI will be included in the I Report and will be used to
support decisions for remedial alternatives for the 200-PW-1 OU. Chapter 4.0 of the I Report
summarizes the conclusions of the RIs and describes e path forward for the RI/FS process.

4-1
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Table A-1. HEIS Sample/Result Records for
Passive Soil-Vapor Sampling at the
216-Z-9 Trench. (28 Pages)

AllSt?ll(I)ll!)ill:tgion I\SJ::I[EPI;L(;' Medium Si Till;ll: g?}te’ Sa,;,lil]me OD:; © Method Name l((i:eol:ltsigzl;:il:)tn Constituent Long Name R:s:)l:fed Qutiil;ier Alll;;f:is Comment
Form_# Number (ng/Sample)
F05-025 B1D853 SG 05/26/2005 13:47 | 06/01/2005 12:58 | 8260 VOA GCMS_EMFLUX | 71-55-6 1,1,1-Trichloroethane U 08-Jun-05
F05-025 B1D8&53 SG 05/26/2005 13:47 | 06/01/2005 12:58 | 8260_VOA_GCMS_EMFLUX | 79-00-5 1,1,2-Trichloroethane 25 U 08-Jun-05
F05-025 R1N853 SG 05/26/2005 13:47 | 06/01/2005 12:58 | 8260 VOA_GCMS_EMFLUX | 75-34-3 1,1-Dichloroethane 25 U 08-Jun-05
F05-025 B1D&53 SG 05/26/2005 13:47 | 06/01/2005 12:58 | 8260 VOA_GCMS_EMFLUX | 75-35-4 1,1-Dichloroethene 25 U 08-Jun-05
F05-025 B1D853 SG 05/26/2005 13:47 | 06/01/2005 12:58 | 8260 VOA GCMS_EMFLUX 107-06-2 1,2-Dichloroethane 25 U 08-Jun-05
F05-025 B1D853 SG 05/26/2005 13:47 | 06/01/2005 12:58 | 8260_VOA_GCMS_EMFLUX | 78-87-5 1,2-Dichloropropane 25 U 08-Jun-05
F05-025 B1D853 SG 05/26/2005 13:47 | 06/01/2005 12:58 | 8260_VOA_GCMS_EMFLUX | 56-23-5 Carbon tetrach]oride 25 U 08-Jun-05
F05-025 B1D853 SG 05/26/2005 13:47 | 06/01/2005 12:58 | 8260_VOA_GCMS_EMFLUX | 75-00-3 Chloroethane 25 U 08-Jun-05
F05-025 B1D853 SG 05/26/2005 13:47 | 06/01/2005 12:58 | 8260_VOA_GCMS_EMFLUX | 67-66-3 Chloroform 25 U 08-Jun-05
F05-025 BID853 SG 05/26/2005 13:47 | 06/01/2005 12:58 | 8260_VOA_GCMS_EMFLUX | 74-87-3 Chloromethane 25 U 08-Jun-05
F05-025 B1D853 SG 05/26/2005 13:47 | 06/01/2005 12:58 | 8260_VOA_GCMS_EMFLUX 156-59-2 cis-1,2-Dichloroethylene 25 U 08-Jun-05
F05-025 B1D853 SG 05/26/2005 13:47 | 06/01/2005 12:58 | 8260_VOA_GCMS_EMFLUX 124-48-1 Dibromochloromethane 25 U 08-Jun-05
F05-025 B1D853 SG 05/26/2005 13:47 | 06/01/2005 12:58 | 8260_VOA_GCMS_EMFLUX [ 75-09-2 Methylene chloride 25 U 08-Jun-05
F05-025 B1D853 SG 05/26/2005 13:47 | 06/01/2005 12:58 | 8260_VOA_GCMS_EMFLUX 127-18-4 Tetrachloroethene 25 U 08-Jun-05
F05-025 B1Dg53 SG 05/26/2005 13:47 | 06/01/2005 12:58 | 8260_VOA_GCMS_EMFLUX 156-60-5 trans-1,2-Dichloroethylene 25 U u8-Jun-05
F05-025 B1D853 SG 05/26/2005 13:47 | 06/01/2005 12:58 | 8260_VOA_GCMS_EMFLUX | 79-01-6 Trichloroethene 25 U 08-Jun-05
F05-025 B1Dg54 SG 05/26/2005 14:12 | 06/01/2005 13:01 | 8260 VOA_GCMS_EMFLUX | 71-55-6 1,1,1-Trichloroethane 25 U 08-Jun-05
F05-025 B1D8&54 SG 05/26/2005 14:12 | 06/01/2005 13:01 | 8260_VOA_GCMS_EMFLUX | 79-00-5 1,1,2-Trichloroethane 25 U 08-Jun-05
F05-025 B1D854 SG 05/26/2005 14:12 | 06/01/2005 13:01 | 8260 VOA_GCMS_EMFLUX | 75-34-3 1,1-Dichloroethane 25 U 08-Jun-05
F05-025 B1D854 SG 05/26/2005 14:12 | 06/01/2005 13:01 | 8260_VOA_GCMS_EMFLUX | 75-35-4 1,1-Dichloroethene 25 U 08-Jun-05
F05-025 B1D854 SG 05/26/2005 14:12 | 06/01/2005 13:01 | 8260_VOA_GCMS_EMFLUX 107-06-2 1,2-Dichloroethane 25 U 08-Jun-05
F05-025 B1D854 SG 05/26/2005 14:12 | 06/01/2005 13:01 | 8260_VOA_GCMS_EMFLUX | 78-87-5 1,2-Dichloropropane 25 U 08-Jun-05
F05-025 B1Dg&54 SG 05/26/2005 14:12 | 06/01/2005 13:01 | 8260_VOA_GCMS_EMFLUX | 56-23-5 Carbon tetrachloride 25 U 08-Jun-05
F05-025 B1D8&54 SG 05/26/2005 14:12 | 06/01/2005 13:01 | 8260 _VOA_GCMS_EMFLUX | 75-00-3 Chloroethane 25 U 08-Jun-05
F05-025 B1Dg&54 SG 05/26/2005 14:12 | 06/01/2005 13:01 | 8260_VOA_GCMS_EMFLUX | 67-66-3 Chloroform 25 U 08-Jun-05
F05-025 B1D854 SG 05/26/2005 14:12 | 06/01/2005 13:01 | 8260 VOA_GCMS_EMFLUX | 74-87-3 Chloromethane 25 U 08-Jun-05
F05-025 B1Dg54 SG 05/26/2005 14:12 | 06/01/2005 13:01 | 8260_VOA_GCMS_EMFLUX 156-59-2 cis-1,2-Dichloroethylene 25 U 08-Jun-05
F05-025 B1Dg&54 SG 05/26/2005 14:12 | 06/01/2005 13:01 | 8260_VOA_GCMS_EMFLUX 124-48-1 Dibromochloromethane 25 U 08-Jun-05
F05-025 B1D854 SG 05/26/2005 14:12 | 06/01/2005 13:01 | 8260_VOA_GCMS_EMFLUX | 75-09-2 Methylene chloride 25 U 08-Jun-05
F05-025 B1D&54 SG 05/26/2005 14:12 | 06/01/2005 13:01 | 8260 VOA GCMS_EMFLUX 127-18-4 Tetrachloroethene 25 U 08-Jun-05
F05-025 B1D854 SG 05/26/2005 14:12 | 06/01/2005 13:01 | 8260_VOA_GCMS_EMFLUX 156-60-5 trans-1,2-Dichloroethylene 25 U 08-Jun-05
F05-025 B 854 SG 05/26/2005 14:12 | 06/01/2005 13:01 | 8260_VOA_GCMS_EMFLUX | 79-01-6 Trichloroethene 25 U 08-Jun-05
F05-025 BID855 SG 05/26/2005 14:10 | 06/01/2005 13:02 | 8260_VOA_GCMS EMFLUX | 71-55-6 1,1,1-Trichloroethane 25 U 08-Jun-05
F05-025 BIDS8S55 SG 05/26/2005 14:10 | 06/01/2005 13:02 | 8260_VOA_GCMS_EMFLUX | 79-00-5 1,1,2-Trichloroethane 25 U 08-Jun-05
F05-025 BID8SS SG 05/26/2005 14:10 | 06/01/2005 13:02 | 8260 VOA_GCMS_EMFLUX | 75-34-3 1,1-Dichloroethane 25 U 08-Jun-05
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Table A-1. HEIS Sample/Result Records for
Passive Soil-Vapor Sampling at the
216-Z-9 Trench. (28 Pages)

Samgling Sample . Sample Date, Sample Date, Cons.titue.n ¢ . Value Lab Analysis
Authorization Number Medium Time On Time Off Method Name Identification Constituent Long Name Reported Qualifier Date Comment

Form_# Number (ng/Sample)
F05-025 B1D8S5 SG 05/26/2005 14:10 | 06/01/2005 13:02 | 8260 VOA GCMS EMFLUX 75-35-4 1,1-Dichloroethene 25 U 08-Jun-05
F05-025 B1D855 SG 05/26/2005 14:10 | 06/01/2005 13:02 | 8260 VOA GCMS EMFLUX 107-06-2 1,2-Dichloroethane 25 U 08-Jun-05
F05-025 BI1DS855 SG 05/26/2005 14:10 | 06/01/2005 13:02 | 8260 VOA GCMS EMFLUX 78-87-5 1,2-Dichloropropane 25 U 08-Jun-05
F05-025 BID8&55 SG 05/26/2005 14:10 | 06/01/2005 13:02 | 8260_VOA_GCMS EMFLUX 56-23-5 Carbon tetrachloride 25 U 08-Jun-05
F05-025 BI1D855 SG 05/26/2005 14:10 | 06/01/2005 13:02 | 8260 VOA GCMS EMFLUX 75-00-3 Chloroethane 25 U 08-Jun-05
F05-025 B1D855 SG 05/26/2005 14:10 | 06/01/2005 13:02 | 8260 VOA GCMS EMFLUX 67-66-3 Chloroform 25 U 08-Jun-05
F05-025 B1D855 SG 05/26/2005 14:10 | 06/01/2005 13:02 | 8260 VOA GCMS EMFLUX 74-87-3 Chloromethane 25 U 08-Jun-05
F05-025 B1D8&55 SG 05/26/2005 14:10 | 06/01/2005 13:02 | 8260 VOA GCMS EMFLUX 156-59-2 cis-1,2-Dichloroethylene 25 U 08-Jun-05
F05-025 BI1D8&55 SG 05/26/2005 14:10 | 06/01/2005 13:02 | 8260 VOA GCMS EMFLUX 124-48-1 Dibromochloromethane 25 U 08-Jun-05
F05-025 B1D855 SG 05/26/2005 14:10 | 06/01/2005 13:02 | 8260 VOA GCMS EMFLUX 75-09-2 Methylene chloride 25 U 08-Jun-05
F05-025 B1D855 SG 05/26/2005 14:10 | 06/01/2005 13:02 | 8260 VOA GCMS EMFLUX 127-18-4 Tetrachloroethene 25 U 08-Jun-05
F05-025 BI1DS855 SG 05/26/2005 14:10 | 06/01/2005 13:02 | 8260 VOA GCMS EMFLUX 156-60-5 trans-1,2-Dichloroethylene 25 U 08-Jun-05
F05-025 B1D855 SG 05/26/2005 14:10 | 06/01/2005 13:02 | 8260 VOA GCMS EMFLUX 79-01-6 Trichloroethene 25 U 08-Jun-05
F05-025 BID856 SG 05/26/2005 14:06 | 06/01/2005 13:04 | 8260 VOA GCMS EMFLUX 71-55-6 1,1,1-Trichloroethane 25 U 08-Jun-05
F05-025 B1D856 SG 05/26/2005 14:06 | 06/01/2005 13:04 | 8260 VOA GCMS EMFLUX 79-00-5 1,1,2-Trichloroethane 25 U 08-Jun-05
F05-025 BID856 SG 05/26/2005 14:06 | 06/01/2005 13:04 | 8260 VOA GCMS EMFLUX 75-34-3 1,1-Dichloroethane 25 U 08-Jun-05
F05-025 BI1D856 SG 05/26/2005 14:06 | 06/01/2005 13:04 | 8260 VOA GCMS EMFLUX 75-35-4 1,1-Dichloroethene 25 U 08-Jun-05
F05-025 BI1D856 SG 05/26/2005 14:06 | 06/01/2005 13:04 | 8260 VOA GCMS EMFLUX 107-06-2 1,2-Dichloroethane 25 U 08-Jun-05
F05-025 B1D856 SG 05/26/2005 14:06 | 06/01/2005 13:04 | 8260 VOA GCMS EMFLUX 78-87-5 1,2-Dichloropropane 25 U 08-Jun-05
F05-025 B1D856 SG 05/26/2005 14:06 | 06/01/2005 13:04 | 8260 VOA GCMS EMFLUX 56-23-5 Carbon tetrachloride 25 U 08-Jun-05
F05-025 BID856 SG 05/26/2005 14:06 | 06/01/2005 13:04 | 8260 VOA GCMS EMFLUX 75-00-3 Chloroethane 25 U 08-Jun-05
F05-025 B1D856 SG 05/26/2005 14:06 | 06/01/2005 13:04 | 8260 VOA GCMS EMFLUX 67-66-3 Chloroform 25 U 08-Jun-05
F05-025 B1D856 SG 05/26/2005 14:06 | 06/01/2005 13:04 | 8260 VOA GCMS EMFLUX 74-87-3 Chloromethane 25 U 08-Jun-05
F05-025 B1D856 SG 05/26/2005 14:06 | 06/01/2005 13:04 | 8260 VOA GCMS EMFLUX 156-59-2 cis-1,2-Dichloroethylene 25 U 08-Jun-05
F05-025 B1D856 SG 05/26/2005 14:06 | 06/01/2005 13:04 | 8260 VOA GCMS EMFLUX 124-48-1 Dibromochloromethane 25 U 08-Jun-05
F05-025 B1D856 SG 05/26/2005 14:06 | 06/01/2005 13:04 | 8260 VOA GCMS EMFLUX 75-09-2 Methylene chloride 25 U 08-Jun-05
F05-025 B1D856 SG 05/26/2005 14:06 | 06/01/2005 13:04 | 8260 VOA GCMS EMFLUX 127-18-4 Tetrachloroethene 25 U 08-Jun-05
F05-025 BI1D856 SG 05/26/2005 14:06 | 06/01/2005 13:04 | 8260 VOA GCMS EMFLUX 156-60-5 trans-1,2-Dichloroethylene 25 U 08-Jun-05
F05-025 B1D856 SG 05/26/2005 14:06 | 06/01/2005 13:04 | 8260 VOA GCMS EMFLUX 79-01-6 Trichloroethene 25 U 08-Jun-05
F05-025 BI1D857 SG 05/26/2005 14:05 | 06/01/2005 13:06 | 8260 VOA GCMS EMFLUX 71-55-6 1,1,1-Trichloroethane 25 U 08-Jun-05
F05-025 BI1D857 SG 05/26/2005 14:05 | 06/01/2005 13:06 | 8260 VOA GCMS EMFLUX 79-00-5 1,1,2-Trichloroethane 25 U 08-Jun-05
F05-025 B1D857 SG 05/26/2005 14:05 | 06/01/2005 13:06 | 8260 VOA GCMS EMFLUX 75-34-3 1,1-Dichloroethane 25 U 08-Jun-05
F05-025 BID857 SG 05/26/2005 14:05 | 06/01/2005 13:06 | 8260 VOA GCMS _EMFLUX 75-35-4 1,1-Dichloroethene 25 U 08-Jun-05
F05-025 B1D857 SG 05/26/2005 14:05 | 06/01/2005 13:06 | 8260 VOA GCMS EMFLUX 107-06-2 1.2-Dichioroethane 25 U 08-Jun-05
F05-025 B1D857 SG 05/26/2005 14:05 | 06/01/2005 13:06 | 8260 VOA GCMS EMFLUX 78-87-5 1,2-Dichloropropane 25 U 08-Jun-05
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Table A-1. HEIS Sample/Result Records for
Passive Soil-Vapor Sampling at the
216-Z-9 Trench. (28 Pages)

Allstil:fi::t%on Sﬁzg:fr Medium Sa,;f;ﬂ : gz:lte, Sa,ll,lil [l:ll : g?;e’ Method Name IdC::tsi:':::::il:)tn Constituent L« ; Name R:;:)l:tid QuI:Ilili)ier Alll)a;:':is Comment
Form_# Number (ng/Sample)

F05-025 BID857 SG 05/26/2005 14:05 | 06/01/2005 13:06 | 8260 VOA GCMS EMFLUX | 56-23-5 Carbon tetrachloride 25 U 08-Jun-05

F05-025 BID857 SG 05/26/2005 14:05 | 06/01/2005 13:06 | 8260 VOA GCMS EMFLUX | 75-00-3 Chloroethane 25 U 08-Jun-05

F05-025 B1D857 SG 05/26/2005 14:05 | 06/01/2005 13:06 | 8260 VOA GCMS EMFLUX | 67-66-3 Chloroform 25 U 08-Tun-05

F05-025 B1D857 SG 05/26/2005 14:05 | 06/01/2005 13:06 | 8260_VOA_GCMS_EMFLUX 74-87-3 Chloromethane 25 U 08-Jun-05

F05-025 BID857 SG 05/26/2005 14:05 | 06/01/2005 13:06 | 8260 VOA GCMS EMFLUX 156-59-2 cis-1,2-Dichloroethylene 25 U 08-Jun-05

F05-025 BID857 SG 05/26/2005 14:05 | 06/01/2005 13:06 | 8260 VOA GCMS_EMFLUX 124-48-1 Dibromochloromethane 25 U 08-Jun-05

F05-025 BID857 SG 05/26/2005 14:05 | 06/01/2005 13:06 | 8260 VOA GCMS EMFLUX | 75-09-2 Methylene chloride 25 U 08-Jun-05

F05-025 B1D857 SG 05/26/2005 14:05 | 06/01/2005 13:06 | 8260_VOA_GCMS_EMFLUX 127-18-4 Tetrachloroethene 25 U 08-Jun-05

F05-025 B1D857 SG 05/26/2005 14:05 | 06/01/2005 13:06 | 8260_VOA_GCMS_EMFLUX 156-60-5 trans-1,2-Dichloroethylene 25 U 08-Jun-05

F05-025 BID857 SG 05/26/2005 14:05 | 06/01/2005 13:06 | 8260 VOA GCMS EMFLUX | 79-01-6 Trichloroethene 25 U 08-Jun-05

F05-025 B1D858 SG 05/26/2005 14:02 | 06/01/2005 13:07 | 8260_VOA GCMS_EMFLUX | 71-55-6 1,1,1-Trichloroethane 25 U 08-Jun-05

F05-025 B1D858 SG 05/26/2005 14:02 | 06/01/2005 13:07 | 8260_VOA GCMS _EMFLUX | 79-00-5 1,1,2-Trichloroethane 25 U 08-Jun-05

F05-025 B1D858 SG 05/26/2005 14:02 | 06/01/2005 13:07 | 8260_VOA GCMS EMFLUX | 75-34-3 1,1-Dichloroethane 25 U 08-Jun-05

F05-025 BID858 SG 05/26/2005 14:02 | 06/01/2005 13:07 | 8260_VOA GCMS_EMFLUX | 75-35-4 1,1-Dichloroethene 25 U 08-Jun-05
| F05-025 BI1D858 SG 05/26/2005 14:02 | 06/01/2005 13:07 | 8260_VOA GCMS_EMFLUX 107-06-2 1,2-Dichloroethane 25 U 08-Jun-05

F05-025 B1D858 SG 05/26/2005 14:02 | 06/01/2005 13:07 | 8260_VOA GCMS_EMFLUX 78-87-5 1,2-Dichloropropane 25 U 08-Jun-05

F05-025 B1D858 SG 05/26/2005 14:02 | 06/01/2005 13:07 | 8260_VOA GCMS EMFLUX | 56-23-5 Carbon tetrachloride 104.66 08-Jun-05

F05-025 BID858 SG 05/26/2005 14:02  06/01/2005 13:07 | 8260_VOA GCMS_EMFLUX | 75-00-3 Chloroethane 25 U 08-Jun-05

F05-025 B1D858 SG 05/26/2005 14:02 = 06/01/2005 13:07 | 8260_VOA GCMS_EMFLUX | 67-66-3 Chloroform 25 U 08-Jun-05

F05-025 B1DS858 SG 05/26/2005 14:02 | 06/01/2005 13:07 | 8260_VOA GCMS_EMFLUX 74-87-3 Chloromethane 25 U 08-Jun-05

F05-025 BID&58 SG 05/26/2005 14:02 | 06/01/2005 13:07 | 8260_VOA GCMS_EMFLUX 156-59-2 cis-1,2-Dichloroethylene 25 U 08-Jun-05

F05-025 BI1D&58 SG 05/26/2005 14:02 | 06/01/2005 13:07 | 8260_VOA_GCMS_EMFLUX 124-48-1 Dibromochloromethane 25 U 08-Jun-05

F05-025 B1D858 SG 05/26/2005 14:02 | 06/01/2005 13:07 | 8260_VOA GCMS_EMFLUX | 75-09-2 Methylene chloride 25 U 08-Jun-05

F05-025 BID&858 SG 05/26/2005 14:02 | 06/01/2005 13:07 | 8260_VOA GCMS_EMFLUX 127-18-4 Tetrachloroethene 25 U 08-Jun-05

F05-025 B1D858 SG 05/26/2005 14:02 | 06/01/2005 13:07 | 8260 VOA GCMS EMFLUX 156-60-5 trans-1,2-Dichloroethylene 25 U 08-Jun-05

F05-025 BID858 SG 05/26/2005 14:02 | 06/01/2005 13:07 | 8260 _VOA GCMS EMFLUX | 79-01-6 Trichloroethene 25 U 08-Jun-05

F05-025 B1D8&59 SG 05/27/2005 9:27 | 06/01/2005 13:09 | 8260 VOA GCMS EMFLUX | 71-55-6 1,1,1-Trichloroethane 25 U 08-Jun-05 Duplicate
F05-025 B1Dg59 SG 05/27/2005 9:27 | 06/01/2005 13:09 | 8260_VOA GCMS_EMFLUX | 79-00-5 1,1,2-Trichloroethane 25 U 08-Jun-05 Duplicate
F05-025 BI1D8&59 SG 05/27/2005 9:27 | 06/01/2005 13:09 | 8260_VOA GCMS_EMFLUX | 75-34-3 1,1-Dichloroethane 25 U 08-Jun-05 Duplicate
F05-025 B1D859 SG 05/27/2005 9:27 | 06/01/2005 13:09 | 8260 VOA GCMS EMFLUX | 75-354 1,1-Dichloroethene 25 U 08-Jun-05 Duplicate
F05-025 BI1D859 SG 05/27/2005 9:27 | 06/01/2005 13:09  8260_VOA GCMS_EMFLUX 107-06-2 1,2-Dichloroethane 25 U 08-Jun-05 Duplicate
F05-025 B1D859 SG 05/27/2005 9:27 | 06/01/2005 13:09 | 8260 VOA GCMS EMFLUX | 78-87-5 1,2-Dichloropropane 25 U 08-Jun-05 Duplicate
F05-025 B1D8&59 SG 05/27/2005 9:27 | 06/01/2005 13:09 | 8260_VOA GCMS_EMFLUX | 56-23-5 Carbon tetrachloride 34.89 08-Jun-05 Duplicate
F05-025 B1D859 SG 05/27/2005 9:27 | 06/01/2005 13:09 | 8260 VOA GCMS EMFLUX 75-00-3 Chloroethane 25 U 08-Jun-05 Duplicate
F05-025 BI1D859 SG 05/27/2005 9:27 | 06/01/2005 13:09 | 8260_VOA GCMS EMFLUX | 67-66-3 Chloroform 25 U 08-Jun-05 Duplicate
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Table A-1. HEIS Sample/Result Records for
Passive Soil-Vapor Sampling at the
216-Z-9 Trench. (28 Pages)

Allst?l[(l)lfi;l;gion Pslzl:]gi; Medium Sa;;;l: Io)zte, Sa,;,lilll:ll: OD?fte’ Method Name I((i::l:ltsig?;:il:)tn Constituent Long Name R(\a;:)l:tid Qul;?ili)ier Alll)a;z':is | Comment
Form_# Number (ng/San  e)

F05-025 B1D859 3G 05/27/2005 9:27 | 06/01/2005 13:09 | 8260 _VOA_GCMS_EMFLUX  74-87-3 Chloromethane 25 U 08-Jun-05 | Duplicate

F05-025 BID859 3G 05/27/2005 9:27 | 06/01/2005 13:09 | 8260_VOA_GCMS_EMFLUX | 156-59-2 cis-1,2-Dichloroethylene 25 U 08-Jun-05 | Duplicate

F05-025 BID&59 G 05/27/2005 9:27 | 06/01/2005 13:09 | 8260_VOA_GCMS_EMFLUX | 124-48-1 Dibromochloromethane 25 U 08-Jun-05 | Duplicate

F05-025 BID859 SG 05/27/2005 9:27 | 06/01/2005 13:09 | 8260_VOA_GCMS_EMFLUX | 75-09-2 Methylene chloride 25 U 08-Jun-05 | Duplicate

F05-025 BID859 SG 05/27/2005 9:27 | 06/01/2005 13:09 | 8260 VOA_GCMS_EMFLUX | 127-18-4 Tetrachloroethene 25 U 08-Jun-05 | Duplicate

F05-025 B1D859 SG 05/27/2005 9:27 | 06/01/2005 13:09 | 8260_VOA_GCMS_EMFLUX | 156-60-5 trans-1,2-Dichloroethylene 25 U 08-Jun-05 | Duplicate

F05-025 B1D859 SG 05/27/2005 9:27 | 06/01/2005 13:09 | 8260_VOA_GCMS_EMFLUX | 79-01-6 Trichloroethene 25 U 08-Jun-05 | Duplicate

F05-025 BID860 SG 05/26/2005 14:00 | 06/01/2005 13:11 | 8260_VOA_GCMS_EMFLUX | 71-55-6 1,1,1-Trichloroethane 25 U 08-Jun-05

F05-025 BID860 SG 05/26/2005 14:00 | 06/01/2005 13:11 | 8260_VOA_GCMS_EMFLUX | 79-00-5 1,1,2-Trichloroethane 25 U 08-Jun-05

F05-025 BID860  SG 05/26/2005 14:00 | 06/01/2005 13:11 | 8260 _VOA_GCMS_EMFLUX | 75-34-3 1,1-Dichloroethane 25 U 08-Jun-05

F05-025 B1D&60 SG 05/26/2005 14:00 | 06/01/2005 13:11 | 8260_VOA_GCMS_EMFLUX | 75-35-4 1,1-Dichloroethene 25 U 08-Jun-05

F05-025 B1D&60 SG 05/26/2005 14:00 | 06/01/2005 13:11 | 8260_VOA_GCMS_EMFLUX | 107-06-2 1,2-Dichloroethane 25 U 08-Jun-05

F05-025 B1D&60 SG 05/26/2005 14:00 | 06/01/2005 13:11 | 8260_VOA_GCMS_EMFLUX | 78-87-5 1,2-Dichloropropane 25 U 08-Jun-05

F05-025 B1D860 SG 05/26/2005 14:00 | 06/01/2005 13:11 | 8260_VOA_GCMS_EMFLUX | 56-23-5 Carbon tetrachloride 97.32 08-Jun-05

F05-025 B1D860 SG 05/26/2005 14:00 | 06/01/2005 13:11 | 8260_VOA_GCMS_EMFLUX | 75-00-3 Chloroethane 25 U 08-Jun-05

F05-025 B1D860 SG 05/26/2005 14:00 | 06/01/2005 13:11 | 8260_VOA_GCMS_EMFLUX | 67-66-3 Chloroform 25 U 08-Jun-05

F05-025 B1D860 SG 05/26/2005 14:00 | 06/01/2005 13:11 | 8260_VOA_GCMS_EMFLUX | 74-87-3 Chloromethane 25 U 08-Jun-05

F05-025 B1D860 SG 05/26/2005 14:00 | 06/01/2005 13:11 | 8260_VOA_GCMS_EMFLUX | 156-59-2 cis-1,2-Dichloroethylene 25 U 08-Jun-05

F05-025 B1D860 SG 05/26/2005 14:00 | 06/01/2005 13:11 | 8260_VOA_GCMS_EMFLUX | 124-48-1 Dibromochloromethane 25 U 08-Jun-05

F05-025 B1D8&60 SG 05/26/2005 14:00 | 06/01/200513:11 | 8260_VOA_GCMS_EMFLUX | 75-09-2 Methylene chloride 25 U 08-Jun-05

F05-025 B1Dg&60 SG 05/26/2005 14:00 | 06/01/2005 13:11 | 8260_VOA_GCMS_EMFLUX | 127-18-4 Tetrachloroethene 25 U 08-Jun-05

F05-025 B1D860 SG 05/26/2005 14:00 | 06/01/2005 13:11 | 8260_VOA_GCMS_EMFLUX 156-60-5 trans-1,2-Dichloroethylene 25 U 08-Jun-05

F05-025 B1Dg&60 SG 05/26/2005 14:00 | 06/01/2005 13:11 | 8260_VOA_GCMS_EMFLUX | 79-01-6 Trichloroethene 25 U 08-Jun-05

F05-025 B1D861 SG 05/26/2005 13:57 | 06/01/2005 13:13 | 8260_VOA_GCMS_EMFLUX | 71-55-6 1,1,1-Trichloroethane 25 U 09-Jun-05

F05-025 B1D&61 SG 05/26/2005 13:57 | 06/01/2005 13:13 | 8260_VOA_GCMS_EMFLUX | 79-00-5 1,1,2-Trichloroethane 25 U 09-Jun-05

F05-025 B1Dg61 SG 05/26/2005 13:57 | 06/01/2005 13:13 | 8260_VOA_GCMS_EMFLUX | 75-34-3 1,1-Dichloroethane 25 U 09-Jun-05

F05-025 BID861 SG 05/26/2005 13:57 | 06/01/2005 13:13 | 8260_VOA_GCMS_EMFLUX | 75-35-4 1,1-Dichloroethene 25 U 09-Jun-05

F05-025 B1Dg61 SG 05/26/2005 13:57 | 06/01/2005 13:13 | 8260_VOA_GCMS_EMFLUX | 107-06-2 1,2-Dichloroethane 25 U 09-Jun-05

F05-025 B1D861 SG 05/26/2005 13:57 | 06/01/2005 13:13 | 8260_VOA_GCMS_EMFLUX | 78-87-5 1,2-Dichloropropane 25 U 09-Jun-05

F05-025 B1D861 SG 05/26/2005 13:57 | 06/01/2005 13:13 | 8260_VOA_GCMS_EMFLUX | 56-23-5 Carbon tetrachloride 25 U 09-Jun-05

F05-025 BIDg61 SG 05/26/2005 13:57 | 06/01/2005 13:13 | 8260 VOA_GCMS_EMFLUX | 75-00-3 Chloroethane 25 U 09-Jun-05

F05-025 B1Dg61 SG 05/26/2005 13:57 | 06/01/2005 13:13 | 8260_VOA_GC. ; EMFLUX | 67-66-3 Chloroform 25 U 09-Jun

F05-025 BIDg61 SG 05/26/2005 13:57 | 06/01/2005 13:13 | 8260 VOA_GCMS_EMFLUX | 74-87-3 Chloromethane 25 U 09-Jun

F05-025 B1Dg61 SG 05/26/2005 13:57 | 06/01/2005 13:13 | 8260 VOA_GCMS_EMFLUX | 156-59-2 cis-1,2-Dichloroethylene 25 U 09-Jun-05

F05-025 BIDg61 SG 05/26/2005 13:57 | 06/01/2005 13:13 | 8260 VOA_GCMS_EMFLUX | 124-48-1 Dibromochloromethane 25 U 09-Jun-05
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APPENDIX B

ENHANCED ACCESS PEM ATION SYSTEM OIL-GAS SAMPLING AT THE
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TTACHMENT

ANALYSIS OF PERTURBATION AND RECOVERY OF AMBIENT
CARBON TETRACHLORIDE CONCENTRATIONS CAUSED BY THE
INTRODUCTION OF DRILLING AIR DURING ENHANCED ACCESS

PENETRATION SYSTEM OPERATIONS

INTRODUCTION

The Enhanced Access Penetration System drilling system uses a significant volume of
pressurized air to lift drill cuttings to the surface, thus presenting a relatively high-pressure
source of atmospheric air to the formation proximate to the drill bit during cutting operations.
A reasonable concern therefore arises as to whether or not significant displacement of ambient
so gas will occur in the vicinity of the drill tip during drilling, and what impact such
displacement may have on attempts to analyze in situ concentrations of CCly in soil gas.

The severity of perturbation to the system and how fast recovery to ambient concentrations
occurs will depend on  any factors that are nonlinearly interrelated. For example, the amount of
air displaced, the shape and extent of 1e displacement zone, how much mixing and dispersion
will occur at the displacement front, and what advection, dispersion, and chemical diffusion
occur upon rebound all factor into the problem. To provide an accurate analysis of the
phenomenon at hand, the significant loss mechanisms for injected air, as well as the significant
recovery mechanisms >r contamina concentration, must be accounted Hr and analyzed.
Excluding any air-loss mechani 1 or concentration recovery terms will result in an
overestimation of perturbation or an nderestimation of recovery, respectively. So any
simplifying idealization of the problem is predisposed to conservatively estimate time to
rebound.

The objectives of the first-order analysis herein presented are (a) to estimate the magnitude of the
physical problem, (b) to estimate the effort required to execute a satisfactory theoretical analysis,
and (c) to explore alternative and/or complementary methods of problem assessment that can be
conducted during the field demonstration.

IDEALIZATION OF PERTURBATION

In the simplest idealization of the perturbation phenomenon, pressurized air is supplied from a
point within an infinite porous me um (Figure Att-1). As a result, isobars of constant pressure
form concentric spheres in the me um, and flow is directly away from the point of injection,
equally in all directions.

In this idealization, the flow would progressively displace an increasing volume of ambient pore
gas. The rate of advance of the displacement front away from the injection point can be
calculated assuming incompressible flow and a spherically exg)anding perturbed region. The rate
of advance of the displacement front for an injection of 4.2 m”/min (150 ft’/min) in a formation
of 30 percent porosity is shown in Figure ATT-2.
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Figure ATT-1. ldealization of Injection/Displacement Phenomenon.

gure ATT-2. Rate of Spherical Expansion of Perturbed Region as a Function of
Distance from the Injection Point, Assuming No Dispersion and Incompressible
Flow at 4.2 m*/min (150 ft*/min) into an Infinite Medium of 30 Percent Porosity.
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Figure ATT-3. Illustration of Chemical Diffusion from Time Zero to a Point Some Distance
from a Constant Concentration Source.

Concentration

Observation Source
Location Location

This idealiz ion was investigated for CCly in a nonreactive porous medium as a means of
estimating an upper limit on rebound time as a function of distance from the boundary of the
perturbed region. The concentration in space and time C(x,?) caused by diffusion from a source
Cy is described by

C= C(,eijfc(— x :j
2V Dot

where

erfc() = is the complementary error function
X = is distance from the source

D = is the diffusivity in air
w = is a factor to account for tortuosity of the diffusion path in the porous medium
t = is time elapsed from time zero.

Because the denominator inside the error function is distance from the source, the source
concentration in this idealization can never be attained at any observation point removed from
the source. Therefore, as a practical consideration in this analysis, the ambient concentration at
any distance from the source was defined as the concentration from diffusion over a reasonably’
long period of acquiescence (e.g., 30 days), and recovery time was defined as the time to
rebound to 95 percent of the ambient concentration.” Figure ATT-4 presents the results of this

' 30 days is considered a reasonably long time scale for diffusive transport, because transport likely also is affected
by advective phenomena, such as thermal convection and barometric pumping, which are driven on a much shorter
(e.g., diurnal) time scale.

? Because we defined ambient concentration as that attained afier 30 days of diffusion, 100 percent recovery always

would take 30 days at any distance. Given the simplifying assumptions employed, 95 percent recovery seems a
reasonable meltric.
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above ground surface (e.g., the atmosphere) also may direct air lost to the formation upward,
further mitigating the amount of perturbation that occurs beneath the drill bit.

In addition to the influences of geometry and heterogeneity on perturbing air flow,
unaccounted-for rebound mechanisms may further serve to mitigate the predicted conditions.
One of the mechanisms previously mentioned is  : compressibility of the injected air. The
secon mechanism compr s whatever advective processes may | occurring below the surface
at the 200 West Area, as may reasonably be expected to exist because of variations in water table
elevation, barometric pressure, and temperature that are known to occur (and also soil-vapor
extraction operations). Third among these mechanisms is the potential for rebound to be driven
by solid and/or liquid phase CCl, that would not be displaced or exhausted as easily as vapor by
the introduc m of dri ng air.

CONCLUSIONS AND RECOMMENDATIONS

To accurately assess the impact of the subject phenomenon, the effects of several significant
comy cating mechanisms must be considered. Unfortunately, simplification of the p lem
using an idealized set of assumptions results in underestimation of air-loss mechanisms,
concentratio rebound mechanisms, and other impact-mitigating phenomena. Therefore, any
simplification of the problem, as presented herein, is predisposed to result in conservative
estimates of rebound time.

The most effective manner of rigorously evaluating all relevant and significant effects is via
simulation using finite ement numerical modeling. owever, such an undertaking is beyond
the cv ent scope. Therefore, a strong recommendation for the field investigation is to observe
and characterize the rebound phenomenon in the field using the capabilities of the infrared
photoacoustic spectron er.

Because the air being injected as a result of drilling is dryer than the ambient subsurface soil gas,
the water-vapor channel of the infrared photoacoustic spectrometer can provide an indication of
rebound that  independent of the CCly concentration.' By monitoring the water-vapor channel
of the infrared photoacoustic spectrometer simultaneously with the CCly channel, rebound times
of each can be compared. The proximity of the sampling location to subsurface dense,
nonaqueous-phase liquid may be discernible by the occurrence of accelerated rebound of the
CCly, because this would indicate a relative dominance of diffusion over advection. Quantitative
tests to assess the potential usefulness of rebound monitoring for this purpose, and to
quasi-empirically evaluate the perturbation and required recovery time incurred by the
introduction of drilling air, are therefore recommended.

" In fact, perturbation and rebound on water-vapor concentrations already have been observed, but not analyzed, in
previous Enhanced Access Penetration System field operations using the infrared photoacoustic spectrometer at the
200 West Area.
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A PENDIX C

QUARTERLY LETTER REPOF 3 FOR THE 218-W-4C Bl IAL GROUND,
OCTC ER-DEC N ER2003 AND JANUARY-I A CH2004









SGW-33829F 77/ 0

This page intentionally left blank.

































SGW-33829 REV 0

BURIAL GROUN SAMPLING AND ANALYSIS __ESULTS
FOR ( TOBER - DECEMBER 2003

Figure 2. Schematic View of 218-W-4C Burial Ground Trench and Vent Riser
Sampling Method.
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BURIAL GROUND SAMPLING AND ANALYSIS RESULTS
FOR OCTOBER - DECEMBER 2003

Figure 3. Locations of Vent Risers in 218-W-4C Burial Ground.
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