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SUMMARY

Between 355 and 1973, a total of 363,000 to 580,000 L (577,000 to
922,000 kg) ot fiquid carbon tetrachloride, in mixtures with other organic and
aqueous, actinide-bearing fluids, were discharged to the soil column at three
disposal facilities--the 216-7Z-9 Trench, the 216-Z-1A TiTe Field, and the
216-Z-18 Crib--in the 200 West Area at the Hanford Site. In the mid-1980's,
dissolved carbon tetrachloride was found in the uppermost aquifer beneath the
disposal facilities, and in late 1990, the U.S. Environmental Protection
Agency and the Washington State Department of Ecology requested that the
U.S. Department of Energy proceed with planning and implementation of an
expedited response action (ERA) to minimize additional carbon tetrachloride
contamination of the groundwater. In February 1992, soil vapor extraction was
initiated to remove carbon tetrachloride from the unsaturated zone beneath
these disposs facilities. By May 1994, a total of 10,560 L (16,790 kg) of
carbon tetracnioride had been removed, amounting to an estimated 2% of the
discharged inventory. .

In the spring of 1991, the Volatile Organic Compounds - Arid Integrated
Demonstration (VOC-Arid ID) program selected the carbon tetrachloride-
contaminated site for demonstration and deployment of new technologies for
evaluation and cleanup of volatile organic compounds and associated
contaminants in soils and groundwater at arid sites.

Site investigations conducted in support of both the ERA and the
VOC-Ari ID have been integrated because of their shared objective to refine
the conceptual model-of the site and to promote efficiency. Site characteri-
zation data col 2cted in fiscal year 1993 have supported and led to refinement
of the conceptual model of the carbon tetrachloride site.

Carbon tetrachloride is found throughout the 65-m-thick unsaturated zone
underlying the three primary disposal facilities. Laterally, the highest con-
centrations of carbon tetrachloride are consistently located in the vicinity
of the 216-Z-9 Trench. Vertically, the highest concentrations are associated
with the fine-grained, relatively impermeable Hanford lower fine and Plio-
Pleistocene units, located at depths of 35 to 40 m below ground surface.

The highest near-surface vapor concentration of carbon tetrachloride
measured during a soil-gas survey was 72 parts per million by volume (ppm,)
just north of the 216-Z-9 Trench. Maximum vapor concentrations observed at
wellheads and deep soil-gas probes, which were measured twice a week for
25 months, exceeded 10,000 ppm, total volatile organic compounds at monitoring
locations above the Plio-PTeistocene unit and immediately north of the
216-7-9 Trench. At similar locations above the Plio-Pleistocene unit in the
216-7-1A/216-7-18 area, maximum concentrations were an order of magnitude
lower. However, maximum concentrations from monitoring ports below the Plio-
Pleistocene unit were approximately 1,000 ppm, in both areas. The highest
carbon tetrachloride concentration in the sediment samples collected during
drilling of 13 new wells was 37.8 ppm from the Hanford lower fine/Plio-
Pleistocene interval at the 216-Z-9 Trench. In contrast, the highest carbon
tetrachloride concentration in a sediment sample from the 216-Z-1A/216-7-18
area was only 6.6 ppm, but was also associated with the Hanford Tower
fine/Plio-Pleistocene interval. The highest carbon tetrachloride concen-
trations in the in situ soil-gas samples collected during drilling exceeded
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10,000 ppm, in wells at the 216-Z-9 Trench. Carbon tetrachloride concentra-
tions in soil vapor extracted using the vapor extraction. systems exceeded
25,000 ppm, carbon tetrachloride from intervals above the Plio-Pleistocene
un1t at the 2 3-Z-9 Trench. Extracted soil- -gas concentrations from the
216-7-1A/216-7Z-18 wellfield are an order of magnitude .lower.

Sorption of carbon tetrachloride onto soil particles within the
unsaturated zone is thought to be fairly low (<0.2 mL/g). An estimated 6% of
the original carbon tetrachloride inventory is currently sorbed on soil
particles in the unsaturated zone. An additional 6% is estimated to be
contained within soil gas and soil moisture in the unsaturated zone.

naqueous-phase liquid carbon tetrachloride has not been observed in
the unsaturated zone. However, the high vapor concentrations (-25% of the
satw I vapor concentration) ext1 :ted from the 216-Z- wellfield sugge t
the presenc of residual carbon tetrachloride, particulariy associated with
the Hanford Tower fine and Plio-Pleistocene units.

Aqueous- and nonaqueous-phase liquids containing carbon tetrachloride
infiltrated into the underlying soils and migrated through the unsaturated
zone under their own hydraulic gradients. The presence of inadequately sealed
wells, including some deep groundwater wells, during the time of active liquid
waste disposal had the potential to provide vertical conduits for the downward
migration of carbon tetrachloride and other contaminants directly to the
aquifer. This is of particular concern near the 216-Z-9 Trench, where waste
water has been found perched on Tow-permeability materials and has spread
latera ly for approximately 100 m. However, column pore volume estimates and
numerical model simulations suggest that, at the 216-Z-9 Trench, the liquid
wastes likely reached the water table by downward migration irrespective of
whether poorly sealed wells provided a preferential pathway.

Volatilization of carbon tetrachloride from aqueous- and nonaqueous-
phase Tiquids within the unsaturated zone results in vapor-phase. carbon
tetrachloride in soil pores. Due to the density of the carbon tetrachloride
vapor, the dens ty of the contaminated vapor phase is greater than uncontami-
nated vapor in the unsaturated zone. This contrast in densities can result in
density-driven advective. flow that would move the carbon tetrachloride vapor
downward and laterally from the disposal facilities. As the contaminated
vapor moves into uncontaminated areas, it may partition into the soil moisture
and adsorbe phases and act to establish equilibrium. The carbon tetra-
chloride vapor may also provide a source of continuous contamination through
diffusion into the groundwater. The higher vapor-phase carbon tetrachloride
concentrations above the Plio-Pleistocene layer suggest that dens1ty driven
advective vapor flow may be significant.

Carbon tetrachloride vapors in the unsaturated zone that equilibrate
with waste water from other 1iquid waste disposal facilities may then be
transnorted to the unconfined aquifer in dissolved form. Carbon tetrachloride
may a ;o volatilize from the dissolved groundwater. The contaminant vapors
would then move upward by diffusion and may become temporarily trapped below
the Plio- P1e1stocene confining Tayer until they find a vertical pathway
upward.

iv
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Atr leric pressure fli ‘“uations appear to constitute a s 1if  int
release mecnanism for carbon tetrachloride vapor out of the unsaturatea zone
both through boreholes and through the soil surface. Based on continuous
airflow measurements into and out of boreholes, average carbon tetrachloride
concentrations in the vented air, and length of time each well was available
as a pathway, an estimated 3% of the original carbon tetrachloride inventory
has been lost to the atmosphere since 1955 through borehole venting. The
ca =t ited quantity of carbon tetrachloride lost to the atmosphere in 1990
from the soil/air interface, based on diffusion of the vapor phase from the
we !r table to the ground surface, was estimated to be 0.15 g/mz/yr for the
area over ¢ing the groundwater plume. Measured soil flux rates in the
vicir .y of the 216-Z-9 Trench ranged from 0.0007 to 0.48 g/mz/yr in 1993. It
is estimated that, between 1955 and 1990, 18% of the total carbon
tetrachloride inventory was lost to the atmosphere through natural soil flux.
Thus, a total of 21% of the carbon tetrachloride may have been released to the
atmosphere.

The areal extent of the dissolved carbon tetrachloride groundwater plume
has remained about 10 km? over the st 3 years. Concentrations of dissolved
carbon tetrachloride detected in the groundwater have been estimated to
account for approximately 2% of the original carbon tetrachloride inventory.
Concentrations of carbon tetrachloride in wells at the perimeter of the plume
appear. to be increasing, suggesting that the groundwater plume is migrating
laterally t the north, west, and south. However, the centroid of the
dissolved carbon tetrach )ride plume appears to be stationary. The fact that
the zone of highest concentrations (4,000 to 7,000 gg/L) includes the
216-Z-9 Trench, which has been inactive since 1962, suggests that the carbon
tetrachloride discharged there has been providing a continuous source of
contamination to the groundwater. The highest observed groundwater
concentration is approximately 1% of the aqueous solubility of carbon
tetrachloride.

Groundwater samples from one well indicate that there is deeply
distributed carbon tetrachloride near the 216-Z-9 Trench (up to 5,800 pg/L at
the top of the aquifer and 3,800 ug/L at 52 m beneath the water table).
However, the we | itself, which lacked an annular seal until 1987 and has a
long perforated interval, may have provided the preferential pathway for the
downward migration of contaminants. Nonaqueous-phase 1liquid carbon
1 .rachloric has not been observed in the saturated zone.

Corrently, an estimated 65% of the original carbon tetrachloride
disposi 1inventory remains unaccounted for. High subsurface vapor
concentrations, column-pore volume estimates, and numerical simulations
suggest that much of this unaccounted for inventory may be held as residual
saturation in soil pores of the unsaturated zone, and/or the saturated zone.
A portion of the inventory may have been biodegraded.
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1.0 INTRODUCTION

Carbon tetrachloride was found in the unconfined aquifer beneath the
200 West Area at the Hanford Site in the mid-1980's. Additional groundwater
monitoring indicated that the carbon tetrachloride plume was widespread and
that concentrations were increasing. In December 1990, the U.S. Environmental
Protection Agency and the Washington State Department of Ecology requested the
U.S. Department of Energy (DOE) to proceed with detailed planning to implement
an expedited response action (ERA) to minimize additional carbon tetrachloride
contamination of the groundwater. In January 1991, site investigations in
support of an ERA for the site were initiated, and in February 1992, a soil
vapor extraction system began to recover carbon tetrachloride from the
unsaturated zone. This ERA, a provision of the Comprehensive Environmental
Response, Compensation, and Liability Act of 1980, is being implemented based
on concerns that = «c¢-~bon *-*rachloride residing in the soils was continuing
1 spread the « »d, 1f left uncl [, would s” 1ificantly @1
tne area o: yrounawater contamination. The purpose of thiis ERA is to minimize
or stabilize the carbon tetrachloride migration within the unsaturated zone
beneath and away from the waste disposal facilities in the 200 West Area
(DOE-RL 1991).

The Volatile Organic Compounds - Arid Integrated Demonstration (VOC-Arid
ID) is a DOE Office of Technology Development program targeted at the
acquisition, development, demonstration, and deployment of technologies for
evaluation and cleanup of volatile organic compounds (VOCs) and associated
contaminants in soils and ‘oundwater at arid DOE sites. Candidate technol-
ogies are being demonstrated in the areas of site characterization;
performance prediction, monitoring, and evaluation; contaminant extraction and
ex situ treatment; in situ remediation; and site closure and monitoring. The
initial focus of the VOC-Arid ID is on the carbon tetrachloride that was
disposed to the unsaturated zone along with other volatile and nonvolatile
organic and aqueous wastes and transuranic radionuclides at the Hanford Site's
200 West Area.

Site investigations have been conducted in support of both the ERA and
VOC-Arid ID by Westinghouse Hanford Company (WHC) and Pacific Northwest
Laboratory (PNL). These investigations have been fully integrated to promote
the efficient use of time and resources and to ensure that each activity
provides the maximum usefulness to both programs.

The purpose .of this report is to refine the conceptual model of the
ERA/VOC-Arid ID carbon tetrachloride site presented by Last and Rohay (1993)
using information and data collected during the fiscal year (FY) 1993 site
investigations (Rohay et al. 1993a). This report includes background
information on the source of the carbon tetrachloride contamination, a
description of the environmental setting, and a summary of the results of
previous site investigations concerning the nature and extent of the
contamination. This information is then used to develop a conceptual model of
the carbon tetrachloride site.

Also provided in this report are several appendixes of pertinent
background data. Appendix A includes information on the various carbon
tetrachloride waste streams and the three primary carbon tetrachloride waste
disposal facilities. Appendix B is an update of the geology underlying the

1-1
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carbon tetrachloride disposal sites. Appendix C contains data on water table
elevations beneath tlI site. Ap; 1dix D presents a summary of 25 months of
baseline soil-gas nitoring. Appendix E contains a final report on a passive
soil-gas survey at the site. Appendix F provides schematic well-construction
diagrams for the FY 1993 wells. Appendix G contains a complete listing of the
volatile organic, chemical, and radiological analyses of both sediment and
groundwa: * samples from the FY 1993 wells. Appendix contains vertical
concer -ation and physical property profil : for all the FY | )2 and FY 3
wells. Appendix I ~ sts the average carbon 1 .rachloride concentrations in

200 West Area groundwater.

1-2
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2.0 BACKGROUND

The Hanford Site has been a defense materials production complex since
1943, Liquid wastes containing carbon tetrachloride, generated during pluto-
nium recovery processes operated at Z Plant (currently called the Plutonium
Finishing | ant), were discharged to nearby subsurface 1liquid waste disposal
facilities from 1955 to 1973. These past discharges have contaminated the
underlying soils and groundwater with carbon tetrachloride and other asso-
ciated hazardous and radioactive wastes. This section of the report describes
the )cation and layout of the ERA/VOC-Arid ID carbon tetrachloride site, the
operational history of Z Plant, and the carbon tetrachloride waste disposal
facilities. Much of this information was taken from Rohay and Johnson (1991).
Detailed disposal inventories are provided in Appendix A.

2.1 LOCATIO AND LAYOUT

The Hanford Site is located in south-central Washington State and is
portioned into several operational areas (Figure 2-1). The chemical
processing areas (200 East and 200 West Areas) are located near the center of
the Hanford Site. Z Plant is located in the west-central portion of the
200 West Area (Figure 2-2). The carbon tetrachloride-bearing liquid wastes
from Z Plant were discharged to the 216-Z-9 Trench, located east of Z Plant,
and to the 216-Z-1A Tile Field and the 216-Z-18 Crib, both located south of
Z Plant (Figure 2-3). :

2.2 PLUTONIUM FINISHING PLANT OPERATIONS

Z Plant began operations in late 1949 to process plutonium nitrate
solutions (extracted from irradiated uranium fuel rods) into final product
forms (plutonium oxide and plutonium metal). Each of the three process lines
generated side streams that contained recoverable quantities of plutonium.
Recuplex and the Plutonium Reclamation Facility (PRF) were established to
reclaim plutonium from recoverable solutions and solids and were the primary
contributors of carbon tetrachloride to Z Plant soils.

2.2.1 Processes Using Carbon Tetrachloride

Historically, carbon tetrachloride was used, in mixtures with other
organics, to recover plutonium from aqueous streams containing plutonium
nitrate. Solvent extraction processes using pulse columns were used in PRF
and its pilot facility, Recuplex, to recover the plutonium.

The extraction process involved an aqueous feed containing impurities
and plutonium entering the bottom of the column, while the dense organic
stream entered the top. As the aqueous stream moved upward and the organic
stream mov | downward in the column, the organic extracted the plutonium from
the aqueous stream. The plutonium then left the bottom of the column with the
organic, and most of the impurities left the top of the column with the
aqueous waste. The plutonium-rich organic then entered another extraction
column, where the organic stream was stripped of its plutonium by another
aqueous stream. Although the solvent was routinely recycled, it was
periodically purged and discharged as waste to the soil column.

2-1
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Figure 2-2. Site Map of the 200 West Area.
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~ T » janic stream in the process consisted of a mixture of carbon
tetrachioride and tributyl phosphate (TBP). The TBP forms several complexes
with the plutonium in the organic phase, thus extracting the plutonium from
the aqueous phase. The carbon tetrachloride was added as a diluent (meaning
that the TBP was ¢ luted with carbon tetrachloride) for several reasons:

1. To increase the density of the organic stream. (TBP alone has a
density nearly equal to that of the aqueous stream; the extraction
processes require that the aqueous and organic streams have
significantly different densities.)

2. To dissolve the TBP while remaining immiscible with the aqueous
stream.

3. To serve as a fire suppressant in combination with the TBP,
reducing the potential for fire in the process.

4. To reduce the viscosity of the TBP, thus im iving mass transfer.

Carbon tetrachloride was also used, in lesser amounts, in the americium
recovery process as a diluent for dibutyl butyl phosphonate (DBBP) and in
lubrication 0i1 for machining of metal parts.

The aqueous waste stream, characterized as a high-salt aqueous waste,
was primarily a concentrated nitrate solution that had a pH of 1 (Kasper
1982). The aqueous phase was saturated with organic 1iquids consisting of
carbon tetrachloride, TBP, and DBBP; the organic content of the aqueous phase
was less than 1%. Large quantities of aqueous wastes (neutralized to a pH of
2.5) were also discharged to the soil column through the same cribs that
received the organic liquids described above.

The chemical processes used to recover plutonium resulted in the
production of actinide-bearing aqueous and orga%i% waste 1iquids. The primary
radionuclide components of these 1iquids were >%/%°py and %'Am

2.2.2 Recuplex Operations

Recuplex operated from 1955 through 1962 at Z Plant (Figure 2-2). This
process used nitric and hydrofluoric acids to produce soluble plutonium as
plutonium nitrate and a carbon tetrachloride-TBP solvent to recover the
plutonium from the plutonium nitrate solutions (DOE-RL 1992b). A criticality
accident forced the closure of Recuplex in April 1962 (DOE-RL 1992b).

Two solvents were used for the entire period of Recuplex operation. An
85:15 ratio (by volume) of carbon tetrachloride to TBP was used in the
extraction and stripping columns for the bulk of the separations. A 50:50
ratio of carbon tetrachloride to DBBP was used for batch rework of process
liquids that did not meet waste discharge specifications because of plutonium
concentrations.

With exposure to ionizing radiation and nitric acid, the TBP within the
sc¢ sent would gradually degrade to dibutyl phosphate (DBP). DBP has a much
greater affinity for plutonium than TBP and would not work in the process
because of its poor stripping properties. The degraded solvent was

2-5
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- Operating Total Plutonium | Americium Lard oil
Facility dates Waste source volume (L) (kg) (kg) Ccl4 (L) TBP (L) DBBP (L) L
216-2-9 1955 to 1962 | Recuplex 4 .09E+06 1062 2.5 8.3E+04 to  2.79€+04 4.65E+04 9.30E+03

3.00E+05
216-Z-1A 1949 to 1959 Plant crib 1.00E+06 0.05 ND ND ND ND ND
verflow
i
1964 to 1969 IPlutonium 5.20E+06 57 1 1.7e+05° 2.39E+04 2.756+04 1.10E+04
Reclamation
Facility
216-2-18 1969 to 1973  Plutonium 3.86E+06 23 0.4 1.10E+05 1.64E+04 1.91E+04 ND
Reclamation
Facility
Total 1.42€E+07 186 3.0 3.63E+05 6.82E+04 9.31E+04 2.03e+04 .
5.80E+(
a5g kg were later removed.
blncludes lard oil.
CCl, = carbon tetrachloride; DBBP = dibutyl butyl phosphonate; TBP = tributyl phosphate.
ND = no data available.
Based on information from Owens (1981), Rohay and Johnson (1991), DOE-RL (1992b), and Piepho al. (1993).
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3.0 ENVIRONMENTAL,SETTING

This chapter describes the meteorology, geology, and hydrogeology of the
ERA/VOC-Arid ID carbon tetrachloride site.

3.1 METEOROLOGY

The Hanford Site lies in a rainshadow on the east side of the Cascade
Range, which results in its semiarid climate. The weather is monitored and
recorded at the Hanford Meteorological Station, located 2.5 km northeast of
the ERA/VOC-Arid ID site. The Hanford Site receives an annual average of
16 cm of precipitation, approximately half falling between November and
February. The average yearly humidity at the Hanford Site ' :tween 1946 to
1980 was 54.4%, with a Tow of 32.2% in July and a high of 8u% in December

al. . The prevailing northt : wini result from

wt or tne Cascade Range. Mean montnly wind speed from 140 to 1980
averaged 3.4 m/s, with peak gust speeds from 28 to 36 m/s. _Minimum winter
temperatures vary from -33 °C to -6 °C, and maximum summer temperatures vary
from 38 °C to 46 °C.

The average atmospheric pressure for the site is 29.2 in. of mercury.
In general, the atmospheric pressure is higher in winter than in summer,
although both the highest and lowest recorded pressures at the Hanford Site
occurred during winter (DOE 1988). In 1990, average daily barometric pressure
measured at the Hanford Meteorological Station ranged from approximately 28.6
to 29.9 in. of mercury (DOE-RL 1991).

3.2 GEOLOGY

The Hanford Site is situated within the Pasco Basin, a structural
depression in the Columbia Plateau, which accumulated thick deposits of
Miocene continental flood basalts and younger sediments. The Pasco Basin is
locally bisected by the Gable Mountain anticline (Figure 3-1). The Hanford
Site's 200 West Area, containing the ERA/VOC-Arid ID carbon tetrachloride
site, is situated south of this anticline on the generally southward-dipping
1imb of the Cold Creek syncline. The ERA/VOC-Arid ID site lies at an
€ 2vation of approximately 200 m above mean sea level. The surface topography
of the ERA/VOC-Arid ID carbon tetrachloride site (Figure 3-2) reflects
numerous excavation and construction activities associated with nuclear
materials production and waste management practices.

The subsurface geology of the ERA/VOC-Arid ID carbon tetrachloride site
consists of a thick accumulation (>150 m) of clastic sedimentary deposits
overlyir the Miocene Columbia River Basalt Group. These suprabasalt
sediments include Tithologic units assigned to the Tate Miocene to Pliocene
Ringold Formation, the Plio-Pleistocene unit, and the Pleistocene Hanford
formation (informal name). A thin veneer of Holocene eolian sand locally
overlies the Hanford formation.
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3.3.1 Local Recharge

Several Tocal sources of artificial recharge are present within the
vicinity of the carbon tetrachloride disposal sites. These sources of
recharge inclu : two active liquid waste disposal sites (216-Z-20 Crib and
216-7-21 Pond) and three sanitary tile fields (Figure 2-3). Current annual
discharge rates to these facilities are estimated as follows:

Facility Annual Discharge (L/yr)
216-Z-20 Crib 9.5 E+072
216-2-21 Pond 9.8 E+07°
2607-Z Drain Field 8.4 E+06 to 1.5 E+07°
2607-WA Drain Field 2.2 E+06°
2607-WB Drain Field Unknown
T B
P “Konay ana Jonnson (1YY1).
B °DOE-RL (1992b).

3.3.2 Unsaturated Zone

The unsaturated zone beneath the site ranges in thickness from 60 to
71 m. The geologic units found beneath this site have a wide range of
textures (Appendix B) and, thus, a wide range of hydraulic properties are
expected. For discussion purposes, the unsaturated zone has been divided into
seven hy ‘ogeologic units (hydrofacies) based on the stratigraphic facies.
These hydrogeologic units are, in descending order (Figure 3-5):

H,s - Hanford gravelly sand and sand (upper fine unit)

H. - Hanford gravels (upper coarse unit)

Hy; - Hanford sand (fine unit)

H,. - Hanford sandy gravel (lower coarse unit)

H ¢ - Hanford interbedded silt and fine sand (lower fine unit)
PP - Plio-Pleistocene unit (caliche)

R,. - Rin 11d gravel unit E (unsaturated).

The thickness and configuration of these units vary beneath each of the
three contaminant sources of interest (216-Z-1A, 216-Z-9, and 216-7Z-18) and
are discussed in detail in Appendix B. Figure 3-6 illustrates the general
configuration of geologic materials beneath the carbon tetrachloride disposal
sites.

Calcium carbonate and moisture contents were determined for nearly 500
samples from 13 boreholes drilled during FY 1992 and FY 1993. The data are
tabulated in Rohay et al. (1992a, 1993a, respectively) and used to create
vertical profiles for each well in Appendix H. Additional measurements of air

srmeability, porosity, bulk density, and saturated hydraulic conductivity
were made on selected samples from two wells, 299-W18-174 within the 216-Z-1A
Tile Field and 299-W18-96 within the 216-Z-18 Crib (Rohay et al. 1993a).
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Figure 3-7. Effect of Relatively Impermeable Plio-Pleistocene Layer on
Attenuation of Barometric Pressure Wave in Well 299-W18-247.
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Tahla -4 Hvdrnlnaic Pranartioc nf the lincnanfined Aquifer.

- Conduc-
—— e gy e e SSTVILY oo Stora-
number units Sample (mz/d) tivity titivity
(m/d) .
299-W15-16 R, (top) Aquifer | 1,115 366 0.03
test
299-W15-17| R,, (top) Aquifer 1,115 366 ND
test ]
299-W18-21| R,, (top) Aquifer | 4,738 1,554 ND
test ‘
299-W18-""| R, (top) Aguifer 4,087 1,341 0.001
test )
299-W18-22| R,, (bottom) Aquifer 39 13 ND
test
| ND Rim ND - ND - 0.03-3.0 0.002
| ND Rea ND ND 0.001-0.61 ND

After Graham et al. (1981), Last et al. (1989), and WHC (1992).
- ND = No data available.
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4.0 NATURE AND EXTENT OF CONTAMINATION

This chapter presents information regarding the nature and distribution
of contaminants found beneath the 216-Z-1A Tile Field, 216-Z-9 Trench, and
216-7Z-18 Crib carbon tetrachloride disposal sites. Also presented are current
estimates of the quantity of carbon tetrachloride released to the atmosphere,
retained in the unsaturated zone, and present within the groundwater. This
information is based primarily on the results of the ongoing ERA and
VOC-Arid ID investigations.

4.1 ATMOSPHERIC LOSSES

The carbon tetrachloride vapor may move from the subsurface to the
atmosphere at the soil/air interface or along pathi s such as existing wells.
T low™ - o sectio i the natural f~ of Vuls are 1 an
esti e ¢ le atmospheric 10sses of carbon tetrachloride (whHu 1v¥93a) ai .
field measurements made in support of the ERA (Rohay and Cameron 1992, Fancher
1993).

4.1.1 il1/Air Interface

The quantity of carbon tetrachloride lost to the atmosphere in 1990 from
the soil/air interface, based on diffusion of the vapor phase from the water
table to the ground surface is estimated (WHC 1993a) to be 0.15 g/m%/yr, or
1,800 kg/yr, for the area over]ying the groundwater plume. It is estimated
that, between 1955 and 1990, 18% of the total carbon tetrachloride inventory
was lost to the atmosphere through natural soil flux (WHC 1993a). For these
rough order-of-magnitude estimates, it is assumed that 470,000 L (750,000 kg)
of carbon tetrachloride was discharged to the soil column between 1955 and
1973.

The distribution and concentration of the carbon tetrachloride vapor in
the unsaturated zone was calculated, based on (1) the distribution and concen-
tration of the dissolved phase in the unconfined aquifer, (2) the correspond-
ing equilibrium concentration of vapor just above the water table, and (3) a
linear interpolation between the vapor concentration at the water table (64-m
depth) and an assumed concentration of zero at the ground surface. To
calcnlate the vapor loss to the atmosphere, it was assumed that the contami-
nate vapor diffused to 1 m below the ground surface. Air in the upper 1 m of
the soil column was assumed to be swept out by fluctuations in barometric
pressure, based on the measured range in the barometric pressure for 1992 (WHC
1993a).

To calculate the historical atmospheric losses, it was assumed that the
upper 1 m of the soil column was swept clean 52 times per year by barometric
pressure fluctuations (WHC 1993a). During the period of discharge, it was
assumed that soil vapor in the upper 1 m was saturated with carbon
tetrachloride and was confined to the lateral area of the crib and that the
atmospheric loss rate remained constant. After discharge ceased, the carbon
tetrachloride was assumed to diffuse outward and downward until it reached the
estimated 1990 configuration. Atmospheric Tosses were assumed to decline
steadily at a yearly rate designed to match the 1,800-kg/yr rate calculated
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Figure 4-1. Distribution of Maximum Baseline Monitoring
Wellhead Measurements. -
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Near-Surface Soil-Gas Concentrétions of Chlqroform

Figure 4-4.
Measured in May 1992.
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The detection of acetone, toluene, and xylene was rather rand 'y dispersed in
the southern portion of the sampling grid. During additional EMFLUX sampling
at the 216-Z-9 Trench in July 1993 (from July 21-24 at stations 2-3 and 5-10
and from July 24-28 at stat1ons 5-6), the highest carbon tetrachloride flux
rate observed was 922.7 ng/m /min on the north side of the trench (Table 4-1).

4.2.1.3 Baseline Monitoring of Near-Surface Soil-Gas Ports. Selected probes
in the FY 1991 and FY 1992 networks have been monitored approximately twice
per week from December 1991 through December 1993 using an organic vapor
monitor (Fancher 1994, Rohay 1993). A description of the sampling and
analysis :thods are described in Fancher (1993, 1994). Statistics for the
25-month aataset are provided in Appendix D.

The maximum VOC concentration recorded at each shallow soil-g probe in
the baseline monitoring network is displayed in Figure 4-6. Each probe in the

etwork at the 216 Z-18 Crib was measured approximately 120 times. Each

in tI 1 1 "wor” ancl ed at t! 216-7 9 T ichy [ I' . approxi-
mately 85 times. ’ne 1Y9¢ probes were aaded to the paseline monitoring
network in February 1993. At about the same time, a change was implemented in
the analytical method using the organic vapor monitor. For that reason, data
from the two areas should not be compared. A more detailed analysis of these
data is provided in Fancher (1994).

In general, the data in the 216-Z-1A/216-Z-18 area appear to be
consistent with the results of the active soil-gas sampling (Figure 4-3).
Observed concentrations are higher north and northwest of 216-7Z-18, west of
216-7Z-1A. At the 216-Z-9 Trench, higher soil-gas concentrations are found
north of the trench.

4.2.2 Subsurface Soil-Gas Measurements

Subsurface soil-gas data are available from several investigative
activities: wellhead detections/monitoring throughout the 200 West Area,
baseline monitoring of wellheads and deep soil-gas ports at the ERA/

VOC-Arid ID carbon tetrachloride site, active sampling/measurement of new
wells under construction, and sampling/ monitoring of the vapor extraction
gases. Descriptions of these activities are presented in Rohay and Johnson
(1991); Rohay (1991, 1993); Rohay et al. (1992a, 1992b, 1993a); Fancher (1993,
1994); Rohay and Cameron (1993); and Last and Rohay (1993).

4.2.2.1 Far-Field Wellhead Detection of Carbon Tetrachloride. Carbon
tetrachloride (mostly measured as total chlorinated hydrocarbons) has been
detected using field screening instruments in wélls under construction
throughout much of the 200 West Area since January 1987 (Rohay and Johnson
1991, Last and Rohay 1993). These wellhead measurements are strongly affected
by barometric pressure changes and are used to examine the distribution of
carbon tetrachloride vapors either above or below the caliche layer (Plio-
Pleistocene unit). Most of the reported detections have been from below the
caliche layer, often in the capillary fringe zone just above the water table.
However, wells drilled adjacent to the carbon tetrachloride disposal
facilities, and some wells drilled west and south of the 216-Z-18 Crib, have
detected carbon tetrachloride both above and below the caliche layer.

4-15






WHC-SD-EN-TI-248, Rev. 0

Figure 4-7 i1™ :trates tI Tlocation of wellhead detections of carbon
tetrachloride (or total cniorinated hydrocarbons) between January 1987-and
September 1992. Note that carbon tetrachloride (as chlorinated hydrocarbons)
has been detected in wellheads located outsidé the maximum extent of the
groundwater plume (Section 4.3).

4.2.2.2 Deep Soil-Gas Monitoring in the Carbon Tetrachloride Disposal Site
Area. The baseline monitoring program for the vapor extraction system
consists of |6 selected wells and deep soil-gas probes that have been
monitored twice per week from December 1991 to December 1993 (Fancher 1994).
Statistics for the entire 25-month period are included in Appendix D.
Interpretation of all the data is provided in Fancher (1994). -

The wells and deep soil-gas probes are monitored using a total organic
vapor monitor. The total VOC measurement is assumed to consist solely of
carbon tetrachloride, based on its predominance in samples analyzed via gas
chromat( rap“-* .ion 4.1.2). The contaminant concentrations fluc*—1te in
response .0 cnal in the barometric pressure; observed carbon tetracnloride
concentrations (measured as total organic vapor) range from 0 to over
10,000 ppm, (Fancher 1994). Because a zero reading may be indicative of an
1nha1at1on event, the maximum baseline monitoring value for each well is”
judged to have the greatest likelihood of representing equilibrium conditions.

The maximum values for the baseline monitoring network measured between
December 1991 and December 1993 at wells and deep soil-gas probes with open
areas above the Plio-Pleistocene unit (caliche) are shown in Figure 4-8; the
maximum values for wells with open areas below the caliche are shown in
Figure 4-9. In constructing these figures, it was assumed that the monitoring
points are comparable, despite their differing ages, locations, depths, and
completions. Open intervals in the boreholes range from approximately 23 to
48 m. The deep soil-gas probes were emplaced using the cone penetrometer and
range in depth from 3 to 33 m deep. In addition, the distributions of vapor
shown in Figures 4-8 and 4-9 are limited by the extent of the monitoring
network.

Carbon tetrachloride concentrations exceeding 10,000 ppm, were observed
above the caliche north/northeast of the 216-7Z-9 Trench By contrast carbon
tetrachloride concentrations observed above the caliche in the 216-Z- 1A/
216-7-12 area are an order of magnitude lower (Figure 4-8). Carbon
tetrachl ‘ide concentrations exceeding 1,000 ppm were observed below the
caliche in both the 216-Z-9 and 216-Z- 1A/216 -12 areas (Figure 4-9).

4.2.2.3 Vapor Extraction System Sampling. Downhole soil-vapor sampling was
conducted during pilot tests of the vapor extraction system at the 216-Z-1A
Tile Field in April 1991 (DOE-RL 1991). These tests found that the carbon
tetrachloride had migrated to a depth of at least 40 m. Vapor concentrations
generally increased with depth, with the highest concentrations [100 ppm,
found at 26 m below ground surface (or ~15 m above the caliche layer)].
Initial operating tests of the vapor extraction pilot system in the 35- to
42-m-depth interval in April 1991 found initial carbon tetrachloride
concentrations on the order of 200 ppm,, which gradually increased to 600 to
700 ppm, after 30 h of venting, and peaked at 915 ppm, 67 h into the test.
Samp]es were analyzed in the laboratory using a gas ehromatography mass
spectrometer (DOE-RL 1991).
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A vapor extraction system began operating at the 216-Z-1A Tile Field in
February 1992, using existing wells perforated at the approximate 35-m depth
(i.e., above the caliche).  In general, the wells are perforated across the

intact between finer grained and coarser grained units. Usually, the vapor
extraction system has been extracting from 4 to 10 wells simultaneously. When
the carbon tetrachloride concentration in an extraction well drops signifi-
cantly, the vapor extraction system is switched to a different well to opti-
mize production. Average carbon tetrachloride concentrations in the combined
vapor stream drawn from wells within the tile field gradually increased from
approximateély 400 to 500 ppm, in August 1992 to approximately 700 to
1,000 pem, in December 1992 at average flow rates ranging from 124 to
210 ft°/min. The increase in carbon tetrachloride suggests that the vapor
plume was steadily being drawn in toward the extraction wells by the vapor
extraction system. During extraction from nine wells from February to
June 1993, combined vapor stream concentrations fell to 200 to 500 ppm,,
indicatina remo-" of the higher concentration_vapor plume. The typical
. flow rat-~ rar-—-1 - _1 20 to 300 ft3/min per extraction well. This
‘ i extre :ion sysiem began operating at the 216-Z-18 Crib during the
sumn of 1992. The extracted soil vapor concentrations from ‘two wells (one
open below the caliche) in the 216-Z-18 Crib has been a few hundred parts per
million by volume carbon tetrachloride.

Characterization tests were conducted using the vapor extraction
equipment to extract soil gas from a single open interval while measurements
were made of the flow rate and vacuum. The carbon tetrachloride concentration
in the extracted soil gas was analyzed using a photo-acoustic infrared sensor.
Characterization testing data at the 216-Z-1A/216-Z-18 wellfield in June 1993
are presented in Table 4-3 (Rohay and Cameron 1994). The extent of the
horizontal influence of the vacuum placed on each of the extraction wells is
in the range of 100 ft, established during the pilot testing of the vapor
extraction system (DOE-RL 1991, Appendix F).

A second vapor extraction system began operating at the 216-Z-9 Trench
in March 1993 and was used to characterize several 216-Z-9 wells in the spring
of 1993. As shown in Table 4-4, the concentrations of carbon tetrachloride in
the extracted soil vapor from above the caliche in those wells ranged from 77
to 28,500 ppm, (Rohay and Cameron 1994). Concentrations of carbon tetra-
chloride in soil gas extracted from above the caliche in the 216-Z-9 wellfield
are at least an order of magnitude higher than concentrations extracted from
above the caliche in the 216-Z-1A/216-72-18 wellfield (Figure 4-10).

In June 1993, an overheating incident in the primary granular activated
carbon canister at the 216-Z-9 Trench resulted in the temporary suspension of
all active vapor extraction operations (Rohay 1993). Operations resumed at
the 216-Z-1A/216-7-18 site in November 1993 and at the 216-Z-9 site in
February 1994. As of the end of May 1994, a total of 16,790 kg of carbon
tetrachloride has been removed from the unsaturated zone using active vapor
extraction, 5,030 kg from the 216-Z-1A/216-7-18 wellfield, and 11,760 kg from
the 216-Z-9 wellfield.

4.2.2.4 In Situ Soil-Gas Sampling. In situ soil-gas samples were collected
during the drill- j of unsaturated zone monitoring/vapor extraction wells at
the ERA/VOC-Arid ID carbon tetrachloride site. In situ samples were collected
using the SEAMIST (tradename of Eastman Cherrington Environmental, Santa Fe,
New Mexico) soil-gas sampling system (Rohay and McLellan 1992) and the
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Borcoumpler (WHC 393b) during t : FY 1992 and FY 1993 drilling activities
(Last and Rohay 1993, Rohay et ai. 1992a, 1993a). The samples were analyzed
using a gas chromatography/electron capture detector.

It should be noted that barometric pressure has a strong influence on
the movement and thus the concentration of VOCs in soil-gas measurements.
Thus, the detection of VOC concentrations may not represent equilibrium
conditions nor accurate concentrations in the vicinity of the sampling point.

A total of 36 SEAMIST soil-gas samples were collected from 5 wells
instal :d in FY 1993 (Rohay et al. 1993a). Table 4-5 lists these results.
The highest concentrations of carbon tetrachloride were detected in soil-gas
samples from well 299-W15-218, just north of the 216-Z-9 Trench. Here
concentrations increased from 45.39 ppm,6 carbon tetrachloride at the 18.3-m
depth to 20,910 ppm, carbon tetrachloride at the 34-m depth (1 m above the
caliche Tayer). Befow this the concentrations dropped down to 29.75 ppm,
carbon tetrachloride at the 38.6-m depth and then increased again to
10,380 ppm, carbon tetrachloride at the 57.8-m depth (3 m above the water
table). Other high concentrations (over 1,000 ppm,) of carbon tetrachloride
have bee observed in wells 299-W15-220 (1,511.6 ppm, at 27.4 m) and
299-W18-252 (1419.61 ppm, at 48.6 m). A total of 37 SEAMIST soil-gas samples
were collected from 6 wells in FY 1992. The highest concentration of carbon
tetrachloride observed was 7,125 ppm, from the 24-m depth in well 299-W15-217
(Last and Rohay 1993).

4.2.3 Bdreho]e Sediment Sampling

Sediment samples were collected from five new boreholes and two existing
boreholes that were deepened during FY 1993 (Rohay et al. 1993a). Six
previous boreholes were sampled in- FY 1992 (Rohay et al. 1992a, Last and Rohay
1993). This br 1gs the total number of boreholes that have been sampled to 11
new wells and 2 deepened existing wells. These wells were installed to act as
both monitoring wells and/or as vapor extraction wells. The two deepened
wells are located within the boundaries of the 216-Z-18 Crib and 216-Z-1A Tile
Field, respectively. Three wells installed in FY 1992 are adjacent (within

) m) to the boundaries of each carbon tetrachloride crib, and the remaining
eight new wells are installed near (within 25 to 80 m) the boundaries of the
cribs. Figure 4-11 illustrates the locations of these wells.

The two deepened crib monitoring wells (299-W18-96 and 299-W18-174) and
the three near-crib monitoring/vapor extraction wells (299-W15-217,
299-W18-248, and 299-W18-249) were installed to identify the VOCs and.
co-contaminants present, the physical state of these constituents, their
concentral i, and their distribution in the immediate vicinity of the cribs.
These wells were drilled only to the top of the Plio-Pleistocene unit and were
completed as vapor-extraction wells, with a 4.6-m screened interval situated
to span the contact between the Plio-Pleistocene laminated silts and lower
Hanford formation sediments (Appendix F). Sediment samples were collected for
chemical analyses approximately every 1.5 m.

Seven near-field unsaturated zone monitoring/vapor extraction wells
(299-W15-216, 299-W15-218, 299-W15-219, 299-W15-220, 299-W18-246, 299-W18-247,
and 299-W18-252) were installed around the perimeter of the three waste
disposal facilities to further refine the conceptual model and to support
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Lambert coordinates Pad br npleted Depth to 1] s ed
Well number elevation deptn depth water diar . tﬁif?n(ft) Date completed
North East (ft) (ft) (ft) (ft) (i interva
299-W15-216 135,561.129  566,793.635 661.42 210.0 184.6 193.7° 69.7-79.8 July 8, 1992
174.5-184.6
299-W15-217 135,595.174  566,730.801 668.71 123.4 122.2 NA 106-121 July 10, 1992
299-W15-218 135,661.168 566,771 3 665.36 206.1 "195.3 198.97 ' 98.5-113.5 April 28, 1993
- . 180.4-195.3
299-w15-219 135,654.033  566,728.897 668.02 212 182.5 201.6 87.2-102.2 July 16, 1993
167.2-182.2
299-W15-220 135,618.444 | 566,834.927 | = 657.73 201 185.3 191.58P " 80-95.10 August 25, 1993
170.02-185.3
299-W15-223¢ 135,677.748  566,755.386 666.18 119.0 117.0 NA 3 102.7-117.0 October 1, 1993
299-W18-96 135,293.826 | 566,435.228 ' NA 149.2 132.31 NA 122.29-131.88 | March 5, 1993
299-W18-174 135,437.384  566,558.208 NA 131.5 126.45 NA 106.45-126.45 | May 3, 1993
299-W18-246 135,392.889  566,493.313 681.32 230.0 175.2 213.8 ) 120.0-130.0 June 17, 1992
164.9-174.9
299-W18-247 135,232.042  566,503.493 678.09 227.2 ©o227.2 211.7 119-129 May 6, 1992
162-172
299-W18-248 135,409.221  566,584.053 676.11 141.0 138.9 NA 123.2-138.6 | June 3, 1992
299-W18-249 135,329.264  566,474.813 679.74 146.7 137.0 NA 121.7-136.7 July”31, 1992
299-W18-252 135,429.477  566,447.020 680.59 228.5 210.3 215.83 113.24-133.21 | August 6, 1993 .
l ’ 165.13-185.00

NA = not applicable.
gPerched water at 92.3 ft. .
Perched water at 106.10 ft. .
“Drilled at a 45° angle bearing N7E. Coordinates give intersection of well with ground surface; depths are vertical feet below
ground surface.
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Table 4-8. Maximum Soil Concentrations of Target Constituents
from Wells near the 216-7Z-9 Trench.

Detection Max. Soil Well Number Depth

- Analyts - Units Level Conc. (m)
Target Volatlle Organics
Methyleoe Chioride ppb 1n 299-W15-220 30.6
CHCI3 ppb 730 299-W15-218 396
CCl4 ppb 37817 299-W15-217 347
TCE ppb 13 299-W15.217 347
PCE ppb 28 299-W15-217 347
MEK ' ppb NR
Other Volstile Organics
eis-1,2-DCE ppb 10 299-W15-218  39.6
1,1-DCA ppb 18 299-W15-217 347
1,2-DCA ppb 25 299-W15-218 244
LL1-TCA ppb 3 299-W15-217 347
me ppb 3 299-W15-217
Teluena pob >1329 299.W15.219  61.0
4 17 352
B ~9 17 352
O-Xyleve ppb 16 299-W15-218  59.4
Acetooe ppb NR
o-Buty! Benzene ppb ~2000(d)  299-W15.219 457
Chlorobenzeae ppb ~70(d) 299-W15-223 0.7
Target Semivolatile Organies
TBP ug/Kg 58 62(c) 299-W15-217 246
DPB NA
pBBP NA
MBP NA
Triglycerides (lard oil) NA
Qther Semivolatile Organics
Decane ug/Kg 54 ND
Dodecane pe ug/Kg 31 ND
Tetradecane ug/Kg 52 ND
Pheaol ug/Kg 49 220(c) 299-W15-217 309
Usnkoown Oxyhydrocarbon ug/Kg 28000 299-W15-217 6.3
Torget Metals
Aluminum NA
lron ug/Kg 2000 31000000  299-W15-217 78
Cadium ug/Kg 1000 ND
Magnesium ug/Kg 10000 7700000 299-W15-217 371
Chromium ug/Kg 2000 21000 299-W15-217 246
Nickel ug/Kg 3000 20000 299-W15-217 246
Target Anions/Cations
Chloride ug/Kg 400 54000 299-W15-217 246
Fluoride ug/Kg 200 2600 299-W15.217 37.1
. Calcium ug/Kg 10000 140000000  299-W15-217 371
Nitrate ’ ug/Kg 400 1600000 299-W15-217 371
Sulfate ugKg 1000 69000 209.-W15-217 246
Phosphate ug/Kg 800 ND
Targst Radlonuclides
Pletogium NA
Americium NA
Stroatium-90 NA
Urenjum NA
Gamma Emitters
Pb-212 pCi/g 1.01 299-W15-217 353
Pb-214 pCilg 1.73 299-W15-217 371
Ra-226 pCi/g 1.66 299-W15-217 371
Rs-224 pCilg 1.01 299-W15-217 353
Gross Alpha pCilg 111 299-W15-217 371
Gross Beta pCiig 218 299-W15-217  16.6

(c) below limit of quantitation
(d) nos-calibrated catimate
NA not asalyzed

ND not detected

NR oot reported
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F jure 4-12. Distribution of Maximum Carbon Tetrachloride Concentrations
Observed in Sediment Samples from the Hanford Formation Lower Fine Unit
and/or the Plio-Pleistocene Unit near the 216-7Z-9 Trench.

1,232
@
W15-223
15,794 A
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11,688 wi1s-218 -
® N
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L ] -y ~
‘~-~~ 7] 200 -
e
. W15-220
216-Z2-9
Trench
37,817
e
w15-217
54
I [
wi1s-216
37817 — Maximum Concentration of Ca_rbon Tetracr!loridg (ppb) in Segiment
'. Sample from Hanford Lower Fine and/or Plio-Pleistocene Units
W15-217 — 1992/1993 Vadose Zone Monitoring 0 200 Feet
Well (Prefix 299-) L | |
—==== Discharge Pipeline ! J !
: ge Fipe 0 50 Meters
H9404006.9a
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. Table 4-9. Maximum Soil Concentrations of Target Constituents from
Wells near the 216-Z-1A Tile Field.

Detection Max. Soil Well Depth
Analyte Ubits Level Conc. Number (m)
Target Velatile Organies
Methylene Chloride ppb 2264 (a) 299-W18-248 - 19.8
CHCI3 ppb 135 299-W18.-174 39.9
CCl4 ppb : 6561 299-W18-174 38.7
TCE ppb 68 299-W18-174 393
PCE ppb 50 299-W18-174 393
MEK ppb 180 (d) 299-W18-174 17.1
Methyl Iso Butyl Ketone _ ppb 156 (d) 299-W18-174 . 227
Other Volatile Orga:
trans-1,2-DCE ppd . ~150 299-W18-248 19.8
1,1-DCA ppd ~100 299-W18-248 198
a1 2.NCE -80 299-W18-248 19.8
' nnh NR
<25 299-W18-248
Tolueae ppb 626 299-W18-252 60.8
Ethylbenzene ppb 299-W18-248
M+P-Xy ppb 299-W18.248
O-Xylene ppb 299-W18-248
Acetone ppb NL
Taiget Semivolatile Orgsnics
8P ug/Kg 58 ND
DPB NA
DBBP NA
MBP NA
Triglycerides (lard 6il) NA
Other Semivelatile Organics
Decane ug/Kg 54 ND
Dodecane ug/Kg 31 ND
Tetradecane ug/Kg 52 ND
Phenol ug/Kg 49 880 299-W18-246 4.6
Urknown Oxyhydrocarbon ug/Kg NR .
Target Metals
Alumisum NA
Iroa ug/Kg 2000 230000000  299-W18-248 6.0
Cadil ug/Kg 1000 ND
Magicaium ug/Kg 10000 21000000  299-W18-246 44.6
Chromium ug/Kg 2000 100000 299-W18-248 18.2
Nickel ug/Kg 3000 17000 299-W18-246 433
Target Anions/Catlons
Chloride ug/Kg 400 20000 299-W18-246 17.2
Fluoride ug/Kg 200 16000 299-W18-174 38.1 &£39.3
m ug/Kg 10000 230000000  299-W18.248 42.7
- wy/Kg 400 250000 299-W18-174 17.1
Sult ug/Kg 1000 45000 299-W18-246 172
Phosphate ug/Kg 800 1000 299-W18-174 17.1
Target Radlonuelides
Plutoaium ) NA
Americium-241 pCi/g wetwt 1.92E+03 299-W18-174 146
Strootium-90 NA
Hranipm NA
! nal ors
Co-60
Ru-106
Sb-125
Cs-137 pCl/g weotwt <6.56E01  299-W18-174 14,6
Pb-212 pCi/g 1.82 299-W18-246 43.1
Pb-214 pCilg 294 299-W18-246 4.6
Ra-226 pCilg 281 299-W18-246 44.6
Ra-24 pCilg 1.89 299-W18-246 43.1
Gross Alpha pCi/g 29.4 299-W18-246 44.6
Gross Beta pCilg 275 299-W18-248 16.6
Other Radionuclides
Np-237 pCi/g werwt 4.00E+01 299-W18-174 14.6
Pa-233 pCi/g wetwt 3.67TE+01 299-W18-174 14.6

(8) A conceatration of 19854 ppb was reported for one sampie from well 299-W18-246. However, this vaige was suspoct du-
to varied CH2C12 impuritics in the purge and trap methasol, and/or other possible influonces from around the driil sim.
(6) aoa calibrated sstimate, Suspect
NA set ssslyned
ND st detecnd
NR oot repernd 4-37 .
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T e 4-10. Maxir— Concentration of Target Constituents
from Welis near the 216-Z-18 Crib.

Detec Max. Soil Well Depth
Analyts Units Level Conc. Number (m)
Target Volatlle Organics
Methylene Chioride ppb 89996 299-W18-249 30.2
CHC13 ppb 44 299-W18-96 410
CcCQ4 ppb 1957 299-W18-249 442
TCE ppb 8 299-W18-249  30.2
PCE ppb 6 299-W18-249 302
MEK ppb NR
i ' le Organics
- 1,5 A8 ppb <30 299-W18-96 274
1,1-DCA ppb <40 299-W18-96 410
cis-1,2-DCE <30 299-W18-96 274
1,1,1-TCA ppb 103 299-W18-249  30.6
Boozens FEb 11 299-W18-249  30.6
Toluene ppb 3477 299-W18-247 170
Ethylt [ ppb 61 299-W18-247 171
LV L TR ppb 286 299-W18-247 17.1
pPb 150 w18-247 17.1
_  onzene ppb ~13(e) o»-W18-96 383
Acstone ppb NR
. Target Semivolatile Organics
TBP ug/Kg 58 ND
DPB NA
DBBP NA
MBP NA
Triglycerides (lard oil) NA
Other Semivolatile Organics
Decane ug/Kg 54 110(c) 299-W18-249 447
Dodecane ug/Kg 31 110(c)  299-W18-249 447
Tetradecane ug/Kg 52 2%c)  299-W18-249 447
Phenol ug/Kg, . 49 700 299-W18-247 472
Unknown Oxyhydrocarbon ug/Kg NR
Target Metals
Aluminum NA
T-q ug/Kg 2000 35000000 299-W18-249 18.2
tium ug/Kg 1000 ND ’
Magnesium ug/Kg 10000 8500000 299-W18-249 447
Chromium ug/Kg 2000 28000  299-W18-247 472
Nickel ug/Kg 3000 20000 299-W18-96 398
Target Anfons/Cations
Chloride ug/Kg 400 22000 299-W18-96 256
Fluoride uwg/Kg 200 4700 299-W18-96  25.6
Calcium ug/Kg 10000 80000000 299-W18-247 456
Nitrate ug/Kg 400 4400000 299-W18-96 25.6
Suifate ug/Kg 1000 28000  299-W18-249 114
Phosphate ug/Kg 800 ND
Target Radionuelides
Plutonium NA
Americ pCi/g 1.29E-02 299-W18-96 383
Strontium-» pCi/g 8.02E-03 299-W18-96 279
Uranium-238 oCi/g S.47E05 299-W18-96 376
Gamma Emitters
Co-60 pCi/g 3.48E-02 299-W18-96 416
Ru-106 pCi/g 228E01 299-W18-96 137.6
Sb-125 pCi/g 1.10E-01  299-W18-96 376
Cs-137 pCi/g 7.5TE03  299-W18-96 279
Pb-212 pCi/g 1.76E+00  299-W18-96 262
Pb-214 pCig 145E+00 299-W18-96 26.2
Ra-226 pCilg 407E+00 299-W18-247 45§
Ra-224 pCilg . 1.83E+00 299-W18-96 262
Gross Alpha “pCilg 1.30E+01 299-W18-249 447
Gross Beta pCilg 271E+01  299-W18-96 438

(c) below limit of quantitstion
(e) noo-calibrated estizmate
NA oot aoelyzed

ND oot desscted

NR oot reporsed
4-43
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demonstrate with a number of bacteria; however, the conditions that favor
biodegra ition are predominantly anaerobic or microaerophilic and, thus,
biodegradation in the predominantly aerobic unsaturated zone at the 200 West
Area n ' be rather imited. :

ie groundwater under denitrifying conditions, the carbon

it de will degrade to carbon dioxide and chloroform. Give the right
mic¢ 1 s degradation process can occur after only 3 weeks. Under
met ¢ conditions, the carbon tetrachloride can completely degrade to
car :ide. Considerable variation has been observed in carbon
tet de degradation even in similar samples, suggesting that microbial

populations : d their associated activities can be heterogeneous.
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The tile field was used in this configuration from 1949 to 1959. The
waste stream discharged to the three cribs and overflowing to the tile field
consisted of neutral to basic (pH 8 to 10) process waste and analytical and
dev Topment laboratory waste from the Z Plant via the 241-Z-361 settling tank.

Pric to reactivation of the 216-7Z-1A Tile Field in 1964, a sheet of
0.05-cm-thick polyethylene and a 30-cm-thick layer of sand and gravel were
added and the liquid waste discharge piping was routed directly to its central
distributor pipe. Between 1964 and 1969, a 5-cm-dia. stainless steel pipe was
progressively inserted = ;ide the ci :.ral distributor pipe to divide the tile
field into three operational sections (216-Z-1AA, -1AB, and -1AC). During
that period, the tile field received the aqueous and organic waste from the
PRF. No other waste disposal fi 1ity received PRF wastes during that period,
except on two brief occasions while modifications were made to the piping
system. On those two occasions, the waste was discharged to the adjacent
216-7-1 and -2 Cribs. Table A-3 provides the estimated waste discharge
history, and Table A-4 provides an estimated waste constituent inventory for
the 216-Z-1A Tile Field.

216-Z-__ Crib

The 216-Z-18 Crib operated as a replacement for the 216-Z-1A Tile Fic¢ 1,
receiving aqueous and organic wastes from the PRF between 1¢ ) and 190 . This
drain-field-type crib consists of five parallel trenches, each 63 m long by
3 m wide and ranging from 4.5 to 5.5 m deep (Figure A-3). The floor of each
trench was covered with approximately 0.3 m of gravel. Two parallel,
7.6-cm-dia., fiberglass-reinforced epoxy distributor pipes were placed on the
gravel 1ayer within each trench. A central pipe, consisting of a 7.6-cm-dia.-
st 21 pipe, connects each trench. Anotl - ~ of . roximately 0.3 of
gravel was placed over the distributor pipes in each trench. The gravel was
covered by a memhrane barrier (polyethylene) that was then covered with
approximately . cm of sand and backfilled to grade. The westernmost trench
never received any waste (Owens 1991). Table A-5 provides the estimated waste
discharge history, and Table A-6 provides an estimated waste const1tuent
inventory for the 216-7Z-18 Crib.

A-8
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APPENDIX B
GEOLOGY OF THE ERA/VOC-ARID ID SITE: 1994 UPDATE

This appendix provides a detailed description of the lithology (i.e.,
composition, grain size, sorting, porosity, cementation) and stratigraphic
relationships between geologic units beneath the Carbon Tetrachloride
Expedited Response Action/Volatile Organic Compound - Arid Integrated
Demonstration (ERA/VOC-Arid ID) site. These refined interpretations are based
on evaluation of the following types of data: (1) driller's logs, (2)
particle-size analyses, (3) calcium carbonate (CaC0O;) analyses, (4) moisture-
content analyses, (5) geologist's logs, and (6) gross gamma legs. These data
v e evaluated in accordance with characteristics identified by Bjornstad
(1985) and DOE (1988) and to distinguish between primary geologic units.
Interpretations and nomenclature were based on those by WHC (1991, 1992);
Rohay et al. (1993); and Singleton and Lindsey (1994). The quality and
qt 1tity of borehole data vary greatly from borehole to borehole and are
subject to multiple interpretations. In addition, many of the boreholes have
not been accurately surveyed, so elevation of the various geologic contacts
may be off a few meters.

The subsurface geology of the ERA/VOC-Arid ID site consists of a thick
accumulation (>150 m) of clastic sedimentary deposits overlying bedrock of the
Miocene Columbia River Basalt Group. These suprabasalt sediments include
lTithologic units assigned to the late Miocene to Pliocene Ringold Formation,
the PTio-Pleistocene unit, and the Pleistocene Hanford formation (informal
name). A thin veneer of Holocene eolian sand locally overlies the Hanford
formation. Figure B-1 illustrates the general.stratigraphy and nomenclature
for the units beneath the site. Each of these principal geologic units is

iscribed below. The estimated elevation of the interpreted geologic contacts
used throughout this appendix are provided in Table B-1. Figure B-2 is the
location map of wells used at the ERA/VOC-Arid ID site, and Figures B-3
through B-6 give the detailed cross sections through the site.

ELEPHANT MOUNTAIN MEMBER

The Columbia River Basalt Group (Swanson et.al. 1979) forms the bedrock
beneath the site and contains the regionally extensive confined aquifer
system. The Elephant Mountain Member of the Saddle Mountains Basalt is the
uppermost unit in the ERA/VOC-Arid ID area and is continuous beneath the site.
Hydrc >gically, the Elephant Mountain Member acts as an aquiclude, confining
the Rattlesnake Ridge aquifer beneath it and forming the base of the
unconfined, suprabasalt aquifer system. The surface of this unit dips gently
to the southwest toward the axis of the Cold Creek syncline (Figure B-7).
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Figure B-7. St .ure-Contour Map of the Elephant Mountain Member
Beneath the ERA/VOC-Arid ID Site (contours extrapolated from data
outside study area).
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Figure B-8. Structure-Contour Map of the Ringold Formati« Unit A
Beneath the ERA/VOC-Arid ID Site (contours extrapolated
from data outside study area).
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Table C-1. Groundwater Eievat' IS Beneath the

18-21
18-23
18-24
18-26
18-26
18-27
18-28
18-30
18-31
18-248
18-247
19-1
19-12
19-27
19N
19-32

wsu_(l’

16-6

16-10
16-16
16-16
16-18

16-20
16-23
16-24
16-218
15-219
16-220
1817
18-20
18-21
18-23
18-24
18-26
18-26
18-27
18-28
18-30
18-31
18-32
18-262
19-1
19-12
19-27
10.99
12

ERA/VOC-Arid ID Site.

(sheet 1 of 2)

Water Level Elevations for Summer 1992

gw(d)

75002
76984
75765
76180
75910
76920

76091
78080
78120
77180
76034
78097
78103
78096
75641
76032
76779
76747
76491
754566
75072
76487
76469

NsiB)

40003
38637
40006
40880
39740
41080
40330
40269
39706
41041
41028
40680

STL00
37794
38987
38998
37788
38477
38607
38214
38493
38106
39149
38621

37613
38062
376829
38276
37887

DATE

6/9/92
6/9/92
J/11/92
110/92
/3/92
6/9/92
68/11/92
6/11/92
6/11/92
6/11/92
6/11/92
6/11/92

Ve
6/11/92
6/11/92
68/11/92
8/17/92
6/11/92
68/11/92
6/11/92
68/17/92
6/19/92
5/7/92

¥31/92
6/11/92
6/19/92
6/11/92
68/19/92
6/19/92

Water Level Elevations for Summer 1993

wib}

76984
76820

78103

77387
77383
77772
78120
78118
78096
76868
76004
756587
76091
76477
78080
78120
77180
76034
78087
78103
78096
75641
76032
76709
76931
75491
76466
76072
76487
764569

Nsi®)

39637
41080
40330
40269
38706
41041
41028
40680
39861
40027
40004
39888
39266
38103
37794
38987
38998
37788
39477
38607
38214
38493
38106
37780
39269
37613
38052
37629
38278
37887

c-3

DATE

8/17/93
6/16/93
6/24/93
6/24/93
6/24/93
6/24/93
6/24/93
8724/93
6/24/93
2/19/93
§/26/93
7/22/93
3/1/93

3/1/93

6/24/93
6/24/93
6/24/93
6/24/93
6/24/93
6/24/93
6/24/93
6/22/93
6/24/93
5/18/93
7/20/93
8/17/93
6/24/93
6/16/93
6/24/93
6/24/93
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1 169250.cn1 #025 PK:  74- MAX: 14878 TIC: 632351 MTIC: 56182
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Depth In Feet Below Ground Surface
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Asnslytics] Resulis VOLATILE ORGANIC COMPOUNDS 299-Wis-319 (VEX-))
oppewd. Lab Meth-  tuns-l 22 ),0- [ 5 LALL-Tdl- 1.2-Di. Tetra-
Dill/ S Shne: MELS  yiewe  Dchioco- Dickloo- Dichloo-  Clore- chlao- chloro- Trichloro- chlae Byl MeP. a-Buiyl
Sample Sample 8 oride ahylcne cthane  edy form ethane CCl4 chane BHenzone cthylew Tolens cih X
e G b R G P Gn b m e oot e b o ey e OXfime Acases B
210 64 Scd DB . BOINT4  Conulner broken fa Lab - Mo Analysl
239 729 Sd b S 50500 (1) BOINTS «<«i0 <$ <10 <5 <lo <10 10 <10 <l0 <10 <5 <5 <§ <§ < ND am
295 90 Sdd DB S 1650 (1) BOINT? <i0 <5 <10 <5 <10 <10 " 3 <10 <10 <10 <5 <$ <§ <§ <s ND
355 108 S DB S 1050 (1) BOINTS <0 <10 <20 <10 <20 <20 <20 (a) <0 <20 <20 <10 <10 <10 <10 <10 ND
398 121 Sd DB § 60040 BOINTé <20 < <10 <5 <10 <10 <10 <i0 <10 <10 <5 <5 <§ <§ <5 ND
48 136 Sd DB H 10000 BOINT9 <20 <10 <20 <10 <20 <20 1 <20 <20 <20 <k <l0 <10 <10 <10 ND ND
495 151 Scd DB S 100.0:0 BOINVO <10 <5 <10 <5 <10 <lo 407 <10 <10 <i0 <5 <5 <§ <§ <5 ND NTYy
335 163 Sed DB B 50300 BOINVI <0 <i0 <10 <10 <20 ‘<20 12 <20 <20 <20 <10 <i0 <10 <10 <i0 ND )
343 166 S DB CB 0200 BOIPWE  <«IS <l0 <1§ <l0 <i5 (b) <13 208 <is <10 <10 <10 <10 (b) <10 <10 <i0 ND )
366 172 Sdd Db B 9100 BOIPW? <20 <10 <20 <0 <10 <20 m <20 <0 <l0 <l0 <10 <10 <l0 <10 ND (7]
519 176 Sdd DB CB 80200 - BOINV2 «I§ <10 <13 <10 <15 (c) <i$ 493 <13 <i$ <13 <10 <l0 <10 <10 <i0 ND ND
650 198 Sdd DB cB 0200 BOIPRS <30 <10 <13 <10 <|§ (d) <15 b1} <}s <20 <20 <10 <10 (4) <10 <10 <10 ND ND
700 213 S DB B 10600 BOIPR9 <20 <5 <10 <5 <10 (e) <10 679 (N <10 <10 <10 <$ <10 (g) <$ <5 <$ ND ND
755 230 Sdd DB CB 200 BOIPSO <40 <10 <20 <i0 <20 (g) <20 + 867 <20 <20 <20 <10 <10 () <10 <10 <10 ND ND
%5 U1 Sd DB B 10600 BOIPS) <40 <10 <20 <10 n <20 9358 (i) <20 <20 <20 <10 <10(p <10 <)o <10 ND ND
M 258 Sdd DB B 10600 BOIPS2 <40 <10 <20 <10 pi] <20 209 (f) <20 <20 <~ <10 <10 (k) <i0 <10 <io ND N
870 2685 Scd sB CB «&1000 BOIPWE <0 <10 <15 <10 <13 <Is m <is <10 <10 <10 <10 <10 <10 <10 ND |
95 273 Sd DB CB 10600 BOIPS) <60 <i$ <30 <13 <30 <30 1557 <30 <30 < <13 <15 <i$ <|s <13 ND ND
910 217 Sd sB CB 86200 BOIPWY A0 <13 <30 <13 <30 (1) <30 3095 () <30 <13 <13 <13 ‘1§ <13 <13 <i$s ND ND
955 290 Sdd sB cB 10000 BOIPXO <30 <10 <ls <10 <13 <13 106 <13 <10 <10 <10 <i0 <l0 <10 <0 ND ND
963 294 Sed DB B 10060 . BOIPS4 <40 <10 <20 <10 <20 <20 0 <20 <10 <10 <10 <10 (m) <10 <10 <0 ND - ND
1000 305 Scd DB B 10060 BOIPSS <40 <10 <20 <10 < <20 198 < <10 <10 <10 <10 (g <10 <10 <10 ND ND
1055 322 Scd DB B 9550 BOIPS6 (n) <10 <20 <10 <20 <20 6 <20 <0 <10 <10 <10 <10 <10 <0 ND ND
1095 334 Sdd D8 B 9550 BOIPS? (n) <lo <10 <l0 12 <10 606 <10 <10 <10 <l0 <10 (b) <10 <10 <l0 ND ND
1l 339 Sd s8 CcB 10020 BOIPX) <23 <13 <3 <13 <23 <23 pl11) <3 <13 <1§ <15 <15 <13 <13 <1$ ND ND
1145 M9 Sdd sB B 10060 BOIPX2 <0 <10 <20 <10 b 1) <20 10488 Q) <20 <0 <l0 <10 <10 ¢+ <10 <10 <10 ND ND
1148 M9  Scd sB cB 10000 BOIPX3 S <20 <3 <20 5 <33 11688 () <33 <20 <20 <0 <0 <0 <20 <20 ND ND
1149 3350 Scd Da c8 10000 BOIPSS <23 <3 <23 <2§ 61 <23 9866 () <3 <3 <23 <23 <13 <13 <13 <i$ ND ND
1200 366 Sed DB CB 10000 BOIPSY <20 <0 <20 <20 39 <20 149 <20 <20 <20 <0 <20 <l0 <10 <10 ND ND
1245 379 Sdd 143 S NR BOIPTO <20 <5 <10 <5 168 <10 2443 (i) <10 <10 <10 <10 <5 <3 <3 <5 ND ND
1295 395 Scd ur 8 NR BOIPTY <20 <i0 <10 <10 ul <10 4908 (i) <10 <10 <0 <10 <10 <10 <10 <10 ND ND
1313 401 Sed DB ca NR BOIFT2 <20 <10 <10 <lo M <o M <10 <10 <0 <10 <i0 <3 <§ <5 ND ND
1400 427 Sd ur LY NR BOIFD} <40 <20 <20 <20 398 <20 24y <20 <20 <20 <20 <20 <i0 <10 <10 ND un
1450 442 Sdd DB s NR BOIPT4 <0 <15 <1$ <13 19 <1§ 55 <I5 <13 <15 <13 <13 <i5 <1$ <13 ND
1490 4354  Scd D8 ch NR BOIPTS <30 <30 <30 <30 63 <10 3198 () <30 <30 <30 <13 <30 <13 <Is <l$ ND
1503 458 Sdd S8 S NR ROIPX4 <30 <13 <30 <1s <30 (o) <30 12 <30 <is <Is <I3 <13 <is <Is <1$ ND [\1F)
1534 468 Sd sB S NR BOIPXS <20 <10 <20 <10 <20 <20 3 <20 <i0 <10 M <10 <10 <10 <l0 ND ND
1550 472 Sdd DB CB 10000 BOIPT6 <25 <3 <3 <23 <3 <23 <3 <3 <3 <3 n <3 <3 <23 s ND ND
1600 488 Scd ur S 100::0 BOIPT? <13 <1s <13 <13 162 <13 1308 () <1s <1s <Is <13 <13 <13 <15 <li$s ND ND
1650 S03 Scd D8 CB 100600 BOIPTS <30 <is <13 <13 230 <Is 42 <13 <is <13 <13 <l§ <13 <Is <i$ ND ND
1700 3518 Scd Hr S 100:0:0 BOIPTY <20 <10 <0 . <10 703 (f) <10 1311 (D <10 <10 <10 <10 <10 <10 <10 <10 ND ND
1750 3533 Sd Hr L] 100:0:0 BOIPVO <20 <10 <10 <10 207 <i0 1620 () <10 <10 <10 <i0 <10 <10 <10 <i0 ND ND
1800 548 Sdd Hr S 100:0:0 BOIPV) <20 <13 <18 <is 130 <13 1418 (O <Is <13 <13 <15 <13 <13 <13 <I3 ND ND
1850 564 Scd] Hr 8 10660 BOIPVEI <10 <10 <0 <0 154 <10 476 () <10 <10 <10 <10 ‘<10 <10 <10 <10 ND ND
1870 570 Sdd D8 CB 10000 251PVY <is <13 <1§ <13 164 <1$ ‘108 <13 <15 <15 <1§ <l§ <13 <13 <i$ ND ND
1903 380 Scd DB S 100:0:0 NPV4 <40 <20 <20 <20 <20 <20 <20(g) <20 <20 <20 47 <20 <20 <20 <20 ND ND
1950 594 Sdd DB S 95.5:0 wulPVS <30 <13 <13 <i§ <13 <|§ 120 <i§ <13 <1§ >376 (p) <i3 <13 <1§ <13 ND ND
2000 610 Scd Db cB 9550 BOIPVE <60 <30 <30 <30 <30 <10 <30 (1) <30 . <30 <30 >139(9 - <0 <0 <30 <10 ND ND
2050 625 Scd DB CB 10000 BOIPV? Q0 <13 <I$ <Is % <is 382 » <13 <|s <Is <13 <I§ <13 <13 <13 ND ND
2105 642 Scd DB L] 85:15:0 BOIPVE <0 <13 <I§ <1s 139 <13 107 <15 <I3 <Is <13 <13 <13 <is <18 ND ND
2110 643 Wuw DB ™ N/A BO71S6 38 <05 <2 <03 862 (i) <« 3862 (1) <2 <05 1l <0.5 33 0.5 0.5 <0.5 ND ND

Pagelof2

0 Aot “8v¢-1L-N3-US-DHM



Sample/Subsample Mcthods

DB = Drive Barrel
UT = Jlard Tool
SB = Split-Bamre]

CB = Core borer
§ = Scoopula
TB = Teflon Baller

9-9

i iotes
(1) Turbld sample.

NN o Not Detected
» Not Reported

N/A = Not Applicable

Anaslytical Results YOLATILE ORGANIC COMPMOUNDS 299-W{5-219 (VEX-))
Analyals Notcg
(2) ~12 obsarved, but below LDL's. : (h) ~7 observed, but below LDL's.
(b) ~3 observed, but below LDLY. (1) 1:200 ditution y for CCH analysis.
(<) ~6 observed, but below LDL's. € ~.9 observed, but below 1DL's.
(d) ~4 observed, but below 1 DL's. 1~10 observed, but below LDLY.
(e) ~8 observed, but below LDL'. wr ~13 obscrved, but kelnw [ DL,
(0 $:100 dilwmion necessary for OC14 enalysis. (m)~11 observed,tn  low LDL'.
(g) ~S obscrved, but below LDL's. (n) A12C12 Impurity w sub.

Page20f2

Y
(o) ~18 observed, but below LDL's.

(p) Above range. Could be slighly higher.

(9) Above range, but no other difution num.

0 A4 ‘8b2-11-NI-QS-IHM
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RA UCLIDE ANAL FOR: } FROM WELL NO V1896 (ID4)

HEIS | Alpha| Beta | Gamma | PUIS | Sr-90 | Am-241

Depth Depth Samplo Co60 Ru-106 S5-125 Cs137 Po-212 Pb-214 Ra-226 Ra-224| U-238  U-23940
(M) (m) Number|(pci/g)|(pcife)] (pei/g) (pei/g)  (pei/g)  (pei/g)  (pei/g) (peifg) (pei/g)  (pei/g) | (pei/R) (peilg) (pei/g) (pei/g)
%40 256 BOINWT 7.73 | 379 | 0.00526 011 Q0177 Q0113 0364 0695 0669 0899 |0.0000419 Q00187 | 00059 | 0.000199
860 262 BOINX2| 453 2210( -0014 0592 00497 -0.0387 176 145 131 183 |-0.000161 0.000492 | 000731 | 00016
: 865 264 BOINX4| 935 | 17.10| -000165 0164 00632 000647 0955 Q731 085 0993 | 839E-05 0.000336 | 0.00562 | 0.000245
914 279 BOINXS| 4.61 | 18.90| 0017 0038 Q82 000757 G761 Q611 Q638 0791 |0.0000451 0.000194 | 0.00802 | 0.000557
1005 306 BOINXY| 2.04 0] 000302 0127 0034 000352 0719 OS85 0544 0747 |-146E-06 0.000132 | -0.0018 | -0.0000649
200 366 BOINY 794 | I3.70{ 0.00045 0389 0.00413 -000914 0636 0475 0607 Q658 |-S33E-05 0.000588 | 82205 | 0.000468
125 376 BOINZ 130} 231 | 000351 0228 Q11 000461 0351 039 0448 0394 |0.0000547 0.000913 | -0.00585 | 0.0000319
1255 383 BOIP91| 644 | 13.70| 00175 0125 00515 -QM9S 0391 027 Q377 0404 |-286E05 000023 | .0m72 | 00129
1305 398 BOINZS| 153 | 13.30| 0.00228 034 00102 -Q0174 0523 0477 0472 0339 |0.0000164 0.00379 | -0.00513 { 0.000718
1365 416 BOLPO3| 768 | 689 | 0.0348 -Q0106 0.00217 0.000873 122 112 0839 125 |-287E-05 0.000242 | 0.000278| -0.000219
1438 438 BOIPYS| 1040|27.10( -000828 -0.0414 000293 0.00144 129 0975 0363 153 |-0.000401 000153 | -0002¢ | -0.0000838
1465 447 BOIP99| 1250 15.80| 00073 00756 -0483 .0003S3 103 Q758 0745 122 |-238E.05 -3.25E-06 | 0.00253 | 0.00061







S1-9

SamplsSubsampls Mcthods

DB = Drive Bassel
5B = Spiit-Basrel

CB = Core borer
§ = Scoopula

Asnalytical Results VOLATILE OH.GANIC COMPOUNDS . Pl ] 17 )-5)
Lab]” Acalysls Notes
(1) Too much soll sdded / nubld. (n)Nanallhllduhmu.Sulpd. ) Froblemswit puge &' jude
(2) Twhld . () ~28 obscrved, but below LDLY. Methanol for 03/179) b
(3) Possi  lncs. Tooomch sample (soil). (c) -8 obsarved, but below 1.DL Y. 0) ~13 obsarved, but below 1 NI Yy

{d) ~4 observed, but below 1 DLy, (D ~15 obscrved, but below s

ND = Not Dacaed () 6 cbsaved, but below IDLYy. — () ~19 observed, but below LDL Y.
NR = Not Reporied o~ rved, but below I DL, 0) ~2 observed, but below LDL's.
N/A = Nat Agplicable (@) -5 onserved, but below LDLY. ) Impurky In purge & wap

hﬂnlnol-lllmnohlavdhnnvk

. Pegelof2
ot

(n) Noms obearved.

(o) High CH3ON2, benzane, and toluae .

inpurge & wap grade Mcthanol
(9) ~24 obsarved, bus below IDL's.
(Q) Obecrved bi wgank Impuritics
I this Methauo: vatch. (Reordered)
6) 201 dikutlon requiced.

0 "A®Y ‘8b2-I1-N3-QS-IHM
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799-W18-174 47.3 ft

LY T

\MPLE STATUS REI T FOR E 8232. E-l WK B08484 TIME: 3/29/93  8:4C

-LSPATCHED: 3/26/93 8:11 SAMPLE HAS NOT BEEN SLURPED
RECEIVED: 3/26/93 10:23
' ) OUT OF GOOD CHARGI
* _EXT. DETER. RESULTS OR STATUS RANGE? ANS? CODE
¢ E 2 & &4 BRRBRREN ARBERRB R RRRRNBR RN RN R & & E 222 T B
217 __A-SOIL 7.53000E 02 pCi/gWETWt Am=-241 N ¥ VOGEL
2172 GEA-SOIL 3.00000E 01 pCi/gWETWt Np-237 N Y VOGEL
2172 GEA-SOIL 3.12000E 01 pCi/gWETwt Pa-233 N Y VOGEL
2172 GEA-SOIL < S.S87000E-01 pCi/gWETwt Cs-137 N Y VOGEL
N Y

4271 TOT-ACT < 5.00000E 01 pCi/G VQGEL

E 7 TTP0RT

. G-17
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APPENDIX H
VERTICAL CONCENTRATION PROFILES OF CARBON TETRACHLORIDE AND

SELECTED VOLATILE ORGANIC COMPOUNDS IN 1992 - 1993
Z CRIB AREA WELLS
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APPENDIX I

SUMMARY OF 200 WEST AREA GROUNDWATER CONCENTRATION DATA FOR
CARBON TETRACHLORIDE AND CHLOROFORM
(1/1/92 - 10/1/93)
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APPENDIX I

Table I-1. Sumary of 200 West Area Groundwater Concentration Data for
Carbon Tetrachloride and Chloroform
. (1/1/92 - 10/1/93). (sheet 1 of 3)

Lambert Coordinates Carbon Tetrachloride Chloroform
East (m) North (m) Well Number (pg/L) (psg/L)
567214.3 137510 1 299-W6-1 550 6
566938.7 137351 299-W6-2 104. 2
567118.2 137299.1 299-W6-3 2
56717 2 137290.5 299-W6-4 230 17
567493.3 137638.6 299-W6-5 273 12
567311.3 137638.8 299-W6-7 217 6

or- © 137638.8 ~99-W6-8 5 2
'031.0 137363.1 ¢99-W6-9 240 3
5674 .3 137453 299-W6-10 920 45
567162.9 37635 299-W6-11 56 2
566915.9 137635.3 299-W6-12 5 - 2
ij 5659 '.6 137647.3 299-W7-1 5 2
§§m 566303.1 137638.5 299-1.. -2 5 2
566408.7 137308.2 299-W7-4 416 6
566476 137635.7 299-W7-5 68 3
566658.4 137636.5 299-W7-6 5 2
566567.1 '137636.3 299-W7-7 5 2
566761.7 137€¢ 299-W7-8 6 2
5658 }.8 137646.6 299-W7-9 5 2
566858.6 137457.7 299-W7-10 5 2
566186.2 137636 299-W7-11 5 2
566040.8 137636.3 299-W7-12 5 2
5657 ).7 137646.9 299-W8-1 5 2
565657.6 137024 299-W9-1 5 2
566663.4 136734.8 299-W10-1 13
566735 . 136578.3 299-W10-4 . 2150 11
566579.1 136466 299-W10-5 820 13
566748.6 136799 299-W10-9 5
566027.7 136607.2 299-W10-13 16 2
566017.7 136609 299-W10-14 . 2
566770.7 136808.3 299-W10-15 1252 8
566781.2 - 136606.9 299-W10-16 762 9
5 i775.4 136491.2 299-W10-17 18
566846.9 136396.3 299-W10-18 1100 11
566346.2 137037.1 299-W10-19 740 23
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Table I-1. Sumary of 200 West Area Groundwater Concentration Data for
Carbon Tetrachloride and Chloroform
(1/1/92 - 10/1/93). (sheet 2 of 4)

Lambert ordinates Carbon = :rachloride Chloroform
East (m) North (m)  Well Number (pg/L) (ug/L)
567641.6 136663.9 299-W11-3 365 2
5674R2 .3 136492.9 299-W11-6 1500 6
567_..).6 136675.2 299-W11-7 1200 8
568099.1 136616.3 299-W11-10 56N 6
567641.4 136874.2 299-W11-14 9, 3
567182 137162.6 299-W11-18 411 2
566905.3 136801.3 299-W11-23 5 2
566885 136796.6 299-W11-27 5 2
566934.9 136743.7 299-W11-28 900 46
567193.4 136858.9 299-W11-30 333 407 .
567221.6 137235.3 299-W11-31 695 5
568331.4 137205.9 299-W12-1 5 2
5669: 6 136340.7 299-W14-2 422 . 5
566899.6 136040.1 299-W14-5 121 ' 4

= 566899.4 136101 299-W14-6 164 2
= 566905.7 136284.2 299-W14-12 339 2
566094.1 136337.4 299-W15-2 40 2
566820.7 136018.9 299-W15-4 571 36
566801.5 135654 .4 299-W15-6 “ 5000 86
566674.6 135920.7 299-W15-7 2100 12
566449 135981.2 299-W15-10 1003 13
566412.4 136001 299-W15-11 1129 16
566699.5 136369 299-W15-12 1500 10
566088.9 135751.9 299-W15-15 1333 4
566307.1 135733.6 J9-W15-16 5433 22
566308.9 135562 299-W15-18 . 1333 20
566189.4 135969 299-W15-19 1066 127
566083.2 135964.5 299-W15-20 190 8
I 1683.1 136110.9 299-W15-22 1230 26
566084 13RRR8.4 299-W15-23 590 4
566091.4 1. )6 299-W15-24 118 41
566793.6 12..51.1 299-W15-216 4458 579
- 566768.2 135667.4 299-W15-218 6379
566733.2 135657 .4 299-} 5-219 3862
566838.2 135627.4 ~79-W15-220 1130
566380.2 135383.6 299-W18-2 - 2064 477
566349.7 135453.9 299-W1i 1655 42
566472 9 135302.1 299-W18-9 210 - 15
566663 136734.8 299-W18-10 1300
566381.4 134734.7 299-W18-15 120 . 10
566702.7 135425..2 299-W18-17 ‘ 1167 22
566590.1 135081.8 299-W18-20 35 13
566098 134979 299-W18-21 - 297 6
- 566084.9 135342.6 299-W18-23 550 6
I-4
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Table I-1. Sumary of 200 West Area Groundwater Concentration Data for
Carbon Tetrachloride and Chlorofoim
(1/1/92 - 10/1, 3). (sheet 4 of 4)

| 1bert Coordinates Carbon Tetrachloride Chloroform
East (m) North (m) Well Number (pg/L) (ug/L)
567R34.6 134510 299-W2. 10 - 2
5C.037.1 134479.5 299-W22-41 5 2
567623.2 134452.2 299-W22-42 5 2
567532.5 134539.2 299-W22-43 5 2
566945.2 134292.5 “"3-W22-45 5 2
566642.4 - 134275.1 299-W23-9 5 6
566512.9 134299.2 299-W23-11 5 2
- 566712.8 134445.9 299-W23-13 5 2
566708.7 134290.2 299-W23-14 5 2
566463 133407.8 299-W26-6 5 2
566325.4 133242.4 299-W26-7 5 2
566645.9 133663.8 299-W26-8 5 2
566492.1 133229.2 299-W26-9 - 2
566683.2 133499.1 299-W26-10 5 2
566901 133689.9 299-W26-12 5 4
567575.1 133750.3 299-W27-1 5 10
571009.6 133215.9 699-32-62 5 6
' 566416.8 133152.5 69 12-77 5 2
568566.5 133987.6 699-35-70 5 2
571395 1 134557 699-36-61A 5 2
5649, .1 134738.9 699-37-82A 5 2
568500.9 135089.2 699-38-70 44 4
565890.9 135411.9 699-39-79 635 14
571164.3 135764.4 699-40-62 5 2
562933.5 136620.9 699-43-88 5
570390.6 136897.4 699-44-64 5 2
568729.2 137182.5 69' 15-69A 5 2
571474 .4 137968.7 699-47-60 5 2
568351.6 138045.6 699-48-71 5 2
566415.6 137965.2 699-48-77A 5 2
572536.4 138381 699-49-578 6
565771.1 138271.1 699-49-79 5 4
5727¢° 4 139115.3 699-52-57 2
572619.4 140029.6 699-54-57 6
572445.4 140119.9 699-55-57 2
571562.9 140267 .4 699-55-60A 5 2
566749.8 - 140227.5 .699-55-76 5 2
571830.4 140924.1 699-57-59 2
572273.6 141415 699-59-58 2
571588.6 141763.9 699-60-60 5 2
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DISTRIBUTION (cont.)

. of Copies
ONSITE

Westinahouse Hanford Company (cont.)

M. G. Piepho HO-36
J. A. Rawlins HO-36
L. R. Richterich N3-05
V. J. Rohay H6-06
K. R. Simpson H6-06
T. W. Spic T1-95
K. J. Swett H6-06
S. J. Trent H &
B. G. Tuttle N3-06
M. S. Watson ) T1-95
Central Files (2) L8-04
EDMC (2) 77 H6-08
ERC ~ H6-07
IRA (2) H4-17
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