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SUMMARY

Between 1955 and 1973, a total of 363,000 to 580,000 L (577,000to
922,000 kg) of liquid carbon tetrachloride,in mixtures with other organic and
aqueous, actinide-bearingfluids,were dischargedto the soil column at three
disposal facilities--the216-Z-9Trench, the 216-Z-IATi_e Field, and the

" 216-Z-18 Crib--in the 200 West Area at the Hanford Site. In the mid-1980's,
dissolvedcarbon tetrachloridewas found in the uppermostaquifer beneaththe

. disposal facilities,and in late 1990, the U.S. EnvironmentalProtection
Agency and the WashingtonState Departmentof Ecology requestedthat the
U.S. Department of Energy proceedwith planning and implementationof an
expeditedresponse action (ERA) to minimize additionalcarbon tetrachloride
contaminationof the groundwater. In February 1992, soil vapor extractionwas
initiatedto remove carbon tetrachloridefrom the unsaturatedzone beneath
these disposal facilities. By May 1994, a total of 10,560 L (16,790 kg) of
carbon tetrachloridehad .beenremoved, amountingto an estimated2_ of the
discharged inventory.

In the spring of 1991, the Volatile OrganicCompounds- Arid Integrated
Demonstration (VOC-AridID) program selectedthe carbon tetrachloride-
contaminatedsite for demonstrationand deployment of new technologiesfor
evaluationand cleanupof volatile organiccompoundsand associated
contaminantsin soils and groundwaterat arid sites.

Site investigationsconducted in support of both the ERA and the
VOC-Arid ID have been integratedbecause of their shared objectiveto refine
the conceptualmodel of the site and to promote efficiency. Site characteri-
zation data collected in fiscalyear 1993 have supportedand led to refinement
of the conceptual model of the carbon tetrachloridesite.

Carbon tetrachlorideis found throughoutthe 65-m-thickunsaturatedzone
underlyingthe three primarydisposal facilities. Laterally,the highestcon-
centrationsof carbon tetrachlorideare consistentlylocated in the vicinity
of the 216-Z-9 Trench. Vertically,the highest concentrationsare associated
with the fine-grained,relativelyimpermeableHanford lower fine and Plio-
Pleistoceneunits, located at depths of 35 to 40 m below ground surface.

The highest near-surfacevapor concentrationof carbon tetrachloride
measured during a soil-gas surveywas 72 parts per million by volume (ppmv)
just north of the 216-Z-9Trench. Maximum vapor concentrationsobserved at

- wellheads and deep soil-gasprobes,which were measured twice a week for
25 months, exceeded 10,000 ppmV total volatileorganiccompounds at monitoring
locationsabove the Plio-Pleistoc_neunit and immediatelynorth of the
216-Z-9Trench. At similarlocationsabove the Plio-Pleistoceneunit in the
216-Z-1A/216-Z-18area, maximumconcentrationswere an order of magnitude
lower. However, maximumconcentrationsfrom monitoringports below the P]io-
Pleistoceneunit were approximately1,000 ppmv in both areas. The highest
carbon tetrachlorideconcentrationin the sediment samplescollectedduring
drilling of 13 new wells was 37.8 ppm from the Hanford lower fine/Plio-
Pleistoceneintervalat the 216-Z-9Trench. In contrast,the highest carbon
tetrachlorideconcentrationin a sedimentsample from the 216-Z-1A/216-Z-18
area was only 6.6 ppm, but was also associatedwith the Hanford lower
fine/Plio-Pleistoceneinterval. The highest carbon tetrachlorideconcen-
trations in the in situ soil-gassamplescollectedduring drilling exceeded

iii
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l10,000 ppmv in wells at the 216-Z-9 Trench. Carbon tetrachlorideconcentra-
tions in soil vapor extractedusing the vapor extraction systems exceeded
25,000 ppmv carbon tetrachloridefrom intervalsabove the Plio-Pleistocene
unit at the 216,Z-9Trench. Extractedsoil-gasconcentrationsfrom the
216-Z-1A/216-Z-18wellfieldare an order of magnitude lower.

Sorption of carbon tetrachlorideonto soil particleswithin the
unsaturatedzone is thoughtto be fairly low (<0.2 mL/g). An estimated6% of .
the original carbon tetrachlorideinventoryis currently sorbed on soil
particles in the unsaturatedzone. An additional6% is estimated to be
containedwithin soil gas and soil moisture in the unsaturatedzone.

Nonaqueous-phaseliquidcarbon tetrachloridehas not been observed in
the unsaturatedzone. However, the high vapor concentrations(-25% of the
saturated vapor concentration)extractedfrom the 216-Z-9 wellfield suggest
the presence of residual carbon tetrachloride,particularlyassociatedwith
the Hanford lower fine and Plio-Pleistoceneunits.

t

Aqueous- and nonaqueous-phaseliquids containingcarbon tetrachloride
infiltratedinto the underlyingsoils and migrated through the unsaturated
zone under their own hydraulicgradients. The presenceof inadequatelysealed
wells, includingsome deep groundwaterwells, during the time of active liquid
waste disposal had the potentialto provide vertical conduits for the downward
migration of carbon tetrachlorideand other contaminantsdirectly to the
aquifer. This is of particularconcern near the 216-Z-g Trench,where waste
water has been found perchedon low-permeabilitymaterials and has spread
laterallyfor approximately100 m. However, column pore volume estimates and
numerical model simulationssuggest that, at the 216-Z-9 Trench, the liquid
wastes likely reached the water table by downwardmigration irrespectiveof
whether poorly sealed wells provided a preferentialpathway.

Volatilizationof carbon tetrachloridefrom aqueous- and nonaqueous-
phase liquids within the unsaturatedzone results in vapor-phasecarbon
tetrachloridein soil pores. Due to the density of the carbon tetrachloride
vapor, the density of the contaminatedvapor phase is greater than uncontami-
nated vapor in the unsaturatedzone. This contrast in densitiescan result in
density-drivenadvectiveflow that would move the carbon tetrachloridevapor
downward and laterally from the disposal facilities. As the contaminated
vapor moves into uncontaminatedareas, it may partition into the soil moisture
and adsorbed phases and act to establishequilibrium. The carbon tetra-
chloride vapor may also provide a source of continuouscontaminationthrough
diffusion into the groundwater. The higher vapor-phasecarbon tetrachloride
concentrationsabove the Plio-Pleistocenelayer suggest that density-driven
advectivevapor flow may be significant.

Carbon tetrachloridevapors in the unsaturatedzone that equilibrate
with waste water from other liquidwaste disposal facilitiesmay then be
transportedto the unconfinedanuifer in dissolved form. Carbon tetrachloride
may also volatilize from the dissolvedgroundwater. The contaminantvapors
would then move upward by diffusion and may become temporarilytrapped below
the Plio-Pleistoceneconfininglayer until they find a vertical pathway
upward.

iv
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Atmospheric pressurefluctuationsappear to constitute a significant
release mechanism for carbon tetrachloridevapor out of the unsaturatedzone
both through boreholesand throughthe soil surface. Based on continuous
airflowmeasurementsinto and out of boreholes,average carbon tetrachloride
concentrationsin the vented air, and length of time each well was available
as a pathway, an estimated3% of the originalcarbon tetrachlorideinventory
has been lost to the atmospheresince 1955 through borehole venting. The

" calculated quantity of carbon tetrachloridelost to the atmosphere in 1990
from the soil/air interface,based on diffusionof the vapor phase from the

. water table to the ground surface,was estimatedto be 0.15 g/m2/yrfor the
area overlying the groundwaterplume. Measured soil flux rates in the
vicinity of the 216-Z-9Trench ranged from 0.0007 to 0.48 g/m2/yr in 1993. It
is estimated that, between 1955 and 1990,18% of the total carbon
tetrachlorideinventorywas lost to the atmospherethrough natural soil flux.
Thus, a total of 21% of the carbon tetrachloridemay have been released to the
atmosphere.

The areal extent of the dissolvedcarbon tetrachloridegroundwaterplume
has remained about 10 kmz over the last 3 years. Concentrationsof dissolved
carbon tetrachloridedetected in the groundwaterhave been estimatedto
account for approximately2% of the originalcarbon tetrachlorideinventory.
Concentrationsof carbon tetrachloridein wells at the perimeter of the plume
appea_ to be increasing,suggestingthat the groundwaterplume is migrating
laterally to the north, west, and south. However, the centroid of the
dissolved carbon tetrachlorideplume appearsto be stationary. The fact that
the zone of highest concentrations(4,000to 7,000 _g/L) includes the
216-Z-9Trench, which has been inactivesince 1962, suggests that the carbon
tetrachloridedischargedthere has been providinga continuous source of
contaminationto the groundwater. The highestobserved groundwater
concentrationis approximatelyI% of the aqueous solubilityof carbon
tetrachloride.

Groundwatersamples from one well indicatethat there is deeply
distributedcarbon tetrachloridenear the 216-Z-9 Trench (up to 5,800 pg/L at
the top of the aquifer and 3,800 _g/L at 52 m beneaththe water table).
However, the well itself,which lacked an annular seal until 1987 and has a
long perforated interval,may have provided the preferentialpathway for the
downward migrationof contaminants. Nonaqueous-phaseliquid carbon
tetrachloridehas not been observed in the saturatedzone.

Currently, an estimated65% of the original carbon tetrachloride
- disposal inventoryremainsunaccountedfor. High subsurfacevapor

concentrations,column-porevolume estimates,and numerical simulations
suggest that much of this unaccountedfor inventorymay be held as residual

" saturationin soil pores of the unsaturatedzone, and/or the saturatedzone.
A portion of the inventorymay have been biodegraded.
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1.0 INTRODUCTION

Carbon tetrachloridewas found in the unconfinedaquiferbeneath the
200 West Area at the Hanford Site in the mid-1980's. Additionalgroundwater
monitoring indicatedthat the carbon tetrachlorideplume was widespread and
that concentrationswere increasing. In December 1990, the U.S. Environmental

- ProtectionAgency and the WashingtonState Departmentof Ecology requested the
U.S. Departmentof Energy (DOE) to proceedwith detailed planningto implement

. an expeditedresponse action (ERA) to minimize additionalcarbon tetrachloride
contaminationof the groundwater. In January 1991, site investigationsin
support of an ERA for the site were initiated,and in February 1992, a soil
vapor extractionsystem began to recovercarbon tetrachloridefrom the
unsaturatedzone. This ERA, a provisionof the ComprehensiveEnvironmental
Response,Compensation,and LiabilityAct of 1980, is being implementedbased
on concerns that the carbon tetrachlorideresiding in the soils was continuing
to spread to the aquifer and, if left unchecked,would significantlyincrease
the area of groundwatercontamination. The purposeof this ERA is to minimize
or stabilizethe carbon tetrachloridemigrationwithin the unsaturatedzone
beneath and away from the waste disposal facilitiesin the 200 West Area
(DOE-RL1991).

The VolatileOrganic Compounds- Arid IntegratedDemonstration(VOC-Arid
ID) is a DOE Office of TechnologyDevelopmentprogram targeted at the
acquisition,development,demonstration,and deploymentof technologiesfor
evaluationand cleanup of volatile organiccompounds (VOCs) and associated
contaminantsin soils and groundwaterat arid DOE sites. Candidate technol-
ogies are being demonstratedin the areas of site characterization;
performanceprediction,monitoring,and evaluation;contaminantextraction and
ex situ treatment; in situ remediation;and site closure and monitoring. The
initialfocus of the VOC-Arid ID is on the carbon tetrachloridethat was
disposed to the unsaturatedzone along with other volatileand nonvolatile
organic and aqueouswastes and transuranicradionuclidesat the Hanford Site's
200 West Area.

Site investigationshave been conductedin supportof both the ERA and
VOC-Arid ID by WestinghouseHanfordCompany (WHC) and PacificNorthwest
Laboratory (PNL). These investigationshave been fully integratedto promote
the efficient use of time and resourcesand to ensure that each activity
provides the maximum usefulnessto both programs.

The purpose of this report is to refine the conceptualmodel of the
ERA/VOC-AridID carbon tetrachloridesite presentedby Last and Rohay (1993)
using informationand data collectedduring the fiscalyear (FY) 1993 site

" investigations(Rohay et al. 1993a). This report includesbackground
informationon the source of the carbon tetrachloridecontamination,a
descriptionof the environmentalsetting, and a summaryof the results of
previous site investigationsconcerningthe nature and extent of the
contamination. This informationis then used to develop a conceptual model of
the carbon tetrachloridesite.

Also provided in this report are several appendixesof pertinent
backgrounddata. Appendix A includes informationon the variouscarbon
tetrachloridewaste streams and the three primary carbon tetrachloridewaste
disposal facilities. Appendix B is an update of the geologyunderlying the

I-I
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2.0 BACKGROUND

The Hanford Site has been a defense materialsproductioncomplex since
1943. Liquid wastes containingcarbon tetrachloride,generatedduring pluto-
nium recovery processesoperated at Z Plant (currentlycalled the Plutonium
FinishingPlant),were dischargedto nearby subsurfaceliquid waste disposal
facilitiesfrom 1955 to 1973. These past dischargeshave contaminatedthe

- underlyingsoils and groundwaterwith carbon tetrachlorideand other asso-
ciated hazardous and radioactivewastes. This sectionof the report describes
the location and layout of the ERA/VOC-AridID carbon tetrachloridesite, the

" operationalhistory of Z Plant, and the carbon tetrachloridewaste disposal
facilities. Much of this informationwas taken from Rohay and Johnson (1991).
Detaileddisposal inventoriesare provided in Appendix A.

2.1 LOCATIONANDLAYOUT

The Hanford Site is locatedin south-centralWashingtonState and is
portioned into severaloperationalareas (Figure2-I). The chemical
processingareas (200 East and 200 West Areas) are located near the center of
the Hanford Site. Z Plant is located in the west-centralportion of the
200 West Area (Figure2-2). The carbon tetrachloride-bearingliquid wastes
from Z Plant were dischargedto the 216-Z-9Trench, locatedeast of Z Plant,
and to the 216-Z-IA Tile Field and the 216-Z-18Crib, both located south of
Z Plant (Figure2-3).

2.2 PLUTONIUMFINISHING PLANTOPERATIONS

Z Plant began operations in late 1949 to process plutoniumnitrate
solutions (extractedfrom irradiateduranium fuel rods) into final product
forms (plutoniumoxide and plutoniummetal). Each of the three process lines
generatedside streams that containedrecoverablequantitiesof plutonium.
Recuplex and the PlutoniumReclamationFacility (PRF)were establishedto
reclaim plutoniumfrom recoverablesolutionsand solids and were the primary
contributorsof carbon tetrachlorideto Z Plant soils.

2.2.1 ProcessesUsing Carbon Tetrachloride

Historically,carbon tetrachloridewas used, in mixtures with other
organics, to recover plutoniumfrom aqueous streamscontainingplutonium
nitrate. Solvent extractionprocessesusing pulse columnswere used in PRF
and its pilot facility,Recuplex,to recover the plutonium.

The extractionprocess involved an aqueousfeed containing impurities
and plutonium enteringthe bottom of the column, while the dense organic
stream entered the top. As the aqueous stream moved upward and the organic
streammoved downward in the column, the organicextractedthe plutonium from
the aqueous stream. The plutoniumthen left the bottom of the column with the
organic, and most of the impuritiesleft the top of the column with the
aqueouswaste. The plutonium-richorganicthen enteredanother extraction
column, where the organic stream was stripped of its plutoniumby another
aqueous stream. Although the solventwas routinelyrecycled,it was
periodicallypurged and dischargedas waste to the soil column.

2-I



WHC-SD-EN-TI-248,Rev. 0 . !
Figure2-I. Locationof the ERA/VOC-AridID CarbonTetrachlorideSite.
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Figure 2-2. Site Map of the 200 West Area.
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Figure2-3. Map of the ERA/VOC-AridID CarbonTetrachlorideSite.
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The organic stream in the processconsistedof a mixture of carbon
tetrachlorideand tributyl phosphate(TBP). The TBP forms several complexes
with the plutonium in the organic phase, thus extractingthe plutoniumfrom
the aqueous phase. The carbon tetrachloridewas added as a diluent (meaning
that the TBP was dilutedwith carbon tetrachloride)for severalreasons:

I. To increasethe densityof the organicstream. (TBP alone has a
- density nearly equal to that of the aqueous stream;the extraction

processesrequirethat the aqueousand organic streamshave
_ significantlydifferentdensities.)

2. To dissolve the TBP while remainingimmisciblewith the aqueous
stream.

3. To serve as a fire suppressantin combinationwith the TBP,
reducing the potentialfor fire in the process.

4. To reduce the viscosityof the TBP, thus improvingmass t_ansfer.

Carbon tetrachloridewas also used, in lesser amounts, in the americium
recovery process as a diluentfor dibutyl butyl phosphonateCDBBP) and in
lubricationoil for machiningof metal parts.

The aqueouswaste stream, characterizedas a high-saltaqueouswaste,
was primarily a concentratednitrate solutionthat had a pH of I (Kasper
1982). The aqueous phase was saturatedwith organic liquidsconsistingof
carbon tetrachloride,TBP, and DBBP; the organiccontent of the aqueous phase
was less than I_. Large quantitiesof aqueouswastes (neutralizedto a pH of
2.5) were also discharged to the soil column through the same cribs that
received the organic liquidsdescribedabove.

The chemical processesused to recover plutoniumresulted in the
productionof actinide-bearingaqueous and organicwaste liquids. The primary
radionuclidecomponentsof these liquidswere 239/24°Puand 241Am.

2.2.2 Recuplex Operations

Recuplex operated from 1955 through 1962 at Z Plant (Figure2-2). This
process used nitric and hydrofluoricacids to produce solubleplutoniumas
plutonium nitrate and a carbon tetrachloride-TBPsolvent to recover the

- plutonium from the plutoniumnitrate solutions(DOE-RL1992b). A criticality
accident forced the closureof Recuplex in April 1962 (DOE-RL1992b).

Two solvents were used for the entire period of Recuplexoperation. An
85:15 ratio (by volume)of carbon tetrachlorideto TBP was used in the
extraction and strippingcolumnsfor the bulk of the separations. A 50:50
ratio of carbon tetrachlorideto DBBP was used for batch rework of process
liquids that did not meet waste dischargespecificationsbecause of plutonium
concentrations.

With exposure to ionizingradiationand nitric acid, the TBP within the
solventwould graduallydegradeto dibutyl phosphate(DBP). DBP has a much
greater affinity for plutoniumthan TBP and would not work in the process
because of its poor strippingproperties. The degraded solventwas

2-5 "
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periodicallydischarg_.dbatch-wiseand replacedwith fresh solvent. The DBBP
solution was discharged after each use.

Tetrachloroethylene(PCE) and tetrabromoethanewere used at different
times in.combinationwith carbon tetrachlorideas a diluent for TBP or for
cleaning agents (Smith 1973).

Degradationproducts of carbon tetrachlorideincludechloroform and
methylenechloride. Breakdownproducts of TBP includeDBP, monobutyl
phosphate (MBP), and butyl alcohol.

2.2.3 P1utonlum Reclamation Facillty Operations

The PRF replaced Recuplex in 1964 and operated until 1979 (Figure 2-3).
The PRF operated again from 1984 to May 1991, and it is planned to restart in
the near future (DOE-RL1992b). The PRF had essentiallythe same mission as
Recuplex and used similar but superior solventextractioncolumn technology.
An 80:20 ratio (by volume) of carbon tetrachlorideto TBP was used as the
extractant.

An americiumrecovery facility,the Waste Treatment and Americium
Recovery Facility,was added on to PRF (Figure2-3) and also began operation
in 1964. The process used a 70:30 volumetricmixture of carbon tetrachloride
and DBBP. Between 1964 and 1970, americiumwas recoveredby a batch
operation. Between 1970 and 1976, this process operated as a continuous
countercurrentsolvent extractionprocess. This ancillarywaste treatment
facility was operated concurrentlywith PRF and was not considered a separate
operation (Rohay and Johnson 1991). This facilitywas shut down in 1976 after
a chemical explosion in an ion-exchangecolumn (DOE-RL1992b).

2.2.4 Lubrication011

Another source of carbon tetrachloridedischargedto the soil was in a
cutting oil used in Z Plant. "Fabricationoil" (a 75:25 volumetricmixture of
carbon tetrachlorideand lard oil) was used as a lubricanton Z Plant
plutonium cutting and milling tools. In 1967, the compositionof stored
fabricationoil was estimatedto be 50:50 volumetricmixture of carbon
tetrachlorideand lard oil due to evaporationof carbon tetrachloride(Sloat
1967, Appendix B). The carbon tetrachloridewas also used to clean the
cuttingoil from the millings and work surfaces. The carbon tetrachloride/oil .
mixture was disposed to the same cribs used for solventdisposal.

2.3 WASTEDISPOSALFACILITIES

Aqueous and organicwastes from the Recuplex and PRF processeswere
disposed to the soil column via subsurface infiltrationfacilities. Wastes
from the Recuplex processwere dischargedfrom 1955 to 1962 to the
216-Z-9Trench• Wastes from the PRF were dischargedfrom 1964 to 1969 to the
216-Z-1A Tile Field (and the associated216-Z-I and 216-Z-2Cribs). From 1969
to 1973, these wastes were discharged to the 216-Z-18 Crib. No organic liquid
waste was sent to cribs after 1973. The physical design of these liquid waste
disposal facilities are describedby Rohay and Johnson (1991)and by
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Last et al. (1991);schematicdrawings of each facilityare shown in
. Figure 2-4. Descriptionsof each waste stream, each waste disposal facility,

and estimateddisposal inventoryare given in Appendix A. A summary of the
estimatedwaste inventoriesis given in Table 2-I. A total of 363,000 to
580,000 L (577,000to 922,000 kg) of carbon tetrachlorideis estimatedto have
been discharged to the soil column between 1955 and 1973 (Rohayand Johnson
1991). Current inventorycalculationspresentedthroughoutthis report are
based on a total estimateddischargequantity of 470,000 L (750,000kg).

Based on a nuclearand soil analysisof the 216-Z-9Trench in 1973, the
plutoniumcontent of the soil was estimatedto be 26 to 69 kg with 38 kg in
the top 30 cm of soil. A potentialfor a criticalityincidentwas recognized,
and cadmium nitrate (a neutron absorber)was sprayedOnto the trench floor.
Subsequent studiesdeterminedthat the risk of criticalityhad been less than
originally believed. Even so, removalof the top 30 cm of contaminatedsoil
from the trench bottom was viewed as a means of reducing the risk of
environmentalcontamination. This was completed in July 1978 through a mining
operationthat successfullyremoved 58 kg of plutoniumfrom the crib floor.
The 58 kg of plutoniumactuallyremoved in the top 30 cm of soil was 54%
higher than the estimated38 kg. If this 54% correctionfactor is applied to
the total plutoniumcontent of the trench, at most 106 kg was originally
present and 48 kg still remains (Ludowise1978). The site still contains
equipment from these mining operations (Owens 1981).

The 11,000 L of aqueouscadmium nitrate solutionsprayedon the soil at
the 216-Z-9 Ditch contributed11 kg of cadmiumto the soil. Tests in 1973
indicatedthat the bulk of the cadmium solutionwas retained in the top 30 cm
of soil (Smith 1973). Therefore,a significantproportionof the cadmium was
probably removedduring the 1976-1978mining operations.

Three other sites in the vicinityof Z Plant probably received some
carbon tetrachloridewastes: the 216-Z-12Crib, the 216-Z-19Ditch, and the
216-T-19 Crib (Figure2-3; 216-T-19 is north of the area shown). The 216-Z-12
Crib received analyticaland developmentlaboratorywaste from Z Plant from
1959 to 1973 and is estimatedto have received a small volume of organics
includingcarbon tetrachloride(Kasper1981). The 216-Z-19Ditch was used to
convey process coolingwater and steam condensatefrom Z Plant from 1971 to
1981; apparently,carbon tetrachloridewas also occasionallyor accidentally
released to this ditch (Rohay and Johnson 1991). The 216-T-19Crib received
approximately880 L of carbon tetrachloridebetween 1973 and 1976 in the
overhead condensatedischarged from the 242-T evaporator (Rohayet al. 1993b).
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3.0 ENVIRONMENTALSETTING

This chapter describesthe meteorology,geology,and hydrogeologyof the
ERA/VOC-AridID carbon tetrachloridesite.

" 3.1 METEOROLOGY

The Hanford Site lies in a rainshadowon the east side of the Cascade
Range, which results in its semiaridclimate. The weather is monitored and
recorded at the Hanford MeteorologicalStation, located2.5 km northeastof
the ERA/VOC-AridID site. The HanfordSite receivesan annual averageof
16 cm of precipitation,approximatelyhalf fallingbetween November and
February. The averageyearly humidity at the HanfordSite between 1946 to
1980 was 54.4%, with a low of 32.2% in July and a high of 80% in December
(Stone et al. 1983). The prevailingnorthwestwinds result from cold air
drainage out of the CascadeRange. Mean monthly wind speed from 1946 to 1980
averaged3.4 m/s, with peak gust speeds from 28 to 36 m/s. Minimum winter
temperaturesvary from -33 °C to -6 °C, and maximum summer temperaturesvary
from 38 °C to 46 °C.

The average atmosphericpressure for the site is 29.2 in. of mercury.
In general, the atmosphericpressure is higher in winter than in summer,
although both the highestand lowest recordedpressuresat the Hanford Site
occurred during winter (DOE 1988). In 1990, averagedaily barometricpressure
measured at the HanfordMeteorologicalStation ranged from approximately28.6
to 2g.9 in. of mercury (DOE-RL1991).

3.2 GEOLOGY

The Hanford Site is situatedwithin the Pasco Basin, a structural
depression in the Columbia Plateau,which accumulatedthick deposits of
Miocene continentalflood basaltsand younger sediments. The Pasco Basin is
locally bisected by the Gable Mountain anticline(Figure3-I). The Hanford
Site's 200 West Area, containingthe ERA/VOC-AridID carbon tetrachloride
site, is situated south of this anticlineon the generallysouthward-dipping
limb of the Cold Creek syncline. The ERA/VOC-AridID site lies at an
elevationof approximately200 m above mean sea level. The surface topography
of the ERA/VOC-AridID carbon tetrachloridesite (Figure3-2) reflects

- numerous excavation and constructionactivitiesassociatedwith nuclear
materials productionand waste managementpractices.

- The subsurfacegeology of the ERA/VOC-AridID carbon tetrachloridesite
consists of a thick accumulation(>150 m) of clastic sedimentarydeposits
overlying the Miocene Columbia River Basalt Group. These suprabasalt
sediments includelithologicunits assigned to the late Miocene to Pliocene
Ringold Formation,the Plio-Pleistoceneunit, and the PleistoceneHanford
formation (informalname). A thin veneer of Holoceneeolian sand locally
overlies the Hanford formation.
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Figure 3-I. StructuralGeology of the HanfordSite.
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The lithologicand stratigraphicrelationshipsbeneath the site have
been refined from previous interpretations(DOE-RL1991, 1992; Last et al.
1991; WHC 1992; Last and Rohay 1993; Rohay et al. Igg3a; Singleton and Lindsey
1994), data from recently completedboreholes,and further interpretationof
data from existing boreholesin the immediatevicinity of the site
(Figure3-3). Figure 3-4 illustratesthe general stratigraphyand nomen-
clature of the principalgeologic units. The lithology(i.e., composition,
grain size, sorting,porosity,cementation)and stratigraphicrelationships
between the geologic units beneaththe site and the updated surface
(structure-contour)and isopach (thickness)maps of the principal strati-
graphic units are given in Appendix B. The quality and quantity of borehole
data vary greatly from boreholeto boreholeand are subject to multiple inter-
pretations. In addition,many of the boreholeshave not been accurately
surveyed,resulting in uncertainelevationsof the variousgeologic contacts
by as much as a few meters. NOTE: Existingwells are currently being
surveyed,and additionalevaluationof borehole data in combinationwith
detailed examinationof archived sediment samplesshould reduce these
uncertainties.

3.3 HYDROGEOLOGY

The hydrogeologyof the site is dominatedby a thick, unsaturatedzone
(vadosezone) within the Hanford formation,Plio-Pleistoceneunit, and upper
Ringold Formation; an unconfinedaquifer systemwithin the Ringold Formation;
and a system of confined aquifers within the Columbia River Basalt Group. Of
primary interest to this study is the movement of water and contaminants
within the unsaturatedzone and the uppermostunconfinedaquifer.

Groundwaterflow in the unconfinedaquifer is from areas of natural
recharge from precipitationon and adjacent to basalticridges primarilywest
of the 200 West Area toward points of dischargeto the east along the Columbia
River. The annual natural recharge in and near the 200 Areas has been esti-
mated (Gee 1987, Routson and Johnson 1990, Murphy et al. 1991) as near zero
(0.1 cm/yr) in areas with establishedvegetationand fine-grainedsoils.
However, in areas devoid of vegetation and having coarse-grainedor gravel-
covered soils, much of the annual precipitation(as much as 10 cm/yr) may
drain to the water table. Artificialrecharge to the unconfined aquifer
occurs in both the 200 West and 200 East Areas from dischargeof waste streams
and cooling water to the soil column. In the past, artificialrecharge was
estimated to be approximately10 times the naturalrecharge at the Hanford
Site (Graham et al. 1981). The major source of artificialrecharge in the
200 West Area has been the 216-U-I0 Pond (U Pond), which was decommissionedin -
1984 (Figure2-2). Recently,waste water dischargesto the soil column have
been significantlyreduced.

° 3-4
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Figure3-3. Locationof Wellsat the ERA/VOC-AridID
CarbonTetrachlorideSite.
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Figure 3-4. StratigraphicNomenclaturefor Geologic Units Beneath
the ERA/VOC-AridID Carbon TetrachlorideSite.
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3.3.1 Local Recharge

Several local sources of artificialrecharge are presentwithin the
vicinity of the carbon tetrachloridedisposal sites. These sources of
recharge include two active liquid waste disposal sites (216-Z-20Crib and
216-Z-21 Pond) and three sanitarytile fields (Figure2-3). Current annual
dischargerates to these facilitiesare estimatedas follows:

Facllitv Annual Discharae(L/vr)

Z16-Z-20 Crib 9.5 E+07"
216-Z-21 Pond 9.8 E+07b
2607-Z Drain Field 8.4 E+06 to 1.5 E+07b
2607-WA Drain Field 2.2 E+06¢
2607-WB Drain Field Unknown

"Johnson (Igg3b).
bRohayand Johnson (1991).
CDOE-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 divtded into
seven hydrogeologic units (hydrofacies) based on the stratigraphic facies.
These hydrogeologlc units are, in descending order (Figure 3-5)"

Huf -Hanford gravelly sand and sand (upperfine unit)

Hu= -Hanford gravels (uppercoarse unit)

H_ - Hanford sand (fine unit)

Hi=- Hanford sandy gravel (lowercoarse unit)

Ht_ - Hanford interbeddedsilt and fine sand (lower fine unit)
PP - Plio-Pleistoceneunit (caliche)

Rge- Ringold gravel unit E (unsaturated).

The thickness and configurationof these units vary beneath each of the
. three contaminantsources of interest (216-Z-IA,216-Z-9, and 216-Z-18) and

are discussed in detail in Appendix B. Figure 3-6 illustratesthe general
configurationof geologic materialsbeneaththe carbon tetrachloridedisposal

_ sites.

Calcium carbonate and moisture contentswere determinedfor nearly 500
samples from 13 boreholesdrilledduring FY 1992 and FY 1993. The data are
tabulated in Rohay et al. (1992a,igg3a, respectively)and used to create
vertical profiles for each well in Appendix H. Additionalmeasurementsof air
permeability,porosity,bulk density, and saturatedhydraulicconductivity
were made on selected samples from two wells, 299-W18-174within the 216-Z-1A
Tile Field and 299-W18-96within the 216-Z-18.Crib(Rohayet al. 1993a).
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Figure3-5. HydrogeologicUnitsof the UnsaturatedZone
. Beneaththe CarbonTetrachlorideDisposalSites.
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The attenuationand delay of a barometricpressurewave as it propagates
through the unsaturatedzone soils appearsto be.influencedby the depths and
permeabilitiesof the soil layers throughwhich it moves. This results in
pressure differentialsin the subsurfacebetweenthe barometricpressure and
the soil pressure. Differentialpressure data collectedfrom above and below
the relatively impermeablePlio-Pleistocenecaliche layer within well
299-W18-247show the effect of this layer on wave propagation (Figure3-7).
The well is sealed between the open intervals. The data show similar results "
between the upper interval (36- to 3g-m depth) and the barometric pressure,
indicatingthat the attenuationor delay of the pressure wave is minimal
through the upper zone of relativelypermeablesands and gravels (Figure3-7).
However, the differentialbetween the lower interval (49 to 52 m) pressure and
barometric pressure _hows a delay and strong attenuation. The attenuation is
most likely the result of the interveningcaliche layer, which can be con-
sideredpartially opaque to the pressurewave (Rohayet al. Igg3b). Addi-
tional differentialpressure data collectedin the same way from above and
below the Plio-Pleistocenelayer in well 299-W18-252and from several sub-
surfacemonitoring probes in the same area also show the dramatic effect of
the caliche layer (Table 3-I).

The physical properties,includingbulk density, field moisture content,
particle-sizedistribution,and unsaturatedhydraulicconductivity,of 62
samples collected from g boreholes installedduring FY 1992 and FY 1993 were
reported by Wright et al. (1994). These samplesrepresentall seven hydro-
geologic units (Flgure3-5). A summaryof the major particle sizes and field
moisture contents for these units is presentedin Table 3-2. Figures 3-8
through 3-12 illustratethe hydraulicconductivitycurves (unsaturated
hydraulicconductivitiesat variousmoisture contents)of five of these units
(Wrightet al. 1994). Wright et al. (1994)also providemineralogical
compositions,determined using x-ray diffractionand optical microscopy, for
two size fractions for each sample: for silt- and sand-sizedparticles
(>2 _m) and for clay-sized particles (<2 /_m).

Based on this hydraulicconductivitydata, Wright et al. (1994) prepared
a generalizedhydrostratigraphiccross section throughthe carbon
tetrachloridedisposal sites (Figure3-13). They used the data to define four
regionsof hydraulicbehavior (Figure3-13 inset) and assigned each sample to
its appropriateregion. In general, the hydrostratigraphicunits correspond
to the lithostratigraphicunits (Wrightet al. 1994).

Field percolationtests were conducted in the early 1980's in the
immediatevicinity of the 216-Z-20 Crib (Last and Rohay 1993). Based on the
ponded infiltrationrates during these tests and assuming a unit hydraulic
gradient,hydraulic conductivitiesfor the upper Hanford formation_aterials
were calculated and were found to range from 2.0 x I0"zto 3.5 x 10TM cm/s,
over a volumetricwater content range of 35_ to 23.4_.

The field moisture content and unsaturatedhydraulicconductivitycurve
for each sample were used to determinethe subsurfaceflux (recharge) into
that sample prior to sampling. The subsurfaceflux was then compared to the
expected natural recharge rate for arid soils in this region to indicate
whether the sample had been affectedby artificialrecharge (Wrightet al.
1994). Based on these comparisons,Wright et al. (1994) inferred a moisture
plume from the waste disposal facilities (Figure3-14).
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o

Figure3-7. Effectof Re!__tivelyImpermeablePlio-PleistoceneLayeron
Attenuation of Barometric Pressure Wave in'Well 299-W18-247.
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Table 3-I. Summary of Soil PressureData.

............................. Average ' Maximum ......
Sealed Depth of Included differential differential

Location well/soil interval dates
probe (m) pressurea pressurea

Wi8-247U Sealed well.....36 - 39 ii/I/93- 0.06..... 0.59........
12/15/93

WIs-Z47Lseale,_well 49-s2......11/I/93- 1.97 s.82....
12/31/94

W18-252U Sealed well' 34.5- 40.5 ........il/1/93 - 0.31 1.58
12131193

WIB'252L Sea'led weil 'SO- S6 11/I/93- 1.7o 6.S9
11/30/93

ii ii i i i, iii ill i i i

cPT4A/50 Soil probe 15 11/1/93- 0.24 183
12/31/93

CPT4A/75 .....Soil probe 23 11/1/93- 0.36 1.46
12/31/93

cPT4A/IOg Soil probe 33 Ii/I/93- 01'44.... 1.99 ........
12/31/93

, i H i, i ,,,,,,, ,-, , _ i

aPressures included in calculatingthe averageand maximum pressures
includeonly the positive differentialpressures(soil pressure greater
than the barometric pressure).
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Table 3-2. Physical Propertiesof UnsaturatedZone Sediments.

Well No. Oq_ Hydrogeo Bulk Field Gravel Sand Silt Clay
, Unit Density Moisture ....,,

m g/co Vol.% %. % % %
Wi5-216 14.66 Hf 1.55 5.92 3 90 5' 2

14.81 Hf " 1.64 4.95 2 94 4 0.5
33.28 ;)pSIR 1.71 38.51 0 37 56 .... 7
35.60 PP cmrb 1.49 20.67 49 32 13 6,,

35.88! ROe 1.94 5.78 31 30 33,,, ,, ,,

. 35,86 Rge 1.90 ....10.7 28 56 14
_.m Ra,, 1.62 1,6.74 3O S3 15 2_

rW15:-.ZI7 6.10 Hut' 2.01 5.47 55 39 5 .... 1
!6.25 Hf 1.61 9.47 2 90 5 . 3i

24.23 Hf 1.52 4.56 2 ....87 9 21
,310.63Hf 1.54 7.27 0 89 I0 !,
31.24 Hf 1.57 7.6 NA NA NA NA

.34.93 PP silt 1.79 9.66 0.3 81 16 3
35.57 Pp silt 1.73 31.68 0 1 85 14
37.37iPP carl) 1.48. 24.43 NA NA NA NA

W15-223 13.03 Huc 1.63 .....4.62 NA NA NA NA ....
25.93 !Hf !:.68 5.89 NA NA NA _IA
27.61 Hf 1.62 5.28 NA NA NA qA
28.33 Hf , 1.43! 11.99 NA NA NA NA
29.57 Hf 1.76 8.57 NA NA NA NA
30.36 Hf 1.42 6.78 NA _IA. _, NA,,

31.82 Hf 1.77 1.77 NA _tA NA NA
_,/18-96. 25.30 Hf 1.50 NA NA NA NA NA

30.48 Hf 1.49 NA NA NA NA NA
41.45 PP silt 1.73 NA NA NA NA NA
43.49PP silt 1.75NA NA NA NA NA

43.88 pP siR 1.63 NA NA NA NA N,_
48.78 i P,P_ 1.56 NA _ _ NA NA

,W18-174 !6.46: Hf 1.38 NA NA NA NA NA
22.56 Hf 1.59 NA _iA NA. NA N..A,,,

28.35 HIc 1.92 NA NA NA NA NA
34.66 HIf 1.73 NA NA NA, NA N,.A_,, ,,,

35.97 Hff 1.73NA NA NA NA INA
38.89 pp sir 1.63!NA NA NA iNA iNA

"W18-246 16.86 Ht 1.51 8.20 0 88 11 1
L 32.16HIc i166 5.26 40 55 4 I

32.31 HIc 1.81 5.05 64 32 4 0.25
42.92 PP slit 1.66 26.33 1 19 77 3
43.59 PP silt 1.65 8.15 0 16 76 8
44.81 PP carb 1,66 16.07 20 63 14 3,,,

59.56 Rge 2.00 3.35 74 21 5 0.3

W18-.247 16.49 Hf 1.51 7.08 0.21 88 372 416.64! Hf 1.21 16.34 0 56 2
33.38 Hf 1.63_ 5.15 3 _] 2! 2
33.53 Hf 1.68' 1.47 7 89 3, 1

- 40.97 PP silt 1.27 8.17 0 44 53 3
41.12 PP siR 1.65 37,001 0 15 75 10
45.11 PP carb 1.76 34.7 35 36 20 g

_ 47.00 R_e 1.59 17,64 1 92 4 3...........

W18-248 18.321Hf 1.58 11.60! 0 63 34 3

24.38! Hf , 1.45 9.76 . 1 ,84 14 1
....30.94HIf 1.60 8.68 5 64 2>8 3
38.73 HIf 1.49 6.07 0 86 ,12 ......... 2

,,. 38.41PP=tt 1.69 6.64 o ....71 "-,_ 3
42.52 PP cart) 1.64 24,12 0 8 89 3......., .uc ,7. 25 71 3.s o.=.
10.36 Huc 1.82 5.01 7 85 7 1

17.T7 Hf ....1 " 1.94 19.65 49 36 ;1"_ .......24.35 Hf 1.66 7.37 1 88 10 1
30.18 Hf t 1.83 4.45 0 84 'i"4 .... :
38.80 Hlf 1.72 11.82 2 60

I. 44.41 IPP carb 1.64 31,17 15 53 ., "/
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Figure 3-13. GeneralizedHydrostratigraphicCross SectionThrough the
Carbon TetrachlorideDisposal Sites (from Wright et al. 1994).
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Figure3-14. InferredRechargeDistributionBelowthe CarbonTetrachloride
DisposalSites(afterWrightet al. Igg4).
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Samples of unsaturatedzone pore water from 14 uncontaminatedsamples
taken at differentstratigraphichorizonsfrom 6 boreholeswere extractedby
Wright et al. (1994)'.These small (I to 15 mL) sampleswere sent to analyti-
cal chemistry laboratoriesto determineconcentrationsof major cations (using
inductivelycoupled argon plasma atomic emission spectrometry)and anions
(using ion chromatography). Based on the analyticalresults,Wright et al.
(1994)determined a representativechemistryfor pristineunsaturatedzone

" pore water (Table3-3).

. Wright et al. (1994) comparedthe hydraulicconductivitiesof two
samplesat various fluid contents,using pure liquid carbon tetrachloride,a
simulatednatural pore water saturatedwith carbon tetrachloride(805 ppm),
and a simulatednatural pore water (Table3-3). They concludedthat the
hydraulicconductivitiesof the pore water and the aqueouscarbon tetra-
chloride solutionwere nearly identical. They also determinedthat the
hydraulicconductivitiesmeasured using pure carbon tetrachloridewere much
higher than those measured using the simulatedpore water and the aqueous
carbon tetrachlorfdesolution and that the differenceswere greater in the
finer grained sample. In addition,they found that most of the bulk water
from both sampleswas displacedby the oure carbon tetrachlorideduring these
hydraulicconductivitytests, leaving _n amount of water approximatelyequal
to the residual saturationof the samples.

Table 3-3. RepresentativeChemistryof Uncontaminated
Pore Water from UnsaturatedZone at Hanford

(from Wright et al. 1994)

Concentration Anion Concentr'ati'"on
Cation (mg/L) (rag/L)

r

Na 18.49 0.72

K 4.o8 cl 2 .88
,,

...........Mg ..... 7.'56 ...........SO4 36.87

Ca 17.11 ' NO3 "10. 77
, .. ,,,, ,, , ,,, | . , , , ,, , . , .. ,.,.

HCO3

pH 8.09

Total dis"solvedsol'ids 164.48 mg/L ............

" Ionic strength ........ b 0035 M
...........

3.3.3 Perched Water

Perched water was encountered near the 216-Z-9 Treilch at a depth of 28
to 33 m in well 299-W15-216 in 1992 and at a depth of 32.5 to 33.5 m in
299-W15-220 in 1993 (Rohay et al. 1992, 1993a). This water was perched in the
Plio-Pleistocene unit. It is hypothesized that the 216-Z-21 Pond, which lies
approximately40 m southeastof well 299-W15-216 is the source of the water.
The 216-Z-21 Pond receives approximately9.8 x I07 L of water per year (Rohay
and Johnson 1991). This is consistentwith an estimatethat the maximum
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hocizontal spreading from a lO-m-radius pond receiving 284 L/min (1.5 x
10° L/yr) for 20 years would be approximately 62 m (Last and Rohay 1993).
(Note that the 216-Z-21 Pond has been in service since only the 1980's.)

Wright et al. (1994) analyzed samples collected at depths of 33.3 and
.35.6 m, or 0.3 and 2.5 m below the perched water zone, in well 299-W15-216.
The sample immediately below the perched water zone had a high subsurface
flux, but the deeper sample was very dry_ Given a hydraulic head of 5 m and .
using the saturated hydraulic conductivity measured for the shallower sample
(from 33.3-m depth), they calculate that the perched water would take only
8 years to travel to the position of the deeper sample, suggesting that this "
perched water is relatively recent (Wright et al. 1994).

Perched water has also been encountered near the 216-Z-20 Crib in
well 299-W18-29 (installed in 1991) at a depth of approximately 39 m (DOE-RL
lgg2b) and in other wells at various depths adjacent to the now decommissioned
216-U-10 Pond.

Four unsealed groundwater monitoring wells (299-W18-17, 299-W18-18,
299-W18-19, 299-W18-20) located within the perched water zone beneath and
adjacent to the 216-Z-20 Crib were remediated between April and August 1993 as
part of the groundwater impact assessment for that crib (Johnson lgg3b). The
wells were sealed from the water table to an elevation just above the Plio-
Pleistncene layer, and 5 to 6 m of casing above the seal was perforated to
allow perched water inflow and/or space for soil-gas monitoring. Following
the remediatton, perched water was observed in three of the wells
(Figure 3-15). This suggests that perched water was previously draining down
the outside of the unsealed casings, creating a dewatered zone around each
well within the perched water layer (Johnson 1993b).

3.3.4 Unconfined Aquifer

The uppermost aquifer beneath the site is unconfined and lies within the
Ringold Formation. The top of the aquifer, represented by the water table,
lies within gravel unit E. The lower portion of this aquifer, contained
within gravel unit A, is locally confined beneath the lower mud unit of the
Ringold Formation. The hydrogeology of the uppermost aquifer beneath the
ERA/VOC-Arid ID carbon tetrachloride site is represented by the following four
principal hydrogeologic units (Figure 3-4):

R_,- Ringold gravel unit E (saturated)
Rim Ringold lower mud unit
Rg, Ringold gravel unit A
S,m Saddle Mountains Basalt,ElephantMountain Member.

Transmissivityand hydraulicconductivityvalues for saturatedgravel

unit E (Rp) ofthe Ringold Formationhave been calculatedfrom aquifer test
results. _HC(1992) lists the values from 47 wells within the 200 West Area.
Transmissivityvalues from the top of the aquifer range from 2 to 4,700 mZ/d,
with hydraulic conductivityvalues rangingfrom 0.3 to 1,500 m/d. Based on
two wells, the bottom of the aquifer (withinthe lower portionof gravel
unit E) ranged in transmissivityfrom 39 to 84 m2/d, with a hydraulic
conductivityof approximately13 m/d. WHC (1992)also constructedmaps of the
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transmlsslvltyand hydraulicconductivityvalues (Figures3-16 and 3-17).
Storativityvalues for this unit have been estimatedto range from 0.001 to
0.038 (Last et al. 1989). Table 3-4 lists the principalhydrologic properties
of the major hydrogeologicunits.

i

Regional groundwaterflow is generally from west to east (Newcomeret
al. 1991). The presentdirectionof grodndwaterflow in the vicinity of the
200 West Area is largely influencedby a groundwatermound caused by past
artificial recharge to the now inactive 216-U-I0 Pond (Figure2-2). Prior to
deactivationof the pond, this groundwatermound had risen over 20 m above
pre-Hanfordconditions. Since the pond's decommissioningIn 1984, the ground- "
water mound has been decreasing,causing the water table to drop as much as
5 m beneath the ERA/VOC-AridID carbon tetrachloridesite In 8 years. This
mound now appears to be centered northeastof the former 216-U-I0 Pond
(Figure3-18) Continuing liquid dischargesto other sites southeastof

, Z Plant (e.g.i the 216-Z-20 Crib and portions of the 216-U-14 Ditch) may be
responsible tn part for this apparent shift (Rohay and Johnson 1991). This
groundwater mound is expected to be the dominant force influencing local
groundwater flow for a number of years.

The water table in the vicinity of the carbon tetrachloride disposal
sites for June 1992, June 1993, and December 1993 are shown in Figures 3-19
through 3-21. In genera], groundwater elevations decrease to the north, west,
and east (underlying the waste disposal facilities), reflecting the mound
shown in Figure 3-18. Water table elevations in this area dropped nearly
0.7 m between June 1992 and December 1993. Water levels in well 299-W18-15,
near the former 216-U-10 Pond, dropped at the same rate, suggesting that the
major drop in water level is related primarily to the pond's decommissioning.

Groundwater mounding occurred beneath the 216-Z-20 Trench in 1992 and
1993 (Figures 3-19 and 3-20). (NOTE: Data for the two wells along the
216-Z-20 Trench in Figure 3-20 were measured in March 1993.) Following
remediation of unsealed wells 299-W18-17, 299-W18-18, 299-W18-19, and
299-W18-20 along this trench between April and August 1993, the mound
diminished (Figure 3-21). This, too, suggests that prior to remediation,
perched water was draining down the outside of the unsealed casings.

The elevations used to prepare the water table maps shown in
Figures 3-19 through 3-21 are provided in Appendix C and were extracted from
the Hanford Groundwater Data Base. Although most of the data are from
June 1992, June 1993, and December 1993, data were used from January through
October 1992 and February through July 1993 to obtain the coverage needed.
Water levels dropped by nearly 0.3 m during each 6-month period. In addition, "
it should be noted that the number of significant figures does not indicate
accuracy. While steel-tapereadingscan be made to ±0.3 cm, the greatest
uncertaintyis in the elevationof the well casing, for which an uncertainty
of ±30 cm is likely (DOE-RL1991). Finally, the continuingliquid discharges
to nearby liquid waste disposal facilitiesand sanitarydrain fields and the
uncertaintyin the extent and infiltrationof the perchedwater in this area
complicatethe interpretationof the water-leveldata shown in Figures 3-19
through 3-21.
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Figure 3-16. Transmlsslvlty Hap of the 200 West Area (from WHC1992).
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Figure3-17. HydraulicConductivityMap of the 200West Area (fromWHC 1992).
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Table 3-4. Hydrol)_licPropertiesof the UnconfinedAquifer.

Conduc- Stora-Transmissivity
Well Hydrogeologic Sample tivity titivity
number units (m2/d) (m/d)

,,

299-W15-16 Rge (top) Aquifer 1,115 366 0.03
test

" 299-W15-17 Rue(top) Aquifer 1,115 366 ND
test

" 299-W18-21 Rg, (toP) Aquifer 4,738 1,554 ND
test

299-W18-24 Rge (top) Aquifer 4,087 1,341 0.001
test

29g-W18-22 Rge (bottom) Aquifer 39 13 ND
test

ND Rim ND ND O.03-3.0 O.002

ND R_a ND ND O.O0I-0.61 ND

After Graham et al. (1981),Last et al. (1989),and WHC (1992).
ND = No data available.
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Figure 3-18. Regional Potentiometric Surface Map of the Unconfined
Aquifer in the Vicinity of the 200 West Area, June Igg3

(after Kasza et al. 1994).
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Figure 3-19. Water Table Map of the UnconfinedAquifer in the Vicinity of the
Carbon TetrachlorideDisposal Sites, June 1992.
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Figure 3-21. Water Table Map of the UnconfinedAquifer in the Vicinity of the
Carbon TetrachlorideDisposalSites, December 1993.
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4.0 NATUREANDEXTENTOF CONTAMINATION

This chapter presents informationregardingthe nature and distribution
of contaminantsfound beneath the 216-Z-IATile Field, 216-Z-9Trench, and
216-Z-18 Crib carbon tetrachloridedisposal sites. Also presentedare current

. estimatesof the quantityof carbon tetrachloridereleased to the atmosphere,
retained in the unsaturatedzone, and presentwithin the groundwater. This
informationis based primarilyon the resultsof the ongoing ERA and

- VOC-Arid ID investigations.

4.1 AI_IOSPHERICLOSSES

The carbon tetrachloride vapor may move from the subsurface to the
atmosphere at the soil/air interface or along pathways such as existing wells.
The following two sections on the natural flux of VOCsare based on an
estimate of the atmospheric losses of carbon tetrachloride (WHC1993a) and on
field measurements made in support of the ERA (Rohay and Cameron 1992, Fancher
1993).

4.1.1 Soil/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 t_e water
table to the ground surface, is estimated (WHC1993a) to be 0.15 g/m'/yr, or
1,800 kg/yr, for the area overlying 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 (WHC1993a). 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 distributionand concentrationof the carbon tetrachloridevapor in
the unsaturatedzone was calculated,based on (I) the distributionandconcen-
tration of the dissolvedphase in the unconfinedaquifer, (2) the correspond-
ing equilibriumconcentrationof vapor just above the water table, and (3) a
linear interpolationbetweenthe vapor concentrationat the water table (64-m
depth) and an assumed concentrationof zero at the ground surface. To
calculatethe vapor loss to the atmosphere,it was assumedthat the contami-

" nated vapor diffused to I m below the ground surface. Air in the upper I m of
the soil column was assumedto be swept out by fluctuationsin barometric

. pressure,based on the measured range in the barometricpressure for 1992 (WHC
Igg3a).

To calculatethe historicalatmosphericlosses,it was assumed that the
upper I 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
assumedthat soil vapor in the upper I m was saturatedwith carbon
tetrachlorideand was confined to the lateralarea of the crib and that the
atmosphericloss rate remainedconstant. After dischargeceased, the carbon
tetrachloridewas assumedto diffuse outwardand downwarduntil it reached the
estimated1990 configuration. Atmosphericlosses were assumed to decline
steadily at a yearly rate designed to match the 1,800-kg/yrrate calculated
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for 1990. The total calculatedquantity of carbon tetrachloridelost during
the operationalperiod (1955 to 1973) was calculatedto be 54,000 kg. From
1955 to 1990, the total loss to the atmospherethrough the soil surface is
calculatedto be 137,000kg (WHC 1993a).

The EMFLUX (a trademarkof Quadrel Services, Inc.) passiv'esoil-gas-
samplingtechnology,owned and operatedby Quadrel Services, Inc., of
Clarksburg,Maryland,was deployed in August 1992 and in July 1993 .
(Section4.2.1.2)_ The soil-surfaceflux ranged from III to 686 ng/m_/min

(0.06 tozO.36 g/m'/yr)in 1992 and from 1.4 to 922.7 ng/m'/min(0.0007 to
0.48 g/m/yr) during the 1993 sampling period near the 216-Z-9 Trench
(Table4-I).

4.1.2 Borehole Releases

During the period 1949 to 1994, boreholeswere drilled to characterize
and/or monitor liquid waste disposal facilitiesin the 200 West Area. For
example, in the vicinity of the three carbon tetrachloridedisposal
facilities,59 boreholesare potentiallyavailablefor monitoring
(Figure3-3). Many of these wells serve as pathwaysfor soil vapor to reach
the atmosphere (Rohay and Cameron 1992, Rohay et al. 1993b).

The boreholeswith open (screened,perforated,or open bottom) intervals
naturallybreathe in response to meteorologicalphenomena,most notably
fluctuationsin barometric pressure. Thus, when barometricpressure is higher
than the pressure in the soil near the open interval,fresh air moves through
the borehole and into the soil pores exposed at the open interval. When baro-
metric pressure is lower than the pressure in the soil near the open interval,
the process operates in reverse;the boreholeexhales, and soil vapor moves
from the formationat the open intervalthrough the borehole and out to the
atmosphere. The soil-vapor-contaminantconcentrationventing from the bore-
holes depends in part on the permeabilityand contaminantconcentrationof the
soils at the open interval,the amount of open interval,the static residence
time of the air in the formation (to permit diffusionfrom the soil or liquid
phase.tothe gas phase), and the rate of change of the barometricpressure.

The boreholeswere installedby severalcontractorsusing different
drilling and completionmethods; some completionshave since been modified.
Most of the open intervalsrange in depth from 23 to 48 m below the surface.
Constructiondetails for carbon tetrachloridearea boreholesare provided in
the ERA proposal and the FY 1992 and FY 1993 year-end reports (DOE-RL 1991;
Rohay et al. 1992, 1993a). Modificationsto pre-1992boreholesto provide
subsurfaceaccess for vapor extraction are presentedin Rohay and Cameron
(1994).

Continuous airflowmeasurementshave been recorded at 12 open intervals
in 9 boreholes associatedwith the carbon tetrachloridedisposal facilities
since June 1992. However, correspondingcontinuousmeasurementsof the
contaminantconcentrationsin the venting air are generally not available.
For example, the longest continuousdata record is availablefor well
299-W!8-6,which is open to the unsaturatedzone just above the water table on
the west side of the 216-Z-1ATile Field. However,continuousdata on the
carbon tetrachlorideconcentrationin that airflowwere availablefor only two
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periods within 8 days In September 1992 at well 299-W18-6. The highest
measured carbon tetrachloride concentration at this borehole was approximately
80 parts per million by volume (ppmv). The airflow and contaminantdata
suggestthat severalgrams per hour of carbon tetrachloridecould be venting
from this boreholeduring exhalationevents (e.g.,when barometricpressure is
falling; Rohay and Cameron 1992).

As part of the baselinemonitoring programfor the soil-vaporextraction -
system,77 wells, typicallyat distancesof 0 to 90 m from the carbon
tetrachloridedisposal facilities,were monitoredtwice per week from .
December 1991 through December 1993 (Fancher1994, Rohay 1993). The wells are
monitoredwith fleld-screenlnginstrumentsat the wellhead,which provide an
indicationof the carbon tetrachlorideconcentrationin the air within the
well. These data are instantaneoussamples that representone point in the
borehole-ventingcycle. Work is continuing to determinethe relationship
between the venting cycles and barometricpressure fluctuationsfor various
well configurations(Rohay 1993). Statistics for the entire 25-month period
are provided in Appendix D. Interpretationof the data is provided by Fancher
(1994).

The observed contaminant concentrations, monitored using a photo-
Ionization detector (PID_, range from 0 to over 10,000 ppn_ total VOC,
including carbon tetrachlortde, chloroform, and methylene chloride. Previous
analyses using a gas chromatograph indicate that the majority of VOCpresent
In the wellheads is carbon tetrachloride(Rohay and Johnson 1991, Rohay et al.
1992a). Therefore, it is assumed that the VOC measuredwith the PID is carbon
tetrachloride. The presence of carbon tetrachlorideis confirmedat selected
sample stations by using colorimetrictubes.

The carbon tetrachlorideconcentrationsof soil gas exhaling from a well
have been correlatedwith the flow rate of the gas and the rate of barometric
pressure change. A zero readingmay be indicativeof an inhalationevent,
while the maximum baseline monitoringvalue for each well is judged to have
the greatest likelihoodof representingequilibriumconditions. Lower
readingscould be the effect of dilution from the previous inhalationevent or
the rapid transportof air that does not allow time to reach equilibrium
conditions. Attainment of equilibriumconditionsbetween exhalationevents
may not always have been achieved prior to taking the measurements;thus, the
maximum values measured to date representonly an estimate of the subsurface
concentrations; Of the 77 wells monitored,the maximum concentrationswere

less than I ppmv in 14 wells, between I and 10 ppmv in 6 wells, between 11 and
100 ppm_ in 13 wells, between 101 and 1,000 ppmv in 33 wells, between 1,001
and 10,000 ppmv in 10 wells, and greater than 10,000ppmv in I well
(Figure4-I). During an exhalationevent, the carbon tetrachloride
concentrationsventing from boreholesincreasefrom zero to a maximum value
and then decrease back to zero. Therefore,the averageof the vented carbon
tetrachlorideconcentrationsmeasured during baselinemonitoringwere used to
estimate the natural flux from each borehole.

For this estimationof natural flux, the wells were assumed to be
comparabledespite their various ages, locations,depths, and completions.
The average vented concentrationswere contouredfor the carbon tetrachloride
area, based on availabledata for 43 wells in the baselinemonitoringwell
network. However, all wells locatedwithin each contour intervalwere assumed
to provide release pathwaysduring the years they had intervalsopen to both
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Ftgure 4-1. Distribution of MaxtmumBaseline Monitoring
Wellhead Measurements.
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the subsurface and the atmosphere. Based on airflow measurements tn the
boreholes and on the baseline monitoring data, it was estimated that the wells
breathe out half of the year at an average flow of 0.14 m_/min. Using the
mid-range value for each concentration contour Interval and the number of
years each borehole within that contour interval was available to provide a
potential pathway, tt ts estimated that 22,200 kg of carbon tetrachloride (or
3% of the estimated carbon tetrachlortde inventory) may have been released to
the atmosphere through existtng boreholes between 1955 and 1990 (WHC1993a). -

4.2 UNSATURATEDZONECONTAMINATION

Thts section discusses the nature and extent of carbon tetrachloride
contamination within the unsaturated zone and is based on the results of
near-surface soil-gas surveys, subsurface soil-gas measurements, and borehole
sediment sampling.

4.2.1 Near-Surface Soil-Gas Surveys

Near-surface so!l-gas data are availabl_ from three main activities:
active soil-gas sampling, passive soil-gas measurements using absorptive
collectors, and baseline monitoring of near-surface soil-gas ports. Sampling
locations are shown in Figure 4-2. Descriptions of these activities are
presented in Rohay (1991), DOE-RL(1991), Rohay et al. (1992a, 1992b, 1993a),
Rohay and Last (1992), Fancher (1994), and Last and Rohay (1993).

4,2.1.1 Active Sotl-6as Sampling Network. The soil-gas sampling network con-
sists of 22 soil-gas probes installed during FY 1991 neap the 216-Z-18 Crib
(DOE-RL 1991) and 60 soil-gas probes installed along four transects in FY 1992
(Rohay eL al. 1992a, Last and Rohay 1993). Soil-gas samples from the FY 1992
probes were analyzed in a mobile laboratory for VOCs using gas chromatography
and measured in the field for carbon dtoxide, oxygen, and total organic vapor
concentrations (Last and Rohay 1993). The constituents detected included
carbon tetrachlortde, chloroform, tetrachloroethylene (PCE), and
trichloroethy]ene (TCE). Figure 4-3 illustrates the near-surface carbon
tetrachloride soil-gas concentrations measured in Hay 1992. By far, the
largest concentration of carbon tetrachloride appears to be located just to
the north of the 216-Z-9 Trench. Extension of the plume to the north, away
from the sampling transects, is considered to be an artifact of the contouring
interpolation scheme and is not bounded by any sampling data. Chloroform
concentrations are also higher north of the 216-Z-9 Trench (Figure 4-4). The -
maximumconcentrations of TCE and PCEdetected during the Hay 1992 survey were
0.08 ppmv and 0.06 ppmv, respectively (Last and Rohay 1993).

4.2.1.2 Passive Soil-6as Measurements. Two passive soil-gas technologies
have been deployed at the site" EMFLUXtechnology and PETREXtechnology
[owned and operated by the Northeast Research Institute (NERI), Inc.,
Farmington, Connecticut].

The EMFLUX soil-gascollectionsystem is a passive, surface-basedsystem
that employs a variety of sorbentcollectors,dependingon the nature and
number of target contaminants. Once retrieved,the collectorswere shippedto
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Figure 4-2. Locationsof Near-SurfaceActive and PassiveSoil-Gas Sampling
Networks at the ERA/VOC-AridID Carbon TetrachlorideSite.
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Figure 4-3. Near-SurfaceSoil-GasConcentrationsof Carbon Tetrachloride
Measured in May 1992.
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Figure 4-4. Near-SurfaceSoil-GasConcentrationsof Chloroform
Measured in May 1992.
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Quadrel Services, Inc., where the contaminantswere thermallydesorbed from
the sorbent collector_and analyzed using a gas chromatograph/mass
spectrometer. The results are used to calculatea flux rate out of the soil
for each contaminant. The EMFLUXtechnologywas first deployed between
August 6 and August 10, 1992, in a small nine-stationconfigurationaround the
216-Z-9 Trench and at one backgroundstation (Figure4-2). The emission flux
rates of carbon tetrachloridefrom this sampling ranged from 111 to
686 ng/m2/min(Last and Rohay 1993). The highest flux rate of carbon
tetrachloridewas measured northeastof the tren_;h. The highest flux of
chloroformobserved in this survey was 18.3 ng/m'/minat the same location as
the highest carbon tetrachlorideflux (Table 4-I).

The PETREX technologywas deployedon August 11, 1992. A total of 25
samplers were installedat S five different locationsnear the 3 carbon
tetrachloridedisposal sites and at I backgroundstation (Figure4-2). The
purpose of this deploymentwas to demonstratethe technology,evaluate which
compoundsof interestwere detectible,and determinethe most appropriate
field exposure time for these samplers (Rohay and Last Ig92). The first of
the batch of samplers (one from each location)was retrieved g days after
deployment. The remainingsamplerswere retrievedin batches (again,one from
each location) at 7-day intervals,with the last batch of samplers retrieved
on September 17, 19g2. Upon retrieval,the samplerswere shipped by overnight
express to the NERI laboratoryfor analysis. Each samplercontained two
ferromagneticwires coated with an activatedcarbon adsorbent. One wire from
each sampler was analyzed by thermaldesorption-massspectrometry(TD-MS),and
the other was analyzed by thermaldesorption-gaschromatography/mass
spectrometry (TD-GC/MS). The target compoundsof interestconsisted of carbon
tetrachloride,chloroform,methylenechloride,PCE, TCE, tributy] phosphate
(TBP), dibutyl phosphate (DBP),dibutyl butyl phosphonate (DBBP),monobutyl
phosphate (MBP), and triglycerides(lard oil). The final report on results of
these analyseswas delivered in April 1993 (AppendixE). Of the target
analytes,only carbon tetrachloride,chloroform,PCE, and TCE were detected;
however, toluene and benzenewere also detected. Analytical results were
reported as ion counts and are provided in Table 4-2. These results show that
for most compounds the ion count values stabilizedafter 2 weeks of field
exposure. The results suggestthat the concentrationsof carbon
tetrachloride,chloroform,PCE, and toluenewere highest near the
216-z-g Trench, while the concentrationsof TCE were highest both at the
216-Z-9 Trench and the 216-Z-IATile Field. Benzeneconcentrationswere

highest at 216-z-g and 216-Z-18,with one anomaloushigh value at the
background station.

A second deployment of the EMFLUX technologywas conductedbetween
July 28 and July 31, 1993 (Rohayet al. 1993a). This deployment consisted of
34 sampling stations locatedprimarilyto the north of 216-Z-9 Trench, where -
available soil-gas data were lacking (Figure4-2). The emission flux rates of
carbon tetrachloridefrom this seconddeploymentranged from 1.4 to to
251.7 ng/m2/min (<40% of the maximum flux rate observed in the 1992 deploy-
ment) (Table 4-I). Other compoundsdetected includedacetone, toluene,
xylene, and TCE. The distributionof carbon tetrachlorideflux rates
(Figure4-5) suggests that the highestfluxes occur surroundingthe 216-Z-9
Trench. An area of lower carbon tetrachlorideFlux rates was found near the
216-T-19 Crib, recently identifiedas a waste disposal facility for minor
amounts of carbon tetrahcloride(Rohayet al. 1993a). Highest fluxes of TCE
were also found in the vicinityof and to the southwestof the 216-Z-9 Trench.
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Table 4-2. AnalyticalResults (reportedas ion counts) from the
PETREX Soil-GasTest, August 11 - September17, 1992.

,,,,,

I Carbon

Site sample Toluene Benzene TCE ChLoroform PCE
number ,number tetrachlorideii ,,,i,

Week 1: August 11 August 20, 1992

I _ _29_ 2008.....lz99 2iL60 _693
ii ii H , i ll,

2 6 0 80088 507 1222 6821 16901
i I,|L i i

3 il 309 79307 1189 3555 /+063 10023
i

" 4 16 630' 7521 2514 0 636 2046

" I _ 'i 21 _ ..... _21 ........ Zl z 0 1069 _9

i i i,m, i, i ii i,,

...... Week 2: August 11 - August ;_7,1992

i " '2 ;_141 119_2 /+662 3627 Z0876 ' 99638 "

z T o lO9a_ 731 331'o.... 15887 ' 38627 "
IL ,H I I I ......

3 12 375 24462 864 1704 1833 12132

'_. ' i7 ,.I_, ' 3_.9 _6oz" o s,9'" i_2
• ii ,

5 22 0 0 312 0 0 0
H i i i i

' Week3: August 11 - Septenlber 3w 1992
.e ii i llllm i i

1 3 2115 148962 4321 0 0 152635

2 8 ...... 0 127762' 87"/' ' 10858 0 119372
,i i i i , ,

3 13 201 113508 1952 8234 13'447 46583
, i i i i i,,

4 18 228 19425 5741 460 2253 4122
i i ii ir i i m i n ii

5 25 0 0 464 0 0 0

Week4': AugLIst 11- SePtember 10, 1992 ......
i i

1 4 i533 115139 4697 0 0 119676
i i J i i ,,

2 9 0 62139 412 3068 7430 42925
i i ,,,,

3 i4 0 63419 604 3766 5769 10919

4 19 0 ' 2:=60 1286 0 "252 ' 1392 "

5 24 0 0 330 0 238 0
, _

Week5: August 11 - September 17, i'99'_'

' i ' _ s_2 ' _o_z _ o _7_0_' '_
z _0' _n .... 9_z_ _i_s i_ _z_ _'_ ....

, , _ .,

' 3 15 448 100544 1999 7632 11947 26515
,, ,, ,,

20 786 20448 7087 /,78 3044 2513
.. ,_ ,,,. .,,.,

5 25 1575 0 11978 0 278 0
............

NOTE= Totuene = mass 92; carbon tetnachtoride or tetrachloromethane = mass 121;
- benzene = mass 78; TCE (trichtoroethene) = mass 130; chtoroform = mass 83; PCE

(l:etrachtonoethene) = mass 164.
Art values are in units of ion counts derived from thermal desorption-mass spectrometry,
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Figure 4-5. Carbon Tetrachloride Soil-Gas Flux Rates from the
July 28-31, 1993 EMFLUXPassive Soil-Gas Survey..
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The detection of acetone,toluene,and xylene was rather randomly dispersed in
the southern portion of the samplinggrid. During additionalEMFLUX 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 stations5-6), the highestcarbon tetrachlorideflux
rate observed was 922.7 ng/m2/minon the north side of the trench (Table4-1).

4.2.1.3 Baseline Monitoringof Near-SurfaceSoil-Gas Ports. Selected probes
" in the FY 1991 and FY 1992 networkshave been monitoredapproximatelytwice

per week from December 1991 throughDecember 1993 using an organic vapor
- monitor (Fancher1994, Rohay 1993). A descriptionof the sampling and

analysismethods are describedin Fancher(1993, 1994). Statisticsfor the
25-monthdataset are provided in AppendixD.

The maximum VOC concentrationrecordedat each shallowsoil-gas probe in
the baseline monitoringnetwork is displayed in Figure 4-6. Each probe in the
1991 network at the 216-Z-18 Crib was measured approximately120 times. Each
probe in the 1992 network anchoredat the 216-Z-9Trench was measured approxi-
mately 85 times. The 1992 probeswere added to the baseline monitoring
network in February 1993. At about the same time, a change was implementedin
the analyticalmethod 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-IA/216-Z-18area appear to be
consistentwith the results of the active soil-gassampling (Figure4-3).
Observed concentrationsare higher north and northwestof 216-Z-18,west of
216-Z-IA. At the 216-Z-9Trench, higher soil-gasconcentrationsare found
north of the trench.

4.2.2 Subsurface Soil-Gas Measurements

Subsurface soil-gasdata are availablefrom several investigative
activities" wellhead detections/monitoringthroughoutthe 200 West Area,
baseline monitoring of wellheadsand deep soil-gas ports at the ERA/
VOC-Arid ID carbon tetrachloridesite, active sampling/measurementof new
wells under construction,and sampling/monitoringof the vapor extraction
gases. Descriptionsof these activitiesare presentedin Rohay and Johnson
(1991); Rohay (1991, 1993); Rohay et al. (Igg2a,Igg2b, 1993a);Fancher (1993,
1994); Rohay and Cameron (1993);and Last and Rohay (1993).

- 4.2.2.1 Far-FieldWellhead Detectionof Carbon Tetrachloride. Carbon
tetrachloride (mostlymeasured as total chlorinatedhydrocarbons)has been
detected using field screeninginstrumentsin wells under constructionn

throughoutmuch of the 200 West Area since January 1987 (Rohay and Johnson
1991, Last and Rohay 1993). These wellheadmeasurementsare strongly affected
by barometric pressurechanges and are used to examine the distributionof
carbon tetrachloridevapors either above or below the caliche layer (Plio-
Pleistoceneunit). Most of the reporteddetectionshave been from below the
caliche layer, often in the capillaryfringezone just above the water table.
However, wells drilled adjacentto the carbon tetrachloridedisposal
facilities,and somewells drilledwest and south of the 216-Z-18 Crib, have
detected carbon tetrachlorideboth above and below the caliche layer.
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Figure4-6. MaximumCarbonTetrachlorideConcentrationsRecordedat
Shallow2)il-GasProbes,December1991lhroughDecember1993

(fromFancher1994).
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Figure 4-7 illustratesthe locationof wellhead detectionsof carbon
tetrachloride(or total chlorinatedhydrocarbons)betweenJanuary i987 and
September1992. Note that carbon tetrachloride(as chlorinatedhydrocarbons)
has been detected in wellheadslocatedoutside the maximum extent of the
groundwaterplume (Section4.3).

4.2.2.2 Deep Sotl-Gas Monitoring in the Carbon Tetrachloride Disposal Site
" Area. The baseline monitoringprogram for the vapor extraction system

consists of 116 selectedwells and deep soil-gasprobes that have been
- monitored twice per week from December 1991 to December 1993 (Fancher 1994).

Statistics for the entire 25-monthperiod are includedin Appendix D.
Interpretationof all the data is provided in Fancher (1994).

The wells and deep soil-gasprobes are monitoredusing a total organic
vapor monitor. The total VOC measurementis assumed to consist solely of
carbon tetrachloride,based on its predominancein samples analyzed via gas
chromatography(Section4.1.2). The contaminantconcentrationsfluctuate in
response to changes in the barometricpressure;observedcarbon tetrachloride
concentrations(measuredas total organicvapor) range from 0 to over
10,000 ppmv (Fancher 1994). Becausea zero readingmay be indicativeof an
inhalationevent, the maximumbaselinemonitoringvalue for each well is
judged to have the greatest likelihoodof representingequilibriumconditions.

The maximum values for the baselinemonitoringnetworkmeasured between
December 1991 and December 1993 at wells and deep soil-gas probes with open
areas above the Plio-Pleistoceneunit (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 constructingthese figures, it was assumed that the monitoring
points are comparable,despite their differingages, locations,depths, and
completions. Open intervalsin the boreholesrange from approximately23 to
48 m. The deep soil-gas probeswere emplacedusing the cone penetrometerand
range in depth from 3 to 33 m deep. In addition,the distributionsof vapor
shown in Figures 4-8 and 4-9 are limitedby the extent of the monitoring
network.

Carbon tetrachlorideconcentrationsexceeding10,000 ppmv were observed
above the caliche north/northeastof the 216-Z-9Trench. By contrast,carbon
tetrachlorideconcentrationsobserved above the caliche in the 216-Z-IA/
216-Z-12 area are an order of magnitudelower (Figure4-8). Carbon
tetrachlorideconcentrationsexceeding1,000 ppmv were observedbelowthe
caliche in both the 216-Z-9 and 216-Z-1A/216-Z-12areas (Figure4-9).

4.2.2.3 Vapor ExtractionSystem Sampling. Downhole soil-vaporsamplingwas
• conducted during pilot tests of the vapor extractionsystem at the 216-Z-1A

Tile Field in April 1991 (DOE-RL1991). These tests found that the carbon
tetrachloridehad migrated to a depth of at least 40 m. Vapor concentrations
generally increasedwith depth,with the highestconcentrations[100 ppmv
found at 26 m below ground surface(or -15 m above the caliche layer)].
Initialoperating tests of the vapor extractionpilot system in the 35- to
42-m-depth interval in April 1991 found initialcarbon tetrachloride
concentrationson the order of 200 ppmv, which graduallyincreasedto 600 to
700 ppmv after 30 h of venting,and peaked at 915 ppmv67 h into the test.
Samples were analyzed in the laboratoryusing a gas chromatographymass
spectrometer(DOE-RL1991).
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Figure 4-7. Location of VolatileOrganic CompoundsDetected Above and Below
the Caliche Layer During Well DrillingBetween January 1987 and

September 1992 (from Last and Rohay i993).
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Figure 4-8. Maximum Carbon TetrachlorideConcentrationsRecorded at Wells and
Deep Soil-Gas Probes Open Above the Plio-PlelstoceneUnit, December 1991

Through December Igg3 (from Fancher 1994).
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Figure 4-9. Maximum Carbon TetrachlorideConcentrationsRecorded at Wells
Open Below the Plio-PleistoceneUnit, December 1991

Through December 1993 (from Fancher Igg4).
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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
(t.e., above the caltche). In general, the wells are perforated across the ,
contact between finer grained and coarser grained units. Usually, the vapor
extraction system has been extracting from 4 to 10 wells simultaneously. When
the carbon tetrachlortde concentration in an extraction well drops signifi-
cantly, the vapor extraction system is switched to a different well to optt-

" mlze production. Average carbon tetrachlorldeconcentrationsin the combined
vapor stream drawn from wells within the tile field gradually increasedfrom
approximately400 to 500 ppmv in August 1992 to approximately700 to
1,000 @pm_ in December 1992 at averageflow rates ranging from 124 to
210 ft=/min. The increase in carbon tetrachloridesuggeststhat the vapor
plume was steadily being drawn in toward the extractionwells by thevapor
extraction system. During extractionfrom nine wells from February to
June 1993, combined vapor streamconcentrationsfell to 200 to 500 ppmv,

indicatingremovalof the higher concentration3vaporplume. The typical
extraction flow rates ranged from 20 to 300 ft/min per extractionwell. This
same vapor extraction system began operatingat the 216-Z-18Crib durinO the
summer of 1992. The extractedsoil vapor concentrationsfrom two wells (one
open below the caliche) in the 216-Z-18Crib has been a few hundred parts per
million by volume carbon tetrachloride.

Characterizationtests were conductedusing the vapor extraction
equipmentto extract soil gas from a singleopen intervalwhile measurements
were made of the flow rate and vacuum. The carbon tetrachlorideconcentration
in the extracted soil gas was analyzedusing a photo-acousticinfrared sensor.
Characterizationtestingdata at the 216-Z-IA/216-Z-18wellfield in June 1993
are presented in Table 4-3 (Rohayand CameronIgg4). The extent of the
horizontal influenceof the vacuum placed on each of the extractionwells is
in the range of 100 ft, establishedduringthe pilot testing of the vapor
extraction system (DOE-RL 1991, AppendixF).

A second vapor extractionsystem began operatingat the 216-z-g Trench
in March 1993 and was used to characterizeseveral216-Z-9wells in the spring
of 1993. As shown in Table 4-4, the concentrationsof carbon tetrachloridein
the extracted soil vapor from above the caliche in those wells ranged from 77
to 28,500 ppmv (Rohay and Cameron1994). Concentrationsof carbon tetra-
chloride in soil gas extractedfrom above the caliche in the 216-z-gwellfield
are at least an order of magnitudehigherthan concentrationsextracted from
above the caliche in the 216-Z-IA/216-Z-18wellfield (Fi§ure4-10).

In June 1993, an overheatingincidentin the primarygranular activated
carbon canister at the 216-z-gTrench resultedin the temporarysuspensionof
all active vapor extractionoperations(Rohay 1993). Operationsresumed at

" the 216-Z-IA/216-Z-18site in November 1993 and at the 216-z-gsite in
February 1994. As of the end of May 1994, a total of 16,790 kg of carbon
tetrachloridehas been removed from the unsaturatedzone using active vapor
extraction,5,030 kg from the 216-Z-IA/216-Z-18wellfield,and 11,760 kg from
the 216-Z-9 wellfield.

4.2.2.4 In Situ Soil-Gas Sampling. In situ soil-gassampleswere collected
during the drilling of unsaturatedzone monitoring/vaporextractionwells at
the ERA/VOC-AridID carbon tetrachloridesite. In situ sampleswere collected
using the SEAMIST (tradenameof EastmanCherringtonEnvironmental,Santa Fe,
New Mexico) soil-gas sampling system (Rohayand McLellan 1992) and the
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Table 4-3. Results of 216-Z-1A/216-Z-18Wellfield Characterization
Tests (from Rohay and Cameron 1994).

.............. ,........

Open Carbon te_a ''_
• interval (ft Vacuum Flow chloride

Date Well number below ground (in. HzO) (ft3/min)concentration
surface) (pp_)

i i J ii i

06/01/93 299-W18-i75 84-91 132 68 475 "
112-117

i j ii

06/01/93 299-W18-150 A= 131 32 33 "

06/01/93 299-W18-150 Bb 82-87 132 28 .......... 219/157 c .......
i i i j i i i i i i, __

06/01/93 299-W18-150 Cd 110-115 132 84 215
ii iiii i,,ii ii i iiii iii[ l lr i i i i

06/01/93 299-W18-166 121-]26 130 16 5/82 =

06/01/93 299-W18-158 A 72-77 31 . 64 leak 2

06/01/93 299-W18-158 B 86-91 131 40 ...........................86 ....

06/01/93 299-W18-158 C 116-121 131 .......40 ....... 108/i44 ='

06/01/93 299-W18-159 112-119 132 72 298
iii1.11 ii ii

06/01/93 299-W18-168 115-120 139 27 131/212 c

06/01/93 299-W18-163A 67-77 141 11 2

o6/01/93299-w18L163B 9o-97 ....Io z ....
i ii ii ii i i i i

06/'0'1'/93 299-W18-Z'63 C 112-117 124 8 5
i ill i _

06/01/93 299-W18-87 C 122.5-127.5 130 120 75

06/01/93 299-W18-171C 112.5-127.'5 130 296 325 L

06/01/93 299--W18--97 63--75 134 312 23

'0'6/01/93 299-W18-10 180-211 130 80 " i47/221 = .......
,, ,

Upper interval.
iddle interval.

=Dual concentrationvalues denote measurementstaken at two

differenttimes during testing.
Lower interval.
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Table 4-4. Resultsof 216-Z-9WellfieldCharacterizationTesting
(from Rohay and Cameron 1994).

Carbon tetra-
Open Vacuum Flow chlorideinterval(ft

Date Well number below ground (in.
surface) HzO) (ft3/min)concentration• (ppmv)

, l, i,,,

" Before perforation

. 03/31/93 299-W15-82 ....Area of" '128' 23" 1,333
bottom

04/"14/93299-W15'g5''Area of Unknown 22 5,'660
botto_

i ,ll i i|llll ,,

After perforation

04/28/93 299-W15-8'2 73-8'8 116 " 203 22,350

04/28/93 299-W15-95'" 83-98 .... i'18 '34 I0,7"00"'
,,, ,,, , ,,

04/29/93 299-W15-84 "75-90 102.......75 8,475
iH | ,,J i, i, i|

04/30/93 299-W15-85 83-98 85 205 15,950

05/04/93 299-W15-217 i06-121 56 '" 75 13',474

05/05/93 299-W15-217 " 106-121 130 ' 157 17,975

os/16/9z99-w1s-217io6-121119 186 24,367
05/11/93 299-W15-217 106-121 102 ' 173 ' ' 23,933.......

05/27'/93CPT-12 .... 36-4g ..... 101 64 78 "
i i|, i

06/03/93 299-W!5-C2 73-88 69 253 28,500
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BoreSampler (WHC 1993b) during the FY 1992 and FY 1993 drilling activities
(Last and Rohay 1993, Rohay et al. 1992a, 1993a). The sampleswere analyzed
using a gas chromatography/electroncapturedetector.

It should be noted that barometricpressurehas a strong influenceon
the movement and thus the concentrationof VOCs in soil-gasmeasurements.
Thus, the detectionof VOC concentrationsmay not representequilibrium

" conditions nor accurate concentrationsin the vicinityof the sampling point.

. A total of 36 SEAMISTsoil-gas sampleswere collectedfrom 5 wells
installedin FY 1993 (Rohayet al. 1993a). Table 4-5 lists these results.
The highestconcentrationsof carbon tetrachloridewere detected in soil-gas
samplesfrom well 299-W15-218,just north of the 216-Z-9Trench. Here
concentrationsincreasedfrom 45.39 ppm_carbon tetrachlorideat the 18.3-m
depth to 20,91

layer)O,ppmV carbon tetrachlorideat the 34-m depth (I m above thecaliche Below this the concentrationsdroppeddown to 29.75 ppmv
carbon tetrachlorideat the 38.6-m depth and then increasedagain to
10,380 ppm_carbon tetrachlorideat the 57 8-m depth (3 m above the water
table). Other high concentrations(over I_000 ppmv) of carbon tetrachloride
have been observed in wells 299-W15-220(1,511.6ppmv at 27.4 m) and
299-W18-252(1419.61ppmv at 48.6 m). A total of 37 SEAMISTsoil-gas samples
were collected from 6 wells in FY 1992. The highestconcentrationof carbon
tetrachlorideobserved was 7,125 ppmv from the 24-m depth in well 299-W15-217
(Last and Rohay 1993).

4.2.3 Borehole Sediment Sampling

Sediment sampleswere collectedfrom five new boreholesand two existing
boreholesthat were deepenedduring FY 1993 (Rohayet al. 1993a). Six
previous boreholeswere sampled in FY 1992 (Rohayet al. 1992a, Last and Rohay
1993). This brings the total number of boreholesthat have been sampled to 11
new wells and 2 deepened existingwells. These wells were installedto act as
both monitoringwells and/or as vapor extractionwells. The two deepened
wells are locatedwithin the boundariesof the 216-Z-18Crib and 216-Z-IA Tile
Field, respectively. Three wells installedin FY 1992 are adjacent (within
10 m) to the boundaries of each carbon tetrachloridecrib, and the remaining
eight new wells are installednear (within2S to 80 m) the boundariesof the
cribs. Figure 4-11 illustratesthe locationsof these wells.

The two deepened crib monitoringwells (299-W18-96and 299-W18-174)and
the three near-cribmonitoring/vaporextractionwells (299-W15-217,
299-W18-248,and 299-W18-249)were installedto identifythe VOCs and
co-contaminantspresent, the physical state of these constituents,their
concentration,and their distributionin the immediatevicinityof the cribs.
These wells were drilled only to the top of the Plio-Pleistoceneunit and were
completed as vapor-extractionwells, with a 4.6-m screened interval situated
to span the contact between the Plio-Pleistocenelaminatedsilts and lower
Hanford formationsediments (AppendixF). Sedimentsampleswere collectedfor
chemical analyses approximatelyevery 1.5 m.

Seven near-field unsaturatedzone monitoring/vaporextractionwells
(299-W15-216,299-W15-218,299-W15-219,299-W15-220_299-W18-246,299-W18-247,
and 299-W18-252)were installedaround the perimeterof the three waste
disposal facilitiesto further refine the conceptualmodel and to support

4-25



i

-,4

Well No. 299-WI8-252 Well No. 299-W15-220 Wdl Fie. 299-W1S-218 WeB Ne. 299-W15-223
O"

DcWh GC/ECD OVM Depth GCIECD OVM DqMh OCIECD OVM Vm_,_! _ d _ --'
O CD

_(p_m.i ,_ .._ ._ ,_ j._ , ._ ._ _ nh_ OC_ OVM -5 _
48.86 0.83 Unk 0 .50.5 85,3.66 CCL4 174 59.9 45.39 CCLAI 16.$ .,_ ,,_ _ _ ¢D I

1.72 Unk 0 70 • 76 92 102.85 CCl.A 46.6 ItS 120 27.6/3 lppm CC2IA 33 O __.._j •

.70 Unk 0 90 I,$11.6 CCL4 121.7 I I 1.8 16,660 CCIA 590 2.293 p_e CII2CL2 t'D

1.73 CCL4 0 I !.09 CHCL3 18.7 CHCL3 6"/7.684 ppb U_r
._a. ::3

1.48 Unk 0 i1.16 Unk II1.11 20,910 C_lal 602 148.91_ IqpbUaE _ ...J

64.6 * 3.5 0.14 I-2/)CA 96.6 CHCL3 60.65./p_ Onk e,p q_'<
=-C.

85.68 !. 19 Unk 0 115 633.02 CCL4 121.7 2.89 CH2CL,2 19.667 _ Unk t'D¢.+
6.12 Unk 0.99 CHCIL3 126.6 29.75 CCI.A 7'3.6 911 138.6 10.$9"/ppm CCIA -- 23" _ 1_.,,_4 +

16.32 CCLA 0.54 Unk 139..$ 10.2 CCILA 30.1 104 147 36.7/4 ppm CCL4 0 cO _a"-5

7.82 Unk 0.09 I-2 DC'A 7.905 CCL4 319.305 ppb C'I_CL.1 _ CT ('D_ "r"I"1"10 C'_
!.02 Unk 142 149.0CCLA il.I 158.9 155.04CCLA 3.1 322.5114ppbC2H3CL _ :::3 _ I

"_ C_
4.08 Ut_ 0.97 CHCL3 1711.5 778.6 CCL4 0 314.397 ppb Unit _ --4 _ C_

¢,_tD I
104.42 • 0 2.12 Unk 1119.7 10,310 CCL4 489 187.787 pld) Unk --4 c-I- I'rl

123.2 5.251CCL4 0 0.12Unk 0.611CHCL3 134.224ppb Unk C/) f:u "h i
',<n ''s --io

I 138 36.410 CCL,4 !.11 0.10 Unk 109.571 ppb Unk _,) ::7":::I
r_ 5.133 Unk 142 167.2 CCLA I11.1 89.074 ppb Uak r-t" --' t
O'_ (D O p_.4 r,o

0.1TI CIlCL3 0.4S CHCL1 Well No. 299-.Wl8-96 85.816 ppb Unk ::::1 "5 :::3-,.J- GO

159.4 1419.61 C'CL4 26 0.10 Unk Depth GC/F.CD OVM 51.:3113 _ Unk -'- Q,- "
.._10

3.057 Unk 0.03 Unk _ _ _ "/.120p_ Unk
-r'l C_ _' CD

0.134 Unk 160 1011.356CCL4 22.2 116.7 11.1CCLA 3.9 II0 15.$.6 11.1311_m CC[A !.9 .,.< --,.(4
1.623 Unk 0.045 Unk 101.1 8.31 CCLA 5.5 !!9.9 169.5 116.654 ppmC"CL4 752 _-,.J'CJ c_O

_,..i.
0.074 Unk 1.30.$ CHCL3 121.11 911.09C'CL4 28.6 a Wall 299-W!_-223 wasll_ fHslwcU amabanc_ltoppbomc_'aliem. _ O O"

185.8 8.91_ CCL4 0 0.022 I-2 DCA 1411.15 • 29.7 GO _ I

202.24 0.475 Unk 2.5 !112 49.368 C'CLA 8.2 (a') _
0.123 Unk 1.551 C'HCL3 --'- _

r"l" t_
169.708 CCL4 0.450 I-2 DCA fD I_

14.8111Unk "182 50.160 CCL4 8.2 _ ::=1

0.012 CH2CL2 0,020 Un_ _D -a.
0.683Unk 1.435 CHCL3 _'_

0.511CHCL3 0.006 I-2DCA C=t_
C_ O..J.

1.660 Unk -5 "_

(GCIECD) Gas ChronmtograplOElc#clran C.aptum Det_to_ t_ -rl

(OVlVl) Organic Vapor Monitor "-_"<:

• R©mdts not rccciv©d from laboratory. CD
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Figure 4-11. Location of FY 1992 and FY 1993 UnsaturatedZone Monitoring/
Vapor ExtractionWells at the ERA/VOC-AridID Carbon TetrachlorideSite.
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vapor extraction system operations. Of principalinterestwas the nature and
distributionof carbon tetrachlorideand co-contaminantsin the unsaturated
zone. These boreholeswere drilled approximately6 m into the unconfined
aquifer. Sediment sampleswere collectedfor chemical analyses approximately
every 1.5 to 6 m, and groundwatersampleswere collectedapproximatelyevery
1.5 m. The lower portion of the boreholewas then grouted and the wells
completedwith two 3-m screened intervals: one just b_low and one just above
the Plio-Pleistoceneunit (AppendixF). Packerswere then set to isolate the _
two intervals.

An eighth near-field monitoring/vaporextractionwell (299-W15-223)was "
installedat a 45° angle to investigatethe distributionof carbon
tetrachloridebeneath a recently installedasphaltparking lot..High near-
surface soil-gas concentrationshad previouslybeen recorded here prior to the
pavement of the parking lot (Last and Rohay 1993). This well was drilled
using a sonic drill rig to the top of the Plio-Pleistocenecaliche unit and
was completed as a vapor extractionwell, with a 6-m-long (4.3 vertical m)
screened interval situatedto span the contactbetween the Hanford formation
sand and Plio-Pleistocenesilt. Continuouscore was recovered as drilling
progressed,with subsamplescollectedfor chemical analysesapproximately
every 1.5 m.

Details on the drilling and completionactivities,materials
encountered,and sampling and handlingmethods used can be found in Rohay
et al. (lgg2a, Igg3a). Constructiondetails for these wells are summarized in
Table 4-6. Table 4-7 lists the chemicaland radiologicalanalytes determined
for sediment and groundwatersamples from these wells. Constituentsof
potential interestnot analyzed includeDBP, DBBP, MBP, triglycerides,
aluminum,rubidium, plutonium,americium,and strontium(WHC 1991, Rohay et
al. 1992). These analyseswere prohibitivelyexpensiveand, thus, were either
not analyzed for or a less-expensivescreening-typeanalysis (e.g., gross
alpha, gross beta) was substituted. Results of these analyses are included in
Appendix G.

The followingdiscussionssummarizethe sedimentand groundwater sample
results, addressingthe nature and distributionof contaminantsfound in the
unsaturatedzone and groundwaterbeneathand adjacent to each waste disposal
facility. Note that these soil analysesrepresenttotal analyses and include
constituentsin the vapor phase, aqueousphase, nonaqueousphase (if present),
and/or sorbed on the soil particles. Also note that active vapor extraction
systems have been operating at each of the three carbon tetrachloridecribs,
thus the concentrationof volatileorganicswas likely affected in the
vicinity of the cribs (Section4.2.2.3).

4.2.3.1 216-Z-9 Trench. Chemicalanalyses of borehole samplesare available -
from all six wells located in the vicinity of the 216-Z-9Trench
(Figure4-11). Volatile organic analysesare availablefrom all of these
wells, while other chemical and radiologicalanalyseswere performedonly on
borehole samples from wells 299-W15-216and 299-W15-217. Table 4-8 summarizes
the maximum concentrationof target analytesand other constituentsof
interestdetected in the vicinity of the 216-Z-9Trench.
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Lambert coordirmtes Pad Dr| l I Ccmpteted Depth to Wet t Screened
Welt number elevation depth depth water diameter interval (ft) Date completed

Nor th East (ft) (ft) (ft) (ft) (_n.) =E:CD

193'i ......... -'299-W15-216 135,561.129 566,793.635 661.42 210.0 184.6 4 69.7-79.8 July 8, 1992
174.5-184.6 c-_

. , ,,..,., , ,,. (_

299-W15-217 135,595.174 566,730.801 668.71 123.4 122.2 NA 4 I06-121 July 10, 1992 u_

-s
299-W15-218 135,661.168 566,771.023 665.36 206.1 195.3 198.97 4 98.5-113.5 April 28, 1993 r-

180.4-195.3 "_ no c..I-
• ,., ., , , , _ --J.

--'-0

299-LJ15-219 135,654.033 566,728.897 668.02 212 182.5 201.6 4 87.2-102.2 July 16, 1993 r_
167.2-182.2 o =S:

. _ (_ -_

299-W15-220 135,618.444 566,834.927 657.73 201 185.3 191.58b 4 80-95.10 August 25, 1993 _ 53 i
170.02-185.3 Lo 53 cn_m c:3

......................... _-qJ i

299-W15-223c 135,677.748 566,755.386 666.18 119.0 117.0 HA 3.5 I02.7-117.0 October I 1993 m _< r_
• o -t_ I

299-W18-96 135,293.826 566,435.228 HA 149.2 132.31 HA 2 122.29-131.88 March 5, 1993 -_ o --4i -_ _'_
r_3 • rn I

299-W18-174 135,437.384 566,558.208 HA 131.5 126.45 HA 4 106.45-126.45 May 3, 1993 x _ r_
.... -sod ix)

299-w18-246 135,392.889 566,493.313 681.32 230.0 175.2 213.8 4 120.0-130.0 June 17, 1992 _ "(_ -rl
164.9-174.9 (_- -< ::o

, , , , .-.1° t*D

299-W18-247 135,232.042 ! 566,503.493 678.09 227.2 227.2 211.7 4 119-129 May 6, 1992 = iX) -

162-172 =_:r_ 0
....

299-W18-248 135,409.221 566,584.053 676.11 141.0 138.9 NA 4 123.2-138.6 June 3, 1992 __ m
...... (I)K:1.

299-W18-249 135,329.264 566,474.813 679.74 146.7 137.0 HA 4 121.7-136.7 July 31, 1992 "
..... ,

299-'_'G-252 135,429.477 566,447.020 680.59 228.5 210.3 215.83 4 113.24-133.21 August 6, 1993

165.13-185.00 Lo
c_

HA = not applicable.
aperched water at 92.3 ft. •

DPerched water at 106.10 ft. Ln
Coritted at a 45" angle bearing NTE. Coordinates give intersection of well with ground surface; depths are vertical feet below
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Table 4-7. Chemical and RadiologicalAnalytes Determined in Sediment
and Groundwater Samples

,,,,, ,,' f i ..............

Votat| te organics a Anlonsa Semivolati l,eorgani csa Metat sa Red|onucl i des

Methylene chloride b FLuortdeb o-Creosot Antimony So,|t Anatytes

trans- 1,2-O_chtoroethylene Chtortde b m-Creosot Barium 60Co

1,1-Otchtoroethane Nttrate tonb p-Creosot Ber_/lt|um 106Ru

c|s-1,2-Otchtoroethytene Nttr|te ion Decane Cadmiumb 125Sb .
, , =,. i i , i

Chtorofom b atom|de Dodecane Calciumb 137Cs
l lll ii ., i. i

I, 1, I - Trtch t oroethane Phosphateb Tet radecane Chromiumb ?.12pb

Carbon tetrachloride b ' Sulfate b Napthalene Cobalt " ;_14pb
,i ,.=, i,

1,2-Otchtoroethane Pentachtoro-phenot Copper 226Ra
ii , i . Hi .

Benzene Phenot I tonb 224Ra
i Hi ,, i i ,,, , i ,

Tr_chtoroethytene Trtbutyt phosphateb Magnesiumb Total alpha
II II , I ,, , II II

Toluene Manganese Total beta
• ..= ,, ......

Tel rath t oroethy teneb Nt cket b
II I i ill liilil i ±Ill IL Ill

Ethylbenzene Potass i um Water Ana lyres
ii ,. ,,| .. i i i

M+P-xyterie St tver 60Co'

O-xytene Sodium 106Ru

Acetone Tin 125S'b
, i

n-Butyl benzene Vanadium 137Cs
,, ,,,,,=, , ,,

Methyl ethyl ketone Zinc Total alpha
,,,,= i

Methyl iso butyl ketone Sg,it A,.natytes Total beta
" t ' ,, i ,/

Cyanide
Mercury
Lead

,, , ..................

aunless specifically designated, anal"ses for these constituents were performed for both the
sed|m_.nt and groundwater samples.

Target constituents believed d|sposed to the facilities of interest (WHC1991).
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Table 4-8. Maximum Soil Concentrationsof Target Constituents
from Wells near the 216-Z-9Trench.

Dem_oa Mu. Soil W(dlNu,,,berDepth
Units t,,,d cone.. (m)

Tsrl_ V_sUk Orpnks
Metbylm, Cblodde ppb 1171 299-W15.220 30.6

- CHCI3 i_b 730 299-W15.218 39,6
CC14 ppb :)7817 299-W15.217 34.7

ppb 13 299-WI$-217 34.7
FaR ppb 28 299.WI$.217 34.7

" MI_ ppb NR

Other Vo_tUo Orpak=
d_.l,2.lX_ ppb 10 299-W15.218 39.6
I.,1-DCA ppb 18 299-WI$.217 34.7
1,2-DCA l_b 2.5 2_-W15-218 24.4
I,I,I-TCA l_b 3 299-W15.217 34.7
Bemmme ppb 3 299.W15.217 16..5

24.6
Toluem ppb >1329 299-W15.219 61.0
Bl_ibeozme ppb 4 299.W15.217 _.2
M+P-Xyl_e ppb .-9 299-W15.217 35.2
O-Xyimm ppb 16 _9.WI$.Zt8 59.4
_* ppb NR
a-Bu_l Beanme I_b -2000 (¢D 299-W15.219 45.7
Cblombeazeae ppb -70 (d) 299.WI$.223 20.7

Tsrs_t SereIvobUl, Oqpmlm
TBP ul__ 58 62(c) 299-W15.217 24.6
Di_ NA
DSBP NA
MBP NA
Tdslyutidee (lml oil) NA

Other SemlvolatUe Orpnlcs
us/]_ 54 ND

Dodecsms uS/IKI_ 31 ND
Tm'sdemoe UlVKI; 52 ND
Mmaol ul$/l_ 49 220(c) 299.W15.217 30.9
UnknownOxyhydmc_.bon u_K& 28000 299-W15.217 6.3

Tsrl_ MetaI,,
Aluminum NA
Iron us/I'_ 2000 31000000 299-W15-217 7.8
Cadium u_Kg 1000 ND
MmBamium usJKg 10000 7700000 299-W15-217 37.1
Chmmlum u_l_ 2000 21000 299-W15-217 24.6
Nkkml ult/lf4 3000 20000 299-W15-217 24.6

Tsrlfft AntoaWCstiom
C_io¢ide ulVi_ 400 54000 299.W15.217 24.6

l_uetide ull/Kll 200 2600 299-W15-217 37.1

Cslcium ul/IC4 10000 140000000 299-W15.217 37.1
Nkmm u_¢. 8 (tO0 1600000 299-W15-217 37.1
Sulfate ug/Kg 1000 69000 299-W15-217 24.6

- l)hmPhate us/Ks 800 ND

Tmrlpt Radlonuelidm
Plvtoaium NA

" Aam_c_um NA
_x_fium.g0 NA
Uranium NA
Omems Emittm

Pb.212 pCi/8 1.01 299-W15.217 35.3
Pb-214 pCi/8 1.73 299-W15.217 37.1
Ra.226 pCi/8 1.66 299-W15.217 37.1
Ra.224 pCi/g 1.01 299-W15.217 35.3

Gross Alpha pCi/g 11.1 299-W15-217 37.1
Gmeh Beta pCi/g 27.5 299-W15.217 16.6

(©) below limit of quantitaUou

(d)ms-c_dlbmmdmUmu_
NA mo__Te._
NO uot¢we,ntod
NR ,,_
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The highest carbon tetrachloridesoil concentrationfound to date
(37,817ppb) was recoveredfrom well 299-W15-217at a depth of 34.7 m. Wells
2gg-w15-218and 299-W15-219have yieldedthe second highest carbon tetra-
chloride soil concentrations(15,794ppb at 33.5 m and 11,688 ppb at 34.9 m,
respectively). All of these maximum carbon tetrachloridesoil concentrations
are associatedwith the interbeddedsands and silts of the Hanford formation
lower fine unit and/or laminatedsilts of the Plio-Pleistoceneunit, which lie
directly above the caliche layer. Figure 4-12 illustratesthe distributionof -
maximum carbon tetrachlorideconcentrationsfound in these fine units around
the 216-z-g Trench. Figure 4-13 illustratesthe relationshipbetween the
concentrationand distance from the trench center. Note that the
concentrationsof carbon tetrachloridedecreasedramatically(ordersof
magnitude) away from the trench.

The maximum concentrationsof carbon tetrachlorldefound in wells away
from the trench are not associatedwith the Hanford lower fine or Plio-
Pleistocenelaminatedsilt units. Well 2gg-w15-216yielded maximum
cobcentrationsof 67 ppb carbon tetrachlorideat the 15-m depth (near the top
of the Hanford fine unit). Well 2gg-w15-220yielded maximum concentrationsof
1,132 ppb carbon tetrachlorideat the 27.6-mdepth (near the bottom of the
Hartfordfine unit).

Chloroform and tetrachloroethylene(PCE) are found throughoutthe lower
portion of well 2gg-w15-217(Hanfordfine unit, Plio-Pleistocenelaminated
silts, caliche, and below). However, the highestsoil concentrationof
chloroform (730 ppb) was recoveredfrom well 29g-wIS-21gat a depth of 39.6 m,
just below the caliche layer.

The maximum concentrationof methylenechloride (1,171ppb) has been
found in well 29g-w15-220at the 30.6 m depth, just above the Plio-Pleistocene
laminated silts. Note, however, that methylenechloride is a common
laboratory contaminantand, thus, these resultsmay not be representativeof
actual unsaturatedzone soil concentrations.

Minor concentrationsof trichloroethylene(TCE);PCE; and their degrada-
tion products, trans-1,2-dichloroethylene(trans-1,2-DCE),1,1-dichloroethane
(I,I-DCA),and 1,1,1-trichloroethane(I,I,I-TCA),were detected in well
2gg-w15-217,nearest the 216-z-gTrench. PCE and cis-1,2-DCEwere detected in
well 2gg-w15-218 (secondclosestwell to the trench)at a depth associated
with or just below the caliche. Only PCE was detected in well 2gg-w15-216
(away from the trench) at a depth associatedwith the Hanford fine unit.

Minor concentrationsof benzene,toluene, and/orxylene (BTX) compounds
were found in all the wells. Although these compoundsare found throughout
the lower portion of the unsaturatedzone in these wells, the highest
concentrationsappear to be associatedwith the capillaryfringe zone, located
within 3 to 6 m above the water table. Note that the elevationof the water
table in this area has been decreasingsince 1984.

The vertical distributionof selectedvolatileorganics in well
299-W15-217 (nearest the trench) is shown in Figure 4-14. Similar vertical
profiles are presented for each well in AppendixH.
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Figure 4-12. Distributionof MaximumCarbon TetrachlorideConcentrations
Observed in Sediment Samples from the Hanford FormationLower Fine Unit

and/or the Plio-PleistoceneUnit near the 216-z-g Trench.
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Ftgure 4-13. Relationship Between HaxlmumCarbon Tetrachlortde Concentrations
tn Sotl Samples and Distance from the 216-Z-9 Trench.
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Probably the most significantfindingsof the semivolatileanalyses were
the detection of tributylphosphate (TBP) in one sample at the 24.6-m depth in
well 299-W15-217and undeterminedoxyhydrocarbons(possiblyrelated to lard
oil) at the 6.3-m depth. These have been the only detectionsof these com-

. pounds to date (althoughit should be noted that the no additionalanalyses
for these compoundsnear the 216-Z-9 Trench were conductedduring FY 1993).
Phenol was also detected in one sample from this well. Several other phenolic
compounds, shown as being detected in the analysistables in Appendix G, are "
laboratory surrogatesadded to the sample to track the analyticaltechnique.

Also worthy of note are the high concentrationsof nitrate found in well
299-W15-217below the 25-m depth. This suggeststhe presence of aqueous
nitratewastes disposed to this trench.

Soil sampleswere collected from the 216-Z-9Trench in 1973 to determine
the concentrationsand distributionof plutonium. Subsequently,the upper
30 cm of s_._l"wasremoved. Samples collectedin 1973 from a depth of 2.4 m
conti_.i.ned"_'Puconcentrationsof 0.03 to 0.1 g plutoniumper liter of soil
and =*'Amconcentrationsof 200 to 550 #Ci/L of soil (Smith 1973).

4,2.3.2 216-Z-IA Tlle Field. Borehole sampleswere analyzedfrom two addi-
tional wells drilled near the 216-Z-1ATile Field in FY 1993 (Figure4-11).
Well 299-W18-174is an existingwell locatedwithin the tile field boundaries
and was deepened from its previous depth of 15.1 m to the top of the caliche
(39.6 m). Well 299-W18-252is located approximately78 m west of the tile
field. Analytical results of borehole samples are also availablefrom two
wells drilled in FY Ig92 (299-W18-246and 299-W18-248). Well 299-W18-246is
located approximately30 m west of the tile field, and well 299-W18-248is
located approximately5 m east of the tile field, juxtaposedto well
299-W18-7.

Volatile organic analyses and other chemical and radiologicalanalyses
are available from all of these wells, exceptwell 299-W18-252where only
volatile organic analyseswere performed. Table 4-9 summarizesthe maximum
concentrationof target analytesand other detected constituentsin the
vicinity of the 216-Z-IATile Field.

The maximum concentrationof carbon tetrachloridefound beneath the
216-Z-IATile Field (6,561 ppb) was from well 299-W18-174,located in the head
end of the tile field. This maximum concentrationwas from the Plio-
Pleistocenelaminated silts just above the calichelayer. It is interesting
that carbon tetrachloridewas found in quantifiableconcentrationsthroughout -
the extended portion of the borehole,except between the depths of 27.6 m and
34 m. This zone of less than quantifiableconcentrationscorrespondswell
with a gravel unit located near the base of the Hanford formation
(AppendixB). Active vapor extractionoperationsmay have removed the
volatile organics from this relativelypermeablezone.

The maximum concentrationsof carbon tetrachloridefound in each well
are associatedwith the interbeddedsands and silts of the Hanford formation
lower fine unit, laminatedsilts of the Plio-Pleistocene,and/or the top of
the caliche. The distributionof these maximumconcentrationsaround the
216-Z-1ATile Field is shown in Figure 4-15. Figure 4-13 illustratesthe
relationshipbetween the concentrationand distance from the tile field
center. Note that the concentrationof carbon tetrachloridedrops off an
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Table 4-9. Maximum Soil Concentrations of Target Constituents from
Wells near the 216-Z-IA Tile Field.

Max. Soil Well Depea
Ami},m Ouim l.gvd Cone. Number _m)

Tm._ V_UtIWOrpatm
MetbyleeeChloride ppb 2264 (,) 299-W18-248 19.8
CHC_ ppb 135 299.W18.174 39.9
CC_4 ppb 6_61 299.WI_.174 38.7
TCE ppb 68 299-WIIN174 39.3
PcE epb so _-wis-174 39.3
M]BE _ 180(d) 299-WIINI74 17.1

- _ bo ButylKemme _ IS (d) 299-W18-174 22,7

Immbl_-13C_ pl_ -150 299-Wllb248 19.8
I,I-DCA _ -100 299-W1_248 19.8
dl-l,2.OClR -80 299-W18-248 19.8
1,1,1-TCA ppb NR
Bmm_ ppb <25 299-W18.248
"rbltme ppb 626 299.W18-_2 60.8
BlhylMammm ppb <25 299.Wllb248
M+P-Xylem ppb <25 299-W18.-248
O-Xyima pF6 <25 299.W18-248
Aceume p_ ND

Tm.u,t S,mt,o_Ute Orpnks
TBP us/l_ 58 1',,'13
DPB NA
DBBP NA
MBP HA
Trlslyc_Idm (lardoil) NA

OtU_ Sml,_ Oqpnle_
13am_ _ 54 ND
Dodecmm ulA_ 31 ND
Tmmdemm UllA_ $2 ND
Phenol ulk_ 49 880 299-W18-246 44.6
uulmmmox__ us/Ks Ng

Tml_ MNab
Aluminum NA

Imu u_Q_ 2000 230000000 299.W1_24_ 6.0
Cadium _ I000 ND
IM_gnmium UliJl_ 10000 21000000 299-W18-246 44.6
Oamaium uldIQ; 2000 100000 299-W18-248 18.2
Nic_eJ ug/K8 3000 17000 299-W18-246 43.3

Tarllet AakmlC.amma
Chiodde ug/Kg 400 20000 2_-W18-246 17.2
Fluoride u8/K8 200 16000 299-W18-174 38.1& 39.3
Calcium ulj/K8 I0000 230000000 299-W18.248 42.7
Nitmm uiiJKii 400 250000 299-W18.174 17.1
Sulfalm ulVKS 1000 45000 299.W18-246 17.2
FboR_wm ullJ_ 800 I000 299.W18-174 17.1

Tm'll_l_dloamdld_
Plutonium NA
Ameridum.241 pCi/swecwt 1.92E+03 299-W18-174 14.6

- S_'ootium-90 NA
Unmitau NA
OammaEmium's

Co-60
gu-106
Sb-IZ5
C8.1_/ pC,/8we_wt <6..,_F.,-O1 299-W18-174 14.6
Pb-212 pCi/8 1.82 299-W18.246 43.1
Pb-214 pCi/8 2.94 299-W18-246 44.6
Ra.226 pCi/8 Z81 299.W18-246 44.6
Ra.224 pCilg 1.89 299.W18-246 43.1

Gh'ou Alpha pCi/g 29.4 299-W18-246 44.6
(}tomBeta pCi/8 27.5 299-W18-248 16.6

OhherRadlonuclideg
Np-237 pCi/g we.tw_ 4.00E+O1 299.W18.174 14.6
Pa.233 pCi/g wetw_ 3.67E+01 299-W18.174 14.6

(s) A _fr_oa o_ 19854 ppb was reported t'or oee sample t'mm w_l Z99.WI&/A6. Hommv_, _11 vaJue_ ,wpe_ du.

to vmlad _ imlmfltim is I1_ purlP ud tn_ m_um_, aM/o_ o_lwa,p_miblo infl_ma¢_ tSm_ mmud the drill sire.

(dr)soa_W_ m_lm_ Smpm_
NA _ m_ym_
ND _ d_umd
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order of magnitudeto 519 ppb carbon tetrachlorideat well 299-W18-252,78 m
from the tile field. This is a more gradual decreasethan that seen around
the 216-z-gTrench.

Low concentrations(<135 ppb) of chloroformhave been detected in
isolatedlocations from soil samplesaround the 216-Z-1ATile Field. These
isolatedconcentrationshave been found either high in the soil column (17- to
20-m depth), or near the Hanford lower fine unit/calicheor Plio-Pleistocene
laminatedsilt/calicheinterface,or associatedwith the capillaryfringe just

- above the water table.

The maximum concentrationof methylenechloride observed in a sediment
sample was 2,264 ppb at a depth of 19.8 m in well 2gg-w18-248(Table 4-9).
The highest observed concentrationof carbon tetrachloridein this well was
1,093 ppb at a depth of 41.1 m (Last and Rohay 1993). Soil-gasconcentrations
near the water table (58- to 62-m depth) in the adjacentwell (2gg-w18-7),
monitored by Savannah River Site personnelusing a photo-acousticinfrared
sensor, also showed higher concentrationsof methylenechloridethan carbon
tetrachloride(Figure4-16).

Minor concentrationsof TCE, and PCE have been detected in each well
near the 216-Z-IATile Field except well 299-W18-252. It is interestingto
note that while both these compoundswere found throughoutthe soil column at
well 29g-w18-246(adjacentto the tile field),they are conspicuouslyabsent
from well 2gg-w18-174 (in the head end of the tile field), except for small
concentrationsat the 18-m depth and higher concentrationsnear the bottom of
the Plio-Pleistocenelaminatedsilts. The relative absenceof TCE and PCE in
samplesfrom 29g-w18-174may be a result of VOC removalby active vapor
extractionoperations at the 216-Z-iATile Field.

The degradationproducts,trans-1,2-DCE(-150 ppb), I,I-DCA (-100 ppb),
and cis-1,2-DCE (-80 ppb), have been found only in well 29g-w18-248. However,
the greater concentrationsand distributionin this well suggeststhat the TCE
and PCE disposed to 216-Z-1A Tile Field might be older or at least more
degraded than that disposed to the 216-z-gTrench and/or the 216-Z-18Crib.

Concentrationsof toluene have been detected in all four wells, but no
other BTX compoundshave been detected. The distributionof toluene appears
to be localizedat about the 20-m depth and/or near the interbeddedsands and
silts of the Hanford formationlower fine unit or laminatedsilts of the Plio-
Pleistoceneunit in all wells except well 299-W18-252. Here, concentrations

- of toluene are found nearly throughoutthe entire soil column,with the
maximum concentrationfound 8 m above the currentwater table. Again, it

- should be noted that the water table has dropped over 5 m since
decommissioningof the 216-U-I0 Pond in 1984.

Methyl ethyl ketone (MEK) and methyl iso butyl ketonewere both identi-
fied in analyticalresults from well 299-W18-174,at depths ranging from
16.2 m to 34 m. However, these resultswere noncalibratedestimatesand are
suspect. Some MEK impuritywas also Found in the purge and trap of one
sample.
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Figure 4-17 illustratesthe verticaldistributionof selected volatile
organics from well 299-W18-174in the head end of the tile field. Note that
data are availableonly for that portion of the well that was deepened in
FY 1993. Similar diagrams are provided for the remainingwells in Appendix H.

None of the target semivolatileorganicshave been identified in any of
these wells. Phenol was detected in samplesfrom well 299-W18-246and in one

" sample from well 299-W18-174(16.2 m). As discussedearlier, several other
phenolic compoundswere listed in the analysesand are shown in the analysis

. tables in Appendix G. These have, however, been determinedto be laboratory
surrogatesadded to the sample to track the analyticaltechnique.

The lateral and vertical extent of plutoniumand americiumcontamination
beneaththe 216-Z-1ATile Field was determinedthrough sediment sampling and
analysisfrom 16 wells (including299-W18-174)installedfor a study in the

-1970's (Price et al. 1979)andThehighestmeasuredconcentrationof/24°Pu(about 4 x 104 nCi/g) 241Am(about2.5 x 10_ nCi/g) at the tile
field occurs in sedimentslocated immediatelybeneaththe central distributor
pipe, and most of the plutoniumand americiumcontaminationappears to be
containedwithin the first 15 m of sedimentsbeneaththe bottom of the
disposal facility. The concentrationof plutoniumand americiumgenerally
decreaseswith depth; an increasein concentrationis generallyassociated
with an increase in the silt content of the sedimentsor with boundaries
between sedimentaryunits. The maximum vertical penetrationof plutonium and
americiumcontamination(definedby the 10.2nCi/g isopleth)is approximately
30 m below the bottom of the tile field, or about 30 m above the water table
(Priceet al. 1979).

4.2.3.3 216-Z-18 Crib. Well 299-W18-96was the only new well installedat
the 216-Z-18 Crib in FY 1993 (Figure4-11). This was an existing well that is
locatedwithin the crib boundaries,betweenthe third and fourth trenches
(Figure4-15). It should be noted that the fifth (westernmost)trench in this
crib was never used (Owens 1981). Soil sampleswere collectedas the well was
deepened from 25.3 m to 45.5 m (top of caliche). Borehole soil samples have
also been analyzed from well 299-W18-249,located approximately3 m north of
the crib and juxtaposedto the distal end of the first trench,and
well 299-W18-247,located approximately40 m southeastof the 216-Z-18 Crib
(Figure4-15).

Table 4-10 summarizesthe maximum concentrationof target analytes and
other constituentsof interestdetected in these wells. Some variation in the

- sample concentrationsbetween these wells may be the effect of the different
drillingmethods used. Well 299-W18-247was drilled using a sonic drilling

_ rig and continuouscore barrel methods,while wells 299-W18-96and 299-W18-249
were drilled using a conventionalcable-tooldrill rig with drive-barreland
split-spoon samplingmethods.

Concentrationsof carbon tetrachloridewere found throughoutthe soil
column of all three wells. The maximum concentration(1,957ppb) was observed
at well 299-W18-249,locatedjust outsidethe 216-Z-18Crib. The maximum
concentrationsfound in well 299-W18-96,locatedwithin the crib, and in well
299-W18-247,located away from the crib, were less the one-half this value at
861 ppb and 717 ppb, respectively(Figure4-15). All maximum concentrations
of carbon tetrachloridewere found in associationwith the Plio-Pleistocene
laminated silts and/or top of the caliche.
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Table 4-10. Maximum Concentrationof Target Constituents
from Wells near the 216-Z-18Crib.

Det_ion Max. Soil Well Depth
..... A_. u_m _ _ Numb,." _m)

VolaUle Orllmnlc,
Methylene Chloride ppb 89996 299-W18.249 30.2
CHCD ppb 44, 299-W18-96 41.0
cc_4 tnt, 19s7 299.w1_24944.2
wee mb s _w1_249 3o_
PCe _b 6 2_-W1_U930_
UeX pet, NR

OtherVolaUleOrlpmlm
mm-I,2-DCB ppb _I0 29_.WIS-96 27.4
1,1-DCA ppb <40 299-W18-96 41.0
eWt,2-DCI] <30 299-W18-962'/.4
t.I,I.TCA ppb 103 _W18-249 30.6
Beemm l_b 11 299.Wl&249 30.6
Tolume ppb 3427 299-W18-247 17.0
Ethylbeezem ppb 61 299-W18.247 17.1
M+P-Xylem _ 266 299-W18.247 17.1
O-Xylem ppb 150 299.W18.247 17.1
n-BmylBeuzem _ -13 (e) 299.W18-96 38.3
A,mtom ppb NR

TrollerekmlvolatU,Orpa_
TBP u(i/g4t _ ND
DPB NA
DBBP NA
MBP HA
T_#_W. 0too oU) NA

OUmr_WmlvokUle Orlmdes
Deem ua/Za 54 110(c) 299-W18.249 44.7
Dod_mam uB/K8 31 110(c) 299-W18-249 44.7
Tendeatm us/K8 52 29(c) 299-W18-2,19 44.7
Phenol ug/K8 49 700 299-W18.247 47.2
Unknown OxThy_n ug/Kg NR

Tml,tM_
Aluminum NA
iron ug/K8 2000 35000000 299.W18.249 18.2
Cadlum us/Kg 1000 bid
Magamium ug/K8 10000 8500000 299-W18.249 44.7
Chromium ug/K8 2000 28000 299-W18-247 47.2
Nickel ug/K8 3000 20000 299-W18-96 39.8

Tarpt Anlom/Catlom
Chloride uS/K8 400 22000 299-W18-96 25.5
Fluoride ug/K8 200 4700 299-W18-96 25.6
Calcium ug/Kg 10000 80000000 299-W18.247 45.6
Nitmm _ 400 4400000 299-W18.96 25,6
Sul_lle _ 1000 28000 299-W18.249 11.4
l'h,:Bph_te ue/K8 m0 ND

Tm'llet Radlmt_lldes
Plutonium HA
Amerimum pCi/8 1.29E-02 299-W18-96 38.3
Stromium.90 pCi/8 8,07._-_ 290.W 18-96 27.9
Uraedum-238 pCi/8 5.47E-05 299-W18.96 37.6
O,mm Emitmm
Co-60 pCi/8 3.48E.02 299-W"q.96 41,6
Ru-106 pCil8 2.28E-01 299-Wt_:.96 37.6
Sb-12S pCi/8 1.10E-01 299-W18-96 37.6
CJ-137 pCi/8 7.57E-O3 299-W18-96 27.9
Pb-212 pCi/8 1.76E+00 299-W18.96 26.2
Pb-214 pCi/8 1.45E+00 299-W18-96 26.2
Ra-226 pCi/8 4.07E+00 299-W18-247 45.5
Ra-224 pCi/g 1.83E+00 299-W 18-96 26.2

Omu Alpha pCi/g 1.30E+01 299-W18-249 44.7
Omu Beta pCi/g 7.71E+01 299-W18.96 43.8

(¢)I_lawlimitoLqmntimdoa
(e)mm-caltbrt_loWl_to
NA IX WdW_l
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The active vapor extractionsystem began operatingat the 216-Z-18 Crib
in May 1992. It was used to extract soil gas from two wells, 2gg-w18-10 and
2gg-w18-g/,immediatelyeast of the crib (Figure3-3) during May and
June 1992, after well 29g-w18-247was completedbut prior to drilling of
wells 2gg-w18-249and 299-W18-96. However, it is unlikelythat the vapor
extractionsystem operationsaffected sampling resultsfrom these two wells.
The radius of influenceof these two wells (particularly29g-w18-10,which is
open below the Plio-Pleistoceneunit) is believed to be less than the distance .
to either well 2gg-w18-g6or 2gg-wIS-14g.

Slight amountsof chloroform,TCE, and PCE were found in well
2gg-w18-24g,while only chloroformwas found in the other two wells. High
concentrationsof methylene chloridewere reported in well 2gg-wIS-24gand
lesser amounts in well 2gg-w18-g6. However,these may be related to
laboratorycontaminationrather than actual unsaturatedzone contamination.
Virtuallynone of the TCE/PCEdegradationproducts (i.e.,trans-1,2-DCE,
I,I-DCA,and cis-1,2-DCE)observed at the 216-z-g and 216-Z-IAwaste disposal
facilitieswere detected in samples from the 216'Z-18Crib, except for
I,I,I-TCAthat was found at a maximum concentrationof_103 ppb in
welI 2gg-w18-24g.

o

Relativelyhigh concentrationsof BTX compounds (2,961to 3,427 ppb
toluene, 34 to 61 ppb ethylbenzene, 42 to 266 ppb M+P-xylene,and 116 to
150 ppb O-xylene) were found in wells 2gg-wIS-24gand 29g-w18-247,
respectively. The highestconcentrationof toluenefound in well 2gg-wIs-g6
was only 94 ppb. Note that the higher concentrationswere found in the well
farthest from the crib. This suggests that the source of these BTX compounds
may be located southeastof the crib.

Figure 4-18 illustratesthe verticaldistributionof selected volatile
organics relative to the stratigraphyand moisture content of well 299-W18-96,
located near the center of the 216-Z-18 Crib. Similar diagrams for the
remainingwells are provided in Appendix H.

Although TBP was not detected in these samples,a varietyof other
semivolatileorganics were identified,if not quantified. These included
decane, dodecane, and tetradecanein samples from depths of 30.6 and 44.7 m in
well 2gg-wI8-24g,juxtaposed to the crib, and phenol at severaldepths in well
2gg-w18-247. Other phenolic compoundsreported in the analysistables
(AppendixG) are simply laboratorysurrogatesadded to the sample to track the
analytical technique.

Also noteworthy is that cadmium was detected,at the 1,000-/_g/kg
detection level, in the 47.2-m sample from well 299-W18-247. This is the only
sediment sample where cadmiumwas detected. It is also interestingto note .
that cadmium was also detected in one groundwatersample from this well,
although at a much lower concentration(15 #g/L).

4.3 GROUNDWATERCONTAMINATION

This sectiondescribes the lateral and verticaldistributionof volatile
organic contaminants,primarilycarbon tetrachloride,within the groundwater
of the unconfinedaquifer. The lateraldistributionof existinggroundwater
contaminationis presentedat two levels of detail: the 200 West Area and the
ERA/VOC-AridID carbon tetrachloridearea.

o
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Figure 4-18. Vertical Carbon Tetrachloride(andSelected Volatile Organic
Compounds)ConcentrationProfiles for Well 2gg-w18-g6.
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4.3.1 Lateral Distributionin the 200 West Area
Q

The unconfined aquiferbeneath the 200 West Area contains overlapping
contaminantplumes of both chemical compoundsand radionuclidesas a result of
liquid discharges to the soil column through liquid waste disposal facilities.
Dissolvedgroundwaterplumes that appear to be associatedwith the carbon
tetrachloridedischarges includecarbon tetrachloride,chloroform,and
plutoniurn.

4.3.1.1 Carbon Tetrachloride. The plume of dissolvedcarbon tetrachloride
extends over 10 km" in the unconfinedaquiferunderlyingthe 200 West Area
(Figure4-19). The highest averageconcentrationduring 1992-1993was
6,379 #g/L (ppb) in well 299-W15-218,45 m north of'the 216-Z-9Trench
(Figure4-19). The zone of higher concentrations(>1,000#g/L) is surrounded
by a widely distributed,lOWTConcentrationhalo.

The groundwaterconcentrationdata collected in FY 1993 (October I,
1992 - October I, 1993) were combinedwith previouscarbon tetrachloridedata
(JanuaryI, 1992 - September30, 1992) to update the plume map from 1991
(January1988 - May 1991) and 1992 (January1988 - October 1992) (Rohay and
Johnson 1991 and Last and Rohay 1993, respectively). The data were combined
because of the limited amount of data availablefor each sampling period.
Average values were used for wells with multiple samplingresults
(AppendixI). The drinkingwater standardfor carbon tetrachlorideis 5 #g/L
(EPA 1976),which is also the detectionlimit for the standard gas
chromatograph/massspectrometryanalyticalmethod used on these samples. The
minimum contour shown in Figure 4-19 is 10 #g/L.

Although all the monitoringwells used to constructthe groundwater
plume map are screened in the upper 10 m of the aquifer,the well network
includesboth Resource Conservationand RecoveryAct (RCRA)-typewells and
older wells of uncertain integrity. Uncertaintiesin contaminantconcentra-
tions associatedwith the older wells includethe possibilityof preferential
pathways alomj the outside of the casing,the mix of submersibleand positive
displacementJiston pumps, and the variety in the type and length of perfor-
ated or screened intervals. In addition,anotheruncertaintyis introducedby
the placement of the pump intake in relation both to the distributionof the
contaminantwithin the aquifer and to the continuingdrop in the water table
(I to 2 ft/yr). Groundwatersampleswere collected using a bailer from
FY Ig92 and FY 1993 vapor extractionwells during drilling.

The distributionof the carbon tetrachlorideplume appears to be
controlled,at least in part, by the variation in hydraulicconductivitywith-
in the unconfined aquifer (Figure3-17). The area of highestcarbon tetra- .
chloride concentrations(>4,000#g/L) lies northwestof the discharge area,
which is consistent with the local gradient of the water table away from the
disposal facilities (Figures3-18 and 3-21) and the locationof the disposal
facilitieswithin the zone _f highest hydraulicconductivity(>1,000ft/d).
This zone of highest hydraulicconductivitytrends northeast-southwest,
coincidentwith the distributionof relativelyhigher concentrationsboth to
the northeast and the southwestof the core of the plume. Furthermovement of
the core of the plume to the northwestmay be limited by a zone of low con-
ductivity (<5 ft/d). The zone of low hydraulicconductivityin the southern
part of the 200 West Area correspondsto an area where the plume is absent.
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Figure 4-19. Carbon TetrachlorideConcentrationContours in the 200 West Area
Groundwater,1992-1993.
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Comparisonof the 1991, 1992, and 1993 maps indicatesthat the centroid
of the dissolvedcarbon tetrachlortdeplume has not migrated significantly
during that time. In fact, the zone of highest concentrations(>4,000_g/L)
still includesthe 216-Z-9 Trench,which has been inactivesince 1962,
suggestingthat the carbon tetrachloridedischarged has been providing a
continuous source of contaminationto the groundwater.

Analytical results from individualwells can be used to construct
concentrationtrends and to infer plume movement. For example, carbon tetra-
chloride concentrationsin well 699-38-70at the eastern edge of the plume
have remained relatively constant at low levels since 1987, indicatinglittle
plume movement (Figure 4-20). Concentrationsin well 699-39-79 at the western
perimeter increasedby an order of magnitude betweenMarch 1987 and
August 1988, suggestingthe arrival of the plume at that time (Evans et al.
1992, Dresel et al. 1993). Concentrationsin well 699-39-79have remained
re;ativelyconstant since 1988 (Figure4-20). Carbon tetrachloride
concentrationsappear to be rising in two wells (299-W6-2and 299-W7-4) on the
northern edge of the plume and in two wells (299-W19-15and 299-W19-16)near
the southern perimeterof the plume, indicatingplume movement in those
directions, also (Figure4-20).

The highest concentrationof dissolved carbon tetrachlori:Jeobserved
since 1987 was 8,700 #q/L detected in a 1990 sample from well 299-W15-16 west
of Z Plant. Concentrationsin this well fluctuatedbetween6,650 and
8,700 #g/L between October 1988 and April 1990, dropped to 4,450 #g/L in
August 1991, and increasedto 6,700 #g/L by August 1992; the average concen-
tration in well 299-W15-16betweenJanuary I, 1992 and October I, 1993 was
5,433 #g/L. The analytical scattermay be a result of difficultiesassociated
with analysisof exceptionallyhigh-levelsamplesthat requiredilution (Evans
et al. 1992).

The distributionof the mass of carbon tetrachloridewithin the 1993
dissolvedplume is illustratedin Figure 4-21. Based on average values of
groundwaterconcentrationsbetween 1988 and 1991, approximately25% of the
total mass was estimatedto be containedwithin about 2% of the areal extent

of the plume, defined by the 3,000 _g/L contour (Rohay and Johnson 1991). The
1,000 #g/L contour included about I0_ of the area of the plume and nearly 60%
of the mass (Rohay and Johnson 1991).

Based on the 1991 concentrationcontours,the upper 10 m of the aquifer
was estimatedto contain 5,250 to 15,740 kg of dissolvedcarbon tetrachloride
(at 10% and 30% porosity,respectively),which accountsfor approximatelyI% -
to 2% of the estimated inventorydischargedto the three waste disposal
facilities (Rohay and Johnson 1991). In making this estimate,it was assumed .
that no carbon tetrachloridehad partitionedfrom the dissolvedphase onto the
aquiferparticles.

4.3.1.2 Chloroform. The areal extent of dissolvedchloroform in the
unconfinedaquifer appears to be more limited than carbon tetrachloride
(Figure4-22). The highest average concentrationduring 1992-1993was
976 #g/L in well 299-W15-216south of the 216-Z-9 Trench. Concentrationsin a
nearby well, 299-W15-8,were 1,540 #g/L in May 1990 (Dreselet al. 1993).
(The drop in water levels have precluded additionalsamplingin this well.)
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Figure 4-20. Trend Plot of Carbon TetrachlorideConcentrations(_g/L) in
SelectedWells in the 200 West Area (afterDresel et al. 1993).
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Figure 4-22. ChloroformConcentrationContours in the 200 West Area
Groundwater,1992-1993.
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The chloroformmay be presentas a degradationproductof carbon
tetrachloride. The past and current presenceof sanitarydrainage fields in
the 216-Z-9 area suggest that anaerobicbacterialdegradationprocesses may be
responsible(Dreselet al. 1993). A second area of relativelyhigh concentra-
tions (407 #g/L) is centered on well 299-Wli-30west of T Plant. The drinking
water standard for chloroform is 100 #g/L (EPA 1976).

Chlorinatedwastewater is dischargedto the sanitarytile fields
throughoutthe 200 West Area. However, sources such as chlorinateddrinking
water would be expected to contributerelativelylow concentrations(on the
order of 15 #g/L) to groundwater(DOE-RL1992a).

Based on average values of groundwaterconcentrationsbetween
January 1988 and April 1992, and assuming 20% porosity,the mass of dissolved
chloroform in the upper 10 m of the unconfinedaquiferwas estimatedto be
240 kg, approximately5% of the mass of carbon tetrachloride(DOE-RL 1992a).

4.3.1.3 Plutonium and Americium. Plutonium-239/240 has been detected
above the drinking water standard (1 pCi/L) in only one groundwater well
in the 200 West Area, 299-W15-8 on the south of the 216-Z-9 Trench.
Plutonium-239/240 was first measured in this well in 1990 at a concentration
of 8.3 pCi/L. Plutonium-238 was also detected at a concentration of
0 14 pCi/L. This well was resampled in 1991 and yielded concentrations of
119 and 0.03 pCi/L for _9/Z4°Pu and _SPu, respectively. Americium-241 was
measured at a concentration of 5.9 pCi/L. Filtered samples from the same 1991
sampling event yielded no detectable plutonium, confirming that the
transuranicswere associatedwith particulatematerial and are thus in a
relativelyimmobile form (Evanset al. 1992, Dresel et al. 1993). Additional
samplescould not be collectedin 1992 because of the drop in water level.

Well 299-W15-8was drilled in 1954, approximately6 months prior to
initiationof discharge of plutonium- and americium-bearingliquids to the
216-Z-9Trench and was deepened to the unconfinedaquifer in 1966, 4 I/2 years
after discharges to this site ceased. Well 299-W15-8is approximately17 m
south of the trench. The age of the well and its proximityto the trench
suggest that it may have been a preferentialpathway for movement of liquid
wastes to the groundwateralong the outside of the casing. A spectral gamma
log of the well indicatestransuraniccontaminationalong the casing,
supportingthe preferentialpathwayexplanation(Johnson1993a).

4.3.2 Lateral Distributionat the ERA/VOC-AridID
Carbon TetrachlorideArea

Groundwatersampleswere collectedduring drilling of seven vapor
extractionwells at the ERA/VOC-AridID carbon tetrachloridesite in 1992 and
1993. BetweenJanuary and May 1992, three wells (299-W15-216,299-W18-247,
299-W18-246)were drilled 4.5 m (15 ft) into the unconfinedaquifer, and
•groundwatersampleswere collectedat 1.5-m (5-ft) intervalsusing a bailer.
Between February and August 1993, four wells (299-W15-218,299-W15-219,
299-W15-220,and 299-W18-252)were drilled 1.5 m (5 ft) into the saturated
zone and sampled for groundwaterusing a bailer. All seven wells were
backfilled into the unsaturatedzone and completedas unsaturatedzone
extractionwells at the time of drilling (Figure4-11). The 1992 wells were
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analyzed for VOCs; a suite of cations, ions, and chemical compounds;and
radionuclides. The 1993 groundwatersampleswere analyzedfor VOCs only.

Groundwatersamples collectedfrom four wells near the 216-Z-9 Trench
all contained carbon tetrachloride,chloroform,and methylenechloride. Both
trichloroethylene(TCE) and tetrachloroethylene(PCE)were present in trace
amounts (Table 4-11). Carbon tetrachlorideconcentrationsranged from

" 6,379 #g/L in well 299-W15-218north of the trench to 915 _g/L in well
299-W15-220,east of the trench. Trace amounts (up to 1.2 #g/L) of

- 1,1-dichloroethaneand acetone (up to -19 #g/L) were also detected in well299-W15-216. Minor amountsof fission products (e.g.,up to 29.5 pCi/L 1°6Ru)
.weredetected in well 299-W15-216;analysesfor radionuclideswere not
conducted in the other three wells.

Both carbon tetrachlorideand PCE were dischargedto the 216-Z-9Trench
(Rohay and Johnson 1991). Through reductivedechlorination,carbon
tetrachloridecan be degraded to chloroformand to methylenechloride by
denitrifyingbacteria. The presenceof both degradationproducts,and the
past and current pr.esenceof sanitarydrainage fields in the 216-Z-9 area,
suggest that anaerobicbacterialdegradationprocessesare responsible(Dresel
et al. 1993). Tetrachloroethylenecan also be degraded by microbes to TCE.

Table 4-11. Maximum GroundwaterConcentrations(/_g/L)of Volatile
Organic Compounds in 1992/1993Wells at the ERA/VOC-AridID

Carbon TetrachlorideSite.

Carbon Trichloro- Tetrachloro-
Well number tetra- Chloroform Methylene ethylene ethylene

chloride chloride (TCE) (PCE)

216-Z-9Trench
,,r

299-W15-216 4,479 976 630 0.9 2.6
,,.,

299-W15-218 6,379 499 16 1.4 5.7

299-W15-219 3,862 862 38 1.1 3.3

299-W15-220 915 459 32 0.6 I.I
i

216-Z-IA

299-W18-246 1,009 3,600a 672a 2.5 1.0

299-W18-252 1,130 46 <5 2.2 0.6
.,

216-Z-18
,,,,

299-W18-247 418 183 1.9 I 1.0 Observed

aThemaximum concentrationsof chloroformand methylenechloride
are at least an order of magnitudehigher than those found in the other
five groundwatersamplescollectedfrom this well. Thus, this might be
the result of some unrecognizedsamplingor analysiserror. The second
highest concentrationsdetected are 361 and 97 pg/L, respectively.
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Groundwatersamplesfrom wells 299-W18-246and 299-W18-252,which are
59.6 m apart and both west of the 216-Z-IA Tile Field, had comparable
concentrationsof carbon tetrachloride(Table4-11). However, the
concentrationsof chloroform and methylene chloridewere at least an order of
magnitude lower in well 299-W18-252,the well farther from the tile field.
Again, trace amounts of TCE and PCE were present.

In well 299-W18-246,trace amountsof I,I-OCAwere observed;methyl
ethyl ketone (MEK), at concentrationsup to approximately9 #g/L, was found
for the first time; and benzene, toluene, and xylene (BTX) compounds,up to
2.9 pg/L, were also found, along with acetone at concentrationsup to
approximately144 pg/L. The same fissionproducts found beneaththe
216-Z-9 Trench were also found in the groundwaterbeneath th_216-Z-1A Tile
Field but at slightly higher levels (e.g., up to 55.3 pCi/L 'U°Ru)in samples
from well 299-W18-246. Groundwatersamples from 299-W18-252were not analyzed
for radionuclides.

The groundwatersamples from well 299-W18-247,southeastof the
216-Z-18 Crib, yielded lower maximum concentrationsof c_rbon tetrachloride
than in the other wells and lower maximum concentrationsof chloroform and
methylenechloride than in all the other wells except 299-W18-252.
Concentrationsof TCE and PCE appear to be relativelyconsistentthroughout
the carbon tetrachloridecrib area. Maximum concentrationsof the BTX
compoundsremained approximatelythe same as those near the 216-Z-IA Tile
Field (up to 1.2 #g/L). However, the maximum concentrationsof acetone and
MEK increased (up to -1,050and -93 #g/L, respectively). High concentrations
of MEK (over 1,000 #g/L) were observed from a single bailed sample from the
216-Z-18 Crib (well 299-W18-9)in 1991 (Rohayand Johnson 1991).
Concentrationsof the fission products also increasedslightly (e.g., up to
68.5 pCi/L _6Ru).

Other major co-contaminants,tributyl phosphate (TBP),dibutyl phosphate
(DBP), dibutyl butyl phosphonate(DBBP),and triglycerides(lard oil), have
not been detected in groundwater. The groundwatersamples from 1992 carbon
tetrachloridewells (299-W15-216,299-W18-246,299-W18-247)were analyzed for
TBP, which was not detected (Last and Rohay 1993). Samplingdata for TBP and
DBP acquired for other programs between 1987 and 1990 at wells in the vicinity
of the carbon tetrachloridecribs as well as from wells within the core of the
200 West Area carbon tetrachlorideplume were all below detectionlimits for
TBP and DBP (Rohay and Johnson 1991). Analyses for DBBP and triglycerides
have not been performed. The apparent absenceof TBP and DBP in 200 West Area
groundwateris attributedto biodegradationof these organic constituents
and/or because they have a moderate affinity for sediments (Ames and Serne
1991). Lard oil is expected to remain at shallowdepths in the soil (Dresel
et al. 1993).

4.3.3 Vertical Distributionof Carbon Tetrachloride

Deep interval sampling in well 299-W15-6,which has a 52-m-long
perforated intervalwithin the unconfinedaquifer,was conductedin 1991
(Rohay and Johnson 1991). Results suggestedthat there is deeply distributed
carbon.tetrachlorideand chloroformwithin the aquifer,at least near the
216-Z-9Trench. Bailed sampleswere taken at the surfaceand bottom of the
well, and pumped samples (afterpurging) were taken from approximately3 m
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below the surface and near the bottom of the well after installationof a
packer to isolate the lower section of the perforatedinterval. The bailed
and pumped samplesfrom the bottom of the intervalin 1991 contained3,784 and
2,651 #g/L of carbon tetrachloride,respectively. The lower concentration
obtainedwith the pumped sample suggeststhat the contaminationmay be
localized in the immediatevicinity of the borehole rather than widespread in

. the deeper part of the aquifer (Johnson1993a). In 1993, the vertical extent
of groundwatercontaminationwas re-examinedin this well. The 1993 testing
includedintroductionof a tracer into the well to evaluatewhether leakage

" along the annulus of the well is contaminatingthe sample from the packed-off
zone (Ford 1993). Preliminaryresults of this testing indicatethat there is
groundwaterflow along the annulus; thus, the well annulusmay be providing a
preferentialpathway for contaminantsto reach the deep portions of the
unconfined aquifer.

There is also a suggestionof carbon tetrachlorideat depths below the
water table in well 299-WIB-17at the 216-Z-20Crib. A sample,representative
of the 6- to 9-m depth, collectedin 1990 contained2,000 /_g/Lcarbon
tetrachloride;a sample pumped from 1.5 m below the water table in 1991
contained 1,004 /_g/Lcarbon tetrachloride. However, the mechanism by which
the contaminantsreached these depths is uncertain (Rohayand Johnson 1991).
This well was remediated in 1993 and is sealed above the Plio-Pleistoceneunit
(JohnsonIgg3b).

It should be noted that two wells west of the carbon tetrachloride
disposal facilities are screened at the bottom of the aquifer (299-W18-22,
465 m southwest of the 216-Z-18 Crib, and 299-W15-17,400 m northwestof the
216-Z-IA Tile Field). Carbon tetrachlorideis below detectionlevels in
samplesfrom these wells, althoughit is present in groundwatersamples from
companionwells screened at the water table (Rohayand Johnson 1991).
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5.0 CONCEPTUALMODEL

This chapter presents currenthypothesesconcerningthe source term,
environmentalsetting, unsaturatedzone contamination,unsaturatedzone
transport,groundwatercontamination,sorption,and biologicaldegradationof
carbon tetrachlorideand associatedcontaminantsat the ERA/VOC-AridID carbon

" tetrachloridesite. This informationrepresentsan update to the conceptual
model of the site as presentedin Rohay and Johnson (1991);Last and Rohay

. (1991,1993); and Last et al. (1991). Figure 5-I illustratesmany of the
concepts discussed in the followingsections.

5.1 SOURCETERM

Between 1955 and ]973, a total of 363,000 to 580,000 L (577,000 to
922,000 kg) of liquid carbon tetrachloride,in mixtureswith other organic and
aqueous, actinide-bearingliquids,was dischargedto the soil column at three
subsurfacedisposal facilities (cribs)near Z Plant in the 200 West Area. The
organic solutionsconsistedof 50% to 85% by volume carbon tetrachloridemixed
with either tributyl phosphate (TBP),dibutyl butyl phosphonate(DBBF),or
lard oil. These organic solutionsmade up only approximately4% to 8% of the
total volume of liquid waste dischargedto the disposalfacilities. The
predominantwastes dischargedwere acidic, high-salt (sodiumnitrate), aqueous
wastes containingthe above organic solutionsin saturationamounts (<1%).
The organic solutionswere periodicallydischargedto the predominantlywater-
wetted soil column in small (100- to 200-L) batches. Thus, carbon
tetrachloridewas introducedto the unsaturatedzone as an aqueous phase and
also as a dense, nonaqueous-phaseliquid (DNAPL).

5.2 ENVIRONMENTALSETTING

The unsaturatedzone underlyingthe carbon tetrachloridedisposal sites
ranges in thicknessfrom 60 to 71 m and consists primarilyof uncementedto
partiallyconsolidatedgravel, sand, and silt depositsof the Pleistocene
Hanford and late Miocene to Pliocene Ringoldformations. Betweenthese two
units, the relatively impermeablePlio-Pleistoceneunit, typicallycontaining
an increase in calcium carbonatecontent ("calichelayer"),occurs at
approximately35 to 40 m below the surfaceand ranges in thickness from I to
13 m. Perched groundwaterhas been encounteredin this zone, and airflow
through it has been observed to be significantlyimpeded.

. The uppermostaquifer beneaththe 200 West Area is unconfined and lies
within a semi-induratedgravel sequence. Hydraulicconductivityvalues at the
top of the aquifer.varyby severalorders of magnitude. The present direction
and rate of groundwaterflow in the vicinity of the 200 West Area are largely
influencedby a groundwatermound caused by former soil-columndisposal of
large volumes of waste water as part of Hanford Site operations. As this
mound dissipates,the water table elevationdrops 0.3 to 0.6 m/yr under the
carbon tetrachloridesite.
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Figure 5-1. SchematicIllustrationof Carbon Tetrachloride.and
Waste Water MigrationBeneath the 216-Z-gTrench.

....... Unmmi.<lWell .... / --
Casing woslewewr. . Carbon Tetnlchlorlde "_. isposal

Disposel Site i _l,, Crib

o 8mdy Oravof '_ Vapor :.'Nii_'.:+!i_i

,,, . ._!

IIndInd 811t -41---" -- J__;:!C " * " I _i._,',__:Z.:_ ;_, _ 't+:,._Ph.se_i',
,...,....,,. _.'..'_'..... _,_ ':_ _

. _....______y ...... .,+-.,.++.-._;..___......,..._..._-- , __!_

,\'Oluolv_Carbon ,,. n _I_.u'mmlo,'Id,,,ore ' I

' Sindy
Grovel Groundwater

1211- Flow ,

1110- ___- ,

17$ - _t ' _

"4k_ Literal md vertical trInIport of _ UlgrIlion of hypothetical liquid phase of carbon tetnIchlodde along
oIrbon tatnlchloride In the vapor cIIIche Ilyer Ind down well caIIng
phlse by diffusion and Itmospherlo _ Perched witer_vmpor phase carbon tetmchlodde Interaction and
pumping downward migration between well casing and unsealed borohole wall

i
i, , iii i i __

Hl4OlOm.4

5-2



WHC-SD-EN-TI-Z48,Rev. 0

5.3 UNSATURATEDZONECONTAMINATION

Carbon tetrachlorideis found throughoutthe 65-m-thick unsaturatedzone
underlyingthe three primarydisposal facilities. Laterally,the highest
concentrationsof carbon tetrachlorideare consistentlylocated in the
vicinity of the 216-z-g Trench. Vertically,the highest concentrationsare
associatedwith fine-grained,relativelyimpermeableunits (the Hanford lower
fine and Plio-Pleistoceneunits), locatedat depths of 35 to 40 m below ground
surface.

h

The highest near-surfacevapor concentrationmeasured during a soil-gas
survey was 72 pp_ carbon tetrachloridejust north of this trench. Maximum
vapor concentrationsobserved at wellheadsand deep soil-gasprobes, which
were measured twice a week for 25 months, exceeded 10,000 ppmV total VOCs at
monitoring locationsabove the Plio-Pleistoceneunit and immediatelynorth of
the 216-Z-9 Trench. At similarlocationsabove the Plio-Pleistoceneunit in
the 216-Z-IA/216-Z-18are_, ,naximumconcentrationswere an order of magnitude
lower. However, maximum concentrationsfrom monitoringports below the Plio-
Pleistoceneunit were approximately1,000 ppmv at both locations.

The highestcarbon tetrachlorideconcentrationin the sediment samples
collectedduring drilling of 13 new wells was 37.8 ppm from a well at the
216-z-gTrench. Carbon tetrachlorideconcentrationsexceede_ 10 ppm in
samples from two other wells in the 216-Z-g area. In contrast,the highest
carbon tetrachlorideconcentrationin a sediment sample from the 216-Z-1A/
216-Z-18 area was 6.6 ppm from a well insidethe 216-Z-IATile Field. At both
locations,all of the maximum carbon tetrachloridesediment concentrationsare
associatedwith the interbeddedsands and silts of the Hanford formation lower
fine unit, laminatedsilts of the Plio-Pleistoceneunit, and/or the top of the
caliche.

The highest carbon tetrachlorideconcentrationsin the in situ soil-gas

samples collectedduring drilling exceeded 10,000 ppmX in wells at the
216-Z-9 Trench. Carbon tetrachlorideconcentrationsIn soil vapor extracted
using the vapor extractionsystemsexceeded 25,000 ppmv carbon tetrachloride
from intervalsabove the Plio-Pleistoceneunit at the 216-Z-9 Trench.
Extracted soil-gas concentrationsfrom the 216-Z-1A/216-Z-18wellfield are an
order of magnitude lower.

Soil that is saturatedwith liquid carbon tetrachloridewill have an
associatedequilibriumsoil-gasconcentrationof 120,000ppmv at 20 °C. As a
rule-of-thumb,for soils saturatedwith an organic contaminant,standard soil
vapor extractionwill produce a gas stream containingone-tenthto one-half

. the expected concentration(Johnsonet al. 1990). Therefore,vapor extraction
concentrationsgreater than 12,000 ppmv of carbon tetrachloridemay indicate
that the soil is saturatedand a separatecarbon tetrachloridephase is
probably present near the extractionwell. Extractedsoil-gasconcentrations
at the 216-Z-9 Trench are in excess of 12,000 ppmv, suggestingthat a separate
carbon tetrachloridephase is present above the Plio-Pleistocenelayer.

Soil that is not saturatedwith carbon tetrachloridewill have soil-gas
concentrationsrelated to the quantity of contaminantdissolved in the soil
moisture and adsorbedto the solid soil matrix. A linear isothermwas used to
determine a vapor-phasepartitioningcoefficientusing carbon tetrachloride
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concentrationsfrom sediment samplesand from correspondingsoil-gas
measurements (Rohay and Cameron 1994) (Figure5-2). This isotherm had the
followingform"

C, (_g/kg)= 0.73 Cv (ppmv)

where:

C, - solld-phaseconcentration(mass of contaminantsorbed on soil
particles plus mass dissolved in soil moisture per mass of soil) "

Cv - vapor-phaseequilibriumconcentration.

The maximum soil-gascarbon tetrachlorideconcentrationsfound to date
are 30,000 pp_ at the 216-z-g wellfieldand 1,700 ppm_ at the 216-Z-IA/
216-Z-18wellfield. Subsurfaceinventorieswere calculatedusing these
concentrations,the vapor-phasepartitioningcoefficient,a contaminateddepth
of 20 m, Bnd a contaminatedarea of 60,000 m= for the 216-z-gwellfield and
240,000m= for the combined 216-Z-IA/216-Z-18and 216-Z-12wellfields. These
calculationspredict carbon tetrachlorideinventoriesof 50,000 kg (6.7% of
inventory) beneaththe 216-z-gwellfield surface and 10,000 kg (1.3% of
inventory) beneaththe combined216-Z-1A/216-Z-18and 216-Z-12wellfield
surface. However, disposal records indicatesignificantlygreater quantities
of carbon tetrachloridewere discharged to these sites. The discrepancy
between the estimated amount of carbon tetrachloridedischarged and the
predictedremaining carbon tetrachlorideinventorycould be most easily
accountedfor if a separate carbon tetrachloridephase were present beneath
each of the disposal sites (Rohayand Cameron 1994).

Nonaqueous-phaseliquid carbon tetrachloridehas not been observed in
the unsaturatedzone.

As of the end of May 1994, a total of.16,790kg of carbon tetrachloride
(2% of the discharged inventory)had been removed from the unsaturatedzone
using active vapor extraction,5,030 kg from the 216-Z-1A/216-Z-18wellfield
and 11,760 kg from the 216-Z-9wellfield.

In the far field, carbon tetrachloridevapor has been detected in wells
under constructionthroughoutmuch of the 200 West Area since 1987. Most of
the reported detectionshave been from below the Plio-Pleistocenecaliche
layer, often in the capillary fringezone just above the water table. The
distributionof wells with detectiqns below the calichelayer matches fairly
well with the distributionof carbon tetrachloridedissolved in the
groundwater.

5.4 UNSATURATEDZONETRANSPORT

Once discharged to the crib, the liquid wastes infiltratedinto the
underlying soils and migrated under their own hydraulicgradients. An average
infiltrationrate or recharge rate into the soil column can be estimated for
each crib from the area of the crib bottom and average annual discharges.
These range from I to 10 L/m2/d(Table 5-i). Average infiltrationrates from
percolationtests in the 216-Z-20 and 216-Z-21 crib areas have been reported
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Table 5-1. Pore Column Volume Estimatesfor the Carbon TetrachlorideCribs.

Average CoLumn Total

Waste North-southEaSt-westBottom Depth to annual tlnfiltra'ion:rate Porosity lore discharge % Poredisposal ar_a water discharge (%) volume volume volumei
facitity tencjth length (m') (m) (L/m"/d)(m) (m) (L) (L) (L}

ii ii ,,HI,,,i

216-Z-1A 84 35 2,940 • 57 1.15E+06 1.07 30 5.03E+07 6.21E.06 12

216-Z'9 18.3 9.1 167 57.6 6.08E+05 10.00 30 2.88E+06 4.09E+06 1/,2

216-Z-18 63 12 756 59 9.76E+05 3.53 30 1.36E+07 3.86E+06 29
• i ii

as ranging from 1,900 to 2,850 L/mZ/d(Last and Rohay 1993). Thus, the field-
measured infiltrationrate of the soil column far exceeds the estimated
recharge rate from the cribs. Assuming that the behaviorof the liquid wastes
dischargedwas similar to that of water used in the percolationtests, it is
doubtful that the soil column ever became fully saturatedor that the cribs
exceeded the infiltrationcapacity,at least for any appreciableperiod of
time. Crawley (1969),however,did report that a buildup of liquid waste was
suspected in the head end of the 216-Z-1ATile Field. This suggests that the
infiltrationcapacity of that first one-thirdof the crib had been exceeded by
the dischargevolumes perhaps as a result of plugging of the soil pores by
fine particulatesor other solids. It should also be noted that the
215-Z-IA Tile Field had received other liquid wastes from 1949 to 1959, so the
soil column was already partiallysaturated.

As a first approximation,the likelihood that carbon tetrachloridein an
aqueous or nonaqueousphase reachedthe groundwatercan be estimated by
comparing the total volume dischargedto the column pore volume beneath each
crib (i.e., bottom area of crib multipliedby depth to water multiplied by
porosity; assuming 30% porosity). Resultsof such calculationsindicate that
the 216-Z-IA and 216-Z-18 waste disposal facilitiesreceived only 12% and 29%
of their estimatedcolumn pore volumes, respectively,while the 216-Z-9 Trench
received 142% of its column pore volume (Table 5-I). It must be noted that
these are only rough estimatesand that the wastes were dischargedover
periods of years rather than at one time. If the porositywere smaller or if
the entire column pore volume were not used (e.g., if the wastes migrated down
preferentialpathways such as unsealedwells or if the wastes did not spread
out evenly over the crib floor),the values would be higher. Conversely, if
the waste plume spread out laterally, increasingits column pore volume, these
values would be smaller. In any case, the 216-Z-9Trench is more likely to -
have had waste fluids containingcarbon tetrachloridereach the groundwater
strictly by downward percolation.

Numerical flow simulationssuggest that carbon tetrachloridemay have
migrated to the water table from the 216-Z-9 Trench irrespectiveof whether an
unsealed bore,loleor other pathwaymay have been present (Piephoet al. 1993).
However, as Piepho et al. (1993)point out, this result should be viewed as
tenuous because no data on nonaqueous-phaseliquid residualsaturationwere
availableand several simplificationswere applied that require further
investigation. Also, the physicalpropertiesof pure carbon tetrachloride
were used rather than those of the carbon tetrachlorideorganicmixtures.
The three phase flow simulations(watt_r,separateliquid-phaseorganic, and
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air) suggest that most of the free liquid carbon tetrachloridethat has not
evaporated should now be locatedin the Hanford formationlower fine and
Plio-Pleistoceneunits or in the groundwater(Piephoet al. 1993).

Numerical simulationsof waste water migrationbeneath the
216-z-g Trench suggest some horizontalspreadingof the aqueousplume may have
occurred at the Hanford coarse-grainedunit/fine-grainedunit boundary, but

- that little lateralspreadingmay have occurred below that (Last and Rohay
1993). Piepho et al. (Igg3)also indicatethat horizontalspreading in the
unsaturatedzone appears to be minimaleven though anisotropywas assumed.

" Wright et al. (Igg4) inferreda near-verticalmoisture plume beneath the
carbon tetrachloridecribs, with some spreadingoccurringonly on the Hanford
formation lower fine/Plio-Pleistoceneunit surfaces.

Because liquid carbon tetrachlorideis immisciblewith water and the
soil column is assumed to be water wetted, the carbon tetrachloridewould move
under its own hydraulicgradient. Wright et al. (1994)concluded,based on
their measurements,that the hydraulicconductivityof liquid carbon tetra-
chloride through subsurfacesoil sampleswas much higher than that of water or
of an aqueous carbon tetrachloridesolution,and that the differenceswere
greater in the finer grained sample.

As nonaqueous-phaseliquid carbon tetrachloridemoves down through the
soil column under its own hydraulicgradient, some of the liquid carbon tetra-
chloride will become discontinuousand will be held up in the soil pores.
This is referred to as residual saturation. Based on studiesof carbon tetra-
chloride hydraulicconductivitiesin soil samples,Conca et al. (1992)
concluded that the retentionof liquid-phasecarbon tetrachloridewas about
half that of water or an aqueous-phasecarbon tetrachloridesolution. Thus,
if the field moisture contentof the soil were 5% under a given unsaturated
flow condition, it can be estimatedto retain 2.5% carbon tetrachlorideunder
the same conditions. It should be noted that these are strictlyempirically
derived estimates,based on two samples,and should be viewed with some
caution.

A rough estimate of how far the organicnonaqueous-phaseliquid may have
traveled downward through the soil column as a continuousorganic liquid phase
(i.e., at saturationsgreaterthan the residual)can be calculatedby assuming
a single residual saturationof 2.5% for the entire pore column volume and by
assumingthat the organicwas evenly distributedacross the crib bottom area.

. Table 5-2 lists the relativedepth of nonaqueous-phaseliquid migration for
each facility. Note that the migrationdepth calculatedfor the
216-z-gTrench is over an order of magnitudegreater than that of the other

" two cribs and is potentiallybelow the water table. It also seems plausible
that much of the organic nonaqueous-phaseliquidmay have been retained in the
soil column because of the residual saturation. It should be noted, however,
that D_}APLcharacteristicallymoves nonuniformlythrough the unsaturatedzone
(Cohen et al. 1993).
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Table 5-2. EstimatedDepth of Organic MigrationBeneath the
Carbon TetrachlorideCribs.

Waste North- East-
disposal south west Botton_ Depth to Total organic Residual Depth of
facility length (m) length area (m') water discharge (L) saturation migration(m) (m) (%) (m)

i

216-Z-1A 84 35 2,940 57 1.75E+05 2.5 2

8.30E.05 to
216-Z-9 18.3 9.1 167 57.6 3.00E+05 2.5 20 to 72

216-Z-18 63 12 756 59 1.10E+05 2.5 6

Volatilizationof carbon tetrachloridefrom aqueous- and nonaqueous-
phase liquids within the unsaturatedzone results in vapor-phasecarbon
tetrachloridein soil pores. Due to the density of the carbon tetrachloride
vapor, the density of the contaminatedvapor phase is significantlygreater
than uncontaminatedvapor in the unsaturatedzone (Table5-3). This contrast
in densities can result in density-drivenadvectiveflow, which would move
carbon tetrachloridevapor downward and laterallyfrom the disposal
facilities. As the contaminatedvapor moves into uncontaminatedareas, it may
partition into the soil moisture and adsorbed phases and act to establish
equilibrium. The carbon tetrachloridevapor may also provide a continuous
source of contaminationto the groundwater. The higher vapor-phasecarbon
tetrachlorideconcentrationsabove the Plio-Pleistocenelayer suggest that
density-drivenadvectivevapor flow may be significant.

Carbon tetrachloridevapors in the unsaturatedzone, which equilibrate
with perched water and/or with waste water from other sources, may then be
transportedto the water table in dissolvedform.

Carbon tetrachloridemay volatilizefrom the dissolvedgroundwater
plume. The contaminantvapors would then move upward by diffusionbut may
become temporarilytrapped below the Plio-Pleistocenelayer until they find a
vertical pathway upward. The distributionof carbon tetrachloridevapor below
the caliche throughoutmuch of the 200 West Area underlainby the groundwater
plume suggests that these vapors may have volatilizedfrom the groundwater.

Atmospheric pressure fluctuationsappear to constitutea significant
release mechanism for carbon tetrachloridevapor out of the unsaturatedzone
both through the soil surfaceand through boreholesperforatedor otherwise
open to the unsaturatedzone. The soil-surfaceflux of carbon tetrachloride
measured in 1992 and 1993 using the EMFLUX soil-gas technologyranged from
1.4 to 922.7 ng/m2/min(0.0007to 0.48 g/mZ/yr)in the 216-Z-9Trench area.
The average soil-surfaceflux for the area overlyingthe groundwaterplume in
1990 was estimatedto be 285 ng/m2/min(0.15 ng/m'/yr),or 1,800 kg/yr (WHC
1993a). It is estimatedthat, between 1955 and 1990, 18% of the total carbon
tetrachloride inventorywas lost to the atmospherethroughnatural soil flux
(WHC 1993a). The wells breathe in response to atmosphericpressure changes
and other meteorologicalphenomena. The carbon tetrachlorideflux from a
single borehole is estimatedto range from severalgrams to severaltens of
grams per hour during an exhalationevent (Rohayand Cameron 1992). The
carbon tetrachloridereleased from wells in the vicinity of the cribs between
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Table i-3. PhysicalPropertiesof Carbon Tetrachloride.

85 50 50

_CB14"15 CCl,:50 CaCrld4"50Property Units Pure CCI4 by DBBi_ by l oil Water
volume volume by volume

,,

Liquid density g/mL at 20 °C 1.59a 1.00a

g/mL at 25 °C 1.51 1.27 1.25

. Viscosity centipoiseat 5.75 4.50 10.50
24 oc

, i, i,J

centipoiseat 0.97b 1.00b
20 °C

Interfacial dynes/cm at 31.0 32.0 33.0
tensionwith air 24 °C

,,,,,,

Interfacial dynes/cm at . 23 11 18
tensionwith 24 °C

water dynes/cmat 45.0b ' "
20 °C

Interfacial dy_es/cm at 11 19 7
tensionwith 5 !_ 24 °C
sodium nitrate

wporoe, oe mH,Oa .....
30.1 in. Hg

Saturatedvapor mg/L at 20 °C 754a
concentration

ppmv at 20 °C 120,000ai i i

SaturatedVapor g/L at 25 °C, 6.29b dry
density I atm air-

1.204b

Relative vapor -- 1.515b
densityc

, ,, .

Air diffusion cmZ/s at .0797b
coefficient 20 °C

,, ,.

Henry's Law atm- m3/mol 3.02 E-02b
constant at 25 °C

solubility in mg/L at 800a'b '
water 20 °C, I atm

i ,f , ,

Dielectric -- 2.2a 78.5_
constant

From Last and Rohay (1993 .
aRohay and Johnson (1991).
bCohen et al. (1993).
CWeightof compound-saturatedair relative to weight of moist air.

. CCI. = carbon tetrachloride.
DBB_ = dibutyl butyl phosphonate.
TBP = tributyl phosphate.
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1955 and 1990 is estimatedto be 22,200 kg, or 3% of the discharged inventory
(WHC 1993a). Thus, an estimated21% of the total carbon tetrachloride
inventorymay have been lost to the atmospherevia the soil surface and
borehole flux since soil column disposalwas initiated(WHC 1993a).

WHC (1993a)estimatedthat 12% of the originalcarbon tetrachloride
inventorywas retained in the unsaturatedzone air, water, and soil, leaving
65_ unaccountedfor, which might be attributedto residual saturation of
nonaqueous-phaseliquid wastes in the unsaturatedor saturatedzones and/or
biodegradation.

Another potential indicatorof the distributionof the organic phase is
the distributionof the associatedradionuclidecontaminants Transuranics
(primarily_gPu and 2_Am) dischargedto the disposal sites may have been
carried in associationwith the organic-complexantliquid phase. The behavior
of the transuranicsin such a mixture as the DNAPL moves through the soil
column is unkrown. Typically,when plutoniumand americiumare released as
solutes, they are retained in the upper few meters of the soil column (Johnson
1993b). However, at the 216-Z-1ACrib, these radionuclideswere discharged as
co-contaminantswith the DNAPL-complexantmixture and are found at depths up
to 30 m below the bottom of the field (Priceet al. 1979). This behavior has
been previously attributedto the destructionof the sorptive capacity of the
soils by the acidic waste stream. However,the abundant amountsof calcium
carbonate in the soil column could have easily neutralizedthe acid. For
example, at a pH of I (0.1M), which is slightlymore acidic than the
discharged aqueous waste stream (pH of 2.5), the total volume of aqueouswaste
discharged to the 216-Z-1A Crib would have containedapproximately500 kmol of
acid. The first few meters of the soil column beneaththis crib containmore
than enough calcium carbonateto neutralizethis amount of acid (Johnson
1993b). Thus, it seems more probable that the greaterdepth distributionof
transuranicsin this crib is due to migrationwith the solvent-complexant
phase. Beneath the 216-Z-IATile Field, increasesin concentrationsof
plutoniumand americiumwith depth are generallyassociatedwith an increase
in the silt content of the sedimentsor with boundariesbetween sedimentary
units. In addition,the lateralspread of radionuclidesbeyond the perimeter
of the tile field was limitedto a g-m-widezone (Price et al. 1979). Because
similar solvent-chemicalconditionsexistedfor disposal at the other carbon
tetrachloridesites, similardepth distributionsof significanttransuranic
concentrationscould be encounteredwhereverDNAPL still exists.

Older, poorly sealedwells, which penetrateeither the Plio-Pleistocene
unit and/or the water table, may providea vertical conduit for fluids.
Nonaqueous-phaseliquid carbon tetrachlorideand aqueous-phasedissolved
carbon tetrachloridethat interceptthe borehole in the subsurfacemay migrate
downward along the outside casing of the well. In addition,these fluids may "
be channeled along preferentialpathways,such as fracturesor large,
interconnectedpores, within the unsaturatedzone.

Due to its low dielectricconstant,carbon tetrachloridecan increase
the permeabilityof the subsurfacematerials and thereby strongly influence
its own mi!)rationpathway. Solutionswith high dielectricconstants, such as
water (Table _-3), will cause alumino-silicateclays to swell. A liquid with
a low dielectric constant, such as carbon tetrachloride,causes clays to
shrink, and therefore increasesthe permeabilityof the soil through the
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introductionof cracks and Fissures (Rohayand Johnson 1991). Although clay-
sized particleswhich includealumino-silicateclay minerals occur throughout
the unsaturatedzone, the Plio-Pleistoceneunit typicallycontains a higher
percentage (6% to 14%) (Wrightet al. 1994). This dielectricphenomenonmay
be responsiblefor increasingthe introductionof carbon tetrachlorideinto
and/or through this finer grainedunit.

o

5.5 GROUNDWATERCONTAMINATION

The plume of dissolvedcarbon tetrachlorideextends over 10 km2 in the
unconfined aquiferunderlyingthe 200 West Area. The zone of highest
concentrations(4,000 to 7,000 pg/L) still includesthe 216-z-gTrench,
suggestingthat the carbon tetrachloridedischargedthere has been providing a
continuous source of contaminationto the groundwater. Although the centroid
of the plume has not migrated significantly,the perimeterof the plume
appearsto be migratinglaterallyto the south, west, and north. Nearly 60%
of the mass of carbon tetrachlorideis containedwithin about 10% of the area
of the plume (Rohay and Johnson 1991).

Carbon tetrachloridehas been detected at or less than I% of its
theoreticalsolubilitylimit in water (800,000#g/L). Chlorinatedhydrocarbon
solvents are commonly observedto be at concentrationlevels in groundwater
well below their aqueoussolubilitylimits,even when the aquifer is believed
to contain separate phase liquid (Andersonet al. 1992). Possible explana-
tions proposed by Anderson et al. (1992) includethe preferentialformationof
thin flat pools rather than verticalfingersof DNAPL, which would reduce the
cross-sectionalcontact area betweenthe oncominggroundwaterand the DNAPL;
dilution of small aqueousplumes by dispersiondowngradientfrom the source;
and dilution of thin and/ornarrow aqueousplumes by uncontaminatedwater in
monitoring wells screened over lengthsof severalmeters, large relative to
the dimensionsof the plume. In addition,the wells monitor the top of the
aquifer and may not sample carbon tetrachloridepresentat depth.

An estimated2% of the total carbon tetrachlorideinventorycan be
accountedfor in the top 10 m of the unconfinedaquiferbeneath the 200 West
Area (Rohay and Johnson 1991). In making this estimate,it was assumed that
no carbon tetrachloridehad partitionedfrom the dissolvedphases into the
aquifer particles. However, a distributioncoefficient(Kd)of 0.0 to
0.2 mL/g was suggestedas likely for carbon tetrachlorideaqueous solutionson
Hanford soil based on batch Kd experiments(Last and Rohay 1993). Assuming a

" Kd of 0.2 mL/g in the upper 10 m of the aquiferwould indicatethat the mass
of carbon tetrachloridesorbed onto the aquifersolids is 3.6 times the mass

• dissolved in the pore fluids. Assumingthat 5,250 kg to 15,740 kg is
dissolved in the groundwater(Rohayand Johnson 1991), an additional 18,900 kg
to 56,660 kg could be sorbed onto the aquifersolids,which would account for
an additional2% to 8% of the carbon tetrachlorideinventory.

At one well northeastof the 216-Z-9Trench,groundwatersamples
indicate that there is deeply distributedcarbon tetrachloride52 m beneath
the water table. However, the well itself,which lacked an annular seal until
1987, may have provided the prefeYentialpathwayfor the downwardmigration of
contaminants. Column pore volume estimatesand numericalmodel simulations
suggest that at the 216-Z-9Trench,nonaqueous-phaseliquid carbon
tetrachloridemay have reachedthe water table by downwardmigration through
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the soil column, irrespectiveof whether poorly sealed wells provided a
preferentialpathway.

Some separate, liquid-phasecarbon tetrachloride/organicmixture may be
present in the form of residualsaturationor, perhaps, as a perched, dense,
nonaqueous-phase-liquidpocketwithin the aquifer. This could provide a
continuous source for groundwatercontamination,for example, at the
216-z-gTrench. However, nonaqueous-phaseliquid has not been observed.

These transport and inventorypartitioningestimateshave been made
using pure liquid-phasecarbon tetrachlorideproperties. However, the carbon
tetrachloridewas not dischargedas a pure liquid but as a mixture with other
organics (TBP, DBBP, and lard oil). The liquid properties (density,vis-
cosity, interfacialtension, and vapor pressure)of three representative
mixtures, 85:15 carbon tetrachloride:TBP,50:50 carbon tetrachloride:DBBP,and
50:50 carbon tetrachloride:lardoil, are presentedin Table 5-3. The organic
composites (even the carbon tetrachloride:lardoil mixture) were found to be
denser and more viscous than water (Last and Rohay 1993). Vapor pressure of
the carbon tetrachloride:DBBPand carbon tetrachloride:lardoil mixtures is
only half that of the pure carbon tetrachlorideand the carbon tetrachloride:
TBP mixture. The interfacialtensionbetween the 50"50 carbon tetrachloride"
lard oil mixture and a 5 _ sodium nitrate solutionwas found to be low,
suggestingthat the fluidsmay be somewhatmiscible,allowing them to mix and
behave more as an aqueous fluid (Last and Rohay 1993).

5.6 SORPTION

It has been estimatedthat 6% of the originalcarbon tetrachloride
inventory is contained (sorbed)in the soil (WHC Igg3a). This estimate was
based on a calculateddistributioncoefficient(Kd)for aqueous-phasecarbon
tetrachlorideof 0.192 mL/g and assumedpartitioningestimates. This value is
consistentwith batch Kd experimentswhich resulted in estimatedKdvalues for
carbon tetrachlorideaqueous solutionson Hanford soil that rangebetween .O0
and 0.2 mL/g (Last and Rohay 1993). It was noted in WHC (Igg3a)that the
level of uncertaintyin the soil inventoryestimateswas large and that
additionalmeasurementsof soil mineralogyand soil-water-partitioning
coefficientswould help refine the analysisof the unsaturatedzone inventory.

5.7 BIODEGRADATION

WHC (Ig93a) suggestedthat a portionof the 65% of the inventory
unaccountedfor in their residualinventoryestimatesmight be explained by
subsurfacebiodegradationof the carbon tetrachloride. Microbiological
analyses of sediment samples from well 299.-W15-217at the 216-z-g Trench and
well 2gg-w18-246at the 216-Z-IATile Field have shown increasedviable counts
(on the order of I to 6.6 colony-formingunit:) of culturable,aerobic,
heterotrophicbacteriawithin the Hanfordformationlower fine and the Plio-
Pleistoceneunits (Last and Rohay 1993). These n;icroorganismswere
metabolicallyactive,displayingactivitylevels on the order of 32.8% to
62.2% 14C02within the vicinity of these carbon tetrachloridedisposal sites.
The relatfonshipbetween these microorganismsand any biodegradationof the
carbon tetrachloride,however,has not been determined. Lenhard et al. (1992)
reported that microbial degradationof carbon tetrachloridehas been
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demonstratedwith a number of bacteria;however,the conditionsthat favor
biodegradationare predominantlyanaerobicor microaerophilicand, thus,
biodegradationin the predominantlyaerobicunsaturatedzone at the 200 West
Area may be rather limited.

In the groundwaterunder denitrifyingconditions,the carbon
tetrachloridewill degrade to carbon dioxide and chloroform. Given the right
microcosm, this degradationprocesscan occur after only 3 weeks. Under
methanogenicconditions,the carbon tetrachloridecan completelydegrade to

- carbon dioxide. Considerablevariationhas been observed in carbon
tetrachloridedegradationeven in similarsamples,suggestingthat microbial
populationsand their associatedactivitiescan be heterogeneous.

" 5-13
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APPENDIXA

WASTESTREAMDESCRIPTIONS,DISPOSALFACILITY DESCRIPTIONS,
ANDESTIMATEDDISPOSALINVENTORIES

AT THE ERA/VOC-ARIDID SITE

This appendix providesa descriptionof the various waste streams
discharged to the 216-Z-9Trench,216-Z-IATile Field, and 216-Z-18 Crib, the

- three primary carbon tetrachloridedisposal sites. Also described are the
waste disposal facilitiesand their estimated inventories.

WASTE STREAMS

Three principalwaste streamswere dischargedto the 216-Z-9, Z-IA, and
Z-18 facilities" aqueouswastes,organicwastes, and "lard oil."

Aqueous Wastes

Aqueous wastes amountedto approximately95% of the total waste
discharges to the primarycarbon tetrachloridewaste disposal facilities.
These wastes have been characterizedas an acidic, high-salt (5 to 6 5) sodium
nitrate (NaNO_)solutioncontaininglow levels of plutonium and other
transuranicelements. Primaryconstituentsconsistedof nitric acid,
fluoride, and phosphate (DOE-RL1992). Waste from the Recuplex solventcolumn
extractionconsisted of aluminum,magnesium, sodium,calcium, and other
metallic nitrate salts. These aqueouswastes were accumulated in a large
stainless steel tank and were periodicallybatch neutralizedto a pH of 2.5 by
the addition of sodium hydroxide. Organic liquids,consisting of carbon
tetrachloride,tributyl phosphate(TBP), and dibutyl butyl phosphonate (DBBP),
were found in saturationamounts in the aqueousphase (Rohay and Johnson
1991).

Organic Wastes

Two organic streamswere used in the Recuplex/PlutoniumReclamation
Facility (PRF) processes" a TBP-basedsolvent and a DBBP-based solvent. The
TBP-based solvent consistedof carbon tetrachlorideand TBP. The Recuplex
process primarily used a ratio (by volume)of 85"15 carbon tetrachlorideto
TBP, while the PRF process used a ratio (by volume)of 80"20 carbon
tetrachlorideto TBP (Rohayand Johnson 1991). Tetrachloroethylene(also
referred to as perchloroethylene[PCE]) and tetrabromoethanewere also used,
at times, in combinationwith carbon tetrachlorideat Recuplex (Rohay and
Johnson 1991). Ionizingradiationand nitric acid would eventually degrade
the TBP to dibutyl phosphate(DBP). The degraded solventwas periodically
discharged, in batches,to the soil column and replaced with a fresh batch of
solvent. Each batch of TBP-basedsolventamountedto approximately200 L
(Rohay and Johnson 1991). The DBBP-basedsolvent stream was used for batch
rework of aqueous liquid from the primaryextractioncolumn that exceeded
plutoniumconcentrationdischargespecificationsand/or for the americium
recovery processes (Rohay and Johnson 1991). The Recuplex process used a
ratio (by volume) of 50"50 carbon tetrachlorideto DBBP, while the PRF process
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used a ratio (by volume)of 70.30 carbon tetrachlorideto DBBP. The
DBBP-based solventwas then strippedof plutoniumand discharged,again to the
soil column and in batch mode. Each batch of DBBP-basedsolvent amounted to

approximately100 L.

•Lard Oi1•

A lubricating/cuttingoil (also referred to as fabrication["fab"]or
"lard" oil), a mixture consistingof a 75"25 ratio (by volume) of carbon
tetrachlorideto lard oil, was used as a lubricanton plutoniumcutting and
milling tools. Also, carbon tetrachloridewas used to clean the cutting oil
from the millings and work surfaces (Rohayand Johnson 1991). The used
lubricationoil, consistingof a new estimatedratio of 50-50 carbon
tetrachlorideto lard oil, was dischargedto the same waste disposal
facilities as the organic and aqueouswastes.

LIQUID WASTEDISPOSALFACILITIES ANDASSOCIATEDINVENTORIES

The physical design of the disposal facilitiesand their estimated
inventoriesare describedbelow. Additional detail is provided in Rohay and
Johnson (1991) and Last et al. (1991).

216-Z-9 Trench

The 216-Z-9 Trench is an enclosed,undergroundtrench (or chamber),
covered by a O.23-m-thickconcretepad. The base of the trench is 18.3 m long
by 9.1 m wide by 6.1 m deep. All concretesurfaces are lined with
acid-resistantbrick. The 36.5- by 27.4-m concrete trench cover is supported
by six 7-m-tall concrete columns (Rohayand Johnson 1991). Waste was
transferredby gravity to the trench via one of two 3.8-cm stainlesssteel
pipelinesthat terminated approximately5 m above the bottom of the trench.
Figure A-I is a schematicdrawingof this facility.

The 216-Z-9 Trench operatedfrom July 1955 through June 1962 and
received all the organic and aqueouswastes dischargedto the soil from the
Recuplex process. The 216-Z-9Trench receivedno other wastes. Table A-I
provides the estimatedwaste dischargehistory, and Table A-2 provides an
estimated waste constituentinventoryfor this facility.

216-Z-1A Tile Field

The 216-Z-1A Tile Field is similar in design to that of a commonseptic
tank drain field. The tile field was constructedin 1949 to receive overflow
liquid w_ste from three adjacentcribs: 216-Z-I,-2, and -3. Constructionof
the tile field was initiatedwith a 5.8-m-deepexcavation,having floor
dimensions of approximately35 by 84 m (Priceet al. 1979). The floor of the
excavation sloped (1%) slightlyto the south and was covered by a 1.2-m-thick
layer of cobbles. A herringbonepatternof 20-cm-dia.vitrifiedclay pipe was
placed on the cobble layer (FigureA-2). The piping system was then overlaid
with 15 cm of cobbles and 1.5 m of sand and gravel.
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Figure A-I. Map and Schematic Cross Section Through the 216-Z-9 Trench.
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Table A-I. Estimated Waste Discharge History for the 216-Z-9 Trench.

Total Total Total Total Total

liquid aqueous waste TBP waste DBBP waste "lard oil" waste
Year discharged discharged discharged discharged discharged

(L) (L) (L) (L) (L)

19S15 112.606+05 2.S5E+o5 3.016+03 Ii,51E+03 II 6.02E+02

1956 4.60E+05 4.14E+05 2.73E+04 1.36E+04 5.46E+03

1957 5.40E+05 4.94E+05 2.73E+04 1.36E+04 5.46E+03 -

1958 7.00E+05 6.55E+05 2.65E+04 1.32E+04 5.29E+03

1959 5.60E+05 5.13E+05 2.78E+04 1.39E+04 5.56E+03

1960 6.20E+05 5.72E+05 2.81E+04 1.41E+04 5.62E+03

1961 7.70E+05 7.07E+05 3.73E+04 1.86E+04 7.46E+03

1962 1.80E+05 1.65E+05 8.71E+03 4.36E+03 1.74E+03

Total 4.09E+06 3.77E+06 1.86E+05 9.30E+04 3.72E+04
....

Based on information from Owens (1981), DOE-RL (1992), Rohay and •
Johnson (1991), and Piepho et al. (1993).

Table A-2. Estimated Waste Constituent Inventor for the 216-Z-9 Trench.
..................

Total Total Total Total Total Total Total

Year liquid aqueouswaste plutonium TBP DBBP "lard off" carbon t_tra-
discharged discharged discharged discharged discharged discharged chloride

(L) (L) (g) (L) (L) (L) discharged (k)
,ill ,i ,i

1955 2.60E+05 2.55E+05 6.45E+02 4.52E+02 7.53E+02 1.51E+02 3.76E+03

1956 4.60E+05 4.14E+05 2.25E+03 4.09E+03 6.82E+03 1.36E+03 3.41E+04

1957 5.40E+05 4.94E+05 5.19E+03 4.09E+03 6.82E+03 1.36E+03 3.41E+04

1958 7.00E+05 6.55E+05 7.04E+03 3.97E+03 6.62E+03 1.32E+03 3.31E+04

1959 5.60E+05 5.13E+05 5.34E+03 4.17E+03 6.96E+03 1.39E+03 3.48E+04

1960 6.20E+05 5.72E+05 5.68E+03 4.22E+03 7.03E+03 1.41E+03 3.51E+04

1961 7.70E+05 7.07E+05 8.79E+03 5.59E+03 9.32E+03 1.86E+03 4.66E+04

1962 1.80E+05 1.65E+05 3.42E+03 1.31E+03 2.18E+03 4.36E+02 1.09E+04

Total 4.09E+06 3.77E+06 3.84E+04" 2.79E+04 4.65E+04 9.30E+03 2.33E+05 b -

'58 kg was removed in the 1976-1978 mining operation. This was 54% higher than originally estimated
and led to a 54 % correction factor to the inventory estimates, resulting in a total inventory estimate of
106 kg, with 48 kg still remaining (Ludowise 1978).
_rotal carbon tetrachloride inventory estimates range from 8.3E +04 to 3.00E + 05 L.

Based on information from Owens (1981), DOE-RL (1992), Rohay and Johnson (1991), and Piepho et al.
(1993).
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Figure A-2. Map and SchematicCross SectionThrough the 216-Z-IA Tile Field.
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The tile field was used in this configurationfrom 1949 to 1959. The
waste stream discharged to the three cribs and overflowingto the tile field
consisted of neutral to basic (pH B to 10) processwaste and analytical and
development laboratorywaste from the Z Plant via the 241-Z-361 settling tank.

Prior to reactivationof the 216-Z-IATile Field in 1964, a sheet of
O.05-cm-thickpolyethyleneand a 30-cm-thicklayer of sand and gravel were
added and the liquid waste dischargepiping was routed directly to its central .
distributorpipe. Between 1964 and 1969, a 5-cm-dia.stainlesssteel pipe was
progressivelyinserted inside the centraldistributorpipe to divide the tile
field into three operationalsections (216-Z-IAA,-IAB, and -IAC). During
that period, the tile field received the aqueous and organicwaste from the
PRF. No other waste disposal facilityreceived PRF wastes duringthat period,
except on two brief occasionswhile modificationswere made to the piping
system. On those two occasions,the waste was discharged to the adjacent
216-Z-I and -2 Cribs. Table A-3 providesthe estimatedwaste discharge
history, and Table A-4 provides an estimatedwaste constituent inventoryfor
the 216-Z-IA Tile Field.

216-Z-18 Crib

The 216-Z-18 Crib operated as a replacementfor the 216-Z-IA Tile Field,
receivingaqueous and organicwastes from the PRF between 1969 and 1973. This
drain-field-typecrib consists of five paralleltrenches,each 63 m long by
3 m wide and ranging from 4.5 to 5.5 m deep (FigureA-3). The floor of each
trench was covered with approximately0.3 m of gravel. Two parallel,
7.6-cm-dia.,fiberglass-reinforcedepoxy distributorpipes were placed on the
gravel layer within each trench. A centralpipe, consisting of a 7.6-cm-dia.
steel pipe, connects each trench. Another layer of approximately0.3 m of
gravel was placed over the distributorpipes in each trench. The grave] was
covered by a membrane barrier (polyethylene)that was then covered with
approximately15 cm of sand and backfilledto grade. The westernmosttrench
never received any waste (Owens 1991). Table A-5 provides the estimatedwaste
discharge history, and Table A-6 providesan estimatedwaste constituent
inventoryfor the 216-Z-18Crib.
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Table A-3. EstimatedWaste DischargeHistory for the 216-Z-IA
Tile Field.

Total
Total Total Total Total "lard oil"
liquid aqueous TBP waste DBBP waste waste

waste discharged dischargeddischargedYear discharged discharged
. (L) (L) (L) (L) (L)

.... i i llll i i ii ii i i

1949 6.00E+04 6.00E+04 NR NR NR
o

1950 1.00E+05 1.00E+05 NR NR NR

1951 1.00E+05 1.00E+05 NR NR NR

1952 1.00E+05 1.00E+05 NR NR NR

1953 1.00E+05 1.00E+05 NR NR NR

1954 1.00E+05 1.00E+05 NR NR NR

1955 1.00E+05 1.00E+05 NR NR NR

1956 1.00E+05 1.00E+05 NR NR NR

1957 1.00E+05 1.00E+05 NR NR NR

1958 1.00E+05 1.00E+05 NR NR NR

1959 4.00E+04 4.00E+04 NR NR NR

1960 Inactive ........

1961 Inactive ........

1962 Inactive ........

1963 Inactive ........

1964 4.40E+05 4.20E+05 1.01E+04 7.75E+03 1.86E+03

1965 9.20E+05 8.79E+05 2.11E+04 1.62E+04 3.89E+03

1966 1.50E+06 1.43E+06 3.45E+04 2.64E+04 6.34E+03

1967 1.19E+06 1.14E+06 2.74E+04 2.10E+04 5.04E +03

1968 1.00E+06 9.55E+05 2.30E+04 1.76E+04 4.22E+03

1969 1.55E+05 1.48E+05 3.56E+03 2.73E+03 6.55E+02

Total 6.21E+06 5.97E+06 1.20E+05 9.18E+04 2.20E+04

" NR = Not reported.
Based on informationfrom Owens (1981),DOE-RL (1992),

Rohay and Johnson (1991),and Piepho et al. (1993).
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Table A-4. EstimatedWaste ConstituentInventoryfor the 216-Z-IA Tile
Field.

Total
Total Total Total Total Total carbon

liquid plutonium TBP DBBP "lard oil" tetra-Year
discharged discharged discharged discharged discharged chloride

(L) (L) (L) (L) (L) discharged "
(L)

Ig4g 6.00E+04 3.00E+O0 NR .......NR....... NR' NR - "

1950 I.OOE+O5 5.00E+O0 NR NR NR NR

1951 1.00E+05 5.00E+O0 NR NR NR NR

1952 I.OOE+05 5.00E+O0 NR NR NR NR

1953 1.00E+05 5.00E+O0 NR NR NR NR

1954 1.00E+05 5.00E+O0 NR NR NR NR

1955 I.OOE+05 5.00E+O0 NR NR NR NR

1956 I.OOE+05 5.00E+O0 NR NR NR NR

1957 I.OOE+05 5.00E+O0 NR NR NR NR

1958 I.OOE+05 5.00E+O0 NR NR NR NR

1959 4.00E+04 2.00E+O0 NR NR NR NR

1960 Inactive ..........

1961 Inactive ..........

1962 Inactive ..........

1963 Inactive ..........

1964 4.40E+05 1.43E+04 2.02E+03 2.33E+03 9.29E+02 1.44E+04

1965 9.20E+05 1.10E+04 4.23E+03 4.86E+03 1.94E+03 3.02E+04

1966 1.50E+06 1.66E+04 6.90E+03 7.93E+03 3.17E+03 4.93E+04

1967 1.19E+06 6.99E+03 5.48E+03 6.31E+03 2.52E+03 3.92E+04

1968 1.00E+06 7.60E+03 4.60E+03 5.29E+03 2.11E+03 3.28E+04

1969 1.55E+05 8.16E+02 7.13E+02 8.19E+02 3.27E+02 5.09E+03 "

Total 6.21E+06 5.74E+04 2.39E+04 2.75E+04 1.10E+04 1.71E+05
Q

NR - Not reported.
Based on informationfrom Owens (1981),DOE-RL (1992),Rohay and

Johnson (1991), and Piepho eta _. (1993).

A-IO



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

Figure A-3. Map and Schematic Cross Section Through the 21G-Z-18 Crib.
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Table A-5. EstimatedWaste DischargeHistory for the
216-Z-IBCrib.

i i i i.,il

Total
Total Total Total Total "lard oil"
liquid aqueous TBP waste DBBP waste

waste waste
Year discharged discharged dischargeddischarged discharged

(L) (L) (L) (L) (L) .

1969 5.7'2E+'05 5.50E+05 1.2iE+04 9.44E+03 ....NR..........

1970 7.99E+05 7.69E+05 1.69E+04 1.32E+04 NR

1971 8.84E+05 8.51E+05 1.87E+04 1.46E+04 NR

1972 1.24E+06 1.19E+06 2.63E+04 2.05E+04 NR

1973 3.66E+05 3.52E+05 7.75E+03 6.04E+03 NR

Total 3.86E+06 3.72E+06 8.18E+04 6.37E+04 NR

NR - Not reportecl.
Based on informationfrom Owens (1981),DOE-RL (1992),

Rohay and Johnson (1991),and Piepho et al. (1993).

Table A-6. EstimatedWaste ConstituentInventoryfor the 216-Z-18 Crib.
il i i ii i i i

Total
Total Total Total Total Total carbon
liquid plutonium TBP DBBP "lard oil" tetra-

Year discharged dischargeddischargeddischarged discharged chloride
(L) (g) (L) (L) (L) discharged

(L)
1969 5.72E+05 4.27E+03 '2.42E+03 2.83E+03 NR' 1.63E+04

1970 7.99E+05 5.01E+03 3.38E+03 3.96E+03 NR 2.28E+04

1971 8.84E+05 5.53E+03 3.74E+03 4.38E+03 NR 2.52E+04

1972 1.24E+06 6.87E+03 5.25E+03 6.14E+03 NR 3.53E+04

1973 3.66E+05 1.27E+03 1.55E+03 1.81E+03 NR 1.04E+04

Total 3.86E+06 2.30E+04 1.64E+04 1.91E+04 NR 1.10E+05

NR -"Not repor'ted.
Based pn informationfrom Owens (1981),DOE-RL (1992),Rohay and

Johnson (1991),and Piepho et al. (1993).
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APPENDIXB

" GEOLOGYOF THE ERA/VOC-ARIDID SITE: 1994 UPDATE
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APPENDIX B
GEOLOGY OF THE ERA/VOC-ARIDID SITE: 1994 UPDATE

This appendix providesa detailed descriptionof the lithology (i.e.,
composition,grain size, sorting,porosity,cementation)and stratigraphic
relationshipsbetweengeologic units beneaththe Carbon Tetrachloride

" ExpeditedResponseAction/VolatileOrganic Compound- Arid Integrated
Demonstration(ERA/VOC-AridID) site. These refinedinterpretationsare based

- on evaluation of the followingtypes of data: (I) driller's logs, (2)
particle-sizeanalyses,(3) calcium carbonate (CaC03)analyses, (4) moisture-
content analyses, (5) geologist'slogs, and (6) gross gamma logs. These data
were evaluated in accordancewith characteristicsidentifiedby Bjornstad
(1985) and DOE (1988) and to distinguishbetween primarygeologic units.
Interpretationsand nomenclaturewere based on those by WHC (1991, 1992);
Rohay et al. (1993);and Singletonand Lindsey (1994). The quality and
quantity of boreholedata vary greatly from boreholeto borehole and are
subjectto multiple interpretations. In addition,many of the boreholeshave
not been accuratelysurveyed,so elevationof the various geologic contacts
may be off a few meters.

The subsurfacegeologyof the ERA/VOC-AridID site consists of a thick
accumulation(>150m) of clastic sedimentarydeposits overlyingbedrockof the
Miocene Columbia River Basalt Group. These suprabasaltsediments include
lithologicunits assignedto the late Miocene to PlioceneRingold Formation,
the Plio-Pleistoceneunit, and the PleistoceneHanford formation (informal
name). A thin veneer of Holocene eolian sand locallyoverlies the Hanford
formation. Figure B-1 illustratesthe general stratigraphyand nomenclature
for the units beneath the site. Each of these principalgeologic units is
describedbelow. The estimatedelevationof the interpretedgeologic contacts
used throughout this appendixare provided in Table B-I. Figure B-2 is the
location map of wells used at the ERA/VOC-AridID site, and Figures B-3
through B-6 give the detailedcross sectionsthroughthe site.

ELEPHANTMOUNTAIN MEMBER

The Columbia River Basalt Group (Swansonet al. 1979) forms the bedrock
beneath the site and contains the regionallyextensiveconfined aquifer
system. The ElephantMountain Member of the SaddleMountains Basalt is the
uppermost unit in the ERA/VOC-AridID area and is continuousbeneath the site.

- Hydrologically,the ElephantMountain Member acts as an aquiclude,confining
the Rattlesnake Ridge aquiferbeneath it and formingthe base of the

. unconfined,suprabasaltaquifer system. The surfaceof this unit dips gently
to the southwesttoward the axis of the Cold Creek syncline (FigureB-7).
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Figure B-I. Generalized Stratigraphy and Nomenclature of the
ERA/VOC-Arid ID Site.
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J Hanford Pile- PdngokJ Formltk)n SM "_

Well Plant Coordinates Ground Drill Hoiocene Pleis Basalt __,[3"
Eleva- rO

Number ' tion Depth Upper Upper Lower Lower Upper Unit Lower Unit E.M.
I ] Fine Coarse Fine Coarse Fine ' Unit E Mud A Ba,alt

North I West
Backfill I Sand _ I

z ii z i. i lull izm i z _•

299-W 145 41269" 75441' 664 240 664 NP NP 652 638 NP NP 687 NP 547 ETD.
. rl. 1

...J

299-Wl 4-6 41469' 75441' 665 240 NP 665 NP 648 612 NP NP 566 NP 543 ETD l'rl (1)
PO<

299-W14-7 40003' 40003' 677 531 NP 677 NP 672 687 NP NP 658 NP 547 253 214 159 _ m_¢--P,,

_,-=.

299-W15-1 40962' 76576' 670 300 NP 670 NP 665 640 697 565 650 538 495 ETD O O
..... C") :3 :E:

J -f..
299-Wl 5-4 41200' 75700' 660 217 NP NP NP 660 620 NP NP 540 NP 537 ETD .3> O ¢-_

"-h I..,4°

299-Wl 5-5 39537' 75984' 668 599 NP 668 NP 651 609 NP NP 548 NP 531 241 187 141 (:::LG'_
, (1) I,---00

I'rl
299-W15-6 40005' 75765' 659 410 NP 6_9 NP 650 620 NP NP 551 530 510 ETD [:_ ._= '_

O I
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¢-l- <

(1) ¢n
299-W15-14 39990' 78089' 695 581 NP 695 NP 693 593 NP NP 540 528 517 240 219 194 ¢..t-

...I.

299-W 15-16 40269' 77387' 682 243.5 682 NP NP 672 647 607 NP 542 517 507 ETD _ :3 C_
.... C) ¢"P

299-W15-17 40221' 77387' 683 450 NP NP NP 683 650 602 NP 547 512 507 247 ETD -h ::3"m

299-Wl 5-18 39705' 77383' 684 242 NP NP 684 664 648 582 NP 553 635 513 ETD "_" ._._

299-W 15- 20 41028' 78120' 695 245 NP 695 NP 685 618 575" 565 658 NP 619 ETD "_":3
...I.

299-W15-23 40680' 78119' 696 240 NP 696 NP 680 599 NP NP 545 625 610 ETD _l-
,.,

299-W15-216 39698' 75793' 661 210 661 660 NP 647 615 NP NP 552 NP 541 ETD O
"h

299-W15-217 39811' 75998' 669 123.4 NP 669 NP 651 616 NP NP 555 ETD ¢-t-
::3-

299-W 15- 218 40027' 75866' 665 206.1 665 659 NP 651 610 NP NP 558 NP 545 ETD rl),.
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Table B-I. Elevationof Geologic Contacts in the Vicinity of the
ERA/VOC-Arid ID Site. (sheet 2 of 3)
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I _
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Figure B-2. Location of Cross Sections Within the ERA/VOC-Arid ID Site.
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Figure B-4. GeologicCross SectionB-B'.
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Figure B-7. Structure-ContourMap of the ElephantMountain Member
Beneath the ERA/VOC-AridID Site (contoursextrapolatedfrom data

outside study area).
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RINGOLDFORMATION

The Ringold Formationconsists of semi-induratedclay, silt, fine to
coarse sand, and pebble to cobble gravel. Ringolddeposits are grouped into
five facies (fluvialgravel, fluvialsand, overbank-paleosol,lacustrine,
basaltic alluvium)that are defined based on lithology,petrology,
stratification,and pedogenicalteration. The facies are summarizedas
follows:

(1) Fluvialgravel -- Consists of clast- and lessermatrix-supported
pebble to cobble gravel with a fine- to medium-grainedsand
matrix. Grain size distributionstend to be bimodalwith granules "
and coarse-grainedsand being rare. Crude to well-defined
stratificationand low angle, lenticularbeddinggeometries
generally dominate.

(2) Fluvial sand -- Fine- to coarse-grainedquartzo-feldspathicsands
displayingwell-definedstratificationdominate. Fining upward
sequences from less than one to severalmeters thick are common.

(3) Overbank-Paleosol-- Laminatedto massive silty sand, silt, and
clay displaying evidenceof pedogenicalterationdominate.

(4) Lacustrine-- Characterizedby well-stratifiedclay with
interbeddedsilt and silty sand.

(5) Basaltic alluvium -- Massiveto crudely stratified,weathered to
unweathered,basaltic,pebble to cobble gravel,commonly with a
mud-rich matrix dominates.

The distributionof facieswithin the Ringold Formationforms the basis
for stratigraphicsubdivision(Lindsey1991). The lower half of the Ringold
Formation,which underliesthe Hanford Site, is characterizedby fluvial
gravel- and fluvial sand-dominatedintervals,designatedunits A, B, C, D, and
E, that interfingerwith fine-graineddeposits typical of the overbank-
paleosol and lacustrine facies (FigureB-I). The lowest of these fine-grained
intervalsis designatedthe lower mud unit. Interstratifieddeposits of the
fluvial sand and overbank-paleosolfacies and strata dominatedby the
lacustrinefacies form the upper half of the Ringold Formation(commonly
referred to as the upper unit), which are primarilyexposed throughoutthe
White Bluffs along the ColmbiaRiver. The 200 Areas are underlainby a
combinationof unit A (FiguresB-8 and B-g), the lower mud (FiguresB-tO and
B-11), unit E (FigureB-12), and the upper unit (FiguresB-13 and B-14). The
upper unitpinches out beneaththe ERA/VOC-AridID site (FiguresB-8 and B-g). "
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Figure B-8. 3tructure-ContourMap of the Ringold FormationUnit A
Beneath the ERA/VOC-AridID Site (contoursextrapolated

from data outside study area).
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FigureB-g. IsopachMap of the RingoldFormationUnit A Beneath
the ERA/VOC-AridID Site (contoursextrapolated

fromdataoutsidestudyarea).
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Figure B-tO. Structure-ContourMap of the Ringold FormationLower Mud Unit
Beneath the ERA/VOC-AridID Site (contoursextrapolated

from data outside study area).
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Figure B-11. Isopach Map of the Ringold Formation Lower Mud Unit
Beneath the ERA/VOC-Arid ID Site (contours extrapolated

from data outside study area).
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Figure B-12. Structure-Contour Map of the Ringold Formation Unit E
Beneath the ERA/VOC-Arid ID Site (contours extrapolated

from data outside study area).
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Figure B-13. Structure-Contour Mapof the Upper Rtngold Formation
Beneath the ERA/VOC-ArtdID Stte (contours extrapolated

from data outstde study area).
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Figure B-14. IsopachMap of the Upper Ringold Formation
Beneath the ERA/VOC-AridID Site (contoursextrapolated

from data outside study area).
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PLIO-PLEISTOCENEUNIT

The Plio-Pleistocene unit includes all material overlying the Ringold
Formation and underlying the Hanford formation. This interval formerly was
divided into three units: (1) the Plio-Pleistocene unit; (2) early "Palouse"
soil; and (3) pre-Missoula grqvels (Myers at al. 1979, Tallman et al. 1981,
Bjornstad 1984, DOE1988, Last et al. 1989, Lindsey et al. 1991, Reidel et al.
1992). Recent core logging, borehole sampling, and outcrop studies indicate a
unified Plio-Pleistocene unit consisting of two subunits (locally derived and
distantly derived) better represents this interval because of uncertainties in
the stratigraphic relationships amongthe three units, and a paucity of
evidence to define a later, separate eolian unit (the early "Palouse" soil).

Major rivers (ancestral Columbia, Yaktma, and Snake), local stdestreams
and wind-deposited Plio-Pletstocene alluvium in the Pasco basin. The two
subunits of the Plio-Pleistocene unit are based on these different sources.
The major ancestral rivers transportedclasticdetritus from the northern
Rocky Mountains, Idaho batholith,OkanoganHighlands, CascadeRange, and
Wallowa Terrane consistingof quartziteand other metasediments,gneiss,
basalt, andesite,rhyolite,greenstones,and silicicmetavolcanics(Fechtet
al. 1987). Local sourcescontributedbasalt and material reworked from
previouslydeposited sediments. The distally derived subunit is not present
in the subsurfaceof the ERA/VOC-AridID carbon tetrachloridesite.

The locally derived subunit,which is present in the subsurfaceof the
ERA/VOC-AridID carbon tetrachloridesite, ranges from basalt-dominatedgravel
to sand and silt, with carbonate irregularlydispersedthroughout
(FiguresB-15 and B-16). At the ERA/VOC-AridID site, these sedimentsare
divided into two distinct sequences,fine sandy silt and carbonatecemented
sandy gravel.

The gravels are interbeddedwith sand and silt that vary from bedded or
laminatedto massive. The gravelsmark the course ui channelswhereas the
fine-grainedmaterial representsoverbankdepositionor eolian reworking.

Several forms of carbonateare developedin sedimentsof the locally
derived subunit, includingdisseminated(whichlightens the matrix and reacts

slightlywith dilute hydrochloricacid but is otherwise indistinct), i
filamentous,nodular,massive (which impregnatesthe matrix impartinga white
color and reacts stronglyto violentlywith dilute hydrochloricacid), and
partialto complete carbonatecoatingon clasts. Carbonatedeveloped
subaeriallyduring hiatuses in deposition;morphologicdevelopmentgenerally
reflects the length of time the surfaceswere exposed. But the absence of
associatedsoil horizons,no apparentdecrease in carbonatecontent with depth
in some of the carbonate layers (as would be expected in pedogenic
carbonates),and some carbonateswith texturesthat are not common to
pedogeniccarbonates indicatesthat groundwater(or capillaryfringe)
processesmay have influencedthe morphologyof some of these horizons.

Thickness (up to ZO m) and facies distributionare related to
depositionalenvironmentas well as to the erosionalsurfaceon top of the
RingoldFormationand post-depositionalerosion by the catastrophicMissoula
floods. Cold Creek or unnameddrainagesof UmtanumRidge depositedthis
subunitalong a northwest-trendingchannel or fan complex.
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Figure B-15. Structure-ContourMap of the Plio-PleistoceneUnit Beneath
the ERA/VOC-AridID Site (contoursextrapolated

from data outside the study area).
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Figure B-16. IsopachMap of the Plio-PleistoceneUnit Beneath the
ERA/VOC-AridID Site (contoursextrapolated

from data outsidestudy area).
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HANFORDFORMATION

The Hanford formationconsistsof uncementedgravel, sand, and silt
deposited by PleistocenecataclysmicLake Missoula floods (Fecht et al. 1987,
DOE 1988, Baker et al. 1991). The Hanford formationis divided into three
facies, all of which are found beneaththe 200 West Area. These facies are
gradationalwith each other and are summarizedas follows"

(I) Silt-dominatedfacies -- This facies consists of interbeddedsilt
• and fine- to coarse-grainedsand formingwell-stratified,normally

graded rhythmites. This facies is also referred to as slackwater
deposits,Touchet Beds,and graded rhythmites. The silt-dominated
facies is differentiatedfrom the laminatedsilts of the Plio-
Pleistoceneunit by the presence of interbeddedsand. The silt-
dominatedfacies was depositedin backfloodedareas during high-
stands of the Lake Missoula floods.

(2) Sand-dominatedor transitionalfacies -- Well-stratified,fine- to
coarse-grainedsand and granule gravel dominate this facies. Silt
content is variable and an open frameworktexture is common where
the silt content is low. Small pebblesand rip-up clasts may be
present in addition to lenticular,pebble-gravelinterbedsand
silty interbeds. These sedimentswere deposited in areas adjacent
to high-energymain flood channels and during periods of waning
flood flow.

(3) Gravel-dominatedfacies -- This facies generallyconsists of
cross-stratified,coarse-grainedsand and granule to boulder
gravel that containminor intercalatedsilt-richhorizons. The
gravels are generallyuncementedand matrix poor, displaying an
open frameworktexture. These sedimentswere depositedduring
high-energyflood events in main flood channels.

At the ERA/VOC-AridID site, the Hanford formationis divided into five
informalunits that are defined on the basis of the facies that comprise them.
These units are summarizedas follows"

(I) Lower fine unit -- This unit consists of interbeddedsilt and fine
sand (with occasionalbasalticgravel lags) of the silt-dominated
facies. This unit is present in the vicinityof the 216-Z-!A Tile
Field and 216-Z-18Crib, overlyingthe Plio-Pleistoceneunit

- (Figures B-17 and B-18).

. (2) Lower coarse unit -- Deposits of the gravel-dominatedfacies
dominate this unit, which is present in the vicinity of the
216-Z-IATile Field and 216-Z-12and 216-Z-18 Cribs. The lower
coarse unit overlies the Plio-Pleistoceneunit and Hanford

formationlower fine unit, where present (FiguresB-19 and B-20).

(3) Fine unit -- The fine unit consists of sand and minor gravel of
. the sand-dominatedor transitionalfacies. This unit is present

throughoutthe ERA/VOC-AridID site. Clastic dikes were
identifiedfrom amples recoveredduring the drilling of borehole
299-W15-218approximately45 m north of the 216-Z-9Trench
(FiguresB-21 and B-22).
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Figure B-17. Structure-ContourMap of the Hanford FormationLower Fine Unit
Beneath the ERA/VOC-AridID Site (contoursextrapolated

from data outsidestudy area).

im m

0 176 35g 706 Feet
I, I I ,, I

Scale = 359 ft

Contour Interval = 20 ft

B-30



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

Figure B-18. IsopachMap of the Hanford FormationLower Fine Unit Beneath the
ERA/VOC-AridID Site (contoursextrapolatedfrom data outside study area).
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FigureB-I9. Structure-ContourMap of the HanfordFormationLowerCoarse
UnitBeneaththe ERA/VOC-AridID Site (contoursextrapolated

fromdata outsidestudyarea).
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Figure B-20. IsopachMap of the Hanford FormationLower Coarse
Unit Beneaththe ERA/VOC-AridID Site (contoursextrapolated

from data outside study area).
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Figure B-21. Structure-ContourMap of the Hanford FormationFine Unit
Beneaththe ERA/VOC-AridID Site (contoursextrapolated

from data outside study area).

NP

• Boreholes Used for Map 0 1 Kilometer

• Boreholes Without Data I !

NP Not Present - Contour Interval : 25 ft

H940gOO4.1m
B-34



t! !



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

(4) Upper coarse unit -- Open frameworkgravels and minor interbedded
sands typicalof the gravel-dominatedfacies form this unit. It
is presentthroughoutthe ERA/VOC-AridID site (FigureB-23).

(5).Upper fine unit -- The upper coarse unit fines upward to gravelly
sand and sand of the upper fine unit. Borehole logs of the
200 West Area suggestthis unit is not widespread.

HOLOCENESURFICIAL DEPOSITS

Holocene-age eolian sand deposits locally blanket the surface of the
Hanford formation. Muchof these deposits, consisting of medium to very fine-
grained and occasionally silty sands, have been removed or redistributed by
construction activities.
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Figure B-23. IsopachMap of the Hanford FormationUpper Coarse Unit Beneath
• the ERA/VOC-Arid ID Site (contours extrapolated from data outside

study area). NOTE" The Hanford formationupper coarse unit
top is essentially the ground surface topography.
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APPENDIXC

GROUNDWATERELEVATIONSBENEATHTHE ERA/VOC-ARIDID SITE
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Table C-I. GroundwaterElevationsBeneaththe
ERA/VOC-Arid ID Site. (sheet 1 of 2)

Water Level ELevat|ons for Summer 1992

WELL(a) EW (b) Ns(b) 0ATE HEAO(C)

t4-0 76002 40003 6/9/92 465.8
• 16-6 76984 39637 6/9/92 467.5

16..6 76766 40006 3/11/92 467.4
16-7 76180 40880 1110/92 464.4
16-8 76910 38740 3/3/92 467.7

" 16-10 7(.)20 41080 6/9/92 464.3
16-16 78103 40330 6/11/92 466.3
16-16 77387 40209 6/11/92 488.9
16.10 77383 38706 6/11/92 466.2
16-19 77772 41041 6/11/92 464. 8
16-20 781 20 41028 6/11/92 484.9
16-23 78118 40680 6/11/92 466.1
16-24 78096 38861 6/11/92 465.5
16-216 76793 39698 6/22/92 467.6
18-9 76846 38862 5/7/92 467.3
18-17 70091 38256 10/2/92 468.7
18.21 78080 37794 6/11/92 466.6
18-23 781 20 38987 6/11/92 486.6
18-24 77180 38998 6/11/92 466.4
18.25 76034 37788 6/17/92 467.5
18.26 78097 39477 6/11/92 466.6
18-27 78103 38607 6/11/92 466.5
18.28 78096 38214 6/11/92 465.7
18.30 76641 38493 6/17/92 466.6
18.31 70032 38106 6/19/92 467.2
18.246 76779 38149 6/7/92 467.3
18-247 76747 38621 3/31/92 466.4
19-1 76481 37613 6/11/92 467.5
19-12 76466 38062 6/19/92 466.9
19-27 76072 37629 6/11/92 466. 9
19-31 76467 38276 6/19/92 466. 6
19-32 76459 37887 6/19/92 466.9

Water Level ELevations for Summer 1993

WELL(m| EW(b) NS (b| DATE HEAD (c)

16.6 76984 39637 6/17/93 466.6
16.10 76920 41080 6/1 6/93 462.8
16.16 78103 40330 6/24, I93 463.4
16.16 77387 40269 6/24 I93 464.0
16-18 77383 38706 6/24, r93 464. I
16-19 77772 41 041 6/24 '93 463.3
16-20 781 20 41028 6/24 I93 463.1
16-23 78118 40680 6/24 '93 463.3
16-24 78096 39861 6/24 _93 463.5
16-218 76866 40027 2/1 g '93 466.9
16-219 76004 40004 5/26 !93 466.9
16-220 76667 38886 7/22 _93 466.6
18-17 76091 39256 3/1/93 468.1

- 18-20 76477 38103 3/1/93 487.2
18. 21 78080 37794 6/24/93 463.5
18.23 781 20 38987 6/24/93 463.5
18.24 77180 38998 6/24/93 464.3
18.26 70034 37780 6/24/93 464.9
18-26 78097 39477 6124/93 463.5
18-27 78103 38007 6/24193 463.6
18. 28 78096 38214 6/24/93 463.6
18-30 75541 38493 6/22/93 466.1
18.31 76032 38 105 6/24/93 464.9
18"32 76709 37780 5/18/93 464.7
18.252 76931 39269 7/20/93 464.4
19-1 75491 37613 6/17/93 466.5
19.12 75456 38062 6/24/93 466.1
19-27 75072 37629 6/16/93 466.6
18.31 75467 38276 6/24193 466.1
19"32 715469 37887 6/24/93 486.3

(:-3
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Table C-I. GroundwaterElevationsBeneath the
ERA/VOC-AridID Site. (sheet 2 of 2)

1Aster Level Etevlttons for VInter 1993/1994

WELL(e) EWCe) NS(hI DATE HEAO(el

14-9 71_02 40003 12/2/93 482.7
16.6 75884 38637 1 2/2/93 485.0
16-8 76910 38740 12/3/93 484.9
16-10 70020 41000 12/2/93 482.4
16-16 78103 40330 12/10/93 443.3
16-16 77387 40200 12/14i93 44_8
16-18 77:_83 38706 12/10/93 464.0
16-19 77772 41041 12/10/93 443.2
16-20 781 20 41028 12/10/93 4413.1
16-23 78118 40880 12/10/93 443.3
16-24 78096 39861 12/10/93 443.4
18.21 78080 37794 12/10/93 463. 3
18-23 781 20 38987 12/10/93 463.4
18.24 77180 38998 12/10193 464.1
18.26 70034 37786 12/16/93 484.2
18.26 78097 39477 1 2/10/93 483.4
18.27 78103 , 38007 12/10/93 483.6
18-28 70004 38214 12/10193 463.6
18.30 76E41 3_14)3 12/16193 464.4
18.31 70032 38106 12116/93 484.3
18.32 76709 37780 12/10/93 464.7
19-1 76491 37613 12/2/93 466.4
18.12 76466 38062 12/16/93 444.4
19-27 76072 37629 12/16/93 484.6
19-31 71467 38276 12/1 6/93 444.4
19-32 76469 3?887 12/16t93 444.6

(e) Well nwnbe_ pmoededby 298..
(hi EWRI8 am Hanfonl Coontms.
(c) To oonvwt feet to metro, multiply by 0.3048.

" C-4
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03106194 BASELINE MONITORING STATISTICS - DECEMBER 1991 THROUGH DECEMBER 1993 Page 1 of 6
(OVM Readings - ppmv)

(all points) (all points) (all points) (aft positive poinls)i (all points_) Ilall positivepoints),

CPT 15-6 .......... 1'0400.0 ........... 0:0 " 1534.4i ..... 1613.10 205 195

CPT 15-84 259.0 0.0 17.72 28.65 131 81
....... , .......

CPT PNL-5 12.4 0.0 0.74 4.75 58 9, , , , , , ,

CPT-4B 5' 1093.4 0.0 39.23 78.45 38 19...........

CPT-4B 25' 137.8 0.0 17.02 20.86 38 31........... ,

CPT-4B 50' 216.8 0.0 19.20 26.75 39 28................. , ......

CPT-4B 75' 73.6 0.0 12.54 14.89 38 32 =[:
• " "I1"

CPT-4B 90' 485.6 0.0 41.72 54_67 38 29
.... , .,, .. . ..... , |

CPT-4C 10' 1058.6 0.0 33.28 54.98 38 23 r._........... , ,

I
CPT-4C 25' 81.2 0.0 10.47 13.26 38 30 r'rl

................... _Z

CPT-4C 50' 144.6 0.0 23.85 29.23 38 31 |
.............. ,

CPT-4C 75' 1251.6 0.0 72.13 94.52 38 29 ""I ................ I

CPT-4C 107' 479.2 0.0 46.56 68.05 38 26 -p,,
..... ' ....... CO

CPT-4D 10' 28.6 0.0 5.42 10.06 13 7 "
.... . ......

CPT-4D 25' 286 0.0 6.70 7.92 13 11 ::=o
..... . ..... (1)

CPT-4D 40' 28.6 0.O 8.46 11.00 13 10 ' <
, . . , . . ..,

CPT-4D 75' 61.0 0.0 14.97 19.46 13 10 o• . .,

CPT-4D 99' 49.0 0.0 14.68 21.20 13 9............

CPT-4E 10' 448.0 0.0 14.85 33.19 38 17
...... , , ,., , ,

CPT-4E 25' 60.4 0.0 6.96 10.17 38 26......

CPT-4E 75' 5158 0.0 28.49 38.66 38 28..............

CPT-4E 103' 135.6 0.0 17.26 24.30 38 27

CPT-4F 10' 333.4 0.0 14.47 28.13 35 18........ ..

CPT-4F 25' 365.0 0.0 20.96 31.89 35 23
.............. , ....

CPT-4F 50' 224.0 0.0 24.54 33.03 35 26.

CPT-4.F .75'' 125.6 0.0 17.11 24.95 35 24.,,

CPT-4F 109' 45.6 0.0 11.19 17.80 35 22..... . . , ,,

CPT-4G 100' 186.8 0.0 37.21 44.19 38 32.........

CPT-4H 75' 396.2 0.0 51.37 59.15 38 33
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(OVM Readings - ppmv)

MPLES i
all silive oinls

, , _ , , • ,, .... ! • .,. , .'I ,,',= "• = .........

CPT-4J 25' 2,5.6 0.0 5.08 7.43 38 26_ ., , , ,,

CPT-4L 50' 1568 0.0 20.36 24.96 38 3 !
= ....... , , , , .....

SG 86-4 62.9 0.0 7.03 12.34 86 49. ......

SG 86-5 ' 67.9 0.0 3.44 8.00 86 37,,.

SG 86-6 307.0 0.0 4.63 24.59 85 16,. .,, , . ,,,, , , ,.= ,, ,

SG 94-2 132.0 0.0 19.53 24.06 85 69
.... , ...... ,, ,

SG 94-4 71.2 0.0 10.10 11.45 85 75 ::z:
.... , .

SG 94-5 19.0 0.0 1.35 8.08 84 14 -',, =,, , , , , (J_

SG 94-7 22.2 0.0 1.18 6.28 85 16 C°l
rrt

SG C-1 20.6 0.0 2.10 4.58 198 91 z
, , ...... |

o E;GE-2 407.0 0.0 12.78 27.95 199 91..... •

I I
.._ E;GE-3 17.5 0.0 1.22 3.90 195 61 ro

.... ,,,,

E;G N-t 4.8 0.3 2.55 2.55 2 2
.... . =,,, , ,

SG N-2 112.8 0.0 2.52 5.74 t96 86..... "., _[_.........

SG N-3 95.0 0.0 2.80 5.11 188 103 <c°....................

SG N-5 204.8 0.0 2.50 6.58 200 76
"• ' ' '" .... ' ' ' ' ' ' ' =' " ' O

SG N-3 1249.6 0.0 7.44 24.89 194 58
.... , , .

SG N-7 134.6 0.0 4.15 7.21 200 115., , , .....

SG N-8 10.0 10.0 10.00 10.00 1 1, ,, . ,.

SG N-9 517.2 0.0 7.37 12.12 199 121............ . ,., ..... , ,

SG S-1 0.6 0.6 0.60 0.60 1 1, ..... ,,.

SG W-1 291.2 0.0 2.92 7.27 197 79................

$G W-3 2.4 2.4 2.40 2.40 1 1
, . = , .....

SG W-5 50.2 0.0 2.93 4.66 .194 122
,, . . ,,,,. , ,

W 10-15 0.1 0.0 0.00 0.10 84 1
.,

W 10-16 0.0 0.0 0.00 0.00 84 0

W 10-17 0.2 0.0 0.00 0.20 84 1
,,. ., ., ......

W 10-18 0.2 0.0 0.00 0.20 83 1
.......

W 10-71 0.0 0.0 0.00 0.00 78 0.......... , ,



03108194 BASELINE MONITORING STATISTICS -bECEMBER 199t THROUGH DECEMBER 1993 Page 3 of 6
(OVM Readings - ppmv)

I " ! I I I , , iSAMPLE POINT MAXIMUM MINIMUM AVERAGE AVERAGE I # SAMPLES I # SAMPLES

. (all points) (all points) (all points) (all posilive poinls)l (all points) I(all positive poi.ls)l.

w _ -- W 10--8i - ' I Ol"O I 0"0 O'OO O'OO ' 78 0 "....

W 10-9 3.9 0.0 0.08 2.10 84 3....

W 11-1 2.3 0.0 0.04 1.23 84 3
....... ,,, , ,,

W 11-27 ' 0.1 0.0 0.00 0.10 84 1

W 1!-28 O.1 0.0 0.00 O.10 83 1..... , ....

W 14-12 3.8 0.0 0.06 2.57 84 2......

W 14-51 0.1 0.0 0.00 0.10 83 1 =z::
C'3

W 15-12 4.3 O.O I 0.08 2.26 84 I 3 |
¢J3

W 15-13 0.2 0.0 0.00 0.20 83 1
.... .,. |

W 15-216 1271.0 0.0 40.18 123.06 49 16 m
'' , ........... Z

I
W 15-216 Lower Inlerval 588.0 0.0 39.68 105.23 61 23

' .,, ,, , ,. ,. ,

| W 15-216 Upper Inlerval 621.0 0.0 42.09 142.62 61 18 T'

W 15-217 3997.0 0.0 127.83 349.86 104 38 "P".,, , . , ,. (_)

W 15-218 479.6 0.0 68.56 137.12 28 14 "........ , ,,,

:pO
W 15-218 Lower Inlerval 212.6 0.0 22.79 72.92 16 5 co

W 15-218 Upper Interval 170.6 0.0 20.52 46.91 16 7 •

W 15-219 Lower Interval 31.8 0.0 3.48 26.10 15 2 o.................... . .,,

W 15-219 Upper Inlerval 204.5 0.0 29.55 88.66 15 5
.....................

W t 5-22 9.6 0.0 0.18 3.79 85 4• . . ,, , ....... , ....

W 15-220 Lower Interval 114.8 0.0 16.99 63.70 15 4. ...............

W 15-220 Upper Inlerval 124.0 0.0 15.95 59.83 15 4.... , ......... . ...... _,

W 15-4 49.8 0.0 1.76 8.30 80 17..... ...............

W 15-5 401.0 0.0 14.33 39.08 150 55..... ; ......

W 15-6 1367.0 0.0 34.86 77.51 189 85,.

W 1-64 0.1 0.0 0.00 0.10 83 1,, , ,..

W 15-66 0.6 0.0 0.01 0.35 83 2

W 15-76 2.3 0.0 0.04 1.00 83 3..............

W 15-8 14.0 0.0 0.16 2.57 143 9....... .............

W 15-82 10000.0 0.0 383.96 651.07 195 115.



03108194 BASELINE MONITORING STATISTIC8 -DECEMBER t99t THROUGH DECEMBER t993 Page 4 or 0
(gYM Readings - ppmv)

sAMPLEP()iNT "! MAXIMUM" '! MINIMUM I AVERAGE" I AVERAGE' J #SA_APLES I #SAMPLES.... (all points) ,, ,(allpo.in!s)...... (,al!points) (all POSitivepo!nts)! (all POints), I(all positivepo!nls)|
., . - ,. i ...... 1 __ I . _ .... ,.,

W 15-84 1295.0 0.0 26.95 91.92 191 56=,, . , = . ,, ,

W 15-85 5737.0 0.0 142.12 349.84 160 65,. . =., . ,, ....

W 15-86 21.8 0.0 0.23 2.56 144 . 13
, . , , ,, ,, , . . , . ,

W 15-9 ' 199.8 0.0 11.81 38.07 158 49
, .,

W 15-95 10704.0 0.0 206.52 440.41 177 83• .

W 18-1 1018.0 0.0 16.58 42.23 191 75
.... , ,, , ,, .......

W 18-10 442.0 0.0 33.28 57.06 36 21
.......

W 18-11 188.4 0.0 4.32 13.53 194 62
.......... . . • ,., ,, , , , . , . , _, |

W 18-12 199.0 0.0 5.60 18.45 191 58 u'J
..... , . ....

I
W !8-1.52 119.0 0.0 7.36 19.04 88 34 r,'z

Z
W 18-153 1671.5 0.0 28.07 82.47 191 65 z

• ,,,,. , , ,., ,, ,, , ,

I0 W 18-155 0.0 0.0 0.00 0.00 64 0 ",,, .,. |

I%,)
o_ W 18-157 696.5 0.0 8.24 30.84 191 51 ._'" , ' ' ,',, , ,,,. , ,,,,,. m , . , . .

W 18-17 135.0 0.0 4.47 16.35 183 50 co=. . .....

W 18-171 140.5 0.0 3.82 12.69 209 63 _o
' ..... "' " "= - (D

w lq-le . 28.2 _ 0.0 0.70 4.06 180 31 <
W 18-19 22.8 0.0 0.48 4.15 180 21 o

. ,

W 18-2 806.0 0.0 22.24 47.72 191 89..... ., ,, ,

W 18-24 336.0 0.0 6.79 18.90 192 69
. ,, , ,,, =,, . ,, .. ,, • ,, ,,

W 18-248 498.0 0.0 60.06 110.63 35 19= ,, .... .,.

W 18-246 Lowe.r Inlelval 450.0 0.0 21.20 43.71 101 49, ., •, .. , •

W 1.8-246Upper Inte,rv.a,I .3,82.0 0.0 10.45 2.9.7.7 94 33
W 18-247 180.0 0.0 8.78 23.04 63 24,,, . .., ,, , ,

W 18-247 Lower Interval 114.0 0.0 10.14 38.01 60 16
. ,. =.,, , .= ,, _

W 18-247 Upper Interval 47.0 0.0 4.64 12.31 61 23.... . ,,

W 18-248 1532.0 0.0 23.76 107.70 138 30.. ., ,

W 18-249 120.0 0.0 9.34 19.41 133 64
, = ,., . ,

W 18-29 11.4 0.0 0.19 5.49 87 3
W 18-30 1.7 0.0 0.85 1.70 2 1• .

] a s i



03/08194 BASELINE MONITORING STATISTICS - DECEMBER 1991 THROUGH DECEMBER 199:$ Page 5 of 6
(OVM Readings - ppmv)

SAMPLE POINT f MAXIMUM I MINIMUM [ AVERAGE ! AVERAGE I #SAMPLES I #SAMPLES• (all poinls) (all points) !all poinls) (all posilive Poinls)l (all poinls) I(all posilive po!nls)

........ : ' ' , . . . . li .. , = ,, .,m ..... , , ..

W 18-5. 0.0 .... 0.() 0.00" 0.00 2 0....

W 18-6. 1073.0 0.0 23.97 52.52 184 84
............

W 1.8.-7 474.0 0.0 11.97 30.52 181 71

W 18-82 12.0 0.0 0.35 .2.19 . !96 31
W 18-85 238.5 0.0 11.60 26.23 199 88• , J

W 18-86 170.0 n.,1 7.90 22.98 195 .... 67 _:
..1-

W 18-87 7Q.0 0.0 2:93 8.74 209 70 J
W 18-88 5.3 0.0 0.13 1.07 194 23...........

W 18-89 212.0 0.0 3.30 13.98 " 195 46 I
• ,, ,, , rll

W 18-9 259.0 0.0 6.75 20.14 194 65 z..... ,.... , ....... I

W 18-93 114.0 0.0 1.38 9.93 194 27 -.,I

, W 18-94 117.7 0.0 2.04 12.93 198 31 r,o
".4 ........................ -I_

.... W 18-95 169.4 0.0 4.34 21.15 .... 1.95 40 oo..

W 18-96 2.4.6.5 0.0 8.62 34.11 186 47
W 18-97 1.7.5 0.0 3.56 6.18 33 19 <,. - •

W 18-98 39.0 0.0 1.22 4.90 1114 .... 46 o
W 18-99 .56.0 0.0 0.63 3.37 171 32• . .....

VR-1 at Z-18 0.0 0.0 0.00 0.00 4 0,.,

VR-2 at Z-! 8 .. 1.8 0._0 0.45 1.80 . 4 _ 1
VR-3 at Z-18 .0..0 0.0 0.00 0.00 4 O

VR-4 al Z-18 _0.0. 0.0 0.00 0.00 4 0., , ....

-• ___ VR-5 at_Z-18 0.5 0.0 ..... 0.13 0.51 4 1
• DAYTON &.16T H 0:0 0.0 0.00 0.00 1 0..... , ,

FENCELINE S OF Z1A CRIB 0.3 0.3 0.30 0.30 1 1......

NE FENC E CORNER 0.0 0.0 0.00 0.00 1 0.........

NE PERIMETER 0.0 0.0 0.00 0.00 1 O....

NW FENCE CORNER 0.0 0.0 0.00 0.00 1 0

NW PERIMETER 0.0 0.0 0.00 0.00 1 0

S OF Z-9 0.0 0.0. 0.00 0.00 1 0
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(OVM Readings - p_v)

• =,._,_,o.,,, M,X,MUM'"I MINIMUM 'I' AVERAGE I AVERAGE I #SAMPLEs I .sAMPLES........ (all points) . (all points) (all points) I(a!lpositivepoints)! . (al! points) Ila!l posi!ivepoinls)

' i I I i , I I II I = .....

SE FENCE CORNER 0.4 0.4 0.37 0.37 1 1............ . , m.

SE PERIMETER 0.0 0.0 0.00 0.00 1 0,,

SW FENCE CORNER 0.0 0.0 0.00 0.00 1 _ 0............ , ,, , ,. .,

SW PERIMETER ' 0.3 0.3 0.30 0.30 1 1
.......

Z18 CRIB BETW V-R 1 & 2 0.0 0.0 0.00 0.00 1 0 ::!::
........... ii i • i , , , _._ i _ i ,,

I

¢:3
I

r'q
Z
I

¢:3 --4
I

(3o I
Po

(3o
,,,=

¢D
<
e

o
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1.0 _QN

Northeast Research Institute, Inc. 0qERI) ocrducted a _tion of the
• Petrax passive soil gas method at the Department of Energy's Hanford,

- Washingtcm site for Battelle Pacific Northwest Laboratory (Battelle). The
puzpose of this _t/on was to detazmine if the Petrax soil gas
mmthod was an appropriate method for locatir_ and identifying volatile and
semivolatile _c crmpounds C4OCs and S%DCs) at this site and if so, to

the most a_ru__ate field _ time. Specific ccm_xux_ of
interest included carbon tetrachloride (CCLa)_ met/_lene chloride,
chloroform, trichloroethene (TCE), tributyl _m_h_te (TBP), dibutyl butyl
phos= te (DBBP),dib= 1 (DBP),monobutyZ CMBP),
and triglycerides (lard oil).

2.00_

objectives of this soil gas survey _ to:

1. Determine if the Petrex passive soil gas method was appropriate for
this site;

2. Determine the most appropriate sampler field exposure time at this
site; and

3. Collect and report VOCs and SVOCs in the soil gas.

3.0 _CF'_E _'_C33_O3E_ [:IE_IRS_I_D,_,-T _ _4.-'_q:1_ $I'I_

Each Pe_ soil gas sampler consisted of two soil gas collectmrs, each a
f_c wire ooatad with an activated carbon adsorbent. _ wires
wmre packed urder an inert atmcephere in a screw top glass culture tube.

3.1 _q_p1er Insta//atlmn

Each soil gas sampler was installed by unsealing the sampler and placing
it (open end down) in a hole 14-18 inches deep. _he sampler was then
backfilled with the original exEavated soil. To complete installation,

" the sampler location was marked with a numbered pin flag.

3.2

Once a wmek for five wmeks, a sampler was rtwcrieved fran each site,
resealed, l_m/led, and _,_-_ttad to the NERI laboratory for analysis.

-i-
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_11ecT.i,:mwirm was analyzed _ _ D,_=L:,e.i_ Spec'=_matry
(TD-MS) and the other was analyzed by Thermal Desorption-Gas
Chromatography_ S-____ (TD-GC/MS). _he TD-MS analysis was .

with an _ _le _ _'_:---,t__ interfacedwith a

each tube was recmm_d, and any missing or _plicata m_rs was noted.
_he entire _ of each week's ssmglers wu analyzed as ane run Without
interruption. The r_Llts were _ as a mass spectn_, with
interuity of the soil gas signal on t_ wrtical axis, ar_ ataaic mass

. units (A_J-}on the _ a.YJ.s. _ mass _ are _ in
AI__ix A.

_he TD-GC/MS analysis was _ by using a _focusing unit, a
pyrolyzer, a gas chromatograph, and a mass spectrometer on a
Hewlet_-Packaz_ _. 'J_secollectic_ wires were analyzed and then a

re_rt_ as __, mass _, and tables of cm%s_rized sear_
results.

4.0 _mL_ asmmm_UaLn_ umm_ _m _ mmmmm _

_tely tan _ of th_ Petrex surve/ samplers cm_ain three
_ollec_ion wires. _ thir_ wires were used for _mlity _i. One
of the quality c=_rol wires was used to test the mass spectzameter's
c_m__atLngcanditionm prior to analyzing the samples. Some of the other
quality _i collectors ware used to check the tG=.IL_

sensitivity d_.='ingsurvey analysis. In addition, quality control
collectors were used to c_mpare _ _ility of the sample

mity ammwa. main m to
mam/facturm_'sspecificatiar_and analysisof blank wires.

4.1 _vel _

For each of the five _ of samplers,two P_rex travel blank samplers,
%_%i_hz_ained sealed, traveled with the mnvey samplers frcm the lab, to
the field, and hack to the lab. _ _ blank samplerswere analyzed .
__a_ly with the survey ssm_lers under the same cgeratin_cmxlitions
on the mass _L_,._Lar. _se results of the analysis of the tan travel

L-cad signiflcar peaks in mass
were a_le to the atmospheric_ nammrlly seen an all
samplers.

-2-
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5.0 FIELD Acl'iV.L'i'_

A NERI geologist and a Battelle representativeinstalled a total of 25
Petrex soil gas samplers at this site. Five samplers were placed

- approximately one foot apart at each of five sites within the DOE
facility. All of the samplers _are instad/ed app_tely 18
below the surface. _he coii_ were divided into the foll_ing fivew

groups:

Site i: Suspected _ted Area- SaluplesI, 2, 3, 4, S
Site 2: SuspectedContaminatad_m - Samples 6, 7, 8, 9, I0
Site 3: SuspectedContaminatedArea- Samples 11, 12, 13, 14, 15
Site 4: SuspectedO:ntam/ratedArea - Samples 16, 17, 18, 19, 20
Site 5: Ccrd:rDlUnccrfcami2_tedArea- Samples 21, 22, 23, 24, 25

A Battelle representativeretrieved cme sampler from each site each week
for five weeks. _he samplers were sealed upon removal and submitted to
NERI's _, Colorado laboratoryfor TD-MS analysis. Further analysis
by _/_s was performedon all of the samplersin NERI'sFarmington,
Cmmecticut laboratory.

6.o _ cEgom_zc__ _ ('m-_)

One collector wire from each survey sampler was analyzed by NERI's
stardard TD-)_ method. _he results of each analysis was provided in two
types of _. One type of _ was a namerical data file which
listed one column of atomic mass traits(AFEs)or peaks and a seccrd column
of the corl_s[_J/g ion cmtEfcsfor each AMU. _e second type of output
was a grapi_ical representation of the numerical data file. _hese
__i_i _4__ati=_ _ _ _ m_c=a _ inAm_xnixA.

Interpretationof the suzvey mass spectraproceeded by visually cumparing
the mass assignmm_ of e_h peak and th8 ratio oE peak heights to
r_f_ spectra where the peak _ were _y __rti=_1 to the

of ion counts at a peak. Ion comfc values are used to illustrate
the relative intensityof each peak and are the unit of msasure generated
by mass spectrometric analysis. Ion counts do not represent a
concentration measurement but are very useful in showirg relative

" differences in r_mm_se over the five wee/usof exposure. Upon completion
of the interpretation,six omEx:xmds _ selected to best reprssent the
results of the suzvey.

In order to ccm%_arethe relative level of respcmse for each of the six
o__ from one week to _ week, one unique or ind£catorpeak out
oE all the peaks associated with each cm_mmd was selected. Tabl_ 2
lists the reported o__ and their indicatorpeaks. Table 3, Appendix
B, lists the ion counts of each c_¢und indicatorpeak as a function of
site location and length of expcmm_.

--3--
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_U_J_ 2
Pa_o_ c_ and _ Sel_ Lndicator Peaks

geCCcted Ccazom_ Ircticator P_
Toluerm 92 "
Bec_re 78
__chlo_d_m ('z_) 130 -

_a_ide (O:ZA) 121
Chlazofoma 83
'JLW=a=_lczt_:b_m(PCE, 1_

Table 3, Appmld._ B, lists the' results of each sample from the sit_ for
each of the six z_x:z'csd c.--._._-_ds. As can be seen, _me of the
_rus-related _ _ms cW_.._L'ted._, it was not expected
that these oompour¢_would volatilizeto a gas 12roseso that they cozld be
detectS. With the _¢eption of _lene _hloride, all of the other
_. c_-.:_,_is_ detecCad, as well as toluene, benzene, and POE.
Later in this _, the TD-GC/MS arsLlyseswill show the _ of

_d_ssi_ t_ _=rd dbj_¢i_ o_ d____j an approwiate _i_
for Patrex samplers at the Hartfordsite, rmrie_ of Table 3 shows that

for m¢_c c¢lqpo_clsthat the ion count values stabilized at the t_o
_pcsure :la_. Ton count data are usually _ on an ozder of
s¢jni_de _sis s_h _at _ differsx_ in =esp=ses are _sidered to

si_/zicm¢.

_.o _aSLamam_rcs-G_ _s_mc_:_mss _ ¢zD-_)

=_e TD-GC/MSc_ram_,-_- an_ :ass _ c_=ained during _ analysis
of _ Petnoc sm_ers _ were retrieved frc_ the Hartford site c_ a
weekly basis my be fcxwd in Boc_s 1-5. Eac_ book o=ntai_ the results
obta/ned dur_ the analysis of samplers _Ii_ were zlz_ed frc_ the five
sites simultaneously, thus, pzc_Iding infozmation pertaining to the
effects of the length of the exposure on the samplers' ability to adsorb
various _mds f=_ the soil gas. _e c_zxmds w_re identified by
eqplo_ _be _ _ routinewbi(m"__ abe mass spec-t.ra .
ob_aln_ during the TD_C/MS mnalysis of the Pmzex collector wires with

in the National Institute of Science and _logy's Libzazy of
__. _ _j_ _ m=__ _ _s=_ __ _ _
the _tar and vhere necusazy vezified _ _'s
identifications. A s_ndard mixture, omTcaln/n_ the six

in _ TO-m re__, _es _¢_ared to _=_dde gas d'ctmaao:jz'aphic
_an times a_ _ as mass spectral info=.a_ic_. _ _ was
run under the iden_cal _ticrs used to analyze the unkncx,n_.

-4-
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Additional quality control and quality assurance procedures were employed
for this study. A systems blank was _ on a daily basis; this
procedure provided information pezTa/_ to the status of the TD-C_/MS
system as a result of ccr_ a "no sample test" stardard. In addition

- to this procedure, a "_ _ wire" was run to identify the
presence of any low-level chemical species _ as a consequence of
 ling unkno m=ination.

8.0

B_ed _ the objectives of this _, the foll_ing conclusi_s _n be
made. Overall, the Petrex passive soil gas method has worked well for

this survey. __Three_of _th4ecompounds of _, TCE, CCL_,chloroform were ueuacue= at _ site. In _klition, toluene, benze6e _
PCE were also detected. Methylene _hloride was not dete_ad by the
analysis, and its _ was omlfizmed by _/MS analysis.

Scme of the _ of interest,TSP, DB_P, DSP, MBP, and triglycerides
_.re not debE_d .tn _s s_-vey _le to _Lr _0sence _ _e _ _.
_/s possibilitywas noted prior to the start of the sL_-v_-_,.

B_ed _ the TDe_ analytical results, t_ weeks is the appropriate
sampler field examinee time at this site. Aftar two weeks, the samplers

sufficient levels of the detected cmmpo_s and were within the
range of response normally used by NERI for mapping and reporting

-5-
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Fig_LreB-la. PY/MS Spectrum - Site # 1 - I Week Exposure
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Figure B-lb. PY/MS spectrum- Site # 1 - 2 Weeks Exposure
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Figur_ B-Ic. PY/MS Spccu'um- Site # I - 3 Weeks Exposure

Figure B-Id. PY/MS spectrum - Site # I - 4 Weeks Exposure
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IS9250.cnl #005 PK: 102 MAX: 165830 TIC: 3924039 MTIC: 2580460 I

Figure B-le. PY/MS Spectrum- Site # I - 5 Weeks Exposure

E-13

I !



WHC-SD-EN-TI-248,Rev. 0
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!
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Fi_u"e B-2b. PY/MS spectrum- Site # 2 - 2 Weeks Exposm'e
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169250.cnl #010 PK: 91 MAX; 117779 TIC: 2383704 MTIC: '1605604
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Figure B-2.e. PY/MS Sp¢ctnnn - Site # 2 - 5 Weeks Exposur_
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_B9230.CO_.#013 PK: BB MAX: _.36:[32__..__._TIC:_._._._-196B064----.__..__.HTIC:_._._.__"_.3990,'_______

I _

i

Fi_ B-3c. PY/MS $p¢c_ - Site # 3 - 3 We¢_ Expos_

'_69240 COC #0C4 PK: 72 MAX: C09638 TIC. _045093 MTZC: 49594B
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Figure B-3d. PY/MS spectrum - Site # 3 - 4 Weeks Exposure
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169250.cnl #020 PK: 90 MAX: 66496 TIC: 1210032 MTIC: 300781

Figure B-4¢. PY/MS Spe,cmam - Site # 4 - 5 Weeks Exposure

i
i

169240.cni #028 PK: 63 HAX: i20t9 TIC: 599994 MTIC: 76855

Duplica_:e of #019
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Figu_ B-Sc.PY/MS Specmua- Site# 5 -3 WcclcsExposu_

69240.C0t _024 PK: 4 15896 TZC: 663768 HTIC: I

I
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Figure B-ScL PY/MS spectrum- Site # 5 -4 Weeks Exposure
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169250.cni #025 PK: 74 MAX: ii978 TIC: 63235i MTIC: 56182

Q

Figure B-So. PY/MS Specmam- Sire # 5 - 5 Weeks Exposure
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I)uplicate of Sample #02].
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_69220.cnC #023 PK: 67 MAX: 272C3 TIC: 9632B2 MTIC: 5C765
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Week 2 Travel Blanks
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] i i am II im

i69240.cni 0025 PK: 68 MAX: 42879 TIC: 957949 MTIC: 69859
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169250.cnl #026 PK: 76 MAX: 764i7 TZC: 1334039 MTIC: 143820
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_3ZE 3
TD-MS_

For the _ SoilGas Survey
at the Dm_artamnt of Energy site

8, 1993

(allvaluesbeloware in uniteof ion_ derivedfm_ _m=mal _ _t

:ire Sm%sle

7".te 1 1 688 129688 2008 1299 21660 23693
' .re 2 6 0 80088 507 1222 6821 16901

_Ite 3 ii 309 79307 1189 3555 4063 10023

Site 4 16 630 7521 2514 0 636 204.6
: .te 5 21 394 321 717 0 1069 239

." '.te 1 2 2141 119722 4662 3627 20876 99638

: .te 2 7 0 109823 731 3310 15887 38627

Site 3 12 375 24462 864 1704 1833 12132

9_.te 4 17 419 3849 1602 0 359 1682

: .te 5 22 0 0 312 0 0 0

: .te 1 3 2115 148962 4321 0 0 152635

! .te 2 8 0 127762 877 10858 0 119372

Site 3 13 201 113508 1952 8234 13447 46583

_';te 4 18 228 19425 5741 460 2253 42,22
.re 5 23 0 0 464 0 0 0

.te 1 4 1533 115139 4697 0 0 119676

; ,te 2 9 0 62139 412 3068 7430 42925
Site 3 14 0 63419 604 3766 5769 10919

_"".te 4 19 0 2260 1286 0 252 1392

";.te 5 24 0 0 330 0 238 0

" .te 1 5 5332 130917 13419 0 57102 153725

i__te 2 I0 272 92321 2145 11439 42381 95495

Site 3 15 448 100544 1999 7632 11947 26515
: "te 4 20 786 20448 7087 478 3044 2513

•= te 5 25 1575 0 11978 0 278 0

: tam:

i. Toluene ,,Mass 92

2. 0C14 (_ Tetrachloride or _oz_mmthane) - Mass 121
: Benzene ,, Mass 78

: TCE (Tric_loroethene) -_ 130
5. Chloroform - Mass 83

.," PCE (TetracC_oroethene) -Mass 164
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APPENDIXF

SCHEMATICWELLCONSTRUCTIONDIAGRAMS
" ANDCOMPLETIONSUMMARYTABLE
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APPENDIXG

. VOLATILEORGANIC,CHEIqICAL,ANDRADZOLOG[CALANALYSES
" OF SEDIMENTANDGROUNDWATERSAMPLES

FROMTHEFY 1993 BOREHOLES
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lludl VOI.ATILllOIIOJIdM__ Im.Wll-m

J_llll_, lllD _ Into-i,2. I.I- dl-1,,2- 1.1,,I-3"11- 1.2,4131- 3"111-
4.5" Vm. Drill &d_ vdq_: _I IIs )_lmo b Diddam. l)iddem- adme. ddem. _ 'rdeldml- ddme. _ _

n.pu nq_ S.mtd.S.mjd..,mtd._C.m=|i_ c3+o_ em,7_ .h.m _ fens .am. C_4 gum. rim,ran,eJ_k.. Tdum._ tmmm x)_n. o-x3_,._,m. nenm0t} (a} J_ .,J,lWudSkdu/ v,aeck (rapt,) (p,_) _q,b) {i_) (pld,) (plJb) (rob} (tq_) (re,b) (p_) (p_) (ppb) L__,_) ___-__) (rob) z_.--b) __.._}

135.25 t"3.64 Soft SDB (31 IOOcIIkO BOTD33 <.50 <2.5 <:2.5 <3S <:2.50) <2.5 209 <:25 ND <15 <I.,5 <1.5 <1.5 <IS <I.,5 ND ND
:135.Z5 95+64 SDB (31 I00_:0 B0"fl_ <:30 <1.5 <1.5 <IS <1.5_) <15, 295 <IS <I0 <I0 <I0 <10(e) <I0 <I0 <I0 Nil) ND

pit

131.41.511.16 Sdl SDB .5 101k0cll BOTDTI <30 <1.5 <15 <1.5(e) <1.5 <1.5 121 <15 <I0 <I0 <I0 <I0 . <IO <I0 <I0 ND ND
131.2.5 9"/.16 Sell SDB S 510:10:0 B07D'/2 <40 <20 <:211 <::20 <20 <30 M <20 <I0 <I0 <I0 <I0 <I0 <I0 <10 ND ND

ii$I.Z5 9"1.76 Soll SDB (31 UO BOTD3..5 <.30 <15 ci.5 <1.5 <I$ <I$ 211 <1.5 <I0 <I0 <I0 <I0 <I0 <I0 <I0 ND ND
tl31L_ 97.76 Sdl SDB I:]I IO:20:0 BO7D36 <:30 <15+ <1.5 <15 (e) <IS <1.5 221 <1.5 <I0 <I0 <I0 .,:10(e) <I0 <I0 <I0 ND ND
+141.40 519.91 Soll SO S 100:1_ BO;D_ ,,:I0 <40 <40 <40 <40 <40 204 ,oi0 <20 <:20 _ _ <20 <20 <20 ND ND
141.40 99.911 Sdl SB S I00:0:O BOTDT4 d0 <40 <40 <40 <40 <40 345 <40 <20 <:20 <30 <:20 <20 <:20 <:20 ND I_
141.40 519N .5o11 SB C31 I00:0_O BOTD$1 <40- <20 <30 <30 <20(,I) ' <30 IOlg(m) <30 <10 <I0 4:10 <10(81 <IO .clO <|0 ND I,,ID
141.40 519.911 Soil SB 4[]I I00:0:0 EO"/D31 <40 <20 <:211 <:20 <200)) <20 488 <:20 <I0 <I0 <I0 <10t(1) <I0 <I0 <I0 lqD NIl)
141.19 I01.79 Sell SDB $ 31k'Jl_ B07DT$ <40 <20 <:20 <20 <:20 <:20 141 <20 <I0 <I0 <I0 " <I0 <I0 <I0 <I0 ND
14L11 10t.79 Soil SDB 3 30:'/0:0 B071)76 <40 <20 <20. <20 <20 <20 136 <20 <!0 <10 <10 <10 <10 <10 <lO ND ND
14LIf 101.79 Soll SDB (31 60:4141k0 _ <40 4::20 <:20" <21) <:20 <20 348 <:20 <I0 <lO <10 <I0(I) <10 <I0 .4:10 lq_ It_
14LII 104.70 ' Soll SOB (31 60:40:0 B07D.10 <40 <:20 <:201 <20 <20 <20 .SIS <20 <I0 <I0 <I0 4:10 4:10 <I0 <I0 ND I_
1.51.73 107.29 + Soll .58 Jl 20r.N BO'IDT/ <,30 <_$ <I$ <1.5 <1.5 <1.5 I'M <1.5 <I0 <I0 <I0 4:10 4:10 <I0 <10 ND I,,ID
1.51.73 107.29 ' Sell S8 II 20_II_'0 II07DII <40 <30 <20 <:20 <20 _ 156 <20 <I0 <I0 <I0 <I0 <I0 <I0 <I0 ND ND
1.51.73 107.29 I S4Wdl SB 13 20:10:0 BOTD27 <30 <I..5 <1.5 <15 <1.5(I) <1.5 614 <1.5 <I0 <I0 <I0 <I0 <I0 <I0 <10 ND ND
I+51.73,107.251 Soll SB C31 20P.10cO 11011)28 <30 <15 <1.5 <15 <IS Co) <I$ 12312(a) <I..5 <I0 .¢10 <IO <I0 <IO <I0 <IO NO ND
1.54.14 101.91 Soll SDB CB 10:510:0 BOTD23 4::30 <1.5 <I$ <1.5 <1.5 <1.5 213 <IS <I0 ,_I0 <I0 <I0 <I0 <I0 <I0 N1) ND
154.14108.99 Soil SDB (31 10HI(_O B071)24 <20 <10 <10 <10 <10 <10 210 <10 <.5 <5 <:5 <5 d <:5 <.5 ND ND
157.64111.41 Seil SDB $ I(M]kO_ BOTD79 <60 <.10 <310 <30 <30 <30 116 <30 <15 <IS <IS <iS <15 <i$ <15 ND ND
157.641i 1.41 Soil SDB $ 100_0:0 B0"/DI0 <70 <35 <.15 <35 <35 4:3.5 I0 <3.5 <15 <15 <IS <1.5 <1'5 <1.5 <1.5 ND ND
1.57.64111.41 Sell SDB (31 101_0_ ]9071)25 <30 <30 <30 <30 <30 <310 221 <30 <1.5 <1.5 <!5 <IS <iS <1.5 <1.5 ND ND
1.57.64111.47 Soil SDB t[21 100c_O BO7D26 <2.5 <25 <2.5 <25 <25 <25 i1_1 <:25 <1.5 <1.5 <1.5 <1.5 <1'5 <1.5 <1.5 ND ND
166.99 111+I]8 Soil SDB aB 100cO:O BO7DIf <40 4:20 <20 <20 <20(I) .<20 633 <20 <I0 <I0 <I0 <10 <I0 <10 <I0 ND 141)
166.951111.01 Soll SDB (31 101k0CO BO'J'D20 <40 <20 4:20 <:20 <:20(I) <:20 _ <20 <I0 <I0 <I0 <I0 <I0 <I0 <I0 .,ND ND

G_ 167.49111.43 Soft SDB 3 40:40.20 B07DIi <40 <20 <:20 <20 <20(0) <20 565 <20 <10 <i0 <10 <10 <!0 <!0 <10 ND ND
I 167.49111.43 Soil SDB 3 40c40_0 B0_DI2 <50 <3_ <2.5 <2.5 <2.5(o) <2.5 731 <2.5 <1.5 <i.5 <1.5 <i$ <1.5 <1.5 <15 bid ND

tO 167.4911143 Soil SDB (_ II_cO BOTD21 <40 <:20 <:20 <21) <20 <20 834 <20 <10 <10 <10 <10 <!0 <10 <10 bid ND
167.45t1i1.43 Soil SDB _ _ I _O _ _ _ _ r_ <20(p) <20 141 <21) <10 <10 <!0 <10 <10 <10 <10 ND ND

(O
e:+....+._*-.-_u._. aml_llflam

DB-Dds_Beml (,) -3ebec_al, butbdowLIX.'s. (1) Olmrved. (m) 1:.sdikWeansmmmT. O
sa,,Sldk-Bsmd . Co)--6elmem_butlxJo_LDL's. 01)BJtimmsudnllUlmsmwTCH, vmWed_byGCMS. (n) l'..50dilmloanm:emmT.
SDB - SplitDdvoih,,rd (c) -_llelmm_cd.Ix_lxtow IJX._ (i) -4 oll_ed, bulbek_LDL_ (o)-II dme_ved.butbelewLDL's.

(d) -10 obeavc,d,,butbelow LDL"8. (D -13 ebmrved,butbdow LDL_ (p) -16obmnmd,butbdewLDL_.
(:B -Cmb,m (¢) -2ob,_ved.b,tbdo_ IJ)L_ (k) "rm:,.
S -.Scoop_ (O Non-_ti,undcma,,_ (!) -_ obe_ed.tmtbdewl.DL'8. ND-NIDaeaed
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MADiONUCLIDEANALYSImP0R SOiU FROM WELLNO. _Y-WlI-N (ID-4)

am '._,_ z_, e,,,,.,,.] l'u- I ' s,... A._241
Dqzzh Depth Smnplo Ca-40 R_I06 Sb-125 Cs-137 iZb-212 Pb-214 Rs-226 R3._4 U-Z38 1.7-239/40

at) (m) lqms_ ¢oct/_ (pci/t)] rpcVt) (Z_VS) (PCVZ) _Vt) (pct/t) _ rpcVtJ ¢oct/z) _pct/z) (pci/t) _pc_s) rpcVt)
84.0 25.6 B01NW7 7.73 3.79 -0.00526 0.11 0.0177 -0.0113 0.864 0.695 0.669 0.899 0.0000419 0.00187 0.0059 0.000'199
86.0 26,2 BOINX2 4..53 22.10 ..O.014 .0.592 -00497 -O.(1387 1.76 1.45 1.31 1.83 .0.000161 0.000492 0.00731 0.0016

• 86,5 _ D01NX4 9.3,5 17.10 -0,0016.5 .0.164 0,0632 0.00647 0.955 0.731 0.8.5 0.993 4.3gE._ 0.000336 0.00582 0.000246
tlA 27.9 lJ01N'X6 4AI 1130 0017 0.(138 0.0382 0.007_ 0.761 0.611 0638 0.791 0.0000451 0.000194 0.008m 0.000557
100-5 30A _ 2,04 21.60 _ -O.127 _ -0_a352 0.719 O.qIL5 0.544 0.747 .1.44_-06 0.000132 4),0018 -0.0000649e,

36A B01NY7 7.94 13.70 0.0094.5 -0389 0.00413 -0,00914 0A36 0.475 0.607 0.6.58 -5.33K_ 0.000588 _ 0.000468
37A B011_l_l 1.30 2,31 G4XILSI 0.11 .G00461 0381 039 GA48 0,394 0.0000547 0.0(30913 .,0.00585 0.0000319

125.5 38,3 lJ01_l 6.44 13.70 .,O.0175 -O.125 0,_15 _ 0.391 0.27 0377 0,404 o2.86B,_ 0.OCX_3 .0.0a372 0.0129
,m

110.5 39.8 B01NZS 1.53 11.80 _ ,.41,34 ..0.010_ -0.0174 0523 0.477 0.472 0,539 0.0000164 0.00379 -0,00513 0.000718
116.3 41.6 B01PIZ3 7.68 6.89 OJD48 .O.0106 0.0_17 .0.000873 1.22 1.12 0.839 1.3.5 .2Jr7E.OS 0.0Q0_42 ..0.000Z78 .0.000219
143.8 43.6 BOIP95 10.40 27.10 .0.0082S .O.0414 0.0_g3 0.00144 1.2g 0.973 0.863 1..53 .0.000401 0.00153 -0.0024 .0.0000838
146.5 44.7 BOIP99 I2.50 15J0 0.0073 0.0756 _ _0353 l.a3 0.758 0.745 1.22 .2JSiZ._ .3.28K_ 0.00253 0.00061

-.
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NR,. Nat lqpenod (0 -3 ott_ hmbelowLDL'e. (I)-2 eb_ bmbdowLDL'L In tMeh track (litmrd=al)
N_ -NmA_ (at)-te ,t, mn,_t trott_ tJDL'_ _ heel: lmpta.ta_Im_ 4k_ _2m:l _trm_

_- I#1m_t mvdla nal_

t



WHC-SD-EN-TI-248,Rev. 0
;-,TT'-JTIJi_iJ Imii II.wlI_4 OIdl)

Jl II II IIIIIIII I I IIIIIIII Ill Ill I|I Ill I

I_mm Cbim / I_ _ !-- / C_mlm li_ lain e.,mm m p4ml Dram DMmmm '-7_;

STL ITJ IIIPEB • • • • • . . . . . . . . .

ia II lIP,.1 • • • • . . . . . . . . . .
111.1 IJ'l'l;,lr

.,8 .,...,,,.,.,,;. ,,,;,,,,,;. ,.,;,.,,.;,,..,,__,,.;.. ,,;. .;.,. _ m _, ,,,;,,.,,_
I_ _ IIU • • • • . . . . . . . , . ,Ill l, ll II'l'l ,

I _ _ • . . . . . . .... . • •
III_ N
.,.. _. ...,,I i .--" _ ._ .mI m i i ; ,i _ I
- 1' ,------I -- --I--I I-- _ -- _ ..
,,., .-, ,-,-,I... .. ,-- ,,---.-- --= .- .i m ,I .. I ..I_j I.? Iml_l

Ill I 11,1 IIIIRTI * . ...... . . . • • o

I * _ 1 * ,. _.__ '"

G-16



t

WHC-S0-EN-T]-248, Rev. 0

299-W18-174 47.3 It

_LE STATUS REPOItT FOR E 8232. E-BLANK B08484 TIME: 3/29/93 8:4(
.,_SPATCHED: 3126/93 8:11 SAMPLE HAS NOT BEEN SLURPED
RECEIVED: 3.126193 10:23

OUT OF GOOD CMARG
" EXT. DETER. RESULTS OR STATUS RANGE? ANS? CODE
6_

" eet_ e,e_,eee ewte.tte_.eetettt_ee,e****t it***** *** ,_* /rtet_

2172 GEA-SOIL 7.53QQQE 02 _i/gWETw= Am-241 N Y VOGEL
. 2172 GEA-SOIL 3,000OOE 01 p¢i/qWETw= Mp-237 N Y VOGEL

2172 GEA-SOIL 3.12000E 01 pCi/gWET_ Pa-233 N Y VOGEL
2172 GEA-SOIL < 5.57000E-01 pCi/gWETw_ Cs-137 N ¥ VOGEL
4271 TOT-ACT < 5.00000E 01 pCl/G N Y VOGEL

END OF REPORT
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299-W 18-174 48.0 ft

" C=_tlPT_I[ =_L'X_S ]P,Z2POZT FOR Z 11233. E--B_ BQ8485 TIME: 3129193 1
DISPATC_ZD: 312_193 S :11 SAMPLE HAS NOT =E=-N SLURPED
RZ_CZIV_: 312_1t2 10:23

OUT OF GOOD CHARGE
EXT. DETER. RESOLTSOR STATUS RANGE?ANS? CODE
te_e _eQ/bee#, eetetteeetottmtQt/_ee,eeteQteeeeee, eet tie t,t,i,

2172 GZA-SOI.L _.9200QE 03 pCi/g__ Jgl-241 H Y VOGEL
2172 GEA-SOI"L 4-.O0000E 01 pGi/gWETw= Np-237 N ¥ VOGEL
2172 GEA-SOrL 3.ET000E 01 pCi/gWETw= Pa-233 H ¥ VOGEL
2172 GEA-SOIL < E.S4000E-01 pCl/gWET_ _-137 N ¥ VOGEL
4271 TOT-ACT 1.71850E 02 pCI/G N ¥ VOGEL

END OF REPORT

I
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APPENDIXH

. VERTICALCONCENTRATIONPROFILESOF CARBONTETRACHLORIDEAND
SELECTEDVOLATILEORGANICCOMPOUNDSIN 1992 - 1993

Z CRIB AREAWELLS
a
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• 4.J •

Well No. 299-W15-216

GRAIN SIZE CaCO 3 CONTENT MOISTURE CONTENT VOLATILE ORGANICS
0 t:;_ .:.'_;=::--_:-:'T,_I ,

_:;:.'_'.:'.(.'V_;'. _,

10 _ t
t

................ ,
::'-":""":-""Y'-'"
E-".'.:'_".::-- .-'::. d.......

o o

:-'.:'_Y-'- ._ ....... _' z:

30 _.::'_:";_":.'-"--'.'._ _.:_--,. Perched ¢'_"o I
-- =---- :':':_ -- ._ Water ¢/'t
"='_ ='_- PP .t .... *'" ................. • |

40 ,=:.:.:.._ .::I::: .......... ._

_ m

50 _:_ "

':..:'..'_O'!";"6";.:t¢'. '.'_.'.,
,_v._.-_::;_ :: "

60 "=_'.=':":';:i % 0
:._i.-_..;_'.-_.! ,,"....,, 0

o Chloroform
70 t Carbon Tetrachloride

G Trichloroethylene
I I I I I .... o .... I .... I .... I .... I .... t,*,,._ I ,n,,,.I ,,,,,,J ,,,,,._ =,,,,.,

C Z S P/CB 0 2 4 6 8 10 0 10 20 30 40 50 60 l I 10 100 104 105

CaCO3 (%) Moisture (%) Concentration (ppb)
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Well No. 299-Wi5-218

GRAIN SIZE CaCOa CONTENT MOISTURE CONTENT VOLATILE ORGANICS
[kbrts ._d A

Backfill

• A Ab
10" b

i
• ¢

g_ &. • •
O :* A

Z _ A
b •

v-"::*" t •O • :x:
30- l, •

,;.... • i
..... ",,_ 0 •

I_ pp ..-'" :]_-" t'" • OlD At Irrl

, I
' --440 : ,--,

I I

•" • 4z
0 b • mst

50 Z •

ii
b 0&

60" XZ .t.. °o •

O Chloroform
7O • CarbonTewac_loride

G Trichloroethylene

C Z S P/CB 0 2 4 6 8 l0 0 10 20 30 40 50 60 l l0 100 1000 104 105

CaCO3 (%) Moisture (%) Concentration(ppb)

il



Well No. 299.W15-219

GRAIN SIZE CaCO3 CONTENT MOISTURE CONTENT VOLATILE ORGANICS

_1 • • 4





o Cldoml'onn
70" • Cadmn Teumldm'il

[3 Tdddoroelhylme

I I I I I . . . i . , , i , . , I , , . i ....... i .... i .... I .... i .... i ....

C Z S P/CB O 2 4 6 8 10 O lO 20 30 40 50 60 1 lO lO0 lO00 104 105

CaCO3 (%) Moisture(%) Concentration(ppb)



Well No. 299-WI8-96

GRAIN SIZE CaCO 3 CONTENT VIOISTURE CONTENT VOLATILE ORGANICS



o Cl_rofocm
• CadxmTeu'achler_
El Tridalo_uc_ylmc

c z S PICB 0 2 4 6 8 I0 0 10 20 30 40 50 60 I I0 100 1000 104 105

CaCO3 (%) Moisture (%) Concentration (ppb)

I



Well No. 299-W18-246

GRAIN SIZE CaCO 3 CONTENT MOISTURE CONTENT VOLATILE ORGANICS

o Chloroform
I • CarbonTcu'achlor_
r.-_ Q Trichlortx_yle_

"t _-''_10

9

.. O •

20 O 6
Z "o

._ ..6

4 -I-
30- "- o• I

.d A o_

_ _ ,

-- HT "t • N4_

° ] "
50- ..a :_

O HI" a_
<

Z
O

60- 7 • O

_z m'I _ _•o
70- _] • 00•

HT = Hard Tool Drillng
i * i i I .... I .... I .... l .... I .... I i litreJ , llllllii I I lilt "j I I Sill 'I , , lilt

C Z S P/CB 0 2 4 6 8 l0 0 l0 20 30 40 50 60 1 l0 100 1000 104 105

CaCO 3 (%) Moisture (%) Concentration (ppb)



Well No. 299-W18-247

GRAIN SIZE CaCO 3 CONTENT MOISTURE CONTENT VOLATILE ORGANICS

i. o Cldon_ronn

&.
"t-b

k. A
O °°"

Z 4

, u -;_'Q I

r_

- ...................... _;.".............. -,,--t. • --4-r
PP -:: !

Go
w

50. ".x =
lido ,. .<

60" _ "_
' q1.

I " AOX7 _"'-o A AO0_''-- mO
"''- 0

0" 0" .... ""
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APPENDIX I

SUMMARYOF 200 WESTAREAGROUNDWATERCONCENTRATIONDATAFOR
CARBONTETRACHLORIDEANDCHLOROFORM

(1/1/92- 10/1/93)
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APPENDIXI
4

Table I-I. Sumary of 200 West Area GroundwaterConcentrationData for
Carbon Tetrachlorideand Chloroform
(1/1/92- I0/I/93). (sheet I of 3)

LambertCoordinates Carbon Tetfachloride Chloroform
East (m) North (m) Well Number (_g/L) (_g/L)

L 567214.3 137510.1 299-W6-1 550 6
566938.7 137351.4 299-W6-2 104 2
567118.2 137299.1 299-W6-3 2
567132.2 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
567028.8 137638.8 299-W6-8 5 2
567031.6 137363.1 299-W6-9 240 3
567413.3 137453 299-W6-I0 920 45
567162.9 137635 299-W6-11 56 2
566915.9 137635.3 299-W6-12 5 2

565932.6 137647.3 299-W7-I 5 2
566303.1 137638.5 299-W7-2 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 137637 299-W7-8 6 2
565844.8 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

565749.7 137646.9 299-W8-I 5 2

565657.6 137024 299-W9-I 5 2

566663.4 136734.8 299-WI0-I 13
566735 136578.3 299-WI0-4 2150 11
566579.1 136466 299-W10-5 820 13
566748.6 136799 299-W10-9 5

' 556027.7 136607.2 299-WI0-13 16 2
566017.7 136609 299-W10-14 2

: 566770.7 136808.3 299-WI0-15 1252 8
566781.2 136606.9 299-WI0-16 762 9
566775.4 136491.2 299-WI0-17 18
566846.9 136396.3 299-WI0-18 1100 11
566346.2 137037.1 299-WI0-19 740 23
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Table I-I. Sumary of 200 West Area GroundwaterConcentrationData for
Carbon Tetrachlorideand Chloroform
(I/I/92- I0/I/93). (sheet 2 of 4)

LambertCoordinates Carbon Tetrachloride Chloroform
East (m) North (m) Well Number (#g/L) (#g/L)

567641.6 136663.9 299-W11-3 365 2
567482.3 136492.9 299-W11-6 1500 6
567260.6 136675.2 299-Wll-7 1200 8
568099.1 136616.3 299-Wl1-10 560 6
567641.4 136874.2 299-W11-14 947 3
567182 137162.6 299-W11-18 411 2
566905.3 136801.3 299-Wll-23 5 2
566885 136796.6 299-Wll-27 5 2
566934.9 136743.7 299-Wll-28 900 46
567]93.4 136858.9 299-Wll-30 333 407
567221.6 137235.3 299-Wll-31 .695 5

568331.4 137205.9 299-W12-1 5 2

566932.6 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 ]0
566088.9 135751.9 299-W15-15 1333 4
566307.1 135733.6 299-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
566683.1 136110.9 299-W15-22 1230 26
566084 135858.4 299-W15-23 590 4
566091.4 135606 299-W15-24 118 41
566793.6 135561.1 299-W15-216 4458 579
566768.2 135667.4 299-W15-218 6379
566733.2 135657.4 299-W15-219 3862

566838.2 135627.4 299-W15-220 1130 _

566380.2 135383.6 299-W18-2 2064 477
566349.7 135453.9 299-W18-5 1655 42
566472.9 135302.1 299-W18-9 210 15
566663.5 136734.8 299-W18-10 1300
566381.4 134734.7 299-W18-15 120 10
566702.7 135425,.2 299-W!8-17 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
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Table I-I. Sumary of 200 West Area GroundwaterConcentrationData for
Carbon Tetrachlorideand Chloroform
(I/I/92- I0/I/93). (sheet3 of 3)

Lambert Coordinates Carbon Tetrachloride Chloroform
East (m) North (m) Well Number (#g/L) (#g/L)

566370.9 135346.3 299-W18-24 507 "17
566721.5 134978.2 299-W18-25 12 2
566091.6 135492 299-W18-26 134 13
566090.5 135226.8 299-W18-27 342 12
566092.9 135107.1 299-W18-28 48 22
566561.2 135028.4 299-W18-29 30 19
566871.1 135194 299-W18-30 2
566515.9 134975.9 299-W18-32 40 10
566493.3 135392.9 299-W18-246 964 270
566503.5 135232 299-W18-247 18 183
566448.2 135437.4 299-W18-252 1130

566887.2 134925.9 299-W19-I 5 2
567311.4 134989.7 299-W19-3 179 4
567950.2 135351.2 299-W19-4 230 2
567272.7 135012.8 299-W19-9 240 5
567277.3 135002.1 299-W19-11 208 3
566897.4 135059.7 299-W19-12 15 2
567286.7 134895.5 299-W19-13 21
567254.5 134976.2 299-W19-15 191 4
567271.1 135029.5 299-W19-16 246 4
567360.9 135012.7 299-W19-18 132 3
567827.2 134914.8 299-W19-19 30 5
567874.2 134901.4 299-W19-20 24 5
566953.7 134880.1 299-W19-21 5 2
567771.9 134893.4 299-W19-23 34 5
567771.9 134928.1 299-W19-24 30 6
567874.9 134916.7 299-W19-25 31 5
567845.8 134895 299-W19-26 32 3
567014.9 134931.1 299-W19-27 13 2
567590.1 134991.5 299-W19-28 87 5
567664.2 134999.8 299-W19-29 160 6
567666.1 134924.8 299-W19-30 43 5
566897 135127.5 299-W19-31 115 4
566896.6 135009.3 299-W19-32 5 2

" 566954.9 134927.1 299-W19-91 5 2
566939.7 134889.2 299-W19-92 5 2
566905.7 134827.2 299-W19-93 5 2

567736.5 134192.4 299-W22-9 160 2
567191.4 134184.8 299-W22-12 5 6
567593.6 133879.7 299-W22-20 7 11
567160.9 134008 299-W22-21 5 2
567617.6 134464.7 299-W22-22 5 2
567587 134445.3 299-W22-23 5 2
566903.9 134213.7 299-W22-39 5 2
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Table I-I. Sumary of 200 West Area GroundwaterConcentrationData for
Carbon Tetrachlorideand Chloroform
(I/I/92 - 10/I/93). (sheet4 of 4)

Lambert Coordinates Carbon Tetrachloride Chloroform
East (m) North (m) Well Number (#g/L) (_g/L)

567634.6 134510 299-W22-40 5 2
567637.1 134479.5 299-W22-41 5 2 o
567623.2 134452.2 299-W22-42 5 2
567532.5 134539.2 299-W22-43 5 2 a
566945.2 134292.5 299-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 5 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 133152.5 699-32-77 5 2
568566.5 133987.6 699-35-70 5 2
571395.1 134557 699-36-61A 5 2
564907.1 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 137182.5 699-45-69A 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 699-49-57B 6
565771.1 138271.1 699-49-79 5 4
572761.4 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
57Z273.6 141415 699-59-58 2
571588.6 141763.9 699-60-60 5 2
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