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SUMMARY

This report presents the status of development of a three-dimensional

conceptual model for the unconfined aquifer system at Hanford. A conceptual

. model is needed to support development of a realistic three-dimensional numer-

ical model for predicting ground-water flow and the transport of contaminants.

• The conceptual model is currently being developed for a study area extending

from the 200-East Area to the Columbia River and southward from Gable Mountain

to the Supply System° The report focuses on developing a hydrogeologic frame-

work, assessing available hydrau'iic property data, describing flow-system

boundaries, and evaluating areal recharge and leakage. Detailed hydraulic-

head and hydrochemistry data have not been presented.

Geologic descriptions of samples obtained during well drilling were used

to prepare cross sections that correlate relatively continuous layers. The

layers were defined based on textural differences that are expected to reflect

differences in hydraulic properties. Assigning hydraulic properties to the

layers is a critical part of the conceptual model. Available hydraulic prop-

erty data for the study area were compiled and were correlated with the geo-

logic layers where possible. Flow-system boundaries are present within the

study area at basalt outcrops and at the Columbia River. Boundary conditions

have been evaluated for these areas. Available estimates of areal recharge

from precipitation were compiled. No quantitative information on leakage

between the confined and unconfined systems within the study area was found.

However, head relationships indicate a potential for upward leakage over most

of the site and downward leakage in the vicinity of ground-water mounds cre-

ated by waste-water disposal facilities. Additional work is needed to refine

and expand the conceptual model.
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INTRODUCTION

The Hanford Site Ground-Water Surveillance Project, operated by Pacific

Northwest Laboratory (PNL),(a) is responsible for monitoring the movement of

. contaminants in aquifers underlying the Hanford Site (Figure I). One objec-

tive of the Ground-Water Surveillance Project is to develop a three-

. dimensional conceptual model of ground-water flow for the Hanford Site

unconfined aquifer system. The conceptual model will form the basis for

subsequent three-dimensional numerical modeling, which is recognized as a

promising methodology for predicting the fate of contaminants and the effects

of activities that may influence the ground-water flow system on the Hanford

Site. Improved characterization and the development of predictive models are

important in improving the monitoring of contaminants in the ground water.

The need for improved characterization of the unconfined aquifer, and for

vertical characterization in particular, was identified by the U.S. Geological

Survey (1987) in a review of work conducted on subsurface transport at

Hanford, and by a U.S. Department of Energy (DOE) Tiger Team finding (GW-CF-2)
in 1990.

Development of the three-dimensional conceptual model involves the fol-

lowing tasks"

• defining perimeter boundaries and boundary conditions

° defining vertical layers

° determining the system heterogeneity and its significance

° establishing hydraulic property distributions for each layer

• determining areal recharge and vertical leakage.

This report focuses on defining the hydrogeologic structure of the

unconfined aquifer in the area extending eastward from the 200_East Area to

. the ColumbiaRiver, and southwardfrom the Gable Mountainanticlineapproxi-

mately to the Supply System. Most of the contaminantsdischargedto

(a) PNL is operated for the U.S. Department of Energy by Battelle Memorial
Institute under Contract DE-ACO6-76RLO1830.
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waste-water disposal facilities in the 200-East Area travel through the uncon-

fined aquifer in this area. This is also a region of relatively high trans-

missivity, which results in short travel times to the Hanford Site perimeter

when compared with movement of contaminants in the vicinity of the 200-West

. Area, or northward from the 200-East Area.

Information on the regional geology and hydrology of the Hanford Site is

- provided in the next two sections. The sources of data used in developing the

conceptual model are then described. The final section presents the prelimi-

nary conceptual model for the study area. Boundary conditions are described

for flow-system boundaries within the study area. Conceptual model layers are

defined based on relatively continuous textural facies and are presented in

cross sections of the study area. Available information on hydraulic proper-

ties for various facies types is tabulated. Although hydrochemistry and

hydraulic-head information is important in understanding the ground-water flow

system, these types of data are not presented in this report. Hydraulic-head

and hydrochemistry data for the uppermost layer of the aquifer are widely

available. However, there is little information on the vertical distribution

of contaminants or on vertical hydraulic-head variations within the unconfined

aquifer.



GEOLOGICSETTING

Hanford Site geology has been studied extensively over the years. The

information provided here is a summary aimed at developing a three-dimensional

hydrogeologic conceptual model of the Hanford Site. More detailed descrip-

tions of the accumulated knowledge of Hanford Site geology are provided in

Myers and Price (1979), DOE(1988), and Lindsey et al. (1992).

The Hanford Site lies within the Pasco Basin (Figure 2). A generalized

stratigraphic column showing the nomenclature of various authors is provided

in Figure 3. The lowest geologic unit of interest for this report is the

Columbia River Basalt Group, which consists of an assemblage of continental

flood basalts covering an area of more than 160,000 km2. These flood basalts

were erupted from approximately 6 million to 17 million years ago. Within the

Pasco Basin, the Elephant Mountain flows of the Saddle Mountains Basalt Forma-

tion are generally the uppermost basalt flows. Sandwiched between many of the

flows of the Saddle Mountains Basalt are s_dimentary interbeds collectively

called the Ellensburg Formation. The Ellensburg Formation includes fluvial

and lacustrine sediments consisting of muds, sands, and gravels.

Following the cessation of the flood basalt eruptions came a period of

sedimentary aggradation within the center of the Pasco Basin. This is evi-

denced by the thick sedimentary sequence of the Ringold Formation. The

Ringold Formation was deposited from about 3.9 million to 10.5 million years

ago (DOE 1988). There are three different facies types within the Ringold,

depending on the proximity to the ancient river systems and basaltic ridges of

the time (Figure 4). The first facies, Type I, consists of gravel and asso-

ciated sand and silt representing a migrating channel deposit of the ancestral

Columbia and/or Salmon-Clearwater river systems. Type I sediments are gener-

ally confined to the central portion of the Pasco Basin. The Type II facies

comprises mainly overbank sand, silt, and clay deposited around the margins of

the basin_ away from the main fluvial channel system. Type III is a fanglo-

merate facies comprising angular basaltic debris derived from side-stream

alluvium shed onto the flanks of basalt ridges_ This facies occurs only

locally around the extreme margins of the basin. Types I and II are the
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dominant facies types on the Hanford Site. The alternating coarse and fine

sediments deposited as the river channel moved are the basis for various

stratigraphic nomenclature systems. The various nomenclatures have been based

on either lithofacies units (Newcomb1958; Tallman et al. 1979; Bjornstad

1984) or upward-fining fluvial cycles (PSPL(a) 1982). More recen'tly,

Lindsey (1991) has presented a revised division of the Ringold Formation based

on lithofacies associations. These subdivisions are illustrated in Figure 3.

After Ringold deposition, during the late Pliocene to early Pleistocene,

there was a period of regional incision followed by soil development and dep-

osition of wind-blown sediments (Bjornstad 1985). These deposits are called

the Pl io-Pleotocene unit and the early "Palouse" soil, respectively. In the

eastern portion of the basin, including the current study area, the Plio-

Pleistocene unit and the early "Palouse" soil are not found and, therefore,

either were not deposited or were eroded later by the Columbia River or cat-

aclysmic flooding.

The last 2 million years saw a resumption of fluvial deposition punctu-

ated by periods of erosion and deposition by cataclysmic floods (i.e., Mis-

soula floods). Puget Sound Power and Light reported a sand and gravel unit

overlying the Ringold Formation that was deposited by the ancestral Columb',a

River prior to Missoula flooding (PSPL 1982). These deposits, called the Pre-

Missoula by PSPL, are similar in texture to the overlying Hanford formation

and were not distinguished from the Hanford formation sediments except in PSPL

(1982). The Hanford formation was deposited during the last ice age by cata-

clysmic floods. These floods inundated the Pasco Basin a number of times dur-

ing the Pleistocene, often eroding existing sediments (Bjornstad and Fecht

1989). As flood waters were dammedup behind Wallula Gap, deposition of both

coarse- and fine-grained sediments entrained in the flood waters occurred

within the basin. As the flood waters gradually drained, both deposition and

erosion occurred. This sequence nf events created a complex stratigraphy

within the Hanford formation, with lenses of sand and silt surrounded by sand

and gravel. For the most part, however, fine-grained sediments are found near

the margins of the basin and coarse-grained sediments are found in the central

(a) Puget Sound Power and Light.
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part where the flood currentswere stronger. Cappingthe Hanfordformationin

many areas is a thin veneer of eolian sands and/or recentfluvialdeposits.

As depositionof the basalt flows and sedimentswas occurring,struc-

tural forces were causingthe downwarpingof the Pa,sco Basin and the uplift

and foldingof the surroundingbasalt ridges. These structuralfeaturesgen-

erally controlledthe locationsof the ancestraland present-dayrivers and

their associatedsedimentarydeposits.

I0



HYDROLOGICSETTING

Both unconfinedand confinedaquifer systemslie beneathmost of the

HanfordSite. The unconfinedaquifersystem is located in unconsolidatedto

semiconsolidated sedimentsoverlying'thebasalt bedrock. Parts of this aqui-

fer are locallyconfinedor semiconfined. However,becausethe entire supra-

basaltaquifersystem is interconnectedon a sitewidescale, it has commonly

been referredto as the Hanford"unconfined"aquifer. This nomenclatureis

used in this report. Aquiferslocatedwithin the ColumbiaRiver Basalts are

referredto as the confinedaquifersystem.

CONFINEDAQUIFER SYSTEM

Confinedaquiferswithin the Columbia River Basaltsare composed of rel-

ativelypermeablesedimentaryinterbedsand the brecciatedtops of basalt

flows. The horizontalhydraulicconductivitiesof most of these aquifersfall

in the range of i0-10 to 10-4m/s. Dense inter_.....sectionsof the basalt flows

have horizontalhydraulicconductivitiesrangingfrom 10-15 to I0-9 m/s, about

five orders of magnitudelower than those of the confined aquifers (DOE 1988).

Ground water in the confinedaquifersunderlyingthe Hanford Site comes mainly

from infiltrationof precipitationand streamflowwithin rechargeareas along

the peripheryof the Pasco Basin (DOE 1988). Hydraulic-headinformationindi-

cates that ground water in the confined aquifersflows generallytoward the

ColumbiaRiver and, in some places,toward areas of enhanced verticalflow

communicationwith the unconfinedsystem (Baueret al. 1985; Spane 1987; DOE

1988).

With regard to developmentof a conceptualmodel for the unconfined

aquifer,the confined aquifersystem is importantbecausethe two systemsare

known to be in hydrauliccommunicationin the area northeastof the 200-East

Area (Grahamet al. 1984), and because there is a potentialfor significant

ground-waterleakagebetweenthe two systems. Interaquiferleakageand its

impact on the conceptualmodel for the unconfinedaquiferare discussedfur-

ther in a later sectionon leakage.

11



UNCONFINEDAQUIFER

Groupdwater in the unconfinedaquiferat Hanfordgenerallyflows from

rechargeareas in the elevatedregion near the western boundaryof the Hanford

Site toward the Columbia River on the easternand northernboundaries. The

ColumbiaRiver is the primarydischargearea for the unconfinedaquifer. The

Yakima River bordersthe HanfordSite on the southwestand is generally

regardedas a sourceof recharge. Naturalareal rechargefrom precipitation

across the entire HanfordSite is thoughtto range from about 0 to 10 cm/yr,

but is probablyless than 2.5 cm/yr over most of the site (Gee and Heller

1985; Bauer and Vaccaro 1990). Areal rechargeis discussedfurther in a later

section. Since 1944, the artificialrechargefrom Hanfordwaste-waterdis-

posal operationshas been greaterthan the naturalrecharge. An estimated

1.68 X 1012 liters of liquid was dischargedto disposalponds, trenches,and

cribs in this period.

The unconfinedaquiferat Hanfordlies mainly within the Ringold and

Hanfordformations. Horizontalhydraulicconductivitiesof sand and gravel

facies within the Ringold Formationgenerallyrange from about I0-sto 10.4m/s

(10 to 102 ft/d) (DOE 1988). Becausethe Ringold sedimentsare more consoli-

dated, containmore silt, and are less well sorted,they are about 10 to 100

times less peri_eablethan the sedimentsof the overlyingHanfordformation.

Prior to waste-waterdisposaloperationsat the HanfordSite, the uppermost

aquiferwas mainly within the RingoldFormationand the water table extended

into the Hanfordformationat only a few locations(Newcombet al. 1972).

However,waste-waterdischargeshave increasedthe water-tableelevationand

createdground-watermounds under the two main waste-waterdisposal areas near

the 200-Eastand 200-WestAreas. Becauseof the increasedground-watereleva-

tion, the unconfinedaquifernow extendsupward into the Hanfordformation

within the study area. This change has resulted in an increasein transmis-

sivity becausethe newly saturatedHanfordformationsedimentsare more

permeable.

Maps showingwater-tableelevationsfor the unconfinedaquifer in 1944

and 1990 are provided in Figures5 and 6, respectively. Duringthe interven-

ing period,the water table has risen about 27 m under a disposalarea in the

200-WestArea and about 9 m under disposalponds near the 200-EastArea. The

12
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volume of water that has been dischargedto the ground at the 200-WestArea is

actuallyless than that dischargedat 200-East. However,the lower permeabil--

ity of the aquifer in the vicinityof 200-Westhas inhibitedground-water

movement in this area and resultedin a higherground-watermound. The pres-

ence of the ground-watermounds has also affectedthe directionof ground-

water movement,causingradial flow from the dischargeareas. Zimmermanet

al. (1986)documentedchanges in water-tableelevationbetween1950 and 1980.

They showed that the edge of the mounds migrated outwardfrom the sourcesover

time until about 1980. Water levels have declinedin some areas since 1980

becauseof decreasedwaste-waterdischarges(Newcomer1990).

15



DATA SOURCES

An inventoryof HanfordSite wells completedat depths more than 6 m

below the top of the aquiferwas compiledas part of the Ground-WaterSurveil-

lance Project. This work includeddocumentingthe availabilityof data such

as geologiclogs, naturalgamma logs, grain-sizedistributions,hydraulic

properties,hydrochemicalanalyses,and water level measurementsfor each of

the wells. Informationwas compiledfrom McGhan (1989),the HanfordSite

ground-waterdata base, and data files. These historicaldata providea

beginningdata base for the three-dimensionalcharacterizationeffort.

Definitionof layersfor the conceptualmodel within the study area was

based on geologicdescriptionsof samplesacquiredduring drilling of wells.

The number of data points needed to adequatelydefine the geologic structure

dependson its complexityand the amountof heterogeneity. The sedimentary

architectureof the unconfinedaquiferis very complex as a result of the

sequencesof repeateddepositionand erosionthat have occurred in this ar_a.

Although hundredsof wells have been drilledon the Hanford Site, many pene-

trate only a small percentageof the total unconfinedaquiferthickness.

Therefore,the number of wells availablefor defining the deeper facies is

limited. A number of relativelydeep wells were drilled in the early 1980s as

part of a study for a proposednuclearpower plant (PSPL 1982). The infor-

mation from these wells was useful in defining facies architecture. However,

for many of the thinnerand less extensivesedimentaryunits, correlation

betweenwells is either not possibleor uncertain.

A limitedamountof hydraulicpropertydata is availablefrom testingof

wells. Hydraulictest resultsfrom wells on the HanfordSite have been com-

piled for the Ground-WaterSurveillanceProjectand will be publishedin a

separatereport. Transmissivityresultsfor wells in the study area are

presentedin a later sectionon hydraulicpropertydistributions. Depths of

the tested intervalshave been correlatedwith the top of the unconfined

aquiferas defined by the water-tableelevationspresentedin Newcomer et al.

(1991). Most of the hydraulictests have been conductedwithin the upper 15 m

of the aquifer,and many test intervalsare open to more than one layer. In

some cases, changesin water-tableelevationmay have significantlychanged

17



the unconfined aquifer transmissivity at a well since the time of the hydrau-

lic test. The accuracy of many of the transmissivity estimates is also uncer-

tain. Only three hydraulic tests within the study area have resulted in

estimates of aquifer specific yield.

Estimates of natural areal recharge were obtained from previously docu-

mented studies employing lysimeters (Gee and Heller 1985; Gee et al. 1989) and

from application of an infiltration model by the U.S. Geological Survey (Bauer

and Vaccaro 1990). No data quantifying the leakage between the upper confined

and unconfinedaquifers are available. Head relationshipspresentedin previ-

ous reports (DOE 1988) demonstratethe potentialfor such leakage. Water chem-

istry data indicatingthat interaquiferleakagehas taken place in areas of

increasedverticalcommunicationalso have been presentedin publishedreports

(Graham et al. 1984; Jensen 1987; Early et al. 1988).

18



CONCEPTUALMODELFORTHE STUDYAREA

The preliminary three-dimensional conceptual model of the study area is

presented in this section. Flow-system boundaries within the study area are
l

described, relatively continuous facies with similar hydrogeologic properties

are used to define layers, hydraulic property data from wells are presented,

and the areal recharge and aquifer leakage questions are addressed.

BASIS FORTHE CONCEPTUALMODEL

The development of an appropriate conceptual model is the first step in

building a numerical model of the unconfined aquifer. The accuracy of past

ground-water and transport modeling efforts applied to the Hanford Site has

been limited by the following factors:

• assumption of two-dimensional flow through a single vertically
homogeneous layer

• insufficient resolution of hydraulic properties to reflect lateral
heterogeneity

• inclusion of uncertain values in the hydraulic property
distribution

• unknown rate of vertical leakage from the underlying confined aqui-
fer system

• uncertainty in the definition of the boundary condition
corresponding to the Yakima River.

These factors must be addressed in development of the three-dimensional con-

ceptual model to improve characterization of the flow system and provide the
basis for more accurate numerical simulations.

This conceptual model is considered preliminary, and additional informa-

tion is needed to support development of a realistic three-dimensional numeri-

cal model. Current planning calls for additional information to be collected

and used to improve the conceptual model. The conceptual model will also be

expanded southward to the southern boundary of the Hanford Site and, eventu-

ally, westward to the Rattlesnake Hills and northward to the Columbia River.

19



BOUNDARYCONDITIONS

The Columbia River generally is recognized as a boundary for the uncon-

fined flow system. Average hydraulic heads are higher on both sides of the

river and the river acts as a discharge line for the aquifer. This is easily

conceptualized when the system is considered to be two-dimensional. However,

the river does not completely penetrate the aquifer and a more sophisticated

three-dimensional view is needed. Luttrell et al. (1992), in their cross-

sectional model for the Hanford Townsite, considered the river to be a held-

head boundary from the river surface to its bottom. They considered the

boundary from the bottom of the river to the top of basalt to be a no-flux

boundary. This is considered the best approach for defining the boundary at

the Columbia River. Another complicating factor is the changing river stage.

These changes take place on both daily and seasonal cycles as a result of

releases from upstream dams. The changes in river stage result in flow from

the river into the aquifer (bank storage) during high river stage. However,

the overall average direction of ground-water flow is toward the river.

Because bank storage effects are observed only relatively close to the river,

they are not expected to have a large impact on the regional flow system.

Time-averaged river stage elevation 'is, therefore, considered an appropriate

value for the held-head along the river.

A flow-system boundary also forms part of the northern edge of the cur-

rent study area, where the basalt forming Gable Mountain rises above the water

table. This may be considered a no-flux boundary and can be defined by geo-

logic data from wells. The unconfined aquifer continues to the north between

Gable Mountain and the Columbia River.

DEFINITION OF HYDROGEOLOGICLAYERS

To identify hydrogeologic layers that are relatively extensive across

the study area, geologist's and driller's logs for a number of wells were

reviewed, as were other reports containing geologic interpretations of the

sediments underlying the Hanford Site (Gaylord and Poeter 1988; Lindsey 1991;

Lindsey et al. 1992). The lithofacies units defined in this report are based

on texture and are, therefore, similar to those discussed in Lindsey (1991)

and Lindsey et al. (1992). These textural differences are expected to reflect

2O



hydraulicpropertydifferences. However,the data availablein the geologic

logs are not detailedenough to distinguishlayers based on characteristics

discussedin Lindseyet al. (1992)and Lindsey (1991). There has therefore

been no effortto directly correlatethe units identifiedin this report with

those of Lindseye'tal. (1992).

Four cross sections (see Figure7 for locations)have been drawn to show

a simplifiedstratigraphyareally (Figures8, 9, 10, and 11). Heavierlines

indicatethe contactbetweenthe basalt,Ringold, and Hanfordformations. The

water table shown in the cross sections is based on a map in Newcomeret al.

(1991). Becausethe purposeof this report is to formulatea conceptual

hydrogeologicmodel of the whole HanfordSite, the stratigraphyidentified

here is somewhatsimplified. Texturaldifferenceswere used to developthis

stratigraphybecausetexture is a dominantcontrol of hydraulicpropertiesfor

sediments. Sedimentswere grouped into three textures: those with particles

silt size or smaller (collectivelycalled mud), sand, and those with gravel

and varyingamountsof sand and mud. Dividing the sedimentsin this way,

however,means that many of the smaller-scaleheterogeneitiesare not

represented. This is particularlytrue of the Hanfordformation,where

changes in textureoccur over short distancesand are often discontinuous.

In the area studied,the basalt forms a relativelygently dippingsur-

face from 46 to 230 m beneaththe surface. The exceptionis the Southeast

Anticline,a subsurfacestructuralextensionof the Gable Mountain-GableButte

trend (see Figures8, 9, and I0). Cross sectionD-D' (see Figure 11) lies to

the southwestof the anticlineand does not intersectit.

The Ringold sedimentsoverlyingthe basalt generallyform a patternof

alternatingfine-grainedand coarse-grainedlayers that is interruptedby the

SoutheastAnticline. The anticlinewas continuingto grow during the time of

Ringolddeposition(Reidelet al. 1980),causing sedimentseither to not be

depositedor to be eroded across the anticline. Ringold sedimentsrange in

thicknessfrom 0 m over the SoutheastAnticlineto almost 200 m at the south-

ern end of cross sectionD-D' (Figure11). lt is known that in many areas the

lower portions of the RingoldFormationhave been folded along with the

basalt. Data from the study area, however, are insufficientto determine

which layersmay have been folded along the flanks of the southeastAnticline
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FIGURE7. Location of Cross Sections Constructed for the Study Area
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and which layers may have pinched out or been deposited across the anticline

and then later eroded. The Hanford formation is the only unit that is defi-

nitely continuous across the anticline.

In addition, the Gable Mountain--Gable Butte-Southeast Anticline struc-

ture formed a barrier to migration of the ancient river channels. As a

result, Ringold gravels are generally restricted to the area south and west of

the structure.

Overlying the basalt in the western portion of the study area is a sand

and gravel unit that pinches out along the southwestern flank of the Southeast

Anticline (see Figures 8 and 11). This unit does not appear to be represented

on the northeastern side of the Southeast Anticline. Lying above the lower

sand and gravel unit is a silt and clay unit that thickens from the western

portion of the study area toward the Southeast Anticline. This unit lies

directly above the basalt near the southwestern side of the anticline (see

Figures 9 and 10). A silt and clay unit is also found just above the basalt

both near the top of the anticline (Figures 8 and 10) and on the eastern side

of the anticline (Figures 8, 9, and 10). However, there was apparently no

silt and clay overlying the basalt at well 699-43-9, near the top of the

anticline (Figure 9).

Above the lowermost silt and clay unit is a sand to sandy gravel layer

that varies in thickness but appears to be continuous on both sides of the

anticline and throughout the study area.

A somewhat discontinuous clay to silt layer lies above the sandy layer

(middle silt and clay layer in Figures 8 through 11).

A relatively thick, silty, sandy gravel unit corresponding to the middle

Ringold unit (Tallman et al. 1979) lies above this middle clay and silt layer

and appears to be present on both sides of the anticline, although it appears

to be finer-textured on the northeastern side of the anticline (Figure 10).

Remnants of a clay and silt layer, corresponding to the upper Ringold unit°

(Tallman et al. 1979), are present over much of the study area, but are not

found in the western and northernmost portions of the area. And finally,

overlying this clay and silt, or the silty, sandy gravel of the middle Ringold

unit, are sands and gravels of the Hanford formation and Pre-Missoula unit.
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As discussed above, these sediments are not easily distinguished unless

observed directly and are not called out separately in this report. The

Hanford and Pre-Missoula combined range in thickness from less than 20 m near

the Columbia River (Figures 8 and 9) to more than 90 m near the 200-East Area

(west portion of Figure 8).

HYDRAULICPROPERTYDISTRIBUTIONS

The principal hydraulic properties affecting flow through the aquifer

are horizontal hydraulic conductivity, vertical hydraulic conductivity, and

porosity. Distributions of these properties must be assigned to each of the

hydrogeologic layers within the flow system. The horizontal conductivity is

assumed to be isotropic in two dimensions. Poeter and Gaylord (1990) have

noted directional trends in the distribution of gravel-dominated lithofacies

that are thought to represent the direction of stream channel formation.

However, these trends are expected to be incorporated in the definition of

layers representing these types of coarse deposits. On the other hand, ver-

tical hydraulic conductivity is expected to be significantly lower than hor-

izontal conductivity because of features such as particle orientation and the

existence of thin horizontal beds within defined layers.

As discussed above, an attempt has been made to define hydrogeologic

layers with similar textures, which control hydraulic properties. For the

conceptual model, one of two approaches may be used in assigning hydraulic

properties to the defined layers. An average "best estimate" of the hydraulic

properties for a particular layer may be assigned to the entire layer, or an

areal distribution of hydraulic properties may be defined for the layer. The

first approach ignores heterogeneity within the layers and may degrade the

model, especially for contaminant transport predictions. Within the study

area, the vast majority of ground-water flow and contaminant transport takes

place within the uppermost coarse-grained layer of the aquifer. This layer

generally corresponds to the gravels of the Hanford formation. Most of the

available hydraulic property data also represent this layer. Therefore, a

combined approach is proposed, in that areal hydraulic conductivity distribu-

tions be defined tor the uppermost gravel layer and average values be assigned

to other defined layers within the flow system.
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Hydraulic property data from well tests in the study area are presented

in Table I. The depth of the test interval below the top of the aquifer is

also given, and the type of sediment is identified. Figure 12 shows the loca-

tions of the test wells relative to the cross sections. Values and locations

of known transmissivity for the uppermost layer are given in Figure 13.

Whether these known hydraulic conductivity data values are adequate to repre-

sent the uppermost layer is one of the questions that must be addressed in

refining the conceptual model. Additional testing is probably needed where

there are gaps in the existing data. Therefore, contouring of the transmis-

sivity distribution was not attel,,pted.

Only a few porosity estimates are available for the unconfined aquifer

in the study area because multiple well tests are required to determine this

parameter accurately. The results range between 0.06 and 0.18 'in the study

area. For past modeling efforts, a constant porosity value has been assumed

for the entire aquifer. Assigning a constant value to each layer may be a

reasonable approach for the three-dimensional conceptual model.

Hydraulic property data generally are not available for the mud-

dominated layers. However, the values assigned to these low-permeability

layers will not have much of an effect on the flow system, so long as the con-

ductivity values are orders-of-magnitude less than those of the permeable

layers. Therefore, values may be assumed from available literature or deter-

mined from a few laboratory tests.

Additional hydrologic testing is needed to determine hydraulic conduc-

tivity and porosity of the deeper, relatively permeable layers. Existing

wells have been identified that penetrate the deeper parts of the aquifer but

require remediation to provide useful data. lt is planned that some of these

wells will be remediated to provide access for hydraulic testing of the deeper

permeable layers. The wells will also provide needed information on hydro-

chemistry of the deeper layers and on the vertical distribution of hydraulic

head.
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AREALRECHARGE

Areal recharge represents a flux input to the upper layer of the flow

system. Because of the low annual precipitation (16.5 cm/yr) and high poten-

tial evaporation (165 cm/yr), the a_1ount of aquifer recharge from precipita-

tion on the Hanford Site is relatively low. However, the actual amount has

been found to be widely variable depending on soil type and vegetation. Gee

• and Heller (1985) estimated recharge by a variety of methods and for several

different locations on the Hanford Site. Recharge of 0.3 to 2.5 cm/yr was

determined from lysimeter investigations in the 200 Areas. Neutron probe

I measurementsof an uncasedborehole at the same site resultedin possible

recharge of 0.03 to 5 cm/yr. They also examinedthe depth of penetrationof

tritium in precipitationresultingfrom off-siteatomic weaponstests•

Tritium-enrichedprecipitationhad penetratedto a depth of 4.9 m betweenthe

early 1950s and 1969. This was found to be consistentwith a rechargerate of

2 cm/yr. Studiesof lysimetersnear the 300 Area have resultedin recharge

estimatesof up to 7.5 cm/yr for coarse-grainedsoils that are bare or covered

with sparsedesert grasses. However,essentiallyno rechargehas been

observed at some lysimeterswhere shrubs and other deep-rootedplants are

present (Gee and Heller 1985; Gee et al. 1989). The U.S. GeologicalSurvey

(Bauer and Vaccaro1990) applieda model to determinethe distributionof

recharge across the HanfordSite. Resultsare shown in Figure 14 and ranged

from about 0 to 5 cm/yr. The significanceof areal rechargeon the numerical

flow model may be determinedin the calibrationprocess.

VERTICAL LEAKAGE

There is a potentialfor verticalupward leakageof ground water from

the uppermostconfinedaquiferto the unconfinedaquifersystem in the study

area. A comparisonof measured hydraulicheads in the unconfinedaquifer and

the upper confinedaquifer (Figure15) shows a potentialfor downwardleakage

of ground water in the western portionof the Hanford Site and a potentialfor

upward leakagein the eastern portionof the HanfordSite. The amou_c and the

distributionof leakagebetweenthese aquifersare unknownbut have been

assumed to be relativelyinsignificant.
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FIGURE 14. Areal Distributionof Rechargefor the Hanford Site as Modeled
by the U.S. GeologicalSurvey (Bauerand Vaccaro 1990)
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Specific areas of enhanced verticalcommunicationhave been identified,

particularlyin the Gable Gap area north of the 200-EastArea (Grahamet al.

1984; Jensen 1987). This is probablycaused by a combinationof the deforma-

tion that formedthe Gable Mountain-GableButte anticline,and localizedero-

sion of the upper confininglayers by prehistoricchannelsthat are now

buried. Disposalof waste water to ponds in this area has increasedhydraulic

heads in the unconfinedaquiferand may have reversedthe verticalflow direc-

tion. Evidencefrom ground-waterchemistryindicatesthat the directionof

ground-waterflow in this area may have been upward,from the SaddleMountains

Basalt to the unconfinedaquifer, prior to waste disposal activities(Early

et alo 1988).
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