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Summary

. The Ground-Water SurveillanceProject is responsiblefor monitoringthe movementof
i

chemical andradioactivecontaminantsin groundwater beneath the Hanford Site. To support
this effort, a three-dimensionalconceptualmodel of ground-waterflow in the unconfined

q aquifer systemis being developed. The conceptualmodel will be the basis for three-
dimensionalnumericalmodeling and will enable more accurate predictionsof contaminant
transportunderchangingsite conditions.

The model region will eventuallyextendfrom the ColumbiaRiver on the east and northto
the YakimaRiverand basaltridges on the south and west. Developmentof the conceptual
model began during1991 with the region between 200-EastArea and the Columbia River.
During the past year, the studyareawas expanded southto the 300 Area, and west to basalt
ridges thatboundthe unconfinedaquifer system. The conceptualmodel withinthe earlier
study area was also refined and updated.

Geologic descriptions of samplesfrom selected wells were interpretedto determinethe
extentand thickness of significanthydrogeologic units composing the unconfinedaquifer
system. Nine units were identifiedabove basalt. Definitionof these units was based on
texturaldifferences that are expected to reflect differences in hydraulicproperties. The
geologic datawere entered into a geographicalinformationsystemand used to generate
contour maps for each unit surface.

Hydraulicpropertieswere determinedby conductingfield tests, and by compiling and
reanalyzing the results of previous aquifertests. A constant-ratedischarge test was conducted
at a multiple-well site nearB Pond. The results of this test were analyzedto determine
verticalanisotropy,as well as hydraulicconductivityand storativity. Single-well aquifertests
were conductedat several samplingnetworkwells to estimatehydraulicconductivity.
However, these tests were conductedusing the existing samplingpumps,and, in most cases,
the flow rates were too low to create an analyzabledrawdownresponse.

The flow system boundarycorrespondingto the YakimaRiver was evaluatedby long-term
monitoringof river stage elevation and water levels in a well with completion intervals in both

• the unconfinedand confinedaquifer systems. The results showed thatthe aquifer was affected
by leakage from a canal locatedbetween the monitoredwell and the river. Otherboundary
conditions are also being evaluated.

.ae
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The statusof the reconfigurationof two "Golder" wells is also presented. The Golder
wells, many of which extend to basalt, were drilledto supportan earlierinvestigationfor a
proposed nuclearpower plant, and are nearlyall unused at present. They provide possible
sites for collecting datafrom the deeperunconfinedaquifersystem. However, many of the

Q

wells are damagedand all requirereconfigurationto access the aquiferand to assure thatwell
constructionstandardsare met.
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1.0 Introduction

., The ground waterunderlyingpartsof the HanfordSite (Figure 1.1) containsradioactive
and chemical contaminantsat concentrationsexceeding regulatory standards(Diesel et al.
1993). The HanfordSite Ground-WaterSurveillanceProject, operatedby Pacific Northwest

_, Laboratory(PlqL),_'_is responsiblefor monitoringthe movementof these contaminantsto
ensure thatpublic health and the environmentare protected. To supportthe monitoringeffort,
a sitewide three-dimensionalground-waterflow model is being developed. This report
provides an updateon the statusof the conceptualmodel thatwill form the basis for
constructinga numericalthree-dimensionalflow model for the site. Thorne and Chamness
(1992) provide additional informationon the initial developmentof the three-dimensional
conceptualmodel.

1.1 Objectiveof Three-DimensionalModeling

A sitewide three-dimensionalflow model supportedby detailed, three-dimensional
information on geology, hydraulicproperties,and hydrochemistryis needed for predicting the
movementof contaminantsboth underpresent hydrologicconditions and undervarious

conditions thatmay result from ground-waterremediationor other activities on site. Specific
objectives of the Hanfordsitewide ground-waterflow model are as follows:

• predict the migrationpatternof the widespreadcontaminantplumes originating in the 200
Areas

• provide estimates of contaminantflux throughgroundwater to the ColumbiaRiver

• predict the effectsof remediationactivities and changes in waste-water dischargeon the
flow systemand on the monitoring network

• provide realistic boundaryconditions for localized ground-waterflow models

• improveunderstandingof the sitewide ground-waterflow system.ms,

m.

(a) PNL is a multiprogram national laboratory operatedfor the U.S. Departmentof Energy
by Battelle MemorialInstituteundercontractDE-AC06-76RLO 1830.
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Numericalmodels havebeen used for simulatingground-waterflow at the HartfordSite to
determinethe rate and directionof contaminantmovementand to predictresponses to
changingsite conditions (Cearlock et al. 1975; Evans et al. 1988; ]acobson and Fresldey
1990). However, most numericalflow models appliedto the HartfordSite have been two-

O

dimensional,assuming that hydraulicproperties,hydraulichead, and contaminant
concentrationsdo not vary vertically throughthe aquiferthickness. This two-dimensional
approachdoes not _stically represent ground-waterflow in the aquifer, and because higher

_t

concentrationsof contaminantsare found in the uppermostpartof the aquifer, two-
dimensionaltransportmodels have notbeen successful at determiningthe flux of contaminants
throughthe unconfinedaquifer system. A three-dimensionalflow model can provide more

accuratepredictionsof contaminanttransport. However, beforea numericalmodel can be
built and used to simulate ground-waterflow and contaminanttransport, a conceptualmodel
describingthe flow system is needed.

1.2 Scope of the Conceptual Model

The meal extent of the HartfordSite model is defined by the ColumbiaRiver on the east
and north, and by basaltoutcropsand the YakimaRiver on the west and south. Development
of a three-dimensionalconceptualmodel for this areais a large task. Therefore, the work is
being done over a period of severalyears. Workconducted duringthe 1992 fiscal year
(Thorneand Chamness 1992) focusedon definingthe hydrogeologicstructureof the
unconfinedaquifer in the areaextending eastwardfrom the 200-EastArea to the Columbia
River. Contaminantsdischargedto waste-waterdisposalfacilities in the 200-East Area travel
throughthe unco_fined aquifer in this area as they move towardthe ColumbiaRiver. During
the past year, work on the conceptualmodel has concentratedon the following:

* extending the definitionof hydrogeologicunits to the west and south

* assigning hydraulicpropertiesto hydrogeologicunits

* definingthe bottomsurface of the unconfinedaquifersystem

• conductinga test to estimate verticalhydraulicconductivity
It

* collecting data to betterdefine the boundarycorrespondingto the YakimaRiver on the
southwestperimeter.

:i
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The conceptual model describesthe geometry of the flow system, defines hydraulic
propertiesthroughoutthe model region, describes boundaryconditions, and establishes initial
conditions for variables such as hydraulichead and contaminantconcentrations. For the three-
dimensionalconceptualmodel, describingflow systemgeometry involves defining the
orientationand extent of hydrogeologicunits thatmake up the unconfinedaquifersystem.
Constanthydraulicpropertiesmay be defined for a particularunit, or a spatial distributionof
propertiesmay be assigned to the unit. Both horizontaland verticalhydraulicconductivities
must be defined to supportthe three-dimensionalmodel becausevertical flow is important.
Boundaryconditions must be defined for the perimeter of the modeled region. These are
usuallydefined as prescribed-heador prescribed-fluxboundaries. Boundaryconditions must
also be defined for the upperand lower surfaceof the aquifer. Because the model describes
an unconfinedaquifer, the upperboundaryis not fixed. The definitionof the upperboundary
also reflects inputof water from disposal facilities, irrigation,or naturalrecharge. The lower
boundarymay be a no-flow boundaryor a prescribed-fluxboundarydescribing the exchange
of groundwater wi_ the underlyingconfined aquifer system.

4



2.0 Geology and Hydrology of the Hanford Site

, HanfordSite geology and hydrologyhave been studiedextensively over the years. Thome
and Chanmess(1992) give a synopsis of the geology of the HanfordSite and more detailed
descriptions areprovided in Myers and Price (1979), DOE (1988), and Lindsey et al. (1992).
Consequently,the backgroundgeologic informationis briefly summarizedin this report.

2.1 _logic Setting

The HartfordSite lies within the Pasco Basin, a structuraldepressionthathas accumulated
a relatively thick sequence of fluvial, lacustrine, and glaciofluvial sediments. This structural
depression and nearbyanticlines and synclines are formed in the underlyingColumbiaRiver
Basalt Group,a sequence of flood basalts. The most recent basaltflow underlying much of
the HanfordSite is the ElephantMountainMemberof the SaddleMountainsBasalt.

Overlying the basaltare the fluvial and lacustrine sedimentsof the Ringold Formation.
The fluvialsequencesconsist of coarser-graineddeposits of migratingchannelsand the liner-
grainedoverbankdeposits of the ancestral Columbiaand/or Salmon-Clearwaterriver systems.
Severallithologic units presentonly in the western portionof the Pasco Basin are the Plio-
Pleistocene unit, consisting of paleosol/calcreteand sidestreamsediments, and the early
_PalouseHsoil, an eolian sandand silt deposit. The uppermost sedimentaryunit covering
much of the HartfordSite is the Hartfordformation, a complex series of coarse- and fine-
grainedlayers depositedby cataclysmicfloods during the last ice age. Forthe most part, the
fine-grainedsedimentsare found nearthe marginsof the basin and in areas protectedfrom the
main flood currentsthatdeposited the coarse-grainedsediments. Capping the Hartford
formationin many areas is a thin veneer of eolian sandsand/or recent fluvial deposits.

As the post-basalt sedimentswere being deposited, the basaltwas continuingto deform
structurally. The basin continuedto subside, and the ridges continuedto rise. This process
led to the formation of sedimentaryunits thatare thickest in the center of the basin and
become thin or, in places, pinch out at the anticlines. In a few places, Hanfordformation
sedimentsdirectly overlie the basaltwhere the Ringold Formationeither was never deposited
or was eroded awayby pre-Missoula flood rivers or by the Missoula floods.



2.2 Hydrologic Setting

An uppermostunconfinedaquiferand a sequence of confined aquifers lie beneathmost of
the HartfordSite. The unconfinedaquifer is generally located in unconsolidatedto o
semiconsolidated sedimentsoverlying the basaltbedrockandthe confined aquifersare
generally brecciatedto_?sof basalt flows and sedimentaryinterbedslocated within the
ColumbiaRiver Basalt. In some areas, deeperpart_of the suprabasaltsediments are locally
confined by overlying mud units. However, because the entire suprabasaltaquifersystem is
interconnectedon a sitewide scale, it has commonly been referredto as the "I-Ianford
unconfinedaquifer." This nomenclatureis used in this report. Aquiferslocated within the
Columbia River Basaltare referred to as the confined aquifer system.

Groundwater in both the confined and unconfinedaquifer systems generally flows toward
the ColumbiaRiver, which acts as a drainfor the ground-waterflow system. However, in
some places, groundwater within the confined system flows under the river, apparently
towardsareas of higherverticalcommunicationbetween the confined and unconfinedaquifers
(Baueret al. 1985; Spane 1987; DOE 1988). Groundwater in the confined aquiferscomes
mainly from infiltrationof precipitationand streamflowwithin rechargeareas along the
peripheryof the Pasco Basin (DOE 1988). With regard to developmentof a conceptualmodel
for the unconfinedaquifer, the confined aquifer system is importantbecause there is a
potential for significantground-waterleakagebetween the two systems, particularlyin areas of
increasedverticalpermeability such as the areanortheastof the 200-EastArea (Grahamet al.
1984).

The unconfinedaquifer at Hanfordlies mainly within the Ringold and Hartfordformations.
Because the sand and gravel facies of the Ringold Formationare generally more consolidated,
containmore silt, and are less well sorted, they are about 10 to 100 times less permeable than
the sedimentsof the overlying Hartfordformation (DOE 1988). Prior to waste-water disposal
operations at the HartfordSite, the uppermost aquifer was almost entirely within the Ringold
Formation and the water table extended into the Hanfordformation at only a few locations
near the ColumbiaRiver (Newcombet al. 1972). However, waste-water dischargeshave
inc_ the water-tableelevation causing it to rise into the Hanfordformation in the vicinity
of the 200-East Area and in a wider areanear the Columbia River.

Groundwaterin the unconfinedaquifer at Hartfordgenerally flows from recharge areas in
the elevatedregion near the westernboundaryof the HartfordSite toward the ColumbiaRiver
on the easternand northernboundaries. The YakimaRiver borders the HartfordSite on the

e.

southwest and is generally regarded as a source of recharge. The ColumbiaRiver is the

primarydischargearea for the unconfinedaquifer. Naturala_re_recharge from precipitation



i

at the Hanford Site is low, less than 1.25 cm/y over most of the site, althougha few
nonvegetatedareas with coarse soils may reach5 cm/y of infiltration(Gee and Heller 1985;
Bauer and Vaccaro 1990). Since 1944, the artificialrechargefrom Hanford waste-water
disposal operationshas been greaterthan the naturalrecharge. As of 1989, an estimated
1,681,000,000 ms (444 billion gallons) of liquid were dischargedto the groundthrough
disposal ponds, trenches, and cribs (Freshley and Thome 1992).

It



3.0 Data Sources

Q Dataneeded for developing a thr_-dimensional conceptualmodd of ground-waterflow
were derived from a variety of previous studies and ongoing HanfordSite investigations.
Hydraulicproperty datawere obtainedfrom previous tests documented in reportsof various
HanfordSite contractors. Selected previous well tests documentedin Bierschenk(1959), Kipp
and Mudd (1973), and Deju (1974) are being _yzed. New hydraulictests were conducted
at selectedHanford samplingnetworkwells using the existing samplingpumps. In addition,
tests were conductedat a well cluster site to determineboth verticaland horizontalhydraulic
conductivities.

Informationon the subsurfacegeologic framework came primarilyfrom interpreting
geologic descriptions of _ples acquiredduringwell drilling. These interpretations were
based on previous work by Lindsey(1991), which redefinedthe Hanfordsuprabasalt
sedimentsin terms of lithofacies units. Many of the wells used to define the geologic
frameworkwere drilled to basalt as partof a studyfor a proposednuclearpower plant (I'SPL
1982). Otherwells used in definingthe top of basaltwere drilled for the Basalt Waste
IsolationProgram(DOE 1988), which studiedthe basaltsunderlyingHanfordfor disposal of
high-level nuclearwaste. The numberof wells used for defininghydrogeologic structurewas
greatly expandedfrom those used to generate the cross sections presented in last year's report
(Thorneand Chamness1992). Wells were addedby extendingout from those cross sections
primarilyto the west and south and to a lesser extent to the north. Figure 3.1 shows the
distributionof wells used for this report. However, many of the wells shown on Figure 3.1
were used only for determiningthe elevation of the top of basalt,and others have been only
tentatively or incompletely interpreted. Additionalinterpretationand refining of the
hydrogeologic structureis needed within the studyarea. The areanorthof GableMountainis
being studiedby WestinghouseHanfordCompany(WHC), and their information will
eventuallybe incorporatedinto the hydrogeologic model. Most of the wells added this year
extend down to basaltand/or have hydraulicparametersavailablefrom aquifertests.

Liikala (1993) providedinformation on the ground-waterflow system in the southernpart
of the HanfordSite. Informationon the configurationof HartfordSite wells was obtained

from McGhan(1989) and from the HanfordEnvironmentalInformation System (HEIS)data
base.
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4.0 Definition of Hydrogeologic Structure

_ The unconfined aquifer system underlying the HanfordSite is composedof a sequenceof
mostly discontinuoussedimentarydeposits with differinghydraulicpropertiesthatare related
to the texture, degree of sorting, and cementation of the sediments. One component in

, developing the conceptualmodel is describing the three-dimensionalgeologic structureof the
aquifer in enough detail to reflect importantchanges in hydrauliccharacteristics. The statusof
the developing conceptualmodel of three-dimensionalaquiferstructureis described in this
section and figures showing contours for the top of each unit within the currentstudy areaare
shown. Because of the large numberof figures presentedin this section, they are placed at the
end.

The hydrogeologicframeworkof the three-dimensionalmodel needs to be accurate, but
relatively simplistic, for two reasons. First, lateraland verticalvariationare quite high in the
primarilyfluvialdepositional environmentof the HartfordSite and cannot be completely
described with the distributionof boreholes and weUsavailablefor subsurfacedata. Second,
the computersimulations would be very complexand di_cult to runwith a multitudeof
discrete sedimentarylenses. Therefore, the unconfinedaquifersystem has been divided into
relatively extensive lithofacies units. Areally limited lenses within a unit are not recognized as
separatelayers in the conceptualmodel. It shouldbe notedthat the definitionof
hydmgeologic units presentedin this report is not definitive, because exantinationof data from
additionalweUsis continuing. Most unitsprobablyextend beyond the boundariesshown in
the figures and into areasoutside the currentstudyarea.

Work on the hydrogeologic model began last yearby interpretingthe geology along four
cross sections in the centraland easternportionsof the HartfordSite (Thome and Chanmess
1992). Classificationof the sediments into lithofacies units was based on workby Lindsey
(1991; Lindsey et al. 1992), calcium caflz3nateand panicle size data, and the available
geologist's and driller's logs. In some areas, geophysicallogs were also used to assist in
correlation. The texturalfacies were often groupedinto largerunits based on an assumed
similarityin hydraulicparameters. Consequently,sandswere generally groupedwith sandy
gravels, and silt was groupedwith clay. This resulted in the generationof 9 units above the
top of the basalt, which are shownin the stratigraphiccolumnpresented in Figure 4.1.

&.

Because these units are not correhted in all cases to the revised stratigraphiccolumn in
Lindseyet al. (1992), they are numberedsequentiallyfrom top to bottomas Unit 1, 2, and so
on in this report. More workneeds to be done to bettercorrelate these units to Lindsey's
lithofaciesunits.

13



The sedimentarysection of interest for this model is underlainby basalt, generally the
ElephantMountainmemberof the SaddleMountainsBasalt. The Ice Harbormember is found
in the southeasternpartof the site. The top-of-basaltcontourmap shown in Figure 4.2 was
generatedfrom the top-of-basaltmapfor the HartfordSite, which is currentlyunderrevision. .re.

Top-of-basalt data are based on geologist's/driller's logs or geophysical logs, where available.
Overlyingthe basaltnear the middle of the synclines and in the structuraldepressions is a sand
and/or gravelunit, Unit 9 (Figure 4.3). This is the lowest unit in the sedimentarysequenceof
Hanfordand correspondsto Lindsey'sRingold Unit A. Unit 9 tends to be basalt-richin
comparisonto later Ringold gravels. Along the edges of the synclines and structural
depressions, Unit 9 pinches out and the clay or mud to sandy mud of overlying Unit 8 is in
contact with the basalt (Figure 4.4). Unit 8 correspondsto the finer-grainedportion of
Lindsey's Lower Mud Sequence. This unit often containsa layer of white volcanic ash and
one or more paleosols. Where it lies directly on top of the basalt, it often includes weathered
basalt fragmentsand basaltaltered to clay. The calcium carbonatecontent increases in this
unit in places due to the paleosols, and there are color changes as well. Lower portions of
Unit 8 often have a blue-greencolor, while the upperpartmay be yellow, tan, or blue-green.

Unit 7 is a coarse-grainedunit thatconsists of sandto muddy, sandy, basalt-poorgravel
occurringprimarily in the centraland easternportions of the basin (Figure 4.5). Some of the
sandyportions of this unit correlate to partsof Lindsey's Lower Mud Sequence, which
includes fluvial sands(I._dsey et al. 1992). The sandshave been groupedwith the gravelly
portionsof Unit 7 because their hydraulicpropertiesare probablymore s'nnilarto those of the
muddy, sandy, gravel in Unit 7 than the clay and silt in Unit 8.

Overlying Unit 7 throughmuchof the central portion of the basin (Figure 4.6) is Unit 6, a
mud and clay layer. Unit 6 is only tentatively identifiedin this report. There are a number of
mud layers thatextend for only a few kilometersacross the site. Reidel et al. (1992) identify
several mud layers between their gravel units B, C, and D. However, it is very difficultto
distinguish one mud layer from another over any distance. Consequently,Unit 6 as identified
here may actually incorporateparts of these different mud layers. Furtherwork is needed to
distinguish more clearlybetween these different mud layers.

The sandto muddy, sandy, gravel of Unit 5 overlies Unit 6 and generally correspondsto
Lindsey'sUnit E. This unit is widespreadacross the basin (Figure 4.7) and containsa
relatively low percentageof basaltgravels. This unit cannotbe distinguishedreadily from
Unit 7, and if there is no fine-grained layer separatingthe two, they have been grouped
togetheras Unit 5. In many areas, Unit 5 forms the top Ringold unit, except where it is
overlainby Unit 4. Unit 4 correspondsto the fine-grainedportions of Lindsey's Upper
RingoldUnit. In this S_lX_rt, Unit 4 is restrictedto silt and clay deposits. Sand layers
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includedin Lindsey's UpperRingold Unit have been groupedwith coarser-grainedsediments
either underlying or overlying Unit 4, as appropriate. Unit 4 occurs in the western and east
centralportionsof the HanfordSite and forms the extensiveWhite Bluffs on the east side of

. the ColumbiaRiver (Figure4.8). It has been eroded from a relatively narrowband running
northeast-southwestin the 200-West Area and from the east side of the 200-West Area to east

of B Pond. Erosion probablyoccurredduring the hiatus when the Plio-Pleistocene and early
"Palouse" soil units were deposited. The Plio-Pleistoceneunit (Unit 3) developed duringa
depositionalhiatus as a calcite and/orbasaltic side-streamgravel deposit. Unit 3 has been
identifiedonly in the westernportion of the Pasco Basin (Figure 4.9) where it developed
and/or was deposited on the eroded surfaceof Unit 4 (UpperRingold) or Unit 5 (Lindsey's
Unit E). The extent andthickness of early "Palouse" soft (Unit 2) is undergoing evaluation.
Some of what has been called early "Palouse"soil in the past is probably"sand-dominated"
Hanfordformationsediments. An efforthas been madeto incorporate this re-evaluation of the
early "Palouse"soil into the dataset (Figure 4.10), but there will undoubtedlybe more
modificationsto the extent and thickness of this unit in the future.

Overlying all of the Ringold Formationon the HantbrdSite, and in a few places resting on
top of the basalt, is Unit 1, the glaciofluvial,generally basalt-richHanfordformation. This
unit consists of three lateral facies: 1) a gravel-dominatedfacies known as the Pasco gravels,
2) a sand-dominatedfacies, and 3) a mud-dominatedfacies knownas the slackwaterdeposits
of the Hanfordformation. The coarseness of the sediments in the Hanfordformation is related
to their proximity to the main flood channels; i.e., the areas closest to the main channels in the
center of the HanfordSite received primarilythe gravel facies, while the edges of the Pasco
Basin received only the mud-dominatedsediments. The sand-dominatedfacies lie between
these two extremes. The water table is below the Hartfordformation over approximatelythe
western half of the HanfordSite. Where the aquiferextendsup into the Hanfordformation in
the studyarea, it is dominatedprimarilyby the Pasco gravels. The slackwaterdeposits are
generally not found below the wat_ctable within the study area. Consequently,the individual
facies of the Hanfordformation have not been distinguished in this report. Because of the
relatively high permeability of the Pas_ gravels, this unit plays an importantrole in ground-
water flow in those areas where it makes up the uppermostpartof the unconfinedaquifer.

Lying beneath gravels of the Hartfordformation in the centralportion of the HanfordSite
are the sandand gravel deposits commonly called the "pre-Missoulagravels" (PSPL 1982).

- These sedimentshave been groupedwith the Hanfordformation for the following reasons: 1)
the pre-Missoula gravelscannotbe readily distinguished from the Hanfordformation in most
driller'sor geologist's logs, 2) there are no knownhydraulicpropertydata for the pre-

" Missoula gravels, although its propertiesprobablylie between the youngerHanfordgravel-
dominatedfacies and olderUnit 5 gravel and sandunit of the Ringold Formation,and 3) the
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pre-Missouiagravels are above the water table except in some areas near the Hartford
Townsiteand near the solid waste landflUin the center of the HartfordSite. Therefore, they
do notpresent a primarypathway for ground-watermovement. The surlicialeolian sediments
have an insignificanteffect on ground-watermovement and have also been groupedwith the
Hartfordformation. A structuralcontourmap of the top of the Hanfordformationhas not
been providedbecause it would simply reflect the surface topographyof the Pasco Basin.

16



Newo)mb Tdlmanel 81. PSPL Blomslad Uncbwetd. ,
10S8 1071) 10112 1084 11102 _ Rq)ort

Nlmlwn,Coluvklm, SandOurm,L.o,ese,Nk._. __ EollmSedbw_ Hokx_. Holoce.eEollmSediments
_....M_. _ Sudk:lalOeposh Surnc_Oepos.s

i Eady'Palouu"Sol '

upperu,_ .. __ __ ]-_ _ _._ _.T+T.
urmq/ "X LI_

' thlltE /

m..Un, .+ .,,.remora+ u.,,,, $ "*"_"+* _, _ / _,.
| 1 | | -'- _------"- c _/ U.lt_ _- I Comeu... _' "-- _ I u+,.Lowerqingold

..4 lowerRlnoold _ _ _k_smmm ....

un_l-um,r ! mm,__-mr_ Urmp._ ,_te _. ,_tt8
LowerUnit

Ba_l RlngoM-Coarse RJng_ _'_._ _%.
88td J:t_.gold UrdtI B888lo

Unit & _--I +_ Coerse%,%

I _Member ! _.1 Ehlphant+I _ +! +-'l Ehlphan'+__ ] m___ ! ; Elqplwl'i_i M°Imlakl +Meld)er _ ]_

++°+._+,,+_++I= +_.++++++
• +.I__Z +--" +--- +----"

+n--+_ " +-MemberMember

_100_.1

Figure 4.1. Stratigraphic Nomenclature of Various Authors
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Figure 4.2. StructuralContoursfor the Top of Basalt
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Figure 4.3. StructuralContoursfor the Top of Unit 9



o

Figure 4.4. Structural Contours for the Top of Unit 8



Hgure 4.5.Structural ContoursfortheTop ofUnit 7



4.6. StructuralContoursfor the Top of Unit 6



Figure4.7. StructuralContoursforthe Topof Unit5
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5.0 Aquifer Hydraulic Properties

. Hydraulic propertiesmustbe assigned to each unit in the three-dimensionalnumerical
model. In additionto unit thickness, these propertiesinclude horizontalhydraulicconductivity
(K), verticalhydraulicconductivity (I_,), storativity(S), and specific yield (Sy). Additional

. parameters, such as dispersion coe_cients and retardationfactors, may also be requiredfor
transportmodeling. Hydraulicpropertiesare usually determinedfrom aquifertests conducted
on wells. They may also be estimatedfrom laboratorytesting of samples removed from
boreholes or inferredfrom geologic informationsuch as grain size distributionand
geophysical logging results. Aquifer tests havethe advantagesof directly measuring flow
properties in situ and of being influencedby a largerareaof the aquiferthan the other
methods. Well tests have, therefore, been the principalmethod of determininghydraulic
propertiesof more permeable hydrogeologicunits within the HanfordSite flow system.

Duringthe past year, aquifertests havebeen conductedat selected wells, and previously
conductedtests havebeen rem_yzed using improveddiagnostictechniques. These resultsand
other hydraulicpropertydataavailablefor selected wells on the HartfordSite are being
correlatedwith hydrogeologicunits by examining geologic logs and information on well
completion. The resultsof hydraulictesting, findings of test reanalyses, and assignmentof
hydraulicpropertyvalues to hydrogeologicunits are discussed in this section.

5.1 Results of Aquifer Testing

Constant-rate pumpingtests were conductedat 16 wells to supportdevelopmentof the
three-dimensionalconceptualmodel. One of the tests was conductedat a multiple-well site
nearB Pond that includeda well (699-43-42K) equippedwith a WestbayInstruments,Inc.,
multiportmonitoring system. The system installed in this well andadditionalpressure
monitoringequipmentprovided by WestbayInstruments,Inc., allowed for the simultaneous
monitoringof pressure responses at four discrete depthintervals within the aquifer. The data
have been analyzedto provide information on hydraulicproperties,and particularlyvertical
anisotropy(I_/K), at the test site. The other 15 constant-ratepumping tests were conducted
on wells used for routinehydrochemicalsamplingof the unconfinedaquifer. These tests were
all conductedat single wells and utilized the existing samplingpumpto remove waterfrom the
aquifer.
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5.1.1 Multiple-Well Aquifer Test to Determine Vertical Anisotropy

A series of aquiferhydraulictests were conductedat a well clustersite near B Pond in the
centralpartof the HanfordSite. Well 699-42-42]3 was utilized as the stress well, and test
responses were monitoredat wells 699-43-42J and 699-43-42K. The Westbaymultiport
system was installed in Well 699-43-42K. This well was also instrumentedwith a Westbay
ModularSubsurfaceData Acquisition(MOSDAX) systemwith the capabilityof
simultaneouslymonitoringpressure at fourports located at different depths. The stress well
was completed in silty sandygravelsof the Hanfordformation(Unit 1). The test site is
located nearthe areathrodghwhich most of the contaminanttransport from the 200-East Area
to the ColumbiaRiver takesplace. However, the ground-watermoundcreatedby B Pond
forces the main contaminantplume to follow a path to the south of the test site.

Slug-interferencetests, sinusoidal-pulsetests, and a constant-ratepumping test were
performed. The main objectiveof the tests was to determine hydraulicproperties including K,
I_, S, and Syfor the upperunconfinedaquifer at the test site. A secondaryobjective was to
evaluate the slug-interferenceand sinusoidal-pulsetest methods for measuringthese
parameters.

Results of the constant-ratepumping test arepresented in Table 5.1. Details of the
analysis of this test arepresentedin Appendix A. The constant-rotepumping test indicated a
transmissivityin the range of 18 to 25 n_/d, which correspondsto a K range of 1.4 to 2.1
m/d. Verticalanisotropy results 0K,/K)ranged from 0.01 to 0.06, and correo_ondto a I_
range of 0.02 to 0.08 m/d. However, the multiple-wellcomposite analysis is believed to
provide the most reliable indication of verticalanisotropy. This analysis method resultedin
K,/K = 0.01, which correspondsto a I_ range of 0.014 to 0.021 m/d.

Analysis of the slug-interferenceand sinusoidal-pulsetests is ongoing and will be presented
in a later report. The analysis of these additionaltests is not expected to change the results
presented in this report for the constant-rate dischargetest.

$.1.2 Single-Well Aquifer Tests Conducted at Sampling Network Wells

Approximately500 wells on the HartfordSite are routinelysampledat least once each
year. Most of these we_ are equippedwith dedicated submersiblesamplingpumps.
Therefore, it was relatively efficient and inexpensive to conductaquifer tests at sampling
networkwells using existing samplingpumps. Most of the samplingwells are completed in
the upper10 m of the unconfinedaquifer, where the majority of contaminanttransporttakes
place. Fifteen wells with samplingpumpswere identified in areas where additionalhydraulic
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Table 5.1. Results for the Constant-RateDischarge Test at the WestbayMultiport
Well Site Near B Pond

" T (m2/d) S S/S, I_K
QuaUtatlve "
Composite Analyses: 27 - 32 0.0001 - 0.0003 0.018 - 0.044 0.009 - 0.01

Quantitative Analyses
l ,, ,,, , , , , , ,,,, , , mill ,,,

699.43.42K Zone 3: 23.5 0.000! 0.045 0.04

699.43.42K Zone 4: 18.0 0.0001 0.030 0.06
" i i i i i ii ii llmrll -- _

699-43-473: 24.4 0.0002 0.023 0.01
ii,ii ,r I Ir II III I .ii, ii i IIIII I IIIIII I I ,s,., , . .

property informationis neededand tests were conductedon these wells. Results of the single-
well, constant-ratedischargetests performed on samplingnetworkwells are shownin
Table 5.2. The test analysesare describedin detail in AppendixB.

Some disadvantagesof using the samplingpumps for aquifertestinginclude a maximum
flow rateof about30 L/min, which limits the maximumtransmissivitythatcan be measured,
and the lack of a check valve in the pump column, which makes it impossible to obtain
analyzablerecovery dataand sometimesaffects the early drawdownresponse. In spite of
these difficulties,K values were determinedfor four wells where discernible drawdownwas
produced. These four tests were analyzedusing confined aquifer methods and assuming that
the well fully penetratesthe aquifer (see Appendix ]3). The actual hydraulicconductivitymay
be lower than the calculated value if the analyzedportion of the test response was signittcantly
affected by vertical flow within the aquifer. Because of the manynon-idealtest conditions
including partialpenetration,unconfinedaquifer conditions, anisotropy,a lack of observation
wells, and a lack of recovery data, the test results shouldbe regarded as order-of-magnitude
estimates.

The flow ratewas not high enough to produce a discernibledrawdownat the remaining 11
wells. However, as di_ussed in AppendixB, a minimumvalue for transmissivitywas

- estimatedcorrespondingto the magnitudeof the minimumdrawdownthat could be detected.
The transmissivityat these wells is assumed to be greaterthan 100 m2/d,or a discernible
drawdownwould have been observed. It should be notedthat the actualtransmissivityof the

" entire aquifer thickness may be much higherthan this minimumboundingvalue.
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Table 5.2. Results of Single-WeU,Constant-RateDischarge Tests Conductedat
SamplingNetworkWells

HII I I HI _ ii i |i i i i i iiiiiii L IIII I IIIII II I BIBIII In IIII I

Tested Interval

Below Ground Hydraulic

Hanford Well ,,, Surface Interval Leni_ ConductivityII ,,,, I Ill Ill[ll II I I II ,rill, , ,, __

Number (in) (m) (m/d)
I I I llllll IIIII IIIII I l I ' IIII I I

699-58-19 31.7-40.2 8.5 ND
ii II II ii 11I iIi ii ii I i I ii ii

699-S6-E4D 17.1-35.4 18.3 ND
lllllllllll lllll ] ii II Ill II Illl l II l I II l III

699-S19-11 28.7-35.1 6.4 ND
I i I i iiii iiiI Ill II IIIIII

699-4-E6 21.0-26.5 5.5 ND
II IIII II I IIIII I II II ! I I II II I I I

699-8-17 37.2-48.2 11.0 ND
ii I I iiii iiiiii i1[ llll _ I iiiii iiii i

699-8-25 32.9-51.2 18.3 ND
I Ill __ II Ill II II II II I i iiii I

699-15-15B 46.0-49.1 3.1 27
i|11 i ii iiii iii iiiii i ii i |lmll ..........

699-19-88 39.0-51.8 12.8 ND
i I i i i|1111i i iiiii _1

699-20-KSA 29.0-30.5 1.5 ND
I II[II III III I I IIII I I III

699-25-70 55.5-56.4 0.9 ND
Ull Ill I III ] i lilt =,,

699-29-4 31.1-34.1 3.0 40
II II II III IIII III II Ii iiiii i

699-29-78 56.4-91.4 35.1 ND
III i iii iiiii i i i iiii illl I i ii ii ii _ _

699-35-9 34.1-41.2 7.0 ND
i ii iii iii ii iii iiii iiii

699-55-89 48.8-64.0 15.2 6.7
I i j iii iiii iiiii

699-57-83A 44.2-59.4 15.2 4.3
.,.,,,

ND = No drawdown detected at average flow rateof 30 L/rain, the
transmissivityis assumedto be greaterthan 100 m2/d.

ill Ill illill 111,, "' II I I I q
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5.2 Aquifer Test Reanalyses

Aquifertests including slug tests and constant-ratedischargetests havebeen conductedat
. hundredsof wells on the HartfordSite. Of these methods, constant-ratedischarge tests are

generallyconsidered to be the most accuratemethodfor determiningaquiferhydraulic
properties,especially for higher-permeabilityunits. However, constant-ratedischarge tests

, can be affectedby nonideal wellbore and aquifer conditionsthatmakethe analysis results
ambiguous. These nonideal conditions include the following:

• flow-ratevariationsduringthe test

• headloss in the pumping well causedby frictioneffects

• a region of decreasedor increasedpermeability surroundingthe pumping wen (skin
effects)

• unconfinedaquifer(delayed yield) conditions

• partialpenetrationof the aquifer by the pumping well

• flow boundariesor other heterogeneityin the aquifer

• leakage from underlying or overlying hydrogeologicunits.

Because of these problems, the accuracyof manyof the reportedvalues of hydraulic
properties for the Hartfordunconfinedaquifer systemis uncertain. Recentlydeveloped
techniquesthatutilize plots of the derivativeof water-levelchange for well test diagnosis make
it easier to detectnonideal conditions and identify datathatcan be used in detemdning aquifer
properties (Bourdetet al. 1989; Spane 1993). Therefore, datafrom several earlier aquifer
tests are being reanalyzed using derivative methods. Reanalysesof eight tests were reported
in Thorne and Newcomer (1992). Additionaltest reanalysesare continuingand will be
presented in a future document.

" 5.3 Assignment of Hydraulic Properties to Units

o In the numerical model, an average "bestestimate"of the hydraulicproperties for a
particularunit may be assigned to the entire unit, or an areal distributionof hydraulic
propertiesmay be defined for the unit. The vast majority of contaminanttransporttakesplace
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withinthe uppercoarse-grainedunits of the aquifer. "thispartof the aquiferis generally
composedof the gravelsand sandsof the Hanfordformation, where this unit exists above the
watertable,andthemuddygravelstosandsofP.ingoldUnit5 inareaswherethewatertable
is below the Hartfordformation. The currentconceptualmodel approachis to assign an areal
distributionof K to permeable units that form the upperpartof the unconfinedaquifer system.
Single values of K will be assigned to mud units and to deeper permeable units. Because

limitedinformation is availableon S and Sy, single values of these propertieswill probablybe
definedfor each unit. An areal distributionof I_ values can be assigned to the upper
permeable unit by defininga relationship between verticalanisotropy(K_/K)and K. This
relationshipwould assume that less permeable sedimentsgenerallyare more anisotropic.
Single values of I_ can be assigned to other units. Uncertaintyin the hydrauficproperties
assigned to each unitresults from a lack of hydraulictests in some units, potential errors in
test analyses, and the spatialheterogeneity of the sedimentarylayers. Therefore, adjustments
to the assigned hydraulicpropertiesmay be madeduring the model calibrationprocess.

Hydraulicconductivitydata from aquifertesting and from reanalysis of previous tests are
being compiled to provide estimates for numericalmodeling. Uncertainty in test results is also
being estimated. Verticaland horizontalhydraulicconductivityat a location within the
Hanfordformation (Unit 1) was determinedfrom the multiple-well test near B Pond
(AppendixA). The results indicated a K of about 2 m/d and a I_ of about 0.02 m/d at this
site. Estimates of verticalhydraulicconductivitywithinthe RingoldFormation are available
from te_ at two sites near the 300 Area (Swanson 1992) and from a test conductedat the
NonradioactiveDangerousWaste (NRDW) Landfill southeastof the 200-East Area (Weekes et
al. 1987). The test at the NRDW landfillwas conductedacross a relatively low-permeability,
muddyzone withinRingold Unit 5. The I_ estimatedfrom this test was about 0.01 m/d. K
values of about 40 to 60 m/d and 0.3 to 15 m/d, respectively, were determinedfor the higher-
permeability and muddyzones withinUnit 5. A test of the overlying Hanford formation (Unit
1) at this site indicated horizontalK values of 500 to 1500 m/d. I_ was not estimatedfor the
Hanfordformation at the NRDW site. The 300 Area tests were conducted in gravels of
Ringold Unit 5 and yielded I_ values of 2.1 and 5.5 m/d. The values of K determinedfrom
these tests were 36.6 and 49.1 m/d, respectively.

It is interesting to note thatalthoughthe Hanfordformation generally displays higher
hydraulicconductivity thanunits within the Ringold Formation, a comparisonof the test near 11,

B Pond and the tests conductednear the 300 Area shows the oppositerelationship. The test
near B Pond was in Hartfordformation sedimentsthat happento containa relatively high
percentageof fines, whereas the 300 Area tests were conductedin a partof Ringold Unit 5
that is composed of uninduratedgravels with minor mud content (Swanson 1992). This
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illustratesthe heterogeneitywithin each hydrogcologic unit and the need to define distributions
of hydraulicconductivityfor at least the uppermostunits of the aquifer.

Measurementsof hydraulicpropertydatagenerally are not availablefor the mud-m

dominated units. However, the values assigned to these low-permeabilityunits will not have a
largeeffect on the flow systemas long as the conductivityvalues are orders of magnitudeless
thanthose of the permeableunits. A value of IO9m/d is indicatedin Davis (1969) as a
reasonableestimate for hydraulicconductivityof mud to sandymud units.

The effective porosity of permeable sedimentsat Hanfordhas often been assumed at 0.1
for modeling studies. This assumptionmay be adequatefor flow modeling but should be
refined for transportmodeling, which is more sensitive to porosity.
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6.0 Boundary Conditions

. Boundary conditions must be definedfor the sitewide ground-waterflow model. Nearly
all the model boundariesrepresentphysicalboundariesof the flow system. Perimeter
boundariesdefine the edges of the flow system correspondingto the ColumbiaRiver on the

. northandeast and the YakimaRiverand basaltridges on the south and west. Boundary
conditionsare also needed for the topand bottom of the aquifersystem. Local rechargeand
dischargeareas are representedby boundaryconditions defined for elements within the model.

6.1 Perimeter Boundaries

The boundarycondition correspondingto the ColumbiaRiver was discussed in Thome and
Chamness(1992). In summary,the currentapproachis to representthe river as a prescribed-
headboundaryover the depthof the river and as a no-flow boundaryfrom the bottom of the
river to the bottom of the aquifer. It is unlikely thatgroundwater in the unconfinedaquifer
systemflows across this boundary,although it is possible if a locally confined permeable unit
extends beneaththe river and is affectedby stresses such as pumping. For a general sitewide
model, daily and seasonalchanges in the river stage resultingfrom releases from upstream
dams can be ignored, and a time-averagedriver stage can be used for the prescribed-head
value at the river. The prescribed-headvalues along the ColumbiaRiver can be interpolated
betweenpoints where river stage is routinelymeasured.

In past numericalmodels, the YakimaRiver has been representedby a prescribed-head
boundary(Jacobsonand _reshley 1990). To help define aquifer behaviorin the vicinity of the
YakimaRiver, fiver-stage monitoringwas conductedat a point just below Horn Rapids Dam,
and ground-waterlevels were continuouslymonitoredat Well 699-$24-19 beginning in
November 1992. Well 699-$24-19 is open to both the unconfinedaquifer system and the
confined system. The two aquiferswere isolated at the startof the monitoringperiod by
settingan inflatablepacker betweenthe two open intervals in the well. A canal called the
"HornRapids ditch" is locatedbetweenWell 699-$24-19 and the river (Figure 6.1). This
canal receives water from the YakimaRiver at Horn RapidsDam and carries it to a point
about6 km downstreamwhere the water flows into the Yakimaflood plain, which is a marshy

4."

area on the east side of the river. Waterwas notpresent in the canal from about December
20, 1992, until May 28, 1993. Hydmgt_hs showing the measuredwater levels in the two
monitoringwells and in the river are shown in Figure 6.2. As shown, hydraulichead in the¢t.

unconfinedaquiferat well 699-$24-19 incrm.uxi by more than 1.6 m when water was
introducedto the canal in May. The elevation of water in the canaladjacent to the well is
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Figure 6.2. YakimaRiver Stage and Water-LevelElevationsin the Unconfinedand
ConfinedAquifersat Well 699-$24-19

about 127 m above msl. The dataindicate thatduringthose months when water is present in
the canal, the flow system boundarybetweenHorn RapidsDam and the canal dischargepoint
may be more accuratelyrepresentedby a prescribed-headboundarycondition equal to the
elevation of water in the canal, which is higherthan the fiver stage elevation. The hydraulic
head in the aquiferrose above the fiver stageand above the head in the underlying confined
aquifer when water was introducedto the canal. After the canal water was shutoff, the
hydraulichead slowly returnedto a level slightly below the fiver stage and lower than the
hydraulichead in the confined aquifer. The data confirmthatthe YakimaRiver and canal

together act as a prescfibed-head boundaryand apparentlycontributesignificantrechargeto
o the unconfinedaquifer. This situationprobablycontributesto eastwardground-waterflow

across the southernpartof the HartfordSite, which may limit the potential for contaminantsto
migrate southwardinto the Richlandarea(Dresel et al. 1993).
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It shouldbe notedthatWell 699-$24-19 was open to both the confinedand unconfined
aquifersfor a period of severalyears prior to the monitoringperiod. This information
explains why heads in the two intervalswere equal at the beginning of the monitoringperiod.
The isolation of these two intervals has been questioned because of uncertaintiesin the well
construction(Liikala 1993). However, the eventual separationof measuredheads in the two
intervals indicates that they were effectively isolated after a packer was placed in the well
between the two open intervals.

A flow-systemboundaryis also formed by basaltoutcropsalong the western edge of the
flow system. This boundarycan be considered no-flow or prescribed-fluxdependingon the
importanceof rechargeenteringthe flow system at a particularlocation. This western
perimeter boundarycrosses the Dry Creekand Cold Creek valleys, which are regarded as
rechargeareas. Boundaryconditions defined at these locations in past models have usually
been prescribed-flux (Cearlocket al. 1975). RattlesnakeMountainalso supplies rechargeto
the aquifer, partictdarlyduringthe winter months. The estimatedrechargefrom Rattlesnake
Mountainhas previously been included in the rechargeassigned to Cold Creekand Dry Creek
valleys (Jacobsonand Freshley 1990). The defined flux should reflect actual recharge
volumes. However, a lack of dataon rechargehas resulted in the flux across these boundaries
being set by the model calibrationprocess. In past two-dimensionalflow models, flux at
rechargeareas along the westernperimeter has been set at 9116 m3/dfor Cold Creek Valley
and 1331 m3/dfor Dry Creek Valley (Cearlocket al. 1975; Jacobson and Freshley 1990).
Jacobsonand Freshley (1990) foundthatuse of these values in an inverse calibration model
resulted in unreasonablyhigh heads in the vicinity of Cold Creek Valley. They achieved
betterresultsby definingthe Cold Creek Valley as a prescribed-headboundary,which forces
heads near the boundaryto mimic the observed values. The flow system is more realim'cally
representedby defining these boundariesas prescribed-flux. Elevatedheads calculated by the
model may indicate inaccuraciesin the transmissivitydistribution.

6.2 Top and Bottom of the Uneonfined Aquifer System

The top of the unconfinedaquifer is representedby the water-tablesurfaceand, therefore,
is not fixed in space. The resulting variations in aquifer thickness must be handledby the
numericalmodel. A prescribed-fluxterm may also be associated with the upperaquifer
boundaryto representthe inputof waterfrom naturalor artificialrecharge. Naturalrecharge
on the HartfordSite is thoughtto vary from about0 to 8 cm/yr dependingon soil type and
vegetation(Gee and Heller 1985; Bauerand Vaccaro1990). As discussed in Thorne and
Chanmess (1992), the naturalrechargedistributiondeterminedby Bauer and Vaccaro(1990) "
can be assumed for initial model runs. However, duringthe past 40 years, artificial recharge
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from waste-waterdisposal operationshas been muchgreaterthan naturalrechorgeacross the
site and has had a greater impacton the ground-waterflow system. Boundaryconditions that
accountfor the inputof artificialrechargeare discussed in the next reportsection,

The boundarycondition for the bottom of the aquifercould be no-flow or prescribed-flux
dependingon whether leakagebetween the unconfinedand confined aquifer systems is
considered significant, as discussed in Thome and Chamness(1992).

Jt

6.3 Boundary Conditions within the Flow System Boundaries

Other areas where boundaryconditionsmust be defined include the following: 1) sources
of artificialrecharge, such as pondsand cribs; 2) points of t_,ischarge,such as production
wells; and 3) "islands"within the flow system where relatively impermeablebasaltrises above
the water table. Whether a specific rechargeor discharge boundarycondition has a significant
effect on resultsof the numericalmodel may dependon the objectives of the simulation. For
example, pumping at Well 399-4-12 in the 300 Area, which supplies water to trout research
ponds, has a negligible effect on most of the sitewide ground-waterflow system. However,
continuouswater-level monitoringin the 300 Area has shown that pumpingof this well affects
water levels and ground-waterflow directions withinand aroundthe 300 Area. Therefore, it
would be importantto accuratelydefine the dischargeboundarycondition at this well if the
model were being used to predictground-wateror contaminantmovementin the 300 Area.

During the past 40 years, the volume of artificialrechargecaused by waste water
dischargedto disposal facilities on the HanfordSite has been greaterthan naturalrecharge and
has signflicanflyaffected the ground-waterflow system. The volume of artificialrechargeis
currentlydecreasing (Dresel et al. 1993). However, it is expectedto be significantfor several
moreyears. Artificialrecharge can be representedby defining prescribed-fluxboundary
conditions at disposal facilities such as cribs and ponds. B Pond is currentlythe largestsource
of artificialrechargeon the HanfordSite. However, until it was takenout of service, Gable
MountainPond received a largervolume of discharge. Majorground-watermounds, which
have affectedsitewide flow patternshave occurredbeneath B Pond, Gable MountainPond,
and U Pond (Bierschenk 1959). U Pond and GableMountainPondhave been
decommissionedand are now dry. Although a small volume of waste water has been

- discharged to a ditch near the U Pond, the ground-watermoundin this area is declining
(Dresel et al. 1993). Othersmaller-volumerecharge sources exist in the 100, 200, and 300
Areas and may affectground-waterflow on a local scale. These sources could be importantin

" simulations of contaminanttransportif they are near, or coincident with, contaminantsources.
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The City of Richiand infiltrationponds, agriculturaland lawn irrigation, and ground
disposalof waste water at a potato-processingplantare other sources of artificialrechargethat
mayaffect ground-waterflow in the NorthRichlandareaand in the southernpart of the
HartfordSite (Liikala 1993). The City of Richlandpumps water from the Columbia River into
infiltrationpondsto provide rechargefor a well field used as a secondarysource of water for
the city. The volume of waterpumpedinto theponds is consistently higherthan the amount
removedfrom the surroundingwell field. The resulting net rechargeto the unconfinedaquifer
duringthe period June 1989 to May 1990 was estimatedat 16,790 m3/d _ 1993).
Agriculturalirrigationon landsjust south of the HanfordSite has increased in the past 5 years.
Figure 6.3 shows the locations of irrigationcircles in this areaduring the 1991 growing
season. Most of the waterapplied to these fields comes from the Columbia River, where
supplypumpsare reportedto have a combined capacity of 27,257 m3/d(Liikaia 1993).
However, the actual volumes of irrigationwater applied to the fields are unknown,and the net
rechargeafteraccountingfor evaporationand crop use is expected to be a small percentage of
the total applied volume. Approximately1680 acres (6,800,000 m_)are currentlyirrigatedin
thisarea. In order to makea roughapproximationof the yearly rechargevolume, it was
estimatedthat 10_ of the waterappliedto the fields rechargedthe aquifer and that 1.52 m/yr
was applied. The resulting rechargevolume is 1,036,320 m3/yr, which is about 17% of the
net rechargeestimatedfor the Richlandwell field. This estimate shouldbe regarded as an
order-of-magnitudeestimate because of the uncertaintyin application rates and
evapotrans_iration.

Areas within the boundariesof the unconfinedaquifer system where relatively
impermeablebasaltrises above the water table can generally be representedby no-flow
boundaries. Aquiferrechargeat these structuresis small enough to be negligible. Gable
Mountainand GableButteare the largestof these impermeable "islands"within the flow
system. Smaller subcropsexist at the northernedge of the 200-East Area and to the east of
GableMountain. Accurate definitionof the extent these features may have a significanteffect
on the ground-waterflow model.
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l_gure 6.3. Irrigated Areas South of the Hanford Site (after L'tikala 1993)



7.0 Hydraulic Heads

The hydraulic head distributionfor the unconfinedaquiferon the HanfordSite and thea

surroundingareais determinedeach year by measuring waterlevels at hundredsof wells.
Results of the measurementsmade in 1992 are presented in Diesel et al. (1993). Additional
water-leveldatafor the NorthRichland areaareprovided in Liikala (1993). The annualIt

water-level measurementsprovide an extensivedata base thatcan be used to define initial head
conditions for numericalmodeling and for a comparisonof modeling runs with historical data.

Most of the wells in the currentunconfinedaquifermonitoringnetworkare completed in
the upperpartof the aquifer, within7 m of the watertable. Three-dimensionalmodeling will
requiremore extensive informationon the verticaldistributionof hydraulichead. Therefore,
clustersof individual wells completedat differentdepths and wells with individualpiezometers
open to different depth intervals are being identified. A preliminary list of these wells is given
in Table 7.1. Ad__ditionalwell clusters exist in the 100, 200, 300, and 1100 Areas.

Additionalinformation on hydraulicheads withindeeperpermeable units of the unconfined
aquifer system, as well as hydraulicpropertiesand hydrochemistrydata, can be obtained by
reconfigurationof some existing unusedboreholes. Severalrelatively deep wells were drilled
on the HanfordSite in 1979-1982 as partof the studies for a proposed Skagit-HanfordPower
Plant (PSPL 1982). These wells are commonly knownas "Golder"wells because Golder
Associates, Inc., supervisedthe well installation. The Golderwells, many of which extend to
basalt, have been used extensively in definingthe hydrogeologicstructureof the unconfined
aquifer system. However, they generally have casing or liners to the bottom depth and do not
have screens or perforations. In many cases, the liner has been damaged or the borehole is
partiallyfilled, and the integrityof the casing and/or liner is in doubt. The wells also do not
meet minimumWashingtonState well-constructionstandardsfor surface seals.
Reconfigurationand remediation of the wells are, therefore, requiredto obtain reliable data.
Two of these wells, 699-I 8-21 and 699-3I-I I, were reconflguredduringthe past year. These
two wells were selected for reconfigurationbecause they are kr,atedin areas where additional
informationon the vertical distributionof hydraulicproperties,hydraulicheads, and
contaminantconcentrationsis needed. They arealso locatedalong the travelpath of the major
contaminantplumes originating in the 200-East Area. Details concerning the reconfigmation

" of these wells are presentedin Appendix C.
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Table 7.1. Well Cluster Sites and Wells with Piez0meters in the Unconfined Aquifer System

Well Original Cunent Current Current Current Cun_
Diameter Interval Intorwd 1 Interval 2 Interval 3 Interval 4 Interval 5

Well (in.) (It his) (It Ms) (It his) (It Me) (ft his) (It bb) Notes

699.$41-E13A 4 47-57 screen
699.$41 -E13B 4 77-87 screen

699-$36-E12A 8 ? i

699.$36-E 12B 9 ?

699.$36-E13A 8 52-72 screen
699-$36-E13B 8 ?

699.S18-E2A 8 70-260 ? P 250-260

699.S 18-E2B 8 60-100

699.S14.20A 8 89-159 93-138 screen, plugat 138
699-S 14-208 12 ?

II

699.$12-29 8 83-175 83-1157 Q 150-155 P 185-190

699-2-33A 8 130-405 130-180 plugat 180

699-2-33B 8 ?-450 ?-170 Q 335-340 P 440-445 _ at 270
699-10-E12 8 60-340 O 95-100 P 360-365

699-14-38 8 110-409 110.1657 Q 175-180 P 415-420 annulusinterval 110.1657
699.15-15A 8 140-635 140-190 P 205-216 rdu_at 190

m

699-1 5-15B 6 141-161

699.17-26B ? ? R 120.125 Q 156-161 P 268-288 conditionunknown

699-17-26C ? ? R 120-125 Q 155-160 P 186-189 conditionunknown

699.19.26B ? ? Q 131-136 P 189-194 concl_on unknown

699.20-E12 8 65-344 O 80-100 S 113-138 R 178.198 Q 228-253 P 320-345 P in basalt
I

699-20-39 8 130-632 130-490 P 608-618 plugat 490. P in basalt
699-24-1 ? ? P in besdt

699.25.33A 4 191-200 screen
699-25-33B 8 ? Q 188-193 P 215-220 screens

699-26-35A 5 120-140 120-140
__ ,,

699-26-35C 4 193-203 193-203
699-26-35D 8 ? Q 195-200 P 223-338 conditionunknown

699-28-40 6 150-465 ? Q 340-350 P 452-462 annulus open 150-320? plug at 320

699-31-31 8 135-540 135-270 Q 360-370 P 590-600 ___[)lu9 at 270_ P in __banltr nels ?
699-31-53A 12 301-423 228-340 plugat 340

699-31-53B 12 306-430 O 300-320 P 410-430
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Table 7.1. (cored)

Well Original Cummt Cummt Cummt Cummt Cumm¢
Diameter Interval Interval 1 Interval 2 IntenMI 3 Interval 4 intenml 5

Well (in.) (ft Ms) (fitbis) (ft Ms) (ft Ms) fit h___) (ft _ .No*_m

699-31-65 8 240-450 0 2_ R 310-330 Q 370-390 P 410-430 _ unknown

699-32-62 8 275-500 275-340 O 365-375 P 490-500 [,,h._st 340
699-321-72 8 210-485 210-415 P 465-470 ,d,,,, _ 415f--|

699.36-46 ? ? S 300-310 R 370-380 Q 400-450 P 510-520 _e w__. O and P in h-..___
699.37-82A ? 221-408 conditionunknown
699.37-82B 8 1634590 0 165-185 S 230-250 R 310-330 Q 390-410 P 540-560 ____-_r_ionunknown

699.37-82C 8 165-Z_ _on unknown
699-37-82£) ? 155-190 _nn unknown

699-38-65 8 220-536 220-440 P 460.536 plug st 420-440
699-42-12A 8 120-320 120-180 _,_'-gat 180
699-42-12B 12 140-240

699-42-12C 6 ? _ unknown

699-51-75 8 190-370 190-235 P 245-392 plug st 235-245

699-53-55A 8 160-455 165-270 P 310-455 perf. 160-190 & 255-275, P in __,_.-i_,

699-54.37A 8 ? ?-132 __-,_ unknown
699.54-37? 6 ? ? _ unknown

699.55-50A 8 40-100 Q 64-78 P 96-98 conditionunknown

699.55-50C 8 35-59 35-56 l___ st 56
699-55-50D 8 33-90 33-90

699-55.60A 12 190-230
699.55.60B 24 230-285
699-55.60C ? ?

699-55-70 8 136-202 136-180 P 190-195 centare _.._._st 180
699-65.59A 8 100-125
699.65-59B 12 100-190
699.65-59C 6 100-140

699-67-51 8 100-250 100-170 Q 184-194 P 230.235 _,.__st 170
!699-69-45 8 80-300 0 153-178 R 153-178 O 210-235 P 255-277 _ unknown
699-80-43 ? ? S 30-50 R 116-140 Q 212-230 P 437-447

699-84-35 8 10-355 0 10 -7 S 127-153 R 191-217 Q 255-281 P 325-351

699.96-49 8 28-96 28-60 P 70-96 rnk_m.st 60-70

NOTE: Original well logs use english units. To convert inches to centimeters, multiply by 2.54. To cmrveN feet to
meters, multiply by 0.3048.



8.0 Contaminant Distributions

, Information on the distributions of contaminants within the unconfinedaquiferis needed
for setting initialconditions and for calibrationof a numericaltransportmodel. Contaminants
also act as tracersthatprovide clues to the movementof groundwater within the flow system.

It

The concentrationsof both chemical and radiologicalcontaminantsare measuredin
hundredsof HartfordSite wells each year, and plume maps are constructedthatshow the
contaminantdistributions. Contaminantdistributionsmeasuredduring 1992 and information
on samplingand analysis techniquesare provided in Dresel et al. (1993). Like the hydraulic-
head measurementnetwork, the samplingnetwork is composed mainlyof wells completed in
the upperpart of the unconfinedaquifersystem, generally less than7 m below the watertable.
A limited numberof wells completed in the upperconfined (interbasalt)aquifers are sampled
each year (Evans et al. 1992).

Distributionsof tritium,nitrate, and iodine-129 provide the most useful information
concerningground-waterflow on a sitewide scale. All threeof these contaminantswere
dischargedto liquid waste disposal facilities in the 200 Areas and are mobile in ground water.
Tritiumreplaceshydrogen in a watermolecule and moves at the same rate as water through
the aquifer. However, tritiumhas a relatively shorthalf-life (12.3 yr) and eventuallybecomes
undetectable. This trait limits its usefulness as a tracer in the deeper aquifer system where
concentrationsare lower and groundwater moves more slowly. Nitrateand iodine-129 are
also very mobileunder the ground-waterchemim3,conditions at the HartfordSite. The nitrate
distributionis similar, but not identical, to the tritiumdistribution(Dresel et al. 1993). The
variationsreflect differences in sources and the radioactivedecay thataffects tritium. Ofsite
agriculturalsources of nitratein the Cold Creek Valley to the west of the HartfordSite have
impactedgroundwater on the site (Evans et al. 1992). There h also a potential for natural
sources or pre-Hanfordagriculturalsources of nitrate to exist on the site. These other sources
may complicate the interpretationof nitratedistributionon the HartfordSite. Iodine-129 has a
long half-life (16 million years) thatmakes it of particularconcernas a contaminant. It has a
distributionin the upperunconfinedaquifer similarto thatof tritium (Dresel et al. 1993).
Iodine-129 has been found in the upperconfined aquifer system (Evans et al. 1992) and may
prove to be useful as a tracerfor vertical movementof groundwater in the unconfined
aquifer. However, the analysesrequiredfor detectingactivity concentrationsless than 1
pCi/L are difficultand expensive to perform.

Eddy et al. (1978) investigated the verticaldistributionof contaminantsin the unconfined

aquifer and found thatcontaminantconcentrationswere highest nearthe top of the aquifer.
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This findingwas attributed,in part, to an upwardhydraulicgradient. Relatively low vertical
permeabilitymay also limit the downwardmigration of contaminants. Following the
investigation of Eddy et al. (1978), manyof the sitewide samplingnetworkwells were
reconfiguredso they were open to only the upperpartof the aquifer, less than 7 m below the
watertable. Remediationof the wells improvedcontaminantmonitoringbecause water
containingthe highestconcentrationswas sampled and dilution with relatively uncontaminated
water from deeper in the aquifer was avoided. Remediationof the samplingwells also
eliminatedthe potential for enhanced verticalmigration of contaminants throughthe well
casing.

Relatively few of the wells on the HartfordSite arecurrently open to the deeperpartsof
the unconfinedaquifer system. Some of these are listed in the compilation of well cluster sites
and piezometerwells (Table7.1). Samplingof these and other wells in the deeper unconfined
aquifer will provide additionalinformation on the vertical distributionof contaminants. The
unusedGolderwells are also potentially useful for hydrochemicalcharacterization. However,
reconfigurationof the wells is requiredto gain access to hydrostratigraphicintervals thatare
of interest. Appendix C containsdetails on the reconflgurationof two of these wells, 699-18-
21 and 699-31-11, conductedduring the past year. Locations of these wells and the
concentrationcontours for tritiumand iodine-129 plumes in the upperunconfinedaquifer are
shown in Figures 8.1 and 8.2, respectively.

Samples were collected from one of the reconfiguredGolderwells, 699-31-11, and were
analyzed for tritiumand iodine-129. Developmentpumpingand samplinghave not yet been
conductedat well 699-18-21. The results at well 699-31-11, which is open to a depth interval
19.2 to 26.3 m below the currentwater table, were about 180,000 pCi/L for tritiumand
2 pCi/L for iodine-129. These concentrationsare approximatelythe same as those found in
nearbysamplingnetworkwells completedat the top of the aquifer (see Figures 8.1 and 8.2).
Well 31-11 is completedat the top of Unit 5, an _y extensive muddy sandand gravel unit,
andjust below Unit 4, a mud unit that is about 12 m thick at this well. Nearby sampling
networkwells arecompleted in the Hartfordformation (Unit 1) directly overlying Unit 4. The
samplingresults show that these contaminantsare evenly distributedin the upper50 m of the
unconfinedaquifer system, which has a total thicknessof about 130 m at this location.

One objective of the samplingwas to determine if contaminatedwatercould migrate
vertically downwardalong the existing well casing during Pumping, resulting in false
indications of contaminantsat depth. Therefore, samples for tritiumwere taken three times
duringdevelopmentpumping. A plot of the tritiumresults in relation to pumped volume is
shown in Figure 8.3. An increasingtrendwould indic:atethe possibility of vertical leakage
along the casing. T_e results, however, indicated a slight decline in tritiumconcentration.
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Althoughthe decreasewasless thanthepotentialerrorin the tritiumanalyses,vertical
migrationof contaminantsalongthe casingduringpumpingis notindicated.

Examination of the hydrogeologic structure shows that Unit 4 extends over a large area
between 200-East Area and the Columbia River. However, Unit 4 is not found directly

beneath the 200-East Area, where the contaminant plumes originate. It is, therefore, not
surprising that contaminants are found below this unit. The ground-water mound in the

_- vicinity of B Pond also may create a downward gradient, causing vertical mixing of
contaminants.

.mr
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Appendix A

&

Analysis of a Constant-Rate Pumping Test Monitored
ruth a Westbay Multiport Momtormg System

It

A series of hydraulictests were conductedat a well cluster site near B Pond that includeda
well equippedwitha WestbayInstruments,Inc., multiportmonitoringsystem. The tests
included slug-interferencetests, sinusoidal-pulsetests, and a constant-ratepumpingtest. The
main objective of the tests was to determinehydraulicpropertiesincluding both horizontaland
verticalhydraulicconductivity, storativityand _ific yield of the unconfinedaquifer. A
secondaryobjective was to evaluateslug-interferenceand sinusoidal-pulsetests for measuring
these parameters.

Analysis of the constant-ratepumping test conductedat the cluster site is presented in this
appendix. Slug-interferenceand sinusoidal-pulsetest analysesare ongoing and will be
presented in a later report. Analysis of these tests is not expected to change the results
presented in this report for the constant-ratedischargetest.

Test Site and Test Equipment

The tests were conductedat a cluster of threewells locatednear B Pond in the centralpart
of the HanfordSite. Well 699-42-42B was the stress well and responses were monitoredat
wells 699-43-42J and 699-43-42K. The approximatedistances between the wells are shown in

Figure A.1. Depth to water at the test site understatic hydraulicconditions was
approximately49 m below landsurface ('oh). Constructionas-built diagrams for each of the
wells are presentedin Figure A'2. Well 699-42-42B, the stress well, is screened with a 4-in.
ID, l_slot stainless steel screen between the depths of 59 and 62 m bls and is cased to the
surfacewith 4-in. ID stainless steel casing. Well 699-43-42J is screened with a 4-in. ID, 5-
slot stainless steel screenbetween the depths of 48 and 54 m bls and is cased to the surface
with 4-in. ID stainless steel casing.

" The Westbaymultiportsystem at well 699-43-42K is constructedof 1.5-in. ID PVC pipe
installed in a 10-in. borehole (Gilmore 1989). It has four operable pressure monitoringports
located at depths of 49, 53, 57, and 61 m bls. Four additionalports, locatedat greaterdepths,

" can not be accessed because of a bend in the casing.
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699-43-42K
(WestbayWell)

0

699-42-42B _e
(StressWell) 699-43-42J

Figure A.1. Distances Between Pumping and ObservationWells at the
Constant-RateDischargeTest Site
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]Figure A.2. As-Built Diagramsof Wells 699-42-42B, 699-43-42/, and 699-43-42]<:
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However, this problem did not adverselyaffect the testing. Each portprovides access to a
discrete depth interval where the annularspace between the borehole wall and the Westbay
casing is filled with size 20-40 sand. The sandpack intervals are approximately2 m long and
are isolated with bentonite annularseals. A probe can be lowered from the surfaceand

o

connected to any Westbaysystem port for measurementof hydraulicpressure, or for
collection of samples.

aL

For the tests, Westbayprovideda ModularSubsurfaceData Acquisition(MOSDAX)
systemwith the capabilityof monitoringpressure simultaneouslyat all the ports in Well 699-
43-42K. The MOSDAX system consisted of a string of four pressure probes that were
attachedto the four upperports in the Westbaywell. Pressuredatameasured by the downhole
probes were multiplexed and transmittedto a surfacecomputerover a single-conductor
wireline cable. An additionalWestbaypressure probe was placed in the pumping well and
was also connected to the MOSDAX system. A separatepressure transducerand data
acquisition system was used to monitor the water level in Well 699-43-423. This consisted of
a Druck, Inc., 1D-psi(68.9 kl_) pressure transducerand a Campbell Scientific, Inc., data
logger.

The configurationof equipmentinstalled in the stress well (699-42-42B) during the
constant-ratedischargetest is shown in Figure A.3. Flow rate was controlled with a gate
valve and continuously measuredwith a "PaddlewheelFlosemornmanufacturedby Signet
Scientific Company. Flow ratereadingswere periodicallychecked by measuringthe time
requiredto fill a 19-L (5-gal) bucket to a knownvolume mark.

Description of Tests

The constant-ratepumping test, with associated recoverymeasurements, was the primary
test conductedto determinehydraulicproperties. In addition, slug-interferencetests and
sinusoidal-pulse tests were conductedto evaluate these methodsfor use in unconfinedaquifers.
The slug-interference test involves conductinga slug test in the stress well and monitoring
pressure responses in one or more observation wells. The sinusoidal-puise test is conducted
by repeatedlyapplyingand releasing a stress to the well for equal time intervals.
Superpositionof the responses to each pulse createsa trendin the pressurepeaks and troughs
thatcan be analyzed to determinehydraulicproperties. Forthis report, only the analysis and
resultsof the constant-ratepumpingtest arepresented.

During the drawdownphase of the constant-ratepumping test, Well 699-42-42B was
pumpedat a constantrate of approximately18.5 L/min for 24 h. Drawdown responses were
measuredin each of the four zones at well 699-43-42K using the MOSDAX
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Constant-RateDischargeTest
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system, and in observationwell 699-43-42.Iusing a pressuretransducer. Drawdownwas also
monitoredin the stress well to ensurethat the well was not dewateredto the pump intake.
Figure A.4 showsa plot of flow rateand drawdownmeasuredat the pumping well. The flow
rate hadto be adjustedseveral times in the early partof the pumpingperiod ( < 30 rain)to
obtain the maximumpossible drawdownwithout allowing the water level to reach the pump
intake. These flow-rate perturbationscan be seen in the drawdownearly drawdowndataat
both the pumping and observationwells. The pumpcolumn was filled with water before

6

beginning the test to eliminate a high pumping rate at the startof pumping. All joints in the
dischargecolumn pipe were sealed and a check-valvewas used at the bottom of the pump
column to prevent discharge waterfrom le_g back into the well after the terminationof
pumping. When the pump was turnedoff, recoverywas monitored in each of the wells.

Analysis Proeedurm

Drawdown and recovery data were collected duringthe test at the pumped well
(699-42-42B), at observation well 699-43-473, and at four Westbay monitoringzones within
observation well 699-43-42K. The analysisprocedure included the following elements:

1. barometricefficiency determinationsfor each monitoringlocation

2. composite drawdownanalysis for multiplemonitoringlocations

3. quantitativeanalysis of selected individual monitoringlocations.

Barometricefficiencies were evaluatedfor each of the monitoring locations and were used
to remove atmosphericeffects from test datacollected duringand immediately following the
constant-ratepumping test. Compositeanalysis was utilized to obtainqualitativeestimate
rangesfor hydraulicproperties of the tested interval. Detailed test analysis was performed for
selected monitoring zones for quantitativedeterminationof hydraulicproperties.

Barometric EflkKncy Determination

Aquiferscommonly respond to variations in atmospheric pressure. These barometric
fluctuationsrepresentan areal, blanket stress applied at the land surface. The mannerin
which a well/aquifer systemresponds to changes in atmospheric pressure, however, is related
directly to the existing aquiferconditions (i.e., whether the aquiferis confined or unconfined).
For confined aquifers the transmissionof atmospheric pressure effect is instantaneous,with
the magnitudeof formationpressure change at any particularlocality being a functionof the
degree of aquifer confinement,rigidity of the aquifer matrix, and the specific weight of
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ground water. For unconfinedaquifersdifferentmechanismsare involved. As noted by
Weeks (1979), unconfinedaquiferresponse to barometric fluctuationsis a function of the
aquifer'sdepthbelow landsurface, and the vertical pneumatic diffusivityof the overlying
vadose zone. For an open, unconfinedaquiferwell completed below the watertable,

It

atmospheric pressure changes are transmittedinstantaneouslyto the water surface within the
well, whereas the pressure change at the water-tablesurface displaysa time-lagged response
becauseair must move into or out of the overlying vadose zone to transmit the change in i

pressure. The rate of airmovement within the vadose zone is a directfunction of its vertical
pneumatic diffusivity(Weeks 1979). The vadose zone pneumatic diffusivityis, in turn, a
function of the vadose zone permeabilityand the compressibility of the containedgas. Open
wells screenedacross the watertable, such as observation well 699-43-42J, may not display
this response because the atmospheric pressure change is transmitteddirectly to the surfaceof
the surroundingaquiferthroughthe air in the well casing.

For a closed (i.e., with a packer installation)unconfined aquiferwell completed below the
water table, atmosphericpressure changes would not be transmitted instantaneouslyto water in
the well as for the open well case. For a closed well completion, unconfinedaquifer
monitoringzones would, therefore, display the time-lagged aquiferpressure response to
atmosphericpressure changes describedabove. This closed-well case applies to the Westbay
multiportmonitoringzones in well 699-43-43K.

For the purpose of removing extraneousbarometriceffects from test responses monitored
duringthe constant-ratetest, barometricefficiency relationships were calculatedfrom baseline
monitoring datacollected prior to the initiationof the test. Baseline atmospheric pressure
readingsand downhole pressure measurementswere recorded at a recordingfrequencyof 30
rain, during the time period May 28 throughJune 1, 1993. Barometricefficlencies for each
monitoringlocation were determinedusing the method described by Clark (1967) for
determinationof barometricefficiencywithinconfined aquifers. To assess the effectsof time
lag in the barometricefficiencycalculation, pressure data observed at each monitoring location
were shifted in time to match the barometricpressure pattern.

Once the appropriatebarometricefficiencyand time lag values were determined for each
monitoringzone, the effects of barometricpressure changesthatoccurredduring the course of
the test were correctedfor by removing the calculatedwater-level or formationpressure
response associated with the barometricpressure change from the test data. An example of
the removalof barometricpressureeffectsfrom confinedaquiferhydrologictestdatafor wells
ontheHartfordSiteisprovidedin Spane(1992;1993).
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Figure A.5 shows a comparisonof atmosphericpressure fluctuationsand associated
pressureresponses recordedin monitoringzones 2 and 4 at well 699-43-42K and in well
699-43-423. Table A. 1 provides a summaryof the barometricefficiencyand time-lag results
for the pumpingwell and monitoringlocations. For the pumping well (699-42-42B) and

tt

multiple monitoringzones at well 699-43-42K, closed well completionconditions existed. For
observationwell 699-43-423, an open well completion is indicated. However, for this
monitoringlocation, the well screenextends above the watertable, enablingatmospheric

At

pressure changes to be transmitteddirectly to the water table via the open well. For this
reason,a barometricefficiency relationship was not calculatedfor monitoringwell
699-43-423.

As shownin Table A. 1, barometricefficiencies rangingbetween 0.2 and 0.35, for time
lags rangingbetween approximately15 to 17 min, and between 0.24 and 0.29 for time lags
rangingbetween 1.75 and 2.75 hr were calculated. The cause of the apparent high
correlationsfor both short-period(i.e., 15 to 17 min) and longer-period (i.e, 1.75 to 2.75 hr)
time lags is not readily apparent. Weeks (1979), however, notes that in addition to barometric
fluctuationsother daily cycfical stresses (earthtides) can also affectaquiferpressure response.
The apparentmultiple time-lag conelations may be attributedto these various external
stresses. An extendedbase-line period, with higher recordingfrequencies (e.g., 10 min),
would be required to establishcause and effect relationships of the various externalstress
factors.

Since the objective of the barometricefficiency analysis is to remove of extraneousstress
componentsfrom the test records, (andnot for quantitativehydraulicpropertyanalysis)
monitored test responses were corr_ed for barometriceffects using the barometric
efficienciesassociated with the short-period time lags. It shouldalso be notedthatMonitor
Zone 1 at well 699-43-42K exhibitedno similarhigh barometricefficiency correlationfor a
long-periodtime lag. The cause for this divergence from the behaviorobserved at other zones
is not readily apparent. However, it shouldbe notedthatthe Monitor Zone I monitoring
intervalencompasses the water-tablesurface, and is not fully saturated. Capillaryeffects
within the monitoring zone, therefore, may be responsible for the divergent behavior.

Multiple-Well Composite Analysis

, To obtainprefiminary,qualitativeestimaterangesfor hydraulicproperties,drawdowndata
recordedduring the constant-ratepumpingtest for Monitoring Zones 1 through4 at well 699-
43-42K and for web 699-43-423 were analyzed compositely. The composite diagnostic

- analysis involved collectively matchingthe drawdownresponses observed at each of the
monitoringwells, with predicteddrawdownresponses for variousanisotropyvalues (i.e.,
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Table A.I. Results of BarometricEfficiencyCalculationsfor MonitoringLocations

i ' | I ,ll i n

Barometric Standard
" Monitoring Well Efficiency Correlation Error of

Facility % Time Lag Coefficient Estimate
' rli i • iii

699.43-42J

Monitor Zone 1 20 17 min 0.989 0.0049

Monitor Zone 2 19 15 _ 0.987 0.0053

Monitor Zone 3 25 17 mill 0.993 0.0050

Monitor Zone 4 35 17 _ 0.991 0.0077

Monitor Zone 2 25 1.75 hr 0.992 0.0052
,i ,,, i J,ill ,

Monitor Zone 3 25 2.75 I_" 0.995 0.0042
, , ,ill i i, i

Monitor Zone 4 29 2.4 hr 0.996 0.0047
i

KJKh), storativity/specificyield ratios, and aquifertransmissivities. Test dataused in the
composite analysisreflecteddelayed yield unconfinedaquifertest conditions [i.e., segment 2
or the intermediateunconfinedtest response describedin Neuman (1972)]. Test data
reflective of early-time (segment 1) test response were not u"tflizedin this analysisprocedure
becausethese data are typically influencedby wellbore storage effects, which are not
accountedfor with the composite analysis type curvesutilized in this analysisprocedure.
Predicteddrawdownresponses were calculated for each monitoring location for the given
distanceto the pumping well, aquifer thickness, andpartialpenetrationcondition, and for
various hydraulicpropertycombinationsusing the DELAY 2 computerprogran describedin
Neuman (1975). The composite drawdownresponse for the four monitoring zones at well
699-43-42K and the monitoring zone at well 699-43-42J were then visually matched with the
DELAY2 predicteddrawdownpatternsto find the best matchand the correspondinghydraulic

• properties.

As a means of refining the preliminaryhydraulicpropertyranges obtainedfrom the
. composite drawdownanalysis, various well drawdowncombinationswere analyzed with a

commercially available,automatictype-curve matchingprogram,ANIAQX, which is
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describedin Hydralogic (1989). The Neumangravity drainageoption was utilized, which
describes completeunconfinedaquifertest response (i.e., all 3 segments).

Table A.2 presents a summaryof the composite analysis results. As indicated, for selected
observationwell combinations, fairly close agreementin hydraulicpropertieswere indicated
using the automated type-curvematching program. The relative uniformityof estimated
hydraulicpropertiessuggests thatthe aquiferis homogeneousover the region investigated by
the test.

Based on the composite analysis, the following ranges for aquiferhydraulicproperties
within the test areaare indicated:

Transmissivity: 27- 32 m2/d

Storativity:1x 104to2.7x 104

StorativitylSpecificYield: 0.018 to0.044

Anisotropy (I_/K,,): 0.009 to 0.01

It should be notedthatdrawdowndatafor the pumpedwell (well 699-42-42]3) was not
u"ttlizedin the multiple-wellcomposite analysis. This is because of non-formational drawdown
components(e.g., skin effects and well inefficiency) thatoccur at the pumpedwell. A
discussion of these non-formationaleffects duringconstant-ratedischargetests is presented in
Spane (1993).

Figure A.6 showsan exampleof a typicalcomposite type-curve/drawdownmatchfor all
monitoringzones at well 699-43-42K and for drawdownat well 699-43-42J. As indicated,
relatively good matcheswere obtained using the hydraulicpropertyrelationships shownin the
figure.

Quantitative Test Analysis

Detailed quantitativeanalyseswere performedon constant-ratetest responses observed at
well 699-43-42J and at Monitor Zones 3 and 4 withinwell 699-43-42K. Monitor zones 1 and
2 at well 699-43-42K were not analyzedbecause the magnitudeof the test response was not
adequatetoprovide a definitive, detailed analysis. Detailed analysiswas also notperformed
for the pumped well (699-42-42B), because of non-formationaltest responses noted
previously.
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Table A.2. HydraulicPropertiesEstimatedfrom CompositeDrawdownAnalysis
of Selected Monitoring Locations

_11 _ ........... t_'" H_ _, ,al_

,-J Well 699-4342K
, ,, Well

Zone I Zone2 [ ZOne3 [ zone4 699-434ZI T nrl/d S x 104 SlSy Xv/Khii m.i f ll lllll i

• X X X X X 29 1.2 0.019 0.01
i .i i ii i i ,ll

X X X X 29 1.5 0.020 0.01
ii i i i _ i i

X X X 31 1.0 0.038 0.009
ill. i i i

X X X 32 1.0 0.033 0.11119
i|l i i i i i

X X X 31 1.1 0.020 0.009
i i i

X X X 27 2.7 0.044 0.009
i i

.X X X X 30 1.2 0.018 0.01
Hit I

The quantitativeanalysisprocedurefor each monitoringlocation includeda diagnostic
derivativeanalysis of drawdownor recovery data, andtype-curvematching of the observed
drawdownor recovery response. Drawdownand recovery data were convertedto derivative
formatusing the DERIVprogramdescribedin Spaneand Wurstner(1992). The derivative
plots were then examineddiagnostically to indicate the type of test behavior (i.e., presence of
wellbore storage, delayed-yield response). Results of the diagnostic analysis indicated that
Type A unconfinedaquiferbehavior (i.e., elastic and delayed-yield, unconfinedaquifer
response) was indicated at all the monitoringlocations analyzed. In addition, wellbore storage
effects of the pumping well were also evident withinthe early-time, observation well data.

Type A unconfinedaquifer type curves utilized in the analysiswere calculated with a
computerprogram(Model Number 15) presented in Dawson andIstok (1991). This program
accounts for partialpenetration, aquifer anisotropy, and pumping well wellbore storageeffects
on the Type A type-curve response. Because of the closed well installation utilized for
monitoringzones at well 699-43-42K, no observation well wellbore storage effects were
expectedfor these monitoringlocations. Observation wellbore storage effects, however, were

V

expectedat well 699-43-473, and were accountedfor using a procedure described in Spane
(1993). Pertinentdistancerelationshipsfrom the pumping well and well completion
informationused in the test analysisare summarizedin Table A.3.4
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Table A.3. PertinentWell Completionand Test Information

ii i i

Interval Depths and Distance Relationships

Depth Below Water
Table

Distance from

" Monitoring Top of Bottom of Pumping Well Well Radius
Lecations Screen (In) Screen (m) (m) (in)

i ii I i

699-43-42K
iiiii i

Zone 4 10.97 12.80 11.09 0.051
i ii i i i i i

Zone 3 6.71 8.83 11.09 0.051
i i

Zone 2 2.74 4.88 11.09 0.051
i i

699-43-42J 0.0 4.70 19.51 0.051
i i ,l

,_(a)6_-42-42_ 7.02 12.80 - 0.051

(a) Pumping Well.
i i i

Test Information- Discharge Rate: 18.5 L/min
Test Duration: 1440 min

AquiferThickness: 12.8 m
i iii i II I

Well 69943-42K: Monitor Zone 4. The drawdowndataand derivativepatternfor
MonitorZone 4 are shown in Figure A.7. The diagnosticplot of the drawdowndata and data
derivative indicate a characteristicType A unconfinedaquifertest response. Fortype-curve
matching, drawdowndata obtainedduringthe f_rst30 min of the test were used. This test
data set (i.e., 0 to 30 min) was selected to ensure thatonly Type A unconfinedaquifer
behaviorwas analyzed and to avoid the effects of small variationsin the test dischargerate
thatoccurredlaterin the test. Small variationsin dischargerate cause minor drawdown
fluctuationsthatare accentuatedin the data derivativeplot.

As indicated in Figure A.7, a wellbore storage afected Type A curve correspondingto a
beta value of 0.045 provided a good curve match to the drawdownand drawdownderivative

data. Transmissivityand storativityestimates obtainedfrom the type-curve analysismatch
" points are 18.0 m2/dand 0.0001, respectively. An estimatedvalue for verticalanisotropy
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(Kv) of 0.059, based on the beta curvevalue and the ratioof observation well distanceto
aquiferthickness, was also indicated.

Well 699-43-42K: Monitor Zone 3. The drawdowndata and data derivativepatternfor
MonitorZone 3 are shown in Figure A.8. The diagnostic plot of the drawdowndata and
derivative indicate a characteristicType A unconfinedaquifertest response. As for the
analysisof Monitor Zone 4, only drawdowndata obtained during the first 30 min of the test _t

were used in type-curvematching. This test data set (i.e., 0 to 30 min) was selected to ensure
thatonly Type A unconfinedaquiferbehaviorwas analyzed and to avoid the effects of small
variations in the test dischargerate thatoccurredlater in the test.

As indicated in Figure A.8, a wellbore storage affectedType A curve correspondingto a
beta value of 0.03 provided a good drawdownand drawdownderivative curve match.
Transmissivityand storativity estimates obtainedfrom the type-curveanalysis matchpoints are
23.5 m2/dand 0.0001, re.rely. An estimatedvalue for vertical anisotropy(KD)of 0.039,
based on the beta curve value and the ratio of observation well distance to aquifer thickness,
was also indicated. In comparisonto the Monitor Zone 4 results, a higher transmissivityvalue
(i.e., 23.5 vs. 18.0 m2/d)is indicated. The increased estimatefor transmissivityyields a
highervalue for the aquifer's horizontalhydraulicconductivity (Zone 3 = 2.1 m/d; Zone 4 =
1.4 m/d), which is primarilyresponsible for the small difference in verticalanisotropy
estimates (Zone 3 = 0.039; Zone 4 = 0.059).

Well 69943-42J. A slightly differentanalysisprocedure was utilized for well 699-43-423
in comparisonto thatdescribed for Monitor Zones 3 and 4 at well 699-43-42K. Unlike the
othermonitored zones, observed drawdownand recoverypatternsat well 699-43-423 exhibited
divergentbehavior during early test times (i.e., duringthe first 50 rain of the test) and later in
the test (i.e., after ,, 200 mill). The reason for the divergence shown in Figure A.9 is not
readilyapparent;however, it may be related to changes in instrumentaldrift characteristics
thatwere evident duringthe pre-test period.

As shown in Figure A.5, well 699-43-423 does not exhibit an obvious association with
barometricfluctuationsas do the responses at Monitor Zones 3 and 4. This lack of
atmosphericassociation is attributedto the fact thatwell 699-43-423 is screened across the

watertable and, therefore, would not display the imbalance in atmospheric pressures between
the well and water table surface. Well 699-43-423, however, does display an increasing
pressure trend (5.2 x 10"_m/min) duringthe pre-test period, which does not a_ to be
observed at the other monitor zone locations. This suggeststhat the trendmay be attributedto
non-formationalresponses and is likely a productof instrumentdrift.
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In an attemptto analyze the test responseobserved at well 699-43-42.1,the drawdownand
recoverydata were correctedfor the pre-test trendpatterndisplayedin Figure A.5. The data
were then combined anda composite recovery-drawdownplot was prepared. It should be
notedthat removal of the pre-test trenddid not signi_cantly alter the observed drawdownor tt

recovery pattern. In developing the composite plot, the early recovery data (i.e., the first 70
min) was consideredto be more representativeof actual formation response characteristics
thanthe early drawdowndata, while later drswdown data was considered more representative ,
than later recovery data. Later drawdowndata was consideredto be more representative,
because of its consistent"fit"with the multiple-wellcomposite analysis, possibly due to
changes in the pre-test trendduringthe late recoveryperiod. The early recovery data was
considered more representativebecauseof flow-ratefluctuationsthataffectedthe early
drawdowndata.

Figure A.10 shows the composite recovery-drawdownplot, together with an analysis type-
curve match. Since all three segments of unconfinedaquifertest response are evident in the
plot, separateType A and/or Type B curve matchingprocedureswere not utilized. Instead,
completeunconfinedaquifertype curves were generatedusing the DELAY2 program, and
used in the analysis. Preliminaryanalyses indicated thatfor the distancerelationships
involved and for the expected storativityrange (i.e., elastic storage ffi 10"3to 104), pumping
well wellbore storage effects were insignificant. Therefore, pumping well wellbore storage
was not accountedfor in the test analysis. Observation well wellbore storage effects were
expected to cause a small deviation in the early-timeresponse. However, because of the
qualitative natureof the composite recovery-drawdownplot, a more quantitativeanalysis
accountingfor wellbore storageat the observation well was not consideredto be warranted.
A procedure thattakes into accountobservation well storageeffects in unconfinedaquifersis
presented in Spane (1993).

As indicated in Figure A.10, a full unconfinedaquifertype curve for a beta value of 0.023
provides a good match to the composite recovery-drawdownplot. Transmissivityand
stomtivity estimates obtained from the type-curveanalysis matchpoints are 24.4 m2/dand
0.0002, respectively. An estimatedvalue for verticalanisotropy(KD)of 0.01, based on the
betacurve value and observation well dif_anceand aquiferthickness relationship, is also
indicated.
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Appendix B

Hydrologic Testing at Hanford Sitewide Monitoring Wells

To obtain hydrologic data in supportof the Flow System CharacterizationTask of the
HanfordGround-WaterSurveillanceProgram,constant-ratedischargetests were performedat
several wells in the sitewide ground-watersamplingnetwork. The sitewide network currently
provides the best spatialdistributionof upperunconfinedaquifermonitoringwells on the
HanfordSite. Most monitoringwells in the networkare equipped with a dedicated
submersiblesamplingpump. These samplingpumpswere used to perform constant-rate
dischargetests at selected wells to provide estimates of hydraulicconductivityspatially
distributedacross the HartfordSite at a relatively low cost.

The sitewide monitoring wells tested duringFY 1993 were constructedwith either 6- or 8-
in. diametercarbonsteel casing and were screened or perforatedover the upperportion of the
aquifer (TableB.1). Observation well datawere not availableat any of the test sites. The
monitoringwells are routinelysampledwith dedicated0.5-hp or 0.75-hp submersiblepumps
thatproduce, on average, 8 gpm. Because there were no check valves installed in the
samplingpumps, some anomalies were observed in the early time drawdowndata. The early
time drawdowncurve was relatively steep, correspondingto the pumpcolumn filling with
water underlow backpressureconditions. As waterfilled the pumpcolumn and backpressure
on the pump increased, the drawdowncurve deflectedupwardthen followed the expected late
time drawdownresponse. This anomalous response was observed within the first two minutes
at severalof the test wells. The lack of check valves in the samplingpump installationsalso
caused recoverydata to be masked as water in the pump column drainedinto the well after the
pump was turnedoff. Therefore, recovery data obtained from the tests were not analyzable.

Tests Providing an Estimate of Hydraulic Conductivity

Four of the 15 te_ts resultedin a detectabledrawdownresponse. Only these four tests
provided a quantitativeestimate of hydraulicconductivity for the tested intervals. Constant-
rate dischargetests were runfor a durationof 24 h at these wells, which included 699-15-15B,
699-29-4, 699-55-89, and 699-57-83A. Hydraulictest analysis methodsfor all of these

qt

constant-ratedischargetests were identical. Confined aquifer analysis (Cooperand Jacob
1946) was performed on test data sections thatdisplayedradial flow conditions. The data
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1946) was performedon test data sections thatdisplayedradialflow conditions. The data
sections displaying radial flow conditions were identifiedby plotting the drawdownand
drawdownderivativeas discussed in Spane (1993).

Prior to performing the confined aquiferanalysisdiscussed above, drawdowndata were
correctedfor barometricfluctuationeffects and for the decrease in saturatedthickness

associated with drawdownin unconfinedaquifers. Barometricfluctuationeffects refer to the
change in formationpressure associated with changes in atmosphericpressure. Drawdown
data were corrected for the effects of barometricfluctuationusing the method described by
Clark(1967). In an unconfinedaquifer, the saturatedthickness of the aquiferdecreases during
a discharge test. Whenusing confined-aquifer-basedanalysismethods, which assume a
constant _turated thickness, the drawdowndata must be correctedfor dewatering. The
correction was made using an equationpresented by Jacob (1944).

It shouldbe noted that the tested wells generally only partiallypenetrate the aquifer
thickness and the analysis method does not account for the effects of partialpenetration on the
drawdownresponse. However, it was assumed that the unconfinedaquiferis anisotropicwith
a relatively small verticalhydraulicconductivity. Therefore, flow is assumed to be nearly
radialwithin the aquifersection penetratedby the pumping well and the vertical flow
componentwithin the aquiferis assumed to be negligible. Based on this assumption,
calculatedtransmissivityvalues were assumed to pertainonly to the tested interval thickness
(screen length) and this thickness was used in calculating hydrauficconductivityvalues.
lk_ause the test interval is actuallypartiallypenetratingthe unconfinedaquifer, the
transmissivity of the entireaquiferthickness is significantlyunderestimated;however, in
calculating hydraulicconductivity,this erroris offset by dividing the transmissivityresult by
the test intervallength rather than the actual aquiferthickness. The actual hydraulic
conductivity may be lower than the calculatedvalue if vertical flow withinthe aquifer is
significantlyaffecting the test response. Because of the many nonideal test conditions
including partialpenetration, unconfinedaquiferconditions, anisotropy,a lack of observation
wells, and a lack of recoverydata; the test results should be regardedas order-of-magnitude
estimates.

A diagnostic log-log plot of the correcteddrawdowndata and the associateddrawdown

derivative, calculatedusing the DERIVprogramdescribed by Spane and Wurstner(1992),
was generatedfor each monitoringwell (TignresB.1, B.2, B.3, and B.4). Drawdown
derivatives from all four tests indicatedthatradial flow conditions were achieved. Confined-

aquifer, straight-lineanalysis techniques(Cooperand Jacob 1946) were u"tflizedfor analyzing
this radial flow portionof the drawdowncurve (FiguresB.5, B.6, B.7, andB,8). The
straight-lineanalysesresultedin hydraulicconductivityestimates shown in Table B.1.
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Because no observationwell datawere availableat the test sites, storativityand specific yield
were not estimated.

,, Tests Providing a Lower Bound on Hydraulic Conductivity

Of the 15 monitoringwells tested duringFY 1993, 11 showed no detectable drawdown.
, Data from these wells were not sufficientto estimate hydraulicconductivity. However, with

knowledge of the pressure transducerresolution and appliedstress level, a qualitative lower
boundwas estimatedfor transmissivityof the tested interval. Theoretical test responses were
calculatedfor various transmissivitiesusing the Theis (1935) solution and assuming the
averagedischargerate of 8 gpm (Figure B.9). Resolutionof the straingauge pressure
transducerused in these tests was approximately0.007 ft of water. However, turbulence
createdby the pumpcaused pressure fluctuationsof as muchas 0.05 ft of water in some wells;
these pressure fluctuationslimited the ability to resolve actualdrawdown. Consideringall of
these factors, 2500 ft2/dwas identified as the highest transmissivityvalue that would produce a
detectabledrawdownresponse at the given stress level. This analysis is based on confined-
aquifermethodsthat assumea fully penetratingwell. At equal transmissivity, delayed yield
effects causedby unconfinedaquiferconditions are e_ to reduce the magnitudeof
drawdownobserved over a relatively shortpumping period. Therefore, the lower bound of
transmissivitywas estimatedat 1000 ft2/dfor the wells where no drawdownwas detected.
The actual transmissivityof the entireaquiferat these locations may be substantiallyhigher,
especially for partiallypenetratingwells. Because of uncertaintyin the aquiferthickness and
effects of partialpenetration, no attemptwas made to estimate hydraulicconductivity. For
quantitativeestimates of hydraulicconductivity, additional tests should be conductedat these
wells using higher flow rates.
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Table B.1. Results from Constant-RateTests of Sitewide MonitoringWells

Interval Hydraulic
Hanford Tested Interval Length Conductivity '

Well Number (ft below ground surface) (ft) (ftlday)
H HI , , HI i ,

699-$8-19 104- 132 28 ND •
i i i |,,

699-S6-E4D 56 - 116 60 ND
ii. i i .i .

699-S19-11 94- 115 21 ND
, i , .,, .u ,

6994-I_i 69.- 87 18 _
. ii i i

699-8-17 122- 158 36 ND
iii ii ill iii i

699-8-25 108 - 168 60 ND
m ,,

699-15-15B 151- 161 10 90
i |. ii .

699-19-88 128- 170 42 ND
i i ,,,, ,|,

699-20-F_SA 95- 100 5 ND

699-25-70 182 - 185 3 ND

699-29-4 102- 112 10 130
i ll.i m.

699-29-78 185 - 300 115 ND
iii i i i

699-35-9 112 - 135 23 ND

699-55-89 160- 210 50 22
i i.i i i i i |l i

699-57-83A 145- 195 50 14

ND ffi No drawdown detectedat averageflow rate of 8 gpm; the
transmissivityis assumedtobegreaterthan1000_/d.

' .JU i i]i ,i i[ ] ,,,,, ,,
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Figure B.1. Log,Log Diagnostic Plot of Drawdown and Drawdown Derivative at Well 699-15-15B
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24 h Constant-Rate Discharge Test, 600 Area, Hanford Site

• Drawdown @ 699-294

• Drawdown Derivative @699-29-4
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Figure B.2. Log-Log Diagnostic Plot of Drawdown and Drawdown Derivative at Well 699-29-4
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24 h Constant-Rate Discharge Test, 600 Area, Hartford Site

• Drawdown @699-55-89

• Drawdown Derivative @699-55-89
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Figure B.3. Log-Log Diagnostic Plot of Drawdown and Drawdown Derivative at Well 699-55-89
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Figure B.4. Log-Log Diagnostic Plot of Drawdown and Drawdown Derivative at Well 699-57-83A
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Figure B.5. Cooper and Jacob StraightLine Analysis for Well 699-15-15B
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Figure B.6. Cooper and Jacob StraightLine Analysis for Well 699-29-4
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Figure B.7. Cooper and Jacob StraightLine Analysis for Well 699-55-89
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Figure B.8. Cooper and Jacob StraightLine Analysis for Well 699-57-83A



Simulated Response in Stress Well at Q = 8 gpm
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Figure B.9. SimulatedTheis Response at Average Discharge Rate of 8 gpm and IndicatedTransmissivity
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Appendix C

Reconfiguration of "Golder" Wells

More than 100 wells were*drilledon the Hadord Site during1979 to 1982 as partof the
site investigationsfor a proposed Skagit-HanfordNuclear PowerPlant. These wells are
commonly known as "Golder"wells because Golder Associates, Inc., supervisedthe well
installation. Many of the wells were drilled to basalt, anda few were drilled throughthe
upperbasalt flows to the RattlesnakeRidge interbedor other units within the confined aquifer
system. The Golderwells provide valuable informationon subsurfacegeologic structureand
some of the wells are potentiallyuseful for hydrologiccharacterization. However,
reconfigurationof the wells is requiredto gain access to hydrostratigraphicintervals thatare
of interest. Two Golderwells were reconfiguredduringthe past year to supportthree-
dimensionalcharacterizationof the unconfinedaquifer system. Informationon the
reconfignrationof these wells is providedin this appendix.

Most of the Golderwells were drilled with a combinationof air-rotaryand mud-rotary
techniques. Steel casing (usually6-in. diameter)was placed to the depth where the air-rotary
drilling methodwas terminated. The bottomof the steel casing is usuallyat some point below
the water table. Following open-hole, mud-rotarydrilling, a 4-in.-diameter polyvinyl chloride
(PVC) liner was placed from the surfaceto the bottomof the borehole. The PVC liner pieces
are generally connectedby external-upsetslip-joints. There is some evidence that the PVC
joints were connectedusing solventprimer, but no glue. Manyof the wells were used for
seismic tests and severalhave been damagedby explosive charges used in testing. The wells
have no surface seals.

Four wells (699-18-21,699-19-23, 699-31-11, and 699-31-17) were identified in locations
whereinformationisneededonhydraulicproperties,hydraulichead,andcontaminant

concentrationswithindeeperpermeable zones in the unconfinedaquifer system. The current
condition of these wells was ascertainedby examiningthe original well constructionlogs, by

r site in.on, and by runningborehole television and magneticlogs. The television logs
allowed i_spection of the inside of the PVC liner for damage, and the magnetic logs provided
information on depth of the bottomof the steel casing. Wells 699-18-21 (GolderS-12) and

; 699-31-11 (Golder 50) were then selected for the initialrecontigurationtrial. Well 699-19-23
(Golder S-5) was eliminatedfrom considerationbecause it was originally drilledto the
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RattlesnakeRidge interbedand may provide a futureop_rtunity for monitoringthis unit.
Figures C.1 and C.2 show the as-foundwell conditionsand the final configurationof the wells
after remediationfor the two reconfiguredwebs.
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" Figure C.1. As-Built Diagrams for Well 699-18-21 (Golder S-12) Before
and After Reconfiguration
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