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1.0 INTRODUCTION

Aquifertestingwill be conductedat groundwatermonitoringwell #3 at
the proposedState-ApprovedLandDisposalSite (SALDS)north of the 200 West
Area (FigureI). Hydrologictestingwill consistof instantaneousslug tests
and constantrate dischargetests in a "drill-and-test"type_equence.
Well #2 will be installedas a shallowgroundwatermonitoringwell prior to
testingand used as an observationwell duringthe constantrate discharge
tests at well #3. Pumpingtests will be performedat two to three intervals
duringthe drillingprocessat well #3.

The SALDS will be an infiltrationdisposalsite for treatedwaste water
originatingat the proposedEffluentTreatmentFacility(ETF)locatedjust
east of the 200 East Area. Initiallythe ETF will be treatinga liquid stream
containinghazardousand radiologicalconstituentsfrom the 242-A Evaporator.
These constituentswill be removedfrom the waste streamat the ETF,with the
exceptionof tritium(no reasonabletechnologyexistsat this presenttime for
the extractionof tritium). The U.S. Departmentof Energy,Richland
OperationsOffice,is in the processof applyingfor a WAC 173-216State-Waste
DischargePermitfor operatingthe SALDS.

Aquifertest results(hydraulicconductivities)will be _sed to refine
estimatesof groundwatertraveltime from the SALDS to the ColumbiaRiver
about 5 mi to the north/northeast.The SALDS locationwas selectedbecauseit
providesthe longesttraveltime to the ColumbiaRiver,allowingsufficient
time for the tritiumto decay to acceptablelevelsbeforeenteringthe river.
For this reason,it is importantto make good estimatesof the aquifer
hydraulicconductivity,since this is the key factorfor estimatingground-
water travel times. Only one previousaquifertest was conductedat the
SALDS: an instantaneoustest at upgradientwell 699-48-77Ain 1992
(FigureI). The currentproposedtestingprogramshouldprovidean areally
extensiveestimateof hydraulicconductivitywithoutthe limitationsof slug
tests.

1.1 SCOPE

This test plan providestechnicalguidancefor performinghydrologic
tests at well #3 at the proposedSALDS facility,in accordancewith the site
groundwatermonitoringplan (Reidel1993b). Specificitems includedin this
test plan are test designrequirements,equipmentrequirements,field oper-
ationalrequirements,implementationrequirements,and data collectionguide-
lines for the aquifertesting. This test planwas preparedin accordancewith
EnvironmentalInvestigationsInstruction(Eli) 10.1, "AquiferTesting"
(WHC 1988a).

Field testingwill occur duringwell drillingand afterthe monitoring
well is completed. The first aquifertest is expectedto commencein
February1994. Hazardousand radioactivegroundwaterand sedimentsare not
expected. After field testinga reportwill be issuedsummarizingthe test
results. Field testingwill consistof the followingtypes of tests:

° Instantaneousslug injectionand withdrawaltests (Papadopulosand
Cooper 1967,Bouwerand Rice 1976)

I
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Figure I. Well LocationMap for the ProposedState-Approved
Land DisposalFacility.
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• Constantrate dischargedrawdownand recoverytests (Neuman1975,
Cooper and Jacob 1946).

1.2 PURPOSEANDOBJECTIVES

The primary purpose of these aquifer tests is to characterize the
hydrology beneath the proposed SALDS. Aquifer testing is expected to provide
estimates of hydraulic conductivity for the single-well tests (slug tests),
and additionally specific yield, possibly the elastic storage coefficient, and
the verticalhydraulicconductivityfor the multiple-wellconstantrate
dischargetests. Constantdischargetestswill be conductedat two or three
depth intervalsin well #3.

The generalobjectiveof this test plan is to provideadministrativeand
technicalguidancefor the field testing. Specificinformationcontainedin
this test plan includes:

(I) The expectedhydrogeologyat the test wells
(2) A discussionabout the types of tests thatwill be performed
(3) The test well configurationand test equipmentrequirements
(4) The generalsequenceof field testingactivities
(5) Specifictest designand data collectionrequirements
(6) The handlingof purgewaterproducedduringtesting
(7) Applicableproceduresand qualityassuranceguidelines•

2.0 SITE HYDROGEOLOGY

A brief descriptionof the expectedhydrogeologyfor the test sites is
presentedbelow. For greaterdetailrefer to the characterizationreport
(ReidelIg93a)and groundwatermonitoringplan (ReidelIgg3b). The
hydrogeologydescribedbelow is based on two upgradientcharacterization
boreholesdrilledin 1992, 699-48-77Aand 699-48-77B.

The top of the unconfinedaquiferat the proposedtest site is situated
withinRingoldFormationunit E at a depth of about 219 ft below land surface•
The RingoldFormationis dominatedby gravel sequenceswith a matrix of sands
and increasingsilt contentbelow 170 ft. A major cataclysmicflood
channelwayincisedinto the RingoldFormationoccursapproximatelyI km north
of the site. This channelwayis filledwith Hanfordformationgravel-
dominateddeposits• The positionof the erosionalchannelwayedge is inexact
becauseof poor well controlin the area.

The bottom of the unconfinedaquiferis markedby the top of the
Elephantbasalt. The lower mud unit commonto the RingoldFormationwas not
presentin the upgradientboreholeand will probablynot be encounteredin
well #3. As interpretedby Lindseyand Gaylord(1991),the lower mud pinches
out moving north from the 200 West Area towardthe SALDS. The expected
generalsequenceof stratigraphicunitsfrom ground surfaceto total depth for
well #3 is shown in Figure2.
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Figure 2. Stratigraphic Units and Lithology Penetrated at the
Preferred Soil Column Disposal Site by Borehole 699-48-77A.
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Movementof groundwaterin the unconfinedaquiferoccursprimarilyin
the RingoldFormation. Groundwaterflow directionis to the northeastfrom
the SALDS towardGable Gap. A hydraulicconductivityof 20 ft/d was estimated
at well 6gg-48-77Afrom slug test data (AppendixA).

3.0 WELLCONSTRUCTIONANDCONFIGURATION

Both wells will be completedas groundwatermonitoringwells, screened
in the silty sandy gravelsof the RingoldFormationunit E at the top of the
unconfinedaquifer. Well #3 is a deep characterizationboreholethat will
followa drill-and-testsequenceto the top of basalt (estimatedat 445 to
455 ft below ground surface). Thiswell will then be backfilledand completed
at the top of the uppermostaquifer. Duringdrillingof well #3, pumping
tests will be performedat specificintervals: (I) the top of the unconfined
aquifer,(2) the bottomof the unconfinedaquifer,and (3) be1_w the lower mud
(if present). After completion,thesewells will be used to collect
groundwaterchemistrysamplesand water-leveldata.

Both wells will be constructedaccordingto RCRA standardsas outlined
in WAC-173-160,and implementedby the HanfordSiteGenericWell Specification
for groundwatermonitoringwells (Reynolds1992). Finalwell materialswill
consistof 4-in.-diameterstainlesssteelcasingand a 20-ft stainlesssteel
continuouswire-wrap10 or 20 slot (0.010-0.020in.) screen• The screenslot
size and filterpack will be based on the geologicdata from the completion
interval•

Aquifertestingwill commenceafter completingwell #2 and drillingwell
#3 to the first test interval(topof the unconfinedaquifer)• Testingis
expectedto take 5 days at each test interval• A 10- to 20-ft 6- to 8-in.
telescopingscreenwill be temporarilyinstalledin well #3. Screenslot
sizes will be either0.010 or 0.020 in. dependingon informationfrom the
geologiclog. The well will be developedusing surge blocksand/orby pumping
to remove formationalfines. The GeosciencesAquiferTest Leadwill give
final approvalthat the well is sufficientlydevelopedfor testing. The
screenwill be removedbeforedrillingto the next test interval. Up to three
intervalswill be screenedand testedin this manner. If the lowermud is not
present,the third test will not be conducted.

4.0 DESCRIPTIONOF TEST ACTIVITIES

The hydrologictestingsequencefor each test intervalconsistsof the
following: an instantaneousslug injectionand withdrawaltest, step-drawdown
pumping,a constantrate dischargetest, and a final slugtest. Step-drawdown
pumpingwill be used to determinean optimumdischargerate for the constant
rate dischargetests• A final slug test may be conductedat each test site to
determineif additionaldevelopmentoccurredd_ringthe dischargetest.

m
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4.1 TEST DESCRIPTION

The primaryobjectivefor the aquifertests is to determineaquifer
hydraulicpa'rameters.For single-wellinstantaneousslug tests,only the
hydraulicconductivitycan be estimated. Use of the observationwell during
the pumpingtests shouldprovidethe additionalestimatesof the vertical
hydraulicconductivity,the specificyield,and possiblythe elasticstorage
coefficient.

During step-drawdownpumpingand constantratedischargetests,water
will be removedfrom the aquiferat a constantrate. Step-drawdownpumping
will consistof discharginggroundwaterat a constantrate for 60 to go min,
then increasingthe dischargerate for another60 to 90 min. This "step"
increasein pumpingmay be repeatedtwo to five times.

Slug tests stressthe aquiferby "instantaneously"changingthe levelof
the water within the well with the use of a sluggingrod, or by some other
volumetricmeans. The slug tests providean estimateof the aquiferhydraulic
conductivitynear the borehole,whereasthe constantrate dischargetest
providesestimatesof aquiferpropertiesintegratedover the volumeof the
drawdowncone. Slug test resultswill be comparedto the hydraulic
conductivitiesestimatedfrom the constantrate dischargetests.

Slug tests are affectedby local,small-scaleaquiferheterogeneities
and near boreholeformationaldisturbances(e.g.,from the drilling
operation). The test resultsgenerallyapplyonly to the part of the aquifer
being stressedand shouldnot be consideredrepresentativeof the entire
saturatedthickness. Given these limitations,slugtest resultsshouldbe
interpretedwith caution.

Aquifertestingwill be initiatedonly after severaladministrative
tasks are completed. These tasks include:

• A groundwaterchemistryevaluationto determineif purgewater
producedfrom testingneeds to be contained. If purgewatermust
be contained,constantratedischargetestingwill only proceedif
a purgewatertruck (or other containmentvessel)can be used for
collectingthe water (i.e.,very large volumesof purgewaterwill
not be produced).

• An assessmentof the impactof purgewateron endangered,
threatened,or sensitiveplant and animalspeciesif water is to
be disposedto the ground. If purgewatermust be contained,the
same criteriaapply as describedunder bulletone above.

i_ 5.0 DESCRIPTIONOF TEST REQUIREMENTS

The followingsectionsdescribepre- and post-testmonitoring,equipment
requirements,and test design and data collectionrequirementsfor the aquifer

I tests.
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5.1 GENERALEQUIPMENTREQUIREMENTS

A calibratedtransducershouldbe used in the pumpingand observation
wells for the baselinemonitoring,pre-testwater-levelmonitoring,and during
the aquifertests. Calibratedequipmentother than flow measurementdevices
shall be controlledas describedin Eli 3.2 of WHC-CM-7-7(WHC Ig88a). The
transducershould be locatedin the well as statedin Eli 10.1, "Aquifer
Testing." Steel tapes and electrictapes used for measuringwater levelsmust
meet the calibrationand standardizationrequirementsin Eli 10.2.

The transducersmust recordat a log-scalefrequencyat the start of the
slug tests, step-drawdownpumping,constantrate dischargetests,and the
beginningof recoverymonitoring,with a maximumrecordingfrequencynot to
exceed I h. Recordingfrequenciesfor baselinemonitoringand pre-test
monitoringshouldbe set at a maximumintervalof I h.

For step-drawdowr_pumpingand the constantrate dischargetests,the
pump shouldbe installedwithin 5 ft of the bottomof the screenor at a depth
that is at least 3 to 5 ft below the level of maximumexpecteddrawdown. This
settingshouldprovidean adequatebufferto preventcavitationduring pump
operation.

5.2 PRE- ANDPOST-TESTMONITORING

Barometricpressuresmust be recordedat 1-h intervalsat least 2 days
beforetestingis initiated,throughoutthe testingactivities,and for I to
2 weeks after all testingis completed(or after the well itselfis finally
completed). If barometricmeasurementsare taken at eitherof the test wells,
the recordingrate must be set at the same recordingfrequencyas the water-
level transducerfrequenciesand times.

Prior to step-drawdownpumpingand the constantratedischargetests,
water levels shouldalso be monitoredfrom I to 5 days. In general,pre-test
monitoringshouldexceedthe expectedlengthof the test by a factorof about
2 or 3. If time for testingis limited,this periodmay be reducedto I day.
However,the longermonitoringperiod is preferred. The maximummeasurement
intervalis I h.

Water levelsmust be monitoredjust prior to initiationof the test to
establishany short-termtrendsor disturbancesfrom recentoperational
activities. The time of monitoringcould range from 30 min to I day, or until
stableconditionsare evident (waterlevel is at "static").

After pumpingis terminatedfor the step-drawdownand constantrate
dischargetesting,water-leveldata collectionwill continuethroughoutthe
recoveryperioduntil a dynamicequilibriumis re-establishedor the recovery
trend is clearlydefined. In most cases full recoveryis expectedto occur in
about 2 or 3 days. A final slug test may then be performedat the well.
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5.3 SLUGTESTS

Instantaneousslug testswill be conductedin all wells followingthe
procedurecontainedin the EnvironmentalInvestigationInstructionManual
(WHC-CM-7-7,Section10.1, "AquiferTesting").

5.4 STEP-DRAWDOWNANDCONSTANTDISCHARGETESTS

Step-drawdown pumpingwill be used to determine the optimum pumping rate
for the constant rate discharge test. Two to five steps at 60 to 90 min in
length will be necessary to makethis determination, unless diagnostic
development data are available from the development work. A reasonable
drawdownfor the long-term test would be at least 5 to 10 ft in the pumping
well, not exceeding 25%of the aquifer thickness. A pumpcapable of
dischargingI0 to 90 gal/minat a total dynamichead of 250 to 500 ft or more
will probablybe required.

A constantrate dischargetest will be conductedat each of the test
intervalsafter the step-drawdownpumping. Well #2 will be used as an
observationwell duringall of the pumpingtests at well #3. During these
tests,the riser pipe fromthe pumpmust have a backflowvalve or a surface
valve installedto preventwater in the pipe fromdrainingback into the
aquiferafter the pump is shut off. At a minimum,a valve shouldbe installed
at groundsurfacethat can be closedat the end of the pumpingperiod.

5.4oi DischargeRates

A calibratedflow measurementdevice (whichincludesorifice-type
devices)must be used to monitorthe dischargerates. The orificedevice is
consideredcalibratedif it was constructedaccordingto standardindustry
specifications(e.g.,Driscoll1986). The dischargeratewill be confirmed
duringthe.test using,for example,a stopwatch and containerof known
volume. The error of the flowmeasurementdevice shouldnot exceed±10% of
the total flow. This confirmationtestingwill be adequatein itselfif the
test has startedand the flowmeasurementdevicefails•

Flowmeasurementdevicesmust be installedwith the correctlengthof
straightrun pipe upstreamand downstreamfrom the deviceper the
manufacturer'srecommendationsor standardindustrypractice(e.g.,Driscoll
1986). If a rotor meter type flowmeter is used for low flow rates
(<20gal/min),the factorycalibrationis acceptable,providedthe flow rate
is also confirmedwhile runningthe test. Expectedflow rates may range from
5 to go gal/minbased on previouslyestimatedhydraulicconductivities.

Flow rates shouldbe recordedat least every5 min at the start of the
test, and at a maximumof 30- to 60-min intervalsafterthe first 30 min. If
a transducercan be used for recordingflow rates,the rate shouldbe set to a
logarithmicrecordingfrequencyat the start of the test with a maximumrate
of every 30 to 60 min.

The dischargerate for the pumpingtest will dependon the resultsof
the step-drawdownpumpingor the developmentdata. The AquiferTest Lead will
make the final determinationof the flow rate. A pump capableof discharging
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I0 to go gal/min at a total dynamic head of 250 to 500 ft will probably be
requi red.

The entrance velocities of groundwater into the wells are not expected
to produce significant turbulence at an estimated maximumflow rate of
90 gal/min. For an 8-in. 10 slot continuous wire-wrap screen I0 ft long, the
entrance velocity at 90 gal/min is about 0.I ft/s. This velocity meets the
criteria specified by Driscoll (1986), is significantly below the upper limit
of 2 to 4 ft/s given by Roscoe Moss Company(1990), and lower than that
recommendedby the American Water Well Association (A 100-84) of 1.5 ft/s (for
long-term production wells). Assuming that 50%of the screen area is blocked,
the entrance velocity will still be below the later two standards.

5.5.2 Length of Test

The constant rate discharge test should run until the effects of delayed
yield have dissipated, and/or a straight line is well developed on a semi-log
plot of drawdownversus time. It is anticipated that the test will run 8 to
24 h. Final determination on the length of the test is at the discretion of
the Aquifer Test Lead. The rationale for stopping the test will be recorded
on the field activity report.

6.0 PURGEWATERREQUIREMENTS

If the groundwaterat the testwell is designatedas uncontaminated,the
water can be releasedto groundsurfaceat least 200 ft away from both the
stressand observationwell in a topographicallylow area,or where the slope
if away from the wells. From a preliminaryexaminationof the groundwater
data at well 69g-48-77A(upgradientfrom the SALDS),the qualityof the
groundwaterappearsto be acceptable. Purgewateris not expectedto recharge
the aquiferduring the test, becauseof the depth of the water table (220 ft
below land surface). Geoscienceswill documentthe qualityof the groundwater
in the wells prior to testingfollowingprocedureEli 10.3 (WHC-CM-7-7,
1988a). Eli 10.3 satisfiesthe requirementsof the purgewaterstrategy
document (WHC 19gOb). The volumeof purgewaterfor one test is estimatedat
129,600gal, assuminga dischargerateof gO gal/minfor I day.

The collectionof three purgewatersamplesis recommendedduring the
constantdischargetest for screeninglevel information.The samplescould be
collectedat the beginningof the test,near the middle,and one before the
pump is shut off. Recommendedanalysesincludetritiumand nitratesince
these are the nearestcontaminantplumes. The Field Team Leaderwill collect
the groundwatersamplesor assignfield supportpersonnelto do so. Nitrate
sampleswill be analyzedin the field after collectionusing any standard
field chemistryanalysiskit. Tritiumsampleswill be transportedto the
222-S laboratoryfor analysisper standardWHC laboratoryprocedures
(LA-218-111,LiquidScintillationMethod). No specialhandlingis required.
All bottlesshouldbe labeledwith the date, collectiontime, sampletype, and
samplenumber. One-literbottleswill be used for samplecollection.
Detectionlimitsof 500 pCi/L and I ppm are suggestedfor the tritiumand
nitratesamples.
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7.0 PROCEDURESANDDOCUMENTATION

Testingdocumentationand proceduralcontrolis coveredby Eli 10.1,
10.2, and 10.3 (WHC-CM-7-7).Field activityreportswill be used to record
daily field activitiesduring aquifertestingper Eli 6.7. Standard
activitiesand any unusualobservationsshouldbe recordedon a daily activity
log. Data collectedduring the testingwill be storedaccordingto Eli 1.6
and incorporatedintothe projectfile after testingis completed. The wells
will be installedusing the GenericWell Specification(Reynolds1992). This
specificationmeets the requirementsof WAC-173-160(Ecology1990).

8.0 QUALITYASSURANCE

Data qualityis controlledby this test plan and Eli 10.1, "Aquifer
Testing." The data at the test wells can be reproducedif the initialtest
fails by re-runningthe test. The qualityassurancedocumentsthat cover the
test activitiesare the QualityAssuranceManual (WHC1988b)and the
EnvironmentalEngineering,Technology,and PermittingFunctionQuality
AssuranceProgramPlan (WHC 1990a). A qualit_assurancesurveillancewill be
performedduring testingto determineif.theaquifertestingand sampling
activitiesmeet the requirementsof this test plan and relevantprocedures.
This aquifertest plan and the aquifertestingis assignedan impactlevel
of 3Q.

9.0 RESPONSIBILITIES

Specificresponsibilitiesfor the testingactivitiesare containedin
Eli 10.1. Personnelperformingindividualtest activitieswill be identified
in the daily field activitylog. Geosciencespersonnelwill be the primary
lead for aquifertestingand will directand schedulefield activities.
Geosciencesis responsiblefor evaluatingthe qualityof groundwaterthat will
be producedfrom each well.

EnvironmentalField Servicesand/ora drillingsubcontractormay support
the testingby conductingcamerasurveys,operatingthe sluggingrod during
slug testing,settingand removingpumps,and providingcertainequipment
requiredduring testing(suchas pump generators,outdoorlighting,discharge
pipe).

10.0 HEALTHANDSAFETY

Site safetywill be controlledby the applicablesite safetyplan,
preparedby eitherWestinghouseHanfordCompanyand its subcontractorsor the
drillingcontractoron the test site. No impactto safetyis anticipated.

10
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APPENDIXA

SLUGTEST ANALYSISFORWELL 699-48-77A
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