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SUMMARY

This report presents the results of hydraulic characterization tests

conducted at the three Savage Island wells that were constructed as part of

the Ground-Water Surveillance Project, Hanford Site Flow System Characteriza-

tion Task. A total of four test intervals were characterized at the wells

tested. Characterization efforts for an additional upper-confined aquifer

horizon (i.e., the Rattlesnake Ridge interbed at well 699-32-22B) were sus-

pended when a possible problem with the well annular sealing materials was

detected during test interval development activities. In addition, charac-

terization efforts for the lower monitoring well within a nested, dual-well

facility completed in the Ringold Formation (well 699-42-EgA) were aborted

following problems experienced during test zone development, following well

completion activities. Because of the severity of the problems that were

experienced (i.e., damage to the well casing), the lower monitoring well was

subsequently abandoned, and no additional characterization for this test

interval was attempted.

Methods used for the test analysis included recently developed pressure

derivative techniques, which were used in concert with standard hydrologic

test methods for the analysis of slug and constant-rate pumping tests. Pres-

sure derivative technique3 are particularly useful for identifying operative

model responses (i.e., homogeneous vs. heterogeneous formation response),

presence of non-formational response patterns (e.g., wellbore storage, skin

effects, etc.), and identifying regions within the test data where standard

analysis techniques can be applied.

Results of the hydraulic test analysis indicate a best estimate trans-

. missivityrange of 51 ft2/d (4.7 m2/d)to 690 ftZ/d (64.1 m2/d) for basalt flow

contactswithin the ElephantMountain Basalt,and a value of 65 ft2/d

(6.0mZ/d) for the one test completedin the Ri_gold Formation. The

hydraulicpropertyestimatesobtainedfrom the transienttest analysisfall

within the range previouslycited (e.g.,Gephartet al. 1979, Graham et al.

1984, DOE 1988) for similarunits within the uppermostaquifersystemson the

HanfordSite.
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CONVERSIONTABLE

Englishunits are utilizedas the primaryconventionin the text and in

text figures and tables. For convertingEnglish units presentedin text

figuresand tables to associatedmetric values,the followingconversion table

is provided:

Multiply By To Obtain

inches 2.540 centimeters

feet 0.3408 meters

miIes I.6093 kilometers

galIons 3.7854 Iiters

feet2/day O.0929 meters2/day

pounds/inches2 6.8948 kiIo-Pascals
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1.0 INTRODUCTION

As part of the Ground-WaterSurveillanceProject,HanfordSite Flow Sys-

tem CharacterizationTask, PacificNorthwestLaboratory(PNL) examinesthe

potentialfor offsitemigrationof contaminationwithin the upper-confined ,

aquifersystem for U.S. Departmentof Energy (DOE). As part of this activity,

a hydrauliccharacterizationinvestigationwas conductedon three newly con-

structedwells. The three wells are collectivelyreferredto as the Savage

Islandwells,which is in referenceto the locationof two of the three wells

tested during this investigation. Results of characterizationtests conducted

as part of this investigationwill be used by PNL in its assessmentof the

extent of contaminationwithin the upper-confinedaquifersystem,and its

potentialfor offsitemigration.

This report presentsthe resultsof hydrauliccharacterizationtests con-

ducted at the three Savage Islandwells that were constructedduring fiscal

year 1991. R_sults from hydrochemical,geological,and geophysicalcharac-

terizationactivitieswill be reported in subsequentPNL reports.
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2.0 GENERALSITE/TESTFORMATIONDESCRIPTION

The locationof the three Savage Islandwells is shown in Figure 2.1.

As shown,wells 69g-42-EgAand 6gg-42-EgBare locatedeast of the Columbia

River - immediatelyeast of Savage island,while well 699-32-22Bis located

west of the ColumbiaRiver - approximately8 m_,les(13 km) southwestof Savage

Island. The objectiveof drillingand characterizationactivitiesat the

wells was to test for the presenceof contaminationwithin selectedtest

intervalsand to providehydrogeologicinformationthat can be used to assess

the potentialfor offsitemigrationof contaminationwithin the upper-confined

aq,ifer system.

Table 2.1 shows the generelgeologicrelationshipsencounteredduring

drillingof the Savage Islandwells. On the HanfordSite, the uppermostaqui-

fer consistsof glaciofluvialdepositsof the Hanfordformation(informal

designation)and fluvialand lacustrinedeposits of the underlyingRingold

Formation. Site-wide,unconfinedconditionsare most prevalentwithin the

uppermostaquifer;however locallysemi-confinedand confinedconditionsmay

exist in the lower sectionof the RingoldFormation(e.g.,200 West Area).

From a larger site-wideperspective,the locallysemi-confinedand confined

units within the RingoldFormationare consideredpart of the uppermostaqui-

fer system. Below the uppermostaquifer,is a laterallyextensiveupper-

confinedaquifer system consistingof transmissiveunits within the Saddle

MountainsBasalt,which directly underliesthe RingoldFormation(see

Table 2.1). Identifiedlaterallyextensiveand transmissivezones within the

upper-confinedaquifer system includethe RattlesnakeRidge interbedand

interflowco _;_,ts(i.e., brecciatedcontact zones betweenindividualbasalt

flow members) _dthinthe ElephantMountain Basalt. A detailedhydrogeologic

descriptionof these units is presentedin Myers and Price (1981)and DOE

(1988). Table 2.2 provides an outlineof pertinentinformationfor intervals

tested at each Savage Islandweil.
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FIGURE 2.1. Savage Island Well Location Map
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TABLE 2.1. GeneralizedGeology EncounteredDuringDrilling of the Savage
IslandWells

EncounteredSaturated

Geologic Unit ThicknessRanqe HydroqeologicConditions

Ringold Formation 200 - 525 ft Uppermostaquifer; site-
wide unconfined,locally
semi-confinedto confined
conditions

• ElephantMountain 128 - 145 ft Upper-confinedaquifer;
basalt pervious interflow
contactlaterallyextensive
in easternpart of Hanford
Site

RattlesnakeRidge 0 - 60 ft Upper-confinedaquifer.
Interbedlocally
discontinuous

Pomona Basalt not completely Upper-confinedaquifer;
penetrated where RattlesnakeRidge

interbedis discontinuous,
forms pervious flow contact
zone with overlyingElephant
Mt. Basalt

TABLE 2.2. PertinentSavage IslandWell Test IntervalInformation

Well Test Formation Test Interval Test Type Test Date

32-22B ElephantMt. 655 - 686 ft Slug Injection 5/30/91
Basalt interflow & Withdrawal;

ConstantDischarge 6/I/91

32-22B Rattlesnake 780 - 836 ft AbortedConstant 8/9 -
Ridge interbed Discharge/Develop. 9/24/91

Pumping

42-EgA Ringold 195 - 232 ft Slug Injection 12/18/90
. Formation & Withdrawal

42-EgA Ringold 213 - 232 ft AbortedConstant 1/11/91
Formation Discharge/Develop.

Pumping

42-EgB ElephantMt. 232 - 285 ft Slug Withdrawal; 3/18/91
Basalt interflow ConstantDischarge 3/19/91

42-EgB ElephantMt./ 354 - 389 ft ConstantDischarge 4/18/91
Pomona Basalt
flow contact
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3.0 ANALYTICALTEST METHOD DESCRIPTION

Hydrologictest methods utilizedto hydraulicallycharacterizethe test

intervalsat the three Savage Islandwells includedconstant-ratepumping

tests and slug tests. A brief descriptionof the analyticaltest methods used

are providedbelow.

3.1 CONSTANT-RATEPUMPINGTESTS

. For constant-ratepumpingtests, groundwateris withdrawnfrom the well

commonlyutilizinga downholepump (e.g.,submersible,turbine,etc.). Dis-

chargeduring the withdrawalperiod is regulatedand maintained at a constant

rate. Water-levelresponsewithin the well is monitoredduring the active

pumpingphase (i.e.,drawdown)and during the subsequentrecovery phase fol-

lowingterminationof pumping. The analysisof drawdown and recoverywater-

level responsewithin the stress well (and any monitored,nearby observation

wells) provides a means for estimatingthe hydraulicpropertiesof the tested

aquifer;as well as discerningformationaland nonformationalflow conditions

(e.g.,wellbore storage,wellboredamage,presenceof boundaries,etc.).

Standardanalyticalmethodsthat are used for constant-ratepumping tests

includeboth log-log,type-curvematching and semi-log,straight-linemethods.

In groundwaterhydrology,log-logmethods are normally reservedfor ana-

lyzingobservationwell response (both individuallyand collectively). Log-

log methods are not normallyused for quantitativeanalysisof the pumped

weil, since part of the drawdownor recoverywater-levelresponse at the well

locationis associatedwith well/formationinefficienciesor damage induced by

the drilling process. In the petroleumindustry,the effectsof well/forma-

tion inefficienciesor damage are lumped-togetherand referredto as "skin-

effects." In petroleumreservoiranalysisprocedures,storativity,S, is

independentlyestimatedfor the test formation,and transmissivity,T, and

skin-effect,s, are calculatedsimultaneouslyby matchingthe log-logdrawdown

or recoveryresponsewith appropriatetype-curvesfor various skin-effect

conditions.

3.1
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For semi-loganalysismethods, the rate-of-changeof water levelswithin

the well during drawdown and/or recoveryis analyzedto providehydraulic

propertyestimates. Since skin effects are constantwith time during

constant-ratetests, semi-logmethods can be utilizedto quantitatively

analyzethe water-levelresponseat both pumped and observationwells. In

groundwaterhydrology,the semi-log,straight-lineanalysistechniques

commonlyused are either based on the Cooper and Jacob (1946)method (for

drawdownanalysis)and the Theis (1935)recoverymethod (for recovery

analysis). For these analysismethods, drawdownor recovery (i.e., residual J

dFawdown)water-leveldata are plotted versusthe log of time or time

parameter,and T is calculated:,singone of the followingtwo equations:

T = (2.3Q)/(4_ Ah/Alogt) (drawdownanalysis) (I)

T = (2.3Q)/(4_AS/AIogt/t/) (recoveryanalysis) (2)

where Q : pumpingdischargerate [L3/T]

Ah - water-levelchange [L]

As : residualdrawdown [L]

t : time since pumpingstarted [T]

t' : time since pumpingterminated IT]

The straight-linesolutionsrepresentan approximationof the general

equationdescribingradial flow to a weil, and are valid only after a speci-

fied period of time and after radial flow conditionshave been established

within the test formation. As indicatedin Lohman (1972),the time required

for the straight-lineapproximationto be valid can be calculatedfrom the

following:

t _ (r2 S)/(4Tu) (3)
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where r = observationdistancefrom the pumpedwell [LI

u = 0.01 [dimensionless]

While the time requiredfor the straight-lineapproximationto be valid

can be calculated,determiningwhen radial flow conditionsare exhibitedhasi

(in the past) been more difficultto discern. Since analysisof constant-rate

tests depends primarilyon semi-log,straight-linesolutions,it is important

that the analysesbe correctlyapplied,only for that portionof the pumping

test data for which it is valid (i.e.,homogeneousformation- radial flow

• conditions). A recentlydevelopedmethod that has been used in the petroleum

industry (e.g.,Bourdetet al. 1983, 1989; Ehlig-Economides.1988) to help

identifyvariousformationresponses(i.e.,homogeneousvs. heterogeneous

formation)and flow conditions(wellborestorage,skin effects,radial flow,

boundaries,etc.), is the use of pressurederivatives. When plotted in log-

log format in combinationwith the traditionalpressurechange vs. time plot,

the pressurederivativeresponsecurve can be used diagnosticallyto identify

the presenceof wellborestorageand boundaries,and to preciselyindicatethe

establishmentof radial flow conditionsfor which straight-linesolutionsare

appropriate.

Figure3.1 shows the patternof dimensionlesspressure,PD' and the

dimensionlesspressurederivative,PP''during a constant-ratetest for a

stress well with no storage(Theistype curve) and for variouswellbore stor-

age conditions. As indicatedin the figure,wellbore storageproducesa char-

acteristic"hump"pattern in the pressurederivativeplot, which increases in

amplitudeand duration as the associateddimensionlesswellbore storagevalue,

CD, increases. Radial flow conditionsare indicatedwhen the pressurederiv-

ative curve becomes horizontal(i.e.,when the pressurederivativebecomes

constant)at a PP' value equal to 0.5. For the examplesshown, radial flow

conditionsare establishedfor test times with TD/CD valuesgreaterthan about

• 1000. The dimensionlessparametersshown in Figure 3.1 are definedas:

PD: (2_T/Q)Ah (4)

3.3



2 (2r2w S) (5)CD : rc/

, TD = CT t)/Cr2w S) (6)

where rc = stresswell casing radius [L2]

rW = stresswell radius in test interval[L2]
s

The presence of non-radial flow conditions caused by vertical flow,

leaky aquiferbehavior or the presence of rechargeboundaries,is denoted on a

100.0 _ CD= lE 3° .......
L ----- CD --"lE 1°

-,,,_,'--- CD= 1E3

----- CD=O

---------- CD= 0 ,'-,-" .,,10.0 "" "
...... C D = lE 3 "_' ". _..=..=_.=....,,..=.-.,

a ........ CD = lE 10 _' ,,,,,_,,_,_, "_'"""'"

.......... C D = 1E 3° "_..- "_ m m

a \, ."e"

:o<° ., ,4f_

00000 %.t
• ,,,=_ "_,_',

OO °

o o

0.1
o.1 I .o 1o,o 1oo,o 1ooo.o 1oooo.o

TD/Co
$9202087.29

FIGURE 3.1. DimensionslessPressureand DimensionlessPressure
Derivatoive Type Curves for Constant-Rate Pumping Tests
(AfterBourdetet al. 1983)
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pressure derivative plot by a diagnostic response pattern that significantly

deviates from the horizontal radial flow-line region of the graph (i.e., PP' :
0.5). In comparison, these non-radial flow conditions are less obvious on a

dimensionless pressure cl_ange plot without the derivative. Its presence is

° only suggestedby a subtle deviationfrom the pressurechange plot.

In summary,pressurederivativeanalysisof pumpingtest resultscan be

used to"

• diagnosticallydetermineformationresponse (homogeneousvs. hetero-
geneous) and boundaryconditions (rechargeor discharqe)that are

• evidentduring the test,

• determinewhen radial flow conditionsare establishedand, there-
fore, when straight-linesolutionanalysisof test data is valid,
and

• assist in log-log type-curvematching to determinehydraulic
propertiesfor test data exhibitingwellborestorageeffectsand
boundaryconditions.

3.2 SLUG TESTS

The analyticalsolutionfor a slug test responsefor a stress well with

a finiteradius within a confinedaquifercontaininga compressiblefluid, was

first presentedin Cooper et al. (1967). In their article,type curves were

presentedthat relateddimensionlesshead response,HD, versus the dimension-

less time parameter,beta (#),#, for variousvalues of the dimensionless

storageparameter,alpha (e),e; where:

HD : HIHo (7)

# : Tt/r2 (8)C

• e : r2wS/r2 (9)C

where H = observedhead at time t, minus pre-teststatic head level in well
[LI
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Ho = instantaneous head change applied to well at the start of t,e test
[L]

T : transmissivity of test interval [L2/T]

t : test time IT]
i

rc : radius of well casing in the interval over which head change takes
place [LI

rw = effective radius of well within test interval [LI

S : storativity of test interval [dimensionless]

Type curves presented in Cooper et al. (1967) can be used to match slug

test response data at the stress well to solve for transmissivity (T) and

storativity (S) using Equations (8) and (9), respectively. Slug test data can

also be analyzed utilizing the technique described in Ostrowski and Kloska

(1989), which employs the simultaneous type-curve matching of the dimensions-

less pressure (i.e., H/Ho) versus time and the derivative of dimensionsless

pressure versus time. The technique is superior to the procedure described in

Cooper et al. (1967) for dimensionless pressure versus time in that the

ambiguity in type-curve selection is significantly reduced.

Figure 3.2 shows selected type-curve responses for dimensionless pres-

sure versus beta (as describedby Cooper et al. 1967) and the derivativeof

dimensionlesspressure versus beta (as reported in Ostrowskiand Kloska 1989).

As indicated,while little differenceis exhibitedfor dimensionlesspressure

type curves for the range of alpha examined,significantdifferencesin

shape and amplitudeare evident for the pressurederivativetype curves.

Becauseof these exhibiteddifferences,slug test analysisutilizingthe

Ostrowskiand Kloska (1989)procedureis preferable. Both the Cooper et al.

(1967)and Ostrowskiand Kloska (1989)analysis techniquesare strictlyvalid

only for fully penetratingwells. However,as indicatedby Cooper et al.

(1967)few wells completelypenetratean aquifer,and for wells partially

penetratingstratifiedaquifers (wherevertical hydraulicconductivitiesare

commonlyless than horizontalhydraulicconductivities)it can be assumedthat

two-dimensionalflow conditionsexist during the test. For these situations,
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FIGURE 3.2. Dimensionsless Pressure and Dimensionless Pressure Derivative
Type Curves for Slug Tests

"... the determined value of transmissivity (T) would represent approximately

the transmissivity of that part of the aquifer in which the well is

screened..." (Cooper et al. 1967).

3.3 ANALYTICAL SOFTWARE DESCRIPTION

• To support analysis of hydraulic ch_racterization tests conducted at the

Savage Island wells, a software program presented in Novakowski (1990) was

utilized. The Novakowski (1990) analysis software consists of a FORTRAN pro-

gram that can generate constant-rate pumping and slug test type curves, based

on the analytical solutions and boundary conditions presented in Papadopulos
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and Cooper (1967) and Cooper et al. (1967),respectively. As stated in

Novakowski (1990),the analyticalsolutionsincludedin the programare given

in the Laplacedomain and are numericallyinvertedto generatedata for the

type curves. Pressure derivativetype curves were generatedfrom the pumping

, and slug test data obtainedwith the Novakowski(1990)programfollowingthe

procedurespresented in Bourdetet al. (1989) - for pumpingtests, and

Ostrowskiand Kloska (1989) - for slug tests.

To facilitateanalysisof the Savage Island hyd_-aulictest data, the

original Novakowski (1990)programwas modified: to allow increaseddensity

of generatedtype-curvedata points,to extend the dimensionlesshead lower

limit, and to provide additionaltest descriptioninformationin the com_uter

file output. The validityof the modified programversionwas examined pre-

viously and reported in Spane (1992). As reported in Spane (1992),the

modified Novakowski (1990)programproducedtest resultsthat were in close

agreementwith the aforementionedpublishedtype-curvedata (i.e.,within 3 or

4 significantdecimal places for dimensionlesshead, HD). A detaileddescrip-

tion of the original programand its use is containedin Novakowski(1990).
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4.0 HYDRAULICTEST RESULTS

A descriptionand analysisof hydraulictests conductedat the respec-

tive Savage Islandwells are providedin the followingreportsection.

Includedin the test descriptionare

• an illustrationof the well as-builtat time of testing

• a chronologyof well testingactivitiesfor each test interval

• a listingof equipmentutilizedduring the well test

• detaileddiscussionof the test analysisresults.

4.1 WELL 699-32-22B

As indicatedin Figure 2.1, well 699-32-22Bis in the c_tral region of

the HanfordSite approximately5 miles (8 km) east-southeastof the 200 East

A_ea. The Hanford Site coordinatesfor the well site are 31,935 ft north and

_1,982 ft west (Lambertcoordinates: 133,240.31m north, 583,199.96m east).

Elevationof the surfacecontroldatum (brasscap) is 514.53 ft (156.83m)

above mean sea level (msl).

Drillingwas initiatedat the site on April 11, 1991, and continued

until a depth of 841.5 ft below land surface (bls) was reachedon June 17,

1991. As listed in Table 2.1, hydraulictestingwas attemptedfor two zones

encounteredat the well site: (I) an ElephantMountain Basalt interflowzone

(test interval: 655 - 686 ft bls) and (2) the RattlesnakeRidge interbed

(test interval: 780 - 836 ft bls). Hydraulictestingwas conductedfor the

first zone during a temporarycessationof drillingthe well (i.e., borehole

depth : 686 ft bls). Hydraulictestingfor the RattlesnakeRidge interbedwas

attemptedafter terminationof drillingand after well completionactivities

were finalized. Attemptsto developand test the RattlesnakeRidge interbed

• in the completedweil, however,were abortedwhen field test information

obtainedduring well developmentindicatedpotentialproblemswith the well

completion(i.e., significantdecreasein groundwaterproduction,presence of

bentonitesealingmaterial in dischargewater, etc.). A detaileddescription

of the drilling historyand well completiondetails, as well as results from
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geological,geophysicaland hydrochemicalcharacterizationactivitiesat the

well site, will be reported in a subsequentPNL report.

4.1.1 ElephantMountain Basalt InterflowZone

The ElephantMountain basalt interflowzone was hydraulicallytested

during a temporarycessationof well drilling. During the course of drilling

through the depth section655 to 686 ft bls (i.e.,on May 29, 1991),evidence

in the drillingfluid circulationand drilling penetrationrates suggested

that the basalt interflowcontactencounteredin this interval(i.e., approxi-

mately at 668 ft) was pervious. Drillingof this boreholesectionwas accom-

plished utilizingthe air-rotarymethod,with a drilling bit diameter of

9-7/8 in. The boreholediameterwithin the test interval(as indicatedby the

caliper log shown in Figure4.1) rangedbetween9.65 and 10.92 in. and aver-

aged 10.19 in. Figure 4.1 shows the well configurationduring hydraulicchar-

acterizationof the ElephantMountainbasalt interflowzone. Hydraulictests

conductedduring the characterizationperiod of May 30 to June I, 1991,

includeda slug injectionand withdrawaltest, and a constant-ratepumping

test.

4.1.1.1 Sluq InLiectionand WithdrawalTest Descriptions

To providean initialestimateof hydraulicpropertiesfor the test

interval,slug injectionand withdrawaltests were conductedbetween 1016 hr

and 1237 hr, May 30, 1991, and 1240 hr and 1337 hr, May 30, 1991, respec-

tively. The slug tests were initiatedby suddenly immersing(for the injec-

tion test) and removing (for the withdrawaltest) a sluggingrod of known

volume (0.794ft3) from the water column in the weil). The sudden emersion

and removalof the slugging rod caused inducedstress levels,Ho, of approxi-

mately 1.46 ft of water to be appliedat the initiationof the slug tests.

Pressure recoverymeasurementswithin the well were monitoredwith a downhole

Druck, Inc., pressure transducer(0 to 10 psi, model # 950/TI,serial #

382975) and recordedon a CampbellScientific,Inc., datalogger(model # CRIO,

serial # 9409). The transducerwas installedat a depth of approximately

128 ft below the top of the 10 in. casing (btc). The staticwater level

within the well prior to testingwas 113.67 ft btc (401.72ft msl), which was

measured using a Lufkin steel tape (serial# L500-18).
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4.1.1.2 Sluq Test Anal.yse.s

The slug injectionand withdrawaltests were analyzedutilizingthe

Cooper et al. (1967)and Ostrowskiand Kloska (1989)methods describedin

Section 3.2. Figures4.2 and 4.3 show the slug test data and data derivative

analysisfor the slug injectionand withdrawaltests, respectively. The slug

injectionand withdrawaltests displayednearly identicalresponses,although

the slug withdrawaltest exhibitedmore variability(i.e.,data noise). The

cause for the slightlygreaterdata noise is believedto be attributableto

the possibilitythat the sluggingrod was not fully withdrawnduring the ini-

tiationof the test. This caused a lower inducedstress level (Ho _ 1.284 ft)

and a reduced effectivewell casing radius (i.e., insidewell casing area =

0.546 ft2 minus the ar_-_of the sluggingrod - 0.113 ft2) calculatedto be

0.371 ft.

As indicated,a transmissivityof 15 ft2/d (1.4m2/d) and storativityof

10.3providegood matchesof the observedslug test and slug test derivative

responses. The slug test and slug test derivativetype curves were obtained

using the modified Novakowski(1990) programdescribedin Section 3.2.

Becauseof the low stress levels utilizedduring the slug tests, the hydraulic

propertiesare consideredto be only representativeof formationconditionsin

the immediatevicinityof the well location. Pertinentanalysisparameters

utilizedin the test analysis include: inducedstress level, Ho = 1.46 ft

(slug injectiontest) and 1.284 ft (slugwithdrawaltest); effectiveradius of

the well casing, rc = 0.4167 ft (slug injectiontest) and 0.371 ft (slug with-

drawal test); and well radius in the test interval,rw = 0.4246 ft (average

value from caliper log results). Field test data acquiredduring the slug

injectionand withdrawaltests are containedin AppendixA.

4.1.1.3 Constant-RatePumpinqTest Description

To provide an estimateof hydraulicpropertiesfor the test interval

over a larger area surroundingthe well site, a constant-ratepumpingtest was

conductedbetween 0745 hr and 1745 hr, June I, 1991. The constant-ratepump-

ing test was performedusing a submersiblepump. Flow rate was manually con-

trolledwith a valve in the surfacedischargeline to maintain a uniform

dischargerate. Discharge(i.e.,after the first minute)began initiallyat
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FIGURE 4.2. Slug Injection Test Analysis for the Elephant Mountain Interflow
Zone, at Well 6gg-32-22B

15.0 gpm and gradually lowered to 12.5 gpm during the course of the test. In

total, 8,042 gal of water were produced from the test interval for an average

discharge of approximately 13.4 gpm during the test. Groundwater pumped from

the test interval was transported approximately 1000 ft east of the well site

and discharged to the land surface. Approximately 24 hr prior to conducting

• the constant-rate pumping test, a short preliminary period of pumping was

initiated within the test interval. The preliminary pumping period was imple-

• mented for test interval development and to examine the performance of

selected components of the test system, prior to initiation of the constant-

rate pumping test. Approximately 2,280 ga] of water were produced during this

pre-test activity. The effects of the preliminary pumping period had dissi-

pated prior to initiation of the constant-rate pumping test.
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FIGURE 4.3. Slug Withdrawal Test Analysis for the Elephant Mountain Interflow
Zone, at Well 699-32-22B

Water-level measurements during the pumping test were monitored with two

downhole Druck, Inc. pressure transducers (0 to 10 psi, model # 950/TI, serial

# 382975 and 382982) set at depth settings of 136 ft and 159 ft btc; as well

as measured directly with a calibrated Solinst Inc., electric water-level

sensor (serial # 11053), and steel tape. The pressure transducer readings

were recorded on a Campbell Scientific, Inc., datalogger (model # CRIO,

serial # 9409). The static water level within the well prior to testing was

113.51 ft btc, which was measured using a Lufkin steel tape (serial #

L300-15).

Groundwater was pumped from the well utiliTing a Grundfos, Inc.,

5-hp submersible pump (model # 252 50-26), which was set at a depth of
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approximately360 ft btc. Dischargeflow rates were monitoredutilizinga

calibrated,in-lineMicrometer,Inc., flow meter (model# 83-5-573). Instan-

taneousdischargerates were also periodicallyfield-checkedby recordingthe

time requiredto fill a 5-gal bucket. During the courseof the constant-rate

pumpingtes,t,selected hydrochemicalparameterswere monitoredfrom discrete

samplescollectedfrom the surfacedischargeline. The hydrochemicalparam-

eters included: pH, electricalconductivity,Eh, temperatureand turbidity.
P

Resultsof the hydrochemicalparameterfield analysis,as well as other sali-

ent hydrologicdata collectedduring the test are containedin AppendixA.

4.1.1.4 Constant-RatePumpinqTest Analysis

The constant-ratepumpingtest drawdown and recoverydata were analyzed

utilizingthe methods describedin Section3.1. Brieflydescribed,the ana-

lysis procedureincludedthe followingsteps:

I) Diagnosticanalysisof the drawdown and recoverywater-level
responseusing a log-logpressurechange and pressurechange
derivativeplot.

2) Quantitativesemi-log analysisof the radial flow portionof the
drawdownand recoverywater-leveldata record,as indicatedfrom
the log-logpressurederivativeplot.

DrawdownAnalysis. Figure4.4 shows the log-logdrawdowndata and draw-

down data derivativeplot for the constant-ratepumpingtest. Becauseof the

inherent"noise"in drawdowndata due to flow variabilitythat is common in

constant-ratetests, an L-spacing(i.e., the data log spacing)of 0.3 was used

in calculationof the drawdownderivative, lt should be noted that the log-

log drawdowndata does not exhibitthe unit slopepattern characteristicof

wellbore storage. However becauseof the lack of early-timedata (i.e.,prior

to t - 10 min) and the "noise"exhibitedin the drawdowndata, more dependence

was placedon the drawdown data derivativeplot for identifyingthe presence

of wellbore storageeffects.

As indicatedby the drawdownderivativeplot in the figure,almost all

the test data are significantlyinfluencedby the presenceof wellbore storage

effects. Only data during the later stagesof the test (i.e.,t > than
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FIGURE4.4. Diagnostic Constant-Rate Test DrawdownAnalysis for the Elephant
Mountain Basalt Interflow Zone, at Well 699-32-22B

500 min) appear to "approach" radial flow conditions. Although only radial

flow test data can be ana]yzed uti]izing straight-line solution techniques,

data after 500 min during the test were analyzed with the Cooper and Jacob

(1946) method to provide a qualitative estimate of transmissivity for the

test. As indicated in Figure 4.5, a transmissivity estimate of 34 ft2/d

(3.2 m2/d) was obtained from the straight-line analysis. This estimate is

considered to be slight]y ]owec than the actual transmissivity va]ue, since

the semi-log, straight-line slope wou]d be greater for the time period
o

immediately before radia] flow conditions are established.

Recovery Ana]ysis. Figure 4.6 showsthe ]og-]og recovery data and

recovery data derivative p]ot fo]]owing the constant-rate pumping test. [n

contrast to the drawdownderivative ana]ysis, a sma]]er L-spacing of 0.2 was
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FIGURE 4.5. Semi-Logarithmic, Straight-Line Analysis of Constant-Rate Test
Drawdown Data for the Elephant Mountain Basalt Interflow
Zone, at Well 699-32-22B

used in the calculation of the recovery derivative. The lower L-spacing value

was selected based on the lower data variability exhibited during the recovery

period. The recovery derivative was calculated using the modified Horner time

function following the procedure outlined in Bourdet et al. (1989). Using

, modified Horner time accounts for the length of the drawdown time period, and

allows recovery plots to be analyzed with drawdown type curves. Modified

• Horner time, Ate, is defined by Agarwal (1980) as"

Ate = (tpx At)/(tp . At) (10)
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where tp = durationof the pumpingtest (T)

At = time since pumpingterminated(T)

[Note: "un-modified"Horner time equals (tp/(tp+ At)]

As was the case for the constant-ratedrawdown phase,the recoveryderi-

vative plot shown in the Figure 4.6 indicatesthat most of the recoverytest

data is significantlyinfluencedby the presenceof wellbore storageeffects.

0nly data during the later stages of the test (i.e.,Ate > than 400 min)

appear to "approach"radial flow conditions.

Recoverydata for modified Horner times greaterthan 400 minuteswere

analyzedwith the Theis (1935)recoverymethod to provide a quantitative
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estimateof transmissivityfor the test interval. As indicatedin Figure 4.7,

an estimateof 51 ft2/d (4.7m2/d)was obtainedfrom the straight-lineanalysis.

4.1.1.5 HydraulicPropertySummary

Resultsfrom slug tests and the constant-ratepumpingtest conductedfor

the test intervalprovidedan estimate,range for transmissivityranging between

15 ft2/d (1.4m2/d) and 51 ft2/d (4.7m2/d). Becauseof the low stress levels

employedduring slug testing,hydraulicpropertyestimatesobtained from the

slug tests are consideredto be reflectiveof test intervalconditions in the

near vicinityof the borehole. The storativityestimateobtained from slug

testing (i.e.,10.3) is consideredto be qualitativein nature. This is

attributedto the fact that the data derivativeresponsesdid not fully define

the derivativepeak region,which is requiredfor quantitativestorativity

determination, lt is interestingto note, however,that the storativity

estimateof 10.3obtained from slug test analysis falls within the higher range

commonlyattributedto confinedaquifer systems (Heath 1983).

The best estimatefor transmissivityfor the ElephantMountain basalt

interflowzone at well 699-32-22Bis 51 ft2/d (4.7 m2/d),which was obtained

from analysisof recoverydata followingcompletionof the constant-ratepumping

test. The constant-raterecoveryanalysis is consideredto be superiorto

analysisof the drawdown phase,since the transienteffectsof pumping-rate

variabilitydo not significantlyaffect recovery buildupdata. lt should be

noted, however,that the qualitativedrawdown analysisprovideda transmissivity

estimateof 34 ft2/d (3.2 m2/d),which is comparableto the recoveryanalysis

result. As indicatedpreviously,transmissivityestimatesbased on the

straight-lineanalysisof the constant-ratedrawdown and recoverytest data are

expectedto underestimatethe actualtest intervaltransmissivity. This is due

to the fact that radial flow conditionswere not fully establishedprior to the

terminationof the constant-ratetest.

• 4.1.2 RattlesnakeRidqe Interbed

As discussedin Section4.1, hydrauliccharacterizationof the Rattlesnake

Ridge interbedwas plannedafter final well completion. Attempts to develop and

test the RattlesnakeRidge interbedat well 699-32-22B,however,were aborted

when field test informationobtainedduring well developmentindicatedpotential

problemswith the well completion(i.e.,signi.ficantdecrease in groundwater
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production and presence of bentonite sealing material in discharge water).

Hydraulic characterization activities were suspended until evaluation of the

well condition could be resolved. At the time of the report writing, no well

remediation or hydraulic characterization activities had been completed.

4.2 WELL 699-42-EgA

As indicated in Figure 2.1, well 699-42-EgA is located east of the

Columbia River along the eastern margin of the Hanford Site, immediately east

of Savage Island. The Hanford Site coordinates for the well site are

41,970 ft north and 8,350 ft west (Lambert coordinates. 136,324.81 m north,
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592,435.40m east). Elevationof the surfacecontroldatum (brasscap) is

384.54 ft (117.21m) above mean sea level (msl).

Well 699-42-EgAwas designed to be completedas a nested,dual-well

monitoringfacilitywithin the uppermostaquifer,(i.e.,within the Ringold

Formation). Characterizationresults, includingstatic,pre-testhydraulic

head elevation,obtained from well 699-42-EgAwere designed to serve as

comparisonwith resultsobtained at nearbywell 699-42-EgB,which was designed

to provide informationfrom the underlyingupper-confinedaquifersystem.

• Drilling at well 699-42-EgAwas initiatedon November 12, 1990, and

continueduntil a depth of 231.9 ft below land surface (bls)was reachedon

December 13, 1990. As listed in Table 2.1, hydraulictesting was attempted

for two depth zones within the Ringold Formationencounteredat the well site:

(I) depth interval= 195 - 232 ft bls, and (2) depth interval: 210 - 232 ft

bls. Hydraulictestingwas conductedfor the first depth zone after the well

had reachedtotal depth (i.e.,232 ft bls), and prior to final well comple-

tion. Hydraulictestingof the second depth intervalwas attemptedwithin the

lower monitoringwell after well completionactivitieshad been finalized.

Hydraulictesting of the lower monitoringweil, however,proved to be

unsuccessfuldue to lodgingof the submersiblepump within the well casing.

Subsequenteffortsto remove the pump causedseveredamage to the well casing.

As a consequence,the lower monitoringwell was pluggedand abandoned,and no

additionalhydraulictestingwas attemptedat the well site. A detailed

descriptionof the drilling history and well completiondetails,as well as

results from geological,geophysicaland hydrochemicalcharacterization

activitiesat the well site, will be reportedin a subsequentPNL report.

4.2.1 RinqoldFormation: Test Depth Interval- 195 to 232 ft

The depth intervalof 195 to 232 ft bls within the Ringold Formationwas

tested in an open boreholecondition,prior to final well completion

• activities. Drillingof this borehole sectionwas accomplishedutilizingthe

cable-tooldrillingmethod,with an 8-in. drillingbit diameter. Eight-inch

well casingwas driven during drilling to a depth of 195 ft blSo The borehole

diameterwithin the test interval (as indicatedby the caliper log shown in
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Figure4.8) ranged between8.93 and 13.78 in., and averaged 10.43 in. Fig-

ure 4.8 shows the well configurationduring hydrauliccharacterizationof the

Ringold Formationdepth interval195 to 232 ft. Hydraulictests utilizeddur-

ing the characterizationincludeda slug injectionand withdrawal test, which

were conductedon December 18, 1990. The resultsfrom slug testingwere to

serve as input informationfor the design of a more quantitativeconstant-rate

pumpingtest that was to be completedon the lower sectionof the Ringold For-

mation, followingcompletionof the weil. Pertinentfield test data informa-

tion utilizedin the analysisof the slug injectionand withdrawaltests are

containedin Appendix B.

4.2.1.1 Sluq Injectionand WithdrawalTest Descriptions

To providean initialestimateof hydraulicpropertiesfor the lower

sectionof RingoldFormationencounteredat well 699-42-EgA,slug injection

and withdrawaltests were conductedbetween 1020 hr and 1146 hr, and 1152 hr

and 1250 hr, December 18, 1990, respectively. The slug tests were initiated

by suddenlyimmersing(for the injectiontest) and removing (for the with-

drawal test) a sluggingrod of known volume (0.692ft3) from the water column

in the weil. The suddenemersionand removalof the sluggingrod caused an

inducedstress level,Ho, of approximately1.98 ft of water to be applied at

the initiationof the slug tests. Pressurerecoverymeasurementswithin the

well were monitoredwith a downhole Insitu, Inc. pressuretransducer (0 to

10 psi) and recordedon an Insitu, Inc., Hermit datalogger(model # SEIOOOB,

serial # IKB 701). The transducerwas installedat a depth of approximately

13.2 ft below the staticwater level within the weil, which was measured prior

to testingat a depth of 29.28 ft below the top of the 8-in. casing (btc)

(356.34ft msl).

4.2.1.2 Sluq TestAnal.yses

The slug injectionand withdrawaltests were analyzedutilizingthe

Cooper et al. (1967) and Ostrowskiand Kloska (1989)methods described in

Section3.2. Figures4.9 and 4.10 show the slug test data and data derivative

analysisfor the slug injectionand withdrawaltests, respectively.
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FIGURE 4.9. Slug Injection Test Analysis for the Ringold Formation Depth
Interval 195 to 232 ft, at Well 699-42-EgA

The slug injection and withdrawal tests displayed slightly different

responses, with the slug withdrawal test exhibiting more variability (i.e.,

early-time oscillations, changes in recovery rate, etc.). The cause for the

dissimilarity in test response is believed to be attributable to the possi-

bili;y that the part of the open borehole test section may have "sloughed"

into the borehole a short time after removal of the slugging rod during the

slug withdrawal test. Evidence for this includes a noticeable change in

recovery rate (i.e., a slower rate) detected at approximately I min into the

slug withdrawal test (see dimensionless head and derivative response in Fig-

ure 4.10), and the presence of approximately 4 ft of fill material that may

have impeded groundwater flow from a lower permeable sand unit, which was

encountered near the bottom of the borehole.
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FIGURE 4.10. Slug Withdrawal Test Analysis for the Ringold Formation Depth
Interval 195 to 232 ft, at Well 699-42-EgA

Type-curve analysis of the slug test responses indicate transmissivity

estimates of 65 ft2/d (19.8 m2/d) and 30 ft2/d (9.1 m2/d) for the slug

injection and withdrawal tests, respectively for a common storativity value of

I0-s. The slug test data were matched with slug test and slug test derivative

type curves, which were obtained using the modified Novakowski (1990) program

described in Section 3.2. Because of the low stress levels utilized during

the slug tests, the calculated hydraulic properties are considered to be only

representative of formation conditions in the immediate vicinity of the well

location. Pertinent analysis parameters utilized in the test analysis

include: induced stress level, H° = 2.10 ft (slug injection test) and 2.07 ft
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(slug withdrawaltest); radius of the well casing,rc = 0.3333 ft; and radius

of the well test interval,rw = 0.4346 ft (basedon averagingthe caliperlog

responsewithin the test interval).

Stress levels,H_, for each slug test were calculatedby extrapolationof

the linear early-timetest response,back to the time of test initiation.

This provided a calculatedstress level of 2.10 ft and 2.07 ft for the slug

injectionand slug withdrawaltests, respectively. These slug stress calcu-

lationscomparewell with the estimateddisplacementheight for the slugging

rod of 1.98 ft.

The analyticalsolution (Cooperet al. 1967) on which the modified

Novakowski(1990)program is based is strictlyvalid only for tests conducted

in confined aquifers. Their solution,however,yields acceptableresultsfor

unconfinedaquifertests providedthat the saturatedthicknessof the uncon-

fined aquiferdoes not change significantly(Walterand Thompson 1982) and

radial flow conditionsexist. These conditionswere met for these tests.

In addition,the slug test type-curveanalysismethod used in Fig-

ures 4.9 and 4.10 is strictlyvalid only for fully penetratingwells. How-

ever, as indicatedby Cooper et al. (1967)few wells completelypenetratean

aquifer, and for wells partiallypenetratingstratifiedaquifers (whereverti-

cal hydraulicconductivitiesare commonly less than horizontalhydrauliccon-

ductivities)it can be assumedthat two-dimensionalflow conditionsexist

during the test. For these situations,"... the determinedvalue of trans-

missivity(T) would representapproximatelythe transmissivityof the part of

that part of the aquifer in which the well is screened..."(Cooperet al.

1967). Based on the analysis resultsand an open boreholetest lengthof

37 ft, an equivalenthydraulicconductivity,Ke, for the lower Ringold

Formationtest sectionranging between0.8 ft/d (0.24 m2/d) to 1.8 ft/d

(0.55 mZ/d)isindicated.

For test analysiscomparison,slug injectiontest data were also ana-

lyzed utilizingthe proceduredescribed in Bouwer and Rice (1976)and Bouwer

(1989). This analysisprocedure (whichis based on the Thiem equation)was

developedfor unconfinedaquiferconditionsand accountsfor the effects of
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partialpenetrationat the stress weil. For this analysisprocedure,

equivalenthydraulicconductivityfor the intervaltested is equal to:

2
rc In(RJrw)In(y_yt)

Ke : . (11)
2Let

" where rc : radiusof the well casing (ft)

. rw : radiusof the well (ft)

Re : effectivetest radius (ft)

Yo = pressuredifferencefrom static pressureat time to (Ib/in2)

Yt = pressuredifferencefrom static pressureat time t (Ib/in2)

Le : screenedtest intervallength (ftj

t : test time at Yt (sec).

For the case in which the distance (Lw)from the water table to the bottom of

the test intervalis equal to the aquiferthickness(H):

In RJrW : [(1.1/In(LJrw)) + C/(In{LJrw})]-I (12)

For the case in which LW < H:

In RJr, : [(1.1/In(LJr,))+ (A + B In((H-Lw)/rw}/(In(LJrw)]-I (13)

where A, B, and C : dimensionlessparametersthat are functionsof Ld/rW.

• This analysismethod has been commonlyused for slug tests conducted in

the unconfinedaquiferon the HanfordSite. Bouwer and Rice (1976) indicate

. that their analysismethod should provideestimatesof transmissivitythat are

of the "same order" as those calculatedwith the procedureof Cooper et al.

(1967). lt should also be noted that this method is dependenton accurate

"early-time"data. The slug withdrawaltest was not analyzedwith this
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method, becauseof this dependenceand the previouslynoted non-formational

responsesthat occurredduring the early stagesof the test.

Figure4.11 shows the analysisresultsfor the slug injectiontest based

on the Bouwer and Rice (1976)method. As indicated,a hydraulicconductivity

' value of 1.4 ft/d (0.43m/d) (T = 52 ft2/dfor a test intervalthicknessof 37

ft) was obtained based on the followinginput parameters: H = 203 ft (static

water level to the bottomof the borehole);rc = 0.3333 ft; In (Re/rw)= 4.519

(calculatedfrom Equation4 and Figure 2 in Bouwer (1989)for Le/rw = 85.14);

Yo _ 2.1 ft; Yt = 0.125 ft (Figure4.11); Le = 37 ft; and, t = 20 min

(Figure4.11).

The Bouwer and Rice (1976)method is based on the Thiem steady-state

solution,which does not accountfor aquiferelasticstorageduring testing.

In addition,the dimensionlessparametersA, B, and C that are used in the

analysisprocedure (Equations12 and 13) are based on empiricalrelationships

developedfrom electricanalog studiesthat relateeffectivetest radius, Re,

with various test geometries. Becauseof the empiricalnature of the

developedrelationships,Bouwer and Rice (1976)cite a relativeaccuracyfor

their techniqueto within 10% to 25%.

4.2.1.3 HydraulicPropert.ySummary

Resultsfrom slug tests conductedfor the test intervalprovidedan

estimatedrange for transmissivitybetween30 ft2/d (2.8 m2/d) and 65 ft2/d

(6.0 m2/d). Because of the low stress levelsemployedduring slug testing,

hydraulicpropertyestimatesobtainedfrom the slug tests are consideredto be

reflectiveof test intervalconditionsin the near vicinityof the borehole.

The storativityestimateobtainedfrom slug testing (i.e.,I0-s)falls within

the range commenlyattributedto confinedaquifersystems (Heath1983). Low

storativityvalues indicativeof locallyconfiningconditionshave been noted

previouslyfor the RingoldFormationand parts of the uppermostaquiferon the

Hanford Site (e.g.,DOE 1988). Becauseof the presenceof overlyingclay and

silt horizonsencounteredat the test site and the basal locationof the test

sectionwithin the RingoldFormation,the storativityvalue of I0-sobtained

from the slug test analysisappearsto be a reasonableestimate.
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FIGURE4.11. Slug Injection Test Analysis for Stress Well 699-42-E9A Using
the Bouwer and Rice (1976) Analysis Method

The best estimate for transmissivity for the Ringold Formation test

section at well 699-42-EgA is 65 ft2/d (6.0 m2/d), which was obtained from

analyzing the slug injection test results using the Cooper et al, (1967) and

Ostrowski and Kloska (1989) analysis methods. As previously discussed, the

slug injection test results are considered to be more representative of actual

• test formation conditions, due to possible test condition complications that

may have occurred during the slug withdrawal testing. In addition, the slug

• injection test analysis based on the Cooper et al. (1967) and Ostrowski and

Kloska (1989) methods is considered to be superior to Bouwer and Rice (1976)

technique, due to the latter method's lack of accounting for test formation

elastic storage and the uncertainty associated with empirical relationships

used in the analysis.
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4.2.2 Rinqold Formation: Test Depth Interval- 213 to 232 ft

As discussedpreviously,slug testingresultsobtained for the open

boreholesectionwithin the RingoldFormation,were to provide informationfor

designinga constant-ratepumpingtest, which would be initiatedfollowing

completionof the monitoringweil. Followingcompletionof the monitoring

well facility,however,a submersiblepump used for developingthe well became

lodged at a depth of approximately176 ft bls. Subsequenteffortsto retrieve

the submersiblepump caused the monitoringwell casing to be severelydamaged

at a depth of approximately155 ft bls. Annular sealingmaterial (bentonite)

then entered the monitoringwell casing. Becauseof the severityof the well

damage, the lower monitoringwell was plugged and abandoned,and no additional

hydrauliccharacterizationfor the lower Ringold Formationwas attemptedat

this well site. Details concerningwell completion,and well damage and

abandonmentwill be reported in a subsequentPNL document.

4.3 _ELL 699-42-E9B

As indicated in Figure 2.1, well 699-42-E9B is located east of the

Columbia River along the eastern margin of the Hanford Site, immediately east

of Savage Island. The Hanford Site coordinates for the well site are

41,775 ft north and 8,452 ft west (Lambert coordinates: 136,265.43 m north,

592,466.69 m east). Elevation of the surface control datum (brass cap) is

383.52 ft (116.90m) above mean sea level (msl).

Well 69g-42-EgBwas designedto be completedwithin the upper-confined

aquifer, (i.e.,within the RattlesnakeRidge interbed). Characterization

resultsobtained from well 6gg-42-EgBwere to be used for comparisonwith

resultsobtained at nearby companionwell 699-42-EgA,which was designed to

provide informationfor the overlyingunconfinedaquifersystem.

Drillingwas initiatedat the site on February 14, 1991, and continued

until a depth of 388.7 ft below land surface (bls) was reachedon March 26,

1991. As listed in Table 2.1, hydraulictestingwas attemptedfor two zones

encounteredat the well site" I) an ElephantMountain Basalt interflowzone

(test interval= 232 - 285 ft bls) and 2) the ElephantMountain/PomonaBasalt

flow contactzone (test interval= 348 - 389 ft bls). Hydraulictestingwas
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conductedfor the first zone during a temporarycessationof drillingthe well,,

(i.e.,boreholedepth = 285 ft bls). Hydraulictesting for the second zone

was conductedafter terminationof drilling and after well completionactiv-

ities were finalized. The second test zone was originallydesignedto be the

RattlesnakeRidge interbed,which was _o be tested followingwell completion;

however,the sedimentaryinterb_dwas not encounteredduring the course of

drilling. Final hydrauliccharacterizationand monitoringwell completioni

activitieswere then modifiedto test the equivalentstratigraphic-timehori-

zon, which is the ElephantMountain/PomonaBasalt flow contactzone. A

detailed descriptionof the drilling historyand well completiondetails, as

well as resultsfrom geological,geophysicaland hydrochemicalcharacteriza-

tion activitiesat the well site, will be reportedin a subsequentPNL report.

4.3.1 ElephantMountainBasalt InterflowZone

The ElephantMountain basalt interflowzone was hydraulicallytested

during a temporarycessationof well drilling. During the courseof drilling

through the depth section243 to 250 ft bls (i.e.,on March 15, 1991), evi-

dence in the drillingfluid circulationand drilling penetrationrates sug-

gested that the basalt interflowcontactencounteredin this intervalwas

pervious. Drillingof this borehole sectionwas accomplishedutilizingthe

air-hammerrotary method,with a drilling bit diameter of 9-7/8 in. The

boreholediameterwithin the test interval (as indicatedby the caliper log

shown in Figure 4.12) ranged between10.01 and 25.11 in., and averaged

11.65 in. Of particularnote is the significantincrease in boreholediameter

which occurredwithin the basalt interflowzone, at a depth of approximately

246 ft bls.

Figure 4.12 shows the well configurationduring hydrauliccharacteriza-

• tion of the ElephantMountain basalt interflowzone. Hydraulictests utilized

during the characterizationincludedtwo slug withdrawaltests, and a

• constant-ratepumpingtest, which were conductedduring the time period of

March 18 and 19, 1991.
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FIGURE4.12. Configuration of Well 699-42-E9B at Time of Hydraulically
Testingthe ElephantMountain Basalt InterflowZone
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4.3.1.1 Sluq WithdrawalTest Descriptions

To provide an initialestimate of hydraulicpropertiesfor the test

interval,two slug withdrawaltests were conductedbetween1542 hr and

1648 hr, March 18, 1991. The slug tests were initiatedby suddenlyremovinga

sluggingrod 'ofknown volume (0.794 ft3) from the water column in the weil.

The sudden removalof the sluggingrod caused an inducedstress level, Ho, of

approximately1.46 ft of water to be appliedat the initiationof each slug

test. Pressurerecoverymeasurementswithin the well were monitoredwith a

downhole Druck, Inc., pressuretransducer(0 to 10 psi, model # 950/TI,serial

# 382982)and recordedon a Campbell Scientific,Inc., datalogger (model#

CRIO, serial # 1207). The transducerwas installedat a depth of approxi-

mately 41 ft below the top of the 10 in. casing (btc). The static water level

within the well prior to testingwas 2-6.65ft btc (358.31ft msl), which was

measured using a Lufkinsteel tape (serial# L300-16).

4.3.1.2 Sluq Test Analyses

The slug withdrawaltests were analyzedutilizingthe Cooper et al.

(1967)and Ostrowskiand Kloska (1989)methodsdescribed in Section3.2. Fig-

ure 4.13 shows the slug withdrawaldata and data derivativeresponsesfor both

withdrawaltests (i.e.,slug withdrawaltest #I and slug withdrawaltest #2).

As indicated,nearly identicaldata and data derivativeresponseswere exhib-

ited for both tests. Calculatedstress levels,based on projectionof the

linearearly-timetest responseback to the time of test initiation,equalled

1.393 ft and 1.385 ft for slug withdrawaltests #I and #2, respectively. The

calculatedslug stress levels comparefavorablywith the estimateddisplace-

ment height for the sluggingrod of Io46 ft.

Figure 4.14 shows test data and data derivativeanalysisfor slug with-

drawal test #I. Becauseof their demonstratedclose similarity,analysisof

slug withdrawaltest #I and #2 was expectedto producevery similarresults.

" As indicated,a transmissivityof 1100 ft2/d (102.2m2/d) and storativityof

I0-4providegood matches of the observedslug test and slug test derivative

responsesfor both tests. The slug test and slug test derivativetype curves

were obtained using the modified Novakowski (1990)programdescribedin
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FIGURE 4.13. Test Data and Data Derivative Responses for Slug Withdrawal
Tests Conducted for the Elephant Mountain Basalt Znterflow
Zone, at Well 699-42-E9B

Section 3.2. Because of the low stress levels utilized during the slug tests,

the hydraulic properties are considered to be only representative of formation

conditions in the immediate vicinity of the well location. Pertinent analysis

parameters utilized in the analysis of slug withdrawal test #I include"

induced stress level, H° = 1.395 ft; radius of the well casing, rc =

0.4167 ft; and well radius in the test interval, rw = 0.4854 ft (average value

from caliper log results). Pertinent field test data acquired during the slug

withdrawal tests are contained in Appendix C.
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FIGURE 4.14. Slug Withdrawal Test Analysis for the Elephant Mountain Basalt
Interflow Zone, at Well 69g-42-EgB

4.3.1.3 Constant-Rate Pumping Test Description

To provide an estimate of hydraulic properties for the test interval for

a larger area surrounding the well site, a constant-rate pumping test was con-

ducted between 1816 hr, March 18 and 1145 hr, March 19, 1991. The constant-

rate pumping test was performed using a submersible pump. Flow rate was

. manually controlled with a valve in the surface discharge line to maintain a

uniform discharge rate. Discharge rate varied during the first hours of the

test between 48 gpm (i.e., recorded in the first 10 min of the test) and

37 gpm. Recorded average discharge rates during the last 6 hr of the test

were more uniform, varying only between 41 and 42 gpm. In total, 43,839 gal
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of water were prodqced from the test intervalfor an averagedischargeof

approximately41.8 gpm during the test. Groundwaterpumped from the test

intervalwas transportedapproximately1000 ft from the well site and dis-

chargedto the land surface.

Water-levelmeasurementsduring the pumpingtest were monitoredwith a

downholeDruck, Inc. pressuretransducer (0 to 10 psi, model # 950/TI,serial

# 382982) set at depth settinginitiallyof about 41 ft btc; as well as meas-

ured directlywith a calibratedSolinst Inc., electricwater-levelsensor

(serial# 11053),and steel tape. The pressuretransducerreadingswere

recordedon a Campbell Scientific,Inc. datalogger(model# CRIO, serial #

1287). The static water levelwithin the well prior to testingwas 26.61 ft

btc (358.35ft msl), which was measured using a Lufkinsteel tape (serial#

L300-16).

Groundwaterwas pumpedfrom the well utilizinga Grundfos,Inc., 5-hp

25S submersiblepump (model# 224 43-03-70004),which was set at a depth of

approximately82 ft bls. Dischargeflow rates were monitoredutilizinga

calibrated,in-lineMicrometer,Inc., flow meter (model# 83-5-573). Instan-

taneousdischargerates were also periodicallyfield-checkedat the end of the

dischargeline, by recordingthe time requiredto fill a 5-gal bucket. During

the course of the constant-ratepumpingtest, turbiditymeasurementswere per-

formed on discrete water samplescollectedfrom the surfacedischargeline.

Pertinenthydrologicdata collectedduring the test, includingresultsof the

turbiditymeasurements,are containedin AppendixC.

4.3.1.4 Constant-RatePumpinqTest Analysis

The constant-ratepumpingtest drawdown and recoverydata were analyzed

utilizingthe methods describedin Section3.1. Brieflydescribed,the analy-

sis procedureincludedthe followingsteps:

I) Diagnosticanalysisof the combineddrawdownand recoverywater-
level response using a log-logpressurechange and pressurechange
derivativeplot.

2) Quantitativesemi-loganalysisof the radial flow portionof the
drawdownwater-leveldata record,as indicatedfrom the log-log
pressurederivativeplot.
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Figure4.15 shows the log-logdrawdowndata plot for the constant-rate

pumpingtest. lt should be noted that early-timedrawdowndata (i.e.,the

first 10 minutesof the test) were not recordeddue to a data acquisition

system malfunction. To help facilitateidentificationof non-formationaltest

responses(e.g.,wellbore storage)during this early-timetest period,

recoverypressuredata collectedfollowingterminationof the pumpingtest

were utilized. As discussedpreviouslyin Section4.1.1.4,recoverydata can

be analyzed in similar fashionas constant-ratedrawdowndata, if the recovery

. time data are modified using the modifiedHorner time, Ate,relationship

presentedin Equation 10. Early-timerecoverydata were utilized in combina-

tion with drawdowndata to producea "combined"log-logdrawdowndata and data

derivativeplot, as shown in Figure4.15. The data derivativewas calculated

using a L-spacing(i.e.,the data log spacing)of 0.2.

As shown in Figure 4.15, the (combined)drawdownderivativeplot in the

figure, shows that the effectsof wellbore storageare primarilyover after

15 min of the test. Radial flow conditionsoccur after 15 min into the test

and persistuntil approximatelya time of 55 min. The effectsof a possible

"no-flow"type boundary then are exhibited(i.e.,as indicatedby the upward

deflectionof the drawdown derivative),and begin to influencethe drawdown

test response. The diagnosticdrawdownanalysis indicatesthat only data col-

lected during the time period of 15 to 55 min are indicativeof radial flow

conditions;and consequently,can be analyzed utilizingstraight-linesolution

techniques.

Figure 4.16 shows the semi-log,straight-lineanalysisof the data set/

time period 15 to 55 min using the Cooper and Jacob (1946)method. As indi-

cated, a transmissivityof 690 ft2/d(64.1 m2/d) was calculatedfor the semi-

log drawdown analysis. Also clearly indicatedin the later stages of the test

is the presenceof a "no-flow"boundarytype response. A no-flowboundary

• responseis representedon semi-logplots by a doublingof the slope indicated

during the radial flow period. For the test analysisshown,the radial flow

period slope is 2.13 ft per log cycle,while the slope during the semi-log

time period that is suspectedto be dominatedby the presenceof a no-flow

boundary (i.e.,after 500 min) is approximately4.3 ft per log cycle.
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FIGURE_4.15. Diagnostic Constant-Rate Test DrawdownAnalysis For the Elephant
Mountain Basalt Znterflow Zone, at Well 699-42-E9B

As a qualitativecomparisonof predictedversusobservedtestresponse,

log-logtypecurveand derivativetypecurveswere calculatedusingthe modi-

fiedNovakowski(1990)program,for a transmissivityof 690 ftZ/d

(64.1m2/d)(fromthe straight-lineanalysis;Figure4.16)and a storativityof

10.4(fromtheslugtestanalysis;Figure4.14). As shownin Figure4.17,a

goodmatchfor predictedand observedresponsedata and the dataderivative °

are indicated,lt shouldbe notedthata detailedrecoveryanalysisfor data

collectedfollowingterminationof the constant-ratetestwas not possible,

due to the limitedamountof recoverydatathatwas collected.
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FIGURE 4.16. Semi-Logarithmic,Straight-LineAnalysis of Constant-RateTest
DrawdownData for the ElephantMountainBasalt InterflowZone,
at Well 699-42-EgB

4.3.1.5 H.ydraulicPropertySummar.y

Resultsfrom slug tests and the constant-ratepumpingtest conductedfor

the test intervalprovidedan estimate for transmissivityrangingbetween

690 ft2/d (64.1 m2/d)and 1100 ft2/d (102.2m2/d). Becauseof the low stress

' levels employedduring slug testing,hydraulicpropertyestimatesobtained

from the slug tests are consideredto be reflectiveof test interval

conditionsnear the borehole. In addition,storativityestimatesobtained

from slug testing are consideredto be qualitativein nature (Cooperet al.

1967). However becauseof the close correspondencein the slug test

derivativematch (Figure4.14) as well as the corroborativelog-logtype curve

and derivativecurve matchingresultsobtainedfrom the constant-ratedrawdown
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analysis (Figure4.17), the storativityvalue of 10-4 is consideredto be a

representativeestimateof storativitywithin the test interval.

The best estimatefor transmissivityfor the ElephantMountain Basalt

interflowzone at well 6gg-42-EgBis 690 ftZ/d (64.1MZ/d). This was obtained

from analysisof drawdowndata collectedduring the constant-ratepumping

test. The constant-ratedrawdownanalysis is consideredto be superior to the

slug test analysisresultsdue to its larger area of investigation, lt is

interestingto note, however,that the slug test analysis resultsare within

the factor range of 3 (i.e., 1100/690- 1.6), which is commonly reported for
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slug test versus constant-ratepumpingtest resultcomparisons(Van der Kamp

1975, Barker and Black 1983).

4.3.2 ElephantMountainBasalt/PomonaBasalt Flow Contact

Hydraulictesting of the sccondzone was conductedafter terminationof

drilling and after well completionactivities. As previouslydiscussed,the

second test zone was originallydesignedto be the RattlesnakeRidge interbed;

however, the sedimentaryinterbedwas not encounteredduring the course of

drilling. Final hydrauliccharacterizationand monitoringwell completion

" activitieswere then modifiedto test the equivalentstratigraphic-timehori-

zon, which is the ElephantMountain/Pomonabasalt flow contactzone.

During the course of drillingthroughthe depth section354 to 390 ft

bls (i.e.,on March 15, 1991),evidencefrom the drillingfluid circulation

and drilling penetrationrates suggestedthat the basalt interflowcontact

encounteredin this interval (i.e.,359 to 365 ft) was pervious. Drilling of

this boreholesectionwas accomplishedutilizingthe air-hammerrotary method,

with a drillingbit diameter of 9-7/8 in. The boreholediameterwithin the

test interval(as indicatedby the caliperlog shown in Figure 4.18) ranged

between9.64 and 11.42 in., and averaged10.04 in.

Figure 4.18 shows the well configurationduring hydrauliccharacteriza-

tion of the ElephantMountain/Pomonabasalt flow contactzone. The test zone

was characterizedusing a constant-ratepumpingtest. The test was conducted

on April 18, 1991.

4.3.2.1 Constant-RatepumpinqTest Description

To providean estimateof hydraulicpropertiesfor the test interval

surroundingthe well site, a constant-ratepumpingtest was conductedbetween

• 1300 hr and 2357 hr, April 18, 1991. The constant-ratepumpingtest was per-

formed using a submersiblepump. Flow rate was manuallycontrolledwith a

• valve in the surfacedischargeline to maintain a uniformdischargerate.

Dischargerate varied during the first hours of the test between

approximately50 gpm (i.e.,recordedduring the first 10 min of the test) and
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FIGURE 4.18. Configuration of Well 6gg-42-E9B at Time of Hydraulically
Testing the Elephant Mountain/Pomona Basalt Flow Contact
Zone

38 gpm. Recorded average discharge rates during the last 7 hr of the testwere

more uniform, varying only between 38 and 39 gpm. In total, 25,650 gal of

water were produced from the test interval for an average discharge of
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approximately39.04 gpm during the test. Groundwaterpumped from the test

intervalwas transportedapproximately1000 ft from the well site and dis-

chargedto the land surface.

Water-levelmeasurementsduring the pumpingtest were monitoredwith two

downholeDruck, Inc., pressuretran'sducers(0 to 10 psi, model # 950/TI,

serial # 382975 and 382982)set at depth settingsof 45 ft and 61 ft btc, as

• well as measured directlywith a calibratedSolinst,Inc., electricwater-

level sensor (serial# 11053),and steel tape. The pressuretransducerread-

ings were recorded on a CampbellScientific,Inc.,datalogger (model# CRIO,

serial # 1287). The staticwater level within the well prior to testingwas

25.43 ft btc (359.53ft msl), which was measuredusing a Lufkin steel tape

(serial# L300-11).

Groundwaterwas pumped from the well utilizinga Grundfos,Inc., sub-

mersible pump. Dischargeflow rates were monitoredwith a calibrated,in-line

Micrometer,Inc., flow meter (model# 83-3-373). Instantaneousdischarge

rates were also periodicallyfield-checkedat the end of the dischargeline,

by recordingthe time requiredto fill a 5-gal bucket. Pertinenthydrologic

data collectedduring the test are contained in AppendixD.

4.3.2.2 Constant-RatePumpinqTest Analysis

The constant-ratepumpingtest drawdown and recoverydata were analyzed

utilizingthe methodsdescribedin Section3.1. Brieflydescribed,the analy-

sis procedureincludedthe followingsteps:

I) Diagnosticanalysisof the drawdown and recoverywater-level
response using a log-logpressure change and pressurechange
derivativeplot.

2) Quantitativesemi-loganalysisof the radial flow portionof the
• drawdown and recoverywater-leveldata record,as indicatedfrom

the log-log pressurederivativeplot.

• DrawdownAnalysis. Figure 4.19 shows the log-logdrawdowndata and

drawdowndata derivativeplot for the constant-ratepumpingtest. Becauseof

the inherent"noise" in drawdowndata due to flow variabilitythat is common

in constant-ratetests, a L-spacing(i.e.,the data log spacing)of 0.3 was

used in calculationof the drawdown derivative. As indicatedby the drawdown
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FIGURE 4.],9. Diagnostic Constant-Rate Test Drawdown Analysis for the
Elephant Mountain/Pomona Basalt Flow Contact Zone, at
WelI 699-42-E9B

derivativeplotin the figure,testdataduringthe earlyphasesof the test

exhibit the effects of wellbore storage during the early phases of the test.

Test data collected after approximately 30 min into the test appear to fall

within the region indicative of radial flow conditions (i.e., horizontal line

on the pressure derivative plot.

Figure 4.20 shows the semi-log, straight-line analysis of the data set/

time period 30 to 657 min using the Cooper and Jacob (1946) method. As

indicated, a transmissivity of 300 ft2/d (27.9 m2/d) was calculated for the

semi-log drawdown analysis. As a qualitative comparison of predicted versus
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FIGURE4.20. Semi-Logarithmic, Straight-Line Analysis of Constant-Rate Test
DrawdownData for the Elephant Mountain/PomonaBasalt Flow
Contact Zone, at Well 699-42-E9B

observedtestresponse,log-logtypecurveandderivativetypecurveswere

calculatedusingthemodifiedNovakowski(1990)program,for a transmissivity

of 300 ft2/d(27.9m2/d)(fromthe straight-lineanalysis;Figure4.21)and a

storativityof 10.4(assumedvalue). As shownin Figure4.21,a goodmatch

for predictedand observedresponsedataand thedataderivativeare
indicated.

- RecoveryAnalysis. Figure4.22 showsthe log-logrecoverydataand

recoverydataderivativeplotfollowingthe constant-ratepumpingtest. In

comparisonto the drawdownplotshownin Figure4.19,nearlyidenticallog-log

pressuredrawdownpatternswere evidentafterthe first5 min of recovery.A

slightlydifferentresponse,however,was exhibitedfor the recoverypressure
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FIGURE 4.21. Log-Log Type Curve and Derivative Analysis for Constant-Rate
Test Drawdown Data for the Elephant Mountain/Pomona Basalt
Flow Contact Zone, at Well 699-42-E9B

derivative pattern (i.e., more wellbore storage and lower derivative stabili-

zation). The cause for this slight difference is not completely understood.

lt may be attributable to water leakage from the pump column that slowly

leaked past a check valve and back into the weil. A review of field notes

during submersible pump removal indicated that water was not present within

the top joint of pump column (i.e., the first 10 ft bls), suggesting that

water may have slowly drained back into the well following termination of the

constant-rate test.

4.38



0.1 I i J 1lIIll I I I IlJill J I t IIIIII I I I ItIItl I I I llilt
O.1 1 10 1O0 1000 10000

ModifiedHomer'rirne,&le(rain)
$9205065_?.2

FIGURE4.22. Diagnostic Constant-Rate Test RecoveryAnalysis for the Elephant
Mountain/PomonaBasalt Flow Contact Zone, at Well 699-42-E9B

The recoveryderivativewas calculatedusingthe modifiedHornertime,

Ate, (Equation10) followingthe procedureoutlinedin Bourdetet al. (1989).

UsingmodifiedHornertimeaccountsfor the lengthof the drawdowntimeper-

iod,and allowsrecoveryplotsto be analyzedwithdrawdowntypecurves. As

was the caseforthe constant-ratedrawdownphase,the recoveryderivative

plotshownin the Figure4.22indicatesthatrecoverytestdata afterapproxi-

mately20 min intorecoverydisplayradialflowconditions.Recoverydatafor

modifiedHornertimesgreaterthan20 minuteswere analyzedwiththe Theis

(1935)recoverymethodto providea quantitativeestimateof transmissivity

for thetest interval.As indicatedin Figure4.23,an estimateof 365 ft2/d
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FIGURE 4.23. Semi-Logarithmic, Straight-Line Analysis of Constant-Rate Test
Recovery Data for the Elephant Mountain/PomonaBasalt Flow
Contact Zone, at Well 699-42-E9B

(33.9 mZ/d) was obtained from the straight-line analysis, which is in good

agreement with the drawdown analysis results.

As a qualitative comparison of predicted versus observed test response,

log-log type curve and derivative type curves were calculated using the modi-

fied Novakowski (1990) program, for a transmissivity of 365 ft2/d (33.9 m2/d)

(from the straight-line analysis; Figure 4.23) and a storativity of 10.4

(assumed value). The type-curve match (not shown), however, did not provide

as good a match as attained from analysis of the constant-rate drawdown data

(Figure 4.21). A better type-curve match of the recovery data (Figure 4.24)
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FIGURE4.24. Log-Log Type Curve and Derivative Analysis for Constant-Rate
Test Recovery Data for the Elephant Mountain/Pomona Basalt
Flow Contact Zone, at Well 699-42-E9B

was obtainedusing hydraulicpropertyestimatescalculated from the drawdown

analysis (i.e.,T = 300 ft2/d (27.9 m2/d),S = 10-4).

4.3.2.3 HydraulicPropertySummary

Resultsfrom the constant-ratepumpingtest analysisprovided an esti-

mate for transmissivityrangingbetween300 ftZ/d (27.9 m2/d) and 365 ftZ/d

(33.9 m2/d) for the ElephantMountain/PomonaBasalt flow contactzone. The

best estimate for transmissivityfor the test intervalat well 699-42-E9Bis

300 ft2/d (27.9m2/d),which was obtainedfrom analysis of drawdowndata

obtainedduring the constant-ratepumpingtest. The constant-ratedrawdown

analysisis consideredto providethe best estimatefor transmissivitybecause
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of the consistencyobtainedfrom semi-log,straight-lineanalysis and log-log

type-curvematching results (i.e.,Figures4.20 and 4.21), and the possible

adverseeffect that pump-columnwater leakagemay have had on the recovery

data response.
J

No quantitativeestimatefor storativityis obtainablefrom the test

analysis. The value of 10.4that was assumed in the drawdown analysis,how-

ever, providesgood log-logtype-curvematching resultsas evident in Fig-

ure 4.21. This storativityestimatefalls within the range commonly attri-

buted to confinedaquifersystems (Heath 1983) and is consistentwith the

value obtainedfrom test analysisof the overlyingElephantMountain basalt

interflow zone.
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5.0 HYDRAULICTESTING SUMMARY

Table 5.1 summarizesresultsobtainedfrom tests conductedas part of

the hydrauliccharacterizationinvestigationof wells constructedas part of

the Savage Islandwell program. A total of four test intervalswere success-

fully characterizedat the wells tested. Characterizationefforts for an

additionalupper-confinedaquiferhorizon (i.e.,the RattlesnakeRidge inter-

bed at well 69g-32-22B)were suspendedwhen a possibleproblemwith the well

annularsealingmaterialswas detectedduring test intervaldevelopment

activities. Characterizationof this test intervalwill be initiatedfollow-

ing remediationof the well completionproblem. In addition,characterization

effortsfor a monitoringwell completedin the uppermostaquifer (well

699-42-EgA)were abortedfollowingproblemsexperiencedduring test zone

development. Becauseof the severityof the problemsthat were experienced

(i.e.,damage to the well casing),the well was subsequentlyabandoned,and no

additionalcharacterizationfor this test intervalwas attempted.

Resultsof the hydraulictest analysis indicatea best estimate trans-

missivityrange of 51 ft2/d(4.7 m2/d)to 690 ft2/d (64.1m2/d) for basalt flow

contactswithin the ElephantMountainBasalt,and a value of 65 ft2/d

(6.0m2/d)for the one test completedin the RingoldFormation. The hydraulic

propertyestimateresultsobtainedfrom hydraulictest analysisfall within

the range previouslycited (e.g.,Gephartet al. 19/9, Graham et al. 1984, DOE

1988) for similarunits within the upper-confinedand uppermostaquifer

systemson the HanfordSite.
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TABLE 5.1. HydraulicTest Summary

Pre-Test

Static Hydraulic Properties/
Test Water- Best Estimate

Test Interval Level Transmissivity Stor_b_ivity
Well Formation (ft_ bls) _ft, msl) ( ft2/d(a))

699-32-22B ElephantMt. 655 - 686 401.7 51 10-_
basalt (15- 51)
interflow

699-42-EgA Ringold 195- 232 356.3 65 i0-s
Formation (30 - 65)

699-42-EgB ElephantMt. 232 - 285 358.3 690 10-4
basalt (690- 1100)
interflow

6gg-42-EgB ElephantMt./ 354 - 389 359.5 300 10-4
Pomona Basalt (300 - 365)
flow contact

(a) Transmissivityrange listed in parentheses;range determinedfrom all
test methodsused during characterization.

(b) Storativityvalues determinedfrom single-welltests; therefore,values
should be consideredto be only qualitativeestimates.
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A.4. Constant-RatePumpingTest: HydrochemicalParameterField Analyses
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TABLE A.I. Slug InjectionTest Data for Well 699-32-22B,ElephantMountain
Basalt InferflowZone

Pressure
Transducer Data

Test Time Reading,H H-H (H-Hi)/Ho Derivative
seconds feet fee_c

24.0000 14.7110 1.3990 .9582 .0000
25.0000 14.7080 1.3960 .9562 .0991
26.0000 14.7070 1.3950 .9555 .0683
27.0000 14.7030 1.3910 .9527 .0898
28.0000 14.7040 1.3920 .9534 .0630i

29.0000 14.7020 1.3900 .9521 .0656
30.0000 14.7040 1.3920 .9534 .0495
31.0000 14.7050 1.3930 .9541 .0428
32.0000 14.7020 1.3900 .9521 .0510
33.0000 14.6990 1.3870 .9500 .0579
34.0000 14.6940 1.3820 .9466 .0685
35.0000 14.6960 1.3840 .9479 .0613
36.0000 14.6960 1.3840 .9479 .0603
40.0000 14.6900 1.3780 .9438 .0678
45.0000 14.6840 1.3720 .9397 .0735
50.0000 14.6790 1.3670 .9363 .0768
55.0000 14.6750 1.3630 .9336 .0770
60.0000 14.6710 1.3590 .9308 .0741
65.0000 14.6650 1.3530 .9267 .0766
70.0000 14.6590 1.3470 .9226 .0791
75.0000 14.6550 1.3430 .9199 .0874
80.0000 14.6480 1.3360 .9151 .0946
85.0C_0 14.6460 1.3340 .9137 .0966
90.0000 14.6420 1.3300 .9110 .1085
95.0000 14.6370 1.3250 .9075 .1105
100.0000 14.6340 1.3220 .9055 .1190
105.0000 14.6270 1.3150 .9007 .1220
110.0000 14.6240 1.3120 .8986 .1323
120.0000 14.6150 1.3030 .8925 .1473
130.0000 14.6100 1.2980 .8890 .1555
140.0000 14.6090 1.2970 .8884 .1633
150.0000 14.6060 1.2940 .8863 .1724

• 160.0000 14.6070 1.2950 .8870 .1744
170.0000 14.6010 1.2890 .8829 .1723
180.0000 14.5960 1.2840 .8795 .1706
190.0000 14.5860 1.2740 .8726 .1757
200.0000 14.5790 1.2670 .8678 .1754
210.0000 14.5710 1.2590 .8623 .1829
220.0000 14.5610 1.2490 .8555 .1956
240.0000 14.5430 1.2310 .8432 .2202
270.0000 14.5200 1.2080 .8274 .2377
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TABLE A.I. (contd)

Pressure
Transducer Data

Test Time Reading,H H-H (H-H)/Ho Derivative
seconds feet ,fee_ i

300.0000 14.4940 1.1820 .8096 .2587
330.0000 14.4660 1.1540 .7904 .2966
360.0000 14.4480 1.1360 .7781 .3407
390.0000 14.4310 1.1190 .7664 .3707
420.0000 14.4190 1.1070 .7582 .3856
450.0000 14.4140 1.1020 .7548 .3865
480.0000 14.4110 1.0990 .7527 .3924
540.0000 14.3950 1.0830 .7418 .4207
600.0000 14.3590 1.0470 .7171 .4478
660.0000 14.3140 1.0020 .6863 .4359
720.0000 14.2880 .9760 .6685 .4381
780.0000 14.2570 .9450 .6473 .4425
840.0000 14.2130 .9010 .6171 .4663
900.0000 14.1730 .8610 .5897 .4856
960.0000 14.1290 .8170 .5596 .5095

1020.0000 14.0950 .7830 .5363 .5301 "
1080.0000 I4.0740 .7620 .5219 .5463
1140.0000 14.0730 .7610 .5212 .5479
1200.0000 14.0610 .7490 .5130 .5422
1260.0000 14.0340 .7220 .4945 .5731
1320.0000 14.0140 .7020 .4808 .5730
1380.0000 13.9870 .6750 .4623 .5881
1440.0000 13.9620 .6500 .4452 .5923
1500.0000 13.9500 .6380 .4370 .5867
1560.0000 13.9210 .6090 .4171 .5950
1620.0000 13.9030 .5910 .4048 .5949
1680.0000 13.9310 .6190 .4240 .5697
1740.0000 13.9330 .6210 .4253 .5562
1800.0000 13.9170 .6050 .4144 .5581

Test initiatedat 1016 hr, May 30, 1991

Initialpressuretransducerreading,Hi = 13.312 ft

InducedSlug Stress Level,Ho = 1.46 ft.
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TABLE A.2. Slug WithdrawalTest Data for Well 699-32-22B,ElephantMountain
Basalt InterflowZone

Pressure
Transducer Data

Test Time Reading,H HI-H (Hi-H)/Ho Derivative ,
seconds feet feet

20.0000 12.2690 1.2070 .9400 .0000
21.0000 12.2680 1.2080 .9408 .0322

" 22.0000 12.2630 1.2130 .9447 .0933
23.0000 12.2700 1.2060 .9393 .0108
24.0000 12.2740 1.2020 .9361 .0394

' 25.0000 12.2700 1.2060 .9393 .0311
26.0000 12.2670 1.2090 .9416 .0171
27.0000 12.2710 1.2050 .9385 .0203
28.0000 12.2750 1.2010 .9354 .0289
29.0000 12.2780 1.1980 .9330 .0382
30.0000 12.2730 1.2030 .9369 .0361
31.0000 12.2740 1.2020 .9361 .0352
32.0000 12.2770 1.1990 .9338 .0381
33.0000 12.2780 1.1980 .9330 .0400
34.0000 12.2770 1.1990 .9338 .0404
35.0000 12.2760 1.2000 .9346 .0406
36.0000 12.2780 1.1980 .9330 .0411
37.0000 12.2810 1.1950 .9307 .0429
38.0000 12.2810 1.1950 .9307 .0451
39.0000 12.2810 1.1950 .9307 .0462
40.0000 12.2800 1.1960 .9315 .0468
41.0000 12.2810 1.1950 .9307 .0475
42.0000 12.2810 1.1950 .9307 .0489
43.0000 12.2810 1.1950 .9307 .0496
44.0000 12.2820 I.]940 .9299 .0505
45.0000 12.2830 1.1930 .9291 .0515
50.0000 12.2890 1.1870 .9245 .0593
60.0000 12.2930 1.1830 .9213 .0727
70.0000 12.2980 1.1780 .9174 .0810
80.0000 12.3020 1.1740 .9143 .0876
90.0000 12.3090 1.1670 .9089 .0929
100.0000 12.3170 1.1590 .9026 .1019
110.0000 12_3270 1.1490 .8949 .1158
120.0000 12.3310 1.1450 .8917 .1316
130.0000 12.3380 1.1380 .8863 .1447
140.0000 12.3440 1.1320 .8816 .1574
150.0000 12.3490 1.1270 .8777 .1705
180.0000 12.3730 1.1030 .8590 .2002
210.0000 12.3890 1.0870 .8466 .2463
240.0000 12.3980 1.0780 .8396 .2720
270.0000 12.4070 1.0690 .8326 .2922
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TABLE A.2. (contd)

Pressure
Transducer Data

Test Time Reading,H HI-H (Hi-H)/Ho Derivative
seconds feet feet l

300.0000 12.4230 1.0530 .8201 .3052
330.0000 12.4460 1.0300 .8022 .2997
360.0000 12.4770 .gggo .7780 .3044
390.0000 12.5060 .9700 .7555 .3088
420.0000 12.5130 .9630 .7500 .3248
450.0000 12.5200 .9560 .7445 .3446
480.0000 12.5380 .9380 .7305 .3648
510.0000 12.5530 .9230 .7188 .3758
540.0000 12.5590 .9170 .7142 ,3886
600.0000 12.6080 .8680 .6760 .4166
660.0000 12.6720 .8040 .6262 .4431
720.0000 12.6890 .7870 .6129 .4918
780.0000 12.6980 .7780 .6059 .5241
840.0000 12.7380 .7380 .5748 .5460
900.0000 12.7550 .7210 .5615 .5699
960.0000 12.7710 .7050 .5491 .5768
1020.0000 12.7730 .7030 .5475 .5761
1080.0000 12.7400 .7360 .5732 .5634
1140.0000 12.7510 .7250 .5646 .5524
1200.0000 12.7710 .7050 .5491 .5476
1260.0000 12.7970 .6790 .5288 .5448
1320.0000 12.8170 .6590 .5132 .5458
1380.0000 12.8680 .6080 .4735 .5492
1440.0000 12.9110 .5650 .4400 .5550
1500.0000 12.9290 .5470 .4260 .5664
1560.0000 12.9270 .5490 .4276 .5692
1620.0000 12.9410 .5350 .4167 .5714
1680.0000 12.9580 .5180 .4034 .5786
1740.0000 12.9820 .4940 .3847 .5781
1800.0000 12.9970 .4790 .3731 .5865
1860.0000 13.0060 .4700 .3660 .5930
1920.0000 12.9960 .4800 .3738 .5933
1980.0000 12.9920 .4840 .3769 .5935
2040.0000 13.0060 .4700 .3660 .5943
2100.0000 13.0560 .4200 .3271 .6074
2160.0000 13.0770 .3990 .3107 .6142
2220.0000 13.0910 .3850 .2998 .6203
2280.0000 13.1020 .3740 .2913 .6341
2340.0000 13.1140 .3620 .2819 .6387
2400.0000 13.1230 .3530 .2749 .6425
2460.0000 13.1210 .3550 .2765 .6443
2520.0000 13.1300 .3460 .2695 .6528
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TABLE A.2. (contd)

Pressure
Transducer Data

Test Time Reading,H H_-H (H_-H)/Ho Derivative
seconds feet feet ,

2580.0000 13.1470 .3290 .2562 .6547
2640.0000 13.1560 .3200 .2492 .6563
2700.0000 13.1730 .3030 .2360 .6692
2760.0000 13.1940 .2820 .2196 .6720
2820.0000 13.1990 .2770 .2157 .6739
2880.0000 13.1910 .2850 .2220 .6848
2940.0000 13.1890 .2870 .2235 .6831
3000.0000 13.1840 .2920 .2274 .6802
3060.0000 13.1810 .2950 .2298 .6862
3120.0000 13.1760 .3000 .2336 .6810
3180.0000 13.1790 .2970 .2313 .6761

Test initiatedat 1240 hr, May 30, 1991

Initialpressuretransducerreading,H_ = 13.476ft

InducedSlug Stress Level, Ho - 1.284 ft

A.5



TABLE A.3. PertinentField Test Data for Well 699-32-22B,ElephantMountain
Basalt InterflowZone - Constant-RatePumpingTest

Instantaneous
Test Flowmeter Discharge
Time Water-Level Reading Measurement Comments
min ft, btc clal' qpm

0 113.51 77450 Test startedat 0745 hr,
611191

12 15.0 5 gal in 20 s
14.17 176.3
15 177.3
16 179.85
17 182.35
18 184.5
19.25 187.5
20 189.I
30.25 211.0
36 222.0
41.17 230.6
42 77920
46.17 238.5
47.17 240.0
52 246.45
59 255.45
68 266.0
71 78190
81 279.7
90 286.6
100 294.6

102 13.6 5 gal in 22 s
110 300.85
120 305.93
130.33 310.65
141 314.8
150 318.1
151 78870
161 322.6
169 324.6

178 13.0 5 gal in 23 s "
180 326.95
194 329.55
220 333.61 79440
240 336.9

244 13.0 5 gal in 23 s
255 338.15
275 339.43
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TABLE A.3. (contd)

Instantaneous
Test Flowmeter Discharge
Time Water-Level Reading Measurement Comments
min r ft, btc qal qpm

J

296 340.5
318 342.55
343 342.67
345 80420
420 12.8 5 gal in 23.5 s
421 80990I

445 343.63
475 346.1
509 346.23
539 81910
546 13.0 5 gal in 23 s
555 346.83
570 346.88
600 82380 Test terminated 1745 hr,

6/1/91
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TABLE A.4. HydrochemicalParameterField Analyses for Well 699-32-22B,
ElephantMountainBasalt InterflowZone - Constant-Rate
PumpingTest

Conductivity
Clock Time pH _mhos/cm Temperature Eh Turbidity

hr _ @ 25 C o C m_._V_V NTU

0805 290 22.8 -124
0808 7.71
0809 6.7
0850 7.7
0917 357 24.4 -290
0920 7.95
0920 8.02 6.I
1024 356 24.8 -244
1027 7.95
1032 3.6
1138 7.98 288 24.8 -121
1142 1.0
1252
1252 8.04
1252 8.05 0.8
1259 268 24.9 -186
1410 355 25.1 -198
1411 8.15 0.6
1411 0.65
1520 8.13 317 25.2 -191 0.66
1638 8.12 355 25.1 -205 0.52
1723 8.24 355 25.1 -210 0.71

Turbiditymeasuredwith a Hach, Inc., Turbidimeter,serial # 880903404.

PH measuredwith an Orion Research,Inc., pH meter, model # SA250,
serial # 2028.

Conductivity,temperature,and Eh measuredwith a Water QualityMonitor, Inc.,
model # YSI 3500, serial # K8000138.

p
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TABLE A.5. RecoveryTest Data for Well 699-32-22B,ElephantMountain Basalt
InterflowZone - Constant-RatePumpingTest

Modified
Residual Recovery Horner Horner Time

Recovery Drawdown Buildup Time (t x At)/

Time,minAt Pof_ Pr Po "rPt
(tp+At)/At (iPp+ At) Derivativewf

min

1.00 231.0200 2.0600 601.0000 .9983
' 2.00 226.8600 6.2200 301.0000 1.9934 8.0046

3.00 223.0700 10.0100 201.0000 2.9851 10.8399
, 4.00 219.4700 13.6100 151.0000 3.9735 13.9493

5.00 216.0000 17.0800 121.0000 4.9587 16.8809
7.00 209.6700 23.4100 86.7143 6.9193 21.9190
9.00 203.5600 29.5200 67.6667 8.8670 27.2485
11.25 196.9000 36.1800 54.3333 11.0429 33.1230
13.00 191.8500 41.2300 47.1538 12.7243 36.9130
15.00 186.2400 46.8400 41.0000 14.6341 41.7361
18.00 178.3800 54.7000 34.3333 17.4757 48.0839
21.00 170.7600 62.3200 29.5714 20.2899 52.9852
25.00 161.0100 72.0700 25.0000 24.0000 60.8406
30.00 149.4800 83.6000 21.0000 28.5714 68.7426
35.25 138.2500 94.8300 18.0213 33.2940 75.6923
45.00 119.4400 113.6400 14.3333 41.8605 85.6469
55.00 102.5300 130.5500 11.9091 50.3817 91.5196
66.25 86.0800 147.0000 10.0566 59.6623 95.5054
77.00 72.6500 160.4300 8.7922 68.2422 96.3318
85.00 63.8700 169.2100 8.0588 74.4526 93.4840
95.00 54.3500 178.7300 7.3158 82.0144 91.5431
105.00 46.1700 186.9100 6.7143 89.3617 86.2779
115.00 39.4730 193.6070 6.2174 96.5035 82.7501
115.50 38.8700 194.2100 6.1948 96.8553 81.7256
125.00 33.5370 199.5430 5.8000 103.4483 75.9394
135.00 28.5250 204.5550 5.4444 110.2041 70.9001
145.00 24.3160 208.7640 5.1379 116.7785 64.8231
155.00 20.7850 212.2950 4.8710 123.1788 60.1203
165.00 17.8400 215.2400 4.6364 129.4118 54.8398
175.00 15.3840 217.6960 4.4.286 135.4839 50.8366
185.00 13.3410 219.7390 4.2432 141.4013 46.6238

• 195.00 11.6450 221.4350 4.0769 147.1698 43.6422
205.00 10.2320 222.8480 3.9268 152.7950 40.2671
215.00 9.0580 224.0220 3.7907 158.2822 36.2191

, 225.00 8.0850 224.9950 3.6667 163.6364 33.5130
235.00 7.2760 225.8040 3.5532 168.8623 30.5442
245.00 6.5980 226.4820 3.4490 173.9645 28.4085
255.00 6.0270 227.0530 3.3529 178.9474 25.9368
265.00 5.5460 227.5340 3.2642 183.8150 24.2485
275.00 5.1440 227.9360 3.1818 188.5714 22.0881
285.00 4.7900 228.2900 3.1053 193.2203 20.7479
295.00 4.5010 228.5790 3.0339 197.7654 18.8721
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TABLE A.5. (contd)

Modified
Residual Recovery Horner HornerTime

Recovery Drawdown Buildup Time (t x At)/

Time, ,t Po PI Po "f_miR ft wf (tp+At)/At (_pmin+ At) Derivative

305.00 4.2620 228.8180 2.9672 202.2099 17.7992
315.00 4.0150 229.0650 2.9048 206.5574 16.2010 .
325.00 3.8230 229.2570 2.8462 210.8108 15.3579
335.00 3.6440 229.4360 2.7910 214.9733 14.0397
345.00 3.4860 229.5940 2.7391 219.0476 13.3698 ,
355.00 3.3430 229.7370 2.6901 223.0367 12.7976
365.00 3.2150 229.8650 2.6438 226.9430 11.7455
375.00 3.0950 229.9850 2.6000 230.7692 11.2880
385.00 2.9860 230.0940 2.5584 234.5178 10.4108
395.00 2.8910 230.1890 2.5190 238.1909 10.0459
405.00 2.7990 230.2810 2.4815 241.7910 9.7077
415.00 2.7050 230.3750 2.4458 245.3202 9.0133
425.00 2.6230 230.4570 2.4118 248.7805 8.7553
435.00 2.5440 230.5360 2.3793 252.1739 8.1910
445.00 2.4680 230.6120 2.3483 255.5024 7.9863
455.00 2.3920 230.6880 2.3187 258.7678 7.7962
465.00 2.3320 230.7480 2.2903 261.9718 7.3488
475.00 2.2670 230.8130 2.2632 265.1163 7.1921
485.00 2.2070 230.8730 2.2371 268.2028 6.8275
495.00 2.1560 230.9240 2.2121 271.2329 6.6958
505.00 2.0980 230.9820 2.1881 274.2081 6.5731
515.00 2.0380 231.0420 2.1650 277.1300 6.2768
525.00 1.9840 231.0960 2.1429 280.0000 6.1692
535.00 1.9360 231.1440 2.1215 282.8194 6.0649
545.00 1.8930 231.1870 2.1009 285.5895 5.8227
555.00 1.8550 231.2250 2.0811 288.3117 5.7263
565.00 1.8100 231.2700 2.0619 290.9871 5.6321
575.00 1.7710 231.3090 2.0435 293.6170 5.4306
585.00 1.7290 231.3510 2.0256 296.2025 5.3420
595.00 1.6900 231.3900 2.0084 298.7448 5.2552
605.00 1.6460 231.4340 1.9917 301.2448 5.1215
615.00 1.6070 231.4730 1.9756 303.7037 5.0800
625.00 1.5730 231.5070 1.9600 306.1224 5.0406 ,
635.00 1.5460 231.5340 1.9449 308.5020 4.9355
645.00 1.5040 231.5760 1.9302 310.8434 4.9020
655.00 1.4790 231.6010 1.9160 313.1474 4.8691
665.00 1.4410 231.6390 1.9023 315.4150 4.7838
675.00 1.4090 231.6710 1.8889 317.6471 4.7564
685.00 1.3770 231.7030 1.8759 319.8444 4.7308
695.00 1.3490 231.7310 1.8633 322.0077 4.6575
705.00 1.3210 231.7590 1.8511 324.1379 4.6354
715.00 1.2960 231.7840 1.8392 326.2357 4.6131
725.00 1.2680 231.8120 1.8276 328.3019 4.5567
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TABLE A.5. (contd)

Modified
Residual Recovery Horner Horner Time

Recovery Drawdown Buildup Time (t x At)/

Time, ,t Po P Po "lPtmin f_ i wf (tp+At)/At (tPpmin+ At) Derivative

735.00 1.2350 231.8450 1.8163 330.3371 4.5381
745.00 1.2170 231.8630 1.8054 332.3420 4.5198

L 755.00 1.1910 231.8890 1.7947 334.3174 4.4715
765.00 1.1690 231.9110 1.7843 336.2637 4.4552
775.00 1.1410 231.9390 1.7742 338.1818 4.4394

• 785.00 1.1270 231.9530 1.7643 340.0722 4.4230
795.00 1.0940 231.9860 1.7547 341.9355 4.3844
805.00 1.0740 232.0060 1.7453 343.7722 4.3706
815.00 1.0500 232.0300 1.7362 345.5830 4.3585
825.00 1.0400 232.0400 1.7273 347.3684 4.3242
835.00 1.0110 232.0690 1.7186 349.1289 4.3127
845.00 .9880 232.0920 1.7101 350.8651 4.3020
855.00 .9720 232.1080 1.7018 352.5773 4.2909
865.00 .9540 232.1260 1.6936 354.2662 4.2642
875.00 .9310 232.1490 1.6857 355.9322 4.2539
885.00 .9160 232.1640 1.6780 357.5757 4.2435
895.00 .8970 232.1830 1.6704 359.1973 4.2343
905.00 .8760 232.2040 1.6630 360.7973 4.2099
9"15.00 .8610 232.2190 1.6557 362.3763 4.2008
925.00 .8360 232.2440 1.6486 363.9344 4.1933
935.00 .8220 232.2580 1.6417 365.4723 4.1854
945.00 .7940 232.2860 1.6349 366.9903 4.1669
955.00 .7790 232.3010 1.6283 368.4887 4.1611
965.00 .7510 232.3290 1.6218 369.9680 4.1563
975.00 .7520 232.3280 1.6154 371.4286 4.1499
985.00 .7320 232.3480 1.6091 372.8707 4.1350
995.00 .7080 232.3720 1.6030 374.2947 4.1302
1005.00 .7020 232.3780 1.5970 375.7009 4.1249
1015.00 .7030 232.3770 1.5911 377.0898 4.1185
1025.00 .6820 232.3980 1.5854 378.4615 4.1021
1035.00 .6700 232.4100 1.5797 379.8165 4.0967
1045.00 .6510 232.4290 1.5742 381.1550 4.0912

, 1055.00 .6220 232.4580 1.5687 382.4774 4.0871
1065.00 .6270 232.4530 1.5634 383.7838 4.0732
1075.00 .6080 232.4720 1.5581 385.0746 4.0684

• 1085.00 .6090 232.4710 1.5530 386.3502 4.0628
1095.00 .5840 232.4960 1.5479 387.6106 4.0578
1105.00 .5650 232.5150 1.5430 388.8563 4.0455
1115.00 .5440 232.5360 1.5381 390.0875 4.0422
1125.00 .5350 232.5450 1.5333 391.3044 4.0388
1135.00 .5270 232.5530 1.5286 392.5072 4.0355
1145.00 .5150 232.5650 1.5240 393.6963 4.0322
1155.00 .5290 232.5510 1.5195 394.8718 4.0204
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TABLE A,5. (contd)

Modified
Residual Recovery Horner Horner Time

Recovery Drawdown Buildup Time (t x At)/

Time, At Po P Po -f_ _pmin f_ i _ (tp+At)/At ( min+At) Derivative

1165.00 .4910 232.5890 1.5150 396.0340 4.0174
1175.00 .5020 232.5780 1.5106 397.1831 4.0129
1185.00 .4740 232.6060 1.5063 398.3193 4.0093 '
1195.00 .4510 232.6290 1.5021 399.4429 4.0071
1205.00 .4480 232.6320 1.4979 400.5540 3.9993
1215.00 .4300 232.6500 1.4938 401.6529 3.9967 '
1225.00 .4420 232.6380 1.4898 402.7397 3.9928
1235.00 .4180 232.6620 1.4858 403.8147 3.9896
1245.00 .3910 232.6890 1.4819 404.8781 3.9882
1255.00 .3770 232.7030 1.4781 405.9299 3.9831
1265.00 .3900 232.6900 1.4743 406.9705 3.9798
1275.00 .3670 232.7130 1.4706 408.0000 3.9777
1285.00 .3660 232.7140 1.4669 409.0186 3.9751
1295.00 .3720 232.7080 1.4633 410.0264 3.9720
1305.00 .3610 232.7190 1.4598 411.0236 3.9647
1315.00 .3270 232.7530 1.4563 412.0104 3.9632
1325.00 .2710 232.8090 1.4528 412.9870 3.9642
1335.00 .3380 232.7420 1.4494 413.9535 3.9599
1345.00 .3150 232.7650 1.4461 414.9100 3.9574
1355.00 .3070 232.7730 1.4428 415.8568 3,9514
1365.00 .3000 232.7800 1.4396 416.7939 3.9488
1375.00 .2770 232.8030 1.4364 417.7215 3.9467
1385.00 .2660 232.8140 1.4332 418.6398 3.9445
1395.00 .2690 232.8110 1.4301 419.5489 3.9423
1405.00 .2620 232.8180 1.4270 420.4489 3.9390
1415.00 .2630 232.8170 1.4240 421.3399 3.9365
1425.00 .2440 232.8360 1.4211 422.2222 3.9346
1435.00 .2470 232.8330 1.4181 423.0958 3.9320
1445.00 .2380 232.8420 1.4152 423.9609 3.9291
1455.00 .2270 232.8530 1.4124 424.8175 3.9264
1465.00 .2220 232.8580 1.4096 425.6659 3.9205
1475.00 ,2110 232.8690 1.4068 426,5060 3.9178
1485.00 .2180 232,8620 1.4040 427.3381 3.9145 O

1495.00 .2120 232.8680 1.4013 428.1623 3.9118
1505.00 .2020 232.8780 1.3987 428.9786 3.9090
1515.00 .1850 232.8950 1.3960 429.7872 3.9070
1525.00 .1830 232.8970 1.3934 430.5882 3.9020 "
1535.00 .1890 232.8910 1.3909 431.3817 3.8995
1545.00 .1800 232.9000 1.3883 432.1678 3.8962
1555,00 .1700 232.9100 1.3859 432.9466 3.8938
1565.00 .1780 232.9020 1.3834 433.7182 3.8905
1575.00 .1590 232.9210 1.3810 434.4828 3.8881
1585.00 .1530 232.9270 1.3785 435.2403 3.8833
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TABLE A.5. (contd)

Modified
Residual Recovery Horner Horner Time

Recovery Drawdown _,uildup Time (t x At)/

Time,minAt PoT_,Pi Po "fPt
_'_ wf (tp+At)/At (t°p+ At) Derivative

min

1595.00 .1600 232.9200 1.3762 435.9909 3.8804
1605.00 .1520 232.9280 1.3738 436.7347 3.8777w

1615.00 .1480 232.9320 1.3715 437.4718 3.8744
1625.00 .1390 232.9410 1.3692 438.2022 3.8719
1635.00 .1460 232.9340 1.3670 438.9262 3.8689e

1645.00 .1380 232.9420 1.3647 439.6436 3.8629
1655.00 .1360 232.9440 1.3625 440.3548 3.8597
1665.00 .1340 232.9460 1.3604 441.0596 3.8563
1675.00 .1290 232.9510 1.3582 441.7582 3.8529
1685.00 .1270 232.9530 1.3561 442.4508 3.8495
1695.00 .1260 232.9540 1.3540 443.1373 3.8460
1705.00 .1230 232.9570 1.3519 443.8178 3.8399
1715.00 .1170 232.9630 1.3499 444.4924 3.8365
1725.00 .1140 232.9660 1.3478 445.1613 3.8332
1735.00 .1100 232.9700 1.3458 445.8244 3.8297
1745.00 .1070 232.9730 1.3438 446.4819 3.8260
1755.00 .1060 232.9740 1.3419 447.1338 3.8226
1765.00 .1060 232.9740 1.3399 447.7801 3.8188
1775.00 1040 232.9760 1.3380 448.4211 3.8122
1785,00 .1010 232.9790 1.3361 449.0566 3.8087
1795.00 .0930 232.96i0 1.3343 449.6869 3.8055
I_05.00 .0970 232.9830 1.3324 450.3119 3.8013
I_15.00 .0930 232.9870 1.3306 450.9317 3.7977
1825.00 .0860 232.9940 1.3288 451.5464 3.7941
1835.00 .0870 232.9930 1.3270 452.1561 3.7903
1845.00 .0820 232.9980 1.3252 452.7607 3.7823
1855.00 .0790 233.0010 1.3235 453.3605 3.7787
1865.00 .0780 233.0020 1.3217 453.9554 3.7750
1875.00 .0730 233.0070 1.3200 454.5454 3.7717
1885.00 .0730 233.0070 1.3183 455.1308 3.7684
1895.00 .0710 233.0090 1.3166 455.7114 3.7652
1905.00 .0670 233.0130 1.3150 456.?874 3.7614

. 1915.00 .0660 233.0140 1.3133 456.8589 3.7581
1925.00 .0630 233.0170 1.3117 457.4258 3.7494
1935.00 .0600 233.0200 1.3101 457.9882 3.7458
1945.00 .0570 233.0230 1.308_ 458.5462 3.7421
1955.00 .0550 233.0250 1.3069 459.0998 3.7386
1965.00 .0560 233.0240 1.3053 459.6491 3.7354
1975.00 .0500 233.0300 1.3038 460.1942 3.7319
1985.00 .0510 233.0290 1.3023 460.7350 3.7284
1995.00 .0440 233.0360 1.3008 461.2717 3.7185
2005.00 .0430 233.0370 1.2993 461.8042 3.7148
2015.00 .0440 233.0360 1.2978 462.33_7 3.7115
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TABLE A.5. (contd)

Modified
Residual Recovery Horner HornerTime

Recovery Drawdown Buildup Time (t x At)/

Time, At Po Pi Po "f_min ft wf (tp+At)/At, (_Pmin+ At) Derivative

2025.00 .0430 233.0370 1.2963 462.8571 3.7076
2035.00 .0440 233.0360 1.2948 463.3776 3.7041

k

2045.00 .0360 233.0440 1.2934 463.8941 3.7007
2055.00 .0340 233.0460 1.2920 464.4068 3.6971
2065.00 .0250 233.0550 1.2906 464.9156 3.6941
2075.00 .0320 233.0480 1.2892 465.4206 3.6840
2085.00 .0300 233.0500 1.2878 465.9218 3.6807
2095.00 .0280 233.0520 1.2864 466.4193 3.6772
2105.00 .0270 233.0530 1.2850 466.9131 3.6737
2115.00 .0210 233.0590 1.2837 467.4033 3.6706
2125.00 .0210 233.0590 1.2824 467.8899 3.6675
2135.00 .0200 233.0600 1.2810 468.3730 3.6645
2145.00 .0170 233.0630 1.2797 468.8524 3.6610
2155.00 .0210 233.0590 1.2784 469.3285 3.6577
2165.00 .0220 233.0580 1.2771 469.8011 3.6471
2175.00 .0240 233.0560 1.2759 470.2703 3.6436
2185.00 .0180 233.0620 1.2746 470.7361 3.6401
2195.00 .0150 233.0650 1.2733 471.1986 3.6365
2205.00 .0170 233.0630 1.2721 471.6577 3.6331
2215.00 .0120 233.0680 1.2709 472.1137 3.6300
2225.00 .0100 233.0700 1.2697 472.5664 3.6269
2235.00 .0070 233.0730 1.2685 473.0159 3.6235
2245.00 .0070 233.0730 1.2673 473.4622 3.6206
2255.00 .0090 233.0710 1.2661 473.9054 3.6090
2265.00 .0080 233.0720 1.2649 474.3456 3.6058
2275.00 .0020 233.0780 1.2637 474.7826 3.6024

Po = Observedwater level at time At

Pi = Initialwater level prior to constant-ratetest; 113.51 ft btc

Pwr = Water level at terminationof constant-ratetest; 233.08 ft btc

tp = Durationof constant-ratetest; 600 min

At = Recoverytime; time since terminationof constant-ratetest
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APPENDIX B

HYI).RAU.LICTEST DATA FOR WELL 699-42-EgA,RINGOLDFORMATION"

DEPTH INTERVAL= 195 TO 232 FT

B.I. Slug InjectionTest Data

B.2. Slug WithdrawalTest Data



TABLE B.I. Slug InjectionTest Data for Well 699-42-EgA,RingoldFormation"
Depth Interval= 195 to 232 ft

Pressure
Trcnsducer Data

Test Time Reading,H H-H (H-Hi)/Ho Derivative
min feet fee_

.450 1.9800 1.9800 .9429

.533 1.9600 1.9600 .9333 .1202
' .616 1.9400 1.9400 .9238 .1460

.700 1.9300 1.9300 .9190 .1633

.783 1.9100 1.9100 .9095 .1783
• .866 1.8800 1.8800 .8952 .2098

.950 1.8600 1.8600 .8857 .2374
1.033 1.8400 1.8400 .8762 .2667
1.116 1.8200 1.8200 .8667 .2780
1.200 1.7900 1.7900 .8524 .2918
1.283 1.7700 1.7700 .8429 .3097
1.366 1.7500 1.7500 .8333 .3256
1.450 1.7300 1.7300 .8238 .3439
1.533 1.7100 1.7100 .8143 .3587
1.616 1.6900 1.6900 .8048 .3722
1.700 1.6700 1.6700 .7952 .3818
1.783 1.6500 1.6500 .7857 .3875
1.866 1.6300 1.6300 .7762 .4043
1.950 1.6100 1.6100 .7667 .4201
2.450 1.5000 1.5000 .7143 .4962
2.950 1.4000 1.4000 .6667 .5379
3.450 1.3000 1.3000 .6190 .5880
3.950 1.2100 1.2100 .5762 .6358
4.450 1.1400 1.1400 .5429 .6371
4.950 1.0600 1.0600 .5048 .6418
5.450 .9900 .9900 .4714 .6464
5.950 .9300 .9300 .4429 .6508
6.450 .8700 .8700 .4143 .6630
6.950 .8200 .8200 .3905 .6512
7.450 .7700 .7700 .3667 .6414
7.950 .7300 .7300 .3476 .6205
8.450 .6900 .6900 .3286 .6047
8.950 .6500 .6500 .3095 .5958u

9.450 .6200 .6200 .2952 .5795
9.950 .5800 .5800 .2762 .5667
11.950 .4800 .4800 .2286 .5248
13.950 .4100 .4100 .1952 .4779
15.950 .3400 .3400 .1619 .4345
17.950 .2900 .2900 .1381 .3980
19.950 .2500 .2500 .1190 .3643
21.950 .2000 .2000 .0952 .3315
23.950 .1700 .1700 .0810 .3031
25.950 .1500 .1500 .0714 .2891
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TABLE B.I. (contd)

Pressure
Transducer Data

Test Time Reading,H H-H (H-HI)/Ho Derivative
min , feet fee_

27.950 .1300 .1300 .0619 .2622
29.950 .1200 .1200 .0571 .2320
31.950 .1100 .1100 .0524 .1872 ,
33.950 .0900 .0900 .0429 .1725
35.950 .0900 .0900 .0429 .1558
37.950 .0900 .0900 .0429 .1359 .
39.950 .0800 .0800 .0381 .1154
41.950 .0500 .0500 .0238 .1142
43.950 .0600 .0600 .0286 .1097
45.950 .0500 .0500 .0238 .1061
47.950 .0500 .0500 .0238 .0994
49.950 .0500 .0500 .0238 .0878
51.950 .0400 .0400 .0190 .0743
53.950 .0500 .0500 .0238 .1048
55.950 .0400 .0400 .0190 .0989
57.950 .0300 .0300 .0143 .0956
59.950 .0400 .0400 .0190 .0863
61.950 .0300 .0300 .0143 .0708
63.950 .0300 .0300 .0143 .0544
65.950 .0300 .0300 .0143 .Q536
67.950 .0300 .0300 .0143 .0591
69.950 .0300 .0300 .0143 .0518
71.950 .0300 .0300 .0143 .0484
73.950 .0300 .0300 .0143 .0460
75.950 .0300 .0300 .0143 .0424
77.950 .0300 .0300 .0143 .0372
79.950 .0300 .0300 .0143 .0292
81.950 .0400 .0400 .0190 .0210
83.950 .0400 .0400 .0190 .0135
85.950 .0300 .0300 .0143 .0032

Test initiatedat 1020 hr, December 18, 1990

Initialpressuretransducerreading,Hi -0.00; (Note" pressuretransducer
readingset equal to zero)

I:,ducedsl_g stress level, Ho = 2.10 ft
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TABLE B.2. Slug WithdrawalTest Data for Well 699-42-E9A,RingoldFormation:
Depth Interval= 195 to 232 ft

Pressure
Transducer Data

Test Time Reading,H Hi-H (Hi-H)/Ho DerivBtive
min feet feet

.143 -2.0500 2.0500 .9903

.160 -2.0400 2.0400 .9855 .0751
' .176 -2.0400 2.0400 .9855 .0438

.193 -2.0300 2.0300 .9807 .0475

.210 -2.0300 2.0300 .9807 .0489
• .226 -2.0300 2.0300 .9807 .0469

.243 -2.0300 2.0300 .9807 .0404

.260 -2.0300 2.0300 .9807 .0339

.276 -2.0200 2.0200 .9758 .0397

.293 -2.0200 2.0200 .9758 .0308

.310 -2.0200 2.0200 .9758 .0409

.393 -2.0000 2.0000 .9662 .0649

.476 -2.0000 2.0000 .9662 .0656

.560 -I.9800 1.9800 .9565 .0668

.643 -1.9700 1.9700 .9517 .1112

.726 -1.9600 1.9600 .9469 .1331

.810 -1.9500 1.9500 .9420 .1404

.893 -1.9400 1.9400 .9372 .1522

.976 -1.9200 1.9200 .9275 .1876
1.060 -I.9000 1.9000 .9179 .2075
1.143 -1.8800 1.8800 .9082 .2168
1.226 -I.8600 1.8600 .8986 .2439
1.310 -I.8400 1.8400 .8889 .2602
1.393 -I.8200 1.8200 .8792 .2643
1.476 -1.8100 1.8100 .8744 .2674
1.560 -I.7900 1.7900 .8647 .2735
1.643 -1.7800 1.7800 .8599 .2695
1.726 -I.7600 1.7600 .8502 .2747
1.810 -1.7500 1.7500 .8454 .2727
1.893 -1.7400 1.7400 .8406 .2684
1.976 -I.7200 1.7200 .8309 .2712
2.476 -I.6600 1.6600 .8019 .2746
2.976 -1.6100 1.6100 .7778 .2973i

3.476 -1.5700 1.5700 .7585 .3019
3.976 -1.5300 1.5300 .7391 .3224
4.476 -1.4800 1.4800 .7150 .3550
4.976 -1.4400 1.4400 .6957 .3847
5.476 -1.4000 1.4000 .6763 .4131
5.976 -1.3600 1.3600 .6570 .4303
6.476 --1.3200 1.3200 .6377 .4620
6.976 -1.2900 1.2900 .6232 .4771
7.476 -1.2600 1.2600 .6087 .4954
7.976 -1.2300 1.2300 .5942 .4966
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TABLE B.2. (contd)

Pressure
Transducer Data

Test Time Reading,H HI-H (HiuH)/Ho Derivative
min , feet feet

8.476 -1.2000 1.2000 .5797 .5154
8.976 -1.1600 1.1600 .5604 .5281
9.476 -I.1400 1.1400 _5507 .5294
9.976 -1.1000 1.1000 .5314 .5511
11.976 -.9800 .9800 .4734 .6071
13.976 -.8900 .8900 .4300 .6141
15.976 -.8000 .8000 .3865 .6304 '
17.976 -.7_00 .7200 .3478 .6291
19.976 -.6'00 .6500 .3140 .6349
21.976 -.5900 .5900 .2850 .6248
23.976 -.5300 .5300 .2560 .6091
25.976 -.4600 ,4600 .2222 .6134
27.976 -.4100 .4100 .1981 .5781
29.976 -.3800 .3800 .1836 .5544
31.976 -.3500 .3500 .1691 .5482
33.976 -.3200 .3200 .1546 .5210
35.976 -.2800 .2800 .1353 .5078
37.976 -.2500 .2500 .11!08 .4983
39.976 -.2300 .2300 .Ii[11 .4630
41.976 -.2000 .2000 .0!)66 .4564
43.976 -.1900 .1900 .0!)18 .4383
45.976 -.1700 .1700 .0821 .4416
47.976 -.1600 .1600 .0773 .4306
49.976 -.1400 .1400 .0676 .4305
51.976 -.1200 .1200 .0580 .4312
53.976 -.1100 .1100 .0531 .4049
55.976 -.1000 .1000 .0483 .3990
57.976 -.0800 .0800 .0386 .3961

Test initiatedat 1152 hr, December 18, 1990

Initialpressuretransducerreading,H_ = 0.00; (Note: pressuretransducer
readingset equal to zero)

Inducedslug stress level, Ho - 2.07 ft
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APPENDIX C

HYDRAULICTEST DATA FOR WELL 699-42-E9B,ELEPHANTMOUNTAIN

BASALT INTERFLOWZONE

C.l. Slug WithdrawalTest #I Data

C.2. Slug WithdrawalTest #2 Data

C.3. Constant-RatePumpingTest: PertinentHydraulicField Test Data

C.4. Constant-RatePumpingTest: CompositeDrawdownAnalysis Data Set



TABLE C.I. Slug WithdrawalTest #I Data for Well 699-42-EgB,Elephant
MountainBasalt InterflowZone

Pressure
Transducer Data

, Test Time Reading,H HI-H (Hi-H)/Ho Derivative
seconds feet feet

.49 13.0190 1.3390 .9612
• .99 13.0620 1.2960 .9304 .I087

1.50 13.1020 1.2560 .9017 .1087
1.99 13.1240 1.2340 .8859 .0987
2.49 13.1260 1.2320 .8844 .0697
3.00 13.1340 1.2240 .8787 .1516
3.49 13.1540 1.2040 .8643 .1780
3.99 13.1880 1.1700 .8399 .2573
4.50 13.2190 1.1390 .8177 .2859
4.99 13.2400 1.1180 .8026 .3088
5.49 13.2540 1.1040 .7925 .3135
6.00 13.2560 1.1020 .7911 .2847
6.99 13.2790 1.0790 .7746 .2991
7.99 13.3250 1.0330 .7416 .3274
9.00 13.3600 .9980 .7164 .3807
9.99 13.3770 .9810 .7042 .4272
10.99 13.4040 .9540 .6849 .4375
12.00 13.4390 .9190 .6597 .4379
12.99 13.4600 .8980 .6447 .4375
13.99 13.4780 .8800 .6317 .4554
15.00 13.5010 .8570 .6152 .4904
15.99 13.5310 .8270 .5937 .5143
16.99 13.5550 .8030 .5765 .5180
22.50 13.6540 .7040 .5054 .5696
23.49 13.6690 .6890 .4946 .5778
24.00 13.6810 .6770 .4860 .5693
25.99 13.7170 .6410 .4602 .5743
27.99 13.7430 .6150 .4415 .5947
30.00 13.7760 .5820 .4178 .6097
33.00 13.8140 .5440 .3905 .6040
36.00 13.8510 .5070 .3640 .6063
39.00 13.8890 .4690 .3367 .5934

. 42.00 13.9190 .4390 .3151 .5953
45.00 13.9470 .4110 .2950 .5797
48.00 13.9760 .3820 .2742 .5784
51.00 14.0010 .3570 .2563 .5615
54.00 14.0230 .3350 °2405 .5519
57.00 14.0430 .3150 .2261 .5338
60.00 14.0640 .2940 .2111 .5118
63.00 14.0810 .2770 .1989 .5049
66.00 14.0970 .2610 .1874 .4833
69.00 14.1130 .2450 .1759 .4723
72.00 14.1270 .2310 .1658 .4502
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TABLE C.I. (contd)

Pressure
Transducer Data

Test Time Reading,H Hi-H (Hi-H)/Ho Derivative
, seconds feet feet

75.00 14.1420 .2160 .1551 .4346
78.00 14.1530 .2050 .1472 .4200
81.00 14.1630 .1950 .1400 .4071
84.00 14.1740 .1840 .1321 .3898 '
87.00 14.1840 .1740 .1249 .3793
90.00 14.1920 .1660 .1192 .3610
93.00 14.2010 .1570 .1127 .3476
96.00 14.2060 .1520 .1091 .3379
99.00 14.2150 .1430 .1027 .3244
102.00 14.2230 .1350 .0969 .3104
105.00 14.2260 .1320 .0948 .2963
108.00 14.2330 .1250 .0897 .2872
111.00 14.2380 .1200 .0861 .2784
114.00 14.2420 .1160 .0833 .2675
117.00 14.2450 .1130 .0811 .2547
120.00 14.2500 .1080 .0775 .2461
123.00 14.2540 .1040 .0747 .2360
126.00 14.2580 .1000 .0718 .2334
129.00 14.2620 .0960 .0689 .2209
132.00 14.2660 .0920 .0660 .2152
135.00 14.2670 .0910 .0653 .2036
138.00 14.2710 .0870 .0625 .1976
141.00 14.2740 .0840 .0603 .1925
144.00 14.2740 .0840 .0603 .1829
147.00 14.2770 .0810 .0581 .1783
150.00 14.2800 .0780 .0560 .1757
153.00 14.2840 .0740 .0531 .1669
156.00 14.2830 .0750 .0538 .1603
159.00 14.2870 .0710 .0510 .1528
162.00 14.2870 .0710 .0510 .1522
165.00 14.2890 .0690 .0495 .1499
168.00 14.2900 .0680 .0488 .1402
171.00 14.2940 .0640 .0459 .1372
174.00 14.2940 .0640 .0459 .1290 .
177.00 14.2970 .0610 .0438 .1282
180.00 14.2970 .0610 .0438 .1238
183.00 14.2990 .0590 .0424 .1232
186.00 14.3010 .0570 .0409 .1189 "
189.00 14.3000 .0580 .0416 .1183
192.00 14.3030 .0550 .0395 .1154
195.00 14.3030 .0550 .0395 .1105
198.00 14.3050 .0530 .0380 .1082
201.00 14.3080 .0500 .0359 .I046
204.00 14.3080 .0500 .0359 .i014
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TABLE C.__!1.(contd)

Pressure
Transducer Data

Test Time Reading,H HI-H (HI-H)/Ho Derivative
seconds feet feet

207.00 14.3080 .0500 .0359 .0969
210.00 14.3100 .0480 .0345 .0984
213.00 14.3110 .0470 .0337 .0958

" 216.00 14.3100 .0480 .0345 .0902
219.00 14.3110 .0470 .0337 .0870
222.00 14.3120 .0460 .0330 .0850

" 225.00 14.3130 .0450 .0323 .0867
228.00 14.3140 .0440 .0316 .0895
231.00 14.3140 .0440 .0316 .0859
234.00 14.3150 .0430 .0309 .0826
237.00 14.3150 .0430 .0309 .0807
240.00 14.3160 .0420 .0302 .0757
243.00 14.3170 .0410 .0294 .0789
246.00 14.3190 .0390 .0280 .0772
249.00 14.3170 .0410 .0294 .0694
252.00 14.3180 .0400 .0287 .0710
255.00 14.3190 .0390 .0280 .0695
258.00 14.3190 .0390 .0280 .0672
261.00 14.3200 .0380 .0273 .0657
264.00 14.3210 .0370 .0266 .0652
267.00 14.3200 .0380 .0273 .0579
270.00 14.3210 .0370 .0266 .0568
273.00 14.3210 .0370 .0266 .0575
276.00 14.3190 .0390 .0280 .0526
279.00 14.3200 .0380 .0273 .0518
282.00 14.3210 .0370 .0266 .0527
285.00 14.3230 .0350 .0251 .0561
288.00 14.3210 .0370 .0266 .0527
291.00 14.3220 .0360 .0258 .0504
294.00 14.3230 .0350 .0251 .0498
297.00 14.3230 .0350 .0251 .0521
299.00 14.3220 .0360 .0258 .0514
330.50 14.3270 .0310 .0223 .0476

. 360.50 14.3280 .0300 .0215 .0404
390.50 14.3320 .0260 .0187 .0377
420.50 14.3310 .0270 .0194 .0375
450.50 14.3300 .0280 .0201 .0338

• 480.50 14.3330 .0250 .0179 .0336
510.50 14.3400 .0180 .0129 .0372
540.50 14.3410 .0170 .0122 .0318
570.50 14.3420 .0160 .0115 .0325
600.49 14.3410 .0170 .0122 .0303
630.49 14.3410 .0170 .0122 .0332
660.49 14.3430 .0150 .0108 .0344
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TABLE C.I. (contd)

Pressure
Transducer Data

Test Time Reading, H HI-H (H_-H)/Ho Derivative
seconds feet, feet

690.49 14.3450 .0130 .0093 .0410
720.49 14.3450 .0130 .0093 .0370
750.49 14.3480 .0100 .0072 .0397
780.49 14.3490 .0090 .0065 .0305 '
810.49 14.3500 .0080 .0057 .0313
840.49 14.3460 .0120 .0086 .0232
870.49 14.3460 .0120 .0086 .0216
900.49 14.3480 .0100 °0072 .0246
930.49 14.3490 .0090 .0065 .0283
960.49 14.3510 .0070 .0050 .0324
990.49 14.3520 .0060 .0043 .0328

Test initiatedat 1542 hr, March 18, 1990

Initialpressure transducerreading,HI - 14.358 ft

Inducedslug stress level, Ho --1.393 ft
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_ABLE C.2. Slug WithdrawalTest #2 Data for Well 699-42-EgB,Elephant
Mountain Basalt InterflowZone

Pressure
Transducer Data

Test Time Reading,H HI-H (HI-H)/Ho Derivative
seconds feet feet

.499 13.0050 1.3660 .9863

.999 13.0370 1.3340 .9632 .1021
• 1.499 13.0760 1.2950 .9350 .1275

1.999 13.1030 1.2680 .9155 .1482
2.499 13.1160 1.2550 .9061 .1292

• 2.999 13.1320 1.2390 .8946 .1739
3.499 13.1700 1.2010 .8671 .2354
3.999 13.1890 1.1820 .8534 .2770
4.499 13.2000 1.1710 .8455 .2714
4.999 13.2250 1.1460 .8274 .2578
5.499 13.2390 1.1320 .8173 .2735
5.999 13.2600 1.1110 .8022 .2948
6.499 13.2770 1.0940 .7899 .3293
6.999 13.2940 1.0770 .7776 .3434
7.500 13.3090 1.0620 .7668 .3456
7.999 13.3240 1.0470 .7560 .3611
8.499 13.3360 1.0350 .7473 .3746
8.999 13.3520 1.0190 .7357 .3830
9.499 13.3710 1.0000 .7220 .3942
9.999 13.3830 .9880 .7134 .4073
10.500 13.3980 .9730 .7025 .4161
10.999 13.4110 .9600 .6931 .4241
11.499 13.4260 .9450 .6823 .4368
12.000 13.4390 .9320 .6729 .4492
12.499 13.4530 .9180 .6628 .4610
12.999 13.4600 .9110 .6578 .4752
13.500 13.4740 .8970 .6477 .4807
13.999 13.4890 .8820 .6368 .4857
14.499 13.5000 .8710 .6289 .4828
15.000 13.5100 .8610 .6217 .4954
15.499 13.5210 .8500 .6137 .5045
15.999 13.5340 .8370 .6043 .5097
16.499 13.5440 .8270 .5971 .5170

• 16.999 13.5550 .8160 .5892 .5185
17.499 13.5640 .8070 .5827 .5276
18.000 13.5760 .7950 .5740 .5353

• 18.499 13.5850 .7860 .5675 .5401
18.999 13.5960 .7750 .5596 .5437
19.500 13.6060 .7650 .5523 .5471
19.999 13.6180 .7530 .5437 .5634
20.499 13.6260 .7450 .5379 .5671
21.000 13.6380 .7330 .5292 .5649
21.499 13.6460 .7250 .5235 .5633
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TABLE C.2. (contd)

Pressure
Transducer Data

Test Time Reading,H HI-H (H_-H)/Ho Derivative
seconds feet feet

J

21.999 13.6550 .7160 .5170 .5670
22.500 13.6620 .7090 .5119 .5721
22.999 13.6690 .7020 .5069 .5758
23.499 13.6820 .6890 .4975 .5813 '
24.000 13.6900 .6810 .4917 .5854
24.499 13.6990 .6720 .4852 .5880
24.999 13.7060 .6650 .4801 .5888 "
25.500 13.7140 .6570 .4744 .5938
25.999 13.7220 .6490 .4686 .5964
26.499 13.7310 .6400 .4621 .5993
27.000 13.7350 .6360 .4592 .5987
27.499 _3.7460 .6250 .4513 .6021
27.999 13.7550 .6160 .4448 .6023
28.500 13.7620 .6090 .4397 .6014
28.999 13.7710 .6000 .4332 .6063
29.499 13.7780 .5930 .4282 .6067
30.000 13.7850 .5860 .4231 .6074
33.000 13.8270 .5440 .3928 .6053
36.000 13.8620 .5090 .3675 .6101
39.000 13.8970 .4740 .3422 .6058
42.000 13.9310 .4400 .3177 .6047
45.000 13.9590 .4120 .2975 .5899
48.000 13.9860 .3850 .2780 .5765
51.000 14.0110 .3600 .2599 .5657
54.000 14.0340 .3370 .2433 .5579
57.000 14.0540 .3170 .2289 .5412
60.000 14.0730 .2980 .2152 .5282
63.000 14.0930 .2780 .2007 .5091
66.000 14.1100 .2610 .1884 .4923
69.000 14.1250 .2460 .1776 .4808
72.000 14.1400 .2310 .1668 .4667
75.000 14.1530 .2180 .1574 .4508
78.000 14.1640 .2070 .1495 .4356
81.000 14.1770 .1940 .1401 .4245 .
84.000 14,1870 .1840 .1329 .4101
87.000 14.1970 .1740 .1256 .3985
90.000 14.2060 .1650 .1191 .3800
93.000 14.2150 .1560 .1126 .3712 "
96.000 14.2230 .1480 .1069 .3547
99.000 14.2310 .1400 .1011 .3402
102.000 14.2360 .1350 .0975 .3288
105.000 14.2420 .1290 .0931 .3198
108.000 14,2480 .1230 .0888 .3080
111.000 14.2540 .1170 ,0845 .2956
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TABLE C.2. (contd)

Pressure
Transducer Data

Test Time Reading,H H_-H (H_-H)/Ho Derivative
seconds feet feet

]14.000 14.2600 .1110 .0801 .2875
117.000 14.2640 .1070 .0773 .2785
120.000 14.2690 .1020 .0736 .2718
123.000 14.2740 .0970 .0700 .2595
126.000 14.2770 .0940 .0679 .2506
132.000 14.2860 .0850 .0614 .2339

• 135.000 14.2900 .0810 .0585 .2292
138.000 14.2930 .0780 .0563 .2233
141.000 14.2940 .0770 .0556 .2140
144.000 14.2960 .0750 .0542 .2050
147.000 14.3000 .0710 .0513 .1983
150.000 14.3030 .0680 .0491 .1911
153.000 14.3050 .0660 .0477 .1840
156.000 14.3070 .0640 .0462 .1787
159.000 14.3080 .0630 .0455 .1762
162.000 14.3110 .0600 .0433 .1683
165.000 14.3130 .0580 .0419 1668
168.000 14.3160 .0550 .0397 .1609
171.000 14.3190 .0520 .0375 .1554
177.000 14.3200 .0510 .0368 .1465
180.000 14.3220 .0490 .0354 .1418
183.000 14.3240 .0470 .0339 .1383
186.000 14.3260 .0450 .0325 .1328
189.000 14.3280 ,0430 .0310 .1302
192.000 14.3290 .0420 .0303 .1260
195.000 14.3280 .0430 .0310 .1244
198.000 14.3300 .0410 .0296 .1211
201.000 14.3320 .0390 .0282 .1139
204.000 14.3330 .0380 .0274 .1106
207.000 14.3330 .0380 .0274 .1072
210.000 14.3340 .0370 .0267 .1056
213.000 14.3350 .0360 .0260 .1027
216.000 14.3380 .0330 .0238 .1013
219.000 14.3400 .0310 .0224 .1001

• 222.000 14.3400 .0310 .0224 .0986
225.000 14.3400 .0310 .0224 .0985
228.000 14.3400 .0310 .0224 .0973

• 231.000 14.3410 .0300 .0217 .0924
234.000 14.3410 .0300 .0217 .0889
237.000 14.3430 .0280 .0202 .0883
240.000 14.3420 .0290 .0209 .0848
243.000 14.3430 .0280 .0202 .0843
246.000 14.3430 .0280 .0202 .0823
249.000 14.3440 .0270 .0195 .0834

C.7



TABLE C.2. (contd)

Pressure

Transducer Data

Test Time Reading,H H_-H (H_-H)/Ho Derivative
,seconds feet feet

252.000 14.3450 .0260 .0188 .0812
255.000 14.3440 .0270 .0195 .0778
258.000 14.3440 .0270 .0195 .0755 ,
261.000 14.3460 .0250 .0181 .0771
264.000 14.3470 .0240 .0173 .0748
267.000 14.3470 .0240 .0173 .0707 ,
270.000 14.3480 .0230 .0166 .0710
273.000 14.3470 .0240 .0173 .0706
276.000 14.3480 .0230 .0166 .0709
279.000 14.3480 .0230 .0166 .0696
285.000 14.3490 .0220 .0159 .0675
288.000 14,3500 .0210 .0152 .0665
291.000 14,3500 .0210 .0152 .0639
294.000 14.3500 .0210 .0152 .0629
297.000 14.3500 .0210 .0152 .0603
300.000 14.3510 .0200 .0144 .0608
303.000 14.3520 .0190 .0137 .0615
306.000 14.3520 .0190 .0137 .0636
309.000 14.3530 .0180 .0130 .0642
312.000 14.3530 .0180 .0130 .0616
315.000 14.3530 .0180 .0130 .0589
318.000 14.3530 .0180 .0130 .0581
324.000 14.3530 .0180 .0130 .0573
327.000 14.3550 .0160 .0116 .0598
330.000 14.3530 .0180 .0130 ,0554
333.000 14.3550 .0160 .0116 .0574
336.000 14.3540 .0170 .0123 .0551
339.000 14.3550 .0160 .0116 .0523
342.000 14.3550 .0160 .0116 .0517
345.000 14.3560 .0150 .0108 .0504
348.000 14.3550 .0160 .0116 .0491
351.000 14.3550 .0160 .0116 .0486
354.000 14.3560 .0150 .0108 .0505
357.000 14.3570 .0140 .0101 .0524 •
360.000 14.3560 .0150 .0108 .0503
363.000 14.3580 .0130 .0094 .0522
366.000 14.3570 .0140 .0101 .0501 ,
369.000 14.3580 .0130 .0094 .0520
372.000 14.3580 .0130 .0094 .0490
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TABLEC.2. (contd)

Pressure
Transducer Data

Test Time Reading, H Hi-H (Hi-H)/H o Derivativeseconds feet feet

375.000 14.3580 .0130 .0094 .0486
378.000 14.3590 .0120 .0087 .0520
381.000 14.3580 .0130 .0094 .0491

Test initiated at 1627 hr, March 18, 1990

• Initial pressure transducer reading, Hi = 14.371 ft

Induced slug stress level, H° = 1.385 ft
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TABLE C.3. PertinentField Test Data for Well 699-42-EgB,ElephantMountain
Basalt InterflowZone - Constant-RatePumpingTest

Test Flowmeter Turbidity
Time Water-Level Reading Measurement Comments
mi___n_n ft, btc qal NTU

0 26.605 1480 Test startedat 1816 hr,
3/18/91

10 1960
29 2.2
90 41.2 5160
93 2.5
127 41.6 6580
144 0.58
156 7750
164 0.42
188 Discharge= 5 gal in 8 s
227 42.23 10540 0.60
278 42.50 12730
299 0.44
307 13810
353 0.34
407 42.85 18250
498 43.14 22000 0.50
560 43.34 24610 0.41
618 43.50 27040 0.39
650 43.58 28400
704 Discharge = 5 gal in 9 s
739 0.28
787 34230
889 44.12 38590
894 0.33
969 Discharge = 5 gal in 8 s
974 44.30

1009 0.26
1040 44.50 0.36
1049 45310 Test terminated

Turbiditymeasuredwith a Hach, Inc., Turbidimeter,model # 161800,serial
number 880903404.
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TABLE C.4. CompositeDrawdownAnalysis Data Set for Well 699-42-E9B,Elephant
MountainBasalt InterflowZone - Constant-RatePumpingTest

Calculated
Test Drawdown Data

Time, t Po _tPi Derivativemin

I.O0 4.0000
1.50 7.2000 6.3996

• 2.00 8.4000 4.0979
2.49 9.5000 4.2844
2.99 10.0000 3.2479
3.49 10.6000 2.6697
4.48 11.0000 2.1597
4.98 11.2000 1.6806
5.47 11.4000 1.6506
5.97 11.5100 1.7152
6.95 11.7800 1.7435
7.94 11.9800 1.6091
8.92 12.1400 1.5516
9.91 12.3200 1.4670
10.89 12.4200 1.3913
11.00 12.6410 1.4205
12.00 12.7100 1.4192
13.00 12.8070 1.4013
14.00 12.8650 1.2647
15.00 12.9370 1.2227
16.00 12.9850 1.2290
17.00 13.0610 1.1811
18.00 13.0990 .9531
19.00 13.1350 .9567
20.00 13.2150 .9632
21.00 13.2520 .9384
22.00 13.2690 .9325
23.00 13.3040 .9171
24.00 13.3710 .9431
25.00 13.3930 .9394
26.00 13.4360 .9147
27.00 13.4840 .9387

• 28.00 13.4940 .9295
29.00 13.5500 .9554
30.00 13.5780 .9407
31.00 13.6200 .9033

• 32.00 13.6760 .9127
34.00 13.6950 .9349
36.00 13.7490 .9608
38.00 13.7990 .9507
40.00 13.8470 .9648
42.00 13.8920 .9373
44.00 13.9360 .9713
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TABLE C.4. (contd)

Calculated
Test Drawdown Data

Time,mint Po f_tPi Derivative

47.00 13.9970 .9666
48.00 14.0060 .9514
49.00 14.0230 .9577
50.00 14.0410 .9326 •
51.00 14.0530 .9732
52.00 14.0730 .9821
53.00 14.0970 .9908
54.00 14.1060 .9684
55.00 14.1330 .9789
56.00 14.1480 ,9849
59.00 14.2060 1.0108
64.00 14.3060 1.0219
69.00 14.3650 1.0281
74.00 14.4370 1.0244
79.00 14.5190 1.0642
84.00 14.5940 1,0911
89.00 14.6440 1.0659
94.00 14.7190 1.0590
99.00 14.7540 1.0487
104.00 14.8240 1.1012
109.00 14.8710 1.0951
114.00 14.9230 1.1019
119.00 14.9510 1.0803
124.00 15.0220 1.0946
129.00 15.0510 1.0765
134.00 15.0970 1.0960
164.00 15.2960 1.0874
194.00 15.4940 1.0888
224.00 15.6530 1.1355
254.00 15.7940 1.1287
284.00 15.9270, 1.1426
314.00 16.0360 1.1521
344.00 16.1390 1.1798
374.00 16.2270 1.1871
404.00 16.3130 1.1878
464.00 16.4920 1.2881
524.00 16.6400 1.3955
584.00 16.7940 1.5139
644.00 16.9240 1.5030
704.00 17.0730 1.5705
764.00 17.2110 1.6286
824.00 17.3810 1.7035
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TABLE C.4. (contd)

Calculated
Calculated

Test Drawdown Data

Time_mint Po f-tPi Derivative

884.O0 17.5030 I.7399
944.00 17.6460 1.8375
1004.00 17.7520 1.8212

t

Pi = 26.605ft btc

Note" Becauseof a data acquisitionsystem failureduring the beginningof
the constant-ratepumpingtest, no actual drawdownmeasurementswere obtained
during the first 10 minutesof the test. To facilitatediagnosticanalysisof
the drawdownphase, calculateddrawdowndata prior to t = 10 min were derived
from recoverywater-levelmeasurements. Time values used for recoverywater-
levelswere calculatedusing the modified Horner time parameter,Ate,which is
definedby Agarwal (1980) as:

At =
e (tpx At)/(tp+ At)

where tp= durationof the pumpingtest; (T)

At = time since pumpingterminated;(T)

REFERENCE

Agarwal,R. G. 1980. "A New Method to Account For ProducingTime Effects
When DrawdownType CurvesAre Used to Analyze PressureBuildupand Other Test
Data." Societyof PetroleumEngineers,SPE Paper 9289, presentedat the 1980
SPE AnnualTechnicalConferenceand Exhibition,Dallas,Sept. 21-24.

i
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APPENDIXD

HYDRAULICTEST DATA FOR WELL 699-42-EgB_ELEPHANTMOUNTAIN/

POMONA BASALT FLOW CONTACTZONE

D.I. Constant-RatePumpingTest" PertinentHydraulicField Test Data

D.2. Constant-RatePumpingTest" DrawdownAnalysis Data Set

D.3. Constant-RatePumpingTest. RecoveryAnalysis Data Set



TABLE D_.I. PertinentField Test Data for Well 699-42-EgB,ElephantMountain/
Pomona BasaltFlow ContactZone - Constant-RatePumpingTest

Test Flowmeter Discharge
Time Water-Level Reading Check Comments
mi__D_n ft. btc . qpm

0 25.36 50400 Test startedat 1300 hr, 4/18/91
7 50 5 gal/6 s
9 50770 47.3 5 gai/6.34 s; decreasedflow

• rate

46 52230 37.5 5 gal/8 s
156 56540 37.5 5 gal/8 s

• 194 58000
262 60680
314 62700
387 65570
473 68900
616 74480
657 76050 Test terminated
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TABLE D.2. DrawdownAnalysis Data Set for Well 699-42-EgB,Elephant
Mountain/PomonaBasalt Flow Contact - Constant-Rate
PumpingTest

Pressure Calculated
Test Transducer Drawdown Data
Time, t Readings ' Po - Pi Derivative
min ft ft

.050 38.2174 1.5026

.125 36.2907 3.4293 2.9449

.142 35.8782 3.8418 3.3381

.159 35.5682 4.1518 3.2991

.175 35.1820 4.5380 3.5810

.192 34.8450 4.8750 3.8013

.208 34.5350 5.1850 3.9912

.242 33.8924 5.8276 4.3553

.275 33.3098 6.4102 4.6867

.309 32.7657 6.9543 4.9318

.342 32.2145 7.5055 5o1448

.375 31.7041 8.0159 5.3740

.442 30.8067 8.9133 5.7372

.509 29.9379 9.7822 6.0222

.575 29.1637 10.5563 6.2398

.625 28.6544 11.0656 6.3380

.708 27.7785 11.9415 6.4806

.791 27.0532 12.6668 6.6225

.875 26.3644 13.3556 6.6348

.958 25.7278 13.9922 6.6709
1.041 25.1563 14.5637 6.6690
1.125 24.6071 15.1129 6.6321
1.208 24.0848 15.6352 6.6363
1.291 23.6758 16.0443 6.6140
1.375 23.2803 16.4397 6.5160
1.458 22.8402 16.8798 6.4839
1.541 22.5124 17.2076 6.3905
1.625 22.1083 17.6117 6.3222
1.791 21.5408 18.1792 6.1683
1.967 20.9330 18.7870 6.0056
2.125 20.5190 19.2010 5.8191
2.291 20.0086 19.7114 5.6550
2.458 19.6206 20.0994 5.5294
2.625 19.2428 20.4772 5.3964
2.791 18.9554 20.7646 5.2395
2.958 18.6268 21.0932 5.1142
3.125 18.3501 21.3699 4.9805
3.291 18.1203 21.5997 4.8936
3.458 17.8768 21.8432 4.7744
3.625 17.6270 22.0930 4.6620
3.791 17.4461 22.2739 4.5681
4.125 17.1154 22.6046 4.3943
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TABLE D.2. (contd)

Pressure Calculated
Test Transducer Drawdown Data
Time, t Readings Po u Pi Derivative
min ft ft

I

4.458 16.7963 22.9237 4.1579
4.791 16.5166 23.2034 3.9676
5.125 16.2374 23.4826 3.7947

" 5.458 16.0083 23.7117 3.6188
5.791 15.8169 23.9031 3.4609
6.125 15.5982 24.1218 3.3143q

6.458 15.4016 24.3184 3.2338
6.791 15.2564 24.4636 3.1638
7.291 15.0375 24.6825 3.0831
7.791 14.8074 24.9126 3.0368
8.291 14.6080 25.1120 3.0105
8.791 14.4797 25.2403 3.0140
10.791 14.1610 25.5590 2.7933
11.791 13.9143 25.8057 2.5953
12.791 13.6884 26.0316 2.5013
12.958 13.6471 26.0729 2.4394
13.791 13.4829 26.2371 2.3755
14.791 13.2589 26.4611 2.3231
15.791 13.0864 26,6336 2.2930
16.791 12.9215 26.7985 2.3278
17.791 12.7682 26.9518 2.5016
18,791 12.6520 27.0680 2.4187
19.791 12.4586 27.2614 2.3776
20.791 12.3765 27.3435 2.3258
21.791 12.2593 27.4607 2.2969
22.791 12.1355 27,5845 2.2724
23.791 12.0142 27.7058 2.2661
24.791 11.9305 27.7895 2.2484
25.791 11.9064 27.8136 2.2001
26.791 11.7978 27.9222 2.1711
27.791 11.7512 27.9688 2.1374
28.791 11.6721 28.0479 2.1027
29.791 11.6026 28.1174 2.0728

, 30.791 11.6093 28.1107 2.0390
32.791 11.4664 28.2536 1.9865
34.791 1i.4126 28.3074 1.9257
36.791 11.2491 28.4709 1.8695

• 38.791 11.1893 28.5307 1.8333
40,791 11.0550 28.6650 1.8201
42.791 11.0021 28.7179 1.7986
44.791 10.9340 28.7861 1.7500
46.791 10.7679 28.9521 1.7833
48,791 10.7647 28.9554 1.8181
50.791 10.6654 29.0546 1.8415
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TABLE D.2. (contd)

Pressure Calculated
Test Transducer Drawdown Data
Time, t Readings Po- Pi Derivative
min ft ft

e

52.791 10.6647 29.0553 1.8398
54.791 10.5752 29.1448 1.8431
57.791 10.4620 29.2580 1.8552
60.791 10.4193 29.3007 1.8530
63.792 10.3212 29.3988 1.8319
66.792 10.1837 29.5363 1.8240
70.792 10.0865 29.6335 1.8182
75.792 9.9894 29.7306 1.8284
80.792 9.8036 29.9164 1.8591
85.792 9.7289 29.9911 1.8901
90.792 9.7421 29.9779 1.8556
95.792 9.4594 30.2606 1.8882

100.792 9.3701 30.3499 1.9314
110.792 9.2120 30.5080 1.9934
120.792 9.0559 30.6641 2.0055
130.792 8.9376 30.7824 1.9875
140.792 8.7980 30.9220 1.9807
160.792 8.5185 31.2015 1.9879
180.792 8.2147 31.5053 2.0357
210.792 7.9353 31.7847 2.0678
240.792 7.6463 32.0737 2.0685
270.792 7.4610 32.2590 2.0629
300.792 7.2133 32.5067 2.0631
330.792 6.9547 32.7653 2.0740
360.792 6.8010 32.9190 2.1194
390.792 6.6215 33.0985 2.1251
420.792 6.5048 33.2152 2.1202
450.792 6.3928 33.3272 2.0921
480.792 6.2676 33.4524 2.0785
510.792 6.1143 33.6057 2.0780
540.792 5.9860 33.7340 2.0470
570.792 5.8337 33.8863 2.0723
600.792 5.6646 34.0554 2.0976
630.792 5.5435 34.1765 2.1322
655.792 5.4287 34.2913 2.1610

Test initiatedat 1300hr, April 18, 1991

Initialpressure transducerreading,,Pr = 39.720 ft

Test terminatedat 2357 hr, April 18, 1991
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TABLE D.3. RecoveryAnalysisData Set for Well 699-42-EgB,Elephant
Mountain/PomonaBasalt Flow ContactZone - Constant-Rate
PumpingTest

Modified
Residual Recovery Horner HornerTime

Recovery Drawdown Buildup Time (t x At)/

Time,minAt Pof_ iP PoftPwf (tp+At)/.t (tPp+ At) Derivativemin

• .041 34.3216 .0516 16025,3900 .0410
.083 34.0336 .2364 7916.6630 .0830 1.6990
.116 33.0317 1.2383 5664.7930 .1160 3.5209
.166 31.5108 2.7592 3958,8320 .1660 4.8346
.216 30.1084 4.1616 3042.6670 .2159 5.7801
.250 29.2309 5,0391 2629.0000 .2499 6.2975
.283 28.3897 5.8803 2322.5550 .2829 6.7536
_333 27.2250 7.0450 1973.9730 .3328 7.3667
.366 26.4910 7.7790 1796.0820 .3658 7.6609
.416 25.4509 8.8191 1580.3270 .4157 8.0180
.450 24.8078 9.4622 1461.0000 .4497 8.2017
.500 23.8938 10.3762 1315.0000 .4996 8.4327
.535 23.3179 10.9521 1229.0370 .5346 8.5058
•585 22.5072 11.7628 1124.0770 .5845 8.6425
•618 21.9997 12.2703 1064.1070 .6174 8.6463
•668 21.2817 12.9883 984.5330 .6673 8.6944
•702 20.8334 13.4366 936.8974 .7013 8.6480
•752 20.1987 14.0713 874.6702 .7511 8.6231
•785 19.8005 14.4695 837.9426 .7841 8.5842
•835 19.2230 15.0470 787.8264 .8339 8.5129
•843 19.1337 15.1363 780.3594 .8419 8.4708
•918 18.3679 15.9021 716.6863 .9167 8.3590
1.002 17.6047 16.6653 656.6887 1.0005 8.1383
1.085 16.9227 17.3474 606.5299 1.0832 7.9434
1.177 16.2568 18.0132 559.1988 1.1749 7.6683
1.252 15.7758 18.4942 525.7604 1.2496 7.4525
1.335 15.2977 18.9723 493.1348 1.3323 7.1921
1.418 14.8647 19.4053 464.3286 1.4149 6.9605
1.502 14.4725 19.7975 438.4168 1.4986 6.6989
1.585 14.1203 20.1497 415.5110 1.5812 6.5000
1.668 13.8013 20.4687 394.8849 1.6638 6.2748
1.752 13.5111 20.7589 376.0000 1.7473 6.0346
1.835 13.2478 21.0222 359.0381 1.8299 5.8362
1.918 13.0059 21.2641 343.5443 1.9124 5.6515
1.927 12.9814 21.2886 341.9445 1.9214 5.5716
2.002 12.7834 21.4866 329.1718 1.9959 5.4119
2.168 12.3870 21.8830 304.0443 2.1609 5.1296
2.335 -12.0489 22.2211 282.3705 2.3267 4.8604
2.502 11.7511 22.5189 263.5899 2.4925 4.5993
2.668 11.4921 22.7779 247.2519 2.6572 4.3643
2.835 11.2580 23.0120 232.7460 2.8228 4.1566
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TABLE D.3. (contd)

Modified
Residual Recovery Horner Horner Time

Recovery Drawdown Buildup Time (tmx At)/

Time,rainAt Pof_ Pi PoftP'f (tp+At)/At (t_p+ At) Derivativemin

3.002 11.0505 23,2195 219.8541 2.9883 3.9768
3.168 10.8596 23.4104 208.3864 3.1528 3.8226
3.335 10.6849 23.5851 198.0015 3.3182 3.6897 "
3.502 10.5268 23.7432 188.6071 3.4834 3.5737
3.668 10.3774 23.8926 180.1167 3.6476 3.4712
3.835 10.2380 24,0320 172.3168 3.8127 3.3792
4.002 10.1083 24.1617 165.1679 3.9778 3.2469
4.168 9.9857 24.2843 158.6295 4.1417 3.1505
4.335 9.8699 24.4002 152.5571 4.3066 3.0908
4.502 9.7604 24.5096 146.9352 4.4714 3.0135
4.668 9.6568 24.6132 141.7455 4.6351 2.9634
4,835 9.5571 24o7129 136.8842 4.7997 2.8992
5,002 9.4615 24.8085 132.3475 4.9G42 2.8564
5.168 9.3727 24.8974 128.1285 5.1_7 2.8035
5.335 9.2849 24,9851 124.1490 5.29!0 2.7658
5.502 9.1998 25.0702 120.4111 5.45u3 2.7216
5.668 9.1199 25.1501 116.9139 5.6195 2.6891
5.835 9.0430 25.2270 113.5964 5.7836 2.6531
6.002 8.9726 25.2974 110.4635 5.9477 2.6234
6,168 8.9006 25.3694 107.5175 6.1106 2.5915
6.335 8.8344 25.4356 104.7095 6.2745 2.5647
6.502 8.7681 25.5019 102.0458 6.4383 2.5370
6.668 8.7072 25.5628 99.5303 6.6010 2.5124
6.835 8.6456 25.6245 97.1229 6.7646 2.4873
7.002 8.5885 25.6815 94.8303 6.9282 2.4643
7.168 8.5315 25.7385 92.6574 7.0906 2.4406
7.335 8.4752 25.7948 90.5705 7.2540 2.4188
7.502 8.4233 25.8467 88.5766 7.4173 2.4058
7,668 8.3723 25,8978 86.6807 7.5795 2.3852
7.835 8.3228 25.9472 84.8545 7.7427 2.3679
8.002 8.2735 25.9965 83.1045 7.9057 2.3518
8.168 8.2277 26.0423 81.4358 8.0677 2.3320
8.335 8.1814 26.0886 79.8242 8.2306 2.3165 ,
8.502 8.1363 26.1337 78.2759 8.3934 2.2996
8.668 8.0953 26.1747 76.7960 8.5551 2.2836
8.835 8.0519 26.2181 75.3633 8.7178 2.2656
9.002 8.0085 26.2615 73.9838 8.8803 2.2503
9.168 7.9704 26.2996 72.6623 9.0418 2.2336
9.335 7.9332 26.3368 71.3803 9.2042 2.2182
9.502 7.8935 26.3765 70.1433 9.3665 2.2255
9.668 7.8577 26.4123 68.9561 9.5278 2.2318
9.835 7.8213 26.4487 67.8022 9.6899 2.2153
10.002 7.7862 26.4838 66.6869 9.8520 2.2023
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TABLE D.3. (contd)

Modified
Residual Recovery Horner Horner Time

Recovery Drawdown Buildup Time (t At)/

Time, At Po Pi Po Pwr (tp+At)/At (_pXmin ft ' ft + At) Derivativerain

10.168 7.7520 26.5180 65.6145 I0.0130 2.1867
• 10.335 7.7199 26.5501 64.5704 10.1749 2.1744

10,502 7.6869 26.5831 63.5595 10.3368 2.1589
10.668 7.6567 26.6133 62.5861 10.4975 2.1469

• 10.835 7.6225 26.6475 61.6368 10.6592 2.1323
11.002 7.5948 26.6752 60.7164 10.8208 2.1211
11.168 7.5653 26.7047 59.8288 10.9813 2.1070
11.335 7.5348 26.7352 58.9621 11.1428 2.1027
11.502 7.5050 26,7650 58,1205 11.3041 2.0893
11.668 7.4753 26.7947 57.3078 11.4644 2.0794
11.835 7.4487 26.8213 56.5133 11.6256 2.0672
12.002 7.4222 26.8478 55.7409 11.7867 2.0574
12.168 7.3947 26.8753 54.9941 11.9467 2.0452
12.335 7.3679 26.9021 54.2631 12.1077 2.0362
12.502 7.3414 26.9286 53.5516 12.2685 2.0251
12.668 7.3162 26.9538 52.8630 12.4284 2.0163
12.835 7.2911 26.9789 52.1882 12.5891 2.0058
13.002 7.2668 27.0032 51.5307 12.7497 1.9977
13.168 7.2424 27.0276 50.8937 12.9093 1.9878
13.335 7.2181 27.0519 50.2688 13.0697 1.9802
13.502 7,1960 27.0740 49.6595 13.2301 1.9704
13.668 7.1731 27.0969 49.0665 13.3895 1.9631
13.835 7.1519 27.1181 48.4883 13.5497 1,9937
14.002 7.1281 27.1419 47.9219 13.7098 1.9872
14.168 7.1059 27.1641 47.3721 13.8689 1.9775
14.335 7.0854 27.1846 46.8319 14.0289 1.9712
14,502 7.0665 27.2035 46.3041 14.1888 1.9617
14.668 7.0475 27.2225 45.7914 14.3477 1.9546
14.835 7.0277 27.2423 45.2872 14.5074 1.9446
15.002 7.0078 27.2622 44.7942 14.6671 1.9371
15.502 6.9485 27.3215 43.3.816 15.1447 1.9188
16.002 6.8869 27.3831 42.0574 15.6215 1.9040

, 16.502 6.8296 27.4404 40.8134 16.0977 1.8875
17.002 6.7775 27.4925 39.6425 16.5731 1.8743
17.502 6.7322 27.5378 38.5386 17.0479 1.8603

• 18.002 6.6847 27.5853 37.4959 17.5219 1,8436
18.502 6.6431 27.6269 36.5097 17.9952 1.8294
19,002 6.6014 27.6686 35.5753 18.4679 1.8118
19.502 6.5586 27.7114 34.6889 18.9398 1.7950
23.002 6.2791 27.9909 29.5627 22.2239 1.7297
28,002 5.9705 28.2995 24.4626 26.8573 1.6558
33.002 5.7244 28.5456 20.9079 31.4236 1.6116
63.002 4.8106 29.4594 11.4282 57.4892 1.5274

D.7



TABLE D.3. (contd)

Modified
Residual Recovery Horner HornerTime

Recovery Drawdown Buildup Time (t x At)/

Time, At Po Pr Po Pwf (tp+At)/At (_p+ At) Derivativemin ft ft' min

93.002 4.2718 29.9981 8.0644 81.46W5 1.5733
123.002 3.9083 30.3617 6.3414 103.6053 1.6425
153.002 3.6138 30.6562 5.2941 124.1013 1.6646
183.002 3.3731 30.8968 4.5901 143.1334 1.7146
213.002 3.1770 31.0930 4.0845 160.8529 1.7376 ,
243.002 2.9905 31.2795 3.7037 177.3911 1.7712
273.002 2.8091 31.4609 3.4066 192.8623 1.8054
303.002 2.6678 31.6022 3.1683 207.3666 1.8562
333.002 2.5550 31.7150 2.9730 220.9918 1.8638
363.002 2.4437 31.8263 2.8099 233.8155 I;8701
393.002 2.3618 31.9082 2.6717 245.9065 1.86_;I
423.002 2.2964 31.9736 2.5532 257.3257 1.8789
453.002 2.2145 32.0555 2.4503 268.1277 1.8727
483.002 2.1371 32.1328 2.3602 278.3612 1.8711
513.002 2.0679 32.2021 2.2807 288.0699 1.8753
543.002 1.9941 32.2759 2.2099 297.2931 1.8798

Po = Observed water level at time At

P_ = Initialpressure transducerreadingprior to constant-ratetest;
39.720 ft

Pwr = Pressure transducerreadingat terminationof constant-ratetest;
5.450 ft

tp = Duration of constant-ratetest; 657 min

At = Recoverytime; time since terminationof constant-ratetest
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