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"The purpose of design is to improve the probability that a test will
yield acceptably accurate values of the hydraulic coefficients."

(Stallman, 1971, p. 16.)
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GUIDELINES FOR PREPARING HYDROGEOLOGIC REPORTS FOR
WATER-ALLOCATION PERMIT APPLICATIONS

I. INTRODUCTION

I.A. Purlmse
The New Jersey Departmentof Environment_ Pro_c- LB. Overview
non and Energy (NJDEPE), through the Bureau of This ruportpresentsguidance in several differentareas.
Water Allocation (BWA), reviews hydrogeologic re- These include the types of aquifer tests available, the
ports submitted in support of applications for major app_ov,lateness of each, some de.tail_on field proce-
water-supplyallocations(morethan 100,000 gallonsper dm-es, appropriateanalysis techniques and reporting
day). One fiequent problem is inaplm3priateinvestiga- requirements.
tional and dat_-analysistechniques.This reportpresants
guidelines for preparing a hydrogeologic report ... I.B.I. Hydrogeniogk t_ts
acceptable to BWA. It is a guide for designing a hy- A hydrogeologic test provides infonnafiun about the
drogeologic investigation and then prupming and ground-watersystem. Three different hydrogeologic
submittingthe resultingretxm to NJDEPE. tests may be necnssmy to fully evaluate the feasibility

and impactof a ground-waterdiversion. They are:(1) a
This report does not cover all details of aquifer-testing step-diawdowntest; (2) an aquifer test, and;(3) a multi-
prtr2dure_ andground-waterhydr'anlie$.Manygtound- pie-well (aquifer-stress)test. BWA does not requirethe
water texts do this; some me listed in the refeeences, step-drawdowntest. but recommends it. BWA requires
This reixm presents guidelines considered mininmlly either an aquifer test or a multiple-well test for all allo-
acceptable by BWA and briefly describes ap_up_iale cation requests for new wells, increases in allocation

methods of _t_ analysis. Responsibility for the accu- for an existing pumping well, and requests for a larger
racy of the d_t_ and apwuv_teness of the analysis pump size in an e_sting well. Under certain conditions
techniqueslies with theapplicant, both tests may be required. For other cases a decision

on the necessity of a bydiogeologic test is made on a
High-capacity wells can supply a large Ix_puhtion.The case-by-casebasisby BWA.
wells may have regional effects on gronnd-wate,levels
andflow patterns.Additionally,drilling, testing,and in- The ai_licant shouid notify the Bureauof Water Alto-
stalling pumps and wat_ lines can be expensive, cation, by telephone, of the intent to submit an
Ensuring that such a well is properly located so ns to aquifer-testproposal.The applicantis. at this initial con-
provide the requiredvolume of waterwithout affecting tart, infesmedof the ganeralaceuptabilityof the concept
olher ground-waterusersjeatifms requiringan accurate of the proposed test. This helps preventsubmission of
andthoroughby_ogeologic evaluation, inad_l_teor unnecessaryaquifer-test p_oposals.Table

1 (page 5) outlines the items requiredin an aquifer-test
Figure I (page 3) is a flow chartsummarizingthe entire

process of obtaining a water-allocationpenrdt.This re- ... I.B.2. Field procedures
port does not cover the entire process, only those steps
involving planning, conducting, and reporting accept- In orderfor a hydrogeologle test to provideaccurateand

at,p_opfiatedata, certainproceduresmust be followed.
ableaquifer tests. This report presents minimum standardsfor collection

of d_t_ in section II, 'Testing procedures'.Selected ref-
Thisreportwas written at the requestof, and with guid- erences on well and aquifer test proceduresate listed in
ance from. the Bmeau of Water Allocation. The the referance section of this document.
guidelines reflect BWA's current (1992) iractices.
These are subject to change. An applicant should con- ... I.B.3. Test-procedures proposal
tactthe BWA to learnof any such changes. An informal proposul detailing the proceduresplanned

for a hydrogeologictest of a proposedproduction well,
Temporarydewateringoperationsrequirea special per- or for a muitiple-well test of a well field, must be sub-
rail The process for applying for a dewateringpermit mitred to BWA. The test-procedures proposal must be
is different from the process outlined in this report. The specific enough to enable an evaluation of the proposed
BWA will provide guidencewhen applying for a dewa- field procedures. Following approval,BWA must be
teringpermiL notified before the test begins.



... I.]B.4.Analysis and interpretation of dala listing of all datagathered, an analysis of the data, and
Test d_t_ must be analyzed to determine the aquifer an evaI,L_ti_of the effect of the proposeddiversion on
characteristi_ which 8ovenl groond-waterflow, iuclud- theaquiferand all other ground-waterand surface-water
ing transmissivity,storativity,vea'ticalleakage, delayed users.
yield, and anisutropy.Tests should be analyzed using
techniquesdesigned for the specific type of aquiferand ... LB.6. Analysis techniques
test conditions. The appendix presents an overview of The appendix _ts an overview of techniques for
analyticaltechniquesandsituationsapt,_upriatefor their analyzinghydrogcologictest data.It is not comprchens-
use. ive but covers the most common methods. Its primary

purposeis to guide the investigatortowardthe most ap-
The applicantmust also evaluate the diversion's possi- propriateanalyticalmethodforparticularbydrogeologic
hie effect on other aquifersandon ground.wateruse_, and testingsituations._ is nota one-to-one relation-
contaminatedareas, surface-waterbodies and environ- ship between aquifer types and analytical techniques,
mentallysensitive areas. More detailed descriptionsof but the techniques chosen should adequatelyand aceu-
these andotherconsideralions_ delailed in section HI, rarelynddressthe',testconditions.
beJow.

LC. Regulatory Basis
BWA recognizes the need for flexibility undercenuin The regulations Whichgovm the applicationprocedure
hydrogcologic, geologic and culturalconditions. When arefoundin NJ.A.C. 7:19- I, 2, 3 et seq. Copies of these
extenuating circumstances exist, adjustments are con- reg_l_!_onsareavailable upon request from the Bureaui

sidered. These adjnsUnentsmust be requestedprior to of WaterAllocation.This reportexpandson the techni-
the field tests. Under some conditions, one or more of cal detail necessary to satisfy these regnLqfions.Other
the tests may be waived if they would notprovideany regnl_mly information is presentedin table5 (page23).
new or relevant information.All requests for waivers
mustbe in vniting. I.D. Acknowledgments

Btu_Au of Water Allocation staff, especially Diane
... I.B.$. Final hydrogenlogic report Zalaskns, Rachel O'Brien and Andrew Hildick*Smith,
Afterall tests e_econducted and analyzed,the final in- provided guidanceand very useful informationfor this
terpretivehydrogeologicreportis submittedas pert of report.The comments of John Cagnassola and James
the full wateT-supplydiversionappl_r_fi_cn.The finalre- Schulteswere _ infotmalive andmuch apwecisted.
portmust include a discussion of the field procedures,a

H. TESTING PROCEDURES

In planningand conductinghydrogeologic tests a series book of Recommended Methods for Water-Data
of steps shouldbe followed. These are: Acquisition' (United States Geological Survey, 1977),

A) Identifypotential well site(s); This documentals9 provides technicalguidanceon field
B) Obtainwell permit(s)and drillinitialtest prf_'e___a_m_.sfor taking watt-quality samples and sur-

well(s); face-watermeasurements.
C) Performand evaluateprellntina3,,short-

durationwell test; HA. Identify Potential Well Site(s)
D) Conducthydrogcologictest(s),and; Before applicationis madefora majordiversion,theap-
E)Evalu_u',hydrogeologi¢test(s), piicantshouldconductan initial investigationto identify

a suitabletest-well site. In general,it is dt-x'irableto se-
Some of the steps wouldbeomittedundercertaincon_- lecta site with reasonably uniformgeologywhere the
tions. Each of these items is discussed in more detail likelihood of grotmd-walercontamination is low, the
below. This section is structuredto follow the actual depletion of nearby streams and wetlands is unlikely
steps of prepm'ingfor, conducting, and analyzing an and interferencewith nearbywells is not likely.
aquifer test. Each of its subsectionsis designed to be in-

dependentandsome, of necessity, repeatinformation. WeB-siteselection may be based on previous investiga-
tions, ff the proposed diversion is in an area where the

A useful technical refereoee on _ propeTfield methods hydrogcology is well known. In unexploreda_as, field
for measuringground-water,t_t_ is the 'NationalHand- studies may be needed to establish the probabilityof

2
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Io..n.or v'wav.'eh*d--JBWA (viaphone)or _' geologicinformationto 4-

groundwater, pre-app icationmeeting. | identifylikelywell site.

1
determineif aquiferor Ddlland evaluatetest

multiplewelltast(s) well.
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Findalternativewater Explorefurther?source.

Ino
Developtestplan. |

B

Submit to BWAfor r BWAapprovalof plan? Conducttest(s).
approval.
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announcementand justified? adverseimpact?
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I IO*a'a''n'I..Deny application. 1 applicationbe modified?I conditions.

l yas

Figure 1. Stepsrequited to completeapplicationprocedure.



drilling a successful test well. Published and unpub- When a hydrogeologic test is required the applicant
lished geologic mapsand repots on f'dewith the New must submit, for approval, a proposal fully describing
JerseyandUnited St_-.¢ Geological Surveysmay assist the proposedtest. If the proposal is adequateBWA will
the applicantin identifyinga suitableweb site. give writtenappmvul,The purposeof the proposa/is to

decrease the chances of an unacceptable test that will
Applicantsshould contact the Bureauof Safe Drinking subsequently be rejected. FoUowing approval, BWA
Waterto insure thatthe site selected for a public com- mustbenotifiedbeforethe testbegins.
munity supply well will satisfy all requirementsunder
NJ.A.C. 7:10-11 et seq., goveruing _tion of Table 1 outlines the items which should be included in
water-supply facilities. These regulations cover mini- thetest-prtgedm_pmposul.
mumsntb_ekdistancesand othergequirements.

Producing accurate,continuousd_tn from the tests re-
II.B. Instal] Test WeB(s) quiresdetailed planning. It is important that all test
A test weB,commonly of six-inch diameter,is installed proceduresinclude contingency plans for emergencies.
at the location believed most appaupriatefor a new Commonemergenciesinclude malfunctionof the pump,
majorwater supply.This weirs majorpmpose is tohelp faUm'eof wnter_level measu_ment devices, poor re-
determine if the aquifer is suitable as a water-supply sponse of obse_ation wells, dischaxge of water of
source.If properlylocatedand constructedthe test well unacceptable qtiahty, unanticipatednearby pumpage,
may serve as an obsen,ation well duringa subsequent and adverseweatherconditions.Emergencieswhich re.
aquifer and/or multlple-welltest. stilt in impah'mentof the d_t_ do not relieve the

applicantof the duty to submitan accurateand adequate
A review of the test well's geologic log and its dis- analysisof the aquifer. In some cases the testmay have
charge duringdrilling may indicate whether or not the to be redone.
site is suitable for ftalher consideration. In some in-
stances the site may clearly be unsuitable for a major The following set:lionsdealwith the factorswhich must
water-supplywell and thus a preliminaryhydmgenlogic be Addressedin planningthe tests.
test would be wasteful. In these cases more explmation
workis neededto identify mine productivesites. ... II.C.I. Permits and approvals

The applicantmay be requited to obtain one or mine
If the test well is I_t_ convertedto a productionweb a permitsbefox_a hydrogeologictestcan be conducted.A
secondwell permitis requiredby BWAprior to conver- descriptionof some possible permit requirementsfol-
sion. lows. Other state and local ordinances may apply to

roadbuilding,emplacementof fdl, sedimentcontroland
iI.C. D_signand Submit Hydregeologic-T¢_ Proposal utility disniption,Lto name a few possibilities. It is the
The purpose of the hydrogeologic test is to determine responsibilityof the applicant to obtain all necessmy
theperformanceand radiusof influenceof the _ permitsbefore conductingan aquifertest.
productionwell and the hydrogeologicchatuctexisticsof
the aquifer. One or more of three hydmgcologic tests ...... n.C.l.e. WeB.drilllng permits
may be conducted: (1) step-drawdownre.sis;(2) aquifer A well-drilling I_nnit must be obtained for all wells
tests,and;(3) multiple-well(oraquifer.stress)tests.A drilledinNewJeff,ey(NJ.S.A.58:4A-5elseq.).Aspalt
step.,dtawdowntest evaluatesweb hydraulics.The aqul- of this _, in.fut.safionon proposedwells must be
fer test evaluates the hydxogeelogic characteristics submitted to BWA. Obtaining well permits is the re-
(transmissivityand storagecoefficient, in particular)of sponsibilityof the well owner, permit applicationsmust
the aquifer. Properly performed tests can also indicate be submittedby a lioensedwell driller.
aquifer boundaries, anisotropicconditions, sustainable
yield, I,'_t'ance,vertical flow and interference effects. BWA issues a unique well-permitnumber to each well.
The multiple-weB test evaluatesdrawdownin the aqul- This number mus(_beshown on all logs and data sheets
fez when the proposed withdrawal and all real'by to avoid the confusion that arises when using informal
withdrawalsare gaki_gplace, names alonefor wells.

BWA normally requires either the aquifer test or a mui- As a followup to drilling the weB, the driller is required
tiple-well test. Under certain conditions both may he to submit a well recordwithin 60 days of completion.
required, or neither. The step-dxawdowntest is done at This record includes informationon the web location,
the discretionof the applicant.



TableL Essentialitemsinahydmgeologicte.g_,q_sal.

I. Site darn 7. Mm_ncing _e forol_ierv_onwells
.location of all wells *background,_ andr_'y-p_l monitoring
-locationof pertinentf_ schedules
-mapsat _lAopriate scales (U.S. Geological Sm'v_ -monitoringtechniques

topographicmap, dcmil_ site mapat 1:6,000
ira-get) 8. Monitmingscheduleforpumpingwell

-monitoringw.hedule
2. Hydrogeoiogicdam .techniques fm'measm'ingwat_ levels

-estimatesof transmlssivity,storage,andother -plannedi_,nl_ng rate
m:luiferhydr_,,liech&acte_fics -discharge-measuringmethod andfrequency

-hydrogeologicselling of area -di_h.m'gelocationsandde_._tion
-ioca/recharge/dischargeestimates
-nearbywells and theirpumpage 9. Monitoringschedule f_ rele_mt external influences

amimncems
3. Well _t_ (pumpingandobservationwells) -precipitation

-permitnumber ..barometricpressure
_n details -tidalin.fluence__
-screenedintervalsandfro'marion(s)tapped ..externalpumpzges
-well logs -surfacewaters

4. Test dt'_'fiption *mo(dlozingtechniques
-sXep-drawdown I0. Marmr scheduleforpmt-pmnp(m:omy)p=iod
*aquifer -lengthof period
,-multiple-we.U - -mo_itm-ingof relevantexternalinfluences

: . .moni_:.,g bcqucncy
$. Idmfificmionof extemMinfluenc_

-precipitation 11. AI_I.ieahlef_',M, sla_ andk_al _,t_ar_s andpemdts
-barometricwessme -listofv,'_-_,_permits
-tida) im'luences -storesofpemdt applimfimu
.extmml pumpages
-surface waters

6. Monitoring schedu!efro"We,-pumping(back_x_md)

-length of period
*monitoringof redevantextemMinfhv..nces
-monitm'ingf_iuency



subsurfacegeology, hydrology,constngtion and pump sey Pollution Discharge Elimination System (NJPDES)
char_Ttcs, per_6t i._. The Bureau of Ground-WaterDis-

charge Control must be notified in advance of a
Priorto applyingfora permit, the applicantshouldcon- dischargeof contaminatedgroundwater to the ground.
tact the BWA well-permit section to ascertainexactly The Bureauof IndustrialWaterDischargePermitsmust
what informationBWA requires. If a well drilled for be notifiedfor a dischargeof contaminatedwater to a
one p_ is convened to another(for example a test surfacewaterbody.
well into a productionwell) an additionalwell permit is
required. BWA's well-permitsection can provideguid- . ..... iI.C.Ld.Wetlands permits
ance. Any development in a wetland or its transition zone

must be reviewed by the Bureau of FreshwaterWet-
Counties and municipalitiesmay gqui_ that well own- landsPermits(NJ.A.C. 7:7A).
ers obtain a permit This permit may be issued by the
local healthdepartmentor the engineeringoffice.... II.C.2. Nearby pumpuge

To yield usableinf,Ji, mlion, the test must be conducted
...... ILC.Lb. Water-allocation permits with some understandingandcontrolof existingnearby
All major water users axe assigned a water-alincation pumpage.The effect of otbeTpumping wells should be
permitnumber.If the applicationis for a change or t_- minimized, either by having them turnedoff or, failing
newal of a previous allocation, then this allocation that. maintainingtheir pumpage at a constantrate. The
permit number should appearon all correspundence, aquifer test proposalmust identifyall nearbypumping
The wat_ purveyormustalso be accuratelyidentified, centerswhich might affect water levels at the observa-

tion _ints. The proposalmust detail what steps will be
An aquifertestwhich is shorterthanone month does not takento monitoror controlnearbypumpagns.
humidly requirean allocationpermiL

• .. II.C.3. Observation wells

...... II.C.I.c. Discharge permits The number, placementand depth of observationwells
The water withdrawn from the aquifer during a must be detmminedbasedupon the hyth'ogeology of the
hydrogeologictest mustbe dischargedso as notto inter- site (confining layers,for example), pngtical conditions
fere with the test. A dischargepermitmay be requiredto (aceessibility. for example) and test conditions (pump-
dispose of water withdrawnf._., the aquiferdmingthe ing rate. nearby wens). In most cases, the more

observationwells available, the betterthe final N_dysis
of aquiferwope_es. However. too many wealsmay be

If the pumping rateduringa hydrogeologictest will be redundantand expensive. In some cases existing wells
greaterthan 100,000 gallons per day and the test alum- canserve asobservationwells.
t/on will be less than 31 days then BWA does not
require n separatewithdrawalpermit for the test. How- For a major water-$upply well a minimum of three (3)
ever, BWA does requh'_notificationof the test before it observation wells is suggested. Two observationwells
begins anda reporton the volume of waterpumpedsub- are requiredin all cases. Additional wells may be re-
mitted after the test. BWA will supply two forms for quired by BWA depending on hydrognologic
these reports, conditions.

H discharge is to a nearbystream, or to a storm drain No minimum diameteris set on ol_ervation wells. Best
thatdischargesdirectly to a stream,a permit is notnor- resultsareoften obtainedfromsmall-diameterwells, be-
really neJy3e4if the water is uncontaminated.In this cause they store little water inside the well; storage
case the applicant must submita lett_ to the Bureauof effects are thus minimal or rapidly eliminated. All ob-
IndustrialWater DischargePermitsstating the duration servafionwells, especially those of smalldiameter,must
of pumping,pumping ra_, and discharge point, along be constructedand developedto permit_pered re-
with a chemicalanalysisof the water, sponge to changes in aquifer water levels and to allow

for monitoring of water levels by an appropriatete_-
If dischargeof wateris to a sanitarysewer, thenonly the nique.
approval of the sewage treatmentplant operatoris t_-
quired. All observationwells finished in unconsolJd_t,.dmate-

rial must have at least 5 feet of screen. Screens of the
if the ground water contain_ contaminants, a New Jet-



f_t and semnd observationwells (tl_se clese_ to the imumof 1,000 fee_ At a minimum,it shouldbe twice m
pumping well and c_npleted in the lame aquifer) far from the pumping well as is the first observation
shouldbe cente_d at the mine elevationas thecenterof well.
thepumpingweB'sscreen.

The thirdwell is used to determine vertical i_,_t-%o*,of
If multiple units are being scTeenedby the pmnping groundwater, if Ip_t"ae¢from overlying units is a con-
well, then the number of ot_ervatk_ wells and the cm'n.The thirdwell should be Io,_tpd within 10 feet of

depth, placement and screened interval may change, the ptm_pingwell, butat a shallowerdepth.The depthof
BWA will offer detailedguidancein these e_. the third well should be based on an analysh of the

site's hydrogeologicconditions.
Inf_.._tion o,I H__abs_atlon-wellplacement is sumn_-
sizedintable2. Iftheaquiferbeing pumped is unconfined,thenthe

_,-_nofthethirdmonitoringwellmay berno_advan-
The first observationw ,'11is ideally placedat a distance gageouslyplacedat a lower elevation than the _ of
of 1.5 times the _ thiclme_sof the aquifexfrom the ptnnpingwedL_ goal then would be to determine
thepumpingwell, but not less than50 feet and notmole ff any wa_r was I*-q_ngupward into the waler table
than200 feet. For instanoe,if the aqulf_ being testedis aquifer froma Iowa unit.
80 feet thick, then the tim observationwell should be

placed 120 feet away from the pumping well. If the H geologic conditionsare linchthata confining layer is
aquiferis 150 feet thick, the observmionwell shouldbe suspected,but notconfmned, thenthe thirdobservation
placed200 feet (the maximmndistance)away. In a con- well must be plac.edm as to make an estimate of ve_ti-
soUd*t,._formation,the location and depth of the lust cal flow of water. For a confined aquifer the third
obsm'vafionwell may be influenced by the dip of the observation well should be finished directly above the
f_i,_ti0n, confining unitthatf6,u._the topof the aquila. The well

M_3eklnotpie_.e the coffming unit. This minimizes the
• The _ observationwell should also be completed possibility thata disturbed_one moundthe well casing

in the aquif_ being pumped.It shouldbe placeda dis- will hydraulically connect the aquif_ and overlying
tance from the pumped well equal to _ia,.,ximately 5 units. If such a connection is inadvexXentlytreated by
times the saturatedthicknessof the aquifer,up to a max. the observationweJ],thenwat,,_kvels measuredin this

Table 2. Obseav_on-well placement.

Note: The fnst observationwell is required.Some m"all of theren'_iningob_erv_c_ wells may be n_qui_daxthe
_on of theDep_h,,enL Mo_ wells maybe requiredm some cas_s.

_on Distance frompumpingwell Vertical placementof screenopening
well no.

1 ]d_'sd!y 1._ X Sallll _**'d aqtli_ thlek_e_; in al_y in aquifer beiRg polnped
case, >50 ft. away and<200ft. away

2 Ideally 5 x satu_t_ aquifer _iet.w._ in any c&_e in aquiferbeing pumped
<1,000 ft. away

3 withinI0ft.ofpumpingwell _llow_ thanpumpingwcU toestimate
vmicalleakagehornabove

4 withinlOft. ofpumpingwell dceperthanpumpingwclJtoestimam
vealicalIcakagefrombelow

S same distan_ as fi_ inaquiferbeingpumpedbut
pes_ndiculm"toa line drawnbetweenthe
pumpingwell andthe fuji observation
well

6 as neededto inve_gale any hydmgeologic where
boundaries
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well will yield misie_dl,g values for the actual overall gsoond periodjust prior to the startof pumping. Data
vea'ticalleakagerate. measuredduring this period will establish base concti-

tions. A longer backgroundmonitoringperiod may be
Ifupward J,'__ee fromun underlyinganitisbefievedm _p_uv_ime in some insmncas to clarify questionable
be an importantconsideration,as in the case of upcon- fluctuations.In special cases, measurementsmy be re-
ing of saltwateror deplainn of an underlyingaquifer, quiredmorefrequentlythanevery 6 hours.
then the third well should be completed in the lower
aquifer,or a fourth observationwell maybe required. The backgroundperiodis most importantfor the aquifer

and multiple*wellteats. It is usually not importantfor
A separateobservationwell is neededto analyzefor an- the step.drawdowntest.
isohupy in all aquifer. The thirdobseevafianwell may
be dedicatedto this p_ if anisut_py is a mote ira- . .. II.C.& Recovery period
portant¢.onsidmafionthanvertical!e_ka_eof water.An A recoverypefind is requiredto permitmeasurementof
observation well to meast_e anisutropymay prove all- water-level rises. Water-levelrecovery in the pumping
vantagenus in some sinmtlons, particularlyin bedrock and observationwells mustbe measured.Recoverydam
aquifers. This additional well would be placed at the can be analyzed for informationon aquifer parameters.
same distance fromthe pumpingwell as eitherthe In-st In some cases recovery d_t_are superiorto drawdown
or second observationwells, but in a differentcompass darnbexause they can lack erraticreadings caused by
direction. In most cases, if practical,the firstobserva- fluct,mtlonsin the pumping rate.
tion well and thisMd!tional well will fo0nnarightangle,
with the pumping well at the vertex. In consulldnt_d The recovery-monitoringperiod mustlasta minimumof
aquifers, the mientation of bluing _ fl'aCture8_ 8 hours.Beyond this, the recovuy period mustcontinue
have a greatinfluenceon the degree of anisotmpy.Un- until water levels have recovered 90 percent of the
de_'tandingthese geological characteristicsis critical in drawdown observed in the pumping well. If feasible,
orderto accuratelylocate observationwells, pumping in the immediatevicinity should be controlled

so as not to complicate int_p,_afion of the recovery.
If a hydrogeologicboundary is known or suspected, an Whereridsis notpractical,it mustbe demonstr_t,ylthal
additionalmonitming well may be requiredto monitor the water-level drawdowns caused by the well being
the effect of the boundaryon waterlevels. Examplesof testedhaverecoveredby 90 perconL
this would include an observationwell on the opposite
side of a streamc¢ fault from the pumpingwell, or neer Duringrecovery,waterleveis shouldbe mcasuredin the
bedrockboundingaglacial valley-fallaquifer, pumping and observationwells according to the same

schedule as was used for measuringdrawdowus,using
BWA reserves the right to require more obsermlion the timeat which the pumpwas tomed off as the start-
wells in complex hydro&eologicsettings. For this tea- ing time. This gone'ares many &_t_points duringthe
son, the applicant is encouraged to contact BWA as early pastof the recovery.
soon as possible to determine the appropriate number
and location of observation wells. BWA may invoke ad- Duringthe recovery period, all other monitoringpoints

ditional requirements ever and above the (s_l_nS, wetla_, tides,barometric press_e, and so
aforementioned guidelines, on) should be observed at 6-honr intervals or shorter

where app_ot,F_e.
After the aquifer tests have been completed,any obser-
vation and test wells which will not be used must be If questionable fluctuations wen: observed dm_g the

properly sealed in accordance with state n_gu_._lahons pretestbackgronM monitoringperiod, extending the re-
(NJ.A.C. 58:4A-4.1, e: soq.), covery period and!taldngmeasurementsmoreoften may

help identifythe fluctuations.
...II.CA. Background-monitoring period
Monitoringpretestconditionsat a site is important.Nat- ... lI.C.6. Determining the pumping rate
oral fluctuationsin wamr levels, ff not identified before Duringa hydrogeologictest the well shouldbe pumped
pumping begins, can seriously cctnplica_ analysis of so as to simulateoperationof the well. The rate is deter.
drawdowndn_ All observation points (wells, streams, mined by the expected pumpage rate under normal
wetlands, barometricpressure, and so on) should be operation.If, however, a higher ratewould be necessary
"monitoredat 6-boor intervals during a 48-hour back- in order to pomp the requestedmaximummonthlyallo-



cation, this higher pumpage rate may be requiredby The pumpage rate should not be allowed to vary by
' BWA._ mow tlum10 percentfrom the initial rate. Tests which

" have significant pumpage variationsnot accounted for
An important_on is that forall public commu- in thedataanalysiswill be rejected.
nity supply wells the Bureau of Safe Drinking Wate_r
(BSDW) requires a test pumping rate "at least 20% If, for some reason, the pumpmust be turnedoff during
above the designed pumping rate" (N'J.A.C. 7:10- thetest, it mustbe _ within 10 minutes.No more
1L4n.l). If this laller rateis not ac.hievedduring thetest, than one 10-minuteIm_dcshould be allowed for every 6
an a,4di_coaltest may berequiredby BSDW. hours of pumping. Owing to the extreme importanceof

the early-lime d-q!n_no halting of the pump is allowed
Informationh'um any preliminaryshort.lenn well tests, during the first two hours of the test. If the pump is
and also fromany step-tests,may be useful in indicating halteddaring this periodfor any reason, thetest must be
what pumping rate a site can sustain. Analysis of the restartedafterallowing water levels in the pumped and
preliminarytests,along withother hydrogcoiogic,regu- observationwells to w.agn to within 95 percentof pre-
L_!r,ryand institutional considerations,will lead to an te_ levels.
estimated nw.imum pumping rate (Q_. Once appli-
cation hasbeenmadetotheBureauofWaterAHocation The tonger the pumpis down tbe 8rpnterthe chance that
for an allocatim pumpingat Qmax,all aquifertests (ex- the ,4Atnset will be unacceptablyaffected. This will re-
cept the step-drawdown tests) should be done at this stilt in a rejected aquifer test and renmning the aquifer
pumpingrate.This is in orderto mum accuratelypredict test
theresponseof the aquiferto theanticipatedpumpagn.

•.. ILC.& Discharge of pumped water
The pumping ratemust be keptconstant throughoutan Water pumped from a well should be dischargedtoa

aquife_ test. Determiningat what rate the aquifer can point what it cannot inffltraleinto the groundandflow
supply waterto the productionwell may be a trial-and- back to the well during the test. If the pumped water

. ,. . errorpmcnss. Itisfm'betlertodetennineanat._ls, uprinte we_ to be accidentally "recycled"this would ereate the
. rateduringa step-drawd?wntest thandining theaquifer appe.,_mr.eof rechargeto the aquifer where none actu-

test. :'+ ally exists. In some cases (for instance, a deep aquila
withan overlying confutingunit) this may notbe a con-

...ll.C.7.Measuringandsnsta_ingthepumplngrate cem. In othez c___--'_(a cmbonato rock aquifer with
It is very importantthat the pumping ratebe w.curately minimalovelburden and sinkholes,or a shallow, uncon-
measuredandheld as steadyas possible, lquc_mtlons in fined sand aquifer) this could be a significantwoblum.
the pumpage may be groundsfor rejecting the aquifer
test. Fluctuations certainly make analysis of the dam ...lI.C.9.Ground-wat, r-level meanurements
morediffu'ult. Accuratemeasurementof waterlevels in all wells is im-

ponanL Levels must be measured with an ancoracy of
Flow mustbe moniUnd by means of an automaticdata 0.05 foot Depth to water is measured from an esta_
recorder(ADR). The discharge rate must be measmed lished referencepoinLThe same referencepoint should
at least once every 10 minutes duringthe first hourof be used each time a measurement is taken. The refer-
the testandevery 60 minutesthereafter, ewe point's elevation relative to mean sea level (msi)

must be measured if water-level contour maps of the

As a _ehjp to the ADR, the flow rateshould be man- mr.aare to be made. If only drawdownd_mum desired,
ually monitored.Measmingproceduresinclude,but are the elevationrelativeto mean sea level does not need to
not limited to, flow meters, totaling flow mete_, we_, be determined. i

e_ificoweirs andflumes.
Drawclownsmustbe relXmed in decimal feel If e_iginal

A decrease in discharge will rmmmallyocc_ with in- measu_ments were taken in different units (for exam-
creasing drawdowns as the pump works against a pie, pounds, psi, _ inches) they must be converted to
greaterhydratdichead andincreasingfrictionin thetnys- decimal feeL The originaldata, along with a description
tern.This tendancyfur a reductionin the pmnpagerate of any p,w,-x-m,yamvea_co process,should be included
during the course of an aquifer test must be compco- in an appcodix.

satedfor. The frequencywith which measurementsa_retaken is
very imporlanL Water levels decline more rapidlyat the
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beginningof the test thanlater.The samplingschedule ... ILC.10. Wetland and surface.water.body
accountsfor this. Waterlevels in the observationwells measurements

•shouldbemonitoredaccording m the schedule in table If the _ divemon'seffect on hereby wetlands or
3.Figure2 isa sampleformsuitablef_ n_:urdingof waterbodiesisofco_em, thentheseshouldbemoni-
waterleveis, tom:LSeveralpo_ible monitoringprocech_ could be

used.Two ere des_bed hea'e.

Obsefvmion wells far f_, the pumpingwell may not
mqube monitm'ingas frequently as closer wells. At The _u_ motlitofing _iwr_"___-_inVOlveSingtnlllng two
BWA'$ discretion, a different measurementJcbedule very shallow wee points, with short (< I foot) screens
maybe usedfordistantobservationwells, eeateted _-oximately 3 and 6 feet into the saturated

zone, in or next to the surfm:e-wat_body. Watezlevels
Althoughlevels in the pumping well are not as critical in these well points should be measuredhourly during
as thosein theobservationwells,theyshouldbe mea- thetestperiodandat6-honrintervalsduringtheba_-
sured as accurately as possible, Water levels in the gmmld and t_ove_y pe_ods. The tedafiveheights of
pumpingwell shonldbe meas_cd as sclv'd,,ledin tsble 3. water in tbe welllpoints, and how they chauge during

the test, can indicatewbethet thereis sufficienthead de-
Table 3. Scheduleof water-levelmeasurementsin cfine to deplete m_facewater duringthe test.
wells duringanaquifertest.

The second method, _xinte to small standingbod-
Ttmesince Ttmebetwean _entsin: its of water such as ponds, involves placing a staff

pumpingbegan Observation Pumping gauge or measm_g makeinto the wa_ and measuring
wells * well the water height hourly dmmg the test. Measurements

0-2minutes lOasconds 30seconds should be taken at 6-hour intervals during the bark-
2- 5 mlnetes 30seeonOs 30 _____-_h gro_d and rer.overyperiod.

5 - 15 minutes I minute I minute All measmcmeats must be taken with an accuracy of
15 minutes- I hou_ $ minutes $ minutes 0.05 foot or better.Results mustbe reportedin units of

decimalfeet,
I - 2 hours 10 minutes 10minutes

2 - 8 hours 30 minutes 30 minuWa Any_tion which,may affect the stat_ of a wetlandor
8- 2,; hours I hour I hour its buffer zone must be t_vinwed by the Bureau of

24.72 hours 2 hours 2 hours Ere_watsr WetlandsPermits.

*Linger intervabmay beuled in obeuvati_ wdh father fromthe ... ILCJ1. Streamflow measurements
F,mp_me.n..,eWA',dl,ueti,_ If the effect of the tnvt_-_____diversion on nearby

sueam.-qowis of conce_, thensU'eamflowmustbe mon-
itured. Two me_mds may help establish whether

Data collected during theinitialpartof thepumpingand pompageis affectingmcandlow.
recoverypel/odareneededtoaccuratelyt_l¢'_ll_t_thc.
Uansmlssivityand slmage coefficient of the aquifer,as
well as to quantifythe ctlccts of well-borcstorage,fr_. The first monitoring i_0ccss involves measuring

andpmial penemuio_of the_iulferby me gmund-wa_levelsunderthestreamin exactlyme
pumping well. __t_-fime a_,_ me usefulfor analyzing mine nmnneras was _ for mn'face-wate_bodies
the effects of _ leakage aad aquifer boundm'ies, in theWevious 8eefion.
midfor determiningthe specificyieldof unconfugd
_uifers. The_--_____glmethodis by gaugingmcamflow.How-

ev_', in all but themost _e cases,it is expected
During a 72-hour aquifer test the monitming schedule thatthe diversion'seffect on meamflow will be a mnall

pNxluces numy _m points. The f_qeon_ with whkh pegentage of total tueam flow. Stream depletion dur-
wate_ levels mtm be measuredduringthe emty partof ing the test perindtis likely to be _._ll,-,-llxanthe _,_
the test may necJ._¢itateuse of an automatedt._,rding associated with gaugingflow in a stream.This method

in one or inure wells. In such cases manualmea- thus is unlikelytoaccurately measuresl_eamdepletion.
sumnents sboukl be made occasionally as a check on
themtomaficsystem.Lossofdats(hem themeehani-
cat malfunctionof a recording system, with no manual If the app_ : monitors sucam discharge, then
"bar_'up"me.asureman_ ls groundsf_rejectlng the re- sm:and]owshcold:tbemcasmed during the h,,-t_roand
sultsofau_uifegte_. _g lga_d, alvin at,_Y 24 h°tus afterthe
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WELL-DRAWDOWN DATA

PROJECT STATIC-WATI_-LEVEL:Depthw wirer , _.
LOCATION Clmge reading sad uniu mr._un_.-
WELL NUMBER OR DESIGNATION Gaugemc.amw.s

NJW_LL PF.RM]TNUMBER Aidi_kmgthbclowda_n ft.
DATUM l)_maelevation (ft.aboveleaL.vel)
DATE Observer.

Da_ CIo_'r_e Pump_g Waler.Level Dra,mlowu FlowMeter DIschm-ge Remarks
Time Re_d_g Resdlag Rate

Figure 2. Sample form for reporting drawdown dam.
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startof the test, and again48 h_r_ after the start.Flow Hydsogeologic tests arecoaducted to measure site-spe-
should be measuredboth upslreamand downstreamof ¢iflc hydrogeol0giccharacteristics.These tests must be
theareathoughtto be affectedby the pumpage, conducted wopedy to maximize the information de-

rived f,_. them. The general procedure is topump
Precipitation can significantly affect streamflow and waterfrom the well. measurepumpdischarge,and mea-
make it difficult to isolate the effect of the pumping sure drawdown_and recovery of water levels in the
well. observationwells andpumpedwell.

... ll.C.12. Barometrk.pressure effects The following sections briefly outline the steps neces-
Changes in barometricpressL_remay affect ground- saryto conductthe hydrogeologic tests.
waterlevels, especially in conf'medaquife_rs.Measuring
the airpresstue,and correctingwater-level d_tafor oh- ... ILD.I. Production and observation wells
served changes will increase the accuracy of the The productionwell is drilledat a site believed to be the
water-level d_tn Measurementseve_ 6 hoursaxe ade- most productivelundthatwill interfexeleast with othex
quate during the background and recovery periods, ground-waterusers. Production wells must be con-
HourlymeastwcmenUgaxeneededduringthe testperiod, structed in accordance with state regulations

admiul_ by the Bureau of Safe Drinking Water
The b,Tometricpressure must be measured at the test (NJ.A.C. 7:I0-H.I and 12.1). Carefulattentionshould
site. be paid to the lithology of the aquifer.Reasonableesti-

mates of aquifes permeability can sometimes be ms_de
... ll.C.13. Tidal effects on the basis of laboratoryanalysis of core samplesand
Tidal cycles may significantlyaffect ground-waterlev- grain-sizedistribution.
eis. This cyclic change can be pertially accountedfor,
but will introducesome errorinto the measurements.If The numberandplacementof observation wells is our-
tidal effects arepresent, a gauge should be installed in eredin detail in section ILD.3. above.
the tidal water body. Conectiun of obse_ed ground-
water data can be based on _he tide _ings (Serfm, A special type of productionwell involves a series of
1987). The correctiontechniquecan be a simple graphi- horizontalbore holes radiatingout from the bottomof a
cal cone_tion or a more complicated tidal-frequency inrge-diumetervertical shaft (for example, a _ey
analysis with a conelated ground,waterresponse rune- well). Wator flows horizontallythroughthe bore holes
tion for eachwell. into the verticalshaftand is then pumpedto the surface.

The hydrogcologic_ described in this reportcannot
Tidal measu_ments every 2 hours are adequateduring be perfmmed on this type of well. BWA will provide
the backgroundand recovery periods, but hourlymen- specific guidanceon applicationsfor allocation permits
surcmentsarew.quiredduringthe testperiod, for these wdis.

ll.D. Conduct Hydrogeologie Tests ... 11.1).2.Step-drawdown test
Once approvalis obtained to proceedwithtestingof the A step-dtawdowntest is intended to provide infonna-
proposed production well, the step-dmwdown test is tion on the relationshipbetween yield and drawdownin

done fu_ followed by the full-scale aquifertest and/or a well. It is nu_t to culentnte n_,sitionul dmwdown
multiple-well test. BWA does notrequirethe step-draw- ,_-_d by frictional and turbulenteffects at different
dowrt _ It is. however, extremely useful in pumping rates. It,is usually employed to evaluate well
detemining the appropriatepump size and pumping consmzctinnand pumping efficiuncy but can also pro-
ratefor the well. If a step-drawdowntest is notdone and vide a means of predicting well performanceduring
the test well cannot maintaina constantpumpage rate more sustainedpumping tests. The results &-eanalyzed
duringthe aqulfe_test. then the allocation requestmay to determineff well losses in the productionwell indi-
be denied, cate the need for additional well development. The

step-drawdownanalysis is useful in evsitm!ing the sus-
Both the aquifer test and maltiple-welltestare ass/gnedat tainabllity of the planned pumping rate for the
the discretionof BWA. Usuallyone of them is required,but long-tezm aquifer test, selecting performancespecifica-
in special cases bothor neither may be necessary, tions l for the permanent pumping equipment, and

devising a pumping schedule for optimum efficiency.
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The step-drawdowntest can be done on the test well m ods, are given in table 3 (page 10). The test should last
estimate theequlf_ yield. In this case it probablywould for a minimumof 72 hours.Longer test periods may be
be perfonmedbeforethe aquifertest. This test could also requiredin certain cases, such as for aquifers in which
be done _ the supplywell to estimate themost efficient delayed drainageis of concern, leaky aquifers, or con-
pump s_. In this case it would probablybe done afu_ fined aquifersne,a_hydrogenlogicboundaries.
theaquifer

The durationof the pumpingperiodbeyondthe required
A step-drawdown _ involves inc_asing pumpage minimumis decided by the applicant.At the end of 72
fi'oma well in successive equal steps or stages. Draw- horn's,the applicant should examine the dmwdown data
down at each pumping level is measured. Pumping and decide if they are analyzable. If the drawdown in
begins at a low rate and then incma.u_ in successive the well has stab'dized,then equilibrium-typesolutions
steps. It is suggestedthatfor wells in an unconsol_)_ can be applied.The applicant should extend the test ff
fonnatien the well be pumpedat aminimumof fous dif- d_,_ observed din'inSthe fn'st72 hours warrantthe ex-
relent ratesor steps: 25, 50, 75, and 100 pexr.entof the ten,on.
proposedproductionpumping rat_, (Pumpingat higher
rat_ could yield useful infu,.._tion and should be con- To be consistent with requirements in "Standardsfor
sidered ff the higher rates will not damage the well's Constngtion of Public Community Water Systems"
s_recnorgravelpuck.)Forwelisinaconsol;,t_*tpdaqui- (NJ.A.C. 7:10-11, et seq.), public community wells
fef (withouta well screen), an additionaltwo steps, 125 being tested should be pumped at 120 percent of the
and 150 pexr.enLshould be added. At each step the maximum requested diversion rate. Any sv,quest for
pumpagerateis held constantfor I houror longer. If the waivers from this volume for these types of wells must
highest pumping ratecannotbe achieved, then a rateas be addressedto the Burennof Safe Dnnking Water.
highas possible shouldbe used.

If the cliawdownin the well has not stabilize-d, it is CA-
Alternative pumping-rate and duration schedules may hibiting nonequllibrium behavim-.A subsurfacebarrier

be app.-late in certain sittmlions_BWA will provide to glDund-wa_a' flOW_ stabiliT_tlonof the cone of
• *guidancein these cases, depre._an as it impedesrechm'geto thewell. Wheneve_

discharge_ the well exceeds recharge to the draw-
"Waterlevels in thepumpingwell shouldbe measmed as down cone, the cone will not stabilize. In the c_e of
frequentlyas necessary to observe significant changes noneqnilibriumpumping, the applicant should t_n_t'ea
in water levels. At a minimum, they should be moni- decision on continuedmonitming of the th'awdown.The
toted everj 5 minutes, decision to cease pumpingafter the requiredminimum

72-hour pumpingperiod, thwefore, is largelya function
If the aquifer test is run imme_di_ly aft_ the step- of the confidence of the applicantin succesdully ana-
drawdown test. the waterlevels mast be allowed to fully ly'zingthe test data to yield equifer p-_,umeters.
remver after the first _ before muning the second.
The aquifer test may not be a continuationof the last A full-scale aquifertest requirescareful planning.Most
pumping stepof the step-drawdowntest. of the design comiderdtims mentioned previously deal

specifically with aquifer tests. Field personnel must in-
•.. ILD.3. Aquifer test stall, service,andmonitorall obmvadon devices during
An aquifer test is designed to yield informationon the the _r_ground, testing, and recovery periods. Backup
hyd_'ogcoiogicparametersof the ground-watersystem, equipment may be needed to insure an uninterrupted
The term 'aquifer test' is used because it is Wincipully test. Planning for edvetT,e weather co_liSo_and mid-
the aquifer, rather than the well, which is being evahi- test intenuptions is advised.
ated.Wateris withdrawn fromone well and drawdowns
are measured in several observation wells. Measm_- . .. II.DA. Multiple-well (nqulfer-stress)test
meritsmust be takenat the observationpoints duringthe The purpose of a multiple-well test is to determine the
backgroundperiod (beforepumpingbegins), dining the effect of the proposed withdrawal in conjunction with
test, and duringthet_covery period.Other influenceson any other ground.water withdrawuls already occurring
dra-wdowns(for example, outside pumping,barometric at or near the site, Whereas the aqulfex test is aimed at
changes, or tidal effects) should eitherbe eliminatedor determiningaquifer hydrauliccharacteristicswhich per-
quantified. Time schedules for measuring water levels mit calc___tlonof drawdown, the multiple-well test is

during these periods, as well as the lengtbs of the purl- conducted to determineactual water ieveis in the aqul-
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fer und_ shoert-tenn,highly-stressed co_litiom, when An informalreportderailingthe plannedprocedores for
thepzofx3sedwell is operational.It is assumedthatexist, a multiple-welltest must be submittedto BWA before
ing pompase atready has a quantifiableeffect on water thetest is performed.After approval,BWA mustbe no-
levels. The purposesof tbeslre_ testm'eto determineif tiffedbefoee the testbegins.
the proposedadditionalpumpagewill cxe.ateadditional
drawdown,andto assess anyassociatedimpacL ILE, Evaluate HydrogeoingtcTests

Intelpre_ng Ie_ d_t_ IY.ql/ife$ an un_s1atldiIIg of

The proceduxe foxa multiple-well test involves simulat- bydi_gcologic system and the conditions under which
ing conditionsof maximumplannedwateruse. Fast, all the testwas conducted.Evaluationof the hydrogeologic
nearbyproductionwells are pumpedat their maximum setting end anal_is of the data derived from the step.
allowed pumpagerate foe a 'background'period of 24 drawdown, aquifer, and multiple-well tests should be
hota's. (This is to simulate the maximum anticipated done by a hydrogeologist. The acceptance of an
drawdownsalreadyexperiencedin theareaduringpeak applicant's weli-test n_ort will depend, in part,on the
use. It"the test is performedduringa periodof less than competencyof thoseconductingand aztalyzingthe test.
peakuse, the wells may haveto be pumpedat mere than
the current system demands. The ,,ddifional watez" Evaluating the hydrogeologic tests is complicated by
shouldbe diverted to a stormdrainor slxeamat a point many factors.The geologic conditions _eaelymatch all
thatprecludesrecharge to the aquifer of interestin the of the assumptionsrequiredby the available analytical

techniques. The hydrogenlogist usually must evaluate
test area.) Measexements axe takenat all points of cow the da**using several methods and, based on profes-
cem (observationwells, pumping wells, _Lqkt'-s,wetlands, sionaljudgment, provide a range of values foe aquifer
and so on) every 6 hoursdm'ingthis backgroundperiod, hydxaulicparameter. The appendix of this z'_0ortdis-

cusses selected "analytical methodsappropriatefoe
Next, after the backgroundperiod,the piopnsed well is vaxiousbydmgeologic settings.
pumped at its maximumallowable pumpage ratefoe 24

horn,s, the 'stress' period. During this lime pumpage ... ILE.I. Step41rawdowlzanalysis
continues at all nearbyproductionwells. Measta'ements Several methods zre available to analyze the results of
continue to be takenat all points of concern, but at 2- the step-drawdowntest. The well-loss coefficient and
ho_inter_ls, well efficiencyvaluecanbecak,,'t,,tedfromthe results

ofthetest.Wellefl'zciew=yisan often-coofusedI_',,,.
ARer the sums period,the pump in tbe proposedwell is Simplified, it is the ralio between the themetical andac-
tomed off, but pumpagecontinues in all herebyprodoc- tual specific c.almcity of the well. References are
tion wells foe an additional 12 hours. During this provided in theai_eedix of thisreport.
'recovery' period,mensorenzentsaxetakenat all points
of concernevery2 hotu's. The pumpingrateandpump size for optimumwell effi-

cieney are based on analysis of the well loss, well
During the entire multiple.well test, nearbyproduction efficiency, drawdown,requiredwa_r volume, depthof
wells are pumped foe a total of 60 houxs. During this in.stagedpump, andotherengineering factors,
timepmnpage should be kept constanLPumpagevm'ia-
tions create water-level fluctn_tions that complicate .,.ILF_.2..Aquifer.testanalysis
intexpretationof the effect due only to thepro_13o____new Numerous methods areavailable foe analyzingaquifoe-
allocation, test dat_ Specifying which method is appropriate foeall

possible combinationsof geologic conditions is beyond
In the specialcase when: the requestednew pumpage is the scope of this document. Analytical techniques ap-
to be supplied by more than one well, BWA will give propriate foe the most common hydrogeologic
geidance on exactly how to add the totalnew pumpage, conditions are outlined in tables 6, 7 and 8 (pages :31-

33). References thatdiscuss the analysis of aquifex-test
Analysis of the multiple-well testgives _-t_m.y infof data are in the appendix.
marionas to the combined impactof the tots] pumpage

in an m'enbefore and after the introductionof a new di- Aquifers can generally be groupedinto threetypes: (1)
version. Separating the effects of individual wells is confined (or artesian):(2) uacoal'med (or water table);
complex, and is not necessarily the object of the stress and (3) semiconfmed (oe leaky-artesian).Aquifertests,
test. furthermoee, are divided into unsteady-state Ogfore
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drewdown has stabilized) and sle_dy.state (afterdraw- time to affect the observationpoints.
down has stabilized). Behavior of _ fime/drawdown
d_t_ _ indicatewhich analyticalmethod is most suit- Analysis a_emes that all ,_dltiunal drawdown is
able for prevailing hydrogeologic conditions. A caused by the incremental pumpage. The total draw-
preliminaryanalysis of the _tn using more fl_n one down at the observationpoints is evaluatedto determine
techniqueis often requiredbefore the appropriateana- the additional drawdown aUributsble to the prolx_ed
lyrical solutionbecomes evident, pumpage.

...iI.E.3.Multiple-well-tnst analysis The additionaldrawdown in nearby existing wells at-
Conducting end analyzing a multiple-well (aquifer- ¢ibulable to a new allocation may or may not be
stress) test is sWaighfforward.All existing wells in an signifr.ent. BWA determines significant impact on a
area are pumped at maximum allowable rate_ Draw- case-W-cnse basis.
down is mcasmed at a series of observation points.
(Observationpoints can include nearbydomestk wells, Another possible problem is thata new well may inter-
other majorpumping wells, streams, and surface wet- cept ground water which had been flowing to a
lands.) Pumpage &_. the proposed productionwell is pre-existing well. This may cause greJt_r drawdowns
then added,keeping all otbe_pumpageconstanLDraw- around the older well with resulting interference in
down is again measuredat the observationpoints. The more distantpumping wells, steam depletion,or move-
entire test should last long enough to allow any _ddi. mentof low-qualitygroundwater.
tional dmwdown caused by the new pumpage enough

IlL FINAL HYDROGEOLOGIC REPORT TO ACCOMPANY
WATER-SUPPLY DIVERSION APPLICATION

Much inf,._m'afionis needed to prope_y evaluate a pumpage foreach month of the year. This is intended to
water-sapply diversionapplicatinn.An outlineof ull ap- i_ntify wells with seasonalva_intionin pumpage end to
plicable itemsis shown in table4 (page 17). ascertainif the proposedpumping schedule is consistent

with the aquifer'sassessed capabilities.
Some of the requiredinformationcan be found in pub-
lished _. F.orareaswith existing wells, A,4,41tional The applicationshould also inchide en enalysis of exist-
inl'u..ation may be available through the Bureau of ing use, projected growth, production/consumption
Water Allocation's files. Undoubtedly, some of the in- ratio, water-quality limitations, available inter-
formationwill have to be gene_'atedby the applicant connections, end other pertinentd_t_in order to justify
througha site-specific study.All of thedr,_ gatheredby the allocation.
the applicant should be available to BWA for review;
most of this will nend to be submittedas partof the fienl HI.B. Geeeral Site Data
hydi'ogcologicreport. The applicant must accurately show, on a 7.5-minute

U.S. Geological SurTey topographic q,_dr_ngle map,
Based on the a_ilnhle infomullion,BWA caneitherup- the site of the proposedwater-supplywell. Detailed site
prove, conditionally approve, or disapprove the maps pinpointing the proposedproductionend observa-
applicafion.BWA can also requiretests to be condoctod tion weUsmustalso be sobmittedat a rulnimumscale of
or more informationto be submitted. 1:6,000. All roads, pumping wells, relevent properly

lines, streams, wetlands, pollution sites and enviton-
A discussion of the items thatshould be included in the mentally sensitive areaswithin 5 miles of the site must
final hydrogeologicregcmfollows, also be shown. Other areaswhich may affect m be af-

fected by the p_uposeddiversiunshould also be shown.
in.,,.P,,podDiversion Volume More than one map may be requiredto show all neces-
The applicant muststate endjustify the requesteddiv_- sarydataat an app_upriatescale,
sion volume in termsof the totalyearly volume, average

yearly pumping rate, maximum monthly pumpage vof Other pertinent information should include average
ume, end _um instantaneouspumping rate. The local precipitation,landuse, proposeddevelopmentnear
applicant must submit a general pumping schedule for the well location, end tidal _orts, if applicable. In
the proposed well which includes an estimate of total some cases the Bureauof WaterAllocation may require
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average precipitationby month. Any reasonable factor unitsare of great importance.All available information
which could affect the quality and quantity of water relevantto the coafming units in the vicinity of the pro-
pumpedfromtheproposudwell shoald bediscussed, posed dive,ion site shouid be submitted.

HI.C. E1dstingHydrogeologi¢ Data ... HI.CA. Data on other formations
Many hydrogeologic factors govern ground-waterec- Otherformationsin the s;mtigraphiccolumn may affect
currence, flow, and quality at a site. It is beyond the the aquiferbeing pumped. For Otisreason information
applicant'sscope to conducta field investigationof all on the hydrauliclcharacterislics,areal extent, wat_ Icy.
factors. However, many slate, federal and private re- els, nearbypumpage,known le-_t_n_e,and other relevant
ports cover regionalhydrogcology throughout New factors in these neighboring formations is required.Of
Jersey. Additionally, logs/zorn wells chilled at or near special interestared_tnbearingon the potentialfor hy-
the site can providevaluable information.The applicant drmd_¢interconnactionsbetween water-bearingunits.
shonldconducta litcraurcscrub for informationccecem-

ingthe site andtheadjacentregion. ... m.C.S. Water.quality data

... _I.C.I. Hydrogeologic setting The chemistryof the groundwaterat the site may have
The applicant must describe the hydrogeology of the an effect on the _uitabilityof the waterfor domesticor
project my.a, including aquifer and confuting unit(s) industrial p_. The applicant must note whether
thicknesses, areal extent, outcrop arms, and relation- any quality data_areavailable. This includes any raw-
ships to other aquifers. A brief description of the water data coUected for the Bureau of Safe Dnnking
hydrogeologic setting is appropriate.This description Waterfor a propo_l poblic water-supplywell.
should include a discussion of the expected recharge
areaof the water that wouldsupply the reqecsxeddiver- . ,. HI.C.6. Other pertinent data

Any other informationthe applicantfeels wouldbe use-
sion. ful in charscte_ g theaquiferand predictingthe effect

•.. m.c.2. Aquifer properties of the piupnsed diversion is required. All references
']_e applicantshould submit a sun'anaryof knownval- used in preparingthe applicationmustbe properlycited

. ues for aquifer hydraulic conductivity, _ssivity, so as to allow forTunherrese_ch.
storage coefflcinnt, thickness, and any other relevant
aquifer characteristics.If nearbyaquifer tests havebeen m.D. Nearby Pumpage
conducted,manhs from these would be a valuablesup- Public-supplyand majc_ptanping wells yielding more
plement. A comparison betwcco previously Imown tlmm100,000 gallom p_ day within 5 miles of the pro-
values and those derived from the new rest(s) is vale- posed diversion must be identified, regardless of the
able. aquifer tapped.The pumpcapacity is requiredfor each

major well cimd. Assistance canbe providedby the Bu-

A map of the regional gronnd-waterflow patternis iv,- lean of WaterAllocation.
quked. This helps identifyrechargeanddischargeareas,
hy&aulic heads in the vmions aquifers, and geologic All domestic wells within a l-mile radius of the pro-
contmb on fpronnd-waterflow. The applicant should posed well should be idemified. If a majorsubdivision
also submit an inteq_etalion of ground-water.flowpat. (50 Immesor more)with individualweUs lies between1
terus based ott d_ta collected dtuing the test period. _ 3 miles from the site, simply locating the subdivt-
Regional maps may be consmtcted froma combination slon and giving the total number of wells and average
of field d_*_,,well-recordd_t_ and soundhydrogeulogic wen depth is acceptable. BWA has well records and
assumptions, well permits available for publicreview. An appoint-

mcnt is neces,_cyinordertoviowBWA's reco_is.

•.. III.C.3. Conrming-uni[ properties

Confining units overlying and underlying the aquifer E[I.E.Well andPump Information
can exert a profoundeffect on the aquifer.Impermeable The applicunlmustpresentdataon plannedconstruction
units can prevent local rechargeor dischm'ge(perhaps of the prodactionWell.This includes total depth, screen
inducing rechargeor dischargein more distant areas), and casing specifications,and any other pertinentrl_t_
preventverticalmigrationof pollutantsor saltwater,and
have other effects. 1e_loy, semipermeable units may Technical specifications of the permanentpontp, along
allow limited vertical flow. The thickness, verticalby- with the pump'sperformancecurveandproposedinstal-
dmulic conductivity, and areal extent of the confining lation depth, arerequired.If these data arenot available
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Table4iltemsrequiredinlhefinalhydrogeologicreport.

1. Proposed divendon 6. Testdescription
-totalyearlypumpage -type of test(s)
-maximmnmonthlypmnpag¢ -field proceduresused
-_,A_-_I pumpageschedule -changesfrompretestproposal

2. Site _tn 7. Testd_tn
-m._ds,i_ lines, buildings -all measm_mentst_d_ dm'ingbackgroundperiod
-nearbyenviromnenlallysensitiveareas -all measurementsmadeduringtestperiod
-nearbysm'face-waterbodies, streams,and -all measmr_memsmadedining recoveryperiod

wetlands
-nearbypollutionsites 8. Te..qemalyses
-maps at _ scales (U.S.G.S. 1:24,000 -m_ysis method(s) used and a_pJu_ ;nt_qess

q,mdeanglescale map, site mapa_1:6,000 -calculatedvalues
ca larger) -censistemcyof _,1,,_ values withprevious

-otherpertinentinformation values
-discussionof anydataor analysisanomalies

3. Hydrogeologicdata -estimatedaccuracyof results
-thickness,arealextent,andrechargeareasof

aquila" 9. Regional effects
-b_ic.imessandar_ extent of _y confiningun3ts -otherground-and stu'_e-w___r users
-thicimess,arealextent, andrechargeareasof .saltwaterintrasicmsites

any otheraquifm at the site -environmentallysensitiveareas
-hydrogeologicparametersof all aquifers -dependableyield of the aquife_

pertainingto the diversion -_gi_ta] ground-wa_ model
-hyd_ogeologicparametersofaU confiningimils -sm'facewatt. streams,wetlands

pertainingto the divers/on
-discussion of gener_!,,A flow pathin aquifer 10. Oth_ reL,,l_tn,yconsidermions
•-rechargeYdischm'geestimates -ground-wa_"pollution
-any pminent water-qualitydata -groun4-wata impacta_as
-etheri_'finent information -water-supplycriticala_ts

-envimm_entally sensitive areas
4. Nearbypumpage -oCherrelevantconsiderations

-domesticwells within I mile
-allallom_ pemu'wwithin5 miks (wilhptm_g

rates)
-allpublic-supplywells within$ roues(with

pumping rates)

5. Pumpingandobservation-wellinformmion
-cas_g diameter,type. and ,bpth
-_ length,depth, andslot s/ze
-gravel packspecifications
-well developmentmethod(s)

rated(eft_cie_y,q_ec_c_t_)
-size, hx_mlt_qndepOx,andrangcurveofT_a]
pump
.oe_pe_nent_nfonnaWn
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at the time of application, they should be submitted In a water-bearingtraitwhich meets all theoreti_ con-
wben availablc,if pumpperformanceis being submitted ditions of an ide_l confil',od aquifer, the radius of
to the Bureau of Safe DrinkingWater. thenit need not influenceexten_ an infinite distancefromthe pumping
bealso submittedas pertof this report, well, The aquifer receives no rechargeand a pumping

well will cvmtoally influenceall partsof theaquifer.
If the well has beenpumpedpreviously,its perf_ce
history is needed, including pumping rates and draw- In a st_ct sense, rio water-bearingup.itin New Jersey
downs from any previous aquifer tests. If the well has meets all of the t_qulrementsof an ideal cont'medaqul-
been geophysically logged by downhole methods,or by fer. All aquifers have a source of rech_ge, perhaps an
aTV log, the log is also required, out_,ot,areamanymiles away, or slow l_k_e froman

adjacent unit. However, ff the recharge is sufficiently
Any other factorwhich mightaffect lha perf_ of slow or faraway, then theaquifer will appearto be con-
the well and/or pump, such as age and redevelopment fined for a test of the durationrequbedby BWA.
techniques,shouldbe identit'ted.

Radius-of-influence,_/c,,l_ionsm'enottheonlyindica-
m.F.Test Procedures tor of thoseareassubjectto adverseeffects.BWA
Toe reportmustspecify theproceduresused doring test- _ the right:toestablishareasof siguificant impact
ing of the proposed production well. This includes a outsidea cak_la!ed radiusof influence.
description of m_ent devices, locations and
schedulesof measurements,variationsin discharge,and Five methodsfor_calculatingthe radius of influencea_
all other relevantprocedures, presentedhere. Theremay be others just as acceptable;

no single method is a_p,_t_t_ in all simatious. In
Any changes from the planned test p,ucedures must be rn_t-lngan estimate of the radius of influence of a
noted,highlighted,andexplainedin the finalreptm, pumpingwell it i_ importantto determinewhether water

levels have cemp_tely stabilized.This may not happen
m.G.Test Data duringa 72-hour:aquifer test. If it duem't' then water
All dat_ t_k_ duringthe test must be n_lx_rted.These levels shotddbe IBojectedto stable levels.
include water levels at all monitming points, pumping
ratns,barometricpressure, streamflow vohimns, precipi- The fwstmetimd,_x_haps the most popular,is the Jacob
tafiou, and all other relevant d_m It is recommended distance-d_wdown method for multiple observation
that these databe ,_d_ to the report in an appendix.It wells in a cont-medaquifer. On a semilog graph,draw-
would be helpful if the applicantwould submitthe in- dovm in each well at a specified time is plotted on the
formationadditionallyin the form of a file (or files) on linearscale while distance is shown on the logarithmic
a computera_tndisk. scale. A line drawnthroughthe drawdowndamcan be

extended to show the distance at which drawdown is

m.H. Test Analyses zero.Thisdistanceis theninterpretedto be the radiusof
All analyses of the test da!nmust be reported.In nddl. influence.One problemwiththis method is thatthe line
fion to reporting the fmul values, the applicantmust drawn depends upon the time at which the measure-
supply wotkshcets or graphsshowing the caku]aficos, ments were takenand the rate at which the well was
If computersoftware was used in interpretation,it must pumped.The radiusof influence thus could be different
be identified, along with representativeprintoutsof cal- for differenttimusand pumpingrates:there is no unique
cuintiontechniques, radius of influence. Additionally, this methodology is

based upon a cont'med-aquiferanalysis technique and
mJ. Radius of lnllueace does notexplicitlyallow forany recharge.
The radius of influence of a pumping well defines an
areathatexperiencesan effect atlributableto thatpump- The second method predictsthe distance froma pump-
ins well. This concept is easy to statebut is in practice ing well at which a specified drawdown (l font, for
difficult to quantify.BWA considers the radiusof influ- example) will occur after a specified periodof time (1
ence to be thatareawhich experiencesone foot m"me_ year, for example), assuming no recha_e takes place.
of ground-waterdrawdown when water levels have This method uses values of transmissivityand storage
completely stabilized in response to the proposed derived from hydrogonlogic tests. The assumption is
allocation's maximumdemand, thenmadethat, in the real world, the aquifer receives

recharge.Thus this calculi!ion results in a cons_vative
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eslimate of that areaactuallyaffectedby pumping.This ... mJ.2. Saltwater intrusion
'_ cek:ulatlon, like.the Jacob_'aphic solution,is highly de- Some areas of the state are experiencing gronnd-wat_t

pendentuponthe drawdownand_ chosen, quality changes associated with saltwater intrusion.
Pumpage nero"areas with water of elevated chloride

The thirddetermines,by an appropriatemethod,the av- concenUallonsmay aecele_te this degi'_dAtion of Water
erage yearly 8ronnd-water_charge in the area of the quality.Divez_ionapplicationsnearsuch areasmustad-
well. The radiusof influence is then assumed to be that dress the possibility of inducing sul_ into the

distance h,om the pumping well which encompasses proposed pumping well, or into other pumping wells.
enougha_a to providesufficient grcond-water__Jlarge Saltwater intrusion may come from Iheocean or fzom
to offset pumpage.This methodmakes no allowancefor connate water akeady in or nearan aquifer. The water
inputfromground-waterflow or the changes in the erea may move laterally from a rechm'ge area under the
of influence of the well in years of higher or lower ocean, leak upwardfrom an enderlying fo_natiun (up-
8ronnd-water_charge. coning), or leak down from an overlyingfonnatinn

containingsaltwater.All of these possibilities shouldbe
The fourthmethodcatc-,,1_t_the areathepumpingwell con_dered.
would dewater in one,yearif there were no rechargeat

all. The assumptionis then mn_¢ thatover the courseof ... IIIJ.3. F_vtroumeuta| impactsa year there would probablybe enoughrechargeto hal
ante the gronnd-water pumpage and the calculated The applicantmust show that the proposed diversion
distance is therefot_a conservativeestimate, will not edve_ely affect the naturalenvironment. The

applicant must analyze the effect of the diversion on

A fifth method for CulC,dmiqg the radius of influence, nearbysurfacewatersandon theirecology.
and perhapsthe most useful when done _y, is to
constnict a numericalmodel of 8ronnd-water flow in . .. mJA. Dependable yield
tbe aquifer. By accuratelymodelingthe aquifer, leakage The total amonnt of water withdrawn fJ_, an aquifer

•and _chm-ge, boandafies andotherhydrogeologic_lfea- . shouldnot exceed the "dependableyield" of the aquifer
• .. tta'es,a complete estlmatinncanbe m._¢ of thepossible (NJ.A.C. 7:19-6 et aeq.). Many definitions have been

impact of a proposeddiversion und_ steady-statecon- offered for dependableyield. No one _tion is suit-
ditions, able in all e___. Instp_4 of dap_dable yield it may be

better to use the tam 'acceptable yield.' This is the

• Radius-of-influence culculadons are highly dependent yield which will not result in enacceptable effects on
upon the pmfassional judgmentof the persondoing the other gmund-wat_ and surface-waterusers and the en-
calculations. It is advisable to culcnlnte Ibis vulue SCV- vironrt'l_lh
eraldifferentways and to comparethe results.

An aquifer supplies wat_ to wells by taking it f..,,, one
mJ. Regimal Impacts or moreof eludeson_,es. Fw_, the aquifer could micein
The applicantmust investigate regional impacts of the morewater fromits rechargezones. Second, the aquifer
r_quested divorsion. The following section _ could allow less waterto exit in dischargezones. Third,
some possible impacts which shouldbe cons_ the water could be removed fromstorage in the aquifer

by lowering water levels. All three of these so_

•., lllJ.l. Previous 8ronnd.water users couldbe adv_sely impactedby a diversion.
Any diversion may cause additional drawdown at
nearbypumpingcenters.This well interference may be Calcnl_tiqg the acceptability of the propceed diversion
significant, depending on the hydrogeologyof the area, is a lima-step process. First, it requiresestimating the
volume of groundwaterinvolved, anddistanceto other effects of the withdrawalon wat_ levels, recharge,and
pumping wells. Regulations require that existing discharge. Next it requiresestimating the effects of the
8roand-waterusersbe free of adverseeffects fromnew changeson othergroond-wat_ users, streamflow, wet-
allocations. It is the responsibility of the applicantto lands, polluted ground water, and any other point of
show to what degreethe new diversion will affect othm conce_. Third, the impacts upon each of the items de-
ground-water use_. Any process which lessens Ihe freed in the second step must determined to be
ground-wateryield of previously approved dive, ions acceptableor unacceptableby the Bm_,auof WaterAI-
may be viewed by BWA us adequatecause for denial of location.
an application. The determinationof adverse impacton
other ground-water_ may be made even in the ab- The WaterAllocationPermit procedures,us outlined in
senceof objectionsfrom other users. NJAC 7:19-1.2,3 et seq., detail what is requiredby the
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Bmunu of Water Allocation and outlin_ the decision ... I]].K._. Water-Supply Critical Areas
mnklngprocess. The Water-Supply Critical Area program restricts

ground-waterpumpagein severaJcounties _d aquifers
• .. lllJ_. Regional8round.water models in New Jersey. Thisprogramallows new pumpingfrom
Ground-watermodels may be used to determinethe re- thedesignatedaquifersonly afteran extensive review of
gional impacts of a proposed diversion, The accurate the water-supplyneedsand the potential impacts of the
development and apwotn'iate use of a ground-water pumping. The Water Supply Element maintains maps
model requiresan understandingof the geologic frame- delineating currentCritical Areas and can provideex-
w°rk, hydml°gy, andhydr:_ulicw°Perties°ftheaquifer planafions of any pumpage restrictions (NJ.A.C.
system. Manyconsiderationsmustbe takenintoaccount 7:19-6).
when buildinga model. One importantpoint is thatthe

the model covers affects the precisenessof results.
In general,the largerthe areacovered, the less detailthe ... llI.K.3. Environmentally sensitive areas
modelprovidesaboutanyonev,eiicularpoinL The applicationshouldinvnsdgale environmentallysen-

sitive _ and estimate the impact of enhanced

BWA does not routinely require us_g ground-water pumping on these areas. NJDEPE,along with regional
models for wate_-allocatienpermitapplications. How- planningcommissions,maintainsspecial regulationsfor
ever, models may be employed by BWA or the certain environmentally sensitive areas in the state.
applicant in specific, complex cases. If Wound-water NJDEPE maintains a distinct set of water-quality
modeling is proposed,then it mustbe discussedin dela_ standardsfor the'New JerseyPinelands,where landuse
in the reportto allow a thoroughreview by BWA. is regulatedby the PinelandsCommission, Any ground-

water withdrawals that could affect the Pinelands a_

In.K. Other Regulatory Considerations reviewed by the_PinelandsCommission in addition to
Tbe procnssof locating, tnstin8,and 8aluing approvalof the regularDEPE review. Within NJDEPE,the Division

a major water-supplywell will be affected by a goat of Fish and Game may review an application to (let_-
nnmber of reguiatory programs.It is the responsibility mine if the requestedground.waterdiversion will affect
of the applicant to identify and meet all regulatoW re- streanffloweri_c_t to wildlife.
qnirements.The following discussionof pt'ogramsis not
exhanstive,but sewes as a startingpoint. A thoroughdi- ... EII.K.4.Bureau of Safe DrinkinE Water
versionapplicationwi_ identifyall _ of concernand The Bureauof Safe DrinkingWater_SD'W) is respon-
addressthem. sible for protecting public-supply wells

(NJ.A.C.7:I0-11,1 and 12.1). ContactingBSDW at the
•..IiI.K.I. Ground-water pollution beginning of the process of applying for such a well,
Any pumpingnear a groond-waterpollution site which and becoming familiarwith its requi_ments, may pre-
could cause movement of contaminatedWoundwater, vent misunderstaridingsand delays laterin the approval
or cause inte_ecnc¢ with a rex_edialaction sekeme, is process.
of greatconcern, Applicants should note the locationof

any nearby gro_d-water contamination sites. The ...ITl.K__.Lucalregaintinns
Ground-WaterQuality ManagementElement maintains County and/ormunicipalregnlatiuns may affect the dril-
an inventory of such sites. The applicantmust evaluate ling of a well and conductingof an aquifertnsLPossible
the potential of contaminationof the groundwaterto be mcas of concern include the need for additional well
producedby the well. permits,constructionof access _r_d_.sediment control,

test requlremenls, and so on. The applicant should in-
Ground-WaterImpact Areas have been designated in vestigate what local regtdatlons apply by contactingthe
some localities of widespread gTound-waterpollution, countyor local health department,engineeringor plan-
Additional restrictionsor constraintsmay be placedon uingdepartment,and/or Soil ConscrvafiunDistrict.
wells drilledin theseareas.BWA maintainsa list of
thesearens.
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IV. ORGANIZATIONAL AND REGULATORY INFORMATION

Y

Toe New Jersey Departmentof EnvironmentalPt_ec- IV.A. Or_aniTJatinnalStructure
tion and Energy, Water Supply Element. Bmeau of '_e New Jersey Departmentof EnvironmentalProt_-
Water Allocation is the office directly concernedwith tion and Energy (NJDEPE or DEPE) is divided into
the issuance of pemits for ground.wat_ withdrawals, several Divisions and Programs.These in turnaresub-
However, a series of other organizationsmay be in- divided. Figure3 (page 24) is an mga_i,_tlonal chartof
volved during the process of obtaining an allocation some of the DEPE bureausan applicant for a ground-
permit. The following fist is intendedto be a guide to waterallocation is likely to encounter.
the State'srcg,,latnryorganization.It is, however,not
comprehensive. Oce_onully the Departmentgeorganizes.The divi-

sionalbreakdown listed here, as well as the telephone
The pubficatien "EasyAccess" is the offices directory numbers,were currentin Mm_h1992.
for the New Je,l_y DEPE. It is veryhelpfulwhen navi-
gating through the sometimes bewildering a_ty of IV.B. Regulatory Authorization
Bureaus.Elements,Divisions andPrograms.A copy of A wide range of regnlstlons has been promulgatedgiv-
this report(whichis ref_ed to as 'Easy Access') canbe ing the NJDEPEauthorityover environmental matters,
obtainedfrom: A _ listing is given in table 5. The applicantmust

ascerlain which programsare_levm_l to his or her slg-
Division of FinancialManagementandGeneral cific situation.A staff memberof one programmay not

Services be able to, nor should be expected to. give guidance
_t of En_unngntal _ & Eneagy concerninga differentprogram.
CN402
Tgenton,N0 08625 (609) 292-1553

o
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State Organizations

I INELANDS NYDF_Y_
I I I

ABBREVIATION BURF,,AU]ORGANIZATION PHONE"

BFWP Bureauof Fresbwam"WetlandsPermits 6336563

BGWDC Bureauof Ground-WaterDischargeControl 292-0424
BGWRE Bm_au of Ground-Water_ Evaluation 984-6587

BIDP Bmr_uof IndustrialDischargePermits 292-4860
BSDW Bme.auof Safe DrinkingWater 292-5550
BWA Bua_auof WaterAllocation 292-2957
DPFSR . Division of PubllclyFundedSiteRemt-di_titm 292-9120
DSR Division of Science andResearch 984-6070
ER EnvironmentalReg.l_tlon 292-2795
FG&W Division of Fish, Game& Wildlife 292-2965

GWQME Ground-WaterQualityManagementElement 292-5262
LURE LandUse RegulationElement 984-3_
NJDEPE New JerseyDepm'mentof EnvironmentalProtection& Energy 292-3131
NJGSE New JerseyGeologicalStu_,eyElement 292-1185
N&HR NaturalandHistoricalReson_es 292-3541
Pinelands PinelandsCommission 894-9344
SR Site Remediation 292-9120
WFRE WastewaterFacilitiesReg.l_lion Element 2924543
WPRS Well PermitandRegulatiovSection 984-6831
WRMS WaterResourcesManagementSection 292-2957
WSE WaterSupplyElement 292-7219

* All phone numberscurrentasof Mm_h 1992and inareacode 609.

Figure 3. Partialorguni,.tlonal chartof state agencies.
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Table $. Programsandre_lations applicableto aquife_testingand
water-supplywells.

Bureau d Water Allocation pregrams:
PROGRAM RF._ULA'r]ONS

Water Allocationpermits NJ.A.C. 7:19-1,2.3 et seq.
WaterAlkr.afiongeneral NJ.A.C. 7:19-6

managementregulations
Sealing of abandonedwells NJ.A.C. '7:9-9
Agricultural_ use ce_Lifications NJ.A.C. 7".20A-1,2

B_u of Safe Drinking Water Programs:
pROGRAM. RF.,GULATIONS

Physical connection permits NJ.A.C. 7:10-1 et seq.
Standardsfor theconsWactinnof NJ.A.C.7:10-12.1etseq,

publicnon-commnnityand
non-publicwatersystems

StandarOsfor the consUeclionof NJ.A.C. 7:10-11.1 e; seq.
public communitywatersystems

Surface-waterqualitystandards NJ.A.C. 7.'9-4.15
Ground-waterquality standards NJ.A.C. 7:9-6

,, Wastewater Facilities Regulation Element programs:
• • PROG_ '- _trt_T1ONS .

'l " I " 4 " l '_ " NeWJerseyPollutionDischarge INj.A*Co 7:14A-1.1 etseq.
EliminationSystem

Dischargepermits NJ.A.C. 7:14A-1.1 el aeq.

Land Use Regulatiou Element prot_ams:
i_OGRAM, IU_UI_TIONS

Fa_hwat_we_nds NJ.A.C. 7:7A-1 et aeq.

Pinelands Commission programs:
PROGRAM RF,GULATIONS

Pinelands ManagementAct NJ.A.C. 7:50-4,5,6
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APPENDIX

AQUIFER-TEST-ANALYSIS PROCEDURES

Based on hydrogenlogicand test conditions, waterlev- During an aquifer or multiple-we,ii test, the water level
els can respond to an aquifertest in a varietyof ways. falls in responseto pumping. Declines in water-levelre-
Under'standingthe physical system must precede data lease water from storage. This water,along with water
analysis to prevent the use of an inappropriatetech- already moving Int,-r'dllythrough the aquifer, is the
nique. The following sections discuss the types of source of water 3vhichis discharged from a pumping
aquifers, aquifertns_, andsome ofthe assumptions re- well.
quircdby theanalysis techniques.

If, during the courseof an aquifer test in an unconfined
aquifer, the water-tableelevation changesby less than5

TYPES OF AQUIFIgRS percentofthe saturated thickness,the d_tamay be suit-
An aquifer is a saturated hydrogenlogic unit able to able for analysis by a confined-aquifer method. This
yield significantquantities of water to a well or spring, decision is at the discretion of the hydrogeologistaria-
Aquifers are commonly classified as unconfined, con- lyzing the _h,_ Omerwise,the changein saturated
freed, or semiconfmed. This classification is based on thicknessof the aquifer causedby drawdownduringthe
the hydrogeologi¢i_opert/es of the units overlyingand test mnst be accountadfor in theanuiysisof the dat_
underlyingthe aquiferand the waterlevel in the aquifer
in relationto the top of the aquifer. Waterlevels in the Semiconfined Aquifers
three differenttypes of aquifers t'esponddifferently to A semiconfmedaqoifes is similarto a confined one ex-
pumping, cept that the overlying and/or underlying units are not

impermeable;a limited volume of ground water flows
Additionally.aquifers m'eclassified by lithoiogic char- throughthem into the aquifer. All voids in the aquifer
acteristics. Fe_am_s such as degree of consulidatiun, are fdled with water which is at a pressure greater than
amountof fracturing,and type of porosityate used to atmospheric.The potentiomelrie head in the aquifer is
convey infonuntiun aboutn unit's hydrogenlogicprop- abovethe top of the aquifer.
exties. On this basis, aquifers are broadlyclassified as
unconsnlidat,.,vaquifer typesOrbedrockaquifer types. Doring an aquifer or mnltiple-well test' tbe potentiomet-

ric _ remains above the top of the semkxxlfmed
Confined Aquifers aquifer:,no dewmoringocem-_.Reclm_gefrom overlying
A confined aquifer is overlain and underlain by rela- or underlyingtraitsdepends upon the drawdown in the
tlvely impenneable units through which ground-water semiconFmedaquifer and the pe_neabilityof theconfin-
flow is nonexistentor negligible. All voids in the aqui- ing units. Waterproducedby the well comes either from
fer are /'died with water at a pressure gr,mtcr than water moving laterally in the aquifer towardspumping
atmospheric. The potenfiomelric head in the confined centers or firom leakage f_c_. the underlying and/or
aquifer is at a level higherthanthe topof the aquifer, overlyingunits.

During aquiferand multiple-welltests, the potenliumet- A semicon/-medaquifer can be recognized in at least
tic head in the confined aquifer remainsabove the top three ways. (1) Lithnlogic informationon the confining
of the aquifer, no dewatering of the aquifer oceum, uuits may indicate!thatthe units arenot fuily confining
Recharge to the aquifer from overlying or underlying and may allow some leakage. (2) Water levels in the
units is minimal.All waterproducedby the well comes presumed semiconfiuing units or the layers directly
from water moving laterally in the aquifer towards overlying or underlying thum may changeduring the
pumpingcenters, aquifer test. If the water level in a semiconfining unit

changesby 5 percentor more of its thickness, and this
changecan be attributedto pumping from the underly-

UnconrmedAquifers ing aquifer, then this layer is presumed to be
An unconfined aquifer is bounded above by the water contributingW_r. to _e underlying aquifer. In such
table,not an impermeableunit.The potentiometnchead cases a methedolo_ applicable to semiconfined aqui-
in the aquifer is at theelevation of the watertable, fers must be used whenanalyzing all test ,%ta (3) The

26



observed dmwdown data may match theoretical type distance-dmwdown analysis method, which requires
curves.If the datafit a then_tical semic_mfmed-equifer darnborn morethanone observationwell.
type curveandnot theconfined-aquifertype Curve.then

theaquifer prohablyis semiconfmed, An _teady-slate _'I "ti!iTP_drawdog_ dfila gathered
- duringthe f_l of water levels immodlntelyfollowing

Aa a generall_inciple,itisalwaysadvisabletont,,._nptthe_ ofthepump.Usuallythedam aneplottedone
to fit observed da-* W both confined and semiconFmed well at a lime, with observed drawdownplottedagainst
type era'yes.This lessens the probabilityof neglecting eJnr?_dtime.The tests mesaid to be unsteady-statetests
any verticalIo_kn_e. because the water levels have not reached equilibrium.

In an unsleady-statetest the changing wa_ levels from
Unconsolidated Aquifers one well areanalyzedto yield aquiferpropen/es.
Unconsolidated aquifersare generally gravel and sand

deposits In_ with relatively_ amounts of The question of exactly when water levels in a well
silt and clay. The materialsmay be compactedsome- reacha steady (or equilibrium)slate is often debated.If
what. but fithification due to canentatinn is minor or the aquiferbeing tested is atrueconfmed aquifer, thenit
absent. The deposits _etainmuchof theiroriginalinter- will theoretically never reach equilibrium. Certainly,
granular porosity. Overall permeability of an when the rate of drawdown has slowed m inches per
unconsolidated aquifer can be strongly influenced by day the wat_ level could be considered to be close to
any continuoussilt orclay layersin the delx_sit, steadystate.

Consolidated Aquifers No specific rate of decline is established here to define
In a consolidated aquifer, the grains me cemented or stabili_fion. A judgment that slabi",m;on has been
compacted into a fu'mand cohesive mass. Consofidated reached is a decision based on Ihe slope of the
aquifers an: also called bedrockaquifers.Consol_d_t_ time/drawdownplot(s). Anoftm-u._ standardis an av-
aquifers can be made up of igneous, metamo_hic, or erage decline in wat_ level in an observationwell of 1
sedimmtaryreck. to 1.5 inches per borg. The Bureau of Safe Drinking

Waler considersstabili_.stfionto have OCClnTe.,dif d,_w-

' SecondmV p0yosity is generally the prime mechanism , down hasbeen less than6 inches over a six hoor period.
for 8mum_-watormovement in consolidated aquifers, By testing equilibriumvezans nonequilibriumsolutions
thoughprimaryporo_ty may be presentin some elastic on the _,,, the applicant_ _e if the corgect
sodimentaryrocks,Theporosityofconsolidatedaqui- assessmenthasbeenmade.
fers tends to be much lowerthan thatof unconsolidated

aquifers. Joints _mdother fruc_-es are the most con- Good references fcf the theory, design, and analysisof
mon source of secondary porosity. In carbonaterock aquifer testsare Bentall (1963a, 1963b),Fen'is and oth-
aquifers, chemical dissolution is another son_.e of po- ers (1962), _ and othms (1990), I.chman
rosity. The distn'bufion and c0rientation of the (1972),Reed(1980),andStallman(1971).
secondary-porositystructurescan be the dominantfuc-

tot'sin eonlrolling the hydrogeologic characteristicsof Testing ot Bedrock Aquifers
the aquifer. The most common phenomena ebserved The theoryunderlyingthe aquifer tesls mentionedabove
during aquifer tests are anisotropy and complex re- assumes that the aquifer is homogeneous and, usually,
sponses in storagebehavior, isotropic. This is f_qucntiy not the case for bactmed-

bedrock aquifers. An additional limiting factor is that
TYPES OF AQUIFER TESTS most anMytiemethods are best suited for tin-

consolidated aquifers which have well dd'med
Steady and Uusteady Aquifer Tesls overlying and underlyingboundaries.In a consoli_t_
Aquifer_:sts ase divided into two types, steadystate and formatienof anknowndepth, the effeot/ve aquiferthick-
un_e_-__ygt_t,%based on obse_,ed drawdown in the nesscan beopen to question.
pumping well or in an observationwell.

Because of these limiting factors, the analytical tech-

In a _e_y-smte test. water levels do not change with niques developed for confined` unconfined and
, time; they have reached a stable level which balances semiconfmed conditions me most acctwatelyappliedto

pumpagewith water flowing to the pumping well. Com- unconsolidatedaquifers. A sepmateset of solutions has
monly, dat_ from _e_dy-state tests are used in a beendevelupedforfracmredbedrockaquifers.
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ChoiceofTastingMethodology thentheaquifer,test-analysismothodusedshouldbeap-
No rigidguidelinesarenslabl_shedheretoindicate propriateWapanially-penetratingwellsituatiun.
whichspecLr:ctechniquetouseineachsinmti_n;often
more than one method is awil_hle. Tables 6, 7, and 8 In general, the closest observation well should be at a
(pages 3 I, 32, 33) list analytical teclmiquesthatareap- distanceof 1.5 times thesatoratedthicknessof theaqai-
propriateundervarious hydrogeologiccortdJtlons.Each fer from a parlially-penetratingpumping well to avoid

technique is applicable under specific sets of assomp- problems assoc_ted with vertical water flow near the
tions. The applicant should attempt to satisfy the well screen.
assumptionsassociated with theanalyticaltechniquebe-
foreapplying it in theaquifer-testevaluation. Variable Discharge Rate

One assumptionrOftPl] vioL_d is that there is no varla-
AssumptiunsandCommun Violations tion of the pumping rate during the aquifer test. A
All methodsof analyzingaquifertestd_ requiresome constantpumpingrate is very hard to achieve. For the
assumptionsas to the hydrogeologicnatureof the aqui- purpose of these guidelines, if the pumpage does not
fer and the natureof the test. The assumptionsarerarely very by more than 10 percent duringthe test it can be
entirelysatisfied, consideredto be at aconstantrate.

Basic Assumptions To hold the pumping.rate variationto a minimum it is
The fwst aquifer.test-analysismethodsdeveloped were recommendedthat the pump work against a partially
applicable to a specific type of aquifer. This aquifer is closed dischargevalve. This valve can be progressively
assumed to be: opened to maintain a constant discharge rate as the

pumpoutputfallsoff due to the extra lift requiredas the
- confined; waterlevel drops,A valve also permitsvarying the out-
- homogeneous(all pszts of the aquifer are put to reduce the effects of mechanical,al_nospbericor

exa_y the same as all other parts); electr_ variations.
- isotropic (the hydroganlogicpropertiesof the

aquifer_e constantregardlessof the If the pumping rate does vary significantly, a suitable
directionof ground-waterflow); methodology must be used to analyze the data. For a

- a_lly infinite(hasno boundaries)andof onnfmedaqulfer,:wherethe saturatedthicimessdoes not
• .{ . ,

unlfotm thickness; change,the pnn_ple of superposmuncanbe used toac-
- all monitoringandobservationwellsfully count for variations in pumpage rates. F,_ more detail

penetratetheaquiferandarefully screened; see EdenandHazel (1973) andJacob (1946).

-thepumpingrateis constantthroughoutthetest;

- storage of water is negligible: The step test is a special case of the variable-discharge-
r_ aquifer test. This test is performed in order to

- waterremovedfromstorageis discharged analyze the efficiency of the well at differentpumping
imnu_l_y once the headdeclines, and; rates.For moredetail see Breton (1979), Clark(1979),

- priorto pumpingthe potentiometricsurface is Labadie and Hel_veg (1975), Lennox (1966), Nahm
horizontal. (1980), Rorabaugh(1953), Sheahan (1971). and Stern-

berg (1968).

Subsequentwork has addressed[he following common Delayed Yield
violations of these basic assumptions: Inan unconfined aquifer water is discharged fromaqui-

fer storage as the _waterlevel declines. This change in
Partially-Penetrating Wells storage may not occurinstantaneously,but is prolonged
If the pumping well fully penetratesthe confined aqul- by the time requital to drainopenings above the satu-
fer, thenground-waterflow towardsthe pumping well is rated zone. Delayed yield is the process that yields
horizontal.For the purposes of these guidelines, a well waterto the pumping well after the waterlevel has de-
is considered to fully penetrate the aquifer if it is rained,before steaitystatehas beenreached.
screened through 80 percent or morn of the aqulfer's

I

saturatedthickness. If it is screened througha smaller Delayed yield of water may flatten out the drawdown
percentage,vertical flow in the aquifermay affectwater curve and simulate a steady-state condition. However,
levels in nearbyobservationwells. If the pumping well once delayed yield'is over, water levels may drop again
does not meet the criteriafor a fully penetratingwell, until a steadystateis achieved.
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at ,_

Delayedyieldshouldbeco_dered and a_ountedfor for example)_tkey times.Thus,analysisof theseests
inall uncon_ed-aquifertests.Thismayrequireextend- is oftena mat/erof plottingdrawdowusandanalyzing
ing the length of the test, sometimes to many days. If actual effects, rather than engaging in a fo_nal mathe-
lengthening the test is not practical,the long-term el- madcaltxeatment.
fects of delayedyield shouldbe evahm,_dby an
alternate method in order to assess long-term draw- Fractured.Rockaqulfers
down. In a fracturedrock aquifer, the aquifermalrix is largely

impermeable.Instead,fracturesand othersl_mctaralfea-
Aquifer Boundaries tm_ in the rock provide the major conduits for
If an aquifer test is conducted near a boundary of an movementof fluids.
aquifer, that boundarymay affectobservedwaterlevels.
A no-flow boundary(one which conlribetesno ground- Typically, analytic techniques focus on a dominant
water flow) increases drawdown.Such boundaries"can characteristicor feature of the aquifer, such as a long,
be detected in the time/drawdown data as a sudden well-developed fracturezoue, with boundariesor other
water-leveldecline in oneor moreobservationwells, aquifer properties idealized and assigned ¢onslantval-

U_L Some ttplJiU,]Ch(_ (Xulccp _1,_]i7_ _Ctel_S as

A constant head boundary(such as a perennialstream) imponam for movement of groundwater,but relatively
may Contributesignificant rechargeto the aquifer, les- insignificant as reservoirs of ground-water storage.
sening drawdown. Such a boundary is usually These methods assumethe bulkof ground-waterstomge
evidenced in the time/drawdowndataby suddenstabili- comes from the aquifer matrix.Other ap_oachas con-
zationof waterlevels, sider ground-waterstorage in both the fractwes and in

theaquifer malrix.
Boundaries such as these may be accounted for in the
analysis by the use of image wells andthe principleof Table8 (page 33) highlights methodologies that_dtl.:ss
superposition,The detaib are covered in many basic specific features of fractured-rockaquifers, such as
grotmd-waterlexls, anisolropy, effects of storage release, and contrasts in

transmissivitiesof the bulk aquifer mauix and fractures.
• Anisotropic Aquifers. Originallydeveloped for analysis of granularaquifer.

An aquifer whose hydrogeologicpropertiesvary in dif- the anlsotropy methodologies listed in labie 8 have
fecnt directions is said to be anisotmpic. In rock practicalapplicationin fractured-rocksettingswhere the
aquifers which trend in a preferentialdirection, for in- test conditionsdo not seriously compromisethe bound-
stance,anisotropymay be an extremelyimportantfactor m'yconditionsspecified in the conventional analysisof
governing ground-water flow. Such flow can be ac- Iransmissivityandstorafivity.
counl_l for if the principledirectionsof anisotropyam
known. Anisolropy may be identified on the basis of The other methodologies listed in table 8 are analytical
geologic evidence or predominantdrswdowndiroctio_s, techniquesdirectedat phenomena customarilyobserved
If anisotropy affects water levels duringan aquifer test, in fractured-rockaquifers. The double-porositymodels
calculated aquifer propertiesmay be i_¢c,zate for the address the relative roles of fracturesand the aquifer
aquifer as a whole, but may be useful to describeeffects matrix(or "block') as souses of g_3uod-waterstorage.
in a specific direction. The release of water from these sources results in a

time-drawduwnresponse which appearssimilar to the
Multiple-Well Ttsts delayed-yield _ponse of unconfinedaquifer. The sin-
In a conl'medaquifer the principleof supeq3ositioncan gle-fracturemodels focus on interaction of the aquifer
be used to analyze the effect of several wells pumping matrixand a fiantore penetratedby a productionwell.
simultaneously.Theoretically, the total drawdownis the For wells located on a fractureor fracUn'esystem, the
simple sumof the drawdowncausedby each individual early time-drawdown d_tn often exhibit a diagnostic
pumping well. half-slope (0.5) on a log-log plot.

In an anconFmedaquifer this principlecannot be used. There are excellent overviews of these analyticmethods

, More complex methods, such as those based on a com- and examples of their applicationin Sauveplane(1984)
putermodel, maybe required, and Hcolden (1984).

The slrength of a muitiple-well test is that it measmes In some cases fracturedrock aquifers may be analyzed
' actualdrawdowusunder anticipatedeveryday operating as unconfined aquifers because they exhibit similar

conditions. 'l_e usual goal of a multiple-well test is not time/d_'awdowncharacteristics.During the early partof
to estimate aquiferproperties,but to predictdrawdowns a test the fracturescon_bute water to the well. During
at importantpoints (at other wells, streams,or wetlands, the midsectionpart,pores and smaller fractmesare de-
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watered, leading to the appearanceof delayed yield. Solution mechanisms in carbonate rocks favor the de-
During the late part of Ih¢test waler comes to the well veiopmeat of largeropenings at the expense of smaller
fromfractur_hah_ away. ones.Taas, someof theanalyticalmethodsthatfocus

on long, well developed fract_es may be particularly
Much work has been done 1tying to systenmti,_ the applicable to solution-channeled aquifer, The block-
aaalysis of frac_-rock aquifer m_ts. As examples, and-fissure model meal to describe fractured rock
see Boalton and Slxellsova (197"], 19"/8),Gringam= aquifez'smaybeparticalarlyuseful in carbonateaquifers
(1982), Gringarten and Witherspoon (1972), I-lantush wheresoludon-channel development is signifw,anL
(1966), Hoak_.a 0984), Jenkins and Prentice (19S2),
Ncuman and others (1984), Papedopulos (1965), Carbonaterocks can be highly anisot_ropicand noaho-
Sanveplane (1994), andWay and Mcgee (1982). moge,neous on a localized scale, but may behave mon_

homogeneouslyon a regional scale. In many cases solu-
tion..channcled aquifers behave like fractured-rock

Solutioa-Cha_ledLimestoneandDolomiteAquif_ aquifersandcanbeanalyzedassuch.Ingeneral,meth-
Fractured, solutlon-channeled limestone and dolomite ods that recognize wsler table and/or le.,akyartesian
rocks may pose specific hydrogonlogical condifiocgs, conditionsmay be extremely useful in analyzingaquifex
Weatheredcarbonaterocks normallycontaincarmines t___ in fracturedandsolution-channeledc='_nate-rock
zones developedas a result of chemical dissolution aquifers.
alongjoints, beddingplanes, and otherplanarsurfaces.
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Table 6. Types of aquila-test analysesfro"'uncomplicated'situations(modified fromKru,_manandDeRidder.1979,
who describeand referenceall of the methodologies).

Assumptions:Aquif_ is homogeneous,iso(xopi¢,m-eallyh-if'mite,andof uniformthickness.Pumpingand observation
wells fully penetrateand screenthe aquifer.Priorto pumpingthepiezometricsm'fa_ is horizontal.Dischargerateis
constantand storage in the well can beneglected. Waterremovedfromstorageis dischargedinstantaneouslywith
declineof be-_d:

AQUll-_-.gTYPE TYPE OFSOLUTION NAME OF SOLUTION METHODOFSOLUTION

confined steady-state Thiem calculation
unsteady.sta_ Theis curve fitting

Chow nomogr_n
Jacob su'aightline

Theis recovery straightline
semiconf'mod steadyostate DeGlee curve,titling

Hantush Jacob straight llne
Ernst modificationof calculation
Thiemmethod

unsteady.state Walton curvefitting
I-IantushI inflection point
I-lantushII inflectionpo'mt
Hantushm curvefitting

unconfinedwith unste_y-state Boulton curvefitting

delayed yield
semianconfined with unsteady-state Boulton curvefitting
delayedyield
tmconfmed steady-state Thiem-Dupuit calculation

unsteady-state Thie_n* calcnlafion
Theis*
Chow*
Jacob*

* Sdudon?f_ thecee/'med,tmtteady_ _uecaabeapl_iedmthe_,,_rmed,un_ady.mtecue _ __ _w_ ism_ _ _
tppmpmtefactor.SeeKnueraantadDeRiddtr,1979,formoredem'l.
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Table 7. Types of aquifer-testanalyses for 'complicated's_tatinns (modifiedfromKsusemanandDe Ridder, 1979.
who describeandreferenceall of themethodologies).

Assumptions:Aquifezis homogeneous,iso_pic, areallyinfinite,and of uniformthicimess.Pumpingandobservation
wells fully penetrateandscreenthe aquifer.Priortopumpingthe piezometticstrface is horizontal.Dischargerateis
constantandstorage in the well canbe neglected.Waterremovedf_omstorageis dischargedinstantaneouslywith
declineof head.

Modifiedassumption Aquifertype Typeof solution Nameof solution Methodof solution

aquifercrossed by one or more confinedor _e_-ly-state Die,tz calculation
fully penetratingrechargeor unconfined
bt_JTief boqmdr/es _y.camo Smllanl curve titling

Hantu_ sWaightline image

aquiferhomogeneous, confined or unsteady-state Hantush calculation
anisotropicandof uncont'med
tuxiform thi_ l-L_t_._h - Thol_s _¢uLqtit3rt

semiconfmed unsteady-state Hantush calculation

aquif_ homogeneousand cont'med unsteady-stale I..lantush cm've fitting
isotropi- butthickness
variesexponentially

priorto pumpingthe unconfined _t,._dy-state culmination calcnlr.tionpoint
potentiometricsurface
slopes unsteady-stale Hantush curvefitting

discharge ratevariable confined or tm____y3_y-state Cooper.Jacob straightline
unconfined

Axon-Scott straightline

Ste_tberg straightline

Sternbergrecovery straightline

pa_liallypenetrating confined steady-state HuismancmTection calculation
pumpingwell Iand n

Jacob colTectiolt calculation

semiconfined steady-stale Huismanconection calculation
IandII

unconfined steady-slate Hantushconection calculation

conf'med tm_o_y-state Hantushmodification ctw¢e fitting
of Theis

Hanteshmodificationslraight line
of Jacob

two-layeredaquiferwith semiconfmed e_dy-state Huisman-Kemperman nomographand
_mipecviousdividing curvefitting
layer

Bruggeman straightllne
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Table8. Aunl._c solutionsfor testsinfracturedrockandkarstsettings.

Conve_tional methods addr_'_!ng anlsotropy:
The following methodologiesworedevelopedto determineanisotropyin a horizontalaquifer.For applicationin
fracturedrock aquifexs, it is assumedthataquifer'sbchaviorapproximatesthatof a porousmedium.Standard
methodologiesandtheirapplicableassumptionsareusedtoobtainvaluesof transmissivityandstorage,f_o,,,which
anisoUopyiscalculated.

Aquifertype(s) Phenomenon Methodof solution Reference Minimumnumberof
modeled wells for calculations

cenf'med, 2-D auisotropy curvefitting or straightline Papadopuios(1964) four
homogeneous withcaIculatien

leak'yandnanleaky, 2-Danisotmpy curvefittlngmsWalghtline Hantush(19¢56) four
homogeneous withcalculation

leakyandnonleaky, 2-D anisoWopy curvefittingor sWaightline Nenman andothers three
homogeneous with calculation (1984)

homogeneousand 3-D anisottopy curvefittingwithcalculation Way andMcKee four
heterogeneous, (1982)
horizontaland
verticalanisotropy,
partialpenetration

Special methods addressing phenomena of fractured rock and Imrst aquifers:

The doublepmx3sitymodels focus upon the releaseof gronnd-waterstoragefromthe fracturesystemand the aquifer
matrix;transm:issivityis assumedconstantand thebulkof ground-waterstorageis in theaquifermatrix.The
single-fracturemodels focus uponthe interactionof the aquifermalrixand a fractmepenetratedby a productionwell:
thefracturefunctionsas a highly lranmmss_vcextensionof thewell but,ideally,does notcontain storage:all storage is
derivedfxom theaquLfermatrix.

Aquifertype(s) Phenomenon Methodof solution Reference Remarks
modeled

confined, doubleporosity curve titling Bonlton and Fracturedrockor karstaquifers.
homogeneous, block and Streltsova(1977)
isotmpic fissurestorage

unconfined, doubleporosity curve fitting Boultonand Fractorodrock or karstaquifers.
homogeneous, block and Streltsova(1978)
isotropic fissurestorage

confined, matrixis pumpingwell curve fitting Odngartenand Analysis forpumpingwelldata
homogeneousand penetrates With_ (1972): only.
isotropic;fractom verticalfracture Gringa_en(1982)
and aquifersystem orhorizontal
smmgly anisou_opic fracture.

r confined, matrixis pumpingwell straightline Jenkinsand Prentice AnaJysisforhydraulic
homogeneous and penetrates (1982) diffusivity (T/S), estimate of
isotropic;fractme verticalfractme storativity(S) fromother
andaquifersystem methods neededto solve for
_iJu,lglyanisolropi_ transmissivity(T).

33




	I. Introduction
	II. Testing Procedures
	III. Final Hydrogeologic Report To Accompany Water-Supply Diversion Application
	IV. Organizational Regulatory Infromation
	V. References
	Appendix



