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v. a. ller1cbellk 

At Bantor4, tbe lui•&ri4 eluate, tbe per99ab1- eurt1c1.i ledlMAtl, 

at tbe deep vater table cOlll:liu to pl"Odllce a 11tuaUon wberela m1t of u. 
.n41oacttvlty of tbe cbelllcal efflmota 11 trai,pe4 by lOA ucbup M4 M• 

1orptiOA ph.eDOMD& ill the 1eclimeAt1 at tbe wste pe.,colatH 4oVD to tbe •ter 

table, 'l'bo11 va1tH that reach tbe water table move v1tb the aroun4 wter 

tovud the Coll.llllb1a River. N1 paper vlll tollov tb11 a>vueat, 1a41cat1Dg 

vt-.at 11 know about 1t and vb.at neecll to be touncl out. 

O.ological and hydrological n:..Uet at Bantorcl b&ve 1n41cated vbat 

acautn1 ana pna1e11t. u4 their co11t111w.ty, llydraw.lc t1el4 te,t• have bffll 

coi:lclucteJ. to determ11ut tbe tlel4 peIW&bll1ty ot the eeclimeat,, expre11e4, 

oomga.17, at the quut1ty ot vater 111 pllOLI tranwtted. daily thro\igb eacb 

11\1111"8 foot ot croH .ectloa. ot tbe matu1&1 under • bypotbetlc&l llc:.pe o!' . 
•t•r level ot l ft per tt.. hnae•'>111ty, together Vltb •••w-.•nU ot 

w\er. level• 1n wll, to &1v• tbe actual elope of tbe water table, glvea the 

. av•~ iuut.UJ ot wter 11ev1ng per ,,uare tc.ot of crt1:11 ae-:tto11 of the aq,u.1-. . . 
;,; '• ., , 

fer ~ -th9 approx1Mte 41rect1cill la:. wtucb it 111 moving. Kliov1ng tLe •!"~ec:ttve 

poro1lty Qf the 111&terlal &nd th~ ~u~tlty of ~ter fl~~lng, the &ver~e vel~clty 
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cu be calc\llate4, It 1a tnerefcre po~t1ble to eet111&te tbe 'lv•r• rate at 

W\Cb n4l06Ct1V• wi.te -..ould tn.vel 1f 1\ IICVe4 w,1uhibited v1tb tbe ground 

wter, about when it. vtiul4 be cU1c:barged, ud tbe 1pprcz1Mt.e 11&tb lt ww.cl 

take to get .tben. 

t«A.SUJU>IENT AND ES?Nl'ION or AQu::n:R ~"IEABn:TY 

At Bantor4 1011e 200 teet ot Hd and gravel of glacial ortgin . (Oacio• 

tluv11t1le eed111111tnt•) iU1td11tely underlie tne vute 41•pcAl 11te,. lelov 

tb11 1a NL e&rl1er glacial fcrm&t1ou (1Uogol4 tonatloo) at saucb. u 800 f•t 

· tb1tk, c001ut1n1 of ailh, MD4, and gre.vell vitb 1nen.l clay beu, 41M 

water table, vhich 1a froa 200 tc. 350 teet belov cliapcl&l tltee, 1111 larpl.1 

vitb1D tlle R1agol4 toniiat1c;n but u:ten" 1D 10111e pl.ace• 1Dto tbe ciwul)'ia.g 

· ~1oflw1'1t1le ae41.menta. Belev thHe tvo ma.jor \lll1t1 11 t~ relatlvel.1 ta

permeable bu&lt :, 

Tbe byd.raull: character1at1c1 or llutar4 11."1.ten haff 'beea. ••aure4. ct 
.. ,i.t.e4 'by ~ va:r1~~Y of ut~bl1.tbec1 f1el4 •t~~. 'fbeH 1r.~1• e-ftluatiOQ 

ot 4ata from p1AC:plng t••t•, apecitic capacity test•, tracer te1t1, cyclic 

tl\lCtu&tiOH ct •i•r 1 • .,.1, eA4 by,irallllc gnd.lea.u. Kutuall1 C:OD•1•teot ,.. 

•ulte 1bov tbat tbe permeab1ltt1 ot tbe 1laclotluvi&t1le H41aent, na.a•• troa 

uout 10,000 ~in2 to more ibaA 60,ooo II/4/tt, u4 the JermeeblUty ~r tbe 

\ldcl ... lytnc R11l&Olcl clepc,dt• raagu from a'bo11t 100 to EiOO G4/tt2 (1, 2) .- A 

l\lllll&l'J of rttllltl 11 g1vtn ln the follovtng table: 

.NiUD'ER . AVERAGE HEU) ~!L::1"! (gpd/ftc::Jr&1r..,n •~• FR<M: 
"-PlDS Spee1t1c c~- Tracer Cyclic Gra41ec.t 

Tf.OTED te•tb J)\C 1 iy t.l!,ot ,a teata fl11ct.uat1on~ methc.d 

01Al'10• ---fl\lV\&tlle l!.000-67 ,000 lO,ooo-65 .ooo > 6•, 000 17 ,000-57.000 
OlAClel ancl ·-·-klnt'.~lcl 900-5,000 i.ooc - i.,oc.o 1 OUJ- 6 000 --. 
R1,,a,..l.d 50- lJ00 w- :,.X> -· -- 150- 'J~tj 100 • :· .,: 

·-'--
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WATD-IBVBL Carl'OURS 

Since 191t4 tbe cbulcal proce,alng pact, ban 41acbarpd. to growul over 

35 bUl10Q callon• ot U.quicl effluent.. SIAl.:b 1ar_. YOl\allta b&ve bad a profound. 

•ft•ct upon the regional wtu table. Figure 1 1boVI tbe coatow-1 oc. tbe ""ter 

t.able interpreted . from tbe earllut. N&1w-ementa of water level 111. wll• and 

froa general hydrological knovledge, 81a1lar •Pf b&ve been pnpancl ptr1od1-

c:&lly over tbe ye._rt and ¥1th 1ncreaa1ng accuracy .. 1110n vella becace aft1l

able, The ground-w.ter cODtour• u of December 1958 are •bow 1D Figure 2, 

Tvo 41atlnct ground-vater 1110Wld.L bave been created OD tbe ater table, t belr 

loo&t1on, elevation, ancl ab.ape d.epencl1Dg u,pon tbe locatloo of tbe 41apoaal 

tltH vbicb fed. tbea and upoD .the nature ancl geological attttude of tbe tedl

•ntary to~tlona in vbicb they occur (3). It 1t of iap)rtuee to 1t111Sy thaM 

aound.a 11nce they determiae tbe 41rectiOD and rate of flov of tbe ground •ter 

ancl thU 1a tuna 1• important 1n tbe proper location of di•pol&l t1 tea and 111 

tollovlng tbe undergroUDd movement ot 1110bile •terlala. 

MCJVDIEN'l' OF GROUND WATER AJID CONTAMIXM'IOI 

Dlnctton of Movement 

IA t.he absence of mon prtc1H 4.&ta, u. it t.n\8118d tb&t gro\llld w.ter t.l•:,t 

110ve1 1n the direction ot the hydraulic gradient. Tberetc-re, the 'beat mean• of 

4.eteraining the cUrect.icA or 110ve11111nt h by 4rav1.Ag linH perperi.cllc\&l.ar to gro~d· 

· water contours, from high to lov bead. (See velocity vecton, 11gure )) • Str1:t

ly, even a perfect contour map cf tbe water t&tle vcul.d .Jbov only the borizoaUl 

41recUon cf 111Civeme11t ot the groun.! water at tne "ater t.a'IJle. ·?be hy.t..-aul1c 

sra4lenu •re thre-e•<iimea,,1onal, nc;~ver, s.nd the "A~er mc-vH net only ~ coe t· • 

to the "-hr table at .v~me ether pl!l-:e-. 
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Aa 111\,lA 3 1D41cate,, the preae11t pattena of groUD4-water aoveme11t 

Jl&At o,.rat!oia, ovtq to cOClcurreat cbangea 1A •ter-tablA fora. · In brt•t• 

the 'IOH Mt1o1rated by 1nf1lttre4 VNt• ettluelltl cre&tH a ll'OUDd.-wter 41-

Yiol.e. rougbl.1 concawe to the 1outh and. eaclo1tn& 411poaal 11te1 oa U.e wit, 

aorth, and eut. Proa the northern or outer flank of tbi1 41 Y14a, tbe a:rt1-

flcl.U1 recharged water largel1 move• radlalq northw1tlM!'d. aa4 aortbe .. t.• 

'lfal'4, FJ"OII tba 10utberu or inner flank of the Unda, tbe 1DfU.tere4 vutes 

COllVUp aa4 1110ve geural.11 IOUtbultwr-4 &Ad. tbell 110ft u.atwrcl 1A & Al&• 

\1 vel:, oarrov band. 

!be 4.l"'ctiolll ot aovunt daecrtbed. above IN tboM Vbtcb. would be 

taken currently b7 any re41~t1n vute product, illt1lter1q to tbe wter 

ti.bl• troll u oves-111,lli clbpo1&111te. lt aut be ncop1&e4, bovaver, tb&t 

4tpol1t1 ot Hll4 and &raVll IUCh •• COlll)r1H tbe ~1ofluv1atU.e u4 JU.ngolA 

1ed1•ot1 are, 1n 'fV11D8 degree, lenUculu; th\W in the coarte matenw 
vute1 voui4 •.o" :10re raptdl:r than ill the ttae 111&ter1&1.a. In ad4it1011, 1t 

\be ltnHI ~ elon,ated 1A oDe 41rect10Q, or tbe atrat.a are uaclinell ateeply, 

tbl 41nctiOll ot nov vUl t.ncitae 1a. tbe 41nctioll ta. Whic:h vater m~• .:lre 

... u.y tbu 1A uotber. furthermore, a vute coot&1aed 1A a atresm of cro~cl 

w.ter U1per~• botb aloq u.4 tn.uverH to tbe d1NctiOD of tlov. #J po111t•d. . 

011t ·'b7 !bell (a.), d11perMl 1D the 41rect1oa ot tl.ov reduce, the co11ceotrattC1G 

of \hi coatuaiuallt if tbe vute 11 • llua temporarily introducecl, azid g1 vu • 

wl'A.lng at I locality d.ow1treu of the approach ot a co11t1nuou.1ly 1nt rocluceJ 

vaate atn-u. Dhperaal acroH the d1rect10D of flov aprea.u • ccQtaminsnt 

more vt4ely but reducea the concentratiou • 

I . 

.•· 

tt .. ~· 
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· iuch t110ton H beterogeneity, aniactrot,y, IIA4 4UperMl uame great 

taportuce 1D detemnina tbe path of contNn1oant1 1A the pound w.ter. 

ConeequeiiU.y, tbe estimated. mean latenl pat~ ot gro\llld-vater contu1Jlat1on. 

1hovn ill '18',ln' . 3 1a taken to repre•ent tbe prcMble ID1nimual 41Stan:e of 

travel t?-oaa beneath d1apoa&l eitu W and E to tbe Columbia lliver, a. Baaed 

. on the ~logic conJ.1 t10n1 interred u Plgure 3, a m1n11Na path froa V to 

ft of about li<),000 tt (about 21 miles) and from E to ft of about 95,rl)Q n 

(about 18 m1lea) appear, reasonable, 

Ratea ot Move111ent 

'l'be rate ot ground•wter flov 18 f1Xe4 by tbe vector quantity deacribiq 

• tbe -maz1&111 hydraullc gradient. Darcy•• lav tor ]u1ur fl.av 1• appltcable 

but oal7 tnablea the eat1mat1on ot average nloclt1e1. Variation froa tbe 

· &ffr&p ii likely to be con1tdere.ble, ao tb&t 101119 1m&l.l traction of t .be flov 

•Y 1110ve at eeveru tlme1 tbe average veloctty. ror ex.u:pl.t, tluore1ce1a 

tracer• have 'been ci.tected 1n ob1ervatlon wlle at varloua d11tance1 4ow• 

lftdtent troa IRJect1on wll1. Rate, of travel of tbe dye, baled. oa the 

tlret detected arrival, have been meuured. to be 170 tt/dAy throuah 50 tt 

of travel la one cu-., 170 tt/dAy tbrol.lgb 11,500 tt and 195 tt/d.ay tbro\18):1 

13,200 ft ID a HC0~'1 caee-, ud l+4o tt/dAy througb 8,800 tt 111 • tbJ.ri C&H, . 

Tbe1e Yeloc1t1e1 ~ 3 tc:. ~ t1.llle1 gr6ater tbao the average calculated val.iae•• 

On the bui• o1 meae~111E:n•-e and. ec1U.111&~H ot aquifer chancter11t1ci, : • . . 
•Y9ra.te crouncl-vat•r velodUu ban buza c.t.lculated accordizas to the e4uaUOR -

V 3' Ll_ 
7.48 p 

_ vbere v 111 the vHcclty in fet<t pe?' day, 
P lt the average fieH ~n:lf:~b111ty in g~ll,•ni ~r d4y ~r 

eq,\.L•re fC<'lt, 
• t t .:, the hy~u.H: gr-..U r: nt in fctt ~r tcc.t, r.:.1 

p ,~ tt.e etf1:ct1\'t:" pcro;, !ty , .. r 3pe:1ftc ytelcl in ~r · ,;"\t . 

j , • .,, 

·:, 

:, r:-. 

.: ;~ 
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Th• flov ratu are •hcvn 1Q Figure 3. The map •bov• nl,,:·1~y vector., vtth . 

nU1111.•rical valuu of averege rate of 1110veceQt 111 tt/dAy, H vdl u the quar.ti

ty ot w.t<:r tn gallons flo"1ng 1n l day thro\.18)1 • 1-m.1.le•lofli aection ot _the 

aquifer ~rpendi~u.lar to and biaectei by the velocity vector tor tbcse sites 

vht-re the fidd permen"r:lUlty bl.t been dtt;ennined by pumping te1t1. The vcluce 

of tlo11 to the aoutheaat in the glac1ofluvtat1le aedJ.ment1 h 1n tbe ordar of 

uveral hundred time 1. that flov1og ea,tvard 1n tbe Ringold ae4u,ent1. 

!Htvard. moveme:ut from d11po1al lite V (Pigure 3) occur1 under 11D ave~ 
hydrauUc IT&dient of about 20 ft/Idle 1n the Ringold aquifer of permeab1Uty 

2 
111~ to be 300 gpd,/tt . Anrase ratea ot movement are tberetore only abollt 

l-l/2 to 2 tt/dAy. Subeequent 110utheaet"Ard. movfament 1n tM highly permeable 

gl&clofluv1at1le ae,U~nta occurs chl.e!ly under eb&llov gradiPnt• of only a 

tev teothil of a foot per mile. Avera~ velccitill!a of about 7 tt/dAy wre 

computed for most ot thil ,tretch. Di~ct; eutvard. movement to the Coli.mibi a 

River through glac1otluv1at1le •e~mer.t:"' !9 :.nhibited. by the 1cutbeni end ot 

the ea.teru growid--.t~r lllOwid. In!lte-id, af;aeral 1110vement t'CC\.U'I mere to t tle 

IJO\,lth throush R1ngc.ld dtpc Ht3 under the 1r.!luence ot & moierate grsdJ.~ot ot 

roughly 5 tt/mle, at an average vel ~city ct 1 tt/ay c.r lt::!S -

Trav~l ume. •· Bued. OQ the average f:-t.i::i-V">ter v~loc·itlu cho·ttn 10 Fig\U'e 3, 

a "tl"'lvtl time" or about l&> yuri:t 1:. ~t! ~ ... !~ted tc-r g~un<1•V'lter t'lc..11 fro::-. \I 
. . 

to R. and about 115 year~ from! to R. It muet be emphA3tied, r.vwver, t hst 

tht' inaJt1111UIII rate of IIIOVt-~r.t er the groun:1 V'lter !1!',:1 ~Vt'~ or .;r., ::.J,; :::.at,.rl -i L 

• 

\ 
' 

I 
l 

' I 
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"l•otope ti-avel t.1•• U 1ugae1t.e4 a1 a 111>n cla1crtpt1.e •.ena for the actua.l 

000\lJ'J'lftOt of OOQCll'II lnu• lleb •• HVeral flCtoH otber tbAD ,rolaA-•ter .,.,. • 

.. nt affect the available ~cay tnteJ'Yal. 8tu4111 at tbt OA1ver11i1 ot Calitonla 

Sultaey la11D••nna Jlt1earcb Iaoratory ban 1!IOIID that (a) hldnw.tc pbeDDMU 
pro4~• velocU1 vartatlooa that brtq about • loqltu41.ul •tvna of Nltcte4 

1Dtna41a11114 41aplace4 nu1c1a. A 41ftuae sooe or •~,Jcentratloo front• tor'IIII 

ntbtr tbaD • aharpq detiu4 1.llterf•c•. !be claptb ot tb.11 aou 1Dcnut1 1A 

froportloa to tbt 41•tuce tranle4 clue to portiou of tlw . tlltnllliq coatutaut 

moY1nC at velocitlH acee41q tbt a,,..rap; aa4 (b) toll a:cblllp n&cUou-, 

· ao4Uy tbt propapU011 ot • nd.locoatufa,a~ ill two W)'S: l) tu •41111 nloc1t7 

of tbe c:olltt&iD&Dt trout v1ll be predictably 1611 tbazl tbat of the Uq'll14 trout, 

IA4 2) tbt clai,tb ?r 41ttultne•• of tbe front MY be milt1t4 ov•r tbat n1ulttq 

troca v,&n11 byd.ravl1c pbtno•ua· Vbell tbt ra41ocoa.temfnan~ 11 QOt Hlect1,,.17 

IOrbtcl b1 tbt excblqt m41uza, 1tl troo.t V1ll becme 1DCTHliD&l1 41tt\& .. a• 1t 

fr'OCNHH tbroup.tba Mdi\111, Vbtn the Ndiocontul!Wlt bU a Hlect1Tt .•tt11l1ty_ 

tor t?w me41\III, •• •Y lit the ca .. V1th 1tro11t1u. or c111wa H the cll1pla:1Dg cat100, 

tbe troot uy not bec011111 more 41ttuae V1tb 41!1tuce but rather uy tencl tc 1l-.arpt,D 

u -propaptlon continua• (5,6). 

lllplrtcal· clata obtained fl'Cl:l radiologic 1101litor1111 of well.a at Bar.tcr4 bave 

1bowll tba\ tbe cbeaical. fora ot au106 111 Buford. vutH 11 U ttle .rtected by 

lOQ ucbuge, ID4 u1on1c: colllp)Gent1 of vute, 1ucb u llitratu, an appanntly 

not affected at. au. In one cue n41oruttH1\llll acve4 aoutbea1t-wan\ al:out 8 

aU.11 froa IA tuttro d.11pc,.1J. 11te (ntar l, f11',1N J) tn ltu tba.: l )'e&r at 

rattt apprcachtn& 160 f6et ~r d.y. Mltrate con~~ntratlon lner~~~ti to at ;ut 

500 ppan .1n \otll 699-ro-20 (F11f.4!'t. ;) befcre tn-:e cc-,nc\::ctnt:1-: r , .ir. t ht ~r L:· 

• 
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of 10~7 fC/ec ot Ru106 appeared, Thia tollowd an apt,r,n:ia~ely 18-~n~b. 

period. ot negl1g:l'ble •upply ot cooling vster to tbe euten;. 1vup, dU!'ug 

Vhlcb tba eaet.el'll 110und aubllded to the extent tbat a favc.rable bydraul1c 

. sr-41.eat eXisted from ette I to veil 699-2C-20, Aa aentior.ed pnv1c-waly. 

aubaequent tracer te•t• in t'Aia uea at.o"Je~ that f1r•t. an1v6l.1 ot fluc.:-uc•

iA 1n wll.1 dovngradlent frol:l the inJecticn wll had tra.,.letl at aver•~ 

11near ratea of 170 u4 195 tt/dAy over d11tancH ot appl"Ortat.dy 2,2 ancl 

· 2. S atle,, respectively . Obvtouely, pNciH det.e1'111nat1!\la c~ct ncv be 

la/la at Bantord ot tb vario1W •uc.tope travel time•• bued 011 tbe pru~nt. 

rtmJRE 81\JDIES AND CORCU..'SIORS 

Ad41t1on&l. .seclog1eal and byd.rolog1cal 1ntorma~1on 1:1 oe~ 1A vane 

'11posal 1tillu. 'l'be tecbniquu ot grouncl-vaur 1twl1e1 ~d fer eat 1Jc&t1Ag 

peth ot "flov. In radioactive w.ste d.ti!ipo~al the a,-erage 1! 11~c~•!ary u a 

atart101 .S>otnt or a pcio.t ot referenee, but it U Dot gcocl e:ic~. Por 1netez;ce; 

tba tactou ot hebroat:nfllty aa.4 &n1•ctrcpy ot &-ill.iter• _.,.u:u, great 1mf.("rt~:-e 

tA -..te 4.itp:.s&l, 'fbe iapor+.ant ett~~t, ot •~h 1Tnf',ll.t.r1U•u 1n t he n:-~c ~ 

po1og1c un1U upco tbe rate and d1Nrt1,1. ot vut~ mcv~~nt rei;are thAt t~ 

geology be learned in grut d.etatl and tt.at m,,sny ~ilci t-e d.:1lh•i t -: get fr.~"<! 
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• (b). prov1de 1tructw-e1 tor hydraulic 1nvut1pt10oa perw.1tt1q f\&rt~r ev&!~-

... . : \ti OD ot aquU'n . C~TaCter11tiCI 1 ( C) prortde ledimDt IUPl,el for laboratory 
·'\\\'61'\'U''" •• 
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eva1~,.1on ot ion exe~ capacity, permeability, an4 lllneral eoDteat, Md to 
. .,...,,,.., ,. ,. 

.,.•• • t'uruilb 10U col\111!1 ·'•ter1&l for crib-lite •val•~UODI, u4 (cl) FQv14e bade 

.•.• ·:.••"lug1c'' l:trat1graph1c) data. Iteu b, c, u4 4 vUl Jrort4e 4ata t!lat pen:lt 

pre41ctioDI to be lll&d.e of the probable be!lartor ot wutH 1D tbe poUD4, an4 of 

~ patbl 1114 ratH of travel tovar4 r..1'!nt1 ot JIOHlble upc>I\An• Itea (a) V1U . ,.:; ... • · ;·--: ,,., 
prov14a ~f,.Q.~t~?P . t?:: l . """t~l"'beuv1or, 1Atonat1oa t!lat cu tbeu be corre-_,.~ :-·· . 

, .. h ·t-et"to tbe data -1'roa 'llhlcb the predictioDI ,re 1111141. 

., . ......•. , ,Nlcauii· movledae of the 11rocH1H of 41-i,erlion 11 iDcaQlete, tb11 »he~ 

DOU IIUlt be further 1nvHtlpte4. 1D tbt tiel4 11.nc~ tbe ettect1n 411peniOD 1D 

ti.. t1el4 it J)robably larger tban 1Jld.1cate4 by laboratory ~rimeRt1. A 1pecial 

,. 

.• . 

of ll'0"1D4 vater 11 under con1tructlon at tlM 699-62•lt3 11te. A t&ldua nitnte ., 
io'iut10D aplud. "1th ar85 (65-d&y b&lt Ute) v1ll be cbargd tc ar. 11lJect1ou w!l 

UA4}r coatte.At bead. t.o penut detem1.Dat1oa of 1tront1ua u4 nitrate bl'Hktbro~ • 

c:i--,.1. TbeM n1vlt1 vill be correlat.e4 to tboH obt&ine4 troa • laboratory tc:11 
i 

COl\al aperimeat U.lQC aquifer Hd.imelltl from tb.11 lite "1th tbe Mm tracer 10-

lutioa. The linking ot higb-dendty va•tH la tbe aquifer vill al.10 be obHl"'N4 

lay aupling tbe groun4 vater at varloua ci.pthl 1D the )()•foot aqultar. 

A pop~ical H11111c program 11 alto 'be1Dg CClll14ered.. It 1, hoped t~t 

1ueb a technlq\lrl voul4 tend to im,pr.cve tore~aatiDC or 4rill1.D1 ueu, pc11t1::r.!.::& 
... 

of will, c01r11let1111 ot dr1U1na p1"0Ject. at tuter rate,, ad eventually n~.-~=-

lq overall dr11Ung Deeda. 

extre1111llly tborouab- The curren4: atate ot lmovledae co11ceru1na aquifer . chara-::e--:-

11t1c1 ud. ground-nt~r movement at Baotc~~ ba4 b~e11 pr~~•~~~i t~re1~ . Catt~~·~, 

......,.. , ,.,..,..... __ . ..... . - • • -.,,, - •- •- . .... ....- • .. - ... ,. ;- .,......, .......... _ .. __ ,. A_ 4 ._ ~ •- ..... . ~ ... .,,,.,.... .~,,. . - · . - , •• · ... , . 

;; -----;=~---.... ,~>n-·--------....;. ... ,,=,.,.,..,a.;;--~+,----:--- ·-- . 
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' · 
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have beeD aa4e ot the H•nee rat. at vblch the po\S\4 -wter vcw.d tranl, ab<;,.t 

VblNI uy &l"Oun4-wter coatuiAaUoa ww.cl 41acbarp SAto the C'oludita River, 

ucl tbe approu.i. peth 1t voulcl take to pt tbln. Bovever, a co11Uderl!)le 

exz-1toD of ~le knOvl•dae ot groun4-wtei· .,ftmllt aa4 tbe lf'OCbem.ittry ~ -

wlYe4 11 requlnd 1n order te WW'9 tbat tM poloQ aA4 by4.rolcQ ban l>ff11 

pro~rly 1nterpr.te4. 
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