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Doubtless most ot you are mre f-' u er w1 th surface reservoirs, 

their capabilit.ies aDd 11mitationa, tbaD 70U are vith grouDd-vater 

reaenoira. I beJJ.we .f.£h·/s is tTue of people in aeaeral, fJYeD the ., 

experts. ADd becauae of our inadequate Jmovledp o 

ira, our uae of them creates problau that are rarelJ' it enr en­

countered in the operation ot surface ruenoira. SYertheleaa there 

are 1UD7 sS 1111 ar1 ties between the• tvo bas1c toraa ot vater atorqe, 

and I should like to point out .-e ot tbeae 

eome illportant contruts • 

l.ari ties, as vell ae 

.Ac1;1te] ly the cbiet diat.i.DotioD is that the aroUDd-vater reeervoira 

are tilled with rock uteriala, llbich iD IIIJJJ" iDataDcea are shd 1 ar to 
}/ 

the eedi•ent wbich Mr. Brcnm baa abovD to be w. OOIIIIIOD diaeue and ul.-

ti.Jiate 0&1188 ot death of surface reeanoira. 'lbe aediJunt carried b.Y 

JK>st streams is too tine iD texture to make a good grouud-vatar reser­

wir, but nn-ertheleaa the water storaae iD tho• eed1•ents is appre­

ciable. In Lake Mead on the Colorado RiTer, _or iDBtaDce, thts coarse 

sands that baTe formed a delta where the riTer enters the lake are 
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saturated as the reMn'Oir l.ft'el n. .. , aDd 111111atared u the lenl falls. 

bake ot the raenoir, the ac-

• 

BOth aartace aDd .abaurtace re.enoira bold back vater trca pre­

cipS.tat.ioa that Jd.&bt oth.-.1• nov to ... ocea or 1nJa bulll with­

ill a fw dqa atter each stora. JDd1 1D lllt.bllr t.1pe ot rewwoir, it 

ve do DIT.. ue the vatc, it v1ll Ill the till the re..noir to O'NI"tl.ow--
iDe or it 11111 r.t.llnl to the at.oapbere b.T enpotnup1ratl.cm. 'lhu 

ve oa lose vater br uot u1Dc it. 1'rae CODaa'ftt.ion ot va~ut1Ji.Sq 

it to NrYe the P"a&teA aood ot the poeatut. m.ber 1D the laac raa­

iDwolTea U1J7 t110tora. 1he .tt1cient operation ot re88l"Win ie ODe 

illportant factor, IIDd the ODe to vbicb I a l.ild.tiJa& III;J'eelt 1ft t.bia 

p.per. 

For ett1cieat JUDa181Slt of a reiMil"'WOir,{.i~ace water 

or p-olJDd vatar, cme llbo1ald kDov e reaenoir c&piiDi t7 aDd baTe a con­

timrl "I 1J1Yctor:T ot the stora&e ill the reHl voir, and ot the 1Dtlow 

mi ov.t.tlov. ADd ODe abou1d kDov 1ibese factors wll eaoqb to cable 

h1ll to &Dt.ic1p&te the f'cltare aDd to plm future operat.iou ~. 

With nil)eCt to these buic data there ia a urked CODt.rut betwen 

nrt.ce aDd aabaartace rew toira. ~ ve haYe ccmsiderabl.e lalolrl­

edp ~ these .-nral iteu at the U.. ve bei1D to ut111se 

water boa • aurtace reaenoir, bat this ia DOt true tor JIOet p-cnmd­

vater re.noira. !be aplaNtioD ia, ot cour•, that ve .ut CODStnct 

a da Won w oe t1ll a sart•• rew voir, ad beeau• ot the 
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1Dn8'bullt 1Dio1Ted1 ocuLderabl.a ettort. ia apeadecl 1D obte1nina the 

data e.._t.ial tor etn.oimt. re..noir operat.ioD, betore all¥ at.er ia 

uecl tna the reaei"''Iir. B7 CODt.Tut., groliDd-vater reHnO!.rs are 

toi'Md a tUledf! nat.ureJ to ~ betore 111111 bq1u to uae 

tbe water boa tb•. With a relatinq -u iDYe~ tor w11 drUl­

iD&"' he can dwelop and uae vat. vi~t both81"1Da to lMI'Il aJVthiDI 

&boat the reHnOir that ia tund.abiDg that at.. ADd tar those 1lbo 

would like ... 110uure of the adequaq ad aaat.a1Dec1 Jielcl ot ~ 

water r a es, there •• the det.errmta tbat the eaallltial data U'8 

anavera thaD do the data perta1 nine to nrtace reaarYOira. 

Pari.l.T becaue ot tbia aeapmeea ot bu1c data OJl cround water, 

0_ t ,,.,J..,,.4.reBC"f''ir./~t"')cotDDDJ:r rme il\to d1tt1cul.t1ea tbat. .re ru-el.T 

.u:oUDtered in the operation ot a surt.ce reiMt'J'YOir. J.sDg thue Jli~t 
ld /~"s ;t ~c. 12 /~ 

be JMDtioned reeenoir depletion, 11heN the intlDw ia inaatficic_;l\to j; 
I!JWit..in tbe~vithdrawal 'b7 v.Ue• iJ1WK4-eNI~:Uler~ 

~=~=·--e»·~ to e re ~---·--..~qJ aDd det.er.l.orat.ion 
re.s~. lf.'n 1 ..{;... ,.,_, 

ot vat.er qaalii;J' ~ at.tapta to atop the u.tural out.tlow aDd di'Yert. 

it for beaeticial ue. It 1a true that ... surlaoe nwvoira h&Ye 

been cout.ructed on tile anapU.cm, baaed. on 1Dadequate data, t.bat the 

1Dtlolr would be larger than it acutal.l7 t.vDed out to be, and IJOM ha'Ye 
tAn t ~;t..e.. -felly '-"1 e. d1 s c.i ;;r,_e 6 Y o'J 

1"111'1 into ~ficultiea baoauae of ~~Oitl!zom • waporati-.. 
blf S.!!t..P. ~e- -

~)through pflnleable uteri&ls beDeath t.be reMI'YO~ :;.t 

avm ditficult.iea are ca~parati'Yeq are. suttioe 1 t to u;y A we haft 
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aot beJUil to obWD eUIDt.ial data cODC41l'DiDa JIU\1 P'O'JDd-vat.er reear­

wirs at.U a crild.s ba• d8Yelopecl. SaMtiMs eaictUic studT baa 

tarDed up a eolution for the probl• that 1d.ll pend.t ,.ra•.Sal ut1Usa­

t.1.on. SoMt.iMs dwel.opuat bu &CD• too far • aDd retriDCbleat 1• 

iDdiaated. Bllt wcm with m adequate prop-a or collection ad ~· 

or euart..ial h)rdrologS.c data--10 that ve Jmov lllbat baa h8ppaaed enr 

llince the bepmrlng ot dwelopaeat and can predict aocurateq the etfects 

or a1et1Da aDd propond additional vitbdravale-o~ 8Dd pel'.i' •• , 

utJ11sation or a grol~Dd-vater reeenoir 1• DOt neceuaril1' aaared. 

Per.,., al Use Baaed. on Batv.ral l.Df'l.oa; 

CDae ve han a sufficient IIU8 ot 1J1droloP.c data, a t.radi tioDal 

teclmiqu.e is to derive average boa th•. 1hu ve can 0011p11te aem 

110ntbJ.T or ammal rai.Dtall, averace streaa diaahar&e, aftra18 di8Dharp 

traa a aroaDd.-vater reaerroir 1 and aeaD wter lwel.a in vella. 1'beee 

aTarapa 1Ddicate oct.ral teadecies, bGt aloDe tbq are DOt datin1t.1Ye 

ot the vater r esources. A'Yerage tiprea are ODJ¥ bedicape it t.hq 

lead to coacept.s that the •averap• coDditioD-vhet.her flov in a stroBil, 

vat lS'YeliD a vell., or -rol_, in a reeenoir-1• IOMtb1.D& that 

should 1l&1ntaiDed at all co.te. As lon& u precipitation dfti.ates 
. .!so 

fl"'JJ the uerap, other el .. te in t.he va~reeource picwrei\llut 

aleo TU7• 

11DdBr"&tOaDd-1s the great dmatioDa in nter euppq, especialq pre­

aipi.tat.ioD ad. nmotf, rn. the lDDt-tenl u .. age. 2M re88l'toirs, bT 

pz'OYid.1.Dc II})IIDe tor stal-qe ot the videq Y11171Dc quaat.ities ot natural 
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iJitlJN, llbould. pand.t u to v1tbdrav wter ill .ccordmce vith our DMCla, 

.abject to the liJiltati.cm that 1t the reMnOir ia to ..we our P'JI"PPHB 
) 

pceachll7, the .... erace v1 tbdranl oa11110t be sr-tc- thaD the ..,_. ... 

1:4lov. 

Ut111satioD at aart110e reii6t"ioira d..,_:• upon at.oppl.Dc the D&tval 

nov dovl1 the cbamel bT d ...... it., ad diTCti.Dc the vatc- to poilata 

qairea diftl'8ioll ot vatar that wald othend.8e tlov tr. the reNI"901r 

naturall7, lNt this 1a all dcDe br p-adS.et oba&e•· PNptnc ill a n1l 

or nll tield lonra the water 1-.1 1Dl'W wtc- tlcnra toward the ~· 
/n.t" f~ "- t/ .,ef kwt~-rd :(,lr llA..I.t/" e-'7..1 6 " l~ ~. 

frca other part. Of the l"CUMII'"fOir) 1\ PNeaW•-7 the Dataral diaaharp 

.trca the rew voir 1• ndued, or the recbarp ia iDoreued, or both, 

bu.t the 1Dit.1al atap of d.enl.Cllr 1nt ia l.ikel7 to iiiYOln r.aftl ot a 

cou1d_.able wl,_. ot at. frca ·~ storap, ad thia vUl be 

lbo-. br dec''wdna wtc- table or artu1a preuure. 

In the ett1cieat operatioD of a talJT d8nloped croad-wtc- re .. 

C"t''ir, vater om be takiD aDd utilised at a fair~ 12Ditona rate enn 

tbou&h there ia er .. t nr1at1cm ill the ... .,.,., aDd ...... , rata or 

reaharp. '1he witbdraala CaD approach the loa&-ttll'll ...,... ... rate ot 

1Dtlov, redllaed bT the ..,aut of D&tural d18Dharp that ia ~ illter­

capt;ed. It ia a DeOea.J7 ooroll.aJ7 that at. ... U.U tbe aaata1Decl 

ld.tbdraal 1d.ll GDeecl the ~.....,.. reoharp, aDd the atorap 

ill the rueno1r 1l1ll be rediiDed., ~ to a ....U ~ ot the 
.f/1~· 

atorap prior to~. Here ia a MCODd ld.tuaticrD 1lh :.\•t.r 

table or ll"tula preaare 1d.ll. deol1 •, .,_ ..S• ett1oieat UnlDp-
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tia ia u tar as ve em ao without br1Dc1ai people into the dia­

cuat.cm. Water ..t abide~ certain Ji11sioal pr1Dc1plea, bllt peopl~ 
bo fr. 

an pided tv t.beS.r a. l!p8Cial 1Dtceata, b.r traditiou, aDd b:r coded 
1\ ..__.ad 1IDifl"1 ttc lava. lltboqb people accept ft1"1at.i.OD8 1n .torage 

in eartace neenoirs as an eaaeot1al ,.rt ot etteotiye operati.cm, the 

in.. react1cD to •t•ll'DC ate table.- 18 alaoat ad.Tar8al.q CODd-­

Dato17• 1he Mrq uera ot pooliDd at. an UDdar.....,ehq &Terse, 

l»eoa.• tbsT initi•ll7 had the adTantaps ot the uaturall7 hll aDd 

O'f'8l"fl.ow1Dg reaeno1r-8pl'iDca 1 811b1rrip.t1oll, tJmd.Di vella, Jd n1PnJ11 

pap'ng l.Ut--aDd all the• are lost aa rewtoir atorqe is recmced. 

All¥ l.over1na ot ater l•el MaDS iDcreuecl coat to vell 011DG'a, in 

c:b:1 11 1na deeper wells ad. in JWIP' ~~ vatar hoa greater depths. CoD­

eern.tiOD-IIiDded people 1lbo do aot depe' upon poouDd •ter also ere 

l.1kel7 to fllYOr uintcmce or restorat.ioD of the utural cODd:l.ticma 
/, ..... ~ ,..,., ~ s-1 ~ ~ 

ot tUll grcnmd-wat.r reaervoira. ADd-... court dec1G.ou b&e iDdi-.. 
cated tbat aaiDteamce ot a certain m1msm water lenl or arteaian 

preaaure is a legi.tiute attribute ot a •tv r1pt. 

Hare is where tbe b1drolol18t Deeds all the basic data he can 

JIUter, ad satficient auaqais ot tb• 80 that he kDDv8 vhat they 

lllpl.t)r. He aut be able to lbov ather a specific re.ryoir baa 

beat dftel.oped ad ia bll1ac opcoated 80 that it becoMa part . ot a 11Dd-

1tiecl Jvdrolollc qcle, capable ot aata1D1ng the dn'eloped Jiald or 

..._ a ~ 1d.tbdraval per-m5 •"7J or 1lhtrtb8r vithdraala are 

ao great that tbq ca be 8IUita1Mcl tor onlT a f• ~·or decadu. 

U be n..la the latter to be trae-tbat ia, the det-eloped d...ud u-

a- tlle--:r.:f.el ~t~~e£~-..:!a',~t;, ~ 111-awla 
.ad 1iae or•· , or t.0-111part. ree:a.au ot nrplua. 
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It 1 po..S.bl.e to ..ta1D ~an ecmhQ' iD 1lh1ch the vater 1 .,.;r•;rt.r· 
reqairtMDta exceed the Datunl auppliea _..,,able 1.ooal:q • bT illpo~ i 

..sc..cpp/lt. r( 
'tiats- tram .ore ~ •tc ed- reclou. IilpartatiOD briDp up a 

aajor question, llbitm is .ore in the reala ot pbiloaopby than ot hldJ."ol­

o a awl tbeMater rP to the/eople. or~ thejeople co to the 

jaw? OeuralJT people 111 hla1d reetou 1101114 a:r that t~ao• 1111o 

vaDt •ter lbou1.d be located 11hwe va'W ia &Yailable accordi.Dc to 

ther need• tmd 1t thq wut lots ot it. aboo• the lal'pat riwrs or 

lakes. People vbo &].orr in the ~wnm1M ot arid r.S•• 

are juat u fernat iD tbe1r feeHna that •tar llbGald be deliftl'ed to 

thea to ... t the1r raquir..rt.•. Ri&bt nov n in Cal1tomia m-

groaeed in a queat1on U'ild.D& in the Call.toraia plan to trauport. vat.. 

troa MII'J)lu areas ill tbe DOI"Uurrn halt of the ~te tor ue 1n the 
~ 

vatar-deticiat aouthlaDda llao shall haft priority to this vat.., ad 

it and 1lh thc'e is iDIAatt1oieDt vat. to atiaty all, vh1ch rqlon is 

to be guaranteed vater? In a broader .._, the people in all arid re­

clcma d.-cl at leut 1D part upon vat. that Ol'iliDated as precipita-

t1oD 8Cuuta.nt el8e. Here iD the vutem Uld.ted states w ' l1Ye 1D the 

vater-deticict. l.owl.md• rat.her tbD in t.be .ore m.1cl .,....,,& ana•/ 

It the qaest.ioA is aunred attil'llatiYeq u to .Ut.her illportatioll 

8Dd art.1.n.cK ~14cm to 1ooal vat.. re8Cnii"Cea are pend.alble, .tor­

ap..,. be prowided 1D ~tMr Rl'faee or poom:l-at. ruenoira. 07-

olic atarap 1D jp'OUDI:l-vater reawwoir• is a 1lrpctrt.at part of tM 
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CalitOl'llia •tar plan, aDd it 1a lik~ to be of~ 111portace 

ill -v other plaoea. Art.1t1c1.al ncharp ot p'OIDi- tar reiMII'YOire 

1a 'UMI'eton a abject ot ~ 1DportaDce aDd iDtc'est • .Ut.hoqb 

... art.1..ficial-naharp projeota haft been UDPI!CCeaafU11 aDd aaeat 
that ve Deed to kDDir ...m mre aDo1lt recbarp, then ia abuDdat fti­

~ that haft iJICZ'....S. recharp ill 1laiV' plaou. Irriptioa. vith 

lllrt.ce w baa nealted ill iDcnued etorap 1D aderqiDa FOUDCl­

•t.r 1"e88n'01ra iD ... placea ill the wut., ad •-.porati.oa• pita 

for oil-field llriMa haft addecl •t.r, uatortaateq~ U8tcd::'r~ 
aaltT, to ... gr'Olalld-•t.r ~ •• Where ..... a1 iDdindu•le 

b&Ye ri&hta to at.r trca a certaill re- roir it 111FT be neoeU1117 to 

pron that the oparat.i.cma bT oae of the haTe naalted ill art1tic1al 

recbarp, ad bow aah. 1'bia 1IOUld DDt be d1.tt1cal.t it the recbarp 

ia thJ'oqh vella lw'na directq 1Dto tbs re .. woir, bQt the etteote 

ot pita, paad.a, 8111'f.ce cb_.., a or ditobee, iiPi _.,"1 beldn•, or 19cmll'­

irriptioa• would Deed to be mallla1ieci qamtita~Teq. 

loarcwable story• 

2be ate- iD ... polDI-vat. ruerroire OCDA1tutee a DODr...,_ 

Ule re8CNI'Oe. J.D oat.t.caMDI IIDIIP'• that cc.ea to II1Dd is t.be B1&b 

Pla1u 81Ntb of the CeeM• RiTer iD Tau 11114 •• Jftadco, 1lbce the 

p1KID4 •ter iD .tonp ie ediated to ban bee 1111"'•"7 of the 

Ol'der ot 400 wt ,, em acre-teet, bat ..... the aftnP repl-.:1..._t ia 

a IDIDch..cl ~ eon-feet a 7U1" or ~. We are DOW mmna 

t.bat ..-. at a rate aJIIIII'O•Mna 6 wdl11ca sore-feet. a 7ear. 



,'n s;•h?<l ~~' s. F'c{.s 
1he B1&b Pla1na are adld. tted.l¥ except10Dal.t a to..U lad llal"face ,. 

ur:nr cut ott bT erosion fl'CIIl the RQCq Mo1mt.a1u that produced the 

80111"Ce materials tor th•, aDd a ton:U groaad-vat.r re-·•oir 1lb1ch 1t 

~;:,~f!~ ..,tied vould require 78&J"S to ret1ll at Clii"JCt rates ot 

recbarp. But ~t the West there are puoUDd-vater reeenoirs 
wlu'ch 4,..,. .sJ,., :/A r ,·, -llttt -l-

in arid batdDS/ *•" the wl.a ot trelb vat.- 1n etorap is UJ17 

timaat-ft'811 tnmdreds ot tillee-the &YeraC8 amul replmlnct UDder 

the climatic coDditiau that have Jrenil.ed 1n racct centuries. 

HC'e, aa with the eartace reeenoir llltee, can · the quatiOD ot 

t.iJI1.DI-vhether 1D the iDtereets ot civ111sat1on 1D the loD& nw n 

8bould DOt reeene 8DJI8 or the• 1rreplac-.ble stores ot vat.. tor 

tu.ture pDerat.i.olul. 1he aJUniC' ot th pre.-.t geD81'ation, u ot the 

t it v1ll take adnD-

tap ot the natural re.nzreea as it fiDds th• aDd haa need tor th•. 
In the High Plaiu, tor i.DataDce, where climate ad ao1ls are stable 

tor a peJ.'B8Dellt gru1Dg qrioulture but lihC'e there is ntf1c1et 
o r , iq 

water to permit"one or tvo purationa to reap the profits ot 1rr1gated 

cottcm, the decision baa beeD 1n favor ot the pre881lt pmerat1on reap­

iDe tboae prol'its. 'lhe sariDg factor tor future pmarat.i.ons is that 

Natare •- to be able to hold back -.e other eecrete tor tbem. 

The areae depeadant -~ on DODr..vabl.e water storqe haTe 

a time 11ad.t to their ue ot water, determ.D.ed tdapq b,y d1"fidiD& the 

total m-. ot .tored water by the Det 8!1DQel depletiao ill etorap. 

!heir hopea tor pc NDID07 ot vat. euppq d8J*Id 1IPOD our IRIOceu 1n 

cettiDc .are ate to the a.rea tbllll Bature DOV prcm.des, p8r'bap8 by 

watbar .oditioatioD, pcblpa by blportatioa. ot trelb water trca oth• 
anu or b,r illpori.atiCD ot d~ed ocem water. 

-9-



Here I llbcna1d. l1lce to md1t;r IV .tat.aaet that the pre-.t s-en­
tion hu cidded. 1D f&YOr of U8iDc DOIII"...abl.e ftoloap for ita CND 

adYantap, beoaue it 1a likaq that fw people are aan that there 

.. aDT decilllcm to llake. 'lhe .,... of deY•'CIIwmJt aDd. at+'Hut.iOD 

of Dataral reeoarcea ia a11atter for all 80Ciet)r to decide, mel tUN­

fore a utter ~ Dat.itmal 8Dd atate pol1q. Polic1ea haft be.a Airq 

wll de:ti.Ded 1d.th reapect to nriou upecrt.a ot ~ aDd ue of 

•ter re8011l"Cea, bat eapecia.l.q u to ~~~ •ter w are h-.cecl bT 

oar 1nadeqaate 111Ml•....,.,.,nc of the capabSUtiea aad lild.t&ti.cu ~ 

specific nw voira. All a nault, ~ -.r proceed for 8ft'eral 

7U1"8 before w beoaM awn that ODe re..noir hu bee Jield1na vat• 

ctireq tna aaar8118'1able .torap, aDDthc trca atorap that ia r .. 

p18ced 8IICh 7M1', ad at.Ul aDDther troa atarap that ia rtplMed cmq 

ill 7eaoa of aoeain precipi.taticD or rvtJDDtt. 

nu1nc ot R6Nl,o1r §*?e 

OI'CNDdo-ater neanoire h&Ye ... of the pro~ MDtioDed b;T 

Mr. Bl"'OID in taU d;111011.81d.oD of aurt.oe reaenoira. For exaple, IICII8 

of tM at.onp apace ill p'OGD4-ater reNi 'oira ca be tilled liT aedi­

..t, 1ibDu&b DOt ill t.be .. va;y. 1he widal:l:e of tbia ia ill aabald'GOe 

of the laDd aart.ce. 1h_.. has b..a a -~ ~ ot laud 

GNrl.JiDI lfO'D'l-•t.- reecwoira 1Ja half a dostD anu iA Oal.UOl'llia, 

aDd .U.. 1D !exu aDd Jeyada. 12d.a •bs'd.-e..,. be eo poadul aDd 

uteaa:S.n Uaat J'eld.clet.a ill the locaU.t, are aot ._..e of it. ADd 

d.oabt.leu .-..s.dtaae baa OCCI1II"l'ed. 1D otlulr _._ of i.Dteu:lTe P"'P'nc 
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trca nlla, and ve 1d.ll learn of it ~ b7 rel.anl.iDI to ~ urlal 
_p (,(-,I',., 9 

llbose eleYatiou ware cS.etcwi.Ded prior to the int.uiTe ~-*1 

'lbe IIQb&ld.eaae in IIIIJV' area• results trca COJII*:t.iOD of ..u.ata that 
n R.re b_t::Ln ~r~ 1/y 

U:L-14 ... -.~18t11d":", lltt"""VIIN uavatered br the JNIP'ng. 

It ia poea1ble that 8CIIl8 of tbis storap epue 111q be repiDed it 

the saM•eate are reeaturated, bllt 110re probabl~et-there hu bee 

.,.. permaneot loss ot ruenoir apace because ot the cC~~paCUon. We 

need to know IIDn about the meaharrlca ad ettecta ot llllbld.dmce, ad 

reeearch OD the probl• is DDV iJl progreee br the u. s .. Oeolollcal 

Survq 1D cooperation with the Califoi'Dia DepartaaDt of Water Reeourcea. 

It is lik~ t.bat w aq b&Ye to accept the loss ot sou reeenoir 

space tbro\lgb cc.pection aDd sab&t.dence-like the loaa of aurtace ru­

enoir space b¥ eed1wartat.i..aD-u cme ot the UDnOidable coata ot ru­

anoir utilization. 

SaM ot the storap apace vitbin ground-water re88l"VVira 11q also 

be tilled with wdesi.rable or UDUHble vater, dari.Ted perhaps troa an 

ocean or pl1ne 18ke, or troll a tonaatiOD bear1Dg uHu •ter, or by 

the iDtiltration ot water COD..._,nated. cl1lr1D& DO~Te use, or 

ot vute waters. Dlere is ~ ID8loi:Y here to aurtace reeenoire, 

vhare the atoracl water becoue 110re Jliaeralised char1Da period8 ot a1..D1-

JIUII 1ntlov aJJd progreu1Te lou 'b,y enporation. HoiRmJr 1D llllrtace 

rell8n'Oire the 11Ddealrable water can be .are ea•ny- dra1Decl out or llllde 

usable tv mixlna with iDtl.ov1Dc •ter ot better qualit,y. Thus, tbe 
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JlaDcOumlptinq used water• ill arid regloua ..-it 8Pecrl al atte­

tiaa. aJch •t.r• 1Dclude eapecial.q the ret11nl eeepqe or ret.WD tlDve 

trom irriptioD, ad al.8o the ....., ad vute at.ere frail oitiee ad 

iDiutrios. 

their qualit7 deterioratu 111th euh ue. ID m.!.d rep.ou the• 

at.•, 1lbc tbq beac.ae 'IIIUN1table tor turth8r ue, JUT be diecbarpd 

1Dt.o eurpl.u vatere f'l.cN1Da out to eea. ID ~~q- pacee, bovwer, par­

t.S.oul.ar]T in lll'id. reaiou or interiDr drailaap, tU• ooat.lDated 

vatere u;r t1Dd their WT iDto ~vat.ar reserwoir•. We are aware 

ot the~· ~a mtable •salt balaac .. in irripted 

eoila, md to do tbi• ... vat. -.t be re.n-ed for tM parpo• ot 

oarr,y1zaa orr tbe aline re.s.due ad dilpcud.JII thla .... t.bto' oaaaot 

oontn'nate 0111" remarou ot trelb pooUDLt vat.r or sartaae water. 

setaae all gocmd.-vat.r rew woire ..ne the - broad PII'PO•• 
ot hol.diJla back the nt..r prowided l:r pnoipltatioll at bip'q nr.JiDc 

ratee, aDd relea.Sq it more ill accordaace vlth bnNn DMCle. Certai.laq 

1D UIV' pl.IIIC .. , .ad probabq ae a eeerLL nl.e, tbie broad parpoee 

could be~- aabiencl l:r OCQ,.1aacti.Te opc-ation of the two tJpu ot 

re~C"901n tbD b.r tM:l.r eeparate ad iDdtp"'dat oparat.i.GD. Da t~, 

IUIIb ~ti'Ye optrat.ioll ca CWC"'OM ... ot the ditf1cnalt.1u m­

co&tcred ill ~ ot .Ut.iplrpo• sartaae reNI voir•, ad al80 1D 

P'l'9''11 eo huti.l¥ tJoa .U...taae reeatoirl that ruc"Yee are~ 

Upleted. 
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ID sartaoe ruenoirs coutructed tor fiood control, the priJI 

requisite i s apace to hold the tlood X'tJDDtt ot heny storu, and that 

space JIUt be ~eel u BOOD as 011e flood 1• past to be reac~T tor the 

D8Xt tlood. orwer thia water can be used tor artiticial recharge 

ot a groUDd-vater rese:noir, the water ia coDHned aDd em be JUde 

aYa1lable tor fUture requir .. t.. 

u pointed out b7 Mr. Brow, surface rew-,:oir sites are a l.iJiited 

re1110111"C e. .,.. .tl'8811l8 thq are eo l.1mi ted 'that ODq' a pc1; ot the 

&Yerage annual nmot can be etored. Wherrenr II"OUDd-vat.er reeenoira 

are available to accept acme ot tb1s NDDtt, tbq serYe m illportant pur­

pose in COD8C"ftt.ion. ihe BUrt ace reeanoir, b7 reoei'f'iDc vater &t bi&)UT 

Tarlable ra a and releasing it at rates .,re IIUitable tor recharge, is 

m eueat;ial part ot the conj1111Ct1.Te operation. CoDjUDCtiTe operrat1.oaa 

u:r aleo reduce 80118 ot the coDflicta of int.enete of nr1o'aa tJ'pee ot 

vater uaere-tboae 1lbo 1l8llt water releued. dur1Dg the P"'OI1Dc eea8011 tor 

irrip.tion, or througbaa.t the TN%' tor DDicipal or 1Ddutr1al use, or 

at Ta1'7iq rates 1D 8COOI'dmlce ld.th Jvdroelectric powr d-.nd, or ai.D­

t.ai ned at certain lenla in lakes tor recreat.i.OD. lllerenr vat.r re-

leued tor ftl"1oua purposes caD be stored 1D groUDd-wat.er re .. 901rs, 

it ~~q be -.de anilable to ot.hc' uere llbeD tbiJ:y DMC1it, 1lb1ch ~~q be 

JmDths ar ,..... after the t.i.ae ot releue traa a sart.ae reMl'YOir. 
. .. f~"e ~~ 

liulrwer the IDJNal waporati~ ac precipS.tatiou-tbat i•, 
ill a, arid recloD-tbere is a ~water loss tl"CCIl .a:rtace reNnOira 

du to enporat.1.011. 1hua, we with a Mr'WU!I of nr:tace storage fa­

cilit.tee, ve CGDOt aaYe ad uae ~ the wter that t1Dve into an.crtace 
~ ,./.r f.,,. Ill/~ ~ ~'- ~~.S ,·J ,~ c r .. t- ... ~~ /''1 

reeenoira, ad · the pl.Mee wbere ate- is 
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een1.D& a Jll&jor portion ot nmo.rt in desert regions tor future ue, 

becauae about halt that nmDtt ia likeq to be lost .trca ~ace re .. 

ar't'01.rs, td.tber by avernov ot ..U onee, or bT eYaporat.iaD tl"Cil 

those large tBJUCh to c¢ure tbe water troa max1IDal noocte. 

I beliwe that to the queaticm auiped to •, llhether ve can hop 

tor contJ DDeci utilisation ol g1"011Dd-vater re861 toira, I can manr a 

qualif1elyea! The vord •coDti.J:1ued• pre.apposes the exist.ce ot the 
~ 

grouDd-vater reeenoir, 14dch I intarpret u meentag peruable, aatvated 

rock materials capable ot yielding •ter to wlls in qwmtitiee nitable 

to~ irrigation or tor iDduatrial or IIUilicipal uae. SUch reaenoira 

probab'q underlie onq a minor traction ot the total laDd &rG& of the 

earth, aDd tbu ve are speald.ng of areas that probabq total ccmaicler­

ab~ leas tbml half ot each cOII't.i.Datt. 

1.he qualitication to the at.tinlatiYe anever is that our preamt 

use to be poaibleJ bat ettecd.n ~t requ1ru d.etailecl ~losic 

data t n do DOt DOW ha'Ye for the p-eat Jl&jori'Q" ot gi'GUIId-ater 

re1181'ft)1ra, ad it requS.rea also an awareness on tbe part of the pablic 

8Dd govez wt. that the altcuatiYea are depletion Cld eYeatual .x­

hautiion ot fnlb p:oarad-nter re.auroea, Cld in J181V pllces, c011ta1Dao­
ti01l by l:riDas or other '8aluble t.er. 
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b attirati'Ye aDaWWr ia a paaral.ization tor gro11Dd-•ter re• 
;...- ~ lt.l/1' ' ' f 

anoira aa a ll'OVP 1f0UP trtiA. trr-'«nna di-

nr.S.v ad 'YU'iation .aag ita 1Ddi'Yidual .-.... Whta the queRieD 

is uked aa to the poaibUitiT ot per+ndal 1lt111sat.1.on ot epecit1c 

pocn:md-vater reiMil"''''ira, tbe __... mq rap 1"rca 7U to ao, 14th all 

d.ell'ee• of certainty or doubt. For - poouad-vater rew woira there 

1a Jvdrolo&iC erl.d.ce that their pereud al ut111ut1cm em be uaured, 

tor others there 1a evidmce that the re.:>11l"Ce vUl be abav.a1iecl or 

bectDe vnnuble viihiD a U.S.ted period. The poteDtJ.alitiea ot IIIIIV' 

poaad-atar rewwoira are llbadDvecl by do11bta, ad vill Deed. the 

liabt or .,re b;ydrologS.c ird'onaticm aDd anaqsia before tbe;y em be 

d.eterld.Ded. 

We kDOv that tbe bapbasard dwelo~ct of ~ •ter b7 iDdi.ri.­

dual iDitiatin, lilbich hu bMD charaateristic at least. 1D the UDited 

States, baa DOt beeD ccmdliCiYe to the .,st, ~eat OJ)!Jr&tiOJl, ot 1 i 
1//le., pt..•p/~ tft.c.,'dL '{fr.f /fe•.S "f'D._..,~,.f-..K. 

grouad-vater reservoirs. Ill !ale pl8Dea ettic1mt opcat.ia:IJ~ re- ~ ~ 

quire dittC"eelt valllooat1ou aDd c:Uit....t ratea ot draft f'roa tho• 

DOW utmt. J.Dd UD3' groUDd-•ter reaenoira em be mre tuJ:cy • ut:'-lised 

it thsir natural replsd.abMDt ia auppl~ted bT art.1t1c1al recharge 

wheosnr surplus watc ia aYailable. 1h1a brings u to the beuetita 

that J1Q' be realised by cODjUDCtlve m&DagaUDt of aurtace aDd &rO'JIId 

ater, aDd reaenoira tar eaab1 vitb the objective or~ wter 

b&td.a tor etteot1ve r8IIC't'Oir operatioD, there 1a DHd. tor ed11Datioll 

ot the pU11c ccmcC"Di.D& tbeH data, Md or pw.t.r ad~ b,y 
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all CODC411'1*1 of the J!b7s1cal pdaciplea 1DYolT8d in ett1c18Dt operation 

of £l'O'Di-atar r..noira. 
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