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Ara Sprtage are near the aortb end of 8'11 r Lake Badll, a oloeed 

faul.t•block buin in Lake Coaftt7 Oftp. !be •ter Of the 8pli.Dca 

r1aea b;r arteefaD pressure trOll laa-root *lU1fere thro•b about 150 

feet ot onrlJing th1nl7 bedded lake depoe1te to dieobarp at tbe bottOII 

ot &ll illpouDdiag reaerY01r1 the ..,nne or1t1oea beirw beD•th 30 to 36 

teet of •ter. On the ftll.ey noor lea• tbaD. ld.le 801Ith aDd .,utbweat 

ot the reaenoir arteeiaD vella appear to tap the .._ law. rock boa 

which the vaten of the apriac• ar1M. 

Observations ot the p1es~tr1c surface ot the U'teaiaD water 

daring now teats abow tbat three arteafaD vella, 30/16-lJtl, 30/17-?Dl, 

aDd -m., are bJdraul1cal.l7 cormected with a fourth, 30/16-ll\21 aDd 

tbat well 30/l6-lR2 11 bJdraul.1call.7 oomected v1tb ADa Spr!Dce. A t1ttb 

artesian ve111 30/16·1~11 did DOt 8bow bJdraulio connection with the 

other four vella dur112g tbe lbort-ten teate ..Se. 

Mathe•t1cal oonatante derincl Ina the ten. pel'lllit calculationa 

which 1Dd1cate that the tour ..Ua, 30/16-llll, •lR21 30/17·7011 and 

-m, vben fiowlng at a combined rate ot 1.1600 p tor 100 cla781 .,. 

lower tbe preanre head on Ana Spr1.Dca by an a.runt equal to 2. 7 feet 

ot water. !'hie lower!Dg in pre18UN .:r oaUH a decreaee 1D the rate 

of diacharse of ADa SpriDce by about 4.4 cubic teet per •coDd, or 

about S percent ot tbe preeent win~ nte of diecbarge. This 

d1nn1on (S percent) would be w1th1D tbe lJJd.t ot error ot •illll• 

•ae•••Dte cf tbe spring d1•cbazwe. Cbell:l.oal and teaperatun 

cbaracter18t1ce ot the Ana Spriage water iDdicate it ia e1•Uar to 

the •ter ot the t1w laft•rock wells • . 
1Japub11ehed recorda aubject to reri.aioD 



OCCtlmED 01 QROtJII) WA'IBR HEAR ANA SPRDIJS, 

SUMMER L&IB BASD, LAKE cowa, CllFOON 

By s. G. lrolm 

Purpose ot tbe InYeet1cat1on 

Aa a part of the 1anat1pt1on 1D cooperation between tbe ottice 

ot the State E~r ot Oregon ud tbe v. s. Geological SVY87 tor 

2 

the evalation ot the ground.._ter resources of Ozregon, the Geological 

SUi"'feJ undertook an 1Dveatigat1on to deterad.De the ~diate orig1D of 

tbe water ot Aaa Springs, vhicb an tbe principal eOUJICe of A~a R1wr. 

The river ia the aiD tributar;r feedilll Su.er Lake 1D Lake Count71 in 

south-central Oregon (pl. lA). Distribution ot the -.111 aeolocic \1121ta 

ie ginn 1D earlier reports conrizlg Lake Count7 (Waring, 1908J traueer, 

19SO). 

The extent and boundaries of the gro'IUld-vater body feedizJc A• 

Springe han not been determined. Thia investtgat1on vae 1Dtended to 

abed aome 1.1ght on the immediate eource ot Ala Springe aDCI to detei"II1De 

the relation between the water diachal'liDI traa the 11Pr1nc• and that 

pwaped or nov1nc from certain vella. 

· Aaa Springe and the illlpo1mding reservoir into which tbe;r diecharse, 

lie mostly within eec. 6, T. 30 s., R. 17 E. (pl. lB). Tbe reservoir ie 

tor.d b7 an earthen dam about halt a mile eaet of the two •in spring 

or1ticee. The 6o-foot•high daa raiue tbe water surface to an altitude 

of appro..-l•tely 41 220 teet, a lnel which ie about 30 teet below the 

nrrotmeling plain, and an average of about 36 teet above the orifices ot 

Ala Springs. The dam and reservoir are owecl and operated b7 tbe s.-r 
. 

unpublished recorda subject to revision 
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.... 1 aDd 12, T. 30 s., I. 16 B., aad •o• 71 !. 30 s., R. 17 B. 

!beH ..U. ue described 1D tabl.ea 1 and 2. Plate 1B abon tbe 1ocatioD 

ot tbe vella aad spr1qefclr which data were obtained, tbe ADa SpriDea 

Re..-.otr, and the upper part ot ADa llwr. 

PbzeiosraJbio and Oeolog1o Sett1D§ 

Oeneral. fb7dopapb1c B~t 

!be structural tramawork ot tM s-r Lake BaeiD 1• that ot • 

typical dolmdropped taul t block ot tbe Baein aDd BaDe• ~pbio 

prori.Dce (PeDMMD, 1917 ). 1'he buiD 1• 2S ld.lee lone 1D a 1eMn.l. 

nortb•aoutb direction and about 13 ld.l.ee vide. A pt'OIId.DeDt taul t 

e80&rpi8Dt t~ the nat aide ot tbe basiD and its orMt 18 lmowD •• 

W!Dter RidgeJ it nee• troa tbe 4,1JD-toot altitude ot tbe ftl.lq tl.oor 

to a geaeral altitude ot about 71000 teet. Tbe ewroGm1uc upland 18 

out b,r _.,. otber faults, eo. ot vbiob diappear beneath tbe alluri.1a 

ot tbe s,_r z.ke bam. '!'he dOimdropped block baa noe1ftd a deep 

a1111fial tUl aDd the val.lq tl.oor 1e a vide, tlat plain that riMe 

elightJ.T toward tbe edges. '!'be central part ot tbe Tallq tl.oor ie 

ooovpled b.r Su.er Lake, a shall ow but perermial lake vbicb baa DO 

evtaoe outlet. The gently elOJdnl allurial pl a1n at tbe north end ot 

the lake 1e trenched by a ehup arine 1n wb!oh tbe Ana R1wr tl.owa troll 
( 

ita or1gSn in Ana Spril'Jie ~ about 3 lldl.ee to Saaaer Lake. 

UapublJ.ehed recorda subject to rnieion 



vall.,. Alluvia 

Tbe ftllq plain 0 t the s-r r.a baein 1e underlain b7 lake 

depoeit. 11hlch ooae!at ot t!Deq bedded .Ut, ola71 and t1De eand. !be 

•zt.- tld.olmea ot theee lake aDd allurial depoeite ~ be .oN than 

1,000 teet at _.. places. A. 11200-toot well at the State Wildl1te 

Rehle, 2 ldl... eouth ot Am. 8pr11Jce1 1e reported to ban been dr1l.led 

eDtiftl.r vitld.D tbeee •teriale. Ill the Y1oin1ty ot ADa 8prince the 
\ 

ftl.187' allurl.111 is about 200 t•t tld.ck1 aDd nll 101• 11111cate tbat 

it be__. J)l'Oireeeiftl7 thimer ta.ard the DOrtb aDd wet, where tt 

caD be eeeD to t•tber out apinet tbe bedJ:OOk elopee about a ld.le 

troll Ala Spriac•• About 70 teet ot theee bor1•ontal. bed8 ot .Ut, 

cla7e;r .U.t, and I&Dd;y .Ut are a:poeed 1.n the V-ehaped radDe tbl'oUSh 

vbicb the ADa River tl.on. 

Coneolidated Roolal 

Senral tbouaaad teet ot radel.7 l.qered rock coaeiet!Dg .,st ot 

lava tlowe, volcanio-eMi•ntar.r deposita, aDd a r ... intrwd.ve •• a .. 

ot i&ueou rock are exposed in the VlDter Ride• escarpment. 

Ill the eecup~eDte on the DOrtb1 •et1 and south ot tbe lake bl.ein 

' 
eeYeral hundred teet of baeal. tic lava tlove and other volcanic rocks 

eillllar to tboee in the upper part ot the Winter Ridge escars-eat are 

apoeed. Sindl ar lava rocks underlie the lake beds aDd other ftlley 

tUl cteposite 1D tbe ADa Spr!Dge nclnitJ'. The volcanic rockl were 

encounte~ beneath tbe eUty lake-bed deposita at a deptb of 380 teet 

in nll -m., 20S teet 1D -?Dl, 181. teet in -llU, 18S teet in .. m2, alii 

about 370 teet 1D •124. 

Uapub].iebed recorda subject to rerlaion 
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The wloald.c rocke an ..t1T bdaltic aDd aftdeeitlc law. tl.on. 

!ben AN ._. beds of tuff aDd eo• autobftcciated lafte. !be brecciated 

lafte are tbe .at perMable wd.ts ot tbe bedrock and are oalled •o1DdeN' 

b.r well clr111ere. !be tin vella Uated abcwe obtain lftMDd water trca 

each breccia or troll laft flows vblob an IIOduateq vell 3o1Dted enn 

thousb more aeld.ve tbaD the bnocia. 

Cbaracterietice of Ala Spriase aDd ADa ltiwr 

!he valle;r plain of S~r Lake basin 1e interrupted bT tbe 

,outbhl eteep....Ued rav!De ot tile A• Riwr. 1'b1e 1e about 70 teet 

deep aDd leade from the dmlmed upper orifice ot Ala SprirJce to tbe nortb 

ead ot SUIIIII8r Lake. for 110et of .its lerwt;b the rarine 1e leee than 6oo 

feet wide at ita top, though 1D two parte ot the reHrYOi.r 1t ~cbee 

greater V1dthe. The ra'ri.De ae onq a taint and ehallow cont1D1at1on 

nortbvard ~ the uppermost orifice ot the 8pl'ings. Southval"d tbe 

depth and width ot the rariDe decrease procreas1vely as the plain, into 

which the ra'fiDe bae been cut , descends to the level of the preHnt bed 

of SUIIIII8r Lake. 

The .-in spring or1t1oee are now Gowned 1n the rese~ir. Reports , 

on the pre-reservoir appearance ot tbe orifices agree that the water 

1ened troll 1rregularly shaped, but ~~ vertical, shatts 1n the 

lake beds. Waring (1908) recorded the water temperature ae 660, aDd 

the fact that the sprinas 1sned 11 tiJrouch the eedimente.• Be descl'ibed 

the spr!na'• oritioes u "five or liON 1n DUIIber,• thouch neidents 

~~ nter to the sprinas as having had two Jain oritioee, or 

oritioee clustered 1n two •in P'01JP• (eee table 1). 

Unpubl1ahed ncorde subject to reri.eion 



The Ana Rinr Du 

About 191S a -11 daa - oonetructed aero• a zw.l"l""W part ot 

tbe Aaa Rlwr anne bet.een tbe two -.111 oluten ot IIPdiJI•• ftda 

old dall ie NpGrted to haft raleed tbe ater to a deptb ot 20 or lO 

teet O'fV tbe or1t1oe ot the •1JIIIP8r epr1.Jw. • !be daa teU 1Dto 

d1eftpd.r and 1• reported to baw beeD larsel.7 oat ot aae b;r 1920. 

In 1920 a npcri W8 ~ (liar aDd Cumdnpe::a, 1fl0) OD tM 

t•e1b111t,. ot aD ift:tpt10D pro3eot 1D tbe S.-r LUe VaUq. It 

cleeoribee tift epr!Dge u I"UiiDilD alt.ltade troll k,198.1 to k,l?S.2 

teet. !be bue-lnel. datu. ued 1n tbat report 1e DOt JmolrD, bat it 

6 

1• a..-ed to be tbe --level dat• ...S prior to tbe 1929 aclj.wat. 

h report proposed a daa to n1H the •ter lenl to u altitude ot 

11,220.6 teet, clrowD1DI tbe 8JriDp beaeatb u anrap ot 36 teet ot ••· 

!be daa- ooDStructed 1D 1922•23, vltb the 8Jd,ll 1Dto tbe 

lrr1gat10D CaDal at an altitude ot b,220.6 teet aDd tbe pipe oatlet at 

about the or1c1JJal grade ot the ADa Rlwr. Later, mvemeDt ot tbe earth 

t1U caused tbe orlg1Dal. outJ..et pipe to be oollapeed and tberdJT 

per.ae~ blook8d. .l ne-.;-1 but higher, outlet vas constructed and DOW 

allove the re•rvolr to be lweNd to liD altitude ot about b,213.2 teet. 

At ~ present tilDe the oaq onrtlov apUl.vq is tbe canal ot the 

1rript1oD d1etr1ct. The outlet pipe pelld.te tbe reeenoir to be lwered 

ODl7 about 1 teet belw the epillwJ'. 

Ill order to lee8ell the ••IPie l.oeeee and the etn1n oo tbe c:laa, 

the reeenoir level is kept at ep111V&J' lenl onq dar1rJc the lrl1pt1oD 

-eoD-MIJ' through September. DurirJI tbe period October tbJ'ovab April 

tbe reeenoir lenl le kept at tbe 18ftl. ot tbe outlet pipe • . 
~abed ftOOrde ftbjeot to reri.BlOD 
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Plan of tbe Ianatdption 

!be geDeftl plan ot the 1Dftatipt1on wae based oa the ... QIII)Uon 

that, 1t a bJdauU.c coaneot1oD ez1ata between the gi'OUDd •ter 11blob 

teed• Ana Spriace and that vhlcb tMda DearbT artee!an vella, tbat taot 

oou1d beat be uc..tained b7 .ald.palatlml the pnei\IN head at one 

place aDd Manrt.Jlc tbe ettect ora~ ll•d at the otbel' plaoe. 

Thus, 1Dcl"eu1,. tbe tlow ot tbe ~·would nnlt in u -.neion 

ot the coDe of depreesion Pl'Odaced b,r the apri~Jce, and water l.ne1a 

would be lowered in nearbr velle. Ltkw1ee, U hydraulic coDDection 

mete 1 P'lll'1• or allowillg the vella to flow would decrea• tbe d1ecbarie 

preenre head and tbu8 the now of the 8PI'lDI•· ot tbe tMo poeeible 

•tbod• ot -..urina an 1Dduced chance, the vella Wl"e bel1end to otter 

tbe .,at read'!T .. surable po•ib111t1u. All aailable intcm.tion 

concend.al tbe vells vae collected, Uld Bourdon-t,nJe pressure gape wen 

attached to vena. Also, well 30/16-W, Wither• no. 21 vaa fitted v11b 

a etaDdpipe on which an autos.tic vater•lltage l"eCOrder vas placed (eee 

pl. 6), !he level of the water in tbe resenoir vas as8UIIed to be at 

an altitude ot 4,220 teet and a etatt pee-with sero 1 foot below 

the water surface--s plaoed on tbe neernir to IIIBaSUI'e changes 1D ita 

lenl. Leftls were run between tbe PI• etatt on the reaenoir and 

the pree11111"8 gages and -.suri.Dg pointe on the vells. MainteDance MD 

ot tbe Sw.er Lake Irrigation District aes18ted in etab1llsing the water 

lenl in tbe l"eeeno1r eneral da)'8 before the teats belan• 
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A8 a tiret atep in tbe atud71 controlled-flow teata were run on •oh 

at the welle to cSeterm1De 1t eacb affected the othera b.Jdraul1call7 1 aDd 

to obtalD _,_,..tor coeftioiente ot tbe tnullliaa1bU1tJ' aDd etonce ot 

tbe aquifer;. !beae coett1c1enta wuld peftd.t atb-tioal nalation of 

tbe theoretiaal eftecta of diecbarae fi'OII tbe tl.OIIins vella CD tbe 

preanre lenla of the •tezt 1D tbe aqdter. During tbe period ot 

operation of tbe recorder and the pneean Ne• on tbe Yarioua vella, 

a recol'diDc bal'a.ter vu operated 1D an a~t to deterld.ne the 

i rn.uence of the cbangea 1D at.oapberic preanre upon tbe arteaian 

pre881D'ea 1D the weUa. 

Suplee ot the water from the vella and epri.J!ce were obtaiDed and 

tbe te..,_.ture of the water •• -nrec~, cbscal ~ ._.. lade. 

'1'be reaulte ot tbe anaq.a are preaeated 1D table 3. 

The l.ut pbaee ot the field vork ilwolved the opentna of the outlet 

gate to the Ala Springe reeerroir and tbe obaenatt.on ot tbe water 

levele in the vella during the nbaequent 2 weeki. Dur11J8 a part ot 

tht.a period the recorder on well 30/l6-.1R2 vu operating. 

~ilhed recorda nbject to reri.aion 
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Well-lbllberl!l 'Utea 

In tMa report, vella and spr:I.Dp ue deldgaated bT a)iilbole wblob 

1Dd1cate tbe1r locatiou accord~ to tJAe otticial rectanpl,u- ••••7 

ot pabUo '•D'•• Por exa..,te, 1D tbe 8J11bo1 t• well 30~lll2, the 

pa-t written u a tractioD beton the bJpbeD 1DII1oatea 1iGim8b1p aDd 

Nftle eoutb and east of the W11la•tte baMli• aDd .r1diaD (1'. 30 s., 
R. 16 E.)J tbe DUIIIber after tbe bJpbeD 1Dd1oatea the eeot1oD (NO. l)J 

tbe letter deaotee tbe 401cre eubdi'fidoa ot tbe aectioa, aooordiDI to 

tbe tollOifiDc d1agnmJ the tiDal cJ1cit ie the eer.la1 ...._ ot the ve1l 

I D. c B A 

E r G B 

M L I J 

H p Q R 

or eprinc 1D that part.1Cl1lar 40-ecre tract. Thue, well l0/16·1R2 1e 1D 

the SEjsEt eec. 11 '1'. 30 s., R. 16 E., and it ie tbe eeOODd well 1D that 

tract to be listed. 

ID table 11 theee location Qllbole an DOt si.an 1D tall tor Mob 

well. Rather, tbe 8Jilbole are crovped b.r talmehipe UDder apprO,prlate 

nbbeade and onl.J' that part ot the &)illbol 1e tabalated vbich 1Ddioatee 

tbe •ction, laO-acre tact, aDd l8l'1al a.ber. .All vella aad eprJ.Dce 

l1eted 1D the tables are located on plate 1. 

Unpubl.iabed recorda subject to rerieion 
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CoDftDed and Uftcontmed Oropec! Water 

I'll pneral, around water ocoan 1D .. or tbe otber ot two tne• 
of Jvdraulio aituationea confiDed (artedaD), aDd UDOODftDed (•tar­

table). Confl.Ded or arteeian •ter 000\IN 1fbere aa aquifer 1• anr­

la1n bJ' a 1ees pmaeabl.e 1aJer vbiob oonftDee the water, pre•ent1Dc 1t 

troll eeoa.W. treel7 upward. Cont1Ded •ter ie under preuare sz-ter 

than the at.epbeft and rieee abon tbe 1ne1 at which 1t 18 eDCOUDt.eiW 

bJ' a well or •tural. openinc, wbenu the preuure at tbe top ot 11110GD• 

tiDed •ter (tbe water table) 111 at.epberio. 

GI"'UDd water occurs UDder both 11DCCDt1ned and oont1Ded 00Dd1 tiou 

1D the A-. SpriDcs area, but tbe coat1Ded •ter is the ~ •ter ot 

11b1ch &111' ecoDOIIL'lo ue ill aade. Tbe po881b111t7 of enoounteriac al'teeiaD 

vater 'bT dril.11ng in the nortbem part ot Sa sr Lake Vallq •• 

NCOgnised b,r War1J2c (19081 P• S6..S7)1 and .a,r fl.av1Dg wlle ban been 

clr11l.ed 1D tbat area eioce 1910. All except one ot tbe tl.ow1Dg 

irrigation veUs near .118 SpriDcs baw been drUled since 191&8. 

!be outtl.ov at Ana Springs is aa aupl.e of the d1eobarge ot 

oont1Ded water. Ma!Dser (19271 P• 77) states• 

•'l'bere are ftve wnte cloae toptber that are now at U.s 
flooded b;y water ilp)uftded b,r a dall. they 1sne trOll 
Pliocene lake beds at the nbrtb end ot the ~t fault 
ftl.lq occupied by s~ Lake. !be origin ot the 
springs has not been detild. teq deteradned, bat, as 
naested by War!.nl, tbe •ter probably oo•s troll 
pen.able law. rock aDd i• brovsht to the surface 
tbrough the qency ot the fault. A temperature ot 
660, reported by Waring ngeBte a deep origin ot 
tbe vater.n 



, 

u 

Dv1Dc tble 1Dnet1pt1on, u aeuce..tul at.._.,.,- ade to 

locate ad IIOUDd the 8p1'1lw orlt1oee. Lo111Uae ree1dente ot tbe area 

po!Dted out that Backbom SpriDaa, which r118 farther •at 1D tbe •!HWt 
... 8, '· 30 s., R. 17 B., OD the Cai'UD RaDch, are mwtler 1D 

appeanDOe to the DOW sulaerged Ala Spl'i.JIIa. !be •ten ot Backbom 

Sprinp ar118 through a c1Jrcular pipe] ike ftl"tioal ooDduit wb1cb 

tend.atu 1D aD e111pt1oal-abaped orJ.ftoe 1D tbe lake beda. Cbelllc.l 

aMl.fM8 ot the water ot both Backbom SprJ.Dca aDd Ana Spl'i.JIIa are 

g1ftn 1D table 3. 

Character of tbe Arteeiall ACJ!1 fer 

A1l tbe fiow1Dc vella ...r Ala SpriDce obtain tbe1r •ter troll 

"laft 1'0Ck8 or •ciDI!en• at deptba I'UI1Dc boa 13S teet to 380 teet 

be1011 the land surface. The atatio (~) pre•are b•d at 

tbe velle ft.Die• fl'Oil 18 feet to SO teet abcml the laDd•lnll"face datu.. 

The loge 1D table 3 1Dd1oate tbat tbe ooDfin1Dc 1aJer 1a a .Ut or ola71 

aDd 1D part poesibq a la78r of tufa, cU.rectl.7 OD top ot tbe 8 c1Ddera• 

or "broken laft rook" fro~~ which tbe veUs obta1D tbe1r water. 

Relation ot the Flaw ot the Ala 11'ftr to Preo1p1tat10D 
5 

Proll 1904 unt11 1929 tbe o~ ~ ot the d18Cbal'le ot Ala 

Springe wen a ffltf meaeure.nta ot 1D8taDtanecnla diecbarp ..S. at 

nodoa 1Dternla ot t1me. ID 1930, Pl1lll statioae were utabl.Ubed 

oD tbe cU:nrdoD caDal and on the ri'ftr a abort diataDce bel.o. tbe du. 

!be• were JaiDtaiDecl st111939, tbeD diacoDU.mJed untU tbe aa sr 

ot 19Sl. l'l'OII190k to 1929, Jah 1Dd1ri.dal .. ~UN~~Dte ot cliacharge 

wre ade. The w.luea tor the total t1ov rupd fro. a h1lb of about 

1qnlbl1abecl recorda subject to 1"8ridOD 
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16S oublo teet per eeooD! to a 10if of 7S ota (aee pl.. 3). Cowu~snc 

1ll 1930 tbe aftNP da1l.T d1aobarp •• OOIIIIJQ'ted tor nf~r¥ •atb ot 

the perioda ot ncord. TheM ft111U nap troll a da1l.T aftl'al• ot 

120 ota ~ the 110ntb ot lonaber 1930 to laO ota duriDg 1M .aDtb 

ot Ma7 1939. !beae data are preaeDtecllft.pblcallT on plate 3. !be t1o11 

ot the A:1a River 1ll a01'8•teet aa OOIIIIJQ1;ed tw the period ot •ter ,.are 

1931 to 19lal, ud 19S2 to 19SJ., and 1a ahowD p-apb1oall.T OD plate 2, ill 

o~riaon with the pi'8Cipitat1on at Pa1al.e,r and PreiiiODt (napeoti~ 

23 .Uea aoutbveat aDd 30 llilea DOrtbweat ot A• Spr1Ds• ). 

!'be weather recorda ahow that pnoipitatioD at Pa181q baa ftDied 

troa u Uttle aa about b inches tor the water J8&l" 1924 to aa IIUOb u 

about 1b iDcbea tor the •ter JUr 19!)2, tbe aveace tor tbe 2S water 

,.are 1921 through 1910 beiac 8.80 11lchea per ,.ar. At lremDt the 2S­

.,.r bae-pJI'J.,d avenge ia 9.kS illcbea per •ter ,_r, vitb extreMa 

ot about b.S illohea 1111929 and about 19 illohea 1D 1927. The lftPh 

(pl. 2) abOid.Dg the accwmlated deriatioD troa the .wrap ia a cum 

plotted eo that the accumulated exceBMa and detioienciee of precip• 

itat1on are eb01111 as risins or falliac 111lea. Time, the period from 

1916 tbroagh 1920 waa one of geaeral.q belOII .. \'er&ge precipitation at 

PNIIIOilt, •• vaa also the period troll 1930 to 193.$. In general, the 

period trom 1930 to 1939 waa det1c1eDt in precipitation at both Pa1sle.r 

and ll'emont, and bT inference tbe acefttion to around water vas deftcleDt 

duriDg tb1a period. During tbe JUI"S 1931 tbrcqh 1939 the .tl011 of ADa 

Spr!Dga ds•Uned• In 1936 and 11l19b0 aDd 19Jal the discharp ab011ed 

a el1ght increase. Proa \'isual OOIIJ)I.rieon ot tbe gr&pha Oil plate 2, 

lJDpubl.iabed recorda eubjeot to Nridon 
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it appears tbat tbe tlov ot Ala Sprince puaUel.e the trends 1Dd:lcated 

bJ tbe aoca.l.ated-dniation cum at 1eaat tt¥r tbe J8U'8 1931 t.brouP 

1936. 

fte period from 1936 tbrouab 19SS bae beeD a per1ocl ot D8t p1D tr 
&C01all.ated precipi tatloD. Balreftr, tbe amual dlacbarJe ot t.be ADa 

Riwr baa aot 1Dcreaeed proportlonatell'. !o tbe eDd ot 19Sb there baa 

beeD OD1T a eUgbt illcrease 1D diecbup tor tbe water ,..r. At pnMDt, 

data are DOt autt1o1ent to 1Ddiaate the Nlation betweea tbe precipitation 

aDd tbe d1ecbup of Ana Sprinca. 

A factor tbat would affect the tlow ot tbe spriDce ie the Jl&!elai 

of the water beb:lnd tbe dall &D averap ot ae IIUOh u 36 t•t onr the 

spr1Dc orltioea. This iDcreasee tbe bead aplnet vld.ob the spriDce 

ESt now, thereby decreaeiD& tbe rate ot diecbarJe. lfot onl.7 1e a 

leeeer preeeure d1ttel"8Dt1al present wbeN tbe •ter diecbarJea at tbe 

tl.ooded or1t1oee ot tbe spr!JJga, but the decreased veloc1t7 ot tl.ow 

through th• epr1ng oritioee 1e lese eftioient 1D keepiDc tbe ftnte opeD. 

These taotore, coupled vitb the ,..arly raie1nc and l.Gwer1DI of tbe 

reeenolr, turther •* the relat10DIIbip betw•n the aanual dleohup ot 

tbe apr!Dge and the amount of precipitation OD the reobarp area vld.cb 

teeds the pound •ter. 

The diecbarge ot the spr!JJge 1e ... 1 ler dur!.ng the 1rr.lptloD eee.IOD 

when tbe water level 1D the reeenolr ie ra1eed. The record 1a DOt 

adequate to pend.t deteradlw.tlon of tbe aaot natural relation between 

precipitation aDd annual tl.Cif prior to the ooutruct1oa ot tbe du, or 

to pel"ldt deterad.Jatlon of tbe aaot effect ot the dam on tbat relat1oneb1p. 

llowver, it 1e oerta1D that 1Doreu11Jc .the b...S apinat wbich the eprilwe 

~ed recorda eubjeot to Nrieioll 



• 10 ta :o as 
e&PTIUIBIUt 

5 10 '" 20 25 
OCT08E.R 

II 10 15 20 211 
NOV£MBi;R 

:. 10 t ~ &U "~ 
D£C£MIILR " 10 '" .zo 215 

JANUARY 
li 10 15 · 20 25 I> 10 15 20 .ZII 

FIUIRUARY MARCH 
:t 10 t& 20 %8 

APRIL 

PLATE 4 

II 1,) Ill 20 .Zii 
MAY 



..t diecharp decreaeoe the tl.Gif troa the 8pr1Jrse the•el.Yea. Haw 

-- w. deaNue ill head ... OODtdbated to the lq-ten dec11ne in 

UDal diechule fi'Oil the ....U.• (pl. l) oaanot be tulq .-lated 

at tide u.. 

AQUirEa TBS!S 

PJiocedare 

r.n.le were run to ftlate tbe el.natioD ot •ter letela 1D each ot 

tbe vella to the •ter aurtace ot the reeenoir. Pnenre ppa wre 

1Detalled at each well and an aut.o.t1c •ter·etace 1"8001"der-

1Detall.ed on a standpipe erected oa well J0/16-1R21 Withen no. 2. 

In pertcmd.ng the aquiter teat, one veU at a tt. vu all 011ed to 

flow. !be t1ov •• held at a coutant ate and - ... sued bT -.ne 

ot an arit1ce •ter. frequent obeeftatione were •de ot the pne8111'8 

t.ad at the na1n1ag wll.e. 

Duli.DI the teete a reccml1ac bal'o.ter •• ainta1Ded at 811.-.r 

LKe (poet office). !be air praeaN reoorded there coald not be 

oorrelated with apparent barolatric ettecte obeernd 1D the ..u.. 
Couequent3.T1 the baroaetric ettecte could not be reiiiDftd from the 

•ter-l.enl. ncorde obeernd in tbe vella. 

!be ooetticient of tranaledb111t71 t, 1e detiDed ae the mJIIIber 

ot pll.OD8 per da71 ot •ter at tbe pretaJlSnc temperature, that v.Ul. 

paee thNagh a strip ot aquifer 1 toot vide extaldinl the NLl depth 

ot the aqaiter UDder a IJ7dra1111c gadient of 100 percent. '!be 

coetfto1eat ot storage, s, of an -aulfer 1e tbe wlume ot •ter that 

ie rel•eed troll or taken into etoace per Uld.t eurtace area of the 

aquU• per md.t change 1n the COIIP)DIIlt ot head nor.l. to that nrtace. 

~illbed recorda eubjeot to reri.e1on 



Accordirw to the nonequ:lllbr11111 formula of Theis (193S) 

Tz }14.6 9 W(u) and s . 
u • 1.87r2 s ,, 

It I - poeeible to determ:lDa T ani S gftpb!oal.ll'. In the abcJYe tONUlas 

T, s, and u have been prerloual7 def1Ded 

r : the distance, in teet, f'roa the flowing vell 
to the o~tion vell 

Q a the diacharge, 1D gallons per minute 

s : the drawdown ot the water pressure surface, in teet 

t • the time, in day'a, since tlow began 

W (u) "'f• -u du 
1&. u 

After the aquiter testa were completed on the wells, the outlet gate ot 

the preriousl:r atab111zed Ana Sprincs Reservoir was opened and the water 

surface in the 1"8881'\'0lr •s all owed to decline wttU it again became 

etabWsed. 

llrdraulic Data Obtained 

nates 4, s' 6, and 7 present graphically- the hydraulic data 

obtained from the investigation. Plate 4 shows the claU;y discharge of 

the Ana River for the period October 11 19SS to May 1, 1956. Plates S 

and 6 show the altitude of the piezometric surface at the wells during 

tbe period ot the tests 1 as taken from the pressure gages and the 

automatic water-stage recorder. The Bourdon-type pressure gages were 

not eutficientl;r sensitive to show accuratelY' the changes in pressure 

ot lees than 1 toot ot water (equal to about 0.433 pound per square inch). 

'1'he vater-etqe recordel' was sensitive to changes in water level of 

tq,ubliahecS records subject to revision 
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0.01 toot, equal to a •ter-preeeure change of about o.OObl pound per 

equare inch. For that JW.eon, ftluea torT and S vere calculated by 

u1nc the water lnela u recorded b.r tbe aut.ct.tio wter-stage reoordei­

OD well 30/16-112. Plate 6 above the elnatioD ot tbe plno.trio 

hrfaoe at n1l 30/16-lR2, and tbe ataoepberio pressure .....-ed in 

fHt ot water. Also ehown on 'Uli• plate are the period• duriJtc which 
• 

vella were 1'1'1111.1181 the amount ot di•oba.:·-'e ot these veU•1 and their 

distance troll the recorder. Platea 8 and 9 are the graphical aoluticma 

ot the nonequiUbriUII equation. !he &Yerap ftlaa obtaizwd tor the 

tranaad.uibil.it7 vu 1.9S x 106 gpd/tt and tor the coettioieDt ot 

storage ... 2.9 x lo-4. 

Plate 7 presents graphs abowi.Jlc the altitude ot the piesomatric 

nrtace at well 30/16-W, the altitude ot the water surface ot .ADa 

Springe Re..rYoir, and the ataDapberic preeeure in teet ot wter durJ.tw 

tbe U. tbat Ana Springe Ree8l"'t'Oir vas allowed to drain to a lower lnel. 

The dniDing began on October 16 when the gates ot the reservoir 

were opened. Aa the discharge ot the aprings ie directly related to 

the height ot water in the reservoir, the discharge ot the springs 

1Dcreued gra~ aa the surface of the reservoir lowered. Before 

the reeervoir was atabUised at the new, lower level, the discharge ot 

the Ala River, aa shown in plate 4, vas not related to the discharge ot 

ADa Springe. The reservoir 18'1811 and ~ arge of the rinr, did not 

etabUile until about October 30. Because tbe discharge ftried 

oontinuoul.7 thi"OUihout the period of the ten, the data could not be 

aaal.yzed b.r ••na ot the Theis nonequi].ibriua formula. 

Unpubl.i•hed recorda subject to reri.eion 
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On Aprll 8, 19S6, an attempt vu •de to cloee the outlet gate and 

niH the •ter surface in the reeerYOlr in order to obaern tbe 

reconr:r in well 30/16-1R2. !be pte stuck when onq partq cloeed and 

recove17 could not be obtained, bit tbe closure apparentJ.T was suttic1eat 

to caue the decline 1n disoharae from tbe re•rYOir show for April 

8-10 on plate 4. 

Plates 10 and U give curves obtainoJ by eolution of the non­

equilibriwa formula. Plate 11 shove the theoretical decreaH in the 

preuure head at Ana Sprillgs orifice caused by a well tlowina at 11000 

p. The drawdowns were calculated euccessiveq tor dietancee (from 

well to epriag) up to 101000 feet troll the springs and for lengtbs of 

time up to 100 days. Thus, it 1e poesible to e.U.te lftpbioalq 

the effect of a well located at a particular distance troll the epr1ng 

and tlori.ng tor aJV given lqtb ot tt.. The drawdow tor a well, at 

a given distance fl'oaa tbe spr!Jwa, tl.Oifinl 21 000 gpm would be twice as 

JI'Qch aa tJat shown on the grapba, and converaely1 one flowing .500 gpm 

would produce onq halt as IIUCb dnvdolm as that shown an plate 11. 

CoJ!!Uttd Etfect ot the Wells on the D1eoharse from the Sprinss 

Bacaue the reservoir at ep1l.l.V&7 level raises the •ter level above 

the orifices of the eprlngs an nerage of 36 teet, the preseure head 

produc1ng discharge from the 8J'I'inb• must exceed the water level in 

the :resenoir by an amount lht feet. It the discharge il all true 

laminar tlow 1 the discharge 1a d1nctl7 proportional to tbe head 

producing dieoharae. JCnow1nc the change in discharge produced b.r a 

knolm charwe in head, it ehculd be poesibleiit- appl"Oldate h. On plate 7 

Unpub11sh9d N'!ords subject to revisioD 
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tbe total cbange 1n wter 18ftl. ot the neervo1r 1n the period October 

16, 19SS to AprU a, 1956, ie 1bo1m aa 6.a t•t· !ben~ • £~· and 1t 

Qt • 86 ofa, and Q2 : 91 cte, ht :the bead produo1Dc ~e before 

tm reeervoir pte ie opeDed. 

86 • ht h 1 • S4 tt ,.. 1ii + 6.8 

4,220 + S4 • 4,274 tt, tbe COJn9ated eta tic pre...-. ot the 

ground water whicb ieauee f'l'Om Ala Spr:lnge. 

The effect on the pressure bead at the spring oritiou, 1t wll.e 

30/16-lRl, -m2, 30/l7·7Dl1 em -m. were allowed to t1aw ebul~, 

vu approxl•ted mtbenati~ 'b7 eol'ring the nonequil.1br11DI equation 

tor the dravdolm 1n each or tbe vella. Such a solution ia abown 

graphically on plate 10. Thia eet ot ourvea ebows the aolution ot the 

nonequ11.1bria eQlation tor •oh ot the vella f'low1ng at a t1Dd rate 

tor a 1enctb ot time up to and 1ncludi.Dg 100 dqa. At the end ot the 

100-da7 period the 1!1' 1 ot the drawdowne on the preeeure nrtaoe at 

the or!licee ot Ana Springs ebould be awroxi•teq 2. 7 t..t. 

If at the end ot 100 da7B' pulll)ins the vella 30/l6·1Bl, ·1R21 

30/l7·7Dl and -7Fl are diacharginc a total ot 4,6oo gp11 (about 10.2 eta), 

the discharge head at the spnz. orifice• wal.d thaoret1cal17 be lowered 

about 2. 7 teet. It it ia suppoeecl that the springe were tlowirw about 

90 eta at the start ot thia hypothetical a1t•t1on and the diaoharp 1a 

proportional to the bead producing diecbarge, thana 

h2 •. s4- 2.1 • 51.3 

.· . Q2 •• (90). as.~ eta 

'l'be oballce 1n dieoharae (Qt ... Q2) • 4.4 e;ta, or about S percent. 

~ed recorda aubjeot to rni.aion 
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It ie apparent tb&t turbulent tlow ie preeent 1D the conduit tubes 

ot the sprlace. lloVIIrer, calculations based on the ~ullo ooelficieDte 

deteradDed 1n tbie NPOrt 1Ddioate that IIUCb ot the dnvdolm at the 

sprlace 1e due to lou ot head UDder oondlt1oD8 ot la'llNr fl011 1D tbe 

~fer. The loee of h.S due to turbulent tl011 in tbe epr1Dc cODduite 

ie bel.lft'ed t;) be equlftlent to onq a fe;r teet. 

QUALM or OR01JII) ltATER 

Cbemlcal ~see are given in tablE: 3 tor vater troll tift ot tbe 

six vella lilted in table 1 •• deririDg nter from laft rooks. two 

&m.l.J'aee for water troll Ana Sprinp also U"8 given. !be~· ven 

ade on samples taken troll the d1aclarglng atreaa ot eaob vell.. the 

19SS aal!lp].e tor Ana Spring was balled trem a boat located as r.ar aa 

possible over the lllain orifices. '1'be temperature of' 6o0, tor the Ana 

Sprlnc water IIBJ' 1Ddicate the l&q)l.e had UDdergoae some cool iyW in the 

reeenolr abcml the actual or1f'lce. 

The cbellical e1mllarlt7 between the diaeolnd solids in tbe water 

.ot Ana Spring &Del thole ill tbe vater of tbe vella 30/16·1Rl1 •l2Al, 

•12J11 30/17·7Dl and -m can be seen read1l7. An analya:la of the 

epring water ia compared with averaged rellnilte of anaqsla of the water 

c- • tbe five wells a 

~iabed l'8COrd8 subject to re'f'idon 



(All reeulta, except epeclfto conduotance 
aDd pH, 1n parte per atllion) 

swoa (S102) 
Caloi• (ca} 
~-(!·) 
8od1• (Ka) 
Potual• (I) 
Blcubonate (HCO)) 
Cblor1de (Cl) 
RudDeee 
Spec1t1c conductance 
pH 

36 
la.b 
3.S 

36• 
3.6 

106 
s 

2S 
19k 

8.3 

"' Source 

39 
3.8 
1.6 

76 s.a 
17b 
18 
16 

337 
8,4 

'Dle cblet dittereDCe betwMD tbe •ten U3e 1D ·i;be greater 80diUJa1 

bicarbcnate, and cbloride conteDt of the ¥uU vaten. 

20 

Tbe tuprature ot water troa tour ot tbe welle ie 6/J0 or 6.,0, 

and that ot a tlttb 18 recorded ae (;IJO,.!' ::heee colllp&1'8 tawnbl7 with 

tbe 66'; recorded b,y Waring (1908) tor the tellperature of tbe water ot 

.ADa SpriDce prior to the illpouDdlaeJlt OYer tbe orifices. the &ftNge1 or 

aora11 valuee accepted b,r geologiete and geopb.Ja1c18ta tor the increaee 

ot eartb temperature with depth below the land eurtace lie between 1° 

and 20, per hundred teet ot deptb below the tlret one hundred teet. 

the average annual temperature recorded at heiiiDnt for the yeare 1921-32 

vae 42.20,, Thua, the Mx:lma eartb temperature at a depth ot 200 to 

300 fMt Jdcht be apected nor.lq to be 44° to 470,. Well water 

temperature of 66° to 670, indioatee that the temperature ot the rocke 

1D tbe ana ie coaaiderabq above nor.l or the water hae c1rc1Jlated to 

p-eater deptb to acquire ita Jd.gber te~~perature. 

lrq)ubliehed re~~rcts subject to reri.eion 
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eota.1BIOIS 

Evidence bearing on one questiOD :1n particular •• del! red trom th11 

1Dnatip.t1ona Ia the tl.ow ot A .. Spl'iDga decreased bT the tl~-"inl 

arteaiaD vella 1n question, and, 1t eo, by bov IIUCbf 

1'tle srapha on plate• Sand 6 ehov that when well 30/17-101 11 

allowed to tlow, tile watel'-preeeure l.nele decline 1n vella -m, 
30/16-lRl, aDd -w, and that tl011 fl'OII t.Yell 30/1.6-lRl abdlarl7 reducea 

the vater-pree~ure level of vell -1R2, wbUe tlov tl'olll well 30/l6•12Al 

llhowed no effects on the vater-preeeure lnela of the otber wella. 

Water-preaeure levels in vella 30/16-lrl. and ·12Jl appear to be 

atteoted only slightly, if at all, by the flow of a1J7 other ot the tested 

wells. Plate 7 shows that loveriDc tbe :reservoir aDd thereby 1Doreaeing 

the diacbarge of the springe, lowered tbe water-pre88111'8 eurtaoe in ve1l 

30/16-112, and, as the aquifer and 1nte..-ference teets showed that 

30/16·1R2 vaa affected by the 11011 of ·lRl, 30/l7·7Dl and •7Pl1 it oan 

be !Jlterred that increasing tbe diecharge ot ADa Sprqe will ltwer 

the head of water oauaina diecbarge at all four ot these vella. 

Plate 4 shows the change in tJ.ow or the springe ae calculated from 

the continuous water-stage recorder on tbe Ana River. Aa shown on 

plate 4, the river received an abmn&l.l.7 high flow tor the first ten 

dqe after the reservoir gates were opened, followed by a stabilizing 

period to December S 1 an increased tlow dur1llc the baroaaetr1c low period 

ot atoru thereafter to January 2, and a long equalising period to April 8. 

!'be amount by which the lc:JO-dq flow ot b,6oo am from wells 

30/16-lRl, -m2, 30/17-?Dl, aDd -m would decrease the average .tlow 

troa Ana Springe (u8UIIed to be 90 eta) •• calculated •• being about 

S percent, or 4.4 eta. 
tJnpub11abed re\:orda eubjeot to Nriaion 
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. I 

· I 0 -

I 
l 

l 
. i 
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!'be COIIIpiled records ot tbe PI1D8 atatio. oa the Ala Rl't'V and 

the irription canal give meaaure~~ente rated ae •aood" b;r the u. s. 
Geological Sm 'fiT• This .ana that tile -.nrea.nt ot now at tbe 

etat1on ie cCDeidered to be accurate to pl.ua or ld.nua 10 percent. Tbe 

calculated reduction 1n tlow oauaed b,y the well interterenoe would be 

..U.er than tbe 11mite ot accuncy ot the .. nre.nte. lD u onl 

OOIIIIIUDioation, Mr. Albert Moore, Aea18tan--.- Dletrict Engineer ot tbe 

Sarfaoe Water Branch ot the Oeoloelcal Survq in Portland, stated that 

a oond.etent decrease ot 2 percent lllgbt poeeibl7 be picked up b7 

atatiet:l.cal OOIIIP8ri&on over a long-ten eerlee ot meaeure.nte •ob 

•de v1 th equal care and precision and a decrease ot 4 percaDt ebould 

be discernible 1n a series ot S or 6 -nre•nte ot ebd.lar qualit,.. 

The b:fdraulic constants derived tor tbe aquifer indicate that a well 

4,000 teet from the Ana Sprlnce and dieobargiD& at the rate ot 1,000 IPD 

should haYe a theoretical dravdown etteot on the diecbarse head of the 

springe orifice ot 0.28 toot at tbe end ot 1 dq and ot o.S4 toot at 

the end ot 100 ctqe. Other projectiona of tbeee caloulationa are 

ginn on- plate u .-
The cheaical character ancJ·.tbe teJI)eratu:re ot the water troa AM 

Springe are 'Yflr7 eindlar to those ot vella 30/16-lRl, ~l2Al, ~12Jl, 

30/17·7Dl, and -m. The aa1.n ditterenoe ie in a greater content ot 

eodiua, bicarbonate, and chloride in the well waters. 

tmpubUibed recorda subject to NV181an 
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!able 2,• I.os• ot Vella iD the Viclnitz of ·A• Spr!Me 

30/1.6-llll. Witbere DO, 1, Dr1lled b7 hank talliaM abnt 19Sl 

ClaT t II'I.T • • ' • • • • ' • • • • • • • • • 
tlal~~ • • • • • • • • • • • • • • • • • 
Clq, black •••••• • •••••••••• 
Sand, black , • • • , , • • • • • • • • • • • 
Cindere, red and black , , • , , , • .! , , , 

'fb!Ciblee &Pili 
(teet) (feet) 

~ hO 
90 lJO 
1.0 170 
10 18o 
22 209 

30/1.6-112. Withere no, 2. DrUled b.r Prank WUl1alle about 1953 

ClaT, sra;v • • • • • • • • • • • • • • • • • 30 
Cl.q' black • • • • • • • • • • • • • • • • • S2 
Unreported • • • • • • • • • • • () • • • • • 30 
llock1 broken, aDd eaDd • • • • • • • • • • • 26 
Rock, red , • • • • • • • • • • • • • • • • • 47 
Rock, bard, black • I , • . ' ' • • • • ' • • 37 

l0/17-m.. Mr. wuuama, Sr. DrUled b;r OWDer about 1939 

silt, unconeo113&\ed • • • • • • • • • • • • • 
Cbal.k7, vhi te 1 porcelainoua tuta ('I) • • • , , 
Lan rock, epoD17'1 puad.ceoua, red, 

water-bearing • • • • • , • • • • • • • • • 

m 
70 

6o 

30 
82 

112 
138 
18S 
222 

315 
38S 

1t4S 

Unpubllahed recorda subject to rerl.eion 
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;~' e l 1 r,u,., b':'r 
Oat~ o i cc"'! ~ -:?c tir.o "" 

Calcl '-"11> (Ca ) 

Socit vm (Ma ) 

C~1 c d:k (C1) 

Harcines3 as C~CO) 
Plon.;:" a rbona1~ h ;:.r'):"'' ~ s s 

Perct>n t ~ od iu .... 
Sp~cl f\c co"")~ ·Jc~ .. "l· ·c- 6 

- - ------- - --- ------- - ------- -

7<l h7 ~ . . ;_~~--~ r_:1l__!_!.nlyscs o f W~~r· f!" C'""-~~ a"~ _:r~n.'! .. L.!!...~ ~E- A!'1J2£2EE:; ~r.o:-~ cf_ .th~ ~2L._ta}l;e 9e~ tn 
{}: ~ ::~ ly ·u; ~ P,y r . .:-"1 o·lca1 --:.u ~eiJ 

("pr: f:: :- t~' 0f f 1:•u,-.~ .. ~ . nert.:.; pe r 1':'!1li~ " ; lo ... er r.Jw . coui,•a1.c ntc; pet· rr.ii.l i. .... ·l ) 

1:J/ H>-V 1 
i0/16 ' 5S 

)0 "1 c!.--1 R1 

l0/1 ~/~ 5 
10/1 &-12A1 
10/1,/55 

•30 '1~17.11 
10/16/55 

30 '17-701 
10/13/55 

10/1'7-?M 
10/1.5/55 

1011 ?-6n'"' 

12 
iJ.59'l-

__ l .. 't 
0 .115 

J...2__ 
0.15"3 

.12__ . • 
0.63 J 

_ 4_!.._ _ _ 

l .V.1 

_]._d._ 
0 .019 

c 
71 

67 

~6-
0.279 

~-
0.115 

~- -2.5:1J 

_-t_..a_ 
0 ,1,, 

111;>0 

1.9(,7 

_Qd_ 
0,00) 

20 
0 

8) 

42 

~ 
_.l..2.... 
0.156 

82 nr.=r 
JJ_ 
0.'33 

~QI. 
J;o1c 

.1it,_.-
O.Bn 

0 .0 
('i,ooo-

16 
0 

87 

66 

JC) 

.J.!L.. 
0.180 

. :_c_ J__ 
0.058 

.!J..8 
4.~ 

.....}~- . 
.0.11, • . 

·~ §35- . 

19 
o:s;6 

_Q.J:.. 
0 .00.3 

1:' 
0 

9;: 

1~3/4€ 1~/1'7/ 55 

6., 66 {:;) 

35 )Q, 3? Jo 

).2_ _u!_ _hL ....!uL 
o.fM 0 .140 0.259 0.220 

_1.L 2.6 J,_l_ __l,_L 
0.099 0.214- 0.~5 0 . 291! 

n (a!! &- ?.i-66-3.oss- 2:958 

___!!__,]_ _h8_ _2,.3_ __h§_ 
- 0,120 0.12) 0,082 0.09~ 

16C· ew-__ !QB_ ~06 
2 . l;2z- 2,7CI. 1 _.,y-,--

11 l:i 
0 .310 - O.J3a-

..l) _ _2_ 
0,11,1 

__Q_.l,_ _Q.)._ --~-_1 __ _Q,l_ 
0.002 0,00:? 0.002 n.ooJ 

1 3 1S :t6 2 S 
0 :J 0 0 

89 . 86 74 72 

_!__~ I I I 

)(1/1"-SIJl_. 
10/17/55 

)? 

_l.,J._ 
o.H>l 

_i.,2 
0 .151> 

..!.) ____ _ 

1 .870 

_)_.._&_, 
0 .092 

al15 
1 .985"--

b 
S:f6<l 

_Q..?_ 
o.:nJ 

16 
0 

2;{ 

(miC' 1'0>-:r. ':' .r; : ~ 25=> C.' J!.O Xl7 - 384 433 <94 299 213 )94 206 
~H__________ 9,2. ----~ 

a Con~.,in ~ l h~ eouivalent. or 3 pp:r. CO~. 
b ~c~ta \ ne t h• e~ ui va1~nt of 2 rr~ COJ. 
c Contal.ns the eq,•iv«ler.t of i, pprr, C01. 
• Spring: s":np1e 12/ J/L.B cont~ined 6 ,'7 ppc:. sulfate . 

~• llud:horn Spri r.g. 1ocatAd 1. 5 mile~ southe8-'t of Ana 

8;~ 
;·· 

Sp,.lnqs, 

8-.f -----~ i 6 8~----~,1_ _ ______ _!.._4 _______ _ 
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