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CONVDStON FACTOlS 

Ho.t n .... u. u·, liv.n In thh report 1ft Inch-pound Ufti t 5. For tho .. 

tUlU ..... d in thh report .re lin.d belovo Multlply the 1ftth-poUftd unit by 

the r.ttnr tn obtain tIM _trit .quiv.lent. 

Inth-poUftd 

~ Abb r.vht ion H.trit unIt 

(~ltiply) (by) (to ob t dn) 

Aer. 0.4041 Sq .... t.: h"~~_ter 

Acre-foot ac:r ... ft 0.0012)) Cubit h.ttOMtu 

Acre-loot ,n ac: r ... ftlai 2 H6.1 Cubit _tar per 

-.quare aUe .quan kUOIMter 

Cubi t foo t ,n ft l /. 0.02832 Cubit .. tar per 

• econd .eeond 

' 00' " 0.3048 H.t.r 

'00' par all. ft / al 0 . 1894 " . nr per kUOIMter 

Callon per ainuta "llain 0.06109 Liur per •• eond 

Inch 1n. 25.40 HUU_Ut· 

2.540 Centi_ t .r 

"i~e '" 1.609 ltil_tar 

Square '00 ' ,,2 0.0920 Sq .... re IMt.r 

Squu. ail. .,2 2.590 Square kUoaeur 

Ton (.hort, 0.'KI12 Kea.lr_ ( .. eric '00) 

2,000 pound.) 

II 

Ch~cal ccrae.ntt.ttOA .1>11 v.ter u_p. r. tun .n livOlD 10 .. trtc uniu. 

Chaa1ca1 eooc.ntruton 11 liv.n 10 1L1ll1ar ... per liter ( .. / L) or .1.:r olr ... 

par litu (\lI/L). KilU,r ... par litu b • \lAtt .xpnnial the conentntion 

of eh.teal coo.tlt .... nu to .01utlon .. vdlht (aUlilr ... ) ot 1IG1ut. par unit 

vola. (lIter) of v.ur. Oa. thou.and ll1erolr ... par litar h equiv.lent to 

on. aUUlr_ pu Utero For eoncantrlltiona le .. thall 1 , 000 -aI L, tb. nUlU.ric:el 

velu, b .bout the ._ •• lor eOD<:n t r.ttoll. 111 ... r te p. r .1111011. 

V.ur u~'ntun h Ilv.1I In dlar ... C.blul ( OC), With all be eonv.rud 

to d.ln,. 'Ihrenhdt (of) by the follovinl .q .... tion: °F-1.8(OC)+12. 

ILIdl0.ctiv. cOllc.llttltioo h livn 10 p1coeurt .. p.r Uter, vhich h " 

\lAi c qualldty of By tldio.ct1v ... tul.1 in whith 1.1 :It 10- 2 dh1nteantlon. 

occur par .. eond (plcocur1,) par un1t voh., (liter) of vater. 

NATIOKAL GEODETIC VERTICAL DATIJ}! OF 1929 

NUional C.od.tie Vartical D.t .... of 1929 h uud 1D tnh report. It h • 

.1t<>da~le daul. darivltd 11_ •• ltu.r.l .dJ ..... c.omc g! ch. lh.c-urd .. r l eyel neC' 

ot both the United SUt ... nd C.nad., fOrlndy c.alle4 "Xlan Sa t ...,al". 

12 



KTDIOLOC'I' 0 ' tHE maoN SAlIDSttlNt AQUIPEl AHD D'fECTS 

0' 'IOP05!1l SUU'ACl-co.u. KlMlHC Of CAStt.! VALLET. U'tAH 

Coal in the 'etrOll. 5.n"ton. K.-bet of the ~co. Shah o f Cru.cllOu •• ,. 

laN tr.,Utioa.ally b •• n ained by IIl1det,roulld ucluliqll" iD the buy Coal Fldd 

in the _th.ro .1Id of 'uth Vul..,. iD ... t - c.ntral tl t llh. Howev. r , 'pproll­

tauely 99 al1110n to .... n recO'letu1e by ,"r tec. aloin,. CrOIlQd w. cer 1ft the 

FerroQ U ch •• ole .wr ee of • .,ppl y for the town of Emery, but the equifer b 

.... ftti .. U y IIQupp.d outdd. the Ea.ry ...... 

Th. 'erroQ Sud.toot ", .. b.r c rop. Out elona the ... c. rn .d,. o f C .. tle 

Valley .nd ,.n.nUy dip. 2" to 10· to the IIO r chveet benuth the . urfet •• 

S.QdltoQ., 11'1 the I'.rroo .r •• nelo •• d b.tv •• n r.htlv.ly iIIp.Be.b1e .hd" 1n 

t he tUDWlIr. and Blu. CUt K .. b.n of tile Kanco, Shale. Alon, the OUtCrop. the 

I'uroQ 'UQ," 1ft thiclr.a .. , fro. ,bout 80 fu t in the QOrth.rn p ... t of Ceetle 

V.llly to 850 feer in the ,ouch ... o p.rt. The Fetron d,o 'hl .... lly th1clr.ena 11'1 

the .ub.urfet. downd1p fro. the outcrop . h'cord. fr ... wd le .nd n.t hol .. 

ind icau tton the fllll thlclr.au, of the FUton U .. c.,recltd With wec ... 1n .. ec 

.t ... dovndtp fro. the outcrop ...... 

T .. " 1ft the bery .n. lndic.an that t r _udvlty of the I' ... roQ .. nduon • 

• quifer nn, •• fro. .bout 20C t o 100 flit .q .... nd p ... d.y vh .... the ' ... roQ 1. 

fllll y IItuntltd. A'I.,ifer tnlll81"ivlty it , r .. t ... c n ... r the ' .... dil. Velhy­

Jo •• V.ll.,. feuh .ylt .. vh.n p'no .. bil1r;y hu blln incr .... d by t ... c (.,r 1n,. 

Ston,. co.fUet'Qt ren, .. f r o. .bout 10-6 to 10-3 where the Ferron .. lid. ton • 

• quifet 1, confiDed .nd prob.bly .Vet .... 5 :It 10-2 vh.n it h ur.eoQlhed . 

13 

Th. 1.&r, .. t _rc. of "'eher,. to the '.rTOQ .endUOH .qu1fet 1ft the 

EM..,. .na 11 .ublUrfec. btl_ fro. the V ... cch Plen.u to the veer (nout 

2. 4 cubic t •• t per ,.cond durin, 1919). _It of vbich ~ .. hterelly throu,h 

the .or. pe ..... ble &011.. eloq the I'aradU. V.U.y-Joa. V .. ll..,. flUlt ,y.t ... 

Little w.nr iI r.cur,.d to che equifer by tboa 8 tach .. of n.o..-l enQual 

p ... etpiutlon 01'1 the outcrop It.... ltecuru d1lf;har,. ftoll the "Iuifer 11 

.. W y h.\r..q. t o .lluvt~ elon, un ... 1D tb. outCtop er .. and I •• lu,. to 

the .nc:lodDJ .hal" 1ft the TWlWlIr. UId Ill ... c.n Kc.b.n. Dbchar,e trws 

v.ll. thac c., the ferron In C .. tl. V.lley .v.r .. ed .bout 0.3 .,ubtc foot p.r 

lI~oad dllrt", 1919. Dhchar,. f r o. the ullder, round be..,. Kin •• vet .. ,d ebout 

0.1 c ubic (oot per .. tond durtn, 1919 .1Id .... the br, .. t ...:uIed. ditcher,. 

f t Oll the equi ter. 

Th. hrl.et '1u,ntiti .. o f vu.r ..... v.U,bh !rOIl [b. F.rron .. Qd.ton. 

''1uUer .. ithin .bout 2 aU .. of the ' erad i .. V.ll.y- Jo .. 'dlly (.ult ,y.t .. 

tn the ta.ty .re.. l1uet ... ll, III 1M, er ... II.tu r all,. Uov . t lh. l end .ud.~. 

u recll I ... than 100 ,elIOD' per ainut. , but yield' f;ould be iD-

cr .. ,eeI by p...,t",. w.n, that fully pl1letn te t he aquifer in (hi, .n. 

could b •• .,.cted to ,roduce 100 to sao ,ell o ... per ainure U puaped. In the 

DOr t h.ro rvo-thtrd, of ca.tl. V.U.y the ' e rron would probbly not ,hid son 

than 10 ,aUo ... per ainun t o lDd1Yld .... 1 welle. 

14 



n .. collc .. llcr.cl.J1I of dh.tOl ... to 1011dl 11:1 v.ur fro. th .. F.rron ,.lId.ton. 

.qllil.-r iD th. buy u .. 1I1cn ...... "Nud h_ tM '.ndh .. Vule,.- Jot, 

Valh,. f.ult .,..-r,. tOll.rd t!l. outcrop ano of th .. F.-rroll, In the ,<lntral 

dlr.;!tlon of ,ro<.Dd...,.,.r 1Io.I ..... tnt. 01 .. 01veci-.o11d. concantrat·lon •• 1.0 

l ucr . .... IIpv.rd in th .. aq lllhr iD a r .. , dO>lll41p frOll th. oll tc rop. 10 the 

!a .. ry an., dhllolVed- loHd. conc.n tr.tlona In v.t.r fro. th. F.rron ral\lled 

from le .. thao 500 to Do:' than 8 , 000 q / L (.1111'r .... per Hur) dur1nl 

1979. o..t.rloration 111 .,.ur q .... lity In th. r..ry . r ea II ..... U,. 1, dll. to 

lncnuft conc.ntr.tiOlla of dl.ao1 .... d ,041U11 .nd aulht.. tn the northern 

l;1oIO- th1rda of C.'tll Vall.y , dl .. olV.d-.oUd. concant n tlon • ....... 11y exceed 

3 ,000 q/L , and ..... aral ta. t bol .. and , .. .... U . have ,.ldded .,atar f r oll the 

Ferron .,lth ch10r ld. concentration, ata.t.r than 10 , 000 !!Ia/L .nd dl .. olVed­

,oHd. conc<lntutiona snuu thall 20,000 mg/L. 

Quitchupah Ct t .. k, n •• r tht unduground Emtno Mine , and Chrbtlan.tll 

lI.ah , down.tn .. f ro. • propond ,utfaet-coe! _lnt in the ElIotry ana , .,.re 

,agft dllr1llg th. 19;9 .. atu yur , .nd a cr ... ditcharge. avarq.d 6.7 oInd 

2.8 cllbie fur p.r .. ec:onc!. . There " .r, la r a ..... Ollal va r iatiOllI 111 "It It 

q ... Hty In both .tn~ duriDg tha v.tu ,. .. r. Obaarved dl .. 01 ... ec!-lOl1d, 

con e.ll tr.tloo •• t th. ,.g1llg .c.tlon on Quitchup.h Creek r.ng<ld. trOll 695 

to 3 , 960 -aIL , and ob .. rved 'lI.p.lld<ld.- •• d1atnt c:o neen:Jr.t !on. ranged frOCl 

111 co 27 ,000 m,/ L. At th. ltaclon on Cbrtat lansen II ... " ob .. rvtd di .. olv.d­

.011d. eOlle.n t tationa r.o,.d trOll 582 to 4 , 470 -t:/L .nd .ulp.nd.d- ud1r:rent 

c:o"c:eOttatiOllI talllK h_ 3 to 4 , 870 .. / L. 

A thue-d.ia<lna l onal di,ltal-c:oaplitU lIOd.l v .. U,ft to IUlu.l.tt ,rouod­

".ttr nov 1:11 th. F. tron ludlton •• qulhr in thl Eaeno Irl.. tht and.l a110 

.... Ulad tu pradlce ,hac affaeta of d_atarl ... of • propo.ad aur faea .t ... 0 .. 

aq. l!u pou .. t1ocuric: 'IIrhe ... nd tht b •• a nov of .eu.... n.. eoapllt .. r 

andd Villi ea11br.ucl vieh " .ur- I.vd clara eoUtetad durlng 1979. Mainl,. b.­

<;&u.t it v .. DOt po .. lble co n rU, tht IIOdd vith hiatoric cI.ra for aquihr 

r .. pona. to IIIoI..Il&Icla dhch.r, .. , pnclletiona -..dt Vieh ehe aocItl .n eonlldand 

to b .... h:\:.oIntitatlv •. 

Dl.eh.r,. frOll th. propo •• d . urf.c:. ain. h predicted to .... tr.gt .bout 

0.3 cubic: foot pu •• eond during th. l' ,.t.ra of _In. operation. Dev.ccring 

o f tht II.1nt "ould aff.et tht pou .. tlolHtrie .urfa~ •• of .11 .. etiOll' of the 

Futon .a .. dItOll •• quifer, but th. ,uateat .. fheta vould be 1n the upp.r 

Ue tlO11 . Dravdovna In the potnUOIDI1crl c: .ur f.e. of tht 

upper .eetlon of the .quifer gn.tu than S fe.t .r. pndlctad to extend 

. bout 2 mU •• froll. the lurhee _in • • fte r 15 yean of ope r.tion. Min~ 

dev.ter1ng would al'o induea dovnv.rd I..u,e of vat.r into the Ferron fr_ 

.h,lt In the lIlu. C.n lWmbar •• nd thl. coulo :au ... d.e.r10tatlon in ... ter 

quality 1 .. the upper .. etion of tht aquifer in .01110 .u... lI .. t of thl! 

all r he ... 1nt, hovavI.r , tht q ... 11t1 of v.ter In th. uppe r •• ction o f th. 

.quifer _1&ht i.lIprove .. the &llQunt of ,.11nt ... tar le.kinl d<>Vllv.rd f ro. 

th. Slue Can I1lP1btr would be ... 11 1n colllparhon to th. _unt of vat. r th.t 

_uld Mve 1atar.lly through tha aquilar t rOll the "t,t. 
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Hadel! ... r uulu l.,diclu that. ae'pt for Chr htians.o \luh. the 

dllVlurlD& of tl.. propelUid lurfae. 1110. vould DOt Iffaet thl b ... n .... of 

Itrl.... If v.Cl r fro. chi aJA. ".1' •• U .... h.rled !.nco Chr'!.,1 ..... ., W .. h , 

chi b.l. n .... _ld l.,cn ... Iccord1."ly. n.1 dllloh.d-lolidl cOIIc.ntretloo 

o f Vltef 1ft Chrhtlulla Wllh Ilia vould b. iaer"lad . ef ll •• t durio, 1011. 

p.rlod •• 1f aill. VitiI' v.n di.eh.r,.d ioto the .tn ... 

Llborecot)' U:PeftaIDt. 1adieat. t hat 1f ooly pne1plcecioo v.n ell ..... d 

to inflltrau aiDi . poU, lIuar ia the .po11 would b. ot bett. r quality thin 

.... t , round Vlur 10 thl aln. II''' and Ibout the .... quallty .. IIlt.r 10 

Chrlltiu •• n Wuh. Ilov.v.r . th ... IIIS","t o! the &poll to r educ •• urflc .... 

vatar ioflltrat100 Ind .poll pllc •• nt 10 thac pyritic aau!'ial 11 abld vtth 

c41o:arltOUl .. urial would a1n11l1u the dltarlorac10a ot vaur q\loll1ty io 

Chl· 'atlll11ln W .. h . 

S.d1.ll.nt loadl of . tta_ dovtatnn t rOll the ain. vould nOt incr .... 

al,n1fi.:.an:ly 1f ncllwd Ilopu v.n anded to the lI .. t po .. lbb anab, 

if rav'a.tltlon v.ra pf01lpt ,1) .. to l ubll1n ch. ICOCi<pUed top.oU .nd 

blckfUbd oll"'burd'n , it runoff lion chlnaaled f r o. the dllturbad af.n. It .. 

throuah lada.nt pondl, la.d if Chr1atllnlln Vuh var. p'raaT.&lItly div.rted 

around the 111.,. In. . n.. lana-t.r. IId1llfll1t yilld t rOll the d1aturb.d I na 

could accu.Uy d.cr .... if v.,.rath. cov.r v.rl taprovad frOll pr .. 1ftin'! 

coa.dltion. and if ... :II._nt poadl v.n properly aa1nt.l1ned. 

umlDOUCTION 

Probl .. and obj.ctiv .. 

eoll traditionall, h .. ba.o racov.nd b, u>ld.r,round1iaiDl t.r!mlqu •• ia 

the ~ry Co.l Pllld 1n thi louch.n Ind of C.ldl Vallly in ult- cltltral trah. 

(S .. fill. 1 IDd 2 . ) Th. rOi l 11 io I !'I\IIIber of .e_ iD the Flrron Slndltonl 

Ft,url 1 (r.ptloo on III",t pl,l) ;;~ .r hare 

:iab.t of the H..ncOI SuI. of Cratac.ou. I,.. Tha t ot.l coil n.ourc. of thl 

lral hal b .. n .atf.a.ltad ar 2.06 bllUon tOni (Oo.Utn,. U72. p. '37). Of tht. 

toral , .ppr01tf.a.ltlly 99 mUllon ton. 11 rU.ovlrabla by .urhc ..... 1n1ol tlchnlqui. 

(At!olnr .nd othln. 1979 . p. 1) • • nd plao. have blln .. de for I .urhcI .1ne ln 

the erl •. 

Cround vetlr froa the Ferron lend.tone aquif.r 1. thl lOll .ourre of .uppl,. 

tor the town of E_ry (population about ]10). Vltar frOll the Farron .11;&0 1;& u.ld 

for .to<:k v 'carinl, tor e ... 11 a ... ant of irri,ltloo, Ind for. c;oal-v •• h1na plant 

in the louth.m Ind of thl Eaat)' Coal Hald. Tha Iquihr h Ullnthll,. unused 

10 thl IIOrthln tvo-thirdl of Ca.tla V.lll, . 

Vu", .uppl1e. throu,hout C.ltIe Ville, .Ira beto, Ineued b, iDcreued 

populacion thac 11 ••• ochted v1th the 1nrraa .. ; io cod production f r ... nOt onl, 

tha r-ry Coal Hald but dao nlacby roal Hlld. in thl W .. ltch Plauau and Book 

C11fh. In Iddltion to thrae Ixhtilll roal-Urad povlrphnu n .... ln operatlon in 

Cntla Ville, . I c;oa.1-a.,1£lcation plant lui. been propo.ad nllr Ellat)'. The , .. -

iflcaclon pl • .,t raportldl, 11111 requira ~ a11110n ton. of coal lod 10 , 1)1)0 ac; re-het 

of v.te r pi r ,.1.1'. 

" 
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111 otdn to .,atlo::1p.t. th •• H.et. of 1Den ... d eo.l .iDt ..... nd rdat.d 

.nu,y dtvdo~ta on th. hyd roloil' of th •• n., th. U.S. G .. oloal cal Sun .. y 

Oetobu 1977 throuah S .. pt .. bar 19S0 . Th. obj .. etivu of the .t ... dy .... n to 

d .. t .... in. . ( 1) the .. q ... 1fer eh.raetar1.tle1 . raehar,a-diaeh.r,. r.lation.hip • • 

.. nd the q .... ntity and q .... Uty of ... tar that ia .v.n .. bl. frOil th .. Farr on 

..... d.toD ... quifar in C •• th V .. ll.y; (2) t he .Haet. of propoud .... r hea-eoal 

flo ... nd q...al1ty nf .... t.r in . tn .... . . nd 00 th. q .... llty of ... tU in th. Turon 

•• nd.ton ... quHu; .od 0 ) th . <.theta of lollltlon and UOIiOD of .toekplled 

ov .. rb ... rden .t th. propo.ed .Ilrhee alII.. on the q .... lity of Illd.e .... tar .nd .tra ... 

.q .... tie IH ... 

Method. o f 11'I" .. t1,.t10n 

Fieldwork for th • • tudy ..... t . rted 10 Oetobat 1977 and eonel ... d .. d 111. 

J&lluary 19S0. Du.~tI' thia tiaa a e .. plata _11 1nvanto1')' .... _ad. in C • • tt . v.n.y. 

w.ll., Ult hola. , and .pdn,. 1n C •• tl. Vella,. .. h.n ,rcood-v.ut data a t e . v.Uab le 

n. abown 1n fii\.1 r . 2. A. part of the .tlldy . 16 obaarvat1on _1141 _ra con.rrllet.d 

Fi, ... ra 2 (capt101!. on n4IlIt paa.) nUr hen 

f r oa a n""b. r of .eIll t e ••• 1nelvd1na .b.ndooed . d .. 1e-t .. t holel .od eual - t .. t 

hol •• that vtor. drilled by the kra.1l of Land Manas_.nt .nd th. Geolos1eal Surv .. y . 

hi addH10n, fOllr talt bol .. _n d r illacl .od t .. tad v1t~ np.nd.bh paeker. in tht! 

£aery .ra •. 

In th. Em.ry ana, the .. aur lev.l or ,hilt- in .... t.r pn ..... r .. ven au, "nd 

acothly at IS .. alli. 10 addttton, ... tu- laval data wen obt.ined .t about 40 

othar . it .. durin, the eo ... r .. of the .rudy. 

" 



Flaura 2. -Kap ,h.avina 10utlon of .. h<:ted ... lh, 'pr1n&' , Iud ... ,t hola. 

la ud n •• r C •• tl. V.ll.y, Ut.h , vh.r. a r ound-vlt.r lnfor.at ion 

1. avathbh , 19S0. 

21 

tn.tUtu.o .... diathara. of tha p .... p that dlN .... ra tha uad"'aro ... ad [ae..,. 

KiD. v ......... red chraa till •• , aDd tOt.1 dia<:hara' v •• taltuhtecl h'Cla ... corda 

a! pWlJlina t1:lu luppl1.d by CoraoUdation Coal Co. Witbduval. fro. tha EMry 

lIull1e1pal vell v .... obt.inad frOll lIet.r r.cordl ,uppU.d by tClVll offici.h, .nd 

tha dueb • .-aa of otb.r ..,.111 " .... lIa .. u ... d. 

Aquihr ta.cl " .... <:ondu<:titd .t nlne 10<:.tlo ... to pr ... ~td. Uiforllttion on 

tba byd ... ul1<: proparel.1 of tb. hrron .. ndltoDa aq ... ifer. FO"'r of t 'la taltl 

1I1vo1v.d a p .... pb1a " all .ud .t h .. t on. ob •• rv.doD ".U, a ad the otha .. t .. ta 

v.ra cODd ... <:t.d .t flovins v.lll o r ta.t hola., 

Watar l""Ph. for d.unl1n.cion of dl .. 01ved 1norau1<: <:bea1t:-1 constit ... ent. 

" .... colla<:t.d fr_ .bo ... t 60 v'lh, tUt bol .. , .1Id Iprina' Ui c .. tl. Valhy, 

Wat .... upl ..... n .lao <:olh<:ted trOll "'P". ar .. , 1n the EMry Min. . tn.n 

.tcnpt to d.unoin. tb. 'aa of " .... r In tba rerrOD audltone aqutf. r , <:.rbon-14 

.nd triti .... det.r.inationt ...... IUd. for Vlc.r toU.ttd in tb. ElMry ~lne and 

fro ••• 1.<:[.d " 'lh. 

At parr of the bydr010al<: .unitorlna ID <:0.1 .r ... by tba CeolC1aita! 

Surv.y , ,t"'_"aina .tation . .. ua l ... tallad On Chriatianaeft Wa,b and Qultthup.b 

C ... ek n.ar the [aery Kine aad the proPCI.ed .... rfac. alne. The 'tltlOD' van 

op .... tional by Aua .... t 1975. W,cer .... pl .. v.ra toUatted .unthly for datu-

.1n.tlon of •• jor inoraarr.l<: cbe-leal <:on.t ituentl .nd q .... rt.rly for d.carolinaelon. 

of lu,p.od,d-. ,diaaClt tone.neration, nutrt.nu, e ... <:. utlla, .nd banehit inv. rte­

b ... t... t o l uppl ... nt the aebedulad qu.rt.rly ,,,pUna, addltto ... l .. dlllent 

._pl .. " .... <:ollKud dud", floodl and dudna periods Clf bl,h rullOf! ln the 

sprtna· 

" 



Labontory u;pat~u " na o;ot!ductlld to e1au::.iDa "hich .1l:Iatali cou1o:l b& 

luchlld fro. tha tOo;u tbat ovnUa tha strlppabla coal at tlla propo,1Id .ut hu 

.taa. Tha roo;& ,..,1 .. "ara obtd:llild hOil cor .. co11tcted at t .. t bola. e1rl11d 

for th. 'uruu of La:cel 1I.I:IIa, ... ot. Othar laboratory work 1Dduel" e1atat'llillat101U1 

of porollt)' , horhootal &rid vnt10;al hyoraullc cot!duo;tlv1ry , aael ,raiD du of 

c or . I&1Ipla' that "n. t),plcal of roo;&a 10 th. bar)' Coal Yl.Ilo. 

A t hraa-41.De.IUI10w 01,1tal-cOllplitar lIOdal of th. Tarrcm naoaton. aqlllfar 

" aa e1.valop.o to .val .... t. th. aHac t l of o_.tar1n& thl propo .. o all r he. _in. on 

thll pQthtiOlllltrio; .urho;. of th. Iqu1far Inel tha b.aa flow of Itn .... 

Pnvioua 1""'at1,at10aa 

luptcm (1916) COMl/.o;UO a coaprahan81va .rud)' o f thll '11010')' aftll coal n­

!JCIurcu of c .. tla galla),. Acl01t100al ,11010810; 1Dfot'a&t1oa 011 tIM. bu)' Coal F11110 

".a praa.ored by IIodUn8 (1972). 10fonaUoo on tha Itrat1&raphy ano dllpol1tlonal 

hhtury of thll rllrron SanOltOnll l'leab l t " .. pua.ntael by lItich (1951. 1953, , nd 

19S4), Davill (1954) , Yala (1972), a nd Cott ... (1975., b anO 1916). 

Croullel "aur in bdrock .quifen 1a tha Coloraoo PlatUII , induOlllg tha 

Yarroll .. nostcma nquifat. " .. oucr1bao by Fdth ( 1966). l>utlna tha 1970 ' • • 

I'VUal hydrll10gic .tud!u " lire conouo;tlld in tanla Valla)' . n.. quaUty of 'IIrhu 

".ur 111 tha Ptlo;. IUver .nd. Dirt)' DavU R1var ba.llIa " .. oucribeO by Mundo rff 

(1972 I no 1979) . llyorolo,lc con4itioa. in the V .. arch Phta.u 1110:1 !look CIHfs 

COal rldol " an 0 .. o;r1bao by V.dod1, ContraCtll, S,..ion , a:cd Buehr (1919). 

SOIla h),d r ololio; d.t. ftOll en ElMnr a u •• ra 1nduded 1n raporu by \/aclda11, 

V10;kara, Upto .. , ano Concratto (1978) allo Suaa10n (1979). RIId ...... tlon o f po .. 1ble 

,lIrfau_in. lanG. 1n eh. lAary Coal Fta.lel " .. d .. o;ribeo by C.ac1lnti!ic Sy.t .... 

• n;.! C01I.ult1n& (1919). 

" 

Ac1alowlaoa-ntl 

Th. vrltara "illh to upra .. that r a pprad.rion to ConlO114.t10a Coal Co., 

1I1dd ... Val.l.y Co.l Co ., .u I.Ilatc", Stat.a lU".r.l. Co. tor , .. pplylnS 110010110; 

a:cd hydrolo,lc iDfonatlon f r o. thllil t .. ting aftll 1I00itorina prosr ... and for 

all_1D, acc ... to thair propnty lor t .. t drlllins a ftll oth.r .tudi... 10'. In 

,rataful to tn tOVlUlpaopll! of ra • ..,. fo r .upply1Da: no;o rda of vatlf II ... nd 

fo r all_iDa: a:c aquifar t .. t to b. condu<:t.d cm th. _idp.l _11. Thanka.n 

al.o a:iv.n to tha .any landov. •• ra In Ca.tll! Vall.y who gra:cud p.r-d.don to 

drill tut hol .. eno to . .. pl. a "d tut _11 •. 

" 



lalld-.u,.".)' ')"u_ of t il. U.S. Cov. nmen t. Th. nUllb. r , in addition to du ignetlnl 

• • 
.)'. t er. , t il. 'iUt. i . divided 1nto four quadunu by the s.1t Leke b ... 11n. 

, • 
aIld .. ridi.n , .nd the •• quadrent~ .n d •• il",.ud by the upp.rc ••• l. t Un A, I, 

" " C, aIld D, indicltin, t h. north ... t , northw •• t , . oll t hw .. t • • ad .outh •• 1t quadnnu , T . 

u.p.ctlvely. NIdIb.n d..dan. t iD, the rown.h i p .nc! t ense (in thet ord.r) follow 
ZZ 
~. " " 

thl quad r ant letur , . nc! aU thn •• n encloleel i n p.nnthe .... Th. nUllber 

.fter the p'U'Hhelll indicat .. the IIct lon • • nd 11 fo llowed by thn. letten ~ " 
1rllU c.tina the qll.rur IIction , the q .... rt. r -q .... t u r IIctton. end the quarur- " • 
qu..rur-qua t ur • • o;tlon- ,enenlly 10 .en..J ; the lettlrl " b , e , .nd d I 

j Al thOUlh the b.de land unit , the lIo;tion , 11 th.ore t icall)' l,.i2 , 

!I.IlI)' lIetion. a t . ittegul.t. Such •• etionl .n lubd1vlded into lo-.en tncu, 

'inerlll)' b'ainninl . t thl ,outh ... t eom.r , end the 11I'l'11l' o r .hott.!e 11 

takln up i n the t r.cu aJ "ol the ttOrth .nd VlIt . id .. of the IIction. 

i nd i c.u. r"plc t lvlly, the no rthu,t , northwe,t •• outh" elt . and .outhealt 

<o:sI t un of •• eh ,ubdlVilien. Th. nldlbe r .ft.r the letten i . the .eri. l numbe r 

of the " e ll Ot 'prin, vith the lO-.er , trac t; the l.tnr "5" pucedln8 t he 

IIr16l nUliber deno t ll ,.prinl. tr. w. ll or ' prin, c.nnet be loc.tld .n thin 

• lo-acre t nct , one or two lo.:.t1on l e t un . r e .... eeI .nd the II r 1ll number 1. 

o.itted. Thu. (D-22-6}23.db-l d .. ignetll the fln t Vlll conet r ucnd or vialud 

in the h'\l\SfhNEIt: lie 23 , T. 22 5. , •• 6 E. Ot he r dt .. "hen hydrololtc d.tI Vlre 

collecud a "f' o ..... red i n the , ... unnlr. but thn. letun ' "f' ..... d .fnr the 

1n fl .... n l. 

nlur. 1 (c .ption on u n p'le) nut here 
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STRAttC1.APH'f 

Th. fetrOD Sadaton. Keab.r of the J(f.nc.OI Shal. , the c.od- b.arin& unit iu 

the £aery Coal ridd, 11 expo .. d in ... ri .. of proain.nt cliffs iD the louth.rn 

p.rt of C .. tle V.U.y. Th ... c.~t prod",ced by the F.rron d.fiD .. the ... e.m 

It-it of C .. th V.ll.y. Th. f.non cUffs .te.iD chair ... t.u. devalopment be-

t ... en the eown of Koore.Dd ehe .ouehern end of C •• tle V.Uey. the thickne .. of 

the FarroD aerler. lly iDer ..... aouthward fro. .bout 300 feat ne.r Hoor. to .bout 

850 hat ne.r the louehern end of C •• ele V.ll.,.. (Ste fl,. 4.) The Ferron diPI 

2- to 10· to the aorthvut beneath the .vrteu af C •• tle v.ney . lbe .lti tude 

of the top of the Ferroll il Ihown in ftlUri 5. 

In the . r .. be~ .. rt ;~ore and the ilOuebarn .nd o f Caatle V. lley . the rerron 

coadltl of ,,",lIiv. bedl o f very fine to .ediu.-,u1ned, delu-frrtnt .. ndleODI , 

prod.le. lINdltOn .. , Ind. widl v.dlty of dalel- pl.iD rocl<. t yp .. ,_ainly c.r­

bon'ceoul Ihal., co.1, awllton"' . lileltolle, .nd thin-bedded. rippled, very fine 

,r.iDed eadltone). TIl t Ferron outc rop dong Quf.tchup.h Crul<. nur blery 11 I hown 

in hlUre 6. 

Fiaun 6 (c.ption on nut p.,.) nur here 

27 

Fiaure 4 .-tt.p lbovina the thickn ... of the Ferron Sandltone Ksh.r of the KIInco. 

Shah in e .. tle Vall. y , Ut.n. 

Flaun S. - KIIp Ihovina thl dtitud. of the to p of the Ferron Slndlton. 1111111ber 

of the KIInc.ol Shale i n C'ltl. Ville,., Ut.h. 

FllUre I!J. --()J t c-rop of the F.rron Sirufltcma Kember of the KancOI Shd. along 

Qu.1tchupab Crllll<. au: t-eq. View tieing nOl'th. 

28 



Fiaur. 6 .--Th. outcrop ot the FcrtOP Saad. t oae l'Ieaber ot tb. Kanoco. Shall dong 

Qo..itch .. pa.. .. ':nu. 11a&r [aery. 

Nortb of Koon , th. hncn nc.n*ent , 1"HII.U), ~coa •• .a .-•• lIbdll.d until, 

at the letltuda of Ca.t l a Dab , the Ferrao 11 npn .. ntlld b)' a pl11" of uniu 

of Vll")' 4io. Iraio.d , . ilcy . .... d. ton. uch about SO flit Chick . Th. upp. 1" unit 

of thil pair, .hovn In Hlllre 7, C1"OP' out contlnuollel)' alOrlj the ••• t lid. of 

Cutla VaUI,. fro. abou t £a.ry to u far .. Walliogtoo at thl northern end of 

C •• tl_ Va lily. Thl lo.ter uoit plrlch •• out no1"tl!llard o •• r the town of Cleveland. 

On. 01" mon ladae-fonUl1S uolt. of very {ill. Irl1ned .. neilton. and .andy dlt­

~ tona oeell1" .t the .tretiguphlc bval of thl F.1"1"on b.tv.en Wallinlton . nd the 

Utah-Colondo SUt. lin., a nd th ••• u'e .... pped coU.cthely a. Ferron Sandnone 

Mu~1" all the ,.o l olle .. p of Utah (Stok .. , 1964). 

" 



npu 7 .-- O\ItctOP of thl W .. hboal"d unit of CottlE' (197.51) of the FIl"l"on Sind. 

atOM lie:Iblr of thl HAncol Shill Ilona u.S. Bl,h",l,. 6 lou t h .. lt of 

welUnaton . 

J' 

The fint , Ind lUll chi IIOlt co.pnt..ndvi .cudy of thl 110101)' aDd ainer&! 

raIDurc .. of chi Fa r ron Sandl t onl H_ber v .. cOnductld by Ltlpton (1916). Hinor 

-od.1f1ceclon and upclatinl of LuptOD'1 coll-re.our ci calculationl veri IUde by 

nolninl (1912). Lupcon (1916, p. 11) nuH the Ferron 5U1dltonl H_blr for 

expoIUrll " 111 the v1c1.nlty of Perron lad EME")'." Thoulh h. CltH no t,.pe 10cillty 

for ct.. aemblr . I .ect ion elonl !vie Cnek, about 8 aU .. louth of ElM ry. VII 

prnlncld .1 rapn.ene-tive. It 11 cl ... r ffOll Lupton'l ducrlpUon of tha 

Icr.tianphy of ct.. FOH~on (l916. p. 31- 33) that t.. con.l~erad tha pdr of very 

ltne anlnad .andltane. 1u tha northern part of Caltle Vallay co be I northvard 

extena10n of tne thicker, coal- belrinl IIquencl of Itrata upoud near EMn'. 

Latar vork by Katich (l9H. 1953 , and 1954), Davia (1954), and Cotter <.975,. .. 

and 1976) dellOnltnCe that thia ia not the call . The pair of Ferron unl.e- of 

northern C .. tle Valley an abouc 100 hat Itratilnphlcally lover than the loveat 

delta-front .lndlCanl of the Ferron Sand.tona Kmbar that crop. nut louth of 

EIIIn' . Ind thlY pinch nut t""ard the .outh into the .. r ln. ,hale of thl! Tununk 

""-bOH of the HAncol. (See fia. 8.) Tha tvo Ferron w:lc. of northlrn Cllell! 

VIlllY ven infonMlly nl.ld , in .. c"",·hna Itnti,r.phlc order, che Cla",on .nd 

wnhboard unit. of che Ferron Sandltone timber by Cotter (1975a). Cotter'. 

t nfora.aL 0_' an und t tl tht. npOr t . 

" 



o 
o 
EI 

.~Ul G"TII: Io4I .... f~ 
0 ' THe J\~lI(oU "HI'I~' 

- ~---, 
I , 

...... . "" .,. .... • ~.I( uo~.l_& 

o .... -r.- ...... 1 ... . 

DoH.-,I, ; .... r,_ ... S.r.h fUOIU",,, 10411:"""11 _111_ ........ __ -.. ".~ ... ... 
C .. l 

.,. ru """""0' slfALI! ,,- _" 
~'''tHe ~. -- O'''~n>_ .... IJc. 3 . "M_J -".,.IA _ . I s_li . .. ......... i .. , 

str.f,,,.phk. r"loliQIIJIt;" or M. vo rir",ll IJn;'1 of til. r.,rroYi 
St.,,./J1.,,. ",,,...b,,r.1'I# ,.".. 1'"" ,,"1: tJtti (JAx. Croll. }'!" ... H~ .f 
the /1'10"" .. 1 Sh.1c ,n ('ooStle VQII.y . M.ojor Goal b<ldJ .... rry 
the r.H,. dc.s'~na "·'Or» o f luphn ( '" ,,) . 



that In nratlaraph1tlUy d1ltilltt IDd of <lifhunt orialn. TM old.r. 

• tr&t1Inph1call,. 10V1lr plrt of th. ferron t~aI1lt. of I pair of lI1Iit. of very 

fill. Iratn.<I. IUty 'VI~.ton. that Ittu.ullt.d ia •• hallov, open .... r1n. 

.lIvironaoent dtuaud v.ll olf.hore. The •• I,Iniu .n the Clavacin .lId W •• hboard 

un1t. of Cottar (1975a). Th., . re .. panud fro. the yOl,lqu. I,Ipp.r p.rt of the 

Ferron 1>, a. lIII<:b •• 100 het of 1IIrin •• hah . Th. I,Ipper p.rt of th. ferron. the 

produ<:t of d.po.lrior in • ddt. '1.tn. 11 <:h&raturiud 1>y .... iv. 1>ed. of very 

fine to •• dila-lrainld IIlId. t one I1'Id 1>.d. of co.l. Th. I,Ipp.r p.rt of th'" Ferr on 

thilll to the north. iaurl1qen vith .arine ah.le of th'" IIll,le Cate liellb.r of th'" 

Kan<:oa Sh.h . Ind filially pill<:h" Out bet .... n F.tTon .Dd Clltla Oda . 'nI. 

two parta of the Farron .n not dHfu",oUated on the thie .... e .. and nrl,l<:ture 

tontol,lr up" (fill. 4 .nd 5). The ol,lterop . rell o f th'" F. rron 5,andatone lim1>er 

and other a<lOlOli<: UDiU in the E&ery an •• re ahDVll in filure 9. 

Filun 9 (caption on nut P'I.) near hen 

FtRllON SANIlStO!l£ AQUIFER 

Aquifer eh.rl<:t.ri.tiel 

thiem ... 

the Perron lendl tone .ql,l1hr in C.nt'" VaUey eonlhtl of the whale thitknesl 

of tha Ferron S.ndatone Mmber. the thi<:kne .. of thl Ferron v. ri .. <:ona1denbly 

in th .... tudy a t .. a (f11. t.). Alool th .. outer0t'. th .. F ..... ron tht<:Im .... varta. fr"," 

.bo,,: 80 h.t in tha north.ra part of Ca.tll! Vdley near liaund, to 850 feet in 

the ,ouchera part doni Lut Ch.nce Cnek (Lupton . 1916. pl. tV) . the Ferron &110 

• enerally thi<:kln, in thot 1\l1>lur!a<:. dovod1p fr_ th'" ol,lt<:rap area. 
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o"tc~op ana. the cOllp1&t. thi<;IaI ... of tM Furon ta ua"ally .at"rarad .. ith 

.. ala~. In the .~u of th. propo .. d .urhc. <;0.1 atll. n.a~ Ea.r-y. the utu~atad 

thlcbr. ••• of the F.~~oll 1 •• bout 4S0 h.t. In the outcrop .na. Ilot all the 

F.rron b utur ated vlth .. at.r; .nd at the hl,h.r .!t1t1.ld .. alona the outcrop. 

Hydraulic cOllduCtiVlty.J 

_/Th• hydraulic conductivity of .... tu-burinl .. urial 1a the volUDe of 

under a unit hyd~.lIlic lradhllt. Th. IInit. for hydraulic conductivity .~e cllbic 

h.t p.r d.y per Iquare foot [(ft3/d)/ft2j, .. hich redllc" to ft/d. The te~ 

hydreulic conductivity replac .. the tl~ hald <;oefflchnt of plraubUlty ... hich 

"II fortUlrly 1I •• d by thl Glolo,ical Survly .nd .. hich .. II uported in "nltl of 

1.11011. plr d.y plr .q..:ara foot. To convl~t • valli. of Bald cOllflc1ent of 

plnM.bUlty to the .. quiv.lent v.lul of hydraulic conductivity. diVide by 1.48; 

to conv.rt fr.,.. :'ydraullc <;onductivity to cOIHicllr.t of p ..... labUlty. ,"ultlp1y 

by 7.48. 

Hyd~aullc conductivity .... d.tar·.iIIld ln thl laboratory for 17 roclt .... pl .. 

fro. thl Flr~on Sandtltonl K ... be~ obtainld frOll core hoI .. in the Eu!~y a r ... 

Hyduulic conductivitY"1I d.u ... inad in hDrlrontal . 11<1 vartical dinctlona for 

IS of th ..... pl ... por1l.1ty .... d.tlnllinld for all but onl .amph •• nd Itatn dn 

.. a. d.t .... lnld for 10 land.tone "1111'1 ••. 

" 

TaU. 1 (next pa,.) nur hIre 

d.ta indicat. a lar,l variatlrn 111 the poro.lty and hydrauUc cOllductl"1ty of 

thl aandatonl. Thia .... y b. dll. to diffar.llce. ln c ... ntltloll and ca.paction 

bet ..... 11 allllplla. Uncon.ol1dat.d •• IId •• i.Uar in ahe ud aoninl. would have 

a porodty of .bout 40 percent (Johnaon . 1967. fi,. ) al co,"p.red to the 

.v ..... S. of 16 parclnt fo~ the •• ltda tonl! In the Ferroll. 

111 III thl .llld.tonl ."'1'11 •• thl diffarencl b.t .. l.,. horizontal and vartlcal 

hydra"]'1c conductivltil . .... le .. thall one o~d.r of "Initudl . The Iveral" 

hyd .... uUc conductivity of dllt.-front •• lld.tOIlI .... 1'1 .. "11 1. 0 " 10-1 ft/d In 

the horizontal d1rect1on and 9.1 ,. 10-2 ftld in th .. vlrtlcal. SimUarly. 

hydreulic conductivity o f thl flu"iatill .. 1Id.tona .... plu avlnlld 1. 5 ,. 10-1 ftld 

ln thl horizolltal direction .nd 9.9 ,. . ,,-2 ftld 1n thl v .... tlcll. K,.drlu!1c con­

ductivity of thl ehall! . nd dintoill .... 1'1 .. "II I'IUch 11 .. then th.t of molt of 

the IIlldstollla. Ind it .vlrall!d 3.8 ,. 10-4 ft/d in thll horhontal dlu<;tlon .nd 

1.3 ,. 1O'-S ftld 1n thl! vert1cal. 

" 



Tra~bdvlty_/ 

• .lTr ... _hdvlty h the Ut •• t ... hi~h .... t.r b tr ..... ittad throulh • unit 

... idth of th. aquifer und. r \lDit hydulIl1c aradhnt. Th. unlt1 for tran.1l1111vity 

.ra ~ublc f.et p.r d.y per foot [Ut 3/d)fft) .... hlch reduc .. co feZ/d. Th. un:. 

t[ .... gh.lvlty repl.c"" th. taf'lll co.fflch .. t of tr.rullll .. ibiHty .... hich .... fOnll.rly 

uacd by the C.olOlical Surv.y .nd ... hich ..... report.d 1 .. unlta of aallon. par d.y 

p.r foot. To convert. valu. for cOlffic:1.nt of tranllllililbil1ty to the Iqllival.nt 

v.lu. of tranAulivlty, div1da by 1.48; to conVlrt froll u' ... .aoillivity co coafUcient 

of tran.lIi .. ibility, ...,1t1ply by 7. 48 . 

Nin •• quifer teltl ... er. conduct.d on th!! r.rron .. ndltone .quifer in the Emery 

aral , Ind the re,ult' .re I_r!z"d 1n t.ble 2. Condd.rinl the chicm, ... nd 

T.ble 2 (n.:o;t pal.) n.ar hera 

tr.nelli,livity v.lu<ll calculaud from the le, ,re. hlrly .... 11 with wh n ",ollld 

be up.ct.d trOll the hydrauUc conductiviti"l d"t.no!ned ir. the laboratory. [n 

,a." c.a ••• , p.rticularly lit t .. t dUI ne.r the P.rllllhe V.lley-Joe. Valley hliit 

'YIUS , thl c_pllt.d tr ..... 18l1v1tl .. of .. v.ral hundnd f •• t .qu.red p.r d.y are 

larl.r the .. ould b. up.~ud frOlll the laboratory data. Thh 18 b.lhv.o to b. 

due to I.condlry p.nubility in the fn .... of fr. cturl •. 

" 

~n" of thl t .. t .... lh fully pln.tret. the 'u'ton .. ndUonl IoqUUI't. However , 

"hlr. the Farrof 18 .Xt ... l1valy fnctu'ted, chlla incre .. inl hyd't.1I1ic conn.~t1on 

in tb •• qllif.r , thl coaput.d t'tln .. l .. 1v1ti .. of .Ivlral hllndred f •• t .quared p.r 

dlY fl1rly ucurauly rapr ... nt thl tran_18l1vity of chi full thicml .. of the 

.qllife't. Te.n that .... n ~onducted .on the lbout Z .Uel !"tOIl the PUldh" 

Vllllly-JQI. Valley f.ult .y.t_ ...... 11y indic.eM t r ..... i .. 1v1th. of 100 ftVd 

r.pn •• nt the traUllialtvity of o~ly a p.rtl.1 thicm .. , of thl aquHer bet.lI.e 

hydr.ulic connection la not •• an.t .a alona the hult ayltU. 

T ... t tllultl in the Em.ry are. indicllte th.t tnn .. l u ivity of the ferron 

.ed.ton •• quH.r UDg .. frOll about 200 to 100 tc 2/d dovadlp !"tOIl the ferron 

outcrop. (Collp.ra Hga. 9 .nd 10.) TnnP.1utvity h leu th.n 200 ft 2/d 1n 

Ullin 10 (c.ption on nut pile) nau han 

the out~rop .re. Qf the ferron . The d.cr ..... In ['tln ... i n iv1ty in the outc'top 

lrel 11 du. mainly to the de~r"l<1 1n the a.CuUted thicmll, of the aquifer 

rather th .... decre .... in hyduuUc conductivity. 
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11thololio;. infont..ltioo, and .. tilMt .. of nturated thio;.kne .. ill the outcrop area. 

&ecau.ae o f aecondary parllubUlty and the nonho-.osene .. u. natun of the oiqutfer, 

the 11oe. of equ.l tran.at .. lvity en conddend to be al'prox.1lMte . Figure 10 II 

pnlUlted ooly t o dlplo;.t thl glne1'al pattern ot iIIcnn1ng tnnllllUIlvlty from 

tlla outcrop ana toward till Pandhl VaUly-JOftI Valley hult aylU", Calibntlon 

of a thrae-dt_naiona1 dlgital-o;.o~utar lIOciel of the Flrron &andltonl Iquller 

indica t I d that thl aqu.1far Via d ... laud .,It accurauly ..nln tranl.i .. lvity 

velun north of about thl Zoo-lt2J d Une in figun 10 vere reduced by 10-)0 

pero;.ent. Tha 1IO'de! b di.~UI .. d in a following uccion of thb rep<"rt and 11 

doo;.umln t ed by "oni.ley. Lin ... . and brtholO11.1 (1980), 

42 



lIat.r in the Ferron •• nd.ton •• quifer 1& <;or:Hoed, .XClpt for ponibly I 

feY . r l .. ia thl autcrop Ind in the upp. r p.rt af the aquifer na.r the ban' 

"in.. Th. " .ter 1& confin.d under pre •• ur. bet"een .h.h . nd .Utltonl bedl 

" ithln the .quifer and b.tween tha endoainl Ihal.a in the Blu. Care and 

Tunuak "ab.n of the ""':,,,:0. Sh.h. lo'hn •• ".U rep. the confined ~quihr • 

... t.r 1a nl .... d troll ItOr,,1 .. inly by C:OIIp r e .. lon of the .. ndltOn •• nd 11'1' 

p-:; .,. •• bl. conHninl bed. a. prenure ill the .quifer d.cHn... n.. quantity of 

.. ahr that can b. reh .. ed frOll .torale f ro. the f.rron . and.tone aquifer i. 

depl1,d.nt upon :h •• torale co.f!ici.o~/ . .. hich r .lnS'" t rOll about) It 10-6 t o 

_ ' The atOraSI co.Hic1lnt of an "'Iuiter 1& thl volUlle o f ".tlf it re lelle. 

f r o. or t.kaa into atorasa par unit lur face In. o f the .quHer per unit t hange 

in head. StO rage tOlfHd.nt h • diaen.ionl ... nUl:>ber. Under confined 

condition • • the atorase coefficient 11 typic.lly .... U . generaUy b.t .. een 10- 5 

.nd 10- 3• Under UIlconHned c:ondition • • it 1& ONch larser . typic.lly bet,,"'n 

5 It 10-2 . nd 1 It !o-l. 

2 x 10-) in the c,nltntd p.rtl of the 'quifer (t.ble 2) . 

"'here. ".11 t'pl the unconfined 'quit"r . " ate r i. reluud frOlll Itorage 

•• 1I1ly by lravicy dr.bag.; Ind the I tOrale coe ffici.nt h virtu.lly equal to the 

• pecHic yield . Aquifer t .. tl "ere not conducted in .n unconfined pert of the 

rerron .andlton •• qui!.r. HoII.v.r . oth. r I tudi •• (John.on, 1967) h.v. found th.t 

. pecific yiald v.ri .. fro- IIbout 0.01 in In,·l .. to .bout 0.1 in .. ndlt onn 

th.t .u 11>o11.r to tho .. 1n the Furon. 'eC:llu,. th. Ferron eon.iU. of both 

• andltone .nd .hIIle , atOrale co.ffident ir the unconfined p.rt. of the ."uHer 

prob.bly .veraS" abou t O.OS. 

" 

T!l. potlotio_tric .urt.c. ( the lItv.! to .. h1ch ... t.r rb •• in tiShtly 

C.l.ed valt.) vlri ... pprec1.1bly .. ith d.pth in the r.rron ...... lItOtle .quif.r. 

1o'hIIu data p.nlit . IIOU than 00. POtantia..u ric authcI 11 d.fined in o rdar to 

d •• c:rlb. the diatrlbut10n of h.ad.,"/ in the aqu1fer. 

_ / H .. 4 ia deltoed by Lohaan a .. d otklra (1972 . p. 7) u "the hl1lht above 

.I .t.lndlrd d.tUII of ch. l urhc. of a co1U1D11 of "Icer (or ath.r liquid) th.t c.n 

be lupported by the It.ltic prenuu .t a livlln p01nt." The head h chQ ."'" of 

the elevltion head .nd the pre ..... re head. Und.r cond1tiou to IIhieh Darc:y'. 

la .... y b. applied , the velocity of Irolmd lI.ter h .0 ... 11 that the veloc:ity 

Ur.cept for the b.r)' ani, d.t •• u lacking L-!. C .. th Valley to define the 

dhtribution of :l.ld io the ferron .. nel l tone 'quifer and lurrour:d1nS rocka. On 

• uliond Icd., hO\lever , the diatrib ... tion of h.ad in the ferron "'Y he e1.m1lar 

to thlt 1n the Emery llrea. Petroh ......... te.t hole (D-17-/)25<ldc-l penetrlted the 

r.rron in the northern pa rt of Caatle v.ll.y . bout 9 . U .. from the ol: t c r op area; 

Ind .. at~r uporc.dly flowed frf'1D. the hole at land lurf.<;e, "hich va. at ",n .ltitude 

of 7 . 040 het. (5 •• tlbh 5.) Th .... ter l"val in ..... 11 {D-17-10)16dda-l , "hlth 

pen .. trat.r the farron only .bout 1 lI1ile frol:l the ourcrop area, .... vithin • f ... 

h.t of hod .urfae. during 1979 at an altitude of about S,670 fee t. Infonutlon 

trOll lh.l. two alt •• lndt"at.a that h.ad tn th. far ran [flU· ...... d"""d[p fro .. the 

outcro!' ar.. Th1. 11 cOflai l tent .. ith h.a4 diatrlbut100 abllrved .... r £a.ry. 

.. hich b d1.c ..... ed in detail 1n thl. following • • <;t10nl of the report . 

.. 



B .. al .. e tlan 

Fi.un 11 Ihovi thl CDnH8u~"'tion or thl potenticauric lurfici or the bllal 

Fi.un 11 (clption on nu:t pa.e) nur hen 

.. ctton of the Ferron .. nd,tone IqUUlr (belov the A- coal IIU) in thl r.lry eru. 

The contoun an bilid on _ealur mlnu of differellt eccuracy. The pountioaetrlc 

a .. rface "'1, deul'1l.ined Iccuutely /l.t U dnl-- ill tl,htly cI,ed lieU, thU tap 

anI .. the ba .. l .. ction Illd in unc .. ed tile 110111 drUled for the Ceol011.:.1 Survey 

.. hen all .,.,endeble pubr .... "lid to holete the ba .. l IIceion. 
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.. u. coneid. red in drolng the pot.ntia-etric con tau.... . Do.mdip f r oa t hl outcrop 

at ,::' <I F. rroa, .four of the t .. t hal .. fl-.d .t und surhc. , !.ec.us. t he hol.s 

... n uncu.d , no .hut-in pn .. ur •• ,..roo .... \~red. ill ... . t he only thlng knovn o f 

the potentioauric sur hc ..... tut it .... . t • hi&h.t' dtitud. tun l.nd .urhca. 

w.tar iavela al.o "Ir ..... ur.d. or Obtl inad t rOll an alaCtr i C 10&. 111 cwo nontiov-

hi uat hoI .. thlt penlt r atad t hl bllal a.ction. !.ec.ua. th. hoI •• _'1" not c ... d 

tht'ough t he upper cod-bearing .. c;: t l ol1; of tha Ferroll; SaDd. t on. Kellber and the 

!lua C.t. Hemb.n .... t.r lev. I. 1n the holes probably did no t acc;:untely rotpru.nt 

the altitude of the pottntiOllMltt'le • .,rf' ee of the bu.l .. etion of the r.n-on 

I.nd.ton • • quif. r. In "It .t'eu . e)(e .... t on the outc;:rop of the F.rron. the 

potentlOlll.trle .ud.c. of tha baad .. etian .. aa pt'obably at I1lniUc;:.ntly h1gher 

altltudea ( .. much .. 150 feat at onl p.eket'-ten I1 te ) than the .. ster levels 1n 

the unc ... d holea. N.vuthel .... the ... tat'-levd dna fro.. the aill uncaaed teat 

holea .. en ... eful In dnv illg tha pOC.ntlo .. tflc contour. ... the .. atet' Levell 1n 

lIO.t c .... npuaenud tha II.1ni_ altltudel to wIIich v.ter would have risen had 

th . t .. t hoi .. bean tightly "'lid . 

Upp. r .. etlon 

Configura tion of the potentlC111Detrlc sur hca of the upper .. etion of the 

r.rron .. nda t one .quHer (above the b •• e of the l-co.1 ..... ) 11 Ihown 1n figure 

12. Selt' the Eme'fY Hlne. &lny COil- teat hole. have been caSild .nd In open only 

rt.ure 12 (elPtlon on nex t pIlI.e) nelr her e 

to the uppe t' aeetlon. In 'ddition, paek.r t elt. van conductld 1n cwo Geologicd 

Surv.y unc.sed t an hola. to data ... ina the po t.ntlO1letrlc . urhc. of t he upper 

.ac tion. 
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In .ddit i on to • • t.r lav.b .... urad ill •• U. and Uat hola., the altitude 

of the l-eo&1 .... in the [aery Kin •• 11 al&(l eonlld.nd in dn.inl potentlocl&trte 

eontoura for the upper u~tioll. Oburv.tlona tn the .. 1n. lndie.u that the 

IquH er h •• b .. 11 dllV.tlud .bov. _eh of the 1- ..... V. t.r produetion in the .. In. 

duril>, 19 79 .... eODuntnud tn thou 11'." fa rth •• t do ..... dip. nul' the warkln, 

t .. e ••• t the I- I .... t!ueh of the old .. tn. _rUIIg. prOd .. ,,;" no "'Ul. 

Moat of the ... t. r- laval d.t. froa which the potenti ... ettic-Iurface mapi 

111 Haurll 11 .nd 12 " erl derived vln collicud durina 1979. IIovner, 10_ 

o f thl dltl tro .. cII.l-tllt holll Ire 4 to S ylln older. Ev.n thou;h th • .., 

I.rlier d.u v lra u.ld to c","pUe ti'a "p • • the cooUaurltionl of the potentio­

•• trlc lurfici. lhould fairly .. ell npnlent conditionl that "dlted in 1979. 

It .hould be note<! that the Ferron •• ndlton •• qulhr h .. yielded hydrogen 

lui Ud. gl' Ind occ .. icn.aLLy Hth.n. or c.rbon dloxlde all to ..... .. al1l in the 

EII.ry Inl. "'hen th ... alLa flo ..... d .t the land lurflc •• It .. II not ponibl. to 

.ccur .uly d.ur1IIin •• hut-ln pr ... un. b.clu,," of the a .. . 

" 

Adj .c .... t v.t.r- be.rinl ~n •• 

th •• pprod.lu conUauratlon of the ... ter ubll ( t he Levi l '1' which pr ... ure 

ia It ... phlr1c) in rocka that oVlrlLa the Farron •• nd. t onl .qu1fer in chi Emery 

.re. 1 •• bovn ir. U",ra 13. Thl altitudl of thl vatU ubll 1n rocka that overlil 

thl Ferron ia dlfinld in o rdlr to d.t~"lnl thl dirlction of vardcal lII~v ... ent of 

""ur. Durin& thl , \.IIIIer of 1979. the ,,"ur t.bLe In ... ny Ir ... " • • in till Blue 

C.tl ~blr; but 011 the blnchl. north of Qutt~lIup.h Craek. the ... t.r cabla " .. 

cC1lllOnly b pediaant grav.la nnd alluvt ..... Wner-level dil'l ..... re ,vlil.ble frOlll 

II v.lll and tl.t hoI •• t o dlfllle the ... tar cabll. Alonl; p.rennial .cre ...... nd 

ltrl,lt10n c.nale .nd .t .prlng. tllit 111ue f r 01ll the lIlul Cne Ind pedtillent 

guval • • the " .ur cabla " II •••• UII.d to be It the a.l t ltudl of lind .urhce. Alon, 

Iphm.r aJ. .tr .... . the ""ter-t"bl. contour ..... r. dr a .... It .n .lt1tude below l.nd 

.urflci. Th. " .ter uble .11 1.IUlled to be v:lthin 50 fut o f lind . ur!&c. in 

In .. .. lth Fhre.tophytic 8rowtll . 

So dlt •• re .v.n.bla to definl th. dtatributlon of head 1n thl Tununk 

l'It!IIIber .. hich "nd.rlh. the r.rron . and.tone .quUer. It h be11lved thllt tn 

tho •• 'U.I whlre hl.d l n the ov.rlying Ferron tncruae. with depth. head tn 

the Tununk allO incn .... " lth dlpth. tn _.t IIU •• , th_ po t entiotlente au r !&ce 

of th. upper part of thl T"nunk h prob.l;:ly It I l11ghtly hi,h.r altitude than 

th. potentialtrie . urf.c. of I'll. bud Ferron. tn the Ferron ou '.crop IU. , he.d 

in till aquifer d.cn ...... tth depth Ind h prob.bly • few fen hl8her thlln the 

potlntt_eerie .ur!&c. of the upp.r plrt of Tununk. 

" 
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Il,ur -hvt.l o;ba",ee 

l1Il nito ri", of ... tU lav.h 1D the b.ry at ... ltartlld in 1975. Durin. 

the o;o ... r .. of tht •• cud), •• dditional ob .. rv. tion _11 .... n o;on.t r ... o;tad. and 

... t.r hvd. or .h ... t - in pn .. ur ... .. er ..... urlld :.onthl)' 1c 18 vella. Littl. 

v.t~r-l.v.l d.u nilt for the ), •• n pr ior to 1975: th .... . . n eval .... tion of 

loo._tena chanoe. 11 not pO .. lbh. 

Il.t.r- l.vel hyc!ro.raphl for fo ... r r epnuntativ . ... l I. 111 the Ealry Ir .. 

• n .bovn in H.un 14, Il.U (D-22- 6)lJ.bc- l 1, un ... aed •• nd it t.p. the b .. d 

Fi.ure If. (o;.ptlon on nnt p .... ) near h. r . 

uction of the Ferrlln l and. ton •• qulh.r, The ... 11 h .bc ... t 2 .u .. tr ... the 

EDery public- .... pply vell . .. hich 11'0 tip. the b .. 11 •• o;t1on . Except for 

...... na! fluct .... tI .. ona . v.ter pn ..... n .t t he ... 11 declinlld fr ... -..td- 1975 

thr o ... gh 1979 , .. 1th • net doto;l1not of 7 fut. lll10tn the well .... drilled in 

I'Ll)' 1973. v.ter prn .... r. v •• report.d •• 74 feet .bov. hnd .... rtco; • • • a 

con tn. ted to I ..... ured v. t .r pr ... ure lit 41 fel![ .bove hnd .urfece 1n 

))ecub.r 1979. 

Ilc!:; (D-22-6)2Jbcc- l bott .... in the balll .. ction Ippr oxlaately 2. 5 IIUn 

frnll the Emery Kin •. C .. ln. pertorltion. in the ... 11 .rt below the Bl ... e C.u 

Hub.r . and the .. ell t I P" both the b ... l and uppe r .. ctlon. o f the ferroll 

.andlton •• quif.r . The IIet vner-l.vc! dacU ne v II abcu! 16 feet frOal .. id-1975 

th r OUlh 1979. 
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Well (1)-22-6)21cbb-l .ho boc:tOlU in th. bud .. ec101l, but the top 

perforation. in tIM vell c .. log are IIppodt_ the 111 ... Cet. Mabar. Thor ... 11 is 

in the ptapo,1td ... rfece· _b_ ana .bouc 1 aUe trOll the Emery H.1.r!.. "aeu L ..... b 

In nnrby valla that .. ere con.eructed o:Iur'1n8 ehh atudy indicate that the vatU 

level 10 ... 11 (D-22-6)27c.bb-l cloHly .ppro:d ... en the altitude of the .. ete ... 

rebh in the In ... Catl . froll early 1976 th ro,.gh 1979 the ... ur 1", ... e1 1n the ... 11 

h .. dropped _bout S hat . 

WeU (1)-22- 6)22c:44-1 b .' •• 11. h,o. the northv •• tern ed., of the 

ptopo.eel . .. rf.ce milO.. The v , 1n • ehale l..o:af4htely belov the I-coal 

' .U lit • depth of 27S feet. 'The ",pp .. e 100 feet ot :h" hole v •• cUlented around 

th' caling to ••• 1 off ... ur tn the Blue Catll . alld the "atu le.ve.l 1n the ...ell 

npnnnta thll potalltlOlMtric aurhce of the upper nctioll of the Furoll .. 1Ic!atOlle 

aquifer. The " aur lavel In the "ell dedined about 8 fut trom the dete of Itl 

cOllatnoct 10n in the a_r of 1978 through 1979. 

Pn.:.lpltatlon at lOIlI-tllrm U.S. Ocnllic and Ae.o,pherlc Ad_llliatratlon 

atatlon, in and near Ca.tle Valley and at r:lin ,ale, lnaulled for thia .tudy 

Ind1cate. that predpttation 1n the area beto..:UII 1975 and 1979 "aa about 90 

percllllt of lIoraal and aVllraae.4 about 7 illchn per yea r in the £aenr aUIi. Bela-

avera81l pn.:.lpltatlon ill the arn .:.an u:pla111 aOlle of tbe dllcl1naa ill water ltvllh , 

but lIOa t of the declinea probably an due to .. _ade withdnwall of water frna 

th ... Ferroll lalld,tone aquUer. 

" 



Havn.llc nd ... of v.tat 

.ppr od .... taly rilht '1111 .. to the pountiOll.tric contoun .bo"" in filurfl., 11 

nd 12. On. ulioMl acl.l. , the . trik. n d d ip o. bed, 111 the .quihr hl.ve 

... at nd nonlN •• t t ovard Ire •• of .. PIIL&Ii. di.chara' and tov.rd .ra •• of n.tura! 

dhcharl' .\110111 the Fan on outcrop. 

Th. ut •• t vhich lI.ur .:lv •• launlly through the aquif . r c.n be estimated 

fro. the foll_ioS .quation (Lohlun , 1912, p. 10): 

v .. J.1 • 
.. h.ra V .. v"locity , in f.at p.r day, 

It .. hydraulic conductivity, in hat p.r d.y , 

hydnulic Stadi."t, • d.c1aal fraction , .nd 

.fhc t iv. poro.lty , • d.c1Aal fraction. 

As.uaint • hyduul1c conductivity of 1 It/d • • hydnulic aradi.nt o f 50 

a ' :.l or 0.0095 , and .n .lfectiv. porodty of 5 percent, then 

V .. (l ft/d) (0.0095) 
0.05 

V .. 0.2 ft/d ( ro"nd.d) 

55 

It .hould be atra ... d t hat 0.2 ft/d would be the .ver.a. fluid valodey 

throush t he .qulfer .t the ... ...ad cOllditione. I t do .. nnt n.c .... rily equal 

the .ctual valodty bet_an Illy tWO POl.ntl ill thl aquif.r, which would d.p.nd 

obtaio.d fr_ v.ll (I>-22- 6)11.bc-l nd Caoloa1ca1 Surv.y t .. t bola (D- 23- 6)6&cc- l • 

and carbon-14 d.tl.na of the tWO I .. pl .. 1IIdicAt.d 'a .. of 28,000 and 31 . 000 yean . 

B.t .... o the racha r a •• n •• nd ... plina pnillrl , .01u t10n of c.rbonne rock. 1 •• 

po .. ible .ource o f .. "ror 1n the d.tina techlliqu.. C.rbonlte di.loIved frDIII rocks 

voule! be depleted of the carbon-14 ndlohotope. the d.aree to vtlieh thh proce .. 

il t.kina phee ~. unknOllrl, but it t ••• u to ".UllOI that the datina indieatea 

tha .... iaUII po.a1bh lae . 

In Idd1t10n to Iat"' r al flov through the F.rron .. ndatone Iqdfer, 

pnClntiOllletrle-.urflee data aha illdieac. that Itanifielnt v.nieal c..,.ponentl 

of nOlI l,.l.t. Alana tha outcrop of the F.rron, wh.n a .... 11 &IIount oC neharae 

frOll pncipiut!on occun , ... tat _vee downvard throuah tile .quifer and 10lOe 

.. aur la,,\uI into the und.rlying Tununk ~bar. In .:lIt ant .. downdip CrOll the 

outcrop . head 111 the .quihr incr ....... vith d.pth , and v.ar oovea upward into 

the Blul C.t. "Plbar. 

o.vlt",r1111 of the Eauy !Un", (th. 1araeat "l'III&dl dlleharSe frOCl the Ferron 

land. tall, Iquihr) hal iDduced _v_nt of ... ter tov.rd t~. lIina CrOll IU . eet l on. 

of the aql1i!ar. Halt v lter pr oduced frOCl the .1l1e hal eo_e trOll the upp. r I .ction 

of th,/. a'l.111hr. but th potenti_.eric l urhee of the ba.d .. etion .ho hal 

" 



TVo "a tar l..-plel ,;ere toll.tt.d lroll .. aplSI area, in thl roof of thl £mIry 

!tinl and "Ire lnalyud for concentrec lolltl of crlt1_ (a r"i01l0top. of hydros.n 

"1th .0 eto-.J.c "'1&ht of 3). Bolth a .. p1 .. conU1nld dluctable cooc.ntrationa 

of tclci...--12 I.od ~1 picocuri .. per liur (teledyn. hotopal, writt.o tOll:lllun., 

Soy_bar 2, 1979). Prlor to teitinS of nucleer .... pOIltl in ch. early 1950'1, 

oatural criti .... lev.l, o;.re lbout Z6 picocur1 .. p.r Uter. trit1"'" lavell ruth.<! 

I p •• k 1n che Northlrn I!e-hpheu 1n 1963 wh.n tOnClntrlUOnl in tha aOllOlpheu 

nceedld th. nlcura1 levll by IpprOxtlllltlly threl o r .. erl of II1l1n1tudi (Thatchu 

Ind othen , 1977 , p. 8). Baeau.", tr1tiUI:I h .. I h.lf-1UI o f only 12.33 yuu , 

IOIDI of thl IIlne ".ur _It h.ve bun ucharS.d to the .quif.r I1nc. the ur1y 

1950',. A nlUllb.r of po .. ible ,ource. of ucherS. vlt.r .re Quitchupah Creek 

and Chrlltianlan loI .. h, irrlsation " Iter applied to b.ld overlying the "lne, .nd 

precipitation on land overlying the 1110 •• 

the tonc.1!. ::::.:10n of trltlUIII Via .110 daundned In a vatl r Ia:F!. fn'lI 

v.ll (1)-22-6) 31dab-l, a floving ",.11 Ibout 1 IIIU •• outh".I' of the EII.ry Min •. 

the "dl UPI cha uppu a.ctlon of the Finan land.tone Iquifer, and pot.ntio-

.. etric contours (fig. 12) indicate th.t ch ..... 11 i. upgudl.nt froco the :olne. 

AI might bl expltted, CTitl .... C01!.<:.ntratton 1n the vlter " •• 1 •• " than :h. 

d.tect.bl. lilliu of 6 p1coturlt. pu litu (tdedyne horo:.p ... writun COl:l::un., 

!lov ... b.r 2, 1979). 

" 

Rlcharg. and. d1lch.rgl 

Sourc •• of rechergl to and dllcharg. fr"'" tha ferron .. ndaton. aquifer 10 

the EIIary area durins 1979 au 4Ihovn d1lgr..,..tltl11y 10 figure 15. the .. tillat. 

Ftsuu 15 (captlo1!. on nut paS.) nur h.re 

of uchars. aod db,chug. 4Ibown In Ugur. 15 indlclt. that dllchargl. exc.ed.d 

r.chars. by about 0.1 fcl/.; iIov:tver, they a re only o r de r-of -cugnltud. u:icut ... 

Waur-la"d dec lin •• in observation wdla 1n the Ellery l rel du, tna 19:'] indicate 

that the ftmOunt of Itouse in the aquifer d.clln.d. ou t the dgaree of hbalance 

betwe.n ~.thara. and d1lcharae 11 not known pre.:l .. 1y. 

Sub.urfaci in!lov 

the largllt 10Urce of ter"u8e. to the f.rron .Ind.tone aquifer in the E=.ry 

aUI ta lublurfac. flov, prob .. b1y frOll the W .. atch Platuu. Holt of the wat.r 

1n the aquinr in the E.laery a'·a. problbly " riginltea II Frctlpttltioo on the 

plateau , and lIOat, il not all, 11 tr.nnln.d Into the I ::U a10na the h18h1y 

p.,."..,abl. zona along the P.radlsa Vdley- Joea Villey fault 'yatft!. Previouc ly 

delcrib.d catbon-14 dltlna indlcat .. that 1oO· ..... nt of "Iter fr"", the oTtSlnal 

rethaTse araaa to l; ... E"lry a UI probably tlk • • thou.and. of y.a r l . 

A rellonlble eatwte can be IUd. of the aIIOunt o f . ub.urflce lnflov to 

the Iquiler frOlll the "'eat In the EII.ry lrea. U,ina pot.ntlO111.trlt - lurflce cupa 

(ftSI . 11 and 12) to d.t.raine hydraulit gradientl, tranilliadvity develop.d 

fro .. calibration of the ':OIIpu~.r DOdd (I1orri ... y Ind othul , 1980 , fig. 5) and 

Darcy'. Ilv (Lohaan , 1972, p. 10), .uba"r!ac:a !nUov :0 the £mery lrea 1. utt.a>atad 

to ha"l Ivaraaed 2.4 ftl/. during 1979 o~ lbout 1,700 ac re-f •• t per yur. Dltl 

are lackins to Itcurately alt1:utl luba urfaci inflov t o the Ferron in other IIreal 

ol Cutle Valley. 

" 
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PrecipitaUon all OI.Itc'rop &1: •• 

Annu..l pnc:ipltatlon 011 the 100 ;012 outc rop of th" Ferron Sanclnoll" Member 

10 C .. th Valley .v .... 'u about 8 inelle. (U.S. lIuther a"r .. ",. 196)). 

Pnc:l~1t.t1on OCtu ... abO\lc equally as n1n fro. thundentnlU and .1 anov. 

Thund .... tonas c:ontribut. little nehar,e. kealia. the do!' .. I:n the Farron outcrOp 

a t. ulual1y .t •• p, thara t. Ilul .. or no a011 ",ou"1' tn _u of the a r Ol •• and 

runoff it rapid. Moat of what little nehar,. occur. On th_ outcrOP ana probably 

In t!'lon .-c .••• of tha lover Dirty Devil River ba.in vher!! annud pu.c;1ptuclon 

.v .... gu h .. than 12 inch .. , Hood and Dan1lhon (1979 , tlble 4) .. <:10' .. <:11 thAt 

nc:har,. to bed rock a'l\lJ •• u lVuagu. at _It. 0 . 5 perce:lc of precipita tion. 

Thil it .1'0 probably tne ~ilI .. &mOunt thu could be ncha;," on th~ rerron 

o\ltcrop , and it llIIOuntl to only about 200 acre-feet per yll r for the entin 100 1II1! 

of outcrop area 1n Calde VIHlY. 

The rlrron outcrop, Plrti<:ularly 1n the louthern p.rt of C;lItll V&1l1y. h 

duply <:ut by .treUl ch.nnell ••• hown in Ulun 6 . 'fII<:h of the .... ter that n -

chlrlU the .quifer in the out<:rop is dhch.&rlflli dale to the n<:harle are .. by 

h.1<..I1I1 to the undetly1nll T\lnunk H .. ber Ind by llll<..lle to IHIIVi_ &1onll ItrelU . 

In lIIO't .rl .. . Hull or no re<:harlle frOCll the outcrop .rea reiche, the CIoain body 

of the .quifer downdlp (rOIl the outcrop. 

The Ferron .andltonl Iqu1!er in the Cleveland, £1Il10 •• nd "'alUnaton lUIS 

(the Cla .... on and ",.,hboard unitl of Cotter) is sep.r.ted ft= the IIIl1n body of 

the Ferron th.t und, r UII the "' ••• tth Platla\l ."d C •• tle Valley to the louth . 

(Su £111. 8.) Un11ke thl Eaery .n., re<:harlle to the aquHer in thue <ifill CIoay 

be 11a1tld to a ... 11 IIIOwe of ncha r lle on the n.rro ... I trip of Ferron Out<: f Op . 

.. 



Lu.kq:e 

The f.rron svuittcne equihr 11 .. bu..,een reutively iaper ... ble . hal .. 

th ... thu. " Gn.... In -.:..t of the tIII.ry .n. downdlp fro. the ",rron outcrop, 

h.ad.1 i n the equihr .Eft Wluelly hlaher then the v.t.r ubh in ollerlyinB rocD . 

end th.re is ulN.rd h akaa' of v.t. r into the Blue C.tl. Much of the v.ter in 

the 0llerly1nrg: Blue Gatt 11 co,.. .... ed by Bru.lI1IOoci (S.reob.tu. 1I .... 1culatu.) •• 

phru.tophyte. COllpllt.t1ons 1111aa the thru- dlllendonel dlaltu-c_puter IIIOdel 

of the Ferron .. anutonl .qui.hr !ndieul that upverd luk&a. f ro-. thl f.rron 

into thl Blu. Cat. IlIluS,d .bout 0.8 ft 3/s durin, 1979, or .bout 600 .cre- feet 

per y .. r in the Ellery I nl (Korri .. ey Ind olhea . 1980. US. 2). 

It .hould be noud thet records of uny .,.U . and t .. t hole. drilled in 

C .. tle V.11.y ind1cate thlt the shele in the Blue Cate "",ber 1s "dry." In :rost 

c •• e . , the "'" of the ter. "dry" nhn to the l.ek of v.ter procillction vhen 

drilling and don not indlc.te th.t t'" . ... 1. v .. unutliUted. . n t hole. 

(D-22- 6)2'cbb- 4 ,ad 6 bottos in the Blue Cate 1n the propond lurface-.. ine lrea . 

Both hohs vera dr1lllt<! vith . n etr-ronry drillinrg: rlg. Ind Ihlh euuings 

Ipp.arad dry vhen drillinB. The t •• t hoh. cOnt.ined. no v.ter betveen the ttcu 

drtllin, ce .. ed. .nd thl holel ven c ... d, but over I p.riod of s.lIeral day. both 

hoh. pertly fUled. vith v.ter to the app rodaate level of the .. aur tlble. 

"ear the Eaary lUll ' , the potlnti.,.ltric .ut hee of the upp.r nctton of the 

ferron .andlton. equtfer he. been lovered. to • hvel below the v.ter uble in 

the Blue C.t. !1eaber by sin. dlNuerina. this iI the only .n. near E=ery " nere 

vuar-level deu tndieate that ... ur in the Blue Can v .. 1.,k1ng into the retton 

durinB 1979. Cospuutlon. udna the cOllpunr lIocIel Indlc.te that lUDge fr oC!! 

tt.e Blue c.an to the r.rron neer the bery Hine .veuBed .bout 0 .1 ft 3/a dllrlng 

1979, or about 70 .cr~feet p.r yeer. 
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Alona the P.radile Valley-Jo .. Valley t.ult .y.c .. , hydraul1c connection 

bet_to the 1I1ue Cate I l!.d ferron landltOne .qutfer prob.blJ ha. been incr ... ed 

by !racturtna. Will (D-22-6)l9"db-l bott.,.. in the Blue Cite .pprox1a.ltlly 300 

feet .bov. the ferron. end the well had. a .usubed flov of 20 gil/sin during 

the • .-.or of 1979. The d1 .. 01",,':-1011dl "tm"llItration in the v.ter ., •• 808 maI L 

(tlb11 (,) Ind "II typi"ll o f .. a~er fro" the 'Irron and not the 11"c Clee. It h 

bel lived th.t vllen the "ell I •• 1l0V<lld lO !lov. _It of thl v.tu 11 ."tu.lly 

deriv.d f r o. the ferrol!.. elthoulh 1t hes prob.bly IIOved. freely through fract\lru 

into the Blue C.te. 

He.d il!. the underlyillg 'ununk Me-.ber .nd Ihe diraction of vet.r IIDlle .. ent 

bet.,eell the .ununk and rerron .end.tone .qu1fer e re \lnknOVll . It is probebly uh 

to ....... that dOVlld1p frOll the rerron outcrop .nd .... y frOll IUjor umude .outc .. 

of ditchlrSI fro .. the ferron, the IXchenae of v .ter berveen the tva unie . 1. 

lIegl1s1bh. C01IIputet10ni uling the cocputer IIDdel indluu thet durinl 19H b 

the E:I.ry In. le .. than 0 .1 ft3 /. (le .. then 70 .c re-h.tl prohebly leaked 

upverd into the flrroll frOll the 'ununk, .n in . ree. dovndip frca the ferron 

outc r op. 

62 



I .. 1I11ch of thl olltc r op eron of th l Ferron nl.r Ealry. heidi ill the Ferron 

.&DdltOnl .quih r dltre .. 1 "lth depth . IIltlr problbly ll.ks fr ... thl hrron 

into alluvl~ in thl bott .... of thl duply ilIc1lld Itn .. c,,"nyonl .nd into the 

underlying .hall. of thl Tununk. ~\lch of thl ""t" r in thl .Uuvh. 1. con.umld 

by phn.tophytl. , lIIIinly gn.le ...... oc!. Ho.t nf thl ".nr th.t le.kl into the 

Tununk IV.pOr.tl. on tht barnn .hale dopu blne.th the Ferrnn nutcrop "here 

•• It acCWllllaUI thrnug~ .UlIIIIer .nd hll. (Sit! fig. 16.) CnQPut.tionl lIalng 

thl cOliputer .,del indic.te that during 1919 in the EIouy .re. le.kage to 

.Uuv!"" alnng ItU ..... nd h.uge to the Tllnunk each prob.bly .vang~ .bout 

0 . 4 ftl/,. 

Tran.pirat!on of phreatophvtea 

Although uny .nas 1n Castle V.lley lupport denle phn.tophyu gro ... th , 

fev phultophyt .. obt.h "a tu directly Cr oVl tile Ferron .. ndltone .quHer. 

l1o.t phrl.tophyte. 1n Cutle V.lley obtain ".ter !rOlll alluvl_ along nre_ 

.nd frOll thl Ih.U_ .. cu r.ted ~onl in the Blue Cate l1e .. ber. Phre.tophyu 

gro ... th on thl Ferron outcrop 1. 11ait~ by the dapth to ".ter and poor .011 

condition.. The f .... phre.tophytea ("inly 8n •• lwood) that obtain "Iter !ro .. 

the Far ·~n grOll .long • n.rro ... Itrtp .bout 0.2 .. Ue ... tde ellt of the contact 

blt"een thl Ferron and tile Blue C.te. Depth to thl .. tunted ;onl 1n thl •• n. 

~, le •• thin .bout 50 hit. 

" 

F1&url 16. --Sllt on the barren .hlLe .lop .. of thl T\inunk Hl!:IIIbuc of the ¥ .. n.cOI 

Shlle were rrO\l!lld .... t.r hi ...... por.ted . OVirlyln8 Foonon Sandle,,"e 

Kc-b .... of the Manco. Shale and C_1 CHft. 10. background. 



Appro:d_uly 4~0 .~ru of ,p.re. phre.tophrte , rovth on cha r.rron o ... tcrop 

In the £Rry aru "U .... pp.d .... lng aerhl phot"'gr.phl. :'dn&. method by Criddle. 

.unh •• nd WlU.rd,on (1962, p. 12 Ind 13), trar..plretlon of .. at.r directly frOll 

the Ferron tn the Ea:ary ar.a d ... ring 1919 ' ... ti_cld to have .v.re,.d 0.04 ft3 /1 

(Ibout lO leu-hat par yur). 

Sprin,. and .eep. 

S..,.ro ....... p. lI""e froll the F.rron IIndlton ....... iter in c..tl. Valley. 

but only fo ... r Iprln, ... er. found .. tth dh~.rnib1e flow.. Sprln,. (D-22- 6)2)d.dl-SL, 

(D--2J-6)11dbl-Sl, and (!)-2~ - S113bcd-S1 .U 1 ...... frOID the blld .e~tlon of the 

ferron n.ar the o;:ontatt .. tth thl Tununk Melllber .long l'Iuddy Cre. k, lvle Creek, Ind 

I:IUov Sprln&, W.lh. The fourth sprlng , {D-22- 6)2)cdc- SI, 1I.uel frOIl the upper 

.. ctlon of the Ferron at the h.ad of MiU.r Canyon nll r the conuo;:t .nth the 81ue 

Cite Mellber. Reo;:ord. for th .... prlns •• nd chem.1c.l In.ly . .. of the ... ter, .. here 

.v.llabL" , .re li.tld In t.blll S .nd 6. Contlnuoua-dhcharge recorda .c . prlng' 

.re not .vdL.ble , .nd it is dHrto;:uLt to estillare thl ... t"r dllo;:harsed chroush 

the " eep". The dh~h.ra. of springs .nd ... p. t .. ulng frOlll the Ferron tn Clltle 

Villey, hove".r, prob.bly do.s not IJIceed 0.2 ftl/ s , of Ibo ... t 11.0 Io;:re-feec per 

yesr. In the ~ry .rea , the o;:ollblned dl.o;:harse of I prlngl .nd .eeps froll the 

Ferron 11 ;>roblbLy .bou~ h.lf thia llIoO ... nt. 

lupton (1916, p. U) d •• cribed ... pring th.t iuued froll the Ferron a t t!l.e 

hud of Short C.nyon in the S'"" • • e. 24 , T. 21 S. , R. 1 E., and that . uppl1ed 

" . ... fflehnt excellent .. .rer for. fev h •• d of .tock the yur round." Thi . , Ite 

".1 viltted In June 1918 Ind No"allber 1919. An e"'Pty s f · ck-... terin, tlnk "I' 

found, but no . prlng nov ""a ob .. rv.d. 

" 

W.ll dhch.rg •• 

Dunn, 1979 in CutIa VIU.y, 18 .. alI. tapp.d thl Farron •• ndeton •• quHar 

for purpa ••• oth.r than hydrologic t • • ting • . \.I.te r f!'OCI the F.rron "" .... ed for 

public .... pply in thl town of Em.ry , coal .... hing, Stocit .. ltering, •• IIIIU amount 

of lrdg.tlon, .nd dOlllstlc . upply I[ thne nnch ... 

Record. f r OCl • _tlr on the dhchl rR ' Un. of the [JQo;y IlUnlclp.l ... 11. 

(D-22-6)l.c.b-l , indic.te th.t the di.charg. I"eraged 0.2 ft)/. durinl 1979. 

Thre. ".11 ... en ..... d for cod "I.hing.t the Oog V.ll.y Min. in T. 23 S., R . 

• nd the t oul dllchuge ."eraged ebout 0.01. ([3/. during 10 monthe o( operation 

in 19 19 (Wea te"' StatU Mlnerell Corp. , .. rltten ~olDUn .• february 1', 1980 ) . 

DlIche rg. f ro. the u .. lnder of the ferron .. eU. In Cutle V.U.y Iverege d . bout 

0.07 f t 3/ •• 

Mine d .... tarlng 

De ... tering of the undersround [aery Kine "u the larl •• t .o ... rce of ... aada 

dlleharge fro. the Farron IInd.tone .qu1!ar in c..tle V.lley during 1979. froll 

diacharge 1II ...... ra ... nta It the end or the m.1n.-dllcharge 11ne Ind pWllJ>ins tlo:a 

E •• 

f ... rnllhed by Con.oUd.tion Co.I Co., aine pu.pl,e i ••• tl .... t.d to h.ve Iveraged 

0.6 ftl/. d ... r ing 1919. An .dditional 0.1 ftl/. 1, IIt1 .. t.d to hive been remo"ed 

frOll the m.1ne for .how.ra .nd by e".poration. 

01leh.rse frOll the .1n. Inere.aed during 1979. Th. dischlrge a"erage.;! about 

O.S ftl/. d ... rlng J.nu.ry I-July 19, 0.6 ftl/. du ping July 2o-October 8, 0.8 ttl / . 

during Ocrokr 9- Novtllber 1, Ind 0.1 ftl/e during the nllol!nder of the yelr. M 

thlt und.r&round 1I1nlng progru.ea towerd the Paradlle V.Uay- JolI V.lle~ fault 

.ya tlta into .r ..... ith higher .quit.r tran •• ha1"lty , .. Ine d .... aterlnl .hould 

1nc rel. a. 

" 



Th. brS .. t quantitl .. of "ater an avdbble fr_ the Farran .and .. tone aoui~ 

!er ... ithln about 2 ,.11 .. of the Paradh. Vall.y-Jo .. Vall.y fault ay.tall In the 

Emery ana. In thia araa, the .q ulfer tu.n •• halvity ha. h •• n lncr .... d b~ 

fuctur1!.g, .nd IIver.l .... 11. have been con.truct.d th.t an c.p.ble of p~odudnll 

IlIOn than 100 sal/aln,' (S ...... 11. (D-22~6)4t&b-l .nd 2. 17.bc- I , ]'odcb-l , and 

ll,J.b-l 1n t.bl. 5.) H".t of th" .. "llr in thh .... fl_ .... tur.'ly .~ land 

.u~face at nt .. 1 ... tll.n 100 &al/aln. but dhchar&u could b. inttened by 

pUllplng. lo'eU. tll.t fully p .. nen.ta til. aquif .. r In thh .na eould be explcted 

to produc:a 100 to 500 &11/.1n if pump .. d. 

Elaa ... t"lu in the ~ry ana .nd farth.r aou th in Castle v.ll.y. individual 

.... lla could b. axp.cud to p~oduc. 10 to SO &d/_in frOlll the ferron •• nd.tone 

• quifer. Yidd. would h. &n.tut fro. fully pen .. tutin& .. ell. in ar ...... ith 

tha su.ta.t aaturaud chiden ..... nd tr1n.oda.ivity. Saturated thickne .. and 

tran,adallvlty dacn ... 1:1 the outcrop .n, of th. Furon. lo'elll "ithin .bout 

I mill of th .. cont.ct vith th .. undulyin& tununk MeCibe r probably \lQuld yield 

la .. than 10 Sal/min. 

In th. north.m tvo-thirdl of Ca.tle v.n .. y, &evenl 11111", fcOIII major 

faultin& .nd vnare the Ferron 1. 11 .. than 300 feet thick, yield. of Individual 

·".11. thAt up the fe~ron probably "ould not e.ceed 10 sal/_in. ~ poinud Out 

a.rUer, the flllron .and.tone aqulfer 1n the Clevellnd, Elmo, and lo'e11 tn8ton 

.na. 11 up.raud frOll the .. 1n body of the Ferron th.t und .. rl1e. the 1I ••• teh 

Pl.ta.u .nd C.atla VAlley to the .ou th. Unlik.e the Elllery An., neharee to the 

aquifer in the northern part of Castl. Valley .. y be Uatted to a ,_11 I llIOunt 

of n<:h.rs. froa pnc:1pitatlon on the nArrOW Itrip of ferron outcrop. I:ell 

(1>-11~10)'bb.-1 nporudly p.netratu the ferron .bout 0.5 mile .ou th of £~ , 

.nd th. drill.r nporeld thlt nO .... ter ".a &TIcounund. About) aUe. hrther 

aouth, vall (D--17-10)16dd.-1 tap. tha f . rron and produ<:u enoush vater for on .. 

hou •• hold. 

" 

QuaUty of .... tar 

Ch ... 1<:al .[laly ••• of ".t .. r floa valh. t.et hole., a pr inS. a[ld the £rIf.ry 

Mi[l. in C.nla Valley , .n liat.d 1n tabla 6. 

Aa ahovn 1n haune 17 lind 18, the <:oncentraUon of di .. olv.d aoUd. 1n 

".t.r frolll the f .. rron a.nd.tone aquif .. r 1n the Em.ry .r •• incn .. e. e •• tv.rd f~oc 

the Paudhe vellay~Joe. V.Uey hult .y.tea towOI.rd the ferron out<: r op. Compu1&on 

of CiSUra. 11 and 18 tnd ic.t .. thU in a:o.t .re .. di .. olvtd-aol1da concentratlona 

411'0 lllcr ... a. up"ard ill the .quifer . 

In the £II.ry .re. , d.terloration of ... ater qua.l1ty in the ferron •• ndltone 

.quifer uaually it due to incru.ed <:on<:entratlonl of diuolved lodiulll .nd 

lulflte. Sh.les in the M&n<:os Shale cantlin larS& qu.ntlttu of soluble 

.odlum-.ulfate lIIin.ral. lu<:h .a lIIil.b~l1te (11.1 250, .10H20) .nd thenard!te (S.250,) 

(lo'.dd.U .nd othul. 1919). Dhsolv.d~"olida <:on<:entraticn. &.nuelly inc r .. .., 

"lth Incr ..... d time tt\at .... te~ i. tn Itorase 1n the .quifer .nd In <:Ontact ... 1th 

th .. shal ••. 

" 
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Th. hr, •• t ob .. rved cOllc.lltruloa of dl .. 01".d lo011d. 111 thO! upp.r •• ulol1 

IIf the Ferrall .ud.ton. Iqulhr ... t of ~h. '.ruh. V.lley-Jo •• V.!ley hult 

.y.t.,. .. '1" 111 .n Ir" n •• r the prope •• d . urf.c; •• 1n., b.tve.n the Emery Mln. 

• nd the h.u of Hilh.. Cinyoll. Durin, 1919 111 chb In., the "It.r ubI. 111 

the l1u. Cu. M .. b.r .. &I .t • hl,her altltud. thlll the pet'lItt08<l!trlc aurf.c. 

of th. upp.r •• ct1011 of the Ferroll. lI.t.r in the l1u. Cit. , whIch eOllcl1n.d 

lbout 20,000 q/L of dll1olv.d .0Ud. , .... 1 .. kll1, down .. ud 1IItO the F.rron. 

Th. d_.rd l .. k.,. of sll1n . ... t.r fro. the Blu. C.c. 111 thtl In. could b. 

indue.d by IIItlln1 dbthlr,. fro. the .q..thr .t the hI.d of Miller Canyon, or 

It could b. due to dlVuerln, of the t..ry Mlne . 

• rc. the eon U,uutll1n of the COlltO\l1'l 111 U'lIti 18 , tt eln be Inf.rnd th.t 

the reoo"l1 lit hr,e qll.ntlth. of ... t.r frOll the ElHry Min. ha. Lmpro"td ... ter 

quality In the IIpp.r •• ctlon of the Furon blt"un th. CIIin. and the hult .YIeVl 

to th ...... t. OIV.t.ria, of the ,.In. hi. ace.lar.11d the r.t. of ... t.r .o" .... nt 

tow.rd the Dill. trOll 'U dlrection •. Th. Iner •••• d ." ... nt of Ie •••• 1Ine .... t.r 

frOll the .... It throllgh the upp.r •• etlol1 ot the aqll1hr, how.".r , hal mou th.n 

othet .ny d.t.r10r.t10n of v.tllr qutUty that lI&y ha". b .. 11 e.u.ed by tncn>ud 

do""vud l ... ka,,' fro. the 1111. Cat.. 1.pro"mtllt tn the quaUty of ... ter ent.rll1g 

th. ,.In •• ho lUIy b. hdlc.ad by Chall,.' 111 dh.olv.d-.oUd. cooe.ncrttlon. In 

.. aur pUllpid fro. the Olin.. Ii.t.r coUected In 1975 .t the tllId of th. :oln. 

d1lchar,' 1111. eont&1l1.d 5,100 ",/L of dl1$ol".d .0Ude (\i.dd.ll Illld othen , 19i1S, 

p. U). Sup1 .. coll.cted tn hbru.ry .nd Sept .... ber t019 cont.in.d 4,780 .nd 

3,040 Ci/L ot dll10lved .0Ud •. 
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nata '1'1 hdrJ.n, to d.fin. vltlt qutlHy til tn. r .. rron .and.ton •• quif.r 11. 

.oat an ..... It of the 'and 1 .. II.U.y-Joe. V.U.y fault 1)'1t0tl. li0ii.,, .. , btS' 

dlI101".d-.011d. COllc.ncr,tlune 11, ... t.r fr_ t .. t hoI .. {D-22-5)2lte.-l indlc.t • 

thlt .. atlt qUlttty In the hroon d .. urior.t •• , .c Il1n In ._ 11'111, • ahort 

dbulle ..... t of the rault a,ItVl. Thtl 1. eond.ttnt vith thl hvpotht.l. thlt 

..oat, if not a.11. of the .. aur .,vinK fro. the \I .. It,h PlatUIi to the F.rron tn 

the EIotry an. 11 tr.n.ll1tud liong the ht,hly p ..... llblt lOll. c r .. aud by hllltln,. 

The h .. c;h ... lcli .n.ly .... of vatu fro_ the Farron In the north.rn tvo-thlrd. 

of Ca.tl. v.n .. , .nd .djac.nt 1I ... tch ,tat ... u (ubI. 6) Indlcet. that .. It.r 11 

,en .. rally of poour q .... Uty thlll tn .o.t of the £aery .u.. Thll 11 prllbabl ... 

du .. to th .. incr ..... d dt.tanc;. ftOla rech.rs •• r.aa and til<! ll1ena •• d t1=-. "'ater 

la In cont.ct vttll the rock •. 011101".d-l-011d. conc.ntutlon. In .. at.r tn the 

hnon 1n the north .. rn tvo-th1rd. of Caltl. V,U.y Ulually ."Clld 3 , 000 _gIL . 

S.v.ral .. at .. r .aaplll obtaln.d fro. tilt holll and S ..... 11. 1n the Ferron 

contain .. d more thlft 10,CMl .. I t of chloride .nd .on thatl 20.000 .. It of dinoh.d 

aolld., 

SURFACE IIJr.TD 

The nonh .. m cnd c.ntul p.rtl of Ca.tt .. VIU.y art drain.d by til<! Price 

.nd San ... f.el U"'era, both of .. hlch '1'1 tr1bllt.ri •• to the Cre.n lI.1"er. Thrll 

.. jor trlbutllrl11 to th .. S.n ",he! R1".r (Muntinston, hnon, and Cottor:_~ 

Cu.k.) or1S1111tt on the central lIa .. tch Plac .... &no! crOll Clltl .. v.U.y .nd the 

Ollterop of th. hrron S.nd.ton .. M.mb.r. Th. flow. IIf th .... trea .. an diverted 

In C .... tl. II.U.y for lrrlsatlon Or crunlc1pat .upply. 

Th ... outh.m part of Clltl. II.U.y 11 dnln.d by tribut.ries to the Dirty 

0 .... 11 ltv.r, whIch h a tribuury til the Colondo 11ver. Thu. _jor trtbuurl •• 

to the Dlrty Devil liv.r that II r1s1net . on th. 1I ... tch Pl. til .. end th.t c roll 

the outcrOP <)f the Farron S.nd.ton. H.-I>.r an Huddy, Qu:tchup .. h, .nd lvi. Cr •• u. 

II 



Q!.oitehu.pah Cr .. k .lId ltl t ribu.tary Chr1ni ..... 11 lIuh an tnned 1n dataU 

Fl,u.n 19 (capt 1011 on un pa,e) aur hera 

dltl1-colhctioa 11 1t .. 011 the ... It re .. 1 du.r1nl 1978-79. For inCo""tlol1 on other 

lurbea "ItUI in tha ar .. , the r .. der 111 referred to !ofu.ndo rH (1972 and 1979) 

and lI11ddaU. Coneutto. S1IIII1I10n. and Butler (1979) . 

Qu..antlty 

Q!.oitehupah Creek hu dutlla,1 Itll of 1041112 at 11111nl Itl1tiOn 09131900 

n .. r rhe Eaery mne. The I."eule dl1Uy discharSI for "liter year 1979 . the first 

COliphte yea r of operatlon. WU 6.1 ftl/. , ranging Iron a low of 1.1 £Ill. on 

October 28-)0. 1975. to I hlgh of &5 ft l ,. 011 ~ovaober 2, 1978 {U.S. Ceolo~lc:al 

S"rvey, 1980. p. 290). Ou. r !nl the I"-e.r _nthl. flow It t he I tatien eon1l1nl 

.dllly of "uer pUlllped frOli the Eooery Hille and retu.", flow of irri,ltion "l1te r. 

Chr htl.nlen III.h "I. ,I,ed at I tltioll 09))1950 du.rilll the 1919 ".te r year. 

The dra!lI .. e .nl at tbil . tltb". a Ihort dhtan.:. dOVllurelll t rOll the propo.ed 

lur b.:a IIlne. Is 1l.6 lIi2 . O.Uy dileharge It the atltlon .ver.,ed 2.8 ftl /. 

d"r!", "ltU y .. r 1979. nllatna froll 0 . 41 ftlll on J.nu.ry 7 . 1979 , to 20 ftl/s 

on May 6 and 20, 1979 (U.S . Ceo101 1cal Survey. 1980. p . 294). The Clow 1n 

''>rhtlu..,,, III.h 1. pennnid I t the glling Itltion, .nd Itre .. now 11 due 

• .&tnly to raturn flow of irrigation "Uer o rilindly diverted frOll Huddy Creek. 

The upper re.ehel of Cbrllti.n.en 1I •• h. up.tr ... frOll 1rrlgued .ar .... li_ only 
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Qu.Uty 

lno~, .... le di .. olv.d _11dl 

Molt lu~faC. " atul In C .. d. V,ll.y d.u~10nu 1JI ehntcal quality .. 

th.,. e ra .. ,hal .. In til. I lua Cu. H..t.ar (HundnrH . 1979, p. )4) . q pnvloudy. 

•• ntlonu , th •• hal.l c:ont,1JI lar,e q ... ntitt •• of .olubh '0<11 .... Ind ,uJfat. 

.. III..rall. Th • •• • Ioerals ,r. sub~ .. c:t to ,olutlon b~ ,urf,e, runnt! and ground 

Io:st.r In Qultchupah Cr .. k dOlta r iont .. 1JI ch_Ieal q ... Ut,. bIIt ...... n Stat. 

HI,INly 10 .nd th. c:on!lu.nc. " ith Chr istbnun lI .. h. At St.t. HI,hv'y 10. 

du r in, 1975-76. th. ,v.r.,1 conc.ntntlon of dluolv.d 10Uda In .Ill "atar 

... phl " " 9)0 .,/L, Th •• v.n,., conc.ntntlon In all1 aupl .. co ll.ct.d 

concurnntly fro. Qv.1tchupah Cr .. k juat ,boy. th. con!1. • .,nc ... lth Chrlnhnun 

lI .. h " AI 2 , 270 q/L (Mundor!! . 1979 , t.bl. 6). This Incna .. In dluolv.d-

• olidl eone.ntraCion b dUOl to Incn ... d eoncmtntion. of all th ... jor c.t l on. 

Ind .nlonl but .anly to .n !nen.n In 1041 .... and lulflt. , Inflow b .. t '.."iI.n th., 

t .. o lit .... Inly conl l lt.d o f p"",pa'l. fro. th. £Clary Hln. Ind raturn flow o f 

Irrllatlon ... t .. t. 

" 

5"'0 ... 1 variation in til. eone.ntr.t lon of dia,olved .011d • • t th . ,I.tna 

It.clon all QlIi tcllupah Cr .. k du r ill, til. 1979 .. Iur ,. .. r 11 t11u.trl-1'<I in ftpu W. 

Ftaun ~O (c.ptlon on n.lIt PII.) nUt hOl t • 

Ob, .. rv.d ."u .... of dl.,olv"d- ,o Ud, eone.ntr.tionl .... rt 696 q/L on Kay 8 , 1979, 

.nd ).960 '"I/L nil. Sov_b.r 19.1978 (U.S. C.alo, leal Survey . 1980, p . 292). Th. 

n.nd durina th. 1979 .. n.r "."t .... !rOIl In"ur dbehara •• nd l .... r eonc.n­

(fltlon of dl .. oh.d ",11d. durlna the Iprln,-runol! parled (Aprll - Jun .. ) to lellu 

dhehar, •• a.d , r •• ur eo~e .. ntntion of di .. olv" 1011dl durtn, th •• u::Dar .nd fall 

(July-Sov_b.r). INru, th., lIinut (O.ceoob.r-Mareh) . dbehar, •• nd cone.ntr.clon 

oC dl1101v.d .olld. g.n",.lly .. It. Int. nndll1t1 to tho •• ob .. rv .. d during the s pring 

.nd ........ 1' • 

Ar ul ... arl.tlon in th. eonc.ntrltion of dh.ol ..... d .ol1dl .lona Chri,tl'nun 

Wllh 11 111,htly di!hrent than along Qultehup.h Cre .. k. The .... euge concvncution 

oC dll101v.d .0Ud. tn .ilI .eu of cupl ... colhcad d"ring 1915- '6 .c St. t . 

HI,hv.y 10 .nd .t th. _uth of Chrhcl.n .. n Io:lIh ... re ) . 470 and 2 . 61~ :g/ L 

(l'Iundorff, 1978, t.ble. 6). Indlc.~ln, " dcrvnltrllll deere .. e In the concentr.tlon 

or dillolv.d .011d •. Flow In Chrhtl.nnn Wllh .t Star. HlaIN.y 10 11 inter::ltt.nt 

Ind. 1I1th the .xc .. ption of puto4. d"r1na chund .. rato ..... and ,n_dc, conal.t. 

or uep.,. of irrtg. tion .. It .. r that cont.ln, lara. eonClDtrat1ons of dl .. o1\·ed 

1011d •. It. PUt of th., 1l0ll of Chrl.ct .... en wllh .c the 1>Outh .lao co ... hu or 

I rr ig.clon ... ar tetum.d by ,round_.ter 'lIpI,e, but tke nov I •• lao ,u.t.ln .. d 

by overhnd flov or Irrt,.clon " .t.r .nd lI. ter dhchara .. d f ro. =h .. Fer tOn .. ndlton~ 

.qulfer. Th ••• jor p.rt of th .. nov at the _uth problbly upr ...... c. ollerlend 

flow of Irrl,.tlon ".ur, "hleh ,mually contain, .. lhr eODc.ntr.tionl of 

dhanlv.d .o Udl thin do •• gr ound ... ter th.t , •• pI into Ih. W .. h. 

" 
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The averas. <;onc:antratlon of 41"01"",4 loUd. of 12 ~thly .aepl .. colhct",d 

at theo ,asll1l atatlon on Ch .. 1Ith"..,,, Wnh during th'" 1979 .. au, ... )leu' .... 2.380 

'"'SIt. Ob .. rvcd extreID .. ot 41 .. 01v.4 1011dl ... re 582 ag/l on April 18, L979, and 

4 , 410 q/L 011 r.bn.ary 18 . 1979 (U.S. Ceological Survey. 1980. 1'. 296). The 

predollUnant c;ulon and anlon In t~e 'Jatar "en aodlU111 and IlIlt.te , and the pH 

ulIge.d fr01ll 8.1 to 8.5. 

s.nonel vuiatlonl ot d1lc;harg'" and concentUtlon of dt .. olved 1011ds In 

Chr1lthn.en loin'" alao are ahavn In f1gun 20. Durlns vinee ... \than there I, 

nO irr1sation, 4hehe ... ,. du: ........... n4 the. atrullflov 11 IUpported oalnl" by 

ground ...... u.r I •• p.ge , .. hlch h .. a relatlvdy lIrge concentration or dlnolved 

lolid". During ,prIng and urly 'Ua:ler, dllcharge incre"'1 and concentrations 

of dl .. olved lolids are ... Unt . 

J 
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Chrhthnnn W .. h and Quitchupah Creek by t!wl "qual-dilchar, .. lncn .... nt and 

.. qual_idth lnCUMnt lI .. thod, (Cuy and oth .. n , L977, c!wlp. 3). Durin, Au"at 2, 

L918, to S"ptabltr 11, 1979 , th .. obU1"V1td .... p .. ndltd- .. dim .. nt conc"nHaeton at the 

r .. 1atienlhtp blCV .. en .u.p.nd"d-,ediment concentration and ,tre_ dilcharse at 

th .. Quitchupah Itatlon 11 lhown in HaUfe 21. A. d1lthar,e inenned, the 

F1aure 21 (caption on ae"t pa,a) naar hera 

concantration of ,u,p .... ded aed1:ene aha incre.,ed. It h inter"'tins to nOte 

that there 1, l .. a acan .. r frot! thlt reau .. lon line at dtac!wlrgu abo ..... S fe3/ •• 

Thlt cOHllleeion coe!fltieat.J for the rearltla10n 11n" in fisura 21 h 0.88. 

_'Correlation co .. fflc1ent 11 all a'tll11tte of the de,ree of illterulatton 

between ... a riabI .. and 11 expren.d in d1:en&1onlen unita. A correlation of +L 

indlca.t.a a perfect direct relatlanlhlp between tva "'ariable,; a correL3tion 

of -1 indican, [h.at one vaftable ch.anges inveuely vith relation to the other. 

lie tween the tva eXtreMI il a IpectrWII of le,a- than- pltrfect relation,hips, 

. ncludina lero, which indlcat .. the lack. of any lo rt of Linear rltlationship. 

78 

,,,,, .. 
~-

~)(IoDO 

~ 
• t 
i,.,-
• 
~ · , , ,-
~ .-r , 
· , • , I-
I -· • ,., 
1 , , - : , 
I • 
i 
" I~. 

" » • " " '" 

; 'B" ,,1:2'.-- 1i!c1o~'Q".IJ"p c.J. ... _ .. • .u~-'-J-~_~ <.' ...... ce",.n>~,_ 
g/ld $1-____ <""~he',c .. ,.. 9-"", .sn.f,.,. 0'93~ I 'oO .". 
&""M,,~J. ('''.1/:. ",n H.a. E ...... J o ....... ,A\Ij..s+ 1""8-~'-" 1." 



tha Chrinlanaan Waah nation tor di.ch.rga. gnatllr than I ttl/a la .hovn in 

Bgun 22. Thla rillationihip il not aa 111111 d"ftn.d .. at Quitchupah Creek. Th" 

Figun 22 (caption on aext paga) naar hau 

rag r lllaion Hna in Hgute 22, .. hieh .pplies to obnrvlld dileharg •• that ~U' 

greltar than I ttl/I, ha, • correlation coafUe1"nt of 0 . 72. Th" regression 

11na. 1n figun. Zl and 22 .hould not ba uucl to "StiNtll .uap.nd.d-.. di .... nt 

eone.ntr.tion. for cli_charga. out.std" th. ranga. that ... re '.=;Iled . 

Sedi .... ,1[ data at th. gaglll 0" Chriatianaen Wa.h and Qultch~pah Cruk are 

lna .. ff1e:1.ant to dete~ne .. di ... nt yield, {rolll th" baain.. King and Mae. 

(1953 . p. 18) .tudled .edi ... nt~tlon 1n a nUlllbI!f of .... 11 renrvoira in Casth 

Vall"y. and th.y found that tile a .. e r.g. annual "di"..,nt production "aried frolO 

0.1 acre-ft/ai2 1n au .. und.rlain by reai'tant ,and,ton •• Uke tho ... in th .. 

rerron Sand'ton. Mu.ber to about 2.6 acre-[t/1IIi 2 in "ea, underlain by ,hal .. 

11k, thou in thll 81 .. , Cate :111 .. bllr. 
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Sinthlc llWlrtlbutl. 

Invarnbratll van .UlPlld in Chrht!.n .. n 1I.lh .nd Qultchup.h Crllk .t the 

dlht loc.tionl lbovn io Ulun 19. S ... pl .. Vln ukln in the ....... r Ind fall 

of 1978 .nd in tha .prina . ........ n. and fAll of 1979. Tha lUII'll ..... n coll.cud 

uling • Surb. r • ..-phr Iccordins to .. ethod. out~in.d by Crll.on anet othera 

(un . p. 111). Each •• ple upr ... nn tho .. organh .. coU.ceed trOll 3 ft2 of 

.tu ... bottoa in riffle .UIS. T.ble. 7 h I 11ltinl of ora.ni .... identified 1I~ 

phylol.n.tte order o r f_Uy . the diveralty index . ..! by order • • nd the total vet 

_ ' According to l1ua (19 74. p. 382) "Diverdty. o r the ltV.nn ... of 

d1ltributlon of In .. cu. giv .... o~ Indication of the envlro",""nul condition 

of a stu ... " Dtv.nlt, va. comput.d for e.ch "'"Ph. by order udnl the 

Sh.M')n- .. dnar .ppr ollt-Ition: 

Olvenlty indo - -[PI 1012 1'1 

... here 1'1 I. the problbility of occurrence of the tth ordu. The problbll1ty 

CPt) i. '''lual to Sl/SS ... heu Nt I_ the n .... b.r of Indlvldu.la In el~h order and 

SS I. the toul n\lllll.r of Indlvld .... r. in , 11 orden. 

.. dsht of orlanilu In each .uph. 
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At the litn In Chr1lti ..... n .... h. there ... r a large ..... onal a nd areal 

v.riation. In t he benthlc-Inv.rt.brlta populltloo. Hovaver. 94 perc.nt of _II 

orglnll. coU.cud were trOlll the ord.r Dlpnn (t r"a flln). 4 p.rc.nt frOlll 

th. otd.r Trlchopten (clddh fUn). vlth the reNlnlng 2 p. r c.nt cOlllOosed of 

nla. other orden. Of.U orglntlu col he ted In Chrht!.n.en lI .. h, the 

hIllUI .. Chltona..ld .. (1IIIdgea) Ind Si"",lUd .. (black fU .. ) repu.ented 89 

p.rcent. Thl. dodnlnc. of the b.nthic-inv.rteb rate populltion by tlIO f" .. 111 .. 

Indicat .. an envl ronr-nt th .. ~ doel not .upport I varhd ~opulatlon of orglnln .. , 

AI In Chrl.thnaen 111.11 , there were Ilia hrge l ellonll Ind Ireal variltlons 

in the b.nthlc·lnvertebrat. population :In Qul tchupah Creti<. For all .... plea 

COllected on Qultcllupah Creek, the o rder Dtpteu (true f!lu) comprised 4S p.rcent, 

Trlclloptera (caddia fllu) 3D percent, Epll'lIotr<lpteu (Myflles) 13 percent, Ind 

1I11_tophon (Inel1.) 9 pe rc.n t. The reuln:!n@; 4 percent of the organl,u "ere 

In In unknown order of Iquatic ... ona and ehe orden OdOnltl (dragonflies), He .. lpten 

(true lIugl) . end Acarina '''IU'' ~h~I). 

The 1'0puhc1on of or gan1lu in Quttchupell Cnek ..... IDOte diveue thlln the 

populat10n in Chrlltlanlen W •• II. However, th '" tau 1 nueber of orgln1s=.a collected 

in Qultchupah Creek In 11 .... plu "'18 1,291 cOlCpllr.d to 18 , 026 "rgln1s:.a COllected 

1n 13 ' _plel fro .. Chr1ltianllen lIash. The tellon for the differ.ncu In d:lveu1ty 

of or glnlsu My be tllit a _r. varied lIab1Ut (poola , r:lffles. and vlrlety of 

lub.trate =at.rill) e>:t.n :In Quitcllupah Creek. However . the greater ud:lHnt 

loadl Ind scouring frOll! .prinl Hoodl prev.nts hrle nuo:.hrl of orglnia=.a fro .. 

bee<>lllins eUilblhhed 1n Qultchuplh Creel<. Chrlstlln~en IIlIsh has I leu varied 

IIlbltat, bvt IDOre stable ov.r"ll conditions Illow certain groups of orgll;'l:la::u 

to \>eco=e "ell utllblhh.d , 
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.... 0 .... 1 v.riation. in divenity and n..-ber8 of ind1vi<iwal org.nia ... in 

Chri,tlan"n W •• h .nd Qultchup.h Cre.k. Additional .ao:rples .n n .. ded 

(pnt i cularly at the g.g i ng Itation on Chr i.thn .. n \luh doYlUtn_ frDIII the 

propond sur fac. III.1nl) to further d.fin. the natural nllon.L v.rtabUley and 

to d.t.ct changea 1n ths benthic- invertebrate population thlt may occur because 

of . urface CLinlng. Hellbers of the orders EphelMropters. Ple,:opters . and Tr1rhoptua 

.n "''''riAlly .usceptible to d .... ge fro. increued .ed1=ent (R. H. Fuller. U.S. 

C.ological SurvlY, vritten co .... un .• 1980). Changea in pH .nd dh.olved so lid s 

(including dillolved tr.ce =-etal.) a"ociated ... ith orlning .ctivities also have 

beln .hovn to aff •. ct btnthic invertebrates (Fuller lind oth"n, 1978. p. 22-2-; 

Hl r rick. and Cat r n. , 1973 , p . 103) . 

COMI'UlER MODn 

II three- dlcen.ional digital- collputer lIIOdel " •• uled to at=ul.te grnllnd-varer 

flov in the Ferron .. ndatone aquifer 1n the Emery area. IIpprox1:111tely 60 .. i 2 o f 

tha aquifer "ere IIIOdeltd and the IIIOdele~ are •• nd "Irid ultd are ,ho,"", 1n figure 13. 

Figure Z3 (caption On RtU p.ge) ne.r here 

The =oodel aho "a. used t" predict ttle effec t s of dewatering the proposed ,u Tf.ce 

.. ine on potentiO<Htric sur •• ce •• nd the b •• e fl"" of strealU. The CIOdel und fo r 

thil Itu.dy i. docucent,d by Trescott (1975) .nd Treacott .nd Lauon (1976). 

Ch.nges vere made to t~e origin.l Tnscott-La ... ?n three-dicensional "",del to 

allDlO .i .. ulation of leskage alOIl8 .tre .... frolll .ll layeu of the OIOd.l. The 

dellgn, con.truction . and calibr.tion of the OIO<!el are dilculled in detaU by 

Morri ... y, Lin •• , .nd a.rtholo ... (1180). 

" 

HI"1 5 

" " 

, , 
" 

" 

" 

II, ,0 

, , ,. 

n ,. 

------------,,'-------------------------T'~----_,Z------~---~. T E~ 

8> 

, , , , 
/ 

" 

"'" 

" , . 



for thr .. reaaonl. Tht first reaaon . 1 I lad. of ht-torlcal ground-"ate.r data 

1n the IIIOdeled lrel, "hi~h ululu 1n I n inabiltty to verUy the Il0<l111 vith 

h 1Hori cal data fo r a"utfe r ruponae to .... lUIIIde dhchargll. The ucond r e .. on 11 

t hll .. ",u:.p t lon ude in calibrat 10n o f the model that the Ferron 'Indatone .quU .. r 

"81 1n. HudY- I t.te (ondition during 1979. Although the Iquife r .... not 1n 

v .ter-level changn .. ere only ;a fe .. feet 1n moa t ... U. du ring 1979 . flo.e [!'Iird 

rea.on Involve •• n •• au=i> tion 1nherent in the model th.t flov in the .quifer 

is t hroulh por e Ip.C.'. AlthoullI in .00lt . re •• frac t ures .re the ujor conduits 

through which "Iter 0"". througll the. F. rron , the .quifer c.n be. lIOOdel .. d beCIUU! 

On • l;arge IClle the .,.. te .. prob.bly Ict •••• po rou. :lied I ..... 

o..pit. th • .", Ihlittnl ."U!IIpttons , the IIIOdt'l providu the ro. t r .. ;a11lt1c 

avaflabl .. "'ethod to .ndyl<' the e(ftcts of :tIne downerlng On the aquifer. The 

alternative .ppro.cll , ".tng .n .n.lyticll _ t hod of enllyl1 •• ...,uld require :00 '" 

Ii"'pllfylnl ........ pcion, tllan tllou "'OCilced .,i th tile ...,del. Thul . rnult$ of 

.n .nlly t ic.l :tttllod could be used wttll le .. confidence t h.n tholt obt.ll!n .. d "Ith 

the .. odd . 
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Prediction 

The c.Ubrat.d IIOd.1 " .. ultd to predict th .... fl.ct. of devaterlng th .. 

propoI.d .urf.ce aJ -II. on .9;9 Iround-vltl r conditionl. 1ranllent Ind .teady- Itlt .. 

11II1ul1t10nlof th .. propol .. d . udace :tine ware .. ade '11th the ~.l. In s1,.ulating 

the. lur f.c. 1I11n., tt " Ia a,"'-oId [~~r tile pit ,"",uld be. dew.tered, Ind this ".1 
l!mullted by conlC.nt·hoad nodn for l") __ . 'h. model ( the upper nction of 
th .. hrron Sandlton. aqutfer) In the mtnlt at lt. . 1n" c ... nlt.nt·he.d l1od .. 

vltre held .. t tht .ltitude of the b .... of the co.l UIlII to bit .. ined . Grid Ipacing 

did not p ....... lt • p recl.e 11:IN1 .. tlon ot th. "moving" pit , Ind .n .ver age =in .. 

loc.eton "I. l1QUI.ted. Conttant-he .. d nodes .. ho ....er .. ul .. d to l1II1ulate :he 

underground EIIIery IUne during the predictive l i",ulatlon •. 

AquHer te.t. ot confined p. r ts of tht ferron •• ndltOne aquifer Indlc:ne 

th.t the . touge coefficient rangu fro .. about 3 11 Ir .., to 2 11 10-3. Duri:l!; the 

~ranalent-prt!dictive , tlNlation • • I tOrage coefficient of I 11 10- ' ... as ass l gn~d 

to III layen ot tile fe.non ... here th~y ~re confined e1t~.er by ovul~1ng shale 

of anoth~r llyer of the ferron. In . r e ...... here the Iqulfer " Ia unconfined . I 

v.lue or ) 11 10- 2 ..... as.lgned . Storage coefflciltntl fOT layer, lind S the 

shal~I 1n the TunlOtli< and 81,,~ Gll te :-Ieober.) v ere not nlte~ed bec.use the, .. 1"\"11.'1 

"ltre JI .. ul.Ud by con.tant-lIe.d node • . 

To check th_ un. t tivlty of the coodel to variations In I t o rag t coeifi,!~nt . 

tva .ddtU.on.l l 1=ul.t ions "'ere .... de . In one '1=ulation . the storege ,ee:!lc!enu 

in confined .re •• we r e let at 1 11 10-) .nd In unconfined a r e.., at 1 10-: . In 

the atcond 11l:11.1lation. storage coefficientl were I .. t It I 11 10- 3 1n confined 

au •• and at I 11 10- 1 in unconfined are •• . The result . of these t" O I{=ulaclon •• 

a. co .. pand wltll re lultl of the trlln.tent- predlctlve 11 ... ulatlon . shov t hat 

vllriatlon. in storale do not .e r loull1y affect .. odel predictions. Differences 

in c.lculated dnwdovns .t :>Olt node. nelr the surf.ce =ine witTe Ie .. than I feot 

vhen u.lng the different sto rage co .. Hlclent • . 
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b.ult. of p redictive IIOdll 11IIIubtioni I.ndleul tMC d .... certng of tile 

propoud lur hee _ine .. Ul .!fect pounti_enic lurfacCi of all lIyeu of the 

Ferron a .. ndlcone aquifer, h""",,,e r , predicted dravdowna 110nK .adel bound.rlea 

would be le .. t t..n 4 rut. The p redlc ced du.wdovna In pocenclOllet r lc .ur!.cu 

.nd tile .theta On tile b •• e Oow of ItrUOUl IU d1&culled In det.n in !olloving 

... cUonl of thl' uport. 

EFFECTS OF P!WPOSED SURfACE MINING 

l11"ing plln. 

In !iarch 1976. appl1cuton wll fUed wl ch the 011. G'a and !oIintng Div1110n 

of the Utah Dlpl r C,.lnt of Sit ural Relou r cea for a lurflc.- co.l ,.tne 1:1 the 

E:lery Coil Fhld. The propOled lurface II.lne would be ln the drlinlge of 

Chrhtl." .. n Wllh (Hg. 23) "",ar til. exiltin8 underground E:.ery Mine. 

Approxi:uotlly 430 .cr .. "ould b. directly dtlcurbed by tile mtn1ng operation. 

Co.l "ould b ... ined f.<>:II the t- Iono! J-eoll ...... ~ in the Ferron S.ndltone 

!iambe .. Surflc. 1I.1n1ns .. ould begin Ilons ehrllthnsen IOI,h In til. Ire. sh"..." 

1n f~,ture 24, .. her. the eo.l 11 .t the .urhc.. The mtnlng would proce.d in 

Itrlp. to ~he north"e.t until In uneeon""'!"11 d~pth ..... 'Iclled, .bout 1:0 

feet .ccord~n" to the =inlng application. lUning would te.,.1nl[e on th. !Ilue 

Glte !'!e=ber 1n lUll lt~e that .hovn In figure n. The mtne would have II 11:"e 

f1suril. ~5 (clp:lon Dn ne,« pas,,) n"". hcre 

of .bout 15 y ...... There h ... been no .urhee .. 1nlnS In che E:le.y Co.l Held 

through 1980, 
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Flgun 24. --A ... of propOlld lu.f.e. min. Ilong Chr ilHlnlln Wllh . Ferron 

S.nd.tone MUibe. of the Manco. Shlle erop. aut Ilone .dgu of 

£1OO<1p1.1n: gre .. avood srow. on .11uviUIII . 10n8 .trem. 



!'tlUU 2S .--Spar .. l,. vasacued .u1'fec:a o f tha Blue c.u ~a1' of tha )o!anco. 

Shala tilat 1. typlcal of Ira. where pr opoud .ur t.c. _"ing "UI 

tu:i ... te . Old.thn .. n IoIlih .nd outcr op of :h. Ferron Sand. tone 

~...t>ar of the )o!anco. Shale In background. 

the pr opond .. ining .. qu.nc:a 1 • •• loU_.: (1) conltruction of =In" .cce •• 

ro.d •• nd .urfaca facilitle., (2) rmoval and nouge ot .urface .. terlal (.on) , 

(3) drilling and bla.titlg tit overburden , (4) removal 0' overburden , (~) rr.:oval 

o! coal, (6) grading f .po11 overburdan , (7) replauceot of 1011, and (8) 

revell·t.tion. 

Overbur den {roa a.eh .uee .... lve .ine cut ... ould be pllced in the prevloutly 

"Ined Cut or On .djacent hnd not to be "!.ned . Crading of the '1'011 overburden, 

replace=ent of .0U., .nd revegetation \iOuld occur .t;oultolneouJly ,,!th the .. lolog 

opeutloo . Maxt .. u= .Iope of laod lurface in the recl:ltm.~ dne IUeI ... ould be 

18 percent and ,.guld OCcur .lIons the final :IIlne hlgm..ll. 

Accordlog to the =loiog appl1enlon, Cnriati.nsen Wash \.'Ou14 be d!veru4 

around the north ..... t 51de of ~he .. lne. A dlverdon dheo .110 ,"'Ould be tn.talled 

along the .outhe •• t 11de of the =ine area to Intercept an~ diven . ur faee runof! 

frol'! tha ferron outcrop Into Chrl.t1.nlen \,' .. h bal_ the "in~. 

~Ine d ..... atering 

Effe"t. on ground .... ter 

The three-d!o.enlion.l digital- cocputet :DOdd o f the ferron ..and. tone 

.quifer ".a u.ed to evaluate the effect. of 4 ..... terlng the propoaed Iud""" 

1IIine on the aquifer. As pointed out earlier. predictions """de "Ith ~he :;odd 

conlidered to be svolquantltative. 

Dh"harge fro .. the lurtace .. ine h predie.ed to average Ibout 0.3 ftJi, 

durlng the propo.ad. 15 yelfl of opentlon . ~odel cdeululon. indleue thu 

... ,ne r d1.chlrged r~o. the ~ud.ce a1ne would be balanced by a decrea.e In 

storlge in the Ferron Ilnd"tone aquifer, by a deereale In "ater entering the 

underground F.l'M!ry Mine, by II decrease In natural leakage !r .... the aquifer, 

.nd by an incre .. e in leakage to the aquifer from the 'Ilue Cate ~.,..bef. 



The pudlcud drawdown ln the pot.ntlo_tric ,urhea of tha uppar .. ctlon 

of tha Ferron .endatona aquifar (tha "c[l('n in ... hlch aurfaca 1Iin1ll, i. propo .. d) 

aftu 15 yura of .lna d .... atuin. i •• hovn in Uauu n. It 1a pudict.d that 

dravdovna . reat.r th.n 5 het in the uppar .. ctlon of tha aquifar would .ulnd 

.bout 1.5 .Uaa fro. t~a .. lna. Othar IIctlon. of the Farran sal\d'tona &qui"r 

aha \IOuld ba .fhctad, b .. t draV<lownl vould not be a. ,rut. In the ba.al .actlon 

of tha aquihr, it 11 predictad tb.t dr .... da'n. au.tar th.n rUt 1I'Ouid utand 

.bout 2 IIUa. froa tba ~ropoud .lnl, .nd dravdown. iu.ur than 10 faet voul.! 

utand .bout 0 .2 ~ alle fro. the 1I1ne. 

iiodal ealeulltillnl lndlc.te thet d ..... urina of the lurf.ce ... tne ... ould Incr .... 

downvard laak.ae Into the Ferron sandatone .ql:lhr fr<>'lll thl IIlue Cate :o!ecb.r b:­

.bout O.US ft 3/1: practlc.lly .11 (9a percent) of tb1l lncre"a "auld occur ~·tthln 

the are. of dra"down areater tb.n 5 feet .hovn ln figure 23. ~'Itlr in the BI .. ", 

C.te connlnad abo .. t 10 , 000 ... ,/l dlnoh.d .0Ud., and tb. dhIOl""ld.soUdl 

concentr.tlon of ".ter ln the upper .. ction of the Ferron ranaed froa: about 1.000 

to 8,000 -all 1., tha affaetad .raa during 1919. Thu •• tba .dditional dO'oll1 .. ard 

luk .. ,e of ".atar !rOIl tbe lIl .. e Cata ... 1ght c ..... daterloration of " .. t . r q .. a1ltv 

ln tha uppar .actlon of tha r.rron In .""'" a r •••. 
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c .. u •• d daterioration of ".tar q .... Uty in tlIa uppar •• etlo11. of ~ha Farran •• nd.ton. 

.quifer 111 tha an. blrv.an the lIille .nd tba h •• d of !tl11er CaIlY'ln. Oev.tar1na 

of tb •• vrfac. aln .... Iabt tureb.r dn.rlor.at ..... t.r q .... Uty in tbe vppar .. etion 

at the .qvifer ln the .ra. barvlln tha evrf,ca ... lne .nd the c.nyon. l\oIIa""lr •• a 

naar tha vndlraro""d .. lila, "I tar q .... l1tY 111 tha upper .. ctlon of th •• qvlh.r ... iabt 

not detarlor.ta 1n otbar .r... . Th. lncr •••• d lIIO .... elHnt of I.,. ,.11ne "It.r 

throu'" the .qulfer t.,.,ud the lurt .. CI "III. fro. the "!fit .. ilht IIIOU th.n of hit 

.ny detlrloratloo th.t .. ould b. c.uaed by Incu ... d le.k .. ,e [ro. the o .... erlvlng 

IIlu" C.n Mublr "lit ot tha .Inl . 

Thl pr.dlce.d "H.ctl c..f dev.urina of the lurhce =~n" on potentlO&etrlc 

.urhe., .nd ... tlr q .... lity In thl rarron .u b .. ed upon condltlon. tbat uht.d 

ln 1979. Cround-... ter condltlons ln the rerron could b. ch.ng.d , howev.r. by 

lncre ... d .. lthd"".1& trOll .. l1la and fr_ rhl underground £=>err !tIne. If Mround· 

water cOlldttloll. "arl d,lI1f1eantly dlfflflnc dvr1na the lurflci 1111nl.na, tb • • t-

hen of .. Inln, on the IrOUlld."atlr .ylt ... _ld be dlf!uellc th.n tboll pndt"tld . 

EHlctl 011 .I-rf.ce ~·a t.r 

~.odll1nl .... uhl ll1dlc.tI ~hat, _",c.~t tor Ch ristiansen o,; ... h, the d,,"aterlna 

of the propo,ed lurhcI :o1nl "ould 1I0t .t!.ct the b ... 0010" or atrn".. If "at"r 

:ro .. tbl aine ".ra dllcharald Illto OIrl.tlln .. 1I o,; .. h, .tNUI!'.,., wovl.! incrUIl 

accord1nlly. Tha ;>ndlttd alII. dl.cbUII (0.) f tl ' l) vodd bl ai_it "qual 

to the .. lnl ... oburv.d dt.~h .. r'l on Chrhtllnlln o,; •• h dUTlng tb. 1979 "UH 

" 



Oi .. olv .. d-lol1dl concentrationl in "IClr in the upper .. ction of chi ferron 

,Ind.tone I'l.uiier rlnSld frOll Ibout 1,000 co 8,000 "./t in the .urhc ..... mine Inl 

durtng 19,9, Ind vltlr tn the B1u. Glte Mmb:!c contdn .. d Ibout 20,000 =g / t of 

dtllolved .olidl. Th ... at.r .nuril\& the lurhca mlne "ould be I =1lttVfe of th .... 

evo .. aC.ra and "aUr thlt .. ould drain from the dhturbed ovuburden. Chemtcal 

q .... lHy of chI m.ln. "I[e~ .. ould "I..,. .. lth ti_ and would p ... obat:ly hive 

dinolv.d-sol1dl conCentration "ithin a ranga of 2,000 to IL .000 =g/L. The 

aveug. dinolvld-IOlldl concentution of 12 ""CIneh1" lalIIplu taken at the gaging 

Itation on Chriltianlen \lash biiOll the "'ine area during the 1919 .. ater yur .. as 

2,3110 laS/t , and the concentration rangad !rOlll 582 to 4,410 =:g/t. Thu., at I ... t 

during 101:<! poriod., the dtalolved-Iolid. concentration of "ater in Chriltiansen 

;"I.h .. ou!d bl incnued if ::.in ... at.r ...... e dllchacged into the I t"'ellCl, 

Leaching of overburden 

In the prOCIS. of ::oinlng a t the propoud "3D-acre lurflce .1te, approx­

io:.ately 25,800 acre-fut (41 , 600 , 000 cubic Ylcd.) of overbucden "ould be displaced , 

baud On an av.ra8e ove rbu rden thickn ... of 60 fe.t. The overburden "ould be 

highly {uctured during the ",inin8 procu~: thu., it .,.,utd be a reedtl :l available 

.ou rce of ""'terial that could be leached by ,urfac" ~'Iter, gcound vater, and 

precipitation. In order to utt""'te the pOSlibl. effectl of leaching of over­

burd.n during th" Cltning operation , laboratory I.aching studiu "ere ca cr~ed out , 

" 

COCI. of r epela.ntativl ov"rburd"" VIr. obtlinld f cOCll t.at hol'I, In the 

lIb(Orac"ry axperiCl>tnu, 100 lira ... of core c1t.rial (reble 3), .. hich had Deen 

Table 3 (nlxt pag.) ne.r he ..... 

c cuah.d to 1 ... than 0.25 inch 1n 'lze, ... "re pl.ced tn a I - liter eel.M.yer fhsk 

"ith 750 "'illil1ura of deionized "aur (dlll1l1u' to rainfall and .mO\.'Ii:o!lt) and 

.hak.n at r<><>a t""'P"ratu...... SalOp 1". ""ce .haken frOCl U to 2~ ".ek. unttl the 

pH .nd .p.cific conductanc. of the 801ution re .... 1ned COn. t ant. Cor. ID.It"rlal 

loIithtn the fluka had abraded to sand .nd clay dzlS by the ",,01 of the "<luil1brlltton 

p.riod. ThIS" "quil1bration ":o:pertmentl shoYed the compOlition of l"achue und"c 

oddizing conditions (tabl" 1.). So att"mpt "aI =ad .. to Ilmuhte l.aching under 

Tabl" , (n.xt plge) nUt h"f" 

redUCing condi t ions. 

" 



The relult. of the equilibration u;pQr~nta (table 4) Inoil.:.ete vater of 

better :he,ai"el qudlty th.n had been e"l>ectlld , upecleUy ""'en cORP.red !.11th 

... ny of the groWld-v.ur enely ... r ~porud in uble 6. The -11110lved .oUd. of 

the "quiHbnted .elDpln ranged froll 539 to 2,556 qfL, vith ... _an concenera;:ton 

of 1 , 160 IItIlfL. The equll1bnted .a.pl ....... re of the cdc 1",,. luHlte .. eter type, 

... gne.l...." .ulflu vattrl, and .... ph 3-10, vhtch ve, e .odiu= .",Hloce w.ter. 

Th" =ajor conni t",ent ' fo",nd In the "quillbration l".ch.ce .re IIttrtbuud to the 

altentlon and .011l tl00 of soluble lilt' ,,,,ch .. co.1nbilite (sa2S04,lCII2(>' 

thenardlte (Sa25{),l , lad gyp."", (CaSO,,21120), "hlci'l have bun reported to be 

in lar8e q .... ntlt!otI In the !tanco. Shlle (1,;addel1 and othefl , 1979, p . 17). These 

lIIineral. and pyrite .nd calcite all vCre coocon In the core I.,,:.plel , These 

!llneul., v!th the .1lctptiOn of pyrite. are of a 1000illlll o r calct",,,, sulfate 

CO,.poaition; llnd th!1 II uflected In the compodtlon of the Incut". A dnalhd 

• tu.dy of the ch,,.ice! tOCllpo.ltion of the Ferron S"nd.tone ~.,.b.r and 3110chud 

co.l bed. In the .tudy area I. gtven by Affolttr, Hatch, and ttyer (19;9). 

" 

The hachata. contained rehttvely 10J conc"otratlo~. of trac:. eh",enta 

(table 4). Iron conC:lntrat1o~. vere unll ..... Uy hll1h 10 .... pl .. 3-Z .nd 411.-6 , 

hovtvar, vlth concentratlonl of 61,000 .nd 7,000 1I1fL. rhl. h .ttrlbutet to 

thl pyrite that val nnld In both ... pl .. and vll . clflected in pK vlluea of (,.0 

.nd 3.8. !Uxinl pyritiC OIItuial vlth c:dclreoul 

maCula! In lIIinl- lpoil pl.ce_nt vould reduc:. Iron IIIObtHutlon and Meld 

production . .... Id l f~"", ~~. tv" u.::oples ... ith luge lron conclntutions , trst" 

el ..... ntl In th .. luch.t .. .... n found !.n quantltltl [h.t \tOuld not be [onlid~red 

toxic to :an, .nl .... 1I, or plant • . 

Th. c:oncentratlon or dh.olved .0Ud. !n thl le.c~aas ... ~n con.ldu3bly 

lovtr than In ",.ny of thl g co"'nd-.... t.r ""1'1 •• taken during thl cour .e of the 

at",dy. Three ponlbll na.Ona for thi •• n: 

1. The .hon p.riod of contiilct t1= .. (12 :0 26 vlek.) In the cu. of the 

IqlllUbriilted .uplea co",pand to ynfS In the cue of ClUch of the glo",nd 

vater . 

2. So:>e :'Ilnera1l, upeel.lly halHe WaCl), Ire found 1II the ~.nco. SU'. b"'t 

V1!Ce not pl~lent In 4ppucllble q",an[Hlel In thl c:or.5. lIalitl lIIav 

.cco",nt for IIIlIch of the lad!= .nd chloride found In 10"'1 of r~ ... II COlJnd­

"'1[.r I .",ples. 

1. The equl11brlltlon explrl=enu did not Itt"""pt to sl,"u14tl rec'uclnll ccndlt!cns 

o r bllc:t,cl.,!. a"tivity ... hlch ",ndoubtedly have • 5111nlflcllnt InfllJlnCe on tht 

501"'tlon of .OM ",lnera1l , Isp.cially pyrite and 1000e of the lulflte :llnenls . 

" 



The .quil1bration studi .. indic.t. tMe the w.ter w the lIine apo11 would 

be of • cheaic.l qu.Uty that ia blltter eMo :ouch of the ground w.ur In 

the :olnll .rea and .bout th ....... qUAUty .. Water In Chrht~.n ... n \o' .. h. Thll 

would be tha c .... if ttoe w;ue~ table were beiov the b .... o f the 11'011 and 1f 

precipitation were the only w.ter . Uowed to infUtrate the apo11. If su rfsce 

or ,round w.ter 1. alle" ad to inHlcra'll the "poll. the ~e.ulttng Vater qu.lltv 

would b .. wor .. than lndi.:ued by the lI<!ulHhratlon .tudier bec.ule 1II1eerals 

dia.ol" .. d frail th ... poil ,"'Outd add to the otlgwai .:onc .. nu.tion. in the in-

fUu .. ting water. 

Erodon of ov~rburden 

\o' •• ther condition. during and after surface =ining \lou'd influence !>oth tt." 

,ucc.a. of land r"1 ..... t10n and the .. lIOunt of udilllent .. roded fro= the dhturbed 

are... It i. not pos.ible to predict the weuher \l1th suffiei .. nt ~recis1on to 

predict aedt::ent yield froll :he proposed :olne ar.a. Hovever, 1: ia po~.lbh to 

identHy tllo." dc::oents of =inlng and recllll:latlon operations that are ::o~: 11keh' 

to affect .",di=ent yield and to identify envirotllOental ufeguuds =Olt tlh::l:: to 

::I1nil:llte the 1=pact. 

There are :uny en~iro=ental safeguards 1n ragulationl l::ple:::ent!ns Publ!c 

La" 95- 87, the Surface !'lining Control and Raclamation Act of 19~i le.s. N:lce 

of Surf3ce :-lIning Re<:h=atlon and Enforce .. ent, 1979). :-'..3ny of the saie~u'lrd8 

are de.i8ned to p revent additional contributi\lns of ndu:.ent to .trealll ou:~I<!" 

the ;.Ine orlll. The retul .. :10ns require that the s=allelt possible Srea H 

anyone t1::e be dhturted by ::Ilnlng ope rations and that tllere be progreuh'" 

backfilling , grading, ~nd prompt tI~egetition. 

" 

Prob.bly tlla mon laponant safeguard to IIIlnimlu .. H"'ant losda d""".tr ..... 

Iro", tha diaturbed ar ... I. tlla ...• 1' of led1::ent ponds. The pond. are required to 

be as ne.r al poas1ble dovnltra ... frc .. the dtnurb.d a rn, lind they ::Ult be ~bla 

to .tore tha runoff ruulting frolll the 10-year :oaxilOUlII 24-hour preCipitation. 

Ponds lIIult ret .. ln chi. flo'~ for at leut 10 hOUri. In tile E:nrv area, tho lo-yur 

:t.II.lI:t=-= 2~-hour precipitation la about 1.7 inches (:iill 'H and others , lQ7~ . ~. l~l 

The pOn~5 al.o .r" req'li~ed to itOI''' at a 1II1nl.cl-= the l"d1:Rent that .c<;","ule ... 

in 1 year. frOll the dulnage ..... , or • lIIinl=U!O of 0.035 acre-foot of sedlmen: for 

('.ch acre of disturbed area. 

King .nd !i.a<:e (1953 , table 10) found tlla: buln. in Cuth \'alhy , ... hich an 

aparsely vegetated and are underlain by "hale and .andstone Uke those In the 

proposed surface-:olne area, h .. ve annual "ed1:>ent yield. tlUH nor::oall,· ranlla fro:> 

0.3 to 2 < acre-{t lIIi 2 . Sedil:lent loads of atreus <!ovnstru:> frOll the :Ine area 

would not lncreaa ... igni:lcantly If slop", "el'e ;rad"d to the leut ponible angle . 

I< reveSetaticn "are ~,o=Pt .0 a' to I::abiliu the stockp,led to,so11 and !:.ckftlled 

o~erburden . and If runoff were Channeled fr"", the dl"turb.d area througll :he 

"edllllent ponds. The long-t""" sedi:.ent y1eld from 011" d1ltur~eJ area could actu.!!·, 

decrea.e if vege:.tl ... e COver ~'"re i::proved fro," pre:.ln!ng conditions and .edl:::en! 
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Loaa-ur. ... dl .. nt yIeld. «,uld abo bl a1.II1.81ud by pU"'''ll:Iotly divutl", 

Chrbtl •• ln lIaah and rl<l'loff trOll dopea Guthl .. t ot thl .llIl around rhl 

ucht-ad ana. Ita.uhtion. tor PubUc "- 9S-81 requirl that naturd riparbn 

vI,ltui»n bl anh.cld Or .. iDtainld alema • plr..ant divluion and that tha 

nuural .eandlrin. ahapi .d an acclpubll ,ndllot bl I.ublbhld. Aquatic 

l ... bI •••••• "",h a •• p.tt.tO o( rittlca. p<>oli. 10.1 .Irop •• that 'ppr<U,t.&.1 

pII.iDi", chanctarbtlu coul.1 atlO be I.ublhhld alo", thl divlraion o f 

Chriltl.'ID lI .. h . Hco.·ever . until vlliltatton 1. eaubl1.hed alon, diversion, 

end until divlrslon chaanel, hay, 'tablliud. Irol1on alona the diveu10n 

ch.nnal. would prob.bl y ,r .. tly incn .... ,e.lUlent yiel... [:.Jl1on alO"l thl 

fn.hly CUt channel, codd be ain1Jolud by channel lin1na . Hen a,l1n. Imp.ct 

on ,tu .... do_a tn_ hOIl the mIne ana could be held to a lIin1ll .. by channeUn, 

thl diverte.l v.un to propftly con'truet" .nd .. lnu1ne.l ... .Ita.nt ponda . 

NEED FOR FtmIU SnJDV 

An obutvatlon_ell netvorlr. need. to be eat.blllhed in the E8iu)' .n. for thl 

'lataMua}. _a.urla"nt of ... tlr levll. in thrl ' or four w11. th't tip "ach 

.Iction of thl Flrron .. ndltone aquHer and the overlyi", Blue Cue }o!mber, The 

... 11. altO nead to bl ,..pled annually to deu.ct po .. tbie cha",e, in "lta r qua lity. 

Di.ch.ral trOll thl Ellery .... nidp.l .,.,H, thl undu,roun.l Emery ~..ine, and the 

."rhcI 311nl ( .. hln op"ratlonel) MIld. to be lIonitoud. After approzt...uly 5 y""a, 

thl • .Idlt10nal data C.lI bl ulld to recellbntl and vertfy the thue-dilllniional 

dilIUl-c_puter aodel of thl Iq"llet. 

lot 

Thl l.rsen quantiti"l ot vater arl avanable trOll the Ferroll uDdltonl 

.quifer 1D the Ellery .r .. vithin ebout 2 .U ... of the hred1le Vell..,.-Jotll Valley 

f.u~l .yatUl. "'ell. that fully pen.~Utl the aquifer ID thl, erea could be 

u pected to producl 100 to SOO gel/atn if p .. ped. El ..... hotre the Ivan.bility of 

va ter trOll thl flrron u not e. gnet. end ill thl northe,.... tvo-chlrd. of ca. uI 

Valley the .qu1fer prob.bly VIIul.! not y1l1d aore :han about 10 aal/aln to 

Ind1vi.l .... l _HI. The chmice! quaUty of .. aur 10 the Ferron v.rie. both vith 

depth In th .. aquHlr .nd .ueUy. Fully penltUtin, villi near the f a ult Iyltftl 

1n the EIIary .ree vould yield vater v1th conclntntton. of db.oived 101101. 

ie .. th ... 1 , 000 :a, / t. In the nonhern pen of Caltie Velley. the concentration 

of dill01ved '01101, in vlter froa the Ferron problbly would lIteeed 3.000 lIa l l 

Ind could ""cad 20,000 1iI,/l. 

St.auhtion, ul1nl thl aodel of the ferron .. ndetone aq' ,ifer 1n the EDl!ry 

ane 1ndlcate that devlterina of the propolld . urhce .io. wo".i.~ avulse . bout 

0.3 tt3/1 durina the 15 years of operation. Devlterina of the lIine VIIuId affect 

the pouneloaetric . urhe .. of a ll .ectiol1l of the .quifer. The 1IlU~\IIII draw­

.I""" vould Otcur in the upper .Ietion of the equHer, and drawowna ,reatlf than 

5 c..et vould ""tend ebout 2.5 .U", fr ... the lIine. Downward luk'ae of poor qua11ty 

vater froll the . hale In the !iue C4t. !'Ieo. ber vould t:. indu':.ld ncar the "lne. Ind 

veter quality ill thl upper .. ctilln of the Flrron could deteriorate in ,olile arua . 
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E:l:e.pt for Chr1aU.oa.n Va.h , d .... tar1111 of th •• \,Irfaee lIin. _\,lId not 

.f!.et th. baa. Hov of .tn.... If vatar trOll th •• iD. ven dbehar&ecI into 

Chrlu l aa •• n w .. h , th •• traanov vo\,lld inen ••• accordiDlly. Cblllical 

anal)' ••• ot I rol,lQd VltU In th •• 1n •• 1''' .nd 1I1ehini Illp.rt-.nt. indieln tha~ 

th. eh_iell qual icy of v.t.r prod\,leld io th. IItn. vo\,lld v.ry. Conc.neration .. 

ot dl.lolv.d aol1da 1n th. 11111. v.t.r lho\,lld 1'.111. trOll 2,000 to 10,000 Ol/L. 

It th • .un .. .. atlt la dtacharlld Into Chr laUln .. n W .. h , th. H ... olved loUd .. In 

ehl atn ..... ur vould b. lnera .... d lbovi pra .. lninl con<;eotratiool • • t h .. t 

durinS • ..- p.rlod •. 

lIith proper r.<;I ... tloo pu<;cl<; ••• nd th ...... e .nd ... intenance of nd1m.nt 

pood. dovn.tr ... flO11 the lIin •• n., [11"1''' .hould be 00 dsntUc.o[ 10cruu 1n 

the .. dilllent l o.d of Cllr1ltlanaen V.ah . Long-unII ndlm.nt )'illd from th. 

dl.t\,l rb.d .ra. could deer ..... If v .. get.tlv. covar on nclllimed land. 1. improved 

frOll pr_ln1111 condition. and Chr1&tlln .. n V •• h 11 p.nun.ntl)' dlv.rt.d uound 

tha 1110 •• 1' ••• 
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