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J$AI I}*AIT?

OSJECTIVAS

The objectives of thi* tftlort were f* &$$e$s th* p*tential cf the *quif*rs that are present

beleiw the CIgallala aqr"lifer thrcugh*ut L*a CCIu*ty, iretuding the *anta Rasa aqxi{br. Rustler

Fq:rnration, Capitan aquif*r, and San Andres aquifbr, tc prcvid* grourrd-water supplies fbr Lea

C**n{y, aud particr"llarly for eastern l-ea C*unty, where water demand* {br publi* supply,

irrlgat*d asriqultur$, and livestsck ar* high and are prcje*ted to i*creaxe. Fntential locarions

{br *xplaratCIry wslls in th* deeper aquifers wsre ranked bax*d *n estir*at*d well yields. water

quality. the depth that wslls would need to be eompleted, estimated pr*xirnity t* &actures f*r
Santa fi"usa aqedfer and San .4ndr*c aquif*r in pa*icular)" dista*c* fro:n high wat*r demand

*reas *f e&stem tea Co*nty {pafrieu}*rly the teUlVB}, *xd the amoun.t sf dala cvai}abl* fur

the aquifer at s lecati**"

This r*p*rf i* n*t ir**nded to provide an economic aualysis *f th* w&ter supply in

terms nf p*tential tre*tment c*sts and distribution e**ts for vnriou* w*t&r users irr thr C*u*ty.

xlyrlR*sE$LoGY CIF TSTSNTIAL AQUrrsR$ rX LnA CSUN"Y

In thix sestior\ th* rcp*rt*d hydrageclogy *f the aq*ifbrs that are present b*neath th*

Ogal{ala aquifeq a*d present in area* of L*a County rarh*r* th* Ogallal* aquilbr is absent, is

described *om shall*west to deepest {yaung*st t* oldest}"

Cretac**us*Age Tucumc*ri F*rmnticn

'fhe Cretac€*u$-age Tu*urncari Formatinn is c*rnpcsed cf shal* with minor limestane

and sandstcnc bsde, snd is prerent as small isolated blocks abciut 3 miies *ast of Eunie* and in

the far ri*rtheastern pafi of Lea Caunty at d*pths cf 15* to ?#S ket {Nichclssn and Clebsch

lq51i. Th* n:nximum r*ported thiskne*s *f the Tucumcari Frrmatio:r is 35 feet. ]n
n*rtheastern Lea C*unty) sorfie thi*kners cfthr Tu*umcari Formati*n *xt*nds *bov* the water

table {Ash, l96li. Basal sandstsne b*d* provide }in*it*d amounts *f water. Ash {1961}

reported a p*tenfiornetric surf*ce eiev*tian of 14 f*st above land surface for *ne w*il

coniplcted in th* Tucum*.ari Fomati*r1 indi*ating that wa**r wa* &eely fl*wi*g flrlt $f th*

J*HN S:{*MAKER & A$8*CTATg$, INC"
n\f $TER-RA SSL&CA .qND [N YI]IOH &{S$T,4L C$N S UL? ;L!,JTS



JSAI *nsnrr

$r*11. Sincs fkat tiuns, lvetsr hxx *rag*d l* Smw *ut sf wells e*mptr*tnd im tfu* Tucumc*ri

F*mrxdioll itr n*rthea*tern L*a f,*unty, prob*bty d** t* widespread drilling nf un*as*d s*ismic

sh*u*hstep f$r si} *nd 6*s expl*rwtl*n" wlri*h *Speer$ t* hnv* srnntsd x hydr*ulix #trtxlfl$tis$

uq'iuh the nverlyi*g {}gai!*la *quif*r pe* shilt-H*rkerrh*ff Inx. c[ &1"" 3**S]" ShnJe is t$ts r*';k*

gpn thnt d*minat*n ths Yel*urtrceri F*ntr*tiwn" nnq* heeau*e x$,s!e dmg* n*f ftpieatrfu have higit

p*mrre*bility- it rvill pr*babty n*t pr*vide a substentis[ lryarer x*ppl3u 4]$seFt i* areas r-vhere

fr**turc* have i**rsas*d p*rr,n**fui} ity.

Tri*x*ir-Ag* Sx*ta &*** Aquifen

Thn fi**ta R*sn aq*ifen alsc k$cwr e* f.h* I)**kl*m *qmiftr, ##s$r$ in tfue lqrwer pefi *f
the itrt**ed$*d setrelstruruw and xlerolms l[ea{ *rake 

1rpr:lf 
Trimxxic-wg* X}s*kurn *r*l*p. Th*,1*.p;

mftireDe{knffi Grar*pisprru*ntntdepth**fb* het{T*p}et},'''l'.'.,'
"n4 The t-{pp*r ffnnlc$m #rmup **r.rsists af t}w Chinle Fmnxrnti*n, xcrhin}} rertg*$ i* tki*kxess

, **m ser* t* 4SS tbet thinlc iru the sftithenT h*lf af Lee Coutlty {and is typically less {han }**
fe*t ssuth wf T*p*nship 1I) s*d frnr* ,{#{3 t* I,XSS fsm **nle isr the nort}rqnt ha}f sf tea ff*unty

' g**tt*n and Si*npkins" lS86). The Chim}* F*rmn{imn i* dsmimatmd Xry sh*[u, srrd rert]* pr*h*bty

$*t pmdd* e *ubstn*tinil wst*r sr*ppty"

'rlrr Tks l*mwer S**kr:m Smrup is * t* 1,g$S &*e thiek in the x*uthnmr half *f L*a #su${}'

snd S*tr t* X.?fr* fbet thicle in th* re*rthem half sf [*el* e*tlr*ty" Th* L.$,t#fir S*qkelm Sr*up

s*ssi$t$ ofi fr*m *ftatr[wwr tm de*p- t]rt fl**pr ffanpmm F*rnrxti*rt, the Tnuji]l* $a*dnt*:ne" t]:e

Tg**vss S'clrffiai'i**" und tlrs $nmta fi,ssn $s,ndstsnsn which is the prim*ipnl water'bearing unit

and is rxfts"rm{fr t,s *$ the $*x*ts R*r* *qr.ri$nr in thim 
{5go.*{$ffis*.u- 

trsd*; Brad}ey a*rd

K*lassrad" SSSI). Th* Snnta &na* uqni&r ix typiealEy $$Sxu-$Wfbet t&iek" {k*wxd cvater

generaltry dlmrvs **uthesstl'ilerd in ths Sm*ra R*x* *qwifn , ead tire nquifu ix r**h*rg*d ilr parf

hy uBrvnrd lcakase fr*rn tlr*.yrud**lyll$PT31ff'fq:,rydiy:1:1*:.P* *f *$", t$s3; Rr*dl*y

a*d Knl*svrlnd, ?**l). WwmwWwgtwg,* int* the Ss*rts &*s* aq*lfer &*m the *wer'trying

*g*lNule nqxiftr &#ffi in *srce *re&s es a remllt *f liydr*r"ntri*-hesd di&ne$ce$ {Sr*t** md

, Sirnpki*rq lS*$). Ilntn ix tk* srqn *sst nf Humi*e indic*te$tFiat k is urrlikely tbat dxiurnw*rd
1r

,' I*aka6m t$*roxgtr *he l,*'rry*s ffir**$cmm iret* ths Sm*ta R**e i* *o**rring {il*CIle-Jrycs" [n$" &

$nterq .l*r*-- A*gust 3*S4 emk*Jryeq Inq., l"$mv*rnber S.*ft}),

$*FmN SH*S{AKffiA & A$S*fl{.4?Hs. fS#.
wATgR,RBffi t'Rgfr &rtrl sN\slfi sNgsf,fTlr!- #otrtst iilI&,{TE
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J$A$ I},RAFT

T'*rbfrc X* Snrmru*ry *f p**errti*I deepaqndf*r gruru&d*sfltsr ssffrtr*s fur f;",*x #*trnly
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(W*llnee. 191)3!* 3lais ir ece awwgrl t{{{rnt{ prodwti*m rers {orstr *mrmtffii*xti*$" \IJnrrwr. 3&}?l brd ksed fi$ Fil{np xttings sed rr'&t$ Icive}s
tlurimg prunping" un*ix **:mpleM i$ *re San "&s{t$e,$ we copnNe of perrupi.ng ar fuiglter mm"
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Tlie $anta R*sa aquifbr w&s tapped by th* City of Jai's municipal w*lis urtil .1983,

when the rvells were abandened {iue t* lsrl, yield. The wells rep*rtedly;rurnped dry aller *nly
3 h*:urs *f pumpir:g al an unspeci{i*d rate d5eiftx, or&l {omrnunicatian, 2S0?}. These welis

rv*re alss r*pst"t*d lo have high chloride coneentrati*n*. Wells near Tq:rvnship ?l $auth"

R*ng* 36 East, near Oil Center, rep*rtedty pilmp w&t*r &nm th* }cckum aquifer, but

contaminati*n ass**iat*d r,vith nearby oil rvclls hax bern nated {'l{.ichey *t al,. ISSSi^ The

**ntamination **uld b* related ts $effpagc frcn: brine pits *r po**y*eornplet*d *il r.vells

fi-eedshill-H*rk*r:i:off trnc. et al." ?fii)0).

Transmissivily calculatcd f*r a weltr **mpl*tcd in the Saflta R*sa aquifer ir: Kennit,

Tsxas, rvas 4,6$0 feet squared per day {ft}ld} {Brad}ey and Kalaswad, 2*01}. Yields cf we}ls

ccrnplet*d in the $a*ta Rcsa aq*if*E i* Lca Cnunty repcrtedly rarlg* fr*rn 6 t* I00 gallurs per

minuie {gp*r}, and yie}dr *f wells campl*teti in the $*nta k"oxa aqui&r in furdrew* and *aines

Ccunfy" Texa$. range from 5 to 251 g;rn, and av*rege about 8S gpnr {Fig. 3; Nichcls*n and

illehsch, 1*61; Texas Water Development Board). Well yields of up to 500 gpm have be*n

rep*rt*d fur inigati*n wells in isclat*d lc_*p1i*ns in T*xas {K**w!*s et al., l9S4}.

Waisr quality ranse$ fip* tb]r.lo poor in the Santa R*sa aquifer, with tctal dissolveei

solids {TnS} ctaeentrs:itns estimated to ra*ge frcm about 535 tc 1.$5$ milligrams per liter

{mg/ti in l-ea {luunty S"ichey et al., }9&5}, and 1,50$ to 1?,*0S mglf- in Andrewn and *aines
ilounti*s, Texas {Fig. A; Texas Water **v*lopm*nt B*xd}, TI}$ csn*entralions in the Sant*

Rasa aquif*r are fypically betw*en 1,S00 end 7"CI00 mg& scuth of Tow:rship ?1 South, a*d ar*

typi*ally betweex ?,00* and 5,000 mg& nsrth of Township ?l Sceith $)r-r$on and

Sirnpkins, l$S6). I : ': :

. ,' l, ., : . : i 
'l

Upper Ferrni**-Ag* Rnxtl*r Srrm.sti*n

8en*ath the Triassi$*age r*eks. and abcve th* evap*rites and lirn*stone af ths Permian-

*ge Salad* and Castile Formations" is lhe Upp*r Perrnian*age Ru*tler Fcxnation {Fig" ?}. Th*

I{ustlcr Formatisn rCInsists *f interbedd*d limestane, dolemite, $and, and shal*, and typically

ranses fron 8* to 14* f*et thi*k ir: Lee C*unty iTable ?; Richey *t al,, i985; His*, l9?5). Thn

mnxirnum thickn*ss *f th* Kustl*r Formation is about 160 feet in Le* County, and the depth t*
the top of the Rustler Formatisn is typically 3?S to 55* feet in the ssuth*rn half *f Lea Co*nty

{Ri*hey et *1., }985i. Thn Cuiebra Limpst*xe is an importar:t water-hearing s*cticn of thc

JOHN SH*&dAKSH" & AS**CIATES, INC.
wAl [R-]{LS*L:Rf A A"$t] Ili 
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JSAI I}RAF"T

Rustler F*rxr*ti*n ne*r ths Waste Isslnti*n Pii*t Plant in Eddy County {Ri*h*y" 19*9}. Yields

of weils c*mpl*ted in the Rurtler Form.ation rep*$edly rense **ni I 0 t* 100 gpm {Richey et

al", l9S5]. Water quality is poor be*auxe th* Ructler Fcrmati*n is in **ntact with th*
evap*rit** af th* Snlado and fastitr* Fcnxations- which ex1*nd several th*usarid feet ben*ath

th* base uf the Rustler F*rmatisn. TI]$ coneentraticn* range fr*m 10.347 to 335,SS* mgll in
the Ruxtler F*rmation {Leedshiil-Herkenhni\ In*. et al.. 300S}.

Fsnffi iax*Age Capit*n Aquif*r

The Capitan aquifer cscur$ in the dclpmits and limestsne af th* Capitan r*ef ccmpl*x,

in*luding th* Capitan Limestc*e" pa"rts *f th* *oat $e*p Lirne*tor:q rn**t nf tlie Carlsbad

faciss *f, th* Artesia Gr*up, *nd qarbanate barr-ks in the uppfir part af the $an Aadres

Limeston*- wlri*h forrned ffrouild the *elawar* Snsin whsn it was a *hallow *ea in th*
)rt,i '

Ferrnian period {Hiss" 1975; Mu*hlberg*3-1,d Qick*lulT,,JI""*El The Capitan aquifer arcs 'rri "'i\-

aqro$s south*rn L*a County and is rx 3ked Ot"ry.Ttttbu.**f *..qlcrx"thxt-rryres€nt e steep

graelient in th* Earth's gravitati*nal field"on the isostatic gravity map of New M*xic* tFig. 5;

Kucks et ai., ?S01). Tha Capitnn aqerifur is charactsdzed by high porosity and perr*eability,

and sxtensive *oluti*n saverns' s*lution channeis, and sinkhcle* {Hisr, i9S0}. The Capitan

aquifcr is typically *0S tc 1"350 fe*t thick, with a rnaxir*um thi*knest sf about ?,20S &et

{Tabtrc ?; Fig, ?; Leed*hill-Herkenhoff, Inc. et al., 3S*0}. The Capitan aquifer is thinrest

whcre *ubmarine canysn$ filled with *andston*s, sihstcnes, and limestones, incised intc the

reef in the Permia:r period ffig. 6, fig. ?}. The tcp cf th* Capitan aquifer i* typically pre$ent

at depths between 3,il{}il and 4,600 fuet in tea County.

Tran*micsivities in we}ls c*mpXeted in the Capitan aquifer rense frorn 5,4*il to
?5,00S *31d, and well yields rrpartedly range *om 50 tr 1,3S* gpm Si*hey *t al., I$fisi.

High*st ffansrnissiviiie* appear t* be *lea*urod in wellp *:at, are complet*d in the pr*rly-
bedded lim*stsne and wa*k*sione qfthe Capitan and Goat Se*p timestcnes al*ng the exlr*m*

sauthw*ster.n rdge of the Capitan aquifer (Hiss, l9?5). Hatharvair {lSS5} rnodeled a relatively

lbw transmissivity af 8$4 ltld fCIr the Laguna subrnarine senysn (Fig. 6. fig. ?) near the

b*rd*r bstwe** Eddy County and Lea C*unty" suggesting that, in genercl, the s*brnarins

aa*yons hav* much lower transffii*sivitics than the Capitan aquif*:.

JOHN SHOMAKEE & AS$OCL*"TES- INC.
WATflN-RNSSURCS ANN EN\,'IRON h{ENTAL CON SL'L'T"A1{T$



"}SAI NRAFT

In the Capitan aquif*r- graund watnr generally fi*rvs in a ssutheastward directi*n along

the r*ef t*ward Texas {Fig" 5}. firound-water $lsxr directicn in the aquifur rva* influen*ed by

the inciricn of th* Fer*s Ri'rer into thn Permian beds fo the w*nt ir: Eddy C*r,rnty, nnd hy oil
and gr*u*d*wfiter dcvelnpnrent in tlre Selaware B*sin. Sorne ground wai*r flows in a

n*$hea*fward direction frcnr ihe.Fermi*n-age Ilel*w*"re Bnsi* aqr:if*r irrfei the tapitan aquif,er

iFig. 5; l{iss, 1980; Leedshill-Herkex}roff; Inc. et aI", ?CISS}. Th* subffiari** canyorrs i*cised in

the C*pitan r*ef hav* Iower transrni*sivitiss than the reef and therefar* firnction as rignificant

barriers ta horirnntal rn*v*ment clf wate.r through t!:e ea.pitax f{iss, t9?5; Wallac*, 1+93}.

Tire units th*i undcrlie the Capitan aquikr are fypically ? or 3 times less permeabie than the

{lapita* aquif*r, and have po*r }rydraulic ccnn*stivity with the aqr:i&r. }Tcwsv*r, sn ths

nnrthoast side cf, the Capit*tt nquifer xsar Suxie*, tha adjacent and u*darlying San Andre*

aq*ifer has rrlatirr*iy high hydrauli* e*ndu*tivities thx are equivalent to th*se nf the Capitan

aquifer Sffall*c*, I 993).

The Capitan aquifer's w*tsr is cf poor quality, du* t* prcxirxity tu th* *vaparite

depcsits sf the llslawars Bssin and the Salado and Castile Fsrrnatisns. T1)$ *on*eiltrations

typically rans* *am ?,000 ts i?3,448 mg& {Walla*q 1993; firsra,n" i997; Leeds}rill-

Herkenh*fl Ins. et al", 3SS0). The high*st Tfi$ and *hl*ride coRe*ntrnti*nc cceur in western

Lea Caunty neer the bordsr with Eddy County (fig. S).

$lalla** {19E3} deterrnin*d that the sc$* cf l*west chl*ride €sncentr&tions {below
5,S0* mg/L) within the Capitan aquif*r in Lea f,cunty is iocated in Townships ?1 *.nd 22

Ssut[ Rang* 35 Eaet, base.d crr sbserv*tions of Hics' data {I9?5)" Xswev*r, JSAI observed

I{iss' data it9?5} and fuund that the z*ne of lswcst ctrrlaride {oncentrsti*ns is nCIt ssnfined tn

T*wnstripx 21 and ?3 Scu$, R*nge 35 East, but extend from Range 34 East south to the

border b*twcen Lea County *;:ld Winkler County- Texas.

$onr* weter*supply rvelis *ompieted in the Capitan aquifer alsr pr*du** oi!" which

origin*tes in pa"rts *f the Artesia Sr*up. ivhich is adja*ent fo the Capitan aquifer *long its

ncrthern and eastcrs rnargins {fig. 3}.

JOHN SHOMAK€R. & ASSOCIA.THS, I}{C"
W,{1TR-RnS{,iilftCf ANn E}-{ITRONMENTAL CON SL{"T.4NTS
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Perminn-Age $nx Andre* Aqaif*r

North axd *ast cf the Capitan *qui&r in Lea C*unty, th* Fern:ian-sge msrine *helf
rstks in*lude the Arte*ia ilr*up and the *nd*rlying San Andr*s Limestnne, rehrred ta in this

report as tire San Andres aquifer" W*lls drilled in |he $*.n Andr*s aquikr sh*ry highly variabl*

yields, *uggesting thai perme*bility dnp*nds o* th* pre$ence af f,ractur*s. solution caverRs, and

sstrutian chnnnels $lielson nnd Sharp, l9S5; Mayer and $harp, 1S$8)" The Sa:l Andre* *qnifer
is xn irnportsflt watsr-b*ari*g unit- while the Art*sia Gr*up {inck":ding the Tansill, Y*te$,

S*ven Riv*r*, Queen, and {irayburg Formatinns} is an impn*ant cil*be*ring unit" Avcr*ge

traismissivities nfwells driltr*d into cavernous xorr€s in the San Axdres aquif*r sre ?1,341 ft2ld

end 33"43? ft?/d {$calapinn, 1950}" Forosity *nd perme*bility ar* lrigh in th* San ,4ndr*s

aquifer adjacent to the Capitan aquifer b*trve*n Jal and Hunice {fig. 9}. Ir: this area, lhe San

Andr*s aqr"rifer !s thought to lrnvs good hydraulic connectivity with the Capit*n aqlrif*r f{iss,
:9?5). The Sax Andres aquif,er i* typically ?CI* to ?,fl00 f*et thick nnd thc tap *f th* *quifer is

prssent at depths af,3"500 to 5,*SS feet {Table ?}.

In pl*ceg the $an Andrex aquif*r produces highiy cnline water, with chloride

c$ncentratioss cxeeeding 10S"0S0 rng&. Hawtv*q chloride ssn*entrntiCIns b*l*w 5,S00:ngr{,

ran be f*und in thn ar*c of high pcrosity and p*rmexbility d*scribcd *b*ve. Same wells that

produce waler &*m the $an Axdres aqui&r also prcduce oil and ga*.

F*rmia*-Ag* D*law*v* B*rin Aqnif*r

Scluth and w*st cf the Capit*n aquifer in Les (cunty, the $elewar* Basin aquifer

{Fig ;) is ecmp*s*d *f the Snr*hy eanynq Cherry Ca*yon, and Bell Canyon Fnrrrrati*ns of
the llelawars M*untain {iroup. These form*ti*ns ar* mainly cr:mposnd *f, sandston*,

siltst*ne, and ev*p*rit* dep**its. The *ela?sare Fa*in aquif*r report*dly has lcwer

permeability, iower yields (5 to 20 gpm), arrd produces rvater of poorer quality than the

tapita* aquif*r ffiss, 1S80; Uli*n4 ?001). Chloride concsntrati*ns in the F*iawar* Basi*

aquifer ranse frar* l?0,000 to 180,000 mgflL in t*a Cnunty fi{iss, 19?5}.
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J$AI DRAFT

sTn*c?uREs As'FEcTrr{G nBf,raR AQUISSRS

Slrueturcs sush as fanlt* in the d*eper aqulif*rs are typi*ally run'*und*d by z*n*s of
linctures that r:nhance the porosity and ;:errueability *f, sn aquifer- Enhanced perm*ability
usr.lally increases the p*t**tial af an aquifbr ta yield gx*ster quantiti*r sf 'watsr ta we]ls. J$AI
has interpretred a nn*rhnr *f fs*trtx and e stru{turfll 'high' from map* thst shsrv c*rt*ured
elevati{}ps of ths tup of the Perrniar-eg{ Capitan aquikr and Y*f*s Fonnati*:} {pa* of th*
futesia $r*up sf the F*rrnian**g* marine sh*lf;, Upper P*rmi*n*age Ruxtl*r Farmati*n. &nd

the ba*e of the Tertiary-age Ogatrlala Fcrnr*tion {Fig. lff, Fig" I1}. The inteqprer*d faulrs

{strxc"tur*s} may ext*nd lpwards int* the Triassic-age Santa R*sa aquif,er. I}*fa in Andr*ws
Couttiy, Tex** near the N*w Msxiffo ctate lille indicate$ fhet faulting in this area has *ot
increased th* perm*ability *f the Triassie*age Da*kr:m €r*up rceks abave the Santa Ros*
because ths fault j*ints in the upp*r portion uf tha llcckum Gr*up in this &rsa *re elay filled

{Co*k-}oyce, Ins. & Intarq Inc., Augu$t 30G4, Co*k-Jny*e, Inff", }'lovember 3SS3}. Whether
sr fiot lbulting i* thir area has ineresx*d the perneability of the Saxta Rosa i* u*known"

One fhult interpr*te.d frum maps of the top of the Yater Formstian and Rusrler

ForrnatiCIn *xtend$ from the western edge rf Lea County to Range 35 Ea*f, ab*ut *ighteen
miles w**t of Hobbs, where this eact*snutheast trending sy$tem dissip*tes at e nCIrth\irest*

trending fnult int*lpretsd &om map* *f the t*p cf th* Ordavician-age Ellenbilrg$r Fprmatian

ic*mpiled *sm aeromflgnstio and gr*vity data by $helt Oil). A number of oth*r northwest-
and northeast-trending frac.turcs or faults i:r areas around L*ving{ox, Hobbs, and Eunice} w*rs
interpret*d *cru the map of th* top *f thn Ordovi*ian-ag* Hllenburg*r Fornaticn. Tbsse faults
i*o*ely bind the no$hw**t, ncrth*ast. and east *dg*x af a ptruct*rat high that ix pre*ent cn the

top *f th* Yates For:natior,r and Rustler For:nation {$'ig. lS" Fig. 11}. Grre n*rthwest-trending
fault int*rpretsd *sm th* 1CIp of the Ellenburger Formation appser$ tc his*et. or o{Tset, the

structural high in T*r,xmship 19 $aut[ Range 3? and 3* Kaxt. The $truclural ]righ e$in*ides

rvith a positiv* anom*ly *n the r*sidual gravity rnap af Lea County {Fig. l$i.
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