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SOME FUNDAMENTAL HYDROLOGIC ISSUES PERTINENT TO ENVIRONMENTAL 
ACTIVITIES AT LOS ALAMOS NATIONAL LABORATORY, NEW MEXICO 

Wll.LIA:'-1 J. STOSE 
~ •• ,. .'•lt-ll.<>l'n•ll•~ttt~·llt ll•.'tt.tntn<'lll, DOl: 0• <'"'Hiiiltllll'i!U, ~ 1.11 "'"''~"Ilk'~ SL, Alt~hflh'fllll<', ~'I K71m 

,\h•lnlt:i-.\fllllllltnnj!lr~•turruj! rh,• ~IWHI+ ~ullt>llllllllill'ti •tl~·· ;oll.m Alum"' ~llll<lllall .. tl~ttilh•r)·tJ.,\SLi and 
prlll~ctin;: ;:ruunll Y.itlcr tnlutur~ w.t•lc·lli•l"""'·•~ll>'illl'\,l~lllllf<'' :Utlllllll'f\llllllhllj! toft he lt~tlruho~t~ ')'11!1111'1 
<Ill lit<' l'ailtrltu l'l,tll!illl. Dc•f11lt• Jill'\ it>ll• IWf\., 1111' CuiiCl'I'IUal ft)·tfrtt~l't>lllJ:iC lltti\M l11r 1.•\:'\1, " lll<:ttlllpk•tt•. 
Sunw r.urly h,,,,,. tfUC\111111• '''~'"' j!flltllltl·~lll•'f >1\'CIIffl'll<'l', lllt>\'1'111\'111 illl\ltflhllity n·m.nn. l'ur <'\lllllt•l•'. whul " 
the numk<•r ••l!'l'r<"ltl'li•\Oolll~r tun~•.thc tlcplh ul ~rnun11 wul~r.th<' 1'\tctu ,,f l"'"hcu•will~r '''II<''• th<'f" "'ihtltt~ ur 
rcdldt~~~· thruttt:h ih•· tuff. till' l,:ll>ttrnH,;tlt'r llu\\ tltn'<:llllll 11<'111 Y.t:llli.:ld•. lhl' ••nJ.:IIt 11f •rr"'!:' 111 Whth' K ... ·l. 
C.111~1111, lht•lurc nl pcrL'llL'tl ;:tuunu Y.;tlrr, tht.• "iller l~ttl)!<'ilur tit~ l~tfilrtlul'litlcau,lh.: hu~l.)!llltilltl h) •lr•..:h~ntt•lry 
tor tht• <lllllfltll'<illiiiC' ill IIi lht.• in>~nht~ ul' r:t\lil•nttcl itll'' in uu1~""' rcwi• it11: l'l!lu,•fll'' ,\n'w~rin~ lh~•c "'' nlw< 
\~'lllhL•~~ot.l" 1lf \•'i"l i11~ IJ11flnHUIII tH, ~ttlft..•L.(IUII ,,flf\•W ditHf tltlt.l n.'lhtlll..llll-! 11f L.'UrJL'III L~lliJI."l'f'l'. 

IS1'RODUC'I'ION 
Rmlium:uw <~ml lwtmllou' w;,,,,. hu' lx•t:n ):t'Jll'ratt:tl anti t.li•J"''>:II of 

ut L'" Alailll" SOitiunilll.;~lxmttnry ti.ASLJ 'illl:l' 11~ in~o:cptlllll in 1'14:1 
(K.!IIy. 197;'i). :O.Iurc th;m :rWIO putcnti;tlly C\llllalllnHtll'd 'itc• or 'ltlid 
wa,tc lllilllll)!l'lllCIII unit' ~~·r·· rc~:oJ,:nit,·t.l at Lt\SL in 1'1115 fJ\nuny· 
llltlll'· l'.l'l!lal. Th~ muniwrill)! 0111d rc .. t••ratittnof thc•c ,,,c,, ;"well a .. 
prolc.:tton uf f:TIIUn\.1 wt~tcr in futur1' w;"tc·lli•pmul ;t.:tiviti•''• r••quill'' '' 
thorl'll)!h unt.lcNanuinJ,: or the hytliltl<l).!ic 'Y•Icrnr '';II 1.,\:-<1.. 

ThL' S1•w !1-k\it:o Em·•runiiiCIII Dl·purtmcntt :":\lED 1 cntl•rclltllllt 0111 
ugrc,·mcnl with lh\' l),•p;tntltl'lll••f Energy IDOI~l 111 <klnt'l:r 1111111 lrt:· 
ncwct.l in St:prcmhcr IIJ<l~ '''' pr11vid,• j!Uidnn~c r,·gartlilli! tlf11tli.:tthlc \l:ttt.• 
law' ;111J rcgulmion• "' well '" tcdlllh:al I.:IIIIHncnt' nn >.!nvin•tHn~ntal 
uctiviti.:,, Thc•c indut.J,· itir quality. 'urliu.:c-wat<'r quality, );!roullll·ll'nlcr 
quality ;~nu hal.an.Juu,·ant.l·radilla..:tiw·malcml' i"uc•. Ill J:mu:try I 111Jf., 
a 'cpar:tlc :-\:0.1 ED hurt:tlll .,.,. .. , ~·reutcd 111 h:m!lk• th.:w J'tuu:tiun<. Over· 

'iJ!hl ati.A:O.:L j, pmvitll•tl hy" '''llf 111' 'cwnlw ,•d 111 Whtlc l{od., ,upplc· 
lllt:ntc•l. '" nc<:t.''~'i\1)', hy ll•..:hnical •ltf1f1Prt 'tall' hu,ctl in SunHt h: IUtt.l 

Alhuqucr4jtll'· 
I.A!'ll. j, •lllmtc<llln the l'ajur1111 Plateau, lhl' ,·,p;~nw of Lll:cply di'· 

'cctL'll lliiiiLit:ht.•rTult'ht:tiH't:nlhc Jcmct. ~·1.,unwir" ant.lrh.: R11) <ira11dc. 
~lllt.:h ha• ht•cn lc•rmcd ;~I'< tilt tht.' hydru):~·uln~y rtf the l';tjnritn 11latcau 
\JJH:t: l'urtvmun unt.l Juhun,cn 1 IIJ7•1itlc,cnlx•ll it in lhl' :\cw :'>ll'.\i~o:n 
G•·ullli!ICiti Soc11.:ty\ la'l ).!tlldchtl\tl. onlht• arcu. Ftll' c\amplc, thl' t.J.S. 
Cicnhll!ical Surn·y ucvdt•(lCd a four·la)'l'l' IIUIIICI"i~al /lltllk•l llf ihl' fl'· 

)!ional h)'ur11logy 1 ~k,\d;t itllJ W;l'inlck, Ill~~ 1. Thi' w:1• rl·~cmty 111111.li· 
t"tl•ll llltll :111 cighi·laycr model 11• ln<:urp••nllt' ll!'W hytlrn);!cnh•i!i<: l'tnt.l· 
1111!' rFn:nlt.:l, 1•1•1~1. Dc,pu,· thi' pl'l'l·illl" W11rk, thl' cun..:t.'(llll;tl 
hydntJ!Cttluglc m•tt.lcl li•r LA!"L 1 Fig. J J ;, .•lilt ill>:lllllpkrc und "'1111! \Ill<:'· 
unn• l"<:lllilin . 
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'nti~ p;~pcr i'h:ntili~·' anu Ji,cus'e' some: h~·Jr'l)lol!k i"UI!' of cuncc:m 
in cn\•imnmcntal cll'ort' at I.A~L. Mnny i'~IIC' ~nuld he illl:luJcd uni.l 
oml~~iun uf a ~f'l!l:llic j,su~o.• here docs not 1111!1111 ~~1ED co11~it.l~r.. it U11· 
imf'l.'rllint. In vi1.'W of ~p:tcc lhnitllliun~. I 0 of thc mun.• fum.l:un~ntul i~· 
\U~·~ haw been ~clcctcd. They ~[lith all llrca' nf the I!OIIC\'IllUul 
hydnl!:ClliO):ic mndcl: j!I'I>Uilll·watcr I'I:I;Um·n~·e. muvcm~·nt ani.l qu:tlity. 
In \tthcr wonl~. whl•re I!> the w;ller, wherc Juc' it cume 11'\1111. when.• Jl~' 
it ~o unl.l wh01t is it~ chcmi"'try'! Ucluw, i"ue~ ;~re rrc,cntcu in thc 1\,ml 
oftJUCMiun,, follllll'l"\1 hy a ~umnuu;.· ufwhm j, known, wtmt ''not known 
:m&.l po~•iblc \ulution,, '1111: uf'l,crvntion' maJc hct\•in me niTI.'rl..'\1 in thl' 
'Pirit of tcchnknl COIItliiCIIt unJ do 1101 rC'I'I'r\l!lll the I'CJ:Uiilhll)' pu\iliun 
of ~MEl), 

GROUND-WATER OCCURRENCE ISSUES 
'11lc 01:\!Urren~c ot' '"turutcll J.onc' 111 I..A~L mu't he ktwwn in on.ler 

to (ll'\llect, mnnitur or rentci.liule them. ~lore 'l>ccific!llly. thi' illl:luJe, 
Jetl.!rminill): the 'tralil!niJlhk us well "' J!eU)!ntl'hit.; pt"iliun M J:round
wutcr 1111\lie~. 0!' \f'CCIIIJIIItl'll.''l ilre J'Cn;h~·l.l \il(UI':ll~"ttlllne\-lhl.!ir Ill.'• 

~urren~e. Jepth and lateml e:\tcnt. 

How many pen:hcd•wntcr zonc11 nrc then:? 
Signilic:ml water-yidlling media are nll~·n culled "aquifer..". :\·lure 

~pcdtkully. 1m mjuili.•r h a J!•:olo~:i~: muteriul who""' 'aturutcll l"'rlillll 
llus sullklcnt pnro,lty, J"Cnllcilhility. thickne~~ und e.\tcnr 111 yiciJ U\Cful 
I.JUUntitie~ uf warer to well~. Since whnt con,ritute" "u~duiLJunntitk•," j, 
subJeCtive so hlo i' the i.le\ij!nation uf muteriul' "' uquifel'\, 

1l1e rccol,lnitinn of :1quili:r.. :11 LA!'\L ha' had :m intere,tint,: hi,to~·. 
ihe inirial:uaJ lnnl!·'tandiut.: view hu' llccn that lh~·rc i• l'nly one satu· 
rut~'\! lllillt't'i:~l c:lpnl'tlc ''f'lltlll'iuing u water ~urpty at l.u, Almnu,, lhc 
so-culled "m:tin mjuifer". It con'i''' muinly of the Sanla Fe Grvur> uml 
o\'crl:-'in~,: I)UYil Fumuuion llhl.' Cllllj.!lomerJtc in Fi)!. ll uni.l cunlain' lhl' 
re~:ional water tahle. Hmw1·cr. as more huJ...•, wen.• unlled. \'uriuu' J"CI'I:hl'tl 
salumtcll 1.11nc• were l'ncounlel'l.'d. lniti;llly. llti' indulll'U the Jll.!n:h~.'ll 
wutcr bouic' us,lll.!iatcu wirh nlluvium in canvon' l\hUII\11\' (ll.'n:hcJ wa• 
11:r. Dcvaur.. ;mtll)urwmun, ll)K~; Purt\'mun :mu Stl'l.cr. l'llXJI;mJ with 
bn,all or ,cJint~·nwry" unit' of th~ llt1yc 'Formation 1 inlcnnc.liall'J'Ct'chcu 
w:uer: P1111ymun, ltJ7!\, llJIJ!\), Howcl'er, in sum~.! pl:~ce• th,• intcrmedi· 
ute pcn:hc\1 wutcr w;~, foun\ltol'l! in the tull'. Gri):):'' I 1lN l I'Cpurted thut 

· a ::uoo.n tl"\1 hole to the '1\chicum:r Fonn;uillll in uprx·r 1-'" t\htmu' 
Cmtyon (\cc. 17, il 1lN, R(l\\') cncounll"rf.oU perched w:~tcr in hoth thl.' 
alluvium und thc Guuj.:l)umil:~·lktlut'tiK• Otowt :.Olcml>crut'the Bandelier 
TinT. Hi~:her J'Cn:hed '"lumh:J wn~·' al"l hu\'C lx•en Ji,cm·cn:J in tho.! 
B:utdclier iufl' !GurrJner cl ill., 1 1N~: lln•XIIlll ~·1 al., PN5: Dull' and 
Yuni..::1k. lhh volume 1. 

i\llhliU):h nunc ut'tltc~c perched l.l1tle!oo nrJl4:U~ tu ~~a ptlll.'lllial 'ouree 
ot' wall."l' ~upply, they hu,·~· 'om.:timc' lx•en n:f~.·m:J ''' a' ii<!Uil'cr' 1'<:· 
..:uu~l' they J!enemlly yield mu~ Wllh!r thun the 'urruunJin~: mal~·rial,, 
11u: tenn "1~n:h.:u 114uifcr" j, nul \lril:tly ~'tln'CCt u' it i' I he water thu1 '' 
p.:n:hc\1, not thco ~cu\u,;u,; nmtctiul Clllllllinin~,: it. In !'a.:t. th1.• pt!n:h~·&J wu· 
ter m;ty 01:cur In the 'llinc ~::coloAic unil a~ the rcj!tunul w;ner lithic, Scv· 
ernl Mand;U'Il hyJnllo~:y tc.'t' uprnn:ntly 'lmn: tht' cnn.:l.!m u~ the~· refi!r 
to "pcn:hcLil!round wutcr" but nut "pcn:hcu uquil~r..", 

'nte piecemeal cvnltrtion of nomencluturc ~~~~uciutell with the \1\l'lllll' 
!\iltUntted f.Uill."'i hit' fcu 10 CllllllliUilicUtillll prllhlc11",1\ ~illlplc \CflCllle uf 
dc~i~:nutin~: them 11~ '"'hallow''. "inlermeuiulc" unJ "llecp" will nut worl.. 
'fhul io;,lhe l'r!l..;lkc llf 1!1\1\ill~ lh~ ~rnun&J Willer in I he Coln:-'tlll iiJIIIVi\1111 
the "~h:tllow perched ll'ttter" :mil thut inthc !.ltturar~.'tl Pu~·e ~Jin11.:nt' or 
bu~ult ubuvc the re~iunul water tab I~· thc "lntenneui;u~· rcn:hcd wuter" j, 
nnr ~trictl~ v;llid in view nfthc Jl,covcl')' ul'~till 'h:tllnweqll:n:hcu WJII.'r 
in the tun: 1u1tto lllentinn uthcr p!!n:het.l·wuter t.unc' o.;.;urrin!! in dilfcr· 
Cllt)olCOJogic Ul\il~ thun the,c. Of C\lllf\e thC' fl'~illfl(IJII!' "lllllill UlJUifer" 
n:muin, the ''llccJl uquifcr", 

We nccll II> kntrw more ;1hnu1 allnf the m:ueriub contuinutj! 1'1-'n:heJ 
woucr: their lilhulo,:y. thid..nc" ani.l h~·Jr.tulic pntpl•rtie' u~o:ru" the 
l,o~jurit<l Pluteuu arc nul JocumentcJ. ·nti• would n:~1uirr funh~·r Jrtllinr:: 
nnu :IIJUif,•r r~·~tinr;. 1\dllitionully, we lll"eu 111 knnw when: !:fllUnJ w:ner 
i~ un.:ont1neJ unll whcrc it is con lined, It WU!> rccuj:nitl'tl n•ry e11rl~· th;u 
wmcr in the muin tllJUifcl' j, cl>nlineoJ In wme ph1..:c:o. tCu,hnum. 111M). 
Although recent ~tudb of water-level tluctu:ruon .. in the muin uquili!l' 

S1USE 

l.'olllinn thi' t!\1cl.in, JIN~l.thc ~IX't:ilic urcu' wh~·l\' thi' :J(llllil.'' ,JtuuiJ 
be delincntell nntiii!JJ'JX-ll. 

How deep Ia ground wuter? 
Ktllm·lcu~::c uf the •• kpth Ill \'Urfl'll' lilllumi~·J llllll'~ ati.A~l. ., crilical 

nmnnly f11r utkleNanuin,: thl' h~·drll)!l't'lllj:IC 'Y'Iem in )!l'lll't·:tl, r.ur ill\1.1 
f••r j:lllUIIlf•wntcr protl'Ciillll, munltlll'llll! ;utu 1\'mediuuun ucll\ 1111.''· \\',1. 
ter·uerth l.lut:t comc f'ro111 mea,.urcmcnt" in wt:JI, and vf-,CI'\'alillll' ;II 

~prin~~. 't11U\, the und~NOIIIUin)! \lf ~fllUliU•WUtc.r ll1:11th i~ llnly il' )!lll.'l! 
"' thl.' well network :tnll water. lew I llat:t lla'l'· Al·cort.lin): I~• I.ASI.\ lilt• 
~·'t anmml ,urwillan~l! l\'Jl''i'1ll\llhl'll et ;tl .. lllll~. litr.k• VII·IJ,tfll' in· 
dud!!' une 'Jll'lll): fur :he wuter I'II."!'Ch~'tl in the luff. Jll well' li.•r war~·r 
(ll.'r~lh:i.l in lh1.' c:m)'llll .:lllu,·ium, twl' well" :mu one 'Prill!! fur the wutl'r 
rcn:hcd Ill the h>l'llh :mJ -.ctlim~·m~ ot'the l'u~·e Funnnlil•ll UIIU 17 \\ell\ 
and ~1\ "Prill!!' :·,,r the oJ\.'CJ' ur nwin UIJuifcr, 

"' n~'ttlllll N~1ED\ emlunlillll ul' lhc nwnilurin~,: at I.A:-.:1.1 Sllll\C ct 
ill., I•N~l, tfti, netwurk i' nui>~U~'\Illllll'· 'J'h~·rr :tn.•t;l\' f~.•w w,•fl, 1'1tl' llllllll• 
torill!llli!I'Ch.,.d water in the lull' ur the Puy~-. anJ hlll:l'j!ilfl' 111 tht• Cll\'Cr· 
ii)!C .11' the Ul'l.'l' nr mun1 uquiti.-r. 'li.llllllun~· 1.11' the munuurm~ pttint' are 
rn>i.l11Ciivn well~ with lon~ \CI'\'1."11 hlll'rval' anLIIttt'lll•ln~· :.~rc l'IU\Il'l\'ll at 
the \:llllC h,.,;atillll, Thl'l}l!~·d li•r ui.li.litiun:ll i.lrillinj.! unu ll\'lll'f 'J'oll'illl! Ill' 
Wl'"' ;, IIlli\' I'I.'CO)!IIIIl'tll't~· LA!'\1. ami I'CIIll'l.lil"' ""' 1'1"1"""'11 111 !heir 
l)ntt'l GruunJ\\':IIer I'M~:;:llon Man:t!lementi'J'l'l!r.un Pl:m !Atu•n~·ml'll'• 
l 1N:;hJ, 

Wh11t ill the ell.tcnt of the perched· water zoneM? 
In lllil.litivn tv dcopth, the laternl e:\tcntul' tit!! pcn:IK·I.l·l\'iilt'r tnn~·, ~~ 

J'Crlincnl Ill ClllldU~lin~;/~\'ahmtin~ envitl'\lllll.'nlill ~l.'tl\'ili<''• Pl'I\'IWd 
~rounu w:.ler l'rnhuhly ~~.:u~ 111 the allu..,ium ,)r "''"' •11' 1hc ..:an~~~"'· 
e'rccmlly in tltc 1\'C,tempun 111' th1.• Pujnritn t•lutl!liU rl'unymun, I<N:; 1. 

Huw.:\·l'r, il' .:xtcnt j, t>c'l documcntell in l.ll\ i\lamu,, :O.I,•rl>uli.lad and 
Pajatihl C:UIYllll' tDevauf\ und l'urtymun. I 'll'.'i: Punymun. lW!' 1. 

111~· c"lcnr o1\•rher (>cn:hcd·wutcr tltrlC' j, f'\'IOI'Iy l.n .. wn, h•re\illllf'll•, 
:~lthuu~:h wut~.•r i\ ~nllll'll to lx• lll.!n:fw\.1 in rhc Hunllt·li,•r Tuff in wmc 
mc\a~. hu~cl.! initially lln 'l'rint:' :111J 11~1w 1111 dnlhn,t:, "' l<~t~·ntl '''Ieoni 
there or unllcr ••ther mc\lt' l\11, nurllcen lll·tcnninl-ll. Similitrly, altiJIIUI!h 
water i' klllll\'11 Ill lx• J"CI'I:hl.'d in the ha~u)l ii\IU W1.lillll'lll' of lht: l'u~·~· 
Ft•mt;llillll lx•nc;llh l'ul·lllu, l.m 1\lnllll" and SunJi" C .. nyon,, it' l:tteral 
e't~nt lm~ nnll>ct•n &J~.•tenninl"tt, 

OROUND·WATHR MOVEMENT ISSUES 
Undcr..tandinl! ~,:rouni.l-wutcr mm·ement i\ ;1l"' C"~lllial llll'lll Ll\11\• 

m~·rual (ll.'tivitic' ut I..ANL. 'rhi' indudl'' 111\WI."IIICIII ut' "·urer llo.•t\l'l'CII 
'lreillll' and sarurJtcd t•.Jnl.'\, tx•lwl..'l.'l\ lhl• varillU~ "'iiiUr:tll.'ll /IIIII.'' and 
within .. :ttur.ucd 1.11111.',, :.01l1re 'fl\'cilkully. thi' in\olve' ;1 ~nowlci.l)!l' 111' 

the rcchur)!c,l1uw un~.t lll~dl:lfl:l'l.tt' !~l'l.lunJ w:tll'r. 

I• the!'l rech11rge through t.he tum 
"'the 13andclier 1\tll' cup' th1.• l,.o~jnritu t•i:llcuu. ir i' lh<' llll'Jiu1111.'11· 

l.:l•urucrcd t~~· inliltr.nin~: pr~-.:iprlilhun. 1\lnl'll' ;mJ clllut•nl. It wu~ 11'111! 
thtiU)!htthut thi' 11\ltll:liosl h 'u11kientl~ tigh! to pi'CIII.'Ill ll••ll'l\llanllluiJ 
lllu\·cm~·nt. H<IWI:\'Cr. \'urk•u' line• nf' el'ld~nc~· \U)!j:e'l th:ll while the 
tun· may retanl pcn.·olutil.m, it i.ll>c' nolflrcven\ it.11lt: pcn:hinl! tit' )!l\1\lnoJ 
Wiltt:r in lht: Ciut>'llll itllll\'i\llllllll the tull' i11te~l~ Ill it~ low J'll.'nll~'lll'lility, 
OUIIllllJCiillj: of \UI:h [JCrCIII:'Ll WUit:r ill ~·lort;Uiditd C.tn~·nn hll\ \UI!):l'\tl.'l.l 
tiMth~rc i' C<)l\\il,kmhl~ leal..al!c inh1lh~ tutr 1 Kt>enij! ttnd ~kl..m, l\1'1:~ 
Gl'lllh,, II)'):; Sttlnc. Jl)l)~J. l;unh~.•r. where the uel'l' mlurl'cr j, unc,,n. 
lineJ, 11 ('re'lllliOI!>Iy j, Ill ClliiiUCI with lh~ :ttlllll\l'hl.'l\1 lhtllllj.!h lh~· lUI!'. 
t\lthuuj.:h the tuff Incl.;~ prilnu~· lll'""iry anll JX'Mlll'ahility. C'l"~'·iully 
when: weli.leJ, t:lMllilll.! and tct:lunk fructut"C• ure cummun. Such h-:tc· 
lUI\'' ollent:.\hihit duy 'kin,, 'lli!J;Ninj! water hu' mo1·~·J al''lll! them, 
Thl· illlllllrtunt:c ,,f thcs~ feuiUI'C' a' fllllcntiul p:11hwa~·, for cuntillllilllllll 
tmn~f'\'11 lur• lx't.'n n:ct•):nitcd h;v l.Al'\1.. anJ an e\cclk•nt 'rudy ,,f' thl' 
l'r.1clurc' in the north ,,·allul' 1.1" Al:.tlml\ C:.tll\'llll hns lx't.'n mude lw 
\\'nhlcll ! IW~I. llnwcvcr. it j, lll•l cll!lll' whcth~·r lr.n:IUI\'' I'Uil .tilth~ 
wuy lllf'IUj!h thl' lUll' tll' Ull.' inlei'CllllllCCil'lll.'llliU)!h Ill JloCrtllll Wi!lt'l' Ill 
lllij!tale lu lhl.' uni.lt•rl~·ing llltll,, "' nolc\.1 1'1~· 1<~'1!1!~ 1 t W:'i 1. IC'l'hli\IC 
fra.:ture~ muy 1'1: murc im(ll>nant u' mignllhlll puthwa~·, limn ~.:~tttlinj.: 
jtlil\1,, ;\\Ill! her tine 111' e\ i\ki!Cl' thut the lUI f l\ 11\lt il hurncr Ill llnw i' lhl' 
lli.!CUITI.'nct•nf' wurcr within th.: rut!' n~lf. W:tter th"l wa' lll'tmtntdul·~·u 
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llurinl! drillllll! hu' h~·~n ctt.:IIIIJMrl'll 111 ,,. .. , hulc• 111 IIIC'a 'L'llillf!' 
1 Ciuruner ct al., IIJ'·(l J, '"'l'· •rmug• ll01w lx·cn11h-crvL'd Ji•.:haq:IIJ~ 1 r11111 
thl' tulf in the l'a,1aritn Cunyun anu C;.nyun 1): Valle un.•a, ll);all' itllll 
Yanicak. thi' volume 1. 

Whnt iM the ground-wuter now direction nround !be well fic:ldh? 
W:atcr·ll•vd muth ft>r I.,\;>.; I. 'IIIIW that the rcguonnl ~ruunJ·,.ah:r tluw 

dirccthm i' c;a,tcrly tl't).:. ~~. 'l11u,, rnumttiMilf! j, h~eu'L'd 1111 dcll:~:tinf! 
nlllvcmcruur .:onl:uninunt' ll•w;u\lthe !<1u CinUJUl'. I !uwl'I'Cr, tll'ar Willl'r· 

'upply Y.clllicld,. cone' of tkpl\''''on u••t.ciatcu with pumpin~: can n·· 
VCf\C llnw dtr~'l:(n>ll,I.'IIU\in).: \;llnlillllillilll(\ Ill 111\l\'C (0\lollnl prudUCIIllll wl'IJ, 
ro~thl'r than the ri~cr. 1l1c c;aptun: tunc fur c:11:h prL,.,IUI.'tit'n wdl \ht>uld lx• 
dchmnincJ ttnd cone' nf Jcp~"'l'll n•llcctcd un w<Jtcr·lcH·I map•. ll111h 
Of thl'\C \hlllllO he l.'liii\Jdl'~U ill pJuetll): fUIUf\' llJUIIilurill)! well,, 

Why un: uiiiJic 11prlng11 in White: Rock Cunyon 
uttrlbutcd to the muin 11qulfer? 

Wau:r lew!' r,ar the mmn itquifl.'t' d~·~:rcit\C wward the Rin Gr.nrlfl' amt 
it ;, th~· lnj.!icul lli•ehMfr :UL':t for the tc)!iorml •<~lllf:lh!d mnc I h~. :1. 
Prc•umahly '""'' Ji,chui')!C woulu he 111 rr'·t:r l.'ll'l, '" 'huwn in \'arrou• 
Ll\:\1. ~J"t'"' I e.g,, l'urtylllun. 1'11'1-l, li).!. :1. lluwt:l't'r, ui' rhc ~7 •prill).!' 
llHlllilllrcu hy LASL. I~ Hn: n:1'!'>11L'd to t>c ahuw rh.: •·•wr Ill" nn the 
.::any"n w;all and, hll't!ll or1lh1' ef~:,·allon~ ).!1\'Cfl hy l'unymun ti 1Ji'lll, l<~hk 
I 1. li\c more arc: al'o ;aho\·c th1· rrwr. 'l'lnt,, :uut t!Jt• ~7 •rnnt!' 111 \\'hill' 

I 

. -

.. - -· 

........__..... Plol'fW'i'll&l ~ll'Oilm 

(~lslrMm 

l{ud. Can~nn .Ji-.·haq:.: ;ahmc 1111' rt\l'r ;amlthu• aho1·a• Ill\' J'L')!ion;il 1\;1-

ICI' tuhlc. 
Vanou• illlcmallw interprL'I<tllllll' urc po•~lhk, Th,• •11nplc'r 1' rh;al 

the cll•\·atcd •rring• n:prncau Lli~o4:har)!~' 111' •a>mc J'l'r~h~al 'alur.atcLilt•n~·t '' 
mrhcr than lhat ••I' the n1;1in U>!llifcr. Other '.:t:nari"' in,.,,,,.c '''me 'I' lit· 
I till! nf th!! rct::ional)!riiUIIII·watcr llow arounJ h;a•all hodK''• J'C\UI!I!I)! 111 

tJa,a;h;tJ').:t' al hoth perched ami nwfo.lc\·clf'll"llion•. Th1' .:uuld l'l' )l,•,tc•l 
h~ llll';an• nl' an c;a,I·V.C\1 "all:r-lt:\'1.'1 pruliil' a..:ra"' the platl'ifll, llllw
CI'I.:r • .:nn•tm.:tlllll nt' 'uch il prnlill· ;, himlt:rt•J h~ tll1t:l'l'l:unly ;a• In the 
clcvminn of the 'Prill!!'· l)all~·rcnl ~l"'rl\ )!1\'C dtlfcrl'lll vahtt:'; fM ~\· 
;uuple, Ill~· t•lc\'~tlil•n fur Spring h la•f l'ut1ymun ~~ at .. I %111 j, )!i\'l'n "' 
~41:: It,"' ~:ISO 1'1 l•v Pun~mun 1 1'1'!~1 ;ual a• ~4XO rt 111 a 1.,\:'l:l.m~nll> 
to DOE I l<u)!~'f\, llt.';.,nna!' ~ll!fiiJIIHI., 1 1 1')~ 1. 

Where doc~ perched ground wuter bc:nc:11th the Pnjnrilo Plutcuu ,;o? 
l~mlt:Nallllill)! the 11111\'Cmt•nt ••IJ~Crdtt'd watcr at LA:'~: I. j, i111t"-trt,llll 

nt~tonly fur .:um:cptualitint:: thc hyurofCllloglt: ')''''lit. l•ut al'o tm t•rc· 
di~till)! thl! 1:111! of' w.tll.'r·hHf'!ll' culllamin;ml,, Stl~'h t:P11Wmitli1111' may 
rc.u:h th~ Jlt.'rchcJ walcf\ hy n:cltiii')!C frutll coul:uninah:J •url'ac~: watCI"· 
~'\J'Ii.'~HIIIy 111 the 1,'0111)'1111\, l.cul..;tgL' frnlll (1l'l'dll'd•l\'itlt:f 111111:'• lllil)' ('l:f• 
11111 t:unt.tlliiJHitllmt>l'llrL' ll')!lltll;il .aquih:r. F11r ~·,,unplc, lt11HIIll ha' lx•cn 
dt•ta:,·t.:d .11 >ll't'll" of itl le;t•l I' I~ II lwncuth \l~tt1andootl Cun~·nn t S111~Cr 
l'l aJ .. l'l'll ), 'l'hl' Jll'fl'IIL'll \OJIIIntiC,I/tllll'' Jill Ill' tulfl:lllllL'IIl lhl' \llflilt:<! 

,·ia •Prill!!' alon)! .;:111~1111'. where the 1\lllt:r '''u''' trnm lraL'tllll''· Till' 

(\~ 
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vcrtil:ulpo~itinnufthc 'J'rlll):s IIIII!" he ~.:untnlll~d J,y the ue):I'I.'C 111' weld· 
in~ in the lull', 

11tc: l(,tl•ol'wuter~l'l:hl.'l.l in the ~llll!"t'IIIIIIU\'iUill i~ le" ,,J,o.•iou~.llu~..J 
on llu1lin!:' li•r Murtunuuu C;lll~un, lllll't"~:nr• tu tv h"t 11:> lcal..u)!c :mn 
the unuerlyln)! tun· (!\tun~·. 111'l!l). \\'he~ there i• ;1 (1t.'~hl'lltuue 111 the 
l:lu!"e bcnc:llh the ~tmyon. it i~ n:chm"ge\1 by dnwnwal\1 rcn:nlut1nj: water 
from the lull'. In 'umc .:unyun,, hnw~·vcor. thcrc j, nu w~:und l~l'l:hL'I.I 
zone. For cxample, Monandail Utlil P•Jj:trito C;111yun~ la~:k pcr~:lu.'illlll11.'' 
in the l»ttye. in rhc latter en~ ..Jc•t)itc the p~\Cnce llfhit•ult (J)c1·au~ unll 
llurtyrnun. IIJ!I~). 

\Vutcr pcn:nlutin): \lnwnwur\1 from ulluf th~· pcl'l:hl'\l \IIIUmtc1110ne• 
c\'cntuully rcuchc~ the n:J;innul aquikr. The li."Wcr pcr.:h~.·u t.nnc• then: 
arc, the mnn: ..Jircctthe comnmnkutinn 1••ith the •un:u:e. 

Whllt 111 the Wlltcr budget (or the Pujllt'ito Pl11teuu? 

The wuh.•r bu..J)!cl for''" n~a i~ e•M:ntiul in unt.lcNandin)! II\ hyl!n.~o 
lu~:ic sy~tcm. Su~h htll.l)!Ch rclute the variuu' purarnch.'~ nl' th~· hyt.ln~o 
lo~:ic cych:. A Clllllnllln fumt Jeul' with the ~~~~~tnJ,utiun ur purtitionin~,: 
of pr~.-ci pi tat ion: prcdpit:ttiunll,) • runol!' ( RO 1 •cvuf'lll r:tn,pi rmion t 1~1'1 
+ reclwl').:c lR).J-Inwever. the <lu:mtilical i1111nf th~'c f':tnllltl'lel"i at LA:'IiL 
b in~nmplcte. Re~cnt i"'trunt~nwtion hu' e:o.panJ~u rhe capahility ll1r 
~~~~~,in~,: rate~ ol'l~ RO an..J liT, J,ut R rcmuin' c"cntiillly undc:lht,.U. 
Scrunlle wt1tcr hu.J.:.:t!< ft•r \CII!~:tc~ ..:rmyon' ,,r l!l'n~cm will~ ,.,,~1\lit1l 
for ~on•uminunt·tniii'Jll'rt lll11d1•1in)!. 

GROUND-WATER QUA!.liY ISSUES 
Another importunt unrihu1c of the hylirulo~,:k 'Y'tem ut LANL ~hll· 

in~: to .mvirnnmcntal u..:tivitil:' j, water .:hcnmtry. ,\n undcN:mtlin): uf 
both nutuml und impucteu ltruunu.wuter .:hcmi,tar 1, c"cntial h• inter· 
pl'\'tin~o: nwniturinl! te\Uit, uno dctcnltininj! clenn·up l.:wl,, 

Whut Ill the background hyl1rochembtry for euch 
of tho Katurntcd zoncM ? 

Alrhou):h chc \'Oiriuu' ground wurcr. ut LAN!. have llccn \lllll)lleil an..J 
nmtlyzeu lor nmny ~e11r., u ..Jelinitivc ,~·nthe~i~ ofl1u~kj!n'unt.l w:~h.'rllliUI· 
ity lw' not n,.cn muue. In other wur\1,, whut a~ nunn;•l ct•n,titucnl' in 
wnteN of the Puj11rito J>lutcau unu what i' their nurmul 1!\m..:cntr.umn 
(nmj!c,mcun, etc. I'.' 

WhAt IN the lnventory or rudlonucllde" In the cunyonx? 
Ell1ucnt contuinin~ rilliiunu..:lit.lc' 1111' 1'1..-cn lli~h!Ui:~'ll into t\ciu. Dl~ 
~ Alamo• und !\lortanuau C;tn\'nn,, Mu't of th~ ruu•om11.%lc' "'-'l:vntc 
hound to ulluviul ..ct.liment,, \O Lh~ir conccntrJtion in th~ canvon' in~n:a.\1!,, 
B~o'l:nU\C the\C ~t.limenh arc then cmTk'\luutof the c:um1n~ lw 'tonn run
ulf (llunymun. 1974), the liUuntity uf rlllli~'nudille• in the c:u1~un' ,hllulu 
l11: uclennin~.-.:.1 und munitu~ll. 111c um~•unt 1.1f rndillnucht.lc' p~\Cnl in 
Mon:muud Cltl1)'011 a' or I ~711 "'"' dct.:nnlncll hy 1\lrtymun Cl al. ( lllKJ l. 
They ul..u proj~o-ctcJ tlmt by I QIXJ thi~ in\'C'ntury W11uld in~·re:"c h~ l\W..t·. t\ 
follow-up 'tully wnui,J penn it :111 cvuluutlonof their pn,jcctinn a' well us 
cumplinn.:c with DOL~ ~onccntmuon lilctiYily) )!\lil.le,. 

SUMMARY AND SUOGESTIONS 
11li~ pupcr ha' uuurc''~·d ~ontc fundamental hyt.ln•ln):k i'Mii.'' fnr en· 

vironmenllll activitic" ut LA~L. Thl•ir 1'1:\Uiution will 1"1:\JUi~ thl' \ynthc· 
,j, of infurmation alrcu,lv uvniluhlc. the cullcctinn nl' ~ome new t.llllll 
unu, in 'omc '"'"e~. the ~ihlnloiinj: ~·r current ..:onccpt\. 

I. '1111.~ concepiUIII hyt.lro)lcoln)!il: mtll.lel for L1\NL •hnui..J he mOI.li!icd 
to im:lullc all the pcr.:hcc.l·w:ner lunc' knuwn ;md u nonu:nclahlre 
dc\'clup<:d for them that climinutc' cunfu,inn. 

:!. 1111~ litholot:.~·· thic.:kne" and ltydmulic dtamctcr•,tic.:~ ~~r the nunc· 
riul making up ~u~h zone• ~huulu lx· ..Jcrermin.:..r w/tcrc n~'l:e''<~r:-' 
;mt.l cum)lilct.l in u ~itcwidc t.l:ua h:t,e. 

~. t\t.luitiunal well• ~houlu be ..Jnlll'll111 penni I ulll•quatc ..:h:.ntctl.'rit.a• 
tiun ur :all \.uturut~'l.l wncs. especially ncur ~\li!Uuuin<~t~'\1 'Hcs. 

4.. 11lc lhml.:licrTurr 'hould nu h.m~cr be 11'-"umcl.l to tx• u hydrolnj!tc 
burrier. 

5. The venica! c.,hmt of fnu.:turcs in the B:tnu~lier Tull' •huult.l J,c ,k .. 
tCm1ined a~ fill' II)! pos,.ible. 

S'I'O~I! 

!!. Curtur~.• tune' ~hould "'-' t.l~tcnnin~'l.l h.1r cudt w:tler-,urply "-~·II. 
7. C'unc' of Jcrrc"ionll•r the )ln.lllucinj! well' •houl~ he rclk~t,•u by 

~\\lllllll~ 1111 IVUICI\lci·CIItlap,, 
~. 'l'hc ,1,111\'C lll' WIIICI' i"uinj: fn•mthl' 'flnng' in \\'hll\' R,ocl.. Cun~t•n 

"hnuldtx• 1\.'Clln,it.lcn:..J. 
•1. The litt~·ut'thl.' '·uriuu~ pcn:h~o'l.l wute~ ~huuld 11..• inle'll!!llt~'l.l. C'lll.'• 

dnllv when• the\' urc ucur ctllltamimtll.'u \IIC' ,utJ \'t•ulil c~•nwv ..:on· 
tmni~wti1111 bucl • .'tuthc \'lll'irunmcntuubidc the I:~J, ''r li' dl.'ep1:r 'utu• 
MIICu /lltlC\, 

)(J, 1iiC !-'\.'\1111.:11: \!\lllll\11 11l' the ~Crtit:UJ r.'INtillll uf 'Prill)!' in thl.' lUll' 
t.lc•c~c' lllt•rc •tuiJ~·· 

II. A water bu1l!!l.'l 'hvui..J 1'1..• \'l•n,tructet.l filr the Paj;mh• Plutl'liU and 
pcrhap' •cl.:~t\'1! ~~~~~~~~~~'of Cilll\"Crn. 

I:. Buc~r~•unl.l wmcr.:ho:mi'tt;.' fvr ull wale~ 'twullll~ ll~·t,•nnincu, tl\ 
1:1r "' f>t'"iht~.·. 

I J. An in1·enturv lll' ruc.li••nu~.:hJe, in canl'llll\ )ohuuiJ 1'1.• c:trti1•d t1Ut. 
·n,e current dimutc of J,uiJ):ct cui\ und •tuff ~uut:tiun• ha' k'l.l \\lntl' 

hi cunt:luue thut, "the time li1r •tudy i:.m·cr:md the tim~· 1\•r.:lcnn•uf' j, 
here". Allhon~h th:u i•" ..:utch~· phl'li\C, wit~·~ fnnd:unl.'ntal inhmnullllll 
'' htckinj!ur incumpktc, \tut.lic' arc 'till n~'l'lll'll. 

ACK.'JOWI.BDOMUNTS 
Rcvrcw. "" J••hn 1-!uwl,:\' I:O.:~'W ~11.'\11:11 BliTl'lllJI)f ~""''' unu !\lin~·nll 

Rc•nur.:c•l, i•et~·r F~ntcl.tU.S. G~o'l.lltl)lh.:al SuiW)'I und :'>lidllll'l l)ule 
I :'li~IE()l iiiiJ"\1\~'I.Ithc )IUf'i,'t 111111 Ute lllll\IIIJ'f'I\'Cillll'..J, 

RB.FERENCBS 
""''n~m•IIJ•, 1'111!\ii, 'l'llc I!Cnlllt nu~t.hlkulltllll"'"'l.'": Di.'llolrtm~•nt•r t!nt't'J:~' In· 

f••rt11UIIlll1 SIII'Ct I.J\LI 1 11'1~·1JI'I, ~I'· 
t\U\III~'III\111•. l"''~h. On•UIItlll'llt~r l'l'l'l~'l.'lltllllllllllU"'I.'Ill\'nl l•n•)lrJIIlt•lun. "'""'II· 

1111" ~.ltllllli!II.!INII'IIIury: Lt .. I\IUntll\ Nut!nnull,ulli>n1111r~' tllllllx·rurtllll'nt or 
En•'!):~. O.:t••Nr ~ \lrul\ ~unuu .. ty Jlli):N. 

llnl\tnn, D. E., Llllll!llliN, I~ t\., till~r. I' G. and Fl••re•. D., lllll~. l'rl•linlltllll)' 
dritliug 1\'\Uit' lur 11111'\:hltlc• l.t\1)11·.' und 1,..\01'""': l.•"i\l~m••• !'tutilliiUII.I&Ill" 
nnury. l~cpvn 1.,\.t;:IJ.~.:-.ts.l'· 1J~-IU'I. 

Cu•hmun. It 1-. 1 11f>~. J\n ~·vuhultil•n ,,!' UI(Uil~r mrll --~11 chnral'lt'n•l"'' uf mu· 
ni.:ijlul wcllllckh in ~.~,, t\lum'" an~.t Gulli~ CaiiYI'II" 11~11r u" t\l;ull\1\, Sew 
~~l'\11'1: U.S. Gl'l•ln!licnl Sul'l'l.'Y· \\'Jic!'SUt'I'IY l~tll4.'r I Sl~l.l), ~0 1'-

0.:•·uul'l, M. und l'lut~ mun, \\', 1) .. !IlK~. H~·llr.•lnj:ll' dtJnl~lcn,t:.:• ut 1h1· ultunul 
&ll.fUIICI'I 111 ~lllftml•1ml, CaunJn J1•1 lh1~·~· uml l~linnh• C1111~''"': I.A., J\lmm" 
:"fulivnull..utlt.!mhl~·. KC(IIIM t.A·L'H·K!'-HHI:, :;:7 I'· 

1'1\'1111.'1.1'. F., IW~. Gt!11hy1huh•!:~' aull •imul~titlllllt 1!1\>Uilll•"tllcr tlo.-· Ill'"'' LA" 
Alurnu,,nnrth ... ·~•llrul ~~ow ~lr\i~o: t:.S. V\'l•h•~l~ul Surw~. Watl'I•Rc"•llfl.\" 
llliC\Iij!UIItlll' ){~pnf11J~~~II, 11: I'• 

Gm'llncr. J. ~ .• ""'"'· T.uud Ch1mt:. S., IW.:t, G,'l•l•·~~.llrllllu~ uutl ~o~•ltll'lt~ut\" 
l••t:•.: U~l'\-.;1• llf\\•i\lnk hllt.ud• l'"'l!flllll cureh11lt••. t .. ,.Aiuil"" ~utu•11nl t,.,llt .. 
"'""''"• ~~'W ~~~'i'~'· L•"/\1.11111•• Nullon.tl l.oihutulur.,lh·l~·n I.A·I~JNI.~lS, 
llltl: ' 

Oc.J,h•. A. ~I., 1w:. l'tl·llminnry ml..tcllnt: nl' mn1~1ure 111111\'IIHIJlllll tll1•tutr l~t.•· 
IICnlh Munaullu.J Cnnvon,l..o' i\lulll\1\ Smh•null.Ht'l•nth•r.•: I.A•• Alu11111' :'\u· 
tunml l..ul'l•rttln~·. l{\'r._II11..!\·UK·ll:.:,~77. IlK I'· . 

GniiJ:•,I{.I.., llll>ol, Ckulut:,v alllll!nllnkhwutcr n!>~IUTCC• llt'thl' I., ... Aiullll" are.~ 
:"";c\1 ~1ni.,~•: U.~. (i~•h>!:ll'al Sur.·c~·. WuiCI'SUJlpl~ I~II'Nir 17!1~. lll7 I'· 

1\clly.T. E .. IIJ7~. u,·uluuu'~' ltl'nhlllllnrinJ: ufrutlh•l~o;Uw '"li1l·wu•tc l->1111;11 "'c' 
111 l.o~" Alum'"· :'\~· ~~~~icn. U.S. Gl't•h•t:il'ul Surw~·· Ot>t'll•lll~ 1(~'1"'" 7~ .. 
ol(kl,ll:: I'· 

l\1~11i!:,li. 0, unJ ~ld.iu, S, G., IW:, AJII'II~Iltlllllllt' u lunll'll.-llt•urumrtct 1111-.ld 
t1>~•ul'll 1111\lcr.lml\lin~ the "'-•hl\'illr uflll\• ~h•r1lmllllll Cun~~>n l"'n.'h,•.J nlln\·tul 
tlltllilcr 'Y'Icm. 1.1" ,\lumo•,l\c.-· ~h!\Kil: unpul>ll•h1'1.1 tllo.ll'l"'uLicnt t:ru.Ju~ll' 
•tud~·. :'\1•w :O.k\1..:11 T1•d1, ol!'l p. 

1\t•hcn, 1\~ \\'dhl. 1.. ~1111 Juhn•tun, J. r~umplh:l'\1, JIN~, EII\'11\IIIIIICnl:~i •urwll· 
h111~~ nll.t.l\t\lumt" durin~: IIN:I: Lu•t\IUIIIl.'- :-ouut•ttdll..JI'IIf'atu~. Kl'JII•rt I.J\• 
I :117~.g:-;\', ''uri('ll"1l' llll):l'\1. 

:->lc•\lla, D. I~ ;mdWu•h•h•l.. M .• lll\~, Sunululion 111 till.' 1\"jliiiiUII !(l'l>h~..tn•III!:Y uf 
lhl•1i.·•UIJIIC ~ljlllf~r -~··tcm ncar Snllla Ft.·. s .. ·w M\•\il'll: t'.S. Gl'llll•l!••·ul Sur
VI'!'· W;&tcr-l{.·wurc~. ... ln\·c,li!l~h·•J" l{,.,..ll11<7.oiO~<>. 'II p. 

:'oh:l.in. S. 0 .• liN~, l'uraritlll'liu~.•au Ul.fllitcr rc•f'l•n-c ..:hillllCtt.•ri•lll'' ll•lldul Hlld 
UIIII•"Jlhl·n~ J'l'e"lltll vutiutu•n•: ,\l,..lr&ll:t• Ullll l'ruj!rum, l<•>~:k)' ~h•uutuin 
arvuml Wa1cr Cunl'l'l\'ll~l'. Ali'UIIU<'t\IUI', unfluJ:I'll, 

t'unymun. W. IJ., 1117!1, Cil'llh~n·I"J.!Y 1•1' tht' I•Jruntu !'lutcau "'ith n•lcnmc•• tv 
I(Uullly ufwHtCr, lllolll-IIJ7:: L<•,,\lunK•• :o-lutilllmll.ullt•mhtr,·. inh•nnuln.·j~trl. 
~,j,j p, 
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I.OS ALA:VlOS HYDIWLOGIC I.SSUE.S 

Purtyu1u11, W. D., 19K4,llydrulu):i~ ~hnru.:tcri•tic' nt' the mum UI(Uitcr in the l.o~" 
Aluwc" ur~lt-ilc~lllormJclll nl j!ruund wultr •upphc•: '"'"' Ahunn" Suliunul 
Llal'ltlnllury. k~J'IIIrt LA-1111~7-MS, ololf'· 

l'unymun, \\', D .. I'J'l!l, Cicnlu~:t..: uml h~llmluJ:iC ~~urLI• ur uh...:rvutiun well•, 
ICM holl"',IC•t WCII\, •Upply well,, \f'MIIj!\ Ullll •UrliiCC WIIICr •tulinn• In IIIC l .. m 
Alutllll~ areu: 1..1" Alamo• Nutiomtll.o~thnruttlry, RCI'\I'rl I .. A·IZHH~·~IS, J:l•l p. 

Punymun, W, D., 1-Jun...:n, W. K. umll'ctc,., 1<. J., IIJII~. J{udiu.:lwrnicnliJUIIlil~ 111' 
wutcr in lhr •lwllow u•JUikr in ,\1111'tltndud Cunyor1 I'1117·11J7H: I.A"' Alum"' 
Nutionul l..oll><ll'lllllry, K~JI<•rl t..J\.<Jh'/!I•\1S. I !I p. 

l'unynum. W, D .. JJlJtl JuhJIII\CU, s .. 11174, Gc~rui):CI•hydntluny ur the I'IIJIIrilu 
Plutcuu: !'Ocw Mc.\i~o Gcuhii!ICII( S<K:icly, Guillcl'ltlll\> z~. p. ;147·~'1. 

l'unymun. W, D .. !'ct.:,., k. J. uml Owen•. J. W .. I11XfJ, Gcnh~drolu~:y nf While 
Rock Cunyon of the Rin Cirt1111.l1• lrnm Otowi In Frtjul~· Cilll)'t'tt: '"" Alutno• 
Nutlunnll..al'lt•rutory, I<~:Jllll'l I ..A-lib~!\. I !li'· 

l'l1r1ymun. W. 1). uml Stnkcr, A, 1\., 1'1'111, t'l·rchl'lltonc mnntturitttl wcllm~utllu· 
llun: !..1" AlunH~<~ N;ltHlllnll.al>nmllll)', J(CJlurt l..i\·t:R·'XI·.l::..W, ::x 11· 

Stt1ker, A. K.,I'UM)'IIlllll, W. I)., ~ld.in, S. G, ;tnd \In~•, M.S .. 111'11, 1~\ICill nl' 
Mtlurntiun in ~lttntuulml Cm1y1on: l..""i\l;un ... :-o:miuunll.o~•hurtthlty, RCJ'IIli11..A· 
Ul(·'ll·lt'l!lll, l~h Jl. 

Stunc, W,J., )W~, l'reliminnry rc,ullwl'tm~ldinJ! lhl.' 'hullnw l'<llllfer, ~lnrlunllnll 
Can~un.t.o,Aiumm N;lltnnnll..uhnr:llul)'. N~"' !\lc~t1.'1l: St.ow !\lc\i~n l!nvin•n· 
lll~·ntl:>cjlUMIIICnl, Rcpun s~:EDIIXJE/All'·ll~·l. :~: ~· 

Slt•ll<', W. J., l)uvi•, 'r. 1). uull Ktlll.IJHIII, 1)., I'I<J;l, lnlliulu""''"tncnl ut'lhc ~:rnuml 
w,etcr munilnritljl Jlrl'):l'lllll ill 1..1111 Alutllll'l Nutilmul l.ltt•urull•ry, i'II'W Mc~i.;n: 

:'ol~·w ~lc\il'ullnvtnnuncntl:lc(lllrllliCII!, J(Cf!tll1 NMI:J>tGI\'11·'1.111, ~!lp. 
\\'tlhll-11, 1\, H .. 1'1'1~. M~·11•u~mcn1 un<lnnal:--•l•<•frnd. h"<tl.'lurc• inlhc1\hirc)lc 

\lcrnllcr ur lin! llmtllclicr'fulf' ultlllj! , .. ,, Almnn• C;tn}lllltlll)II~Cillln Tc~hnicul 
Arcu .z I: l.1"' Alumu• Nutiunull .. tl'lllrnt<•ry, i(I:Jlllrt I .. ,\· I Zll~oi·MS, J1. I •1.~ I. 
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S'I"O!':E 

-··:· , . .,.~·; .. ' 

VIew IO nonh or Slln Antonio hoi •pMnll (lll'ouut ~l"C). whiCh ,,~\11,'\ l'r\1111 the conla.:l ol' Sun Allllmlu MI•Unluin mull!~ 111111 Rl'l.lollllu Cl\~1.. Rhyulll\'· 1'111\ hl'f111~ lh u 
fA"'C'ilc ~lhiLIIIon ol" Cl'\111~ ""-'"Ill~ 'klcl" In 'Winlt:r. Chll' In l'<l~lqtl\'lllnlll~ C\ltnf'n'ltll\11' Olt'IWI M~:ml'il:r. l\11nJ.:Ih:r 1\lll', o~rl~lllll l'mnlun ll'lll'ol.'ll' .. r 1111: '"'" 
(;,mllltkm. 
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