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VADOSE ZONE INFILTRATION BENEATH THE. PAJARITO PLATEAU 
AT LOS ALAMOS NATJONAL lABORATORY 

DAVID B. ROGtaS. BRt:G:. M. GA:l.AHER' a!'ld ERIK:_ VOLO: 
WlUI! Q..alj: .. ~tol H)drc .. o~ GIOI;ploC •s~uct t...d;~>a~·~ \o\ '''C :-~ • ..,~mont::,,.,..,. Lc>o ;...:~mos N1110N1o :.11!o:1!ll~ L,.,....,.lll'· :-.~ 37:•! 

A.!lni"'Oc'"-"-"e ned 1\..,.. 83noc:l.:r 'l'r'l' <;:~~e ll:var-u•te ;:op:nics from se,·.::. b.'t'Cboles ;c evai~MJ;..: th: d>r~·:l'Qr. 
JJICI .li'IIO.:l:l 1'1 r.uxll'-"'O;;Illllc unAn.ra;cd ~e bcr.Uth Lo.\ .'I lam:~'. ~~~ucnallabori!OI'Y. The borehol~>rr.prt· 
!Ctl' mesa-lap ana coanyoa ~m b.;;&UON. •T.id\ a.-e Ill' I'Ot .ilsldlt~llyc:tolo';.: "'Simes ,a !be P:!jlr.t~ Pbeau 
Me•~ heAI1 al'lldieDIJ 6ct«rr~ne4 tor IIIII llcte:lOies U'C JPp:o.UI!Iale!;, aft t1 • lmf-ly'nJ lim! f.O'I' IS )Urly ~~·~ely 
swc. We u~ YenJ•al he4d gr.adioat> ollltl ur.Sil:uro~tc:d ~~dt~uli&:: colldJtU"JC) ts~III'.IIOC$ :o approdmaJe o!IILI:rat.l.lft 
I:.IC$ f(lf !}qllid WJ.r.erat ~:111 f.ik'~ Tl-.r tlJl eltiOJU:Ii:~ ;:.t~\~!!le :btl[ fiC\111$ veni:.al cml;y, t'lu.l t'lal :IC lalel'lll Oc"· 
·~ ~c;umol& ~on& li~lo''~ ·t1Ctf.oc.c~ .. "fpan:n• tluae. beiiCIIIh meu top •itc" ra~>&e froiD 0.006w 13 crr.Jyr Hifh 
J'IIIC;jHIIIlioftQI M.t!t.cc CIJW'.If~l~ca,lncllld.iag :lhp<:~ ponllll. J.CU It' ni,:he: fillle$ beneath SOIIW :1'-"SI•. H,vpotl>
oaluJ ~¥3p0ralio.1 :esu:ti:~ f.rlllft air ~l!ltn& rhrousl:t 111c rnea appu~ati) =:~• a bill'ri« '" inf.Jltllion be
-ell Muir& (iel Buey. A;t~~Wm '-111)'00 botwm ir:ftlntoo" rUA:S - aODUt 0 0/. 1'0 O.Z 'm•)r oer•lllll two dry 
llllrlYQIIi.lllll C 02 lD 0.1 ~ml rr bw11cadl Monaad:id C~11~011. dN or.ly relat:,dy _, cu:!'on ~l"~.enrcd. C0011y0t1 
buu.om inflttnatoo rare. beD< alit weuer ~)'Orl5 s~. u l..<;sAiwos Can:,on are liul; mucb l:l'eoil<lr. !)o.l nc- 4ala 
for dloM wes m """'-"";Y •.U:abte 

lNTROOUC'nON 
Since me early da)' of Ll'>ll Al.lmos Nanon:.J l..abor:uo:y (LA.I'IOL \ 

concem over .:cncu::un;,nr n\lfii'UiOJ\ 114$ spwred tnveJt.~liODs into lhe 
111\011111 llld dil1ribuojon of iDJilcra:ion Gn the Pajarilo Platea~. 11le pla
teau u c;appod by r()(t. of the Bandelier Tuft, !nlfllilr..bdtt mptcd ftoa: 
tbe Jemez wh:ulc Cllllltr (Grlgs. 1964J. fli1Ht l U~Qw; one torrela
:ioo for unit; ot the Banaelkr TUft'. The Qy~c l"llmke Bet' at !be 'oo:ie ~r 
die Olowi ~!ember Is a pumice-fall •su. ~Nial(h wa~ followec! b;. 
oonweldecl S\lt&C bea ldd pyroclasll(; f:ow ciepccil& (Broxton &Dd Rc:nca~. 
199:S; Panymun. 1995 ).Ah:r deposition orw ~-;Member, !!le Cerro 

I'ICURE I. !'loGienCI.ttureuscd •r· IIIia cro;a, 1\:Jr mill; ohie .B....di.'I.Jcr'l'u!fUf•ur 
Brcxtan aad RIDeau. 199'). 1:\e :orrelat'on f.Jr die To;bn:~ M~mber is !!Ill of 
Bala et &:. 096'!). 

Toledo Rhyoticcs -.ere Ct\lpccC . .6el)l.".all\ the Paj.uito Pl11e1u. tl'.c Cerro 
Toledo inrerv.U iac:udes both p~~Cic ar.<l vok&nogenic ..:.luviaJ ae
poaiu (Broll.tol\ ad Rcn.:a~.o, 199!'). 

'The r.an~ca ... ; PllrQJCe 'Bed 1& an lti.Nill.: dcpo$U cbatliC$ at cne bolk or 
tile Tshiresc Member. This ~~m.ce cepCISit wu apiD follO\WCICl by Sloii'JC 
~and r;yrocl.utic eruptions (Btcllton and Reuuu. 199S). The Tshire&e 
Member J!JderlyiD& the ~arico Pla!OIIU COIIS:ICIS of sevetal distinct fie-..· 
uruc~. wllictl dlt!ct•n .:iqree of-.aldine 111d ft.acC\Irins Widull iDdiVillU.: 
ila,.. ~nits, ~ldin& i~ ,srca~ :o the I.USI. near the voiAitic source. 

lbe pt.te:ua IS &emi.uid • .,.i:h pocadcrosa KOrest at hi&J!er elevations 
pvbg way &c ~.ilon-juniper as ele'IUiou dKre&Ka. The pl&ccall i& sepa
ra:!d itltO finger ~U by CUI) ODS, which (IOI'Itlil' ripariar. Vf1J8t&tion 

iltiC s~ams that &.'"C for cite ~ pan ephe!l-.eral or inCBn'\41:ed. Mean 
p:ccipitation in tile LmAIIJDOSIFQ IJ abo\;.t 4.!i 7 cmi) r,arw: vari.ea pad)· 
witb elevatioa (D<Iwc11. 199Q). 

In tcnm of hydrotog.c environments. tbe Jll&ICau caa !)c divided IIIlO 

the ltilatively dry ~msa tOp eav•ronments and 1he wetter c111yoa bouoms. 
Grin' (1964~ suga~d tllatstre.Unloueulonc tbe lowvcd1anb oflbe 
J~:"neZ Moonla.i!ls alona the westcru ~ ()f die fajantO Plardu were the 
!;OUrt:e oJ 10:ha,rae rc :be underlyi.:ls aquifer. Bued on infi.llntio, stud· 
ies tnd motsr:ure proi'Jes. Abtahan;s ct al. Clil;t) cocac:JWied lhl& oa mc.a 
tops "~~>hen:: normal110il covert& uDd~stUrbecl dlena "ould be lial.c or no 
~chaqe to tht zone of ~all.lzat~on from ~lp·ratkln oa t:1e s;lfi'aoc of rile 
plale&ll." 

It> thit ~~per werev:dr diesc cariy c:oncl~~u. R.ece..'lllabaratcry IDal) • 

5e$ of \ll!SabltlUH h~c~ulic properties from bon-Jiole core samples mw 
po:uible cor.sauction of vcnical pr~lerc leali i!\l lO preUmlnarr cstllli&CS 
of the <lircclion an~ rNJoitude of vertieal ll'ob&vre OUA ac teWa loca· 
r.ocr on ~ ~ari!o Placcau (F11. 2~. The borehole resulta 4iJcuiKO be
low m dcsaibecl 1.0 terms ot lhelt hjrdrclo-pc scmnc. foiJI' wcU$ are 
Iota~ tn :anyoas and lhree U1 oo nx:sa tops. 

UNSATU'R.ATED RYDR.AUUC PROPiRnE.S 
T:l.e :1)'drologtc dala describe<: here are .1 sabset of ~pprox.iaur.rc::r 

I~iJ Bendcllcr Tcff ~ore samples presented ~· RogcD ud GtUiher 
n99s •. We !it mouturc re:en:1~n ~es to 82 of !he WI"CC foe ""bi::h 
setcnucn 6:a 'l.'ete co&Irctec! by Dmil:l B. Su:pllens & A&IOCiates. Inc .. 
Allluquc.o:rqut. Ne"' Mcllico. B.ased Dfl this uu.l)'lis. ~~o·e have clc&crm.incd 
\·ettital bud eradicn: poflles for the wells Ill described beiD\1-. For 
apl111atory purp<>6es. a brief siiT.l.tnary of unsal\lrl&ed hydraulic prop
cnie6 llt:C: !heir intemlallocship~ as a)vcn he.-e. A m~ complete <W
•:u~sion ca.1 be fol!lld in Rocns and O•!lahcr (1995,. The COte data are 
divit;k;J acx;ordlnJ to me~:~bcr of the lhf1dolier Tuff, wlcb J:be Tshircgc 
Member further subcl,vidcclaccord,nJ to :M co~nlatlon of B•ltz e1 aJ 
( 1963) The JidloloJic horUon all4iar.ments 'hown in the accomi*JY· 
ing plot.; wen: obt•i.ncd from logs of Pllnymwa ~199~! PUrtrman f\lr
t~r di~ided h;~ Tshirt~e an it assignrr.c;~tl to ;iistineulih t~erweea weloit-
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i'll.il:Rll. M~p of Lo1 Alamos ~¥ACIIIII L&t•onar~ lhowilll: ~lion.• (1/ "r:;~ doatus.<:e4 oJI kltl. caa)ona.I"Dado . .wl T~ "rea 1 T.~) boliftdartcs 

erect and :nwl#e4 portioru of c~ll .:ntt <e.,., w~th~:red .a:~d l.in.,. ~•lh· UDplf' ... ~ ~~pru~ions f,'lf conJuct:YJt) m. of.cJl 1011ed in pJacc of mea-
ace! pon:ons o~ TsbiR,Ie Un•t I• &rc noted ·~aratel)''· 1uro:l VI.!-...:~ ~e ~rnp.rical e~.prcs6IO:'I foe :be ~;naaaurac:ed hyclraubc: 

T.~ !!loiJU.Jre rcaen!o:t Cor character.~otic) cuue n:laes lbc \'OIW!Ifmc 
~ mo;,rure content of ~MaCUt'lr«< soils an~ roc:n lC !be c:'.c:ret staLe of 
the soil .....c. The tl'IWVmDCII~ ofminnrr cbaracccn \OC cun tl. C:SJ:<: · 
daJy It lo"'' mai1turc c:or.14:oU. feqWrU 1:11.1ltrple lahoraiOJ',· :cchniq&Jel 
for computauo.:aal C<kWer.lulcc. ~ empin:a.l e\prasiot\S t.nr t:~ 
cln:lep;d to N!Mla.dz.c: ~e CUNes. Oae of t!\t moSI commonl.l' used 
o;presdoru !s \'Ill Gcnucl\o:ezfs rDilLIIla:.on (\oln Genuchten. 1910': 

&-6 I ,_ t:t.=n. a. ... ,fi1M 
• I I T " 

I)) 

.. n:-t ; : ;!" ~:dvc SIWfUUOD ~volume pe~nt;; f • \Ollll"CUUC l'tloil't'Jf( 

c:or.t.r.; ._ .... , ... :u.:: petcellt~; 9, • reaidull :teist'Jrc cor.t~r ,vo:amc per· 
Cl:ll\l~ t :: (a!Jo IIOftiiO 1£ a; i ~ muiSr~ contan ('o~ume per· 
cztt). ~ • nwr.: suc:t!\711 ':"c.r.. polit!,·c If ~~e;arurllledj; a.. 1" "' \'IU, 

Gcouchwn tlniD& pwameters (pel CUI'"" dlft~r.slonlcas. rcs.pec.thely). 
net~ • : ·lf.'J (ctimenalor.las). 

£mPtical ~ otcuMCOrabld bydnulic cooductivlty 

Becauac values of unu~ ll)'ftalic ctndiiCtivl!y are tAin':'l\ely · 
10\1.·. 111d lat~c.rar.o~ meawremenr ltlerctcre reQ:JJres hllli t:me pt 'lods. 

eQndUCtiVtty {Kl i1· 

I<=K,e- "(1-II·~)~J: 

HYDROLOGIC PROPUTIES PJ.Of1LES 
Flaum ~ L.'vougb 9 are hy<!rolc.rc p!'Ope!'TY pr':'f::~ for boreheles 

nniDJ 'Jff.cicnl c.c:'1!fo to co1u1ruc1 prorw. E~r for JarehGie p. 16, 
cbc: cores were coJ;ecte:i m s&cc: > ICC\·e~. with the ends co~ eted bv N~bef 
i:aps III'C ~ape~ in ord~rlo preser\-e the iDitilll mois!W'e contem. For P·l ~ 
t!l~ m<llsrote content wu detc:TI:'lone.:! !rom baucci swnples tnt day !be 
cmes v.cc col~ 

Hydraulic b* 
H)d:-aulac head 11vc~ Lhc ClleJ'SY 'we of llquld ~"'aft an a poro)UA mc

..Uum iFw:z~: aud C'llct'l')'. 197 ;), .vtncb •£ ~ tomclwion nf tt>- pot&ntial 
Clli'.IJY due to elevati.:Jxo (c:c••tioo he.ac:t; and l!s cncrar dlle eidlcr to-
tcr -prc:J$~. when uramed. or dfeetS 1ucb as surt'Ke ae45ioa and » 
sorptior. when :m1a": .. ~t.:C.: tiN:."ic. I'Uction). Tbc ~oter plcn ft-ruch bore
hole tF:,I. 3-9, sh~w1s bud and ln \itu 5\lerior. val~~e~ (t1Qtc ttw the bead 
.. alue! a.~ l~s ·~an z.c:-o. and.t!lai lht nt:Jit!VC of t.'lr sue-Jon il ploet.lld 1. 
Their. s!r., ~uctiOII '~ues ur d~cd from lilt fullcrtt.l"' rrarrupc· 
mc:n' ;,f 1 I J 1.si:\! tbe in slcu mom\ll'e content 
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I'll l•i! CtJ~-1 J~ 
T'hc bud vaJ•Jes are detemainec: from the farmala 
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when~ H c llydrauhc. hud (em;: and z • tlevauor .• 1e11d. or :kpat (em. 

poldti~ upYwvda, daaum is .rrolllld slll'fac:cl. ttarC)··s law If ex.pres~ed '" 
one ditne~S$ion as 

Qa-11.~ rS, 
, ... h~ Q • 'P"•Ii~ di~' or D8t() flux icm p~r )f), and dH!dz .. ,,.,e 
vcnical held Bftldlent (dJmensionlas). 

Tbc diroction of WIIU nov. IS from hi&hcr ao 10\l·cr beac arad is deaer
mlll&d by the healS Jrldicnt. A positive pieru indlca1es tha: lle~d m· 
~~ ~&pw-;thus v.ater flow v.ill be clown"-'lll'lbK"CCtd.inl to Darcy's 
law. 

1'be head profile$ (FiJS. 3-9. cenrer plot) arc ~rly unc:H:Il. pubaps 
dut co lim.illltioas iD accurw;y of the bctl:l d•a. These LmiraliMS ineiude 
mWW'C111Cnt Cll'Or in rettnlion Clll\le£ and lhe ic s1tu moiuure co::Jtent. 
J)lnio;uJilly at the clrycr portion of lbo mout\irl re1en con curw r.Roacrs 
Add G.Jiahe:r, 2 99S ). VarialiOI)S in 1idlology and proccsaasacb u evapo
ratie:t llld borizontal w.,.. movement micJ!t alii: ICCQ\Il\1 r or lbc uneven 
head pro!.les. Average head gradieftu for aome depth intervals from the 
pro61u afi"'ll in Tlble 1. aad I" shown on mon of the heali profilu. 
"Jbe liVeJSJt bead .,adiePU were d!tennilled by c!iF.crencreg tWO Of the 
zqRICIICI&i~ bead valuls iD = ponion of lhc proftle under constd.cr· 
atiOIL 

A JP1Clal cue of bead padicnt 1.1 1 unit hydraUlic. gradi~nt t.dH/dz. 
1). Jn this cue, flow is rtudy alate Jravi'l)' flow. and SpctiBc discb~ 
~uall b)ldmllic ~dvc:tivit> in Oarey'&Ja,.,. (Jury eta!.... 1991 i 

Eadmldoll of 'ICJtical tiM ratet 
nbJe I i.'1dudef VCftic;;ll r.ux esdnwea for ccnaic .illten·als af r!le 

bonbolel. Flux is pres11rned to occur only in tJie bqUid pbuc. lh11 is, 
vapor ftow is noc considered 1be ftux \'alue' are ·'Darcy fluxe•" (vot. 
vtDC Dfftow rate per wr area). od U't cletunaiDed froJn Darcy·, Jaw. 
11ae flWI estima• mike use of aa effective YIIJitllnted vertical hy
~ eonductivil)' (Roam and Galliher. 199$). Thi1 effect•ve con
,u.aiviry is Wm\ •s the blll'n\OIIIC ~ of tho llllilllturaled hydraulic 

'-""Dducdvides cleteriDillecl for corea in &be depm iDler\~ Wider cODJid· 
uadon. The lla.rtao~ic mean llyeinullc condUctivity is K •• wbere l'K .. 
• E(l/K), .nd EO derlotU lhc cxpCC'IC4 valua. Por SlliW'atecl flow. lhc 
lwnlonic me~~~ c:onducrivir)' repreaenrs the effective hydraulic conduc
tivity for now perpendkullr CO Sll'lta Of dif'fe:rfni bydraul!c C.ODdUCUY· 
il)' (Preeze and Cherry. 1979) The harmonic mean JS more stronJIY 

TABLE I &ttmt~es of ~<cnical hud P"UditiiiS (dimensiC>DitSSJ. t!!'eclive ill -iru 
Ulllatilrllld ~' cOPd~vilN:I." •·cmeal flU~~ mot. 

w 
ea.,.., llltiCif. lccatJO'I> 

CDBM·. :.,., 
O~JIIC) 

rc .. o.:~a 

MOW I JG. 10 
MO..! i·A• ib·;~, 

IS.!65 

McY lOp ooc&IAOI 

a,, 10.:0 
~~ 

~ 

·': .. : 
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o• 
c' 'P'JI 

: ~ '"'' 
.).I 

·~ 
t7 . .! 

A,...,.j .n sic .. 
Krc,.y: 
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11•.~· 

;g.. at}-: 

·~·~ I ~ .. 1:}-; 

;~::r-= 

'l>ol()-

13-ol~ 

),.1~ 

6Vwcar~ .. 
~·mr)' 

l:,. ~t~; 
.;.0~10'' 1 

J.: ... ~ 

I.Jxllt'' 
.;..:: .. J~: 

6.9- :e> 
-70><11}
~ ~><Jit') 

lhrr H•JC•' 
2~11)": ·20><1&-l 

P-16 ).~$ J.: 7,.101' -~~~ .. 100 
All-6 o!0-150 l.J. • ..... o. .2))()0' 
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aft'ecred by small 'ltalues rha11 1t 1~ anthrnet:c mean. Then: is 50me 
debate e'er llic va;rdit)' of ;,a5rn£ :be harmonic me:atl foe unncurated 
t1ow aystan:.s. 

l':oce r.hat r.his venrc:al flu;~~ estimate teqaires an 1mponanr and qUM
tiona.bJe assurnpuon thai only \ertacal tlow occurs 1n lbc: profile. HCI'IIt
c;vc;r. due w \'eni;a.J variauons ir. mouzure ~1!11!111 &lid h)dtulic c:on
:luciJvity assCK•ated •irh lilholoiJC clusnecs. there iJ 1 s1r0111 Ukellhood 
that horizontal flow occw ill 'orne cws. l..aW'aJ flow can 00011' a lOIII 
clippr!lg honzons where contrUU m b}tbulk conducti.vicy and moisrure 
rerc:cdon cbaracteristics extst (Moower and \\it,on. I 984). For unaM· 
Bled conduions,llydnualic eooducti"l~ 1• a stroll£ f\.anction of moilllft 
con~~:nt. The: accwnulatior. of molstlll! abo ... e litholo£ic boundaries 1111\· 
pU!'tcs the hydraulic eond~iry cor.u-a~t ac:ross the tloiiiiCWy. la.c1111& 
10 dOWII·dip fl~ abo•'C lbc horizon. 

for ex.ample. ~~ hydtOiog.ic cooce:prual flow model for Yucca Mouo· 
tain (Monluc llld Wlllon. 1984) lndi<:llll cbar latetal flow" I:Cnlin 
lltholo&fc inrerfaces wirh.in IJie tu~~ ma) ''llllfi~antly l1fca moiltll!"e 
d•Slr:bu&ion processes. Slrdlar!y. preliminlt')' II\Ode:inJ for lhe pcrior
maftOe ~seS61TICI'It ac Ma\erial OaspouJ.'\tn 0 (Ml)A 0) (K. H. Btrdllell, 
ur.publ. repon for Los Ala."DDI Nationall..abotiiOry. 1996) lllows :bat 
Ullsa::ural«< flo~· alon, :be Guaje Pumioc Bccl at the base of !be BIDdeller 
Tuff 'ould diven moat of the dowllwan1 II101Stw'e flwx lateraD) IWIY 
from beneath ~A Ci. 

The I\'CliJt dip of the Bandeher Tuff is aboul 2• to tbe cas&. fw a 
slope of 0.02 kmllcm !0. E. Broxton, pc-ioaal commun .• 1995). For dc
!en'llinin& the laiCraJ flw. 11 1 1 iouen horizon. this topoJniJihi~ slope mi&bt 
be uaed as an eUJmar.e of tbc: lad eradicm in (jJ, AddrlloaaJ botehole 
musur~IJlCIIts or rorz:pute.r simUlalior.s could provide insialll iDto the 
ntlative lmpon&nce of laun.l tlow 11 dlese sic.cs. 

INFILTRAllON' BENI!AlB CANYON BOTJOM SB1TINGS 
Clftida del Buey and Potrillo Cuyoza are I&Siefaily drJ canyons. 

whereas Monandad Canyort 1& wetter 8$ a result of illduatri&) di5characs. 

Cdada dal Baey 

The alluvit:m iD c~ del Suey is aeDCnlly ciJy, c~ &. .corm 
runoff and diJchlfic war.er from wver supply wdl PM-4- CPUI'I)'JIIm, 
1995). For borcbolo CDB!\'J-1 (Fifl. 3). satumion incrQas from dac sur· 
face down to tbc Tsankl~~o1/Ccrro 'Ibiedo Nqlll!liGe. .and falls off SOillC· 
what below lllis le\'d. Head \lalues al&o iDCnllrC with depth ftQm tile 
surface :o about this llonz.on. aDd lbcn fall off with lnaustn& dep11l.'Ibe 
SUC\aon ,rofile for ~ole CDBM-J is f.1itly 111\ifollD below about 50 
ft: the be;lc! profi Je is dominal\ld by lh~ elevadon rerm. The head pctiellt 
pn1f1Jc for CDBM·l svuesu d:at tbe di~on or liqu1d 'OIIII:t flow lS 
upwards &hove • .and dMo·r.,..a:·ds belov.·. Ule hia;her·saturadon zoae 11 tile 
Cenc Toledo. Dounwanl flux beftUih the ~rro Toledo oecun a& an 
estimated rare of 0 2 ern!yf (Teble I); "J'WII'c! flu• above dti.l horizoll u; 

about 0.0: em/yr. '!lim is a twONb!e pouibility VIal l*t"'l flow o;. 
CI.U'II a Ions rhe Celtl) Toicclo inccrvalabovc the Or~1 Member. Tbe aver
ap: h)dnl~llc ~lent of abOut one benealh tbe ba'e cfTslll!qe linit la 
sup~tm Ilia~ ~el'tiC~Jl fl(l•· hen i& Jlateady ltale. 

Potrillo Cu~ 
Portillo Canyon 'o:r~r.s mosrly dn allu,·ium. and hi• discOIUinuous 

~tream flow mec~~.e.r. 199 I: Pl!l'fymun. 199S ). Borehole PC-4 111a1 drilled 
ar the ~~am end of an IIRI! whcnt stream flow was observed eo infj;. 
uatc illro the al!11vium. 11•itb lia.le r.ow beyond ("'!be di&chlf'81 Sink'', 
Becke.r. 199: ). Boreho;e PC-4 ba> a tone of nc:ar!y 909t 1anuatloo ar me 
base: of the weathered IJrut Ia <Pia. 4). The hi3her hydtaulie oonducliv
icy makes this i:u.eNal a j;ood canc!i~ for per~blflllllld l.cenl ~. 
Satllfllbon !ala off below this :iepct-. "·i:h only a sUBb• LDcreue in \be 
Tsan!tawi Pumu:e, and remainJ c:onatam at about 40'l in Ole Otow\. ln 
Rplte Oflhe ])i'b sa&uraliOil ZOLe at me base ofrllt We&lbued Ullit Ia. the 
hydraulic head decrease.~ nearly mo:~o!Onically witt. dcpcb. as lhc eleva· 
uon 1cnn dominatts o,·er suction Tlus i:adiClltes J)O$sible dowvward 
moistlft mo\-emen: beneath Polri!lo Cenyon .. lll an cstilrwcd nu: of 0.0; 
cmtyt. llle nearly unit averaJe bydraulic Jradienl tlltDIIthout tile teetJOn 
SUfitSIS that flO\l• htre i& 01 S:¢1d) Stat¢. 

... 
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FIGUn J. Clllldldel811e) bonlloleCD»f·l Cleptl pnllileaof(lelpl satUmion. 
poRIIIII)I.IIIallu 'IOlunaalk moilnft ccoam. ad raidu8l moisture COIIICnt: (eenaet) 
Mldnl(-)aaaioDIIIII:IiluiiiOIIM'COIIIalt.W(tloctgm)bycllaulic~~ 
II bJ ll1ll mol'lllft ClOMilll and 81 dllltMiOIL 

MotUDct.d Caa)'oa 
MONndacl C:lll)'oa hu reccivcd trtaaed tiqllilf railioacdvc wuae diS· 

c:halp floom cbe TA-!50 ucauaem pJanr since 1963. At about me locetion 
of borcbolet !ltCM·S.J and MCM-S.9A. mrticc now IJ lntcnninel'lr 
Sulrm -alllr di.chiqlay eaand be)'OIIII tlhllOCII.Ioa. bill has 1101 left 
me l.aborucxy proporl)' llDc:e abletvll10111 bepJI ia 1960 (Stoker et al .• 
l991J. hrcbe4 >AIW tn dac ll1uviwn acldom n~a~da much beyond • 
po1M llaltwey bccween MC:M-5.9A aDd lhe l•boraJDrY bou11daty (Baltz 
ct aL, 1963; Putl)ntiJII. I 975). 

Zoacl of llip ••urtliOII occur in !lofonandld C.Z,.oc borehole MC!¥1· 
!.1 <Pl&- S) ltlbe buc orw C~nyon-\loaOm allvvluru.- at lhc lOp Of 
die TRDka~ Toledo sequcnco. Bodl barimnl have hlpcr bydr:lllllc 
ccl'lducti\':t)'.- .rt l.lkly candidera for lareraJ no~. Lateta1 f)(lll. i! 
well es~ablllbcd for me rroUDdwaw pcn:Md ll me buc o( die alluvium 
(Punymua. I 974). LalcraJ b at the ~ of lbe TJankawiiCem! Toledo 
Hq\lcnct ptovidca a R:llisf'ICIOI') expbnalioo b lhe travel times w prob-
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t!OUI\! 4. hvil'1o Ceyon boreholt PC-• dqlda &WOfiks t;l (tillp) ttM'IIioa. 
pollllll~ ill sllv >Olumevic IIIIUiwe cOIIIelll.llld midua1 moiJNl'l c;nl!all; (cenrer) 
heu _. (· i Aalllllar Ul lhv moiJMI! COIIItm: .ad (boaom) lt)'dnglic ~·II) 
A\ i.l•IN n>ohl\ll'c COIIWII\ lJIC! IIUGII'IIIIO!l. 

abl~ c;ot.iwaya of mtum t'al!lrtnon ~ed i!l !b!!e boreho:e~ (!.o:en 
md Gallaher. 199!1). A u-.v.el padl involvin: infilllltioa of tri'liln $!>' 
~tteam of lhc boreholes follow;d by migration 110111 lbia bori&Oft trp
p:an. 10 be like! y. 

For bcnboles MCM·~.llllld MCM-HA. Dw.iol B. Stephens a A$
sociares. Inc (unpubJ. repOtt for LoaAl~DJt~F Nlllollal LlboraiOil'· 1991) 
provided Ri~ wrmocouple peychlometcr pocenrial meuuJ'fJIII!IIl!l 
at lhl in Jitu moist~ coatellt (Fies. 5, 6. also iD StOker et al.. 1~1 ), 
While lhcsc: value&~ um&Jiable 11 molaurc QOr.WIU 11111 satusion. 
die hold values cak:ulatod from Ulan IJJM well with lt.c bead cakulaled 
from tbr re~liOI'I curves. Gatepr for a few poiats. The head \'811181 dial 
dcp3n mast fnlm dK psy:bromacr hca6 eurve (l.e .. at 54 and 82.5 f\. 
PiJ:. 5) Nmc from coret •1\h lov.> in nru moiltllre eOl\'ltlnl. Tbele cwo 
coteS lla11t rcllaltJon cu~es !bat III'C poorly deftDid In dlle dry poniOII. 

Bcloa- a depth of JO ft. tbe hydrlull~ held ill M04·5.1 decreuel 
unifc.Trnly wllb depth. i.llc11ceti"' downward flow of warer bcocadl d'le 
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fiGURE ~. Monaachcl Canyon bcr'eholc MCM ·.5. I ckpth profiles ot : aop 1 
uan~~an. poro,h). In suu 'V'Clumt;ri( molltlft CM!4nl. 1011 tetidual moir1ure 
conrftll. (W!Cfl t-.cad baaDCI 011 p~~IICf daTA, Uld IIAd llld (•) su.;tioafrom 
memiOf! dare. all 11 ift •illllllOI71U!'t COOICIII! 1114 (bonom) 11)'.-.ulic cc~dc~ll' ·~ 
.. 111 liN mo\..urc coallliJl ana ,., s~utlllioo: 

canyon noor. bcept for lhc Clllllyillg points 81 54 llld 1!2.5 fl. lhc: head 
~eai ij nNr' unil)'. IIIUCS:ifli QOWIIWanl tteaoly &tate flow at I flux cf 
about O.IS c:mi)T. 
~ dill fOr ~e MCM-.5.9A apjnshow • buildup of siiUfll:lon ar 

me~ of dlc TankawiiCetro 'tbltdo acquence Cf'la. 6). MoisaJft conrent 
~nd ~on intteate wjfj dcpdl in the OIDwi Men bee. u DOted by Stoker 
et ll. (1991). Alltlou8h u\iJhleenllla held occun widliluhe TSMkawi, 
su~ rille ;tOfllbilrty of \lpWQI'd tlOYot ftom lhia .mil. fie JCIICIWI crcnd 
fOil dal blnhok ~ dowcwvd ~of Wiler betarb lbecanyon &or. 
Apia, :.ru nov. aJ ft T.t ..... ~ ToleOo ~II liW>~ The 
pi)Cbanawlad ¥Mac • lOS 1t may be IIIII'Ciilbll becMlle ot the lll&h 
Wll2ldoa ardlls cleplh (89*-).CII&AiftB 11 ro devlare from the~ CU'\<c
duivcd lad 'lllluc. The venical bclld pienr is &bollt uDky for boct.r type~~ 
of cllta, mel dowlllllard ftUJI tara In lppamltly 0.01 ID 0.02 etrt/yt lt iA 
pogibJc tba: dlb por ~ ra at die dow !~~~:~am wcl.l MCM·~.9A. com• 
pmd 10 MCM•l.l. reftccllllala .,.._. m lh~ ovcJytnc aDIIViwn. 
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INPILTRATJON BEN£A.TB MESA TOP SE1"J''NOS 

417 

Mcsu:. del811ey (wte of G-~ io fig. 2) :fa df) mesa se1UIIJ. receh-i111 
at>Oil: 35 ~ em of precipltatiOII ar.nuat) (Bc·A·en, 1990). Coo~ble 
~tface d•J~rl:iance em Mesit:. del Buey 1\u teaulleG 1'1\)m activities J'C• 

lated tc waste disposal pit construction ~t MDA 0. The meu 10p at MDA 
P em~ of P-16 10 raa. 2) is al50 tc~'h8l dismrtled, b)' actlvilles relaled 
to bumi~ of r:xplostvt's-alntamirllltec! wut.c and ClOII'CNCiioo of a lMd
!ilL MDA P i~ lhe ~e6temJJIOSt loc:a:iOII di~cussed heR, and rec:elvts 
about 48 em of prcdpftation IIMUaJiy (.Bowc:n. 1990), The "'*top u 
.!vlesir.a de lc:~ Alamos (~ite of AB-6 in Fig 2) is w roost disturbed h)'• 
clroto,~a.ll~ due rc the pncn;c of liquid llllponl poodt. 

MnA G. TA-st, Mcli~ dol 8..-y 
T>\- S4 At MeAjr.a del Buey inciudd die tow-level ~oUd r8diCIIICiive ~tc 

dispolal facility (MDA Gl and a cbcminJ~~o·utt SIDI'QI: facilit) (MDA 
L). lllefr di1posaJ areas occupy a mesa between Caftada dol B~ &Tid 
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PIOUU T. TA•S4 ~ 0 bordlc~eG-' depdl proliltl of !IDpl ~ porcai:y. 
Ia si .. wtumctri< ~ contctu. 8lld r:std~al ~ collwm: Ccenwrl llfad 
:LIId (-) sucliDa II iillinl IIIOislllnt COIIta>C ..... (boaom) bydtllllic COIIItuc1ivit~ .C 

i11 • moi.INre DDIII8III aad ar ~ 

Pajlltiro C;anyoo, wbldl ~actin iareaupted srrwns (Purtym;,m !!!d 
Kaulcdy. !971). lcr.ebcle Q.~ u locllfled appTOKin:a~ely In the Clentrr of 
rile 111e!1A IWlll' me PCB dillpo•al .,. • MDA 0. 

The moisture coeuent is about l~ dowa w 4lc baSe of Tshlrese Unit 
Zb CFil· 7). Tbe proftlc sbows I~ mo .. NN COilttllu. lulh )'\ICtions. all(l 
tow bnd values it1 !be upper pan of Unit :za <ROJL'!!'J er al.. 1993). Thts 
Q'end il allo seBD Ia bgcdu)lcs ar neattly MDI\ L IIIC1 a odler bo...,les 
ill MDA C CRosel'l llld OaUIIwr. 1995). The ~.IIIIJII-sw:don horizon 
in die upper pan at Un.ic :Z. is associated with u~mdy low tacld "~l~~
IDCiftc moUiure eoo11nt1 ol abou& 1416 Simi I• to• m<linure conranu Me 

.... at lblt flori&OG cbtoupouc bocb MDA C and MDA L ill molsrure 
pt0fi1es obtaiaed la 1986 by 8crldiA (Ke.vlac li., unpubl. rcpon for l.o• 
.\ilmos SalionW l..lllotaro1y. 1986). 

Coatnry co our gcoe.al wumpdoll of Jiq:C phue (liquid) now. va
por Dow may play anlmponmt plll1 in dlltemllnlng Wlllll' movcmc:m 
witllill Melita del Bucy. 'The 10* bead values In the upper pin of li!!Jl 2.1 

TA-16. MD"' P W<~ P-16 

20 

\ 
4 -= , \ iO·;, iP q' 
' - Sat11111ic~ .. c .. · It · 
• -· ~ · · Poro"'"' - ·~ 4J, . i\10 l: I • 

IJ 20 4-~ tO 
v.- .~ Pcn:mr 

TA·I6 .v~a !'Well P-16 

·~ IG' 
K\~!M'I') 

ROGERS eta!. 

·' 

:o- 10' 

FICLU 6. TA·l6MDI\ Pbcltfboa.P·!64tptllpmAle oi(!Cp)-.rion.pon>sil). 
iD siw ·.otumelric mohn.n c0n11on1. mJCI resicluai111Qi511n ;oa-; (ctmer) '-1 
lll1d C·' IIUC&ioa at ill •itu moisttare conten:: ancll11oa<llll) llydraulic cOftCiuc1ivily 11 
•• si&a tnciSIUI'C :.011:ent and 11 saturation. 

imp!)'!.'-..=: moun:~ ~ow; wwatdi U\is zone from nboYeuci bc!o-~ tllus 
this appears ao ~a .tOfte wbe:e I'IIOiiWte is rem~ from the secdoD. 
The low moilture zone • Meal11 ael Buoy 11\1)' be reialecl ro airflow and 
cqponuvc lows alOflg p)T~X:Ianie surp deposics ac lbt bale of l'llit 2b 
(Ragen and Oallahec. l995). parbaps cllbonced by fnchll'a wbieh pea· 
Wile lt-j• layer. The Sllr&O beds are IC.!KM·n from oarliet sllldiea llO be 
telared ro preferential llllcr:uion of ~apor-phase tritium from dispoal 
~ (Purtyn'lun. 1973) The i.:'l'lplic:~tioll of lbc <lly xone is !bat thciC i5 
no ner venlc&l molstutc tlux tbrou&h tbe U'IC&a. 'The nWl ~ll:s clc~illed 
lor !his SO· 70 ft inler'Val in rhe upper pa.."l of Unic 2a ( 3bour :1:0.006 ~ 
yr) IU'C die 10\llesr repocte6 in this Study (Table I). 

MDA P. 'rA-15 
M1)A P if a landtill !oeared 01'1 die Clllvon waD ilbove CIAon ck Valle 

&I 'TA·I6. Borehole P-16 wu drilled oo ·the mtllla sDIIth of' dlc landftll. 
awuy ftr:-rn me canyon aim (Puttymun. i995). !\'a 'arurction ""U f011nci 
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P!CKI1t£ 9. TA-~ boniiiDie A8-CS clllplh prOfile! of (I!Dp) -.rioa. fiCII'Oii~ :a 
aiw ~ mol.-eoonre..n ..w.a&llllriabaC -.U!nt; («<IIIer) bad U1d 
\•) ~ • Ia llilu moi-. __.: uod (bc.lllllli) la:rdroualic COIIIIuctivil) a1 in 
liaaiiiOilllll'l O?ftr.tat Uld ec fiN!Itioft. 

Ja lilY of me JO *'holes dtWeCl near 1he iall4till. ~LiM~ w!!!ch wett 
Jocacid abc.vc tho scmru cbannel • die beM of rhe t.:aAyon rim. The 
..... m dlil aectioa atlbe W\)'011 bua ma.all in~t now from an 
iadtllalll oucfalllocad VPiftllll. PIRymun (199$) uslptd the lUffs 
nt boC'ellale P· 16 ~eoTJhllqoe UDit3, batputoftbe IICtion may beTs!'~ 
Unk 3 (1). E. BloJCl)O. ponc~oal COIIIDII.In.. 1995). 

Bec.ae or die lac t ot J")'CiwOin«« Yaluel. !be l'l!lfiMlion cdl"'et ob
&Uftlcl far bc~Mbo~o P·lG (Pi&. I) 1ft IOC wtU 4ef'Diod ill Che city fiiiiC 
OtotM UICI CJallda 199S), 10 1111 '-1 ud IGCiioll \'II'* or dtpdls . 
h...U.Iow eoilcun COII!eftl .. UllftliabJe (t.J., bat wen 121ftd 26 fl.), 
Tblle llldc.a .,. amklld froiD die be.d IIIIi S1ICriOII proiiJn. 1'lln l• & 
1\:ipMGita!iOilZOIIUUhe IDJIOfUalt3d. ~8 tile qllllti011able 4au 
6om die IIJ'II moiJtvrc coalellt ZODC bcCW'CCII 12 IDd 26ft, lbe da11 ap
potar tD llaaw • dcNn~Wanl decreue of head. hence cloWnwaftl nw- of 
'111111'. tile bud .-adlur h apln ....,. unity. ll:d downwaro ftux appnn 
teo be &bour9cmtyr. lll:~ lligll nux \'alut migto.r be l'lllAied ro the l)(ire;,otc', 

419 

location ar rhe west eod of tile Pajarito Platnu. wbcM Pf"ipitation ia 
hi~ 

l 
H 
~:~ 

la 
.J 

So.~llll bc:dtolos have booll drille<l tO monilor moiuure conditJoftl oe. i~, 
nealll Jle surfDcc lmpoulldmcnts 11 rhc Los AIII'I10I Meson PbySic$ faeil· "f 
tty ('l~-S3) on~ de ;06 ,t.lamcH (~ 1995).llcnltlole AS~ 
WIIJ drilled II! :1 IOCoWoll becween lhe !~t j:OIIC,,'Jbl d8la (Fl&. Sl) illdlelfc ·~ 
" ~J.Uon 1Jf :.~ 901i't oe<tr lh4 base of Tllhirege t:ntt 2b. Tbe CCJ~r. ,, 
~poDdl111 hlp b)'drGulk CCDdw:tlvity could llllke this a likely boriz:on for 8 
JacmJ flow. I' lillY be lha&IM biJb;r ~~a dlis depdl repnt- .J 

tellll ill! adwmdnc w.a:~Da traru tlllleldl the impouadmnll. Tho bcud 
,-.Jua dc~aK ulllfoanly oa.idl ~ auacacin& downwaa-4 liqUid Wilt« 

flow bltlow ~ n. Ooce apiA rill averap 1161&1 pdielll ll near Ulllty.lzldl. 
clliD& approximately **'>' Ill* flow; mil woukl cOQlliiGict fhe susses-
Cion Wt the lliaf! ~ a !he bale ~ ~ tlniE 2b 18pNM1U1 I 
weulng fiOIIl 1be dOWIIWal'd ftl1x 1111 a rea of about lJ au/yr. Tbb hiah 
v~~ pc'Obabl)' reflecq it1ftltllbotl fro111 lbe 5llrU lnlpcWidrDenll. The 
IWiiiiUnlt.lld hychUUc COftda.cd'Vity. I depdl of6() fi k ~bout 4d0' CDJiyr, 
which i5 !be bichest ill ct.ii..Sy by .n order of INCftilllde. 

SUMMAilY Of VADOD WNIPLUDS 
~lost of die ca:tyon bouom anll mesa top byelraUlk: bead proftla IUJ• 

ecst tba& dowuwerd flow of "iler OC:CUQ beaeadl tho ~ tudace. 
t.ow infihtalion tl(el, about 0.01 ro 0.2 ~.ocelli' beMirh dry can· 
yons (Caftada del Buay aDd Potrillo). For M~ Caayon. 1be GILly 
relarively wet CM)'OII repreamad beN, dowoww flux il about 0.01 to 
0.1 c:miyr, and eppem to dlc:Naa clowu l:!lllyOD. IDft1bdoa lllCI be· 
noaltl 'IIICacJ Cll\)'0111 SliCb u W5 AlaiiiOI 011)'011 -. pcoblll'lf IIUCf1 
hiper. lut DO data 1Jkl thOH GcKribcd Ilea 1R yet a'laiiiiJ)o fur lbCIC 
aRU. The hiJbeSC flu• WCtC round • rwo llllt& rop &cau\p. BosaOiet 
loclled in die biJINf-precipiWloG pu1 ot die plalnu (P·I6 I& MDA P) 
md ·ACIC Mllface impo!UidmefD (AB-6 I& Melita Ills lot A.lamot) bave 
flux lllti of 91.Dd 23 C1lllyr. At die drier_,. tap Mrdnc of MDA (} (G-
5 at Mcsita del Bue)) 1PP1*t va,oc ~' llo.ta me iAflrYal be· 
tweeo Tst:ll'tae Untu 2a md 2b CR~&e~a liDt Atr Uquid w-. We by
podleti&c we ~ clue to air IIIOVomeat uaroup die 011111 coo· 
rribW8s to ltle loW81l "thax rarea (ablmt ~~ cmlyr) n:pcldiCI:lllcrc. and 
JtU.)' consriwre & batriet 10 dow•WIIId lil~uiciiDOVeiDIDt wkhia cbl~~~~a&. 

Appanmt e.xcapdou to ~ud fk"' iadudc. 1bove 1be Tlal\b.,il 
Cern! Toledo ~CqUCDCC In the upper SO fr beaoatb Caftadt.dell~ (CDBM· 
n: in 'MOJWIIiK ~111)'1111 (MO.t.5.9A); lllld lhepollibililyofupwacdflow 
from ~o Cllc Tsaokawi~Ccrto 'nlledo eequnce.11p ro d!e bulaiTihinlp 
Vnir 2b, Wid\UI Melita del Buy at T.A-34 (0.'>. 1beae ~ou sur
,_,. dlat lbc T_..wii'Cctno Tolodo acqoeoce may pro~ a (*hway t:Jr 
totetlll :t~owmau ot __.llf IIIISih1rllld now. Odw: babonl, Mllh • 
bolmdal:iel between Tlhlatp l"ala. dw -..por phuc nocell CJ'ia. 1 ), &lld 
the Ouaje Pumice Bed may alto cause Ia IIft! nc,.,.. 111 occur. 

CONCU1$IONS 
t:slng laboratory anaJysa !I Blllddlcr Tuff COR! SllllpiM. we llave 

atlmal*d I.Aftlaacion raii:S beDealh n.e.. top and canyaa bottom ion· 
l'.io;r. ~iiij •vnli:il tliliiii pg;w.u llllli •piricailr .t.llnllillod IIOti!W'
•Ill::d bydravlic conduccivi')' Vllu.. 0veta11. tlwGec beneaCh ch1 plunu 
ore dOWft'lllard,llthough upward flues spplnll&!y OCCIII' 11 ICI'Itt'AIIoca· 
dOM. The flail ciCiJDa&c:~ pm11mc rba eel;, ~ liquid flow Ia occur· 
till!, whma OEher evldeuce ~how~ thea lataal CI"ID:fpOJt aiOIIJiid\olo!ic 
boundaries could be ~~ Vapor n" appears :o be a C1omllw\t 
!accor ~~una doWII'Niftl llqWCI nu at Mr>A o CG·3 fn PJa. 2). 

The bJibal tiUUI f'tPOl1'd ilt lllil tllldy .. ft found lllnlll:b IWO IMII 
lGf ••. These !alp f1uua .. tppll'lnt\y tbe mtll of IUifMe cfitrul'
boor in addllian ro kiF preoifitafiourMOA PCP-lfi ;a Aa· 2),1114of 
JnfiJtration benaah Uquid diapoul pollds in ~case (AB-6 iD Fi8. 
2). '"Tile canyOft bOUOm itlftlU'IIIion rare• NpOI18d. incllldht4r lboH for liN 
telactw.ty wet MIX1IIIdad Canyon. IR low compete(! to odler ru11lu reo 
potted here. We expect lhatlrJlltradOII Rite I bcrJACb 'IO.~f UII'CIN IIICh 
as Los AJamos Canyon 110 1!1114:b h•&ber. bw Yerttlcllllon of rhla rcqaue~ 
-.!Uit:()nal dat:J. 

~.~·------------------------------------------------~-------------------------------------------~ 
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lD ordet 10 in:pnnw Wldcnw!ding a( thcx mfillttli011 ellimaces. CS· 
9f~CW~y c011t0c:l11iq die po111bWty of a laten.l flow rompoocr.t lllld the 
role of ~por >nnspon, cvlla.Uon lhrough colllpUICl Simulaioo lllld ad· 
di\ional JDWJmDI:I\ts in ~.Y boreholu wlll be required. 
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