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mo amdset of fux thoough te unsaniued zone bereath Los Atsmas Natienal Labdoratory. The borehoizs mpre-
A0 mets-top Ana canyon bottom .OCaLons. wLich A8 the twe dishntl hycrologic regimes oo the Pjantd Plieau
Mcoat heaa gradienss cetermunsd for the dorenoles are approximaw!y unm 1. implying that flow s aedily sieady
state, We use vernzal head gradieats and unsaturated bydraulic condictivicy 4str.ais 1o spprotimare infutaton
raes for \quid water at sevessl vites The flux estimetes presume tha fiow 18 vertizal only, thus tix e lateral flow
15 SeTurig diong lidwlogic - tierfacs:. Apparent fluxes benoath mesx top sites range from 0.006 w23 cr/yr High
PIEC: PIASION OF L efice distarvances, inciuding disposal ponas. 1ead te nighe: fluxes beneath some resar. Hypoth-
esized evaporalion Mesuitag from air movement through Uk mesa apparentiy :emes a baorier 10 iafilustion be-
neath Mesitn del Buey. Apaannt canyoa dozom irfilrauon rates are aoout O 02 o 0.2 cmuyr dengath two dry
canyons, and C 02 w 0.t cm/ /s beacath Montandad Cany 0n, te only relatisely wet canvon represeated. Canyon
botwn irndiirat oo rxes beneatl wettsr canyons such as L Alamos Canvon are licely much greater. dut no dams
for those ries 8% cutr=ni.y svaitable

Toiedo Rhyolites were eTupieC. Beneath the Pajarito Plazeau. the Cermo
Toledo interval inciudes both pyroclastc and volcanogenic aluvial ce-
posits (Broxton and Rencas, 199%).

The Tranksw: Puraice Bed 15 an ais-fali deposit that lies at e base of
the Tshirege Member. This pumice depusit was again followed by surge

INTRODUCTION
Since the early days of Loy Alamos Naugall Labocatory (LANL),
CONCErn over Sontarlnant M gration has spurred tnvestgations into the
amount and distribution of infilaation ¢n the Pajarito Platezu. The pla-
teay is capped by rocks of the Bandelier Tuft, an ignimbriic erupred from:

the Jemez volcanic ceater (Griggs, 1964). Figure | shows one comrela-
don for units of the Bandelier TutY. The Guaie Pumice Bec at the base of
the Otowi Member is & pumice-fall deposit, which war followed by
nonwelded suige bea and pyroctastic flow depcsits (Broxton and Reneau.
199S: Purtymun. 1995). After deposition of the Oowi Member, the Cerro
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Broxion and Reneay. 1995). The correlsvon for the Tshirege Mzmber is tat of
Balm st & (1962).

bed and pyroclastic sruptions /Broaton and Rencau, 1995). The Tshirege
Member anderlying the Pajazito Plateau consists of several distinct flow
urits, which duffer in degree of wsiding and fiscturing Within individua
flow units, weiding is greatess o the west, near the volcanic source.

The platean s semiarid, with ponderosa sorest st higher elevadons
giving way tc pifion-juniper as elevation decreases. The platesu is sepa-
maxed e finger mesas by canyons, which contair ripaciar vegeration
anc strsams that aze for the moe2 part ephemeral or intmupied. Mean
precipiation in the Los Alamos arca s about &% 7 cmvyr, anc varies greatly
with elevation (bower. 1990).

In terms of hydrologc eavironments, the plaicau can be divided ino
the relatively dry mess top envitonments and the wetter canyou bottoms.
Griggs (1564) suggesied that sream losses along the lower flanks of the
J2meg Mountains along the westers pact of the P2janto Platea were the
soutce of recharge w0 the underlying aquifer. Based on infiltyation stud-
ies 2nd moisture proftles. Abrahaurs etal. (1931) concluded that on mesa
tops “where aormal scil cover is undisturbed thers would be little o1 no
recharge to the zone of sstwraton from precipration on tae surface of the
platcag.”

In this paper we revisit diese early conclusions. Recent labaratcry analy -
scs of unsatnrated hyveraulic properties from borchole core sarples make
pessidle constructon of vertical profiles leading to preliminary estmates
of the discction and magnitude of vertical moiskze flua a2 seven loca-
uons on the Pajarico Plawau (Fig. 2). The botehole results discussed be-
fow are described o wrms of their hydrelogic seiting. Four wells are
jucated 1n canyoas and Gwee are on mesa tops.

UNSATURATED HYDRAULIC PROPERTIES

Tas sydrologic data Jescribee bere are a subset of spproximatey
160 Bandelict Tuff core samples presented by Rogers and Gallaher
{1995, We Gt moisture relention curves to 82 of the cores for which
setenuen ata were coilected by Danicl B, Siepbens & Associates, Inc..
Atbuquerque. New Mcxico. Based on this analysis, we have determined
vertical pead gradien: profiles for the wells as described below. For
explansiory purposes. a brief suramary of unsaturaied hydraulic prop-
eries anc their interrelationships 1§ given here. A more completc dis-
<ussion ¢aa be found in Rogers and Gullsher (1995). The core data are
divided according o member of the Bandelier Tuff, with the Tshirege
Member further sybdivided acco:cing to s correlation of Baitz ¢1 al.
(15363) The lithologic horizon axsigrments shown in the accompany-
ing plots were obtained from logs of Punyinun {1995 Purtymun fure
ther divided his Tskirege unit assignmeats to distinguish berween weaik-
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FIGURE 1. Map of Los Alamos Nasional Lanorstory showing 10eations of a els discussed o text, canyons, roads, and Techoical Area \T43 boundaries

ered and Jnalierea portions of cach unit (e.g., weathered aad unw catb-
cred portons of Tshirege Unit La are noted separately).

Vie Genuchtep miention cirve formuls

The moisture retension (ot characterisne) curce relates the volumeme
sofl moisture content of unsaturzied soils uné rocis ( the energy state of
the sofi watez. The measuremnen: of ondistare chazactenstic cumes, cspe-
claily st low moinwre cortents. fequirer multrple laboratory iechaiques
For computanoaal converdence. several empincal expressions bave bien
devzicped (0 summarize these cueves. One of the most commonly used
expressions s van Gepucheen's formulsndn (van Genuchien, 1980

98-8, _ 1

Rl e L m
whee Uz =¥ c2dve saturauoa (volume percent; § & «olumetne moisture
coni.fi s vivroe percent). B w residual weisture conteat (vojume per-
cenl); 8, = (alse nored gs 8_; saturaied moisture content (volurme per-
cenl). ¥y = matric suctiom fcr.. positve If unsorurated;: . N = van
Geouchten fining parameners (pexr cm end dinvensionlcss. respectively).
£dM = .1/N (diensioricss).

Empirical dstermipation of unsaturazed bydraulic cooductivity

Recausc values of unsacursitd hydranlic cenductvivy are cagemely |

low: and lapcratory measvrement thercfore requures iogg time ptvods,

empinica: expressions far conductivity are ofien used in place of mea-
sured vilaes One emprrical expression foc the unsajusated hydranhic
conducuvity K iz

K=Ky Y101 BhMy @

HYDROLOGIC PROPERTIES PROFILES
Figures 2 cwrough 9 are hyérolegc property profues tor boreheles
raving safficiem cores to construct profiies. Excent for dorehcle P.16,
the cores were coliectas o stec siceves, with the ends covered by rubber
caps apd taped in ordes Vo preserve the initial moisture content. For P-1€
the mostare content was determined §om bagged sumples the day the
cares were colkecied.

Hydraolic bead

Hydraulic head gives the coergy sate of liquad water i a porous me-
Jium {Freezs aid Cherry, 19739), waich s & comtiustion of it potential
entrgy due to elevation (ci¢sution head and its energy duz either to we-
1er pressare, when satarated. or cffects such as surface ieasion and ad-
sorptior when unsatursia¢ (macnic suction), The oeoter plot foreach bore-
hole (Figs. 3-9) shovrs head and in situ sucnor values (note thar the head
values are less -aan zcro. and.thai the negaiive of tie suction is ploted .
The in 51ty suction values 2re derermined from the following rearrange-
mem of 11) using the in sity mossture content:
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The head values are determained from the formula.
He2-y 4

where H = Rydraulic head (cm;: and 2 » elevauor. seud, or depit. (cm.
positive ypwards, datum is ground swiuce). Darcy's law 1s expressed in
one dimension as

Qe-k. 3 (S,
where Q = specific discharge or Darcy flux iom per yr}, and dH/dz = the
verteal head gradient (dimensionless).

Thie direction of waer flow 1s from higher 10 lower heac and is dater-
mined by the head gradient. A pouitive gradient indicates that head in-
creases upwards; thus water flow will ba downwards sccording to Darcy's
law

Toe head profiles (Figs. 3-9. cencer plot) are Girly uncicn. perhaps
due to limitarions in accuracy of the heag dma. These Limitations inciude
measurement emror in reteation curves and the i situ moisture content.
particularly at the dryer portion of the moisture retengion curve (Rogers
and Gallaher, 1995). Variations in Jithalogy and processes such as evapo-
ration and borizontal water movement might alsc account for the vneven
head profiles. Average head gradients for some depth intervals from the
profiles are given in Tuble 1. and are shown on most of the head profiles.
The aversge besd gradients were determined by differencicg two of the
representative head values in the portion of the profile under consider-
adon.

A special case of head gradicnt is a unit hydraulic gradizn: «dH/dz =
1). In this case, flow is steady state gravity flow. and specific discharge
equals hydrubic conductivity in Darcy's lew (Jury et al., 1991

Estmation of vertical finx rates

Table 1 includes vertical Nux estimates for certain intervals of e
boreholes. Flux is presumed 1o occur only in the hquid phase, that is,
vapor flow is not considered The flux values are “Darcy fluxes" (vol.
ume of flow rate per unit ares), and ase detesmined from Darev's law.
The flux esumates make use of an effective unsaturated vomical hy-
draulic conductivity (Rogers and Gallaher, 1998). This effective con-

‘uctjvity is taken ¥s the burmome mean of the unsasurated hydraulic
onductivities determined for cores in the depth interval vades consid-
Wmuon. The harmoaic mean hydraulic conductivity is K, where I/K _

=~ 5(1/K), and E() denotes the expected value. For sawrated flow. the
harmonic mean conductivity represents the effective hvdraulic conduc-
tvity for flow perpendicular to strata of differing bydraolic coaducuv-
ity (Freeze and Cherry, 1979). The harmonic mesn is more surongly

TABLE 1. Estimales of vertical head grudieats (dimensionless). effective in ity
unsanraied hydroulic conductvioes. and verdcst flux rates.
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atfected by small values than 15 the anthmet:c mean. There is some
debate ¢ver the vajidity of using the harmonic meaa for unsaturated
flow systems.

Noie that this verical flux estimate requires an smporant and gues-
tionadle assumption that only verucal flow accurs in the profile. How-
ever, due to vertical variabons in mouture costent and hydranlic con-
ductiviry assocsated with lnhologe chunges. there is a swrong likelihood
that honzontal flow occuss in some cases. Laieral fiow ean oceur along
dippiag honzons where contrasts in bydraulic conductivity and moisture
retesion characteristics exist (Montazer and Witson, 1984), For unsatur-
ated conditions, hydraulic conductivity 1y & strong function of molsture
conwnt. The accumulation, of moisture above lithologi¢ boundaries wn-
plifies the hydranlic conductivity cortrast across the boundary, leading
10 down-dip flow sbove the horizon.

For example. the hydrologic conceptual flow model for Yucca Moun-
18in (Montazes and Wilson, 1984) {ndicates that latecal flow at centain
lithologic interfaces within the s may significantly affect moisture
disinbution processes. Sirilarly, preliminary mode’ing for the peyfor-
mance assessment &t Malerial Disposal Arcs G (MDA G) (K. H. Birdsell,
ur:publ. report for Los Alaros National Laboratory, 1996) shows that
unsaxrated flow along the Guaje Pumioe Bed at the base of the Bandelier
Tuff could divert most of the downward mossture flux laterally away
from beneath MDA G,

The average &ip of the Bandeler Tuff is about 2° 10 the cast, for &
slope of 0.02 km/ken !D. E. Broxion, personai commun., 1995). For de-
tmining the lateral flux ot » given horizon, this topographic slope might
be used as an estimate of the head gradiem in (3). Additional borehole
MEASUICMCE 07 computer simulstiors could provide insight into the
rclative importance of laweral fiow at these sites.

INFILTRATION BENEATH CANYON BOTTOM SETTINGS

Cafada del Buey and Potrille Canvon are generally dry canyons,
whercas Mortandad Canyon 15 wener a3 a result of industrial discharges.

Cafiada dal Buey

The alluvitm in Cadada del Buey is generully dry, except for storm
runoff and dischargz water from waier suppiy well PM-4 (Punymuz,
1995). For borehole CDBM-? (Fig. 3). saturstion increases from the sur-
face down 10 the Tsankawi/Cerro Toledo sequence, and falls off some-
what befow this level. Head values also increase with deptk from the
surface o about this horizon, and then fall off with increasing depth. The
suction profile for borehaie CDBM-1 is faisly uniforrn below about 50
fr: the head profile is dominated by the elevation term. The head gradient
profile for CDBM- 1 suggests itat the direction of liquid waser flow 15
upwards above, and dowrwards below. the higher-saturation zone at the
Cerro Toledo. Downward flux beneath the Cerro Toledo occurs ut an
estimated rate of 0 2 em'yr (Table 1); vpward flux above this horizon s
sbovi 0.02 cnv/vy. There is a reasonable possibility that lsteral flow oz-
curs slong the Cerro Toiedo interval above the Otowi Member. The aver-
age hydruulic gracicnt of about one beneath the base of Tshirege Unit la
suggests thar verticel flow here is at steady state.

Potrillo Canyan

Potrillo Canyon contair.s mostly dry alluviur. and has discontinuous
stream flow (Becker. 1991 Purtymun, 1995). Borehok PC-4 was drilled
al the upsiream end of an drca where stream flow was observed to infil-
trate into the alluvium. with litke fow beyond (*the discharge sink”,
Becker, 199.). Boreho.e PC-4 has a zone of nearly 90% saturation at the
base of the weathered Unit 1a (Pig. 4). The higher hydraulic conductiv-
ity makes this inte~val a 3ood candidale for perching and lateral Sow.
Saturaton falis off below this depth. with only & slight increase in the
Tsankawi Punuce, and remains constant at about 40% in the Owwi. 1n
spite of the high saturation zose at the base of the weathered Unit 1a, the
Lydrauiic head decreases nearly moaotonically witk depth. as the eleva.
tion term dominates over suction This iadicates possible dowoward
moisture movement bensath Potritlo Canyon. wt an estimated retc of 0.0
crvvt. The nearly unit average bydravlic gradient throughout the secuon
suggests that flow here is o sizady stae,
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FIGURE 3. CaBlads dei Buey borehale CDBM-| dept: profiies of (top) saturation,
POroRity, in situ volurmesric moisture content. and residual moisture coment: {center)
head ang (-) suction i in Xitu T conent: and (boctom) hydraulic conductvity
at in 51U motwure copient and al saturation.

Mortandad Canyon

Morandad Canyon has received treaied liquid radioactive wasie dis.
charge from the TA-50 trcatrnom plant since 1963. At sbout the location
of boreholes MCM-5.) and MCM-S.9A, swrface flow is interminent
Statm watss discharge may extend beyond this locsion. but has nor Jeft
the Laboratory property since abservaons began is 1960 (Stoker et al.,
1991). Perched water in the alluvium scldom extends much beyond ¢
point haltway between MCM-5.9A and the lsboratory boundary (Baltz
et al,, 1963; Puynum, 1975).

Zones of high ssturstion occur in Mortandad Canyor borehole MCM--

&1 (Fig. 9) ot the base of the canyon-botiom alluviurn, &nd at the 10p ot
the Tsaokawi/Cerro Toledo sequence. Both horizons have higher bydraitic
conductivity, snd are Lkely candidates for lateral flow, Lateral flow is
wel) esublished for the groundwaler perchied m the bass of the alluvium
(Purtymun, 1974). Laicral flow at the lop of the Tsankawi/Cerro Toledo
sequence provides & raisfaciory explanation for the wravel timss and prob-
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porosity, in situ volumstric moisture coment. and residual moisnire content; (canter)
head and (-1 sucton atin situ maisture content: snd (bortom) hydraolic conductiviry
atin sty modsture content and a1 saration.

able pathways of titum migranon observad in thase horshoies (Rosers
10d Gallaher. 1995). A wuvel path involving infilrstion of witlum vp-
stream of the boreholes followed by migrstion along this horizon ap-
pears 10 be likely,

For borcholes MCM-5.1 and MCM-3.9A, Danie) B. Stephiens & As-
sociates, Inc (unpubl. report for Los Alstoors National Laboratory. 1991)
provided Richards thermocouple prychrometer potential mexsvrements
at the in siry moisture content (Figs. 3, 6, also in Stoker ot al.. 1991).
While these values are unrelisble &t moisture contents near ssturation,
the head values calculuted from them agree well with it head calculated
from the rewention curves, except for a few points. The head velues that
depan most from the psychrometcr head curve (fe.. at 54 and 82.5 1.
Fig. §) come from cores with Jow in ntu moisture conents. Theee two
cores have relention curves that are poorly defined in the dry portion.

Below s depth of 10 ft, the hydreulic head in MCM-5.1 decreases
uniformty with degth, indiceting downward flow of water beneath the
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canyon floor. Except for the outlying points & 54 and 82.5 fi. the head
gradiewi is near unity. suggesing downward steady state flow ara flux of
sbout 0.15 cmvyr.

The dats for Sorehole MCM-5.9A again show ¢ buildup of saturadon at
the top of the Tsankawi/Cesro Toledo sequence (Fig. 6). Moisture content
wnd saturation increase with depth in the Otowi Member, as noted by Stoker
et al (1991} Akhough a slighs reversal in head oocurs within the Tsankawi,
suggetting the poeaibility of upward fiow fram this anit, e gencral wend
for the borehole indicaes dowaward flow of water beneath the canyon floor.
Agtin, aseral (low ai the Tsankuwi/Cenro Tolado sequence is likely, The
prystromstcr biead value af 105 ft may be unrclisble because of the high
surration at this depth (89%:). causing i1 10 deviate from the reaention curve-
Jerivod head valve. The ventical head gradient is about unity for both types
of data, and downward flux rates are spparently 0.01 w 0.02 emiyr It is
possiblc that this Jower flux raie at the downsiream well MCM.5.9A. corze
pared o MCM-5. 1, reflcct ioss water in the overlying alluvium,
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INFILTRATION BENEATH MESA TOP SETTINGS

Mesita ded Buey (site of G-5 i Fig. 2) is a dry mesa setung, receiving
avou: 35 5 cm of precipitation arnualy (Buven. 1990). Considerable
surface disturbance on Mesita del Buey has resulied from activities re-
lated 1o waste disposal pit construction 3t MDA G. The mesa 10p st MDA
P (site of P-16 10 Fig. 2) is also somewhat dismrbed, by activities relawed
1c burning of explosves-contaminated waste and construction of & Jand-
6ll. MDA P is the westemmist location discussed here, and recelves
about 48 ¢m of precipitation annually (Bowen. 1990), The mess top az
Mesina de fes Alamos (site of AB-6 in Fig. 2) is the most disturbed hy-
drologically due tc the presence of liguid disposal ponds.

MDA G, TA-54, Mesita del Buey

TA-$4 st Mesita del Buey inciudes the low-level solid radioactive waste
disposal facility (MDA G} and a chernical wastc stopuge facility (MDA
L). These disposal areas occupy & mesa between Cafiads del Bucy and

t4
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Pajarito Canyos, which contain interrupted streams (Purtyroun and
Kcanedy. 1971). Borehcle G- is located approximaiely in the centet of
the resa near the PCB disposal area 2 MDA G.

‘The molstyre conient is about 10% down w the base of Tshirege Unit
2 (Fig. 7). The profile shows low mouture contents. bigh suetions, and
fow head values in e upper part of Unit 2a (Rogers et al.. (995). This
wend is also seen in boreholes at nearby MDA L and & other boreholes
in MDA G (Rogers and Gallaher. 1995). The dry, high-suction horizon
in the upper part of Unit 29 is associated with extremely low field valu-
mewmc moisture coatents of about 1% Sicoilar low moisture contents arc
seen at this horizoo throughow both MDA G and MDA L in moisture
profiles obrained in 1986 by Bendix (Kear! st ai., unpubl. report for Los
Alamos National Labocarory, 1986).

Contrary o our geoeral assumpdon of singlc phase (liquid) Now, va-
por flow may play an important part in determining water movemenmt
within Mesita del Busy, The low head vaiues in the upper part of Uit 2a
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imply thar molsiure fows iowards tis zone from above and below, thus
this appears 1o be 2 zone whiere moisare is removed from the section.
The low moisture zone & Mesita ce] Bucy may bde related to sirflow and
evaporauve 10sses slong pyroclastic surge deposits st the base of Uait 2b
{Rogers and Gallahet, 1995). perhaps enbanced by fractures which pen-
etrate this Jayes. The surge beds are known from earliee smudies to be
relaed 10 preferential migration of vapor-phase tritium from disposal
shafts (Purtymun, 1973). The implication of the dry zone is that there is
ao net vertical moisturc flux through the mesa. The flux rates determined
for this 50-70 ft interval in the upper part of Unit 2a (about =0.006 cm/
yr3 are the lowest reposted in this study (Table 1).

MDA P, TA-16

MDA P s a landlill located on the canyon wall dbove Cadon de Valle
2t TA-16. Borehole P-16 was drilled on the mosa south of the landfill,
awuy frem the canyon am (Puttymun, 1995}, No iarction was found
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sity vohwmetric molyure contemt, and residaal moisture content; (center) head and
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in sy of the 30 wat holes dsilled near the fandfill nine of which wese
locsted above the stream channel &t the base of the ranyon tiso. The
styearm in this section of the canyan bas a small :intermittent flow from an
industriat outfall located upstream. Purtymun (1995) assigned the tuffs
10 borehole P- 16 1o Tshirege Unit 3, but part of the section may be Tshirege
Unic 3 (D E. Broxwoa, persoos! commun., 1995).

Because of the lack of psychromater values, the rtention carves ob-
ained for borehole P-16 (Fig. 8) are aox wall dofimed in the dry renge

Iogess and Callater. 1999), 1o the head and soction valuss ar depths

having Jow molsture content are unrelinble (e.g., betwesn 12 and 26 %),
These values are omivad from the head and sucrion profiles. There 12 a
Righ saturation zona at the top of Unit 3d. Ignoring the questionable dats
from the low moisture content zone between 12 and 26 R, the data ap-
poar o show a downward decrease of head, hence downward Now of
waser. The bead gradiant is again near unity. ard downward flux appears
1< be ebout 9 ent/yy. Th:s high flux value might be related 1o the boreacle
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location at the west ead of the Pajarito Platesu. where precipitation is
highest.

TA-53, Mesita de los Alamos

Severnd boreholes heve boen drilled 10 monitor moisture conditions de.
neath e surfoce itnpoundments at the Los Alamos Meson Physics Facil-
ity (TA-33) on Mesita de 106 Alamos (Purtymun, 1995). Borehols AB<6
was drilied at a locadon between the thrze goncs. The data (Flg, 9) indicate
4 saturauon vl 260wt 90% aear the dase of Tshiregs Unit 2b, The cotre-
sponding high bydraulic conductivity could make this a likcly horizon for
latcral flow, [k may be that the highwr moisnure content at this depth repre-
sents an advancing wetting front benesth the impoundments. The hewd
values decreasc uniformly with depth, suggesting downward liquid water
flow helow 40 ft. Quce again the average head gradiens is near unity. indi-
cating approximatcly seady state flow; this would contradict the sugges-
tion that the high moismure a the base of Tshirege Unit 2b represents &
wening front. The downward flux is at a rete of sbout 23 cw/yr. This high
volue probebly reflects infiltrmion from the surtace impoundments. The
unsidurased hydraufic conductivity st & depth of 60 fols about 4x 10* ciyr.
which is the highest in this study by an ordec of magnitude.

SUMMARY OF VADOSE ZONE FLUXES

Most of the canyon bottora and mesa wp hydraulic head profiles sug-
gest that downward flow of waier occurs beneath the ground suttace.
Low infiltration rates. about 0.01 10 G.2 censyr. occur bensath dry can-
yons (Cafiada del Buey and Potsillo). For Mortandad Canyon, the only
telatively wet canyon represeniad here, dowaward flux is about 0.01 to
0.1 covyr, and appears to decreass down canyon. Inflleration rates be-
neath wetter canyons such as Los Alamos Caayon are probably much
higher, but 0o data like those dexcribed hese are yet svailabie for those
arcas. The highest fluncs wete found at two mess top setungs. Boreholes
located in the higher-pracipitation part of the plateay (P-16 & MDA P)
and pear surface impoundroents (AB-6 at Mesita de los Alamos) have
flax rates of 9 and 23 cm/yr. At the drier meva top seuing of MDA G (G-
S st Mosits del Buey) apparent vapor miovement along the interval be-
rween Tsiirege Units 22 and 2b creates a sink for liquid water, We by-
podhesize that evaporauon due 10 sir movement through the mesa con-
tribues o the lowest flux rates (about 10,006 ctvyr) reported here, and
may constinute 2 bagrier 10 dowswand ijquid movement withis the mesa.

Apparent exceptions to dowoward flow include, above the Tsankawi/
Cemro Tolede sequence in the sppez 5O ft benomh Calloda del Buey (CDBM.
1);in Morandsd Canyon (MCM-5.9A). ind the possitility of up ward flow
from abovo the Tsankawi/Cerro Toledo sequeace, up to the base of Tshiregs
Unit 2, within Megita del Busy a1t TA-54 (G+5). These observaticas sug-
gest that the Tsanlawi/Corro Toledo sequence may provide a pathway for
toteral movement of warer by unsaurated flow. Other hortzons, such as
boundasies between Tshiregs Units, the vapor phase notch (Fig. 1), and
the Guaje Pumice Bed may also cause latera! flow to occur.

CONCLUSIONS

Csing laboratory analyses of Bandelier Tuff core samples, we have
astimared lofilrstion races beneath mesa wp and canyon bottom locne
tons using vertical houd gradienu and empirically dermined uosarus
wmed hydrawlie conductivity vaiues. Overall, fluxes beneath the placay
are downward, although upward fluxes apparently occur at wvecal loca-
tions. The flox estimatcy prosume that only vertical Liquid flow Is occur-
fing, wheseas other evidence shows thas lateral traasport along lithologic
bounduries covld be significant. Vapor flow appears o be a dominant
facter preventing dowaward liquid flux at MDA G (G-$ [n Fig. 2).

The highest fluxes reported in this grudy were found benesth two mess
top dites. These high fluxes are apparently the rosult of surface disrue
banos in addition to high previpitstion st MDA P (P-16 :a Fig. 2), and of
infiltration beneath liquid disposal ponds in another case (AB-6 in Fig.
2). The canyon bottom infiltration rates reported. including those for the
reladvely wet Mortandad Canyon, sre low compared to other results re-
pored bere. We expect that infiltration mics beneath wetter canyons such
ss Los Alamos Canyon are much higher, bur verification of this requuires
alditional data.
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In order to improve understanding of these infiltration estimates, ¢s.
pacially conocraing the poisibility of ¢ laterz] flow componert and the
role of vapar Taasport, evaluation through computcsr simulation and ad-
dirionyl measremcnts in nesrdy doreholes will be required.
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