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Natural chloride and stELbJe aso1:omr.tra 

wado8e zone hydrology of Mesita dd 

JladonaJ Laboratory, Area a, 

fll the wella. The objective a of the 

•-* apa uslna the chloride data; 

obtatDed from hydrauiJc methoda In 

Yaluea for uae In performance ••~Aibl 

.._.... praiDea lor evidence of deep 

......... the c:.hloride rcaulta indicate 

aDd lower puts of the meea. AU the 

ooncantradon at approximately IDKII...aa 

.... 18ft11 hm 0.03 to 0.8 mmJyt. 

9aluMIDaJ be related to evaporative 

cBtrenncea ID maximum chJorkle 

resulta alto augellt that there Ia •u•HJI/II 

the meaa hydraJoalc I)'Btem. FinaUJ, 

Pore-water 



presence of isotopically heavy watel' in the same region as the chloride bulge. 

Isotopically heavy water indicates that deep evaporation ia lilccl7 because the 

largest values occur at deptha much •veater than the depths at which ao1ar-

driven surface evaporation takes place. 

Evaluatina representative nux rates for the Mesita del Buey vadose zone 

ia crucial for perf'onnance aseeaament of the An:a 0 I.Gw-Lcvel Radloact.We 

Waste FacWtJ located at the LA.NL TA-54. The hJchau1lc approach (e ... , 

Birdsell et al., 1995; Roac:ra and Gallaher, 1995) Ia OM W8J that Y&dOIO 110M 

Ouxea can be estlmated. However, becauee of 1he dilllcaaJtr In 1hOU\U'lna 

hydraulic propertiea and accurately dctennl.nina molatunt content, auction, 

and hydraulic conductivity rdaUonablpll, the hydraulic approach )'lekta ftua 

estimatee with larp unccrtaintlea. 'lbu., even thoup the hJdraullc approach 

provides uac:tuJ lnformatJon, additional eatbnatoa of the ftux that do not ·ret, OD 

the eame uaumpdon• or pararnetena a the ¥raullc approach Ia beneflca.L 
.. 

The addition-' eatlmatel wouJcl pnMde lnereued·coddenee that 

tepresentati.e dux wlluea are utccl ID tbe perbmance ....,..meat pruce•. 

1he current study waa deslpecl to PfOW'Jch estimates or nux baaed on the 

chloride maaa balance method (AWson et ttl., 1994; Stone, 19841. Beeauac lhla 

is a tracer-buecl, and not a hydrauUc·bued •approach, It provides the 

Independent eatlmatea of flux that are needed. 



··: 

In addition to nux cstima1tes, conCeptual models of 

be relined uaing natural tracc:r lStudiea.t In particular, stable lnlnlrnrw•Jl 

uaed to evaluate evaporation, bc)th at ~mea& aurfaoe and ~lf:.P1~ 

laotopic composition o( water ia afrL"Ctccc by evaporation, WbicJI!'pJ'lcfeJrentia1lly 

.\.:; 

cldrac:ta li&ht isotopes into the vapur phUe, leaving the retnai,.lg 

lla coratrut to awfac:e evaporation, baa~ -stc:cl b)' ROI .. <IU 

' 
(l9t5); Ropn et al. (1996)i and Void ctit (1 WI) baaed on cfdDt'ifro,m 

·' 1 

of water from mkl·meaa depth• of a;pprGIJIJrnate!,y 15 to 100ft Ul. r~· Ult~estc~. and 

wlllllanlftcandJ lnRuenee contaminant taobUIIJ aff'ectfna pcl1rQmlan~ce 

••••ment c:alculatlona. 

) uae natural 

.;""fl 

:~,;" 

the ftdoee 10ne water; (2) compare the ... based Duxea W:IWd·raulic­
·?J~ .:: 

baiM!d ftuxca currently u8Cd to model+ mne behavior at 
~; .. 

eaamiDe atable l10tope data ror evidentoe:ll deeP evaporative re1111ma1 

within the ..... 

; 
_: .. ~ 

·, 



MATERIAL8 ArfD IIBTIIODa 

,. Chloride Sampling and L@boratorv AmllvRI 

Chloride profiles were determined from COR samplca from wcJla 54-1101, 

.54~1117, 54-1121, and 54-1123 at Area G. Sample& were coUectcd and 

·. analyzed at.5- or 10-ft intervals. Chloride concentrations were determined b.r 

Jc:aching the core samples with Dl water and anaJyzina the Jcachate uatna iob 

·<.''Chromatography.; The leachina and analy&ea were performed at the t. Alamoa 

· · ... .,~ES-1 geochemistry laboratory. For each eample. approxhnately SO 1 of tuft' 

•< ·~as crushed using a mortar and pestle. The tuJf wu theft ovea dried ror a 
.. ~ 

: ':.least 12 bo~ at lOOOC. The dl)' sample waa wef&bed arad added to 8D 
. . ~-: : 

.··•··· . : .. Erlenmeyer Oask alona with approximate!)' 75 1 of DJ..-. 1be Oaak waa 

··&Ritatc:d f'or 24 boura on a rotar)' mixer. Once the mixer wu tumad oil' and the 

/<~9Ud material settled. the supernatant .. ._. liJtered and araaiJied ualna a 

· J?ionex Jon C~atopph. Analytkal pnctsion of the ion ehromatosraph Is 

· ·~~ntentrationll1 Volumetric molature conteratl Chm Void; 199&), and bulk 

; ... • 4cnaitiea (from Krier et al~. l 995) for eacb weD ·(see Appendla 1). 11M p&n 
... ·. . , .. ' 

' ·.~<:(~·tt~:~~<; . . . . . 

· :.;<;~-;»a~r chloride. cOncentradona went then ut.ed In the chloride JbaU balaJioe 

· .. · .'·~pproach deaCribed below to catlmate w:rdcal ftuxea and ftdoee water ..-. 



r,hloride Mag Balance Apprng;h 
• r 

1be chloride maaa baJance app~ baa been suc:ce~;stJUJY 
<ij· l ·, 
·:..;:,~·· 

detenalne vadose zone Ouxea in aemi.., and arid locations Wf){ldwi<le 
,, . 
,. ' 

approach inYOivca mea&lJring chloride ,ccJpcentJ'ations in 
.,or•;~, ,., 

with depth. Tbeae concentrationa ~ indicators of ll'lnn?ft' 

.~~,:::1 ;< ' 

water ace (Stone, 1984; Allison crt al., 1 ..... The downward . 
. :'·t . 

pcopordonal to the amount of chloride ~\llation: high cbllm4:le 
i'!;,, .. , 

concentratlona indicate a low nux that 'iJre.&rita maq' 
·l_r·· ~.· -- · 

·y-o:~< 

daJorkle accumulation c.oupJed with m!''rll .. ,Mn~~ 
<c. ~~ ;J.: 
,;~) ·:' ' 

RaJatmJ;v low chloride contents lndkatli,t · 'hWA'downwald DWIW 
·lt;1f;" (• ' 

able to mowe tbi'O\Jih the vadoae sone + ~ oousb rate to11,8b·imi:r;e 

.~~/ ; 
evapotran.,._tlon cft'ecta. .~·. . ': 

' 

uwmptlon.: II flow occura tarpiJ as Galtnwara 

mbdna ol water and chloride la amall; aJIIIIDOIDDerlc "'"'1IW"' 

been re1at1we1J conatant and Ia the eole. • ... •·· ·lftlA.iJI 

chloride uptake bJ plants Ia neatfllble. 

anumpdona will be addressed 1ft the 

11\'adoae 10M chloride COI'Ia1'11U. 

) 

The 

·~ I 

····. 

' 



Cll 

· • •. W,ere R is the fJ\JX {m/yr); P is the ave1qe: annual precipitation rate (mfyr); a, 

· is the average concentration of chloride in bulk precipitation (11m3); and C.. Ia 

the chloride conCentration in vadose-zone water below the root IDODe (lfml). 

· ·. ,l;fowever, chloride concentrations in deep profilca an: aomcdmea not constant 
. '~ ~ . 
below the root zone. In this case, plots or cumulative cblorlde u a function ~ 

cumulative water in the profile can be used to determine c:baJa&ee In rec:barp 

rates over ~e. Approximately linear eqpucnt8 on the cumulative-cumulative 
,. 

R • (CJ,.pt/CJ.., 

where CJ.. is the average chloride content of the aampJca repreecnted by the 

segment (g/ml)~ . Chloride-baaed vadoae water qea can a1tl0 be eadmated bJ 

, : fb,'st caJcuJatina the amount or chJorlde ln each aample Interval down to the 

'• 

. depth or interest uatna the relationablp 

c•·e.e.& 

. where Ck Ia the a,mount of chloride In the Interval (lfm'J, 8 Ia tbe vo1umetrtc 

::~oiature content In the Interval, Cct ls the mua of chloride lA the lntemll per 

volume or rock (8/ml), and z il the lenJth ~,..the sample lnbnal (m). a, 

ealculatina the cumUlative sum of the C. valuel down to the depth of Interest, 

the age can be calculated ualna 



A • CI..J(Cyfl, (4) 

where A ia qe In years. and CJ.. ia th4J~uJative sum of values (g/ m2) 
~~.~ . 

at a given depth. A value of 0.36 m/~~waa used for the avc:®tf! 
rt 

predpltation (PI based on measuremejj at tA~54 (Bowen. 
''"~~~, r { 

of0.291/m!' was used for the avc:raae.;~mcebtnltion ofcnlortM:unn 
,. ~~;1 . 

precipitation (C1J based on Anderho&d~li994). 
~} ': 
\i1 ~~. 
"I',' 
.;. ' 

Stable llotppe Analyaet 

Stable aotope ana~yeca or pore ..at'-"­

IDOisture-protected aamplca hm well 

lmohea le8llna core aamplca In au lllii*IMII~"ble 

were removed from the core bcuTd A•--• 

chance of pore water evaporation ~ ............ ~ .. ·~od between· 
f· 

~ dladllatJon, rollowlna 

t.tope. are reported In delta (a) notllltldllf'U 

&be V-BMOW lntemationalltandard: 

reduces the 



~Dorb110 =[R-.... -RaNow]x 1000, 
Rauow 

(5) 

where R is the 0/H or 18Qf16CJ ratio. Th1c value of611() waa measured from 

extractions made using the carbon dioxide equilibration technique of Sodd et 

al. ( 1992). For the 60 analyses, hydrogen was extracted uains the hot uranium 

method of Bigeleisen ct al. ( 1952), and the ana1yaea were corrected by mean a or 

a linear equation (8Dactu .. • 1.0086DIIM'N\IItld + 7.378) baaed on rqpeasion 

analysis ofV-SMOW and OISP atandarda. 'nae anrdytkal precision for the ani() 

and &0 analyses by mus spectroscopy is better than ;t0.2 "- and t6 tte.., 

respectively. 1\vo of the dlatlllatca (lhc 16.6 CU'KI25.6 ft aamplcal did not yield 

reasonable 60 valuea. It Ia likely that BOme hydrogen wu produced from 

organic material, possibly from decayed roote, lnvalidntina the water 60 valuea. 

RE8ULT8 

Chloride proRica for the four wc:Da tn ahown ln Flaun: 1. The chloride 

concentration• are not conetant •'ith deptJl, and each proftle ehowe a diatlnct 

buJse or high concentTadon between the II to 80 ft depthe. 11le chanpa In 

chloride concentrations cencmlly correspond to chanp In volumetric molatwe 

content where the chloride bu1pa occur In the lOne or low moisture content 

(P1aure 2). 

I ,t .. 
• 

---·· 7 



Because the chloride conc:entra~ wen: not constant 
'.a . 

(valuea used in the Oux and age caJcuJa~ an given in ApJlel.~ix 1). 
:;.;.~ 

Cumulative-cumulative plots for each weJI an: ahown in 
~-~· l. 

show three approximately Hnear ~ witb wdl 1107 ba1ar 
"!· . 

b.u1b sepnent below the vapor pbue r~Ptdt. Ptux ratea were..... .... ... u ...... ~lloil 
· .~tr, 

conesponcl to the ahaDowcat deptha, rela1lveiJ high nux ratea ID'e'ln(licalted 

CDIDp&red to tbe middle aqmcnt.. We1Jaf,107 .... 1121 Jidda_ Lllfil'lB.tea 

anciJ mm/yr. respcedvc:IJ, whcreu the' ..... -.menta lor .... _..., __ 
'-~ 

1123Jicld .... oro.l and I.S mm/rr. ftereuon that the 1 
.~!?\ 

ratea are 10 much lower than thOMJ· of 1 Dw and 1121 Ia that IMliiOW samples 
TI . 

... not avaDable ror 1117 and 1123 ~ theee W01.ald tend 

ebJorkte concenlnldone which WO\lld ~the nux eatlimai•• 

:'t 
.,. tbe lowest In each of lbe weU.Ior thi\irdddle 8qJIItmta 

· ti:z .· · 
to 0.1 mm/,r. _For tbe dectpeet .....-,~ ~ ratea ~~m~r...a~~a·tft 

' 
t . ii.,~;?· .~i ·4 ' 

11111a.r to that of the upper ~ ? • ': ~ wens no 881P• available 
~ 

' 

deeper lhM about 90ft ror wena 1117 . 11~ and thue, ~--imllltc8 

deep nux rates are aubltantJally lower tiWa thole from 1107 
:,•,; ., 

;l' "' 
oniJ a few low chloride conccnttndon ..,..,. "'*t'e available. · 

~'c )\ : 

Chloride accumulat.ton qn fore+ weD .-e aJeo mollrftlill. 
. .-rx . ·' 

Aan tor weD 1107 •uae•t that It talcee ~one to two tnaPitlnd 



reach the 125 ft depth. Ages for the ·other wclJs suggest that it takes 

approximately six thousand years or more to reach the same depth. 

The stable isotope profiles for well 1117 are shown in Figure 4. The 

trend is for the pore waters to become lighter in both 611() and 60 with depth. 

Because there were no moisture-protected samples available for deptha lea 

than 16ft, generalized curves for shallow isotope profilea at TA-51 (Newman et 

al., 1996) are also shown in Figure 4. TA-51 is on the same meaa aa Area 0, 

approximately 3 km upslope, and ia probably a good proxy for undisturbed 

conditions at Area G. TheTA-51 curves show that solar-induced aurfoce 

evaporation is limited to shallow depths. By a depth or 1·2 mcten. iaotoplc 

values become lighter (·9 to ·10 618() and ·80 to -95 60). At the depth that the 

well 1117 data start, isotopic values are substantially heavier than the 1·2 

meter samples from TA·51. This difl'crcnce Ia important ror cvaluatJna deep 

evaporative processes and will be exp1ai.ncd further below. 

DI8CV88108 

Significance of the Chloride BulBI 

The chloride bulges (Figure 1) are important features or the vertical 

profiles because the origin of these chloride nccumu1atione will affect the 

development or conceptual and quantitative models of the mesa hydrologic 

system. One expJanatJon is that.the buJges represent a past period of low 

percolation rates and high evapotranspiration which waa followed by a period 

""' 9 
-~ 
i .. ... 
r . ' 



'·;~~~ -~ . 

of hJaher percolation rates and lOwer d#Po~spiration that uu9J..,"""'"""u 

~t>~~.: ~;. 

c:hlaride bulp to the •20-80 1\ depth. rwer-~ the Vlldosc 

bulp arc not concordant. If cbangin&p.!eodimate waa the 4· tLP~IC of the 
:;;.· ~; ' 

c:hlaride bulp, roughly similar peak ~ua~ons and· 
.·-~~!.."- l··' 

apecleCL A 1\uther problem Ia that ,t~~'for the last 

tboup ~le, baa tended to be~'~)~~ present 

Stute ct al., 1992). Thie is In direct ~t•t ~-the 
~·~;·1· ' 

baaJ&el indicate drier put condidona. ~ mottlikely exp:1an1 

..,._ nprucnt a acme ofevt~•PGI"BU.:m~UMI 

p1auaJble explanation pen that other aa.tUea 

...-nee of deep tr.Onea of vapor G01nti'IQIIII h'!dltMV\ 

buJp In we:ll107, the mesa accurmll1a1rll~ila a·rua~cuoa 

... and the atlmated vertical nux Ill < 

dlaenncea 1ft chloride accumulation 

evaporation occura, thcns may be ...... ",_ 

evaporative flux Ia not uniform ~ous~01111:tne:meaa 

COftCIOntradon appear to be correlated ""'JI'!!iM'9at• 

et al., 1986; 

) 

···?c· 

"1.··· 



features. The bulge in well 11 07 occurs mainly within the lower part of unit 2b 

(surge beds), while the bulges in wc:llea 1117, 1121 and 1123 occur within the 

stratigraphically lower units, 2a and 1 b. These units may act as permeable 

zones that have a direct connection to the atmosphere. For example, the surge 

beds at the base of unit 2b have been suggested as a potential evaporative zone 

(Rogers and Gallaher, 1995; Rogers et al., 1996) which is consistent with the 

chloride bulge in well 1107. The bulges in wells 1117, 1121, and 1123 overlap 

the surge beds in some cases, but also the lithologic contacts between unlta 

lv(c), lv(ul), and lv(u2) (following the sugested nomenc:Jatun= of Broxton and 

Reneau, 1995). These units are fractured and contain pumice beda, either of 

which may have a connection to the atmosphere pennlttJna deep evaporadon. 

The vapor·phase notch (Figure 3) Ia another stmtigraphlc feature that 

appears to control or at least correlate with c:hansc• in chloride concentrutiona 

and nux rates. Chloride concentrations at and below the vapor--pbue notch 

are dilute and the decrease In concentration correaponda to a aubatantJal 

increase in moisture content at the vapor phase notch. In wella 1121 and 

1123 a large change in slope occun ~..n the middle eeament end the 

deepest segment of the cumu1ative.cumulaitiYC pJota (Flgurea 3c and 3d), that 

corresponds to the vapor· phase notch. 11\e inRuenc:c of the vapor phaae notch 

in well 1107 ia more subtle (Figure 3at. The C\lmulative-cumulatJve plot for 

well 1107 shows a small change in slope in the deepest eeamcnt close to the 

vapor phase notch. If there were so.mpJca deeper in the prorale, a fourth 

') 

.~ 
i .. 
~ 

7 



eecuacnt below the vapor pha~c notch .t bq;more readily aa~ 
~Y~'~ ·-·~ . ;; 

oae aample from below the vaJK>I' phase .~h ilvaa available fof!~~ll 
~~j < 

no uae•mc:nt of ita influence can be • fotthis wen. 
'~:; 

there are IOJDe related uncertaintiea. 

werdcal flow anumptjon. If deep eva.pOia~ 

laJrp b\lt unqu&ndfiabJe CITOJ'S in tbe 

point ~ ... however •• Jarae f"hlftritklll 

enporatfte 80ne Ia consistent with a 

Nl1lcal Oow auumptJon. If there Ia Jate=lll •• -., •. -

ol the meta (deecrlbccl in the Stable 

.,--. Practure Oow Ia not conlkltnd 

either and becaUM of ita possible lnu.arlate. «ft.-dallY 

uaJa. hcture low adda addltlonal 

enterlna Che meaa. Unfortunate}J .... _ • 

.. AlaiDOianta, but abort term data 

value or 0.29 a/ml wu uaed In the nux 

chloride ma• balance study by All(lerl!la 

, Only ) 

.. (j 



value may be higher than the Pajarito Plateau average value, and is probably a 

conservative value in that it may ovcrc:stimate flux rates and underestimate the 

ages. Evaluation of chloride concentrations in precipitation from the National 

Atmospheric Deposition Program station at Bandelier National Monument 

1
1::' . (NADP, 1994) and various sampling stations on the Pajarito Plateau monitored 

by Adams et al. (1995) suggest that chloride concentrations in rainfaD might be 

as low as 0.1 gfm3. If this value is more representative of the Pajarito Plateau, 

then the fluxes in Table 1 would be about one third less than those shown and 

the ages would be about three times greater. The different chloride Input 

values do not make order or magnitude chanp in the Dux ratea, and thus do 

not result in much additional uncertainty, capedally when compared to 

uncertainties from other factors such oa deep evaporation. "'be cffecta of 

different chloride concentrations are important con•idcratJona for correlatina 

ages and changes in nux with past periods of cllmate chanp bccauee aome 

paleoclimate changes have occurred over relatively abort time periods. 

Comparison of Chloride-Based F1WJ El!lm.t!!H. to Ofbg Flux Ettlnlf!!CI 

Birdsell et al. ( 1995) used a modellna. approach to estimate nux values in 

the vadose zone beneath Area 0. They used acncraJJzed hydraulic panuncten 

for the different stratigraphic unita and vmicd lhe infiltration rate in order to 

match existing in-situ saturation data. They round that the saturation profile 

could not be simulated using a single nux value. Instead, they uaed three 

14 

i:,., 

• 

• 
H 
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dilrerent flux values to match three &attation zones in the plJ);DJe. Their result 

·, 

Ia conaiatent with the chloride r.:sulta 'rthat :three main 

identi6cd. Unfortunately, the nl8.glli+ of the 

not qrcc wida the simulations in some ~sea. For example, ·Jilij~sc:U 
::f'r . 
;,;l 

band that a low nux or 0 to 0.1 mm/yr}.it th~ saturation 
:~: ~" ., .:~ . 

belt. For. the ume unit, the chloride-~~ rates are • This 
-\;.t ~ . 

dillcrepanq results from difl'erencea m~s~ contents 

ftDuladcma venua thoae used In the -de~thod. 'lbc . 

-.d by BbdHII et IlL 'IIVCJ'e bued on vi• J the lower . . 
'"'· ~n ; . ·. . 

wa1ue8 ranp from I to 4,. volumetric. -~ uPJ»er part of the , • . 
'\~;.!: .~· f \ 

...._with moisture contenta on the+. of71o 14% and tlll1!1evalu•es 

u.S ID the c:hloride-buecl eetimatea. 

the ranae or flux ratea hm the tnmii.IJIUI1 

unlta. the chloride·buccl catJmate ror 

81muladona. WeDa 1107 and 1117 

Otowi unite, and only one aamp1e wu •· "RIU.ab'll 

~·can be made lor theee wellll1; 

' - -~ ., 
.1.:: 



Another comparison can be mad·e using the flux estimates for the upper 

part of unit 2b. Newman ct al. ( 1996) estimated chloride-based nux ratea 

through various soil profiles and into the fu-st 10-50 em or unit 2b for an 

undisturbed site at TA-51. For soils withc1ut clay-rich Bt horizons, which ia 

representative of conditions at Area G, nux rates ranged from 0.5 to 10 mm/yr. 

Though these estimates are dominated by soil hydraulic:: propcrtlea, the 

majority of the estimates arc consistent with the 3-6 mm/yr estimates for the 

upper part of unit 2b at Area 0. Newman et al. also noted subatantil.lllntc:!ral 

variability in flux rates, consistent with the resulta &om thia study. 

A fmal comparison can be made with the results of Vold et al. ( 1997) who 

calculated the magnitude of liquid and vapor nuxea in the meua. OveraD. the 

Vold et al. results are in reasonable agreement \\ith the chloride-baaed nux 

estimates. Vapor-flux rates dominate in the middle of the mesa, which 

corresponds to the zone of low chloride-based nux ratea, and aupporta the 

hypothesis of deep evaporation. Uquid nux ratea arc dom.lnant ln the rqpon 

near and below the vapor phase notch, which Ia c::onaistmt with the incrcaae In 

chloride-based nux rates in the deeper puta or the meaa. 

StabJe Jsotopea 

Stable isotope data from well 1117 (P'igurc: 4) provide: additional evidence 

for deep evaporation. The TA-51 data show that surf'nce evaporation eft'ecta 

disappear at depths Jess than 6 ft whereupon valuca r;ach relatively llaht 61110 

16 
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racbed below the zone influenced by 

1983; Barnes and Allison, 1983). In ,.,w ... 

Y8lue, for example, abou1d be mamtaidtl~t;lu-.IJWI~o,ut 

A paJeodJmate interpretation for 

watues deep In the proRic doc. not aecntllilaulible, 

praoeu worlca or what the pathW8J• 

One~ le that dry air travel• GCI'Jm 

....,._tee the water and move• bade 

dlermal or barometric chanpa. Nuan~ 
i' 

~water 
~~ ~ '. 

:~; .. 
d)d:Ja aubJeqt 

~-.. ~ 
JDOiatun contenta stroni\Y lndk:ate ._,....,.,.,. • .,.........-~ ~aporatkMi 

,,_· 

Howeter, addldonallaotope data are 

well 1117 and more work wiD be recnJU. 

pathwap by whfch the evaporation CJ~CCrn. 

t6 confirm the 
~;' ···$ 
'{l .-1 

~eratand the 01. BJlaniamts and 



The existence of light isotope values at the vapor phase notch ut the 85 ft 

depth in well 1117 leads to two explanations. The first is that water infiltrated 

during a higher precipitation period during the Pleistocene or early to mid 

Holocene, and was not subject to extensive evaporation. Studies by Phillips et 

al. (1986) and Stute et al. (1992) indicate that such periods occum:d in the 

past 20,000 years, so this explanation appeara to be reasonable lor the light 

water at the bottom of the profile. The second explanation ia that water may 

have been introduced by Jateral flow along pathways that were not subject to 

evaporation of the same intensity that occurred in the middle of the mesa. It Ia 

possible that recharge in the adjacent canyons nowa underneath Meaita del 

Buey, and P~arito Canyon in particular c::ontalna saturated alluvial zonn 

which could generate lateral now. unrort'unatcly, we do not have enough 

information about the link between mesa and canyon hydrolog to adequately 

evaluate if lateral now really occurs. The stable isotope data howner. can 

provide valuable clues regarding the validitJ of the lateral Oow hypotheaia. A 

meteoric water plot (Figure 5) ahowa a weU-deftned evaporation trend line 

extending Crom the local meteoric water Une to the right. 611() and 60 value• ~ 

precipitation from the Pajarito Plateau plot aJona the local meteoric water Une, 

and if evaporation occurs the Isotopic vnJuea will become profP'C8alvely heavier 

following a trend such aa that shown for well 1117. The evaporative trend line 

suggests that a1J of the waters ln the 1117 profile have the aame aource, 

including the light water at the vapor phaue notch. Thua, if lateral now ocxura, 

II 

• 
1 
\) 



it would have to have the same c•riginal ~topic composition 

waa evaporated from the middle of the JGCsa. In other words, source of the 

lateral now would need to plot on the same evaporation r-~ .... 

sources, such aa the alluvial groundwater from Pajarito ·would greatly 

aid ln reaoJYina thia question. 

SUMMARY AftD.CONCLUSIONB 

Chloride nux estimate& forwcUalJ07, 1117, 1121, 

reaeonable almllarlty in overall behaviol" ~here Oux rates werc)!Uhet»t in the 

ahaiJow and deeper pana or Melita del 8uey and lowest in tnO.:JIU(ICIIe 

meaa. F1ux eatimatea lor the shallow .....,. deep zones are on ml~·oJ~a 
• 

' ' 
mm/yr for well 1123 to 0.8 mm/yr ror .. 1107. The low mi~tlepth 

the wclla are n:latcd to larp concentraf.liiDs or chloride. It a~IM1ra 
'~ 

t:i 

proRie from weD 1117 aupporta thia ~alosa. One detaD Ia 

well 1117 haa a Vff¥J hl&h maximum chla!rfde concentration f411!55 

' 

lhe buJp lor well 1107 has a much aow.if concentration (232 

cWrcrcncea in chloride concentraliona •nille•t that there ie sulatlmti 

variability In vertical nWl and ln the amount or evaporation 

wmrnaJ7, it appeana that the Mealta del8uey vadose zone Ia 

The large 

In 



substantial lateral and vertical heterogeneities that control the ratea of water 

movement in the mesa. In addition, water movement in the middle of the mesa 

is likely influenced by deep evaporation. f:Uture work "iD involve measuring 

additional isotope profiles to verify the behavior seen in weD 1117, and wiD nlso 

include analyses of shallow isotope data fr"Om Area 0 so that site specific valuca 

can be used instead of those from TA·Sl. 

ACKROWLEDGIIERT8 

The author gratefully appreciates the interest and aupport of Diana 

Hollis and Erik Vold. Thanks are given to Dale Counce for pcrformlna the 

teachings and chloride analyses, and to Andrew Campbell. Jeff Klein, and 

Christa Vindum for their work on the Rt.oblc isotope anolysea. 

Adams, A. 1., F. Goff and D. Counce. 1995. Chemical and l10t0pic Variation• of 

Precipitation in the Loa Alamos Rqpon, New Mexico. Loa Alamoe National 

Laboratol)' Report, LA·1289S.M8. 35 pp. 
Allison, 0. B., Barnet, C. J. and Huahca. M. W. 1983.111e Distribution of 

· Deuterium and •eo in Dry SoDa 2: ExperimentaL J. Hydrol. 64: 371·397. 

Allison, G. B., 0. W. Gee, and 9. W. Tyler. 1994. Vadose-Zone Technique• for 

Estimatlna Groundwater Rccharp in Arid and Semiarid Reatone. Soil 

Sci. Soc. of Am. J. v. 58. pp. 6-14 
Anderhotm, S. K. 1994. Ground-water recharge nc.ar Sante Fe, north..central 

New Mexico. USGS Watcr·Rce. Invest. Rep. 94·4078. 68 pp. 

Barnes, C. J., and Allison, 0. 8., 1983. 11le Distribution of Deuterium and •'() 

in Dry SoDa. 1. 'M'lcory. J. Hydrol., 60: 141·156. 
Bigeleisen, J., M. L. Perlman, H. C. Prosser. 1952. Convcrelon of Hydroacnic 

Materials to Hydrogen for Isotopic Analysis. Anal. Chern., V. 24. pp. 

1356-1357. 

• 
1. 
1 



BirdacU, K. H., W. E. Soil, N. lD. Rosenberg. and B. A. a,....,,..,u."""" .... 
Numerical Modeling of Unsaturatt:d Groundwater l'~lo~$1Jld 
TrLnsport at MDA 0 .. l.os Alamos National Laborato~~R4~DOrt 
9S.2735. 49 pp. 

Bowen, B. M. 1990. Los Alamos Climatology. Los Alamos Nali9Jt;BJ 
Report LA-11735-MS. 254 pp. 

Broxton, D. E. and S. L. Reneau. 1995.tStratigmphic NoJrnerlCI.fl~tui 
Bandelier Tufl' for the Environmdltal Restoration ~tealt&w: 
National Laboratory. Loa AJamoa National Laboratory R&J:K>rt 
MS. 21 pp. 

Krier, D., P. Longmire, R. Gilkeson, an~J. Turin. 1995. ueoldil~. 
Oec>hydroJogic, and Geochemical bata Summary of M 
Alamo& National Laboratory, Loa AlamO., New Mexico. 
Auc:asmcnt of LANL, TA-54, ArcaO, Low-Level Ka~CltoactltVC 
Dispoaal Facility (DRAFT). D. HoJA!a. E. Vold, K. Bird scm: a 

LonpnJre, B. Springer, W. Haneeqt'D. Krier, and R. Shl•;an. 
National Atmospheric Deposition ~ (NADP). 1994. Trends 

Network NADP /NTN (NRSP-3) Slut Report, Chemistry 
Data. Natural Rcaource Ecolog ~boratory, Colorado Ft. Collins, 
co. cl 

Newman, B. D., A. R. CampbcU, and B. ft. Wllcox. 1996. 
of SoU Water Movement in Seml-AHd Forests of New MC:Iti~o. 
Publication In the Journal of H~OI)' 

PhiUipa, P.M., L.A. Peters, M. K. Tanaet.;and S. N. Davia. 1 ' Paleoclimatic 
lnferenc:ea from an Isotopic: lnveatJ.ption of 0 the Central 
SAn Juan BAsin, New Mexico. Q~ Ret. V. 26. pp. t·I¥Hf\l~;;:s. 

Roaera, D. B, and B. M. OaUahcr. 1995i:ftle Unsaturated Hycb,l1lic 
CharactcriatJca of the Bandelier TQI'. Loa Alamos "Sil"''"q~~~& _ .. """". 
Report. LA·I2968-M8. '''· 

RoFra. D. B., B. N. Oallaher, and E. L..Vold. 1996. Vadose 
Beneath the Pajarlto Plateau at L@ AJamoa National La11DtattoJY, 
Mexico Oeoloalcal Sodety 1996 .bob1t, Oeolo&J of 
Jcmca Mountain• Rqlon. In P,_. · 

Shurblajl, A.·R.M., PhDUpa, P. M., C~, A. R. and . 
AppUc:adon of a Numerical Model II' Simulating Water " 
Tranapoflt and Heat Transfer ln dab Unsaturated Zone. ·. cc ·-r •• .a __ .. 

143-163. 
Socld, R. A., Karlaaon, H. R. and Oibson.;E. K. 1992. 14"'1r11Y'D•~••.,iM 

the DetcnninatJon of Oxyaen-18 lla~ater Using Pre:CVElC'Iatc:d 
VIAla. Anal. Chem., 64: 829·831. ' 

Stone, W. J. 1984. Recharp In the Salt t..e.ke Coal Field Bassec:l 
the Unaaturated Zone. New MexlcO;Bureau of Mince an«liM[in~:ral 
Reaourcea, Open-File Report 214. 84 pp. 

·,. 

. ; 
'; 

) 





eJIII21 







. :· . ..,. 

i.:.:~~~,:e~~~.-. 
'.i .. 

• . ,... _ _....~.._ ..................... ~-.... 
.• e;_~i., , .. 

~.':. 







:": 

.. 
'Appendbc 1a. Data for Area G COre 54-1107 

Cl-
leachate 

Pore Interval Cum. 

Sampled Midpoint cone. 01 added Tuff Dry pb H20 Clsw Clswl Interval Clswl Ctswl Interval Cum9d 

Depth (ft) (m) (mgJL) (g) Cl- (mg) wt. (g) Ov(%) (glem3) (L) (mg/L) !(g/m3) (m) (g/m2) (glm2) 9d (m) (m) 

9.7 3.0 0.22 75.17 0.017 418.75 9.01 1.37 0.003 5.41 5.4 4.0 1.9 2 0.4 0.4 

19.3 5.8 0.38 75.08 0.027 52.49 8.32 1.37 0.002 11.2 11.2 3.0 2.1 • 0.2 o.e 

30.5 9.1 1.35 78.31 0.103 49.51 8.07 1.37 0.003 35.3 35.3 3.0 8.8 13 0.2 0.8 

39.5 12.2 7.414 75.29 0.5e0 .49.83 8.75 1.37 0.002 229.1 229.1 2.5 38.7 51 0.2 1.0 

414.5 13.4 9.32 75.03 0.899 50.30 8.21 1.37 0.003 232.0 232.0 1.5 28.8 80 0.1 1.1 

50.4 15.2 8.07 75.21 0.457 50.48 14.5 1.37 0.005 85.5 85.5 2.0 24.8 105 0.3 1.4 

57.4 17.4 3.41 74.91 0.255 55.35 9 1.26 0.004 64.8 64.8 2.0 11.8 118 0.2 1.8 

66.3 20.2 0.41 77.45 0.032 58.53 1.7 1.26 0.001 41.8 41.8 1.5 1.1 117 0.0 1.8 

70.5 21.3 0.418 75.08 0.038 54.41 3.2 1.26 0.001 28.1 28.1 2.0 1.7 119 0.1 1.8 

76 23.2 0.32 75.07 0.024 53.98 3.85 1.26 0.002 15.4 15.4 1.5 0.8 120 0.1 1.7 

80.5 24.4 0.14 75.72 0.011 47.58 8.22 1.26 0.002 4.5 41.5 1.5 0.4 120 0.1 1.8 

&5.5 26.2 0.22 74.99 0.018 50.04 8.31 1.28 0.003 8.8 8.8 1.0 0.4 121 0.1 1.9 

90.9 27.7 0.24 75.00 0-011 49.08 11.3 1.2 0.005 3.9 3.9 1.0 0.4 121 0.1 2.0 

94.4 28.7 0.30 15.02 0.023 49.o1 10.3 1.2 o.ooc 5.4 5.4 1.5 0.1 122 0.2 2.1 

100.4 30.5 OS 74.91 0.052 5UJO 1U 1.2 0.008 8.5 8.5 2.0 2.4 124 0.4 2.5 I 

105.1 32.3 0.72 75.14 0.054 48.11 7.1 .. 1.14 0.003 17.G 17.8 1.5 1.9 121 0.1 2.8 ! 

110 33.5 1.62 75.14 0.122 53.13 5.A8 1.14 0.,003 Q.l 47.1 1.0 2.8 129 0.1 2.1 

113.5 34.1 2.01 75.94 0.153 41.85 5.G'7 1.14 O.G02 10.0 70.0 2.0 7.1 138 0.1 2.8 

118.5 38.0 0.81 15.10 OJJIJI. 50.04 Ul 1.14 o.cm 25.7 25.7 1.5 2.3 138 0.1 2.1 

124.5 31.8 o.aa 11.51 OAI7 11.41 1..0534 1.M o.ou 25.1 25.1 1.5 2.3 1.o 0.1 2.9 

i 
. --

i 

I 

- -

( ) 

" ). 

• ' ~· •• • · ·• I . C ,j l 
... . u l 



~· 

f 

.. ;.; 

w 
~--

::~· 

~-

if.:. 

-;~··· 

i 

,· ~· .. ,. ~-.·~·······: -~··."'"-'"" ,,· ,.,~.;:;· .. c;.-. , ·• ;, .i_' ,,· ·: , .•.. . :·.k.~,· '• :¥·,.,.·.-.·~.·. ·:;;; .¥ . . 

,.....,.,, .. 

~~~~~~..,.1--rl-lr---,-1! . I I I I I I I I 

CJ. 
leachate 

lnterva I Cum. 

Sampted Midpoint cone. DIAdded Tuff Dry pb Pore H20 Clsw Clswl Clswl Clswl lnterva I Cumec 

IDeDthtn> (m) (mgJL) (O) CJ.Cma> WI (g) 9v(%) (g/cm3) (l) (mgJL) (g/m3) Interval la/m2) lla/m2) ed (m) (m) 

9.9 3.0 0.15 74.83 0.01 51.320 3.074 1.37 0.001 10 10 2.0 0.8 1 0.08 0.1 

15.5 4.7 9.79 77.32 0.75 52.509 2.838 1.37 0.001 696 698 2.0 39.5 -41 0.08 0.1 

20 6.1 17.7 75.57 1.34 50.388 2.955 1.37 0.001 1231 1231 1.0 36.4 77 0.03 0.1 

25.35 7.7 20.7 74.SC 1.54 51.255 3.134 1.37 0.001 1318 1318 1.0 41.2 118 0.03 0.2 

30 9.1 27.8 74.33 2.05 55.853 3.149 1.37 0.001 1598 1598 1.0 50.3 169 0.03 0.2 

35 10.7 34.2 78.81 2.83 51.827 2.91 1.26 0.001 2203 2203 2.0 128.2 297 0.08 0.3 

40 12.2 37.1 74.43 2.78 51.745 2.493 1.28 0.001 2697 2697 1.0 67.2 364 0.02 0.3 

45 13.7 49.2 78.38 3.78 83.t72 2.418 1.26 0.001 3081 3081 2.0 148.0 512 0.05 0.3 

50 15.2 36.8 78.99 2.82 50.114 1.837 1.26 0.001 3858 3858 2.0 141.7 854 0.04 0.4 

55 18.8 41.8 77.77 3.24 41.-3 1.718 1.26 0.001 4755 4755 2.0 183.4 817 0.03 0.4 

eo 18.3 28.0 7S.81 2.00 51.$1& 1.495 1.28 0.001 3270 3270 1.0 48.9 888 0.01 0.4 

70 21.3 17.5 74JJa 1.31 Cl.020 2.701 1.2 0.001 1148 nee 2.0 84.0 930 0.08 0.5 

75.1 22.9 11.4 78.23 U1 Q.Q 5.389 1.2 0.002 410 410 2.0 <14.0 974 0.11 0.6 

80 24.4 17.3 78.98 1.33 50.834 8.87 1.2 o.ooc 354 35oC 1.0 31.4 1005 0.09 0.7 

• 25.1 3..00 71.41 G.23 53..021 3.148 1.14 CJ.001 157 157 1.0 4.9 1010 0.03 0.7 
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~ndix 1c. Data for Area G Core 54-1121 

0 I 

Cl-

Sampled leachate 
Interval Cum. 

Depth Mldpotnt cone. DIAdded TutrOty pb PoraH20 Clsw Clswt Interval Clswl Clswi Interval Cum9d 

(ft) (m) (mg/L) (g) CJ. (mg) 'M(g) ev (%) (glcm3) (L) i(mgJL) . (g/m3) (m) Ca/m2) (g/rn2) ad (m) (m) 

9.7 3.0 0.15 75.85 0.01 55.92 14.39 1.37 0.006 2 2 4.0 1.1 1 0.6 0.8 

21.4 8.4 1.14 74.82 0.09 50.77 8.281 1.37 0.003 28 28 3.0 8.9 8 0.2 0.8 

Z7.9 8.5 1.84 78.24 0.14 53.33 7.157 1.28 0.003 46 48 3.0 9.9 18 0.2 1.0 

41.5 12.8 2.80 U,13 0.21 49.73 8.3 1.28 0.002 83 83 3.0 15.8 :w 0.2 1.2 

51.2 15.5 92.3 74.17 8.85 50.57 7.396 1.28 0.003 2306 2306 3.0 511.8 545 0.2 1.4 

81.5 18.9 133 77.38 10.29 52.39 5.218 1.26 0.002 "1'" • .r.w 3.0 742.4 1288 0.2 1.8 

83.7 19.5 75.7 75.74 5.73 51.21 5.218 1.28 0.002 2705 2705 1.0 141.1 1429 0.1 1.7 

69.6 21.3 68.4 7 .. .24 5.08 49.58 7.416 1.2 0.003 1858 1658 1.5 184.4 1613 0.1 1.8 

13.7 22.8 63.6 75.87 ... 83 "9.34 9.32" 1.2 o.rxu 1259 1259 1.5 176.0 1789 0.1 1.9 

81.4 2 ... 7 17.0 7 ... 7 .. 1.27 58.12 2.845 1.1 .. 0.001 942 942 1.5 37.4 1827 0.0 1.9 

1 

t 

84 25.8 7.37 7 ... 18 0.55 55.78 2.833 1.14 0.001 425 425 1.5 18.8 1844 0.0 2.0 

89.2 21.1 0.58 78.50 0.04 54.78 4.058 1.14 0.002 23 23 2.0 1.8 1845 0.1 2.1 

16.3 29.3 0.68 74.21 0,.05 80.28 3.848 1.14 0.002 25 25 1.5 1.4 1847 0.1 2.1 

98.7 30.2 0.53 78.84 0.04 51.58 3.718 1.14 0.002 22 22 1.5 1.2 1848 0.1 2.2 

110.9 33.8 0.82 75.43 o.oe 41.00 4.081 1.14 0.002 35 35 3.0 4.3 1852 0.1 I 2.3 

120.7 38.9 1.33 75.31 0.10 50.74 10.35 1.12 o.oos 21 .21 3.0 8.8 1859 0.3 2.8 

131..2 39.0 0.17 75.24 0.01 41.32 I.G37 1.12 0.003 5 5 3.0 0.9 1860 0.2 I 2.8 

141 43.0 0.98 74.20 0.07 58.21 5.197 1.12 0.003 'Z7 'Z7 3.0 4.3 18&4 0.2 I 2.9 . 

147 44.5 CUI 74.71 O.GZ 41.71 S.1t7 1.2 G.OQ2 I I 1.5 0.7 1865 0.1 3.0 
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tel DIM fat-AM Q Ccn -.c.;n.a: 

Cl-
llec:h ... 

CDftC. I 01 AddldJ I Tuff Dry 
(mgll) - (g) Cl- (mg) WI (g) = ~ ,.. H20 Cl.w a-t lnteMII lntlfVII Cum 8d 

tv f't) I (gletnl)L (\,.) J (moAJJ (Qim3)J (m) ~~ (m) L_ (rn) 

1.2 I . 2..80 0.135 75.88 o.D10 47.&coa 1 _?_J'1T1.37.---o:cm 1 c · 1 ,-1-1.o-J o:a 1 0.21 r -o.,--T--0.1 

10.2 I 3.11 1.82 75.14 o.t• sutarn.ocrT-1..31_1_ o.003- r-53 T--ss-rto- J3:1- r · 4-T-o.l--r- o.1 

15.2 I 4.83 1.'7 71.22 0:112 55.435'15:3.2-1 1.31-T--0.002- r-52 I -52- r 1.0 I- 2.8- I -7-- T -o.l_T __ 0.2 

20..J- , ....... ,. 2.71 J'5.21_ 'G.2t0 =--~11· ~.~~lt3_'[T-o~oo1
--r1-78-Tl11l-l:o- r-5~1

12 l o.o-r-o2 

25 - I -7.Q 10.4 ~ 000 JU~GS 1 •~11-1- .,,.,,-.,JJ02-r•r-,---.--rl:o 1 co., 1 s2- r---oJ- -T o.3 

30..5- I -,.30 12..5 14S1 "G:I:IO 11..10&T-2.521- 1.:21- I 0.001-T-711 T'719 T 1.0- 1-20~1 T-13---.-o.o---r- -0.3 

35.1 . I .. t0.70 10.0 15..22 0.752 •~nm • t:.teT t.a-r-o.oc,..-r act-f14fl- -, . .- r -1a.a_T_ao ___ ro:o-r--o.4 

40.5 f 't2..3t 10.1 75.» 0..781 5l.I0211t~70-TT..21J_T_O
.oo11-1018Tt0Cil--to_1_1

1.a r 107 l - o.o I 0.4 

j$--113.72 13.0 ~!7_.15 f.G13 15.tlnf2-22---rt2fT-0
.001--I1CM:n-100_I_ll

i-48~-T153_T_O.O--T-
0.4 

so .. f -,5.24 17.5 1&..33 1:)11 -.-s I 2..12Tt-:21~-0..G011-t272Tl2121-t~O-T-37:Z T-tGO-r------o.o- T 0.5 

ss r -,,,78 21.8 '18:'01 2-m !C}ItdiT-IA r-1.2-----T-O.OCMISI5-f515T -2.0 Tl9:tT_290_T --0.2--1 0.6 

eo r -,a.a u.s ~72 4.1JS 5t .... T-1M_T_f.2_f_O.G031-t311-f137t
l--1:0-l-109~400~T--

---OTI ___ 0.1 

us-rft.oS 115 17::21 &.111 --.a"Ct.31T-f..2-----r-o.oos
~-:fll1 I1111T-,:.0-:1J7Ur m-r -0.1-- 1 no.a 

as -- 1 --11.11 11.1 7.(.11 .1'70= ~~1 4J.tJ -f.lT-~Iw-r-ec-cnr·-1-a . .-l-eot-To:o--1- -o.a 

,.,-121..3( 1.17 -~- LOll r.7 I 111 I OCT-0..002~-r541-f:o--T-2:'0-f~803
-l-O]J 1 0.9 

1S- -r-22.11 o.•1 ll .. ?f .QI NIIJ_4.11----r::-,~t4=:CO,.G02 _1 _ t4 I 14 L 1.010.7 ! ecw-r--o_o--1 -o.o 

---~20* 1..31 -, .. .,, - ....afl 5.1l_f_1~14 f-o...oa2 -~---T-40 T-f.O T -2:f -1~808-T-0.1 i 1.0 

15--1-2$..11 

at 1 27.13 
0..22 
144 

.?!.B 
71.50-

12:tf15:1V-r -{ ,. r OJm-----r-----•~·-r -,-.o :-r-o~----r-eoe T - ·· o., -1 1.o 
me 

mll."tdT _1.S'LLJ.J2-=ct~-----r-u-r=s
sT-,~ccr•~ r e11 1 o.,-~, -----,,.--

~~-
00.8--1-ZI.II o.a _l_4..52 mm I uo ! t.g I CUIOC J I I I ,-f.O I 0.4 -, .n-,-o:f --r 1.2 I 

.1.011 
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