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ABSTRACT
Natural chloride and stable isotope tracers were used to examine the
vadose zone hydrology of Mesita del Buey in the vicinity of the Los Alamos
National Laboratory, Area G, Low-Level Radioactive Waste Facility. Pore-water

chloride concentrations were measured with depth from core samples from four

wells. In addition, §18Q and 3D stable isetope profiles were determined for one

~ of the wells. The objectives of the study were to (1) quantify flux rates and pore
water ages using the chloride data; (2) compare water flux rates to those
obtained from hydraulic methods in order to estimate the most appropriate
values for use in performance assessment modeling; and (3) examine stable
isotope profiles for evidence of deep evaporation in the mesa system, In
general, the chloride results indicate flux rates of a few mm/yr in the upper
and lower parts of the mesa. All the wells have a zone of high chloride
concentration at approximately mid-depth. Fluxes in these chloride bulge
areas range from 0.03 to 0.8 mm/yr. Itis likely that the bulges and low Jux
values may be related to evaporative removal of water in the mesa, However,
differences in maximum chloride concentrations (e.g., 232 mg/L in well 1107
vs, 4755 mg/L in well 1117) suggest that there may be substantial lateral
variability in the amount of evaporation that occurs. The chloride-based fluxes
are reasonably consistent with those from hydraulic approaches. The chloride
results also suggest that there is substantial lateral and vertical variability in

the mesa hydrologic system. Finally, the stable isotope results indicate the




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

Isotopically heavy water indicates that deep evaporation is likely because the

largest values occur at depths much greater than the depths at which solar- »

driven surface cvaporation takes place.

INTRODUCTION

Evaluating representative flux rates for the Mesita del Buey vadose zone
is crucial for performance assessment of the Arca G Low-Level Radioactive
Waste Facility located at the LANL TA-54, The hydraulic approach (e.g.,
Birdsell et al., 1995; Rogers and Gallaher, 1995) is one way that vadose zone
fluxes can be estimated. However, because of the difficulty in measuring
hydraulic properties and accurately determining moisture content, suction,
and hydraulic conductivity relationships, the hydraulic approach vields flux
estimates with large uncertainties. Thus, even though the hydraulic approach
provides useful information, additional estimates of the flux that do not rely on
the same assumptions or parameters as the hydraulic approach is keveficial,
The additonal estimates would provide increased confidence that
representative flux values are used in the performance assessment process.
The current study was designed to provide estimates of flux based on the
chiloride mass balance method (Allison et al., 1994; Stone, 1984), Because this
is a tracer-based, and not a hydraulic-based approach, it provides the

independent estirnates of flux that are needed.




In addition to flux estimates, conceptual models of mesa hydrology can
be refined using natural tracer studies.] In particular, stable isotopes can be
used to evaluate evaporation, botii at the mesa surface and at depth. The
isotopic composition of water is affected by evaporation, which preferentially
extracts light isotopes into the vapor phase, leaving the remaining liquid
enriched m heavy isotopes. The depth at which 5D and $!80 reach their
maximum (heaviest) values ¢oincides with the depth of evaporation (Barnes
and Allison, 1983; Allison et al,, 1983). Decp evaporation in Mesita del Buey,
in contrast to surface evaporation, has been suggested by Rogers and Gallaher
(1995); Rogers et al. (1996); and Vold et al, (1997) based on data from moisture
content and matric potential measurements. The idea of evaporative removal
of water {rom mid-mesa depths of approximately 1S5 to 100 ft is untested, and
will significantly influenc¢e contaminant mobility affecting performance
assessment calculations.

Based on the need for independent estimates of lux and for testing the
deep cvaporation hypothesis, the objectives of this study were to (1) use natural
chloride tracers to estimate flux rates of water in mesas and the age of water in
the vadose zone water; (2) compare the chloride-based fluxes to hydraulic-
based fluxes currently used to model vadose zone behavior at Area G; and (3)
examine stable isotope data for evidence of deep evaporative removal of water

within the mesa,




MATERIALS AND METHODS

Chloride Sampling and Laboratory Analyses

Chloride profiles were determined {rom core samples from wells 54-1107,
54-1117, 54-1121, and 54-1123 at Area G. Samples were collected and
analyzed at S- or 10-ft intervals. Chloride concentrations were determined by
leaching the core samples with DI water and analyzing the leachate using ion
chromatography. The leaching and analyses were performed at the Los Alamos
EES-1 geochemistry laboratory, For each sample, approximately 50 g of tuff
was crushed using a mortar and pestle. The tuff was then oven dried for at
least 12 hours at 100°C. The dry sample was weighed and added to an
Erlenmeyer flask along with approximately 75 g of DI water. The {lask was
agitated for 24 hours on a rotary mixer. Once the mixer was turned off and the
solid material settled, the supernatant was filtered and analyzed using a
Dionex lon Chromatograph. Analytical precision of the ion chromatograph is
better than S %.

Pore water chloride concentrations were calculated using the leachate
concentrations, volumetric moisture contents ({rom Vold, 1996), and bulk
densities (from Krier et al., 1995) for each well (see Appendix 1). The pore
water chloride concentrations were then used in the chloride mass balance

approach described below to estimate vertical fluxes and vadose water ages.



Chloride Mass Balance Approach

The chloride mass balance approach has Sccn suceessiully used to
determine vadose zone {luxes in semiarid and arid locations worldwide. The
approach involves measuring chloride concentrations in vadose zonc water
with depth. These concentrations serve as indicators of downward flux and
water agc.(Stonc. 1984; Allison et al,, 1994). The downward fluxis inversely
proportional to the amount of chloride accumnulation: high chloride
concentrations indicate a low flux that represents many years of meteoric
chloride accumulaton coupled with evapotranspirative removal of water.
Relatively low chloride contents indicate a high downward flux, or water that is
able to move through the vadose zone at a fast enough rate to minimize
evapotranspiration effects.

The chloride mass balance method is based on the following
assumptions; 1) flow occurs largely as downward piston flow; 2) dispersive
mixing of water and chloride is small; 3) atmospheric chloride deposition has
been relatively constant and is the sole source of chloride to the system; and 4)
chloride uptake by plants is negligible. Uncertainty related to these
assumptions will be addressed in the Discussion section.

If vadose zone chloride concentrations are constant below the root zone,

then the average annual flux (or recharge rate) can be estimated using




R"P-Clp/Cuw. (1)

were R is the flux (m/yr); P is the average annual precipitation rate (m/yr); Clp
is the average concentration of chloride in bulk precipitation (g/m?3); and Caw is
the chloride concentration in vadose-zone water below the root zone (g/m3).
Howcvcr,.chloridc concentrations in deep profiies are sometimes not constant
below the root zone. In this case, plots of curnulative chloride as a function of
cumulative water in the profile can be used to determine changes in recharge
rates over time. Approximately linear segments on the cumulative~cumulative

plots indicate zones of constant flux. The flux for a segment is given by
R = (CL.P)/Cl., (2)

where Cl,, is the average chloride content of the samples represented by the
segment (g/m3). Chloride-based vadose water ages can also be estimated by
first calculating the amount of chloride in each sample interval down to the
depth of interest using the relationship

Cli = 6.CaZ (3)
where Cli is the amount of chloride in the interval (g/m?2), 0 is the volumnetric
moisture content in the interval, Cq is the mass of ¢hloride in the interval per
volume of rock (g/m?), and Z is the length of the sample interval (m). By

calculating the cumulative sum of the Cl; values down to the depth of interest,

the age can be caleulated using




A = CL./(CL+P), @

where A is age in years, and Cl,, is the cumulative sum of the Cl values (g/m?)
at a given depth. A value of 0.36 m/yr was used for the average annual
precipitation (P) based on measurements at TA-54 (Bowen, 1990), and a value
of 0.29 g/m3 was used for the average concentration of chloride in bulk

precipitation (CL) based on Anderholm (1994).

Stable Isotope Analyses

Stable isotope analyses of pore waters {rom Area G were conducted using
moisture-protected samples from well 54-1117. The moisture-protected system
involves sealing core samples in gas impermeable plastic bags as the cores
were removed {rom the core barrel during drilling. This procedure reduces the
chance of pore water evaperation during the period between sampling and

analysis which would alter the isotopic composition of the water.

The stable-isotope analyses were carried out at the New Mexdco Tech
Stable:Isotope Laboratory. Soil water was extracted by high-temperature
vacuum distillation, following Shurbaji et al. (1995), and §!80 and §D
measurements were made on a Finnegan-Mat, Delta-E stable-isotope-ratio
mass spectrometer using OZ-Tech gas standards. The hydrogen and oxygen
isotopes are reported in delta (5) notation as per mil (%o) differences relative to

the V-SMOW international standard:




8D or 80 = {R“"'"" - Rm“’] %1000, (S)
R sow '
where Ris the D/H or 180/160 ratio. The value of §!80 was measured from
extractions made using the carbon dioxide equilibration technique of Socki et
al. (1992). For the §D analyses, hydrogen was extracted using the hot uranium
method of Bigeleisen et al. (1952), and the analyses were corrected by means of
a linear equation (8Dactuat = 1.0088Dmeasured * 7.378) based on regression
analysis of V-SMOW and GISP standards. The analytical precision for the §180
and 8D analyses by mass spectroscopy is better than £0.2 %o and 6 %o,
respectively. Two of the distillates {the 16.6 and 25.6 {t samples) did not yield
reasonable 3D values. It is likely that some hydrogen was produced from

organic material, possibly from decayed roots, invalidating the water 8D values.

RESULTS
Chloride profiles for the four wells are shown in Figure 1. The chloride
concentrations are not constant with depth, and each profile shows a distinet
bulge of high concentration between the 15 to 80 ft depths. The changes in
chloride concentrations generally correspond to changes in volumetric moisture

content where the chloride bulges occur in the zone of low moisture content

(Figure 2).



Because the chloride concentrations were not constant with depth, the
cumulative chloride-cumulative water approach was used to calculate fluxes
(values used in the flux and age caleulations are given in Appendix 1),
Cumulative-cumulative plots for each well are shown in Figure 3. The figures
show three approximately linear segments, with well 1107 having a possible
fourth segment below the vapor phase notch. Flux rates were calculated for
the three segments for cach well (Table 1). For the upper segments that
correspond to the shallowest depths, relatively high lux rates are indicated as
compared to the middle segment. Wells 1107 and 1121 yield flux rates of 6
and 3 mm/yr, respectively, whereas the upper segments for wells 1117 and
1123 yield rates of 0.1 and 1.5 mm/yr. The reason that the 1117 and 1123
rates are so much lower than those of 1107 and 1121 is that shallow samples
were not available for 1117 and 1123 and these would tend to have lower
chloride concentrations which would increase the flux estimates. Flux rates
are the Jowest in each of the wells for the middle segments and range from 0.03
10 0.8 mm/yr. For the deepest segments, the flux rates increase to values
similar to that of the upper segments. Again, there were no samples available
deeper than about 90 ft for wells 1117 and 1123 and thus, the estimates of
deep flux rates are substantially lower than those from 1107 and 1121 because
only a few low chloride concentration samples were available.

Chloride accumulation ages for each well are also shown in Table 1.

Ages for well 1107 suggest that it takes between one to two thousand years to



rcach the 125 {t depth. Ages for the other wells 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 §180 and 8D with depth.
Because there were no moisture-protected samples available for depths less
than 16 f;, generalized curves for shallow isotope profiles at TA-S1 (Newman et
al.,, 1996) are also shown in Figure 4. TA-51 is on the same mesa as Area G,
approximately 3 km upslope, and is probably a good proxy for undisturbed
conditions at Area G. The TA-51 curves show that solar-induced surface
evaporation is limited to shallow depths, By a depth of 1-2 meters, isotopic
values become lighter (-9 to <10 §!80 and -80 to -95 8D). At the depth that the
well 1117 data start, isotopic values are substantially heavier than the 1-2
meter samples from TA-S1. This difference is important for evaluating deep

evaporative processes and will be explained further below.

DISCUSSION

w -

Sigmificance of the Chloride Bulges

The chloride bulges (Figure 1) are important features of the vertical
profiles because the origin of these chloride accumulations will affect the
development of conceptual and quantitative models of the mesa hydrologic
system. One explanation is that.the bulges represent a past period of low

percolaton rates and high evapotranspiration which was followed by a period

10



of higher percolation rates and lower evapotranspiration that displaced the
chloride bulges to the »20-80 {t depth. However, the vadose water ages for the
bulges are not concordant. If changing palcoclir;mte was the cause of the
chloride bulgcé, roughly similar peak concentrations and ages would be
expected. A further problem is that the climate for the last 20000 years,
though variable, has tended to be wetter than the present (Phillips et al., 1986;
Stute et al,, 1992). This is in direct contrast to the interpretation that the
bulges indicate drier past conditions, The most likely explanation is that the
bulges represent a zone of evaporation and vapor phase transport which would
cause chloride to accurnulate. The possible pathways of vapor movement are
discussed in the Deep Evaporation section below. Evaporation seems to be a
plausible explanation given that other studies have suggested the possible
presence of deep zones of vapor dominated transport (¢.g., Rogers and
Gallaher, 199S; Rogers et al., 1996; Vold et al. 1997). The evaporative zone, if
present, may not always act as a barrier to flow as indicated by the profile and
flux rates for well 1107 (Figure 1, Table 1). Even though there is a chloride
bulge in well 1107, the mass accurmnulated is a {raction of that in the other
wells and the estimated vertical flux is still fairly large (0.8 mm/yr). The
differences in chlori.dc accumulation between the wells suggests that if
cvaporation occurs, there may be substantial lateral heterogeneity where the
evaporative flux is not uniform throughout the mesa. The changes in chloride

concentration appear to be correlated to certain stratigraphic units and
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features. The bulge in well 1107 occurs mainly within the lower part of unit 2b
(surge beds), while the bulges in wells 1117, 1121 and 1123 occur within the
stratigraphically lower units, 2a and 1b. 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 pritential evaporative zone
{Rogers apd Gallaher, 1995; Rogers ct 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 units
lv(c), 1vful), and 1v(u2) (following the suggested nomenclature of Broxton and
Reneau, 1995). These units are fractured and contain pumice beds, either of
which may have a connection to the atmosphere permitting deep evaporation.
The vapor-phase notch (Figure 3) is another stratigraphic feature that
appears to control or at least correlate with changes in chloride concentrations
and flux rates. Chloride concentrations at and below the vapor-phase notch
are dilute and the decrease in concentration corresponds to a substantial
increase in moisture content at the vapor phase notch, In wells 1121 and
1123 a large change in slope occurs between the middle segment and the
deepest segment of the cumulative-cumulative plots (Figures 3c and 3d), that
corresponds to the vapor-phase noteh. The inﬂucngc of the vapor phase notch
in well 1107 is more subtle (Figure 3a). The cumulative-cumulative plot for
well 1107 shows a small change in slope in the decpest segment close to the

vapor phase notch. If there were samples deeper in the profile, a fourth



segment below the vapor phase notch might be more readily apparent. Only

one sample from below the vapor phase notch was available for well 1117, so

no assessment of its influence ¢can be made for this well.

Uncertainty

Witp the various assumptions used in the chloride mass balance method
there are some related uncertainties. The {irst uncertainty relates to the 1-D
vertical flow assumption. If deep evaporative processes occur, then potentally
large but unquantifiable errors in the {lux estimates result. From a qualitative
point of view, however, a large chloride concentration associated with an
evaporative zone is consistent with a low flux. Lateral {low also violates the 1-D
vertical flow assumption. If there is lateral flow in the deeper units at the base
of the mesa (described in the Stable Isotope section, below) then the flux
estimates are suspect because lateral flow can add or remove chloride from the
system. Fracture {low is not considered in the chloride mass balance approach
cither and because of its possible importance, especially in the shallower tuff
units, fracture flow adds additional uncertainty to the flux and age estimates.
Another factor that contributes to uncertainty is the concentration of chloride
entering the mesa. Unfortunately, there are no long term data available for the
Los Alamos areg, but short term data can be used to bound the problem. A
value of 0.29 g/m3 was usecd in the flux and age calculations based nn a

chloride mass balance study by Anderholm (1994) for the Sante Fe area. This
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value may be higher than the Pajarito Plateau average value, and is probably a
conservative value in that it may overestimate flux rates and underestimate the
ages. Evaluation of chloride concentrations in precipitation from the National
Atmospheric Deposition Program station at Bandelier National Monument
(NADP, 1994) and various sampling stations on the Pajarito Plateau monitored
by Adams ct al. (1995) suggest that chloride concentrations in rainfall might be
as low as 0.1 g/m3. 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 of magnitude changes in the {lux rates, and thus do
not result in much additional uncertainty, especially when compared to
uncertainties from other factors such as deep evaporation. The effects of
different chloride concentrations are important considerations for correlating
ages and changes in flux with past periods of climate change because some

paleoclimate changes have occurred over relatively short time periods.

Comparison of Chloride-Based Flux Estimates to Other Flux Estimates

Birdsel] et al. (1995) used a modeling approach to estimate flux values in
the vadosc zone beneath Area G. They used generalized hydraulic parameters
for the different stratigraphic units and varied the infiltration rate in order to
match existing in-situ saturaton data. They found that the saturation profile

could not be simulated using a single flux value. Instead, they used three
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different flux values to rmatch three saturation zones in the profile. Their result

is consistent with the chloride results in that three main flux zones were also
identified. Unfortunately, the magnitudes of the chloride-based flux rates do
not agree with the simulations in some cases. For examnple, Birdsell et al.
found that a low flux of 0 to 0.1 mm/yr fit the saturation data from unit 2b
best. For. the same unit, the chloride-based flux rates are 3-6 mm/yr. This
discrepancy results from differences in moisture contents used in the
simulations versus those used in the chloride method. The moisture contents
used by Birdsell et al. were based on values for the lower part of the unit where
values range from 1 to 4% volumetric. The upper part of the unit is much
wetter with moisture contents on the order of 7 to 14% and these values were
used in the chloride-based estimates.

There was some consistency between the simulations and the chloride
results for unit 2a, in that both studies indicate unit 2a is a zone of low flux.
Again, however, the chloride method yields higher flux rates than the
simulations, probably because of higher moisture contents than those used in
the simulations. For units la and 1b, the chloride-based {lux rates agree with
the range of flux rates from the simulations. For the Cerro Toledo and Otowi
units, the chloride-based estimate for well 1121 is consistent with the
simulations, Wells 1107 and 1117 were not drilled into the Cerro Toledo and
Otowi units, and only one sample was available from well 1123, so no

comparisons ¢an be made for these wells.

15



Another comparison can be made using the {lux estimates for the upper
part of unit 2b. Newman et al. (1996} estimated chloride-based {lux rates
through various soil profiles and into the first 10-50 ¢cm of unit 2b for an
undisturbed site at TA-51. For soils without ¢lay-rich Bt horizons, which is
representative of conditions at Area G, flux rates ranged from 0.5 to 10 mm/yr.
Though these estimates are dominated by soil hydraulic properties, the
majority of the estimates are consistent with the 3-6 mm/yr estimates for the
upper part of unit 2b at Arca G. Newman ct al. also noted substantial laterai
variability in flux rates, consistent with the results {rom this study.

A final comparison can be made with the results of Vold et al. (1997) who
calculated the magnitude of liquid and vapor fluxes in the mesa. Overall, the
Vold et al. results are in recasonable agreement with the chloride-based flux
estimates. Vapor-flux rates dominate in the middle of the mesa, which
corresponds to the zone of low chloride-based flux rates, and supports the
hypothesis of deep evaporation. Liquid flux rates are dominant in the region
near and below the vapor phase notch, which is consistent with the increase in

¢hloride-based flux rates in the deeper parts of the mesa,

Stable Isotopes

Stable isotope data from well 1117 (Figure 4) provide additional evidence
for deep evaporation. The TA-51 data show that surface evaporation effects

disappear at depths less than 6 ft whercupon values reach relatively light §180



and 8D values of -9 to =10 %o and -80 10 -95 %o, respectively. Unsaturated

zone stable isotope theory predicts that a quasi-steady state value should be
recached below the zone influenced by solar surface evaporation (Allison et al,,
1983; Barnes and Allison, 1983). In other words, the approximately -9 %o §:80
value, for example, should be maintained throughout the profile for all depths
below about 6 {t. However, contrary to theory, the 1117 data show quite heavy
values at depths below the zone influenced by surface evaporation.

A paleoclimate interpretation for the existence of isotopically heavy
values deep in the profile does not seem plausible, as explained in the chloride
bulge discussion. Instead, the isotope data are consistent with evaporative
removal of water {rom within the mesa. At present, it is not clear how this
process works or what the pathways for airflow and water removal might be.
Onc hypothesis is that dry air travels down vertical fractures in the tuff,
evaporates the water and moves back out of the fractures in response to
thermal or barometric changes. Alternatively, the sides of the mesa could play
a role’in allowing dry air into the system and moving water vapor out. The
Bandelier tufl is exposed on the mesa sides and is subject to a wide range of
temperatures and barometric pressures. At this stage, the tracers and low
moisture contents strongly indicate that deep evaporation oceurs in the mesa.
However, additional isotope data are needed to confirm the behavior seen in
well 1117 and more work will be required to understand the mechanisms and

pathways by which the evaporation occurs.



The existence of light isotope values at the vapor phase notch at 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 cxtensive evaporation. Studies by Phillips et
al. (1986) and Stute et al. (1992) indicate that such periods occurred in the
past 20,000 ycars, so this explanation appears to be reasonable for the light
water at the bottom of the profile. The sccond explanation is that water may
have been introduced by lateral flow along pathways that were not subject to
cevaporation of the same intensity that occurred in the middle of the mesa. Itis
possibie that recharge in the adjacent canyons flows underneath Mesita del
Buey, and Pajarito Canyon in particular contains saturated alluvial zones
which could generate lateral flow. Unfortunately, we do not have enough
information about the link between mesa and canyon hydrology to adequately
evaluate if lateral flow really occurs, The stable isotope data however, can
provide valuable clues rcgardiﬁg the validity of the lateral flow hypothesis, A
meteoric water plot (Figure 5) shows a well-defined evaporation trend line
extending from the local meteoric water line to the right, §!80 and 8D values of
precipitation from the Pajarito Plateau plot along the local meteoric water line,
and if evaporation occurs the isotopic values will become progressively heavier
following a trend such as that shown for well 1117, The evaporative trend line
suggests that all of the waters in the 1117 profile have the same source,

including the light water at the vapor phase not¢h. Thus, if lateral flow oceurs,



it would have to have the same original isotopic composition as the water that

was evaporated {rom the middle of the mesa. In other words, the source of the
lateral flow would need to plot on the same evaporation trend line as the 1117
waters. Measurements of the isotopic composition of potential lateral flow

sources, such as the alluvial groundwater from Pajarito Canyon, would greatly

aid in resolving this question.

SUMMARY AND CONCLUSIONS
Chloride {lux estimates for wells 1107, 1117, 1121, and 1123 showed
reasonable similarity in overall behavior where {lux rates were highest in the
shallow and deeper parts of Mesita del Buey and lowest in the middle of the
mesa. Flux estimates for the shallow and deep zones arc on the order of a {few
mm/yr. For the middle region of the mesa, {lux estimates ranged from 0.03
mm/yr for well 1123 to 0.8 mm/yr for well 1107. The low mid-depth {luxes in

the wells are related to large concentrations of chloride. It appears that these

© coneentrations are related to deep evaporative processes, and a stable isotope

profile from well 1117 supports this conclusion. One detail is ﬁmt the bulge in
well 1117 has a very high maximum chioride coneentration (4755 mg/L), while
the bulge for well 1107 has a much lower concentration (232 mg/L). The large
differences in chloride concentrations suggest that there is substantial lateral
variability in vertieal flux and in the amount of evaporation that occurs. In

summary, it appears that the Mesita del Buey vadose zone is characterized by
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substantial lateral and vertical heterogencities that control the rates of water
movement in the mesa. In addition, water movement in the middle of the mesa
is likely influenced by deep ¢vaporation. Future work will involve measuring
additional isotope profiles to verify the behavior seen in well 1117, and will also

include analyses of shallow isotope data from Area G so that site specific values

can be us;d instead of those from TA-51,
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Table 1. Flux Estimates and Soil Water Ages for Wells 1107 and 1121, Area G

Well 1107
Age at
Depth bottom of
interval|{ Flux depth
(1t) (mm/yr) | interval (yr)
0-31 6 120
31-58 0.8 1169
66-125 5 1345
Well 1121
Age at
Depth bottom of
interval Tux depth
{ft) | (mm/yr)| interval (yr)
0-42 3 323
42-84 0.06 17659
8§9-146 S 17862

Well 1117
Age at
Depth bottom of
interval} Flux depth
() | (mm/yr) | interval {yr)
15-30 0.1 482
35-60 0.03 8265
70-85 0.2 9674
Well 1123
Age at
Depth bottom of
interval} Flux depth
(ft) (mm/vr) | interval (vr)
9-20.3 1.5 118
25-62.5] 0.1 5507
65-90.8f 0.9 5852
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Figure 1. Chioride profiies for wells 1107, 1117, 1121, and 1123.
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Figure 3. Cumulative water vs, cumulative chioride for wells 1101, 1117, 1121, and 1123,
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pendix 1a. Data for Area G Core 54-1107 | .

A
Cl-
{eachate Pore Interval} Cum.
Sampled| Midpolnl} conc. DI added Tuff Dry pb 1 H20 | Clsw | Ciswi Jintervali Clswi | Ciswi |Intervall Cum o4

pepth @] (m) | (mon) | (@) |k (mo)] wt. () | ov ) |@@fem3)| @) f(mom)|@md)] (w) | @m2) |@/m2){od m)| (m)
9.7 30 0.22 75.17 | 0017 | 48.75 8.01 137 {0.003} 54 54 40 1.9 2 0.4 04
19.3 58 0.38 75.08 | 0.027 | 52.49 832 1.37 ]0.002] 11.2 | 11.2 30 2.1 4 0.2 0.6
30.5 9.1 1.35 76.31 0.103 | 49.51 8.07 1.37 }0.003] 353 | 353 30 86 13 0.2 0.8
395 12.2 7.44 7529 | 0.560 | 49.63 8.75 1.37 |0.002]229.1] 22984} 2.5 38.7 51 0.2 1.0
44.5 134 932 75.03 | 0.699 } 50.30 8.21 1.37 |0.003] 23201 2320] 1.5 236 80 0.1 1.4
504 15.2 6.07 75.214 0457 | 5048 14.5 $.37 ]0.005] 855 | 855 20 24.8 105 03 1.4
__57.4 17.4 341 7491 0.255 | 55.35 g 1.26 [0.004] 646 | 648 2.0 1.6 118 0.2 1.8
68.3 20.2 041 77.45 0.032 | 58.53 1.7 1.26 j0.001) 416 | 416 1.5 114 117 0.0 1.8
70.5 213 048 75.08 | 0.036 | 54.41 3.2 1.26 |0.001| 26.1 | 26.1 2.0 1.7 119 0.1 1.8
76 23.2 0.32 7507 | 0.024 | 53.98 3.65 1.26 (0.002] 154 | 154 1.5 0.8 120 0.4 1.7
89.5 244 0.14 75.72 0011 | 47.58 8.22 1.26 ]0.002| 45 45 1.5 0.4 120 0.1 1.8
855 268.2 0.22 74.99 0.018 | 50.04 6.31 .26 |0.003) 66 8.6 1.0 04 121 o1 1.9
0.9 21.7 0.24 75.00 0.018 | 49.08 113 1.2 }0.005] 3.9 3.9 1.0 0.4 121 0.1 2.0
S4.4 28.7 030 7502 | 0023 | 49.01 10.3 1.2 10004y 54 54 1.5 0.8 122 02 2.4
100.4 305 0.69 74.99 0.052 | 51.60 18.8 1.2 ]0.008] 65 8.5 20 24 124 0.4 2.5
1058 323 072 75.14 | 0.054 ] 48,98 7.14 .14 ]0.003) 1768 } 176 1.5 1.9 1268 0.1 26
110 335 1.62 75.14 0.122 | 53.13 548 1.14 J0.003] 478 | 47.8 1.0 26 129 0.1 2.7
435 346 2.01 75.94 0.153 | 49.05 5.07 1.14 [0.002§ 700 { 70.0 20 7.1 138 0.1 28
1185 38.0 0.88 15.10 0.068 | 50.04 586 1.14 [0.003} 257 | 257 1.5 23 138 0.1 28
124.5 37.8 0.88 78.58 0.087 | 5048 (6.0534] 1.14 |0.003} 251 | 25.1 1.5 23 140 0.1 29




I _x 1b. Dala for Area G Core 54-1117

o .
leachale Interval
Sampled |Midpoint| conc. [DI Added Tuff Dry eb  [Pore H20] Clsw | Clswi Clsai g;‘sr; Interval] Cum 6d
Deph()} (m) | (mga) | (g) [Ck(mg)] Wi(g) j6v(¥}ilafem3)] () |(mgn}|(a/m3)|Intervall (g/m2)|(g/m2)|0d (m)| (m)
99 30 045 74.63| 001 |51.320 3074 137 | 0001 | 10 | 10 | 20 {068 | 1 | 008 | 03
155 | 47 979) 77.32] 078 |52509 | 2.638] 1.37 | 0001 | 698 | 698 | 20 | 395 | 41 | 006 { 0.1
20 X] 1777|7557 1 1.38 | 50,358 { 2.055] 1.37 | 0001 | 1231 | 1231 ] 1.0 | 364 | 77 | 003 | 01
2535 | 1.7 3071 7454 | 154 |51.255 [ 3.434] 1.37 | 0001 | 1316 | 1316 | 1.0 | 41.2 | 118 | 003 | 02
30 9.1 276 7433 | 2.05 | 55853 | 3.449) 1.37 | 0001 | 1595 ) 1598 ] 1.0 | 503 | 169 | 0.03 | 02
% 107 312 7881 | 263 |51.627] 201 126 | 0001 | 2203 | 2203 | 26 | 1282 207 | 0.06 | 03
20 122 Tl 7443 276 |51.745] 2.493] 1.26 | 0001 | 2697 | 2697 | 1.0 | 67.2 | 364 | 0.02 | 0.3
45 137 193] 7838 | 3786 (63072 2418] 126 | 0001 | 3061 | 3061] 20 | 1480 512 { 0.05 | 03
50 152 386] 7669 2.82 |50.114 | 1.837] 1.26 | 0001 | 3856 | 3656 | 2.0 | 141.7] 654 | 0.04 | 04
55 18.8 6l 7777| 324 [49.8931 1.718] 126 | 0001 | 4755 | 4755 | 20 | 1634 817 | 0.02 | 04
0 63 | 280 7589 200 {51546 | 1495] 126 | 0.001 | 3270 | 3210 | 1.0 | 489 | 866 { 0.01 | 04
70 | 213 1751 74681 131 |49.020]2.791] 12 | 0.001 | 1146 [ 1146 | 2.0 | 64.0 | 930 | 0.06 | 05
754 | 228 114l 7823 | 0.67 [47.428 [5360] 1.2 | 0002 | 410 | 450 | 2.0 | 440 | 974 | 0.11 | 06
20 244 1731 7666 | 133 {50834 | 887] 12 | 0004 | 354 | 354 | 1.0 | 314 | 1005|009 | 0.7
s 256 | 300] 7648] 023 | 53021 | 3.143] .14 | 0001 | 157 | 157 | 1.0 | 49 | 1010| 003 | 07




Appendix 1. Data for Area G Cors 54-1121

Ci-
Sampled leachale Intervali Cum,

Depth {Midpoimt] conc. DI Added Tuff Ocy ¢b | Pore H20] Cisw | Cisw {Interval] Clswi | Clswi |Intervall Cum 04
@ | () [(mg)| (@) [c(mg)] W) ov(¥)@emd)] @) [(man)ligmy)] m) |@m2)igm2)|ed @m)] @)
9.7 3.0 0.15 | 7565 001 | 5502 ]14.39] 1.37 0.008 2 2 4.0 1.1 1 0.8 0.8

214 8.4 1.4 | 7482 009 | 5077 }8.281] 1.37 0.003 28 23 3.0 6.9 8 0.2 0.8
27.9 8.5 1.84 | 786.24 0.14 | 5333 {7.157} 1.26 0.003 48 46 30 9.9 18 0.2 1.0
41.5 128 2,80 74.13 021 14973 | 63 1.26 0.002 83 83 30 | 158 | 34 0.2 1.2
51.2 15.5 92.3 74.47 6.85 | 5057 |7.398] 1.26 0003 12306123086] 30 5118 545 | 0.2 1.4
61.5 18.9 133 77.38 { 1029 | 6239 |5218] 1.28 0.002 | 4744 | 4744 3.0 | 7424 ) 1288] 0.2 1.8
83.7 10.5 75.7 | 75.74 573 | 51.2% |S.216) 1.28 0002 | 270527051 1.0 | 141.1) 1429} 0.4 1.7
69.6 213 68.4 74.24 508 4958 |7418] 1.2 0.003 {1658 | 1658 ] 1.5 | 1844 ] 16813 | 0.1 §.8
73.7 226 63.8 75.87 483 4934 {9324] 1.2 0.004 | 1259 1259 | 1.5 | 17307 1789 O.1 1.9
814 247 17.0 74.74 1.27 58,12 }2845}] 1.4 0.001 942 | 942 1.5 374 11827} 00 1.8

84 258 7.37 | 74.18 055 {5576 }2633] 1.14 0.001 425 | 425 | 1.5 | 138 | 1844 00 20
89.2 27.1 0.58 76.50 0.04 5478 [4.058] 1.14 N.002 23 23 20 1.8 1845 0.1 2.3
98.3 293 0.6 74.28 0.05 60.26 [3.648] 1.14 0.002 25 25 1.5 1.4 1847 | O.1 2.9
098.7 302 0.53 76.64 0.04 57.58 |3.716] 114 0.002 22 22 1.5 1.2 | 1848| 0.1 22

110.9 338 0.82 75.43 0.03 4900 14.081) 1.14 0.002 35 35 3.0 4.3 | 18521 0.1 23

120.7 339 1.33 75.37 0.10 5074 | 10357 1.12 0.005 21 21 3.0 86 | i35%} 03 20

131.2 39.8 0.17 75.24 0.01 4832 16.037] 1.12 0.003 5 5 3.0 09 | 1860 0.2 28
141 43.0 0.96 74.20 007 |} 58.29 |5.197}) 1.12 0.003 27 27 30 43 | 1884} 0.2 2.9

145.7 44.5 0.28 74.78 002 ] 43.78 ]|5.197) 1.2 0.002 ] 9 1.5 07 | 1885} 0.1 3.0




Appendix 1d. Data for Area G Core 54-1123,

Cl-
leachaste {nterval} Cum.
Sampled | Midpolnt} conc. | Dl Added Tulf Ory £b  jPore H20] Clsw | Clswi jInlerval] Cisad { Clswi | Interval | Cumed

Depth(R)] (m) (mg1) Q) |C-(mg)| Wi(g) }Ov(¥*)}{g/cml) L (maf)i(g/m3){ (m) |(@/m2)}(a/m2)| 0d (m) (m)
9.2 2.80 0.135 7568 0.010 | 47.6408 { 7.97 1.37 0.003 4 4 10 | 029 ] 0.29 0.1 0.1
10.2 .14 1.92 75.84 0.148 ) 5351281 7.00 | 1.37 0.003 53 53 1.0 3.7 4 0.1 0.1
15.2 463 1.47 78.22 0.112 | 5543541 532 1.37 0.002 52 52 1.0 28 7 0.1 0.2
20.3 8.19 2.19 75.28 0.210 | 523217 3.12 1.37 0.001 176 | 176 1.0 5.5 12 00 0.2
25 7.62 10.4 78.97 0.800 | 54.6805| 4.11 1.37 0.002 488 | 488 20 40.1 52 0.1 0.3
30.5 9.30 12.5 74.37 0.930 | 58.1434 | 252 1.28 0.001 799 | 799 1.0 20.1 73 0.0 03
35.1 10.70 10.0 71522 0.752 | 56.9700 ] 1.83 1.268 0.001 841 | 841 1.0 16.6 89 0.0 04
40.5 12.34 10.1 75.33 0.761 } 539021 | 1.70 1.28 0.001 1046 | 1046 | 1.0 17.8 | 107 0.0 04
45 13.72 130 17.95 1.013 | 55.1873 ] 222 1.26 0.001 1043 1 1043} 20 46.3 | 153 0.0 0.4
50 1524 17.5 78.33 1.371 | 464485 2.92 1.26 0.001 1272 1272} 1.0 | 37.2 | 190 0.0 0.5
55 1876 296 76.09 2252 | 541038 840 1.2 0.004 595 ) 595 | 20 | 99.9 | 230 0.2 0.6
60 18.29 62.5 75.12 4733 | 51.8046 | 7.98 1.2 0003 | 1374 | 1371 | 1.0 | 1084 ) 400 0.1 0.7
62.5 18.05 115 77.23 8.881 | 608377 | 9.31 1.2 D005 | 1881 | 1881 § 1.0 | 175.2| 575 0.1 0.8
&5 19.81 158 74.98 1.170 | 53.1470} 4.12 1.2 0.002 842 { 642 1.0 284 | 601 0.0 0.8
70 21.34 1.17 75.52 0.088 | 50.7067 | 3.71 1.14 0.002 54 54 1.0 20 | 603 0.0 0.9
75 2288 0.41 75.71 0.031 | 50.7688 | 4.89 1.14 0.002 14 14 1.0 0.7 604 0.0 0.9
80 24.38 1.3 74.714 0.058 | 538481 | 5.15 1.14 0.002 40 40 1.0 2.1 608 0.1 1.0
85 2591 0.22 74.35 0.018 | 58.1223 | 5.70 1.14 0.003 3] 6 16.{ 03 6§08 0.1 1.0

89 27.13 2.40 77.50 0.188 | 49.8342 ) 7.57 1.12 0.003 55 55 1.0 4.2 611 0.1 1.1 |
90.8 2768 0.26 74.52 0.019 | 55.7523 | 8.00 1.12 0.004 5 5 1.0 0.4 611 0.1 1.2






