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Synopsis of Hydrologic Data Collected by Waste Management for
Characterization of Unsaturated Transport at Area G

Erik Vold

Abstract

Data which have been collected by Los Alamos National Laboratory
Waste Management for the hydrologic characterization of the subsurface at
the low level radioactive waste disposal facility, Area G, are reported and
discussed briefly. The data includes Unsaturated Flow Apparatus
measurements of the unsaturated conductivity in samples from borehole G-5.
Analysis compares these values to the predictions from van Genuchten
estimates, and the implications for transport and data matching are discussed,
especially at the location of the Vapor Phase Notch (VPN). There,
evaporation drives a significant vapor flux and the liquid flux cannot be
measured accurately by the UFA device. Data also include hydrologic
characterization of samples from borehole G-5, Area G surface soils, Los
Alamos (Cerros de Rio) basalts, Tsankawi and Cerro-Toledo layers, the Vapor
Phase Notch (VPN), and additional new samples from the uppermost tuff
layer at Area G. Hydraulic properties from these sample groups can be used to
supplement the existing data base. The data in this report can be used to
improve the accuracy and reduce the uncertainty in future computational
modeling of the unsaturated transport at Area G. This report supports the
maintenance plan for the Area G Performance Assessment.
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Synopsis of Hydrologic Data Collected by Waste Management for
Characterization of Unsaturated Transport at Area G

Erik Vold

Introduction

The Los Alamos low level radioactive waste (LLRW) disposal facility at
Area G is required by U.S. Department of Energy Orders to complete a
technical evaluation of the site and its environment to understand potential
future releases of radioactive waste material, its transport through the
environment and the exposure risk to the public. The technical analysis is
summarized in the current Performance Assessmert Report [Hollis,
et.al.1997]. The data base used for the hydrologic transport analyses was
included in an Appendix to the Report and was compiled separately by Krier,
et.al. [1995]. This compilation includes extensive site-specific and regional
hydrologic data collected up to 1995, much of it taken from previous analyses
[Rogers and Gallaher, 95] and [Rogers, 95].

The site Performance Assessment is a continuing project with new data
collected on an on-going basis to refine the technical assessments and to
reduce the uncertainty in the analyses. Since the 1995 compilation, new data
has become available through Waste Management programs, from the site
Environmental Restoration (ER) Project and from other sources. Specifically,
the Waste Management program has initiated several studies relevant to
subsurface transport at Area G to compliment the existing hydrology data
base. '

It is the purpose of this present report to summarize these hydrologic
data from studies initiated by Waste Management, with an emphasis on the
(van Genuchten) parameters used in unsaturated flow computations. In-situ
moisture monitoring is also providing a valuable data base for analysis
collected as part of an on-going program. The in-situ monitoring and analysis
is conducted by Waste Management within boreholes completed in 1995 by
- the Environmental Restoration Project, with preliminary results discussed in
a separate report [Vold, 1997A].

Hydrologic Data Studies

The hydrology data collected by Waste Management include several
projects:

1, a suite of hydrologic parameters analyzed on core [DBSA, 1995]
recovered at 10 ft intervals from vertical borehole G-5, located centrally in
Area G (see Fig.1). Data included matric potential measurements by pressure
‘plate, thermocouple psychrometer and by salt solution vapor equilibrium




methods. These were used to derive moisture characteristic curves and van
Genuchten parameters for modeling [Rogers, et.al.1995].

2, measurements of unsaturated hydraulic conductivity over a full,
range in moisture content by the UFA (unsaturated flow apparatus) method
[Conca and Wright, 92]. These were measured on core samples co-located
. with the samples in G-5 [Conka and Mockler, 95] specifically for comparison
between the unsaturated conductivity curves from the van Genuchten
derived conductivity and from the UFA measured conductivity.

3, a suite of hydrologic parameters analyzed on core recovered from
several sample groups [DBSA, 1996], selected to compliment the existing data
[Krier, et.al.1995] at Area G. Data included moisture characteristics, derived
moisture characteristic curves and van Genuchten parameters for modeling.
The sample groups included vertical profiles through the Vapor Phase Notch
(VPN) at locations including boreholes G-5, 1107 and 1121 at Area G (see
Fig.1), basalts from beneath Mesita del Buey (Area G), Tsankawi and Cerro-
Toledo samples evaluated separately and together, and surface soil samples
from Area G (see locations in Fig.2). ‘

Data from samples along vertical profiles through the Vapor Phase -
Notch (VPN) have been used to characterize van Genuchten properties for
the VPN region. Each of these are described in this report. Also in support of
Waste Management characterization studies at Area G, in-situ air

ermeability was measured throughout the vertical profile in borehole G-5
[SEA, 96]. The data collected in that study was discussed previously in
relation to vapor flux determinations [Vold, 96B] and as summarized more
 recently in [Vold, 97B]. The data are repeated in this report for comparison to
the VPN profile data discussed here. -

Hydrologic characterization was also completed [DBSA, 96] on core
samples selected from the horizontal holes drilled beneath pit 37 from pit 38
[Puglisi and Vold, 95]. The intent in these samples was to evaluate horizontal
correlations in the hydrologic parameters for a comparison to vertical
correlation lengths which can be inferred from the G-5 data [DBSA, 95] and
other data sets. The sample integrity from the horizontal holes was poor, and
the hydrologic analysis results are fherefore poor quality. Analysis has been
indefinately postponed, although the data may have some value in this
regard.

Hydrologic Parameters in Core Samples from G-5

Core samples (6" sleeved segments) recovered during the drilling of
borehole G-5 at 10’ intervals were capped to preserve in-situ moisture content
and sent to Danial B. Stephens and Associates for a suite of hydrologic
analyses. There were 10 samples over the range of depths from 9" to 102",
with the 92' sample coincidentally coinciding with the horizon of the VPN at
this location. The location of borehole G-5 in Area G is shown in Fig.1, with
several other boreholes and sample locations to be discussed later. A



reference moisture profile in borehole G-5 is shown in Fig.3. The suite of
analyses on G-5 samples included: initial (in-situ) moisture content, dry bulk
density, calculated porosity, saturated hydraulic conductivity, specific surface
area, air permeability over a range of moisture content, particle density, and
moisture characteristics including pressure plate data, thermocouple
psychrometer data in the drier region, and vapor equilibrium points at the
dry end. The results were reported in [DBSA 95]. Co-located (adjacent)
borehole sleeve samples were collected in order to measure hydraulic
conductivity directly by the UFA method for comparisons at each location.

Subsequently, van Genuchten parameters [van Genuchten, 80] were
calculated for each sample [Rogers, et.al., 95] except at the 92' sample which
was reported to be cracked [DBSA 95]. However, the crack developed during
air permeability testing, apparently after the moisture characteristic data was
collected [Ankeny, 97]. Van Genuchten parameters for this sample were also
subsequently calculated [Springer, 97].

Much of the G-5 data and some analysis of the implied moisture flux
was presented previously [Rogers, et.al. 95] [Rogers, et.al. 96] and need not be
repeated here. Previously unreported data is described below in two areas in
order to increase the data base for Unit 2b propeties and to compare hydraulic
properties at the VPN (92' in G5) from characteristic curves and from UFA

measurements.

Hydraulic Conductivity by the UFA Method in Core Samples from G-5

Hydraulic conductivity was measured by the UFA method [Conca and
Wright, 92] in 10 core samples (at ~ 10 intervals) from G-5 as reported in
[Conka and Mockler, 95]. These samples were co-located with the samples
sent to DBSA as described above for comparisons at approximately the same
locations. The UFA unsaturated hydraulic conductivity results are shown in
Fig. 4 for the 10 borehole core samples in G-5. Note that the data in Fig.4 at 92'
is quite distinct with high moisture and low flow, characteristics more typical
of a clay-like material than the volcanic tuff at other elevations.

The UFA data at all locations was combined with the in-situ moisture
content by Conka and Mockler [95] to estimate a local recharge value
assuming unit gradient conditions. The result at each depth is shown in
Table I. In 3 out of 4 of the samples from the upper most elevations, the
recharge is in reasonable agreement, in the range of ~ 1-10 cm/yr in this
'near-surface' region. These values agree with flux estimates using the Darcy
flux analysis on the moisture profiles [Vold, 96A and Fig.14 in Vold, 1997B].
Below 50' depth, the UFA measurement suggests the recharge or flow rate is
negligible, less than the UFA minimum measureable flow of 3x10-4cm/yr.
Conka and Mockler's interpretation is that the moisture profile throughout
this region must be determined by vapor phase flow since the liquid phase
flow is negligible. This also agrees with the Darcy flux analyses throughout




the depths 55' to 80' (see Fig.16 in [Vold,1997B]) which show the vapor flux is
comparable to or exceeds the liquid flux at these depths in this borehole.

The UFA-measured hydraulic conductivity curves were compared to
van Genuchten conductivity curves derived from moisture characteristics
[DBSA, 95] in the co-located samples as discussed previously in two reports
[Rogers, et.al. 95] and [Turin, et.al., 95]. These comparisons found the samples
approximately evenly divided into three groups. In one group, the
conductivity comparisons were relatively good. In a second group,
comparisons were initially poor but could be improved to a relatively good
agreement by normalizing the saturation and saturated conductivity points
measured in each data set. The third group included sample comparisons
which were poor even after this renormalization of data. The discrepencies
were discussed primarily in the context of experimental differences and error.

The two methods are actually determining hydraulic conductivity
under different conditions, and should not necessarily agree. The
characteristic curves are determined from point measurements where the
samples are dried out allowing evaporation to play a dominant role in the
moisture balance of the sample. The UFA experiment measures only flow
under specific 'head' conditions simulated by the centrifugal force, in such a
way that does not allow any evaporation to enter in during the experimental
determination. The UFA device directly measures the unsaturated flow but it
" is accurate only if evaporation does not play a significant role in the in-situ
conditions. In our case, it is clear that vapor transport and evaporation are
important at least below 50' (in G5), and therefore at these locations the UFA
result cannot be accurate and the characteristic curve fit using the van
Genuchten Maulem model is the best available estimate of the flow
conditions where evaporation plays a significant role.

As noted previously, the data in Fig.4 at 92' is quite distinct with high
moisture and low flow, characteristics typical of a clay-like material. This
location is coincident with the Vapor Phase Notch in G5, and it is expected it
may have unique properties. The DBSA data at this location was previously
not analyzed, but it is re-examined here based on recent van Genuchten (vG)
fits [Springer, 97] to the DBSA data. Fig.5 shows matric potential data (hm)
from the core sample at 92' in G-5 (approximate location of the VPN), with
van Genuchten characteristic curves fit to the pressure plate (PP) data alone
and with the Thermocouple Psychrometer (TC) data. The fit to (PP&TC) data
does not change appreciably if the vapor equilibrium (VE) data points are
included. , .

It is expected that in the experimental conditions, the pressure plate
points represent conditions with negligible evaporation while the 'low-end
moisture points', seen in the thermocouple psychrometer data (TCP) and
vapor equilibrium data (VE) on the curves, are acheived by evaporation
drying of the samples. The pressure plate data is therefore taken under
conditions more consistent with the UFA data.

It should be expected then that hydraulic conductivity calculated from a
fit to the moisture characteristic points from the pressure plate data should be
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in better agreement with the UFA than with hydraulic conductivity from all
the moisture characteristic data which includes 'evaporation-dried’ data
points. The unsaturated hydraulic conductivity curves estimated with the
van Genuchten-Maulem model using the pressure plate data only and using
all the moisture characteristic data is compared to the UFA measurement in
Fig. 6. It is clear that the UFA and the pressure plate data fit are in good
agreement and indicate the flow characteristics one would expect near this
location if evaporation did not play a dominant role. Since the UFA data and
the Darcy flux analyses [Vold, 96A, Vold, 1997B] consistently agree this is not
true and that evaporation does play a significant role at these depths, the best
estimate of the hydraulic conductivity at this location is from the van
Genuchten-Mualem model, [van Genuchten, 80], [Mualem, 76] using the fit to
the data including the 'evaporation-dried' sample determinations.

New Hydraulic Properties for Area G Computational Modeling

New hydraulic properties for Area G computational modeling are
summarized in Table II. These values are recommended for subsequent
. unsaturated zone transport calculations related to the Area G Performance
Assessment or related characterization studies. These values supplement and
revise some of the previous values summarized in Krier, et.al [1995]. The
new data include mean and standard deviations of the principle modeling
parameters (van Genuchten parameters, etc.) for each of these sample groups:
the Vapor Phase Notch (VPN), basalts from beneath Mesita del Buey (Area G),
Tsankawi and Cerro-Toledo samples, surface soil samples from Area G, and a
broader data base for Unit 2b.  Variations (standard deviations) in the
properties can be used to quantitatively compute the variations in flow under
realistically varying conditions [Vold, 97C]. Data from each group is
summarized and discussed in greater detail in the following, and the original
data is included in a DBSA report [DBSA, 96].

Area G Surface Soil

Hydraulic properties measured on the 4 surface soil samples from Area
G are shown in Table III, with the sample locations shown in Fig. 2. The
samples were either on or off the top of an old disposal unit (DU) as indicated
in the table. In this small sample there were no big differences on or off the
DU, and all four samples showed similar characteristics. Generally, the
' results show this soil is clay-like and very different from the underlying tuff.
The saturated conductivity is about two orders of magnitude less than the tuff
and the unsaturated characteristics tend to increase this difference further at
lower moisture contents. '

This shows a very important point for modeling the near-surface
behaviour at Area G, that the thickness of the surface soil overlying the tuff is
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critical to the hydraulic properties and therefore to the net infiltration into
the mesa. Essentially, the near surface recharge rate may be controlled largely
by the thickness of soil over the tuff. The immense difference (orders of
magnitude) in infiltration by assuming tuff or by assuming soil at the surface
was illustrated previously [Vold and Eklund, 96]. This difference in
properties may also account in part for the wide variations observed in the
distribution of moisture in near-surface soil samples [Vold and Eklund, 96].
The Table III also compares van Genuchten parameters, N and o, for
different assumptions regarding the residual moisture content of the Area G
surface soil samples. Even for the soil, where the residual content is
significant (3-5%, volumetric content) if the residual content is evaluated as
an independent parameter, there is not a large change in N or o compared to
when the residual content is fixed at zero with some or all of the moisture
characteristic data points. :

Unit 2b Average Properties

The previous data base [Krier, et.al. 95] for hydraulic properties of Unit
2b (comprising the uppermost ~50' at Area G) included only 3 samples in
Unit 2b as used in the unsaturated zone computations of the Area G
Performance Assessment [Birdsell, et.al, 97]. Data from 5 of the samples in
the upper 50' from borehole G-5 (all in unit 2b) have been used to
supplement the previous data base. This revised 8 sample data base and
comparison to the previous values using 3 samples are summarized in Table
IV. Several parameter average values have changed. The standard
deviations were very small previously, apparently the result of samples
collected from a fairly homogeneous region, whereas now with the 8 sample
~ data set, the standard deviations of the parameters in this unit are the largest
for any of the stratigraphic units evaluated beneath Area G.

TsankaWi and Cerro-Toledo (T-CT)

Previously, the Tsankawi and the Cerro-Toledo layers were not clearly
distinquished in most borehole logs, and the limited hydraulic properties
were from 2 samples in a combined T-CT region. Recent borehole logging at
Area G [Marin, 96] allowed borehole samples to be distinquished between the
two layers and a limited number of samples (3 from CT and 2 from T) were
sent to DBSA for hydrologic characterization. These data are summarized by
sample and combined with the previous 2 samples to provide a 7 sample
average of the T-CT layers. Averages for each group separately are provided if
more detailed modeling is prefered to distinquish the two layers.

Both layers have small van Genuchten exponents, N, consistent with
increased moisture content and small moisture flux. The value of N=1.31 for
the Tsankawi layer is the smallest observed in any of the stratigraphic layers
beneath Area G and suggests this layer is the greatest barrier to vertical
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recharge and thus also a likely layer to support lateral moisture movement
from wetter zones (i.e., canyons or regions to the west of Area G). The other
parameters exhibit a relatively small difference between the T and CT layers.

Basalts

Samples from the basalt layers beneath Mesita del Buey near Area L
(0.25km west of Area G) were collected from the ER Project borehole 54-1015,
which is drilled in Canada del Buey and angled 22° to the south beneath
Mesita del Buey. These were analyzed at DBSA for the standard suite of
hydrologic properties [DBSA,96] to provide site-specific data for the basalts at
Los Alamos. The analyses were performed on relatively intact segments of
the basalt and show these coherent sections of basalt have very low
permeability and conductivity. However, the basalt is observed to be highly
heterogeneous with many large pores, fractures, and spaces throughout the
matrix, so that the properties of the intact matrix may not be relevant to the
moisture flux through this zone. These findings are consistent with
measurements on basalts at other locations, and also consistent with the
assumptions previously made in modeling the unsaturated flow through this
region [Birdsell, et.al,1997], that the flow is relatively rapid through the
macropores, and not directly related to the intact basalt hydrologic parameters.

Vapor Phase Notch (VPN)

The VPN is a thin layer near the interface of a vitrified tuff unit
(denoted 1a by Baltz or 1g by ER project nomenclature) and a devitrified tuff
units (1b or 1v or 1vc). The horizon is coincident with canyon floors at many
locations but not always. It is observed throughout the Pajarito plateau to be
associated with a moisture spike with a peak near 10-30% depending upon
location, and an average of about 17% for the boreholes at Area G. Darcy flux
analyses, based on in-situ moisture profiles and stratigraphic averaged
hydraulic properties, have shown a curious trend near the VPN with an
apparent moisture source at that horizon and with moisture moving in
liquid and vapor phases away from that plane at most boreholes at Area G
[Vold,96A, 96B, Vold, 97B]. Darcy flux analyses, based on in-situ moisture and
on the point-by-point hydraulic properties presented in this report, were
discussed recently [Vold, 97] and tend to agree that an apparent moisture
- source to the vertical recharge rate exists at the VPN horizon. The
magnitudes of local moisture flux are small (a few mm/yr) and comparable to
the magnitude of uncertainty in the analysis, thus it is only the trend
observed over many boreholes which suggests a real moisture source term.
When flux is averaged over regions both above and below the VPN the net
flux tends towards zero, consistent with a local source and flux in both
directions.

One interpretation of the data is that the VPN has unique properties
and the moisture spike is attributable to these property variations with a
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negligibly small flux through the region. However, a large variation in
properties usually drives a variation in hydrologic flows and so there is
probably a small moisture source at the VPN associated with lateral moisture
movement, with transients, or other moisture sources, perhaps from the
fracture network. Thus, it is likely that both interpretations of the data
through the VPN profiles are contributing to the situation. The moisture
spike is in part attributable to property variations and in part attributable to a.
local moisture source which is in turn probably related to the variations in
the vertical profiles.

Average properties for the VPN (included in the summary Table II)
were derived from data in vertical profiles through the Vapor Phase Notch
(VPN) at 4 locations including boreholes G-5, 1107 and 1121 at Area G and one
mesa edge near surface sample from Mortendad Canyon. In obtaining the
VPN average properties, the VPN was assumed to be characterized by one
data point closest to the VPN horizon from each of the profiles described in
the following. Based on the sample spacing, a consistent vertical extent for
the VPN is then about 5-10". The 3 locations at Area G including boreholes G-
5, 1107 and 1121 were identified in Fig.1, and the samples were taken from
boreholes during drilling. Samples from Mortendad Canyon were collected at
a location where the VPN is visibly apparent on the side of the mesa [D.
Broxton, 1996, personal communication]. This allowed samples to be related
to elevation with respect to the observed VPN. Samples were collected by
chipping off tuff from the mesa edge and analysed so that the 'in-situ interior
side' of the sample was represented. Data from each of these profiles are
discussed in the following. '

Figures 7 to 14 show the profiles of hydraulic parameters measured or
calculated on core samples traversing the Vapor Phase Notch (VPN). Results
from different profiles are combined in each figure by 'normalizing the depth
of the VPN!' to be at 100' in each profile. The actual depth of the VPN is
estimated from borehole log data [Marin, 96] and from the location of the
moisture spike in the borehole profiles [Vold, 97A]. It will be seen that the
data indicates the estimated depth of the VPN is uncertain by a few feet, and
probably in error by that much in the figures.

Figure 7 shows profiles verses depth of saturated hydraulic
conductivity, Ksat, measured on core samples traversing the vapor phase
notch (VPN). This includes values from the 4 profiles described above, and
from a fifth profile measured by Conka on the second set of G-5 samples
[Conka and Mockler, 95]. Two of the 5 profiles show an apparent trend
towards a local minimum at the VPN, while the other 3 profiles show no
apparent trend. Overall, the average of the values from the samples at 100’
(our estimated VPN location) is significantly less than the average of the
values from the surrounding tuff in the layers above or below the VPN
horizon. :

Figure 8 shows profiles verses depth of the van Genuchten parameter,
o, (labelled vGa) as fit to characteristic data measured on core samples
traversing the vapor phase notch (VPN). The spike at 99' in the 1107 sample
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is assumed to be an outlier and the value at 101' was used in evaluating the
average VPN value. There is no apparent trend in the profiles. ‘

Figure 9 shows profiles verses depth of the van Genuchten parameter,
N, (labelled vGn) as fit to characteristic data measured on core samples
traversing the vapor phase notch (VPN). Each profile shows a trend with a
minimum value at one sample point near the 100" estimate of the VPN
horizon. The minimum value in each profile was assumed to be at the VPN
and used to obtain the VPN average. This would tend to be a minimum for
the estimate in the VPN average. Asa low estimate, this will tend to increase
moisture and reduce recharge rate from the actual field conditions when used
in computations. These profiles provide an estimate of the vertical extent of
the VPN, seen in the figure to be about 5-10'.

Profiles of specific surface area measured on core samples traversing
the vapor phase notch (VPN) verses depth, are seen in Fig. 10 from two
boreholes. This parameter shows the clearest trend with depth, with a local
maximum near the estimated depth of the VPN. This correlates well with
the moisture spike seen in the profiles of each of these boreholes [Vold, 97A].
The peak width is about 7' consistent with the VPN width estimated above.

A problem for computational modeling is that the specific surface area
is not directly used in determining the hydraulic flow properties in the van
Genuchten-Mualem model, and so this profile is not directly relevant to
computational modeling results of flow through the VPN. It is suggested that
the empirical van Genuchten parameter, N, incorporates the physics
associated with the specific surface area, and so the effects of the obvious
profile in surface area are incorporated into the modeling effort through the

more subtle profile variations observed in the van Genuchten parameter, N.

' Profiles of saturation moisture content measured on core samples
traversing the vapor phase notch (VPN), verses depth are seen in Fig. 11.
There is no apparent trend near the VPN and the mean values are similar to
that in the nearby tuff. Figure 12 shows profiles of bulk density verses depth
measured on 4 sets of samples traversing the vapor phase notch (VPN). Two
‘profiles (MC and 1107) show an apparent trend with a local minimum in bulk
density near the VPN, while the other two profiles suggest no significant
trend. This physical parameter also has no direct input to determining the
van Genuchten model parameters but is presumably implicitly folded in to
the parameter results. ,

Profiles in Fig. 13 of air permeability verses depth at the in-situ
moisture content measured on core samples traversing the VPN in two
boreholes (1107 and 1121) are inconclusive for trends. Profiles in Fig. 14
[discussed originally in Vold, 96B] over the whole borehole depth for
borehole G-5 compares in-situ air permeability to core sample air
permeability. The in-situ data was measured with a packer-isolation air
injection system by W. Lowry, et.al., SEA, Inc [SEA, 95]. The core sample data
is from Daniel B. Stephens and Associates [DBSA, 95].

The in-situ permeability values are larger at every location by a factor
of 3-10 over the core sample values. This may reflect experimental technique
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~differences but probably reflects a real difference in the in-situ values

effectively integrating over a volume which includes fractures or other large
macropores excluded from the core sample measurement. These issues were
discussed in greater detail previously [Vold, 96C] in relation to a model for
‘enhanced’ vapor diffusion through the fractured matrix, based on analyses of
local pressure fluctuations [Vold, 96D]. Each of the profiles in Fig.14 shows a
large increase near the VPN, at ~92' (or 28m). This is consistent with the
profiles for specific surface area seen in Fig. 10, and supports the view that the
VPN is a horizon with unique properties. Large air permeability indicates the
potential for significant vapor phase contributions to the moisture flux in this
region, in agreement with the UFA data discussed previously and the Darcy
flux analyses [Vold, 96A and Vold 97B]. Large permeabilities at this horizon
could also indicate a tight coupling at this location to the fracture network
which exists throughout the mesa subsurface. This could act as a moisture
source to the matrix during moisture transients in the fractures and as a
moisture sink during the drying phase between near-surface moisture
transients. It remains to be demonstrated whether surface moisture
transients can penetrate to this depth through the fractures.

Conclusions

Data which has been collected by Waste Management for the
hydrologic characterization of the subsurface at Area G are reported and
discussed briefly. This data can be used in future environmental transport
modeling efforts concerning Area G and can be used in support of the
maintenance plan for the Area G Performance Assessment.

The data includes measurements of the unsaturated conductivity for
samples from borehole G-5 using the Unsaturated Flow Apparatus. Analysis
compares these values to the predictions from van Genuchten parameter fits
using characteristic moisture and saturated conductivity data. A detailed
comparison at the VPN location has implications for transport that in this
region, vapor flux is a dominant moisture flux mechanism and therefore the
UFA cannot give a result which is directly relevant to the field conditions.
The best estimate for flux at the very dry end is from the van Genuchten-
Mualem model. :

Data also include hydrologic characterization of samples from borehole
G-5, Area G surface soils, Los Alamos specific (Cerros de Rio) basalts,
Tsankawi and Cerro-Toledo layers, the Vapor Phase Notch (VPN), and
additional new samples from the uppermost tuff layer at Area G. Area G
surface soils have hydraulic conductivies which are about two orders of
magnitude less than that for the tuff under typical moisture conditions, and
therefore the cover thickness of this soil, which varies from none to a few feet
at Area G locations, will critically determine the surface infiltration rate,
which in turn serves as the driving boundary condition for the deeper
recharge rate. The data reported here from the basalts, Tsankawi, and Cerro-
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Toledo are among the first available for these units at Los Alamos. The new
data from the uppermost tuff layer at Area G revises the previous data base
[Krier, et.al., 95] in small but significant changes to the computational
transport model parameters. Average values representing the Vapor Phase
Notch are estimated for the first time from data taken on vertical profiles
through the VPN horizon. These profiles show significant variations at the
VPN primarily in air permeability, specific surface area, and to a lesser extent
in the saturated conductivity. These variations in profiles at the VPN for
several physical parameters are reflected in a significant profile variation in
the computational model parameter, the van Genuchten exponent, N.

The averages and the variations in hydraulic properties from these
sample groups can be used in the future to improve the accuracy and reduce
the uncertainty in computational modeling of the unsaturated transport at
Area G.
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Tables

Table I v
UFA recharge estimates [Conka and Wonkler,1995] in borehole G-5.
depth -ft- recharge -cm/yr-
9.5 15
21 << 3x 104
32 0.19-15*
42 022-12*%
52 | << 3x 104
60 o << 3x 104
70.5 << 3x 104
82 << 3x 104
92 << 3x 104
102 ' ~3x 104

* the range indicates the uncertainty in the in-situ moisture content
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Fig.1 Area G facilities map showing locations of boreholes discussed in this
report.
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 Fig.2 Area G facilities map showing locations of the four surface soil samples
discussed in this report.
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Fig. 4 Hydraulic conductivity data from the 10 borehole core samples in G-5
measured by UFA - Unsaturated Flow Apparatus [Conka and Wonkler, 1995].
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Fig. 5 Matric potential data (hm) from the core sample at 92' in G-5
(approximate location of the VPN), with van Genuchten characteristic curves
fit to the pressure plate (PP) data alone and including the Thermocouple
Psychrometer (TC) data.
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potential data as shown in Fig. 5, for the pressure plate (PP) only data and for
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Fig. 9 Profiles verses depth of the van Genuchten parameter, N, (labelled
vGn) as fit to characteristic data measured on core samples traversing the
vapor phase notch (VPN). The depth of the VPN is normalized to be at
approximately 100" in each of the boreholes.
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Fig. 10 Profiles verses depth of specific surface area measured on core samples
traversing the vapor phase notch (VPN), with the depth of the VPN
normalized to be at approximately 100" in each of the boreholes.
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Fig. 11 Profiles verses depth of saturation moisture content measured on core
samples traversing the vapor phase notch (VPN), with the depth of the VPN
normalized to be at approximately 100" in each of the boreholes.
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Fig. 12 Profiles verses depth of bulk density measured on core samples

traversing the vapor phase notch (VPN), with the depth of the VPN
normalized to be at approximately 100" in each of the boreholes.
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Fig. 11 Profiles verses depth of saturation moisture content measured on core
samples traversing the vapor phase notch (VPN), with the depth of the VPN
normalized to be at approximately 100" in each of the boreholes.
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Fig. 12 Profiles verses depth of bulk density measured on core samples
traversing the vapor phase notch (VPN), with the depth of the VPN
normalized to be at approximately 100" in each of the boreholes.
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s depth of air permeability at the in-situ moisture
content measured on core samples traversing the vapor phase notch (VPN.
The depth of the VPN is normalized to be at approximately 100" in each of the

boreholes.
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Fig. 14 Profiles verses depth of in-
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situ air permeability (data from [SEA, 96])

compared to core sample air permeability (data from [DBSA, 95]) for borehole
G-5. Fig. from [Vold,96B]
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