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ABSTRACT

The Three-Dimensional Structural Model of the Amargosa Desert (Version 1.0) was developed
by the Center for Nuclear Waste Regulatory Analyses (CNWRA) as a conceptual framework
for analysis of groundwater flow in the vicinity of the potential high-level radioactive waste
repository at Yucca Mountain, Nevada (Sims, et al., 1999).  Although the model is identified as
a structural model, it  is more accurately described as a hydrogeologic framework model in that
the layers reflect hydrogeologic units and the model was developed for use in hydrogeologic
process modeling.  Therefore, the model will hereafter be referred to as a hydrogeologic rather
than a structural model.  To incorporate newly published data and continuously provide support
to independent review of the site-scale, saturated zone flow model developed by the
U.S. Department of Energy (DOE), Version 2.0 of the three-dimensional hydrogeologic model is
developed.  This report documents major updates and improvements made in Version 2.0. 

New data incorporated into Version 2.0 of the three-dimensional hydrogeologic model include
published geologic maps (Potter, et al., 2002; Slate, et al., 2000) and borehole data collected
from Nye County Early Warning Drilling Program (Nye County Nuclear Waste Repository
Project Office, 2006).  A main focus in this update was to better delineate the transition from the
volcanic tuff aquifers to the valley-fill alluvium aquifer, which was poorly characterized previously
because of data limitations.  A basis was established for modeling the tuff-alluvium contact at
depth where borehole data are lacking, based on borehole data showing a linear relationship
between alluvium thickness and distance to the closest surface trace of the tuff-alluvium
contact.  The tuff-alluvium contact surface trace was improved by developing and applying a
new method to ensure that the surface trace of the contact matches the input map data within
the resolution of the model.  Although the tuff-alluvium contact closely honors surface geologic
map and borehole data, at depth the modeled surface is highly uncertain, especially in areas
that are far from surface data or borehole data.  In areas far from data locations, alluvium
thickness was estimated solely based on distance from the closest surface exposure of the
tuff-alluvium contact.  Since the tuff-alluvium contact is an erosional surface, changes to its
three-dimensional shape in the model affect other horizon surfaces as well.  Although all
hydrostratigraphic units were affected by changes to the tuff-alluvium contact, differences are
predominantly located in the upper-most horizons.  The fault system and the order and number
of model horizons were not modified in this update.  This model was constructed to be used in
independent reviews of the DOE site-scale saturated zone flow models.  Development of the
original model and this update has allowed identification of uncertainties in this and in similar
models used by DOE.
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1 INTRODUCTION

1.1 Purpose

Yucca Mountain, Nevada, was proposed by the U.S. Department of Energy (DOE) as a
potential geologic repository for disposal of high-level radioactive waste.  Performance of this
potential repository would rely on a number of engineered and natural barriers to meet
regulatory requirements.  For the basecase scenario, the saturated zone beneath Yucca
Mountain is considered the primary pathway through which most radionuclides might migrate
away from the repository (Bechtel SAIC Company, LLC, 2004a).  However, the saturated zone
is also expected to act as a natural barrier to delay radionuclide transport and dilute
radionuclide concentrations before contaminated groundwater reaches the accessible
environment.  As part of the total system performance assessment of the potential repository,
DOE must assess the potential risks to the reasonably maximally exposed individual through
appropriate site-scale flow and transport models and demonstrate that the groundwater
protection standards established by the U.S. Environmental Protection Agency and
implemented by the U.S. Nuclear Regulatory Commission (NRC) are met.

Understanding of features, events, and processes inherent in the saturated zone system
beneath the Yucca Mountain region is needed to predict potential radionuclide transport away
from the repository.  Technical challenges of site-scale flow modeling include, but are not limited
to, characterizing flow paths through fractured volcanic rocks and valley-fill aquifers, and
understanding the impacts of perched water bodies, large hydraulic gradients, structural
features, and water-table rise on these potential flow paths (Bechtel SAIC Company, LLC,
2004a). 

To provide a conceptual model of the geometric extent of the hydrogeologic units at Yucca
Mountain and support the development of site-scale saturated zone flow model, a 19-unit
hydrogeologic framework model designated HFM–19 was developed by DOE between 1990
and 2000.  The basic hypothesis underlying HFM–19 is hydrogeologic units at Yucca Mountain
form a series of alternating volcanic aquifers and confining units above the regional carbonate
aquifer (Bechtel SAIC Company, LLC, 2004b).  HFM–19 covers a 45 by 30 km [28.0 by 18.6 mi]
area centered at Yucca Mountain.  The top of HFM–19 is truncated by an interpreted
potentiometric surface and the bottom of HFM–19 extends about 2.8 km [1.7 mi] below that
surface.  The HFM–19 grid consists of a rectangular array of cells that have a 125 m [410 ft]
uniform spacing in the lateral direction and vary in the vertical direction.  Although the 125-m
[410-ft] grid resolution was deemed to be sufficient for the 500-m [1,640-ft] grid spacing
site-scale flow model (Bechtel SAIC Company, LLC, 2004b), the grid resolution can be affected
by (i) data limitations; (ii) uncertainties in the geologic maps, borehole data, and geologic
cross-sections that were used to build the framework; and (iii) the inherent difficulty of using an
orthogonal grid that is uniform in the lateral, but not vertical, dimensions to represent complex
geologic features, such as faults. 

Faults and fractures strongly influence hydraulic conductivity and flow in fractured aquifers and
reservoirs (Ferrill, et al., 1999).  Faults cause offset and juxtaposition of strata, controlling
hydrologic flow between fault blocks and typically contributing to aquifer thinning in a normal
faulting regime (Ferrill, et al., 2000).  The abundance and distribution of faults and fractures also
leads to anisotropic transmissivity in aquifers (Ferrill, et al., 1999).  Fault zone deformation can
be a barrier to across-fault flow, as well as a conduit for along-fault flow.  Faults favorably
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oriented for slip in the ambient stress field tend to be the most active groundwater flow
pathways (Barton, et al., 1995; Finkbeiner, et al., 1997), due to increased small-scale fracturing
and faulting in the vicinity of larger faults on the verge of shear failure.  Faults optimally oriented
for dilation in the ambient stress field also affect transmissivity by increasing porosity along the
fault plane (Ferrill, et al., 1999).  The Solitario Canyon, Crater Flat, Windy Wash, and Bare
Mountain faults were identified as major faults in the site-scale model region (Bechtel SAIC
Company, LLC, 2004b) and were represented as individual vertical fault planes.  The hydraulic
properties of these vertical faults, as well as all other geologic units, were calibrated in the
site-scale flow model using water level measurements and boundary fluxes inferred from the
Death Valley Regional Flow System model (Bechtel SAIC Company, LLC, 2004a). 

Although it was claimed that HFM–19 was not intended for representing precise geologic unit
locations (Bechtel SAIC Company, LLC, 2004b), better representation of the geology will
certainly lead to better delineation of flow paths.  Gable (2000) compared different gridding
techniques using the Los Alamos Grid Toolkit (the tool used for developing computational grid
used in the site-scale saturated zone flow model) and showed that the best results were
obtained when an unstructured grid was used and when the grid resolution was adapted to the
geometry of the stratigraphy.  Conversely, Gable (2000) demonstrated that the structured
rectangular grid failed to represent thin stratigraphic layers and small geologic features that
might be important for flow path characterization.  Because the primary unit for groundwater
flow is comprised of the Crater Flat Group (including the Prow Pass, Bullfrog and Tram units), it
may be more accurate to grid these high-flow units using high-density grids to better capture
flow paths, while lowering the grid resolution in units that are less important to flow
characterization.  In addition, new data should be incorporated into the model to reduce
uncertainty in the hydrogeologic framework model.

An important consideration in understanding the Yucca Mountain saturated zone flow system is
the transition from the fractured tuff aquifers immediately beneath and down gradient from
Yucca Mountain, to the alluvial aquifer from which groundwater discharges in the Amargosa
Valley (Bechtel SAIC Company, LLC, 2004b).  Although a single-continuum approach is being
used by DOE for modeling the site-scale, saturated zone system, the distinction between tuff
and alluvium was made based on the DOE conceptualization of flow and transport processes in
the two different types of aquifers, with the volcanic tuff aquifers being conceptualized as dual
continua and the valley-fill alluvium aquifer conceptualized as a single continuum.  Valley-fill
alluvium is estimated to have much lower groundwater velocities, and therefore longer
radionuclide residence times, while the fractured tuff has high velocities and a shorter
radionuclide residence time, for the same flow path length.  Matrix diffusion in the tuffs and
sorption in the alluvium are considered important mechanisms for retarding radionuclide
transport (Bechtel SAIC Company, LLC, 2004a).  

The length of the saturated alluvium transport path is of medium significance to waste isolation
and is mainly affected by the prevailing hydraulic gradient, the anisotropic permeability of the
volcanic tuff flow system, and the extent of the alluvial aquifer (Bechtel SAIC Company, LLC,
2004c).  Channelization within the alluvium can lead to fast flow paths, but this aspect of the
flow system is not explicitly represented in the site-scale flow model because the alluvial aquifer
is treated as a homogeneous unit.  More discussion on this issue can be found in a recent
report by Sun, et al. (2006).
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Because of limited characterization of the tuff-alluvium transition in HFM–19, an alluvium
uncertainty zone was designated by DOE to allow the saturated zone abstraction model to
assess the effect of tuff-alluvium contact uncertainty on flow paths (Bechtel SAIC Company,
LLC, 2004c).  The permeability of the alluvium uncertainty zone was obtained through model
calibration.  Since the completion of HFM–19, significant new geologic and hydrologic data have
been made available through the Nye County Early Warning Drilling Program.  These new data
have reduced previous uncertainties in the location of the tuff-alluvium contact south of the
repository site.  A number of Nye County Early Warning Drilling Program wells have been
drilled into the valley-fill alluvial aquifer, better delineating the character, thickness and lateral
extent of the alluvial aquifer.  To assess the impact of new information, DOE developed an
alternative 27-unit hydrogeologic framework model, designated as HFM–27 (Bechtel SAIC
Company, LLC, 2004b). 

Compared with the HFM–19 model, major revisions in the HFM–27 model include changes to
the depth and extent of the alluvial layer and more continuity to the Crater Flat units north and
west of Yucca Mountain (Figure 1-1).  The alluvium uncertainty zone is revised based on logs
from Nye County Well NC–EWDP–19D and the alluvial aquifer is extended farther north.  The
lower Fortymile Wash zone, representing a distinct subzone of the alluvial aquifer that is
characterized by a higher proportion of gravels in the southern-most portion of Fortymile Wash,
is inserted into the model to achieve better calibration with the hydrologic data.  The Yucca
Mountain block remains comprised of the Crater Flat group:  Prow Pass, Bullfrog, and Tram
units.  The Crater Flat units are more continuous to the north and west of Yucca Mountain in
HFM–27 than in  HFM–19.  Because the Crater Flat group has relatively high permeability, the
new representation may provide a high-permeability flow path at the water table beneath Yucca
Mountain that was not present in the earlier model (Bechtel SAIC Company, LLC, 2004b). 
HFM–27 is also reported to significantly reduce the gridding effects seen in the HFM–19,
especially in the Crater Flat Group. 

Alternate flow modeling using HFM–27 (Bechtel SAIC Company, LLC, 2004b) shows that

• Hydraulic heads obtained by the alternative flow models are generally consistent with
the basecase, site-scale flow model.

• Specific discharge values are lower {0.459–0.653 m/yr [1.506–2.142 ft/yr]} in the
alternate models than in the basecase flow model {1.3 m/yr [4.27 ft/yr]}. 

• Flow paths are more north/south with less east/west deviation in the alternate site-scale
flow models than in the basecase model and thus the path length is shorter between the
repository and the 18-km [11-m] compliance boundary.

 
• Flow paths are insensitive to the range of boundary fluxes used.

DOE concludes that the basecase model yields conservative results for total system
performance assessment and is an appropriate model to be used in Total System Performance
Assessment–License Application (Bechtel SAIC Company, LLC, 2004b) calculations.

To help review the DOE saturated zone modeling analyses and gain insights of the saturated
zone system beneath Yucca Mountain, it is important for NRC to have the capability to perform
independent analysis of flow and transport processes in the saturated zone.   Previously,
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Sims, et al. (1999) constructed an independent three-dimensional structural model (Version 1.0)
of the Yucca Mountain area.  Version 1.0 contained 15 faults and 6 hydrostratigraphic layers
based on published data, including borehole data, surface geologic maps, interpreted cross
sections, and seismic and geophysical data (Sims, et al., 1999).  Model stratigraphy was
adapted from the saturated zone hydrogeologic units of Luckey, et al. (1996).  Version 1.0
served as basis of independent flow and transport modeling conducted by Center for Nuclear
Waste Regulatory Analyses (CNWRA) staff (Winterle, 2003; Farrell, et al, 2005).

Since construction of Version 1.0, new data and interpretations have been acquired. 
Incorporation of the new information into the CNWRA independent models is necessary to
reduce uncertainties associated with the original model.  This report describes Version 2.0 of
the three-dimensional hydrogeologic model.  New or updated data incorporated into Version 2.0
includes topographic data, published geologic maps, and borehole data, including data from the
Nye County Early Warning Drilling Program through Phase V.

This report is organized as follows:  

• Chapter 2 describes the model inputs.
• Chapter 3 discusses methodologies used in Version 2.0.
• Chapter 4 summarizes this work and provides plans for future work.
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Figure 1-1.  Comparison of the Hydrogeology at the Water Table in Saturated Zone Site-Scale Flow Grids Using
(a) HFM–19 and (b) HFM–27.  Taken From Figure 6-5 in Bechtel SAIC Company, LLC (2004b).  Projection is Universal

Transverse Mercator, Zone 11, NAD 27.  Units are meters (0.3048 m = 1 ft).
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2  MODEL INPUTS

Boundaries of the three-dimensional hydrogeologic model (Version 2.0) of the Amargosa
Desert, types of data used in development of the model, and characteristics of the model are
discussed in this section.

2.1 Scope

Because of the importance of the tuff-alluvium contact to postclosure performance from a
risk-significant perspective, the goals of this update (Version 2.0) were focused on improving
and analyzing the three-dimensional geometric representation of the tuff-alluvium contact.  The
goals of this update were to incorporate into the model a new tuff-alluvium contact that is
(i) consistent with surface geologic map data, (ii) consistent with currently available borehole
data, and (iii) geologically reasonable (i.e., the location and shape of the tuff-alluvium contact
generally conform with well-accepted depositional and structural models of the Lower Fortymile
Wash area).

2.2 Model Boundaries, Projection, Datum, and Resolution

Model coordinates use the Universal Transverse Mercator projection, Zone 11, North American
Datum 1983.  Easting, northing, and elevation units are expressed in meters.  As with Version
1.0, the model boundaries were selected such that the effect of key hydrogeologic features on
the performance of the saturated zone could be evaluated.  The boundaries of the model are
shown in Table 1 and Figure 2-1.  Horizontal grid cells are 300 by 300 m [984 by 984 ft] wide, as
in Version 1.0, except the tuff-alluvium contact and the topographic surface, which have grid
cells 100 by 100 m [328 by 328 ft] wide.  The topographic surface, which defines the top surface
of the model, is described in Section 2.5.  The EarthVision® (Dynamic Graphics, 2002) vertical 

Table 2-1.  Model Boundary 
Minimum (m)* Maximum (m)*

Easting 535,000 563,200
Northing 4,044,000 4,090,000
Elevation above sea level !4,000 Topographic surface
*0.30 m = 1 ft

accuracy parameter of the model was set to 1 m [3 ft], which is not the same as the accuracy of
geologic interpretations inherent in the model.  Instead, EarthVision software uses the input
parameter to control the number of polygons generated to represent a surface by setting how
far (in the vertical dimension) the polygons can deviate from the original surface.

2.3 Faults and Hydrostratigraphic Units

Faults were not changed from Version 1.0 to Version 2.0.  Faults are highly generalized and
include only large-scale faults.  Small faults were combined into single throughgoing surfaces
for model simplification.  Model layers are based on the hydrogeologic units of Luckey, et al.
(1996) and are the same as in Version 1.0.  The CNWRA site-scale flow model explicitly
includes 19 hydrostratigraphic and structural material types based on the 18 features identified
in the CNWRA independent hydrogeologic framework model for the Amargosa region (Sims, et
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al., 1999).  Note that the caldera zone from the framework model is split into two material types
for the flow model—hence— the difference in the number of features.  Model stratigraphy and
the corresponding units in HFM–19 (Bechtel SAIC Company, LLC, 2004b) are shown in Table
2-2 for reference.  Waiting, et al. (2006) shows more detailed and extensive correlations.  DOE
is revising its models because of new data, albeit data and information are not yet publicly
available (Al-Aziz, et al., 2006).

2.4 Model Workflow

The workflow for the three-dimensional hydrogeologic model generally follows that outlined by
Waiting, et al. (2003).  Key steps in the process include selection of the location and scale of the
model, selection of software, selection of map projection, selection of horizontal datum and
vertical units, assembly of data, data preparation, model preparation, and model generation. 
The last three steps are an iterative process.  As new data are incorporated into the model,
inconsistencies with the previous model can become apparent and warrant reassessment of
data, including determining the accuracy of data and evaluating how model assumptions might
affect the model.

2.5 Topographic Data

Topographic data encompassing the model area were obtained from the National Elevation
Database (1999).  The National Elevation Database tiles are 1° × 1° area tiles of the United
States stored as Arc/Info grids.  A digital grid ranging from !117° to !116° longitude and 36° to
37° latitude, with a horizontal spatial resolution of 1 arc-second or ~30 m [~98 ft], was the data
source for topography in this version of the model. 

Table 2-2.  Model Stratigraphy
CNWRA* Model Layers HFM–19 Model Layers Lithologic Units

Alluvium Valley-fill aquifer
Valley-fill confining unit
Limestone aquifer
Lava-flow aquifer

Alluvium, colluvium,
basalts, and spring
deposits

Timber paintbrush Upper volcanic aquifer Timber Mountain and
Paintbrush groups

Calico Upper volcanic confining unit Calico Hills formation
Crater flat Lower volcanic aquifer—Prow Pass Tuff

Lower volcanic aquifer—Bullfrog Pass Tuff
Lower volcanic aquifer—Tram Pass Tuff
Lower volcanic confining unit
Older volcanic aquifer
Older volcanic confining unit

Crater Flat group

Tertiary sedimentary Undifferentiated valley-fill Tertiary sedimentary
units

Paleozoic Upper carbonate aquifer
Upper clastic confining unit
Granitic confining unit
Upper clastic confining unit
Lower carbonate aquifer
Lower clastic confining unit

Paleozoic rocks

*CNWRA — Center for Nuclear Waste Regulatory Analyses.  See Waiting, et al. (2006) for other correlations.
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This lateral resolution is an order of magnitude greater than that of the model, and is therefore
sufficient to meet the needs of this hydrogeologic model.  

2.6 Borehole Data

Figure 2-2 shows geographic locations of borehole data sources used in Version 2.0 of the
three-dimensional hydrogeologic model.  Alluvium thickness data were compiled from P51
workbooks (Buesch and Spengler, 2000; Spengler, 2000, 2001 ), GFM3.1 (CRWMS M&O,
2000) and GFM2000 (Bechtel SAIC Company, LLC, 2004d) borehole data, the Felderhoff Wells
(Carr, et al., 1995), and the Nye County Early Warning Drilling Program (Nye County Nuclear
Waste Repository Project Office, 2006; Spengler, et al., 2006).  Data for several boreholes
occurred in multiple data sources.  In particular, for many boreholes, lithostratigraphic contacts
were present in the P51 workbooks, GFM3.1, and GFM2000.  When borehole lithostratigraphic
contacts  occurred in more than one of these three data sources, only one data source was
used, with the highest priority given to GFM2000, followed by P51 workbooks.  GFM3.1 data
were only used for one borehole, NRG#2, which was not present in either the GFM2000
borehole data or the P51 workbooks.  Because the purpose of the Nye County Early Warning
Drilling Program is to establish a groundwater monitoring system and to characterize the
groundwater system, in many cases several boreholes are located in the same vicinity (e.g.,
injection well 22PA and pumping wells 22SA and 22PB).  Given the scale of this model, it was
not necessary to include details within these clusters.  Instead, where multiple boreholes were
drilled within a small area, only data from one borehole (e.g., the deepest of the boreholes or a
representative borehole) were included in the model.  The final alluvium thickness data used or
considered in the model are shown in the Appendix.

2.7 Surface Geologic Maps

Geologic surface maps used in the model include Potter, et al. (2002) and Slate, et al. (2000)
(Figure 2-3).  Both maps are available from the U.S. Geological Survey in digital format and
incorporate data from previously published geologic maps.  Potter, et al. (2002) was selected
because it encompasses a majority of the model area, and has sufficient resolution to meet the
needs of this project.  In addition, Slate, et al., (2000), was used to identify the surface geology
in the southern part of the model and in a buffer area surrounding the model area.  Geologic
data in this buffer area were considered in order to create a model that is realistic at its edges. 
Stratigraphic units from Potter, et al. (2002) and Slate, et al. (2000) were grouped into the six
hydrostratigraphic units (Paleozoic, Tertiary sedimentary, Crater flat, Calico, Timber paintbrush,
and Alluvium) used in Version 2.0 of the three-dimensional hydrogeologic model of the
Amargosa desert.  Figure 2-3 shows the resulting surface map of Version 2.0 hydrostratigraphic
units and depicts the extent of each data source used as input into this model update.  Bedrock
units (Paleozoic, Tertiary sedimentary, Crater flat, Calico, and Timber paintbrush) were further
merged into one unit, and the boundary of that bedrock unit was extracted as a line defining
the tuff-alluvium contact surface trace (Figure 3-1) that was used as input data for the
three-dimensional hydrogeologic model.
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Figure 2-1.  Three-Dimensional Hydrogeologic Model of the Amargosa Desert Version
2.0 Model Boundary (Black Box) and GFM3.1 Boundary (Blue Box).  Background Is a

Landsat Image.  Landsat Imagery Courtesy Of NASA Goddard Space Flight Center and
U.S. Geological Survey Center For Earth Resources Observations and Science. 

Projection Is Universal Transverse Mercator, Zone 11, NAD 83.  Units Are Meters 
(0.3048 m = 1 ft).    
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Figure 2-2.  Geographic Locations of Data Sources Used in Version 2.0 of the Three-
Dimensional Hydrogeologic Model of the Amargosa Desert.  Background Is a Landsat
Image.  Model Boundary Is Shown in Figure 1-1.  Projection is Universal Transverse

Mercator, Zone 11, NAD 83.  Units Are Meters (0.3048 m = 1 ft).
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Figure 2-3.  Surface Geology Maps of the Model Area and Surroundings With Geologic
Units Grouped into the Hydrostratigraphic Units Used in the Model (Potter, et al., 2002;
Slate, et al., 2000).  Geology within the dashed line is from Potter, et al., 2002.  Geology

Outside of the Dashed Line Is From Slate et al., 2000.  Projection Is Universal
Transverse Mercator, Zone 11, NAD 83.  Units Are Meters (0.3048 m = 1 ft).
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3  DISCUSSION

The only horizons regridded for Version 2.0 of the model are the tuff-alluvium contact and the
topographic surface.  In order to improve the tuff-alluvium contact surface trace, the grid node
spacing of the unconformity and alluvium horizons was decreased from 300 m [984 ft] to 100 m
[328 ft].  For comparison, HFM–19 has grid cells of 125 × 125 m [410 × 410 ft] (Bechtel SAIC
Company, LLC, 2004b).  The top surface of the alluvium was defined by the digital elevation
model, and the tuff-alluvium contact was defined by combining (i) the topographic surface where
bedrock is exposed at the surface and (ii) the tuff-alluvium contact at depth where the contact
was encountered in drill holes.  The tuff-alluvium contact at depth was initially defined by
borehole data.  Using surface exposure and borehole data alone for the tuff-alluvium contact
resulted in several problems in constructing the model.  First, the minimum tension gridding
algorithm used by EarthVision led to interpolated points that in some cases were above alluvium
surface exposure.  Second, the contact was not always geologically reasonable.  For example,
because of the high number of tuff-alluvium contact surface data compared to borehole data
points, the EarthVision minimum tension gridding algorithm produced grids that mainly reflected
the relatively shallow surface data elevations of the tuff-alluvium contact, with deeper elevations
at borehole locations reflected only in small areas surrounding each borehole. Therefore, a
standard procedure in EarthVision is to add control points (i.e., points based on the modeler’s
geologic interpretation) to input scattered data files until the surface appears as desired.  

Control points were added to the tuff-alluvium contact elevation data file in locations where the
tuff-alluvium contact erroneously overlaid the alluvium surface and where borehole data
were sparse.  Normally, these are added manually using the three-dimensional viewer.  In order
to make the process of adding control points as efficient as possible, an alternative technique
was developed.  Regression analysis was used to find a relationship between alluvium
thicknesses obtained from borehole data and known surface data features (values tested
included easting, northing, and elevation of borehole; easting, northing, and elevation of closest
surface exposure of tuff alluvium contact; slope of alluvium surface at well; slope of closest
surface exposure of bedrock) and gravity and aeromagnetic data.  Of these, the strongest
correlation was between alluvium thickness and map distance from the borehole to the nearest
surface exposure of the tuff-alluvium contact (Figure 3-2).  This linear relationship was then
used to estimate alluvium thickness in areas where there was a lack of borehole data.  This
technique can also be used to assess uncertainty by creating alternative estimates of the
alluvium thickness, using the confidence envelope.

Elevation grids for all horizons other than the tuff-alluvium contact and alluvium surface were
re-used from Amargosa Version 1.0.  However, the tuff-alluvium contact, as an unconformity
surface, removes any material overlying its surface.  In effect, the model is cropped to the
tuff-alluvium contact.  As a result, all layers in the final model were affected by a change in the
tuff-alluvium contact.
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Figure 3-1.  Tuff-Alluvium Contact in the Model Area and Surroundings Based on Data
From Potter, et al. (2002) and Slate, et al. (2000).  Projection Is Universal Transverse

Mercator, Zone 11, NAD 83.  Units Are meters (0.3048 m = 1 ft).
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Three-dimensional perspective views of Version 1.0 (left) and Version 2.0 (right) of the model
for the range of Version 2.0 are shown in Figures 4-1 through 4-6, with hydrostratigraphic layers
removed one at a time.  Although there are minor differences in all layers, the most apparent
differences can be seen in Figures 4-1 and 4-2, which show the models (Version 1.0 and
Version 2.0) with the alluvium and alluvium plus Timber Mountain and Paintbrush Groups,
respectively, removed.

Figure 4-7 shows Version 2.0 of the model (left) and the same model with an image of
stratigraphic units draped over the top based on Potter, et al. (2002), for the purpose of
comparing the final model at the topographic surface with an idealized final model based on the
input data source.  The tuff-alluvium contact agrees well with Potter, et al. (2002) map data,
however units other than alluvium are in some cases not accurately depicted at the topographic
surfaces.  Since the focus of this update was to improve the tuff-alluvium contact, these
inaccuracies were not addressed at this time.  If important from a risk-significant perspective,
they can be addressed in a future update.

Figure 3-2 Correlation Between Alluvium Thickness (t) and Closest Distance From
Mapped Tuff-Alluvium Contact (d): Thickness = 0.1 Distance + 9.8.  Pearson Correlation

Coefficient (r) = 0.92.  Units are Meters (0.3048 m = 1 ft)
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4  SUMMARY AND RECOMMENDATIONS

The CNWRA three-dimensional hydrogeologic model of the Amargosa Desert, Version 1.0
(Sims, et al., 1999) was updated based on newly available data and interpretations.  Because of
the importance of the tuff-alluvium contact to total system performance assessment, the goals of
this update (Version 2.0) were focused on improving and analyzing the three-dimensional
geometric representation of the tuff-alluvium contact.  The importance of the tuff-alluvium
contact lies in its influence over the portion of the flow path that occurs in alluvium versus
fractured bedrock.  Compared to fractured bedrock, alluvium has greater capacity to retard
radionuclides because flow through the alluvium is slower, and radionuclides are sorbed onto
mineral surfaces while traveling through the alluvium.

New data incorporated into this update include surface geologic maps and borehole data. 
Incorporation of borehole data from the Nye County Well Early Warning Drilling Program, in
particular, has greatly improved the model because (i) the wells were drilled into alluvium
deposits throughout the Fortymile Wash and Amargosa Desert valleys and (ii) in many cases
the wells penetrate the tuff-alluvium boundary at depth.  Prior to the availability of this well data,
models of the tuff-alluvium contact at depth were largely limited to geologic interpretations
based on nearby bedrock exposures and geophysical data, with little or no nearby data at depth
to constrain the models.  Currently available borehole data show that at a given map location,
vertical alluvium thicknesses are directly proportional to distance from the closest tuff-alluvium
contract exposure.  This relationship, albeit somewhat tenuous, was used as a basis for
estimating alluvium thickness in areas where borehole data are lacking.

The CNWRA three-dimensional hydrogeologic model of the Amargosa Desert, Version 2.0 met
the goals of this update because the model is (i) consistent with available surface geology
data,(ii) consistent with available borehole data, and (iii) geologically reasonable.  The
tuff-alluvium contact and the topographic surface were regridded, in turn affecting all other
horizons because as an unconformity the tuff-alluvium contact cuts through previously
deposited layers, thus changing their final shape. 

Future work can be divided into three main categories:  (i) resolving known problems with the
model, (ii) increasing model detail (i.e., the number of faults and/horizons), (iii) developing and
incorporating new interpretations based on new geophysical data and interpretations, and
(iv) exporting the model into a format suitable for flow modeling using MODFLOW-2000
(Harbaugh, et al., 2000).  A known problem with the model is inconsistency between surface
exposures of individual bedrock units (Paleozoic, Tertiary sedimentary, Crater flat, Calico, and
Timber paintbrush) and published surface geologic maps.  Future work should determine
whether or not these discrepancies are risk-significant, and if so, the model should be updated
to accurately reflect surface map exposures.  Model detail can be improved by increasing the
number of faults and horizons.  Faults and fractures have a strong influence on hydrologic flow
(Ferrill, et al., 1999), and as such faulting in general, and known faults in particular, should be
carefully considered for inclusion in the model.  Version 2.0 of the model, like Version 1.0, has
highly generalized faults.  Increasing the number faults and improving the fault geometries might
have an effect on process modeling results.  Three approaches could be taken to assess the
potential impact of changing the number of faults.  First, fault detail within the entire model could
be limited to or focused on the volume of rock along potential flow paths.  Second, one or more
separate three-dimensional models with an increased number of faults could be built along
potential flow paths using EarthVision software, for inclusion as nested grids within a larger 



Figure 4-1.  Model Showing All Hydrogeologic Layers:  (a) Version 1.0 and (b) Version 2.0.  Projection Is Universal
Transverse Mercator, Zone 11, NAD 83.  Units Are Meters (0.3048 m = 1 ft).  Vertical Exaggeration = 2x.  See Figure 2-3 for

Map of Surface Geology.  Faults and Stratigraphy Are Discussed in Section 2.
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Figure 4-2.  Model With Alluvium Removed:  (a) Version 1.0 and (b) Version 2.0.  Projection Is Universal Transverse
Mercator Zone 11, NAD 83.  Units Are Meters (0.3048 m = 1 ft).  Vertical Exaggeration = 2x.  See Figure 2-3 for Map of

Surface Geology.  Faults and Stratigraphy Are Discussed in Section 2.
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Figure 4-3. Model With Alluvium and Timber Mountain and Paintbrush Groups Removed:  (a) Version 1.0 and (b)
Version 2.0 Projection Is Universal Transverse Mercator, Zone 11, NAD 83.  Units Are in Meters (0.3048 m = 1 ft). 

Vertical Exaggeration = 2x.  See Figure 2-3 for Map of Surface Geology.  Faults and Stratigraphy Are Discussed in
Section 2.
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Figure 4-4.  Model with Alluvium, Timber Mountain and Paintbrush Groups, and Calico Hills Removed:  (a) Version 1.0
and (b) Version 2.0.  Projection Is Universal Transverse Mercator, Zone 11, NAD 83.  Units Are Meters (0.3048 = 1 ft). 
Vertical Exaggeration = 2x.  See Figure 2-3 for Map of Surface Geology.  Faults and Stratigraphy Are Discussed in 

Section 2.
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Figure 4-5.  Model with Alluvium, Timber Mountain and Paintbrush Groups, Calico Hills, and Crater Flat Removed:  (a)
Version 1.0 and (b) Version 2.0.  Projection Is Universal Transverse Mercator, Zone 11, NAD 83.  Units Are Meters

(0.3048 m = 1 ft).  Vertical Exaggeration = 2x.  See Figure 2-3 For Map of Surface Geology.  Faults and Statigraphy Are
Discussed in Section 2.
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Figure 4-6.  Model With Alluvium, Timber Mountain and Paintbrush Groups, Calico Hills, Crater Flat, and Tertiary
Sedimentary Units Removed.  Underlying Top of Regional Paleozoic Aquifer Is Shown.  (a) Version 1.0 and (b)

VersionI 2.0.  Projection Is Universal Transverse Mercator, Zone 11, NAD 83.  Units Are Meters (0.3048 m = 1 ft). 
Vertical Exaggeration = 2x.  See Figure 2-3 for Map of Surface Geology.  Faults and Stratigraphy Are Discussed in

Section 2.
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Figure 4-7.  Comparison of Model Input Data.  (a) Model Showing All Hydrostratigrahic Layers and (b) the Same
Model With Image of Surface Geologic Units Draped Over the Surface as Shown in Figure 2-3.  Based on Data

From Potter, et al. (2002) and Slate, et al. (2000).  Projection Is Universal Transverse Mercator Zone 11, NAD 83. 
Units Are Meters (0.3048 m = 1 ft).  Vertical Exaggeration = 2x.  Faults and Stratigraphy Are Discussed in Section 2.
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computational grid used in process modeling.  Third, a suite of general fault geometries could
be modeled in EarthVision, then used in process modeling to determine the general significance
of fault locations and orientations, fault curvature, the number of faults, and fault intersection
patterns, both by themselves and in relation to other hydrologic properties, to flow path results. 
In addition, inclusion of hydrologic properties of fault damage zones (i.e., zones surrounding
fault planes that have increased fracturing) should be evaluated for significance and, if
significant, incorporated into process models.  Like faults, horizons play a significant role in
process modeling results.  Increasing the number of horizons within the model would provide an
alternative model with which to assess uncertainty.  For example, the Tertiary Sedimentary unit
could be divided into subunits based on the work of Murray, et al., (2002).  Uncertainty could be
further assessed by analyzing other newly available data or interpretations, such as lithologic
interpretations of Nye County Early Warning Drilling Program borehole data (Spengler, et al.,
2006) or new geophysical (e.g., gravity, aeromagnetic, or electrical resistivity) survey data or
interpretations for consistency with the model.  DOE is revising its models because of new data,
albeit data and information are not yet publicly available (Al Aziz, et al., 2006).  Finally, the
model should be exported to a format suitable for groundwater flow modeling with MODFLOW-
2000 software (Harbaugh, et al., 2000).  At present, CNWRA models are based on structured
rectangular grids.  To help prepare for review of the DOE saturated zone modeling analyses,
alternative modeling techniques using computational grids that conform better to the complex
hydrostratigraphy may be evaluated.  
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APPENDIX

Depth to Tuff-Alluvium Contact From Borehole Data Used for
Three-Dimensional Hydrogeologic Model



1

 Depth (Meters)* to Tuff-Alluvium Contact From Borehole Data Used For 
Three-Dimensional Hydrogeologic Model

Well/Borehole ID Version 1.0 Version 2.0 Source

a#1 — 9 †
a#4 9 9 †
a#5 27 27 †
a#6 6 6 †
a#7 — 47 †
b#1 48 48 †
c#1 — 18 †
c#2 21 21 †
c#3 — 24 †
G–1 — 18 †
G–2 — 0 †
G–3 — 0 †
G–4 9 9 †
H–1 — 0 †
H–3 — 0 †
H–4 — 0 †
H–5 — 0 †
H–6 9 9 †
J–13 133 133 †

NRG#1 3 3 †
NRG#2a — 25 †
NRG#2b — 1 †
NRG#20 — 15 †
NRG#2b — 12 †
NRG#3 — 0 †
NRG#4 — 97 †
NRG#5 — 0 †
NRG–6 — 0 †

NRG–7A 0 5 †
ONC#1 — 30 †



2

Depth (Meters)* to Tuff-Alluvium Contact From Borehole Data Used for 
Three-Dimensional Hydrogeologic Model (continued)

Well/Borehole ID Version 1.0 Version 2.0 Source

p#1 — 43 †
RF#13 — 30 †
RF#3 — 28 †
RF#8 — 15 †

SD–12 2 0 †
SD–6 0 0 †
SD–7 15 15 †
SD–9 16 16 †
UZ#16 12 12 †
UZ#4 12 12 †
UZ#5 0 0 †
UZ–1 — 12 †

UZ–14 0 12 †
UZ–6 — 0 †

UZ–7a 0 12 †
UZ–N11 — 1 †
UZ–N31 — 5 †
UZ–N32 — 0 †
UZ–33 — 4 †

UZ–N37 — 11 †
UZ–N38 — 5 †
UZ–N53 — 1 †
UZ–N54 — 6 †
UZ–N55 — 0 †
WT#12 18 18 †
WT#13 67 67 †
WT#14 — 75 †
WR#15 64 64 †
WT#16 42 42 †
WT#17 — 9 †
WT#18 — 0 †
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WT#24 0 0 †
WT#3 — 11 †
WT#4 16 16 †
WT#6 — 76 †
WT–1 9 9 †

WT–10 — 18 †
WT–11 12 12 †
WT–2 18 18 †
WT–7 12 12 †
UZ–15 — 0 ‡
UZN17 — 0 ‡
UZN27 — 0 ‡
UNZ36 — 0 ‡
UZN62 — 0 ‡
UZN63 — 1 ‡
UZN64 — 0 ‡

VH1 567 155 ‡
VH2 1023 390 ‡

NRG#2 50 50 §
F25–1 478.55 398.42 2

F5–1 152.97 259.08 2

1DX 50.23 49.07 ¶
Washburn1X 824.14 >200.56 ¶

2DB — 353.57 ¶
3D 105.34 104.55 ¶

4PB — >258.93 ¶
5S 839.36 >365.76 ¶

7SC — 49.68 ¶
9SX 86.88 86.87 ¶

10SA — >365.76 ¶
12PB — 105.16 ¶
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M3P — 108.2 ¶
15P — 83.82 ¶
16P — 50.3 ¶
18P — 13.72 ¶
19D 219.5 253.29 ¶

22SA — >365.76 ¶
23P — >408.43 ¶
24P — 121.9 ¶
27P — 57.9 ¶
28P — 81.5 ¶
29P —  96.8 ¶

* Units are meters  (0.3048 m = 1 ft).

† Bechtel SAIC Company, LLC.  “Geologic Frame Model (GFM2000).”  MDL-NBS-GS-000002.  Rev. 02.  Las
Vegas, Nevada:  Bechtel SAIC Company, LLC. 2004.
‡  Buesch, D.C. and R.W. Spengler.  “Stratigraphic Contacts for Boreholes USW G-3/GU-3, USW G-4, USW
NRG-6, USW NRG-7/7A, USW SD-6/SD-6ST1, USW UZ-14, UE-25, WT#14, and USW WT-24.”
DTN: GS000108314211.001.  Las Vegas, Nevada:  DOE, Office of Civilian Radioactive Waste Management.
2000; Spengler, R.W. “Stratigraphic Contacts for Boreholes UE-25- A#5, #6; USW H-3, -6; UE-25 B#1; UE 25
P#1; UE25 P#1; USW UZ-1, -6; 11 USW  UZ-N BOREHOLES UE-25  #63, UE-25 NRG#1, #3; USW VH-1; USW
WT-7, -11; UE-25 WT #17.”  DTN: GS0006083114211.003.  Las Vegas, Nevada:  DOE, Office of Civilian
Radioactive Waste Management.  2001; ———.  “Stratigraphic Contacts for Boreholes UE-25 A#1, UE-25 A#4,
USW G-1, USW G-2, USW H-5, USW SD-9 USW SD-12 and USW VH-2.”  DTN GS0003083114211.002.  Las
Vegas, Nevada:  DOE, Office of Civilian Radioactive Waste Management.  2000. 
§  CRWMS M&O.  “Geologic Framework Model (GFM 3.1).”  MDL-NBS-GS-000002.  Rev. 00 ICN 01.  Las Vegas,
Nevada:  CRWMS M&O.  2000.
2  Carr, W.J., S.M. Keller, and J.A. Grow.  “Lithologic and Geophysical Logs of Drill Holes Felderhoff Federal 5-1
and 25-1, Amargosa Desert, Nye County, Nevada.”  U.S. Geological Survey Open-File Report.  pp. 95–155.  1995.
¶ Nye County Nuclear Waste Repository Project Office.  “Early Warning Drilling Program.”  2006.
http://www.nyecounty.com/index.htm>  Spengler, R.W., F.M. Byers, and R.P. Dickerson.  “A Revised
Lithostratigraphic Framework for the Southern Yucca Mountain Area, Nye County, Nevada.”  Proceedings of the
International High-Level Radioactive Waste Management Conference, Las Vegas, Nevada, April 30–May 4, 2006. 
Abstract.  La Grange Park, Illinois: American Nuclear Society.  2006.
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