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The field trip to three watersheds in southern Nevada on October 3-6, 1999 was undertaken by Jeff
Ciocco (Nuclear Regulatory Commission), Randy Fedors [Center for Nuclear Waste Regulatory Analyses
(CNWRA)], David Groeneveld (consultant, Natural Resources, Inc.), and Stuart Stothoff (consultant, Stothoff
Environmental Modeling). The three watersheds are under consideration as possible analogs for Yucca
Mountain (YM) under pluvial conditions.
BACKGROUND AND PURPOSE OF TRIP:
CNWRA is working with S. Stothoff and D. Groeneveld to estimate shallow infiltration under
future climatic conditions at YM. The current model for unsaturated flow at YM translates shallow infiltration
directly into percolation at the repository horizon. An important component of the CNWRA work is to
incorporate the effect of vegetation into the shallow infiltration modeling effort since the expected change
in vegetation density and type will have a significant effect on the infiltration estimates. Current field efforts
are focused on identifying the relationships between soil cover depths, bedrock type, vegetation, and slope
orientation with infiltration under cooler and wetter climate conditions.
A number of sites are being considered as analogs for YM under cooler and wetter pluvial
conditions. Since temperature decreases and precipitation increases with elevation, sites at higher elevations
in southern Nevada with similar type bedrock (fractured, moderately to densely welded, rhyolitic tuffs) have
been considered. Phinney Canyon on the east slope of the Grapevine Range and Shoshone Mountain on the
Nevada Test Site northeast of YM (figure 1) have been determined to be reasonable analog sites. As no site
is likely to be a perfect analog to YM under a range of pluvial conditions, multiple analog sites are needed
to establish trends; 2 or 3 more sites were deemed to be necessary for the analysis. Previous scoping work
indicated that Rainier Mesa and Timber Mountain may be reasonable analog sites for YM under pluvial
conditions (Stothoff, 1998); the previous field work at these sites was completed under snowy conditions.
In addition, the 3-Springs Basin in the Kawich Range is considered a potential analog site for YM by the U.S.
Geological Survey (Lichty and McKinley, 1995) who studied the surface water hydrology and estimated
recharge for the 3-Springs Basin from 1986 to 1994. At least 1 of the 2 meteorological stations is still in
place, although it is unknown whether data are still being collected. Surface hydrology and recharge have also
been studied at Rainier Mesa, which, along with the 3-Springs Basin, offers an excellent opportunity to both
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constrain and validate the shallow infiltration model. The general locations of Rainier Mesa, Kawich Range,
and Timber Mountain are shown in figure 1.
SUMMARY OF PERTINENT POINTS:
SUMMARY OF ACTIVITIES:
The primary activity of this field work was to assess soil and bedrock features of three possible
infiltration analog sites for YM under pluvial conditions. The first site, Rainier Mesa, is in Area 12 of the
Nevada Test Site. Permission for access was arranged by Jade Woodruff of the Field Operation Center who
also provided escort since general employee radiation training is now required for at least one member of the
party for access to Rainier and Pahute Mesas. The second site is a watershed called 3-Springs Basin in the
Kawich Range north of Nellis Air Force Range. The third site is located on Timber Mountain, north of Hiko,
NV. Note that this latter site is not the same as the Timber Mountain located between YM and Pahute Mesa.
Cooler and wetter conditions occur with increases in elevation. The YM crest is at about 1500 m
msl, Rainier Mesa is at 2250 m msl, Timber Mountain ranges from 1950 to 2600 m msl, and 3-Springs Basin
ranges from 2150 to 2900 m msl. 3-Springs Basin, with an annual average temperature of about 8 'C, is
comparable to the predicted full glacial climate of YM where the temperature is expected to decrease about
10 'C from the current average of about 17 'C. Mean annual precipitation at 3 Springs Basin was 336 mm/yr
over the period studied, compared to a mean annual precipitation of about 160 mm/yr at YM. Precipitation
is expected to at least double at YM in portions of the glacial cycle, although maximal increase may not occur
at full glacial maximum; precipitation seasonality may also change as the position of the jet stream is affected
by continental ice sheets.
The analog sites can be viewed from the perspective of YM hydrologic environments. The two
environments of interest are the caprock (moderately welded, massive tuff with a gentle easterly slope and
surficial covers thicknesses ranging from 0 to 60 cm) and hillslope (north- and south-facing slopes of about
30 degrees, densely welded and highly fractured tuff bedrock, and with surficial covers thicknesses ranging
from 0 to 40 cm). Based on the field observations, Rainier Mesa and Timber Mountain are similar to the
caprock environment and 3-Springs Basin has similarities to both the caprock and hillslope environments at
YM.
Rainier Mesa
Studies of infiltration and percolation by Russell et al. (1987) and Wang et al. (1993) using both
watershed and tunnel measurements indicate an average percolation of 23.7±8 mm/yr at Rainier Mesa. The
tunnels were constructed for bomb tests; the N tunnel is marked on figure 2, the adits for G and E tunnels are
located further south along the mesa's eastern hillslope. Their work also indicated that the geologic section
at Rainier Mesa, though similar, differed from that of YM by the thickness of nonwelded relative to densely
welded tuffs. The moderately welded caprock of Rainier Mesa, however, is similar to the caprock at YM
based on observations during this trip and the earlier trip by Stothoff (1998).
Rocks weathered in situ on the mesa top are rounded and have created numerous pans that appear
to lack drainage, suggesting that all or most of the incident water either infiltrates or is rapidly used up
through evapotranspiration since no evidence of ponding was noted. Hence, infiltration must be relatively
rapid. To evaluate the infiltration capability, soils and drainage features were examined. Like soils on Yucca
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Mountain, Rainier Mesa soils are mostly eolian-derived matrix, a sandy loam texture, with abundant rock
fragments. On top of the mesa, the soil cover varied from 0 to greater than 60 cm thick based on qualitative
observation and a few shallow holes. On hillslopes, soil thicknesses were found to be generally about 30 cm.
In order to qualitatively assess runoff/infiltration relationships, the main drainage that crosses Rainier Mesa
from SW to NE was examined to determine whether it carries high flows. This examination was not
conclusive partially because rill erosion and gullying indicated that significant storm discharge enters the dry
streambed down bulldozer cuts that apparently provided corridors for laying various air, electric and seismic
lines for the previous activities related to nuclear testing. Such disturbances were found throughout the area
examined. The absence of these disturbances and the associated compaction would likely reduce runoff
significantly, and hence increase infiltration and/or evapotranspiration, under the present-day climate. The
likelihood of bomb-induced fracturing of the rock leading to increases in percolation to the tunnels has not
been thoroughly described in the literature but is considered a possibility.
On Yucca Mountain, near-surface fissures are commonly partially to fully filled with caliche that
acts to reduce permeability. Rainier Mesa, as an analog for a cold and wet climate at Yucca Mountain, might
be expected to have less calcite filling than the near-surface fractures due to the greater infiltration rate
flushing any calcite that may have precipitated in the fractures between precipitation events. The presence
or absence of caliche under these conditions is highly relevant. The presence of caliche was examined at a
number of geographic features. A level depression that appeared to lack drainage in the manner described
above was excavated. The soil overlying the rock was about 8 cm deep. Several fissures were excavated to
6-8 cm to examine the filling material. No calcite was noted and the soil in the cracks was much richer in clay
than the overlying soil, suggesting downward transport. Fine roots of bluegrass (Poasandbergii)penetrated
into the soil of the crack. Another location, where the rock was exposed by a road cut servicing a drill pad,
was examined for calcite fillings within fissures; no calcite fillings were noted. The gently sloping (about 5
10%) road surface appeared to have up to several centimeters of rock material skived off by a bulldozer
during construction.
Calcite (assumed to be the primary mineral of caliche) was noted in two types of locations. The first
of these was fairly ubiquitous on large clasts removed where road surfaces crossed soil of sufficient
thickness: lower surfaces were coated with a light rime of calcite (ca. 1 mm, or less). The other example was
noted where excavation of a drill pad had cut into a relatively resistant rock outcrop. Here, calcite was noted
on an overhanging wall of a fissure whose adjoining rock surface had been removed. This calcite rime was
obviously undergoing dissolution and it was uncertain (though improbable) that the rime was dissolving while
in situ prior to disturbance. Thus, it appears that under past and present climatic regimes of Rainier Mesa,
infiltration rates have been sufficiently high as to leach calcium from the soil matrix. Apparently, only under
special circumstances, where infiltration would be absent but a wetted rime would seep and the fluid trapped
by gravity, could calcite form. An interesting and possibly definitive answer could be determined by whether
calcite fillings exists within the rock penetrated by the tunnels into Rainier Mesa. Further confirmation is
necessary.
The vegetation observed on Rainier Mesa consisted of single-leaf pine (Pinus monophylla), Utah
juniper (J. ostesperma), Gambel oak (Quercus gambelli), big sagebrush (Artemisia tridentata),bitterbrush
(Purshia tridentata), an unknown species of rhizomatous, xeric sedge (Carex sp.), sticky rabbitbrush
(Chrsysothanmus viscidiflorus), needle-leaf rabbitbrush (C. teretifolius), rubber rabbitbrush (C. nauseosus),
a long-spined species of cactus (Opuntiasp.) and three-awn grass (Aristidafendleri).Very striking examples
of both pine and juniper trees were observed growing out of rock fissures with little or no soil. The pines and
junipers were both in heavy fruit. Bromus tectorum was noted in several patches of very heavy cover and in
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isolated plants within the scrubby forest vegetation. Such isolated plants have the potential for spread and
dominance in the event of a forest fire.
The availability of low altitude air photos of the mesa was discussed with Jade Woodruff. Previous
efforts to obtain photographs through DOE and their contractors in Las Vegas have not been successful.
Onsite staff were contacted and will determine if any air photos are available. The air photographs would be
used for efficient, quantitative assessment of the vegetation density.
3-Springs Basin in the Kawich Range
Based on the geologic mapping of Gardner et al. (1980) and the hydrologic studies of Lichty and
McKinley (1995), the 3-Springs Basin was a prime candidate as a full glacial analog site for YM. Using
chloride mass balance, recharge for the basin was estimated to be 32.8 mm/yr over the period of streamflow
and meteorological measurements (Lichty and McKinley, 1995). The annual precipitation was 336 mm/yr
over this period. Estimates of recharge using other methods led to values of 11.4 (numerical simulation) and
166 mm/yr (index-site extrapolation). Estimates of shallow infiltration at YM range from I to 10 mm/yr with
a precipitation average of about 160 mm/yr.
The basin is located on east side of the Kawich Range and is the more southern of two basins that
are nearly identical in size, lithology and physiognomy. The 3-Springs Basin begins on the flank of Kawich
Peak while the neighboring basin to the north begins on the flank of an unnamed peak about ½2 mile north
northeast of Kawich Peak (figure 3). Access to the site is a spur off the main dirt road traversing Reveille
Valley. The confluence of the 2 basins was accessible using a 4-wheel drive vehicle on roads probably
improved for the USGS work on the basin within the last decade.
Comparison of the pair of basins draining off of Kawich Peak is interesting. Although of
approximately the same size, lithology and slope, the floor of 3-Springs Basin is covered by nearly
continuous riparian vegetation while the neighboring basin to the north has comparatively little riparian cover
in a spotty distribution (figures 4 and 5). The difference in riparian vegetation likely leads to differences in
runoff and infiltration. Discovering the reason for this discrepancy would require further work, though it is
presently considered unnecessary; the difference should be noted as caution on sampling bias.
The party hiked into the approximate center of the basin; the going was difficult. Although the floor
of the valley has sufficient room to permit walking on mostly level ground, this was choked with thick
riparian vegetation that prevented passage. The hillslopes above the drainage bottom were also difficult
hiking because of the presence of deadfall, jutting rock outcrops, and loose soil. The difficulty is such that
merely going about I mile upstream required about 2.5 hours. Because of this difficulty, the upper portions
of the basin (an additional 2 miles) were not explored.
The bedrock lithology consisted of rhyolitic tuffs (Gardner et al., 1980), though the quality of the
geologic map (available at Los Alamos National Laboratory only as a scanned pdf formatted file) made it
difficult to determine geologic contacts in the basin. It appears that two units cover the basin. The Tkr
intracauldron tuffs of Kawich Peak were described as gray, crystal-rich rhyodacitic welded ashflow tuffs with
a pronounced streaked appearance and a maximum thickness of 250 m. The Tkt, older than the Tkr,
consisted of densely welded to nonwelded rhyolitic ashflow tuffs with a maximum thickness of 1000 m. The
Tkt tuffs were from within the Kawich caldera thus containing massive layers with large clasts of various
rock types and layers of brecciated flows. The Tkt varied from massive to laminated and fissile. Jointing was
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prominent in the jutting outcrops, but an overall difference of fracture characteristics as compared to YM
units was not evident. The tuffs generally contained larger and more abundant crystals than the tuffs at Yucca
Mountain where the ashflow units are always matrix supported when crystals are present. The abundance of
crystals in the tuffs led to a different outcrop weathering morphology with the grains readily weathering out
of the rock, suggesting hydrologic action: freeze-thaw, leaching and solution effects. The shape of the
outcrops is as a series of rounded spires which jut upward from the surrounding slopes as seen in figures 6,
7, and 8.
Soils noted in shallow pits were essentially weathered bedrock with little or no secondary
development. The soil matrix appeared primarily to be a fine sandy loam derived through eolian processes.
Some of pits dug on hillslopes exposed a regolith at the soil bedrock contact, which may be a relic from
wetter climates or may be reflective of present-day chemical degradation during wetter periods of the year;
presently, the regolith was too dry for chemical weathering to be significant. Locally, mats of organic-rich
layers interspersed with the fine sandy loam soil surrounded stable vegetation (trees) on the hillslopes. As
at Rainier Mesa, trees were seen to grow within rock fissures. An example of root growth by a tree observed
in 3-Springs Basin causing significant displacement of rock (3-10 cm) is shown in figure 10.
Vegetation on the uplands consisted of single-leaf pine and Utah juniper with big sagebrush,
bitterbrush, mountain mahogany (Cercocarpusledifolius), snowberry (Symphoricarpos sp.), and a bunch
forming bluegrass (Poasandbergii).As at Rainier Mesa, pines and junipers were both in heavy fruit on the
flats or north aspects but lesser on droughty south-facing slopes. Gambel oak was present but confined to
occasional plants on the north-facing slope of the drainage. Bromus tectorum achieved very heavy cover in
open locations within the bottomland and was present as single plants within the matrix of forest cover on
the adjoining slopes. From observations made from the air, the upper portions of 3-Springs Basin (above
8800 feet elevation) contain limber pine (Pinusflexilis)on exposed ridges and otherwise almost a continuous
cover of mountain mahogany.
The woody riparian species consisted of narrow-leaf cottonwood (Populusangustifolia),wild rose
(Rosa woodsii), sandbar willow (Salix exigua) and arroyo willow (S. lasiolepis),serviceberry (Amelanchier
alnifolia), and chokecherry (Prunus virginiana).A panorama of the vegetated valley bottom is shown in
figure 8. Two seep areas, were noted in the bottomland, one of these with a trickle that was not measurable
and one that apparently runs early in the year. No flow was seen in the main channel which was moist only
near the springs. The seep containing water is shown in figure 9. The soils around the springs appeared to
contain significant amounts of clay, absent in all other locations, suggesting secondary mineral formation that
would indicate that these springs are relatively ancient.
Timber Mountain
Timber Mountain was accessed by a jeep trail that penetrates into the main drainage on the south
flank, just east of the highest peak. The same area was visited earlier (Stothoff, 1998), though the previous
visit was in the spring when snow was covering much of the ground. A description of the bedrock lithology
published du Bray et al. (1987) was summarized by Stothoff (1998) who, based on field observation, noted
the similarity in the jointing patterns between Timber Mountain and YM. The abundance of crystals in the
moderately welded units and the presence of nonwelded units has led to a rounded outcrop weathering
morphology (figure 11) that was more prominent than that seen at 3-Springs Basin; the weathering of the
crystals and matrix was pervasive through large pieces of rock removed from outcrop suggesting a high
imbibition of water into the rock. Where soil layers were present, the weathering of the tuffs also led to a soil
5
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comprised of an in situ mechanically weathered component along with the probable eolian component. There
is no evidence that in situ weathering of the bedrock forms a component of the soil at YM.
Large amounts of bare rock were noted that must give rise to overland flow that then may infiltrate
into the fissures or focus flow into runoff channels. The major stream draining this region was examined. It
appeared to be ditch that at times carries very high flows of short duration. No riparian vegetation was noted
in the main drainage valley bottom. By contrast, however, the upland vegetation included serviceberry which
was only found in association with the riparian vegetation in 3-Springs Basin. Thus, significant water must
enter and be retained by fissures.
Other than the occasional serviceberry, the vegetation consisted almost entirely of single leaf pine
and Utah juniper, an occasional yellow composite perennial (Genus unknown) with a smattering of senesced
forbs, chiefly a mustard (probably Streptanthus) and a species of locoweed (Oxytropis). Both pines and
junipers were in heavy fruit. Again, trees were noted to be growing out of rock fissures without benefit of
soil overlying the rock faces (figure 11). These trees, chiefly single-leaf pine, were of moderate stature at
maturity (ca. 14-16 feet tall). Water from the matrix likely helps to support the trees growing in the fissures;
the matrix appeared to have a greater porosity and permeability than the moderately welded units of the
caprock at YM.
CONCLUSIONS:
Based on the field observations, all three sites will be used to some extent as analogs to YM under
future climates. Rainier Mesa and Timber Mountain are similar to the caprock environment and 3-Springs
Basin has similarities to both the caprock and hillslope environments at YM. Hydrologic studies relevant to
shallow infiltration have published for Rainier Mesa and 3-Springs Basin.
All analog sites exhibit some differences with YM. Bedrock lithologies at Timber Mountain and
3-Springs Basin differed from those at YM by the greater abundance and larger size of crystals, which led
to a different outcrop morphology when weathered. The 3-Springs Basin has steeper hillslopes than the east
flank of YM. The hydrologic pathways at Rainier Mesa may have been modified by bomb blasts and the
associated man-made surface disturbances.
PROBLEMS ENCOUNTERED:
None.
PENDING ACTIONS:
None.
RECOMMENDATIONS:
None.
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Figure 4. Upper 3-Springs Basin showing relatively continuous riparian vegetation. The
haze in this air photograph, and in figures 5 and 6, is probably caused by large fires in
northern New Mexico.
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Figure 5. Neighboring basin to north of 3-Springs Basin, upper portion showing relative
lack of riparian vegetation.

Figure 6. Air photo panoramic view showing 3-Springs Basin in the foreground with Twin Basin visible one ridge over. Note the large
jointing pattern and exposed spire-like rock outcrops.

Figure 7. Panoramic view taken from the ridge separating 3-Springs Basin to the left and the neighboring basin to the north (right). Note
the ripe seed-bearing cones on the single leaf pine in the foreground and the similarity of slope and lithology between the two basins.

Figure 8. A panoramic view of the bottom of 3-Springs taken from the point indicated by
the dot in figure 3. The light green canopy is arroyo willow and the orange canopy is choke
cherry. The vegetation cloaking the peak in the background is dense mountain mahogany.

Figure 9. A seep located about ½ mile up 3-Springs Basin. The two water filled depressions
were purposely dug. The adjacent stream channel, located about 30 m away, did not contain
flowing water though the alluvial sediments were moist.

Figure 10. The displacement visible in
this rock fissure indicates that it has
been widened by between 3 and 10 cm
by penetrating tree roots, The widening
is occurring from the point of
penetration by the tree prying apart
from a hinge point located beneath the
soil. This example is from the 3-Springs
Basin in the Kawich Range.

Figure 11. This view is on the south flank of Timber Mountain with healthy single-leaf pine
growing out of fissures without the benefit of soil.

