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HYDROLOGY OF YUCCA MOUNTAIN AND VICINITY, NEVADA-CALIFORNIA--
INVESTIGATIVE RESULTS THROUGH MID-1983

By R. K. Waddell, J. H. Robison, and R. K. Blankennagel

ABSTRACT

Yucca Mountain, Nevada, is one of several sites under consideration for
construction of the first repository for high-level nuclear waste. This site
is underlain by at least 1,800 meters of volcanic tuffs of Tertiary age that -
are offset by westward-dipping normal faults. Sedimentary rocks of Precam-
brian and Paleozoic age, primarily limestones and dolomites with some quartz-
ites and slightly metamorphosed shales, stratigraphically underlie volcanic
rocks in much of the area, 4 '

The climate is arid; no perennial streams are present in the region ex-
cept those fed by springs, or by snowmelt in the higher mountain ranges. In
these few instances, channels contain water for only short distances. No
perennial streams exist in the immediate vicinity of Yucca Mountain, Flash
floods occasionally occur; debris-flow deposits are known along Fortymile
Wash and tributary washes that dissect Yucca Mountain,

Yucca Mountain is located within the Alkali Flat-Furnace Creek Ranch
ground-water subbasin, which is tributary to the Death Valley ground-water
basin. Under present climatic conditions, most ground-water recharge occurs
at Pahute Mesa, at mountain ranges farther north, and perhaps at Timber Moun-
tain, Smaller amounts of recharge probably occur beneath larger washes, such
as Fortymile Canyon-Fortymile Wash., Two major ground-water discharge areas
occur within the subbasin: (1) Alkali Flat (Franklin Lake), where discharge
occurs almost entirely by evapotranspiration; and (2) Furnace Creek Ranch
area in Death Valley, where discharge results from numerous small springs.

Beneath Yucca Mountain, depth to ground water ranges from about 460 to
about 700 meters. Perched water may be present, but the data are equivocal,
Few data are available on the occurrence and movement of water in the unsat-
urated zone. Recharge at Yucca Mountain is probably less than S millimeters
per year, and perhaps much less. Within the saturated zone, water moves
generally southeast or south, primarily through fractures. The hydraulic
gradient is very low on the eastern (downgradient) side of Yucca Mountain,
The gradient increases west and north; the increase in gradient is evidence
of an area of low permeability. Data on locations of permeable fractures in
drill holes are not sufficient for definition of hydrostratigraphic units.
However, observations of fracture frequency, as related to lithology, and
data obtained from similar rocks beneath Pahute Mesa support the hypothesis
that densely welded tuffs fracture more readily than nonwelded and bedded
tuffs do; therefore, these tuffs are likely to be more permeable. Proximity
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to faults, stress state, and the healing of fractures by mineral deposition'
affect fracture permeability of a mass of rock and complicate the conceptual
model of water movement beneath Yucca Mountain,

Data are not sufficient to predict accurately rates of water movement
and travel times. Effective-porosity data are virtually nonexistent.
Carbon-14 data provide estimates of velocity in the saturated zone on the
order of 3 to 7 meters per year; however, these estimates may be incorrect,
because of mixing of waters of different ages, uncertainty of locations of
recharge areas under wetter climates, and nonconservative transport of bicar-
bonate ions. Until more water-velocity and effective-porosity data are
available, travel-time estimates will be uncertain,

INTRODUCTION

In 1978, the first test hole was drilled at Yucca Mountain as part of a
program to determine if suitable rocks exist for construction of a geologic
repository for disposal of high-level nuclear waste. Part of Yucca Mountain

(fig. 1) is located on the Nevada Test Site and is controlled by the U.S. .

Department of Energy; the western part of the mountain is presently con-
trolled by the U.S. Bureau of Land Management and the U,.S. Air Force. As
part of the Nevada Nuclear Waste Storage Investigations, the Department of
Energy has supported a test-drilling program and investigations by the U.S.,
Geological Survey and the Los Alamos, Sandia, and Lawrence Livermore National
Laboratories.

Since the first test hole was drilled, many other holes have been com-
pleted, so knowledge of the subsurface geology and hydrology has increased
substantially. However, because of the amount of time required to support an
active drilling program, analysis and publication of much of these data have
been delayed. The Nuclear Regulatory Commission requested that the U.S.
Department of Energy submit a Site Characterization Report (SCR) (now called
Site Characterization Plan) for sites that would be characterized to insure
that sufficient data would be collected to enable the Nuclear Regulatory Com-
mission to make decisfons on applications to construct and operate nuclear-
waste repositories. :

Purpose and Scope

The U.S. Geological Survey participated in the preparation of early
drafts of the SCR for the Nevada Nuclear Waste Storage Investigations. Two
reports were prepared from the U.S. Geological Survey contributions to the
SCR to summarize the geology and hydrology of the Yucca Mountain area. This
report discusses hydrology; the other report (Carr and others, 1984) dis-
cusses the geology. These reports incliude data collected and analyzed
‘through mid-1983., For this report, the SCR contribution was modified to
improve readability and reduce redundancy; otherwise this report closely
follows the Standard Content and Format Guide published by the Nuclear Regu-
latory Commission. The term "Candidate Area" is prescribed by the Nuclear
Regulatory Commission; the term refers to the area contained within a 100-km
radius of Yucca Mountain., This term has been retained in this adaptation of

the SCR,



-

EXPLANATION

]
1]
! U J-13 SELECTED WELL OR TEST HOLE AND NUMBER
i NEVADA
Carson o 116°30"
(\ A . A=Y . *;
1<;£\\ rea of Q‘““\‘w!ﬂm "w? | (f/
L ~, | % AR y
41\ Las LVe;as 'r,im i ": ’,mlh,mm,,% l s H
0 =/ My, 2 . Ue-20a#1,#2
9% L1
l l, i;'l . E.
! ﬂ% ””’W/ k‘
(/] ‘ L
e | % % &swe2 |
2> K h [ A o
o Znn\‘u:'-\ U.S. | % 1;_ Fk NEWADA
i 7 R ! - < i
T "5‘:: BUREAU | ; . I; / T
- ) - .
i, Yy £ o, H :
(A -
"%, "4 ¢ OF ok
Yy § CRATER 5 G ?J-’a
£ N - Za )
I FLAT usw vH-1 7{% [% -
2 : LAND N N | G
m'“'l\i /t? E c*p.s
, {1 s
4 MANAGEMENT I 3}
36°45'— < » . I i/ ]
o% . /
. |/
Yy
| &
S
N e/
\\ »,
4,
Q,?)&,:'
&‘o 0;’
7N
) \
] N

Base from U.S. Geological Survey
1:250 000, Death Valley, Cali-

fomia: Nevada, 1970
10 MILES

T T
10. 16 KILOMETERS

O‘TQ
<m-

Figure 1.--Location of Yucca Mountain and vicinity.



During the first few years of the studies of Yucca Mountain, the empha-
sis was on characterizing rocks within the saturated zone., As additional
data became available, coupled with the urging of members of the scientific
community not directly involved in the Yucca Mountain studies, consideration
was given to the unsaturated zone., The unsaturated zone was considered to
have several possible advantages over the saturated zone for a repository at
Yucca Mountain, including longer travel times, inclusion of a zeolitic tuff
with high sorptive properties along the flow path, and avoidance of the
potential operational difficulties of a repository beneath the saturated
zone., Recently, investigative emphasis has shifted to the unsaturated zone.
However, because these studies had not progressed very far by 1983, the
unsaturated zone is discussed herein only in a cursory manner.

Physiographic and Geologic Setting

1

For a more complete description of the physiography and geology of the
region surrounding Yucca Mountain, the reader is referred to the companion
report (Carr and others, 1984) and to the survey of the geology of Nevada by .
Stewart (1980). The following summary provides an introduction for further
reading.

Yucca Mountain is located in southern Nevada (fig. 1), within the Great
Basin physiographic province and in the most arid region of the United
States., Precipitation ranges from 43 mm/yr in Death Valley to 760 mm/yr in
the Spring Mountains (Winograd and Thordarson, 1975, fig. 3). Precipitation
is greater at higher altitudes than at lower altitudes. Average annual
precipitation at Yucca Mountain is estimated to be 100 to 150 mm. No peren-
nial streams occur in the area; intense thunderstorms cause short-lived flash
floods. In the winter, snowfall occurs throughout much of the area, but the
snow melts or evaporates quickly except in the higher ranges. The altitude
of Yucca Mountain (about 1,460 m) generally is too low for snow to persist
for more than a few days. ‘

Geologically, the area is within the Basin and Range Province. Rocks
range in age from Precambrian through Holocene. During part of Precambrian
and early Cambrian time, this area was part of a rift zone, and quartzites
and shales were deposited. During the Cambrian Period, the tectonic setting
changed, as rifting occurred progressively farther to the west. The Cordil-
leran miogeosyncliine formed along the western edge of the craton. More than
7,000 m of rocks, principally dolomites and limestones, formed during the
remainder of the Paleozoic Era., The area of greatest downwarping and sedi-
mentation occurred east of the Nevada Test Site., To the west, Paleozoic
rocks thin and are progressively more siliceous, composed of shales and
volcanic debris presumably shed from a volcanic arc farther west.

Although the dominant tectonic mode was underthrusting from west to
east, overthrusting also occurred and temporarily created a highland, whose
erosion resulted in deposition of shales within an area otherwise dominated
by carbonate rocks. Within the Nevada Test Site area, this shale (Eleana
Formation) subsequently has undergone minor metamorphism to an argillite,
Closure of the Cordilleran miogeosyncline occurred during late Paleozoic or
early Mesozoic time, accompanied by folding and overthrusting.



Mesozoic sedimentary rocks are not common in the region, but Mesozoic-
age plutons are present in the northeastern part of the Nevada Test Site,
Thin sandstones occur in the Spring Mountains near Las Vegas.

During the Tertiary Period, the region became tectonically active again,
and Basin-and-Range faulting began. A right-lateral shear zone developed
along the Las Vegas Valley, apparently separating active extensional movement
to the north from less active movement to the south. A large volcanic field
developed in the western part of the Nevada Test Site. At least seven cal-
dera complexes formed, as well as several other smaller eruptive centers,
covering the area with rhyolitic lava flows, and ash-flow, airfall, and
bedded tuffs. Rocks beneath Yucca Mountain were formed at this time; rocks
in the upper 1,000 m were erupted from Crater Flat, Claim Canyon, and Timber
Mountain calderas. Yucca Mountain is on the eastern margin of the inferred
Crater Flat caldera. :

Basin-and-Range faulting continued for a short time after the tuffs com-
posing Yucca Mountain formed. At Yucca Mountain, most fgults are normal and
dip toward the west. Most rocks dip to the east at 7-11", although some dip -
~ more steeply locally. The part of Yucca Mountain under investigation has a
long ridge trending approximately north-south, and is bounded on the west
side by a normal fault dipping to the west, forming a steep scarp.

Formation of the Basin-and-Range topography was accompanied by erosion
of the ranges, so that alluvial-fan and stream deposits fill the valleys.
Thickness of these deposits 1s highly variable, but this thickness 1is known
to exceed several hundreds of meters in and near the Nevada Test Site.

Because of the arid climate, depth to the water table at places is hun-
. dreds of meters. A few small perched springs or seeps occur in the region,
Principal ground-water discharge areas occur where rocks of low permeability
form barriers to ground-water flow; these major discharge areas are at Ash
Meadows, Alkali Flat (Franklin Lake), Death Valley, and Oasis Valley.

SURFACE-WATER HYDROLOGY

Stream Characteristics

The Candidate Area includes most of the Death Valley Basin Hydrographic
Region of California-Nevada and a small part of the Central Hydrographic
Region of Nevada (which includes parts of California) (pl. 1). The Death
Valley Basin in Nevada is characterized by valleys that drain into Death Val-
ley in California via the Amargosa River and its tributaries; whereas, the
Central Hydrographic Region is characterized in the Candidate Area by smaller
closed basins that contain playas. These hydrographic regions are divided
into smaller units called hydrographic areas. The Yucca Mountain site lies
on the boundary between Crater Flat and the Fortymile Canyon-Jackass Flats
hydrographic areas.

. Because of generally arid conditions, no perennial streams occur in the
Candidate Area. Perennial surface water comes only from springs, and it is
restricted primarily to some short stretches of the Amargosa River, to source
pools at some large springs, and to some marshes around the edge of the salt
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pan in Death Valley (Hunt and others, 1966). One small reservoir, (desig-
nated 211 on pl. 1) qfth a surface area of about 0.28 km~ and a storage
capacity of 300,000 m~ (Scott and others, 1971, table 6), occurs in the
east-central part of the Upper Amargosa hydrographic area (pl. 1). Other
features designated as "lakes" on plate 1 are, in fact, playas, that only
intermittently contain water,

The Amargosa River originates in Oasis Valley and continues southeast-
ward through the Amargosa Desert past Death Valley Junction, and southward
another 75 km, where it turns northwestward, terminating in Death Valley.
The river carries floodwaters following cloudbursts or intense storms; the
river is normally dry, except for a few short reaches that contain water from
springs (Walker and Eakin, 1963), such as the springs that occur in Qasis
Valley between Springdale and Beatty (Malmberg and Eakin, 1962), in Ash
Meadows northeast of Death Valley Junction, and near Shoshone, about 40 km
south of Death Valley Junction. A minimum flow to these segments of the
river 1s maintained by ground-water discharge during the winter, when evapo-
transpiration is at a minimum. During the summer, discharge from the springs
is almost entirely lost by evapotranspiration. During part of the year,
ground-water discharges into the river at Alkali Flat, about 7 km south of
Death Valley Junction. Data on springs are provided in the later section
“Regional ground-water hydrology."

In Death Valley Basin in Nevada, tributaries draining hydrographic areas
are all ephemeral, As these streams leave steep mountainous terrain and
enter relatively flat valleys, they occupy well-defined incised flood plains,
many of which contain meandering low-flow ephemeral streams. DOuring major
~and infrequent floods, these flood plains may be inundated. The quantity of
annual runoff within each of the seven hydrographic areagsin the Death Valley
Basin in Nye County is estimated at less than 620,000 m~ (Scott and others,
1971). Because no continuous streamfliow stations had been established in the
Death Valley Basin Hydrographic Region within or adjacent to the Candidate
Ar:a until recently, the frequency and duration of surface-water flow are
unknown,

Except for the potential for flooding, surface-water hydrology has
1ittle adverse impact on siting a repository at Yucca Mountain, because of
the intermittent nature of surface-water runoff and the lack of through-
flowing drainages in the Candidate Area. However, washes provide channels
for concentrating runoff that may be a principal source of ground-water
recharge beneath Yucca Mountain. For example, perfodic temperature measure-
ments made in selected wells in Drill Hole Wash during 1981-83 revealed a
pronounced change in the character of the temperature profile above a depth
of 150 m in drill hole UE-25a#7 in Orill Hole Wash. This change may be
related to recharge from a major storm that occurred early in March 1983
(J. H. Sass, U.S. Geological Survey, written comnun., 1983).

Flood Potential

Moderate flooding in low-lying areas along major streams in the Candi-
date Area sometimes has resulted from regional storms that encompassed exten-
sive areas of the Great Basin. However, high-intensity precipitation cells
within - some regional storm systems often have caused 1intensive 1local
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'flooding. Intense flooding is more commonly caused by local convective

storms, Thus, although flooding of a serious magnitude can occur over an
extensive area, intense floods are generally restricted to relatively small
areas and occur as flash floods of short duration,

Flash floods constitute the major flood hazard in the Great Basin.
These floods and associated debris flows are probably among the most impor-
tant geomorphic processes currently active in the Great Basin, They play a
major role in development of alluvial fans, denudation of mountainous land-
scapes, and evolution of drainage-channel morphology. Flood discharges range
from water-dominated mixtures to debris flows. -

Because streamflow data in the vicinity of Yucca Mountain are sparse,
data from a large region were used to estimate flood-flow characteristics
near the site, particularly data giving evidence of recent floods in and near
drainages having streamflow records. The U.S. Geological Survey has been
collecting monthly crest-stage data for many ephemeral washes in the Candi-
date Area since the early 1960's. Flood records for 12 crest-stage sites are
shown on table 1., Locations of four sites closest to Yucca Mountain are
shown on plate 1; the remaining sites are outside the Candidate Area and are
not shown, Several major floods, occurring on those washes from 1964 through
1980 are given in table 1. The most notable flood was associated with a
large winter storm that Qccurred over the upper Amargosa River drainage basin
(drainage area, 1,217 km i in February 1969, This storm caused an estimated
peak flow of about 450 m”/s near Beatty (estimated from records for gaging
station no. 6, table 1), The upper Amargosa drainage basin is immediately

west of Fortymile Wash basin, ,and the two basins have similar terrains.
Also, peak flow of about 97.1 m”/s occurred in August 1968 at gaging station

no. 3 on an unnamed tributary to Ehe Amargosa River near Mercury. This
dr7inage basin has an area of 285 km“; the basin terrain is similar to Forty-
mile Wash.

The data indicate that peak flood discharges measured at the 1% gaging
stations during the last two decades rﬂnged froqaapprOﬁ?mately 1 (m~/s)/km
for drainage areas greater than 100 km“ to 3 (m~/s)/km® for drainage areas
less than 5 km~., This evidence of past severe flooding indicates that occa-
sional severe floods probably will occur in the future within southern
Nevada, and may occur at Yucca Mountain,

Yucca Mountain is a long north-south ridge with a maximum altitude of
1,783 m above sea level; most of the ridge crest is at about 1,460 m. The
ridge divides the drainage basins of Fortymile Wash to the east and Crater
Flat to the west. Crater Flat has no major transecting washes. Fortymile
Wash drains from north to south, about 6.5 km east of the Yucca Mountain
ridgeline. Where it is adjacent to Yucca Mountain, the streambed decreases
in altitude from 1,158 m to 914 m. Flood potential (pl. 2) on Fortymile Wash
was evaluated by Squires and Young (1984).

According to Squires and Young (1984, p. 12), “"Geomorphic studies have
fndicated that some of the alluvial surfaces along Fortymile Wash are thou-
sands of years old, which might imply that the surfaces have not been flooded
since they were formed several thousand years ago. However, distinct high-
water marks were observed along Fortymile Wash in the vicinity of cross-
section FM-4,.." (pl. 2) indicating that the alluvial surfaces along
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Table 1.--Flood records at selected crest-stage eites in Candidate Area

[Squires, Robert R., U.S. Geological Survey, written commun.,

and adjacent areas

and Young, 1984]

Designated . Station name, number Water Peak discharge
number on and description year 1/ (cubic meters

plate 1 : per second) 2/

1 Penoyer Valley Tributary 1964 0.00

near Tempiute, Nev. 1965 .06

1966 .00

Station No. 10247860. 1967 .00

2 1968 3.68

Drainage Area = 3.83 km". 1969 1.27

1970 .99

Period of Record: 1964-80. 1971 .00

1972 .93

Lat 37°35'07*,1ong. 115%0° 1973 .00

48", in SE 1/4 NE 1/4 sec. 1974 .00

21,T. 4 S.,R. 56 E., Lincoln 1975 .06

County on left bank upstream 1976 .02

side of culvert on State 1977 .01

Highway 25, one mile north- 1978 .00

west of Coyote Summit, and 1979 .01

5.3 miles south of Tempiute. 1980 .01

2 Indian Springs Valley Tributary 1964 .01

near Indian Springs, Nev. 1965 3.40

1966 .01

Station No. 10247890. 1967 .14

2 1968 .02

Drainage Area = 75 km", 1969 .71

1970 .00

Period of Record: 1964-80. 1971 .34

0 o 1972 14.1

Lat. 36 34'00", long, 115°48*' 40", 1973 .01

.~ in NW 1/4 NW 1/4 sec. 16, 1974 .02

or SW 1/4 SW 1/4 sec.9, 1975 .06

T. 16 S., R. 55 E., Clark 1976 .08

County, at culvert on U.S. 1977 2.83

Highway 95 and 8 miles west 1978 .00

of Indian Springs. 1979 .03

1980 .02

3 Amargosa River Tributary near 1963 .28

Mercury, Nev. 1964 1.13

: 1965 1.05

Station No. 10251270. 1966 .57

1967 17.0

1982; Squires



Table 1.--Flood reéordh at gelected crest-stage sites in Candidate Area
and adjacent areas--Continued

Designated Station name, number Water Peak discharge

number on and description , year 1/ (cubic meters
plate 1 , per second) 2/
3 (cont.) Drainage Area = 285 kmZ, 1968 97.1
1969 1.70°
Period of Record: 1963-80. 1970 6.79
o 1971 2.55
Lat. 36 33'30", 1972 - 43.6
long. 116 °06‘'00", in sec. 14 1973 5.24
T. 16 S.,R. 52 E., Nye County, at 1974 .08
culvert on U.S. Highway 95 and 1975 .02
9 miles southwest of Mercury. 1976 .00
1977 .68
1978 .00
1979 .68
1980 .00
4 Amargosa River Tributary 1967 2.68
No. 1 near Johnnie, Nev. ' 1968 5.49 °
1969 W02
Station No. 10251271. 1970 9.91
2 1971 2.55
Drainage Area = 5.72 km~. 1972 .17
1973 2.77
Period of Record: 1967-80. 1974 .11
o 1975 .28
Lat. 36°27'36", 1976 .08
long, 116°06'28", in NE 1/4 1977 2.09
SE 1/4 sec. 22, T. 17 S.,R. 52 E., 1978 : .31
Nye County, at culvert State 1979 .00
Highway 16 and 3.5 miles 1980 .00
northwest of Johnnie.
5 Amargosa River Tributary 1968 3.54
No. 2 near Johnnie, Nev. 1969 .06
' - 1970 - .08
Station No. 10250272. 1971 .00
2 1972 ‘ .01
Drainage Area = 6.45 km~. 1973 .00
' 1974 ' .00
Period of Record: 1968-80. 1975 .14
1976 .06



Table 1.--Flood records at selected crest-stage sites in Candidate Area
and adjacent areas--Continued '

Designated Station name, number Water Peak discharge
number on and description year 1/ (cubic meters
plate 1 per second) 2/
5 (cont.) Lat. 35°zs'39", _ 1977 .08
‘ long. 116°04'28", in W 1/2 1978 .03
NE 1/4 sec. 36, T. 17 S., 1979 .00
R. 52 E., Nye County, at culvert 1980 .00
on State Highway 16 and 1.2
miles north of Johnnie.
6 Amargosa River Tributary 1964 .71
near Beatty, Nev. 1965 57
1966 .00
Station No. 10251220. 1967 119.
2 1968 2.55
Drainage Area = 1,217 km". 1969 453.
1970 .00
Period of Record: 1964-79. 1971 00 °
0 1972 .00
Lat. 36_52'36“, 1973 .51
long, 116745'34", in NW 1/4 1974 .00
NE 1/4 sec., 30, T. 12 S., 1975 11.7
R. 47 E., Nye County, on left 1976 2.83
bank, 170 ft. downstream 1977 .05
from airport road, and 2.8 1978 18.4
miles south of Beatty. 1979 .00
7 Sarcobatus Flat Tributary, Nev. 1961 .37
1962 .14
Station No. 10249050. 1963 .00
2 1964 .00
Drainage Area = 96 km™, . 1965 1.08
v 1966 .00
Period of Record: 1961-80. 1967 .28
0nn s 1968 .71
Lat. 37 13'68“, 1969 .82
long. 117°07'35" in T. 8 S., 1970 .00
R. 43 E., Nye County, at culvert 1971 .03
on State Highway 72, at Bonnie 1972 .00
Claire, and 24 miles northwest 1973 .17
of Springdale. 1974 .00
1975 42
1976 .17
1977 .03
1978 .02
1979 .02
1980 1.78

10



Table 1.--Flood records at selected crest-stage sites in Candidate Area
and adjacent areas--Continued

Designated Station name, number Water Peak discharge
number on and description year 1/ (cubic meters
plate 1 , per second) 2/
8 Palmetto Wash Tributary, : 1967 .45
near Lida, Nev. 1968 .51
1969 5.46
Station No. 10249850. 1970 .59
2 1971 .70
Drainage Area = 12.25 km", 1972 .01
1973 .00
Period of Record: 1967-80. 1974 .00
0 1975 .00
Lat. 37726 80“ 1976 .03
long. 117°41'25", in SW 1/4 1977 .01
SE 1/4 sec. 6, T. 6 S., 1978 .01
R. 39 E., EsmeraIda County, 1979 -
at culvert on State Highway 3, 1980 .01
7 miles west of Lida Summit,
and 11 miles west of Lida. - .
9 Stonewall Flat Tributary, near 1964 .03
Goldfield, Nev. 1965 : .23
1966 .03
Station No. 10248970. 1967 1.02
2 1968 1.75
Drainage Area = 1.37 km™. 1969 4,25
1970 .00
Period of Record: 1964-79. 1971 .00
o 1972 .03
Lat. 37°35' 30“ 1973 .03
long. 117712'35", in SE 1/4 1974 .00
NE 1/4 sec. 13, T. 4s., 1975 .00
R. 42 E., Esmeralda County, at 1976 .03
- culvert on U.S. Highway 95 1977 ‘ .01
and 8 miles south of Goldfield. 1978 .00
1979 .01
10 Big Smokey Valley Tributary, near 1961 ~ 2.55
Blair Junction, Nev. 1962 .00
1963 .06
Station No. 10249680. 1964 .00
‘ 2 1965 .00
Drainage Area = 29.5 km". 1966 .20
1967 w03

11



Table 1.--Flood records at selected crest-stage sites in Candidate Area
- and adjacent areas--Continued

Designated Station name, number Water Peak discharge
number on and description year 1/ (cubic meters

plate 1 per second) 2/

10 (cont.) Period of Record: 1961-79. 1968 .04

0 1969 .34

Lat. 38701’ 82“ 1970 .00

long. 117°42'35", Esmeralda 1971 .00

County, at culvert on U.S. 1972 1.78

Highway 6 and 95 and 3.5 1973 .40

miles east of Blair Junction. 1974 .00

1975 .02

1976 2.26

1977 4,81

1978 .00

1979 .00

11 San Antonio Wash Tributary, Nev. 1965 .03

1966 .00

Station No. 10249135, 1967 .11

. . 2 -1968 .03

Drainage Area = 8.86 km". 1969 .06

1970 .62

Period of Record: 1965-80. 1971 .00

o 1972 18.7

Lat. 38719 87" 1973 .20

long. 117°07'25", in SE 1/4 1974 .00

SW 1/4 sec. 35, T. 6 N., 1975 .00

R. 43 E., Nye County, at culvert 1976 .00

on State Highway 8A and 19 miles 1977 .03

north of Tonopah. 1978 .00

1979 - W01

1980 .00

12 Saulsbury Wash, near Tonopah, Nev. 1962 .28

1963 .00

Station No. 10249180. 1964 .00

’ 2 1965 .00

Drainage Area = 145 km™. 1966 1.16

1967 .28

Period of Record: 1962-80. 1968 .06

_ o 1969 9.62

Lat. 38707 30" 1970 .06

long. 116748'30", 1971 .00

12



Table 1.--Flood records at selected crest-stage sites in Candidate Area
and adjacent areas--Continued

~

Designated Station name, number Water Peak discharge
number on and description year 1/ (cubic meters
plate 1 . per second) 2/
12 (cont.) SW 1/4 sec. 10, T. 3 N., 1972 .76
R. 46 E., Nye County, at 1973 .08
culvert on U.S. Highway 6, 1974 .00
and 23 miles east of Tonopah. 1975 .00
1976 2.55
1978 3.40
1979 .25
1980 .00

1/ A water year extends from October 1 through September 30.

Zy Robert Squires (U.S. Geological Survey, written commun., 1982) reported
discharge values in cubic feet per second; these have been converted to
cubic meters per second and rounded to three significant digits.

13
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Fortymile Wash were {inundated. They continue, "From these marks and from
data on the cross-sgctional area and channel slope, a peak flow of about
20,000 ft °/s (570 m°/s) is estimated. Documentation of similar flooding in
nearby washes indicates that this flood peak probably occurred during Feb-
ruary 1969."

Long-range (thousands of years) flood predictions are difficult to make,
even for drainages that have long-term (as much as 100-year) streamflow
records, Predictions are especially difficult for drainages with minimal
streamflow records, such as those in the Candidate Area. Current flood-
prediction methods for this area generally involve some form of statistical
evaluation of available regional streamflow data.

Two detailed studies of flood-prone areas in the vicinity of Yucca Moun-
tain provided a basis for estimating the magnitudes of floods with various
recurrence intervals. One (Squires and Young, 1984) was an analysis of the
flood plain of Fortymile Wash and its southwestern tributaries (pl. 2), in
which the magnitudes of the 100- and 500-year flood peaks and “regional maxi-
mum" flood were estimated, based on data from extreme floods elsewhere in
Nevada and surrounding States. The other study (Christensen and Spahr, 1980) -
defined flood-prone areas of 100-year, 500-year, and "maximum potential"
floods for Topopah Wash and its tributaries in the eastern part of Jackass
. Flats. The authors of both reports concluded that most floods are caused by
convective storms, The “maximum potential” and "regional maximum" f1oods
were estimated by Crippen and Bue (1977, p. 2) from data for historic floods
of unusually large magnitude, without reference to recurrence interval, in a
five-State region that includes Fortymile Wash: Arizona, California, Nevada,
New Mexico, and Utah, These "maximum" flood values, however, do not repre-
sent the upper limits of physically possible floods for these drainages.

From their investigation of Topopah Wash, Christensen and Spahr (1980)
concluded that: .

1. The 100-year flood-prone areas closely parallel most main channels,
with few occurrences of out-of-bank flooding of the areas between the main
channel- and adjacent secondary channels. OQut-of-bank flooding would result.
in a water depth of less than 0.6 m, with a mean velocity as high as 2 m/s
occurring on the steeper slopes. Flood-water depth in the stream channels
would range from 0.3 to 2.7 m, with mean velocities of 0.9 to 2.7 m/s.

2. The 500-year flood would exceed the discharge capacity of all stream
channels except Topopah Wash and some upstream reaches of a few tributaries.
Out-of-bank flooding of areas between the adjacent channels would result in
water depths as much as 0,9 m, with mean velocities greater than 2 m/s.
Flood-water depth in the stream channels would range from 0.3 to 3.7 m, with
mean velocities ranging from 0.9 to 4 m/s.

3. The "maximum potential” flood would inundate most of Jackass Flats.
Out-of-bank flows §n the areas between adjacent channels would have a depth
as much as 1.5 m, with a mean velocity as high as 4 m/s. Flood water in the
stream channels would have depths of 0.6 to 7 m, with velocities of 1.2 to
7.9 m/s.

14



Squires and Young (1984) studied the downstream part of Fortymile Wash.
Within this area, Fortymile Wash has three tributaries that are informally
designated from south to north as Busted Butte Wash, Drill Hole Wash, and
Yucca Wash, Approximate flood-prone areas in these washes and areas of
potential sheet flow (the overland flow of a thin, continuous film of water)
are shown on plate. 2, Squires and Young (1984) concluded that:

1. Fortymile Wash, within the flood-study area, is a well-defined, in-
cised channel, with a cross section of 15 to 21 m depth and 300 to 450 m
width, The 100-year, 500-year, and “regional maximum" floods would stay
within the confines of the wash. Estimated depths of flood water in the
stream channel would range from 0.9 to 2.4 m for the 100-year flood, from 1.8
to 3.3 m for the 500-year flood, and from 6.4 to 8.8 m for the regional
maximum flood; corresponding mean velocities would be from 1.8 to 2.7 m/s for
the 100-year flood, 3.3 to 4.3 m/s for the 500-year flood, and from 7.0 to
8.5 m/s for the regional maximum flood. -

2. The drainage basin of Busted Butte Wash varies from a shallow valley
with meandering ephemeral streams to a deeply incised canyon in the upstream -
reaches. Drill Hole Wash {s characterized by deep canyons extending from
Yucca Mountain to its mid-drainage area. Both washes would have estimated
flood-water depths of from 0.3 to 1.2 m in the stream channel during the
100-year flood, and the corresponding mean velocities would range from 1.2 to
2.4 m/s. The 500-year flood would exceed bank capacities at several reaches
of the washes. Depths and mean velocities would range from 0.9 to 3.0 m and
1.5 to 3.3 m/s. The “regional maximum" flood would inundate all central
flat-fan areas in these two watersheds. Flood-water depths in the stream
channels would range from 1.5 to 3.7 m, with mean velocities varying from 2.1
to 4 9 m/s.

3. Yucca Wash.is contained within an incised channel that is about 14 m
deep and 240 m wide at its confluence with Fortymile Wash. The 100-year,
500-year, and "regional maximum" floods would stay within the steep-side-
slope stream banks that contain the flood plain., Flood-water depths in the
stream channel would range from 0.9 to 1.5 m for the 100-year flood, from 1.5
to 2.7 m for the 500-year flood, and from 2.7 to 7 m for the regional maximum
flood; corresponding mean velocities would vary from 1.5 to 2.7 m/s for the
100-year flood, from 2.4 to 3.7 m/s for the 500-year flood, and from 2.7 to
6.7 m/s for the regional maximum flood.

The extent of erosion and sediment movement caused by flood flow in
Forytmile Wash and its tributaries that drain Yucca Mountain is not known
quantitatively. Qualitatively, however, erosion of or deposition in channels
and flood plains probably would be significant during the 100-year flood, and
could be severe during the 500-year and "regional maximum" floods.

: Evidence of extensive erosion and deposition was observed in some chan-
nels during field surveys. Any significant channel erosion or aggradation in
the existing streambeds would alter flood-flow characteristics of cross-
sectional area, width, mean velocity, and maximum depth (listed in the report
by Squires and Young, 1984). The effect of erosion or deposition on flood-
flow characteristics would vary from place to place, Because velocities for
the 100- and 500-year and “"regional maximum" flood peaks are high, channe]
erosion and aggradation appear likely.
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Although most of Yucca Mountain is well above expected flood levels,
areas that are close to channels or within the lower terraces of Fortymile
Wash are subject to flooding. Unless adequate precautions are taken, facil-
jties in these areas would be subject to flood damage caused by the movement
of both water and debris.

REGIONAL GROUND-WATER HYDROLOGY

Hydrogeologic conditions at the Yucca Mountain site are controlled 1in
part by the broader regional ground-water system. Flow paths and water velo-
cities from the site are determined by rock properties and hydraulic gra-
dients, Because hydraulic gradients are affected by the regional occurrence
of permeability, and the locations and amounts of recharge and discharge,
knowledge of the regional ground-water system is required for assessment of
repository performance, even for a repository in the unsaturated zone.

Hydrogeologic Units

Hydrogeologic units pertinent to the Candidate Area are discussed here
briefly. Detailed information regarding these aquifers and aquitards {is
given in Winograd and Thordarson (1975) and summarized in table 2, .

Stratigraphic relationships among hydrogeologic units in and near the
Candidate Area are schematically shown in figure 2; geographic relationships
are shown in figure 3. In general, structural controls are not reflected in
these figures. Extensive faulting and folding of pre-volcanic rocks occurred
prior to onset of volcanism, followed by Basin-and-Range style normal fault-
ing and strike-slip faulting associated with Cenozoic tectonism. Accord-
ingly, the general relationships shown in figures 2 and 3 must be interpreted
with the understanding that structural controls make the actual situation
much more complex; figure 2 does not include any structural features, except
faults bounding alluvial basins, which are represented schematically.

Presumably, the lower clastic aquitard underlies the entire area, except
where it is intruded by igneous rocks. In figure 3, this unit is shown only
where other units are not present in the saturated zone, and the aquitard
acts as a barrier to ground-water flow. The upper clastic aquitard, on the
other hand, probably occurs only where shown; it also functions as a barrier
to flow. Saturated carbonate rocks are present east of a line running
approximately from east of Frenchman Flat northward through the Groom Range.
Saturated volcanic rocks are present west of a second line that runs from
western Jackass Flats northward 2long the western edge of Yucca Flat. Be-
tween these lines, saturated volcanic rocks overlie saturated carbonate
rocks; both rocks may contribute to ground-water flow. Where the upper
clastic aquitard is shown, saturated carbonate rocks presumably underlie it
at great depth (greater than 1,500 m); saturated volcanic rocks may overiie
jt along its margins, Alluvium locally occurs in the saturated zone.
Whether alluvium is saturated depends on the thickness of the alluvium and
the depth to the water table. Rocks beneath the saturated alluvium are also
saturated. Carbonate rocks probably underlie the saturated alluvium beneath
the Amargosa Desert; clastic rocks may also be present.
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Yable 2.--Mydrogeologic colwm for study area

[nzld. square weters per day, cm/s, centimeters per second(Hodified from tliinograd and Thordarson, 1975)]

Jackass Flats

BAXIMUM
SYSTEM SERIES STRATIGRAPHIC MAJOR LITHOLOGY THICKNESS HYDROGEOLOGIC HYDROLOGIC CHARACTERISTICS
uNIT (meters) UNIT
Quaternary Holocene, Aluvial fan, fluvial, 1,100 Valley-fill Irans,isslv'ty ranges from 10 to
and Pleistocene fanglomerate, lakebed, aquifer 400 m"/d; average coefficient of
Tertiary and Pliocene and mudflow deposits interstitial ggnducuvlty ragges
. from 2.4 x 10 " to 3.3 x 10
/s
Basalt of Kiwi Mesa Basalt flows, dense and 15 Lava-flow Hater movement controlled by
vesicular aquifer primary and secondary frac-
tures and possibly by rubble
Pliocene " Rhyolite of Shoshone — Rhyolite flows o0 between flows; intercrystal-
Mountain 1ine porosity and permeability
negligible; estimated trans-
["Nasalt of Skull - Dasalt flows Id nissI!Ity ranges from 5 to
Mountain 125 m"/d; saturated only
beneath east-central Jackass
Flats
? Thirsty Canyon Tuff Ash-flow tuff, partially 230 None Generally unsaturated; present
to densely welded; tra- . around Black Mountain, north-
chytic lava flows western part of study area
Awonia Ash-flow tuff, moderately 75 Helded tuff Hater movement controlled by
Tanks to densely welded; thin aquifer primary and secondary joints
Member ash-fall tuff at base in densely welded part of ash-
o flow tuff; transmissivity
§ £ Matnter Ksh-TTow tulT, nonwelded 175 ranges from 1 to 1250 m“/d;
Miocene ] ‘63'._ Mesa to densely welded; thin intercrystalline porosity and
. 5 Eg-s Hember ash-fall tuff near base permeability negligidble; non-
- ‘ welded part of ash-flow tuff,
Tertiary ] Tiva Canyon Ash-flow tufT, nonwelded 50-100 where present, has relatively
© Member to densely welded; thin high interstitial porosity
§ ash-fall tuff near base (35 to 50 percent) and modest
Il = ) conductivity (107" cm/s) and
v [ Topopah Ash-flow tuff, nonwelded 215 may act as a leaky aquitard;
Ee Spring to densely welded; thin saturated only in deeper
22 Member ash-fall tuff near base parts of Yucca, Frenclman, and
(]
[-%

1
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Table 2.--Hydrogeologic colum for etudy area--Continued

SYSTEM

SERIES

STRATIGRAPHIC
UNIT

MAJOR LITHOLOGY

MAX IMUM
THICKNESS
{meters)

HYDROGEOLOGIC
UNIT

HYDROLOGIC CHARACTERISTICS

Tertiary

Miocene

unit)

Piapi Canyon Group
Paintbrush Tuff

Bedded tuff
(informal

Ash-fall tuff and fluvially
reworked tuff

300

Bedded tuff
aquifer

Transmi§slv|ty ranges from 2
to 10 m“/d; saturated only
beneath structurally deepest
parts of Yucca, Frenciman,
and Jackass Flats; occurs
locally below ash-flow tuff
members of Paintbrush Tuff and
below Grouse Canyon Member of
Belted Range tuff. )

Hahmonfe Formation

Lava-flow and interflow
tuff and breccia; locally
hydrothermally altered

1200

Lava Flow

Aquitard

Hater movement controlled by
poorly connected fractures;
interstitial porosity and
permeability negligible;
transnlsglvlty estimated less
than 5 m"/d; contains minor
perched water in foothills
between Frenchman and Jackass
Flats

Ash-Tall tuff, tuffaceous
sandstone, and tuff breccia
all interbedded; matrix
commonly clayey or zeolitic

500

Salyer Formatfion

— Breccla flow, V1thic
breccia, and tuff breccia,
a1l interbedded with ash-
fall tuff, sandstone silt-
stone, claystone, matrix
commonly clayey or zeolitic

Tuft Aquitard

Transn!ssivity ranges from 1
to 3 m“/d; Interstitial poros-
ity 1s as high as 40 percent,
but interstitial pemg’blllty
s nggliglble (3 x107 to 3
x 1077 ¢m/s); owing to poor
hydraulic connection of frac-
tures, interstitial permeabil-
ity probably controls regional
ground-water movement; perches
minor quantities of water be-
neath foothills flanking
valleys; fully saturated only
beneath structurally deepest
parts of Yucca, Frenchman,
and Jackass Flats; Grouse
Canyon and Tub Spring Members
of Belted Range Tuff may
Yocally be aquifers in northern
Yucca Flat.
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Table 2.--Hydmgeaiogic colum for study area--Continuved

MAX IMUM
SYSTEM SERIES STRATIGRAPHIC MAJOR LITHOLOGY THICKNESS HYDROGEOLOGIC | HYDROLOGIC CHARACTERISTICS
mIT (meters) UNIT
(1)
» Grouse Ksh-TTow tulf, 60
B & Canyon densely welded Tuff Aquitard
5 Member {continuved)
2y
e Tub Ash-flow tuff, 90
B Spring nonwelded to welded
- Mewber
Local Ash-fall tuff, nonwelded 600
Informal to semiwelded ash-flow
Units tuff, tuffaceous sandstone.
Siltstone, and claystone;
Miocene all massively altered to
zeolite or clay minerals;
locally minor welded tuff
near base; minor rhyolite
and basalt
Tertiary
(1) )
Rhyolite flows Rhyol ite, nonwelded and 600 Tuff Aquifer/ | Fhyolite lavas and ash flows
and tuffaceous welded ash flow, ash-fall Auitard may be transmissive, Bedded
beds of Calico tuff, tuff breccia, tuffs may be zeolitized or
mlls tuffaceous sandstone; argillized and less trans-
hydrothermally altered at missive. Beneath Yucca
Calico Hills; matrix of Mountain the tuffaceous beds
tuff and sandstone of Calico Hills are mostly
commonly clayey or zeolitic within the unsaturated zone
Prow Pass Ash-flow tuff, nonwelded 600 Tuff Aquifer'/ Transmissivity ranges from
- Mountain to moderately welded, inter- Aquitard less than,0.1 to several
o bedded with ash-fall tuff; hundred m" /d; ? of frac-
Et ull frog matrix commonly clayey or ture characteristics and
L3 zeolitic alteration, Interstittal
o Tam ber - hydravlic cond’cuvlty is
g smald (9 x 107/ to 4 x 104
m/s).
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Table 2.--Hydrogeologic colum for study area--Continued

MAX TMUM
SYSTEM StRIES STRATIGRAPHIC MAJOR LITHOLOGY THICKNESS HYDROGEOLOGIC | HYDROLOGIC CHARACTERISTICS
\ URIY (meters) UNIT
Miocene Lithic Ridge Toff Ash-flow tuff, partially 300 Tuff Aquitard | Not well characterized.
to densely welded, Com- Irausn!sstvity about 2 x
monly argillfzed /d. lnterstltlal
hydrauli conductivlby
{3 x 10 to7 x 107" cm/s)
Tertiar Hiocene (?) Older tuffs and lavas Altered rhyolitic and ?
Y Oligocene (7) beneath Yucca Mountain quartz latitic lavas,
goc: and altered bedded
and ash-flow tuffs
Miocene Rocks of Pavits Juffaceous sandstone and 425 Tuff Aquitard | See Salyer Formation above
and Spring siltstone, claystone;
011gocene fresh-water 1imestone and
: conglomerate; minor gypsum;
matrix commonly clayey,
zeol itic or calcareous
011gocene Horse Spring Fresh-water limestone; 300
Formation conglomerate tuff
Cretaceous Granitic stocks Granodiorite and quartz (A Minor Complexly fractured but nearly
to Permian monzonite in stocks, dikes, Aquitard) impermeable
and sills
Permian and Tippipah Limestone Limestone 1100 Upper Car- Complexly fractured aquifer;
Pennsylvanian bonate transmissivity estimated
Aquifer range from 10 to 1250

m-/d; intercrystalline poros-

ity and permeability neglig-
ible; saturated only beneath
western one-third of Yucca
Flat
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Table 2.--Hydrogeologic colum for etudy area--Continued

Dunderberg Shale
Homber

MAX IMUM
SYSTEM SERIES STRATIGRAPNIC MAJOR LETHOLOGY THICKNESS HYDROGEOLOGIC | HYDROLOGIC CHARACTERISTICS
UNIY {meters) UNIT
Mississippian Eleana Formatfon: Argillite, quartzite, 2400 Upper Clastic | Complexly fractured
and conglomerate, 1imestone Aquitard but nearly impermeable;
Devonian transmisslvit! estimated
. less than 5 m"/d; inter-
stitia! permeability neglig-
ible but owing to poor
hydraul ic connection of
fractures probably controls
ground-water movement ;
saturated only beneath
western Yucca and Jackass
Flats; interstitial poros-
ity ranges from 2.0 to 18.3
percent
Vpper Devils Gate Limestone Limestone, dolomite, minor 425
quartzite Lower Car- Complexly fractured aquifer
Devonian ? bonate which supplies major springs
Lir0 Hevada Formation Dolomite 150 Aquifer throughout eastern Nevada;
transmissivity,ranges from
10 to 10,000 m"/d; {inter-
Devonian Undifferent lated Dolomite 430 crystalline porosity 0.4 to
and Stlurian 12,4 percent; intercrystalline
hyggaullc condugtlvlty 1 x
per tly Springs Dolomite Dolomite 50 1077 to 5 x 107 cm/s; solution
caverns are present locally but
tureka Quartzite Quartzite, minor 100 regfonal ground-water movement
limestone 1s controllied by fracture
Ordovician Middle transmissivity; saturated
Antelope Valley Limestone and Silty b4 beneath much of study area
a Limestone Limestone ’
? o
& [THinemiTe Tlaystone and YTimestone 100
s Formatton interbedded
Lower s
-4 Goodwith Limestone F14
o Limestone
. Nopah Formation, " Dolomite, 1imestone 325
Cambrian Upper Smoky Member, Halfpint Limestone ,dolomite, silty 220
Member 1imestone
Shale, minor 1imestone 70
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Table 2.--Hydrogeologic colum for study area--Continuved

MAXIMIM
SYSTEM SERIES STRATIGRAPHIC MAJOR LITHOLOGY THICKNESS HYDROGEOLOGIC |HYDROLOGIC CHARACTERISTICS
Iy (weters) UNIT
Bonanza King Formation, Limestone, dolomite, minor 750"
Banded Mountain Siltstone
Cambrian Middle Member
Papoose Lake Member Limestone, dolowite, minor 650
siltstone
Carrara Formation Stitstone, 1imestone, inter- 320
bedded (upper 320 meters
predominantly )imestone; 290 Lower Car- See preceding page
lower 300 meters bonate Aquifer
Lower predominantly siltstone) {cont inued)
Zabriskie Quartzite Quartzite 70 €3]
. | Lower Clastic | Complexly fractured but
Wood Canyon - Quartzite, siltstone, shale 700 Aquitard nearly impermeable; supplies
Formation minor dolomite no major springs; trans-,
‘ missivity less than 10 m"/d;
Stirling (uartzite (uartzite, siltstone 1025 interstitial porosity and
Precawbrian permeability ts negligible
Johnnie Formation Quartzite, sandstone, 975 but probably controls regional

siltstone, minor Yimestone
and dolomite

ground-water movement owing
to poor hydraulic connection
of fractures; saturated
beneath most of study area
interstitial porosity 0.2 to
10.0 percent; interstitial
hydraul ic coﬂuctlvity raBges
from 4 x 10°"° to 5 x 10~

/s,

1))

The three Miocene sequences occur

in separate parts of the region.

Age correlations between them are

They are placed vertically
fn table to save space.

uncertain,

(2) The Noonday (?) Nolomite, which
underlies the Johnnie Formation
is considered part of the lower
cl:sllc aquitard.
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Figure 2.--Stratigraphic relationships among hydrostratigraphic
- units in the Candidate Area.
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To provide an understanding of the hydrologic framework, regional hydro-
geologic units are described briefly in the following paragraphs. Those
units that occur within 10 km of Yucca Mountain are the lower clastic aqui-
tard, the lower carbonate aquifer, the volcanic aquitard and aquifer, the
lower carbonate aquifer and perhaps the valley-fill (alluvial) aquifer.

Lower Clastic Aquitard

The oldest rocks of hydrologic significance are the upper Proterozoic
quartzite and shale of the Johnnie, Stirling, and Wood Canyon Formations,
which are approximately 2,700 m thick, With the lower part of the overlying
Carrara Formation, these units compose the lower clastic aquitard (Winograd
and Thordarion. 1975). Transmissivity of this hydrogeologic unit is approxi-
mately 10 m~/d or less., Because of this small value, the lower clastic aqui-
tard probably significantly affects distribution of hydraulic potentials and
locations of ground-water discharge areas.

Lower Carbonate Aquifer

Limestone in the upper part of the Carrara Formation, and the succeeding
limestones and dolomites of Cambrian, Ordovician, Silurian, and Devonian age
comprise the lower carbonate aquifer, Thts aquifer is widespread in the
eastern part of the Candidate Area, and it is the major water transmitter
there. Total thickness Q{ the aquifer exceeds 4,700 m; transmissivities
range from 10 to 10,000 m“/d. High transmissivities probably occur where
dissolution has increased fracture aperture or pore diameter, Dissolution is
more likely to occur where ground-water flow rates are greater (such as where
flow lines are concentrated or where fracture frequency is greater), and
where clay content of the carbonate rocks is very low. Therefore, variations
in structural setting, proximity to faults, mechanical rock properties,
depositional environment, and aquifer thickness probably account for the
large variations in transmissivity., Hydraulic gradients generally are small
because of high transmissivity.

Upper Clastic Aquitard

The Eleana Formation (Devonian and Mississippian age) constitutes the
upper clastic aquitard. The Eleana, which consists primarily of argillite,
with minor quartzite zand limestone, is approximately 2,400 m thick, with a
transmissivity of 5 m~/d or less,

Upper Carbonate Aquifeh

The Tippipah Limestone of Pennsylvanian and Permian age constitutes the
upper carbonate aquifer, Although more than 1,000 m thick, it is of minor
regional hydrologic significance, because it is saturated only in western
‘Yucca Flat, Where the upper clastic aquitard is absent (eastern part of
Candidate Area), this aquifer is not hydrologically separable from the under-
lying lower czrbonate aquifer, Transmissivity of this unit ranges from about
10 to 1,250 m/d. :
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Granite

Small granitic bodies of Mesozoic age occur at the northern end of Yucca
Flat. Being small, they locally serve as an aquitard. They are complexly
fractured, but nearly impermeable. The flow that does occur is through frac-
tures (Walker, 1962); drifts within the Climax Stock (430 m deep, but above
the water table) are nearly dry.

Volcanic Rocks

Volcanic rocks of Tertiary and Quaternary ages, consisting of ash-flow
and ash-fall tuffs (nonwelded to welded) and basalt and rhyolite flows, occur
in the western and central parts of the Candidate Area. They have variable
hydrologic properties; some are aquifers; others are aquitards. Because of
their complex stratigraphy, these units are not easily traceable on a region-
al scale. Aggregate thickness of these volcanic rocks is unknown, but it
exceeds several thousand meters.

Rock properties are dependent not only on the eruptive history, but also
on the cooling history, post-depositional mineralogic changes, and the struc-
tural setting, The permeability of ash-flow tuff is in part a function of
the degree of fracturing, and, thus, the degree of welding (Winograd, 1971;
Blankennagel and Weir, 1973). Densely welded tuff fractures readily; non-
welded tuff does not. Degree of welding varies with vertical position within
a cooling unit and distance from the source (Smith, 1960). Therefore, dis-
tribution of permeability is affected by the irregular distribution of tuff
lithologies, and it is a function of proximity to the various eruptive cen-
ters. Permeability probably is also a function of proximity to faults and
fracture zones., Another factor affecting permeability 1is chemistry of the
water as a function of position along a flow line (Claassen and White, 1979).
Incongruent dissolution of glass along the flow path results in relative
increases in dissolved solids. At some point along the flow path, this water
becomes more sodic as montmorillonite and zeolites precipitate. Precipi-
tation of these minerals in fractures decreases permeability. Calcite, and
iron manganese oxides are also present in frastures. Transmissivity of these
volcanic rocks ranges from about 1 to 1,250 m /d.

Beneath Yucca Mountain, volcanic rocks are composed of nonwelded to
densely welded ash-flow tuffs, and bedded, reworked, and air-fall tuffs, The
proposed repository horizon, the Topopah Spring Member of the Paintbrush
Tuff, s a moderately to densely welded tuff, with a few intercalated bedded
tuffs, The Topopah Spring Member is above the water table beneath Yucca
Mountain, but it is an aquifer beneath Fortymile Wash east of Yucca Mountain.
Beneath the Topopah Spring Member are the tuffaceous beds of Calico Hills,
the Crater Flat Tuff, the Lithic Ridge Tuff, and older, unnamed tuffs and
lava flows.

Few data are available on anisotropy in tuffs. Because of the impor-
tance of fractures in contributing to permeability, their frequency, orien-
tation, interconnectivity, and aperture largely determine the directional
characteristics of permeability in welded and, perhaps, nonwelded tuffs.
Orientation and frequency data are being collected in both outcrop and drill-
holes, but these studies have not been completed. Preliminary results of
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these studies indicate that two sets of faults and fractures are prqgent
(Scott asd others, 1983). The f1r§F setostrikes north-northwest (N. 15  W.
to N. 40" W.), and digs steeply (sq, - 907) to the west. The second strikes
north-northeast (N. 5 E. to N. 35 E.), and also dips steeply to ths west.
The ginimum compressive stress is oriented approximately N. 50° W. to
N. 60 W. which 1s coincident with the regional direction of tectonic exten-
sfon (Carr, 1974). Fractures with these orientations may tend to b% closed
by tqgtonic stresses, whereas fractures with orfientations of N. 30" E. to
N. 40" E. may tend to be more open. Therefore, the north-northeast-striking
fracture set may be more transmissive; however, multiple-well pressure tests
to test this hypothesis have not been performed yet.

Most fractures are steeply dipping, and vertical permeability within a
single cooling unit may be approximately the same as maximum horjzontal
permeability within a single cooling unit. However, because of nearly hori-
zontal layering in ash-flow tuffs, due to emplacement and cooling mechanics,
and because of the presence of bedded, nonwelded tuffs, vertical variations
in fracture frequency probably occur. If the volume of rock under considera-
tion contains bedded or nonwelded tuffs, vertical permeability may be of the
same order of magnitude or less than maximum horizontal permeability. Verti-
cal permeabilities have not been measured. )

Interconnectivity of fractures within the partially to moderately welded
Crater Flat Tuff has been demonstrated by pumping tests of intervals pene-
trated by drill hole UE-25b#1. A 61-m long segment of the hole was pumped
for 29 days 5; a rate of 10,7 to 12.7 L/s, a total withdrawal of approxi-
mately 3 x 10° L. At the end of the test, the maximum drawdown was approxi-
mately 12 m. Removal of this quantity of water probably affected a large
volume of rock, especially when the low storativity of the fractured rock is
considered. During the test, a solution of sodium bromide was placed in test
hole UE-25a#1, in an interval approximately 100 m horizontally from, and 100
m vertically above, the pumped interval in UE-25b#1. Bromide was detected in
the discharge water within 3 days of being placed in UE-25a#l. Therefore, at
this location, connectivity of fractures is known to occur over a large
volume of rock, in both vertical and horizontal directions. ‘

Valley-Fill Aquifer

Valley fill of Tertiary and Quaternary age is composed of alluvial-fan,
fluvial, fanglomerate, lakebed, and mudflow deposits. The character of
valley-fill material results from distance from source, relationship to
alluvial channels, and type of source material.

Grain size decreases from the proximal to the distal ends of alluvial
fans, and away from distributary channels on the fans. Because runoff inten-
sity varies from event to event, interbedding of fine- and coarse-grained
materfal occurs in valley fill, This condition results in vertical hydraulic
conductivities much less than horizontal conductivities. ~

Alluvial-fan, fluvial, and fanglomerate deposits are primarily sand and

gravel; therefore, these deposits have higher hydraulic conductivity than
lakebed and mudflow deposits, which contain mainly clay-sized material.
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These fine-grained deposits have conductivities several orders of magnitude
smaller than sand and graveé Transmissivities for alluvial-fill deposits
range from about 10 to 400 m“/d (Winograd and Thordarson. 1975).

Valley-f1ll material is generally saturated only beneath the structur-
ally deepest parts of the flats in the Candidate Area, and where present in,
and-upgradient from, discharge areas. Beneath most of the Amargosa Desert,
alluvium is the principal aquifer,

Relationships Among Hydrogeologic Units

Geology of the area 1is complex; therefore, relationships among. the
hydrogeologic units are complex also. Based on knowledge of regional geo-
logy, sedimentary rocks of Precambrian and (or) Paleozoic age probably under-
lie the entire area, except where intruded by granitic bodies. Thicknesses
of overlying units range from zero to thousands of meters. Volcanic rocks
are concentrated in the northwestern half of the Candidate Area (Carr and
others, 1984; Jennings, 1977; Stewart and Carlson, 1978); volcanic rocks are
absent in many parts of the southeastern half of the area.

Because of complex folding and faulting from the Paleozoic Era to the
Quaternary Period, "layer-cake" models of the hydrostratigraphic units are
not appropriate. Because of this complexity, relationships among hydrogeolo-
gic units are discussed only in .a general way. Locations and rates of re:
charge affect hydrologic relationships. In general, water moves with a
downward component near recharge areas, and with an upward component near
discharge areas. ODischarge areas occur where low-permeability rocks impede
flow of water, A high gradient may develop across the aquitards, causing
relatively high hydraulic heads upgradient of the barrier, If these heads
are high enough to intersect land surface, springs may form. '

In a general way, water moves up or down relative to the stratigraphic
section if its flow has a vertical component. Beneath Yucca Flat, water
moves downward progressively from alluvium through tuffs, and into carbonate
rocks. At Ash Meadows, a discharge area southeast of Yucca Mountain, water
moves upward from the lower carbonate aquifer into the alluvium; volcanic
rocks are not present. However, beneath eastern Pahute Mesa (60 to 80 km
north of Yucca Mountain), the thickness of volcanic rocks probably exceeds
3 km; underlying sedimentary rocks, if present, have no observable effect on
the ground-water system beneath Pahute Mesa.

Potentiometric Levels

Ground-water potentiometric levels in the Candidate Area, referenced to
sea level, are presented on plate 3. Data sources include Eakin (1962, 1963,
1966), Malmberg and Eakin (1962), Walker and Eakin (1963), Malmberg (1967).
Rush (1970), Thordarson and Robinson (1971), Winograd and Thordarson (1975),
and Miller (1977). Contour lines in the {illustration are drawn at 100-m
intervals, Composite water levels from several hydrogeologic units were used
in mapping the contours., In Yucca Flat, data are available from wells com-
pleted in alluvium, tuff, and carbonate rocks. The potentials indicate down-
ward flow into the lower carbonate aquifer (Doty and Thordarson, 1983). How-
ever, the potentiometric levels are similar enough that, on a regional scale,
contouring data from different geologic units is not feasible,
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Steep gradients occur adjacent to areas of high recharge and in areas of
low permeability. Gradients are low where high-permeability carbonate rocks
- and alluvium are present in the saturated zone. A very steep gradient may
exist near the northwestern side of Death Valley; however, the only available
data points are springs. These springs appear to issue from perched ground
water; if so, the actual gradient i1s much less there than shown,

Ground water flows generally southward or southwestward through most of
the Candidate Area; however, flow is westerly in the southeastern part.
Avatlable data (pl. 3) indicate that the upgradient boundary of the ground-
water basin passes through the Goldfield Hills, the Cactus, Kawich, Reveille,
Grant, Golden Gate, Pahranagat, and Sheep Ranges, and the Spring Mountains.
The downgradient boundary {s Death Valley, the lowermost discharge area.

Areas of Recharge and Discharge

Recharge Areas

The potentiometric surface (pl. 3) and the distribution of precipitation
were used to estimate recharge areas. Recharge occurring in the northern
tract of the area, where a potentiometric high occurs, is indicated on
plate 3. . .

Maps showing lines of equal precipitation have been used as a reconnais-
sance tool to estimate recharge in the southern Great Basin, Empirical
precipitation-recharge relationships have been developed from mass-balance
estimates for many basins in southern Nevada (Eakin and others, 1963; Walker
and Eakin, 1963; Rush, 1970). These relationships generally indicate that,
as mean annual precipitation increases, the percentage of precipitation that
is recharged to the ground-water system also increases. At mean annual
precipitation rates of less than 150 to 200 mm/yr, the recharge rate becomes -
- small enough that mass-balance methods are not sensitive, Areas of greater
precipitation include the Spring Mountains, and the Sheep, Pahranagat, and
Belted Ranges. Mean annual precipitation is less than 150 mm/yr throughout
Death Valley, the Amargosa Desert, and Jackass, Crater, Frenchman, and Yucca
Flats. .Winograd and Friedman (1972) and Winograd and Thordarson (1975) cau-
tion that the use of precipitation maps for estimating recharge can lead to
large errors, because they ignore factors such as intermittent streamfliow,
topography, and the nature of surficial materials.

Discharge Areas

Places in the Candidate Area where ground water naturally discharges are
characterized by rocks of relatively lower permeability occurring downgra-
dient from the discharge area (Dudley and Larson, 1974; Winograd and
Thordarson, 1975; and Waddell, 1982). At these locations, a steep potentio-
metric gradient occurs across the barrier, and the water table intersects the
land surface, )

Locations of springs within the Candidate Area are shown on plate 4.

Major discharge areas are the Ash Meadows spring lineament, Alkali Flat
(Franklin Lake), Furnace Creek Ranch area, and Oasis Valley. Minor discharge
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from regional aquifers occurs at Indian Springs and Cactus Springs. Numerous
perched springs of minor and variable discharge are present throughout the
area, Discharge at Alkali Flat is primarily by evapotranspiration rather
than spring discharge.

, Data on springs within the Alkali Flat-Furnace Creek Ranch ground-water
subbasin, fncluding Yucca Mountain, are given in tables 3 and 4. A1l but
two of the springs listed are in California, either in or near Death Valley.
The springs emerge from the lower carbonate aquifer, from volcanic rocks, or
from alluvium., Springs emerging from volcanic rocks have low discharges and
are probably perched. Springs with discharges greater than 0.3-0.6 L/s issue
from the lower carbonate aquifer or alluvium overlying it,

Numerous springs (pl. 4) in the southern and western parts of the Candi-
date Area were identified as sources of water supply in Thordarson and
Robinson's (1971) inventory of wells and springs within approximately 160 km
of eastern Pahute Mesa. The main concentrations of springs used for water
supply are in Death Valley in the vicinity of Furnace Creek Ranch, approxi-
mately 50 to 60 km southwest of Yucca Mountain; in Oasis Valley in the vici- -
nity of Beatty, approximately 25 km northwest of Yucca Mountajn; and at Ash
Meadows, approximately 40 to 60 km south-southeast of Yucca Mountain,

In the Furnace Creek Wash area, which is part of Death Valley National
Monument, California, 60 points of ground-water discharge, fncluding artifi«
cial diversions, springs, seeps, and phreatophyte areas, were described and
mapped by Pistrang and Kunkel (1964). The meagured and estimated total
discharge from these points is a minimum of 0,16 m“/s. '

At Stovepipe Wells Hotel, northwest of Furnace Creek Ranch, potable
water was trucked for many years from a storage tank at Emigrant Ranger
Station, 14 km southwest of the hotel and 655 m higher., The storage tank is
supplied by a buried pipeline from Emigrant Spring, in Emigrant Canyon, about
8 km south of the ranger station, at an altitude of about 1,158 m (Miller,
1977). Miller estimated that flow from the spring probably averaged 0.19 L/s
during the winter, when demand was greatest, and 0.13 L/s during the summer.
In 1973, the National Park Service constructed an underground-storage tank in
the alluvial fan south of Stovepipe Wells Hotel, and began trucking water to
it from Nevares Spring, near the mouth of Furnace Creek Wash.

White (1979) provided information on probable aquifer type, discharge
rates, and chemical analyses of water for many of the springs in Oasis Val-
ley. Oudley and Larson (1974) provided similar data for the springs at Ash
Meadows. v

Other springs identified by Thordarson and Robinson (1971) as sources of
water for irrigation and for domestic and stock supply are scattered through-
out the southern part of the Candidate Area. Most of these are located along
the Panamint Range, near the southwestern perimeter of the Candidate Area; in
the Spring Mountains area, approximately 60 to 100 km southeast of the site;
a?d in the vicinity of Indian Springs, approximately 75 km southeast of the
site, _ :
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Table 3.--Data for selected oprings in Death Valley National Momement and vieinity, California and A'evadn—l-l

Location number: Based on location in the rectangular .systen for subdivision of public land. For example, in the

number 17N/6E-5051, the part of the number preceding the slash indicates the township (T. 17 N.), the |D|C|B|A blafb'a
part between the slash and the hyphen is the range (R. 6 £.), the number between the hyphen and letter E — b a;—-
indicates the sectfon (5). For sites in California, the first capital letter (Q) indicates the FIG|H d¢ d <
quarter-quarter section as shown in the accompsnying diagram.  For sites in Nevada, the first. wlelxls b Talwn la
lower-case letter following the section number desfgnates the quarter section (see accompanying ¢ d —
diagram), and the second lower-case letter designates the quarter-quarter section. The letter S {n{pP| QR < dlc I d
refers to spring, and the final number (1) 1s 3 serial number assigned to sites within the
quarter-quarter section. . Section Section
(california) (Mevada)
Dissolved solids, Specific
Flow, in in milligrams conductance,
liters Date of per liter in microsiemens
Spring name Spring number per second measurement  {approximate) (approx imate) Remarks
Sheep Creek 178/6E-5Q51 0.6 4/25/67 800 1,200
Saratoga 18N/5€-2€51,2 4,7 4/21/67 3,100 4,700 Combined flow of two springs from large pool.
Rhodes 21N/4E-11M51 .007 3/23/10 500-700 750-1,000 Perched spring in southern Black Mountains.
Willow (Gold 23N/3£-54J51 .6 4/15/69 800 1,200 Flow varies between 0.1 and 1.2 liters per
Yalley) second.
Eagle Borax 24%/1E-15DS1 19 -—- 1,600 2,500 -
Tule 25N /1E-33FS1 Yery low floy 5/06/67 2,000 3,000 ——
Texas 278/1E-238S) 13.2 12/08/76 600 1,000 Discharge is from interbasin flow.
Travertine 2IN/1E-23,25, 44 1/06/717 600 1,000 Discharge is from interbasin flow; aggregate
26S of several springs.,
South Travertine 27M/1E-26B8S51 | 3 1/06/77 640 1,020 Discharge is from interbasin flow; near
' Nevares Springs
Unnamed 284/1E-36FS1 2.5 1/02/17 550 850 —
Nevares 28N/1E-36GS1 14 1/07/17 " 630 1,000 Discharge is from interbasin flow; aggregate
. K of several springs.
Unnamed 71S/A0E-15adS1 .01 - 300 500 Upgradient from Roosevelt Well in Magruder
Mountain area, Nevada,
Sand 9S/41E-7RS1 .0025 5/01/68 850 1,300 Northern headwaters of Death Valley.
Grapevine 115/42€-2,3,108 28 —e- 650-800 1,000-1,200 Mumerous outlets; flow given s aggregate.
Mesquite 115/42E-27RS1 .57 -—- ' 900 = 1,200 Largest spring in floor of northern Death
Yalley.
Stainingers 115/43¢€-18ES1 12.5 -—- 480 730 g:g }.'ﬁo.sf,”“’ s Castle; probably inter-
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Table 3.--Data for selected springs in Death Valley National Momwenent and vicinity, California and Neuadal{--(:ontinued

Dissolved solids, Specific
Flow, in in milligrams conductance,
: Titers Date of per liter in microsiemens
Spring name Spring mmber per second Measurement  (approximate) (approx imate) . Rewarks
Surprise 11S/43E-1851,2 .3 - 480 . 700 Supplies Grapevine Ranger Statfon; perched
‘ water in volcanic rocks.
Brier 115/44E-32bcS1 .06 -— 200 320 - ‘
Q'uartz 13S/41€-26M51 .001 2/14/67 480 800 Important to bighorn-sheep habftat.
Klare 135/45€-4151 .1 11/17/68 570 ’ 880 -—
Goldbelt 155/42E-32CS2 .02 5/20/71 150-200 250-400 -—-
Keane Wonder  155/46E-1RS] 1.9 11/17/68 3,100 4,500 -
Jackass 16S/42E-18R51 o2 4/23/68 ——- .- .-
Cot tonwood 165/42E-25kS1 4.6 4/24/68 350 ° 520 .-
Tucki 165/45E-2905 1 .6 6/10/57 ——- ——- —
Emigrant l?S/ME-Z?BSl 12 11/09/71 350 o 650 -
Upper Enigraﬁt 17S/44E-27KS1 .05 11/09/71 530 850 : -—
Hildrose 19S/44E-21RS1 5 1/08/72 500 800 Supp) fes ranger statfon.
Greater View 235/45E-23Qs1 .02 4/21/67 350 520 At Russell Camp.
Nillow 235/46E-30CS1 -4 4/28/67 320 500 -—-
(Butte Valley)
Squaw  235/46E-33D5) 1.3 5/15/67 350 540 -

1/ Mapted from Miller, 1977,
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Table 4.--Records of selected springd in parts of Inyo County, California and Nye County, Ilevwia![

tocation number: Based on location in the rectangular system for subdivision of public land; locations with townships pljCiB}lA
south use the Mhunt Diablo Base Line, and locations with townships north use the San Bernadino Base
Line. In the mmber 22N/07€-30E1, the part of the number preceding the slash indicates the township E|F]G|N
(T. 22 N.), the part between the slash and the hyphen {s the range (R. 7 E.), the number between the alctixl
hyphen and letter indicates the section (30), the letter (E) indicates the quarter-quarter section as
shown fn the accompanying diagram (California only), and the final number (1) 1s a serial number nielaq
assigned to sites within the quarter-quarter sectfon. Al) listed springs are {n California except
the tast two, which are in Hevada. : Section
(California)
Discharge: Some springs are intermittent; sowme are perennial.
Discharge
Water- rate, in Date Temperature,
Location Location Altitude, bearing 1iters per How {month Water in degrees
name number in meters rock second determined and year) use Celsius
tUnnamed 22N/3E 638 | ccemeae e emweemcem=  eccsecmes  ccccccecesews  me;cccc-es
Shoshone 22N/7€-30¢E1 494 - 28 Estimated = --o----eo Public supply kx]
Unnamed 22N/1E-01 -76 covmmm= . emmmmemm  aseesseses  memmeemes  cocmmemsesess  s;eeeemes
Hillow 228/3E 817 amessas eeeeeews - ———-
Greenwater 23N/3E 1,588 ceeeeee semeea- L e emceemma
Eagle Borax 20S/1€E -79 Valley fill  ceccceea ) -
Unnamed 208/2€ -719 do., 00 eeceee- - 25
Unnamed 29N/1E-35M1 -86 do. 0.3 Est imated 3-57 Unused 26
Tule 19S/1€ =79 do. 0.3 0., = eeecmcccr ceccecmccanee 16
Lemonade 25N/2¢ 1,548 Volcanic rock . e eceeece--
Mavel 26M/2E-13 634 valley fill  ceecacee - ———
Unnamed 27H/1E-308 C =79 do, wamcecss cremmanee
Travertine 2IN/1E 122 do. 139 Estimated - 32
Do. 2I%/1E-25D1 122 do. 6 = cecemesma- 1-57 mmcccenoens 33
* Unnamed 2IN/1E-26A7 98 do.  eemeeee- Irrigation 36
Unnomed 27%/1E-26A6 98 do. =000 eeecmmm- do. 34
Travertine 2IN/1E-26AS 98 do. 17 - Estimated 11-56 do, - 29
Do, 2IM/1E-26A4 98 do. 0.3 do. ' 12-56 do. 34
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Table 4.--Records of selected aprings in parts of Inyo County, California and Wye County, llevadal{--Continued

: Discharge

Water- rate, in Date Temperature,

Location Location Altitude, bearing Viters per NHow {month Water in degrees

name nimber in meters rock second determined and year) use Celsius
Do. 27N/1E-26A3 98. do. 0.3 do. do. v 32
Do, 27N)E-26A2 98 do. 14 do. do. Irrigation 3
Unnamed 27K/1E-26B5 98 do. 0.01 do. = cecccanaa Unused = cocoecees
Unnamed 27M/)E-26B4 98 do. 0.01 do. = eemmemae- do., 00 emeccene-
. Unnamed 278/1E-2441 122 do, 0.01 d0, = cemcceces eermescmemics veseseees
Travertine 2M/1E-23R1 122 do. 19 = cevamccnaa 1-57 eccmccmcacans 33
Unnamed 2IN/1E-230) 98 do. 0.01 Estimated  -occcee- - Unused cewmmame=
Unnamed 278/1E-2306 98 do. 0.01 do. = cecscaoo. do. === ,eeeme-a-
Unnamed 2TN/1E-23Q5 98 do. 0.01 do. = eammeem-- do., == eesncesa-
Unnawed 27N/IE-2204 98 do, 0.01 do, = ccccccen- do. 0 cmeeeeee-
Unnamed é"!l 1£-23Q3 98 do. 0.3 “do. 12-57 do. 22
Unnamed 2/M/1E-2302 98 do, 0.01 do. ~vceccaas do. . eecaaaaa-
Unnamed 2IN/IE-23K2 122 do. 0.3 do, = eecececen. do. 000 emeeeeae-
Unnamed 2IM/1E-23K1 125 do. 0.01 do. = ememeeae- L
Unnamed 2IN/IE-23L3 49 do. 0.01 do. emmernee L
Unnamed 27“/i£-23|.l 49 do. 0.01 do, 0 o eceeeeee. do 0000 eceececen-
Unnamed 2IM/)E-23F) 49 do, 0.3 do. 2-57 do. 27
DV liotel Tunnel 27M/1E-22011 15 Valley fill 9 Est imated 387 = eeemeneaes 3
Texas 218/1E-2381 116 do. 14 do, 1-57 Domestic 33
Unnamed 175/47€-18C 79 T -
Unnamed 27I8/1E-09 -13 40, === eeenemme  mmmmmecmes ccceccees seeccmmees 0000 eeeeea---
Unnamed 278/1E-03P] -3 do. 0.3 JEstimated 12-57 Unused 23
Unnamed 175/46E-12 -79 0. | ecemueer cccecemes ' smcccccee ccccmmmee ccmmmeme-
Unnamed 278/1E-03X1 30 do. 0.03 Estimated  ---ec~--- Urused = emecmcae-
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Table 4.--Records of selected springs in parte of Inyo County, California and Ilye County, Ilevaxhll--(:ont‘lnued

.

Discharge .

Hater-~ rate, in Date Temperature,

Location Location Altitude, bearing liters per How {month Hater in degrees
name nmber in meters rock . second determined and year) use Celsius

Unnamed 27H/1E-008 - -13 do.  eemcceee mmedeeee e s e
Cow 2MM/1E-03A1 61 do. 1 Est imated 3.57 Unused 38
Unnamed 28N/1E-34N1 3 do. 0.06 do. 12-56 do, 23
Nevares 28M/1E-36X1 280 do., 0.01 B e do., = cemecmaean. 21
Do, 28N /1E-36M2 221 do. 29
Do. 26N/1E-36M1 219 do. 2 e wmm 12-56  ememeceee- 26
Unnamed 28M/1E-35K1 158 do. 0.01 Estimated 3-58 Unused 24
Salt 175/46E -13 do. 0.1 do, -- n
Nevares 28N/1E-366G2 2713 do. 1 D 12-56 = e 39
Do. 28M/1€-3661 286 do, 17 e 40
Do. 28M/1E-36 280 do. 3 Estimated 39
Do, 28N/1E-3661 280 do. 22 do. 12-55 Domestic 39
Harm S -79 do., I ¥ do. 32
Unnamed 28M/1E-32A -79 v L T e e O
Unnamed 165/46€E-33 -19 do [ memecce | emecvceems  mmemmcmes mmcmscmcccs eeees S
Salt 28N/1E-218 ~79 do. 0.06 Estimated — oo - nused 16
Unnamed wemeanae . =19 do. ' 0.3 do. 16
Unnamed 28M/1E-01 363 40, 0 eeedece | cddcddcss mvesecrce ecerneeemee emmmnn
lkma-éd 294/2€-30 631 —————eewe - ~e ceeme ~——
Specie 125/48t-30 1,366 Sedimentary rock --ce-e-  eeceeciee cemmdddme acccdccccn e v
Topopah ——emeeena 1,768 Yolcanic rock 0,01 T 3-58 Unused 12

1/ Modified from Thordarson and Robinson {1971),




Principal Ground-Water Flow Paths

In general, ground-water movement {is from the recharge areas to the
discharge areas discussed previously. If the rocks are isotropic with res-
pect to transmissivity, movement would be perpendicular to equipotential
lines and toward areas of lower hydraulic potential. However, because equi-
potential lines shown on plate 3 are based on unevenly distributed data, and
because it is unlikely that these rocks are isotropic, flow directions prob-
ably are not perpendicular to equipotential lines. Data are not sufficient
to determine the amount of anisotropy, so no attempt has been made to deter-
mine actual flow direction; equipotential lines may be used only to approxi-
mate the general direction of flow.

The Candidate Area includes parts of three ground-water subbasins: Oasis
Valley, Ash Meadows, and Alkali Flat-Furnace Creek Ranch (pl. 3). A subbasin
consists of recharge areas and flow paths to a major discharge area. The Ash
Meadows and Oasis Valley subbasins are actually sub-subbasins within the
Alkali Flat-Furnace Creek Ranch subbasin; the Alkali Flat-Furnace Creek Ranch
subbasin is part of the Death Valley ground-water basin.

Because the rocks that cause springs to form have low but non-zero
hydraulic conductivities, small amounts of ground-water flow through them as
underflow. At Oasis Valley, water also flows through alluvium over the
underground "spillway" created by the lower clastic aquitard, but the watetr
remains in the ground-water system. At Ash Meadows, water probably flows
through alluvium into the Alkali Flat-Furnace Creek Ranch subbasin; many of
the springs emerge from alluvium. In both areas, water discharged from the
springs, 1if not used for irrigation, flows only a short distance on the
surface until it either evaporates, is transpired by plants, or seeps back
into the ground-water system. The amount that reenters ground water is
probably small, because of the large water demand of plants fn a desert
environment, The amount of ground water moving from the QOasis Valley and Ash
Meadows subbasins to the Alkali Flat-Furnace Creek Ranch subbasin is unknown,
because of uncertainties in the hydraulic conductivities and thicknesses of
the ground-water dams, the amount of evapotranspiration, and the amount of
- flow over the .spillways through alluvium, These contributions of water to
the Alkali Flat-Furnace Creek Ranch subbasin probably are small,

The Alkali Flat-Furnace Creek Ranch subbasin, in turn, is tributary to
discharge in Death Valley. Rocks of the lower clastic aquitard crop out at
Eagle Mountain just south of Alkali Flat. Both leakage of water through this -
barrier, and movement through alluvium in the Amargosa River channel, prob-
ably occur.

Oasis Valley Subbasin

Discharge at Oasis Valley is caused by the presence of low-permeability
rocks q?wngradient from Beatty; this discharge has been estimated to be
0.078 m”/s (Malmberg and Eakin, 1962). Water flows into Qasis Valley from
western and central Pahute Mesa., Although the boundary between the Oasis
Valley subbasin and the northern part of the Alkali Flat-Furnace Creek Ranch
subbasin 1s not well-known, it probably extends approximately from Beatty to
the northeast along Beatty Wash and into eastern Pahute Mesa. The subbasin
is small, extending only about 70 km north-south and about 20 km east-west,
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The Oasis Valley subbasin contains volcanic rocks, unconsolidated allu-
vial and perhaps lacustrine deposits, Proterozoic and Paleozoic clastic and
carbonate rocks, and deep-seated granitic rocks. Volcanic rocks dominate the
subbasin, Paleozoic and Proterozoic rocks crop out only locally in the
Bullfrog Hills just west of Oasis Valley, and at the southwestern edge of the
basin at Beatty; these units probably do not greatly affect the flow of
ground water, Alluvium {is locally important as an aquifer in Gold Flat.
Granitic rock was penetrated in a drill hole in central Pahute Mesa (J. W.
Hasler and F. M. Byers, Jr., U.S. Geological Survey, written commun., 1965)
and it may underiife Black Mountain. These granitic rocks may provide a lower
boundary for the flow system, or may be small barriers to ground-water flow,
depending on their extent.,

Alkali Flat-Furnace Creék Ranch.Subbasin

The northern boundary of this subbasin, which includes Yucca Mountain,
1s along a 1ine that crosses the Cactus, Kawich, and Reveille Ranges (pl. 3).
The eastern boundary is well-established in the northern part, where it lies
along a line running through the axes of the Reveille and Belted Ranges.
Southward, this boundary 1is more obscure. Water flows eastward across a
barrier (composed of the upper clastic aquitard) along the west side of
northern Yucca Flat; however, whether this water discharges at Ash Meadows or
flows beneath Rock Valley and eastern Jackass Flats is not known. The boun-
dary with the Ash Meadows basin {s better-known .near Ash Meadows, extending
from the Skeleton Hills northeastward to the northern end of the Specter
Range. From there, its location is uncertain. Because of low hydraulic
conductivity of the upper clastic aquitard, little water flows across it.

A geologic section that extends from Pahute Mesa to Alkali Flat and
Eagle Mountain is included on plate 3. This section shows that the northern
part of the subbasin is underlain by volcanic rocks associated with several
calderas, Both Basin-and-Range-style faults and faults associated with
caldera formation are present. Granitic rocks probably underlie most of the
caldera areas (Byers and others, 1976), but the hydraulic gradient across
Timber~Mountain caldera is lTow (pl. 3). This low gradient may be caused by
high-permeability volcanic rocks (in which case granitic rocks must be too
deep to affect the "shallow" ground-water system), and (or) caused by re-
charge occurring near Timber Mountain, :

The southern part of the subbasin is underlain mostly by unconsolidated
deposits. From approximately 10 km north of Amargosa Valley (formerly
Lathrop Wells) southward past Alkali Flat, alluvium ts within the saturated
zone. Aeromagnetic data (Greenhaus and Zablocki, 1982) show that volcanic
- rocks are scarce beneath the Amargosa Desert., Presumably Paleozoic or Pre-
cambrian rocks underlie the alluvium, but details of their 1ithology and
structure are unknown., 1In a 467-m deep hole (AM-101, fig. 1) in alluvium
near Amargosa Valley, depth to water is approximately 73 m; thus, saturated
alluvium is at least 394 m thick, Downgradient, depth to water progressively
decreases, until it is only a few meters below land surface at Death Valley
Junction, Beneath the Frankiin Lake playa, an upward gradient exists, and
the hydraulic head is above land surface. Certainly flow occurs in the
alluvium, but the influence of the Paleozoic and Precambrian rocks beneath
the alluvium is unknown, : : ’
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. Carbonate rocks of Paleozoic age occur in the southern part of the
Funeral Mountains across the Amargosa Desert from Yucca Mountain. Springs
near Furnace Creek Ranch at the eastern edge of Death Valley discharge water
from these carbonate rocks, either directly or indirectly through overlying
alluvium, Some of these springs are several hundred meters above the floor
.of Death Valley. Lakebeds or impermeable zones along Furnace Creek fault
system may form barriers, causing the water to discharge some distance up the
slope, rather than at the base. 4 :

The origin of water discharged in the Furnace Creek Ranch area is uncer-
tain, but its chemistry strongly resembles that of water in the alluvium in
the central Amargosa Desert (Winograd and Thordarson, 1975). Water discharg-
ing atiFurnace Creek Ranch is probably a mixture of water from all three
subbasins,

~D1§charge by evapotranspiration at Alkalt Flat was estimated to be
0.39 m“/s (Walker and Eakin, 1963). Flow across the barrier at Eagle
Mountain was estimated to be about 0.02, m“/s; discharge near Furnace Creek
Ranch was estimated to be about 0.20 m~/s (Hunt and others, 1966). Total .
flux (volumetric flow rate) in the Alkali Flat-Furnace Creek Ranch subbasin,
not including the discharge gn the Oasis Valsey and Ash Meadows subbasins, is
estimated to be about 0.61 m™/s, or 53,000 m~/d.

Ash Meadows Subbasin

The Ash Meadows subbasin adjoins the Alkali Flat-Furnace Creek Ranch
subbasin on the east., The northern boundary runs from Reveille Range east-
ward to Grant Range., The eastern boundary is along the axes of Golden Gate,
Pahranagat, and Sheep Ranges. Spring Mountains form the southern boundary.
- A1l boundaries associated with ranges are ground-water divides, and are a
result of greater amounts of precipitation associated with higher elevations.
Between Pahranagat and Sheep Ranges, ground water probably flows from Pah-
ranagat Valley into Desert Valley (Eakin, 1966; Winograd and Thordarson,
1975). Winograd and Friedman (1972) estimated that 35 percent of the dis-
charge at Ash Meadows is derived from Pahranagat Valley.

A favorable hydraulic gradient for flow between Pahrump Valley and Ash
Meadows may exist; however, the unnamed hills between them are underlain by
rocks of the lower clastic aquitard, Therefore, the amount of flow, 1f any,
from Pahrump Valley to Ash Mesadows probably is very small,

Flow in the subbasin is primarily in Paleozoic limestone and dolomite.
Potential gradients are low, because of high transmissivities of soluble
carbonate rocks. Distribution of head and direction of flow are greatly
affected by the presence of low-permeability rocks (Winograd and Thordarson,
1968, 1975). An example is the steep gradient across the Las Vegas Valley
shear zone (pl. 3), where Indian Springs and Cactus Springs occur., Movement
along the shear zone resulted in either juxtaposition of low-permeability
rocks, or, more likely, development of low-permeability fault gouge (Winograd
-and Thordarson, 1968, 1975).
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Another example of the effect of low-permeability rocks is the steep
gradient across Groom Range, where the lower clastic aquitard is present.
Here, water flowing from western Emigrant Valley to eastern Emigrant Valley
is impeded by quartzites of Precambrian and Cambrian ages in the Groom-
Papoose Range fault blocks. The same low-permeability rocks also retard flow
from western Emigrant Valley southward into Yucca Flat,

A schematic section (Winograd and Thordarson, 1975, pl. 1) from the
Eleana Range to Ash Meadows shows ground water flowing downward through
alluvium and volcanic rocks into underlying carbonate rocks beneath Yucca
Flat. The potentiometric level is lower in carbonate rocks than the over-
lying rocks (Winograd and Thordarson, 1975; Doty and Thordarson, 1983).
Potentiometric levels in carbonate rocks affect the potentiometric level in
overlying rocks; because carbonate rocks transmit most of the water, their
permeabjlities must be greater than those of the overlying rocks.

Carbonate rocks transmit most of the water in the subbasin, but other
lTithologies are locally important. Northeast of the Ash Meadows spring line,
the saturated thickness of alluvium probably is more than 100 m. Beneath .
Yucca and Frenchman Flats, both alluvium and volcanic rocks are saturated.
However, most of the alluvium beneath Yucca Flat is unsaturated. Springs at
Indian Springs discharge from alluvium, though carbonate bedrock crops out
nearby. _ .

Discharge in Ash Meadows is estimated to be 0.66 m3/s (Walker and Eakin,
1963; Dudley and Larson, 1976). A normal fault, downthrown to the southwest
(Healey and Miller, 1971), probably juxtaposes low-permeability lakebed
deposits on the downthrown side against rocks of the lower carbonate aquifer,
forcing flow upward (Dudley and Larson, 1974). Discharge is from springs in
alluvial sediments downgradient (southwest) of the fault. The northern and
southern ends of the spring line are probably determined by the presence of
the lower clastic aquitard in the subsurface 10 to 15 km southwest of the
Skeleton Hills (northern end), and by the northern end of the Resting Springs
Range (southern end). These low-permeability rocks form boundaries parallel
to flow for the Ash Meadows subbasin between Ash Meadows and the Specter
Range; therefore, aimost all the discharge at Ash Meadows must pass through a
relatively narrow,zone beneath the Specter Range. Regional transmissivities
of about 40,000 m~/d have been calculated (Winograd and Thordarson, 1975) for
the lower carbonate aquifer in this area; this figure is six to nine times
greater than that determined from aquifer tests (Leap, D. I., Purdue Univer-
sity, written commun., 1979). .

Isotopic and Regional Hydrochemistry

Major-ion chemistry of ground water in the vicinity of Yucca Mountain
was summarized by Winograd and Thordarson (1975), White (1979), Claassen
(1983), and Benson and others (1983). Water chemistry is determined by
interactions between water and reactive components of rock and soil zones
through which the water has traveled. These interactions include dissolution
and precipitation reactions, :
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A map of hydrochemical zones portraying major-ion composition is pre-
sented in Winograd and Thordarson (1975). Chemistry of water 1is, in part,
indicative of the types of rocks with which the water has been in contact;
therefore, this chemistry may be useful as an indicator of flow paths. How-
ever, because of the complex geology and differences in climatic regime
during the past 20,000 to 40,000 years, water chemistry does not provide an
unambiguous clue to flow path,

4 Chemistry of ground water within the Candidate Area 1is principally
determined by: (1) Reactions with carbonate and volcanic rocks or rock
fragments; (2) "concentration of dissolved chemicals by evaporation;
(3) precipitation of smectites, zeolites, and evaporative minerals; and
(4) mixing of waters of different chemistry. Reactions with shales,
quartzites, or granitic rocks do not produce significant changes 1in water
chemistry within the study area., Water throughout the Candidate Area is
generally potable, except where evapotranspiration results 1in waters with
high dissolved-solids content, such as beneath Alkali Flat, southeast of
Death Valley Junction., In a few mineralized areas, ground-water quality is
poor enough that alternate supplies are being used.

Chemical data on water from wells and springs in the region around and
downgradient of Yucca Mountain are provided in tables 5, 6, and 7. Addi-
tional data are presented by Winograd and .Thordarson (1975), who included
data from most of the Candidate Area, and by Claassen (1983), who studied
ground-water chemistry in the Amargosa Desert. ,

In the eastern part of the flow system {principally the Ash Meadows
subbasin), the most common rocks are limestones and dolomites; thus, the
principal ions are calcium, magnesium, and bicarbonate (Winograd and
Thordarson, 1975; Winograd and Pearson, 1976). Sodium is commonly a major
constituent also, indicating possible contact with volcanic rocks. -The pH of
these waters ranges from approximately 7.4 to 7.8. The waters contain 2 to
5 mg/L dissolved oxygen. Temperatures range from 26 to 64 °C; the highest
reported temperature, from Test Well F southeast of Skull Mountain, {s anoma-
lous and 1t is probably due 98 local hydrothermal activity. Most reported
temperatures are less than 35°C, Little is known about dissolved organic-
carbon compounds; measurements of total organic-carbon concentrations of
three water samples from springs in Ash Meadows ranged from 1.0 to 2.2 mg/L.

Chemistry of waters from tuffaceous rocks is derived principally by
dissolution of rhyolitic volcanic glass and subsequent precipitation of
various zeolites and smectite clays (Claassen and White, 1979, and White,
1979). Dominant fons are sodium (50 to 150 mg/L) and bicarbonate (100 to
300 mg/L); calcium is present in lesser amounts (5 to 20 mg/L) and magnesium
in amounts less than 5 mg/L. These waters also contain dissolved oxygen at
concentrations of 2 to 5 mg/L. The pH ranges from about 7 to 8.

Chemistry of water in alluvium is determined by the type of detrital
material and rocks with which the water has been in contact., Therefore,
water in alluvium, where tuffaceous detritus is the dominant reactive mate-
rial has a chemistry similar to water in tuffs. Water in playa or lacustrine
deposits, such as beneath parts of the Amargosa Desert, has a dissolved-
solids concentration of 600 to 900 mg/L, as compared with 200 to 400 mg/L for
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