












































Site. Thus, little is known about the deeper and more
regional ground-water flow in the carbonate rocks,
but because of a greatly increased demand for water
and a potential for disposal of nuclear wastes at the
Nevada Test Site (fig. 2), an improved understanding
of ground-water flow in the province is needed.
Therefore, the main objective in this study was to
develop a three-dimensional, conceptual model that
incorporated the available information.

The simulation technique was used to determine if
ground-water flow between the 17 relatively shallow
flow systems delineated from topography, water-level
measurements, discharge areas, and water budgets
(Harrill and others, 1988) could be connected by deep
flow through carbonate rocks. The conceptual model
was also used to evaluate the effect of large geologic
features—such as large intrusive bodies, regional lin-
eaments and faults, and metamorphic core com-
plexes—on water levels and inferred ground-water flow
and to provide general estimates of the direction and
magnitude of ground-water flow within the province.

PREVIOUS INVESTIGATIONS

Surveys of geologic features in the Great Basin be-
gan in the late 1860’s under the leadership of Clarence
King and J.W. Powell, and by G.K. Gilbert, A.R.
Morvine, and E.E. Howell. Nolan (1943) summarized
available geologic information pertaining to the entire
Great Basin. Between 1938 and the late 1970’s, nu-
merous geologic investigations were completed in the
Great Basin region. The results of all these studies
and studies before 1938 are summarized on a map of
Nevada by Stewart and Carlson (1978), a publication
about Nevada by Stewart (1980), and a map of Utah
by Hintze (1973). Since 1980, numerous articles have
been published that pertain generally to metamorphic
core complexes, geophysics, and geologic structure.
The hydrogeologic framework of the Great Basin has
been described by Russell W. Plume (U.S. Geological
Survey, written commun., 1985) as another part of
the Great Basin RASA project and is the primary
source of geologic information used in this study.

Ground-water investigations within the carbonate-
rock province began in the early 1900’s. Mendenhall
(1909, p. 13) suggested that many of the desert springs
in southern Nevada were not dependent on rainfall in
the area immediately surrounding the springs but had
their source in ground water from distant mountains.
Carpenter (1915, p. 18) noted that rocks exposed in
the mountains in southeastern Nevada generally act
to close the adjacent valleys by making the sides and
bottoms of the valleys practically impervious. He did,

however, state that several topographically closed
valleys higher in altitude than adjacent valleys lost
water through fissures in the rocks because water
levels in the higher valleys were far below land sur-
face. Meinzer (1917, p. 150) reported that water from
a valley near Tonopah, Nev. (fig. 1), leaked through a
mountain range into an adjacent valley. These are
some of the earliest reports that suggest the possibil-
ity of interbasin flow of ground water within the car-
bonate-rock province.

Few additional ground-water investigations were
done until after World War II, when several studies
of selected basins commenced. These studies gener-
ally focused on recharge and discharge of ground water
in individual basins. In the early 1960’s, the State of
Nevada and the U.S. Geological Survey began sys-
tematic reconnaissance studies of all unstudied ba-
sins in Nevada to determine potential ground-water
supplies. A similar series of investigations began in
Utah in 1964. The results of these investigations
have been published by the Nevada Department of
Conservation and Natural Resources and the Utah
Department of Natural Resources, and most are sum-
marized in Eakin and others (1976). These reports
provide the basic estimates of recharge and discharge
used in this report.

Detailed discussion of interbasin flow also began in
the 1960’s. Hunt and Robinson (1960) discussed the
possibility of interbasin flow into the Death Valley
(fig. 1) area on the basis of chemical analysis of water
samples from springs and wells. Loeltz (1960) dis-
cussed the source of water issuing from springs at
Ash Meadows in the Amargosa Desert near Death
Valley (fig. 1). Winograd (1962) discussed interbasin
movement of ground water at the Nevada Test site.
Winograd (1963) also summarized the ground-water
hydrology of the area between Las Vegas Valley and
the Amargosa Desert and discussed fault compart-
mentalization of the aquifers in the region. Eakin
and Moore (1964) presented information about the
uniformity of discharge at Muddy River springs in
southeastern Nevada and related it to interbasin
movement of ground water (fig. 1). Winograd and
Eakin (1965) and Eakin and Winograd (1965) pre-
sented evidence and some economic implications of
interbasin flow of ground water in south-central
Nevada. Hood and Rush (1965) discussed the possi-
bility of interbasin flow of water to and from Snake
Valley (fig. 1) in western Utah. Eakin (1966) pre-
sented information that described interbasin flow in
an area in southeastern Nevada that he named the
White River area. Shortly afterward, Mifflin (1968)
delineated ground-water basins for all Nevada, and
concluded that interbasin flow of ground water
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perhaps, that a still deeper flow region exists which
was not simulated by the model.

The model was designed to simulate ground-water
flow at a regional scale. The model grid and cell size
was selected with range-front faults generally coin-
ciding with the sides of the model cells and were thus
parallel and perpendicular to the two directions of
horizontal transmissivity. No other geologic structures
were specifically included in the model. However,
range-front faults are not the only faults present in
the province, but the mountains are extensively faulted
as presumably are the rocks beneath the basin fill.
Orientation of the model grid to coincide with the
range-front faults therefore may be unnecessary. Also,
the transmissivity value in one of the two principal
directions could be changed with respect to the other
direction over the entire modeled area, but no compel-
ling reason was discovered to simulate such a condi-
tion. Anisotropy probably exists on a more localized
scale, but available computer programs do not allow
anisotropy to be specified by individual model cells.
However, localized anisotropic conditions could be
simulated if cell sizes were reduced. The simulation
of ground-water flow with smaller cell sizes is not
beyond the scope of this study, but insufficient data
over large areas preclude such a detailed simulation.

SIMULATION RESULTS

Discussion of the simulation results have been di-
vided into three sections: (1) computed transmissiv-
ity, (2) correlation of ground-water flow with regional
geologic features, and (3) distribution of flow in the
model layers.

COMPUTED TRANSMISSIVITIES

Although initial transmissivity values were assigned
to the upper model layer on the basis of surficial geol-
ogy, transmissivity values in both model layers were
adjusted until model-simulated head values approxi-
mated the limited head data and the distribution of
discharge approximated the observed distribution. The
transmissivity values are also dependent on the
amount and distribution of recharge assigned to cells
corresponding to mountain ranges. Computed trans-
missivity values for the upper and lower model layers
are shown in figure 19. Values shown in the figure
are only approximate; the absolute values are depen-
dent on the estimated amount of recharge assigned to
specified model cells. If recharge is increased or de-
creased proportionately throughout the model, then

%

~

the computed transmissivities will increase or decrease
in the same proportion.

Errors in transmissivities are unknown but could
be off by a factor of 5 and perhaps even more. Other
uncertainties used in the model also result in un-
known errors, especially the assumption of isotropy
in each 37.5-mi? model cell in an area of complex geol-
ogy. Consequently, it is far more logical to discuss
transmissivity trends in qualitative terms. The low-
est values on the transmissivity maps (less than 0.0006
ft?/s) will be described as low transmissivity. Occa-
sionally, the term “extremely low” is used to indicate
transmissivities at the low end of the spectrum of low
values. At the other end of the scale, high transmis-
sivities will be used to denote values greater than
0.18 ft¥s. All other divisions on the maps will be
described as intermediate values.

The upper model layer displays a much greater
range in values than does the lower model layer. This
probably reflects the amount and distribution of re-
charge and (or) a greater diversity of rock types in
the upper model layer or a large variation in the
thickness.

Computed transmissivity values for the upper model
layer were divided into three generalized groups of
rocks on the basis of surficial geology: basin fill, car-
bonate rocks, and consolidated rocks of low perme-
ability (fig. 20). In some areas, the surficial rocks
may be unsaturated, and the computed transmissiv-
ity may actually represent flow through some other
type of rock. However, the distribution of transmis-
sivity values in figure 20 shows a general pattern
when divided into the three rock groups.

Transmissivity values associated with consolidated
rocks of low permeability (mostly volcanic and base-
ment rocks) in the upper model layer are generally
the lowest. A few model cells corresponding to con-
solidated rocks of low permeability have high com-
puted transmissivity values, but this may be related
to fractured welded tuffs, which Winograd (1971)
identified as possible aquifers, or basalts which are
known to be aquifers locally in a few areas within the
province. The high computed transmissivity values
could also be a function of the amount of recharge
applied to the model cell. The transmissivity in the
cells with large amounts of recharge was increased so
that head values did not exceed the average land sur-
face of the cell. Much of the recharge to the aquifers
may actually occur on the alluvial fans. Thus, the
higher transmissivity values in cells corresponding to
consolidated rocks of low permeability may include
the transmissivity of the adjacent alluvial fans.

Initially, the carbonate rocks were assumed to be
more transmissive than the basin fill. However, the
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the total was simulated as crossing the Ash Meadow
flow system boundary near Yucca Mountain (fig. 26).

Waddell and others (1984) divided the Pahute
Mesa—Qasis Valley flow system into the Qasis Valley
subsystem and Alkali Flat-Furnace Creek Ranch sub-
system (fig. 26). The Oasis Valley subsystem includes
parts of Gold Flat and western and central Pahute
Mesa and extends southward to Oasis Valley. In this
simulation, ground-water flow crosses western and
central Pahute Mesa and discharges into Oasis Val-
ley. Discharge of ground water into Oasis Valley may
occur because rocks of low permeability downgradient
from Oasis Valley result in a barrier to ground-water
flow in the lower model layer (figs. 23 and 26).
Blankennagel and Weir (1973) estimated that only
2,000 acre-ft/yr of water discharges at the springs at
Oasis Valley; thus, Waddell and others had to disre-
gard flow from Cactus Flat in order for their water
budget to balance. On the other hand, underflow was
simulated from Cactus Flat to Oasis Valley, suggesting
that flow from Cactus Flat to Oasis Valley and areas
farther south may be occurring (table 2).

Waddell and others (1984) thought that the north-
ern boundary of the Alkali Flat-Furnace Creek sub-
system might cross the Cactus, Kawich, and Reveille
Ranges (fig. 26). Principal recharge to this subsystem
was considered to be from these mountain ranges.
Waddell and others also recognized that recharge from
outside of this subsystem was possible. The eastern
border of the subsystem is essentially identical to a
boundary described by Winograd and Thordarson
(1975) and Blankennagel and Weir (1973). Only to-
ward the south does the boundary by Waddell and
others deviate greatly from the previously proposed
boundary of Winograd and Thordarson as Waddell
and others extended the boundary along the Death
Valley-Furnace Creek shear zone just above the playa
in Death Valley. Hunt and others (1966) determined
that flow across the shear zone (which is near the
base of the Black Mountains west of the Funeral
Mountains and along the margin of the valley) must
occur since phreatophytes thrive high up on the fans
on the east side of Death Valley. On the basis of
interpretations by Winograd and Thordarson, Waddell
and others, and this study, discharge at the Furnace
Creek area is probably a mixture of water from the
Oasis Valley and Alkali Flat-Furnace Creek sub-
systems (Pahute Mesa—Oasis Valley flow system) along
with the Ash Meadows flow system.

According to studies by Winograd and Friedman
(1972), Winograd and Thordarson (1975), and Waddell
and others (1984), the Ash Meadows flow system ex-
tends from Pahranagat Valley southward through the
Sheep Range to the Spring Mountains and westward

to Ash Meadows in the southern Amargosa Desert
(fig. 26). This flow system borders the Pahute Mesa—
Oasis Valley flow system on the west. No northern
boundary to this flow system has been delineated due
to scant head data over much of the northern Death
Valley region (figs. 12 and 13). Winograd and
Friedman suggested that recharge to the Ash Meadows
flow system occurs primarily from the Sheep Range,
Spring Mountains, and Pahranagat Valley (which may
supply as much as 35 percent of the spring water
discharging at Ash Meadows) with only minor amounts
from the Belted and Groom Ranges. Discharge occurs
primarily at Ash Meadows, where regional springs
discharge 17,000 acre-ft/yr of water from carbonate
rocks (Winograd and Friedman, 1972). An unknown
amount may flow beneath Ash Meadows to Death
Valley; however, no estimates have been made as to
what this amount might be. Winograd and Friedman
concluded that springs in the Furnace Creek area in
Death Valley originate from deep flow through car-
bonate rocks. Geochemical data for the springs at
this locality suggest that the 5,000 acre-ft of water
discharging each year is isotopically similar to the
water discharging at Ash Meadows.

In the simulation, the boundaries of the Ash Mead-
ows flow system differ from the boundaries of previous
investigators. The eastern boundary in the simulation
is the ground-water divide between the Death Valley
and Colorado River regions and lies along the axis of
the Groom and Pintwater Ranges (fig. 26). A ground-
water barrier similar to the barrier described by
Blankennagel and Weir (1973) was simulated as the
west boundary of the Ash Meadows flow system but
may be offset due to the cell size used in the model
simulations. Flow in both model layers is southward
beneath Yucca Flat and southwestward from French-
man Flat to Ash Meadows. The north-south flow
component beneath Yucca Flat may actually be farther
east than simulated, thus the boundary may also be
farther to the east—perhaps through the Desert
Range.

Water discharging at Ash Meadows was simulated
as originating primarily from mountain ranges near
the eastern part of the Nevada Test Site southward
to the Spring Mountains. However, as much as 3,000
acre-ft/yr was simulated as entering the Ash Meadows
flow system as deep flow through the lower model
layer originating in the southern Hot Creek and
Monitor Ranges. Deuterium values in Reveille Valley
north of the Test Site indicate fairly light water (-110
permil)! | similar to the water that would be “expected”
as recharge in the mountain ranges in the northern

*The Deuterium-to-hydrogen ratio is determined for a sampled water and then relaled
to the comparable ratio for the reference standard Vienna Standard Mean Ocean Waler
(V-SMOW). Units are in parts per thousand (permil). A negutive value indicales that
the sampled water is isolopically lighter (has a smaller proportion of deuterium) than the
standard.
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for the deep-flow divide as low-permeability rocks are
exposed at this location and extend to great depths
(fig. 22). Water-level data in Three Lakes Valley, 3
mi east of the Pintwater Range (Winograd and Thor-
darson, 1975), also suggest that the ground-water di-
vide could be located to the east of the Pintwater
Range. The ground-water divide in the upper model
layer is through the Desert Range to the east.

A series of simulations was made to see what it
would take to bring the model into better agreement
with previous studies by forcing water from both
Pahranagat Valley and the Sheep Range westward to
Ash Meadows. The first approach was to build up
heads in the Sheep Range to create a westward gradi-
ent from this recharge area. Geologically, it would
seem logical that ground water from the Sheep Range
would flow westward because low-permeability rocks
inferred from aeromagnetic data to the east of this
range may inhibit eastward movement of ground water
(figs. 22, 23, and 26). The exposed basement rocks
have been thrust eastward over Paleozoic carbonate
rocks, creating a west-dipping surface, so that recharge
entering the Sheep Range would flow toward Ash
Meadows. Transmissivities were lowered to near zero
in the lower model layer beneath the Sheep Range in
an effort to duplicate the effect low-permeability rocks
may have on the hydrology along the eastern margin
of the Sheep Range, which may induce westward flow.
This effort failed to move the divide eastward to the
Sheep Range, but the divide did move to the east side
of the Desert Range. Because data east of the Sheep
Range show water levels to be about 1,800 ft in alti-
tude, variations in the transmissivities in this area
were somewhat restricted on the basis of these known
water levels. However, even near-zero transmissivities
in the lower model layer beneath the Sheep Range
did not create a westward component of flow from
this locality. A 3,000-ft head drop in less than 5 mi
developed to the east side of the Sheep Range, which
contradicts known heads in that area. To initiate a
westward component of flow, transmissivities were
increased to the west of the Sheep Range in both
model layers, having the effect of raising heads to the
west of the Desert Range such that water levels rose
to the surface in Yucca Flat and Frenchman Flat and
evapotranspiration was initiated. If compartmental-
ization plays a key role in stacking up heads behind
faulted and fractured rocks in the Sheep Range and
Spring Mountains, then extremely steep gradients may
exist west of the Sheep Range and north of the Spring
Mountains. This would allow for more realistic water
levels in Yucca Flat and Frenchman Flat while still
inducing a westward gradient but little flow.

Another simulation involved the introduction of
near-zero transmissivities along the axis of the Las
Vegas Valley shear zone (fig. 21B and 19B) in an ef-
fort to push the ground-water mound beneath the
Spring Mountains in the model southward, causing
the ridge of the water mound along the Pintwater
Range to disappear so that westward flow could be
initiated. One drawback to this approach was that
the width of the shear zone must be represented by
the cell length of 7.5 mi. Since the region was modeled
as hydraulically isotropic within a cell, flow parallel
to the shear zone was restricted as well. This approach
kept the elevated heads of the Spring Mountain mound
farther south, but the flow pattern did not change
significantly until transmissivities north of the shear
zone from Yucca Flat to Pahranagat Valley were
drastically increased (to 3.0 ft¥/d). This allowed up to
8,500 acre-ft/yr of water from Pahranagat Valley to
flow to Ash Meadows via Tikaboo Valley (fig. 26).
However, in this simulation, the ground-water divide
was still west of the Sheep Range while the discharge
at Ash Meadows increased and flow to Las Vegas
Valley decreased (fig. 26), but this may be due to the
distribution of recharge in the Spring Mountains.
Overall, the discharge deviated more greatly during
sensitivity simulations than during the final calibra-
tion presented earlier.

Only the most likely approaches to forcing flow to
the west from Pahranagat Valley and the Sheep Range
were tested; many others might be possible. Testing
was limited by the following constraints and limita-
tions in the model.

1. Only sparse water-level measurements are
available within an area north of Spring Mountains
extending from Yucca Flat on the west to the Sheep
Range and Pahranagat Valley on the east. This area
is restricted to the public. Water levels in this area
were extrapolated from a few available locations; thus,
calibrated model results may not accurately portray
the actual hydrologic conditions in this area.

2. The behavior of the Las Vegas Valley shear
zone at depth is still not clearly understood. Owing
to the large cell size and the assumption of isotropy
within a cell, it is difficult to get an accurate repre-
sentation of how the shear zone really behaves, espe-
cially if it acts as a good conduit for ground-water
flow along the fault itself and a tight barrier to flow
across it. Water-level information in the carbonate
rocks at depth on both sides of the fault in Indian
Springs Valley (fig. 26) would be extremely beneficial
in order to determine the effectiveness of the shear
zone as a tight barrier and to obtain an accurate
ground-water head north of the shear zone. Winograd
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13,000 acre-ft/yr. The model simulates outflow of
about 17,000 acre-ft/yr into the middle section of the
White River subregion, primarily as flow through the
lower model layer (fig. 27). From this area southward
the boundaries delineated from the simulations are
considerably different from those delineated by Eakin
(1966). The western boundary in the simulation ex-
tends south from the Grant Range through the Groom
and Pintwater Ranges to the vicinity of the Las Vegas
Valley shear zone (figs. 214 and 27) and corresponds
with the eastern boundaries of the Death Valley re-
gion. The boundary in the area of the shear zone is
not precisely defined because, in the simulation, some
water from the Sheep and Las Vegas Ranges and the
Tikaboo drainage area (fig. 27) was simulated as flow-
ing southward toward Las Vegas Valley.

The eastern boundary in the simulation extends
eastward to the Indian Peak Range in Utah. Thus,
recharge from the Wilson Creek Range and White
Rock Mountains was simulated as flowing in a south-
westward direction (fig. 27). A zone of high computed
transmissivities immediately to the south of these
mountain ranges extends into the White River sub-
region toward Pahranagat Valley (fig. 19B) and al-
lows a flow path westward for recharge from these
mountain ranges (fig. 27). Southward flow toward
the Meadow Valley Wash area is inhibited by what
may be buried igneous intrusive rocks associated with
the Pioche mineral belt (fig. 21A) described by Stewart
and others (1977), although other factors may influ-
ence the low computed transmissivities. A subsur-
face magnetic high (fig. 23) beneath the Delamar and
Mormon Mountains (figs. 23 and 27) may possibly
represent an igneous intrusion, which may also in-
hibit southward flow to some degree. The low com-
puted transmissivities in the area probably reflect the
volcanic and intrusive bodies associated with the
transverse crustal boundary that extends all the way
to the north end of Death Valley. Consequently, all
recharge east of the Delamar Mountains and south of
the high-transmissivity zone just to the north of the
transverse crustal boundary was simulated not as flow
in the White River subregion but rather as flow in
the Virgin River subregion.

The boundary of the White River subregion north
of the Wilson Creek Range, White Rock Mountains,
and Indian Peak Range is uncertain in the simula-
tion (fig. 27). The uncertainty arises because simu-
lated flow boundaries in the upper and lower model
layers do not coincide. Also, simulated heads at the
north end of Lake Valley are somewhat lower in the
upper model layer than observed values indicate; be-
cause of this, the gradient in this area extending
northward to Spring Valley is rather flat, making it

difficult to place the location of the boundary. East of
Lake Valley, the boundary, particularly in the upper
model layer, becomes even more obscure. Flow
boundaries between the Bonneville and Colorado River
regions are different, thus making it difficult to deter-
mine the amount of recharge reaching the White River
subregion in the simulation from the area of the In-
dian Peak Range in Utah.

The major flow path for water from the eastern
section of the White River subregion follows a south-
west-trending high-transmissivity zone in the simu-
lation that creates a conduit for water to flow through
Lake and Dry Lake Valleys southward through Del-
amar Valley (figs. 19B and 27), and eventually into
the southern end of Pahranagat Valley near where
the Pahranagat Valley springs discharge. Alan H.
Welch and James M. Thomas (U.S. Geological Survey,
written commun., 1986) estimated that about 35,000
acre-ft/yr recharges their middle section of the White
River flow system (modified from Eakin’s original de-
lineation) with principal contributors to the west being
recharge from the Grant and Quinn Canyon Ranges,
where the estimated annual recharge is 10,000 acre-
ft. According to Welch and Thomas, mountain ranges
contributing recharge from the east are the Egan and
Schell Creek Ranges where 14,000 acre-ft is estimated
to recharge the flow system each year; additional re-
charge was simulated from areas farther to the east.

About 25,000 acre-ft/yr of recharge was simulated
to enter the White River subregion from the Wilson
Creek Range, White Rock Mountains, and Indian Peak
Range (southern part of The Needles). An additional
5,500 acre-ft/yr of water was simulated to discharge
at Panaca springs near Panaca. This spring lies on
the northern border of a band of high computed trans-
missivities that trend to the southwest (figs. 19B, 27,
and 28). The springs may be the result of westward
flowing water that is blocked by volcanic or other
crystalline rock south of the springs, or perhaps might
be associated with the regional lineaments in the area
(figs. 21A and 23). According to Rush and Eakin (1963),
as much as 8,500 acre-ft/yr is discharged as ET from
Lake Valley where the water table is fairly shallow.
Because simulated heads in the upper model layer
are low in this area, ET was simulated primarily in
the north end of Lake Valley north of the border be-
tween the Colorado River and the Bonneville regions.
In the simulation, only 300 acre-ft/yr was discharged
by ET in the Colorado River region part of Lake Valley,
and may account for some excess of simulated flow to
the lower part of the White River subregion.

Discharge along the axis of the central part of the
White River subregion occurs in Pahranagat Valley,
where spring discharge has been measured at 26,000
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acre-ft/yr from regional springs between Hiko and
Alamo (fig. 28). However, springflow in the simula-
tions was only 22,000 acre-ft/yr; an additional 4,000
acre-ft/yr was simulated as ET in the valley. Eakin
(1963) estimated that about 25,000 acre-ft/yr dis-
charges from Pahranagat Valley by ET, which he con-
sidered was from spring discharge.

Simulated flow from Pahranagat Valley is south-
ward into the lower section of the White River subre-
gion (fig. 27). Deep flow in the lower model layer
becomes increasingly complicated at this point. Much
debate has centered around the role that the Sheep
Range and Spring Mountains play in the White River
flow system defined by Eakin (1966). The geochemical
model presented by Alan H. Welch and James M.
Thomas (U.S. Geological Survey, written commun.,
1986) deviates substantially from the results of the
flow simulations described here in the lower section
of the subregion. Welch and Thomas estimated that
17,000 acre-ft/yr flows from the central section of their
White River flow system to their lower section. Ap-
proximately 6,000 acre-ft/yr from the middle section
was directed toward Ash Meadows in the Death Valley
region, as first suggested by Winograd and Friedman
(1972). However, in the simulations, flow from the
middle to lower section of the White River subregion
was 36,000 acre-ft/yr. Some of this flow was simulated
from Tikaboo Valley, which is a drainage area for the
Groom, Pahranagat, Timpahute, and northern Desert
Ranges (fig. 27). As much as 9,000 acre-ft/yr of re-
charge from these ranges and perhaps from as far
north as the Quinn Canyon Range was simulated as
flowing beneath Tikaboo Valley. Some of the 9,000
acre-ft/yr of flow in the Tikaboo drainage area was
simulated as entering the main area of flow toward
Muddy River springs at the north end of the Sheep
Range (figs. 27 and 28). Part of the simulated flow in
the Tikaboo drainage area continues to move south-
ward, where small amounts of recharge from the
Pintwater and southern Desert Ranges is added to
the flow. From this point, flow is more eastward, so
that at the southern end of the Las Vegas Range,
much of the water in the simulations flows southward,
but part continues eastward toward the Virgin River
subregion, in spite of Precambrian rocks exposed in
the Las Vegas Range which may inhibit eastward flow.
About 8,000 acre-ft/yr of flow in the lower model layer
was simulated as flowing from the lower section of
the White River subregion toward the Las Vegas sub-
region (fig. 27). Flow from the Tikaboo drainage area
and recharge in the Sheep and Las Vegas Ranges
contribute to this southward flow. Much of the water
is funneled southward through a 10-mi-wide section
just south of the Las Vegas Range (figs. 214 and 27).

Flow that did not enter the Las Vegas subregion was
simulated as continuing in an eastward direction to-
ward the Virgin River subregion.

Alan H. Welch and James M. Thomas (U.S. Geo-
logical Survey, written commun., 1986) estimated on
the basis of geochemistry that recharge into the lower
section of the White River subregion is mainly from
the Sheep and Delamar Ranges and from the Meadow
Valley Wash area to the east (fig. 27). They also esti-
mated small amounts of recharge from the Pahranagat
and Pahroc Ranges. Rush (1964, p. 24) indicated that
as much as 8,000 acre-ft/yr may leave the Meadow
Valley Wash area and flow toward the Muddy River
springs area. Welch and Thomas used this estimate
in their isotopic budgets of water discharging from
Muddy River springs. The simulations suggest that
ground water in the Meadow Valley Wash area is
part of the Virgin River subregion and discharges to
the Muddy River. Thomas (U.S. Geological Survey,
oral commun., 1987) suggested that water from
Meadow Valley Wash area is needed to balance the
isotopic budget for the Muddy River springs.

Discharge from the lower model layer at the Muddy
River springs is 35,000 acre-ft/yr, which is about 1,000
acre-ft/yr less than the reported spring discharge esti-
mates (Eakin, 1964, p. 14). Previous reports propose
no underflow from this area eastward or southward
toward the Virgin River. However, about 24,000 acre-
ft/yr of underflow was simulated toward the Virgin
River subregion in excess of the 35,000 acre-ft/yr that
was simulated as discharging from the springs; this
is a substantial departure from estimates in previous
studies. Geologic evidence indicates that basement
rock is shallow, inhibiting significant flow from by-
passing the Muddy River springs to areas farther east
(Michael D. Dettinger, U.S. Geological Survey, oral
commun., 1987).

Precambrian rocks that were thrust up and are now
exposed in the Las Vegas Range, and the possible low-
permeability barrier along the Las Vegas Valley shear
zone, were not explicitly included in the delineation of
the flow regions. In the vicinity of the Las Vegas
Valley shear zone and Las Vegas Range, however,
computed transmissivities in the lower model layer
were very low, except immediately south of the Sheep
and Las Vegas Ranges (fig. 19B). Flow was diverted
around these low-transmissivity areas in the simula-
tions. About 8,000 acre-ft/yr was simulated as leaving
the White River subregion to the Las Vegas subregion
between the south end of the Sheep and Las Vegas
Ranges and the Las Vegas Valley shear zone (see
section on Las Vegas subregion for more details).

The inclusion of ET in budgets for the White River
subregion, together with the complexity of the flow
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lated to flow to the Virgin River. Upward hydraulic
gradients, perhaps caused by the terminating carbon-
ate rocks, are known to result in a significant amount
of seepage into the Virgin River. Glancy and Van
Denburgh (1969, p. 36) estimated that 50,000 acre-ft/
yr of ground water discharges into the Virgin River
near Mesquite, near the Nevada-Utah border. These
authors suggested that the seepage is flow through
carbonate rocks. Simulated ground-water discharge
to the Virgin River totals 30,000 acre-ft/yr at this
location (one cell); however, an additional 18,000 acre-
ft/yr was simulated as ground-water discharge along
a reach of the Virgin River between Mesquite and the
northern tip of Overton Arm. Simulated ground-water
discharge to the Virgin River is separated from dis-
charge by ET and head-dependent boundaries in table
3 for clarification.

Much of the flow in the Meadow Valley Wash area
was simulated in the upper model layer rather than
in the lower layer, owing to the much lower computed
transmissivities in the lower layer through much of
the flow area (figs. 19B and 27). Much of the flow
simulated in the upper layer either is discharged as
ET in the lower Moapa Valley or enters the Virgin
River. Total simulated ET in the Moapa Valley area
was 16,000 acre-ft/yr. Rush (1968b, p. 35) estimated
ET in the area to be 14,000 acre-ft/yr and did not
include ET due to spring discharge.

Total simulated discharge in the Virgin River sub-
region was 96,000 acre-f/yr, with 48,000 acre-ft/yr
simulated as discharge to the Virgin River and 16,000
acre-ft/yr simulated as ET (table 3). Another 32,000
acre-ft/yr was simulated as discharge to the upper
end of the Overton Arm of Lake Mead. No additional
ground-water discharge was simulated south of this
point. Seismicity studies by Anderson and Laney
(1975) indicate that, from Lake Mead to the north
end of Overton Arm, low-permeability Cenozoic
evaporite beds and fine-grained clastic sediments im-
pede ground-water flow to the Overton Arm area from
the north or west. Rogers Spring is the only signifi-
cant discharge in the area. Simulated steady-state
discharge from Rogers Spring is 1,000 acre-ft/yr.
Simulated flow through the lower model layer shows
no flow in the vicinity of Overton Arm. Ubpper layer
transmissivities in this stretch of the Virgin River
subregion are also fairly low (fig. 184). The simulated
ground-water budget for the Virgin River subregion
is listed in table 3.

The simulation of 32,000 acre-ft/yr entering Over-
ton Arm from the Virgin River in excess of water
budgets presented in earlier investigations may indi-
cate one of five things:

1. Either the estimates of recharge from the
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mountain ranges of Utah are too high, or the flow
path may be southeastward toward the Virgin River
in Utah rather than southwestward. Sandberg and
Sultz (1985) estimated that between 25,000 and 35,000
acre-ft/yr may seep into streams along the entire reach
of the Virgin River northeast of the carbonate-rock
province. Much of the simulated 32,000 acre-ft/yr
seeping into the Virgin River along the Nevada Utah
border may actually be seeping into the river in Utah
outside the study area.

2. Simulated heads in this subregion may be much
different from actual head values. No deep head data
exist east of the Muddy River springs area. Conse-
quently, actual heads may be considerably different
from those simulated in the lower model layer, and
flow paths could be different from those described in
this report.

3. It is possible that recharge from the Wilson
Creek Range, White Rock Mountains, and Indian Peak
Range could flow northward toward the Great Salt
Lake (although limited water-level data do not support
this) rather than into the White River subregion. Also,
ground water from the Tikaboo drainage area could
flow either toward Las Vegas or to Ash Meadows,
which would essentially make the White River subre-
gion identical to the flow system by Eakin (1966) and
modified by others.

4. Simulated ET in the Escalante Desert and Lake
Valley and simulated spring discharge at Panaca are
lower than estimates in previously published reports.
If simulated results were made to more closely match
the reported estimates, southward flow would decrease
by about 12,000 acre-ft/yr.

5. The 32,000 acre-ft/yr derived from model simu-
lations might be representative of the volume of flow
discharging into the Virgin River near Overton or at
the north end of Lake Mead.

LAS VEGAS SUBREGION

The Las Vegas subregion is one of the most densely
populated areas in the province, and water resources
are vitally important to this arid region. Recharge
enters the Las Vegas subregion primarily from the
Spring Mountains to the west. Total recharge to Las
Vegas Valley, which makes up most of the subregion,
has been estimated by several investigators. Maxey
and Jameson (1948) estimated that recharge to Las
Vegas Valley from adjacent mountain ranges was from
30,000 to 35,000 acre-ft/yr; Malmberg (1965) estimated
it at 25,000 acre-ft/yr, Harrill (1976) estimated it at
about 30,000 acre-ft/yr, and Morgan and Dettinger
(in press) estimated 32,000 acre-ft/yr. These authors


















Mason simulated about 9,000 acre-ft/yr flowing
through consolidated rocks from the Markagunt-Kolob
highland to the Sevier Lake area.

In general, computed transmissivities of the lower
model layer in the Sevier Desert are high (fig. 19B),
allowing for large amounts of recharge from the Pa-
vant and Tushar Ranges to reach the Sevier Desert
without much diversion. The major discharge area in
the simulations within the Bonneville region is the
Sevier Desert, as large amounts of the ground-water
flow are discharged here as ET. Holmes (1984) simu-
lated flow in the basin fill in the Sevier Desert and
estimated that 61,600 acre-ft/yr is discharged by ET
and local springs within the Sevier Desert. He esti-
mated that an additional 3,600 acre-ft/yr discharged
into the Sevier River where it eventually evaporated.
These discharge estimates were based on conditions
in which recharge was estimated from inflow through
the alluvium from mountain ranges to the east.
Holmes (1984, p. 27) estimated almost 57,000 acre-ft/
yr as inflow from the east. The remaining recharge
was supplied through leakage from canals and reser-
voirs and unconsumed irrigation water. Discharge
estimates from Mower and Feltis (1968, p. 52) were
significantly higher than those of Holmes. Mower
and Feltis estimated that ET rates may range from
135,000 to 175,000 acre-ft/yr in the Sevier Desert
alone. Holmes argued that, due to the salinity of the
water reaching Sevier Lake and the fact that Mower
and Feltis did not consider depth to water or water
quality in their estimates, that their figure is consid-
erably high. Holmes, however, estimated only losses
due to ET in the northern Sevier Lake area and did
not consider deep subsurface inflow. Holmes did not
find it necessary to consider subsurface inflow to bal-
ance his water budget, however. The total ET in the
simulations (which includes local spring discharge and
seepage to Sevier Lake and River but excludes upward
leakage of water from the lower model layer) in the
Sevier Desert area was about 104,000 acre-ft/yr.
Simulated flow from the lower model layer to the up-
per model layer was an additional 75,000 acre-ft/yr in
the Sevier Desert area, increasing the total simulated
discharge of this area to 179,000 acre-ft/yr. Of this
total, 51,000 acre-ft/yr was simulated as seepage to
Sevier Lake and Sevier River and 128,000 acre-ft/yr
was simulated as direct ET from the surrounding area
(fig. 29). Discharge in the Sevier Desert is highly
sensitive to the amount of recharge in the Pavant
Range and Tushar Mountains used in the simulation.

Simulated outflow from the Sevier Desert area is
small. Low computed transmissivities in the vicinity
of the Deep Creek-Tintic belt (fig. 214, no. 9) across
the southern Great Salt Lake Desert limits flow in

the simulation to the north from the Sevier Desert
(fig. 30). Simulated flows from the Sevier Desert to
Fish Springs Flat was about 8,000 acre-ft/yr. Another
5,000 acre-ft/yr of flow was simulated from the Sevier
Lake area to Tule Valley (table 4). Holmes (1984)
estimated subsurface outflow from the Sevier Desert
to both Fish Springs Flat and Tule Valley to be 8,800
acre-ft/yr. Gates and Kruer (1981, p. 27) did not pin-
point the origin of water flowing to Tule Valley or
Fish Springs Flat, although several possibilities were
discussed. They did estimate that less than 5,000
acre-ft/yr moves northward from the Sevier Desert to
the vicinity of the Dugway—Government Creek area.
The simulated flow following that route was approxi-
mately 1,000 acre-ft/yr. Carlton (1985) included only
a part of Sevier Lake in his model, and his results did
not clearly pinpoint the role of Sevier Lake (in terms
of it being a source or sink). He concluded, however,
that the lake was probably a sink, but simulating the
lake as a source did not greatly affect the flow budget
of Tule Valley or Fish Springs Flat.

FisH SPRINGS SUBREGION

From west to east, the major mountain ranges sup-
plying recharge in this subregion are the Schell Creek,
Snake, and Deep Creek Ranges and the northern part
of The Needles (fig. 33). The Deep Creek Range lies
north of the Snake Range, and both are part of the
north-south-trending string of metamorphic core com-
plexes which tend to inhibit eastward flow (fig. 21B).

Three valleys discharge large amounts of ground
water by ET. Both Spring and Snake Valleys have
been reported to have annual ET rates in the vicinity
of 70,000 acre-ft (Hood and Rush, 1965; Rush and
Kazmi, 1965). Tule Valley discharges considerably less
ground water by ET, but estimates differ somewhat
among investigators. Fish Springs, a regional spring
area or collection of springs in Fish Springs Flat, dis-
charges at about 26,000 acre-ft/yr (Gates, 1984).

Flow through the lower model layer is northeast at
Spring and Snake Valleys (fig. 30). Simulated flow
from Spring Valley to Snake Valley at the north end
of the Snake Range is 6,000 acre-ft/yr (fig. 30); an-
other 5,000 acre-ft/yr was simulated as shallower flow
in the upper model layer. Simulated ET in Spring
Valley was 67,000 acre-ft/yr, slightly less than the
70,000 acre-ft/yr estimated by Rush and Kazmi (1965,
table 7). Simulated ET in Snake Valley was about
72,000 acre-ft/yr and is within the range of values
estimated in the literature. Simulated ET areas in
northern Snake Valley are continuous with ET in the
southern Great Salt Lake Desert. Hood and Rush
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vicinity of the Deep Creek Range are within the range
estimated by Gates and Kruer (1981).

Determining the actual amount of water discharg-
ing from the Fish Springs area is complicated due to
a significant amount of ET in the vicinity of the springs
(fig. 29). Simulated ET at Fish Springs Flat was
8,000 acre-ft/yr, which is identical to the estimate of
Bolke and Sumsion (1978). The springs were simu-
lated as discharging at an annual rate of about 23,000
acre-ft, leaving only about 2,000 acre-ft/yr, which flows
northward from Fish Springs Flat into the southern
Great Salt Lake Desert (fig. 30). Gates (1984) sug-
gested that flow northward out of Fish Springs Flat
was negligible (about 0.1 acre-ft/yr). Because the
spring discharge is 3,000 acre-ft/yr lower than observed
rates, the actual amount of underflow to the southern
Great Salt Lake Desert could be closer to the esti-
mate by Gates.

STEPTOE SUBREGION

Computed transmissivities in both model layers in
the Steptoe subregion are fairly low except in Ruby
Valley; thus, simulated flow is quite small through-
out much of the area (figs. 19 and 30). Three shallow-
flow regions are simulated in the upper model layer
within the Steptoe subregion (fig. 22). Only small
amounts of leakage to and from the lower model layer
were simulated in each of the shallow-flow regions.

Little is known concerning the nature of the flow
in the Steptoe subregion, although Eakin and others
(1951) suggested that the consolidated Paleozoic rocks
in this subregion are probably poorly permeable and
that flows through these rocks are probably small.
Estimated total recharge from mountain ranges in
this subregion totals about 193,000 acre-ft/yr (fig. 29).
Reconnaissance reports for much of this area indicate
that virtually all the ET in these closed basins origi-
nates from recharge to the adjacent mountain blocks.

Virtually all the recharge in mountain ranges
simulated in the Steptoe subregion is consumed by
ET within adjacent valleys. According to reconnais-
sance reports, Steptoe Valley has the largest reported
ET of 70,000 acre-f/yr (Eakin and others, 1967) in
the Steptoe subregion. Ruby Valley is the next high-
est at 53,000 acre-f/yr, followed by the Clover and
Independence Valleys area, having an estimated ET
of 30,000 acre-ft/yr (Eakin and others, 1976, table 7).
Evapotranspiration in northern Butte Valley has been
reported to be about 7,000 acre-ft/yr (Glancy, 1968),
while for Goshute Valley, at the north end of the area,
ET is about 10,000 acre-ft/yr (Eakin and others, 1976,
table 7). In Deep Creek Valley, reported ET values

range from 15,000 acre-ft/yr (Hood and Waddell, 1969,
p. 23) to 12,000 acre-ft/yr (Gates and Kruer, 1981).
Total reported estimated ET in the Steptoe subregion
is about 185,000 acre-ft/year (compare to table 4).
Much of the remaining discharge is attributed to a
few regional springs and outflow to the Great Salt
Lake subregion.

Evapotranspiration for the Steptoe subregion was
about 154,000 acre-ft/yr in the simulations (fig. 29
and table 4), 15 percent less than the previously re-
ported estimates. However, ET in the simulations is
separate from regional spring discharge, whereas re-
ported estimates are often combined, so the difference
between simulated and reported estimates of ET may
be less than 3 percent. Spring discharge in the model
simulations was about 26,000 acre-ft/yr. Although
the total reported estimates are similar to the simu-
lations, some significant differences do exist. For in-
stance, the amount of ET simulated in northern Butte
Valley is considerably less than the amount reported
by Glancy (1968). This difference is attributed in
part to the large size of the model cells and to the
computed heads being below the estimated land sur-
face in the model cells that correspond to northern
Butte Valley. Deep Creek Valley also has computed
heads far below the estimate of land surface, resulting
in a simulated ET of 7,000 acre-ft/yr, about half of the
reported estimate. The simulation of less ET in this
valley may be due to low computed transmissivities
in surrounding model cells that result in less flow to
the valley. In the simulations, flow from the Deep
Creek Range was primarily to the east, north, and
northeast toward the Great Salt Lake Desert rather
than westward into Deep Creek Valley (fig. 30). Flow
simulated into the Great Salt Lake Desert from the
Deep Creek Range may therefore be somewhat high.

Only small quantities of ground-water flow were
simulated in the lower model layer over most of the
northern part of the Steptoe subregion, except perhaps
locally. Simulated downward flow to the lower model
layer is mostly from the Ruby Mountains or alluvial
fans adjacent to the Ruby Mountains and represents
almost one-third of the total inflow to the lower model
layer in the Steptoe subregion. High computed trans-
missivities, moderately high vertical leakance values,
and a northeastward hydraulic gradient are respon-
sible for the simulation of this flow in the lower model
layer. About 8,000 acre-ft/yr was simulated as flow
in the lower model layer in the vicinity of Ruby Valley,
of which 2,000 acre-ft/yr flows northward into Clover
Valley and another 5,000 acre-ft/yr flows northeast
into Independence Valley (fig. 30). The Clover-Inde-
pendence Valley area acts as a sink in which most of
this flow moves upward into the upper model layer
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and discharges as ET. Flow in the lower model layer
beneath Clover and Independence Valleys was simu-
lated to be almost due east toward Goshute Valley,
although the flow is less than 1,000 acre-ft/yr.

A steep hydraulic gradient was simulated in both
model layers near the Utah-Nevada border between
the Deep Creek Range and the northern boundary of
the province (figs. 22 and 23). The steep gradient is
also present in the observed head data (Thomas and
others, 1986). A band of generally lower transmissivi-
ties was computed in the corresponding model cells
(fig. 19) in response to the steep hydraulic gradients.
This band is more discernible in the upper model layer
(fig. 19A) as it is more discontinuous in the lower
model layer (fig. 19B). The discontinuous band in the
lower model layer is related to how the computed
transmissivity values were categorized. Many of the
computed transmissivity values for cells in this area
are actually near to the 0.006 ft?/s value. The low
computed transmissivities in this area may be related
to low-permeability rocks that are exposed near the
surface and are probably more continuous at depth
(see fig. 23). At any rate, the steep hydraulic gradient
reflects a change in the ability of the rocks to transmit
water and results in the simulation of little flow from
eastern Nevada toward the Great Salt Lake Desert.
The amount of flow entering the Great Salt Lake sub-
region from the upper model layer from the Steptoe
subregion was about 1,000 acre-ft/yr, primarily from
the Toana Range and the Goshute Mountains. The
amount of flow entering the Great Salt Lake sub-
region through the lower model layer was about 2,000
acre-ft/yr, with most of this entering just north of the
Deep Creek Range.

Flow in the lower model layer was simulated in the
area of Blue Lake springs (also called Big Salt springs),
which is located east of the steep hydraulic gradient
and near the Great Salt Lake Desert (figs. 21B and 29).
This area could have been included in the Great Salt
Lake subregion, but because little ground water was
simulated as flowing to the desert it was included in
the Steptoe subregion. Discharge to this spring area
was simulated to be about 14,000 acre-ft/yr (fig. 29),
which is somewhat less than the observed discharge
of 19,000 acre-ft/yr (Gates and Kruer, 1981, p. 18).
In the simulations, flow to the Blue Lake springs in
the lower model layer was from (1) Deep Creek Range,
which accounted for 7,000 acre-ft/yr, (2) Goshute
Mountains and Toana Range, which accounted for
6,000 acre-ft/yr, and (3) Antelope Range, which ac-
counted for 1,000 acre-ft/yr.

Other smaller regional springs are located near the
edge of Steptoe Valley—Campbells embayment located
in the southwest part of the valley and Curry-McDer-

mitt springs located at the northern end of the valley
(figs. 11 and 29). The origin of water discharging at
these locations is probably more localized than water
discharging at Blue Lake springs. However, it is pos-
sible that some water discharging at Campbells em-
bayment may originate from recharge in mountains
adjacent to Butte and Long Valleys, as discussed in
the section about the White River subregion of the
Colorado River region. Several other springs that
discharge in the Steptoe subregion are found in
Thousand Springs Valley and northern Butte Valley.
Although ground-water flow through carbonate rocks
may supply these springs, the springs were not con-
sidered regional because of their presumed short flow
paths.

GREAT SALT LAXKE SUBREGION

The Great Salt Lake subregion within the Bonne-
ville region is primarily a discharge area, except for
localized areas with high recharge from mountain
ranges within the subregion, such as ranges adjacent
to Tooele, Rush, and Skull Valleys south of the Great
Salt Lake and northwest of Utah Lake and Park Val-
ley in the northwest corner of Utah (fig. 29). Flow in
the lower model layer was simulated in the Oquirrh
and Stansbury Mountains and extending to the east-
ern margin of the province (figs. 29 and 30). How-
ever, for the most part, little flow was simulated in
the lower model layer in the Great Salt Lake sub-
region. Except for a small area north of Tooele Val-
ley, only small amounts of ground-water discharge
were simulated into the Great Salt Lake (fig. 30 and
table 4). Recharge from direct precipitation onto the
salt flats adjacent to the lake and in the Great Salt
Lake Desert, although significant (Gates, 1984, esti-
mated 52,000 acre-ft/yr), was omitted from the simu-
lations because most of the precipitation that falls on
these areas was assumed to be local flow, as the water
does not travel far before it is discharged by ET.

Discharge from the eastern part of the Great Salt
Lake subregion is primarily by ET, although several
small regional springs are located in the subregion.
Simulated ground-water flow directions vary widely
in the upper model layer in the area surrounding
Utah Lake, as shown in figure 30. Southwest of the
Oquirrh Mountains, flow is south and eastward toward
Utah Lake. Hood and others (1969, p. 23) reported
similar findings. In northern Rush Valley, ground-
water flow in the upper model layer is northward
toward Tooele Valley and northwest from Tooele and
Skull Valleys. The direction of flow in the lower model
layer is similar to that simulated in the upper layer
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(fig. 30). North of the East Tintic Mountains and
southeast of the Oquirrh Mountains, flow was simu-
lated northwest toward the Great Salt Lake Desert,
but the amounts are small. Flow in the lower model
layer to the Great Salt Lake Desert from areas east of
the Cedar Mountains was also simulated to be small.

Discharge from the Great Salt Lake subregion in
areas east of the Cedar Mountains is primarily by ET
(fig. 29). Estimates of ET for valleys east of the Cedar
Mountains have been reported as follows: Skull
Valley—30,000 acre-ft/yr (Hood and Waddell, 1968);
Tooele Valley—23,000 acre-ft/yr (Razem and Steiger,
1981, p. 16); Goshen Valley—27,000 acre-ft/yr
(Cordova, 1970); Rush Valley—27,000 acre-ft/yr (Hood
and others, 1969, p. 28); and Cedar Valley—27,000
acre-ft/yr (Eakin and others, 1976, table 8). Total ET
simulated during this study for these valleys differs
by more than 10 percent in Tooele, Cedar, and Goshen
Valleys. In Tooele Valley, ET in the simulations may
be high due to boundary effects to the east in the
Oquirrh Mountains as northward flow is not allowed,
but rather is routed westward toward Tooele Valley.
In Cedar and Goshen Valleys, general-head boundaries
are included as part of the valley; thus, the conduc-
tance value at the boundary directly affects the amount
of ET simulated in the valleys and also the amount of
water leaking into Utah Lake. The rate of leakage
into Utah Lake has not been estimated from areas
west of the Jordan River (fig. 5), although such occur-
rence of leakage into Utah Lake has been suggested
by Cordova and Subitzky (1965, p. 23). Only 6,000
acre-ft/yr was simulated as discharge to Utah Lake
from areas to the west while about 48,000 acre-ft/yr
was simulated as ET in Cedar and Goshen Valleys.

Ground-water flow into the Great Salt Lake was
simulated in an area north of Tooele Valley through
the upper model layer (fig. 30). Discharge into the
Great Salt Lake was simulated to be 6,000 acre-ft/yr,
5,000 acre-ft/yr of which is at Tooele Valley. Razem
and Steiger (1981, p. 17) estimated about 3,000 acre-
ft/yr of ground water discharging into the Great Salt
Lake from Tooele Valley. Razem and Steiger did not
indicate what effect pumping (28,000 acre-ft/yr) from
Tooele Valley has on the amount of discharge into the
Great Salt Lake.

Overall, the Great Salt Lake Desert subregion is
characterized by computed transmissivities that are
moderately high in the lower model layer and gener-
ally low in the upper model layer (fig. 19), low flow
rates, and high ET. Gates (1984, table 1) estimated
that the amount of ET from the Great Salt Lake Desert
is approximately 30,000 to 40,000 acre-ft/yr if precipi-
tation onto the salt flats is not included. Total
discharge simulated as ET was 36,000 acre-ft/yr, with
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only minor amounts of outflow simulated at the
boundary with the Great Salt Lake (about 1,000 acre-
ft/yr). Lowest heads in both model layers were in the
south-central part of the Great Salt Lake Desert and
along the margins of the Great Salt Lake (fig. 18).
The depression-shaped equipotential in the Great Salt
Lake Desert is caused by ET in the central part of the
desert; and because the heads in the area are near
4,250 ft in altitude, small changes in head affect the
way the 4,250-ft contour is drawn.

Flow through the lower model layer into the Great
Salt Lake Desert was generally limited from areas to
the south and southwest and was about 5,000 acre-
ft/yr (note ¢ in table 4). Gates (1984) also proposed
that subsurface outflow from Deep Creek and Snake
Valleys was by deep flow (3,000 and 22,000 acre-ft/yr,
respectively), although he assumed that most of the
22,000 acre-ft/yr was flowing from Snake Valley to-
ward Fish Springs Flat.

Flow through the upper model layer into the Great
Salt Lake Desert within the Great Salt Lake subregion
was simulated to be about 32,000 acre-ft/yr. Gates
(1984) reported that inflow to the desert through the
basin- fill deposits was about 26,000 acre-ft/yr, mostly
from Park Valley, the Dugway Valley-Government
Creek area, and Snake Valley.

RAILROAD VALLEY REGION

The Railroad Valley region occupies an area of 6,250
mi?, making it the smallest of the five regions delin-
eated from flow in the lower model layer (fig. 23).
The basin is surrounded by 11 mountain ranges and
encloses two others, as shown in figure 31. Most of
these mountain ranges supply varying amounts of re-
charge. Total recharge to the basin is approximately
121,000 acre-ft/yr, the smallest amount of recharge
for any of the five regions.

Ground-water discharge is primarily by ET. Van
Denburgh and Rush (1974) estimated about 80,000
acre-ft/yr as being discharged by ET in Railroad Valley
alone. Eakin (1960) estimated ET in Newark Valley
at 16,000 acre-ft/yr. Regional spring discharge is about
19,000 acre-ft/yr, of which discharge at Duckwater
springs accounts for 11,000 acre-ft/yr (Van Denburgh
and Rush, 1974).

Flow through the lower model layer in the Rail-
road Valley region was simulated to be about 36,000
acre-ft/yr or 30 percent of the estimated annual re-
charge to the region (fig. 31). Flow into the lower
model layer is from downward leakage through the
upper model layer in the White Pine Range (8,500
acre-ft/yr), Pancake Range (9,000 acre-ft/yr), Grant












UPPER HUMBOLDT RIVER REGION

The part of the Humboldt River drainage basin
(Eakin and Lamke, 1966) which is discussed in this
section is referred to as the Upper Humboldt River
region and is approximately 7,300 mi? (fig. 23).
Boundaries of the region are shown in figure 32 and
should not be confused with the upper basin described
by Eakin and Lamke, which includes the entire
drainage area of the Humboldt River east of Palisade
(g 32%.

The Upper Humboldt River region is unlike the
other four regions in that the volume of surface water
flowing through the Humboldt River and its tribu-
taries far exceeds the water that recharges to the
ground-water flow system. This discussion deals solely
with those interactions of surface and ground water
that directly affect the model simulations, either by
removal or addition of water. Discussion will concern
(1) the net amount of water exchanged between the
upper and lower model layers and the head-depen-
dent cells representing the Humboldt River, and (2)
the amount of ET that is attributed to ground-water
discharge in the vicinity of the Humboldt River.

Recharge from source areas within the bounds of
the Upper Humboldt River region was estimated to
be about 150,000 acre-ft/yr (fig. 32 and table 6). Sur-
face water from outside the modeled area enters the
Humboldt River and its tributaries from the north
(Eakin and Lamke, 1966). Thus, head-dependent
boundaries were used to represent the Humboldt River
and its major tributaries and allow for either recharge
from the Humboldt River or discharge to it, depending
on the relation of heads in the upper model layer to
the river stages assigned to the Humboldt River.

Evapotranspiration rates associated with surface
water within the entire Humboldt River drainage
basin are in the millions of acre-feet per year (Eakin
and Lamke, 1966), but neither streamflows nor ET
associated with streams were simulated in the model
because such processes represent local flow.

Most of the valleys south of the Humboldt River
have been described in previous reports (Eakin, 1961,
1962; Rush and Everett, 1964, 1966a). Discharge from
these areas is primarily through ET. The total esti-
mated ET from northern Monitor, Kobeh, Antelope,
Diamond, Huntington, Grass, Crescent, Pine, and
Boulder Valleys is about 102,000 acre-ft/yr. Evapo-
transpiration simulated during this study for each of
the valleys (fig. 36) is similar to those reported esti-
mates except for Kobeh Valley, which has a simulated
value 50 percent less than the estimate reported by
Rush and Everett (1964). The discrepancy between

simulated and estimated ET in Kobeh Valley might
be justified if the location of the southern boundary is
too far to the north. Estimated recharge from only
the eastern half of the Toiyabe Range was used in the
model simulations. If the estimated recharge is too
low, then the boundary between the Death Valley re-
gion and the Upper Humboldt River region may move
southward, allowing for more recharge from the
Monitor Range into Monitor and Kobeh Valleys. Per-
haps the boundary between the two regions should be
moved southward by adjusting transmissivities near
the boundary. Another possible explanation is that
the Cortez rift (fig. 32), which lies along the northern
and western borders of Kobeh Valley, may impede
ground-water flow from the north and west just
enough to lower the computed heads in Kobeh Valley
and lower the ET, while still allowing significant flow
to Diamond Valley.

Eakin (1962, p. 18) estimated that if underflow from
Kobeh Valley to Diamond Valley did occur, it was -
very small. Therefore, if all the simulated underflow
leaving Kobeh Valley discharges as ET in Kobeh Valley
instead of leaving the valley, then the total simulated
ET would differ from the estimated rate of Rush and
Everett (1964) by only 10 percent. Simulated ET in
Diamond Valley was 40,000 acre-ft/yr, considerably
higher than the reported estimates of Eakin (1962,
table 6) or Harrill (1968, p. 34), who estimated 23,000
and 30,000 acre-ft/yr, respectively. Thus, the seem-
ingly high values of simulated underflow between
Kobeh and Diamond Valleys suggest that the cali-
brated transmissivities between Kobeh and Diamond
Valleys may also be high.

ET in Huntington Valley and associated areas north
of Diamond Valley was simulated at 20,000 acre-ft/yr,
about 3,000 acre-ft/yr greater than reported by Rush
and Everett (1966a). The amount of simulated un-
derflow from Diamond Valley to Huntington Valley
was about 5,900 acre-ft/yr of which about 3,600 acre-
ft/yr was simulated as flow in the upper model layer
and 2,300 acre-ft/yr in the lower model layer.

Simulated flow in much of the remaining areas is
generally toward the Humboldt River (fig. 32), but
amounts are small. Evapotranspiration and ground-
water discharge through general-head boundaries
along the Humboldt River upstream (northeast) from
Elko was simulated to be about 69,000 acre-ft/yr.
About 17,000 acre-ft/yr was simulated as recharge
from the Humboldt River along the same reach (table
6). Thus, the net discharge was about 52,000 acre-
ft/yr. Much of the discharge in the simulation origi-
nated in the Ruby Mountains, East Humboldt Range,
and recharge areas north of the Humboldt River.
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curring in the mountain ranges) is assumed equal to
estimates of the discharge (prior to withdrawals). (4)
Areal distribution of discharge is known as well as
amount of discharge from regional springs. (5) Hori-
zontal transmissivity was homogeneous and isotropic
in each model cell. Although the assumptions are
probably valid for parts of the study area, the validity
of each assumption is not known for the entire area.
Therefore, the results of the simulations should be
considered as conceptual and interpreted with cau-
tion.

Assumptions about the available data were used in
addition to the general assumptions. Recharge in the
province was assumed to be known and was estimated
from numerous reports. Recharge was also assumed
to occur only in the mountains except for the areas
underlying rivers and lakes, which were assumed as
head-dependent flow boundaries that could either re-
charge or discharge ground water. The areal distribu-
tion of discharge by evapotranspiration was assumed
to be known and was assumed to be the discharge
from the upper model layer. The distribution and
amount of discharge by regional springs was assumed
to be known and was mostly from the lower layer.

Transmissivity values in both model layers and
vertical leakance values between layers were adjusted
during repeated simulations until simulated water
levels in both model layers approximated general
water-level trends that were interpolated and ex-
trapolated from measured water levels, and areas of
simulated discharge approximated areas of known
evapotranspiration. Transmissivity values were com-
puted and refined on the basis of general water-level
trends, distribution and amount of recharge, and the
distribution and amount of discharge.

Magnitude of the computed transmissivity and
leakance values were dependent on the amount of
recharge and water-level trends used in the simula-
tions because the model assumed steady-state condi-
tions. Increasing recharge in the simulations resulted
in a corresponding increase in discharge and a pro-
portional increase in the computed transmissivity and
vertical leakance values. Estimates of recharge are
only rough approximations and could be off by 100
percent or more. Thus, the magnitude of the com-
puted transmissivity and leakance values by simula-
tions include an uncertainty equal to the uncertainty
of the estimated recharge.

Another limitation of the computed transmissivity
values is that the values are based on limited water-
level data, particularly for the lower model layer.
Transmissivity and vertical leakance values could be
changed by at least an order of magnitude in areas of
no data and the model results might still be reasonable

with respect to areas of known water-level trends and
places of discharge. The simulated transmissivity and
vertical leakance values may also change more gradu-
ally than might be expected, because the water-level
data were smoothed by interpolation and extrapolation
from known points and were averaged over a large
cell area. Thus, the computed transmissivity and
vertical leakance values include large uncertainties.

Computed transmissivity values in the upper model
layer varied more than those of the lower model layer
(fig. 19). This probably reflects greater fluctuations
in water levels in the upper layer due to more available
data. The greater variation of transmissivity values
in the upper model layer may also result from applying
all the recharge in model cells that correspond to
mountains instead of including the adjacent cells that
correspond to the alluvial fans and valleys, or to highly
variable thicknesses of permeable rock that is reflected
in differing thicknesses of model cells.

In the upper model layer, the simulated flow in the
eastern part of the province was generally from south
to north toward the Great Salt Lake Desert (Bonne-
ville region). In the northwest part of the province,
simulated flow was north toward the Humboldt River.
In the southern half of the province, simulated flow
was from north to south toward either Death Valley
or the Virgin River (tributary to the Colorado River).
Simulated flow in the lower model layer was not al-
ways in the same direction as that simulated in the
upper model layer, and in some instances flow was
simulated in opposite directions.

Only one of several extensive east-west-trending
lineaments could be correlated with a marked change
in the simulated water levels as well as observed
water-level trends. The lineament, called the trans-
verse crustal boundary, extends across southern
Nevada. It marks the southern extent of Cenozoic
volcanism in the province, is delineated by a consid-
erable southward decrease in the altitude of the valley
floors and a marked change in gravity, and is associ-
ated with left-lateral shears at several places.

The lack of correlation of marked changes in simu-
lated water levels and transmissivity values, as well
as observed water-level trends across other lineaments
north of the transverse crustal boundary, might be
due to normal faults disrupting the lineaments as the
lineaments may be older in age than the normal faults.
However, several regional springs are located near
the lineaments, which indicates that the lineaments
may influence regional ground-water flow to some de-
gree.

The direction of simulated flow in the upper model
layer was generally away from or around outcrop areas
of intrusive rocks, ancient volcanoes, Precambrian and
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