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APPENDIX 1. Regional Potential for Interbasin Flow

of Ground Water

By M.S. Bedinger and J.R. Harrill

Introduction

Quantitative analysis of regional and interbasin flows in
the Death Valley regional ground-water flow system (DVRFS)
region could be improved if hydraulic head values were
available to develop a spatially interpolated contour map of
the regional ground-water potential. Water-balance studies
could be complemented and the direction of interbasin flows
better discerned using such a contour map. The map could be
used to delineate the areas outside the DVRFS model domain
that contribute ground-water flow to the model, to estimate
the regional hydraulic gradient on the lateral DVRFS model
boundary, and to estimate the amount of flow by the Darcy
method (Harrill and Bedinger, Appendix 2, this volume). The
number of deep wells that can be measured, however, is insuf-
ficient for the spatial distribution of data points needed to map
the regional potential of the DVRFS region. Because of the
regional hydraulic continuity between deep and shallow flow
in the DVRFS, additional data points for the regional ground-
water potential can be inferred from flow-net relations with the
shallow ground-water potential.

Regional Ground-Water Flow

The quantitative basis for regional ground-water flow in
the Basin and Range physiographic province is grounded in
the basin studies made under the U.S. Geological Survey and
the State of Nevada cooperative ground-water program. Maxey
and Eakin (1949), in attempting to quantify the available
ground-water resources of basins, developed field methods
for estimating basin recharge and discharge. They discovered,
in evaluating ground-water budgets of closed basins, that
many basins actually were not closed to ground-water trans-
fer to or from adjacent basins. Early studies, such as those
by Eakin and Winograd (1965), Eakin and Moore (1964),
Mifflin (1968), Winograd and Thordarson (1975), and Mifflin
and Hess (1979), recognized the importance of interbasin
ground-water flow. In time, practically all basins in Nevada
were studied, and estimates of recharge and discharge were
established. Mifflin (1968) mapped the first set of regional
potential contours from the surface altitudes of springs in

Nevada issuing water at average temperatures of 27 degrees
Celsius (80 degrees Fahrenheit) or greater, recognizing that
thermal springs are surface manifestations of regional poten-
tial. Harrill and others (1988) used water-budget imbalances
in their work in the Great Basin by showing arrows indicating
interbasin flow and by mapping generalized contours of the
regional ground-water potential in the Great Basin. Prudic
and others (1995) used a digital model to analyze the regional
aquifer system in the carbonate-rock province of Nevada,
California, and adjacent States. This model simulated regional
potential contours for both layers of the model and depicted
regional flow potential from the higher basins in central
Nevada to the terminal discharge areas of the Death Valley
and the Colorado River regional ground-water flow systems.
Bredehoeft and others (1982) noted that the differences
in topographic relief provide the principal driving force for
regional flow. It follows that the potential for ground water
to move from basin to basin is related to the relative altitudes
of the individual basins. The DVRFS region is made up of a
complex network of basins that range in altitude from greater
than 3,400 m above sea level in the mountain recharge areas
of Nevada and California to below sea level at the terminal
discharge area at Death Valley in California (pl. 1). Many of
the segments of the DVRFS model boundary are drawn along
basin boundaries. For the most part, there are great altitude
differences between these basins, indicating a difference in
ground-water potential between adjacent basins. Where the
rocks that form the boundary between such basins are suffi-
ciently permeable, there will be flow into or out of the model
area.

Identification of Regional Head

The number of wells deeper than 300 m that can be
measured is insufficient to map the regional potential. A set
of guidelines was developed that expresses relations between
the regional ground-water potential and more readily observed
surface and near-surface ground-water levels and hydrologic
characteristics of ground-water basins. Topographic settings
that express near-surface ground-water characteristics, such
as shallow ground-water levels, recharge areas, discharging
playas and phreatophyte areas, perennial streams and lakes,
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and springs, can indicate that the regional potential is either
greater than or less than the indicated altitude. These rela-
tions are broad generalizations; local geologic and hydrologic
conditions can cause local variations in the applicability of the
relations.

Examination of head and flow lines in several configura-
tions of cross-sectional flow models (flow nets) of Freeze and
Witherspoon (1967) and by Reed in Sargent and Bedinger
(1985) is useful in visualizing the relations between regional
potential and common topographic settings (figs. A1-1 and
A1-2). Because there is regional hydraulic continuity between
deep and shallow flow, the ground-water flow system has
hydraulic heads at depth in the zone of regional flow that can
be characterized by general relations to the hydraulic head in
the upper part of the flow system (figs. A1-1 and A1-2). The
general guidelines used for identifying regional head for map-
ping regional potential are:

1. The regional hydraulic head can be represented by shal-
low water levels in large areas of low topographic relief and
virtually no recharge (fig. A1-1A).

2. The regional head is generally at or above areas of

local discharge by evapotranspiration in basins (figs. A1-1B
and A1-2A). The presence of regional springs at the lower
altitudes in a basin indicates that the regional hydraulic head
is higher than the basin-floor discharge areas. Deep regional
springs are characteristically those that issue from depths
well below the water table. Deep regional springs may issue
from relatively great depths beneath the surface. Among the
areas in Nevada exhibiting this characteristic are Railroad and
Hot Creek Valleys; Columbus Marsh; Alkali Springs; Death,
Pahrump, and Pahranagat Valleys; and Amargosa Desert; and
in California, Deep Springs, Panamint, Saline, and Owens
Valleys. Cross-sectional flow nets (fig. A1-2B) indicate that
exceptions to this generalization may occur. Topographic,
hydrologic, and geologic conditions in the Great Basin may
indicate that a discharge area is above the regional potential.

3. The regional hydraulic head is above intermediate and
terminal areas of regional discharge by evapotranspiration,
regional springs, or ground-water discharge to major surface-
water bodies, which are typically at lower altitudes in the flow
system.

4. The regional hydraulic head is below the altitude of
nondischarging dry playas. The regional head would be equal
to or below the head in wells drilled to deep horizons beneath
nondischarging basins.

5. The regional hydraulic head is lower than the water table
in areas of recharge.

6. Shallow springs discharging at higher basin altitudes,

well above the basin floors, generally are above the regional
hydraulic head. They represent discharge from locally derived
recharge and relatively short and shallow flow paths. These are
commonly “cold” springs having temperatures near or only a
few degrees above the ambient average air temperature.

Death Valley Regional Ground-Water Flow System Transient Flow Model

7. Deep regional springs occur at the lower altitudes of
basins, though commonly above the playa altitude. Deep
regional springs, commonly originating from deep carbonate-
rock aquifers, are typically large and the temperature of the
water significantly greater than the ambient air temperature.
These springs are inferred to represent discharge from deep
and long flow paths.

These guidelines for identifying regional hydraulic head
are supplemented by field observations of water-level mea-
surements, springs, basin discharge areas, and intermediate
and terminal discharge areas, coupled with concepts of how
these near-surface hydrologic features are related to regional
flow and potential. Specific hydrogeologic knowledge is used
as control when applying the guidelines to a particular basin
or set of basins. It is recognized that the general guidelines are
drawn from flow nets computed for simplified geologic and
hydrologic conditions. The control points may seem impre-
cise, but in designating the estimated regional potential “less
than” and “greater than” the control potential, they provide a
reasonable constraint on the estimate.

Regional Potential Map

The regional potential map (pl. 1) was constructed from
a network of control points using water-level measurements
and the guidelines given above (tables A1-1—A1-5). From a
regional standpoint, these data points are well distributed and
abundant. Water levels in wells for Nevada that are greater
than 300 m deep are listed in table A1-1. The ground-water
potential measured in these wells is assumed to be equal to
or above the regional potential. Reference points for regional
potential altitudes derived from surface-water features, ground-
water levels, and topographic settings are listed in table A1-2
for California and table A1-3 for Nevada. As described in the
guidelines, the regional potential is higher than the altitude
of perennial surface-water features and higher than the water
level of playas that discharge ground water by evapotranspira-
tion. The regional potential is below valley floors of playas
that do not discharge ground water by evapotranspiration. The
altitudes of springs are listed in table A1—4 for California and
table A1-5 for Nevada. The regional potential is above the alti-
tude of regional springs and below the altitude of local springs.
Most regional springs are thermal springs and discharge at low
altitudes relative to valley floors. Local springs discharge well
above the valley floors; their temperatures are cool, commonly
no more than a few degrees above the average ambient air tem-
perature. The reference points of tables A1-1 through A1-5 are
plotted and identified by number on the regional potential map
(pl. 1). The regional potential data were hand-contoured to pro-
duce the regional potential map shown on plate 1. The regional
potential map then was used to estimate boundary flows for the
DVREFS model (see Appendix 2, this volume).
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