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Simulated Effects of Proposed Ground-Water
Pumping in 17 Basins of East-Central

and Southern Nevada

By Donald H. Schaefer and James R. Harrill
ABSTRACT

The Las Vegas Valley Water District
filed 146 applications in 1989 to pump about
800,000 acre-feet per year (acre-ft/yr) of ground
water from 26 basins in east-central and southern
Nevada, for use in the Las Vegas urban area. The
quantity of water that they proposed to pump was
eventually reduced to a maximum of 180,800
acre-ft/yr in 17 basins. A previously constructed,
two-layer computer model of the carbonate-rock
province was configured to simulate transient con-
ditions and used to develop first approximations of
the possible effects of these withdrawals. Simula-
tions were made using the phased pumping sched-
ule proposed by the water district that reaches a
maximum pumpage rate of 180,800 acre-ft/yr after
18 years. No other pumping was simulated, so the
results represent only effects of pumping préposed
by the water district. Existing pumping was not
simulated in the original model, so the effects
simulated in this report are superimposed on
conditions that are representative of the carbonate-
rock province prior to any development.

The simulations indicate that the proposed
pumping would cause water-level declines in
many ground-water basins, decreased flow at
several regional springs, and decreased discharge
by evapotranspiration from the basins.

Ground-water levels ultimately could
decline several hundred feet in the basins sched-
uled to supply most of the pumped ground water.

Model declines in the carbonate aquifer are

somewhat larger than simulated declines in the
overlying basin-fill deposits.

Simulated regional springflow decreased
in several cells, including those representing the
Muddy River springs, Hiko-Crystal-Ash Springs
area, and the Ash Meadows springs area. Model
simulations show flow decreases of about
11 percent, 14 percent, and 2 percent, respectively,
at these springs after about 100 years of pumping.

Simulated evapotranspiration also
deceased in many basins; the largest decreases
are in basins where ground-water withdrawals
are greatest. These basins include Railroad,
Spring, and Snake Valleys. The largest decrease in
simulated evapotranspiration occurred in southern
Railroad Valley—about 33 cubic feet per second
(64 percent) after about 100 years of pumping.

Model-sensitivity tests indicate that long-
term results are relatively insensitive to variations
in values used for aquifer storage. Model simula-
tions were made using a 50-percent variation in
upper-layer storage coefficients and a range of
values for the lower layer. The analysis showed
little deviation in model results of water-level
changes, springflow, or evapotranspiration rates.

The simulation results are based on a
computer model of regional ground-water flow
that greatly simplifies the complex distribution of
geology and, consequently, the hydraulic proper-
ties of many of the rocks in the Great Basin. The
adequacy of the model to simulate the effects of
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this proposed pumping cannot be tested until
pumping stresses have been in place long enough
to cause measurable effects within the system.

INTRODUCTION

The carbonate-rock province of the Great
Basin is characterized by a series of generally north-
to northeast-trending mountain ranges composed
predominantly of carbonate rocks (limestone and
dolomite) of Paleozoic age. The intervening valleys
are filled with detritus (gravels, sands, silts, and clays)
eroded from the adjacent mountain ranges. These
basin-fill deposits may be several thousand feet
thick (Plume and Carlton, 1988).

Virtually all types of rocks and deposits within
the province contain ground water. The basin-fill
deposits are the primary aquifer system, and most
of the present ground-water pumpage is from these
deposits. Carbonate rocks that form some of the moun-
tain ranges and underlie the basin-fill deposits in many
areas may also be significant ground-water reservoirs
in some places. Where they are fractured or contain
solution openings, the carbonate rocks commonly can
act as conduits for regional ground-water flow. Most
of the larger regional springs in the province issue from
carbonate rocks or from basin-fill deposits overlying
or adjacent to carbonate rocks. These springs discharge
ground water that has moved through the regional flow
systems in the carbonate-rock aquifers from distant
source areas.

As part of the Great Basin Regional Aquifer-
System Analysis (RASA) project, the 100,000-mi?
carbonate-rock province (fig. 1), also termed “the
province” herein, was modeled using a digital, ground-
water flow model to refine concepts of regional
ground-water flow in the Great Basin (Harrill and
others, 1983 and 1988; Prudic and others, 1993). The
modeling is described in detail by Prudic and others
(1993). In general, the simulated flow in the eastern and
northern parts of the province is northward toward the
Great Salt Lake and the Humboldt River; elsewhere in
the province, flows are generally southward, toward
either Death Valley or the Virgin and Colorado Rivers
(fig. 2). A summary description of the various local and
regional ground-water flow systems was reported by
Harrill and others (1988).

In 1989, the Las Vegas Valley Water District
(LVVWD) filed 146 applications with the Nevada State
Engineer for water rights in east-central and southern
Nevada. These original applications were for 26 basins
throughout the carbonate-rock province and totaled
about 800,000 acre-ft/yr of ground-water withdrawals.
The total amount of pumpage was eventually reduced
to a maximum 180,800 acre-ft/yr from 17 basins, or
hydrographic areas! (figs. 1 and 3; LVVWD, written
commun., 1992).

In 1991, several Department of the Interior
(DOI) bureaus requested that the U.S. Geological
Survey rerun the regional-scale ground-water flow
model to obtain first approximations of probable
effects of increased ground-water pumping in the
carbonate-rock province. The simulation was made
using a phased pumping schedule, with ultimate pump-
age totaling 180,800 acre-ft/yr. The agencies were par-
ticularly interested in the possible effects on regional
flow, large regional springs, and evapotranspiration
that could affect their water interests in the province.

The model used to simulate these effects has
large grid spacing and is based on a regional-scale
conceptualization of ground-water flow. The model
is considered adequate to develop first approximations
of probable regional-scale effects, but is not adequate
to support detailed predictions. A more detailed repre-
sentation of the system and more information about
how the system will respond to pumping stresses
would permit the assessment of estimated effects,
but this would require more detailed delineation of
the aquifers both laterally and vertically, as well as
additional information on hydrologic properties of
the aquifers.

Purpose and Scope

The purpose of this report is to document the
results obtained using the regional ground-water flow
model to estimate potential effects of implementing the
proposed water-rights applications filed by LVVWD.

Formal hydrographic areas in Nevada were delineated
systematically by the U.S. Geological Survey and Nevada
Division of Water Resources in the late 1960’s for scientific and
administrative purposes (Rush, 1968). The official hydrographic
area names, numbers, and geographic boundaries continue to be
used in Geological Survey scientific reports and Division of Water
Resources administrative activities.
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The report includes a description of the simulated
effects of the pumping on regional springflow, evapo-
transpiration (ET) rates, and ground-water levels in
17 basins in the carbonate-rock province of the Great
Basin. The model results are conceptual in nature
because the model used is conceptual (Prudic and
others, 1993, p. 18).

The conceptual model used several assumptions
(Prudic and others, 1993, p. 15). These include:

(1) flow through fractures and solution openings is
the same as flow through porous media and thereby
conforms to Darcy’s Law, (2) steady-state conditions
were in effect prior to ground-water development in
the area, and (3) transmissivity is heterogeneous
throughout the study area but is homogeneous within
each individual cell.

Data used in the model are highly generalized,
and the assumptions are simplifications of the actual
system. Furthermore, the locations of proposed wells
and the proposed pumping schedule described in this
report are likely to be revised. Consequently, results
reported should be used only as indications of possible
generalized effects.
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DESCRIPTION OF GROUND-WATER
FLOW MODEL

The ground-water flow model used for this study
was constructed to conceptualize regional flow in the

carbonate rock province of the Great Basin (Prudic and
others, 1993). The model consists of two layers of
3,660 cells (60 columns by 61 rows; fig. 3); each cell
is 5 mi wide by 7-1/2 mi long. Not all cells in the grid
are used in the model simulation; each layer contains
2,456 active cells.

The program used to simulate regional ground-
water flow is the modular three-dimensional finite
difference ground-water flow model, MODFLOW,
written by McDonald and Harbaugh (1988). The
mathematics involved in using the model to simulate
ground-water flow systems is described in detail in that
reference. The specific use of MODFLOW to simulate
the regional ground-water system in the Great Basin is
described by Prudic and others (1993).

The data used in the model, such as transmis-
sivity values, recharge values, and other data sets, are
documented (Schaefer, 1993). Boundary conditions for
the model are described in detail by Prudic and others,
(1993, p. 18).

In general, the model boundaries of the province
extend to mountain ranges that consist mostly of low-
permeability consolidated rock and are assumed to be
no-flow boundaries. General head boundaries exist
along the northeast, northwest, southeast, and south-
west borders of the model (Prudic and others, 1993,
fig. 9). A no-flow boundary is simulated beneath the
lower layer of the model representing the depth below
which there is little ground-water flow.

Recharge to the model is simulated as a constant
flux to the upper model layer in cells that correspond
to mountain ranges. Discharge occurs primarily
as evapotranspiration and is simulated as a head-
dependent flow boundary in the upper model layer.
Regional springs are simulated as drains from the
lower layer of the model.

The SIP (Strongly Implicit Procedure) solver
(McDonald and Harbaugh, 1988, p. 12-1) was used
by the model to solve the ground-water flow equations.
SIP is a method for solving large systems of simulta-
neous linear equations by iteration. A closure criterion
of 0.1 ft and an acceleration parameter (a value that
increases or decreases head change at each iteration)
of 0.8 was chosen.

Four major assumptions were used for the
transient simulations of the flow model. The first was
that the only pumpage simulated was that proposed by
LVVWD, to produce a representation of the overall
effects that development of these applications might
have on the regional ground-water flow systems.
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In keeping with the conceptual nature of the model, the
simulation provides information about the probable
areas that may be affected, the general magnitude of
possible water-level declines or other effects, and the
general period of time over which changes may be
expected to occur. Prediction of specific, detailed
water-level changes throughout the area would require
that effects of the proposed pumping be superimposed
on the effects of existing and other anticipated future
pumping. That was beyond the scope of this analysis.

The second assumption was that storage values
used for transient simulations for the upper layer were
based on the predominant aquifer material in each cell,
determined from surficial maps. This distribution may
not be totally correct because the material may be dif-
ferent at depth in the zone of saturation. Storage coef-
ficients in the upper layer also assume dewatering of
the sediments.

Rock and deposit types were divided into three
categories—basin-fill materials, carbonate rocks, and
other consolidated rocks. Distribution of these units is
shown by Prudic and others (1993, fig. 15). Average
values for storage coefficients in layer one were
assigned to each of these materials. For basin-fill mate-
rial, a value of 0.1 was assigned on the basis of average
values of specific yield used in U.S. Geological Survey
reconnaissance evaluations of ground-water resources
in most basins of the study area. For carbonate rocks, a
value of 0.05 was assigned on the basis of an average
porosity value of 0.047 determined from geophysical
logs of five wells in the Coyote Spring Valley area
(Berger, 1992, p. 18). For other rocks, a value of
0.01 was assigned on the basis of a range of yalues
for fractured rocks given by Snow (1979, table 1).

The storage coefficient for the lower layer was
estimated on the basis of the probable average porosity
of the rocks present (0.01 to 0.05), the effective thick-
ness of aquifer material (probably between 5,000 and
10,000 ft), the bulk modulus of elasticity of water
(Bx 10° ]b/inz), and the bulk modulus of elasticity of
the solid skeleton of the aquifer (for limestone, about
4.8 x 100 to 5.4 x 10 Ib/in?; Krynine and Judd, 1957,
table 2.5). The following equation from Lohman
(1972, p. 9) was used to estimate the coefficients:

_ e
S = Gyb(E—+(—)—E—) , (H
w s

where S is storage coefficient (dimensionless);

6 is porosity, as a decimal fraction;

v is specific weight per unit, 62.4 1b/ft> +
144 in¥/ft* = 0.434 (Ib/in®)/ft;

b is thickness, in feet;

E,, is bulk modulus of elasticity of water;

C is a dimensionless ratio, which may be
considered unity in an uncemented
granular material; in a solid aquifer,
such as limestone with tubular solution
channels, C is apparently equal to
porosity; and

E is bulk modulus of elasticity of the solid
skeleton of an aquifer.

Estimates of storage values based on the above
numbers ranged from 7.6 x107 to 1.2 x 1073, For pur-
poses of this report, the storage coefficient for the lower
layer was set at the midrange of these values, 6 x 1074,
for the entire layer. The data set for storage values used
in the model is listed in appendix 1.

The third major assumption used in the model
is from the previous steady-state model and concerns
the lower layer. The individual basin-fill aquifers
underlying the various ground-water basins can be
adequately described in the upper layer as a series of
high-transmissivity zones (the basin-fill valleys) sepa-
rated from each other by low-transmissivity zones (the
intervening mountain ranges). The lower layer repre-
sents the distribution of carbonate-rock aquifers in the
system in a limited way that may affect the calculated
drawdowns in that layer.

The fourth and final assumption was that all
input values used in the conceptual steady-state model
remain constant during the transient simulations.

No changes were made to transmissivity, leakance,
recharge, or the other input data sets described by
Prudic and others (1993) and Schaefer (1993).

RESULTS OF SIMULATIONS

Simulation of Conditions Prior to
Proposed Pumping

The steady-state conditions simulated by Prudic
and others (1993) represent a conceptualization of
ground-water flow in the carbonate-rock province of
the Great Basin before ground-water pumping within
the province commenced. Figure 2 shows the general
distribution of simulated steady-state heads (water
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levels) that were used as the starting heads for the
transient simulations. Also shown in figure 2 is the gen-
eral direction of ground-water flow for both the alluvial
and carbonate aquifers. The starting-head data used in
the transient model are listed in appendix 2.

The highest simulated steady-state heads are
generally in southwestern Utah and east-central
Nevada. In these areas, altitudes of the valley floors
are the highest and estimated recharge assigned to the
mountains is the greatest. Heads generally decrease
northward toward the Humboldt River and the Great
Salt Lake, and southward toward the Colorado River
and Death Valley. Ground-water flow follows a similar
pattern—flow is away from areas of highest heads.
Many geologic and hydrologic barriers compartmen-
talize flow into several regions. Flow within each
region is discussed in detail by Prudic and
others (1993).

Proposed Pumping and Stress Periods

The proposed pumpage was to increase for
about 18 years, from a rate of 24,500 acre-ft/yr to
180,800 acre-ft/yr, in four phased steps. Table 1 shows
the overall pumping schedule and the amount of pump-
age from each basin. These data are the basis for the
pumpage simulated in the model. The model stress
periods coincide with the proposed pumping phases
of LVVWD, and the simulated pumpage in the model
duplicates the areal distribution of the proposed well
locations. Table 2 shows how these pumping periods
relate to the model stress periods. Appendix 3 contains
the pumpage data set used in the model.

Simulated Effects of Proposed Pumping

The simulated effects of pumping large quantities
of ground water from east-central and southern Nevada
include water-level declines, reductions in evapotrans-
piration and discharge from regional springs, and
changes in flow to or from rivers, lakes, and the Death
Valley playa. These results were calculated by the
model, but because existing data are not adequate to
allow the simulated results to be calibrated against
observed changes, they contain a high degree of uncer-
tainty. They should not be considered exact predictions
of change but rather indications of possible generalized
effects. The trends and magnitudes of the calculated

changes are considered first approximations that can
give valuable insight into possible regional effects of
long-term, high-volume pumpage in the province.

Simulated Pumpage and Drawdowns

At selected time steps for all five stress periods
of the simulation, water-level declines (drawdowns)
were calculated for both layers by comparing water-
level arrays of successive stress periods. Drawdown
patterns for both model layers then were mapped and
are shown for selected time periods in figures 4-10. The
drawdown values were computed by subtracting the
original starting head for each model cell from the cor-
responding head simulated at the end of each selected
time step. Lines of equal drawdown for each time step
were then produced using the Golden Software
Company “Surfer” computer contouring package.
Locations of the proposed pumping wells in each
stress period are also plotted on the maps to show their
relation to the simulated declines. Each map shows
simulated drawdowns for a layer, and only those wells
designated to produce from that layer during that stress
period are shown.

A pumping well represents discharge at a point,
but the mode] distributes the pumpage over a 5-mi by
7-1/2-mi cell. Because both aquifer properties and
changes in water level are averaged over the entire grid
cell, some error is introduced. Furthermore, the model
“pumps” the cell for the entire stress period at the con-
stant rate. In reality, this may not be so, as some type of
site-specific pumping schedule might be used to mini-
mize local effects. That level of detail was beyond the
scope of the study.

The original applications for water rights by
LVVWD included a list of proposed well locations, and
indicated whether each well was to be completed in the
basin fill or the carbonate aquifer. Also included was a
list of total withdrawals in each ground-water basin.
To create the pumpage data set for the model, it was
necessary to determine the pumping rate for each well
within each basin by dividing the total pumpage from
that basin by the total number of wells. If a well was
completed in the basin-fill aquifer, pumpage for the
model was assigned to the upper layer. An identical
process was used for wells proposed to be completed in
the carbonate aquifer (and assigned to the lower layer).

RESULTS OF SIMULATIONS



Table 1.
central and southern Nevada

[Location of basins, by hydographic area, is shown in figure 3]

Pumpage proposed by Las Vegas Valley Water District during first 20 years of pumping, by basin, east-

Pumpage (acre-feet per year) by basin, and hydrographic-area (HA) number

Proposed

pumpage  Year  GaMel  Liiien California COYole  Three Three  Tikapoo o0 coal
schedule (Dry Lake) Valley, Wash Spring Lakes Lakes Valley, Valley, Valley
Valley, HA 21.; HA 21 ,8 Valley, Valley(S), Valley(N), HA 169 HA 1 86 HA 17;

HA 216 HA210 HA2111 HA168 AandB

Phase 1 2007 2,000 2,000 2,500 5,000 5,000 5,000 3,000 0 0
2008 2,000 2,000 2,500 5,000 5,000 5,000 3,000 0 0
2009 2,000 2,000 2,500 5,000 5,000 5,000 3,000 0 0
2010 2,000 2,000 2,500 5,000 5,000 5,000 3,000 0 0
2011 2,000 2,000 2,500 5,000 5,000 5,000 3,000 0 0
2012 2,000 2,000 2,500 5,000 5,000 5,000 3,000 0 0
2013 2,000 2,000 2,500 5,000 5,000 5,000 3,000 0 0
Phase 2 2014 2,000 2,000 2,500 5,000 5,000 5,000 3,000 2,000 6,000
2015 2,000 2,000 2,500 5,000 5,000 5,000 3,000 2,000 6,000

2016 2,000 2,000 2,500 5,000 5,000 5,000 3,000 2,000 6,000
2017 2,000 2,000 2,500 5,000 5,000 5,000 3,000 2,000 6,000
Phase 3 2018 0 0 2,500 5,000 5,000 5,000 3,000 2,000 6,000
2019 0 0 2,500 5,000 5,000 5,000 3,000 2,000 6,000
2020 0 0 2,500 5,000 5,000 5,000 3,000 2,000 6,000
2021 0 0 2,500 5,000 5,000 5,000 3,000 2,000 6,000
2022 0 0 2,500 5,000 5,000 5,000 3,000 2,000 6,000
2023 0 0 2,500 5,000 5,000 5,000 3,000 2,000 6,000
12024 0 0 2,500 5,000 5,000 5,000 3,000 2,000 6,000
Phase 4 2025 0 0 2,500 5,000 5,000 5,000 3,000 2,000 6,000

VIncludes three wells that are physically located in Las Vegas Valley Hydrographic Area (212) but are considered by Las Vegas Valley Water

District to be in Three Lakes Valley (southern part).

Figure 4 shows drawdown and wells for both
layers at the end of 7 years of pumping (conclusion
of stress-period one). Total annual pumpage during
this phase of the water project is planned to be
24,500 acre-ft. Of this amount, 29 percent
(7,100 acre-ft/yr) was assigned to the upper layer, and
71 percent (17,400 acre-ft/yr) was assigned to the
lower layer. Pumping is planned for Garnet (Dry Lake),
Hidden, California Wash, Coyote Spring, Three Lakes,
and Tikapoo Valleys (fig. 3). In the upper layer
(fig. 4A), the drawdown exceeds 10 ft only in Three
Lakes Valley. Drawdowns are localized around the
cells with assigned pumpage. Drawdowns in the lower
layer (fig. 4B) are more extensive, showing a maximum
decline of more than 100 ft in several valleys.
Boundaries of the topographic basins, which form

the boundaries of the alluvial basins (upper layers),
are not barriers to flow within the carbonate system
(lower layers). Declines in the lower layer can extend
far beyond the basin boundary because the model
simulates the carbonate aquifer in the lower layer as
being confined, and storage values are much less.

Figure 5 shows simulated drawdown and
location of wells for both layers at the end of 11 years
of pumping (conclusion of stress-period two). Total
annual pumpage proposed for this phase of the
project is 47,000 acre-ft. Of this amount, 39 percent
(18,300 acre-ft/yr) was assigned to the upper layer,
and 61 percent (28,700 acre-ft/yr) was assigned to the
lower layer. During this phase of development, pump-
ing wells will be added in Cave, Coal, Delamar, Dry
Lake, Pahroc, and Patterson Valleys (fig. 3).
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Table 1—Continued

Pumpage (acre-feet per year) by basin, and hydrographic area (HA) number

Delamar Dry Lake Pahroc Patterson Snake Spring Garden R:;I;;:ad Total
Valley, Valley, Valley, Valley, Valley, Valley, Valley, HA 1;’:’; (acre-feet
HA 182 HA 181 HA 208 HA 202 HA 195 HA 184 HA 172 AandB per year)

0 0 0 0 0 0 0 0 24,500
0 0 0 0 0 0 0 0 24,500
0 0 0 0 0 0 0 0 24,500
0 0 0 0 0 0 0 0 24,500
0 0 0 0 0 0 0 0 24,500
0 0 0 0 0 0 0 0 24,500
0 0 0 0 0 0 0 0 24,500
3,000 2,500 5,000 4,000 0 0 0 0 47,000
3,000 2,500 5,000 4,000 0 0 0 0 47,000
3,000 2,500 5,000 4,000 0 0 0 0 47,000
3,000 2,500 5,000 4,000 0 0 0 0 47,000
3,000 2,500 5,000 4,000 25,000 50,000 0 0 118,000
3,000 2,500 5,000 4,000 25,000 50,000 0 0 118,000
3,000 2,500 5,000 4,000 25,000 50,000 0 0 118,000
3,000 2,500 5,000 4,000 25,000 50,000 0 0 118,000
3,000 2,500 5,000 4,000 25,000 50,000 0 0 118,000
3,000 2,500 5,000 4,000 25,000 50,000 0 0 118,000
3,000 2,500 5,000 4,000 25,000 50,000 0 0 118,000
3,000 2,500 5,000 4,000 25,000 50,000 10,000 52,800 180,800

Figure 5A shows an increase in the areal extent of
simulated drawdowns in the upper layer, but maximum
declines do not increase appreciably. The additional
wells pumped during this phase of the simulation cause
new declines in those additional areas. The simulated
drawdowns in the lower layer (fig. 5B) likewise show
an increase in areal extent and the maximum draw-
downs have increased in some areas.

Figure 6 shows the simulated drawdowns for both
layers at the end of 18 years of pumping (conclusion of
time-step two, stress-period three). Pumpage during
this stress period was set at 118,000 acre-ft/yr. Of this
amount, 61 percent was assigned to the upper layer
(72,000 acre-ft/yr), and 39 percent (46,000 acre-ft/yr)
was assigned to the lower layer. During this stress
period, pumping was from California Wash and from
Coyote Spring, Three Lakes, Tikapoo, Cave, Coal,
Delamar, Dry Lake, Pahroc, Patterson, Snake, and

Spring Valleys. Pumping was terminated in Garnet
(Dry Lake) Valley and Hidden Valley at the start of this
stress period.

In the upper layer (fig. 6A4), maximum simulated
declines exceed 100 ft in the area of Three Lakes
Valley. Simulated declines exceed 50 ft in Spring
Valley. Simulated declines in the lower layer (fig. 6B)
are areally more extensive and are beginning to affect
a large area of the carbonate-rock province. Simulated
drawdown exceeds 100 ft in Spring, Snake, and proba-
bly in other valleys. Simulated drawdowns do not gen-
erally exceed 200 ft, with the exception of a localized
maximum drawdown of about 400 ft in the California
Wash area. Declines induced by pumping in this area
and in the Coyote Spring Valley area to the northwest
seem to cause the drawdowns in the Muddy River
springs area.
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Table 2. Simulated stress periods and pumpage, east-central and southern Nevada

[Asterisks indicate key simulation lengths used for analysis; acre-ft/yr, acre-feet per year]

Length of time Cumulative length

Stress period of simuiation
step (years) (vears)
Stress-period one (Phase 1) 1 35 3.5
2007-2013 (7 years) 35 *7.0
Total pumpage, 24,500 acre-ft/yr
Stress-period two (Phase 2) 1 2.0 9.0
2014-2017 (4 years) 2.0 *11.0
Total pumpage, 47,000 acre-ft/yr
Stress-period three (Phase 3) 1 35 14.5
2018-2024 (7 years) 35 *18.0
Total pumpage, 118,000 acre-ft/yr
Stress-period four (Phase 4) 1 4.0 22.0
2025-2036 (12 years) 4.0 26.0
Total pumpage, 180,800 acre-ft/yr 3 4.0 *30.0
Stress-period five (Phase 4--continued) 1 12.3 423
2037-7 2 254 55.4
Total pumpage, 180,800 acre-ft/yr 3 39.5 69.5
4 54.6 84.6
5 70.7 *100.7
6 87.9 117.9
7 106.4 136.4
8 126.2 156.1
9 147.3 1773
10 169.9 *199.9

Figure 7 shows the simulated drawdowns due
to pumping in the upper and lower layers 30 years into
the model simulation (end of time-step three, stress-
period four). Total annual pumpage during this period
of the simulation is 180,800 acre-ft/yr. This amount
is the projected maximum pumpage rate for the water
project. Pumpage is from California Wash and Coyote
Spring, Three Lakes, Tikapoo, Cave, Coal, Delamar,
Dry Lake, Pahroc, Patterson, Snake, and Spring
Valleys. This is also the stress period when pumping
begins in Railroad Valley at a rate of 52,800 acre-ft/yr
and in Garden Valley at a rate of 10,000 acre-ft/yr
(phase four; table 1). Of the total amount, 62 percent
(112,100 acre-ft/yr) was assigned to the upper layer
and 38 percent (68,700 acre-ft/yr) was assigned to
the lower layer.

Figure 7A shows the simulated drawdowns
in the upper layer. In the area of Three Lakes Valley,
in the southern part of the pumping area, maximum
drawdown is more than 100 ft. In Spring Valley, in
the northern part of the pumping area, simulated draw-
downs also exceed 100 ft. Throughout most of the
pumping area by the end of stress-period four, simu-
lated drawdowns exceed 1 ft. Simulated drawdowns
exceeding 10 ft have extended throughout much of
the area. This stress period is the first indication of sim-
ulated drawdowns extending into the state of Utah.

Figure 7B shows the declines produced in the
lower layer resulting from the proposed pumpage. Sev-
eral large areas of declines have developed coincident
with large pumping centers. Drawdowns exceeding
100 ft have developed in virtually all of the valleys.
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APPENDIX 1. STORAGE VALUES USED FOR SIMULATION

(Units are dimensionless; multiply values by 0.005 to obtain acutal value used)

UPPER LAYER

2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2ROW1

2 2 2 2 2 220202020 2 22020 220 20 20 20 20
202020 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2

2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2ROW2

2 2 2 2 2 220202020 2 22020 2 2202020 20

22020 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2

2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2ROW3

2 2 2 2 2 22020 2 2 2 2 22020 22020 20 20

2 220 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2

2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2ROWU4

2 2 2 2 2 220 2 2 2 2 2202020 20 20 20 20 20
2020202020 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2

2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2ROWS

2 2 220 20 20 20 20 20 2 20 20 20 20 20 20 20 20 20 20
202020202020 2 2 2 2 2 2 2 2 2 2 2 2 2 2

2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2ROWE
220 2 2 2 22020 2 2 2020 2 20 20 20 20 20 20 2

20 20 20 20 220202020 2 2 2 2 2 2 2 2 2 2 2

2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 220ROW7
20 20 20 2 2 220202020 220 21010 2 20 20 20 20

20 10 20 20 20 22020202020 2 2 2 2 2 2 2 2 2

2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 22020ROWES
20 20 20 20 2 2020 22020 220 22020 2 220 20 20

20 20 20 20 20 2 2202020202020 2 2 2 2 2 2 2

2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2202020 ROW S
20 2 2020 2 220 22020 2 20 20 20 20 20-10 20 20 20

20 20 20 20 20 22020 220202020 2 2 2 2 2 2 2

2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2202020 20 ROW 10
20 2 220202020 22020 2 220 2 2020 201010 10
20 20 20 20 20 22020 2202020 2 2 2 2 2 2 2 2

2 2 2 2 2 2 2 2 2 22020 2 2 220 20 20 20 20 ROW 11
2 2 22020202020 220 2 2 20 20 20 20 20 10 20 20
20 20 20 20 20 22020 2 22020 2 2 2202020 2 2

2 2 2 2 2 2 2 220 22020 20 20 20 20 20 20 20 2 ROW 12
2 20202020 220 2 22020 2 2 20 20 20 20 20 20 20
20 20 20 20 20 2 20 20 20 2 202020 2 220 220 2 2

2 2 2 2 2 2 2 220 2 220202020 22020 2 2 ROW13
2 20202020 2 2 2202020 2 2 220 20 20 20 20 20
20 20 20 20 20 20 2 20 20 20 2 20 2010 2202020 2 2

2 2 2 2 2 2 2 220202020 2 220202020 2 2 ROW 14
2 20 20 20 20 20 20 20 20 2 20 20 2 20 20 20 20 20 20 20
20 20 20 20 20 20 20 20 20 20 2 20 20 20 2 20 20 20 2 2

2 2 2 2 2 2 2 22020 2 220 2 2 22020 2 2 ROW15
10 20 20 20 20 220 220 2 220 22020 2 2 220 20
20 20 20 20 20 20 20 20 20 20 20 2 2 20 2020 220 2 2

2 2 2 2 2 2 2 2202020 220 2 2202020 2 2 ROW 16
2020 2 220 2 22010 2 2 210 22020 2 220 20
20 20 20 20 2 2 202020 22020 2 22020 2 220 2

2 2 2 2 2 2 2 22020 2.,202020 2202020 2 2 ROW 17
10 2 2 2 2020 2 20 20 2 2 20 220 20 20 2 20 20
20 20 20 20 20 2 20 2 2 20 20 20 20 20 20 20 20 20 20 20

2 2 2 2 2 2 2 2 2 2 2202020 210 22020 2 ROW 18
20 2 2 22020 2 220 220 2 2 20 20 20 20 2 20 20
20 20 2 20 20 2 20 2 20 20 20 20 20 20 20 2 20 20 2 20

2 2 2 2 2 2 2 2202020202020 210 22020 2 ROW 19
2 2020 220 2 22020 220 22020 2 2 2 22020
20 20 2 20 2 2 22020 2 20 20 20 20 2020 220 2 2
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APPENDIX 1. STORAGE VALUES USED FOR SIMULATION—Continued

220202020 2 2 2 2 2 2 2 2
2 2 2 2 2 2 2 2 2 2 2 2 2

LOWER LAYER USES A CONSTANT VALUE OF 6 X 10-4
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APPENDIX 2. STARTING HEADS USED FOR SIMULATION

(Units are feet above sea level)

UPPER LAYER

>Rl

F ST T e T T T T T T T
MO WOONONWOOWOR WOOROP OMOOOOWOOOOORMOODODOORRODODOOITITODOODORNMOODOO®MIDITO OO

(LAYER 1)
0.0
0.0
0.0
5486.0 5354
4180.1 4200
0.0
0.0 0
0.0 0
0.0 0
5389.9 5229
4180.3 4200
0.0
0.0 0
0.0 0
0.0 0
5620.9 4951
4187.6 4199
0.0
0.0 0
0.0 0
0.0 0
4760.0 4517
4205.2 4200
0.0
0.0 0
0.0 0
0.0 6349
4706.8 4551
4212.0 4212
0.0
0.0 0
0.0 0
5786.2 6016
4797.5 4744
4212.0 4242
0.0 0
0.0 0
0.0 0
5509.0 5492
4770.0 5035
4224.0 4316
0.0 0
0.0 0
0.0 0
5480.5 5582
4387.0 4442
4232.0 4255
4205.0 4210
0.0 0
0.0 0
5913.8 6533
4731.7 4632
4212.0 4245
4202.9 4398
0.0 0
0.0 0
6469.0 6778
5460.8 4811
4235.4 4245
4727.9 5066

o oo

T T T T T P e e e e e e e e e e e s s -
B RO WOoOOUIFEF YO OOR JIFPWOOOPM JWOWOODON®DMITOOODONJOOORUOODOODODWOAMNOOOOONOODODONMNNMNOOO

533

534

488

[
[~
(Yol
(Yol

4200.

6033.
4520.
4207.

5844.
4550.
4233.

5732.
4336.
4370.

5645.
4311.
4262.

5650.
4525.
4265.

5572.
4232.
4278.
5213.

OO0 0O NTODOOOODOODOOODOROOO
P

P . e e o s e P e e P .
DO OO NOODODVWUTIF OOOWLWANODOOWYWR JOOOWVWUTWOOOR,R WO OOOOWODOOOOOCOOOOOUo oo

530

546

475

[~
w
[e o]
\¥e]

4200.

5805.
4351.
4200.

5752.
4275.
4210.

5753.
4219,
4226.

5940.
4245,
4237.

5925.
4418.
4269.

5571.
4212.
4303.
5015.

OO O OO HFHFOOOODODWOOOODONhO OO

PR PN « e e N e v e P . .
NOONOOCONUMWVWOOOWANOOOORRE PMAMANODODORRPROWOOO®RFODOOOR PP OODODODO PR ODOODODOJTOODODODOUOo OO

507

499

429

OO OO0 WOOOO0OCORODODOODOKROOO

[~
o
~3
oy

5557.
4179.
4311.
4978.

APPENDIX 2. STARTING HEADS USED FOR SIMULATION

o e e o e e e P T T T
W WoORrROODONMNOPRODODOONMPOODOUIWWOOON N WOOORPFPFAODOODORFROOODODOWODOOOOUIOOOOOROOoOOo

. e e e e e e e e s e e e e e a e w e e e e e e e e e e s s 4 e a s e e 4 s e woe e v e e e e e e e e e e e e e e e
O WO WUIoOO MO UTOOONOMOOO® WUIOOOOOWOOOOONODOOOORHOODOORRUIIDOOOREKEOOODORONOO

. P T T T S T
OO WO ONOKR R OOMNPOODONODOOODVDMOPPOOODODONODODOODOUNNOOOORRWOOOORAMNODODODOOO OO

. e e s s e e e s e e e e e e s e e e e a e e e e e s e e e e e e e e e e e e e e e e e . e e s o v e
O WOOUIODOOMOWROONOWWOONOMOOOR®ROPMMODODODOOWODOOOOROODOOFANODODODOORHRK OOOONNDNOO

e e e e e e s s e e s e e e s e e e e e e e e e e e ey e « v e e e PPN e e e 4 s e 4 e 4 s s . v e
O R, O WPhOODNNORE ONTODONOAUTIOOMOOOODOOONOOOONNODOOOKPFOODOOWWODOOONNODOODODOWO OO

ROW

ROW

ROW

ROW

ROW

ROW

ROW

ROW

ROW

ROW

10

55



56

APPENDIX 2. STARTING HEADS USED FOR SIMULATION—Continued
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APPENDIX 2. STARTING HEADS USED FOR SIMULATION—Continued
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APPENDIX 2. STARTING HEADS USED FOR SIMULATION—Continued

0.0 0.0 0.0 5167.5 4498.1 4395.9 4317.3 4252.6 4189.1 4201.2 ROW 44
4350.2 4447.4 4568.0 4742.5 4810.4 4856.8 4861.5 4853.9 4796.2 4615.4
4386.8 4246.1 3813.2 3570.5 3514.8 3441.8 3422.1 3387.9 3301.2 3151.5
3008.0 2854.9 2682.1 2720.3 2670.9 2735.6 2618.7 2756.0 2644.4 2634.8
2445.0 2396.8 2361.8 2399.0 2523.8 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 4299.7 4270.4 4405.8 4990.6 4198.5 4038.6 3950.1 ROW 45
4103.5 4221.3 4319.8 4418.5 4564.6 4569.5 4519.3 4509.8 4625.6 4183.9
3429.7 3059.9 3176.2 3191.2 3311.4 3456.3 3621.4 3409.3 3064.0 2870.8
2791.3 2533.1 2221.3 2217.3 2394.6 2213.7 2188.3 2322.5 2302.2 2191.8
2120.6 2062.0 1902.9 1853.6 1747.2 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 3825.0 3642.0 3574.7 3904.9 3568.5 3688.3 3814.7 ROW 46
3876.3 3969.9 4072.0 4073.8 4161.0 4185.5 4103.5 4081.8 4008.5 3711.9
2894.2 2864.9 2976.8 2934.7 3027.9 3056.1 3049.3 3028.1 3022.4 2829.4
2743.0 2510.9 2199.3 2184.3 2146.1 2118.5 2125.5 2115.7 2116.2 2055.6
2011.7 1878.4 1687.5 1668.4 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 3107.3 3042.5 2998.8 3146.7 3913.6 3696.7 ROW 47
3593.2 3701.0 4081.3 3510.1 3488.2 3611.4 3607.8 3525.6 3614.7 3078.1
2777.1 2768.7 2794.8 2883.8 3185.9 2922.0 2866.2 2861.7 3201.3 29504.7
2525.1 2458.7 2188.4 2160.1 2086.7 1997.7 1892.5 1876.5 1896.5 1854.7
1752.0 1635.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 2742.1 2458.0 2350.0 2549.0 2981.4 ROW 48
2796.2 2886.5 3041.4 3094.2 3163.5 2965.1 2882.1 2746.0 2633.7 2637.2
2663.1 2688.2 2717.9 2747.5 2835.6 2848.7 2854.6 2864.6 2880.4 2849.0
2757.8 3214.4 2717.9 2050.6 1930.1 1815.9 1598.5 1588.7 1633.8 1562.6
1489.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 1716.0 1533.2 1529.6 ROW 49
1480.2 1586.5 1970.7 2371.5 2461.4 2470.7 2537.6 2543.2 2558.8 2574.7
2627.5 2677.3 2727.0 2798.4 2835.1 2841.0 2847.0 2856.2 2869.1 2918.2
3073.0 3011.2 2463.0 2043.4 1956.9 1862.2 1736.3 1654.8 1595.3 1223.4
1271.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 24.0 ROW 50
227.7 445.6 847.7 1481.7 1902.9 2227.6 2410.7 2455.3 2473.7 2517.9
2548.3 2604.1 2755.5 2906.3 2960.2 2997.8 2987.6 2880.7 2811.7 2749.0
2707.4 2562.9 2639.5 2055.8 1963.4 1931.9 1891.3 2049.0 1650.9 1345.0
1229.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 ROW 51
-143.4 -132.0 118.2 826.9 1426.2 1917.7 2155.2 2273.0 2314.3 2377.4
2477.3 2617.1 2834.6 3068.0 3246.1 3301.2 3322.2 3070.9 2755.1 2650.1
2524.9 2396.8 2305.9 2175.7 2036.8 1961.7 1920.0 1907.9 1775.3 1492.1
1221.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 ROW 52
0.0 0.0 -182.5 186.1 834.9 1499.4 1927.6 2118.6 2139.2 2136.7
2331.2 2461.7 2801.4 3147.9 3341.7 3463.2 3562.9 3611.5 2844.5 2672.4
2494.3 2308.4 2124.1 1975.6 1915.6 1779.6 1650.3 1519.2 1235.7 1211.5
1204.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 ROW 53
0.0 0.0 -200.0 -228.0 184.9 952.9 1562.3 1808.9 1977.9 2087.2
2228.4 2434.9 2762.0 2944.2 3083.3 3282.2 3477.7 3964.4 3652.7 2698.4
2473.6 2209.9 1889.7 1749.1 1653.7 1454.7 1202.4 1200.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 ROW 54
0.0 0.0 0.0 -258.4 38.1 269.7 958.7 1358.4 1638.7 1814.7
1898.2 2063.3 2344.6 2506.9 2693.5 2910.3 3045.7 3297.0 3496.5 2825.8
2530.1 2227.2 1907.7 1702.8 1558.8 1504.1 1353.3 1105.7 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
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STARTING HEADS USED FOR SIMULATION—Continued

APPENDIX 2.
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APPENDIX 2. STARTING HEADS USED FOR SIMULATION—Continued
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4272.6 4280.4
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5594.8 5600.6
4356.4 4296.4
4299.7 4305.5
4908.5 0.0
0.0 0.0
5126.9 5182.7
5651.0 5605.3
4323.9 4293.2
4337.5 4376.9
4867.9 4786.9
0.0 0.0
5138.7 5327.0
5878.2 5830.4
4343.1 4339.2
4378.8 4445.0
4891.5 4800.9
0.0 0.0
5242.9 5413.7
5985.0 5942.7
4589.3 4509.9
4307.6 4402.1
4857.1 4718.0
0.0 0.0
5326.0 5434.7
6031.6 5960.7
4789.2 4714.9
4340.9 4388.5
4948.7 4735.5
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5689.7 5638.7
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5330.2 5439.7
5643.5 5642.9
4266.1 4247.4
4458.7 4714.3
4741.2 0.0
0.0 4695.3
5567.8 5888.2
5775.9 5653.0
4306.8 4274.2
4501.6 4764.8
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0.0 4702.9
5752.8 6252.3
5817.5 5637.5
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APPENDIX 2. STARTING HEADS USED FOR SIMULATION—Continued
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5227.
4276.
5250.
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4351.
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5723.
4452.
4746.

5613.
6132.
6025.
4488.
4678.
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6346.
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4532,
4630.
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4521.
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6132.
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4704.
4636.
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5782.3 5701.9
4850.4 4975.3
4855.4 4871.4
6122.2 5961.9
5426.2 5589.4
4630.8 4661.8
5607.8 5591.7
5304.0 5616.1
4757.6 4780.4
5592.7 5549.8
5469.4 5657.1
4596.6 4632.9
5480.7 5500.7
5307.9 5411.6
4672.3 4710.1
5273.9 5381.8
5498.6 5687.2
4575.6 4592.8
5404.9 5439.2
4960.6 4919.3
4479.5 4471.0
5039.3 5186.3
0.0 0.0
4540.9 4548.2
5296.4 5359.5
4884.7 4817.6
4225.4  4184.3
4902.8 4994.7
0.0 0.0
4505.8 4511.4
5253.1 5291.4
4899.3 4837.2
4020.1 3976.1
4596.2 4745.0
0.0 0.0
4480.9 4483.2
4937.7 5076.9
4929.0 4866.2
3687.5 3776.1
4014.6 4131.0
0.0 0.0
4481.9 4459.2
4567.8 4703.8
4903.9 4739.0
3503.7 3480.7
3494.2 3505.5
0.0 0.0
4605.9 4561.7
4467.4 4528.0
4813.9 4600.9
3376.6 3302.3
2904.7 2876.2
0.0 0.0
0.0 0.0
4369.3 4406.2
4356.4 4200.7
2958.7 2819.4
2237.0 2275.4
0.0 0.0
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APPENDIX 3. PUMPAGE DATA USED IN SIMULATION

(Pumpage units are cubic feet per second)

FIRST STRESS PERIOD

LAYER ROW COLUMN RATE PERMIT NO. BASIN
2 47 29 -1.7265 54061 168
1 47 29 -1.72650 54060 168
1 47 29 -1.72650 54068 168
2 48 30 -1.7265 54069 168
2 41 25 -0.6906 53949 169A
2 42 27 -0.6906 53948 169A
1 42 27 -0.69060 53947 169A
2 45 30 -0.6906 53952 169B
2 46 31 -0.6880 53951 169B
1 47 31 -0.68800 53950 169B
2 47 35 -1.7260 54058 210
2 47 35 -1.7260 54059 210
1 47 34 -1.72600 54056 210
1 48 34 -1.72600 54057 210
2 48 30 -0.7670 54066 211
2 49 29 -0.7670 54065 211
2 49 28 -0.7670 54106 211
2 50 27 -0.7670 54064 211
1 50 28 -0.7670 54063 211
1 51 28 -0.7670 54062 211
2 49 30 -0.7670 54072 211
2 50 30 -0.7670 54070 211
2 50 30 -0.7670 54071 211
2 50 35 -2.7620 54073 216
2 50 34 -2.7620 54074 217
2 49 38 -1.726 54075 218
2 48 35 -1.726 54076 218

SECOND STRESS PERIOD

LAYER ROW COLUMN RATE PERMIT NO. BASIN
2 47 29 -1.7265 54061 168
1 47 29 -1.7265 54060 168
1 47 29 -1.7265 54068 168
2 48 30 -1.7265 54069 168
2 41 25 -0.6906 53949 169A
2 42 27 -0.6906 53948 169A
1 42 27 -0.69060 53947 169A
2 45 30 -0.6906 53952 169B
2 46 31 -0.6906 53951 169B
1 47 31 -0.69060 53950 169B
2 35 28 -2.0720 53958 171
1 36 28 -2.07200 53956 171
1 39 28 -2.07200 53957 171A
2 39 27 -2.0720 53959 171
1 32 31 -1.3810 53988 180
1 33 31 -1.38100 53987 180
2 38 34 -1.7260 53990 181a
1 38 33 -1.72600 53989 181
1 40 32 -2.07200 53991 182
2 41 34 -2.0720 53992 182
2 35 37 -1.3810 54033 202
1 35 36 -1.38100 54031 202
2 36 38 -1.3810 54034 202
1 36 37 -1.38100 54032 202
1 36 31 -0.98600 54043 208
2 36 30 -0.9860 54048 208
1 36 30 -0.98600 54044 208
2 37 30 -0.9860 54045 208
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APPENDIX 3. PUMPAGE DATA USED IN SIMULATION—Continued

2 38 30 -0.9860 54046 208
2 38 31 -0.9860 54049 208
2 38 30 -0.9860 54047 208
2 47 35 -1.7260 54058 210
2 47 35 -1.7260 54059 210
1 47 34 -1.72600 54056 210
1 48 34 -1.72600 54057 210
2 48 30 -0.7670 54066 211
2 49 29 -0.7670 54065 211
2 49 28 -0.7670 54106 211
2 50 27 -0.7670 54064 211
1 50 28 -0.7670 54063 211
1 51 28 -0.7670 54062 211
2 49 30 -0.7670 54072 211
2 50 30 -0.7670 54070 211
2 50 30 -0.7670 54071 211
2 50 35 -2.7620 54073 216
2 50 34 -2.7620 54074 217
2 43 38 -1.726 54075 218
2 48 35 -1.726 54076 218
THIRD STRESS PERIOD
LAYER ROW COLUMN RATE PERMIT NO. BASIN
2 47 29 -1.7265 54061 168
1 47 29 -1.72650 54060 168
1 47 29 -1.72650 54068 168
2 48 30 -1.7265 54069 le8
2 41 25 -0.6906 53949 169a
2 42 27 -0.6906 53948 169A
1 42 27 -0.69060 53947 169A
2 45 30 -0.6906 53952 169B
2 46 31 -0.6906 53951 169B
1 47 31 -0.69060 533850 169B
2 35 28 -2.0720 53958 171
1 36 28 -2.07200 53956 171
1 39 28 -2.07200 53857 171Aa
2 39 27 -2.0720 533959 171
1 32 31 -1.3810 53988 180
1 33 31 -1.38100 53987 180
2 38 34 -1.7260 53990 181aAa
1 38 33 -1.72600 53989 181
1 40 32 -2.07200 53991 182
2 41 34 -2.0720 53992 182
1 24 33 -3.83700 54018 184
1 25 33 -3.83700 54017 184
2 25 33 -3.8370 54021 184
1 25 33 -3.83700 54016 184
1 26 35 -3.83700 54015 184
1 25 34 -3.83700 54014 184
1 26 33 -3.83700 54013 184
2 26 34 -3.8370 54020 184
1 26 33 -3.83700 54011 184
1 26 33 -3.83700 54010 184
1 27 34 -3.83700 54009 184
2 30 36 -3.8370 54019 184
1 28 34 -3.83700 54008 184
1 29 34 -3.83700 54007 184
1 29 35 -3.83700 54006 184
1 30 35 -3.83700 54005 184
1 30 36 -3.83700 54004 184
1 31 36 -3.83700 54003 184
2 26 37 -4.3160 54026 195
1 26 37 -4.31600 54022 195
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APPENDIX 3. PUMPAGE DATA USED IN SIMULATION—Continued

2 27 37 -4.3160 54027 195
1 27 38 -4.31600 54023 195
2 27 38 -4.3160 54026 195
1 28 39 -4.31600 54024 195
2 28 38 -4.3160 54029 195
1 28 38 -4.31600 54030 195
2 35 37 -1.3810 54033 202
1 35 36 -1.38100 54031 202
2 36 38 -1.3810 54034 202
1 36 37 -1.38100 54032 202
1 36 31 -0.98600 54043 208
2 36 30 -0.9860 54048 208
1 36 30 -0.98600 54044 208
2 37 30 -0.9860 54045 208
2 38 30 -0.9860 54046 208
2 38 31 -0.9860 54049 208
2 39 30 -0.9860 54047 208
2 47 35 -1.7260 54058 210
2 47 35 -1.7260 54059 210
1 47 34 -1.72600 54056 210
1 48 34 -1.72600 54057 210
2 48 30 -0.7670 54066 211
2 49 29 -0.7670 54065 211
2 49 28 -0.7670 54106 211
2 50 27 -0.7670 54064 211
1 50 28 -0.7670 54063 211
1 51 28 -0.7670 54062 211
2 49 30 -0.7670 54072 211
2 50 30 -0.7670 54070 211
2 50 30 -0.7670 54071 211
2 49 38 -1.726 54075 218
2 48 35 -1.726 54076 218
FOURTH AND FIFTH STRESS PERIODS
LAYER ROW COLUMN RATE PERMIT NO. BASIN
2 47 29 -1.7260 54061 168
1 47 29 -1.72600 54060 168
1 47 29 -1.72600 54068 168
2 48 30 -1.7260 54069 168
2 41 25 -0.6906 53949 169a
2 42 27 -0.6906 53948 169A
1 42 27 ~-0.69060 53947 169a
2 45 30 -0.6906 53952 169B
2 46 31 -0.6906 53951 169B
1 47 31 -~0.69060 53950 169B
2 35 28 -2.0720 53958 171
1 36 28 -2.07200 53956 171
1 39 28 -2.07200 53957 171Aa
2 39 27 -2.0720 53959 171
2 34 25 -2.7620 53964 172
1 34 26 -2.76200 53962 172
1 36 26 -2.76200 53961 172
1 38 26 -2.76200 53960 172
2 39 26 -2.7620 53963 172
1 32 24 -3.64600 53985 173B
1 33 24 -3.64600 53986 173B
2 33 24 -3.6460 53975 173B
1 33 23 -3.64600 53965 173B
1 33 23 -3.64600 53966 173B
2 34 23 -3.6460 53976 173B
1 34 20 -3.64600 53973 173B
1 34 23 -3.64600 53967 173B
1 34 23 -3.64600 53968 173B
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APPENDIX 3. PUMPAGE DATA USED IN SIMULATION—Continued

2 34 23 -3.6460 53977 173B
1 34 22 -3.64600 53969 173B
2 35 22 ~3.6460 53979 173B
1 35 20 -3.64600 53974 173B
2 35 22 -3.6460 53978 173B
1 35 21 -3.64600 53970 173B
1 36 20 -3.64600 53971 173B
2 36 21 ~3.6460 53980 173B
2 39 17 ~3.6460 53983 173A
1 39 19 -3.64600 53982 173A
1 39 19 -3.64600 53981 173A
1 32 31 ~1.3810 53988 180
1 33 31 -1.38100 53987 180
2 38 34 ~1.7260 53990 181A
1 38 33 -1.72600 53989 181
1 40 32 -2.07200 53991 182
2 41 34 -2.0720 53992 182
1 24 33 -3.83700 54018 184
1 25 33 -3.83700 54017 184
2 25 33 ~-3.8370 54021 184
1 25 33 -3.83700 54016 184
1 26 35 -3.83700 54015 184
1 25 34 -3.83700 54014 184
1 26 33 -3.83700 54013 184
2 26 34 ~-3.8370 54020 184
1 26 33 -3.83700 54011 184
1 26 33 -3.83700 54010 184
1 27 34 -3.83700 54009 184
2 30 36 ~-3.8370 54019 184
1 28 34 -3.83700 54008 184
1 29 34 -3.83700 54007 184
1 29 35 -3.83700 54006 184
1 30 35 -3.83700 54005 184
1 30 36 -3.83700 54004 184
1 31 36 -3.83700 54003 184
2 26 37 -4.3160 54026 195
1 26 37 -4.31600 54022 195
2 27 37 -4.3160 54027 195
1 27 38 -4.31600 54023 195
2 27 38 -4.3160 54026 195
1 28 39 -~4.31600 54024 195
2 28 38 -4.3160 54029 195
1 28 38 -4.31600 54030 195
2 35 37 ~1.3810 54033 202
1 35 36 -1.38100 54031 202
2 36 38 ~1.3810 54034 202
1 36 37 -1.38100 54032 202
1 36 31 -0.98600 54043 208
2 36 30 -0.9860 54048 208
1 36 30 -0.98600 54044 208
2 37 30 -0.9860 54045 208
2 38 30 -0.9860 54046 208
2 38 31 -0.9860 54049 208
2 39 30 -0.9860 54047 208
2 47 35 ~1.7260 54058 210
2 47 35 ~1.7260 54059 210
1 47 34 -1.72600 54056 210
1 48 34 -1.72600 54057 210
2 48 30 -0.7670 54066 211
2 49 29 -0.7670 54065 211
2 49 28 ~-0.7670 54106 211
2 50 27 -0.7670 54064 211
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APPENDIX 3. PUMPAGE DATA USED IN SIMULATION—Continued

DD

*U.S. GOVERNMENT PRINTING OFFICE:

1995- 686-391/39196

-0.
-0.
.7670
.7670
.7670
.726

.726

7670
7670
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54063
54062
54072
54070
54071
54075
54076

211
211
211
211
211
218
218
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