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FOREWORD

THE REGIONAL AQUIFER-SYSTEM ANALYSIS PROGRAM

The Regional Aquifer-System Analysis (RASA) Program was started in
1978 following a congressional mandate to develop quantitative appraisals of
the major ground-water systems of the United States. The RASA Program
represents a systematic effort to study a number of the Nation’s most
important aquifer systems, which in aggregate underlie much of the country
and which represent an important component of the Nation’s total water
supply. In general, the boundaries of these studies are identified by the
hydrologic extent of each system and accordingly transcend the political
subdivisions to which investigations have often arbitrarily been limited in the
past. The broad objective for each study is to assemble geologic, hydrologic,
and geochemical information, to analyze and develop an understanding of the
system, and to develop predictive capabilities that will contribute to the
effective management of the system. The use of computer simulation is an
important element of the RASA studies, both to develop an understanding of
the natural, undisturbed hydrologic system and the changes brought about in
it by human activities, and to provide a means of predicting the regional
effects of future pumping or other stresses.

The final interpretive results of the RASA Program are presented in a series
of U.S. Geological Survey Professional Papers that describe the geology,
hydrology, and geochemistry of each regional aquifer system. Each study
within the RASA Program is assigned a single Professional Paper number,
and where the volume of interpretive material warrants, separate topical
chapters that consider the principal elements of the investigation may be
published. The series of RASA interpretive reports begins with Professional
Paper 1400 and thereafter will continue in numerical sequence as the interpre-
tive products of subsequent studies become available.

Dallas L. Peck
Director
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GEOHYDROLOGY OF THE REGIONAL AQUIFER SYSTEM,
WESTERN SNAKE RIVER PLAIN, SOUTHWESTERN IDAHO

BY GaARTH D. NEWTON

ABSTRACT

The regional aquifer system in the western Snake River
Plain is composed of three major rock units: (1) an upper unit of
sedimentary and volcanic rocks about 500 feet thick, (2) a
middle unit of fine-grained sedimentary and volcanic rocks
about 4,000 feet thick, and (3) a lower unit of volcanic rocks
about 7,000 feet thick. Ground-water recharge in the western
plain is from infiltration of surface water used for irrigation,
ground-water underflow across boundaries of the plain, and pre-
cipitation on the plain. Most ground water discharges to rivers
and surface drains.

In 1980, recharge from irrigation was estimated to be about
1,400,000 acre-feet; from ground-water underflow, 310,000 acre-
feet; and from precipitation on the plain, 40,000 acre-feet.
Ground-water discharge to rivers and drains was estimated to
be 1,450,000 acre-feet. Ground-water pumpage accounted for
about 300,000 acre-feet. Almost no water leaves the western
plain as underflow.

Ground-water levels in wells were measured during the
spring of 1980. Because many wells are not cased, some meas-
ured water levels are a composite of heads in different aquifers.
Only a few wells are completed in the middle and lower rock
units.

A three-dimensional model employing a finite-difference
technique was used to simulate ground-water flow in the re-
gional aquifer system in the western Snake River Plain. Trans-
missivity, storage coefficient or specific yield, and vertical hy-
draulic conductivity for each of the three rock units were
estimated using steady-state and transient model analyses.
Limits were placed on estimated values of these hydraulic prop-
erties on the basis of published data for similar rock types and
measured values where available. Specific yield of the upper
unit (unconfined sand-and-gravel aquifer) was estimated to be
about 0.10. Model-simulated transmissivity values for the upper
rock unit ranged from 1,500 to 21,500 feet squared per day and,
for the middle unit (sedimentary rock aquifer), from 900 to
12,100 feet squared per day. The lower unit (volcanic rock aqui-
fer) was assigned a uniform transmissivity value of 8,600 feet
squared per day. Storage coefficients for the middle and upper
units were 4 x 10~ and 7 x 1073, respectively.

Simulation showed that water from the volcanic rock unit
leaks into overlying sedimentary rock units and that vertical
hydraulic conductivity ranges from about 9 to 900 feet per day.

Data on transmissivity, storage capacity, vertical hydraulic
conductivity, and ground-water underflow were not available for
much of the modeled area. This general lack of data, combined
with poor estimates of ground-water discharge to rivers and
drains, hampered model calibration. Therefore, model results
need to be evaluated with caution, except for the shallow flow
system (upper sand-and-gravel unit) in the Boise River valley,
where more data were available.

INTRODUCTION

This report is one in a series resulting from the
U.S. Geological Survey’s Snake River Plain RASA
(Regional Aquifer-System Analysis) study that be-
gan in October 1979.

Lindholm (1981) presented a plan of study for
the Snake River Plain RASA. Preliminary interpre-
tive reports generated by the RASA study to date
(1988) include (1) a regional water-table map and
description of the ground-water-flow system
(Lindholm and others, 1983; 1988); (2) a descrip-
tion of the geohydrologic framework (Whitehead,
1986); (3) an examination of water budgets and
flow in the Snake River (Kjelstrom, 1986); (4) a de-
scription of water withdrawals for irrigation
(Bigelow and others, 1986); (5) a map of land use
showing irrigated acreage (Lindholm and Goodell,
1986); (6) a description of surface- and ground-wa-
ter quality (Low, 1987); and (7) a ground-water-
flow model of the eastern Snake River Plain
(Garabedian, 1986).

Final interpretive results of the RASA study are
presented in U.S. Geological Survey Professional
Paper 1408, which consists of seven chapters as
follows:

Chapter A is a summary of the aquifer system.

Chapter B describes the geohydrologic frame-
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work, hydraulic properties of rocks composing the
framework, and geologic controls on ground-water
movement. .

Chapter C describes ground-water/surface-water
relations and ground-water budgets.

Chapter D describes solute geochemistry of the
cold-water and geothermal-water systems.

Chapter E describes water use.

Chapter F describes geohydrology and results of
ground-water-flow modeling of the eastern Snake
River Plain.

Chapter G (this report) describes geohydrology
and results of ground-water-flow modeling of the
western Snake River Plain.

PURPOSE AND SCOPE

The purposes of the study described in this re-
port (chapter G) are to (1) define the geohydrology
of the western Snake River Plain, incorporating
new data and results of previous geologic, geo-
physical, and hydrologic investigations; and (2) de-
velop a computer model of the regional ground-wa-
ter system to simulate steady-state and transient
hydrologic conditions.

The scope of the work included water-level
measurements to determine the potentiometric sur-
face and direction of ground-water flow, computa-
tion of recharge and discharge rates, and estima-
tion of horizontal and vertical hydraulic
conductivity, transmissivity, and storage capacity
of regional aquifers.

DESCRIPTION OF THE STUDY AREA

The Snake River Plain is an arcuate topographic
and structural depression that extends across
southern Idaho. Geology and hydrology of eastern
and western parts of the Snake River Plain are dis-
tinctly different; the west is predominantly sedi-
mentary rocks, and the east is predominantly vol-
canic rocks. The line of separation between the
eastern and western parts follows Salmon Falls
Creek from the southern boundary of the plain to
the Snake River, and along the Snake River to King
Hill near the northern boundary. The study area
described in this report includes the western part of
the Snake River Plain and surrounding mountains
(fig. 1). The boundary of the ground-water-flow
model approximates the boundary of the western
Snake River Plain from the junction of the Payette
River with the Snake River southeast to the junc-

tion of Salmon Falls Creek with the Snake River.

The 144-mi-long, 50-mi-wide western Snake
River Plain is flat relative to the Boise and
Owyhee Mountains that border it on the northeast
and southwest, respectively. Land-surface altitudes
range from more than 5,000 ft above sea level
south of Glenns Ferry to less than 2,000 ft near
Weiser in the extreme northwestern part of the
plain. A small part of the western Snake River
Plain extends into Oregon.

The western Snake River Plain is drained by
three major rivers. The largest is the Snake River,
which crosses the entire study area from the
mouth of Salmon Falls Creek to Weiser. The Boise
and Payette Rivers are major tributaries of the
Snake River. The central part of the plain in the
vicinity of Mountain Home is a high plateau. No
perennial rivers cross the plateau, and ephemeral
drainage is to the Snake River.

Along the south side of the Mountain Home pla-
teau to about Swan Falls Dam, the Snake River
flows northwestward in a canyon as deep as 700 ft.
Altitude of the river at Swan Falls Dam is about
2,300 ft; adjacent lands north of the canyon rise to
about 3,000 ft. Downstream from Swan Falls Dam,
the Snake River is less entrenched and flows
across a broad flood plain about 100 ft below the
general level of adjacent lands. Northwest of Swan
Falls Dam, the plain is mainly a series of broad
alluvial terraces with low, gentle slopes toward
major rivers.

PREVIOUS INVESTIGATIONS

Many previous geologic and hydrologic studies
described all or part of the western Snake River
Plain, but none included computer ground-water-
flow modeling. Russell (1902) described the geology
and water resources of the Snake River Plain in an
early regional study. The report is general and
does not include quantitative data on hydraulic
properties of the ground-water system. A more de-
tailed summary of the development of ground
water in the Snake River Plain was given by
Mundorff and others (1964).

Lindgren (1898a, b) and Lindgren and Drake
(1904) made early geologic studies of the Boise
River valley; Piper (1924) studied the Bruneau pla-
teau. Kirkham (1931) proposed that the Snake
River Plain is a great structural depression, which
he called the Snake River Plain downwarp. More
recently, Malde (1965, p. 255) described the west-
ern Snake River Plain as a northwest-trending
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Blue Gulch near Salmon Falls Creek in Twin
Falls County was closed to further ground-water
development in 1970. Water levels in that area, as
shown by the hydrograph for well 10S-12E-
11DBD1 (fig. 6, well 12), have declined about 40 ft
since 1968, and seasonal ground-water-level fluc-
tuations have doubled in magnitude since 1968.
The water level in well 7S-5E-19CCC1 (fig. 6, well
11), Owyhee County, has declined about 30 ft since
1953, and seasonal water-level fluctuations have
increased from a few feet to about 10 ft. The water
level in well 6S-3E-14BCB1 (fig. 6, well 10) has

10 20 30 MILES

1 1 J
T T T

10 20 30 KILOMETERS

o T o

— 2500~

declined more than 40 ft since 1957, and seasonal
fluctuations have increased to about 30 ft. Since
1980, water levels in parts of Owyhee County have
risen as a result of increased precipitation.

HYDRAULIC PROPERTIES

Nace and others (1957, p. 54, 55) estimated from
aquifer tests that the transmissivity of sand-and-
gravel aquifers in the upper rock unit in the Boise
River valley ranged from about 5,000 to about

EXPLANATION

WATER-TABLE CONTOUR--Shows altitude of the
water table, spring 1980. Contour intervals 50 and
100 feet. Datum is sea level

GENERAL DIRECTION OF GROUND-WATER FLOW

LINE OF SECTION (approximately located)

BOUNDARY OF WESTERN SNAKE RIVER PLAIN

Modified from Lindholm and others (1988)

Ficure 3.—Configuration of the water table, spring 1980. (Ground-water-flow section shown on fig. 4.)
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230,000 ft*d (table 1). The storage coefficient of
shallow, confined aquifers in the upper rock unit
ranged from about 0.00007 to 0.006, and the specif-
ic yield of unconfined aquifers in this unit ranged
from 0.025 to 0.43. Ferris and others (1962, p. 76,
78) stated that the storage coefficient of confined
aquifers ranges from about 0.00001 to 0.001, and
that the specific yield of unconfined aquifers
ranges from about 0.05 to 0.30. The locations of
wells where aquifer tests were conducted in the
Boise River valley are shown in figure 5.

Chapman and Ralston (1970, p. 13) estimated
that the transmissivity of sedimentary rocks com-
posing the middle unit in the Blue Gulch area (fig.
1) west of Salmon Falls Creek ranged from about
500 to 2,280 ft*d. They also estimated that the
transmissivity of volcanic rocks composing the
lower unit in the Blue Gulch area ranged from
8,000 to 112,000 ft¥d. Young (1977, p. 19) esti-
mated that the average transmissivity of basalt in
the upper unit near Mountain Home was about
50,000 ft¥d. Anderson (1981, p. 6) estimated that

——— 2400 ——

the transmissivity of welded tuff in the middle unit
in the Boise River valley was about 670 ft?/d, and
that the storage coefficient was 0.00005.

In general, transmissivity is highest in coarse-
grained sedimentary and volcanic rocks in the
upper unit. Transmissivity is lowest in fine-grained
sedimentary rocks in the middle unit. The trans-
missivity of individual layers of sand and gravel or
basalt may be higher than that of the rock units.
The transmissivity of volcanic rocks in the lower
unit probably is between the middle-unit and up-
per-unit values, although it may be greatly in-
creased if the rocks are highly fractured or faulted.
Much of the water movement in the lower unit is
through faults and fractures parallel to the Snake
River. Transmissivity estimated from aquifer tests
along fault zones is typically higher than the re-
gional transmissivity of volcanic rocks. Transmis-
sivity is highest in the direction of faults.

Many factors affect specific capacity, such as
well diameter, depth of well penetration into the
aquifer, type and condition of well openings, meth-

EXPLANATION

LINE OF EQUAL HYDRAULIC HEAD--Intervals 25
and 100 feet

APPROXIMATE LOCATION OF WATER TABLE

B r
GENERAL DIRECTION OF GROUND-WATER FEET
MOVEMENT 3100

WELL

POINT OF KNOWN HYDRAULIC HEAD--Projected

where no well shown

Boaise River

7:
4

L]
&

From Lindholm and others (1988)

0 5
k T !
0 5

10 MILES
10 KILOMETERS

1,500

1,500

VERTICAL SCALE GREATLY EXAGGERATED
DATUM IS SEA LEVEL

FiGure 4.—Generalized section showing ground-water flow across the western Snake River Plain, 1980. (Line of section shown on
fig. 3.)









CANYON COUNTY

T 17T | II T T T T 11 | | T T T T 1T 11 | II T T T T || | T T T T T T I ll T T T 17T

GEOHYDROLOGY OF THE REGIONAL AQUIFER SYSTEM, SOUTHWESTERN IDAHO

4 (2N-3W-6DBD1)

/6%
SL64

0.6}

5961

0961

G564

0s6!

14

ov6!

SE6!L

0e6!

o b s e b v b b v by bl g

I §¢61

170

210
230

CANYON COUNTY
[T T T T T T[T T T T[T ]

T T T T

-34DAA1)

5 (2N-2W

L I |l T

pS61

0564

SP6l

or6!

GE6!

oe6!

Sc6!

026!

|- I l I Y T Y T | ll I Y O | | 1D N A N B | | II L1

9l6}

60

100

140

180

CANYON COUNTY

T T T T I T I 7861
L " os6l
N JsLet
— “loz6r
C T|s96t
- = i
S i
| M |
_m p—
v “logst
4 7

Q _
T o | ss6l
C . =T |  Jeset
~ © 2 ¥ @

JOV4HNS ANV1 MOT3E HO (+)3A0E8V 1334 NI “13AI] HILVM

YEAR

Ficure 6.—Continued.

G11



REGIONAL AQUIFER-SYSTEM ANALYSIS—SNAKE RIVER PLAIN, IDAHO

G12

s @ 3 & 3 @
g 8 > S & 8
T T T _ _ ' T F T T T 1771 _ _ T 17T 17T 177177 §
- - 0S¥
L - 00F
| | 08¢
L -1 09¢
- - ore
= (raddari-gzi-sor) gp - oce
[ 11 _ _ | I I S T A I | _ _ I T T O T | 8@
ALNNOD STIVA NIML
e s 3 3 3 B
S 3 & 8 a 2

__________—__________~

L (100061-9dS-SL) LI
NN NN N e

AILNNOD AAHXAMO
s B 2 2 2 32 2
g 8 B 3 8 g g
T TT _ _ rrrr0r17u1vid _ _ rrrr1717vT1Td _ _ T 0L
L -1 0§
- - 0e
- -4 0t

(1909$1-9€-S9) Ol

____—______________________

AINNOD TAHAMO

oL+

‘panuuo)—9 HINDLY

HV3A

14

SE

Se

Sl

8l

8
S.61
0.6}

9961

___________—___

= (1vvOs-d4-SS) 6
__________~____

AILNNOD THONWTH

0861
S.6
0.6

g

ﬁ_________ﬁ_______

= (1vdd0€-901-Sp) 8

__________—______

ALNNOD HION'T

-t —

0.6

2 2
g 8 3
T _ _ F 1T 1717 17177177 _ _ 1T T

(1099SZ-95-Sh) £

_________________

ALNNOD TIONTH

oie

06}

08l

0L}

cle
0le

99¢
o2

c9C
092

862
952
144

ory
ocy
oov

ore
oce

T3AIT HILVM

30V4HNS ANV1 MO138 HO (+)3Aaoav 1334 NI



GEOHYDROLOGY OF THE REGIONAL AQUIFER SYSTEM, SOUTHWESTERN IDAHO

TaBLE 1.—Selected aquifer coefficients for the upper rock unit in the
Boise River valley

[Modified from Nace and others, 1957; locations shown in figure 5; —, data
not available]

Specific
yield
Transmissivit; or
(feet squaredy storage
Well Location per day) coefficient
Canyon County
A 5N-4W-28CC1 43,300 0.025
B 4N-3W-25DA1 27,800 .004
C 3N-3W-3BB1 128,400 .230
D 3N-3W-11DA1 160,400 .006
E 3N-2W-8CC1 18,200 .0006
F 3N-2W-9DD4 36,900 .0001
G 3N-1W-7BB1 22,100 .003
H 2N-1W-7BC4 227,300 .004
Ada County
I 4N-1W-13DC1 7,200 —
J 4N-1W-13DC2 16,000 .001
K 3N-1E-5AB1 4,900 .001
L 3N-1E-5AB1 25,100 .006
M 3N-1E-36AD2 36,100 00007
N 3N-2E-25BB1 17,400 43

Specific-capacity data were used to estimate
aquifer transmissivity according to a method devel-
oped by Theis and others (1963, p. 331-341). Be-
cause specific capacities of wells pumped at low
rates generally are lower than those of wells
pumped at high rates, only wells discharging more
than 200 gal/min were used to estimate transmis-
sivity. High average specific capacity generally in-
dicates high transmissivity, and low specific capac-
ity indicates low transmissivity. A comparison of
hydraulic conductivities estimated from specific-ca-
pacity data with model-calculated estimates is
made later, in the section “Model Development and
Calibration.” The distribution of transmissivity val-
ues calculated from specific-capacity data is shown
in figure 8. Most transmissivity values are for the
upper unit, where most wells are completed.

No vertical hydraulic-conductivity data are
available for the study area. Values used in this
study were estimated from reported values for rock
types similar to those in the study area.

G13

GROUND-WATER BUDGET,
WESTERN SNAKE RIVER PLAIN, 1980

A ground-water budget was prepared for 1980 to
define components of recharge and discharge. The
range of uncertainty associated with the estimated
ground-water budget (table 2) is large because
some of the values used in budget estimates are
not well defined. For example, recharge from irri-
gation water generally is estimated as the differ-
ence between applied irrigation water and losses
due to ET (evapotranspiration) and excess water
returned to canals and drains. Rates of ET in irri-
gated areas probably can be estimated reasonably
well; however, rates of ET in nonirrigated areas
cannot be estimated accurately owing to lack of
data. Surface-water diversions and ground-water
pumpage for irrigation generally are measured or
estimated; however, the amount of irrigation water
that returns to canals and drains is largely un-
known and not measured. Even if flow in the ca-
nals and drains were known, the amount of irriga-
tion water returned to them still would be difficult
to estimate because that flow also contains a
ground-water component that discharges through
the surficial aquifers. For these reasons, an alter-
native approach toward estimating recharge from
irrigation water was taken. This approach was to
use estimates made by the U.S. Bureau of Recla-
mation of crop water requirements, irrigation-wa-
ter delivery requirements, and losses from delivery
systems in the Boise River valley. Further discus-
sion on recharge estimates is presented in the sub-
section “Recharge.”

Estimates of ground-water discharge to the
Boise River and drains are considered fair because
they are based on measured stream discharge dur-
ing low-flow conditions. However, estimates of
ground-water discharge to the Snake River are
poor because discharge accounts for only 4 to 5
percent of the total river discharge. A small meas-
urement error in Snake River discharge may result
in a large error in computed ground-water dis-
charge. Ground-water pumpage estimates are con-
sidered good because they were determined from
power-consumption records for individual wells.
The accuracy of pumpage estimates depends a
great deal on estimates of the total pumping head,
which includes depth to water (fig. 5) and pressure
requirements for distribution.

Underflow across plain boundaries from tribu-
tary basins was computed as the difference be-
tween total discharge and estimated recharge from
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surface-water-irrigation return flow and from pre-
cipitation on the plain. Estimates of annual pre-
cipitation are considered good because long-term
records from weather stations are available; how-
ever, estimates of recharge from precipitation gen-
erally are poor because many factors that affect in-
filtration of precipitation are not well determined.
The distribution of underflow is poorly known. Wa-
ter-table contours (fig. 3) indicate some underflow
along the entire boundary of the plain. However,
because of the more permeable nature of volcanic
rocks north and south of Mountain Home, more
underflow was assumed in these areas.
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RECHARGE

Sources of recharge to the regional aquifer in
the western Snake River Plain are infiltration of
surface water used for irrigation, underflow across
plain boundaries, and precipitation on the plain.

The largest source of ground-water recharge is
infiltration of surface water diverted for irrigation.
Of 826,000 acres irrigated in 1980, surface water
was used to irrigate about 696,500 acres; ground
water was used to irrigate the remaining 129,500
acres (fig. 9).

EXPLANATION
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Ficure 7.—Locations of wells for which specific-capacity data are available.
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but probably is substantial because extensive
nonirrigated lowlands include areas of alkaline and
saline soils (Littleton and Crosthwaite, 1957, p. 173).

SIMULATION OF GROUND-WATER FLOW

A finite-difference computer program (McDonald
and Harbaugh, 1984) was used to simulate the
ground-water-flow system underlying the western
Snake River Plain. The three-dimensional model
enabled simulation of vertical flow between major
rock units. Because the model grossly simplifies a
complex hydrologic system, results of the model
should be used with caution.

Response of the ground-water system in the
western plain to hydraulic stress, such as pump-
ing, depends on (1) proximity and nature of the
geologic and hydrologic boundaries, (2) aquifer
properties (transmissivity and storage capacity),
and (3) distribution of recharge to and discharge
from the system. Values of the following hydraulic
properties were defined and incorporated into the
simulation model: (1) boundary conditions, (2)
transmissivity, (3) storage coefficient or specific
yield, (4) recharge and discharge rates, (5) thick-
ness and vertical hydraulic conductivity of confin-
ing layers, and (6) head distributions.

MODEL DESCRIPTION

The boundary of the modeled area approximates
the boundary of the western Snake River Plain
from the junction of the Payette River with the
Snake River southeast to the junction of Salmon
Falls Creek with the Snake River (fig. 14).

The ground-water system was divided into a net-
work of cells arranged in 25 rows, 72 columns, and
3 layers. Each cell is 2 mi on a side and represents
a land area of 2,560 acres. The grid origin (row 25,
column 1) is at the intersection of 43°43'14" lati-
tude and 117°23'44" longitude. The grid is oriented
45° clockwise from the north to minimize the num-
ber of inactive cells in the model and to align the
grid with the principal direction of ground-water
flow (shown by arrows in fig. 3).

The three model layers represent the upper,
middle, and lower rock units, as previously defined
(fig. 15). Model layer 1 represents about 500 ft of
sedimentary and volcanic rocks in the upper unit.
The top of layer 1 was defined on the basis of wa-
ter levels measured in the spring of 1980. The bot-
tom of layer 1 was assumed to be 500 ft below the
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depth-to-water contours (fig. 3). Model layer 2 rep-
resents about 4,000 ft of predominantly fine-
grained sedimentary rocks and volcanic rocks in
the middle unit. Water is confined in sand lenses
by sediments of low vertical hydraulic conductivity.
Model layer 3 represents about 7,000 ft of volcanic
rocks in the lower unit. Water is confined under
high pressure and, along the northeastern and
southwestern margins of the plain, wells yield geo-
thermal water.

The modeled area was divided into 11 geo-
hydrologic subareas on the basis of geologic and
hydrologic characteristics of the aquifer system
(fig. 16). The same subareas were used for all lay-
ers. In this manner, a complex aquifer system was
simplified for simulation without great deviation
from reality.

BOUNDARY CONDITIONS

Model boundaries were simulated as constant
flux, no flow, or head dependent (figs. 16, 17).

The rate of flow assigned to a constant-flux cell
remains constant throughout steady-state simula-
tions; however, the head may change. The rate of
flow assigned to a constant-flux cell may be
changed for each time period during a transient
simulation. Head-dependent boundaries are used to
simulate flow from or into external sources such as
rivers and drains and internal boundaries between
model layers. The flow across head-dependent
boundaries is the product of the head difference
across the boundary and the conductance of the
boundary. The equation for determining hydraulic
conductance is

C = K(A/L),
where

C = hydraulic conductance,

K = hydraulic conductivity,

A = cross-sectional area perpendicular to the

ground-water flowpath, and

L = distance along the flowpath.

The ground-water flowpath, based on water-level
data, indicates some underflow into the modeled area
from the surrounding mountains and adjacent areas.
Constant-flux boundaries were used on the north,
south, and west sides to simulate such underflow
from outside the modeled area. Underflow was simu-
lated by recharge wells placed in appropriate bound-
ary cells. Almost no data were available on the
amount of underflow; therefore, the amount was es-
timated from the ground-water budget.
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The eastern boundary, formed by the Snake
River, was simulated as head dependent in layer 1
and no flow in layers 2 and 3 because scant hydro-
logic evidence indicates little or no underflow be-
tween the eastern and western plain in layers 2
and 3.

The Snake River, Payette River, Salmon Falls
Creek, and Lake Lowell were simulated as head

1]0 20 30 MILES
1 J
T T

10 20 30 KILOMETERS

(=T =]

dependent. Almost all ground-water discharge is to
rivers. Groups of river cells were combined to cor-
respond with reaches where ground-water dis-
charge was measured or estimated.

Rivers may contribute water to or receive water
from the ground-water system, depending on
whether ground-water levels are above or below
river stage. A river loses water when aquifer head
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Ficure 14.—Finite-difference grid and model subareas.



























GEOHYDROLOGY OF THE REGIONAL AQUIFER SYSTEM, SOUTHWESTERN IDAHO

TaBLE 6.—Estimated ground-water recharge from precipitation in
each model subarea, 1980

[Values are in acre-feet]

Model

subarea Total Estimated

(see fig. 14) precipitation recharge

R 110,000 4,000

Qe 170,000 5,000

3 210,000 6,400

4 e 180,000 5,400

B oo 120,000 3,500

R 510,000 6,900

T e 80,000 3,000

- — 140,000 1,800

R 130,000 400

L R 270,000 2,000

S5 100,000 1,900

Total -----mcemeeane- 2,000,000 40,000
(rounded) (rounded)

in the Boise River valley, cells (10,20) and (18,17),
locations of which are shown in figure 14. Head in
these cells is affected by the specified head for
drains in these cells. Changes in head are reduced
by the capacity of drains to remove large amounts
of water from the aquifer. Varying underflow val-
ues resulted in large head differences in cells
(12,45), (22,44), (18,42), and (17,49), which repre-
sent areas of low transmissivity, several miles from
gaining streams. Hydraulic heads increased when
underflow was increased and decreased when
underflow was decreased.

Values of specific yield were varied from 0.05 to
0.20; the calibrated value was 0.10 (fig. 29). As
with underflow, changing specific yield in the Boise
River valley resulted in little difference in water
levels from the calibrated condition, partly because
of the presence of drains in that area. The largest
difference was in cells (12,45), (18,42), and (22,44).
These cells are in areas of low transmissivity away
from rivers or drains, where larger head changes
are required to accommodate the low flow rates.

Model sensitivity to changes in storage coeffi-
cient was tested simultaneously for layers 2 and 3;
values ranged from 0.10 to 10.0 times the cali-
brated value (fig. 30). The maximum difference in
heads was about 20 ft, much less than for other
properties tested. In general, a larger value of stor-
age reduced head differences, and a smaller value
increased head differences.

Vertical conductance was tested over a range
from 0.10 to 10.0 times the calibrated values (fig.
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TaBLE 7.—Estimated ground-water pumpage and epplication rates
in each model subarea, 1980

Application
Model Estimated rate
subarea pumpage Irrigated area (acre-foot
(see fig. 14) (acre-feet) (acres) per acre)
) [——— 10,600 3,000 3.5
D — 18,000 10,800 1.7
: J—— 58,800 13,700 4.3
. 7,100 2,800 2.5
 J— 400 1,400 3
6 -memeeee 46,300 25,600 1.8
y — 38,300 14,300 2.1
J— 2,800 2,900 1.0
[ [ 33,400 12,400 2.7
) {0 J——— 41,100 23,800 1.7
) [ [E—— 43,200 18,800 2.3
Total ---------- 300,000 129,000
Average rate 2.2
100 I
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Ficure 20.—Relation between measured and simulated heads
for steady-state conditions, model layer 1. (Model layers
shown in fig. 15.)
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TaBLe 8.—Comparison of hydraulic conductivity estimated from
steady-state model analysis with estimates from specific-capacity
data, model layer 1

Hydraulic conductivity

(feet per day)
Model From From
subarea steady-state specific-capacity
(see fig. 14) model analysis data
R 14 8
PO 17 16
: JO 39 9
7 — 4 40
5 FE TR 6 14
SO 3 7
y (— 4 11
: SO 43 79
9 emmememmememeneaanas 17 63
) JOR— 43 54
y ) O 17 25

31). The model was more sensitive to changes in
vertical conductance than to any other parameter
tested. The sensitivity was due to changes in
hydrologic connections between aquifer layers that
affect water flowing between the layers. As a result
of several factors, changes in vertical conductance
resulted in head differences of more than 200 ft in
places—for example, cell (22,44) (fig. 31). Cells
(10,20) and (18,17) are in the Boise River valley
and contain drains. Heads in these cells are insen-
sitive to changes in vertical conductance because
water flowing from lower layers to the upper layer
(layer 1) discharges to drains. Head changes in
cells (22,44) and (18,42) indicate that in some ar-
eas, water in layer 3 flows upward, so that head in
layer 3 is lowered greatly if the vertical conduc-
tance is increased. If vertical conductance is de-
creased, upward flow from layer 3 is reduced and
the head in layer 3 is increased.

If vertical conductance is high, water in lower
layers easily flows into layer 1 and initially in-
creases the head; however, as pumping in lower
layers is increased, heads in lower layers decrease
accordingly and water in layer 1 flows downward,
thus decreasing the heads in layer 1.

When vertical conductance is low, the heads in
layer 1 initially are low because of less upward
flow from lower layers. As pumping increases in
the lower layers, heads in layer 1 are affected little
because of the low vertical conductance. However,
heads in layer 1 gradually are increased by re-
charge from irrigation water, which is held in layer
1 by the lower vertical conductance.
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TaBLE 9.—Simulated steady-state and estimated river-reach gains,
1980

[Values are in cubic feet per second]

Simulated Estimated

River gains gains

Snake River:
King Hill to Murphy ------- 461 390
Murphy to Weiser  ---------- 450 489
Boise River and drains ---------- 675 639
Payette River ---------------eemeeo- 263 300
Total ----s-semm-meememeeene 1,849 1,818

Transmissivity for layer 2 was tested over a
range from 0.10 to 10.0 times the calibrated value
(fig. 32). The largest changes are in an area near
Mountain Home, cell (12,45). In general, the range
in heads was small; the maximum variation was
only about 20 ft. Again, in cells with drains, head
increases were reduced because of the capacity of
the drains to remove water.

During calibration, simulated ground-water dis-
charge to rivers was compared with estimated or
measured discharge. Model values of underflow,
specific yield, storage coefficient, vertical conduc-
tance, and transmissivity were varied to show the
sensitivity of ground-water discharge to these prop-
erties (fig. 33). Ground-water discharge to rivers is
most sensitive to changes in underflow and vertical
conductance.

Underflow is recharge to the model; therefore,
an increase or decrease would be expected to in-
crease or decrease outflow. Underflow has a cumu-
lative effect on discharge, as does storage; these ef-
fects become more apparent with time.

Changes in leakance for rivers and drains alter
the discharge relation between the river or drain
and the aquifer. Because changes in leakance do
not change total inflow to the model, changes in
ground-water discharge to rivers or drains must be
balanced by an increase or decrease in storage—
that is, a rise or fall in the water table.

Changes in transmissivity for layers 1 and 2 had
little effect on ground-water discharge to rivers, es-
pecially near the end of the simulation period,
when conditions approached steady state.

SUMMARY AND CONCLUSIONS

The western Snake River Plain is part of a deep
structural depression that extends across southern
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TaBLE 10.—Assigned transmissivity values, model layers 2
and 3

[Values are in feet squared per day]

Transmissivity
Model
subarea
(see fig. 14) Layer 2 Layer 3
[ 8,600 8,600
p 8,600 8,600
SO 8,600 8,600
7 S 8,600 8,600
S 3,300 8,600
[ J— 12,100 8,600
 —— 8,600 8,600
- J—— 2,600 8,600
s J— 3,500 8,600
) ) J—— 900 8,600
) ) [ — 8,600 8,600

Idaho. Three major rock units fill the depression.
The upper unit consists of about 500 ft of sedimen-
tary and volcanic rocks; the middle unit, about
4,000 ft of fine-grained sedimentary rocks and vol-
canic rocks; and the lower unit, about 7,000 ft of
volcanic rocks.

In general, aquifers in the upper unit are
unconfined, although locally they are confined.
Water is present in perched systems near
Mountain Home and in the Boise River valley.
Aquifers in the middle and lower rock units are
confined, and water in some wells completed in
these units flows at land surface.

Ground-water levels measured in the spring of
1980 indicated that the principal direction of flow
in the upper rock unit is toward rivers and
streams. In much of the western plain, water in
the middle and lower rock units moves vertically
into the upper rock unit.

Water levels are not always an accurate meas-
ure of the hydraulic head in individual aquifers.
Many wells are not cased, and the water levels are
a composite of hydraulic heads in multiple aqui-
fers. Few wells are completed in the middle and
lower rock units.

Sources of ground-water recharge are infiltration
of surface water used for irrigation, underflow
across study-area boundaries, and precipitation on
the plain. In 1980, recharge from application of ir-
rigation water, including precipitation on irrigated
lands, was estimated to be about 1,400,000 acre-ft;
recharge from precipitation on nonirrigated lands,
about 40,000 acre-ft; and underflow, about 310,000
acre-ft.
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TaBLE 11.—Assigned vertical hydraulic conductivity between
model layers

[Values are in feet per day]

Vertical hydraulic conductivity

Model
subarea
(see fig. 14) Layer 2 Layer 3
) [p—— 9 22
P 9 22
B 9 22
N 9 22
Bemenmrmrmenmenas 9 22
6 -rmemenmnnneoa 9 22
 (— 9 22
: T 900 22
- —— 68 22
1 PO—— 9 22
y1) —— 9 22

Ground-water discharge is largely seepage to
rivers and drains (canals) and ground-water pump-
age. Seepage to rivers and drains was estimated to
be about 1,450,000 acre-ft in 1980; ground-water
pumpage was about 300,000 acre-ft.

Aquifer tests indicate that the transmissivity of
the upper rock unit ranges from 5,000 to 230,000
ft2/d, and that the specific yield in this unit ranges
from 0.025 to 0.43. Specific-capacity data obtained
from drillers’ logs also were used to estimate trans-
missivity of the upper rock unit. Transmissivity
thus estimated was less than 8,000 ft*d in 80 per-
cent of the wells. Transmissivities are lowest in
fine-grained sedimentary rocks in the middle unit
and are between the middle-unit and upper-unit
values in the volcanic rocks that compose the lower
unit. Estimates of storage coefficient for the middle
and lower rock units were not available from aqui-
fer tests. No field estimates of vertical hydraulic
conductivity were available.

A computer model was developed to simulate
steady-state and transient hydrologic conditions.
During steady-state calibration, vertical hydraulic
conductivity and transmissivity were adjusted to
achieve a match between simulated and spring
1980 measured water levels and discharge.
Ground-water levels, recharge, and discharge were
reasonably stable in 1980 and were assumed to
represent steady-state conditions. Water levels for
the period 1881 through 1980 were simulated dur-
ing the transient analysis.

Hydraulic properties, such as vertical hydraulic
conductivity and transmissivity, probably are the
least known. They vary over a range of several or-
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TaBLE 12.—Ground-water budgets based on transient simulations, 1881-1980

[Values are in thousands of acre-feet]

Inflow Outflow
Average
10-year Average annual Net
period annual recharge change
ending under- from River River in
year flow irrigation losses Pumpage Drains gains storage
€% ) Rp) (P) D) R (AS)
1890 310 41 17 0 28 341 -1
1900 310 185 16 0 51 382 78
1910 310 262 14 0 79 412 95
1920 310 651 10 0 201 531 239
1930 310 819 8 0 300 609 228
1940 310 1,011 7 7 403 694 224
1950 310 1,221 4 10 502 780 143
1960 310 1,362 4 56 579 849 192
1970 310 1,400 6 144 589 869 114
1980 310 1,442 9 300 575 865 21

1AS =(U+I+ RL) -(P+D+ RG). A positive change in storage indicates a net rise in water levels; a negative change in storage indicates

a net decline in water levels.

ders of magnitude, both within the same rock type
and between different rock types. Storage coeffi-
cient also varies over a wide range of values. Esti-
mates of recharge and discharge generally are accu-
rate to within less than a single order of magnitude.
However, the distribution of recharge, such as
underflow, is critical to proper simulation; thus, the
model may be sensitive to even small changes.

Model-assigned transmissivity values for layer 1
(upper rock unit) ranged from 1,500 to 21,500 ft/d
and, for layer 2 (middle rock unit), from 900 to
12,100 ft?/d. A uniform transmissivity value of
8,600 ft?/d was assigned to layer 3 (lower rock
unit). On the basis of model analysis, the vertical
hydraulic conductivity ranged from 9 to 900 ft/d.
Storage coefficients of layers 2 and 3 were esti-
mated to be 4 x 102 and 7 x 1073, respectively.
Calibrated model values of transmissivity, vertical
hydraulic conductivity, storage coefficient, and spe-
cific yield are probably of the same order of magni-
tude as the estimated values that are based on
field data; therefore, the general concept of the
ground-water-flow system presented in this report
is considered reasonable.

This model is considered calibrated only for the
upper unit (layer 1), where simulated hydraulic
heads approximate measured heads. Lack of hydro-
geologic data for the middle and lower rock units
prevented an acceptable calibration of model layers

2 and 3. The model is useful for understanding the
ground-water-flow system but not for detailed
management evaluations.

Model calibration indicates that the most needed
data are vertical hydraulic-head distribution in the
upper and middle rock units, hydraulic properties
of aquifers and confining beds, underflow, and re-
fined knowledge of subsurface hydrogeology.

REFERENCES CITED

Anderson, John, 1981, Drilling and completion report—Capitol
Mall geothermal exploratory well No. 1: Idaho Department
of Water Resources, U.S. Department of Energy Contract
DE-AS07-77ET28407, 13 p.

Bigelow, B.B., Goodell, S.A., and Newton, G.D., 1986, Water
withdrawn for irrigation in 1980 on the Snake River Plain,
Idaho and eastern Oregon: U.S. Geological Survey Hydro-
logic Investigations Atlas HA-690, scale 1:1,000,000, 2
sheets.

Burnham, W L., 1979, Southwest community waste manage-
ment study, groundwater subtask, Ada County, Idaho:
Boise, Idaho, Ada County Planning Association, Technical
Memoranda 308.04g, 66 p.

Chapman, S.L., and Ralston, D.R., 1970, Ground-water resour-
ces of the Blue Gulch area in eastern Owyhee and western
Twin Falls Counties, Idaho: Idaho Department of Water Ad-
ministration, Water Information Bulletin 20, 36 p.

Crosthwaite, E.G., 1963, Ground-water reconnaissance of the
Sailor Creek area, Owyhee, Elmore, and Twin Falls Coun-
ties, Idaho: U.S. Geological Survey Open-File Report, 53 p.



GEOHYDROLOGY OF THE REGIONAL AQUIFER SYSTEM, SOUTHWESTERN IDAHO

Dion, N.P., 1972, Some effects of land-use changes on the shal-
low ground-water system in the Boise-Nampa area, Idaho:
Idaho Department of Water Administration, Water Informa-
tion Bulletin 26, 47 p.

Ferris, J.G., Knowles, D.B., Brown, R.H., and Stallman, R.W.,
1962, Theory of aquifer tests: U.S. Geological Survey Water-
Supply Paper 1536-E, 174 p.

Garabedian, S.P., 1986, Application of a parameter estimation
technique to modeling the regional aquifer underlying the
eastern Snake River Plain, Idaho: U.S. Geological Survey
Water-Supply Paper 2278, 60 p.

Kirkham, V.R.D,, 1931, Snake River downwarp: Journal of Ge-
ology, v. 39, no. 5, p. 456-482.

Kjelstrom, L.C., 1986, Flow characteristics of the Snake River
and water budget for the Snake River Plain, Idaho and
eastern Oregon: U.S. Geological Survey Hydrologic Investi-
gations Atlas HA-680, scale 1:1,000,000, 2 sheets.

Lindgren, Waldemar, 1898a, Boise [Quadrangle], Idaho, folio 45
of Geologic atlas of the United States: U.S. Geological Sur-
vey, 4 pls.

1898b, The mining districts of the Idaho Basin and the
Boise Ridge, Idaho: U.S. Geological Survey 18th Annual Re-
port, pt. 3, p. 628.

Lindgren, Waldemar, and Drake, N.F., 1904, Nampa [Quad-
rangle], Idaho-Oregon, folio 103 of Geologic atlas of the
United States: U.S. Geological Survey, 5 p.

Lindholm, G.F., 1981, Plan of study for the regional aquifer-
system analysis of the Snake River Plain, Idaho and east-
ern Oregon: U.S. Geological Survey Open-File Report 81-
689, 21 p.

Lindholm, G.F., Garabedian, S.P., Newton, G.D., and
Whitehead, R.L., 1983, Configuration of the water table,
March 1980, in the Snake River Plain regional aquifer sys-
tem, Idaho and eastern Oregon: U.S. Geological Survey
Open-File Report 82-1022, scale 1:500,000.

———1988, Configuration of the water table and depth to
water, spring 1980, water-level fluctuations, and water
movement in the Snake River Plain regional aquifer sys-
tem, Idaho and eastern Oregon: U.S. Geological Survey
Hydrologic Investigations Atlas HA-703, scale 1:500,000.

Lindholm, G.F., and Goodell, S.A., 1986, Irrigated acreage and
other land uses on the Snake River Plain, Idaho and east-
ern Oregon: U.S. Geological Survey Hydrologic Investiga-
tions Atlas HA-691, scale 1:500,000.

Littleton, R.T., and Crosthwaite, E.G., 1957 [1958], Ground-wa-
ter geology of the Bruneau-Grand View area, Owyhee
County, Idaho: U.S. Geological Survey Water-Supply Paper
1460-D, p. 147-198.

Low, W.H., 1987, Solute distribution in ground and surface wa-
ter in the Snake River basin, Idaho and eastern Oregon:
U.S. Geological Survey Hydrologic Investigations Atlas HA-
696, scale 1:1,000,000, 2 sheets.

Mabey, D.R., 1976, Interpretation of a gravity profile across the
western Snake River Plain, Idaho: Geology, v. 4, no. 1, p.
53-55.

Mabey, D.R., Peterson, D.L., and Wilson, C.W., 1974, Prelimi-
nary gravity map of southern Idaho: U.S. Geological Survey
Open-File Report 74-78, scale 1:500,000.

Malde, H.E., 1965, Snake River Plain, in Wright, H.E. Jr., and
Fry, D.G., eds., The Quaternary of the United States:
Princeton, N.J., Princeton University Press, p. 255-263.

G35

Malde, H.E., Powers, H.A., and Marshall, C.H., 1963, Recon-
naissance geologic map of west-central Snake River Plain,
Idaho: U.S. Geological Survey Miscellaneous Geologic Inves-
tigations Map I-373, scale 1:125,000.

McDonald, M.G., and Harbaugh, A.W., 1984, A modular three-
dimensional finite-difference ground-water-flow model: U.S.
Geological Survey Open-File Report 83-875, 528 p.

Mundorff, M.J., Crosthwaite, E.G., and Kilburn, Chabot, 1964,
Ground water for irrigation in the Snake River basin, Idaho:
U.S. Geological Survey Water-Supply Paper 1654, 224 p.

Nace, R.L., West, S.W., and Mower, R.W., 1957, Feasibility of
ground-water features of the alternate plan for the Moun-
tain Home project, Idaho: U.S. Geological Survey Water-
Supply Paper 1376, 121 p.

Norton, M.A., Ondrechen, William, and Baggs, J.L., 1982,
Ground water investigation of the Mountain Home plateau,
Idaho: Boise, Idaho Department of Water Resources, 62 p.

Piper, A.M., 1924, Geology and water resources of the Bruneau
River basin, Owyhee County, Idaho: Moscow, Idaho Bureau
of Mines and Geology, Pamphlet 11, 56 p.

Ralston, D.R., and Chapman, S.L., 1969, Ground-water resour-
ces of northern Owyhee County, Idaho: Idaho Department of
Reclamation, Water Information Bulletin 14, 85 p.

Russell, I.C., 1902, Geology and water resources of the Snake
River Plains of Idaho: U.S. Geological Survey Bulletin 199,
192 p.

Theis, C.V., Brown, R.H., and Meyer, R.R., 1963, Estimating the
transmissibility of a water-table aquifer from the specific ca-
pacity of a well, in Bentall, Ray, compiler, Methods of deter-
mining permeability, transmissibility, and drawdown: U.S.
Geological Survey Water-Supply Paper 1536-I, p. 331-341.

Thomas, C.A., and Dion, N.P., 1974, Characteristics of stream-
flow and ground-water conditions in the Boise River valley,
Idaho: U.S. Geological Survey Water-Resources Investiga-
tions 38-74, 56 p.

U.S. Bureau of Reclamation, 1964, Snake River Project, Idaho—
Oregon, Mountain Home Division, Guffey, Long Tom, and
Hillerest Units: Boise, Idaho, 123 p.

Walton, W.C., 1984, Practical aspects of groundwater modeling:
Columbus, Ohio, National Water Well Association, 566 p.
Whitehead, R.L., 1986, Geohydrologic framework of the Snake
River Plain, Idaho and eastern Oregon: U.S. Geological Sur-
vey Hydrologic Investigations Atlas HA-681, scale

1:1,000,000, 3 sheets.

Wood, S.H., and Anderson, J.E., 1981, Geology, Chap. 2, in
Mitchell, J.C., ed., Geothermal investigations in Idaho, Part
11, Geological, hydrological, geochemical, and geophysical
investigations of the Nampa-Caldwell and adjacent area,
southwestern Idaho: Idaho Department of Water Resources,
Water Information Bulletin 30, p. 9-31.

Young, HW., 1977, Reconnaissance of ground-water resources:
U.S. Geological Survey Water-Resources Investigations 77-
108, 19 p.

Young, HW., and Lewis, R.E., 1980, Hydrology and geochemis-
try of thermal ground water in southwestern Idaho and
north-central Nevada: U.S. Geological Survey Open-File Re-
port 80-2043, 40 p.

Young, HW., Lewis, R.E., and Backsen, R.L., 1979, Thermal
ground-water discharge and associated convective heat flux,
Bruneau-Grand View area, southwest Idaho: U.S. Geologi-
cal Survey Water-Resources Investigations 79-62, 17 p.






FIGURES 21-33




G38

REGIONAL AQUIFER-SYSTEM ANALYSIS—SNAKE RIVER PLAIN, IDAHO

EXPLANATION

2500 ——  POTENTIOMETRIC CONTOUR--Shows altitude at
which water level would have stood in tightly
cased wells, 1980. Contour interval 50 feet.
Datum is sea level

BOUNDARY OF WESTERN SNAKE RIVER PLAIN

20 30 MILES

— 1 1 ]
I T T 1

0 10 20 30 KILOMETERS

Ficure 21.—Simulated 1980 steady-state potentiometric surface, model layer 1. (Model layers shown in fig. 15.)
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EXPLANATION

2000 ——  POTENTIOMETRIC CONTOUR--Shows altitude at

which water level would have stood in tightly

cased wells, 1980. Contour interval 50 feet.

Datum is sea level
44°
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Ficure 22.—Simulated 1980 steady-state potentiometric surface, model layer 2. (Model layers shown in fig. 15.)
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EXPLANATION

——2700 —  POTENTIOMETRIC CONTOUR--Shows altitude at
which water level would have stood in tightly
cased wells, 1980. Contour interval 50 feet.
Datum is sea level
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Ficure 23.—Simulated 1980 steady-state potentiometric surface, model layer 3. (Model layers shown in fig. 15.)
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EXPLANATION

2000 —  POTENTIOMETRIC CONTOUR--Shows altitude at
which water level would have stood in tightly
cased wells, 1880. Contour interval 50 feet.
Datum is sea level

BOUNDARY OF WESTERN SNAKE RIVER PLAIN
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1 1 |
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—_
10 20 30 KILOMETERS

oo

Ficure 24.—Simulated 1880 preirrigation potentiometric surface, model layer 1. (Model layers shown in fig. 15.)
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REGIONAL AQUIFER-SYSTEM ANALYSIS—SNAKE RIVER PLAIN, IDAHO

EXPLANATION

2000 ——  POTENTIOMETRIC CONTOUR--Shows altitude at

which water level would have stood in tightly

cased wells, 1880. Contour interval 50 feet.
Datum is sea level

BOUNDARY OF WESTERN SNAKE RIVER PLAIN
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T
10 20

ST
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Ficure 25.—Simulated 1880 preirrigation potentiometric surface, model layer 2. (Model layers shown in fig. 15.)
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EXPLANATION

2000 ——  POTENTIOMETRIC CONTOUR--Shows altitude at
which water level would have stood in tightly
cased wells, 1880. Contour interval 50 feet.
Datum is sea level

BOUNDARY OF WESTERN SNAKE RIVER PLAIN

20 30 MILES
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T
10 20 30 KILOMETERS
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Ficure 26.—Simulated 1880 preirrigation potentiometric surface, model layer 3. (Model layers shown in fig. 15.)
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WATER LEVEL, IN FEET ABOVE SEA LEVEL

REGIONAL AQUIFER-SYSTEM ANALYSIS—SNAKE RIVER PLAIN, IDAHO
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Ficure 27.—Simulated and measured water levels, 1890-1980. (Cell locations shown in fig.

14; model layers shown in fig. 15.)
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GEOHYDROLOGY OF THE REGIONAL AQUIFER SYSTEM, SOUTHWESTERN IDAHO
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Ficure 27.—Continued.
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WATER LEVEL, IN FEET ABOVE SEA LEVEL

REGIONAL AQUIFER-SYSTEM ANALYSIS—SNAKE RIVER PLAIN, IDAHO
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Ficure 27.—Continued.



SIMULATED HEAD IN MODEL LAYER, IN FEET ABOVE SEA LEVEL

GEOHYDROLOGY OF THE REGIONAL AQUIFER SYSTEM, SOUTHWESTERN IDAHO
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Ficure 28.—Model sensitivity to changes in U (underflow). (Cell locations shown in fig. 14; model layers

shown in fig. 15.)
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Ficure 29.—Model sensitivity to changes in SY (specific yield), model layer 1. (Cell locations shown in fig. 14;
model layers shown in fig. 15.)
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Ficure 30.—Model sensitivity to changes in SC (storage coefficient), model layers 2 and 3. (Cell locations
shown in fig. 14; model layers shown in fig. 15.)
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SIMULATED HEAD IN MODEL LAYER, IN FEET ABOVE SEA LEVEL

REGIONAL AQUIFER-SYSTEM ANALYSIS—SNAKE RIVER PLAIN, IDAHO
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Ficure 31.—Model sensitivity to changes in VC (vertical conductance). (Cell locations shown in fig. 14;
model layers shown in fig. 15.)
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Figure 32.—Model sensitivity to changes in T (transmissivity), model layer 2. (Cell locations shown in fig. 14;

GEOHYDROLOGY OF THE REGIONAL AQUIFER SYSTEM, SOUTHWESTERN IDAHO
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Ficure 33.—Model sensitivity in terms of ground-water discharge to rivers owing to changes in underflow,
specific yield, storage coefficient, vertical conductance, and transmissivity.
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