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GROUND WATER ATLAS OF THE UNITED STATES
Hydrologic Investigations Atlas 730-H

FOREWORD

The Ground Water Atlas of the United States presents a comprehensive summary of the
Nations’s ground-water resources, and is a basic reference for the location, geography, geology,
and hydrologic characteristics of the major aquifers in the Nation. The information was collected
by the U.S. Geological Survey and other agencies during the course of many years of study. Results
of the U.S. Geological Survey’s Regional Aquifer-System Analysis Program, a systematic study
of the Nation’s major aquifers, were used as a major, but not exclusive, source of information
for compilation of the Atlas.

The Atlas, which is designed in a graphical format that is supported by descriptive discus-
sions, includes 13 chapters, each representing regional areas that collectively cover the 50 States
and Puerto Rico. Each chapter of the Atlas presents and describes hydrogeologic and hydrologic
conditions for the major aquifers in each regional area. The scale of the Atlas does not allow
portrayal of minor features of the geology and hydrology of each aquifer presented, nor does
it include discussion of minor aquifers. Those readers that seek detailed, local information for
the aquifers will find extensive lists of references at the end of each chapter.

An introductory chapter presents an overview of ground-water conditions Nationwide and

discusses the effects of human activities on water resources, including saltwater encroachment
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Robert M. Hirsch

and land subsidence.

d.S. DEPARTMENT OF THE INTERIOR
BRUCE BABBITT, Secretary

d.S. GEOLOGICAL SURVEY
Robert M. Hirsch, Acting Director

CONVERSION FACTORS ATLAS ORGANIZATION
For readers who prefer to use the International System (SI) units, rather than the inch- The Ground Water Atlas of the United States is divided into 14 chapters. Chapter A presents
pound terms used in this report, the following conversion factors may be used: introductory material and nationwide summaries; chapters B through M describe all

principal aquifers in a multistate segment of the conterminous United States; and chapter
N describes all principal aquifers in Alaska, Hawaii, and Puerto Rico.

Multiply inch-pound units By To obtain metric units
Hydrologic
Length Segment Chapter content Atlas
inch (in) 2.54 centimeter (cm) Number Chapter
foot (ft) 0.3048 meter (m)
mile (mi) 1.609 kilometer (km) = Introductory material and nationwide summaries 730-A
Afea 1 California, Nevada 730-B
square mile (mi?) 2500 square kilometer (km?2) 2 Arizona, Colorado, New Mexico, Utah 730-C
3 Kansas, Missouri, Nebraska 730-D
Flow 4 Oklahoma, Te 730-E
cubic foot per second (ft?/s) 0.02832 cubic meter per second (m?/s) i e).(a.s P i
gallon per minute (gal/min) 0.06309 liter per second (L/s) 5 Arkansas, Louisiana, Mississippi 730-F
million gallons per day (Mgal/d) 0.04381 cubic meter per second (m?/s) 6 Alabama, Florida, Georgia, South Carolina 730-G
billion gallons per day (Bgal/d) 3.785 million cubic meters per day (Mm?/d) o Idaho, Oregon, Washington 730-H
Transmissivity 8 Montana, North Dakota, South Dakota, Wyoming 730-1
foot squared per day (ft?/d) 0.0929 meter squared per day (m?/d) 9 lowa, Michigan, Minnesota, Wisconsin 730-J
Temperature 10 lllinois, Indiana, Kentucky, Ohio, Tennessee 730-K
degree Celsius (°C) 9/5 (°C)+32=°F degree Fahrenheit (°F) 1, Delaware, Maryland, New Jersey, North Carolina, 730-L
Pennsylvania, Virginia, West Virginia
Sea Level: In this report, "sea level" refers to the National Geodetic Vertical Datum of 1929 (NGVD 12 Connecticut, Maine, Massachusetts, New Hampshire, 730-M
of 1929)—a geodetic datum derived from a general adjustment of the first-order level nets of both New York, Rhode Island, Vermont
the United States and Canada, formerly called Sea Level Datum of 1929. 13 Alaska, Hawaii, Puerto Rico 730-N
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INTRODUCTION

The States of Idaho, Oregon, and Washington, which to-
tal 248,730 square miles, compose Segment 7 of this Atlas.
The area is geologically and topographically diverse and con-
tains a wealth of scenic beauty, natural resources, and ground
and surface water that generally are suitable for all uses. Most
of the area of Segment 7 is drained by the Columbia River, its
tributaries, and other streams that discharge to the Pacific
Ocean. Exceptions are those streams that flow to closed ba-
sins in southeastern Oregon and northern Nevada and to the
Great Salt Lake in northern Utah. The Columbia River is one
of the largest rivers in the Nation. The downstream reach of
the Columbia River forms most of the border between Oregon
and Washington. In 1990, Idaho, Oregon, and Washington had
populations of 1.0 million, 2.8 million, and 4.9 million, respec-
tively. The more densely populated parts are in lowland areas
and stream valleys. Many of the mountains, the deserts, and
the upland areas of Idaho, Oregon, and Washington lack ma-
jor population centers. Large areas of Idaho and Oregon are
uninhabited and are mostly public land (fig. 1) where exten-
sive ground-water development is restricted.

Surface water is abundant in Idaho, Oregon, and Wash-
ington, though not always available when and where needed.
In some places, surface water provides much of the water used
for public-supply, domestic and commercial, agricultural (pri-
marily irrigation and livestock watering), and industrial pur-

poses. In arid parts of Segment 7, however, surface water has 430

long been fully appropriated, chiefly for irrigation. Ground
water is used when and where surface-water supplies are lack-
ing.

Ground water is commonly available to shallow wells that
are completed in unconsolidated-deposit aquifers that consist
primarily of sand and gravel but contain variable quantities of
clay and silt. Many large-yield public-supply and irrigation wells
and thousands of domestic wells are completed in these types
of aquifers, generally in areas of privately owned land (fig. 1).
In many places, deeper wells produce water from underlying
volcanic rocks, usually basalt.

EXPLANATION

- Irrigated land

Nonirrigated land
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Modified from U.S. Geological Survey, 1970; Pacific Northwest River
Basins Commission, 1971; and Lindholm and Goodell, 1986

Base modified from U.S. Geological Survey
digital data, 1:2,000,000, 1972

Figure 2. Most irrigated land is on lowlands and terraces
adjacent to main streams because the streams are the principal
source of the irrigation water.
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Figur e 3. Average annual precipitation (1951-80) in the form
of rain and snow is extremely variable. Precipitation is greatest in
areas of high altitude and on the western, or windward, sides of
mountain ranges.

Ocean

Base modified from U.S. Geological Survey
digital data, 1:2,000,000, 1972

F ig ure 1. Privately owned land composes 36 percent of Idaho,
48 percent of Oregon, and 80 percent of Washington.

Most irrigation (fig. 2) is on lowlands next to streams and
on adjacent terraces. Generally, lowlands within a few miles of
a main stream are irrigated with surface water diverted by
gravity flow from the main stream or a reservoir and distrib-
uted through a system of canals and ditches. In some areas,
water is pumped to irrigate lands farther from the stream at a
higher altitude. Along the Snake and Columbia Rivers, large
pumping systems withdraw billions of gallons of water per day
from the rivers to irrigate adjacent uplands that are more than
500 feet higher than the rivers. Elsewhere, irrigation water is
obtained from large-capacity wells, where depth to water might
exceed 500 feet below land surface.

Aquifers in Idaho, Oregon, and Washington, as in most
other States, differ considerably in thickness and permeabil-
ity, and well yields differ accordingly. Ground-water levels in a
few areas have declined as a result of withdrawals by wells.
State governments have taken steps to alleviate declines in
some areas by enacting programs that either limit the num-
ber of additional wells that can be completed in a particular
aquifer (Ground-Water Management Area) or prevent further
ground-water development (Critical Ground-Water Area).

Segment 7 includes some of the driest parts of the Na-
tion, as well as some of the wettest. Average annual precipi-
tation (1951-80) ranges from less than 10 inches in arid parts
of Idaho, Oregon, and Washington to more than 80 inches in
the western parts of Oregon and Washington (fig. 3). Most
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EXPLANATION
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Modified from U.S. Geological Survey, 1970; Stevens, 1978;
and U.S. Bureau of Land Management, 1982

storms generally move eastward through the area. The east-
ward-moving air absorbs the moisture that evaporates from the
Pacific Ocean. As this air encounters the fronts of mountain
ranges, it rises, cools, and condenses. Accordingly, the west-
ern sides of the mountain ranges receive the most precipi-
tation. Much of the annual precipitation moves directly to
streams as overland runoff. Some of the precipitation is re-
turned to the atmosphere by evapotranspiration, which is the
combination of evaporation from the surface and transpiration
from the plants. A small part of the precipitation infiltrates the
soil and percolates downward to recharge underlying aquifers.

Average annual runoff (1951-80) in the segment varies
considerably (fig. 4), and the distribution of the runoff gener-
ally parallels that of precipitation. In the arid and the semiarid
parts of Segment 7, most precipitation replenishes soil mois-
ture, evaporates, or is transpired by vegetation. Little is left to
maintain streamflow or to recharge aquifers. In the wetter parts,
much of the precipitation runs off the land surface to main-
tain streamflow, and because evaporation is usually less in
wetter areas, more water is available to recharge aquifers. Pre-
cipitation that falls as snow generally does not become runoff
until spring thaws begin. Reservoirs constructed on major
streams to mitigate flooding and to store water for irrigation,
hydroelectric-power generation, and recreation also affect the
timing of runoff. The runoff is stored and subsequently released
during drier periods to maintain downstream flow.

EXPLANATION

Average annual runoff
(1951-80), in inches
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Modified from Gebert and others, 1987

Figure 4. Average annual runoff (1951-80) depends on the
quantity of precipitation. Timing of the runoff, which can vary
greatly, depends on the form of precipitation and the holding

period of runoff in reservoirs.

Regional
summary
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AREAL DISTRIBUTION
OF AQUIFERS

All aquifers in Segment 7 were assigned to one of five gen-
eral types (fig. 5) depending on their geologic and hydrologic
characteristics. Three of the aquifer types generally consist of
one kind of rock; the other two types of aquifers, however,
consist of two or more different kinds of rocks.

Of the five types, the most prolific aquifers are those in
unconsolidated deposits that consist primarily of alluvial sand
and gravel that fill large to small basins in all three States in
Segment 7. These aquifers are important sources of water for
public-supply, domestic and commercial, agricultural, and
industrial needs because of their location in generally flat low-
lands where human activities are concentrated. Some of these
aquifers in southern Oregon and Idaho are part of an exten-
sive group of basin-fill aquifers that extend southward, and are
called the Basin and Range aquifers. These aquifers are de-
scribed in segments 1 and 2 of this Atlas.

Aquifers in Pliocene and younger basaltic rocks charac-
terize the Snake River Plain of southern Idaho and southeast-
ern Oregon. Numerous extensive flows of basaltic lava have
spread out from vents in and near the Snake River Plain. Per-
meable zones at the tops and the bottoms of these flows yield
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large volumes of water to irrigation wells. These aquifers also
discharge about 1 million gallons per day to springs in the walls
of the Snake River Canyon.

Although aquifers in undifferentiated volcanic and sedi-
mentary rocks are present in all three States, they are found
primarily in southern Idaho and Oregon. These undifferentiated
rocks include beds of volcanic ash and tuff, basalt, silicic vol-
canic rocks, and semiconsolidated to consolidated sedimen-
tary rocks that contain small to large quantities of volcanic
material. The rocks are complexly interbedded, and their per-
meability is extremely variable.

Aquifers in Miocene basaltic rocks are important chiefly
in the Columbia Plateau area of northeastern Oregon and
southeastern Washington. These aquifers consist primarily of
numerous extensive flows of basaltic lava that have spread out
from fissures in many areas. Permeable zones, which are like
those in the flows of the Snake River Plain, are at the tops and
the bottoms of these lava flows. Wells that are deep enough
to penetrate several of these permeable zones yield large vol-
umes of water. Water from these aquifers is used primarily for
irrigation.

Aquifers in pre-Miocene rocks are widely distributed but
are most widespread in much of Idaho, northern Washington,
and along the coasts of Oregon and Washington. The rocks
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composing these aquifers are extremely variable and include
several types of igneous and metamorphic rocks, consolidated
sedimentary rocks of marine and nonmarine origin, and vol-
canic rocks. Accordingly, the permeability of these aquifers
varies greatly. The aquifers in pre-Miocene rocks are present
mostly in mountainous areas, and water from wells completed
in these aquifers is used mostly for domestic and agricultural
(livestock watering) supplies.

Some aquifers in Segment 7 are parts of regional aquifer
systems that have an areal extent of thousands to tens of thou-
sands of square miles. An aquifer system consists of two or
more aquifers that are hydraulically connected and that func-
tion as a single aquifer system. The regional aquifer systems
in Segment 7 (fig. 5) supply varying volumes of freshwater to
wells for multiple uses.

Three of the regional aquifer systems shown in figure 5
have been studied under the U.S. Geological Survey’s Regional
Aquifer-System Analysis (RASA) Program as of 1993. Stud-
ies of two additional aquifer systems, the Puget-Willamette
Trough and the Northern Rocky Mountains intermontane
basins, were under way but not completed as of 1993. The ob-
jectives of each RASA study are to describe the ground-
water-flow system under natural (undeveloped) conditions and
as it exists today, to analyze changes in the system, to inte-

O 1L U MBI A

grate the results of previous hydrogeologic studies of the sys-
tem, and to provide the ability to evaluate the effects of future
ground-water development on the system. The three aquifer
systems that have been studied are the Great Basin, the Snake
River Plain, and the Columbia Plateau. The Basin and Range
aquifers in Segment 7 coincide with part of the Great Basin
aquifer system, the rest of which is in Segments 1 and 2 of this
Atlas; the Snake River Plain and the Columbia Plateau aquifer
systems are entirely within Segment 7.

There are two general types of regional aquifer systems.
One type consists of an extensive set of aquifers and confin-
ing units that might locally be discontinuous but that function
hydrologically as a single aquifer system on a regional scale.
In Segment 7, the Snake River Plain, the Columbia Plateau, and
the Puget-Willamette Trough aquifer systems are examples of
this type. The second type consists of a set of virtually inde-
pendent aquifers that share common hydrologic characteris-
tics. In this type of aquifer system, common hydrologic fac-
tors and principles control the occurrence, the movement, and
the quality of ground water; accordingly, the study of a few
representative aquifers provides understanding of the aquifer
system. The Great Basin and the Northern Rocky Mountains
intermontane basins aquifer systems in Segment 7 are ex-
amples of this type.

AL BERTA

EXPLANATION

Unconsolidated-deposit aquifers

\115°

Pliocene and younger basaltic-rock aquifers
Volcanic- and sedimentary-rock aquifers

Miocene basaltic-rock aquifers

o,Oreat Falls

Aquifers in pre-Miocene rocks—Minor regional
aquifers, generally yield little water to wells.
Carbonate-rock aquifers (line pattern) are part
of the Basin and Range aquifers of Segment 2.

Limit of regional aquifer system

A——A' Line of hydrogeologic section
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GREAT BASIN REGIONAL AQUIFER SYSTEM

Figure 5. Aquifers that have similar geologic and hydrologic characteristics

are grouped into five general types.
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Structural Basins and Aquifers

Thick sequences of unconsolidated deposits and volca-
nic rocks compose the major aquifers that occupy large struc-
tural basins in Segment 7 (figs. 6-10).

Some of these basins are synclines, such as the ones
shown in figures 6 and 7. In the Basin and Range area, faults
that extend to great depths bound alternating upthrown and
downthrown blocks of the Earth’s crust (fig. 8). The down-
thrown blocks, or grabens, have been partially filled with al-
luvium derived from bedrock hills of the upthrown blocks, or
horsts, that separate the grabens. Some faults between these
horsts and grabens either are open conduits or are filled with
large rock fragments. Ground water that has circulated to great
depths and has become heated can move upward along these
faults as geothermal water. Other faults, which are filled with
extremely small rock fragments, are barriers to ground-water
movement.

Complex interbedding of unconsolidated deposits and
volcanic rocks exists in some places, especially in areas where
numerous episodes of volcanic activity have taken place. One
such area is the Snake River Plain in Idaho (figs. 9 and 10).
This geologic complexity is reflected by a complex ground-
water-flow system.

Feet
9,000

6,000
3,000
Sea level
3,000
6,000

A

 section

£
°
c
]
o

Pacific

Ocean Puget Trough

VERTICAL EXAGGERATION X 15

Figure 6. Structural basins in western and eastern Washington
are filled with either unconsolidated-deposit aquifers or Miocene
basaltic-rock aquifers that are partly overlain by unconsolidated-
deposit aquifers. The Puget Trough is filled with unconsolidated-
deposit aquifers that collectively are as much as 3,000 feet thick
and that might be consolidated in their lower part. The Columbia
Basin is filled with Miocene basaltic-rock aquifers that are overlain
in places by unconsolidated-deposit aquifers; their combined thick-
ness is more than 10,000 feet in the area of this section but can be
as much as 15,000 feet thick elsewhere. The line of the section is
shown in figure 5.
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deposit aquifers commonly are Feet 5l Little Wood River
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Miocene basaltic-rock aquifers at

the margins of the eastern 4,000
Snake River Plain. The basaltic- 2,000
rock aquifers are thickest near
the center of the Snake River
Plain. The line of the section is Sea level
shown in figure 5.
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Figure 11. The distribution of rock types shows the predom-

inance of volcanic rocks in the three States. (Inconsolidated
deposits are the second most common type of rock in Segment 7.

Basin and Range {

Modified from Gonthier, 1984
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dated-deposit aquifers, which 7,000 — -
collectively are about 4,000 feet ' =g
thick in the area of the section 6,000 — &8
and can be about 5,500 feet

thick elsewhere, fill a deep
structural basin in the western
Snake River Plain. Pliocene and
younger basaltic-rock aquifers
are predominant in the eastern
Snake River Plain. These 1,000
aquifers are underlain by un-
consolidated-deposit, volcanic-
and sedimentary-rock, and 1,000
Miocene basaltic-rock aquifers
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basin in eastern Oregon is filled Feet
with Miocene basaltic-rock 6,000
aquifers that are overlain by 4,000
volcanic- and sedimentary-rock
aquifers, which, in the upper 2,000
part, are interbedded with Sea level
unconsolidated-deposit aquifers.
The line of the section is shown 2,000
in figure 5.
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at the margins of the plain. On
the basis of geophysical data,
the Pliocene and younger
basaltic-rock aquifers in the
eastern Snake River Plain col-
lectively might exceed 5,500 feet
in thickness. The line of the
section is shown in figure 5.
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VERTICAL EXAGGERATION X 42

The rocks and unconsolidated deposits in I[daho, Oregon,
and Washington range in age from pre-Tertiary to Holocene
(fig. 11). Small outcrops of rocks younger or older than those
shown in figure 11 are present locally but are not shown be-

with fig. 5).

Modified from Wells and Peck, 1961; Walker and King, 1969; Weissenborn, 1969; Walker, 1977;
Bond and others, 1978; Molenaar and others, 1980; McFarland, 1983; and Gonthier, 1984
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cause of the map scale.

Unconsolidated deposits extend over large areas in Seg-
ment 7 and differ considerably in age and grain size. They
consist of younger, coarse-grained deposits of chiefly stream
or glacial origin and older, fine-grained deposits of chiefly lake,
volcanic, or eolian (wind blown) origin. In places, older uncon-
solidated deposits contain thick beds of volcanic ash; in other
places, these deposits contain thin (a few feet to a few tens of
feet) flows of basaltic or silicic volcanic rocks. Older uncon-
solidated deposits usually become increasingly compacted
with depth. In southwestern Idaho and southeastern Oregon,
older unconsolidated deposits are difficult to distinguish from
silicic volcanic rocks where the latter are present as thick beds
of ash. Except for eolian deposits in eastern Washington and
adjacent Idaho, where these deposits generally are not even
partially saturated, the unconsolidated deposits form the un-
consolidated-deposit aquifers. In eastern Washington and ad-
jacent Idaho, underlying Miocene basaltic rock forms the major
aquifers—Miocene basaltic-rock aquifers (compare fig. 11

EXPLANATION

Miocene and younger unconsolidated
deposits

Pliocene and younger basaltic rocks

Pleistocene through Miocene silicic
volcanic rocks

Miocene basaltic rocks

Miocene through Eocene undifferentiated
volcanic rocks

Miocene through Eocene undifferentiated
sedimentary rocks

Pre-Oligocene undifferentiated igneous,
metamorphic, and sedimentary rocks

Contact—Approximately located

Volcanic rocks range in composition from basaltic rocks
that are dense, fine grained, dark colored, and contain large

quantities of iron and manganese to silicic volcanic rocks that
generally are coarse grained, light colored, and contain large
quantities of silica. Some basalt flows on the Snake River Plain
in Idaho are less than 2,000 years old, as are some in the Cas-

Modified from Whitehead, 1992
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cade Range in Oregon and Washington. The latest volcanism
was the 1980 eruption of Mount St. Helens in south-central
Washington.

Pliocene and younger basaltic rocks are present chiefly
in the Snake River Plain in Idaho and underlie much of the
Cascade Range in Oregon. Pliocene and younger basaltic rocks
are chiefly flows but, in many places in the Cascade Range,
the rocks contain thick interbeds of basaltic ash, as well as
sand and gravel beds deposited by streams. These flows and
associated interbeds form the Pliocene and younger basaltic-
rock aquifers.

Silicic volcanic rocks are present chiefly in southwestern
Idaho and southeastern Oregon where they consist of thick
flows interspersed with unconsolidated deposits of volcanic ash
and sand. Silicic volcanic rocks also are the host rock for much
of the geothermal water in Idaho and Oregon. In this chapter,
these rocks are combined with some unconsolidated depos-
its and some Pliocene and younger basaltic rocks; this com-
bination of rocks and deposits is referred to as the volcanic-
and sedimentary-rock aquifers. The Pliocene and younger
basaltic rocks included in these aquifers are those along the
Cascade Range and in the adjacent eastern lowland in Oregon
and Washington (compare fig. 11 with fig. 5). These rocks are
included in the aquifers because (1) they are seldom used as
a source of water except locally in lowland areas, and (2) pre-
vious investigators have grouped these rocks with the silicic
volcanic rocks and some unconsolidated sedimentary rocks
on the basis of similar hydrologic characteristics and the hy-
draulic connection among the rocks.

Miocene basaltic rocks commonly are thick, solid flows
that are widespread in southwestern Idaho, eastern Oregon,
and south-central Washington. These flows form the Miocene
basaltic-rock aquifers.

The undifferentiated volcanic rocks, which are present in
all three States, are a heterogeneous mixture that ranges from
basaltic to rhyolitic in composition and commonly are thick
flows. These rocks can be similar to some younger volcanic
rocks but usually are more dense and contain few fractures.
These rocks form some of the aquifers in pre-Miocene rocks.

Undifferentiated consolidated sedimentary rocks, which
are present primarily in western Oregon and southwestern
Washington, consist chiefly of limestone, dolomite, sandstone,
and shale. Because some of these rocks were deposited in a
marine environment, they might contain saltwater, particularly
west of the Cascade Range in Oregon and Washington. These
rocks also form some of the aquifers in pre-Miocene rocks.

The undifferentiated igneous, metamorphic, and sedimen-
tary rocks, which are present in all three States, generally are
dense and contain few fractures. These rocks also form some
of the aquifers in pre-Miocene rocks.
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GROUND-WATER OCCURRENCE
AND MOVEMENT

The occurrence of water in the aquifers in Segment 7
depends on the type of porosity—primary or secondary—of
the deposits and rocks and the degree of interconnection of
open spaces within them. For example, the unconsolidated
deposits, which are present mostly as basin fill in Segment 7,
have substantial primary, or intergranular, porosity (open
spaces between individual grains), and the open spaces are
well connected. The porosity in volcanic rocks depends on
whether the rock is composed of fragmental material, such as
tuff, cinders, and volcanic rubble with open spaces between
fragments, or is a basalt flow with interconnected vesicles.
Fragmental volcanic rocks have primary porosity much like
that of unconsolidated deposits, and open spaces are well
connected. Basalt flows have two types of porosity: primary,
which is in zones at the tops and the bottoms of individual flows
where interconnected open spaces were formed by gases es-
caping as the lava cooled and by cracking of the outer, solidi-
fied parts of the flows as the molten core continued to move;
and secondary, which consists primarily of joints and fractures
that formed as shrinkage cracks when the core cooled. These
secondary open spaces are well developed and well connected
in some flows and are able to store and transmit large volumes
of water. Most of the porosity in consolidated sedimentary,
igneous, and metamorphic rocks is secondary and resulted
from tectonic activity. These secondary open spaces gener-
ally are not well connected. Another form of secondary poros-
ity in all the consolidated rocks is produced by faulting. Faults
are large-scale secondary open spaces where they are filled
with coarse-grained rock fragments.

Stret/:lm B

Stream A

Modified from Swindel and others, 1963

EXPLANATION

,:l Unconsolidated-deposit aquifers

Aquifers in pre-Miocene rocks

==)p  Direction of ground-water movement

Fi ig ure 13. Aquifers and streams are hydraulically connected.
Stream A is below the water table and gains water from the aqui-
fer; the stream will flow until the water table declines below the
streambed. Stream B is above the water table and loses water to
the aquifer; the stream might be dry during droughts.

Figure 15. Ground-water
levels fluctuate in response to
various recharge and discharge
sources. The hydrograph for
well A reflects recharge from
snowmelt during the spring and
discharge by natural means
during the summer; that for well
B reflects shallow recharge by
applied irrigation water from a
surface-water source during the
growing season; that for well C
reflects deep recharge by
applied irrigation water from a
surface-water source during the
growing season; and that for
well D reflects recharge from
snowmelt during the spring and
discharge for irrigation during
the growing season.
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The volume of water that can be withdrawn from wells in
the different types of aquifers varies greatly. For domestic and
livestock-watering use, sufficient well yields, generally less than
20 gallons per minute, can be obtained from most of the aqui-
fers. In contrast, well yields that reportedly are as much as
19,000 gallons per minute can be obtained from the most
productive aquifers. Depth to water-yielding deposits and rocks
can range from a few feet to about 1,200 feet below land sur-
face.

Water in all the aquifers in Segment 7 moves from re-
charge areas down the hydraulic gradient to discharge areas.
Many of the aquifers in the three-State area are exposed at land
surface and receive recharge directly from precipitation on
outcrop areas. Other aquifers are buried and are recharged by
downward leakage from overlying aquifers. In some places,
certain aquifers receive recharge as lateral flow from adjacent
aquifers. Lateral recharge is a characteristic of some aquifers
that fill the many structural basins in Segment 7. For example,
where the unconsolidated-deposit aquifers in basins are sepa-
rated by a mountain range that consists of volcanic- and sedi-
mentary-rock aquifers, water can move from one basin at a
high altitude through these aquifers to another basin at a lower
altitude (fig. 12).

Discharge from the aquifers is by evapotranspiration, leak-
age to adjacent aquifers, withdrawals from wells, movement of
water to surface-water bodies, and discharge from springs.
Springs are particularly important as discharge points in the
walls of the Snake River Canyon in Idaho. Permeable and al-
most impermeable rocks are complexly interbedded in places
in Segment 7. The almost impermeable rock layers might
retard the downward movement of ground water and create
perched water-table conditions.

Aquifers and streams are in direct hydraulic connection
in some places, particularly where the aquifers in the stream
valleys consist of unconsolidated deposits (fig. 13). Water can
move either from the aquifer to the stream (gaining stream
labeled A in fig. 13) or from the stream to the aquifer (losing
stream labeled B in fig. 13), depending on the altitude of the
water level in the stream and the aquifer.

Geologic structures (faults and folds) can affect the move-
ment of ground water. Although only major structures are
shown in figure 14 because of the map scale, they demonstrate
the complexity of structural features in Idaho, Oregon, and
Washington.

Some fault zones are extremely permeable and might be
the only conduits for water movement in some rocks. Other
fault zones are filled with clay and are almost impermeable.
Generally, the more consolidated and less weathered a rock
is, the greater the chance that faults will increase the perme-
ability of the rock. Open faults in consolidated rocks are con-
duits for recharge in mountainous areas and permit deep in-
filtration of water to geothermal heat sources.

Uplifting, folding, faulting, and subsidence have left their
marks in Segment 7. The area contains some high mountain
peaks, including Borah and Hyndman Peaks in Idaho; Mount
Hood in Oregon; and Mounts Adams, Baker, Rainier, and St.
Helens in Washington. Volcanic and seismic activity has taken
place in the area as recently as the 1980’s. The violent erup-
tion of Mount St. Helens in May 1980 removed about 0.3 cu-
bic mile of rock from the mountain. During 9 hours of erup-
tion, about 540 million tons of ash were spread over an area

~of about 22,000 square miles.
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Figure 12. Recharge
from adjacent basins is possible.
Ground water will move from one basin
to another under appropriate conditions. The
basin on the right contains unconsolidated-deposit
aquifers with the water table at an altitude higher than
that in similar aquifers in the basin on the left. The mountain
range separating the basins is composed of volcanic- and sedimen-
tary-rock aquifers. Water movement takes place because of the
existence of a hydraulic gradient from right to left in the diagram.
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Base modified from U.S. Geological Survey
digital data, 1:2,000,000, 1972

Modified from U.S. Geological Survey and the American
Association of Petroleum Geologists, 1961

F ig ure 14. Major geologic structures shape the land surface and affect the movement of
ground water. Ground water can move upward from great depths or downward to great
depths or both along some faults, whereas other faults are barriers to vertical and lateral
ground-water movement. Ground water can move outward from the crests of anticlines or
inward toward the troughs in synclines in aquifers that consist of basalt flows.

WATER-LEVEL FLUCTUATIONS

Water levels in wells reflect the balance between ground-
water recharge and discharge. Water levels rise when recharge
exceeds discharge and decline when discharge exceeds re-
charge. Under long-term natural conditions, the two tend to be
nearly in balance. As a result of ground-water development and
climatic changes, the balance can change in either direction.
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F igure 16. Water levels in aquifers near the Pacific coast
respond to variations in rainfall, particularly during the fall months.

Short-Term Fluctuations

Under natural conditions in inland areas of Segment 7,

‘ground-water levels generally are highest in the spring as a

result of recharge from snowmelt (fig. 15, well A). In coastal
areas, ground-water levels are highest in the late fall or winter
as a result of recharge from precipitation (fig. 16). Ground-
water levels decline through summer when evapotranspiration
rates cause discharge to exceed recharge. Water levels con-
tinue downward until the next major seasonal recharge, thus
completing the annual cycle.

In areas irrigated by surface water (fig. 15, well B), canal
losses and seepage from fields constitute the principal re-
charge. Water levels begin to rise when water is released into
canals and fields, reach a plateau throughout the summer,
begin to decline at the end of the growing season, and con-
tinue to an annual low just before the start of the next irriga-
tion season. Well B is 32 feet deep and the water level responds
to recharge soon after distribution of surface water for irriga-
tion begins. In comparison, well C (fig. 15) is 345 feet deep
and the water level also responds to surface-water irrigation;
however, response is delayed by about 4 to 6 weeks. Vertical
percolation of water through unsaturated deposits and rocks
is slow and delays recharge.

In areas irrigated by ground water, the annual cyclic fluc-
tuations described above are reversed (fig. 15, well D). Water
levels begin to decline at the start of pumping, generally in the
late spring; continue to decline through the irrigation season,
at the end of which time they begin an abrupt rise; continue
to rise through the fall, winter, and early spring; and reach an
annual peak just before the start of the next irrigation season.

The hydrographs in figure 15 are ideal examples and
clearly reflect the causes for short-term water-level fluctuations.
In areas where surface and ground water are used for irriga-
tion, causes of water-level fluctuations are less easily defined.
As depicted by water-level fluctuations in well A, effects of
climate also affect water levels in wells B, C, and D, but are
overshadowed by effects of irrigation.



Long-Term Fluctuations

In addition to repetition of seasonal fluctuations, a long-
term hydrograph (fig. 17) indicates trends in the balance or
imbalance between aquifer discharge and recharge. Long-term
water-level trends generally are caused by (1) long-term pre-
cipitation cycles (for example, several years of greater-than-
normal precipitation followed by several years of less-than-
normal precipitation), (2) continuing ground-water withdraw-
als in excess of available recharge, and (3) improvements in
irrigation efficiencies, such as changing from furrow and flood
irrigation to sprinkler irrigation, and sealing or lining earthen
canals, thus reducing water-transmission losses and thereby
decreasing recharge to an aquifer.

A long-term hydrograph of water levels in an observation
well in Minidoka County, Idaho, is shown in figure 17. The 194-
foot-deep well was completed in the Pliocene and younger ba-
saltic-rock aquifer, which generally is unconfined underlying
the Snake River Plain. The well is in an area where ground water
is withdrawn for irrigation but is near an area irrigated with
surface water diverted from the Snake River. The gradual long-
term declining trend in ground-water level can be attributed pri-
marily to less-than-normal precipitation, which determined the
surface-water supply available for irrigation during the period
1951-62, and to decreased surface-water diversions and im-
provements in surface-water-irrigation efficiencies during the
period 1963-80.

Replacing irrigated farmland with urban shopping centers,
residential subdivisions, and other types of land use also can
affect recharge rates to an aquifer. Mining activities can cause
similar effects. '

Reliance on ground water for public-supply, domestic and
commercial, agricultural, and industrial purposes is increas-
ing in Idaho, Oregon, and Washington. In the more arid parts
of Segment 7, increased ground-water withdrawals generally
cause ground-water levels to decline.

GROUND-WATER QUALITY

Ground water in Idaho, Oregon, and Washington gener-
ally is fresh (dissolved-solids concentration of 1,000 milligrams
per liter or less) and chemically suitable for most uses. Because
of sparse settlement in much of the area, little ground water
has been contaminated as the result of human activities, ex-
cept locally. Measured concentrations of dissolved solids in
ground water (fig. 18) exceed 1,000 milligrams per liter only
in scattered areas throughout the three States.

Under natural conditions, dissolved minerals in ground
water are primarily a result of the chemical interaction between
water and the deposits or rocks through which the water
moves. The water partially dissolves some of the minerals as
it moves from areas of recharge to areas of discharge. The
longer the water is in contact with the minerals that compose
the aquifer, the more mineralized the water becomes. There-
fore, the exact chemical composition of the water at any given
place is determined by the combination of the mineralogy of
the deposits or rocks that compose the aquifer and the resi-
dence time of the water in the aquifer.

Some ground water contains large natural concentrations
of particular minerals (saltwater) and is unfit for human con-
sumption and many other uses. Saltwater can contaminate

CUMULATIVE DEPARTURE
FROM MONTHLY MEAN
PRECIPITATION, IN INCHES

145 |-

Risin

150

155

DEPTH TO WATER, IN FEET
BELOW LAND SURFACE

160

1950 1960

g water level

1970

I T T T T T T I I T

Other factors, such as increased
ground-water withdrawals, can |
cause the overall trend to decline
during periods of greater-than-
normal precipitation.

1980
Modified from Young and Norvitch, 1984

F ig ure 17. When ground-water discharge exceeds recharge, ground-water
levels decline; the opposite also occurs unless other factors cause a long-term
decline to continue. Water-level declines are common during periods of less-than-
normal precipitation, such as during 1951-62. Even though water levels rise
during periods of greater-than-normal precipitation, such as during 1963-76,

the overall trend can be a decline because of other factors.

freshwater aquifers by entering either from the ocean in coastal
areas or along faults in other areas. Natural contamination of
ground water takes place slowly relatlve to contamination from
human activities.

Ground water can be contaminated by numerous organic
chemicals (especially pesticide residues or byproducts, oils,
phenols, and solvents); metals (especially chromium, lead, and
mercury); and compounds produced by a myriad of human
activities. Contamination is classified as being from either a
point or a nonpoint source. Point sources are specific local sites
of a few acres or less and include industrial and municipal land-
fills; surface impoundments, such as lagoons, pits, and ponds;
underground storage tanks containing petroleum, toxic chemi-
cals, and wastes; spills of chemicals and petroleum products
during transport or transfer operations; and injection or dis-
posal wells that receive hazardous waste or wastewater. Non-
point sources extend over broad areas of hundreds or
thousands of acres and include fields treated with agricultural
pesticides and fertilizers, concentrations of septic-tank drain-
fields and cesspools in suburban areas, saltwater or geother-
mal water encroachment, salt from highway deicing, animal
feedlots, and mining operations.
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Shallow, unconfined aquifers with rapid recharge rates

generally are most vulnerable to contamination from the land
surface because of the rapid percolation of ground water along
short flowpaths from the land surface to the water table. This
rapid percolation means that the contaminated water is in
contact with soil minerals for only a brief time; accordingly,
there is little potential for the contaminants to be absorbed by
the soil. Confined aquifers are usually deeply buried and are
covered by a confining unit; as a result, they are much less
vulnerable to contamination than are shallow, unconfined
aquifers. The following table lists features that affect aquifer
vulnerability to contamination and indicates the relative degree
of vulnerability, which is based on characteristics of the fea-

tures.

Hydrogeologic framework

Feature determining
aquifer vulnerability
to contamination

Minimal
vulnerability

Substantial
vulnerability

Unsaturated zone

Confining unit

Aquifer properties

Thick unsaturated zone overlying
almost impermeable material,

such as clay or organic materials.

Thick confining unit of clay or
shale above aquifer.

Minimal permeability, such as in
silty sandstone or limestone.

Thin unsaturated zone overlying
sand and gravel, limestone,
and basalt.

No confining unit.
Substantial permeability, such as

in sand and gravel, cavernous
limestone, or basalt.

Ground-water-flow system

Feature determining
aquifer vulnerability
to contamination

Minimal
vulnerability

Substantial
vulnerability

Recharge rate

Location within a flow system
(proximity to recharge or
discharge area).

Negligible recharge rate as in
arid regions.

Discharge area of a regional flow
system or deep parts of that
system where water movement
is slow.

Rapid recharge rate as in humid
regions.

Recharge area of a regional flow
system or area within the cone
of depression of a pumping
well or field.

EXPLANATION

Dissolved-solids concentration,
in milligrams per liter

CUSTER

Base modified from U.S. Geological Survey
digital data, 1:2,000,000, 1972

Figure 18. Dissolved-solids concentrations in ground water in
Segment 7 generally are less than 1,000 milligrams per liter, which

indicates that much of the water is fresh.
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The concentration of dissolved solids in ground water
provides a standard for categorizing the general chemical
quality of the water. The dissolved-solids concentration is
determined largely by the types of deposits and rocks through
which the water moves and the length of time the water is in
the aquifer, as well as by contaminants in the water. Second-
ary Federal drinking-water regulations recommend a maxi-
mum dissolved-solids concentration of 500 milligrams per li-
ter. In some areas, however, water with a dissolved-solids con-
centration of as much as 1,000 milligrams per liter is used for
human consumption. Dissolved-solids concentrations that
exceed 500 milligrams per liter are common near coastal ar-
eas and in deep aquifers in Idaho, Oregon, and Washington
(fig. 18). Most deep aquifers are overlain by shallower aqui-
fers that contain water with smaller dissolved-solids concen-
trations. However, in some irrigated areas, water in shallow
aquifers contains a large dissolved-solids concentration that
resulted from percolation of the irrigation water, and in cen-
tral parts of closed basins, evaporation concentrates minerals
in shallow ground water.

Areas where dissolved-solids concentrations exceed 500
milligrams per liter (fig. 18) reflect (1) irrigation, chiefly on the
Snake River Plain and the Columbia Plateau, (2) saltwater in
underlying consolidated marine sedimentary rocks in Oregon
and Washington, (3) evaporation in closed basins in south-
central Oregon, and (4) geothermal water leaking into the cold
freshwater system, chiefly in Idaho and Oregon.
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FRESH GROUND-WATER
WITHDRAWALS

Fresh ground-water withdrawals during 1985 were about
4,800 million gallons per day in Idaho, about 660 million gal-
lons per day in Oregon, and about 1,220 million gallons per
day in Washington (fig. 19). Categories of use in each State

Fresh ground-water withdrawals by county vary as shown
in figure 20. Rates of withdrawal are distributed evenly through-
out some counties; however, most major withdrawal sites are
for irrigation or public supply and, therefore, are denser in
specific areas. Except for Clark, King, Kitsap, Thurston, Pierce,
and Spokane Counties, Wash., which contain the cities of
Vancouver, Seattle, Bremerton, Olympia, Tacoma, and Spo-
kane, respectively, and Multonomah County, Oreg., which
contains the city of Portland, all the counties shown in fig-

also vary. Withdrawals for agricultural (primarily irrigation) pur- EXPLANATION

poses exceed all other uses in each State. Withdrawals for ir-
rigation are particularly large in Idaho. Withdrawals for public
supply are largest in Washington, which is the most densely

ure 20 that have withdrawals of 10 million gallons per day or
more use most of the water for agricultural purposes. The
Snake River Plain in Idaho and the Columbia Plateau in Oregon 4g°
and Washington, which are two areas of intensive agricultural
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Fi ig ure 20. Except for population centers in Washington, most
of the fresh ground-water withdrawals in counties where more than 0 50
10 million gallons per day is withdrawn are used for agricultural 50 100 KILOMETERS
purposes.

Figure 19. Fresh ground-
water withdrawals vary greatly
for most uses in Segment 7.
Most fresh ground-water with-
drawals are used for agricultural
(primarily irrigation) purposes.

Domestic and commercial

Data from Solley

o

and others, 1988

Agricultural =

Idaho
Total withdrawals 4,800
million gallons per day

RN

Industrial, mining, and
thermoelectric power

Figure 21. Most major
withdrawals of fresh ground
water are in specific areas, and
the water is used mostly for
public-supply and agricultural

EXPLANATION Major withdrawal sites in Oregon

Major site of fresh ground-water Site

- s s 450 withdrawals and reference Geographic area Aquifers! Principal uses
(primarily irrigation) purposes. number for accompanying number
tables Hood River (springs) € Public supply.
1 : Northern Wasco County A; D Irrigation.
®  Washington Eastern Morrow County A,D ditto
e Oregi Western Umatilla County A, D ditto
Milton-Freewater area A, D ditto
.33 Idaho Pendleton A, D Public supply.
i Grande Ronde Valley A,D [rrigation.
S Cow Valley (] ditto
Y Harney Valley A, B, C ditto
OU SCALE 17,500,000 Ana River Springs A ditto
0 50 100 MILES Fort Rock Valley A, C, D ditto
0 50 100 KILOMETERS Christmas Lake Valley " ditto
Klamath Basin ] ditto
Klamath Falls A, C Public supply.
Big Butte Springs (Medford) A, C ditto
Coos Bay-North Bend A ditto
Eugene-Springfield area A Irrigation, public supply.
Harrisburg-Halsey area A Irrigation.
Corvallis-Albany area A ditto
- North Santiam area A ditto
French Prairie-Molalla area A ditto
Portland area A Irrigation, public supply.

A, Unconsolidated-deposit aquifers; B, Pliocene and younger basaltic-rock aquifers;
C, volcanic- and sedimentary-rock aquifers; and D, Miocene basaltic-rock aquifers.

Base modified from U.S. Geological Survey Modified from U.S. Geological Survey, 1985

digital data, 1:2,000,000, 1972

Major withdrawal sites in Washington Major withdrawal sites in Idaho

Site Site

Geographic area Aquifers! Principal uses Geographic area Aquifers ! Principal uses
number number
Clark County A Industrial. Idaho Panhandle A Public supply, irrigation.
Pierce County A Public supply. Rathdrum Prairie A Public supply, industrial,
King County A ditto rural domestic.
Okanogan County A Irrigation, industrial. Moscow-Lewiston area D Industrial, public supply,
Spokane County A Public supply, irrigation. irrigation.
Adams County D Irrigation. Salmon River Basin A Public supply, irrigation.
Grant County A, D ditto Payette—Weiser River Valleys A, D ditto
Yakima County A,D Industrial, public supply. Boise Valley c Irrigation, public supply,
Franklin County A, D Irrigation, public supply. industrial, rural domestic.
Walla Walla County A, D ditto Murphy area C Irrigation.
! A, Unconsolidated-deposit aquifers; and D, Miocene basaltic-rock aquifers. I(V:\ountai; P!qme—Bruneau area S\ g‘::o
amas Prairie itto
Big and Little Wood River Valleys A Irrigation, public supply.
Central Snake River Plain B Aquaculture, irrigation.
Cottonwood-Oakley Fan area C Irrigation.
Rupert-Burley area B ditto
Raft River Valley A ditto
American Falls-Blackfoot area B Irrigation, aquaculture.
Big and Little Lost River Valleys A Irrigation, public supply,

Most of the water is withdrawn at specific sites (fig. 21). industrial.
e . . : Mud Lake area B Irrigation.
Large-scale irrigation projects account for mc_>st of the with- Bistargs Forls Tition Villegs & Irrigation. public supply.
drawals, but those for public supply also are important. The Upper Snake River Valley B ditto
tables accompanying figure 21 list the major withdrawal sites Bear River Basin A ditto
by name and aquifer and indicate the purpose for which the Curlew Valley A Irrigation.

I'A, Unconsolidated-deposit aquifers; B, Pliocene and younger basaltic-rock aquifers;
C, volcanic- and sedimentary-rock aquifers; and D, Miocene basaltic-rock aquifers.

water is used.
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UNCONSOLIDATED-DEPOSIT
AQUIFERS

Unconsolidated-deposit aquifers (fig. 22), which consist
primarily of sand and gravel, are the most productive and
widespread aquifers in Idaho, Oregon, and Washington. These
aquifers are prevalent along present and ancestral stream
valleys and in lowlands that are associated with structural or
erosional basins. These unconsolidated-deposit aquifers pro-

120°
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vide freshwater for most public-supply, domestic, commercial, S Vel o b2
and industrial purposes. They also are important sources of N[BT 1 e l:l Unconsolidated-deposit
e \ D{ aquifers
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water for agricultural (primarily irrigation) purposes in many
parts of Segment 7.
The unconsolidated deposits are mostly alluvial deposits,
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but in places, they consist of eolian, glacial, or volcanic de- Ak : el
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posits. Alluvial deposits consist primarily of well-sorted par- RS s gy
ticles that range in size from clay to boulders. The finer par- § L“}i’_‘” ctsawaTeR | Y gt
ticles—clay and silt—generally form confining units, whereas o o hezrach /7 . i B .
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the coarser particles—primarily sand and gravel with some K ;:’;“\f} T T RLGHETERS uncon S Olldated_
cobbles and boulders—form productive aquifers. Eolian depos- bl 5 3 L
its, or loess, consist chiefly of clay, silt, and fine sand. Although @) 3 Rlven
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loess is well sorted, it does not form productive aquifers be-
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deposit aquifers
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cause it is fine grained, usually unsaturated, and commonly < PRGN |
is only a veneer overlying other rocks. Glacial deposits con- - é’j: % ;.}N“\W}f}? e [ ol
sist chiefly of mixtures of particles that range in size from clay g *E’“ﬁ’ vl ST PP f?) 0/ R
to boulders. These deposits can be either well sorted where R, e 2 ",'\'/?\’ / » cr S5 e :7 ]
they were deposited by glacial meltwater (glacial outwash) or ey S I T e TJ PN
i , . faayl - T
unsorted where they were deposited at the margins of the ice ;-,‘ i f .w._,ﬁs e ol N
(glacial till). Where these deposits are well sorted, they form o o el sl T M 55* P T ] S
productive aquifers. Volcanic deposits consist chiefly of ash }Nj,}\_;/m;; | ; il _sQ e i %‘ = =t IS R )
and basaltic sand, particularly in southwestern Idaho and G A | | e N\ %}-; QA LEnovgy/ £ "iv'}' Nl
southeastern Oregon. These deposits, which commonly are N s Somf i | o™ ,"3} ‘S\ { b
interbedded with thin flows of basalt and welded tuff, gener- pE s K LNy ?“ﬂ 7 | % ?' DA R
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aquifers. .
4 Typically, unconsolidated deposits along stream valleys F_lgure 22. ‘(_Inconsolidated deposits onglocene, Pleistocgne,
; g . ; Pliocene, and Miocene age compose the most important and widely
consist chiefly of sand and gravel that form productive aqui- distributed aquifers in Segment 7.
fers. The thickness of the deposits along present stream val-
leys commonly is less than 250 feet. Many of these aquifers
are not shown in figure 22 because of the scale of the map.

Basins filled with unconsolidated deposits (fig. 23) were minute. Segmentwide, the specific capacity (the volume of
formed by faulting or erosion or both. Thick sequences of water a well will yield per foot of drawdown in the well) of wells
unconsolidated deposits that have variable permeability are completed in unconsolidated deposits ranges from less than
common in these basins (fig. 24). In some basins, these de- 5 to 1,000 gallons per minute per foot of drawdown. Public-
posits might be as much as 5,500 feet thick. Where thick se- supply wells completed in glacial outwash in Washington re-
quences of these deposits are present, the uppermost 500 feet portedly yield as much as 10,000 gallons per minute in the
generally is the most permeable because the deposits are Puget Sound area and 19,000 gallons per minute in the Spo-
increasingly compacted with depth. The volume of water stored kane Valley. The ability of this type of aquifer to yield water
in the deposits and the permeability of the deposits depend usually decreases with depth as the unconsolidated deposits
primarily on the parent rock type. Basins in areas where the become progressively finer grained and compacted. In some
bedrock consists of volcanic, igneous, and metamorphic rocks basins, however, the unconsolidated deposits might be under-
typically contain extremely permeable aquifers that consist of lain by volcanic rocks that are more permeable than the un-
coarse sand, gravel, and cobbles that were eroded from the consolidated deposits.
parent rocks, whereas basins in areas where the bedrock con- The unconsolidated-deposit aquifers generally yield fresh-
sists of consolidated sedimentary rocks of marine origin, such water but locally yield saltwater, especially in south-central
as limestone, dolomite, and shale, typically contain much less Oregon and in coastal areas. In south-central Oregon, the salt-
permeable clay, silt, and fine sand that was eroded from the water generally is the result of evaporation of surface and

EXPLANATION parent rocks. In both types of basins, the deposits typically are ground water in closed basins (fig. 25), which concentrates the
Unconsolidated deposits—Clay, silt, coarser grained near the margins of the basins and finer dissolved constituents in the remaining water. In coastal areas,
sand, and gravel. Generally coarse grained near the center of the basins. the saltwater is the result of induced movement of saltwater
near valley margins and stream Permeability of the unconsolidated deposits is variable; from the ocean or other saltwater bodies into the freshwater
Figure 23. Typically Confining unit—Clay sa.nd and gravel commonly yield from 20 to 23000 gallons per aquifers; this movement often 'is caused by large withdrawals
basins formed by faultin g’or erosion ) ) minute to wells. Coarser deposits along major streams and from wells. Because saltwater is denser than freshwater, salt-
or both are filled with unconsolidated deposits, VOIchc a"l‘li Sed'me"ttazy r|°°ks— deposits of glacial outwash yield from 500 to 2,500 gallons per water contamination is restricted to the basal part of the fresh-
many of which form productive aquifers where the ¢ :le:ﬁ y compacted clay minute to wells that penetrate from 50 to 150 feet of saturated water aquifers. Where such saltwater contamination has oc-
deposits are coarse grained. The total thickness of these deposits. Fine-grained deposits commonly yield from 1 to 100 curred, the adverse effects can be mitigated either by discon-
deposits ranges from a few feet to as much as 5,500 feet. Pre-Miocene rocks—Consolidated rock gallons per minute depending on the percentage of clay. Un- tinuing withdrawals or by adjusting withdrawal depths or rates
Bait—Anows show ralstive direction consolidated deposits in closed basins in southeastern Oregon or both, so that, in effect, freshwater is “skimmed” from the

of movement are typically fine grained and yield from 1 to 200 gallons per top part of the aquifers.
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Unconsolidated-deposit aquifers
. Volcanic- and sedimentary-rock aquifers
: Figure 25. In closed
SR i i - : oy ] basins, virtually all water is Aquifers in pre-Miocene rocks

Figure 24. Thick, unconsolidated deposits of variable perme- discharged by evapotranspiration. s
ability are common in Segment 7. At this locality, extremely This process concentrates the dissolved Fault—Arrows show relative direction
permeable sand and gravel underlie moderately permeable sand constituents in the ground water to the extent of movement
and clay and overlie minimally permeable clay (lakebeds). that the water might be salty.
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Figur e 26. Pliocene and younger basaltic rocks form pro-
ductive aquifers in parts of southern Idaho and southeastern
Oregon.

PLIOCENE AND YOUNGER
BASALTIC-ROCK AQUIFERS

Pliocene and younger basaltic-rock aquifers (fig. 26) con-
sist primarily of thin, basaltic lava flows and beds of basaltic
ash, cinders, and sand. The aquifers are most productive in the
Snake River Plain of Idaho. These aquifers yield freshwater that
is used mostly for agricultural (primarily irrigation) purposes.

Most of the Pliocene and younger basaltic rocks were
extruded as lava flows from numerous vents and fissures con-
centrated along rift or major fault zones in the Snake River
Plain. The lava flows spread for as much as about 50 miles
from some vents and fissures. Overlapping shield volcanoes
that formed around major vents extruded a complex of basal-
tic lava flows in some places (fig. 27). Thick soil, much of
which is loess, covers the flows in many places. Where exposed
at the land surface, the top of a flow typically is undulating and
nearly barren of vegetation (fig. 28). The barrenness of such
flows contrasts markedly with those covered by thick soil where
agricultural development is intensive (fig. 29).

EXPLANATION

- Pliocene and younger

basaltic-rock aquifers

Low shield
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100 KILOMETERS

No &
o S0
L&

Figure 27. The extrusion

the earth's crust.

Modified from Bond and others, 1978;
and Gonthier, 1984

of lava from numerous, overlapping
shield volcanoes, particularly in southern
Idaho, has resulted in a complex of basaltic lava
flows characteristic of the Pliocene and younger basaltic-
rock aquifers. Most flows are extruded from a central vent
or fissure, and some are associated with large rift zones in

Low shield with pit crater

F———Rift zone —

Modified from
Greeley, 1982

EXPLANATION

- Most recent basalt flow—

Multiple basalt flows

Figure 28. The undulating surface of the eastern Snake River Plain

was formed primarily by basaltic lava flows that are, in many areas,
mantled by wind-deposited soil that supports native grass and sagebrush.
A shield volcano is shown on the horizon in the center of the photograph.

Figure 30. Pillow basalt
formed when a basaltic lava
flow entered water and cooled
rapidly. As the ball-shaped
pillows cooled and later were
weathered, extensive intercon-
nected open spaces developed
in the flow.

The permeability of the Pliocene and younger basaltic
rocks is dependent on several factors: (1) the cooling rate of
the basaltic lava flows, (2) the thickness of the basaltic lava
flows, and (3) the number and character of interflow zones
(permeable zones at the tops and the bottoms of flows). The
cooling rate was most rapid when flows entered water and
formed pillow basalt (fig. 30). These flows have numerous
interconnected open spaces at their tops and bottoms. Some
of these flows have a fragmental texture similar to that of sand
and gravel or of cobbles and boulders. Where flows did not
enter water, cooling was slower, but the tops and the bottoms
of the flows cooled much more rapidly than did their centers.
Open spaces, such as vesicles (fig. 31), which are voids be-
tween rock fragments, and most importantly, fractures and
joints between blocks of basalt, developed in the upper and

Figure 32. A typical
Pliocene and younger basaltic
lava flow contains layers of
varying permeability. Per-
meability is greatest near the
top and the bottom of the flow
and least in the dense, center
part of the flow.

i G

Fig ure 31. Core samples of basaltic rock from a test hole in
Idaho show the differences between vesicular (top) and dense
(bottom) basalt. The numbers are the depth below land surface,
in feet, at which the core was collected.

H10

Flow top—
vesicular,
scoriaceous
and broken;
substantial
permeability

Flow center—
dense, few
vesicles, most
fractures are
vertical; mini-
mal permeability

Flow bottom—
vesicular and
broken; substan-
tial permeability

Modified from Whitehead, 1992

Figure 29. Barren basaltic lava flows contrast markedly with
cultivated land developed in the thick soil that covers other flows.

lower zones of the flows (fig. 32) as the tops and the bottoms
cooled while the centers continued to flow. In contrast, few
open spaces developed in the centers of the flows where cool-
ing was slowest (figs. 31 and 32). When entire flows cooled
extremely slowly, few open spaces developed even in the up-
per and lower zones of the flows. These flows form dense zones
within more permeable zones, and wells that penetrate these
dense zones commonly yield little or no water (fig. 33).

The thickness of the individual flows is variable; the thick-
ness of flows of Holocene and Pleistocene age averages about
25 feet, whereas that of Pliocene-age flows averages about 40
feet. The thinner the flows are, the greater the possibility for
the transmission of some water through the centers of the flows
and the greater the number of permeable interflow zones.

Well A Well B
\ /

Modified from Whitehead, 1992
EXPLANATION

- Basaltic rocks

[_—_l Dense zone—Almost impermeable

F ig ure 33. Dense zones of basalt might contain little or no
water, even though deeper, less dense parts of the basalt, are
saturated. Wells completed in dense zones (well A) will yield
little or no water, even though they are completed below the
regional water table shown by the dashed line. If a well is drilled
deeper to penetrate saturated, permeable basalt (well B), then
the water level in the well will rise to the level of the regional
water table.

Contains some lava tubes



Fig ure 34. Layers of fine-grained, unconsolidated deposits
between interflow zones form confining units that can create
perched water-table conditions. The clay lakebed sediments
shown here separate a fractured basalt from an overlying pillow
basalt that cooled rapidly as it flowed into the lake.

The interflow zones contain most of the interconnected
open spaces in the basaltic rocks. In some places, the interflow
zones are separated from each other by layers of unconsoli-
dated deposits (fig. 34) that were emplaced during the time
between flows or between eruptive episodes. Where the uncon-
solidated deposits are fine grained (soil or lakebed sediments),
the deposits form confining units and can create perched
water-table conditions. Where the unconsolidated deposits are
coarse grained (stream gravel), the deposits enhance the
permeability of the adjacent interflow zones.

The permeability of the Pliocene and younger basaltic
rocks is greatest in areas that have sequences of flows that
cooled rapidly, are thin, have numerous interflow zones, and
have few interbedded layers of fine-grained unconsolidated
deposits. Such an ideal sequence is shown in figure 35; this
idealized sequence represents four eruptive episodes labeled
A (oldest) through D (youngest). During each eruptive epi-
sode, as many as seven flows were extruded. After four flows
were extruded during eruptive episode A, parts of flows 3 and
4 were eroded, and stream gravel was subsequently deposited
on part of flow 3. This stream gravel forms a zone of substan-
tial permeability. This gravel was subsequently covered by flow
1 of episode B. At the end of eruptive episode B, volcanic
activity ceased long enough to allow soil to develop on flow
6. This soil forms a confining zone of minimal permeability.

VOLCANIC- AND SEDIMENTARY-
ROCK AQUIFERS

Volcanic- and sedimentary-rock aquifers (fig. 38) consist
of a variety of volcanic and sedimentary rocks. These aqui-
fers are not as productive as the unconsolidated-deposit, Plio-
cene and younger basaltic-rock, or Miocene basaltic-rock
aquifers. Volcanic- and sedimentary-rock aquifers generally
yield freshwater but locally yield saltwater. About 30 percent

Interflow zone at
bottom of flow
consisting of
pillow basalt

Extremely permeable
interflow zone
(pillow basalt) ™

Layer of primarily
unconsolidated
deposits consisting
mostly of clay

E de C
lakebed sediments Aiptivg epignde

(seven flows)

Interflow zone at top
of flow consisting of
fractured basalt

Eruptive episode A
(four flows)

NOT TO SCALE
Modified from Whitehead, 1992

Figure 35. Sequences of thin basaltic lava
flows provide multiple interflow zones that make

Figure 36. Wwells
completed in Pliocene
and younger basaltic-
rock aquifers might

Eruptive episode D
(four flows)

No erosion or deposition;
existence of boundary
inferred from change in
texture or mineralogy

air, depending on the

atmospheric pressure
and the air pressure in
the unsaturated zone
below dense basalt
zones forming semi-
confining units.

Eruptive episode B
(six flows)

“CaE—— Erosion and deposition

of stream gravel
EXPLANATION

Unconsolidated deposits—Clay,
ancestral soil, or stream gravel
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Pliocene and younger basaltic rocks

these Pliocene and younger basaltic-rock aquifers

extremely permeable.

During episode C, flow 6 was extruded into water-forming pil-
low basalt; the resulting interflow zone between flows 5 and 6
is extremely permeable. In contrast to the zones between flows
of episodes A and B or B and C, there is no evidence of either
erosion and deposition or soil formation during the time be-
tween the extrusion of the last flow (flow 7) of episode C and
the first flow (flow 1) of episode D; these episodes can be
distinguished only by subtle textural or mineralogical changes
in the respective flows.

The water level in some wells completed in Pliocene and
younger basaltic-rock aquifers is affected by changes in atmos-
pheric pressure where the overlying unsaturated zone in the
Pliocene and younger basaltic rocks contains zones of dense
basalt that function as semiconfining units (fig. 36). When the
atmospheric pressure is less than the air pressure in the un-
saturated zone below the semiconfining units, the water level
in the wells will rise, and air might be expelled (fig. 36). Con-
versely, when the atmospheric pressure is greater than the air
pressure in the unsaturated zone below the semiconfining
units, the water level in the wells will decline, and air might be
drawn in. Water levels in such wells might fluctuate several
tenths of a foot in response to changes in atmospheric pres-
sure (fig. 37). The exchange of air continues until equilibrium
is reached between the atmospheric pressure and the air pres-

sand, and gravel mostly yield less than 100 gallons per minute
of water to wells. Rarely, wells will yield several thousand gal-
lons per minute. Where major faults are present, the rocks
commonly contain geothermal water under confined condi-
tions.

Silicic volcanic rocks in northeastern Idaho are extremely

Contact between flows

sure in the unsaturated zone below the semiconfining units. If
a person is standing adjacent to a well during a period of large
differential, the force of the air being expelled or drawn in could
be great enough to blow off the person’s hat.

Wells completed in Pliocene and younger basaltic-rock
aquifers commonly have specific-capacity values that range
from 500 to 1,000 gallons per minute per foot of drawdown.
In the Snake River Plain of Idaho, the transmissivity of these
aquifers, which was estimated from aquifer tests and digital
simulation of the upper 200 feet of the aquifers, ranges from
about 100,000 to about 1 million feet squared per day. The
estimated transmissivity for the entire thickness (about 4,000
feet) of these aquifers commonly ranges from about 10,000
to about 2,400,000 feet squared per day; the maximum esti-
mated transmissivity is about 4 million feet squared per day.

Near the margins of their outcrop area, the Pliocene and
younger basaltic-rock aquifers are underlain by unconsoli-
dated-deposit, volcanic- and sedimentary-rock, and Miocene
basaltic-rock aquifers and aquifers in pre-Miocene rocks. Most
of the underlying aquifers are much less permeable than the
Pliocene and younger basaltic-rock aquifers. The types of
rocks or aquifers underlying the Pliocene and younger basal-
tic-rock aquifers in the central part of their outcrop area are
unknown.
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Figure 37. Atmospheric pressure changes inversely affect
water levels in wells. Low pressure causes water levels to rise as
much as several tenths of a foot. High pressure causes water levels
to decline a similar distance.
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permeable in places, as indicated by the large springs that
issue from these rocks (fig. 41). Specific-capacity values of
wells completed in these rocks range from 1 to 2,000 gallons

of the fresh ground-water withdrawals are used for public-sup-
ply, about 20 percent are used for domestic and commercial,
and about 50 percent are used for agricultural (primarily irri-
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gation) purposes.

The volcanic rocks that compose the aquifers consist
primarily of Pliocene and younger basaltic rocks on the east-
ern side of the Cascade Range in Oregon and Washington and
silicic volcanic rocks in southern Idaho and southeastern Or-
egon; unconsolidated volcanic deposits included in the aqui-
fers are ash and cinders. The sedimentary rocks that compose
the aquifers consist primarily of semiconsolidated sand and
gravel eroded mostly from volcanic rocks. In some places, the
aquifers might consist of a single rock type; in other places,
the aquifers might consist of several interbedded rock types.

The permeability of the various rocks that compose the
aquifers is extremely variable. Interflow zones and faults in
basaltic lava flows; fractures in tuffaceous, welded silicic vol-
canic rocks (figs. 39 and 40); and interstices in coarse ash,

No welding; few fractures

Moderate welding;
moderate fractures

Dense welding;
many fractures

Moderate welding;
moderate fractures

No welding;
| few fractures

e
Permeability
increases

Modified from Wood
and Fernandez, 1988

Figure 39. The density of fractures determines the perme-
ability in tuffaceous silicic volcanic rocks that form many of the
volcanic- and sedimentary-rock aquifers.

per minute per foot of drawdown but commonly are less than
400 gallons per minute per foot of drawdown. The known thick-
ness of these rocks is about 3,000 feet.

The hydrogeologic characteristics of the volcanic- and
sedimentary-rock aquifers are largely unknown in many places
because they are in remote areas where the demand for ground
water is small. Also, the subsurface extent of these aquifers is
largely unknown because of limited outcrop areas where they
are shown overlying older rocks or because they are too deep
for wells to reach economically. However, in some areas, deep
wells (500 to 2,000 feet) drilled chiefly for geothermal water,
such as in Boise, Idaho, and in places along the southern
margin of the Snake River Plain in southwestern Idaho, have
penetrated these aquifers.

E.H. Walker, uis: Geologlcal Survey 1960

Figure 40. Fractures in some silicic volcanic
rocks provide conduits for water movement.
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i ig ure 38. A variety of volcanic and sedimentary rocks of
Holocene, Pleistocene, Pliocene, and Miocene age form productive
aquifers in parts of southern Idaho, central and southeastern
Oregon, and central Washington.

EXPLANATION

Volcanic- and sedimentary-
rock aquifers

Modified from Bond and others,1978; Molenaar and
others, 1980; McFarland, 1983; and Gonthier, 1984
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F igure 41. Some silicic volcanic rocks are extremely perme-
able, as indicated by the large springs that issue from the rocks.
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in flows that compose most of the Pliocene and younger ba-
saltic-rock aquifers. Open spaces along cooling joints and frac-

ing interflow zones that are penetrated by a well, the greater
the well yield that can be obtained.
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Flow center
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and fractures

and fractures

NOT TO SCALE

Modified from J.J. Vaccaro,
U.S. Geological Survey,

- Flow top or flow bottom—Rubble
zone and vesicular basalt
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- Flow bottom—Rubble, pillow basalt,
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Modified from Bond and others, 1978; Molenaar and
others, 1980; McFarland, 1983; and Gonthier, 1984

F igur e 42. Miocene basaltic rocks form productive aquifers in parts of west-
central and southern Idaho, eastern Oregon, southeastern Washington, and along
the southern Cascade Range in Oregon and Washington. These rocks underlie
Pliocene and younger rocks in much of the intervening areas between outcrops.

Unconsolidated-deposit interbed

. gical or blocky fractures depending on
written communication, 1988

Figure 43. Miocene basaltic rocks form prominent ridges
where the rocks have been extruded as thick flows along the

Columbia River.
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P ig ure 46. Aquifers in pre-Miocene rocks underlie extensive
areas in Idaho, Oregon, and Washington, particularly in moun-
tainous areas.

Modified from Bond and others,1978; Molenaar and
others, 1980; McFarland, 1983; and Gonthier, 1984

F ig ure 44. Open spaces in and between Miocene basaltic lava flows
provide conduits for ground-water movement. Rubble zones and vesicular
basalt at the top and the bottom of a flow provide open space for storage and
movement of water. Fractures in entablature and colonnade basalt provide
some open space. Cooling joints within flow centers can store and transmit
water if they are connected to more permeable zones. The sediment interbed
is permeable if coarse grained but can be a confining unit if fine grained.

depositional environment

AQUIFERS IN PRE-MIOCENE
ROCKS

Aquifers in pre-Miocene rocks (fig. 46) consist of un-
differentiated volcanic rocks, undifferentiated consolidated
sedimentary rocks, and undifferentiated igneous and metamor-
phic rocks that are distributed throughout Segment 7, princi-
pally in the mountainous areas. In some places, the thickness
of the volcanic rocks might be as much as about 5,000 feet
and that of the consolidated sedimentary rocks might be as
much as about 15,000 feet. The thickness of the igneous and
metamorphic rocks is unknown. East of the Cascade Range,
the aquifers in pre-Miocene rocks generally yield freshwater but
locally yield saltwater. Within the Cascade Range and west of
it, these aquifers commonly yield saltwater. Fresh ground-water
withdrawals are used mostly for domestic and commercial

purposes.

In the volcanic rocks, water is present primarily in joints
and fractures as in the Pliocene and younger and the Miocene
basaltic-rock aquifers. In the consolidated sedimentary rocks,
water is present primarily in solution cavities and joints in
carbonate rocks (fig. 47) and in fractures, faults, and inter-
granular pore spaces in clastic rocks, such as sandstone and

Figure 45. The central part of Miocene basallic lava flows
might be dense and contain few or no large open spaces. Yields
of wells completed in dense basalt will be extremely small.

conglomerate. In igneous and metamorphic rocks, water is
present primarily in fractures, faults, and weathered zones that
developed on exposed surfaces (fig. 48). The aquifers in all
rock types generally yield only from 1 to 100 gallons per
minute of water to wells. In all rock types, but especially in
igneous and metamorphic rocks, yields of wells tend to de-
crease as depth increases and open spaces become fewer,
smaller, or are filled with secondary minerals; for example,
there generally are few open spaces in igneous and metamor-
phic rocks below a depth of about 300 to 400 feet.

In places, particularly in western Oregon and in Washing-
ton west of the Cascade Range, the consolidated sedimentary
rocks are of marine origin. At depth, these rocks contain salt-
water that can contaminate overlying freshwater aquifers. Lo-
cally, the saltwater can move upward through open spaces,
particularly faults, and either mix with the freshwater in over-
lying aquifers or discharge to the land surface as springs. Such
discharge can adversely affect the quality of water in the
surficial aquifers that contain freshwater.

Saltwater contamination of freshwater aquifers also can
occur in coastal areas if withdrawals from wells are sufficiently
large to induce saltwater movement from the ocean or other
saltwater bodies into the freshwater aquifers. Because salt-
water is denser than freshwater, saltwater contamination gen-
erally is restricted to the basal part of the freshwater aquifers.

some carbonate rocks are folded
and contorted; where present,
solution cavities and fractures
provide conduits for water
movement.

EXPLANATION

I:, Unconsolidated deposits—Formed by
weathering of pre-Miocene rocks

- Pre-Miocene rocks
—

—— Fault—Arrows show relative direction
of movement
—— Fracture—Arrows show direction of
ground-water movement

Figure 48. Fractures and
faults in igneous and metamorphic rocks
provide conduits for water movement.

| /" Modified from Swindel
and others, 1963
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GREAT BASIN
REGIONAL AQUIFER SYSTEM

NOT

SCAN TS

areas of southeastern Oregon because these areas are sparsely
populated, and ground-water use is minimal. For these rea-
sons, subsequent discussions of the Great Basin regional aqui-

fer system pertain primarily to southeastern Idaho, where de-
velopment of the aquifer system for freshwater supplies has

Only small parts of the Great Basin regional aquifer sys-
tem are present in southeastern Idaho and southeastern Or-
egon (fig. 49). In southeastern Idaho, the aquifer system con-
sists primarily of unconsolidated-deposit aquifers (chiefly sand
and gravel) that overlie volcanic- and sedimentary-rock aqui-
fers (chiefly Pliocene and younger basaltic rocks) in basins,
and aquifers in pre-Miocene rocks (chiefly carbonate rocks)
that form mountain ranges between the basins (figs. 50 and
51); locally, Pliocene and younger and Miocene basaltic-rock
aquifers are present along or near the northern margins of the
aquifer system (fig. 51). Generally, there is an areally ex-
tensive confining unit between the unconsolidated-deposit
aquifers and the underlying volcanic- and sedimentary-rock
aquifers (fig. 50); local confining units are present in all the
deposits and the rocks. In southeastern Oregon, the aquifer
system consists primarily of volcanic- and sedimentary-rock
and Miocene basaltic-rock aquifers; unconsolidated-deposit
aquifers are present along the eastern margin of the eastern-
most area. Little is known about the aquifer system in the two

bou

been extensive. In this report, aquifers that are present in
unconsolidated deposits and in Pliocene and younger basal-
tic rocks in Bear Lake and Caribou Counties in Idaho are hy-
drologically similar to and are discussed with aquifers of the
Great Basin regional aquifer system (fig. 51).

Recharge to the aquifer system is from precipitation, pri-

marily snow falling on the mountain ranges. Snowmelt flows
down the steep mountain fronts, and much of it either infiltrates
unconsolidated deposits that form alluvial fans adjacent to
many mountain fronts (fig. 50) or moves as overland runoff
to small streams tributary to the principal stream that is
present in each basin. Some snowmelt infiltrates Pliocene and
younger basaltic-rock aquifers that are most common in Cari-

County, Idaho, and some snowmelt infiltrates aquifers in

the pre-Miocene rocks that form the mountain ranges. Tribu-
tary streams typically lose much of their flow by infiltration into
the alluvial fans as the streams cross mountain-front slopes.
Alternating fine- and coarse-grained layers in the alluvial fans
result in perched water conditions in many places (fig. 50).
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Water movement in the unconsolidated-deposit aquifers
is primarily toward the principal stream flowing through each
basin and toward wells completed in the aquifers (fig. 50);
water movement in the Pliocene and younger basaltic-rock
aquifers is similar to that in the unconsolidated-deposit aqui-
fers. Because confined conditions are common in both types
of aquifers, wells completed in the aquifers commonly flow at
the land surface. Some water in the unconsolidated-deposit
aquifers moves downward through confining units into the un-
derlying volcanic- and sedimentary-rock aquifers (fig. 50). Wa-
ter movement in the volcanic- and sedimentary-rock aquifers
is primarily toward wells completed in the aquifers. Because
of the confined conditions in these aquifers, the wells typically
flow at the land surface. Virtually all water movement in aqui-
fers in pre-Miocene rocks is toward the basins. Some of this
water is discharged by large springs and sustains the flow in
tributary streams.

Discharge from the aquifer system is primarily by evapo-
transpiration, inflow to streams, spring flow, and withdrawals
from wells. Well yields range from about 1 to about 3,400
gallons per minute. Most wells are completed in either the
unconsolidated-deposit or the Pliocene and younger basaltic-
rock aquifers.
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Fi ig ure 49. The Great Basin regional aquifer system occupies
only small areas in southeastern Idaho and southeastern Oregon.
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Pliocene and younger basaltic-rock aquifers

Development of the Great Basin regional aquifer system
and equivalent aquifers within Segment 7 has been most ex-
tensive in parts of five counties in southeastern Idaho (fig. 51).
A synopsis of some aspects of the ground-water system in the
Great Basin regional aquifer system and equivalent aquifers in
Idaho, by county, is presented below:
¢ In Bear Lake County, development is concentrated in the

Bear River Valley. Most water is obtained from unconsoli-
dated-deposit (most of the valley) and Pliocene and
younger basaltic-rock (northern part of the valley) aqui-
fers. Flowing wells are common; the depth to water in
nonflowing wells is about 60 feet. Well yields range from
about 10 to about 1,800 gallons per minute, and the water
from all aquifers is fresh. Fresh ground-water withdraw-
als are used primarily for public-supply, domestic and
commercial, agricultural (primarily irrigation and livestock
watering), and industrial purposes.

e In Caribou County, development is concentrated in the Bear
River Valley, Gem Valley, and the Soda Springs area. In
the Bear River Valley, most water is obtained from uncon-
solidated-deposit aquifers. Flowing wells are common; the
depth to water in nonflowing wells is about 60 feet. Well
yields range from about 10 to about 1,800 gallons per
minute. In Gem Valley, most water is obtained from Plio-
cene and younger basaltic-rock aquifers. The depth to
water in wells ranges from about 10 to about 180 feet. Well
yields range from about 30 to about 2,700 gallons per
minute. In the Soda Springs area, most water is obtained
from Pliocene and younger basaltic-rock aquifers. Flow-
ing wells are common; the depth to water in nonflowing
wells is about 265 feet. Well yields range from about 10
to about 3,400 gallons per minute, and the water from all
aquifers is fresh. Fresh ground-water withdrawals are used
primarily for public-supply, domestic and commercial, ag-
ricultural (primarily irrigation and livestock watering), and
industrial purposes.

¢ In Franklin County, development is concentrated in the Bear
River Valley and in the Preston area. In the Bear River
Valley, most water is obtained from unconsolidated-de-

Great Basin
regional
aquifer
system

EXPLANATION

Unconsolidated-deposit aquifers—
Includes perched water body

Volcanic- and sedimentary-rock aquifers
Aquifers in pre-Miocene rocks

Confining unit

Fault—Arrows show relative direction
of movement

Direction of ground-water movement

In the Preston area, most water also is obtained from
unconsolidated-deposit aquifers. Domestic wells generally
are less than 200 feet deep, whereas large-capacity wells
generally are from 200 to 500 feet deep. Flowing wells are
common; the depth to water in nonflowing wells is about
120 feet. Well yields range from about 10 to about 2,500
gallons per minute, and the water is fresh. Fresh ground-
water withdrawals are used primarily for public-supply, do-
mestic and commercial, and agricultural (primarily irri-
gation and livestock watering) purposes.

¢ In Oneida County, development is concentrated in the Malad

River Valley and the Curlew Valley. In the Malad River
Valley, springs and seeps discharge large volumes of water
from unconsolidated-deposit aquifers. About 300 flowing
wells yield a total of about 8,000 gallons per minute, pri-
marily from unconsolidated-deposit aquifers; the uncon-
solidated deposits are known to be as much as 1,200 feet
thick in places. Wells generally are from about 200 to
about 500 feet deep; the depth to water in nonflowing
wells is about 100 feet. Well yields range from about 20
to about 2,000 gallons per minute. In Curlew Valley, most
water is obtained from unconsolidated-deposit aquifers.
Wells generally are from about 200 to about 840 feet
deep. Well yields range from about 20 to about 2,500
gallons per minute, and the water from all aquifers is fresh.
Fresh ground-water withdrawals are used primarily for
public-supply, domestic and commercial, and agricultural
(primarily irrigation and livestock watering) purposes.

¢ In Power County, development is concentrated in Arbon

Valley. Most water is obtained from unconsolidated-deposit
aquifers; unconsolidated deposits are known to be as
much as about 3,000 feet thick in places. Flowing wells
are common; the depth to water in nonflowing wells is
about 50 feet. Well yields range from about 450 to about
3,400 gallons per minute, and the water is fresh. Fresh
ground-water withdrawals are used primarily for public-
supply, domestic and commercial, and agricultural (pri-
marily irrigation and livestock watering) purposes.

Information pertaining to ground-water conditions in the

Miocene basaltic-rock aquifers

Aquifers in pre-Miocene rocks—Carbonate-
rock aquifers are patterned

Boundary between Great Basin regional aquifer
system and equivalent aquifers

Figure 51. Development of the Great
Basin regional aquifer system and equiva-
lent aquifers has been extensive in parts

of five counties in southeastern Idaho, where
most fresh ground-water withdrawals are
obtained from unconsolidated-deposit and
Pliocene and younger basaltic-rock aquifers.

posit aquifers. Flowing wells are common; the depth to
water in nonflowing wells is about 60 feet. Well yields
range from about 10 to about 1,800 gallons per minute.

Great Basin regional aquifer system and equivalent aquifers in
Idaho is summarized by county in table 1.

Table 1. Ground-water conditions in the Great Basin regional aquifer system and equivalent aquifers in Idaho

[Aquifer: Ud, unconsolidated deposits; Ybr, Pliocene and younger basaltic rocks; pM, pre-Miocene rocks. Water use: PS, public supply; DC, domestic and commercial;
A, agricultural (primarily irrigation and livestock watering); I, industrial. Symbols: n.d., no data available; <, less than; >, greater than]

Typical Depth to Range of
’ Principal well depth water well yields Principal
Location aquifer (feet below (feet below (gallons per water use R
land surface) land surface) minute)

GREAT BASIN REGIONAL AQUIFER SYSTEM
Franklin County dd, pM PS, DC, A

Bear River Valley n.d. Flowing-60 10-1,800

Preston <200-500 Flowing-120 <10-2,500 Domestic wells generally <200 feet deep.
Oneida County ad ditto

Curlew Valley <200-840 n.d. 20-2,500

Malad River Valley <200-500 Flowing-100 20-2,000 Unconsolidated deposits 1,200 feet thick, in places.
Power County ditto ditto

Arbon Valley n.d. Flowing-50 <450-3,400 Unconsolidated deposits 3,000 feet thick, in places.
EQUIVALENT AQUIFERS
Bear Lake County dd, Ybr, pM PS,; DG, A,1

Bear River Valley n.d. Flowing-60 10-1,800 Ybr is main aquifer in northern part of county.
Caribou County dd, Ybr ditto

Bear River Valley n.d. Flowing-60 10-1,800 Ud is main aquifer.

Gem Valley n.d. <10-180 30-2,700 Ybr is an important aquifer.

Soda Springs n.d. Flowing-265 10-3,400 ditto
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Snake River
Plain regional
aquifer system

42°

Figure 53. Pliocene and
younger basaltic-rock aquifers
predominate in the eastern 440
plain, whereas unconsolidated-
deposit aquifers predominate in
the western plain.

SNAKE RIVER PLAIN REGIONAL
AQUIFER SYSTEM

The Snake River Plain regional aquifer system underlies
a large, crescent-shaped lowland that extends from near the
western boundary of Yellowstone National Park in eastern Idaho
to the Idaho-Oregon border where the Snake River enters Hells
Canyon (fig. 52). The northern and southern boundaries of the
Snake River Plain generally coincide with the contact between
unconsolidated deposits or Pliocene and younger basaltic
rocks in the lowland and older rocks in adjacent highlands.

Early ground-water studies concentrated only on that part
of the plain east of the Thousand Springs area and north of
the Snake River, an area of about 9,600 square miles. A re-
gional study, which was begun in 1979 by the U.S. Geologi-
cal Survey, focused on the entire 15,600 square miles of the
Snake River Plain. During 1980, about 3.1 million acres on the
plain was irrigated—about 2 million acres with surface water,
about 1 million acres with ground water, and about 100,000
acres with a combination of surface and ground water. About
5,300 wells provided ground water for irrigation.

Abrupt changes in hydrogeologic conditions along the
Snake River between Salmon Falls Creek and King Hill, Idaho,
make it feasible to discuss the regional aquifer system by
area—the eastern and the western plains (fig. 53). In the east-
ern plain, the regional aquifer system consists primarily of
Pliocene and younger basaltic rocks with some overlying and
interbedded unconsolidated deposits; in the western plain, the
aquifer system consists primarily of unconsolidated deposits
with some Pliocene and younger basaltic rocks (fig. 53).
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Figure 52. The Snake River Plain regional aquifer system
underlies a large, crescent-shaped lowland in southern Idaho
and a small part of east-central Oregon.

Modified from Whitehead, 1992
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Figure 54. Pliocene and younger basaltic rocks are thickest
near the central part of the eastern plain and are much thinner in 2 2= SOMILES
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F ig ure 55. The saturated thickness of Pliocene and younger
basaltic rocks is greatest near the central part of the eastern plain

but is much less in the western plain.
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The Pliocene and younger basaltic rocks are from 1,000
to 2,000 feet thick in large areas of the eastern plain but are
that thick in only a small part of the western plain (fig. 54).
Similarly, the saturated thickness of Pliocene and younger ba-
saltic rocks is from 500 to greater than 1,000 feet in large
areas of the eastern plain but is that thick in only a small part
of the western plain (fig. 55). Because there are few deep wells
in the eastern plain, the thickness of Pliocene and younger ba-
saltic rocks in areas where these rocks range from 1,000 to
more than 3,000 feet thick (figs. 54 and 55) was estimated
by using electrical resistivity surveys (the maximum thickness
estimated was 5,500 feet). Consequently, some older volca-
nic rocks (including basalt and silicic volcanic rocks) might
be included with Pliocene and younger basaltic rocks, particu-
larly in areas where the thickness exceeds 1,000 feet. This is
also true where the Pliocene and younger basaltic rocks are
shown as thin (less than 100 feet thick) or absent along the
north-central and northeastern margins of the plain (figs. 54
and 55).
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The aggregate thickness of unconsolidated deposits—
those overlying, interbedded with, and underlying Pliocene and
younger basaltic rocks (fig. 56)—was determined primarily
from drillers’ logs. The unconsolidated deposits have a thick-
ness pattern opposite that of the Pliocene and younger basal-
tic rocks; the unconsolidated deposits are much thicker in the
western plain than in the eastern plain and are as much as
about 5,500 feet thick near the northwestern tip of the west-
ern plain. In the central part of the eastern and western plains,
most wells penetrate only the upper part of the Pliocene and
younger basaltic rocks. In these areas, therefore, the thickness
of the unconsolidated deposits primarily represents deposits
that overlie the Pliocene and younger basaltic rocks; much of
this thickness represents soil that has developed on the Plio-
cene and younger basaltic rocks. In some places, such as parts
of Craters of the Moon National Monument, virtually no soil has
developed on the youngest basaltic rocks that were extruded
only about 2,000 years ago.
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Figur e 56. unconsolidated deposits generally are thickest
around the margins of the eastern plain and in the central and
western parts of the western plain where Pliocene and younger
basaltic rocks are absent.

Modified from Whitehead, 1992
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Figure 57. The depth to the upper-
most volcanic rock unit indicates the
topography of the volcanic rock sur-
face underlying the uppermost uncon- 44°
solidated deposits.
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Figure 58. The general direction of
ground-water movement in the Snake

River Plain regional aquifer system is il

Modified from Whitehead, 1992
SCALE 1:2,500,000
0 25 50 MILES
]

T
0 25 50 KILOMETERS

from east to west. Much of the dis-
charge from the aquifer system is to
the Snake River. Rocks of low perme-
ability underlie areas of shallow local
aquifers or perched water bodies.
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F ig ure 59. Pliocene and younger
and Miocene basaltic-rock aquifers fill the
eastern Snake River Plain to depths
exceeding 5,500 feet. Volcanic- and
sedimentary-rock aquifers might
underlie the basaltic-rock aquifers
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Figure 60. Unconsoli-
dated-deposit aquifers are
interbedded with Pliocene and
younger basaltic-rock aquifers
near the margins of the eastern
Snake River Plain where
perched water bodies
commonly are present.
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Fault— Arrows show relative direction
of movement

The topography of the volcanic rock surface underlying
the uppermost unconsolidated deposits is indicated by figure
57, which shows the depth to the uppermost volcanic rocks.
Pliocene and younger basaltic rocks are the shallowest volcanic
rocks throughout much of the entire Snake River Plain. Mio-
cene basaltic rocks and silicic volcanic rocks are the shallowest
volcanic rocks, primarily near the margins of the eastern plain
and in the southern and northwestern parts of the western
plain. The canyonlike troughs in the volcanic rock surface in
the western plain are the result of the complete erosion of near-
surface, thin layers (generally less than 100 feet thick) of Plio-
cene and younger basaltic rocks that once overlaid thick se-
quences of unconsolidated deposits.

The configuration of the regional water table of the aqui-
fer system (fig. 58) generally parallels the configuration of the
land surface of the Snake River Plain; that is, the altitude of
the water table is greatest in the extreme eastern part of the
plain and is least in the Hells Canyon area along the Idaho-
Oregon border. Upstream bending of the water-table contours
where they cross the Snake River shows the places where the
aquifer system is discharging to the river. The water-table con-
tours shown in figure 58 were based on water levels measured
in about 1,600 wells during spring 1980. In a general way, the
configuration of and the spacing between contours indicate
changes in the geologic and hydrologic character of the aqui-
fer system and show the direction of horizontal ground-water
movement at the water table. The increasing space between
contours generally indicates more permeable or thicker parts
of the aquifer. Conversely, the narrowing space indicates less
permeable or thinner parts of the aquifer. Hydraulic head must
increase to move the same volume of water through the less
permeable or thinner parts of the aquifer system. Estimates
of the depth to the regional water table can be made by sub-
tracting the altitude of a water-table contour at a given point
from the altitude of the land surface at the same point.

Areas where shallow local aquifers or perched water bod-
ies overlie the regional aquifer system are shown in figure 58.
Water levels in these areas are higher than those in the regional
aquifer system. Other such areas might exist but are too small
to show in figure 58. These areas are underlain by rocks that
have extremely low permeability.

Eastern Plain

Multiple thin flows of Pliocene and younger basaltic rocks
that are interbedded with unconsolidated deposits form the
Snake River Plain regional aquifer system in the eastern plain.
Pliocene and younger basaltic-rock aquifers predominate in the
central part of the plain; unconsolidated-deposit aquifers pre-
dominate along the margins of the plain (figs. 59 and 60).
Miocene basaltic-rock aquifers underlie the Pliocene and
younger aquifers in part of the plain (fig. 59) but are used as
a source of water only near the margins of the plain. In some
places, silicic volcanic rocks of the volcanic- and sedimentary-
rock aquifers underlie the Miocene basaltic-rock aquifers along
the margins of the plain (fig. 59); in other places, aquifers in
pre-Miocene rocks are along the plain's margins (fig. 60).

EXPLANATION

Unconsolidated-deposit aquifers—Darker
pattern shows perched water body

Confining unit

Pliocene and younger basaltic-rock aquifers
Aquifers in pre-Miocene rocks

Fault—Arrows show relative direction of movement
Direction of ground-water movement

Direction of surface-water runoff
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Eastern Plain—Continued

Generally, the regional aquifer system in the eastern plain
is an unconfined system, although dense, unfractured basalt
and interbedded clay layers cause semiconfined and confined
conditions in places. Permeability of the Pliocene and younger
basaltic-rock aquifers is extremely variable, as indicated by the
considerable range in the size of openings present in outcrops
(fig. 61). Individual basalt flows average about 25 feet in thick-
ness; extremely permeable zones at the tops and the bottoms
of flows range in thickness from less than 1 to about 10 feet.
In places, permeable zones between flows or at the top of a
flow might be filled with fine-grained unconsolidated deposits
that decrease the permeability of the zones. The central parts
of most Pliocene and younger flows are dense and almost im-
permeable. Wells completed in Pliocene and younger basaltic-
rock aquifers generally penetrate numerous flows to obtain
water from many permeable zones. Deeply buried flows of
Miocene basaltic rocks typically are thicker and less perme-
able than flows of Pliocene and younger basaltic rocks.

Much of the recharge in the eastern plain originates as
precipitation on the highlands adjacent to the plain, chiefly on
the northern side. Precipitation falling on the plain itself ac-
counts for less than 10 percent of the total recharge. Infiltra-
tion of surface water diverted from the Snake River for irriga-
tion of land near the river accounts for about 67 percent of the
total recharge. Rainfall and snowmelt on the plain infiltrate
quickly to the water table because of many surface or near-
surface openings (fig. 61) in Pliocene and younger basaltic
rocks; similar openings at depth provide conduits for water
movement.

Much of the discharge from the eastern plain is through
springs. Two major spring discharge areas are near the Ameri-
can Falls Reservoir and the Thousand Springs area near Twin
Falls, Idaho. In the American Falls area, springs and flowing
wells are common because permeable basalt, gravel, and sand

Lava tubes

Pillow lava

o 3 2! ¥ * B
Columnar and polygonal jointing

O

RULER IS EXTENDED TO ABOUT
36 INCHES WHERE SHOWN

Figure 61. Surficial features show the characteristic types
of openings in the Pliocene and younger basaltic-rock aquifers.

A and B, Undulating surface of a basalt flow with collapsed and
partly collapsed lava tubes. C, Large boulders of pillow basalt
formed when lava entered water and cooled quickly. D, Pillow
basalt ranging from boulders to sand grain size. E, Side view of
columnar basalt showing cooling joints. F, Top view of columnar
basalt showing typical cooling joints. These openings provide
easy access for water from recharge sources to enter the under-
lying aquifer.

E. H. Walker, U.S. Geological Survey, 1957
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units upstream grade into less permeable lakebeds in the vi-
cinity of the reservoir. The result is a series of springs and
seeps at or near river level that discharge about 1.1 million
gallons per minute to the Snake River and the American Falls
Reservoir. At the northern end of the American Falls Reservaoir,
lakebeds (mainly silt and clay) create ideal confining condi-
tions and wells that range from 200 to 400 feet deep flow at
the land surface. Aquifer permeability decreases markedly
southwestward along both sides of the reservoir because the
percentage of clay increases.

In the Thousand Springs area near Twin Falls, the largest
springs issue from saturated pillow basalt (also referred to as
pillow lava) that fills ancestral canyons of the Snake River,
which were truncated by the present canyon (fig. 62). Pillow
basalt formed in stream channels upstream from temporary
dams that were created by basalt flows. Water downstream
from the temporary dam drained away, and dense basalt
formed in the abandoned channel as it filled with lava (fig. 63).
Upstream from the temporary dam, the channel became a
temporary lake. As lava continued to pour into the lake, the
lava exploded violently as a result of rapid cooling and formed
fragments of basalt that ranged in size from sand to huge
boulders. The result was a permeable mix of basaltic sand,
gravel, and boulders that are able to store and transmit large
volumes of ground water.

Many springs issue from the north wall of the Snake River
Canyon (fig. 59); some of these springs are as much as 200
feet above river level. Early in the development of the water re-
sources in the area, water from the springs was recognized as
having potential for hydroelectric power generation, irrigation,
and aquaculture (fish farming). Since then, development of the
springs has increased significantly.

Wells in the eastern plain withdraw large volumes of water
primarily for agricultural (chiefly irrigation) purposes. Ground
water in the eastern plain also is used for public-supply, do-
mestic and commercial (including aquaculture), and industrial
purposes.

A synopsis of some aspects of the ground-water system
in the eastern plain (fig. 64) is presented below:

e In the area between Twin Falls and Salmon Falls Creek in
Twin Falls County, the water table has risen as much as
200 feet as a result of recharge from surface-water irri-
gation. Drains and tunnels have been constructed to al-
leviate some of the waterlogging problems.

¢ |In the area between Twin Falls and the Raft River, which is
chiefly in Cassia County, large tracts of land have been
developed for irrigation with ground water. Declining wa-
ter levels in this part of the Snake River Plain prompted
the State of Idaho to designate several Critical Ground-
Water Areas; these are areas where no additional wells can
be drilled. During 1956, most wells withdrawing water
from unconsolidated-deposit aquifers were from 50 to 500
feet deep, and depth to water ranged from flowing to 150
feet below land surface. Since then, many wells have been
deepened to accommodate declining water levels, and
during 1988, most wells were from 500 to about 1,500
feet deep. Some wells withdraw water from underlying
Pliocene and younger basaltic-rock aquifers. Depth to
water during 1988 ranged from flowing to about 500 feet
below land surface. Waterlogging problems that resulted
from irrigation in the Rupert area in Minidoka County,
which is on the northern side of the Snake River, neces-
sitated the construction of drains to lower the water lev-
els in fine-grained unconsolidated-deposit aquifers.

¢ In the Springfield area in Bingham County, which is at the
northern end of the American Falls Reservoir, layers of
fine-grained unconsolidated deposits (lakebed sediments)
composed chiefly of clay confine water in unconsolidated-
deposit aquifers composed of interbedded sand and
gravel. The sequence of clay layers and interbeds is as
much as 750 feet thick.

* Along the eastern side of the Snake River and near the river
on the western side in the Fort Hall-Blackfoot area of
Bannock and Bingham Counties, unconsolidated-deposit
aquifers that consist of coarse sand and gravel yield wa-
ter to domestic and stock wells, but cinder zones in the
underlying Pliocene and younger basaltic-rock aquifers
yield water to most irrigation wells. The sand and gravel
extends upstream along the Snake River channel to the
junction of Henrys Fork and the Snake River in Madison
County. In this reach, the Snake River loses a substantial

Table 2. Ground-water conditions in the eastern Snake River Plain in Idaho
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P igure 62. Large springs that issue from the north wall of the
Snake River Canyon near Twin Falls, Idaho, discharge thousands
of gallons of water per minute.

Direction of
stream flow ™~__
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volume of water to the underlying sand and gravel. Much
of the water is discharged later from springs at and near
the northern end of the American Falls Reservoir.

* The Mud Lake area in Jefferson County is a large, shallow
basin underlain by clay (lakebed sediments), unconsoli-
dated-deposit aquifers that consist of sand and gravel, and
Pliocene and younger basaltic-rock aquifers. In most
places, water is less than 50 feet below the land surface.
Groups of between 10 and 12 wells pump water into ca-
nals for irrigation use. These wells range from 80 to 160
feet deep, and individual well yields range from 2,000 to
9,000 gallons per minute. In addition to the groups of
wells, hundreds of individual irrigation and domestic wells
are used in the area; yields of these wells range from 10
to 9,000 gallons per minute. Wells immediately south of
Mud Lake are as deep as 400 feet, and depth to water is
about 250 feet below land surface.

¢ In Blaine and Butte Counties, unconsolidated-deposit aqui-
fers that are interlayered with Pliocene and younger ba-
saltic-rock aquifers are present at the mouths of all drain-
age basins that are tributary to the Snake River Plain. In
those areas, depth to water increases rapidly southward
with increasing distance from the boundary of the plain.
The rapid increase is caused by water moving from fine-
grained unconsolidated-deposit aquifers into permeable
Pliocene and younger basaltic-rock aquifers. For example,
immediately south of Arco, wells as much as 1,000 feet
deep are completed in Pliocene and younger basaltic-rock
and interbedded unconsolidated-deposit aquifers; gener-
ally, depth to water is less than 500 feet below the land
surface. A few miles farther south, deep wells penetrate
only Pliocene and younger basaltic-rock aquifers; depth
to water is as much as 1,000 feet below the land surface.
Southwest of Craters of the Moon National Monument in
Blaine County, depth to water is as much as 1,235 feet
below land surface.

e Much of the central plain, which is primarily devoid of veg-
etation, consists of Pliocene and younger basaltic-rock
aquifers, some of which are less than 2,000 years old. A
thin, windblown soil cover supports sparse grass and
sagebrush in places. The lack of economic opportunities,
extensive areas of public land, and remoteness restrict
ground-water development.

Figure 63. Basaltic
lava flows dammed and filled
ancestral canyons of the Snake River
in the eastern plain.

e Areas on the Snake River Plain where water can pond on
the land surface are common because of the irregular sur-
face that was formed by coalescing basalt flows. The prob-
lem of ponded water in irrigated and urban areas was
resolved by drilling disposal wells through which the wa-
ter could drain into an underlying permeable zone. Wells
also were used to dispose of excess irrigation water and
sewage. Laws restricting the use of disposal wells were
enacted during the early 1970s.

¢ Hydraulic properties of Pliocene and younger basaltic-rock
aquifers in the eastern plain are highly variable and, in
most places, poorly defined. The most detailed subsur-
face investigations have been made at the Idaho National
Engineering Laboratory (INEL) site in the central part of
the eastern plain. A 10,000-foot exploratory hole was
drilled on the site during the late 1970’s. The most per-
meable section is the upper 1,200 feet in Pliocene and
younger basaltic rocks of the Snake River Plain regional
aquifer system. The next 1,100- and 7,700-foot sections
consist of Miocene basaltic rocks and undifferentiated
volcanic and sedimentary rocks, respectively, of low per-
meability. The hole bottomed in silicic volcanic rocks. Nu-
merous aquifer tests have been made at the INEL site and
elsewhere on the eastern plain to determine the hydrau-
lic properties of the various rock types. Aquifer tests and
computer simulation indicate that the transmissivity of the
upper 200 feet of the Pliocene and younger basaltic-rock
aquifers ranges from 104,000 to 1.8 million feet squared
per day. Yields of wells completed in the Pliocene and
younger basaltic-rock aquifers are among the largest in
the Nation. Irrigation wells open to less than 100 feet of
the aquifers yield as much as 7,000 gallons per minute
with only a few feet of drawdown. Well yields that range
from 2,000 to 3,000 gallons per minute are common. The
Pliocene and younger basaltic-rock aquifers generally
yield much more water than do the interbedded uncon-
solidated-deposit aquifers. In places where the Pliocene
and younger basaltic-rock aquifers consist primarily of
dense basalt, however, well yields are extremely small.

Information pertaining to ground-water conditions in the
eastern plain is summarized by county in table 2.

[Aquifer: Ud, unconsolidated deposits; Ybr, Pliocene and younger basaltic rocks; Vsr, volcanic and sedimentary rocks; Obr, Miocene basaltic rocks.
Water use: PS, public supply; DC, domestic and commercial; A, agricultural (primarily irrigation and livestock watering); I, industrial.
Symbols: <, less than; >, greater than; INEL, Idaho National Engineering Laboratory]

Typical Depth to Range of
Location Princjpal well depth water well yields Principal Rermaiks
aquifer (feet below (feet below (gallons per water use
land surface) land surface) minute)
Bannock County dd, Ybr <50->1,000 Flowing->400 <10->3,000 PS, DC, A, | Ud is major aquifer.
Bingham County ditto ditto
Fort Hall-Blackfoot area <50-500 Flowing-200 <100-5,000 Ybr is major aquifer.
Springfield area <50->500 Flowing-200 <100->3,600 Artesian wells common.
Blaine County ditto PS, DC, A
Carey area <50->1,300 <50-1,235 <10-360 Deeper wells are east of Carey.
Lake Walcott area 100->900 <100->900 <10->4,200 Most deeper wells are north of Lake Walcott
near Craters of the Moon National Monument.
Bonneville County dd, Ybr, Vsr, Obr PS, DC, A, |
Snake River Valley <100->1,000 Flowing-500 <100-3,600 Large yields in places near Idaho Falls.
Butte County ud, Ybr ditto
Arco area <50->1,000 <10->900 <10-100
INEL <100-10,000 <100->700 <10->7,000 Most wells <1,200 feet deep. Industrial use only
at INEL.
Cassia County dd, Ybr, Vsr, Obr ditto Industrial use is for food processing.
Burley area <100->1,500 Flowing-500 <10-4,000
Clark County dd, Ybr, Vsr <100->900 <100->900 <100-2,250 DC, A Chiefly agricultural use.
Fremont County ditto <100->600 <100->600 <10-5,000 ditto ditto
Gooding County ud, Ybr <100->600 <20->400 <10-1,800 PS, DC, A
Jefferson County ditto PS,DC, A, 1 Industrial wells at INEL.
Mud Lake area <50->1,000 Flowing—>500 10-9,000
S Snake River Valley <100-<1,000 Flowing-<300 <10-100
AR INEL <300->500 200-<500
» Jerome County dd, Ybr 100->700 <100-<600 <10-3,300 PS, DC, A
Lincoln County ditto <200->600 150->500 <10-2,700 ditto
Base modified from U.S. Geological Survey Madison County dd, Ybr, Vsr ditto
National Atlas, 1:2,000,000, 1970 SCALE 1:2,500,000 Snake River Valley <50->600 <10->400 <20-5,100
Figure 64_ Physical aspects and cultural practices ? 2:5 30 MILES Minidoka County dd, Ybr <100->500 <50->500 <10->4,200 ditto Ybr is major aquifer.
affecting the ground-water flow system in the eastern plain ™ ¢ 50 KILOMETERS Power County ditto ditto
of the Snake River Plain regional aquifer system are de- Michaud Flats <50->800 <10->600 <200-3,300
scribed for these locations. Twin Falls County ud, Ybr, Vsr, Obr__ <100-1,500 __ Flowing->500 __10-3,300 __ PS,DC, A, | Geothermal water common near Snake River.
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Western Plain

In the western plain, the Snake River Plain regional aqui-
fer system (fig. 53) consists chiefly of unconsolidated-deposit
aquifers with some Pliocene and younger basaltic-rock aqui-
fers (fig. 65). Pliocene and younger basaltic-rock aquifers are
the major aquifers near Mountain Home in Elmore County,
Idaho. Extremely productive unconsolidated-deposit aquifers
that consist of sand and gravel predominate along the Boise
River and the northern boundary of the western plain. The
percentage of the sand and gravel generally decreases south-
ward as distance from the source rocks—the highlands on the
northern side of the plain—increases (fig. 66). Older fine-
grained deposits of the unconsolidated-deposit aquifers pre-
dominate in the remainder of the western plain and yield only
from 1 to 20 gallons per minute of water to wells. The water
in these aquifers is generally under confined conditions. Dis-
continuous lenses of sand and gravel in the otherwise fine-
grained deposits yield from 1 to 100 gallons per minute of
water to wells. Permeable zones exist at depths of 5,500 feet
below the land surface, but the most permeable zones are in
the upper 500 feet (fig. 67). Estimated transmissivity of the
upper 500 feet of the unconsolidated-deposit aquifers is gen-
erally less than 20,000 feet squared per day. Along the mar-
gins of the western plain, Miocene basaltic-rock and undif-
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ferentiated volcanic- and sedimentary-rock aquifers are present
beneath the unconsolidated-deposit aquifers and are the prin-
cipal sources of geothermal water.

Recharge to the western plain is chiefly from precipitation
on the surrounding mountains and from infiltration of excess
surface water used for irrigation on the lowlands. Discharge
from the aquifer system is by spring flow, seeps, evapotrans-
piration, and withdrawals from wells.

On the western plain, water for public-supply, domestic
and commercial, agricultural (primarily irrigation and livestock
watering), and industrial purposes is provided by ground water.
To obtain the needed volume, public-supply, irrigation, and
industrial wells are usually deeper than domestic and commer-
cial wells and wells used for livestock watering.

At Mountain Home, a local perched water body that is less
than 100 feet thick in unconsolidated deposits supplies water
to many domestic wells (fig. 68). A second perched water
body of greater areal extent in Pliocene and younger basaltic
rocks underlies the unconsolidated deposits. To the south and
west of Mountain Home, the confining unit that underlies the
second perched water body pinches out, and ground water
moves downward through permeable Pliocene and younger
basaltic rocks to the regional water table, which is more than
200 feet below the land surface. Total thickness of the Pliocene
and younger basaltic-rock aquifer is generally less than 2,000
feet.

EXPLANATION
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Figur e 66. The percentage of sand and gravel in the uncon-
solidated-deposit aquifers generally decreases southwestward
toward the Snake River. The lobelike pattern of the areas where
the percentage of sand and gravel exceeds 20 percent reflects
ancestral drainage patterns by indicating the approximate course
(along the center of the lobes) of streams that flowed across the
plain from the adjacent highlands.

Modified from Whitehead, 1992
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Figure 65. Unconsoli-
dated-deposit aquifers fill the
western Snake River Plain to a
depth of as much as 5,500 feet.
These deposits become finer grained
and more compacted with depth.

A synopsis of some aspects of the ground-water system

in the western plain (fig. 66) is presented below:

¢ In Gem, Payette, and Washington Counties, Idaho, the major
stream valleys contain unconsolidated-deposit aquifers
that consist of sand and gravel with varying proportions
of clay. At the northwestern end of the western plain in
Canyon, Gem, Payette, and Washington Counties, Idaho,
and Malheur County, Oreg., the unconsolidated-deposit
aquifers are finer grained than in the central part of the
plain, and their permeability is low. Well yields typically
range from 1 to 20 gallons per minute but are as much
as 3,300 gallons per minute in places. Miocene basaltic-
rock aquifers underlie the unconsolidated-deposit aquifers
and, in places, supply from 1 to 20 gallons per minute of
water to wells. Ground water is used mostly for some
agricultural (primarily irrigation) and industrial purposes.

* Typically, unconsolidated-deposit aquifers in northern
Owyhee County, Idaho, adjacent to the Snake River are
fine grained. Therefore, some communities along the
Snake River obtain their water supplies from wells north
of the river in Canyon County, where unconsolidated-de-
posit aquifers are more permeable. Hydrogen sulfide and
methane are emitted from some wells because of the or-
ganic debris in the fine-grained unconsolidated deposits.
Along the southern side of the Snake River in Owyhee
County, artesian wells drilled at land-surface altitudes of

Table 3. Ground-water conditions in the western Snake River Plain
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Fault—Arrows show relative
direction of movement

2,700 feet or less usually produce free-flowing geother-
mal water from faulted volcanic- and sedimentary-rock
aquifers. These aquifers locally are more than 2,000 feet
thick, particularly in the Bruneau-Grand View area, where
they are underlain by older volcanic-rock aquifers (chiefly
basalt). These volcanic- and sedimentary-rock aquifers
have low permeability except where they are intersected
by faults. Wells that intersect major faults, most of which
trend northwestward, typically have larger yields than
those of wells in unfaulted areas. Some wells that once
flowed have now ceased because of increased develop-
ment of the volcanic- and sedimentary-rock aquifers. In
the Bruneau-Grand View area, extensive ground-water
development and water-level declines resulted in the State
declaring this location a Ground-Water Management Area,
which is an area where additional wells can be drilled only
with permission after the State has determined that with-
drawals from the proposed well will not lower the area’s
water level. Parts of southern Ada and western Elmore
Counties, where most irrigation wells are completed in
Pliocene and younger basaltic-rock aquifers, also have
been declared Ground-Water Management Areas.

Information pertaining to ground-water conditions in the

western plain is summarized by county in table 3.

[Aquifer: dd, unconsolidated deposits; Ybr, Pliocene and younger basaltic rocks; Vsr, volcanic and sedimentary rocks; Obr, Miocene basaltic rocks.
Water use: PS, public supply; DC, domestic and commercial; A, agricultural (primarily irrigation and livestock watering); I, industrial.
Symbols: <, less than; >, greater than]

EXPLANATION
sw NE . . . Typical Depth to Range of
Feet Unconsolidated-deposit aquifers Voration Principal well depth water well yields Principal Remarks
6,000 WESTERN SNAKE RIVER PLAIN P— aquifer (feet below (feet below (gallons per water use
land surface) land surface) minute)
4,000 Snake River Boise River More permeable IDAHO
Volcani d sedi t K Ada County dd, Ybr, Vsr PS,DC, A, T Vsr is aquifer for most geothermal wells.
2,000 g c:n:;f-eig secimentary=roc Boise River Valley <20->1,100 Flowing->600 <10--3,800 Depth to water is greater on plateau in southern
d part of county.
Sea level Miocene basaltic-rock aquifers Canyon County dd, Ybr ditto Industrial use is for food processing.
Po— - " Boise River Valley <20->1,500 Flowing->400 <10-3,000
quiters.in pre-FHocens rocks Elmore County ditto PS, DC, A
2000 No data Mountain Home area <50->1,500 >10-500 <10-5,000
VERTICAL SCALE GREATLY South of Snake River 400->600 <200-400 <10-720
EXAGGERATED - - :
4,000 * - - Modfied o 0 pepe——— Contact—.Apprommate]y lqcated. Gem County ad ditto Most aquifers composed of fine-grained deposits.
0 10 20 MILES ' Queried where uncertain Payette River Valley <50->200 Flowing->100  <10-3,300 Small yields common.
6 1'0 2'0 KILOMETERS Y Faiilt_Arrows: show relative Owyhee County Ud, Ybr, Vsr, Obr ditto Most use is for DC and A.
A ) ) ) direction of movement Homedale to <50-2,000 Flowing->405 <10-5,000 Geothermal water common.
Flgure 67. A generalized hydrogeologic section shows that rect Grand View area
the more permeable parts of the unconsolidated-deposit aquifers are Grand View to <50->3,000 Flowing—>200 <10-4,000 ditto
beds and lenses of sand and gravel. Miocene basaltic-rock aquifers Bruneau area
that underlie the unconsolidated-deposit aquifers are known to Area east of Bruneau <150->4,000  Flowing--500  <10->2,400 ditto
be about 2,500 feet thick. Payette County ad ditto Most aquifers composed of fine-grained deposits.
Payette River Valley <100-600 <50->200 <10-3,300 Small yields common.
Twin Falls County dd, Ybr, Vsr, Obr <100->1,500 Flowing->400 <10->800 PS; DG; A,.l Industrial use is for food processing. Geothermal
water common near Snake River west of
Twin Falls.
Washington County ad, Vsr, Obr <50->400 Flowing->100 <10-100 PS, DC, A Depth to water commonly less than 50 feet.
Small yields common.
EXPLANATION OREGON
Unconsolidated-deposit aquifers—Darker Malheur County ud <50-1,300 <10->500 <10-900 ditto

Clay

F ig ure 68. Perched water cascades over the edge of confining
units to move downuward to the regional water table and recharge
the regional aquifer system.

Confining unit

Dense basalt

pattern shows perched water body

Pliocene and younger basaltic-rock aquifers—
Darker pattern shows perched water body

e d Direction of ground-water movement

H17



Columbia
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regional aquifer

system

COLUMBIA PLATEAd
REGIONAL AQUIFER SYSTEM

The Columbia Plateau regional aquifer system occupies
about 50,600 square miles and extends across a small part
of northern Idaho, northeastern Oregon, and a large part of
southeastern Washington (fig. 69). During 1984, about 3,500
wells were pumped to irrigate about 500,000 acres on the
Columbia Plateau.

The Cascade Range in Oregon and Washington is an
important recharge area for the Columbia Plateau regional
aquifer system. Ground water is little used in the Cascade
Range, which is a remote area with only sparse population. In
the Oregon part of the Cascade Range, volcanic rocks of the
volcanic- and sedimentary-rock aquifer are extremely perme-
able and readily accept large volumes of precipitation that
recharge underlying aquifers.

120° 118°

Figure 70. The areal extent
of the Columbia Plateau regional

aquifer system is contiguous
with the extent of the Grande
Ronde Basalt. Much of the

e

PEND OREILLE
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detailed hydrogeologic study of
the Columbia River Basalt
Group has been done at the U.S.
Department of Energy’s Hanford
Works near the center of the

Columbia Plateau.
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o ig ure 69. The Columbia Plateau is a large, approximately
circular plateau underlain primarily by Miocene basaltic rocks.

EXPLANATION

Grande Ronde Basalt

A—— A’ Line of hydrogeologic section

Well or test hole—Number is

thickness of Miocene basaltic-
rock aquifer penetrated by well;

>, greater than

o35 Unconsolidated deposits underlie
basaltic-rock aquifer
(o] Pre-Miocene rocks underlie

basaltic-rock aquifer

CLEARWATER

JEFFERS ON W R EELER

o

Base modified from U.S. Geological Survey
National Atlas, 1:2,000,000, 1970

Figure 71. nconsoli-
dated-deposit aquifers thin

markedly away from the central

part of the Columbia Plateau
and are thin throughout much
of the plateau. The line of the
section is shown in figure 70.
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Modified from Whiteman
and others, in press
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Figure 72. The Columbia
Plateau regional aquifer system
consists primarily of three basalt
formations separated by con-
fining units. Unconsolidated
deposits that overlie the basalt
formations also are a part of the

i
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Saddle Mountains Basalt

Figure 73. A generalized
section of the northwestern part
of the Columbia Plateau shows
that ground-water flow through
the Miocene basaltic-rock
aquifers generally is toward the
Columbia River from recharge
areas near the boundaries of
the plateau. Ground water
moves through the confining
units that separate the aquifers
but at a slower rate than
through the aquifers.

Aquifers in pre-Miocene rocks

aquifer system. The unconsol-
idated-deposit aquifers are a
principal source of water for
many wells and locally might
be more permeable than the
Miocene basaltic-rock aquifers.

Collectively, howeuver, the thick

Miocene basaltic-rock aquifers

generally yield more water than

do the unconsolidated-deposit

aquifers. Locally, the confining

units can yield small volumes

of water to wells. The line of the

section is shown in figure 70.

Columbia
River

Sea level

Feet
6,000

3,000

3,000

Modified from Weeks and Sun, 1987

Miocene basaltic rocks are generally the major aquifers.
The Grande Ronde Basalt is the most extensive basalt forma-
tion that underlies the Columbia Plateau (fig. 70). The extent
of the plateau coincides with the limits of the Grande Ronde
Basalt. The Grande Ronde Basalt and the overlying Wanapum
and Saddle Mountains Basalt, which are called the Columbia
River Basalt Group, compose most of the aquifer system
(figs. 71 and 72). The Miocene basaltic-rock aquifers are as
much as 15,000 feet thick in places and are overlain by un-
consolidated-deposit aquifers that also are part of the aquifer
system. The Miocene basaltic-rock and the unconsolidated-

deposit aquifers are
Geologic structures

thicker near the center of the plateau.
are important controls on ground-water

occurrence and movement in the Columbia Plateau. Folded
and subsequently eroded layers of rock crop out in upland

areas where water e

nters the aquifer system; the water then

moves downgradient along permeable zones. In places, tight
folds or faults or both and gently dipping layers of rock slop-
ing opposite to the direction of ground-water movement can
impede the movement of ground water. The general movement
of water in the aquifer system is from recharge areas near the
edges of the plateau toward regional drains, such as the Co-
lumbia River (fig. 73).
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Figure 74. In places, the thickness of unconsolidated-
deposit aquifers exceeds 800 feet and can be as much as 2,000 feet.
The unconsolidated deposits generally are not saturated where
they are less than 50 feet thick, especially in the eastern half of the
Columbia Plateau where the materials consist mostly of loess.

In places, unconsolidated-deposit aquifers are more im-
portant aquifers than are the Miocene basaltic-rock aquifers.
The thickness of the unconsolidated-deposit aquifers exceeds
200 feet in many areas (fig. 74) and is locally more than 800
feet (as much as 2,000 feet in places). The estimated hydraulic
conductivity of these aquifers (fig. 75) is extremely variable
but is large enough in places so that the aquifers are produc-
tive, especially where they are thick.

Individual basalt flows in the Columbia River Basalt Group
range from a few tens of feet to about 300 feet in thickness
and average about 100 feet. Some thick flows that are exposed
in canyons and road cuts display extensive fracture patterns
owing to differential rates of cooling. The tops and the bottoms
of flows typically are permeable because of rubble zones,
vesicles, and fractures. Some of these open spaces, however,
are filled with clay minerals that decrease permeability. The
central parts of most flows are dense and almost impermeable.
Openings that have been caused by minor vertical cooling
fractures might provide some permeability in the central part
of the flows.

Wells that are deep enough to penetrate several interflow
zones in the Miocene basaltic-rock aquifers can yield large
volumes of water; however, wells commonly need to be drilled
several hundred feet deeper than the top of the saturated zone
to obtain a desired yield. Expected yields of Miocene basal-
tic-rock aquifers are about 1.5 gallons per minute for each foot
of saturated material penetrated. Unconsolidated-deposit aqui-
fers (chiefly glacial outwash) yield as much as 0.5 gallon per
minute for each foot of saturated material penetrated.
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Figure 75. The estimated hydraulic conductivity of the
unconsolidated-deposit aquifers varies considerably. Hydraulic
conductivity multiplied by the thickness of the aquifers equals the
transmissivity of the aquifers. The estimated transmissivity of the
unconsolidated-deposit aquifers ranges from 40 to 300,000 feet
squared per day with a median of 12,000 feet squared per day.

On the basis of rock geochemical differences and sedi-
mentary interbeds, the Columbia River Basalt Group sequence
has been divided, from oldest to youngest, into three main
units: the Grande Ronde Basalt, the Wanapum Basalt, and the
Saddle Mountains Basalt. The Grande Ronde Basalt, which is
the thickest, contains as many as 131 flows; the Wanapum
Basalt, as many as 33 flows; and the Saddle Mountains Ba-
salt, as many as 14 flows. Interbeds separate the three basalt
formations (figs. 71 and 72). Interbedded unconsolidated de-
posits are more prevalent near the eastern margin of the pla-
teau (fig. 76). In the east-central parts of the plateau, the
basalt sequence is relatively free of interbedded unconsolidated
deposits, except for the interbed that separates the Wanapum
Basalt and the Grande Ronde Basalt. This interbed is present
throughout much of the plateau. In most places, the interbeds
are confining units. The bedrock that underlies the Columbia
River Basalt Group consists of pre-Miocene igneous, metamor-
phic, and consolidated sedimentary rocks.

The extent of the Grande Ronde Basalt is shown in figure
70. Its thickness is known at only a few places, mostly near
the edges of the plateau.

The Wanapum Basalt, which extends over almost as much
area as the Grande Ronde Basalt, is much thinner (fig. 77).
In a few places, the Wanapum Basalt is more than 1,000 feet
thick.

The Saddle Mountains Basalt is much thinner and extends
over a much smaller area than either the Wanapum or the
Grande Ronde Basalts (fig. 78). In a few small areas, the
Saddle Mountains Basalt is more than 800 feet thick.

Rolling hills— |
upland topography L

w Eroded
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Modified from Walters and Glancey, 1969

- Miocene basaltic rocks

EXPLANATION

Unconsolidated deposits

Windblown

Interbedded

Pre-Miocene rocks

Figure 76. A generalized section near the eastern margin of
the Columbia Plateau shows that the Miocene basaltic rocks
contain numerous interbeds of unconsolidated deposits.
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Figure 77. The Wanapum Basall is thickest in the central part
of the Columbia Plateau.

Figur e 78. The extent and thickness of the Saddle Mountains
Basalt are considerably less than those of the Wanapum and
Grande Ronde Basalts.
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COLUMBIA PLATEAU REGIONAL
' AQUIFER SYSTEM—Continued

Ground water moves from topographically high margins
of the plateau through each basalt unit toward major surface
"“"“‘F_L drainages. Potentiometric contours in figures 79-81 show the
general altitude of water levels in the individual basalts. Arrows
show the direction of ground-water movement, which'is ap-
o N proximately at right angles to the lines of equal water-level

‘ altitude. Water in the Grande Ronde Basalt moves toward the
Snake and Columbia Rivers from recharge areas near the
margins of the Columbia Plateau (fig. 79). Movement of water
in the Wanapum Basalt is similar to that in the Grande Ronde
Basalt (fig. 80). The Snake and Columbia Rivers are discharge
areas for water that recharges the Wanapum Basalt near its
116° periphery. Regional ground-water flow is developed in the
Saddle Mountains Basalt only in central Walla Walla County,
Wash., and westward (fig. 81). Elsewhere, flows of this basalt
b i AT R are local, discontinuous bodies. Water in the Saddle Mountains
Basalt moves toward discharge areas along the Columbia River
from recharge areas near boundaries of the basalt.
Ground-water levels in the Columbia Plateau have been
changed by irrigation practices. Water diverted or pumped
A HO from streams or reservoirs for irrigation has locally increased
recharge and caused ground-water levels to rise in places.
Water-level rises of as much as 300 feet have been recorded

48°

122°

46° = ]
p A BB locally in Washington. Because such rises have caused water-
logging in places, drains have been installed. Conversely, irri-
gation with ground water has resulted in local water-level de-
clines of as much as 300 feet in Oregon and 150 feet in Wash-
ington.
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