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FACTORS FOR CONVERTING INCH-POUND UNITS TO METRIC UNITS

f Units) units

~ L

For readers who prefer S| (International Sy
+ i r the tferms used

—~ ar S

han inch-pound units, the conversi
this report are |isted below:

T
3
-~ O

To convert from To Multiply by

Length
inch (in.) millimeter (mm) 25.4
foot (f+) meter (m) 0.3048
mile (mi) kilometer (km) 1.609
Area
square foot (ft2) square meter (m?) 0.0929
acre square meter (m?2) 4,047
square hectometer (hm?2) 0.4047
square mile (mi?) square kilometer (km?2) 2.590
Volume
cubic foot (f+3) cubic meter (m3) 0.02832
gallon (gal) cubic decimeter (dm?)) 3.785
million gallons (Mgal) cubic meter (m?) 3,785

Specific combinations

foot per day (ft/d) meter per day (m/d) 0.3048
foot squared per day (ft+2/d) meter squared per day (m2/d) 0.929
galion per minute (gal/min) cubic decimeter
per second (dm3/s) 3.785
gallon per minute per foot cubic decimeter per second
(gal/min)/ft per meter (dm3/s)/m 12.418
million gallons per day cubic meter per day (m3/d) 3,785
(Mgal/d) cubic meter per second (m3/s) 0.04381
Temperature
degree Fahrenheit (°F) degree Celsius (°C) (n

(1) Temp °C = (temp °F-32)/1.8.



GLOSSARY

Aquifer.--A geologic formation, group of forma+ions, or par+ of a
tormation that contains sufficient saturated permeable materia! to
yield or be capable of yielding usable quantities of water to wells

and springs.

Drawdown.--The lowering of the water level in an aquifer during pumping.
The difference in altitude between the static water level and the
pumping level,.

.
Ground water, confined.--Ground water that is under pressure

significantly greater than atmospheric, and its upper limit is the
bottom of a bed of distinctly lower hydraulic conductivity than
that of the material in which the confined water occurs.

Ground water, perched.--Perched ground water is separated from an
underlying body of ground water by an unsaturated zone. Perched
ground water is held up by a low permeability bed.

Ground water, unconfined.--Water in an aquifer that has a water table.

Head, static.--The height above a standard datum of the surface of a
coiumn of water that can be supported by the static pressure at a
given point. The terms "head" and "water level" ars used
interchangeably in this report. The water level in a well
represents the composite head in the water-bearing materials open
to the well bore.

Hydraulic conductivity.--The hydraulic conductivity of a medium is the

volume of water at the existing kinematic viscosity that will move

: Ty ot : : .
in unit time under 3 unit hydraulic gradient through a unit area

measured at right angles to the direction of flow.

Hydrogeologic map.--A map that illustrates geologic formations or groups
of formations with reference to their hydraulic properties.

Injection well.--A well into which a fluid is pumped or drained (such as

wells used to increase the yield of other wells in an ar23 or to
dispose of fluids in +he subsurface environment).

National Geodetic Vertical Datum of 1929 (NGVD of 1929).--A geodetic
datum derived from a general adjustment of the first-order level
nets of both the United States and Canada, formerly called mean sea
level.

Permeability.--The permeability of a rock or soil is a measure of its
ability to transmit fluid, such as water, under a hydraulic
gradient. Quantitatively referred to as hydraulic conductivity.

Porosity.--The porosity of a rock or sediment is its property of

containing interstices (voids) and may be expressed quantitative
as -!-hn Fa‘!‘!l\ anf +ha uo!n ma /\ﬁ +ha =nl-!- fg ae +r\ +ha +A+al un !um
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Potentiometric surface.--As related to an aquifer, it is defined by the
levels fo which water will rise in tightly cased wells. Where the
head varies appreciably with dep+h in the aquifer, a potentiometfric

P Ao mem P hem o~
it describes the static head along a

surface is meaningful only if
particular specified surface or stratum in that aquifer. More than

one potentiometric surface is then required to describe the
distribution of head.

Saturated thickness.--The thickness of the saturated part of a ga2dlogic
formation or group of formations.

ic -~The rate of discharge of water from a well divided

fic capacity. e
by the drawdown of the water level in the well. If the specific
capacity is constant except for the variation with time, it is

roughly proportional to the transmissivity of the aquifer.

]
( )
.,,

Storage coefficient.--The volume of water an aquifer raleases from or
takes into storage per unit surface area of the aquifer per unit

change in head.

Transmissivity.-~The rate at which water of prevailing kinematic
viscosity is transmitted through a unit width of the aquifer under
a unit hydraulic gradient. It is equal to an integration of the
hydraulic conductivities across the saturated part of the aquifer
perpendicular to the flow paths.

Water table.--That surface in a ground-water body at which the water
pressure is atmospheric. It is defined by the levels at which
water stands in wells that peneterate the water body just far

enough to hold standing water.



A DESCRIPTION OF AQUIFER UNITS IN EASTERN OREGON

By Joseph B. Gonthier

ABSTRACT

Geologic formations in Oregon, east of the crest of the Cascade
Range, have been grouped, according to similarities in their
hydrogeologic and geologic properties, into six major aquifer units.

Two of the units, the igneous and metamorphic and the older volcanic
aquifers, are low-permeability aquifers, have hydrauiic conductivities
generally less than 1 foot per day, and are generally capable of
ylelding only a few gallons per minute to wells., These are important
aquifer units, nevertheless, because they are the only economical source
of domestic water present in east-central Oregon where they crop

out.

Four of the aquifer units contain beds or zones of
high-permeabi!ity materials with hydrau!ic conductivities that commonly
range between 5 and 50 feet per day. In many localities where these
units are present, they are capable of yielding 200 gallons per minute
or more to wells. These productive aquifer units are the basalt,
volcanic and sedimentary, sedimentary, and basin-fill and alluvial

aquifers,

North of the Blue Mountains, the basalt aquifers are part of the

Columbia Basal+t (‘nnup’ a m:Janr' :qunfar of rnn!nn=| av+nn+- in that area

heavy withdrawals, chiefly for irrigation, have resulted in regional
ground-water level declines. South of the Blue Mountains, basalt
aquifers underlie rugged terrane, are not developad, and |ittl2 is known
about their hydraulic properties. Other major aquifer units are heavily
developed in localized areas or in basins throughout eastern Oregon.

Each of the aquifer units generally yields good quality water with
concentrations of dissolved solids less than 500 milligrams per liter.
The basin-fill and alluvial aquifers, mapped in the southern half of
eastern Oregon, may b2 overlain by playa lakes and shallow playa
sediments that may contain water with concentrations of dissolved solids
that exceed 10,000 milligrams per liter. Commonly, deeper ground water
beneath a playa is of good quality.



INTRODUCT ION

In 1975, under the authority of the Safe Drinking Water Act, the

U.S. Environmenta! Protection Agency (EPA) began devel!opment of a

program designed to protect the Nation's underground sourcas of
drinking-water suppiy from contaminants injected into the subsurface.
Regulations of the EPA Underground Injection Control Program (UIC)
state that any aquifer containing water with fewer than 10,000 mg/L
(miltigrams per liter) of dissolved solids is to be protected.

In Oregon the EPA asked the U.S. Geological Survey fo prepare
reports that summarize the available hydrogeologic and water-quality
information that will aid in the evaluation of proposals for underground
injection of liquid wastes. This report summarizes information for
aquifers in Oregon east of the crest of the Cascade Range (fig. 1). An
eariier report by McFariand (1982) describes aquifers in the state west
of the Cascade crest.

Objectives of this study are (1) to delineate and describe major
aquifers, (2) to identify aquifers containing water with
dissolved-solids concentrations exceeding 10,000 mg/L, (3) to evaluate
methods by which the area of review may be estimated for proposed
injection wells in eastern Oregon, and (4) to provide very general
ground-water use information,

The "area of review" is defined by the EPA as "*¥** that area the
radius of which is the lateral distance from an injection well pattern
in which pressure changes resulting from the injection oparation may
cause the migration of the injection and (or) formation fluid into an
underground source of drinking water™ (U.S. Environmental Protection
Agency, 1983).

During preparation of this report and preparation of the report for
western Oregon (McFarland, 1982), it became apparent that hydrogeologic
data in Oregon are inadequate for making reliable estimates of th2 "area
of review" at any locality without first obtaining site-specific data.
Extremeiy rough preiiminary caicuiations of the siz2 of the area of
review can be made using data tabulated in this report, in conjunction
with mathematical equations for predicting pressure buildup due to fluid
injection in aquifers. 1t should be emphasized that only site-specific
data will accurately define tha size of the area that can b2 affected by
pressure buildup due to fluid injection. The equations, explanations of
their use, and their limitations are found in "Radius of Pressure
Influence of Injection Wells" by Warner and others (1979). A detailed
discussion of underground injection is found in "An Introduction to the
Technology of Subsurface Wastewater Injection' by Warner and Lehr
(1977). Both of the above EPA publications are recommandad for ri:
reader who has more than a casual interest in the subjact.
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Methods

Information for this report is compiled from published reports of
the U.S. Geological Survey, Oregon Water Resources Department, Oregon
Department of Geology and Mineral Industries, and other sources.
Additional data were obtained from water-well reports, U.S. Geological
Survey water-quality files, and from logs of exploratory oil, gas, and
geothernal wells. On the base map prepared for this report the geologic
contacts showing aquifer units (pl. 1) are taken chiefly from "Geologic
Map of Oregon East of the 121st Meridian" (Walker, 1977) and "Geologic
Map of Oregon West of the 121st Meridian™ (Wells and Peck, 1961). The
geologic contacts have been modified slightly in places where more
recent pertinent studies have been made. A popular publication,
"Geology of Oregon" (Baldwin, 1981), is an informative reference and is
recommended as a source of background information on regional geology.

Geography of the Area

The north-south trending Cascade Range divides Oregon into eastern
and western parts. Eastern Oregon comprises about two-thirds of the
state's area, is sparsely populated, arid to semiarid, and
topographically varied, with rugged forested mountains, daep canyons,
dissected plateaus, and sage-covered plains. Precipitation is greatest
in the Cascades and in the Blue Mountains, but is generally less than 20
inches annually on plateaus and on basin floors that are interspersed
among the mountain ranges (fig. 2).

Eastern Oregon, as defined in this report, contains parts of six
geomorphic regions (fig. 1); these include the High Cascades part of tha
Cascade Range, Daschutes-Umatilla Plateau, Slua Mountains, High Lava
Plains, Basin and Range, and the Owyhee Uplands.

The crest of the Cascades is the west boundary of the study area.
The Cascade Range includes several glaciated volcanic peaks that rise to
altitudes above 8,000 feet; however, the general level of the Cascades
is between 3,000 and 5,000 feet above sea level. The High Cascades
consist of a thick pile of upper Cenozoic volcanic rocks that have not
yet been deeply dissected by erosion. Average annual precipitation in
the High Cascades ranges between 80 and 120 inches, most of it falling
as snow during the late fall and winter months.

The Deschutes-Umatilla Plateau region is a dissected lava plateau.
The plateau surface slopes gently northward from an altitude of about
3,000 feet at its southern edge near the Blua Mountains +o less than 390
feet near the Columbia River. Deep canyons have been carved through the
plateau by the Deschutes, John Day, and Umatilla Rivers, tributaries of
the Columbia River. The Dalles, Pendleton, Hermiston, and
Milton-Freewater are the region's principal communities and the plateau
is a major agricultural region of the state. The principal crop is
wheat. Ground water fron the basalt aquifers, which are comprised of
rocks belonging to the Columbia River Basalt Group, is used heavily for
irrigation in the northern part of the plateau.
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Regional ground-water level declines have occurred in these basalt
aquifers due to heavy pumping. Precipitation on the plateau ranges from
less than 10 to 20 inches annually.

The Blue Mountains region borders the Daschutes-iJnatilla Plateau on
the south and sast and includes several distinct mountain ranges
interspersed with deep canyons, alluvial basins, and dissected plateaus.
The Snake River, which forms part of the east boundary of the study
area, has cut through lava beds and into underlying older more resistant
metamorphic rocks in Hells Canyon. Igneous and metamorphic rocks form
the cores of some of the ranges in the 3lu2 Mountains region; the
highest peaks in these ranges reach altitudes over 9,000 feet.

Principal communities in the region include Prineville, John Day, Baker,
Enterprise, and LaGrande; forestry, agriculture, and Iivestock raising
are the principal industries. Precipitation ranges between 20 and 80
inches annually, the highest amounts occurring in the Wallowa Mountalins.

The High Lava Plains region borders the southwast part of tie 3lue
Mountains. |t has an average altitude of about 4,200 feet and consists
of level lava plains with a few volcanic buttes. The High Lava Plain
merges gradually with and borders the Basin and Range region which
extends from southern Oregon south to Mexico. In Oregon, the Basin and
Range consists of narrow block faulted mountain ranges with intervening
basins. The basin floors are generally at altitudes of about 4,200
feet, are covered with alluvium, and contain permanent, intermittent,
and dry lakebeds. Several of the basins have no outlet to the sea.
Principal communities of the two regions are Bend, Redmond, Burns,
Klamath Falls, and Lakeview. Lumbering, livestock raising, agriculture,
and tourism are the region's chief industries. Average annual
precipitation ranges between 10 and 20 inches.

The Owyhee Upland, in the southeast corner of the state, is a rough
uneven plateau underlain by rocks that are somewhat older and more
deeply dissected than those found in the Basin and Range and High Lava
Plain. The Owyhee River system, which drains the Uplands and flows
north into the Snake River, has dissected the plateau deeply. Vale and
Ontario are the region's principal conmunities, and agricultural and
livestock raising are the chief industries. Precipitation ranges from
less than 10 to more than 20 inches annually.



MAJOR AQUIFER UNITS IN EASTERN OREGON

Eastern Oregon is underlain by diverse geologic formations having
complex stratigraphic and structural relationships. Each formation,
where I+ is saturated and sufficiently thick, is capable of yielding at
lsast smal| quantities of potable drinking water to wells or springs.
Similarities among the geologic and hydrologic properties of these
formations provide the basis for logically grouping and classifying them
intfo six major aquifer units. The aquifer units are informally named,
in ascending order, as follows: (1) Igneous and metamorphic aquifers,
(2) older volcanic aquifers, (3) basalt aquifers, (4) volcanic and
sedimentary aquifers, (5) sedimentary aquifers, and (6) basin-fill and
alluvial aquifers. In general, hydrogeologic data for eastern Oregon
are both sparse and unevenly distributed; consequently, as more data are
accumulated, the above groupings may require revision.

Two of thase aquifer units, the igneous and metamorphic and the
older volcanic aquifers, consist almost entirely of low-permeability
rocks capable of yielding only small quantities of water to wells and
are suitable only for domestic or stock water use. These
low-permeability aquifers are nevertheless important because, in the
areas where they outcrop, they generally are the only economical sources
of potable water available. The remaining four aquifer units each
contain highly permeable beds interlayered with less permeable deposits
and may be capable of yielding large quantities of good quality water
for public supply, agricultural, or other uses. The productive aquifer
units include: basalt aquifers, volcanic and sedimentary aquifers,
sedimentary aquifers, and basin-fill and alluvial aquifers. Table 1
lists the aquifer units, gives a general description of them, their
exposure and their water-bearing properties.

The basalt aquifers, comprised of basalt belonging to the Columbia
River Basalt Group, form one of the most heavily developed aquifer units
in eastern Oregon, especially the Hermiston-Boardman area in Morrow and
western Umatilla Counties, where it provides a large proportion of the
irrigation water used. Other productive aquifers delineated in this
report are used heavily at widespread localities.

The distribution of the aquifers and locations of geologic cross
sections are shown on plates 1 and 2, respectively. Major tectonic
features in eastern Oregon are shown in figure 3.

The cross sections show in a generalized way the structure and
stratigraphic relations among the aquifers of the ragion. Where
possible, the sections are oriented perpendicular to the regional strike
and use data from deep oil exploratory wells. Large vertical
exaggeration of the sections causes extreme distortion of the true dips
of formation along the profile surface. The wells are numbered
according to the rectangular system of land division (see p. 32 for an
explanation).
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Figure 3. — Major tectonic features of eastern Oregon.



The water use and water-quality information for each aquifer are
summarized in a general way in table 2. The numbers of large capacity
wells in each township in eastern Oregon are shown on plate 3. Plate 3
does not indicate the source aquifer for the large capacity wells; it is
based on a 1981 count of Oregon well records available in the U.S.
Geological Survey, Portland office.

Generalized ground-water level contours in salactad araas and the
potentiometric surface for the Columbia River Basalt aquifer are shown
on plate 3. Concentrations of dissolved solids in ground water and in
selected lakes in eastern Oregon are summarized on plate 4.

Ground water in eastern Oregon aquifers generally contains fess
than 1,000 mg/L of dissolved solids. An exception to this generality is
found in the southern nalf of the area, where the basin-fill aquifers
and playas are in contact and where some playas contain surface water
and (or) shallow ground water with concentrations of dissolved solids in
excess of 10,000 mg/L (Phillips and VanDenburgh, 1971). This occurs
because most playas are local or regional sumps into which surface and
ground water move and are eventually discharged to the atmosphere by
evaporation. This process results in the concentration and {(or)
deposition of soluble mineral salts in the playa lake or in the sediment
and shallow ground water beneath it. Commonly, the salty nonpotable
shallow ground water beneath the playa is underlain by fresher potable
ground water.

Ground water with relatively high concentrations of dissolved
solids is also found at shallow depths in localized zones in geothermal
areas such as are found at Vale and Klamath Falls. Ground water
containing more than 10,000 mg/L of dissolved solids is undoubtedly
present a few to several thousand feet below the surface throughout
eastern Oregon, but data from deep oil or geothermal wells are too
sparse to allow reliable estimates of its depth or distribution.

Igneous and Metamorphic Aquifaers

The oldest formations in eastern Oregon are included in this
aquifer unit; they range in age from Devonian through Cretaceous. Areas
where the igneous and metamorphic aquifers occur in eastern Oregon are
shown on plate 1.

Low permeability rocks of the igneous and metamorphic aquifers
consist chiefly of highly folded and faulted crystalline rock including
igneous and metamorphosed sedimentary and volcanic rocks. Matamorphism
probably has destroyed the primary porosity of these formations and
ground water now moves through them in secondary fractures and joint
openings. Commonly, in these types of rocks, the distribution, density,
and size of the secondary openings are irregular and probably diminish

in size and density with increased depth in the subsurface.
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Table 2.--Types of ground-water use and general water quality in eastern Oregon aquifers

{Ground-water use: N, domestic and stock; |, irrigation; IND, industrial; PS, public supply]

Ground-water use

Ground-water quality

Dissolved solids

LocatTons Number
of largest General remarks of
Aquifers withdrawals Principal uses on water use sites Range Median General comments
Basin-fiii and
alluvial Harney Valley I In south half of area 73 40-3,640 212 Saline water and soluble
Fort Rock-Christmas this unit and evaporite beds in and beneath
Lake Valley | underlying vsa aquifer playas may be source of
Lakeview area I are most heavily pumped highty mineralized ground
Vale-Ontario area | aquifers. water. Shallow depth to
water table makes aquifer
sensitive to degradation
from 1iquid or solid waste
ieachates.
Sedimentary Ordnance-Hermiston Mapped in north part of 116 50-1,165 180 Localities where water table is
area 1 area. Use for shallow may be especially
Mil ton-Freewater | irrigation is very sensitive to degradation from
Grande Ronde Valley 1 heavy in Ordnance-~ fiquid and solld waste
Baker valley 1,0 Hermiston area and feachates.
Prineville PS,IND,D Mil+on=-Freewatsr
area where springs
discharging from
this unit suppiy
large quantities of
water.
Volcanic and
sedimentary Harney valley 1,PS,D Mapped in wastern and 261 32-2,840 171 Some wells located near playas
Fort Rock-Christmas southarn part of could induce flows of saline
Lake vallaey | area; heavily used water from shallow deposits
Klamath County | in indicated area; in contact with piayas. In
Lakeview ] suppiies domestic geothermal areas may contain
Bend-Redmond PS, | need elsewhere. mineralized warm +o hot
Vale-Ontario area I,IND,D waters. Some volcanic tuffs
end deposits derived from
volcanlic vent areas may
volcanic vent arsas may
contaln excessive
concentrations of arsenic and
boron.
Basalt Umatilla County | Heavy use is 187 50~695 238 Deeper units in aquifer may
Morrow County 1 concentrated in contain increasing
Wasco County 1, IND,PS selected parts of concentrations of sodium ions
Grande Ronde Valley 1,PS indicated counties that may impair use of water
Milton-Freewater 1,PS or areas; use for for some purposes.
irrigation is more
widely dispersed
outside these
selected areas. |Is
source of domestic
water in most of
outcrop area.
Older volcanic John Day Basin
(dispersed) D Source of domestic 29 96-1,100 223 Suitable source of potable

Igneous and
+. N

@
c
@

©

supply for most
residents; in
outcropping areas,
ovarall use small.

Source of domestic

supply for most
rasidents; in
outcropping areas,
overall use small.

domestic and stock water.

Suitabie source of pofabie
domestic and stock water.
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A few rock types in this aquifer could have relatively high
permeabilities in comparison to other units. For example, soluble
limestone and marble are present locally and may be somewhat more
permeabie due fo eniargement of soiution openings. Two small areas
included in the igneous and metamorphic aquifers in eastern Crook County
actually consist of unmetamorphosed Cretaceous sadimentary rocks.

slightly more permeable and productive than the crystalline igneous and
metamorphic rocks with which they are included.

Igneous and metamorphic aquifers crop out in mountain ranges where
the topography is rugged and not suited for agriculture. These rocks
are deeply buried beneath younger aquifer units in the r~anainder of tha
area and are not an economical source of water. Dissolved solids in
water from 11 sampling sites in the igneous and metamorphic aquifers
range from 100 to 1,420 mg/L; the median value was 297 mg/L. Water from
wells less than a few hundred feet deep can be expected to be of good
quality, suitable for drinking water supply. No water-quality data are
available for deep wells.

Older Volcanic Aquifers

Rocks grouped into the older volcanic aquifer unit consist of
low-permeability Tertiary andesite, dacite, and tuffaceous siltstone,
mudstone, and rhyolite to dacite tuffs. This aquifer unit includes
the Eocene-0ligocene Clarno Formation, the Ol igocene-Miocene John Day
Formation, and some uncertain but probable stratigraphic equivalents in
south-central and southeastern Oragon. Outcropping areas of the
aquifers are shown on plate 1. Low permeability of these rocks is in
part due to weathering and fo alteration of minerals in the volcanic and
volcaniclastic materials to clay. Water from the older volcanic
aquifers is generaliy of good quaiity. Dissolved solids in water
29 sampling sites in the aquifer rangad from 96 to 1,100 mg/L; the
median value was 223 mg/L.

Lo e
Hrom

Basalt Aquifers

Rocks grouped into this aquifer unit are chiefly of Miocene age,
but may include some Pliocene age basalt and basaltic andesite. The
unit also includes some Miocene age rhyolitic rocks and sediments in
southeastern Oregon east of the Steens Mountains (pl. 1). Because
basalt is one of the most ubiquitous rock types cropping out in eastern
Oregon and because all »asalt in Or2gon is not included in this aquifer
unit, the name basalt aquifers may be somewhat misleading to the reader.
Most of the formations included under this aquifer designation are
listed in tables 4 and 6 and the names of the formations are shown where
possible on plate 1. Little is known about the hydrologic properties of
+he rocks included in this aquifer unit south of the Blue Mountains
because there are few wells completed in that area, much of which is
mountainous and unsuited for aquifer development. For this reason the
discussion of the basalt aquifers that follows is mostiy about the
Columbia River Basalt Group and related sedimentary interbeds north of
the Biue Mountains.



The Columbia River Basalt Group is the formal geologic name applied to
several interrelated Miocene formations consisting of basalt lava flows that

under!|ie the Columbia River Plateau. The Plateau covers over 50,000 square
western ldaho, and northeastern Oregon. The

. :
miles of eastern Washington,

Oregon part of the Columbia River Plateau is referred to as the
Deschutes-Umatilla Plateau (fig. 1). The basalt was erupted from volcanic
vent systems in northeastern Oregon and southeastern Washington. Within much
of the Deschutes-Umatilla Plateau in Oregon, the basalt is a continuous unif
that locally exceeds several thousand feet in thickness. The upper 1,500
feet or so of the basalt is developed as a source of water for irrigation and
other uses in several areas.

Localities in eastern Oregon where the basalt is heavily developed as a
source of supply are in northern Morrow County, northwestern Umatilla County,
northern Wasco County, the areas around Pendleaton, Athena, Milton-Freewater,
and in the Grande Ronde Vaiiey in Union County. irrigation wells completed
in the basalt in each of these areas typically yield between 500 and 2,000
gallons per minute and total dissolved solids concentrations are generally
less than 500 mg/L. Withdrawal from the basalt aquifers within the
Deschutes-Umatilla Plateau has caused significant regional ground-water
declines and local water-level declines in excess of 300 feet. These
declines are the combined result of excessive ground-water withdrawals, close
spacing of withdrawal wells, low storage capacity of the basalt, low

Py P e roamdt Aanl arm
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The hydrology of the basalt aquifer is complex and ground-water flow in
the system, both on a local and a regional scale, is strongly influenced by
geologic structures such as folds and faults and by permeability differences
among the stratigraphic units. Recent mapping of the basait by numerous
workers (Swanson and others, 1981) has led to an improved understanding of
the basalt aquifer system and studies are underway in Washington and Oregon
+o unravel the hydrogeologic complexities of this major interstate aquifer.

The basalt in the upland areas of the Deschutes-Umatilla Plateau and the
eastern Blue Mountains is deeply dissected by the Deschutes, John Day,
Umatilla, Grande Ronde, and Imnaha Rivers, and their tributaries. Beneath

e e 2 omom s mmmitm A _andeam Fla, avada liae ac mueah ac

the dissected plateaus, the regional ground-water flow system lies as much as
several hundred feet below the surface. However, small quantities of water
are commonly obtained from relatively shallow local flow systems or from
perched zones in the basalt in most of these areas. In the lowlands of
principal valleys and elsewhere, flowing wells were and are still present,
but in areas where pumpage is significant, flowing wells completed in the

basalt are less common.

Because there is a great thickness of untapped basalt aquifer present
beneath the Deschutes-Umatilla Plateau, much additional water is in storage
and could be withdrawn from the aquifer system. Increased withdrawals will
result in accelerated drawdowns and water-level declines, especially if wells
continue to be closely spaced. Much larger spacings between pumping wells
and greater cooperation, planning, and management among the users of this
resource will be required to optimize yields and minimize drawdowns in the

plateau.
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As wells in the basalt are deepened, it can be anticipated that a
greater percentage of the water pumped will represent older and perhaps more
mineralized water than that previously withdrawn. In eastern Washington,
development of the Columbia River basalt at increasing depths has resulted in
a progressive increase in concentrations of sodium jons in some of the
waters. High sodium ion concentrations in irrigation waters may become a
problem as a component of total salinity and may contribute directly to
breakdown of soii structure and reduction of infiitration rates. Dissolved
solids in water from 187 sampling sites in the Columbia River Basalt aquifer
ranged from 50 to 695 mg/L; the median value was 238 mg/L.

Volcanic and Sedimentary Aquifers

The volcanic and sedimentary aquifers, extending from the High Cascades
in the northwestern part of the area to the Owyhee Uplands in the southeast,
include numerous distinct formations (pi. 1). The aquifer unit consists of
interlayered volcanic and sedimentary rock; however, volcaniclastic and
sedimentary materials probably are more abundant than flow rocks in lowland
structural basin areas. In intervening uplands, basaltic and andesitic flows

are more abundant.

Regional stratigraphic and structural relationships among the individual
rock units included in this aquifer tend to be obscure becauss ths volcanic
rocks have been erupted from countless exposed and buried volcanic vents
scattered throughout the outcrop area. These aquifers have been pumped
extensively for irrigation in most of the basins in the region.

In the High Cascades, a region dominated by major stratovolcanoes such
as Mt. Hood, Mt. Jjefferson, and the Three Sisters, the aquifer unit consists
of huge volumes of Cenozoic andesitic lava and pyroclastic debris, with minor
glacial deposits. Recharge from the abundant precipitation infiltrates
easily into these porous rocks and is ultimately discharged to nearby
streams, in the Klamath and Deschutes River systems on the east side of the
Cascades, or to western Oregon streams. Elsewhere in arid eastern Oregon,
recharge to volcanic and sedimentary aquifers is much less than it is beneath
the High Cascades.

Rocks of the High Cascades merge and interfinger with rocks of the High
Lava Plains and the Basin and Range regions along the east side of the
Cascades. |In the plateaulike area near LaPine and Chemult in northern
Klamath County, the topography of the High Cascades and each adjacent region
is similar.

Few wells have been drilled in the High Cascades; consequently, little

- 1 "~
is known about the water-bearing properties of rocks in that area. Large

volumes of ground water are present in permeable beds at relatively shallow
depths along the east flank of the High Cascades between Sisters and Crater
Lake National Park. High sustained flows of the headwater streams in the
upper Deschutes River result from ground-water discharge from volcanic and
sedimentary aquifers and from snowmelt runoff. Beneath the highest ridges
and volcanic peaks, the regional water table can be expected to be at great
depths beneath the land surface.
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Volcanic and sedimentary rock aquifers are the principal aquifer
unit in the Bend-Redmond area, located in the High Lava Plains province
at the west end of the Brother's Fault Zone at the junction between the
Blue Mountains and High Cascade regions. The hydrology of the
Bend-Redmond area is unique and gives some insight into the hydrogeology
of the more sparsely populated High Lava Plain and Basin and Range

regions southeast and south of Bend, where data are scarce.

The rocks at the surface in the Bend-Redmond area are chiefly thin
Quaternary and Tertiary basaltic and andesitic lava beds that overlie as
much as several hundred feet of unsaturated volcaniclastic deposits,
sediments, and minor lava flows of the Deschutes Formation (so called by
some authors; designated Madras Formation by the U.S. Geological
Survey). The topography is relatively flat and is broken only by a few
volcanic buttes and by narrow canyons of the Deschutes and Crooked
Rivers, which in piaces are incised a few hundred feet below the general
land surface. Although there is little relief in the area, the depth of
the regional water table at Bend is more than 500 feet; whereas, at
Redmond, 17 miles north, it is between 200 and 300 feet owing to the
general northward slope of the land surface. General ground-water
movement in the area is from south to north and this water is eventually
discharged from major springs in deep canyons of the Deschutes and
Crooked Rivers near the Deschutes-Jefferson County line (pl. 3).

After deposition of the volcaniclastic rocks and sediments of the
Deschutes Formation, deep, narrow canyons were eroded into the Deschutes
Formation by the ancestral Deschutes River system. This canyon-cutting
process drained much of the ground water originally contained in the
Deschutes Formation. Later, the ancestrai canyons were refiiied by iava
erupted from fissures and vents located south and southeast of Bend.
This process may have been repeated more than once. In the area east of
Bend and south of Redmond, the lava completely filled and overflowed the
ancestral valleys and buried them. North of Redmond, the ancestral
canyons are only partly filled.

Wells penetrating the regional water table in the Bend-Redmond area

S
Iy

obtain their water chiefiy from voicaniciastic rocks and sedimen
al though many fap lava beds. Many wells in the Bend-Redmond area are
capable of yields in excess of 500 gallons per minute; however, owing to

the large depth to water, the cost of pumping is high.

Hydrogeologic conditions, similar to those described for the
Bend-Redmond area, are possible in volcanic and sedimentary aquifers in
other parts of the High Lava Plains and at the northern edge of the
Basin and Range region.

The High Lava Plains lie on the surface-water divide between the
Deschutes-Crooked River basins and the closed basins of the Basin and
Range. Ground-water divides probably underlie surface-water basin
divides in this area; however, their actual map positions may not
coincide exactly. In a large part of the High Lava Plain, the depth o
the regional water table is as much as several hundred feet beneath the
general surface of the Plain.

15



Occurrences of shallow perched ground water or shallow local flow
systems may be common. Water-level data from the Bend area suggest that
the numerous faults beneath the High Lava Plain may not significantly
disrupt the ground-water flow beneath the area.

The low relief of the High Lava Plain gradually changes southward
into the Basin and Range, where the narrow, high, fault-bound ridges
stand in sharp contrast to adjoining flat-floored sediment-filled
basins. In the basins, the volcanic and sedimentary aquifers are
several hundred feet thick or more and are overlain by a younger,
thinner basin-fill and alluvial aquifer from which it is not easily
differentiated. Permeable unconsolidated and consolidated beds in
either unit in the basins are capable of yielding more than 250 gallons
per minute of ground water to wells. Both aquifers are being heavily
pumped in Harney Valley, Fort Rock-Christmas Lake Valley, the Lakeview
area, the Vale-Ontario area, and Kiamath County. The concentration of
dissolved solids in water samples from 260 sampling sites in volcanic
and sedimentary aquifers ranged from 32 to 2,800 mg/L; the median value
was 171 mg/L. Each of the basins may contain playas and (or) soluble
evaporite deposits that may contain, or be the source of, highly
mineralized saline water with concentrations of dissolved solids in
excess of 10,000 mg/L.

: .
Sedimentary Aquifers

These aquifers have been delineated as a separate unit only in the
northern half of eastern Oregon where it is generally underlain by
basalt of the Columbia River Basalt Group (pl. 1). The aquifer unit
consists of Miocene to Holocene tuffaceous sediments, inciuding
lacustrine, fluvial, glaciofluvial, morainal, alluvial, loess,
valley-fill deposits, and minor amounts of basalt. The unit includes
several separate formations; howaver, at any one location, only one or
two formations are generally present. Generally, the best water-bearing
beds within these aquifers are the unconsolidated sand or gravel and the
best water-bearing units in consolidated and semiconsolidated rock are
sandstone beds. The total thickness of the aquifers in places exceeds
1,000 feet. In northern Wasco County, the Chenoweth Formation of the
Dalles Group (Farooqui and others, 1981), designated the Dalles
Formation by the U.S. Geological Survey, is over 600 feet thick locally.
Fluvio-lacustrine deposits overlying basalt in the Grande Ronde Valley,
may be more than 2,000 feet thick in places. Smaller thicknesses of
sediments are present in the Baker area, the Walla Walla Valley near
Milton-Freewater, and in the Wallowa-Enterprise area.

The saturated thickness of the sedimentary aquifers is greatest in
the Grande Ronde Valley, Milton-Freewater, Baker, Tygh Valley, and
Wal lowa-Enterprise areas, where the water table is shallow and the
saturated thickness is almost equivalent to the total thickness of the
deposits. In much of Wasco, Morrow, and Umatilla Counties, these
deposits are upland plateaus and tend to be largely unsaturated. In
most of the upland areas, the sedimentary deposits are not a major
aquifer unit.
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In the Hermiston-Ordnance area in Townships 4 1o 6 south and Ranges 27
and 29 east, numerous high-capacity wells have been developed in a
shallow sand and gravel aquifer. The aquifer underlies about 70 square
miles, is less than 200 feet thick, and is recharged by precipitation,
seepage from irrigation ditches and streams, and infiltration of excess
irrigation waters. Thin unmapped deposits of alluvium are present along
most streams of the region. The concentration of dissolved solids from
116 sites sampled in sedimentary aquifers ranged from 50 to 1,065 mg/L
and the median value was 180 mg/L.

Basin-fill and Alluvial Aquifers

Basin-fill and alluvial aquifers are delineated as an aquifer unit
in the southern half of eastern Oregon (pl. 1). In that area, the
basin-fill and alluvial aquifers outline and underlie the flat floors of
the major basins. Commoniy, these basins also contain playas which
contain saline water and soluble evaporite deposits. Basin-fill and
alluvial aquifers are comprised of sediments and include alluvium,
lacustrine, volcanic, and windblown deposits; they consist of clay,
silt, sand, gravel, ash, cinders, pumice, diatomite, evaporite beds, and
minor lava flows. Most of these materials were deposited during the
Pleistocene glacial epoch in large lakes that once occupied most of the
structural basins. Because the present climate is drier compared to the
Pleistocene, the !akes have evaporated and shrunk in size or
disappeared. The dissolved solids in water samples from 73 sites in
this aquifer ranged from 40 fo 3,640 mg/L; the median value was 212
mg/L. Water in the playa lakes commonly has dissolved-solids
concentrations greater than 10,000 mg/L.

Most of the materials in this aquifer unit are unconsolidated to
semiconsolidated. The best water-yielding beds are the unconsolidated
sand and gravel or cinder beds. Shallow permeable sand and gravel

streams enter the basins.

Basin-fill and alluvial aquifer sediments are commoniy thin
compared to the underiying voicanic and sedimentary aquifers.
Generally, in basins where both units are present and developed for
water supplies, they will respond to pumping stresses as a single
hydraulically interconnected aquifer system. Sand and gravel beds in
the basin-fill and alluvial aquifers are heavily developed in the
northeast side of Harney Valley near the Silvies River. High-capacity
wells in this aquifer commonly yield 300 to 1,000 gallons per minute.

.
Relation Between A

ulfer Units in Eastern and Western Oregon

The general relationships among the aquifer units delineated in
eastern Oregon in this report and those delineated by McFartand (1982)
in western Oregon are diagrammatically depicted in table 3. The chart
does not depict accurately the stratigraphic relationships between or
within each area, nor is it intended to imply hydraulic interconnections
between units or areas.
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Table 3.--Relation of aquifer units delineated in eastern Oregon to

those delineated in western Oregon

WESTERN OREGON AQUIFER UNITS
(McFarland, 1982)

EASTERN OREGON AQUIFER UNITS
(This report)

~ Unit 1 Unit 1
Tertiary-Quaternary Tertiary-Quaternary
sedimentary deposits volcanic rocks

of the High Cascades

baa sa

Basinfill and alluvial aquifers Sedimentary aquifers

vsa
Volcanic and sedimentary aquifers

/ ba

Unit IV N\
Columbia River Basalt Group /

Unit vV Unit Il
Tertiary rocks Tertiary volcanic rocks
of the Coast Ranges of the Western Cascades

Unit VI N\

>_

X Basalt aquifers

ova
Older volcanic aquifers

_—< Granitic saprolite
\ of the Klamath Mountains //

Unit VII
Paleozoic-Mesozoic bedrock
of the Klamath Mountains

ima
Igneous and metamorphic
aguifers

McFarland's Unit VII|, the Paleozoic-Mesozoic bedrock of the Klamath
Mountains, and the igneous and metamorphic aquifers of this report
include the oldest rocks in western and eastern Oregon raespectively;
they are hydrologically similar in that they are both low-permeability

units.

They include suitas of similar rock types consisting chiefly of

complexly folded and faulted metamorphic and igneous rocks, and each

represents a similar range of geologic ages.
The 40 square miles of igneous

units, however, is marked!y different.

The origin of the two

and metamorphic aquifers shown in the extreme southwest corner of plate

1 are actually a continuation of McFarland's Unit VII.

McFarland also

de!ineated a granitic saprolite aquifer, Unit VI, in southwestern
Oregon, which consists of granular fragments of Mesozoic granite and
granodiorite derived by in-place weathering of those rocks. The
saprolite is a surficial deposit that overlies the granite and is
commonly in contact with Unit |, the Tertiary-Quaternary sedimentary

deposits.

Where the saprolite and Unit | are in contact, they may
actuaiiy behave as a singie interconnected aquifer.

No iithoiogicaliy

similar unit has been identified in eastern Oregon.
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In wastern Oregon, McFarland's Unit 111, the Tertiary volcanic
rocks of the western Cascades, are a continental! facies of Unit V, the
Tertiary marine rocks of the Coast Range. Both these units, in turn,
span a range of geologic time similar to the older volcanic aquifers of
eastern Oregon. These units are hydrologically similar because of their
low permeability. The outcrop mapped as older volcanic aquifers near
the southwest corner of plate 1 is actually a continuation of
McFarliand's Unit (11, the Tertiary voicanic rocks of the western
Cascades, and is included with the older volcanic aquifers in this
report for the sake of simplicity.

Basalt aquifers of this report are equivalent to McFarland's Unit
IV, the Columbia River Basalt Group, which crops out in northwestern
Oregon. The units are interconnected in the subsurface beneath the
Cascades; the Cascades probably form a major surface and ground-water

banlom A2 .34
Lasliil urviue,

Volcanic and sedimentary aquifers of this report are a continuation
of and equivalent to McFarland's Unit 11, the Quaternary-Tertiary
volcanic rocks of the High Cascades. The difference in eastern Oregon
is that this unit is not restricted to the High Cascades region.

As defined in eastern Oregon, the sedimentary aquifers generally

ov:eﬁlue +he {‘Alumbla DI\'IQP‘ Raea|+ f‘r-r\np in +he neschu'!'es—llmn"'f'ln

Plateau and in most of the Blue Mountains region. McFarland's Unit I,
the Tertiary-Quaternary sedimentary deposits, occupies a similar
stratigraphic position in the northern Willamette Valley, but outside of
that area in western Oregon the Columbia River Basalt Group is generally
absent.

Descriptive Information by Geographic Regions

Descriptive geologic and hydrogeologic data for eastern Oregon
aquifers are summarized in tables 4 through 7 at the end of this report.
Geologic information is found in tables 4 and 6 and hydrogeologic
information is in tables 5 anu: 7. Geographic areas covered by tables
and 5 are the Deschutes-Umatilla Plateau and the Blue Mountains \fig

1), and tables 6 and 7 contain similar information for the High
Cascades, High Lava Plains, Basin and Range, and Owyhee Uplands.

Most of the named geologic formations included in each aquifter
unit, the general lithologic character of the aquifer, its extent, and
typical structural setting within the geographic region are summarized

in tables 4 and 6. Hydrogeologic information about the aquifer unit,
including estimates of hydraulic conduc+|v1+v and transmissivity,
assassment of unconfined or confined conditions, and the amount of
ground-water recharge are contained in tables 5 and 7. This information
is based on available data, published reports, and the author's
judgement where data are iacking. Mulitiplie values given for an aquifer
represant normal ranges for the designated locations. |In all areas and
aquifer units, anomolous values have been excluded from the tables

because of their questionable validity.
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The data presented in the tables are from relatively shallow wells
completed in each aquifer system., Consequently, the estimated values
may be valid only for the developed portions of the aquifers. It can be
assumed that in most types of rocks; rock permeabilities decrease with

increased depth and +ha+ confined condifuons will be most prevalent in
deeper parts of an aquifer unit.

DiSCUSSION

To predict the ultimate fate or destination of injected liquid
wastes or other potentially degrading substances, it is necessary to
know in detail the hydraulic properties, geometry, and boundaries of the
subsurface flow system in which it is emplaced. Injected wastes or
surface leachates that enter a ground-water flow system will migrate
downgradient from the emplacement site in response to injection well
pressures and fo natural fiow system gradients. In general, uniess the
wastes are emplaced on or near a ground-water basin divide, the waste
plume will migrate laterally downgradient and be discharged back to
surface waters or to wells within the same basin in which it was
emplaced. This entire migration process may take a few days fo several
centuries, depending upon the size and geometry of the flow system.

Emp lacement of objectionable !iquid wastes on or near a

ground-water basin divide may result in the unexpected migration of

wastes in more than one direction, thus impacting a larger area than
anticipated. It also ensures that the wastes will follow the longest
flow paths possible to a discharge area and this leads to an increased
probability for subsurface diversion of the waste plume by pumping
wells.

During migration, wastes undergo biodegradation and can react with
t+he host fluids and rock materials and be decomposed, neutralized,
adsorbed, diluted, or remain unchanged until discharged.

Ground-water data are too sparse to accurately delineate all
ground-water basins and flow systems; the positions of the major
surface-water drainage basins and selected major subbasins in eastern
Oregon are shown on the geohydrologic map (pl. 1). Generally
ground-water basins and flow systems in Oregon coincide closely with the
surface-water basins they underlie. In the author's judgement, one can
be most confident that this generality is true in areas where the
surface topography is mature and the permeability of the underlying
geologic units is uniform. In eastern Oregon, such areas are in the

Wallowa Mountains and in much of the John Day Basin. In much of the

mama fada ~F +. N
remainder of eastern Oregon, however, one can be less confident that all

surface- and ground-water drainage basins coincide. These areas where
the surface and subsurface drainage basins do not coincide are briefly
described below and the queried arrows on the water-level contour map
(pl. 3) indicate other areas where there are uncertainties in the
position of the major ground-water basin divides and in the directions
of ground-water flow.
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A large part of the discharge of Metolius Springs, at the head of
the Metolius River near Camp Sherman in western Jefferson County, is
believed to be from underflow of ground water originating outside the
Metoiius River subbasin, in the Squaw Creek subbasin near Sisters. Bo
subbasins are tributaries of the Deschutes River system. Similarly,
much of the discharge of Ana Spring that forms the headwaters of the Ana
River, in the Summer Lake closed basin, may be from underflow of ground
water originating outside the Summer Lake basin in the Silver Lake-Fort
Rock-Christmas Lake Valley area to the north or from the west side of
Winter Rim.

I add
i add

ground-water flow patterns can be altered by pumping water from or
injecting liquids into an aquifer system. Alteration of flow patterns
by pumping probably has occurred on a large scale in the basalt
aquifers, in northern Wasco and Morrow Counties, and in western Umatillia
County. In these areas, heavy pumpage for irrigation from the upper
1,500 feet of the aquifer system has resulted in major regional declines
of ground-water levels and possible diversions of ground water from the
subbasins within the region into cones of depressions formed by pumping.

-

tion to the f underflow mentioned above, natural
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