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GEOLOGY AND GROUND WATER OF THE UMATILLA
~ RIVER BASIN, OREGON

By G. M. Hocexson

ABSTRACT

The Umatilla River is a tributary of the Columbia River and drains about
2,700 square miles of the Columbia Plateaus physiographic province in north-
eastern Oregon. The southern and eastern parts of the basin lie in the upland
of the Blue Mountains. The upland, which reaches a general altitude of about
5,000 feet, is separated from the lower land in the northwestern part of the area
by the ramplike Blue Mountain slope.

The climate of the Umatilla River basin ranges from mild and semiarid in
the Umatilla lowland to cool and temperate in.the Blue Mountain upland. Aver-
age annual precipitation increases with altitude from about 7 inches at the
mouth of the river to about 35 inches in the upland.

The oldest rocks of the Umatilla River basin .are pre-Tertiary in age and
consist of amphibolite schist and gneiss, which were intruded by a composite
igneous body of norite and quartz diorite. This pre-Tertiary material is overlain
unconformably by a fairly thick deposit of lavas and continental sediments of
Eocene age (Clarno formation). The lavas are of acidic to intermediate com-
position and the sediments are sandstone, silt, and shale—some of which are
highly carbonaceous. The pre-Tertiary rocks and the Clarno formation crop out
only in the Blue Mountain upland and the higher parts of the Blue Mountain
slope.

The Eocene rocks, in turn, are overlain by the Columbia River basalt of
Miocene age. On the basis of extent, thickness, and structural control of the
topography, this series of accordantly layered basaltic lava flows is the most
important rock unit in the basin,

In places the basalt is overlain by one or more of five types of terrestrial
sediments. The oldest of these is fanglomerate containing lenses of sand and
silt. The gravel of this fanglomerate is composed of basalt pebbles, cobbles, and
boulders. The fanglomerate was deposited during Pliocene time after deforma-
tion of the basalt had started.

Below an altitude of 1,150 feet the basalt (and in places the fanglomerate of
Pliocene age) is overlain by Pleistocene glacial-lake beds and, below 750 feet, by
glaciofluviatile deposits.

All the pre-Pleistocene rock units of the area are mantled in places by a veneer
of loess that was derived, in part at least, from the glacial-lake deposits.

Thin ribbons of Recent alluvium border the larger streams. These alluvial
deposits are composed mostly of basaltic gravels in the Blue Mountains and of
reworked: loess in the lowland districts. In some places, small deposits of white
voleanie ash occur in the alluvium.
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The major topographic features in the area are controlled by the structure of
the Columbia River basalt. The basin, as a whole, is a westward-plunging syn-
clinorium bounded on the southeast by the northeastward-trending anticlinal
crest of the Blue Mountains and on the northeast by the northwestward-trending
crest of the Horse Heaven anticlinal ridge. Lesser structural features include
the transveise Rieth anticlinal ridge, which trends northeastward and separates
the Pendleton plains on the east from the Umatilla lowland on the west. A low
ridge formed by the Service anticline has been mostly removed by erosion, but
a vestigial row of buttes trends northward from Service Buttes to Sillusi Butte.
The axis of the Agency syncline extends northeastward from the city of Pilot
Rock to Athena beneath the topographically low area that served as a depository
for part of the fanglomerate of Pliocene age.

The Columbia River basalt is the most productive and widespread aquifer in
the Umatilla River basin. The fractured scoriaceous zones at the tops of many
of the flows are porous and permeable, but the more compact central and lower
parts of most flows are relatively impermeable. The ground water forms tabular
bodies confined within these scoriaceous zones. Where the lava beds are tilted,
the parts that lie downdip at lower elevations may contain water under artesian
pressure. Recharge to these ground-water bodies occurs where the beds are
tilted and the upturned edges of the scoriaceous zones are exposed or approach
the surface, in slopes and stream valleys, as in the Blue Mountain slope and
the west limb of the Rieth anticline. Large quantities of ground water are
available in the basalt at places where structural conditions are favorable and
recharge is available, as in the lower parts of the Blue Mountain slope and the
Agency syncline and in most of the Umatilla lowland. In less favored areas,
such as the higher parts of the Blue Mountains and the Rieth and Horse Heaven
anticlines, supplies of ground water are commonly developed only in limited
quantities from small zones of perched water.

Moderate quantities of ground water are present under water-table conditions
in parts of the glaciofluviatile deposits where these deposits are thick enough to
provide an adequate storage reservoir. Within these deposits layers of coarse,
well-sorted sand transmit water readily. The glaciofluviatile deposits lie in an
area of low annual precipitation and probably receive most of their recharge
from water spread for irrigation and from streams that cross the deposits.

The gravelly deposits of the Recent alluvium in and near the Blue Mountains
transmit water readily. In most places the ground water in this alluvium is
in hydraulic continuity with the nearby streams.

Except in a few places, the quality of the ground water in the Umatilla River
basin is excellent. In general, the water ranges from soft to moderately hard,
has a moderate mineral content, and does not contain significant concentrations
of objectionable constituents.

INTRODUCTION

PURPOSE AND HISTORY OF THE INVESTIGATION
The study of the geology and ground-water resources of the Uma-
tilla River basin was begun in 1951. A reconnaissance study of the
geology of the area, a well inventory, and a survey of water use were
made, and a report was compiled that listed and interpreted the data.
This report is intended to assist in the wise development and man-
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agement of the ground water and to aid in the selection of ground-
water areas for further, more detailed study.

The project was interrupted by assignment of+phe author to military
duty in 1951, but was resumed in December 1952. Fieldwork for the
project was done mainly in the 11 months from December 1952 to
November 1953. In March 1957 a preliminary version of the report
was released to the open file.

The base map for the project was compiled from standard 30-minute
U.S. Geological Survey topographic maps of thé Blalock Island,
Umatilla, and Pendleton quadrangles, a Forest Service planimetric
map of the Pendleton Ranger district of the Umatilla National
Forest, and—in the area south of the Willamette base line and ~west
of longitude 118°30’—a planimetric map that was compiled by the
author from aerial photographs, Forest -Service maps, and field
reconnaissance.

Data gathered in cooperation with the State Engineer of Oregon
were used freely.

PREVIOUS WORK IN THE AREA

The Umatilla River basin has received intermittent attention of
geologists during the last 30 years or so. In the 1920’s J. Harlan
Bretz (1920, 1923, 1925, 1927, 1930) presented a series of papers re-
porting field evidence and advancing a theory to explain the origin
of the scablands and glaciofluviatile deposits bordering the Columbia
River. Hodge (1931, p. 985-1010) prepared a paper reporting “ex-
ceptional morainelike deposits in Oregon” involving the glaciofluvia-
tile deposits. Allison (1933, p. 675-722) prepared a paper advancing
a new theory to explain the relation of the scablands farther north
to glaciofluviatile deposits of which a part occur in the lower limits
of the Umatilla Basin.

In 1937 Thomas Hite compiled a rough reconnaissance geologic map
of Umatilla County for the Soil Conservation Service of the Depart-
ment of Agriculture. In 1949, Hite’s map was published by Wagner
(1949, p. 4) in a report for the Oregon Department of Geology and
Mineral Industries.

In an unpublished report of the latter agency, Allen* briefly de-
scribed the general geologic and ground-water conditions in a 150-
square-mile area surrounding the city of Pendleton.

ACENOWLEDGMENTS

Dr. Roland W. Brown and Mrs. Jean Hough, paleobotanist and
vertebrate paleontologist, respectively, of the U.S. Geological Survey,

1 Allen, J. E., 1939, Geology and ground water of the Pendleton area, Oregon: Oregon Dept. Geology and
Mineral Resources, unpublished rept.
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identified fossil plants and animals found in the area, thereby estab-
lishing the ages of some of the rock units.

Professors W. D. Wilkinson and William Taubeneck of the Depart-
ment of Geology of Oregon State College offered much technical
assistance and many helpful suggestions.

Local citizens, city and county officials, and people connected with
the construction and operation of water wells were cooperative and
helpful. Commercial well drillers who contributed well logs and
other information include the late Bert Gladney of Pendleton, Oreg.:
Harold Yager, A. A. Durand and Son, the firm of Moore and Ander-
son, and D. K. Smith of Walla Walla, Wash.; A. M. Jannsen of Aloha,
Oreg.; R. J. Strasser and Sons of Portland, Oreg.; and A. M. Edwards
of Lexington, Oreg. Well information was given by officers of the
Walla Walla District, U.S. Army Corps of Engineers, on wells at
the McNary dam site and by officers of the Umatilla Ordnance Depot
on wells at that installation.

The U.S. Soil Conservation Service at Pendleton furnished aerial
photographs and valuable information concerning the soil types and
their distribution within the area. U.S. Forest Service officials fur-
nished some of the base maps that were used.

LOCATION SYMBOLS

Wells and springs in this report are designated by symbols that
indicate their location according to the official rectangular survey of
the public land. In the well symbol 2N/32-10F1, for example, the
part preceding the hyphen indicates respectively the township and
range (T. 2 N, R. 32 E.) north and east of the Willamette base line
and meridian. Because most of the State lies south of the Willamette
base line and east of the Willamete meridian, the letters indicating
the directions south and east are omitted, but the letters “W” and “N”
are included for wells and springs lying west of the meridian and
north of the base line. The first number after the hyphen indicates
the section (sec. 10). The letter following it designates a particular
40-acre tract within the section, according to the diagram below
(fig. 1), and the final digit is a serial number of this well with respect
to the other wells and springs scheduled within that 40-acre tract.

Thus, the example above indicates that the well is located in the
SE1,NW1 of sec. 10, T. 2 N., R. 32 E., and that this well was the first
to be inventoried in this 40-acre tract.

In the tables, well and spring numbers are listed in the order of the
lettered 40-acre tracts within successive sections of the townships.
The townships are listed in the numerical order of the township tiers
north of the Williamette base line and then south of the base line; the
range numbers increase successively eastward in each township tier.
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Sec.10
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FI1GURE 1.—Well-numbering system.

In tables 1 and 2, the location symbols are not given in full for each
well. They are arranged by township and range, under appropriate
subheads, and each well or spring is designated only by that part of
the symbol that indicates section number, 40-acre tract, and serial
number.
GEOGRAPHY
LOCATION AND DESCRIPTION OF THE AREA

This report is concerned with the part of Umatilla and Morrow
Counties in northeastern Oregon that is drained by the Umatilla
River and several smaller streams as shown on figure 2. The area is
roughly oval and includes-about 2,700 square miles.

Among the cities and towns within the area are Pendleton, Hermis-
ton, Umatilla, Pilot Rock, Stanfield, Athena, Echo, Helix, Adams,
Meacham, Rieth, and Kamela, listed in order of decreasing size. The
city of Pendleton (population 14,304 in 1960), centrally located within
the area, is a main railroad, highway, and airline station. The area
is well served by roads and highways, although most of the Blue
Mountains region is accessible only by forest roads and only in fair
weather.

Major industries within the area are agriculture and lumbering.
Dominant agricultural products are small grains, peas, and cattle.
Sawmills in Pendleton, Pilot Rock, and some smaller places produce
lumber from the pine and fir forests of the Blue Mountain upland.

TOPOGRAPHY AND DRAINAGE
GENERAL SUBDIVISIONS
The Umatilla River basin lies entirely within the physiographic
province described by Fenneman (1931, p. 225) as the “Columbia
Plateau.” Two of Fenneman’s subdivisions are represented. These
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00 10 40 MILES
FIGURE 2.—Map of Oregon showing area of this investigation.

are the “Blue Mountain section” and the north central Oregon district
of the “Walla Walla section.” In this report, two major components
of Fenneman’s Blue Mountain section are described—the upland
plateau of the Blue Mountain section and the ramplike slope descend-
ing northwestward from the Blue Mountain upland. This ramp is
referred to as the Blue Mountain slope.

BLUE MOUNTAIN UPLAND
The uplands of the Blue Mountain section have been eroded to
youthful and mature stages by consequent streams which have pro-
duced many steep-walled canyons. In the more maturely dissected
regions, which lie near the edges of the upland area, the canyons are
separated by sharp razorbacked ridges and narrow remnants of the
older surface on the bedrock lavas. In the less maturely eroded parts,
which lie near the summit of the Blue Mountains, the deep narrow
canyons are separated by strips of the broad, relatively flat plateau
that composes the Blue Mountain upland. The elevation of the Blue
Mountain upland ranges from 3,500 feet at Cabbage Hill to more than
5,000 feet at Huckleberry Mountain.
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dunes oriented generally parallel to the direction of the prevailing
wind. The interesting geologic history of this area has been described
by Bretz (1930, p. 92-93), Allison (1933, p. 675-722), and others.

The dissected glacial-lake beds, lying between altitudes of 750 feet
and 1,150 feet, are so badly eroded by wind and water that only a few
remnants of the old lakebed surface remain as long, low terraces at
altitudes of 1,000 feet to 1,150 feet in Tps. 3 and 4 N., R. 30 E. The
terraces are underlain by thick deposits of rudely stratified lacustrine
silt and small quantities of erratic (ice-rafted) sand, gravel, and
boulders. In places the silt has been much reworked by wind. The
reworked material is similar to the loess that lies at higher altitudes
but is slightly coarser grained.

The loess, derived in part from the glacial-lake silt, forms a veneer
over most of the pre-Pleistocene rocks that lie above an altitude of
750 feet. South of the Umatilla River the loess is fairly thin, gener-
ally not exceeding 10 feet in thickness, and it becomes thinner with
increasing distance south. The loess hills have an overall southwest-
northeast alinement, indicating that the material was deposited by
predominantly southwesterly winds. The loess is as thick as 50 feet
in the district around Holdman, Helix, and Adams northeast of the
old glacial-lake site.

The Umatilla River is a consequent stream in most of its course
across the Pendleton plains and the Umatilla lowland; that is, its
general course was determined by preceding geologic and tectonic
events. However, where it crosses Rieth Ridge the river seems to be
antecedent flowing on rocks that were uplifted after its course was
established. It flows through a shallow canyon where it traverses the
lowlands east of Pendleton, then crosses Rieth Ridge in a sharp canyon
between Pendleton and Echo. The canyon is narrow and steep-walled
and reaches a maximum depth of about 750 feet. Two miles north of
Echo the river reaches the lowland area covered by the glaciofluviatile
deposits. From there to the mouth of Butter Creek, its valley is broad
and shallow. West of the mouth of Butter Creek, the Umatilla River
turns northward and flows through a shallow, narrow canyon to the
Columbia River.

All the tributaries to the Umatilla River are consequent. Ryan
Creek, Meacham Creek, Squaw Creek, and several smaller streams
drain the Blue Mountain upland and join the Umatilla River in the
upland area. Wildhorse Creek drains part of the Blue Mountain
slope and the south flank of the Horse Heaven Hills and enters the
Umatilla River in the Pendleton plains. McKay and Birch Creeks
drain part of the Blue Mountain upland and the Blue Mountain slope
and flow into the Umatilla River in the Pendleton plains. Butter

695-384 O -64-2
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Creek drains the part of the Blue Mountain slope west of Rieth Ridge
and joins the Umatilla River in the Umatilla lowlands.

Hydrographs of the discharge of two of these streams are shown in
figures 7 and 8. The graph of the discharge of Butter-Creek (figs. 7
and 8) shows the close correlation of the streamflow with the winter
period of higher precipitation and with the spring rains and thaw of
the accumulated snow in the uplands. The flow of the creek is small
from July to October, the streambed being nearly dry during August
and September of most years. The graph of the discharge of the
Umatilla River (fig. 7) is similar but shows a greater summer flow
and a slightly longer period of “rainy season” discharge. This longer
period of sustained discharge appears to be due to the different timing
of the separate parts of the composite runoff, as well as to the more
varied types of topography that affect runoff in the main river.

The ground-water drainage, which largely maintains this late-
summer flow in the streams, comes from numerous springs, none of
which have a great discharge. Most of the springs of relatively large
or moderate discharge enter the Umatilla River because its level is
below that of the water table. Evapotranspiration in the summer
months greatly reduces the discharge of the myriad upland springs
that drain to the tributary creeks.

The total annual runoff ranges from none from the sandy terraces
of the lowest parts of the valley to a volume of water equal to a depth
of more than 2 feet over the drainage areas of some creek basins in the
Blue Mountain upland and Blue Mountain slope (fig. 7).

Nearly all the summer runoff of the Umatilla River is used for irri-
gation or the public supply of the city of Pendleton. Winter runoff
in McKay Creek and Cold Springs Canyon and part of that in the
Umatilla River is stored behind dams for release to irrigation projects
during the summer,

CLIMATE

The temperate climate of the Umatilla River basin ranges from mild
and semiarid in the Umatilla lowland to cool and more humid in the
Blue Mountain upland. In the weather summations given below, all
data are taken from records of the U.S. Weather Bureau. The total
annual precipitation increases progressively with altitude from about
7 inches at Umatilla to about 35 inches in the higher parts of the Blue
Mountains. It falls mostly in the winter months, as may be seen in
figure 9. The precipitation falls mostly as rain in the lower parts of
the mountains and as rain and snow on the upland. Snow accumulates
to a depth of several feet on the Blue Mountain upland during most
winters and is not entirely melted in the forested areas until June of
most years.
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FIGURE 9.—A verage monthly precipitation at four stations in the Umatilla River basin, and average monthl
evaporation at Hermiston.

The relation of altitude to average annual temperature, length of
growing season (in which air circulation also is a factor), and average
annual precipitation is shown by the following table:

Average temperature (° F) Average Average

Station Altitude frost-free |annual pre-
period cipitation

Annual Highest Lowest (days) (inches)
Umatilla.___._________________ 285 54.2 102 0 173 6.86
Hermiston..___.. - 624 52.7 103 -5 158 8.24
Pgndleton Airport_. 1,492 52.7 100 1 184 12.94
Pilot Rock._...._. 1,697 52.1 102 -3 152 13.29
Meacham____________________. 4,050 46.3 92 -3 115 3.7
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For this table the average highest and lowest annual temperatures
are based on records for the period 1945-54, and the average annual
frost-free period on records for 1948-54. Average annual tempera-
ture and, precipitation are based on the entire period of record up to
1954 for each station.

The long-term trends in annual precipitation are shown for the
Pendleton weather station in figure 10. Plotted as a long-term de-
parture from the average of a base period (water years 1921-45),
the curve shows that the precipitation was generally above average
during the period 1893-1927, below average from 1928-39, and about
average during the most recent period, 1940-58. The cumulative-
departure graph is plotted because it shows the relation of ground-
water fluctuation to the long-term trends of precipitation.

Records of evaporation measurements, made in a sunken pan 24
inches in depth and 6 feet in diameter, have been kept at Hermiston
for the years 1947-54, exclusive of the winter months. Evaporation
during the winter months is assumed to be small, not exceeding 4
inches per year. The resulting figures indicate an average annual
evaporation from the pan of about 45 inches for the Hermiston area.
Average monthly (pan) evaporation figures are indicated on figure 9.

Wind-velocity records were kept-at Hermiston for nearly all months
of the period 1951-54. They indicate an average wind velocity of 3.45
miles per hour. The windiest month of the average year is May, with
an average of 4.8 miles per hour, and the least windy month is Novem-
ber, with an average wind velocity of 1.8 miles per hour. This is not
consistent every year; although May has the highest average wind ve-
locity for the 4 years, it does not have the highest in every year. For
single months, January had the highest average velocity in 1951,
March in 1952 and 1953, and June in 1954.
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GEOLOGY
GENERAL CHARACTER AND RELATIONS OF THE ROCK UNITS

The oldest rocks in the Umatilla River basin are pre-Tertiary in
age and consist of metamorphic rocks that were intruded by a large
composite igneous body of norite and quartz diorite. The pre-
Tertiary rocks are overlain unconformably by a fairly thick deposit
of Eocene volcanic rocks and terrestrial sediments (Clarno formation)
which are of comparable age and somewhat analogous in lithology to
the Swauk formation (Smith, 1904, p. 1) of central Washington. The
areal extent of the pre-Miocene rocks are shown on plate 1.

The Eocene rocks, in turn, are overlain by the Columbia River basalt
of Miocene age.” This basalt is the most extensive and thickest rock
unit in the area, and it controls the topography over most of the area.

The basalt is overlain by five types of terrestrial sediments. The
oldest of these is a fanglomerate composed of silt and basaltic con-
glomerate. The fanglomerate was deposited during Pliocene time
after mild deformation of the Columbia River basalt. It consists of
particles of basalt eroded from higher altitudes and deposited as
debris upon the basalt at lower elevations.

Below an altitude of 1,150 feet the basalt (and in places the fan-
glomerate of Pliocene age) is overlain by Pleistocene glacial-lake beds
and, below 750 feet, by glaciofluviatile deposits.

All pre-Pleistocene rock units in the area are overlain by a veneer
of loess. This wind-deposited silt of Pleistocene age was derived at
least partly from the glacial-lake beds previously mentioned.

The youngest materials in the area are the narrow, thin deposits of
Recent alluvium, which border the streams. This alluvium is com-
posed mostly of basaltic gravel in the Blue Mountain section and of
reworked loess in the lowland districts. In some places small amounts
of white volcanic ash occur in the alluvium, forming minor local ter-
races along the edges of the canyon bottoms and on the adjacent slopes.

Each of the rock units is discussed in more detail below.

PRE-TERTIARY ROCKS
METAMORPHIC COMPLEX

Metamorphic rocks are exposed in the southern part of the area in
the Blue Mountain slope. The topography of this region is mature,
and in places the deep canyons have been cut through the Columbia
River basalt and Clarno formation into the underlying rocks. The
metamorphic rocks now are exposed in a total area of almost 15 square
miles (pl. 1). These rocks are rather highly metamorphosed and are
members of the amphibolite facies (Turner, 1948, p. 61).

The metamorphic rocks consist of a fairly thick series of gneisses
and schists intruded by small bodies of granite pegmatite and ultra-
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basic rocks, A broad zone of migmatite is exposed in Bear Creek
canyon near the contact of the metamorphic rocks and an intrusive
mass of quartz diorite. In this zone the schist and gneiss are cut by
many nearly vertical dikes of rock similar in appearance to the quartz
diorite intrusive. These dikes, ranging from a few inches to several
feet in thickness, parallel the foliation of the metamorphic rocks.

The schists are of the amphibolite or amphibolite-epidote type.
Some of them contain appreciable quantities of calcite.

The gneisses are composed almost entirely of alternating layers of
hornblende and plagioclase, generally andesine. Some of them con-
tain minor amounts of calcite and epidote. The hornblende and
plagioclase layers are as much as 5 millimeters thick. Where the grain
size and plagioclase content decrease the gneiss grades into the schist.

The bodies of granite pagmatite and ultrabasic rocks may be more
than a mile from the exposures of the quartz diorite. In the NE1,
sec. 4, T. 3 S., R. 32 E., a mass of hornblendite and one of pegmatite
lie within a few feet of each other and are more than 3 miles from
the nearest exposure of quartz diorite. The pegmatite contains gar-
net, tourmaline, and muscovite in a groundmass of potassium feldspar
and quartz. The hornblendite is composed almost entirely of horn-
blende. The hornblendite body lies parallel to the foliation of the
hornblende-plagioclase gneiss surrounding it, but the pegmatite body
isnot oriented with that foliation.

Other pegmatite bodies occur near the center of sec. 33, T. 3 S., R. 30
E., near the center of sec. 8, T. 3 S, R. 32 E., and elsewhere.

INTRUSIVE ROCKS

The metamorphic rocks are in contact with a large composite ig-
neous intrusive mass. The intrusive mass is exposed over about 8
square miles in the vicinity of Battle Mountain State Park. It con-
sists of a large body of quartz diorite and a smaller body of norite.
(Quartz diorite and norite are igneous rocks similar in appearance to
granite, though of darker color.) The norite is nearly surrounded by
exposures of the quartz diorite.

The quartz diorite is composed of about 38 percent andesine, 30 per-
cent quartz, 20 percent hornblende, and 4 percent biotite, with traces
of sphene, apatite, and iron minerals. Zenoliths of darker quartz
diorite are present, and many small dikes cut the rock. These dikes
have a maximum width of 3 inches and are composed of light-colored
quartz diorite. Most of the contacts between the dikes and the country
rock are fairly sharp but in some places they are gradational. At the
surface the quartz diorite is badly disintegrated and is readily eroded.
It is exposed mainly in steep-walled valleys beneath basalt-capped
ridges.
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The norite is composed of approximately 63 percent labradorite, 16
percent hypersthene, and 21 percent hornblende, with accessory
sphene, apatite, and iron minerals. Some of the hornblende crystals
contain small cores of augite.

A small igneous body of quartz diorite is expesed in the Pearson
Creek canyon in the NE1/ sec. 9, T. 3 S,, R. 33 E. This exposure is
less than one-fourth square mile in areal extent. It lies more than 10
miles from the larger quartz diorite body and is richer in quartz than
the larger mass. This smaller body is probably a separate intrusive,
although possibly it is a part of the larger body.

TERTIARY ROCKS
CLARNO FORMATION

Volecanic rocks and terrestrial sedimentary rocks of Eocene age crop
out over approximately 18 square miles in T. 4 S., R. 29 E., in the
extreme southern part of the Umatilla River basin. Twenty miles
northeast of this exposure, scattered outcrops of this same material
are present under a total area of approximately 2 square miles in T.
2S.,Rs.32and 33 E.

The lower part of the Clarno formation consists of sandstone,
micaceous shale, and siltstone. The sandstone makes up the bulk of
the material. It is thickly bedded and is composed mostly of quartz,
some feldspar, white mica, and rock fragments in various proportions.
The cement is predominantly calcium carbonate. The grains of feld-
spar, mostly andesine, are fairly fresh. The mineral grains are angu-
lar to subangular. The shale is made up mostly of clay, very fine
grains of quartz, and white mica. Some beds contain much carbo-
naceous material.

The upper part of the formation contains several light-brown to
gray lava flows, in addition to the shale and sandstone previously
described. The individual lava flows are of small areal extent, al-
though some are more than 100 feet thick. The lava rock is character-
ized by phenocrysts of feldspar in a fine-grained nonporous ground-
mass. Quartz phenocrysts are present in many of the flows.

A sample from a representative lava flow is found to be a dacite
porphyry in which phenocrysts of quartz and andesine constitute more
than 50 percent of the rock and are set in a dense groundmass. Mica
phenocrysts make up about 5 percent of the rock and are partly altered
to chlorite and iron oxide.

Another sample from a different flow is porphyritic andesite with
phenocrysts of andesine, augite, and hornblende in a dense ground-
mass. Both samples were highly weathered.

Many of the beds of shale, as mentioned previously, contain large
amounts of carbonaceous matter, some altered to lignite or bituminous









GEQOLOGY 23

about 15 miles east of Kamela and just beyond the southeast corner of
the area shown on plate 1, is slightly less than 100 feet thick and com-
posed mostly of a volcanic breccia, whose larger fragments are basaltic
and apparently pyroclastic in origin, resting in a matrix of finer
grained lava fragments or welded tuff.

Weathered soil zones are comparatively scarce between the lava
flows, although the upper parts of some flows were weathered reddish
brown to a depth of a foot or two before burial by the next flow. Ap-
parently, most of the flows were exposed for only a short time before
being buried by subsequent flows.

In parts of the basin a few interbeds of tuffaceous lacustrine sedi-
mentary material lie between some of the flows. Apparently these
beds were deposited when the lava flows impounded the drainage.
Within the Columbia Plateau province, particularly in the Yakima
and Pasco Basins in Washington, the largest and most extensive of
these interbeds has been referred to the lower part of the Ellensburg
formation of Smith (1903, p. 3). That interbed is not known to crop
out in the Umatilla River basin, but the same or a similar interbed
does occur a few miles farther northwest in the escarpment north of
the Columbia River and has been penetrated by water wells in the
Umatilla-Echo area. Another sedimentary interbed, of uncertain ex-
tent and identity, was reported by well drillers to.have been penetrated
in wells near Athena.

Only one sedimentary interbed was found cropping out. The out-
crop isin sec. 19, T. 2 S., R. 33 E., at the bottom of the east wall of the
Pearson Creek canyon. The exposure is about 600 feet long and con-
sists of about 60 feet of tuffaceous, slightly sandy shale. Individual
beds range in thickness from a sixteenth of an inch to 3 inches and
in composition from fine-grained sandstone to claystone. Numerous
poorly preserved leaf fossils are present, and, on the basis of these,
the Miocene age of the Columbia River basalt at that place is con-
firmed. Fossil determinations were made by Roland W. Brown (writ-
ten communication, 1954) and a list of his findings follows:

Quercus pseudolyrata Lesquereux
Zelkova oregoniana (Knowlton) Brown
Cedrela pteraformis (Berry) Brown

The shale is soft and incompetent. Consequently, huge blocks of
the overlying basalt have broken loose and slumped down, resulting in
an irregular outcrop pattern and obscuring the shale on its northern
and southern ends. The presence of similar slump blocks up the slope
to the east indicates that this shale bed extends eastward under the
basalt ridge at least a mile from the outcrop. The fact that none of
this shale was found on the west side of the canyon indicates that the
canyon may follow a fault line along which the west side is dropped.
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The basalt overlying the shale dips about 3° NW. and the Clarno
formation crops out about a mile farther south in this same canyon.
Therefore, this shale deposit is stratigraphically low in the Columbia
River basalt of the Blue Mountain slope.

The basalt probably issued quietly and in a highly fluid state from
fissures or low shield volcanoes. As single flows are seldom traceable
for more than 10 miles, large numbers of fissures must have once
existed over most of the basin area, and one would expect the lower lava
flows to be cut by many small dikes. However, such dikes are rarely ob-
served. One prominent basalt dike is shown on.plate 1 in T. 2 N, R.
37 E. Its trend is arcuate from north to south and concave eastward.
Such a trend does not conform to the main regional northwest-south-
east faulting and jointing pattern now present in the basalt.

Black Mountain, 2 miles southwest of this dike, has the shape of
a shield volcano and may have been a source of some of the basalt.

FANGLOMERATE OF PLIOCENE AGE

‘Two large deposits of fanglomerate of Pliocene age immediately
overlie the Columbia River basalt at low altitude. Both units contain
subangular to well-rounded particles of basalt ranging in size from
grit to boulders. Thick silt and sand lenses are included. The de-
posits have a low permeability, the interstices having been almost com-
pletely filled by silt and clay during deposition.

Though there is a great variety in the size of particles, most range
in size from 1-inch pebbles to 8-inch cobbles. Nearly all pebbles,
cobbles, and boulders are of basalt derived from the nearby basalt
flows that form the highlands. In all the gravel observed, only one
cobble was seen that was not composed of basalt. This one was a
piece of brown waxy chert, a secondary material that fills joints and
fissures at places in the bflsalt

The bedding structure of the fang'lomerate is crude, nearly hori-
zontal, with some crossbedding of the type common to torrential
deposition. In most places the master bedding dips northward at
low angles.

One of the larger deposits of fanglomerate gravel underlies the
Pendleton plains in the vicinity of McKay Reservoir (pl. 1), and
locally is referred to informally as the McKay beds. The other large
deposit lies west of Butter Creek and was designated by Hodge (1942,
p- 19) as the lower part of the Shutler formation.

The so-called McKay beds are Pliocene fanglomerate deposited in
the northeastward-trending trough of the Agency syncline, which lies
at the foot of the Blue Mountain slope. The beds underlie about 50
square mides in a roughly triangular area whose apexes are at Pendle-
ton, Pilot Rock, and Blakeley.
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The Palouse formation is a widely spread veneer of windblown
loessial silt derived in part from the glacial-lake silt previously men-
tioned. The loess occurs throughout the Umatilla River basin in thick-
nesses that range from 1 to 2 feet on the summit of parts of the Blue
Mountain upland to more than 50 feet in the Horse Heaven Hills
upland around Holdman and Helix. Above 750 feet almost all the
Pendleton plain and the Umatilla lowland is underlain by several
feet of loess. The prevailing wind that deposited this loess was from
the southwest, so the loess is thickest and coarsest in grain in the area
northeast of the original lakebed deposit. Near Holdman there are
several hundred square miles of northeastward-trending dunelike
ridges of loess. (See pl. 1.)

In the author’s opinion the loess ranges in age from Pleistocene to-
Recent. However, it is probable that in places the bulk of the eolian
erosion and redeposition took place shortly after the drainage of the
glacial lake, and subsequently both the loess and the glacial-lake
silt were stabilized by a cover of prairie vegetation.

Near the lakebeds the loess consists of sandy silt, but at greater
distance it is a fine, powdery soil. As its surface layers are rather
permeable and the annual precipitation is low, much of the rainfall
and snowmelt percolates into it rather than running off. In many
small areas surface drainage has not been established.

A few small patches of volcanic ash occur in talus slopes and be-
neath terraces along the edges of streams. The ash is white, fine
grained, and uniformly textured. It commonly shows some thick
stratification, indicating that it has been reworked by water. The
beds are mostly less than 4 feet thick and are of too small an extent
to be shown on the geologic map. They are generally both under-
lain and overlain by Recent alluvium, derived mostly from the loess.

The tributary streams of the Umatilla River have steep gradients
and flow swiftly through narrow, steep-walled canyons having only
very small flood plains. Consequently, the deposits of Recent allu-
vium are narrow ribbons of river-washed gravel, reworked loess, and
voleanic ash at the borders of the streams. As there is a high ratio
of silt to gravel-sized particles, the alluvium is not very permeable.
In the area covered by glaciofluviatile deposits, the Recent alluvium
is largely indistinguishable from the glacial-outwash material.

695-384 O - 64 -3
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STRUCTURE

Structurally, the Umatilla River basin consists of a broad westward-
plunging syncline between two anticlines. The large anticline to the
south is the northeastward-trending structure that forms the Blue
Mountains. Its axis lies close to the southeast edge of the Umatilla
River basin. The smaller anticline to the north is the south-southeast-
ward-trending structure that forms the Horse Heaven Hills. The
axis of the Horse Heaven anticline merges with the flank of the Blue
Mountain anticline just east of Athena. The broad syncline of the
Umatilla River basin is crossed by several smaller structures including
the Rieth anticline, Agency syncline, and Service anticline. In gen-
eral, its axis plunges westward from the vicinity of Athena and paral-
lels the course of the Columbia River downstream from Irrigon. The
location of the axis of this broad downwarp is indefinite, and is not
shown on the geologic map. Each of the smaller structural features
will be discussed in more detail in the section on the structure of the
Columbia River basalt.

The tectonic structures of the bedrock units of the Umatilla River
basin are dominated by those visible in the Columbia River basalt.
For this reason, it is convenient to discuss the structural geology in
three phases: the structure of the pre-Miocene material, the structure
of the Columbia River basalt, and the structure of the post-Miocene
material.

Locations of major structural features of the basalt are shown on
figure 13, as well as in more detail on plate 1.

PRE-MIOCENE ROCKS

The geologic map (pl. 1) shows the pre-Miocene rocks exposed in a
narrow belt extending about 30 miles southwestward from East Birch
Creek to Arbuckle Mountain. The Clarno formation of Eocene age
is exposed at the northeast end of this belt, where it dips northeast-
ward, and at the southwest end, where it dips westward. The intrusive
quartz diorite lies in the center of the belt, and the metamorphic rocks
occupy areas between the quartz diorite center and the Clarno forma-
tion on the flanks. Therefore, the regional structure of the pre-
Miocene material seems to be a broad, gentle upwarp whose apex is in
the area underlain by the quartz diorite.

COLUMBIA RIVER BASALT

The topography of the Umatilla River basin is largely a result of
the tectonic structures in the Columbia River basalt. Therefore, in
general, the topographic units coincide with structural units in the
basalt. The Blue Mountain slope is underlain by the northwest limb
of the Blue Mountain anticline, but for the purposes of this report
it may be regarded as a monocline dipping northwestward down from
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the Blue Mountain upland to the relatively horizontal basalt flows of
the Umatilla lowlands and the Pendleton plains. (See fig. 11.)

The basalt in most of the area was deformed by folding or warping
of the beds and associated fracturing and minor faulting. However,
in that part of the Blue Mountain upland east of longitude 118°30’, the
basalt was deformed to a considerable extent by movement along faults.

BLUE MOUNTAIN UPLAND

The Blue Mountain upland is a nearly horizontal, platformlike
crest of a broad anticline. The axis of this anticline is fairly distinct
from Arbuckle Mountain eastward to the vicinitcy of Kamela. The
basalt on either side of this axis dips gently away at inclinations that
are mostly less than 3°.

East of Meacham and Kamela (pl. 1) the anticlinal axis is inter-
rupted by a broad trough trending north-northwestward, produced by
gentle warping of the basalt and by movement along faults. The
trough is bounded on the northeast by faults along Ryan Creek, Camp
Creek, and probably the main branch of Meacham Creek. It is
bounded on the southwest by a fractured downwarp, which passes
through the towns of Meacham and Kamela.

East of the Meacham Creek trough the Blue Mountain upland is a
large upraised block of nearly horizontal basalt flows. Locally there
is considerable topographic relief produced by movements along a
northwest-southwest fracture pattern.

This part of the upland is bounded on the east by the Mount Emily
fault zone. The individual fractures of that fault zone trend slightly
west of due north but the zone as a whoie has a northward trend, which
farther north becomes northwestward. The western block at Mount
Emily was upthrown more than 3,000 feet, but the magnitude of that
displacement decreases to the north,

BLUE MOUNTAIN SLOPE

The basalt layers descend as a long gentle monocline, dipping 1° to
3° from the upland of the Blue Mountains northwestward to the lower
lands of the Pendleton plains and the Umatilla lowland. The fairly
uniform angle of descent is interrupted by several local steepenings
where the dips range from 3° to 30°.

NORTHWEST OF THE BLUE MOUNTAIN SLOPE

The basalt flows beneath the Pendleton plains and the Umatilla
lowland have a gentle northwestward regional dip. This regional
structure is interrupted by several structural features that are of
minor magnitude as compared to the Blue Mountain anticline, but
which have considerable local importance. These are the Horse
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Heaven anticline, Rieth anticline, Agency syncline, and Service anti-
cline. The Horse Heaven anticline continues to the northwest of the
Umatilla River basin and becomes a prominent feature in south-cen-
tral Washington. The anticlines form topographic ridges, which
were mentioned by corresponding names in the section on topography

and drainage. Each of these structural features is discussed in more
detail below.

The axis of the Horse Heaven anticline trends northwestward from
near Athena, along the ridge between Vansycle Canyon and Juniper
Canyon, and continues beyond Wallula Gap (about 8 miles northeast
of the mouth of Juniper Canyon) through which the Columbia River
crosses the structure. South of the anticlinal axis the basalt dips less
than 1° generally southwestward under the Umatilla Valley. The
north limb breaks off abruptly into the Walla Walla Valley over a
series of northward-tilted fault blocks, whose echelon-type high-angle
faults trend more nearly due south than the axis of the anticline.
Dips in this northern limb are generally 2° to 5°.

The axis of the Rieth anticline branches off the northwestward-
dipping Blue Mountain slope southwest.of Pilot Rock and trends
northeastward until it loses its identity west of Helix in the rising
slope of the Horse Heaven anticline. Dips on either side of the axis
of the Rieth anticline are less than 3°.

The Agency syncline was first named by Allen, in an unpublished
report (see p. 3), and the name was formalized by Wagner (1949,
p- 8). It lies at the foot of the Blue Mountain slope southeast of
Pendleton along the structural sag between the Blue Mountain slope
and the Rieth and Horse Heaven anticlines as shown on plate 1.
Its axis trends southwestward from Athena to the vicinity of Pilot
Rock. This syncline and the Rieth anticline are of special economic
importance because of their effect on the position of the water table
in the basalt beneath the valley area. The basalt is overlain by the so-
called McKay beds of Pliocene fanglomerate in minor sags in the
lower part of the Agency syncline.

The axis of the Service anticline trends northward from Service
Buttes, northeast of Pine City, to Sillusi Butte, which is in Wash-
ington across the Columbia River from Umatilla, Oreg. At one time
the anticlinal ridge probably extended between these buttes; but, if
so, it has been mostly removed by erosion. Remnants of this former
ridge appear at Service Buttes, Emigrant Buttes, Hermiston Butte,
Umatilla Butte, and Sillusi Butte. The eastern limb of this anticline
dips more steeply than the western limb. At Service Buttes the east
limb dips 11° and the west limb only 2°. At Sillusi Butte the east
limb immediately adjacent to the axis dips 12°, the west limb only 6°.
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The folding of this anticline was sharp and, locally, the basalt flows
were closely jointed and faulted.

The origin of the major structures is related to the age of the defor-
mation, and the relative movements of the Blue Mountain section and
the lower land to the northwest.

The attitudes of the successive basalt flows in any given section are
remarkably concordant. If the deformation was concurrent with the
extrusion of the basalt, one would expect appreciable discordance in
the attitudes of the successive flows. As this discordance does not exist
on a large scale this writer believes that the warping postdates the
extrusion of the basalt.

Additional evidence regarding the age of the movement is the po-
sition of the fanglomerate or the so-called McKay beds. The fan-
glomerate lies upon the basalt in the lowland of the Agency syncline
and obviously was derived from the basalt at higher levels in the area
that is now the Blue Mountains. As these gravels of Pliocene age owe
their origin and position to the structure, they therefore must postdate
at least part of the movement.

In the Blue Mountain slope, two stages of erosive canyon cutting
are evident in some of the stream canyons, such as in the south wall of
East Birch Creek at T. 2 S, R. 33 E. This indicates that there must
have been at least two stages of deformation.

The deformation that created the Horse Heaven anticline has been
dated by other workers from evidence gathered outside the Umatilla
River basin. Warren (1941, p. 209-232) has found that the Columbia
River was diverted into the Pasco basin, in southern Washington, by
the uplift of the Horse Heaven Hills. After entering the Pasco basin
the Columbia deposited fluviatile sediments (the Ringold formation)
which have been dated as middle to late Pleistocene by Strand and
Hough (1952, p. 152-153). Therefore, the age of deformation of the
Horse Heaven Hills is middle to late Pleistocene and the cutting of
Wallula Gap through the Horse Heaven Hills by the Columbia River
has continued from the time of that deformation to the present. The
canyon of the Umatilla River through Rieth Ridge shows a degree of
erosional maturity similar to that of Wallula Gap, so the deformation
that formed the Rieth anticline possibly was contemporaneous with
that forming the Horse Heaven anticline.

The nature of the dominant deformation is indicated by a section
of basalt about 2,500 feet thick which is exposed in the canyon of the
Umatilla River at Gibbon in the Blue Mountains. The remnant of
the pre-erosion surface of the basalt at Pendleton lies at an altitude of
about 1,300 feet. If the movement consisted of uplifting of the Blue
Mountains from the predeformation level of the Pendleton area, the
lowermost flows now exposed at Gibbon must have been, therefore,
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deposited at least 1,000 feet below sea level. These flows do not show
any sign of the pillow structure, zeolite mineralization, or interflow
marine sediments that one might expect under conditions of sub-
marine extrusion; the basalt was therefore deposited above sea level,
and the subsequent deformation consisted, at least in part, of depres-
sion of the lowland area.

In summary, the deformation producing the present structure of
the basalt consisted of at least two major stages of movement, and
the movement started after the extrusion of the basalt in late Miocene
or early Pliocene time and continued until middle to late Pleistocene
time. Most of the deformation that formed the Horse Heaven anti-
cline, and probably much of that which formed the Blue Mountain
anticline, occurred in middle to late Pleistocene time. The difference
in altitude between the Blue Mountains and the lower land to the
northwest was in part the result of depression of the latter area, al-
though the lesser structures forming the Horse Heaven Hills and
Rieth Ridge were uplifted with respect to the lowlands.

POST-MIOCENE MATERIAL

As previously described, the post-Miocene material consists of Plio-
cene fanglomerate, Pleistocene glacial-lake beds and glaciofluviatile
sediments, and Pleistocene to Recent eolian and alluvial sediments.
These materials disconformably and unconformably overlie the Co-
lumbia River basalt. Their crude, obscure primary structures are de-
scribed in the sections on lithology. They have no discernible second-
ary structure.

GEOLOGIC HISTORY

Little is known of the pre-Tertiary geologic history of the area
beyond the fact that old rocks of igneous and sedimentary origin were
intruded and, in part, metamorphosed by the large composite quartz
diorite-norite mass.

During the Eocene epoch the area had fairly high relief, abundant
rainfall, and a subtropical climate. The old metamorphic and in-
trusive rocks were eroded and the materials were redeposited as al-
luvial sands and silts. The Eocene was a time of vulcanism, and
several acidic to intermediate lava flows were extruded upon the old
land surface. These volcanic rocks dammed the drainage system and
created lakes and ponds which served as depositories for micaceous
and carbonaceous silt and clay.

The Oligocene epoch apparently was a time of erosion in this area.
While tuffs of the John Day formation were being deposited farther
south, this area was uplifted and eroded.

This period of erosion was interrupted during the Miocene epoch
when fissures opened and flow after flow of very fluid black basaltic
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lava was extruded upon the surface. These flows first filled the valleys
and then spread out over the upland until probably all but the very
highest parts of the ancestral Blue Mountains were covered by basaltic
lava. Short periods of time separated successive extrusions of the
lava. Only rarely was an appreciable soil zone developed on top of
one flow before it was covered by the next. At times the drainage was
dammed locally by the lava to form lakes in which silt and clay were
deposited. By the time the vulcanism ceased near the end of the
Miocene or in early Pliocene time, at least 2,500 feet of lava had been
deposited upon the northern part of this area.

The Pliocene epoch was a transitional period between the vulecanism
of the Miocene and the glaciation of the Pleistocene. The deforma-
tion that was later to produce the Blue Mountains had started but
probably had not progressed far. After the deformation had begun,
the fanglomerates were deposited in the lower land along the face of
the growing Blue Mountains.

The deformation of the basalt reached a climax during middle or
late Pleistocene time when the Horse Heaven anticlinal ridge was
formed, and the ancestral Blue Mountain anticline was uplifted
farther. The glacial stages of the Pleistocene are generally regarded
as periods of cooler climate than the present. Toward the end of the
Pleistocene, continental and valley glaciers existed farther north in
Washington and Canada in the Columbia basin. Ice blocks from those
glaciers fioated down the Columbia River and probably added their
mass to the ice from the annual freezeup of the river itself. Many of
these iceblocks carried rock and soil from upriver. According to
Allison (1983, p. 721), during Wisconsin time these iceblocks, sup-
plemented by ice from the annual freezeup of the river, were ob-
structed by a landslide and formed an ice jam downstream in the
vicinity of The Dalles. This ice jam grew in height and extended
upstream, damming the river and causing a lake to form upstream
from The Dalles. The waters of this lake rose to a maximum altitude
of about 1,150 feet and deposited stratified sand and silt. Scattered
pockets of erratic sand, gravel, and boulders mark the locations where
rock-laden iceblocks melted and dropped their loads. The lake sur-
face was constantly changing in elevation and failed to remain sta-
tionary long enough at any one stage to cut a prominent strand line.
The lake level reached its maximum elevation, then began to lower as
the ice jam melted and eroded. When the lake surface had lowered to
an altitude of about 750 feet, the river reestablished a current through
the Umatilla area. The stream stripped the basaltic bedrock of its
cover of Pliocene gravel and lacustrine silt and even cut deep channels
in the basalt itself, thus forming the channeled scablands on scme of
the bedrock benches along the Columbia River.
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After the ice jam melted and the lake drained, the exposed lacustrine
silt was subjected to strong erosion by variable but dominantly south-
westerly winds. A veneer of silty loess was deposited by the wind over
the entire Umatilla River basin, and thicker deposits of sandy loess
were formed northeast of the lakebeds.

The geologic history of the area since the close of the Pleistocene
epoch has been largely one of relative crustal stability and stream
erosion. There was one brief, though probably intense, fall of white
pumiceous volcanic ash. This ash apparently originated with vol-
canic action in some other area and was borne into the Umatilla basin
by the wind. Initially it probably covered the entire area to a depth
of several inches, but it was eroded and, in places, concentrated by
wind and stream movement. It exists now only as minor terrace de-
posits in the upland stream valleys and as lenses and scattered inclu-
sions in the loess and the Recent alluvium and colluvium (fig. 12).

‘OCCURRENCE OF GROUND WATER

Ground water is the most important economic mineral resource
obtained from the rocks in the Umatilla River basin. However, it is
not uniformly distributed throughout the area. Because of the topo-
graphic and structural conditions, some districts, such as the Umatilla
lowland and parts of the Pendleton plains, possess moderate to large
supplies of ground water of good quality, whereas other districts,
such as the higher parts of the Horse Heaven Hills and the Rieth
Ridge, have little ground water within economic reach.

The Columbia River basalt is the most widespread and productive
aquifer within the area, although the younger deposits are important
aquifers in some places.

PRE-MIOCENE ROCKS

The older rocks, which underlie the Columbia River basalt, are ex-
posed in the Blue Mountain slope. This is a region of high topographic
relief where little arable land exists; consequently, very little ground-
water development has been attempted. Surface streams supply most
of the irrigation water needed, and springs flowing from the basalt,
as well as from the soil zones overlying the consolidated rogks, supply
most of the domestic and stock water.

The dioritic rocks originally were compact and had little porosity.
However, near the surface they are now badly disintegrated by
weathering and have sufficient secondary porosity to yield small
amounts of water from zones near present or former erosion surfaces.
The norite is relatively fresh and is still firm and compact. Little
ground water can be expected from it except for small amounts from
joints and other fractures.
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The metamorphic rocks have a wider range of textures than the
igneous rocks but, where unweathered, are similarly compact and
impermeable. A few shallow wells dug into the soil overlying the
metamorphic rocks produce water for the domestic use of several
ranches in the vicinity of Gurdane.

No wells are known to produce water from the Clarno formation
in the Umatilla River basin, although some domestic shallow wells
of small yield are dug into the soil and alluvium overlying the Clarno.
Potentially the best aquifers in the Clarno formation are the coarser
sandstone beds, but microscopic examination shows that even these
are rather tightly cemented with calcium carbonate.

COLUMBIA RIVER BASALT
WATER-BEARING CHARACTERISTICS

As stated previously, the Columbia River basalt is the most pro-
ductive and widespread aquifer in the Umatilla River basin. The
main permeable zones are (1) tabular bodies comprising the
scoriaceous and fractured zonmes at the tops of some lava flows and
(2) bodies of irregular form comprising the joints and other fractures
within some of the flows. In places sedimentary beds are present
between the flow layers, but most of these consist of silt and clay
and do not yield water readily. The fractured and scoriaceous zones
at the tops of many of the flows are porous and permeable, but the
more compact center parts of most flows are relatively impermeable.
Water can, therefore, move with relative ease and rapidity parallel to
the flow layers but does not readily pass through the denser parts.
Each tabular porous zone is at least partly limited by the denser parts
of the flows and, where the layers are tilted, the porous zones farther
downdip at lower altitudes may contain water under relatively high
artesian pressure. Where the zones are continuous through great hori-
zontal distances, even minor changes in the direction or angle of dip
of the basalt flows can produce marked changes in the vertical position
of the permeable zones and in the pressure head of the ground water.

The tabular ground-water bodies generally are not continuous.
Interruptions of their permeability and even termination of individual
water-bearing zones are due to the original rock structures, to strati-
graphic irregularities, and to tectonic deformation. Each lava flow
lenses out between the overlying and underlying flows. Consequently,
its scoriaceous water-bearing zone may be cut off or may merge with
that of an adjacent flow. Sharp folding or warping of the beds may
have caused flows to slide past each other, thereby grinding up the
weaker scoriaceous zone and partly destroying its permeability. Fur-
thermore, faults and other fractures strongly influence the occurrence
of ground water. Where much movement has taken place along a
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fault, the water-bearing zones mey be offset and may abut impermeable
zones. Also, the fault gouge decomposes into clayey material which
may form a barrier, particularly to the horizontal movement of ground
water. On the other hand, if the fault movement has failed to seal
its broken zone completely, the fracture may be a conduit for the
percolation of water vertically across the dense center parts of some
flows.

Many of the individual lava flows do not contain permeable zones.
In some no such zones were formed, and in others they were eroded
away prior to the extrusion of the subsequent flows.

Owing to the discontinuity of the ground-water bodies and im-
perfect hydraulic connections between water-bearing zones, a general
regional “water table” or “piezometric surface” is difficult to discern,
especially in the upland areas. Rather, each water-bearing zone may
have its own water table or piezometric surface. Thus, it is common
for the static water level in a well to rise or decline as successive water-
bearing zones are penetrated during well drilling. This situation is
noted in table 2 in the logs of wells 1/32-9N1 and —23J1, 2N/31-2B2,
9N/32-9B1 and -10N1, 3N/29-16G1, 3N/34-3C1, 3N /35-191.1, 4N /27—
27R1, 4N/28-27J1, and 4N/34-22H1. More accurate and complete
drilling logs collected in the future may reflect this situation more
extensively.

Most of the recharge to the ground water occurs at places where the
lava flows have been warped or deformed over a wide area and the
tilted beds reach or approach the surface, where they receive infiltrat-
ing water directly, or by transfer from the surficial deposits. Thus,
the Blue Mountain slope is the main recharge area for the water in
the basalt beneath the Umatilla River basin. Lesser recharge areas
probably exist; one in particular where the Umatilla River and
smaller streams cross inclined lava strata in the west limb of the Rieth
anticline.

The lithologic character of the basalt is remarkably constant
throughout the Umatilla River basin, but its water-bearing character-
istics are greatly influenced by tectonic structures and vary from place
to place. For this reason, it is convenient to discuss the ground water
in the basalt by subordinate areas. These areas are analogous to
those designated in the sections on structural geology and topography
and drainage.

BLUE MOUNTAIN UPLAND

The uplands of the Blue Mountains are underlain by nearly hori-
zontal basalt flows that, in places, have been deeply entrenched by
streams. Because of their horizontal attitude, water does not enter
the beds readily and tends to drain out rapidly. Except in the towns
of Meacham and Kamela, there is little demand in the upland district
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for ground water in addition to that obtained from springs and shal-
low wells tapping the water perched in the soil on top of the basalt.

Locally, irregularities in the dip of the basalt flows and in other
structural features cause the ground-water conditions to be favorable
for the drilling of wells. The upland community of Meacham is lo-
cated on a slightly eastward-dipping downwarp and has several
drilled wells that are reliable sources of water. One 279-foot drilled
well in the basalt (1/35-10C1) flowed 25 gpm (gallons per minute)
when first drilled and was test pumped at 314 gpm with a 24-foot
drawdown of the water level. Several other drilled wells in the vicinity
yield reliable domestic supplies. Only about 5 miles to the south,
however, the community of Kamela lies near the crest of the Blue
Mountain anticline. Here a 996-foot drilled well in the basalt (1/35-
36N1) was abandoned because of low yield and deep water level.

Numerous springs discharge in scattered localities in the upland
districts. Most of them are at or just below the rims of the upland
plateaus and yield less than 2 gpm. Many of them discharge water
from the soil overlying the basalt. A few emerge from fractures or
scoria in the second or third lava flow below the rim. Water from one
of these minor springs, 2/28-23E1, was analyzed by the Geological
Survey (table 3). That spring, owned by W. W. Weaver, discharges
from broken basalt in the canyon of an unnamed tributary of the South
Fork of Butter Creek (pl.1).

Only one “hot” spring is known to exist in the area. This is
Bingham Spring (3N/37-18H1), whose water has a temperature of
94° F and issues from a fractured zone in the lava in the south wall
of the canyon of the Umatilla River. This spring discharges about
80 gpm from 3 openings, 2 that are close to each other and about 50
feet above river level, and another, the smallest, that is about 50 feet
farther downstream and about 10 feet above river level. The spring
lies just west of the axis of the Blue Mountain anticline.

BLUE MOUNTAIN SLOPE

As the basalt layers in the Blue Mountain upland lie generally
horizontal and water has little opportunity to percolate into them,
the annual precipitation is removed largely by evapotranspiration
and surface runoff. As the streams flow northward and westward
from the highland area and cross the beveled edges of the northwest-
ward-dipping basalt of the Blue Mountain slope, water has an oppor-
tunity to enter the scoriaceous interflow zones. From there it perco-
lates generally northwestward under the Pendleton plains and the
Umatilla lowland.

Ground water occurs in wells in the Blue Mountain slope under a
variety of conditions. In some places water is present in large quan-
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tities under considerable pressure. Several strongly flowing artesian
wells have been drilled in the canyon of the North Fork of Butter
Creek east of Pine City. Well 1N/28-28D1, near the lower end of
the monocline forming the Blue Mountain slope, yields 1,300 gpm
by free flow from a 12-inch hole in 855 feet of basalt. Well 1/29-3A1,
also near the foot of the slope, is a 514-inch well that penetrates 161
feet of basalt and flows at a rate of 550 gpm. To the south, higher
on the slope, several reliable, though less spectacular, wells furnish
enough water for stock and domestic uses, and small-scale irrigation.

Numerous small springs and seeps discharge from the south walls
of the east-west segments of the canyons cut in the Blue Mountain
slope. Most of them yield less than 8 or 4 gpm and many merely
create damp spots in the soil. The small springs supply domestic
water for most of the ranches of the slope.

PENDLETON PLAINS

A principal area of recharge for the basalt of the Pendleton plains
is the Blue Mountain slope to the south and east. The ground water
moves mainly northwestward through the Agency syncline, where it
is under considerable artesian pressure, and part way through the
limbs of the Horse Heaven and Rieth anticlines. Along the axis of
the syncline and to the east, the water is under sufficient pressure to
flow at the surface from artesian wells in a belt that extends from
Pilot Rock to Athena. The flowing wells include the municipal wells
of those two cities. Almost any well drilled sufficiently deep in this
area of confined ground water is likely to yield flowing water.

The artesian head decreases abruptly northwestward from the axis
of the syncline, and static water levels in wells become progressively
deeper until, at Pendleton, the hydrostatic surface of the deeper water
bodies (the regional water table) is about 150 feet below the level of
the Umatilla River. Some bodies of perched water at shallower
depths have higher hydrostatic levels.

The upper 700 feet of basalt in the Rieth anticline is cut by the
canyon of the Umatilla River west of Pendleton. The lava beds
along the axis of this anticline plunge slightly to the north, and the
water table in that part of the anticline immediately south of the
Umatilla River is at about the same altitude as the river. Wells near
the axis of the Rieth anticline south of the river commonly find only
perched water in the basalt above the levels of the Umatilla River.
These perched bodies are discontinuous and are dependent upon local
recharge. The annual precipitation in this area is only about 12
inches, and the annual recharge to the perched water bodies is small.
Aquifers tapped by wells less than 700 feet deep are relatively unpro-
ductive and undependable. If wells located along this anticlinal crest
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can be drilled to such depth that they penetrate stratigraphic horizons
below the level of the Umatilla River, they might reach productive
aquifers below the regional water table.

The area north of the Umatilla River was a plain whose uplift in
the Rieth and Horse Heaven anticlines has been accentuated by the
erosional entrenchment of the Umatilla River in the Pendleton plains
and the Rieth anticline. The shallower water-bearing zones discharge
where they are cut by the Umatilla River in its canyon through Rieth
Ridge to the south and by the Columbia River in Wallula Gap to
the northwest. This northward drainage of the shallower ground
water is probably facilitated by canyons tributary to the Columbia
and Walla Walla Rivers, such as Cold Springs, Juniper, and Vansycle
Canyons.” The annual precipitation here is about 12 to 14 inches and
the topography favors absorption of most of it by the soil and later
discharge from the soil by evapotranspiration, so local recharge to
the ground water probably is negligible. The consequence of all
these factors is that economical ground-water development by means
of wells becomes progressively more difficult with increasing distance
northwest from the Agency syncline. In the broad upland area be-
tween Despain Gulch and the axis of the Horse Heaven anticline,
northwest of the axis of the Rieth anticline, wells are deep and have
poor yields and high pumping lifts. Only one large producing well
(4N/32-2M1) is known on this upland surface. Its yield reportedly
is decreasing progressively with water withdrawal.

UMATILLA LOWLANDS

The basalt flows of the west limb of the Rieth anticline slope gently
westward beneath the Umatilla lowlands. The shallower water-
bearing zones of the nearly horizontal basalt of the lowlands receive
their principal recharge from three sources: Butter Creek and many
minor creeks where they cross the northward-dipping basalt of the
Blue Mountain slope above Pine City, the Umatilla River where it
crosses the westward-dipping basalt of the west limb of the Rieth anti-
cline, and, to a lesser extent, the Columbia River and local intermittent
creeks where they cross the southwestward-dipping basalt of the south
limb of the Horse Heaven anticline. As the entry points for the water
from the Umatilla River and Butter Creek are relatively high, a pres-
sure gradient is established and flowing artesian water is obtained
from wells scattered throughout the main part of the Umatilla low-
land in the Nolin and Hermiston areas, as well as near Pine City and
Echo. In nearly all wells in basalt in this area the water is confined
under pressure and rises above the point where it enters the well, even
if it does not flow at the surface.

Two structural variations from the even slope of the basalt necessi-



OCCURRENCE OF GROUND WATER 41

tate caution in locating water wells in the Umatilla lowlands. These
two structures are the Service anticline and the inferred Butter Creek
fault (pl. 1).

The Service anticline trends diagonally to the northwestward di-
rection of ground-water movement and is a minor barrier to that
movement. The anticline is low, sharply warped, and locally faulted.
The permeability of the water-bearing zones may have been partly
destroyed by the grinding action of the lava beds sliding past each
other during the folding, thus reducing the horizontal permeability
within the narrow structural flexure. Wells drilled within the struc-
ture would tap the zone of lowered permeability and- would be
generally of low yield; furthermore, it is commonly difficult and ex-
pensive to drill wells in rock disturbed by faults. For maximum yield,
therefore, new wells should be located at some distance from the anti-
clinal axisshown on plate 1.

The other structural feature to be considered is a presumed fault
just west of and parallel to Butter Creek, north of Pine City and
south of the confluence of Butter Creek and the Umatilla River. The
existence of this fault is not certain, but its presence is indicated by
the low, straight scarp forming the west bank of Butter Creek north
of Pine City. This scarp is composed of gravel (Pliocene fanglom-
erate) and does not have the usual fault features such as slickensides,
fault gouge, or fault-line springs. If a fault exists, however, it would
impede the northwestward flow of ground water in the basalt from
the Butter Creek recharge area. This effect does seem to exist, because
wells to the southeast, along Butter Creek, have notably large yields
and high water levels, whereas those to the northwest, such as well
2N/27-20J1, have smaller yields and lower water levels. Farther
north, in T. 4 N,, R. 27 E., the effects of this hypothetical fault seem
to be negligible or nonexistent.

AQUIFER CONSTANTS

The permeability of the basalt in directions both parallel to and
normal to the flow layers differs from place to place. The ground
water is in a series of superposed tabular zones, each of which differs
from the others in permeability and porosity. Consequently, reliable
average values for the permeability,? transmissibility,® and storage *
coefficients of the basalt would require a large amount of data whose

2 The coefficient of permeability can be expressed as the number of gallons per day of water at 60° T that
will pass through a cross section of 1 square foot of the aquifer under a hydraulic gradient of 1 foot in 1 foot
(Brown, 1953). The field coefficient is the same, except that it is measured under prevailing conditions of
temperature, etc.

3 The coefficient of transmissibility is defined as the number of gallons of water that will pass in 1 day
through a vertical strip 1 foot wide extending the height of the aquifer under a hydraulic gradient of 1 foot
in 1 foot; it is the field coeflicient of permeability multiplied by the thickness of the aquifer, in feet.

4 The coefficient of storage of an aquifer is the volume of water it releases from or takes into storage per
unit of surface area of the aquifer per unit change in the component of head normal to that surface.
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collection is beyond the scope of this investigation. However, some
characteristics have been determined that are of aid in planning wells
in basalt. Newcomb (1959, p. 14) has found that the average yield
of deep wells, 12 inches or larger in diameter, in the Columbia River
basalt is approximately 1 gpm per ft of depth below the static water
level. This estimate is based on a study of several hundred wells,
each of which penetrated at least 300 feet of basalt below the static
water level and was pumped with a drawdown of 50 to 100 feet. In
favorable areas, such as that near the Agency syncline, the lower
part of the Blue Mountain slope near Pine City, and the lower parts of
the Umatilla lowland, this estimate is valid, though for many wells
it has proved to be conservative.

Well 1/32-9M1, near the axis of the Agency syncline, extends 649
feet below the basalt surface, and 718 feet below the piezometric sur-
face of the ground water. The well yields 650 gpm, or somewhat, less
than the yield computed from Newcomb’s estimate. Within half a
mile of this well, another (1/32-9N1) yielded 1,500 gpm from a depth
of 359 feet below the piezometric surface, or about 4 times as much as
the estimate. The specific capacity of that well (yield per foot of
drawdown) is about 21 gpm per ft. Of the wells in Pendleton, two
of the city wells (2N/82-2R1 and 10F1) and the Smith Canning Co.
well (2N/32-10M1) greatly exceed the yield based on Newcomb’s esti-
mate, whereas the State Hospital well (2N/32-9B1) equals it, and a
third city well (2N/32-10N1) falls far short of it. On the other hand,
in unfavorable areas such as the crests of the Rieth and Horse Heaven
anticlines and in the Blue Mountain uplands where many of the wells
tap only perched water, the yield per foot of depth is small. Well
4N/32-2M1, high on the Horse Heaven anticline, penetrates 507 feet
of basalt below the piezometric surface and produces only 115 gpm,
or about 0.23 gpm per foot of penetration, with a specific capacity of
about 0.8 gpm per foot of drawdown. Even that yield reportedly is
decreasing with use. This well is the farthest northwest of any well
of moderate yield in the Pendleton plains area. All other wells to
the north and west either are unsuccessful or yield only small quanti-
ties of water suitable for domestic or stock needs, but not for large-
scale irrigation. This area of low yields in the anticlinal uplands ex-
tends to the west for about 15 miles to the Umatilla lowlands, where
wells tapping aquifers in the synelinal area have large yields.

Some of the general hydrologic characteristics of the basalt can be
inferred from the drillers’ logs in table 2. The vertical footage of
basalt drilled below the hydrostatic level and the footage of basalt
reported by the driller to be water bearing were both totaled for 52
of the most reliable and complete of these Jogs. In individual wells,
the percentage of total basalt drilled and reported as water bearing
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ranges from 0.9 percent for well 3N/29-11G2 to 48 percent for well
1N/32-34P1. The total footage of basalt drilled below the hydro-
static level in all 52 wells was 15,675 feet, and 1,840 feet, or 12 percent,
was reported to be water bearing. Certain difficulties in recognizing
a water-bearing zone during drilling in the basalt may make these
percentage figures too low. Few wells have been test pumped at more
than one depth during the drilling. Drillers commonly use changes
in static water levels, change in drill-mud consistency, and bailing
tests as criteria for recognizing water-bearing zones; and, if these
changes are not noticeable, a water-bearing zone may not be recorded
on the log. For example, in the log of well 4N/34-24J1 in table 2, a
total of 54 feet was reported as “water-bearing” material. However,
below the first water discovered, at 182-193 feet, another 170 feet of
material was reported as “broken” and, therefore, potentially water
bearing. If this 170 feet is added to the 54 feet of reported water-
bearing material, the percentage of basalt that is water bearing would
be raised from 4.8 to 20 for this well. In other wells scoriaceous,
broken, creviced, honeycomb, and fractured zones are reported, and,
in part, may have been water bearing, but were not detected to be
water bearing by the usual drilling criteria. The estimated average
percentage of basalt below the piezometric surface that is capable of
yielding water probably is somewhere between 20 percent and the 12
percent on the basis of reports of the drillers.

Some of the wells have been test pumped by drillers or pump
servicemen. These tests are primarily short-term capacity tests, which
are unsuitable for determining coefficients of permeability, transmis-
sibility, and storage. However, some of these tests are adequate to
obtain the specific capacities of the individual wells during short-term
periods of pumping. The specific capacity of a given well varies with
changes in pumping, diameter of the well, and drawdown. Conse-
quently, it cannot be relied upon as a constant quantitative character-
istic of the aquifer. However, it is useful for comparing similar wells
that yield water from the same aquifer and have the same general
order of drawdown. A comparison of the specific capacities of 52
wells thronghout the basin, the general structural area in which each
well is situated, and the thickness of basalt that was penetrated below
the hydrostatic surface in each well is given in the following table,
which shows the effects of structural environment on the water-bearing
characteristics of the basalt.

The table shows that, of the 13 wells having specific capacities
greater than 10, 8 are on the Umatilla lowland and 3 are near the
axis of the Agency syncline. All four areas are represented among
those wells having specific capacities of less than 1.

695-384 O - 64 - 4
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Relation of specific capacities of 52 wells tapping the Columbia River basalt, thickness
of saturated basalt penetrated by the wells, and general location of the wells within
the Umatilla River basin, Oregon

Range of Thickness of Number of wells for which in-
Nun;ber thickness | saturated basalt | dicated specific capacities were
of

General location of wells of saturated| penetrated (feet) determined
wells basalt
penetrated
(feet) Range | Average <1 1-10 | 10.1-50 | >50

In the Umatilla lowland__.__ 20 656-720 360 | 0.2-150 3 9 5 3
Near the axis of the Agency

syneline__._.____.__________ 17 120-750 380 | 0.2-92 4 10 2 1
On the Rieth and Horse

Heaven anticlinal ridges..__ 10 65-510 210 | 0.2-7 5 5 0 0

On the Blue Mountain up-
land or on the Blue Moun-
tain slope_...__...__.__.__

o

180-360 250 | 0.1-200 3 0 2 0

Fluctuations of water levels in wells tapping the basalt are shown
on plate 2.
SEDIMENTS OVERLYING BASALT

The fanglomerate, the glacial-lake sediments, and loess lie in areas
having low annual precipitation. In large part, these deposits cap
ridges and terraces and are cut off from surface water of other areas.
Therefore, what ground water they contain is derived mostly from
local precipitation and is “perched” above the basalt while in transit
to deeper formations or to areas of discharge at the surface.

Though the glaciofluviatile deposits and the Recent alluvium lie in
a low-precipitation area, unlike the bulk of the fanglomerate they lie
mostly at lower altitudes and are recharged partly by percolation
from streams and irrigation diversions. The deposits are less than
100 feet thick at most places, and consequently, do not contain thick
zones of saturation. The ground water in them is, at places, perched
upon the surface of the underlying basalt, above unsaturated zones
in the basalt. The temperature of the ground water in these deposits
is about the same as the mean annual air temperature.

FANGLOMERATE OF PLIOCENE AGE

The fanglomerate of Pliocene age consists of a heterogeneous mix-
ture of poorly sorted, rudely stratified gravel, silt, and clay. Silt
lenses are common and the interstices in some of the gravel are filled
with silt and clay. In places the gravel is rather tightly cemented
with calcium carbonate. (lean layers of sand or gravel are rare, and
the fanglomerate as a unit is rather impermeable.

The general low permeability, low precipitation, and high altitude
above nearby streams make the fanglomerate an inadequate source of
ground water. The fanglomerate is dissected completely at places by
streams, and whatever ground water is in it is mostly discharged to
the streams.
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Many ranches and residences, however, rely upon ground water
from the fanglomerate, especially the so-called McKay beds, for domes-
tic and stock-water supply. Water is withdrawn from shallow dug
or drilled wells, most yielding less than 3 gpm. The water levels in
many such wells decline considerably after several successive years of
less than average precipitation. The water-level variations in a well
tapping ground water in the fanglomerate are shown in plate 2.

GLACIAL-LAKE SEDIMENTS AND LOESS

The glacial-lake sediments and the loess are considered together as
they are both composed of silt with some sand and they have similar
hydrologic properties. The lake sediments also contain bodies of sand
and gravel, partly of ice-rafted origin, but these do not increase the
average permeability of the sediments.

The ground water within the silt is perched or semiperched in thin
lenses upon the underlying basalt. Most wells that are dug through
the silt and to the basalt contain less than 6 feet of water. Where the
silt is underlain by Pliocene fanglomerate, it is generally unsaturated.
Because the silt mostly lies high above the streams, it is recharged
from local precipitation. Where the silt is thickest the annual pre-
cipitation is low and evaporation is high; consequently, there is very
little recharge. The record of water-level variations in well 3N /33—
18A1, shown in plate 2, indicates that the total winter and spring
recharge is insignificant.

In spite of the paucity of recharge, the low permeability of the silt,
and the small amount of water available, both the loess and the lake
sediments are widely used as sources of small amounts of water for
domestic and livestock use. In areas such as Rieth Ridge and the
high plains north of Pendleton, where surface sources are limited and
water in the basalt 1s deep or of small quantity, many ranches are
partly or entirely dependent upon water from shallow wells in the
loess.

GLACIOFLUVIATILE DEPOSITS

The glaciofluviatile deposits are composed of coarser particles than
the loess and lake sediments and are cleaner and better sorted than the
fanglomerate. 'Therefore, they are more permeable and yield more
ground water. However, these deposits lie in an area of low annual
precipitation and contain appreciable amounts of ground water only
in areas where they are recharged by streams or by irrigation. Plate
2 shows that the annual rise in water level in well 4N/29-34R2 after
the winter and spring recharge period was less than 0.4 foot in
1953-54.

The area underlain by the glaciofluviatile deposits is divided into
an eastern and a western part by the courses of Butter Creek and the
lower 10 miles of the Umatilla River.
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The eastern part lies about two-thirds below and one-third above
the 750-foot topographic contour. Above 750 feet the glaciofluviatile
deposits have been reworked by the wind and in places overlie the
loess and lake sediments, from which they are distinguishable by their
coarser texture. At these higher altitudes, the glaciofluviatile de-
posits are hydrologically similar to the loess and yield small quantities
of water to stock and domestic wells.

Below the 750-foot contour, the eastern part of the area of the
glaciofluviatile deposits is rather heavily populated and is traversed
by many irrigation ditches. The ground water is semiperched upon
the basalt and is recharged largely by the Umatilla River, by seepage
of irrigation water, and by discharge from the intermittent streams
that drain the higher lands farther east. In this locality the glacio-
fluviatile sediments range in thickness from less than 10 feet to about
100 feet. The water table lies within a few feet of the surface in the
lower areas, such as Fourmile Gap and the other abandoned river
channels east of Hermiston and Umatilla Buttes. These are the most
heavily populated and irrigated areas. During the spring months and
following irrigation seasons, the water sometimes rises to the surface
of the ground locally. The ground water has been developed mostly
for domestic uses, as the people here rely upon the Umatilla River and
the Cold Springs Reservoir for irrigation and stock water.

Most of the western part of the area of the glaciofluviatile deposits
is occupied by a U.S. Army installation. Only a few wells in this
area develop water in the sedimentary deposits. Those wells are
clustered in the southern part of T. £ N., R. 27 E., and their water
levels, 60 to 65 feet below the land surface, coincide roughly with the
altitude of the Umatilla River to the east. Fire-protection wells at
the Army installation are equipped with casing down into the basalt
and therefore do not draw water directly from the overlying glacio-
fluviatile deposits. However, the drillers’ reports indicate that the de-
posits contain water in that area.

Wells 4N /27-33H1 and J2 are irrigation wells which were tested at
500 and 750 gpm, respectively, reportedly with “no” drawdown.
Seemingly the drawdown is too small to be noticed by the owners after
pumping each well at 520 gpm for 3 months. If such ground-water
conditions extend northward from these wells for several miles, this
part of the glaciofluviatile deposits is a potentially important aquifer.

Recharge of this part of the glaciofluviatile deposits comes from
infiltration from the Umatilla River and Butter Creek to the east and
from intermittent streams flowing across the fanglomerate farther
south. Surface drainage is well developed on the Pliocene fanglom-
erate but disappears entirely on the glaciofluviatile deposits. Prob-
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ably very little recharge reaches the ground water in the glaciofluvi-
atile deposits directly from the precipitation, as the annual
precipitation is only about 8 inches per year, and the evaporation
rate is more than 40 inches per year. Ditch or pump diversion of
excess floodwater from the Umatilla River or Butter Creek might be
used for artificial recharge. This water could be recharged to the
glaciofluviatile deposits by basin or ditch infiltration in the sandy de-
pressions near the south border of T. 4 N., R. 27 E.

ALLUVIUM OF RECENT AGE

As noted previously, the alluvium of Recent age occurs mainly as
thin, narrow flood-plain deposits along the larger streams. Where
such streams traverse the Blue Mountain slope the alluvium is com-
posed of well-washed, fairly clean though poorly sorted gravel and
sand which is porous and permeable.

In the Pendleton plains and in the higher parts of the Umatilla low-
land the alluvium consists mostly of reworked material from the loess
and fanglomerate. That reworked material contains many beds which
are relatively tight and impermeable. Even so, the alluvium there is
widely used as a source of ground water for domestic use at the ranches
and dwellings bordering the streams.

In the lower parts of the Umatilla lowland, where the streams tra-
verse the area underlain by glaciofluviatile deposits, alluvium of Re-
cent age is commonly lacking. Where it exists, it is nearly indistin-
guishable from the glaciofluviatile deposits.

Recent alluvium occurs mainly in three large areas. One is a broad
flood plain extending upstream for about 7 miles from Pendleton.
The alluvium there is composed mostly of gravel but is less than 40
feet thick, and ground water from it is used only for domestic supply
at a few dwellings.

The second large area underlain by Recent alluvium is a mile-wide
flood plain bordering the lowest 12 miles of Butter Creek. This
alluvium also is thin; it is composed almost entirely of reworked loess
and is therefore rather impermeable. It containsa few scattered lenses
of fairly clean sand, but the ground-water yields are sufficient only
for domestic and stock water. Deeper wells are being drilled on some
of the ranches to obtain water from the underlying basalt.

The third large deposit of alluvium of Recent age underlies the
broad flood plain of the Umatilla River northwest from Echo to the
confluence with Butter Creek. The alluvium there is composed mostly
of reworked glaciofluviatile material and is fairly coarse and perme-
able. Its thickness is not known, as no wells are known to penetrate
it entirely, but it is presumed to be thin. It is crossed and almost
completely surrounded by irrigation ditches and is crossed by the
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Umatilla River. The water table is within 6 feet of the surface in
most of the area and rises to the surface in many places during the
spring months. Drainage is a problem in this area. The ground water
in the alluvium is developed only by domestic and stock wells at the
ranches. The wells are dug, bored, or driven and are pumped at low
rates.

The Thorn Hollow supply of water for Pendleton infiltrates to pipes
laid below the water table in the alluvial gravel beneath the Umatilla
River flood plain at the following places. The Wenix “spring” is in
the N14 sec. 5, T. 2 N., R. 35 E., west of the small settlement of Thorn
Hollow and includes South Wenix “spring” which was the first source
developed for the system. Simon “spring™ in the NE1/4 sec. 4, T. 2 N.,
and Shapplish “spring” in the S14 sec. 34, T. 3 N., were gallery net-
works added for more capacity as the conduit was extended upstream.
The Long Hair line is a fourth source and consists of a single linear
infiltration pipe in the NE14 sec. 35, T. 3 N. It was the last source
added to the system.

QUALITY OF THE GROUND WATER

Except in a few places, the quality of the ground water in the
Umatilla River basin is excellent. In general, the water ranges from
soft to moderately hard, has a moderate mineral content, and does not
contaiu significant amounts of objectionable constituents.

Samples of water from 17 wells and 2 springs within the area were
analyzed by the Geological Survey. Chemical analyses of water
sanmples from 6 other wells were obtained from other sources (table 3).
In addition, water samples from 126 wells and springs were tested by
field methods for hardness and chloride. In the field determinations
a standard soap solution was used to estimate hardness, and silver
nitrate solution with potassinum chromate indicator solution was used
to determine chloride. The results of the field tests of well waters are
given in table 1 and those of spring waters in table 4.

HARDNESS

Hardness of water is caused principally by calcium and magnesium
compounds, such as the carbonates, bicarbonates, sulfates, and chlo-
rides of these metals. Hard water deposits scale when the water is
heated, affects the use of detergents and dyestuffs, and requires exces-
sive amounts of soap in laundry operations. Water has been classified
with respect to hardness by the U.S. Geological Survey (1953, p. 13)
according to the following scale:

Hardness as CaCOs (ppm) Class

0-60____ - Soft
61-120_ _ __ . Moderately hard

Hard
201 _ .. e Very hard
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Hardness of water from 104 springs and wells which draw water
from the basalt ranged from 15 to 225 ppm and averaged 77 ppm.
Thus, from place to place, the water in the basalt may range from soft
to very hard and on the average is moderately hard. Of the 104
samples, 22 were soft, 59 were moderately hard, 21 were hard, and
only 2 were very hard.

Determinations of the hardness of water from 97 wells and springs
in the basalt can be grouped according to the depths of the water-
bearing zones from which the water was obtained. Water from 20
springs—water that probably never had been more than 100 feet below
the land surface—had an average hardness of 62 ppm. The average
hardness of water from 26 wells drilled less than 200 feet into the
basalt was 90 ppm ; that for 20 wells between 200 and 300 feet deep was
80 ppm; and that for 31 wells more than 300 feet deep was 74 ppm.
This shows that the hardness of the water varies little with depth in
the basalt.

Samples of water from the sedimentary deposits overlying the ba-
salt ranged in hardness from a minimum of 40 ppm in the Recent
alluvium to a maximum of 195 ppm in the loess. Average hardness
values and the number of wells upon which the values were established
for each of the sedimentary units are as follows: Pliocene fanglomer-
ate, 5 wells, 93 ppm; loess, 14 wells, 124 ppm; glaciofluviatile deposits,
6 wells, 101 ppm ; and Recent alluvium, 9 wells, 97 ppm.

SALINITY

The chloride content in any of the sampled water is not sufficient
to be objectionable for ordinary uses. The highest concentration of
chloride was 104 ppm in water from a shallow well in the loess. The
upper limit of concentration of chloride in drinking water recom-
mend by the U.S. Public Health Service for use on interstate carriers
(1946) is 250 ppm, and a concentration of 300 ppm or more ordinarily
is reached before the water tastes noticeably salty.

Water from the loess contains more chloride than that from the
other rock units. In samples of water from 14 wells that tap the loess,
the chloride content ranged from 10 to 104 ppm and averaged 41 ppm.
In the water withdrawn from 104 springs and wells in the basalt, the
chloride content ranged from 4 to 99 ppm and averaged 22 ppm.
Water from 20 wells in the Pliocene fanglomerate, glaciofluviatile
deposits, and Recent alluvium ranged in chloride concentration from
6 to 70 ppm and averaged 21 ppm.

Detailed chemical analyses of water from 21 springs and wells
in the area indicate that the sulfate and nitrate concentrations are
not excessive. The U.S. Public Health Service suggests a maximum
permissible sulfate concentration of 250 ppm for drinking water.
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The maximum concentration in ground water in this area was 42
ppm. The National Research Council (Maxcy, 1950, p. 265) recom-
mends a limit of 44 ppm of nitrate in water for domestic use. Nitrate
in only one well water (from 4N/33-29K1) exceeded this, the con-
centration being 57 ppm. The other waters tested had nitrate con-
centrations ranging from 0.1 ppm to 20 ppm.

MINOR CONSTITUENTS
BORON

In small amounts, boron is essential to the growth of practically
all plants. In only slightly greater amounts, however, it is detrimental
to plant growth. Plants are rated (Wilcox, 1948) as sensitive, semi-
tolerant, and tolerant, according to their ability to withstand boron
concentrations. Irrigation waters are rated in five classifications—
from ‘“excellent” through “unsuitable”—for each of these classes of
plants. Water having a boron concentration of less than 0.33 ppm
is regarded as excellent for the sensitive plants, and water contain-
ing more than 3.75 ppm of boron is regarded as unsuitable even for
the tolerant plants.

Nineteen of the chemical analyses of table 3 list boron concentra-
tions. Of these, 18 show less than 0.33 ppm of boron and are, there-
fore, “excellent” irrigation water in this respect. One sample (3N/37-
18H1), from a hot spring, had an objectionable amount of boron (10
ppm) and is rated “unsuitable” for even the most tolerant of plants.

FLUORIDE

A concentration of fluoride of about 1.0 ppm in drinking or culinary
water is considered beneficial to children's teeth (Dean, 1936, p. 1269-
1272). In higher concentrations fluoride may cause a dental defect
known as mottled enamel, and accordingly, the Public Health Service
specifies a maximum limit of 1.5 ppm in water to be used for drinking
and cooking.

Determinations of fluoride were made on water from 22 springs and
wells. Concentrations ranged from 0.1 to 1.0 ppm in most of the
waters, which would classify them as mildly beneficial to beneficial for
children’s teeth. In the samples from well 4N/28-11N1 and spring
3N/37-18H1, the fluoride concentrations were 1.7 and 4.0 ppm, respec-
tively. This latter sample is from the same hot spring whose water
contained 10 ppm of boron.

IRON

Water containing more than about 0.3 ppm of iron, or of iron and
manganese together, may stain plumbing fixtures, utensils, and laun-
dry. Water samples from one well in the basalt (4N/34-6L1) and
from one well in the Pliocene fanglomerate (1N/32-24R1) were found
to have concentrations in excess of this amount. Water from one
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well (3/30-29R2) in the metamorphic rocks had a very high total
concentration of iron (47 ppm) but most of the iron apparently precipi-
tated when the water was allowed to stand. In the 20 other samples in
which iron was determined, the concentrations were less than 0.3 ppm.

GASEOUS CONSTITUENTS

Several of the wells and springs discharging water from the basalt
have a noticeable odor of hydrogen sulfide (“rotten egg” gas). This
condition seems to be normal (especially in newly drilled wells) for
water from the basalt of the Pacific Northwest. The gas, in part, may
be released by the decomposition of iron sulfides in the lava rock.

Drilling operations in well 1N/30-24E1 disclosed a small amount
of combustible gas which ignited with a muffled report when pieces of
burning paper were dropped into the well. Well 1N/27-24R1 tapped
a fairly strong flow of inflammable gas in the water-bearing zones
of the basalt. The gas, which probably was methane, apparently
came from an interflow soil or peat zone and probably was formed
from the organic matter in that zone.

Gas can be removed easily from water by aeration.

SUITABILITY FOR IRRIGATION

The U.S. Department of Agriculture (U.S. Salinity Laboratory
Staff, 1954) has stated that the characteristics most important in de-
termining the quality of an irrigation water are (1) total concentra-
tion of soluble salts, or salinity; (2) relative proportion of sodium to
the principal cations as a whole; and (3) concentration of boron (which
was discussed previously) or other elements that may be toxic. The
concentration of soluble salts in water can be determined approxi-
mately by measuring the electrical conductivity of the water. This
determination can be made readily and is reasonably accurate for the
purpose. Conductivity is usually expressed in micromhos per centi-
meter at 25° C and is a partial measure of the suitability of water for
irrigation use.

The sodium (alkali) hazard involved in the use of water for irriga-
tion is determined by the absolute and relative concentrations of the
cations. Ifthe proportion of sodium is high, the alkali hazard is high;
if the calcium and magnesium predominate, the hazard is low.

A useful index for designating the sodium hazard is the sodium-
adsorption-ratio (SAR), which is related to the adsorption of sodium
by the soil. The sodium-adsorption-ratio may be calculated from
the following formula, in which all the cations are expressed in equiv-
alents per million :

o Nat
s Mg
2

SAR
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The classification of waters with respect to SAR is based primarily on
the effect of exchangeable sodium on the physical condition of the soil.

A diagram used for the classification of irrigation waters on the
basis of electrical conductivity and the sodium-adsorption-ratio is
reproduced as figure 14. This diagram classifies irrigation waters into
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FIGURE 14,—Diagram for the classification of irrigation waters (after U.S. Salinity Laboratory 8taff, 1954).
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16 types ranging from low salinity (C1) and low sodium (S1) to high
salinity (C4) and high sodium (S4). Water classed as C1-S1 can
be used on practically all soils with little danger of harmful effects on
the soils or crops, whereas a water classified as C4-S4 is not suitable
for irrigation of any type of crops or any kind of soil except in very
special situations.

Of 19 waters for which major constituents are analyzed, 15 fall
into class C2-S1. Water of this class can be used for irrigation if
enough water is used to cause a moderate amount of leaching. Plants
having moderate salt tolerance can be grown without special practices
for salinity control. This type of water can be used on almost all soils
with little danger of developing harmful levels of exchangeable
sodium.

Two of the waters fell into class C1-S1; this type of water can be
used for irrigating most crops on most soils with little likelihood that
soil salinity or harmful concentrations of sodiuim will develop.

One sample (5N/32-31F1) was classed as C2-S2. This water will
not create a salinity hazard if a moderate amount of leaching occurs
but will present an appreciable sodium hazard in fine-textured soils-
having high cation-exchange capacity. It can be used on coarse-
textured or organic soils of good permeability.

The remaining sample is from a hot spring (3N/37-18H1) and is
classed as C3-S2. This has sodium-hazard characteristics similar to
the sample just discussed. With respect to salinity hazard, the water
in the C3-S2 class may not be suitable for use on soils having re-
stricted drainage. Even with adequate drainage, if this water is used
forirrigation, special management for salinity control may be required
and plants having good salt tolerance may need be selected.

TEMPERATURE

The average temperature of rocks lying at a depth of less than
about 100 feet below the ground surface is commonly about the same
as the mean annual temperature of the atmosphere at the ground
surface. Wells and springs that discharge water from the pre-Miocene
rocks tap water bodies in the weathered zones of these rocks. The
water table lies within a few feet of the ground surface and the
water temperature approximates the mean annual air temperature.

The sedimentary deposits overlying the basalt also are commonly
shallow ; the depths of wells are generally less than 100 feet and seldom
exceed 150 feet. The temperature of the water they contain also is
about the same as the mean annual air temperature.

Ground water from the basalt occurs in porous zones, which are
tapped by wells ranging in depth from about 100 feet to more than
1,000 feet below the ground surface. Such waters show a distinct,
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though irregular, increase of water temperature with increasing depth
of the water source.

The temperature of the water and other derived information for
26 wells in the basalt are tabulated below:

Mean Tempera- Mean Tempera- | Tempera-
depth 1 ture of annual 2 ture ture

Well of aquifer | the water | tempera- | difference | increase
(feet) © ture (°F) (°F per 100
(°F) ft of depth)
2/27-8P1 e 221 56 48 8 3.6
1/27-18M1__. 126 55 48 7 5.6
1/32-9L1 ... 465 66 52 14 3.0
ON e 348 64 52 12 3.4
17G1 301 65 52 13 4.3
1/32-19Q1_. 160 55 52 3 1.9
28] e 750 68 52 16 2.1
IN/28-28D1 e —— 355 84 48 16 4.5
IN/30-4C1.__ F 65 48 )/ T
N/27-11H1. . e 427 61 48 13 3.0

2N/29-30H1 .. - 59 62 48 14 24
2N/32-10M1. oo 421 51 49 2 .1
TONT e 580 56 49 7 1.2
20D1____ 194 58 49 9 4.6
2N/83-21H 1 o eceaee 450 66 51 15 3.3
BN/20-16G T e 450 65 48 17 3.8
4N/27-27TR1_. 540 58 50 8 1.5
4N/28-10F1 157 62 50 12 7.6
10P1 - 438 76 50 26 5.9
1IN1 — 699 71 50 21 3.0
4N/31-9P1.._ 311 61 50 11 3.5
5N/28-19A1 770 71 50 21 2.7
5N/29-13E1 272 63 50 13 4.8
5N/32-18C1._. 240 61 50 11 4.6

31F1.. 66 58 50 8 12
BN/38-81A1 e ee 253 58 50 8 3.2

1 Mean depth of aquifer is taken as the depth of a point halfway between the top and bottom of the
reported water-bearing zone; for wells in which the water-bearing rock was not reported, it is taken as the
depth of a point halfway between the static water level and the bottom cf the well. X

2 Mean annual temperature is estimated from the elevation of the well site and the preximity of the site
to temperature-recording stations at Echo, Hermiston, McNary, Meacham, Pendleton, Pilot Rock, Ukiah,
Umatilla, and Weston, Mean annual temperatures for these stations were computed from weather records
for the years 1945-54.

Of the temperatures recorded for the water in wells, the highest
was 76° F in well 4N/28-10P1 in the Umatilla lowland, the lowest was
51° F in well 2N/32-10M1 in the Pendleton plains, and the average
temperature for all 26 wells was 62.2° F.

For the earth in general, the average rate of increase in temperature
below the first 100 feet is 1° to 2° F per hundred feet. The tempera-
ture of the first 100 feet of depth is expected to average about
the same as the mean annual temperature for that locality. This
common assumption apparently is not entirely valid for the Columbia
River basalt of the Umatilla River basin, as water from wells 2N/
29-30H1 and 5N/32-31F1 show temperatures greater than the mean
annual for aquifers whose mean depth is less than 100 feet. For this
reason, the thermal gradients in the foregoing table were computed
directly from the earth’s surface.
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Of the 26 wells for which data are complete, only 4 had temperature
gradients of less than 2° F per hundred feet. Of these, 2 are in the
Pendleton plains area, 1 is in the Umatilla lowlands, and the other
one 1s at the foot of the Blue Mountain slope.

Of the wells that show unusually high thermal gradients, more
than 5° F per 100 feet of depth, nearly all are located in areas that

_contain lines of significant tectonic deformation. Well 1/27-18M1
is on the Blue Mountain slope; 4N/28-10F1 and 10P1 are near the
axis of the Service anticline; and 5N/32-831F1 is high on the Horse
Heaven anticline. Well 2N/29-30H1 is in a trough between the
Service and Rieth anticlines.

Possibly well 2N/29-30H1 may be bridged or obstructed in such a
manner that only part of the depth to its water-bearing zone could
be measured; thus, an erroneous depth measurement may account
for the apparently very high temperature of the water, which may
come from much greater depth.

Near Pilot Rock, where the mean annual temperature for the years
1945-54 was 51.8° F, the water temperatures listed are for wells draw-
ing water from different depths. One well (1/32-19Q1) yields water
at 55° F from an aquifer whose mean depth is 160 feet, and another
(17G1) yields water at a temperature of 65° F from an aquifer whose
mean depth is 301 feet. A third well (9L1) yields water at a tempera-
ture of 66° F, mainly from an aquifer whose mean depth is 465 feet,
and a fourth (23J1) yields water at 68° F from an aquifer whose
mean depth is 750 feet. These four wells would indicate a temperature
gradient of 1° F per 50 feet of depth to 160 feet, 1° F per 14 feet of
depth from 160 to 301 feet, 1° F per 164 feet of depth from 301 feet
to 465 feet, 1° F per 142 feet of depth from 465 feet to 750 feet; the
overall gradient would be 1° F per 47 feet of depth from the atmos-
pheric temperature to the temperature of the water at 750 feet. If
these data were plotted temperature against depth, the result would
not be a smooth curve. The roughness of the curve seems to indicate
that the ground water from the main producing zone of some wells
may be mixed with water from higher or lower water-bearing zones, or
that the rock has different temperature zones within it.

The warmest ground water known in the Umatilla River basin
issues from Bingham Spring (8N/37-18H1) in the canyon of the
Umatilla River near the crest of the Blue Mountain anticline. Hot
springs are commonly considered to represent water that has risen
along faults or other conduits from deeper strata. Using a tempera-
ture gradient of 1° F for each 50 feet of depth and starting from a
mean annual temperature of 50° F, the 94° F temperature of the
spring would require that its water rise without temperature loss
from a depth of some 2,000 feet. However, the nearest recognizable



56  GEOLOGY AND GROUND WATER, UMATILLA RIVER BASIN

fault is about half a mile downstream from the spring, and the posi-
tion of the spring near the crest of the anticline makes it difficult
to explain the source of sufficient hydraulic head to cause the water
to rise in such volume from such a depth. The water possibly could
have reached a depth of 2,000 feet in its percolation to the springs if it
came from the south and passed under the high mountain mass south
of the spring. Fractures along the crest of the anticline may be
open, thus creating a greater vertical permeability than is common.
If water were traveling in a straight line from the junction of the
south fork of the Umatilla River and Thomas Creek (altitude about
3,500 feet) to Bingham Spring (altitude about 2,200 feet) the water
would have to descend vertically 1,300 feet in the basalt and would
pass under a mountain mass which reaches an altitude about 4,500 feet
above sea level, or 2,300 feet above Bingham Spring.

Another possible source of the heat is residual heat in an igneous
intrusive mass near the surface. However, this hypothesis is doubted,
because only one hot spring is known and because the only other pos-
sible indication of the presence of such an igneous mass is the high
concentration of boron in the water from this spring. The possibility
exists that fault zones may contain abnormally warm rock due to
mechanical disruption of the rock during fault movements and may
pass such heat on to the circulating ground water.

USE OF GROUND WATER
HISTORY OF GROUND-WATER DEVELOPMENT

There have been three major periods of ground-water development
in the Umatilla basin. These correspond to periods of general in-
crease in population, agriculture, and industry.

The earliest period of settlement in the area was characterized by
little or no ground-water development. Prior to the termination of
the Indian wars in 1857, the population was transient and consisted
mostly of trappers, traders, small settlements of white stockmen and
missionaries, and Indians. Most of the settlements were temporary
and several were destroyed or the people were frightened away during
the Indian wars. In 1863, gold mining was started in the Powder
River valley to the southeast, and several ranches were started in the
Umatilla area to raise cattle, sheep, and foodstuffs for the miners.
During that time the ranches and settlements were widely scattered
and relied mostly on surface or spring water for domestic and stock
use and upon surface water for any irrigation.

The change in emphasis from stockraising to grain farming as the
dominant industry took place between 1875 and 1900. By the end of
that period, most of the Pendleton plains and much of the Umatilla
lowlands were under cultivation, Many of the settlements and ranch
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headquarters were located on the narrow flood plains of the larger
streams. The people relied upon surface water for irrigation and
stock use and upon shallow dug wells in the Recent alluvium for do-
mestic use. Ranches on the terraces and on the plains between the
streams used shallow dug wells in the loess or other sediments over-
lying the basalt for domestic and stock water and practiced dry farm-
ing. The first exploratory wells into the basalt were drilled about the
turn of the century. Many of them were shallow and either failed
or were only moderately successful. r

During the period 1912 to 1920, high wheat prices, stimulated by
the First World War, caused many lands previously regarded as sub-
marginal to be brought under cultivation. Many drilled wells were
developed during this period of prosperity. The emphasis at that
time was on dry farming and the wells were needed, only for domestic
and stock use. The wells were generally small in diameter—6 inches
or less, and in most wells the drilling was discontinued as soon as a
small amount of water was obtained. With the decline in grain
prices after the First World War, many of the poorer lands, such as
those on the Rieth anticline and the Blue Mountain slope, reverted to
grazing use and, many farmsteads were abandoned as the land was
consolidated into larger units. Many of the farmstead wells either fell
into disuse or served only to supply water for stock.

A period of minor ground-water development occurred during the
drought of the 1930’s, when the Government financed the drilling of
several low-yield wells for drought relief.

The period of greatest ground-water development was from 1940 to
the present (1960). This recent activity has been caused by three
factors: First, the general period of prosperity during and after the
Second World War made it possible for people to finance ground-water
development ; second, the local people found that large quantities of
ground water are available under some parts of the area; third, many
of the ranchers turned their attention to crops other than small grains.
Some of those crops require irrigation. The second factor is probably
the dominant one, and wells have been, and are now being, drilled for
domestic, industrial, and municipal use as well as for irrigation.

PRESENT USE
At the present time ground water has been developed for rural do-
mestic and stock supply, irrigation, public supply, and industrial use;
at one spring it has been developed for recreational use.
RURAL DOMESTIC AND STOCK SUPPLY
Most of the wells and developed springs in the Umatilla River basin

are used, for rural domestic and stock supply. In many places water
from these wells and springs is used also to irrigate small gardens or
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yards of generally less than 1 acre. About 600 representative wells of
this class were inventoried, and are listed in table 1. Fifty representa-
tive springs used for these purposes are listed in table 4.

The population of Umatilla County was 41,703 according to the
1950 census. If from this is subtracted the 19,696 who lived within
incorporated towns that have municipal water supplies and the esti-
mated 5,500 who live in the part of the Walla Walla drainage basin
that lies within Umatilla County, a rural population of approxi-
mately 16,000 is obtained for the Umatilla River basin. Per capita
water use for a rural population is commonly about the same as for
a small city without industry—about 50 gpd. The rural domestic use
of water, all which is withdrawn from wells or springs, therefore, is
about 800,000 gpd, or about 900 acre-feet per year. Most of this water
is withdrawn from the basalt.

The amount of ground water used for watering stock cannot be
accurately determined, but probably is less than 500 acre-feet per year.

IRRIGATION

Quantities of water used for irrigation were estimated from data
for individual wells. Most of the data were obtained from annual
reports of the well owners to the State Engineer of Oregon. Where
such reports were not made, the total water use was derived from an
estimated average use of 8 acre-feet per acre irrigated per year. Where
the total acreage was not known, the estimate was based on the reported
yield of the well, in gallons per minute, for a 3-month irrigation
season.

The estimated total amount of ground water used for irrigation in
the Umatilla River basin was 8,100 acre-feet per year in 1956-57. Of
this amount, about 6,400 acre-feet was withdrawn from the basalt, and
about 1,700 acre-feet from the glaciofluviatile deposits; the amount
withdrawn from the fanglomerate and the alluvium and used for irri-
gation probably was only about 50 acre-feet.

PUBLIC SUPPLY AND INDUSTRIAL USES

Some of the industries within the area obtain all or part of their
water from public-supply sources, whereas others furnish water to
public-supply agencies, especially during periods of water shortage.
For this reason, public-supply and industrial uses of ground water
are grouped in this report.

Water-use figures were obtained from city officials or the State
Engineer of Oregon where records were adequate, or were estimated
for cities and industries where records are inadquate. The estimates
were made by multiplying the population of the city by 50 gallons
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per day per person for the domestic use, or by comparing reported
well yields against the reported hours of pumping by industrial water
users.

The estimated total amount of ground water used for industrial and
public supply is 7,100 acre-feet per year. Of this, 3,800 acre-feet is
withdrawn from wells in the basalt. The city of Pendleton obtains
about 3,200 acre-feet per year from infiltration galleries in the Recent
alluvium underlying the flood plain south of that part of the Umatilla
River which lies in R. 35 E. The combined flow from the infiltration
pipes of Pendleton’s Thorn Hollow supply is a little over 5 mgd,
which is all that the pipeline will carry by gravity to the city reser-
voirs 15 miles to the west. The deep wells within the city (table 1)
have been added for standby supply during periods of maximum use.
The city of Stanfield obtains about 30 acre-feet per year from a well
in the glaciofluviatile deposits overlying the basalt, and the city of
Helix gets about 40 acre-feet per year from a dug well in the loess.
The latter well has the highest production rate (about 25 gpm) known
for any well in the loess.

TOTAL WITHDRAWAL

The total withdrawal of ground water for all purposes in the
Umatilla River basin was about 16,000 acre-feet per year in 1956-57.
Of this, 8,800 acre-feet per year was used for irrigation and seasonal
industries and was withdrawn mostly during the summer months.
The remainder included usage for domestic and public supply and
for nonseasonal industries. The withdrawal of this 7,200 acre-feet of
water was distributed fairly evenly over the year, with perhaps a
slight increase during the summer months when irrigation of yards
and small gardens and a slight rise in population during the harvest
season raised the rate of water use.

REFERENCES CITED

Allison, I. 8., 1933, New version of the Spokane flood: Geol. Soc. America Bull,
v. 44, p. 675-722.

Bretz, J. H., 1920, Stratigraphic problems in the Columbia Valley between
Snake River and Willamette River: Geol. Soc. America Bull,, v. 32, p. 36-37.

1923, Channelled scablands of the Columbia plateau: Jour. Geology, v. 31,

p. 617-649.

1925, Spokane flood beyond the channelled scablands: Jour. Geology,

v. 33, p. 97-115, 236-259.

1927, What caused the Spokane flood [abs.]: Geol. Soc. America Bull,,

v. 38, no. 1, p. 107.

1930, Lake Missoula and the Spokane flood: Geol. Soc. America Bull,
v. 41, p. 92-93.

Brown, R. H., 1953, Selected procedures for analyzing aquifer test data: Am.
Water Works Assoc. Jour., v. 45, no. 8, p. 844-866.

695-384 O -64-5




60 GEOLOGY AND GROUND WATER, UMATILLA RIVER BASIN

Dean, H. T., 1936, Chronic endemic dental fluorosis : Am. Med. Assoc. Jour., v. 107,
p. 1269-1272.

Fenneman, N. M., 1931, Physiography of western United States: New York,
McGraw-Hill Book Co., Inc., 534 p.

Flint, R. F., 1938, Origin of the Cheney-Palouse scabland tract, Washington :
Geol. Soc. America Bull., v. 49, p. 461-523.

Hodge, E. T., 1931, Exceptional morainelike deposits in Oregon: Geol. Soc.
America Bull,, v. 42, p. 985-1010.

1942, Geology of north-central Oregon: Oregon State College, Oregon
State Mon., Studies in Geology No. 3, 76 p.

Maxy, K. F., 1950, Report on the relation of nitrate concentrations in well
waters to the occurrence of methemoglobinemia in infants: Natl. Research
Council, Bull. Sanitary Eng., p. 265, app. D.

Mendenhall, W. C., 1909, A coal prospect on Willow Creek, Morrow County,
Oregon: U.S. Geol. Survey Bull. 341, p. 406-408.

Newcomb, R. C., 1951, Preliminary report on the ground-water resources of the
Walla Walla Basin, Washington-Oregon: U.S. Geol. Survey open-file rept.,
211 p.

1959, Some preliminary notes on ground water in the Columbia River
basalt :- Northwest Sci., v. 33, no. 1, p. 1-18.

Smith, G. 0., 1903, Geology of the Ellensburg quadrangle, Washington: U.S.
Geol. Survey Geol. Atlas, Folio 86, 7 p., 3 pls.

1904, Geology of the Mount Stewart quadrangle, Washington: U.S. Geol.
Survey Geol. Atlas, Folio 106, 10 p., 4 pls.

Strand, J. R., and Hough, Jean, 1952, Age of the Ringold formation: Northwest
Sei., v. 26, p. 152-154.

Turner, F. J., 1948, Mineralogical and structural evolution of the metamorphic
rocks : Geol. Soc. America Mem. 30, 342 p.

U.8. Geological Survey, 1953, Quality of surface waters of the United States,
1948, pts. 1-6: U.S. Geol. Survey Water-Supply Paper 1132, 515 p.

U.S. Public Health Service, 1946, Drinking water standards: Public Health
Repts., v. 61, no. 11, p, 371-384.

U.S. Salinity Laboratory Staff, 1954, Diagnosis and improvement of saline and
alkali soils: U.S. Dept. Agriculture, Agriculture Handbook 60, 160 p.

Wagner, N. 8., 1949, Ground-water studies in Umatilla and Morrow Counties:
Oregon Dept. Geology and Mineral Industries Bull. 41, 99 p.

Warren, C. R., 1941, Course of Columbia River in southern central Washington:
Am. Jour. Sei., v. 239, p. 209-232,

Wilcox, L. V., 1948, Explanation and interpretation of analyses of 1rr1gat1on
waters : U.S. Dept. Agriculture Circ. 784, 8 p.




BASIC DATA







BASIC DATA

398159
[« S R d | 88618 [2'96 B N N R 4 001 Iq |0gP‘T| AV | PRYIQqQMIg f | 1dLg
wdd gt ‘oprIo[qo
‘urdd 0@ ‘sseupIeE a |ttt &L |77 9gg |7 o N 9 z6¥ iq | 019 ua 0 {77TeNUM 9pNR[) | 1D9T
I a 0g &L 2961 441 O """ "eseqd | 81 e |77 8 198 I (01| AN --.m:waMmem 1avsg
or mad || d | e8-818 | L6 A |TWWARLY | 77T T 9 ¥'89 Iq | 00e‘T | 4 | Preyerqams ‘r | 1483
12 ‘opuioryo ‘wdd g1t
‘ssoupasy °"I0po . Inj *9[qUIOID
-ns,, JY3[S S8y I9JBM a 09 d 0961 o [o 2 L K4 § 49 (44 9 i g iq | got‘r | dv -1PqV A 'p | 1031
7. O I d | 89-9¢-8 | €°¢¢1 F U L o A I R 9 68T Iq | 992‘t | AV |"-"yomey wermf | TIOT
‘mdd 16 ‘epriogo
‘mdd 0g ‘sseupisg
"2961 UI 37 99 M0
03 161 Ul 3 01 o,
PauIap A[pajio
-0l [0A9] Jojem o138I8 | § ‘A 02 €L 2961 99 O I I -5 ¢ N A I I 9 091 aq { 00z‘1 | dv |[~"&meyod £ M | 1G0T
HIZTANI'L
wnisp (399)) | (309))
98 MO[9Q | eomea |[BLI9YBWI JO | sseu 0907 | (7991) |(seyour)
(wmds) [dwund 1004 | -aooo | Jojosreq) [-yoruI|q9de( |Bursed| [fem | (306)) [fem jo| (309)) |Agdea
SYIsmeY esn | pIIX | JO 1998M JO | JOo 1939 [[am o | odAg, | opn) | -Sod | jueus) 10 IOUMQ | [[OM
od4y, -punoip qide| -mrelq | Wade MV | oL
19A9] 10J8 M\ (58)ouo0z SulIBaq-I19)8 A
*[017U00 £101810q8] QSO M [[oM SULMOY B {[9A9] J998M 9Y) sepeoard ,,+,, B ‘UMOUY S| PBAY 9198)S 9SOUM
MOYILM “‘pIep oY) W POUIUIISIOP 9194 I8JBM 91[] JO JUAJUO0D IPLIOIYD PUB SSeUPIBY IO] TeM 3UmMog J0g I[P 10 IOUMO Aq Pajrodal 199] 910UM UI 3S0Y) (A0AIng [ofS0[
DOJST] SON[BA °¢ 9[4B) UY PIOIAI [9AQ[-1978M ‘ A\ ‘1978 JO oanjeradurd) ‘durag, Jysrom -00p "§°N 941 £q peinseow SUO[JIBI] [BW[OOP PUB 909] U U0ALS SUIHO( :19A9] JOJB M
Aq uoyu Jod syred ‘widd !z 91q8) uy 801 “T ‘a0dea sy Wy pepnpuy ydeidorpAy ‘H *pauyuodun ‘) (payored ‘g (peuyguod ‘0 :30WALINII0 J9JE M-PUNOLD

‘oynuru Jod suofred ‘wxdsd ‘wmopmeIp ‘PP ‘¢ 9[qe) Ul SISA[BUE [BOIUIAYD ‘8] :SHIBWAY
*32098 ‘g peoarel ‘qy
‘A1ddns oniqnd g4 00N ‘N ‘UOIIRSLLT ‘I ‘TelIISNPUY ‘U ‘0[3sewIOp ‘(I :39)8M JO S
aurqan} 1, ‘dojsid ‘g ‘otou ‘N 39f ‘r ‘1e3nJI1ueo ¢ :dmnd Jo edAy,
‘TIOA 8 TINIBP
9JBLINS-PUE] 0} POYB[AT Al S[OAS] [[V ', £q PAIEIIPUL S| WMOUY J0U S| Peoy 913838

"PONIMIP ‘AT ‘padoq ‘Py ‘Snp ‘B ‘UIAMP ‘U :[om JO 3dL,
*sAoAmms Jojewoieq pue sdvwm orqderdodo) woly pejsmrxordd y
*[9A9] B3S UBOUX FAOJE 199] Ul ‘S[OA 78 WMJBDP INDBVINS-PUL] JO SOPMPY PNV
*UIBaJ}s JouTW JO Aofrea pusidn ‘A ‘pusidn ‘() eowlIa) ], ‘A9freA Jo{vw 03 9dofs
{[oUUBYO I9AN XPuLIO) ‘0y ‘ureld poop ‘dyg ‘pejoessip ‘uterd reianpe ‘dy :Ayds 01,
‘megsAs SULIeq WNU-[OA JO UOHALIOSOP 10j %89 838 TP M.

u0ba.4() ‘uIsDQ 4901 DYLDULL) Y} UL SIPM 4DIUILILAIL [0 SPLOXIY—'T ATV ],



GEOLOGY AND GROUND WATER, UMATILLA RIVER BASIN

64

“wdd 31 ‘epuoyp
‘wrdd g7 ‘ssoupIer
"praany s18edds 1038 M S P O og o] (5} Ul i i ¥ 09t iq | 9wt S op--°| 1D0e
18D "Iopo
«IMJ[NS,, B S8Y IBJ8M
*wds 00g'T smord um.m ...... s o 2 op=TT| T T 91 gl 99¢ iq | 0681 Y 7% op~~"" 1ase
“A ‘e‘a €981-. | 0°0 o 2N ) S I ¢4 8L1 62 [4 00¢ iq | 00% ‘T £Lo|777T T op-~""" 1082
‘MT T I - cl og [0 1 jresed | 9¥ 922 4 143 0L2 iq | 0¥ T S A9A ouojuy | IDIT
T 'dANI'L
R )
[« O I o 44 0 |TEmARy (Tt T 4 3g {oorT1| An AresH wyqor | TJdLZ
“J o¥L duag,
*8961 UI DO[LD
usgM sed yonuwx
qjm wd3 004 POMOLT 06+ 0 |" " jesed | o3l 299 008 | s-z1 LLL Iq [ 0% w_b ..... £9A euOjuy | TU¥G
£'9 JaRR It 7R 40| /4 kel Il Il 9°0T 3q | g881 T B i A18(y souref | TYI3
*wdd gz ‘epuIogo
‘wadd gy, ‘ssoupIsH : 0 L S S S 9 0¥ Iq | 0ggT | dg ~TsIefelN [ | IDIOT
Q| jreseq =T TTC (AL 9 ot iq | 0901 | 44 |“TIeMeUEN IW | THOT
89Tl [O 7 R et R R 9 062 iq | 002°T | AQ |TTmeqdure) I 1al
‘1 °JgeY SuLmnp saion
61 01 3J-0a08 ¢/ peryd
-dng *33 9¢ ‘Pp iy
1203 wds 00g pedumyg i | ggeg N7 i4 o o ¥ 42 S 8 0zt g |ovoT | dg |7t op-—-"" L£:84
‘wdd 11 ‘epIoTuR ‘1e3mq
‘uxdd 6 ‘ssouUpIBH a o] (14 o | Bsed | oL gz 7T 9 18 Iq (920°T [ dg | -wemBM M H | IDE
THIZ T NIL
wniep (3090) | (109)
8 Moraq | eouea |yvlIeyBWx)O | sseu | doj o | (100)) |(seyour)
(md3) |dwund 1094 | -Mmo00 | ;PPerey) |-YoIq,L|qide | Sursed | [[em (109)) |T1oM JO| (309)) [Aqdea
STy osn | peix | Jo I938M 10 103019 |em Jo | 0dA 1, | opny | -30d | jaemey Jo JOUMQ | (1OM.
pd4, -punoin qide ] ~wmelq | wdeq -V | -oL
19A9] J9J8 A\ (S)ouoz Surreoq-I93B A\

PONUNUOD)—u0B624() “UISDQ 42aLY] DYDULL) Y] UL SPIM 41DIUISILAIL fO SP409IY—'T TTIAV ],



65

*33 061 ‘PP ‘UTW 0g
105 wds g1 pedurng 7N d or1 - () i ety e - 9 434 Iq | 088‘T | AN |"308uIM seueUD | Tr98
‘wdd (g ‘eprorgo
‘mndd g8 ‘ssoupiey
*A1ddns a13somop
- m& o@w%%.q%%& Eoﬁ_w s‘al| d | 89-L2-01 | 0°99¢ d op~T|” - - 9 98¢ Iq | 080‘c | An |""T"Tyonwy pely rve
. . ‘g g
Joy wds ¢z pedwing | § ‘@ | 03 &L |ee-T-2 | o6l 0| Jresed |~=T " B : 9 098 | IQ | 0807 | An |"7-ssOID YL | 108
R D T O R - 0 L N |"wnjAnyy |- D 8 LS 8Q | OT6T | A |~"UosyIeq0y ‘§°f | 1083
. s'a |ttt I O I A m" - (1] il I R 9 002 Iq | 08L°1 | AN |~T-I0dee] quely | T11E%
*33 G01 ‘PP 1Y 315 e
Zoj wds gl pedumg g | ozt d |se8-er| oot Q| op- - 0 | 9 438 iq [os‘T| 40 |77 ss01) "V L | 1ALl
8 1 d |77 F14 O |"Tmypeseg |TTTTTTT|ITTTTTT g1 9 082 Iq | 9991 0 |Tuysneng 11°0 vzl
N N €9-L1-¢ | 8°'II FORRRLE L0 700 (40 I DR N ¢el 8q | ST | AQ |7 opTTTT Tl
................ €0-61-g | 8°AL o N Dt D S S N 313 3@ | ge‘r | An |~-7TedNoH W | TH6
M S d | 89-L1-3 | £°01 PO e 700 Dl D 92 | ¥o1 3@ (0991 | A |7 op--TTT 148
s‘q [~ = O A I It pAl: o e 0g 9 209 1q {0803 | O | Twmourem D°m | 1L
M a 14 9 O |TWnARY [TTTTTTT(TTTTTT T 98 8T 3 (00¥'T | AN [~~~ eX[d Ao1o] dr
<
(=] HIS'A“NI L
2
S‘a it N((g¥29 | €8 Fo 3 (2 /N Il Al I A 091 3q | 069C N [TUosuyof ‘M o rve
ﬁ ‘mdd gy ‘eprrorye ‘nos
[»2] ‘wadd gy ‘sseupler] a|-=-otr d[86-2 (00 n i O il it Rl R ST 3@ |oee‘s | an [T UM OIS | TALT
1 "wds 0g pedumg N |¥-g-¢ | &L¥g Q| Jresed |\ """ Lgg | 4 189 Iq | 0ggg [ A |77 88010 'V L | Td¥e
s‘a £9-$2-9 | 9°01 a2l Y I I 0g (<4 3@ [ 0§12 | AQ |T-TTm8Ie) HleW | 1488
s‘a | d|ee-T-2 |08 o bt ke il et iy 26% 1q | 003 | AN [Tuemrem W W | TIIT
I 099 dwe,
‘wdd w% ‘epuIoTyR
fwadd Qr7 ‘sseu *0p deoyg
-preg wddgsmoly [ N [TTTTTTTC I a o £ O Ry I LI . iq |opL't | An | wegBmuN | IOV
THOEANI'L
‘0D deeyg
wdd gg s| 8 T O R 01 o esed | ST gee |TTTTTT %9 ove Iq | 0503 | AN weyIuuun) | 1YL
‘epurorgo ‘wadd o11
‘SSOUPIBH  ‘1eIno
Sunds uy pejonuls .
~U0d Ue8(q S8ABY ABI S| N |77 d [ 2 I R A I A R ogy'1 | An |~"eyunp ydesof 1qL

‘H6ZA“NI'L



GEOLOGY AND GROUND WATER, UMATILLA RIVER BASIN

66

% o1 sprodel I

“3J 0¢ ‘PD is1q
§ 30 dd MNA vwammwﬂm [« S ki) i 0L [0 opTTf 9% 98 4 9 ott iq | eee‘l S |TTemwny uqof | z4z3
Surmp se198 (8 09
930108 @61 sonddng
*33 2¢ ‘PV ‘Ujux ¢1 -
10y wds ooy pedwnd a1 009 7 0¢ Q |77 TMmsed - 0% 01 90% g | sve‘y | dg |-T-eBpEplmIL | 1988
X d | 893 | vEl n 98 | €81 Q| OIF/T | AQ |TTTTTIITTH op~"~" 1402
8‘a 4 0% - h 9 o¥ u.mHQ 099°'1T | AQ |TTTTTTTTTTTOpTCT TIN6T
8‘a 4 o S O D R oI | ‘3q@ [o¥eiT| AQ |TTToTee op="-"" L $:53 4
— a 01 F o I I o op~TT £02 | st 1q | s¥e'r | An ["TuySneng IO | IOSI
$N0J0d SO[[I0A0 op
siopinoq pus ‘[0aBI8 ‘guuonyag
“T108 Jo 9] 22 Jn0qY al s L fo TN I () nuil I 8 % 9 08 ia | otg‘t [ 3040y | gAsT
poMgeppdg9 (o f || -d8PHPLY
0y wd3 0z¢ cemmwm_m [« 3 it I I 4 0 eseq "7 4 4 4 82 ia | org't 8 WeHIM | TdsT
poedund 3upeq 998
1Y $ UJ 104000y [ N d n R - 8¥ (14 3@ | 00p‘T | dv |-semioH "D L | IDZT
a d 061 0 |7 (JBnL it 8 688 iq | 09g‘T | dv [TTASMOI VP | 1H0T
*9580 3 0g ‘001D
YOIId JO [9AQ] 98
BACECTR N T =T« o i I o1 Q |TEnAngy "o T - ot Iq | o¥g't | dg oousyredg xoer | [H6
SR [ O I 08 Fo 20 B -k N D - 9 092 aq legy‘1 | An |TTuydneng it 1499
[ O | 88-LI-L | S6 Jo B e e 9 €21 rd | S02°'T g |7 seduey Py ™y
1 '9661 durmp
59108 G] 07 JOJBM.
Jo 130108 gy poriddng a| o8 I\ 7 - QT Jesed | ¢ 0| WI| 8 ¥08 Iq o't | dy (Tt op~=TT] SINT
*9BJOTIOTZ U]
UL §800] 9981100 8 ‘@ (77T £ 89-91-L | 299 o N I op~TTl ¥ 09 |77 98031 ¥9 3q | g6e‘y | dv (~-"-wuwll 9 | TINI
al~ d 0¥ A |777TeARIy 7T g6 iq | sev‘t| dv |"-"-"owioy Loy I
‘H ‘8) ‘sele a1 7810
¥ 03 Jojem soriddng | g'a 0g d | 89-16-1 | L8z n | -wordusg - - 801 82 8@ |oge't| dv |"""rewmsH 'YL | IAI
A I“NI'L
wnysp (309]) 1 (300])
918 Mmopeq | eouer |remeqeurjo | ssou |dojog | (09) [(segoux)
(wuds) |domd 109 | ~-mooo | J9pesq) (-¥oIqy jyidocy|Smseo | rem | (10a1) oA JO| (300)) mmaﬁ
SHIBImey o8} | POIX Jjo I018M jo JO 1079 | (1om Jo | od4T, | opny | -Sod | queue) Jo JPUMQ | [[OM
odAy, -punoip qideq | -melq | uideq -V | -0L
1049 Jo18 A (5)ouoz SurIBo(-I198 |\

penunuo)—uohal() ‘UISDq 4361y DIUDUL) Y} UL 813 241 wIUSsILdaL fO §PI0IIY—'T WAV ],



g
(=

M "9961 UI
Pejorduod 90U W[ |~ T 86 [88L [T .m..v..wmwm T T a1 091 iq | e ‘v | dv [wSupde) H M | [96T
<,
1. e 89-Te-1 | 8921 JORIER LT o il i 9 081 Q| 99T | dv | ewiof Aoy | THST
‘M
*A1p padwnd Jureq
1078 SA®BD € Ul S[[geYy q | d|es-1zz | ¥°€ d ‘n |Tmmanop 3q |oge'r | dy |=°°" uoyjed I | U9
............... d | ee-162 |91 dn |TTopTtt 3@ |opL'T | dV |T2T¥Meypey 'H | 1Q0T
*@gBT WL AT W[ JON |~~~ [==m=mmm (= €-15¢ |89 d‘a | 8.%@--. 3@ | 019‘1 | dV |~""uoswepuy 'V | 146
. . Y
80 Q| - B ) i -moj3uey iq | osy'1 | AV (TISIED WA | T4L
*J[8s8Q ST
-13A0 9jBIauro]Sus)
pUB $5907 50 9J 91
moqy ‘d3 g SMO[ |~TTTTTT|TTTTooTojmoTTememmmmomees a4 [ T op~~7| 901 91 03 01 121 Iq | ogg‘r | dy [Tt op~"T- 198
............................... (7.7 S i = : O i i IS 71 8 008 i | ¢69'1 | dv |uosduogl 'V'H | 1D
‘d e U “NIL
< -G
5] amoom.mw
< 1[mney
A *daop % g€ gmuw_mwwo N| og [ Zg-91-L | ¥'98  |TTTTTTTTT ECRCZLHo T e 61| 8 k4 Iq |ogpr | da (T SHIE WOy, | 1398
S  femesend wipmug | §'q d |7 0 |7T7TeARIn | gl 0z [Tt 8 39 8q | 0gp'T | dd |""TeMYooy £np | 1HGE
w L al| 1w’ |7 8§61 14 , O TP a2 gz1 o9 9 002 iq | 01g°1 S ['seqmeH J9010AY | 1dPE
< *33 L91 ‘DD 1y %1 J0] :
M wmd3 01z-,21 padung Iyl 081 &L | 25-¢1-L 6 o3 op=--[==7T 958 <4 o1 898 I [ 099°T | AQ [TTTTTTTTT op---~" 1108
al e g | o TGS it e 9 81 I | 0p9°‘T | AN ["Bl0AloN AuLV | TJ08
*pIa14& 3jenbapeur
Jo esn®o3q pouopueqy | N [TTTTITTT E: O R S e S S A 2 o011 IqQ [ 009°T{ AQ |TTTTTTTTUT op~=TTT 1465
S N7 B Il el 9 009 I o9T| An | op===" IN63
*d 099 dutd,
T % 00Z ‘PP
‘md3 009 padumg
‘md3 g smor g
‘9961 UI 85D Ul JON N [ N | 9981 =+ o L] "l el I 0z 2t €8¢ Iq [o1g‘T | AN ---.awm-ﬁ%m 1ase
1 a| s [~ 8F61 91 o resed | L1 L11 0g [ et Ig |ozp‘r | da qdiopv | 1d.3
*Jreseq Sur{I0A0
%aezwaa%um%%w“m d|ee-91-L |28 Fs W it kel el I 09 2t 8q |o0gp‘T | A |"TTBINN M L | TH9E
pe33nid froa 1893 11O O - 000z I | 0¥'T | dd |"TTremxooy Anp | 1D
‘M ‘8D d | ee-Tz-1 | 6L 867 8q |ogp‘r| 4V |TTTo- 9004 ‘Y "A | TH¥Z
d |29, |¢e8 801 3@ |g6e‘1r | dd |[T"TTSeWOH'S'D | 1M€5
‘€961 SULIP sexe ./
03 3-0108 341 panddng L | 2e-21-L |96 fo 1 Il bl bty 0g A o¥e Iq |eveT | da |~"-eSPHPIAIL | 1D

‘J18seq
3urA[2040 (94813
POjueTIed pue [[OS JO




GEOLOGY AND GROUND WATER, UMATILLA RIVER BASIN!

68

. s | a|oz d Se61 61 |TTTTTTT|ITTT TTTTepTTT| g1 68¥ W | #19-8 $0g iq | 08 A1 |"PlegweIg W 'O | TII
T °S9I08
125 01 3J-3408 (L9
porddng  “33¢y ‘pp b v lens ol oo | A e e
‘wd3 000'1 pedwng a1 | 000°T €L | 99T - 08¢ o] jeseq 1128 gt 244 1a | g8 dq Sol1g HowIury a1
‘LI N 2L
§d|se I 0L o] T e 9 091 iq [ 9v0‘T | AV |"~-uyoney perg | gzoge
‘wdd g¢ ‘opliojgo . Hreqos
‘mxdd 091 ‘sseupdey | § ‘' |7 £ | 89-81-8 | L'18 [ 1 I A e 9 11 | wo‘t | dy -op g M | toge
‘100  Jujus,
1g3y(s B sy u&aus a | og €L 8761 891 Q| op~"T( 6% ¥63 ;4 8 £5e 1q [ 010‘r | AV |""uwospeN 'O 'd | 196l
..................... 85-¥1-8 (17T o ...eﬁmwm T 9 [i44 1q | 506 dy {*77"""TteptttTt| gMbI
. N Rt N €5-826 | 16 d | -mopdueyq |"TTTTofmmoomomymmmmen 9 [TTTTTTTT 1 | s06 dy [ TTTTTepTTTTT AP1
..................... £9-01-9 | 6°2H1 - T 9 v ig|oig | dv |T4espuryp 'V [ 1d3
‘AIZANZ L
“yred anqnd “dag Lem
10y 1938 sanddng §d [T L 91 Fo 2N Inituiutnntel ity Snietteieied (ot 9 982 S -U3IH uoda1Q | 1062
s'al- L 08 [© 21 I A i 9 081 §[7TTTTTTIION snp) | TIN8E
*A8[o pue 108 Jo 9
%8 £q UIB[I940 J[eSRY |~ "TTTTTTom T e L5716 (U B i E11:5:3% S I e €8 8 0ze q |77ttt § [TTTUos[AIN T ‘H 1974 4
TASEIANIL
O d 89-62-01 | C'91 n o M ot T 98 8°9% 3q | ogv‘e O [7adng epoud | 1D6T
..................................... P 1
‘8590 pue A8[9 Jo 3
9¢ £q UIB[19A0 J[useg [« O el S 89-0%-¢ (44 d (7 Jeseq | € 29 8¢ 9 811 1q | ogr‘e 0 (" "1edeory Yuely | TINOT
‘A IANI L
wnjep (3093) | (300))
e M073q | edual |[elI0jBULJO | SSU | dOj 09 | (390)) [(seyour)
(md3) |dund 199g | -0 | I9pPeIeq) [-XOIYL qidocy|duises [ rom | (399)) (fram Jo| (j09)) [Aydex
SYIewayy ) | PRIX 0 19)8M Jjo Jo 130 [[PmJo | odAy, | apm) | -30d | JUBUL] J0 JOUMQ | [[OM
odA -punoIp qideq | -welq | gideq SV | -0g,
[9AD] D)8 (s)9U0z Su1rBoq-J0)B A

PaNUIuO)—u0boL() “UrsDq L2633 DYRYDULL) YD UL SN 2UDIUISILdIL fO SPL0IPY—T ATV ],



69

BASIC DATA

‘wd3 g1 smorg
*wxdd 21 ‘opLIoTgo
‘mdd g/, *sseUpIBRH

*§9108
2 J0j J0jem sopddng
‘wds gz pefted

, "M T 8961
Suaump seaoe gz 03
J-0108 (gg parddng
' "UORSLI]
I0J pasn oq 01,
33081 ‘PP ‘Y ¢
30y wds 082, padwng
‘wdd
11 ‘opuopyo ‘mdd
08 ‘SSOUDIBH  ‘[{om
s Joqy3eu yo Sup
-dumd £q paIomof S|
A1po3aodaa [9A0] I8 A\

ey ‘wdd g1 ‘opLIoyo

‘mdd (g1 ‘sseUpiBH
1 “wds 00z padumg
] 96T duLmp
$3108 00 0} J-0I08
0gZ ynoqe ua%aa:w
'mdd 61
‘opuIoryd ‘wdd gg1
‘SSOUPIBY 9108
1 20 1)8M soiddng

1 ‘8D g6l
Sunnp se1os o1
03 930198 g¢ pajddng
‘] "wxd3 0y papred
*d gL dueg, "
"1} 06 01 PP ‘1Y g JO]
wd3 (09‘1 pedurn
‘md38 08g smorg

i‘a
s‘a

1

I

........ o
N LI I
01T L=
029 & |
........ [ F—
0T [0 N
ol
.............. V6T
0002 L | gg61
........ ) [—
........ | s9-z¥
006 | . |g9Eed
.............. 2961

|

~-m-op---

D
) e

(4

91

01

aI

(43

oL
F001

(54

892

862

0L8
0L

082

0Lz

929
Lv¥

66L

ia
1a

ia
iq
iq

a

ia

ia
1a

ia

ia

ia

ia
ia

ia

0911
990 ‘T

00 ‘1
09T T

096

096

026

016
031 ‘T

a18
998

978,
0101

06

An
dg

d
ay
dx

dq

dq

dg
d
av

dg

dq

dx
dy

dx

9ydanq

-USjje M 1
.&.2%33
‘dd
“egdure) p g
TTeYy v:.mwwq
“qSnqueA ‘H 1

coTTTRIeNON Y, PH

“TAwueNny g 'L
---AIRL, M °d

...... 10300, P

K318 "IN

“TCSUBHUM '8 I
‘uos

-dwoy,y, usorg

S S
~qouBy [83MI0)

IN?E
158

D28
IN62
382

THS2

eqLe

THLE
V28
1102
TINFE
1aer

2443

THIT
49

e



GEQOLOGY AND GROUND WATER, UMATILLA RIVER BASIN

70

H | s‘a@/| d | ee0-L |69 d (1 00 R R R 18 IQ | oWT | An [T opt 1482
*mdd 0z ‘opriory
‘mdd 011 ‘ssoupeE | § a op-- 9 el il Bt I S L
E] 89-¥1-L q o eseq 8 89T Iq | 080T | AN Ewmwdgo ALY
mdna
s‘a d 9 Jo e 7125 ¥ ot 3a | os dx plespq | 146
o)) g
.AS *oxds 001 wﬁh s‘a 0 9961 I [o 2 e Jyeseq | 8 L4 N 8 ee% iq | oeL €L weyIureun) H9
*0g61 3urImp
1 0} 10j8M pofddng | 19 ‘N el I 4 0 |77"TRABIpD 44 ot 3q | geL dg |~wumerp 00| 109
HOE W NZ L
: g9 dumdg,
‘wxdd T ‘OpuoIgd
‘mdd 06 ‘sseUpIBH
‘wd¥ [ Jn0qe SAO[T 8 €9-8 -4 k¢ o eS8y |~ 9 11 Iq { 81T | AQ |"eyunp ydesog | THOE
A6 A“NZ L
8 d ! Dttt RS S e 9 00Z Iq f 08T [ AQ |T"TTTToe op"-~="" 1498
§ | di N B 007 8 00F | Q| 00T'T| Ap [T SpeA qdesor | 1383
p wdd 9T ‘opHo[yd
‘wdd 0T ‘ssoUpre g |7 d | 8wl 001 O ["T-~aeseg | ¢ 0g1 28 9 981 aa | ‘T | AnQ [T AoA Quojuy | T9T
[« O d | 89-91-2 | %11 Vo e Dt D N S Syl 3q | oge M‘D ..... SPWH "1 °[ | 11l
§ 0 | 8991~ | 6°TI [/ e e e 9% | 8%l 3 | 04z V |~ragt'eediop g | 103
‘A AN 'L
wmyep (3997) | (399))
9181 | MO[9q | ©oUAI |[B[INBWJO | $SOU | 0303 | (300)) |(seyonr)
(md3) |dand 1994 | -In990 | JojpoBIByD |-YoiqI [qrdo(|Surseo | rom | (3097) (rom jo| (399)) (Aydex
SHIBWOY esn | PeIX | Jo Joj8m Jjo J0 1099 | [1om JO | od4J, | opug | -Sod | juBwe3} J0 JOUMQ | [OM
0dA L, -punoif) q3doq | -welq | yyde@ -INV | -0L
T9AQ] 018 M (S)ouoz 3uULIBOQ-I0YBAN

ponuyuo) —uobas() ‘uISvQ L9632 DUDW] Y] UL SN 2a10IUISILdIL [0 SPL0IIY—T TIAV],



=i *(Jom qIed
r~ dn-punoy
.Mm.ao *31 81 ‘PP . 30 ‘Z T1M)
‘wd3 029‘1 podmng | Sd | 0022 L | 8%+83-11 | 68t o [==mmopmn| oo e 908 91 19 1q | ¥90°T | da uojs[pusd | 1J0T
R U)K XIS I S R O I ) N N , Rt
glaoymd3 orgpedwng | 84 =777 &L | ¥l ge1 Fo X Innn ) Rl I 9 02 198 ia|ooT| da 9julg WOS3IQ | 196
“(z oA U0Ty)
pBOI[I8Y
I 9d | 889 L | g7-61-L 99 fo T8 (1 el i 231 9y 01-2T| 182 Iq | 000‘T| dg | ogleguolun | INZ
*(T (104 391Y)
. peoIIeyY
‘96T WIOSM UIJON | WY |™° 99 fo 20 R 1 B I I - 4 881 iq | 000°T | dg | ogweguolup | TIL
“d 099 dWe,
"33 ¢ ‘pp ‘wd3 0gz
peduwnd  “g61 Ut .
5N UF J0U ‘Tos MON N N 068 o] .--M——M“mbwm” 8 744 iq | 090t g [==meemm op---" 2a¥
q |meeett O | 89-81-% |86 0 -nffop |ttt 0w | ¥ 3a | 0g0‘1 § |""semof M:_QWB ¥
o
t o JE 1 £ 4 1 19013 510
‘wd3 gg1‘1 pedwng sd | 008‘1 &L | swer o8t fo T8 ) il K -/ 089 il o0z VL ia | ezt L | -A9) uojelpued | 192
“d 009 *(Ttoa yIeg
< dwey, *37¢8 ‘PpP Juersiud)
M uanw Sw.m %wmﬁwm 8d L | 8s-1-21 | 32or1 o Meseg 08I | ¥ 00L g | 001°‘T L wojeIpued | INZ
A
[=) JojeM ‘[jom 189) IO N 5 O et it e i RO R 009 (~"==-="" 009 iq | 9ee‘1 § |"I08uled ‘W "H | 143
o om0t a O |9-8-01]99 n 8 108 3q | 't | dF " sfied "0 ® | IOI
m € 09 1038 sofiddng | I[ ‘@ |*"T"TTTC T g 0 ["""1eaen 8 ) 3q |ogr't| dg |- Wy g s | 1dr1
2]
‘A A“NZ'L
s‘q [ d|ee8-% |9°01 ‘n 9 |6°91 3q g1 | An T 10391d "IN | INOE
s|9 d | et 0g 0 9 ¥29 iq | 088°‘T | AN ..%ﬁwwmgawﬂﬁ 1are
o a|op 0|0 -1 ¢ 0 |7 " eseg 191 iq | 968 dg oﬂgﬁmﬁb 191
g'q | [0} D 8 o 9 0g1 g |oo6 | da ‘soIg wM0Ig | TSI
*3J 03 09 PP ‘1Y T
2oy wd3 o1 pedung Ko o L (2 2 il el 9 892 aq | 0911 g ["-""Tooyog ygely | TH2I
s‘a L op=-| z¢ o0ge %2 9 288 iq | 0011 N qidog weed | 1LIT
‘widd ¢1 ‘eplIo[yo
‘mdd (g ‘ssoupieg
‘wd3 ¢ 48 1q § U]
A1p peduind oq uep) a d F009 op 21 9 (1142 aq | 099‘T 0 |osuey vV CH [ 10¥
] -wdd gz ‘oploryo
‘wdd gy ‘sseuple g ajor N 092 o | op~-=| 71 682 92 8 ore Iqo|eser Q| op~---" 2dg
ERES - SN el it il f1i:3:1: N e i 9 782 g |get| o 0310p 00 | THS

*HISA“NZ L



GEQLOGY AND GROUND WATER, UMATILLA RIVER BASIN

72

19A0] I938M I
01 J9)j8 UMOPABID
J931s yyrm wd3 8z
padwnd A[payrodax
‘$g6I Suanp soJor JENUPAUURE (SR (RO RO, «
2 30] }]-2108 9 co:am_sww P ¢ Il el I ¥ 0 |77TReARND | TTTTTTT 0g 9 3@ [ 001°T | d4 |["e¥queT AJueH | THSZ
e
b 0} PaseaIdap 19)8]
‘md3 00f )8 1Y 9 10) SEUNPRUU! DU DN S RO, . .
podwnd ‘pe[IlIp Uay M a [1i2 €L 9961 002 0 (4 i 928 Iq | 06T°T ) SI930Y WWOID | THES
porepixa | | o e e .
¢ Joy Enw_ gy padwng [« 0 R R o 081 o L2 ‘i I I 8 qie 3@ 1 060°T | df |"TTTTe[PPIM IBSN | IDTE
P
*9g6T SULIMP SAIVE LOT [ S T . .
0} 3J-0108 (L2 parrddng I 688 A 09 (o 3 R TS| 8| ez iq | o1 X o op~—"""|  TJ6I
I a 0 |©7TT 2361 €01 o7 op~=T|TTTTTTT (1] S I h 002 Iq | 060°T § |TTI93aBD UOIIIN | INGIT
‘wddgrepuoppp (b e
‘mrdd ¢ot ‘sseupdsy | § ‘@ [~ ol it 09 [o ] i ()" Rt il I 9 0T g | 090°T{ dg |"TT-ysAquy ‘M | TINST
°r] -e4n)sed jOsoJOBE \
oye3ru 0 susld UMD a 8 €I 0961 4] S N (L2 1% '] 9 L9¢ Iq | 09T T g JI8ID N 'O | 1491
1 wd3 og padumg a 0e €I 9261 (174 S il I op=TT|TTTTTTT SL 9 988 i | oe8 dg ["-eAnng jequd | TINL
‘A 88
dwoy ~x -yert - 1 e . .
‘pp ‘wid3 og pedumg |41 ‘@ |77 L & [TTTTTTTYFT jeseg - - 082 Ia | 0601 | dg PIog sdlIeyp) | 1AIT
‘wdd (g ‘opriorya ‘fos
‘wrdd (9T ‘SSoUpIBH [e 3 bttt d|es-2z9 |8 n G355 Ol e It 8 |61l 3alowr| dv ---n&ﬁwﬂm ow%,m et
[ “3upuonpuod Jo yueq
I8 JO] IAJBM mo:na%m ............... [\ 78 I I I R EICES< N i I R ot €04 I | 090°T | d | TEUONBN ISME | IQT
“pIe
30j 1938 serddng iaf og | 296 - 8T [ It Ml it N 8 88 IQ | 0801 | dg |TTSIeA 98I09p | IGII
1 Surdund
AA®Y 399)8 I By OF ‘(8 Tem)
sosBaIoul ‘ ,9¢ durag, Sd G8¢ N 7 a4 O |7TTTTTepTT [T T 18 91-0| 800'T] IO | 0F0°T S noaoﬁ%m TNOL
*do1¢ dureg, "1 ur 006 [\ 7 SLT o[ I G0 O ] 44 48 999 1q | $%0‘T | dg | Supuue) Ywg | TINOT
ponupuop—g 2¢ ‘Y “N ¢ "L
wnjep (3997) | (300y)
e Mmofaq | eouwer |erIo)BUI)O | sseu |dojo} | (180)) |(seyour)
(wd3) |dund 1900 -0 | JojoBIey) |-Mory |yrde(y|3ursed | [em (399)1) (oA Jo| (109)) |Aydex
SHIBUIOY s | p@IX | o I0jBM Jo |Joudge |[emjo | edA, | opn} | -3od | JuBUL] 0 JOUMO | [[OM
pd4 T, -punoi) yideq | -urBlqg | Yideq MV | 0L
T9AS 1918 A (S)9uoz 3ulIBaq-I19}B M

panunuo)—uoba4) ‘uIsDq 4243 DYUVUL() BY} UL SHPM 61D UISILLI4 f0 §PL0IFY—' TIAV],



73

] telow
1 20§ 199eM soriddng
] °Gg61 SurImp
80108 (8 09 )J-0108
17z potiddng "3 Ogg
‘DD {aY 319 20y wId3
919 Inoqe pedwng
1 18- [PM
IO} S9UISJISIUL
£q poseaosp sem A91
-oedeo 831 (1) um uor}LS
-JAI1 10§ pesn A[[eui3iQ
‘podummid axs 13]8-
pue (8- ‘1D]- S[[oM
TUOYM SUI[0dD ATPO
-1I0dal [9A9] 1938 M
Qe SulInp Saloe
L 07 }J-010% 4, poriddng
T 56T Sul
-INp $e10% ¢ 9)edLLI
09 9J-0108 07 perfddng
10
-S[P J9jeM UBqINqus
Joy A1ddns pesodoag
‘9961
[ 95N U JOU ‘[[om MIN
‘TIMOPMBID
3U3IS gya ‘Inoy
we Jiey 0] wds (g
porrey ‘[9A®I3 pur
puess Jo 9J 01 £q ure|
-10A0 J[eseq  "9g6T Ul
OSI Ul 10U ‘[[om MON

BASIC DATA

-wmdd 0z ‘oprio[yo
‘mdd g¢p ‘ssoupIeH

001

8961

6¥61

[44

61

2+

Y

)

..... neseq
‘mngA
-nyre

dunox

%96

(43

01

01

i

(444

6LL

002

1a

1a

1a

1a

1a

ia
g

1a

uq

013°T

§28‘1

oeT‘T
[0

0T
FT‘T

SFIT

a1

dg
dg

dgq
dg

dg

dq

“wysneT ‘H ‘N

*(g 1om) osero
-Ig wenim

(1 [[om) oseyd
-md WeHm

“TTaeyeus d H
*(2 [1om) 9sBgD
-mJ Wreilim

----so1g wdsp)

" “SUROTAT I0ISOT

-“oodemo) ojny

THO0T

38

s

(431

108

EN9
ZN9

IN9

»:t4

‘HEEHNC L

ep

1
.rvH 0%
duwey, 31 g9 ‘PP 1Y
1 30y wd3 gzg padwing
“YO3ID AeNON
£01e9u JO [9A9]
oYy} UjIa seyenjonyg

wmwm
fa¥aYa)

Z

hria

80T

TTTTresed

99

082

ia
a

a

dx

...... M0I) uror
“uosigyred ‘g ‘P
........... op=-7-

~~~g[0oAIO] TYOf

THSE
1098
1463

163



GEOLOGY AND GROUND WATER, UMATILLA RIVER BASIN

74

) cwdd
8 ‘oproryd ‘wdd 08
‘ssoUpIRI  ‘$91B Q1
J0] JIo1em sorddns
131 802 ‘PP *I7 343
J0j mid3 9g¥ peduang
‘Jue) 9381038
punoidipun Aqrgou
woJy sujfosed Aq
PI)jBUITIBIU0D SBM
19)8M 0G6T INOYE UL
‘dd g ‘eprio[ya
‘madd g ‘ssoupIBH
g 099 duag, wdd
8 ‘opriofyo ‘mdd
0z ‘ssoupiey -wd3
1 Inoqe smog ‘wd3
g8 pedund g6l
uf judtedde sem Jopo
SNOINYNS OU YSNoy)
I8 ‘I9)8AM JO jua}
~"00 JJINS JO 98NBIAQY
pauopusqe pajrodeyy
‘mdd g ‘oprdofyo
‘mdd Q11 ‘ssoupIsH
‘urdd gy ‘opLIoryd
{madd gg1 ‘sseupIBH

T Y

9 ‘DD ‘a4 0T 20y wd3

0 Podung “Ajddns
uofpesnar pesododd

099

€9-229 | &

41

01
98

19-95-1 L

0

TTTogresed

(348

TTTTRABID (T

[48

61

61

3L
%I

ote

oLy

9
9°9%

(43

8Lz

3a
ia

ia
ia
3a
3a
uq

a

gev't
gev ‘T

g6e ‘1
062 ‘1
092 ‘1
081
9621

012‘1

av

ayv
dv

av
av
avy
dav
dq

a1

" R[PNN Anp

-dwioy,], sewep

~TTEm) pasyary
-re3requin ‘g ‘W

~==3POTBI TN
*10M 0]

-uediug SIMAT
*9)B989 U]

-V qdesor ‘SIW

..... SILIOIN L0y

INES

zdag
1433

THTZ
1aoz
1081
et
141

bac ()8

penurjuon—a

€EANZ L

SYIBTIOY

%0

(mds)
PPRIX

dumd
J0
od A1,

wnyep
A0[3q
1004

oeq

oouel
-Imodo
JeM

(399))
ssou

~HOW,L,

[epRgewm Jo
RPEIBYD

(199))
dojoy
qydaqq

(399)
Fuised
Jo

19A9] BB M

-punoip

(S)ouoz JuIBaq-IS)B M

yidsq

(seyour)

(390)
oM Jo
qideq@

1ioM Jo
adAy,

(9991)
apnj
MV

EDS
e

JUBUL} 40 JOUMQ

167N

PaNUNUO)—u0bas() ‘uIsnQ L9a1Y DLDULL) Y] UL 8]PM 3aYDIUILILAIL J0 §PL0IIY— T TV ],



75

BASIC DATA

o Y
§2Z ‘PP 1Y ¥ 0] wd3
00Z pedung °sazoe
0F 09 JojeM mo,mamh:w Fe61 8 o -ﬁﬂam ....... 8 161 ia | o079 TTUseuof PIRMIM | LLFL
N ‘pe
dwmey, T ‘32z DD yueweo
‘mdg gpr‘ypeduang | I |- ‘[eAeIs
B R o 99 | aa |ow --Jowe1p) jsowag | INOT
“J1eseq
9[[20A0 Pues pue m.w 99-01-8 181 “moypeseq | 291 gt e aq | 099 “TIoWeRID VUM | TVOI
J 99 dumly, 7§ A “Agpo
-dns uor3eslaa pesod pue
-01J °3J 86 ‘PP ‘Iq ‘pues
¥ oy wd3 ogg pedming 9961 901 RCTX:2 T30 it S 41 8¢ ia | o9 TTIewWeld M T | INF
‘AT ANE L
*J1888( SO[[IeA0 ‘deep
7 g€ ‘10ABI3 Pus [1og 5¥z9 | og B G O R R 8 901 q|TTTTYY 8T PPIN H | THP
THEE A NI L
; *1J ¢81 ‘PP &
‘md3 (g8 pedmng 89-626 s+ .---%Smﬁ H 8 0S¥ iq | geL‘ g |"-memog YV g | TOLI
*Jurwns ut AIp $30H) ge-1g-8 | g6 | Qo |TTTooTemn|mToToemeen 8P 11 8@ [ owmer § |7 B4np dmyd | TV
8g-1¢-8 | gL TTTTeARIp Tt 98 01 3a | oeg‘1 XL 988 uoqur) | 108
gg-18-8 |29 il it il s | ger 3 | 00%°1 S |"reldwog, IsH | 1dL
“proIIBY
| 561 4 ToTTqreseq | g€ 8 98 aq | 00%‘1 L | oypequoun | 19¥
ge-1¢8 202 | Q|- 9 fird 3@ | o1L‘1 g [uuBp uwopdey | 1AE

HYEA“NZ L

895-384 O -64-6



GEOLOGY AND GROUND WATER, UMATILLA RIVER BASIN

76

N [0 N | 89-6z-L | &L AR LULL0 P01 D I R 1°L1 3@ | 069 dg |~---syueqq) uyor | 1CIes
-mdd oz [ d|89-8zL |96 Jo BN I e R 9% 3Q | 969 dg |“uostpelN ‘W P | 1D6T
‘opriofyo ‘wxdd 0z1
‘sSOUPIBH  UoIIP
worpe31all £qIeeu
wIoJy 93Ieydad
S0A[3001 £1q8qodd | 8 ‘@ |TTTTTTTT Q| € Fo NN KoL R ! DY I S |4 3q | 09 dq |"T-sjusqn uqof | YIFL
ai: - o I 0 jTmmAny ("t g (3 3Q | 06¢ dg |sedmddop I | (31
..................... £9-82-L | €81 o N I S S I e - (4 3 | 999 dg |—--so1deg ydrey 1d8
[ O i O |es-Li6 | LY F % i ittt il I (44 01 3 | 009 dg |"""-zeuyeeg e | IVI
‘A A“NE L
‘wdd T ‘OprIofyo
‘mdd gz ‘sseupieH | § ‘A i It Iniiieieinatel It Il Al 9 | iaq | g9 dg |~-""weaap T M | 1498
“urdd 11 ‘opHIo[yo
‘mdd (g1 ‘SseupIBH a | 0| op~"7| 9721 n w,mos ................................ (4 (4 3a | saL dg |~---aojseg udrey | TH9S
woly
PoALIOp
wniA
~nire
80 3 A R e9-2¢¥ | ¥F1 n Rarie 1100, G il It It Ll 4 3a | onL [ O i op~~""" voee
T g 02 d 9g61 961 o 2 op~=T|TTTTTTT T 912 8 00% Ia | oz dg |-eo[iep 08100p 192
1 PO ‘PP
ay g Yoy wid3 0gg
podumng Aiddns
uolys3ln pesodord N N - 0 |77TTreseqg [T Tt 68 (43 98T 1a | 06¢ NP iy 118H useq 9%
‘HLILZIA“NE'L
wnyep (3997) | (300))
98 MO[eq | oduea |[evlIe)BWJO | SsoU 09 09 | (200]) {(segour)
(md3) |[dumd 7904 | -IN9o0 | Jojourey) [-¥oIyg (qrdeq|Surses | [om (399)) [11oM JO| (9900)) [£qdwa
syIBmey o8 | PlOIX Jo Iojem Jo Jo o0 |em jo | odAJ, | opny | -30d | jueUL] JO JOUMQ | TIOM
odAT, -punoiy qyde(| -melq | qide@ IV | -0,
T9AO] JOJBM (5)ouo0z 3U1a8eq-I0)B M

PONUN U0 —u0b24() ‘UISDQ 4303 DUDUL) Y] UL 8]1PM 2aLDIUISILAIL 0 §PL0IFY—'T WTIAV],




77

‘wdd g1 ‘opuIo[go
{mdd (L ‘ssoupIey
‘[[ge103 Jq g
sarmbeu ‘ujw g1 ur
A1p sduind ‘dund
Juesold )M ‘seIe
8 0] 19)BM [B)UOWL
-o{ddns seriddng
A 099 dwre,y, 1
‘GgT JBAL-19)BM
Zurmp worjersdo jo
Iq 2g9°1 Ul 9j-0108
21 Jnoqe voﬁaasm
‘NP PP
{1q g J0y wd3 Qg1
pedwing  ‘$961 Sul
-Inp S8 $1 03
-0108 gz ponddng
'I0ATY e[iHjew )
JO TOAQ[ UJIM §o38
-RJONY [9A9] OB
A oGl dumeT,
] *S9I0B 0T
10 X998M seriddng
‘wd3 gog sMOTd
1

BASIC DATA

“) 09 ‘PP
£anoy us J{ey J0J
wds 08 pedwng

“$961 ULMP S0IOE 9
03 )-0108 (g perddng

8d

o 898 L |81
(174 S I o T 9
00¥ 1961 %
091 | O ¥
.................. 9%+
- B 7 2
08 ¥961 9L

“WmATY

TTTUreseq | 8T

TTTTeARIy | g1 43
i) 151 O il R
=== 2top--

“wnjAny

691

)

ot

€8t

982

06¥

982

ia
ia

1

aa

a

1a

092
90T

019

029

an
dg

dx

da

dq

[7}=]=]

dg
da

dg

..... oIped ugof

~=="sousy AIBIN
-ze8utd

~do) IPowmoH

ao[Im
88010 " "0

-"Trouod Jo £91D

SIOAITN OpTB[D
-~ -8I0AQTN 19934
..... 8uoT "9 'qQ

“-"uesIuO ‘Y “H

Liet4
“TI319%

1834

91

091

091

ZOIL
DIT
1d0t

18

148

109

H62A“NE L



GEOLOGY AND GROUND WATER, UMATILLA RIVER BASIN

78

1801 $8A 30q ‘) 68 I8
Jeymbs peyosed wroxy T e g
goBJINS 0} 950X JMBM | § ‘A | 93 E o 1123 Q| 0p=""(""7"| 09 ¥l 9 9 g | 0931 | An MRIPUY | THTI
(€ N = N 08 o 2N LU O I 4t 9 91¥ 1a | ov1r | an (TTTgouelrq L CH 108
deep TR |
A1pajaodor [9A0] 1B a | = S RN i S S O N NN S ) SLT Ia | 00°T | AQ pIBUoST DL
RN d | %@ QT I T e 5 | 01| A0 \TTTUOSQOOBLSHY | IVE
N |7777 " N | 8991-%_ | 0741 IO ¢ S ISR I I I ¥ 3A | 00FT | AQ [CTTT Uasqooef 0 1$9)!
a 0z 3 A 00§ |TTTTTTTTT|TT esedq | ¢ 4! N 8 189 ia | o¥8‘T | AN [THOIMPERD I 41
HIEANE L
“widd $1 ‘opLioyo
‘wxdd gg ‘SSOUpIBH a - d 0L [0 2 Rt el Rl R 9 022 Iq | 0911 Jo Il O "V "D | TINGE
‘mdd 61 ‘oplIo(gd ‘mZIP M
‘mdd gy, ‘ssoupIsH a |ttt - 0 I I O T I 12 R I T8 1 09 i Sou n 20TAIBI) 1008
13 02 DD a d 0z Jo I DR I EE E Ve 3q | oot‘t Jo I asouzyuy) | TV8g
1 0¥ ﬂmﬂcﬁ %maﬁwm N 174} d | eg-08-11 L1 o TTTTTTTTTYTTTTT B R 9 4 ig [oot‘t| an |77 0590y WooT | 1d%Z
“mdd 1§ ‘opLIoT:
‘oxdd (g ‘ssoupisH [« O P B 08t F© I I I R [ I 9z ad | 9%0°T | An |[TTezoumgM I | TINFT
‘mdd zz ‘oplioTqo II *U9zUSI0T
‘mdd ( ‘sseupIsg K« O I 728 it ieieieieiieinl Rl it ) ) I 009 iq | 01T | AN mguy | THeT
‘mdd z9 ‘epuogo -
‘mdd g1 ‘sseupIsH [« 3 i I R F0g [0 2 I I S T 9 002 Iq | 086 AQ) [TTTTepUOY 'H 'V | TIOT
‘mdd zg ‘epuorgd
‘mdd g1y ‘sseu
prmg yogepim (| v 0
1 0y md3 g1 podumng al) eu £ 892511 08 [ 20 DR D N I 9 jia ia | 018 N N 9590y Uoey | TING
[T d |77 o1 o 7100 YR A A R I 02 3@ | 0% Af |TTTTTTTTT op~-=°- TN
‘59108 SIOAOIN
¢ 05 Jeym sorddng a1 [ e 9 Jo N T RN SR SN I 4] 3q | 018 Af IBUSIBIL IdL
‘A N |77 N | e9-¢1-¢ | 08T OO 102 OF il L'e 062 I | 098 AN .-.aan_oDHM_E av
N |77 d | 8e-€1-9 | 9IT | ~7"TTTooTTTTTTITTTIT T e e T gel 3@ | 080T | an | -jejsueaqg WL |TTZVI
A0S HUNE'L
wmjsp (399y) | (100
AL Tq Mo[eq | eouea | reriesux jo | sseu |doj o3| (309)) ((seyour)
(mds) |dumd je0d | -IM000 | Iojoeleq) (-WAIYL|yjdecy|dumseo| oM | (100]) [[[om Joi (309)) |Agdsx
SYIBIOY es) | peIX | Jo JojBm Jo | 03070 |[om Jo | odAT, | opm3 | -Fod | juBue} JO JOUMQ | TIOM.
odA g, -punoip qideq | -merq | gadeq IV | oL
10A9] JojB M (s)ouoz SULIBeq-I9)B A

PONUNTON—Uu0HaL) ‘UIBDQ 4262Y DUDUL) 2Y) UL 8)]OM 20UDIUISILAIL fO 8DI0IIY —'T WIEV ],



79

BASIC DATA

s‘a a B 2 it [ T ) 08 | 3 | 9ee'T| AN |TTTTTUOSION AW | THEE
T "yidep 1
QZ8 Woxy peAsd ‘wud3d “310d
21 pedwind Apowio g O el o R - N S Dt e 9 09¢ Q| 06¥ ‘T 0| -nsuoprpueg | 1dze
.SQ d| 001 Fo 20 It i Il ettt e €9¢ 1 | 0681 n ------sawme.ma 162
[« S F o i s Rt L1 S ! D! I 9 609 Iq | 969'T | 0 | -poop SOUsY) | 1dL%
s‘a@ajt d|852-2 | LT Fo 20 S .32 A Dt A 9 1982 1 | 9091 0 |"wmwniy e300 | 1082
8 |- 3| seo1 | ¢ o Tl Rt e B ] L1 3 | 098'T | AQ | 40AI8H moIpuy | 1€8T
O O ! i i R (2 Sl It I QUON | 9 14 IqQ | HT | AQ (77T op==-"- 2791
o108 1 30q8 ga |t d = 092 o\ () ated It I UON | 9 099 Iq | 9% ‘1 | AN | IopAug ydesor | T7I9T
10} 1938 sOrIddng ia| o9 TN i O A L2 I 6% 3 | FF‘T| AQ [T op=-"- 2491
s‘a Toa [ Il I e Il ettt il e ove ajosvr| Q| nomam.ﬁﬂ L] Td91
oa |s@ || fyi— 0 | D |wweg || L I 2 g o
. - ] C e B Lo LA B ity o S 08
*A1p pedumd Apsee *3inq
‘ajenbepseuy pejlodey | § ' [~-7"m0 I 0g o A 06 9 06 T | 0¥e ‘T 0 | -uesoy upwiiel | TdST
s@ |t T T T () il It R o1 9 008 Ia | 09T | AQ Baszﬁmwwmm 1001
al os F: o I Fo0e fo 70 inmiiaial - ‘i il (i SIT| 9 08S iq | 9691 Jo -pury MUy [ 1Ve
‘mxdd 671 ‘9prio[yo
‘wdd gy, ‘sseupisH a |-t F: O I I [ Jn i A 9 009 ia | 08v‘1 0 [""punsmjsem ‘8 | 19
aj|; T S 99 o " opTT T 08T 81 ¥ 01 a0 | UYsT 0 | Tretueq sewer | 1A
“A1ddns or3sewiop JI0f
9jenbepsuy peplodeyy |~~-"""" 4 d - " () et et Al Rt 974 ia | o901 Jo U op~---- 102
s‘al _or d | 092 [ X (2 e I 9 009 Ia {0991 0 [-eeyse eanalg | 143
a -t L |€-6-2 | $QUL |77 31252 O i el 9 9e1 Ia | opLt 0N |80 ‘SN A | 14T
‘HEANE'L
*wdd 31 ‘oplioryo
‘wdd (g ‘sseupIBH ajl. 9 d | 06¥ o 3 I (21 et I 0g 9 174 IA (0T | QO |TTTsmalg 'H 'Y | T03E
N [orommmmmeeet 2961 F%7 i Rt Iy op=T|TTTT T T 9 029 iq | 0¥ ‘T 0 |7""-mey preuoy | 1dee
wdd A1 ‘oplIoTyd
‘mdd (07 ‘SseupIBH a| & - B Foop | B el i I 9 998 a ot o wos] “{ ‘€ | TOT8
‘wdd 87 ‘epHOTYD
‘wdd g8 ‘sseUpIBH [« S d |~ (121 i op™T|TTT T r T 9 00F Iq | 062°T | AN [~""MUep3uy IW | TV92
“widd 81 ‘epLIoTgd *u9zUeIo|
‘wdd (8 .mmwmmwmm al| or I FO0g [Tt (] el il il i 9 028 iq | 0gz‘1 | An uBULIGH | 17123
gl ‘opuoryd ‘mdd
9g ‘ssoUpIBH 3} 0¥8
18 pojenjoued sBM
104%8] snoiod © weyM




GEOLOGY AND GROUND WATER, UMATILLA RIVER BASIN

80

"UMB[
o} 1998M sorpddng I3 i Rt it il At I I 9 00e iq | 921’y €L |TTTueyny sewrsr | THIE
8'a | r|ee-1-6 fugr [o 3 N I I 9 002 Iq {0057 | &L |Telleyoe, ydred | 1063
- qa | Il i 09 Q| (o2 e ittt i 09 9 i Iq [ 0F%‘T| 0 | "susol e38108p | TINLE
"$S61
UL 9SD UL 10U [[9M MON N 0g |TTT7TC e~ € 6g o op~T q1 ot 082 g {eov't| an [T op~=TT- CHLG
‘pauop
-ueqe pus paddnig N [~~~ 88-12-T1 0z o jreseq | 32 0Fg 14 (U} $99 g |otF‘r| A |T°77T u:ﬁm:wﬁw..& THZ2
anoﬁ_u&xm
u0je[PUsg
*3] 9% ‘DD ‘19 34¢ ‘omymoI3Y
0] wd3 ¢o1 pedwung a a8 d | %8 -1 6¢ 0 9 892 ia | 06¥% ‘1 o .u%mowm.b 0%
gt rond
89T ‘PP ‘wid3 ¢T SPPRIX 5} - [ S I 9 181 iaq | o9zt | da JORULIOOOW | TINZE
H a |~ d | es-0e-T 961 |77 = i O e - 98¢ 3a | g¥s1 n ..eaaoa.mwwmc Vst
...... es¥1-¥ | 2'98 n N 2 ee 3@ | e181 Jo ‘oddny | "M |"TTTLT
....... g d | €5-¢1-9 1¢ 0 9 it iq | g8t 0 |77 memssar) uog | TVAL
T ‘UOSBIS
Auye: Jupmp wd3d 1 ‘soxg
§8 qonwI 8 SMOP [OM | S‘a | oL r|es- -8 02 ol op~"Ti 38 43 09 8 96 iq | osv v g %ussw%E I¥1
5504
s‘a S - B 157 O el el I 9 86 I1q | 9091 0| -ujoy 130mAq | IMTE
‘[1om 3np Jo iaq “uMoIg
woyjoq Ul [{oM PO[NCT | 8! (77T d | €9-82-8 | 3°0Z To N I S It I +8¢ ‘3@ | osg't o] DAL SIN 5@2
-fddns s‘a| d|e-T1-6 |¢T3 n - 09 (5 aaies'ty ol 1958Ug HoBr | 106
Jo Aqirqepusdep i1 *uos
ea0xdur 0) pueded(y | 8§ 4@ |~"-mmTTT| s N | -+09 ‘8 | 9991 0 | -m.puy Aoureg 1499
‘wdd 9% ‘opLIo[yo ‘o8
‘mdd geT ‘ssoupiey | § (@ |TTTTTTTT - O R i B0 N B et O e I o |7 3@ | 96T 0 |77 epesmg I [ 1D
o108 SO i r|es-1-6 |21 o3 il ¥I 09 [+14 3q | g6¢‘1 | an |""¥sAquyg emeT | IHE
¢ 10 1098 soryddng hmﬁb gL L | g1 O |~ aeseg - 0g 8 962 Iq | 0981 | AQ 7777 mo-o0| 192
s‘a |~ |88 |09 ¥4 W Il It It 62 3@ | 069 ‘T § ["""ugsneyg T [ INT
AL WNE'L
wnjep (399)) | (399))
N8q Mmoreq | eouax | elIejBux Jo | sseu | dog oy [ (999)) |(seyour)
(wd3) (dmmd 9994 | -Im000 | 10P8I8YD |-FONIE(udoq|SuIsed | [am | (109)) ([fesm Jo| (1e0)) |Ayder
SHIBWOY osn | pe1x | jo I998M Jo [Joxaje |remJo j odL T | opny | -Sod | jusue) 10 PUMQ | [[OM
od AL, -punoipn qideq | -mrerq | qadeqx -1V | oL
[0A9] 1998 M (8)ouoz Juyr8aq-1018 M

ponunuoD—u0ba.L() ‘ulsVq L34 VPUDULL) Y] UL S]PM 2a1DIUISILdIL fO 8PI0IFY—'T WTIAV],



= I “PI9JA Jueld
o0 -gmsuy -peuopusqy N |77~ N 0%61 48 o 1 op=TT|TTTTTI T 98 8 S0 i | 008°T g |7 Y 00 [ 1952
.A.A a (174 &L | $%-8 ¢ 81 d |77 opTTT|TTTETTR T €9 8 Q1 I1q | 929°T | AN |~"""uusy ouIAll | 02T
“wdd 91 ‘opUo[yo .
‘urdd 08 ‘sseupler a 0g I ] 89-8¢-8 ¥1 [ 20 op~TT) et 181 L 8 91 ia | os¥ ‘T g |"""soudey .Uﬁ.m 1302
"0
1l s‘d 18 d | 9% -11 44 [ 2 (4 e og 9 72 i | os¥ ‘1 S -qjoy eqoy | TINSIT
T -uorjoejold 0D
o1y Ioj I0jem seriddng ur 001 0 0961 19 [o B op~7| ¢ 888 [T 8 98¢ iq | 0gg‘t n 110 paspusls | TINLT
1 a [ S L 061 | OF O |T"TTqeseqg | 61 L1444 LT 9 £0¢ iq | 0gv ‘T S |" "seudeq ‘D ‘g | 1AL
S'a |~ I O 91 J0 U e I A oL 14 3q | sut 1 |""nwepuoy °SIN | THFL
wdd 0 9pHoryo ‘1108
:Hamm S.MMWW%N a |ttt g |t LY 0| Tesseoy |TTTTtTT[TToTTommmmem 09 02 3q | opLT § | 9001 ugor | TIOII
-INp $9I98 97 0} I9)8M
30 3)-3208 gL penddng | ooer &L | og o opT|~T g |7 9 0% | I | 0991 An (TTTosweBoy 1T THII
*sIo8 I ‘ood
6 J0j Jog8m sorddng | ‘g ‘@ {TTTTTTTT I og [« (222 St 0% 8 061 ia | 01§ ‘1 g -dop werlimM | Taox
N a | o | 9 Fo I R e g 91 B | 098°T | AN |“"uosuyor‘gp | 1V9
-Inp y-edoe L1 periddng 8d (111 S it e a o7 op~=! 0% 26 o8 91 €91 i | 06t 8 [""swepV JO AND | 1DF
< rp "wdd gz ‘epiiolyo
M ‘mdd g1 .mvw@%duwm s‘al|—" £ SH6T 0¢ Q| opTTT|TTTT T 4 9 081 ia | o1s8‘t S [TTuelreneyT °f 'S T1e
=] -mdd g1 ‘epliolyo
) ‘mdd 09 ‘ssoupisH
et ‘$961 SuLInp 93-0108
177] 9% perdduns ‘se1os
< (9 Ioj Iojsm seyddng a4 00¥ R 7 i O T mCepT 6l 882 9 3 862 Iq | 0957 | Ap |mmmeemee op---- 1ae
A 7 -wdd 91 ‘epHolyo
‘wdd (¢ ‘sseupIeg a |ttt L)% £ | o1 o L g 091 s | 9 001 | I |098‘T| AQ TTTTT sueq v 'd | 108
-oIn)s8d Jo soloB I
¢ doj I98M sorlddng | ‘g ‘@ |~ Il " B 1< O It Rl 9 021 Ia | 0z9‘t § |"UefenalT ‘0 g | 1S
-Jouruans Ul ‘winqueq
ejenboepeur pajiodey a |ttt o|TTTTT 61 Jo B h 9e <4 3q | an ‘W CSIN | TdT
AV T “NE L
-mdd 8gz1 ‘ssou
DIGH 10ABi3 jo 3
02 £q UIB[I2A0 ST Jr8sBg I N d | [+ A 0L 8 009 iq | 0e¥ ‘1 Fo N 19950 90T | 1IDSE
‘3 (2)0§ 03 [PABID d TTTTTUopTTT Oge [ 0g 9 44 Iq | 097 ‘T o (777 gud ¥o8r | 1d¥¢
N L ]89-L5-8_ | 9'¢¥ o s o1 01 ] () 3aoew'i| o |C pnq foyg | 1reg
..................................................... op~"| 8¢ 099
‘A oFS
dureg, 1 ‘9961
T osn UL JOU [[oM MON P ooy |=7777C 9961 15 72 el I 11:5:< 118 9le 174 31 809 iq | ot | dg |~----coptmt| ZdIE
~ednjsed jo selds
g 1oy 1978 soddng I = | a e B I el Bt B B o aaq lozrg | ag 1--=--=---- op~—--- )




GEOLOGY AND GROUND WATER, UMATILLA RIVER BASIN!

82

a g1 €L 9961 (1€ it I ;2 O I I RN R 0Ly aqa (= 0 |"Tuosdwioyy, "y | TS
a - d |~ ot Q |7t e e ot 0g iq |t AQ |-"oTuep eplaIg | INTR
‘osduioy,J,
..................... €92 -6 [0°ge n R 9 |9y 3 |7 An WY | TE0
'] “wdd 2T ‘epliofyd
‘midd g9 ‘sseupleH | 8 |TTTTTTTC €L | 89-61-6 SLT [o I N eseq |TTTTTTTITTTTTTT) @ 8 896 ia AN op~""°" TI61
a d oSt [o T DU I R 8T | 9 002 Iiq Tttt AN |"yjeureq ploleH | IM6I
1 ..hqé .wmmwwm 8°'a L g o1 op 001 T 9 LT L0¢ B Afl |"SUTeMIIM JUsld | THST
01 10J J3938Mm sar[ddng a1 08 £L|7TTTTTTTTTL 08 Q|77 mopTT 2o 8g 88 8 001 aq =ttt A} |TTSWEDYV INTBM | T8l
] -A1p sdundg a |« d | 19 Q [T"TTeseg 8 18 iq |7ttt A} |TTTraeysod ‘d CH 106
" R Y €9-2 -6 | 0282 BN O = O e O I B 862 iq 7770 A DT op~~"""[ TH6
R d1e9-€-6 |8'L J¢ O N R A D [ 01 3q |0 AQ |""""stae@ V' 1dL
g‘aq (Tt ¢3-¢ 6 | €l F6 U I A R 8¥ 6°91 aq |~ A 7T od suuy 1ar
. ‘At 9 NE'L
T °$961
3upanp seaos 981
03 )3-0108 26 vm__«:mm:m ! § 002 £L 7T 48 d |7 op=* e -Tloot 444 I | 0Pt | AN |~"""s1eB09 I I | IDEE
‘pp ‘md3 87 SPIOTA [¢ 38 Rk i [44 [o 1 Jeseg | ¥ 19t (44 9 061 I1q [028°T | AQ |"wJoguOlN OPBM | TINES
‘wudd 97 ‘eplio[yo

‘uxdd gzT ‘sseupreH

“uosees AIp urmp
A1ddns d1)seUIop J0f ‘TIos
sazue%m..u cw.ﬁ.%%m [ 1 d | eg-8c8 | 091 0| Ttesseoq 8 9% | g0 3@ | 089°T | AN |Truehme] Ampy | Tdee

81 ‘opliofye fwxdd

Q6 ‘SseUpIBY °50I0%
g doy dee seriddng .ﬁ..m 0g €L | €9-82-8 | 9°L¥ 0 [TT7eseq | ¥ 011 V¢ 8 63T I | 9e9°T 0 |~-4Aeuole| ‘H ‘¢ | 1qee
sf‘a O | 89858 | ¥l {2 U Al el e 09 | 292 3@ | 008‘1 [N mmy 00 | 1092

. ponupuoD—"d ¥ "4 “N € "L

umjep (3007) | (300])
918 | Mopoq | edouex |pepejenxjo | sseu |doj o0y | (709) |(seyour)
(md3) dumd 3004 | -anoo0 | Iejoersy (-NOIY.L[yjde(r|3ursed | [os | (399)) |(1oAM Jo| (308f) hwmmu
syremey osQ) | PEIX Jo I918M Jo JOJ090 (oM JO | odAT, | opm] | - Jueuo) JO JOUMQ | [[OM
odA, -punoip qideq| -meiq | Wder “HIV | oL
19A0] 3098 M0 (8)0u0z 3uaBeq-10)8 A,

panunuo)—uobas( ‘uIsnq 4941 PRUDULL) YD UL 81100 2a1DIUISI4AD4 [0 SPA0IIY—'] WIAV],



83

BASIC DATA

‘] "saxo®
091 10y dogeis soddng | ar | oger| &L | esT L B VX205 W ey €L 921 | a1 92T | i1q | o L [*=-TiS0H g 'S | 1D8?
*1q31[S uMopmBIp HM *JoaBI3
R e et At ¥ eod,, | 8 I et B 4 ¢ 61T | 1a | ogs A% op~---- TEST
T usys
umopmeIp ‘wds ‘[0A®I3
0¢ SpWIA Appoyiodey | q |oot|emeeofeeee- ¥ 007 | ¢ 6 6 | 8 201 | aa | s¥s &L |~ moiing ¥ A | TESE
ogg | o1 (1104 100
8%8 | o1 -foad Sursnoy)
g o8¢ dmor T | 84| 082 &Ll w | ol op| ¢ 8eg 91| 91 e¢ | I | 009 L Awry g0 | TaLe
.
‘@g81 Suunp JI9jeM a1 B } “(T1om)
Jo 1J-am08 g6 porddng | ‘S8d 000‘T| . | €9-1-¢ 81T I O |TTTTTC [ el I I 091 MM 138 Iq | 98¢ XL bmtﬂ .mv.b 17133
‘@ 1M
R B B S e e g6 B e B mﬁ G N e | aa]|es L &onry §'n | 168
T N6 ‘DD MYy 51¢ *peoIey
oy wd3 0g pedumg | WY | 918 L| w61 & op~| ¢ oy | e | @ ;v | aa|oos | om ou_zmm_m.swb N0z
el o
T g o $L| o | ol L e I oer{| & v 009 | 3a|ss | om mﬁﬂa@.b 1061
RN C IR orr | o e e oos{| & } so | aa | | omw Ay €0 | 18t
gt | SE| 08 | L] mer | s | o e e ore{| &} ew | wa|we | 1| Awmv-sa| us
+; |44
‘mds 080y podumg | uy | 00T &L| w6t 08 B T i Rl bty o1 oz | 1a | N fuy 'g'n | 199
HLLZA“NV'L
*syisod
-op o[1}
-erang
M 3 R r|es-01-9 |z08 B (270 it It e 9 oLt iq | 0sg 7 A umounun | TESE
‘T2 W NV L
“peoaiey
R ST S il b 8 opl 8 © 5¢ | 9 08 dg | ogweduomup | 1018
,“ 08 81
R O F < O il I e —--jesed | ¥ 0g  [mmmooe- 9 . dg | 10043 Uoqqip | 162
............... 2088 | 7% i R R B B 0 {"IpuBMuos "H 'V | THST
g | al| g8 | Q||| e e 761 Q- usomyun | 111

HCR I )

“N &L



GEQLOGY AND GROUND WATER, UMATILLA RIVER BASIN

84

1
*$961 SULIND S8108 OF
09 330198 131 poarddng I 44 €L Gg61 a¢ JoRN (U I e 41 61 Iq | gue N7 (0 1798
) $6€ 01 Lgg wiox}
Uil your-Qf  SBH
*mO1aq 18SBY 1 L0 | iy [memememefeomee- 69— LW 0T J[8SBYY | OL - .
oy ot ama e | g |vu o ot e [ |Soe ) eaf O Y e | aa|oes L |-oummpoy M D | 1a9e
“d 029 duroy,
T "gg6l  duunp
14 0%%'T 103 uonyerado
ur Appetrodar ‘selom
08 10} I10)BM sorddng | 0z €| ¥e-1-2T| 69 [TTTTTTTTC Ewwmm- .............. 73 41 96 iq | 09¢ Lk S I op~TT aree
“d 089 -op o[
dwey, 1 ‘S9I0B -BrAng
08 10} I038m sorddng i1 029 €L 0961 €9 n -0l | 08 99 96 148 96 1a | 09¢ 9y (77 "soxg S[OUOW | THEE
*Gg6 T SULINp SoI0R
09 I0] I9)BM JO }J-0108
¢T gnoqs perddng
Y L4 ‘Pp Y T 0]
wd3 0pg‘z pedwng
‘[9ABI3 puB  puss
o[IeIAngos[3 jo 9
T8 £Q UTB[IBAO ST J[BSBY pi g 000 ‘2 £L|TTTTTT 0z |\TTTTTTTTT ..y.wﬁ.m.m%mi ....... 5 S 91 001 1a | 09¢ oY |TTuwewio) ‘A" | 1088
pus
sysod
A 0L -op o[}
dwey, T  'SOIOR -BIATI[]
TIT 0§ 109BA seriddng Iy 009 N 7 it 06 [Tt -OB) [T 06 [T ZI 01e Iq | 969 &L | TedezioH "D 'Y 1028
‘59108
8T 107 1998M sorrddng
‘A8[o pu® ‘[eaBad
‘puss  9[1IBIANYOID
-8[3 ur A[eIrjue pa[IqQ 11 0S¥ 5 $061 P77 st mmm{. .............. TTYLOan €21 1q | 06¢ I |"[eJd8zZ[0H ' ‘D | ID2E
"SI
-9p AN
9y 31[S UMOPMBID ‘SIY -BrAny
£ 30y wd3 096 pedwng Y O R LyTTTTTTTTTT 99 n ~OWOR[D |77 T 001 91 901 Ele YAy L |ToydezioH D "9 | TVee
ponunuo)— 23 "M “N ¥ "L
wnjep (3997) | (399))
RQ MO[oq | eoued |[vraejsurjo [ sseu [doj ol | (109)) [(seyour)
(wd3) dwund 9990 | -modo | IejorIBYD |-¥o14,I|grdeq|Suiseo | [em (999]7) |m1em jo| (309)) [Aydea
syreurey esn | peix | Jo FEUCTIN Jo | Joe30 [remyo | odAJ, | 9pny | -Sod | Jusue} Jo IBUMQ [ [[PM
adA Y, -punoIyH yide| -werq | 4ideq Ny | 03,
[0A9] I8JB M (S)9uo0z SuraIBeU-I10JB A

PONUIUO)—u002.4() ‘UISDQ 40LY DIYDULL) Y] UL S])PM 20UDIUISILA 2L fO SPLOIIY—T IV,



85

BASIC DATA

s‘a ;T [o 1 14 QTTTTTTTYITTTT A i 9 OFT 1d | g6¥ 9y |"swelIM "H "X 0%
7 wdd
oge pedwing  ‘soe
$9 Jojy I03em serpddng s O R I I ge O |TTTTTHesey | TTTTTTTITTTTTTT 191 0T-gI| ¥%9L aq | 019 bt O M op~~T7" ING
g‘a |t O g [© T i e A 9 (128 1q | 019 g |77 Av1p) dusp Tig
“H6Z ANV 'L
‘39 ‘pp
fmdd 0011 pedwng
*9J 00g 0% Ae[d aniq
pUE ‘) GIT 09 124w o1
981800 ‘3J 07 03 pues LS O 5L | 89-9%+% 18 N |77771eARp | gg 08 8; Pt w 002 id | 06g €L .-.uwgﬁﬂ.%ﬁ.%? 18 £:14
* (o]
~e3s S[JUIH)
I CBOL'PP U T ) A 31 w peoIIey
Joy wds 0071 pedwng a4q [ €L 0961 qet O |7TTeseq | ¥2 €19 Lys 91 89 I | 019 XL yroed uotuf) 1012
a |ttt J o 81 [O 2 I 4 i I 001 82 9 90T 1a | 9¥9 L |77 Ol "9 "M | TO¥Z
*syisodep o[tjeIADng « A0,
010813 Wl A[PaIuy [ £oymTmmmmmn 91 o] Apueg | ¢¢ 001 0g 8 asT Iq | 999 &€L(oT ST quely | Ve
"I a £y St [O ) esed | 92 0¥ 0g 9 LT¥ Ia | 999 &L |77 7sesoN vy | IVIG
‘wdd gy ‘opriofyd
mdd 071 ‘ssoupaeqy 7 0z f1 I gl I . ¥ 9 1q | 09g & |7TTTHIRID A910 | TVIR
1 43 Uy pPp -uauo
0% padwind :9gaT ur
OSTL UT JOU [[oM MIN LY O I R A d |7 jeseg | 0% ol 1A 8 a8 Id | 01¢ § {77770 d 'O D | INOg
s‘a 70 | se n :HMMMM-U 12 01 9 91 1€ 3d | 06% § |TTTuosyoel T "H | THOZ
1o B R R B B n | puepusg |-ttt 18 9 28 g | 0gg L |777TseqqnT 0330 | TAST
‘A 0L dunR,
‘3 0z1 ‘pp oy
ug jo siajrenb-aaay) “I9918M
foj wd3 gg %Smwm a |t L | eger (U (4 i 8 (£ 1q | 00g &L | -UeSUeT QY | 149l
‘$961 Surmp Jojem
Jo 1y-a108 008 parddng Sd 00zt LT T o7 L4 869 81 816 Ia | 00g o2 N A op~"TTT dn
‘8D "N ¥l ‘PP fAU g
10§ wd3 ¢18'z vma.wnsm S8d {7777 €L Pe61 (43 o (14 * il R 26 02 296 iqa (| es¥ g |7t op~=TTT INTI
‘$961 Junnp Saﬂw
Jo y-er08 g¢ perddng Sd 08g [ 7 a4 [0 T I ) A |77 S I 009 Iq | oLy ot S op~="°" 1401
‘uoy
029 dway, I N SLT XL 1861 0g (o1 Jreseqg | 9 ¥l 9 (4% 091 Ia | oLy oy | -S[uIeH jo £31D 40T
‘wdd %1 ‘oplao[ys
‘mdd g6  ‘ssoupaeH a |ttt r| 661 g¢ o\l puBg |"TTTTT [T 001 { 9 001 a | oy oY [TTTeyWiBY LV | THIT

‘A ANV L



GEOLOGY AND GROUND WATER, UMATILLA RIVER BASIN

86

‘118 ‘PP
‘mad3 ogz‘1 pedmng
‘M0719q Jeseq
{93 0gg 0} Ae[> pue
[I08  "S9J0® (9T 37es
-1 09 sued IBuUMmo
‘9961 I [[oM MON I |7 961 99 0 -...m.aﬁmwm%m .................... 4 292 ia | 929 €L |77 yonop °r 1 181
‘s
‘[ ‘seIow -ap 913
01T doy 393em sorpddns -BIATY
‘wds 00g'1 pedung ! O M 9961 06 o ~01BID | ¥ () S A 143 picd 1q | 089 €L |77 A ueg | TOLI
‘wdd %g ‘eprIojyo
‘wdd 9 ‘sseupier
1 ‘$961 SuLINp
S3I9® (g 03 3]-0I0% ZHT
pefddns z‘%ﬁﬂmﬁw& a1 008 7 9¢ [0 1) I op T} g1 o1y U4 9 144 iq | 089 g |7ttt op~TTTT INET
Surmp 35-edoe ¢L5'T
periddns (saloe ‘ouy
09¢g 0] Iojem serjddng AL L | e 9L O | meseg a1 128 iq | opL oy |‘surlef splempy | TeI
g'a |t [ 3 D 4 R N ¥ 04 1 | 929 oy |~ yorsledely Aoy | 1081
) d |77t 082 o\ w..m.. ................... 9 oge iq | 0%9 9y |""Tsowsoy I9jed 1421
*Ke
1 a 9 O |e-916 [T n m%ww%m.mmo 01 0z 0z 9 0g pd | 099 9y |"TpinH WAl | TdTI
“widd gy ‘opliojyo syyeIAny ‘meyloq
fwdd o7 ‘ssoupder ATl 0 | 8816 | 90T n 0041 € 3 T Il Il R 9 8 8L iq | 089 NA -UaSSTH "L | TVOL
s°d P B 0g O |7""Nesed | 0F 02 002 9 0¥2 1q | 9¢9 €L |77 THPIBM | 146
ouy ‘sunle g
a |t I3 iy 001 fo 2N Inimnteiretsattl intenieil Il I 0. 1 UOYSTULIS,
- d g1 ‘opH 9 LT a | 0¥ L ISTULIRH 08
-oTgo ‘wdd Qg ‘sseu
-paeH_ "3} 001 03 pues [J1 ‘q |7~ f o 1T [0 2N opTTT|TTTTTTTITTTTTT 001 9 002 1a | o9v 2y |7 "eppoy juelg 19
“wdd (1 ‘oprio[yd
‘wdd gy ‘sseupie
‘9961 SULINp SAIdE 07
03 9J-010% 6z pariddng | ger L | €9-816 9 O |™""qesed | 021 | OPT |~"°°7°" [0 0L iq | ¢19 oy |TIvysdreH "D D [ 1YY
pInauoD—d 62 "8 ‘N v ‘L
mnjep (309)) | (309))
aeq Moreq | eoudl |[[eweeurjo | sseu |doj o3 | (399)) |(seyouy) N
(wd3) |dumd 1990 -modo | wperey) |-¥AIYL|yjde(r|Suises | [om (3091) |T19m Jo{ (399)) |Aydex
syIemoy oS | peIx | Jo I99eM Jo |JoIae |(emJo | odAJ, | apny [ -Sod | ueue) 10 PUMQ | [PM
edA g, -punolp yide | -melq | wadeq SV | 0L
T9AQ] 9B M (8)ouoz SulIBeq-19je M

PONUIUOD)—u0b24() “UISDQ 42aLY DILIVULLY Y] UL SIPN JUDIUISILAIL [0 $PL0IIY—'T AIAV],



W L — S d | 7ot Jo N I I I e 0g 8@ |060°T | An |TTTTTTTT “opTTTTT THS
‘mdd g2, ‘sseupIey a 0% P O It A Q|7 0g 00¥ x4 9 142 Iq | 00°T| An |7 9103[13] ‘N 148
s‘q | £ 4 d | Jeseq | 9 ('L SRR Dt I 91 3@ | G00°T | an |"-"jusnPnH IN 189
s ‘q |- g |- Al 7o Y ittt il feiieieted A 8% 14 8 | @817 | An |-~ "ewsoy,L, uep 143
THIEA“NF L
*$G6T UY S9I08 G5 09 ) *USZUSIO’]
ﬁmwunom mw_wowm%m%m | oer &L T 59 ot op™="| 8¢ [ 77 i 9 219 iq | 996 AN preuooy | 1BSE
‘mdd 06 Mwwﬂﬁu%m §‘a | d | og o | E1(252¢ A Il I I 9 098 iq | o8 AQ [T [ D abee
‘oprroryo ‘wdd g8
‘SSOUPIBI] "UM®[ ‘Tios
. muom md%w ww%m_%m i1 4 r|es-er-9 | ¥6 n | L2650 (o A I il Sl A 14 3q | ogs AN |TTTuBURiOD I | TOSE
.ﬁ%% %%.w%mvﬂwm s ‘a 03 I (71 SO i A ) R 8 99 iq | 0L AN |TTWISUBY "W D | 1438
« ‘mdd op ‘sseupIsyy qa |~ g | (1711 S inietel ittt il ittt Ittt 9 14 i | 926 AQ) |""Tuezueloy hm r| TV9Z
gy
E q | = qe Fo TN R e I o 9 [1]¢4 qg|ee, | an -USNOOH "IN | 16493
B S| O (A T D 512 | It I 9 G9¢ Iq | 090 ‘T L |77 AouB g, qog | TJd¥1
a s ‘a |~ d |~ iduiututed S 110 ettt Ittt Attt Ittt At 9 08z i | 008 L |~"""sowsoy] 930d 18
2
nm HOEH N L
M
*sq1sod
-op 91}
-BlAny
ondd gg koS.oEmm N |=77 N | €9-33-9 | I'I8 d R4 01762 20 il I e L 91 iq | 952 7% e L4 e f4:523
‘mdd g ‘sSeupIB | § ‘(I (TTTTTTTT PP Dt I ettt Dt O Sttt Do A 00e Iq | gsL J, |T-JIorsusy 931000 | THYE
s‘a |~ N Ittt el ietuintuteiniete iieiteiieteieted ittt Ieiedeleintel et 9 08 iq | 099 og |TT udphog 'O | INEE
‘pPrRyUB)g
Sd | %l | SP61 44 o I I e i Rt 9-01 181 iq | 09 g 10 L9100 | 1158
s‘a ;T T og o) Ema .......... oy 16 9 921 i | 9L &L |TTTPI0YID "D M | @168
‘S
-9 91}
‘mdd 9 ‘oprio[go .Ebmﬁ
‘mdd g, ‘sseuplery [ T L'4T n b C0 CO T il It 9 48 iq | 0oL L |77 uourery [ | 17162
N d | €6-92-6 | 0T o D e 0T 9 81 3 | 099 oy |"-juedly uoWMA | T8
P s‘a > O | €9-81-6 |86 |~7"TTTTTr|TTommommomoofmmmmeesimnomtesmomstes ¥ 44 I | 099 g |7 sy 'd 'd | TILE
‘tadd (g1 ‘sseupley | § ‘q -7t O | e9-¢26 | I'IT n mmum 4 4 SR 9 ¥ 3a | 099 oy |~ By0I1g 0110 | 1d92
i
-9p 9t
‘mdd %9 ‘eprio[go .wmﬁw.m
‘oxdd ¢g ‘sseuplery | § ‘@ |- £les-91-6 | 2711 n R 2LTE T i R 9 8'9% pd | 0oL oy |7 Tuosugor (18D | TDES




GEOLOGY AND GROUND WATER, UMATILLA RIVER BASIN

88

‘mdd 0z ‘eplIo[go ‘uewr
‘mudd g8 ‘ssoupteH | § ‘A |TTTTTT d | N - 002 q | 0691 0| -mog yjeuuay 109¢
‘M 'wdS 34z pedung N [~ N | ge-81-%_ | 0°211 o3 (o2 Dl S 9 e Iq | 06ST| AQ T op~~-" 19¢8¢
s‘a P O I 0ST O [T7 eseg |~ 00¢ q | 0791 0 |7"TuezuAn0T IW | IVES
*33 08T ‘PP Iy ‘Treqdme)
g 10} wd3 4 pedmng KOO I\ 7 i N - B ) D N 9 891 q | 0191 n 12q0Y | 193
S s‘a) d | ee-91-6 | 008 Jo N0 Il i) I 8 09 oe 3a | 01 0 |"Tweyeqg "V SIN | 142
T
‘PP ‘wd3 01 SP[RIX (¢ O R Rt R ir4 O |TTToesed |TTTTTT| T T 8 002 Ia | 0ee'T| AN ---.sﬁazammwmg 1981
“318)
s‘a J o R [ 2 I e A R 9 3L IqQ | 0.1 | An pueq uyjuer [ IN2I
I Q% |7 Lp6T 44 O T IR :53:2° 8 N 9 8 891 Iq | g99‘r | A |70t sury 1 e
s |- e L1 T O e At St At <4 3 | 009t} ag {~"---geoug ‘O "H 108
‘M I eIL &L [T 0g [o 0 I 22 O D D (4] 128 I (09T | A |~ suy T [ TINT
N |—-7 d | 88-¥1-¥% | 9762 O N I D DOt D 88 3a | 039'T| A |77 pue( jouer | 13
N [~ d | 851+ | 1'% Jo 0 e e i Rt A 683 3q | OpL'T | AQ |TTTONSUAL “H D 1
ANV L
‘wdd 0¢ ‘eprIo[yo
‘mdd go1 .wwm=m~wm §‘a |-t P S A (14 SN ) Ot I 0 001 8 9 612 Iq | S21°T | AQ |"uweaBwioH udof | TIeE
Tue
‘PP ‘mdS $z pedmng [« O S e (- “---gesed | 73 €82 63 9 [1¢ iq | 06 A |~"uosdunrg WLy | 1408
g | P: S 0z ¥ W il ettt Il il i 44 8@ |oso‘t| an [0 op~""- 2462
TOX)SION
a 91 I 3 o1t O |77 yeseq [Tt 61 9 0¥ Iq | el | An AIWOH | 1462
~Iowuuns yos? utr
er Aap seo8 Aqrens) | g ‘@ T I | g9-91-% f1aq J % Il Il R 0g |~ 16 Ba | eo‘T| an [~ KawiaL, "IN | TIN6Z
‘mdd 8% ‘apuorgo
‘mdd 0z ‘ssoupaeH | § ‘@ |77 P: 3 0g O30 ! N N I B 0.2 1q ] 0901 | An |7t 988D 'V 'O | 1462
: N |77 d|er9v |8l 'S B D S og 970 S | 0ST‘T | Ay |"77 WMOUNUR) | TH6T
s‘a |~ N 7 O PR J 20 e 0s 9t |9 098 | 14| 00p:T| AQ | WedquIsy ‘0¥ [ 1d¥3
d 029 dwd, “T |77 (2 i 0€1 o T DL L SO 7« A Y A £9% Iq | 0£°'T| A |~"Inyos '"H 'V | THES
a | I 3 (177 il i Jreseq |~ 063 | 9 ose ia | 0gz'1 o Aowrd, qog | TSI
‘mdd 66 ‘0plIoyd
‘mdd 0z ‘ssoupaeH | § ‘@ (o777 N 7 i Rt el Ittt R R S R 08% Iq | 0z8‘T | AQ [~ -I3urssig @97 | T7TPI
ST e 8¢-¢1-% | 1'%1 T N I (4 T R R I 03 8q | ge‘r| an |TTTC ued W | 1AL
! a [ S i 07 Q| "opTTTT 6L 41 8 QLT 1d | 92T | AN |~M9vIng AdmaQ 106
TeD | ‘A 1 hA 2961 091 O |77~ "Hesed | 29 082 4 8 e i | 00z‘T | AN |~JeBumssig ‘H ¥ 1d6
Ponuuon—q 1€ "9 “N ¥ "L
wnyep (309)) | (300))
918(T MO0[2q | 20umdl |errejewm jo | ssou | dojog | (399)) |(seyour)
(mds) |dund UEEY: ¢ -medo | Jejpersy)d |-¥o1qg (usdeq|Sused | [em (399]) |{[1om jo| (709) |Aydei1
syIemdy 98} | PIOIX Jjo Iojem Jjo J0 1939 | [remJo | odLy, | @png | -Sod | Jueusy 10 IOUMQ | [[OM
PdA T, -punolp yideq| -welq | qideq “BIV | 0L
19AS] 1298 M (S)ouoz 3uyIveq-I9I8 M
ponuIyuo)—uobaL ‘uISnq 42a1y VNYDUL} PY] UL 8)PM 2a1DIUISILAIL fO 8PL0IIY—] AIAV ],



oOm 1 ‘8p wddgr‘opl

-oryo ‘wdd gy ‘sseu

-pieyg ‘wd3grinoqs

SpRIA Apordodax

‘L1ip sdumnd Appomd | §'a [T & | 2961 06 0 :..a.ﬁwmm 0g (177 20 it 8 S08 1q | ¢68°T 0 | ==-aotdey g | 179

Te1Sse0]
Jurdy
‘mdd ¢y ‘oplIo[yo -Iapun
‘mdd (g ‘sSeUpIRH a |~ O | 85-016 | I°€T n [248I1p | 8 -] SE 09 12 3@ [ 0921 | A |TTTrRdd vuuwwc THY
‘U
s'‘q |~ d|896-6 |63l o Lt B ) a 09 | ¥ee 3q | 088°T | 4Q |-dwouy, preydry | TAT
“AVE ANV L
1 mdd 91 ‘OPHOIY
‘mdd g8  ‘sseuplsy | §'d 8T £| 8wl ey O |77 imseg Tttt 06 69 9 862 Iq | 0891 Jo I op~--- 2y9¢
‘mdd 91 ‘apHoTYd . )

‘mdd g8 ‘sSoUpIBH [« B rles-1-6 |98 Jo 30 s O e e o1 09 18 3@ {091 oo S[B Uyof | TH9E
< N |- d|8-1-6 |9€ VOl R O I i i A A 5 aq | 0391 0 |[TTaeydopsug) T | 1DSE
P g | d|ev-6 |¥TF J1 3 Il il Il i 09 | 08 3a | 0691 |7 uewepnyH g | 10€€

T Y
M g¢ ‘Pp ‘md3 ¢ SPIIA [« S it i 24 [ TR s O I i R 002 1q | 089°T 0 |WOISIO Juely | T1dEE
g |-t d|es¥-¥ |00 1 S i I I 9 [9°9% 3q (oM  |T"usBwWApNH 18D | INZE
[&) 1 ‘8D a 03 [l £9 o (2l i 09 9 112 q | ovL‘T 0 |TswEAasH D L | 1362
o “9[8SBq SAI[4A0
] 8§07 Jo 1] gF pajtoday a 02 [ O B4 O |----jyeseg |mTTTToolmommo (134 9 44 Iq o121 | AN |--"soig uwosimeg | 1082
m s‘@ |t £ 1961 (V7 J et I 0z 9 Z61 1q | 0261 N |"wWons[o uyof | {487
‘pIBA
............... d|e-v-6 | g0 Fo O e I St 11 98 238 3Q | 0z4'1 0| -POOM e8108p | TH¥Z
N [ d|8e-¥-6 | 908 o ; Sm ........................ 8% |96 3Q | 08LT 0 |"719p29Y "H "M | T1d€%
< O rles¥-6 | L99 ORI\ S e o S I 1 ¢ 8% | $°6L 3@ | 0181 | QO |T"TuosIM 199s9T | IBST
g‘q |~ d | ee-e18 | Lgp o U i el It i) It 8 9% 3a | epl'L 0 |""unedorg W ‘g | TLFT
pus|
[« i L] 89-91-6_ | g0¢ F O REC o O i € 8v_ | 09 3q | ovL‘1 N | -uwad Aoy ‘I | THII
B d | 0 Fol %%:. ........................... 0 3@ | 084‘T| AN [oxdeol] jseuiy | TH9
S
[ d | es-¥1-¥ | 9°88 ORI 10 o il Il I I 18 3 | obL‘T | AQ |"TCIowm, (eqes] | TINO
‘mdd % ‘oprioryo
‘uxdd 00z ‘sssupieH a |-t T A 0 ol EECT0s S Rl it il I 99 3a | g6L‘1 0 |esusie] 'H 4 ot
*3[0Y PaY00Id JO
9sNBIAq canowmm%d N |==== " &$L |t 148 FO T I 11532 A il Il I 9 009 iq | 094°T ol op~-TT 2de
000°9¢ £910 seysyuIny ~
taq g up £1p sdung sd 003 &€ | es-0g-4 | 0708 T ) S R I i R g2 3q | 09L°L 0 |7"7"X1eH Jo £31D 1dg
N [ d | ee-¢1-% | z°0% ol 5-cTs o e 41 9¢ | 1709 3a | 098°‘t N |"uewdeurmyy, ‘d 141

‘HEETA“NV'L



GEOLOGY AND GROUND WATER, UMATILLA RIVER BASIN

90

*9durip
¢ O D &L L¥6T 8T Q| TTTTTopT| € 991 4 9 602 Iq | ees‘T | da 9SIOH PIIM. 1Jv¢
' cwmdd 91
‘oprroryd ‘madd 02
‘SSOUpIe 'SeIdR (3 T1om)
g 10] IojBm mo:&”:m L O U7 i I R U e 0Z 01 14 iq | 09¢‘T | an sredoy 11 | 1DEE
T P96
Sunmp seidow 07 01 _ *(€ 11m)
310108 3¢9 periddng ax 08 L 8961 V2 o L "t il e 8 {5 aa [ gee‘1 | An sw3oy 11 | INZE
“$061 Suunp sere mw *(T 1194)
09 1j-em08 (9 perddng I 0z1 &L (T 138 [o G S 009 44 ()¢ 8 Ia [ ssT| an s10309 1T | TINCE
q |ttt L8628 |€y¢ J0 NN i B 9 09 8.3 3a [ 0991 o |/ 5 c_.nmuMNs 14908
P
1| s‘d 81 €L 961 121 (O R (12 N i (et I A 8 6.6 1q | ¢L91 0 -DPOOAN OI11ON | THSE
‘sysnoung
N o7 N | 8635 | 6'6 OO I I et 8¥ 6°C1 3@ | 068‘T | AN | pueswpue[lp | DL
I [« 0 | $7-91-01 i3 [o 3 IO e it 8¢1 ¥ 002 Iq | 0997 | A | "eaAjupoN ION ar9g
a gg |TTTTTT|TTTTTTTTTT rd Q|77 mseg (T §9¢ 82 8 €8¢ I | 089°1 | Aq |~-uy3nens1°0 1092
! alj o [ i 211 O 1 G e Rl Il R 44 8 9 Ia | $99°T | An |TTTPIESUS "d W | TH9Z
L pe61 Arne
pue eung Juunp
o108 g9  pend
-dns {gosees Jojuim
Suunp smog ‘Aru | | o | o |eeeeeeeeee| | AN op—-| ¥ PPIT ‘ ‘ (€ T1em) °0,
T e onadng | W o | & a of| T iiekg | b PN eor| mewel st aa | o0 | an | geleven sl | Tas
80 "Iy [ ut&1p sdmng a|;Ttttt L O Lz JO N kol OF Il Il It it 0g 3a | ooL“1 N |"~"uosdmeg XN | IMEG
jeseq | 01 012
‘pues
pus
1 'mdSggieApsieg | S [T 0 S¥61 002 d PARIY) | 1T €9 L1T 9 09z I | 0zLT 0 |"o-Aepnq weS(q | THZZT
soxo mkm ........ L)es-v-6 |92 T i A e i (U7 8@ | 0191 | 0 |"SUSp PIOXeH | TINOZ
g Joj xeem seyddng | ‘S'‘q 0¥ €L | 85— -8 [4¢ 0 |77 eseq | 21 09 92 8 911 Iq | 069°T | An (~-1podorg vy | 1dSI
s | o [T (4 F 0 i 22 ST s I I g 0z 8@ | b1 | A |17 OI8H I "H | IVLI
1) 8 L 1 9761 0e o (1) 2 R I IS 8 114 Iq | 0L‘1| An .--.--,sthah 83240
*a10m
| os‘al st &L |7 021 o3 IR cicE= 0 e 8T | 9 008 3Q | 008°T | AQ | -NOM 39QI9H | T7T2T
s‘a |- d{es6-6 (62 Fe N0 e el S 98 | T#I 3q | 0881 | A [T umousyupn | 1HDZI
s‘a | d | €9-01-6 | 8°9T 74 3 Ininiiinitel Il Il I 98 Lz 3a | 008‘1T| An |77 wouus) d0f ( TAOT
penunuoD—d ¥ 'd “N ¥ "L
wnyep (199)) | (300
91 Mmojeq | eouex |erreyeurjo | ssou |doj ol | (399)) [(seqour)
(md3) |{dmnd . 3004 | -Imo20 | Iejoerey) (-oIqL|qideq|Suwses | fem (1991) o jo| (399]) [Aqdex
SyIewoy osn | petx | Jo Jojem Jj0 Jo 1990 | [[om Jo | od4y, | opny | -30d | juBue) 10 JOUMC | [OM
od4 -punoipn uidaq | -merq | qideq WV | 0L
[OAQ OB M (8)9u0z JuLIBeq-I1018 A\

panunuo)—uohas( ‘uisnq 4201} DIIDUL() Y] UL 8))PM 201VIUISILAL fo §PLO2IY—'T TTIAV ],



91

BASIC DATA

*15 QL 03 11858
pue ‘69 03 [eA®
pue puss ‘y g 0} pusg [ i B 08 - L L e 0L iq | oog &L | TA0RIBg 1RALY | TD08
-pus
pue
sd | A7 i 20 T i I 9 061 ia | o8z @ |TTI00UdS woST | TJ6T
HL2EH NS L
‘uo3es
-1 307 PAsTL o 0
‘9961 U1 8sn ul JON N [T & | 9961 g | o E101: O ) ] 9 98z iq | ge A Apred g 'O | 1998
9} ¢ 01 19a®IS pus RqNH
pues ‘Y g 03 pueg al ¢ I 85-97-¢ & | o pues | 9z | 9F oL 9 12 iaq | 08z € W'D SIN | 1M€8
‘AU NEI'L
I« O it T S A e Rt O AR S MO R 006 iq (T 0 [777TpooM CA Y | TINFE
.Sa.q [ L |7TTTTYTYL o T L e e 8 9%8F [ Iq |7 AQ |"Toxdeod] ATUSH | 1d6%
Suunp y-910e 81z
perddas 109, jo uor
-sndod £3p seyiddng | 84 | 002 &L | 8wl g | o (¢ il ey I (41 002°T| i@ |TTTTTT An --Eaﬁmm 1 ,svwo e161
NURICE)
"1 e Aqpuels | gd | 9L &L | 4 | o 120 O D ® | e 089 q (T AQ | eWWV IO LD | TT6T
T 3 OF ‘PP U 5
Joj wdS 06 pedwnd
‘puod [jwt seyddng | Wy |*TTTTT|TTT 99--L | 9 TTTTreARIp [T o1 w | et 9 iq |ttt 0 700 MmN %wwﬁ 86T
T N [ N | w6l 91 R Yt ) e (44 w9y Ia N | Swuue) s1e50y | gHGT
T °gg6t Supnp “(11104) “0p
~J-e108 9'¢9 poyddng | up |=TTToot &L ¥ I S o M L (20 A I 00°1f @ |TTTTT N | Buueg stedoy | TA6I
s'a | [ (44 TTTTTopTTTl o1 | 08 0 | 9 001 q (Tt 0 |77TpIeeydg ) | THST
¥ [wdd 8 ‘epuoyd ’
‘mdd 08 ‘ssouplsH | @ |TTTTTTTC 7% i R e eseg |77 62 0z 8 901 iq |7 0 [TeSnodIW H 'L [ TIN8
s‘a| P I - 1 S o W ) M) ) S 928 3q | 0 |"TiesgeMg g | TES

HEEHANY L

695-384 O -64 -7



GEOLOGY AND GROUND WATER, UMATILLA RIVER BASIN

92

‘urdey £93Iny

Joy jem sofiddng | g " L 78 4 o N e At It R 4 ¥ I | 08¥ & |T77398388ed "d "D | 1092
1 a € Liw1-1 ] QiTTTTTTTop™ TN 8 8 12 9 091 Iq | o9¥ - S AL | TINES
M
‘wdd zg ‘epuoiyd
‘mxdd 00T ‘sseupisH
3} €1 ‘Pp Surdung a |ttt d | €5-92-6 0L o E1L3:2¢ B e A mmm W 68T Iq | 0sy 98 |TT1MO) uosuny 1aze
eLe | OrI (g Tlom)
A oTL dwey, T sd 000°T| &L { L¥6T-TT STt [O T ] e 1 9gL 0LT 91 98L 1d | ove S a:_aa.w% mm%m_c 1vel
b: & 8 ininiieiit It It A ettt It I esed | 2% (172 S i R 61 iq | 062 €L oged uotun | THST
“yjdep 9521 _ (1 1eM)
18 POSPLIq ‘pauopuLq Y N |~ J I Il e et ] I IR I 9 €81 aq | 962 L | eliigeur) Jo £31D IrLt
"696T £4 1] 0L
03 pue Ly61 Aq 3] 38 03 “([1em
poddolp [949] 1038M AIBI[IXNIB)
$¥61 1Un pomofy [SF: O &I €961 0L (e Jeseq |77 99 8-01 9e¢ I | 968 €L | sumsm Jo 43D | THLL
“sorrture) 61 A1d
-dns 03 ayenbapeul
‘Tlem Ajrunmmo) Sd 8T &L 00T [ 2 Y A i (4 86T | 9T 444 1q | ogy S A1) 1M0g | 19T
"N 0z ‘PP ‘1Y 08
10} wd3 ¢z pedung [SF: O it &L 00T " I O MO M 8 98¢ 1q | 0sv S| deys uag | TVOlL
............... ' it I Il I * A R I 91 9 06 Iq | 0g¥ § |7 ""Aeswrey AN | INSI
T "90UdIe)
-I93UT [enINuI dABY
¢y o1 pue :NMHMME Sd 0081 €L T96T 21 [ 2 ) N I I 0o0g ¥e LLL iq | 09¢ S Y U SHOT
o
3[qisimqns seH Sd 00 ‘2 I 72 Y A [ jreseq "7 (154 0zg 91 oL iaq | oLg S |TTTTTTTTTTTOPTTT YOI
's3rsodep
olte “s1sauiduy
-lanyg 291 [1]8 Jo sd10op
1 N we | L¥61 96 n -otoerd | 18 96 248 (43 191 iq | oze S Awly 'g'n | 1901
‘WO RI)STUT LI
1 €1 ‘PP PV IdPMog
‘md3 ggg pedwng uy 0ge €L 8961 ¥ 0|77 RARID | €T 86 STT 8 ¥STT Iq | 663 S S[tAsuuod 06
‘A8 'ANES L
wnjep (390)) | (3005)
e MOleq | 9ousx | [BrIejew Jo | ssou | doj ol | (309]) [(seyouy)
(wd3) |durnd] 1994 -ma00 | J9joBaeyD -1y |uldo(y| Burseo | [om (199)) [[oM Jo| (199)) |Aydex
syJewmey 9s) | PIOIX Jo Inem Jo 10 1979 | (oM Jo | 9dAT, | opnj | -Bod | JueUL] 10 IBUMQ | T[OA\
odAL, “punoip yjde(y| -msi( | Usde v | 0L
1949 3998 M\ (s)auoz 3uLresq-Iaje A\

PonunuUO)—u0baL() ‘Ur8Dq L2031y DIIDUL) Y] UL SN a1VIUISILAIL f0 SPUOIY—"] ETIAV],



93

BASIC DATA

s‘a| Tt P S e e i it A I 9 08¢ Ia | 099 ER Jooxg 1 "dH | THIE
*¢ 0L
s‘a 4 d |77 1414 n snoIod,, | ¢ [ 4 cl 9 09 i | s¥¢ S |77UsiEM WUNY | IDPE
‘peod[rey
‘g g9 dwdy, 1 a 9¢ O 8¢ o Jleseq |"TTTTTT|TTTTTTC 1481 01 868 Iq | S19 XL oaﬁxﬂho uorupn | 1¥geE
‘810394 g
[ B [0 2 D g1 N 7TTTTTpueg |ttt TR ¢ 41 0¢ uq | osy B OV 'IN | INgE
*s31sodep a[38lA ‘[oaeId 1 ‘uem
-nPoe|s uy APIpuy KO D | 86-6C-6 | ¥'61 Q0 | puspueg | gl 0% €6 b4 4 ‘ug | ssv S -ieadg uopiop 1H62
sqa|-Tt L7 L2 S il Ittt At St A 9 001 Iq | e9% S |TTHIIAIN BPI0OD | 1U8G
(€ N I d | €9-666 | 8¢ o -----..muv. ................. 0% [ 86 3a | oo¥ S |THeSIIUM 'O "M | TASE
A,
‘wdd ¥z ‘eplIo[yd pue
‘mdd g8 ‘sseupdsy | ' [T T O R ST 0| Aoolyog | 63 201 1 9 981 iq | ogs 5} -:Sﬂaoquw%z.m {vJ44
uy 91 L7 [4¢ [o B jresed | g 001 9 9 201 Ia | 0L S :omn.ﬂwm& 1042
a0 | €6-06~6 | 8% |TTTTTTTTT|TTTTToToTTTo TRttt 9 9°9¢ Iq | 08¢ dg | -dme) wellim | THF
dwog, -7 3 801 usw
PP ‘trd3 680°1 pedwng (¢ B I 8761 6¢ O | Tyeseg (T 94 (T cog | Id | 00% §| -uoIg oslem | THET
"d 6T NI L
“U01}e311I] I0] pesn 8q
OL ‘38L°PP Y
Joj mid§ gz1 pedwing
*Tese(q UOY0Iq ‘sprsodep
SOI[I9A0 [9A®I3 pUB o[perA
pues jo 3§ wwrwwmm‘« N |77 J 0 il i “DPoweBIY (~77 7777 6 891 9 8L1 iq | 928 &L |70l Mm Aqny | INSE
SOI[I8A0 A0 puUR
puses Jo 33 011 s3d0d
-0l JO[[LIp ‘FHYE—
o4 03 AlvIxny | gd | 008 L I o8 o op [T (172 S I o1 291 iq | 08¢ 0 |77Tugeod "D A | gHPE
‘wrdd g1 ‘eplio[yo
‘tadd o171 ‘sseupieyg
Sef[Iure] ¢z J0J 19jBM.
a1seuop sefddng Sd 003 N7 a8 O |77 Tymseg | 1T 081 001 o1 91 1q | 0es n T qjoodq "0 'd | CH¥E
‘Imwns ur
SOUIT) % 9jenIbIpPRU ‘00 1918 M
‘ssilrey 0g seyddng | gq (=77 /2 B e it Rttt il ety it el 00 iq | 99 £ | spoel], selteyDd | 1928




GEOLOGY AND GROUND WATER, UMATILLA RIVER BASIN

94

*plol4 Juspognsur
J0 9sT8D9Q PAUOPUBQY (=7~~~ 7777 "7 =mTo s T e T Ten et L S It S 8 0z id | 01T | A |~ Sury pavuodT | INge
€0 | gq |- I gg |-t 12 S i 8 9 86 IA |08 T | AQ |TUMOIG N Y | TAIE
........ a | es-S1-% | 0701 Jo N TN 09 | 1U1e 8Q | ¢08‘T| AN {TEWSSIFH O | TNOE
*uxdd %01 ‘OpUOIYD k
‘mdd g7 ‘ssoupeH | g ‘q |--T"T 0| es-21-6 |z6 ol FEE0s G bl ) 09 | ¥%% S| 08T | AN [TTTuoSAIBY WISA | 1DLT
‘wadd ¢ ‘oplao[yo
‘mdd ¢o1 ‘ssPuUpIeH (e - 0% o0 IR 155 O I P1 9 0Ze iq | ose‘r| Ap |-tootettoptet- 179
N q | e§-eI-6 | 8.1 777777 FO O o O B I 9 | yea 3a | 02T | AQD [TTTTTTeRYON T | 1A%
s‘a |~ d | €9-91-6 | 9'91 n Ll O I i L |9 3T | ops‘1| An 7T 339 1M | IfIc
g 19 dura, 1
-mdd 91 ‘opuofyo ‘puns
‘mdd ¢¢ ‘ssoupiey | §‘Q 3 d |~ Op~™7[rmmmmmn e 9 @08 iq | ST | AN S191S9M T D | TO8T
‘wdd 0z ‘Opuojyo
‘mdd oy ‘ssoupaeH | § ‘qr |~ g |~ 962 0 -‘wam%wﬂm 4 008 8 9 23 IQ | 6T | AQ |TuopIop 199834D | 1gSI
¢
‘wdd 86 ‘9PHOIYD poyaomar
‘mxdd 001 ‘ssoupieH | S ‘@ |77 d | g6-61-6 | L°L ol s O e D 96 9-¢1 3@ | ¢sv‘T | AQ |uosinuy wury | 1O
S d | e¢-11-6 | 733 T O N I I 09 818 3@ [ 009°T | AN |- soxg uospnuyf | TVOI
........ d | 88-11-6 | 8°11 TN R I S I I 91 3 | 0Sp‘T | AD |T usfuIng qinyg e
g‘q | £| 8116 | ¥41 Jo N e A R %€ | ¢ 3a | ges‘r| an | pHuwQ § | 1d&
AT HACNE L
s‘q Tt : 8 01T R I 8 02 Iq [ 0%0°‘T | AQ |~ "UBWPIOH "IN | 1A%
........ d | 86-91-% 6 Fo N ] et ot i e S A ¢ 3| o6 | Aan |7 A '@ d | 1aee
§ |77 O | e5¥I-¥ | 9% 0 | WOIAR[Y =TT T s [ <d 3 | 006 AN TTHO0DOW (D CH | 1063
........ d [ 08g o |==7" "op~tiog 0Lz [(TTTTTTTI 9 00e iq | 81 0 |777TTTT topTTTTT| THAI
T a o1 r£| og61 €5 o eseq | gF ¥ og 9 26 1d | 0ST‘T | AN |77 SOWSOY 1939d 141
‘HIEA“NS'L
S 0| 8986 |0'Ig ol e e I 98 2% S¢ | 098 | AQ |7 sowsoy 1Wd | 1T9E
[ o o1 d |7 | 450 i Attt et I 8T 3| 098 | AQ |TTTTIYONL OrBQ | ILSE
... %615 03 )1Bseq
91 9T 09 J1Is pu® puey [ £ | 861 01 L1 Q|77 meseg |TTTTTTTTT oo 9 [ aq | og | an (vt (o] it A €1
..................... 26-85-6 | L°9T 0 |77TTTTpes |TttTTTT TR gg 81 3 | 098 | Af “SOwso PP | 145¢
‘HOE NS L
wnjep (399)) | (399))
916 MO[3q | 9ouoa | [BIoBWI JO | ssdu | doj 03 | (399)) ((seyour)
(wd3) |dund 1990 -Imooo | I9jorrey) [-¥OryL|yjde(y|Suises| (M (399)) |11eM Jo| (399)) |&ydua
syJemey s | PIOIX Jjo IeM Jo JO 1039 | [jom Jo | ad4], | apm} | -3o0d | JuBUa] IO IBUM(Q | [[OM
EL TN -punoly) ypdaqy -welq | yaded BV | -oL
[049] JOJE M (8)9U0Z SULIs9q-d998 M

PONUNUO))—u0baL() ‘UISDQ 49a3Y DYYDULL) Y] UL 81]oM 2a1VIUISILAIL [0 SPLOIFY—'] WTAV ],



95

BASIC DATA

§ |7 d (111 i (] Dt it il I 9 09z I | ogeT| An .:%E&%J:w«ﬂ 1308
*9je]s:
dd o1 ‘oprorED ¢ Sl d |7 i242 08 8 yeg IT | 099°T 0| uosdRg pa1g | 10ST
‘wdd 01 ‘epraoly
‘mdd 08 .mmwﬂcuam
*J1eseq UeloIq
‘Serg uy Aeapuyg | S‘a | e F: B el 079 o esed 2z 008 | 08 9 128 I | 0081 J U i sp3oy IW | IOIE
THZEACNI L
s‘a |- o} VLT Fo U it~ ~—-Tls O il It i 98 61 3 | ote‘r | A T uosId 'V | THSG
‘HIE I “NI L
gq (Tt d (€966 (€6 N [T Usse0 9 |3l 3 0681 AN “8qIZ 'V H | TDYE
KO B B id 0| Jeseq 9 961 IQ | 0p6°T | AQ |TTTTdotder g W | IDO0E
s (Tt r | ee-01-6 | 0°'61 T 0 I Il U ) i I T -3 g B1 | 0¥6°T | AN |"TT9S00Ld "M 'd | TNSG
s‘a |ttt d|8-6-6 |gCl N |""3v01 308 wm wm wmm W@ 62 3 | 0L6°T | AN |""siopues Juely | THLT
4
§q |~ d | ST1 Q| () D ' 8 [ 1d | 996'1 J B op~TTTT 11182
i O il % B Rk R a1 et il il il fat4 T | 030°2 0 | d1AuroN .=H 'V | TVO0G
‘uos
M| sfa |ttt d | e-6-6 | 98H o | eseq |~TTTTTT T 9 8% I1q | 096°T n | dwoypl "'wW'g | 1991
THIEACNES'L
L . g
03 PAYIP ‘3 08 03 3ud | § ‘A [TTTTTTTT O 06 o | T O i e 9 291 ‘BT | 0281 0 |~-seduy AIUelH | INGE
.80 aao.ns s'q "t d | ee-¥1-% | 989 d |7 (557070 G ittt il I 9L 3 | 0981 | A [TTTTTTTTTTT op=TT | Tdge
7“1 03 P ‘Wit
0g Joy wid3 g¢ payreg $261 26 o 2 I e LIT Ly 8 768 I | e8I | A0 |TTTTTT oxdao3 " | IVIE
.......... 001 O |7 meseg |TTTTTT|TTTTTY| 0¢ 9 oo acl | 0081 o mewm@om INZG
‘uBw
go-11-6 | 0'TF T B D =T Lo G e I 9¢ i B | 966°T n -Pwwl T | 1098
€96 -6 | 9°0F o G T el I 9 0% I | 0T6°T | AN | PWWHS "W M | 10%
¢6-11-6_ | 8°'G¢ Fo S e Sttt S 8F 6°FL 3 | 088°T | AN |~"T90v[d HBMIg | TOEC
.......... [ [ Dt Stintutel Bttt At 08¢ icl | 098°T 0 |777BINA M "H | INUE
........................... TTToeseg |TttUUToTTTTTTieteeeel g 021 Iq | 062'T | AN .:angﬂﬁmwwa 1d61
ee-%1-6 | 318 Jo T Ittt Sl el Il 98 9°68 31 | 098°T n|-nLg maﬂz INYT
85116 | ¥ %1 Jol oL €61 3 | 0921 | AN ‘UOse(IT, "y | 1D9L
€6-11-6 | &'11 o 87 0°%1 3@ | 08L‘T | AQ | puowdey ‘g 'Y | INSI
84-11-6 | 9°G1 n 44 yoe B | 099T | AQ |TTTIONAA T D 1d6
1961 (174 S TToogesey (TTTTTTT|TTTToTTe 9 01 Id | 089°'T | AQD |79 D 90080y (&8



GEOLOGY AND GROUND WATER, UMATILLA RIVER BASIN

96

S [TT T d |7 0g [0 1 *h I I 9 (G474 LG B R A [Tt op=T--
‘widd g1 ‘eplIoyo 3o} it 10%1
‘wdd 06 ‘sseu
-pIBH 'S0I0R gf 1o}
18)em sofiddns ‘Iopo
InJins 1u3rrs sey
19384 WA3 0gg SMOL | I ‘(] |77 T a O 77Top™T 1 091 oy | 3¢ 191 (G B i S |7"""33ny [emox ve
"8961 Ul paIfiIp
usym wds 001 pamoig [ € I il I 89-2- L 922+ [0 2 Ry Jeseq 82 L61 A 8 938 Iq T dg |~"TTsuamoQ (1 'r INT
"H6ZH ST L
T "wd3 8z paeqg I d | sl 1z O |TTTaeseg | 03 0% | 9 9 £2¢ q | AQ |T7A9A dUOUY | Tgge
[ d | €9-25-8 | L°L% [ O Y O R e R 18 3L |70 AN [TTTTAJ[BOY BUUY | TINTE
(G O | €9-82-01 | 9°01 0 |TWIIANY 77T T 98 ¢ 61 Bq | dd |"7"udug,0 I 0L
‘H8Z'H “S1°L
Ian‘qa |t d | eeL28 | L1 [0 2N Inn e A e 8 [T I |7 A} |TTsUBAY pIeUO(] | INSL
099 dura g, '
“wdd (g ‘aplIo[yd
‘urdd g1 ‘sseupreH a Vi I B €11 [0 2 nesey Tttt 8 9 0%1 I(L 7Tt A} |TTRUWR T, pPRwes | TINST
HLZI“S1 L
"LSB1 UL PI[LID Usym
wds3 o%_» cw&m“m ‘y30}
B ot (o TV A (R SR [ o |l a | A |tecee lemmmme|emeaaan e Y A IO, § LA
491 2 03 wmpAnpry | 1A L8919 | g o) Nesed 0L 4} oL I An SIND M0 | 1T
HIZH ST L
“MO[a(q IJreseq
“ICT Ol WNANIY | 8 ‘a € d [T 09 [O2N Jeseq 0g (L)) S A 8 oet I | 0%8°T | AN |TTTTRqdwe) Ty 1r1e
‘T e H“NI'L
wniep (399)) | (3001)
9eq MO0[9q | 90ULI | [BLIA)BUL JO | ssau | d0} 09 | (3a9)) [(seyouy)
(mdg) {dund 1994 | -Inogo | I9308IRYD |-YoIyLfysde(|Suised| yom (199)) |[em Jo| (399)) [£ydeq
SYIBW Y o8] | PBIX | Jo 1978 M JO | Jo Ia98 | [[oMm Jo | 8dAL, | epmy | -Sod | JUBUS) J0 JBUMQ | [[oM
edA -punoly yyde| -welq | yideq BV | oL
19A9] 1978 M (S)8U0Z SULIBIQ-I318 A\

PONUUOD—u0baL() ‘UtsDQ 4203y DIIIDWL) BYP UL SIM 261DJUISIAAIL fO 8PLOIFY —] TIAV ],



97

BASIC DATA

‘00 desyg
S d|es¢-8 L1 )6 U el e e I I 1°¢T 3@ | AN weyduraun) | THGE
‘TWNIA
-nfe
[« 8 d | eg-6c-8 | 1721 n ory[esBg |"TTTTTT)TTTT T T 8% | ¢0C 8 |7 AQ |TTTuojuRIS f L | TH6I
s‘a | = S It Ittt et et il il i) A 008 P e Bl AQ |[TTTIONEIUM I | TDLT
«' Y001
-pPaq Moy
-aq A®ro
gaq [T d | €9-9¢-01 | 51 n onjg,, |~TTTTTTT TN 01 001 8T 8q |0z | AQ |7 urely 'V 'H | 1dIT
..................... 89-62~¢ |(AIQ |"TTTTTTT T T g 011 1q | 9scc | AN --GQ:Wwwmn.m jice
*§6T UI PASTL JON [*TTTTT|TTTTTT d | 89-82-0T | gL Fo O S I A 8y | 101 8@ | 0313 a WA " TN 1d¢
§ |7t d | 6 T e i O S A 3@ | 0881 | An |TTT op~TTT 147
‘wd3 0g SPITA [« Sl P O gpe |TTTTT k11512 S il i) A Vrs4 Ia | 0%6 ‘T 0 |"7TuosuoRy YoB[ 11
HIE'E“ST L
‘pojoder PIOI& MoT | S |TTTTTTTNTTT TR T - O e e I 9 0€1 ¢ O Apn |7 01 "SI | 1DET
s‘a| T T IS S il i e 9 06€ a - Af} | j0HIY SBWoyy, rit
H 308  “ST L
..................... €5-¥56 | 9798 fo 2 ) e i I I A 6% Iq 777777 A |Tuewmoq K01 | TDYE
‘M wmd3 gT pejreq [Tt e5-5z-6 | 8°¥1 [ 2 Jreseq |~ 01 o1t iq (T 1 |"A319qoCT @.:ﬁa 1415
‘ueut
s‘al" d | 4 o T A It il I 98 ¥ 8q | S -Mogf dUA®RAY | TIfLT
“JUY31[S uMop
-meIp ‘wds FTSPILX | Sfq | d | 089 |~TTTTTTTT|TTTTTTTII S T e 9 0L9 aq |t 0 | Aoy :ozmz TINGT
‘xne.
s‘a | d | ®) S il I 9 00z Iq [ AQ | -vwnoy 10301A | TATT
‘wdd (g ‘opHoryd
‘wdd 0z ‘ssoUpIsp a| ot F: O e o [ e e 9 1T Iq [T 0 {777TI8pedy uyor [ 108
‘wdd gg ‘opu
-o1yo ‘wrdd (g ‘ssou
-pIeH ‘SMOJ SowIr)
-ouros ‘ednssoxd ou
~1oUr0IBq YIIM S9Ien)
-ong Apeptoder B | st [T d |7 112 o 20 b (522 I I 0c | 8 969 Iq T AQ |7 J0MH SIN | IT

‘H0g'H ST L



GEOLOGY AND GROUND WATER, UMATILLA RIVER BASIN

98

a L [ 2 T S S I 9 001 I ot S 17T A930d "V | TINTG
i nn:H a 0g L 1961 (44 0 op (<4 8.8 68 9 008 g |ttt 8|77 Aoy 11040y | 1V0Z
dwrd, ‘wdd gg .WE
-101y2 ‘wrdd 0z ‘ssou
-paeyf "wd3 gg smord [« S I E A e+ Qi ssed | 11 L1 SR 8 991 F{ B dg {~"1e0H powWy | Id6I
S s 1 Z2NN et A A 48 8 q [Tt ag |- Honry YoBL | TU6T
1 ‘Pp Iy T 10 wds
wmw u%mmﬁw_zn _ME&
01 IN0QR SMOTA 9961
Uy 95D U] 10U ‘34 MON N[ 99-6-¢ a (o 20 Rt} e tad 01| @1 o8 iq |- dg |- op=---- LT
‘8D '9g61
sunmp 1J-o10%  00€
moqe parddns 9¥61 Yooy
ur wd3 QgF'1T Pemold sd |77 o |7 a [ 2 jresed | 91 £65 1€ 4 608 Ia =ttt dg Jod Jo A1 | THLT
] 'SelR (g I0f
197em Uopjediax send
-dng "y 10T ‘PP_‘ig i
1 10} wd3 071 mm—aqu& ‘s‘a | og1 &L [T 9% o 28 It/ il R 9 992 iq (T dg {—TIe13d wWelllM | TI9
dwey, T ‘wdd
21 ‘eplioryo ‘wxdd
L6 ‘SSQUDISH  $96T
1834 1318M Juunp ‘0D WquIny
330008 g1y poyddng up | 0087 L | 89-31-6 9 o | L 2 0g w 01 998 iq [ttt dg Y20y 101d | IN6
‘$G61 Surnp ueamm, “0D s1onpoig
Jo Y0108 Ggg porpddng ur | 099 L | 89-08% | c'L1 fo 21 Iy e 00z ¥ fa 98L iq o091 | dX 9Iqlg W03BIQ | TING
1O palup g ety
uaym wds 00¢ W%EE R 8¢ Sl I £9-9 ¥ a o3 op=77| 0% (1144 W 4 16¥ I | 06§ ‘1 L | -deyp eufem 116
I ‘Selde
24¢ 10§ 19%8m sorfddng | II‘'Q (17200 e 0ST o N op~TT! 8¢ 6 g8 9 0sT Iq | 0091 S |77 UDSqO9Bf "A D6
T '8 ‘PP SIY
y J0; wd3 ¢ podumd | If‘q |~7T77TC L 9861 ¢8 o | op~T7| €1 06 81 8 STT aq |t S [TISIbasN uarH 18
*918IOWO[3URB] JO 1} 59
AqQ UB[I9AO ST I[Eseq [« S I 89-82-9 99 o esed | 6L 192 44 9 ove Iq | 088 ‘1 § | SIomog WBIIM 19¢
AL ACSI L
wnysp (309)) | (300y)
eq M013Q | 90U | [BLIAIBWI JOo | ssaU | doj 01| (399]) |(seyauy)
(wd3) |dund 909 | -IN9oo | 1djoBIRy) |-XIIYL|Yrde(y|Buised | [[om (399]) [1om Jo| (399)) |Aydeyx
SYIBWOY s | pPreIX Jjo Iem Jo J0 1910 | [am Jo | adA T, | opny | -8od | queuay 10 JBUMQ | [[OM
ddAL -punoapn yide(| -weld | yided By | oL
19A9] JOjB A (S)0u0z 3ulrBa(-1038 A\

PONUT}UO)—uU0baL() ‘UISDQ L2G1Y DIUDWL) Y] UL SPPM aVIUISILAIL 0 SPL0IIY—'T WAV ],



99

DATA

BASIC

'09g dwey,
‘mmdd $1 ‘eplioye
‘mdd  g¢ .mmwdﬂudm (<1 P: U 981 [0 28 I (2] ¢ iat I Al I 9 992 P (¢ O AN |TTIdWINJ, [dNwey 1d8
S010% ¥ 10} 19)BM
selddns ‘md3 g smol | I ‘S ot T q o |7 Jreseq T TTTT T 174 iq |t AQ |TTuosuUIqoy Wod | 1d¢
WU ST L
T OPRIL JWOYNS | feeeacen] ol grer | war |meeeemmmm|ememeen R PRSP P Wi 9T | opr | ger |memmemm| o |eeemmmmeemegpyem-—-
-uyjo asnvooq postitony | N N 9v61 vz op I B &) | a a i INSE
T 'mdiggsmold | N | W | & | w6l kS olop e (s | MW e | oaa | L | oymeg o | 1OO0T
uy “ydo( A'm
et ‘a 0z I 4 o3 op=T ¥ (11::: 70 8 888 q |t g -U3IH Uo3alQ | 1DE
i a A 62-1 9g [Tttt Jeseq {TTTTTTmTTT g9 9 €8¢ aq Tt R op-=T°t [:¢
..................... €8-62-0T | 98 o I ittt Tt et O -3 4 6 8@ {"""°777| 8 |TTaepuenip (ey | 1He
‘HSEAUST'L
‘wdd ¥1 ‘eplio[yd
‘mdd o9  ‘sseupieyy Q| E: Sl a (2] el i r [T uq [T an | qi04 SIW | TD6T
‘mdd g ‘spriolge
‘mdd  oF  ‘ssoupagp [« X d | A [Twmoan(y ["toTtT [ttt 31T ot uq [ttt dq [~1esequin SImoT | THST
HVEI“ST L
*L1ddns
oyjsewrop Joj ejenb
-oPeUl pojlodel prerx q |t o I a- (¢ il il ) (41 at uq (YT dg |"wosdw®s WIQ | THEI
‘mdd § ‘opuIoTyo JmeH
‘mdd oy ‘sseupasH | § ‘@ |TTTTTTTC g | 8 a || (] il Il i %1 ot uq | ee‘r| da ww_% wﬂmoh 109
q | L= S ot A |TWmAngy Tt gt 09 a1 8@ (oz9T| dx BIBI090 SIW | Td9
‘HEAST'L
7 wdd gg ‘ept
-Io[yo ‘mxdd (g8 ‘ssou
-paeH ‘wd3 .ﬁqm&mi a 0g Ol a o opT|TTT T 4 9 091 .0 O S |""oSPMPIY Mo | THESE
‘gg61 Juunp 3J-0198
601 perddns !seide
0F 10] Jojem sonddng al ost L | €9-82-0T | %68 o2 op~"7| 68 0 82 ot ¥6L Iq {0667 | AN I""TTUMOH WY | 1€




100 GEOLOGY AND GROUND WATER, UMATILLA RIVER BASIN

(6 B D [O 2N I I NN I e e e uq |mtttt dg {~euiopsQ ngyry INL

HEEH“ST L

[ O [ 3 i i Q|77 oD e e e ST L A O op=""- THET
o o 3 N T I ) e M S O I 02 8@ |7 A |~7"30310d SWIALY | TINGI
a |t g | 6t BOR e et I <9 3@ |~ A |~-uesuag snue | TO0L

H2d ST L

wmdd gp

‘apldoyd ‘wudd g9
‘SSOUPIBH  "118SBq
9 SAI[I9A0 WAPING
-1940 J0 1) 1% peModey | 8 ‘Q 4 [ S I 142 d |77 eseq | 02 LT 9 iU iq |7ttt 0 |"yequigy [130A TLer

‘g %08 T ST L

"md3 g9z padwmg |---mTos|mmommm e £9-¥5-01 011 o\ jeseq | 0¢ 0Lg |~ [1)8 00y Iq |=°°7777 oA |7 0Ipdd AIeIN | 18T
. I O | 89-¥2-0T [ 176 10T R e e 09 6 8q |~ Y0 U op~""T" L ¥ PA%
‘3 19 ‘PP 1Y 34
0y wds 0L pedung q |77t L | 66-%201 | £°2 o[ aesed | L 141 ¥ 8 L11 q oo An |“&mqo(y ydesor | 176
s‘q |-t D | 88-%2-01 | 676 Jo I e A e A 91 8q |~ A ["A1RyoQ lueg | THY
‘HO0E'H“SZ L
‘M ‘wdd g 9pliofyo
‘mdd oL ‘sseupiey | §‘q |t €L | €9-83-0T | 8°€2 [0 eseq | 0% oor |TTTUUC 8 0ST g == AQ) {"TSOUSNH H "M | 1HTT
‘A8 “SEL
wnjep (399)) | (399))
e MO0[9q | @dUel | elIejew Jo | ssou | doj 09 | (499)) [(seyour)
(md3) |dund| [EEY -noo | 1e0esq) |-¥o1U,L|qidecy| Suiseo | [om (399)) (1o Jo| (909)) |Aydea
SYIBWOY 9 | PIIX | Jo I1918M Jo | joI9ge | [[om Jo | 9dAJ, | 9pn) | -Fod | JuBU) Jo IUMO | [[OM
ddA T, -punolp yydo(| -wel( | yyde BV | -og,
TOAJ[ I8 M (s)ou0z 3upavaq-1998 A

PONUIUO)—u0b2.4() ‘UsDQ 42633 DYYDUL[) YD UL SPOM 2aUDIUISILAIL fO 8PI0IY—'T AIAV],



101

BASIC DATA

‘H N === N | eg-62-8 | 9752 0 b1:23:3 G e el i 9 66 iq |t An |""oiped uydesor | 141
d 5108 ‘¥ “S €L
I O d | €9-620T | %S i} 0 S e 09 191 3q | AQ |~TAeutep oato 1088
‘8D a |t d | €9-42-01 | 8°¢ n .ﬂo_% b I el 9 0°e8 i A == zaes
*mxdd 8 ‘eprioqyd omd
‘mdd 08 ‘sseupispy q (o 0_| 85-92-01 | 6°¢ Q | -fowejepy (-"7owomitomTeoitenTeos 8 |2 3@ [t AT 33y 03300p | 162
wds 015 pedmnd [« S8 it i it 0z o R i1 2 A 61 61 9 @3 iq |t AQ) |"""-oxped ydesof |  TJ4T
‘g A"SE L
‘mdd § nEueEo
turdd g9 ‘ssou oLy
“PRH ApUIns smoli | § A F S I fo 2N I op~=| o | ger 09 8 0g1 ig |t A | puomfey | 1Q0T
s‘a &L 0g o 3 op~~| 8% | 001 L4 8 802 q | A [tuelsg D | TA6
T 3 0L ‘PP ‘mw ‘seuop
.: a0y wd3 AT petieg §| 0z T 3l i og o MesBg [ 9 o091 iq | An udsy SIWN | TVL
6z “SE L
*AOpBOT 90[AJ08
pueidn Aqsmwul | 8@ |~TTTCC d{es-v-8 | €0 0 | wnany 29 3q | n Jsed04 ‘8'Q | TV8T

‘A9 ST L



102 GEOLOGY AND GROUND WATER, UMATILLA RIVER BASIN

TABLE 2.—Drillers’ logs of representative wells
[Tentative stratigraphic designations by G. M. Hogenson]

Materials Thickness Depth
(feet) (feet)
IN/26-12Cl1. G. D. Abercrombie. Drilled by A. M. Edwards, 1950
No records; old drilled well . e ccecccecmmc—————— 100 100
Oolumbla River basalt:
28 128
12 140
3 143
IN/26-24D1. Howard Kelly. Drilled by Moore and Anderson, 1952
Palosuosﬁ formation and residual soil, undifferentiated: 1 1
b5 56
23 79
29 108
42 150
2] 171
39 210
19 229
6 235
39 274
60 334
13 347
4 351
IN/27-3R1. E. W. Wattenburger. Drilled by Ben Dreyer, 1952
Quaternary alluvium:
il .............. 16 16
and and gravel, 13 29
Oolumbia River basalt:
Basalt, black, moderately hard. 9 38
Basalt, red, soft______...__.___. 18 5
Basalt, black, hard 48 104
Basalt, red, soft, water-bearing 4 108
Basalt, black, har 12 120
1N/28-21Q1. Antone Vey. Drilled by H. Yager, 1953
Quaternary alluvium:
Gravel, cemented. ... eeccceccccacaeeea- 24 24
6 30
15 45
38 83
91 174
asalt, 51 225
Basa!t black broken, water-bearing 45 270
1N/28-28C1. Antone Vey. Drilled by H. Yager, 1953
Quaternary alluvium:
Gravel, cemented - 8 8
Silt and clay... 12 20
Columbia River b
t, gray._ e e e m i m e emmmmn 9 29
Basalt black. . 70 99
Basalt porous, soft, water-bearing; water flowing over casing at 60 gpm___. _. 1 100
Basalt, gray, hard___ . iemmceiaiaaeos 78 178
Basalt black, hard, water-bearing; flow increased.... .ocooooooccaceo ool 21 199
Basalt, Black, NATA. _o oo IIITITIIIIIIIIII 13 212
Basalt, gray, hard ... I 41 253
Basalt, blac medium-hard. . e 7 260
Basalt, gray, hard___...___ e e m 79 339
Basalt gray, soft__._____. J 95 434
Basalt, gray, Dard. .- oooooooo oo IIIIIIIITIIIITIIIIIIE 2 436
Basalt, brown, medjum—hard_ . 13 49
Basalt, gray, bard.. ... e e e 25 474
Basalt, brown, medium-hard. ............. Zf gzg

Basalt, gray, hard. e ceeamcamm e
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Materials Thickness Depth
(feet) (feet)
1N/28-28D1. Antone Vey. Drilled by H. Yager, 1953
Quaternary alluvium:
Gravel, cemented. ... ..o e ———————— 10 10
Columbia River basait:
32 42
35 7
4 121
54 175
asalt, gray, medium-hard 107 282
Basalt, black, broken.__. ... oo - 30 312
Basalt, gray, soft, and ‘“‘soapstone’ . 33 345
Basalt, red, S0 t. oo e reeecemenencmemeaeeem—m—e——————————— 20 365
1N/30-24E1. T. A. Cross. Drilled by Bert Gladney, 1953
Columbia River basalt, fault zone:
Soil and “grave]," -3 ¢3S 80 80
“Gravel”’and clay, gray_- 10 90
Boulders and clay, red. - 30 120
Gravel and clay, gray.. 12 132
Basalt, gray. 6 138
Clay, gray, and green gravel; basalt fragments coated with green encrusta- 6 200
5 205
Basalt, red_. . 7 212
Basalt, black; a green layer at 235 ft; water-bearing at 327 ft_. 172 384
Basalt, gray, hard. . eee 203 587

NoTE.—Well was drilled with 12-inch diameter to 299 ft and 8-inch diameter to bottom: later was reamed
0 12-inch diameter to 350-ft depth, with the cuttings filling the hole up to the 440-ft depth. Drilling then

stopped.
1N/32-1M2. Peter Timm. Drilled by Turner, 1955

Palouse formation:

2 2
4 6
Clay, red._. 119 125
Gravel, water-bearing, 8 gpm. - 10 135
Gravel and blue €8y .. ... ... I 50 185

Columbia River basalt:
Basalt, black, broken. ... ... 110 295
Basalt, red.________ 10 305
Basalt, EraY e oo 75 380
Clay, blue, and gravel.. 10 390
Basalt, black________._. 20 410
Basalt, gray. . 25 435
Basalt, red. . 35 470
Basalt, black___._________ 31 501
Basalt, black, water-bearing_______.______ .. 3 504

1N/32-15D1. William Eldridge. Drilled by Roy French, 1956
uaternary alluvium:

¢ 1 1) 4 4
OGravel) o e 4 8
Clay,red,sandy________________________ 16 24

Columbia River basalt:
Rock, red, water-bearing. ____._ . 46 70
Basalt, Bray . oo 20 90
Roek, red, water-bearing_ . ________ e 12 102
Basalt, black and gray ... e 71 173
Rock, red, water-bearing_________________________ . _____ ... 12 185
Basalt, black and -9 USSP 51 236
Basalt, red and black, with clay seams, water-bearing. R 4; ‘5’22

Basalt, 3 ¢ OO
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TABLE 2.—Drillers’ logs of represeniative wells—Continued
Materials Thickness Depth
(feet) (feet)
IN/32-22B1. J.L. Eldridge. Drilled by Bert Gladney
Quaternary alluvxum
So! l 10 10
] 15
32 47
99 146
Basalt, gray.._.__._ 11 157
Basalt, red and brown.. 38 195
Basalt, gray...._... 159 354
Basalt, black. .o 52 406
IN/32-27P1. Adolph Weinkes. Drilled by H. Yager, 1948
Quaternary alluvium:
Clayand gravel . e 50
Columbia River basalt:
Basalt, black e 30 80
Basalt, gray..-. 37 117
Basalt, red, water-bearmg 17 134
1N/32-28D1. Edwin Hoeft. Drilled by D. K. Smith, 1956
Palouse formation and Quaternary alluvium, undifferentiated:
Silt and sand___.___ 12 12
______ - 2 14
40 54
Basalt, brown and black._ 46 100
Basalt, brown, broken, wa 10 110
Basalt, brown and gray. 63 178
Basalt, reddish brown._ 9 182
Basalt, black and gray..... o e 158 340
Roek, broken, and mud._ ______ ... 10 350
Basalt, brown and blaek... .. e 44 394
Basalt, brown, and clay. . 11 405
Basalt, brown and black .. .. ______ .. 108 513
Basalt, brown, water-hearing________________.________________ - 12 525
Basalt, black; well tested at 200 gpm with 200 ft of drawdown_ . 15 540
Basalt, blackand gray___.__.____.__._____.___________________ - 32 572
Basalt, red and brown, broken, water-bearing_ ___________________.__._______ 3 875
Basalt, hard, brown_________________ oo 8 583
IN/32-34P1. Everett Hawkes. Drilled by H. Yager, 1948
Palouse formation: 8 8
Columbia River bagalf; ~~ 77777777 e
Basalt, brown, broken 52 60
Basslt red, broken_._ 16 75
Basalt black broken.__ 50 125
Basalt gray, broken water-] 75 200

Note.—Walls of well sloughing in during euntire drilling operation.
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Materials Thickness Depth
(feet) (feet)
2N/27-1F1. Ammon Bros. Drilled by Ben Dreyer, 1952
Quaternary alluvium:
Soil.... 12 12
2 14
36 50
20 70
15 85
35 120
10 130
= 40 170
Basalt, black, moderately hard. . e 33 203
Basalt, black, 80ft. - cieiicacees 18 221
Basalt, black, hard. e 34 255
Basalt, red, 80ft . i 37 292
Basalt, blue, hard . . . 130 422
Basalt, black, moderately bard .. _____________.___________._________________ 27 449
Basalt, black, hard ... _ I TTIIIIIIIIIIIIIIIIITIIIIII 30 479
Basalt, black, soft_ . ______ .o 21 500
Basalt, black, moderately hard . ______________ . ____ .. 54 554
2N/27-1M1. C. M. Stanfield. Drilled by A. A. Durand, 1935
Quatemary and older alluvium, undifferentiated: " m
Gravel L2 4175 11 Y 12 22
Gravel, water-bearing. - . ccemcienes 3 25
Gravel'and boulders.... ... lIITIIIIIIIIIIIIIIINE 7 32
Clay and-loose gravel . e ececceceeaee 17 49
Gravel, Gemented . ... .o e e 22 71
44 115
41 156
34 190
299 489
15 504
2N/27-2J1. C. Ammon. Drilled by Ben Dreyer, 1957
uaternary alluvium:

@ Soil. v 11 11
8 19
21 40
12 52
2 54
16 70
36 106
Clay, green 78 184

Columbxa River basalt:
Basalt, black, hard and soft- ... eiams 102 286
Basalt, red, soft_ ... - 19 305
Basalt, black, hard - .. 127 432
“Boulders *gray, hard ..o 10 442
Basalt, black, hard £0 80ft. .- .-~ 118 560
“Boulders,” black and gray, hard .. 188 748
Clay, sandy, black - . e 6 754
Basalt, gray, medium-hard - _______ ... ______ ... 15 769
Clay, sandy, bl o - o e 8 77
Basalt, blue, hard to soft__ .. __ el 22 799
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TABLE 2.—Drillers’ logs of representative wells—Continued

Materials Thickness | Depth
(feet) (feet)
2N/27-6F1. Corrigal Ranch. Drilled by A. M. Edwards, 1938
Glaclal-lake sediments:
Top sofl and sandy sofl ... . e 40 40
Fanglomerate:

ravel, cemented. ..o 60 100
Clay, yellow....__ 20 120
Gravel, cemented. 80 200
Clay, red....... 10 210
Clay, blue...... 7 217
Gravel, cemented 67 284

Columbia River basalt:

“‘Rock,” brown, broken and seamy ... ... ccmmaaes 4 288
“Rock," brown, solid......_.......___.. 62 350
Basalt, blue and gray_._.__ 63 413
Basalt, black, water-bearing_ 14 427
Basalt, gray, hard. . cieieiam. 20 447

2N/27-11H1. J. S. Williams. Drllled by Ben Dreyer, 1952

Quaternary alluvium:
Sofl. oo 12
vael I, 22
e, blue____. 63

Columbia Rivet basalt:
Basalt, blue, medium-hard. . ________ e 75
Clay, blue, sandy._____.____.______ 132
Basalt, blue, medium-hard________ 144
Clay,blue. ..o oo 150
Basalt, blue, hard . 162
Shale(®....______JTIIIITIT 186
Basalt, black, medium-hard. _.__ 215
Basalt, red, medium-hard_ .. ____ 242
Basalt, black, hard__._________ 310
Basalt, black, medium-hard__.__ 330
Basalt, black, hard, water-bearing. 371
Basalt, black, soft_______.____.__ 398
Basalt, black, hard___.__.____ - 424
Basalt, black, soft_ e 525

2N/27-14M1. Mr. McCarty. Drilled by Ben Dreyer, 1952
Quaternary alluviom:

Soil 12 12
Soil and gravel 33 45
““Shale rock”_.___. 43 88

Columbia River basalt:
Basalt, blue and black, hard. 104 192
Basalt black, soft, water-bearin 28 220
Basalt, blue, hard_..__ 20 240
Basalt, black, soft 40 280

2N/27-20J1. Ed Tucker. Drilled by Moore and Anderson, 1948

Glacial lake sediments:
Soil 10 10
12 22
13 35
20 55
35 90
14 104
23 127
7 134
6 140
93 233
4 27
17 254
4 258
45 303
52 356
357
13 370
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Materials Thickness | Depth
(feet) (feet)
2N/27-22A1. D. W. Terry. Drilled by A. M. Edwards

Quaternary alluvium:
Sand with some cobbles. e 200 200
________________________________________________________________ 30 230

Columbia Rlver basalt:
T 4 S 8 238
Basalt lue, medium-hard ... _________________________ 62 300
Clay, blue, loose; runs easily; contains some water. 26 326
Basalt, hard. e 4 370
2N/27-27E3. J.F. Kilkenny. Drilled by Ben Dreyer, 1957

Quaternary alluvium:
Soil 14 14
7 21
9 30
94 124
4 128
12 140
74 214
5 219
16 235
11 246
14 260
109 369
7 376
14 390
101 491
18 500
15 524
6 530
41 571
27 598

2N/27-28H1. Ed Tucker. Drilled by Moore and Anderson

uatemary alluvium:
e Soil [} 6
5 11
20 31
56 87
17 104
46 150
peat bk o) o

asalt, gray-_--
Basalt, gray, har 29 242
Basalt black, broken water-bearing. 12 254
Basalt blue-black. ... 9 263
2N/28-16K1. Antone Vey. Drilled by H. Yager, 1948
Palouse formation and residual soil, undifferentiated: 6 6
Columbia River basalt:

Basalt, brown, decomposed, and €lay ... ... _. oo oo 46 52
Basalt, broken, brown_____._._____._. 78 130
Basalt, broken, brown, water-bearing 85 185

695-384 O -64-8
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TABLE 2.—Drillers’ logs of representative wells—Continued

Materials Thickness Depth
(feet) (feet)
2N/30-6H1. Cunningham Sheep Co. Drilled by A. A. Durand and Son, 1946
Dug pit, no record 8 8
alluvium:
Gravel coarse, and boulders. 7 15
Grsvel boulders, and some clay. - - 9 24
Qravel, CORTSe. .- ool LI 3 27
Columbia River basalt:
Basalt._._. 6 33
Basalt, hard, water-bearing. .- -] 40 73
Basalt hard gray 11 84
Basalt. black - 8 92
Basalt, hard, blue.___ 4 96
Basalt, B Y o o —m e m e m e 46 142
Basalt, gray, hard, water-bearing- ... ool 11 153
Basalt_______ 3 156
Basalt,hard._.. .. .o 12 168
Basalt black__ 15 183
t, firm___ 8 191
Basalt,hard . _____ ... 18 209
Basalt______. 5 214
Basalt, hard __________ . 11 225
Basalt, porous, brown; flowing water_ . oo 8 233
2N/31-2B2. Leo Gorger. Drilled by D. K. Smith
Palouse formation:
B ) 03 1 2 2
Fanglomerate:
ravel, cemented..__._ e meem e m e 18 20
Columbia River basalt:
Basalt, broken_._________ s 4 24
Basalt, BTAY - o e e ee - 43 67
Basalt, brown, broken e ——————————— e mm 18 85
Basalt, brown_ - 4 89
Basalt, gray. . ees R 69 158
Basalt, black. _ - - 33 191
Basalt, B o e e 11 202
Basalt, black, water level standing at 142 ft____._._____ 71 273
Basalt, BT e 16 289
Basalt, brown, water-bearing. . ... e cccceeceean 14 303
Basalt, gray - ——- 1 304
Basalt black water level standing at 260 ft. 6 310
2N/31-15L1. Union Pacific Railroad. Drilled by A. A. Durand and Son, 1940
Quatemary alluviam:
Soil and gravel___. e 10 10
Columbia River basalt:
Basalt, broken. ..o e 18 28
Basalt, gray, hard . e meem 5 33
Basalt, BORY oo 45 78
“Rock,” porous, and shale_ ... ecccmceenas 21 99
Basalt, gray, hard . e 56 155
“Rock, porous, and “soapstone’’ . . ... ccccmemcme e 6 161
2N/32-2D1. H. M. Peringer. Drilled by Bert Gladney
Palouse formation:
00 e oo e 35 35
Columbia River basalt:
Sand and gravel (broken basalt?) .. ..o ececmamceeee 10 45
Basalt, gray______._.________ 95 140
Gravel______ 15 1556
Basalt, gray_____ 19 174
Basalt gray-black_ 74 248
Basalt, brown, hard _ 24 272
Basalt, black. ... T 20 392
Basalt. e e . 208 600
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TABLE 2.—Drillers’ logs of representative wells—Continued

Materials Thickness | Depth
(feet) (feet)
2N/32-2R1. Pendleton (Byers Street well). Drilled by A. A. Durand and Son, 1948
Quaternary alluvium:
Gravel_ e 14 14
Columbia River basalt:
Basalt, black, S0t _ oo e iecccicceaes 11 25
Basalt black, hard_ ... __.._ 48 73
Basalt soft, and ‘‘soapstone” ____._......_. 12 85
Basalt blac £ o F U 24 109
Basalt, soft and medlum-hard ............. 32 141
Basalt, hard.._ ... 18 159
Basalt, black, soft_ oo 21 180
Basalt black soft, water-bearing 11 191
Basalt, hard e 5 196
Basalt, black, soft___ 14 210
Basalt Ted, STt o e e ————— 7 217
Basalt, black medium-hard ................................................. 48 265
Basalt, gray, hard e 62 327
Basalt, black, medium-hard ................................................. 6 333
BaSalt, BTBY - o e omom oo e oo e e m e 12 345
Basalt, red, Soft, broKen . e 30 375
Basalt, gray, hard - .o oo e 51 426
Basalt, black, soft, water-bearing - -« i iicmiean 24 450
Basalt, black, hard e em——em e 3 453
Basalt, black, SOft. - oo oo e ceme e eeae 11 464
Basalt, gray, hard . .o e 8 472
Basalt, black, medium-hard .. .o mcaae 54 526
Basalt, black, hard . . .. mcmamcmaeen 154 680
Basalt, black, medium-hard, water-bearing.___ . . 43 723
Basalt, gray, hard . eccees 4 727
Basalt, black . o e mmme e 24 751
Basalt, gray, hard . ..o oo 22 773
Basalt brown, red, and gray, soft, water-bearing._______.___._._ ... 11 784
Basalt, gray, T 17 801
Basalt, DrOWIN . L e e cdm e m——— ————m——————— 5 806
Basalt, black e ccccccemees 15 821
Basalt, gray, hard. 20 841
Basalt, black_._. 39 880
Basalt, gray. 4 884
Basalt black.___..___.__ o 12 896
Basalt, black, porous, water-bear 16 912
Basalt, black_ - ... 23 935

Note.—Well redrilled in adjacent hole to depth of 774 ft.
2N/32-7N1. Union Pacific Railroad (Rieth 2). Drilled by A. A. Durand and Son, 1942

Artificial fill (cinders) .. b 7

Quaternary alluvium:
Gravel ______________..___.... 7 14

Columbia River basalt:
Basalt

4 18
Basalt, black._......_.. ——- 11 29
Basa.lt gray, hard - 14 43
Basalt broken water-bearmg but little water . _ - 3 46
Basa.lt gray, har 14 60
Basalt black contams clay-ﬁlled fractures cam 15 75
Basalt gray,h d 10 85
Basalt red; crumbling into hole.. 16 101
Basalt, brown, hard.. - e 2 103
Basalt black and gray, broken._. —- 24 127
Basalt broken water-bearing. .. 11 138
Basa.lt 43 181
Basalt, a,lternatlngly hard and broken 7 188
Basalt, broken_ _ e mmmm 16 203
Basalt gray, very hard._. - 7 210
Basalt gray, hard, n‘actu.red water-bearing. . ... 7 217
Basalt brown, fractured e ——————— 11 228
Basalt brown, hard. ... .__._.._ - - 7 ?35
Basalt, fractured_. ... ____.__ITTITTTIITIC 26 261
BaSalt, gray, fractured e 19 280
Basalt, fractured, water-bearing......___ 7 287
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TaABLE 2.—Drillers’ logs of representative wells—Continued

Materials Thickness Depth
(feet) (feet)
2N/32-9B1. Oregon State Hospital. Drilled by R. I. Strasser, 1953-54
Quatemary alluvium:
...... 4 4
Baulders andelay s 5 9
Sand and clay. nemmmmm———m————mm——— 9 18
Gravelandelay. .. e e ——— 6 24
Columbia River basalt:
Basalt, brown and gray; water standing at 32 ft__.. . - 32 56
Basa.lt BT o e e m e m—m e mmmm—mmmmm e mm m e mm e mm 13 69
Basalt red and gray. .. 8 77
Basalt BT Y e e e e e e m o mmmem e e e e 2 79
Basalt, gray, broken; water standing at 27 ft ? gili
Basalt bro gen with green clay. - — 3 91
Basalt BT Y e e e e e e e mtemmcmcemm—m e m e em e m e m—vam————— 43 134
Basalt gray and red. 35 169
Basalt gray. 59 228
Basalt gray and red - - 6 234
Clay brown, sticky. - 4 238
asalt, gr : 9 247
BaSalt, gray, broKeN o e emeeamam 10 257
Basalt, brown, honeycomb. ______._____.______.__ . 17 274
BaSalt gray - 36 310
asalt, gray, creviced. - . 3 313
Basalt, gray. S 24 337
Basalt gray and brown, porous. __ 13 350
Basa.lt gray and brown, porous, water-bearing; water standing at 116 ft . ____ 11 361
Pl e, = ot
t, gray and red, porous ——
Basalt, BTay .. e 6 413
Basalt gray, creviced. - - - e m— e m———— - 2 415
asalt, BT Y e e e oo e e m e mem e e e e ——— 14 429
Basalt, gmy, water standing at 135 f__ 5 434
Basalt et e e emmmc e m———————— 29 463
Basalt gray, BrOKeN . oo e e 8 471
Basnlt, BEBY e oo e e e e a e m mmmm 45 516
Basalt, gray, creviced e I 3 519
Basalt, gray. e 34 553
BaSnlt, gray, ereviced. - e em 1 554
Basalt, g ___________________________________ 126 680
Basalt, brown, porous, water-bearing___.___.___________________________.__.__ 1 691
Basalt, gray, water standmg at 185 Tt e 160 851

2N/32-10F1. Pendleton (Well 2, or Round-Up Park Well). Drilled by A. A.

Durand and Son, 194¢

Quai alluvium:

Gravel androck____ ... -
Columbia River basalt:

Basalt, black___________________________ R [,
BaSalt black, broken . —
Basalt, black, hard________ I IITIIIITIITIITIIIII I
Basalt, black broken s

Basalt black e
Basalt, blaek BroRen. ..o oo
Basalt, black: creviced at 498, 615, 660, and 668 ft . . .

Basalt, red.__
Basalt, black__ e caeaee
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Materials Thickness [ Depth
(feet) (feet)
2N/32-10M1. Smith Canning Co. Drilled by A. A. Durand and Son, 1942

Quaternary alluvium:
Gravel, 100Se. . o e 23 23

Columbia River basalt:
Basalt, broken. . e 2 25
e 7 32
Gravel, sand, clay (fractured basalt?) ... . ______._ 28 60
Basalt, brown L4530 <) VS 38 98
Ba.s&lt L U 17 115
Basalt brown, decomposed. - - —— 10 125
Basalt, BTAY, POTOUS oo oo e e e 5 130
Basalt, gray. ... - 4 134
Basalt, red. et ae 6 140
Conglomerate, Bray ..o [, 9 149
Basalt, gray, soft_ - 9 158
Basalt, gray, sohd - R R O 67 225
“Volcanic ash,” red, muddy. - 33 258
Basalt, red... . e mmm e ———— o —— — 17 275
Basalt, brown_ - 30 305
Basalt, red._. 15 320
Basalt, brown. . aen ——— 42 362
Basall:, 2y . - 23 385
Basalt, brown - 17 402
Basalt, gray. - - - 27 429
Basalt, black. ... - 21 450
Basalt, gray. 147 597
Basalt, brown, 38 635
Basalt, gray. 30 665

2N/32-10N1. Pendleton (well 3). Drilled by A. A. Durand and Son, 1952

Quaternary alluvium and Palouse formation:
Rock, brown, and €lay . _ oo e 4 4

Columbia River basalt:
Basalt, medium-hard, broken, brown and black .____._ .. ... 28 32
Basalt, broken.......cccoea- - 12 44
Basalt, broken, yeliow; water standing at 20 ft. 6 50
Basalt, gray, hard, and broken._ . . .._c. o oooueoeos 14 64
Basalt, brown and red, medium-hard, broken, muddy 11 75
Basalt ‘“‘shells’’ (alternating hard and soft layers) and brownmud..________. 6 81
Basalt, brown, broken, medium-hard 7 88
Basalt, gray, hard; water standing at 30 ft ... 2 90
Basalt, brown and gray, hard, broken._. - - 45 135
Basalt, red, broken; with soft mud.- ool 3 138
Basalt, brown, medium-hard; with mud 6 144
Basalt, brown and gray, hard e ——— —— 20 164
Basalt, brown and red, broken; some Moo 4 168
Basalt, brown and gray, hard - - . 62 230
Basalt, brown, broken, soft; with mud. 24 254
Basalt, black and gray, medium-hard..___........ 66 320
Basalt, gray and black, hard; water standing at 50 ft. 15 335
Basalt, red, medium-hard.. _ 4 339
Basalt, black, medium-hard; water standing at 155 ft 13 352
Basalt, TeA o oo : 2 354
Basalt, black._.__.__._. e mmmn 4 358
Basalt, gray, hard_ . meeeiae - 26 384
Bagalt, brown, broken, medium-hard. .. ..o oo 16 400
Basalt, black and gray, medium-hard 76 476
Basalt, brown, broken; with some clay . . - oo oo ccceaeaan 483
Basalt, dark, medium-hard________ 102 585
Basalt, brown and red, broken, medium-hard and soft 592
Basalt, brown, medium-hard 2 594
Basalt, gray, hard__...___________ 9 603
Basalt, broken; color variable 12 615
Basalt, gray and black, hard and medium-hard 48 663
Basalt, red, soft, bmken, with brown clay. ... - 2 665
Basalt, brown, broken; with mud.... - - 6 671
Basalt, black, medium-hard; static water level at 153 ft 32 703
Basalt, black and brown, broken medium-hard. . 69 772
Basalt, black and gray, medium-hard......_... - 225 997
Basalt, gray, hard; static water level at 158 ft______________ ... 1 1,008
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TasBLE 2.—Drillers’ logs of representative wells—Continued

Materials Thickness Depth
(feet) (foet)
2N/32-11D1. First National Bank of Oregon. Drilled by A. M. Jannsen, 1940
Columbia River basalt:
“Rock”. . . 115 115
“Lava rock,” brown 30 145
“Rock,” gray and black...__________._ 556 701
Sand.- 2 703
2N/32-16D1. Charles Ford. Drilled by D. K. Smith
Quaternary alluvium:
Soil - - 4 4
Hardpan. o oo e e ——- 12 16
Gravel___ - 2 18
Columbia River basalt:
Rock, broken, cemented ——— 17 35
Rock, broken, brown 13 48
VIR LT PR - 21 69
Basalt, brown, broken___._.______________________ 6l 130
Basalt, red__. 5 135
Basalt, brown, broken - 112 247
Basalt, black_ 33 280
" 2N/32-16M1. Gilbert Struve. Drilled by Roy French, 1956
Quaternary alluvium: 17 1
Columbia River basalt:
“Volcanic ash,” red and black; deoomposed basalt? e o 13 30
Rock, red. . - 18 48
Basalt, gray; ; small amount of water. . 62 110
Rock, red. - oo 40 150
Basalt, grav.._.. ... 35 185
Rock, red; with clay seams; static water level 40 ft below land surface_.._.___ 115 300
Basalt, red and black; water-bearing at 385 ft; static water level dropped to
120 feet. 85 385
2N/32-16P1. C.N. Clark. Drilled by D. K. Smith, 1950
Palouse formation
] - - 12 12
...... - 2 14
Columbia River basalt:
B alt' brown, b —— - 2; 23
aSAlt, BIAY e memem
Basalt, brogm .................................... 10 50
Basalt, black_ — 15 65
Basalt, brown 6 71
Basalt, red, water-bearing. . . __ . . cmm——ans 1 72
Basalt, gray. 66 138
Basalt, red. __ ——- - 20 158
Basalt, bmwn 19 177
Basalt, gra; 53 230
27 257
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Materials Thickness | Depth
(feet) (feet)
2N/32-19N1. Milton Carter. Drilled by D. K. Smith, 1952
Palouse formation:
Soil 3 3
Quaternary alluvium:
Gravel, cemented 10 13
Columbia River basalt:
Bagsalt, broken - 3 16
Basalt, gray, hard - 14 30
Basalt, gray. - 5 35
Basalt, gray, hard e rcem e ememm mem e m—m——mm————— e —————— 16 51
Basalt, b 24 75
Basalt, brown, broken 15 90
“Mad 3 93
Basalt, brown 16 109
Basalt, 21 130
Basalt, brown, fractured, water-bearing. 5 135
Basalt, gray 29 164
Basalt, black, water-bearing ... .. oo emmcmm e 18 182
Basalt, Zray oo et ccceme e e a e e 11 193
Basalt, brown.._ .. _cooeio.o. e e e mmmmmme ;e mem 5 198
Basalt, black. e e m e mcmmmemmmemmm e mm e 2 200
2N/32-19P1. Milton Carter. Drilled by D. K. Smith, 1951
Palt?susi? formation and Quaternary alluvium, undifferentiated: 1 10
0] . -
Columbia River basalt:
Basalt, broken, cemented. .. .. . oo ccaccc—cmam—een 10 20
Basalt, Brown . ..o c i ——————— 24 44
Basalt, gray___....ooooooa. 20 64
Bagalt, brown, broken. ... ..ot me e 34 98
Basalt, gray .o oo . 4 102
Basalt, black - R 12 114
Basalt, grav, hard 18 132
Basalt, black 3 135
Basalt, gray 2 137
asalt, black. 1 138
Basalt, gray . 6 144
Basalt, brown, broken ... . e cmaemnee 11 155
Basalt, gray.___.__... [, 12 167
Basalt, brown, broken_..._______...__.. e 32 199
Basalt, black; static water level at 10 ft. ..o oo 14 213
Basalt, brown, broken; static water level at 60 ft._.___________ - 16 229
2N/32-29F1. John Korvola. Drilled by Bert Gladney, 1950
Quaternary alluvium:
Soiland gravel. . e aem———————————— 12 12
Columbia River basalt:
Basalt ... ... - 20 32
Basalt, red - o e mmmmman 24 56
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TABLE 2.—Drillers’ logs of representative wells—Continued

Materials Thickness Depth
(feet) (feet)
2N/33-6N3. Crispin Bros. .Drilled by Roy French, 1956
Quaternary alluvium:
Soil —_— - 4 4
Gravel___ 14 18
Columbia River basalt:

Basalt, black - 22 40
Sand, black, heaving_ 3 43
Basalt BTAY o oo cm e cme e emme e e m— e mm e 54 97
ana.lt, red and "black (decomposed) . _._._____.._ 31 128
Basalt, gray.... 19 147
Basalt, red-_. 13 160
Basalt, black and gray e 80 240
Basalt, red and black, decomposed_._.__ 40 280
Basalt, grayand black____ .o 85 365
Basalt, red and black._______ . 15 380
Basalt, gra 85 465
Basalt, red static water level 26 ft 10 475
Basalt, red' during drilling of this section the static water level dropped

twice, ﬂrst to 66 ft, then to 108 ft. —- 25 500

Norte.—After drilling was completed, water level dropped twice, first to 155 ft and then to an unknown

depth below 200 ft.

2N/33-8G1l. William Purchase (well 2). Drilled by D. K. Smith, 1953
Quageﬁmry alluvium and fanglomerate, undifferentiated: 5 5
1.
Gravel, CemMented. ... .. oo ——————————— 5 10
Gravel, loose_ . - - e 2 12
Columbia River basalt:
Basalt, black, broken, water-bearing 8 20
Basalt, gray, hard, with water-bearing crevices. ... _._...__._..__._ - 6 26
Basalt, black; water level standing at 8 ft. —— - 4 30
2N/33-8J1. William Purchase (well 1). Drilled by D. K. Smith, 1949
Palouse formation:
Sandy soil______. - 6 6
Fanglomerate:
Gravel, ted —— J R, 34 40
Clay, sandy .. ..o - - 5 45
Gravel, cemented ... .. e ————m e 45 90
Columbia River basalt:

Basalt, black, broken_____ .. e 25 115
Basalt, black, sohid_.__ ... 20 205
Basalt, brown - 15 220
Basalt, red_. [ 15 235
Basalt, brown__ e e e e 38 273
Basalt, black____._________. . ... 97 370
Basalt, gray, with clay seams, e 33 403
Basalt, brown, porou: 5 408
Basalt, gray. 57 465
Basalt, red.__ 7 472
Basalt, brown 13 485
Basalt, black 30 515
Basalt, gray 47 562
Basslt, red, green, black, brown 4 566
Basalt, red_. . 14 580
Basalt, red-brown. 5 585
Basalt, grav, hard..___..___.____ 12 597
Basalt, black_.________. 15 612
Basalt, grav, hard .. e e 10 622
Basalt, lack static water level at 23 ft 31 653

asalt, grav_ .. .. %g ggg
Basalt blac rous
Bosalt, » k9 po 14 700
Basalt, black static water level at 26 1t 27 727
Basalt, bla 52 79
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Materials Thickness Depth
(feet) (feet)
2N/33-8K1. William Purchase (well 3). Drilled by D. K. Smith, 1953

Palouse formation:
1S TN 15 15

Fanglomerate:
Gravel, cemented 2 17
Gra.vel loose .- 2 19
Gravel loosely cemented. - 6 25
Clay, brown ..... 2 27
Gravel, cemented. 3 30
Gravel and clay. _ - 11 41
Gravel, cemented, and sand - 91 132

Columbia River basalt
Basalt, red.__. - e e e 16 148
Basalt, brown._ — e memo e cmecacamac s m————— 17 165
Basalt, black. . m e ——————————— 25 190
Basalt, BTraY . e e 12 202
Basalt, brown, broken.__. - 5 207
Basalt, brOWn____ ..o - 23 230
Basalt, black_ .. eeaaeaeeen ie¢ 240
Basalt, dark gray_....._. 15 255
Basalt, black. ... oo eue. 95 350
Clay, dark, SteKY. oo oo oo 6 356
Basalt, gray, hard, contains shale(?) seams. 38 394
Basalt, brown, porous, water-bearing. 16 410
Basalt, dark gray._... - 48 458
Basalt, red._. 7 465
Basalt, broOWIn .. e 15 480
Basalt, gray 23 503
Crevice, muddy; decomposed tuff layer?. _ 4 507
Basalt, gray, hard.._. - - 38 545
Basalt, brown, water-bearing. 15 560
Basalt, gray I 19 579
Basalt, brown .o eciaaioeo 6 585
Basalt, red, brown, and black, broken - 5 590
Basalt, black oo e - 13 603
Basalt, gray.... —— 1 604

2N/33-10E1. N. H. Laughlin

Quaternary alluvium:
Soil_ . e mmm——m e m————— ] 5
Gravel and Soil. e ccemeccmecememcccmemem———eeamcmm——n 7 12
Gravel, 100se, water-bearing._ . .. ..o cmmm—e e 4 16
Sand. - - 4 20
Sand and gravel, cemented. . — 7 27

Columbia River basalt:
Basalt, broKen . .. .o iccemmecen - 8 35
Basalt, solid, black and gtay- - 194 229
Basalt, black, porous, water-bearing_. ..o oo e oo cemmaecae 23 252

2N/33-10E2. Roy Morris. Drilled by owner, 1957
uaternary alluvium:

Q S0I). e I e ——— 4 4
Gravel, Cemented .- ..o e me s m e 15 19

Columbia River basalt:
Basalt, water-bearing.____________ - 73 92
Basalt blue ____________ .- 128 220

_____________________________________ . 39 259
Basait, porous, ARG ClAY o e e e oo e 16 275
2N/33-33N1. Guy Mueller. Drilled by Bert Gladney, 1951

Palouse formation:
SO0l e oo am——— e m——————— 6 6

Fanglomerate:
Graveland clay_ _____.___.____ 99 105

Columbia River basalt:
Basalt —— 32 137
Basalt, gr. - 92 229
Gravel (broken basali?)-~ 2 231
Basalt, gray_ ... _____ ..o .. 4 235
Basalt, black__.._...._..... 75 310
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TABLE 2.—Drillers’ logs of representative wells—Continued

Materials Thickness | Depth
(feet) (feet)
2N/34-4R1. Union Pacific Railroad. Drilled by A. A. Durand and Son, 1941
Quaternary alluvium:
PavVel . et 15 15
Columbia River basalt:
Basalt, gray, hard. ... - 35 50
Basalt, brown, porous..... 36 85
3N/26-4N1. L. W. Cramer. Drilled by owner, 1955
Glaciofluviatile deposits:
d and sil 92 92
Clay, tan, 27 119
Columbla River basalt and interbedded sediments:
Basalt, gray . e ——— 15 134
Clay mn . 40 174
asalt, 67 241
Lowet part of E]]ensburg formation:
Gravel, clay, and sand, water-bearing. . _______ .. 2 243
Clay, blue . 70 313
Sand, yellow, coarse, water-bearing. 30 343
Clay and gravel. .___ 7 350
Gravel, cemented___._.. 8 358
3N/26-10N1. Ernest Cramer. Drilled by owner, 1958
Glaciofluviatile deposits:
Silt - - 6 6
SaNd, COATSE - o o o oo e e e m 49 55
Sand and Clay.- oo e 36 91
Clay, brown..... 26 117
Sand and gravel, cemented, water-bearing. 55 172
Columbia River basalt and lower part of Ellensburg(?) formation:
ROCK, Bray - oo e e mm e e e m e a e 76 248
Clay, brown (Lower part of Ellensburg? formation)_ ___.._.___.____ 37 285
Sandstone, blue (Lower part of Ellensburg? formation). 45 330
Rock, black, brown, gray ... oo ooioceeaooo 108 438
Shale, L8] 13 451
Rock, black, green, brown, and gray. 184 635
No record; cuttings lost___.____..__.___.__ 11 646
Rock, gray and black . .. oo e 20 666
3N/26-14J1. Willard Jones. Drilled by Troy Griffin, 1954
Glaciofluviatile deposits:
S N - 80 80
Sand. e e m————— . 20 100
CHArdPan” e o e 10 110
Clay and gravel. ___ o o e mmmm 20 . 130
Columbia River basalt and interbedded sediments:
Rock, red, rotten, 10 140
Clay and gravel. 20 160
Rock, porous. 20 180
Clay and gravel. 10 190
ROECK, TOM eI - - oo e mmm 7 197
3N/27-4R1. Dean Hall. Drilled by Ben Dreyer, 1955
Glaciofluviatile deposits:
S01], SAIAY - e 3 3
Gravel, sandy. 22 25
Clay, yellow. . 5 30
Gravel______ 4 34
Clay, White_ . 16 50
Sand, white__ . e e 39 89
Columbia River basalt-
Clay, T e e mmm 22 111
Rock. black. shaly, water-bearing _ . 24 135
PR Y. B 11 146
Rock, black, shaly, water-bearing_ ..o o oo cmmeaaee 39 185
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TABLE 2.—Drillers’ logs of representative wells—Continued

Materials Thickness Depth
(feet) (feet)
3N/27-2531. George Wallace
20 20
Clay and gravel 49 69
Clay, sticky, and grav 31 100
Clay, blue, and gravel 85 185
Columbia River basalt:
Basalt, black_ - ool 40 225
Basalt, “blue lava rock” - 18 243
Basalt, red and blue... oo 17 260
Basalt, blue_ L 10 270
Basalt, “iron rock”. .. ... 48 318
Basalt, red_.... OSSN 18 336
Basalt, gray . o — e m s e 64 400
3N/29-11G1. Peter Meyers
Glacial-lake sediments:
Ol e 12 12
Fanglomerate:
Gravel e emmmemm 13 25
Sandstone._ . e 55 80
3N/29-11G2. Claude Meyers. Drilled by Roy French, 1954
Glacial-lake sediments:
Soil and gravel, cemented. _______ et mmemm—nm——m—————— 52 52
SaNAStOMe . - - - o e eme 31 83
Columbia River basalt:
Basalt, brown and black. ___ . imeees b7 140
Basalt, gray; erevices. . et 58 198
Basalt, black and gray, solid._____ . __________.___.__ 320 518
Basalt, black, with creviees. . __________________. 37 555
Basalt, black and gray, solid.____ 22 577
Basalt, black, soft; red and green stre: 31 608
Basalt, BraY - oo m e mmacccmmmm————— - 62 670
Basalt, red; changes to green, with increasing depth, water-bearing
flows at the surface. o 5 675
3N/29-16G1. City of Echo. Drilled by A. A. Durand and Son, 1951
Quaternary alluvium:
Soil, b 14 14
Gravel, water-bearing 1 25
Columbia River basalt:
Basalt, broken, and gravel 7 2
Basalt, hard. . _____________._____ - 3 35
Basalt, gray, hard; static waterlevelat 10 £t ... 50 85
Basalt, black, medium-hard_______. 18 103
Basalt, black, broken__.._. 13 116
Cla 2 118
Basalt, black, broken. ___________ 14 132
Basalt, black, medium-hard; bro! 27 159
Basalt, black, medium-hard, broken.___...._..__.__.__._. 5 164
Basalt, black; static water level at 10 ft. ... _.__..__ 15 179
Basalt, black, broken; contains soft clay......_._.___..__ 5 184
Basalt, gray, hard oo o e eemeem 3 187
Basalt, gray, medium-hard ... _______._____ 88 275
Basalt, black, soft, honeycomb; static water level at 107 ft__ ______._.________ 15 290
Basalt, black 70 360
Basalt, gray, hard o cccmcec——- 2 362
Basalt, gray, very hard.____ 44 406
Basalt, gray, Irm. . e a e 24 430
Basalt, black, soft, broken .- 5 435
Basalt, gray, hard; static water level at 100 £t oo ciccmee- 85 490
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TABLE 2.—Drillers’ logs of representative wells—Continued

Materials Thickness | Depth
(feet) (feet)

3N/32-32P1. Pendleton airport. Drilled by W. E. Ruther, 1934; deepened, 1936

Palouse formation and Columbia River basalt, undifferentiated:
Top soil, clay, gravel and boulders. ... eooaaaaon - 80 80
Columbia River basalt:
Basalt, gray, medium-hard. ... ... ... 185 2656
Basalt, honeycomb, water-bearing. __._____._._. 20 285
Basalt gray, medium hard; lost all waterat 511 €t . 226 511
Basalt red, honeycomb; well “blew and sucked” air from this formation;
water beanng at bottom of original hole (573 ft); static water level at 521 ft.
yield 12 gpm with lttle drawdown . . o oo oo 62 573
Basalt, blue, hard. 190 763
Basalt blue, honeycomb; static water level, 573 ft_ . oo oo oooooo_ 62 8256
3N/33-14L1. McCormack Bros. Drilled by D. K. Smith, 1950
Palouse formation:
Soil 10 10
Columbia River basalt:
Basalt, brown, broken.._.__ 9 19
Basalt, brown 13 32
Basalt, brown and red, water-bearing - 22 54
Basalt, brown, bard . eecceaann 13 67
Basalt brown... 13 80
Basalt, brown, broken 9 89
Basalt, black; static water level at 7 ft.__ - - 7 96
38N/33-31Q2. James Rutten. Drilled by Roy French, 1956
Alluvium:
Sand and soil 18 18
Boulders. 5 23
Columbia River basalt:
Basalt, black : . 52 75
Basalt, red and black . o o e m———————— 32 107
Basalt, gray and brown - 185 292
Clay, green sticky.._ 23 315
Basalt, gray_.__.______ - 49 364
Clay, red: weathered basalt 12 376
Basalt, red, water-besrmg ___________________________________________________ 19 395
Basalt red and black 15 410
Basalt gray. e mmm—————— 40 450
Basalt red_. 25 475
Basalt brown and gray_. - 75 550
Basalt red and black, water- bearmg _______________ 58 608
3N/34-3C1. B. A. Davis. Drilled by A. A. Durand, 1944
Palouse formation:
B0l e e e e e ———— 10 10
Columbia River basalt:
“Boulders and hardpan’ ... . . 11 21
Basalt, gray; static Water level at 20 ft_ 41 62
Basalt, soft; static water level at 15 ft__. 10 72
Basalt, hard; static water level af 25 ft.. 15 87
Basalt, soft; static water level at 30 ft. 33 120
Basalt,hard..._._._________________ 28 148
Basalt; static waterlevel at 15 ft_ . e 12 160
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Materials Thickness Depth
(feet) (feet)
3N/34-3D1. B. A. Davis. Drilled by D. K. Smith, 1952
Palouse formation:
0Ll e m e mm e m———————————— 3 3
Hardpan. e 6 9
Columbia River basalt:
“Rock,”’ broken, cemented. . ... ceciceeeameaa 9 18
Basalt, DrOKeN - - oo eecccecmcmee e e 4 22
Basalt, gray, hard - .ol 2 24
Basalt, gray, hard; black “fault seam’ (?) - ... ... ... 37 61
Basalt, gray. .. 58 119
Basalt, black 2 121
Basalt, gray_._._._._ 4 125
Basalt, black, POrOUS. .. . e e 20 145
Basalt, black, broken.. 20 165
Basalt, gray_._..____. 30 195
Basalt, bluck_.__.... 35 230
Basalt, gray.......___. 18 248
Basalt, black, porous___.____._ 5 253
Basalt, black; broken lowest 15 ft. ... oo cecmaas 45 298
3N/34-3L1. S.J.Lieuallen. Drilled by A. A. Durand and Son, 1948
B0 10 28 +) O 6 6
Columbia River basalt:
Basalt, brown, 1008e. . - oo eccciccmeeaann 11 17
Basalt, brown._________________ ... 19 36
Basalt, blue, bard . ___ i 25 61
Basalt, blue....._. 6 67
Basalt, blue, hard_ 17 84
Basalt, blue_.____. 1 85
Basalt, blue, hard . . ______ . 52 137
Basalt, blue, medinm-hard and hard - ... ol..C 43 180
3N/84-4G1. City of Adams. Drilled by W. E. Ruther, 1938
Palouse formation:
Top soil and sand ... eeaemean 35 35
Columbia River basalt:
Basalt, black, hard __ . ___________ . 58 93
Basalt, porous, soft, water-bearing _ 40 133
Basalt, black, hard . ... 30 163
3N/34-11H1. L. L. Rogers. Drilled by A. A. Durand and Son, 1940
Palouse formation:
5 R 29 29
Columbia River basalt:
Basalt, black, hard. . ccicmaean 6 35
Basalt, brown_ _________________ . 10 45
Basalt, black and gray, har _ 130 175
Basalt, black, soft___________ 3 178
Basalt, black, hard. . - 109 287
Basalt, soft, and elay._____ ... 14 301
Basalt, hard. ________ . 6 307
Clayandrock_______ i ccmeeeean- 2 309
Basalt, black, hard____________ ... 31 340
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TABLE 2.— Drillers’ logs of representative wells—Continued

Materials Thickness | Depth
(feet) (feet)
3N/34-17D1. B. G. Haynes. Drilled by D. K. Smith, 1950
Palouse formation:
1), oo oo o e 7 7
Hardpan, sandy... 7 14
Columbia River basalt
Basalt, brown..._. 22 36
Basalt, gray.____. 39 75
Basalt, brown__ 5 80
Basalt, brown wi 15 95
Basalt, brown.__ 9 104
Basalt, black.___.___ 26 130
Basalt, gray and blacl 314 444
Basalt, black, porous, water-bearing.__ . 19 463
Basalt, brown 32 495
Basalt, Blay o o e 8 503
3N/31-17M1. Standard Oil Co. Drilled by A. A. Durand and Son, 1950
Palouse formation:
1] o e e ————————————— 20 20
Fanglomerate:
Gravel, cemented . ———————— 35 55
Clay and roek. . ...l 3 58
Columbia River basalt:
Basalt, porous, S0me €lay . .. .. oo e 12 70
Basalt, brown_ 10 80
Basalt.._____ 25 105
Basalt, porous. - 20 125
Basalt, broken.._ 12 137
Basalt, porous..._ - 48 185
Basalt, hard __ e 4 189
Basalt, POTOUS. . . . oo mem 16 205
Basalt e 15 220
Basalt, porous, and clay. 30 250
Basalt, broken_._.._____. 5 255
Basalt, porous.__ - 15 270
Basalt, broken_____ ... _________.__..__ 15 285
Basalt, hard; static water level at 61 ft 4 289
Basalt_ ____ . 21 310
Basalt, broken._ L eicceeoes 7 317
Basalt, Bray. . e 4 321
Basalt, hard; water-bearing at 338 to 343 ft____ 24 345
Basalt_..__ 15 360
Basalt, hard____. e 26 386
3N/34-18M1. Robert Rothrock. Drilled by A. A. Durand and Son, 1950
Palouse formation:
74 3 6 6
Quaternary alluvium:
Gravel and Clay .- - - - e 6 12
Gravel - . e mm 4 16
Columbia River basalt:
Basalt; staticwaterlevelat 23 ft____.______ ... 159 175
3N/34-20El. B. G. Haynes. Drilled by A. A. Durand and Son, 1947
Palouse formation:
L4 4 4
Columbia River basalt:
Basalt, brown, soft. .. 3 7
Basalt, blue, hard. ... . 4 11
Basalt, brown____.______ 14 25
Basalt, blue, medium-har: 20 45
Basalt, brown, and clay._.__ 21 66
Basalt, blue, hard_ . ians 65 131
Basalt, brown, medium-hard, water-bearing._ ... . . .. ... ___ 13 144
Basalt, blue, hard . el 1n 155
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Materials Thickness Depth
(feet) (feet)
3N/34-22Q1. Irvine Mann. Drilled by A. A. Durand and Son, 1944
Palouse formation:
3 3
7 10
3 13
3 16
24 40
20 60
78 138
22 160
20 180
Basalt, soft_. 15 195
Basalt, hard 33 228
“Shale”(?) . . 17 245
Basalt; dry crevice at 315 ft 70 315
Nore.—Concrete plug from 310 to 315 ft.
3N/34-25B1. C. C. Curl. Drilled by A. A. Durand and Son, 1947
Palouse formation:
% 4 4
13 17
1 5 22
Columbia Rlver basalt:
“ROCK, SOft el 60 82
Basalt black, hard .- e 13 95
Basalt, BrAY o i 12 107
Basalt, black . .. 85 192
_________________ 10 202
............... 23 225
Basalt, gray; static water level at 125 ft_ - 55 280
“Rock black - 24 304
Clay, black ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 1 305
3N/34-32D1. J. H. Maloney. Drilled by D. K. Smith
Palouse formation:
{7 e 14 14
Fanglomerate(‘?) or Columbia River basalt:
“Rock,”’ broken, cemented__ .. ... _._.___ el R e 51 65
Columbia Rlver basalt:
Basalt, gray, hard 22 87
Basalt, gray, seamy . . ._..._..._ 23 110
Basalt, brown, broken, water-bearing 30 140
Basalt, red, water-bearing__._._______. N 14 154
Basalt, gray; static water levelat 46 ft. .. ... ____._._... 5 159
3N/34-33Q1. L. L. Rogers. Drilled by George Scott, 1951
Palouse formation:
_________________________________________________________________________ 11 11
Columbla River basalt:
Basalt, broKen. ... e 9 20
Basalt, hard._ 28 48
Basalt, soft. ... ...___ B 30 78
Basalt, black, firm 32 110
Basalt, reddish__._._____.__ 13 123
Basalt black; erevices._._.___ 159 282
Basalt, black .. ... 132 414
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TaBLE 2.—Drillers’ logs of representative wells—Continued

Materials Thickness Depth
(feet) (feet)
3N/35-9J1. E. B. Foster. Drilled by A. A. Durand and Son, 1950
Palouse formation:
L1 ) 11 11
Columbia River basalt:
Basalt, blue, broken. 3 14
Basalt, blue, hard._____ 121 135
Basalt, gray, hard______ 65 200
Basalt, gray, broken 12 212
Basalt, blue, hard. . ... 44 256
Basalt, broken, and clay.... ... 12 268
Basalt, blue, broken, and elay._ ... 11 279
Basalt and clay____ . 6 285
. Basalt, blue, hard. ... 17 302
Basalt, hroken, and elay - - - - 8 310
Basalt, blue.______ 14 32«
Basalt, blue, hard._ _ ... oeol. 51 375
Basaltyblack. . ____.__ ... ____ 9 384
Basalt, broken 11 395
Basalt, blue. . e 54 440
Basalt, gray, hard ... __________________ 9 458
Basalt, blue._._...__ 7 465
Clay, blue, sticky.. 5 47¢
Basalt, blue_ .. 11 481
3N/35-15B1. Walter Adams. Drilled by Moore and Anderson
Palouse formation and Quaternary alluvium:
Gravel and “dirt” .. oo 7 7
Boulders. . . e 31 38
Columbia River basalt:
“Rock,”” brown, water-bearing__________________ . ... 62 100
3N/35-18H1. Frank Wiiliams. Drilled by A. A. Durand and Son, 1947
Palouse formation:
DOPSOLl - o e 10 1C
Quaternary alluvium:
Gravel, cemented.____. .- ________ ... 4 14
Columbia River basalt:
Basalt, hard. . e 1 £
Basalt, black. . _________.__________ - 83 98
Basalt, gray, bailed 5§ gpm of water___________ - 2 100
Basult, black, water trickling over top of casing. - ig %%

Basalt, black, hard. .- e
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Materials Thickness Depth
(feet) (feet)
3N/35-19L1. Harold Barnett. Drilled by A. A. Durand and Son, 1946

Palouse formation:
Soil______. —- — 7 7

Columbia River basalt:
“Boulders’’_.._ 21 28
“Boulders,” basalt, gray_ .. 12 40
Basait, gray, hard. e m————— 2 42
Basalt, porous. ..o ceceecaen 26 68
Basalt, BTAY - e m—mm— e ———————————— - 8 76
Basalt, black porous ... 24 100
Basalt, bl e e e e m e m e m o mmm m e e 14 114
Basalt, gray, static water level at 16 ft_____________________TTTTTTTTTTTTTTTT 88 202
Basalt, gray, hard._ ... ... 16 218
Basalt, blackyporous and creviced; with “‘soapstone’’ o ememeeee 94 312
Basalt, LIACK. oo 113 425
Basalt red, soft_ 20 45
Basalt, black.__ 43 493
Basalt and clay__. 14 507
PBasalt, decomposed hard, caving. ... 11 518
Basalt and Y e 20 538
Basalt, gray, hard._. 18 556
Basalt and elay . o oo 6 562
Basalt, gray, hard . .. e 1 573
Basalt with some LAY e meem - 28 601
Basalt, hard. . e eem 24 625
Basalt, decomposed._ ..o eiiceanacaoe 15 640

~ Material unreported; water level dropped from 16 t0 200 ft_____________._._.. 13 653
Basalt e 9 662
Basalt, decomposed; static water level at 272 ft_ ___________ . . _____ 10 672
Basalt, hard.__. 6 678
Basalt ___________ e —— e ——— 24 702
Basalt and red clay 28 730
Basalt, black_____.___.__.... - R 14 744
Basalt, broken . cccmeme 39 783
Basalt, black, hard. . _.__.__.____.. —— 58 841
Basalt, brown, soft.__. 5 846
Basalt, porous____ ... e 33 879
Basalt black, with “soapstone’ 21 900
Basalt black hard. . 68 968
3N/36-29L1. -Gibbon School District. Drilled by Bert Gladney, 1953

Tug well, norecord.._..______ J 28 28

Columbia River basalt:
Basalt, hard . e 22 50
Basalt, soft, water-bearing. .. ... e 4 54
Basalt, broken. .. cmccecn 6 60

3N/36-31C1. Union Pacific Railroad. Drilled by A. A. Durand and Son

Quaternary alluvium:
Gravel and boulders. .. ... e 12 12
Gravel, cemented . . oo 12 24
Boulders, blue, basaltiC. .o oo oo oo m 2 26

Columbia River basalt:
Basalt, platy, caving..._. e 3 29
Basalt, gray 2 31
Basalt, black broken - 22 63
Basalt black, solid, hard. - __.__-----..__.__..__. . 4 57
Basalt, black: creyices - 9 66
Basalt, gray, hard.___ ... T 5 71
Basalt, black, “honeycomb,”” water-bearing. - ... oo ... 9 80

695-384 O -64-9
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TABLE 2.—Drillers’ logs of representative wells—Continued

Materials Thickness Depth
(feet) (feet)
4N/27-5B1. U.S. Army
Glaciofluviatile deposits:
Gravel, fine_ - 10 10
Sand, fine. .. - - 57 67
Clay - e e e e mpmmmm s e 20 87
Sand.._.__. e m— e 35 122
L1872 19 141
Columbia River basalt:
Basalt, S0t e 557 698
Basalt, red, POTOUS. .« e emm 12 710
4N/27-8J1. U.S. Army (well 3). Drilled by A. A. Durand and Son, 1941
Dug pit, no record e ————— 10 10
Glaciofiuviatile deposits:
S 1 OO 73 83
“Shale ’’ sandy, brown_______ T - - 22 105
Clay, sandy, T OW e —— e 32 137
Clay, gray . c.ccc.._. 38 175
Sand, cemented 15 190
Columbia River bisalt and lower part of the Ellensburg formation:
Basalt, black, hard . e 150 340
Basalt, black; some green Clay. ..o 20 360
Clay, green and ) LSRR 5 365
“Volcanic ash,” black_____._____ .. ____.__._______ - 15 380
Basalt, black, "hard....o oI —— . 51 431
Basalt, black.___.._____ - e 7 438
Clay, 8reell . e m e 15 453
4N/27-18P1. U.S. Army (well 5). Drilled by R. J. Strasser
Glaciofiuviatile deposits:
Sand and gravel _ e 100 100
________________________________________________________________________ 40 140
Columbla. River basalt:
3 | U 40 180
Lower part of the Ellensburg formation:
________________________________________________________________________ 20 200
Columbla River basalt:
....................................................................... 418 618
4N/27-19C1. U.S. Army (well 4). Drilled by R. J. Strasser
Glaciofluviatile deposits:
Sand and gravel ____ . ________ .. R 115 115
Columbia River basalt and lower part of the Ellensburg formation: 190 205
45 350
35 385
30 415
185 600
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Materials Thickness Depth
(feet) (feet)
4N/27-20M1. Union Pacific Railroad. Drilled by A. M. Jannsen, 1945
Glaciofluviatile deposits:
and, black, fine; static water level at 50 ft_ R 105 105
Sand, fine to coarse.._____ oo 40 145
Sand, coarse, and gravel.________._________________..______.. 25 170
Columnbia River basalt:
Basalt, gray; static water level at 40ft_ . _______________________ .. 5 175
Basalt, gray, hard; static water levelat35ft_______________________ 12 187
Basalt, gray, broken ... ________________ 4 191
Basalt, gray, hard _._ - 118 309
Basa.]t SOME CYAY oo oo e 16 325
Lower part of the Ellensburg formation:
“Lava sediment’’; some blueelay. ____ .. ... 45 370
Columbia River basalt:
Basalt, gray, broken . . ___ o 10 380
Ba.salt, broken.____ 3 383
Basalt, dark gray__ 5 388
Basalt, gray, broken. 59 447
Basalt, gray, hard . 3 450
Basalt, gray, hard, water- beanng. static water level at 43 ft_______._________ 7 457
4N/27-22K1. U.S. Army (well 2). Drilled by A. A. Durand and Son, 1941
Dug pit, N0 record . . e 12 12
Glaciofluviatile deposits:
QGravel, coarse, some boulders________________________________________________ 31 43
Sand and coarse gravel______ 23 66
Sand.____________________ 3 69
Sand and coarse gravel 11 80
Sand and small gravel. 15 95
QGravel.___._._______ 54 149
Gravel, cemented ____ 6 156
Columbia River basalt:
“Rock,’” hard, with clay seams________ ... 42 197
Clay andshale.._.__..__.__ 7 204
Basalt, gray, hard.__ 3 207
Basalt and blue elay.. 6 213
Basalt, black. .. 2 215
Clay, blue_._____ 1 216
Basalt, black, hard_.__ 7 223
Basalt, black, very hard_ 41 264
Basalt, gray. .. _______ 13 277
Basalt, black, creviced 5 282
Basalt, gray, hard___ 6 288
Basalt, black, hard______ 8 296
Basalt, black, honevecomb. 20 316
Basalt, black-_____________ 4 320
Bagalt, black, honeycomb._ 10 330
Basalt, black..____________ 5 335
Basalt, black, honeycomb_ 18 353
Basalt, gray, hard. - 3 366
Basalt, black. - e 4 360
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TABLE 2.—Drillers’ logs of representative wells—Continued

Materials Thickness Depth
(feet) (feet)
4N/27-22L1. U.S. Army (well 1). Drilled by A. A. Durand and Son, 1941
Dug pit,norecord __________ e 4 4
QGlaciofluviatile deposits:
Gravel and sand, 100se .. e 57 61
Gravel and boulders. .. 2 63
Gravel. . ..____.___.__ 3 6€
Graveland clay_______ 21 87
QGravel, fine_______ 15 102
QGravel and sand 2 104
Gravel, fine, loose, and sand. 45 148
“Sha 2 151
vel. . 6 157
Columbla River basalt:
Basalt, black __ e 3 160
Gravef cemented e 20 180
Basalt, black - e 15 195
Basalt and Ay e 5 200
Basalt.__ - 6 206
Basalt, b ard 57 263
Basalt gray, ‘hard.______. 32 295
Basa]t black;someelay_ . ___ .. 6 301
Basalt, gray, hard. .. _CIIIIIIIITIITIIIITI 7 308
Basalt, black, honeycomb_ . ____________________._ 10 318
Basalt, gray, very hard .o 9 327
4N/27-27R1. U.S. Army (housing project well)
Glaciofiuviatile deposits:

AL e mmem——— 4 4
Gravel loose._ ... 127 131
Gravel "and cla 4 135
Gravel, small, water-bearing; static water level at 100 ft 5 140
Gravel, loose 6 146
Boulders...__..._. 24 170
Clay, brown.___ 32 202
“Soapstonc” . ________ 6 208

Columbia River basalt:
97 3056
7 312
18 330
27 357
Basalt, gxay ....... 4 361
Basalt, black_ .. 14 375
Basalt, black, soft . 10 385
Clay 6 301
Basalt, honeycomb, water-bearing, and blue clay; static waterlevelat 981t .. 21 412
Baealt black 21 432
Basalt, brown___.... 2 434
Basalt, gray._ ... 57 491
Basalt, red, and ‘‘shale’’_ 23 514
Basalt, gray.._.--—._.. 2 516
22 538
Basalt red, porous, water-bearing; static water level at 121 1t 5 543
4N/27-28E1. V. R. Fulton. Drilled by A. M. Edwards, 1953
Glaciofiuviatile deposits:
SOL), SANAY e 3 3
Gravel cemented.__ 18 21
Graxel loose.__._ 12 33
ardpan. __ ..o ... 2 35
Gravel, lonse, with sand layers 67 102
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Materials Thickness | Depth
(feet) (feet)
4N/27-28E2. V.R.Fulton. Drilied by A. M. Edwards, 1954
Glaciofluviatile deposits:
80il, $a0dY, 1005€ - - - o e e e oo e e em 2 2
Gra&el cemented . ..o 3 5
Boulders gravelandsand. .o . 13 18
....................... 3 21
10 31
....................... 4 35
e mm e —— 2 37
Clay, BIUC. .o oo 5 42
Clay, yellow, sandy...cooccooo__ 18 60
Sand, coarse, and ‘"pea gravel’ . ..o 1 61
Clay, blue, and heavy boulders 3 64
Clay, yellow; mixed with gravel_ 8 72
“Pea gravel,” sandy, water-bearing__ 8 80
Gravel, large and small, mixed . ___._____ . . 7 87
Gravel cobble-size, and smaller gravel_____...... 11 98
Gravel pebbles ____________________________________ 3 101
Gravel cobbles....._.__ 4 105
‘“‘Pea graw el’’ and sand._ . 4 109
“Pea gravel” and cobbles...______ - . 10 119
4N/27-28G1. S.F. Hoyt. Drilled by A. M. Edwards, 1954
Glaciofluviatile deposits:
B3 1T+ S 4 4
Gravel, boulders, cemented_ .. ___________ 9 13
Clay with imbhedded cobbles and boulders.___ 25 38
Clay, blue; mixed with gravel and boulders. 6 44
Clay, blue and yellow; gravel layers 25 69
Clay, red 4 73
Gravel, coarse; 3inches a 8 81
“Pea gravel and sand; some cobbles 21 102
Gravel, coarse 4 106
“Pea gravel *” “heaving,’’ water-bearing 20 126
Glaciofluviatile deposits: .
TLoam, sandy 6 6
Sand._.____.... 20 26
Gravel . ___________.__ 37 63
Gravel with olay binder........ 27 90
Clay, “burnt,” water-bearing ___________ 3 93
Cla¥ - oo 17 110
Columbia River basalt: .
Basalt, black. 26 136
Basalt gray.__- 21 157
Lower part of the E
Clay, green, and sand 30 187
Columbia River basalt:
Basalt, black, water-bearing. 5 192
Basalt, black. . _____ 103 205
Basalt, black, *‘burnt out’ (scoriaceous?) water-bearing _____________________ 15 310
4N/27-33H1. McDole Bros. Drilled by L. E. Wallis, 1950
Glaciofluviatile deposits:
Sandy Soil . e 5 5
fand, black, with a few ‘“‘rocks’.._ 31 36
Gravel, pea sized, and sand________.___ 29 65
Sand, coar:e, and pea gravel, water-bearing. 30 95
Clav, L0 & 7O 1 96
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Materials Thickness Depth
(feet) (feet)
4N/27-33J2. McDole Bros.
Glaciofluviatile deposits:
Sandy topsoil . _ - 7 7
Sand, gray . - R 26 33
Gravel, “egg size,”” andsand______________ 32 65
Gravel, pea size, and coarse sand_. 29 94
Older alluvium or Columbia River basalt:
Clay. broken; “weathered’” basalt? . o cocmeeonane 2 96
4N/27-36E1l. G. W. Redwine. Drilled by Bert Gladney, 1952
Glaciofluviatile deposits:
Loam, sandy..... 20 20
Sand and gravel._ 10 30
Gravel_______ 65 95
Clay, gray 10 105
Columbia River basalt:
ROCK, BraY - e 30 135
[Lower member of Ellensburg formation:]
Clay and shale, blue_._________ . __ . 59 194
4N/28-10F1. City of Hermiston
5 5
29 34
QGravel, water-bearing (water cased out). .. 10 44
Clay, blue_____ L 20 64
Columbia River basalt:
Basalt e 90 154
Basalt, water-bearing; water level standing at 30 ft.___.______________________ 6 160
NortE.—Casing, 1214-inch, set to 64 feet. Open 1214-inch hole below.
4N/28-11P1. City of Hermiston. Drilled by A. A. Durand and Son, 1949
30 30
14 44
Columbia River basalt:
Basalt, blve, hard, broken; soft layers_ - __ . . e 51 95
Basalt, blve, hard; broken layers._ _ 140 235
Basalt, broken; gumbomuvd..___________________ 41 276
Basalt; ‘“‘mixtrre;’” some gumbo and dark sand__ 206 482
Basalt, gray, hard, broken____________ 436 918
4N/28-20N1. C. O. Porter. Drilled by W. R. Ille, 1956
Glaciofluviatile deposits:
Sand and gravel. . e 25 25
Siltandsand____.._____ 45 70
Clay, silt, and gravel._. 25 95
Clay, blue e 30 125
Columbia River basalt:
Bagalt, water-bearing. . e 20 145
4N/28-24A1. Ray Moses. Drilled by W. R. Ille, 1952
Glaciofluviatile deposits:
Sand and gravel 30 30
Clay.- .. 60 90
Columbia
‘““Rock” 312 402
25 427
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Materials

Thickness
(feet)

Depth
(feet)

4N/28-27J1. Union Pacific Railroad (Hinkle statfon). Drilled by A. A. Durand and Sen, 1950

Glaciofluviatile deposits:
Sand

31 31
21 52
Boulders and coarse gravel. 46 98
QGravel, coarse_________ 6 104
Gravel and sand. 9 113
Gravel. ________ 32 145
Gravel, fine____ 10 155
12 167
3 170
Basalt, blue, broken 10 180
Lower part of the Ellensburg formation:
Clayorshale, blue_ ______._________ .. 20 200
Clay, gray; some broken basalt 20 220
Clay, green, sticky_ __....__.___.___. 25 245
Gravel _____________________________________________________________________ 2 247
Columbia River basalt:
Basalt,brown . .___ . ______ . 3 250
Basalt, black_ 41 201
Basalt, hard .________ . ... 9 300
Basalt _____ 8 308
Basalt, dark . 16 324
Basalt,dark,hard___________________ 9 333
Basalt, gray, hard; crevice at 852 ft____________________________ 27 360
Basalt brown, Wamr-bea.rmg, static water level at 125ft________ 5 365
Basalt, brown, broken_______________________________________.__ 11 376
Basalt, black. e 1 387
Shale, blue. ___________ ... 10 397
AsAlt . el 8 405
Basalt, dark_ il 10 415
Basalt dark, fractured . ____________________ 3 418
Shale, blue; static water level at 182 ft_ . .______._._________717_ 5 423
Basalt, dark, broken .. .. 12 435
Basalt, dark, hard; fractured 458-460_________ 29 464
Basalt, dark, broken; static water levelat 187t ____________________ 6 470
Basalt, dark, hard; static water levelat 140ft____ . __________ 20 490
Basalt, gray, hard; static water level at 160 ft__ 23 513
Basalt, broken, loose _ 4 517
Basalt, gray, hard. 19 536
Basalt, gray, creviced; water level at 166 ft________________ 1 537
Basalt, gray, hard .. ___ ... 16 553
4N/29-3N1. Gene Gray. Drilled by Ben Dreyer, 1953
Glaciofluviatile deposits:
Soil, sandy . ... 20 20
Clay, red... 44 64
Clay, blue__._____ 13 78
Clav, yellow, sandy._ . 32 110
________________________________________________________________________ 17 127
Columbia River basalt:
Basalt, red, soft_ . _ . e e 40 167
Basn]t blue, hard. . .__. 88 255
Basalt, black, medium-hard .. 39 294
Clay,blue..__.____________ 12 306
Basalt, blue, medium-hard . 74 380
Basalt blue, hard. . 54 434
Basalt, red, soft. _ 20 454
Basalt, black, medi 300 754
4N/29-11B1. Marvin Hurd. Bored by owner
Glaciofluviatile deposits:
nd 6 6
3 9
Sand, fine, water-bearing_ 11 20
Clay and gravel. . T 10 30
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TaBLE 2.—Drillers’ logs of representative wells—Continued

Materials Thickness Depth
(feet) (feet)
4N/29-13K1. Edwards Farms, Inc.
Glaciofluviatile deposits:
Soll, sandy . ... 27 27
Gravel.. .. 4 31
Clay, red.-._... 45 76
Boulders and sand 35 111
Columbia River basalt:
Basalt, black. . e m 20 131
Clay, blue,and sand_. . ____..___ 16 147
Boulders and sand; broken basalt?_ 20 167
Basalt, black, soft. _____________ 89 256
Basalt, red and black._..___._ 252 508
Basalt ..................... 14 522
Basalt black hard.. ... .____ 5 527
4N/29-13N1. Edwards Farms, Inc. Drilled by Iile Bros., 1954
Glaciofluviatile deposits:
Sand and silt 30 30
Sand and gravel 32 62
Columbia River basal
“Flow breccia” 16 78
Basalt; clay layer. ... _.___._ 169 247
Basalt broken________. 73 320
Interbed sedimentary?. ____..____ 27 347
Basalt; dense and broken layers. . 63 410
“FIOW DIOCCIA" . - oo oo oo olLLIIIIIIIIIN 15 425
4N/29-17C1. Ben Dreyer. Drilled by owner, 1952
Glacioﬂu viatile deposits:
18 18
83 101
44 145
42 187
25 212
Clay, w 8 220
Columbia River basalt:
Basalt, black, soft_ . e 25 245
4N/31-9P1. R. E. Bissinger. Drilled by D. K. Smith, 1952
Palouse formation:
_________________________________________________________________________ 12 12
Colu.mlna River basalt:
“Rock,”” cemented . . - 18 30
Basalt, gray, hard ___ 6 36
Basalt black..____.__ 10 46
Basalt gray, hard. ____. 24 70
Basalt, black_ ___________. 2 72
Basalt, red, water-bearing. . 10 82
Basalt, brown 13 95
quant black, gray and green; in layers 185 280
Basa]t b]ack hard, water-bearing._______._._____ 62 342
4N/31-9Q1l. Dewey Purcell
Dugwell, norecord. . ... .ol 18 18
Columbia River basalt:
Basalt, broken _ _ ___ e 2 20
Basalt, gray and brown, hard_. ___________ 45 65
Basalt, black, soft. _______________________ 10 75
Basalt, gray . 4 79
Basalt, brown, water-hearing_.______________ 6 85
Basalt, black and gray_ - __________________._______ 70 155
Basalt, black, water-bearing; static water level at 20 ft 20 175

Notg.—Casing, 8-inch, set to 20 feet, open 8-inch hole to bottom.
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Materials Thickness | Depth
(feet) (feet)
4N/31-23H1. A. H. Schluter. Drilled by D. K. Smith
Palouse formation:
Soil - 6 6
__________________________________ 16 22
Basalt, brown, LT 53 75
Basa ll: black, porous._ .- _________.____________ _ 5 80
Basalt, brown, broken, muddy - .- o__._.__.. - 20 100
Basalt, black ................................. 22 122
Basalt, gray_ _._.______ 22 144
Basalt black water- bearmg _________________________________________________ 34 178
Basalt, gray - 12 190
Basalt brown .__.. - 18 208
Basalt, gray, seamy._._.__ - 12 220
Basalt, black, porous, water-bearing. . - 30 250
Basalt, black. .. .. - 82 332
Basalt, gray, creviced (cuttings washed away) - 17 349
Basalt gray, soft streaks__ __________. - [ 71 420
Basalt, gray, very hard.._.__._.____.___ - 5 425
Basalt, gray. ... 22 447
Basalt, black, water-hbearing. 14 4861
Basalt, gray, water-bearing 2 463
4N/31-30F1. Glen Simpson. Drilied by D. K. Smith
Palouse formation:
__________________________________________________________________________ 12 12
Columbna River basalt:
Rock, cemented. .. accc - 14 26
Sand, decomposed basalt? e 2 28
Ba,salt gray and black..___ - 255 283
Basalt, black, broken, water-bearing.______ ... 22 305
Basalt, BT e e e mmm e mm—m—— e mm———————— 5 310
4N/32-3J1. Lester King. Drilled by A. A. Durand and Son, 1947
Palouse formation and Quaternary alluvium:
1S3 1 S 10 10
Clay, Brown. ..o e e 12 22
Oolumbia River
Basalt, DrOWI . . e ——————mmm 6 28
Basalt, blue, hard 4 32
Basalt, brown._____. 11 43
Basalt blue, hard 10 83
Basalt, brown, soft . _.._______ 16 99
Basalt blue and brown layers... 43 142
Basalt brown, medium-hard. 3 145
Basalt brown, very hard.____ 19 164
Basalt blue, hard, broken. . . . iccieees 4 168
! 4N/32-18R1. W.R. Meiner. Drilled by A. A. Durand and Son, 1948
Palouse formation:
SO0 L oo o e e e —————————— e mmem e 6 6
ClAY - - - e e 10 16
Columbia River basal
Basalt, Droken . __ e 1 17
Basalt, blue, hard .- . ________ e iiees 32 49
Basalt blue DrOKeN - e 9 58
Basalt, blue, hard_ ... I 97 155
Basalt blue, Broken. .. e .19 174
Basalt, blue, hard ... 11 185
Basalt, gray, broKen. . e 15 200
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TABLE 2.—Drillers’ logs of representatire wells—Continued

Materials Thickness Depth
(feet) (feet)
4N/33-29K1. J. C.Hawkins. Drilled by W. E. Ruther
Pa.louse formation:
__________________________________________________________________________ 63 63
Columbla River basalt:
CROCK e e e mm 133 197
Shale 24 o U U 12 211
4N/33-33B1. Frank Molstrom. Drilled by D. K. Smith, 1954
Palouse formation:
i 2 2
42 41
Columbia River basalt:
Basalt, DroWI . . e 6 50
Basalt, gray, hard.___ 38 82
Basalt,red-.._.___._. 7 95
Basalt, brown________ 38 133
Basalt, black, broken. 3 1353
Basalt, black _________ 18 151
Basalt, black, broken. 31 185
Rasalt, black, hard.__ 10 193
Basalt, black, soft. .. icieeeo 5 200
4N/33-36R2. John Hales. Drilled by D. K. Smith, 1948
Palouse formation:
6 6
2 8
Clay, brow 12 20
Undesignated:
Hardpan; decomposed basalt?. e 18 32
Columbia River basalt:
Basalt, PlacK . . e 6 44
Clay, sandy, brown; decomposed basalt?. - ... . . . _______._ 4 48
Basalt, black . . e e 5 53
Clay, sandy, PrOWI . e 7 60
Bagalt, black and QUAY. oI 30 90
Basalt black, porous, water-bearing; static water levelat 40ft______________. 8 92
Basalt, P 3 10"
Basa,lt porous, water-bearing..__ .. ceeeaees 1 102
Basalt gray ___________________________________ 22 124
Basalt, black, porous, water-bearing__ . ... 16 140
Basalt black'and 4 - 75 215
Basalt, black, water-bearing.. _____ 30 245
Ba,salt, bla.ek _________________________________ 13 258
4N/34-6L1. R. B. Taylor. Drilled by Bert Gladney, 1951
Palouse formation:
1513 S 36 3¢
Columbia River basalt:
Basalt with a few soft porous zones________ . ______ .. 434 47¢
Basalt, porous, water-bearing.__. 30 500
Basalt o e e 5 505




BASIC DATA

TaBLE 2.—Drillers’ logs of representative wells—Continued

133

Materials Thickness Depth
(feet) (feet)
4N/34-12L1. Herbert Whitmore. Drilled by D. K. Smith
Palouse formation:
08 e 18 18
Undesignated:
Gravel and sand, water-bearing_.___________________________________________ 1 19
Columbia River basalt:
Basalt, brown and blaek, broken____________________________________________ 84 103
Basalt, PACK - e 19 122
Clay, YOl oW . e 2 124
Basalt, red. e 1 125
Basalt, brown, broken._.____________ T T TITITTTTITITITIIIIIIIIIIUT 13 138
Clay, 3ellow _________________ 2 140
Basalt, brown, broken.. - 20 160
Basalt black, *hard.. . - 7 167
Cilay, ye]low ___________________ 15 182
Basalt, gray and blacK. . eeeeee 63 245
Basalt, %ray, hard. e 6 251
Basalt, black and gray.--. . eialoo 89 340
Basalt gray hard . e eaee 20 360
Basalt, black. .. e 20 380
Basalt, Ay, hard . e 47 427
Basalt, black _ . e eeees 3 430
Basalt gray, hard . e 116 546
Basalt DlaCK o e 39 585
Baialt gray, hard. e 45 630
Basalt, black. . ez 10 640
Basalt ay, hard . e 50 690
Ba,salt LA CK - e 31 721
Basalt, gray, Dard- ... ..o I 57 778
"Sha,le Fblack. ... 22 800
4N/34-15G1. Jay Scott. Drilled by A. A. Durand and Son, 1946
Palouse formation:
o) 1 15 15
Fanglomerate:
Gravel, cemented .. .. oo 10 25
Columbia River basalt:
Basalt, hard 25 50
Basalt, blue, hard 13 63
Basalt black. ... ITTTTTIITIT 82 145
Basa]t, gray, brown, black and dark layers 60 205
4N/34-22H1. Dean Dudley. Drilled by A. A. Durand and Son, 1945
Palouse formation: 8 g
Fanglomerate:
Clay, sandy 55 63
Gravel and sand, water level at 60 ft___ 11 74
Gravel, cemented......_.__.._________..__ 6 80
Sand, brown, hard. _______________________ 10 90
Gravel, cemented, static water level at 50 ft. 14 104
Columbia River basalt:
“Sand rock,”” brown, hard (decomposed basalt) ... ... ... __ 7 111
Basalt, hard, crevice at 112 ft; static water level at 50 ft_ 99 210
Basalt soft, Static water level at 46 ft_______ ... 10 220
Undeslgnated interbeds:
Clay, blue..._.._._. 5 225
Clay, brown._ 10 235
Gravel . ____ . 2 237
Shale, green; static water level at 200 ft 23 260
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Materials Thickness Depth
(feet) (feet)
4N/34-24R1. Rogers Canning Co. (well 3). Drilled by A. A. Durand and Son, 1946

Quaternary alluvium:

Silt, yellow.___ .. 7 7
Gravel, water-bearing 15 22

Columbia River basalt:

Basalt, dark - e eem o 2 24
Basalt, gray, hard.__________._.__._ - 7 31
Basalt, broken.___.._____.____.___.. - 7 38
Shale, brown._______._____..._..___ - 3 41
Basalt, gray. oo iecieaoaas - 15 56
‘‘Rock,”” broken, and brown shale - 14 70
Basalt; hard and soft layers alternating with gray clay__.____ _ 5 75
Basalt, gray, bard - . eeee - 5 80
Basalt, dark.__ e - 45 125
“Rock,” broken_ ... _ 9 134
Basalt, dark-gray, broken........ e - 8 142
Basalt, broken; some blue shale______._______________________._ - 40 182
Basalt, black, soft, broken, water-bearing. ... _._..___.______.__ - 1 192
Basalt, dark ... - 4 197
Basalt, gray, hard- . cceccee - 103 30¢
N 70 37¢
10 38C
e . 44 424
Basalt, gray; upper 17 ft brown.___.__ - 64 48%
Shale, brown; decomposed basalt..___ . _._________________._ - 2 50C
Basalt, dark.__________ .. - 70 57C
Basalt, dark; upper 38 ft broken. .. ______ oo - 102 672
Shale, blue, sticky________________________ - 6 67¢
Basalt, dark-gray; water-bearing 700 to 713 - 52 73C
Basalt, black, water-bearing_._____..________ - 6 73€
Basalt, gray, hard ... - 4 74C
Basalt, dark-gray_ . ... - 26 76€
Basalt, dark, broken; water-bearing 796-810 ft________________.. - 74 840
Basalt, alternately dark-gray...____._ . __________ - 95 935
Mud, gray, stick Y. - oo e - 5 940
Basalt, gray_ ... e - 6 946
Basalt, brown___. e - 14 960
Basalt, red-brown, broken._._______.._ - 47 1,007
Basalt, broken, dark - 18 1,025
Basalt, broken, dark, water-bearing; artesian water flowing from casing___._.. 6 1,031
Basalt, gray. o m e - 88 1,119
Basalt, black; brown and broken 1,132 to 1,139 ft_ - 25 1,144
Basalt, gray, water-bearing. ___________ . 4 1,148

4N/34-26H1. M. F. Sheard. Drilled by A. A. Durand and Son, 1945

uaternary alluvium:

Q Soil_.j ______________________________________________________________________ 13 13
Gravel with boulders_. 5 18
Boulders. .__.._____ 7 25
Gravel and clay 5 30

Columbia River basalt:

Basalt_ e 30 60
Basalt, soft, and sand______________ .. 5 65
4N/34-26J2. Neil McIntyre. Drilled by A. A. Durand and Son, 1945

01d well, no record. ... 65 65

Columbia River basalt: _
“Shale” (weathered hasalt), brown; static water level at 30 ft_______________. 12 7
“‘Shale,” blue. 10 87

- 23 110
- 18 28
- 7 135
- 31 166
- 18 184
______ - 16 200
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TABLE 2.—Drillers’ logs of representative wells—Continued

Materials Thickness Depth
(feet) (feet)
4N/34-28E1. Nettie Woodward. Drilled by A. A. Durand and Son, 1940
Palouse formation:
__________________________________________________________________________ 7 7

Undes1gnated
Dirt, yellow (weathered basalt?) __.__._____._ .. ... 49 56

Columbia River basalt:
Basalt, black. .. e 21 77
Basalt, blue and black, hard_..__._____________________________ . ____ 58 135
Basalt, red, soft, and clay._. .. 18 153
Basalt, black. e 2 155
Basalt, brown, soft, and mud ... 10 165
Basalt, black and gray, hard- ... .. ______ ... 45 210
Basalt, brown, “muddy’’ - e 2 212
Basalt, black______.._____ - 31 243
Basalt, blue, very hard. - 27 270
Basalt, black. .. ... - 20 290
Basalt, gray, hard; creviees_____ . 9 299
Basalt, gray, hard. ..o 21 320
Clay, blue_._______ e 1 321
Basalt, gray and black, hard 65 386
Basalt, black, with clay seams. 19 405
Basalt, gray and black, hard....______________ 15 420
“Rock,”” hard and soft streaks___._____________ 7 427
Basalt, blue, very hard.________.______________ 29 456
Basalt, black; some clay.. 3 459
Basalt, black, hard_.____________ 6 465
Basalt, gray and black, hard, creviced_ 4 469
Basalt, gray, very hard ... 24 493
Basalt black, with clay sbreaks__.______________________________________ 62 555
Basalt brown and black, medium-hard_.__ .. . . TTT 1. 19 574
Basalt gray,bard. .. ... 24 598
Basalt black,and elay_ . 34 632
Basalt blue, hard_.___. 8 640
Basalt black water-beari 3 643
Basalt gray, hard static wate; 2 645
Basalt blue, black and gray,hard__ . ________ ... - 155 800
Shale, brown, SUCRY o e 10 810
Shale, hlue, StCKY - oo oo 12 822
Shale, gray, sandy - e 20 842
Basalt, black. e 16 858
Basalt gray, hard_____ ... 89 947
Basalt brown, hard . __ .. 4 951
Basa]t red, hard; static water levelat 12166 ______________ . _______ 28 979

4N/34-32M1. L.L. Rogers (well 1). Drilled by George Scott
Palouse formation:
__________________________________________________________________________ 11 11

Columb)a River basalt:
Basalt, broken. ... iaes 5 16
Basalt, black and gray, hard. ..o - 65 81
Basalt, reddish brown 11 92
Basalt, black___________ 18 110
Shale (weathered basalt? 16 126
Basalt, black_ e 14 140
Clay, bIUe e 5 145
Basalt, black and gray_ ... 167 312
Basalt, black, eaving_ ______ ... 24 336
Basalt black static water levelat 12t ___________________________.__ 64 400
Basalt black eaving . . e 16 416
Basalt, black .. ... ... 10 426
Basalt, black, water-bearing__ .. _._.__.._.._____________.____...____.__ 7 433
Basalt, black, ... 91 524
Shale, blue I 3 527
Basalt, black_ e 5 532
Shale, lue. I 3 535
Basalt, black, hard; creviced below 600 £ . ___ 116 651
Basalt, broken and creviced, eaving. ... .77 19 670
Shale, haxd greenish SR 3 673
Basalt, black, hard___ ... _TIIIITITIITIIIITITITITT 54 727
Basalt, soft, and ClaY - T 10 737
Basalt, broken. 5 742
8?salt hard 5% 5’;33

ay, pasty.

Basalt, b]a’ék _____________________________________________________ 42 842
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TABLE 2.—Drillers’ logs of representative wells—Continued

Materials Thickness Depth
(feet) (feet)
4N/34-32N1. L. L. Rogers (well 3). Drilled by Ben Dreyer, 1953
Palouse formation:
Soll, sandy . o - 6 6
Columbia River basalt:
Basalt, black, hard. . 30 36
Boulders, loose.____________________________ 33 69
Basalt, red, hard. ... __ . _________________._ 11 80
Bouldersandsand..._..._.._______.__________ 5 85
Basalt, red,soft______________ .. 7 92
Basalt, black, hard__ 158 250
Bouldersandsand ._.____.________________________ 6 256
Basalt, red, soft, becoming harder with depth_.._ 32 288
Basalt, blue, hard ... ____________ . __________._ 47 335
Boulders and sand._......_____________________.__ 33 368
Basalt, black, hard __ U 60 428
Shale, green..._.____ e e e e e e e 6 434
Boulders and sand.- ..o e 17 451
11 11
9 20
28 48
Basalt, softer_._____________.______ 30 78
Basalt, irm_____________________ 24 102
Basalt, black._ .. ..__.________ 8 110
Basalt, red . __ 13 123
Basalt, black 7 130
Basalt, black, water-bearing. ________ 14 144
Basalt,black ... ________________ 16 160
Basalt, black, crevices at 161 and 210 ft 110 270
Basalt, black, harder, water-bearing. . . 20 290
Basalt, black, broken top 2 ft.___.___._ 40 330
Basalt, black, water-bearing top 25t _______ . 84 414
4N/34-34P1. Wild Horse Grange. Drilled by A. A. Durand and Son, 1947
Quaternary alluvium:
Clay and boulders___..oco ... 17 17
Columbia River basalt:
Basalt, black. ... _______ 3 20
Basalt, Bray . o e m— e 10 30
Basalt, dark, hard..__ 22 52
Basalt, gray . .. 14 66
Basalt, black, hard. .. 13 79
Basalt, dark 13 92
Basalt, grav, soft 8 100
Basalt, black. ___._____..__....___ 12 112
‘“‘Shale, brown’’; decomposed basalt?_ 5 117
Basalt, dark, hard__._._______.____ 26 143
Basalt, gray ... 17 160
Basalt, black; some hard lavers_ 5 165
Basalt, black, water-bearing_. 3 168
Basalt, black, hard streaks. _ . ______ e 41 209
4N/35-8M1. J. H. McDougal.
Palouse formation:
Soil, sandy. .. 14 14
Columbia River b
Basalt, broken.. 13 27
Basalt, 8ray .o 2 29
Basalt, brown, broken, water-bearing. 8 37
Basalt, gray, hard..___ ... ... _____ 3 40
Basalt, gray and black layers.__ 51(6) 132
)

Basalt, black, water-bearing . ___ . e eamean
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TaBLE 2.—Drillers’ logs of representative wells—Continued

Materials Thickness Depth
(feet) (feet)
4N/35-19E1l. Rogers Canning Co. (well 1). Drilled by A. A. Durand and Son, 1941
Palouse formation:
B0 oo e e e e m e e — e = ——————— 10 10
Fanglomerate:
Clay, Zray; SOTLe Eravel ... o e e e e oo e 5 15
QGravel, cemented. . .o - 36 51
Columbia River basalt:
Basalt, black. o e ————— 40 91
Basalt, black; 06 bII6 GIaY- - oo 39 130
Basalt, black POTOUS- o v ceemmmcmeccaee - 15 145
Basalt, black, porous; “‘soapstone’ . _ e 11 156
Basalt, black. 75 231
“ tone,”” blue (Clay?) - . oo e 4 235
B t, D ACK - oo e 18 253
Basalt, black, porous. ..o s 17 270
Basalt, black; statlc water level at 81t_.____________ " _TTTTTTTTTTITTITTTTT 12 282
Basalt, gray, hard; static water level at 6 Tt ... ... 80 362
Basalt, black, DOTOUS - oo oo oo oo e e 28 390
Basalt, gray, hard_. . ____.___._._____ - 66 456
Basalt, black, DOrOUS - oo oo 2 458
Basalt, black, porous, some “S0aPStONe’ . ... ccaeeen 13 471
Basalt, black, porous.... 59 530
Basalt, gray, "hard 46 576
Basalt, brown, porous 45 621
Basalt, brown and black 37 658
Basalt, black, hard . .. oo e e —————ae 92 750
Shale, black; static water level at 8 ft_. - 23 773
Basalt, gray and black; static water level at 6 ft 91 864
Basalt, red._ .. e ccmmmmmm— e —————— 5 869
Clay, blue_ - - 16 885
Basalt, Dlack oo oo e ——————— 12 897
Basalt, gray, hard. .o 95 992
Basalt, brown and black. ... ————— 69 1,061
Basalt, gray; cavingin bottom_____________ _____________.__.__ - 9 1,070
4N/35-19E2. Rogers Canning Co. Drilled by A. A. Durand and Son
Palouse formation:
ol e e~ o —m———————————— 4 4
Fanglomerate(?):
Gravel_____ - e ————— 15 19
Gravel, cemented, hard._ .o e eac——an 3 22
Gravel and Clay - 4 26
Gravel, cemented. ..o a 21 47
Gravel and red and brown Clay_ .. meeoos 22 69
BOUIARTS -« - - e e e oo e e e mm 3 72
Gravel and brown Clay_ o o e aeeae 8 80
Gravel, cemented. . . oo mmcaes 4 84
Gravel and clay; water Standing ab 85 ff . .- .- --ooooooomomoeoon 2 86
Columbia River basalt:
Basalt, black, hard; water standing at 25 ft. ... oo __ 74 160
Basalt, black, porous, and clay 18 178
Basalt, black, hard; at 245 ft depth water level 127 305
Clay, green, sticky_ . ___. 7 312
Basalt, black and gray, ha! 451 763
Basalt, soft___ - - S 102 865
Basalt, Bray, hard .o oo icamceeoeen 67 932
Basalt, medium-hard . } 16 948
Basalt, brown - 47 995
Basalt, red and black__.._. 82 1,077
Basalt, TeQ - o et mmmmm 79 1,156
4N/35-19E3. Athena Mill Co. Drilled by Ben Dreyer, 1956
Palog{s)_e formation and Quaternary alluvium, undifferentiated: " 0
6 16
______________________ 13 29
7 36
ClaY - o oo 5 41
Columbla “River basalt:
Rock, shaly; decomposed basalt__ - 3 44
Basalt, blue, hard . ________._.__._.__ R 2 46
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TABLE 2.—Drillers’ logs of representative wells—Continued

Matertals Thickness Depth
(feet) (feet)
4N/35-19L1. City of Athena (well 1). Drilled by A. A. Durand and Son, 1935
Pa.louse formation:
LS S 25 25
Columbla Rlver basalt:

“Rock,”” broken. . ___ ... 57 82
Basalt, gray, brown 144 to 195 ft 168 250
Conglomerate ..... 100 350
Basalt, black, gra 80 430
Basal 69 499
Basalt, black. 81 580
“Rock,” broken.______.___.._.__ 70 650
Basalt, Bray - e e e 30 680

4N/35-29P1. Henry Koepke. Drilled by A. A. Durand and Son, 1940
Palouse formation:
e 16 16
Columbla Riwv
“Boulders’ 4 20
Basalt, hard 29 49
Basa.lt, medium har 7 56
Basalt, soft 74 130
Basalt medium hard. 15 145
Basalt soft. 51 196
Basalt, hard, gray._ 96 202
Basalt, gray 31 323
Basalt, hard. 9 332
Basalt, gray and black... 89 421
Basalt, gray, hard___. 57 478
Basalt, blac! 8 486

5N/28-10R1. U.S. Army Corps of Engineers. Drilled by A. A. Durand and Son, 1947

Glaciofluviatile deposits:

Sand. 6 6
Gravel and small boulders_______ .. _____ ... 6 12
Boulders_. .. 18 30
Gravel . ... 5 35
Gravelandsand...._..____ ... ._____.____. 33 68
Gravel and silt. __ 12 80
Gravelandsand. ..o ... 8 88
Gravel; static water level at 95 ft 13 101
Gravel and boulders__.__.______ . . o o_... 9 110
Gravel. .. e 5 115
Gravel andsand......____.______.._._.___ 1 116
Sand . o e 1 117
Gravel and coarse sand-....____..____.____ 6 123
Boulders and finesand.__._______________ 2 125
Boulders... .. 3 128
Sand, fine. ... e . 2 130
Boulders. ... ... 8 138
Boulders and sand. 8 146
Columbia River basalt:
Basalt and shale (€lay?) - o oo 8 154
Basalt, firm________ .. 6 160
Basalt ereviced._ . - 3 163
Basalt, hard._ .. 4 167
5N/28-10R2. U.S. Army Corps of Engineers. Drilled by A. A. Durand and Son, 1948
Glaciofluviatile deposits:
Overburden (see strata recorded in log of well-10R1)_______________________._ 100 100
Columbla River basalt:
_______________________________________________________________________ 130 230
Lower part of the Ellensburg formation:
“INtErDEA” (CIAFT) - - oo oo e 40 270
Columbia River basalt:
Basalt o o e mmmm 300 570
Basalt scoriaceous.... 10 580
______________ 80 660
“Interbed basalt”__ 10 670
1t 34 704

Basalt. . e e e e m
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TABLE 2.—Drillers’ logs of representative wells—Continued

Materlals Thickness Depth
(feet) (feet)

5N/28-10R3. U.S. Army Corps of Engineers. Drilled by R. J. Strasser, 1952

Glaciofluviatile deposits:

Soil and loose sand - 20 20
Gravel and boulders, cemented._......... ... ... 15 35
Gravel and boulders..__.________ 5 40
Sand and gravel, cemented.. .. 11 51
S8and and gravel, loose_.._...____. 11 62
Gravel, some botlders and clay. i0 72
Gravel cemented, hard 14 86
Gravel.. ... _.._._.._. 11 97
Grayvel, cemented - 3 100
Boulders and loose gravel______ 7 107
Gravel, cemented.._......___.___.__ e 10 117
Columbia River basalt:
Basalt, black and red, broken. .. ... eeeaas 7 124
Basalt, flow breccia. - 9 133
Basalt, gray, hard; creviced at 182and 194 £t ________ ... 116 249
Lower part of the Ellensburg formation:
R 24 273
15 288
12 300
Columbia River basalt:
Basalt, black, DOTOUS ... e 6 306
Basalt, gray. ... ______________ 51 357
Basalt, black, hard and 8oft. .« oo eeeeae 48 405
Shale, green. .. .o...c..._ 2 407
Basalt, medium-hard__ 15 422
Basalt, gray and black, har 49 471
Basalt, brown and black, creviced.__ 5 476
Basalt ETAY e o 20 496
Basalt porous, caving. 16 512
Basa.lt, ay and black, hard and broke: 17 529
Basalt, roken, some clay- 15 544
Basalt, gray, h 43 587
Basalt, red, biek, 9 596
Basalt, gray. . .. ..co..___. 26 622
Basalt lack, porous, broken 11 633
Basa,lt gray, ‘medium-hard 17 650
Basalt black, porous, loose. 20 670
Basa.]t black and gray oo 37 707
Basa.lt broken, and blue clay.. - 2 709
BasaJt broken, and green ‘‘sl
coating in vesicles 414 71314
Basalt, b]ack porous, and green ‘‘slate’’ . 4215 756
Basalt, bIack - - oo 0T 21 77

5N/28-19A1. City of Umatilla (well 3). Drilled by A. M. Jannsen, 1947

Glaciofluviatile deposits:
Clayand topsoil__.______________ . 17 17

Gravel and boulders. 10 27
11 38

132 170

175 345

28 373

42 415

90 505

Clay. 30 535

Columbia River basalt:

Basalt. e 215 750
Sandy formation (decomposed basalt?) 5 755
Basalbo e 30 785

NotE.—Casing, 16-inch, set to 170 feet; 10-inch set from 310 to 373 ft; 8-inch set from 361 to 535 ft. Open
8-inch hole from 535 to 785 {t .

695-384 O - 64 - 10
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TABLE 2.—Drillers’ logs of representative wells—Continued

Materials Thzekness Depth
(feet)
5N/28-23M1. Bill Kik. Drilled by A. A. Durand and Son, 1944
Glaciofluviatile deposits:
San 15 15
2 17
70 87
8 95
32 127
33 160
5N/29-13E1. Walso Birchman. Drilled by A. A. Durand and Son, 1948
Glaciofluviatile deposits:
AN . e 15 15
Beulders and sand .. .ol 5 20
Columbia River basalt:
Basalt, hard . 14 34
Basalt, broken...._. 4 38
Basalt, brown, broken. 4 42
Basa]t very hard 34 76
Basnlt honeycomb, water-bea: 14 90
Clay and ‘“‘soapstone’’_ 4 94
Basalt_____ 91 185
Basalt, 10 195
Basalt__ 8 203
Basalt, gr: 51 254
Basalt, black 24 278
Bacalt, 62 340
Basalt, blacl 20 360
asalt._._ 130 490
Basalt, ve: 15 505
5N/29-33R1. Union Pacific Railroad. Drilled by A. A. Durand and Son, 1952
Glaciofluviatile deposits:
Sand, silty, soft, brown 9 9
Sand and gravel 6 15
Gravel.______ 3 18
Gravel and bo 4 22
Gravel, cemented 13 35
Gravel, course____ 2 37
Gravel, fine, gray, 28 65
Clay, brown, soft. 9 74
Gravel_____ 4 78
Clay, brow 2 80
Gravel. o . 2 ]2
Columbia River b
Basalt, black, medium-hard______________ ______ 26 108
Basalt bmwn broken 3 111
Basait gray hard.____. 41 152
Basa]t black, medium-! ; 33 185
aea]t gray, hard broken.. 14 199
Basa]t black and gray hard 46 245
Basa]t, gray, hard____ 13 258
Basalt, fractured; som 16 274
Basalt, black; alternating soft and hard layers. .. 24 208
5N/3i-1Bl. Pete Kosmos. Drilled by H. Yager, 1950
uaternary alluvium:
@ S e 25 25
1 26
14 40
10 50
_____________________________ 4 54
Columbia River basalt:
Basalt, brown, water-bearing 43 97
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TaBLE 2.—Drillers’ logs of representative wells—Continued

141

Materials Thickness Depth
(feet) (feet)
5N/32-18C1. C. F. Westersund. Drilled by H. Yager, 1950
Old drilled well, 10 reord . oo oo 177 177
Columbia River basalt:
8 1856
41 226
16 242
60 302
5N/33-31A1. Earnest Koepke. Drilled by A. A. Durand and Seon, 1954
Palouse formation:
B00] e e 10 10
“Hardpan,” yelow_______________..____ ... e m—meem 33 43
Columbia River basalt:
Basalt, gray, very hard__. 43 86
Basalt black, medxum—hard.- ....... 21 107
at 7 {535 § U 10 117
Basalt, black, medinm-hard._ oL 3 120
Ba,salt gray, veryhard_ ____________________________ 40 160
Basalt black and gray, medium-hard to very hard. 71 231
Basalt brown, soft, vesicular__________._________ 2 233
Basalt gray, meditim-] hard; water level at 75 ft__ 5 238
Basalt, brown, veSicular. ... 7 245
Basalt black and gray, hard. _____.________._ 80 326
Basalt, brown, water-bearing; watet level at 75 ft... 5 330
Basalt, black and gray. ... 57 387
Basalt, black, medium-hard 2 389
Basalt, black, hard._.__. 5 394

Nore.—Well bail-tested when at 330 {t depth; drawdown wags 80 ft after 10 minutes bailing at 20 gpm.

5N/34-20A1. A. H. McIntyre

Palosusiel) formation (and fault gouge?):

147 147
15 162
50 212
1/28-35B1. Antone Vey. Drilled by Harold Yager, 1948
Palouse formation:
oil . ___._. 7 7
Columbia River bas;
Gravel (broken basalt?)_ 56 62
Basalt, black- ... 90 152
Basalt, gray. .- 88 240
Basalt, gray, wate 20 260
Basalt, gray.__._.._ 6 266
Basalt, DLW e e 57 323
1/32-8J1. Glen Newquist. Drilled by Turner and Son, 1956
Palouse formation and fanglomerate of Pliocene age, undifferentiated:
Sand and gravel e 18 18
Columbia River basalt:
Basalt, black._. 37 56
Basalt, red._.. 7 62
Basalt, gray. 13 75
“Soapstone” (weathered basalt).__. 2 7
Basalt, gray. .. .. ___._______ 13 90
Basalt, broken, water-bearing ... 13 103
Basalt 12 115
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TaBLB 2.—Drillers’ logs of representative wells—Continued

Materials Thickness | Depth
(feet) (feet)
1/32-9G1. V. Jacobsen. Drilled by D. K. Smith
Palouse formation:
Soil. - 3 3
Fanglomerate;
ravel, cemented. _ _ 55 58
‘“Rock,” brown, broken. ...« oo 13 7
Sand 1 72
Gravel, cemented. __________________________ 20 92
Columbia River basalt:
Rock, brown, broken, cemented. 40 132
Basalt, brown 18 150
1/32-9L1. Wayne Chapman. Drilled by Bert Gladney, 1953
Quarternary alluvium:
Rock and gravel._...._..._____. e m——————————— 4 44
Columbia River basalt:
asalt, Prown .- ... 71 115
Basalt, black. . 45 160
Basalt, brown and black_______________ T 150 310
Basalt brown......._._ 13 323
Basalt, Eray oo 52 375
Basalt, gray, very hard__._ 53 428
Basa.lt, honeycomb. . s 12 440
Basalt, honeycomb, water-bearing.. ... <o 40 480
Basalt, honeycomb and soapstone. _ . - ——— 11 491

1/32-9M1. Oregon Fibre Products Co. Drilled by A. M. Jannsen Drilling Co., 1952

Quarternary alluvium:
Gravel, rubble e e

Fanglomerabe
Qravel, cemented. ... e
QGravel, rocks, rubble. ... _. -
QGravel, coarse, cemnented ... .__.________._____ e mmmec e —————

Columbia River basalt:
Basalt, hard . e
Basalt, layered and creviced.. ... cmece ccmeee
Basalt, gray........._ e
Basalt, soft, decomposed. ... e
Basalt, hard, layered. . ___ i
Bﬂsalt, honeycomb. hard; in layers, Some Cre vices. - oo oo oo omocomeooo
Basalt, hard, layered...... e
Basalt, gray; crevice at 216 feet. . - JE PRI
Basalt, black; 100se in Places_ . e
Basalt, hard, layered. . emccec—aa
Basalt, soft, loose__..__....__._..__.__
Basalt, hard, brown._ . ... ici—an
Basalt, black; hard and soft layers
Basa.lt brown F10)
Basalt, black.
Basalt, yellowish, creviced, layered - ——
Basalt, yellowish-brown.: some hard B E0 ) o
Basalt; contains bad creviee. ... ...
Basalt yellowish. o e

Basalt, hard, brown___ . eieeee-
Basalt, brown, soft; crevice at 482 ft__ . _____ o oo
Basalt, brown; hard and soft layers..........-

Basalt, brown, very hard_..__._______________

Basalt, honeycon.b, water-bearing._..______._

Basalt, gray; hard layers..._________.__.__._.._.

Basalt, gray;softer_ . ... ... ...

Basalt, gray, broken. ... .. o
Basalt, gray; hatd and soft layers. [

Basalt gray, “cube rock’ . .o
Basalt, gray: hard layers._......_._._....
Basalt, grayand black.... ... ____.__
Basalt gray, broken; contains crevices..
Basalt P Y
Shale(?), gray, caving; sample is basalt cuttings.
Shale(?), hard; sample is basalt cuttings. .. oo oiiiooeeeoo_.

IR
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TABLE 2.—Drillers’ logs of representative wells—Continued

Materials Thickness | Depth
(feet) (feet)

1/32-9N1. Pilot Rock Lumber Co. Drilled by A. M. Jannsen, 1952

Quarternary alluvium:

Gravel, rubble; water-bearing below 25 ft._______. . ... 27 27
Columbia River basalt:
Basalt, red. .. e 14 41
Basalt, black; some water at 50 ft with water level at 30 ft. - 21 62
Basalt, layered - 38 100
Basalt, hard, solid.. oo - 15 115
Basalt, creviced; water level standing at 17 ft_ - 2 117
Basalt, red . oo oo cecieee - 3 120
Basalt, gray, hard. o ceeciees - 2 122
Basalt, creviced...._- 1 123
Basalt, broken, caving_..__._______._. 3 126
Basalt, gray, hard. .o 21 147
Basalt, gray, SOfter o« oo o iameeen 39 186
Basalt, hard; water-bearing at 209 {t and at 211 ft_ 29 215
Basalt, layered, hard and soft_.. .. ___________ 30 245
Basalt, black, hard 53 298
Basalt, Sofber. . il 3 301
Basalt, black, hard. 17 318
Basalt, 8Ty o v oo emem 13 331
Basalt, yellow; water-bearing 331 ft to 336 ft .. ... _.____ 9 340
Basalt, brown, hard; water flowed over top of casing at 356 ft. 23 363
Basalt, creviced. oo oo e em 2 365
1/32-16L1. William Etter. Drilled by D. K. Smith
Dug well, no record. .. e 31 31
Fanglomerate:
Gravel, cemented .. ... e 14 45
Columbia River basalt:
Basalt, brown, broken. 33 78
Basalt, gray, hard..._ 11 89
Basalt, brown, broken. 17 106
19 125

y
Basalt, black, broken 24 265
1/32-17G1. City of Pilot Rock. Drilled by A. M. Edwards, 1945
10 10
4 14
5 19
Hardpan . o e 8 27
Columbia F iver basalt:
Basalt, blue, hard..____ e 23 50
Besalt, porous, water-bearing; water level at 10 ft_ - 15 65
Basalt, veryhard.._.____.______________________ - 70 135
Basalt, porous, water-bearing; water level at 4 ft - 23 158
Basalt, hard.. o iiioiioooe - 19 177
Basalt, porous, water-bearing; drill cuttings washed away. - 5 182
Basalt, hard. - 15 197
Basalt, soft and hard.__._.. - 18 215
Basalt; contains seams and crevices. - 2 217
Basalt, moderately hard...___._____ - 15 232
Basalt; contains seams and Crevices ..o oo oo - 3 235
Basalt, porous, soft, water-bearing; water flows over top of casing_ - 15 250
Basalt, moderately hard.__ ... - 38 288
Basalt; crevices and broken rock.__ - 2 290
Basalt, fairly hard 3 293

Basalt, porous, water-bearing; water overflowing casing at an extimated 700
=4 ¢ ¢ U U U 16 309
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TABLE 2.—Drillers’ logs of representative wells—Continued

Materials Thickness Depth
(feet) (feet)
1/32-17K1.- City of Pilot Rock. Drilled by D. K. Smith, 1956

Quaternary alluvium:
Soil, brown. ..l 4 4
Roek, broken, and brown clay. 5 9
Gravel, cemented .. _________________________________ ... 6 15
Rock, broken; caved during drilling_ __.__________ .. 2 17
Gravel, cemented ... e 8 25

Columbia River basalt:
Basalt, gray and black, broken_ ___________________ . 25 50
Basalt, hard, gray, black, and brown_________________ . ... 62 112
Basalt, red._ __ e 20 132
Basalt, brown, broken 10 142
Basalt, black . _______ el 90 232
Basalt, brown, broken, water-bearing....__..__. .. . ______._..__ 3 235
Basalt, gray. .o .. _____ 37 272
Basalt, brown, broken, water-bearing. . 27 299
Basalt, gray. oo .. 48 347
Basalt, brownand black_______________ 83 430
Basalt, brown, broken, water-bearing___________.____________________________ 56 486

- 1/32-20A1. Robert Roy. Drilled by D. K. Smith, 1951

Palovse formation:
Soil . ____ e e e e e 5 5

Fanglomerate:
Rocks and boulders . . e 3 8
Qravel, cemented ... 42 50
Gravel, cemented, water-bearing. ________________________ ________________.__ 1 51
Gravel, cemented . _________________ el 37 88

Columbia River basalt:
Basalt, gray, 39 127
Basalt, black 18 245
Basalt, 8ray - oo 15 260
Basalt, brown and gray, ereviced . ____________ . ___________________ 18 278
Basalt, black; contains water-bearing seams_ .. ... ... 22 300

1/32-23J1. Hilmer Horn. Drilled by A. A. Durand and Son, 1950

Palouse formation:
21 4 4
Clay, hardpan. e 10 14

Columbia River basalt:
Basalt, blue, broken_______________________ el 8 22
Basalt, blue, very hard.______ o 80 102
Basalt, biue, veryhard . ________ ool 2 104
Basalt, blue, hard, water-bearing_______________________________ ... 28 132
Basalt, blue, broken, water-bearing; static water level about 90 ft____________ 4 136
Basalt, blue, hard . _____ e 72 208
Basalt, blue, broken___ . _________ e 15 223
Basalt, blue, hard 5 228
Basalt, blue.._____ 4 232
Basalt, broken ... e 11 243
Basalt, blue, medium-hard. .. ______________ . 1 244
Basalt, blue, hard . __________________ 6 250
Basalt, gray, hard ________________ oo 29 279
Basalt, BeaY e 8 287
Basalt, gray, very hard _____ o eean 3 290
Basalt, gray - e mm 26 316
Basalt, gray and broken, and brown_________________________..____.______ 24 340
Basalt, broken. _________ e 48 388
Basalt e 10 398
Basalt, firm and broken . _________________ e 17 415
Basalt, broken______________ e 15 430
Basalt e 15 445
Basalt, black e 45 490
Basalt, gray, very hard . ___________ .- 2 492
Basalt, dark gray, hard . ________________ . 126 618
Basalt, light gray . s 4 622
Basalt, grav, hard_______________ oo 5 627
Basalt, light gray, hard . ___________ . 48 675
Basalt, dark gray ..o eeeean 7 682
Basalt, black; water-bearing at 705 ft; static water level at 681t . ____._______ 33 715
Basalt, gray, hard ________ e 26 741
Basalt, brown, hard . ____ e 7 748
Basalt, gray, hard . ___________ ol 46 794
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TaBLE 2.—Drillers’ logs of representative wells—Continued
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Materials Thickness | Depth
(feet) (feet)
1/32-28E1. Levi Eldridge. Drilled by A. A. Durand and Son, 1949
Palouse formation:
i 2 2
1 3
21 24
Columbia River basalt:
Basalt, blue, broken 6 30
Basalt blue, hard___ 23 53
Basalt blue, broken. 19 72
Basalt, blue, hard __ 13 85
Basalt, blue, broken_ 7 92
Basalt, blue, hard.___ 3 95
Basalt, blue, broken 25 120
Basalt, brown._.___ 5 125
Conglomerate(?) 20 145
Basalt, blue, har 15 160
1/35-3K2. Earl Gillander. Drilled by A A. Durand and Son, 1945
Palouse formation and Recent deposits, undifferentiated: 3 3
Clay and shale(?)_ 13 16
Clay and cobbles________ 4 20
Clay, blue, and pea grave! 12 32
Columbia River basalt:
Basalt, brown and blue, decomposed . - ... 48 80
Basalt, brown and gray__..._______ 194 274
Basalt,red____________ 32 306
Basalt, gray_ ..___._. 25 331
Basalt, red and brown 29 360
Basalt, gray._ e 23 383
1/35-3Ql. Oregon Highway Dept. Drilled by A. A. Durand and Son, 1935
Palouse formation and Recent deposits, undifferentiated: 12 12
Columbla River basalt:
Basalt, very hard o 188 200
Basalt, honeycomb.__ - 25 225
Basalt, very hard_ N 155 380
Basalt, porous.._ - 4 384
Ba.salt sold __ e 4 388
1/35-10C1. Union Pacific Railroad. Drilled by A. A. Durand and Son, 1944
Residual soil and Palouse formation, undifferentiated:
TP S0T) - e e e e 3 3
Soil and boulders. . - oo e m e mm 10 13
Columbia River basalt:
Basalt, black . eaeeeee 5 18
Basalt, black; contains clay seams; water-bearing at 28 ft__ - 10 28
Ba.salt black. - 16 44
Clay, blue 2 46
Lava sand (scona), Wwater-bearing; water level even with top of casing when
well ab 80 Tt e e em 14 60
Basalt, disintegrated, and clay, water-bearing; flows at rate of 22 gpm.________ 3 63
Lavasand (scoria?); water low increased to 35 gpm, later decreased to 25 gpm.. 12 75
Basalt, black, sold_ . ..o 5 80
Basalt, black; contains seams; fractured? - 5 85
Basalt, black, solid__._.________________ - 10 95
Basalt, black; contains seams; fractured?_ _ - 3 98
Basalt, black and gray, solid...__..__.._.___. - 18 116
Basalt, gray; contains “cinders,” and blue clay. - 6 122
Basalt, black; contains “cinders,” and blue clay - 5 127
Basalt, black; some “‘cinders” 19 146
Basalt, black, very hard...._. 31 177
Basalt, black: some blue clay. 12 189
Basalt, black; small layer of 88 277
Basalt, shattered; blue clay 2 279
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TABLE 2.—Drillers’ logs of representative wells—Continued

Materials Thickness

Depth
(feet) 4

(teet)

1/35-36N1. Union Pacific Railroad. Drilled by A. A. Durand and Son, 1946

Palouse formation and residual soil:

Clay, brown, and Rardpan. - _ oo 49
Columbia River basalt:
Basalt, black, hard. . 32
Basalt, black, soft_._.. 10
Basalt, black; streaks o 10
Basalt, black - 12 113
Basalt, brown, porous. 32 145
Basalt, black and red 60 205
Basalt and clay. 60 265
Basalt, red, hard. _.__... 150 415
Basalt, black and brown, hard 39 454
Basalt, brown, hard and broken___ 13 467
Basalt, red and brown; clay seams. 41 508
Basalt, brown, porous. - 23 631
Basalt, gray, porous....... - 5 536
Basalt, red; some €lay . - - oo 15 551
Basalt, porous, decomposed...._. 65 p 616
Basalt, black and gray, hard. ..o oo 42 658
Basalt, gray and blue, with some clay . ....... - —— 18 676
Basalt, blue, hard . . ciiien 17 693
Basalt, red._____._ 69 762
Basalt, gray, hard . . i 8 770
Basalt, broken; contains red clay.. 37 807
Basalt, B8 - oo oo o cm e m e e mm e mm e 32 839
54 893
11 904
Basalt, brown. 9 913
Basalt, BrAY - o oo oo etc e mmm s amaaam e 83 996

3/29-7Al. Mrs. Ralph Jones. Drilled by Bert Gladney, 1951

Quaternary alluvium:
Soil and small gravel. . . e e mmmmm—mene 12
Soil, brown, claylike; mixed with rock... - - 20
Columbia River basalt:
Soil, brown, claylike; soft rock?. . _ . oo 15
Rock, creviced_ ... _.._.____. —- 7
Rock, brown, sugary-textured .. -- 24
Rock, brown, sugary, creviced — 34 112
Rock, brown, sugary; includes ash layers_________. - 12 124
Rock, brown, Sugary ..« ooooeeoo 4 128

Rock, soft, brown, sugary; volcanic ash..

Rock, hard, gray - - oo e 2 150
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BASIC DATA

TABLE 5.—Ground-water levels in observation wells

[All measurements are in feet below land-surface datum at the well.
other wells]

157

See plate 2 for hydrographs of five

Date

Water
level

Date

Water
level

Date

Water
level

Date

Water
level

IN/26-10L1. Ju

lian Rauch.

Drilled well 189 ft deep

and presumably

tapping unconfined water in basalt

1953 Dec. 17 _____ 159. 6 150.67 || Aug. 6 150. 69
150. 43 || Sept. 9 158.74
Aug. 25._ 152.30 1954 161. 4 Oct. 5__ 156. 47
Sept. 23 151. 80 156. 18
Oct.22________ 151.36 || Jan. 21 _______ 151.12 150. 85
IN/28-21Q1. Antone Vey. Drilled well 270 feet deep tapping confined water in basalt
1953 1964 52. 62 1566
51.32 || Jan.21. . ______ 53.77 51.28 || Apr.27.______. 52.90
58.26 - . 174,84 || June 14__ - 52.36
57.78 263,90 |{ Sept.9.. ______ 58. 90
60. 60
IN/31-8K1. well 16.4 ft deep tapping unconfined water in alluvium
1953 9.44 || Mar.30.______. 9.97
May 11____.___ 13.72
June2_________ 11.76
9.72
9.57
V. A. Bolt. Dug well 29.8 ft deep tapping unconfined water in gravel
13.02 1964 12.72
13.17 13. 99
15.07 13. 56 14.68
15,27 7.68 18. 49
16. 56 10.39 18. 04
14.97 10. 96
IN/33-16R2. Patton. Dug well 36 ft deep tapping water in colluvium
3.40 4,60 || June 2 9.02
4.42 3.81 || July 7-.. 16. 89
6.14 7.45 || Aug. 6. 12.22
6.82 8.33 || Oct. 4. _.____ 10. 97
17.69
1N/33-18H1. Roy Horne. Drilled well 180 ft deep tapping unconfined water presumably in Pliocene
fanglomerate
1953 125. 06 1964
124. 90 124,99 || Mar. 1.._______ 123.82
127. 60 N 123. 90
. 125. 15 123. 90
Apr.27_ . ____. 125. 02 132. 30
May22...____. 125.03 124.70
IN/33-19R1. W. H. Caplinger. Drilled well 150 ft deep tapping water in basalt
1954 1956*
75.97 717.80 78.39 || Jan. 18__..__.__ 78.79
78.30 78.34 78.63 || Apr. 27 ______. 79.69
78.12 78.14 78.76 || June 14_______. 79. 43
78.14 78.85
78.39

See footnotes at end of table.
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TABLE 5.—Ground-water levels in observation wells—Continued

Date Water Date Water Date Water Date Water
level level level level
2N/26-14K1. A.C.Lindsay. Drilled well, presumably to shallow depth, tapping perched water in Pliocene
fanglomerate
1968 1964
Sept. 23 ______ 9.08 ar.1_________ 9.68 {| May 11________ 9.76 || July 7. ... 10. 09
Oct. 22 _______ 9.91 || Mar.29..._._.__ 9.64 || June2_ _____.__ 9.76 || Aug.6.________ 10.25
Deec. 17 9.86
2N/27-28H1. Ed Tucker. Drilled well 263 confined water in basalt
1953 1957
June 16_.______ 44 25 Sept. 25 . ___ 195
July21._..____ 53 17 Nov.16...._._. 78
Aug. 25._______ 57 14
Sept. 23...___. 70 38 1958
ct. 22 .. __ 173 160 July 31..._.___ 1
Dec. 17..._____ 35 62 Sept. 18___._____ 14100
195
189
3N/30-1D1. Coleman. Drilled well 290 ft deep, presumably tapping confined water in basalt
18.94 18.68 18.84
18.02 18.90 18.63 18.97
18.27 18.85 18. 60 19.03
18. 56 18.61
18. 62
Jan. 20 _____ 18.83
3N/31-3D1. B. A. Davis. Drilled well 298 ft deep tapping confined water in basalt
1953 237 16 18
Dec. 16.._____. 11 248
34
1954 36 10.5 12
Jan.20.________ 11 - 1118 254
Mar. 2 10 Sept. 25.._ 44
Mar. 30 10 11
May 12 21 14.5 1957 11
June4_________ 25 60 11.5
Sept. 26 _____ 50
3N/35-9H1. B. A. Davis. Drilled well 298 ft deep, pr bly tappi fined water in basalt
1953
Sept. 2....____. 292.00 Aug. 7. _____ 206. 18
Dec. 16..__.__| 293.60 - 296. 40
297. 36
4N/26-25E1. Unknown. Drilled well 170 ft deep tapping perched water in glaciofluviatile deposits
49.94 49. 38
1953 49.84 49.42
June 10________ 50.20 49.26
July 21._ . 50.03 1954
Aug.25.___.___ 49,95 ([ Jan. 1 _________ 52.70

See footnotes at end of table.
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TABLE 5.—Ground-water levels in observation wells—Continued

Date Water Date Water Date Water Date Water
level level level level
4N/32-2M1. L. King. Drilled well 527 ft deep tapping confined water

1955 1957
21 24 |} Mar. 24._._._._ 23 1| Sept. 25..._.__ 40
26 24 19.15
11 23
1106 55
32 25 18.45
24 46 17. 53
1144 20. 69
75
1128
4N/32-33R1. Mr. Lorenzen. Drilled well
1953
ildpr. B ... 116.00 || Aug.26._______ 115.94 116.835 || June4_________ 116.15
ay 22 ______. 116.20 || Sept. 23. -| 116.07 116.62 || July 8..______ .| 116.19
June 16________ 116.04 || Oct.21_. _| 116.58 116.42 || Aug.8.________ 116.34
July21__.__.__. 116.16 || Dec.16_._._.__ 116. 40 117.42
5N/28-22D1. Munson Court. Drilled well 189 ft deep tapping confined water in basalt
7.02 || Sept.8.__..____ 8.66 || Dec.9.__._____ 7.18 || Nov.16._._____ 7.58
Oct. 5_ 7.34
Dec.9_________ 7.18 1956
7.11 Apr.14________ 211.68
6.77 1955 June 16__ 10. 98
6.63 || Jan.18 ________ 6.62 || Sept. 25_. - 10.29
6.38 || Apr.27 - 6.10 || Dec.1.__.___.. 8.26
8.77 || June 13 - 6.07
114.01 || Aug.5-_ - 7.98 1967
5.37 Sept 9. 7.21 || Sept.25._____. 12.78

5N/33-32D1. E. Koepke. Dug well 76 ft deep tapping perched water in loess

1958 1953—0011 1954——Con
Apr. M. _______ 68, 62 . 69. 38 July 8 . ______. 70.36
May22._______ 34 178.78 Aug. 8. _.___.__ 72.37
June 16..._____ 70.22 Sept. 10 ___ 68, 80
July21________ 69. 94 69.73 Oct.5_.._.____ 69. 72

5N/34-16R1. R. M. Thompson. Drilled well 228 ft deep tapping confined water in basalt

1958 1964——Con 1956 1958
148. Aug. 8 _| 156.78 151.26 || Jan. 9. _____ 158.10
Sept. 10- -l 150.91 15(15 92 gpr. 116 ________ {zg ig
2156.70 || Aug. 1. __ .
00t Beveooov 154.29 162,50 || Sept. 19...0...- 150,22
1969
150.80 156.01 || Apr. 8. _____ 147.85
153. 50 2 156.36
153.50 149.70

See footnotes at end of table.
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TABLE 5.—Ground-water levels in observaiion wells—Continued

Date Water Date Water Date ‘Water Date ‘Water
level level level level

1/30-21F1. Daniel Doherty. Drilled well 225 ft deep tapping confined water in basalt

1853 1664 1964—Con. 1954—Con.
Sept.24. .__. | 14.82 (| Mar.1_______| 13.26 || June2.____.... 14.38 || Oct. 5. . ______ 144, 5€
Dec. 18...___._ 13.55 || Mar.29..______ 13.36 || Aug.6.__._.___ 124.29

2/28-12E1. W. E. Hughes. Drilled well 150 ft deell)l::ppinx confined water in basalt 100to 150 ft below lanc
surface

1953 1964—Con. 1954—Con. 1956—Con.
Oct.28.___.__.| 23.85 23.43 |} Oct. b _._____. 23.17 || Apr.27..__.___ 24. 88
Dec. 18, ___.__ 24.02 22.02 June 14________ 22.04

24.16 1955

1954 Sept.9._____.. 24.49 || Jan.18._._.___| 27.70

Mar. 1 . __..__ 23.67

1 Well being pumped when measured.
2 Well pumped recently.
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