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GEOLOGY AND GROUND WATER OF THE TUALATIN
VALLEY, OREGON

By D. H. Harr and R. C. Newcoms

ABSTRACT

The Tualatin Valley proper consists of broad valley plains, ranging in
altitude from 100 to 300 feet, and the lower mountain slopes of the d-ainage
basin of the Tualatin River, a tributary of the Willamette River in northwest-
ern Oregon. The valley is almost entirely farmed. Its population is increasing
rapidly, partly because of the expansion of metropolitan Portland.

Structurally, the bedrock of the basin is a saucer-shaped syncline almost
bisected lengthwise by a ridge. The bedrock basin has been partly filled by
alluvium, which underlies the valley plains.

Ground water occurs in the Columbia River basalt, a lava unit that forms
the top several hundred feet of the bedrock, and also in the zones of fine sand
in the upper part of the alluvial fill. It occurs under unconfined, confin~d, and
perched conditions. Graphs of the observed water levels in wells show that
the ground water is replenished each year by precipitation. The grapts show
also that the amount and time of recharge vary in different aquifers and for
different modes of ground-water occurrence. - The shallower alluvial equifers
are refilled each year to a level where further infiltration recharge is r-~tarded
and water drains away as surface runoff. No occurrences of undue depletion
of the ground water by pumping are known. The faets indicate that there
is a great quantity of additional water available for future development.

The ground water is developed for use by some spring works and by thousands
of wells, most of which are of small yield. Improvements are now beinv made
in the design of the wells in basalt and in the use of sand or gravel envelopes
for wells penetrating the fine-sand aquifers.

The ground water in the basalt and the valley fill is in general of good
quality, only slightly or moderately hard and of low salinity. Saline and
mineralized water is present in the rocks of Tertiary age below the Columbia
River basalt. Under certain structural and stratigraphic conditions this water
of poor quality contaminates the fresh-water aquifers.

Detailed hydrologic and geologic conditions are presented in 5 tsbles, 7
pictures, and 17 graphic figures and plates.

INTRODUCTION

PURPOSE OF THE INVESTIGATION

Historically, the Tualatin Valley has been a difficult area in which
to obtain good supplies of water from wells. Many landowners have
found it necessary to plan thier expenditures, and drillers tc drill,
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2 GEOLOGY AND GROUND WATER, TUALATIN VALLEY, OREG.

without knowing what earth materials would be ponetrated. The
lack of information on the geology, on the probable position, quantity,
and character of water-bearing units of the substr~ta, and on the
chemical quality of the ground water has been a deterrent to the
efficient and economical development of good supplies of water from
wells. This investigation attempts to fill some of these needs for in-
formation, and was made by the U.S. Geological Survey in cooperation
with the office of the State Engineer of Oregon.

Since about 1940 there has been a great increase in population and
development of the Tualatin Valley. Much of the eastern part of the
Tualatin Valley is rapidly becoming a part of metropolitan Portland.
Along with this suburban encroachment has come the need for more
irrigation water, required to secure larger returns per acre. Growth
of suburban areas hag increased the demand for domrestic and public
water supplies. In addition, the manufacturing and processing plants
in the area require substantial supplies of water.

LOCATION AND EXTENT OF THE AREA

The Tualatin Valley is the northwestern part of the Willamette
Valley of Oregon. It consists of the low-lying plairs and the lower
slopes of the Tualatin River drainage basin, which extend across the
boundary between two physiographic sections—the Puget Trough
section and the Oregon Coast Range section of the Pacific Border
physiographic province (Fenneman, 1931).

The Tualatin River drainage basin ranges in altitude from about 60
feet near the river’s mouth at the southeasternmost. point to about 3,000
feet at its western limits along the divide of the Coast Range. The
lower part, which lies in the Puget Trough section, is commonly
termed the “Tualatin Valley.” As used in this report, however, the
term “Tualatin Valley” includes the slopes and interstream divides up
to about 1,500 feet altitude, as well as the main valley plains.

The Tualatin River drainage basin has a total area of about 712
square miles. Of that area, the main valley plain includes nearly 350
square miles in a rudely rectangular shape about 30 miles long and 10
miles wide. The area described in this report overleps slightly into
the adjacent drainage basins. An important part of the overlapping
area extends southward from Tonquin station to the Willamette River
at Wilsonville (pl. 1) and was included because hydrologically and
topographically it is nearly continuous with the Tualatin Valley area.

The general location and extent of the area are shown on figure 1;

the locations of wells and springs and the areal geology are shown
on plate 1.
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Ficure 1.—Map showing location of the area covered by this investigation.

NATURAL RESOURCES AND CULTURAL FEATURES

Since the original settlement of the area, during the pericd from
1834 to 1850, the fertile soils of the Tualatin Valley plain and the
adjacent gentle hill slopes have been the outstanding natural rasource.
Originally the plain was partly open prairie, and the margins of the
valley and the adjoining slopes and mountains were forested. The
forests have been logged off so that they are now confined mostly to
the steeper slopes. Lumbering and processing of forest products are
now secondary industries, generally located adjacent to the timber
stands in the Coast Range.



4 GEOLOGY AND GROUND WATER, TUALATIN VALLEY, OREG.

Until the coming of rapid transportation, the velley was rural.
Since 1940 the eastern part of the valley has been under~oing urbaniza-
tion and is now a part of metropolitan area of Portland. In 1950
Hillsboro, the largest city in the valley and the county seat of Wash-
ington County, had a population of 5,142. Forest Grove had 4,343
and Beaverton had 2,512. North Plains, Banks, Helvetia, Verboort,
Orenco, and Gaston, each had a population of less then 1,000. Much
of the recent suburban growth in the eastern part of the valley lies
outside incorporated communities. Cedar Mill, West Slope (near
Cedar Mill), Bonny Slope, Raleigh Hills (near Raleigh), and other
centers are rapidly growing communities.

The area is crossed by two main east-west highways from Port-
land to the coast, U.S. Highway 26 and State Highway 6. Two main
north-south highways, U.S. 99 and U.S. 99W, traverse the south-
eastern part, and a network of secondary and local roads cover the
area. Two branchline railroads cross the area.

HISTORY OF THE INVESTIGATION

The Tualatin Valley is a small part of the area covered in a report
by Piper (1942), in which the area was briefly described and data
for a few wells were presented. The general geologic features of the
Tualatin River basin were shown on a map by Warren and others
(1945).

This investigation was started in 1951. Tt consisted of canvassing
the area for water facts, collecting water data from organizations and
individuals, mapping and describing the geology, and studying the
hydrology. Inthe canvassing for ground-water data, the entire area
was studied in detail, and wells and springs that afforded the most
reliable information were selected for location on the map (pl. 1).
Additional data were collected from well drillers, public water-supply
officials, State and county agencies, and managers of ir dustrial plants.

The geologic work consisted of compiling the geologic map, prin-
cipally from field-checked parts of previous maps (Piper, 1942;
Trimble, 1957; Treasher, 1942; Warren and others, 1945), construct-
ing geologic sections, and compiling a structural contour map from
records of subsurface materials. Some additional data were obtained
from a few electric and gamma-ray logs of drill holes.

The hydrologic study consisted of distinguishing between the dif-
ferent types of occurrence of the ground water—unconfined (water
table), confined (artesian), and perched—and of collecting data re-
garding the characteristics and behavior of the ground water in each
type of occurrence and in each type of aquifer.! Records of water

1 An aquifer is a saturated unit or earth material from which ground water can be
extracted in usable amounts.



INTRODUCTION 5

level and well yield were compiled for each type of aquifer. These
data indicate the capacity of an aquifer to transmit water to a well.
Periodic observations of the water level in selected wells were made
to determine the time and manner in which ‘water enters (reclh ~rges)
and leaves (discharges from) the ground-water reservoirs.

The fieldwork was done during 1951 and 1952. A repcrt was
written in 1954 and released in duplicated form in 1956. The present
report includes streamflow and water-level records through 1958.
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and in granting their time and facilities to aid the investigation.
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Branch of the Survey mapped the adjacent metropolitan Fortland
area. Geologic data were exchanged with Donald E. Trimble, geolo-
gist in charge of the mapping project. Part of the results of that
investigation have been published (Trimble, 1957 and 1963).

WELL AND SPRING NUMBERING SYSTEM

In this report, wells and springs are designated by symbols which
indicate their locations according to the official rectangular survey of
public lands. (See diagrams on p. 6.) For example, in the well 2/3-
W-26J1, the two numerals before the hypen indicate the townschip and
range south and west of the Willamette base line and meridian (T. 2
S., R.3 W.), respectively ; in those townships north of the base line and
west of the meridian, the respective numbers are followed by the letters
“N”and “W.” The number after the hyphen indicates the section (sec.
26) ; the letter denotes the 40-acre subdivision of the section, according
to the following diagram; and the final digit is the serial number of
the well or spring in that particular 40-acre tract. Thus, well 2/3W-
26J1 is the first well listed in the NE1,SE1; sec. 26, T.2 S.,, R. 3 W.
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N P Q R

The original metes and bounds of the donation land claims prevail
as the land boundary system in parts of the valley. The authors have
projected the township, range, and section system of land subdivision
across those donation land claim areas and numbered the wells and
springs in these parts in the same manner as in the rest of the drain-
age basin. This projection allows uniformity in the numbering of
wells and springs and affords ready location on the map of any well
or spring from the number.

In table 1 these location symbols are not given in full for each well.
Rather, the symbols are grouped by townships under appropriate
subheads and only that part of the symbol is tabulated which indicates
the section, 40-acre tract, and serial number. In tables 1-5 the order
of listing the townships is as shown numerically on the following
diagram. All wells and springs listed in the tables are located on
plate 1.

5 4 3 2 1 1
W W W W W I E
4
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2N 9 8 7 6 |3
x
w
IN| 5 4 3 2 L |Z
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GEOGRAPHY
CLIMATE

The Tualatin Valley has an equable climate—a long frost-free
growing season and a mild winter. The seasons are characterized by
marked differences in precipitation: the winters are wet and cloudy,
the summers are generally dry and clear. In the winter most of the
storms move in from the west, but occasionally subarctic air from the
east or north brings freezing and even near-zero temperatures to the
valley. The summer climate is more of a continental type, driest and
hottest during periods of high barometric pressure. Occasionelly dry
air from the east brings conditions of low humidity for short periods.

PRECIPITATION

The average annual precipitation at the Forest Grove station of
the Weather Bureau during the climatic years (October through
September) 192145 was 43.56 inches (fig. 2). The annual precipita-
tion varies somewhat from place to place in the valley and is much
greater on the higher divides of the drainage basin, as shown by the
Timber station (fig. 3) located in the Nehalem River basin 6 miles
northwest of Buxton. The records for Forest Grove given in figure
2 shows that the annual precipitation ranged from as little as 28 to
as much as 58 inches over the period 1891-1958. The long-term
trends are shown by a curve of cumulative departure from average
precipitation, which indicates a period of excess precipitaticn from
1891 through 1911, near-normal precipitation from 1912 through 1923,
generally deficient precipitation from 1924 through 1931, and slightly
greater-than-average precipitation from 1937 to 1958.

The precipitation occurs mainly in the winter months; its monthly
distribution is shown for two stations on figure 3. Generally, Decem-
ber is the wettest month and July is the driest. About 80 percent of
the annual precipitation falls during the 6-month period, October
through March.

In the valley areas nearly all the precipitation occurs as r»in, but
some snow falls on the higher parts of the watershed. Tl snow
accumulation on the Coast Range seldom reaches great depth; in most
years it does not exceed 2 or 8 feet and does not remain long after
the rainy season begins in the spring. There are some years when the
valley floor receives as much as a foot of snow. The last year in which
a great amount of snow was received was 1937, when Hillsboro had
a total snowfall of 31.3 inches and Forest Grove had 34.4 inches.
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AVERAGE ANNUAL ALTITUDE,
STATION PRECIPITATION, IN FEET
IN INCHES
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F1GuRE 3.—Average monthly precipitation at two stations in the Tualatin River basin
and at Timber farther northwest, and average evaporation at Corvallis, Oreg.

OTHER CLIMATIC FEATURES

The monthly average evaporation at the State College stetion in
Corvallis, a terrain roughly comparable to that of the Tualatin Valley,
1s shown on figure 3. The total average evaporation record=d only
for the 6-month growing season at Corvallis, and—by correlation—in
the Tualatin Valley, is about 27 inches. If the additional evaporation
for the winter months, as approximated from annual records of sta-
tions having complete data, is included, the total annual evaporation
for the Tualatin Valley is estimated to be about 30 to 32 inches.
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The average annual temperature for the 16-year period 1937 through
1952 was 52.6° F. at the Hillsboro station according to records of the
U.S. Weather Bureau. The temperature is generally uniform and
comfortable; extreme cold and hot weather occur only with uncommon
movement of airmasses from the north and east, respectively. During
the same 16-year period the extreme high and low temperatures ob-
served were 104° F. and —10° F. The average of the 13 annual maxi-
mum temperatures was 99.5° F, and the average of the annual mini-
mum temperatures was 13° F. January was the coldest, and July was
the warmest month of the year.

In general, there is little strong movement of air across the valley
floor; extremely high or property-damaging winds are rare, and
tornadoes are practically unknown. The prevailing ¢ir movement is
from the southwest in winter and from the northwest in summer.
Occasionally, a high-pressure airmass centered in the east moves west
through the Columbia River Gorge or across the Cascade Range in
such strength as to cause the so-called east winds in the Tualatin
Valley. These east winds are predominantly cold and dry in winter,
hot and dry in summer.

During the 10-year period 1938-47, annual averages of 118 clear, 79
partly cloudy, and 168 cloudy days were recorded ; however, periods
of sunshine and cloudiness vary greatly from year to year. For ex-
ample, the clear days during the period 1938-47 ranged from 78 to 167
days per year. Cloudy days predominate in the winter and the sunny
days in the summer.

LANDFORMS

The Tualatin Valley comprises a broad extensive valley plain, the
adjacent slopes and side valleys, and a few minor hills.

The main valley plain is about 30 miles long and 10 miles wide, ex-
tending around the Cooper Mountain-Bull Mountain hill land, which
is a few miles southeast of the geographic center of the plain. The
plain has an average altitude of about 200 feet, but ranges from 120
to 250 feet. It extends up the tributary valleys for several miles at a
much steeper gradient than that of the main valley floor.

The hill slopes that rise from the valley floor are gentle ramplike
surfaces, and are steep only in some streams canyors and areas of
structural deformation. The marginal slopes rise gradually to reach
mountainous heights on the drainage divides at the north, west, and
southwest sides of the valley. On the east and southeest the valley is
separated from the floor of the lower Willamette Valley by low ridges
(fig. 4) such as Palatine Hill, Petes Mountain, and an unnamed upland
sometimes called “West Linn Heights” extending between West Linn
and Oswego. The upland north of the Tualatin Valley is formally
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12  GEOLOGY AND GROUND WATER, TUALATIN VALLEY, OREG.

named the Tualatin Mountains which extend southeast as far as Os-
wego Lake, though this extension is better known locally as the Port-
land Hills or as the West Portland Hills.

Cooper and Bull Mountains are gentle dome-shaped kills that rise
500 to 600 feet above the valley plain just southeast of the center of
the valley. The valley plain, although broad and uniform in altitude
over large areas, has a few wide terraces which slope gently toward
the Tualatin River.

DRAINAGE

STREAMS

The upper reaches of the Tualatin River, above Gaston, drain a
part of the east slope of the Coast Range. The river flows eastward
through a mountainous terrain for about 13 miles before reaching the
extension of the Tualatin Valley at Gaston, where it is joined by
Wapato Creek. Flowing 4 miles northward, the Tualatin River is
joined by Scoggin Creek and Gales Creek before turning eastward
onto the main Tualatin Valley plain, at an altitude of about 120 feet.
While flowing 45 sinuous miles across the valley plain, the river
descends only 20 feet in altitude before meeting the bedrock reef in
the gap 4 miles north of the town of Willamette. Within that gap
the river drops 40 feet in 4 miles and empties into the Willamette
River at an altitude of about 60 feet.

During the 21-year period, July 1928 to September 1949, the Tuala-
tin River (including diversion to Lake Oswego) discharged at an aver-
age rate of 1,376 cfs (cubic feet per second) (Paulser and others,
1951). In the 19-year period 1940-58, shown in figurs 5, the flow
at the town of Williamette ranged from an average wintertime maxi-
mum of about 5,370 cfs to less than 50 cfs during the late summer
of most years.

Wapato, Scoggin, Gales, Dairy, Rock, McFee, Chicken, and Fanno
Creeks are the larger tributaries of the Tualatin River. Wapato,
Scoggin, and Gales Creeks drain part of the Coast Range; Dairy and
Rock Creeks drain the mountainous spur of the Coast Range that
extends north of the Tualatin valley plain as well as part of the
valley floor; and McFee, Chicken, and other creeks drain the north-
east slopes of the Chehalem Mountains, whereas Fanno Creek arises
largely as drainage from the valley floor and the southwest slope of
the Portland Hills. The first five creeks named above have deeply
dissected the slope of the Coast Range to a mature topography. Their
profiles have steep gradients in the higher catchment areas, moderate
gradients through the intermediate, canyon zones, and relatively low
gradients over their lower, aggraded courses that merge with the
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14 GEOLOGY AND GROUND WATER, TUALATIN VALLEY, OREG.

Tualatin Valley plain. Because of those characteristics, the second-
ary streams have a strong tendency to flood along their lower reaches
and are actively aggrading the side valleys and the parts of the Tuala-
tin Valley plain near their channels.

The secondary streams draining the Chehalem Mountains, Port-
land Hills, and Cooper Mountain are not so deeply incised and seem
to be less subject to flooding.

All the drainage basin of the Tualatin River, except the highest
headwater areas at the west and north, is shown on plate 1.

LAKES AND MARSHES

Wapato Lake, near Gaston, a shallow lake which covered a con-
siderable area during wet years, was the only large nstural lake in
the Tualatin River basin. Now, largely diked and drained, its floor
furnishes more than a square mile of rich farmland.

The only large lake in the area of this investigation is Oswego Lake.
Its shape and position indicate that it was formerly a channel of the
Tualatin River or possibly of the Willamette River. The lake has
been enlarged by a dam, and manmade diversions from the Tualatin
River keep it at controlled levels for scenic, recreation, and hydro-
electric power purposes.

Marshy areas are confined to the lowlands near the T1ialatin River
and its tributaries on the valley floor. These areas are wettest in
the winter and spring; one of the largest marshy areas is near the
east fork of Dairy Creek in the vicinity of Verboort.

In the parts of the valley where the slope of the valley floor is
gentlest, such as along Wapato Creek and the main stem of the Tuala-
tin River north nearly to Forest Grove and in the embeyment of the
valley plain northwest of Verboort, the land was marshy and water-
logged until drainage was provided. Some of that land is subject to
overflow or backwater during times of excessive rainfall and is still
characterized by the shallowness of the water table.

GEOLOGY

OCCURRENCE AND RELATIONSHIPS OF THE STRATIGRAPHIC
UNITS

VOLCANIC AND SEDIMENTARY ROCKS OF EOCENE AGE

As shown on plate 1, the mountain slopes in the western part of
the Tualatin drainage basin are underlain by igneous and sedimentary
rocks that originated in the Eocene epoch of the Tertiary period of
geologic time.

The oldest rock unit is composed of lava interbedded with tuff. It
underlies the highest part of the Tualatin River basin; the main areas
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occur south of Gales Creek and west of the general locality of Cherry
Grove. These volcanic rocks consist mainly of a sequence of basaltic
lavas and tuffs that apparently includes the continuation of the rocks
mapped as the Siletz River voleanics 20 miles to the southwest of
the Tualatin basin (Baldwin and Roberts, 1952), but they may include
some strata that are being mapped in later work as separate units.
The volcanic rocks are a thick unit, but only the top part cf these
rocks is exposed in the Tualatin Basin.

The volcanic unit is overlain by a sequence of sedimentary rocks,
also of Eocene age, consisting largely of shale, claystone, sandstone,
and siltstone. In places, the sedimentary sequence contains a basal
conglomerate composed of basaltic cobbles and gravel. These Eocene
sedimentary rocks likewise may be the equivalent of several forma-
tions (such as the Burpee and Nestucca formations of Baldwin and
Roberts, 1952) mapped separately in studies of neighboring areas.
The sedimentary rocks are not thick; probably no more than 1,000
feet of strata is exposed in the band that underlies the lower mountain
slopes of the western part of the Tualatin River headwater catchment
area. That band of sedimentary rocks broadens out benesth the
rolling hill lands and plains in the Yamhill River basin farther south.

Both the Eocene volcanic rocks and the overlying sedimentary rocks
have a general dip of about 6° to the east. Where they continue to
the east, the Eocene rocks underlie younger rocks and are at great
depth beneath the main part of the Tualatin Valley. Their continua-
tion beneath the valley may be the strata penetrated below & depth
of about 8,000 feet in the Texas-Cooper Mountain oil test (well 1/2W-
25J1).

Basaltic lava flows exposed in the Willamette River Gorge at the
southeast end of Petes Mountain underlie the Columbia River basalt.
This older lava dips 20°-40° NE., makes the strike-ridge reefs in the
river 214 to 4 miles above Oregon City, and passes beneath the more
nearly horizontal Columbia River basalt. Only the pre-Cclumbia
River basalt aspect of this rock’s age was determined. For lack of
more precise correlation, this exposure of older lavas was mapped
(pl. 1) as volcanic rocks of possible Eocene age.

These older rocks are more altered and more impregnated with
zeolites and secondary minerals than the Columbia River basalt;
hence, they would probably afford poorer yields of water to vells.

SEDIMENTARY ROCKS OF OLIGOCENE AND MIOCENE(?) AGES

Sedimentary rocks of Oligocene and Miocene( ?) ages occur in the
belt of hill land extending northward into the Wapato Creek Valley.
They continue along both slopes of the Tualatin River valley from
Gaston to Forest Grove. These sedimentary rocks make up th~ west
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slope of David Hill and form the broad expanse of mountainous
slopes that comprises the headwater areas of the two fcvks of Dairy
Creek. They are also exposed beneath a small area in the canyon of
McKay Creek.

The sedimentary rocks of Oligocene and Miocene(?) ages extend
upward from the top of the Eocene rocks to the base of the overlying
Columbia River basalt. As grouped on Warren’s (1945) map and
on plate 1, this sequence may contain strata equivalent to several
formations described in more detailed treatises.

The sedimentary beds consist of shaly and tuffaceons sandstone,
sandy shale and tuff, and some conglomeratic material. The beds
consist of marine sediments and contain minor amounts of near-shore
brackish and possibly fresh-water deposits. The beds that crop out
in McKay Creek near the bridge in the SW1/ sec. 18, T.2 N,, R.2 W_,
are massive medium-hard blue-gray tuffaceous sanidstone containing
many marine shells. The rock is composed largely of rounded sili-
ceous medium and coarse sand grains; interstitial filling consists of tu-
faceous and pumiceous material.

The beds dip inward toward the center of the Tualatin Valley from
the southwest, west, and north (pl. 1). They also are presumed to
dip into the syncline, at depth, from the anticlinal ridges along the
east side of the valley. A period of subaerial erosion must have oc-
curred between the deposition of these sedimentary rocks and the out-
flow of the lavas of the Columbia River basalt. However, where the
stratification of the Oligocene and Miocene( ?) sedimentary rocks can
be observed close below the basalt (in the Dairy Creek, McKay Creek,
David Hill, and Chehalem Mountain exposures), the bedding of the
sedimentary rocks is in general accordance with the base of the basalt
and the layers within it; at least, any discordance in these exposures
is too small to be conspicuous. The contact between the sedimentary
rocks of Oligocene and Miocene(?) age and the overlying Columbia
River basalt indicates that the sedimentary rocks had been eroded to
a low-lying, gentle plain (probably having a southward slope) when
extrusion of the Columbia River basalt took place in Miocene and
Pliocene ( ?) time.

COLUMBIA RIVER BASALT

Overlying the sedimentary rocks of Oligocene and Miocene(?)
ages is a series of lava flows known collectively as the Columbia River
basalt. This basalt sequence is an aggregation of lava flows that lie
layer on layer without appreciable interflow sediments. These flows
consist largely of blocky, jointed lava and contain only very small
amounts of breccia. The basalt is a brown, black, or dark-gray dense
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rock that has a pronounced vesicular structure near the tops of most
of the individual lava flows.

Each flow has its own system of joints and cracks, resulting largely
from contraction during cooling. The most common joint systems
are columnar, cubic, and sheeting. Columnar jointing separates the
flows into rudely hexagonal columns, which extend perpendicular to
the cooling faces—generally at the top and bottom of the flow. Rec-
tangular jointing separates some flows into rudely cubic blocks that
commonly range from 2 to 12 inches in dimension. Both the columnar
and cubic systems of jointing exist in some flows, but in most flows
one is more extensive than the other. Sheeting joints occur in some
flows and are conspicuous near the top and bottom of the flows, whose
surfaces they roughly parallel.

The Columbia River basalt ranges in thickness from zero in the
northern part to about 1,000 feet beneath the central and southern
parts of the drainage basin. The main mass in its vast occurrence
east of the Cascade Mountains in central Washington is regarded as
belonging to the Miocene epoch and possibly also to the early part
of the Pliocene epoch. West and north of the Tualatin Valley, its
supposed extensions are interbedded with the upper part of the Astoria
formation and are therefore considered to be of Miocene age in that
locality. This Miocene age is probably applicable to at least a major
part of the Columbia River basalt in the Tualatin River basin.

The base of the basalt is a regular and consistent plane in most of
the basin, although it has some irregularities. The thickness of the
basalt changes evenly and gradually. Presumably, before deforma-
tion and erosion took place, the top of this accumulation of highly
fluid lava was a fairly level plain. Now mildly warped, the top of
the basaltic lava, deeply weathered and moderately eroded, forms the
surface in many of the upland slopes, such as the slopes in the Che-
halem Mountains, Cooper and Bull Mountains, Parrett and Petes
Mountains, and the highest ridges of the Portland Hills (fig. 8 and
pl.3).

Eastward from the rim of the Chehalem Mountains near Gaston and
the rim of David Hill, the Columbia River basalt forms the general
bedrock, the uppermost consolidated rock of the whole basin area—
except in places along the west slope of the Portland Hills where the
younger Boring lava lies above it and in areas of sedimentary rock in
upper McKay and Dairy Creeks from which the basalt has been
stripped by erosion. The basalt itself is visible in only a few places
other than in the steepest cliffs or stream bluffs and in artificial ex-
posures, such as quarries and roadeuts.

In most of the upland areas, the top 20 to 200 feet of the basalt is
weathered to residual lateritic soil. This deeply weathered material
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forms some of the distinctive “red land” soils of the area. In places,
the laterite also forms an important low-grade deposit of aluminum
ore (Libbey and others, 1945). A similar thickness of weathered ma-
terial at the top of the basalt extends beneath most of the valley-fill
deposits.

F1cUuRe 6.—Photographs showing weathered Columbia River basalt.
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TROUTDALE FORMATION

Overlying the downwarped parts of the Columbia River basalt is a
deposit of semiconsolidated silt, clay, and sand, chiefly of lacustrine
origin. Part of the deposit has been correlated (Treasher, 1942) with
the Troutdale formation of Pliocene age, an old alluvial fan deposit
that is extensive along the western front of the Cascade Mountains 20
miles east of the Tualatin River basin.

The Troutdale formation occurs in the linear downwarps (syn-
clines) of the bedrock in the Portland Hills (pl. 1) and can be traced
northward and westward beneath the later Boring lava to the edge of
the Tualatin Valley plain. West of where it is capped by the 3oring
lava, the Troutdale formation is overlapped by younger valloy fill,
and is not differentiated west of the Metzger and Raleigh localities.
Undoubtedly an extension of the Troutdale formation makes up much
of the deep sedimentary fill beneath the main valley plain. D-posits
similar to the Troutdale formation are included in the broad classifi-
cation “Tertiary and Quaternary sediments, undifferentiated” that is
used (pl. 1) to designate all the main body of older unconsolidated de-
posits that underlie the Tualatin Valley plain and that extend down to
the basalt bedrock. The detailed studies necessary to differentiate the
sediments of Troutdale age from younger deposits are beyond the
scope and immediate needs of this report.

The Troutdale formation in the Tualatin Valley consists of clay and
silt and contains some sand and a few gravel beds. On the whole, the
materials are finer grained than in the type locality of the Troutdale
formation in the eastern part of the terraces east of Portland, but the
deposits here have an otherwise similar lithology, stratigraphic posi-
tion, structural relationship, and erosional history. Though deposits
of the Troutdale occur in a few places at altitudes as great as 600 feet
and possibly even 700 feet, they probably did not at any time overlie
the Columbia River basalt, where it now forms the crest of the higher
ridges of the Portland Hills. In a few places along these hills the
thickness of the Troutdale formation exceeds 500 feet; however, the
total maximum stratigraphic thickness is unknown. The degosition
apparently was entirely in fresh water; at least no evidence of marine
fossils and no traces of saline connate ? water are known to the writers.

Truncating the Troutdale strata is an old erosion surface, parts of
which are preserved at the base of the Boring lava. It had a gen-
eral slope toward the Tualatin Valley plain. A cross section of Boring
lava that flowed downslope in a rill of that old erosion surface is

2The term ‘“connate” is applied to the water trapped in a sedimentary rock when it
was deposited. Newly deposited clays, silts, and sands commonly contain 20 to 5% percent

pore space which can hold water. In places, this connate water is retained for a long
time, especially in the clay and silts.
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shown in figure 7. Undoubtedly the erosion that produced this surface
on the Troutdale formation, in the uplifted belt along the Portland
Hills, contributed much sediment to the alluvial fill that covers the
deposits of Troutdale age beneath the main Tualatin Valley plain.

BORING LAVA

A later volcanic extrusive rock, named by Treasher (1942) the Bor-
ing lava, lies upon the Troutdale formation and the Columbia River
basalt in a roughly linear band along the west flank of the Portland
Hills. The known occurrences of this lava extend southward from
the ridge crest east of Cedar Mill through Sylvan and Multnomah
to Mount Sylvania. Farther south and east these rocks occur outside
the Tualatin Valley in Mount Scott and the hill lands of the Beaver
Creek, Damascus, and Boring (city) areas. Apparently the lava was
extruded from local fissures and from central vents, such as Mount
Sylvania and Mount. Scott.

The Boring lava is a gray basaltic rock containing nearly micro-
scopic phenocrysts of olivine and plagioclase feldspar in a rather stony
and, in part, microcrystalline groundmass. It has a distinctive bluish-
gray color and, in places, a porous appearance. In some places a
widely spaced columnar jointing has formed and in others, closely
spaced flagstonelike platy jointing. The rock is not known to have
been deformed tectonically in the Tualatin Valley area.

In its original extrusion the Boring lava was probably not much
more extensive in the Tualatin Valley than it is at present (pl. 1).
The fact that its outflow on the surface followed the details of the
erosional surface is proof that some time elapsed between the deposi-
tion of the Troutdale formation of Pliocene age and the extrusion of
the Boring lava. Whether that time lapse was sufficient to place the
Boring lava in the Quaternary period is not known; hence, the non-
specific age assignment of late Pliocene to late (?) Pleistocene to the
Boring lava (pl. 1). Logs of wells, such as IN/1W-£0H1, -35M1,
and 1/1W-1111 (table 2), show the Boring lava over the deposits
of the Troutdale formation. Apparently the Boring lava flowed from
many small vents along linear structural fractures. Some of the out-
lets, such as Mount Sylvania and the twin hills southeast of Cedar
Mill, acquired and still retain the conical shape commonly associated
with vents of explosive extrusion or with orifices from which highly
viscous lava flowed. Only in one place (West Burnside Road, sec. 6,
T.18S.,R.1E.) did the lava accumulate high enough to flow eastward
over the divide and be preserved downslope on the Willamette River
side.

There has been but little erosion of the Boring lava. Consequently,
the areas where it occurs still depict many of its original depositional
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F16URE 7.—Photographs showing features of the Boring lava.

details. Where the Boring lava abutted against the mountain slopes
of the Columbia River basalt, which had 50 to 200 feet of residual
and alluvial soil cover, and where it abutted against a layer of Trout-
dale age that thinly covered parts of the basalt, stream entrenchment
has removed the intervening soft material. Thus, narrow stream val-
leys now isolate many of the areas of Boring lava from the slopes
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against which it originally abutted. Because the higher parts of the
areas of Boring lava are covered with 5 to 30 feet of soil and alluvial
material, the lava crops out in only a few places, except where it is
artificially exposed. Along the Portland Hills the base of the Boring
lava occurs at an altitude of about 300 to 350 feet, and at its western
extremity it extends to a minimum altitude of 150 to 160 feet, some
50 feet below the present general plain on the valley fill. The down-
slope edges of the Boring lava are now covered with as much as 30
to 50 feet of the undifferentiated valley fill.

TERTIARY AND QUATERNARY VALLEY FILL UNDIFFERENTIATED

Beneath the main part of the valley plain, and lapping up along
the margins, are unconsolidated sediments that cover the irregularities
in the bedrock surface and underlie a smooth valley plain. This fill
ranges from a featheredge at the margins to a common thickness of
300 to 600 feet beneath the lowest parts of the valley plain. The fill
also extends at many places to a depth of 900 feet and has a maximum
known depth of 1,480 feet at Hillsboro in the deeper trough that lies
north of Cooper and Bull Mountains.

The valley fill includes deposits that range in age at least from
the time of the earliest warping of the Columbia River basalt (in pre-
Troutdale or Troutdale time) to the present time, as the alluvium is
still accumulating in places (pl. 1).

The undifferentiated sediments of the wvalley fill have been arbi-
trarily separated from the Troutdale formation where the two abut
in the Raleigh and Metzger districts. Elsewhere in the valley the
age of any part of the undifferentiated valley fill is not known to be
equivalent to the Troutdale formation. It is possible that only along
the flank of the Portland Hills uplift does the Troutdale formation
occur at such a high level. Through the rest of the undifferentiated
fill, the equivalents of the Troutdale formation must lie at consider-
able depth.

Because of the difficulty in distinguishing the deposits of Trout-
dale age from the alluvium and because the hydrologic features and
lithologic characteristics of the two materials are similar, most of the
deposits were grouped together in this report as Tertiary and Quater-
nary valley fill, undifferentiated (pl. 1). The older alluvium was
mapped separately only along the Willamette River, the east fork
of Dairy Creek, and the Tualatin River near Forest Grove. The
younger alluvium was differentiated in the flood plains of most of the
larger streams of the area. Elsewhere alluvial deposits of comparable
age were grouped in the undifferentiated valley fill.

The undifferentiated fill is largely clay and silt. Sand beds occur
at widely separated vertical intervals, and a few of these sand zones
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seem to have widespread though not universal extent. The sand is
mostly very fine grained, well sorted, and lacustrine in character.
Very few gravel beds have been found in the valley fill except boneath
the area where Gales Creek passes onto the valley plain; there, some
long gravel lenses occur, diminishing in thickness and extent eastward
from Forest Grove. Some sand zones occur in the valley fill beneath
the Hillsboro district and, to a lesser extent, beneath the Beaverton
district. At these two places the sand zones have been drilled suffi-
clently to establish their local continuity.

The best known of the gravelly beds occurs at a depth of 95 feet in
a number of wells at Forest Grove and at a depth of 110 to 120 feet
in some wells, such as 1/8W-4Q1 and -5F1, farther east. Apparently
a 10-foot thick marginal phase of this gravelly sand bed was reached
at about 120 feet in a well just northeast of Cornelius in the
NW1,SW1, sec. 34, T. 1N, R. 3W.,in 1960.

The following size analysis was obtained by screening a bailed
sample of the gravelly sand from the well in sec. 34:

Openings per inch—

Retained on— Percent cf sample

M o e 14

16M e P

30M _ e A

A2M 17

S0M _ 5

80M_______ P 7
Passed through—

OM e 7

The pebbles and coarse gravel are composed of fine-grained sand-
stone and siltstone, basalt, quartzite, nodules of cemented shale, or
chert, quartz, and other silicas. The sand grains are composed of
the same materials, but quartz and other silicas are more abundant
and compose about 20 percent of the grains.

The undifferentiated fill of the Tualatin Valley is probably entirely
a fresh-water deposit. None of the many wells are known to have
encountered saline water that could be considered connate anc there-
fore indicative of marine or brackish water deposition. Because fine-
grained materials tend to retain some part of the water in which they
were deposited, the absence of marine-type water indicates thet fresh
water was the most likely environment of this valley fill. Moreover,
no marine fossils are known to have been found in the valley fill.
Samples from well 1N/3W-7A2 at 660 feet and well 1/1W-17A2 at
750-800 feet were examined by Dr. Weldon W. Rau (oral comrunica-
tion) who found no micro-organic fossils. Furthermore, the fact that
much uncarbonized wood has been found in the upper 300 feet of
the deposits during the construction of many wells in the valley fill
suggests fresh-water deposition.
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In the main valley, only the deposits underlying the flood plains
and channels of the present streams are mapped separately (pl. 1)
from the main body of the valley fill; however, other parts of the
undifferentiated valley fill niay be as young as the older alluvium
that is distinguished at other places in the valley.

ALLUVIUM

The flood plains of the present streams and the slightly higher
areas of former flood deposition, as well as a few pocketlike areas
where water-borne debris has accumulated, are the principal sites
anderlain by alluvium sufficiently thick to map. The older alluvium
lies generally above the level of present deposition. Younger allu-
vium is still being deposited during periods of flood. Tn most parts
of the basin the alluvium is relatively thin. The alluvium along
Gales Creek averages less than 20 feet in thickness, and most of the
younger alluvium along the channels of Dairy and McKay Creeks
across the valley plain is less than 10 feet thick. The alluvium along
the flood plain of the main stem of the Tualatin River from Gaston
and Forest Grove downstream may be considerably thicker, in places
as much as 30 feet thick. Along the Willamette River, at the south
edge of the area covered in this report, the younger alluvium is 40
to 50 feet thick.

The alluvium below the flood plains in the Tualatin Valley is al-
most all fine-grained material—silt, clay, fine sand, and peaty material.
The younger alluvium of the smaller Creeks (Dairy anc others) con-
sists of a shallow deposit of reworked material and a tronsient chan-
nel bedload. The large lowland northeast of David Hill, which is
poorly drained by the West Fork of Dairy Creek, appears to be under-
lain by a thick deposit of younger alluvium deposited in an area of
subsidence. An area in Wapato Creek valley just southeast of Gaston
is poorly drained because of the damming effect of the alluvial fan
of the Tualatin River where that river enters the bro2der Wapato
Creek valley. The younger alluvium along Gales Creek and the main
stem of the Tualatin River is a backfill and flood deposit that accumu-
lated as the streams swept their channel beds laterally across the
valley plains. This younger alluvium consists entirely of fine-grained
materials and underlies wet, poorly drained land.

In general, the older alluvium is composed of similar fine-grained
materials except along the Willamette River, where gravels and sands
are present. Great quantities of older alluvium, which accumulated
largely in Pleistocene time, are part of the extensive devosits of the
Willamette River.

Where the alluvium abuts against the mountainous slopes, it is
overlain by some slope-washed detritus. The overlyirg accumula-
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tions at the landward edge and erosion at the streamward edge have
given a pronounced slope to most of the terrace surfaces on the older
alluvium; in some places this steepening has accentuated the criginal
terrace slope. The areas of older alluvium along Chehalem, V7apato,
and Gales Creeks are remnants of former valley plains that now re-
main as terraces along the sides of the present flood plains. These
deposits of older alluvium are thin and rest on eroded bedro~k sur-
faces. Southward through Tonquin to Mulloy, a train of rock rubble
extends from a former spillway across the bedrock divide. That
rubble train is included with the older alluvium of the Wilsonville
plain of the Willamette Valley proper.

STRUCTURE OF THE ROCKS

IMPORTANCE OF ROCK STRUCTURE

Because most of the rocks in the Tualatin River basin were orig-
inally sedimentary deposits, voleanic lava flows, or sedimentary ac-
cumulations of voleanic fragmentary debris, we know the original
bedding of each rock unit was nearly horizontal. The present posi-
tion and inclination of these beds are measures of the earth’s defor-
mation since the rocks were formed. A knowledge of the condition
and attitude of the rocks affords a means by which their continuity
and depth can be determined. Thus, the exploitation of any resources
in a rock formation requires that the structure of the rock be known.
This need for structural information is particularly vital to the de-
velopment of ground water known to occur in some of the lava-rock
units. At places the availability of ground water can be determined
if the position of certain rock units is known underground. This
determination can be made by graphic projection of the rock units
from places where they are exposed, if their structure and continuity
are reasonably well known.

INCLINATION OF THE ROCKS

The Eocene and other Tertiary sedimentary and volcanic rocks that
crop out in the mountain slopes of the west side of the Tualatin River
basin dip generally eastward. Those same rock units exposed on the
north side of the basin dip generally southward. Some of the ob-
served dips are shown on plate 1.

The Columbia River basalt is inclined generally in accordance with
the underlying Tertiary rocks. It dips northward off the Cl ehalem
Mountains north of Newberg and eastward off the extension of the
Chehalem Mountains and David Mountain, south and north of Forest
Grove, respectively. The Columbia River basalt dips southward in
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the mountains near North Plains and Helvetia, westward in the west-
ern part off the Portland Hills, and outward away from the center of
Cooper and Bull Mountains. The upper surface of the basalt is, in
general, a subdued replica of its original constructional surface, which
has been modified slightly by weathering and erosion and deformed
by folding and faulting.

There are very few places where the structure can be observed in the
beds of the Troutdale formation. The presence of the Troutdale, al-
most exclusively in the structural sag of the Columbia River basalt,
indicates that its deposition followed part of the folding of the basalt
but that it may have been involved in later moderate displacements
(pl. 3). Mr. Robert Murphy (oral commun.) reported that he found
steeply inclined beds of semiconsolidated clay and siltstone below a
depth of 12 feet while digging a well some years ago at his house near
Fanno Creek in the NE14NW1/ sec. 27, T.1 S.,, R. W. That location is
near a known displacement in the underlying Columbia River basalt,
and the inclined beds may represent deformed beds of Troutdale age
along that structural lineament. The actual deformatior of the Trout-
dale formation may be more extensive than can be inferred from the
few exposures of it.

The Boring lava and the alluvial deposits are not te~tonically de-
formed.

MASTER SHAPE OF THE TECTONIC STRUCTURES

The main structural feature of the Tualatin Basin is a shallow bowl-
shaped syncline which contains an interior, centrally loce ted anticlinal
ridge—the Cooper Mountain-Bull Mountain ridge. The form of that
structire, at least as it affects the water resources, is shown on the
geologic map (pl. 1) and the structural contour map of the Columbia
River basalt (pl. 2). The basinwide synclinal structure is divided by
the Cooper Mountain-Bull Mountain ridge, so that the bedrock lies in
separate synclinal troughs to the north and the south of that ridge.

Over broad areas of the basin the general structure is a gently
sloping part of the overall synclinal fold, but locally theve are abrupt
changes to steeply dipping folds and fault displacements. The major
known fault displacements include the northeast-trending fault that
separates Parrett Mountain from the east end of the Chehalem Moun-
tains and the southwest-trending fault followed by Gales Creek (pl. 1).

By comparing the altitude of the surface as shown on the topo-
graphic map (pl. 1) with the altitude of the bedrock bene~th the valley
floor (pl. 2) the general depth to bedrock can be calculated at a
proposed well site. The bedrock contour map is generalized and later
refinements may be warranted as more information is obtained from
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additional wells. For example, a shallow buried ridge in the b=drock
surface is reported to extend north from Cooper Mountain to Huber
but was omitted because of the lack of data on it. It is apparent
that many minor irregularities of the bedrock surface beneath the
valley fill are not adequately shown by the information now at. hand.

SECONDARY TECTONIC ELEMENTS

The major deformation which produced the bowl-shaped structure
in the bedrock of the Tualatin Valley also produced many subordinate
structural features that affect the occurrence and developm~nt of
ground water.

Structurally, the Portland Hills are mainly an assemblage of sep-
arate linear folds extending from Oregon City to where they merge
with the uplands north of Portland. Asshown on plate 1, the deposits
of Troutdale age and the Boring lava have filled some of the linear
synclines; so, the topography is gentle between the higher parts of
some of these en echelon anticlinal ridges.

The Bull Mountain-Cooper Mountain upland is ringed in part by
linear topographic sags that apparently represent. lines of steep fold-
ing or steplike fault displacements. A similar linear depression sep-
arates Bull Mountain and Cooper Mountain. Other such displace-
ments of the bedrock are visible on the topography.

Within the Tualatin River basin, the Chehalem Mountains consist
mainly of the Columbia River basalt dipping monoclinally inward.
Near the northwest end the mountain is a tilted block whose western
limb, if any ever existed, had been upfaulted and subsequently eroded
in the Gaston area.

The course of Fanno Creek roughly parallels the axis of a complex
and moderately steep syncline between the Portland Hills and the
Cooper Mountain-Bull Mountain anticline. A buried “high” in the
Columbia River basalt extends westward through Progress (pl. 2)
and bisects the complex north-south syncline beneath the Fanno Creek
valley. The steeply dipping beds of probable Troutdale age, found
in the Murphy dug well as previously mentioned, and the badly frac-
tured basalt in the saline-water well (1/1W-27(1) lie along the north
edge of this bedrock “high.”

The low bedrock ridge which connects the north ends of Parrett
Mountain and Petes Mountain is an anticlinal warp between the sharp
syncline under the main stem of the Tualatin River to the north and
the southeastward-plunging synclinal basin in which Wilsonville is
located.

Although the major structures of the bedrock are more readily
apparent, many minor structures are particularly significant to the

728-196 0—64— 3
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development of the ground-water resources because, in many places,
their structure controls the vertical position and horizontal extent of
the water-bearing rocks.

TYPES OF DISPLACEMENTS

Most of the major bedrock structures of tectonic origin are due
to folding, though some, such as Parrett Mountain and the highlands
south of Gales Creek, are largely due to displacement along faults.

Of the minor structures, both folds and faults are known. The
earth stresses that produced the major structures undoubtedly pro-
duced many minor displacements, only a small part of which can be
delineated on the basis of the present information.

Some steplike displacements are present in the bedrock below the
valley fill, as indicated by steep linear slopes shown on the bedrock
contour map (pl. 2). Particularly significant is the bedrock displace-
ment that trends east-west just north of Farmington and seems to
form the northern limit of an area of flowing wells; clso significant
is the displacement that trends generally east-west through well
1/1W-27C1 just west of Progress. Apparently the bedrock is sim-
larly displaced, between wells 1/1W-33P1 and ~P2, in the depression
that separates Bull Mountain from Cooper Mountain. Many of those
sharp changes in the level of the bedrock surface may be due to sharp
folds, but some are known to occur at fault zones such as that pene-
trated by well 1/1W-27C1.

EFFECTS OF TECTONIC STRUCTURES ON THE GROUND-WATER
RESOURCES

The sand aquifers in the alluvium and the upper par* of the valley-
fill deposits are virtually horizontal and have not been affected by
tectonic movement. However, tectonic structures do largely control
the availability of ground water in the Columbia River basalt, which
is the most productive aquifier in much of the Tualatin Valley.
Whether the basalt is economically within reach beneath the valley
plains or whether it stands so high above the water teble in the up-
lands that all but meager pockets of perched water are drained out is
determined by its position in the tectonic structures.

The ease with which fresh water can enter the porous zones in the
basalt is largely controlled by the tectonic structures. Water can
most readily enter and recharge these porous zones through the
gravelly beds of streams which flow across the beveled edges of the
basalt layers. Recharge is poorest in flat-lying basalt v-hich is deeply
covered by relatively impervious beds of valley fill. Some areas of
good recharge are along the margins of the Tualatin Valley plain;
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some of the areas of poorest recharge are in deep parts of the synclines
beneath the central part of the valley plains.

Because of the layered arrangement and the irregular continuity
of the porous zones in the basalt, a progressive decline in the volume
of water transmission can be expected away from the points where
fresh water recharges to the basalt. However, wells downdip from
and relatively near points of recharge may be advantageously located
for large sustained yields of water from the basalt.

Other investigations have revealed that lines of severe flexure, re-
sulting from both tight folding and faulting, may act as barriers to
the lateral transmission of ground water in the basalt (Newcomb,
1959, p. 10-12). In some places such barriers may be responsible for
the high levels of the ground water found on the updip side and the
nearby lower water levels on the downdip side of a fault. Locally,
parts of some fault zones in basalt may provide a vertical passage for
small amounts of ground water. Such vertically permeable perts of
the fault zones may serve as discharge routes from the basalt to the
overlying alluvial materials or to the surface. Likewise, permeable
parts of fault zones inay allow some water of poor quality to rise from
the older rocks that underlie the basalt. Such may be the situation
in the shattered rock, in which saline water was tapped by well
1/1W-27C1, as described in the section on “Chemical quality of the
ground water” (p. 52).

GROUND WATER
GENERAL HYDROLOGIC FEATURES

Beneath a given level, not far below the surface of the valleys,
all the materials of the outer part of the earth’s crust are saturated
with water. The upper surface of this water-saturated zone of the
earth is called the water table, except where that surface lies within
an impermeable body. The water in the rocks below the water table
is said to occur under water-table conditions and is called unconfined
ground water. Despite the fact that all the rocks below the water
table are saturated, only certain parts of some rock units have suffi-
ciently large and interconnected pores to transmit water readily.
Ground water in the Tualatin Valley occurs chiefly under water-table
conditions.

In some places, extensive layers of rock in the zone of saturation
consist of tight, impermeable materials of sufficient lateral extent to
deny the ground water ready passage upward. Ground water below
such an impervious layer is under a hydrostatic pressure, which is
determined by the altitude of the water table beyond the edges of
the confining layer. Where such a confining stratum is perforated
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and an aquifer below is tapped by a well, the ground water rises to
an altitude equal to the hydrostatic pressure in the aquifer. Such
ground water is said to be confined or artesian.® Some confined water
exists in the Tualatin Valley, as described in the sections below.

In some places, layers or zones of impermeable material hold the
infiltrated water above the regional water table. Such conditions re-
sult in small areas of saturation and are called “perched” ground
water. At many places in the higher parts of the Tualatin Valley,
perched ground water occurs, as described in later sections.

The availability of ground water occurring under unconfined, con-
fined, or perched conditions, and the uses that can be made of it are
determined largely by: (1) physical character of materials in which
the ground water occurs, (2) the manner and place of recharge, (3)
the characteristics of movement or transmission of water through the
rock material, (4) the place of discharge—either natural (springs and
seeps) or artificial (wells), and (5) the chemical and physical changes
that take place during the water’s passage underground.

UNCONFINED GROUND WATER

Throughout the greater part of the Tualatin Valley plain, the
ground water, in both the valley fill and the underlying older rocks,
stands in wells at a uniform level. The water table lies not far beneath
the surface of the main valley plain and slopes generally toward the
Tualatin River and its tributaries at about the same rete as the land
surface. Beneath the hill and mountain slopes around the margins
of the valley and the Cooper Mountain-Bull Mountain hill land, the
level of the water table is continuous with the level of the water table
beneath the valley plains. It is a level of saturation tl'at cuts across
geologic units of different lithology.

The unconfined ground water is tapped by several thousand wells,
many of which are listed in table 1. Water-level records for some of
these wells are shown graphically on figures 9-14.

The water table fluctuates in conformity with the annual rainfall
cycle. The hydrographs (such as figs. 11 and 14) shovw that the level
of the water in the shallower wells of the valley fill fluctuates as much
as 15 to 20 feet. Apparently, recharge during the months of heavy
rainfall is so great that it fills all the available pore space of the
valley-fill deposits nearly to the land surface. The weater tapped by
deeper wells in the valley fill is partly confined. This water does not
show so great an annual fluctuation, ranging from 5 to 10 feet per
year (fig. 13).

3 Most hydrologists apply the term ‘“‘artesian” to any ground water that rises above its

confining layer. Some dictionaries, however, use the older definition of “artesian.”
applying it to ground water that flows at the land surface.
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CONFINED GROUND WATER

Some of the deeper strata of the valley fill and, in places, the Colum-
bia River basalt at depth beneath the valley fill contain ground water
that rises in wells above the level of the water table. In general, wells
that tap the confined water with the greatest head above the water table
are located around the sides of the valley floor. Water flows from
several of these wells near Cedar Mill, North Plains, Helvetia, ITansas
City, Farmington, and Mulloy (on the Willamette slope south and
outside the Tualatin Valley proper). The wells with the greatest con-
fined water pressure are the Hartung well (1N/1W-28P2) aud the
Gent well (1N/4W-15C1), in which the pressure is sufficient to raise
water about 50 feet above land surface.

PERCHED GROUND WATER

Beneath the slopes and uplands around the margins of the Tualatin
Valley, ground water occurs above the regional water table in rela-
tively small quantities. Ground water percolating downward toward
the water table in places encounters impermeable layers which impede
its movement and produce relatively small saturated zones abcve the
regional water table. Such water is perched on impermeable layers
in the soil zones and in relatively high parts of valley-fill deposits, as
well as on impermeable layers in the Columbia River basalt and the
Boring lava.

These pockets of perched water are especially important for provid-
ing household supplies in areas where the water table lies at great
depth or lies in impermeable materials from which little water of good
quality can be extracted. Places like Petes Mountain, the Portland
Hills, the Chehalem Mountains, and the north slope of the Tualatin
Valley (north of Helvetia and North Plains) are characterized by
many perched-water bodies. Many small seeps and springs thet pro-
vide household and stock water are outlets for perched water in the
Chehalem Mountains. Ground water in the basal part of the Boring
lava, such as that tapped by well 1/1-31C1, and in isolated porous
streaks of the Columbia River basalt, such as that tapped by well
2/1-31P1, is perched and is developed for household use.

In some circumstances, perched ground water occurs under semi-
confined or confined conditions. Where the perched water fills a
porous zone below a local inclined confining layer, the water in the
lower end of that water body is confined, even though the whole body
is perched above the regional water table. Such is probably the situa-
tion in wells like IN/2W-3K1.
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PRINCIPAL AQUIFERS

In addition to the classification based on the hydraulic conditions
under which ground water occurs, aquifers are classified on the basis
of the geologic unit in which the ground water is found. Because
the water-bearing characteristics are somewhat different in the various
geologic units, this system of classification also includes a general
evaluation of the yields of water that can be obtained Iy wells. The
surface extent. of the geologic units is shown on plate 1. Their sub-
surface continuation is shown on plate 3 and is described in the text

and the data tables.
VALLEY FILL

As described previously under “Geology,” the unconsolidated ma-
terials that have been deposited within the Tualatin Valley structural
syncline are largely clay, silt, and fine sand. Thin beds of fine to very
fine, well-sorted sand occur in the upper 300 to 400 feet of the valley
fill throughout much of the area.

Beneath some places in the western part of the valley floor, sand
beds, and even a few beds of granular gravel, make up an unusually
large part of the valley-fill material. In an area of sever~l square miles
centered around Hillsboro, sand beds are present at depths of about
40, 100, 200, and 300 feet beneath the surface. Not all these zones
are present beneath any one place, but the general sequence has been
found in enough wells to indicate its presence under a fairly extensive
area. Those sand beds supply most of the water now pumped from
wells in this area. The number of producing wells in the 40-foot
sand indicates that the zone is relatively widespread and continuous
in the Hillsboro area.

A sand and granular gravel stratum, about 10 feet thick, occurs in
limited extent at a depth of about 95 feet beneath the north and east
edges of Beaverton but is not penetrated by wells in the St. Marys
district, a mile to the west. Wells 1/1W-16A1 and -22F1 tapped
water in that sand-and-gravel bed, which contains scme black vol-
canic lapilli, BB-sized volcanic ejecta.

A number of gravel layers occur in the valley fill of the Forest
Grove district, where presumably, they were deposited by an ancestral
Gales Creek. Some of these gravel layers may be traced in wells
through Forest Grove and east nearly to Hillsboro, where they seem to
be alined with sand zones. Those gravel strata lie at depths of about
50 feet in Gales Creek valley (well 1/4W-2H1) and at about 100 feet
below land surface at Forest Grove.

Aside from extensive sand zones beneath the Hillshoro area, the
beds of fine sand that serve as water-bearing strata cannot now be re-
lated to sources or to definite stratigraphic positions in the valley
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fill. The fine-sand beds seem to represent deposition by the shifting
and vagrant currents of a lake, and they occur at irregular and un-
related places and positions within the great mass of valley fill, most
of which is clay and silt.

Nearly all of the valley fill is below the level of the water table,
and most of the ground water therein is unconfined. However, con-
fined ground water occurs at a few places in the valley fill. Many
of the fine-sand strata that lie deep beneath clay and silt layers in the
valley fill contain water under a small confining pressure. When
these strata are reached by wells, the water rises slightly above the
local water table and in low areas may even flow at land surfzce.

The part of the valley fill at relatively high altitude along the west
side of the Portland Hills, shown on the geologic map (pl. 1) as the
Troutdale formation, contains ground water in a few gravelly or
sandy zones and in a position that definitely is perched above the
regional water table (see wells IN/1W-23N1and -26E1).

COLUMBIA RIVER BASALT

The Columbia River basalt lies deep below the Tualatin Valley plain
and crops out in the adjacent slopes and hills. The basalt consists of
a series of individual lava flows. Between some of the successive
flows are zones of breceia, “cinders” or broken rock, which are porous
enough to permit a comparatively free movement of water. It is
mostly in these interflow zones that the percolation of ground water
takes place in the Columbia River basalt. Cracks and fissures in the
dense part of a lava flow may contain some ground water and, in a
few places, may act as passages for water moving vertically between
interflow zones; but in general those cracks and joints within the cen-
ters of individual lava flows yield little water to wells. Any par-
ticular interflow zone, even one that is highly permeable, may contain
isolated sections or pockets of impermeable material. For this r-ason,
even wells drilled close together may obtain water from different inter-
flow zones and may have slightly different static water levels.

Ground water occurs under water-table conditions in the Columbia
River basalt at Cooper Mountain, Bull Mountain, and some of the
slopes along the margins of the valley. Well 1/1W-301.1 (table 1)
illustrates water-table conditions. In this well, drilled almost on the
summit of Cooper Mountain at an altitude of 790 feet, water was first
found at the regional water table, at about 215 feet altitude. Many
other wells in this area and the Bull Mountain area are repor‘ed to
have static water levels at about that altitude (table 1).

Confined ground water in the Columbia River basalt occurs mostly
under a pressure head, depending on the altitude of the regional water
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table either nearby or at some place upslope from the well. Conse-
quently, wells tapping water in the Columbia River basalt below the
valley fill in most areas have a static water level that stands at about
the level of the valley floor. Wells of this type are common in most
parts of the valley ; examples listed in table 1 include the north well of
the city of Beaverton (1/1W-11L1), the city wells of North Plains
(IN/3W-1K1 and -K2), the Al Peters well (1N/3W-SE1), and the
S. R. Rotchstrom well (2/2W-6D1).

Only a few wells have been drilled into the Columbia River basalt
where it lies more than 1,000 feet below the valley floor. Two such
deep wells, the Birdseye Cannery well (1IN/3W-36R3) and the Oregon
Nursery Co. well (IN/2W-34H1), were drilled many years ago and
were abandoned after penetrating less than 200 feet of basalt. The
authors believe this penetration was not enough for an adequate test
of the water-bearing properties of the Columbia River basalt. The
latest deep well (1/1W-17A2), for St. Mary’s School near Beaverton,
entered the basalt after penetrating 1,170 feet of valley fill; it pro-
duced 115 gpm (gallons per minute) at a drawdown of 200 feet.
However, the water was saline as described in the section on “Chemi-
cal quality of the ground water.”

Locally, along the margins of the valley in the Portland Hills, in
the Helvetia area, and in the vicinity of Kansas City, perched artesian
water occurs in wells penetrating the Columbia River basalt. The
water in these wells stands considerably above the r~gional water
table. Partial stratigraphic traps, in which some of the permeable
interflow zones within the basalt have become thin or have pinched
out, are the probable cause of these occurrences of perched artesian
water.

Structural displacement due to faulting or sharp folding, which
causes permeable interflow zones to terminate against less permeable
rock, is another possible cause for confined water found by wells at
some places in the basalt. Examples of such wells are the Lindow
Bros. well (1IN/1W-28E1) north of Cedar Mill and the Goff well
(1N/4W-23R1) south of Kansas City.

Most of the wells that tap large supplies of water in the Columbia
River basalt penetrate at least 200 feet of the basalt. The large-
capacity wells in the Farmington area obtain most of their water by
penetrating about 300 to 400 feet of basalt. The Schallberger well
(1/2W-29P1), known as the “old Dalby well,” penetrated about 300
feet of rock before obtaining a flow of about 120 gpm. Mr. Schall-
berger (oral communication) reports that the well can be pumped at
600 gpm with a drawdown of less than 25 feet. On the south side
of Cooper Mountain, the Bierly Bros. well (2/2W-1J1) penetrated
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about 550 feet of Columbia River basalt before obtaining a yield of
about 600 gpm (fig. 8).

An aquifer test at well 2/2W-1J1 indicated a coefficient of trans-
missibility * of 23,000 gpd per ft for the Columbia River basalt in that
vicinity. At present, only wells in Columbia River basalt have yields
greater than 200 gpm.

BORING LAVA

'The Boring lava underlies large parts of the eastern slopes and up-
lands of the Tualatin Valley (pl. 1). It is similar in many respects to
the Columbia River basalt, but its lava flows are more irregularly
laiyered than those of the older basalt. Because most of the Boring
lava is about 200 feet in altitude, the greater part of it lies above the
regional water table. This high position and the lack of permeable
material in the small, irregular interflow zones give it only limited
importance as an aquifer. In places the lava contains small amounts
of perched (both confined and unconfined) ground water. Several

Cooper Mountoin/

Portland Hills.. Bull Mountain.

Fi1GURE 8.—Photographs showing views near Cooper Mountain.

+The coefficient of transmissibility is the number of gallons of water per day that will
pass through a vertical section of the aquifer 1 foot wide at a hydraulic gradient of 1
foot per foot at the prevailing water temperature (Theis, 1935).
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wells—1/1-29N1, -30J1, and -31Cl—near Mount Sylvania tap
perched water. Ground water that is both perched and confined with-
in the Boring lava north of Cedar Mills is tapped by a few wells, such
as 1N/1W-34D2, that produce enough water to supply a household.
One well (1N/1W-21J1) tapping the lava is at an altitude low enough
to allow the water to flow at the surface.

The confined and perched bodies of water in the Boring lava are
probably caused by stratigraphic traps, as are many similar water
bodies in the Columbia River basalt. These saturated layers, however,
are less extensive than are the similar zones in the Columbia River
basalt. Because of the erratic distribution of the water-bearing zones,
it is difficult to predict at what level ground water will stand if found
in the younger lava.

In most places the Boring lava is underlain by the Troutdale forma-
tion—a series of interstratified clay, sand, and gravel beds. At the
contact between these two formations, some ground water was obtained
in a few wells. A well, such as IN/1W-26E1, tapping the perched
water in these aquifers, produces enough water for one domicile.

North of Beaverton, two large springs known as Johnson Spring
(1/1W-4H1) and Wessinger Spring (1/1W-10H1) flow either
directly from the Boring lava or from its contact with the Troutdale
formation. These two springs each had a discharge of about 340
gpm on April 4,1951.

RECHARGE AND DISCHARGE OF THE GROUND WATER
RECHARGE

The records of the water levels in wells show that the ground-water
levels start to rise as the precipitation and infiltration become greater
during November and December, continue at a high level during the
rainy winter months, and decline as rainfall diminishes and evapora-
tion and transpiration increase during the spring and summer months
(see figs. 9-14 and table 5). The ground-water levels in most wells
reach the low part of their annual range in the summer and their
lowest points in September or October of each year. The levels of the
unconfined ground water beneath the valley floor agree well with the
annual rainfall cycle. There is little lag between the time of the in-
crease and decrease in rainfall and the corresponding response in the
levels of the unconfined ground water. Such correlation strongly in-
dicates that the source of the unconfined ground water in most of the
Tualatin Valley is from the precipitation that has infiltrated in the
immediate vicinity.

The confined water in the Columbia River basalt, and possibly in
the deeper parts of the unconsolidated deposits, percolates laterally
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in the direction of the hydraulic gradient from either nearby or distant
areas of recharge toward areas of discharge. The levels of this con-
fined water fluctuate in general conformity with the precipitation

(see figs. 9, 10, and 13). The recharge to the confined water may
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accrue directly to a water table at some distance from the observed
wells and by pressure transfer cause the water level to rise in the
observed wells. Probably a main source of recharge to the deep
sand aquifers in the valley fill is water from the unconfined zon= leak-
ing through the clay and silt layers between the aquifers. Well
1N/3W-13F3 taps water which is probably recharged by this inter-
aquifer transfer; however, part of its annual fluctuation (table 5)
may be caused by pressure due to the loading and unloading of the
overlying deposits with water in the zone of unconfined ground water.

The water levels in wells that tap perched water (see table 5) also
vary in general with the annual cycle of precipitation.

As previously described in the section on “Geology,” the slopes
and uplands at the north and west ends of the Tualatin Valley are
underlain chiefly by impermeable rocks. Such a condition precludes
the transfer of significant amounts of ground water to the valley
from those directions and also renders improbable the interbasin
transfer of ground water into or out of the Tualatin Valley.

The soils, the valley-fill deposits, the Boring lava, the Coiumbia
River basalt, and parts of the Troutdale formation are the main rock
units that are sufficiently permeable to yield water to wells and to
accept recharge for the ground-water body. The valley fill is
recharged directly by precipitation and also by infiltration of water
running off across the valley floor. The volcanic rocks and the Trout-
dale formation are recharged directly by infiltration of precipitation
where those rocks are near land surface in the slopes around the
edges of the valley; also, they are recharged indirectly by water
percolating downward through soils and overlying alluvial devosits.
However, a large part of the precipitation runs off the slop»s and
uplands and the recharge to the voleanic rocks and the Troutdale
formation is only a small part of the precipitation in those areas.

Much of the precipitation that falls on the valley floor infiltrates
and descends to the water table. After the first autumn rains replen-
ish the summer-depleted moisture content of the soils, some of the
rain percolates through the soils. By December or January the water
table has risen high enough that its hydraulic gradient is steep toward
the nearest surface drainage. This steepened gradient may induce
lateral discharge until it equals the rate of recharge and the water
table will rise no higher. If the recharge predominates, the water
table may rise to the land surface. Such a waterlogged condition,
with some of the subsequent precipitation standing rejected on the
surface, is characteristic of many of the flattest parts of the valley
plains in late winter.

Comparison of rainfall records at. Forest Grove with the ground-
water levels given on figure 11 and in table 5 shows that 22.37
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FIGURE 11.—Graphs of water levels in two wells tapping water in the valley fill, showing
effects of seasonal recharge and dralnage of water and local drawdown by pumping.

inches of rain during October, November, and December of 1951
coincided with a 25-foot rise of the water level in well IN/3W-8P1
and about 17 feet in well IN/2W-35E1. In addition, the levels show
that the water table did not rise farther during the ensuing 3 months,
when an additional 16.79 inches of rain fell, and that the water table
declined thereafter during the spring and summer monthsuuntil it
stood near the level of the previous summer.

During the months October to December the average evaporation
from open water bodies (fig. 3) totals only 2.8 inches, and the tran-
spiration probably is even less. Well 1N/3W-8P1, in particular, lies
in a flat area where little or no runoff occurs during the fall months.
Consequently, after allowing about 6 inches for evaporation, tran-
spiration, and the small amount of runoff, it may be assumed that a
minimum of 16 inches of rainfall produced the 25-font rise in the
water level shown in figure 11. Such a rise from 16 incl-es of infiltra-
tion would indicate an effective porosity of 5.3 percent for the valley-
fill deposits and the soils in this zone of water-level rise.

The average annual fluctuation during 1951 and 1¢52, measured
in 12 valley-floor wells tapping unconfined water to the valley fill,
was 17.7 feet. (See figs. 9 and 11-14.) If it is assumed that the
5.3-percent effective porosity indicated by well 1IN/3W-8P1 is rep-
resentative of the valley fill, then the average annual fluctuation indi-
cates that an average of about 11 inches of water recharged the valley
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FIGURE 12.—Graphs of levels of ground water in two wells, showing seasonal fluctuations
and great drawdown during pumping.

fill during the 3-month period October to December, 1951. The water-
level records show that the water table approximately reached the
surface at some of the wells. The water levels also indicate that part
of the precipitation that fell on the valley plain could not percolate
into ground-water storage because the storage space was full during
the ensuing 3-month period, January to March.

Though these estimates of the average annual recharge are rough,
they show that a large amount of water infiltrates to the valley-fill
deposits under natural conditions and that still larger amounts might
mfiltrate if the ground-water levels in the valley fill were lowered by
pumping. The average amount of water that recharges naturally the
ground-water reservoir in the valley fill may be equivalent to, or
greater than, the 18 inches of water that is considered to be the
annual requirement for irrigation in this valley.

The means by which the unconfined water in the basalt benerth the
Cooper Mountain-Bull Mountain upland is recharged is not entirely
known. The water table there is roughly continuous with that in the
valley fill and the basalt beneath the valley floor on both sides of this
upland. The ground water in the basalt of this upland is of good
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quality, though saline water is present at places in th= upper part
of the basalt in the synclinal troughs to the north and south. Thus,
the quality of the water beneath the upland suggests either that some
recharge percolates vertically through the basalt beneath the upland
or that water of good quality was present before the saline water
entered the basalt in the synclinal areas north and south of Cooper
and Bull Mountains.

DISCHARGE

Some of the precipitation that infiltrates to the soil of the upland
slopes is discharged to the surface through small seeps and springs
that abound in ravines and other irregularities of the upland surfaces.
Many of the small upland creeks, such as Tryon (north of Oswego)
and Chicken Creeks, are fed during the summer months by this type
of ground-water discharge. Small and moderate-sized springs, hav-
ing discharges of as much as 100 gpm, occur in the uplands where
ravines and escarpments intersect perched or unconfined water bodies
in the porous zones of the lava rocks and the Troutdale formation.
A line of such springs, one of which is spring 2/8W-4I%1 discharges
at the base of the Columbia River basalt in the escarpment of the
Chehalem Mountains east of Gaston.

The ground water in the Boring lava is largely percl-ed above the
level of the regional water table. Small springs from perched water
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bodies flow into the ravines and creeks along the west slope of the
Portland Hills. Also, large springs, such as 1/1W-4H1 and -10H1
(table 3), flow from the lower ends of the westernmost extensions of
the Boring lava. Apparently the lava moved down former valleys
and, in at least these two points, lies below the altitude of the water
table. These long extensions of the lava serve as drains for the ground
water in the Boring lava, as well as for that in the adjacent uncon-
solidated deposits.

The ground water which percolates through the aquifers of the
Columbia River basalt toward the central part of the basin presumably
has outlets to the surface, as its piezometric surface, in most places,
is close to the level of the water table. Possibly, the ground water
moves from the basalt up into permeable zones of the overlying un-
consolidated deposits, discharges to the surface streams, or both,
through vertical fracture zones like that penetrated by well
1/1W-27C1.

Along the east side of the Tualatin Valley the piezometric surface
of the ground water in the Columbia River basalt stands at an »ltitude
of about 200 feet in the wells near Lake Grove, 185 feet just west of

728-196 0—64——4
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Sylvan and 215 feet just east of Bethany. Just east of the Portland
Hills and outside the Tualatin River basin, the water level in the basalt
stands at an altitude of about 40 feet in the wells at Oswego and at
altitudes of 9 feet and 1 foot in the wells of the Equitable Building
in downtown Portland and the Pennsylvania Salt Co. at St. Johns,
respectively. This drop of about 160 feet in the altitude of the water
in the basalt coincides with the location of the anticlinal axis of the
Portland Hills ridge. Though shale beneath the basalt is probably
high enough to form a subsurface dam more than 200 feet in altitude
beneath much of this anticline, the low sags undoubtedly contain
routes for passage of the water underground across this structural
divide and out of the Tualatin Basin. Similarly, ground water may
also pass through the basalt across the low ridge along the south side
of the Tualatin Basin between Parrett Mountain and Peres Mountain.

The water recharged to the unconsolidated deposits underlying the
valley plains is discharged principally by seepage to the streams.
Although the amount of discharge by evaporation from the land sur-
face (as capillary draft) and by the transpiration of plants is minor,
it is nevertheless significant. A large part of the valley plain is
planted to crops that do not draw large amounts of water directly
from the zone of saturation. The summertime base water level ob-
served in most wells is practically equivalent to the altitude of the
local stream drainage. Usually, the low part of the annual water-
level cycle is approached in July. An average of 11 inches of re-
charge during the preceding fall and early winter, as well as a lesser
but unknown amount of late winter and spring recharge, ordinarily
has been discharged to the local streams and transpired or evaporated
by July.

USE OF WATER

GROUND WATER

The principal uses of ground water in the valley are: (1) irriga-
tion, (2) public supply, (3) domestic supply, and (4) industrial sup-
ply. Of the 3,680 acre-feet of water estimated as the total annual
withdrawal of ground water in 1952 and 1953, irrigaticn accounted
for 1,700, public supply 1,200, domestic supply 630, and industrial
supply 150 acre-feet.

There has been little change in the pattern for the withdrawal of
ground water during the ensuing years. Some suburban homes, public
supply systems, and industrial establishments have added wells;
others have obtained water from the expanding service connections
of the city of Portland and decreased their use of ground water. A
few new irrigation wells have been added in various parts of the val-
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ley, but the increase in irrigation use has been slight during these
years when generally above-average precipitation prevailed.

IRRIGATION

Most of the ground water withdrawn for irrigation is us»d for
dairy pasture and field crops, but the irrigation of vegetables and
berries for fresh-market produce and frozen-food processing plants is
becoming of major importance. The latter use probably will increase
as more successful irrigation wells are constructed in the valley-fill
materials. The water is applied exclusively by means of sprinkler
systems (fig. 8). On the farms using ground water for irrigation,
the number of acres irrigated ranges generally from 1 to 50. Of 75
farms irrigating 3 acres or more in 1953, the average area irrigated
was about 15 acres. In addition, 100 acres of a large golf course was
irrigated from two wells.

In 1953 an estimated 1,125 acres of land was irrigated with ground
water in the Tualatin Valley. That figure includes all the farms on
which an acre or more was irrigated. Irrigation experts agree that
the average application of irrigation water required for most crops
in this area is about 18 inches per growing season. That amcnnt of
irrigation approximately doubles the yield of field and row crops and
much more than doubles the pasture production (Marvin N. Shearer,
Irrigation Specialist, Oregon State College, oral communication,
1959).

From the acreage and the duty of water, the total withdrawal of
ground water for irrigation is estimated to have been nearly 1,700
acre-feet during 1953, or about 46 percent of all the ground water
used in the valley. The following wells supplied water to irrigate 5
acres or more during 1953:

Acres Acres _Acres
Well irrigated Well irrigated Well irrigated

INAIW-28E1_ ... ______ 35 IW-2L2 . 10

28P2 10 2P1._____ 35

IN/2W-1G2_ 15 6}“]1.__._,, 5
2N1. 15 24D1______

30 54D3. - }1‘]0

50 24F1. .. 30

11 25M1__ 6

6 1/2W-8C3.__ 20

3 7 8K1.____ 10

IN/3W- 10 8LL. . . 7

p 14 nr2.._. 10

5 18P1 3

7 19A1.___ 20

12 23Q2__. 40

5 26A1__ 8

IN/M4W- .7 31C1__ 30

IN/3W-25M1 8 13W-5F1. 5

1/1W-1B1 10 22E1 16

2J1 .20 24R1.. 35

P 7 - .20 1/4W-1N1.__ - 10

The large-capacity irrigation wells, such as IN/1W-28E1 and
2/2W-1J1, obtain water from the Clolumbia River basalt. Most of
the wells that tap water in the basalt are near the outer margins of
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the valley plain or near Cooper and Bull Mountains. At those places,
the basalt is so near to the surface that drilling is economically feasi-
ble, the water level is so high that pumping costs are low, and the dis-
tance to points of recharge is so short that the water is generally of
good quality. However, some irrigation wells centrally located in the
valley plain also draw water from the Columbia River basalt. These
wells are especially numerous in the Farmington area, where the basalt
is at moderate depth (see pl. 2).

In many places smaller irrigation wells produce 25 tc 50 gpm from
the valley fill. Very few of these wells are more than 300 feet deep,
and the majority are less than 150 feet. The extent of the known
sand zones in the valley fill has been discussed on pages 22 and 23.

PUBLIC SUPPLY

Seven small cities and towns and one private water district are
supplied principally by ground water from 19 wells end 2 springs.
The total quantity of ground water used in 1962 by these communities,
which had a population of about 18,000, is estimated to have been
about 1,200 acre-feet. This amount is about 33 percent of the total
quantity of ground water used in the valley. All 19 wells draw water
from the Columbia River basalt. Their depths range from 188 to
980 feet and their yields, from as little as 35 gpm to more than 500
gpm.

The cities of Beaverton and Oswego have water mains connecting
with the Bull Run supply of the city of Portland. The West Slope
and Metzger Water Districts use Bull Run water to serve most of
the suburban area in the eastern part of the valley. The Wolf Creek
Water District uses Bull Run water to supplement its supply from
Johnson Spring (1/1W-4H1).

Table at top of page 47 gives incorporated cities and towns that
use ground water as their main source of supply. It shows the esti-
mated amount of ground water used by each in 1952, ard the amount
which went to industrial establishments. These figures show an aver-
age daily use per capita of about 60 gallons in 1952.

DOMESTIC SUPPLY

The rural population, which depends on private wells for its water
supply, is estimated at 23,400 as of 1952 (based in part on the U.S.
Census of 1950). Domestic water was pumped from about 5,000 to
6,000 wells.

If an average per capita consumption of 30 gallons per day is
assumed, then the amount of water used for domestic purposes in
1952 was about 630 acre-feet, or 211 million gallons. Ttis is about 17
percent of the total estimated ground-water withdrawal from the
valley.
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Use of ground water in 1952 by cities, towns, and water districts

Total Industriel use

amount Estimated

City, town, or water district used Source of | population
(millions of supply served Millions of

gallons) Industry gallons

Banks.._. ... .. 6.30 | 2springs. . TO0 |-l
Beaverton___._._ ... .. ... 85.12 | 2wells____ 4,500 [oocmooe el
North Plains.. ... ... ... 4.33 | 2wells____ X1 I P
OSWegO0._ .. . 130.06 | 4 wells____ 4,000 [ oo|emaao
Cannery 13.84
Sherwood oo 45.93 | 2 wells____ 1,060 {Tanner y 58
Tigard .. 40.00 | 2 wells___. 2,240 |oooieoooo. 1.34
Tualatin. ..o 7.65 | 2 wells._.. 460 \(Sanmery-- 2
Lake Oswego Water District..._____._____ 93.44 | 3wells..__ 5,000 | femmamaan
Total. s 412.83 18, 360 27.03

Most of the domestic wells tap shallow sand strata of the valley
fill; however, along the margins of the valley where sand strata are
not found, many domestic wells draw water from the Columbia River
basalt. These wells are generally deeper than those in the valley
fill. Most of the rock wells obtain sufficient water for household use
by penetrating 50 to 100 feet of basalt below the water table.

INDUSTRIAL SUPPLY

Outside the incorporated cities and towns, the use of ground water
for industry is relatively small. Sawyers, Inc., a camera-menufac-
turing and film-processing plant at Progress reported a withdrawal
of 27 million gallons in 1953 from a well tapping the Columbis. River
basalt. This plant is probably the largest industrial establishment
that uses ground water entirely.

Other industrial users include: the Portland Gas & Cole Co.,
which uses 2 million gallons per year for cooling purposes at two gas-
pumping stations; two meat packing plants near Hillsboro; two saw-
mills; a pickle cannery northwest of Oswego; a horseradish-process-
ing plant at Beaverton; and numerous greenhouses and refrigerator-
storage rooms. The total use of ground water by industry, not sup-
plied from public systems, is estimated to be about 50 million gallons
per year (150 acre-feet), or about 4 percent of the total ground water
in the valley.

SURFACE WATER

The amount of ground water used in the valley in 1952 wes com-
pared with the quantity of surface water used by municipalities and
water districts and for irrigation.

IRRIGATION

According to records of the Portland General Electric Co., 8,640
acres was irrigated with surface water in 1952. If an application
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of about 12 inches per year (lower than full irrigation requirements
because of some shortages of water) is assumed, the total diversion of
surface water for irrigation was about 8,600 acre-feet. or about five
times the volume furnished by ground water.

At present, all the available surface water is being u<ed ; hence, no
further expansion of surface-water irrigation can take place unless
additional storage is provided or interstream diversions are made.

A plan to construet storage dams is now under discussion as a means
of providing water to irrigate about 44,800 acres, nearly 414 times the
area irrigated in 1952. If such a project were placed in operation, it
would still leave some 60,000 to 70,000 acres dependent on irrigation
from ground water or from other sources.

PUBLIC SUPPLY

The two largest cities in the valley, Hillsboro and Forest Grove,
are supplied entirely by surface water. At present, the supplies are
said to be taxed to the limit, and other sources may be needed in the
near future.

The amount of surface water used by each city or weter district in
1952 is shown below. The average daily use per capita was about 80
gallons,

Use of surface water in 1952 by cities, towns, and water districts

Total Esti- Industrial use
amount mated |____ —
City, town, or water district |used (mil- Source of supply popu-
lions of Jation | Industry | Millions
gallons) served of gallons
: : Cannery._.__ 260
HlIShOro__...o oo 420,92 | Seine Creek and Tualatin | 4; g5, {Milling Gol| 1038
iver. Failroad. .. 8.85
235.06 | Clear Creek and Gales Creek_| 6,000 | Cannery.__ 187.25
28.00 | Hillsboro system 500
80. 66 3,000
West Slope Water District____| 166.29 6,400
Wolf Creek Water District.___ 140. 47 7,925
Metzger Water Distriet_______ 69. 45 4,775
Total..__________________ 1, 140. 85 39, 600

DEPENDABILITY OF THE GROUND-WATER SUPPLY
PAST RECORDS

Only within one small area (or possibly two) have the water levels
been lowered substantially by withdrawals of ground water from
wells. In the Sexton Mountain district south of Beaverton, the
pumping of the Beaverton municipal well 2 lowers the water level in
some nearby wells that also tap water in the Columbia River basalt.
Figure 10 shows the effect on the water level in one such well. The
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water-level decline in this well (1/1W-21R1) was about 20 feet in
the 3-year period 1948-51 and was about 30 feet during the 10-year
period 1948-58. A decline is reportedly occurring also in wells near
Tigard well 3 (2/1W—iG1). The Farmington artesian area is the
only other area in which a decline below the normal water level is
known to have occurred. The water-level in well 2/2W-6D1 (table
5) haslowered about 2 feet in 3 years. This decline may be temporary,
reflecting a lower-than-average recharge in some past year, or may
be due to other causes. Longer records of the water levels in wells
of this area should permit better evaluation of the long-range effect
of precipitation and other factors on the ground-water levels.

Even though long-term records are not available for the wells draw-
ing water from the valley fill, it is reasonable to assume that no
appreciable decline in the ground-water level has occurred as a result
of pump withdrawals of water. Present records show that much
of the water-bearing material fills each year nearly to the surface
and rejects further recharge.

PROSPECTS FOR THE FUTURE

The records of the wells indicate that ground water in beth the
Columbia River basalt and the unconsolidated valley fill, is available
for further development without serious danger of depleting the
resources. Along the north and south sides of the valley the Columbia
River basalt is at relatively shallow depths and will yield several
hundred gallons of water per minute to properly constructed wells
penetrating it a few hundred feet. Typical wells tapping this unit
include 1IN/3W-1K2 at the town of North Plains, IN/3W-5Q1 at
Roy, 1/2W-29Q1 in the Farmington artesian area, and 2/1W-23N1
near the town of Tualatin. Contours showing the approximate alti-
tude at which the top of the basalt occurs are shown on plate 2. Plate
1 gives the land-surface contours from which the altitude of any
proposed drilling site may be determined approximately. Thus, the
depth to the basalt can be readily computed by comparison of the
two maps.

The sedimentary deposits underlying the main valley plains are
chiefly lacustrine. Except for some layers of coarse sand and fine
gravel beneath the Forest Grove-Hillsboro district, the most perneable
materials are uniform fine sand and very fine sand. Nevertheless, a
great quantity of water can be extracted from these fine-grained de-
posits if wells are properly constructed for that purpose. This source
of water is now tapped for domestic use by wells of small capacity.
The newer method for the construction of wells by packing fine gravel
or coarse sand around well screens set in these deposits is dezcribed
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below in the section on “Construction of wells.” If ground water is
drawn from the fine-sand aquifiers of the valley fill, a large quantity
of additional water can be developed for use. As shown under the
subsection on “Recharge,” the amount of precipitation that becomes
available for recharging the ground water beneath the valley floor in
the fall, winter, and spring months of the year generally ranges from
11 to 20 inches. Thus, the water withdrawal for irrigating a tract on
the valley floor need not exceed the in situ infiltration. Any lowering
of the water table by pumping might have additional beneficial results,
inasmuch as late winter and spring runoff may be diverted to become
ground water, thus easing land-drainage problems. The possible
salvage for use of 11 to 20 inches of additional water over the whole
valley plain is sufficient to warrant extensive research for developing
suitable wells to tap this resource.

CONSTRUCTION OF WELLS

WELLS IN VALLEY FILL

The common domestic wells that tap the sand units of the valley
fill are 6 inches in diameter and are cased with standard welded or
coupled steel pipe. The casing is either perforated or left only with
an open end in the water-bearing zone. In either type of construction,
the finishing and development of the well consists of removing the ad-
jacent sand until an opening or pocket has been formed in the water-
bearing material. Many wells finished only in this manner have been
damaged by collapse of the sand walls and of unsuppor*ed silt or clay
strata immediately above the aquifer. Many such collapsed wells and
wells producing excessive amounts of sand were seen during exami-
nation of wells in the valley fill. To alleviate such s~nd pumping,
many drillers have tried improvisations, such as filling the pocket and
the bottom of the casing with pea-sized gravel. As witl* other impro-
visations, few benefits have resulted from placing gravel in the casing.
In most wells, such gravel fill has been penetrated by tl'e fine sand as
the pump drew down the level of the water in the well and induced a
hydraulic 1ift on the gravel filling. Thus, the sand-filled gravel
plugged the casings and reduced the yield of the wells vrithout lessen-
ing the amount of sand in the water.

In recent years, as the demand has increased for more irrigation
water, some drillers have been installing wells equipped with a partly
effective gravel pack, or gravel envelope. In general, these wells
are drilled at 18 or 20 inches diameter and are finished with a pack
of 1%4- to 14-inch gravel around a 6-, 8-, or 10-inch perforated casing.
One of these wells, 1/2W-—8C3, 196 feet deep, reportedly produced
200 gpm of sand-free water on test after completion. The average
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productivity of the first few wells is about 100 gpm. Gravel-packed
wells are developed by gentle surging or pumping until the fine-gravel
envelope has subsided compactly in support of the fine-sand walls of
the aquifer as the larger casing is withdrawn. Gravel is then added
until the well will take no more packing material. The gravel en-
velope around the perforated casing holds the fine sand of the aquifer
in place during development and use of the well. As most of these
gravel-packed wells have been in production for only a short period,
this method of constructing wells in these fine-sand aquifers still is
in the experimental stage. Many construction factors, such ts the
hydraulic conditions that might cause the fine sand to penetrete the
gravel pack and to clog its interstices, are just now being determined.
According to the common methods of calculating the correct grain
size of a granular envelope for wells in these fine-sand aquifers, the
proper size of envelope material lies in the coarse-sand sizes.

Several drilling companies are experimenting with sand-packed
wells that utilize a well screen instead of a perforated casing. A
coarse sand or very fine gravel can be used for the pack, the correct
grain size being selected to hold the aquifer material in place and to
prevent the penetration of the coarse-sand envelope by large quanti-
ties of fine sand. Also, the support of the aquifer sand in its original
position is desirable in order to retain the horizontal permeability of
the water-bearing formation. The facts collected so far indicate that
permanent wells yielding 100 gpm or more will commonly be obtained
from sand aquifers of the valley fill when this method of well con-
struction is perfected.

WELLS IN THE COLUMBIA RIVER BASALT

While the hole is being made, drillers drive casing through the
residual soils and the unconsolidated sediments and as far as possible
into the basalt. Then, an open hole is drilled into the basalt until the
desired quantity of water is obtained or the planned depth is reached.
Other things being equal, the greater the number of permeable inter-
flow zones that are cut by the well, the greater the yield.

Most domestic wells drilled in basalt are 6 inches in diameter, al-
though 8-inch-diameter wells are becoming popular. Many dcmestic
wells do not open up a sufficient thickness of the basalt below the water
table to insure an adequate supply if the water table declines. Stop-
ping the drilling when only 20 or 30 feet below the water level results
in false economy, paid for by low well yields, excessive pumping lifts,
or expensive deepening work at a later date.

Most irrigation wells in basalt are about 12 inches in diameter. In
addition to the larger diameter required to accommodate an irr‘gation
pump, the heavy string of 12-inch tools probably helps to fracture
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the rock in the vicinity of the well, thus increasing its effective diam-
eter and its yield.

It is not easy to drill a straight well of uniform diameter in the
basalt. The section of a well in which a vertical-shaft pump is to be
set is the part of the well for which alinement requirements are most
necessary. Straightness requirements commonly are ir-orporated in
contract specifications, and wells are tested by alinement surveys.
Drillers prevent a well bore from drifting out of vertical by stopping
the drilling at the first sign that the drilling cable is leaving the
center of the hole at the surface. The deviating section is then filled
with hard rock and carefully redrilled until the bit is cutting new
hole plumb with the upper part of the well bore.

Wells in the basalt must be cleaned and developed in much the same
manner as wells in sand aquifers.

CHEMICAL CHARACTER OF THE GROUNI' WATER
OVERALL QUALITY OF THE GROUND WATER

Comprehensive chemical analyses of water samples from 13 wells
and 2 springs and partial analyses of water from 18 wells are pre-
sented in table 4. In addition, the hardness and chloride content of
water from practically all the wells inventoried were etermined by
field methods (table 1). Figure 15 is a graphical presentation of the
analyses of the water from 13 representative wells.

In general, the quality of the ground water is good. The forma-
tions younger than the sedimentary rocks of Oligocene and Miocene ( ?)
ages contain fresh water of good chemical quality, little color, and
nongaseous nature. Where saline water has been found, the geologic
and ground-water conditions suggest that it came from rocks older
than the Columbia River basalt. These older rocks contain water of
connate origin. The saline ground water, and the places it has in-
truded into the younger rocks, can be avoided by the proper location

and construction of wells.
HARDNESS

Calcium, magnesium, and other soap-consuming constituents in wa-
ter cause hardness, which is commonly expressed as an equivalent
quantity of caleium carbonate in parts per million and is an indication
of the soap-consuming capacity of the water. A commonly used scale
for expressing the relative hardness of water is as follows (U.S. Geol.
Survey, 1953) :

Hardness as CaCO,

(parts per million) Classification
060 Soft.
61-120_____ e [ Moderately hard.
121-200._ . _____ -——— Hard.

201 S, Very hard.
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Ficure 15.—Comparison of chemical constituents in ground water of the Tualatin
Valley, Oreg.

The average hardness of the water from 500 wells tapping all the
known fresh water aquifers is about 115 ppm. According to the above
scale, such water would be moderately hard.

Water from the Columbia River basalt has an average hardness of
about 100 ppm (from 342 wells) and ranges from 800 (well IN/1W-
28E1) to less than 10 ppm. No single area contains all hard or all
soft water, but the most highly mineralized ground water in the basalt
occurs in areas having unusual geologic relations (fig. 16). Basalt
wells that yield hard water, as well as those that yield soft water,
are scattered throughout the valley. Thus, in some places, a well that
yields hard water may be very close to one that yields soft water.
For example, the water from well 2/3W-11C1, 183 feet deep, has a
hardness of 352 ppm, whereas water from well 2/3W-11K1, about half
a mile away and 150 feet deep, has a hardness of only 46 ppm.
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FIGURE 16.—Sketches show (4) upward migration of ground water from sedimentary

rocks, by way of tension cracks in a syncline, (B) upward migration through basalt
along broken rock of a fault zome, (O) stratigraphic connection of basalt to saline

aquifers that permit saline ground water to migrate into the Columbia River basalt
and younger deposits.

Field tests of water from 259 wells tapping the uppermost 100 feet
of the valley fill show an average hardness of 97 ppm. Water having
this hardness is classed as moderately hard, but the hardness of water

in individual wells ranges from 334 ppm (well 1/1W-34A1) to only a
few parts per million.
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Fifty-seven of the deeper type of wells in the valley fill, ranging in
depth from 100 to 400 feet, yield water having an average hardness
of 124 ppm, which is hard according to the above scale. The hard
waters in the valley fill are not restricted to any one particular area
but are scattered throughout the valley.

The average hardness of the water from the basalt is similar to
that of water from the valley fill probably because the water-bearing
sands in the valley fill consist partly of fragments of basaltic anc' other
volcanic material.

CHLORIDE, SULFATE, AND NITRATE

In general, the chloride content of waters in the Columbia River
basalt does not exceed 20 ppm. There are places, however, under
certain geologic conditions, where saline water from rocks underlying
the basalt (see fig. 16) moves into parts of the basalt. An example
of such an occurrence of saline water in the basalt is the Murphy well
(1/TW-27C1), which apparently was drilled into a fault zone. It
tapped water having a chloride content of 1,840 ppm. Another ex-
ample is the well drilled at the St. Mary’s of The Valley Academy.
This well (1/1W-17A2), which is 1,500 feet deep, tapped water hav-
ing a chloride content of 960 ppm. The water has probably worked
upward along tension cracks along the axis of the sharp synclinal
fold in the bedrock beneath that part of the valley.

To date, the saline waters obtained at places in the basalt are pre-
dominantly of the calcium chloride type, but some waters contain
nearly equal amounts of calcium chloride and sodium chloride. These
are similar to the waters in the underlying sedimentary rocks. Water
from well 1/1W-17A2 (fig. 15) illustrates a sodium and celcium
chloride type.

Water from the valley fill is generally low in chloride. The range
of chloride content in most waters is 5 to 50 ppm, but a few well waters
have as much as 100 ppm, and one water (from well IN/1W-30P1)
contains 307 ppm chloride (table 1).

The 14 analyses of water from the basalt show negligible amounts of
sulfate and nitrate, except for the saline water which has 15 to 25
ppm sulfate—considerably higher than most water in the baselt but
still a low concentration. Analyses of water from four wells (table
4) tapping the valley fill at varying depths show the sulfate and
nitrate content to be negligible.

MINOR CONSTITUENTS

FLUORIDE

A concentration of about 1.0 ppm fluoride in drinking water lessens
the incidence of dental cavities in children’s teeth, but amounts greater
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than about 1.5 ppm may cause a dental defect known as mottled
enamel (Dean, 1943, p. 1161-86). The analysis of weter from well
2/1-8R1, tapping water in the basalt, shows a fluoride content of 0.9
ppm. All the other analyses show fluoride content ranging from 0.1
to 0.3 ppm. (Seetable4.)
IRON

A concentration of about 0.3 ppm iron is considered the allowable
limit in water of good quality for domestic use. Greater concentra-
tions may stain laundry and plumbing fixtures. Almo<t any concen-
tration is permissible for irrigation water. Iron occurs in ground
water usually as a bicarbonate, although it may also occur as a sulfide
and sulfate. Owners of several wells lgcated in different parts of the
valley report undesirable amounts of iron in their well water. In
many wells excessive iron has been found to be entering from one
particular stratum, and the iron content of the well water has been
decreased by casing off or cementing off that stratum. Improvised or
simple commercial iron-removal equipment, if built and operated
properly, should be sufficient to remove excess concentration of iron
where they are present in ground waters of the valley.

SUITABILITY OF WATER FOR IRRIGATION

The principal chemical characteristics that govern the suitability
of a water for irrigation are, according to the Department of Agricul-
ture (U.S. Salinity Laboratory Staff, 1954), (1) the total concentra-
tion of soluble salts, (2) the relative proportion of solium to other
cations, and (3) the concentration of boron.

The electrical conductivity is the simplest measure of the approxi-
mate concentration of soluble salts in water. It is generally called the
specific conductance and is expressed in micromhos per centimeter at
25°C.

According to the classification proposed by the U.S. Salinity Lab-
oratory Stafl (1954), the sodium (alkali) hazard of an irrigation water
is the proportion of sodium to the other principal cations, calcium
and magnesium. Before the sodium-adsorption-ratio (SAR) was
used, the relative proportion of sodium to other cations in irrigation
water was expressed in terms of the soluble-sodium percentage (per-
cent sodium). The sodium-adsorption-ratio of a soil solution is simply
related to the adsorption of sodium by the soil ; consequently, this ratio
has certain advantages over percent sodium as an index of the sodium
(or alkali) hazard of the water. It is defined by the following equation
where all cations are expressed in equivalents per million :
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Na+1
SAR=

JACa‘fz-l-Mg”
2

If the proportion of sodium to calcium and magnesium is high, the
sodium (alkali) hazard is high.

Figure 17 shows the classification of water in terms of the sodium-
adsorption-ratio and the electrical conductivity. This diagram classi-
fies irrigation waters from low salinity (C1) and low sodium (S1) to
very high salinity (C4) and very high sodium (S4). Water classified
as C1-S1 is excellent for irrigation and can be used on practically all
soils and crops with little danger of damage. Water classified as C4—
S4, however, is generally unsuitable for irrigation except under special
conditions. The suitability of waters which fall into one of the other
14 classifications depends on the permeability of the soil, the drainage
conditions, the type of crops to be grown, and other factors.

Of the analyses made of the water from irrigation wells, only four
were comprehensive enough to permit classification of the water on
the basis of the sodium-adsorption-ratio. Three of these waters, two
from wells tapping water in the valley fill (IN/2W-21P1 and 1/3W-
5F1) and one from a well tapping water in the basalt (1/2W-31C1),
were classified as C2-S1. Waters having this classification can be
used on plants having moderate salt tolerance if a moderate amount
of leaching occurs. The other water from the basalt (well 1N/4W-
23R1) was classified as C1-S1. This type of water can be used on most
soils and crops with little danger of damage to soil or crops.

The other waters, for which the analyses were sufficiently ccmpre-
hensive for only approximate classification, were classified as either
C1-S1 or (C2-S1, except the waters from wells 1/1W-17A2 and
2/4W-23N1. Waters from these wells were classified as C4-S2 and
C4-S1, respectively. Well 2/4W-23N1 taps water in the sedimen-
tary rocks of Oligocene and Miocene(?) ages, and the water from
well 1/TW-17A2 is from the Columbia River basalt but apparently
is contaminated by water that has migrated upward from the under-
lying sedimentary rocks. These two waters are generally unsunitable
for irrigation but may be used occasionally if drainage is adequate, if
very salt-tolerant crops are grown, and if the soils have a high perme-
ability.

Boron is necessary in small amounts for the growth of all plants,
but is injurious when present in amounts only slightly greater than
optimum. The permissible boron concentrations vary with each type
of plant. The plants most sensitive to boron may be damaged by a
concentration slightly greater than 0.33 ppm, whereas the most toler-
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ant plants will be undamaged by a concentration as high as 3.75 ppm
(Scofield, 1936).

Of the five waters in which boron was analyzed (table 4), only one
has a boron content of more than 0.33 ppm. Water from well 2/4W-
23N1, tapping the sedimentary rocks of Oligocene and Miocene (?)
ages, contains 2.1 ppm boron.

100 2 3 4 5 6 7 81000 2 3 4 5000
> I I I T 1T T I I I
oL 30 — —
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F16URE 17.—Diagram for the classification of irrigation waters.
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TEMPERATURE

The temperature of ground water is fairly constant throughout the
valley and differs only slightly from the mean annual air temperature
(52°F), if the earth-temperature gradient is taken into consider~tion.
The “normal” earth temperature increases about 1.8°F for each 100
feet below the first 100 feet of depth.

Water from four wells that tap basalt at various depths from 314
to 585 feet ranges in temperature from 55° to 58°F. The deepest
water from a well tapping the basalt (1/1TW-17A2) has a temperature
of 73°F, which is only 2°F lower than the temperature ealculated
from the earth’s temperature gradient for the depth at which the
water enters the well.

The water from well 1N/4W-14Q1, 132 feet deep, drilled in the
valley fill, has a temperature of 58°F, which is about 5°F warmer than
that calculated from the normal-earth-temperature gradient.

RECORDS OF WELLS, SPRINGS, AND QUALITY OF
WATER

Detailed information collected in the course of the investigation
is given in five tables containing pertinent data on the representative
wells and springs. Table 1 gives descriptions of representative wells
and table 2, the stratigraphic information contained in drillers’ logs.
Table 3 lists the data on springs and table 4, the chemical analyses of
the ground water. Table 5 gives water levels measured periodically
in 32 wells from 1951 to 1953. Other measurements of water levels
are shown graphically on figures 9-14.

The listed depth of most wells (table 1) is based on reports by
owners or drillers because only part of the wells could be entered for
measurement. Those depths shown to the nearest tenth of a foot were
measured by the U.S. Geological Survey.

Water levels are expressed in feet below a land-surface datum, a
plane of reference at each well which coincides with the general level
of the land immediately adjacent. Those levels given to the nearest
tenth of a foot were measured by the Geological Survey; those given
to the nearest foot were reported and are considered dependable within
a few feet.

Except for those wells for which drillers’ logs were available, the
character of the water-bearing material (table 1) is generally that
reported by the owner.

Statements on occurrence of the ground water at each well (table 1)
have been interpreted from the record of that particular well and
may seem to involve some inconsistencies. For example, for certain
wells that tap the regional body of unconfined water, the occurrence
may be listed as “confined” because beds of clay or silt slightly con-

728-196 0—64——F5
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fined the water locally or excluded water from the well until it extended
some depth below the normal water table in the vicinity.

All data on capacity of the pump (table 1) are approximate. They
do not indicate the maximum possible yields of all the wells, some
of which have permanent capacities that are much greeter or less than
the current rate of use.

The chemical analyses of ground water listed in table 4 were made
by the Geological Survey and by other laboratories as indicated in
the footnotes.



TABLES 1-5




GEOLOGY AND GROUND WATER, TUALATIN VALLEY, OREG.

62

‘ToaeId a2q 03 pajrod
-9x aayinby ‘plalf [rEWS]§ 4 s‘al ¢'dfis- -6 §¢e | DT T 01 0¥¢ 01 8 0se |xa(se9’'n |TTTTTC adeay AxreH|1H9
S 001 |[XII'@(oT’d (1S~ -6 06 o 2N I op~T 12 781 ¥81 | 8 981 |Iglore’s |~"""7C os0g ned|1d9
‘uopaed Surjediaar aoy pasn|g 28 aarralord| -t o 3 I op~ {01 00T |~7777 9 0I1 |Xd|016°n |~~~ uojukog *DH uIMpH| 1[G
"Aaxenb yoox sariddns fp----| === pul [og'Lpv- -€| gge | Of""-opTTige  |g8% | 68T | 01| 08§ |IA|osu‘n |~T £yumoD yewownp|1ds
"sarTrurey om) £q pasn|¢ 8L s‘ajl e'dfrs- -6 S¥e | N[ Op~T|E¥E | P9 ¥9 9 LO% (2@ foze‘n |T""TTToToC ayjenT “§i1DS
4 0gT a edg|- T 1< 0 I o] Y A E ¥ [+0T¢ |Xa|oeg’n |T°7"°" JONIMESIY "LITIS
rza7Inbe
2A0qE D0J JO ) G pue
£e1o Jo 33 go1 pajroday|g 821 a|sdafs- -6 0S¥ | & |~ "Wesedq|9€1 |6SE 1€ 9 §6% jJaa|ogotnyTTTT UIoyIaTy "H "L|TIP
TMTEUNT L
Q o [=] — @] 2l 5] Q =] [w] g .ﬂ [=] ] o =]
= A I & | =8 13 85 El 3| 2B 2 || =8
Q o ® R 1 B Q jad S =t &= ® 20
5 & ° o | B g4 gl 58| 5|58 & lo| £a
Bl 2 2 Fe (2l 82| 8| g el|s5| 5 |5 &5
Y w W = ) = © *H o] o o L
w ke ) = e @ o« o = 4 "
= 25 | - @ 13 ~| & |@ S5
o m w -+ o) —_ kel 124 N ~ — <
@ 1 €9 |8 i o = 5 = . op
g ® 3507 o 5 & 5 g8 £yxadoad jo
syIeWaY A 3 SR = o ~ 12 g ’ oM
a 8o |8 kad =~ B 5 » | juednooo 10 zaump
Q <« < [ o o
] S P 5 o w Q3
b ; < 38
2 3 — %
o~ Q o 5
(wdd) ] ® sauoz Io 5 m
JI9310eJIBYD 5 T9AST I93BM ouoz Burreaq- 1ayem IS8
Testuayy) ~
rourqany ‘g, ‘xafunid ‘g ‘1ol ‘p ‘rTeSnyrxyusc D fjoxonq ‘g :dwnd jo adLg,
‘G 21qe} ut *8uTmoTy S971BDIPUT g 'JITIAP IO Jaumo £q pajrodax
PIOODJ T9Ad]-J91eM ‘M ‘JToyuaJaye] So9eJ39p ul Jojem jo aanjesaduwial aJ9Mm 193] aTOyM UT asoy} (Kaaang Tedtdoroan oy} £q painseawx
‘duray ‘ySrem £q uorTiwt Jad sjred ‘wdd fg ayqe; ur Sol ‘1 ‘pajeorput STewWTDap pue 3993 Ul passaadxa ST9AI] Jajem pue syda(d :T249T JI31BM
aandy uo ydeaJoapLy ‘aandyy y ‘ojnurwx Jad suorres ‘wd3 {3005 J0 309% ‘pautyuodun ‘) ‘paysaad ‘g PIUIUCO ‘D :2IDUSIINIDO IIJBM-PUNOID
‘)3 ‘UMOPMEBIP ‘PP ‘F 9B} UT I2)BM JO SISATBUR TEOTWAYD ‘B :SHIBWIY "POTTLIP ‘I ‘uoAlIp ‘ud ‘Snp ‘Bq ‘paxoq ‘pg :lrem Jo adLg,
mvoﬁwﬁ P1213 £q 9pewW SUOTJEUIUIIN}N(] :JI9)0BRIEYD TBOTWIYD ‘sdew oydeafodo) woay
‘yoo3s ‘g {A1ddns o11qnd ‘sd :oﬂm>pmmao ‘0 pojerodaajur opnjiyly ‘puerdn ‘n ‘odors ‘g ‘fureld ‘g :119m je Lydeadodog,
‘fouou ‘N ‘uorye8raar ‘IJ] ‘TerI)snpul ‘puj ‘dOI)sawiop ‘(I :JIa8)eMm JO Ias[() ‘wa)sLs jo uorjdraosap Jo0j 3Xa} 998 :TIPM

sqjam fo spi03ay—-| d|qo|



63

‘13jinbe Sa1119A0

Ke1d Jo 1 €12 pajaoday
‘Kero
aq 01 pajaodax xajtnby
M

‘¥ 29T1-¥V1 parex

-ojaad Jurseo fuolr suIos
utejuod 0} pajiodaa aajyem

‘Kero
aq 0} pajtodaa a9JInby

‘)Y $22 1e 1]eseq paJaug

‘¥ 98¢
—0GE ¥esSeq pue ‘) 0Ge

—1,82 Ae1d aniq ‘) 487—LE
eae| Jutaog pajeqjousd

‘wo3joq
Jeau pajeqojaad Jursed

RECORDS OF WELLS

*paucpuege {9jenbapeul
‘pajrodax

ao3em Jo Apddns juaTaoxm
‘jleseq 2y} jo

9Se( JBA9U J9JeM PauTelqO)

*3} GOT ©3 Moo
uayy ‘Kerd jo ) ¢ pajsodey
‘uapaed Jurredraar oy pasn

‘sorrwey

OM] JO] JI9)eM SOPIAOIJ
-Lap

padwind aaseu pajrodey

b1

o~

44!

(44!

(24}

2Ll

8L

8¢

[4as
0€T

9L

(AN}

08

011

LLE

AA

AA

1ar'a

s‘a

JI1'a

16~11-%

PG-GT1-4

02

=TT o0y

---jreseqg

TTs9Iqqed
..... op-1]

---jeseqg

g€
14
Sl
ST

002

9%¢

0§1
T4

LL
8¢

89
-

————

(U}

001

(4

©

< o

©

091
L°0L

291
L6

G°29

00%
0€T
0971

98¢
00T
Gl

g€eL
Sve

SO1
0¥%2¢
S9

011

aaq
aaq
3a
ag
aaq
3a
Eles

ad
a1

I1a
Ia
Ia

Ia
Ia
I1a
Eles

Ia
Ia

aqg
aia
aa
aq

aa

09z°S
662°S
09Z°s
092°S
§LZ°S
0LzZ°s
628°S

0gE‘sS
G62°S

01%°s
0S€°s
0L0°1 N
SL6°N
026N
006N
050 1°0)

006N
059°S

09s°S
096°S
050°1°N)
3]

0€2°s

SSO[ Wes
UoXId "M '

......... Jead 'd 'd
‘yoany) uera
-1£qseag LAueylog
....... TOYOIN Jo}Te M
...... UBUIAN INATI M/

F----- uJaAg], aurifysg

[--=====- sdoo3] ‘L 'V
21035 AUITAYS

Heliteg "I "M

ysem "a ‘A
uopduod ‘d ‘"
ﬁl:n uOSJISPUY "M V!
‘uos
-1ae) pue Jangetag

uosyorg 281095

14671
1d8T
[F%:11
1£81
1081
TNLT
TILT

T3LT
4Ll

1391
Tast
THST

INOT
ZINOT
TINOT
THOT

1401
106

¢d6
TH6
1V6
148

1714




GEOLOGY AND GROUND WATER, TUALATIN VALLEY, OREG.

64

aTepinody, jo Ae1d 3y 001
—~L¥ ear] Juniog ‘Y L0 “eAe|
110s se pajsodas steraajey| ~~~ """ 241 (21°L [€S-F1-¥ [66°L n Butzogj €S | L¥ | v |9 |oee [aa]ooe's |7 Ia§9eydS ‘D ‘D[I1Z
‘19A91 J9)em Sulaomol]
noyytm wds g1 3e patred 6 [gvT | a [oz°f fos- -. €1 D|"7"op=| g 621 [ €21 |9 |¥€T |Iaf 082S |~""TTmTooC uos1O "H[IM12
8¢ |20z | 4 S°r {16-01-% g} D |~""rop~-| 21 9T |91 |8 |82 IQ | 082°S |~ HoTxyedyary "V W[ L12
‘jreseq yoeada
jou pIp 114 33 68 AqaeaN| 01 |¥2l | €' | §'d ™"~~~ "7|7""77 D [~-Eseg[ Tt 9 |oor |Id|osg's |TTTTooc £3101N UyO L INOZ
‘eae] 3ulrog ‘goany)
Jurzoq uo pawo}3oq T[om “E S 95 a g‘r [1s-01-% 6T | O |- Hooyf--"=c|~m T 8% | 0% 8a| oze‘s 1stideg Aueyiagpg £oz
‘uoseas LJp ut 1ajem ajenb
-opeur saA13 A1pajtoday} 1T 8L | S | §°f |77t I O re=== === 9¢ {o¥ 8al oge‘s |~ ap ‘IeulseM “HITL0Z
1eDf sy |ogr | s'@ | ¢°d |1s- -¥ 00T|{ O |~~3eseg] %8 | 96 | 86 [ ¥ |08F |IA| 0SE'S [~ -IdWSTM ‘H "D(THOZ
*193inbe S9ITI9A0 pues pue
Ae10 jo 33 ggg pasaoday) ~=~" "7 A ¢‘d [¥¥61 0y | D 1PaRID; 91 gee | 8¢¢ | 9 [vse |aa| o¥g‘d |~ ="ttt T-ised PH[IAET
‘wojoq
Jeau pajesojrad Bursed
‘pues auly soladed Jajeml 9 2L | 4 e'd|tg-61-vlLe'gy | O |~""TopTTfTTTT T ¢TT {8 |[s11 |aa]sig’d [---"""-as3a0g ¥ "SIWET
8 91T s'd |s1'f {~=""=""{=-"""" n |""TpuegrTTTo Tttt 9 [¥11  [ad] 09g’S |-~~~ Tusoidef m::E.VmE
panunuoD—"M 1 "¥ “N T "L
ol5ls 12198 [_7l5[.8 [ 21885 813 =2
. o [y
Sla| P8 % |2 g R | 2|2 85| B 2
2| 8 9 —o| 3| 88 g Z a | Z 1ol E%
o, 4 o 5 2 N O @ 3 Q b = 3 Qg
® g 59| 2 Pl « A I o | g L
3 g B2|5| &% «l 818 |=| &|3] B8
o 2 solg| = | | 3|E|E 2 B
® el o o 15 o' B
Q © oo | o < ol s 3 o a £1xadoad jo
SArEwsy o) 2 592 s =2 3 £ | uednooo so0 zsumo M
[2) .nA.. @ % m @ n g
o - = o "
= @ L]
a 3 = B
-~ 0 o] w
(wdd) s o S3UOZ IO s B
J930eIRYD 3 T9A3T J33e M\ su0Z Furiesq- I53e M cg
Tedrwayp =

panuiuo)—sjjam Jo sp102ay—-| 3904



65

‘u103j0q JB3U pajesoyiad
Suiskd favjem Oljsotuup

seystuIng [[om 3np J-2% V]

‘u1030q
Jeau pajeaojaad SurseD)
‘sjuswdeay [[oys
pauTeuod ‘Y GZ5—H2S
2u03}Spues ‘Y $g5—015 1e0d
Ayerd ‘punoj 31eseq ON|
‘sumel
om} Burjedraar Joy pasf|
-Iaymbe
SOTTJISA0 O0d JO Y $13
pue Ae0 jo 3 001 Palroday]

!

'3} 268—gLg poreaoyiad
Jurseo ‘yidep aarjus I0j
19aead pue Ke[do se pajrod
-9J sTeltajewr ‘pasn J0N]|
‘pauopueqe

TI13M 13} G1G~G9F dU0lS
-pues ‘)Y G9—0¢ Ilesed]

RECORDS OF WELLS

"T1om 359} 10 (1]
"UMOPMEIP JO 3} 0F

yim 1y ggg Joy wdd gg
padund 3593 ‘g ‘ou [[om|
*JI9)em JUIID

-13nsur spIatk L1pajroday

1661 Ttady

ut wdd gz noqe pamorg
'3} 06 0% }oeq pased
‘33 06£—001 UoTIRW IO}

n

<+ <

1

oL

26

144}
8v1

148

002

96¢€

-~ 19ARID)
T T jfeseq
=== 3004

- -19ARaID)

-- jreseq
(&)

buojspueg

----op--

----op--
----op--

~T jTeseyq)

02
0§

98

68
g8

6L
%91
i 4

L9T

cLe

1€%

oy
00¢€

€£9¢€

86

262

[

-21

o1
-2l

08
281
S6

891

4]

06

00%

(414

S19

588°L

(4411

621
G8¢€

G9€

aq

1a

1a

aq

aq

Id

Id

aa

Ia

aq

I
Id

aq

069°S

059°S

§90°1°N|

001°1°0]

054N

000°1'S

0£0°1°D)

050°1°0]

00L‘S
005°S

geE’s

---o-uedseH H CH
=TT - UOSPJIeYOTY ‘A
||||||| eqseyoad "o

........ uos1o " "D
‘uotye
-1008Sy SuapJaen

TRIIOW A $S@MUIION

STTTTTwnstag g o

~~TT PTRUOQOI D “d

© 1124u0D 'H PATY

-100SSYy SuapJIen
TeTIOWID N }SOMYIION

77T 0D TIO PIRIIYRTY]
‘uoTye
-120SSYy Suap.Jen
[eTI0OW SN 3SOMYIION

TaunulafeA ‘"IN 'H
adoais '

Aarurg 98J09n

TINLT
1dLe
1dL2

1H9¢2

4¢84

1928

1V92

THET

INEC

TINET

131€2

THET

k144
|£:444

1012




GEOLOGY AND GROUND WATER, TUALATIN VALLEY, OREG.

66

‘wd3 g1
Burdwind uaym 33 01T ST PP
{PUBS SUWIOS SAIIIEBD JI9)EM
‘umel Burjedraar a0y pasn| ~TTTTT| A4y | @|TTTTTTTTTS n|-""op=| g or1 |sut | 9 | ST |aaosg's [-m70-- 1en0d ‘H "A[TH6Z
1 012 a o1'r 18- ~-¥% 0g D |77 puEg| ¢ 001 | 00T 9 G0T [axafesg’s |~ uewiyaT PH{T1A6S
=== s'a [+ § iaieittll [O 2 Raiatalc) ‘it Eaiaiaiai el it 4 05z |2a|sev‘s {~"-""- JI0qI1919d "LIT1Y8e
‘) 6624666 Heseq
ul porap fwds gy smo14{69  [8FT [AAI'Q] 02°L €G-ET-% {9706+ | D | - Nesed]| SOT | 069 | 009 | 9 | ¢G4 [IA]|09g‘Ss |~~~ SunjreH "d peid|cd83
0T | 00T| 4 |OT°L{~"""""""""""" [ i il Rl 8v| L& |8a|owg’'s =777 uojang A1IeH(1d82
*1oymbe saI[1240 A0 Onid| %2 981| S |0 L{1G- -¥ 01 D [~~"-op~~| 0% 0ge | 0g€ 9 0sg [aa|09g‘'d |77°°" Janed pIOPIID|TINGS
"3 6% 03 ST pp wd3 ogg
1e padwnd uoym ‘wd3 g
ST MOT] ‘aajIinbe aaoqe pues
pue Keld jo Y LY perroday]gos | 008| 241 PEZ L (2S-T -€ . O | T iesed| go1 | 0L% | 18% 21| 9LS {xd | 062°S |7~ C soag MOputT|THAgz
1 06T—08 pajerozaad
Sulsed {33 0GZ O} UOTIRUIIO]
arepinod], jo Leld pue ‘Y
€6 01 eael Jurrod ‘Y 0€ 0 ‘BAR]
Ke1o se pajrodaa ﬂﬂ&wﬁiw 86 7777 [ShP= & et n Burzogl o1 08 061 [S'% 0sz |aafoog‘s (77" uoyng ‘SIN|TYLZ
panuiuoD—'m 18 "N 1 °L
<]
STE(s 215 | 215]=2 |3181812] 812l 2<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>