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- WELL-~ AND LOCATION-NUMBERING SYSTEM

Wells inventoried during this study (table 16, at end of report)
have been assigned numbers identifying them by location within a
section, township, and range. Locations of other features in the study
area are similarly described.

For example, in the symbol 3/17-2Cl, the part preceding the
hyphen indicates successively the township and range (T. 3 N., R. 17 E.)
north and east of the Willamette base line and meridian. Because the
study area lies entirely north and east of the base line and meridian, the
letters indicating the directions north and east are omitted. The first
number following the hyphen indicates the section (sec. 2), and the
letter "C" gives the 40-acre subdivision of the section, as shown in the
figure below. The numeral "I" indicates that this well is the first one
inventoried within the subdivision.

WELL-NUMBERING SYSTEM

. - Township 3 North
. — Range 17 East’
/ Section 2 _ _ _
(;/-————— 40-acre subdivision of seFt1on

3/17-2C1
(Well number)
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WATER IN THE HORSE HEAVEN HILLS,
SOUTH-CENTRAL WASHINGTON

By Dee Molenaar

ABSTRACT

The study area of 1,460 square miles has a temperate to semiarid
climate, with mean annual precipitation ranging from about 25 inches in
the higher western part to less than 10 inches in the lower eastern part.
Until about 1970, the sparsely populated area (less than one person per
square mile) had been characterized by dryland wheat farming and
cattle and sheep grazing and production. In the 1970's, however,
irrigation from the Columbia River resulted in a conversion to irrigated
agriculture of about 64,000 acres (by 1977) of former dryland-farming
and sagebrush land. Nearly concurrent development of irrigation from
wells tapping large-yield artesian aquifers in the Columbia River Basalt
Group has resulted in an additional 2,760 acres of agricultural land in
the central part of the area. :

Sparse streamflow data show that, except for the lower spring-fed
reach of Alder Creek, all streams are ephemeral. Discharges range
from no flow to high flash-flood runoff, with a maximum daily discharge
of 4,800 cubic feet per second in the lower reach of Rock Creek,
recorded on December 22, 1965, during the 1963-68 period of record.
The monthly suspended-sediment discharge at this site in December
1965 was 280,000 tons.

Data from 294 wells in the area, including drillers' logs (104 wells),
geophysical analysis (25 wells), and water-level observations (13 wells)
disclose that wells range in depth from a few feet to 1,100 feet, well
ylelds range from a few gallons per minute to artesian flows as great as
4,000 gallons per minute and specific capacities as great as 1,200 gallons
per minute per foot, Water-quality analyses of water from selected:
wells show hardness ranging from 1|7 to 218 milligrams per liter and
specific conductance ranging from 145 to 640 micromhos per centimeter.
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INTRODUCTION

The Horse Heaven Hills study area covers about 1,460 miZ in
Klickitat, Benton, and Yakima Counties in south-central Washington
(fig. 1). The plateau-like area was originally called "Horse Heaven," a
name derived from its being a sanctuary for bands of wild horses which
were eventually driven from the natural pastureland by the development
of farms (Phillips, 1971, p. 64).

The region has a temperate to arid climate, with mean annual
precipitation ranging from about 25 inches in the higher western parts
to less than 10 inches in the lower eastern part. Historically, the area
has long been characterized by dryland wheat farming and cattle
production on the upland interior, with only minor amounts of irrigation
of fruit and some grain crops on lands near the Columbia River. The
lack of perennial streams in much of-the area and the excessive depth
to adequate ground-water supplies except near the Columbia River have
precluded irrigation-in the higher areas distant from the river.

‘Only since about 1970 has there been a significant increase in
irrigation, mostly by large withdrawals of water from the Columbia
. River, virtually all in Benton County in the eastern half of the area.
- Also, exploration for ground water at greater depths in some areas has
resulted in the tapping of artesian zones that now provide large
quantities of water for irrigation. The region has nearly 640,000 acres
{1,000 mi2) of irrigable land, about I0 percent of the potentially irrigable
land of the State and more than the acreage now irrigated in the
Columbia Basin Irrigation Project to the north.

The Columbia River is the only reliable source of surface water for
the area, and increasing quantities of water are being pumped from the
pools behind John Day and McNary Dams. Diversion of water to satisfy
the estimated water needs of the entire area, however, would comprise
less than 2 percent of the average annual flow of the Columbia River at
The Dalles. The area has a growing season of 170 to more than 200
days, and the frost hazard is low enough that fruit could become a
major crop in the future. Intensive field crops such as potatoes and
sugar beets also are projected for the area, as is supplementally
irrigated wheat. |
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The Horse Heaven Hills is developed chiefly for agriculture, and
only a few small communities have been established in the area--all but
" Bickleton and Cleveland are situated along the Columbia River. Farm
_homes are widely scattered and many of the older ones have been
_ abandoned. Many owners now operate their farms by commuting from
- towns outside the area—-many being in the Yakima Valley to the north,
in Mabton, Sunnyside, Prosser, and the Tri-Cities area. The few small
communities along the Columbia River—Roosevelt, North Rocosevelt,
Paterson, and Plymouth—consist largely of mobile homes, with residents
employed in railroad work or on the large irrigation projects farther
- inland. :

- Purpose and Scope of the Study

This report on the water resources of the Horse Heaven Hills is one
in a series that summarizes the existing hydrologic data collected in
major water-resource inventory areas of the State. The reports are
prepared in cooperation with the Washington Department of Ecology
(DOE), for use by Federal, State, County, and municipal agencies
involved in the use and management of the State's valuable land and
water resources. The report also may serve as a guide to individuals
and private companies interested in the local availability of surface
water and ground water. .

The study included the compilation and general interpretation of all
available hydrologic information on the area. The surface-water data
include records of streamflow and water quality and information on
diversion of water from the Columbia River for irrigation in the area.
The ground-water data include records of wells, drillers' logs of
materials penetrated, water-yielding characteristics of aquifers tapped
(as determined from pumping tests), geophysical logs, and water-quality
analyses. Because of the increasing interest in ground-water
occurrence and availability in the central part of the area, some
interpretations of the geohydrology of the area were made. The
interpretations were based on drillers' records, geophysical logs, field
observations, and previous studies in the area. Water-use data,
particularly for irrigation, include those obtained from well owners and
various town and county officials and from interpretation of satellite
photos of irrigated areas.
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Previous Investigations

There have been no previous geohydrologic studies of the entire
Horse Heaven Hills area as defined for this study and report. However,
a number of investigations have included parts of the area, and some
broader regional hydrogeologic and geologic studies include the study
area. These include the State geologic map by Huntting and others
(1961), soils surveys of Yakima County (U.S. Department of Agriculture,
1958) and Benton County (Kocher and Strahorn, 1919), and
generalizations of ground-water occurrence in the Columbia River
Basalt Group in eastern Washington and Oregon (Newcomb, 1958, 1965).
Thesis research by Laval (1956) included studies of the stratigraphy and
geologic structure in eastern Klickitat County in the westem part of
the area, as did later work by Schmincke (1967) and Newcomb (1970,
1971). A report by Muckleston and Highsmith (1978) discusses the large
corporately operated center-pivot irrigation systems in the area and
their potential impact on both the hydroelectric power resources and
the socioeconomic fabric of the region.

“Several previous ground-water investigations have been made in the
study area. Reconnaissance studies in easten Klickitat County were
made by Waring (1913) and Piper (1932). A study of the water resources
of Klickitat County was made recently by J.C. Brown (1979), and an
analysis of stratigraphic controls on ground-water occurrence and the
potentiometric surface in the central part of the area was made by J.
C. Brown (1978). A study of the ground-water resources of the
Bickleton area was made by Strait (1978). A study of wells on the Prior
Ranch properties in the eastern part of the study area was made by R.
E. Brown (1973), and a geophysical study of selected wells in the area
was conducted by Crosby, Anderson, and Kiesler (1972) of Washington
State University. A test-observation well drilled in the East Fork Glade
Creek valley is described in a report by Pearson (1973).

Previous investigations entirely within the present study area
include a reconnaissance .of the area's irrigation potential (CHpM Hill,
1976) and studies of () the irrigation-development potential of the soils,
by the Soil Conservation Service (U.S. Department of Agriculture, 1977 )
(2) the hazards of salinity on irrigation-development potential (McNeal
and Starr, 1974), and (3) the feasibility of the proposed Paterson Ridge
Pumped-Storage Reservoir. This latter study included an evaluation of
various canal-distribution systems designed to develop the irrigation
potential of large parts of the plateau. These reservoir studies resulted -
in a geologic map by Newcomb (1971), a topographic map by the U.S.
Geological Survey (1970), and a federal-land-classification report by
Y oung (1967). '
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DESCRIPTION OF THE AREA

Location and Extent

As defined for the purpose of this report, the study area includes
the southern slope of the Horse Heaven Hills in  south-central
Washinfton (fig. 1). The area covers about L460 miZ, of which about
690 mi< is in eastern_Klickitat County, 670 miZ is in southern Benton
County, and 100 miZ2 is in southeastern Yakima County. The area
extends about 80 miles east and west and, generally, 20 miles between
the crest of the Horse Heaven Hills on the north and the Columbia
River on the south. The western boundary of the study area is defined
.as the divide between the Rock Creek drainage (within the study area)
and the Klickitat River basin to the west. On the east the study area
extends to Wallula Gap on the Columbia River.

Topography and Drainage

The Horse Heaven Hills is a broad upland within the Columbia
Plateau Province. Except for an abrupt descent to the Columbia River
from the Columbia Hills in the western 15 miles of the area, the
"Horseheaven Plateau" (Fenneman, 193], p. 226) area has a gentle
southward slope to the Columbia River at Lake Umatilla (normal pool
altitude about 265 ft above sea level, as defined by the National
Geodetic Vertical Datum of 1929), which is formed behind John Day
Dam (downstream from the study area).

The crest of the Horse Heaven Hills ranges in altitude from about
4,600 1t in the western part of the area to 2,000 ft in the eastern part,
near Wallula Gap. North of the crest, the hills descend to the Yakima
River valley. ‘

The plateau has local variations in its gentle southward slope to the
Columbia River (pl. I). These include small synclinal basins, several low
anticlinal ridges near and parallel to the river, and more sharply rising
areas in the western part of the study area. The lower ridges along the
Columbia River include, from west to east, Alder Ridge, Golgotha
Butte, Canoe Ridge, Paterson Ridge, and Sillust Butte. Local areas of
poor drainage occur upslope {north} of these ridges.
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In its western part the plateau rises more abruptly above the
" Columbia River--greater than 2,500 ft in the Columbia Hills in the
extreme western part of the area—and a large intensive,
dendritic-patterned network of canyons is cut into the plateau. These
occur primarily in the basins of Alder Creek, lower Pine Creek, Wood
Gulch, Oid Lady Canyon, Chapman Creek, and Rock Creek.

The Rock Creek basin is the most rugged in the study area. Its
general aspect is one of a broad undulating surface cut by several
deeply incised valleys (plate !). In its lower reaches Rock Creek
occupies a valley cut as much as 1,800 feet below the level of the
adjacent plateau.

The lower, eastern part of the study area is much flatter, and the
streams occupy shallow valleys, some with bottoms only 25 to 50 ft
below the general level of the plateau. The Glade Creek basin covers
428 miZ in the central part of the study area and is by far the largest of
the topographic subareas. The basin is divided, with East Branch Glade
Creek draining the larger part of the subarea. The main stem bends
. sharply westward in its headward reach and foliows a small synclinal
valley near and parallel to the crest of Horse Heaven Hills. Besides the
more dominant drainages and streams noted above, several smaller
streams, mostly in the lower eastern part of the study area, drain to the
Columbia River (fig. 1).

The variety of scenery, due to topographic, climatic, and
agricultural influences in various parts of the study area, is shown in the
photographs in figures 2 through 9. :



DESCRIPTION OF THE AREA

A, Wind-powered pump on stock-supply
well at 4/17-2P. View is north-
westerly toward Simcoe Mountain.

View southeasterly across upper
Rock Creek basin from 4/17-2P.
Lower Rock Creek flows through deep
valley cut into background hills.

FIGURE 2.--Upper Rock Creek basin.
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FIGURE 3,--View northerly from Oak
Flat across upper Rock Creek basin,

FIGURE 4.--View upstream in lower
Rock Creek basin, at 3/19-16B.
Streamflow here was estimated to
be about 4 ft3/s at time of photo-
graphy, May 24, 1977.
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FIGURE 5.--Plateau-like upper slope
of study area, looking eastward,

11

FIGURE 6.--View south down Spring

Canyon, from 5/22-3N.

FIGURE 7,--View southwesterly toward

Plymouth and Columbia River from
5/28=4C below Sillusi Butte.
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A. View east to Wallula Gap and
abandoned farmstead, from 6/30-12N.

B. View southeasterly into Wallula
Gap, from 6/30-12N,

FIGURE 8,--Near Wallula Gap.
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A. View westerly down Columbia River
(Lake Umatilla) toward John Day Dam,
with Columbia Hills on the right.
From 4/18-35N.

B. View easterly up Columbia River
(Lake Umatilla), from 3/21-3B,

FIGURE 9.--The Columbia River.

13
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Climate

Precipitation and temperature .data for the study area were
obtained from annual and monthly summaries of the U.S. Department of
Commerce (1955-73) and the U.S. National Oceanic and Atmospheric
Administration (1974-77).

The study area has a temperate to arid climate, with cold winters
and warm summers. According to the precipitation map (fig. 10), the
mean annual precipitation during 1930-57 ranged from nearly 25 inches
in the higher western part near Satus Pass (altitude 2,610 £t} to less
than !0 inches or less at McNary Dam (altitude 360 ft; pl. 1) in the lower
eastern part, At the weather station at Bickleton (altitude 360 ft), with
the most complete long-term’ record in the area, the average annual
precipitation was 14.0 inches during the 1955-77 water years.l

Precipitation varies widely among water years, as shown for the
Bickleton station in figure Ll and as given in table l. Precipitation
ranged from 25.09 inches in 1971 to 6.82 inches in 1977--the water year
of the greatest recorded drought in the State's history. The drought was
particularly severe during October-February, when precipitation at
Bickleton totaled 1.59 inches; the normal for that period is 9.40 inches.

Mean monthly precipitation at Bickleton during the 1955-77 water
years ranged from 2.48 inches in December to 0.26 inches in July (fig.
12). However, as shown for comparison in the figure, the conditions
were erratic during the 1977 drought water year. During most of that
year precipitation was below normal, but during May, August, and
September it was 1.73, 1.38 and 0.69 inches, respectively—well above the
means of 0.80, 0.35, and 0.48 inches for those months during 1955-77.

Mean annual temperature at Bickleton is about 47°F, and mean
monthly temperatures range from 27.5° F in January to 67.4°F in July
(fig. 13). Relative to temperatures at Bickleton, those at Satus Pass are
a few degrees (°F) cooler and those at McNary Dam are a few degrees
warmer. .

1A water year covers the period of October 1 of one year through
September 30 the following year. For example, the 1977 water year
encompasses the period October 1, 1976-September 30, 1977.



121 ;rﬁ“ g

DESCRIPTION OF THE AREA 15

7

3\
N

015

\
\
AN 4 YAKIMA coumv ,/i
S

119

BENTON COUNTY

'\0

o "—)" "'—-- -| Study Area
46 L.EO q A0 /° Bickleton ! Boundary
~r_ oatus Pass |
25—y . "‘\.,/""" 119°
—20 +/\ KLILKITAT CONTY | Bam Y
-
— 15 N i ? 110 2|o 3{0 4? MILES
1 = ! T T T T 71T 1
12107 0 O 10 20 30 40 50 60 KILOMETERS

FIGURE 10.—-Mean annual precipitiaon in study area and vicinity
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TABLE 1.--Monthly, average monthly, annual, and average annual precipitation
at Bickleton during 1955-77 water years

[From U.S. Department of Commerce, 1929-70, and U.S. National
Oceanic and Atmospheric Administration, 1970-77.]

91

Water ' Annual
year OCT NV  DEC JAN FEB MAR APR MAY JUNE JULY AUG SEPT" average
1955 0.65 1.20 1.07 1.00 0.68 0.95 1.48 ', 0.89 0.38 1.06 0.00 0.53 9.89
56 1.03 .465 4.48 4.04 1.53 .87 .01 1.50 1.16 02 .46 .26 20.01
57 l1.18 .30 1.27 .72 1.99 3.70 .75 1.41 .52 W22 .09 1.27 13.42
58 1.89 .61 2.10 3.45 3.39 .77 1.36 .92 .38 1l T .08 15.06
59 .23 3,10 .96 2.87 _.85 1.35 .24 .35 .30 . .00 .00 1.54 11.79
1960 .96 .64 .97 .77 2.55 2.31 1.24 .61 . .23 .28 .10 .06 10.72
6l .67 4.61 1.48 2.53 4.87 2.59 .89 l.4¢ .75 .25 .17 .05 20.35.
62 .54 1.46 2.72 .47 1.79 1.46 1.34 1.66 .38 .00 .22 .69 12.73
63 2.01 2.54 1.36 .80 1.74 l.6l 2.11 1.13 .53 .35 .05 .15 14.38
04 .50 2.50 1.76 2,35 .03 .72 .27 T ~1.09 .10 .10 .39 9.81
1965 .63 2.64 8.82 1.38 .60 .28 .85 .30 .87 .12 57 .57 17.63-
66 .20 2.56 1.15 2.94 .60 1.78 .09 T .10 1l.93 T .04 12.05
67 1.03 3.42 2.90 2.41 .45 .94 1.58 .42 .78 .00 T - .01 13.94
68 1.58 1.26 .92 2.35 3.17 .40 .03 .46 .18 T 2.14 .31 12.80
69 . 1.24 2.42 2.07 2.71 1.21 .28 W71 1.21 .99 .00 .00 .51 13.35
1970 .24 .28 3.85 6.02 1.31 .80 .36 .19 .25 .03 .00 .09 13.42
71 .B9 3.960 4,19 4.95 1.54 3.24 .92 1.27 -1.83 .00 .22 2.08 25.09
72 .96 1.61 2.33 3.14 l1.67 1.22 .60 1.44 1.29 .11 .28 .34 14.99
73 .12 1.33 2.33 1.9 .39 .31 .24 .14 .05 .00 T .60 -7.47
74 1.81 4,91 3.94 5.50 1.23 1.84 1.60 31 .27 .70 .00 .00 22.11
1975 .20 . 1.07 2.11 3.28 2.1l4 1.04 .46 .54 .27 .39 1.15 .00 12.65
76 1.65 1.94 2.50 1.18 1.49 .94 .62 .41 .17 15 1.14 .14 12.33

77 .33 .10 . 26 .16 .74 .83 T 1.73 .39 .21 1.38 .69 6.89

Averaqes .90 2.14 2.42 2.48 1.56 1.31 17 .80 .57 . .26 .35 .48 14.04

"HSYM TWYINIJ-HLINOS “STIIH N3AY3H 3SUOH JHL NI Y3LWM
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FIGURE 11.--Annual precipitation at -Bickl.et-:on, 1955-77 water years.
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PRECIPITATION, IN INCHES

FIGURE 12.--Comparison of mean monthly precipitation at Bickleton
during 1955-77 water years and monthly precipitation during
1977 drought water year. Data from U.S5. Department of Commerce
(1954-73) and (U.S.) National Oceanic and Atmospheric
Administration (1974-77).
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FIGURE 13.--Mean monthly temperatures at Bickletom, 1930-76.
Data from {(U.S.} National Oceanic and Atmospheric Administration
(1977).



20 WATER IN THE HORSE HEAVEN HILLS, SOUTH-CENTRAL WASH.

Geologic Setﬁng and Soils

The rocks underlying the Horse Heaven Hills—exposed or beneath a
thin soil mantle--are basalt and some sedimentary interbeds of the
Columbia River Basalt Group of Miocene Age (Griggs, 1976). The basalt
_occurs in-flow layers ranging in thickness from a few feet to more than
100 ft, and their cumulative thickness beneath the study area is probably
5,000 ft or greater, as determined by drillers' logs of wells in areas
adjacent to the study area. Overlying the basalt, particularly in the
eastem half of the area, are unconsolidated fine-grained materials of
lacustrine (lake) ‘and loessal (wind-carried) derivation, mostly deposits
of silt and sand. The higher lands are mantled by silt of variable depths
(a few inches to 10 ft or more); the areas of intermediate altitude (up to
1,000 ft) have lacustrine sediments of layered silt and very fine sand
‘(the Touchet Beds of Flint, 1938); and the areas nearer the river are
underlain by alluvial sand anrd gravel.

The Horse Heaven Hills is part of a structural upwarp affecting the
basalt and interbedded sediments of the Columbia River Basalt Group.
" The axis of the Horse Heaven anticline extends generally east and west
across south-central Washington and northeastern Oregon. The north .
limb of the anticline descends steeply to the Yakima and Walla Walla
valleys, whereas the south limb forms the relatively gentle, plateau-like
 slope descending to the Columbia River and Umatilla basin (fig. 1, pl. .

Several smaller east-west trending anticlinal ridges and synclinal
valleys and minor faults occur in the area. These are described in
greater detail in the discussion of ground-water resources (p. 50).

The soils underlying the Horse Heaven Hills vary in thickness and
general composition throughout the area. The soils in the western part
of the study area—from the upper Alder Creek basin westward—are
thinner and more a product of the weathering of the basalt surface than
of lacustrine and loessal deposition. In some places the soil is missing
and basalt is exposed, as in the channel of Glade Creek (fig. 14).

In the area south and southwest of Bickleton are large areas of
farmland characterized by "islands" of loessal soil I to 3 ft thick, which
are separated by linear areas of exposed basalt (fig. 15). Such areas
appear to have resulted from erosion by rapid and intense localized
rainfall and (or) snowmelt runoff in recent geologic time.

According to McNeal and Starr (1974, p. 1), "As one proceeds’
upslope from the river, differences between soils occur. Organic
matter in the surface. soils increases, salts and carbonates are leached
deeper, calcium carbonate hardpan (caliche) lies deeper, and clay
contents and bulk densities of the subsoils increase slightly.".

For additional information on the types and characteristics of soils
of the study area, the reader is referred to maps and reports on the soils
of Benton County (Kocher and Strahorn, 1919; U.S. Department of
Agriculture, 1919) and Yakima County (U.S. Department of Agriculture,
1958); at this writing (1978), there are no published soils maps covering
Klickitat County. .
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FIGURE 14.--Basalt bedrock exposed in
channel in middle reach of Glade
Creek, at 6/24-22H, and flow due
mostly to upstream discharge of
McKinley Spring.
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A. View northeasterly from 6/20-15R
east of Bickleton.

B. View southwesterly from 6/20-15R
east of Bickleton.

C. View north from 5/20-18Q.

FIGURE 15.--Areas of patterned ground, with thin loessal silt mantle
separated by exposed strips of basalt, probably resulting from
erosion by rapid melting of snow.
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Vegetation

The variety and density of vegetation in the Horse Heaven Hills are
influenced by altitude and precipitation. Vegetation in the higher
northwestem parts of the Rock Creek and Alder Creek basins includes
pine forests, with valley bottoms supporting groves of oak, cottonwood,
alder, and aspen (figs. 3 and 4). The remainder of the study area is open
country covered naturally by sagebrush, cheat grass, tumbleweed, and
smaller plants (fig. 7)--and even small species of cactus near Plymouth
and McNary Dam,

Pogulation

The study area is sparsely settled, having a 1977 populatlon of about
L,I35 people, a density of less than one person per square mile, The
rural population was estimated on the basis of an average of three
persons per. occupied home, or 700 persons in 233 homes. Community
populations were reported at local postoffices or estimated as follows:
Bickleton, 95; Cleveland, 35; Paterson, 100; Plymouth, 125; Roosevelt,
40; and North Roosevelt, 140.

The upper Rock Creek basin has the greatest concentration of rural
homes. However, even there many homes  are abandoned and much of
the land is operated by commuters living in Goldendale, a few miles
west of the study area.
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" AGRICULTURE AND IRRIGATION

History of Development

Agricultural development in the Horse Heaven Hills started around
the turn of the century. According t a report by Kocher and Strahorn
(1919, p. 12), who conducted a soils study of this part of Benton County
(eastern half of study area),

"About 1902 a considerable influx of settlers began, and during the
next few years a large part of the Horse Heaven Plateau was taken up
by homesteaders. During the next decade many thousand acres of
bunch-grass land were plowed and seeded to wheat. The rapidity of
development is indicated by the fact that in 1907, a year of low yields,
nearly 500,000 bushels of wheat were shipped from Benton County. )

"Owing to the low rainfall the fields must be summer fallowed
every other year, so that a harvest is retrieved only once in two years.
‘Even with this procedure crop failures have been commeon. In view of -
these trying conditions and of the difficulty of obtaining underground
water, so that water for all stock and domestic purposes had to be
hauled long distances, many settlers, after acquiring title to their
homesteads, immediately abandoned them. About 1909 a pronounced
exodus began, and by 1913 there were only a few houses occupied on the
Horse Heaven Plateau. At the present time (1919), however, a
considerable acreage is still in cultivation, as the farmers remaining
work a number of homesteads, The continued success of all the better
farmers has demonstrated that wheat can be profitably grown where
proper attention is given to seed selection and to the details of
cultivation."

Until the 1970's irrigation in the Horse Heaven Hills was limited to
pumpage from wells at Sundale Orchards at the mouth of Chapman
Creek in Klickitat County. However, in the early 1970's large-scale
diversion of water from the Columbia River initiated irrigation--by
center-pivot sprinkler systems—of large tracis inland from the river, all
in Benton County to date (1978). A number of large pumping plants have
been installed on the river, and water is now being pumped inland as far
as 10 or 12 miles in some areas; in one area the pumping to more than
100 ft above river level (1,400 ft above sea level) is accomplished

’ ;
through a booster pumping station enroute. :

In other areas extensive irrigation has resulted from development
‘of wells tapping large-yield artesian aquifers. These wells are situated
in the central part of the Horse Heaven Hills—in the Alder Creek, Dead
Canyon, and western Glade Creek subbasins.
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Past Irrigation Proposals

. The Horse Heaven Hills has long been recognized as having the
potential for agricultural: development through irrigation. According to
a report by Washington State University (1970, p. 1.4), the first proposal
for irrigation in the area was made in 1904 by the Klickitat
Development Company, which later became the Klickitat Irrigation and
Power Company. The company conducted a reconnaissance study
before being taken over by Klickitat County in 1916. The county
initiated a study of the feasibility of irrigating about 134,000 acres in
the study area by a !20-mile canal diverting water from the Klickitat
River. The project was never formalized and the plans were abandoned
in the 1930's. A recent report by the Washington Department of Ecology
(1976) includes a summary of potential irrigation projects in the study
area. : : '

Consideration of irrigation from the Columbia River was initiated
in 1921, when the Umatilla Rapids Power Site Association proposed a
hydroelectric power development on the river which would have also
included development of ifrigation of 129,000 acres. In 1926 a Bureau of
Reclamation feasibility study conciuded that only 50,000 acres could be
irrigated from the river -under the proposed project, but in 1959 the-
bureau reappraised this to the initial 129,000 acres. However, further
study was postponed because most potential water users would not
consent to the l60-acre limitation placed on the amount of land an
individual could have irrigated under the bureau's projects. '

In the late 1960's a proposal was made to irrigate parts of the Horse
Heaven Hills as part of the proposed Paterson Ridge Pumped-Storage
Reservoir, a site described by Young (1967, p. %) as offering "a unique
opportunity for the development of one of the largest and most
-versatile pumped-storage plants in the world." The project was to
involve pumping water from the Columbia River into an earth-dammed
reservoir in the lower Glade Creek drainage, with water to be
impounded up to an altitude of 500 ft in the area north of Paterson and
Canoe Ridges. Besides serving as a heat sink for a potential nuclear
powerplant, the reservoir would supply water to a proposed canal
systemn that would allow irrigation of much of the eastern part of the
study area. However, to date (I1978) the pumped-storage reservoir
project has not progressed beyond feasibility studies.
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THE HYDROLOGIC CYCLE

The hydrologic cycle is the pattern of water movement as it
circulates through the natural system. It includes precipitation from
the atmosphere to the earth, surface runoff and streamflow to the sea
or. lakes, percolation to ground-water bodies and seepage back to the
surface, and evaporation and transpiration back. to the atmosphere.
Figure 16 diagrammatically illustrates the hydrologic cycle.

Precipitation as rain or snow is the source of all freshwater. A
part of the precipitation on the land surface runs off rapidly to streams
and lakes, some soaks into the ground, and some is evaporated directly
back to the atmosphere from the soil and from streams, lakes, and plant
surfaces. A part of the water entering the soil is drawn up by plants
and retums to the atmosphere by transpiration from leaves; the
combination  of evaporation and transpiration is called
evapotranspiration. Some of the water that enters the ground continues
to percolate downward to the zone of saturation to become ground
water. In tum, most of the ground water retums to the surface by
seepage to springs, lakes, streams, and the sea. .

SURFACE-WATER RESOURCES

The surface-water resources available to the study area include the
Columbia River along its southem margin and a few smaill streams.
Only one of these small streams has continuous flow, and that only in its
lowermost reach due to perennial discharge from a spring. The
discussion of surface water includes a summary of the discharge
characteristics of the Columbia River—now largely controlled by
numerous upstream dams--and of Alder and Rock Creeks, the only
_streams within the study area for which daily discharges were recorded

continuously for several years {1963-68). The only information on other

streams is miscellaneous-discharge data. Figure 17 shows the locations
of all streamflow data-collection sites in the study area, including
continuous-record, miscellaneous-record, and crest-stage-data sites,
and table 2 summarizes the types and periods of records at the sites.

Aside from the lower reach of Alder Creek, which had a continuous
flow at its mouth during the 1963-68 data-collection pericd, all streams
are intermittent and usually flow only during the. months of greater
precipitation. When flowing, these streams normally have relatively
low daily discharges, but the discharges frequently increase for short
pericds immediately following intense rainfall or rapid melting of snow.
Such short-term increases are characteristic of streams in arid and
semiarid regions.
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EXPLANATION

A Continuous-record gaging station
& Miscellaneous discharge site
tc& Crest-stage site

A
COUNTY
o st .- niigs

t f-:gﬁ:\? COUNTY ¢

\
\

Vider

L l_“, _

Yep,, Ao o
Ny Creek

0 5 10 MILES
ey
0 5

10 15 KILOMETERS

FIGURE 17.--Locations of streamflow data-collection sites in study area.
See Table 2 for station names.
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TABLE 2.--Types and periods of records at streamflow-measuring-sites, 1911-77

(From U.S. Geological Survey, 1961 through 1977; and
Washington Division of Water Resources, 1953, 1964,

Site ] Orainage Water years
in ‘Streamflow station and arega Daily MisceTTaneous Crest-stage
fig. USGS number or locatign {miZ) discharge discharge discharge
17 .
1 Bofer Canyon'tributary 1.53 -- - 1965, 1967-77
te Fourmile Canyon ! ‘ .
(14034040} S '
2 Fourmite Canyon near 81.2 - - 1962-70
Plymouth (14033100)
3 Glade Creek tributary : .5 = -~ -- 1961-75%
near Bickletaon .
(14034250)
4 Glade Creek tributary .36 -- -- 1963
(7/21-21K) :
5 Glade Creek {7/22-7K1):  14.2 —_ - 1963
6  East Branch Glade Cree 50,3 -- -- 1062-77
, near Prosser (14034270)
7 East Branch 8lade Creek .96 -- -- 1965-75
- tributary near Prosser-
(7/25-5) o ,
8 Glade Creek near 428 - 1977 --
Paterson (5/25-288) ) '
9 Dead Canyon Creek 62" -- -- 1955-74.
tributary near . :
Alderdale (14034320} .

"10 Alder Creek near 8.15 .- -- - 1963-77
Bickleton .
(14034325) | ,

11 A]dér'Creek'at 196 1963-68 1977 1963-648
Alderdale (14034350) .

12 Wood Gulch (3/21-9H) 60.0 -- 1977 --

13- Rock Creek (4/18-1IN) 7.6 -- 1977 1953, 1955

14 Unnamed tributary to ' 4¢ e -- 1953
Luna Gulch {3/17-36P)5 )

15 Rock Creek near o 125 -- -- 1913-13
Goldendale {14036500) . :

16 Squaw Creek (4/19-298)  76.6 -- - . 1911-12

17 Rock Creek near 213 1963-68 1977 1963-68

Roosevelt (14036600)

aFrom Williams {1954
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Alder Creek

The only gaging station on Alder Creek, which drains an area of
196 miZ (Williams, 1964), was operated during 1963-68 under the station
name "Alder Creek at Alderdale." Crest-stage data were obtained
during 1963-77 on the upper reach of Alder Creek about a mile east of
Bickieton {fig. 17). Because of the intermittent character of the stream
along most of its length, it is used mostly for livestock watering. As
there ‘is virtually no irrigation in the Alder Creek basin, there has been
no contribution to the natural flow from irrigation runoff.

Mean annual precipitation over the basin varies between 10 and
I5inches and is estimated to average Il inches. Most of the
precipitation occurs in the northwestern part of the basin.

Although most of Alder Creek and its tributaries flow only during
pericds of heavy rainfall or rapid snowmelt, gaging-station data during
1963-68 indicate that at its mouth Alder Creek flowed continuously
through the year. This flow results from seepage from Sally Spring
(5/23-34K), about 3 miles upstream from the gaging station. The spring
is situated near the axis of the Swale Creek-Glade Creek syncline and
has a relatively constant discharge of about 0.8 £t3/s (Brown, 1979).

Hydrographs of the maximum and minimum daily discharges of
Alder and Rock Creeks during 1963-68 (fig. 18) show the great variations
in the streamflows in this arid to semiarid region--where flashflocds
result from short periods of intense rainfall or from the rapid melting of
snow. Snowmelt runoff also has caused much sheet erosion of the siity
soil mantle in some parts of the upper Alder Creek basin, as shown in
the photographs of figure 15. As indicated in table 3, maximum daily
and annual mean discharges vary greatly among water years. The
streamflow records also indicate great variations in the monthy average
discharges throughout the year. The larger discharges generally occur
during December-March.
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TABIE 3.~-tonthly and annual average discharges and maximam and minimm daily

. diacharges, Alder Creek at Alderdale and Rock Creek near Roosevelt,

1963~68 water years

[biéﬂawga data, in cubic feet per second and acre-feet per month, are fram
U.S. Geological Survey (1963-68).
Mmnthly and anmial values converted in acre—feet are given in parentheses, )

" Watar.:

year = - Oct

Rov

Jan

Alder Creek at Alderdale (14034350)

0.75

1963 (46)

.89

1964 (55)

80

1 .

963 {48)

. .92

1966 (56)

' .85

'1967 ) (s2)

.72

1968 (45]

Average .82
monthly (50.5)

0.81
(48)

.93
{55)

.80
{48)

.96
{57)

.93
(56)
.93
(45)

75
{51.5}

1963 ?;:}
1964 (6?
1965 (6?
1966 %égf
1967 1{ig?
1968 (i?gf
AQerage .45
monthly

(27.5)

6.21
(370)

2.06
{123)

1.75
{104)

4.35%
(259)

10.1
(602{

1.56 .

{93)

4.34
(259)

Rock Creek near Roosevelt {14036600)

Dec Feb . Mar Apr
0.82 0.72 55.9 2.35 °  3.09
(51) (44) (3,100} {144) {184)
.96 2.63 4,16  2.25 1.65
(59} (162) (239) {139) {s8)
274 6l.2 30.4 B.21 4.69
{16, 800) (3,760) {1,690} {505) {279)
1.07 31.0 10.8 24,4 3.66
(66) (1,910)  {598) (1,500) {218)
6.00 6.95 5.33 2.62 2.07
(369) {427) (296) {161) (123)
.83 7.12 15.9 3.12 1.66
(51) (438) {915) {192) (99)
47.3 18.3 20.4 7.16 2.80
_(2,900) {1,120} . (1,330) {440) (167)
46.7 14.4 135 37.8 122
{2,870) (886) {7,490} (2,330) (7,270)
9.46 83.8 72,0 59.3 59,9
{582) (5,160) {4,140) {3,650)  (3,560)
475 489 254 B2.6 30.2
(29,200) {30,100) (14,100) (5,080) {1,800)
6.24 " 99,9 6l.6 214 92.1
(384) (6,140) {3,420) (13,200) {5, 480)
102 130 80.6 3l.s 26.6
(6,260) (8,010) {4,470) {1,940) (1,580)
8.23 42.2 231 47.0 13.6
(506) (2,600) (13, 300) (2.830) (810)
108 143 139 78.7 57.4
{6,630) (8,820) {7,820) {4, 850)

(3, 420)

3averaga of the two roundad values totaled from monthly and annual colums.
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Maximum Momentary Minimum
daily . maximum .daily
May Juna July Aug Sept Annual and date and date ‘and date
2.14 1.06 1.09 "0.83 0.80 5.50 1,250 © 5,560 0.2
{132) (63) (67) {51} (48) {2,980} (2/3) (2/3) ©(7/25)
1.08 W74 .58 .60 .80 1.43 26 68 .3
(66) (44)  (36) L (37)  (48) {1,040)  (1/26) (L/26)  {71/13)
2.60 . 1,89 .81 1.95 1.08 32.6 4,000 17. 600 .4
(160)  (89) (50} (120)  (64) {23,600) {l2/22) {12/22) {8/9)
.87 .82 1,29 .81 .79 6.47 197 670 .4
(54)  (4%9) .(79) {50) (47) (4, 680) (1/86) {1/8) (7/9-12)
1.33 .84 .56 .51 .67 2.38 59 154 3
(82) {50) (34) (32)  (40) {1,720) {(12/13) {(1/28) (8/4-5)
.91 .53 .32 .48 .61 2.70 180 513 .2
(s6)  (32) (19 (30) (36 (1,960) azs) . (2/3) (6428,742-1L.
1.49 Lol .78 .86 .79 8.51 Extremes during 1963-68:
{(91.7) 1 " (56.5) (47.5) . (53.3  (47.2) {6,260)° 4,000 17,800 0.2
38.4 6.15 0.55 0 0 33.2 1,000 3,940 o
{2,360)  (366) (34) (0) (0) {24,000) (2/3) (2/3)
11.5 . 3,58 .28 0 0 25.0 539 912 0
(707) (233 (17) (0) (0 (18,200) (1/25) (1L/25)
16.1 .24 1.56 .55 .66 113.0 4,800 14,200 0
(992}  {371) (96} (34) {3s)  (81,900) (12/22) (12/22)
13.4 3.6l 1.71 .03 0 41.6 656 962 0
{825) {215) (105) (2) (0)  (30,100) {3/9) (3/9)
16.4 3,83 .12 0 0 33.3 1,150 1,570 0
(1,010} {228) (7.5) (0) (0)  {24,100) {1/28) {1/29)

6.21  1.35 .026 0 0 28.4 908 1,760 0
(382) = {92) (1.6)  (0) (0) (20, 800) {2/23) (2/23) -
17.0 4.6 .71 .09 .10 45.8 Extremes during 1263-68:
{1,050} (248) {43.5) {6) (6.5)  (33,200) 4,800 14,200 c
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The annual 7-day low flows of the lower 5-mile reach of Alder
Creek—-in effect, of Sally Spring—during the 1963-68 water years of

record all occurred in July. They are as follows:

Water Discharge

- year (ft3/s)- Date
1963 - 0.40 {7/25-31}
1964 514 (7/8-14)
1965 .557 (7/7-13)
1966 .571 (7/8-14)
1967 .40 (7/7-16)
1968 .20 (7/2-11)

Average .39

The 7-day low flows that statistically will
recurrence intervals are as follows:

be repeated at selected

2 years 0.458 $t3/s 20 years
5 years 318 ft3/s 50 years
10 years 246 £t3/s 100 years

0.192 ft3/s
180 £t3/s
110 ft3/s
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Rock Creek

A daily-discharge and crest-stage gaging station on 'Rock Creek
near Roosevelt, above which the drainage area is 213 mi2 (Williams,
1964), was operated in the basin during 1963-68, and crest-stage gages
at three other sites (fig. 17) were operated at various times (table 2).
During the period of record, seepage of ground water sustained the flow
of Rock Creek through July in most years; in 1965 the streamflow was
sustained into August. Because Rock Creek flows only intermittently,
no major diversions or withdrawals are made above the daily-discharge .
gaging station near its mouth.

Mean annual precipitation over the basin varies between |5 and
25inches and is estimated to average about I8 inches, with most
occurring in the northern and western parts of the basin. Although the
Rock Creek basin is only slightly larger than the Alder Creek basin, the
average discharge from the former was more than five times that of the
latter (table 3) during the same period of record (1963-68).

Glade Creek

Glade Creek drains a basin covering 428 miZ, the largest .in the
study area and about the size of the combined drainages of Alder and
Rock Creeks. However, no continuously recorded streamflow data are
available from the basin and the only information is that obtained at six
crest-stage gages in the basin (fig. 17, table 2) and at a miscellaneous
discharge site at the creek's mouth near Paterson (tables 4 and 5).. .

Average annual precipitation over the Glade Creek basin ranges
from about 14 inches in the northwestern part to less than 8 inches in
the southern part near Paterson; it probably averages about 9 inches
over the entire basin. 'As most of the precipitation occurs during the
November-April period, there is little or no water in most reaches of
the stream during the summer months. However, McKinley Spring (at
6/24-7 A on plate 1) provides-a small seepage of water which flows for a
short distance in the middle reach of the stream (fig. 14),

~In the uppermost reach of Glade Creek, at the head of the
east-west trending synclinal valley near the crest of the Horse Heaven
Hills, several springs provide domestic and stock supplies. These help to

maintain some flow in this reach of the creek during the summer.
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TABLE 4.--Miscellaneous discharges recorded st selected sites, 1911-77

Site ro. Drainage

in Streamflow statton and areg Dissharge Data

fig.  USGS number or location (mi<)  (ft¥/s) Date source?

1?7

3 Glade Creek tributary 0.5 226 2-10-61 USGES 1961
near Bickleton a9 1962 USGS 1962
{14034250) .

4 Glade {reek tributary '
(7/21-21K) .36 216.5 . 2-3-63 . (USG5 1963

5 Glade Creek [7/22-7K) 14,2 4965 . 2-3-63 De,

7 East 8ranch Gladé Creek

tributary near Prosser .96 18.1 2-12-69 UsGS 1976
{7/25-5} v, 2

8 Glade Creek near 428 4.80 2-14-77 USGS 1977

Paterson 6.61 6-3-77 v.2
5.00 B-12-77 to,

9 Dead Canyon Creek .62 ag 1961 USGS 1961
tributary near LY N 1962 USGS 1962
Alderdale
{14034320)

10 Alder Creek near 8.35% 1.03 3-7-73 USGS 1976
Bickleton 10.0 1-23.74 v, 2
(14034325} 3.84 4-3-75 Do.

25 2-14-17 usGS 1977
v. 2
.05 6-3-77 Do.
0 8-12-77 Do.

n Alder Creek at 196 .65 2-14-77 Do.
Alderdale .40 6-3-77 . Do.
£14034350) 3.3% B-12-77 Do.

12 Wood Gulch {3/21-9N) 60 J0 2-14-77 Da.

0 7-6-77 Do.
0 8-12-17 : Do.
13 Rock Creek £7.6 a2, 580 1-9-53 WDER 1964
{(4/18-11K) 42,870 12-2-55 Do,
2.29 2-14-77 USGS 1977
- v. 2
1.38 6-3-77 Do.
.18 g8-12-17 De.

14 Unnaned tributary .46 123 1-19-53 HOWR 1964
to Luna Gulch
(3£17-369}

15 Rock Creek near 128 1,103 2-16-12 WDWR 1955
Goldendale \ 81,850 2-16-13 Do,
{14036500)

16 Squaw Creek 76.6 3N 12-28-11 HOWR 1964
{4/19-29N) 349.3 2-19-12 bo.

45,64 4-1-12 Do.

V7 Rock Creek near 213 6.48 2-14-77 USGS 1977
Roosevelt 3.15 6-3-77 Do.
(14036600) 0 g-12-17 Do.

2 apnual maximum instantanecus discharge calculated from field observation of
high-water marks,

1 From N1114mms (1964).

2 pata source: USGS, U.S. Geological Survey, WDWR, Washington Division of
Water Resources. .



TABLE 5.+-Aunual maximum inastantancous discharges at semlected sitea, 1963-76 water years

Cubic feet per second

Stranm atation Drainage
giee in and number area Water year and date if known
fig. 17 _{or locatian) tmi?y 1951 1964 1965 19686 1967 1968 1965 1970 1971 1972 1973 1874 197% 1976 B

1 Bofer Canyon trib- 1.53 -— - - 47 [+] 4] 76 16 4] a 4] 0 o 0
utary to Fourmile [R¥4r1-H {2/11) (1/23% !
Canyon (14034040}

2 Fourmile Canyon
near Plymouth 81.2 ] [+] 559 0 o [+] 200 16 {Discontlinued}
[L4034100 [L/28} L. (2711 (1/21

k] Glade Creak trib- .- 43 8.1 6.6 <2 [+} <1 14 9 17 15 4.0 5.3 11 {Discontinued)
grary near {2711 {6/-) (L/29) ' {1716} {1/30) {1/18) {2/281 {1713 (1/15) [3/1} :
Bicklsron
1140342501

& East Branch Glada 50.3 4] 0 478 [1] < Q 0 s00 13 [+] 1. .1 .1 L1 o]

Cresk near (1/29) (2/12) {1/23} (1/21) (1/1}) {1/16} {1/26)
Prosser (14034270% . . '

7 Eaat Branch Cladas .96 .0 0 300 4] 3] [} ao [} 0 o 0 .4 0 {Discontinuedl
Creek tributary (1/29) (2/12) {1/1B)
near Prosoer
{2/25-5)

9 Dead Canyen Creek 62 0 4] 17 0 6 .. © 9.2 ] o 4} o 12 ({piscontinued}
tribubary near (12720 {2/11) (1/t6) ’
Alderdale '

(140143200

10 Alder Creek near a.35 BBO sa 971 149 1o+ 137 251 164 234 293 40 992 165 115
Bickleton (2/37  (L/25) 12722y (3/9) (L7280 (17150 (L/6)  {1/33) (1/18&) t1/200 (1/13) (1716} (3/1) (12/16)
{14034335}

11 Alder Creek at 136 5,960 68 17,600 €70 154 513 l{piscontinued an crest-stage gagej
Alderdale (273 {1726) {12722y il/6y (68/28) (2/3}

{14034150:

17 Reck Creek near 213 3,940 912 14, 200 962 1,570 1,760 {Disgcontinued as crest-stage gagsa)

Rocsavelr (2/0 {1/25) (lz2/22) {(3/9) {6727 12/23) .

(14036600}

S3JUNOSIY YILYM-3IVLANS

LE
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Two miscellaneous discharge measurements made near the mouth
of Glade Creek, when compared to discharges of Alder and Rock Creeks
on the same date, indicate an inconsistent relationship between the
basins relative to drainage area and discharge. These data are given
below:

Discharge
1428 oty A (366 mt). K552 mid)
date (/) (P smidy  (F3/5)}(Ft/5/mid) (68375 (F375/mi%)
24777 4.80 0.01 0.65 0.003 6.48 0.029

6/3/77 6.63 .01% .40 .00z 3.15 .014

Water-Quality Data

Few data are available on the quality of surface water in the study
area. Aside from daily water temperatures recorded during the 1963-66
water years (not included in report), suspended-sediment data were the
only data collected from Alder and Rock Creeks during those years
(table 13). :

Columbia River

The Columbia River, flowing along the southern margin of the
study area, is the only perennial source of surface-water supply for the
area. Daily, monthly, and annual discharge data obtained from the
Columbia River at McNary Dam, near Umatilla, Oreg., (station
14019200) and discharge and water-quality data from the Columbia River
at The Dalles, Oreg., (station 14057000) have been recorded for the
1951-77 water years. These are given in other publications by the U.S.
Geological Survey (1964, 1965-78) and are not repeated here.

The flow of the Columbia River has become increasingly controlled
over the years since the first dam (Rock Island Dam) was completed in
1933; today Il dams are situated on the river within Washington State; &
are upstream from the study area. All have been constructed for
hydroelectric power generation, but they also play a big part in flood
control during the late spring, when snowmelt runoff from the vast
Columbia River basin reaches its peak.
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The discharge of the river is so large relative to the amount of
water presently {1978) diverted from the river for irrigation in the Horse
Heaven Hills that, for the purpose of this study, only summary data are
given below for the Columbia River at McNary Dam during the 1951-77
water years.

Type of Discharge

discharge (£t3/s)
Mean annual 185,300
Maximum annual mean 233,100 (1972)
Minimum annual mean 119,600 (1977)
Maximum monthly mean 623,900(June 1956)
Minimum monthly mean 75,220(Decarber 1953)
Maximum instantaneous 818,000(June 2, 1956)

Minimim daily : 39,500 (July 10, 1977) .
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GROUND-WATER RESOURCES

- Occurrence Within Stratigraphic Units

‘Ground water in the study area occurs principally in the Columbia
River Basalt Group (Griggs, 1976) of Miocene age, a thick sequence of
basalt lava flows with some interbeds of sedimentary materials, that
extends beneath the Columbia Plateau in south-central and eastern
Washington, Oregon, and southern Idaho. The thickness of the basalt in
the study area probably is greater than 5,000 ft, with individual flows
ranging in thickness from a few feet to more than 100 ft. Interbedded
with the basalt in its upper parts is the Ellensburg Formation, also of
Miocene age, which consists of silt, sand, gravel, and clay and
consolidated materials (siltstone, sandstone, and c0nglomerate) These
were laid down between basalt extrusions, particularly in marglnal areas
of the Columbia Plateau, where streams from adjacent mountains
transported and deposited their sediment loads. Photographs of
outcrops of some of these units are shown in figure 19.

Basal.t is a dense rock characterized by columnar jointing and by
fracture and rubble zones at the tops and bottoms of most flows.
Ground water generally moves within these zones and in the
sedimentary interbeds. On the basis of available data it appears that
some of the aquersI are not continuous throughout the area, and wells
may penetrate several basalt layers before intercepting one or more
aquifers capable of providing adequate water supplies.

Individual basalt units differ locally in their transmissivityz, with
changes occurring in part because of thinning or thickening of the
water-bearing unit. - For purpose of the discussion of the various units of
the Columbia River Basalt Group underlying the study area, table 6
summarizes the relationship of named units.

Water-saturated earth or rock materials capable of yielding
significant quantities of water to wells or springs.

2The rate at which water would move through a unit width of the
aquifer under a unit hydraulic gradient.
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A, Road cut at 7/22-4R in upper
Glade Creek valley, showing basalt
flow overlying sedimentary inter-
bed, in Columbia River Basalt Group.

B. Basalt exposed in channel of in-
termittent stream, overlain by eoli-
an silt. At 7/22-11B.

FIGURE 19.--Rock types exposed in study area.
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TABLE 6:--Stratigraphic relationship of rock

River Basalt Group

formations in the Columbia

Formally accepted nomenclaure
of Swansecn and others (1979)

Sedimentary interbeds named
informally by Crosby, Ander-
son, and Kiesler (1972) and
Brown (1979)

River Basalt Group

Columbia

Subgroup

Yakima Basalt

Lower Monumental Member

Ice Harbor Member

Buford Member

Elephant Mountain Member

saddle

Rattlesnake Ridge interbed

Mountains

Pomona Member

Basalt

Selah interbed

Esguatzel Member

Weissenfels Ridge Member

Asotin Member

Wilbur Creek Member

Umatilla Member

o s ey

Mabton interbed

Priest Rapids Member

Wanapum
Basalt

Roza Member

Frehchman Springs Member

Eckler Mountain Member

Grand
Ronde
Basalt

Picture
Gorge
Basalt

Imnaha
Basalt
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Geophysical Logging of Wells

Geophysical logging of selected wells has been done in recent years to
determine the depth, water-bearing properties, and extent of strata
_ underlying the Horse Heaven Hills and to correlate these with strata found
elsewhere beneath the Columbia Plateau. This work included logging of
neutron neutron and neutron gamma radiation, caliper recording of
borehole diameter, and measurements of water-temperature changes with
depth, fluid resistivity, and vertical-flow velocity. The logging was done by
both the U.S. Geological Survey and by the Washington State University
Hydraulic Laboratory (Crosby, Anderson, and Kiesler, 1972). Additional
geophysical logs of wells were obtained from the -Washington. State
University College of Engineering. The locations and numbers of the 25
wells logged are shown in figure 20. '

When combined: with information in drillers' logs, the geophysical logs

are useful in defining the depths of water-yielding zones. Table 7 presents
a summary of the interpretations of the logged wells.

Grbund—Water Recharge and Movement

Ground water beneath the study area probably is recharged by local
precipitation, sparse though it is over most of the area. This recharge
occurs mostly during the winter and spring, when the rainfall is sufficient
to saturate the soil mantle and percolate to the water table. During the
warm summer months there is little ground-water recharge, because any
precipitation generally evaporates or is transpired by plants. The extent of
ground-water inflow from outside the area is unknown. S

Some ground-water recharge probably occurs locally in southern
Benton County, by percolation of irrigation water pumped from the
Columbia River. The amount of this water reaching the water table is not
measurable, but most of the irrigation water probably is taken up in the
crop roots and lost by evapotranspiration.

As determined from water-level data included in well records {table
16), ground water moves beneath the study area southward and
southeasterly toward the Columbia River, which represents the lowest level
of the potentiometric surfacel. However, it should be noted that because
most wells in the study area penetrate more than one aquifer, the water
levels in these wells do not represent a single potentiometric surface, but
rathér a combination of two or more. The occurrence of springs issuing
from the sides of the valleys at various altitudes in the rock Creek basin
corroberates the existence of several saturated zones beneath the area.

IPotentiometric surface of an aquifer is an imaginary surface that
represents the level to which water rises in wells. '
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TABLE 7.~-Summary of gechydrologic conditions at selected wella,
as interpreted from geophysical logs

Static Interpretation of geophysic?al loge
Woter
Wall mmber | Altdtude papch | Laved Data Poroeity and colsture Temperature locreasas
. () (fry | () {zo/yT) increases (ft) (o apnd ft)

4/17-17R1 1820 320 43 12/77 }86§9230—7u,210-250, _—

4/17-20/1 2010 334 102 12/77 40-65, 115-140, 160-180, From 150 to bottom
250,270, 290=325

5/20-27B1 2490 8927 752 1/72 65-100, 255-300, 760-904 19.3° at 755, increasing
. to 23° at 904 ’
5/22-27A2 1105 1061 27 9/76 270-350, 370-460 21.2° at top, 29.1°% at
bottom
5/23- 3AZ 716 555 124 9/76 70, 235-30Q 14.5° at 124 {SWL)

increase to 14.65" at
240-270, abrupt in-
crease to l4.8-14.9°¢

B at 275-2B%
5/23-13R1 575 1081 142 3/78 110-230, 340-520, 17.5° at 140, increasa
€70~-B00, BIS-950, to 25° at 250, stable
1000-1010, 1050=107¢ toward bottom where 28.8°
5/23-29D1 810 B71 Flow 8/77 390-520, 735-825 £0-180
5/26~ 5D1 610 1002 26% - 100-110, 265(SWL}-370, 26.5% ac SHL, then in-
510-640, 700-75C, 820- creage to 24,3 at 379,
850, %40-99¢ slow increase to 26.5° at
bottom
6/20-13H1  2B62 306 31 6/75 140-170 11¢ at 69, to l2.6° at
N bottom
§/21-.28DL 2670 319 276 a8/76 - Erratic to SWL {276}
then ihcrease
&6/21-31F2 2740 0o 260 12/95 B0-100, 260, 2%0-300 14.8° at 265 (SWL), in-
crease to 15.8° at 300
6/21-35P1 2360 300 75 9/76 50, la0-200 . 12.4° at 100, steady in-

. crease to 14° at 290

6/23=15H11 1050 950 Flow 2/71 60-140, 270-360, 500- ~ Slight decrease to 640,
560, 660-680, B60-900 then rapid increasa, then
stable to bottom

6/23~16R1 1090 950 41 7/16 20-80, 230-26D, 440- . 13.5° at 41 ft, to

480 16.7° at 115 ft
6/23-22J1 982 1040 293 2/18 90-120, 290-3160, 550— 12.0° at $WL, to 22.3°

630, y00-720, 900-920 at 450, 23.1° at bottom
5/24-22H1 550 661  l42 2/72 0-30, 290-360, 490-610 16.8° to 180, 17.4° to

' 350, 19.3° to 485, 20°
to 66k

6/30-1201 1180 974 855 - 3/73 B840-842 and at bottom 20° at %wL,Steady increase

to 21° at 974

6/30-1981 990 736 695 --  Erratic t¢ bottom steady incredse from 16°
at top to 19.9° at 585

7/22-23B1 2120 1400 320 - 60-150, 350-1000 --

7/23-36R1 950 B05 Flow 10/77 1%-40, 210-220, 41¢-470 199 at 110, gteady increase
s80-620, 785-800% to 19.6° at 500, decrease
to 18.2° at 590, increasa
to 19.8° at 600, steady to
750, increase to 20.5° Bt
a0o

/24~ €Dl 1450 1092 868 1/18 40- 80, 230-260, 410- 24.2° at $65-1092
460, 610, 740-760, B70, .
990-102¢, 1070-1080

7/25-36F1 153 867 3150 4/78 ©-70, 220-250, 385-400 18.4° to 385, increase to
: 450-520, 620-550, 740- 18.7° at 450, te 19.3* ac
770, 400-810, 850-867 battom

'7/25-38H1 230 B&0 373 9/72 50-70, B0-90, 480-540, 8/1/72: 16.7¢ at 372,18.3°
590-620 at 735, 19.3°at 842,22.5°
at 860. 9/27/72: 15° ot
372-457, 16.5° at 460,
16,7° at 740

7/26~ 5Bl 1130 1061 403 4/69 300-375, 550-650, small Stable 19.2°-19.3°
increases 720-76Q, 840-
930 .

7/27-29Ql 1150 575 170 1/73 40-80, 220-575 10.4° at 170 to 11.5°

at 350, to 14.5° Bt 440

-”Snurcc of dnts: A, U.S. Geological Survey; B, Croshy, Anderson, and Kiesler
(written cemmun.,. 1972); C, Washington State Univeraity Department of Clvil
and Envircnmental Engineering lmiscellancous logs submitted when available,
1978} ; D, Jeffrey €. Drawn {written commun., 1970).



GROUND-WATER RESOURCES

45

Interpretation of geophysical 1oGH Water-boaring incer-
Source vale according te
Hole-digncte: fnnreases Zone of combined factors of Ocher informarion drillers’ loge (ft);
(fiy to lefc (£¢) data - (3¥L = statlc vater level) [ma, fog not svalilabl”
50-70, 240-250, 285-310 50-70, 240-250, 280-31¢ [of HA
ac 65, 130, 250, 285-290, 130-140, 270-290 [ NA
310
_— 160-904 B NA .
—— -— A,B,D SWL 42 ft when 272 ft 34%-568, §73-
deep, 62 ft when 364 ft. 767, B06-930
55 ft when 673 fr, 150 ft
when 684 ft, 30 ft when -
753 fr, 27 ft when 1061 ft
— 240-285 B Wel: filled back to 70-B0
555 ft from drilled depth
of 575 €t
200-93G, 1010-1020 200-.930, 1010 . c Casing to BID fc NA ‘
230-268, 530-560 --- [ Artesian flow 2100 Not indicated
gak/min in June 1977 io log
365-380, 405-415, 365-370, 945-960 B 108-121, 279~
945-960 360, 599.6l0,
949-974
140-170 140-170 B N2
293-300, at 310 - 8 WA
J— —— B NA
——— -— B NA
130-140, 145-355, 660- 130-14p, 345-355, 660~ B Artesian Elow 2200 377-405: water
680, 850-900¢ 680, 860-900 gal/min in Feb., 1971. level rose as
Head increase when well deepended
deepened below 445 ft below 405 fr
—— _— B
500-510, 550-600, 550-600, 710-720 c Log states well 1069 ft; .
710-725 filled back ta 1040 ft
140, 210-213, 352.384, 492-498 B NA
492-498, 650-661
168-196, 420-430, 660~ _ A A
EB0, 885-920
176-196 —— B Log shaws $585-ft depth, Not indicated
475 £t SWL in log
_— ——— B SWL, 350 ft when well Da.
460 ft deep and 750
£t when 1000 £t deep
70-75. 475-480, 580- 580-620, at 8OO C Artegian flow 1755 Do.
620, 745-760, 800-870 gal/min in oOctober 1977
+0~-80, 230-250, 410~ 40-~80, 230-250, 410-350 [ well deepened from S00% NA
460 £t to BGE fE in 1677
223-242, 750-770, 800- 223-242, 750-770, BOO- [y Cascading water at about HNA
815, B855-865 810, B855-865 230 fu
485-512, 736-750, 820 485-512, 740.840, 842- A, B DOE test-ohservation 70-85.
840 860 well., SWL 166.5 ft 814-860
when 547 ft, 172.5 ft
when deepened to '
140 ft
378~382, 67B-6B0, 772- - B SWL 403 ft when 780 ft  609.6B1
72, 930-933, 1050 deep, 607 ft when deepennd
to 106k fe
83-92, 150-162, 180- 320-325 A NA
195, 320.325
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FIGURE 20.-=-Wells from which geophysical-logging data were obtained.
Township and range numbers omitted from well numbers for brevity
(See p. ix for well-numbering system.)
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Structural Controls

The folding of the basalt into anticlines (upward folds) and synclines
(downward folds) and faults (fractures in rocks resulting in vertical or
horizontal displacement) may or may not disrupt the lateral continuity of .
the aquifers. Because an understanding of these structures is important to
the evaluation of ground-water occurrence and movement in the area, a
discussion of the recognized structures is given below.

East-West Trending Structures

“As shown in figure 21, two major and several minor east-west
anticlinal and synclinal structures exist in the study area. On the north the
axis of the Horse Heaven anticline coincides with the crest of the Horse
Heaven Hills to and beyond Wallula Gap. The anticline is broad and
asymmetrical, with the steeper flank extending to the Yakima River valley
on the north and the southern, more gently sloping, flank forming the
plateau-like surface of much of the study area. The structure is highest in
the west and it gradually descends eastward to a few miles west of
Bickleton where it dies out. Two similar, but shorter, structures occur
south of and roughly parailel to the westem part of the Horse Heaven
anticline (fig. 21). The axis of the westernmost of these two structures is
separated from the main anticline by a synclinal valley north of Bickleton,
which contains the upper reach of Pine Creek. The easterly of the small-
anticlines is separated from the main anticline by a small syncline that
forms a valley containing the easterly flowing upper reach of Glade Creek.
The crest of the Horse Heaven anticline may possibly mark the divide
between ground water flowing north to the Yakima River valley and that
flowing south and southeasterly beneath the study area. :

In the southwestern part of the study area in Klickitat County, the
Columbia Hills anticline is the major structure. The crest of the Columbia
Hills (pl. I} rises to an altitude of more than 2,500 feet, high above the
Columbia River (Lake Umatilla altitude 240 feet), and forms the southern
boundary of the Rock Creek basin. The anticline continues eastward and
ﬁradually descends in elevation and continues as the Aldet Ridge anticline
Newcomb, 1971). Eastward the anticline forms Paterson Ridge, beyond
which it is no longer obvious from topographic features. Sillusi Butte,
northeast of Plymouth, may represent a topographic extension of the
structure.
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Smaller east-west structures are found in the southern part of the.
study area. These include, according to the map by Newcomb (1971), the
Swale Creek-Glade Creek syncline north of and paralle! to the Columbia-
Hills and Alder Ridge anticlines and a small anticline and syncline
represented by small low hills and valleys near the Columbia River, on the
south side of Golgotha Butte. '

Newcomb (1970) mapped several short faults in the study area
(fig. 21). Although these may affect ground-water movement where. they
occur, well data in these areas are too sparse to permit interpretation of
the local influence of these faults. :

North-South Trending Structures

Several north-south trending structures in the western part of the
study area were mapped by Newcomb (1971; fig. 21). They appear to be
parallel to those farther west in the Goldendale area as mapped by
Sheppard (1967) and are indicated by several topographic prominences
(pl. 1}, including Luna Butte (4/17-24), Tumwater Butte (5/18-15), and
Harrison Ridge (5/18-35 to 4/18-13). ' ,

North-south structures are not apparent from surface features farther
east in the study area.

Stratigraphic Controls

In addition to the possible structural controls, ground-water movement
may- also be controlled by hydrologic changes in the basalt or sedimentary
interbeds. This may be true particularly in the eastern part of Klickitat
County, where changes in potentiometric head in short distances cannot be
explained by any structural feature apparent at land surface. The change
in head is noted in deep wells situated along both sides of a northeasterly
trending zone that evidently crosses the Klickitat County-Benton County
line. Several wells northwest of this zone penetrate strata in which ground
water is confined under high artesian pressure, with the potentiometric
head above land surface at several wells. On the other hand, wells drilled
to similar depths southeast of the zone obtain water with a potentiometric
head 200 to more than 400 ft lower than that to the northwest.
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According to Crosby, Anderson, and Kiesler (1972, p. IlI-18 and NI-19)
of Washington State University, who interpreted geophysical logs of
selected wells in the central Horse Heaven Hills area, the artesian
conditions are associated with one or two zones of higher transmissivity
600 ft or more below the surface. They believe these zones occur in a
broad syncline superimposed on the south flank of the Horse Heaven Hills.
They contend that the land-surface gradient in the area exceeds that of the
potentiometric surface, thereby resulting in flowing discharges of wells
tapping these deeper, more transmissive zones confined beneath zones of
lesser transmissivity. : '

Brown (1978, p.11) also of Washington State University, believes that
stratigraphy plays a significant role in controlling ground-water movement
in the study area. He contends that pumping tests and geophysical logs of
wells indicate that production obtained from aquifers within the Saddle
Mountains Basalt is limited mostly to only domestic quantities, and that in
much of this area the high-production aquifers occur beneath the
uppermost flow of the Wanapum Basalt (uppermost Priest Rapids Member),
Brown concludes that wells drilled into these productive aquifers in this
area will undergo substantial changes in hydrostatic head upon complete
penetration of the upper Priest Rapids member and that below a surface
altitude of 1,500 ft the change will be toward increased head.

Seasonal and Long-Term
Water-Level Fluctuations

In his study of Klickitat County, Brown (1979) made monthly
water-level measurements of selected wells during 1975 and 1976, to
determine the extent of seasonal fluctuations. The data are included in
table 14, and hydrographs of the fluctuations in five wells are shown in
figure 22. The hydrographs show that annual fluctuations vary among
the wells, and that in three of the wells there was a general decline
between summer 1975 and summer 1976, indicating that annual
ground-water recharge did not balance ground-water discharge. On the
other hand, the water level in 555-ft well 5/23-3A2 exhibited an unusual
rise of about 24 ft between May and September 1976. The reason for
this apparent anomaly is unknown.

Longer term, twice-yearly measurements were made by the U.S.
Geological Survey of 44-ft well 6/20-22D1 (in Bickleton), which
represents unconfined (water-table) conditions that most readily
respond to seasona! variation in precipitation. During the period
1968-78 the measurements indicated that some decline had occurred,
particularly between 1968 and 1973. Since 1973, however, the
measurements indicate no significant further decline.
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FIGURE 22.--Water-level fluctuations in selected wells during period of
spring 1976-summer 1977. Well depths are given in parentheses,
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Water-level measurements have been made since late 1972 in
observation test-well 7/25-36N1, to record the seasonal and long-term
changes in water levels representing three separate water-bearing zones
in the 860-ft well (table 15). A zone 105-185 ft below land surface has
significant seasonal and annual fluctuations, but two deeper zones {720
to 755 ft and 770 to 860 {t), with similar water levels, have little
long—term changes. :

Ground-Water Development

Well Data -

- The locations of all 294 wells in the study area from which some
data were obtained are shown in plate 1. In most cases, the well data
(table 16) were obtained from the files of the U.S. Geological Survey
and Washington Department of Ecology, but data from additional wells
were obtained during field visits to the area. Nearly all wells were
visited to determine their accurate locations and land-surface altitudes
from topographic maps; during the field visits only a few static
water-level measurements were made. The well data include (1} records
of wells, (2) drillers' logs, (3) chemical analyses of ground-water
samples, and (4) water-level measurements. Some of the well data were
obtained from other reports on the area (Crosby, Anderson and Kiesler,
1972; Brown, 1979; Strait, 1978).

Drillers' logs {table -17) provided gmefé! information  on
geohydrolog1c conditions at the well sites.

Areal Development

- As is apparent from the areal distribution of wells shown in plate 1,

"the intensity of development varies considerably, with some areas—the
upper western Rock Creek -basin, the Goodnoe Hills bench in the
Columbia Hills, and the Bickleton area—being more developed, while
most of the area to the east is characterized by widely d1spersed
wells—mostly low-yield domestic and stock wells.

All domestic water supplies in the Horse Heaven Hills are obtained
from wells or springs. Nearly all the springs are in Klickitat County, as
indicated in figure 23 and plate !; some of these provide both domestic
and stock-water supplies. In most of the remaining study area
individual domestic wells are the primary source of water; however, in
some of the higher parts of the eastern half of the area, where the
aquifers are too deep for development of domestic wells, many
residents haul water by tank trucks from two county-owned
public-supply wells.
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Several industrial wells are in the area. These include wells at

. railroad maintenance stations along the Columbia River and at

irrigation-equipment shops situated inland.

Irrigation ~ wells are widely distributed (fig. 24), but all the .
high-yield irrigation wells are in an area crossing the Klickitat
County-Benton County line in the central and lower Alder Creek, Dead
Canyon, and Glade Creek areas. Most have been drilled within the past
5 years and obtain water from a highly productive artesian aquifer
underlying the area. The photographs in figure 25 show one of these
capped artesian wells (5/23-29D1) soon after drilling, with a deep
channel cut into the soil zone by an artesian discharge of about

© 2,500 gal/min.

The reported pump yields of wells (table 16) are shown in figure 26.
However, these yields may be considerably less than the potential yields
of the wells. For example, unused domestic well 3/19-18Bl, 195 ft deep
and with a static water level of 110 ft, was pumped at 28 gal/min for 24
hours without noticeable drawdown; the well doubtlessly could produce
- considerably more with a larger pump. In a similar situation, irrigation
well 5/23-3A2, 555 ft deep and with a static water level of 125 ft, was
pumped at 95 gal/min and had a l4-foot drawdown, indicating a
potential yield of nearly 2000 gal/min. On the other hand, some wells
are fitted with pumps of excessive capacity and tend to go "dry" when
‘pumped. Most domestic- wells are drilled and developed to depths to
produce only domestic quantities.

For the purpose of discussing the areal development of ground
water, the study area has been divided into five subareas. As shown in
figure 27, most subarea boundaries follow topographic divides. The
general conditions of ground-water availability and development in the
subareas are summarized as follows.

Rock Creek Subarea

: As outlined in figure 27, the Rock Creek area includes the Rock
Creek, Chapman Creek, and Old Lady Canyon drainages, and the
Columbia Hills area bordering the Columbia River.

~ Most wells in the Rock Creek subarea are in the upper, relatively
flat western part. They are generally less than 300 ft deep and used
mostly for domestic supplies; a few are used for stock water, and
several are abandoned. Yields are generally adequate for domestic
needs (15-20 gal/min). The water levels in wells in this part of the
subarea are generally less than 50 ft below land'surface.
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A. View south toward Alder Ridge.

B. View north to well from 4-ft deep
channel.

FIGURE 25.--Well 5/23-29D1 after drilling in 1977, showing
channel cut 4 feet into softer loess over harder
silt by artesian discharge of about 2,500 gal/min.
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Several domestic wells are located on the small bench at Goodnoe
Hills (pl. 1), on the south slope of the Columbia Hills. ‘Nearly all the
wells are less than 300 ft deep and have water levels less than 150 ft
deep; yields are adequate for domestic needs. Four wells are used for
irrigation at the Sundale Orchards near the mouth of Chapman Creek .

The Rock Creek basin has many springs (pl. 1, fig. 23), generally
near the heads of the basin's many tributary valleys. Few of the springs
are in developed areas and apparently none are used for domestic
supply; some probably are used for stock water.

The Chapman Creek and Old Lady Canyon drainages have many
. springs  situated in valley bottoms and sides and on upper slopes,
indicating numerous water-bearing layers in the basalt. -‘An examination
of U.S. Geological Survey topographic quadrangles (7%-minute scale)
shows these springs at 14 different altitudes, from 480 to 2,380 ft.
Springs in valley bottoms provide domestic supplies for several homes.

Wood Gulch - Pine Creek Subarea

As indicated in well logs (table 17), the upper parts of the Wood -
Gulch and Pine Creek basins are underlain by several water-yielding
units in the upper part of the basalt sequence, with the water levels in
most wells being less than 100 ft below land surface. Well yields range
from domestic quantities (5-20 gal/min) to about 1,000 gal/min, a
- quantity obtained from irrigation well 4/20-3LI.

Most of the wells in the subarea are less than 200 ft deep and are
used for domestic supplies, including several wells in the communities
of Bickleton and Cleveland on the upland. Although many wells there
tap different water-yielding zones, most of the water levels are at
about the same altitude and may define a potentiometric surface that
represents a composite of several relatively shallow water-bearing:
zones. : :

The communities of Roosevelt and North Roosevelt have several

domestic and public-supply wells. The wells range in depth from 223 to
260 ft and have water levels at or near river level.

Alder Creek-Dead Canyon Subarea

The subarea includes the basins of Alder Creek and Dead;Cahyon
and small areas along the Columbia River--Alder Ridge, Golgotha
Butte, and Crow Butte. ‘ .
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Until the recent drllhng of deep irrigation wells in the central Dead
Canyon basin, wells were drilled mainly for domestic and stock
supplies. Most of these wells are 150 to 200 ft deep, with production
coming from the top of the Pomona Member of the Saddle Mountains
Basalt (table 6); in some areas, domestic wells drilled to the 500-to
600-ft depths also obtain adequate water, from the underlying
informally named Selah or Mabton interbeds. In the southern part of
the Alder Creek basin, most ground water is obtained from relatively
shallow wells, with some obtained from springs in canyon areas.

The only recorded well along the Columbia River is a- public-supply -
well at a park on Crow Butte {(now an island). The 432-ft well obtains
‘water from gravel and basalt aquifers and has a water level near river
level. :

Drilling to. greater depth (700-1,000 ft} has proven the existence of
large-yielding artesian zones, and several flowing artesian wells are now
being used. for irrigation of large tracts. At the time of drilling, some
of . these wells had flows. greater than 2,000 gal/min; one well
(6/23-24N1) had a reported flow of 4,000 gal/mm. According to Brown
(1978, p.13), analyses of drillers' and geophysical logs of several of the
deep wells indicate that the greatest potentiometric heads and artesian
flows are recorded for wells drilled to a depth below the uppermost
Priest Rapids Member of the Wanapum Basalt.

Glade Creek Subarea

The Glade Creek drainage basin occupies much of the eastern
(Benton County) part of the Horse Heaven Hills. The wells in the
subarea are generally deeper than in the other subareas; of 52 wells
recorded in the basin, 16 are deeper than 600 ft, 12 are deeper than
800 ft, and 3 are deeper than 1,000 ft. Eleven of the wells are used for
irrigation--these represent nearly one-third of the irrigation wells in the
entire study area.

" The zone separating the areas with deep wells of significant
differences in potentiometric head, discussed earlier (p.50), crosses the
western part of the basin. Five deep irrigation wells, (6/23-11Q2,
6/23-15H1, 6/23-2231, 6/23-24N1, and 7/23-36R1), obtain water under
flowing artesian conditions at depths of 892, 950, 1,069, 965, and 806 ft,
respectively, on the northwest side of the zone, whereas similarly deep
but nonflowing wells are situated southeast of the zone. For example,
well 6/23-36B1 (1,469 ft deep), 2.3 miles southeast of flowing .well
6/23-2271 (1,069 ft deep), has a potentiometric head about 350 ft lower
in altitude.
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The water level becomes lower eastward from well 5/23-3A3
through wells 6/24-22HI and 7/25-36Nl. The levels in deep wells
continue to become lower all the way to Wallula Gap. :

.. In the area east of the zone of significant water-level differences,
flow of water from shallow zones to deeper zones has occurred in some
wells. For example, according to Crosby, Anderson, and Kiesler (1972,
p. 2), well 7/26-5B! was 780 ft deep in 1969, the static water level was
403 ft, and the well produced about 162 gal/min with a 97-ft drawdown

in 8 hours. When the well was deepened to 1,06l ft, the water was heard .

cascading down the well bore and the water level stabilized at 607 ft.
Another example is that of observation test well 7/25-36Nl. When the
well was 547 ft deep the water level was 166.5 ft below land surface,
but when the well was deepened to 740 ft, the water level dropped to
372.5 ft below the surface; subsequent deepening of the well to 860 ft
resulted in no further significant change in the water level.

According to Brown (1978, p. 12), well 7/25-35Ml (35Dl in this
report) also had a substantial downhole loss of water during drilling, as
did well 7/22-23Bl. When the latter well was drilled to a depth of
1,000 ft, the water level was about 750 ft below the surface, but when
the driller set a plug at the 450-ft depth the water level rose to 350 ft
below the surface. S

The valley in the upper, west-to-east reach of Glade Creek near
the crest of the Horse Heaven Hills has several springs and relatively
shallow wells (less than 50 ft to about 100 ft deep), indicating the
proximity of the local water table to the surface in this area. -All wells
are used for domestic supplies except irrigation well 7/21-30Gl.

-~ In the upper, northeastern part of the Glade Creek basin (upper
East Fork Glade Creek basin) ground water is 300-400. ft below the
surface and in many places is beyond depths economically feasible for
more than domestic supplies. Many residents in this area obtain
domestic supplies by hauling water by tank trucks from two county
wells (8/26-16Cl and C2) located off County Well Road.

In the areas of Canoe and Paterson Ridges, which flank the mouth
of Glade Creek near the Columbia River, several domestic and
public-supply wells obtain adequate water from aquifers in hydraulic
continuity with the river, .
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Eastern Area

Ground-water development in the eastern area, which includes the .
Bing Canyon, Fourmile Canyon, Spukshowski Canyon, and Wallula Gap
drainages (fig. 27), is limited mostly to a few widely scattered domestic
and stock wells, with well depths mostly in the 300-to 800-ft range.
'The water level in these wells is only about 50-100 ft above the level of
the Columbia River at Lake Umatilla and nearly level with the river at
Lake Wallula. Wells in the higher parts of the area must therefore
penetrate deeply to reach water. Locally, however, aquifers at higher
altitudes have evidently been tapped by some wells (7/27-29Q],
6/29-8M1).

A study of several domestic and stock wells on the Prior Ranch and
vicinity was made by Randall E. Brown, ground-water consultant.
According to his stratigraphic interpretations and conclusions. (R. E.
Brown, 1973, p. 1-2), the principal aquifer is the Pomona Member of the
Saddle Mountains Basalt, Its yield, though only about 10 gal/min in
numerous wells drilled into it, appears to be consistent and reliable.
The base of the aquifer lies at a maximum depth of about 250 ft.
Deeper basalt flows produce little water, and in fact the deepening of
shallow wells results in loss of water to the deeper zones and
considerably greater pumping lift. ' : '

In the Plymouth area near the Columbia River, many wells tap
relatively shallow aquifers in basalt and sand and gravel near river level
to obtain domestic supplies; 80-ft well 5/27-9P! obtains 2,400 gal/min
from a sand-and-grave! aquifer and irrigates several hundred acres. |

Ground-Water Quality

wells from which water-quality data were obtained are
concentrated mostly in the western part of the study area. The data
are limited to those provided in the well records on file in the Tacoma -
office of the U.S. Geological Survey and to some data on water
temperatures and specific conductance obtained from selected wells in
the Bickleton area by Strait (written commun., May 1978). Most of the
data on file were obtained at the time of drilling, from water samples
collected by the driller or well owner. No sanitary-quality analyses
were made of ground water in the area.

The data provided from the above-noted sources are sparse.
Relatively complete analyses were made of samples from only 2 wells
(table 8); water from 8 wells was analyzed for silica, chloride, hardness,
and specific conductance (table 9); water from 27 other wells was
analyzed only for specific conductance (table [0); and
water-temperature data were obtained from a total of 46 wells (data
included in table 16 at end of report).
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TABLE §.--Chemical anaivses of water from two weliz

{ A1l values in milligrams per liter uniess noted otherwise’

Well 5/23-3&

Constituent

(87 ft deep)

(670 ft deep)

Weil 7/25-36N1

(735 ft deep)(860 ft deep:

or property May 5, 1951 April 30, 1962 Aug. 4, 1972 0Oct. 5, 1970
Sitica {Si04) 5% 52 61 57
Aluminum {Al; -- - .01 I
fron (Fe} & 07 .0z 03
Manganese (Mn; -- -- .0G .07
Calcium {Ca}l ) 1z 4.5 5.e
Magnesium (Mg) - 1% 4. 1.4 1.7
Sadium {Na) 2% 5% 97 81
Potassium {K) 4.: 1 14 1z
Bicarborats
(HCOR: 162 gz 225 20¢
Carbonate (C03) G Q G 4
Suifate (S0a) 4e 2.7 18 2L
Chloride (C1) 27 9.8 18 16
Flupride {F} 2 -- 1.2 1.1
Nitrate {NOj;
as N 10 - 02 .08
{Orthophosphate
(P4} 3 Il -- --
Dissolved solids 344 8255 321 29¢
Hardness as
Call= 165 a7 17 21
Specific conductance
{micromhos/cr
at 259C) 464 344 454 430G
pH units - -- - B.2 8.2
Temperature (OF) - - 74 71.3 71.2
Coler {platinum-
cobalt units) -- -~ 5 0
aalculated on basis of 74 percent of the specific-conductance value,
as indicated for the values obtained when well 87-ft deep.
TABLE 9.--Partial chemical analyses of water fraom eight welis
{All values In mildigrams per liter unless noted otherwise.]
. Speclfic
Well Silica Har:zess Conductance
Well depth (516, Chloride cato {micromhos Temperature
no. (£t) Date B (€13 3 at 25°C) {°F)
3/17- 4Bl 287 10/ 6/65 51 2.4 100 161 3.5
3/21-17FL 223 - 37 27.4 196 - --
4/17-12M2 455 19/ 6/65 60 132 120 233 58
-1502 103 do. 32 1 130 268 55.5%
-27H1 41 10/--/65 52 4.9 71 145 55.5
4/18- TL1 - 10/ 6765 53 3.4 96 208 -
- 7R1 400 do. 47 3.9 77 178 ;]
-3102 59 10/23/65 60 45 218 516 1
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TABLE 10,--Specific conductance of water from selected wells

Depth j Specific
Well to water - - conductance
Well depth level {micromhos/cn
no. (ft) (ft) Date Analyst] at 259C)

5/20- 4N1 180 8.2 6-25-75 WSy 193
8R1 200 21.0 ~~do-- Wwsu 156
gAl 145 .5 =g~ WSU 170
18L1 110 14.7 6-26-75 Wwsuy . . 260
s/21- 3N 207 100 7-05-68 USGS 300
8A1 84 24 8-01-75 Wsu 500
1882 121 116 w=do-- wsu 325
268N1 238 53.2 -~-do-- Wwsu 310
29H1 116 35.0 11/24/75 Wsy 325
6/20- 2A2 - 200 -- - WSu 640
931 167 .6 6-22-75 WSU 177
1341 306 3 6-24-75 Wsu 360
1342 375 40 8-21-69 USGS 425
17741 125 - - WSu 300
222 W7 4 6-21-75 WsSuU 430
2601 180 15.6 . §-23-75 WSu : 420
3287 62 48 6-22-75 Wsu 290
sy 227 23.4 6-21-75 WSu 600
6/21- L1 200 29.5 8-04-75 WsU . 250
18R1 165 21.4 8-03-75 WSU 250
19Q1 865 700 . B-15-75 Wsu 315
28DL 310 280 8-31-75 WSU 520
NF1 278 177 ~d0-- WSU 460
3TF1 300 260 -=do-- WSU - 58D
35P1 300 77 8-06-75 Wsu 405

lanalyst:  USGS, U.S. Geological Survey
WSU, Washington State University (Strait, 1978)
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Because ground water has a longer period of contact with rock
materials than does surface water, it usually contains more dissolved
minerals, Ground water at greater depths has usually more dissolved
solids-~and higher temperatures--than has water at lesser depths. The
amount of dissolved solids in the ground water is indicated by the
specific conductance of the water.

In 1962 the U.S. Public Health Service established standards for
public drinking water in the United States. These have since been
updated by the U.S. Environmental Protection Agency (1975, 1977), and
the criteria relative to water-quality characteristics analyzed in the
study area are presented in table 11. As can be noted in tables 3 and 9,
none of the key elements tested in ground water in the study area
exceeded the maximum allowable concentration for drinking water.

Most ground water in the Horse Heaven Hills can be considered
generally acceptable for domestic, irrigation, and present industrial
purposes. Some industrial processes are more sensitive to certain
constituents, however, and future industrial users should evaluate the
water on the basis of the particular water-quality requirements of their
industrial processes,

Specific Conductance ‘

The specific conductance of water is a measure of the ability of
water to conduct an electrical current and is an indicator of the
concentration of dissolved solids in the water. The dissolved-solids
concentration, in-milligrams per liter, is generally 55 to 75 percent of
the specific-conductance value. On this basis, the dissolved-solids
concentration of the water analyzed for specific conductance (range 145
to 640 micromhos/cm) ranged from about 80 to 480 mg/L (milligrams
per liter), all below the maximum of 500 mg/l. recommended for
drinking water.

Silica

Silica concentrations in the 12 samples analyzed ranged from 32 to
6] mg/L. These rather high concentrations probably reflect the
influence of the siliceous basalt; silicon is the most abundant element in
these igneous rocks. The higher concentrations (57-61 mg/L) were
generally found in the warmer water of deeper wells; the. solubility of
silica is also dependent on water temperature. Although silica may
form objectionable scale in heat-exchange equipment, it is not
physiologically significant to humans or livestock nor of any importance
in judging the suitability of water for irrigation. - :
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 TABLE 11.--Quality criteria for drinking-water supplfes, for
constituents analyzed in study area

'[Adépted from-U.S. Environmenta) Protection Agency (1975 and 1977}.]

Criteria
Constituent HaxTmum confaminant Proposed sesondary
level level
{EPA, 1975) {EPA, 1977)
Iron ' . 0 0.03 mg/L
. Manganese . .- .05 mg/L
Sulfate -- 250, mg/L
Chloride -- 250. mg/L
Fluoride3 - 2.0 mg/L --
Nitrate 10.0 mg/fL -~
Total dissolved solids -- 500. mg/L
pH -- £6.5 or <B.5 '
Color . .- 15 platinum cobalt units
Fecal-coliform bacteria 0.0 counts per 100 mL  0.00 counts per 100 mi
of sample of sample

1t eve)l that may affect the health of the consumer.

2l evel that affects esthetic quality of drinking water.

3The maximum contaminant level {MCL) for fluoride is dependent upon the
annual average of the maximum dafly afr temperatures at the location of the
water-supply system, from 1,4 mg/t (26.30 to 320C) to 2.4 mg/L {£12.00C).
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Iron

Only four samples were analyzed for iron concentration, and all
were considerably less than the 0.30 mg/L maximum recommended for
drinking water. Excessive iron is objectionable because it stains
_plumbing fixtures, laundry, and industrial products and imparts an
_unpleasant taste to water.

Sulfate

Sulfate concentrations in the four samples analyzed ranged from
2.2 to 46 mg/L, much less than the 250 mg/L maximum recommended
for drinking water.

Chloride

Chloride concentrations in the 12 samples analyzed range& from 2.4
to 45 mg/L, all below the 250 mg/L maximum recommended, :

Nitrate

Nitrate (as N) concentrations in the three samples analyzed were
0.02, 0.08, and 10 mg/L, all within the limit of 10 mg/L recommended as
maxtmum for drinking water. Excessive nitrate in water consumed b
infants may cause methemoglobinemia. :

Hardness

" Hardness of water is classified as follows:

Hardness
range (mg/L) Classification
0-60 — Soft
61-120 Moderately hard
121-180 Hard

More than 180 Very hard
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"Hard water" requires excessive amounts of soap or detergents in
homes and laundries, and chemical treatment for domestic use is -
desirable. Hardness of the 12 samples analyzed ranged from |7 to 2i8
mg/L and averaged 105 mg/L. Most of the samples were within the soft
to moderately hard categories. '

Sodium-Adsorption Ratio
and Salinity Hazard

In evaluating the suitability of water for irrigation, the relative
activity of sodium ions in exchange reactions with soil is expressed by
the sodium-adsorption ratio (SAR). The SAR is determined by the
formula '

Na+

saR = |/ catt + mgtt
2

where the ionic concentrations are expressed in milliequivalents per
liter (U.S. Salinity Laboratory Staff, 1954). The salinity hazard of water
also is an important indicator of the water's suitability for irrigation. It
. refers 1o the deleterious effects on agricultural soils resulting from
irrigating with water having excessive concentrations of soluble salts.
Measurement of salinity hazard is generally based on its specific
conductance. High-quality irrigation water typically has a low SAR and
a low salinity hazard.

Determination of SAR was possible from data obtained from only
three wells (5/23-3Al, 6/23-11Q2, ‘and 7/25-36N!), as computed by the
above formula. Along with salinity hazard determined from
specific-conductance values for the water from the wells, the data
indicate that well 5/23-3Al had water of very low SAR (0.98), and of
- medium salinity hazard, well 6/23-11Q2 had water of very low SAR
. (1.70), and of medium salinity hazard, and well 7/25-36NI] had water of
low SAR (7.7) and of medium salinity hazard.

. A study of the potential hazards of salinity on irrigation
development in the Horse Heaven Hills was made by McNeal and Starr
(1974). They concluded that salinity is not sufficient to lead to
extensive in-place development of salt problems, but that extensive
salinity problems will develop in natural drainageways and in low-lying
depressions.
1
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Water Temperature

In general, ground-water temperatures increase with depth. In
relatively shallow wells (less than 200 ft) temperatures reflect the mean
annual air temperature, which over the study area averages about 5|OF
(10.59C), whereas in deeper wells temperatures are increasingly
atfected by heat from the earth's interior. However, comparison of
well-depth and water-temperature data obtained from 45 wells in the
study area (table 16) shows a poor correlation between the two factors.
Analysis of the data shows no distinct relationship. between well depth
and water temperature. The apparent anomalies probably are due
either to (I) the well depth not representing the water-yielding zone, or
(2) the water being a composite of water from zones of different
depths. However, examination. of well records and drillers' logs does not
always provide explanations for some of the anomalies.

WATER USE

Information on water use in the study area came from several
sources. The field canvass of wells and well records on file with the
U.S. Geological Survey provided data on the number, locations, and use
of most wells. County extension agents in the Goldendale and Prosser
offices of the U.S. Soil Conservation Service provided data on crops and
acreages irrigated by surface- and ground-water sources. In.addition, a
study of ERTS (Earth Resources Technical Satellite) photographs
(fig. 28) showed the location and extent of irrigated areas. Together,
these sources provided the following information. ' :

Nearly all -domestic water _supplies come from ground-water
sources. The estimate of the quantity used is based on a Statewide
average of 100 gallons per day per person. For an estimated population
of 1,135 people in the study area, this amounts to 113,500 gallons or
0.348 acre-ft per day, or 127 acre-ft/yr.

The quantity of water used for industrial supplies in the study
area--all from wells-~was probably insignificant in comparison to other
uses. Only seven wells provide water for industrial use; six of these are
at railroad-maintenance stations along the tracks, while the seventh is a
shop-supply well at the headquarters of one of the large irrigators .

The quantity of water used for stock supplies--mostly from wells
and springs—was not estimated and probably is insignificant compared
to other uses. o
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- " Aside from water pumped from about 35 wells in scattered parts of
Klickitat County, by -far the greatest amount of water used for
_irrigation in the study area comes from the Columbia River; this is
applied to land in Benton County (Querna, 1978, p.6-7). Irrigation has
increased considerably in recent years, as may be noted in the two
ERTS photographs of figure 28, showing land irrigated in 1972 and 1977.
Each small dark circular feature on the photographs represents about.
120 acres, irrigated by a large center-pivot sprinkler system. A study of
the two photographs indicates that an equivalent of about 554 "circles,"
or 66,500 acres, was irrigated in the study area in 1977, more than five
time the approximately 12,700 acres irrigated in 1972. In 1977, about
2,760 acres was irrigated from wells and about 63 700 acres was
1mgated from the Columbia River.

Pumping plants serving the larger 1rngators are situated at seven
points along the river. One plant has a total pumping capacity of about
120,000 gal/mm through a 72-inch main line. This diversion facility
inc_:ludes a booster pumping station that allows irrigation of land 12 miles
inland, at an altitude of 1,400 ft—more than L,100 ft above river level.
Figures 29 and 30 show these large diversion and irrigation systems.

A summary prepared by Gerlitz (1977) for a conducted tour of
irrigation development in the Benton County part of the Horse Heaven
Hills includes a tabulation of the number of acres of each crop type
irrigated in 1977 (table 12). The amount of water used for each crop in
the area also is given .in the table, based on the allotments quoted by
Howard Powell of the DOE office in Union. Gap, Wash. The total
quantity of water used on the 64,000 acres was about 199,000 acre-ft,
or 3.1 acre-ft per acre.

Based on the average of 3.1 acre-ft per acre it is calculated that a
total of 206,000 acre-ft -was used on approximately 66,500 acres
irrigated in the entire study area in 1977. -Although information
differentiating between the types of crops irrigated by ground water
and surface water is not available, the 63,700 acres irrigated from the
-Columbia River used about 197,470 acre-ft, and the 2,760 acres
irrigated by wells used about 8,560 acre-ft,

In. summary, the calculated 1977 water use for domestic and
irrigation supplies is as follows:

. Acre-feet )
Purpose ' Surface water ~ Total
: (from Columbia River) Ground water
‘Domestic supply (insignificant) 127 o6 ég;
Irrigation supply 197,470 8,560 206,
Sfota]s 197,470 8,687 206,157

{rounded) 197,000 .8,700 206,000
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FIGURE 28.--Area irrigated from wells and by diversion
from the Columbia River in 1972 and 1977. Each
small solid circle covers about 120 acres of
center-pivot sprinkler irrigation. Landsat photographs.
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A, Pumping station at 5/27-15D. The
pumps have capacities of 1500-9000
gal/min and the entire system has
a capacity of about 120,000 gal/min.

]
ﬁlhfdh:f‘

B. Booster pumping station at 6/26-20D.

FIGURE 29.--Irrigation pumping plant on Columbia River and
booster pumping station.
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FIGURE 30.--Center-pivot irrigation of approximately 120-acre
circular plots, by diversion from Columbia River.
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each crop in eastern Horse Heaven Hills in 1976

acres irrigated, and quant1ty of water used for

Water usedZ

Crop Acresl {ac-ft/ac) {ac-ft)
Potatoes----~=-=memmmm et 20,355 3.58 72,871
Wheat-=---<-ccrsmmm e oo 16,928 1.43 24,207
Corn (graln 6,262, silage 3,336, sweet 313)- 10,411 3.22 33,523
Sugar beets--=--~-em-memmmomcmmmceeeoo e - 5,741 4,28 24,571
Alfalfa (hay 3,566, seed 994)------cueuuaum- 4,560 5.24 23,894
Dry beans (pink, red, white 1,312, mung 38)- 1,350 2.50 3,375
Pasture---------c-mr-emimmmmc e 1,241 4.28 5,311
Barley (feed 406, malt 522)—------ccmueumeu- "928 2.62 2,431
SOybEANS ~===mmmm e m e e e mm e e 779 2.50 1,948
Mint (spearment 20, peppermint 423)--------- 443 4.05 1,794
Sorghum (hay 250, grain 60)-----=c====mc-um- 320 5.57 1,782
PRAS~=m==mmmmmmmmmm e oo mmmememe e 299 2.14 640
Green beans-----mwemememmmemee——— e cemmm e 205 2.50 512
Grapes (Wine)---------c-m--emmmmmemameeao 157 3.58 562
OnioNS=====smemcmmcecm e m s mmmmmm e 127 4,25 540
Red clover---==—-mccmcmcmmemmm e me s 100 4.65 465
ASparagus------<--sa-mmmememmmm——————— e aae : 42 4.00 168
Dat§mmemmmmmmme e m e m et e mea 24 2. 62 63
Christmas treeS-------vwsomaummoccnaanceom- 3 --
Totals {rounded) 64,000 -- 199,000

Average: 199,000 acre-ft = 3.1 acre-ft/acre

64,000 acres

lyilbert G. Gerlitz, Chairman, Benton County Extension Service (written

commun.

2Calculated from allotments quoted by Washington Department of Ecology

, June 16, 1977).

(Howard Powell, oral commun., 1977).
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CONSIDERATIONS FOR FUTURE STUDIES

Large parts of the study area still are little known hydrologically
because of the lack of development, but information from some areas of
relatively recent ground-water development would be enhanced by more
detailed data collection and interpretation. Of particular interest in
this regard is the Dead Canyon and west-central Glade Creek areas.
Although high-yield artesian wells are continuing to be drilled there, an
appreciable stress on the aquifer system could occur if wells were
overpumped or too closely spaced. A comprehensive determination of
the depth, thickness, lateral extent, transmissivity, and storage
characteristics of the deeper aquifers will benefit from collection of .
additional drillers' logs and geophysical logs for existing wells and from
drilling of test wells where data are lacking. Extrapolation of
geophysical information from logged wells to nonlogged wells can
provide broader areal interpretations of geohydrologic conditions.
Determinations of the nature of the zone in the central part of the
study area, which separates areas of significant differences in
potentiometric head, can be made easier from such ‘areal
interpretations.

A program of monitoring water levels in a network of observation
wells on a monthly or bimonthly basis over 2-3 years would provide -data
necessary for evaluating seasonal fluctuations and yearly changes in the
potentiometric surface. - If obtained in the near future, such information
would be useful in determining the storage capacity and characteristics
of the aquifer before overdraft occurs. Relating changes in
ground-water storage to precipitation would also more clearly define
the amount of precipitation that becomes effective recharge to the
area's aquifers.

Determinations of annual ground-water pumpage from all irrigation
wells over a 2- to 3-year period also would provide useful information
for a more comprehensive water-budget analysis. The pumpage data
could be determined by the method used by Luzier and Burt (1974,
p.25-26) for calculating pumpage from irrigation wells in east-central
Washington. Pumpage is estimated from electrical-power consumption
on the basis that pump-power input is related to water discharge.

Additional stream-discharge data--particularly from Glade Creek
and the East Branch of Glade Creek—would provide a better basis for
understanding the relationships between precipitation, stream
discharge, and ground-water hydrology in the central part of the study
area. Continuous-recording gages placed on Glade Creek above and
below McKinley Springs (6/24-7A,B) would be useful for this purpose.
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Records of annual diversions of water from the Columbia River for
irrigation in the study area could be maintained over the years to
evaluate the effects of such imported water on the underlying
ground-water reservoir. Also, analysis of water samples from wells
during a period of several years would help determine any changes in
ground-water quality resulting from percolation of irrigation water that
may contain significant amounts of pesticides and (or) fertilizing agents.

The increase in irrigation in large sections of the central and
eastern parts of the study area, both from the Columbia River and from
ground-water sources, may increase the development of homes and
communities along the Columbia River. This would necessitate
increased development .of individual and public-supply wells in the area.
To date (1978) there appear to be no problems with the availability or
the chemical or sanitary quality of the water pumped from existing
wells along the river. However, there is a possibility that the water
quality will deteriorate at some future time because of the percolation
of irrigation water from lands farther inland. Chemicals and fertilizers
used in agriculture could conceivably affect the quality of water in the
aquifer ' system underlying the area along the river. Thereiore,
collection of water samples from existing wells for comprehensive
inorganic and organic chemical analyses would provide a basis for
evaluating any future changes or deterioration of the ground-water
quality.

Concern has been expressed over the impact of the large
center-pivot irrigation systems in the lower eastern part of the study
area—those diverting water from the Columbia River for large
corporately owned farms. Although the amount of water pumped is a
very small fraction of the average flow of the river, the principal
concemn is over the amount of hydroelectric power required by these
irrigation systems and the effects on downstream power users. A report
by Muckleson and Highsmith (1978) summarizes information on the
irrigation systems and on the related concerns and potential problems.
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TABLE 13.--Summary of suspended-sediment and related water-discharge data, Alder and Rock Creeks, 1963-68 water years

{Data values interpreted from those of U.S. Geoiog‘cal Survey, 195368, and rounded to two and three significant figurés.]

suspended-sediment discharce [tons)/water discharge (acre-ft) Annual Annual
sediment water

Water . discharge discharge
year ocT ROV DEC JAN FEB MAR APR MAY JUNE JULY AUG SEPT (tons} {acre~ft)
Alder Creek at Alderdale (14034350):
1963 0.1/45.8 0,3/48.0 0.1/50.6 0.2/44.0 45100/3100 2.3/144 2.7/184 1.7/132 1.0/63.3 48.5/67.2 3.1/50.8 1.8/47.6 45100 3980
1964 .1/54.5 .3/55.3 .3/58.9 3.2/162 1.9/239 1.1/139 .9/98.2 .2/66.4 .3/43,8 T/358,7 T/36.9 .1/47.6 9 1040
1965 .3/49.2 .3/47.6  262p00/16000  9160/37540 14,9/1690 2,2/505 2.0/279 1.6/160 .2/88.7 .3/49.6 1230/120 1.0/64.5 273000 23600
1966 .4/56.3 .3/57.3 .2/66.1 7480/1910 80.4/598 1440/1500 .7/218 .6/53.6 .3/49.0 291/79.1 .5/50.0 .3/47.0 9900 4680
1967 .3/52.0 .2/55.5 B89.1/369 194/427 2,0/296 2.9/161 .7/123 .4/81.9 L1730, 2 .1/34.3 T/31.5 .1/740,1 290 1720
1968 L1/745.0 (1744 .6 T/50.8 688/438 712/915 .5/192 .3/99.0 .2/55.7 (1731.5 T/19.4 (1/29. 6 1736,3 1400 1960
Mean .3/50.5 .3/51.4 43,700/2900 3020/1120 7820/1140 242/440 1.2/167 .8/91.6 .3/54.4 157/47.6 206/53.1 .6747 .2 55100 6160

Maximum monthly sediment discharge: 262,000 tons, December 1965

Maximum monthly water discharge: 16,800 acre-ft, December 1965
Rock Creek ncar Roosevelt (14036600): ) )
1963 0.2/55.7 4.3/370 24.2/2870 1,6/886 46§500/7490 19.4/2340 115/7270 15.1/2360 4.0/366 0.2/34.0 /0 0/0 46500 24p00
1964 o/0 0.8/123 6.6/582 1170/5160 35.3/4140 44 .2/3650 33.6/3560 2.3/707 1.5/213 0.0/17.3 0/0 0’0 1300 18p00
1965 /0 0.1/104 280000/29200 15600/303100 190/14100 46,0/5080 7.0/1800 4,0/992 1.1/371 0.1L/795.6 0.2/33.7 0.2/39.5 296000 g1900
1966 0.6/88.9 1.2/259 2.0/384 684/6140 38.4/3420 1550/13200 86.2/5480 4.8/825 1.87215 1.07105 T/1.98 00 2370 30,100
1967 0.1/18.4 3.1/602 a973,/6260 1390/8010 18,3/4470 6.0/1940 6.0/1580 4,3/1010 0.6/228 T/7.54 0/0 070 2400 24100
1968 T/1.98 0.2/92.8 1.2/5086 93,9/2600 3590/13300 9.1/2890 1.2/810 1.0/382 0.3/92.4 T/1.59 0/0 o0 3700 20600
Mean . 2/27.5 12/258  46800/6630 3160/8220  8400/7820  279/4850 42/3420 5/1046 2/248 .2/43.5 0/5.95 0/6.6 58700 33200

Maximum monthly sediment discharge:
Maximua monthly water discharges:

280,000 tons, Decembar 1965
30,100 acre-ft, January, 1965

28

*HSYM IWYINIDI-HINOS “STIIH N3AVIH 3SYOH IHL NI HILVM
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TABLE 14.--Periodic water-level measurements in selected wells

[Data are from report on Klickitat County by Brown (1979),
except for well 7/25-36N1, which are from report by Pearson
(1973). Water levels are in feet below land surface.]

3/19-7G1., Bob Imrie. Altitude 1435 feet. Well depth 298 feet,

August 15, 1975 245.80 March 18, 1976 246.60
September 16 244,95 April 20 246.30
October 15 244,75 May 19 242.55
November 18 245 .45 June 18 245.40
December 10 244,15 July 21 245,60
January 28, 1976 244.00 August 18 245,55
February 11 243.40 September 13 247.12

3/19-23J1. Ed Morris. Altitude 1018 feet. Well depth 140 feet.

March 14, 1975 127.20 January 28, 1976 126.48
April 15 126.86 February 11 129.60
May - 9 127.00 March 18 125.90
June 20 126.91 . April 20 126.20
July 22 133.60 May 19 126.60
August 16 132.20 June 18 126.70
September 16 130.35 July 21 126.70
October 15 135.55 August 18 131.83
November 18 - 133.89 September 13 133.35
December 11 126.55

3/20-7E1. Horace White. Altitude 830 feet. Well depth 265 feet.

April 15, 1975 23,92 January 28, 1976 26.35
May 9 24.10 February 11 26.50
June 20 25.70 March 18 24,40
July 22 27.20 ' April 20 24.50
August 15 27.25 May 19 25.10
September 16 - 28.30 June 18 25.90
October 15 29.79 July 21 26.90
November 18 29.75 August 18 28.20
December 11 28.90 September 13 28,78

3/20-13R1, Dewey Beeks. Altitude 405 feet. Well depth 260 feet,

August 15, 1975 168.45 March 18, 1976 164.95
September 16 167.60 April 20 161.75
October 15 167.15 May 19 166.70
November 18 167.40 June 15 164.80
December 9 166.50 July 21 166.40
January 28, 1976 166.28 August 18 167.60

February 11 166.05 September 13 167.57
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TABLE 14.--Periodic water-level measurements in selected wells (cont.)

5/23-3A2.

R.dJ. Peterson.

6/20-22D1.

August
September
October
November
December
January
February

March
April

May

June
July

. August
September
October
November
December

May

July
August
October
November
December
February
March -
May

June
July
August
September
October
November
December
February
March
April
May

June
July
August
October
November

February
April

15, 1975
16
15
18
1
28, 1976
3

12, 1975
16
g
20
21
15
16
15
18
1

31, 1968
19
22
1

6
14
14, 1969
19

— (AN
— ot G (Y P Y ) N et d
-
faury
O
~J
(=]

amd

nNy —
nonw.»

24
26, 1971
9

Altitude 716 feet.

140.55
141.95
142,45
143.30
141,15
141.90
143.80

L. D. Whitemore. Altitude 3005 feet.

15.60
15.76
24,97
21.03
14.43
12.03
12.33

3.88
10.85
11.93
13.23
10.93
13.83

9.93

8.93
22.33

6.33

3.73

4.83

5.63
11.49
18.88
25.14
23,74
21.02

4.40
3.30

Well depth 555 feet.

March
April

May

June

July
August
September

January
February
March
April

May

June

July
August
September

May

July
August
October
November
January
March
April
June
August
September
November
January
March
May

June
August
October
December
March
October
April
September
April
October
March
October

19, 1976
21
19
15
23
19
13

28, 1976
13
19
21
19
15
23
18
13

30, 1971
9
16
8
18
6, 1972
9
28
16
4
16
16
1, 1973
7
4
29
25
19

12, 1974
17
3, 1975
26
15, 1976
18
15, 1977
12

143.50
143.30
147.90
138.60
128.30
123.84
123.70

6/20-22C1. Roy Van Nostern, Altitude 2990 feet. Well depth 147 feet.

2.09
2.15
1.85
2,35
2.00
2.00
5.40
5.38
6.24

Well depth 44 feet,

8.62
15.70
23.05
16.30
14.92
13.75
25.60

5.47

9.10
14.45
18.73
17.33
16.10
13.60
13.79
20.72
31.27
27.80
18.90
27.50
31.10
25.61
28.93
26.23
29.23

30.02
30.93
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TABLE 14.--Periodic water-level measurements in selected wells (cont.)

6/20-30Q1. Roy Van Nostern, Altitude 3045 feet. Well depth 14 feet.
April 16, 1975  5.16 : January 28, 1976  4.72

May 9 5.60 February 13 ~5.10
June 20 11.05 | March 19 - 4,55
July 21 7.10 : April 21 _ - 5.45
August 15 7.50 ' May 19 6.40
September 16 7.50 June 15 6.80
October 15 7.05 July 23 7.30
November 18 6.04 August 18 . 7.34
December 11 4.7 September 13 7.54

6/21-31F2. Howard Coleman. Altitude 2740 feet. Well depth 300 feet.
August 2, 1975 254.85 - March 19, 1976 266.60

September 16 - 264.00 April 21 265.40
October 15 275.60 May 19 271.40
November 18 261.70 June 15 269.50
December 11 259.90 : July 22 277 .40
January 28, 1976 269.52: August 18 272.13
February 13 267.10 - September 13 270.25

6/21-31F4, Howard Coleman. Altitude 2738 feet. Well depth 278 feet.

April 16, 1975 171.85% January 28, 1976 164.43
May 9 174.55 February 13 187.80%
June. 20 179.23 March 19 181.80
July 21 181.29 April 21 185.00
August 15 181.45 May 19 191.70
September 16 180.95 June 15 198.05
October 15 179.80 July 23 196,60
November 18 180.40 August 18 198.50
December 11 172.42 September 13 - 196.60

6/21-34N1, Tom Gray. Altitude 2477 feet. Well depth 104 feet.
August 15, 1975 52.45 March 19, 1976 56.35

September 16 ' 57.08 April 20 57.80
October 15 56.20 May 19 59.55
November 18 57.84 June 15 60.45
December 11 57.94 July 23 62.10
January 28, 1976 55.40 August 18 63.70
February 12 50.70 September 13 - 64.53

*Pumping, or pumping of nearby well, may have affected measurement.
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TABLE 15.--Water-level measurements in three water-bearing
zones in test well 7/25-36N1 during 1972-78

iWater-level data, measured in three piezometers,
are in feet below land surface. ]

Depth of water-bearing
interval (ft)

Date . 105-185 720-755 770-860
1972: 11/1 133.5 374.3 373.2
' 12/14 125.8 373.7 373.4
1973: 2/7 119.8 365.4 371.8
4/6 115.3 372.8 371.5

6/1 111.5 372.5 371.3

i 7/31 108.9 369.2 370.9
9/21 107.0 371.7 370.9

11/7 105.7 372.6 371.0

1974: 1/23 104.4 371.6 370.6
3/12 103.4 371.1 370.2

6/27 103.3 371.5 370.4

8/23 102.5 371.6 369.9

10/4 103.7 370.5 370.3

- 11/25 103.8 371.0 370.2
- 1975: 1/30 104.0 371.7 370.5
3/18 104.0 371.3 370.1

6/27 105.1 368.9 369.8

9/12 105.4 370.7 369.6

11/4 105.5 370.6 369.8

1976: - /7 105.5 370.8 369.8
3/4 105.1 368.4 369.7

6/23 101.4 368.1 369.4

8/25 105.2 369.0 369.6

10/20 119.1 370.6 369.9

12/1 124.2 369.3 370.1

1977: 1/19 127.0 369.6 369.5
3/24 129.8 369.4 368.6

5/5 109.0 364.5 368.3

4/5 130.7 369.0 --

7/5 . 130.7 369.0 368.2

9/16 131.8 369.5 368.4

12/6 133.1 369.3 368.3

1978: 1/17 132.2 369.0 369.6
3/14 - 132.9 369.25 368.75
6/19 132.9 366.0 368.75
7/27 132.6 370.8 369.75

9/12 125.6 370.8 370.0

12/8 127.0 370.2 369.5
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Explanation:

ekl no,:
ALt

See figure on page for well-numhering system.

Altitude of land surface above mean
ted from topographic maps.

Aquifer depth interval: Depth, in feet, of top and bottom of
water-bearing zone(s) if jndicated, or of screened or
perforated intervals.

aquifer material: Type of rock or unconsclidated deposits,
i indicated.

SWL, static water level: teasurement in feet and decimal
vaction were made by Department of Ecology or
L.5. Geological Survey; those in whole numhers
were reported by owner, temani, or driller; F,
flowing.

Drawdown: Depth, in feet, water level 1s drawn down below
static water level during pumping.

sea level, interpola-

Yield:

Specific capacity:

Pumping rate of well, in gallons per minute. reported by twner or
dribfler; b indicates pailer test.

Yield of well during pumping, in gallons per minute per

Toot of Erawdown.

Use of water: D, domestic; Ind, industrial; I, irrigatien; U, not used;

. public supply, 5, stock: T, test well,

Sequence of remarks:

€. Chemica) Analysis in tabie 8

{p, partial analysis in table 9

L, driller's log tn table 17

G, geophysical log available;

Obs., water-level observation well with data in table 14 and
{or) hydrograph in fig. 23.

Temperature in degrees Fahrenheit.

Aquifer Specific
depth Aquifer Yield capacity
Owner Ait, Depth Diam, interval depth (gal/ Drawdown {ga)/min/
Well no. or tenant (ft) (fty {in} (ft) Material SWL Pate min) (ft/ars) (£t} Use Remarks, other data
3/17- 1A um Claussen 2,070 o0 6 - - 28.60 12/10/75 -- - -- u
201 Wm Clazussen 2,040 55 6 43-55 hasalt, F a8%2/15 &0b e/l hr F 1 L; temp. 54%F,
202 da. 2,000 35 3% - sgdiments 4 4 B/12/75 - -- -- u
341 Davenport 2,040 260 6 -- - 154,4 8412775 a- -- - b}
4t Wm, Hoctor 1,540 88 4 -- -- 6r 10/ 6/65 - - -- )]
48 do. 1,980 287 6,4 -- basalt 80 8/--173 12 . -- D ﬂee?;ggd: from]llig ;t ‘
in 3 from n
92.5 8712475 1969, and to 325 ft in
1973, backfilled tg 287
ft; Cp, temp. $3.5°F,
8/12/75.
981  Wm.Hoctor 2,580 1R 6 - basalt, 80 W1/ 9469 35 -- -- s Temp, 52°F. -
sediments
12P1 S.P. L 5. RR. 400 325 12,10 194-196, basalt 148 6/15/66 a5 27 3.2 Ind  1; temp. 62°F.
314-325
3/18- 601 %, C. Yeley 2,160 20 8 -- -- 7.4 Summer '7% .- - -- D
oMl LeYand Huot 440 116 8 - basalt 14 5/ 9/69 a0 - .- A0 Temp. 60°F.
3719- zAL  C.0. Kelley 1,190 3n 6 -- -- 1 W/les72 45 - -- ) L: Temp. 52°F.
261 da, V240 310 [ - - - - - -- - u Bry wall; L.
MY B Imrie 1,435 298 6 .- -- 45,6 s -- -- - U
8F3  F. Wesley 3,350 300 6 -- .- 260 8/ 6775 9 -- -- D
ANL a4, L. Wesley 1,240 223 6 213-220 tasalt §60 &/24/70 b3 4041 hr 18 o L: temp, 54°F.
205.7 8/6/75
VK1 M, E. Kelley 3,170 150 3 -- - 125 - -- - -- o Supplies four homes
3R] J, Beeks 1,190 176 6 - - 7.8 af 1115 . - .. 2
3AH1 L. Goddard 1,246 350 6 - -- 283.5 /216 - o -- i3
JBB1  R. A. Mesley 1,270 195 3 .- -- no 6/20/65 28 "0Uf24 brs - U L
18Ct B, imrie 1,265 214.4 6 -- -- 91 8/ 6475 ? -- -- 0,5
3719/1862 8. imrie 1,270 T90r -- .- - 150 87 B/7% - - - [}
18Lt  #. forff 1,262 1§ 48 -~ -- 10 8/ 8/75 3 - -- 9
180 8. Imrie 1,120 18D -- - - 35.2 8/ 6/75 aa - . 5
2001 LS. Corps of 280 285 10,8 B87-128, basalt 24,2 11713774 615 6/20 hrs| 97 PS L; temp, 63°F
Engineers 250-278 820 9/4 hrs | (average)
230 J. Horrigan 1,008 340 6 -- -- 126.7 /21176 -- -- -- b
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Aquifer Specific
depih Aquifer Yield capacity
Owngr Alt. Depth  Dian. interval depth {gal/ Drawdown [gal/nin/
Kell na, or tenant (ft) {ft) {in} (Fft) Material SWL Date min} {ft/hrs} ify) Use Remarks, ather data
31720- 7E1 H. HWhite 780 265 10 103-115 basalt 8.3 9/16/7% 250 125/1 he 4 U L.
29.95 6/28/77
WPl Juris 667 10D -- - -- 3.5 8/ M1 -- .= - v
131 D. Beeks 405 260 6 -- - 167.6 9/13/16 - -- -- 1}
2Lt Sundale Orchards 320 386 6 71-98,  basalt 66 /Y1475 &0 -- - 1 L.
165-210,
342-386
21P1 do. 3¢ 215 -- basalt a7 8/20)52 100 -- -- I
21 do. 280 272 12 20-51, basalt 109 5/ 1/64 o0 6174 hrs 15 ] Irrigates 109 acres; L3
225-227, temp, 58OF,
251-270
2102 da. 80 270 12 178-192 basalt &0 10/ /52 1500 30/5 hrs 50 1 L.
3£21- L1 U.S. Corps of 300 192 13,10, 170-182  basall 101 4112765 492 /4 hrs 13 PS L, temp. 62°F
Engineers g
gl H. Roosevelt 300 81 8 45-65 basalt 55 10/20/61 100b - -- rs L, temp. 60°F
Water Assna.
an2 do. 300 68 g 57-73  basalt 67 - -- -- -- P5 L, terp. 60°F.
17F1  Roosevelt Water 350 223 6 200-223 hasalt .- - - .- - Ps  Cp, L.
Assn.
18J1 H. Goree 375 250 [} 224-250 basalt 140 11/ 7/12 60 -- . [ k.
4/17- 2Pt Elesncr Dooley 2,180 108 5 at 8z basalt 57 9/29/89 2 25/1 hr 0.1 S L.
9F1  K.L. O'Leary 2,410 3855 6 320-340 basalt 215 - Hif15/18 25 100 25 L, temp. 52,
9M] L Osbornson 2,240 21 6 -- - 13.70 B/13475 - -- - [
aPt  K.L. O'Leary 2,240 554 & §32-550 baslat 170 ¥0/25/13 a5h 200/hr .23 1) L, temp. 52%,
10E}  K.Demings 2,270 1S [ 760-768 besalt, - -~ 15h -- - i3 L, temp. 54%,
cTaystone
1081 J.5huster 2,160 230 & - -- 158.60 10/ 5/65 . .- - u Ko water.
(Fenton Bros.}
10N2 do. 2,160 700 ] -- - 425 -- -- -- - 1]
10P1 L. M. Moore 2,170 450 & 60-95 basalt, 70 12815 15b - -- b L.
claystone
1M1 0, Beehler 2,120 176 L] 155-160 basalt 25.17 5423477 20 1R 1 i}
12L1  Boehler £,965 176 5 e -- 29.20 8/12/75 -- - - ]
12m} de. 2,000 220 B .- .- 60.46 10/ 6/65 2 - - [
24,2 812475
46.0 502317
12M2 A Schuster 1,980 44% 8 - - 188,10 10/ 6/65 35 - -- Y {p, temp, 5e%F.
4717-1501  J. Schuster 2.140 B9 ] -- - 51.08 104 5765 - - - S
(Fenton Bros.)
1502 do. 2,05 103 86 -- .- 75r 10/5/65 -~ -- - v Cp, temp. 55.5%
15M1  Schuster 2,000 220 - -- -- BO.46 10/ 6765 2 - -- y
1681 G, L. Trumbo 2,140 203r 6 -- - 53.35 B/12/75 -- -- -- 0.5
57.93 5F23/77
16414 do. 2,10 50 [ -- -- ] 812775 -- - -- i} Pepartiedly 270 ft deem,
may have caved in.
17R1  C. Hoctor 1,820 120 -- - -- X} 12436417 - - .- 0 G.
20RE  C.Schuster 2,010 334 -- - - 102 12/16/17 . -- - 0 G.
211 do. 2,000 250 ] - -- 35 8/79/76 -- -- -- u
22A1  F. L. Senders 1,985 265 ] 235-261 basalt 60 af S/15 60b 100 0.6 ) L, temp. 53% .
22N1  Fenton Bros 1,950 4] [ - -- 25 10/-- /65 ki 2 15 V] {p, L, temp. 55 5% .
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Aquifer Specific
depth Agquifer Yield capacity
Owner Alt. Depth  Diam. interval depth {gal/ Drawdown {galfmin/
wWel) no. ar tenant (fFL} {ft) [in) ({ft) Material WL Date min) {ft/nrs) [§23] Use Remarks, other data
22N2 0. Myra 1,995 150 [ -- - 37.0 813,75 - -- - D
22N3  J Schuster 1,990 -- 6 -- -- 22.60 10/14/75 -- -- -- U
220 D-Myra 1,910 & - -- -- .50 10118175 . - - U
2300 J. 0. Dumm 1,960 175 6 -- basalt 20 9710475 ab 50 0.8 D
23F1 do. 1,960 250 6 -- -- F B/25/76 601 150/1 hr 40 DL
2BH) (., Schusier 1,940 508 6 72-260, basalt ] 6/22/73 60 50/1 hr 1,2 U L.
430-9% 65.90 10/14475
490-50 70.1 5123477
28R} Unknown 1,960 53 -- -- -- 9.61 10/23/65 -- - - u
8718 4N Holter Gros, 2,000 a0 6 ;;g-;;g, basalt 280 INeNT 2b 12041 ar 02 DL
4N do. 2,000 kY 48 -- -- 35.56 S/23/77 -- -- - e
7LV €. Schuster 1,940 .- - - - 133.4 10/ 6/65 .- - -- D Cp.
Rl do, 1,870 400 8 -- - 197.0 10/14/75 10 - -- o Cp, temp. 56%,
€01  I. Anderson 1,830 4 48 -- basalt 7.08 5723177 -- .- - ji]
8R1  J. Johnson 1,840 120 6 -- basalt %4.0 %/ 8/75 -- -- .= ] Regurtedly once 200 feet
eep. :
1781 L. R. Smith 1,760 -- -- - -- 285 5/23/77 - -- - U Open casing.
1701 Holter Bros. 1,830 352 6 ' 154-)56, basalt 147 1/ 6/T7 306 18341 he 0.V7 U
345-352
1761 C. Schuster 1,640 150 10 - - 126.90 1014475 -- .- -- I
171 C, Schuster 1,720 200 10 1M1-178 basalt 75 6/ 8/70 600 -- -- 1 1, Femp. 62°F.
00.3 10/18/75
126.5 5/23/17
1881  Wm, Anderson 1,713 1°] -- -- - 9.0 10/14/75 .- -- -- u
28M1 M. Jones 1,650 45 [ -- -- ar 1014775 au - - D .
2961 R. R. Brack 1,660 277 10,8 at A3, §rave1 98 9/22/68 500 . .. oL
105-170 basalt
4718-3101 0, Trumbo 2,130 59 & -- -- 37.68 10/23/65 -- .. -- D Cp, temp. 55°F.
21.64 5724751
4/20- 31 Berk Bros. 2.100 15 48  -- alluvium 14,75 6/27/75 . -- -- u
31 H, Berk 2,225 274 12 171-177 sandstene 165 1940 1,070 8.5 126 I L.
202.25 6721175
470} Rerk Bros. 2,210 135 6 319-335 basalt 93 -- 30 .- . D L
85,75 6/27175 12
6A1 B, Powers 2,270 200 [ - clay 19.25 6/27/75 12 -- -- D
6A2  A.L. Powers 2,280 130 [ .- -~ 25 INnsMm 5 0 .- u
1841 8. Wilkins 2,440 253 6 - - 130 10/ 3/69 10 - -- 5 I
2001 B, Powers 2,220 175 6 110-147  basalt 30 1114775 15 90/1 hr Q.17 o L.
4/21- 8K1 P, vhitmore 1,620 302 [ -- clay -- -- -- -- -- 5
4722- N1 Unknown 942 a5 48 -- attuvium 21.60 47 8778 .- -- .- u
101 Goodright 1,118 8 & <= - 26.70 8/ 5175 -- -- . H
12C1 €. McBride 1,000 547 19 -- -- {bry) .- - -- -~ u
4/24- 300 S.P. RS, RR. 305 398 lﬁél?. 385-398 basalt 63 1127766 93 B/60 hrs 12 Ind L, temp. 60°F,
6Ji  State Park 300 432 8,4  50-415 gravel, 38 .- - .- -- PS
basalt
5£/172-23G1  Trans West Ca. 2,560 370 6 50-63 basalt 47 10/ /70 20 - -- T L, temp 52%,
2aM1 do. 2,520 372 6 - basalt 289 1/ 2/10 -- - - 0 Temp. 52°F.
5F18-28N1  Unknown 2,255 300 6 -- - - -- 5 - -- 0
5719-25K1  Rathspeth 2.415 20 72 - -- 2.30 8y 8775 -~ -- - ]
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TABLE 16.--Records of wells - gont.

Sg:::er Aquit Yield P
quifer e capacit
Owner AMt.  Depth  Diam. interval depth {gal/ Orawdown (gg:f'miﬁl
Kell no, or tenant (ft) [ft) fin)  [ft)  Material  SWL Date min) {ft/hrs) [ft) Use Remarks, other data
5/20- 16V K.J. Clark 2,710 105 6 - -- 20 B/ 815 .- -- -- s
4y J.H. Hooker 2,840 180 6 .- basalt 86.30 5/24}75 . — . mn
BR1  F. Neught 2,752 200 b - -- 20.92 8/24475 e - - [1}
9A1 J. H. Hooker 2,780 145 b B0-96, basalt 3 5/24/1 60 -- - 5 L, t 0
124-145 sandstone .40 5/2457% . - temp. 56°F.
18L1  M.E. Siater 2,665 110 [ - clay,sand 14,7 6/--f75 - - - ]
19C1  ALL. Powers 2,985 93 & -- - 12 3/15/71 5 *Q"/ 48 hrs -- )
1961 -- 2,560 150 & - - - - -- - - [}
?z2Q1  Berk Bros. 2,500 275 & -- -- 200r - -- - - u
2521 M.E. Slater 2,357 ah ] - a1 luyium 12.75 6427775 - -- . U
2781 Berk Bros. 2,480 927 12 -- - 52 ingm -- - .- o G
28813 do. 2,495 330 8 168-176, basalt 22 1/ 1769 480 76/6 hrs 6.3 b Drilled to 410 ft,
242-263, backfilled: L.
292-311
78R1  Berk fros. z,400 410 0,8 311-321 basalt 83 10/23/6% - - - v oL
§/20-30M1  Rathspeth 2,410 150 § -- send 28 -= .- - - r]
304t AL, Powers 2,395 83 8 - -- 30 - .- - - D Ment dry
5/21- 30t T Gray 2,385 207 ] 203-207 -basalt 100 7 5/68 30b 100/5 hrs .3 0,1 Supplies ﬂohnmes; L.
Terp. 54°F.
aal do. 2,480 B4 ) - - 24 8/ 475 . -- - S
65 M. Larson 2,620 230 6 -- - 160 .- . -- -- S
80l Busch 2,560 160 § - -- ior -- -- -- .- S
188} +, Busch 2,545 160 6 - - - - - - -- 5
1882 do. 2,530 121 6 - -~ 116 as 4/7% - -- - D
781  R.Ferguson 1,665 100 6 -- -- - -- - -r -- 1]
28N L. Wnitmore 2,020 238 6 -- basalt 53.20 8s 4475 - -- - ]
29H1  K,J. Clark 2,120 M6 6 - -- 35 /24415 -- -~ -~ )]
£8.2 6428/77
5/22-130%  C McBride 700 74 8 -- basalt F 9/15/76 127 - -- 0.s
20H1 R, Ferguson 1,435 16 72 - alluvium 5,80 8/ 6/75 -- .. --
7.4 BI2BITT
27A1  A.M, Maison 1,305 1,063 10,4, 349-568, sand 21.00 1/--172 750 50 15 1 6.
6 673-767
806-930
27R2 da. 1,105 150 6 -- -~ 51.50 8/ 6175 -- - -- 5
2rP1 J.Renta 1,100 187 12,6 550-568, basait 58 1 B/6 -- - L 1 L.
58768
770-787
3501 Unkmown 1,018 72 72 - alluyium 18.50 a8f 675 -- -- -- 5
5/23- 3AY  R.J. Petersen 716 81 ] 80-81 sand 30 11/--/55 205 n 5.6 oG
53 5/20/68 23% - -
29.3 8/15/75
32 da. N6 555 12,10, 27-78, -- 125 1/--/56 95 1 6.8 o Li 6 terp. 61°F.
B 225-240, 123.70 9/13/76
278-321
A3 do. 716 1,100 - -- - 226 10415475 -- -- - [
l de. g25 150 8 - -- 125 13/--/56 -- . - u o1
180.00 615477
e do. 825 313 12,10 -- basalt 190 /20076 400 14 29 | B
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Rquifer Specific
depth Aquifer Yield capacity
Cwner AlL, Deptk  Diam, interval depth {gal/ Brawdown (galtimin/
Well no. or tenant {ft) (F1) (in} (ft) Material SWL pate min) (ft/hrsh (ft) Use Remarks, other data
5723-1101 M. Mercer 719 250 4 - -- 165.90 B/ 9775 - - -- S
131 T. Powers 575 1,081 16,12, -« basalt 134 2/15/78 2,990 /8 hrs 150 I G; specific capacity
10, 9 caleulated form
variable-yield
pumping test.
5/21-27a1  A.Matson 760 1,040 10 -- -- 27 1/--/72 .- -- -- [
2901 €. McBride B7D B?5 16 L - F 6/28/717 2,100 (flow) -- -- i & L; temp 72°F; 5%
{+136 ft} 5,000 (pump) psi shut-in pressure
kvl do. 860 84k 22,15 324.380, basalt {+125 ft} 71792778 4,550 (pump) {to 179.5) -- 1 L; 54 psi shet-in
791-793, 2,500 (flow) pressure
807-843
3181 do, 760 -- g -- -- 51.4 6/28777 - -- .- D
35CE M Mercer 635 266 8 -- basalt 186.30 8f 9475 30 - -~ 0.5
5/24-28A1 Three Wells 490 2%z 12,10 203-208, basait 202.12 5/ 6/74 350 36/8 hrs 9.7 1 L.
Farms 218-228,
238-264
35N MWyatt 290 52 8 - gravel 2120 11/30/68 a0 -- -- ]
5/25- iM1  Columbia Farms 538 - -- - -- 60 Bf--/74 -~ - -- S
1261 do, 485 336 6 -- .- 100 &f--/74 75 - -- ]
22M F Millimen ano 336 6 326-330 basalt 70 967 100b - - o
2931 Ségdpiper Lang 460 150 8,6 225-235 basalt 12 6/11/74 100 .= -- PS L: temp, 68%F.
26m do. 325 245 3 -- - 72 2/ 6175 33 1o W35 3 L.
: 27 65 .42
1 20 .55
5/26- 501 7. Powers 530 1,002 16,12,10 108-12}, basalt z2n 9/28/76 1,529 52712 hrs 27 1] G; L; temp. 1%,
279-360
599-51,
949.974 .
5N Paterson 437 54 10 -- .- 97 9/ 2/64 100 175/6 hrs 0.57 5 L.
Heights Water Dist,
TAt  D.Heier a4 320 [ at 320 basalt 60 1967 -- - -- D Restaurant supply.
TRY  Paterson Schonl 440 347 8 124-128, basalt 197 8/21/67 60 90/8 hrs &7 PS L.
Dist. 129-342
BGY  S.P, & 5. R.R. 2300 143 B 125-130 basalit 2% V947 n 100 N o L.
5/??- 4C1  Prior Land Co. 410 320 0 ?98-208 basalt 90 2112165 B0 120/4 hrs .29 Ik L.
801 ) Christy ER] 137 8 100-137  sand, 100r -- -~ - - b L.
gravel
9A1  Frior Land Cp. 395 216 10 - basalt 140 Pf--157 240 -- -- 5 E.
P1  J.Christy 300 80 20 35-80 sand, 35 9/17/73  2.400 2/1.5 hrs 1,200 I L.
gravel
1KY £l Paso Hatural 300 372 # - -- 37.00 5723756 120 122/12 hrs ] Ind. L.
Gas Co,
5/28- §D1  Coffin Sheep 500 455 ] 418-424, basalt 235 111463 -~ -- -- 3 L.
Co. 424-42R  sand
6R1  Burlington 329 556 10,8 505-525 basalt 18.50 2/26/51 500 14/8.3 ars 36 Ind. L.
Northern RR
781 B.R. Craig 290 A & .- -~ 21 &5/ 9/1% 60h 4072 hrs 1.5 © L.
5/28- 7A2 Crawford 290 - [ .- -- 25.61 5/?5/77 -- - -- b
781 B.M. Boyle 280 26 72 16-26  gravel 10 /15746 50 2 12% ] L.
TF1  Beeler 300 192 50-54, sand 48 8/14/47 500 -- -- D L.
54-73, gravel {permit)
79-87, basalt
175-192  basalt
AM  §.P, & 5. R.R. 280 45 12,10 89-72  sand, B 10/22/16 150 1.5/8 ars 100 ng L.

gravel
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WATER IN THE HORSE HEAVEN HILLS, SOUTH-CENTRAL WASH.

Aguifer i Specific
depth Rquifen Yield . capacity
Owner Alt. Oepth  Diam. interva) depth {gal/ Crawdawn (gal/min/
well no. or tenant {Fft)  (ft) [in) (ft) Material SWL Date min} {ft/hrsh {ft) Use  Remarks, other data
5/2R- 802 do. 280 629 12,8,6 -~ -- 1) 6722 300 “o*/4 hrs - Ind, L.
6/20- 1P1 S Waught 2,980 20 72 - -- 4,50 6/22/75 == -- .. o
N 7.55 6/14/77
2AT D, Johnson 3,062 40 rn -- alluvium L] 6/22175 - -- - u
2h2 do. 3,061 200 6 -- basalt -- -- - -- “a \]
401 3.C. Ingram 3,240 130 6 18-2&3 shate, basalt, 19 918/ a5 -- - b L; teom 52°F
59-1 claystane
9J1  H.H. Wilson 3,140 123 & -- alluvium 0.50 6/24/475 22 - -- ]
9L C.oWalling 3,385 e - e altuvium 0.42  6/28/75 6 - - ]
MET D, Jehnson 3,030 -~ ) - -- £.70 6/14/17 - - -- 1]
1241 R.R, Ferguson 2,935 20 2 - - 3.33 6/24/75 [ -- - a .
1301 F.H. Haught 2,R62 306 6 -- -~ 30.80 6/24/775 12 -- - U G.
1342 do, 2,862 s [ 26-28, basalt 40 B/21/69 60 300 .2 D L; temp 529F
372-315 sandstone
1581 R.J. Rupp 3,030 205 6 - -- 17 2121174 12 15071 hr 08 D Temp SdOF; t.
17H1  E.R, Relson 3,250 Y25 6 60-125 basalt 47.9 6114077 -- -~ - D L.
Z1A8 L, Whitmore 3,030 235 [3 213-235 basalt 64,9 8t 5/1% 60b 60 ] D L: temp 52°F.
2207 R.Van Nostern 2,990 347 3 -- - 6.24 9/13/7%6 - - -- u
2201 L.D. Whitmore 3,005 43 e - -- 28.60 6/22/75 == .- -- B ' Hydrograph in fig.
2202 L.D. Whitmore 3,002 175 [ -- basalt 78 1/29/74 13b i) 0.13 ] L; temp 5a% .
97.30 6/24/75
24RT  E.M. Brown 2,193 178 6 -- -~ 75.75 628475 -- - - U
24R2 do. 2,792 30 12 - alluvium 3.00 B/28/7% - - - u
2601 K,.Jensen z2,920 180 6 - .- 15.58 §/22/75 3 - . ]
23.9 67208477
27N Gordon 2,940 100 - e .- 13,70 6724475 -~ -- -- s
30K1 Cl:vell‘and 3,057 12 43 - altuvium 3.50 €/23/75 -- - -- P5
arl
30M1 Mnct;en Land 3,140 a0 6 §69-176 basalt :gg S/25/713 2. - -- 13 L; temp 54°F,
6/20-3001 R ¥an Mostern 3,040 -- 36 -- altuvium 7.54 8/13/16 - -- -- i}
3002 W.5avage 1,038 20 72 - &lluviem . 4,75 B/23/75 - -- - 3]
3on3 do. 1,042 18 72 ] alluvium 8.42 B/23/7% .- -- -- 1
300¢  C.Shanmon 3,040 85 6 £8-95 basalt 1.50 472574 25b 60/1 he 42 b L; temp. 52°F.
3281 E.Lasly 3,022 62 72 .- -- ag.30 6/23/75 .- -- .- 5
1581 J.A, Jensen 2,845 227 8 - -- 23.4 6724775 15 .- -- S
3681 H.Coleman 2,780 408 6 .- -- 12 10/30/69 5 - - 5 1.
36PT  M.Larson z,787 150 1} - basalt  37.80 5/23/15 15 -- -- o]
6/21- 4M1  R.C, McBride 2,720 250 -- -- -- S0r -- -- -- - 0
6L1  A.M. Matsen Z,Ra% 12 72 = alluvium 4.08 6/24/75 -- - “- JA]
L2 do, 2,880 130 6 .- - 62.50 6/26/75 -- - -- ]
L1 %.Jensen - 2,820 200 6 - -- 29.50 By 5/75 5 -- -- o
14H1  J Doasey 2,440 146 6 - -- 10¢ - - - . 1}
15L1 L. Gites 2,560 12 72 - -- [ B/ 6/7% & -- -~ s .
15L2 do. 2,565 220 [} 207-20 basalt 149 10/30/73 o 50 .6 0 L: temp. 52%
18EY  F. Naught z,847 82 6 -- -- 7.75 8s 675 6 -- -- S
18R1  C.M. Everetts 2,785 165 6 -- -- 21.40 8/ 5/75 - -- - 0,5
190t M.R. Matsen 2,765 865 6 -- basalt 0 1122/14 15 150/1 hr o 3] Texp. Sdof; L
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Aquifer Specific
depth Aquifer Yield capacity
Owner Ale, Depth  Diam., interval depth {gal/ Drawdown  (gal/min
Hell no or tenant {ft) {ft) (in} {ft) Material SWL Nata min) {ft/hrs} {fL) Use Remarks, cther data
6/21-2481 &, Reberts 2,225 103 3 -- - 40 1974 -- -- - ]
2801 E.Brown 2,670 30 & - - 276 B/31/76 -- -- - u G.
2981 T.Gray 2,620 - 6 -- -- 25.9 672977 - - - S
J0C1 M. Hatsen 2,785 Jz0 -- -- L 30 -- -- -- - il
NE1 H.Coleman 2,740 115 6 - blre clay 207.25 971376 -- e -- 0 L.
3K do. 2,738 278 5 - a 166,60 9/13/76 -- - -- ?
31F2 do. 2,790 300 - .- - 260 12/--#75 -- - - 1] .
3Bl T Gray 2,41 104 6 - - 51.85 B/ 475 -- - - |}
3501 do, 2,360 3co 6 - - 75 9/ /16 -- - - il 6.
6/22-25J1 M. Mercer 1,325 nz [ - - 2.90 9/ 9/75 -- - -- 5
6/23-1101 B, Andrews 1,000 208 a 154-268 basalt .- -- 200 - -- f L.
oz do. 1,020 B2 12,7 654-B55 hasalt F{+80 ft) 3/18/70 2,500F - -- I ¢, L; temp 76%.
B77-88% F FAALT 2,200F 35 psi shut-in pres-
sure.
15H1 do, 1,050 633 12 303-351 basalt 1.00 6/13/67 150 - -- L L, G; 35 pst shut-in
371405 do. pressure,
950 658-938 do. F{+80 f1} 20m 2,200
{deepened 197T)
6/23-16R%  Mashington 1,090 950 16 av basalt 40.8 7/22/76 -- -- - 1 G.
Dept. Natural
Resources
2201 8. Andrews 982 1,069 12,30 -- basalt 380 1122176 1,700 19/8 hrs 90 1 6; L.
293 ¢ 9478
2aM1 do. a70 965 16,10 -- basalt F{+103} 0 1 2,000{flow) -- -- 1 L; 62 psi shut-in
. gressure
2801 MMercer 863 16 48 -- alluviom 8.9 Bf11/78 -- - - s
34Kl D. Mercer 840 107 6 .- -~ 96.4 B/ 9/75 - - - u
Mn2 do. B4D 425 2 at 250, basailt 231.4 af /7% 200 -- -- L1
400 .
3443 do. B40 550 [ - -- 287.7 a4 9/7% -~ .- -- 2,5
6/24-22H1  Columbia Farms 550 681 (1] - -- 142 2/ B/72 - -- -- t G.
2IN1 G.A, Smith 605 220 G - - 10 1964 ? -- -- 1] Poor well.
6/25-12X1 Lenzie Ranch 0 190 -- .- - % -- - - - u
12pt do. 697 250 -- -- . 220 - - - -- s
1571 do. 606 350 6 -- sand agr - . -- - U
2481 da. 623 280 & - .- .- -- 5 -- - s
kLE]] . 493 156 6 -- -- - -- H -- . S
6/26-9L1 Prior Land Co. 820 267 6 239-241, basalt 20% 10/--/46 30 -- -- D L
250-259
12F1 do. 893 340 6 - basalt -- - 7.5 -- -- S
31kl Columbia River 650 358 L3 292-358 basalt 250 nNss 35 70 .5 1] L.
Farms
&/77- 3Ft 6.1, Powers 1,070 760 6 145-160 basalt 555 1nf--/66 1.5 -- - u L.
7Rl do. 685 30 6 230-310 bdasalt -- - - -= -- S
23T Coffin Sheep Co. 729 320 - basalt 295 158 -- -- - 5 L.
6/20- ZBT  Sweany 1,067 14 -- -- -- 12 -- -- - -- 5
33HY  Coffin Sheep Co. B25 542 8 345-380 basalt 508 -- -- -- -- 5 L.
505-508 gravel
6/29- 8M1 do. 597 M6 ] -- -- 00 1959 - u -- 0,5 L.
e do. 31,400 1,110 a - - 1,070 11711758 5b ¢} -- S L.
23K1  0.J, Hellberg 1,075 330 8 -- - 309 - 25b - - D L.
6730-1201 J.Blair 1,180 974 6 -- - 855 == - - u G.

/20473
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WATER IN THE HORSE HEAVEN HILLS, SOUTH-CENTRAL WASH.

Aguifer Specific
: depth Aquifer Yield capacity
Owner Alt,  Qepth Diam. interval depth (gals Drawdown {gal/oin/
Well ne. or temant {ft) (Ft) {in) ([ft} Paterial SNL Date min} (ft/nrs) ft) Use Remarks; other data
&/10-101  Irrigre, Inc. 960 B4 10,B,6 710-814 basalt B34 5726774 1,000 1 hr 143 [} L.
{Hundred Circles
T ) 950 736 & - basalt ars - n 20 - Ind. 6; L; tem. SS°F.
1/21-25C1  C.L. Mains 2,670 204 3 - -- .- .- 1o -- - 1
2601 V. Linderman 2,750 220 6 -~ - 160r Spring '76  -- - - [}
3067 A.N. Matson 2,750 400 10 195-398 basalt 15 12:1'16!23 320b .. .- H L.
7/22- \P1 Mandiing Bros. 1,6% 32 6 - basalt S5 enee - - - 0
231 J.L. Sharp 1,276 90 -- .- - - - - - - 0,1
K  F, Wattenherg 2,010 80 L} - -- 25(est) -~ - - .- D
1M 1.Sharp 2,10 450 § - -- -- -~ .- - .- D Two homes.
701 N.T. King 2,500 243 § -- .- 153r - .25 - -- D
1801 Feezell Farm 2,040 160 & -- .- 60r - .- - - D
101 R.R, Roberts 2,850 20 6 - -- 1607 - 6 -- - 0
(Chesley)
2361  L.Sharp 2,120 1,000 10,6 at 350 basalt 320 - ib 30/1 hr 03 D 6; L: temp 520F.
3201 W.A. Johnson 2,408 140 -- -- -- - -~ n - - [}
7/23-36R1  Chesley pro- 950 BOS 2,16 -- basalt F(+92) 0/ 2477 1780 .. - { G: L: 40 pst shut-1in
perty, for Wash, pressure
&e?t. Natural
aources
7/24- 6R1  Horrigan Farms 1,492 457 B - - 450 - .a -- - B
BO1 da. 1,450 1,092 & .- - B58 1/19/78 - -- -- ] 6.
1701 7, Young 1,300 437 [ - - 190r “years age" - - - D
250r w7
7/25- 3A1  G.Bayne 1,000 360 3 - s 80r - 10 -- - 1]
3500 Dr. Patmer BOO 1,090 16 - -- 400 a 1,800 =littte® == 1
36F1  J.Barber #2 153 867 18,16, 460-570, -- 390 4/ 4778 -- - .- 1 G.
(k3 B800-820,
855-867
36M1  Washington Dept. 730 860 10,8,6 (See basalt 134 /-T2 - - - T Test observation
feology 236 1 table  sedimentary -- .- - -- -- well; three piero-
736 )] 1?7) rocks 314 11 /-T2 690 1z 58 meters record water:
825 1 313 1--f2 650 4 153 tevels at three .
zopes: G: L terp,
IVF.
36M2 ). Barber proper-730 860 18,16,8 70-B5, clay 37z 9/24/76 2,232 32/9 hrs TO 1 L.
ty, for Wash. 814-860 basalt 390 4747718
B, ! -
7/26- 5B1 J.I'"-tfnn 1,130 1,063 10,8 609-965: basalt 403 4/17/69 162 97/8 hrs 1,67 ! wall deepened after
at 548 655, 1969, water level
902, 966 607{after deepening fram 780 to 1,061 Ft}) dropped; L: G.
6J1  H,M, Travis 1,080 200 & -- - 183r -- 3 -- - ]
14R1  Andersch 1,00 350 & -- e 225 - . -- .- V]
17A1 (.M. Bybee 1,020 350 g .- -- 300r . 25 -- - o
28P1 R, Munn 950  6R4 8,6 673-684 basalt - -- -- .- -- b L.
?BR1  Sunheaven Farms §90 192 3 -- .= 160r -- - -- .- i}
30A) 5. Moon 825 219 ] -- hasalt -- .- 1 -- .- D
7/27-17A1  B.Rartley 1,390 280 -4 260-280 basalt 260r - - -- - D
1742 do. 1,385 700 B - basait -- - - L .- i]
1781 B, Schulteis ¥,300 305 37,8 267-298 basait -- -- -- -- . o L.
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QOwner Alt, Depth  Diam.
Hell na. or tenant {ft} {ft) (in}
3}/27-2881  Prior Land Co, 1,196 520 --
2991 D, Prior 1,150 875 8
36A1  Wash. Dept. 1,080 1,200 10
Ecolagy
1/29-236)  H. (wens 1,800 475 .-
?8L1  Unknown 1,320 25 72
7/30-29A1  Ebey Ranch 1,510 1,100 6
4/74-3201 L. Beightol 1,510 898 8
3541 6. Bayne 1,400 M1 -
8/25- 11 R.C. Barr’ 1,380 750 8
2101 K.C. Burkhart 1,300 423 [
2981 E. Walker 1,120 330 ]
350F  J.F. Moan 1,020 150 6
8/26- 5N1 - Ray (ould 1,346 460 B
Farms
16C)  County Well 1,320 832 --
16C2 do. 1,320 630 --
2081 S. M. Saith 1,260 425 -]
3371 J.J. Smith PO 132 --
33F2 do. ¥,180 150 .-
8/27-3201  Pearson 1,456 329 .

Aquifer
depth
fnterval
4431

at 500
120-487

375-330

Aquf ter
depth
Material

basalt

basalt,
shale, clay

SHL

170

175r
15.16
700

e1?

400r

2007

1507
97.8

220r

no

366.2
30

310

1411/713

5/12/77

Drawdown

[ft/nrs)

1a5/1 hr

Specific

capacity

{gal/min/
1)

Use

oo oo

=

Ps
Ps

Remarks: other data

L; deepened frem 157
ft.
Ory hole,

Purps dry in 1 hr;
hauls water.

Lost water at 1,100
ft; abandoned,
hauls water.

Lost water when
deepened.

L.

Also supplies
neighbors.




WATER IN THE HORSE HEAVEN HILLS, SOUTH-CENTRAL WASH.

TABLE 17.--Drillers' logs

Mater{al ’ Thickness Depth
{Ft) (ft)

3/17-2CY. William Claussen. Altitude about 2040 ft. br11led by
0'Leary Well Drilling Co., 1973. Casing: 6 fnches to 45 ft,

Clay, BroWn--rse----emmmmmmr—c—t—eeneanooaoone w—ee 14 _ 14
Clay, black--=we---o==-c-resmmccmeerceo—osencannn 114 29
Basalt, brown, vesiculare--eeeecmocecommaa—ux 9 38
Basalt, black, with red claystone—--s-v--e-ceeacan 5 13

Conglemerate, and brown, fractured
vesicular basalt, brown shale,
vesicular brown shale, and green
claystone, all water-bearing---=-ses---e-ae--m 12 55

3/17-12P1, S. P. and S, RR. Altitude about 400 ft. Drilled by,
Strassar Orilling Co., 1966, Casing: 16 inches to 15 ft,
12 inches 0-64 ft, 10 inches 58-145 ft.

Fillamommmm—mmmmmewso—c—cememc—mmanr o — e d—ese——— 2 2
Sand and SomMe rocke=-----<ssmmmmmmemanro oo —eswanan— 10 12
Basalt, gray to black, broken at 132-138 ft, '

165-172 ft, 194-196 ft, and 210-212 ft,

water-bearing at 194-196 ft, 314-325 ft.------ 313 325

3/19-2A1. C. D. Kelley., Altitude about 1100 ft. Drilled by
0'Leary Well Drilling Co., 1972, Casing: 6 inches to 25 ft.

Boulders-mmemer-cccmummme e oo adesmmms—aam e 5 5
Clay, broWnes=---scmmmseemmmcoceeso oo —ssanna—— 4 9
Sand and gravel---ec---ceeaccomceoaooooooomanes -- 6 15
Gravel, fractured basalt, and shale~wer---omce—ee 8 23
Basalt, gray, fractured, water-bearing----------- 7 30
3/19-261. C. D. Kelley. Altitude about 1240 ft. Drilled by
0'Leary Well Orilling Co., 1972, Dry hole, not cased,

Clay, sand, and brown boulders------«-seccemcmmcn 25 ‘ 25
Sand, clay, and brown gravelew-----=sss=n--aeme=- 10 135
Shale, BroWn--ee---wccummmmen—cseonomacsmasemmoaa 5 140
Basalt, gray, vesicular---e-=--cere--c——ousennome - 70 210
Claystone, brown, and blue clay----~=-----w=m=m-- 100 310

3/19-1881. R. A. Wesley, Altitude about 1270 ft, Drilled by Duft
well Drilling Co., Casing: 8 inches to 110 ft.

Sand, Clay@y-------s==m=-=ssammmmaa—o—————ammmeen 110 110
Basalt, gray, green, and black-------s--wummm=-=e 1 195

3/19-20Q1. U.S. Army Corps of Engineers (Rock Creek Rec. Areal,
Altitude about 280 ft. Drilled by Hansen Prilling Co., 1974.-
Casing: 10 inches to 50 ¥t, 8 inches to 279 ft. Perforatians:
87-128 ft, 250-278 ft.

Dirt, brown, Sandy-------ee-cammesooo-—ssmmmae-- 3 [
Basalt,gray, to black-------sc=-cs=-orom—eoooomns 81 87
Basalt, black and brown, broken, and

green claystonge------—---sossamesooouoosomes 25 12
Rock, green and black, sandy, and

cemented in places--—--------meerossssmmammn-- 16 128
Basalt, black, and green claystong------s--=-==-- 12 140
Basalt, gray to greenish gray---------wecccm==e-- 117 257

Basalt, brown, black, and gray, broken 4 261
Basalt, gray to black-----------c-cmecmccccmaaann 24 285




TABLES

TABLE 17.--Drillers' logs of wells in Horse Heaven Hills--continued

Material Thickness
(ft)

Depth
(ft)

3/20-7E1. Horace White, Altitude about 780 ft. Drilled by H. T.

Leonard, 1954, Casing: 10 inches to 39 ft.

SO mmmmmem e m et e emamaaaa 15
ROCK, DrOKEM~=—m oo e cme e 35
Basalt, black, Brokef--=e--e-commmccccmcoccccaaas 40
Basalt, gray, SOft---cecmmmmem e 13
Basalt, water-bearing: Water level 20 ft-------- 12
Clay, yellow---voemmerommm o meccmcoeenas - §
- Clay, greene-c--cemerrcvecenceemneameceam——————a- 2
Basalt, broken, Soft----eecmmecommaccmcameocaoaas 16
Basalt, gray, Nard-==-=sececemoma e k)|
Basalt, gray, 50ft--me--ccccccccmmsccemuiian e 13
Basalit, gray, hard-----e-ccaaa- e emmmmmmmm——————— 25
Basalt, black, S50fte-eceemmmom oo mmmeaaes 23

Lost water at 210 to 212 ft, regained
water in 30 min,
Basalt, black, harde~-eem-eacamoccmmccamccccoaooo 3
Bagalt, »rrmee e e aa s 22
Clay, yellow-sesmmm o mmam oo e o 2
6
1

Basalt, black, soft ————————-
Basalt, black, hard--—---e-ccmmmmm e as

15
50
90
103
.15
121
123
139
170
183
208
231

234
256
258
264
265

3/20-21L1, Sundale Orchards, Altitude about 320 ft. Drilled by

O'Leary Well Drilling Co., 1975, Casing: 12 inches to 18 ft, 8

inches 0-30 ft.

Sand, fine-----co-ecmomec e 3 3
Gravel, COarS@---------memccccccemccmcatanecanaa- 26 29
Basalt, gray----=-=ecmcmuoma e 42 n
Basalt with shale seams, water-bearing----==w-e-- 27 a8
Basalt-ee-vacuo——- e TR 67 165
Basalt, black, vesicular, water-bearing----=v-u-u 45 210
Basalt, with some fractures--wasa—coooioommooo 85 265
Basalt, gray------se-seeeccsccccrmmceace—————————- 43 338
Basalt, black, fracturedeer-=wesvecacraocmmaaannax q 342
Basalt, gray, with fractures, water-bearing------ 43 386
3/20-2707. Sundale Orchards, Inc. Altitude about 280 ft. Drilled
by Ouft Drilling Co. to 23% ft and completed by L. J. Storey
Drilling Co., 1964. Casing: 12 inches to 70 ft.
Sand and rock; some water 20-57 ft-----------—---- 57 57
Basalt---------oom e 168 225
Basalt, fractured; water-bearing--------———ceueo 2 227
Basalt, gray------- T 24 251
Basalt, red, water-bearing-=-<<cemweeceau—_ 19 270
Basalt, gray-----«ecmmmecuommm it P4 272
3/20-21Q02. Sundale Orchards, Inc, Altitude about 280 ft. Drilled
by H., T. Leonard, 1952, Casing: 12 inches to 28 ft.
Sand and rock------ccmmcmcm e ccacraineeciaan 30 30
Basalt, qray, blue, and black-w-ceecccccccmaaan. 148 178
Basalt, black, water-bearing--------cccmmeceaoono 14 192
Basalt, gray, medium to hard-e--c-cacmmamuacnaas 78 270

97
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TABLE 17.--Drillers' logs of wells in Horse Heaven Hills--continued

Material Thickness Depth
(ft} - {ft)

3/21-9L1. U.S. Army Corps of Engineers. Altitude about 300 ft.
Drilled by Jungnann Drilling Co., 1966, Casing: 14 inches to 15
ft, 10 inches 0-65 ft, 8 inches 162-184 ft; perforated 170-182 ft.

Gravel and clay-=--=---emmcmmmmccmcmmmmecmmacaaaa 2 2
Basalt, brawn, broken-----------co-oeommmmmnann 2 4
Basalt, gray------==--cemommmccecmcmaccccccaaaea n 15
Basalt, blagk----===mmmc o mmmmeeeaoae 13 49
Basalt, broken, mud---====mmcmacemmcmmccceaaa- 13 62
Basalt, black-===-==mmcmemecmcem e 30 97
Basalt, gray, hard-cecececceccmcmceecaicaacauonan B4 176
Basalt, black, soft, water at 176 ftec--c-ecceaa-s 16 192

3/21-9%1. North Roosevelt Water Assn. altitude about 300 ft.
Drilled by Duft Well Drilling Co. casing: 8 inches to 24 ft.

TOPSO i) armmeme e e e e e ? 2
Rock, broken------ecemcemccccomcacmccacacccaan- 2 4
Basalt, gray, hard------e-ccccaceensremcercneeean 51 85
Basalt, black, soft, porou§-=--------ceocmoaaaaa- 10 55
Basalt, black, hard-----=---ecmmcmmmmmccmoeae 16 16

3/21-9N2. North Roosevelt Water Assn, Altitude about 300 ft,
Drilled by Duft Well Drilling Co. Casing: 8 inches to 23 ft.

TAPSOT T wmmm e et e el ? 2
Rock, broken--seeecmccacccmccammmmmmmcacae. 3 5
Baslat, gray-------ccmacmmm e eaeeas 52 57
Basalt, black, soft, porous-----------e-mmmemeeua 18 73
Basalt, black, hard-----e-cemccmcccmcconcnnacano 15 88

3/21-17F1, Roosevelt Water Assn, Altitude about 350 ft. Drilled
by Storey Drilling Co., 1961. Casing: 6 finches to 50 ft.

Dirt-e--mmc e cccmcccddccdsddcscr e eeeeae 2 2
Basalt, gray: fractured 7-10 ft,

6575 fteeeeomemm e e 128 130
Basalt, brown------c-mmemmememeccceeeereceeeeeas 10 140
Basalt, gray, hard--—weeeecemcmranc e e e 50 190
Basalt, black, and brown shale--<cueccecannccacana 10 200
Basalt, black, fractured, water-bearing---------- 23 223

3/21-18N1.  Norm Goree, Altitude about 375 ft, Orilled by O'Leary
Well Drilling co., 1972.

Basalt, black, vesicular—----s-c-uuoumnamnoasnnns 203 203
Basalt, gray---«--eecemmmmmcmmmmmacoemeee 21 224
Basalt, gray, vesicular-ecceccmmcmmmmemee oo 25 250

4]17-2Plﬁ Eleanor Dooley. Altitude about 2180 ft. Drilled by Gorge
Contractors, Inc. (K. L. O'Leary), 1969, Casing: 6 inches to &

ft.
1L L B 3 3
Basalt, some fractured-------ec-momomommmomemo 72 . 75
Shale, BrowRe--=-eeccmasese o cccccccccmoaaoao 3 78
Basalt, water-bearing at 82 ft-------ocmmmmmaeoo 4 . B2
Slate and petrified woOd-----cecmmemomccomcccaana 13 95
Claystone, blug, and gray basalt-====--c=emeuacan 6 101

Basalt----oo e 207 308
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Material Thickness Bepth
{ft) (ft)

4/17-9F1, K. L. O'teary. Altitude about 2410 ft, Drilled by owner.

Casing: 6 inches to 131 ft.

Clay, DBrowWnee--- oo 3 3
Basalt and seams of shalg--------- R 46 49
Cinder, red, and clay and brown shale------ceceees 64 113
Basalt, vesicular, and shale and claye-~--<wemou-- 13 126
Basalt, some FractureSe--eecemmmcomcccccccacnnaas 194 320
Basalt, heavily fractured, and shale-—---————o- 20 340
Basalt, gray-------«cmmmma e eeeeen 15 355

4/17-9p1. O'Leary Hell Driiling Co. Altitude about 2240 ft,
Drilled by owner, 1973, Casing: 6 inches to 169 ft,

Clay and shaleee=eemmcmcmeccmecm e a3 43
Shale and basalt----=eocmmmmmmma e 16 59
Basalt, gray--=--=--eme s eena—aa s 93 152
Clay, brown and blacke----—-mmmmemoooocomcommme Y 164
Basalt, gray------=ewseemomommmeene e 368 532
Basalt, black, vesicular, water-bearing---------- 22 554

4/17-10E1. Kenneth Demings. Altitude about 2270 ft. Drilled by
O'teary Well Drilling Co., 1975. Casing: 6 inches to 30 ft.

Clay, brown---o-coom e eeeee 10 10
Clay, white, and brown shalecee--cmommrmcmmcea. 13 29
Basalt, with claystone seams----smeecacoaooooo 88 n7
Basalt, with some fractures-«-=---mommamccaccanas 225 342
Basalt, with voids-~-cammmmm e eeee e a 383
Basalt, with some fractures--eese-oocomccccocaans 337 720
Basalt, vesicular, and green claystonge-ee-e-e--o 2] 41
Basalt, gray-------=mee-cmcememcmaemeaee A 19 760
Basalt, black vesicular, fractured, and

green claystone, water-bearing--------------- 8 768
Basalt, gray---===-----mmmmmmemmme 7 175

4/17-10P1. L, M. Moore. Abtitude dbout 2170 ft. Drilled by O'Leary

Well Drilling Co., 1975. Casing: 6 inches to 19 ft.

Clay, brown, and brown shale-----cmmcmmocmecaanna 7 7
Basalt, gray-—-------m--mme e 53 60
Basalt, black, vesicular, and green

claystone; water-bearing---------mccecaacaaa- 35 95
Basalt, gray----~---e-eammmmelcmccmmcaa 199 294
Basalt, black, vesicular—-eecmcmmmmccccccmcanaaes 11 305
Basalt, gray--------=sesecommmmm e 138 443
Basalt, gray, vesiculap--=veeccccmmcmmmnnas 16 459
Basalt, gray---=s==rec=mmcmmccmamaemiseessomaooon 1 460

4/17-22A1. F. L. Sanders. Altitude about 1985 ft. ODrilled by
O'Leary Weil Dritiing Co., 1975. Casing: 6 inches to 19 ft,

Clay and shale, brown------ccccceeemcrmammmmaean= 5 5
Basalt and shale, brown----==--eeeecummemmamaaaaa- 95 100
Basalt, gray, fracturede--cc-mmcmermocceceemcaen 135 235
Basalt, black, vesicular, water-bearing------r--- 26 261

Basalt, gray----—-—----===mm e 4 265
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TABLE 17.--Drillers' logs of wells in Horse Heaven Hills--continued

Matertal Thickness Depth
(ft) (ft)

4/17-22N1. Fenton Bros., Altitude about 1990 ft. Casing: 6 inches
to 41 ft.

Clays=ewmeecememau e 3 39
ROCk, POrOUS=====cemccmom et caccaae e ees 2 41

4/17-23F1. J. D. Dumm, Altitude about 1960 ft. Drilled by 0'Leary
Well Drilling Co., 1975. Casing: & 1nches to 28 ft,

Clay, S$andy----mmmmco e 10 10
Clay and shale, Browle--ee--ecocmcmoaececcccecnaes 10 20
Shale, Brown-------c-cemmmmm e s 3 23
Basalt, gray--reeee-cecm e 47 70
Basalt, vesicular, with green claystone----eceeaa 7 77
Basalt, graye-=meese—csmmm e m 188
Basalt, brown vesicular-erreaecmmmcmmaa o 8 196
Basalt, gray--—-—--—=-=rm=mmecmccmceamceaiemaeaa 16 a12
Basalt, gray and brown-eceece-ceccomcmmo oo 8 220
Basalt, gray----=---mcmcmmmm e eeeaaeea 7 227
Basalt, brown, vesicular-reeeemmecmcaconae o 9 235
Basalt, gray-------meenmeemeam e vaeaas 15 250

4/17-28H1, Cecil Schuster. Altitude about 1940 ft. ODrilled by
O'Leary Well Drilling Co., 1973. Casing: & inches to 77 ft.

Clay, boulders, and fractured brown basalt------- 72 72
Basalt, fractured, vesicular; some water-------——- 188 260
Basalt, gray-----c---ammareco oo 170 410
Basalt, gray, vesicular, some water---- a6 476
Basalt, gray-=-c=s--mmmommo e 14 490
Basalt, black, vesicular, fractured, ’
water-bearingeceeccmoeam e cncee e eaeaaa 18 508

4/18~4N1, Holter Bros. Altitude about 2000 ft. Drilled by R, J.
Murray, 1977, Casing: 6 inches to 28 ft.

T LR D ET L P P P 2 2
Conglamerates-eeemmoe ek 10 12
Clay, gray----------cmeemmccccmena e 9 21
Basalt, brown-eeeescecmomm o caeemeea 5 26
Basalt, gray, harde~-=-eesccecmmom e 7 3
Basalt, brown-----e-emm e e ea 10 43
Basalt, gray-----emecmemecmeme e, 67 110
Clay, brown, water-bearing (1 gal/min)----ccueca- 15 126
Basalt, gray------=-cecmccmcmmcna ey 233 358
Basalt, brown, water-bearing (1 gal/min)--------- 15 374
Basalt, gray---=-===-cemeccmmmmn e 36 410

4/18-17K1. Ceci) Schuster. Altitude about 1720 ft. Drilled by
O'Leary Well Drilling Co., 1970. Casing: 10 inches to 116 ft,

Clay, black---reome-reoemmmmmmmcacccmcccccananaan : 6 6
Basalt, vesicular, and clay 4 10
Clay, Brown----eememcemcmcammccecuea o renenaa 7 17
Shale and ¢lay-----=-=reecmmcmcccacanaccanns 10 27
Basalt, partly fractured--eeeccomceccmcmccmeaaa. 61 a8

{continued)
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"Material Thickness Depth
(ft) - (ft}
4/18-17K1 . --Continued
Clay, yellow, black and brown---------e-----eev-- 23 1
Basalt, vesicular, water-bearing--------e-v----=- 67 178
Basalt, gray, hard----e-ce-mee-o-—cumommomoemoon- 1 179
Basalt, fractured-------wwemmcmmeo—oooovunmmaaa- 1 180 -
Basalt, gray, hard-----eemeccmcoocccovennmnnmano- 3 183
Basalt, vesiCular-------escmmmmmrmcccocosocammn—— 4 . 187
Basalt, hard--=-c-s-—=-smsemmmmeemmcoccenanoaan== 13 200

4/18-1701. Holter Bros. Altitude about 1830 ft. Drilled by R. J.
Murray, 1977. Casing: 6 inches to 40 ft,

§0ilmmemmmmmmmeo———uusmmemmese——cceemmm—meooos 2 2
Clay, dark brown--s-s------cememmosmemmmouana—oo n 12
Basalt, broken, damp=------sessmsemserroommeomonno~ q 22
Basalt, gray, hard---ceceo-oocesmmcmceceomaen 72 94
Rack, brown, and yellow clay---===-----=essscm=een 2 9
Basalt, grays----=-==-er------suemmmmeeeoooooaoao--- 8 104
Clay, yelloW-«-emmmmaar—- B T R L 122 226
Basalt, DroWn-es—---wmssm-mccmro—ceaeeoameaan oo 26 262
Basalt, gray, with "void" 154-156 ftae-coocoo-mo-- 4 256
Basalt, gray, vesicular, water-bearing------------ % 352

4/18-2961. R. R. Brack. Altitude about 1660 ft. Drilled by Riebe
Well Drilling Co., 1968. Casing: 10 inches to B3 ft, 8 inches
98-138 ft.

Soil, sandy clay=e~-----==ccmmwemmomcwaamamoon oo 2 2
Clay, brown, hard, and boulders-----eec-----e-ome 9 11
Clay, gray, and gravel and boulders;

water at B3 fl-ce-mmmmceerocccsecmmamaao e 72 83
Basalt, gray, hard, crevicede----eece=-coeeoo——ues 57 150

Clay, yellow, and boulders with sand,
gravel, broken basalt; water-bearing

160-170 ftommmmmmmmmme—mcsmmmmmerro——————an 30 180
Basalt, gray, hard--------sesemommeemooosuoomoman a0 220
Clay, brown, and boulders, broken basalt

and shale with WOOG=-mea----—evsmmmmmemaooaa- 57 277

4/20-3L1. Harland Berk. Altitude about 2225 ft. Drilled by King
Well Drilling Co., 1970. Casing: 12 inches to 182 ft.

TOPSOT] cmmrmmmwmmacccm o —semmmmmme e ————— 3 4
Conglamerate----e-----=cr--o-siesmmmceeooooessses 2 6
Basalt, brown, and glay--------=es-m--eemco—cenn~ 10 16
Basalt, broken-------eemecmmmeooo—csmsmmmmmenooooe 16 32
Boulders 70 102
Clay-e====—--=semmcscmm——————wes=m———sse———sessoooe- 8 110
. Sandstone, soft - 10 120
Sand----o---- 20 140
Sand and gravel----cemmmmo—arocmmsnesmemm—e—oo—ens 8 148
Clay---==rm--m--semmemmeceeo oo tsemma—eesomceasese 21 168
Clay and basalt~===---=-emcmmmmmcocooowesomsoenoo- 2 17
Sandstone, soft, water-bearing----es-===-----os-o- 6 177
Basalt, fractured-----see---o-msmommmemccmmnoooo— 5 182
BagAlt---mer-mmm—easmommeena— oo —csmmm—eeo oo 20 202

Basalt, variegated--ee-----sswmmooomo-co-cenmmea- 72 274
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TABLE 17.--Drillers' ltogs .of wells in Horse Heaven Hil1s--continued

Material Thickness Depth
(ft) (ft)

4/20-4D1, Berk Bros. Altitude about 2270 ft. Casing: 6 {nches to

35 ft.
Basglt, bnoken—---------—--—--------—-----------;- 60 60
Basalt--=mm---es---esemmseseccsec——esa-——cemmseee— 55 115
Clay=--=-m=m=m=mmm==emcamem——ecmamso-o-ssssmaomeoos ".204 319
Basalt, water-bearing---------csn==zon-- mammm—— 16 335

4/20-1801. Bert Wilkins. Altitude about 2440 ft. ©Drilled by Gérge
Contractors, Inc. (K. L. O'Leary), 1969, Casing: 6 inches to

19 ft,
L el D g 2 2
Clay, brown, and hardpan-----------=s-o-=co-r-soss 10 12
Basalt, vesicular----cr-swomcoeer——ssssnosmonrono- 33 45
Basalt, partly fractured--c-cececroo—nommmommnouns 62 107
Basalt, fractured, and some yellow claystong------ Az 119
Clay, yellow soft-eemecmwero—coccmmmrerounnnooe- - 16 135
sand, and layers of yellow clay----=------- ——— 39 174
Claystone, yellow, SOft-----r--cceomomrer—ae- 18 192
Claystone, bluish green, s0ft----emon-e-occacoooes 13 205
£lay, grays-------==sss=ssrsescs--sssso—aococoo-os 48 253

4/20-2001. Bob Powers, Altitude about 2220 ft, Drilled by O'Leary
Well Drilling Co., 1973. Casing: @ inches to N9 ft.

Clay, brown and blug--------==-- et 110 110

Basalt, gray, vesicular and fractured,
water-bearing----n--cesmmema-cusccomeemoeooma- 37 147

Basalt, gray------=-s-sesr—-sco-sss-sssmmocssosses 28 175

4/24-38). S., P., & S. RR., Altitude about 305 ft. Drilled by W. R,
I1le Drilling Co., 1966. Casing: 16 inches 0-45 ft, 12 inches
0-85 ft, 8 inches 160-363 ft; screen 380-395 ft.

Sand and gravel--e-eam-m--cm-csmm-meeco—ussmoenooe 85 85
BrecC) d=—ammmmemmsotemmmmme——sesm—sereo—ecmmsassos 20 105
Basalt-m-em--=rmmmeeemesom-—emrawmcom—eooodssooeoos 135 240
Clay, blugen--em-coeroocssmmmmmo—semmssoomasmooss 20 360
Basalt-m-em---emmmmmro——esmmcee—cceseo—wmro—sannes 25 385
Basalt, vesicular, water-bearing-~---------=====o- 13 398

5/17-23G1. Trans West Co.” Altitude about 2560 ft. Drilled by
0'Leary Well Drilling co., 1970. Casing: 6 inches to 54 ft.

Clay, brown, sandy-----ee=em==eso=-s-=-=comcmeo-- 2 2
Clay and hardpan, brown--«-------s-----c-csssosss 7 9
Sandstone and brown ¢lay-------==-s--ss--se-m=coce- 2 1
Basalt, fracturede——-semmmme-—mesmemmmmmame=m=nc= 27 38
Clay, whiteeamemeroamammroc—eoconcomoennmonorone 3 41
Basalt, fractured, and seams of clay------=------- 9 50
Basalt, gray and brown, vesicular;
water-bearjnge---==e---e--mero-esemmwmo—seoss 13 63
Basalt, fractured---=~==vv=---=as---sremmommmnoouos .8 114
Basalt, gray-=---=e===w---seccsmse--eceoee-orosns 162 276
Basalt, vesicular and seams of green claystone--- 20 296
Basalt, fractured--------cec=e--—ssmmmoooomans —— 64 360

Basalt, gray-~=---m-=-==m-=me---sm=escoosesssesss C10 370
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{ft)

Depth

(ft)

5/20-9A1. Harmon Hooker. Altitude about 2780 ft. Drilled by

0'Leary Well Drilling, Inc., 1971, Casing: 6 inches te 19 ft.

Clay, DroWN=--s=--==e=-s=emeo=—mms=soosesmoosooes 3 3
Basalt, gray and brown-----------v====---eesseoos 28 31
Basalt, brown, fractured-------=--=--=o---os==m=- 13 44
Basalt, gray---=----ss-sw---essseo——esoowsosoosess 36 44
Basalt, gray, fractured, water-bearing-------=--= 16 96
Basalt, grays--=-s-r-ss=m=-ro-ssssmoooeommmososoe 19 115
Sandstone and brown claystong--------e-------==== 9 124
Sandstone, brown, water-bearing--------=------=-= 21 145
5/20-2881, Berk Bros., Inc. Altitude about 2495 ft. Orilled by
King Well Drilling co., 1969. Casing: 8 inches to 146 ft.
Dift-wmmmmemmee-—ie=mmees—esssss——esosso-ssoossos 3 3
Basalt, brown and gray--=------=-==--==-ss-sess=es 96 99
Clay and basalt=------=ammmmeomsemmmeomoeoommsens 12 M
Ba§al f-mmmmmmrmmmmmmm=——es—mm—-essmwroossssosses 4 115
Sandstone, sOft-w--—=emmmmomosmmmemmmesmorooossss 23 138
Gravel, cemented---n--sem-as-cemmmomocaom=sosenos 6 144
Basalt, biacke--==---e---emm-m--ommmmonossnsenoes 74 168
Basalt, broken, water-bearing--------=-----es==-- 8 176
Basalt, black and gray---=-=-=---=====--========- 36 212
Basalt, gray, and green shale-----s==-er--<----=- 3 214
Basalt, gray, water-bearing 242-263 ft----- ———— 48 263
Basalt, green, and shal@ee------e=-==-m-sosseso=co 23 286
Shale, greeh-w----e-semm=am-sssosomowom-ssmosmoos 12 298
Basalt, porous, soft, and shale,
water-bearifng-------se==-a--swsmmemmmommnmoos 13 mn
Basalt, gray----==--- ——— 19 330

5/20-28R}. Berk Bros., Inc. Altitude about 2400 ft. ODrilled by
King Well Drilling, 1970. Casing: 10 inches to 110 ft, 8 inches

220-300 ft; completed at 390 ft.

Dirtem-ee-o-csemmsemiosemocmo——esmmooooassmeoooss 3 3
Boulders, SOME Water-----=---=w-so-msomowsmmmos-os 91 94
§hal@e-mmmm-—c—=mmmmemmm—sesro——ss-—sssseoo—moo—s 25 n9
Clay-=mmmrmmmm=m=-emomsemmmmooossmsssosssssssomes 6 125
Clay and basalt-=---=sewmemosmmmssmosomsmomon===s 20 185
Bagaltusm-=m--=mmmm=s—mam-se-m—a-meso-ssmmoomesss 43 188
Basalt, clay, and shaless------=smcerocsmome==ns N 199
Basal t--===m=n--sem==mem—eemm=srososoomo—teossosos 44 243
Basalt-—-wemmmm--eemme=—-—=ssse—smmo—sc-asmmoeesss 30 273
Clay and §hal@-e--wam-m-c-semmmerosensmnooommes=s 13 306
Shale, Qreenes=sme—ss--sar——=mmeccosss=oosoessmes 5 311
Basalt, water-bearingee--is------s---somme--onsos 10 121
Basalt and shale-m--smmmcm---smmmnmeomemmeromamoss 14 335
Bagaltemmmw---mmmmmo—wes-—smmesm—meo—ssmseosesssn 65 400
Basalt, broken; water-bearing------ss===--=o--n-- 8 408
(No Cuttings)emmm-mmmmm-mwmmmemmomoossmmesooocoes ? 410
5/21-3J1. Tom Gray. Altitude about 2345 ft. Drilled by Gorge
Contractors, Inc., 1968. Casing: & inches to 20 ft.

TOPSOil-mmvammmrmmmmoommo-emmmmmoemseooommmsoos 2 2
Ghal @mmmmmemromsummm=c—sesmessowosose—smssossenos 17 19
Bagalt-r~--mmm==s—c—emmm=mo—esme——-esseco—eso=ss 31 50
Shale, brown 8 58
BaSaltemmwmmmmu-——msmm-esmmee———ssm—escsssma=oooes 47 108

(continued}
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TABLE 17.--Drillers' logs of wells in Horse Heaven Hills--continued

Material Thickness Depth
(ft) {ft)

5/21-301.--Cont i nued

Cindere----=cesaceceecmmcmcmcccccccccccmcccneaeaa
Shale, DFOWN------cmmm e cmesmcmem e
Basalt, fracturede-——-—--memmm e
Basalt, fractured, water-bearing-----ceaceeccaaaaa

106
110
203
207

5/22-27P1. John Renta. ATtitude about 1100 ft. Orilled by L. & L.
Drilling Co., 1976. <Casing: 12 inches to 343 ft, B inches

546-630 ft.

Topsail-=-=es -
Basalt, brown, brokefesssesesmmccmmceccesauacacas
Clay, brown - -
Basalt, gray, harde-e----emmma e
Clay, blye--ee-cmccccccccmmrrcrrcrncccna o
1T [ U A
Clay, BlUB-mmmmec o mcae e ccmecccceeaaeaa e
Basalt, brown, brokenf----ecceeemcacmccee——a—— s

Basakt, black, water-bearingee-=-eeecccmcamaoana-
£lay, Qreem--eeeececeecemmammmeemcceee———ee—————
Basalt, black and gray---------=c-ccccccareceeea-
Basalt, brown, broken, water-bearing----veemeean- L
Basalt, gray, harde--eeececememccmmccaccceaaaa.
Basalt, brown, broken, water-bearing-----—-a--m-r

2
53
143
268
325
336
342
350
554
568
605
759
767
770
787

5/23-3A1. R. J. Petersen, Altitude about 716 ft.
Bach, 1956. Casing: 6 inches to 36 ft,

Ciay, blug, sandy---===cccccemmmccmmmccmcccccaan
Basalt, blagke=v=-=--o---eecsaccaisncancaa -——
Sand, water-bearing-----eeececaamcmccaaaacaa——eas

0rilied by Henry

26
40
80
81

5/23-3A2, R. J. Petersen. Altitude about 716 ft.

brilled to 250 ft

by Storey Drilling co., 1966, deepened by Crowe Drilling Co.,
1969, Casing: 12 inches to 58 ft, 10 inches 0-79 ft, B inches
226-321 ft, Perforations: 27-29 ft. 225-240 ft, 278-321 ft.

Topsoil and gravel-ee----mmoommmomrc e ae
Clay, YEllOW-=--—m———sucsssssamssmnnsnanaamnannn
Basalt, black----eememmm e cdacceaaeea
Basalt, black, fractured, water-bearing
Basalt, Qray---=-------wemsom e mee
Basalt, fractured-------u-vemmmcmmmmmcccccaocaan
Clay, blue---ccmmm oo men e dccmeeeea
Sandstone, whitBeeeesemcocmccceccamnmcanacamaaeon
Basalt, black, and blue €lay-------==-e-eccacaaa-
Basalt, black, porous-------=-=ececrameccernemeon=
Basait, black, and blue clay----==-=--acmeomcaaaa
Cinders, rede---------eacmcemccmacccccc—aaas
Basalt, black, fractured---—---c-ecmeocvamcananaa
Sandstone, whit@-~=memmvomommcmm e
Basalt, black and gray-=-seee-rmememccomccmcooooo-
Basalt, black, poOrouUSe-===wmrmccmomomommceeeeeeee
Clay, blu@-----——mmmcmesmasmmmmm e

Well filled back with ¢clay to finished depth of 555

50
5

15
10
155
5
42
16
17
6
51
7
3
4
55
14
90

ft.

50

55

10

80
235
240
282
298
ns
321
372
379
412
416
471
485
575
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TABLE 17.--Drillers' logs of wells in Horse Heaven Hills--continued

Materdal Thickness Depth
{ft) (ft)

5/23-3L1. R. J. Petersen. Altitude about 825 ft. Orilled by Elmer
Altman, 1956, Casing: &8 inches te 132 ft.

§0ilwommmmmmmmmwemmmmmemmeo oo eemaoaaee 1 ) )
Basalt--=--=m=mmmmeeam e mm e m ek 57 58
Clay and boulder§--===-----=emmmomemmmmo—m—aano—c 9 67
Clay and some gravel, 100S-e------emmmmmmmee—m—c 13 a0
Clay, gray and blug-=-----eer--ooomemmmmmeeeoooae a5 125
Basalt, black, brokensae----cwo-----ecmcmomane—— 7 132
Basalt, hard-~----=-eeammmmceoo——o—ssesammmoaaao- 15 147
Basalt, broken-------ceemmmmcenmcmeemem e 3 150

5/23-3L.2. R. J. Petersen, Altitude about 825 ft. Orilled by Aqua
Drilling and Development, Inc., 1976. Casing: 12 inches to 16
ft, 10 inches 0-150 ft,

LR 1 [ U 15 15
Basalt, broken-=-=-——————smemsmmmmmccmccaceooooaes 65 80
Clay, gray----==----=-s-;=--==--o=-- e 55 135
Basalt, HrokeRee---ccec-moccsesmomommmamn oo maee 15 150
Basalt, hard-r---ecememcamamrocmcaeanaomccccomom 110 260
Basalt, pOrpUS----====s----ssm=mm=wenoo—csieac==- 5 265
Basalt, medium hard--e=-ces---cumsommmaeemcoocce- 18 283
Basalt, POrpUS-----==emsememececsvoco———cean—a—a=o~ 5 288
Basalt, medium hard---eseseecewerocmcccecanaoana~ 12 300
Basalt, pPOrOUS----===mr--—osemsmeccssancosssonos 13 313

5/23-29D1. Clarence McBride. Altitude about B70 ft,
Drilled by 1977. Casing: 16 inches to 875 ft,

Topsoil, caliche, and dirt----- smmmmmmem— o —aea- 66 . 66
Basalt, black-=rm-mmmmmecercocsaneaameacco e 85 151
T 16 167
Basalt, blacke~----wwwesommomom o cmamoooomem s 3 170
Clay and broken basalt- B et L L LT 56 226
Basalt, red, sOft=------e-vummmmamcmmmccomm o e 11 237
Basalt, black, medium--cecwmommmmrommommmmmmeaee 48 285
Basalt, hard--=ee----eeneommmcrarooo—csamm e 102 - 387
Basalt, brown, Soft--=--—--o-oewomamcaomcmmmanna- 1 388
Clay, yellow, brown, and greefs-------------s--== 132 520
Basalt, black and gray, hard----==-------s-=cnce-- 252 772
I 25 797
Basalt, black, hard---e~---cecamccccmmeocoomnnmn 18 815
Basalt-=------esrmmmmmemenocecemmncmmccno oo seenn- 60 875

5/23-30M1. Clarence McBride, Altitude about 860 ft. Drilled by
E. E. Luhdorff Co., 1978. Casing: 22 inches to 730 ft, 14 3/4
inches to 843 ft,

Topsoil, yellow and brown, SOfte---=e-----ese---- 12 12
Basalt, black, weathered-----<sc-m=e=wo-coemm=m- 17 29
Basalt, black, hard-------e~=-===m--—--semmmmawer 13 42
Basalt, black, brok@n-----ce-cmcce-moo—csunmmanann 18 60
Basalt, black, hard-------seecccmammocccsmnnnnaen 40 100
Clay, white, SOft=-cme--u-saccmmaeaomom—sommnan—- 19 1179
Basalt, black, broken, with clay-----«----=e=--uv 1A 130
Clay, blue, sandy and soft-----------w--oomemomm- 15 145
Clay, blue, hard-e------essmmmermococmummmmnooos 21 . 166
Basalt, broken, with clay---v-----e=---oe-cooonoos 12 178

{continued)
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TABLE 17.--Drillers® logs of wells in Horse Heaven Hills-~continued

Material Thickness Depth
(ft) {ft)

5/23-30M1 . --continued

Basalt, black and gray—--—--vemammmmmmaecmaas 24 202
Basalt, black and harde-=---eccaomeemmmmccccaa 22 224
Basalt, black, hard, and gray-s--—-—--comcacmcaaa- 72 296
Basalt, gray, hard---eeeeooomccomommommi e 12 308
Basalt, blatke-cacmmmm el 16 324
Basalt, black, water-bearing------ —————esecsanaa 16 340
Clay, blue, and fractured basalt-c—--eccmmemaaaas 15 355
Clay, blue, and streaks of black and brown basalt- &5 10
Clay, blue, and streaks of soft basalt---~—e—mee-- 12 422
Clay, blue, harde----mmemmmm el 2 424
Basalt, black, hard--—=ee-emcommoccceccaaas . ] 430
Basalt, brownse-eeemeeeae el trmm——— 10 430
Basalt, black, medium hard --- 55 495
Basalt, black, harde---ammmao e ccaao L] 545
Basalt, black, and streaks of clay----~ece-ccmcmas 9 554
Basalt, graye-e-----mcmmmm L 8 562
Shale, green, hardecece-emmme . 5 587
Basalt, gray hard, fractureg---=coccmecoummovcans 18 585
Basalt, black, harde-meeccmmomce e caas 26 611
Clay, Blug o= oo mmme e 4 615
Basalt, Black------eecmmm el 6 621
Clay, blue--mmoaco el 15 636
Clay with broken roCK=ree-mmmeuoaccoecaccacaaas 48 684
Clay, with streaks of basalt-----=ecccmmmmeuooo 13 697
Basalt, black, $Oft--mmeue oo e eees 28 725
Basalt, black, medium hard, broken 66 79
Basait, black, hard--~eee—aaaa - F4 793
Basalt, black, fractured, water-bearing .

{Alr pressure jumped 150 to 390 psi, _

artesian water encountered)---—----meceacciamaais e --
Basalt, black, harde--eeeeeco oo 14 807
Basalt, black, fracturedseecmmmcmcc s 5 812
Basalt, black, hard--=--cesmes e i 843

5/2-28A1, Three Wells Farms. Altitude about 490 ft. Drilled by
Hansen Drilling £o., 1974. Casing: 12 inches to 183 ft, 10
inches 177-264 ft. Perforations: 203-208 i, 218-228 ft,
238-264 ft. :

Dirt, brown, sandy, and rock§------eesooccccmeaaan 8 8
Basalt, broken, and clayston@e==weaco—ommmaaocooaoo 15 23
Basalt, broKenm==-----m e el 44 67
Sandstone, bBroken-eee-c-ccmme e oo 10 77
Basalt, brokenes-memeocomccuen e aas 13 )
LAy am e e e el 45 135
Shale, reddish gray, and broken basalt~-===semene- 5 140
Basalt, broken, and brown clay-s---ccc-wmcomocaoa 30 170
Basal tem e mme e e el 20 190
Basalt, broken----—--rmeeemmmomcecme el N 23
Basalt, broken, and clay binder----eceecocomena-a. 7 238
Basalt, BroKen---==-eeao oo cemmeeae e 34 272

5/25-22M1. Fred Milliman. Altitude about 400 ft, Orilled by Ralph

Storey.
Basalt, bBrokem--—=-eesao oo cceaaa o 73 73
L LT T — 63 136
Basalt, decomposed-mmewesooommaceeam oo maaal 10 146
Basalt, gray, hardes-c---mcmcmommmcaaaao 180 326
Basalt, decomposed, water-bearing-swa--—o—oooocn 4 330

Clay-~tee il Ll S 6 336
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TABLE 17.--Drillers' logs of wells in Horse Heaven Hills--continued

Material Thickness Depth
(ft) {(ft)
5/25-29B1, Sandpiper Land Co. Attitude about 460 ft. Orilled by

Larry Burd Well Dritling Co., 1974. Casing: 8 inches to 18 ft.

6 inches to 157% ft.

Sand and boulders-uesemmmmroccocmomsum oo 4 4
Basalt, gray and browne-s-------------s--em-aomoo- 106 ‘110
Clay, brown, Soft----cmsceccemremmmmmsuommmmenmme 46 156
Basalt, gray, hard-------s=-=mceve-coo-owooononen- 69 225
Basalt and soapstone, watér-bearing----- ———eroooe 10 235
Basalt, gray=-----=------cusmmmmormosomcomsmmmeo- 65 300
Basalt, gray, and blue sandston@--------==c===---- 10 1o
Basalt, gray----------=ssccmeceemmocmaenaoooaoo-on 40 350
5/25-29N1. Sandpiper Land Co. Altitude about 325 ft. Drilled by

Burd Well Drilling Co., 1975. Casing: B inches to 20 ft.
Sand and boulders---comevommmmcmen e 13 13
Basalt, gray, red, brown, black--------=-------- 97 118
Clay, Qray=-===------vswesmcmmmmerooooosenooomoo- 22 132
Basalt, gray--------=emsmmmammmeosoooosussomomooo 14 146
Clay, gray--==------smr==--cc-—mesmoocmo—o——smmma-- 29 175
Basalt, brown and white, and blue

and gray €lay---------=emsmmaromaoooonoe oo 50 225.
Basalt, blacke----cewmomomccomsmammmr e ccvenmnn 6 2N
Basalt, brown and white, and blue

and gray Clay--=-==sec---mmocuamamcanooocumnn- 14 245

5/26-501, G.T. Powers. Altitude about 630 ft. Drilled by Storm

brilling Co., 1976. Casing: 16 inches to 18 ft, 12 inches te 370

ft, % inches 508-645.

S8 ) TIPSR R 9
Basalt, reddish brown, vesicular, fractured------ 1
Basalt, Blacke-=-smmmmmmmmsacococansmanm oo 52
Basalt, dark gray, scoriaceous, fractured-------- 16
Siltstone and claystone, some water--------=----- 20
Basalt, dark gray, vesicular, fractured,

water bearing--s--e-ermemosososscammmmmaoomas 13
Basalt, black-----emmcacmmenoaecncmsmmmano oo 158
Siltstone and claystone, and gravel;

water-bearing------s=c=msmn-comsaoomosommaas 23
Siltstone, green, water-bearing-----w=--~=----2o= 45
Siltstone and gravel, water-bearing-------------= 13
Basalt, fractured--=-----=momeonomeaaomoooooo o 23
LT ] T B b e L L L e 166
Siltstone and sandstone 50
Basalt, fractured, water-bearing---=------=-=-=v- 1
Basalt, GENSE-remmmm--emcmeom—oocassmmmeo—ooesnans 92
Basalt, vesicular, fractured-------e==vommmoonno- 14
Basalt, blacke-----sssmmmmmmerecoccoomamaanmacnnn 118
Basalt, vesicular, fractured--------<e----eocc=u- 4
Basalt, dENS@----=---c-eemmmmmeoo—demmamam oo 10
Basalt, blue-gray, vesicular, fractured,

water-bear ing--=wemmmee oo ocmmemmmmn oo 25

Basalt, black, densg-----ce-e-ocmccsmammaaooonne- 28

107
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TABLE 17.--Drillers' logs of wells in Horse Heaven Hills--continued

Material . Thickness Depih
{ft) (fe)

5/26-5N1. Town of Paterson. Altitude about 437 ft. Drilled by
Moore and Anderson, 1964, Casing: 10 inches to 157 ft,

Sand and gravel---m==---esem-wseo=- e ——— g g
Basalt, brown and gray-------====-----sssoweo=o-es a? L
Clay, brown and hlug-=-s--=-=r=-=-semm=n-oocoom=s 51 187
Gravel and clay-~---<==m--+=--=s-<sssscoo--ssoses 8 155
Basalt, gray and brown------=---sss--seossemomsTs 1m 326
Clay, gray, rocky--===s-----==-=ssc-=oc--ssssoero 8 334
Shale, BlUE--r=m-===-=--sscsoossswsmoessmooomoss 20 354

Caved back to 347 ft after pumping.

§/26-781. Paterson School District 50. Altitude about 440 ft.
orilled by Crowe Drilling Co., 1967. Casing: B8 inches to 148 ft.

GaNG=—-samrmnmc===m-mame——=sm=sssoeesosessseso-ss -2 2
Basalt, brown and black, brokefi-------------===-== 20 22
Basalt, black, hard---s--==-o=--s=omgoooomosoooes 56 78
Basalt, brown and black, fractured
and honeycombed----=s-sromemmmmmommmemoamo o 24 J02
. Clay, brown and hlug-s==---==neocseedomermsmmenos 22 124
. pumice, water-hearing (15 gal/min)-mmmemomoacnan- 4 128
Clay, BlUg-ammm=-semumesmmooossemmomomamosa oo 19 147
Basalt, fractured------se==---sssswoocoommommoos 22 169
Basalt, gray, hard------=-===-=-=---=== e mmm—e—a— 160 329
Basalt, broken, honeycombed, and cinders,
water-bearing (60 gal/min)---------o-mmmomm-me 13 342
{lay, blug-—s-s-m-smmmeoammsomsoocomesomssaoson oo 5 347 '

5/26-8G1. S5.P. & 5. RR. Altitude about 300 ft. Dril]éd by R. J.
Strasser, 1947. Casing: 6 #nches to 108 ft.

Topsoil and glay--====--====---ssmmsromosc=smroos 5 5
Rock, granite (2)--=m=-----m==-mmeesmesossmmmeo 20 25
Basalt, black and gray-----==--=---s===s=s-csosso-s 13 I8
Shale, dark gray and Tight green-------------=--- 50 a7
Basalt, black and red----<------ssm-mmo-wemmmeos 2 99
Shale, dark gray----=-==-=s===---sss=-eo-ossssoos 6 105
Basalt, hlagck--==-=-mm==--ssm=eommeocomommoooooo 20 125
Basalt, gray, soft, water-bearing--------c-==---- 5 130
Basalt, gray-----=sm---==mmoosssmmosssssmsooseses 13 143

§/27-4C1. Prior Land Co. Altitude about 410 ft, Drilled by Moore
and Anderson, 1965. Casing: 10 inches to 140 ft.

T o kbl 4 4
BASalf-nn-emmmm-mmmmmsmmmmmwemmwoosssmwmososooones 81 85
Basalt, black, soft-ss-=-com--om=emmmemomommeroos 5 a0
Clay, blug-=mm--cemsmmmmmmo-semomosmmmmsmooemmns 37 127
Clay, brown, and brown basalt-mmom--mmmwmmmmmmm 9 135
C1ay, blUg---mmmmmmmmmmsmesooooscommmssmmoooome 1 139
Basalt, Qray---s----==--==s--c-sssmmorossssseooss 155 294
Basalt, brown, water-bearing------=-----=-=n-==n=- 4 298
Llay-=-=mm-=-=-ssm=-omssessssssasSssssooSmSoSToTT 22 320
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TABLE 17.--Drillers' logs of wells 1n Horse Heaven Hi1ls--continued
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‘Material © Thickness Depth
{ft) (ft)

5/27-8Q1. Joe Christy, Altitude about 370 ft. Drilled by Allison
Orilling Co. (year not indicated). Casing: 8 inches to
to 137 ft,

SO ] e e e Cma q 4
Boulderg-------- EE el D T T IS 4 8
Gravel, cemented-=-esoooommum oo 92 100
Sand and gravel, water-bearing---scocccmeucomcas 37 137

5/27-9A1. Prior Land Co. Altitude about 395 ft. Driller not
‘indicated. Casing: 10 inches to 161 ft,

Sand and gravel--- e eaccceem e 161 161
Basaltemee e el 115 276

5/27-9P1. Joe Christy. Altitude about 300 ft. DOrilled by Hunter
Enterprize, 1973. Casing: 20 inches to 80 ft.

50T e e e el 4 - 4
Boulders - oo e et e s ? 6
Gravel, cementede---—=--seuammme o eaamaaas 29 15
Sand and gravel--m-eemmmmo oo 45 80

5/27-11M1. E1 Paso Natural Gas Co. altitude-about 300 ft. ODrilled
by W. R. Ille and Co., 1956. Casing: 8 inches to 40 ft.

Sand and gravel--secmmmmme e ea 40 40
Basalt, dense---~wecmmmmu . 36 76
Interbed (2)----ommeem e 34 110
Bas Al tom e e e 262 iz

5/28-501. Coffin Sheep Co. Altitude about 500 ft. Drilled by Ben
Dreyer Brilling Co., 1963. Casing: 8 inches to 116 ft.

Soil , Sandy ----------- . —— 63 63
C]a.y| white, SANY -~ == mmmmu s mmaeae o 57 120
Basalt, gray, harde—e—-ecmem el 154 274
Basalt, black, §0ft-memcmecccocmcmmccccccaaa———e 0 284
Clay, Qreen-—--cmeeamm e . 51 335
Basa]t. b1ack ------------------------------------ 35 370
BoU1dBrSem e meatm e e mcmmmma e 48 418
Basalt, brown, water-bearing-----ccecccmaaaaoooo 6 424
Sand, black, water-bearing-<-------=cccccmmmcuan- 4 428
Basalt, brown—---ccemmmm e L 12 440
Basalt, black, harde--camwoommmme L 15 455

5/28-6R1. Burlington Northern RR. Altitude about 325 ft. Drilled
by K. C. Jannsen Drilling Co., 1951, Casing: 10 inches to 288
ft, 8 inches to 556 ft, perforated 505-525 ft.

S A= == e e 10 10
BraveTl=mm e s e oo mmaeaae 10 20
Gravel and boulders--=----eseeommommmeaa. —————— 51 71
BaS Al temw e e 160 2N
Clay, blue, and quicksand-==-e-mmmccccamoocee. 81 252
Shal e m - mm et oo 38 290
Bas Al b m e e 127 417
Basalt, soft, water-bearing----~ccommamcaoo_ 5 422
Basalteme oo s 8 430
Basalt and shaleeee-mwuu oL 18 468
Bas Al temm o e e 79 547

Basalt, broken, and blue €lay-----------ecmmmmmac- 9 556
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TABLE 17.--Drillers' logs of wells in Horse Heaven Hills--continued

Material Thickness Depth
{ft) ) (ft)

5/28-7A1. B. F. Craig. Altitude about 290 ft. Drilled by Allison
Orilling Co., 1975, Casing: & inches to 56.6 ft.

Sand, DYrOWR~—-==em-==ece-———ses-m-mommeocesasenas 5 5
Clay and gravele---==----===---wesmmcmemcnsocenoas 20 25
Sand and gravel-r--e-----eemr--saeccemcmo-o—sssse- 26 51
Basalt, black, broken---e----ceeso-cecmmoesancm——c 30 81

5/28-7F1. Beeler. Altitude about 30D ft. Drilled by F. A. Haden.
Casing: 8 inches to 74 ft. .

Sand, grayish brown, $ilty--------cr---wmomomeaoo- 2
Gravel, coarse, 10058--=e=---wecm——sso-——emomomses 8 10
§511t, compact-=---==m=mromeroocessooo—esmo—saanoo 1 n
Sand, fine, and sone loose gravel--------------==- 26 kY
Gravel, cemented--------==vm---cec---ssr——enoooo- 13 50
sand, fine to coarse, water-bearing----------a=--- 4 54
Gravel, coarse, and some sand, water-bearing------ 19 73
Sand, fing----=m---cccmmmmmemn oo cacccme oo 1 74
Bagsalt-e------=e---eeemecmcesc——isemo——e-o---sssn- 5 79
Basalt, broken, and loose rocks, water-bearing---~ 8 87
Basalt, hard, and some softer basalt--------c--=-- a8 175
Basalt, vesicular, water-bearing--------w-----o==- 17 192
§/28-761. 8. M. Doyle. Altitude about 280 ft. Driller not
indicated.
Soil, sandy 10@M----=-e-e---eeemcomcosoo—sssmmonos 8 8
Gravel--ce=c-maame-- dtmsmmmmmeemmseeusm——smse—aa— 2 10
Gravel, water-bearing-----=-----=-----2sssmn—moo-o 16 26
5/28-8D1. S., P., & 5. RR. Altitude about 280 ft. Driller not
"indicated. Casing: 12 inches to 47 ft, 10 inches 43-50 ft.
Gravele----ecmmm-ememcecsmecssemo—cmeo s ss s 47 a7
Basalt--w-mmcwemsroc-asacmmmanoc—emmo——semm—sanmon= 9 56
e PRI PV TP TR TEEE I 59
Sand and gravel, water-bearing»--------=ser--cao-- 13 72
Basalte=----esemmmmemo—cccmmmaesro——eemescescoano- 23 95

5/28-802. S., P., & 5. RR, Altitude about 280 ft. Driltler not
indicated. Casing: 12 inches to 49 ft, 8 inches 195-427 ft, 6
inches D-545 ft.

Graveler---~emmm--smmamcess-—sec—ememo—sssss=em—o= 49 49
Ba5a] tee--mmmemmmm-secm=-=m--iemmm===co—sesmms—ecs 146 195 .
Mud, DluBem===c-m-smmmmmemm—sammmaceoo—semmmaeos a5 240
Basalt, gray and black------w=-=-ses-—esecmomoo-—- 160 400
Mud, BluBes--mcemmccmceossemcmem o asse e 22 422
Sand, green-----e-=m=-eecmo-—es--scerso-ossoseneoos B 430
Shale, blug-ema--emo-ocsmmmmmroo—cessmcmenoonuono 72 502
Basalt, gray, hard------s===--mro—ccsmmcmeeooomno- a0 .592

Basalt, red and black, 5oft-e-----ccromemrocunnn- 37 629
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TABLE 17.--Drillers' logs of wells in Horse Heaven Hills--continued

Material Thickness Depth
o {ft}) (ft)

6/20-4N1. J. C. Ingram. Altitude about 3240 ft, Drilled by 0'Leary
Well Drilling, Inc., 1971. Casing: 6 inches to 35 ft.

Clay, DroWNe—---mmcmeesce o mmcmarn e e mcmem o 10 10
Clay, brown, and shalg-------ececccmmmemromomoun- 8 18
Shale, vesicular, and brown clay, water-bearing--- 9 27
Shale, brown, hard=--e--masa-----cceummmmam e 7 34
Basalt, gray, fractured------r--------emmmooonuna- 8 42
Shale and clay, brown------seececmemeaoococoeu-——- 1 43
Basalt, fractured------cemeamccammmmmecccaano 12 55
Shale, broWh=--e----------vemeemrmn e ————aeaan 7 62
Shale, brown, and green claystone~---------------- 12 74
Basalt, fractured--—---easwommmmcmcmrm e 1% 89
Basalt, gray, vesicular, and green claystone,
water-bearing-----------c-mmeemecmcenoaoacaaan 14 103
Basalt, fractured-=—~-ee----ccco-ummmmmmcamaro o 27 - 130

6/20-13H2. F. H. Naught. Altitude about 2862 ft, Drilled by Gorge
Contractors, Inc,, 1969. Casing: & inches to 25 ft.

Clay, harde--s-mmmmmemeemrmmo e 5 5
Basalt, Brown---eemmemecmmcmerococ oo smmcmanee 3 8
Clay, brown-—--—--sssemmmamca oo mcemno o maenemanas 1 .19
Clay and red basalt-----=e-eemsommmcocmamemmmoman 2 21
Clay and shales===--wrommmmmoommmmommceammm oo 2 23
Basa) te—mumemmmm———mmmmmecesem—mmmame—ssaamm—————= 3 26
Basalt, fractured, water-bearing (2 gal/min)--v--- ? 28
Basalt, blug----cemcecmmm e vemaan e 15 43
Basalt, fractured, and seams of blue claystone---- 37 80
Basalt, gray-s=sec---comesceome—oocootoessmmmoaeaa 25 105
Basalt, fractured, and seams of blue claystone---- 46 151
Basalt, vesicular-me-mommcmcseocm oo 4 155
T I 2 e B EEE L L R LR g 164
Basalt, blue, fractured-----creroc-omomcacmmmnnan- 14 178
Basalt, blue and gray—-----«-ss-ccmreccerocooaa-- 194 372
Sandstone, water-bearing {58 gal/min)----emcmeennm 3 375

6/20-15N7. R. J. Rupp. Altitude about 3030 ft. Drilled by 0'Leary
Well Orilling, Inc., 1974. Casing: 6 inches to 22 ft.

Clay and boulders---c«-cemmommmmmmmrom oo eeunnae n 1"
Basalt, gray----------—--e-sscmmmmcaeoo——o-——emsnno 124 135
Shale, Browne--------——-c—uemmmccmaa-oooomeaomn- 30 165
Basalt, gray, fracturede------ccee---mmmuwmunnnoomx 40 205

6/20-17H1. E. R. Nelson, Altitude about 3250 ft. Oriller not
indicated. Casing: 6 inches.

Gravel, cemented---=~r--—c---cenmammmman oo 60 60
Basalt, water-bearing-------eseccccmeraooooooonnne 65 125

6/20-21A4. L. D. Whitmore. Altitude about 3030 ft. Drilled by
O'Leary Well Drilling, Inc., 1974. Casing: 6 inches to 19 ft,

Clay and shale, brown---<--e-m-----eecuaoacaeoooo 15 15
Basalt, gray---=----------<esmmmmmmrro————sssconx 119 134
Claystone, brown, and black gravel-----------~--- 37 171
Basalt, black---=esemmmmomoecimcccnr oo 42 213

Basalt, vesicular, fractured, and shale---------- 22 235
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TABLE 17.--Drillers’ logs of wells in Horse Heaven Hills--continued

Material Thickness Depth
{ft) (ft)

6/20-2202. L. D. Whitmore, Altitude about 3002 ft. Orilled by
0'Leary Well Drilling, Inc., 1974, Casing: 6 inches to 22 ft.

Shale and clay, brown-c-—-c--naa --- 9 g
Basalt, gray-------=m-rrecc e 17 26
Basalt, brown, vesicular, fractured---acc-euncaaas 15 4]
Basalt, gray----=ceeumcmuo o eea————aes 92 133
Basalt, vesicular, and brown shale;

water-bearing-------roceeccm el 37 170
Basalt, gray---------cmmm e 5 175

6/20-3004. Chet Shannon. Altitude about 3040 ft. Drilled by 0'Leary
Well Drifling, Inc., 1974, Casing: 6 inches to 63 ft.

Clay, sand, and gravel, brown-------ceaecmccamaan 22 22
Claystone, brown---------eeeecamc o ccanacans 36 58
Basalt, vesicular, and shale; water-bearing------ 27 . 85

6/20-30M1. Matsen Land co. Altitude about 3140 ft. Drilled by
0'Leary Well Drilling, Inc,, 1973, Casing: & inches to 19 ft.

Clay and shale-=-----cccmmmmmccmai e 16 16
Basalt, brown and gray---------ceccecmmmcacanaaan 107 123
Basalt, gray, fractured, and green claystonge-an- 4 127
Basalt, vesicular-------ecccemmma e aaaaa 29 156
Claystone, white---w-moommmcmceccce e ea e 13 169
Basalt, black, vesicular, water-bearing-------- - 7 176
Claystone, Drown-«ese—om oo cmccceeaee 1 177
Basalt, vesicular----------mmmecmcaia e 13 190

6/20-36B81. Howard Colamen. Altitude about 2780 ft. Drilled by
Borge Contractors, Inc., 1969, Casing: 6 inches to 7 ft.

TOPSOT] o mmemssm s m e e e 5 5
Basalt, vesicular 10 15
Shale, brown, and yellow claystone 21 27
Basalt, gray and brown--==-ce--semmcmcccamcaaaan 89 116
Claystone, red and yellow-------cecemneeoncesanan 3 (3}
Claystone, red, and basalt--------cmmccmccacnans - 7 126
Basalt, blue, brown, and gray------e-ee-cecauaa.. 210 336
(laystone, blue, green, and gray-----c-w-cmucasan 29 365
Conglanerate, basalt, sandstone, and slate------- 10 375
Basalt, fractured--------c--cccmammm - 15 390
Sandstone, gray, hard------------ecmmmmmemcm o 18 408

6/21-15L2. Laurence Giles. Altitude about 2565 ft. Drilled by
0'Leary Well Drilling, Inc., 1973. Casing: 6 inches to 19 ft,

Clay, brown, sandy---------cc-ccmmmmmom 8 8
Basalt, black, fractured, and green

claystone seams-—-------occomemooooo e 199 207
Basalt, vesicular, fractured, water-bearing------ 13 220

6/21-19Q1. M. R. Matsen. Altitude about 2765 ft. ODrilled by
O'teary Well Drilling, Inc., 1974, Casing: 6 inches to 53 ft.

Clay, shale, and boulders-—«-e--cwseoamowauoun 48 48
Basalt, gray--e-se-mcemcmmeccmcececacceeeee—.— 290 338
Basalt, gray, and green ¢laystong---wew-------o— 43 3g1
Basalt, brown, vesicular----cmmom e n 392

Basalt, gray and blackes-eecmmmommmcmmacaaas 308 700
{continued) :



TABLES

TABLE 17.--Drillers' Jogs of wells in Horse Heaven Hills--continued

113

‘Material . Thickness Depth
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6/21-19Q1.--Cont i nued

Basalt, vesicular, and black and o

white ¢laystone--—soooomeemomma o 6 706
Basalt, graye=e-mcwmem ool 145 - 851
Basalt, black, fractyredeee-e-cmcmeo oo 5 856
Basalt, gray------ccmmecmmmam e 9 865

6/21-31E), Howard Coleman. Altitude about 2740 ft. Drilled by Gorge

Contractors, Inc. Casing: 6 inches to 5 ft.

LT R Uy 3 3
Basalt, gray--------cmme e 75 78
Shale, bBroWn--e oo e 2 80
Basalt, blacke-=--—-mmsemmm e 32 12
Basalt, and blue-green clay SeamS----mwe--ommaaeos 20 202
Basalt, POroUS=«===mcmu oo 6 208
Basalt, fractured, and green clay seans----e----- 26 234
Basalt, gray-------cmmma e aeaa 6 240
Basalt, porous---- e —— e me e eem—————— 17 757
Basalt, blackee---msuoom el 54 3n
Claystone, blue-gray-----coeemeo oo omna oot 40 351
Basalt, black, and blue claystone-r-w-emmemvauo—C 7 358
Shate, brown----ecommee 8 366
Basalt and green claystone---eaceocomaoocooamanaas 19 385
Claystone, Dlue and greem--=e---memcommnoon bm——— 7 392
Basalt, gray-----ccommmme o 23 s

Well filled back to 315 ft,

6/23-11Q1. Bob Andrews. ATtitude about 1000 ft. ODrilled by Moore
and Anderson, 1957. Casing: B8 inches to 150 ft.

501 e o e 7 7

Gravel and boulders------- - --—- 69 76
Clay, PInK-mm oo e e 15 91
Basalt, brown, and boulders----«-c--—coacacmmaaao. 55 146
Basalt, gray-----e-commemmm e 8 154
Basalt, Tight yellow, water-bearing---------accaoo- 54 208

6/23-11Q2. Bob Andrews. Altitude about 1020 ft. Drilled by Moore
and Anderson, to 670 ft in 1959, and to 89?2 ft in 1970, Casing:
12 inches to 155 ft, 7-inch Tiner 485-560 ft.

TOPSOT ] o e e e e e 7 ?
Gravel and boulders--eeueo oo amec oo 25 .32
Basalt, green--c--cmmmmca L 39 71
Clay, blue and pink=--=mems ool 41 112
Basalt, brown, black, gray, and red-e--ceeeemaeane 373 485
Mud, blue and green--e-mmmao oo el 68 553
Basalt, gray--=--=-cecomo . m 654
Basalt, brown, water-bearing--=---eecaommmmeeooooo 16 670
Basalt, gray; water level at 120 ft----mcemeemuea- 68 738
Basalt, gray; water level at B0 ft—-----ccmmmmnaas 62 800
Basalt, gray; water level at 58 ft-----eaemocecean 35 835
Basalt, gray; water flowing from welle--cocccaevauan 20 855
Basalt, 22 877
Basalt,

at 887 ft 12 889

Basalt, gray 3 892
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Material Thickness Depth
(ft) (ft)

§/23-15H1, Bob Andrews. Altitude about 1050 ft, Drilled by Moore
and Anderson to 633 ft in 1968, and to 950 ft in 1971, Casing:
12 inches to 128 ft, 10 inches 268-323 ft, 8 inches 440-560 ft.

Top5011—--------——-------------------------—-----4 k) 3
Hardpan----«==---es-sesmeecm-ts-msmoooesmosens R s g
Basalt, brown, gray, black, and .
greenish-gray----=s-ss-=cs-sesmsmosososomaaro- 77 a2
Shale, gray, and clay------==--- 4tcmcmmmmessma——— 29 ny’
Basalt, black and gray-----=-=-====s=-====-=--s=o==- 175 286
Basalt, gray-brown, and clay-------==-=-=- S -7 293
Clay, yellow-mc--eseo-wmmmmoo—ssmsosooosanmssesas- 10 303
Basalt, brown; water level at 10 [ --= 48 351
Basalt, black and gray-------ss======r--se=ose an—aa 267 377
Basalt, black, water-bearing; water
level at 103 flececamr-cecmeserocaemcmoo—wanss 28 405
Basalt, black, water level at 77 fte---e------woe- 178 583
| Basalt, brown; water level at 45 LR R 5 588
Basalt, brown and black; water level
at 37 fl-si-—e=w-meammma-aassoceccccssasmssoocs 5 593
i Basalt, brown and btack; water Tevel :
at 14 fte---cem--ememossamemmemo—sesmseeonooos 2 595
| Basalt, black; water level raised from '
, 11 to 1 ftem=-w=s-sem--em—eam-—em=-—se-sesosa- 29 624
\ Basalt, gray---=--=-- vammmees—semna=- B - 34 658
; Basalt, black; water flowing---<--<s--=--2oomse==- 17 675
' Basalt, gray; flowing 500 gal/min-----c--mmr--ceo- 163 B38
3 Basalt, black; flowing 2200 gal/min--ee-mmn-vese=- 100 938
Basalt, gray------=--=se-==c--sss-oca-sussssssrons 12 950

6/23-22J1. Bob Andrews. Altitude about 682 ft. Drilied by Maddox
and Moore, Inc., 1976. Casing: 12 finches to 800 ft, 10 inches

to 1069 ft.
Tops0ilrmmmmmmmmemmmmrtasmamommsmemmn s s nn mnmm o m 5 5
Calichge-eom-cmmmun-an wremmsammmamesamsnoessse=s - ] 6
Basalt, brown and black---=--s=--csm-c-c—soonss — 1 70
Basalt, black and brown, and hard
brown Clay--=---====a=--=-msesso—msosonoessmoon 1 n.
Basalt, black and browns------ee-see--wommem-emsns 26 97
Basalt, black, and clay-------s=m===--ssss=w=ceoos 7 104
Basalt, brown and blue, and clay-----==~=-====-- - 32 136
Basalt, black and brown=--=---==--s=c-oo--smosso-ss 12 148
Basalt, black and brown, and clay-------=---====-- 13 16}
Basalt, black, gray, and browne---------==-===o==c 13 292
Basalt, brown, and yellow clay and calichgas===--= 59 351
Basalt, black----=mr-==-m==-=essssm-emmsossosommeo 4 355
Basalt, black, broken, and clay------<====c---===- 10 365
Basalt, grays-=--=sr-=====---s===--wsessssocesmoss 120 485
Basalt, black, broken--=---=--wss-ser--ss=mosmoes=s 10 495
Basalt, gray----==---c=m==--ssem—s-ocesossssesooes 15 510
Basalt, black, broken, and a little clay=---==a=== 9 519
Basalt, gray and black---=---es--ssm-sm=-esrmoosmsoo- 9 528
Basalt, black and pumice----e=-==m-—ws--mmommmss - 3 531
Basalt, black, and gray soft to hard-------we----- . 69 600
Basalt, and clay---—-sm=-=w-omes=o-oossommoemeoeT 10 610
- Basalt, black, hard to soft-----=---so--omomosmcoes 196 806
Basalt, and green ¢lay-------==-=--s===wro-so-o=es 9 815

Basalt, black to grays-=----=-==-=-m=-===-=coo=eoos 254 1069
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(ft)

Depth
(ft)

6/23-24N1. Bob Andrews. Altitude about 870 ft. Drilled by Moore
Drilling Co., Inc., 1977. Casing: 16 inches to 552 ft, 10

inches to 965 ft.

TOPSOTlammmmmmm e m e e e 7
Caliche=mmeommom oot m e 1
Basalt, black, sOfte-mmmmcmcamaeo oo ceeamaae 2
Basalt, black, hard---—e-e--ecmmmmcmcccaaomcomoava- 55
Basalt, brown, soft, and dirt----s---mmcoceouanane 8
Basalt, black, hard------eecermrocmmocccmanecnae 14
Basalt, brown, S0ft--ememmmoeammccccccccccccaaenes g8
Sandstone, yellow and brown-------c-eecemooooocann 3]
Clay, Blug-e-semsmmmmcammm e eeecemrr o m oo menea 4
Clay, red--ec--ememmmmumumocmnme—o e eamm oo —aeaas 5
Clay, blug-mmmoccsmmcm e mm e 7
Basalt, brown, $O0ft-----cmeeommmmmmccccceneo i3
Basalt, black, sOft-m---co-----ooemmcmmmecameeame 63
Basalt, black, hard-----ce-ceemmmrooomoommemann 89
Clay, yellOW-=uoemmmmm o mmmoee oo mo e 19
Clay, QreBR-—-===-cmmccmcmcmcccreasmm-—m—emeamnno 34
Basalt, black, hard--eececmmma e 136
Basalt, black, ?
Basalt, black, 47
Basalt, black, 2
Basalt, black, 31
Clay and 5andstong---meeoememmomm o cmammomeee 62
Basalt, black, SOFfemmmoemmcammcmcccccim o 4
Basalt, black, hardese----ccoooccomcaaam e 5
Basalt, black broken, and clay $eam§--------==---- n
Basalt, gray, harg----------mmmm-mmeacmcmmcaeo - 90
Basalt, brown softe-ceecemecomomoo oo cdanaane 5
Basalt, black, bBroken----—-—eeeeoccmmmcccaonooo— 3
Basalt, gray, hardes-----o-mcmmmmmceaccicmccaas 139
Basalt, black, hardessmscammcmocccmccemanooomeceaas 23
Basalt, gray, harde——c-c-ccocacmansmamcccaannoeoo- 17
Basalt, black, sOffe-ememmememmoommmcwameoee 37
Basalt, black, harde-~-e-emcccmmoocacecammeaaaae ]

7
8
10
65
73
87
"85
116
120
125

- 132

145
208
297
316
350
486
488
535
537
568
630
634
639
650
740
745
748
887
810
927
964
965

6/26-9L1. Prior Land Co. Altitude about 820 ft. Drilled by Moore

and Anderson, 1946, Casing: 6 inhces to 24 ft,

Dirten-cmemmcccccmaesmeamamamc e ——————e - 16 16
Basalt, gray-geeen, gray, and blue-black

with crevices 60-80 fte-=ma~eme—c-occocounanan 223 239
Basalt, brown, water-bearing--=--ev=omcmmmooowu- 2? 241
Basalt, Qray----=-ec=ssmrasroc—momeeeiessemm——— 9 250
Basalt, brown, water-bearing---==--=-----c-canmn- 9 259
Basalt, Qray-—------s-eassssmasmammmmoocmeaaoaoe 8 257
6/26-31R1, Columbia River Farms. Altitude about 650 ft. ODrilled

by H. & H. Drilling Co., 1977. Casing: B8 inches to 75 ft, 6

fnches 0-358 ft, perforated 320-358 ft.

Nl e et e L e CE L L LR L L L 20
Calighe-—ss e s 17
Sand and Clay--=--=---eeaccmemeermmrom——caasnana- 29
Basalt, Brokene-------c-mmeccceomemmmm e 9
Basalt, decomposed---ccasvsammmmmnammaaecoooooces 57
Basalt, blacke--=-cecemmeemmam e 22
Basalt, fractured--=-cemroomeooomcooocaamomameae 23
Clay, gray-----=r=-mwom=mmmm———caoaasmmamomaanoon 28
Sandstone, brown-----c-cesae oo 13
Basalt, brown, decompo$ed-~--==mr----c-—-—=esaaa- 1?
Basalt, black~==~s=meemmmmmoccmocm s mmmeeeeeee 4

(continued)
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\-\
Material Thickness Bbpth
‘ (ft} (ft}
6/26-31R1.--Continued
Basalt, fractured---emcmccecem e a4 278
Basalt, black--ewm-uwcsmae el 14 292
Basalt, fractured, water-bearing

{35-40 gal/min)e--memsomom oo cea e 65 358

6/27-3Ft. G. T, Powers, Altitude about 1070 ft. Driller not
indicated.

S11t and fine sande-~a-smewmmmmmm e o 40 40

Basalt, tocally weathered to chocolate brown------ 60 100
Basalt, dark gray to black-----ccmmcmmmae s 45 145
Basalt, water-bearing----mmemecmmammccn el 15 160
Basaltemmrmmc e e 30 190
Basalt, pillow, with palagonitee-«--cecoooccamnuas 20 210
Tuff and local sand Tenses--==em---eecmcmmma .. 10 220
Basalt, dark graye---s--uce-mcommmmccmcmeaaneaas 105 325
Claystone, blue green to gray-------eec-emmmean____ 10 135
Basalt, dark gray---=---------cmeacmmmauocomoaaa. 245 530
BaS At s m oo oo e 120 700

6/27-23A1. Coffin Sheep Co. Altitude about 729 ft. Drilled by
Ben Dreyer Drilling Co., 1958. Casing: 6 inches to 21 ft.

N e o 17 22
Basalt, gray, hard to medium-=mawecocmcuaaonaaas 42 64
Clay, yellows=uceo e e 19 83
Basalt, gray, medium to hard------emmcmmcenaua . 161 244
Basalt, brown, blue, black, soft to mediumee----- 63 307
Basalt, black, soft----eccmmmca el 2 309
Basalt, black, hard--c-eeommmmamammmmaa 11 320

6/28-33H1. Coffin Sheep Co. Altitude about B25 ft. ODrilled by Ben

S0%1, SaNdy---ocr oo e 5 5
|
Dreyer Drilling Co., 1958. Casing: 8 inches to 98 ft.

801 e e e 2 2
Clay, brown--ec-eoo oo e e el 30 32
BraVel == mmmm et e e 5 37
CTay, .VGHOW ------------------------ o 51 88
Brave]------ - ol e 10 08
Basalt--mmmmmemmm el 145 243
C]aY- [ L e el 32 275
Basalt, sOftr-reomocmee e 16 291
Basalt, black—-eememocme el 54 345
Basalt, red, soft, water-bearinge---------ccma--- 35 380
Basalt, black===mememcmccccmemeco e 70 450
Basalt, gray~=--«ess--ememmmo el 12 462
Basalt, black, soft--~=veocmmaccccmccccmciaaa . 8 470
Clay, green--mmemee oo 35 505
Gravel, water-bearing--------vemmccmmmammcaaaaa 3 508
Basalt, black, toarse, soft-=-----mmccemeeumua. 34 542

6/29-8M1. Coffin Sheep Co. altitude about 957 ft. Drilled by -
Ben Dreyer Drilling Co,, 1957, Casing: 8 inches to 60 ft.

Clay, sandy-e=====~=macmmmmmemammcamdaaaccccooos 50 50
Rock, whit@---ecmcce e et ia e aes 1 61
Basalt, gray, hard-=-==--o--mcommmmmmmmm e 31 97
Basalt, red, soft; some watere-eeeeeaeeceooooooo 12 104
Basalt, hard to sOft------cmcmcomme e ccnceen 27 13

Basalt, black, hard to soft--e-sccocccccmcccccceas 15 146 -
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6/29-11P1, Coffin Sheep Co. Altitude about 1400 ft, Drilled by
Ben Dreyer Dritling Co., 1958. Casing: B inches to 99 ft,

Sand and €lay----c oo L 8 86
Basalt, red, brown, black, and aray;

broken 96-330 ft--eeommeem Ll 183 269
Clay, DrowWn=-m= e oo e 6 275
Basalt, gray, black, gray-------eccmmoeeooooo___. 65 340
By = et o e e 5 345
Basalt, black---=maommameme 13 358
Basalt, brokem--ee-o—eoma . 19 377 -
Clay, Brown--- e 19 395
Basalt, red and gray-------ecoowooooooooo 120 516
Clay, PO - o e e e e 5 521
Basalt, black and gray-- e 68 589
Basalt, gray, medium to hard-e--cocccmomecocmoooo 267 856
BasaTt, brown and gray, soft to mediumes----co—-- 22 878
Clay, DI oMM m e e e e e 4 882
Basalt, black and gray, hard to $ofte---ceemae__- 214 1096
Boulders and sand-=w-——eemewooeo oL _ ... 4 1100
Basalt, black, soft-e-euoommeo o __.___ 5 1105
Sand, BrOWN === m e oo 3 1108
Basalt, Black, harde-ewoooamamne o _.__ 2 110

6/29-23K1. 0. J. Hellburg. Altitude about 1075 ft. Drilled by
Ben Dreyer Orilling co., Casing: 8 inches to 65 ft.

501, Sandy-- e e oo il 20 20
Clay, Sandy-=e--mommam oo 44 64
Basalt, gray, hard-~e-ceeoee 35 99
Basalt, red, Softe--meocmmcmaaeo e i .. 21 120
Basalt, gray, hard---eooeomee .. 28 148
Basalt, red, SOfteecwoommmme . . 14 162
Basalt, black and gray, medium--caeoooeoae__..__ & 243
Basalt, brown, soft---eeeeocuoon .. _ 3 245
Basalt, gray, hard-----ceooomameu 15 281
Basalt, red, softe-m-mmooeo e . 33 314
Basalt, gray, hard---e-—oeoooeo oL 16 330

6/30-19D1. Hundred Circles Farm, Irrigro Division, Altitude about
960 ft. Drilled by Hansen Orilling Co., 1974. Casing: 10
inches to 106 ft, B inchas to 108 ft, 6 inches to 814 ft,
Perforated 714-734 ft, 774-814 ft,

Topsoil, $andy---«-cmeamme . 4 4
Clay, sandy, and sandstone 13yers-------=ecem—oeee 37 a1
Basalt, brown, brokem---c-coeeoomca iaamacoooos 15 26
Basalt, trown, and gray, and claystone layers---- 5 61
Basalt, black and gray, brokene--eecceceom;acoon 19 80
Basalt, black and brown, and green shale seams--- 110 190
Basalt, gray, green, brown, broken----=eeee——wue 114 304
Basalt, brown and gray, broken and some clay----- 14 318
Buau,gmy,wfm,rm.bhd,bmk% ---------- 392 710
Basalt, gray and black, broken, water-bearing---- 90 800
Basalt, red and gray, brokem---eeeoeecocmmecoee__ 14 814

6/30-1SNT.” Hundred Circle Farms, Irrigro Division., ATtitude about
990 ft. Orilled by Project Corp., 1973. Casing to 95 f¢t.

Sand, fine, and SOiT-coomocammo oo 22 22
Sand, coarse, and fine gravele--c-mwo—ceaocoocao. 33 55
Basalt, red, broken, and clay brecciation-------- 40 a5
Basalt, red, brokem-------auloo oo . 49 144

{continued}
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Material Thickness Depth
(ft) (ft)

6/30-19N1, -=Cont i nued

Basalt, gray, hard--—sse-mcccmcmcemeeeaeaaa 54 198
Volcanic ash, 1ight brown, and red basalt------=-- 22 220
Basalt, gray, hard----meecemea et BO 300
Basalt, red and black, fracturede--meecacecamaaas 40 340
Basalt, gray, hard--ce---mmmcemccccmecaaaa o 80 420
Basalt, fractured, and clay and volcanic ash----- 22 442
Basalt, gray, hard-----secommcmma e 58 500
Basalt, red and gray, perforated and broken----=- 27 527
Basalt, gray, hard-——--«--—-cmmmmrrrrrrccaamaaas a0 567
Clay, brown, dirty, and red and gray basalt------ 43 610
Basalt, gray, hard--see-eeeommoomm e 90 700
Volcanic ash, Tight brown, and fractured

red-gray basalt--vcwmmaenmmae e 36 736

7/21-3061. A. N. Matsen. Altitude about 2750 ft. Drilled by Gorge
Contractors, Inc., 1969.

Unrecorded-~==eeamm o oo e e oo 220 220
Conglomerate, claystone, and shale;

water-bearing---ssessmaccmce e 20 240
Basalt, black-------srremeremrcemecmeeca e 55 295
Basalt, gray----=-creccmommn e eceaaea 100 395
Basalt, fractured, water-bearing-------=-ocmco-o- 3 398
Basalt, gray---=se-esacmmemmmm e . 2 400

7/22-23B1. lone Sharp. Altitude about 2120 ft. Drilled by 0'Leary
Well Orilling Co., 1970. Casing: 10 inches to 4 ft, 6 inches

2-70 ft.
TOPS01) em e m e e 4 4
Basalt, blue and black--=---—-coomommmmmmmeree 18 22
Basalt and gray marl----—---scecomrececcnermaaaas 10 32
Sandstone, gray------=---s--cmmmcmeeeme oo B 40
Clay, brown, soft-----rccccmemcmmcmccccccceeeae 32 72
Basalt, brown, vesicularc----ceeees-cseccaccacnan .4 76
Basalt, brown, blue, and gray----------—--—----—- 79 155
finder, redee-ecsomcecmmmcec e eean 3 158
Shale, brown and blackeee-ecasccacanccanionccnnea 16 174
Basalt, black and gray---------r-c-cmmmmoommeeue 16} 315
Shale, broWwn-scescmecccacaccmmcmcccm e eccce e 15 350
Sandstone, broWn------cccccmmmmmc e e 10 360 .
Clay, brown, soft-------cemmmmmmem 10 370
Basalt, brown and blue, vesicular-----=---sucuuus 22 392
Basalt, gray=-we--e--mmemmre e emeeeeees 8¢ 472
Ash, crevice-s-mmommmme s 8 480
Basalt, black, vesicular=-----=eeccmccmcocacranan 28 508 -
Basalt, gray------+-=--—cmmcmm e 14 522
Basalt, brown and black, vesicular------------——- 4 526
Basalt, black and blue, and claystone pockets---- 6 532
Basalt and green sEaMS-----=ccmmccccecccccmmaaoaa 6 538
Basalt, blatk------moommomccmm e 62 600
Basalt, black, vesicular-~---emm-macomcmcmccnao— 20 620
Basalt, gray--------r-emesscamescsacacr s 53 673
Basalt, hlack, vesicular, and ¢lay pockets------- 5 678
Basalt, black----------c-ccmcmemmre e 5 683
Basalt, black, vesicular---------covvevnancncunns a1 764
Basalt, blue and black, hard-----=sceccccomaacaaa- 45 809
Basalt, gray=--=-cecmacmmmecmiccccccecmemaeae 2 811
Basalt, gray, very hard--------cocmommccmmmmno 164 975

Basalt, hlack, vesicular--------ccmmcccmccemnea 25 1000
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7/23-36RY. Chesley property, for Washington Dept. of Natural
Resources. Altitude about 950 ft. Drilled by Adcock Dritli

Co., 1977. Casing: 20 inches to 48 ft, 16 inches 0-68 ft, liner

400-485 ft.
BouTders e e oo oo e e L 10
Basalt, black----mmmmmm e 6
Clay = e e e e s 17
Basalt, broWn---ec e 4
Basalt, black-—--= e ool 30
Basalt, gray-----eeme L 11
Basalt, Blacke—==—mwe oo e 15
Basalt, gray-=-=-eweommmmo o rame o 20
Basalt, red and bBrown------ooo e 17
Basalt, black-=-cecemammm e e 5
Basalt, gray------=vmmmm o 34
Basalt, black--=mmmmmoo ol 12
Basalt, gray-e=cocemmo oo e 13
Basalt, black---w-coommmom e 24
Basalt, biack and greem-----e oo oo a5
Basalt, gray---e--ecemmomme .. 88
Basalt, black-eecemmmm o 4
Basalt, gray-----c=mmmeos oo cemcaaa 12
Basalt, blackememmmmam oo o 22
Basalt, gray, hard=-eceoooommoo .. 143
Basalt, black----=mmmom L 56

ng

16

16

33

37

67
178
193
213
230
235
269
281
412
436
481
569
573
585
607
750
806

7/25-36M1, Washington Department of Ecology {Paterson test-
abservation well}, Altitude about 730 ft. Drilled by Proje

Corporation, 1972. Casing: 10 inches to 105 ft; tiner, 8 inches

456-716 ft; 6-inches open hole 740-850 ft; 1-inch piezometer

pipes 0-236 ft, 0-736 ft, 0-825 ft. Screens 231-236 ft, 731-736

ft, 820-825 Tt.

STTE (10855 )mmmmm e ot e e 8
Gravel, basaltic, mediun to COArS@-————=c-wmemmn= 3
Top basalt flow:

Basalt, medium hard, gray-black------cae-ue-- 17

Basalt, mediun hard, light gray-green---«---- 16

Basalt, broken and weathered---- --eaeeaa___- 7

Clay, brown and lenses of broken basalt--~--- 10

Basalt, broken and highly vesicular----c-aa-- 12

Basalt, mediun hard----emecommmmmmmmaaa i 6

Basalt, very vesicular; probably pillow zone- 11
Uppermost sedimentary unit:

No sample return, mediun to 50ft---—mme-meeaac 11
Second basalt flow:

Basalt, hard, dense-—-—---c-eeommmmmn . 36

Basalt, fractured, some water------cec-ameeoo 3
Basalt, hard, dense, gray-black--=-w-ccce-amaeaaan 9N
Second sedimentary unit:

Claystone, green and brown fragments;

Tittle water-commm o .. 47

Third basalt flow:

Basalt, hard, dense, gray-black----=-sm=cceemu 201
Third sedimentary unit:

Siltstone, brown; iittle sample return--=---- g

Clay, sandy and sticky---s----cccccmmunmcmnaa 22

Sandstone, fine-grained; water level dropped- 8
Lower basalt formation:

No sample, harder drilling-s=--cccmomocccnaas 8

Basalt, medium hard, dark gray--es----—------ 20

Basalt, hard, dark gray-------mreemcccmmmacaa a4

(continued)

ct

278
479

488
510
518

526
546
590
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TABLE 17.--Driliers’' logs of wells in Horse Heaven Hi11s--continued

Material Thickness Depth
(ft) (ft)

7/25-36N1.--Cont1nued

Lower basalt formation:--continued
Basalt, fractured, increased drilling
rate, most water at 601 ft, estimated

100 gal/mif-=--cc=------ssemm——--sooneooon 24 614
Basalt, medium fractured, gray-black--------- a6 650
Basalt, fractured; total water estimated

200 gal/min-----emmemermrom-—wasonomeano 4 664
Basalt, fine grained, gray-black------==cc--- 41 705
Basalt, glassy or vesicular, soft-----c----ne n 716
Basalt, fractured and broken in places------- 29 745
Basalt, mediun hard, gray-black--------c-cv-- 67 812
Basalt, vesicular, chocolate brown and

gray; some water-----------sssmsmssoo—-oocee 35 B4z

Basalt, hard, gray-black---~-----=----=-coc--o 13 860

7/25-36N2. John Barber property, for Washington Department of
Natural Resources. Altitude about 730 ft. Drilled by Spokane
Drilling Co., 1976. Casing: 18 inches to 20 ft, 16 inches
20-477 ft, 8 inches 477-485 ft,

Overburden-—=----se---e-emmeoo---stsesmeceme oo 7 7
Basalt, broken--se=-=-eeeo--cesmmmmasoooomesnnnnn 10 17
Basalt-—--=mmmemcemm——eac-asmmmm—meemeceeraroo—sess 28 45
Basalt, soft, weathered, and brown clay----------- 19 64
Basalt, gray, harde----ce--sssemmmcecnom—moomnmeus 6 70
Clay, brown, water-bearing---=c---e=-accecrer-omoe 1% 85
Basalt, gray, hard------=s==---sssc----e-omommcoo- 145 230
Clay, Qray----=----s=====escro—sescmsmeecooooueans 25 265
Basalt, gray, hard---===---o-----essomenroooooee- 225 480
Clay, tane---ee--comooomcsmmmmmeroommesssmseeae - 35 515
Basalt, gray, hard---------we----mcommomvemromoman 90 605
Basalt, Dlack, Droken----ses-seweweocoweommozeann- 25 30
Basalt, gray, harde---e----es----meromo-ommomeoee- 110 740
Basalt, black, broken---------es=-ecemocccennonsae 15 755
Basalt, gray, hard=----e--cc-semmmcemooooeemosnoas 59 814
Basalt, black, broken, water-bearing----------=--- 45 860

7/26-581. John Moon. Altitude about 1130 ft. Drilled by Barnett
Pumps & Irrigation, lnc., 1969. Casing: 10 inches to 20 ft, 8
inches 0-378 ft.

Overburden----==---m--csemmmemoooossmoommemsosous 20 20
Basalt, broken, SOft---ce-cocemmmmmar—cvemmmmens 25 a5
Basalt, harde---==----semmcocomcocanmmooamoooceeas 9 54
Basalt, black, SOft-=e=---esmmmmermoconmcoman—a 21 75
Basalt, hard-esem-=sesoosecmmcmmmrom oo cuma oo ee 25 100
Basalt, black, broken, soft-----ee--u--vomnnoocn- 1 m
Basalt, hard------sem==-ococsmmmmmroooo—cesseenno 10 121
Basalt, medium-hard---+-e----memm==cn-ococenmnnns 14 135
Basalt, gray, hard-s=-ee-—--emmmomeommoenommneo- 37 172
Basalt, broken, soft--=-e---sesmemceeoococemnooo- 25 197
Basalt, gray, hard-------=s=scvee-cocuesooomena-- a3 240
SandstON@--vo--—-m=--cemmmmmecco—-sesmmmmsoooooes 65 305
Sand and clay, whit@-eeemeorooocmmsmmmmnamomomees 80 385
Basalt, gray, hard---eem-—-—--omemmmmeomomcasamas 224 609
Basalt, broken, water-bearing------------ser----= 72 681
Basalt, gray, hard---------as----acamcomomooo—uan 67 748
Basalt, broken, $oft-—--=-eeo—-oooosmsmmanmoooae- 32 780

No log (deepened since 1969)-----==--=-=rs=m=--on 281 1061
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Material Thickness

(ft)

Depth
(ft)

7/26-28PY. Robert Munn. Altitude about 960 ft. Drilled by L. & L.
Brilling Co., 1976. Casing: 8 inches to 20 ft, 6 inches 405-506

ft.
S0 ) e e e e 4 4
Basalt, gray, hard-----ccemmmmmmmme 36 77
Basalt, brown, broken----seeeeemcmauasaooaoooo.. 18 95
Basalt, gray, hard------eeeommmmmeen ... m 206
Basalt, brown, broken, and clay seamse-cc-o---eeo £1 247
Basalt, gray, harde---ceeeme o aees 166 413
Clay seams, black, blue, and green---------cmmaen 50 463
Basalt, gray, hard---ccmmmam oo a7 560
Basalt, black, brokefeeeeemeoommee oo 26 586
Basalt, gray=---c-aesemmmea e 87 673
Basalt, black, broken, water-bearinge-=----———---. n 684
7/27-1INY.  Brent Schultheis. Altitude about 1300 ft. Orilled by

L. & L. Drilling Co., 1976. Casing: 37 inches to 37 ft, 8

inches to 305 ft.
SN m e e e e e 33 - 33
Basalt, gray-c------eeom e 82 115
Basalt, brown, brokem---eeeeeccmmmmmmnen .., N 126
Basalt, black, porouS~------cmcmmmemmmmmmeaa o 5 131
Basalt, gray--------==«coomm e 136 267
Basalt, brown, broken, water-bearing-«----------- k3| 298
Basalt, gray===------=e-smmmmmmmmme s 7 308
7/27-2901. Oorothy Prior, Altitude about 1180 ft. Orilled by

Project Corporation, 1973. Casing: 8 inches to B8 ft,
Sand, coarse, and $01)e-ememcmmmmn ool 15 15
Gravel, small, and sand-----wcememmmmmmeo. 5 20
Gravel, broken basalt, and red clay--==c--cc-o-omu 20 40
Basalt, red, broken, and clay--w-ce-eommcmnraaaan 50 90
Basalt, red and black, becoming fimm--c------cneo- 10 100
Basalt, black, hard-«----mmmceemeemcima 48 148
Basalt, red, broken, perforated, and gravel------ 12 160
Basalt, Mard-see-coomme e e 15 175
Basatt, broken, and coarse sand, gravel,

and malt-cotored volcanic ash--=seecooooooo 25 200
Basalt, broken, muddy—---===ceamammmmanaa 30 230
Basalt, black, hard------ceeemmmmmme oo 85 315
Chalk, blue, hard and broken-====-=eeceeoooooo. 12 327
Basalt, fractured, and alluvial bed----cecacooan 13 340
Basalt, black, hard-=-eeesccmomcmmmeeo- 80 420
Basalt, red, fractured, perforated--~ce-ccoauaan 32 452
Basalt, black, very hardeme-veoccommmmmmmeacaaaa. 56 508
Basatt, brown and red, broken, perforated

and gravel beds------mmmcm s 27 535
Basalt, black, very hard------ccccemmooceomcaeas 40 575
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TABLE 17.--Drillers' logs of wells in Horse Heaven Hills--continued

_ Material Thickness Depth
{ft) (ft)

8/24-35A1. Glen Bayne. Altitude about 1400 ft,

Boulders and S01)----mememaamcmmmaaa s 3 i 3
Clay, sandy, and boulders-e-ececacoocmomecamaaa 67 70
Boutders and clay--e-s--ccccmmeaacmmmmcmcaamca—an 8 78
Basalt, brokeneeseeuoccccececeeaeeeeccccaeeae o 14 192
Basalt, gray, very hard 55 247
Basalt, Brokenececom oo e 56 303
Shale, clay, blue, brokene-eeeeeseoccccmmraccaanan 4 307
Clay, brown, and boulderses-eeeeeacomoooocnaaaaa. 13 320
Basalt, broken, and clay and shale;

SOME WAter==memsomoicmcecmcemmess oo roae 92 412
Basalt, boulders, and clay; water-bearing-e=-e---- 75 487
Basalt, red, hard-=ee--cmmccmm e ee e 15 502
Basalt, burned, hard, creviced 15 517
Basalt, porous, and hard clay---=--e==sasoucuo—u- 15 - 532
Basait, and hard blue clay--~==eeecmccoamcnacnas 6 538
L 2 540
Basalt, and hard blue clay-------=-rereacmaaaaaan ' 7 547
Clay, hard--=eeom o e eeee 10 557
Basalt, hard-----ememcmae e el 5 562
Clay and shaleem-=e=scommmmmcccmcmcccmccnaaaas 40 602
Basalt and gray shalg--=--=eescamammmmcccnaea 20 622
Basalt, black, hardeee------ B T R 30 652
Basalt, hard, broken-----c-ceecaammmccccacccaaac. 18 670
Basalt, gray, hard-----cccccmeneea 3 673
Basalt, brown, soft 4 677
Basalt, fractured, mediun-hard---------e-cacneaun 15 692
Basalt, black, hard--eeeceme e eeeeeaas 19 m
8/25-21D1, K. L. Burkhart. Altitude 1300 ft.
gy 12 12
Basalt---~smmecmcma e es 100
Clay, white--cescccmceeec oo 160 200

Well reportedly 423 ft deep.




