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CONVERSION FACTORS AND VERTICAL DATUM

Multiply by to obtain

inch (in.) 25.4 millimeter

foot (ft) 0.3048 meter

mile (mi) 1.609 kilometer

acre 4,047 square meter
square mile (miZ?) 2.590 square kilometer
acre-foot (acre-ft) 1,233 cubic meter

Sea Level: In this report, sea level refers to the National Geodetic Vertical
Datum of 1929 (NGVD of 1929)--a geodetic datum derived from a general

adjustment of the first-order level nets of both the United States and Canada,
formerly called Sea Level Datum of 1929.



GROUND-WATER PUMPAGE FROM THE COLUMBIA PLATEAU,

WASHINGTON AND OREGON, 1945 to 1984

by D. R. Cline and C. A. Collins

ABSTRACT

The study area for determining ground-water pumpage in the Columbia
Plateau is located in southeastern Washington and northeastern Oregon. This
study is part of the Columbia Plateau Regional Aquifer-System Analysis study
and provides estimates of historic ground-water pumpage for selected years
from 1945 to 1984. The plateau is underlain by basalt that is divided into
three water-yielding units: Grande Ronde, Wanapum, and Saddle Mountains. A
fourth water-yielding unit, called overburden and composed of unconsolidated
deposits, overlies the basalt in some places and locally yields considerable
quantities of water. The major water use on the plateau is irrigation; about
70 percent of the acreage is irrigated with surface water and 30 percent with
ground water.

Ground-water pumpage increased from about 56,000 acre-feet in 1945 to
about 940,000 acre-feet in 1979, with the greatest increase occurring from
1963 to 1979. In 1984, pumpage was about 828,000 acre-feet, 82 percent of
which was in Washington. Economic factors and locally declining water levels
contributed to the decreased pumpage from 1979 to 1984.

Pumpage from the basalt was slightly more than 50 percent of the total
ground water pumped from the plateau in 1945; this increased to about 75
percent by 1965 and has remained about the same since 1965. The greatest
volume of pumpage is derived from the Wanapum unit; in 1984, the Wanapum unit
provided 39 percent of the total pumpage. The Grande Ronde unit, which has
had an increasing proportion of the water pumped from the plateau, provided 32
percent of the pumpage in 1984,

Nearly all of the pumpage from the overburden unit, which provided 26
percent of the water on the plateau, came from only six counties in Washington
and Oregon. Two counties in Washington accounted for 65 percent of the total
pumpage from the overburden unit in 1984.

Three subareas in Washington yielded 46 percent of the ground water pumped
from the plateau in 1984. Most of the pumpage from one subarea was from
basalt; most of the pumpage from the other two subareas came from the
overburden.
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The Columbia Plateau is a major agricultural area located in southeastern

Washington, northeastern Oregon, and nortﬂwestern Idaho (fig. 1).
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Changes in pump design have had a major impact on ground-water use in the
study area. Centrifugal pumps in shallow dug wells were used as early as the
1920’s; however, with development of the deep-well turbine pump, water could
be pumped in large quantities from deep wells. This development, along with
the change of irrigation practice from flood irrigation to sprinkler-
irrigation systems with movable pipe, has greatly increased ground-water use.
Sprinklers opened up rolling and higher land to irrigation; much of this land
is outside of surface-water-supplied areas. Development of wheel-line and
center-pivot irrigation systems has improved water application efficiency
while reducing manpower needs. Although some ground-water irrigation has been
replaced by surface water as additional irrigation projects have been
constructed, ground-water use increased, especially from 1965 to 1979.
Starting in the 1960’s, large tracts of land were put under ground-water
irrigation, and since the early 1970’s, water distribution has been mainly
with center-pivot systems. Rising electrical-power costs in the late 1970’'s
and early 1980’'s, along with stable or declining crop prices and declining
water levels in some areas, have resulted in ground-water users developing
more efficient irrigation practices. Recent use of mist-head sprinklers,
often in conjunction with drop pipes that apply the water at crop level, has
reduced evaporation losses and soil compaction, thus improving water-
application efficiency.

Early use of ground water was mainly for irrigation of hay and pasture.
More recently, a greater diversity of crops are being grown with irrigation;
the main crops now are potatoes, corn, alfalfa, and wheat. Wheat comprises
the most acreage of any crop on the plateau, irrigated or non-irrigated.

Quantities and Distribution, 1945 to 1984

Ground-water pumpage in the inventory area in 1945 was estimated to be
56,000 acre-feet, rose to about 178,000 acre-feet in 1960, and then increased
to about 940,000 acre-feet in 1979, when 83 percent of the total was in
Washington and 17 percent in Oregon (pl. 5). Pumpage increased most rapidly
in Washington from 1963 to 1979 and in Oregon from 1967 to 1979. Pumpage in
1977 and 1979 was probably slightly greater than it otherwise would have been
because those were dry years. After 1979, ground-water pumpage stabilized,
then declined somewhat, due to higher electricity costs and lower profit
margins. By 1983, pumpage had declined to 813,000 acre-feet, mostly because
of increased costs of electricity for pumping; also 1983 was a wet year. In
1984, pumpage increased slightly from 1983 and totaled 828,000 acre-feet, 82
percent of which was in Washington.

The distribution and volume of ground-water pumpage on the Columbia
Plateau from 1955 to 1984 is shown by quarter-township blocks on plates 1
through 5. These maps, which show pumpage from a quarter-township for each
water-yielding unit and also the total pumpage from all units, show the
increase of pumpage areally and with time. The years selected, 1955, 1965,
1973, 1979, and 1984, were picked because they best reflect changes with time
and include both the maximum and the most recent pumpage. The net change for
the period can be seen by comparing the maps on plate 5 (total pumpage) to
each other; the difference between the 1955 map and the 1979 map is
noticeable; however, the changes from 1979 to 1984 are not as easy to see
without careful comparison of the two maps. (See tables 1 and 2 also.)
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Changes in pumpage from the four different water-yielding units also are
greatest from 1955 to 1979, with generally small changes between 1979 and 1984
(pls. 1-4). Proportionally, the pumpage from the Grande Ronde unit increased
the most of any of the units, especially in the Odessa subarea from 1960 to
1968 (table 3). The largest increases on the plateau occurred in the Odessa
subarea for both the Grande Ronde and Wanapum units (pls. 1 and 2, table 3).
Pumpage from the basalt units on the plateAu was just over 50 percent of the
total in 1945 and increased to just under 75 percent by 1965 (tables 1 and 2).
Since then, this percentage has remained nearly constant. The proportion of
the water withdrawn from the basalt each year in Oregon has been a consistent
70 to 80 percent of the total. A breakdown of the pumpage from the units on
the plateau for the latest year, 1984, was| as follows: Grande Ronde unit, 32
percent (261,000 acre-feet); Wanapum unit, 39 percent (326,000 acre-feet);
Saddle Mountains unit, 3 percent (28,000 acre-feet); and overburden, 26
percent (212,000 acre-feet).

Of the water pumped from the basalt in the study area, an increasing
proportion came from the Grande Ronde unit. The greatest increase was in
Adams County, Washington. With the need for more irrigation water and the
subsequent local declines of ground-water levels, many wells were deepened
within or into the Grande Ronde unit. In /Adams and Lincoln Counties, the
proportion of water from the Grande Ronde unit increased considerably, and the
Wanapum unit decreased correspondingly. rom 1955 to 1984, the pumpage from
the Grande Ronde unit in Adams County increased from 17 percent (1,200 acre-
feet) of the basalt to 61 percent (81,000 acre-feet), and in Lincoln County
from 37 percent (1,300 acre-feet) to 67 percent (33,500 acre-feet) (table 1
and pl. 1). Most of the change occurred hetween 1965 and 1975. In Umatilla
County, Oregon, pumpage from the Grande Ronde unit in 1955 was 32 percent
(3,800 acre-feet) of the total basalt pumpage (table 2). By 1984, the pumpage
from the Grande Ronde unit was 54 percent (33,100 acre-feet) of the total
basalt pumpage. ‘

Pumpage of water from the overburden in the Columbia Plateau was
26 percent (212,000 acre-feet) of the total in 1984. This pumpage was almost
entirely from only four counties in Washington (Grant, Franklin, Yakima, and
Walla Walla) and two in Oregon (Umatilla and Morrow) (pl. 4). These six
counties accounted for 97 percent of the total pumpage from the overburden,
and two of these counties, Grant and Franklin, accounted for 65 percent of the
total by themselves. The greatest volume of pumpage from any quarter-township
block on the plateau, 11,200 acre-feet, came entirely from the overburden in
Grant County, Washington, in 1979 (southeast quarter of T.19 N., R.25 E.)
(pl. 4).

Much of the ground-water pumpage in 1950 was for municipal uses. Most of
the ground water pumped for irrigation in 1950 came from the area around Moses
Lake and Quincy in Grant County and in the Walla Walla River basin; the
remainder was scattered widely throughout the plateau. Growth in ground-water
pumpage since 1950 has been mainly for irrigation within the three subareas of
the core area in Washington, and in the vicinity, of Hermiston in Oregon
(pl. 5). Development in Washington started with the Odessa subarea in the
early 1960’s. Pumpage in the Odessa subarea, small in 1960, increased rapidly
in the late 1960’s and again in the mid-1P70’s (table 3). Pumpage from this
subarea accounted for 26 percent (212,500 acre-feet) of the total from the
plateau in 1984. Most of the pumpage came from the Wanapum unit until 1975,

when the Grande Ronde unit became the major sourke (table 3, pls. 1 and 2).
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By 1979, which was the peak year, pumpage from the Grande Ronde unit accounted
for 60 percent of the total from the subarea, and in 1984 it was 63 percent of
the total.

Ground-water pumpage in the other two Washington subareas, Black Sands and
southern Franklin County, essentially started about 1970. Pumpage increased
rapidly in the Black Sands subarea from 1970 to 1973 and from 1975 to 1977,
whereas in the southern Franklin County subarea, pumpage increased most
rapidly from 1975 to 1977 (tables 4 and 5; see pl. 5 also). Most pumpage in
both subareas is from the overburden (pl. 4), although the proportions have
changed. Seventy-three percent of the pumpage in the Black Sands subarea was
from the overburden in 1973, but this decreased to 55 percent of the total by
1979 (table 4). Since then it has stayed about the same. In southern
Franklin County, pumpage from the overburden accounted for nearly all of the
total (96 percent) in 1975, but decreased to 82 percent by 1984 (table 5).
The greatest annual pumpage occurred in 1979 in the Black Sands subarea
(113,000 acre-feet), and in 1982 in southern Franklin County (78,000 acre-
feet).

In 1984, pumping from the three above subareas in Washington accounted for
most of the pumpage in Washington (56 percent) and nearly half from the
plateau (46 percent) (pl. 5). The total from these areas was 384,000 acre-
feet.

Pumping of ground water in the Umatilla River basin in Oregon increased
rapidly starting about 1950. Most of the pumping in 1950 was in the vicinity
of Pendleton and Hermiston, and it expanded northeast of Pendleton and west
and southwest of Hermiston (pl. 5). The greatest pumping increase was from
1967 to 1979. Total pumpage decreased from 1982 to 1984.
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TABLE 4.--Ground-water pumpage in the Black Sands subarea, Grant County,
Washington, 1965 to 1984, in acre-feet

|

Basalt units Over-
Grande Saddle burden
Year Ronde Wanapum Mountains | unit Total
1965 0 300 : 0 : 700 1,000
1968 0 550 0 1,360 1,910
1970 300 1,150 0 ‘ 10,810 12,260
1973 0 13,940 0 37,190 51,130
1975 1,230 24,890 o 40,530 66,650
1977 1,130 37,730 . 0 57,470 96,330
1979 900 50,200 -0 61,580 112,680
1982 970 42,170 0 55,950 99,090
1984 870 42 .510 | 0 \ 52,920 96,300

TABLE 5.--Ground-water pumpage in southern Franklin County subarea,
Washington, 1965 to 1984, in acre-feet

Basalt units Over-
Grande Saddle | burden
Year Ronde Wanapum Mountains ‘ unit Total
1965 0 0 0 \ 200 200
1968 0 0 800 \ 1,550 2,350
|
1970 0 0 900 2,350 3,250
1973 0 0 1,860 12,160 14,020
1975 0 0 1,600 34,000 35,600
1977 0 1,800 2,300 64,600 68,700
1979 0 3,550 4,150 » 62,650 70,350
1982 600 7,000 3,000 \ 67,300 77,900
1984 200 10,000 3,000 61,800 75,000




SUMMARY

The Columbia Plateau in eastern Washington and Oregon has become a major
producer of agricultural products. In 1982, in this arid to semiarid area,
2,770 square miles of land was irrigated, and about 30 percent of this acreage
was irrigated with ground water.

Ground water is pumped from basalt and from the overburden (unconsolidated
sediments). The basalt is divided into three water-yielding units, the Grande
Ronde, Wanapum, and Saddle Mountains units, with the first two contributing
most of the water.

Most of the pumpage was estimated from electrical-power-consumption data
using pump efficiencies and total head. A comparison of estimated heads and
efficiencies with measurements made later (flow was measured with an acoustic
flowmeter) showed that the estimated pumpage was within 20 percent of the
measured quantity for 34 of 50 wells. The aggregated pumpage of 46 of 50
wells was within 5 percent of the measured quantity.

Pumpage was determined from inline flowmeters for many wells in Oregon. A
check of 36 flowmeters in Washington showed that 26 read within 10 percent of
the measured quantity. Nearly all ground water is pumped by electric deep-
well turbine pumps, and irrigation is mostly by center-pivot sprinkler systems
with the remainder by wheel-line systems. Major crops grown with ground water
are wheat, potatoes, corn, and alfalfa.

Pumpage of ground water from the Golumbia Plateau in eastern Washington and
Oregon has increased greatly since 1945, particularly from 1963 to 1979.
Total ground-water pumpage in 1945 was about 56,000 acre-feet, increasing to
940,000 acre-feet by 1979. In 1984, pumpage declined to 828,000 acre-feet due
to greater power costs and lower farm profits. Most of the pumpage is in
Washington (82 percent in 1984), and most of that is from three subareas:
Odessa, Black Sands, and southern Franklin County. In 1960, pumpage was small
in the first of these subareas and nearly nonexistent in the other two before
1970. In 1984, pumpage from these three areas amounted to almost half of the
total from the Columbia Plateau (46 percent, or 384,000 acre-feet).

Pumpage from the basalt in the Columbia Plateau was just over 50 percent of
the total pumpage in 1945, but increased to nearly 75 percent by 1965 and
remained approximately at that level through 1984. Most of this increase was
in Washington. Of the water pumped from the basalt, an increasing proportion
came from the Grande Ronde unit. Most of this increase was in Adams and
Lincoln Counties. In 1984, water pumped from the Grande Ronde unit was 32
percent of the total from the plateau, the Wanapum unit 39 percent, and the
Saddle Mountains 3 percent.

Pumpage from the overburden amounted to 26 percent of the total from the

plateau in 1984, of which 97 percent was from only six counties. Most of this
pumpage, 65 percent, was from Grant and Franklin Counties in Washington.
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TABLE 2.--Ground-water pumpage by county and water-yielding unit from the
Columbia Plateau, Oregon, 1945 to 1984, in acre-feet
[Due to rounding, totals may not ¢xact1y equal the sum of the numbers.]

Water- COUNTY
yielding Gilliam Morrow Sherman Umatilla Wasco TOTAL
unit

1945 !

Grande Ronde 0 320 0 70 60 450
Wanapum 0 0 0 3,410 790 4,200
Saddle Mountains 0 0 0 770 40 810
Overburden 0 _0 0 2,410 _50 2,460
TOTAL 0 320 0 ! 6,660 940 7,920

1950

Grande Ronde 0 470 130 780 60 1,440
Wanapum 0 100 0 5,560 2,660 8,320
Saddle Mountains 0 0 0 530 40 570
Overburden 0 280 _0 3,530 190 4,000
TOTAL 0 850 130 10,400 2,950 14,330

1955 1
Grande Ronde 10 490 130 | 3,810 550 4,990
Wanapum 20 100 0 ‘ 7,240 4,670 12,030
Saddle Mountains 0 20 | 0 900 40 960
Overburden _0 1,180 b0 5.320 260 6,760
TOTAL 30 1,790 130 17,270 5,520 24,740

|

1960 }
Grande Ronde 240 2,220 320 8,370 700 11,850
Wanapum 220 1,870 120 9,000 8,170 19,380
Saddle Mountains 0 530 0 1,320 40 1,890
Overburden _0 1,560 _0 6,460 260 8,280
TOTAL 460 6,180 440 25,150 9,170 41,400

1965
Grande Ronde 240 3,020 320 10,390 990 14,960
Wanapum 270 2,060 130 | 10,940 8,900 22,300
Saddle Mountains 20 670 0, 1,450 40 2,180
Overburden _0 2,630 _0' 8,700 270 11,600
TOTAL 530 8,380 450 31,480 10,200 51,040

1966

Grande Ronde 290 3,100 260 10,580 990 15,220
Wanapum 270 2,010 . 130 11,930 9,000 23,340
Saddle Mountains 20 680 | 0 1,610 40 2,350
Overburden _0 3,720 0 8,660 270 12,650
TOTAL 580 9,510 390 32,780 10,300 53,560




TABLE 2.--Ground-water pumpage by county and water-yielding unit from the

Columbia Plateau, Oregon, 1945 to 1984,

in acre-feet--continued

[Due to rounding, totals may not exactly equal the sum of the numbers.]

Water- COUNTY
yielding Gilliam Morrow Sherman Umatilla Wasco TOTAL
unit
1967
Grande Ronde 550 3,380 260 12,100 990 17,280
Wanapum 270 2,500 130 12,330 9,080 24,310
Saddle Mountains 20 700 0 1,450 40 2,210
Overburden _0 3,820 _0 9.170 380 13,370
TOTAL 840 10,400 390 35,050 10,490 57,170
1968
Grande Ronde 770 5,880 260 14,760 990 22,660
Wanapum 1,090 2,910 120 13,750 9,160 27,030
Saddle Mountains 20 730 0 1,690 40 2,480
Overburden 0 3,420 _0 11,890 380 15,690
TOTAL 1,880 12,940 380 42,090 10,570 67,860
1969
Grande Ronde 1,050 10,620 260 14,810 990 27,730
Wanapum 1,080 4,040 130 13,150 9,030 27,430
Saddle Mountains 20 890 0 1,550 40 2,500
Overburden 0 5,230 _0 13,130 380 18,740
TOTAL 2,150 20,780 390 42,640 10,440 76,400
1970
Grande Ronde 1,800 12,860 330 14,880 1,530 31,400
Wanapum 1,090 6,390 210 13,890 9,220 30,800
Saddle Mountains 20 890 0 1,740 40 2,690
Overburden 0 7,670 _ 0 14,910 400 22,980
TOTAL 2,910 27,810 540 45,420 11,190 87,870
1971
Grande Ronde 2,230 15,510 330 15,590 1,530 35,190
Wanapum 1,090 7,330 220 13,900 9,780 32,320
Saddle Mountains 20 970 0 1,630 40 2,660
Overburden 0 12,240 _0 13,540 400 26,180
TOTAL 3,340 36,050 550 44,660 11,750 96,350
1972
Grande Ronde 2,650 15,930 330 16,050 1,540 36,500
Wanapum 1,110 7,640 220 14,230 9,570 32,770
Saddle Mountains 20 1,060 0 1,730 40 2,850
Overburden 0 13,600 ) 14,700 400 28,700
TOTAL 3,780 38,230 550 46,710 11,550 100,820
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TABLE 2.--Ground-water pumpage by county gnd water-yielding unit from the
Columbia Plateau, Oregon, 1945 to 1984, in acre-feet--continued
[Due to rounding, totals may not exactly|equal the sum of the numbers.]
Water- COUNTY
yielding Gilliam Morrow Sherman Umatilla Wasco TOTAL
unit
1973
Grande Ronde 2,370 16,680 330 15,610 1,540 36,530
Wanapun 1,060 7,910 210 | 14,530 8,890 32,600
Saddle Mountains 20 1,090 0 1,720 40 2,870
Overburden 0 13,390 _ 0 14,280 400 28,070
TOTAL 3,450 39,070 540 46,140 10,870 100,070
1974
Grande Ronde 2,320 17,550 400 16,230 1,540 38,040
Wanapum 1,750 7,980 210 14,560 9,500 34,000
Saddle Mountains 20 1,240 0 1,760 40 3,060
Overburden 0 13,620 _0 14,830 400 28,850
TOTAL 4,090 40,380 610 47,380 11,480 103,950
1975 |
Grande Ronde 2,790 17,830 . 250 ! 22,460 1,540 44,870
Wanapum 2,000 9,210 620 16,570 9,800 38,200
Saddle Mountains 20 1,560 0 1,930 40 3,550
Overburden 0 14,110 _0 16,450 400 30,960
TOTAL 4,810 42,710 870 57,410 11,780 117,580
1976 ‘
Grande Ronde 3,400 18,650 i 710 | 26,060 1,540 50,360
Wanapum 1,900 9,380 810 ! 18,950 9,850 40,890
Saddle Mountains 20 1,650 0 | 1,880 40 3,590
Overburden 0 13,740 | 0 16,570 400 30,720
TOTAL 5,320 43,420 11,520 63,460 11,840 125,560
1977
Grande Ronde 3,660 22,180 930 30,470 1,540 58,780
Wanapum 2,030 10,720 820 21,440 9,670 44,680
Saddle Mountains 20 1,870 0. 2,100 40 4,030
Overburden 0 13,850 0 16,680 400 30,930
TOTAL 5,710 48,620 1,750 70,690 11,650 138,420
1978
Grande Ronde 2,940 21,030 950 32,530 1,680 59,130
Wanapun 2,040 9,100 900 27,970 10,600 50,610
Saddle Mountains 20 1,440 0 2,090 50 3,600
Overburden 0 14,230 ‘ 0 16,320 510 31,060
TOTAL 5,000 45,800 1,850 78,910 12,840 144,400




TABLE 2.--Ground-water pumpage by county and water-yielding unit from the

Columbia Plateau, Oregon, 1945 to 1984,

in acre-feet--continued

[Due to rounding, totals may not exactly equal the sum of the numbers.]

Water- COUNTY
yielding Gilliam Morrow Sherman Umatilla Wasco TOTAL
unit
1979
Grande Ronde 3,220 19,990 1,130 36,780 1,700 62,820
Wanapum 2,750 9,970 1,040 30,870 12,380 57,010
Saddle Mountains 20 1,800 0 2,380 50 4,250
Overburden 0 14,780 0 17.730 520 33,030
TOTAL 5,990 46,540 2,170 87,760 14,650 157,110
1980 -
Grande Ronde 2,970 22,520 1,120 38,000 1,710 66,320
Wanapum 4,180 8,400 1,040 29,480 13,650 56,750
Saddle Mountains 20 1,680 0 2,290 310 4,300
Overburden 0 13,820 0 17,310 550 31,680
TOTAL 7,170 46,420 2,160 87,080 16,220 159,050
1981
Grande Ronde 4,420 22,280 1,200 33,780 1,750 63,430
Wanapum 5,080 9,730 1,040 28,890 13,480 58,220
Saddle Mountains 80 1,700 0 2,360 300 4,450
Overburden 0 15,570 0 17,890 590 34,050
TOTAL 9,580 49,280 2,240 82,920 16,120 160,140
1982
Grande Ronde 4,560 19,970 1,200 33,050 1,710 60,490
Wanapum 5,230 8,820 1,040 29,670 13,350 58,110
Saddle Mountains 80 1,500 0 2,380 300 4,260
Overburden 0 14,510 0 17,280 590 32,380
TOTAL 9,870 44,800 2,240 82,380 15,950 155,240
1983
Grande Ronde 4,360 15,220 1,170 32,860 2,320 55,930
Wanapum 5,040 8,380 1,030 26,330 14,200 54,980
Saddle Mountains 100 2,160 0 2,210 310 4,780
Overburden 0 14,320 0 16,670 580 31,570
TOTAL 9,500 40,080 2,200 78,070 17,410 147,260
1984
Grande Ronde 3,690 15,330 1,300 33,130 2,350 55,800
Wanapum 4,770 9,620 910 26,210 13,480 54,990
Saddle Mountains 90 1,920 0 2,350 310 4,670
Overburden 0 14,610 0 16,690 580 31,880
TOTAL 8,550 41,480 2,210 78,380 16,720 147,340
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TABLE 3.--Ground-water pumpage in| the Odessa subarea, Washington
1945 to 1984,/ in acre-feet

i !
Basalt units | Over-

Grande ‘ Saddle burden
Year County Ronde Wanapum M1 ntains unit Total
|

1945 Adams 150 300 0 0 450
Grant 50 60 0 100 210
Lincoln 150 _50 9 _80 280

350 410 0 180 940

|

1950 Adams 450 890 0 0 1,340
Franklin 0 300 0 0 300

Grant 350 1,360 0 350 2,060

Lincoln 340 160 0 _80 580

1,140 2,710 0 430 4,280

1955 Adams 1,140 3,680 0 50 4,870
Franklin 100 1,400 0 0 1,500

Grant 1,940 2,510 0 1,070 5,520

Lincoln 830 880 ! 0 100 1,810

4,010 8,470 0 1,220 13,700

1960 Adams 1,980 5,920 0 50 7,950
Franklin 100 1,800 | 0 0 1,900

Grant 2,150 2,590 . 0 1,340 6,080

Lincoln 1,430 2,400 0 100 3,930
5,660 12,710 0 1,490 19,860
1963 Adams 3,650 7,260 0 60 10,970
Franklin 100 2,110 0 0 2,210

Grant 2,500 2,440 0 1,360 6,300
Lincoln 1,860 2,520 0 160 4,540
8,110 14,330 0 1,580 24,020

1965 Adams 8,080 17,210 0 0 25,290
Franklin 100 2,540 0 0 2,640

Grant 4,420 4,090 0 1,490 10,000

Lincoln 5,710 4,970 0 590 11,270

18,310 28,810 0 2,080 49,200

1968 Adams 16,220 33,110 0 0 49,330
Franklin 400 3,680 0 0 4,080
Grant 10,610 15,900 0 2,450 28,960
Lincoln 12,890 11,920 0 260 25,070

40,120 64,610 0 2,710 107,440

1970 Adams 16,480 34,190 0 0 50,670
Franklin 700 3,450 . 0 0 4,150

Grant 9,030 15,420 0 2,110 26,560

Lincoln 15,840 9,360 0 550 25,750

42,050 62,420 0 2,660 107,130
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TABLE 3.--Ground-water pumpage in the Odessa subarea, Washington,
1945 to 1984, in acre-feet--continued

Basalt units Over-
Grande Saddle burden

Year County Ronde Wanapum Mountains unit Total
1973 Adams 26,330 46,840 0 0 73,170
Franklin 900 2,870 0 0 3,770

Grant 10,280 19,750 0 2,400 32,430
Lincoln 15,560 8,770 0 400 _24,730

53,070 78,230 0 2,800 134,100

1975 Adams 49,560 46,360 0 0 95,920
Franklin 700 2,400 0 0 3,100

Grant 17,910 18,520 0 1,150 37,580

Lincoln 25,070 11,230 0 0 36,300

93,240 78,510 0 1,150 172,900

1977 Adams 79,780 54,930 0 0 134,710
Franklin 4,400 9,250 0 0 13,650

Grant 33,410 25,520 0 1,860 60,790

Lincoln 27,560 12,380 0 0 39,940

145,150 102,080 0 1,860 249,090

1979 Adams 99,290 62,910 0 162,200
Franklin 4,870 10,800 0 0 15,670

Grant 35,700 23,160 0 940 59,800

Lincoln 33,170 15,700 0 _0 48,870

173,030 112,570 0 940 286,540

1982 Adams 89,640 54,360 0 144,000
Franklin 3,900 9,600 0 0 13,500

Grant 35,200 22,140 0 360 57,700

Lincoln 31,380 11,060 0 _0 42,440

160,120 97,160 0 360 257,640
1983 Adams 70,130 44,6460 0 0 114,590
Franklin 3,000 8,400 0 0 11,400

Grant 26,730 17,720 0 310 44,760

Lincoln 24,190 8,910 0 _ 0 33,100
124,050 79,490 0 310 203,850

1984 Adams 78,590 42,920 0 0 121,510
Franklin 3,970 8,730 0 0 12,700

Grant 26,350 17,970 0 370 44,690

Lincoln 24,940 8,650 0 _0 33,590

133,850 78,270 0 370 212,490
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