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APPENDIX IV

OKANOGAN-SIMITKAMEEN BASIN

I. DESCRIPTION

GEOGRAPHY

1. The Okanogan-Similkameen Basin, situated about 150 miles
east of the Pacific Coast, drains an area of about 8,400 square miles:
6,000 square miles in south central British Columbia, and 2,400 square
miles in north central Washington. It extends 180 miles from north to
south and 85 miles from east to west. The basin is bounded on the
north and west by the Fraser River basin, on the west by the Skagit
River basin, on the southwest by the Methow River basin, and on the
east by the Kettle and Sanpoil River basins. From its source, the
Okanogan River flows south along the east side of the basin in a fairly
narrow velley which is noted for its chain of lakes. It crosses the
international boundary, near Osoyoos, about two-thirds of the distance
from its headwaters to its junction with the Columbia River near Brewster,
Weshington. The major tributary of the Okanogen, the Similkameen, rises
in Washington near the boundary, flows north into British Columbia, then
east, then southeasterly to recross the boundary about 2 miles above
its confluence with the Okanogan River near Oroville. A map of the
basin is shown on Plate 1 and stream profiles on Plate 2.

TOPOGRAPHY

2. Mountains and mountain valleys are the principal land forms in
the basin. In general, the Okanogan valley is U-shaped in cross section
with mountains rising to elevations of 4,000 to 5,000 feet on either
side. Occasional peaks reach elevations of about 8,000 feet. A notable
feature at the north end of the valley is the low divide (el. 1,179)
separating the Okanogan and Fraser River basins. Generally, flood plains
occur only in narrow stretches along the river. In a few instances,
however, the low ground slopes gently for a considerdble distance from
the river before a steep rise occurs. Benchlands 200 to 400 feet above
the river are common. Beyond the benches the mountains rise steeply to
rounded rolling tops.

3. The Similksmeen valley is narrow with precipitous sides, except
for the 22-mile portion extending south from Keremeos, which is comparetively
flat and broad. Generally the mounteins on the west and south sides of
the valley rise to about 7,000 or 8,000 feet in elevation, and those on the
north and east sides of the valley rise to about 5,000 or 6,000 feet in
 elevation.

STREAMS

L4, The most northerly part of the drainage basin is the headwater
of Deep Creek, which flows south for 21 miles into Okanagan Lake (el. 1,123).
Numerous small creeks flow into Okanagan Lake. These include Mission
Creek near Kelowna and Penticton Creek at Penticton, which drain from the
east, and Trout Creéek near Summerland, which drains from the west.
Okenagan Lake, the source of the Okanogan River, is about 69 miles long
and two miles wide. It is controlled by a low dam at its outlet at the
south end. The Okanogan River flows south from Okanagan lake for 43.7
miles to the international boundary, passing through Skaha and Vaseaux
Lakes and entering Osoyoos Lake, which straddles the internmational boundary.
After it leaves Osoyoos Leke, it then flows 73 miles to its confluence
with the Columbia River near Brewster, Washington. The minor tributaries
south of Okanagan Lake are Shingle, Ellis, and Shuttleworth Creeks near
Penticton; Vaseaux and Inkaneep Creeks near Oliver, in British Columbis;
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Description

and Tonasket Creek near Oroville; Bonapsarte Creek nesxr Tonasket;
and Salmon Creek, near Okanogan, in Washington.

5. The Similkameen River is the largest tributary of the Okanogan
from the standpoint of both runoff and drainage area. Its headwaters
are in the Cascade Mountains, in the vicinity of the international
boundary. It is joined by the Pasayten River from the south and flows
northerly for 50 miles to Princeton. There it is joined by its largest
tributary, the Tulameen River. From Princeton it flows southeasterly
for 88 miles to its confluence with the Okanogan River at Oroville,
after crossing the boundary neesr Nighthewk. The largest tributaries®
downstream from Princeton are Allison, Hayes, Hedley, and Keremeos Creeks,
which drain from the north, and the Ashnola River and Sinlahekin Creek
which drain from the south.

6. A breakdown of the Okanogan-Similkemeen drainage area to show
the areas lying on each side of the bound.a.ry is contained in the follow-
ing tabulation:

Drainage area in square miles

River Cenada United States Total

Similkameen River 2,880 700 3,580
Okanogan River, above Similkameen River 3,120 : 100 3,220
Okanogan River, below Similkameen River 1,600 1,600
TOTAL 6, 000 2,400 8,400

GEOLOGY

T. The trough in which Okanogan River flows is one of several deep,
north-south, parallel valleys developed in a complex of igneous and
sedimentary rocks that are moderately to extensively metamorphosed.
Extensive glaciation in the area between the Cascade Mountains and the
Rocky Mountains has greatly modified the drainege and topography, and has
largely obscured the bedrock geology.

8. Prior to the accumulation and advance of the several ice sheets
during the Pleistocene glacial period, the Okanogan drainage area probably
included adjacent areas north of the present source of the Okanogan River,
including Shuswap Lake and Adams Lake. The coalescence of numerous valley
glaciers emerging from the Rocky Mountain system on the east and the
Cascade Mountains on the west produced an ice sheet which covered the
Interior Plateau of British Columbia to an elevation of at least 6,000
feet. The flow of ice from the center of accumulation was generally
northwest into Yukon and Alaska, and southward into the United States.

9. The movement of great amounts of debris during each ice advance,
and the subsequent reworking by meltwater, caused marked changes in the
drainage system of the area; and the present system, with only minor
exceptions, is the result of processes which took place during the last
ice advance and retreat. During melting of the glaciers, marginal streams
between the ice and the valley walls produced terraces of the morainal
material. Much of the valley floor south of Skaha Lake was covered with
deep glacial drift, and at Okanagan Falls the river was forced over along
the valley wall. Here it has cut a channel through rock which is some
distance above the rock floor of the valley. The basin of Okanagan Lake
escaped being filled with debris because it was already choked with ice
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when extensive movements of drift were taking place. The lower end of
the lake was dammed by the coalescing deltas and alluvial fans of
Penticton, Ellis_, and Shingle Creeks.

10. The lower Okanogen River valley in the United States has
numerous terraces high on the valley sides. The most prominent of
these is the Great Terrace of the Columbia, formed at a time when the
Columbia River was dammed by ice.

11. The Similkameen River, which had flowed to the Okanogan at
some point south of Conconully, was blocked from this outlet by glacial
drift deposits. For a time, the escapement of this stream to the
Okanogan was made over several low divides. The lowest of these, crossing
Kruger Mountain Plateau, has since become the present course of the river.

SOILS

12. In Canada the arsble lands are comprised of Brown Soils, Dark
Brown Soils, Black Soils, and Groundwater Soils. The Brown Soils are
the most arid in British Columbia, dominantly silt loam in texture, often
gravelly or stoney, seriously erodable, low in organic matter, and
deficient in some elements, yet fertile and highly productive under proper
menagement. They once supported thin stands of bunchgrass, now indicated
by subclimax growth of sage and wild brome, and are now used under irri-
gation for the production of tree fruits, including stone fruits. These
s0ils are found on terraces and stream fans along the Similkameen River
between the boundary and Hedley, and along the Okanogan River between
the boundary and Summerland. The Dark Brown Soils, on the same formation
as the Brown Soils, are used for tree fruits (except apricots and peaches).
They are found around Hedley in the Similkameen valley and between
Summerland and Oyems in the Okenogan valley. The Dark Brown Soils give
way to the Black Soils at higher elevations where grass and areas of timber
are found. The Black Soils are found in the Similkameen valley north and
west of Hedley and in the Okanogan valley north of Oyama. These soils
are grazed, dry-farmed for cereals, or used for forage crops under irri-
gation. The Groundwater Soils are medium-textured, with the groundwater
table and drainage varying with river or stream elevations. The better
drained lands are in orchard, and the balance is used for forage crops,
gardens, and berries.

13. In the United States, soil textures range from sand to clay,
and crop adaptebility is restricted in some areas by very heavy or very
light-textured soils. Depths range from less than two feet to more than
20 feet. DNearly all soils in the basin are mellow, friable, and free
of harmful salt accumulations. They are light in color and low in organic
matter, but unleached of basic mineral nutrients. Arable lands of the
basin occupy relatively smooth areas of old flood plains, terraces, coulees,
and fans. The low plains and terraces, some of which are subject to
flooding, are broken by old channels and low ridges. The soils range
from cobbly deposits to deep clayey alluviums. Only smaell areas are
affected by alkali accumulations. Intermediate terraces are commonly
irregular in surface relief; and, in places, are covered with rolling
dunes. Here the soils are generally cobbly and gravelly except for
scattered alluvial deposits of loamy sands sbove open substrata. The
smooth and nearly flat portions of the higher lands contain the largest
bodies of arable land. Soils of the high terraces and coulees are of
light- to medium-textured materials over gravelly glacial outwash. They
are well drained, are neutral to moderately alkaline, and have no salt
concentrations. '

CLIMATE

1k. General. - The climate of the Okanogen-Similkameen Basin
veries with elevation and location. The basin is subject to the
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moderating influence of the prevailing westerly winds. During the
winter months precipitation falls mainly in the form of snow, and
differences in elevation throughout the basin cause an uneven distri-
bution. Summer precipitation is light and results from storms which

are characterized by heavy showers and occasional cloudbursts caused

by the northward extension of low-pressure areas from the ho‘cb southerly
interior. Mean annual temperatures in the basin vary from 42° at
Princeton to 500 at Oroville. The minimum and maximum observed temper-
ature in the basin are -I4° at Armstrong and 111° at Oliver and Oroville.

15. Precipitation varies widely throughout the basin, being
greatest in the Cascade Mountain Range to the west and the Monashee
Mountain Range to the north. It decreases to the south and east where
much of the area is arid or semi-arid. As its headwaters are in the
Cascades, the Similkameen Basin receives more precipitation than the
Okanogan Basin.

16. The prevailing drift of air in the basin is from the southwest.
The prevailing surface wind is up-valley from the southwest for all
months of the year except July, when air movement from the northeast
preveils.

17. The growing season in the basin varies with altitude and local
conditions, as shown in Table 1.

18. Records. - Climatological records have been kept at 48 stations
in the basin. Of these stations, ten existed for a period of a few
months or years for which records are fragmentary, and 38 have records
for five or more consecubive years. There are 26 active stations in the
basin at the present time.

16, A summary of climetological data is presented in Table 1.
Mesn monthly and annual precipitation and temperature data for 11 repre-
sentative stations in the basin are shown in Tables 2 and 3.

20. Storms. - Much of the molsture carried northeasterly in air
masses from the Pacific Ocean is deposited on the intervening Olympic
and Cascade Ranges. As a result of these depletiomns, rain storms in the
basin are of high intensity and short duration, and occur over only small
scattered areas. The principal storm centers in the basin are along the
Cascade Range on the west and in the Moneshee Mountains to the north and
east. The basin is subject to general storms throughout the winter, with
mch of the precipitation occurring as snowfall, particularly at the
higher elevations.

HYDROLOGY

21l. General. - The Okanogan-Similkameen Basin has runoff
characteristics similar in many respects to other fributaries in the
upper portion of the Columbia River basin. There is one distinet high-
water period in May and June, followed by a rapid recession during July
and Auvgust. The flow during the fall and winter months remeins well
below average for the year, but an early spring may result in substantial
rises dquring April. However, high water rarely occurs during the period
September to Merch.

22. The average annual yield per square mile of the Okanogan-
Similkameen Basin is relatively smell in comparison with other tribu-
taries of the Columbia River upstream from the Okanogan. This results
from the position of the basin with relation to the Cascade Range and
the prevailing westerly winds. The basin is thus situated in a rain
shadow, and receives less precipitation than areas to the west and east.
The Similkameen River, with a drainage area of 3,580 square miles at its
mouth, has an average flow of about four times the Okanogan River at



TABLE 1

Summery of Climstological Data (Through 1950)

B A . Snowfall , _
. Precipitation In Inches ; in Inches Temperature in °F. :
Years : , | Years Mean Years | Growing
: Eleva- of " Mean © Max. Min. of Annual of Mean Extremes| Season
Station tion Record | Annual Annual Annual | Record Record Annual Ma.x] Min{ Days
Armstrong, B.C. 1,187 39 16.89 22.55 11.57 38 48.9 37 Ly 105 -4 19k
Vernon 1,383 31 15.70  20.7h  11.33 32 46.0 31 46 10k -31 206
Kelowna 1,200 36 12.38 18.09 8.28 37 32.4 37 46 102 =24 208
Penticton 1,121 43 11.35 17.40 6.28 Lo 2.4 43 48 105 -16 214
Oliver 995 27 9.79 16.40 5.0L 28 20.4 27 1) 111 -23 224
Princeton 2,289 12 1h.2k 21.06 7.90 Lk 47.1 12 k2 . 1071 -k2 188
Hedley 1,700 Ly 11.52 21.31 5.76 ko 30.1 43 46 106 -27 -
Hedley 5,600 24 23.78  45.00 14.81 18 153.5 25 .35 91 -38 --
(Nickel Plate) ' ’
Keremeo#,-B.C. 1,165 36 9.90 iu.uu "6.01 _ 30 | 24,5 'A3h ko 106 =22 222
Oroville, Wash. 1,060. 36 10.77 18.50 5.43 20 16.8 36 - 50 111  -19 157
Conconully,Wash 2,285 50 14.54 25.88 6.84 33 48.4 50 ks 109 -29 131
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Average Precipitation in Inches For The Period Of Record (Through 1950)

TABLE 2

Oct

Station Jan Fedb March Apr . May June July Ang Sept Nov Dec Year
Armstrong, B. C. 1.81 1.16 0.88 - 0.90 1.23 1.82 1.20 1.10 1.33 1.73 1.6 2.09 16.89
Vernon 1.62  1.09 0.97 0.83 - 1.16 1.73 1.04 1,18 1.22 1.5 1.43 1.91 15.71
Kelowna 1.18 0.92 0.72 0.69 0.9%  1.13 0.81 0.90 1.09 1.19- 1.19 1.62 12.38
Penticton 0.98 0.81 0.66 0.78 1.12 1.35 0.86 0.84 0.9h4 0.93 0.96 1l.12 11.35
Oliver - 0.79 0.81  0.65 0.67 O.7T4 1.26 0.70 0.56 0.69 0.86 0.98 1.08 9.79
Princeton 1.31  1.k7 0.6 0.75 1.13 1.47 1.00. 0.80 0.83 1.19 1.79 -1.85 1k.24
Hedley 1.15 0.90 0.58 0.62 1.14 1.30 0.98 0.83 0.85 0.84 1.23 1.10 11.52
Hedley 1.89 1.84  1.48 2.57 2.69 2.75 1.80 1.k4 1.4 1.70 2.03 2.15 23.78

(Nickel Plate)
Keremeos, B.C. 0.85 0.66 0.54 0.6 0.90 1.09 0.67 0.80 0.83 0.85 1.04 1.03 9.50
Oroville, Wash. 1.00 0.83 0.63 0.79 0.80 1.31 0.6k 0.59 0.82 0.88 1.25 1.23 10.77
Conconully, Wash.  1.35 1.17  1.03 .01 1.39 1.62 0.82  0.69 0.924' 1.08 1.70 1.76 1h.Sk

uotadraosaq



TABLE 3

Average Temperatures In °F. For The Period Of Record . (Through 1950)

Station Jen Feb March Apr May June July  Aug Sept Oct Nov | Dec Year
Armstrong, B. C. 21 25 35 T 54 63 66 64 55 Ly 3 26 bh
Vernon 22 27 37 48 56 63 69 66 57T 4. 35 29 46
Kelowna 25 29 B 47 55 62 67 65 57 W1 37 30 46
Penticton - ) 39 48 56 63 68 66 586 4 38 3 18
Oliver 25 31 g 51 59 66 73 70 61 49 37 3ov L9 |
Princeton 17 25 33 43 51 58 63 62 55 43 30 23 b2
Hedley 22 28 38 47 55 61 68 67 58 L7 35 26 46
Hedléy 16 2i 25 31 41 W7 5k 53 T 36 27 22 35

(Nickel Plate

. Keremeos, B. C. oh 30 L 51 59 6l 71 70 61 50 36 28 kg

&R

Oroville, Wash. 30 42 52 | 59 66 73 T0 61 50 38 30 50

Concomully, Wash. 21 26 36 46 53 60 671 66 5T 46 33 25 45

uotqadTIos e
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their confluence. At this point the Okanogen River has a drainage

area of 3,220 square miles, only slightly less than the Similkameen
River. The higher runoff from the Similkameen Basin is due to the
greater precipitation in the portion of the basin adjacent to the crest
of the Cascade Range. Runoff per square mile from the Kettle River basin,
bordering the Okanogan to the east, is sbout twice that of the Okanogen.

23,  Most of the winter precipitation is retained on the watershed
as snow, especially in the higher elevations. Consequently a large part
of the snnual runoff occurs during the snow-melt period, which usually
begins about May 1 and ends by about June 15. High runoff continues,
however, during June and July as a result of high groundwater levels and
the saturated condition of the soil mantle after the spring snow-melt.
Low-elevation precipitation and snow melt during the fall and winter often
result in moderete rises in both the Okanogen and Similkameen Rivers,
although very rarely do peak discharges during this period exceed the
average annual discharge.

24, The Okanogan Basin upstream from the mouth of the Similkameen
River is an area of very low rainfall and runoff. The discharge of the
river is regulated to a great extent by the series of lakes through
which it flows. The area and capacity of the lakes, being great in
relation to the total flow of the stream, results in a relatively uniform
discharge from this portion of the basin. Flood control is achieved also
by artificial regulation of Okanagan Lske during the high-water period.
During the irrigation season, water is released from Okanagan Leke for
irrigation in the vicinity of Oliver, B.C.

25. The following tabulation illustrates the average distribution
of runoff at gaging stations on the Similkameen River and on Okanogen
River ebove its confluence with Similkameen River. The average runoff
occurring during each month is expressed as & percentage of the total
annual runoff.

Average monthly runoff, in percent of annual

Oct. Nov. Dec. Jan. Feb. Mar. Apr. May June-July Aug. Sept.

Similkameen R. 2.7 3.0 2.7 2.3 2.2 2.5 8.0 30.4 30.4 10.3 3.3 2.2
nr. Nighthawk
Wash. 1911-51

Okanogan R. at 6.8 6.7 7.0 6.6 5.7 7.0 7.9 12.3 13.6 11.2 8.4 6.8
Okenegan Falls, '
B.C. 1916-52

26. TFloods. - Floods in the lower Okanogan River originate primarily
in the Similkameen Basin. Because of the great amount of storage provided
by the series of lakes along the Okanogan River in Canada, and the
regulation provided on Okanagan Lake by the dam at the outlet, floods
in the Okanogan River in Canada are of small magnitude and relatively
long duration. All past floods in the Okanogan-Similkameen Basin have
been the result of snow melt alone or in combination with rainfall.

Floods on the Similkameen River cause backwater in the Okanogan River

above their confluence. This backwater may extend several miles upstream,
and during five of the past 42 years it is known to have extended to
Osoyoos Lake. During the flood of 1948 this effect reversed the flow of
Okanogan River between its confluence with the Similkameen and Osoyoos Lake.

27. Floods in this basin, resulting primarily from snow melt, are
of long duration and contain large quantities of water in comparison to
floods resulting primarily from rainfall. Consequently the control of
floods in this basin requires reservoirs of relatively large capacity.
However, flash floods occur on many of the smaller tributaries.

8
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n

28. The three highest floods in the 39 years of record on the
Okanogan River near Tonasket occurred during the three consecutive
years of 1948, 1949, and 1950 followed in 1951 by the fifth highest.

A list of annual peak discharges recorded at key geging stations on the
Okanogan and Similkameen Rivers is given in Table 4. The annual maximum
stages of Okanagen and Oscyoos Lakes are shown in Table 5.
curves of annual floods for the Similkameen River near Nighthawk, and the
Okenogan River near Tonasket, are shown on Figure 1. '

Frequency

29. Bunoff. - Records of Stream discharge have been maintained at
gaging stations on the Okanogan River and tributaries at various points
in Washington and British Columbia.
pertinent data for the principal stream gaging stations in the basin:

The following tabulation gives

Average
_ Drainage Period of Annual
Stream Location Area Record Runoff-
Sq. Miles Acre-feet
Okanogan River Penticton,B.C. 2340 1921 to date 347,400
Okanogan River Okanagan Falls, 2550 1915 * " 363,600
B.C.
Okanogan River Oroville, Wash. 3210 92 v " 528, 700
Okanogan River Tonasket, Wash. 7270 1929 " " 2 037,000
Okanogan River Okanogen, Wash. T900 1911-1925 2,104, 000
Similkameen River Princeton, B.C. 690 1914-1917 635, 000
1939-1942
1945 to date
Similkemeen River Keremeos, B.C. 2300 1914-1932 1, 325, 000
Similkameen River Nighthawk,Wash. 3550 1911 to date 1,588,000
Tulameen River Coalmont, B.C. 400 1914-1918 556, 300
_ 1947-1954
Tulameen River Princeton, B.C. 680 1950 to date 657, 000
Ashnola River Ashnola, B.C. 500 1914-1918 252, 900
1947 to date
Salmon Creek Conconully,Wash. 121 1911-1922 22,600
30. Short periods of discharge record, or records for the irrigation

season only are available for many additional streams in the basin.

31.

of Canada and United States at the following locations:

Lake

Okanagan
Okanagan
Skaha
Osoyoos
Osoyoos

Iocation of Gage

Kelowna, B.C.
Penticton, B.C.
Okanagan Falls,B.C.
Osoyoos, B.C.
Oroville, Wash.

Records of lake stages have been maintained by the Governments

Periods of Record

1943 to date
19% " 114
1943 " 1
1946-1949
1928 to date



Description

TABLE L

Annual Peak Discharges in c.f.s.

Similkameen River
near
Nighthawk, Wash.

Water Dis-~

Year

Charge

Date

1911
1912
1913
1914
1915

1916
1917
1918
1919
1920

1921
1922

1923
1924
1925

1926
19027
1928
1929
1930

1931
1932
1933
1934
1935

1936
1937
1938
1939
1940

1941
1942
1943
19k
1945

1946
1947
1948
1949
1950

1951

16,500
12,800
18, 300
13, 000

5,920

20, 600
16,400
17,200
20,100
10,400

20,800
21,400

16, 200
18, 300
18, 300

5,840
17,300
20, 700

8,500

8,500

9, 380
10, 200
20, 000
25,800
14, 600

11,400
16,100
21,400
10, 000

7,550

k, 750
20, 000

13,400

9, TH0
17,600

15,900
14,300
38, 700
26,900
29,700

22, 700

June 15
May 22
June 4
May 17
May 30

June 19
May 29
June 14
May 28
June 22

May 26

June 5

June 10
May 17
May 21

Apr. 30
June 9
May 23
May 23

June 8

Mey 15
May 11
June 17
Apr. 26
May 31

May 15
June 4
May 27
May 16
May 25

May 2, June 8
May 27

Mey 27, June 10
June 2

June 1

May 24

Okanogan
near

Tonasket, Wash. 1/

River

1/ At Okanogen, Wash. - through 1925

2/ Maximum observed discharge

Dis-

Charge Date
116,100 June 16
13,700 May 22
18,800 June 5
14,300 May 18
7,220 May 26
22,200 June 20
16,500 June 18
16,200 June 15
18,700 May 30
11,000 June 19
21,000 June 9
20,600 June 7
16,200 June 12
17,800 May 20
19,200 May 22
8,500 June 10
8,310 June 9
8,480 May 16
10,600 May 12
20,200 June 18
26,600 Apr. 27
14,900 June 2
11,800 May 16
15,100 June 5
21,400 May 28
11,200 May 17
T,540 May 26
5,180 May 3
18,900 May 28
13,500 June 11
10,200 June 3
18,200 June 2
16,900 May 29
13,400 May 10
l"o) 900 May 31
27,200 May 17 -
29,600 June 18
23,600 May 25

10

Okanogan River
at
Okanagen Falls,B.C.

Dig-
Charge Date
1,300 July 2-9
1,140 Juue 29-30
1,100 June 10-23
1,200 June 16-26
1,100 July 10-11
2/ 2,500 June 10,15-16
950 May 19-23,
June 2
1,150 June 23-24
558 Feb. 2
1,160 May 20
707 Mar. 10
%0 May 22
2/ 2,680 June 10
1, 060 Oct. 1
ko2 May 1h4-16
2/ 167 Oct. 30
2/ 9710 May T
2/ 1,300 May 30-31.
2/ 1,160 Apr. 24
2/ 1,110 May 24
2,340 May 15
1,080 June 3
1,270 May 28
543 May 8
292 Oct 1-2,6,12
571 Sept. 26
1,310 July &
913 Nov. 19
802 June 4
1,250 June 7
1,360 Mey 13
956 Oct. 25
1,550 June 18
1,510 Nov. T
1,310 June 15
1,440 May 13



Water

Description

TABLE 5

Osoyoos Lake near
Oroville, Wash. 1/

Maximum

Year Flev. 2/
1928 913.62
1929 911.23
1930 910.76
1931 909.89
1932 913.07
1933 913.50
1934 914.84
1935 912.72
1936 912.7T1
1937 912,96
1938 913.90
1939 912.87
1940 g912.49
1941 913.41
1942 914.15
1943 912.80
1944 913.05
1945 914.18
1946 914.02
1947 912.66
1948 916. T4
1949 91k.35
1950 915.21
1951 914.09

Date

July 28
June T
June 8

May 17
May 13
June 18
Apr. 28
May 30,31

June 20,22
June 26

May 29

May 2,3
May 13,15,16

Apr. 5,7,11,12
May 29
Apr. 25
June T
June 9

Mey 14,15
Nov. 1
May 31
May 17
June 19

May 14, 15

Annual Maximum Leke Stages

Okanagan Lake at

Penticton, B.C.

Maximm

Elev. _3/

1,125.79
1,122.44
1,122.4%

1,122.59
1,123.59
1,123.7h
1,123.93
1,123.88

1,12%.13
1,123.19
1,122.79

1,122.99
1,123.24

1,123.1%
1,125.49
1;123.00
1,122.78
1,124.02

1,125.17
1,122.84
1,126.16
1,124.26

1,123.59
1,124.64

Date

June 8,9
Oct. 1,2
July 3,8,10

July 6,11,18

June 22,26, 27

July 5,6,7,12,14

May 26,31, June 2-10,12
July 14,16,17

June 24,25

July 1-7

June 26,28-30, July 1,
2} )"': 6: 1,9-11,13

June 28-30

June 10-16,18,19

July 5,9-17
June 25,26
Oct. 1,3
June 26

June 21,23-26

July 1,2

Oct. 1

June 24-26

Oct. 1

June 30, July 3

June 20

1/ Flood of May 29, 1894 reached an elevation of 918.8+ 0.5'
one mile below present lake outlet, from floodmark on old
Okanogan Hotel building.

2/ Elevations are referred to datum of U.S.C. & G.S., 1929 adjustment.
Factor for converting water surface elevations to datum of the

1947 International Joint Adjustment is -0.26 ft.

3/ Elevations are referred to G.S. of C. datum (Publication No. 2k,
1951 edition, in which the 1957 IJA has been incorporated).
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Description

32. Records of monthly minoff by water yesrs for the Okanogan
River near Tonasket, the Similkameen River near Nighthawk, and the
Okanogan River at Okanagen Falls, are given in average cubic feet per
second and in acre-feet, respectively, in Tables 6 and 7, 8 and 9,and
10 and 11. Representative hydrographs of discharge for Smilka.meen and
Okanogan Rivers are given in Pigures 2 and 3.

33. Ground Water. - Because of what appears to be a relatively
shallow soil mentle in the basin, no large bodies of ground water are
believed to exist. Glacial deposits and terraces along stream channels
are the principal sources of ground water, but their productive capacity
has not been determined.

34, Water Rights. - The legal control of water in this basin is
vested in the Province of British Columbia and the State of Washington,
both of which have water laws covering the use of water. A summary of
water rights granted by British Columbia for the use of water in the
Similkameen River and tributaries is given in Teble 12. Water rights
for the Okanogen River and tributeries in British Columbia are summerized
in Table 13. A summary of water rights in the United States portion of
the basin is given in Table 1k.

13
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TABLE 6

Monthly and Annual Discharge, in c.f.s., of Okanogan Rlver near Tonasket, Washington

Year Oct. Nov. “Dec. Jan, ~Feb. Mar, Apr. May June ~July Aug. Sept. Annual
1929 - - - - - - - 3,890 5,530 1,330 406 270 -

1930 416 413 399 360 581 529 3,240 5,090 5,660 1,840 515 365 1,820
1931 442 588 443 439 600 525 770 5,630 2,730 908 231 335 1,140
1932 403 663 491 398 883 2,060 2,920 8,620 6,840 2,270 915 696 2,260
1933 887 1,870 1,850 1,500 1,040 916 1,980 7,200 13,300 5,940 1,810 1,090 3,280
1934 2,113 3,233 2,437 2,011 1,861 2,855 13,220 12,270 6,214 2,114 1,055 626 4,168
1935 250 2,203 1,755 1,388 2,889 1,896 2,011 9,283 10,710 4,727 1,881 1,251 3,409
1936 1,312 1,359 1,199 944 613 701 2,942 8,845 6,484 1,930 885 706 2,330
1937 842 895 828 504 532 704 1,258 6,485 11,950 3,382 958 731 2,424
1938 1,059 1,496 1,415 1,394 1,345 1,658 3,841 11,860 9,384 2,388 711 574 3,100
1939 736 784 821 927 611 849 2,946 7,356 5,535 2,321 696 516 2,015
1940 658 929 1,253 715 675 704 2,236 5,219 2,964 605 319 231 1,377
1941 710 712 739 700 687 957 3,054 3,790 3,720 1,553 662 1,492 1,565
1942 2,756 2,181 2.307 1,800 1,515 1,008 2,897 8,632 9,640 3,932 2,064 1,406 3,352
1943 1,352 1,576 1,598 1,115 1,317 1,101 3,766 6,467 10,170 5,423 1,270 575 2,980
1944 655 731 594 492 656 539 944 4,747 7,925 2,005 601 515 1,697
1945 764 893 1,026 1,193 1,262 1,121 1,339 8,148 11,250 2,796 1,030 707 2,629
1946 1,117 1,807 1,551 1,414 1,176 1,408 2,964 13,320 9,787 3,942 1,615 1,335 3,466
1947 1,455 1,445 1,326 1,144 951 1,023 2,941 9,161 5,761 1,742 824 757 2,386
1948 1,194 1,223 1,188 1,259 1,051 748 1,620 10,980 20,450 5,025 3,928 3,039 4,302
1949 2,788 2,556 2,171 1,865 1,805 1,768 3,689 15,530 8,336 2,659 1,349 1,197 3,824
1950 1,336 2,200 2,526 1,166 1,568 2,382 2,575 8,762 19,360 6,152 1,966 964 4,246
1951 1,384 1,812 2,342 1,984 2,380 2,027 4,583 15,700 11,600 4,596 1,708 1,659 4,323

uotadiaosaq
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TABLE 7

Monthly and Annual Runoff, in Acre-Feet, of Okanogan River near Tonasket, Washington

Year Oct. - Nov. Dec. Jan. Feb. Mar. Apr, May June July Aug. Sept. Annual

1929 - - - - - - - 239,000 329,000 81,800 25,000 16,100 -

1930 25,600 24,600 24,500 22,100 32,300 32,500 193,000 313,000 337,000 113,000 31,700 21,700 1,170,000
1931 27,200 35,000 27,200 27,000 33,300 32,300 45,800 346,000 162,000 55,800 14,200 19,900 826,000
1932 24,800 39,500 30,200 24,500 50,800 127,000 174,000 530,000 407,000 140,000 56, 300 41,400 1,650,000
1933 54,500 111,000 114,000 92,200 57,800 56,300 118,000 443,000 791,000 - 365,000 111,000 64,900 2,380,000
1934 129,900 192,400 149,900 123,600 103,300 175,600 786,800 754,400 369,800 130,000 64,880 37,260 3,018,000
1935 58,430 131,100 107,900 85,370 160,500 116,600 119,600 570,800 637,000 290,700 115,700 74,460 2,468,000
1936 80,670 80,850 73,710 58,040 35,260 45,080 175,100 543,900 385,800 118,700 54,330 41,980 1,691,000
1937 51,790 53,280 50,900 30,980 29,550 43,310 - 74,860 398,800 711,200 207,900 58,930 43,490 1,755,000
1938 65,090 89,000 - 86,980 25,730 74,720 101,900 228,500 729,200 558,400 146,900 43,720 34,160 2,244,000
1939 45,250 46,640 50,470 57,010 33,910 52,180 175, 300 452, 300 329,400 142,700 42,780 30,720 1,459,000
1940 40,440 55,250 77,050 43,980 38,850 43,270 133,100 320,900 176,400 37,200 19,600 13,750 999,800
1941 43,680 42,380 45,460 43,040 38,130 58,840 181,700 233,000 221,400 95,510 40,700 88,760 1,133,000
1942 169,500 129,800 141,800 110,700 84,140 61,980 172,400 530,700 573,600 241,800 126,900 83,680 2,427,000
1943 83,110 93,760 98,280 68,550 73,130 67,670 224,100 397,700 605, 300 333,400 78,110 34,230 2,157,000
1944 40,280 43,470 36,550 30,230 37,760 33,120 56,190 291,900 471,600 123,300 36,940 30,620 1,232,000
1945 46,980 53,130 63,070 73,350 70,080 68,910 79,660 - 501,000 669,500 171,900 63,300 42,050 1,903,000
1946 68,700 107,500 95, 350 86,960 65, 300 86,600 176,400 818,900 582,300 242,400 99,290 79,460 2,509,000
1947 89,450 85,980 81,540 70,330 52,830 62,920 175,000 563, 300 342,800 107,100 50,680 45,070 1,727,000
1948 73,410 72,790 73,050 77,430 60,430 45,990 96,420 675,000 1,217,000 309,000 241,500 180,800 3,123,000
1949 171,500 152,100 133,500 114,700 100, 300 108,700 219,500 954,800 496,000 163,500 82,930 71,230 2,769,000
1950 82,160 130,900 155, 300 71,720 87,050 146,500 153,200 538,800 1,152,000 = 378,200 120,900 57,330 3,074,000
1951 85,090 107,800 122,000 132,200 124,700 272,700 965,100 690,000 282,600 105,000 98,740 3,131,000

144,000

uoquxaoseq
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Monthly and Annual Discharge, 1n c.f.s., of Similkameen River near Nighthawk, Washington

TABLE 8

Year Oct. Nov, Dec. Jan. Feb. Mar. Apr, May June July Aug, Sept. Annual
1911 - - - - - - - - 10,500 3,190 1,040 955 -
1912 662 554 518 523 509 425 1,040 7,450 6,130 2,350 964 707 1,820
1913 578 598 507 438 439 443 1,090 6,670 10,600 3,140 976 766 2,190
1914 883 802 568 671 520 595 2,370 8,540 7,140 2,310 671 512 2,140
1915 615 840 553 343 410 452 2,400 4,280 2,980 1,470 914 478 1,320
1916 632 825 461 404 629 1,110 2,160 8,800 13,700 6,880 1,780 884 3,190
1917 592 583 475 429 395 430 539 5,900 11,500 4,460 1,010 509 2,230
1918 441 690 799 1,790 746 661 2,260 8,920 10,100 2,640 1,080 511 2,580
1919 636 658 563 500 444 444 2,100 9,900 9,880 4,080 1,070 584 2,580
1920 453 817 649 602 838 578 619 4,450 7,640 4,600 949 688 1,900
1921 1,610 902 595 537 796 907 1,390 3,210 11,900 2,820 823 643 2,680
1922 911 1,230 1,160 752 663 520 737 6,270 10,800 1,830 726 540 2,180
1923 644 596 418 515 412 416 2,030 8,560 10,700 3,930 1,040 595 2,500
1924 521 462 430 369 871 678 1,110 10,100 4,700 1,420 547 412 1,810
1925 567 613 1,090 768 760 730 3,180 11,200 6,420 1,790 599 407 2,350
1926 348 382 526 402 369 518 2,870 3,160 1,430 555 276 252 925
1927 509 471 368 318 349 373 715 4,600 9,630 2,330 789 1,480 1,830
1928 2,210 1,690 1,440 1,440 1,110 1,050 2,130 12,200 5,200 2,230 645 388 2,660
1929 656 517 371 247 217 345 427 3,960 5,220 1,190 376 269 1,150
1930 330 306 285 215 442 466 3,470 5,230 5,620 1,740 533 391 1,590
1931 416 484 353 352 473 496 911 6,060 2,760 945 328 411 1,170
1932 395 532 387 344 774 1,370 2,290 7,960 6,090 1,650 568 374 1,900
1933 523 1,470 1,070 702 496 531 1,480 6,270 12,200 5,030 1,260 631 2,640
1934 1,595 2,599 1,661 1,302 1,141 2,206 13,510 11,070 5,377 1,516 645 441 3,588
1935 489 1,287 838 779 . 2,235 1,103 1,315 8,704 9,598 3,675 1,243 617 2,654
1936 498 490 462 405 265 409 2,724 8,003 =~ 5,287 1,158 385 323 1,703
1937 311 310 313 218 282 408 594 5,982 11,220 2,680 791 539 1,971
1938 665 963 702" 643 535 670 2,536 11,400 8,385 2,108 599 457 2,481
1939 462 458 502 624 424 614 2,513 6,861 5,115 2,084 535 335 1,717
1940 367 575 911 393 440 525 2,060 5,065 2,795 665 295 219 1,194
1941 489 440 418 375 345 . 575 2,482 3,424 3,378 1,317 587 1,076 1,243
1942 2,180 1,516 1,441 765 661 544 2,396 7,937 8,125 2,489 892 468 2,459
1943 406 474 605 432 590 544 2,964 5,904 9,793 5,128 1,161 540 2,381
1944 473 470 393 327 319 373 922 4,786 6,659 1,815 690 479 1,475
1945 577 578 501 545 635 473 633 7,261 9,423 2,139 604 484 1,990
1946 678 1,152 666 554 491 539 1,954 12,250 8,447 2,987 834 529 2,603
1947 529 521 479 442 518 756 2,969 2,277 5,598 1,612 684 480 1,997
1948 762 837 682 514 466 446 1,131 11,130 17,130 3,668 2,625 1,608 3,413
1949 1,344 926 736 639 580 635 2,809 14,680 7,528 2,283 944, 713 2,834
1950 762 1,737 1,898 749 735 735 1,013 7,626 17,980 5,323 1,418 618 3,383
1951 811 1,129 1,637 1,115 1,393 988 3,515 13,980 9,288 3,561 951 851 3,279
Note: Records May 1911 to September 1928 at site 4 miles above Orovillie; records of Oroville-Tonasket Irrigation Canal

included 1916-1928,

uotadiaosag
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TABLE 9

Monthly and Annual Runoff, in Acre-Feet, of Similkameen River near Nighthawk, Washington

~Sept.

Year Oct. Nov. Dec. Jan, Feb. Mar, Apr. May June July Aug. Annual
1911 - - - - - - - - 625,000 196,000 64,000 56,800 -
1912 40,700 33,000 31,900 32,200 29,300 26,100 61,900 458,000 365,000 144,000 59,300 42,100 1,320,000
1913 35,500 35,600 31,200 26,900 24,400 27,200 64,900 410,000 631,000 193,000 60,000 45,600 1,590,000
1914 54,300 47,700 34,900 41,300 28,900 . 36,600 141,000 525,000 425,000 142,000 41,300 30,500 1,550,000
1915 37,800 50,000 34,000 21,100 22,800 27,800 143,000 263,000 177,000 90,400 56,200 28,400 952,000
19186 38,900 49,100 28,300 24,800 36,200 68,200 129,000 541,000 815,000 423,000 109,000 52,8600 2,320,000
1917 36,400 34,700 29,200 26,400 21,900 26,400 32,100 363,000 684,000 274,000 62,100 30, 300 1,620,000
1918 27,100 41,100 49,100 110,000 41,400 40,600 134,000 548,000 601,000 162,000 66,400 30,400 1,850,000
1919 39,100 39,200 34,600 30,700 24,700 27,300 125,000 609,000 588,000 251,000 65,800 34,800 1,870,000
1920 27,900 48,600 39,900 37,000 48,200 35,500 36,800 274,000 455,000 283,000 58,400 40,900 1,390,000
1921 99,000 53,700 36,600 33,000 44,200 55,800 82,700 566,000 708,000 173,000 50,600 38,300 1,940,000
1922 56,000 73,200 71,300 46,200 36,800 32,000 43,900 386,000 643,000 113,000 44,600 32,100 1,580,000
1923 39,600 35,500 25,700 31,700 22,900 25,600 121,000 526,000 637,000 242,000 64,000 35,400 1,810,000
1924 32,000 27,500 26,400 22,700 50,100 41,700 66,000 621,000 280,000 87,300 33,600 24,500 1,310,000
1925 34,900 36,500 87,000 47,200 42,200 44,900 189,000 689,000 382,000 110,000 36,800 24,200 1,700,000
1926 21,400 22,700 32,300 24,700 20,500 31,900 171,000 194,000 85,100 34,100 17,000 15,000 670,000
1927 31,300 28,000 22,600 19,600 19,400 22,800 42,500 283,000 573,000 143,000 48,500 88,100 1,320,000
1928 136,000 101,000 ‘88,500 88,500 63,800 64,600 127,000 750,000 309,000 137,000 39,700 23,100 1,930,000
1929 40, 300 30,800 22,800 15,200 12,100 21,200 25,400 243,000 311,000 73,200 23,100 16,000 834,000
1930 20,300 18,200 17,500 13,200 24,500 28,700 206,000 322,000 334,000 107,000 32,800 23,300 1,150,000
1931 25,600 28,800 21,700 21,600 26,300 30,500 54,200 373,000 164,000 58,100 20,200 24,500 848,000
1932 24,300 31,700 23,800 21,200 44,500 84,200 - 136,000 489,000 362,000 101,000 34,900 22,300 1,370,000
1933 32,200 87,500 65,800 43,200 27,500 32,600 88,100 386,000 726,000 309,000 77,500 37,500 1,910,000
1934 98,080 154,700 102,100 80,050 63,350 135,600 804,200 680, 700 319,900 93,240 39,650 26,210 2,598,000
1935 30,060 76,600 51,560 47,930 124,100 67,850 78,260 535,200 571,100 225,900 76,420 36,710 1,922,000
1936 30,620 29,180 28,410 24,920 15,230 25,130 162,100 492,100 314,600 71,210 23,690 19,190 1,236,000
1937 19,120 18,450 19,240 13,410 15,670 25,080 35,330 367,800 667,600 164,800 48,660 32,090 1,427,000
1938 40,860 57,290 43,130 39,550 29,740 41,220 150,900 700,900 498,900 129,600 36,860 27,210 1,796,000
1839 28,410 27,260 30,860 38,370 23,520 37,730 149,600 421,800 304,300 128,200 32,870 19,960 1,243,000
1940 22,570 34,240 56,030 24,160 25,280 32,270 122,600 311,400 166,300 40,920 18,160 13,020 867,000
1941 30,100 26,210 25,700 23,050 19,160 35,330 147,700 210,500 201,000 80,990 36,110 64,000 899,800
1942 134,000 . 90,190 88,600 47,080 36,690 33,430 142,600 488,100 483,500 . 153,000 54,860 27,870 1,780,000
1943 24,940 28,200 37,180 26,560 32,780 33,470 176,400 363,000 582,700 315, 300 71,360 32,140 1,724,000
1944 29,080 27,960 24,170 20,120 18,320 22,960 54,880 294, 300 396, 300 111,600 42,430 28,490 1,071,000
1945 35,500 34,370 30,810 33,510 35,240 29,090 37,640 446,500 560,700 131,500 37,160 28,800 1,441,000
1946 41,690 68,570 40,930 34,050 27,290 33,120 116,200 753,500 502,600 183,700 51,250 31,510 1,884,000
1947 32,510 31,020 29,440 27,190 28,790 46,510 176,700 570,400 333,100 99,110 42,060 28,570 1,445,000
1948 46,830 49,820 41,940 31,600 26,810 27,400 67,320 684,500 1,019,000 225,500 161,400 95,660 2,478,000
1949 82,650 55,070 45,260 39,310 32,230 39,070 167,100 902, 500 448,000 140,400 58,070 42,420 2,052,000
1950 46,880 103,400 116,700 46,070 40,790 45,180 60,260 468,900 1,070,000 327,300 87,220 36,780 2,449,000
1951 49,850 87,200 100,600 68,590 77,360 60,760 209,200 859,400 552,700 219,000 58,490 50,640 2,374,000
Note: TRecords May 1911 to September 1928 at site 4 miles above Orovillie; records of Oroville—Tonasket Irrigation Canal included 1916-1928.
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Monthly and Annual Discharge, in c.f.s., of Okanagan River at Okanagan Falls, B. C.

TABLE 10

Year Oct. Nov., Dec. Jan. Feb. Mar, Apr. May June July Aug. Sept. Annual
1915 - - - 485.0 433.0 426.0 497.0 850 966 857 737 570 -

1916 473.0 451.0 429.0 200.0 270.0 510.0 350.0 770 1,110 1,230 970 650 619
1917 410.0 285.0 265.0 227.0 213.0 223.0 206.0 449 1,050 1,010 671 495 459
1918 410.0 300.0 190.0 190.0 190.0 170.0 195.0 680 1,060 800. 450 280 410
1919 205.0 190.0 190.0 170.0 170.0 155.0 195.0 550 1,190 1,050 570 300 410
1920 235.0 230.0 200.0 160.0 120.0 125.0 120.0 165 470 970 510 200 290
1921 178.0 152.0 132.0 130.0 126.0 132.0 193.0 955 2,360 1,540 407 228 545
1922 200.0 190.0 350.,0 520.0 500.0 650.0 600.0 770 750 260 215 170 430
1923 250.0e 380,0e 500.0e 540.0e 500.,0e 505.0 485,0 725 1,040 900 680 475 582
1924 500.0 484.0 409.0 430.0 522.0 471.0 349.0 385 170 125 110 122 340
1925 . 104.0 90.0 73.0 62.0 66.0 223.0 628.0 950 475 212 189 165 270
1926 155.0 125.,0 138.0 170.0 361.0 628.0 391.0 262 177 127 93 68 224
1927 49.0 48,0 48,0 42.0 250.0 562.0 503.0 591 291 97 140 352 247
1928 734.,0 820.0 967.0 1,130.0 1,080.0 1,090.0 1,120.0 1,940 2,580 2,320 1,610 1,080 1,370
1929 971.0 851.0 259.0 45.7 33.4 29.3 34,7 473 347 134 136 72 284
1930 33.8 24.8 9.1 7.7 8.0 10.1 57.0 289 209 110 99 61 77
1931 57.0 48.0 9.6 6.7 6.2 27.1 49.6 86 66 93 - 88 61 50
1932 47.7 68,0 9.8 38.4 357.0 639.0 677.0 883 846 624 479 458 427
1933 410.0 376.0 640.0 625.0 267.0 386.0 751.0 1,080 1,180 954 747 560 668
1934 562.0 661.0 706.0 719.0 744.0 724.0 946.0 933 818 725 421 343 691
1935 434,0 504.0 481.0 568.0 619.0 660.0 656.0 937 956 866 808 798 691
1936 807.0 792.0 567.0 374.0 251.0 246.0 377.0 790 876 819 647 541 592
1937 554.0 514.0 400.,0 233.0 161.0 3739.0 634.0 786 915 508 310 273 473
1938 279.0 385.0 599.0 666.0 634.0 598.0 642.0 1,020 751 318 178 197 522
1939 192.0 176.0 221.0 145.0 126.0 189.0 428.0 512 464 390 372 289 293
1940 233.0 209.0 214.0 156.0 65.0 145.0 172.0 200 221 184 154 163 177
1941 167.0 179.0 216.0 230.0 246,0 448.0 415.0 209 310 252 322 424 285
1942 533.0 613.0 756.0 781.0 657.0 215.0 346.0 468 1,070 1,250 1,070 962 727
1943 858.0 891.0 705.0 584.0 408.0 530.0 728.0 732 548 353 225 190 564
1944 164.0 161.0 148.0 138.0 142.,0 127.0 121.0 216 735 424 176 147 225
1945 165.0 225.,0 580.0 527.0 447.,0 578.0 629.0 1,000 1,030 673 522 300 557
1946 466.0 586.0 795.0 611.,0 538.0 768.0 806.0 1,240 1,180 1,000 918 890 819
1947 902.0 744.0 710.0 500.0 272.0 137.0 178.0 325 286 203 324 335 411
1948 259.0 274.0 421.0 625.0 326.0 168.0 435.0 904 1,370 1,350 1,400 1,390 745
1949 1,250.0 1,420.0 1,222.0 1,040.0 904.0 844.0 856.0 1,160 735 575 564 565 928
1950 522.0 406.0 389.0 369.0 476.0 835.0 785.0 982 1,170 728 614 478 647
1951 498.0 545.0 646.0 686.0 721.0 836.,0 893.0 1,230 1,240 1,180 865 711 838
1952 748.0 765.0 769.0 676.0 777.0 560.0 791.0 1,200 916 806 714 725 788

e - Estimated
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Monthly and Annual Runoff, in Acre-Feet, of Okanagan River at Okanagan Falls, B, C,

TABLE 11

Year Oct. Nov. Dec, Jan. Feb. Mar. Apr. May June July Aug. Sept. Total

. : Acre-Feet
1915 - - - 29,800 24,000 26,200 29,600 52,300 57,500 52,700 45,300 33,900 -
19186 29,100 26,800 26,400 12,300e 15,500e 31,400e 21,000 47,000 66,000 76,000 60,000 39,000 449,000
1917 25,000 17,000 16,000 14,000 12,000 14,000 12,000 28,000 63,000 62,000 41,000 29,000 333,000
1918 25,200 17,800 11,700 11,700 10,500 10,500 11,600 41,800 63,000 49,200 27,700 16,000 297,300
1919 12,600 11,300 11,700 10,500 9,400 9,300 11,600 33,800 70,800 64,600 35,000 17,900 298,700
1920 14,300 13,700 12,500 9,750 6,900 7,700 7,150 10,200 28,000 60,000 31,000 12,000 213,200
1921 11,000 9,050 8,100 8,000 7,000 8,100 11,500 58,700 140,000 94,600 25,000 13,600 394,650
1922 12,400 11,300 21,500 31,800 27,600 39,800 35,600 47,400 45,000 16,000 13,200 10,000 311,600
1923 15,400e 22,800e 30,700e 33,200e 27,800e 31,100 28,900 44,600 61,900 55, 300 41,800 28,300 422,000
1924 30,700 28,800 25,100 26,400 30,000 29,000 20,800 23,700 10,100 7,630 6,760 7,260 246,000
1925 6,400 5,360 4,490 3,810 3,660 13,700 37,400 58,400 28,300 13,000 11,600 9,850 . 195,970
1926 9,530 7,440 8,480 10,500 20,000 38,600 23,300 16,100 10,500 7,810 5,720 4,050 162,000
1927 3,010 2,860 2,950 2,580 13,900 34,600 29,900 36, 300 17,300 5,960 ‘8,610 20,900 179,000
1928 45,100 48,800 59,500 69,500 62,100 67,000 66,600 119,000 154,000 143,000 99,000 64,300 998,000
1929 59,700 50,600 15,900 2,810 1,850 1,800 2,060 29,100 20,600 8,240 8,360 4,280 205,000
1930 2,080 1,480 560 474 444 621 3,330 17,800 12,400 6,760 6,090 3,630 55,700
1931 3,500 2,860 590 412 344 1,870 2,950 5,290 3,930 5,720 5,410 3,630 36,300
1932 2,930 4,050 803 2,360 20,500 39,300 40,300 54,300 50, 300 38,400 29,500 27,300 310,000
1933 25,200 22,400 39,400 38,400 14,800 23,700 44,700 66,400 70,200 58,700 45,900 33,300 483,000
1934 34,600 39,300 43,400 44,200 41,300 44,500 56, 300 57,400 48,700 44,600 25,900 20,400 501,000
1935 26,700 30,000 29,600 34,900 34,400 40,800 39,000 57,600 56,900 53,300 49,700 47,500 500, 000
1936 49,600 47,100 34,800 23,000 14,400 15,100 22,400 48,600 52,100 50, 300 39,800 32,200 429,000
1937 34,100 30,600 24,600 14,300 8,950 23,300 37,700 48,300 54,400 31,300 19,100 16,200 343,000
1938 17,200 22,900 36,800 40,900 35,300 - 36,800 38,200 62,800 44,700 19,600 10,900 11,700 378,000
1939 11,800 10,500 13,600 8,890 7,000 11,600 25,500 31,500 27,600 24,000 22,900 17,200 212,000
1940 14,300 12,400 13,100 9,560 3,710 8,940 10,200 12,300 13,100 11,300 9,460 9,720 128,000
1941 10,250 10,650 13,280 14,140 13,660 27,520 24,710 12,860 18,460 15,510 19,790 25,240 206,100
1942 32,750 36,480 46,480 48,020 36,490 13,230 20,590 28,760 63,850 76,760 65,580 57,230 526,200
1943 52,750 53,010 43,370 35,920 22,740 32,580 43,320 45,030 32,500 21,720 13,840 11,300 408,100
1944 10,080 9,560 9,090 8,460 8,160 7,800 7,220 13,300 43,740 26,080 10,850 8,770 163,100
1945 10,140 13,370 35,690 32,380 24,810 35,540 37,400 61,490 61,300 41,350 32,070 17,830 403,400
1946 28,670 34,890 48,910 37,540 29,900 47,230 47,990 76,480 70,160 61,480 56,460 52,970 592,700
1947 55,450 44,280 43,650 30,740 15,100 8,430 10,590 19,960 17,000 12,460 19,950 19,960 297,600
1948 15,910 16,290 25,870 38,420 18,760 10,330 25,870 55,560 81,560 83,170 85,960 82,950 540,600
1949 76,610 84,440 75,250 63,850 50,210 51,880 50,930 71,240 43,730 35,340 34,690 33,630 671,800
1950 32,110 24,190 23,950 22,690 26,450 51,370 46,710 60,410 69,440 44,740 37,780 28,430 468,300
1951 30,640 32,430 39,720 42,190 40,030 51,400 53,160 75,910 73,610 72,480 53,160 42,310 607,000
1952 46,000 45,510 47,250 41,570 44,710 34,420 47,080 74,040 54,500 49,580 43,880 43,160 571,700

e - Estimated

Flow regulated by control dam on outlet of Oka

nagan Lake.
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Discharge in Cubic Feet per. Second
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Discharge in Cubic Feet per Second
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TABLE 12

Summary of Water Licenses on the Similkameen River and Tributaries

in British Columbia

Equivalent Total

__ Amount in |, Diversion in c.f.s.
: Imperial Cubic Feet At Point of At Diversion Point
Purpose Acre Feet Gallons per day per Second use (Including Losses) Remarks
Irrigation
Full Season 21, 354,58 28.00 117.88 153.24 30% loss
Freshet 1,758.45 7.40 9.62 30% loss
Storage Issued for Power
Irrigation 4,605 purpose but used
Power 3,400 for Mining &
Domestic
Domestic 123,850 0.23 0.25 10% loss
Waterworks 2, 275, 000 .23 .65 - 10% loss
Industrial 29,957, 000 1.25 56.89 62.58 10% loss
Mining 242, 000 . 10.50 10.95 13.14 204 loss
Power 37.41 37,11 37.1 no loss
Total Licensed Diversion 234.99 280.89
Total Used Diversion 144,78 174.58

Note: Diversion losses estimated - subject to revision.

The irrigation period assumed in compiling this table is 120 days.
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TABLE 13

Sunmé.ry of Water Licenses on the Okanogan River and Tributaries

In British Columhia, Exeluding Similkameen River

Equivalent Total
Amount in Diversion in c.f.s.
I Imperial Cubic Feet At Point of At Diversion Point
Purpose Acre Feet Gallons per day per Second use  (Including Losses) | Remarks
Irrigation ) ;
Full Season 243, 351 1,024.20 1,331.46 30% loss
Freshet 3,311 13.92 18.10 30% loss
Storage
Irrigation 107,476
Waterworks 6, 030
Industrial 100
Domestic 721,100 1.34 1.47 10% loss
Waterworks 15,190,408 1.25 29.46 32,41 106 loss
Industrial 1, 397, 000 2.59 2.85 106 loss
Mining 50, 000 0.09 0.11 20% loss
Power 117.35 117.35 117.35 No loss
Total Licensed Diversion 1,188.95 1,503.75
Total Used Diversion T708.32 913.90

The irrigation period assumed in compiling this table is 120 days

Note: Diversion losses estimated - subjeet to revision.
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Description
TABLE 1k

Summary of Water Rights and Current Permits
in the Okanogan River Basin in the United States

Similkameen Okanogan River above Okanogan River

River incl. Similkameen River below

Purpose Palmer Lake incl. Osoyoos Lake Similkemeen River
Irrigastion: ‘
Unrestricted 13.8 cfs | ’h.63 cfs 142.69 cfs
April 1-15  63.8 cfs
April 15-30 120.8 efs
Msy 1-31 137.8 cfs
June 1-30 162.8 cfs
July 1-31 199.8 efs
Aug. 1-31 178.8 cfs
Sept. 1-30 141.8 cfs
Oct. 1-15 63.8 cfs
Power:

250 cfs (Primary)

750 cfs (Secondary)
Municipal and :
Ma.nufacturing_: ‘ 1.5 cfs
Storage:

10,000 ac.ft. 126 ac.ft.

(undeveloped) (mill pond)
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II. ECONOMIC DEVELOPMENT
POPULATION

35.. The population of the Okanogen and Similkameen Basins in
Cansda increased from 35,000 in 1931 to 70,000 in 1951, and now consti-
tutes six percent of the population of British Columbia. The rate of
growth has been larger in the cities and towns than in the rural areas,
and this has been accompanied by & shift in the distribution of labor
force away from ggriculture to a somewhat more diversified economy. The
largest city in the area, Penticton, had a population of 10,584 in 1951;
Iée]_-owna. with 8,517 was the second in size; and Vernon with 7,822 was

hirgd.

36. The British Columbia labor force for this area is employed in
the following proportions: agriculture, 27 percent; manufacture and
construction, 20 percent; other primary occupations, 6 percent; trade
and finance, 10 percent; service industries, 15 percent; and others
22 percent.

37. The population of the Okanogan-Similkameen Basin in the United
States, concentrated in narrow valleys with the remote areas virtually
uninhabited, is divided between small town and individual farm living.
The total population of the basin in 1950 was approximately 23, 000. The
largest town in the area 1s Omak, 1950 population 3,791. Okanogan with
a population of 2,013 is the second in size, and Oroville ranks third
with 1,500. The major trading center for Okanogan, Chelan, and Douglas
Counties is Wenatchee, population 13,072, which lies some 96 miles south
of Okanogan.

38. 1In the United States portion of the basin nearly 50 percent of
the employed workers are engaged in agriculture, forestry and logging.
Processing industries, chiefly sawmills, employ about 10 percent of the
total employed labor force, and service industries account for the bulk
of the remaining 40 percent.

RESOURCES AND INDUSTRIES

39. The economies of the Similkemeen and Okanogan River valleys
in Canada differ. That of the Similkameen is dependent upon mining
operations, of which copper mining in the Princeton area and gold mining
in the Hedley area are the most important. Agriculture, with tree fruit
production predominating, is the basis of the economy of the Okanogan
valley. The tourist industry is important and is growing in both areas.

4o. Agriculture ‘is the primary source of income in the United States
portion of the Similkameen-Okanogen Basin, although logging and lumbering
and the tourist industry are important phases of the economy.

AGRICULTURE

41. In the Okanogan-Similkameen Basin in Canadas, agriculture plays
a dominant role. In 1950 the agricultural income was valued at
$15, 774, 000, of which tree fruits accounted for $13,868, 000 and vegetables
$1,906,000. Apples are the principal tree-fruit crop, and were valued at
close to $11 million, while tomatoes and onions constituted nearly half
of the value of the vegetable crops. By way of comparison, the total cash
farm income for British Columbia was $101,709,000, and of this total tree
fruits contributed $21,472,000 and vegetables $6,912,000. In other words,
this area produces two-thirds of the provincial tree fruit and nearly one-
quarter of the vegetable produce.

42, Dairying has become one of the most important mixed farming
operations, and dairy products are now a major source of agricultural
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Economice Development

income. To supplement their dairy revenue, a large number of small pro-
ducers have turned to hog and poultry reising, and are acquiring an
impressive quality of breeding stock. Sheep and cattle raising are also
importent activities, with the larger flocks using the mountain pastures
for summer grazing.

43, Agricultural income in the United States portion of the basin is
relatively high because of the high income produced by irrigated orchards.
In 1949 the average gross income per farm of the specialized orchard o
variety in Okanogan County was $15,h2h which is considerably higher than
the average gross income of $1,565 for all farm types in Washington State.
Apple production accounts for over one-half of the annual farm income,
with livestock and livestock products accounting for a major share of the
" remaining farm income. Okanogan County is the leading beef-producing
county in Washington, and also ranks high in the number of sheep raised.

A very favorable condition for the livestock industry ‘results from the .
presence of mountain meadows and range lands in the area, supplemented
by the feed which can be grown locally on irrigated land.

ki, The size of farms in Okanogan County, Washington, varies with
the type of principal crop. In 1950, of the 2,022 farms in the county,
276 were less than 10 acres and, at the opposite extreme, only 260 were
over 1,000 acres. A little less than one-third (606 in all) of the
farms received their major income from fruit and nut production, and h87
depended primarily on livestock and livestock products. Nearly all of
the orchards are operated by full-owners, although many of the livestock
farms are managed by part-owners and tenants. )

FORESTRY

45. Douglas-fir accounts for about 4l percent of the 1,628 million
board feet of accessible merchantable timber in the Okanogan-Similkameen
ares of British Columbia. Yellow pine meskes up approximately 23 percent,
with the remaining 33 percent composed Of lodge pole pine, western larch,
spruce, silver fir and western red cedar.

46. It is unlikely that the lumber industry in this area can
continue the rate of growth experienced in recent years. Existing
forest resources are spparently sufficient to maintain current production,
but any large increase would seriously deplete existing timber stands
unless further merchantablé timber becomes accessible. ,

47. In 1936 the Forest Service classified 67 percent, or 2.2
million acres, of Okanogan County in Washington as forest land and in
1945 the Forest Service estimated that thére were 7,615 million board
feet of saw-timber on unreserved land in Okanogan County.

-

48, Ponderosa pine covers two-thirds of the saw-timber lands in
Okanogan and Chelan Counties; Douglas-fir, occurring near the upper
limits of pine lands, occupies about one-ninth of the saw-timber ares.
Western larch, white fir, silver fir, white pine and lodgepole pine are
mixed in among the Douglas-fir. Much of the Douglas-fir is of low
quality and difficult to log because of its remote location.

4o, The Forest Service, the Indian Service, and the State Government
control most of “the forest resources of Chelan and Okanogan Counties.
Federal lands available for cutting in 1945 made up nearly 60 percent of
the forest land; State lands covered sbout T percent; Indian lands
accounted for around 9 percent; and private owners held approximately
19 percent of the forest land. Since 1936 heavy cutting depletion has
reduced prlvate ownership of ponderosa saw-timber by almost 9 percent.

50. Public agencies permit cutting only on a sustained-yield
basis, and private owners are planning toward this as a means of perma-
nent operations. Much of the national forest in the primitive area in
northwestern Okanogan County is reserved from cutting.

26



Economic Development

51. Sawlog production in Okanogan County was estimated at
91, 03k, 000 board feet in 1950. Although its importance has declined
somevhat 1n recent years as logging operations moved to higher elevationms,
Ponderosa pine provided the bulk of timber logged. Logging of Douglas-
fir is also becoming of major importance.

52. Logging operations are carried on by both sawmills and
contract loggers. Most of the logs are hauled by trucks from the woods
to the mills.

MINERALS AND MINING

53. The total production in 1951 of all minerals in the Okanogan-
Similkameen area north of the international boundary was valued at 9.6
million dollars. The bulk of this mineral production was in copper and
gold, primarily from operations in the Similkameen valley. The balance
was distributed among silver, lead, zinc, coal, structural materials, and
other miscellaneous minerals.

54. Coal production from the Princeton field is declining, and
imported coal now supplies much of the local requirements. Quartz is
mined at a small property near Oliver, and is shipped to Trail.

55. 1In the United States portion of the Okanogan River basin, mining
is of minor importance. Small amounts of copper, silver and lead have
been produced in the past, but there is little current production of any
magnitude. Sand and aggregate are produced from several small pits for
local use.

56. Known deposits of metallic minerals in the basin include gold,
silver, copper, lead and zinc. Non-metallic deposits of dolomite, marl,
Zypsum, epsom salts and sodium sulfate occur in the basin also. In
addition small occurrences of uranium, chromium, nickel, pyrite, talc,
garnet and graphite have been located.

MANUFACTURING

57. Manufacturing in the Okanogan and Similkameen valleys in
Canada is primarily concerned with processing the local products: wood,
fruit, and vegetables. In 1949 the total estimated value of manufactured
products in the region was $16,838,832. Fruit and vegetable preparation
totaled $5,272,217; sawmills accounted for $i,408,557; wood boxes and
baskets brought in $1,481,018; and butter and cheese processing was valued
at $1,110,829. The balance of the total value was distributed widely,
ranging from printing and publishing, bakery products, machine shops,
. planing mills, carbonated beverages, bookbinding, furniture, cement prod-
ucts, and miscellaneous other manufactured products.

58. The lumber industry in the region includes production of sawn
lumber, shingles, laths, ties, hardwood squares, box shooks, as well as
other lumber products. The average size of the sawmills in the area is
small; this is because of the numerous mills, both porteble and station-
ary, which operate on a seasonal basis. Actually, a few large mills
account for the major proportion of total production. In 1949, 32 percent
of the mills produced only 2 percent of the total cut, while 4.1 percent
of the firms produced almost 48 percent of the total production. Includ-
ing some production from the Shuswap Lake area, sawmill production in the
region in 1950 amounted to 126 million board feet.

59. In 1949, some 203 firms operated in the area, employing 2,400
people with annual wages and saleries in excess of 4.3 million dollars.
Kelowna was the leading producer in the two valleys, with an estimated
total of 33 firms producing some 5 million dollars worth of goods.

27



Economic Development

60. In the United States portion of the Okanogan Basin, nearly all
of the logging output is processed locally. In 19118, mills in Okanogan
County cut 86.4 million boaxrd feet. The largest mill in the area is at
Omask. A large portion of the sawmill output is remanufactured into box
shooks, which are used in the region for packing local fruit. A con-~
siderable proportion of the lumber not used for boxes 1s remenufactured -
into sash and doors, screens, special mouldings, basket shooks, furniture
parts, frames and other speciaslties. The eastern states provide the
chief market for these mill products. o

61. There are two dehydrated food plants in the United States portion
of the Okanogan Basin: one in Omask and the other in Oroville. The primary
raw material of these operations, which supply seasonal employment from
August through December, is apples. A vinegar and pomace plant is located
in Oroville. Surplus apples and apple peelings provide the raw matena.l
for this opera.tion.

FISH

62. A number of lakes and streams in the Okanogan and Similkameen
Basins are famous for sports fishing. This activity plays an important
part in the economy of the area.

- 63. It has been estimated by the United States Fish and Wildlife
Service that, of the total annual average catch of thirty million pounds
of Columbia River salmon of all species, about 180,000 pounds are
Okanogan River blueback salmon, valued at $90,000 gross. Very few of
these fish are taken by Canadians and, for this reason, Canada has no
commercial interest in the run in t.he Okanogan River.

RECREA![‘ION

6k, Recreation facilities in.the Canadian portion of the basin are
plentiful and diversified. The Provincial Government operates Manning
Park and Silver Star Park, as well as numerous camping and picnic sites.
Tourist facilities are considered adequate.

65. The mountainous portions of the Okanogan Basin in the United
States contain many streams and lakes, affording ample opportunity for
fishing, hunting, cemping, hiking, and picnicking and, to some extent,
winter sports. These portions are contained largely in the Chelan
National .Forest. Construction and administration by the United States
Forest Service of roads, trails, camps and picnic grounds, summer home
sites, and other facilities are intended to keep pace with increased
demands for such facilities. Conconully State Park, containing 12 acres,
lies within the basin. .

POWER

66. Electric power is available throughout most of the populated
portion of the area in Canada. In the area north of the hamlet of Wmfield,
a few miles north of Kelowna, and in the Peachland and Westbank area,
power is supplied by the British Columbia Power Commission from the
Whatshan plant on Lower Arrow Lake. The Commission has carried out an
extensive program of rural electrification, and has indicated that it heas
some 25,000 horsepower potentially available for further expansion.

67. In the area south of Winfield, power is supplied by the West
Kootenay Power and Light Company from plants on the Kootenay River.
The company has also indicated that it has additlona.l power available
for industry.

68. .In the United States, the surrounding a.reé. is outstanding with
respect to both developed and undeveloped hydro-electric.power resources.
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Grand Coulee Dam with an installed capacity (name-plate rating) of
1,944, 000 kw.and Chief Joseph Dam with an installed capacity (name-plate
rating) of about 1,024,000 kw.,Rock Island, Chelan Falls, and other
smaller plants together account for most of these resources. The Okanogan
County Public Utility Distriet No. 1 distributes power to the Okanogan
valley from & 3,200 kw.hydroelectric plant on the Similkameen River.

A 115-kv. Bonneville Power Administration transmission line extends up
the valley to Tonasket, and the Administration supplies the bulk of the
power for distributors in the area. Approximately T8 percent of the
farms in Okanogan County have electric service and 57 percent have
telephones. :

TRANSPORTATION ARD COMMERCE

69. Transportation facilities in the Okanogan-Similkameen area
are among the best in British Columbia. Many of the localities in the
area are served by all principal methods of transportation. The water
transportation in the region is confined to Okanagen Lake, and consists
of a car-barge service between Penticton, Kelowna, and other points, and
an automobile-ferry service between Kelowna and Westside. The average
number of box cars moved by the car barges during the past 5 years was
12, 000 per year.

T70. Three railroads serve the area: the Canadian Pacific Railwey,
which serves all of the major points; the Canadian National Railway,
which serves the northern part of the Okanogan valley as far south as
Kelowns with a ba.rée service to Penticton; and the Great Northern Railway,
which serves southern points in the Similkameen valley.

Tl. An extensive system of roads exists in the area, which is
utilized by truck-freight and bus lines. Highway No. 97 rums north from
the international boundary through the northern part of the basin. The
east-west Highway No. 3 facilitates the exchange of goods with the
coastal region of the Province. There is a very extensive network of
country roads, most of which are unimproved.

T2. There are six airfields in the Canadian section of the basin.
There is one scheduled sirline service into the area using the.airvport
facilities at Penticton. There are several non-scheduled charter
airlines located in the area, operating principally out of Kelowna and
Vernon. '

T73. The only commercial railroad service in the Okanogan-Similkameen
region in the United States is furnished by a Great Northern Railway
branch line extending north along the Columbia and Okanogen Rivers from
Wenatchee to Canada.

T4. The populated valleys are well served by paved highways;
U. S. Highway 97, the Okanogan-Caribou Trail, parallels the Columbia and
Okanogan Rivers north from Wenatchee to Canada. State Highway 10-A
connects Omak and the Grand Coulee Dam area, and a paved highway Jjoins
Tonasket, on U. S. Highway 97, with Republic in Ferry County., In additionm,
county roads, many of which are hard-surfaced, extend through most of the
inhabited areas of the basin.

T5. Several interstate and intrastate truck lines serve the
Okanogan valley. These lines provide overnight freight service from
Portland, Seattle and Spokane to both valleys. Bus lines provide passenger
service to the area.

76. There are fifteen airfields in Okanogan County, most of them
being municipal fields of the towns in the area. In addition to these
fields, the Forest Service has built landing strips in the more remote
areas for fire-fighting purposes. There is no scheduled airline service
into Okanogen County from outside areas.
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PUBLIC IANDS AND RESERVATIONS | . \

77 There sbout 2,880 square miles within the Similkameen drainage
basin in British Columbia, of which some 618 square miles are privately
owned. There are some 176 square miles within parks or park reserves
Indien reserves total 28 square miles, and various miscellaneous reserves
cover 17 square miles. This leaves approxima.tely 2,041 square miles of
vacant Crown land.

78. 1In the Okanogan drainage basin in British Columbia there are
3,120 square miles, of which approximately 729 square miles are privately
owned. Forest reserves include 1,931 square miles, parks or park
reserves cover 18 square miles, Indian reserves account for 165 square
miles with another 12 square miles falling within miscellaneous reserves.
There are approximately 265 square miles of vacant Crown land.

T79. The Okanogan Basin in Washington is bounded on either gide by
National Forests. The western slope of the basin is contained in the
Chelan National Forest, and much of the eastern part of the basin is
included in the Colville National Forest.

80. The entire southeastern portion of Okanogan County north of the
Columbia River and east of the Okanogan River is part of the Colville
Indien Reservation. About 500,000 acres of the Reservation lie within
the Okanogan Basin. . -

EXISTING AND AUTHORIZED DEVELOPMENT

81. The. construction of an experimental control dam at the outlet
of Okanagan lLake was completed in March 1915. The purpose of this dam
was to maintain the level of Okanagan Lake as nearly as possible at, but
not below, natural low-water level, and to assist in regulating the flow
of the Okanogan River. The sill elevation was 97.0 (P.W.C. datum) and
the top of dam elevation was 101.0 (P.W.C. datum). (Note: El. 100.0
Public Works of Canada datum equals 1120.T70 feet above sea level, Geodetic
Survey of Canade 1934 datum, and 1121.28 feet G.S.C. datum, B.xbllcatlon
24, 1951 edition).

82. Following complaints regarding the effect of this dam on the
levels of Okanagen Lake, a further investigation brought forth the
recommendations in the Brydone-Jack report of 1917:

"(a) That the water level in Okanagan Lake be maintained as
nearly as possible between the elevations of 100.0 and 102.75 as referred
to the datum of the Department of Public Works."

"(b) That the control dam at the outlet of Okanagan Lake be
80 maintained as to store the surplus water of June and July for discharge
during the dry season from August to March, thus giving a falr flow in
the Okanagan River."

83. A second control dam to replace the first or experimental dam
was started in January and completed in October 1920. The sill elevation
of this dam on the upstream side was 97.0 and the top elevation was 102.0.

84k. The existing control range, between the low level of elevation
99.5 and a high level of 102.5 was agreed to following the flood of 1921
and in 1922 the control dam was raised to permit control up to 102.6.

85. The following tabulation shows the high and low water elevations
and va.riation! for the period of record for the years when high water was
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above elevation 102.5, the point at which flood damage occurs:

High Water Low Water Variation
Year Elevation Elevation 1n Feet

Pre-control years | 190k  107.00 ~  No Record -
1912  103.80 99.70 k.10
1913  103.65 No Record -
1914 103.20 99.70 3.50

Experimental control dam 1921  103.60 100.70 2.90

Second control dsm 1923  103.15 99.70 3.45
1928  104.50 100.45 k.05
193  102.65 99.50 3.15
1935  102.60 99.15 3.45
1936 102.80 99.60 3.20
1942  104.15 ~ 99.85 k.30
1945 102.70 99.30 3.40
1946  103.89 99.26 4.63
1948  104.88 99.25 5.63
1951  103.36 99.28 4. 08
1953  102.57 99. 64 2.93

86. Following the flood year of 1942, the Joint Board of Engineers
Okanagan Flood Control, was established to study the problems in Canada
and to propose a plan for the control of flood damage along the Canadian
section of the river. After a full investigation of the problem, the
Joint Board of Engineers recommended reconstruction of the Okanagsn Lake
Control Dam to operate through a normal range from elevation 98.5 to
102.5 feet, a control dam at the outlet of Skaha Lake, and substantial
river-channel improvements between Okanagan and Osoyoos Lakes.

87. The first portion of the Okanagan Flood Control Project, which
includes dams at the outlets of Okanagan and Skahs Lakes and river channel
improvements between the two lakes, is complete. Work is proceeding on
the improvement of the river channel between Skaha Lake and the Oliver
Intake Dam and will be completed in 1955. The reconstruction of the
Oliver Intake Dam is complete. Work is proceeding on the remainder of
the improvements, and the entire project will be complete in 1957.

88. In the Similkameen valley in Canads there are four irrigation
districts and one water-users community. These supply water for 2,180
acres of land. In addition, there is a total of 4,345 acres being
irrigated in numerous individual farms, meking a total irrigated acreage
in the Similkameen valley of 6,525 acres. The total licensed quantity
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of water amounts to 29,765 acre-feet, and the total licensed acreage

10, T4O acres. Of this amount the total licensed storage for irrigation
existing at present amounts to 4,605 acre-feet, of which 3,755 acre-feet
are developed.

89. In the Okanogan valley in Canada there are 29 irrigation
districts and 17 water-users conmunities which together supply water for
40,900 acres of land. In addition there is a total of 17,400 acres
being irrigated in numerous individual farms, meking a totel irrigated
acreage in the Okanogan valley of 58,300 acres. The total licensed
quantity of water amounts to 246,660 acre-feet and the total licensed
acreage is 84,770 acres. Of this amount the total licensed storage for
irrigation purpose is 107,480 acre-feet, of which 85,910 acre-feet are
developed. The combined totel acreage for the Okanogan-Similkameen
Basin in Canada is 95,510 acres under license, of which 64,825 acres are
being irrigated. .

90. The one existing Federal project in the United States portion
of the basin is the Okanogan Irrigation Project of the Bureau of
Reclamation. Located in the central portion of the basin, the project
lands totalling some 4,300 acres are on a series of benches between the
river and the Okanogan Range. Water for the project is supplied by
Salmon Creek, Duck Lake, and the Okanogan River. The reservoirs supplying
storage for it are Salmon Lake with 10,500 acre-feet of active storage,
and Conconully Reservoir on Salmon Creek with 13, 000 acre-feet. Other
reservoirs in the Okanogan Basin include Blue Laske on Sinlahekin Creek
with 2,500 acre-feet, and Spectacle Lake in the Whitestone Coulee with
3,900 acre-feet.

91. In addition to the Okanogan Project, there are about 18,000
acres of privately developed irrigated lands in the United States portion
of the Okanogan~Similksmeen Basin. Nearly half of the irrigated acreage
is included in the Oroville-Tonasket Irrigation District (formerly West
Okanogan Valley Irrigation District) which, according to district officials,
has a total area of 12,204 acres and an irrigable area of 8,682 acres.

This distriet has a gravity supply from Similkemeen River. The only other
sizeable district is the Whitestone Irrigation District which includes

some 1,500 acres irrigated from Toats Coulee Creek. Gravity water supplies
from various tributaries and pumping from the Okanogan River supply the
balance of the irrigated land. :

92. Two soil comservation districts, embracing & total of 1,161,000
acres, have been established in the United States portion of the Okanogan
Basin. '

93:. The only important existing hydro-electric power development
in the United States portion of the basin is the plant of Okanogan County
Public Utility District No. 1 (formerly Okanogan Valley Power Compeny) on
the Similkameen River some five miles sbove Oroville. This run-of-river
plant has an installed capacity of 3,200 kilowatts, and operates under a
meximum head of T8 feet.

9%. Zosel Dam, located about 1-1/2 miles downstream from Osoyoos
Lake, constitutes an obstruction in the Okanogan River channel. It was
constructed in 1927 to form a pool for storing sawlogs. Its effect on
Osoyoos Lake levels, prior to 1948, varied according to the discharge of
the Okenogan, the magnitude of the debris cone at the mouth of Tonasket
Creek, the level of Osoyoos Lake, and the amount of backwater from the
Similkemeen. The discharge capacity of the dam was increased in 1948
in compliance with an order of the International Joint Commission, and
its present effect on Osoyoos Leke levels is small (see para. 105).
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WATER LAWS

95. Coordinated planning of water resource projects is influenced
to some extent by the water laws applicable to the area in which the
project is located or which is affected by the project. Except for navi-
gation, which is under the jurisdiction of the governments of the United
States and Canads, legal control of water is vested in the various states
and yrovinces.

96. The proposed compact among states that include portions of the
Columbis River basin, if concluded, may also have some effect upon projects
discussed in this report.

97. In British Columbia, diversion of water is prohibited unless
the user holds a provincial water license; common-law rights of riparien
owners are not recognized. The province maintains strict control of all
licenses, which require beneficial use and payment of apnual rental fees.

98. In the state of Washington, the appropriative doctrine is

followed. Priority of right is established by priority of beneficial usé;
in other words, first in time is first in right.
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III. PROBLEMS
INTERNATIONAL

99. The development of this basin involves projects which affecf
both Canads and the United States. The specific problems outlined here
are subjects of intermational interest.

100. Okanagan Flood Control Project. - Certain objections were
raised to this project by United States interests on the grounds that
the spawning areas in Canada of the blueback salmon run would be adversely
affected by the work. This salmon run is the result of the successful -
transplanting of this species to the Okanogan River when access to their
normal spawning grounds in the Upper Columbia was blocked by the construc-
tion of Grand Coulee Dam in the United States. The question was referred
by the governments of the two countries in May 1951 to the International
Joint Commission, and wes reported on by the Board in July 1951. In
February 1952 the Commission signed an order authorizing the carrying out
of the project, with a recommendation that a study of the fish problem
be made before carrying out the work below the Oliver Intake Dam, to ensure
the least possible damage to the spawning beds.

10l. A report was published in April 1954 by the technical staffs
of the United States Fish and Wildlife Service, the Washington State
Department of Fisheries, and the Department of Fisheries, Canads. This
report indicated that, if the principal spawning beds, which lie approxi-
mately one mile below the Oliver Intake Dam and occupy & reach of
approximately one mile of river, could be left undisturbed; and, if the
thirteen drop structures could be modified so that the drop of three feet
at each was taken in three steps instead of one single step, the blueback
salmon run would be adequately safe-guarded. These modifications have
been agreed to, and the project is proceeding on this basis.

102. Certain questions were also raised by United States interests
regarding the effects of the operation of the flood-control project on
the flow of water at the international boundary. As a result of these
questions, the International Joint Commission requested the International
Columbia River Engineering Board to carry out a study of these effects.

A report covering this study was submitted to the Commission at its meet-
ing in October 1952. The study was made for the period of April 1947
through June 1949, assuming that the proposed flood-~control works in
Canada were in operation and that Osoyoos Lake outlet conditions were

as they existed in 1948 and 1949, following the channel improvements
performed in March and April 1948. This study indicated that the opera-
tion of the flood-control project would have no major adverse effects

on the flow of water at the international boundary.

103. Proposed Shankers Bend Dam. - In order to alleviate flood
damage along the Okanogan River caused by flood flows of the Similkameen
River, and also to obtain power and irrigation storage, a proposal has
been made for the construction of & multiple-purpose dam at Shankers
Bend on the Similkameen River in the United States, which would back
water upstream to the vieinity of Cawston in British Columbia.

104%. Irrigation Requirements on the Similkameen River. - The
Cawston Project was the subject of a directive from the International
Joint Commission in October 1947. An interim report on the Similkameen
River was submitted to the Commission on April 7, 1949. The directive
was concerned with the effects of the diversion of water in Canads for
water-using purposes on the existing or vested rights of downstream
users in the State of Washington, and also with the effects upon the
natural flow of the Similkameen River of any proposed further diversions
of the river in either country for irrigation or other purposes.
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105. Osoyoos Lake Flood Problem. - Damage from flooding occurring
around Osoyoos Lake and on the Okanogan River below Osoyoos Lake
occasioned an application by the State of Washington to the International
Joint Commission for an investigation into the effects of the Zosel Dam
and of river bars on the levels of the water in the lake and river.
These levels are sometimes increased by the backwater effects of the
floods in the Similkameen River. The Commission held & public hearing
in July 1943, and immediately thereafter appointed a special Board of
Engineers to investigate and report on the problems together with
recommendations for their solution. The Board submitted its report to
the Commission in March 1946.

106. Following further public hearings, the Cormission issued an
order dated Septembcr 12, 1946, requiring revision of the Zosel Dam to
provide greater spillway capacity and setting forth the manner of
operation. At that time the Commission appointed an International
Osoyoos Lake Board of Control to ensure the carrying out of the
Commission's order.

107. By February 1948 the alterations to the dam were completed
and by April of that year, channel-rectification work was completed.
The channel-rectification work was largely nullified by succeeding
floods. ' :

NAVIGATION

108. The navigation needs of the Canadian portion of the basin
are adequately served by the controlled elevations of Okanagan Lake
provided for by the Okanagan Flood Control Project.

109. Although the Okanogan River in the United States is classified
as a navigable stream for about 50 miles from its mouth, no commercial
navigation has been practised on it since the completion of the railroad
from Wenatchee to Oroville in 191k.

FLOOD CONTROL

110. Damaging floods of various magnitudes heve occurred around
Okanagan Lake and along the Okanogan River in Canada in 189%, 1921, 1923,
1928, 1934, 1935, 1936, 1942, 1945, 1946, 1948, 1951, and 1953. Serious
damage has occurred in the cities of Kelowna and Penticton, and along the
entire length of the river, but no estimates of the damages sustained in
these floods are available. Local floods have also occurred at various
times on the Similkameen River and other tributary streams.

111. In the United States, except for the narrow strips of
bottom land adjacent to the river, most of the basin below Oroville is
susceptible to flood damasge only during extreme high flows. Severe floods
occurred in 1894 and 1948, and lesser ones occurred in 1934 and 19%9.
The valley communities of Oroville, Tonasket, Omak, Okenogan, and Malott
all are subject to flood demage. Above Oroville the lowlands adjacent to
Osoyoos Lake are flooded frequently at high lake stages. Damaging floods
of various magnitudes occurred in this area in the years 1894, 1928, 1934,
1938, 1942, 1945, 1948, 1949, 1950, and 1951. This area is damaged not
only by direct flooding, but also by the attendant rise in ground-water
levels.

112. 1In the United States, the Okanogan River falls only about
two feet per mile, and flood demages result generally from inundation
rather than from erosion. The major portion of the run-off occurs in
the spring and summer, and the highest discharges may normally be expected
in April, May, and June. As a result, major floods cause comnsiderable
deamage in low-lying cultivated fields and orchards. Field crops are
destroyed, and, in some instances, cannot be replanted because of the
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lateness of the season. The flooding and resultant rise of the ground-
water levels in low-lying orchards tends to kill the fruit trees or
adversely affect the fruit crop.

113. Flooding around Osoyoos Lake has been caused to some extent
by restrictions at its outlet, at Zosel Dam (see para. 9% and 105) and
at the mouth of Tonasket Creek; it has also been caused by backwater from
the Similkameen River during extreme high flows on the latter. The lake
outlet has been restricted in the past by the deposition of silt and sand,
possibly as a result of wave action. Enlargement of the outlet to correct
this situation was undertaken in 1947, and again in 1952, by the Federal
Government. The probabilities are that the need for this sort of
corrective action will continue.

114. A natural obstruction exists in the Okanogon River chanmnel
about one mile below the outlet of Osoyoos Lake at the mouth of Tonasket
Creek. This creek has a steep gradient; and, although it is dry during
most of the year, during freshets it carries a large bedload of sand,
grevel, and boulders, which it deposits in & debris come in the Okanogesn
channel. This cone obstructs the flow of the Okanogan to varying degrees,
depending upon the state of balance that exists between the eroding action
of the river and the magnitude and frequency of the depositions by the
creek. In March-1939, the main river channel was dammed so completely by
this cone that the river broke through its right bank. The creek also
causes damage during these freshets by overflowing its banks and depositing
portions of its bedload in the adjacent orchards. The river channel
at this point was dredged by the United States Government in 1947 and
again in 1952. However, another freshet, carrying a very heavy bedload,
has occurred since the last work, and the debris cone is approx1mately

of the same magnitude as before.

115. The Similkameen River has, at various times, flooded low areas
around Oroville. Occasgionally, it has caused the Okanogan River to
reverse its direction and flow north into Osoyoos Lake, thereby causing
damage on both sides of the boundary.

116. Damages caused during the 1948 flood, in addition to a heavy
crop damage, included the loss of several bridges, damages to highways,
buildings, and utilities in rural areas, and damages to urban property
in practically all of the communities in the valley. A detailed appraisal
of damages from this flood was made in 1948 and 1949. At the same time,
determinations were made of the high-water profiles of the 1894 and 1934
floods, and damages that would result from them were estimated on the
basis of 1948 economic conditions. On the basis of these investigations,

t was estimated that the following damages would be caused in the United
States by future floods of equivalent magnitudes on Osoyoos Lake and
Okanogen River and on Similkameen River below Shankers Bend:

Year . Discharge in c.f.s. Damage
(gage near Tonasket) (1948 prices and
economic conditions)

1894 47, 000 $4, 465, 000
1934 26,600 315, 000
1948 40, 900 1,516, 000
Point of zero damage 11,200 : 0
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When combined with the estimeted discharge-frequency relationships of
the river, the above data indicate that the total annual flood damage
for the Okanogan-Similkameen Basin in the United States is about
$171,000 (1948 prices and economic conditions).

POWER

117. As previously indicated, the supply of power available to
the Canadian portion of the basin is adequate for current and anticipated
needs, and no power problem exists in that area at present.

118. The power problem of the United States portion of the basin
is not that of meeting needs of its local economy; but, instead, it is
that of developing and utilizing the power-generating capasbilities of
its waters for the needs of the Pacific Northwest. Dams are in existence,
are under construction, or are planned to develop a major portion of the
head of the Columbia River from the mouth of the Okanogan to tidewater.
The potential storage reservoirs in the Okanogan Basin could so regulate
the flow that these dams would malntain a greater prime power to meet
the mounting demend for power. This demand has exceeded the available
supply since about 1947, and indlcations are that this condition will
continue in this area.

IRRIGATION

119. Scant precipitation, abundant sunshine, and a relatively
long growing season are characteristic of the climate of the Okanogan-
Similkameen Basin, and demonstrate the need for irrigation for successful
agriculture.

120. Because the total of the existing rights and permits on the
Similkameen River exceeds the late summer flow, any further diversions
of water, except during a freshet period, would appear to depend upon
the provision of storage.

121. Much of the potentially irrigable land in the basin is on
benches that are fairly high above the river; therefore it will be neces-
sary to pump water to many of these areas which cannot be reached by
gravity canals.

RECREATION

122. Recreation facilitlies in the basin appear to be adequate at
present. It is probable that, in both countries, development of new
storage facilities in the basin will take into consideration any accom-
panying recreational possibilities.

LEGAL CONSIDERATTIONS

123. Projects in the Okanogan-Similkameen Basin involving the
development of water resources are subject to applicable laws of the
local and federal govermments under which they are authorized and
constructed. In Canada, such projects are subject principally to the
water right laws of British Columbila, as the federal government is
concerned principally with navigation and, in specific instances, to a
lesser extent with flood control. In the United States such projects
are subject to water right and other laws of the State of Washington, and,
if they involve federal authorization or other participation, to & lesser
extent with federal laws and regulations.

124. Projects in the Okanogan-Similkemeen Basin involving the
development of water resources will be subject to the laws of the
province of British Columbia, the State of Washington, the Government
of Canada and the Government of the United States. In addition, those
projects involving waters crossing the boundary would be subject to certain
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Articles of the Boundary Waters Treaty of 1909, and would require the
approval of the International Joint Commission.

125. A few projects considered in this appendix -- principally in
the Similkameen Basin in Canada =-- involve encroachment on or use of
Indian Reserve Lands, presenting legal difficulties.
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IV. APPRATSAL OF WATER AND STORAGE REQUIREMENTS
POWER '

126. Additional storage in the Similkameen Basin, up to the maximum
which would prov1de for complete regulation of the Similkameen River,
would increase the power output, both at-site and dowvnstream. A prelimi-
nary study of downstream power produced by storage on the Similkameen
River near Keremeos indicates that storage in excess of 600 000 acre-feet
would produce decreasing amounts of downstream power per unit of storage

although storage up to the amount of the annual runoff would produce
significant amounts.

127. The only hydro-electric power development in the basin at
present is the small plant of the Okanogan County Public Utility District,
located below the principal irrigation diversion in the basin -- that of
the Oroville-Tonasket Irrigation District. Since this plant would doubt-
less be replaced or reconstructed if major storage were provided above
it, no attempt has been made to compute storage requirements for meeting
its primary or secondery rights or its hydraulic capacity.

128. However, in computing storage requirements for other uses,
recognition of these rights would be made by requiring future develop-
ments to depend on storage after the spring flood. In this manner, the
rights of the plant would be protected. In addition, irrigation releases
from storage above the power plant, for those points of diversion below
the plant, would be useble through the power plant.

IRRIGATION

129. The arasble lands in the Similkameen valley in British Columbia
and along the Similkameen and Okanogan valleys in the United States have
been segregeted into three classes according to the suitability for
irrigation.

130. Lands designated in Class 1 are highly suitable for irrigation
farming, being capable of producing sustained high yields of a wide
variety of climatically adapted crops. The soils are deep and light-
textured to medium-textured, with a mellow, open structure that allows
easy penetration of roots, air, and water. They have free sub-drainage
and good water-holding capacity. Surface layers are neutral and subsoils
are mildly alkaline. These lands commonly occupy higher terrace and
coulee areas, are smooth-lying with gentle slopes, and are nearly free
of surface rock. Both soil and topographic conditions are such that no
specific drainage requirements are anticipated to accompany irrigation
development, no erosion problems are likely to arise, and land preparation
costs will be low.

131. Class 2 lands are less desirable for irrigation farming than
are the Class 1 lands because of deficiencies in soils or less favorable
topography, or both. These lands are less productive, require more
preparation for irrigation, and will be more costly to farm. Their water-
holding cepacity is lower, as indicated by light-textured or shallow soils.
Surface layers generally are nevtral and leached of carbonates, subsoils
are calcareous end mildly alkaline, and the soluble salt content is low.
Topographic limitations are uneven surfaces and short, moderately steep
slopes. Surface rock in places may require removal.

132. Class 3 lands are inferior in productive capacity to Class 2
lands because of greater deficiencies in soil and less favourable tope-
graphy or because of their occurrence in areas subject to high watertables.

133. The arable lands sre well adapted to the production of a

variety of irrigated crops, but economic considerations preclude use of
the better lands for other than such relatively high income crops as
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tree fruits. Adaptebility of Class 1 lands to orchard crops is indicated
by the satisfactory size and vigor of trees growing on irrigated portions
of these lands. Profitable fruit production likewise is obtainable from
orchards on Class 2 lands in non-frost areas, subject however to somewhat
lower. yields owing to shallower or lighter soils and to higher production
coste because of greater water and fertilizer requirements and less
favourable topography. Because of shallow, porous soils or seasonal

high watertables, Class 3 lands are best adapted to forage crops,

" although where these lands are irrigated, apples are a major crop.

134. TIn the Okanogan valley in Canada the lands have been
segregated into five classes, based on their arable and irrigable
suitability, from Class 1, which is most superior, to Class 5, which
is the least suitable for development.

135. Class 1 lands have deep, uniform, alluvial, glacio-lacustrine
and glacial-till soils of medium to medium-heavy texture, including
sendy loams, silt loams, and silty-clay loams. Topography is good and
there are very few stones. Class 1 lands have desirable structure and
other profile features and none or very slight deduections for alkali,
topography, etc. This class represents the most desirable irrigation
soils, capable of producing all irrigated crops in any given climatic
regime.

136. Class 2 lands have less uniform soils of the same types as
in Class 1, including well-drained, glacio-lacustrine clays. Most of
the Class 2 lands will have similar crop adaptations to those of Class 1,
but are rated down because they are less uniform, require stone clearing,
or have some other limitation.

137. Class 3 lands have heavy clays with fair to good drainage,
and include gravelly river channels and terraces with a comparetively
stone-free soil. These lands have a more limited range of crop
adaptation than the first two classes, or are more difficult to irrigate.

138. Class 4 lands have heavy clays, with alkali subsoil, have flat
topography with slow or impeded drainage, and include all lands with
depressional topography that are subject to flooding. These lands
require drainage, and are placed in Class 4 until feasibility of drainage
is determined. When drained, such lands may go to a higher class. Thin,
gravelly, glacial river-terraces and channel-bottoms are placed in
Class 4, also.

139. Class 5 lands have shallow soils and rough topography, and
include all other lands of very limited use that may be irrigated for
rough pasture. ©Such lands may not be worthy of any development under
present conditions, yet may in time have limited use when 1and is at
a premium.

140. 1In the Similkameen Basin in Canada, the estimate of irrigable
lands on valley bottoms and terraces along the main stem and tributaries
amounts to 45,468 acres, of which 10,740 acres are covered by existing
licenses (see Plate 3). Some 9,491 acres are classed as orchard land,
and the balance of 35,977 acres is better suited for the production of
field crops. The area southward from the vicinity of Keremeos is one
of the warmest and driest in Canada, and in this section the well-drained
lands are suitable for the production of tree fruits. Such lands are
scarce and are, therefore, highly valued. The poorly drained river
bottoms, however, should be used for pasture and shallow-rooting crops.

141. Complete development of the irrigable land would require the
diversion of about 172,400 acre-feet of water annually. Of this amount,
licenses have been issued for the application of 29,777 acre-feet,
requiring the diversion of about 38,700 acre-feet. The distribution of
the lands and their water requirements are shown in Tables 15 and 16.
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Appraisal of Water and Storage Requirements

TABLE 15

Summary of Irrigable Acreage and Water Requirements

Similkameen Valley in Canada

Irrigable Acreage

Unclassified
: : Irrigable &
Class Class Class . Arable Total
1 2 3
Bench Land 3,909 10,315 6, 718 - 20, 942
Bottom Land 3,582 14,071 3,548 - 21, 201
Additional Bench
and Bottom Land - - - 3,325 3,325
TOTAL 7,491 24,386 10,266 3,325 45,468
Water Requirements
Water Total Total
Duty Requirement Diversion
Acres Feet Acre-Feet Acre-Feet
Orchard 9,491 4.5 k2,710 55,523
General Farming 32,652 2.5 81,630 106,119
Unclassified Land 3,325 2.5 8,312 10,805
TOTAL 45,468 132,652 172,447
Under License:
Full Season 10, 2lh 28, 019 36,425
Freshet Lot 1,758 2,235
Future Requirement 34, 727 102,875 133,737
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Irrigable and Presently Irrigated Lands

TABLE 16

Similkameen Basin in Canada

Acres
Now Irrigated and Irrigeble Land Potential
Unit Licensed Class 1 Class 2 Class 3 Additional Total Irrigated Irrigable
- Unclassified

Boundary to Ashnola site 6,546 L, 745 12,698 2,404 - 19,847 3,772 16, 075
Keremeos Creek above Olalla 118 - - - 1,035 1,035 118 917
Ashnole site to Bromley site 1,243 1,11k 3,400 292 - 4,806 616 4,190
Bromley site to Copper Mountain 712 1,478 3,719 965 - 6,162 430 5,732
Wolfe Creek sbove damsite 93 - 378 8 - k56 93 363
Hayes Creek above demsite 428 - 1,062 1,922 - 2,984 321 2,663
Summers Creek above mouth 165 - - - 300 300 134 166
Allison Creek above mouth 658 154 1,204 2,820 k50 4,718 538 4,180
Tulameen River below damsite 107 - 960 500 - 1,460 ol 1,366
Tulameen River above damsite - - - 1éo - 120 - 120
Otter Creek 170 - 875 1,165 1,540 3,580 78 3,502
TOTAL 10, 240 7,491 24,386 10,266 3, 325 45, 468 6,194 39, 27h
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Appraisal of Water and Storage Requirements

The amount of storage necessary for the Canadian portion of the basin,
based on the seasonal distribution of water requirements shown in
Peragraph 148, would amount to 67,000 acre-feet.

142. In Canada, the irrigated and irrigeble lands in the Okanogan
Basin lie on benches and flats adjoining Okanogan River and Okanagan
Lake. Although definite irrigation projects have not been investigated
for this report, it appears that any major expansion in agriculture will
depend on irrigation, and that there is not enough water to irrigate
all the land which could use it beneficially.

143, Soil surveys of the Okanogan valley in Canada conducted in
1953 revealed that there are a total of 141,339 acres of irrigable land,
which would need 518,123 acre-feet of water applied to the land and
would necessitate the diversion of approximately 67k, 000 acre-feet of
water (see Plate 4). Of this amount, licenses have been issued for
246,660 acre-feet, requiring the diversion of about 321,000 acre-feet.
The future water requirements would, therefore, require the diversion
of an additional 353,000 acre-feet per annum. This information is shown
in Tebles 17 and 18.

144, In the United States portion of the Okanogan Basin, most of
the better soils of the high terrace and coulee lands are now dry-farmed
to grain. Vegetation on unfarmed areas affords some winter and spring
grazing. Dry farming is less extensive on the intermediate terraces
because of the sandy soils. Bitterbrush and cheat grass form a large
part of the cover on the uncultivated Lands. Where water is available
from mountain streams, or where pumping facilities have been installed,
tree fruits -- chiefly apples -- and alfalfa are grown under irrigation.
About half of the low terraces and bottom lands are irrigated; tree
fruits, alfelfsa, berries, grain, corn, and garden crops are grown.
Sagebrush flourishes on the best unfarmed lands.

145. The irrigated and potentially irrigable lands within the
basin and in areas adjacent to Chief Joseph Reservoir occupy glacial
and river terraces, coulees, river valley bottoms, and a mountain basin.
They occur in narrow strips of a few hundred to several thousand acres
on both sides of the rivers. Many of the land units are now producing,
or are well adapted to the production of orchard crops under irrigation.

146. Of the 22,000 acres of irrigatef land in the United States
portion of the Okasnogan Basin (see Plate 5) about 60 percent is used
for the production of tree fruits, with the remaining 40 percent used
principally for the production of hay and forage. Cropping petterns on
presently irrigated lands will probably not change if supplemental water
is provided. Additional irrigated areas are assumed to be about equally
divided between orchards and general farming, with livestock production
dominating in those areas where frost conditions preclude fruit raising.

147. A reconnaissance-type classification was made for all lands
except those near the mouth of the Okanogan, for which & detailed classi-
fication was made. The results of these classifications are shown in
Tables 19 and 20. Some lands are situated favourably to obtain water
from Rufus Woods Lake, the reservoir created by Chief Joseph Dam on the
Columbia River, and 5,750 acres are included in a plan of development
utilizing that source.

148. Analysis of consumptive use, distribution losses, and
operational waste, and depths and frequencies of irrigation applications
necessary for types of land and crops expected to be grown, led to the
establishment of weighted average farm delivery water requirements of
42 inches for sprinkler irrigation and 66 inches for surface irrigation.
Estimated number of irrigations required per season are 8, 11, and 14
for land classes 1, 2, and 3, respectively. Distribution losses would
reach an estimated 40 percent in unlined canals, would approach 10 percent
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Sumary of Irrigable Acreage and Water Requirements, Okanogan Valley in Canada

TABLE 17

Irrigable Acreage

< -

Areas in Acres -

2

Land Classes 1 3 Total
Brown Soils 776 1,848 4,913 11,634 12,282 31,1453
Dark Brown Soils L4777 3,752 15, 262 19, 049 7,285 46,825
Black Soils 2,832 6,148 5,542 9, 204 3,114 26,840
Intermountain Podzol

or Brown Wooded Soils 530 5,820 3,118 2,270 312 12,050
Ground Water Soils
(a) Mineral Soils 1,503 3,119 5,835 8,503 3,484 22, 4y
(b) Bog Soils ~ - 213 1,260 25l 1,727
TOTAL 7,118 20, 687 34,883 51,920 26, 731 141,339

Water Requirements
Acres Total Requirements Total Diversion
Acre - Feet Acre ~ Feet

Brown Soils 31,453 158,536 206, 097
Dark Brown Soils 46,825 174,945 227,428
Black Soils 26,840 82,859 107, TA7
Intermountain Podzol or

Brown Wooded Soils 12,050 30,496 39, 645
Ground Weter Soils
(a) Mineral Soils 22, ilily) _
(b) Bog Soils 1, 727) 71,287 92,673
TOTAL 141,339 518,123 673,560
Under License

Full Season 82,999 23, 351 316, 356
Freshet 1, 767 3,311 b, 304

Future Requirements 56,573 271,451 352,900
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TABLE 18
Irrigeble and Presently Irrigated Lands, Okanogan Basin in Canada

Now ‘ Acres Now Potential
Unit Licensed Irrigeble and Presently Irrigated Lands Irrigated Irrigeble Land

Class 1 Clags 2 Class 3 Class 4 Class 5 Sub Total

Boundary to Penticton 20, 790 628 788 5,335 15,874 13,990 36,615 11,502 25,113
Pentici;on to Peachland 11,283 781 1,729 4,172 L4, 766 2,972  14,k420 8,262 6,158
Peachland to Oyamea 36,113 1,881 5, 037 16, 349 19,515 6, 024 48,806 27, 326 21,480
Oyame. to Vernon 15,705 3,416 5, 767 7,251 9,835 3,219 29, 488 10, 625 18,863
Vernon to Deep Creek 875 W2 T, 365 1,777 1,931 525 12,010 588 11,k22

TOTALS 84, 766 7,118 20, 686 34,884 51,921 26,730 141,339 38, 303 83,036
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Sumary of Irrigable Acreage and Water Requirements, Okanogan-Similkemeen Basin, U.S.

TABLE 19

(A1l pumping except Oroville-Tonasket which is a gravity diversion from Similkameen River)

Rounded | "Acres Needing Diversion Additioneald Static | Peak Pumping
Total _ Ac.-Ft./Acre Diversions Pump | Div. Power
Ares Full Suppl. Irrigation Ac.-Ft. Lift Rate Requirement
Unit Acres Supply Supply Method Full Suppl. Full Suppl. Feet c.f.s.] kw.
West Malott 140 Surface 6.0 - 840 - 75 L 33
" " 1,790 1,650 " - 3.0 - 4,950 75
East Malott 4oo " 6.0 - 2,400 - 100 11 126
" " 750 350 " - 3.0 - 1,050 100
Tarheel Flat k20 " 6.0 - 2,520 - y75 11 620
" " 1,320 900 " - 3.0 - 2, 700 475 ,
Jackass Butte 1,020 1, 020 Sprinkler 3.5 - 3,570 - 500 15 1,345
East Omak 670 Surface 6. - L, 020 - 75 18 159
" " 1,260 ' 590 " - 3.0 - 1,770 75
Okanogan Project 1/ 2,370 2,370 2/ " 6.0 - 14,220 - o 62 3,280
Spring Coulee 3/ 130 . 6.0 - 780 3/ - - - -
" " ' 290 160 " - 3.0 - - k8o 3/ - - -
Omsk~Riverside 150 " 6.0 - 900 - 50 4 2l
" " 830 680 " : - 3.0 - 2,040 50
Scattered Areas 1,310 Sprinkler 3.5 - 4,580 - 350 20 1,190
o " 1,770 460 " - 2.0 - - 920 350
Horse Springs 2,390 Surface 7.0 - 16,730 - k2o 69 3,500
Whitestone Coulee 2,390 0 " - - - - - - -
Oroville-Tonasket 8,680 6/ 8,6804/ " - 2.0 - 17, 360 - - -
Irrigation District :
TOTALS 22, 470 9,000 13,470 - - ko, 780 30,790 - 21k 5/ 10, 277

A

Groundwater supply-
Supplemental lete-season water.

Exclusive of Oroville-Tonasket Irrigation District.
Total district area 12,294 acres.

Principal source of supply for this project is Salmoen Creek.
Larger acreage has been combined into 2,370 acres by exchange of water supplies.
Not included in total.
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TABLE 20

Irrigable Lands, and Lands Requiring Supplementel Water

Okanogan Basin in United States 1/

Trrigsble
Irrigated . Acres
Unit Subtotal 2/ Class 1 Class 2 Class 3 | Subtotal | Total
East Canal Div. - Chief Joseph Irrigation Project
Monse Bench - - - 50 750 750
Brewster Flat - - - 3,130 3,130 3,130
Monse Gravity - 188 27 55 270 270
North Gravity - 542 516 542 1,600 1,600
Sub-Totsl - Columbia River - 730 543 b b7 5,750 5, 750
OCkanogen River and Tributaries .

West Mallott 1,647 27 68 46 i 1,788
East Mallott 347 21 296 85 Lo2 49
Tarheel Flat 904 83 331 0 Ly 1,318
Spring Coulee 157 0 134 0 134 291
Jackass Butte 0 hr2 550 0 1,022 1, 022
East Omek 585 118 hio 146 674 1,259
Johnson Creek - Okanogen Project 3/ 3/ 2,370 3/ 2,370
Omak - Riverside 674 o) 70 82 152 826
Horse Springs - Whitestone Coulee 0 709 1,678 0 2,387 2, 387
Oroville - Tonasket Irrigation District 8,680 0 0 0 0 8, 680
Scattered Areas - 459 386 927 0 1,313 1,772
Sub-Total - Okanogen River & Tributaries 13,453 1,816 4, hoh 359 9, 009 22,462

e Y

Including lands in Okanogan Basin that will receive irrigation weter from Columbia River via diversion from Chief

Joseph Dam.

Under existing system but requiring supplemental water.
Equivalent new land area; combining about 510 acres new lands on Johnson Creek with existing irrigated areas on

Johnson Creek and on the Okanogan Project.
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Appraisal of Water and Storage Requirements

in lined canals, but would be negligible in pipelines for sprinkler

operation. Assumed seasonal distribution of irrigation diversion

requirements follows: ‘
Percent of

Month Seasonal Total

April 10

May 16

June 21

July 22) Late season
August 21) sub-total 53%
September 10)

Peak month would be July when 22 percent of the season requirement is
deliverable. The estimated peak demands per acre are 0.026 c.f.s. for
surface and 0.015 c¢.f.s. for sprinkler irrigation.

’ 149, Assuming lined canals, diversion requirements are estimated

at 72 inches, or 6 feet per acre for gravity distribution. However, in
the case of the Horse Springs-Whitestone Coulee area, a diversion
requirement of 84 inches, or 7 feet, is assumed. For Pressure-systen
distribution, the diversion requirement is assumed the same as delivery
requirement -- 42 inches, or 3.5 feet.

150. Table 19 shows by areas and potential service-units the
irrigable lands and presently irrigated lands needing supplemental water
that may use water from the Similkameen and Okanogan Rivers. The table
also shows diversion requirements, methods of irrigation, pump lifts,
and pumping-power requirements. This listing includes a total of 9,000
acres of new lands and 13,470 acres of presently irrigated lands needing
supplemental water. These lands would require a total diversion of some
81,000 acre~-feet of additional water snnually, 31,000 acre-feet for
supplemental supply and 50, 000 acre-feet for development of new land.
Obviously the supplemental supply requirement, 31,000 acre-feet, would
have to come from storage. Likewise, on the basis of the diversion
requirements shown above, at least one-half of the seasonal requirements
for new areas would come from storage. Disregarding use of return flow,
the storage requirements in the U.S. would be as follows:

Supplemental Supply 31, 000 acre-feet
New land ($ season

total) 25,000 acre-feet

FngUU acre-feet

151. An estimate was made to determine the storage required to
provide adequate water for existing and future irrigation needs during
& year similar to 1926, the lowest of the 40 years of record on the
Similkameen River. The study indicated that all of the lands classed
as irrigable in the Similkameen valley in Canada and in the Okanogan-
Similkameen Basin in the United States could be irrigated with the
provision of 123,000 acre-feet of storage. With a total future estimated
diversion requirement in excess of 674,000 acre-feet per season for
complete development of available irrigable lands in the Okanogan valley
in Canada, and successive low-year water supplies of 56,000 and 36,000
acre-feet available in 1930 end 1931, respectively; it is obvious that
no water will be available for use elsewhere in the basin from the
Okanogan River in Cenades. Therefore, it has been assumed that all future
development in the Similkameen Basin and in the Okanogan Basin in the
United States will be dependent on Similkameen storage.

.152. The foregoing storage requirement did not take into account
the possibility that return flow from upstream development would be
available for re-diversion, which would lessen the actual storage require-
ment somewhat. Furthermore, no attempt was made to correlate availsble
water supply with the various areas of irrigable land in Canada. The
figure for storage requirement is a maximum figure, which can be used for
comparatlve purposes, but which should not be used for project formulation.
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Appraisal of Water and Storage Requirements
FLOOD CONTROL

153. Storage in Okanagan and Skaha Lakes, together with the
projected channel improvements in Okanogan River in Canada, is believed
to provide adequate protection against floods in the Okanogan valley in
Canada.. ' '

154. Flood damage along the Okanogan River in the United States is
due primarily to floods originating in the Similkameen River, and
consequently could be alleviated by flood-control storage in that basin.
Storage capacity required for power could also be very effectively
utilized for flood control in this basin, and studies of storage require-
ments assume that the same reservoir space could be utilized for both
purposes. A reservoir capacity of about 900, 000 acre-feet at Shankers
Bend would have substantially controlled the greatest flood of record,
that of 1948. Capacity of about 600,000 acre-feet at the same site would
prevent about 87 percent of the average annual flood damages downstreanm.’
Flood-~-control storage in the Okanogan-Similkameen Basin would also provide
a small amount of flood control in the lower Columbia River basin.
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V. PLAN OF DEVELOPMENT
INVESTIGATIONS AND OFFICE STUDIES

155. The collection and analysis of the physical dats required
for the determination of a plan of development of the Okanogan-
Similkameen Basin entailed a considerable amount of effort because of
the lack of necessary basic data. The basin is sparsely settled, and
with the possible exception of minerals, the natural resources had not
been extensively explored. The agricultural potential at the start of
these investigations was only partially known. The Canadian portion of
the Similkemeen Basin was known to be favorably situated with respect to
the development of storage, but no potential sites had been Investigated.
Stream-gaging stations had been operated for many years at several points
in both countries, providing a good measure of the water supply of the
basin.

156. Preliminary dam-and reservoir-site investigations were made
on the Similkameen River and major tributaries in Canada by the Department
of Lands and Forests, Water Rights Branch, and the Department of Northern
Affsirs and National Resources, Engineering and Water Resources Division.
Results of these investigations were available for use in connection with
the studies of the Engineering Board. Topographic maps of the Similkameen
River in Canads from the international boundary to Princeton were prepared
and published by the Department of Mines and Technical Surveys, Surveys
and Mapping Branch.

157. In the United States, the Corps of Engineers carried out
preliminary investigations of the dam site at Shankers Bend on the
Similkameen River. A preliminary design of a deam and power plant, cost
estimates, and economic studies, are given in the "Review Report on the
Columbia River and Tributsaries" of 1948 (H.D. 531-81-2 Vol. III). That
agency also investigated the flood damage problem and mede preliminery
designs for flood protection works on the Okanogan River. Dam-site
surveys for three locations on the Similkameen River, in the United States,
were made by the Geological Survey, Department of Interior.

158. At the start of the Columbia River investigations very little
was known about the irrigation potentialities and the over-all water
requirements of this area in Canada. A reconnaissance soil survey of
part of the Similkameen and Okanogan River basins was followed by
preliminary land-use surveys in the remainder of the Similkameen, which
revealed the location and extent of the main irrigable areas, their
agricultural suitability and water requirements (see Table 16).
Engineering investigations have not been made in either valley in
Canada, and, therefore, the method of irrigation and costs of required
works and economic feasibility are not known.

159. Irrigation possibilities in the United States portion of the
basin were determined by a basin-wide reconnalssence investigation that
included the following: land classification for irrigebility and
preliminary engineering surveys in the field; and preliminary water
supply, cost estimate, and economic studies in the office. All lands up
to 500 feet in elevation above the Similkameen and Okanogan Rivers were
included. Results of the investigation are contained in a report by the
Bureau of Reclamation entitled "Okanogan River Basin, Washington,
Reconnaissance Report", dated September 1951.

160. The principal conclusion drawn from the investigation was
that reclamation of the dry, arable lands and provision of supplemental
water to presently irrigated areas within the basin should be premised
on diversions from the Chief Joseph pool with respect to divisions and
units adjacent to the pool, downstream along Columbia River, and upstream
in Okanogen valley to the vicinity of the railroed bridge across the
Okanogan River located abocut five miles north of Monse. A detailed
report on the Chief Joseph Irrigation Project, which includes units in
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Plan of Development

the Okanogan Basin, has been prepared by the Bureau of Reclamsation.
Additional irrigation development upstream in Okanogan valley should be.
accomplished by future construction of storage facilities and by diversion
from the Okanogan and Similkameen Rivers.

161. Office studies in connectlon with the preparatlon of this
appendix were made by the staffs of agencies represented on the Engineering
Board and Committee, and pertinent material is preserved in the files of
those agencies. Such studies include the determination of storage require-
ments for flood control, power, and irrigation; preliminary designs and
cost estimates for various features of projects included in the plan of

development; determinetion of potential benefits; and similar items.

IMPROVEMENT ELEMENTS

162. Many alternatives are availsble in Planning the development
of the water resources of the Okanogen-Similkemeen Basin. The storage
capacity required for flood control, irrigation and power may be provided
by reservoirs in several locations. Dams of different heights are
Possible at some sites, which would provide greatly different reservoir
capacities and would result in additional alternatives. Similarly, the
available water supply in some ereas is insufficient to develop completely
the available land suitable to irrigation, and alternative plans might be
devised for utilizing the available water supply most efficiently. The
Principal elements of the possible improvements are storage sites,
irrigation units, local flood-protectlon works, and power developments.
These elements are described and discussed in detail in the ensuing

paragraphs.

163. Storage Sites. - The storage requirements in the Similkameen
Basin are described in paragraphs 126, 141, 150, and 154. Requirements
for different uses are not additive, because they do not occur at the same
time. The maximum demand for. flood-storage capacity occurs before the
spring freshet, generally in May or June, after the critical power period
has ended and when the power reservoirs would normally be drawn down.
Similarly, the prlncipal ‘demand for irrigation storage occurs after the
spring freshet, by which time the reservoirs would normally be filled.
However, in the case of joint power and irrigation reservoirs, the two
uses tend to conflict with each other. The following paragraphs describe
the various storage sites that were studied.

164. SHANKERS BEND. The site is on the Similkameen River, 7.3
miles upstream from the junction with Okanogan River.

(a) High Dam. - The site is suitable for either a concrete
or an earth-and-rockfill dam (see Plate 6). For purposes of this report,
the latter type has been assumed and cost estimates were made on this
basis. Solid rock is exposed or near the surface in the foundation as
well as on the abutments. The meximum height of the dam would be about
260 feet, and its length about 1,200 feet. The maximum normal pool level
would be at elevation 1,289 feet, which is about the upper limit that can
be attained without flooding the town of Loomis, Washington, and the
irrigation developments near Cawston, British Columbia. This would provide
a maximum gross head of 24 feet and usable power storage of 1,310,000
acre-feet, with 86-foot draw-down. As explained in the previous paragraph,
the power storage space can be made available for flood control on a
forecast basis with no great loss of system power benefits. Irrigation
needs in both countries would be met. A concrete-lined tunnel would be
constructed through the left abutment with control gates to release water
for irrigation. The spillway would be constructed in rock on the right
abutment. The power plant would have an installed capacity of about
8k, 000 kw., and would be served by means of a tunnel through a low ridge,
which forms the right wall of the canyon. The total reservoir area would
be about 18,000 acres, of which sbout one-half would be in Canada. Of the
portion in Canada, about 5,600 acres are Indian Reserve land, as shown on
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Plate 7. The Indians have occupied these lands for generations, and would
not readily move elsewhere. They are primarily stockmen. While much of
their producing area is river bottom land on which hay crops are grown
without irrigation, some of it is on irrigated benches. Adjoining these

is a large area of range land. Of the Indian lands which would be inundated,
a substential amount would be comprised of these hay lands and irrigated
benches. Since adjacent land in the Similkameen valley is already occupied
and devoted to fruit farming, the resettlement of Indians on such land

would produce other resettlement problems without providing a completely
satisfactory solution to the Indian resettlement problem. In addition to
the resettlement of the dispossessed Indian population, the principal
flowage items are: acquisition of private lands and improvements; relocation
of 27 miles of Great Northern Railway, 24 miles of roads, and communication
and power lines; and compensation for lost business and taxes.

(v) Low Dam. - The same site was also considered for possible
development with a low concrete gravity dam with a maximmum normal pool
elevation of 1,175 feet, as determined by the elevation at the interna-
tional boundary (see Plate 8). The reservoir would be vholly contained
within the United States, and would have a live storage ceapacity of gbout
162, 000 acre-feet. This capacity would be usable not only for flood
control during the spring run-off, but would also serve for irrigation
and for power production. The dam would have a crest elevation of 1,190
feet, a crest length of about 800 feet, and a maximum height of about 160
feet. Irrigation releases would be made through a gated sluice in the
dam. The power plant would have an installed capacity of about 11,000 kw.,
and would be served by a tunnel approximately 1,800 feet long.

165. PAIMER LAKE. This site is on Palmer Creek, in the lower
reaches of Sinlahekin drainage, at a point below where backwater from the
Similakameen reaises the natural level of Palmer Lake during each high-
water period. No data are available on site conditions, although it is
probable that a low earthfill dam, with floodgates, would be required to
provide the necessary storage. An increase in water depth over minimum
natural lake levels of about 15 feet would provide 30,000 acre-feet of
storage. A diversion canal from Similkameen River, heading near the
international boundary, would be required as run-off from Sinlahekin
Creek and floodwater from Similkameen River are probably insufficient to
fill the storage each year.

166. NIGHTHAWK. This site is on Similkameen River, with alter-
native axis locations designated as Mile 12.0, Mile 1.4, and Mile 15.8,
on U. S. Geological Survey River Survey map. It is an alternate to the
Palmer Lake site, and, except for flooding of additional lands, including
Indian lands, is probably preferable to the Palmer Lake site because it
is on the main stem of the river and would require no diversion canal.
Some branch railway and secondary highway grade raising or relocation
would be required if this site were to be utilized. Low-water elevation
of Similkameen River at the international boundary is about elevation
1175, and storage in the amount of 50,000 acre~feet or less would not
affect the water level at the boundary. Following is a summary of prelimi-
nary information on storage at Nighthawk (Mile 15.8) site:

Dam Required (Approximate)

Height Above Streambed Length W.S. El. Total Capacity

30 ft. 900 ft. 1155 31,900 a.f.
35 ft. 1100 ft. 1160 52,600 a.f.
45 £t. 1300 ft. 1170 106,000 a.f.

167. ASHNOLA. The site is on the Similkameen River, sii miles
upstream from Keremeos and one mile below the mouth of the Ashnola River
(see Plate 9). Both banks are mainly gravel, although rock outcrops on
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the right bank sbout 120 feet above river level and on the left bank
about 240 feet above river level. Four test holes were drilled across
the valley bottom without encountering bedrock within 150 feet of the
ground surface. An earthfill-type dam was considered most suitable for
this site. A dam 80 feet high with a crest length of 550 feet could

be built, utilizing a knoll on the left bank of the river. A saddle dam
50 feet high with a 1,000~foot crest length would have to be constructed
between this knoll and the north side of the Similkameen valley. These
dams would impound 62,000 acre-feet of water.

168. BROMLEY. The site is on the Similkameen River, 13 miles
downstream from Princeton and two miles downstream from Wolfe Creek. The
left bank is rock from water level up to 200 feet above river level;
above this point, the bank is covered with overburden to 300 feet above
river level, where rock again outcrops. The rock bluff on the right
bank is covered with gravel up to 120 feet above river level. Test borings
through this gravel have disclosed that bedrock is at least 200 feet below
the ground surface, so an earthfill-type of structure was considered.

(a) High Dam. - The maximum height of a high dam is limited
by the elevation of Princeton. The dam would be 240 feet high with a
crest length of 1,400 feet, and would provide about 400,000 acre-feet
of storage. The rock outcrop on the left side of the river would provide
foundations for powerhouse, spillway, and, possibly, diversion and bypass
tummels (see Plate 10).

(b) Low Dam. - A dam 100 feet above river level would have a
crest 600 feet long and would require a smaller structure in a saddle in
the left bank. This saddle dam would be 60 feet high, with a crest
length of about 150 feet. About 50,000 acre-feet of storage could be
provided here.

169. SIMILKAMEEN NO. 3. This site is on the Similkameen River,
about ten miles upstream from Princeton and one mile downstream from
Copper Mountain, where the river flows through a narrow, rock canyon
about a mile lonz. A dam 250 feet high would have & crest length of
about 310 feet, creating about 18,000 acre-feet of storage. Bedrock is
apparent in the river channel near the site.

170. SIMIIXAMEEN NO. 4. This site is on the Similkameen River
about 30 miles above Princeton and one mile below the confluence with
the Pasayten, where the Similkameen flows through a narrov, rock canyon
about 600 feet long. A dam 167 feet high would have a crest length of
220 feet, and would create about 25,000 acre-feet of storage. The maximum
head for power production could be increased by utilizing the falls in
the river below the damsite. Bedrock is apparent in the river channel
near the site.

171. SIMIIXAMEEINT NO, 5B. This site is on the Similkameen River
immediately above the FPasayten River. An earth fill dam to elevation
3450 would impourd 55,000 ascre-feet of water. The right abutment would
be tied into a high promontory which divides the Similkameen and Pasayten
valleys. Rock outecrops were found on the Pasayten side of the shoulder,
and it 1s thought that the main body of this formation is rock. The valley
floor is a glacial fill with no evidence of bedrock. The left abutment
would be tied into what is now a deep rock cut on the highway. Unwatering
would be accomplished through an eleven-foot, horseshoe-shaped, lined
tunnel nine hundred feet in length through the left abutment. This tunnel
would subsequently be adapted for emergency spilling by the installation
of a roller or stoney gate eleven feet square and for normal releases by
a 48-inch high-pressure gate valve.

172. SIMIIKAMEEN NO. 6. This site is on the Similkameen River

about four and one-half miles upstream from the mouth of the Pasayten
River, at an elevation of 3,460 feet. Storage volume for a dam 215 feet
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high, estimated from aerial photographs, indicates a capacity of 73,000
acre-feet. It is believed that bedrock is close to the ground surface
at this site, but no subsurface investigations have been undertaken.

173. ASHNOLA RIVER NO. 1. The site is on the Ashnola River, about
19 miles above its confluence with the Similkameen River, and just above
Etches Creek. A dam 220 feet high with a crest length of 800 feet would
create a storage capacity of 47,500 acre-feet. Although there has been
no subsurface investigation, foundation conditions are believed to be
good (see Plate 11).

174. ASHNOLA RIVER NO. 2. The site is on the Ashnola River, about
25 miles above its mouth and about a mile below McBride Creek. A dam
140 feet high would have a crest length of 710 feet and would impound
22,100 acre-feet of storage. No subsurface investigations have been
undertaken.

175. ASHNOLA RIVER NO, 3. The site is on the Ashnola River, about
28 miles ebove the mouth of the river and 1-1/2 miles below Wall Creek.
The left bank consists of basalt covered by slide material, and the right
bank is an alluvial fan. Foundation conditions are believed to be poor.
A maximum of about 30,000 acre-feet could be impounded at this site.

176. TULAMEEN. The site is on the Tulameen River, about five miles
above Tulameen and a half mile below Lawless Creek. A dam 200 feet high
would have a crest length of 330 feet and a storage capacity of 12,000
acre-feet. There have been no subsurface investigations, but rock is
apparent on both banks and in the stream bed.

177. MISCELLANEOUS SMALL SITES. Several small sites were investi-
gated on tributaries of the Similkameen River. At Surprise Meadows, on
Keremeos Creek near Olalla, a dam 26 feet high with a crest length of
TLT feet would provide about 3,000 acre-feet of storage. At a site
on Hayes Creek, it is estimated that a dem TO feet high and 560 feet
long at the crest would provide about 4,000 acre-feet of storage.

There are also lakes on Wolfe Creek and on Summers Creek that could be
used to develop small emounts of storage.

178. Table 21 gives the preliminary pertinent data for the more
significant storage sites in the Similkameen Basin. Of the nine possible
sites and alternatives in Canada, only the following four are considered
to be possibilities for development at this time:

Bromley - for power and storage
Similkameen No. 5B - for storage
Similkameen No. 6 - for storage
Ashnola River No. 1 - for storage

179. Irrigation. - The irrigated and presently irrigable lands,
as shown on Plates 3, 4, and 5, have been grouped into units for the
purposes of identification in this report. Tabulations by land classes
‘and units of presently irrigated and irrigable land in Canada and
tebulations of presently irrigated lands in need of supplemental water
and irrigeble lands in the United States are shown in Tables 16, 18, and
20.

180. CHIEF JOSEPH PROJECT, EAST CANAL DIVISION, BREWSTER FIAT,
MONSE GRAVITY, NORTH GRAVITY, AND MONSE BENCH UNITS (5,750 acres).
Lands of these units lie on terraces and benches bordering the Okanogan
River near its junction with the Columbia River. These units constitute
the major portion of a division of a potential project to receive water
from the Columbia River. They are included in the plan of development
for the Okanogan Basin because they are actually in that basin.
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TABLE 21

Summary of Damsite Data - Similkameen Basin

44

Site Storage Costs Total Cost Forebay Tailwater | Installed
in Acre Feet (full pool) Capacity
Storage
- Total Usable |Facilities Only | Flowage Power Elevation Elevation K.
Shankers Bend 1,700,000 1,310,000 $13,240,000 $16,522,000 $12,927,000 $42,689,000 1289 1044 84, 000
High Dam : :
Shankers Bend
Low Dam 168, 000 162, 000 6, 540, 000 10, 767, 000 1,778,000 19,085,000 1175 1046 11, 000 e
. g .
Nighthawk 106, 000 106, 000 not determined not determined 0 not determined 1170 1125 0 o
L]
Ashnola 62, 000 62, 000 2,23, 000 2, 45k, 000 0 4,877, 000 1510 1420 0 =
P
(1]
Bromley Los5, 000 273, 000 7, 02k, 000 5, 77T, 000 1,519,000 14,320, 000 2070 1833 12, 000 B
g
B
Similkameen #3 18, 000 18, 000 5,406,000 not determined 507,000 not determined 2720 2483 3, 700 e
d
Similkameen # 1/ 25,000 25, 000 1, 205, 000 448, 000 779,000 2,432,00 3370 3215 1,900 N
Similkameen #5B 1/ 55,000 55, 000 2,597, 000 799, 000 2/ 3, 396, 000 3450 3300 2/
Similkameen /6 73, 000 73, 000 4,850, 000 1, 000, 000 2/ 5,850, 000 3660 3460 2/
Ashnola River #1 48, 000 48, 000 5, 028, 000 nominal 2 5, 028, 000 3725 3470 2
Ashnola River /2 22, 000 22, 000 1,473, 000 nominal 0 1,473, 000 3850 3720 0
Tulameen 12, 000 12, 000 1, 746, 000 nominal 0 1, 746, 000 2800 about 2600 0

1/ Similkameen #4 and #5B are alternatives.

2/ Sites Similkemeen #5B and #6 and Ashnola River #1 could be adapted for power development.
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181. WEST AND EAST MATLIOT TERRACES (1,790 acres and 750 acres
respectively). Lands of these units are on the terraces bordering
Okanogan River, between Monse and Okanogan, and they are the lowest that
are proposed to be served from the Okanogan River. Most of the area in
these units is presently irrigated, but in need of a supplemental supply,
which would be obtained by pumping from Okanogan River. Principal irri-
gated crops are apples and alfalfa. Dry-land crops are principally
grains, and remaining areas are grazed or left idle. The irrigsble lands
are principally Class 2. o

182. TARHEEL FLAT (1,320 acres). This unit, most of which is now
devoted to irrigated orchards, lies on a terrace between Malott and
Okanogan. Present supply comes from creeks in most years, with some
puriping from the river in dry years. A supplemental supply for the lands
now short of water and a full supply for irrigeble lands, most of which
are Class 2, could be pumped from Okanogen River.

183. SPRING COULEE (290 acres). The Spring Coulee unit, located
on a bench near Okanogen, comprises about one-half irrigated and one-half
irrigable land, the latter being principally Class 2. The present supply
is from wells, and the additional supply would likewise come from ground-
water.

184, JACKASS BUTTE (1,022 acres). This unit is on & terrace on
the east side of the Okanogan River, southeast of Omak, and comprises
two major bodies of irrigable land, about evenly divided into Classes 1
and 2. Existing use is for grain or grazing, with some areas idle. Water
supply would be pumped from Okanogan River. The area is best adapted for
general farming. "

185. EAST OMAK (1,260 acres). Lands of this unit occupy bottom
lends snd adjacent terraces on the east side of the Okanogan River,
between Omak and Riverside. The lands are sbout evenly divided at
present into irrigated and dry-farmed areas, with some idle lands. The
dry and idle lands are principally Class 2, and occur in small elongated
bodies separated by irrigated lands. The new lands would be adaptable
to orchards or general farming. Water supply would be pumped from
Okanogen River.

186. JOHNSON CREEK UNIT (1,030 scres). Lands of the Johnson Creek
unit are above the Okanogan Project along Johnson Creek. The unit
consists of about equal areas of irrigated and irrigable lands, but the
existing water supply is inadequate. Of the irrigable lands about one<
third are Class 1 and the remainder Class 2. Theé several bodies of
irrigable land occupy creek bottoms and adjoining terraces. This unit
is best adapted to general farming. Although tree fruits could be raised
thereon, frost would be a hazard. , '

187. THE OKANOGAN PROJECT. This project, developed early in the
century, occupies high glacial and river terraces west of Okanogan River
between Omak and Riverside. A 1946 survey placed 4,090 acres in arsble
land Classes 1, 2, and 3. Apples are the principal crop, followed by
alfalfa and pasture grasses. Water supplies for this project are
inadequate in very dry years. Supplemental supplies for the Okanogan
Project would be pumped from Okanogan River. Johnson Creek lands would
be served by a diversion from Conconully Reservoir, with exchange water
being provided from the Okanogan by pumping.

188. OMAK - RIVERSIDE (830 acres). Lands of this unit are along
the west side of the Okanogan River between Omek and a point about six
miles north of Riverside. Most of this unit is presently irrigated,
with the irrigsble areas about evenly divided into Class 1 and Class 2
lands. Water supply would be pumped from the Okanogan River. FPresent
and anticipated crops include tree fruits and alfalfa.
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189. HORSE SPRINGS - WHITESTONE COULEE (2,390 acres). All lands
in this unit are dry at the present time, the principal farming uses
being for grazing and raising of grain. These lands are in Horse Springs
Coulee and the coulee to the north of Whitestone Mountain. Their general
location is a few miles west of Tonasket. Development of these lands
was undertaken at oné time by the Whitestone Irrigation and Power Company,
but the water supply proved to be inadequate and the venture failed.
Water supply for these lands, which are best suited for general farming,
would be pumped from Palmer Leke (or Similkemeen River) storage.

190. OROVILLE-TONASKET IRRIGATION DISTRICT (supplemental water
for 8,680 irrigable acres). This district is the largest organized
irrigation development in the basin and is irrigated from Similkameen
River by a gravity distribution system. The district lands are on both
sides of the Okanogan River and extend from the international boundary
to a point several miles below Tonasket. Apples are the principal crop
grown, although some of all crops common to the area are raised. Most
of the better land in the district is being irrigated at present, but
late-season water shortages occur almost every year. Although the
district's water right is junior to a power right on the Similkameen
River, the practice of subordinating this latter right has been common
in the past, in order to prevent crop failures. Late-season storage
water would be provided for this development, with the water supply
coming from Similkameen River storage by existing canal facilities.
Some rehabilitation of the distribution system is required.

191. SCATTERED SMALL AREAS (1,770 acres). Numerous small and
isolated bodies of irrigaeble lands are scattered in coulees, and others
are on high terraces around Palmer Lake. About one-fourth of these
areas is now irrigated, principally in alfalfa; and the remainder is
dry-farmed, grazed, or idle. About one-fourth of the irrigable lands
is Class 1 and the balance Class 2. These areas would best be adapted
to general farming, but their isolated locations and small size may
limit or preclude development. Water supplies would be pumped from
various sources. - :

192. BOUNDARY TO ASHNOLA DAMSITE, The irrigable land in this
section is along both banks of the Similkameen River, Keremeos Creek,
and Blind Creek, extending continuously along the river, varying in
width from a few feet up to a maximum of two miles near Keremeos and
Cawston. Most of the land is fairly flat, being either in the river
bottom or on low benches, and has a light cover of bush and scattered
trees. The elevations vary from 1175 feet on the Similkameen River at
the boundary to 2,500 feet at the upper extremity of Blind Creek. The
river level at Ashnola damsite is 1,420 feet. Of the total of 19,847
acres of irrigable land in the area 6,546 acres are under license for
irrigation. Approximately half the total area is Indian Reserve.

193. ASHNOLA DAMSITE TO BROMLEY DAMSITE. The irrigable land in
this section of the Okanogan-Similkameen Basin lies in the narrow, steep
walled valley of the Similkameen River. It is on the river flats or
benches ranging in elevation from 1,400 feet to 2,200 feet, varying in
width from a few feet to about a half mile. The cover of coniferous
and deciduous trees is relatively light. Of the 4,806 acres of irrigable
land 1,243 acres are under license for irrigation. About one-third of
this section of the lower parts of the valley is Indian Reserve.

194. BROMLEY DAMSITE TO COPPER MOUNTAIN. The irrigaeble land in
this section lies along the Similkameen River on the river flats and on
benches and rolling hills ranging in elevation from 1,900 to 3,000 feet
above sea level. The forest cover is very light. Of the 6,162 acres
of potentially irrigable land in the Similkameen Valley between Bromley
damsite and Copper Mountain, at present 712 acres are under license for
irrigation.
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195. WOLFE CREEK. Just above the damsite at Wolfe Lake there are
about 150 acres of irrigsble land, above which there is a rock canyon
about six miles long. Above this the Wolfe Creek valley again widens
out and there are sbout 306 acres of irrigable land in an open park-like
country at elevations ranging from 2,300 to 3,000 feet above sea level.
Licenses have been issued for irrigation on 93 acres of land in Wolfe
Creek valley above the canyon

196. HAYES CREEK. Along Hayes Creek from the damsite about 12
miles upstream from its confluence with the Similkameen River to elevation
3,000 which is about 14 miles above the damsite, there are 2,984 acres
of irrigable land. The valley is quite narrow, about one-third of a
mile wide, with fairly steep, wooded sides. At the upper end, the valley
is wooded with a few open meadows. At present, licenses have been issued
for irrigation on 428 acres on Hayes Creek above the. dam31te, including
tributaries above 3,000 feet elevation.

197. OTTER CREEK. In the 20 miles of Otter Creek from the Tulameen
River to creek elevation 3,000 feet there are sbout 3,580 acres of
potentially irrigaeble land. The valley is about one-quarter of a mile
wide, fairly flat and quite open, with steep wooded sides, narrowing:
about 12 miles upstream from Otter Lake. Licenses have been issued for
the irrigation of 170 acres. ‘ ' '

198. TULAMEEN RIVER. From Princeton to the damsite on Tulameen
River, about 20 miles above Princeton, there are’'1,460 acres of irrigable
land. This stretch of the valley is very narrow with steep sides, with .
no licensed irrigation being carried on at present. Licenses have been
issued for irrigating 107 acres on the’ trlbutarles of the Tulameen,
excluding Otter Creek (see above ).

199. OTHER AREAS. 'Of the other areas of irrigable and arable land
in the Similkameen Basin in Canada there are 1,035 acres on Keremeos
Creek above Olalla of which 118 acres are licensed for irrigation, 300
acres on Summers Creek gbove its mouth of which 165 acres are licensed
for irrigation, 4,718 acres on Allison Creek sbove its mouth of which
658 acres are licensed for irrigation and Tulameen River above the damsite
where there are 120 acres of arable land, none of which is licensed for
irrigation.

200. OKANOGAN BASIN. Between the international boundary and
Penticton there about 36,615 acres of irrigable lands lying mainly in
the valley bottoms, but including benches about 500 feet above river
level and also including about 5,000 acres in Park Rill and Shingle
Creek valleys. Around the south end of Okanagan Lake, along the west
side of the lake as far north as Peachland, and including the valley of
Trout Creek, there are about 14,420 acres of irrigable lands. This land
around Okanagan Lake is a narrow belt, extending from the lake shore to-.
about 1,000 feet in elevation above the lake on a series of benches. In
the area extending from Westbank, on the west side of Okanagan Lake,
through Kelowna and Winfield to Oyama, there are about 48,806 acres of
irrigeble lands, mostly within 500 feet of the elevation of Okanagan
Lake. From Oyama north to Larkin, including the area at the north end
of Okanagan Lake and the Coldstream Creek area, there are 29,488 acres
of irrigeble land. From Larkin north, and including Armstrong and the
Deep Creek valley, there are 12,010 acres of irrigable land. The
irrigable lands along Deep Creek externd: to the east over a low summit
(2,500 feet elevation) into the Shuswap River valley, to the west through
a low pass {1,900 feet elevation) into the Salmon River valley, and to
the north to the area around Salmon Arm of Shuswap Lake. The above %otal
of 141,339 acres includes both irrigated and irrigsble lands (sce Table
18). Any substantial increase in presently irrigated areas, in particu-
lar the Deep Creek area north of Armstrong, would require water additional
to that presently available in the Okenogan Basin in Canafia.
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201. A reconnaissance survey has indicated that a gravity diversion
from the Shuswap River near Enderby is physically possible through the low
divide between Fortune Creek and Deep Creek to carry irrigation water to
Okanagen Lake. Review of water records indicates there is ample unused
water in the Shuswap River to fill any deficiency in the Okanogan valley.
The low-water elevation at the point of diversion on Shuswap River is
1,140 feet above sea level, and maximum high water was 1157.36 feet in
1894. A control structure sbout 25 feet high across the river channel and
a low dyke across the flood plain would raise the water level at the
diversion point to elevation 1155 feet. The town of Enderby and the
highway would not be affected but about two miles of the C.P.R. branch
line from Sicamous to the Okanogan velley would have to be raised to
provide the necessary freeboard. The channel of Fortune Creek would have
to be enlarged and & connecting channel constructed through the low divide
(elevation 1175) to Deep Creek. The maximum depth of the connecting
channel below the summit would be about 40 feet and the length two miles.
The connecting channel would require a capacity of about 1,000 cubic feet
per second for maximum demend, and the channel of Deep Creek (near
Armstrong) would have to be straightened and enlarged to that capacity
for a distance of about ten miles to the north end of Okanagan Lake.
Servicing for irrigation would be by means of pumps, either from the
diversion channel or from Okanagan Lake. Because most of the arable lands
requiring water are on benches up to 500 feet in elevation above Okanagan .
Lake, pumping heads would be high and irrigation expensive.

202. Local Flood Protection Works. - Preliminary plans which appeared
to have the best possibilities for justification for providing local flood
protection in the United States were studied for three commmnities ==
Okanogan, Omak, and Riverside. Principal elements of the protection works
would be levees, floodwalls, and riprap. The lengths of the various
projects studied were as follows:

Length of walls

Project . and/or levees
Okanogan (right bank) 9,000 feet
Omak (both banks) 13,800 feet
Riverside (right bank) 1,900 feet

None of the plans investigated was found justified.

203. The most practical solution of the flood problem on Tonasket
Creek (see para. 114) would be to increase the capacity of the channel,
in its existing alignment, from a point near where it enters the delta
to a point near its mouth; and to change the alignment at the lower end
s0 that the outlet discharge would take place in an old oxbow of the
Okanogan River. The oxbow would provide & natural sedimentation basin
for the debris from the creek. Principal features of this work would be
a widening of the existing channel in the delta area, construction of
levees on the banks with the excavated material, and protection of the
banks with riprap as required by local current velocities. Because of
valuable lands required for rights of way, local opposition precludes
further consideration of this improvement at the present time.

PROPOSED PLANS

204. Introduction. - Alternative plans for further development of
the water resources of the Okanogan-Similkameen Basin are described in
the following paragraphs. In presenting these alternative plans, the
Board wishes to emphasize that other possibilities for storage of flood
flows exist in the upper reaches of the Similkameen Basin, but on the
basis of data available from limited investigations, the following
proposals appear to be the most feasible and desirable.
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205. The important influence of economic factors on any further
development of the water resources of the basin is fully recognized by
the Board. These factors will very largely govern the rate of development.
Some elements of the proposed plans are not economically justified under
present. conditions, and may not be justified for many years. Elements for
which there is little prospect of early construction have been investi-
gated only to the extent necessary to determine the engineering feasibility
and physical characteristics of the project. Preliminary damsite investi-
gations were sufficient to indicate the general foundation conditions and
suggest the type of structure suitable for the site. Irrigation projects
in the United States were investigated sufficiently to determine the land
types, availability of water supply, and engineering feasibility of
irrigation. In Canada, investigations were made to determine land types,
irrigability, and availability of water supply. ‘

206. Preliminary designs and cost estimates were made for the storage
projects, in order to provide a comparison between alternative projects.
Although such cost estimates serve the immediate purposes of the Board in
determining a proposed plan of development and in maeking comparisons
between projects, they may be unrealistiec for an individual project
(except for Shankers Bend) and are therefore not considered suitable
for economic analyses. The investigations and office work required to
provide & preliminary design and reliable cost estimate for each element
of the proposed plan were not considered justified for this report.

207. One element of the proposed plan -- & high dam at Shankers
Bend on the Similkameen River -- is presently of interest to the United
States because of power and flood-control aspects, and, consequently,
has been investigated in greater detail.

208. The proposed alternative plans, although not recommended nor
necessarily desirable for immediate construction, provide a framework
~on which further development may be based as economic factors dictate.

209. Plan A. - This plan consists of essentially complete develop-
ment of the irrigable land in the basin through numerous small projects,
indicated as land units in paragraphs 180-200, and of a high dam on
Similkameen River at Shankers Bend. In Canada, 39,27h acres of new land
in the Similkemeen Basin and 83,036 acres 0f new land in the Okanogan
Basin would ultimately be developed; and in the United States, 9,000
acres of new land would be developed in addition to the provision for
supplemental water for 13,000 acres of land presently irrigated. The
power plant at Shankers Bend would have installed generating capacity
of 84,000 kw. The reservoir would have an active storage capacity of
1,310, 000 acre-feet partly in Canada and partly in the United States,
covering an area of 18,000 acres of which nearly one-half is in Canada.
Since this storage is more than sufficient to meet downstream water
requirements, the irrigation requirements upstream on the Similkameen
River could be almost completely satisfied by the normal stream flow,
supplemented by a total of about 67,000 acre-feet of storage where needed.
In the Okanogan Basin in Canada, the amount of water needed for complete
development of all the irrigable land exceeds the water supply in most
years, O a necessary part of Plan A is the importation of water from the
Shuswap Basin through the low divide at the northerly end of Okanagen
ILake.

210. Plan B. - This plan is an alternative to Plan A and, although
it includes less storage than that with Shankers Bend high dam, there is
sufficient storage to meet all irrigation requirements, to provide
substantial flood protection, and to develop appreciable amounts of power.
The storage dams included are: Low Shankers Bend, Ashnols, Bromley,
Similkameen No. 3, Similkameen No. L, and Ashnola River sites Nog.l and
2, vhich would create about 610,000 acre-feet of usable storage. Irri-
gation development would be identical with that under Plan A, with ample
water for the Similkameen and the Okanogan in the United States supplied
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by the storage projects. The éapacities of the above resefvoirs are
shown on Table 21. Provision for full development of the Okanogan Basin
in Canada would require additional water as outlined in Plan A.

2I1. As a possible alternative to irrigation storage in Plan A or
Plan B for use in the United States, supplemental supplies for presently
irrigated lands and late-season supplies for new lands could be obtained
in Palmer Lake or at the Nighthawk (mile 15.8) site on Similkameen River.

2l2. From an overall engineering standpoint, the Board is of the
opinion that Plan A is the preferable scheme of developing the water
resources of the basin. The existence of a damsite at Shankers Bend
favorable to the construction of a high dam, and a potential reservoir
site containing few residents and reletively little economic activity at
this time, indicate the probability of a favorable benefit-cost ratio for
this project. ¥lan B, on the other hand, requires seven smaller
reservoirs, at considerably greater cost, to provide 610,000 acre-feet
of storage compared to 1,310,000 acre-feet in Plan A. Power benefits
under Plan A would probably be greater than those of Plan B.

213. The location of the reservoir that would be created by
Shankers Bend high dam with respect to the international boundary and
the existence of the Indian reservation in the reservoir site in British
Columbia, present substantial obstacles to the development of this
project. If these obstacles should prove insurmountable, or their
solution unduly delay development of the Similkameen Basin, Plan B
offers a potential, though less desirable solution. Discussion of the
benefits and accomplishments of each plan follow under separate headings.

BENEFITS AND ACCOMPLISHMENTS

21k, Navigation. - Any storage on the Similkameen River that would
cause an increase in downstream flow during periods of low flow and
reduce the downstream flow in periods of high flow would have a slight
beneficial effect on navigation downstream on the lower Columbia.
However, it is very doubtful if the creation of reservoirs in the
Similkameen Basin would cause the introduction of navigation to replace
any of the existing transportation facilities in the basin. The only
navigation in the basin occurs on Okanagan Lske, which is not affected

by either Plan A or Plan B.

215. TFlood-Control and Drainage. - The high dam at Shankers Bend
would provide the greatest amount of flood control for the Okanogan and
Columbia Rivers, and eliminate such backwater in Osoyoos Lake as is
caused by the Similkameen River. The usable flood control storage of
1,310,000 acre-feet would eliminate practically all damages in the
Okanogan valley below the boundary; and, under the present stage of
development in the Columbia Basin, would have reduced peak flows of the
1948 flood at The Dalles by approximately 35,000 cubic feet per second.
The alternative plan of seven smaller dams, with a total storage capacity
of asbout 610,000 acre-feet, could probably prevent about 80 percent of
the average annual flood damage in the United States portion of the
Okanogan valley, but its effect on the lower Columbia would be relatively
minor.

216. Power. - The high dam at Shankers Bend could produce 2k, 000 kw.
of prime power at the site in uncoordinated operation. However, if its
operation were coordinated with existing and certain proposed projects
of the Columbia River system, the resulting increase in system power
could be of the order of 100,000 kilowatts. In the case of the alterna-
tive plan, the increase in system power that would result from a low dam
at Shankers Bend could be about 19,000 kilowatts. The power capabilities
of the other sites of Plan B have not been computed, but they are believed
to be substantial.
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Plan of Development

217, Irrigation. - Both Plan A and Plan B include essentially
complete development of the irrigable land in the Okanogan-Similkameen
Basin. Although economic factors do not favor the early development of
much of this land, the Board is of the opinion that the ultimate plan of
development of the resources of the basin must include such irrigation,
and that the required water supplies should be reserved for such use.

218. Storage provided under Plen A will meet all water rights and
water. requirements for irrigation as well as meeting other needs in the
Similkameen Basin and in the Okanogan Basin below the Shankers Bend site,
thus releasing the natural flow in Canada for complete utilization during
low-flow periods. The water supply needed for complete development of the
Okanogan Basin in Canada would, however, require importation of water from
outside the basin.

219. Plan B will provide adequate water for all irrigation require-
ments described above as well as for other existing rights during the low
water season. In addition, storage at various sites in the Similkameen
Basin in Canada will facilitate the application of water to lands adjacent
to the reservoirs and in the valley areas below.

220. Preliminary Cost Estimates of Storage Facilities.

Estimated Cost Usable Storage
(1954 vrices) Acre-feet
Plan A .
Shankers Bend High Dan $h2, 689,000 1/ 1,310,000
Plan B
Shankers Bend Low Dam 19,085,000 1/ 162, 000
Ashnola 4, 877,000 62, 000
Bromley 14,320,000 1/ 273, 000
Similkameen No. 3 5,913,000 1/ 18, 000
Similkameen No. 4 2,432,000 1/ 25, 000
Ashnola River No. 1 & No. 2 6,501, 000 70, 000
Total Plan B $53, 128, 000 610, 000

1/ Cost of power facilities included.
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VI. SUMMARY

221. On the basis of data available from limited investigations,
two possible comprehensive plans for providing flood control and imple-
menting irrigation and power production have been determined for
developing the water resources of the Okanogan-Similkameen Basin. FPlan A
includes the construction of a high dam and reservoir at Shankers Bend,
which would provide ample storage capacity for irrigation and flood control,
and would be capable of increasing the power output of the Columbia River
power system by a substantial amount. Plan B, which includes a number of
smaller reservoirs, would not be capable of providing as much storage
capacity or producing as much power as Plan A, but could be developed to
provide substantial local flood-control benefits and to provide adequately
for the irrigation needs in the Okanogan-Similkameen Basin. The latter
Plan would cost more, and would produce less benefits than Plan A, but its
reservoirs would not flood as much pasture and potential crop-land. Both
plans require the importation of water from outside of the basin for irri-
gation in the Okanogan Basin in Canada. A major portion of the lands
required for the Shankers Bend reservoir in Canada and the Ashnola reservoir
are Indian Reserve lands, and this fact may present insurmountable
difficulties in the use of these sites. Palmer Lake or Nighthawk sites
could provide storage for future irrigation development in the United States.
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