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PURPOSE AND INTRODUCTION

The purpose of this report is to set forth in o condensed form the major items considered
by the State Water Resources Board in its formulation of an integrated, coordinated
program of use and control of the water resources of the Deschutes River Basin in Oregon.

The board’s investigation activities were completed in late 1960. The study was made
in conformity with ORS 536, 300(1) which states:

"The board shall proceed as rapidly as possible to study: existing water resources
of this state; means and methods of conserving and augmenting such water re-
sources; existing and contemplated needs and uses of water for domestic, muni-
cipal, irrigation, power development, industrial, mining, recreation, wildlife,
and fish life uses and for pollution abatement, all of which are declared to be
beneficial uses, and all other related subjects, including drainage and recla-
mation, "

Having completed the study necessary to formulate and implement an integrated, coordi.
nated water resources program, the board proposes to adopt a program for the Deschutes
River Basin. This program will fulfill the requirements of ORS 536, 300(2) which states:

"Based upon said studies and after an opportunity to be heard has been given to
all other state agencies which may be concerned, the board shall progressively
formulate an integrated, coordinated program for the use and control of all the
water resources of this state and issue statements thereof. "

The program will be based on the standards outlined in ORS 536. 310 and the data ob-
tained in the basin investigation. This program will supplement the program previous! y
adopted by the State Water Resources Board for the Lower Deschutes Basin on November
25, 1959. A summary of basic data and factors examined in the study are contained in
the report. Detailed information is available for examination in the files of the board
in Salem, Oregon,

Data for study and evaluation were made available through (1) physical field acti vity,
(2) review of available reports and data, (3) extensive personal contact, (4) hearing

on the basin's woter needs and problems (Redmond, March | , 1960), (5) extensive
hearings on applications for a preliminary permit and a license for the Round Butte
Project of Portland General Electric Company before the Hydroelectric Commission and
the State Water Resources Board (Portland, October 2. 16, 1959; Salem, November 19,
1959; and Portland, September 9, 1960), and (6) data supplied by the Department of
Agriculture (Soil Conservation Service, Forest Service, and Agricultural Research Service)
through o cooperative program with the State Water Resources Board, and (7) submission
of data to the board, af its request, by local, state, and federal agencies and other
groups,

xii
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GENERAL CONCLUSIONS

Water is a controlling factor in resource development. Future economic and
and population growth will depend primarily upon the quantity of water
available for development use.

The total basin yield is adequate to supply all existing and contemplated
future needs of water, but serious shortages exist in many areas due to the
seasoncl and geographical pattern of distribution of the yield.

Flows are not sufficient on many streams under present stream regulation during
summer months of average water years to supply existing and future demands.

Simultaneous use of any major portion of existing rights results in flows at or
near the zero level in many streams during the summer months.

Augmentation of the water resource in periods of need can come through storage
of surplus winter and spring runoff and more efficient use of presently appro-
priated water,

There are substantial quantities of unappropriated water that are subject to the
jurisdiction of the State Water Resources Board.

Unappropriated waters of the Deschutes River and its tributaries above Bend,
Tumalo Creek above Columbia-Southern Canal, Crooked River, Ochoco Creek,
and White River and its tributaries have been withdrawn by the State Engineer
or legislature for special uses.

Waters within the Warm Springs Indian Reservation are not considered to be
solely under the jurisdiction of the State of Oregon.

There are nonconsumptive rights with early priorities which limit upstream use
of water for consumptive purposes,

Use of the waters of certain major streams, or sections of these streams, and
numerous lokes and minor streams is limited due to physiography, location,
land ownership, or economic potential.

There are limited-purpose storage developments that restrict multiple beneficial
use of the water resources.

Ground water is generally of good quality and represents a potential source of

water in portions of the basin. Extensive ground water surveys are needed to
fully determine the amount and distribution of water available from this source.

xiii
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GENERAL CONCLUSIONS

Domestic, municipal, livestock, and wildlife uses of water, while important,
represent minor quantities in existing and contemplated future water use.

Irrigation is presently and will continue to be the major consumptive water use
in the bosin,

Adequately irrigated agricultural lands represent only a small portion of the
total irrigated area.

The existing irrigated acreage could be more than doubled provided an adequate
supply of water were available. Extensive studies are required to determine
the feasibility of providing new storage, reducing existing stream channel and
irrigation water losses, and developing ground water for increased irrigation
use,

The basin has potential for industrial developments, Sufficient water will not
be available at many locations for major water-using industries without provision
for seasonal storage or, in some areas, developing the ground water resources.

The basin has potential for the development of hydroelectric energy. Studies
are in progress to resolve the conflict between major dam projects and fish life
on the Lower Deschutes River.

Mining and the use of water for mining purposes is slight and is not expected
to increase materially in the foreseeable future.

Recreation is a major factor in the economy of the basin. There is an abundance
of reservoirs, lakes, and streams available for water-based recreation in the
western portion of the basin, especially in the Upper Deschutes sub-basin.

There is potential for more extensive use of existing facilities and development
of new recreational focilities.

A major conflict exists between irrigation and fish life use of water,

Reduction of present reservoir and stream level fluctuations and maintenance of
minimum reservoir levels and perennial streamflows would enhance fish life and
recreation,

Desirable base flows suggested by fisheries agencies are substantially higher at

many locations than the flow levels that can be committed during an average
water year under current stream regimen and existing water rights and priorities,
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GENERAL CONCLUSIONS

Storage and scheduled releases of excess winter and spring runoff, purchase of
some existing water rights, or acquisition of water saved by reducing irrigation
transmission losses would be necessary to attain the flows recommended by
fishery agencies. The economic relationships between costs and benefits related
to base flow improvement have not been established.

Establishment of restrictions on further appropriations would aid in maintaining
minimum flows in streams that are not now appropriated beyond their natural
capacity at critical periods, and in streams that are now appropriated beyond
their natural capacity at critical periods but where actual diversions of water are
below the legal appropriations.

Pollution of surface and ground water is not a problem at present.
Flood, drainage, and streambank erosion are not major problems.
Small reservoirs on minor tributaries would reduce flash floods and streambank

erosion and provide late season irrigation water. Most of these are not eco-
nomically feasible at present.

Xy



DESCHUTES RIVER BASIN STUDY

CHAPTER |  THE BASIN

gﬁ*"’&h

GENERAL
Sub-basin Divisi

»Because of the differences in physical characteristics, needs and uses of water, and
levels of economic development from area to area, the basin has been divided into
sub-basins to facilitate the analysis of these differences.

Chapters | and Il are devoted to a discussion of water resources and related items for
the entire Deschutes Basin, Chapter 1l is an inventory of each sub-basin covering the
same items as preceding chapters but in much greater detail.,

To permit direct comparison of some items and also for added clarity, many of the
tables and figures present their information by sub-basins, particularly in Chapter 111,
and reference to the various sub-basins is made throughout the narrative,

Delineation of the sub-basin divisions is shown in Plate 1: Sub-basin 1, Upper
Deschutes, comprises all of the Deschutes River drainage from its headwaters to Benham
Falls; Sub-basin 2, Middle Deschutes, from Benham Falls to Mecca excluding Crooked
River drainage; Sub-basin 3, Lower Deschutes, the remaining Deschutes drainage from
Mecca to its mouth plus small streams in the lower part of the basin draining directly
into the Columbia River; Sub-basin 4, Upper Crooked, covers all of the Crooked River
drainage from its headwaters to mile 66, which is a few miles below Prineville Reser-
voir; and Sub-basin 5, Lower Crooked, the remainder of Crooked River drainage from
mile 66 to its mouth,

]
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The drainage basin key map of Plate | shows the Deschutes River Basin to be located
in the north central part of the State of Oregon. This stream system drains an area of

approximately 10,400 square miles (6,650, 000 acres), which is nearly 11 percent of
the area of the state.

Basin boundaries consist of the high Cascade Mountains on the west, lava plateaus to
the south, the Ochoco Mountains and the plateau between the Deschutes and John Day
Rivers on the east, and the Columbia River to the north. One hundred and seventy
miles long in a north-south direction and 125 miles at its longest east-west extension,
the basin narrows to only a few miles at its northern boundary.

¥ P Dy,



THE BASIN

As shown by Table 1, the Deschutes Basin includes nearly all of Crook, Deschutes,
and Jefferson Countles, 70 percent of Wasco County, nearly half of Sherman County,
a small portion of Klamath County, and only a few square miles each of Wheeler,
Grant, lake, Hood River, and Harney Countles.

TABLE 1

AREAS OF COUNTIES LYING WITHIN THE
DESCHUTES RIVER BASIN

TOTAL *AREA WITHIN DESCHUTES RIVER BASIN
COUNTY AREA of % of
Sq. Mi. S5q. Mi. Acres County Basin
Crock 2,980 2,865 1,833,600 96.1 27.6
Deschutes 3,027 2,738 1,752,320 90.5 26.3
Wasco 2,387 1,677 1,073,280 70.3 16.0
Jefferson 1,7% 1,584 1,013,760 88.5 15.2
Klamath 5,973 765 489,600 12. 7.4
Sherman 8130 372 238,080 Ly B 3.6
Lake 8,270 116 74, 240 1.4 1.1
Wheeler 1,707 92 58,880 5.l 0.9
Grant L, 8530 67 L2,880 1.5 0.7
Harney 10,132 67 42,880 0.7 0.7
Hood River 529 L7 30,080 8.9 0.5
TOTALS 10,390 6,649,600 100.0

*Determined from SWEB Map No. %5.701%

Stream System

Major tributaries of the Deschutes Ri ver, from the headwaters downstream to the
mouth, are the Little Deschutes River, Tumalo Creek, Squaw Creek, Crooked River,
Metolius River, Shitike Creek, Trout Creek, Warm Springs River, and White River.
Stream miles at the confluences of these tributaries with the Deschutes River can be
determined from Plate 1, It will be noted that of the major tributaries only the
Crooked River and Trout Creek have headwaters in the eastern portion of the basin.

All of the remainder head in the high Cascades to the west. While the Little Deschutes
River enters the Deschutes on the latter's east bank, it too heads in the Cascade Moun-
tains at a point south of the origin of the Deschutes River.

Named streams total about 570 and there are an additional 1,350 unnamed streams in
the basin. All streams total approximately 6, 800 miles In length, of which only 1,980
miles are perennial in nature. Included In these figures are the 252 miles of Deschutes
River main stem, 97 miles of Little Deschutes River, 130 miles of Crooked River, 41
miles of Metolius River, and 48 miles of White River.

A further indication of the extent of perennial and intermittent streams in the Deschutes
River Basin is given by Table 2 which lists this information by sub-basins.

Determination of stream elevations at any point and stream gradients for any section

St
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THE BASIN

can be made from Plate 2, a profile of most of the Important streams in the Deschutes

TABLE 2

MILES OF BTREAMS
IN THE DESCHUTES RIVER BASIN

SUB-BASIN *MILES OF STREAMS
Ares in

Name Bg. Mi. Perennial | Intermittent Total
Upper Deschutes 1,710 310 Lo - 750
Middle Deschutes 1,850 330 580 910
Lower Deschutes 2,690 760 1,850 2,200
Upper Crooked 2,480 330 1,650 1,980
Lower Crooked 1,660 250 710 960
TOTALS 10,350 1,980 4,820 6,800

*Determined from SWEB Map No. 5.701

system. Reference is made throughout the report to many items of significance that
are shown by, or can be inferred from, Plate 2,

Climate

Although the climate of the Deschutes Basin is continental, moderating affects of the
Pacific Ocean are not entirely shut off by the Cascade Mountains. Average annual pre-
cipitation is as high as 100 inches in some areas in the Cascade Range but drops to
between 9 and 14 inches in the Deschutes Valley and on the eastern plateaus, and
increases to above 20 inches in some areas in the Ochoco Mountains. Only about 25

percent of the average annual precipitation occurs during the main irrigation season
between May | and September 30,

The effect of elevation is also apparent with annual snowfall which averages 295

inches at Cascade Summit and decreases with lower elevation to 39 inches at Bend, 17
inches at Redmond, and 14 Inches at Prineville and increases again in the Ochoco Moun-
tains where it is about 72 inches at the Ochoco Ranger Station.

Recorded temperature extremes have varied from minus 45 degrees Fahrenheit to 119
degrees above zero. Average annual temperatures at varlous locations in the volleys

range between 40 degrees in the upper regions of the Deschutes River and 51 degrees
near its mouth,

The average number of days without killing frost at lower elevations in the agricultural
oreas averages between 80 days in the Upper Deschutes and southern lava plateaus of
the basin to about 170 days on the plateaus near Wasco, However, frosts can occur in
any month of the year in the entire watershed south of Madras.




THE BASIN

Growing seasons average about 90 days ot Bend, 100 at Madras, 112 at Prineville,
130 at Antelope, and 170 at Wasco. Hydrological stations are shown on Plate 14, and
listed in o summary available in the office of the State Water Resources Board,

Population

Table 3 shows the population distribution in the basin by counties and sub-basins, as
estimated from U, S. Bureou of the Census data. Total population of the Deschutes
River Basin estimated for 1960 was 44,080, which is approximately 2,5 percent of the
total population of the state. Sixty-five percent of the population of the basin is con-
centrated in the Middle Deschutes sub-basin while 52 percent is located in Deschutes
County. Populations for 1960 were, Bend - 11,940, Redmond - 3, 340, Prineville -
3,260, and Madras - 1,520. The remaining six incorporated cities in the basin all
have populations below 1,000. There are an additional 62 unincorporated communities
in the basin having populations ranging from 500 downward with the majority having
populations less than 50,

TABLE 3

POPULATION DISTRIBUTION
BY COUNTIES AND SUB-BASINS
1960

SUB-BASIN COUNTY TOTAL
Hood SUB-

Crook | Deschutes| Grant [Harney| River | Jefferson| Klamath | Sherman | Wasco BASIN

Upper Deschutes o 560 ¢ o 8] 1,190 o] 0 1,750
Middle Deschutes 0| 22,35 o] O ¢ 6,390 o O C | 28,74¢
Lower Deschutes o G o] o 20 2BO o] 1,140 | 2,100 | 3,540
Upper Crooked 420 56 30 10 o] s o o o] 10
Lower Crooked 9,010 110 o 0 4] 420 0 0 G| 9,540

TOTAL POPULATION
WITHIN DESCHUTES ) .
BASIN g,L30 | 23,070 30 10 20 7,060 1,190 | 1,140 | 2,100 |&k 080

Note: The portions of Leke asnd Wheeler Counties within the Basin are uninhabited.

Trends in population are illustrated in Figure 1. All of the counties in the basin ex-
hibited a fairly sharp rate of growth from 1940 to 1950 except Sherman which had o
slight decline. The succeeding 10 years, 1950-1960, brought a continued growth but
at a lesser rate for all counties except Wasco which continued to grow at an accelerated
rate, Much of Wasco County's growth occurred in The Dalles area which is outside of
the Deschutes Basin.

Of the major cities, those above 1, 000 population, Bend has shown a very high rate

of growth, particularly in the early 1900's. A leveling off in rate of growth is apparent

for all major cities in the last 10 years with Prineville showing o decline.
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Other Incorporated cities, those below 1, 000 population, exhibit quite variable growth
patterns. Metolius has maintained a high rate of growth since 1940 while Sisters shows
an appreciable drop for the last 10 years. Wasco's population in 1940 was less than half

Sy
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FIGURE 1. Trend in populstion.

that of 1920 but is now on the upswing. Antelope has been declining steadil y in popu-
lation since 1920. Maupin has had a steady increase in population at nearly a uniform
rate since 1920,

ECONOMY AND LAND USE
land Ownership

A detailed breakdown of federal, state, and private land ownership by sub-basins Is
given in Table 4. Of the total basin area, 10,390 square miles, 55 percent is federally
owned or administered, | percent is state land, and the remaining 44 percent is predomi-
nantly privately owned,

This ownership distribution has o direct bearing on the economy of the area. That neariy
one-third of the basin is U. S, Forest Service land is of importance in the utilization of
the area timber resources, Uses made of the large areas of private land and management
proctices prevalent in those areas are important foctors in water resources and basin
economy. This relationship between land ownership and use and basin economy is brought
out in the following paragraphs.

Ig t
The importance of the timber resource in the Deschutes Basin Is indicated by the fact that
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THE BASIN

approximately four million acres of land, which is nearly 60 percent of the basin area,
is forest land and nearly two-thirds of that is classed as commercial, which are lands
available for and capable of producing marketable timber.

TABLE 4
LAND OWNERSHIF OF ADMINISTRATION

g

SUB~BASIN U. 8. FOREST BLM-PUBLIC BUREAU OF OTHER STATE PRIVATE
Total BERVICE DOMALIN INDIAN AFFAIRS; FEDERAL & OTHERS
Name Area Area % of lhrea |f of | Area (% of |Area |%f of | Area % of | Area |4 of
5q.Mi.| Sq.Mi. | Total |S8q.Mi.|Total| Bq.Mi. Total |Sq.Mi.|Total| Sq.Mi.|Total 5q.¥1. Totsl
Upper
Deschutes | 1,710 1 1,330 | 78 65 L o] 0 g ¢ 5 o] 305 | 18
Middle
Deschutes 1,850 645 | 35 125 7 320 17 15 1 10 o} 735 1 Lo
Lower
Deschutes | 2,690 370 | 1k 65 2 560 21 35 1 10 o] 1,645 | 62
Upper
IaCrocked 2,80 505 | 20 765 | 31 ¢ o} 20 1 45 2 1,145 | Lé
wer .
Crooked 1,660 ko5 | 29 420 | 25 0 0 5 0 25 2 735 | Lk
DESCHUTES
BASIN TOTAL | 10,390 3,325 | 32 1,440 14 880 8 i 80 1 g5 1 L,565 | L
Note: Areas are shown to the nearest five square miles.

Source: U. 8.; Forest Service, Bureau of Land Management, Bureau of Indian Affairs
State; Land Board, Highway Department, Game Commission

Forest land areas and predominant wood species as determined from data supplied by
the U, S. Forest Service are shown by counties in Table 5.

TABLE %

FOREST AREAS AND PREDOMINANT WOOD SPECIES
WITHIN THE DESCHUTES RIVER BASIN

COUNTY COMMERCIAL FORESTS RONCOMMERCIAL FORESTS TOTAL
*Muior Wood Species *Malor Wood Specles
£ of total volume % of total volume
Acres PP DF LP Fs Acres J { oM Acres
Crook 429,000 | 87 | 8 562,000 98 991,000
Deschutes 918,060 | 64 25 371,000 71 § 1,289,000
Jefferson 76,000 | BB 262,000 G4 i 638,000
Klamath +£7,000 Unknown 22,000 Unknown 489,000
wasco 381,000 | 53 3z g 74, 000 L 38 L85, 000
TOTALS 2,571,000 1,291,000 3,862,000

*PP, Pondercsa Pine; DF, Douglas-fir; LP, Lodgepcle Pinej F5, fir-spruce; J, juniper;

OM, oask-madrons

Bource: U, 8.

Forest Bervice

Ponderosa pine is the predominant wood species in the basin and constitutes about 75
percent of the commercial acreage, and about 60 percent of the commercial sawtimber
volume. Most of the remaining area consists of lodgepole pine and Douglas fir and,
of lesser importance, larch, hemlock, cedar, black cottonwood, and other fir and pine

specles,
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THE BASIN

Of the noncommercial timber land, uniper covers 91 percent, oak-madrona 3 percent, 4
percent is classed as sub-alpine, and the remaining 2 percent as noncommercial - rocky.

Commercial forests in the basin extend over most of the slopes of the Cascades, east

to the Paulina Mountains and Walker Rim, and cover a large portion of Ochoco and
Maury Mountains. There are areas of noncommercial forests scattered over most of the
remainder of the basin with the exception of Sherman and the portion of Wasco County
lying east of the Deschutes River,

Annual log production and the major timber producing areas of the basin have varied
appreciably over the years. The trend by counties from 1949 through 1958 can be seen
in Figure 2,

Deschutes County averaged over 200 million board feet

e | J annually from 1936 through 1943 followed by a tremen-

m \wasco 4 dous drop to a low of less than 14 million in 1947, This

:': LN A Lerrerson drop resulted from cessation of operations in that area of
b ,, Cﬁéw ..-'" 3 % a major timber company. Since then, log production in
8 Wi A }{i"‘ / that county has gradually Increased, with a temporary
) SET/ANE ,‘.;;\}\, % v setback In 1955, and Is now approaching 100 million
é ! :"; F\Y f board feet annually.
§ * DEQ:HU{TES
2 - Crook County production reached a high of 100 million

> board feet in 1941, but in recent years has varied be-

i tween 50 and 80 million annually.

TErELe e Jefferson County production now runs between 60 and

OB 8 e 100 million board feet annually, which also is below
FIGURE 2. Trend in log produc- the maximum of nearly 160 million reached in 1947,

tion, by counties.

The general production trend in Wasco County has been
towards an Increase reaching a high in 1951, which has
pretty much held since then, near 120 million board feet annually.

Data from the Department of Employment indicates that of all of the covered employes
in Gook County, 63 percent are in the lumber and wood products industry. Comparable
figures for Deschutes County are 28 percent, Jefferson 17 percent, and Wasco 13 per-
cent. In terms of the numbers of covered employes in the lumber Industry in all of the
counties of the state, Crook County ranks 14th, Deschutes 15th, Wasco 30th, and
Jefferson 32nd.

An indication of the extent of logging on U. S. Forest Service land Is given by Table 6




THE BASIN

which shows annual log production and annval sfumpage value of timber sales for national o
forests within the Deschutes Basin. ‘
It Is important to note that stumpage values and log production figures cannot be com-

pared directly for any given year since timber sold in one year usually is logged over a ‘

period of several years following the sale. Further, stumpage figures are not true indi-
cators of timber value because of a number of factors that influence the difference between '
sale price and market value of timber.

TABLE 6

LOG PRODUCTION AND STUMPAGE VALUE
NATIONAL FORESTS WITHIN THE DESCHUTES RIVER BASIN

YEAR KATIONAL FOREST ANNUAL CDT TOTAL Iy
MT. HOOD OCHOCO DESCHUTES
Million } *Stumpage Million *Stumpage | Million *Stumpage Million *Stumpage
BM $ Value BM $ Value B € Value BM & Value w
1955 L8 L 1,034,000 19 874,000 79 1,681,000 166 3,589,000
1956 L7 | 1,220,000 57 1,302,000 109 2,808,000 213 5,330,000
1957 31 | uLB 000 31 625,000 102 2,282,000 165k 3,855,0@@
1958 Lo } 578,000 £y 1,354,000 113 1,962,000 213 3,894 000
1959 L3 i 767,000 85 1,619,000 153 2,805,000 281 5,191,000 5
ALLOWABLE 37 55 118 210

*Stumpage value and log production cannot be compared directly for the same year. See text.

Scurce: U. 8. Forest Service

For example, timber that is over-ripe, low-grade, or diseased may not have a high
stumpage value but, If utilized in pulp and paper production, will yield an end product
of high value.

On the other hand, high-grade timber that brings premium prices at the mill may also
have a relatively low sale price on the stump because of high road-building and logging
costs resulting from difficult terrain.

A third situation would be a good grade of timber having high value both on the stump
and at the market,

These and many other factors influence the relationship between stumpage value and
true market value of timber so the values cited in Table 6 should only be used to indi-
cate the relative magnitude of timber sales in national forests.,

Average log production on national forests within the Deschutes Basin averaged 207
million board feet annually for the period 1955.1959 which compares favorably with

the allowable cut of 210 million. It is Forest Service policy to allow the cut to fluctuate
above and below allowable as long as the long-term average does not vary appreciably
from the estimated sustained yleld. This practice permits more efficient and more eco-
nomical logging operations and insures maximum yield from the forests.
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Agriculture

The first white settlers In the Deschutes Basin located along Hay Creek east of Madras
In 1863 and herded cattle In the surrounding hills. Within the next few years other
settlers located on Trout Creek, Willow Creek, and Squaw Creek. Agriculture at first
consisted mainly of raising cattle, sheep, and horses.

large areas in Jefferson, Wasco, and Sherman Counties, devoted in the early days
almost exclusively to grazing, were gradually replaced by dry wheat farming. Precipi-
tation in Jefferson County is marginal for dry land wheat production and operations on
many dry wheat farms established In Jefferson County during wet years were subsequently
discontinued during dry years.

Irrigation in the area started first on Squaw Creek near Sisters around 1871, Home-
steading started In 1898 and irrigation was begun on a large scale in about 1900,

Several small irrigation companies were formed about this time. Most of these companies
were short-lived and were merged into larger ones which were In turn taken over by
landowners who organized irrigation districts. Most of the Irrigable land in the basin
was occuplied, although not all irrigated, by 1920,

Construction of storage faciliries began in the mid-20's when it became apparent that the
flow of streums was not large enough to supply all projects at the time the water was
needed. Construction on the Bureau of Reclamation's Deschutes projects began in 1921,

Today about 42 percent of the total basin area is occupled by farm land. OFf the nearly
2, 800, 000 acres of farm land, 425,000 acres are In crops, 521,000 acres in woodland,
and the remainder in pasture and other uses. Details of agricultural land use and farms
within the basin for the five major counties are shown in Table 7.

More than half of the approximately 2,500 farms in the basin are located in the Middle
Deschutes sub-basin and most of the remainder are divided about equally between the
Lower Deschutes and Lower Crooked sub-basins with a few farms located in the Upper
Crooked and Upper Deschutes sub-basins. Agricultural Census data shows that for the
period 1930 through 1954 the number of farms decreased approximately 25 percent in
Crook, Sherman, and Wasco Counties, but increased 30 percent in Deschutes County and
75 percent in Jefferson County,

At the same time, the total land in farms has increased resulting in a larger average size
of farms in all counties with the exception of Jefferson. In the latter case, the average
size of farms has been greatly reduced due in part to the division of lands of this county

in the 1940's ofter the introduction of irrigation through the North Unit Irrigation Dis-
trict,
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The physical and economic environment in the Deschutes Basin has resulted in the de.
velopment of three general types of agriculture: (1) general irrigated farming, (2)
dry land farming, and (3) range livestock. Many farms in the basin are a combination
of two or all three of these types.

TABLE 7

AGRICULTURAL LAND AND FARMS
WITHIN THE DESCHUTES RIVER BASIN

1954
ITEM COUNTY I roraL
Crook Deschutes Jefferson Sherman wasco

Area in Deschutes Basin 1,833,600 1,752,320 1,013,760 238,080 1,073,280 | 5,911,040
Lend in farms 1,037,174 337,810 539,985 218,000 635,000 & 2,767,969
Number of farms 193 1,067 590 110 225 2,385
Average farm size 2,639 317 915 1,980 2,822 | 1,369
Cropland 72,863 48,515 96,604 116,000 90,300 | Lok, 582
Cropland harvested 49,008 33,838 69,906 55,700 47,000 | 255,44y
Land pastured 960,393 27,032 427,624 74 700 568 000 2,304,748
woodland 209,664 109,549 29,748 600 171,700 521,061
Other land 9,432 15,831 18,190 h,100 15,300 62,853
Irrigated land L5, 818 RSN 54,789 0 5,000 | 150,037
Note: All areas are in acres.

Source: Agricultural Research Service

General irrigated farming is concentrated In Jefferson and Deschutes Counties and is
also intermixed with range type of agriculture in Crook County below Prineville.

Plate 3 was prepared to give an indication of the location of irrigation lands, both
existing and potential. Information was lacking with which to delineate the lands
that are presently being irrigated outside of the major irrigation districts. Also the
pattern of irrigation varies from year to year. Therefore Plate 3 shows the lands which
hold water rights for irrigation. Present rights are for 270, 000 acres as compared to
the 180, 000 acres estimated to have been irrigated in 1959. Thus an appreciable por-
tion of the nonirrigated lands holding water rights could also be classed as potentially
irrigable lands.

This is also brought out by the fact that although more than 80 percent of the farms in
the basin irrigate, only 8 percent of the agricultural lands receive irrigation water
and only a small fraction of the irrigated lands receive an adequate supply of water,

Most irrigated farm land receives water from gravity irrigation systems and 75 percent
of the irrigated lands lie within the irrigation districts of the Deschutes and Crooked
River projects. Most irrigated land outside of districts lies along or near streams,
These lands are dependent on natural streamflow which results in shortages during the
summer low flow season, particularly in the arid areas east of the Deschutes Ri ver,

10
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THE BASIN

The present level of irrigation development and proposals for future developments are
delineated in Plate 4. This includes Irrigation districts, Bureau of Reclamation projects,
irrigation dams and reservoirs, and major irrigation canals and ditches. This also serves
to illustrate the lack of facilities in many areas of the basin.

Range livestock farms include irrigated land for the production of winter feed. This type
is located principally in Crook County along Crooked River and near tributary streams in
Wasco County.

In addition to livestock farms, about 925, 000 acres of public domain land administered
by the Bureau of land Management are used primarily for grazing and national forest
lands also provide some grazing.

Dry land farming is dominant in the northern portion of the basin, primarily in Sherman
and Wasco Countles with wheat being the principal crop.

Data from the Agricultural Census shows thot in the tri-county area of Crook, Deschutes,
and Jefferson Counties, 67 percent of the approximately 2,000 farms are classed as com-
mercial, 1] percent as part time, and 22 percent as residential farms, In this area,
which contains about 94 percent of the total area irrigated in the basin, 45 percent of
the commercial farms reported a gross value of all farm products sold in 1958 of less than
$5,000, while 24 percent show less than $2, 500,

Total gross ogricultural income in the Deschutes Basin in 1958, exclusive of forest and
forest products, is estimated at 32.5 million dollars with crops accounting for 15.5
million or about 48 percent of the total. Wheat was the most valuable crop followed
by potatoes and alfalfa. These three together accounted for 75 percent of the total esti-
mated gross income from crops.

Livestock products and poultry accounted for 17 million dollars or 52 percent of the total
agricultural income. Beef alone accounted for 12, 1 million followed by dairy 2.2
million and poultry 1.1 million.

The trend in the value of farm products sold in the tri-county area of the basin is shown
in Figure 3. Sales in Jefferson County have increased steadily from less than 1 million
dollars in 1939 to nearly 11 milllon dollars in 1958, Sales dropped off in both Grook
and Deschutes Counties from 1949 to 1954, but since then have shown a steady Increase
and in 1958 amounted to nearly 9 million dollars in Crook County and over 5 million
dollars in Deschutes County.

The trend in ocres of irrigated land in the same tri<county area is shown in Figure 4,
It will be noted that the rate of increase or decrease in acres of irrigated land from the

11
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period 1944 through 1958 is very similar to the Increase or decrease In the value of
farm products sold during the same period. This gives some Indication of the Importance

"0
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FIGURE 3. Trend in dollar value FIGURE 4. Trend in irrigated
of farmw products scld, by coun- acreage, by counties.
ties.

of irrigation on some aspects of the agricultural economy of the basin. This is particu-
larly evident in the large increase in both acres of irrigated land and agricultural income
in Jefferson County with the advent of the North Unit Irrigation District in the middle
1940's,

Recregtion

Recreation is very important to the economy of the basin. The Deschutes stream system
has a nationwide reputation for excellent trout and salmon fishing. - Each year there is

a large influx of people to the basin during the hunting season. Thousands of visitors
each year enjoy the scenic attractions of the basin; the Lower Crooked River and Deschutes
River canyons, the Ochoco Mountains, and the Cascades with their many lakes.

The many and varied recreation areas in the basin including forest camps, wilderness

areas, state parks, roadside rest areas, resorts, boat lancings, and others are located
on Plate 5. A detailed summary of the facilities available at each of these areas has

been compiled and is available at the office of the State Water Resources Board.

One hundred and thirty-eight forest camps are scattered throughout the basin in the
Deschutes, Mt. Hood, and Ochoco National Forests in the Cascade, Paul ina, Ochoco,

12
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and Maury Mountains. Recreational use of national forest land in the basin has been
increasing steadily in the past few years and reached an estimated total of 1,318,400
man days in 1959 according to U. S. Forest Service data. In addition, six privately-
owned and two forest service-owned organization sites in the national forests receive
approximately 34,200 man days of use each year. Ten privately-owned resorts on
national forest land in the basin receive about 93, 300 man days of use each year,
Also, six summer home areas on national forest land, with a total of 297 homes, re-
ceive approximately 35,600 visitor days per year.

Twenty-two resorts are scattered throughout the basin. Bachelor Butte ski area near
Bend had 29, 000 visitors who enjoyed 24, 000 ski days in its first season of operation,
the winter of 1958-59.

Seventeen state parks and roadside rest areas can be found in the basin, most of them
along the Deschutes and Crooked Rivers. As with other recreation areas, the popularity
of state parks has increased steadily over the years. This is indicated by Figure 5 which
shows the annual use of state parks by day visitors and overnight campers since 1953.

DAY VISITORS OVERNIGHT CAMPERS
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FIGURE 5. Trend in annuel use of state pBTKS projected to 1967 by the Parks Division of the Oregon
State Highway Commission.

Those parks shown having day visitors were selected as being representative of all
parks in the basin. All parks having overnight camping facilities are shown in Figure
5. Counts taken in state parks in the basin totaled 622,900 visitor days and 28,600
camper nights for 1958, These figures do not include roadside rest areas. Traffic
counts taken in 1958 showed that approximately 45 percent of the cors at overnight
camping grounds came from out of state.

It can be noted in Figure 5 that both Peter Skene Ogden Wayside and Ochoco Loke
had approximately twice the number of day visitors in 1958 as Cove Palisades. This

13
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reflects both accessibility and recreational features,

Peter Skene Ogden Wayside is located at the Crooked River crossing of U, S, 97, the
main north-south arterial of the basin, thus offering easy access to a large number of
travelers, Likewise, Ochoco Lake is located on U. S. 26, a main east-west arterial.

In contrast, Cove Palisades State Park is located several miles from the main highway
at the bottom of the canyon and is accessible by a relatively steep and winding road.

The major attroction at Peter Skene Ogden Wayside is a spectacular view from the rim
of the Crooked River canyon, at Ochoco Lake is reservoir type of acti vity such as boating
and fishing, and at Cove Palisades is both scenic and stream fishing.

The State Parks and Recreation Division projected state parks' use to 1967, as also
shown in Figure 5. These projections reflect physical capabilities of the parks as well
as anticipated future demands. For example, the relatively low rate of increase in
annual use of Ochoco Lake State Park is not because of lack of popularity but rather due

to limited space for expansion and the restrictions imposed on recreation through operation

of the reservoir for irrigation purposes. Therefore, future recreation demands will be
higher than the projected use of state parks indicates.

It is difficult to assign dollar values to recreation due to a number of intangible factors
such as the value of the pleasure and health benefits derived from recreation. Evaly-
ation of recreation has been made in a number of ways but the dollar values derived
are only a partial measure of the full benefit of recreation. Examples are cited below.

The Parks Division of the Oregon State Highway Department reports that revenuve at
existing state parks in the basin which provide overnight camping averages about 30
cents per camper night. Out-of.state, three-day tourists spent an average of $5,20 per
day for food, lodging, travel expenses, and miscellaneous items in 1957,

In 1956 average expenditure per person per day for campers In Washington was esti-
mated at $7. 43 by the Washington State Parks and Recreation Commission.

For the purpose of determining the economic benefits fo an area from recreation, the
Department of Natural Resources of Oregon State College has estimated that average
daily expenditures in the proposed Oregon dunes park area will be $2. 00 for day
visitors and $6. 50 for overnight campers in 1990,

As a guide to copital investment justification, the National Parks Service uses o figure
of $1.61 per tourist day in thelr study of proposed recreation areas.

None of the dollar values cited include expenditures for recreation equipment such as
boats, fishing gear, camping Items, trailer houses, efc.
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Mining activity in the basin Is associated almost entirely with stone, sand and gravel,
ond related building materials. In addition, small quantities of mercury are mined
and exploratory work has recently been completed on uranium deposits. The approxi-
mate location of octive mining operations and known mineral deposits is shown in

Plote 6.
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FIGURE 6. Trend in dollsr value
of mineral production, by coun-
ties.

In 1959 there were 14 active mineral industry estab-
lishments in the basin including mercury, pumice,
tuff, diatomite, bentonite, cinders, and stone oper-
ations. In oddition there are many sand and gravel
operations scattered throughout the basin, Other
known mineral deposits of economic significance which
are not being mined ot present include gold, gypsum,
obsidian, perlite, semi-precious gems, and vranium,

The annual value of the total mineral production of
Crook, Deschutes, Jefferson, Sherman, and Wasco
Counties averages about $2, 500, 000 for the years
1954-1958. Mineral production from 1951 to 1958
for Crook, Deschutes, and Jefferson Countles, which
contain nearly all of the active operations in the
basin, is shown in Figure 6. Crook, Deschutes, and
Jefferson Counties show a normal up-and-down pattern
of production with the overall trend in recent years
being slightly upwords. This is also true of Sherman
and Wasco Counties with the exception of tremendous
production increases in Sherman County in 1955 and
in Wasco County in 1957, These peaks in production
were both due to increased demands on sand and
gravel operations from heavy construction taking place
in those areas. In foct, the majority of production
shown for these counties is from sand and gravel oper-
ations. These operations have about doubled In output
in the past 10 years.,

I ration Madi

The existing system of state and federal highways

mokes most areas of the basin readily accessible, Federal highways completely cross the
bosin in both north-south and east-west directions connecting all of the major towns.

15



St

THE BASIN

State highways link the important population centers with each other and with the
federal system. In addition, many improved and unimproved roads give access to
other remote areas.

N ew

Regular bus and freight service both are available on five federal and one state high-
ways while irregular freight service can be secured to nearly all points in the basin.

e
Railroad lines also cross-the basin in a north-south direction through Maupin, Madras,
Redmond, and Bend providing links with market areas outside the basin such as Portland,
Eugene, and Klamath Falls. Prineville and Redmond are connected by a city-owned spur

line.

Commercial airline service is available at Roberts Field near Redmond with connections
at Portland, Klamath Falls, and Eugene. In addition, there are a number of fields
and landing strips in the basin equipped to handle light planes. Charter flight service
is available from the airport at Bend.
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CHAPTER Il WATER SUPPLY, USE, AND CONTROL

Ao

GENERAL

That nearly all types of human endeavor are either directly or indirectly dependent
upon water is an amply illustrated fact in the Deschutes River Basin. The most evi-
dent item is water need for human consumption which, while extremely important,
involves a very small quantity in comparison with many other needs and uses, For
exainple, the dependency of agriculture upon irrigation water in the arid regions of
the basin represents a very large annual consumptive use of water. Nonconsumptive
requirements, such as water to maintain and enhance fish life, also involves large
quantities of water at many locations. An important distinction between nonconsumptive
and consumptive use is that most water diverted in the former case becomes available
for other purposes at downstream locations but only part of that diverted in the latter
case is later available for other uses.

SURFACE _WATER SUPPLY
Yield

A great difference in yields can be observed between streams that originate in the
Cascades and western parts of the basin and those originating in the Ochoco Mountains
and eastern plateaus.

.

For example, the annual yield of Ochoco Creek below Ochoco Reservoir (drainage area
about 300 square miles) varied between 1,340 and 68, 480 acre-feet and averaged
18,570 acre-feet (62 acre-feet per square mile) for the years 1920 to 1958.

By contrast, the annual yield of Squaw Creek above Sisters (drainage area about 55
square miles) has varied between 48, 330 and 118, 860 acre-feet and averaged 77, 140
acre-feet (1, 400 acre-feet per square mile) for the years 1907 to 1958,

This pattern of high yields per square mile for Cascade streams is largely due to rela-
tively high precipitation as compared to eastern streams.

Annual yields for the Deschutes River near its confluence with the Columbia are shown
in Figure 7. These vary between 3,030, 000 and 5, 700, 000 acre-feet and average
4,213, 000 acre-feet for the years 1907 to 1958. This represents the water leaving
the stream system after consumptive use has taken place,

The pattern of yields shown in Figure 7 is characteristic of nearly all streams in the
basin. Dry years, such as the early 1930's and 40's, are evident as well as the rela-
tively good water years of the past decade.
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Most of the Deschutes stream system is characterized by low flows in the late summer,
fall, and winter and high flows in the spring and early summer under natural conditions.
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FIGURE 7. Annual yield of the Deschutes River near its mouth, 1907-19588,

This is illustrated by average monthly flows of the Little Deschutes River near Lapine,
Figure 8, which closely approximate unregulated flows. Here peak flows occur in May
from spring runoff with the lowest flows being in Sep-
tember and October. Of major significance is that summer
periods of low flow coincide with periods of low precipi-
tation which is also the time of maximum demand for
water. Therefore, even with annual yields adequate to
satisfy needs, the pattern of runoff distribution at many
locations is such that seasonal requirements cannof be
met from utilization of natural flow alone. Satisfaction
of needs when and where they occur is dependent in
A j part upon regulation of streamflow through controlled

storage. If yields are inadequate, even this is not o
FIGURE 8. Average monthly dis- complete solution in all cases. '

charges of the Little Deschutes
River near Lapine, 1925-159%8,
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Fluctuation between low and high flows and the time

of occurrence of such flows varies considerably among
the different tributaries. Peak flows in the Crooked River and its tributaries occur in
March and April while glacial-fed streams originating in the Cascades usually reach
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WATER SUPPLY, USE, AND CONTROL

their peaks in May and June. Base flows in streams originating in the Cascades are
relatively stable due to the regulatory effect of ground water storage. Streams in the
arid Crooked River watershed are characterized by considerably lower flows in the
summer and comparatively high flood periods during the spring runoff.

The most even flows are in the Metolius River where average monthly discharges near
Grandview (drainage area 324 square mi les) vary between 1,330 cubic feet per second
(cfs) in October and 1,620 cfs In June. This is in contrast to the widely varying flows
of the Crooked River above Hoffman Dam near Prineville (drainage area 2,760 square
miles) where average monthly discharges vary between 8 ofs In August and 1,200 dfs in
April. Part of the difference between low and high flows in the Crooked River is the
result of extensive irrigation diversions in the summer.

Extremes

Differences between discharge patterns of streams originating in the Cascades and those
in the eastern portion of the basin are demonstrated more drastically by comparing ex-
treme flows. Minimum discharges and yields at selected stations in the basin are listed
in Table 8.

The minimum recorded flow of the Metolius River near Grandview was 1,080 cfs com-
pared to a maximum of 5,780 cfs while the minimum of the Crooked River above Hoffman
Dam was zero a number of times compared to a maximum of 8,410 cfs. Thus the more
uniform flows of Cascade streams are also il Justrated by the smaller differences between
extreme flows.

Recorded discharges of the Deschutes River at its confluence with the Columbia River,
which is the composite flow of the entire stream system, have varied between 3, 380
and 43,600 ofs. The mean discharge at this location is 5,590 dfs.

Depletions

The location of each of the approximately 1,350 water rights existing in the Deschutes
stream system is shown on the basin stream map in Plate 7. Each water right number

is located on the map at its approximate point of diversion. From this, areas with o
concentration of rights can be noted but the quantity of water involved is not apparent.
For the latter purpose, o 102-page water rights summary has been prepared listing each
right and its location, priority date, purpose, quantity, and stream. A limited number
of summaries is available at cost through the State Water Resources Board.

The compilation of water rights for the Deschutes River Basin does not include water
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Deschutes River are shown in Figure 9.

it



WATER SUPPLY, USE, AND CONTROL

This diagram does not illustrate the actual or seasonal pattern of water use in the

basin,

Consumptive rights are shown separately on the plot for comparative purposes and
the major blocks of rights on tribu-

o000 coremmns tary streams are also indicated, More
IR SR et == than one-third of the total rights are
£ soco | for water diverted from the Deschutes
. oo River in the vicinity of Bend. Nearly

G AT S one-third are located along the
5 1 Crooked River and the remainder are
% el | scattered throughout the rest of the
B o0 stream system,
N Y
°——zr“io“_m~‘7§f“m Surface water rights in the Deschutes

MILES ABOVE MOUTH

River Basin total 9, 800 cfs of which
FIAURE 9. Legal depletion rights by stream miles 5; 540 cfs are Cﬁﬂwmpﬁve and 4; 260
of the Deschutes River as of January 1960C. ofs nonccmumpﬁve in nature. The

largest group of water rights in the

basin is formed by irrigafion rights which total 5,452 dfs for the irrigation of 259,469

acres. Other consumptive water rights consist of 62 cfs for municipal, 16 dfs for domes-

tic, and 10 ofs for Industrial. The largest group of nonconsumptive water rights is
formed by power rights which total 3,873 cfs. Other nonconsumptive water rights con-
sist of 200 cfs for industrial, 135 cfs for fish, 51 cfs for mining, and 1 cfs for recrea-
tional use.

Assuming that all consumptive surface water rights are used to their maximum legal
extent, approximately 1,600, 000 acre-feet of water could be diverted each year from
the streams of the Deschutes River system. Records exist only for the diversions of the
major irrigation districts and municipalities. Smaller diversions for irrigation, indus-
trial, domestic, and stock purposes can only be estimated, Some water rights are not
being utilized and many others are not used every year. A number of rights cannot be
fully exercised due to seasonal deficiencies in water supply, particularly in low flow
years. These factors indicate that the actual annual diversion is much less than the
maximum legal amount, The maximum rate of diversion may, in some instances, ex-

ceed the legal rate, particularly early in the irrigation season when there is an abun-
dance of water,

Only o part of the water diverted for consumptive purposes is consumed, the remainder
reappearing as return flow in the streams or as ground water, A USGS survey points
out that, on a national average, only 60 percent of water diverted for irrigation is
used consumptively by evapo-transpiration, the remaining 40 percent returning to the
ground water and streams. This situation is even more pronounced in the Deschutes
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Using a consumptive requirement of two acre-feet per acre for the | 80, 000 acres jrri.
gated in the Deschutes Basin in 1958, and o conservative 10 percent consumption for

the neighborhood of 400, 000 ocre-feet, Comparing this with actyual diversions, which

This leads to the conclusion that the Deschutes stream system yields sufficient water fo
satisfy existing and futyre demands, Taking the stream system qs o whole, this is o

true statement, |n considering the basin area by area, it is evident that water shortages
now exist and wil| continue to exijst because of the aforementioned maldistribution. The

of hecessity, general in nature. Most of this discussion and the axompanying diagrams
are based upon an vnpublished report prepared for the board by Mr, Jack Sceva, geolo.
gist for the State Engineer,
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Geology

A general jzed geologic cross section taken along the Deschutes River is shown in Figure
10. Indicated here are the major formations and key locations along the river. This

plot is in the form of a river profile in order to indicate approximote elevation rela-
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FIGURE 10. Generalized geologic cTross gection along the Deschutes River.

A diagrammatic section of the major formations in the basin is shown in Figure 11 along
with a table listing the nature and water-bearing characteristics of those formations.

The geology of the Deschutes River Basin consists mainly of various layers of sedimentary
formations and lava flows. Permeability of these formations varies greatly and largely
depends on the grain size of the rock particles, the degree of sedimentation, and the
degree of fracturing. % come ptatiee

The older rock formations are relatively dense and impermeable and should not be con-
sidered os potential sources of large ground water supplies in the Deschutes River Basin.
More recent formations and lavas contain permecble zones which are generally copable
of yielding moderate to large supplies of ground water where they lie below the regional
water table.

In some locations two and three separate water tables have been encountered because
of sequences of permeable and impermeable rock formations. In some areas ground
water is pumped from the valley alluvium along streams. Confined water is sometimes

23



WATER SUPPLY, USE, AND CONTROL

found in both rock formations and recent alluvium. Artesian pressure occasionally is
sufficient to raise the water above land surface,
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FIGURE 1t. Disgrammstic section showing the mejor rock units of

the Deschutes River Basin.

Plate 8 was developed to graphically illustrate what is presently known concerning the
occurrence and movement of ground water in the Deschutes Basin.

A large regional water table seems to exist in the area encompassing Hampton, Brothers,
Millican, Bend, Redmond, and Madras. Ground water is available in moderate to
large quantities in this area but the depth to the regional water table and the resulting
high pumping lift are presently a deterrent to its development for many uses. Ground
water has recently been found at shallower depths in the Hompton areo and quite
probably will be used extensively for irrigation.
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The southwestern and western parts of the Deschutes River Basin contain large amounts
of ground water in subsurface storage. The uniform flow of the Deschutes River can be
largely attributed to the equalizing effect of this ground water reservoir. Areas of
ground water discharge in the form of springs occur along the lower reaches of the
Crooked and Metolius Rivers and in the adjacent stretch of the Deschutes River, in the
headwaters of the Metolius River, and above Benham Falls on the Deschutes River and
its tributaries.

The Upper Crooked River Basin, which includes a large part of the Ochoco Mountains,
confains some water-bearing formations but the occurrence and magnitude of the ground
water resources of this area are largely unknown.

More information is available on ground water in the vicinity of Prineville but the
actual extent of this supply is yet unknown. Water in this area is found in sand and
gravel alluvium and is used extensively for domestic, municipal, and industrial pur-
poses. Water in the older alluvium is confined and, when tapped, flows freely to the
surface in some places.,

Very little is known about ground water resources in the northern part of the basin.
The only information available is from well logs but is inadequate to permit even
general conclusions on the availability, movement, and quantity of ground water in
this area.

Depletions

Ground water rights total 90 fs, which constitute only a small fraction of the total
water rights in the Deschutes Basin. All ground water rights are consumptive in nature.
The largest group is for 53 ofs for the irrigation of 4,896 acres. Other consumptive
ground water rights consist of 29 dfs for industrial and 7 cfs for municipal purposes. If
all of these rights were used to their maximum legal extent, the annual depletion of
ground water would be 41,400 acre-feet.

it can be seen, then, that ground water is presently used to a limited extent in the
basin with the exception of areas like the Prineville Yalley. However, shortages in
surface water supplies might lead to more extensive ground water development in the
future once this resource is better defined. Probably the most desirable ploce to initiate
a ground water study program would be in the western and southwestern parts of the
basin. Water from this area could be used to serve the central part of the basin, which
is the area with the heaviest population concentration.
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LEGAL RESTRICTIONS AND LIMITATIONS ON WATER USE

Statutory l

ORS 449, 545 prohibits the deposit in the Deschutes River, its tributaries, or artificial I
canals or ditches in which the waters of the Deschutes River run, any sewage effluents,
wastes, or polluting water or any matter which will corrupt or impair the quality of o

the water of the river for domestic or municipal purposes.

ORS 538. 110 prohibits the diversion of waters of Tumalo Creek above a point one- o
half mile above the intake of Columbia Southern Canal in Section 2, Township 18
South, Range 10 East, except for domestic, municipal and stock use.

ORS 538, 440 rules that the City of Bend may take water from the direct flow of Tumalo -
Creek after it has acquired the rights to appropriate 11 ofs from the Deschutes River and
delivers it to the Deschutes County Municipal Improvement District Feed Canal, -

In 1913 the State Engineer withdrew and withheld from appropriation all vnappropriated

waters of the regular flow of the Deschutes River and its tributaries above Bend for irri- o
gation, domestic, and power purposes (Application 2802). At the same time he withdrew -
900, 000 acre-feet for storage in the proposed Benham Falls Reservoir for the Deschutes

River Project and for the same purposes (Application R-2803). Llater in the same year he
withdrew 187, 000 acre-feet for storage of irrigation water in the then proposed Crane

Prairie Reservoir (Application R-3261). In 1934 the State Engineer extended these with-

drawals to any storage site or sites found feasible and practical by the investigations nf

the U. S, Bureau of Reclamation (Application R. 15631).

F T

In 1914 the State Engineer withdrew and withheld 50, 000 acre-feet for storage of irri-.
gation water in the then proposed Ochoco Creek Reservoir on Ochoco Creek (Application .
R-3587) and 300, 000 acre-feet for storage of irrigation water in the then proposed .
Crooked River Reservoir on Crooked Ri ver (Application R.3589).

DT

In 1915 the State Engineer withdrew and withheld from appropriation all unappropriated
water of Threemile and Gate Creeks, tributaries of White Ri ver, for irrigation (Appli.
cation 4073), Llater in the same year he withdrew and withheld from appropriation all
Unappropriated water of White River and its tributaries for irrigation, power, and do-
mestic purposes (Application 4624). At the same time he withdrew 12, 000 acre-feet for
storage in a proposed Clear Lake Reservoir for the same purposes (Application R-4625),

In 1921 the State Water Board adopted recommendations of the Board of Engineers as
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WATER SUPPLY, USE, AND CONTROL

set forth in a report to the Federal Power Commission on uses of Deschutes River. These
were that rights to storage in the Upper Deschutes River be held withdrawn and be
dedicated to irrigation. A continuous flow of 200 ofs past Bend shall be reserved from
allotment to irrigation projects, however, to take care of fish ladders, domestic, muni-
cipal, power, and industrial requirements, and 18,000 acre-feet of water to be used
during the nonirrigation season for domestic and other uses. The Deschutes Decree of
1928 confirmed the reservation of a continuous flow of 200 cfs past Bend out of the
withdrawal of 1913 for domestic, municipal, and industrial use. This limitation does
not apply to rights with priorities earlier than the 1913 withdrawal of the Deschutes
River and its tributaries above Bend.

In 1955 the State Engineer ordered that the flow of the Deschutes River at the gaging
station below Wickiup Dam shall never be less than 20 ofs and that the rates of opening
and closing the outlet gate shall be such that they will prevent a rise or fall of the
water surface in the river at this gaging station at a rate greater than one foot per hour.

\ad R B

In its program of 1959 for the Lower Deschutes Basin, the Oregon State Water Resources
Board reserved the unappropriated waters of the main stem of the Deschutes River from
its confluence with the Columbia River to mile 100 for domestic, livestock, recreation,
fish, and wildlife purposes. Also in that program, unappropriated waters of the main
stem of the Deschutes River from mile 100 to mile 120, the main stem of the Metolius
River from its confluence with the Deschutes to mile 13, and the main stem of the
Crooked River from its confluence with the Deschutes to mile 6.5 are reserved for domes-
tic, livestock, hydroelectric power, fish, wildlife, and recreation purposes. Water
rights acquired in this section for hydroelectric purposes shall be subordinate to all
present and future upstream beneficial uses of water except for hydroelectric power.

On January 4, 1961, the State Water Resources Board issued an order in the matter of
the application of Portland General Electric Company for a license for Round Butte
project on the Deschutes River. It includes the provision that water rights acquired
for the project shall be subordinate to the use of water for all present and future up-
stream beneficial uses of water except for hydroelectric power. It orders the licensee
to replace existing recreation facilities in agreement with the State Highway Com-
mission and to provide fish facilities in ogreement with the State Fish and Game Com-
missions. The reservoir pool shall not fluctuate more than one foot daily, weekly,
monthly, or per season from June 15 to September 15 of each year. It shall not
inundate or cause detrimental effects to Opal Springs. A minimum flow of 3,000 cfs
for protection and utilization of fish spawning areas shall be maintained at river

mile 100. Portland General Electric Company shall also reach agreements with the

U. S. Bureau of Reclamation and Pacific Power and Light Company relating to the
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settlement of rights and interests involved in the inundation of the Cove H ydroelectric
Plant on the Crooked River.

F Power C

i

September 12, 1960 the Federal Power Commission issued a joint license for Pelton
and Round Butte Projects on the Deschutes River. The license states that these fwo
projects of Portland General Electric Company will be operated as a unit and that the
project works of each development will constitute parts of a project best adapted to o
comprehensive plan for improving and developing the Deschutes River for the improve- =
ment and utilization of water power development and other beneficial public uses,
including recreational purposes.

Portland General Electric Company shall construct, maintain, and operate fish handling
facilities and fish protective devices, including ortificial propagation facilities, for the ,
purposes of conserving the fishery resources affected by the project and shall comply =
with reasonable modifications recommended by the Federal Power Commission, the

Secretary of the Interior, the Oregon State Game Commission, and the Fish Commission -
of Oregon. ' 4

Any rights to the use of waters in the Deschutes River and its tributaries in connection J
with the project, shall be subordinate to: )

I. Al existing rights, whether or not perfected, to the waters of the Deschutes
River and its tributaries for domestic, stock, municipal, and irrigation
purposes, including the rights to store any such waters in the proposed
Benham Falls, Post, and Prineville Reservoirs and in the existing Crane
Prairie, Crescent lake, and Wickiup Reservoirs; and

2. The use of additional flows of the Deschutes River and its tributaries pur- P
suant to rights which may be initiated hereafter for the diversion and
storage of waters for domestic, municipal, stock, and irrigation purposes
in connection with any reclamation projects undertaken pursuant to the
Federal Reclamation laws (Act of June 17, 1902, 32 Stat, 388, and Acts
amendatory thereof or supplementary thereto), the amounts of water to
be used under the additional rights together with the uses under existing
rights whatever they may be, not, by reason of the additional right, to
exceed these quantities:

a. Deschutes River and its tributaries above Cline Falls - entire flow;
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b. Squaw Creek - all flows during the nonirrigation season;
c. Lake Creek - 20, 000 acre-feet annually;

d. Crooked River and its tributaries - all the flows above the Highway
Bridge at the place where U. S. Highway 97 crosses the Crooked
River Canyon;

e. Crooked River below the Highway Bridge - not to exceed 2,500 acre-
feet annually for the proposed Deschutes project domestic water system;
and

f.  An additional 400 second feet that may be taken above the licensee's
project either from the Deschutes River below Cline Falls or the
Crooked River below the Highway Bridge during the irrigation season.

During construction and the first two years of operation of the Round Butte development,
a minimum streamflow in the amount of 3,500 cfs or the inflow to the Round Butte and
Pelton Reservoirs, whichever is less, shall be maintained at river mile 100, 0 during the
months of March, April, May, and June for fish spawning habitat and passage. Such
minimum streamflows shall be maintained thereafter during those months until such time
as this condition is modified or eliminated by the Federal Power Commission upon con-
sideration of the recommendations of the Secretary of the Interior, the State Water Re-
sources Board, the Oregon State Game Commission, and the Fish Commission of Oregon.

In order to secure maximum recreational benefits the water surface of the Round Butte
Reservoir shall be maintained ot the highest level practicable from June 15 to September
15 of each year as is consistent with the primary purpose of the reservoir to provide
pondage for the daily, weekly, monthly, or seasonal power requirements.

Portland General Electric Company shall prior to commencement of construction of the
Round Butte development enter into agreements with Pacific Power and Light Company
and the Bureau of Reclamation of the United States Department of the Interior relating
to the settlement of rights and interests involved in the inundation of the Cove Hydro-
electric Plant on the Crooked River and with the State Highway Commission of Oregon

for the replacement of inundated facilities in Cove Palisades State Park with lakeside
facilities, including suitable access roads, bridges, efc, The licensee shall also cooperate
with the University of Oregon, Department of Anthropology, in arranging for an arche-
ological survey and in the salvage of archeological and paleontological values prior to
flooding of the Round Butte Reservoir area.
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Domestic

Domestic supplies in the basin are obtained from ground water, natural streams and
springs, and irrigation canals, Surface water rights total only 16 cfs which represents
a maximum annual consumption of 11,400 acre-feet, These rights, scattered through-
out the basin, are intended for stock, camps, park, and household uses. Many rights 4
for household and stock use from irrigation ditches are classified under irrigation rather
than domestic and therefore do not appear as part of this total.

3

Shortages often occur in many parts of the basin because of the large number of streams
that are dry in the summer months in combination with many wells having a rate of
recharge less than the rate of use. In some parts of the basin surface waters are not P
available and ground water lies only at great depths.

Ground water in the Deschutes Basin is generally of good quality and can be used for =
domestic supplies without treatment. Domestic and stock water from natural streams
and springs is also of good quality and is used without special freatment. Many farms
- which use their water directly as obtained from irrigation canals probably should subject 3
such supplies to one or more of the many effective treatment methods available.

Sources of municipal water supply are the same as those for domestic purposes; streams, -
springs, ground water, and irrigation canals. Surface water rights for municipal use o
total 62 cfs which if used to the maximum extent possible would consume 27, 700 acre-
feet each year. Some municipal rights are transferred irrigation rights and are subject
to the applicable seasonal restrictions of the original rights. As with domestic rights,
municipal use from irrigation canals is sometimes classified under irrigation and not in-
cluded in the total cited above,

od

Ground water rights for municipal purposes total seven cfs which represents a maximum
annual depletion of about 5,070 acre-feet.

s
o

The quantity of water available for municipal purposes is adequate for both present
and immediate future needs. However, some communities may have shortages in the
future because either the present distribution system or the available supply is too small “y
to meet long-range demands, particularly if any large industrial developments take '
place. A few communities dependent upon ground water supplies receive supplemental
water from irrigation canals during periods of high use.

S
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WATER SUPPLY, USE, AND CONTROL

Well water quality is such that it can be used without treatment or, at most, requires
only chlorination. Most surface water supplies also require only chlorination, Muni-
cipal water obtained from irrigation canals usually has to be treated by chlorination,
chemical flocculation, sedimentation, and filtration to remove or reduce bacteria,
algae, turbidity, and color. In nearly every instance, treatment practices presently
being used produces water of acceptable quality.

lrriaati

Surface water rights for irrigation represent the largest consumptive group in the basin,
totaling 5,452 cfs for the irrigation of 259,469 acres, In addition, ground water rights
total 53 cfs for the irrigation of 4,896 acres. If all these rights were used to their
maximum legal limit, approximately 1,500, 000 acre-feet of irrigation water would be
diverted each year. However, only about 180, 000 acres were irrigated in the basin in
1959, which is less than 70 percent of the lands holding rights for this purpose. Also,
few lands in the basin receive an adequate supply of irrigation water. Therefore, water
consumed by irrigation use is probably considerably less than that indicated by the total
water rights for that purpose. Also, in many areas of the basin an appreciable portion
of the water diverted for irrigation reappears in the streams as return flow. This, of
course, varies considerably from area to area,

Irrigation development shown in Plate 3 includes Bureau of Reclamation projects, both
existing and proposed, irrigotion districts, storage and diversion dams, and major irri-
gation canals and ditches. The highest level of irrigation development exists in the
valleys and on the plateaus in the vicinity of Bend, Sisters, Madras, and Prineville,
Most of these lands are included in the Deschutes and Crooked River Projects of the
Bureau of Reclamation. Several thousand acres of new land will be brought under irri-
gation ofter completion of Prineville Reservoir, Other Bureau project areas are located
on the Upper Crooked River and White River watersheds,

Average rainfall in most agricultural areas during the summer months ranges from one
to five inches, lrrigation agriculture, therefore, is largely dependent upon storage
projects for waoter. low precipitation during the period when irrigation water is most
vrgently needed, combined with low streamflow, many streams being dry at that time,
results in most agricultural lands having shortages of irrigation water during low flow
years, This situation will be improved somewhat upon completion of the Prineville
Reservoir which will supply supplemental water to 10,220 acres of land and will bring
9, 990 ocres of new land under irrigation production, Also, a portion of the reservoir
space is as yet unallocoted and might possibly serve to irrigate additional acreage.

Water shortages on Deschutes project lands could be substantially reduced by sealing
leaks in storage reservoirs and by elimination of the existing transmission losses in
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canals and ditches for which investigations are needed to determine the physical and
economic practicability of such measures, Allowances for transmission losses for Deschutes
project canals and ditches, between the point of diversion and the farmer's ditch, vary
between 35 and 65 percent,

The average annual diversion from Deschutes River and Tumalo Creek for the Deschutes
Project was 847, 000 acre-feet during 1950-1959, Estimates made by the State Water
Resources Board indicate that only 184, 000 acre-feet or 22 percent of the total diversion
were consumptively used (evapo-transpiration) on the farm lands. The remainder of
663,000 acre-feet or 78 percent of the diversion were wastes and losses. These losses
include 94, 000 acre-feet of main canal and lateral waste, 279, 000 acre-feet of main
canal and lateral losses and 290, 000 acre-feet of farm wastes and losses, The greatest
portion of these losses is seepage in the distribution system and deep percolation on

the farm lands., Small amounts of water could be saved by increasing distribution -
operational efficiency and by increasing irrigation efficiency on the farms. The greatest
amount of water could be saved by reducing seepage losses in the canals themselves.

Water quality data have been collected by the Bureau of Reclamation for all major
irrigation projects in the basin. These data indicate that the quality of water in the
Deschutes stream system is excellent for irrigation purposes. This is illustrated by the
following excerpts taken from various Bureau reports.

"Water from the Deschutes River and tributaries has been used for irrigation for more
than 50 years without apparent deleterious effect on soils or crop production. Glacier
and volcanic materials covering the watersheds do not contain soluble salts to any
material degree. Chemical analyses of water samples taken at Wickiup Dam outlet
show the water to be of excellent quality for irrigation.”

"Water of the Crooked River has been used for irrigation for over 70 years without
observable ill effects.”

"Water from Clear Creek on the Wapinitia Project has been used for irrigation for more
than 35 years without deleterious effect on crop production. Glacial and volcanic
materials covering the watersheds do not contain soluble salts to any moterial degree.”
Other water quality data from USGS publications and State Water Resources Board's
files for the Deschutes River at Bend and Moody, Crooked River near Prineville, and
White River at Tygh Valley for the years 1911 and 1912 and 1951 through 1956 also
indicate the water quality at those locations to be very constant and well within the
standards for irrigation water.
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Posiii

Power rights total 3,873 cfs which is 40 percent of the total water rights in the Deschutes
River Basin. Seventy-seven percent of all power rights are for plants at Bend, Cline
Falls, Cove, and Tygh Valley. Most of the remainder are for only a few cfs and are
used to a large extent for pumping irrigation water rather than for the generation of
electric power,

Installed capacity of the major power plants in the Deschutes River Basin is 126, 860 KW
of which 120, 000 KW is at the Pelton Project of Portland General Electric Company.
This project has not been licensed by the State of Oregon and consequently does not
have a water right.,

Major hydroelectric developments in the basin are listed in Table 9. The location of
the existing developments listed in this table and all major potential dam and reser-
voir sites which have been studied, proposed, recommended, or suggested for power
and other purposes is shown in Plate 9.

TABLE 9

EXISTING MAJOR HYDROELECTEIC DEVELOPMENTS

INSTALLED
NAME OWRER STREAM CAPACTTY
Eilowatis
Tygh Valley Pacific Power & Light Lo Wnite ' River 24250
Cline Falls Pacifie Power & Light Co. Degchutes River 750 .
Bend Pacific Power & Light Co. Deschutes River 1,110
Cove Crooked River
Nog. 1 & 2 Paeific Power & Light Co. 1,250
Ho. 3 Bureau of Beclamstlon 14 500
Pelton Portland General Eleciriec Co. | Deschutes River 120,000
TOTALS 126,860 by, 200

Seurest - Dregon State Englneer

Water quality does not present any problems to existing power installations in the
basin,

Industrial

Industrial rights total 210 cfs from surface water and 29 ofs from ground water supplies.
They are scattered throughout the basin and are used by various industries, mainly
lumber and food processing plants, sand and gravel operations, and railroods. Many
industrial plants receive water from municipal supply systems and do not hold individual
water rights. If all industrial rights were used to their maximum legal extent, 7,000
acre-feet could be diverted for consumptive purposes from surface waters and 21, 000
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acre-feet could be pumped from ground water each year.

Water supply for industries seems to be adequate at present, but additional sources
will have to be found if new major water-using industries should locate in the basin.
Most water supplies in the basin are of good quality for present industrial purposes.

Mini

Mining does not play a large part in the economy of the basin except for the production
of sand and gravel and related building materials, and these usually obtain industrial
water rights, There are only three water rights for a total of 51 cfs from surface water
for mining purposes in the Deschutes Basin; one for a mercury mine and two for the
processing of volcanic glass. These operations are intermittent in nature and seem to
receive an adequate supply of water. New operations might face problems depending
on the locality of the development and the amount of water needed. Water qual ity
does not present a problem to the mining industry in the basin at the present,

Recreation

Water rights for recreation were issued in the past only for swimming pools and related
purposes at resorts. They total only one cfs in the entire Deschutes Basin. Water for
drinking, cooking, and other purposes in camps and parks was not normally classified
as recreational usage and obtained domestic rights or no water rights at all.

Restrictions on the use of water are sometimes given in connection with the issuance of
other water rights. Minimum flows have to be maintained in the Deschutes River below
Wickiup Dam and below Bend at all times of the year to preserve aquatic life and scenic
attractions of the stream, among other purposes,

Most of the recreational areas in the basin are located on streams, lakes, and reservoirs
and their value and attractiveness depend directly on water. There are more than 430
lakes and reservoirs in the basin with a total surface area of approximately 69 square
miles, Eleven lakes and reservoirs have a surface area of more than one square mile,
the largest being Wickiup Reservoir with a surface area of 14 square miles or 9, 000
acres, A summary of the approximate surface areas of lakes and reservoirs of more than
one acre in size has been prepared by sub-basins and is available at the office of the
State Water Resources Board.,

A factor limiting recreation in the Deschutes Basin is the highly fluctuating water levels
in reservoirs and rivers which are caused by storage of winter flows and high summer
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releases for irrigation. There are no known water quality conditions harmful to the
present recreational use in the basin.

Wildlif
Past practices have not included reservation of water specifically for wildlife use.

The Deschutes Basin has excellent populations of mule deer and limited numbers of
blacktail deer, Rocky Mountain elk, and antelope. Deschutes and Crook Counties
are among the more popular hunting areas of the state. Approximately 227,200 man
days are spent afield by big game hunters each hunting season, mainly for deer. The
average annual kill of deer is approximately 12,000 animals., Mule deer have shown
a steady increase in population due to larger areas of improved habitat created by
logging operations with some increases noted adjacent to irrigated lands, and due to
a great reduction of predators. The population of mule and blacktail deer in the
Deschutes National Forest was estimated at 1,200 in 1924 and 62,000 in 1960,

Excellent populations of valley quail and chukar partridges and limited numbers of
pheasant, grouse, sage grouse, doves, and Hungarian partridges are found in the
basin. An average of 120, 000 hunter days aofield are spent each year in search of
small game. A remarkable increase in the population of game birds has taken place
on irrigated lands in the basin, particularly on those of the North Unit Irrigation
District.

Waterfow! use in the basin is not as extensive as other game species. Some local
nesting takes place along the streams and lakes, especially in the lower reaches of
the Little Deschutes River. Waterfowl hunting is more limited than in many other
areas of the state. An annual average of about 20, 400 hunter days is spent in pursuit
of waterfowl,

Furbearers in the basin include beaver, muskrat, mink, marten, and otter. Beaver
and muskrat are the most important species in the trapping industry with both being
dependent on aquatic habitaf.

Table 10 shows the 1957 kill of game and fur animals by species in Crook, Deschutes,
Jefferson, Sherman, and Wasco Counties.

Highly fluctuating reservoir levels and river flows inflict some damage to waterfow!
nesting along rivers and reservoirs and to muskrat dens. Waters available for wild-
life in the Deschutes Basin are generally of good quality and no problems are evident
in this respect,
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Fish Lif

The Deschutes Basin is one of the most popular recreational areas of the state, and
fishing is one of its major attractions. It supports approximately 600, 000 angler days

TABLE 10

GAME AND FUR ANIMAL KILL
7

165
SPECIES COUNTY TOTAL ROTES
Crook Deschutes Jefferson Sherman Wasco
Deer 2,893 | 8,187 1,369 565 | 2,389 | 15,k03 | 1,8
6,862 18,0590 2,96k 1,008 5,099 34,023
Elk 20 2 22 1,8
339 &6 Lo
Antelope 120 1,2,8
192
Quail and partridge 23 32 23 23 101 1,3
7 i 65 60 167
Pheasant 25 1 1,4
37
Dove 165 513 603 98 1,379 | 1,5,8
23 73 95 19 210
203 94 Lo 25 112 L83 | &
5 Sl 6
16 102 23 77 2181 6
82 1,052 3 65 1,303 1 6
3 1 2 &1l 6
1 1 &
1 88 1 90 | 6
61 Ly g 17 5 158 1 7
26€ 170 g1 7 111 6351 7
6l &8 gl 111 122 Lig i 7
5 L 2 33 60 105 1 7
1 & 17 2k L7
ers
g 18 8 1 11 Lyl 6
Top line = numbsr of kill %) Hunters checked
Bottor line = number of hunters
N & & €} Number reported during 1957-58 season
2} Deschutes - Lske ares 2

Humber reported from May 1, 1957
S8

3} Opening weskend through April 5, 195

e s}

P

L) First two davs of season 1957 total

Scurce: Oregon State Game Commission

of recreation annually. Approximately 754 miles of streams, 44, 000 acres of lakes
and reservoirs, and 350 acres of farm ponds are considered suitable for game fish
habitat.

Water rights for fish life have been appropriated in the past only for the propagation
of fish in hatcheries. They total 135 cfs in the Deschutes Basin and are issued to the
Oregon State Game Commission and the Fish Commission of Oregon. Fish hatcheries
are operated at present by the Fish Commission on the Metolius River and by the
Game Commission on Fall River, Metolius River, and Oak Springs on the Lower Des-
chutes. Maintenance of minimum flows for the preservation of fish life are required
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on the Deschutes River between Wickiup Dam and the mouth of Crooked River at the
rate of 20 ofs below Wickiup and 50 cfs below Bend. Installation of fish ladders at
dams and fish screens at diversions are required for projects before they are approved.

A considerable number of species of fish are found in the Deschutes River Basin, Adult
steelhead trout and spring chinook salmon using the basin total 15,000 to 20, 000 fish
annually. Spring chinook salmon normally enter the river in April and May and the
peak of their spawning activity occurs in September. Steelhead enter the river in
numbers in May to September, but some entry is made every month of the year, and
their principal spawning period is the following March and April. Downstream move-
ment of seaward migrants is heaviest from April through July.

Areas in the basin in which chinook salmon have been observed spawning are indicated
as present spawning areas on Plate 10. The narrow bands are for areas considered
fair by the Oregon Game Commission while the wide bands cover areas considered good.
Present spawning areas for chinook salmon include all of the lower Deschutes below
Pelton Dam and an additional 20 miles above the reservoir. There are short stretches
included which are not suitable for spawning but cannot be distinguished due to the
small scale of the plot. Other important spawning waters exist in the Metolius and
Warm Springs Rivers and in Mill and Squaw Creeks. The best spawning areas are found
- = in the Upper Metolius River, the middle reaches of Mill Creek, and the lower miles of
. { Squaw Creek.

Similar information relative to steelhead trout is shown in Plate 11, Steelhead utilize
the same strefches of the Deschutes and Warm Springs Rivers and Mill Creek for spawning
as do chinook. In addition, Trout Creek and its headwater tributaries and Bakeoven,
Buck Hollow, Squaw, and Beaver Creeks are important steelhead spawning areas. Some
spawning activity also takes place in Nena Creek and in McKay and Ochoco Creeks in

the Crooked River drainage.

Rainbow, eastern brook, brown, golden, lake and Dolly Yarden trout are well dis-
tributed in the lakes and streams of the basin. Trout spawning areas are shown on
Plate 12. High elevation streams ond lakes as well as the Deschutes and most of the
major tributaries are important to the trout population,

Warm water game fish such as bass, bluegill, crappie, and pumpkinseed as well as
coarse fish including squawfish, suckers, chiselmouth, roach, and goldfish are found
in some waters of the basin.

Resident fish spawn at various times of the year depending on the variety. Several
species make limited intra-stream migrations to their spawning areas.
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Whitefish frequent the entire length of the Deschutes and Metolius Rivers and portions
of Crooked, Warm Springs, and Little Deschutes Rivers. Whitefish are also found in

a number of high elevation lakes and reservoirs and their tributaries. These same high
level lakes and reservoirs support a small population of kokanee.

Blueback salmon have recently been introduced on an experimental basis to a few small
areas In the vicinity of Suttle Lake.

From the foregoing, it is evident that the Deschutes stream system is an important pro-
ducer of both resident and anadromous fish. This production is largely dependent upon
adequate streamflow in respect to both quantity and quality. The Oregon Game Com-
mission has recommended flows both to maintain fish production and to permit ideal fish
production. These recommendations are shown by sub-basins in Table 11,

The recommended desirable minimum flows are based in part upon a survey conducted

by the Game Commission during 1959-60. Thirty-two measurement stations were estab-
lished for the survey and data collected at the stations included streamflow, velocity
and depth, air and water temperature, food producing area, and spawning area exposed.
The stations were located to cover all of the basin except the Lower Deschutes River.
Currently, the Game Commission is in the process of establishing a study program for the
lower river which will relate various levels of streamflow to spawning, hobitat, rearing,
ond passage with resultant effects on water quality and maintenance and enhancement

of the fishery resources.

Desirable minimum flows cited in Table 11 are based on what has been natural flow
during the low flow period in normal water years. For this purpose the Game Commission
has averaged the recorded flows for the 10-year period 1948-1957 since these are the
flows that have created the natural fish production levels that currently exist. However,
this period was relatively wet, as was shown in Figure 7. If a dry cycle such as the early
1930's and 40's were to re-occur, available flows would become far less than desirable

at most locations and fish production would be reduced because of natural conditions
alone.

Table 11 also lists desirable minimum flows to permit ideal fish production again con-
sidering available natural flows, using the period 1948-1957 as a base, if no conflicting
uses of water exist. This potential for enhancement of the fishery resource will be dis-
cussed later.

To illustrate the significance of Table 11, the desirable flow recommended for the
Deschutes River below Wickiup Reservoir during the winter low flow period is 200 dfs.
The water right for storage in Wickiup Reservoir issued by the State Engineer requires
a conservation release of only 20 ofs. Studies conducted by the U, S. Bureau of Recla-
mation indicate that increasing the conservation flow from 20 to 200 ofs would increase
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the average annual irrigation shortages ot Bend for the Deschutes Project by 19,600
acre-feet and the maximum shortage occurring during 1931 by 29, 900 ocre-feet.

TABLE 1

DESIRABLE MIRIMUM FLOWS FOR FIBH LIFE
RECOMMENDED -BY ORBGON GAME COMMISBIOH

DESIRABLE MINIMUM

DESIRABLE MIBIMUM

FLOW, cfs FLOW, o7s
STREAM to Maintain | for ldesl STREAY to Maintain | for Idesl
Fish Fisn Fish % Fish
Produetion |Produgtion Production ?rﬂﬁu”‘icﬂ
1) 2} {1) 23
OWER DESCHUTES SUR-BASIN
Desghutes River Trout Creek
below Crane Prairie Danm 80 200 at Ashwood 10 35
below Wickiup Dan 200 500 8t Highway 97 10 35
below Ps}} River 75 756 at mouth 10 35
pelow L. Deschutes Riven +50 825
at Benham Falls 660 1,030 Foley Creek g 10
White Biver
Big Marsh Creek 17 30 st Emigrant Crossing 75 (3)
Crescent Lréek gt Highway 197 Bridge 150 {1
below dam 30 55 at mouth 150 (3}
at mouth Lo 75
Tygh Creek & (3}
Caltus- Lresk 5 5 Badger Creek 0 £33
Littie Deschutes River Littie Badper Creek g (3}
&t Highway 58 38 ki Buck Hollow Ureek g 15
at {rescent 3k & Bakeoven Lreek 5 15
near Lapine 76 180
at mouth 76 150
MIDDLE DESCHUTES SUR-DASTH UPPER CROCKED SUH-BASTH
Dezchutes River Crooked River
below Bend Nov.«Mar. 300 1,000 below North Fork 30 50
200 below Prineville Dam Hay~Felb., 8 100
at Clipe Falls Hov.-Mar. 100 15000 Mar . -Apr. 100 150
500 North Fork Crosked River
at Lower Bridge Nov.~Mar, 300 14000 sboye Deep Creek 20
206 below Deep Creek 30
at mouth 15
Squaw Creex
et Highway 20 Bridge 15 50 Deep Creek | 10
8t Camp Polk 25 70 Beaver Creel : 20
Bt Bhumway Corrals 25 76 Bouth: Fork Crocked Biver 1§
Tumalo Creek
#t . Bneviin Bridge 12 70 CCRODKED BUB-
gt mouth e 70
Croored Biver nesr
Indian Forg Treek Prineviilse May-Feb. B0
st Highusy 20 <4 140 Mar.-Apr. t00
st mouth & 1% Dobodo Oreek below dam 0
Bill Ursex £
Lake Lreen MeHay Creek 5
st Buttle Leke 20 &0 Marks Creek 5
8t Canp Brerman Bopd 2i £C
at moutn 20 80 !
i?} Flows peedied 1o peint ain Fish production considering weslileble matural Tlows dn nortie) waler wears.
(23 Plows nesded for the best Fish production aseuming nornel svellasle sater vith no epnfilcting uses.

(3} Presently un¥nown.

Soures: Ofegon States Gaps

Commission

The desirable minimum flow recommended for the Deschutes River below Bend during
the summer low-flow period is 200 fs. Present control over flows at this point is in
the form of a provision established by the State Engineer for a minimum flow of 50 dfs.
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Maintaining a conservation flow of 50 cfs reduces the amount available for irrigation
diversions near Bend by 21,200 acre-feet compared to o reduction of 84, 900 acre-feet
under a conservation flow of 200 cfs.

Summer flows in this strefch of the river at times drop below this conservation level.
This means that under current practices the desirable minimum flow to maintain fish
produztion cannot be met, To establish such desirable flows without additional stream
regulation would infringe upon existing rights to the use of water. This situation is
repeated at many other locations in the basin.

High flows also create problems by washing eggs out of the gravel and by depositing
silt on rearing areas thereby smothering eggs and food organisms. Siltation problems
are also created at times by unused water from irrigation ditches returning to the river,

Water temperature extremes can also create problems. High temperatures over a sus-
tained period act detrimentally by reducing the oxygen content of the water, by
causing poor egg development, and by providing an environment favorable to warm
water disease. Low temperatures reduce the activity and hence the growth of fish and
also cause poor egg development and permit the existence of cold water disease.

The most favorable water temperature for salmonids is in the range of 55 to 60° F,

If stream temperatures could be maintained in this range the year around the result
would be maximum development and production of fish consistent with streamflow.
Sinze this is not practical, the desirable range of water temperature for salmonids is
from 45 to 65° F, While fish can live in temperatures outside of this range, if such
extreme temperatures were sustained over a long period of time the stream would no
longer be able to support a good salmonoid population. Also, near the limits of this
desirable range of water temperature, egg development is slow and there is less
resistance to disease.

Temperatures in major streams generally lie within the desirable range as shown by
Figure 12 which is a plot of 1953 water temperatures of the Deschutes River near both
Culver and Madras. The Culver location is above the confluences of the Metolius and
Crooked Rivers so the water temperature is not influenced by those streams. Here

the water temperature sometimes exceeds 65° F., usually in July and August, and
minimums go below 40° F,, usually in December, January, and February.

Water temperature near Madras is influenced by the colder water of the Metolius and
the warmer water of the Crooked River. The net effect is for Deschutes River temper-
atures to stay below 60° F. during the summer, when the Metolius River contribution
is greatest, and above 40° F, in the winter, when the Crooked River contribution is
greatest, Therefore the influence of these two major tributaries is such that water
temperature conditions are improved in the Deschutes River below their confluences.
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>

Water temperatures for the same year, 1953, for the Metolius near Grandview and
Crooked River near Culver, which would be the temperature of these waters when they

DESCHUTES RIVER NEAR CULVER

TEMPERATURE IN DEGREES FAHRENHENT
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FIGURE t2. Seasonal pattern of water temperature of the Degchutes Hiver nesr

Culve: and Madras, 1953.

enter the Deschutes, are shown for comparative purposes in Figure 13. During that
year Metolius River temperatures ranged from about 39 to 52° F. while Crooked River
temperatures ranged from 44 to 63° F.
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A state law prohibits the discharge of wastes into any stream in the Deschutes Basin
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unless such wastes are treated and disinfected so they do not impair or corrupt the
quality of water in the receiving stream. This ruling has kept the streams in the
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Deschutes Basin of comparatively good quality and no serious problems exist concerning
the pollution of streams,

Water samples taken by the State Sanitary Authority in the Deschutes, Crooked, and
Metolius Rivers show relatively low counts of coliform bacteria and appear encouraging
as far as gross pollution of the rivers is concerned. An odor and taste problem is some-
times created by algae originating in Upper Deschutes reservoirs which are carried down-
stream into irrigation ditches serving as sources for domestic and municipal water supplies
in some parts of the basin, These waters usually require chlorination, flocculation, and
sedimentation before they can be used for domestic purposes,

A predominant method of disposing of sewage in the Deschutes Basin is by discharge of
untreated or treated wastes underground through sink holes and seepage pits. No
pollution of streams or ground waters as a result of this kind of disposal of waste has
been detected so far. However, disposal of large quantities of industrial or chemical
wastes by this method could cause changes in the chemical quality of streams. House-
hold detergents, which are relatively new additions to sanitary waste, are difficult
to remove and may eventually be detected in the waters of the Deschutes River.

WATER CONTROL
General

Water control problems in the basin consist of flooding, drainage, and erosion. Plaote
13 is o generalized map showing the major problem areas. These are disussed below.

Elood Control

Major floods occur primarily in the arid regions of the Crooked River watershed, par-
ticularly in the valley between Post and Prineville, and below Prineville, and on Bear
Creek. The greatest historical flood occurred in 1890 and the highest recent flood in
1952, Damages in the Prineville area are primarily to agricultural lands but also to
some extent to urban and suburban areas, Corps of Engineers' estimates place average
annual flood damages at $63, 600 in the Crooked River Basin.

Flooding also occurs in the Trout Creek and Upper Crooked River watersheds and other
isolated sections but is much less severe in those areas. The Trout Creek Soil Conser-

vation District has applied for federal assistance in order to reduce flooding and bank
erosion and to provide late season irrigation water,

Ochoco Reservoir, built in 1920, is the only major flood control project in the basin.
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Prineville Reservoir, now under construction by the Bureau of Reclamation, will be

operated in conjunction with Ochoco Reservoir to reduce floods on Ochoco Creek and
Crooked River,

Indirect flood control is maintained by reservoirs which store winter and spring flows
for summer irrigation thereby reducing the high flows during snowmelt periods,

Drainage

Serious drainage problems exist for the most part within the confines of the areas out-
lined on Plate 13. The problem in the Crooked River Valley near and below Prineville
is in the nature of a high water table created by flooding. Elsewhere the problem is
also in the nature of a high water table but caused by irrigation.

In most developed areas of the basin, natural drainage channels and land slope are
adequate to provide good surface drainage. Most soils in the basin are of a fexture
providing good internal drainage and the underlying rock formations are vsually suffi-
ciently creviced or porous to allow deep percolation of water thus preventing the
occurrence of high water tables. However, new areas with drainage problems may
arise in the future when more lands are brought under irrigation and supplemental
water is provided for presently irrigated lands.

Erosion

Severe water erosion occurs in the Bear Creek and Lower Deschutes watersheds. Such
erosion usually results from one or more of the following: steep slopes; shal low,
rocky soil; lack of vegetative cover; too intensive cropping practices. In many cases
the erosion could be reduced or eliminated by changing the land use to a type that
would provide the vegetative cover necessary to hold the soil in place. In some in-
stances, particularly where steep slopes are involved, it is difficult to economicall y
justify the necessary remedial measures.

WATE SQci E
Domestic
The location and expansion of rural population is in part dependent upon the availa-

bility of water for domestic purposes. Abundant and good quality water stimulates
while limited or expensive supplies and poor quality restricts population growth,
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WATER SUPPLY, USE, AND CONTROL

Water quality does not represent o major problem but water quantity is a decisive
factor in the population pattern of the Deschutes Basin. There are large areas in the
basin that do not have any significant surface water supplies and ground water has
been found only at great depths. Some of these areas presently receive domestic
water from irrigation canals, Others are too far from surface water sources and expan-
sion of rural population in these areas will depend largely on the economic aspects of
developing ground water,

Municipal

The establishment and growth of communities depend largely on the adequacy and
=nality of water supply available. Sometimes water has to be brought from long dis-
*~ances and adverse quality requires large expenditures for treatment. In many cases
‘ndustrial needs have to be met by municipal systems.

The communities in the Deschutes Basin feel that they can meet the immediate future
demands for municipal water but additional storage, larger distribution facilities and
new sources of supply will be necessary if major water-using industries should locate

in the communities. Water quality does not present a major problem at present and no
significant changes in this respect are expected in the near future,

\rriati

The Deschutes Basin is located in the rain shadow of the high Cascades and therefore

its precipitation is low. For this reason, the agricultural economy of the basin depends
largely upon irrigation. Agricultural production could be greatly increased if all irri-
gated lands received an adequate water supply and if all potentially irrigable lands
were irrigated,

However, less than 10 percent of the present crop and pasture land in the basin is irri-
gated. Many dry farmed lands in the basin are potentially irrigable, but water could
be made available in sufficient quantities in most instances only by the provision of
storage or by development of ground water supplies.

Bower

Studies conducted by the State Water Resources Boord determined the undeveloped
power potential of the Deschutes River Basin using all proposed power sites located on
the Deschutes River below the Pelton Project and on the Metolius River that are not
in conflict with each other or with existing developments. Only those sites which had
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previously been studied by a group or agency were considered. Computations were
based upon mean monthly flows for the power years July 1928 to June 1948 in accord-
ance with the base period used in Columbia River Basin power studies, an overall
plant efficiency of 80. 8 percent, 100 cfs allowance for fish facilities, and run-of-river
projects which disregarded storage and variations in demand.

Results of the study are indicated by Figure 14 which shows the power potential in the
form of a duration curve. The total basin potential is 319, 000 kilowatts 90 percent
of the time and 545, 000 kilowatts 10 percent of the
time. The median power that can be developed is
403, 000 kilowatts, which represents an average
annual energy production of 3,53 billion kilowatt
hours.

The State Water Resources Board ruled in November
1959 that development of hydroelectric power shall
— be excluded from the uses of the Deschutes River
main stem between its confluence with the Columbia
and mile 110. Potential power sites located in this
e e — section have a median power potential of 342,000

e darlviiaaasy kilowatts which represents an average annual energy

production of approximately three billion kilowatt

(o1 0r the Beobrar b el ver hours.

POTENTIAL POWER IN MEGAWATTS

ey
it

These figures do not include the proposed Round Butte
Project which would have an installed capacity of 275,000 kilowatts and an average
annual energy production of 975 million kilowatt hours.

Industrial

Industrial expansion in the Deschutes River Basin is expected mainly in the field of
food and secondary wood processing. The most likely locations for new industries of
this type are in the vicinity of Bend, Redmond, Prineville, and Madras.

Plans have been considered for the construction of a pulp and poper mill in the Bend
area which would use wood wastes. The minimum capacity would be 250 to 300 tons
using wastes from the immediate vicinity and it is estimated that the resource could
support a capacity of 800 tons per day in addition to sawtimber capacity by importing
wastes from other areas. Such an operation could require up to 10 ofs per 100-ton
capacity, the exact omount depending upon the type and efficiency of the process.

This, and all other new major water-using industries, are faced with the problem of
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WATER SUPPLY, USE, AND CONTROL

securing adequate water supplies. All easily obtainable water has been appropriated
for other uses, mainly irrigation, Securing of adequate water supplies for new indus-
tries could, therefore, require high expenditures. Industrial water probably will have
to be diverted over long distances or be pumped from ground water.

Waste disposal could also create a major problem for major water-using industries,
particularly in view of the statute prohibiting the deposit in the stream system of any
matter which will corrupt or impair the water quality.

Mini

The Deschutes Basin has not been studied intensively from an economic geology stand-
point. Parts of the basin are not mapped topographically and geological mapping is
largely of the reconnaissance type. Any discussion of the mineral potential of the area
must be confined to surface exposures of presently useful minerals and rocks since what
lies below the layers of lava which covers most of the region is largely unknown, The

approximate location of known mineral deposits of economic importance are shown in
Plate 6.

At the present time the amount of water required by the mining industry in the basin

is small since mining is presently limited mainly to building materials and related
minerals. Future requirements will probably be greater but, based upon present know-
ledge, the total amount will still be comparatively small,

Recreation

The Deschutes Basin includes some of the most popular recreation areas in the State of
Oregon. A great ottraction to tourists is exercised by the loke areas in the Coscades,
by the Deschutes and Crooked River Canyons, and by the Meftolius River and many
other clear water streams. Many of these areas depend upon water directly for camp-
ground uses and for recreational purposes such as boating, swimming, water skiing,
and fishing. Therefore, the economic importance of recreation in the basin will con-
tinve to depend o great deal on the maintenance of minimum loke and reservoir levels
and streamflows.

The Parks Division of the Oregon State Highwoy Department estimates an increase of
50 percent in the doy use of state parks in the Deschutes Basin between 1958 and 1948
ond an increase of 135 percent in the use of existing overnight comping areos in the
some 10-year period. This agency listed 11 potential non-urban recreation areas in

the basin of which two are presently suitable for state park sites and are currently being
studied. In addition, the Parks Division plans to improve or add new facilities to all
existing state parks in the basin in succeeding years.
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The U, S, Forest Service estimates that recreational use of national forests in the
Deschutes Basin in the year 2000 will be six times greater than in 1959. This agency
has approved plans for eight new forest camps in the basin and increasing the number
of developed family units in all camp areas from 1,378 to 2, 230.

The Oregon State Game Commission estimates an increase in the recreational use of
the Deschutes Basin in 1975 to four times, and in the year 2000 to eleven times, the
present number of visitors.

w-[ [[0[

Mule deer are the principal big game in the Deschutes Basin. Some increase in deer
population can be expected in the future due to increased habitat areas as a result of
logging operations and possibly also adjacent to new irrigated lands.

An increase in the number of game birds can generally be observed when new lands are
brought under irrigation.

No appreciable change is expected in the population of waterfowl and furbearers that
are dependent upon an aquatic habitat unless highly fluctuating reservoir levels and
river flows are stabilized.

Eu [ L.E

The Oregon State Game Commission estimates that the known spawning and rearing
areas currently available in the streams and lakes of the Deschutes River system are
capable of producing approximately 10 times the number of fish now existing if adequate
streamflows and other desirable habitat conditions are provided. Substantial production
increases in anadromous fish can be expected only if passage facilities at existing and
planned main stem dams prove efficient in handling migrant fish.

Deschutes salmon and steelhead provide considerable recreational and commercial values
to other areas of the state in addition to those received in this basin. This is substan-
tiated by the Fish Commission of Oregon's estimate that an annual returning run of

5, 000 spring chinook salmon to the Deschutes River contributes fish having a first whole-
sale value of about $125, 000 to the commercial gillnet fishery in the Columbia and to
the ocean troll fishery. Developing the large potential for enhancement that exists
would increase this dollar value proportionately.

Streamflows necessary to develop the full fishery potential were listed in Table 11 as
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desirable minimum flow for ideal fish production. The recommended flows at many
locations, particularly along the Deschutes main stem, cannot be obtained under
natural conditions because of other conflicting uses of water that presently exist.
Realization of the full fishery potential is not practical and appreciable enhancement
of the fishery resource will require storage releases specifically for fish life.
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CHAPTER 111 SUB-BASIN INVENTORY

SUB-BASIN 1 UPPER DESCHUTES RIVER

The Upper Deschutes sub-basin includes all of the Deschutes watershed above Benham
Falls or river mile 181. Containing 1,710 square miles, which is about 16 percent of
the total area of the Deschutes Basin, it ranks fourth in size among the five sub-basins.

The sub-basin is bounded on the west by the Cascade Range, on the south by the divide
between the Deschutes and Klamath Basins, on the east by the Walker Rim, Crater
Buttes, and Paulina Mountains, and on the north by the arbitrary divide which extends
from the Paulina Mountains through Benham Falls to the Three Sisters in the Cascades.

Fifty-two percent of the sub-basin area lies in Deschutes County, 45 percent in Klamath
County, and the remaining 3 percent in lake County.

Stream System

All major streams in this sub-basin originate in the Cascade Mountains. Paulina Creek,
which originates at Paulina Lake, is the only stream of significance that heads to the
east of the Deschutes River. The drainage area of the Little Deschutes River, which is
the main tributary of the Deschutes in this sub-basin, comprises about 60 percent of the
total sub-basin area. Crescent Creek, which is an important tributary of the Little
Deschutes River, contains about 11,5 percent of the sub-basin area.

There are more than 750 miles of streams in this sub-basin of which only 310 miles are
perennial in nature, Included In these figures are 71 miles of the Deschutes main stem,
97 miles of the Little Deschutes River, and 30 miles of Crescent Creek.

Profiles of these streams showing elevations versus stream miles are shown in Plate 2.
The Deschutes River travels on an average gradient of only 8.5 feet of drop per mile
in the 71-mile course through the sub-basin from lava lake to Benham Falls. The Little
Deschutes drops 350 feet in its upper 3 miles but averages only 9 feet per mile in its
lower 95 miles to the confluence with the Deschutes main stem. Crescent Creek has an
average gradient of about 15 feet per mile between Crescent Lake and its confluence
with the Little Deschutes River.

Cimgte

Cfimfofcgimf data are available only for the lower elevations between 4, 000 and
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INVENTORY . UPPER DESCHUTES

4,800 feet. Average annual precipitation is estimated as high as 80 inches near the
Three Sisters in the high Cascades, but decreases at lower elevations to 59 inches ot
Odell lake, 50 inches ot Cascade Summit, 19 inches at Crescent, and 14 inches ot
lapine. Annual precipitation near Cascade Summit and Odell lake hos varied between
30 and 77 inches and in the area between Crescent and Benham Falls, between 11 and
30 inches. Precipitation averages 4. 21 inches at lapine and 4. 14 inches at Crescent
lake between May | and September 30,

Precipitation averages by months are shown in Figure 15 for two representative stations,

AERAGE MONTILY PRECHMTATION & MICHCS
.

AEAMIE MONTALY FREOPITAYION o WCHES

LAPINE
19131928

TR AN PRECTATION » 14 0 CNE S

R AR AR T BT A T AT TR AT YT BT £

CRESCENT LAKE
1938 - 1958

FIGURE 15. Average monthly
precipitation at representa-
tive stations in the Upper
Deschutes sub-basin.

Crescent lake and lopine. Although the record at Lapine
is relatively short, it is the only station located in the
agricultural areas of the sub-basin and is shown for this
reason. Peak precipitation at this location occurs during
the months of November through February with a second,
lesser peak during the spring rains of May and June.
Precipitation at Crescent Lake, which is at a higher ele.
vation, is highest during the months of November through
January.

Snowfall varies greatly with elevations with annual
averages of 295 inches at Cascade Summit, 165 at
Chemult, 87 at Crescent, and 63 ot lapine.

Temperatures at the lower elevations have ranged be-

tween extremes of minus 40 and plus 107° F. Average
annval temperatures in the valley locations range be-

tween 40 and 43° F,

Frosts can occur in any month of the year in this sub-
basin. The average period without killing frost is 80
days at lower elevations.

Bopulation

This is a sparsely settled area having an estimated
population of 1,750 in 1960, There are no incorporated
cities In this sub.basin. Gilchrist and lopine are the
largest towns each having populations of about 500,
There are several small towns scattered throughout the
sub-basin, nearly all having populations of less thon
100 persons.
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ECONOMY AND [AND USE
land Ownership

Of the total sub-basin area, 1,710 square miles, 82 percent is federally owned or
administered, less than 1 percent is owned by the State of Oregon, and the remaining
land is predominantly under private ownership. -y

The largest portion of the sub-basin is timber land within the Deschutes and Fremont
National Forests, small parts are agricultural lands, and most of the remainder is
waste land.

Timber and recreation are the most important resources to the economy of this sub-
basin. About 78 percent of the sub-basin area is U. S. Forest Service land, most of 4
it is within the Deschutes National Forest, Most areas are classed as commercial forests

and a large portion is still in sawtimber stands.

Timber industries of major importance are concentrated near Gilchrist and lapine. No
figures are available for the timber cut in this sub-basin. Much of the log production ;
in this sub-basin is transported to mills in surrounding areas for processing. o

e

Agriculture

Agriculture plays a minor part in the economy of this sub-basin. There are about 40
farms in the area located mainly along the lower Little Deschutes and Paulina Creek.
They are engaged primarily in raising beef cows and sheep with barley being the
principal field crop. No major expansion of agricultural lands is anticipated due to
rugged topography and unfavorable climate,

Recreation

Recreation plays an important role in the economy of this area. The Upper Deschutes
sub-basin is one of the most popular recreation areas in Oregon. Thousands of tourists
are attracted each year by unique scenery, many lakes and streams which provide
fishing and boating, vast forests which provide big game hunting, and other types of
recreational activities.

Resorts and forest camps are scattered all over the area mainly along the rivers, lokes,
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o

and reservoirs. The gross income of the resorts in this area was estimated at $350, 000
in 1959,

East and Paulina Lakes, long recognized as among the most popular fishing areas of the
state, support over 55,000 angler days annually for a take of approximately 200, 000
trout.

I tation Medi

The sub-basin is crossed by several major highways which connect it with other parts of
the basin and the state. U. S. 97, known as The Dalles-California Highway, crosses
the sub-basin in a north-south direction and connects it with Bend and Klamath Falls.
Oregon 58, known as the South Willamette Highway, runs to Eugene in the west and
Oregon 31 to Lakeview in the southeast. A secondary oiled highway makes Paulina and
East lokes easily accessible. Many parts of the eastern slopes of the Cascades are
accessible over a network of forest roads.

Regular bus service is available on U. S. 97 and Oregon 58 and regular freight truck
service on these and on Oregon 31. lrregular freight truck service is available to almost
all points in the sub-basin,

P

There are two major railroads crossing the sub-basin. The Southern Pacific main line
between Portland and San Francisco enters the sub-basin at Cascade Summit and continues
south through Chemult, The Great Northern runs north from Chemult to Bend and the
Columbia River, Passenger service is available only on the Southern Pacific. A lumber
railroad connects Gilchrist with the Southern Pacific at Mowich.

The State Board of Aeronautics maintains landing strips near Crescent Lake and Lapine,
the State Game Commission at the Fall River Fish Hatchery, and o privately-owned
landing strip is located near the confluence of the Deschutes and Little Deschutes Rivers.
No commercial airline service is available in this sub-basin.

SURFACE WATER SUPPLY
Yield

The annual yield of the Upper Deschutes sub-basin, 19071958, as determined af the
gaging station on the Deschutes River at Benham Falls, is shown in Figure 16. The
yield pattern here is similar to other stations in the sub-basin which show the relatively
dry cycle of the 1930's and early 1940's and the relatively wet cycle of recent years.
The average annual yield at this location is 1,024, 700 acre-feet and much of this
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water is in the form of releases for irrigation diversion at downstream locations. This
is further illustrated by the yield of the Deschutes River below Bend, discussed in the
next section, which averages 430, 500 acre-feet annually.

ORAINAGE ARLA L TS§ S0 M

THOUSANDS OF ACRE FEET

WATER YEAR

MU ow v XG5 Weier Suraiy Pusers
L5 toom 5428 Zorrwiarmns

FIGURE 16. Annusl yield of the Deschutes River at Benham Faslls, near Bend, 1907-1958.

Contributions to Deschutes River yields made by the Little Deschutes for the period

; 1925.1958 are shown in Figure 17,
ramIE g o RN Here again the same wet and dry

**** cycles are evident, The average
annual yield of this stream system,
which has a drainage area of 859
square miles compared to 1,759
square miles for the Deschutes at
Benham Falls, is 145, 400 acre-feet.
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Yield diagrams were prepared for
other locations in the Upper Deschutes
Basin and are available at the office
of the State Water Resources Board.
$3553333388:52332 Average annual yields at these other
waTER ¥ locations are: Crescent Creek at
Crescent loke 40, 860 acre-feet;
F o ooy el Yiais gigtne Little Deschutes Deschutes River below Crane Prairie
Reservoir 147,570 acre-feet; and
Deschutes River below Wickiup Reservoir 536,030 acre-feet. These diagrams indicate
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large differences in annual yields of the smaller tributaries but quite even flows from
year to year in the Deschutes River below Wickiup Reservoir as well as at Benham Falls.

DESCHUTES RIVER BELOW WICKiUP RES MEAN LAPINE

AVERAGE MONTHLY DISCHARGE N CFS

1HAS - 1958

‘Iam o YD AR TR TR T Ta YT 2o A TAS TR

DESCHUTES RIVER AT BENNAM FALLS NEAR BEND

AVERAGE MONTHLY DISCHARGE IN CFS

AVEMAGE MONTHLY DISCHARGE N CF%

1918 - 1958
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FIGURE 18. Aversge monthly
discharges at representative
stations in the Upper Deschu-
tes sub~basin.

Qa [ -E [«

Average monthly discharges were computed for the same
locations as the yield diagrams, and representative
stations are shown in Figure 18, Discharges of the
Deschutes River below Wickiup Reservoir reflect storage
regulation as indicated by low flows during winter and
spring runoff, the reservoir filling period, and high
summer flows as a result of irrigation releases.

This same pattern is evident in Deschutes flows at Ben-
ham Falls but is much less pronounced because Wickiup
Reservoir effects only those flows since 1949 and flows

at Benham Falls were averaged for the period 19181958,
Without regulation the Deschutes River flows would be
even more uniform than the Benham Falls hydrograph
indicates,

Discharges of the Little Deschutes River more closely
approximate natural flows for that drainage area and
illustrate the peak that occurs during spring snowmelt
and the relatively low late summer and early fall flows.

Extremes

The effect of storage regulation on streamflow is even
more pronounced in Figure 19 which shows the average
daily discharges at two representative stations for the
water years having the minimum daily flow of record.

The flows of the Little Deschutes near lopine for 1931
show a peak occurring in early April and the extreme

low flow of eight cfs occurring the first part of September.
These flows are regulated to some extent by storage in
Crescent lake, but releases occurred in 193] only during

July and August. By contrast, as a result of reservoir regulation the hydrograph of the
Deschutes at Benham Falls is nearly reversed with peak flows occurring in July, August,

and September and the extreme low flow of 448 cfs taking place in late January.
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Similar extreme hydrographs were developed for the Deschutes below both Crane Prairie
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and Wickiup Reservoirs and these show the same general pattern. The minimum below
Crane Prairie was 2 fs in December 1940 and below Wickiup, 10 cfs in January 1952,

Table 8 summarized critical yield and discharge conditions at selected stations through-
out the basin.

Depletions

Water rights in the Deschutes Basin at their points of diversion are shown in Plate 7.
Most of the rights in the Upper Deschutes sub-basin lie along the Little Deschutes and
in the Odell Lake area. These
TABLE 12 rights are summarized by use

and stream in Table 12,

SURFACE WATEHR RIGHTS SUMMARY
SUB-BABIN 1 - UPPER DESCHUTES RIVER

OFf the total, 337 fs, 324 cfs
are consumptive and 13 cfs non-
consumptive in nature. The
largest group is 317 <fs for the
Pl ine Ioke and Creek irrigation of 13,835 acres. Other
TOTAL 1.8 consumptive rights total 1.8 cfs
for domestic, 2 cfs for municipal,

TOTAL
USE STREAM CFs RIGHTS

Domestic Crescent Creek
Deschutes River
Little Deschutes River

O OO
N
b 3 T Lk

L

Irrigation gresceiz Creek Sg.z
avis Lake £.73 . P
Deschutes River 36 and 3., 4 ofs for industrial purposes.
Little Deschutes River 3750 ’4 . f
Paulina Lake and Creek 2.6 Omonwmphve_righfs total 1.7
TOTAL 317.1 cfs for power and 11 dfs for fish.
Munieipsl Little Deschutes River 2.0
TOTAL 2.0 The pattern of legal rights to use
Industrisl Little Deschutes River 2.0 water by stream miles for the
0dell Lake i N
OTAL 3 entire Deschutes Basin was shown
— o1 Areen o in Figure 9. The Upper Deschutes
0dell Lake 0.2 portion of this extends down to

TOTAL 1.7 mile 181 and is comprised pri-

Fish Davis Lake 8.0 marily of Little Deschutes River
Fall River 3.0 )
_— o depletion. These latter deple-
CRARD TOTAL 397.0 tions are shown separately in

Figure 20. The large increase
which takes place at mile 56 on
the Little Deschutes River is due to o right of 241 cfs held by the Walker Basin lrrigation
Company.

While these depletion diagrams show the total of all rights, they do not indicate actual
water use for the following reasons:
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I. lrrigation rights are seasonal in nature with actual use depending upon
the pattern of rainfall occurring during the specific season in question,
the availability of irrigation water during that season, and the pattern
of rotation practiced by the individual water user,

2, Some irrigation rights are filed with the

o knowledge that low flows of the streams
. are fully appropriated and the right can
e T be exercised only during higher flows
0 occurring in the first and last parts of the
o season,
:
I %00
i 3. Aportion of diverted water reappears in
§ 0 the streams as return flow,
0™ 4. Power, mining, and fish rights are non-
consumptive in nature so that water for
N this purpose becomes available for other
. L use at downstream locations.
10 30 K & 48 80 YO 80 %0
MILES ABOVE MOUTH
o o g Ordinate values on the depletion diagrams do not in-
clude supplemental irrigation rights and these are nof ~3
?;fg gﬁ'stizi,i*mif'i‘?z}i:ie part of Table 12, Supplemental rights permit alternate
Tansary sacates River as of sources of supply but do not add to original rights,

If all consumptive water rights indicated by the depletion diagrams were used to the
maximum legal extent, 53,800 acre-feet could be diverted from the streams in this sub.
basin each year. This is only a small part of the average annual yield of 1,024, 700
acre-feet of the sub-basin. However, all water available at Benham Falls is either
withdrawn or appropriated for use at downstream points and no new permits will be
issued in this sub-basin for diversjons during the irrigation season, except in the special
case of tributaries that do not contribute to the flow of the Deschutes River.

GROUND WATER SUPPLY zub-barin .
Yield | Distributi

A large portion of this sub-basin is covered by pumice sand which is underlain by highly
permeable basalt, Consequently, the area contains large amounts of ground water in
subsurface storage. This accounts in part for the very uniform Flows of the Deschutes
River at Benham Falls, Detailed geologic and hydrologic studies, including a test well

program, would be necessary to evaluate the feasibility of developing and utilizing
this source of water,
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SUB.BASIN INVENTORY . UPPER DESCHUTES

The State Engineer has records for only 27 wells of known depth in this sub-basin.
Twenty-six of these wells are less than 100 feet deep and encounter water usually in
gravel beds close to the banks of the major lakes in this area. It is probable that the
ground water in these wells is in connection with the adjoining lakes, Most of these
wells tested yields between 10 and 40 gallons per minute at drawdowns up to 10 feet
ofter two to four hours of pumping.

The remaining well is located near the town of Crescent on the Little Deschutes River

and is 267 feet deep. Water was found in lava rock at a depth of 245 feet below the

land surface. The static water level is 148 feet below the surface and the pump test

yielded 117 gallons per minute at a drawdown of 8 feet ofter eight hours of pumping. Te fp. Fe

Depletions

Ground water rights in this sub-basin total only 2.5 of s of which 1 cfs is for the irriga-
tion of 80 acres, 1.2 cfs for municipal, and 0. 3 for industrial purposes.

LEGAL RESTRICTIONS AND LIMITATIONS ON WATER USE

In 1913 the State Engineer withdrew and withheld from appropriation all unappropriated
waters of the Deschutes River and its tributaries above Bend for the Deschutes Project.
This withdrawal included the regular flow of the Deschutes River including 900, 000
acre-feet of storage in the proposed Benham Falls Reservoir for irrigation, domestic,

and power purposes. In 1934 this withdrawal was extended to any storage site or sites
found feasible and practical by investigations being made by the U. S. Bureau of Recla-
mation and 187, 000 acre-feet were withdrawn for storage of irrigation water in the then
proposed Crane Prairie Reservoir.

Later 200, 000 acre-feet were appropriated for Wickiup Reservoir and 50, 000 acre-feet

for Crane Prairie Reservoir under these withdrawals. From this the North Unit Irriga-
tion District has rights for 1,200 cfs for the irrigation of 50,000 acres. All the water
appropriated under these withdrawals is used for irrigation in the Deschutes Project which
lies outside the Upper Deschutes sub-basin.

In 1955 the State Engineer ordered that the minimum flow of the Deschutes River at the
goging station below Wickiup Dam shall not be less than 20 cfs for the maintenance of
aquatic life. He also ordered that in the operation of Wickiup Dam and Reservoir, ex-
cept in emergencies, the rate of opening and closing of the outlet gate shall be such
that they will prevent a rise or fall of the water surface in the river at this gaging sta-
tion at a rate greater than one foot per hour.
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)

PRESENT WATER USE AND ASSOCIATED PROBLEMS
Domestic

ﬁw ST £, ”

Most households use only small quantities of water. A few farms and resorts have
rights for domestic water totaling two cfs for surface water from streams. No domestic
rights for ground water exist. No quantity or quality problems have been reported
in this sub-basin.

Municioal

There are only two cfs of municipal water rights for surface water and one ofs for
ground water, all for the town of Gilchrist. The maximum capacity of the water sys-
tem of Gilchrist is 900, 000 gallons per day (1.4 cfs) and the average output 50, 000
gallons per day. Only water from wells is used at the present and its quality is satis-
factory without treatment. A population of 500 is served by the system,

lrrigati

Irrigation rights form the largest group in the sub-basin, totaling 317 cfs for the irri-
gation of 13,835 acres from surface waters of the streams. These figures include 241
cfs of rights for 9, 646 acres granted to the Walker Basin Irrigation Company which is
inactive at present. Other rights are scattered throughout the basin and are located
mainly along the lower Little Deschutes River and Paulina Creek.

Irrigation rights for ground water total only one cfs for the irrigation of 80 ocres,

Three large rights for storage of irrigation water exist in this area: 50, 000 acre-feet
in Crane Prairie Reservoir; 200, 000 acre-feet in Wickiup Reservoir; and 86, 050 acre-
feet in Crescent Lake Reservoir. All of these reservoirs store water for irrigation use
outside the Upper Deschutes sub-basin.

The only storage right for lands within this sub-basin is on Paulina Lake for 3,780
acre-feet supplying supplemental irrigation water to ranches along Paulina Creek,

Almost every large lake in the Upper Deschutes sub-basin has been considered a poten-
tial source of water, mainly for irrigation. Applications for water rights to store irri-
gation waters were filed in the State Engineer's office for Crescent loke, Odell Lake,
Davis lake, Big Cultus lake, Paulina Lake, and East Lake. Only Crescent Lake and
Paulina Lake are presently used for storage. All other projects have been abandoned
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because more economic storage sites for the Upper Deschutes water were found at the
Crane Prairie, Wickiup, and Benham Falls Reservoir sites.

Crane Prairie and Wickiup Reservoirs have sufficient capacity to store the entire runoff
of the main stem of the Deschutes River and seepage water from Odell and Davis Lakes,
except in extremely high water years. Runoff from the Little Deschutes, smaller tribu-
taries, and water not stored by the present reservoirs could be stored in the future
more economically by the proposed Benham Falls Reservoir, rather than in the existing
lakes. Past proposals for sites on Big Marsh and Crescent Creek have also been aban-
doned in favor of the Benham Falls Reservoir site.

Lands in the Deschutes Basin holding water rights for irrigation are shown in Plate 4.
The large block of land shown south of Lapine is for rights held by the inactive Walker
Basin Irrigation Company.

Only about 1,600 acres are estimated to be under irrigation in this sub-basin at present
and no material increase is expected in the future due to relatively unfavorable climatic
and soil conditions. Thus, only a small proportion of the existing irrigation rights are
currently exercised and this situation will likely remain relatively stable.

Power

There are no major power plants in this sub-basin and existing power rights, totaling
two cfs, are used mainly to pump water and produce electric power for small individual
users.

Industrial

logging and lumber operations are the only industrial establishments in this area. In-
dustrial water rights total three cfs of which two cfs are used by a lumber mill at Gil-
christ and the remainder at the railroad depot near Odell Lake.

Mini
There are no active mining operations and no water rights for mining exist in the

sub-basin. As indicated by Plate 6, known mineral deposits in this area are few and
consist of obsidian and scoria or cinders.
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Recreation

There are no consumptive water rights for recreational purposes in the Upper Deschutes
sub-basin but water does play an important part in the overall recreational resource of
this area. There are about 240 lakes and reservoirs within this section, the largest
being Wickiup Reservoir with a surface area of 9,000 acres. Others having important
recreational value include Crane Prairie Reservoir and Odell, Crescent, Davis, Paulina,
and East Lokes. All but Paulina and East Lakes are located on the eastern slopes of the
Cascade Mountains.

Surveys show that Crane Prairie Reservoir had 20, 000 day and 15, 000 overnight visi-
tors and Wickiup Reservoir 20, 000 day and 5, 000 overnight visitors in 1954, The U. 8,
Forest Service estimated 577,000 visitor days of recreation in 1959 in the Deschutes
National Forest, which covers much of this sub-basin.

There are 54 forest camps in this area, the majority being located in the lake area be-
tween the headwaters of the Deschutes River and Crescent Creek. One state park is
maintained at Lava River Caves. Counts at this park showed between 26, 000 and

63, 000 visitor days annually in the years 1953 to 1958, One wayside park is located
south of Lapine.

Thirteen commercial resorts are operated in the sub-basin, nine of them located on lakes
and reservoirs, two on rivers, and two are primarily skiing resorts. Bachelor Butte ski
area west of Bend is becoming increasingly popular. It was enjoyed by 29,000 persons

in the 1958.59 season, its first year of operation, and by 43, 000 persons in the 1959.40
season.

Twelve public boat landings are available at the lakes and reservoirs and two on the
Deschutes River itself. These recreation areas are located on Plate 5 and a summary
of the facilities available at each arec is on file at the office of the State Water Re.
sources Board.

Wildlif

Mule deer is the most important game species in this region. There also are several
species of upland game, waterfowl, and furbearers.

Water has not been reserved specificall y for wildlife and wildlife consumption of water
is of relatively small magnitude. However, water is exceedingly important and many

problems in respect to habitat arise with artificially regulated streams and reservoirs.

Storage reservoirs in this sub-basin furnish considerable resting area for migratory
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SUB.BASIN INVENTORY . UPPER DESCHUTES

waterfow! but their fluctuating nature does not provide suitable nesting or food pro-
ducing areas, Local ducks and geese nest along the Deschutes River but manipulation
of flows often causes excessive losses of those nests, Northern flights of both ducks
and geese utilize the river itself for resting during their migration but reduced winter
flows, due to storage for irrigation, reduces the attraction of long strefches of the
river and sometimes permits the lower portions to freeze over.

Muskrats suffer from artificially fluctuated waters of the Deschutes River when in-
creased flows during the irrigation season flood their dens. Such fluctuations have
reduced the muskrat population in the river to a point where their harvest is no longer
profitable,

Fish Lif

Water for fish has been appropriated in the past only for the propagation of fish in
hatcheries. Eight cfs have been appropriated for this purpose on Davis Lake and three
ofs on Fall River for fish hatcheries of the Oregon State Game Commission. Currently
the Game Commission is operating the Fall River hatchery only.

Principal species of game fish in the Upper Deschutes sub-basin are rainbow, Dolly
Varden, brown, eastern brook, and laoke trout, whitefish, and kokanee and Atlantic
salmon. There are no anadromous fish in this sub-basin, Big Falls on the Deschutes
River near Lower Bridge (mile 132) being the upper limit of present anadromous fish
migration,

Currently the Deschutes, Little Deschutes, and Fall Rivers receive plantings of hatchery-
reared rainbow trout and all other streams are dependent upon wild fish. Atlantic
salmon has been introduced recently and it is expected that Quinn Creek, a tributary

to Mud lake, will provide the required spawning grounds for natural production.

Trash fish problems exist in the reservoirs and in some of the lakes. Crane Prairie
Reservoir originally had a large population of rainbow and brook trout. However,
trash fish have increased in number from 2 percent of the total in 1948 to 87 percent
in 1959,

The Upper Deschutes River was an excellent rainbow trout fishing stream prior to the
construction of Wickiup Reservoir but rainbow fishing has since fallen off accompanied
by an increase in trash fish. However, habitat conditions such as shallow water, non.
turbid water, and excellent food for fish have proven to be good for brown trout which
also feeds on trash fish., Crane Prairie Reservoir might also eventually go to a brown
trout fishery,
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Gillnet counts by the Oregon State Game Commission in 1959 showed a trash fish popu- ‘
lation of 87 percent in Grane Prairie Reservoir, 84 percent in Wickiup Reservoir, 96
percent in Crescent lake, 72 percent in Davis Lake, 76 percent in Odell lake, 74 per-
cent in Little Lava Lake, and 35 percent in Big lava Lake. All other lakes in the Upper
Deschutes sub-basin where gillnet counts were conducted had trash fish populations
below 5 percent.

Adequate streamflow to cover spawning gravel and to provide other favorable condi-

tions for wildlife is also a problem. Comparison of desirable minimum flows recommended
for fish life (Table 11) with flow records at various locations in the sub-basin indicates
that, based on average monthly discharge, sufficient water is available throughout the
year to satisfy requirements in the Deschutes River at Benham Falls and the Little Des.
chutes near lapine. Although this long-term average is favorable, it should be recog-
nized that flow conditions less than desirable have occurred many times in the past at
these locations.

Again based on average monthly discharges, insufficient flows occur in the Deschutes
River below Crane Prairie Reservoir in February and below Wickiup Reservoir during
November, December, and January. This condition also exists in Crescent Creek at
Crescent Lake from October through February. In fact, Crescent Creek is dry whenever
no water is being released from Crescent lake.

A conflict in water use exists between fish life and irrigation in the stretch of the
Deschutes River below Wickiup Dam. The Game Commission recommends a desirable
minimum flow for the Deschutes River below Wickiup Reservoir during the winter low-
flow period of 200 cfs. The water right for storage in Wickiup Reservoir issued by the
State Engineer requires a conservation release of only 20 cfs. In 1954 the U. S. Bureau
of Reclamation conducted a study to determine the effect of bypassing 20, 50, or 200
cfs at Wickiup Dam throughout the storage season on irrigation water shortages of the
Deschutes River Project. This study was based on existing irrigation storage practices
and rights, the maintenance of a conservation flow of 50 cfs in the Deschutes River
below Bend and hydrologic conditions of the years 1925 to 1953,

Water supplies for the Deschutes Irrigation and Reclamation Company (Swalley Dis-
trict) and Deschutes County Municipal Improvement District (Tumalo District) would not
have been affected by changes in conservation releases past Wickiup Reservoir, accord-
ing to the Bureau of Reclamation analysis, because Swalley has no storage right but
was decreed the senior direct-flow right and Tumalo District storage at Crescent Lake

is located on the Little Deschutes River, a tributary of the Deschutes River below
Wickiup Reservoir.

Changes in conservation releases past Wickiup Reservoir would affect Arnold lrrigation

i
i
|
|
i
i
i
i
|
ol
|
i
i
|
i
1
|
*

i



SUB.BASIN INVENTORY . UPPER DESCHUTES

District, Crook County Improvement District No. 1 (Lone Pine District), Central Oregon
Irrigation District, and North Unit lrrigation District. Average annual shortages at
Bend under o conservation release of 20 cfs past Wickiup Dam would be increased by
2,900 acre-feet under a conservation release of 50 ofs and 19, 600 acre-feet under
conservation release of 200 ¢fs, Maximum shortages occurring during 1931 would be
increased 4, 700 acre-feet under a conservation release of 50 cfs and 29, 900 acre-feet
under a conservation release of 200 cfs.

Desirable minimum flows were not established for small streams. This category includes
small, spring-fed streams having little fluctuation which are considered important from
a recreational standpoint. In many instances, it is recommended that the small streams
be maintained in their present natural flow conditions. Although a large number of
such streams go dry each year, it is considered by the Game Commission that the head-
water lakes and drainages are more valuable, from a fishery and recreation standpoint,
in their natural condition than they would be if they were dammed to provide storage
for a better downstream flow,

The popularity of the Upper Deschutes sub-basin for fishing is indicated by the estimate
that 500, 00C angler days are spent in this and the Middle Deschutes sub.-basin each
year. More detailed statistics for East and Paulina lakes showed that 55, 000 angler
days yielded 200, 000 trout in 1958.

Pollution Abagtement

There are no public sewerage systems in this sub-basin and most homes dispose of their
sewage in lava sink holes, some after treatment in septic tanks or cesspools. No con-
tamination of ground water or streams is evident.

Flood problems in the Upper Deschutes sub-basin are minor in nature. Storage in head-
water reservoirs during the months of heavy runoff and the porosity of the basalt and
lava in this area which absorb huge quantities of water in times of heavy precipitation
and release it slowly throughout the year combine to greatly reduce potential flood
peaks. ‘

Some bank erosion is evident on streams in o few places but no major erosion problems
exist,

-
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There is very little evidence of drainage problems in this sub-basin.

WATE E IATE

The economy of this sub-basin is based on the natural assets of timber, ogriculture, and
recreation, Valley elevations range from 4,000 to 4, 800 feet with a large portion of
the sub-basin lying at higher elevations. The climate is adverse for agriculture and
most of the timber harvested in the area can be processed economically outside the sub-
basin. Therefore, the population increase in the future will probably be limited and
depend to a large extent upon the expansion of tourism in this area. Thus, needs for
domestic and municipal water will probably increase very slowly.

lrricati

Only about 1,600 acres of the total of 13,835 acres of irrigation rights are estimated
to be under irrigation in this area at the present time. Little increase in irrigated
acreage is expected in the future due to unfavorable climatic and soil conditions. Ex-
isting irrigation diversions on Paulina Creek already use nearly all water available
from that stream system.

A further change in the runoff pattern of the sub-basin might be caused by the develop-
ment of new storage reservoirs for irrigation of lands outside the sub-basin, mainly the
Deschutes Project near Bend. According to the Bureau of Reclamation, the only feasible
major storage site left above Bend is located at Benham Falls, the northern boundary
of the sub-basin. The Bureau has proposed a reservoir at Benham Falls with a usable
capacity of 78, 000 acre-feet to be used for storage of supplemental water for the Des-
chutes Project. In connection with this project, a coordinated operational schedule for
all storage reservoirs in the Upper Deschutes sub-basin is recommended to develop the
most advantageous use of the available water supply. This would change the pattern
of streamflow in the sub-basin to some extent but would not make additional water
available for use within the sub-basin.

Power

No hydroelectric power developments have been proposed in the Upper Deschutes sub-
basin. Operation of future power plants in the area would depend upon the releases
from reservoirs which store water exclusively for irrigation. Therefore, sufficient
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SUB.-BASIN INVENTORY . UPPER DESCHUTES

water for power development would be available only during the irrigation season
and not during the winter and spring storage months.

Industrial

The main industrial resource in this sub-basin is timber. Since most of it is processed
ot Gilchrist and Bend, no new major water-using industrial developments are expected
in the foreseeable future,

Mini

Known mineral deposits of some value in this sub-basin are obsidian and scoria or
cinders (Plate 6). These are not mined at present and no developments are anticipated
in the near future due to economical active operations in other areas located closer to
markets,

Recreation

This area is heavily frequented each year by tourists who are interested in the scenic
and recreational attractions. There are no recreational water rights at present and new
demands in the future will probably be confined to campground uses. Most of the best
locations for camps on the larger lakes have already been developed but increasing
pressure on these will require expansion of their facilities to the fullest potential.

A potential state park area in this sub-basin, listed by the State Parks Division, is
located in the vicinity of lava Caves 12 miles south of Bend off The Dalles-California
Highway. The interest there would be limited primarily to geologic features and
water would be needed only for compground use.

It is estimated that 1,600,000 man days of recreation were spent in the Upper and
Middle Deschutes sub-basins in 1959 and that four times as many are to be expected
in 1976 and eleven times as many in the year 2000,

Wildlif

No major changes in the needs of wildlife for water are expected in the near future
unless the habitat is changed appreciably by new developments.

New developments could cause some damage to wildlife by inundating existing
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waterfowl, furbearers, and deer habitat. For example, the Oregon State Game Com-
_mission estimated in 1955 that annual losses to wildlife, for the above reasons, as a
result of constructing the proposed Benham Falls Reservoir would total $18, 300,

F; E [d[

Although not currently an anadromous fish area, the sub-basin has many miles of streams
which are potential spawning grounds for salmon and steelhead providing water condi-
tions were improved (Plates 10 and 11).

Improved fishing and spawning conditions could be created by increasing reservoir re-
leases during the winter storage period thus maintaining higher minimum flows. Re.

ducing water level fluctuations in lakes and reservoirs would also improve the habitat
for fish life.

New developments could cause damages to fish life by inundating existing spawning
areas and by changing downstream flow conditions. To illustrate, the Game Commission
estimated in 1955 that construction of the proposed Benham Falls Reservoir would result
in annual fishery damages amounting to $41, 700.

Pollution Abatement

Requirements for pollution abatement will not increase much over the present level as
a result of population, industrial, and mining expansion in this sub-basin, However,
some increase in the pollution of streams and lakes can be expected from heavier recre-
ational use in the future.
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SUB-BASIN 2 MIDDLE DESCHUTES RIVER

GENERAL

Locati ! Sj

The Middle Deschutes sub-basin (Plate 1) includes the Deschutes drainage between Mecca,
mile 96, and Benham Falls, mile 181, with the exception of the Crooked River drainage
which is treated separately. This is the third largest of the sub-basins containing 1, 850
square miles which is 18 percent of the total Deschutes Basin area.

Fifty-one percent of the sub-basin area lies in Jefferson County, 48 percent in Deschutes
County, and the remaining 1 percent in Crook County.

The western boundary of the sub-bosin is formed by the Cascade Range, the southern
boundary runs from the Three Sisters east, crosses the Deschutes River at Benham Falls,
and continues towards the Paulina Mountains. The eastern boundary, which is not well
defined topographically, runs north on the lava plateau between the Crooked River and
Deschutes watersheds. The northern boundary runs west in the Mud Springs area, crosses
the Deschutes River near Mecca, and continues on the divide between Shitike Creek and
the Warm Springs River.

Stream System

All major streams in this sub-basin originate in the Cascade Mountains. Willow Creek
is the only significant stream entering the Deschutes from the east. Major tributaries

of the Deschutes River from the west are Tumalo Creek, Squaw Creek, Metolius River,
and Shitike Creek.

There are about 910 miles of streams in this sub-basin (Table 2) of which only 330 miles
are perennial in nature. These figures include 85 miles of the Deschutes main stem, 41
miles of the Metolius River, 4] miles of Squaw Creek, and 33 miles of Shitike Creek.

Profiles of these streams showing elevations versus stream miles are included in Plate 2.
The gradient of the Upper Deschutes River is only 8.5 feet of drop per mile but it
increases below Benham Falls to an average of 38 feet per mile to the confluence of the
Metolius River and 13 feet per mile below that point to the northern boundary of the
sub-basin. The Metolius River drops quite uniformly at a gradient of 35 feet per mile
throughout its course.

Climate

Average annual precipitation along the Cascade Ridge is estimated to range from 80
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inches near the Three Sisters to 100 inches near Mount Jefferson, Precipitation de-
creases rapidly towards the east and ranges from 4 to 27 inches per year in the area
between Bend and Madras. Average annual precipitation at specific locations in this
area is 17 inches at Sisters, 13 inches at Bend, and 9 inches at Redmond and Madras.
Precipitation averages 3. 17 inches at Bend and 2. 32 inches at Madras between May |
and September 30,

Average precipitation at Bend is shown by months in Figure 21. Peak precipitation

occurs during the winter months, November, December, and January, with a second,
lesser peak in May and June. August is the

i 100 + 2 68 mOHES lowest month averaging about 0.4 inches for the

- period 1902-1958. Similar information developed

for Sisters and Madras shows the same precipita-

tion pattern with much higher November and

January peaks occurring at Sisters.

Annual snowfall averages 57 inches at Sisters,
39 inches at Bend, and 17 inches at Redmond.

AVERAGE MONTHLY PRECIPTATION IN INCHES

Temperatures between minus 45 and plus 112
degrees Fahrenheit have been recorded at ele-
FIGURE 21. Average monthly precipi- vations between 1,300 and 4, 000 feet. Average
tation at Bend, 1902-1958. . ;

annual temperatures at these elevations lie be-
tween 45 and 49° F.

POCT TuOy T DEC T sAN T FEK MAR | APK TMAT T N A AuG ) SEF

Frosts can occur in any month of the year in this sub-basin. The average length of
season without killing frosts is 90 days at Bend and 100 days at Madras.

Population

The Middle Deschutes is the most heavily populated area in the basin with a 1960
estimated population of 28,740, Bend is the largest city in the sub-basin with a 1960
population of 11,940, The 1960 population of other incorporated cities was, Redmond
3,340, Modras 1,520, Sisters 600, and Metolius 270,

Three other towns in the sub-basin have a population above 100, and five a population
of less than 100.

Population trends of incorporated cities, Figure 1, were discussed in Chapter I.
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ECONOMY AND LAND USE
tand Ownership

As shown in Table 4, approximately 35 percent of the total area of 1,850 square miles
of the Middle Deschutes sub-basin is national forest land within the Deschutes National
Forest, 7 percent is public domain, and 1 percent is under other federal ownership.
Seventeen percent of the sub-basin area lies within the Warm Springs Indian Reserva-
tion, less than 1 percent is owned by the State of Oregon, and the remainder, opproxi-
mately 40 percent, is predominantly under private ownership.

Limber

Timber processing is considered to be the most important industry in this sub-basin,
About 35 percent of the sub-basin area is within the Deschutes National Forest which
still has extensive stands of uncut sawtimber. Log production in Deschutes County,
whose forests are located mainly in this sub-basin, has climbed steadily since 1947
and reached 90 million board feet in 1958 (Figure 2). Uncut sawtimber in the county
totaled 5, 154 million board feet in 1953.

Bend, the home of several logging contractors and lumber processing mills, has the
heaviest concentration of sawmill activity in the Deschutes Basin. Redmond and Sisters
are also important centers of logging activity in this sub-basin.

Agriculture

Agriculture is considered second in importance in the economy of the sub-basin. Centers
of agricultural production are Bend, Redmond, and Madras and several dairies and food
processing plants operate in these cities.

There are approximately 1,230 farms in the sub-basin, which is more than half the total
number of farms in the Deschutes Basin. Many farms irrigate and the Deschutes County
Municipal Improvement District (Tumalo District), Snow Creek Irrigation District, Squaw
Creek Irrigation District, Deschutes Reclamation and Irrigation Company (Swalley Dis-
trict), and parts of the Central Oregon lIrrigation District and North Unit lrrigation
District lie in this sub-basin.

Principal crops are wheat, potatoes, hay, including alfalfa, barley, and seeds. Live-
stock consists primarily of beef and milk cattle, poultry, sheep, and hogs.
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Recreation

Many tourists are attracted to this region each year, mainly to the lake area west of
Bend and to the Deschutes and Metolius River Canyons. Recreation presently ranks
third in the income of the area but might well surpass agriculture in the future.

Mini

Mining in this sub-basin is limited mainly to sand and stone operations. There also
are a few establishments processing diatomite, scoria or cinders, and pumice.

I ration Medi

This sub-basin has an excellent system of federal highways. U. S. 97 known as The
Dalles-California Highway crosses the entire Deschutes Basin in a north-south direction
through Bend, Redmond, and Madras. U. S. 20, 26, and 126 connect the sub-basin
with points in the east and west,

There are numerous improved state and county roads connecting all populated areas
with federal highways. An improved road, very popular with tourists, is the highway
from Bend to Elk Lake known as Century Drive which leads to a network of forest roads
along the east slope of the Cascades.

Regular bus service is available on U, S, 97 and 20. Regular freight truck services
are maintained on U, S. 26, 97, and 126 and irregular service is available to most
parts of the sub-basin.

The Oregon Trunk Railroad connects Bend with the Columbia River in the north and is
continued to the south by the Great Northern Railroad which intersects with the

Southern Pacific at Chemult. A city-owned railroad, the City of Prineville, connects
Redmond and Prineville.

There are three publicly-owned airports in the area, the municipal airport near Bend,
Roberts Field east of Redmond, and the municipal airport north of Madras. Commercial
airlines land at Roberts Field near Redmond and provide service to Portland, Salem,
and Klamath Falls. Emergency air strips are located ot the Hudspeth Ranch between
Redmond and Terrebonne, and at Barclay near Sisters.
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. SURFACE WATER SUPPLY
Yield

The annual yield of the Upper Deschutes sub-basin was shown by Figure 16, Deschutes
River at Benham Falls. This would also be the inflow to the Middle Deschutes sub-
basin. Progressing downstream, Figure 22, the effect of irrigation diversions is
apparent in the yield of the Deschutes River below Bend which averages 430, 500
acre-feet annually as compared to the inflow of 1,024, 700 acre-feet at Benham Falls.

Further downstream, near Culver, the yield has increased again to an annual average
of 800, 200 acre-feet. This increase can be attributed primarily to the contribution of
Tumalo and Squaw Creeks and other small tributaries, inflow from springs, and return
flow from irrigation.

At the Madras gage, the annual yield of the Deschutes jumps to an average of
3,341,000 acre-feet which is primarily due to the contribution of the two major
tributaries, the Metolius and Crooked Rivers. This yield closely approximates the
amount of water leaving the Middle Deschutes sub-basin.

Although the low yield years of the 1930's and 40's are evident in the diagram for
Bend and Culver, the high yield years of the past decade are not as pronounced as
they would be under natural flow conditions due to irrigation diversions which have
been at their peak during the last 10 years. The effect of diversions is less pronounced
in the diagram for Madras because large inflow from the Metolius and Crooked Rivers
tends to overshadow these depletions.

han

Figure 23 shows the annual yield of the Metolius River near Grandview which aver-
oged 1,065, 090 acre-feet for the period 1922-1958, This location is about mile 12
on the Metolius so the yield at the mouth of the river would be a little higher than
the values shown in Figure 23. Since the Metolius River has very little artificial
regulation, this diagram is representative of the yield pattern for streams in the basin
influenced by the Cascades.

Similar diagrams developed for smaller tributaries in this sub-basin show the same
general pattern of yields although larger fluctuations from year to year as a result,
in part, of regulation. Average annual yields in acre-feet for these streams are:
Tumalo Creek near Bend 75,010, Squaw Creek near Sisters 77, 140, lake Creek near
Sisters 37,740, and, Shitike Creek at Warm Springs 84, 100,

o
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FIGURE 23. Annusl gield of the Metolius River nesr
Grandview, 1922-1958.
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Runoff distribution in terms of average monthly
discharge was computed for the stations having
annual yield diograms. For locations on the
Deschutes River, Figure 24, the highest flows
at Bend and Culver are in the winter months,
December through March, and the lowest flows
in the summer, July and August, which again is
At a reflection of stream regulation. At Madras,

% A AN E the furthest downstream location, the pattern of
T - T discharge more closely represents notural condi-
tions with peak runoff occurring during the snow-
melt pariod and low flows in the late summer.

AVERAGE MONTHLY DISCHARGE IN CFS

GCY mOv DEC JAN FES wal are

Comparison of the magnitude of average monthly
flows illustrates the contribution of the major
tributaries. High flows below Bend are less than
1,000 cubic feet per second (cfs), on a monthly
average but are nearly 5, 700 s at Madras.
Likewise, low flows at Bend average less than
200 ofs for the month of July but are nearly

AVERAGE MOMTHLY DXSCHARGE 1IN CFS

FIGURE 24. Average monthly discharge

of the Deschutes Fiver at locations
ol cue Jeactul Sne: At lochison 3, 700 ot Madras for August, the month of lowest
1918-1958. average flow.
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Average monthly flows of the Metolius River near Grandview are shown in Figure 25,
Here, peak flows are not regulated and therefore occur during the snowmelt season.
The influence of large springs is evidenced by
the extremely uniform flows of the Metolius
which vary between 1,300 and 1,650 ofs from
the lowest to highest average month.

bl

8

Tumalo, Squaw, and Llake Creeks also exhibit
high snowmelt runoff in May and June and low
flows in the late summer.

AVERAGE MONTHLY DISCHARGE IN CFS

Extremes

FIGURE 25. Averasge monthly discharge . .
of the Metolius River near Grandview, The daily pattern of runoff during an extreme

192271958 lowflow year is shown for the Deschutes River

in Figure 26, This is a plot of the average daily
discharges for the water year having the minimum daily flow of record at the Bend and
Madras gaging stations. Again the effect of regulation is evident at the station below
Bend with low flows, as a result of upstream diversions, occurring during the six-month
period from the middle of April to the middle of October. This plot is for a year prior
to the existence of the North Unit Irrigation District so the pattern would be somewhat
changed if a similar water year were to re-occur in the future.

A similar plot developed for the Metolius River near Grandview, Figure 27, illustrates
the extreme uniformity of flow, even with average daily values, for nearly the entire
year.

Minimum discharge and yield conditions at these, and other locations, in the Middle
Deschutes sub-basin were summarized in Table 8. Minimum recorded discharges are:
Deschutes River below Bend, 1 cfs in August 1930; Tumalo Creek near Bend, | cfs in
June and July 1940, lake Creek near Sisters, 1 cfs in November 1940, Squaw Creek
near Sisters, 19 cfs in December 1922; Metolius River near Grandview, 1,080 cfs in
February 1932 and October and November 1942, and Deschutes River near Madras,
2,940 cfs in September 1942,

DRepletions

Water rights in the Deschutes Basin at their points of diversion are shown in Plate 7.
A detailed summary of these rights listing number, location, use, quantity, stream,
and priority date is available at the State Water Resources Board's office.
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NEAR MADRAS
1942

Draers #F ecard TEE4 938

Min Discharge 2940 cfs - Sapt 20, (942

PTOCTORER  MOYEMBER ODECEMBEN  JANUARY  FEBRUARY  MANCH ammi Ay HINE ALY AUGUST  SERTEMBER

BELOW BEND
1930

R LA L

Min  Deschargs f cfs Aug 25, i¥30

T ocromes AR

FIGURE 26. Discharge pattern of the Deschutes River for the wsler year naving ihe
minimur instantasnecus flow of record at representstive stations in the Middle
Deschutes sub-basin.
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A concentration of water rights in the Middle Deschutes sub-basin is found along the
Deschutes in the vicinity of Bend, on the middle portion of Tumalo Creek, along Squaw
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FIGURE 27. Discharge pattern of the Metolius River near Grandview for.the water
year hsving the minimur instantaneous flow of record, 1943,

Creek near Sisters, and on the Metolius River in the Camp Sherman area. These rights
are summarized by use and stream in Table 13,

Of the total, 5,453 fs, 3,559 cfs are consumptive and 1,894 ofs nonconsumptive in
nature. The largest group is 3,505 cfs for the irrigation of 135,636 acres. Other con-
sumptive rights include 6 cfs for domestic, 46 cfs for municipal, and 1 s for industrial
purposes. Power is the largest nonconsumptive user with rights for 1,641 ofs, 200 cfs
are for industrial, 53 cfs for fish life, and | cfs for recreational use.

The pattern of legal rights to use water by stream miles for the entire Deschutes Basin
was shown in Figure 9. The Middle Deschutes portion of this extends from mile 181
downstream to mile 196. It is evident from the plot that most of the depletions take
ploce in the Deschutes River in the vicinity of Bend, mile 165, and in the Crooked
River stream system. Those for the Crooked River are discussed later.

Irrigation diversions near Bend represent nearly 85 percent of all consumptive diversions
in the Middle Deschutes sub-basin and over 56 percent of all water use in that area.
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The growth of irrigation, as evidenced by diversions near Bend, is illustrated in Figure

28 which covers the period 1906-1958, In terms of annual depletion, diversions for

TABLE 13

SURFACE WATER RIGHIS SUMMARY
SUB-BASIN 2 - MIDDLE DESCHUTES RIVER

the 10-year period 1949-1958
averaged 780, 800 acre-feet,
This is representative of the
present level of development
ond serves to further illustrate
the reason for the large re-
duction in yield measured at
the gage below Bend, Figure
22, as compared to yields en-
tering the sub-basin at Benham
Falls, Figure 16.

While the depletion diagram
of Figure 9 shows the total

of all rights, it does not indi-
cate actual water use for the
following reasons:

1. lrrigation rights are
seasonal in noture with
actual use depending
upon the pattern of rain-
fall occurring during the
specific season in question,
the availability of water
during that season, and
the pattern of rotation
practiced by the indivi-
dual water user,

2. Some irrigation rights are
filed with the knowledge
that low flows of the
streams have already been
approprioted and subse-
quent rights can be exer-

cised only during the higher flow period at the first and last parts of the

TOTAL
USE STREAM cFs RIGHTS
Domestic Deschutes River 3.9
Juniper Creek (e8]
Lake Creek G.g
Metolius Biver e B
Squaw Cresk G.6
Tumslo Creek 0.2
Willow Creék 0.3
TOTAL 6.2
Irrigation Deschutes River 3,6@1.&
Fly Creek 0.
Japk Creek 2.1
Lake Creek 7.5
Metolius River ?,g
Bnow and Three Creeks 6.
Squaw Creek 327.5
Tumslo Cregk 333,&
Willow Creek 2.3
TOTAL 3,506,8
Municipal Deschutes River 23.1
) Squaw Creek L.t
£ Tumslo Creek 19.3
% TOTAL 46.3
Industriel Deschutes Hiver 201,13
Squaw Creek 9%
TCTAL 201 .4
Recreation Jack Creek 0.2
Lake Creek 0.3
Metolius River e B
TOTAL 0.6
Power Deschiites River 1, 882.8
Jack Creek 3%.1
Juniper Creek o.5
Lake Cresk £
Squsw Creek 3220
TOTAL 1, 6L0, 8
Fish Metoliias Bliver Le. o
Tumelo Creek ) 50
TOTAL 3.0
GRAND TOTAL 5,LkE5 B
irrigation season,
3. A portion of diverted water reappears in the streams as return flow.
;‘%é. 3
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4. Power, mining, and fish life rights are almost entirely nonconsumptive
in nature so that water diverted for these purposes becomes available for
other uses at downstream locations.
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FIGURE 28. Annual irrigation diversions near Bend, 1506-1958.

Ordinate values on the depletion diagrams do not include supplemental irrigation rights
and these are not part of Table 13. Supplemental rights permit alternate sources of
supply but do not add to original rights.

If all consumptive water rights in the sub-basin would be used to the maximum legal
extent, approximately 1,100, 000 acre-feet could be diverted from the streams in this
sub-basin each year which is about 70 percent of the total consumptive diversions in the
basin. While this is less than the average annual yield of all the streams in the sub-
basin, shortages exist at many locations because water is not always available at the
times of heaviest use.

Very little is known concerning the extent of the ground water resources of this sub.
basin. Well logs and known water tables indicate that there is o general movement
of ground water from the area encompassing Hampton, Brothers, and Millican north-
ward towards Bend and the confluence of the Deschutes and Crooked Rivers. Llarge
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springs in the canyon walls of the Crooked, Deschutes, and Metolius Rivers near their
confluences tend to confirm this assumption,

Ground water development between Bend and Redmond has been restricted to some
degree becouse of the depth at which water is found. A test well at the Brooks-
Scanlon mill in Bend was drilled to a depth of 900 feet. The static water level, which
is believed to represent the elevation of the regional water table, was 564 feet below
land surface. This well was tested at 1,300 gallons per minute (gpm) with a 7-foot
drawdown. In some areas, small supplies of water have been obtained from perched
zones which lie higher than the regional water table,

Study of well logs shows the main regional water table to range in depth from 300
feet to more than 800 feet. Pump tests on these wells have varied from 3 to 1, 300
gpm with the deeper wells generally showing the larger yields., Te p.o110

Depletions

Ground water rights in the Middle Deschutes River sub-basin total 28, 3 fs, The lar-
gest group, 27 cfs, is for industrial use while the remainder includes 1 cfs for the irri-
gation of 76 acres and 0, 3 ofs for municipal purposes.

E S I T WATE

In addition to withdrawals of water for irrigation in the Upper Deschutes, which effect
water use in the Middle Deschutes, the Deschutes Decree of 1928 reserves a continuous
flow of 200 ofs past Bend for domestic, municipal, and industrial purposes.

In 1929 the Oregon legisloture declared that the waters of Tumalo Creek above a point
one-half mile above the intoke of Columbia Southern Canal shall not be diverted except
for domestic, municipal, and stock use to preserve recreational values, Also, the City
of Bend may take from the direct flow of Tumalo Creek after it has acquired the right to
appropriate 11 cfs from the Deschutes and delivers it to the Deschutes County Municipal
Improvement Feed Canal.

The unappropriated waters of the main stem of the Deschutes River between its con-
fluence with the Columbic River and river mile 100 were reserved for domestic, live-
stock, recreation, fish, and wildlife purposes by the Oregon State Water Resources
Board in 1959. At the same time it reserved the unappropriated waters of the main
stem of the Deschutes River between river mile 100 and 120, and the main stem of the
Metolius River between its confluence with the Deschutes and river mile 13 for domestic,
livestock, hydroelectric power, recreation, fish, and wildlife purposes.
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RESE WATER E OCIATE
Domestic

Most rural households in this sub-basin obtain their domestic and stock water from irri-
gation ditches, Use of irrigation water for domestic purposes is included in irrigation
rights ond is not filed separately as domestic rights. Individual domestic water rights,
aside from the uses of irrigation water, total only six cfs for surface water from the
streams in this sub-basin.

The Deschutes Decrees of 1928 and 1933, which determined the irrigation rights
allotted to the irrigation districts within the Deschutes Project, also define the amount
of domestic and stock water to be used by the farms within these districts. These de-
crees state that all parties allowed a right to the use of water for irrigation shall be
entitled to use such water for stock and domestic purposes. During the irrigation
season stock and domestic water shall be included as a part of, and not in addition to,
irrigation water, Outside of the irrigation season water shall be diverted for stock
and domestic use at the rate of 1/10 of one cfs for each 100 head of stock and 1/10 of
one cfs for each family.

Irrigation districts are allowed certain maximum amounts for domestic and stock for the
months outside the irrigation season, as listed below:

CONTINUOUS PERIODIC

DISTRICT FLOW FLOW
fs fs
Central Oregon Irrigation District 100 300
Arnold Irrigation Company 50 150
Deschutes Reclamation and
Irrigation Company 50 150
*North Canal Company 75 225

*Now part of the Central Oregon Irrigation District

The decree also states that no two of these companies shall divert water for domestic
and stock purposes at the same time. Diversion records indicate that an average of
100 cfs is diverted from the Deschutes River ot Bend during the nonirrigation season.

The Tumalo Creek adjudication decreed that stock water shall be diverted at a rate not

to exceed 1/40 of a cfs per 1,000 head of stock provided that the domestic water be
included in the irrigation appropriation. Farms obtaining domestic and stock water
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from irrigation canals usually store it in cisterns and form ponds between the periodical
deliveries, )

Tumalo Irrigation District has a water right to divert 20 cfs from Tumalo Creek continu-
ously or 60 cfs periodically for domestic and stock use during the nonirrigation season,
November 1 to April 1.

The only rural water district, the Deschutes Yalley Water District, is in the Madras
area and supplies domestic water to farms within the North Unit Irrigation District and
municipal water to the towns of Culver and Metolius and, in times of high demand, to
Madras. Water is pumped from Opal Springs in the Crooked River Canyon.

Opal Springs discharge an average of 223 fs. Of this, the Deschutes Yalley Water
District holds a right for 5 ofs (3. 23 million gallons per day) but the capacity of its
Opal Springs’ pump station is only 1,000 gpm (1,44 million gpd), The average output
is 450, 000 gpd which serves 1,030 service connections, This amount includes approxi-
mately 160, 000 gpd used for commercial and industrial purposes. This system has
difficulty in meeting present demands, partly due to excessive leakage and to freezing
temperatures in the winter, The Bureau of Reclamation has recommended a plan of
replacing and extending the present distribution system and constructing additional
storage reservoirs to meet existing and future demands.

Ground water in the Deschutes Basin is generally of good quality and can be used with-
out treatment for domestic purposes. Water from irrigation ditches and natural streams
is generally of good quality and is often used without special treatment although it
probably should be subjected to one or more of the common effective treatment methods.

Municioal

Municipal water rights for surface water in this sub-basin total 46 cfs. There is only
one ground water right for municipal purposes amounting to less than 1 cfs.

Bend, the largest city in the sub-basin and consequently the major municipa! water user
holds a total of 19 cfs (12, 35 million gpd) of municipal water rights and obtains its
water from the Bridge Creek branch of Tumalo Creek. Only 6 ofs (3. 88 million gpd)

of these rights can be used throughout the year since the remainder, 13 cfs, were ob-
tained by purchasing irrigation rights on Tumalo Creek and their use is restricted to

the irrigation season from April 15 to October 15, Some of these rights have later
priorities than many others on Tumalo Creek and therefore cannot be fully exercised
during those parts of the summer months when flows in Tumalo Creek fall below irri-
gation demands.
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The Bend water system capacity is 11 million gpd and the peak demand is now about 10
million gpd. Consumption over the year now averages about 2, 91 million gpd. Growth
in demand on the Bend system has been a uniform five percent per yeor for many years
and, on that basis, the present system and supply will be adequate for several more
years. The Bend water system presently serves a population of approximately 13, 500,

Tumalo Creek water requires only chlorination for domestic and municipal purposes.

Redmond holds municipal water rights totaling 18 cfs (11.35 million gpd), the second
largest municipal water right in the sub-basin. The main source of Redmond's water
supply is the Pilot Butte Irrigation Canal which diverts water from the Deschutes River
near Bend. Water is pumped intermi ttently from the Deschutes River above Cline Falls
during the nonirrigation season when canal deliveries occur only periodically. Red-
mond's system serves a population of about 5,000 and has a maximum capacity of 7,2
million gpd, with the average use being 1.2 million gpd. No water shortages are
reported at present,

Redmond's water is treated by chlorination, chemical flocculation, and sedimentation. .
Algae growth in the shallow Upper Deschutes reservoirs sometimes causes o problem 1
because of the resultant objectionable odor and taste. ‘

Madras holds a water right for 0.33 cfs (213,000 gpd) from a 400-foot deep well and
5.20 s (3. 36 million gpd) from Round Butte Springs in the Deschutes River Canyon.
The latter right is not used at present. The present average annual output of this well
is 23. 8 million gallons (65,000 gpd). During the irrigation season, the city also ob-
tains water from the North Unit Main Irrigation Canal under a right granting 1 cfs of
domestic water to the irrigation district. In times of high usage, water is also obtained
from the Deschutes Valley Water District.

Diversion of municipal water from the irrigation canal is limited by the 720, 000 gpd
capacity of the treatment plant. The maximum capacity of the city water system is
2,000, 000 gpd and the average output presently is 274, 000 gpd. Storage is avail-
able for 1,165,000 gallons and serves a population of about 1,600,

Water from the well does not require any treatment but the water from the irrigation
canal requires treatment by chlorination, chemical flocculation, sedimentation, and
filtration,

The towns of Culver and Metolius are served by the Deschutes Valley Water District
which holds a water right for five cfs (3,23 million gpd) from Opal Springs in the
Crooked River Canyon. As discussed above, it also supplies the rural areas of the
North Unit Irrigation District with domestic water and the City of Madras in times of
high water usage.
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Sisters holds water rights for four cfs (2, 65 million gpd) for water from Pole Creek,
Squaw Creek, and several springs. The water system serves a population of 800 and
its maximum capacity is 700, 000 gpd. No shortages are reported at the present. The
only treatment required is chlorination.

lrricati

Irrigation rights form the largest group in this sub-basin. They total 3,505 cfs for the
irrigation of 135,636 acres from surface water supplies and 1 cfs for the irrigation of
76 acres from ground water supplies. This is more than half of the total irrigation
rights in the Deschutes Basin,

The majority of the irrigation rights in this sub-basin are held by irrigation districts

in the area encompassing Bend, Sisters, and Madras. These districts receive water
from the direct flow of the Deschutes River, Tumalo Creek, and Squaw Creek and from
storage in Crescent lLake, Crane Prairie, and Wickiup Reservoirs.

The oldest decreed rights are held by the Deschutes Reclamation and Irrigation Company
(Swalley District) totaling 4,522 acres. Water rights for the direct flow of the Deschutes
River and storage in Crane Prairie Reservoir are held by the Arnold Irrigation District
totaling 4,503 acres, by the Central Oregon Irrigation District totaling 45, 122 acres,
and by the Crook County Municipal Improvement District totaling 2, 369 acres, Th~
North Unit Irrigation District has rights for 50, 000 acres from storage in Wickiup Reser-
voir.

The Deschutes County Municipal Improvement District (Tumalo District) serves primary
rights totaling 6,574 acres from Tumalo Creek and has supplemental rights for these
lands from storage in Crescent lake. Squaw Creek Irrigation District has rights for

9, 161 acres from Squaw Creek of which 5,981 acres have a fair water supply and 3, 180
acres have only flood rights. Snow Creek Irrigation District has water rights for 756
acres from Snow and Three Creeks.

There are two,water rights for large reservoirs in the sub-basin: One for the storage

of 32, 300 acre-feet in Tumalo Reservoir and the other for 6, 000 acre-feet in Haystack
Equalizing Reservoir. In oddition, three small rights for irrigation reservoirs, totaling
2, 100 acre-feet, exist in the sub-basin. Tumalo Reservoir, constructed in 1914, failed
to hold water due to excessive leakage throughout the entire reservoir area. Subse-
quently, o smaller dam was constructed diking off only a small part of the reservoir
which is used mainly to regulate the high diurnal fluctuations of Tumalo Creek.

Squaw Creek Irrigation District has applied for 6,000 acre-feet of supplemental water
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from Lake Creek and for a storage right of 20, 000 acre-feet from Squaw Creek to firm
up its water supply but has not yet found feasible damsites.

Squaw Creek Irrigation District would need a minimum of 4, 000 acre-feet of additional
storage to firm up the late season water supply for presently irrigated lands and 4 acre-
feet of storage for each acre of new irrigated land.

Irrigated lands in the Deschutes Project, which include the Arnold Irrigation District,
Central Oregon Irrigation District, Crook County Improvement District No. 1, Deschutes
County Municipal Improvement District, and the North Unit Irrigation District, have an
average annual shortage at Bend of about 47, 000 acre-feet for presently irrigated lands,
or 110,000 acre-feet if all lands having irrigation rights were irrigated. These districts
have a total of 107,922 acres of irrigation rights but only 99, 250 acres were under
irrigation in 1959, These districts are delineated in Plate 3 and the lands holding irri-
gation rights are shown in Plate 4.

It is estimated that the proposed Benham Falls Reservoir would reduce this shortage by
27,600 acre-feet, A coordinated operation between all reservoirs, including Crescent
loke, Crane Prairie, and Wickiup, would reduce the average annual shortage by an
additional 4,500 acre-feet, The U, S. Bureau of Reclamation considers Benham Falls
Reservoir, with an active capacity of 78, C00 acre-feet, to be the last feasible storage
site in the Deschutes Basin above Bend.

Another possibility of reducing irrigation shortages for these districts would be to elimi-
nate seepage losses in the river bed of the Deschutes River in the eight-mile stretch
between Benham Falls and Llava Island. It is estimated that water loss in this section
averages about seven percent and occurs mainly at flows above 600 cfs, The Bureau of
Reclamation prepared plans of bypassing this section with a concrete channel which
could save more than 42, 000 acre-feet annually. This water could be used to put new
lands under irrigation or to supplement the water supply of presently irrigated areas.

Reduction of transmission losses in unlined irrigation canals, laterals, and farm ditches
would also save appreciable quantities of water. The Deschutes Decree allows trans-
mission losses from 35 to 65 percent of the diverted water for irrigation districts of the
Deschutes Project,

Irrigation transmission losses will be reduced on the Arnold Irrigation District ofter
completion of the rehabilitation of diversion works being carried out by the U. S.
Bureau of Reclamation at present, The Bureau has received also requests for aid to
rehabilitate transmission facilities of the Tumalo and Central Oregon Irrigation Districts.

The State Water Resources Board conducted a study to determine possibilities of saving
water by means of lining irrigation canals, curtailment of stream channel losses in the
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Deschutes River upstream of Bend or by improving operational efficiencies. The study
was confined to the Deschutes Irrigation Project, the largest irrigation project and the
major water user in the Deschutes Basin, '

The Deschutes Irrigation Project, as defined by the U, S, Bureau of Reclamation, con-
sists of Arnold Irrigation District, Central Oregon Irrigation District, Crook County
Improvement District No. 1 (Lone Pine), North Unit Irrigation District, and Deschutes
County Municipal Improvement District (Tumalo). This study includes also Deschutes
Reclamation and Irrigation Company (Swalley) whose lands are located within the
project area,

All districts divert water from the Deschutes River near Bend, Tumalo District also from
Tumalo Creek. The irrigated lands are located in the area of Bend, Redmond, and
Madras,

Project irrigation rights total 112,503 acres, of which 105,929 acres are entitled to

divert water from Deschutes River only and 6,574 acres of Tumalo District are entitled
to a primary supply from Tumalo Creek and a supplementary supply from Crescent Lake.
Tumalo District has also a vested right of 9.5 cfs for the direct flow of Deschutes River.

Arnold, Central Oregon, and Lone Pine Districts have a right for supplementary water
from storage in Crane Prairie Reservoir. North Unit Irrigation District receives its
entire water supply from storage in Wickiup Reservoir. Swalley District has rights
for the direct flow of Deschutes River only which are senior to the rights of the other
districts,

All districts have rights for purposes other than irrigation totaling 555 acres of equiva-
lent irrigation rights for diversion from the Deschutes River during the irrigation season
and a total of 295 cfs for domestic and stock water during the nonirrigation season.

The preceding rights allow for a maximum diversion of 914,500 acre-feet from the
Deschutes River and Tumalo Creek during the irrigation season and 1,021, 000 acre-
feet per year,

This study used average diversions for the years 1950-1959 as the basis for this study.
This period was chosen because maximum development of irrigable acreages under
project rights has probably been accomplished due to the pending action for final cer-
tification of water rights, above average water supplies, and weather conditions which
generally ranged from very dry to very wet growing seasons. The diversions would

probably be slightly smaller on a long-term basis under present irrigation and storage
development,

Nonirrigation season diversions total less than five percent of the total annual diversion

87




SUB.BASIN INVENTORY . MIDDLE DESCHUTES

and are not considered separately from irrigation diversions in the determination of
diversion losses,

Project diversions averaged 812,900 acre-feet during the irrigation season and 847, 000
acre-feet per year from Deschutes River and Tumalo Creek during 1950-1959, The maxi-
mum annual diversion from the Deschutes River was 850, 100 acre-feet in 1957 and from
Tumalo Creek 70, 800 acre-feet in 1918. The maximum annual project diversion was
892, 100 acre-feet in 1957,

Observations by the watermaster, studies by the Bureau of Reclamation, and streamflow
measurements indicate considerable seepage losses in the channels of the Deschutes
River above Bend, of Little Deschutes River, and Crescent Creek. Stream channel losses
average 10 percent from Crane Prairie and Wickiup Reservoirs and 18 percent from
Crescent Lake to the diversions near Bend. They average 7 percent in the Deschutes
River between Benham Falls and the diversions near Bend,

Channel losses averaged approximately 89, 000 acre-feet per year between Benham Falls
and Bend during 1950-1959. The Bureau of Reclamation has considered a bypass channel
to reduce channel losses in this section of Deschutes River. Diversion into this channel
is planned during the irrigation season only. It would result in an average annual
saving of approximately 42,000 acre-feet. No plans or possibilities of reducing stream
channel losses above Benham Falls are known,

Losses of irrigation water within the project consist of transit losses, operational waste,
and farm losses. Transit losses consist mainly of seepage losses in main canals and
laterals. Operational waste consists mainly of water diverted in excess of farm diver-
sion needs. Farm losses include seepage in farm ditches, percolation of water below
the root zone on the fields, and surface runoff from fields. Only very little informa-
tion is available about the extent of these various losses, Estimates were based on
some figures of losses available for diversions of North Unit, Central Oregon, Lone
Pine, Tumalo, and Arnold Irrigation Districts.

The average annual diversion of 1950-1959 from the Deschutes River near Bend and of
Tumalo Creek for project lands totaled 847, 000 acre-feet. Main canal and lateral
waste was estimated to be 11 percent of the diversion or 94, 000 acre-feet. Main canal
and lateral losses were estimated to be 33 percent of the diversion or 279, 000 acre-
feet. Thus, about 44 percent of the diverted water or 373, 000 acre-feet is lost before
it reaches the farm weirs,

The remaining loss of 34 percent of the diversion or 290, 000 ocre-feet occurs in the
farm ditches and fields. Thus, only 22 percent of the total diversion or 184, 000 acre-
feet are irrigation consumptive use (evapo-transpiration) on project lands. Total losses
are therefore 663,000 acre-feet or 78 percent of the diversion. This means, that an
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average of about 7.5 ocre-feet per acre were diverted during 1950- 1959 to satisfy
an average project irrigation consumptive use of 1,65 acre-feet per acre,

A small amount of water could be saved by increasing operational efficiency, thus
reducing the main canal and lateral wastes of 94,000 acre-feet per year. The greatest
amount of water could be saved by lining main canals and laterals and replacing de-
fective distribution structures, thus reducing the seepage losses of about 279, 000 acre-
feet per year. Lining farm ditches and improvement of water management practices on
the farms themselves would result in a small reduction of the 290, 000 acre-feet per
year of farm waste and losses.

With a reduction of 10 percent of operational waste by improving distribution prac-
tices, a reduction of 75 percent of transit losses by lining canals and rehabilitating
diversion structures and an increase of the farm irrigation efficiency from an estimated
present 39 percent to 50 percent, an annual average saving of approximately 360, 000
ocre-feet available in Deschutes River at Bend, could be achieved. This amount is
equivalent to a continuous flow of 500 cfs during the entire year or 850 cfs during the
irrigation season from April through October.

A reduction of 25 percent of all transmission losses and wastes without any increase in

farm efficiency would make available an additional flow of 220 cfs during the irrigation
season and 130 cfs throughout the year in the Deschutes River at Bend, on the average,
above those now experienced.

Evidence indicates that major conservation of water originating above Bend could be
made by the reduction of river channel losses between Benham Falls and Bend and by
the improvement of the irrigation systems, and system practices, using Upper Deschutes
waters. It seems desirable that more detailed studies, and in some cases additional
studies, be made to determine the economic practicality and timing of potential im-
provements,

Power

Power rights in this sub-basin total 1,641 cfs, most of them located on the Deschutes
River main stem. The majority of these are at Bend, 1,425 cfs, and Cline Falls, 90
cfs. The remainder are small and are used to pump irrigation water and to produce
electric power for individual users,

Also located in this sub-basin is the Pelton Project of Portland General Electric Com-
pany. This project on the Deschutes River near Madras has not been issued a license
by the State of Oregon and therefore does not hold a water right.
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The present installed capacity of major hydroelectric powerplants in the Deschutes
River Basin totals 126, 860 KW (Table 9). Within this sub-basin are the Pelton Project
with 120, 000 KW, the Bend powerplant of Pacific Power and Light Company with
1,110 KW, and the Cline Falls powerplant of the same company with 750 KW,

Pacific Power and Light Company's right of 1,375 cfs at Bend is in excess of the normal
direct flows of the river and is junior to many major direct flow irrigation rights but
older than all storage rights on the Upper Deschutes River, This right includes 1, 325
cfs for the development of power and 50 cfs for the removal of ice and debris from the
dam during the nonirrigation season. To solve the conflict between direct flow and
storage irrigation rights on one side and power rights on the other side, a contract was
developed between the Bureau of Reclamation and Pacific Power and Light Company
which relinquished power rights to all waters from the Deschutes River above Pringle
Falls, thus assuring the water suppl y of Wickiup Reservoir, and retained power rights
to all waters below Pringle Falls. In exchange for the power loss, the Bureau of
Reclamation installed units at the Cove plant of the Pacific Power and Light Company

on the Lower Crooked River where only about half of the available water supply was
being used.

[
[ ]
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Benham Falls Reservoir, proposed by the Bureau of Reclamation to store supplemental
irrigation water, could be built only if the power rights at Bend were relinquished to
make the flows below Pringle Falls available for irrigation storage.
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Industrial

Industrial rights for the use of surface water in this sub-basin total 201 cfs and for
ground water 27 cfs. Some industries obtain water through city supplies and do not
hold individual rights. Water.using industries in this section include lumber mills,

dairies, bottling plants, food packing plants, railroads, and building material oper-
ations,

&it, el

The largest right for surface water is for Brooks.Scanlon lumber Company at Bend,

which was awarded 3 s for steam generation, domestic, and sanitary purposes, 15

cfs for log washing and steam condensing, and 50 to 200 cfs including the above amounts
for the maintenance of a log pond. The same company also holds a ground water right
for 26. 7 cfs for a proposed pulp and paper mill at Bend. Supplies seem to be adequate
to satisfy present demands and no quality problems are evident,

!s; »

There are no water rights for mining in this sub-basin. Existing mining operations are
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confined to sand and gravel operations and a few establishments processing diatomite,
cinders, and pumice whose demands for water are small.

Recreation

Water rights for recreational use are negligible and total less than one cfs in this sub-
basin. However, water plays an important part in the overall recreafion picture of
this area. Many tourists are attracted to this area each year, mainly by the many
lakes on the slopes of the Cascade Mountains and the scenic Metolius and Deschutes
River Canyons.

There are approximately 90 lakes and reservoirs with a total surface area of 2,160
acres in this area, the largest being lake Simtustus, behind Pelton Dam, with a sur-
face area of 540 acres. Suttle lake, with a surface area of 270 acres, is located in
the center of another important recreation area.

There are eight state parks and one roadside rest area in the sub-basin. Peter Skene
Ogden State Park had 120,000 visitor days in 1958, Cline Falls State Park 58, 000,
Pilot Butte State Park 80,000, and Cove Palisades State Park 47,000 visitor days and
13, 000 camper nights. The trend in recreational use of some of these parks, starting
with 1953 and projected to 1967, was shown in Figure 5.

Seven commercial resorts are operated in the sub-basin, four located on lakes, two on
reservoirs, and one a ski area.

Other popular recreation spots include the park maintained by Portland General Electric
Company on the shores of Lake Simtustus and Shevlin Park, owned by the City of Bend,
on Tumalo Creek. Public boat landings are available on Lake Simtustus, Suttle Lake,
Blue Lake, and Haystack Reservoir. Thirty-five forest camps are distributed over the
Deschutes National Forest on the slopes of the Cascade Mountains. These recreation
areas are located on Plate 5 and a summary of the facilities available at each area is
ovailable at the office of the State Water Resources Board.

Wildlife

Mule deer is the most important game species in this sub-basin and Deschutes and
Jefferson Counties are among the most popular hunting areas in the state. In Des-
chutes County 14,640 hunters killed 5, 170 deer and in Jefferson County 3,710 hunters
killed 1,950 deer in the 1958 season. Several species of upland game, waterfowl,
and furbearers are also found in this region.

9?1




yoy

SUB-BASIN INVENTORY . MIDDLE DESCHUTES

)

Irrigation has had a considerable effect on the wildlife of the area, particularly up-
land game and waterfowl. Ringneck pheasants are probably the most important of

the upland game species and they do best on farm land. Therefore, extension of the
area utilized in diversified farming increases the potential of pheasant habitat, This
was demonstrated by the advent of the North Unit Irrigation District which was followed
by an increased pheasant population. A problem sometimes arises from crop damages by
the birds and from sportsman-landowner relations.

Fish Life

At mfi

Water rights for the propagation of fish total 53 cfs in this sub-basin. The Oregon
State Game Commission holds a right for 8 ofs from Tumalo Creek and 10 cfs from the
Metolius River and the Fish Commission a right for 35 cfs also from the Metolius River.
Fish hatcheries are operated at present by the Game Commission near Wizard Falls and
by the Fish Commission near Camp Sherman, both on the Metolius River.

‘ LR N a

The principal species of anadromous fish spawning in the Middle Deschutes sub-basin
are chinook salmon and steelhead trout. Blueback have been recently introduced by
the Fish Commission and results to date show promise.

s " . R

The Metolius stream system, particularly in the Camp Sherman area, and the lower few ;}
miles of Squaw Creek provide important spawning grounds for chinook. The Deschutes

River below Big Falls, mile 132, also serves, to a lesser degree, as spawning ground

for chinook. These are indicated on Plate 10,

ir N 3‘;

Spring chinook enter the Deschutes River in April and May and spawn in August and
September. It is estimated from surveys that up to 5, 000 spring chinook enter the
Deschutes River in a single year. Recent counts at Pelton Dam have shown about 500
passing through the fishways each year on their way to upstream spawning areas.

ﬁ»g’wi; e‘ Py .&I’

Steelhead trout make heavy use of Squaw Creek for spawning purposes and, to a

lesser extent, the Deschutes between Lake Simtustus, mile 112, and Big Falls, mile
132 (Plate 11),

Steelhead generally enter the river in May through September and spawn principally
the following March and April. Counts of steelhead of Pelton Dam upstream fish
facilities have been about 1,500 each year,

Blueback salmon spawn in Link Creek connecting Blue and Suttie Lakes, o few miles
of lake Creek below Suttle loke, and lower Jack Creek.

ol Nl
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A small run of blueback salmon returns fo the Mefolius River system each year. Blue-
back enter the Deschutes River in July, August, and September and spawn in September,
Cctober, and November, Downstream migration from Suttle Lake occurs in April, May,
and June.

The principal species of resident gome fish in this sub-basin include rainbow, Dolly
Varden, brown and eastern brook trout, land-locked blueback (kokanee), and white-
fish,

Resident trout spawning areas are shown on Plate 12 which illustrates the importance
of the Deschutes and Metolius Rivers and Squaw Creek in this respect as well as smaller
tributaries such as Tumalo and Indian Ford Creeks.

Fishing pressure on the Metolius and Deschutes Rivers is so heavy that thousands of
rainbow trout of legal length are stocked each year. Other streams in the sub-basin
are dependent upon natural reproduction. Link and lake Creeks are of special impor-
tance In the natural reproduction of kokanee salmon and brown trout for the Suttle Lake
fishery.

Haystack Reservoir on the North Unit main canal is stocked with rainbow trout and has
proven to be very popular for both fishing and boating. Llake Simtustus is not stocked
by the Game Commission since fishing rights in this reservoir are the property of the
Warm Springs Indians,

Low flows create a major problem in Squaw Creek, an important tributary, by trapping
adult steelhead ofter they have ascended to spawn as a result of diversions below the
spawning grounds,

Other fish problems in this sub-basin include the loss of fish through unscreened irriga-
tion diversions and turbidity caused by irrigation return flows and high water temper-
atures created, in part, by inadequate streamflows during the irrigation season.

The Fish Commission of Oregon is currently evaluating the fish passage facilities of
Pelton Dam but the full impact of this dam on anadromous fish will not be known for
some time. The Fish Commission states, however, that less than the expected number
of downstream migrants of chinook salmon and steelhead trout pass the dam and, to
date, no downstream migrant blueback salmon fingerlings have been collected.

Squawfish, suckers, chiselmouths, and other coarse fish are native to the Deschutes
River and, according to the Game Commission, are becoming more abundant in the rela-
tively new reservoir behind Pelton Dam. Some of these species are predators on salmon-
ids as well as competitors for food,
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Adequate streamflow for both spawning and migratory purposes is often a problem in
this sub-basin. Desirable minimum flows (Table 11) of 200 cfs during the irrigation
season and 300 cfs for the remainder of the year in the Deschutes River between Bend
and the mouth of Squaw Creek are recommended by the Oregon Game Commission for
the maintenance of the present level of fish production. However, the State Engineer
provides for a minimum flow of only 50 cfs below Bend and flows in this stretch of the
Deschutes have been below this minimum level a number of times during extreme low
flow periods.

No studies have been conducted to determine the effect of maintaining various conser-
vation flows in the Deschutes River below Bend on irrigation shortages. Maintaining
a conservation flow of 50 cfs in the Deschutes River below North Canal Dam near Bend
during the irrigation season amounts to 21,200 acre-feet of water which cannot be
used for irrigation diversions near Bend. Increasing this conservation flow to 200 cfs,
as recommended by the Game Commission, would result in 84,900 acre-feet during the
irrigation season which could not be used for irrigation diversions near Bend.

Anadromous steelhead, chinook, and resident trout pass Steelhead Falls during high
flows, but Big Falls has become the upper limit of anadromous fish migration because
ladders at this location and Cline Falls are nearly inoperative due to low Flows during
the period of fish migration combined with a state of disrepair. The rehabilitation of
these ladders in connection with the provision of sufficient flows would greatly enhance
fish populations, mainly resident trout and steelhead, in the Deschutes River between
Steelhead Falls and Bend,

As shown in Figures 12 and 13 and discussed in Chapter I, water temperatures of the
major streams are generally within the desirable range, 45 to 65° F., for salmonids.
It is probable that extreme temperatures in smaller tributaries lie far outside this range
and the current study being conducted by the Oregon Game Commission will establish
whether or not that is the case,

Peollution Abgtement

Public sewerage systems in this sub-basin are located at Bend and at the Warm Springs
Indian Agency. Bend has a total population of about 12,000 but its sewerage system
only serves the main business section of the city, a population of 1,300, This system
disposes of sewage into lava sink holes after primary treatment. Other households
dispose of their wastes into individual septic tanks and drilled lava sink holes. The
method of disposing of sewage into lava sink holes is also used by other unsewered
communities in the basin,

The sewerage system of the Warm Springs Indian Agency serves 500 people and disposes
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of the wastes into Shitike Creek after secondary treatment in a trickling filter,

Industrial sources of pollution include dairies and food processing plants. Industrial
waste in one case is discharged into seepage pits after treatment in a septic tank. In
a few other cases, waste is discharged into seepage pits after treatment in lagoons.

During the latter part of 1958 a basic data survey of the ground and surface waters in
the Bend-Redmond area of the Deschutes River Basin was started by the State Sanitary
Authority in connection with a proposed location of a pulp mill in that region. This
survey consists primarily of a study to establish the present quality of surface and
ground water in the area to serve as a base for determining the effect, if any, of
pulp and paper waste discharges on this quality in the advent that such a development
takes place. It has been determined from this survey, which is still in progress, that
surface and ground water in this area are generally of good quality, require a mini-
mum of treatment for domestic purposes and, further, that there is little evidence of
ground water pollution resulting from the practice of disposing of sewage into lava
sink holes.

WATER CONTROL

Elood Control, Drainage, and Erosion

There are no major flood problems in the Middle Deschutes sub-basin, Small streams
have high snowmelt runoff in the months April to June but peak flows are usually
below the flood stage. Of the major streams, the Metolius River exhibits uniform
flows throughout the year and Deschutes River flows are regulated by storage in head-

water reservoirs and by irrigation diversions near Bend resulting in a reduction of
flood danger.

crop lands and some flooding in the area of Madras. High flood flows are increasingly
deepening and widening small stream channels and serious streambank erosion has
occurred in parts of the Lower Willow Creek channel.,

Drainage problems exist in a few areas, mainly within the irrigated lands between

Bend and Redmond, below Tumalo Reservoir, and on Indian Ford Creek, where high
water tables are created by excessive irrigation (Plate 13).

TE WATER E SOCIATE LE
Domestic

{ Future domestic needs in the more populated parts of the sub-basin will have to be met

l Cloudbursts in the Upper Willow Creek watershed create severe erosion damage on dry
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from surface water sources until the ground water resources are better defined and can
be developed economically. Proposals have been made to reserve the total flow of
Tumalo Creek for domestic, municipal, and industrial purposes and to transfer the
irrigation rights on Tumalo Creek to the Deschutes River as soon as additional irriga-

tion water can be made available on the Deschutes River, either by additional storage l
or by means of water savings. Proposals have also been made to reserve the total flow

of Opal Springs in the Lower Crooked River Canyon, which averages 223 cfs, and 100 1
cfs of the Metolius River for the same purposes to assure adequate water supplies for
future developments. Opal Springs discharges an average of 223 cfs but only 2 cfs are
used at present under a water right of 5 cfs. 5

Municipal -

All municipalities in this sub-basin recorded an increase in population and water use
in the past years. The demand on the Bend water system has increased uniformly five
percent per year for many years and, on that basis, the system will be adequate for i
several more years unless an industrial demand arises from a major water-using industry.
Supplemental water from wells has been considered by the city but quality remains an

unknown factor. The Deschutes River is a potential source of municipal water for Bend

but objections arise in that respect because of the superior quality of Tumalo Creek

water, the present source. }

If the proposal to reserve all of the flow of Tumalo Creek for domestic, municipal, and N
industrial purposes were to take place, this source could also serve Redmond and other ,
communities and rural households in this area. Redmond presently is served by the

Pilot Butte Irrigation Canal and no shortages are expected within the next few years.

The City of Madras feels that its present system and supply is adequate for the imme-
diate future,

lrrigati

Potentially irrigable lands in this sub-basin include many small individual tracts scat-
tered among presently irrigated lands of the existing irrigation districts (Plate 4), The
Bureau of Reclamation estimates that 10, 700 acres are still potentially irrigable within
the districts of the Deschutes Project. This figure includes 1,500 irrigable acres in the
Arnold Irrigation District, 4,900 in the Central Oregon Irrigation District, 200 in the
Crook County Improvement District No. I, 600 in the Deschutes County Municipal Im-
provement District, and 3,500 in the North Unit Irrigation District, Irrigation of most
of these lands would depend on water from the Deschutes River and consequently on
developing new storage facilities or improving the efficiency of present systems.
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Storage investigations made in 1936 recommended various reservoir sites in the Upper
Deschutes sub-basin which would store water for irrigation of lands below Bend. These
investigations included storage in Davis lake, Odell lake, two reservoir sites on
Crescent Creek, a reservoir site on Big Marsh Creek, and a transmountain diversion
from Waldo Lake to the Deschutes Basin, These proposals were made before the con-
struction of Wickiup Reservoir and the suggested projects are no longer considered
feasible.

The only reservoir site on the Upper Deschutes River presently considered feasible by
the Bureau of Reclamation is at Benham Falls, However, water stored in this reser-
voir would be sufficient only to reduce existing shortages and not to bring additional
dry lands under irrigation.

Natural lakes considered as possible sources for irrigation water in this sub-basin include
Suttle Lake, Blue lake, and Big and Little Three Creek Lakes. Only Big and Little Three
Creek Lakes have been developed for storage of irrigation water, totaling 1,600 acre-
feet, for lands of the Snow Creek Irrigation District.

Suttle Lake was considered a possible source for irrigation water by the Bureau of Recla-
mation for irrigation of lands in the Plainview District, by the Squaw Creek Irrigation
District for lands near Sisters, and by the Suttle lake Irrigation District for lands near
Grandview. All of these proposals have been abandoned because of the high costs of

a canal to the distant lands and of the compensation of recreational developments on
Suttle and Blue lakes.

Squaw Creek Irrigation District in a recent application for Suttle lake storage men-
tioned the Green Lakes as possible sources for irrigation water. These lakes are fed
mainly by Prouty Glacier of the South Sister and drain into Sparks lake which does
not have a surface outlet.

Diversions to Suttle lake appear to be possible from Big Lake on the west side of the
Santiam Summit, from Square, Long, and Round lake, and from First and Cache Creek,
but no investigations have been conducted.

Several areas outside the existing irrigation districts are considered potentially irri-
goble. About 6,000 to 7, 000 acres could be irrigated east of the Arnold Irrigation

District and approximately 12, 000 acres are considered potentially irrigable within

the proposed West Side Unit of the Deschutes Project, located west of the Deschutes
River between Cline Falls and Lower Bridge. These lands also would be dependent

uvpon Deschutes River woter,

Approximately 18, 000 acres are considered potentially irrigable within the proposed
Suttle lake Irrigation District in the area of Grandview west of the Deschutes River
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between the mouth of Squaw Creek and Metolius River. Plans for irrigation of these
lands are based on diversion of water from Lake Creek and First Creek, tributaries of
the Metolius River,

Approximately 1,500 acres of new land could be irrigated in the area of Grizzly on
Willow Creek if an adequate supply of water were available.

Presently irrigated lands do not receive an adequate water supply with shortages up

to 50 percent in some areas in dry years. Therefore, it is as much a problem to provide
supplemental water for existing irrigated lands as it is to bring new lands under irri-
gation,

It has been estimated that the unallocated water of the Prineville Reservoir, now
under construction on the Crooked River, could provide full supply to 10, 500 acres of
land within and adjacent to the North Unit Irrigation District.

Power

The undeveloped power potential of the sub-basin was computed using proposed poten-
tial power sites not in conflict with each other or with existing developments., Compu-
tations were based on monthly mean flows for the

D i T R S power years July 1928 to June 1948, an overall
' plant efficiency of 80. 8 percent, a flow of 100 cfs

for fish facilities, and run-of-river projects which

g disregarded storage and variations in demand.
<
2
§ All major potential power sites in this sub-basin,
g with the exception of Round Butte on the Deschutes
% River above Pelton, are located on the Metolius
£ River. Results of this study, as shown in Figure 29,
§ indicate that the power potential of the Metolius
: River is equal to or higher than 53, 000 kilowatts
“; :, ; : 90 percent of the time and 74, 000 kilowatts 10
" SR S R J— percent of the time. The median power that can be
PERCENT OF TIME POTENTIAL POWER developed is 62, 000 kilowatts which represent an
average annual energy production of 543 million
FIGURE 29. Undeveloped power poten- kilowatt hours. The proposed Round Butte project
ial of the Metoliug River.

would have an installed capacity of 275, 000
kilowatts and an average annual production of 975
million kilowatt hours.

An additional potential exists in the form of two powerplants proposed by the Bureau
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of Reclamation to be installed on @ channel bypassing the Deschutes between Benham
Falls and Lava Island. The primary purpose of this channel would be to eliminate
seepage losses from the bottom of the river that presently exist in this section. By
using all available diverted flows, these two plants would produce 120 million kilo-
watt hours of energy during the seven-month irrigation season. This is based upon
75 percent plant efficiency and average monthly diversions.

Industrial

The Middle Deschutes sub-basin has considerable potential for future industrial de-
velopment and industrial expansion can be expected, particularly in secondary timber
processing.

Current consideration is being given to a plan to build a pulp mill in the vicinity of
Bend. A capacity of 250 to 300 tons per day seems to be the minimum economic size
for a pulp mill in this area and studies indicate that the area could supply a pulp mill
of 800-ton capacity if the raw material could be hauled economically from longer
distances. Such an installation could require up to 10 cfs of water per 100 tons of

capacity depending upon the process and its efficiency.

The major cities, Bend, Redmond, and Madras, feel that they can supply needs for
small industrial developments but major water-using industries probably would have
to develop their own supplies of water unless additional municipal sources of water
supply were developed.

Mini

This sub-basin has the heaviest concentration of mining activities but such activity is
restricted primarily to building materials. No other mineral deposits of economic

importance are known to exist in this area so increases in mining will be associated
with building and related materials. There are no water rights for these purposes

and future needs will be of minor significance.

Recreation

The Parks Division of the Oregon State Highway Department reports that facilities at

state parks in the Deschutes Basin are keeping up with the demand. At present, over-
flows occur only on peak days such as the opening of fishing season and o few summer
week ends.
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However, the heavy pressure at many parks including Cove Palisades, Tumalo, and
Cline Falls indicates that existing facilities will need expanding and new facilities
will be needed within a few years,

The recreational use of the Upper and Middle Deschutes sub-basins was estimated at
1,600,000 man days in 1959. Four times that number are expected in 1976 and 11
times as many in the year 2000,

Potential recreation areas listed by the Parks Division include Redmond Caves, Teth-
erow Bridge, Odin Falls, lake Simtustus, and the Haystack Reservoir area. All of
these, with the exception of Redmond Caves and Haystack Reservoir, are located on
the main stem of the Deschutes River and their attractiveness would depend upon the
maintenance of minimum flows in the river. Haystack Reservoir is located on the
North Unit main canal and could be developed for general recreation use.

w-[ [!‘E

The principal big game in the Deschutes Basin is mule deer and some increase in the
deer population can be expected as a result of logging operations which increase the
area of suitable habitat.

Some increase in the numbers of upland game is generally observed adjacent to new
irrigated lands and this will continue in the future.

Water needs for wildlife will not change materially in the future unless their habitat
is changed appreciably by new developments.

Fish Lif

The Oregon State Game Commission and the Fish Commission of Oregon report that this
sub-basin has sufficient spawning ground and rearing areas to handle many times the
number of fish presently utilizing the area. Such an increase, as well as preservation
of existing fish populations is largely dependent upon maintenance of desirable minimum
flows., Flows of 1,000 cfs in the Deschutes River between Bend and the mouth of Squaw
Creek are recommended by the Game Commission for ideal fish production (Table 11),

In light of the present level of development in the Upper and Middle Deschutes, such
flows are not attainable. Even to develop a part of the fishery potential of the middle
river would require storage and releases from storage reserved specifically for fish life.

A major controversy exists between fish and power interests concerning the proposed
Round Butte Project on the Deschutes River below the mouth of the Metolius River.
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Objections from fishery interests are based, in part, upon the fact that the reservoir
would inundate some 25 miles of streams, the dam of 450 feet in height would create

a major hazard to migratory fish, and the pattern of streamflow below the project
would be altered appreciably.

Minimum flows needed by fish life in the lower river have not been determined but a
study to establish this factor is currently being conducted by the Game Commission and
o preliminary figure has been provided in connection with Round Butte.

Pollution Abatement

Deschutes River water is of good quality due in part to a state law prohibiting discharge
of untreated wastes into the Deschutes River or its tributaries. Problems may arise in
the future as a result of sewage disposal into lava sink holes but there is as yet no
evidence to indicate that this practice affects the quality of the streams.

At Bend, where only 1/10 of the present population is served by the existing sewerage
system, extension of the sewers and adoption of secondary treatment is advisable.
Madras and Redmond, which do not have sewerage systems, will probably have pollu-
tion problems to overcome in the future.
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SUB-BASIN 3 LOWER DESCHUTES RIVER

Location and Size

The Lower Deschutes sub-basin includes all of the drainage of the Deschutes River and
its tributaries between its confluence with the Columbia River and river mile 96 near
Mecca, This is the largest sub-basin and contains 2, 693 square miles which is 26
percent of the total area of the Deschutes Basin. '

Sixty-two percent of the sub-basin area lies in Wasco County, 20 percent in Jefferson
County, 14 percent in Sherman County, and 2 percent each in Hood River and Crook
Counties.

The western boundary of the sub-basin is formed by the Cascade Range. The southern
boundary runs along the divide between Warm Springs River and Shitike Creek, crosses
the Deschutes River near Mecca, and continues east between Mud Spring and Willow
Creeks to the Ochoco Mountains. The eastern boundary is formed by the ploteau be-
tween the Deschutes and John Day River Basins and the northern boundary by the
Columbia River.

This sub-basin also includes the streams flowing directly into the Columbia River be-
tween the mouths of the John Day and Deschutes Rivers,

Stream System

The two major tributary streams in this sub-basin, Warm Springs and White Rivers,
originate in the Cascade Mountains. The only stream of significance originating to
the east is Trout Creek which has its headwaters in the Ochoco Mountains and the
plateau between the Deschutes and John Day Basins.

There are approximately 2,200 miles of streams in this sub-basin of which only 760
miles are perennial in nature. These figures include 96 miles of the Deschutes River

main stem, 52 miles of Trout Creek, 50 miles of Warm Springs River, and 49 miles
of White River,

Profiles of these streams showing elevations versus stream miles are shown in Plate 2.
The gradient of the Deschutes River between its mouth and river mile 96 is a fairly
uniform 13 feet of drop per mile. Trout Creek drops about 432 feet per mile in its
upper four miles, averages 89 feet per mile between river mile 48 and 37, and 41
feet per mile between river mile 37 and its mouth. Warm Springs River has widely
varying gradients which average 49 feet of drop per mile. White River drops about
830 feet per mile in its upper four miles, 96 feet per mile between miles 45 and 20,
and averages 48 feet per mile between river mile 20 and its mouth,
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Climate

Average annual precipitation in the Cascades is estimated to range between 80 inches
near the headwaters of Warm Springs River and 130 inches on Mt. Hood. Precipito-
tion decreases rapidly towards the east to between 8 and 23 inches annually in the
White River Valley and between 4 and 18 inches in the area east of the Deschutes
River. Precipitation averages 2,72 inches at Friend and 3. 78 inches at Antelope be-
tween May 1 and September 39,

Precipitation averages by months are shown in Figure 30 for two representative stations,
Antelope and Friend, The Friend station is west
ANTELOPE of the Deschutes on the divide between the
: Deschutes and Hood Basins (Plate 14) and is
ATRASE MAL PAECPIATIN + 18 33 WCHES . . . . .
representative of precipitation in the White

River watershed. The Antelope station is east
' of the Deschutes near its boundary with the John
Day Basin and is representative of precipitation

in the eastern portion of the sub-basin.

:F:I—:’ The seasonal pattern of precipitation is similar
| at both locations, high in the winter months

{ L, and low in the summer, but the December-
January peak is much more pronounced at Friend

l ’ arasar st et Evraron s irios aenas and represents a much larger percentage of the

AVERAGE MONTHLY PRECIMTATION W INCHES

FRIEND

annual precipitation than at Antelope. Both
stations exhibit a second, lesser peak during
May and June and both have their extreme low
precipitation, 0.5 inch or less, in July and
August.

Annual snowfall in the sub-basin averages 50
inches between Wamic and Friend and 23 inches
between Wasco and the headwaters of Hay Creek.

AVERASE. MONTHLY PRECPITATION N NCHES

Temperatures from minus 34 to plus 113 degrees
Fahrenheit have been recorded ot elevations
between 160 and 3, 000 feet above mean sec
FIGURE 30. Averege monthly precipita- 1”"’1 and the average annual !emperafure

B e et tone 107 ranges from 45 to 51° F, ai those elevations.

The average number of doys without killing
frost is 110 days at Wamic, 130 ot Antelope, and increases towards Wasco to 170 days.
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Population

This sub-basin is comparatively sparsely populated with an estimated population of
3,540 in 1960, Incorporated cities and their 1960 populations include Maupin 380,
Wasco 350, and Antelope 50. There are 29 other towns in the sub-basin of which
only 4 have populations above 100,

ECONOMY AND LAND USE

Land Ownership

This sub-basin has the highest percentage of private lands of all sub-basins in the
Deschutes Basin. Only about 14 percent of the total sub-basin area is national forest
land, which lies within the Mt. Hood National Forest, 2 percent is public domain,
and about | percent is under other federal ownership status. About 21 percent of the
sub-basin area is within the Warm Springs Indian Reservation, less than | percent is
owned by the State of Oregon, and the remaining 62 percent of the sub-basin area is
largely under private ownership.

Limber

Timber and agriculture are considered to be the principal industries in this sub-basin.
Most of the commercial forests are within either the Warm Springs Indian Reservation
or the Mt, Hood National Forest, About 50 percent of the commercial forest area is
in ponderosa pine, 30 percent in Douglas fir, and the remainder predominantly in
hemlock and lodgepole pine.

Log production in the Deschutes Basin portion of the Mt. Hood National Forest in 1959
was 43 million board feet and the heaviest concentration of sawmill activity associated
with this production is at Maupin,

Agriculture

The principal agricultural areas of the sub-basin are in the White River watershed west
of the Deschutes River and the Trout Creek watershed and plateaus east of the Deschutes.
Irrigation is practiced along White River and its main tributaries and along Trout, Hay,

and Antelope Creeks.

There are approximately 620 farms in this sub-basin with wheat being the main field
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SUB.BASIN INVENTORY . LOWER DESCHUTES

crop which is raised primarily by dry farming methods. The principal livestock is
beef cattle and sheep.

Recregtion

Tourist trade ranks third in the economy of the area but plays only a minor role in
the total income of the sub-basin. The main recreational areas are along the Deschutes
River Canyon and in the Mt, Hood National Forest.

!54, *

Mining in this sub-basin is limited mainly to sand and gravel operations although two
operations mining tuff are presently active. Perlite or volcanic glass has been processed
in the past but this operation is no longer active.

I tation Medi

This sub-basin is crossed by an excellent system of federal and state highways. The
principal highway is U, S. 97, known as The Dalles-California Highway, which tra-
verses the sub-basin from north to south and connects it with the Columbia River High-
way, U. S. 30, U. S. 197 from The Dalles and U. S. 26 from Portland connect the
sub-basin with other points of Oregon.

Oregon 216 connects Grass Valley and Maupin with U. S. 26 near Wapinitia Pass.
Several improved roads intersect the main highways and serve other communities in
the sub-basin.

Regular bus service is available on U. S. 30, 97, and 197. Regular freight truck
service is maintained on U. S, 26 between Portland and Klamath Falls and irregulor
freight service is avoilable to most points in the sub-basin.

The Oregon Trunk Railroad from Bend crosses the sub-basin and intersects with the
Union Pacific Railroad on the Columbia River. A Union Pacific spur line runs from
the Columbia River south to Kent on the eastern boundary of the sub-basin. Freight
service only is maintained within the sub-basin on these lines.

The only airport in the sub-basin is an emergency field near Wasco and commercial
airline service is not available.
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SURFACE WATER SUPPLY
Yield

Water entering the sub-basin is indicated by the annual yield of the Deschutes River
near Madras, shown in Figure 22 and discussed in the previous section, which averaged
3,341,000 acre-feet annually for the period 1907.1958. Water leaving the sub-basin,
which is the unconsumed yield of the entire Deschutes stream system, is indicated by
the annual yield of the Deschutes River af Moody, shown in Figure 7 and discussed in
Chapter 11, which averaged 4, 213, 000 acre-feet annuvally for the same period. The
difference in yield between the two locations, 872,000 acre-feet annually, can be
attributed largely to the contribution of the Warm Springs and White Rivers.

5 B ] o z % g ...i ‘“‘ I

Annual yields of White River, Figure 31, average 315,230 acre-feet annually for the
period 19181958, The characteristic pattern of yields for the Deschutes stream system

showing both wet and dry
oramact amea ser so . cycles is also apparent in
Figure 31 although differ-
ences between the yields of
individual years is more
pronounced.,

P

Records available on Warm
Springs River are inadequate
for a similar representation
of yields but, based upon
such correlations as could be
made, it is estimated that
the average annual yield of
this river for the same period
is about 334, 000 acre-feet,

. L3 r3C

RR3zAsxe®Le

WATER YEAR

THOUSANDS OF ACRE FEET

- . n
R R

LR

Very few flow records are
§§§§§§§§ Annusl yield of Wnite River beiow Tygh Valley, OVO“G{);Q on Treuf Creek
and precipitation data is
also sketchy, This, combined
with the fact that depletion of the streamflow is quite heavy but not measured, prevented
determination of the yield although this stream is of major importance to the eastern
portion of the sub-basin.

Qo E «t E»

Natural flow conditions in this sub-basin follow the general pattern of peaks during
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spring rain and snowmelt and lows during late summer and early fall. This is illus-
trated in Figure 32 which shows the average monthly discharges of the Deschutes River

DESCHUTES RIVER AT MODDY NEAR BiGGS

AVERAGE MONTHLY DISCHARGE IN CFS

o WHITE RIVER BELOW TYGH VALLEY

oV
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FIGURE 32. Average monthly discharges

at representative stations in the
Lower Deschutes sub-basin, 1918-1958.

at Moody and White River below Tygh Volley
for the period 1918.1958. The pattern is similar
except that the peak month is May on White
River instead of April as on the Deschutes. Of
particular significance is the high base flows in
comparison to peak flows exhibited by the Des-
chutes in contrast to the very low base flows of
White River. These high base flows are largely
due fo the effect of ground water storage which
results in seasonal uniformity in the contribution
of such streams as the Metolius River (Figure 25),

Extremes

A further indication of the different characteristics
in streamflow of the Deschutes and White Rivers
is in comparison of average daily discharges for
the water year having the minimum daily flow of
record (Figure 33).

Even in a critical year, the uniformity of discharge
and high base flow is evident in the Deschutes.

The lowest flow of record at the Moody station was
3, 380 cubic feet per second (cfs) on September 16-19,
1931 and flows were very uniform throughout the
year with the exception of the first part of April.

In contrast, daily flows during the critical year for
White River, 1920, varied appreciably with peaks
of differing degrees occurring in November, Decem-

ber, January, February, April, and May and the lowest flow of 10 cfs also occurring in
December. This low flow was repeated again on August 9, 1931,

Critical discharge and yield conditions at these and other stations throughout the basin
were summarized in Table 8. The lowest annual yield of the Deschutes at Moody was
also recorded in 1931 while that for White River occurred in 1941,
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FIGURE 33. Discharge pattern for the water year having the minimup instentanesus
flow of record st representative stations in the Lower Deschutes sub-basin.
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Water rights in the Deschutes Basin at their points of diversion are shown in Plate 7,

USE STREAM crs
Domestic Ant & G.
Bad c e
Cie Cre 1.0
Deschute 1.2
Hay Creek C.€
Rock Creeb G.1
Threemile C.2
[ . &
irout Cre 0.3
Tygh Cree 0.1
Wapinitis C (S
Warm Spring (S
Write River O3
4.6
6.2
[ 1
EA Y
1.6
g
PRy,
ia ¥ 1.0
tes 8.1
eel 43,7
reek 12.0
tle Lresk 2.6
Creek 50,6
reek 36.8
tia Creex G.oE
River e
TOTAL 13B.z
Municipal Antelope Creek G.2
Badger Creek 1.0
Deschutes Ri 6,5
Thre le Cr 1.0
787 8.7
Industrisl Co o
De 3
Ty 1
wh D
TOTAL .8
Recrestion Warm Bprings River (e
L ek y
07l 0.5
Power Badger (resk
Clear {reek
Deze B
whit
TOTAL 2834
Mining Deschutes River 51,0
TCTAL 51.0
Fisnh Deschutes River 71k
762 .6
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Most rights in the Lower Deschutes
sub-basin are on White River and
its tributaries, Trout Creek and
its tributaries, and along the
Deschutes main stem. These
rights are summarized by use

and stream in Table 14,

Irrigation rights form the largest
group of surface water rights,
totaling 338 cfs for the irrigation
of 17,456 acres. Other consump-
tive rights include 5 cfs for
domestic, 9 cfs for municipal,
and 5 cfs for industrial purposes.
Power rights, the second largest
group, total 283 cfs, mining
rights 51 cfs, fish rights 71 cfs,
and 0.5 cfs are for recreational
use. All water rights combined
total 763 cfs, of which 357 cfs
are consumptive and 406 cfs non-
consumptive in nature,

The pattern of legal rights to use
water by stream miles for the
entire Deschutes Basin was shown
in Figure 9. The Lower Deschutes
portion of this extends from mile
96 to the mouth of the Deschutes
and the largest block in this section
is on White River,

Depletions along White River are
shown in Figure 34, Totcl legal
rights are nearly 500 fs, 65 per-
cent of the sub-basin total, and
consumptive rights along White
River add to about 230 cfs, also
65 percent of the sub-basin total.
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water use for the following reasons:

While these depletion diagrams show the total of all rights, they do not indicate actual ]
1. lrrigation rights are seasonal in nature with ‘

o PO actual use depending upon the pattern of rain-
fall occurring during the specific season in question,
o the availability of water during that season, and
: | the pattern of rotation practiced by the individual
g sl water user.
: o
ém 2. Some irrigation rights are filed with the know- ;L]
§ L ledge that low flows of the streams have already
A been appropriated and subsequent rights can be ’]
§ exercised only during the higher flow period at g
1 the first and last parts of the irrigation season.
* MiiE;oABOVE,‘;OUTﬂw ]
3. A portion of diverted water reappears in the :
by eirein miletor Wnite River ge | streams as return flow.
of January 1960. “;
4. Power, mining, and fish life rights are almost 5
entirely nonconsumptive in nature so that water diverted for these purposes becomes o
available for other uses at downstream locations. ) i

Ordinate values on the depletion diagrams do not include supplemental irrigation rights
and these are not part of Table 14. Supplemental rights permit alternate sources of ]
supply but do not add to original rights.

If all consumptive water rights in the sub-basin were used to the maximum legal extent,
approximately €5, 000 acre-feet could be diverted from the streams each year. This is
far less than the average annual yield of all streams in the sub-basin, but shortages
exist at many locations because of low flows at the times of heaviest use and lack of
storage with which to regulate these flows.

U W ER Y ng};“é&&ém x

i s it i 88

Available dofa concerning the extent and movement of ground water in the Lower
Deschutes sub-basin is limited in scope and much of it is incomplete. Therefore, only
general conclusions can be drawn about the amount and distribution of ground water
in this sub-basin.
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Well logs in the Rufus area show the wells to be between 100 and 300 feet deep with
water encountered in basalt. The static water levels vary from 40 to 200 feet below
land surface,

An increasing use of ground water for irrigation is taking place in the Wasco area. One
successful well was drilled to a depth of 712 feet with water encountered in basalt at

a depth of 649 feet. The static water level is 14 inches below land surface and a pump
test yielded 640 gallons per minute (gom) with 77 feet of drawdown,

Three wells in the area between Buck Hollow and Bakeoven Creeks have depths ranging
between 220 and 402 feet with water encountered in volcanic tuff, scoria, and basalt
at depths between 188 and 330 feet below land surface. Bailer tests for these wells
yielded 15 gpm at drawdowns up to 40 feet.

Two wells at Gateway, 229 and 300 feet deep, encountered water in sandstone af
depths of 174 and 216 feet. Bailer tests yielded 7 and 10 gpm with drawdowns to the
bottom of the wells.

A well near Ashwood, drilled 186 feet deep into andesite, with a static water level of
45 feet was bailed dry at 6 gpm.

Logs for wells along Mud Spring Creek indicate depths between 100 and 135 feet with
water found between 90 and 125 feet in basalt. Bailer tests yielded between 5 and 12
gpm with drawdowns of | to 7 feet,

Higher yields are obtained from wells drilled in the area between Little Willow Creek
and Aubrey Creek. These wells are from 535 to 550 feet deep and encountered water
412 feet below land surface in sand. Pump tests yielded from 1, 125 gpm to 1,475 gpm
ot drawdowns from 155 to 235 feet.

Only a few logs are available for wells located west of the Deschutes River, Five wells
near Tygh Valley, drilled to depths between 25 and 80 feet, found water between 8
and 40 feet below land surface. All these wells are located close to creeks and were
drilled to gravel. Pump tests yielded between 10 and 50 gpm with drawdowns up to

11 feet.

A well on Juniper Flat, drilled to a depth of 234 feet, encountered water 229 feet
below land surface in sand. The well was tested by the driller at 14 gpm with no
apparent drawdown,

A well located a few miles north of Warm Springs was drilled to a depth of 300 feet
and water was encountered 88 feet below land surface in soft lava rock, The sustained
yield of this well is estimated to be two gpm. —
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Depletions

Ground water rights in the Lower Deschutes sub-basin total only 18 fs. Seventeen cfs
are for the irrigation of 1,482 acres and less than one cfs is for the municipal supply
system of the town of Rufus.

LEGAL RESTRICTIONS AND LIMITATIONS ON WATER USE

In 1915 the State Engineer withdrew and withheld from appropriation all unappropriated
water of Threemile and Gate Creeks, all tributaries of White River, for irrigation. He
also withdrew and withheld from appropriation all unappropriated water of White River
and its tributaries for irrigation, power, and domestic purposes. Twelve thousand acre-
fezt were withdrawn for storage in a proposed Clear Lake Reservoir for the same purposes.
Under this withdrawal 11,6860 acre-feet have been appropriated to the Juniper Division
of the Wapinitia Irrigation Project for storage of irrigation water in Wasco Reservoir
(Clear Lake) and 8, 856 acre-feet of supplemental water for the irrigation of 2,208 acres.

In 1959 the Oregon State Water Resources Board reserved all unappropriated water of
the main stem of the Deschutes River between its confluence and river mile 100 for
domestic, livestock, recreation, fish, and wildlife purposes.

PRESENT WATER USE AND ASSOCIATED PROBLEMS

Domestic

Domestic water in this sub-basin is obtained from wells, springs, streams, and irrigation
ditches. Some farmers store water in farm ponds and cisterns which are filled from irri-
gation canals in the early spring and again filled aofter fall irrigation, Many domestic
wells in the White River watershed are drilled to depths between 200 and 400 feet.
Wells in the Mud Spring area, a tributary of Trout Creek, have been found fairly re-
liable when drilled to depths between 400 and 800 feet to the Columbia River basalt,

Domestic water obtained from irrigation canals is usually included with irrigation rights
and not filed separately, Adjudicated irrigation rights in the White River watershed
are entitled to domestic and stock water at the rate of 1/40 cfs per each 1,000 head of
stock. The quantity diverted for irrigation shall include the amount for stock and
domestic uses. Separate domestic rights in this sub-basin fotal only five cfs,
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Municioal

Municipal water rights in this sub-basin total nine cfs of which seven cfs are held by

the City of Maupin, one cfs each by Tygh Yalley and Wamic, and less than one cfs each
by Antelope and Rufus. Maupin, Tygh Valley, and Antelope obtain water from springs
and Wasco and Rufus from wells. No municipal water right for Wasco has been recorded.
The community of Pine Grove is interested in organizing a pub!ic corporation to estab-
lish a community water system using a nearby spring as its source of water, Currently,
domestic water is taken from individual shallow wells which are recharged by irrigation
seepage from the surface,

Water used for municipal purposes is of good quality in most cases and requires treat-
ment by chlorination only. Adequate treatment is reported from all towns except Wamic
which uses water without treatment from an irrigation ditch,

lrrigati

Irrigation rights, the largest group in the lower Deschutes sub-basin, total 338 cfs for
irrigation of 17,456 acres from surface water and 17 ofs for irrigation of 1,482 acres
from ground water supplies. About 65 percent of these rights are located in the White
River watershed and 30 percent in the Trout Creek watershed.

There is one major reservoir right for storage of 11,660 acre-feet in Wasco Reservoir,
also known as Clear Lake, which will provide irrigation water for the Juniper Division
of the Wapinitia Project of the Bureau of Reclamation. Construction of this project was
completed in 1960 and irrigation deliveries will begin in 1961, This project will pro-
vide an adequate water supply for the irrigation of 2, 108 acres.

The only other water right on a natural lake in this sub-basin is on Badger Lake for

the storage of 660 acre-feet of irrigation water for the Badger Improvement District,
Planning has started on a proposal to raise Badger Lake Dam 20 feet and thereby in-
crease the storage approximately 1, 100 acre-feet. Other storage rights in this sub-

basin are for 13 smaller reservoirs totaling 4, 835 acre.feet.

It was estimated that approximately 11,000 acres were under irrigation in the White
River watershed in 1959. Only about 460 acres are irrigated directly from White
River and these have o fairly adequate water supply through the entire irrigation
season. The remaining lands have deficiencies amounting to 70 percent in dry years
and 50 percent in an average water year. After completion of the Clear lake Dam,
it is expected that there will be no water deficiency for the 2, 108 acres of irrigated
land on Juniper Flat,
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Irrigation water could be conserved by reducing transmission losses estimated to be as
high as 50 percent in some cases, by improving water management within each farm
unit, and by reconstructing distribution systems and structures.

The eastern part of the sub-basin is characterized by rather barren, arid, rolling
terrain cut by deep rocky canyons. Portions of the ridges are dry farmed for the pro-
duction of wheat and the less productive areas and canyons are used for grazing pur- -
poses only.

Irrigation east of the Deschutes River is limited primarily because of rugged topography =
and the pattern of streamflow - heavy floods in the spring and virtually dry creeks later
in the season. Most of the irrigation takes place in the Trout Creek watershed and,

in addition, about 160 acres are now irrigated with ground water in the Wasco area. ]
Power -

Power rights, the second largest group in the sub-basin, total 283 cfs of which 260 cfs

are held by Pacific Power and Light Company for the Tygh Valley plant on the White B
River. The remaining power rights are small and are for pumping of irrigation water

and for the production of electric power for individual use.

P 1__1
Industrial
Industrial rights for the use of water are small and total only five cfs. They are scat- .
tered throughout the sub-basin and are for mining, milling, manufacturing, sawmills,
sand and gravel plants, and railway use. ‘1
Mini

There are two mining rights in the sub-basin, one for 50 cfs and the other for | cfs,
both issued for a voleanic glass or perlite processing plant on the Deschutes River main
stem. This plant has not been in operation recently.

Recregtion

Water rights for recreational use in this sub-basin are negligible, as with other sub-
basins, and total only 0.5 cfs on Warm Springs River. Major recreational oreas ore
the east slopes of the Cascade Mountains and the Deschutes River Canyon.
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SUB-BASIN INVENTORY . LOWER DESCHUTES

There are about 52 lakes and reservoirs in this sub-basin with a total surface area of
approximately 1,860 acres, the largest being Clear Lake (Wasco Reservoir) with o
surface area of 557 acres,

Recreation is not as important to the economy of this sub-basin as it is in some others
which is indicated also by the smaller number of recreational facilities. About 29
forest camps are scattered over the slopes of the Cascade Mountains. There are no
state parks in this sub-basin and only one roadside rest area, located on U, S. 97 in
Cow Canyon. A private resort is maintained in the Deschutes Canyon south of Maupin
and a public resort at Hot Springs in the Warm Springs Indian Reservation. There are
seven public boat landings in the sub-basin, five on lakes and reservoirs, one on the
Deschutes River, and one on the Columbia River,

Wildlife

Mule deer is the most important game animal found in this sub-basin. The Oregon
State Game Commission purchased 7,673 acres of big game winter range in the White
River area to accommodate herds which otherwise would inflict damage to crops on
adjocent private land,

Game birds in the area include waterfowl,estimated at 3,000 to 5,000 by the Oregon
State Game Commission, pheasants, quail, chukars, Hungarian partridge, and doves.

Furbearing animals in the area include beaver, muskrat, mink, otter, and martens.

No water problems in regard to wildlife ore reported at the present.

Eish Life

Water rights for the propagation of fish in this sub-basin total 71 cfs and are held by
the Oregon State Game Commission for the Oak Springs Fish Hatchery in the Deschutes
River Canyon near Maupin,

Anadromous fish entering the Deschutes River include chinook salmon, steelhead trout,
and blueback salmon. Chinook salmon spawn in this sub-basin on the main stem of the
Deschutes River and on Warm Springs River and its tributaries (Plate 10). Steelhead
trout spawn on the main stem of the Deschutes River, Bakeoven Creek, Buck Hollow
Creek, Trout Creek and its fributaries, and Warm Springs River and its tributaries
(Plate 11). Blueback salmon were introduced by the Oregon State Fish Commission

on the Upper Metolius River and have not yet been found spawning in other areas.
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Other important game fish in this sub-basin include rainbow, brown, eastern brook,
and Dolly Varden trout. They spawn principally on the Deschutes River main stem,
White River, Warm Springs River, Trout Creek and its tributaries, Buck Hollow Creek,
and Bakeoven Creek (Plate 12).

A major problem in regard to the fishery resource in this sub-basin is that of inadequate
flows in some of the streams. Bakeoven, Buck Hollow, and lower Trout Creek become
completely dry and streamflows on White River at times fall below the desirable mini-
mum (Table 11), Desirable minimum flows have not been established for the Lower
Deschutes main stem and that is currently the subject of a study being conducted by the
Oregon Game Commission.

Among other problems is the fact that both the Trout Creek and White River watershed
contain irrigation diversions that should be screened in order to prevent fish losses in
irrigation ditches.

Indians have conducted a dip-net fishery in the vicinity of Sherar Falls for years, taking
as many as 1,000 salmon a season. This fishery has been increased since the Celilo Falls
Indian Fishery was eliminated by construction of The Dalles Dam. Fish runs over Sherar
Falls are maintained by a fish ladder constructed by the Oregon Fish Commission.

Water temperatures in the major streams in the sub-basin have been generally within
the desirable range for salmonids, 45 to 65° F., except for lows occurring in December,
January, and February, although they exceed the ideal range, 55 to 60° F, This
situation also exists in the lLower Deschutes sub-basin as indicated by the 1953 water
temperatures of the Warm Springs River at Hehe Mill, Figure 35. Maximum water

TEMPERATURE iN DEGREES FAMRENMET
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FIGURE 35. Sessonsl psttern of water temperature of the Warm Springs FRiver st
1, 1953,
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temperatures of 59° F, occurred ot this location in the first half of July which corres-
ponds to the time of peak temperatures on the Deschutes, Metolius, and Lower Crooked
Rivers for the sume year, Figures 12 and 13, During January of the same year a low
of 34° F. was recorded in the Warm Springs River at Hehe Mill which also is similar to
the temperature pattern in the other major streams.

While water temperatures do not create a major problem in these streams, it is very
likely that extreme temperatures exist on most of the smaller tributaries, ‘particularly
those with a low base flow, Dota being collected by the Game Commission for their
current stream survey of the Deschutes system will show whether or not that is the case.

Pollution Abatement

Public sewerage systems in this sub-basin are located at Maupin and Wasco. The
Maupin system serves a*population of 200 and disposes of wastes, after treatment in
septic tanks, into seepage pits and into the Deschutes River. This system is inadequate
for present conditions which means that extension of the municipal sewer system and
construction of a new treatment plant would be advisable. Wasco's system serves a

population of 300 and disposes of wastes into Dry Creek ofter primary treatment in sep-
tic tanks.

Most homes outside of community systems dispose of wastes into septic tanks. No in-
dustrial sources of pollution are reported.,

Elood Control

Flood problems exist mainly in the Trout Creek watershed and other smaller watersheds
east of the Deschutes River. Floods are flashy in nature and are caused by heavy spring
rains combined with rapid snowmelt. An application for federal assistance under the
Watershed Protection and Flood Prevention Act has been received by the State Engineer
from the Trout Creek Soil Conservation District, The principal problems in this area are
flooding and bank erosion combined with lack of late season flow for irrigation,

Some flood damage has been coused also in the Tygh Creek Valley, confined mostly to

17
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soils, crops, and irrigation ditches. These floods are caused mainly by excessively
rapid snowmelt in the higher reaches of the watershed.

Drai | Erosi

No drainage problems of significance have been reported.

Severe water erosion occurs in the Lower Deschutes watershed as a result of one or more
of the following: steep slopes; shallow, rocky soil; lack of vegetative cover; too in-
tensive cropping practices. The areas involved are delineated on Plate 13. In many
cases the erosion could be reduced or eliminated by changing the land use to a type
that would provide the vegetative cover necessary to hold the soil in place. In some
instances, particularly where steep slopes are involved, necessary remedial measures
would be difficult to justify economically.

ﬁ( v Q i ey P

POTENTIAL WATER USE AND ASSOCIATED PROBLEMS

2 R

Domestic

Lozal opinion does not foresee an appreciable expansion in the population within the
immediate future with the possible exception of new recreation facilities along the
shores of the Deschutes River, Currently there is limited access to the river in this area
so such a development, if it ook place, would be very slow. Therefore, future domestic
water requirements will increase slowly over the present level of needs.

o

Municipal

Population growth is expected to be very slow in this sub-basin so future demands for
municipal water should not increase much over the present level,

Most communities in the sub-basin seem to have o water supply adequate to satisfy
immediate future demands. Exceptions are Pine Grove and Tygh Valley which currently
experience shortages and need an enlargement of existing facilities. Pine Grove does
not have a community system as yet but attempts are being made to form a public cor-
poration for that purpese. Wamic has odequate supplies at the present but would need
additional water to satisfy future demands.
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Ircigati

Only a small percentage of the lands presently farmed in this sub-basin are irrigated.
Most potentially irrigable lands in this sub-basin lie in the White River watershed
although there are smaller areas which could be irrigated on the plateaus between
the Deschutes and John Day Rivers and in the Trout Creek watershed (Plate 4).

Since many of the streams east of the Deschutes go dry during the peak irrigation
season, irrigation would be practical in this area only if low flows were supplemented.
This might be accomplished by construction of small reservoirs to store heavy spring
runoff for release later in the irrigation season, The Soil Conservation Service of the
Department of Agriculture is currently conducting a field reconnaissance review of small
watershed problems on eight areas in the Lower Deschutes sub-basin in order to deter-
mine the applicability of project action of the type and scope authorized by Public

law 566. This work is being carried out as part of the Department of Agriculture's
cooperation with the State Water Resources Board in the Deschutes River Basin study.

The Lower Deschutes River flows in o deep canyon so that using this water for irriga-
tion on surrounding plateaus would be expensive because of the high pumping lift.

About 11,000 acres are presently irrigated in the White River watershed and more
than 30, 000 additional acres of presently dry farmed lands are considered potentially
irrigable. Since much of the presently irrigated land does not receive an adequate
water supply, supplemental water is needed for these lands as well as water for new
lands.

Two thousand one hundred and eight acres of land on Juniper Flat will receive an
adequate water supply after completion of the Wasco Project of the Bureau of Recla-
mation. About 25,000 additional acres could be irrigated in this area if new sources
of water could be developed. Similar conditions exist in other areas of the White
River watershed where small tracts are irrigated within larger tracts that are dry
farmed but potentially irrigable.

Irrigotion has been opplied to about 290 acres in the Antelope Creek watershed and
there is an additional 580 acres adjacent to Antelope Creek which could be irrigated
if storage were developed, There are about 600 acres of irrigated lands along Hay
and Wilson Creeks, oll having an inadequate water supply and suffering from late
season water shortoges, Approximately 1,000 acres of dry land could be developed
for irrigation on these creeks if on adequote water supply were available.
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Power

The Lower Deschutes River potential for hydroelectric power development was recog-
nized many years ago. Since the river flows in a canyon several hundred feet deep
and water would have to be pumped at large expense to the higher lying plateaus
for many other purposes, the development of hydroelectric power was considered the
best use of this stretch of the river,

However, in considering all uses of water, the State Water Resources Board determined
that it would be in the best interest of the State of Oregon to use the unappropriated
waters of the Deschutes River below Pelton Reregulating Dam for recreation, fish, and
wildlife and all other uses, except domestic and livestock, shall be excluded from
future appropriation in this stretch of the river.

Computations were made to determine the potential power at sites which have been
suggested by various groups and agencies in this stretch of the river. These computa-
tions were based upon using all the head not in conflict with other sites, monthly mean
flows for the power years July 1928 to June 1948 less 100 cfs for fish facilities, an
overall plant efficiency of 80. 8 percent for run-of.river projects, and no consideration
of storage and variations in demand.

Results (Figure 36) indicate that the power potential of the lower Deschutes River is
equal or greater than 267 thousand kilowatts 90 per-
cent of the time and 471 thousand kilowatts 10 per-
cent of the time. The median power that can be
developed is 341 thousand kilowatts which represents
an average annual energy production of 2, 99 billion
kilowatt hours,

Average annual generation at the only major existing
hydroelectric plant in this sub-basin, located on the
White River near Tygh Valley, is 13 million kilowatt
hours which is about one-half percent of the total un.
developed potential of this sub-basin,

POTENTIAL POWER IN MEGAWATTS

i jo a6 ) [ R—

PERCENT OF TIME POTERTIAL POWEH M

EQUALLED OR EXCELDED

FIGURE 3. Undeveloped power po- Existing industries in this sub-basin are chiefly lumber
Lential of the Lower Deschutes and building material operations., The demand for
industrial water is small and probably will not increase
in the future. No information is available on the
potential for new developments.
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There are several mineral deposits in the sub.basin (Plate 6) but only tuff is mined at
the present. Present use of water for mining purposes is small and future developments
of known mineral deposits are not expected to require large quantities of water,

Recregtion

The principal recreation areas in this sub-basin are in the Hood River National Forest
and the Deschutes River Canyon. The Parks Division of the State Highway Department
lists two potential recreation areas within the sub-basin, one at the confluence of Bake-
oven Creek with the Deschutes River, near Maupin, and the other at the mouth of the
Deschutes River,

A detailed study of the area at the mouth of the Deschutes River was made by the Parks
Division and, in 1955, the Oregon State Highway Commission approved purchase of the
proposed park land but deferred construction until the Columbia Gorge Highway has been
relocated and widened to four lanes. Main attractions at this park would be boating,
fishing, and swimming on the Deschutes River and on Celilo Loke formed by The Dalles
Dam on the Columbia River,

The amount of water used by wildlife is comparatively small and will not increase
materially in the future,

This sub-basin has a great potential for increased fish populations it more advantageous
conditions could be created. Llow streamflows and, at times, completely dry creeks are
the main problem in the Trout Creek watershed and other smoller drainages east of the
Deschutes River. Future upstream water impoundments for flood control and irrigation
could enhance fish life if such releases would consider fish water requirements, Bake-
oven, Buck Hollow, and the Trout Creek systems contain remnant runs of summer steel-
head which would benefit greatly from increased late summer flows,

A great potential for an increase in anodromous as well as resident game fish popu-

lotions exists on White River and its tributaries, Good trout fishing for rainbow and,
in some instances, eastern brook trout exist at the present but anadromous fish, mainly
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chinook salmon and steelhead, are blocked from entering that drainage by a series of
falls approximately one mile above the mouth of White River (Plate 2). Construction
of fish ladders over these falls and the provisions for the maintenance of minimum

flows in late summer and early fall would greatly enhance the fishery production in
this area.

Pollution Abatement

No poliution problems in the streams and ground water are evident in the sub-basin
and no problems are expected in the immediate future.
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SUB-BASIN 4 UPPER CROOKED RIVER

river mile 66, near Hoffman Dam. This is the second largest of the sub-basins containing
2,479 square miles which is 24 percent of the total area of the Deschutes Basin,

{ The Upper Crooked River sub-basin includes all of the Crooked River watershed above
Seventy-nine percent of the sub-basin area lies in Crook County, nine percent in Deschutes
l County, and three percent each in Wheeler, Grant, Harney, and Lake Counties.
The northern boundary of the sub-basin is formed by the Ochoco Mountains and the eastern
boundary by the divide between Beaver Creek and the South Fork of the John Day River.
The southern boundary is not well defined and runs along the dry plateaus between the
Crooked River South Fork, and the Malheur lake Basin in the southeast, and between
Bear Creek and Dry River in the southwest. The western boundary crosses the Crooked
River near Hoffman Dam and runs north into the Ochoco Mountains between the head-
waters of the Crooked River North Fork and Ochoco Creek (Plate 1).

Stream System

Major tributaries of the Crooked River in this sub-basin are: the North Fork, with head-
waters in the Ochoco Mountains; Beaver Creek, heading in the Ochoco Mountains and in
the southwestern plateaus; the South Fork, with headwaters around Hampton Butte; and
Camp and Bear Creeks which head in the Maury Mountains and southern plateaus (Plate 1).

are perennial in nature. These figures include 66 miles of the Crooked River main stem,
48 miles of the Crooked River North Fork, and 22 miles of Beaver Creek.

Profiles of these streams showing elevations versus stream miles are included in Plate 2.
The North Fork of Crooked River drops an average of 67 feet per mile in its upper six
miles and averages 26 feet per mile in its lower part, The main stem of Beaver Creek
has an average gradient of 10 feet per mile, The main stem of the Crooked River has a
fairly uniform gradient of approximately 8 feet per mile.

Climate

Average annual precipitation in the areas south of the Crooked River ranges between 11
ond 14 inches, Annual precipitation extremes of 5 and 20 inches have been recorded in
this area. Precipitation increases towards the north and varies between 11 and 27 inches

E There are approximately 1,980 miles of streams in this sub-basin of which only 330 miles
123
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annually at the Ochoco Ranger Station in the Ochoco Mountains, Average annual pre-
cipitation in the areas north of the Crooked River ranges between 17 and 30 inches.
Precipitation averages 3. 60 inches at Bear Creek and 5, 69 inches ot Ochoco Ranger
Station between May 1 and September 30.

Annual snowfall averages 72 inches at Ochoco Ranger Station. This weather station is
located in the Lower Crooked River sub-basin, but is the closest active station which
would indicate climatological conditions in the Ochoco Mountains within the Upper
Crooked River sub-basin. Hydrological stations are located as shown in Plate 14,

« . }

Temperatures between minus 27 and plus 100 degrees Fahrenheit have been recorded
in this sub-basin, Annual temperatures average

OCHOCO RANGER STATION between 40 and 44° F, at lower elevations. 7]
1936.19%8 "
ARG Avail POECITATION < 13 75 WOE'S The average number of days without kill ing

frosts is approximately 90 days in the southern
portion of the sub-basin and increases to approxi-
mately 110 days along the northern boundary.
Frosts can occur in any month of the year,
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The pattern of precipitation by months in both
the north and south parts of the sub-basin is indi-
cated in Figure 37 which shows average monthly
precipitations at the Bear Creek Station and the
Ochoco Ranger Station. Seasonal characteristics
are similar in that peak precipitation occurs in
e e e e December and the minimum in August at both

BEAR CREEK stations. However, the variation between the
: extremes is much greater at the higher elevation
ERACE AL PRECITATION ¢+ 1100 1HNES Ochoco Ranger Station than at the Bear Creek ]

£
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AVERAGE MONTHLY BRECIMTATION IN INCHES

Station. Data available at these stations covered
different years but both include dry and wet cycles
so the direct comparison made above probably is
valid. Figure 37 also indicates the higher pre. 3
cipitation in the northern part of the sub-basin

by comparison of the annual averages which are 3

AVERAGE  MONTHLY SRECIITATION W WNONES

about 20 inches at the Ochoco Ranger Stotion and
I'l inches at Bear Creek.

3% T oun T Ui huk o 3EF

FIGURE 37. Average monthly precipi-
tatlon at representative stations.

Population

‘ This is the most sparsely settled area in the
Deschutes Basin with an estimated population of only 510 in 1960. There are no ”}
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incorporated cities in this sub-basin and all towns have populations below 100,

ECONOMY AND LAND USE
land Ownership

Approximately 20 percent of the Upper Crooked River sub-basin is national forest land
within the Ochoco National Forest, about 31 percent is public domain largely within
the Crooked River grazing district, and an additional | percent is under other federal
ownership status. About 2 percent of the sub-basin area is owned by the State of
Oregon and the remaining 46 percent is largely under private ownership.

Limber

Most commercial forests in this sub-basin are located within the Ochoco National Forest
in the Ochoco and Maury Mountains. Ponderosa pine is the predominant wood species
and small acreages are covered by Douglas fir, white fir, western larch, and lodgepole
pine. A large part of the commercial forests is in sawtimber stands. Extensive stands
of juniper, classed as noncommercial forests, cover much of the remainder of the sub-
basin. Only limited quantities of juniper are harvested and used for such purposes as
fence posts, fuel wood, and small wooden novelties.

There are some logging operations but no large lumber mills in this sub-basin. Most
of the timber cut is transported to mills outside the sub-basin, mainly to Prineville.

Agriculture

Agriculture is an important factor in the economy of this sub-basin. It is limited mainly
to dry land farming, irrigation being practiced only on the main stem of the Crooked
River and the lower sections of the major tributaries. There are approximately 80
farms in the sub-basin, raising mainly beef cattle and sheep. The most important feed
crop is hay, which includes alfalfa, There are no food processing plants in the sub-

basin,

Recreation

Since many streams go dry in the summer months and many others have insufficient
flows to sustain fish life, fishing is limited as a contributing factor to recreation. A
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major recreation attraction in this sub-basin is deer hunting in the Ochoco National
Forest which attracts many hunters each season.

Mini

There are numerous mercury mines and prospects scattered throughout the Upper Crooked
River sub-basin but at the present time mining activity is confined to a few small oper-
ations. A deposit of radioactive uranite has been found in the Bear Creek area and
considerable exploration work has been performed. It is planned that once production
is started shipments would be made to o reduction mill at Lakeview.

TIransportation Medig

No major U, S. or state highways cross the entire sub-basin. U. S. 20 from Bend fo
Burns cuts through the southern portion of the sub-basin at the town of Hampton. Oregon
27 travels through the western part along Crooked River and Bear Creek between Prine.-
ville and its intersection with U, S. 20,

A paved highway connects Prineville and Post and an improved highway leaves Oregon
27 at the confluence of Bear Creek, joins the Prineville-Post Highway, and continues
from Post to Paulina and Suplee. Several shorter improved roads and forest roads make
other areas of the sub-basin accessible,

@’?’;

Regular bus service is available only on U, S. 20, There are no regular freight truck
routes but irregular service is available to most points in the sub-basin.

There are no railroads in this sub-basin.
The U. S. Forest Service maintains a summer landing strip on Big Summit prairie and

an emergency air field, privately owned, is maintained near Hompton. There is no
commercial airline service to this sub-basin.

SURFACE WATER SUPPLY
Yield
Very few gaging records are available on the streams in this sub-basin. The station
with the longest observations is Crooked River above Hoffman Dam with records for the

water years 1909 to 1914 and 1941 to 1958, These records were extended by correla-
tion to include the critical water years in the 1930's. Annual yields for all years of

- RS D Ml b e e e
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record together with correlated values are shown in Figure 38, There is considerable
fluctuation from year to year but a general trend of low water yeors in the 1920's and

ORAINAGE AREA T 760 30 Wt

THOUSANDS OF ACRE FEET

WATER YEAR
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FIGURE 38. Annual yield of the Crooked River above Hoffman Dam, 1910-1958.

1930's and increasing yields in the 1940's and 1950’s can be observed. The average
annual yield of the Crooked River at this station is 202, 200 acre-feet,

Correlations conducted by the U, S. Bureau of Reclamation for the same station for the
period 1928 to 1941 show slightly smaller runoff

1ot valves for water years with less than 100, 000
acre-feet and slightly larger values for water
years with runoff above 100, 000 acre-feet. The
lowest annual runoff was computed to be 23,200
acre-feet by the Bureau of Reclomation compared
to 25, 400 acre-feet computed by the State Water
Resources Board. The average annval yield for
the period 19281950 wos computed to be 188, 000
ocre-feet by the Bureau of Reclamation compared
to 184, 400 ocre-feet computed by the State Water
Resources Boord.

¥

i

AVERAGE MONTHLY DISCHARGE !N CFS

T v DEC | sAm PR MAR AFE MAT A A A8 SR " S -

FIGURE 39. Aversge monthly discharge

i . .
P CrOGl A S e Lo Mean monthly discharges for the same location,

Crooked River above Hoffman Dam, are shown
in Figure 39. The runoff pattern at this location is characteristic for all streams in this
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sub-basin. It shows very high flood peaks in March and April coused by rains and snow-
melt in the mountains. In the summer months, streams go nearly dry as a result of very
low precipitation and high irrigation diversions. The lowest monthly flows of the

Crooked River above Hoffman Dam occur in August and average 8 cubic feet per second
(cfs) compared to 1,200 cfs in April.

Extremes

No gaging stations were maintained on the Upper Crooked River and its tributaries
during the low water years in the 1930's. The lowest recorded discharge of the Crooked
River above Hoffman Dam was 0.5 cfs in August 1955, A daily discharge hydrograph

for this water year is shown in Figure 40 which again illustrates the spring runoff peaks
and the extreme low flows during the late summer months. Zero flows were observed af
this location in 1940 but records for that year are incomplete.
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FIGURE 40. Discharge pattern of the Crosked River ebove Hoffman Dam for the
complete water yesr having the minimus instantanecus flow of record, 1955,

Correlations established that the lowest annual yields at this location occurred in the
1930's. Table 8 summarized critical discharge and yield conditions which have been
recorded at this and other stations in the Deschutes River Basin.
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Water rights in the Deschutes Basin at their points of diversion are shown in Plate 7.
A detailed summary of these rights listing number, location, use, quantity, stream,
and priority date is available at the office of the State Water Resources Board.

Water rights in the Upper Crooked sub-basin are pretty well scattered throughout the
stream system. These rights are summarized by use and stream in Table 15.

The largest group of water rights is formed by irrigation rights which total 590 cfs for

TABLE 1%

SURFACE WATER RIGHTS. SUMMARY
SUB-BASIN & - UPPER CROUKED RIVER

TREAM CFs

TOTAL
RIGHTS

Beaver Creek

Camp Creek

Crooked River

Horse Heaven Creek
Johnson Lreek

Little Bear Creek

South Fork Besver (reek
Ssuth Fork Crooked Blver
Twelvenile Cresk

TOTAL
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Irrigsticn

A1len Creek 17.5
Bear Creek

Beaver Creek

Bulger Creek

Camp Creek

Crooked Kiver

Grindstone Creek

Horse Hesven Creek
Johngon Creek

Little Besr Creek

lost apd Sheep Creeks
lucky Cresk

Borth Fork Beaver Creek
North Fork Lrocked Hiver
Pauline Creex

Peterson Creek

South Fork Beaver Ureek
Bouth Forek Lrooked Hiver
Swvamyp Lreen
Tuelveniiy Creek

Wolf Creck

TOTAL
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the irrigation of 45,502
acres. The only other con-
sumptive water right is 1 cfs
for domestic purposes and
the only nonconsumptive
water right is 0. 05 cfs for
mining. All rights total 591
cfs and are consumptive in
nature with the exception of
the small mining right.

If all consumptive water

rights in the sub-basin would
be used to the maximum legal
extent, approximately 190, 000
acre-feet could be diverted
from the streams in this sub-
basin each year., Although this
is below the average annual
yield of the stream system,
shortages exist at many loca-
tions due to maldistribution

of the water,

The pattern of legal rights to
use water by stream miles for
the entire Deschutes Basin was
shown in Figure 9. Depletion
rights in the Crooked River

system comprise about 34 percent of the total for the bosin while depletion rights in the
Upper Crooked River sub-basin represent less than | percent of that same total and only

18 percent of all Crooked River depletion rights.
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WATER Y Zub - basin 4

There are only a few well records relative to the Upper Crooked River sub-basin on
file in the State Engineer's office. One well, drilled to a depth of 191 feet on Rager
Creek, found water between 150 and 175 feet and the water rose to land surface
flowing freely at 29 gallons per minute (gpm).

One well on Antelope Creek, a tributary of Crooked River, was drilled to a depth
of 210 feet and encountered water below 135 feet in sandstone with a static water
level 18 feet below land surface. A bailer test yielded 10 gpm with a drawdown of
20 feet,

Higher yields have been obtained from wells recently drilled in the Hampton area.
One well, 640 feet deep, encountered water at 145 feet in sand and clay. The water
level stands at 142 feet and a pump test yielded 980 gpm with a drawdown of 46 feet.
However, another well in the same area drilled to o depth of 515 feet also found
water in sand but a bailer test yielded only 9 gpm with a drawdown of 11 feet. The
static water level in this well is at 182 feet.

High yields have also been obtained from wells drilled in the Crooked River South
Fork watershed. Here, a 220.foot well found water in unconsolidated volcanic frag-
ments at a depth of 165 feet. This well yielded 1, 100 gpm with a drawdown of 79
feet. Another well drilled to a depth of only 50 feef encountered water 34 feet be-
low land surface in vesicular basalt. This well yielded 3, 000 gpm with a drawdown
of only 1.5 feet. However, a well drilled to 90 feet in the same area yielded only
50 gpm with a drawdown of 23 feet,

About the only conclusion that can be made is that additional investigation is necessary
before the nature and extent of the ground water resources in this sub-basin can be de-
fined.

Depletions

All ground water rights in this sub-basin are for irrigation and total 22 ofs for the irri-
gation of 1,854 acres. They consist of two ground water rights for a total of 4 ofs and
320 ocres near Hampton and three ground water rights for a total of 18 ofs and | , 534
acres in an area approximately 10 miles northeast of Hampton.
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GAL RESTRI S ITATIONS WATE

A 1914 withdrawal by the State Engineer withdrew and withheld 300, 000 acre-feet
for storage of irrigation water in the then proposed Crooked River Reservoir. Prine-
ville Reservoir which is now under construction obtained its water right priority from
this withdrawal,

PRESENT WATER USE AND ASSOCIATED PROBLEMS

Domestic

Domestic water rights in this sub-basin total only one cfs and are all for surface waters.
Households in this sub-basin obtain domestic water from springs, streams, wells, and
irrigation ditches. The Crooked River Decree established that the rate of diversion for
domestic and stock purposes, as part of irrigation rights, shall not exceed 1/40 cfs for
each 1,000 head of stock and, further, that the quantities diverted for irrigation pur-
poses shall include the amount necessary for domestic and stock use.

Municioal
i Communities in this sub-basin are small and do not have municipal water systems so
there are no water rights for municipal purposes.

lrrigati

Almost all of the water rights in this sub-basin are for irrigation. Rights for the use of
surface waters total 590 cfs for 45,502 acres and rights for ground water total 22 cfs for
the irrigation of 1,854 acres. The majority of the surface rights are located on Beaver,
Camp, and Twelvemile Creeks, the North and South Forks of the Crooked River, and
the main stem of the Crooked River. The remainder of the surface rights are scattered
throughout the sub-basin along smaller tributaries. Ground water rights are all located
in the vicinity of Hampton.

In 1956 the State Engineer appropriated 155, 000 acre-feet for storage in Prineville
Reservoir which will provide water for the irrigation of lands within the Crooked River
Project in the area of Prineville. There are also 27 small reservoir rights in the sub-
basin for storage of irrigation water totaling 7, 960 acre-feet.

Irrigation is limited because of the pattern of streamflow and the lack of storage reser-
voirs. The Crooked River is considered torrential in nature due to high flows in the

{
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spring time and nearly zero flows under present conditions in the dry part of the summer.
Therefore, without storage it is necessory to use water for irrigation during the flood
time since there is little water available later in the season. For this reason, the irri-
gation season was established by decree as lasting from February 1 until December |
each year. An ample supply of water is usually availoble in the early spring months

but severe water shortages exist at most locations later in the summer.

Power

There are no power projects and no power rights in this sub-basin.

Industrial

There are no large industrial establishments and no industrial water rights in this sub-
basin,

Mini

The only mining right in this sub-basin is for 0, 05 cfs for a mercury mine on Johnson
Creek, a tributary of the Crooked River North Fork. This operation and all other
mercury operations in the sub-basin use only small quantities of water and operate
only intermittently. A uranium mine has been discovered in the Bear Creek arec re-
cently and production is expected to start soon. Only small quantities of water will
be necessary for this operation,

Recreation

There are no water rights for recreation in this sub-basin, The only natural lake of
large size is Marg loke which hos a surface area of 35 acres. There are about 37
reservoirs in the sub-basin of which 26 have a surface area larger than 5 acres. Prine-
ville Reservoir ofter its completion will form the lorgest lake by covering 3,010 acres.
The total surface area of all lakes and reservoirs after completion of Prineville Reser.
voir will be approximately 3, 900 acres.

Recreational activities in this sub-basin are associated primarily with hunting, mule
deer being the most important gome animal. There is comparatively little fishing

because of insufficient flows in the streams during the summer months.

There are no state parks, roadside rest areas, resorts, or public boat landings existing
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in the sub-basin ot present. Twelve forest camps are scattered throughout the Ochoco
Notional Forest, three of them in the Maury Mountains, and the remainder in the
Ochoco Mountains,

W; *

The Ochoco Mountains are one of the most popular mule deer hunting areas in the
state. Various species of upland game birds, waterfowl, and furbearers are also
found in this sub-basin. No major problems in regard to water needs for wildlife
are reported in this area. '

Fish Lif

Crooked River formerly supported anadromous fish runs but the only game fish found
today are rainbow and eastern brook trout. Much of the summer flow of the Crooked
River and its tributaries above Prineville is diverted for irrigation and the streams
are completely dry at times. Heavy silt loads carried by flash floods during periods
of high runoff are also detrimental to fish life.

Trout production in the main stem Crooked River is limited in this sub-basin because
of extreme low flows, high water temperatures, and an extensive population of rough
fish, primarily suckers and squawfish. Trout production in the South Fork of Crooked
River is also limited for the same reasons.

While the overall number of trout producing streams in this sub-basin is small, a few
individual streams are considered of major importance. Some of the better trout
fishing to be found in the Upper Crooked River Basin is provided by such tributaries
os Deep Creek and Beaver Creek. Deep Creek receives supplemental stockings of
approximately 3,000 legal rainbow trout each year,

The Oregon State Game Commission plans to stock Prineville Reservoir ofter its com-
pletion with rainbow trout but anticipates a rough fish problem ofter three or four
years due to high water temperatures. If such develops, the fishery will be changed
to warm water species such as bass or bluegill,

Pollution Abatement
No pollution abatement problems are reported in this sub-basin, The population is

small and not concentrated, there ore no community sewerage systems, and there are
no industries that require special waste disposal focilities.
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Major flood problems exist along the main stem of the Crooked River and on lower
Bear Creek (Plate 13). Flash floods in the spring, caused by short periods of high
temperature followed by light rainfall and rapid runoff of snowmelt, damage river
banks and agricultural lands, Quite often ice is formed in the streams before such
snowmelt with a resulting increase in both flood stages and damages. Figures for
flood damages are not available, Flood problems of a lesser degree exist on a
number of other small tributaries. Lower Bear Creek is flooded frequently also as
a result of cloudburst storms.

No drainage problems are reported.

Severe water erosion occurs in the lower Bear Creek watershed (Plate 13) due pri-
marily to topography and lack of adequate vegetative cover.

TENT WATER USE E £

Domestic and Municioal

There are no community water supply systems in this sub-basin so all households have
their own individual water supplies. Needs for domestic water will probably increase
only slightly due to the small population of the area and the low potential for future
growth,

lrricati

Most irrigated lands in this sub-basin do not receive an adequate supply of water and
many additional dry farmed lands are potentially irrigable. The Bureau of Reclamation
recently completed an investigation to determine the feasibility of a reservoir at the
Big Prairie site on the Crooked River North Fork which would store approximately

40, 000 acre-feet and provide water to 6,290 acres of new land and o supplemental
water supply to about 2,060 acres of presently irrigated lands, The lands to be irri-
gated under this project would consist of four units, two on the main stem of the
Crooked River and two on tributaries.

The gross project area includes 14,550 irrigable acres, but water would be available
only for 65 percent. It was concluded that this project was not economically feasible.
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Approximately 5, 100 acres have been developed for irrigation in the upper Beaver
Creek watershed above the mouth of Wolf Creek and an additional 2, 300 acres are
considered suitable for irrigation. Additional water supplies through storage reser-
voirs will have to be developed before the irrigated acreage can be increased,

Ground water has been developed recently for irrigation in the vicinity of Hampton
and on the G, I. Ranch on the Crooked River South Fork, Wells drilled recently
tested 980, 1,100, and 3,000 gpm, respectively and ground water rights to irrigate
1, 854 acres have been filed in this area. About 6, 300 acres of new lands could be
irrigated in this area if storage or additional wells of equally high yields were de-
veloped. b

Power

No hydroelectric power developments have been proposed in this sub-basin and little,
if any, potential exists due to stream characteristics,

Industrial

Industries in the sub-basin at present are small logging operations which do not have
any water rights and no major increase in the use of water for this or other industrial
purposes is expected in the near future,

Mini

Anticipated mining operations require only small quantities of water and no major
increase in the water use for mining purposes is expected in the neor future. Potential
uranium production will be shipped to a mill in lakeview for processing and large quan-
tities of water would be needed only if the uranium market would justify construction
of a processing plant at the proposed mine,

Recregtion

Recreation presently plays a minor part in the economy of this sub-basin but it is anti-
cipated that more tourists will be attracted ofter completion of Prineville Reservoir.
The Parks Division of the State Highway Department lists a potential park area at the
confluence of Bear Creek with the Crooked River which could be developed for day use,
comping, and boating along the reservoir,
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The Bureau of Reclamation believes, though, that only local residents will be attracted
by the reservoir and recommends a camping area for a maximum of 75 persons. The
drawing power of Prineville Reservoir for tourists from outside the area is considered
by the Bureau to be small because of the superior scenery and camping facilities avail-
able in the nearby mountains.

Fish and Wildlife

The Congressional Act authorizing the Crooked River Project provides for a conservation
release of 10 cfs from Prineville Reservoir during the nonirrigation season to provide
downstream fishery benefits. However, this flow can be reduced or stopped by the
Secretary of the Interior if the primary purpose of the project demands it.

No major changes are foreseen for the future that would create new problems in regard
to the water needs of wildlife.

If upstream storage reservoirs were constructed in this sub-basin and if cool water could
be supplied in the summer months with proper minimum flows, a good trout fishery

could be produced through rehabilitation. In such o case it would also be necessary
to inaugurate an extensive irrigation diversion screening program.

Pollution Abatement

Population increase in this sub-basin is expected to be very slow and, therefore, no
major pollution problems should arise in the near future.
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SUB-BASIN 5 LOWER CROOKED RIVER

GENERAL

locati / Si

The Lower Crooked River sub-basin includes all of the Crooked River watershed from
mile 66, Hoffman Dam, to its confluence with the Deschutes River (Plate 1). This is
the smallest of the sub-basins and contains 1,657 square miles which is about 16 per-
cent of the total area of the Deschutes Basin.

About 50 percent of the sub-basin area lies in Crook County, 43 percent in Deschutes
County, 5 percent in Jefferson County, | percent in Wheeler County, and less than 1
percent in lake County.

The northern boundary of the sub-basin goes from the Ochoco Mountains west between
Willow Creek and the Crooked River. The western boundary, which is not well de-
fined, runs along the plateaus between the Deschutes main stem and the Dry River
and continues south to the Paulina Mountains. The southern boundary runs along the
plateaus between the Dry River and the Goose and Summer Lakes Basin while the
eastern boundary is formed by the divide between the Dry River and Bear Creek and
north between the watersheds of Ochoco Creek and the Crooked River North Fork.

Stream System

The Crooked River enters a wide valley near Prineville, then cuts into a deep canyon
in its lower region until it reaches a depth of almost 1, 000 feet at its confluence with
the Deschutes River. The main tributary of Crooked River in this sub-basin is Ochoco
Creek with its headwaters in the Ochoco Mountains.

There are approximately 960 miles of streams in this sub-basin of which only 250 are
perennial in nature. These figures include 66 miles of the Crooked River main stem.

Profiles of the major streams in the Deschutes Basin showing elevations versus stream
miles are shown in Plate 2. The Crooked River has an average gradient of 8 feet per
mile upstream of river mile 28, drops about 28 feet per mile from there to mile 20,
and steepens to a drop of 46 feet per mile below mile 20.

Climate
Annual precipitation varies between 5 and 18 inches in the Prineville orec and between

11 and 27 inches at Ochoco Ranger Station. Average annual precipitation is above 20
inches in the Ochoco Mountains and ranges from 9 to 11 inches in the Prineville area
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and in the southern portion of the sub-basin. Precipitation averages 3. 30 inches at
Prineville and 5. 69 inches at Ochoco Ranger Station between May | and September 30,

Average monthly precipitation at the Ochoco Ranger Station was shown in Figure 37
and similar data for the Prineville Station is plotted in Figure 41. The pattern at Prine-
ville follows the general case exhibiting winter and
rnast AwA ACCINTATION - 8 42 OES spring peaks and a late summer low with the excep-
tion that average May and June precipitation at
Prineville is as high as average November and
December precipitation, about 1 inch each month,
July and August are the driest months at Prineville,
averaging about 0. 3 inches each month,

Annual snowfall averages 14 inches at Prineville
and 72 inches at Ochoco Ranger Station,

AVERAGE MONTHLY PRECIPITATION N INCHES

Long-time temperature measurements are available
FIGURE 4%. Aversge monthly precipi- in this sub-basin for Ochoco Ranger Station located
tailon st the Prineville station, 26 miles northeast of Prineville on Ochoco Creek

and Prineville. The climatological station at Prine-
ville was opened in 1897 and has the longest con-

tinuous records of all stations in the Deschutes Basin, Temperatures between minus 35

and plus 119 degrees Fahrenheit have been recorded at Prineville and between minus

27 and plus 100° F, at Cchoco Ranger Station. The average annual temperature is

47° F. at Prineville and 43° F, at Ochoco Ranger Station.

Frosts can occur in any month of the year in this sub-basin. The average number of
days without killing frosts is 110 days at Prineville and decreases to approximately 80
days at the southern boundary of the sub-basin,

Population

The Lower Crooked River sub-basin has an estimated population of 9,540 in 1960 which
is the second largest population of all the Deschutes sub-basins. The largest city is
Prineville with a 1960 population of 3,260, The only other incorporated city in the
sub-basin is Culver with a 1960 population of 300, Population trends of incorporated
cities in the Deschutes Basin were shown in Figure 1 which illustrated the leveling off
in growth during the past 10 years of both Prineville and Culver.

There are eight unincorporated communities in the sub-basin of which only two, Powell
Butte and Opal City, have populations above 100,
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ECONOMY AND LAND USE
land O hi

The administration or ownership of land in the Deschutes Basin was shown by sub-basins
in Table 4. Approximately 29 percent of the total area of 1,660 square miles of the
lower Crooked River sub-basin is national forest land within the Ochoco and Deschutes
National Forests. About 25 percent of the sub-basin area is public domain lying pre-
dominantly within the Crooked River grazing district. Approximately 2 percent is
owned by the State of Oregon and the remaining 44 percent is mainly under private
ownership.

Limber

Timber is of major importance to this sub-basin and Prineville is second only to Bend
in the concentration of sawmill activity in the Deschutes Basin. Ten logging contractors
and seven lumber mills were reported in 1959, four of them having more than 100

employes each.

The main source of logs for the timber industry of Prineville is the Ochoco National

( Forest which occupies 75 percent of the commercial timber land of Crook County. Log

production in Crook County has been fairly steady in the past 10 years and was over
80 million board feet in 1958 (Figure 2). Uncut sawtimber in Crook County was esti-
mated to be 5.6 billion board feet in 1953,

Agriculture

Agriculture is also of major importance to the economy of the sub-basin. Five hundred
farms were estimated in the area in 1954 raising mainly beef cattle, sheep, and
chickens and growing wheat and hay os principal feed crops.

There are five irrigation districts in the sub-basin of which two, the Ochoco Irrigation
District and Crook County Improvement District No. 1, lie entirely within the sub-

basin, The eastern half of the Central Oregon Irrigation District and o small portion
of the Arnold and North Unit Irrigation District are also located within the sub-basin.

Recregtion

Major centers of recreation in this sub-basin are the Crooked River Canyon, Ochoco
Reservoir, and the Ochoco Mountains. Ochoco Loke furnishes excellent fishing,
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comping, swimming, and boating. The Ochoco Mountains are among the more popular
hunting areas for mule deer within the stofe.

Mini

Mining in this sub-basin is confined mainly to sand and stone operations. There is one
establishment near Prineville processing bentonite and radioactive mercury has been
discovered in the Powell Butte area southeast of Redmond but development has not
advanced much beyond the prospecting stage.

I ration Medi

Several U, S. highways cross this sub-basin and make most parts easily accessible.
U. S. 26 from Portland goes through Prineville east to the John Day Basin. U, 8.
126 from Eugene joins U. S, 26 at Prineville while U, S. 97 and U. S. 20 traverse
portions of the sub-basin in the west and south.

Oregon 27 travels south from Prineville up the Crooked River and Bear Creek until it
joins U, S. 20 between Millican and Brothers.

A paved road traverses the sub-basin from U, S. 97 near Terrebonne to Prineville and

continues to Post on the Crookad River. Two other paved highways connect Powell
Butte and Alfalfa with Bend.

Several improved and unimproved roads make other parts of the basin accessible.

Regular bus service is maintained on U. S. 20 and 26. There are no regular freight
truck routes in the sub-basin but irregular service is available to most points in the sub-

basin.

The only railroad in the sub-basin is the City of Prineville spur line operating between
Prineville and the Oregon Trunk Line near Redmond. Freight service only is available
on this line.

Prineville operates a municipal airport near the city limits. Llanding strips are also
maintained near Millican and Brothers, both privately owned. No commercial airline
service is available in this sub-basin.
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SURFACE WATER SUPPLY
Yield

Water entering this sub-basin each year was shown by Figure 38 in the form of the yield
of the Crooked River above
Hoffman Dam, which averaged
202,200 acre-feet for the years
1910-1958, Water leaving the
sub-basin each year, the yield
of the Crooked River near Culver,
is shown in Figure 42, At this
location the average annual
yield, 1918-1958, is about
1,123,000 acre-feet, Much of
the increase between the two
locations can be attributed to
the uniform discharge from
springs in the lower Crooked
River Canyon which are esti-
wares vEAR mated to contribute about
v em ot pa s o 700, 000 acre-feet annually to
the yield at Culver. This in-
fé?’é’}jiﬁggg Annusl yleld of the Crooked River near Culver, fluence on annual yiefds is
also evidenced by the lesser
e aee v fluctuation from year to year
o at Culver and the smaller
differences between dry and
wet years than those experi-
enced at other gaging stations.

BRANAGE AR{A & 330 55 W

THOUSANDS OF ACRE FEET

NANN N AR MM mEamBors e e s T "R e ey

Yields of the major tributary
in this sub-basin, Ochoco Creek,
are shown in Figure 43. Al-
though differences between high
and low years and fluctuations
from year to year are greatly
pronounced, wet and dry cycles
can be identified. The average
41 svens om S Fopoers v Comnoan it annual yield at this location is
e o ' about 41, 800 ocre-feet based
FIGURE =1, Annusl yield of Dchooo Creek &8s messured by upon &hOCG Resemofr re;eases
Ochoco Reservolr releamse, 1920-19358, FO{ fhe pﬁ?de 3?20-3958.

THOUSAMDE OF ACRE FEET
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Average monthly discharges of the Crooked River near Culver and Ochoco Creek below
Ochoco Reservoir are shown in Figure 44 which again illustrates the effect of stream

regulation,

CROOKED RIVER NEAR CULVER
BOOC, o o i e e

2,500

;

;

AVERAGE MONTHLY DISCHARGE IN CFS
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AVERAGE MONTHLY DISCHARGE IN CFS
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FIGURE 4h. Aversge monthiy dis-
charges at representstive stations
in the lLower Crooked sub-basin,
1920-1958,

The pronounced April peak in Crooked River
flows is the result of spring rains combined with
snowmelt, mostly in the Ochoco Mountains. For
eight months out of the year, June-January,
flows at Culver are very uniform due primarily
to the influence of the aforementioned springs
in the lower canyon.

Ochoco Creek flows are completely regulated re-
sulting in unnaturally high flows during the
summer, which are mostly irrigation releases,
and very low winter flows during the reservoir
filling period. Irrigation releases usually start
in the latter part of April but a portion of the
May peak sometimes consists of flood releases
since Ochoco Reservoir is also operated for flood
control. The reservoir is usually empty by
October and releases from then through December
are quite small because of very little inflow.

This operational pattern of Ochoco Reservoir will
be altered upon completion of Prineville Reser-
voir since the two will be operated as a unit with
Ochoco Reservoir playing a larger part in flood
control. This will result in higher releases in
early spring and smaller releases in late spring,
the time of heaviest natural runoff.

Extremes

The daily pattern of runoff during an extreme
low flow year is shown for the Crooked River in
Figure 45. This is a plot of the average daily
discharges for the water year having the minimum

flow of record at the Culver gaging station. Again the influence of the lower canyon
springs is evidenced by uniformity of flow throughout the year except for a short peak
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SUB.BASIN INVENTORY . LOWER CROOKED

early in January and during the spring runoff period. The minimum discharge at this
station was 920 ofs on October 14, 1945 while the minimum annual yield, 894,000
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FIGURE 45. Discharge pattern of the Crooked River near Culver for the water year
having the minimum instantaneous flow of record, 1646,

acre-feet, occurred in 1931, Critical flows and yields at this and other stations through-
out the Deschutes Basin are summarized in Table 8,

Depletions

Water rights in the Deschutes Basin at their points of diversion are shown in Plate 7.
A detailed summary of these rights listing number, locotion, use, quantity, stream,
and priority date is available at the office of the State Water Resources Board,

Most water rights in the Llower Crooked sub-basin are concentrated in the vicinity of
Prineville, These rights are summarized by use and stream in Table 16,

Of the total 2,657 cubic feet per second (cfs), 1,947 ofs are nonconsumptive and 710
cfs consumptive in nature. All nonconsumptive rights are for power while consumptive

rights include 703 cfs for irrigation of 47,040 acres, and 5 ofs for municipal and 2 s
for domestic purposes.

The pattern of legal rights to use water by stream miles for the entire Crooked River
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Basin is shown in Figure 46. The Lower Crooked portion of this extends from mile 66

TOTAL
USE STREAM CF3 RIGHTS

Domestic Crooked Elver 1
Dry Creek O
Dry River o]

PIy oL

Oehoco Creek

TOTAL 1.

el

gation Crooked River 276,
Dry Creek 11

Dry River 23,
Johnson Creek 5
Lytle Creek 6.
4

g

&

G

ot
ke

Y

Marks Creek
McKay Creek i
Mill Creek 16,
Cehoco Creek 210G,

TOTAL 702.6

Municipal Crooked Hiver 5.0

TOTAL 5.0

Power Crooked River 1,947.0
TOTAL 1,847.0
GRAND TOTAL 2,6

LA

pio)

downstream and comprises 82 percent of the total depletion. A large jump in consumptive
depletion rights is evident at mile 47 which is
the Prineville area. Total rights more than

:'mﬁ o s —— double in the lower few miles as a result of
) nonconsumptive power rights existing in that
o | stretch of the river,
gzumi
£ Ordinate values on the depletion diagram do
=" not include supplemental irrigation rights and
g these are not part of Table 16. Supplemental
g N, rights permit alternate sources of supply but do
- { not aodd to the original rights.
|
0 L\’w—‘\"‘“"ﬂt« If all consumptive water rights in this sub-basin
P were used to the maximum legal limit, approxi-
T R R w o Eomew mately 200, 000 acre-feet would be diverted
from the streams each year. This is less than
FIGURE 46. Legal depletion rights by the average annual yield of all streams in the
stresm mile of the Crooked Hiver as R .
of Jenusry 1960. sub-basin but shortages do exist in many loca-
tions because of low flows at the times of
heaviest use. Surplus water exists mainly in the Lower Crooked River Canyon but use G
¢
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of this water for most purposes would require a pumping lift of several hundred feet,

GROUND WATER SUPPLY Swb - basin 5

Y‘{E [D‘Q‘E !4-

The most extensive ground water development in the Deschutes Basin has taken place
in the Prineville Yalley, an area approximately nine miles long and four miles wide
at its widest point,

Unconfined water is found in recent alluvial gravel. This gravel is completely saturated
with water in places and many private residences obtain water from it but no large
capacity wells have yet been drilled. The shallow gravel is recharged to a large ex-
tent from river seepage and from waste irrigation water,

Shallow, unconfined water is also found in the older alluvium on the higher benchlands
where it is not covered by thick beds of young alluvium. This aquifer consists mostly
of silty sand and water is obtained from it only for domestic use. From 200 to 300
gallons per minute (gpm) were pumped from a group of 15 wells with depths ranging
from 40 to 60 feet for the municipal water supply of Prineville,

The most important known source of ground water in the Prineville area is confined
water in the older alluvium. It is chemically softer than water in the younger alluvium
and in places is under sufficient pressure to be used without pumping for domestic pur-
poses. Measurements indicate that the confined water moves in a southwest direction
from the upper benchlands to the lower valley (see Plate 8). This aquifer is recharged
from the upper benchlands, where confining and impermeable layers of sand and silt
are lacking or are shallow, and from bedrock under the upper benchlands, Measure-
ments also indicate that the average hydraulic gradient is about 40 feet per mile and

it was estimated that for each mile-long segment of the aquifer about 268, 000 gallons
of water a day (0.4 cfs) may move down this slope.

Fluctuations in the water levels and pressures in wells in this orea conform to long-
term precipitation cycles on their recharge area and are also influenced by withdrawal
of water from wells and interference between wells. This interference is quite signi-
ficant and often overshadows the seasonal changes. This is caused because most of the
wells are within two to three miles of potential recharge areas and the increased
gradient as a result of drawdown is reflected to the recharge area after relatively
small quantities of water are drawn from storage. Therefore, the aquifer responds
quickly to changes in rate of withdrawal,

Ground water has also been found in the consolidated bedrock but only o few such
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wells have been drilled in the Prineville area. Some wells did not yield water and
the successful wells yielded only enough for single households. The deepest of these
wells was drilled 1,002 feet without encountering water. It is generally believed
that the bedrock does not contain ground water in commercial quantities.

The only pumpage records exist in a well operated by Pacific Power and Light Company
for the municipal supply of Prineville. This well pumps water from the confined aquifer
of older alluvium. The highest monthly recorded pumpage for the years 1944 to 1946
o, wos 11,233,000 gallons (0. 58 cfs) and the highest annual pumpage in those years was
. 66,451,000 ga”ons&(O.»QB_ﬂcfsw)u_in 1946. It is estimated that an unmetered well of a
lumber company pumps at a rate of about 500 gallons per minute (1. 10 cfs) intermit-

tently for a total of approximately 100, 000 gallons a day (0. 15 cfs).

It is estimated that the total summer withdrawal in and around the City of Prineville
7 is approximately 500, 000 gallons a day (0. 77 cfs) and the winter use about half as
great. This gives an average annual withdrawal of about 330, 000 gallons a day or
about 2, 600 acre-feet per year from the older alluvium of the Prineville area for the
years 1940 to 1945,

The chemical quality of the ground water in the Prineville area is generally satis-
factory for domestic, industrial, and irrigation purposes although most of it is a hard,
bicarbonate type of water which results in the deposition of scale in hot water pipes
and heaters.

Few well logs are available for areas outside the immediate vicinity of Prineville.
Wells near Powell Butte were drilled to depths ranging from 110 to 470 feet and en-
countered water at various depths and in different materials, including basalt, sand-
stone, and lava. Yields of these wells were small with bailer tests yielding from 5
to 20 gpm at various drawdowns, :

Records for wells along Allen Creek, about nine miles north of Prineville, show one
drilled to a depth of 36 feet with a static level five feet below land surface. The
bailer test of this well yielded 55 gpm with a drawdown of eight feet. The aquifer
is sand and gravel. A second well was drilled in the same area to a depth of 282
feet which did not encounter water,

Depletions

Ground water rights in this sub-basin total 20 cfs. The largest group totals 12 cfs for
the irrigation of 1,404 acres and the remainder consists of 6 cfs for municipal and 2
cfs for industrial purposes.

Y G
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GAL RESTRICTIONS IMITAT WATE E

In 1914 the State Engineer withdrew 300, 000 acre-feet for storage of irrigation water
in the proposed Crooked River Reservoir on Crooked River., Prineville Reservoir which
is now under construction obtained its water right priority from this withdrawal. In
the same year he also withdrew 50, 000 acre-feet for storage of irrigation water in the
then proposed Ochoco Creek Reservoir on Ochoco Creek.

In 1959 the State Water Resources Board reserved the unappropriated waters of the
main stem of the Crooked River between its confluence with the Deschutes River and
river mile 6.5 for domestic, livestock, hydroelectric power, recreation, fish, and
wildlife purposes.

PRESENT WATER USE AND ASSOCIATED PROBLEMS
Domestic

Rights for the use of water for domestic purposes total less than two ofs and all are for
surface waters. Many households in the area of Prineville obtain domestic water from
- wells but the quantities pumped are so small that no water rights are required. Many
3 rural households, particularly within the irrigation districts obtain water from the irri-
gation canals. The Crooked River Decree limits the diversion of water for domestic and
stock purposes to 1/40 cfs per 1,000 head of stock and these quantities are included in

‘ the irrigation diversions.

Municioal

Water rights for municipal purposes in this sub-basin consist of five cfs for surface water
and six cfs for ground water. The surface water right is held by the Deschutes Valley
Water District which pumps water from Opal Springs in the Crooked River Canyon and
supplies rural households within the North Unit Irrigation Districts as well as the Cities
of Madras, Culver, and Metolius. These were discussed in Sub-basin 2 - Middle Des-
chutes River,

Pacific Power and Light Company holds the ground water rights which are used for the
municipal water supply of the City of Prineville. This water is obtained from several
wells having a total yield of 1,800 gallons per minute (4, 0 ofs) which is about 150
percent of the maximum daily consumption of record., The wells provide a good depen-
dable supply and no critical periods have been experienced in the past. For emergency
purposes, water is stored in three elevated tanks having a total storage volume of
800, 000 gallons.
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The quality of this water is generally good although it is moderately hard and contains
some iron. Chlorination is the only treatment necessary.

n

lrrigati

Irrigation rights total 703 cfs for the irrigation of 47,040 acres from surface waters and
12 ofs for the irrigation of 1,404 acres from ground water. The largest groups of irri-
gation rights within this sub-basin are within the Ochoco Irrigation District, the eastern
branch of the Central Oregon Irrigation District, and the lone Pine District. Only the
Ochoco Irrigation District obtains water from the Crooked River watershed, the other -
two districts using Deschutes water. Most smaller irrigation rights are located along
Ochoco Creek, McKay Creek, and the main stem of the Crooked River.

Ochoco Irrigation District presently irrigates approximately 8,200 acres. Prineville
Reservoir, now under construction by the U. S. Bureau of Reclamation, will provide

a stable water supply for 9,990 acres of presently dry farmed land and supplemental
water to 10, 220 acres of presently irrigated land including many of those of the Ochoco
Irrigation District. The Crooked River Extension, which is still in the project stage,
would provide water for 2, 720 additional acres.

Existing reservoir permits in this sub-basin also include a total of 3,030 acre-feet for %i
13 smaller reservoirs.

Power

Nearly all of the power rights of 1,947 cfs are for the Crooked River main stem. One
thousand two hundred and seventy-five cfs are for the Cove powerplant on the Lower
Crooked River of which 750 cfs are issued to the Bureau of Reclamation and 525 fs to
Pacific Power and Light Company, the operator of the plant. Six hundred and fifty cfs
are issued to the Deschutes Valley Water District for the purpose of pumping municipal
water. The remainder of the rights are mainly for pumping irrigation water rather
than for the production of electric power,

The present installed capacity of the Cove powerplant is 2,750 KW and the average
annual energy production 22 million kilowatt hours.

Industrial

Existing industrial water rights in this sub-basin are for ground water only and total
two cfs. They are all for lumber mills in Prineville. The supplies seem to be adequate
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to satisfy present needs and the water is of generally good quality except that it is
moderately hard and forms scale in boilers and hot water pipes.

Mini

The only mining establishment, in oddition to sandstone and gravel operations, is a
bentonite processing plant near Prineville. Their water use is small and no water
rights for mining have been issued. Radioactive mercury has been found in the Powell
Butte area but little more than prospecting has been done so far., Water needs for
this type of development would be minor.

Recreation

There are no water rights for recreation in this sub-basin, but water plays an important
part in the overall recreation picture. The two state parks in the sub-basin, Ochoco
State Park on Ochoco Reservoir and Cove Palisades State Park af the confluence of the
Crooked and Deschutes Rivers, are among the most popular tourist spots in the sub-basin.
The Parks Division of the Oregon State Highway Department counted 116, 000 visitor
days and 4, 600 camper nights in Ochoco State Park in 1958 and trends in the use of
both parks were shown in Figure 5,

The largest lake in the sub-basin, Huston lake, has a surface area of 40 acres. There
are 15 reservoirs, 13 larger than 5 acres in surface area, the largest being Ochoco
Reservoir with a surface area of 1,080 acres. The total surface area of all lakes and
reservoirs in the sub-basin is approximately 1,640 acres. Public boat landings are
located on Huston Llake and Ochoco Reservoir.

Eigfz? forest camps are maintained in the Ochoco National Forest. Approximately
10, 000 visitors were estimated in that forest in 1954.

These recreation areas are all located on Plate 5 and a summary of the facilities at
each is available ot the State Water Resources Board's office.

Mule deer is the predominant big game species in this sub-basin, each season attracting
many hunters to the Ochoco Mountains, Other game animals include waterfowl, upland
game birds, and furbearers. No particular problems have been reported in regard to
the water needs of wildlife in this sub-basin.
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An increase in the population of upland game birds, the principal species being valley
quail, ring-necked pheasants, morning doves, and Hungarian pariridges, is expected
after completion of the Crooked River Project. Additional irrigated lands in the pro-
ject area may also result in increased populations of spotted skunks, weasels, muskrats,
and mink.

- - .(ﬂ

Fish Lif

Historically the Crooked River and its tributaries supported runs of spring chinook salmon
and steelhead trout, but these have been reduced for at least 35 years. Some steel-
head are still believed to enter the system and spawn on McKay and Ochoco Creeks but
to what extent is not known., Rainbow trout are the only resident game fish spawning
in this sub-basin.

Conditions similar to those in the Upper Crooked River watershed exist here. Heavy *]
flash floods during the spring runoff season carrying heavy silt loads, low flows com- ¢
bined with high temperatures in the summer, and completely dry streams during the
irrigation season are detrimental to fish life, Many tributaries of the Crooked River
provide from fair to good early season angling but water flows are normally such that
anglers discontinue the utilization of the tributary streams by mid-June.

o o

Good fish producing areas are found in the lower 10 miles of the Crooked River where
flows are greatly augmented by springs in the canyon walls. Natural reproduction is
supplemented by stocking approximately 7,000 legal rainbow trout each year in the
vicinity of Cove Palisades State Park. Rainbow trout are also stocked in Ochoco, Mill,
and Marks Creeks.

From a fish production standpoint, none of the streams in this sub-basin presently com-
pare with the Little Deschutes River and other tributaries of the Upper Deschutes but,
nevertheless, they are important because they comprise the only available stream
fishing within the Lower Crooked sub-basin.

Ochoco Reservoir is popular with anglers and rainbow trout have to be stocked annually
by the Game Commission because reservoir drawdown reduces the spawning potential.
The Game Commission recommends a coordinated operation schedule for Prineville and
Ochoco Reservoir which would hold the minimum water level of Ochoco Reservoir as
high as possible.

The Congressional Act authorizing the Crooked River Project provides a minimum conser-
vation release of 10 cfs below Prineville Reservoir during the nonirrigation season to
maintain fish life in the Crooked River below the dam. This flow can be reduced or

stopped by the Secretary of the Interior if and when the primary purpose of the reservoir
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operation warrants it. The Oregon State Game Commission recommends a minimum
flow in the Crooked River below Prineville Dom of 50 cfs for the months May through
February and 100 cfs in the months March and April (Table 11). These flows are con-
sidered essential to maintain fish production at its present level,

It is also recommended that a minimum flow of 10 cfs be maintained in Ochoco Creek
below Ochoco Reservoir. At present, flows below the reservoir drop to zero at times
during the storage season.

Pollution Abatement

The only public sewerage system in the sub-basin is at Prineville and serves a popu-
lation of 3,500. This system was designed for a population of 5,000 and is considered
adequate for present and immediate future conditions. A conventional trickling Filter
was replaced in 1960 by a sewage stabilization pond (raw sewage lagoon) having an
overflow to the Crooked River.

Rural households in the sub-basin commonly dispose of wastes into septic tanks or cess-
pools. Disposal of sewage into septic tanks is also used by about 500 homes in sub-
’ divisions adjacent to Prineville. No contamination of the ground water which furnishes
g the main water supply in the area has been observed to date. The aquifers are over-
lain by impermeable silt and hardpan which prevents infiltration of sewage into the
ground water,

WATER CONIROL
Elood Control

Floods in this sub-basin occur primarily in the area around Prineville along the Crooked
River, Ochoco Creek, and McKay Creek. They are caused mostly by short periods of
high temperatures followed by relatively light rainfall which often cause rapid runoff
of snowmelt in the late winter and spring. Quite often ice forms in the streams before
the snowmelt resulting in increased flood stages and damage.

The greatest historical flood, which occurred in 1890, changed the course of the river
above and through Prineville. londs offected by major floods are agricultural areas
at lower elevations and part of the urban and suburban area of Prineville (Plate 13).

Average annual domages bosed on past floods amount to $63, 600 in the entire Crooked
River Basin. OF this, $18,200 is attributed to Ochoco Creek, mainly within Prineville,
and McKay Creek causes an annual domage of approximately $4, 400 to agricultural
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lands, highways, and railroads. The remaining $41, 000 annual damages occur within

the City of Prineville ond throughout the remainder of the valley due to main stem
floods.

Ochoco Reservoir was designed to store water for both irrigation and flood control, In
the past, the capacity of 50, 000 acre-feet has not always been adequate to prevent
floods on Ochoco Creek below the dam. Completion of Prineville Reservoir, capacity
155, 000 acre-feet, will appreciably reduce floods and flood damages on Ochoco Creek
and the Crooked River under the proposed coordinated plan of operation of the two
reservoirs. This plan will permit Ochoco Reservoir to be used more for flood control
than in previous years thus reducing Ochoco Creek flood damages.

Under this plan, out of the total usable capacity of 46,500 acre-feet of Ochoco Reser-
voir, 16,500 acre-feet will be used exclusively for flood control and an estimated
additional 12,000 acre-feet jointly for irrigation and flood control. Prineville Reser-
voir, with a usable capacity of 153,000 acre-feet, will have no exclusive reservation
of flood control space but 60, 000 acre-feet will be used jointly for irrigation and flood
control and thus reduce flood damages on the main stem of the Crooked River. The
annual monetary benefits for flood control, including Ochoco and Prineville Reservoirs,
are estimated at $34, 500,

Drainage

The most severe drainage problems exist near and below Prineville in the Crooked
River Yalley. These problems are a direct result of flood and should also be reduced
appreciably upon completion of the Prineville Reservoir.

Erosion

The only notable erosion is along the Crooked River below Prineville. Again the
direct result of high water stages, this problem too will be reduced upon completion
of the Prineville Reservoir.

Slight bank and channel erosion occurs in most smaller tributaries caused by flash
floods in the spring.

POTENTIAL WATER USE AND ASSOCIATED PROBLEMS

Domestic

Domestic water supplies in this sub-basin presently are satisfied from wells, irrigation
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ditches, streams, and springs. The main source of domestic water in the Prineville
Valley is from ground water in the valley alluvium. Interference has been noted be-
tween wells because of their close proximity to each other and to the recharge area.
However, supplies have been adequate in the past and no shortages are anticipated
in the near future.

Municipal

“ineville, the principal city in the sub-basin, receives its water from wells drilled
-ainly into the old alluvium. Prineville has an ample water supply at present and
‘e capacity and recharge rates of the wells are considered adequate to satisfy imme-
iate future demands. Shortages might be expected if major water-using industries
vequiring municipal water should locate in the area.

Irrigati

Prineville Reservoir will provide irrigation water for 9,990 acres of new land and @
supplemental water supply for 10, 220 acres of land now inadequately irrigated. The
Crooked River Extension, not yet authorized, would provide water for 2, 720 additional
acres.

Forty-six thousand two hundred acre-feet of the yield of Prineville Reservoir are still
unassigned and could be used on other lands. Llands being considered are located in

and adjacent to the North Unit Irrigation District, within the proposed South Unit of
the Deschutes Project, and within the Central Oregon Irrigation District.

The average annual shortage of the North Unit Irrigation District is 39, 800 acre-feet
for a 26.year period similar to 1925- 1950. The use of the unassigned space for the
proposed Prineville Reservoir would have reduced these shortages to 8, 200 acre-feet
per year at the Deschutes River storage reservoirs. It would, for all intents and pur-
poses, have eliminated all significant shortages in the North Unit, except in 1931
when a shortage of 91,000 acre-feet would have occurred. (Source: 1953 Crooked
River Report. Figures obove would have to be revised to consider Crooked River Ex-
tension. ) An alternative plan would be to irrigate about 10, 500 acres of new land

in and adjacent to the North Unit (Plate 4) which could be supplied with no shortages.
This acreage could be expanded to 12,000 if a shortage of 31 percent in one year were
accepted.

The South Unit of the Deschutes Project includes about 25, 000 acres (Plate 4) and
approximately 7,000 to 9, 000 acres of this land could be irrigated by waters from
the Crooked River Project. This acreage alone would not justify the construction of
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necessary canal or water supply works. Therefore, the irrigation of South Unit lands
hinges on the development of additional storage on the main stem of the Deschutes
or its upper tributaries so that a larger area can be served.

There are also about 2, 000 acres of dry land under the Central Oregon Irrigation
District Canal that could be served from the same supply.

Power

Major potential power sites in this sub-basin that have been considered in the past

are the Upper and Lower Box Canyon sites in the Lower Crooked River Canyon. These
sites are in conflict with each other and were not included in determining the unde-
veloped power potential of the Deschutes River Basin because of conflicts with existing
uses of water. For example, either of these projects would inundate Opal Springs
which now furnish most of the water supply for the Cities of Madras, Culver, Metolius,
and rural households of the North Unit Irrigation District. Also, upstream withdrawals
for irrigation have greatly reduced the water available for power production at these
sites since they were first studied.

Industrial

Industrial expansion would occur mainly in the vicinity of Prineville, A potential exists
for food processing plants including potatoes and meat, expansion in lumber operations,
and timber by-products operations, Anticipating that water shortages would be associated
with the development of such major water.using industries, the City of Prineville has
requested that 15, 000 acre-feet of the unassigned yield of Prineville Reservoir be set
aside for industrial use in the Prineville area.

Recreation

The most popular recreation area in this sub-basin containing one of the most popular
state parks in the Deschutes Basin is Ochoco lake which attracts many boating and
fishing enthusiasts each year. Facilities in this state park currently have difficulty
in satisfying the demand and expansion space is limited so that the projected future
use will not increase appreciably over the present level,

Potential recreation areas listed by the State Parks Division in this sub-basin are Arnold
Ice Caves, 20 miles southeast from Bend, and Smith Rock above the Lower Crooked River
Canyon near U, S. 97, The State Parks Division completed a detailed study of the
Smith Rock area and in 1959 the State Highway Department approved the acquisition
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of some 600 acres of land for a new state park. Interest in this area will be confined
mostly to sightseeing and geological attractions since water interests such as swimming
and fishing are limited due to the low summer flows of the Crooked River in this
section,

Wildlife

No major problems in regard to water needs of wildlife are anticipated in the near
future unless the habitat is changed materially by new developments.

Fish Lif

Low flows and high diversions comprise the major problem for fish life in the entire
Crooked River watershed. However, an appreciable potential for enhancement of
fish life exists but is entirely dependent upon securing adequate streamflow as recom-
mended in Table 11. The greatest potential is for establishing a sizeable steelhead
run in the stream system below Prineville Reservoir (Plate 11). However, in view

of stream characteristics and the present level of development, little fishery enhance-
ment will take place unless storage and releases are provided specifically for fish life.

Pollution Abatement
Problems are anticipated in the future if suburban development in the Prineville area
should expand to a degree where existing septic tank type of waste disposal would

interfere with domestic water supplies pumped from individual shallow wells.

Major water-using industries might also be faced with a problem of waste disposal in
order to prevent stream pollution.
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AUTHORITY

o

The authority for the preparation and presentation of this report is set forth in ORS
536.300. The Llegislative Assembly recognizes and declares in ORS 536.220(1) that:

“(a) The maintenance of the present level of the economic and general
welfare of the people of this state and the future growth and develop-
ment of this state for the increased economic and general welfare of
the people thereof are in large part dependent upon a proper utili-
zation and control of the water resources of this state, and such use
and control is therefore a matter of greatest concern and highest pri-
ority.

"(b) A proper utilization and control of the water resources of this state can
be achieved only through a coordinated, integrated state water resources
policy, through plans and programs for the development of such water
resources and through other activities designed to encourage, promote
and secure the maximum beneficial use and control of such water resources,
all carried out by a single state agency.

"(c) The economic and general welfare of the people of this state have been
seriously impaired and are in danger of further impairment by the exercise
) of some single-purpose power or influence over the water resources of this
{ state or portions thereof by each of a large number of public authorities,
and by an equally large number of legislative declarations by statute of
single-purpose policies with regard to such water resources, resulting in
friction and duplication of activity among such public avthorities, in con-
fusion as to what is primary and what is secondary beneficial use or control
of such water resources and in a consequent failure to utilize and control
such water resources for multiple purposes for the maximum beneficial use
and control possible and necessary.”

The authority for the report, the study on which it is based, and the actions effected are
specifically delegated to the State Water Resources Board in ORS 536, 300(1) and (2)

which state:

"(1) The board shall proceed as rapidly as possible to study: existing water
resources of this state; means and methods of conserving and augmenting
such water resources; existing and contemplated needs and uses of water
for domestic, municipal, irrigation, power development, industrial,
mining, recreation, wildlife, and fish life uses and for pollution abate-
ment, all of which are declared to be beneficial uses, and all other
related subjects, including drainage and reclamation,

"(2) Based upon said studies and after an opportunity to be heard has been
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given to all other state agencies which may be concerned, the board shall
progressively formulate an integrated, coordinated program for the use
and control of all the water resources of this state and issue statements
thereof.”

Within the limits of existing data and knowledge, the study has taken into full con-
sideration the following declarations of policy under ORS 536. 310:

"(1)

"(2)

"(3)

"(4)

"(5)

"(6)

"(7)

"(8)

Existing rights, established duties of water, and relative priorities con-
cerning the use of the waters of this state and the laws governing the
same are to be protected and preserved subject to the principle that all
of the waters within this state belong to the public for use by the people
for beneficial purposes without waste,

It is in the public interest that integration and coordination of uses of
water and augmentation of existing supplies for all beneficial purposes
be achieved for the maximum economic development thereof for the
benefit of the state as a whole;

That adequate and safe supplies be preserved and protected for human
consumption, while conserving maximum supplies for other beneficial
vses;

Multiple-purpose impoundment structures are to be preferred over single-
purpose structures; upstream impoundments are to be preferred over down-
stream impoundments. The fishery resource of this state is an important
economic and recreational asset. In the planning and construction of
impoundment structures and milldams and other artificial obstructions,

due regard shall be given to means and methods for its protection;

Competitive exploitation of water resources of this state for single-purpose
uses is fo be discouraged when other feasible uses are in the general public
interest;

In considering the benefits to be derived from drainage, consideration shall
also be given to possible harmful effects upon ground water supplies and
protection of wildlife;

The maintenance of minimum perennial streamflows sufficient to support
aquatic life and to minimize pollution shall be fostered and encouraged

if existing rights and priorities under existing laws will permit;

Watershed development policies shall be favored, whenever possible, for
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"(9)

"(10)

"(11)

"(12)
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the preservation of balanced multiple uses, and project construction and
planning with those ends in view shall be encouraged;

Due regard shall be given in the planning and development of water
recreation facilities to safeguard against pollution;

It is of paramount importance in all cooperative programs that the prin-
ciple of the sovereignty of this state over all the waters within the state
be protected and preserved, and such cooperation by the board shall be
designed so as to reinforce and strengthen state control;

Lozal development of watershed conservation, when consistent with sound
engineering and economic principles, is to be promoted and encouraged;
and

When proposed uses of water are in mutually exclusive conflict or when
available supplies of water are insufficient for all who desire to use them,
preference shall be given to human consumption purposes over all other
uses and for livestock consumption, over any other use, and thereafter
othar beneficial purposes in such order as may be in the public interest con-
sistent with the principles of this Act under the existing circumstances. "
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STATUTORY REFERENCES
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ORS 449,545
"Contamination of Deschutes River prohibited. No person shall put or deposit in the

Deschutes River, its tributaries, or artificial conal or ditch in which the waters of the
Deschutes River run, any sewage, refuse, waste or polluting water, or any dead animal
carcass or part thereof, or any matter which either by itself, or in connection with any
other substance, will corrupt or impair the quality of the water of the river for domestic
or municipal purposes, or place any such substance in such position that it escapes or is
carried into such waters by the action of the elements or otherwise.”

)
W,

.
-
(4
td
L

malo Creek, De 1 diversion prohibited; excented : P X . .
For the purpose of maintaining and perpetuating the recreational and scenic resources of
Oregon, the waters of that portion of Tumalo Creek, in Deschutes County, situated above
o point one-half mile above the intake of the Columbia Southern Canal in section 2,
township 18 south, range 10 east, Willamette Meridian, in Deschutes County, shall not
be diverted for any purposes whatsoever, except for municipal, domestic and stock uses.
Nothing in this section shall be construed to impair any vested rights existing as of

June 4, 1929, in the creek or its tributaries. This section shall not apply to the waters
of the south fork of Tumalo Creek."”

Pil

‘n
£
5

v i G g G 3

ORS 538, 440
"Bend; right to waters of Tumalo Creek. Whenever the city of Bend, Deschutes County,

shall have ocquired the right to appropriate or use from the Deschutes River at least 11
cwbic feet per second of water for delivery into the feed canal belonging to Deschutes
County Municipal Improvement District, which feed canal is now supplied from the
Deschutes River at a diversion located in or near Bend, then the city may take from
the direct flow of Tumalo Creek, in Deschutes County, not to exceed 11 cubic feet per
second of water for providing a supply of water for domestic and municipal purposes;
provided, however, that should the waters of the Deschutes River so acquired for the
purpose of the exchange be appurtenant to lands calling for a different point of diver-
sion, the place of use and point of diversion of the water may be changed to meet the
requirements of this section,”

s
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DESCHUTES RIVER AND THE WATER STORED IN THE BENHAM FALLS RESERVOIR

"I, John H,. lewis, State Engineer of the State of Oregon, do hereby withdraw
and withhold from appropriation on behalf of the State of Oregon the regular
flow of the Deschutes River and the water stored in the Benham Falls Reser-
voir to the extent of 900, 000 ocre feet for irrigation, power and domestic
purposes, in accordance with the authority vested in me by virtue of a certain
Act of Legislature providing for withdrawing and withholding from general
appropriation the necessary water or water rights for the use and benefit of
irrigation and power projects under investigation by the State in cooperation
with the United States, filed in the office of the Secretary of State on
February 21, 1913.

"Dated this 28th day of February, 1913.
/s/ JOHN H. LEWIS
John H. lewis,

State Engineer of the State of Oregon.”

)

"It is the purpose of this filing to withdraw and withhold from general appro-
priation under the laws of the State of Oregon, the necessary water or water
rights for the use and benefit of the irrigation and power projects under in-
vestigation by the State in cooperation with the United States as provided
in the act of the legislature relating thereto, filed in the office of the
Secretary of State, February 21, 1913."

APPLICATION NO, 2802, dated February 28, 1913, is in the nome of John H.
Lewis, State Engineer, for a permit to appropriate the waters listed in the
above withdrawal,

DESCHUTES RIVER AND ITS TRIBUTARIES ABOVE BENHAM FALLS

"I, John H. lewis, State Engineer of the State of Oregon, do hereby withdraw
and withhold from appropriation on behalf of the State of Oregon, 900, 000
acre feet of the waters of the Deschutes River and its tributaries above
Benham Falls to be stored in Benham Falls Reservoir, for irrigation, power
and domestic purposes, in occordance with the authority vested in me by
virtue of a certain Act of the Legislature providing for withdrawing and.

-~
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Co
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withholding from general apporpriation the necessary water or water rights
for the use and benefit of irrigation and power projects under investigation
by the State in cooperation with the United States, filed in the office of
the Secretary of State on February 21, 1913.

"Dated this 28th day of February, 1913,
/s/ JOHN H., LEWIS
John H, lewis, *}

State Engineer of the State of Oregon.”
"It is the purpose of this filing to withdraw and withhold from general appro-

priation under the laws of the State of Oregon, the necessary water or water '3

rights for the use and benefit of the irrigation and power projects under in-

vestigation by the State in cooperation with the United States as provided

in the Act of the Legislature relating thereto, filed in the office of the
Secretary of State, February 21, 1913."

APPLICATION NO. 2803, dated February 28, 1913, is in the name of John H.
lewis, State Engineer, for a permit to construct a reservoir and to store the o
waters listed in the above withdrawal.

BIG CULTUS RIVER, LITTLE CULTUS RIVER, QUINN RIVER, THOMAS CREEK, SNOW
CREEK, WEST FORK DESCHUTES RIVER, OUTLET DEER LAKE, UNNAMED SPRINGS,
AND ALL STREAMS TRIBUTARY TO THE WEST FORK OF THE DESCHUTES RIVER
AT OR ABOVE CRANE PRAIRIE

¥
zf
3

", John H. lewis, State Engineer of the State of Oregon, in accordance with
the authority vested in me by virtue of Chapter 87, Laws of Oregon for 1913,
do hereby withdraw and withhold from appropriation on behalf of the State
of Oregon, 187,000 acre feet of the waters of Big Cultus River, Little Cultus
River, Quinn River, Thomas Creek, Snow Creek, West Fork Deschutes River,
outlet Deer Lake, unnamed springs, and all streams tributary to the West
Fork of the Deschutes River at or above Crane Prairie, to be stored in Crane
Prairie Reservoir for irrigation purposes, which may be required for the
project under investigation or to be investigated under the provisions of
said Act ond that certain contract between the United States of America, by
Franklin K. Lane, Secretary of the Interior, and the State of Oregon, by

i'{ i (ig i
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John H. lewis, State Engineer, approved by Oswald West, Governor, on
the 5th day of May, 1913, executed thereunder.

"Dated this 28th day of October, 1913,
/s/ JOHN H. LEWIS
John H, lewis,

State Engineer of the State of Oregon.”

"It is the purpose of this instrument to withdraw and withhold from general
appropriation, any uvnappropriated waters of the above named streams and
springs, for the use and benefit of the irrigation project which is to be
jointly investigated under the provisions of said Chapter 87, Laws of 1913,
and the contract between the State and the United States, executed there-
vnder.

APPLICATION NO, 3261, dated October 28, 1913, is in the name of John H,
Lewis, State Engineer, for a permit to construct a reservoir and to store the
waters listed in the above withdrawal,

OCHOCO CREEK TO BE STORED IN OCHOCO CREEK RESERVOIR

"I, John H, lewis, State Engineer of the State of Oregon, in accordance with
the authority vested in me by virtue of Chapter 87, Laws of Oregon for 1913,
do hereby withdraw and withhold from appropriation on behalf of the State
of Oregon, 50, 000 acre feet of the waters of Ochoco Creek to be stored in
Ochoco Creek Reservoir, for irrigation purposes, which may be required for
the project under investigation or to be investigated under the provision of
said Act and that certain contract between the United States of America, by
Franklin K. lane, Secretary of the Interior, and the State of Oregon, by
John H, lewis, State Engineer, approved by Oswald West, Governor, on
the 5th day of May, 1913, executed thereunder.

"Dated this 8th day of April, 1914,

/s/ JOHN H, LEWIS
John H, lewis,

State Engineer of the State of Oregon.”
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"It is the purpose of this instrument to withdraw and withhold from general
appropriation any vnappropriated waters of the above named stream, for
the use and benefit of the irrigation project known as the Ochoco Creek
Project, which is to be jointly investigated under the provisions of said
Chapter 87, Laws of 1913, and the contract between the State and the
United States, executed thereunder.”

APPLICATION NO. 3587, dated April 8, 1914, is in the name of John H.
Lewis, State Engineer, for a permit to construct a reservoir and to store
the waters listed in the above withdrawal.

CROOKED RIVER TO BE STORED IN CROOKED RIVER RESERVOIR

"I, John H. lewis, State Engineer of the State of Oregon, in accordance with
the authority vested in me by virtue of Chapter 87, Laws of Oregon for 1913,
do hereby withdraw and withhold from appropriation on behalf of the State
of Oregon, 300, 000 acre feet of the waters of Crooked River to be stored
in Crooked River Reservoir, for irrigation purposes, which may be required
for the project under investigation or to be investigated under the provisions
of said Act and that certain contract between the United States of America,
by Franklin K. Lane, Secretary of the Interior, and the State of Oregon, by
John H, lewis, State Engineer, approved by Oswald West, Governor, on
the 5th day of May, 1913, executed thereunder.

"Dated this 8th day of April, 1914.
/s/ JOHN H. LEWIS
John H, lewis
State Engineer of the State of Oregon.”

"It is the purpose of this instrument to withdraw and withhold from general
appropriation any unappropriated waters of the above named stream, for
the use and benefit of the irrigation project known as the Crooked River
Project, which is to be jointly investigated under the provisions of said
Chapter 87, laws of 1913, and the contract between the State and the

United States, executed thereunder."

APPLICATION NO. 3589, dated April 8, 1914, is in the name of John H, lewis,

166



E ianbioii

WITHDRAWALS BY STATE ENGINEER

State Engineer, for a permit to construct a reservoir and to store the waters
listed in the above withdrawal,

BADGER, THREE MILE AND GATE CREEKS, TRIBUTARY OF WHITE AND DESCHUTES

RIVER

"I, John H. lewis, State Engineer of the State of Oregon, in accordance with

the authority vested in me by virtue of Chapter 87, Laws of Oregon for 1913,
do hereby withdraw and withhold from appropriation on behalf of the State
of Oregon all unappropriated water of Badger, Three Mile and Gate Creeks,
tributary of White and Deschutes River, for irrigation purposes, which may
be required for the project under investigation or to be investigated under
the provisions of said Act and that certain contract between the United States
of America, by Franklin K. lane, Secretary of the Interior, and the State of
Oregon, by John H. lewis, State Engineer, approved by Oswald West,
Governor, on the 5th day of May, 1913, executed thereunder.

"Dated this 22d day of Januvary, 1915.
/s/ JOHN H. LEWIS
John H. lewis,

State Engineer of the State of Oregon.”

NOTE: Badger Creek released from withdrawal, see letter from John T. Whistler,

November 10, 1915,

"It is the purpose of this instrument to withdraw and withhold from general

appropriation any unappropriated waters of the above named streams, for
the use and benefit of the irrigation project, known as the Tygh Valley-
Wamic Irrigation Project, which is to be jointly investigated under the
provisions of said Chapter 87, Laws of 1913, and the contract between the
State and the United States, executed thereunder.”

APPLICATION NO, 4073, dated January 22, 1915, is in the name of John H,

Lewis, State Engineer, for o permit to oppropriate the waters listed in the
above withdrawal.

167




WITHDRAWALS BY STATE ENGINEER

WHITE RIVER AND ITS TRIBUTARIES

"I, John H, lewis, State Engineer of the State of Oregon, in occordance with

"It

the authority vested in me by virtue of Chapter 87, Laws of Oregon for 1913,
do hereby withdraw and withhold from appropriation on behalf of the State
of Oregon all unappropriated water of White River and its tributaries, for
irrigation, power and domestic purposes which may be required for the pro-
ject under investigation or to be investigated under the provisions of said
Act and that certain contract between the United States of America, by
Franklin K. lane, Secretary of the Interior, and the State of Oregon, by
John H, lewis, State Engineer, approved by Oswald West, Governor, on
the 5th day of May, 1913, executed thereunder.

"Dated this 11th day of November, 1915,

/s/ JOHN H. LEWIS

John H, lewis,

State Engineer of the State of Oregon.”

is the purpose of this instrument to withdraw and withhold from general
appropriation any unappropriated waters of the above named streams for
the use and benefit of the irrigation project known as the Tygh Valley-
Wamic Irrigation Project, which is to be investigated under the provisions

of said Chapter 87, Laws of 1913, and the contract between the State and
the United States, executed thereunder.”

APPLICATION NO, 4624, dated November 11, 1915, is in the name of John H.

Lewis, State Engineer, for a permit to appropriate the waters listed in the
above withdrawal.

P——

. N
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WHITE RIVER AND ITS TRIBUTARIES, TRIBUTARY OF THE DESCHUTES RIVER,
TO BE STORED IN CLEAR LAKE RESERVOIR

"l, John H, Llewis, State Engineer of the State of Oregon, in accordance with
the authority vested in me by virtue of Chapter 87, laws of Oregon for 1913,
do hereby withdraw and withhold from appropriation on behalf of the State
of Oregon all unappropriated waters of White River and its tributaries,
tributary of the Deschutes River, to be stored in Clear Lake Reservoir
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for irrigation, power and domestic purposes, which may be required for
the project under investigation or to be investigated under the provisions
of said Act and that certain contract between the United States of America,
by Franklin K. Llane, Secretary of the Interior, and the State of Oregon by
John H. Llewis, State Engineer, approved by Oswald West, Governor, on
the 5th day of May, 1913, executed thereunder.

"Dated this 11th day of November, 1915,
/s/ JOHN H. LEWIS
John H. Llewis,
State Engineer of the State of Oregon.”

"It is the purpose of this instrument to withdraw and withhold from general
oppropriation any unappropriated waters of the above named streams for
the use and benefit of the irrigation project known as the Tygh Valley-
Wanmic Irrigation Project, which is to be jointly investigated under the

provisions of said Chapter 87, laws of 1913, and the contract between the
State and the United States, executed thereunder.”

[ )

APPLICATION NO. 4625, dated November 11, 1915, is in the name of John H.
Lewis, State Engineer, for a permit to construct a reservoir and to store the
waters listed in the above withdrawal,

HOOD RIVER, EAST FORK OF HOOD RIVER AND THEIR TRIBUTARIES IN THE
VICINITY OF MT. HOOD, ZIG ZAG RIVER, LITTLE ZIG ZAG RIVER, SAND
CANYON, SAIMON RIVER, STILL CREEK AND OTHER TRIBUTARIES OF SALMON
RIVER AND ZIG ZAG RIVER IN THE VICINITY OF MT. HOOD, WARM SPRINGS
RIVER, BADGER CREEK, BEAVER CREEK AND OTHER TRIBUTARIES OF WARM
SPRINGS RIVER

"l, John H. Llewis, State Engineer of the State of Oregon, in accordance with
the authority in me by virtue of Chapter 87, Laws of Oregon for 1913, do
hereby withdraw and withhold from appropriation on behalf of the State of
Oregon, all unappropriated water of Hood River, East Fork of Hood River
and their tributaries in the vicinity of Mt, Hood, Zig Zag River, Little
Zig Zag River, Sand Canyon, Salmon River, Still Creek and other tributaries
of Salmon River and Zig Zag River in the vicinity of Mt. Hood, Warm Springs
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River, Badger Creek, Beaver Creek and other tributaries of Warm Springs
River, either by direct flow or by storage, for irrigation, power and l
domestic purposes, for the reclamation of the lands in the White River

Project which was investigated under the provisions of said At and that :
certain contract between the United States of America, by Franklin K. ]
lane, Secretary of the Interior and the State of Oregon, by John H. lewis,

State Engineer, approved by Oswald West, Governor, on the 5th day of =
May, 1913, executed thereunder, or for the reclamation of lands on the ]
Fifteen Mile Creek Project in Wasco County, to be investigated hereafter

as further information may demonstrate to be feasible and practical. ]

"Dated this 5th day of September, 1917.
/s/ JOHN H. LEWIS 1

John H, lewis,

State Engineer of the State of Oregon.”

"It is the purpose of this instrument to withdraw and withhold from general
appropriation any unappropriated waters of the above named streams for
use and benefit of the irrigation project known as the Tygh Yalley-Wamic
Irrigation Project, which is designated in the Cooperative Report as the
White River Project, which was investigated under the provisions of said
Chapter 87, Laws of 1913, and the contract between the State and the
United States, executed thereunder, or for the reclamation of lands on
the Fifteen Mile Creek Project in Wasco County, to be investigated here-
after as further information may demonstrate to be feasible and practical.”

5\ X ‘N’S'
o

i R

APPLICATION NO, 5728, dated September 5, 1917, is in the name of John H.
Lewis, State Engineer, for a permit to appropriate the waters listed in the
above withdrawal.

“‘ v’lw i iv ﬁ%luwi \i

DESCHUTES RIVER AND ITS TRIBUTARIES
"WHEREAS, the State Engineer has heretofore withdrawn from appropriation
under the provisions of Chapter 87, Laws of Oregon for 1913, certain un-

appropriated waters of the Deschutes River; and

"WHEREAS, subsequently certain allotments were made of said withdrawn
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waters for storage in Benham Falls, Crane Prairie, ond Odell lake Reser-
voirs; end

"WHEREAS, it appears that certain other reservoir sites may be found feasible
and practical for the storoge of said water; and

"WHEREAS, it may be desirable to store the waters of the Deschutes River
in certain reservoirs now being investigated,

"NOW, THEREFORE, reserving to the State all rights which they may now
have for the storage of the waters of the Deschutes River under prior with-
drawals in reservoirs to which said water was allotted or in other sites,

"I, CHAS. E. STRICKLIN, State Engineer of Oregon, do hereby withdraw
and withhold from appropriation on behalf of the State of Oregon the regulor
flow of the Deschutes River and the water to be stored in the reservoirs now
being investigated by the U, S. Reclamation Service on the Deschutes River
above Bend to the extent of 900, CO0 acre-feet for irrigation, power and

domestic purposes, in accordance with authority vested in me by virtue of
Chapter 87, laws of Oregon for 1913,

"Dated this 22nd day of November, 1934,
/s/ CHAS. E. STRICKLIN
CHAS. E. STRICKLIN,

State Engineer.”

APPLICATION NO. 15631, dated November 22, 1934, is in the name of Chas,

E. Stricklin, State Engineer, for a permit to construct a reservoir and to
store the waters listed in the above withdrawal,

DESCHUTES RIVER AND ITS TRIBUTARIES

"WHEREAS, the State Engineer has heretofore withdrawn from appropriation

under the provisions of Chapter 87, Laws of Oregon for 1913, certain un-
appropriated waters of the Deschutes River; and

"WHEREAS, subsequently certain allotments were made of said withdrawn
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waters for storage in Benham Falls, Crane Prairie, and Odell Lake Reser-
voirs; and

"WHEREAS, it appears that certain other reservoir sites may be found feasible

and practical for the storage of said water; and

"WHEREAS, it may be desirable to store the waters of the Deschutes River in

certain reservoirs now being investigated,

"NOW, THEREFORE, reserving to the State all rights which they may now
have for the storage of the waters of the Deschutes River under prior with-
drawals in reservoirs to which said water was allotted or in other sites,

"I, CHAS. E. STRICKLIN, State Engineer of Oregon, do hereby withdraw

and withhold from appropriation on behalf of the State of Oregon the regular

flow of the Deschutes River and the water to be stored in the reservoirs now
being investigated by the U. S. Reclamation Service on the Deschutes River
above Bend to the extent of 900, 000 acre-feet for irrigation, power and
domestic purposes, in accordance with authority vested in me by virtue of
Chapter 87, Laws of Oregon for 1913,
"Dated this 22nd day of November, 1934.

/s/ CHAS. E. STRICKLIN

CHAS. E. STRICKLIN,

State Engineer.”

APPLICATION NO, 15632, dated November 22, 1934, is in the name of Chas,

E. Stricklin, State Engineer, for a permit to oppropriate the waters listed
in the above withdrawal.
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PROGRAM BY STATE WATER RESOURCES BOARD

"In the matter of formulating an integrated,
coordinated program for the use and control

)

) Lower Deschutes Basin
of the water resources of the lower Main )

)

)

Stem Deschutes River, Lower Metolius, and November 25, 1959
Lower Crooked Rivers.

"WHEREAS the State Water Resources Board under the authority of ORS 536. 300 has
undertaken a study of that portion of the Deschutes River including the main stem of
the Deschutes River from its confluence with the Columbia River to river mile 120.0

as shown in U.S.G.S. Water Supply Paper 344; the main stem of the Crooked River
from its confluence with the Deschutes River to river mile 6.5 as shown on U.S.G. S.
Plans and Profiles, 1926; and the main stem of the Metolius River from its confluence
with the Deschutes River to river mile 13.0 as shown in U.S.G. S. Water Supply Paper
344,

"WHEREAS in this study consideration was given to means and methods of augmenting
such water resources, existing and contemplated needs and uses of water for domestic,
municipal, irrigation, power development, industrial, mining, recreation, wildlife
and fish life uses, and for pollution abatement as well as other related subjects in-
cluding drainage, reclamation, and flood control; and

"WHEREAS as a result of said study the following findings have been reached by this
Board:

"1. Recreation uses represent and will continue to bring substantial benefits
to the state.

"2. Fish and wildlife uses represent and will continue to bring substantial
benefits to the state.

"3. Hydroelectric power production utilizing the waters of the Deschutes River
and its tributaries between river mile 100, 0 and river mile 120.0 will

bring substantial benefits to the state,

"4. Domestic use does not represent a significant quantity either for existing
or presently contemplated needs.

"5. Mining use does not represent a significant quantity either for existing or
presently contemplated needs.

"6. Municipal use is not a significant factor for either existing or presently
contemplated needs.
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“8.

"10.

Pollution abatement is not a significant factor for either existing or
presently contemplated needs.

Industrial use is not a significant factor for either existing or presently
contemplated needs.

Irrigation use is not a significant factor for either existing or presently
contemplated needs.

Drainage and reclamation of drained lands are not existing or presently
contemplated factors in water use.

"CONCLUSION

”I.

The maximum beneficial use of that portion of the main stem of the
Deschutes River from its confluence with the Columbia River to and in-
cluding river mile 100, 0, is for recreation, fish and wildlife purposes
and no appropriations of water in this area shall be permitted except
for domestic, livestock, recreation, fish and wildlife uses.

The hydroelectric potential from river mile 100,0, main stem Deschutes
River, to river mile 120,0, main stem Deschutes River, should be uti-
lized. Such utilization is hereby encouraged for any properly state and
federal licensed hydroelectric projects commensurate with multiple-purpose
use for recreation, fish and wildlife, and constructed and operated in
accordance with plans approved by the State Water Resources Board.
Projects constructed for hydroelectric power purposes must include regu-
lation facilities as needed to minimize river flow fluctuations resulting
from such project operation in order to protect downstream recreation,
fish and wildlife values and must be so operated as to provide minimum
pool fluctuations during the recreation season while maintaining minimum
perennial flows downstream,

The waters of the Crooked River from its confluence with the Deschutes
River to river mile 6.5 may be utilized for hydroelectric purposes com-
mensurate with multiple-purpose use for recreation, fish and wildlife,

The waters of the Metolius River from its confluence with the Deschutes

River to river mile 13,0 may be utilized for hydroelectric purposes com-
mensurate with multiple-purpose use for recreation, fish and wildlife.
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Projects to utilize the aforementioned waters must be approved by the
State Water Resources Boord.

Water rights acquired for hydroelectric projects constructed for the purpose
of utilizing the waters of the Deschutes, Metolius, and Crooked Rivers
must be subordinate in priority to all existing and future upstream bene-
ficial uses of water except for hydroelectric power.

"NOW THEREFORE BE IT RESOLVED that this Board hereby adopts the following pro-
gram in accordance with the provisions of ORS 536. 300 (2) relating to the waters of
the lower main stem Deschutes River, lower Metolius, and lower Crooked Rivers:

The maximum beneficial use of that portion of the main stem of the
Deschutes River from its confluence with the Columbia River to and in-
cluding river mile 100.0 is for recreation, fish and wildlife purposes and
no appropriations of water in this area shall be permitted except for
domestic, livestock, recreation, fish and wildlife uses.

The maximum economic development of the state and the attainment of
the highest and best use of the waters of the lower main stem Deschutes
River from river mile 100.0 to river mile 120.0 and the attainment of an
integrated and balanced program for the benefit of the state as a whole
will be achieved through utilization of the aforementioned waters for
domestic, livestock, hydroelectric power, fish, wildlife, and recreation
purposes and the aforementioned waters of the main stem Deschutes River
are hereby so classified.

The maximum economic development of this state and the attainment of

the highest and best use of the waters of the lower main stem Crooked
River from its confluence with the Deschutes River to river mile 6.5 and
the waters of the main stem of the lower Metolius River from its confluence
with the Deschutes River to river mile 13,0 will be attained through uti-
lization of such waters for domestic, livestock, hydroelectric power, fish,
wildlife, and recreation purposes and the aforementioned waters of the
lower main stem, Crooked River, and lower main stem, Metolius River,
are hereby so classified.

Applications for the use of such water shall not be accepted by any state
agency for any other purpose and applications for such other purposes are
daclared to be prejudicial to the public interest and the granting of appli-
cations for such other uses would be contrary to the integrated, coordinated
program for the use and control of the water resources of the state,
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"E. Water rights acquired for structures or works for the utilization of the
waters for hydroelectric purposes shall be subordinate to all present and
future upstream beneficial uses of water except for hydroelectric power.
Structures or works for the utilization of the waters in accordance with
the aforementioned classifications are also declared to be prejudicial to
the public interest unless planned, constructed, and operated in confor-
mity with the applicable provisions of ORS 536. 310 and any such structures
or works are further declared to be prejudicial to the public interest which
do not give proper cognizance to the multiple-purpose concept.

"Done and dated this 25th day of November, 1959,

STATE WATER RESOURCES BOARD

/s/ DONEL J. LANE

By

]

Donel J, Lane, Secretary”

£ ’ \‘“1‘
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Ave,
BIM
BM

Br.
Can.
ofs, CFS
Co.
Const.
Cr.

DA
DCMID

Dept.
Des.
Dist,

Dom.

{ F.
Fig.

Fk.

[’1 { ' ft.
N G.
, gpd
r gpm

' Hol,

[f Impr.
# Inc.

Ind.

rrig.

Jet,

KWH
L
Max,
Mdw.
mgd

ABBREVIATIONS

acre

average

Bureau of land Management

Board Measure

branch, bridge

canal, canyon

cubic feet per second

county

Construction

creek

drainage area

Deschutes County Municipal
Improvement District

Department

Deschutes

District

domestic

east

Fahrenheit

figure

fork

feet, foot

gulch

gallons per day

gallons per minute

head

Hollow

Improvement

Incorporated

industrial, industries

irrigation

junction

kilowatts

kilowatt hours

little, loke

maximum

Meadow

million gallons per day

AND
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mi
Min,
Mt,
Min,
Mun.
M.P,
msl, MSL
N.
No.
nr.
Ore.
OSHD

Pt.
P.O.
Pow.
ppm
Q
quad
R.
Rec.
Res.
Res'rs.
Riv.
R.S.
S.
Sec.
Ser.
z
Spr.
Sq. Mi.
SWRB
T.
USFS
USGS

w,
WSP

mile

mining, minimum

mount

mountain

municipal

municipal park

mean sea level

north

number

near

Oregon

Oregon State Highway
Department

point

post office

power

parts per million

rate of flow

quadrangle

range, river

Reclamation, recreation

reservoir

reservoirs

river

ranger station

south

section

Series

sigma (o summation)

spring

square mile

State Water Resources Board

township

United Stutes Forest Service

United States Geological
Survey

west

water supply papers




APPROXIMATE HYDRAULIC EQUIVALENTS

| acre foot

= g volume | ocre in area and | foot in depth

= 326,000 gallons
= 43,560 cubic feet
= 0,5 cubic feet per second for 1 day

I cubic foot per second
falling 8. 8 feet will produce 1 horsepower”
falling 11. 8 feet will produce 1 kilowatt”
= 7.5 gallons per second
= 450 gallons per minute
= 2.0 acre-feet per day
= 650, 000 gallons per day

I inch per day

= 0, 04 cubic feet per second per acre
27 cubic feet per second per square mile
19 gallons per minute per acre

i

]

I inch per hour
= 1,0 cubic feet per second per acre
= 640 cubic feet per second per square mile
= 450 gallons per minute per acre

I million gallons per day

690 gallons per minute
1.5 cubic feet per second
3.0 acre-feet per day

H

H

l!

* theoretical for water at standard conditions
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