WATER-POWER RESOURCES OF THE UMPQUA RIVER
AND ITS TRIBUTARIES, OREGON

By Bexsamix E. Jones and Harorp T. STEARNS

PREFACE

The following observations were made by the Secretary of the
Interior in his report to the President for the fiscal year ended
June 30, 1928:

The new business policy for administering the national domain began to
take shape about 20 years ago, but its evolution continues. Its keynote has
been to put to the best possible use whatever remains in public ownership—
wise utilization of land, whether agricultural or mineral, grazing or irrigable,
forest or power site. Such a policy predicates scientific land classification.
* * * The laws providing for leasing lands that are chiefly valuable for
the mining of coal, oil, gas, phosphate, or potash or the generating of water
power likewise recognize scientific classification of the Nation’s lands as an
integral part of public-land administration. At its start, half a century ago,
the land classification was necessarily of the nature of a general and quali-
tative survey of the national domain, but the Interior Department engineers
have been putting their investigations on a more and more detailed and exact
basis, until now they seek to afford a quantitative determination of every
natural resource that gives value to the publicly owned lands. Only with the
facts at hand as to the relative worth and possible use of these lands is it
possible to administer properly the land laws of to-day and to propose more
advanced laws for to-morrow., * * *

Foremost among the present-day activities of the Government in planning
for the future is its handling of the resources that represent the energy supply.
A national inventory of tons of coal, barrels of oil, and second-feet of water
is a measure of the potential aid that will be ready for American workers of
the future. With the present realization that the limit to be placed on indus-
trial progress is likely to be fixed by the amount of power available for doing
man’s work, it is a plain duty to safeguard the future with a business-like
policy in developing these stores of oil and coal and in wutilizing these power
sites.

An indication of the extent to which use is now being made of
the water power and mineral resources under permit or lease from
‘the Government is furnished by the following statements:

Out of a total of more than 18,000,000 horsepower of water power
now developed in the United States, more than 4,500,000 horsepower
is developed on public lands or navigable streams and is being oper-
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ated under authorization of the Federal Government. From the
passage of the mineral leasing law in 1920 until June 30, 1928,
197,000,000 barrels of oil have been produced from public lands under
Government lease or permit, of which more than 23,000,000 barrels
were produced during the fiscal year ending June 30, 1928. During
the same period nearly 13,000,000 tons of coal were mined from leased
public lands, of which about 8,000,000 tons were produced in the
fiscal year ended June 30, 1928.

One of the chief uses of water is for the generation of power, and
this use involves the lands adjacent to the stream. Public lands that
would be used in the development of the water-power resources are
therefore classified as power-site lands. Lands classified in this way
are either retained wholly in Federal ownership, if early develop-
ment seems probable, or they may be opened to entry under the
homestead and other settlement laws and the surface title disposed
of, the right being reserved to the Federal Government or its
permittees or licensees to use the land for development of power
upon payment for damages to improvements.

The power-site value of each individual tract of public land
depends upon the use that would be made of that tract if the
river system were developed as a whole in an efficient and economical
manner. Scientific classification of any tract of land with respect
to power therefore requires a study of the river as a whole, including
the tributaries, and the formulation of a comprehensive plan of
development.

Such studies are regularly made by the United States Geological
Survey in its task of making an inventory of the water resources of
the public lands, but much basic work must be done before such
studies can be made intelligently and adequate plans of development
can be formulated. Gaging stations to measure the stream flow must
be established and maintained for a period of years and river sur-
veys and maps must be made.

In the light of information so obtained an outline of a compre-
hensive plan of development for the whole stream is prepared, and
later the suggested plan can be perfected by detailed field work, such
as the selection, engineering, and geologic examination and survey
of dam sites, reservoirs, and other critical features.

A plan for development, which may include one or more alterna-
tive schemes is then formally outlined in a report that is essentially
a compilation and study of all the data previously collected. On the
basis of such reports the public lands are classified as to their
probable use for power, whether for conduits, reservoirs, dams,
power houses, or other possible uses, all practicable alternative
schemes of development being taken into consideration. Though any
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plan of development proposed must be regarded as tentative in detail
and subject to modification in the light of further and more intensive
studies made as a preliminary to construction, such a tentative plan
can be used with assurance as a basis for estimating the potential
power of the river, for locating the principal concentrations of
potential power, and for guiding further studies undertaken for the
purposes of actual development.

In connection with the classification of the public lands a number
of reports have been prepared by the Geological Survey, outlining
schemes of development for certain rivers, and though intended
primarily for official use, it has seemed advisable to make many of
them available for general public use.

In general, these reports contain information on geography,
geology, physiography, water supply, river control, water-power
sites, and market for power.

In these reports the conditions in the whole river basin are con-
sidered under geography, geology, and physiography. The same
subjects are treated more in detail in the description of the individual
power sites. Under water supply the records of run-off for the
river and tributaries are summarized and analyzed. Under river
control reservoir sites are described, capacity curves are drawn, and
the effect of storage on stream flow is estimated. A summary is
prepared, showing the additional horsepower that can be developed
through storage and the benefits to irrigation, navigation, and flood
protection. Developed water-power sites are described only briefly.
In manuscript reports undeveloped sites are described in detail if
they are of sufficient importance to justify it, and in published
reports this information is summarized. The water supply with and
without storage for 50 and 90 per cent of the time is stated, and
pondage is discussed.

‘A feasible method of development is outlined, the head available
is estimated, and the horsepower -available 50 and 90 per cent of the
time is computed by using the formula HP=0.08 QH, in which Q
is the discharge in second-feet and H is the static head in feet. This
formula is based on an average over-all efficiency of 70 per cent. The
market for electric power is discussed very briefly. The distances to
the nearest large cities are usually given, and some reference is made
to the companies supplying the market at the time of the preparation
of the report. A detailed study of rates, competition, and probable
earning capacity is not attempted. The reports may also contain
recommendations, which usually refer to the best use of the govern-
ment lands involved and to questions of interference between power
and other uses of the water. Tables and curves used in analyzing
the water supply and computations are given in the appendix to
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manuscript reports but usually are not published. Funds are avail-
able for the publication of only a small number of reports yearly.
For this reason the policy of the Geological Survey is to publish only
a few general reports and brief summaries of smaller reports. The
results of reconnaissance river surveys are not published, but white
prints of the maps are included in the power reports on the area
surveyed and can be supplied at cost to anyone interested.

At present about 17,000 miles of river courses have been surveyed
by the Geological Survey, and maps of many dam sites and reservoir
sites are on file in the office at Washington. Most of these surveys
are listed in Water-Supply Paper 558, “ Preliminary index to
river surveys.” In addition to the river surveys the standard topo-
graphic maps are of great value in studying reservoir possibilities,
drainage areas, possible diversions from one drainage basin to an-
other, and other features relating to power. From 1895 to 1928,
roughly, 32,000 station-years of stream-flow records were obtained.
The Geological Survey has published 44 reports on water power and
river surveys and its files contain several hundred manuscript reports,
of which about 40 are open to public inspection.

This report on the water-power resources of the Umpqua River,
Oreg., is representative of the reports prepared in connection with
the classification of the public lands. The plan of development out-
lined is believed to be feasible, and it shows the potential power
of the stream. Probably in the actual development of the power
resources there will be considerable departures from the plan here
presented, but this plan and the estimates based on it may be used
as a basis to determine how much power, if any, is sacrificed by any
alternative plan which may be proposed as financially preferable.

Topographic maps of the main river, with detailed maps of pro-
posed dam sites, have been made by C. W. H. Nessler, C. P. Mc-
Kinley, and R. B. Kilgore, of the topographic branch, and R. O.
Helland, of the conservation branch. Geologic examinations were
made at many sites by H. T. Stearns, who spent about one month in
the field during the summer of 1926. Gaging stations to determine
the discharge of the rivers have been maintained by the water-
resources branch under F. F. Henshaw and G. H. Canfield, district
engineers, at a number of stations listed elsewhere in this report.
Many miscellaneous stream-flow measurements have been obtained,
and several temporary gaging stations were maintained during the
low-water period of 1924. A field examination of the river basin,
with more detailed examinations of the different sites, was made by
B. E. Jones and R. O. Helland during a period of about five months
in 1924 and 1926. All the data gathered in these ways have been
combined and studied to determine a feasible method of developing
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the power resources of the basin, and the results are given in this
report.

The California-Oregon Power Co. has cooperated by paying the
cost of maintaining certain gaging stations and by making available
the logs of drill cores obtained at Rock Creek and Boundary dam
sites. Previous reports on the water power of the Umpqua River by
E. C. LaRue, formerly hydraulic engineer of the United States
Geological Survey, and Leonard Lundgren, district engineer of the
United States Forest Service, and the recommendations of F. F.
Henshaw, formerly district engineer of the United States Geological
Survey, have been drawn upon in the preparation of this report.

The following maps, published and for sale by the United States
Geological Survey, show the topography of most of the areas cov-
ered by this report and will be valuable in any detailed study of the
power projects outlined. They are priced at 10 cents a sheet.

Plan and profile of Umpqua River above Scottsburg, North Umpqua River
and tributaries, in 5 plan sheets (see key map on pl. 15) and 4 profile sheets.

Miscellaneous reservoir and dam sites, Umpqua River above Scottsburg, North

Umpqua River and tributaries, in 7 sheets.
Diamond Lake, Riddle, and Roseburg topographic maps, each one sheet.

SUMMARY

The Umpqua, North Umpqua, and Clearwater Rivers are valuable power
streams with large fall and well-sustained flow, and the Umpqua and North
Umpqua have possibilities for storage. Mill Creek, a tributary of the Umpqua
River, has possibilities for storage and a concentrated fall, so that it also is
valuable for power. The South Umpqua River and Steamboat Creek, a tribu-
tary of the North Umpqua, have some potential power value, but it is ques-
tionable whether the sites on these streams can ever be economically utilized.
Rock Creek and the Little River, both tributary to the North Umpqua River;
Cow Creek, a tributary of the South Umpqua River; and Elk Creek, a tribu-
tary of the Umpqua River, have little value for power.

There is but one developed site in the Umpqua River Basin, a plant of 1,900
horsepower on the North Umpqua River at Winchester, near Roseburg. Pro-
posed sites at Rock Creek, Boundary, Toketee Falls, and Lemolo Falls on the
North -Umpqua River and on the lower Clearwater River are being investigated
by the California-Oregon Power Co. under a permit from the Federal Power
Commission.

The scheme of utilization proposed in this report contemplates the storage
of 30,000 acre-feet of water in Diamond Lake and the storage of 422,000 acre-
feet of water in the Coles Valley Reservoir, on the Umpqua River below the
junction of the North and South Umpqua. Some additional power could also
be obtained by drawing down the head at dam sites on the Umpqua and North
Umpqua Rivers.

Twenty-two power sites are proposed for the Umpqua and North Umpqua
Rivers. (See pl. 15.) The total potential power at these sites without storage
is 214,000 horsepower for 90 per cent of the time and 473,000 horsepower for
50 per cent of the time, With storage, the sum of the estimated potential
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power at the individual sites is 302,000 horsepower for 90 per cent of the time
and 446,000 horsepower for 50 per cent of the time. But if all plants were
operated as one system a minimum output of about 350,000 horsepower could
be obtained in an ordinary year. In 1926, under the assumed conditions of
operation, a minimum output of 283,000 horsepower could have been obtained.
These estimates of potential power with storage assume that the Perdue and
Days Creek reservoirs on the South Umpqua River would also be built.

The reservoir sites on the North Umpqua River at Toketee Falls and Poole
Creek, if found to be feasible, might add as much as 100,000 horsepower to the
potential power of the basin for 90 per cent of the time. Power from water
stored at these sites has not been included in the estimates in this report.

Fifteen power sites are proposed on the South Umpqua River and Fish Lake
Creek, including the two proposed reservoirs at Perdue and Days Creek. The
total potential power at these sites without storage amounts to 8,300 horse-
power for 90 per cent of the time and 61,000 horsepower for 50 per cent of the
time. With storage in the Fish Lake, Perdue, and Days Creek reservoirs, the
potential power is 20,000 horsepower for 90 per cent of the time and 62,000
horsepower for 50 per cent of the time.

Eleven power sites are proposed on tributaries of the Umpqua and North
Umpqua Rivers. The potential power without storage at these sites amounts
to 21,000 horsepower for 90 per cent of the time and 39,000 horsepower for
50 per cent of the time. With storage, the potential power is 32,000 horse-
power for 90 per cent of the time _énd 41,000 horsepower for 50 per cent of the
time.

The total potential power of the Umpqua River Basin without storage is
243,000 horsepower for 90 per cent of the time and 573,000 horsepower for 50
per cent of the time. With storage the total potential power can be increased
to 354,000 horsepower for 90 per cent of the time and 549,000 horsepower for
50 per cent of the time. With unified operation the power available 90 per
cent of the time could be increased in an average year to more than 400,000
horsepower, of which 350,000 horsepower would be on the Umpqua and North
Umpqua Rivers, 15,000 horsepower on the Clearwater River, and 9,000 horse-
power on Mill Creek.

Table 1 summarizes the data for the developed site at Winchester and the
undeveloped power sites in the Umpqua River Basin.



TaBLE 1.—Power sites in Umpqua River Basin
[Estimates of power based on static head and over-all efficiency of 70 per cent]
Developed power site

‘With existing flow ' ‘With regulated flow e
Flow (second- Horsepower Flowfe(:g:ond- Horsepower
[ Index No. Name Stream Gross
head hInstalled
(H) 90 per | 50 per Orsepower | o per | 50 per
(feet) | cent of | cent of | ¢ sgErQo | 0.08HQ50 cent of | cent of | 0.08HQ90 | 0.08HQ50
( g&‘)’) ¢ (3”51(‘;') time | time
12.RB 17 .. ‘Winchester. North Umpqua River.___. 12 960 | 2,420 922 2,320 1,900 | 1,520 | 2,570 1,460 2,470
Undeveloped power sites on North Umpqua and Umpqua Rivers
‘With existing flow ‘With regulated flows
Flow (second- Flow (second-
Ie(et) Horsepower feet) Horsepower
Index No. Name Stream Gross Gross
head o }:zeﬁa;i
(H) | 90 per | 50 per 9%
per | 50 per
et | cent of | cent of | o0gr Qo0 | 0.08HQs0 | U°¥H | centof | cent of | 0.08H1Q90 | 0.08HQ50
(Q90) | (Q50) time | time
Kelsay .- oo North Umpqua River ____ 300 300 450 7,200 10, 800 300 275 440 6, 600 10, 600
Lemolo Falls__ d 750 320 500 19, 200 30, 000 750 295 460 17,700 27, 600
Potter Creek._ 250 b 360 550 7,200 11, 000 250 360 515 7,200 10, 300
Loafer Creek__ 200 5370 575 5,920 9, 200 200 375 538 6, 000 8, 600
Bridge- ... 220 460 700 8,100 12, 300 220 500 638 8, 800 11, 200
Toketee Falls. 260 650 | 1,000 13, 500 ), 260 724 875 15,1 18, 200
-| Bradley. 180 700 | 1,100 10, 100 15, 800 180 750 925 10, 800 13,300
Soda Springs. 275 7751 1,300 17,600 28, 600 () 979 | 1,100 16, 22,000

a Estimates of flow and potential power with regulation are based on 1925 discharge.
3 \Ff‘mimtfited from measurements above Lake Creek below Lemolo Falls and at Toketee Falls.
¢ Variable.
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TaBLE 1.—Power sites in Uﬂipqua River Basin—Continued

Undeveloped power sites on North Umpqua and Umpqua Rivers—Continued

With existing flow ‘With regulated flow
Flow;e(es:)cond- Horsepower F low;e(es:)cond- Horsepower
Index No. Name Stream Gross . Gross
Aree i
90 per per 90 per | 50
(feet) | cent of | cont of | ¢ ogrrQoo | 0.08HQs0 | 4% | cent of | cent of | 0.08HQ90 | 0.08HQ50
(Q90) | (Q50) time. | time
Copeland .. __..._________.___ North Umpqua River_.__ 290 825 | 1,400 19, 100 32, 400 Ec 1,020 | 1,280 18, 900 32,400
Steamboat - _..do. — 190 850 | 1,500 12, 900 22, 800 G 1,050 | 1,320 11, 900 20, 100
Boundary__ _.-.do. 225 890 | 1,800 16, 000 32, 400 (c 1,450 | 1,950 18, 200 , 400
Clark Ranch N do - 110 900 | 1,950 7, 900 17,200 (e, 1,460 | 1,980 11, 000 17, 200
Rock Creek do. - 120 900 | 2,000 8,640 19, 200 120 | 1,460 | 1,980 14,000 19, 000
Glide. o ]as do. 60 950 | 2,400 4, 560 11, 500 () 1,520 | 2,300, 7,200 10, 700
Horseshoe Bend do. 90 950 | 2,400 6,830 17,300 c 1,520 | 2,400 10, 900 16, 200
Creek . do. 70 955 | 2,410 5,350 13, 500 < 1,530 | 2,470 8, 570 12, 800
Winchester...... do. 80 960 | 2,420 6,140 15, 500 < 1,520 | 2,570 9, 700 14, 900
Pacific Highway - Lo (o 20 960 | 2,420 1, 540 3,870 20| 1,520 | 2,570 2,420 4,120
‘Wolf Creek or Coles Valley___|_.__. A0 145 | 1,150 | 4,620 13,400 , 600 ée) 3,500 | 5,150 , 500 45, 000
Kellogg.... —e—do____ 70| 1,150 | 4,620 6, 440 25, 900 <) 3,500 | 4,910 19, 600 25, 800
Smith Ferry._ do 94| 1,150 | 4,620 8, 640 34,700 94 | 3,500 | 4,910 26, 300 36, 900
Kelley’s Smith Ferry........_|..... do_ . 85| 1,150 | 4,620 7,820 31, 400 () 3,500 | 5,950 , 800 , 900
_| Sawyer Rapids_.... do - 59| 1,160 | 4,750 5,480 22, 400 59| 3,500 ! 5,950 16, 500 28,100
Scottsburg..__..._.__ -do 100 | 1,160 | 4,800 9,270 , 400 (<) 3,530 | 6,360 23,700 3
Total (excluding sites 22 4,090 214,110 473,470 301, 790 446, 320
and 24).
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Undeveloped power sites on tributaries of North Umpqua and Umpqua Rivers

12RB 26.__.__ Lake Creek No. 1____.________ Lake Creek 480 20 45 768 1,730 480 | (9) (9 (d;
12RB 27. .| Lake Creek No.2_._.__ N do. R 225 22 50 396 900 225 2"; d) 9) (d
12RB 28 -| Lake Creek No. 3. _..._____{-.._. do. 325 27 60 702 1, 560 325 é d) *2 (2
12RB 29. | Lava Creek.___ ... __._______ Lake Creek-Bear Creek.._| 1,180 25 60 2,360 5, 660 1,180 (9) d) (
12RB 30. -| Clearwater River.___._.._.___ Clearwater River...._ 1,420 135 185 15, 400 21, 000 1,420 165 185 18,800 21, 000
12RB 31_ -| Fish Creek____________________ Fish Creek. 4L 28 60 2,370 5,080 1, 060 28 60 2,370 5,080
12RB 32. _| Upper Steamboat Creek._..__ Steamboat Creek: 100 20 100 160 800 100 20 100 160 800
12RB 33. _| Steamboat Falls_______ _do. 105 21 105 176 882 105 21 1056 176 882
12RB 34 -| Lower Steamboat Creek.______|.____ [ S 190 22 110 334 1,670 190 22 110 334 1,670
12RB 50.__._. Loon Lake. e oo coooo_._ Mill Creek_____-o____._.__ 314 117 151 , 940 (G) 263 277 7,570 7,980
12RB51______ Mill Creek _.do 85 10 200 68 1,360 85 267 360 1,810 2,440
12RB 52__.._. Lake CreeK...__oo_ocoooo_____ Lake Creek.____._._..___.__ 127 3 58 30 590 () 124 162 894 1, 460
Total (excluding Lava : 20, 555 38,512 32,114 41,312
Creek site).
Undeveloped power sites on South Umpqua River -
12RB 35 _| Fish Lake Fish Lake Creek._.___.____ 1,264 1.5 10 152 1,010 1, 264 15 15 1,520 1, 520
12RB 36 Black RocK. .o oo South Umpqua River__.__ 67 10 51 54 273 67 56 1 300
12RB37____.. South Umpqua Falls do. 347 20 104 556 2, 890 347 33 109 917 3,020
12RB38._____ Boulder Creek. do. R 195 25 146 390 2,280 195 35 150 546 2,320
12RB39._____ Dumont - - do. 65 38 250 198 1,300 65 48 250 250 1,300
12RB40._.___ Deadman Creek.__ do. 175 45 300 630 4, 200 175 55 300 770 4, 200
12RB41______ Tiller. . -do 160 75 600 960 7,680 160 85 600 1,090 7,680
12RB42______ Coffee Creek do. 80 80 650 512 4,160 80 90 650 576 4,160
12RB43______ Perdue... - |eeo_ do. 100 85 700 680 5, 600 (¢ 250 700 ¢ 800 5, 600
12RB44______ Days Creek do. 100 90 750 720 6, 000 c 425 750 ¢ 1,360 - 6,000
12RB 45 Riddle do 125 | 100 775 1,000 7,750 125 430 775 4,300 7,750
12RB46______ Myrtle Creek_ oo __|-oa_. Lo [0 70 | 125 925 700 5,180 70 435 925 2,430 5,180
12RB47______ Ruckles. do 50 | 130 940 520 3,760 50 440 940 1,760 3,760
12RB48______| Dillard do. 60 | 141 1, 000 677 4, 800 60 450 | 1,000 2,160 4, 800
12RB49______ Roseburg..- do. 50 | 141 1, 000 564 4, 000 50 450 | 1,000 1,700 4, 000
Total__. |- 8,313 60, 883 - 20, 296 61, 590

¢ Variable. . . : .

L gotal ﬂovg at Diamond Lake stbred during 7 months. Result would be increased power during low months July to November.

¢ Estimated.
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INTRODUCTION

The Umpqua River, one of the coast streams of southwestern
Oregon, flows from the Cascade Range to the Pacific Ocean. Rose-
burg, the principal city in the basin, is 199 miles by highway south
of Portland, the nearest large market for power. Power can also
be transmitted to northern California, the State boundary being,
roughly, 100 miles to the south. The Umpqua River Basin lies be-
tween the Rogue River on the south and the Willamette and Siuslaw
Rivers on the north. The upper part of the basin is mountainous
and covered with timber. In the middle part, around Roseburg
considerable agricultural land is found, and then as the river ap-
proaches the coast it again flows through a rough, hilly country.
Plate 15 shows the relative location of the basin and is an index
to the location of the power sites.

GEOGRAPHY

The Umpqua River is formed by the junction of the North and
South Umpqua, 6 miles northwest of Roseburg. The North Ump-
qua, with a drainage area of 1,300 square miles, supplies over 90 per
cent of the low-water flow. It rises in Maidu Lake, near the sum-
mit of the Cascade Range, but it is no more than a small creek until
it reaches the mouth of the Spring River, where a giant spring pours
out a continuous flow of nearly 200 second-feet. The Clearwater
River supplies another 200 second-feet during the dry summer, and
these two sources account for two-thirds of the low water flow at
the mouth of the Clearwater. The basin of the North Umpqua
River is mostly covered with timber, and the upper portion is all in
the Umpqua National Forest. The South Umpqua River has a
drainage area of 1,990 square miles, but owing to the geologic
character of the basin there is little ground storage, and during the
months of low precipitation the stream flow is so low that the
power that can be made continuously available without storage is
only a small fraction of that which can be obtained on the North
Umpqua. The cost of storage on the South Umpqua would be high,
so it will probably be many years before any considerable amount of
power is déveloped on that stream.

The principal tributaries of the North Umpqua River are Lake
Creek, at the head of which is Diamond Lake; the Clearwater River;
Fish, Steamboat, Rock, and Cow Creeks; and the Little River.
Lake Creek has a fall of 1,082 feet in 13 miles, but the discharge
is low during the summer. The Clearwater River is fed by springs
and has a large, continuous flow and the fall is 1,500 feet in 10 miles,
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making it the most valuable power stream among the tributaries.
Fish Creek, Steamboat Creek, Rock Creek, and th. Little River have
periods of low flow that prevent any large possibilities of developing
power without very expensive storage.

The tributaries of the South Umpqua River have characteristics
similar to the main stream, the long period of low flow precluding
any considerable use for power.

There are some small lakes at the head of the South Umpqua
River, but they are not large enough to be of any great value as
reservoir sites. -

The principal tributaries of the main Umpqua River are Mill
Creek and Elk Creek. For several months in summer the discharge
of Elk Creek is low and its power value is small.

Mill Creek, the outlet of Loon Lake, is a stream about 814 miles in
length, tributary to the Umpqua River at a point about 20 miles
above its mouth. Loon Lake, which covers an area of 269 acres at
low-water line, is fed by Lake Creek, a stream roughly 25 miles in
length, which has its source in the Coast Range. Loon Lake lies at
the lower end of a natural reservoir, the flooding of which would
inundate a considerable area of valuable agricultural lands. ILake
Creek, which is really the head of Mill Creek, follows a narrow
mountain valley that widens into a natural basin around Loon Lake.
The course of the combined streams throughout is on bedrock, except
for a short distance above Loon Lake. Loon Lake is said by geol-
ogists to be the result of a great mountain slide that dammed the
stream course. Above this lake the stream has little fall, but below
the lake, where it continues as Mill Creek, it drops 300 feet in a
distance of about 3 miles. Below this swift stretch the stream is
rather sluggish, dropping only 100 feet in the remaining 514 miles
of its course. The entire basin is heavily timbered except for a few
acres of marsh in the upper reservoir and except for the small area
adjacent to Loon Lake, which is open and under intensive agricul-
tural development. The ordinary mean annual run-off above Loon
Lake could be stored in a reservoir that could be created at the lake,
rendering this a valuable power stream. Diamond Lake, at the head

of Lake Creek is an ideal reservoir site, but the water supply is
deficient.

*At Coles Valley, below Roseburg, the topography is favorable for
a large reservoir, and the water supply is sufficient, but much valuable
land would be overflowed. Probably when a market for power is
available the Coles Valley Reservoir will be financially feasible.
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GEOLOGY*

A description of the geology of numerous reservoir and dam sites
examined during the investigation of sites in the Umpqua River
Basin involves mention of so many structural features, formations,
and types of rocks that a brief summary of the important events in
the geologic history of western Oregon and a description of the areal
distribution of the chief formations are given.

The known facts of the geologic history of western Oregon before
Cretaceous time are meager, for the sediments then laid down have
since been completely metamorphosed and now occur as schist, slate,
and serpentine. These rocks are exposed along the lower part of
the Rogue River in Jackson, Josephine, and Curry Counties. Dam
sites in these rocks involve no problem of leakage, and all of them
are satisfactory for foundations.

The Cretaceous period was ushered in with great intrusions of
granodiorite and other igneous rocks and extensive movements of
the crust. During Cretaceous time the northern and central parts
of western. Oregon lay below sea level, and on this area were de-
posited sediments that upon consolidation became conglomerate,
shale, and sandstone. These sediments were then subjected to con-
siderable folding, which has altered their original character and
tilted the beds at steep angles. Outcrops of these sediments are seen:
along the Illinois and Rogue Rivers in Josephine and Curry Counties.
Many of the rugged canyons and consequently the sites of large dams
and reservoirs are located in the intrusive rocks of this period. In
general these intrusive rocks form excellent sites from the point of
view of both the geologist and the engineer, and they are as a whole
better than the sites in any of the later formations. The gran-.
odiorite, diabase, and other intrusive rocks of this period cooled
under the weight of overlying sediments and consequently do not
have the porous texture and leaky contacts and joints that character-
ize so many of the later extrusive rocks. Moreover, in crushing
strength the intrusive rocks are usually equal to granite and are
all sufficiently strong to support large structures.

The chief event during the Tertiary period was the building of
the Cascade Range by uplift and volcanic action. The Eocene, or
early part of the Tertiary, was a time of deposition and marine
invasion, during which extensive beds of sandstone and conglomerate
were deposited. Many of the dam sites on the lower Umpqua River
are in the sandstone beds of this epoch. Thick dikes and sills of ba-

1This summary of the geology is based largely upon the numerous publications of J. S.
Diller, which appear as bulleting and geologic folios of the United States Geological
Survey.
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saltic lava were intruded into the sediments, and in the outcrops of
these intrusive rocks are found many of the finest sites on the Rogue
River. 'The sites in the sedimentary rocks of this epoch are generally
good, although there may be slight leakage along bedding planes.

During the later half of the Tertiary period, marine deposition
continued over the northwestern part of the State, interrupted by
occasional periods of uplift. None of the sites described in this
report are located in the sedimentary rocks of this time. However,
this epoch together with the Pleistocene was one of the most note-
worthy periods of volcanic activity. Numerous volcanoes along
the Cascade Mountains poured forth thick flows of lava and emitted
showers of pumice. Many of these lava flows coursed down river
valleys and partly filled them. Since that time the rivers have ex-
cavated portions of these lava fills and formed narrow canyons
‘with vertical walls of lava. Most of this rock is fractured and fis-
sured and commonly covers ancient gravel beds through which im-
pounded water might escape rapidly. In places this combination
gives excellent dam sites, so far as purely physical form is considered,
but such places are treacherous for storing water because of leakage.

- The pumice deposits of this epoch cover wide areas, especially in the
vicinity of Crater Lake, and they form a thick pumice flow in the
Rogue River Valley. The misplaced drainage and concealed river
channels caused by this epoch of volcanism make reservoir sites in
these volcanic deposits hazardous. ‘

In the Pleistocene epoch the high peaks of the Cascades were
covered with glaciérs, which moved down the valleys of most of the
larger streams. During the existence of these glaciers the master
streams were overloaded with débris and aggraded their valleys.
Later erosion excavated valleys in the glacial gravel, leaving the
remnants of the fill as terraces. Some of the dam sites are in this
material and are consequently poor, because of the amount of excava-
tion necessary to reach bedrock. Diamond Lake, at the head of Lake
Creek, is an ideal reservoir site, but the water supply is deficient.

CLIMATE

The climate of the lower and central Umpqua River Basin is
mild, the temperature seldom dropping below freezing. Even at
Diamond Lake, the highest point at which there would be any works,

~ the winters are not severe, although there is considerable snow.

The amount of annual rainfall differs greatly in different parts
of the basin. Along the coast it is about 80 inches, but in the Coast

" Range, a few miles inland, it is believed to reach 100 inches. Farther
upstream, at Roseburg, it drops to 33 inches, and in the Cow Creek
Basin, south of Roseburg, it is 27 inches or less. At the higher alti-
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tudes, on the North and South Umpqua, the rainfall gradually in-
creases to 50 to 75 inches.

In this area, as in all of western Oregon, there is heavy precipita-
tion during the winter and spring, but very little in the summer and
early fall. The result is a period of low run-off on streams such as
the South Umpqua, which has little ground storage. On the North
Umpqua the flow is sustained through the dry summer months by
the discharge of large springs, which show little decrease in flow
even in very dry years.

Tables 2 and 3 summarize the records of temperature and precipi-
tation at points in or adjacent to the Umpqua River Basin.

TABLE 2.—Mean monthly and yearly temperature (° F.) in or near the Umpqua

River Basin
Month Port Orford ¢ | Roseburg | Prospect ®

January. 45.8 41.2 35.0
February. 46.4 43.4 38.4
March 47.4 47.1 42.2
April 49.2 51.0 47.0
May. 51.4 56.0 52.4
June. 55.0 62.5 58.1
July.. 58.3 67.4 65.9
August.._ 58.9 68.0 64.8
September. 57.5 62.9 57.8
October... 54.4 53.9 49.8
November. 49.4 45.9 41.9
December... 47.2 41.9 35.5

Yearly mean. .. 51.7 53.5 49.0
Minimum temperature in 1925 32 31 20
Altitude.- - - - feet. 71 510 2, 800

a Not in the Umpqusa River Basin but indicates temperature along the seacoast.
Rb In the Rogue River Basin and indicates the temperature in the mountains at head of the Umpqua
iver.

TABLE 3.—Mean monthly precipitation, in inches, in or near the Umpqua River

Basin

. : Crater

Month Gardiner | Umpqua | Roseburg| Riddle | Musick Lake o
January. 12.22 59.53 5.43 5.19 15. 00 6.69
February..._ 10. 40 6.32 4.42 3.40 7.82 6.03
March._ . 9. 96 6.24 3.45 2. 55 7.80 4.99
April__.__ 6.25 3.94 2.29 1.86 7.29 3.09
May 4.84 2.68 1.91 1.30 6.25 1.89
June. 2.70 .98 1.13 .79 5.42 1.56
July. .61 .26 .36 .48 1.06 .68
August .82 1.11 .30 .34 1.08 1.08
September. 2.76 4.42 1.22 .91 5.72 1.81
ctober. 5.34 7.87 2.52 1.92 5.11 4.66
November. . 11.28 8.97 4.63 4.41 12.55 5.28
December. 12.13 8.18 5.44 3.63 9.59 13.53
Yearly mean 79.31 60. 50 33.10 26.78 84.69 51.29
Altitude. feet. i 72 110 510 703 5,530 6,016

e 1922-1924; b 1922-1925.

FACTORS AFFECTING HYDRAULIC STRUCTURES

The small amount of ice that forms on the streams in the Umpqua
River Basin would not cause much trouble in the operation of power
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plants. The upper sections of both the South Umpqua and North
Umpqua Rivers are too steep to be used for logging, and any floating
débris could easily be removed at the dams. The rivers carry prac-
tically no silt except during floods.

Irrigation does not affect the North Umpqua River, except for
some small diversions on tributaries. The tributaries of the South
Umpqua below Tiller are used for irrigation, but their flow is small.
The summer discharge of Calapooya Creek is also used for irrigation.
The total diversions for irrigation, however, are but a small percent-
age of the summer flow of the Umpqua and North Umpqua Rivers.
On the South Umpqua River no exact figures are available, but the
extreme low flow at Brockway might be doubled if there were no
irrigation, although this is only a guess. Future requirements for
diversion will not be great, because there is little land that can be
irrigated economically from the North Umpqua and Umpqua Rivers,
and the water supply is not very great on the South Umpqua.

Tidewatcr extends up the Umpqua River as far as Scottsburg, at
the head of navigation. The first power site is just above Scotts-
burg, where the depth of the water at low stages is only about 1 foot.
The operation of the power plants would have little effect on naviga-
tion below Scottsburg, and this effect would undoubtedly be favor-
able. )

There is not much valuable agricultural land on the Umpqua
River below Coles Valley, and the cost of relocating roads and paying
for land flooded by proposed reservoirs would be only a small per-
centage of the total cost of the projects. Coles Valley and the valley
of Calapooya Creek constitute a rich agricultural area, and the cost
of storage at the Wolf Creek and Coles Valley sites will be high and
may prevent the use of the sites. On both the North Umpqua and
the South Umpqua the dams proposed would not cause excessive
damage by flooding lands or buildings.

A number of summer homes and a hotel and resort on Diamond
Lake have acquired certain rights to the use of the lake for recrea-
tion, but this use would not be precluded by the use of the lake as a
reservoir site. Possibly it would be necessary to move some of the
cottages back a short distance if the lake were raised 5 feet, but that
would be.the only expense, and it would be slight.

VARIATION IN STREAM FLOW

Records of stream flow have been obtained on the Umpqua River
at Elkton since October, 1905. Records at other points cover much
shorter periods, but the comparative run-off at Elkton for these
periods gives some idea whether the flow recorded at each station
was higher or lower than normal. Likewise the record at Elkton

47154°—30——16
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has been compared with the longer records on the Columbia River
at The Dalles and the Willamette River at Albany and with the
rainfall records. (See fig. 12.) The longest record is that for the
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Columbia River at The Dalles, which began in 1879. This record
shows three dry periods prior to 1924. The first was in 1889. For
that year few data except the record of the flow of the Columbia
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River at The Dalles are available on which to base an estimate of
the dryness. But Weather Bureau reports for 1889 state that the
year was very dry in eastern Oregon and in the lower Willamette
Valley, so it is inferred that this was not an extremely dry year in
southwestern Oregon, where the Umpqua River is situated, and the
records of rainfall bear out this inference. In 1891 the precipitation
in western Oregon was 71 per cent of the mean, and in 1924 it was 61
per cent of the mean. These rather meager facts seem to indicate that
the flow of the Umpqua River was lower in 1924 than in either 1889
or 1891. The third dry period came in 1905, and for this more
information is available. The precipitation was 91 per cent of the
mean. The run-off of the Willamette River at Albany was nearly
2 inches greater than in 1924. The Link River at Klamath Falls had
a mean annual discharge of 2,140 second-feet in 1905, as compared
with 2,230 second-feet in 1906, which was probably about the normal,
as in 1906 the mean annual discharge at Elkton was nearly normal.
In 1924 so much water was diverted from the Link River above this
point that no comparison is possible for that year. It seems probable
however, that the run-off of the Umpqua River at Elkton was greater
in 1905 than in 1924. Beginning with 1906, records are available
for the Umpqua River at Elkton.

Records on the Columbia River since 1879 and the records of
precipitation for western Oregon beginning with 1891 show that a
very dry year comes on the average once in eight years. In the
period of years beginning with 1879 the dry years were 1889, 1891,
1905, 1915, 1924, and 1926. The dryest year was probably 1924.
The record of precipitation for western Oregon also shows a con-
tinued dry period from 1915 to 1926 and an extremely dry period
from 1922 to 1926. (See fig. 12.)

The records available for the Umpqua River cover the dry period
from 1915 to 1926, and the estimates of power available are based on
the record for this period. The estimates are therefore conservative
and probably are somewhat low. From the records available it can be
assumed that a year approaching 1924 in dryness will occur once in
8 or 10 years, and that a drier year may occur only once in a long
period, possibly as long as 100 years, but that it probably will not
greatly exceed 1924 in dryness.

The records obtained on the Umpqua River near Elkton are sum-
marized in Tables 4 and 5. The Q90 flow is shown to be remark-
ably consistent, ranging from 1,020 to 1,240 second-feet, except in
1924, when it fell to 790 second- feet and in 1926, when it was 735
second-feet. The Q50 flow ranged from 3,120 to 10 ,(00 second-feet,
except in 1924, when it fell to 2,040 second-feet and in 1926, when it
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was 1,590 second-feet. The greatest recorded discharge of the Umpqua
River at Elkton was 172,000 second-feet, but the mean flow for the
day on which that stage occurred was 157,000 second-feet. The mini-
mum recorded daily discharge at Elkton was 670 second-feet in 1926.
- Prior to 1924, when it was 680 second-feet, the minimum recorded
mean daily discharge was 930 second-feet.

The mean annual discharge of the South Umpqua River at Brock-
way is roughly 1.4 second-feet to the square mile, whereas the mean
annual discharge of the North Umpqua at Winchester is roughly
2.9 second-feet to the square mile. The flow of the South Umpqua
also is more variable, the Q90 flow being 141 second-feet for the
periods 1907-1911 and 1924-1925 and the Q50 flow being 1,000 sec-
ond-feet, or seven times as great. On the North Umpqua River at
Winchester for the period 1909-1918 the Q90 flow was about 1,000
second-feet and the Q50 flow 2,850 second-feet, or 2.85 times the
Q90 flow. The sustained discharge and the fact that the low-water
flow enters the river mostly above an altitude of 2,400 feet explain
the great potential power of the North Umpqua River.

Figure 13 shows duration curves for several gaging stations in the
Umpqua River Basin.

TABLE 4.—GQeneral summary of stream-flow data of Umpqua River near Hlkton,
Oreg., 1906—-1926

Discharge in second-feet

Index of | [ndex of

Year run-off ¢ | Precipi-

Q90 Q50 Minimum | Maximum | Mean tation ¢
1,290 4, 960 1,150 61, 400 b6, 940 50.91 1.00
1,290 5 4,950 1,280 |emcmmo oo 1.21
51,220 6, 060 1,280 84, 600 b7, 860 b 1.04 1.02
1,140 4,900 990 93, 000 b 8,390 51.11 1.05
1,100 4,310 960 138, 000 7,680 1.02 1.06
1,080 4,710 960 66, 6,320 .84 1.00
1,240 5,380 1,060 86, " 960 1.06 1.05
1,240 5,780 1,150 46, 300 7,200 .96 1.00
1, 140 3,950 1,040 57,100 6, 690 .89 1.05
1,140 3,600 950 29, 100 4,790 .64 .76
1, 140 6, 600 950 111, 000 9, 520 1.26 116
1, 240 7,910 1,140 38, 700 8, 550 1.14 .78
1, 020 3,120 930 58, 000 7,050 .94 .82
1,200 4, 060 960 76, 000 8,870 118 .93
1,250 3,620 1,160 45,100 6, 780 .90 .79
1, 120 10, 700 1, 120 69, 200 12, 100 1.61 1.05
1,120 7,480 1, 64, 800 8,910 1.18 .86
1,120 4,710 1, 93, 500 6, 440 .86 .87
790 2,040 1 680 37,100 3,950 .52 .61
1,110 5,420 830 96, 500 9, 1.27 .94
735 1, 590 670 60, 200 4, 54 70
1,290 10, 700 1,290 138, 000 12, 100 161 1.21
735 1, 590 670 29,100 , 950 52 .61
1,140 4,900 1,040 36, 7,680 98 1.00

e Obtained by taking the mean for the 21-year period as 1, b Estimated.
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TABLE 5.—Summary of monthly mean discharge, in second-feet, of Umpqua. River
near Elkton, Oreg., 1906-1926

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

1, 580| 5,800(17,400(16, 000{10, 200| 8,310 9,080| 8,420( 2,040 1,360 1,470| 6,940

,460| 6,270(10,400(- - - ___| - __|-ccoo|emeee- 4 6,000( 3,400 1,690 1,370( 1,390|..._..

350| 4, 190/21, 50016, 600|12, 200|12, 600| 7,970 7, 170| 4, 990| 2, 100| 4 1,400|-_ ... 7,860

24,880, 6,500 8,250|31,400]21, 100{10,800| 6,830 5,150 3,630| 1,760| 1,210 1,170| 8, 390
1, 540 19, 300(16, 000| 9, 930(14, 800(16, 200/ 5,470( 3,730( 1,690/ 1,290 1,130/ 1,100 7,

9, 410/12, 900|13, 400|11, 200 7, 930| 6,960| 6,430 2,830/ 1,490 1,050 1,340| 6,320

7,720| 5,260|22, 600|18, 500/10, 500| 5, 980| 11, 6,660] 2,490| 1,360) 1,580( 7,960
7,660] 9,830{17,000| 8, 360 9, 580/12, 800] 6, 110 5, 590| 4,970| 1,490/ 1,300| 7,

, 520| 6, 080(25, 300{10, 400{10, 700} 8,060| 4, 530| 3, 420| 1,560{ 1,120| 1,440| 6,690

2,670| 5,010{10, 300{10, 300| 6,880| 5,110| 6,420| 3,470| 1,410 1,120, 998| 4,790

750|15, 500(13, 500|26, 800(19, 70|10, 500{ 8, 050( 3,490| 4,820( 1, 610| 1,220f 9, 520

610| 9, 660|10, 400(12, 100{16, 800/19, 900| 13, 700 9, 180| 3, 780| 1,390| 1, 250| 8, 550

770112, 20018, 50019, 100|13, 600, 9, 030 4,980} 1,900| 1,200{ 1,050| ~ 972| 7,050

560| 5,680|19, 500{23, 00022, 80015, 800] 8, 3,150| 1,370/ 1,230 1,400/ 8,870

060]17, 800| 8, 360| 4, 560| 7,870(16,400| 6,810| 2, 640| 1,500| 1,260| 3,480| 6,780

600125, 600[20, 200122, 600|15, 700!13, 200/ 15,800! 6, 230| 1,680 1,150| 1, 360112, 100

600{15, 300|12, 400|14, 900|15, 100}14, 700| 11, 500/ 6, 100| 1,650| 1,210| 1, 100( &, 910

900| 9, 030(24, 300{ 9, 730| 9, 740| 7,430 5,280| 4,410 1,810 1,150/ 1,070| 6,440

050| 9, 580| 7, 340|10, 700| 4, 730| 5,580 2,270| 1,160| 898 793| 795| 3,950

800(13, 500[21, 600[26, 100{ 5,820(11,200| 5, 570(-3,940( 1,500 1,190| 1,220{ 9, 600

30| 1,700( 5,130| 5, 79023, 100( 5,210( 2,430 1,970 1,050 742 7 911/ 4,040

Maximum_.| 5,890/22, 800(25, 60|31, 400|26, 800|22, 800|19, 900| 15,800| 9,180| 4,970| 1,610| 3,480/12, 100
Minimum_.| 980| 1,580| 5,010| 5 790|14, 560| 4,730| 2,430 1,970| 1,050 742| 7 795| 3,

Mean.__.__ 2,010/ 7, 340|11, 400(16, 300(15, 800|11, 600| 9, 680| 7, 200| 4, 160| 1,990 1,210| 1,330| 7,410
Median____| 1,510| 6,270 9, 830(16, 800{19, 800/10, 600| 8, 180| 6,420| 3,490| 1,650| 1,210| 1,240| 7,

s Estimated.

ANNUAL YIELD AND MINIMUM FLOW

The estimates of power available at different sites are based on the
flow of the stream for 50 per cent and 90 per cent of the time. On
the Umpqua River the records at Elkton have been used, and it has
been assumed that there will be little change in the Q50 and Q90
flows between the junction of the North Umpqua with the South
Umpqua and the lowest power site at Scottsburg. On the North
Umpqua the records at Winchester and Oak Creek and below Glide
have been used to estimate the water available at sites between Glide
and the mouth of the North Umpqua. For power sites on the North
Umpqua above Rock Creek the records at the station above Rock
Creek and at Toketee Falls have been used and compared with the
results of miscellaneous measurements for sites above Toketee Falls.
On the principal tributaries of the North Umpqua River—Steamboat
Creek, Fish Creek, and the Clearwater River—some short summer
records in 1924 give an idea of extreme low-water flow. On the
South Umpqua River the estimates of water available are based on
the records at Brockway, one year’s record above Tiller, and mis-
cellaneous measurements made in 1924.

The minimum daily discharge of the Umpqua River at Elkton
occurred in 1926, when it was 670 second-feet. In 1924 it was 680
second-feet, and in 1905 to 1920 it was 950 second-feet. In the 21
years of record the lowest mean yearly discharges were 3,950 second-
feet in 1924 ; 4,040 second-feet in 1926, and 4,790 second-feet in 1915.
The gaging stations on the North Umpqua River at Winchester and
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Oak Creek and below Glide measure the discharge for nearly the
same run-off area, being only a few miles apart, with no large tribu-
taries entering the North Umpqua between them. The minimum daily
discharges at Winchester were 616 second-feet in 1926 and 688 second-
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{eet in 1924. The minimum recorded mean annual flow for the North
Umpqua River was 2,000 second-feet at Winchester, in 1926. In 1924
the mean annual flow at Winchester was 2,160 second-feet. Only
short records are available at Toketee Falls and above Rock Creek,
but they include the low-water periods of 1924 and 1926. At the
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station above Rock Creek the minimum recorded daily discharge was
674 second-feet, in 1926, and the mean annual discharge at this
station for the same year was 1,570 second-feet. At Toketee Falls
the minimum recorded daily discharges were 516 second-feet in 1926
and 530 second-feet in 1924; the mean annual discharge in 1926 was
754 second-feet; in 1924 records are available for the summer only.
On the South Umpqua River at Brockway the minimum recorded
daily discharge was 86 second-feet, in 1926, and the minimum in
1924 was 49 second-feet; the minimum mean annual discharge was
1,050 second-feet, in 1924, and the mean in 1926 was 1,240 second-
feet. On Mill Creek below Loon Lake the minimum recorded dis-
charge was 1.5 second-feet in 1910 and 1911. The potential power of
this creek probably would not be utilized without storage, so the
minimum flow is not so significant. The minimum recorded mean -
yearly discharge of Mill Creek was 266 second-feet in 1911; no
records are available for 1924 and 1926. The minimum recorded
flow of Lake Creek at the outlet of Diamond Lake was 12 second-
feet in 1924; in 1926 the minimum discharge was 16 second-feet.
No records for a complete year are available at this station. An
idea of the minimum flow of other streams can be obtained from the
miscellaneous measurements listed in Table 8.

TABLE 6.—Qaging stations in Umpqua River Basin

’

Stream Location Period of record

At Tiller 1910-11.
Near Brockw: 1905-1912, and 1924-1929.
1905-1929.

At Toketee Falls___._____..__.____. 1914-1917, 1924-1929 (fragmentary).
N%ar le%aglin, in sec. 18, T. 26 8., | 1911 and 1912 (fragmentary).

Above Rock Oreek .- 1924-1929.
Below Glide. ... 1915-1922.

1905-1908, 1913-1915.
1908-1913, 1924-1929.
1922-1929 (fragmentary)

- D 1928-29.
At outlet of Loon Lake,near Ash___| 1907-1912, 1914-1917.

TABLE T.—Records at temporary gaging stations in North Umpqua River Basin

Steamboat Creek above mouth of Canton Creek

Dis- Dis- Dis- Dis-
Date charge Date charge Date charge Date charge

634 23 420.0 19
662 22 19 18
28 21 52 18
26 21 22 70
625.8 21 20 85
26 20 19 - 85
24 20 19 84

a Measured.



242 CONTRIBUTIONS TO HYDROLOGY OF UNITED STATES, 1929

TABLE, T.—Records at temporary gaging stations in North Umpqua River Basin—

Continued
Clearwater River at mouth
Dis- Dis- Dfs- Dis-
Date charge Date charge Date charge Date charge
1924 1 1 1924
June 19_____... @ 216 July 23 190 || Aug. 12.______. 184 Auvg. 31._______ 170
July 16._._.___ e 185 3 180 26 e 176 Oct. 14._______ 208
North Umpqua Trail crossing
1924 :
June 18________ e 113 35 34 35
July 15..._____ 6427 35 31 34
18 - 42 42 25 35
23 - 42 e 32 42 34
24 _______ 42 34 57
3l 35 39 35
s Measured.
TABLE 8—Miscellaneous discharge measurements in Umpquae River drainage
basin
. Dis-
Date Stream Tributary to— Locality charge

. 15,1915

Norah Umpqua River.

Trail Crossmg, altltude 4,700 feet.
Altl(tiude 3,700 feet - oo

g, altitude 3,400 feet..
Bel(:iw Camas Creek ... ._.._.._.

ittle Rock
Sec. 8, T. 25 8., R.
Above Canton Creek.
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TABLE 8.—Miscellaneous discharge measurements in Umpquae River drainage

basin—Continued
Date Stream Tributary to— {Locality cl]:?&lfge
Sec.-ft
Sept. 5,1924 | Little River..__._..._| North Umpqua Rfver | Mouth 17.
Feb. 8,1916 | Oak Creek.___.________ do Former Oak Creek post office.__| 101
July 25,1924 South Umpqua River. Above Black Rock Creek..._.._ 9
Below Quartz Creek._...._._.___ 19.5
Above South Fork of South 14.6
Umpqua River,
do__ 141
34.8
110
34
54
115
15
July 25,1924 | Black Rock Creek.._.. 3.8
July 26,1924 | South Fork of South 14.5
Umpqua River.
Aug. 10,1911 do Umpqua River..______{-_.__ Lo (o T 22.2
July 21,1924 South Umpqua River.| Sec. 21, T 328,R.5W. 3.9
July 7 1924 North Umpqua River. Dram (0] - S 4.9
Do ... _do Mouth. 8.1
Dec. 28,1915 184
Jan, 11,1916 131
Jan. 4,1916 87

MAGNITUDE, DURATION, AND FREQUENCY OF FLOODS

It will be necessary to provide large spillway capacity at all dams
in the Umpqua River Basin, as floods are frequent, and the flow on
the main branches reaches a great volume. The largest recorded
floods at gaging stations are as follows:

TABLE 9.—Maximum recorded discharges in Umpqua River Basin

N : . Peak dis- | Mean daily|
Stream Gaging station Period of record charge discharge Date
e
Sec.-feet Sec.-feet

163, 000 138,000 | Nov. 23,1909
Umpqua River._.._.__ Elkton_..._.._ 1907 to Feb., 1927________ 116, 000 83,000 | Dec. 30,1924
172, 000 159,000 | Feb. 21,1927
North Umpqua River.| Winchester .._| 1908-1913, 1924-1926___.._ 92, 000 472,000 | Nov. 23,1909
Do Oak Creek.__._| 1906-1908, 1914___________ 67, 900 58,600 | Feb. 4,1907
90, 000 670,000 | Nov. 23, 1909
Do Rock Creek.._| 1924-25_._______________. 37,900 27,400 | Dec. 30,1924

Do Toketee Falls.| Fragmentary records, |-cocoeooo.._ 4, 000 Do.

1914~1917, 1925-26.
: 71,000 | Nov. 23, 1909
South Umpqua River .| Brockway._... 1905-1912, 1923-1925. . __|._______.___ { 38,600 | Dec. 30, 1924
¢ Estimated.

The peak flow at Elkton in November, 1909, was 25,000 second-
feet greater than the mean for the day, or 6.8 second-feet to the
square mile; in February, 1927, the peak flow was 15,000 second-feet
greater than the daily mean. At the gaging station above Rock
Creek the peak flow in December, 1924, was 10,500 second-feet greater
than the mean for the day, or 11.9 second-feet to the square mile.

The distance by river from the gaging station near Elkton to
Glide is 88 miles and to the Rock Creek dam site 96 miles. Floods
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on the Colorado River travel downstream at a rate of 12 to 15 miles
an hour and possibly at times exceed 20 miles an hour. At 12 miles
an hour the floods would travel from Rock Creek to the gaging
station near Elkton in eight hours. As the fall per mile averages
higher on: the North Umpqua River than on the Colorado River
below Lees Ferry, Ariz., it seems safe to assume that floods would
travel downstream at a rate as great as ordinary floods on the
Colorado River. The records at the gaging stations confirm these
conclusions, as high water seems to occur on the same day near Glide
on the North Umpqua River, on the South Umpqua River near
Brockway, and on the Umpqua River near Elkton. A flood at Elk-
ton would “probably mean a flood at Glide on the same day, and
owing to the small size of the basin a high flood probably would not
occur at Elkton, except through general flood conditions over the
basin. In November, 1909, when the mean daily discharge near
Elkton amounted to 138,000 second-feet, 71,000 second-feet came from
the South Umpqua River and about 72,000 second-feet from the
North Umpqua River above Winchester. The total estimated dis-
charge of the North Umpqua and South Umpqua Rivers therefore
exceeded the estimated mean daily flow at Elkton by 5,000 second-
feet, but_this is a negligible error, which may be due to a lack of
continuous gage-height records at the three stations. The peak flow
at Winchester during the flood of November 23, 1909, amounted to
71 second-feet to the square mile.

On the South Umpqua River at Brockway records are avallable
for eight years, but they include what was probably the greatest
flow in a 20-year period.

Between Rock Creek and Toketee Falls safe estimates of flood
discharge can be obtained on the basis of comparative drainage areas,
but this method will probably give results that are too high,
especially above the mouth of Steamboat Creek. At and above
Toketee Falls comparatively low diversion dams are proposed in
this report and no trouble should be experienced from floods. On
the South Umpqua River comparisons based on drainage areas will
probably give figures for flood flows that will be slightly low.

PRIOR WATER RIGHTS

The State uses Diamond Lake in connection with a fish hatchery
near the outlet—the only prior right to the water of the North
Umpqua River above Glide. There are no known diversions for
irrigation from the North Umpqua River or the Umpqua River,
but there are small diversions from the tributaries. Calapooya
Creek, tributary to the Umpqua River, is practically all diverted
for irrigation during the summer, A power plant of the California-
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Oregon Power Co. at Winchester uses the entire low-water flow
of the North Umpqua River and therefore has established rights in
this water.

On the South Umpqua River some water is diverted from the
main river by pumping. Cow Creek is almost entirely used for
irrigation, and there are undoubtedly diversions from the other
tributaries below Tiller. - Above Tiller there are no known diversions
or established rights.

RIVER CONTROL

The Umpqua and North Umpqua Rivers have a well-sustained
low-water discharge, but there is a long period of comparatively low
flow, when auxiliary power or storage will be required to carry the
load that can ordinarily be carried by natural flow during eight or
nine months of the year. During periods when the natural flow
would not supply the power plants any water obtained from storage
could be used to generate power at no additional cost except that
for storing it, and of course the more plants this stored water can
pass through the greater its value. For this reason water stored in
Diamond Lake would have greater power value than water stored
at sites lower down, as it could be used at all plants on the North
Umpqua and Umpqua Rivers. The water supply for Diamond Lake
is not great, but storage will be inexpensive.

There are no other large reservoir sites except Coles Valley. This
site is discussed in detail on page 250, but it lies at a low altitude,and
the lands that would be flooded are valuable for agriculture, so that
the cost per horsepower-year would be high. Some regulation can
be provided at the proposed dams above Coles Valley, but not nearly
enough storage is available to equalize the annual flow, even in a low
year. At all proposed reservoirs on the North Umpqua and Umpqua
Rivers there would be a loss of head due to drawdown. As the flow
for 90 per cent of the time amounts to 775 second-feet at Soda
Springs and is even greater at all other sites lower down, it is appar-
ent that if the period of drawdown exceeds four months this loss of
power will be very considerable. In fact, in most places the loss of
power due to loss of head will exceed the power obtained from the
stored water if the sites are considered individually, and it is only
by assuming that the stored water will be used at a number of sites
that drawdown for over two months ean be justified. At some sites,
notably at Soda Springs, it is proposed to develop the power by
high dams rather than by conduits because of the storage that can
be obtained by drawing down the head. Detailed studies at the time
of development will be necessary to determine whether the additional
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power obtained from the stored water will justify the added cost
of a high dam over development by conduit.

At Coles Valley if it were not for the storage feature the head
would be developed by a series of low dams rather than by the one
high dam; so this is primarily a reservoir site. At this site the
storage capacity is so great that the loss of power due to loss of head
is small compared with the power obtained from the stored water,
and the period of drawdown can be extended over a period of six
months without serious loss of power due to loss of head.

On the South Umpqua very little power is available without stor-
age. Two fair reservoir sites are available below Tiller, but the land
is valuable, a rather long dam would be required in each place, and
the flow of the South Umpqua is not so great or so well sustained as the
flow of the North Umpqua. The valley of the South Umpqua River
is agricultural, but it usually receives enough rainfall to supply the
prune orchards, and there is not much demand for water for irriga-
tion, so that reservoirs for irrigation are not justified under present
conditions.

STORAGE SITES

DEVELOPED SITES

There are no developed storage sites in the Umpqua River Basin,
except possibly very small reservoirs for irrigation.

UNDEVELOPED SITES

Some of the proposed storage in the Umpqua River Basin will be
obtained at power dams by drawing down the head. In general
it has been assumed that the head at sites on the upper tributaries
will be drawn down first. Also the storage was assumed to be
manipulated in 1925 and in 1926 so as to give a fairly uniform output
of power for the whole system of plants on the Umpqua and North
Umpqua Rivers. In Table 10 the value of the reservoirs is given in
millions of kilowatt-hours on the basis of no loss of head except
at the sites considered. This amount represents the maximum powei
obtainable from the stored water. The net gain in power on the basis
of a uniform power output for the system in 1926 is also given anw
represents the minimum value-of the site. The latter amount repre-
sents a fair value for the storage in a power system largely supplied
with water power. In a large system, with considerable power ob-
tained from auxiliary steam, it would be possible to operate the plants
so as to come somewhere between the two estimates, probably ap-
proaching the larger one.
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4. RIGHT BANK AT COPELAND CREEK DAM
SITE, UMPQUA RIVER BASIN

B. DIAMOND LAKE AND MOUNT THIELSEN, UMPQUA RIVER BASIN
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33 T.27 S.

T 28 S.
(Unsurveyed)

Elevation 5182 ft.

PLAN OF DIAMOND LAKE, UMPQUA RIVER BASIN

From map prepared by U. S. Forest Service.
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Table 10 presents a summary of the principal features of proposed
reservoir sites in the Umpqua River Basin and of the storage which
can be obtained by drawing down the head above dams built pri-
marily for power. The first six sites will be operated primarily as
storage sites; the others will be used for power with storage
as a secondary feature. The first six sites are therefore discussed
under undeveloped reservoir sites, and the power that can be obtained
by drawing down the head at other sites has been discussed in
connection with the power. '



TABLE 10.—Proposed reservoir 8ites in Umpqud River Basin

Sites used primarily for storage

Gross
head at | Gross gain in | Net gain in
Draw- | Storage made|
Index No. Name Stream Full head down available l’?ﬁ? powseilt.; ez;t all pows%éast all
reservoir
Millions of | Millions of
Feet Feet Acre-feet Feet kilowatt-hours tt-hours
Diamond Lake_____________._ Lake Creek................. 10.3 10.3 30, 5,120 111 107
Wolf Creek or Coles Valley . Umpqua River_____________ 145 80 422, 000 374 114 113
h Lake. Fish Lake Creek____.________ 1,264 40 4, 500 3,308 11 10.5
South Umpqua River.__.__. T 100 80 37, 600 920 25 2.5
doo ol 100 80 60, 000 820 35 34
Mill Creek. ........._..._._. 385 71 s 100, 000 445 28 28
e Creek.. ... 127 75 45, 000 494 516 v 16
Sites used primarliy for power
Soda Springs. - eoeees North Umpqua River..._... 275 80 14,700 1,895 20 12.5
Copeland Creek.______ o eofeaan Ao s 290 85 24, 800 1,618 28 19
Steamboat. - caoo]eean A0 e 190 75 19, 000 1,330 18 11
Boundary. .| eea A0 s 225 100 62, 000 1,132 51 36
Clark Ranch_.___. edoo . 110 35 16, 000 935 11 7
Glide__..___.___.. adoo . 60 20 14, 000 713 7 3.5
Horseshoe Bend._ ... coifaaaan do. . 90 21 16, 000 651 7.5 4
Oak Creek. _______ o ccccafaaaas do_ ..l 70 20 14, 000 561 5.5 3
Wmchester ____________ A0 oo 80 25 12, 000 489 4 2
Kellogg_ . ______.__.__ Umpqua River_.____________ 70 25 21, 000 244 3.5 2
Kelley s Smith Ferry - - |aaaos A0 o 85 45 58, 000 165 7.5 4
Seottsburg. ... -do-__ - 100 40 120, 000 84 7.0 4
.................. 1, 090, 600 494 424
o In low vear 85,000 acre-feet available for storage. ® Not included in total.

6361 ‘SELVIS ALIINA JO ADOTOYAAH OL SNOILALININOD KFF



WATER-POWER RESOURCES OF UMPQUA RIVER, OREGON 249

DIAMOND LAKE RESERVOIR EITE (12RB 26)

Diamond Lake, at the head of Lake Creek, has an area of about 2,910 acres.
(See pls. 16, B, and 18.) There is good fishing in the lake, the water is warm
enough to permit swimming, and there are several excellent camp sites along
its shores. Diamond Lake should therefore be used for recreation.

The United States Forest Service is developing the lands around the lake as
a summer resort, having reserved sites for cottages, tourist camps, and a hotel.
. Few buildings have been constructed, however, and if they are kept at a height
of at least 8 feet above the low-water level of the lake they should not interfere
with the use of the lake for sterage of water. On the other hand, if the lake is
maintained within a foot or two of the ordinary level during July and August,
its use for storage should not interfere with its use for recreation. Crater
Lake National Park does not open usually until July, because of the snow, and
there are not many campers at this altitude after September 1.

No records of the run-off of Diamond Lake for the winter are available, but
from fragmentary records it seems probable that the ordinary yearly run-

0 200 400 Ft.

R

AREA AND CAPACITY TABLE

Feet above Area Capacity

0 | 400 800Ft. sea level (acres) (acre-feet)
Contour interval /07t 5,177 2,700 o
Datum, sea level 5,82 2,910 14,025
5,187 3,235 29,412
5,190 3431 39,411

Figure 14.—DPlan and cross section of Diamond Lake dam site, Umpqua River Basin

off amounts to 50,000 acre-feet, and in a dry year this is reduced to about 30,000
acre-feet, If necessary, part of the flow of Thielsen Creek could be diverted to
Diamond Lake by building 2 miles of canal.

A variation of 10.3 feet in the altitude of the water surface of the lake
would permit the storage of the entire flow in a low year. This could be done
partly by raising and partly by lowering the normal altitude of the lake. Rais-
ing the lake 5.3 feet would interfere very little with its use for recreation,
as most of this water could be used before the middle of July. Then during
September and October it could be dropped 5 feet. In this way 30,000 acre-feet
of water would be available for use for power, and yet the lake surface would
be at normal stage during July and August, the months of greatest use for
recreation. The cost of the work necessary to regulate the lake within these
limits would be negligible, the damage would be slight, and yet when all the
sites on the North Umpqua and Umpqua Rivers are developed this water would
generate 84,000,000 kilowatt-hours at almost no extra cost, if there were no
drawdown at lower sites, or 80,000,000 kilowatt-hours after allowance is made
for this drawdown. If sites on Lake Creek are included, the total gain would
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be 111,000,000 kilowatt-hours, and the net gain would be 107,000,000 kilowatt-
hours. The machinery would be available, the operators would be at work,
and no extra labor would be required to run this stored water through the
wheels. . .
The value of Diamond Lake for storage of water can be estimated from the
figures above given for potential power by assuming a value for 1 kilowatt-
hour. In other words, the people of Oregon and California, where the power
is sold, will pay considerably less yearly for power if the lake can be raised
5 feet above normal in the spring and dropped 5 feet below normal in the fall.
Of course a greater variation would produce more storage and make the lake
more valuable for power., But this increase would not increase the power
available in the same proportion as the first 10 feet, because in some years the
water supply would be deficient, and the effect on the recreational use of the
lake would be harmful. It is not certain that a variation of 10 feet would
prove the most beneficial for generating power and at the same time preserving
the recreation value. Records of winter flow and a careful survey of the shore
for 10 feet above and below the normal water level will provide a basis for
determining the most beneficial plan of procedure. ‘

COLES VALLEY OR WOLF CREEK RESERVOIR SITE (12RB 19 AND 20)

The Coles Valley or Wolf Creek reservoir site can be developed by a dam
at either the Wolf Creek dam site, in sec. 6, T. 25 S., R. 7 W., or the Coles
Valley dam site, in sec. 16, T. 25 8., R. 7T W. (See figs. 15 and 16.) The Wolf
Creek site is preferable, as the amount of storage per acre overflowed will
be greater, and in the study of the power and storage possibilities of the two
sites it has been assumed that the Coles Valley Reservoir will be created by a
dam at the Wolf Creek site. The geology at these two dam sites is described
in connection with the Coles Valley and Wolf Creek power sites.

A dam at the Wolf Creek dam site to raise the water level to the 400-foot
contour would afford a reservoir capacity of 422,000 acre-feet, with a drawdown
of 80 feet. A good idea of the value of the reservoir can be obtained from the
power that could be generated by the stored water. The average head at the
‘Wolf Creek dam would be 119 feet, and at the four sites below an additional
head of 255 feet could be used, or 374 feet in all. The total power available
from 422,000 acre-feet of water, used through a head of 374 feet, is 114,000,000
kilowatt-hours. If it is assumed that the power which would be obtained from
the natural flow would pay for the dams, power houses, transmission lines, and
any flowage at sites below Coles Valley, then the total annual revenue received
from 114,000,000 kilowatt-hours could be capitalized and used to pay for flowage
rights in the Coles Valley Reservoir. The total area that would be over-
flowed if the area were flooded to an altitude of 400 feet is 12,750 acres.

A dam to flood the area to the 380-foot contour, with a drawdown of 70 feet,
would afford 228,000 acre-feet of storage. This water could be used under an
average head of 104 feet at the Wolf Creek site and through a total head of
359 feet, yielding 59,000,000 kilowatt-hours. The area of such a reservoir
would be 63 per cent of that of the larger reservoir, and the value of the
storage would be 52 per cent of the value of the storage in the larger reservoir.

A dam built to an altitude of 360 feet would overflow 4,600 acres and afford
97,000 acre-feet of storage with a drawdown of 50 feet. This stored water
could be used through an average head of 88 feet at the Wolf Creek site and
through a total head of 343 feet and would generate 24,000,000 kilowatt-hours.
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The cost of storage at this site will be high, owing to the valuable agricultural
land overflowed, the length of dam required, and the comparatively small
amount of fall in the river between the dam site and tidewater.
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Ficure 15.—Plan, cross section of dam site, and area and capacity curves, Coles
Valley reservoir site, Umpqua River Basin

FISH LAKE RESERVOIR SITE (12RB 35)

Fish Lake, in secs. 5 and 6, T. 29 S., R. 3 E., has a surface area of about 100
acres. The lake is probably formed by a slide at the outlet, but conditions
47154°—30——17
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appear good for a rock or earth-fill dam. A dam 40 feet high at the outlet
would be about 150 feet long on top and would create a reservoir with a
capacity of about 4,500 acre-feet. Very little is known of the run-off, but the
precipitation must be fairly high at this altitude, which is about 3,400 feet
above sea level. It is roughly estimated that with 4,500 acre-feet of storage
capacity the flow could be regulated to provide a continuous discharge of 15
second-feet,

PERDUE RESERVOIR SITE (12RB 48)

The dam site for the Perdue Reservoir is just below the post office of Perdue,
in sec. 34, T. 30 S,, R. 3 W. Bedrock is exposed in the river channel and on
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F1GURE 16.—Plan, cross section of dam site, and area and capacity curves, Wolf
Creek reservoir site, Umpqua River Basin

both banks. A dam 100 feet high is proposed which would raise the water
surface to an altitude of 1,000 feet above sea level and would flood about 940
acres. No accurate map of the reservoir is available, but on the assumption
that the river channel is 20 feet deep and that a dam 100 feet high would cover
the reservoir to an average depth of 40 feet, the capacity would be 37,600 acre-
feet. This amount of storage would afford a minimum flow of 200 second-feet
in an average year, if the flow at the Perdue Reservoir site is taken as one-
third of the flow at the gaging station at Brockway, this being the ratio of the
drainage areas. The flow at Perdue probably averages 50 second-feet more
than one-third of the flow at 3rockway during periods of low water, and the
average low-water flow with regulation at this site is estimated at 250 second-



WATER-POWER RESOURCES OF UMPQUA RIVER, OREGON 253

feet. In 1911, the only year for which stream-flow records at Tiller are avail-
able and a year of normal run-off, a minimum flow of 265 second-feet could
have been maintained with the storage assumed to be available.

The average head for power at Perdue would be about 65 feet if the reservoir
were drawn down 80 feet for the storage. The potential power with 250 second-
feet of water and 65 feet of head is 1,300 horsepower. The average flow without
storage during the time the reservoir would have been drawn down in 1911
would have been about 104 second-feet. With 100 feet of head this would yield
830 horsepower. The gain from using the stored water would be 470 horse-
power for about 125 days. The real gain from storage would come from
sites lower down. On the South Umpqua River a total head of 420 feet could
be obtained at sites that are not very attractive under present conditions. But
on the Umpqua River a total head of 350 to 400 feet could be obtained at
sites where plants will probably be built. The head is uncertain, because the
water level will be drawn down at times for the sake of storage. The 37,600
acre-feet of water that could be stored in the Perdue Reservoir, if used at pro-
posed plants on the Umpqua River, would yield 9,000,000 kilowatt-hours. There
would be no operating costs in connection with the use of this water, because
it is assumed that the plants on the Umpqua River would be built to a capacity
greatly exceeding the low-water flow and would be operating whether or not
the Perdue Reservoir were built. There would thus be no added cost for
running this stored water through the wheels, and as it would take the place
of stand-by steam power it might well be worth more than the price of ordinary
year-round power.

In addition to the power obtained from the stored water by using it in
plants on the Umpqua River there would be an average of 1,300 horsepowelr
available at the dam during the summer and considerably more during the
eight months of high run-off; 1,300 horsepower is equivalent to 8,000,000 kilo-
watt-hours a year. Also the Days Creek site on the South Umpqua River is
probably financially feasible in connection with other sites, and the water
from the Perdue Reservoir would produce 2,500,000 kilowatt-hours at that site.
The area of the reservoir is 900 acres, mrostly poor agricultural land, and the
damage to lands and improvements should not amount to more than $200 an
acre. This project may therefore be feasible after the construction of the
plants on the Umpqua River.

The sites on the South Umpqua, except the reservoir sites at Perdue and
above Days Creek, are not attractive and would not be developed unless the
low-water flow could be increased by storage at Perdue and Days Creek with
none of the cost of this storage charged to the plants on the South Umpqua.
The total net head at proposed sites on the South Umpqua River below the
Perdue Reservoir is 420 feet. With this head and a low-water flow of 250
second-feet, 8,400 continuous horsepower could be generated. If the reservoirs
at Perdue and Days Creek are built the sites lower down on the South Umpqua
River will undoubtedly be developed. This power on the South Umpqua River
below Days Creek should therefore for statistical purposes be considered a
part of that made available by the reservoir, but in estimating the financial
feasibility of the reservoirs the proposed plants on the South Umpqua River can
be disregarded.

DAYS CREEK RESERVOIR SITE (12RB 44)

The dam site for the Days Creek Reservoir is about 114 miles above Days
Creek, in sec. 16, T. 30 8., R. 4 W. A dam 100 feet high, which would back
water to the Perdue dam site, is proposed. The dam site is not particularly
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good, as the dam would be about 1,000 feet long. The area of the reservoir
would be 1,500 acres, and at an average depth of 40 feet the capacity would
be about 60,000 acre-feet. This amount of storage would afford a minimum
flow of 270 second-feet if the discharge at the reservoir is as estimated from
the flow at Brockway on the basis of comparative drainage areas. The actual
low-water flow is believed to be about 50 second-feet more than that indicated
by comparison of drainage areas, and so the flow regulated by the Days Creek
Reservoir alone would be 320 second-feet. The average head would be about
65 feet, and the power capacity 1,660 horsepower. This capacity would not
justify the construction of the reservoir and plant, but the stored water could
also be used on the Umpqua River through a head of about 350 feet at plants
that will probably be constructed regardless of any storage on the South
Umpqua River. With this head 60,000 acre-feet of water would generate
15,000,000 kilowatt-hours. There would also be 1,660 horsepower available at
the dam, which in a year would amount to 11,000,000 kilowatt-hours. The area
overflowed would be 1,500 acres. Some of this area is fruit land, and the
average cost might run to $400 an acre, or a total of $600,000. But most of the
power would be available during the low-water season and would take the place
of steam stand-by power. Its value might therefore be sufficient to make the
project financially feasible. The water stored in this reservoir could also be
used at proposed power sites lower down on the South Umpqua River, where
a total head of 355 feet would be available, But these sites would be expen-
sive to develop, would not be financially feasible without storage, and yet would
not be able to pay the cost of storage. The potential power at these sites, if
the flow were regulated by the Days Creek Reservoir, would be 9,070 continuous
horsepower.

If the Perdue and Days Creek Reservoirs were both constructed the low-
water flow could be increased to 375 second-feet if, as assumed, flow is one-third
that at Brockway. To this amount should be added about 50 second-feet to
allow for the fact that the flow at Perdue and Days Creek is somewhat more
than that obtained by using the drainage area ratio of 1 to 3. If the Fish
.Lake Reservoir were constructed it would add very little to the regulated flow
below Days Creek, and it may be disregarded.

LOON LAKE RESERVOIR SITE (12RB 50) AND LAKE CREEK RESERVOIR SITE
(12RB 52)

The alternative sites of the Loon Lake and Lake Creck Reservoirs (see
pl. 15) are considered together for purposes of comparison. Both are in the
Mill Creek Basin. Two general schemes are possible for the utilization of the
water power of Mill Creek, one through the development of the Loon Lake
Reservoir and the other through the development of a smaller reservoir near
the headwaters of Lake Creek above Loon Lake, where land values are not so
high. (See figs. 17-19 and pl. 19, 4.)

For the five years for which complete records are available the average an-
nual run-off at the gaging station below Loon Lake was 217,000 acre-feet, equiv-
alent to a continuous flow of 300 second-feet. The maximum annual run-off
for this period was 239,000 acre-feet; the minimum was 192,000 acre-feet.

Because of the small drainage area floods need not be considered as affecting .
power schemes. No water is diverted for irrigation or other purposes.

The Loon Lake site was surveyed in 1924 to the 460-foot contour, and the dam
site to the 480-foot contour. The basin of Mill Creek above the Loon Lake
dam site has an area of 84 square miles, The following table shows the stor-
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age capacities at the Loon Lake site that would be necessary to control the

annual run-off for the periods of the record:

Storage required at Loon Lake to equalize the mean annual flow for years of

record
Storage
Period Nuﬂber Mean | required
erlo ths discharge| to main-
mon tain mean
Sec.-ft. | Acre-feet
Dec. 1, 1907, to Nov. 30, 1908 ... ... . e 12 275 , 000
Dec. 1, 1908, to Oct. 31, 1909_ _ 11 321 117, 000
Nov. 1, 1909, to Oct. 31, 1910._. 12 333 120, 000
Nov. 1, 1910, to Oct. 31, 1911__ 12 263 85, 000
Nov. 1, 1915, to Nov. 30, 1916 13 422 162, 000
A
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FIGURE 17.—Plan, cross section of dam site, and area and capacity curves, Loon

Lake reservoir site, Umpqua River Basin
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Of the two sites the lower, or Loon Lake site, would obviously control the
greater amount of run-off, but its great disadvantage is the large area of valu-
able agricultural land that would be flooded. In view of the damage from
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Ficure 18.—Plan, cross section of lower dam site, and area and capacity curves,
Lake Creek reservoir site, Umpqua River Basin

backwater and the increased cost of construction of the dam it would seem
inadvisable to develop a reservoir at Loon Lake large enough to control the
maximum run-off. A reservoir having a capacity of 100,000 acre-feet would
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have provided a uniform flow throughout four years out of the seven covered
by the records. A reservoir of this capacity on the Loon Lake site would have
an area of about 2,200 acres. The survey of this reservoir site, made in 1924,
was carried only to the 460-foot contour, at which it would have an area of
1,956 acres, but the mountain slopes at this altitude are steep, and by carrying
the dam to the 475-foot contour very little additional area would be flooded.
At this altitude the dam would have a length of 1,400 feet. An estimate of
100,000 acre-feet for the reservoir capacity at the 475-foot contour would not
be much in error. Of the total 2,200 acres which would be flooded by this
reservoir, approximately 270 acres is included in the natural lake bed at low
water. The remainder, or 1,930 acres, comprises land of two grades. The
highly cultivated bottom lands, which lie almost wholly within the 440-foot
contour, cover about 1,500 acres. The remainder, or 430 acres, would be
classed as timbered mountain slopes too steep for agriculture. A fair valu-
ation for the cultivated lands would be $200 an acre. The 430 acres of moun-
tain land would be worth perhaps $50 an acre. The total valuation of all
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Figure 19.—Plan and cross section of upper dam site, Lake Creek reservoir
site, Umpqua River Basin

lands that would be flooded by a reservoir of 100,000 acre-feet capacity is
roughly $322,000. There is no road up the valley of Mill Creek except for about
3 miles at the lower end, and this is impassable owing to landslides. In order
to convey material for a dam to the proposed site, 5 or 6 miles of additional
road would have to be built.

The alternative storage proposition is the reservoir site near the head-
waters of Lake Creek surveyed in 1926 and 1927. Its one outstanding advantage
over the Loon Lake site is the comparatively low value of the lands involved,
$50 an acre being probably a high estimate for this locality. Part of the area
is rather marshy and is heavily timbered, except for a small open tract, which
is too wet for cultivation unless drained. A dam in sec. 6, T. 24 S.,, R. 9 W.,
would collect the run-off from approximately 49 square miles, whereas the Loon
Lake site would have a drainage area of 84 square miles. There are two good
dam sites on Lake Creek, with sandstone exposed on both banks and in the
bed of the stream. (See figs. 18 and 19.) With a dam 125 feet high at the
lower of the two sites the storage capacity would be 45,000 acre-feet. Such a
dam would be 400 feet long on top, as compared with a dam 1,400 feet long at
the mouth of Loon Lake. The foundation conditions at the Lake Creek site are
believed to be better than those at Loon Lake, as rock is exposed in both
abutments and in the bed of the stream, By adding about 2 feet to the height
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and drawing the head down only within 50 feet of the bottom, 900 continuous
horsepower could be generated at this site in a year of low flow, besides partly
regulating the flow at Loon Lake and at a proposed site near the mouth of
Mill Creek. Daily regulation could easily be provided at Loon Lake by drawing
down the lake level, and a combination of the two sites may be the most feasi-
ble method of developing the power of the stream. The run-off of the Lake
Creek Reservoir site would probably bear the same ratio to the run-off at the
Loon Lake site that its drainage basin bears to the basin of the lower site, or
49:84. The maximum annual run-off at the upper site would therefore approx-
imate 239,000 X %%, or 140,000 acre-feet. By regulating the flow at Loon Lake
with water stored at the Lake Creek site an equalized flow of 147 to 180 second-
feet could be maintained at Loon Lake. The fall between the Lake Creek site
and Loon Lake is not sufficient to justify development of the head between the
two sites. .

The area of the Lake Creek Reservoir would be about 1,000 acres, and at
$50 an acre the land would cost $50,000, as against $322,000 for the Loon
Lake site, a difference of $272,000, which would possibly be offset by the
additional horsepower made available by the Loon Lake site.”

There is no road or even a trail up the valley to the Lake Creek Reservoir
site, and in order to transport material for the dam a road would have to be
built through about 10 miles of dense forest.

A low dam at the outlet of Loon Lake would provide some storage while
flooding only a small area beyond that naturally covered at high stages of
the lake. Some additional storage could be obtained by tunneling into the lake
at an altitude below the present level and drawing the lake down. A reservoir
of this kind would be desirable for auxiliary storage in case the Lake Creek
Reservoir were built. But the continuous flow from a reservoir of this size
as an independent unit would be small, as 6,000 acre-feet would afford an
average low-water flow of only 38 second-feet.

The following table gives the minimum flow, by years, at the outlet of Loon
Lake which could have been maintained with several storage capacities:

Minimum flow in different years, in second-feet, at outlet of Loow Lake if
regulated by storage reservoirs

Loon Lake | Lake Creek | Loon Lake
. Reservoir, Reservoir, Reservoir
Year capacity capacity capacity
100,000 acre- | 45,000 acre- | 6,000 acre-
feet feet feet

275 185 47
271 148 3

147 36
263 169 26
310 168 41
282 163 38

The advantages of the two methods of development may be summarized as
follows :

A reservoir at Loon Lake would produce an increase of about 3,900 horse-
power at the Loon Lake site and 800 horsepower at the Mill Creek site, both
for 90 per cent of the time, over the power that could be obtained with
45,000 acre-feet of storage in the Lake Creek Reservoir. This increase could
be partly offset by about 1,000 horsepower that could be obtained at the Lake
Creek Réservoir,
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The cost of flowage would be $272,000 greater for the Loon Lake site, which
would require a dam 1,400 feet long and 80 feet high, as against a dam 400
feet long and 127 feet high at the Lake Creek site. The foundation conditions
appear to be much better at the Lake Creek site. The geology at the Loon -
Lake site is deseribed in connection with the Loon Lake power site (p. 317).

It is possible that the dam at the Lake Creek site could be carried to a
height of 150 feet, which would increase the storage capacity by 30,000
.acre-feet, the average low flow by 70 second-feet, and the potential power at low
water at Loon Lake by 1,730 horsepower. Such an increase in height would
necessitate a dam about 25 feet high and from 1,000 to 1,500 feet long on the
ridge that forms the right abutment of the lower Lake Creek site. A dam
at the upper Lake Creek site (fig. 19) would create a reservoir with a some-
what larger capacity than one at the lower site for a given height of dam, but
the dam would be longer, and the drainage area would be only about two-
thirds that at the lower site.

KELSAY VALLEY AND TOKETEE FALLS RESERVOIR SITES

The California-Oregon Power Co. is investigating the possibility of reservoir
sites above Toketee Falls and at Kelsay Valley, on the North Umpqua River.
At Kelsay Valley a rather long dam will be required, but the water can be used
through so much fall at several sites below that the length or cost of the dam
will not be the determining factor. There is, however, considerable un-
certainty as to the suitability of the foundationg for a high dam and also as to
the tightness of the reservoir. The whole area of the proposed reservoir is
covered with pumice, through which water readily percolates. Beneath the
pumice lies a series of lava flows about which little is known except that they
fill old stream beds that do not conform to the present drainage system. It is
possible that raising the water surface to cover a considerable area of this
country would allow the water to find its way through the lava into some of
these old courses—for instance, there may be such a channel under Loafer
Creek so that any reservoir in this vicinity would be more or less of an ex-
periment, and it is not probable that a high dam would be built without first
building a lower structure to test the tightness of the reservoir.

At Toketee Falls the conditions are somewhat different. There seems to be
little question of the strength of the foundations at this point to support a
dam of any height it is desired to build. Mr. Stearns made an examination of
this site on the assumption that a low diversion dam would be built and found
that the river at this site has carved a canyon 500 feet deep on basaltic lava.
Toketee Falls, about half a mile downstream from the dam site, is formed by
the river tumbling over a massive columnar-jointed basalt flow. (See pl. 20, B.)

The basalt at the site and along the proposed canal is permeable, but under
the low head of the proposed dam leakage would not be a problem.

A dam at Toketee Falls to raise the water surface 200 feet above the present
level, to an altitude of 2,550 feet, would furnish 46,000 acre-feet of storage
with 100 feet drawdown. This water could be used through a gross head of
2,540 feet at proposed plants, and at an efficiency of 70 per cent it would
furnish 4,720,000 horsepower-days, or 84,000,000 kilowatt-hours of power. The
loss of power due to loss of head would amount to only a small percentage. of
“this total. If spread evenly over a period of five months this water would add
about 81,000 horsepower to the power of the system during the period of low
water.

A dam below Poole Creek to raise the water surface to an altitude of 4,200
feet would furnish about 65,000 acre-feet of storage, which with complete
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development of the river could be used through a gross head of 4,190 feet.
‘With this head and an efficiency of 70 per cent a total of 11,000,000 horsepower-
days, or 197,000,000 kilowatt-hours, could be generated. If spread evenly over
a period of five months this would add 72,000 horsepower to the potential
power during the period of low water.

It is possible that suitable dam sites will be found for these two reservoirs
and that the leakage will not be great. If so, they may add as much as 100,000
horsepower to the potential power of the North Umpqua River during low
stages. The increased flow will also make all the sites on the river more desir-
able. On the other hand, the geologic conditions render the feasibility of high
dams at these points doubtful, and they have not been included in estimates of
the potential power of the Umpqua River Basin.

WATER POWER

The rainfall over the drainage basin of the North Umpqua River
above the mouth of Copeland Creek is 75 to 100 inches annually, in-
suring a plentiful supply of water in years of average rainfall.
This area also has a porous volcanic-ash soil which gives a large
ground storage of water and a well-sustained flow from the mouth
of Lake Creek, where the altitude is 4,100 feet, to sea level. The
North Umpqua and Umpqua Rivers throughout their courses flow
in canyons and afford numerous good dam sites. All these conditions
combine to make the North Umpqua and Umpqua ideal streams for
water power.

The Clearwater River, a tributary of the North Umpqua Rlver,
has a well-sustained headwater flow and a very steep gradient, and
it also is valuable for power.

Loon Lake, on Mill Creek, a tributary of the Umpqua River, is a
natural reservoir site, and although the fall is not great, several
thousand horsepower can be obtained on this creek.

The remaining tributaries of the Umpqua River, including the
South Umpqua River, have periods of low flow during the summer
owing to low rainfall and a lack of ground storage. Some power
can be obtained on the South Umpqua by the construction of reser-
voirs, but it will be expensive, and the time of development is remote.

DEVELOPED POWER

In 1928 only one hydroelectric plant was in operation in the
Umpqua River Basin, but active investigations were being carried
on at several proposed sites. A plant of 163 horsepower capacity
on the South Umpqua River at Roseburg was dismantled about 1921.
A plant of about 66 horsepower at Myrtle Creek was also dismantled
about the same time. In both places power from the plants of the
California-Oregon Power Co. took the place of the less efficient and
less reliable small plants.
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WINCHESTER POWER SITE (12RB 17)

At the town of Winchester, north of Roseburg, in the NE. 14 sec. 25, T. 26
S., R. 6 W., on the North Umpqua River, a long wood dam creates a head of
about 12 feet. The installation consists of three water wheels, with a rated
capacity of 1,900 horsepower, and three generators, rated at 1,250 kilovolt-
amperes. There is an auxiliary steam engine with a capacity of 350 horse-
power. As the potential power of the site with 12 feet head and the fiow
available for 50 per cent of the time is only 2,320 horsepower, the capacity of
the plant can not be economically increased without raising the height of the
dam, which does not appear to be feasible, as the left bank of the river is
low at this point. However, this is a cheap development, near the market of
Roseburg, and can probably be operated to advantage indefinitely. In con-
sidering the potential power of the river this site has been combined with the
site about 1% miles upstream, for if the upper site is utilized this lower plant
will be operated automatically from the upper plant, or the head will have
to be developed by a canal, and the dam at this point will then be discarded.

Summary of potential power at developed site 12RB 17
|Head, 12 feet]

Flow in second-feet Horsepower

90 per 50 per 90 per 50 per
cent of | centof | centof | cent of
time time time time

Natural B0W .o 960 2,420 922 2,320
Regu.lal:ed i ) 1, 520 2,570 1,460 2,470
Regulated flow, 1926 - __________ .. ... . 1,250 1,950 1,200 1,870

UNDEVELOPED POWER

In outlining power projects and methods of operation in this
report the object has been to set forth the maximum amount of power
obtainable. In some places the head could be developed more cheaply
by a conduit than by a high dam, but the dam would create a certain
amount of storage, and although the use of the stored water at the
single site might not justify the added cost, yet, if all the sites below
were utilized, the stored water would be worth considerably more
than the difference in cost. The net gain in power due to drawing
down the head at dams built primarily for power would amount to
108,000,000 kilowatt-hours. (See Table 10.)

As no estimates of stream flow for the upper basin are available
for years before 1925, the power that could be obtained with storage
was studied on the basis of the flow for the two years 1925 and 1926.
The mean flow in 1925 was high, but the discharge for the summer
was about normal, and that for the fall and early winter was low.
The stream flow in 1926 was as low as any other of record. These
two years therefore give a fair idea of what could be accomplished
with storage. The estimates of power available with regulated flow
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are based on the discharge for 1925 and are followed by estimates
based on the discharge for 1926 to show what can be obtained in a
year of very low flow.

On the Umpqua River the discharge at the different dam sites
can not be estimated by means of comparing drainage areas, because
a large part of the flow comes from springs. Gaging stations have
been maintained at Winchester, at Oak Creek, above Rock Creek,
and below the Clearwater River, and some miscellaneous measure-
ments have been made above the mouth of Lake Creek. From these
sources the Q90 and Q50 flows at the dam sites have been estimated
without much reference to comparative drainage areas, by using the
roughly estimated inflow at low water from the tributary streams.

In determining the power available on the North Umpqua and
Umpqua Rivers for 90 per cent of the time and 50 per cent of the
time with storage, it was assumed that all the plants would be oper-
ated as one system. The object was to obtain a maximum continuous
output from the system, and it was assumed that the upper reservoirs
would be drawn down at a uniform rate over a period of four
months from August to November. This rate applied to the Dia-
mond Lake, Soda Springs, Copeland, and Steamboat sites. The
storage in the Boundary Reservoir would be so large that it was
spread over five months, from July to November. At the Clark
ranch the stored water was assumed to be used in September, October,
and November. At sites below the Clark ranch it was desired to
maintain the head as late in the season as the conditions of flow and
power output would permit, and at Glide, Horseshoe Bend, Win-
chester, and Oak Creek the stored water was assumed to be used in
October and November. The Coles Valley or Wolf Creek Reservoir
would be used to equalize the power output of the system, and the
stored water would have been used during the periods from July to
November, 1925, and June to November, 1926. Not all the stored
water would have been used in 1926, as a heavy rain raised the river
on November 12. But as this rise could not be foreseen, it was as-
sumed that the storage would have been used so as to augment the
flow if necessary throughout November. It was assumed that the
storage belcw Wolf Creek would be used only in case of low water
lasting into the late fall or early winter and therefore that the stored
water at the Kellogg and Kelley’s Smith Ferry sites would have been
used in December, 1925, and part of it in November, 1926. The
stored water at Scottsburg was assumed to be used in December,
1925, and none of it in 1926. In a large system with steam auxiliary
it would be possible to use the stored water more efficiently, as no
reserve for emergency would be necessary.
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A. LOON LAKE, UMPQUA RIVER BASIN

B. SODA SPRINGS DAM SITE, UMPQUA RIVER BASIN

Looking downstream.
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4. LEMOLO FALLS, UMPQUA RIVER BASIN B. TOKETEE FALLS, UMPQUA RIVER BASIN
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In estimating the power available with storage for 90 per cent
of the time the amount for the second lowest month was used, and
for 50 per cent of the time the amount for the sixth highest month.
At many sites the summary tables show a regulated Q50 flow that
is larger than the corresponding natural flow, and yet the power
available with the natural flow may be as large as the power with
regulated flow or even larger. This condition is due to drawing
down the head at the dam for storage purposes. At other sites the
regulated Q50 flow is less than the corresponding natural flow, and
this condition is of course due to storage.

NORTH UMPQUA AND UMPQUA RIVERS

KELSAY POWER SITE (12RB 1)

The proposed scheme of development for the Kelsay power site would con-
sist of a low diversion dam just below the mouth of Lake Creek and a conduit
3 miles long to a point half a mile above Lemolo Falls. The total head would
amount to 300 feet. The flow could be augmented by water stored in Dia-
mond Lake. The construction of the conduit would not be difficult; but it
might have to be lined, as a large part of this country is covered with vol-
canic ash. A new highway called the Skyline Trail passes near the mouth
of Lake Creek, but a logging railroad will probably be built into the basin
and would furnish the cheapest transportation. The estimates of power avail-
able at this site with storage are based on the assumption that 30,000 acre-feet
of water can be stored in Diamond Lake and used to equalize the summer
flow at Toketee Falls. .

The California-Oregon Power Co. is investigating the possibility of develop-
ing this site by means of a high dam below Poole Creek. This project is
discussed on page 259. It is also proposed to tunnel through the ridge in the
neighborhood of Basket Butte and construct a canal down the south side of
the Loafer Creek Basin to intersect the North Umpqua River at Umpqua
Warm Springs. Aside from the tunnel through Basket Butte, this project would
be very economical, considering the head obtained. Basket Butte is apparently
a cinder cone, and the tunnel might encounter cinders, lava, and possibly mud,
but there appears to be no good reason why the tunnel can not be built. Such
a project would develop the head included in power sites 12RB 1, 2, 3, and 4 in
this report.

Potential power at undeveloped site 12RB 1
[Head, 300 feet]

Flow in second-feet Horsepower

90 per 50 per 90 per 50 per
cent of | centof | centof | centof

time time time time
Natural flow________________ 300 450 7,200 10, 800
Regulated flow.... - 275 440 6, 600 10, 600
Regulated flow, 1926_ . _...._... ——— 265 350 6,360 400
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LEMOLO FALLS POWER SITE (I12RB 2)

A low diversion dam is proposed at a place about half a mile above Lemolo
Falls (see pl. 20, A), with a tunnel 4 miles long to mile 167, below the mouth of
Potter Creek. A head of 750 feet would be obtained, or nearly 200 feet to the
mile. The tunnel would be in lava rock and probably would require lining.
It would be necessary to build about 12 miles of highway to the power-house
site, but only about 2 miles would be difficult of construction, as there is a
good location from the Skyline Trail down Loafer Creek to Thorn Prairie.
From Thorn Prairie the road would run up the North Umpqua along the side
of Dread and Terror Ridge, and this section would be more expensive to
grade. Even this section, however, would involve very little rock work.
There are many springs along the river between Lake Creek and Lemolo Falls,
and the low-water flow would be appreciably greater than at the mouth.of
Lake Creek. The only regulation considered in estimating the power at this
site is that in Diamond Lake, and the estimates of flow and power available
with storage at this site are based on the use of that storage to regulate the
flow at Toketee Falls.

Potential power at undeveloped site 12RB 2
[Head, 750 feet]

lflow in second-feet Horsepower

90 per 50 per 90 per 50 per
cent of | centof | centof | cent of
time time time time

Natural flow.______________ - 320 500 19, 200 30, 000
Regulated flow.____ - 295 460 17,700 27, 600
Regulated low, 1026 ..o 280 387 | 16,800 23,200

Lemolo Falls possess some scenic beauty, but it would seem poor judgment
to neglect to use the power available at this site solely on that account.
Scenery is plentiful in this section, with its mountains, forests, and many small
streams that are beautiful without waste, whereas more than 17,000 con-
tinuous horsepower can be generated at this site and is being wasted.

POTTER CREEK POWER SITE (12RB 3)

A low diversion dam is proposed just below the power house at site 12RB 2,
below Potter Creek, with a conduit 38 miles long to mile 164, where the Kelsay
Valley Trail crosses the river. A head of 250 feet can be obtained in this dis-
tance. It would be necessary to build about 10 miles of highway to this site,
but there would be little difficult grading, as it would follow the old Bradley
or Kelsay Valley Trail. The conduit could be located on either bank, but
below Dread and Terror Ridge the left bank is more open. The estimated
regulated discharge at this site is based on the estimated discharge in 1925,
which is assumed as an average year during the low-water season, and in 1926,
a year of minimum flow. It is possible that the regulated discharge in 1926
would have been even lower than is estimated, as no records are available of
the run-off at the mouth of Diamond Lake, and this estimate assumes that
30,000 acre-feet of water could have been stored in that lake.
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Potential power at undeveloped site 12RB 3

[Head, 250 feet]
Flow in second-feet Horsepower

90 per 50 per 90 per 50 per

cent of | centof | centof | centof
time time time time -
Natural 80W . . e 360 550 7,200 11,000
Regulated oW . ... ee——aa 360 515 7,200 10, 300
Regulated flow, 1926_ - 340 412 6, 800 8, 240

LOAFER CREEK POWER SITE (12RB 4)

A low diversion dam is proposed at mile 164, just below power-house site
12RB 3, with a conduit to a point below Loafer Creek, a distance of 215 miles.
The fall in this distance is 200 feet. The conduit would probably follow the
right bank, and it could best be reached by building a road along the old Brad-
ley Trail. There would be no difficult construction in this project. The conduit
could be either a lined open canal or a pipe line. The estimated regulated flow
given in the table below is based on the discharge in 1925, an average year
during the low-water season, and in 1926, a year of minimum flow. It was
assumed that 30,000 acre-feet of water was stored in Diamond Lake each year
and used to equalize the flow at Toketee Falls,

Potential power at undeveloped site 12RB 4
[Head, 200 feet]

Flow in second-feet Horsepower

90 per 50 per 90 per 50 per
cent of | centof | centof | cent of

time time time time
Natural flow 370 575 5,920 9, 200
Regulated flow..__._ 375 538 6,000 8, 600
Regulated flow, 1926 355 425 5,680 6, 800

BRIDGE POWER SITE (12RB 3)

Water for the proposed Bridge plant would be diverted just below the power
house of site 12RB 4, near Umpqua Warm Springs, and carried by conduit to
a point near the mouth of the Clearwater River, a distance of 414 miles. The
total fall in this distance is 220 feet. The conduit would probably follow the
right bank and would cross Deer Creek. This site is rather difficult of access,
but if a road were built to either the Toketee Falls site below or the Loafer
Creek site above, it would be a simple matter to extend the road along this
stretch of the river. Here, as at other sites, the estimated flow and power
available with storage are based on records for 1925, a year of average dis-
charge during the low-water months, and 1926, a year of minimum flow. The
storage in Diamond Lake was assumed to equalize the flow at Toketee Falls
for the period August to November. December, 1925, was a month of low
flow on the upper river, but there was plenty of water at sites on the lower
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river and probably at other points in the State, so that the power market could
have been supplied from other water-power plants. As these plants on the
upper river probably would be a part of a large system it is assumed that the
storage would be used to best advantage in the four months mentioned.

Potential power at undeveloped site 12RB 5

[Head, 220 feet]
Flow in second-feet Horsepower
90 per 50 per 90 per 50 per
centof | centof | centof | centof
time time time time

Natural flow 460 700 8,100 12, 300
Regulated flow. 500 638 8, 800 11,200
Regulated flow, 1926 450 501 7,920 8,820

TOKETEE FALLS POWER SITE (12RB 6)

A diversion dam not more than 25 feet high is proposed for the Toketee
Fallg site, to be located below the mouth of the Clearwater River. The conduit
will probably follow the left bank to a point about half a mile below the falls,
a distance of less than a mile. The head would be 260 feet.

The river at this site has carved a canyon 500 feet deep in basaltic lava.
Toketee Falls, about half a mile downstream from the dam site, is formed by the
river tumbling over a massive columnar-jointed basalt flow. (See pl. 20, B.)
The basalt at the site and along the proposed canal line is permeable, but under
the low head of the proposed dam the leakage would probably not exceed 5
or 10 second-feet. The canal can be protected from losses by lining it. Storage
of 30,000 acre-feet in Diamond Lake has been assumed to be used to equalize
the flow at this site. Estimates of regulated flow and potential power are
given for an average year and for 1926, a year of minimum flow. The deep
canyon renders this site somewhat difficult of access, but there is already a
road practically to the edge of the canyon, and materials could be lowered
to the river.

Records are available at this site for 1925 and 1926, and the discharge for
these two years was 560 second-feet for 90 per cent of the time and 789 second-
feet for 50 per cent of the time. In 1925 the corresponding discharges were
675 and 1,000 second-feet. The natural flow as given in the following table is
estimated from these records for 1925:

Potential power at undeveloped site 12RB 6
[Head, 260 feet]

Flow in second-feet Horsepower

90per | 50per | 90 per | 50 per
cent of | centof | centof | centof
time time time time

650 1,000 13, 500 20, %
677 13, 300 14,100
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The fall per mile is not great above the mouth of the Clearwater River, the
valley is about a quarter of a mile wide, and in some ways this would make
an excellent reservoir site with a high dam above Toketee Falls. The dam
site, however, is not attractive. The dam would be about 1,000 feet long on
top and its abutments would be composed of a series of lava flows, so that
the reservoir would undoubtedly leak, but how much it is difficult to say with-
out detailed studies. With a dam 200 feet high 46,000 acre-feet of storage
could be obtained in the upper 100 feet. The high dam would take the place
of the low diversion dam at Toketee Falls and 4 miles of conduit. The high
dam may not be feasible for present development, but the Bridge site above
will be one of the last sites developed on the upper river. If all the sites are
developéd below it may then prove advantageous to develop this stretch of
river by rebuilding the dam at Toketee Falls for storage and power. The
storage obtained could be used through a total gross head of 2,540 feet and
would generate a maximum of 84,000,000 kilowatt-hours. Such an amount of
power during the low-water period certainly warrants a complete investigation
of the site before it is rejected.

BRADLEY POWER SITE (12RB 7)

Water would be diverted for the Bradley power project at a point just below
the Toketee Falls power house and carried by conduit downstream to about
mile 154.6, a distance of 11% miles. The head obtained in this distance amounts
to 180 feet. The limits of this project are not definitely fixed, and much de-
pends on the extent to which sites downstream are developed. An additional
100 feet of head could be obtained by extending the conduit another mile down-
stream. But this head could also be developed by building a high dam at Soda
Springs, which would afford considerable storage capacity. By drawing down
the water surface above the Soda Springs dam 80 feet, if all proposed sites
below were constructed, about 13,000,000 kilowatt-hours net increase in power
could be obtained from stored water, and in addition the cost of a mile of
conduit along a steep hillside or a mile of pressure pipe would be saved." On
the other side of the ledger is the increased cost of a dam 200 feet high at
Soda Springs, as compared with one 100 feet high. If built at the present
time, when there is little power development below, the longer conduit at
this site would be much better than a high dam at Soda Springs. But it is
believed that all the sites on the river are feasible and that most of them
will be completed before the Soda Springs site is utilized. Under these circum-
stances, a high dam at Soda Springs would probably be the most feasible plan
because of the storage available, and estimates of power available with storage
are based on that assumption. With either height of dam at Soda Springs
the power house of the Bradley site would be above Fish Creek. The river
in this section flows in a narrow gorge, and construction of a conduit would
be difficult. A tunnel a little over a mile long would develop 180 feet of
head, as proposed for this unit, and would probably be the cheapest construc-
tion. It would be driven through lava flows, where water might be encoun-
tered, and would require lining The regulated flow at this site assumes
30,000 acre-feet of storage available in Diamond Lake and its use to equalize
the flow at Toketee Falls,

47154°—30——18
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Potential power at undeveloped site 12RB 7
[Head, 180 feet]

Flow in second-feet Horsepower

90 per 50 per 90 per 50 per
cent of | centof | centof | cent of
time time time time

700 1,100 10, 100 15, 800
925 10, 800 13, 300

Regulated flow, 1926_.__ 655 750 9,430 10, 800
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Fieurp 20.—Plan, cross section, and area and capacity curves, Soda Springs
dam site, Umpqua River Basin

SODA SPRINGS POWER SITE (12RB 8)

A dam 200 feet high is tentatively proposed for the Soda Springs site, which
is at mile 151.7, half a mile above Soda Springs. Such a dam would raise the
water surface to an altitude of 1,940 feet above sea level and would flood 265
acres. (See pl. 19, B, and figs. 20 and 21.) A high dam is preferred because it
would provide storage and because under certain conditions it would be finan-
cially the best method of development. The upper 100 feet of head could be
developed by extending the canal from the Bradley power site, a mile farther
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downstream, and if only a small part of the head below this site was developed
the canal would be the best arrangement. But if all the sites below were devel-
oped the storage at this site, with a dam 200 feet high and a drawdown of:80
feet, would yield 138,000,000 kilowatt-hours net gain in power in a normal year.
A dam 200 feet high would require 155,080 cubic yards of masonry, whereas a
dam .100 feet high would require 35,000 cubic yards, a difference in favor of
the lower dam of 120,000 cubic yards. Against this should be balanced the
cost of a mile of canal and about 13,000,000 kilowatt-hours of power available
in the low-water months. If this site is considered alone it would not pay to
draw down the head for storage, as the loss -of head over a period of two
months would probably more than offset the power obtained from the stored
water. It is only because of the large number of possible sites below that a
drawdown for storage would be feasible at this site. Below the dam a tunnel
about a mile in length would add 75 feet to the head. The total head at this
site would then be 275 feet, and the average head, with 80 feet of drawdown,
would be 240 feet.

There is some question as to the value of this dam site with respeet to geo-
logic conditions. If detailed examinations and drillings show the site to-be
unfavorable the power could be developed by a conduit, and the only loss in
power would be that which could be obtained from storage.

The Soda Springs dam site is in a V-shaped canyon. The north wall of the
canyon is 2,500 feet high, but the south wall rises abruptly for 1,000 feet to a
flat-topped bench, half a mile wide, and thence rises another 500 feet to. the
south rim of the canyon. The north abutment is composed of massive volcanic
agglomerate, consisting of lava fragments cemented in a fine ash and undoubt-
edly of explosive origin. No fossils were found in it, but it may possibly be of
submarine origin, produced by a submarine eruption. It hasa thin soil cover, but
near the river it is well exposed. Regardless of the origin of the agglomerate
it is massive, sparsely jointed, and admirably adapted for the abutment of a
dam. On the south bank the same massive green agglomerate crops out for a
distance of about 25 feet above the river. Above this the slope is thickly for-
ested, and time was not available during the trip to examine the south abut-
ment because of its inaccessibility. However, the bench on the south side of
the river is known to be formed of a series of intracanyon basalt flows, which
entered the upper stretches of the North Umpqua and flowed down it for many
miles. At this site there is evidence that the lava fill is 1,000 feet thick. After
the canyon was filled to this depth by lava flows, volcanic activity ceased at
its headwaters, and the river returned to its partly filled canyon. It began
cutting with renewed vigor at the lowest place in the new valley floor. -In
some parts of its canyon this place was at the contact of the lava with the
canyon wall. Continued erosion at the contact excavated a canyon partly in
the lava and partly in the agglomerate of the canyon wall. At such places
the river did not work down into its buried channel but on one side or the
other of it. This is what happened at the Soda Springs dam site, for the river
is now eroding agglomerate, leaving the buried channel about one-eighth to
one-fourth of a mile south of the present one. A geologic cross section.
representing the conditions at the site is shown in Figure 21. :

On the south bank about 500 feet upstream from the site columnar basalt
extends below the water surface of the river. It is the outcrop of a dense
basalt flow, at least 75 feet thick. About the same distance downstream from:
the site the same basalt again extends below the water surface along the
south bank. Because the ancient channel is not. exposed at. these. places it is.
concluded that the Umpqua River,. ‘where. it .is. cutting close. to. the -axis of Ats
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former valley, has not yet excavated the present channel to the depth of its
ancient one. The present valley therefore lies above the buried one. The
difference in their altitudes is only approximately shown in Figure 21, and
drilling will be necessary to determine the actual location of the buried channel.

The intracanyon basalt remnants form benches downstream from the site,
which are known as Oak Flat, Burnt Flat, Pine Bench, and Illihe. Wherever
possible, the outcrops in these benches were examined to determine the struc-
ture of the lava beds. In general the intracanyon flows are thin bedded, jointed,
and cavernous and are without doubt extremely permeable. Fortunately the
lower member of the intracanyon basalt is a bed about 75 feet thick with
relatively tight joints.

The value of the Soda Springs dam site is imperiled by the presence of the
buried ancient channel of the Umpqua, which has its intake upstream from the
site and lies about one-eighth of a mile south of the abutment of the proposed
dam, and also by leaky structures existing in the intracanyon flows. The
chance of considerable leakage through the intracanyon basalt is greatly re
duced, however, by the presence at the base of the lava flows of a bed of
basalt with a thickness nearly equal to the depth of the reservoir that would
be formed by the proposed dam. The site is well worth further geologic study,
supplemented by drilling to determine the character of the buried channel and
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F1cure 21.—Geologic section at Soda Springs dam site, Umpqua River Basin

its permeability, as well as of the basalt overlying it. A power dam at this
point could stand considerable seepage losses without failure.

The natural flow at this site was estimated from duration curves for gaging
stations above Rock Creek and at Toketee Falls. The estimate for regulated
flow assumes 30,000 acre-feet of storage available in Diamond Lake and used
to regulate the flow at Toketee Falls. The flow at this site is assumed to be
again regulated by drawing down the reservoir 80 feet, which would yield
14,700 acre-feet of storage. A drawdown of 40 feet would yield 8,500 acre-feet
of stored water. No accurate map of the upper part of the reservoir is avail-
able, and possibly this estimate of the capacity is low. The stored water would
be used through an average head of 240 feet at this site and through a total head
at proposed sites on the Umpqua and North Umpqua Rivers of 1,895 feet. The
stored water could be used toward the end of the dry period, so that the
loss of head in connection with the use of the natural flow would not cover
a very long period. The total power that could be generated with 14,700
acre-feet of storage used through a head of 1,895 feet amounts to 20,000,000
kilowatt-hours; but the net gain in power would be considerably less than this.
In 1926 heavy rains came in November, before all the stored water would have
been used, but still the net gain would have amounted to about 12,500,000
kilowatt-hours, which is considered a fair estimate of the value of the storage
at this site when the river is completely developed. As all the land in this site is
owned by the Government, damages would amount simply to the rental charges
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and the value of the timber in the reservoir. If all the sites on the river below
were completely developed the construction of a high dam at this site for joint
power and storage would be justified. If only a small part of the head below .
were utilized the head at this site could be more economically developed by
a conduit. It is assumed in this report that ultimately all the power on the
river will be utilized and therefore that a high dam will be built at this site.

Potential power at undeveloped site 12RB 8

[Head without drawdown, 275 feet; assumed drawdown, 80 feet; storage capacity, 14,700 acre-feet]

Flow in second-feet Horsepower

90per | 50per | 90per | 50 per
cent of | centof | centof | centof

time time time time
715 1,300 17, 000 28, 600
Regulated flow. 979 1,100 16, 200 22, 000
Regulated flow, 1926 747 915 15, 800 20, 100

COPELAND POWER SITE (12RB 9)

The Copeland site is at mile 145.4, near the Illihe ranger station. A dam
200 feet high is proposed, a high dam being preferred to a conduit because
a drawdown of 85 feet would furnish 24,800 acre-feet of storage capacity.
(See pl. 16, A4, and fig. 22.) A pressure tunnel about a mile long would lead
from the dam to a point on the left bank, where the river has an altitude of
1,375 feet, giving a head at this site of 290 feet. This place appears to be an
excellent site for a masonry dam. The south abutment is formed by a steep
slope consisting of gray igneous rock that appears to be andesite, though it was
not examined under the microscope. The north abutment is a nearly vertical
cliff composed of the same material for 200 feet above the river, with basalt
flows above. The exact line of contact was not exposed, but a short distance
above it the basalt is cavernous and jointed. At the top of this canyon wall
there is a bench half a mile wide known as Illihe. It is one of the remnants
of the intracanyon basalt that formerly filled the North Umpqua Valley and
is described in the section on the Soda Springs dam site. At this site the intra-
canyon basalt occurs on the north side of the river, indicating that the river
has cut down along the contact of the south side of the lava fill with the former
canyon wall. Instead of working down at the contact to its former buried
channel the river was controlled by some fissure or other weak place in the
andesite soon after it_ began cutting, so that nearly all of the new canyon
is excavated in the andesite. This cutting has left most of the intracanyon
basalt still in place, and thus the buried channel lies about a quarter of a
mile north of the present one.

The proposed dam will rest entirely on the old andesite. A few small seeps
from cracks in the andesite at the dam site indicate that the rock is slightly
permeable. It is believed, however, that with ordinary care in construction
practically all the seepage under and near the dam will be prevented. The
serious problem in connection with this site is the amount of leakage that
would take place through the basalt and the buried gravel channel under

"Illihe. The intake end of the channel lies somewhere under the flow line of
" the reservoir created by the proposed dam. The amount of this leakage would
depend on the permeability of the intake area, and this can not be determined
until the dam is completed. However, further study and drilling would throw
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considerable light on this question, especially if the drill holes were tested with
water under pressure. As it is not feasible to prevent the leakage at the north
abutment by grouting or a cut-off wall, it is desirable to build a dam that will
be successful even if it leaks. A safety factor of approximately 20 second-feet
of leakage is probably ample, but this is little more than a guess without the
additional knowledge to be derived from test holes.
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Figure 22.—Plan, cross section, and area and capacity curves, Copeland
dam site, Umpqua River Basin

ELEVATION ABOVE SEA LEVEL

A dam 200 feet high will raise the water to an altitude of 1,665 feet above
sea level and flood 400 acres. By drawing down the water level above the dam
85 feet 24,800 acre-feet of stored water would be obtained. This water could
be used through an average head of 253 fecet at this site, and a total head of
1,618 feet at all proposed plants if the head were not drawn down except at the
Copeland site. The stored water would generate 4,500,000 kilowatt-hours of
eunergy at the Copeland site and 28,000,000 kilowatt-hours at all proposed sites
if the total head at those sites could be used. But owing to loss of power due
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to loss of head at Copeland and to the decrease in head at lower sites due
to drawing down the level for storage, the net gain from the use of stored water
in 1926 would have amounted to 19,000,000 kilowatt-hours. This estimate is
based on the fact that the natural flow greatly increased by the end of Novem-
ber in 1926. If the flow remained low for December the net gain from the stor-
age would be considerably less. But the chances are greatly in favor of a
fairly large flow in December on the North Umpqua River:- below- Steamboat
Creek, and such a flow is practically certain on the Umpgua. River proper.. The
loss of power due to loss of head at the Copeland site would -average about
2,520 horsepower, and in 100 days it would equal the power obtained at the
dam from the stored water. So if this site is considered by itself the head could
be drawn down for storage to advantage for 61 days in September and October,
assuming that the flow would increase in November. This site, however, will
not be utilized until other more accessible sites below are developed, and each
will add to the value of the storage that can be obtained by drawing down the
head at this site. i

The following estimates of regulated flow and power available show the result
if the storage had been used in 1925 and 1926 to insure a uniform flow during
a period of four months. This scheme does not give the best results at this
site, but for the river as a whole it works out fairly well, as the power output
can be equalized by the operation of the proposed large reservoir at Wolf Creek.

Summary of potential power at site 12RB 9
[Head without drawdown, 290 feet; assumed drawdown, 85 feet; storage capacity, 24,800 acre-feet]

Flow in second-feet Horsepower

90 per 50 per 90 per 50 per
cent of | cent of | centof | centof
time time time time

Natural flow
Regulated flow.
Regulated flow, 1926

1,400 | 19,100 32,
1,020 1,280 18, 900 3
940 17, 400 21, 800

STEAMBOAT POWER SITE (12RB 10)

The dam site for the Steamboat power project is at mile 13734, 214 miles above
the mouth of Steamboat Creek. A concrete dam 190 feet high, which would
raise the water level to an altitude of 1,375 feet, is proposed. (See pl. &1, A4,
and fig. 23.) The reservoir would help to smooth out the peak flow of floods, as
a rise of 1 foot would store a flow of 4,300 second-feet for 1 hour.

At this site the river has cut through what appears to be a thick Aiabase
sill intruded into volcanic agglomerate. The walls of the canyon are steep and
rugged, and rock is well exposed. It strikes N. 72° W. and dips 18° NE. The
diabase is a member of an old formation, probably of Eocene age. There are
~ cnough joints to cause some seepage under and around the dam, hence it will
probably pay to grout the foundations to prevent leakage. The rock is strong
and forms a satisfactory dam site. As the seepage at this site will not affect
the stability of the dam nor increase with time, it might even be disregarded
with safety. The site is a considerable distance downstream from Illihe, the
last large remnant of intracanyon basalt, hence there need be no fear of buried
channels on either side of the river.

A dam 190 feet high would flood 365 acres, and by drawing down the water
75 feet 19,000 acre-feet of stored water would be obtained. This water could
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be used through an average head of 155 feet at the dam and a maximum head
of 1,330 feet at all proposed plants on the river if there were no drawdown ex-
cept at this site, The stored water would generate 2,000,000 kilowatt-hours of
energy at the dam and 18,000,000 kilowatt-hours at all proposed plants if there
were no drawdown except at Steamboat. But owing to loss of head at this and
other sites the net gain from the use of the stored water would amount to only
about 11,000,000 kilowatt-hours, which would have been the net gain in 1926.
The loss of head at the dam due to the drawdown would average 35 feet, and
the low flow in an average year with storage in Diamond Lake vrould amount to
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FIGUure 23.—Plan, cross section, and area and capacity curves, Steamboat
dam site, Umpqua River Basin

about 900 second-feet. The loss of power due to loss of head would amount to
2,520 horsepower, which would equal the power obtained at the dam from
stored water in 47 days. If there were no other plants below, the economical
drawdown at this site would be less than 75 feet, probably around 40 feet. But
other sites farther downstream will be developed before this site is utilized, and
the value of the stored water will be proportionally increased. If the Boundary
and Rock Creek sites were developed they would increase the value of stored
water to such an extent that it probably would pay to draw the head down the
full amount proposed. However, the question just how far the head could be
economically drawn down is very complicated, and the answer would depend
on the conditions at the time it was proposed.
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In computing the power available at this site with storage it is assumed that
all sites above will have been developed and that the storage capacity at this
site will be used to equalize the flow in August, September, October, and
November. '

Summary of potential power at site 12RB 10

|Head without drawdown, 190 feet; assumed drawdown, 75 feet. Storage capacity, 19,000 acre-feet]

Flow in second-feet Horsepower

90 per 50 per 90 per 50 per
cent of | centof | centof | centof
time time time time

Natural flow._..
Regulated flow.._..
Regulated flow, 1926

850 1, 500 12, 900 22, 800
1,050 [ 1,320 11, 900 20, 100
767 965 11, 700 14,700

BOUNDARY POWER SITE (12RB 11)

A dam 225 feet high is proposed at the Boundary site, which is near the
west boundary of the Umpqua National Forest, 1 mile below Fall Creek, in
the NW. 14 sec. 17, T. 26 S.,, R. 1 W., on the North Umpqua River. (See pl.
21, B.)

This dam site is in a canyon about 500 feet deep with nearly vertical cliffs
of columnar-jointed lava rock 300 feet high. A specimen from this site was
determined under the microscope by C. 8. Ross, of the United States Geological
Survey, to be andesite. It contains large crystals of glassy feldspar in a dark
groundmass. It is very similar to the porphyritic andesite of the Rock Creek
site. Not all the jointing in the canyon walls is vertical, for some of it is
nearly horizontal or lies at intermediate angles.

Drilling by the California-Oregon Power Co. was in progress at this site in
1926, and Mr. E. C. Koppen furnished the available logs. Surprising as it may
seem, the immense igneous mass that forms the canyon at this place has been
nearly sawed through by the river. One drill hole 85 feet deep had been com-
pleted on the north bank of the river at the time of visit. This hole passed
through the andesite in 28 feet and encountered a bed of gray basalt 27 feet
thick, beneath which lay 23 feet of black shaly tuff and agglomerate. A hole
inclined 45° had just been started in the river bed. The log of the completed
hole is given in the table below :

Log of hole No. 1 of Boundary dam site, North Umpqua River

Thickness | Depth

Feet Feet
Columnar andesite.
Black shaly tuff...
Basalt_._..__.__

Shaly tuff (7)o oo ens
Basalt.._._.._.._.

Hard black tuff
Agglomerate .

Novwd

-
o 0o
&

It is evident that the basalt between 35 and 62 feet in this hole is a sill
and has been intruded into the sediments. The 2-foot bed of basalt above it is
probably a thin offshoot from this sill. The massive andesite that would
form the abutments of the dam site is probably a sill also, although this
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fact was not determined by following it upstream. Regardless of the
origin of the andesite, it is a strong and relatively impermeable mass and
would form very satisfactory abutments. If this rock has been entirely
removed in the bed of the river the dam will have to be founded on the basalt
sill. Such a foundation will be satisfactory, and it is believed that seepage
under such conditions will be small. Because the structure in the valley in
general dips upstream it might be expedient to build at a site a few hundred
feet upstream, where the andesite will form the foundation as well as the
abutments of the proposed dam.

The following table shows the area and capacity of the reservoir that would
be created by dams of different heights:

Area and capacity of Boundary reservoir

Aggggge Area szggr%ity Ag&gge Area szggg-ty
sea‘elgtvsel (acres) Teot) sea level | (acres) Teot)

957 0 0 1, 060 245 10, 270
960 2 3 1, 080 387 | 16,59
980 28 303 1,100 475 25,210
1,000 72 1, 300 1,140 e 675 48, 000
1,020 110 3,120 1,180 s 890 79, 000
1,040 180 6, 020
o Estimated.

A dam 225 feet high at this site would raise the water surface to 1,180
feet above sea level and flood 890 acres. By drawing down the water surface
100 feet, 62,000 acre-feet of stored water would be obtained. This water could
be used through an average head of 182 feet at the dam and a total head at
all plants of 1,132 feet. The stored water would generate 8,000,000 kilowatt-
hours at the dam and 51,000,000 kilowatt-hours at all sites if there were no
drawdown at the sites below Boundary. In practice, of course, the water level
would be drawn down at the lower sites, as well as at Boundary, and the net
gain from the use of the stored water in 1926 would have been 36,000,000
kilowatt-hours. The average loss of hedad at Boundary would amount to 43
feet, and the minimum flow with storage in Diamond Lake in an ordinary year
would amount to about 1,000 second-feet. The average loss of power due to
loss of head would amount to 3,440 horsepower, and in 132 days the loss of
power due to loss of head would equal the gain in power at the dam site
due to drawing down the reservoir. . If there were no plants below, only the
upper part of the reservoir would be drawn down for storage. A drawdown
of 40 feet would provide 31,000 acre-feet of storage, and the average loss of
head would be about 19 feet. The stored water would generate 258,000 horse-
power-days of power at the Boundary power site, and here the average loss
of power due to loss of head would be 1,520 horsepower. 1In 123 days the loss of
power would amount to 187,000 horsepower-days. Thus the power output for-
the four summer months could be equalized and the net power output at the
site increased 577 horsepower by drawing down the reservoir. With one or
two additional plants below it would pay to draw down at least 80 feet. The
principal value of this storage, in fact, would be at plants below, whether one or
all were developed. If the Rock Creek site had been developed to a head of
115 feet 40,000 acre-feet released from Boundary would have increased the mean
potential power 1,530 horsepower for the four low months of August to Novem-
ber, 1925, besides equalizing the output during those months,
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In 1926 the natural flow was lower, the loss of power at Boundary due to
loss of head would have been less, and the net gain due to the use of the water
stored in the upper 100 feet of the reservoir would have amounted to 725 horse-
power. This gain assumes that no storage was available except at the Bound-
ary site and that the stored water would have been used over a period of
135 days.

If this plant were operating as a single unit the reservoir would not be drawn
down so low and the power output would be equali#ed over the low period
rather than the stream flow. In estimating the potential power of the river
it is assumed that the storage at Coles Valley will be used to equalize the power
output of the system and that the stream flow at Boundary will be equalized
for the period July to November. Ordinarily there will be a rise late in
November or in December and no shortage of power in those months.

Summary of potential power at site 12RB 11

[Head without drawdown, 225 feet; assumed drawdown, 100 feet; storage capacity, 62,000 acre-feet]

Flow in ;second-feet Horsepower

90 per 50 per 90 per 50 per
cent of | cent of | cent of | cent of

time time time time
Natural flow 890 | 1,80 | 16000 32400
Regulated flow.____ 1,450 |- 1,950 | 18,200 | 32,400

Regulated flow, 192

1,120 1,230 14, 800 20, 100

CLARK RANCH POWER SITE (12RB 12)

An excellent dam site is found at the Clark ranch in the NE. 14 see. 21,
T. 26 S., R. 2 W., at mile 12215. A dam 110 feet high would back water within
5 feet of the Boundary site above. (See pl. 22, A, and fig. 24.) It is possible
that the dam at the Rock Creek site will be high enough to drown out this site.
In that case a site might be found farther upstream, although there is no site
as favorable as this one between it and the Boundary site. If a dam site
could not be found the power could be developed by a ‘conduit.

There are two possible locations for a dam at this place—an upper one
on line W-X (fig. 24) and a lower one on line Y-Z.

The geology of the two sites is shown in plan on Figure 24. The boundaries
of the geologic formations are shown by dotted lines on the south side of the
river, because the river could not be forded at the time of the examination,
and hence the boundaries were sketched from the morth side. The geology
of the upper site is very simple, for massive, compact green volcanic ag-
glomerate dipping upstream at an angle of 15° crops out on both sides and
lies at a shallow depth below the surface of the water. A hundred feet.up-
stream from this site occurs a diabase dike 5 feet wide that dips 75° 8.
Where it crosses the North Umpqua River it forms a riffle. The rock at this
site is sufficiently strong to support the proposed 110-foot dam. . It is relatively
impermeable, so that no difficulty should be experienced with leakage under or
around the dam. The nearly vertical dike 100 feet upstream is also an
impermeable wall and absolutely cuts off leakage from the reservoir. The site
is excellent and far better than those upstream from it. However, the lower
dam -site is even superior to the upper one. It is formed by the outcrop of a
dense diabase sill about 70 feet thick intruded into the volcanic agglomerate.
The diabase crops out on both banks and in the river bed and is a much, more
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U. S. GEOLOGICAL SURVEY WATER-SUPPLY PAPER 636 PLATE 21

A. UPPER END OF STEAMBOAT DAM SITE, UMPQUA RIVER BASIN

Looking downstream.

B. BOUNDARY DAM SITE, UMPQUA RIVER BASIN
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A. CLARK RANCH DAM SITE, UMPQUA RIVER BASIN

Looking upstream.

B. GLIDE DAM SITE, UMPQUA RIVER BASIN

Looking downstream.
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A. HORSESHOE BEND DAM SITE, UMPQUA RIVER BASIN

B. OAK CREEK DAM SITE, UMPQUA RIVER BASIN

View from right bank, looking upstream.
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A. WINCHESTER DAM SITE, UMPQUA RIVER BASIN

Shows rock in river channel.

% B. KELLOGG DAM SITE, UMPQUA RIVER BASIN

View from left bank.
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satisfactory rock than the agglomerate to key in the proposed dam. It has a
higher crushing strength, is a much firmer rock, and is less permeable. The
agglomerate is a deposit of volcanic ash and ejectamenta consolidated by time,
whereas the diabase is an intrusive rock. Moreover, the 5-foot dike upstream
from the upper site would afford the same protection against seepage losses
from a reservoir formed by a dam at the lower site. For these reasons it is
recommended that the lower site be developed.

A dam about 110 feet high at this site would raise the water surface to
an altitude of 955 feet and flood 565 acres. By drawing down the water sur-
face 35 feet 16,000 acre-feet of stored water could be obtained. This water
could be used through an average head of 95 feet at the dam and a total
head of 935 feet at all proposed plants if there were no drawdown except at
this site. Under these conditions the stored water would generate 1,000,000
kilowatt-hours of power at the dam and 11,000,000 kilowatt-hours at all pro-
posed sites; but owing to drawdown at other sites and loss of power due to
loss of head at this site the net gain from the stored water in 1926 would

- have been about 7,000,000 kilowatt-hours, which is assumed to be a rough ap-
proximation of the value of this stored water. The loss of head due to draw-
ing down the reservoir surface would amount to 15 feet, and the low-water
flow with storage in Diamond Lake would amount to about 1,000 second-feet.
The average loss of power due to loss of head would amount to 1,200 horse-
power. This loss would equal the power obtained from the stored water at
this site in 51 days, or less than two months. If no other sites were developed
below, the reservoir capacity could be used to equalize the monthly flow and
to jncrease the flow in a very dry month. If the river were completely
developed it probably would not pay to draw down the head at this plant
before September, because of the small amount of storage. It has been as-

" sumed that the stored water would be used during September, October, and

November, but that ordinarily little water would be required in November,

Summary of potential power at site 12RB 12

[Head without drawdown, 110 feet; assumed drawdown, 35 feet; storage capacity,
16,000 acre-feet]

Flow in second-feet Horsepower

90 per 50 per 90 per 50 per
cent of | centof | centof | cent of
time time time time

Natural flow._____ ... 900 1, 550 7,900 17,200
Regulated flow____ - 1,460 1,980 11,000 17,200
Regulated flow, 1926 1,330 9, 280 10, 700

Owing to the loss of head caused by drawing down the water for storage, the
potential power for 50 per cent of the time is the same for natural and regu-
lated flow, although the estimated regulated flow is somewhat greater.

ROCK CREEK POWER SITE (12RB 13)

The Rock Creek dam site is about a mile above Rock Creek, in the vicinity of
mile 119, in sec. 12, T. 26 S.,, R. 3 W. The dam proposed in this report would
be 60 feet high, and a conduit through the bend in the river below would in-
crease the head at the power house to 120 feet. It would not pay to draw down

N
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the head at this site except temporarily on account of load factor or in order
to equalize small changes in daily discharge.

The following table shows the area which would be overflowed and the
capacity of the reservoir for dams raised to different altitudes:

Area and capacity of Rock Creek reservoir

“above: | area |Copacity || A4CUC8 | pres |Capacity

sea levei | (acres, sea level | (acres '
(feot) )| teet) | SGemel | ¢ )| teet)

780 0 0 840 | . 189 | 4,690

800 " 480 860 304 | 9620

820 93 | 1,870 880 36 | 17,000

During the investigation of the geology at this site the California-Oregon
Power Co. was testing the site by means of drill holes, and the details of the
concealed rocks are known through the courtesy of Mr. E. C. Koppen, who
pernutted examination of the cores.

" The river at low stages at the site flows in a narrow channel cut in a sill of
gray igneous rock, which has been identified under the microscope by C. S.
Ross, of the United States Geological Survey, as a porphyritic andesite. The
sill was formed by the intrusion of the andesite into beds of volcanic tuff and
agglomerate. The beds strike N. 22° E. and dip 12° SE. The dip is nearly
upstream, hence leakage along bedding planes is not likely.

‘The andesite sill crops out all the way across the floor of the valley, except
in the low-water channel, and disappears on both banks under a cover of
agglomerate. It is about 65 feet thick, and a few hundred feet downstream
from the site the contacts of the sill and the underlying beds are well exposed.
The contacts are extremely tight and are so impermeable that seepage will
not occur through them. The drill, however, did not penetrate any of the andes-
ite in the river but encountered soft shale, which occurs beneath the sill.
It so happens that the river has cut completely through the sill at this site.

Drill hole No. 1 is near the road on the north side of the river at the site, at
an altitude of 784 feet above sea level. It is 118 feet deep and was started in
the andesite sill about 15 feet above the river. The following log of this hole
is based solely upon a megascopic examination of the core.

Log of hole No. 1 of Rock Creek dam site on North Umpqua River

[Altitude, 784 feet]

Thickness Depth
Feet Feet
- o L 48 48
%oflt black ﬂl%e-grmt;ed §andy tzt;g.f ................ 1(11 gg
olcanic agglomerate of pea-si: TAZMONTS. o ieeceeeeann
Black fine-grained tufforshale_________________________________________________ 12 71
Rotten agglomerate containing a dark clayey seam 1 inch thick.. s 79
Reddish-brown agglomerate........._ . oo - 4 83
Light-colored compact agglomerate, easily whlttled with a knif 23 106
No core, tools dropped; probably mud 12 118

Hole No. 2 is in the river at the site, about 15 feet lower than hole No. 1.
The core was not examined, but the record given was furnished by Mr. Koppen :
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Log of hole No. 2 of Rock Oreek dam site on North Umpqua River

[Altitude, about 770 feet]

Thickness | Depth

Feet Feet
21 21
15 36
10 46
Tuﬂ and agglomerabe, similar to that in hole No. 1. 52 98
Hard black basalt. 3 101
Agglomerate . - . e eceeemem———————aa 5 106

About 500 feet upstream from hole No. 1, at an altitude of 779 feet above
sea level, hole No. 8 was drilled. It is 86 feet deep and was drilled entirely in
hard, coarse gray volcanic agglomerate. This hole did not penetrate the sill be-
cause it was not drilled deep enough. This same bed of hard agglomerate crops
out on a massive ledge on both banks above the sill at the dam site.

Hole No. 4 was drilled in the river near hole No. 3 and penetrated the same
rock. About 50 feet upstream from hole No. 38 another sill consisting of a ledge
of basalt 25 feet thick and dipping upstream crops out and forms rapids in the
river. A short distance above this sill is still another one, about 100 feet thick.
A series of soft tuffs overlies this last sill. Evidently there is a series of beds
of volcanic débris in this area, which contain a number of sills. The formation
is relatively impermeable but of very unequal hardness.

Because the tuffs underlying the andesite sill at the lower end of the dam
site are soft, and because these same soft beds lie directly below the channel
alluvium, it is inadvisable to construct a dam at this lower site. The thick
bed of coarse, hard agglomerate cropping out in the river bed 500 feet upstream
forms a satisfactory foundation for a dam. A few joints in this bed would
allow slight seepage here and there, but in amounts too small to be serious.
The rock is not soluble in cold dilute hydrochloric acid, hence there is no
danger of these joints enlarging by solution. The section is wider at this upper
site than at the lower one, but the fact that bedrock occurs in the river offsets
this disadvantage. The abutments are composed of massive conglomerate with
an intercalated diabase sill and are covered with shallow soil. The upper site is
entirely satisfactory for the proposed dam.

SBummary of potential power at site 12RB 13
[Head, 120 feet]

Flow in second-feet Horsepower

90 per 50 per 90 per 50 per
cent of | centof | centof | cent of
time time time time

900 2,000 8,640 19, 200
1, 460 1,980 14, 000 19, 000
1,140 1,330 11,000 12,700

GLIDE POWER SITE (12RB 14)

There is an excellent dam site in sec. 19, T. 26 S., R. 8 W., at the mouth
of the Little River at Glide. The only disadvantage of the site is the fact
that the land which would be overflowed is largely in private ownership, and
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the damages would be considerable. A dam 60 feet high is proposed at this
site. (See pl. 22, B, and fig. 25.)

It is feasible to build an open conduit from this dam site to the location of
the proposed Horseshoe Bend power plant, thus increasing the head from 60
to 150 feet. The canal would be 7 miles long. The flow for 50 per cent of
the time at this site is 2,400 second-feet, but it probably would not pay to
build the canal to so large a capacity. As there is a fairly good dam site at
Horseshoe Bend the head can probably be developed to best advantage by means
of a dam.

The maximum recorded peak flow at the Oak Creek gaging station, not far
below this site, was 90,000 second-feet, on November 23, 1909.

A detailed topographic survey, a geologic map, and a geologic cross section
of the site are shown on Figure 25. The falls at the site are made by the
outcrop of a diabase sill that is intruded into sandstone and shale of the
Umpqua formation® A bed of fossils of Eocene age occurs in the sandstone
under the highway bridge on the north bank of the Little River. The sill is
about 25 feet thick where it crosses the road on the south bank and is underlain
at this place by soft, black, sandy shale. The sill thickens on the north side
of the river and finally disappears under sedimentary rock. The river at the
site probably flows on the shale underlying the diabase, although there may be
a few feet of diabase in the river bed. About 500 feet upstream from the site
a nearly vertical diabase dike about 3 feet thick, which is probably an offshoot
from the sill, crosses the river and has the appearance of a partly destroyed
dam. . .

Because of the occurrence of thin-bedded soft shale directly below the sill,
and because the diabase has been nearly. if not entirely eroded away in the
channel at the site, it is believed advisable if péssible to build the dam 50
feet or more upstream to obtain a thicker diabase foundation. In this way
the problem of the shale in the foundation would be overcome, and the dam
would be more securely anchored and would be free from seepage through
the adjacent rocks. The contact of the sill with the underlying and overlying
sediments is tight wherever exposed, hence no leakage should occur along it.

WATER-POWER RESOURCES OF UMPQUA RIVER, OREGON

The site should be thoroughl

dam. It is not impossible th
only a few feet would be reqt
A dam 60 feet high would
and flood 980 acres. By dray
feet of stored water would
an average head of 53 feet
proposed plants .if there wer
water would generate 500,

y drilled to determine the best location for the
at the sill thickens eastward, so that a shift of
nired for the dam.

raise the water surface to an altitude of 720 feet
wing down the water surface 20 feet 14,000 acre-
be obtained. This water could be used through
at this site and a total head of 713 feet at all
e no drawdown except at this site. The stored
kilowatt-hours of power at the Glide site and

7,000,000 kilowatt-hours at all proposed sites, if there were no drawdown except
at Glide. But the loss of power due to loss of head at this site and the loss of
head at lower sites due to drawdown for storage would reduce the net gain,
so that in 1926 it would have amounted to 3,500,000 kilowatt-hours, which
is probably a fair estimate of| the value of this storage with complete develop-
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flow in an average year with
1,050 second-feet. The avera
588 horsepower, which would
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3 Diller, J. 8., U. 8. Geol. Surv
47154°—30——19

ey Geol. Atlas, Roseburg folio (No. 49), 1898.
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not be drawn down for much over a month at a time, as the loss of power due
to loss of head would soon equal the gain due to the stored water. When
operated in connection with the other plants on the river it probably would be
best to use the stored water during Oct‘iber and November to reduce the period
of loss of head.

Summary of potential power at site 12RB 1}
[Head without drawdown, 60 feet; assumed drawdown, 20 feet; storage capacity, 14,000 acre-feet]

Flow in second-feet Horsepower

90 per 50 per 90 per- 50 per
cent of | cent of | centof | cent of
time time time time

Natural flow._ ..o 950 2,400 4, 560 11, 500
Regulated flow. 1,520 2,300 7, 200 10, 700
Regulated flow, 1926 .. .. 1, 45 1, 560 5,980 6,910

HORSESHOE BEND POWER SITE (12RB 15)

The ‘Horseshoe Bend site is in the NW. 14 sec. 17, T. 26 S., R. 4 W, a little
below mile 106. A dam 60 feet high is proposed with about half a mile of
conduit across the mneck of the bend nearly to the point where the 570-foot
contour crosses the river, giving a total head of 90 feet. (See pl. 23, A, and
fig. 26.) _

The maximum recorded peak flow at this site was 90,000 second-feet, on
November 23, 1909. With two or three sites developed higher up on the river
the peak flow would be ironed out, and provision need be made only for the
24-hour flow.

The dam site is located in a mass of diabase that forms both abutments and
crops out in the river bed. This diabase is shown by Diller ® to be part of the
great intrusive body. About a quarter of a mile upstream from the site out-
crops of spheroidal lava were found. These balls of lava have skins 1 to 4 inches
thick composed of glass, and they suggest that this lava is a submarine basalt
flow. Regardless of the origin of the diabase, it forms an excellent dam site,
and although it is minutely jointed only insignificant seepage should occur.

A dam 60 feet high would raise the water surface to an altitude of 660 feet
and flood 1,000 acres. A drawdown of 21 feet would make available 16,000
acre-feet of stored water. (See fig. 26.) This water could be used through
an average head of 81 feet at the Horseshoe Bend plant and a total head of 651
feet at all plants proposed if there were no drawdown except at this site. The
stored water would generate mearly 1,000,000 kilowatt-hours of power at the
Horseshoe Bend site and 7,500,000 kilowatt-hours at all proposed sites, if there
were no drawdown at the other sites. But owing to loss of head at this site
and sites below, because of drawdown for storage, the net gain from storage in
1926 would have been about 4,000,000 kilowatt-hours. The average loss of head
at Horseshoe Bend would be 9 feet, and with an assumed regulated flow of 1,00¢
second-feet the loss of power due to loss of head would amount to 720 horse-
power. It would require 73 days for the loss of power due to loss of head
to equal the gain at Horseshoe Bend alone due to drawing down the reservoir.
If this site were developed independently the storage capacity could be used
to equalize the monthly discharge during the summer, and possibly it could be
used to advantage during a month of very low flow, especially in October or

! Diller, J, 8., op. cit.
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November. In connection with the other sites on the river the storage could
be used in October and November, thus limiting the period of loss of head. In
a year of very low flow it might be necessary to use the stored water earlier
in the summer.

Summary of potential power at site 12RB 15

[Head without drawdown, 90 feet; assumed drawdown, 21 feet; storage capacity, 16,000 acre-feet] -

Flow in second-feet Horsepower

90per | 50per | 90per | 50 per
cent of | centof | centof | centof

time time time time
Natural flow._ . aos 950 2, 400 6, 830 17, 300
Regulated flow________________ decemceacsacan 1,520 2,400 10, 900 16, 200
Regulated flow, 1926 . emeaaas 1,245 1,705 8,950 10, 800

OAK CREEK POWER SITE (12RB 16)

The Oak Creek power site is in the SW. 14 sec. 11, T. 26 8., R. 5 W,, at
mile 97.8, where a dam 65 feet high is proposed. (See pl. 23, B, and fig. 27.)
The power house would be built a short distance below the dam at an altitude
of 500 feet, giving a total head of 70 feet. .

The maximum recorded peak flow at this site is 90,000 second-feet, on
November 23, 1909. The peak flow will be ironed out by dams that will be
built farther up the river before this site is developed, and if there are many
plants built above this one it may be safe to reduce the spillway capacity
somewhat. ‘

Massive, dense diabase of intrusive origin crops out on both abutments
and in the river channel. The south side is almost entirely covered with
soil, and the north side is composed of weathered diabase, hence at least a
10-foot excavation will be required to reach fresh rock. The diabase is minutely
fractured but is amply strong for the proposed dam and not subject to ex-
cessive leakage. Any seepage at this site can easily be prevented by a little
grouting. If not sealed, however, the cracks will not enlarge by seepage, for
the rock is insoluble to percolating water.

A dam 65 feet high would raise the water surface to an altitude of 570
feet and flood 900 acres. A drawdown of 20 feet would make available 14,000
acre-feet of stored water. (See fig. 27.) This water could be used through an
average head of 61 feet at the Oak Creek plant and through a total head of
561 feet at all proposed sites if there were no drawdown except at Oak Creek.
The stored water would generate over 500,000 kilowatt-hours at this site and
5,500,000 kilowatt-hours at all proposed sites if there were no drawdown except
at this site. Loss of power due to loss of head at this site and loss of head
at lower sites due to drawdown would have reduced the total net gain in
1926 to 3,000,000 kilowatt-hours, which is probably a fair estimate of the value
of this storage when the river is completely developed. The loss of head would
average 9 feet, and the low-water flow in an average year with storage in
Diamond Lake would amount to about 1,050 second-feet. The average loss
of power due to loss of head would be 755 horsepower and this loss would
equal the power obtained at this site from the stored water in 46 days.

If the plant were operated independently this storage would be sufficient to
equalize the monthly flow during periods of low water and to care for daily
load fluctuation. As a part of a system embracing the whole river it probably
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would be best to regard this as storage to be held for emergency use in a very
dry October and November.

Summary of potential power at site 12RB 16

[Head without drawdown, 70 feet; assumed drawdown, 20 feet; storage capacity, 14,000 acre-feet]

Flow in second-feet Horsepower

90per | 50per | 90per | 50 per
cent of | centof | centof | centof
time time time time

Natural flow . ciccao- 955 2,410 5,350 13, 500
Regulated flow.._____... 1, 530 2,470 8,570 12, 800
Regulated flow, 1926 1,250 | 1,830 6,990 8,630

WINCHESTER POWER SITE (12RB 17)

The Winchester power site is near the corner common to secs. 19, 20, 29,
and 30, T. 26 S., R. 5 W., about 1% miles above the constructed power plant
at Winchester. A dam 60 feet high is proposed. (See pl. 24, B, and fig. 28.) A
pressure pipe line along the right bank would lead to a point near the present
dam, giving a total head of 80 feet, or the present dam could be raised to a
height of 20 feet to use the total head available below the proposed dam above,
and an automatic plant could be installed at the site of the present plant.

The maximum recorded peak flow at this site, 92,000 second-feet, occurred
on November 23, 1909. :

Jointed intrusive diabase occurs on the north bank and in the river channel
a short distance downstream from the site. This rock also crops out on the
south bank at the water’s edge, where it disappears under a soil-covered gravel
bench that forms a terrace about 20 feet above the river. It will be necessary to
excavate the gravel, which is unconsolidated. The underlying diabase will
make an excellent rock to key in a dam, and seepage losses under and around
the dam will be insignificant: The depth to bedrock under the gravel bench can
be determined only by drilling, but it is probably not over 30 feet in any place.
The feasibility of this site rests entirely upon economic conditions, because the
width of the dam is great and the anrount to be excavated is large.

A dam 60 feet high would raise the water level to 500 feet and flood 650
acres. A drawdown of 25 feet would provide 12,000 acre-feet of stored water,
which could be used through an average head of 69 feet at the Winchester
plant and through a total head of 489 feet at all proposed vlants if there were
no drawdown except at Winchester. The power that could be generated by
the stored water would amount to over 500,000 kilowatt-hours at the Winchester
site and to 4,000,000 kilowatt-hours at all proposed plants that could utilize the
stored water, if there were no drawdown except at Winchester. Owing to loss
of head at Winchester and at the sites lower down, the net gain in power due
to the use of the storage would have amounted to 2,000,000 kilowatt-hours in
1926. The average loss of head would be 11 feet. If no plants were constructed
below the Winchester site the value of this storage would be limited, for with
a mean discharge of 1,000 second-feet the loss of power due to loss of head would
equal the power obtained from storage in 38 days. It would be possible to
equalize the monthly flow from this storage and to increase the output some-
what in the month of minimum flow. If all plants were developed below this
one the power obtained fronr stored water would be considerably greater than
the loss in power due to loss of head, and the total amount of storage could
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be used during the summer at whatever time would give the greatest net in- .
crease in power at all the points affected.

Summary of potential power at site 12RB 17

[Head without drawdown, 80 feet; assumed drawdown, 25 feet; storage capacity,
12,000 acre-feet.

Flow in second-feet Horsepower

90 per 50 per 90 per 50 per
cent of | centof | centof | cent of

time time time time
Natural fow. .o ccccceeceeen 960 2,420 6,140 15, 500
egulated flow._______ o iccacica- 1, 520 2,570 9, 700 14, 900
Regulated flow, 1926_ _ - 1,250 1,950 | 7,980 10, 100

PACIFIC HIGHWAY POWER SITE (12RB 18)

The Pacific Highway project is proposed to develop the fall below the Win-
chester site in case the Wolf Creek or Coles Valley dam is not built to the
400-foot contour. A dam about 5 feet high would be built at the point where
the 415-foot contour crosses the river, in the NW. 14 sec. 25, T. 26 S.,, R. 6 W.
A tunnel a mile long would cross the bend to the little creek on the west side,
and a conduit would extend downstream to the point where the 380-foot con-
tour crosses the river, giving a total head of 40 feet. If, as is assumed in this
report, a dam is built to flood Coles Valley to the 400-foot contour, then a fall
of 20 feet would be available between the Winchester power house and the
backwater from Coles Valley. This head could be developed by a 10-foot dam
at the point where the 410-foot contour crosses the river and a mile of open-cut
canal. It might be possible to build a 20-foot dam lower down, but the valley
is wide at this point.

The maximum recorded peak flow was 92,000 second-feet. The flow at this
site, both natural and regulated, would be the same as at the Winchester site.

Summary of potential power at site 12RB 18

[Head, 20 feet]

Flow in second-feet Horsepower

90 per 50 per 90 per 50 per
cent of | centof | centof | centof
time time time time

NBUral BOW- - oo - 90| 2420| 1,540 3,870
Regulated flow...__ - - 1,520 2, 570 2,420 4,120
Regulated flow, 1926_ _ iy 1, 250 1,950 2,000 3,120

COLES VALLEY POWER SITE (12RB 19)

The Coles Valley site is an alternative dam site to be used in case conditions
are not satisfactory at the Wolf Creek site. It is in the N. 1% sec. 16, T. 25 S.,
R. TW., at mile 69. The principal value of this site is for a reservoir, and a
dam at either the Wolf Creek or the Coles Valley site could be built to a height
sufficient to flood Coles Valley. (See fig. 15.) The Wolf Creek site is believea
preferable, and the power and reservoir possibilities are discussed in connec-
tion with it. The right abutment at Coles Valley would require considerable
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excavation ; otherwise there is no apparent difficulty connected with building a
dam at this site. The damages to lands and improvements that would be
caused by a reservoir at this point are so great that it may be many years before
the demand for power will be sufficient to justify.the cost. The capacity of the
reservoir would be greater if the dam is built at Wolf Creek. If the reser-
voir is not built to the full capacity the section of the river in the proposed
reservoir site that is not occupied by the reservoir can be developed for power by
means of low dams and conduits. A dam 110 feet high is proposed at this
site. A reservoir covering 12,000 acres, or most of Coles Valley, would be
formed by a dam of this height. Most of the reservoir floor is covered with
soil, but exposures here and there indicate that it is underlain by thin-bedded
green and black shales and sandstone of the Umpqua formation, all of which
are sufficiently impermeable to form a water-tight reservoir. Near the dam
site these thin beds give way to massive sandstone.

The left abutment is a cliff of massive light-colored sandstone with a dip of
about 10° upstream. Some of the beds exceed 10 feet in thickness. Sand-
stone is exposed also all the way across the river channel but disappears on the
right abutment under the end of a soil-covered terrace that forms a bench
about 20 feet above the river. It will be necessary to drill to determine the
exact depth to bedrock at this abutment. Probably at least 15 feet of soil and
partly weathered sandstone will have to be removed on this bank to anchor a
dam properly. The massive sandstone forms an excellent dam site, and the
fact that it dips upstream indicates that seepage through the joints and along
the bedding planes will be small. Moreover, the reservoir site appears to be
equally impermeable, hence the geology of both the dam site and the reservoir
site is favorable to the proposed construction. ‘

Estimates of the power in this section of the river are given on page 292.

WOLF CREEK POWER SITE (12RB 20)

The Wolf Creek Site is near the east quarter corner of sec. 6, T. 25 S.,, R. T'W,,
at mile 62.8. A dam 145 feet high would raise the water surface to the 400-
foot contour and afford a storage capacity of 422,000 acre-feet, with a draw-
down of 80 feet. (See fig. 16.) The property damages are discussed under
the Coles Valley and Wolf Creek reservoir sites. This dam site is preferable to
the Coles Valley site, because of the greater capacity of the reservoir and the
increased head at the dam for development of power. If the dam is not built
to the full height the head not developed at the dam can be utilized by low
dams and conduits. The maximum recorded peak at this site was 172,000
second-feet on February 21, 1927. If the reservoir were built to capacity the
peak flow would be ironed out, but the 24-hour flow must be provided for.

Even-bedded, nearly horizontal sound yellow sandstone is exposed all the way
across the river channel and up both abutments. The sandstone is sufficiently
permeable to allow a small amount of seepage, but this could be prevented by
grouting with cement. The foundation and abutments will require practically
no excavation; hence this is an unusually fine site in that respect.

If the Wolf Creek Reservoir is built to full capacity the storage provided at
sites downstream would not be so valuable, for the regulated flow under these
conditions would be around 4,000 second-feet, and that means a loss of 320
horsepower for each foot of loss of head. A draw down of 10 feet for 60 days
would mean a loss of 192,000 horsepower-days. It has been assumed that the
stored water below Coles Valley would be utilized in November of a very dry
year and that a chance would be taken on a rise in December. In an ordinary
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year the stored water at sites below the Coles Valley Reservoir would be
reserved until December, and as a rule it would not be used.

Summary of potential power at site 12RB 20

[Head without drawdown, 145 feet; assumed drawdown 80 feet; storage capacity,
425,000 acre-feet]

Flow in second-feet Horsepower

90 per 50 per 90 per 50 per
cent of | centof | centof | cent of
time time time time

Natural 80w . e 1,150 4,620 13, 400 53, 600
Regulated flow_.____________________________ ... 3, 500 5,150 33, 500 45, 000
Regulated ﬂow, 1926 s 2, 530 3,770 19, 900 29, 100

KELLOGG POWER SITE (12RB 21)

The Kellogg power site is in the NE. 14 sec. 11, T. 24 8., R. 7 W., at mile
49.5, where it is proposed to build a dam 70 feet high. The conditions for a
foundation at the dam site appear to be good, but the section is rather wide.
(See pl. 24, A, and fig. 29.) The maximum recorded peak flow at this site
was 172,000 second-feet on February 21, 1927. It probably would be economical
to install machinery to use more than the Q50 flow at this site, in order to
carry a large part of the system load in November and December, when water
might be available on the lower river and not at the upper sites on the North
Umpqua. '

The right abutment at the site is formed by massive light-colored sandstone
that strikes N. 4° W. and dips 10° W. Between some of the massive beds are
thin layers of sandstone that contain fossil wood. The strata of sandstone in
the river bed are 1 tc 3 feet thick but strong and sound. The sandstone crosses
the river and disappears under soil on the left abutment. The depth of the
soil will have to be determined by test pits, but the rock is doubtless only a
few feet below the surface. It is a good site so far as geologic conditions are
concerned, although grouting of the bedding planes and joints of the sandstone
will probably be necessary to prevent seepage under and around the dam.

A dam 70 feet high would raise the water to an altitude of 255 feet and
flood 1,150 acres. A drawdown of 25 feet would provide 21,000 acre-feet of
stored water. (See fig. 29.) This water could be used through an average
head of 59 feet at the Kellogg site and a total head of 244 feet at all proposed
sites if there were no drawdown except at Kellogg. The power that could be
generated by the stored water at the Kellogg site would amount to nearly
1,000,000 kilowatt-hours, and at all proposed sites to 38,500,000 kilowatt-hours
if there were no drawdown below Kellogg.

If the Wolf Creek reservior site were developed it probably would not be
profitable to draw down the head at this site until late in the season, after
all water had been used in the reservoir, and usually it would not be drawn
down at all. In a very dry year it could probably be drawn down to .advantage
in November or December. With an assumed mean regulated flow of 1,500
second-feet at low water without the Wolf Creek or Coles Valley Reservoir,
the loss of power due to loss of head would amount to 1,320 horsepower a day
and would eqial the power obtained at this site from the stored water in 3S
days. If all sites below were developed the flow for the four low-water months
could be regulated to give a uniform power output, and the total power could
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be increased 750,000 kilowatt-hours if the drawdown covered a period of 123
‘days and the mean flow entering the reservoir was 1,500 second-feet.

Summary of potential power at site 12RB 21

[Head without drawdown, 70 feet; assumed drawdown, 25 feet; storage c<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>