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INTRODUCTION

Copco Dam permanently barred passage of anadromous fish to
the Upper Klamath Basin in 1917 and ever since there hag been continued
interest in the re-introduction of salmon and steelhead. Because of
this interest, Pacific Power & Light Company in 1964 consented to
finance a study to consider the feasibility of this project. The work
was undertaken by personnel of the Oregon State Game Commission, with
the aid of a Pacific Power & Light Company biologist., The study was
directed by a steering committee composed of one member from the
Klamath Salmon and Steelhead Advisory Committee, Bureau of Sports
Fisheries and Wildlife, Bureau of Commercial Fisherles, California
Department of Fish and Game, Fish Commission of Oregon, Oregon State
Game Commission, and Pacific Power & Light Company.

The scope of the project included compiling historical
information on the past fish runs and envirommental conditions, and
a survey to determine the status of potential spawning areas, rearing
areas and migration routes in the Upper Klamath Basin. Also, estimates
were to be made of the cost of construction for required fish passage
facilities and account taken of possible future water use,

This report presents the results of the investigation as well
as a review of the life histories and requirements of chinook salmon,

Oncorhynchus tshawvtscha (Walbaum) and steelhead trout, Salmo pairdneri

(Richardson). A discussion of related experimental transplants of

Pacific salmon and steelhead is included.



DESCRIPTION OF STUDY AREA

Physical

The geographical area encompassed in this report is the
Klamath River drainage upstream from Iron Gate Dam. The watershed
above Iron Gate Dam to Link River shall be referred to as the Mid-
Klamath Basin, Klamath Lake and its tributaries will be called the
Upper-Klamath Basin (Figure 1, Page 132).

In its easternmo;t reaches, the streams of the Basin arise
on timbered western slopes of fault block mountains bordering the
Great Basin. The Williamson River and its tributary, the Sprague,
flow westerly at elevations of 7,000 to 4,140 feet through timbered
areas and broad, flat vallevs before reaching Upper Klamath Lake.

From the north, spring~fed Wood River and Sevenmile Creek are the
major tributaries flowing from the eastern slopes of the Cascade

Range to Agency Lake, Agency and Upper Klamath Lakes are connected

by a narrow strait, Both lakes are relatively shallow and biologically
rich,

Some 28 miles south of the mouth of Wood River and 18 miles
south of the mouth of Williamson River, Link River forms the outlet of
Upper Klamath Lake. A dam at the head of Link River regulates the
level of rhe lake. Mile~long Link River feeds Lake Ewauna, which is
formed bv a dam across Klamath River at Keno and stretchés through the

broad reclaimed bed of Lower Klamarh Lake,
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Lost River, a natural tributary to Tule Lake, has been
connected to Klamath River via a man-made diversion canal which 1s part
of the system of drains and canals of the 190,000 acre Klamath Reclama-
tion Project.

ﬁelow Keno, the Klamath River enters the narrow, steep canyons
that typify most of its 254 miles before entering the Pacific Ocean on
the California coast about 32 miles south of the Oregon border. Along
its course in the mid-basin, Klamath River flows through three major
impoundments. The first is J. C. Boyle Reservoir, about 10 miles below
Keno, Spencer Creek enters near the head of the reservoir. The next
impoundment is made by Copco Dam about 36 miles below Keno, The last
reservolr is formed by the Iron Gate Dam about 45 miles below Keno,
Three of the more important tributaries in the lower area are Jenny
Creek and Fall Creek which enter Iron Gate Reservoir, and Shovel Creek,
which flows into Klamath River about three miles above Copco Reservoir.
Climatology

The climate of the Upper Klamath Basin may be exemplified
by the records of the Klamath Falls weather stationl. Some variations
within the basin may be expected on the basis of differences in elevation
and proximity to mountains.

Fairly low winter temperatures result from an elevation of
4100 feet though the nearness of the Pacific Ocean and the pgeneral

movement of air from that direction into the basin greatly modifies

Ly, s, Department of Commerce Environmental Science Weather Station,
Kingsley Airfield, Klamath Falls, Oregon. Weather Summaries 1907-65.



the more extreme temperatures of summer and winter. The most extreme
temperatures during the period 1907-1956 were 16 degrees below zero and
105 above. However, in the years 1927-1956, there was no minimum below
zerp or maximum above 96 degrees. Since then, a low of 25° below zero
was recorded in January 1962, Nights are cold even during the warmest
weather, During perlods of hipgh and low temperatures, the relative
humidity 1is usually low,

The air masses moving in from the west, upon which this area
is dependent for its precipitation, are forced across the Coast Range
and Cascade Mountains. As a result, much of the available moisture has
been condensed out before rc#ching the Klamath area. Annual totals of
precipitation over the fifty years prior to 1956 varied from a low of
8.31 inches in 1949 to a high of 20.91 in 1948, Eighty percent of
that time, the annual precipitation ranped between 9.5 and 17,00 inches,
Approximately 70 percent of the annual total falls in the six months of
October through March; less than 1l percent within the months of June
throurh August, A substantial portion of the winter precipitation is
in the form of snow,

Temperature and precipitation records for the studv period,
1965, are presented and compared with long—range averapes in Figures

2, 3 and 4 (Papes 133 and 134),



HLSTORY OF KLAMATH RIVER SALMON AND STEELHEAD

Published Reports

The existence of anadromous salmonid fishes in the Mid- and
Upper-Klamath Basins 18 substantlated by published reports on archeolog-
ical investigations, early explorations, county history and in newspaper
articles, Most accounts refer to the presence of these fish in the
Mid~Klamath Basin, but there are sufficient reports to indicate that
salmon and ﬁossibly steelhead were present in the Upper Klamath Basin.

Archeological investications

Through his archeological investigations, Cressman and his
colleagues (1956, 1962) deduced that 3500 years ago, fish constituted
the major item in the diet of the inhabitants of the Klamath Basin,
Bones found in excavations in the Sprague River valley have been fen-
tatively identified as those of chinook salmon. Gatscher (18%0), in
his work on the Klamath Indians, makes several references to salmon,
including words in the Klamath language to describe the fish and the
following statement on the tiwme of the runs. "The salmon are an
important food fish of the Maklak52 Indians, ascending twlce every
vear Into the lakes and rivers of the Klamath Highlands, the first

run being in June, the other in Autumn.”

2 Maklaks = true name of the Klamath tribe.



A description of the location of a dam for salmon near
the mouth of Sprague River was given by Spier (1930), Spier also
stated:

"The time of the salmon runs in the river is not

clear. Gatschet's statement is that salmon ascend

the Klamath River twice a year, This bears out

the statement -~ that runs came in the middle

finger months, May—June, and that the large fish

run in fall, Pat Kane did not know whether there

is more than one variety of salmon, which he called

tciales, Thev ascend all the rivers leading from

Klamath Lake (save Wood River) going as far up

Sprague River as Yainax, but were stopped by falls

below the outlet of Klamath Marsh,"

In explaining the fishery methods used by the Klamath tribe,
Spler wrote that fishing with nets was the primary method. Spears were
not used much because of the dark water of Willlamson River and Klamath
Lake, other than the Pelican Bay area. Salmon were sometimes speared
from river banks and from the rocks at Klamath Falls. Hooks were used
chiefly for large fish like salmon and '‘salmon trout",

County history

In a history of Klamath County compiled by Rachel Good (1941),
she cited the explorer, Fremont, (1846) as finding the Indians' main

camp at Link River where they fished for salmon. She also related the



recollections of Mrs. Addie Walker who arrived in the Sprague River
Valley in 1879, '"In winter the Indians brought us the large salmon
trout from springs along the river on the reservation,"
The following excerpts are from a History of Central
Oregon, 1905:
"In the Upper Klamath Lake and Link River seven
varieties of the steelhead trout have been caught,
ranging in weight from a few ounces to sixteen pounds
which raise to a fly readily during the summer months,
take a spoon in the spring and fall and minnow at all
seasons of the year. — — — In Klamath River which flows
from Klamath Falls to the Pacific Ocean, the fall
fishing for salmon, salmon trout and silverside trout

18 exceptionally fine,"

Newspaper reports

Articles from the files of Klamath Falls newspapers relate
most recent history of salmon and possibly steelhead in the Mid~ and Upper-
Klamath Basins.

Klamath Republican - September 28, 1899

"Soon will be the best season for fishing in Klamath
County lakes., And then there will be rare sport. Large
salmon trout, excellent candidates for the frving pan,
will be caught in abundance and though catching them may
seem cruel to the fish, it will be a joyful season to the

fisheman.,.



Klamath Republican - February 21, 1901

"Salmon and lake trout are now being caught Iin great

abundance."

Klamath Republican - March 21, 1901

" — = = mullets, rainbow trout and salmon - splendid
fish, giants in size and apparently anxious to be caught.
n

The phenomenon will last a month = = =,

Klamath Republican -~ September 18, 1902

"Roy Wright has caught four large salmon from the river
at this place (Klamath Falls) the last week. le pulled one
out yesterday that weighed 25 pounds, Lots of them are in
the river, he says. Salmon have not been this far up the
Klamath before in ten or twelve yvears, We are told that
dams.in the lower waters have prevented the fish from
running up, but are now enabled to do so by the aid of
fish ladders constructed over the obstructions by order of
the Fish Commission of Califormia.”

Klamath Republican - October 16, 1902

"It is reported that the fish ladder at Klamathon is a
poor arrangement and has not accommodated the salmon during
their run, thousands of them have heen killed in attempting
to go over {t, If sufficient ladders were provided, there

would be an abundance of salmon in the river here."

Coots (1962) gives the probable identification of the above-

mentioned dam by citing Dowling (1948), A log crib, rock-filled dam



was constructed by the Klamath River Improvement and Lumber Company in
1889, forming a mill pond on the Klamath River at Klamathon. This
operation continued until 1902. The dam was reported to be 10 or 12
feet Iin height and apparently an obstacle to migrating fish,

On September 10, 1903, the Klamath Republican reported that

salmon were running in the Klamath River at that time and several loads
had been brought to town from down river.

An article on fish stocking appeared in the Klamath Republican

on April 30, 1908.
"Fish Commission of Californla stocked one million small
salmon, 1/2 million rainbow and Eastern brook trout each
in the vicinity of Klamath Hot Springs (near the mouth
of Shovel Creek) . ., . The planting of these fish is
a direct help to the streams of this lmmediate section
as the fish of the Klamath River find their way to
almost every sStream in this country,"

Klamath Republican - September 10, 1908

"The first run of ocean salmon up the Klamath River
have reached Keno, a number of the fish being caught there
on Friday. Several of the salmon were sent to parties in
this city and are in fine shape. They are good eating
at this season of the year.”

Klamath Republican - December 24, 1908

"The snow Wednesday stopped fishing on the lake below

town, which reached extensive proportions the past few



days, Holes were cut in the ice and with the aid 6f
an ordinary hook and line, a string of 15 to 20 fish
could be secured in an hour or so. The fish were a
species of salmon trout and are said to have a good
flavor — - ="

The presence of natural barriers to fish passage was revealed

in The Evening Herald, a Klamath Falls paper, on September 24, 1908,

"Parties coming in from Keno state that the run of
salmon in the Klamath River this year is the heaviest
it has ever known. There are millions of fish below
the falls near Keno, and it is said that a man with

a gaff could easily land a hundred of the salmon in
an hour, in fact they could be caught as fast as man
could pull them in. The law, however, prohibits the
catching of salmon above tidewater except with hook

and line.

"There ig a natural rock dam across the river-below
Keno, which {t is almost Iimpossible for fish to get
over. In thelr effort to do so, thousands of fine
salmon are so bruised and spotted by the rocks that
they hecome worthless. There is no spawning ground
until they reach the upper lake, as the river at this

point is very swift and rocky.

"It is stated that at a very small expense an opening

could be made in the rocks to allow the passape of

=-10-



the salmon, If this is not done, at least some

effort should be made to have a fish ladder built,

as 1t is nothing less than a crime to allow millions

of these fish to be destroyed every year. The at-

tention of the State Fish Wardem will probably be

.called to this condition and something done to allow

the salmon to reach the lake to spawn; what few

fish get past the rapids at Keno are so bruilsed up

they are worthless."

The exceptionally low flow in the river in 1908 is evident

from the report of September 22 in The Evening Herald which described

"old Indian fish runways uncovered by low water in Link River.” They
were dam—-like structures with runways for the fish to pass and be

caught, They had been in use when white men first came to the area,

but the Indians using them at that time did not recall their construction.

Two more articles, Klamath Republican, October l4, 1909, and

The Evening Herald, October 6, 1911, told of salmon being present in the

Upper Klamath Basin.

The fact that there was at least some confusion or lack of
continuity in the identity of salmonid fishes 1s borne out by items in

The Evening Herald, April B8, 1912,

"- - = Irving Wilson, State Fish Culturist, states:
There is a need for pamphlets setting forth all the
specles of fish to be found in the waters of this

state. To the majority of fishermen, a rainbow,
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dolly varden, or steelhead does not mean any more than
a salmon trout,"
Fuel was added to the controversy on April 9, 1912, when

The Evening Herald carried a statement by David Starr Jordan classifving

all trout on the Pacific Coast as salmon trout. On the same day, the
paper printed a letter from W. H, Shebly, Superintendent of Hatcheries,
California, to Harry Telford, Oregon Deputy Game and Fish Warden,

“The name salmon trout is only a local name applied to

any specles of larger trout, There is not any such fish

as a salmon trout, considered from a sclentific stand-

point. The large fish in the Klamath are called salmon

trout, The large fish in Pyramid Lake, an entirely

different variety, are known locally as salmon trout,

It is a name given to any large trout, but scientifically

there does not exist any such fish,"

Klamath fishermen apparently supported Jordan, using the term
"salmon trout" in order to fish when trout season was closed, as there
was no closed season on "salmon trout".

The first reference to the construction of Copco Dam appeared

in The Evening Herald, March 17, 1913,

"An effort will be made by the Oregon State Game and
Fish Commission to secure the cooperation of the
California Commission in forcing the California-Oregon
Power Company to make provision for salmon to pass the

dam now being constructed in the Klamath River about

-1 D=



forty miles from this city and on the California

side.

"The dam, 1t is expected, will be completed this
year. It 1s feared that unless a fish ladder is
provided, there will be a notable falling off in
the number of fish in this parc."

The scarcity of salmon was being felt in the Upper Basin by

1913 and on October 28 of that year, it was written in The Evening llerald

that A. J. Sprague, State Fish Expert; Corey Ramsby, Deputv District Came

Warden, and George J. Walton, Division Superintendent of the Power Company,

left to visit the Copco Dam site in an effort to determine the cause for

this paucity of salmon.

wrote the

Herald:

As a result of this investigation, Messrs. Sprague and Ramsby

following statement published October 30, 1913, in The Evening

"The question of why the annual run of salmon has not
made its appearance in Klamath River as usual has been
investigated and the cause determined bevond any question
of doubt. There has been discussion as to the ca;se of

a lack of salmon runs into the headwaters for the

purpose of reproduction and as a result, the COPCO was
insistent on an investigation to determine if the cause
lay at the Klamath River Dam under construction in

California.

"At the request of the Company and in the interest of the
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fishing industry in Southern Oregon, a thorough investiga-—

tion was made. No salmon were found below the dam.

"This led to further investipation being made and the
cause was located at Klamathon, where the U.5.B. of F, has
established racks, traps and fileld stations for the taking

of salmon eggs.

"We found that there were two separate racks extending
entirely across the river from bank to bank, thus ef-

fectively cutting off the entire run of salmon,

"In justice to the Power Company, we can say that thev are

in no way responsible for no salmon being in the river,"

According to Shebly (1918), the Federal Bureau of Fisheries
began operating fish racks at Klamathon in 1910, leaving little chance
for passage of upstream migrants after that time,

Snyder (1931) noted that Williamson River and the entire
Klamath Lake basin were closed to rhe migration of salmon and steelheads
when Copco Dam became an effective barrier on October 25, 1917,

Biological investigation

Ichthvologists made collections and studies of fishes in Upper
Klamath Basin and vicinity. None of them reported collecting salmon or
steelhead from that area., It is possible that their studies were made
at a time of vear when the anadromous species were not present,

Cope (1879) gave the following description of Upper Klamath
Lake:

-1 4-



"The Upper Klamath Lake is more prolific in animal

life than any body of water known to me, the proportion
of alkali which it contains appears most favorable to
development of life. Its waters are full of vepetable
impurities, living and dead, and mollusca and crustacea
abound evervwhere. These sustain a great population of
fishes which though not numerous in species, is so in

individuals."

Cope went on to describe Salmo purpuratus, which fits the

native Klamath rainbow, saying that it varied in color-shades and there-
fore was thought by fishermen to include several species. Specimens
from Link River were reportedly silvery-white while those in Williamson
River were a darkér color. They were én important food fish, sometimes
reaching 10 pounds in Klamath Lake.

ﬁarge rainbow trout were recovered from Upper Klamath Lake by
Everman and Meek (1897). Thé fish they examined were thought to be lake;
dwelling.

In June, 1894, Gilbert (1897) sampled rainbow trout from
Klamath River and Upper Klamath Lake. He was unable to distinguish them

from typical Salmo galrdneri, stating that the larger specimens had the

characteristics of sea-run or land locked fish with a few spots and a
truncate tail, He described the smaller specimens as having fewer spots
and more silvery appearance than §. gajirdneri from coastal streams,.

Miscellaneous reports

One of the few references found which mentioned steelhead by
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name 1s a publication of Southern Pacific by Cumming and Dunn, (1911).

' which expounds the virtues

In a section called "The'Klamath Region,'
of fishing in the Upper Klamath Basin, the article attributes the

great number of fish in Klamath River to the fact that the stream had
uninterrupted access to the ocean. The authors cite the past controversy
of whether steelhead are sea—-going rainbow trout or whether rainbow

trout are steelhead kept from the ocean by some means, Since Klamath
River has constant access to the sea, they believed that the fish there
may be considered steelhead all the time. There is mention of catching
stealhead in the Klamath Hot Springs area (mouth of Shovel Creek) from
the first of April, They also reported: "In May, there is good sport
with the silver trout which spawn in the fall, They are the last run

up from the ocean and are full of life," Extensive description was

made of the trout fishing in Upper Klamath Lake and 1ts tributaries.

Finally, wention was made of "silver salmon that run in the
Klamath River during August and September. During August the trout in
the river cannot be persuaded to look at any lure. These salmon put
up a fine fight and leap, breaking water continuously,”

One bit of conclusive evidence that chinook salmon did run to
the Upper Klamath Basin is a plcture of some fish taken from Link River,
Dr, C. E. Bond, Professor of Fisheries at Oregon State Unlversity,
examined the picture and positivelv identified a chinook salmon, Other
fish plctured were rainbows, some appearing to be native Klamath residents

and others like steelhead, but positive separation of these races cannot

be made from a picture.
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From the information at hand, it is evident that a rum of
chinook salmon entered the Mid— and Upper—Klamath Dasins during the
months of September and October, There might also have been a run of
salmon in the spring months before the time when white men came to the
area. From published reports, neither the magnitude of the runs nor
the quality of the fish can be determined, No information is available
on exact spawning areas, although 1t is known that the fish entered the
Williamson River and its major tributary, Sprague Rivér. Nothing is
known of the life history of the juvenile fish, Though it is possible
that the steelhead trout did migrate to the upper basin, no conclusive
evidence of such runs can be derived from the reports examined., Since
many of the statements are conflicting and at odds with present knowledge,
many of the reports must be disregarded.

The last runs of fish destined for the Mid- and Upper-basins
vere cur;ailed after 1910 when the Bureau of Fisheries installed their
racks at Klamathon, The completion of Copco Dam in 1917 finally blocked
upstream migration, At the time of construction, fish ladders over high
dams were not considered feasible. No federal license was required prior
to the enactment of the Federal Power Act in 1920 and a state license
was not necessary; The power company did build and equip a hatchery
near Fall Creek at the request of California, to mitigate for the loss
of upstream production of salmon.

A newspaper article in the Klamath Falls Evening Herald, 1918,

indicated that a portion of the hatchery production was to be supplied to
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Oregon. A California Commissioner in office at the time reported that
no written agreement ever existed, but that a Department employee had
verbally promised Oregon an allotment of fry whenever requested.3

No evidence has ever been found of such an agreement and
apparently no attempt at mitigation or requests for fish were made by
Oregon. In 1940, the Bureau of Indian Affairs became Interested in
construction and operation of fish facilities and hatcheries on Klamath
River. This drive was dropped when the availability of fish from Fall
Creek Hatchery failed to materialize apnd the fact became apparent that
without provisions for dovnstream migrants at Copco Dam, planting of
young fish in the upper basin would not be feasible.

Personal Interviews

In 1918, J. 0. Snyder (1931), then an employee of the United
States Bureau of Fisheries, interviewed many fishermeﬁ and old residents
of the Klamath Lake region to learn of the past salmon runs, As a
result, he reported:

", . . testimony was conflicting and a laeck of

ability on the part of those offering information

to distinguish between even trout and salmon was

so-evident, that no satisfactory opinion could be

formed as to whether king salmon ever entered

Williamson River and the smaller tributaries of the

lake. However this may be, large numbers of salmon

3 In a letter from Mr, E., L. Bosqul to Mr. H. Phleger, Attomrmey for

California Orepgon Power Company, dated December 6, 1940.
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annually passed the point where the Copco Dam is now

located."

Interviews made in the spring of 1965 with people who lived
in the Klamath Basin before 1912 revealed some of the same difficulties
that Mr, Snyder encountered. Nevertheless, there is enough agreement
among the statements that some general information can be derived from
them,

Progreseing upst;eam through the watershed, seven Interviewees
told of salmon in the Upper Klamath River near Keno, with all recalling
the fish being present in the fall - September, October and November.
One person sald an additional run came in March. The condition of the
salmon was reported by two people as dark and fungused. Salmon were
known in Spencer Creek in the fall wonths of September and October, as
reported by four people.

Eight people remembered salmon in Link River from August
through October., Another thought they ran in March,

One person reported catching salmon at the head of Wood River,
another recalled what he believed to be a salmon in Crooked Creek, a
tributary to Wood River. A long—time resident of the Wood River area
was positive that no salmon entered that stream.

According to four people, salmon entered the Williamson River
in the fall, possibly as early as August. One interviewee told of salmon
spawning in the Williamson River below the confluence of Sprague River. One
resident observed that after salmon passed Link River, it took them 5 or

6 days to make their way through Klamath Lake and enter Williamson River,
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Sprague River was apparently the most Iimportant spawning
stream, on the basis of the testimony received. 5ix individuals reported
salmon In Sprague River and the forks of the Sprapue during the months
of September and October, with some during Aupust and November. Salmon
were reported to have spawned in the Sprague in the vicinity of Beatty,
upstream on the South Fork past Bly to the headwaters and on the North
Fork as well, \

Little information about the history of steelhead in the
Upper Klamath streams was gained from interviews. There was apparently
some confusion in identity between steelhead and the large resident
rainbow trout, One person placed steelhead runs in Klamath River during
March and again in mid-September. Two people talked of steelhead in
Wood River, one glving the time of the run as December, January and
February. Spencer Creek was said to have a run of steelhead in

September and October, while on the Williamson and Sprague Rivers,

the sea-run ralnbows were reported to be present in April and May.
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Fish Counts for Klamath River

There is little information concerning the Klamath River
salmon and steelhead fishery prior to 1912. Those records that
were kept have apparently been destroyed,

One of the earliest references to the Klamath salmon fishery
1s from a paper by R. D. Hume cited by Snyder (1931).

"In 1850 in this river during the running seasons,

salmon were so plentiful, according to the reports

of the early settlers, that in fording the stream

it was with difficulty that they could induce their

horses to make the attempt, on account of the river

being alive with the finny tribe, At the present

time the main run, which were the spring salmon,

is practically extinct, not enough being taken to

warraﬁt tﬁe prosecution of business in any form.

The river has remained in a primitive state, with

the exception of the influence which mining has

had, no salmon of the spring run having been taken

except a few by Indians as a reservation by the

Government has been maintained, until Qithin a

few years, and no fishing has been allowed on the

lower river by white men; and yet the spring run has

almost disappeared, and the fall run reduced to very

small proportions, the pack never exceeding 6000 cases,

and in 1892 the river producing only 1047 cases.”

-21-



Beginning in 1910, the Federal Bureau of Fisheries maintained
racks and fish trapping facilities at Klamathon on Klamath River,
(Shebly, 1918). A hatchery was established by the Bureau at Hornbrook
in 1913. The operation began by raising rainbow trout, but was changed
to salmon within two vears and closed by 1919, (U. S. Commissioner of
Fisheries Report, 1911-1919). The output of Hornbrook Hatchery 1is
given in Table 1.

A hatchery was built at Fall Creek in lieu of fish passage
facilities over Copco Dam. At that time the Bureau of Fisheries
relinquished thelr right on Klamath River, leaving the Califormnia
Fish and Game Commission the sole manager of the fishery, Releases of
voung salmon made before the change are summarized in Table 2.

Periodic counts of salmon were made at Klamathon from 1925
through 1961 by California personnel, The counts and the-corresponding
egg takes are shown in Table 3. These counts should probably be looked
upon as a trend only, since smaller salmon were able to pass through
the racks, Therefore these counts do not represent the total run at
that point.

Releases of fry and fingerlings into Klamath River are sum=-
marized in Table 4.

In one of the most comprehensive studies of Klamath River
salmon, Snyder (1931) expressed the opinion that the runs were diminishing
before and after the construction of Copco Dam. He laid the cause to
excessive exploitation of the fishery and the advent of placer mining

in the Klamath Basin, Though commercial catch records for 1918-28 pgive the

Personal correspondence from Millard Coots, California Department
of Fish & Game, November 15, 1965,
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impression there was no serious decline in the fishery, Snyder
noted that the increase in effort represented by an Increasing number

of boats indicated a diminishing resource,

Table 1. Chinook and Coho Salmon Production at the U, S,
Bureau of Fisheries, Hornbrook Hatchery on Klamath
River, 1912 - 1918,

Number of Fish

Fiscal

_Year Chinook Coho
1912 - 117,320
1913 _ - -
1914 1,795,580 2,632,300
1915 _ . 2,831,925 2,375,770
1916 15,872,340 2,169,050
1917 2,168,000 61,000
1918 275,900 -
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Table 2.

Calendar

Year

1890
1891
1892
1893
1895
1898
1903
1911
1913
1914
1915
1916
1917
1918

1919

The Numbers of Chinook and Coho Fry and Yearlings Released
Into Klamath River and Tributaries from U, S. Bureau of
Fisheries Hatcheries from 1890 - 1919,

Fry
90,000

30,000
147,600

487,000

16,000

40,000

2,155,100
5,820,000
5,733,135
1,728,000
3,675,000

1,148,000

Yearlings

25,000

368,000

300,000

2,060,910

17,320
2,548,960
1,098,000
2,169,000

50,000

178,000

— Dl

Yearlings

160,000

11,000



Table 3.

Year

1925
1926
1927
1928
1929
1930
1931
1932
1933
1934
1935
1936
1937
1938
1939
1940
1941
1942
1943
1944
1945
1946
1947
1948
1949
1950
1951
1952
1953
1954
1955
1956
1957
1958
1359
1960
1961

(a) Eggs taken at Fall Creek, others at Klamathon,

Number of

Fish Counted

10,420
9,387
No Count
No Count
4,031
2,392
12,611
13,740
No Count
10,340
14,061
10,398
33,144
16,340
No Count
14,965
11,204
13,038
No Count
No Count
No Count
No Count
No Count
5,821
11,504
21,584
17,857
6,591
6,267
2,042
14,946
6,770
2,436
1,950
3,546
6,353
9,021

Chinook Counts and Egg Takes at Klamathon Racks,
Klamath River, 1925 - 1961.

Number of

Eprs Taken

6,735,000
18,042,000
11,797,000

4,621,000

5,016,000

3,103,000
13,643,000

4,085,000

1,779,000

6,316,000

7,541,000

3,349,000

7,334,000

7,629,700

7,056,000

8,414,000

3,760,000

3,643,000

3,640,000

3,383,000

4,682,706

4,302,560

798,765
165,600
165,600
665,000

1,261,000

1,422,000

1,097,080

202,000
3,271,750
1,553,600

260,572

21,250

1,404,600

1,372,800

3,704,000

(a)

(a)
(a)
(a)
(a)
(a)
(a)
(a)
(a)
(a)
(a)
(a)
(a)
(a)
(a)
(a)
(a)
(a)
(a)
(a)
(a)



Table 4. Chinook, Coho and Steelhead Fry and Fingerling Plants into
Klamath River by California Fish and Game Department,
1896 - 1959,
CHINQOK
. Coho
Fall Creek Mt, Shasta llatchery Prairie Creek Salmon Steelhead(a)
Hatchery Hatchery Fin-
Year Fingerling fgl(b) Fingerling Fingerling perling Fingerling
1896 1,400,000
1907 600,000
1911 350,000
1913 1,350,000
1914 880,000
1915 7,563,000
1916 928,000
1917 1,050,000
1920 2,854,000
1921 3,132,000 492,000
1922 3,331,000 495,000
1923 3,550,000 363,000
1924 2,307,000 50,000
1925 5,249,000 888,000
1926 3,765,000 332,000
1927 3,762,000 239,000
1528 3,251,000 371,000
1929 3,603,000 415,000
1930 2,939,000 1,420,000
1931 2,030,000 669,000
1932 3,601,000 7,455,000 618,000
1633 3,419,000 615,000
1934 1,489,000 73,380 290,475
1935 3,961,000 1,178,272
1936 3,981,223 1,715,172
1937 4,086,000 2,307,748
1938 4,113,000 2,219,000 1,400,000
1939 3,907,000 2,263,040 1,914,000
1940 4,132,430 1,960,000 20,000 1,237,601
1941 4,976,000 1,874,000 20,000 1,298,600
1942 3,189,790 648,700
1943 3,011,400 491,920 615,055
1944 2,598,720 497,900 365,140
1945 2,526,220 487,360 93,661
1946 3,265,073 496,080 401,986
1947 3,237,150 470,700 351,240
1948 755,908 8,000
1949 214,500
1950 262,650
1951 213,200 228,060
1952 582,608 507,250 249,700
1953 947,296 309,750 145,200
1954 803,153
1955 202,150
1956 2,599,863
1957 1,482,305
1958 263,500
1959 35,580
(a) Incomplete records. (b) Snyder, J.0. Salmon of the
-26- Klamath River, Calif. Fish & Game Bul.
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LLFE HISTORY OF KLAMATH RIVER SALMON AND STEELHEAD

Salmon

Taking into account the papers of Hume (Snyder 1931), Gatschet
(1890) and Spier (1930), there is evidence that there was once a
strong run of chinook salmon in the spring months, By 1900 the spring
run had become so reduced as to be of little importance. Supggested
causes of the decline are placer mining, overfishing, irrigation with-

drawals and other causes.

Upstream miprations

The spring run began entering Klamath River in late February,
materially increased in numbers in_late March or early April and
decreased before mid-June, The river was generally in flood condition
at the time of the spring run. Upon entry,.the chinook were immature
and either migrated to the extremes of the basin or held over, spawning
at the same time as the summer fish,

A few spring-run salmon still enter Klamath River, but few go
as far as Klamathon, Most use the Trinitv and Salmon River, Coots
(1962).

The timing of the present fall-run chinook salmon, as described
by Coots (1962), corresponds well with the statements of Snyder (1931)
for the fall migrations of the early 1900's. The first fish appear
at the mouth of Klamath River in July, then reach maximum numbers in

Aupust and decline during September, During this period, the river is
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experiencing its highest temperatures and lowest flows. The figh
reach Klamathon, 183 miles upstream, by the last of August, the
majority in the last of September and early October. By late
October, the run 1s nofmally complete, but in years of large
escapements, the runs may extend wgll into November.

Spawning

Spawning by the existing run begins early in October, continuing
into November and sometimes December, especially during years of large
escapements., Spawning in the main stem of Klamath River occurs above
the confluence of Shasta River, some 187 miles from the sea, (Coots,
1962), Chinooks did run into Fall Creek and Jenny Creek before Iron
Gate Dam became a barrier and they presently use Bogus Creek, immediately
below Iron Gate,

Downstream migrations

Salmon fry begin appearing in the Klamathon area in January.
The downstream nigration peaks during March and April. By the end of
May, nearly all young salmon have departed from the upper end of their
present range in the Klamath. None of the seaward migrants have been
recovered downstream during the summer and their presence there at
that time 1s doubtful, (Coots, 1962). Water temperatures in the
river during the summer are generally higher than those described by
Brett (1952) as being preferred by voung salmon.

Age at maturlty

Klamath River chinook salmon were found to mature at ages
ranging from one to six years by Snvder (1931), le based his findings

mainlv on fish taken in the commercial catch, Precocious males of one
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and two vears of age were known to exist, but did not enter the catch
and were difficult to obtain,

Four-year old fish represented the largest class in the 1919
catch, The fishing season of 1919 lasted into mid-October. The
composition of that run is exhibited in Table 5. The older fish
entered the catch as the season progressed. The three~year-olds ap-
peared in greatest numbers in mid-Auvpust. The four-year-old fish were
most numerous In early September; five-year—old fish showed in late
September, and six-year-—old fish in mid-October. According to Snyder,
maturity of arriving fish was more advanced as the season progressed,

Snyder reported the length rangé of four~year salmon as
between 24.0 - 40.9 inches, with a mean near 31.5 inches. Fish under

25,6 inches or over 37.4 inches were uncommon.

Steelhead

Information on the life history of Klamath River steelhead
trout is not known for years prior to the early 1900's. Snvder (1931)
mentions that runs of steelhead accompanied the runs of fall chinook
salmon. He also quotes G, R, Field as saying the winter run of steel-
head ended in late March., At that time, young steelhead normally
remained in the river for two vears before migrating to the ocean. Thev
occasionally left after one yvear and rarely after three years in fresh
water,

Recently, the first run of steelhead, known as the "summer run'",
begins entering the river in mid~August. This group consists mainly of

the small, so-called "half=-pounders."” The winter run of progressively
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larger fish first enters the river shortly after the end of the early
fall migration. This run may extend into the following spring or

early summer and hold over there until the following spring to spawn,
Periods of steelhead spawning vary in upper range of the Klamath system,
with some spawning observed in Shasta River during December. Generally,
spawning occurs earlier in the intermittent and warmer streams and

as late as May or June in the cooler tributaries.

Table 5. Age Composition ?f 1919 Run of Chinook Salmon
in Klamath River'2)

Year Class by Percent

July 11 - 19, 1919 9.9 86.5 3.6 -—
July 21 - 26, 1919 9.3 74.3 16,4 -
July 28 ~ August 2, 1919 14,3 62.5 22.2 -
August 4 - 9, 1919 25.8 60.2 14,0 -
August 11 — 16, 1919 24.4 64.4 10.8 0.4
August 18 - 23, 1919 28.3 64.7 7.0 -—
August 25 - 30, 1919 23,7 64.8 11.5 -
September 1 - 5, 1919 10.8 73.0 15.9 0.3
September 20 - 27, 1919 5.5 42,7 44,6 7.2
September 30 - QOctober 4, 1919 12,2 38.7 38.7 10.4
October 6 - 11, 1919 2.8 41.0 43,5 12.7
October 14 — 18, 1919 4,8 37.5 51.5 6.2

(a) Table taken from Salmon of the Klamath River, California
Snyder (1931),

Personal communication from tillard Coots, California F&G,
November 15, 1965,
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ENVIRONMENTAL REQUIREMENTS OF SALMON AND STEELHEAD

Temperature

For the fishes of the genus Oncorhynchus, the Pacific salmon,
Brett (1960) summarized the thermal limitarions required for survival
and growth at various stages of their life history. The following

ranges were taken from a graph depicting these limits.

Stage Survival Growth
Egg 34=62° F 38-55° F
Hatching 35-56 40=53
Emergence 34-62 42-55
Migration 37-75 42-65
Yearling-Adult 32-75 42-65
Spawning 42-58

Burrows (1963), dealing with adult Pacific salmon during the
freshwater period, gave the optimum temperature range of 42,5 to 55° F
for maximum adult survival, egg viability, time of spawning, and spawning

efficiency.

Chinook salmon in Washington were found bv Chambers et al6 to

spawn primarily within the range of 48 to 52° F,

During 1947, spring chinook salmon in the Willamette Basin
spawned between 43.5 and 64.5° F (Mattson, 1948), The daily water
temperatures during the peak of spawning by spring chinooks on the
6 Chambers, J,M,, R, T, Pressv, J, R, Donaldson, W. R, McKinley, 1954,

Research relating to study on spawning grounds in natural area.

State of Washington. Dept. of Fisheries, Annual Report to U,S,
Corps of Engineers, unpublished.
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Imnaha River ranged from 49 to 57° F between August 10 and 20, 1957
(Oregon State Game Commission, 1957).

Slater (1963) stated the lower and upper temperature limits
for spawning winter-run chinooks in the Sacramento drainage was 42.5
and 57.5° F during the spawning period of May through August,

When describing the temperature conditions for most efficient
hatchery production of Pacific salmon, Hagen (1953) gave the ideal
range as 45 to 55° F, He also noted that prolonged temperatures below
34° F result in a long incubation period and product abnormal fry,
while temperatures above 60° F cause excessive mortalities, Johnson
and Brice (1953) and Olsen and Foster (1957) concur that 60° F is the
upper limit for successful incubation of chinook salmon egpgs. Cooler
temperatures are required on American River where Hinze (1963) found
ﬁhat water warmer than 56° F produced severe losses of chinook eggs.,

Combs and Burrows (1957) give the range of suitable hatching
temperatures for chinook salmon eggs as 42.5 — 57.5° F. Low egg
survival was also found above 58" F by Seymour (1956), |

Using Entiat River chinook salmon eggs, Combs and Burrows
(1957) noted that mortality did not exceed two percent after the eggs
were held in 42° F water for a month, then cooled to 33° F and held for
several weeks,

Combs (1965) conducted experiments to evaluate the effects of
water temperature on incubation to develop more precisely the stapge of

development at which salmon could tolerate winter temperatures. These
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tests revealed that chinook salmon eggs which had developed to the
128-cell stage (6 days) in 42.5° F water could tolerate water at
35° F for the remainder of the incubation period.

In an experiment, female chinook salmon, nearly ready to
spawn, all died before spawning when held in water of 34 - 38° F,
(Leitritz 1959).

Burrows (1963) stated that optimum growth of juvenile Pacific
salmon occurs within a range of 50 to 59° F,

While conducting an experiment, Chapman (1938) observed that
452 of 1000 chinocok fry died while being held in water of 67.1 to
68.9° F, even though there was always ample oxvgen and flow. At the
same time, there were no deaths emong similar fish held in water of
the same source, but having a temperature range of 45.5 ~ 57.3° F,

Leitritz (1957) wrote that it is generally agreed that vearling
and adult ralnbow trout can withstand temperatures Qp to 78° F for short
periods without harm. However, it has also been shown, in order to
produce good quality eggs, rainbow spawners must be held at water
temperatures below 56® F for at least six months before spawning.,

The temperature limitations used as criteria in this report
are 42,5 - 57.5° F for the spawning period, 33 - 58° F for the incubation
period, and 32 — 75° F as the limits of survival and 42 -~ 68° F as the
optimum limits for maintenance and growth of salmon and steelhead.

Dissolved Oxvgen

One of the most critical factors governing the suitability of

a water to support salmonids 1s the quantity of dissolved oxvgen.
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When discussing the problem of developing criteria for
environmental requirements needed by an animal, Jones (1964) wrote
that they "may realistically be half the difference between the basic
level needed at rest and the level required at maximum activity ...."

He pointed out that oxygen concentrations permitting existence for
limited periods Iin laboratory experiments cannot suffice in nature,
but do indicate the resistance of a species to temporary shortages,

Davidson, et al, (1959) found that coho finperlings could
survive at 2 ppm _of dissolved oxygen, but ate sluggishly and lost
weight, At 3 ppm, they fed as well as fish held in well-aerated water,

G;owth and food consumption by juvenile coho salmon declined
with reﬁuction of oxygen concentration from 8.3 to 6 and 5-ppm, and
declined more sharply with further reduction of oxygen concentration
in a study by Herrmann, Warren ;nd Doudoroff (1962).

Katz, Pritchard and Warren (1959) observed that chinook finger—
lings could swim for at least a day against a current of 0.8 fps at a
dissolved oxygen concentration of 2.99 ppm.

Davis, et al (1963) found that reduction of oxygen concentration
from air-saturation levels to 7, 6, 5, 4, and 3 ppm usually resulted in
a reduction of maximum sustained swimming speed of chinook salmon finger—
lings by approximately 10, 14, 20, 27, and 38 percent, respectively,

M. M. Ellis, et al, (1946) found that in 1300 water samples from
areas having large faunas of fish, dissolved oxygen concentrations ranged
from 4 to 12 ppm, but 84 percent fell within 5-9 ppm. They stated that
three ppm is approximately the lethal point for freshwater fishes at

summer temperatures, but respiratory difficulties develop below five ppm,
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The lowest safe level for trout is five ppm, seven ppm is preferable.

According to Tarzwell (1958), salmonid fishes are not usually
found where the minimum dissolved oxvgen concentration is less than 4
or 5 ppm. Five ppm are required for normal feeding and growth and at
least 6 ppm are needed for the development of eggs and fry. Tarzwell
added that the oxygen level may be lower than 6 ppm in sections of habitat
where the fish don't live permanently or in seasons when incubatfon and
fry development is not occurring. He stated that salmonids can survive
short periods at 1.5 to 2.0 ppm, but these levels are not satisfactory
for continued existence.

An oxygen block was defined by Fish (1950) as any level of
oxygen less than 5,0 ppm.

While studying the reactions of salmonids to low oxygen concentra-
tions, Whitmore, Warren and Doudoroff (1960) found that chinook salmon
fingerlings avoided 2 ppm oxygen 60 per cent of thé time; 3.2 ppm 40
per cent of the time; 4.6 ppm 27 per cent of the time; and 6.0 ppm was
not avoided,

In this report, the appraisal of potential environment is
based on a minimum of 5.0 ppm of dissolved oxygen for basic survival
and migration, and a minimum of 7.0 ppm during the incubation period.

Water Velocity for Spawning

Salmon usually spawn in flowing water within a fairlvy narrow
range of velocities. There are no universally accepted standard meas-

urements, but several studies have been made to indicate the velocities
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selected by salmon and steelhead. Velocity measurements are taken at
"fish depth'", the space occupled by the spawning fish, usually 0.3 foot
above the stream bed.

Burmer (1951) found the averape velocities over redds in
Toutle and Kalama Rivers to be 1,3 and 2.0 feet per second, respectively.
Sams and Pearson (1963) discovered chincok salmon spawning in velocities
of 0.45 to 3.1 fps, averaging 1,53 fps. Chinooks in Deschutes River,
Oregon, spawned in faster water 2,0 to 3,7 fps, (Aney 1964). In streams
other than the Columbia, Chambers, Allen and Pressey (1955) calculated
averapge velocities of 1.0 to 1.75 fps over fall chinook redds. In
estimating the amount of usable spawning area on Cosummes River, Califormia,
Westgate (1958) used 0.5 to 3.5 fps as the velocity limits. Hamilton
and Remington (1962) regarded one foot per second as the minimum required
for spawning on Coquille River. Measurements over steelhead redds
ylelded ranges of 1.2 to 3.4 fps (Sams and Pearson, 1963) and 1.3 to
4,2 fps (Aney 196&);

The range of suitable water velocities adopted for use in this
study was 1.0 to 4.0 feet per second,

Water Depth for Spawning

The depth of water over gravel beds is also a factor to be
considered when evaluating spawning grounds, The average water depth
over fall chinook redds in Columbia River tributaries was found to be
1.25 to 2,25 feet by Chambers, Allen and Pressey (1955). Briggs (1953),
studying fall chinook redds in small California streams, calculated an
average depth of 12.7 inches. Redds on Toutle River averaged 11.6

inches beneath the surface while those on Kalama River were 14 inches,
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as observed by Burner (1951), In studies by Sams and Pearson (1963),
they found chinook redds at depths of 0.3 to 2.0 feet, averaging 0.96
feet; steelhead redds ranged in depth from 0.5 to 2.4 feer, averaging
2.12 feet. On Deschutes River, Aney (1964) found chinooks spawning in
an average depth of 1,7 feet within a range of 0.9 to 2.6 feet. At
the same location, steelhead were digging redds at water depths between
0.5 and 2.5 feet at an average of 1.3 feet, Water depths of 0.5 to 4.0
feet were accepted by Westgate (1958) when evaluating spawning areas in
California. The average depth of water over redds dug by fall chinook
on South Fork Coquille River was 0.8 and 1.2 feet on successive years
(Hamilton and Remington, 1962).

In the Klamath Basin study field work, a minimum water depth
of 0.5 feet was used while estimating the amount of usable gravel avail-
able,

.Gravel Quality .

The quality of pgravel used by spawning fish has been found to
be critical in determining production. The gravel mixture must be of
such composition as to allow adequate circulatlion of water vet gilve
support to the eggs and be easily manipulated by the spawning fish.
Sheridan (1962) states that the major source of oxygen containing
intragravel water Is the stream itself. Anything interfering with the
interchange of stream and intragravel water decreases the amount of
dissolved oxygen available to the eggs plus lowering the rate of flow
past the embryos., Silting of stream beds, thus lowering permeability

of gravel beds, can definitely interfere with interchange. An alpae
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cover is another factor which can markedly reduce intragravel circulation.

In a study under simulated conditions, Shelton (1955) recovered
frv representing only 13 per cent of the eggs planted in gravel less
than one inch in diameter while 87 per cent of the chinook eggs survived
to emergence in gravel of one to three inches in diameter.

Hamilton and Remington (1962) required that at least 60 per cent
of the gravel fall within the range of ome to six inches in diameter to
be suitable for chinook salmon on Coquille River, Oregon.

Not more than 20 per cent gravel less than one inch and not
more than 30 per cent in the six to 12 inch group were the limits set by
Westgate (1958) for California streams,

A gravel size range of one to six inches in diameter was also
used while esgﬁnating usable gravel in this study of the Klamath_Basin.

The potential of a gravel area is dependent on the number of
~ spawning females it will support, From studies on the Sacramento River
system, Hanson, Smith and Needham (1940) determined the average size
of chinook salmon redds to be 4.4 square yards., On the Trinity River,
Moffett and Smith (1950) found that chincok redds averaged about 7,0
square vards. Burner (1951) measured chinook redds on tributaries of
the Columbia River. He calculated the average redd size as 6,1 square
yvards for summer and fall-run fish and 3.9 square vards for spring
chinooks. From his observations, Burner suggested a factor of four
times the average redd size to allow for interredd space when estimating
the carrying capacity of a gravel area,

An average size of 6.6 square vards for steelhead was determined
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by Shapovalov and Taft (1954) on Waddel Creek, California.

Spawning areas of 21 square yards for chinook salmon and 26
square yards for steeihead were used in estimating the capacity of
potential spawning grounds included in this report,

Migration Schedules

Over manyv generations, salmon and steelhead have become adapted
to their enviromment through natural selection. This has resulted in
rather precise schedules for migration of adults, spawning, incubation,
emergence and seaward migration. These schedules are established to
provide for maximum survival,

In a discussion of migratory delays caused by reservoirs, Haas
(1965) outlined the following points which could lead to reduced survival.

1, Delay may result in weakening of the migratory urge

through diminution of saltwater preference in smolts
which appear to reach a peak around the time of

smolting.

2. Delayed entry into saltwater may reduce the survival
rate due to smolt inability to make the physiological
transition to ocean environment after a certain fixed

perliod of time during smolting.

3. Delay may permit surface layers of the reservoir to
heat and create a temperature blanket through which

smolts will not miprate,

7 Life history stage of salmon and steelhead when young fish undergo

complex physiologlcal changes in preparation for an ocean environment,
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4, Smolts may become residual and suffer mortality
from over—summering in adverse environment of the

reservoir.

5. Delay may lessen ability of smolts to cope with
other stresses encountered in downstream migration
such as turbine passage, delay at other reservoirs

and dams, temperature adversities, etc.

6. Delay beyond the time of major out—migration in the
spring may make smolts vulnerable to predation by
fish since predator activity would be expected to

increase with an increase in water temperature.

7. Delay and subsequent migration of smolts after water
temperature increases would increase the chances of

disease contraction.

Predicting delay to sockeye smolts through a2 proposed reservoir,
Andrews and Geen (1960) state that under natural stream conditions,
juvenile sockeye migrate downstream passively. Soékeye smolts were
found to migrate about 30 miles a day on Chilko River, B, C, Other work
indicated they migrated about 0.7 miles per day through Cultus Lake and
one or two miles per day through Seton Lake, B. C. Migration in lakes is
active rather than passive as in streams., Similar effects might be
expected on the rate of migration of voung chinocok and steelhead when

encountering bodies of water such as Klamath Lake and Klamath River
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reservolrs,

As Haas (1965) relates, there is evidence that reservoirs
created in the path of downstream migrant salmon and steelhead may
increase the number of residuals, i,e., juvenile fish that remain an
unusual length of time in freshwater, As a result, in Brownlee
Reservoir, seaward migrant chinook have changed largely from fish of
the year to year—old smolts, The ultimate effacts of this change are
not known.

While summarizing recent fish-passage research, Collins and
Elling8 noted that passage of downstream migrants has been marginal
at best through large impoundments,

1, At Brownlee Reservoir (57 miles long) passage of

juvenile salmonoids has not been successful.
Adverse water quality condltions exist theré
during the summer, Therxe 1s evidence that the
smolts stay upstream in the inflowing river water
until the spring when they move out with high in-
flows and discharges from the reservoilr. Spring
chinooks have better success than fall chinooks

and both do better than steelhead at Brownlee,

2. Plants df chinook fry have not passed successfully
through Shasta Reservolr (25 miles long). The fish
disappear from the surface with the advent of warm
weather and there is evidence of predation by

resident fishes, Residual chinooks have reached

8
Collins, Gerald B. and Elling, Carl H., "Summarv, Progress in Fish

Passage Research, 1964," December 1964, unpublished report by the
Bureau cof Commercial Fisheries, Seattle, Washington.
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three to five pounds in one year in Shasta Reservoir.

At ten-mile long Merwin Reservoir in Washington, pas-
sage of yearling coho via a surface collector has

been quite good, but predation by rainbow trout and
squawfish has reduced survival. Counts of downstream
miprants accounted for 65 per cent of the fish released

in the reservoir,

Surface collectors at Upper Baker Reservolr (9.75 miles)
and Lower Baker Reservoir (9.0 miles) have passed an
estimated 95 per cent of yearling sockeye and coho

salmon.

In Oregon, fish runs are being maintalned on the Clackamas
River through North Fork Reservoir (4.0 miles), but not
through Pelton (7.5 miles) and Round Butte (7.0 miles)
on the Deschutes River, Success of maintaining fish
runs there is thought to be related to the survival from
fry to smolts, and success of passage by smolts. The
survival of fry to smolts in Pelton Reservoir was less
than one per cent while in MNorth Fork Reservoir, it was
more than eight per cent, The difference seems related
to the presence of squawfish, centrarchids and other
predators in Pelton which are not found in North Fork

Reservoir., The mere presence of these fish may imply
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that the environment is marginal for salmonoids.
Success of passage from Pelton 1s marginal (13 to

69 per cent), good at North Fork (70 to 90 per cent),
and poor at Round Butte immediately upstream from
Pelton, The difference may be attributed to water
quality. North Fork is least alkaline, stays colder
in the spring and has a preater rate of water

replacement,

Delays in upstream migration of salmon and steelhead, partic-
ularly fall and winter run fish, may be critical, The fish may become
mature and ready to spawn before reaching their destination, In such
cases, the fish may die before spawning, or spawn in a substitute location
usually with inferior results, -

According to Haas (1965), tagging experiments at Brownlee Res~
ervoir indicated no significant difference in survival of upstream migrant
chinook salmon between fish released in the reservolr and those transported
around the reservoir and released in the Snake River, about 65 miles further
upstream. This information seems to indicate that mature fish are better

able to migrate through reservoirs than smolts,

SURVEY RESULTS AXD EVALUATION

Eight streams in the Klamath Basin above Copcoe Reservoir have
been found to contain potential spawning areas for salmon and steelhead.
Some of these are located above Klamath Lake. It is the intent of this
sectlon to assess the qualify of the migration route from the mouth of

Klamath River to the several potential Spawning areas and to provide
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an appraisal of these spawning grounds and associated rearing environment
for salmon and steelhead.

The most obvious obstacles to upstream and downstream mipration
on the Klamath River are dams and diversions. Both occur in the study
area and will be discussed in greater detail later,

A considerable number of water rights have been filed for in
the Middle and Upper Klmmath Basins. A compilation-of these rights has
been made and summarized, Records were obtained from the State Engineer
of Oregon and the Klamath County Clerk, It 1s not known what percentage
of the total rights these records represent. There may be some riparian
rights that are not recorded; such is the case for diversions along
Klamath River within California,

Summations of water rights held im 1917 and at the present time
were made to compare relative water use for those periods. The totals
are printed in Table 6 (Page 45).

The irrigation season in the Upper Klamath Basin usually begins
sometime in April and ends by mid—-October. Table 7 (Page 46) shows the
percentages of the seasonal irrigation demand by month for the Klamath
Project and the remainder of the Klamath Basin,

Survey Methods

Stream surveys were accomplished either on foot, horseback, or
by boat. In each case, spawning areas were measured by pacing off the
dimensions whenever possible. In the event that a gravel bar was inac-
cessible, a visual estimation was made, Generally, gravel s;ze-composition,
water depth, and water velocity were evaluated visually.

Measured surface water velocities and total stream flows were
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Table 6.

Total Water Rights on File from Streams in the
Upper Klamath Basin for the Years of 1917

=4 5—

and 1965,
Stream 1917 CFS 1965 CFS
Klamath River 763,88 833.2
Jenny Creek 15,96
Fall Creek 9.05
Odessa Creek 8.1
Varnev Creek 3.75
Fourmile Creek 22,69
Cherry Creek 9.37
Sevenmile Creek and
Tributaries 120.88 291,88
Wood River and
Tributaries 416,59 665,88
Williamson River
and Tributaries 322.14
Sprague River and
main stem tributaries 3.25 252.45
555.5
Sucan River and
Tributaries 19,09 55.16
N.F. Sprague River
and Tributaries 94,39 168.02
5.F. Sprague River
and Tributaries 195.07 242,86
1559,.6 AF 6085.5
1951,95 2893.15
1559.6 AF 6641 AF

327.8 ¢fs on Keene
Creek System

Not including Fourmile
Lake

Below Klamath Marsh only

Includes 100 c¢fs for BIA
AF AF-acre feer of storage

AT AF-acre feet of storage



Table 7. Estimated Monthly Irrigation Demand by Per Cent of

Seasonal Total for Klamath Basin (a)

Month Klamath Project(b)
Octobér 1.4
November 0,4
December 0.3
January 0.5
February 0.5
March 1.2
April 8.4
May 14,6
June 18.6
July 25.3
August 19.5
September 9.3
Totals 100.0

(a) Table taken from California Department of Water

Resources Bulletin No. 83.

(b) Bureau of Reclamation Irrigation Project

Remainder of
Klamath Basin

0

0

0.1
10.2
18.3
16,6
21.3
20,1
13.4

100,0



made either by the "cork method" described by Robins and Crawford (1954)
or with a Gurley current meter. In water less than a foot deep, the
current meter readings were taken at 0.6 of the total depth measured

from the bottom. Two readings were taken in deeper water, one e&ch at
0.2 and 0.8 of the total depth measured from the bottom. Water velocities
at fish depth were taken with the meter set 0,3 feet over the gravel.

Water samples were obtained with a Kemmerer water bottle and
analyzed for dissolved oxygen content by the azide modification of the
Winkler method.

Water temperatures in streams were obtained with hand thermometers
and continuous~recording thermographs., In J. C. Boyle Reservoir, water
temperatufes were read on an electric thexrmister, while at Iron Gate and
Copco Reservoirs, a bathythermograph provided temperature profiles.

Stream surveys were done at various times betﬁeen May and Nov-
ember at different stages of stream flow. Therefore, there may be a
difference in the amount of potentlial spawning gravel found at the time
of the survey and that avallable during possible spawning seasons. Table
8 (Page48) contains the time of the survey for each stream section where
gravel was found and a comparison of the mean flow for the month of the
survey and the mean monthly flows over the past several years.

Stream mileages used for surveys and referred to in this report
all begin with 0.0 at the mouths of each 1ndividual stream of major fork,

Figure 5 (Pagel32 ) shows the locations of the sampling stations

used in this study.
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Teble 8. A COMPARISON OF FLOWS {cfs)} AT THE TIME OF STREAM SURVEY WITH THE AVERAGE FLOWS IN RECENT YEARS.

Date of Mean Flow Mean monthly flow at nearest gauging stetion
Stream Section Survey for month
of survey. Oct. Nov. Dec. Jan.Feb. Mar. Apr. May June July Aug. Sept.
Klamath River (a)
Frain Ranch
Ares Jun 28 1665 350  (4) 1751 2103 2403 2076 1718 1668 1968 1351 900 852 952 1399
below Calif.
line June 28 1965 350-1103 (d}
Spencer Creek May 24 1965 )
Sevenmile
Creek Oct. 1965 )
Wood River )----No flow data available
mile 9-13 Sept. 1964 ) :
mile 13-17 Apr . 1964 )
mile 17-18 Apr . 1963 )
Williamson River Oct. 1965 (p) - 830 954 1223 1193 1636 1816 2762 2274 1345 777 638 657
Sprague River
near Chiloguin Oct. 1965{Sept)299 (v) 387 410 565 566 882 934 177k 1510 777 360 270 285
near Beatty Oct. 1965(Sept)1LO {c) 193 198 378 250 390 4oz 684 723 364 166 125 132
N.F. Sprague {e) .
canyon July 1965 269
upper Aug. 1965 166
lower Aug. & Nov. 1965(Aug) 14O
S. F.Sprague (e)Aug. 1965 166

(a) Flow data from years 1959-64
(b) Flow data from years 1951-64
(c) Flow data from years 1954-64
Ed) Flow present at time of survey.

e) Flow data from Beatty station on Sprague River, no data available for Forks of Sprague River.



Lower Klamath River ~— Milepoint 0.0 = 192.0

Fish passage in the Lower Klamath River from the Pacific Ocean
to Iron Gate Dam in California is not impaired by physical obstructions.
Klamath River from its confluence with Shasta River, approximately 13
miles below Iron Gate, to its mouth is closed to any development which
would necessitate the construction of a dam or an obstruction to the
flow of the river. This portion of the river was set aside by an
initiative ac¢t, approved by the electrpate of the State of California
in 1924,

Iron Gate Reservoir —— Milepoint 192,0 -~ 199.0

Iron Gate, a re—regulating dam on Klamath River to stabilize
flows from Copco No., 2 and 2, was constructed by Paclific Power & Light
Company in 1960-61., The structure is 173 feet high and forms a
reservolr seven miles long, having a maximum depth of 145 feet, There
are no fish passage facilitles present. There are salmon and steelhead
holding ponds and an egg-taking station operated by the California
Department of Fish and Game at the base of the dam to provide eggs
for a 32-pond hatchery at that site,

Daily surface water temperatures were taken by hand thermomerer
at Iron Gate Reservoir and the weekly means are presented in Figure 6
(Page 133). Temperatures for the month of July were the highest recorded
and ranged from a low of 67° F to a high of 70° F. The major limiting
factor for thege data is that they were taken between §:00 a.m, and
9:00 a.m, and not at the warmest period of the day,

Dissolved oxvgen measurements and temperatures were taken monthly
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from June through November, 1965, at I;on Gate Reservolr. The results
are graphically presented in Figures 7A and 7B (Pages 134 and 135).
Samples were collected at two stﬁtions, one in deep water near the
dam and the other at the upper end in shallow water, Sampling results
indicate that in the months of July and August, conditions are
unsatisfactory for salmonoids in davtime hours except in a stratum
between 10-20 feet, The limiting factors are either hiph water
temperatures from 72° F to 80° ¥ in the upper levels or low dissolved
oxygen from 0.00 ppm to 5 ppm In the deep, colder water. These conditions
did not persist during the remaining months as temperatures in the shallower
depths declined and dissolved oxygen content increased in the deep water,
Except for the months of Julv and August, water quality
conditions in Iron Gate Reservoir appear to be satisfactory for the
rearing of juvenile salmonoids. Predﬁtion may occur on the young fish

as- the following species are present in the reservoir:

Rainbow trout Salmo galrdneri Richardson
Larpemouth basg —=———me———e— Micropterus salmoides (Lacepede)
Yellow pexch Perca flavescens (Mitchell)

Klamath smallscale sucker—-——- Catostonus ripiculus Jordan & Snyder
Tui chub Siphateles bicolor bicolor (Girard)
Blue chub Gila bicolor (Cirard)

Speckled dace Rhinichthvs osculus klamathensis
Brown bullhead Yctalurus nebulosis (LeSueur)
Cottids Cottus sp.

Lamprey Lampetra tridentata (Gairdner)

The major physical obstacle to downstream passapge of migrant
fishes 1s the unscreened submerpged penstock orifices at the dam.
If fish passage facilities and screening were provided, water

qualitv is adequate for the movement and rearing of salmonoids excepnt
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during July and August, when temperatures and dissolved oxygen limit
the habitable area of the reservoir to the 10-20 foot stratum,

Jenny Creek, Mile Point 196.0

Jenny Creek, a small tributary of Iron Gate Reservoir, enters
near the upper end, Because of limited spawning areas and blockage of
fish passage by two falls, 20 feet and 60 feet high, this stream was
deleted from study,

Copco No. 2 Dam, Mile Point 200.3

Copco No, 2 is a 43=foot high diversion dam on Klamath
River and is one mile upstream from Iron Gate Reservoir and approximately
1,000 feet downstream from Copco No, 1, No fish passapge facilities or
screens are present at the structure.

No vater quality data are available for the section of river
between Copco No, 2 and Copco No. 1, but water temperatures and dissolved
oxygen shoul& be favorable since the water is taken from the deep portion
of Copco No. 1 reservoir.

Copco No. 1 Reservoir, Mile Point 200.3 - 205.8

Copco Dam No., 1 was completed to a height of 126 feet in 1922.
No fish passage facilitiles or screens are present at the structure. The
reservolr formed by the dam is five miles long and 126 feet at its
deepest point. The forebay elevation of Copco No. 1 fluctuates up to
six feet.

Daily water temperatures were taken at the forebay of the dam
by hand thermometer between 8:00 a.m, and 9:00 a.m. Highest temperatures

were recorded during the last three weeks of July and the weekly means
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were 69° F. The range of mean temperatures for the months of May
through October was from 54° to 69° F. These data for Copco No, 1
are presented in Figure-6 (page 133),

Dissolved oxygen and water temperatures were obtalned at
two stations on Copco No. 1. Reservoir, one near the dam in deep
water and the other in shallow water at the upper end., The minimum
and maximum amount of dissolved oxygen in the waters of the reservoir
for the months of June through October varied. The minimums at the
deep station ranged from 0.00 ppm to 1.1 ppm, while at the upper end
they were from 2,2 ppm to 6.0 ppm, Figures 8A and 8B (Pagesl36-37.)

The maximums at the gampling stations were from 6,1 ppm to 9.4 ppm near
the dam, and 7.4 ppm to 9.1 ppm at the upper end. Although oxygen content
is high in the upper portion of the reservoir, only the stratum between
10-20 feet was habitable for salmonoids as water temperatures from the
surface to 10 feet were too high during July and August.

Water quality in Copco No., 1 reservolr was satisfactory for
the rearing of juvenile salmonolds except for two months of the year,
July and August, During these months conditions were found to be good
onlv in the stratum between 10-20 feet.

Many species of fish are resfdents in this reservoir and a
problem of predation may occur. The tvpes of fish present are the same
as those found in Iron Gate Reservoir with the addition of:

Shortnose sucker =- Chasmistes brevirostis Cope

Lost River sucker —— Catostomus luxatus Cope

If fish passage facilities and screening were provided, water
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qualitv is adequate for the movement and rearing of salmonoids except
during July and August when temperatures and dissolved oxygen limit
the habitable area of the reservoir to the 10-20 foot stratum.

Shovel Creek, Mile Point 208.0

The following appraisal of Shovel Creek is based on a stream
survey report made by California Department of Fish and Game.

Shovel Creek is a small tributary that enters the Klamath River
approximately one mile above Beswick. Flows during the summer months
are diverted for irrigation, Residual flows of 2.8 cfs in 1961 and 4,2
cfs in 1962 were recorded., Temperatures from over 70° F to freezing have
been recorded. A falls, 2.5 miles upstream, blocks all migration of fish.

High water in December 1964 altered the stream bed and banks
of Shovel Creek. The first mile of stream was channeled, Though the bed
of the channel is of excellent gravel, this work may have been detrimental
because of the loss of shelter gnd pools,

Low winter temperatures, fall flows, and susceptibility to
flooding appear to make Shovel Creek unacceptable for fall spawning fish
such as chinook salmon. It may better lend itself to spring spawning
steelbead if competition from native trout is not excessive.

Spring flows and water guality in Shovel Creek are probably
adequate to maintain a run of downstream migrants over the short distance
to Klamath River.

There are two unscreened diversion ditches which would need

facilities before introduction of apadromous fishes could be considered,
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Klamath River from Copco Reservoir to J. C. Boyle Dam,
Mile Point 205.8 - 227.5

Klamath River from the head of Copco Reservolr upstream to
J. C. Boyle Dam is a distance of approximately 22 miles, and at the
present time, no barriers are present to block fish passape., It is a
fast-moving stream and the gradient is steep, rising from an elevation
of 2608 at the head of the reservoir to 3793 at J, C. Boyle Dam.

Daily river flows fluctuated considerably in the lower 17
miles as the result of operations of the J. C. Boyle project, The
Federal Power Commission license for the project stipulates that the
powerhouse operations cannot vary the river flow by more than nine
inches an hour (Table 9). Mean monthly flows for a period from 1959-
1965 were obtained from the Surface Water Division of the U. 5, Geological
Survey and are presented in Figure 9 (Page 138). The data were gathered
at a station established in 1959 approximately one mlle downstream from
the J. C. Boyle powerhouse. The major peak flows occur during the months
of December and April and vary from 1900 cfs in 1959 to a high 8,730 in
February, 1965, The lowest flows recorded are during the months of July
and ranged from 340 c¢fs in 1965 to 950 cfs in 1959.

River conditions above J. C. Boyle powerhouse have been changed
considerably by the power project and at the dam the flow is maintained
at a constant 100 cfs. Eight-tenths of a mile downstream from this point
a series of springs enter the river which increase the flow to 390-488
cfs in the remaining four—mile section to the powerhouse, Flows in this
reach of the river remain constant except at times of high flow from

Klamath Lake which require the release of excess water through the spillway
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Table 9.

of Orepon and Tederal Power Commission permits,

Maximum and minimum [lows, as specified by Hydroelectric Commission of

Plant or Area

J. C. Boyle — irmmediately
below diversion dam in

old channel,

J. C. Bovlie - immediately
below Bip Bend Power llouse

-G G-

Iron (ate

J. C. Boyle (Formerly Dig Bend)

tlydroelectric Commission of Oregon

Minimum release for lst year - 100 c.f,s.
Hearing each year for 5 vyears.

a.

bl

Hot less than 50 c¢.f.s.
than 150 c.f.s.

and not more
for duration of

license.

Note:

Large spring inflows commence
adding to flow 1/4 mile below
diversion dam and totaling up
to 250 e.f.s.

Maintain 200 c.f.s, immediately below
Power lilouse,

Plant operated not to exceed fluctuations

of 9"/hr, measured at a point 1/2 mile
below Power House,

Iron Gate

State of California

Minimum flows below Iron Gate

September 1 to April 30 -
May 1 to HMay 31

1,300 c.f

-- 1,000 c.f

June 1 to July 31 -— 710 c.f
August 1 to Aupust 31 -- 1,000 c.f

Moo h o

Rate of change not to exceed 250 c.f.s,/hr,
or not wmore than 3'"/br. {(whichever produces

the least amount of fluctuation) measured at
a2 pauge 1/2 mile Lelow the plant,

Federal Power Commission

Construct, operate and
malntaln fishways at
diversion dam and screens
at intake to conduit.

.Licensee shall maintain for

fish life in natural channel
below dam reasonable minimum
flow consistent with primary
purpose of project after a
hearing.



at J. C. Bovle Dam.

Water temperatures were obtained by a constant recording
thermograph at Beswick, approximately two miles above Copco Reservoir
and by hand thermometer at four stations upstream, Dissolved oxygen
analyses were made at the upper four stations. These data are presented
in Figure 10, (Page 139) and Figures 114 and 11B (Pagegl40 gna 141y,
Dissolved oxygen samples have been taken at the Beswick Station in the
past by the Californila Department of Water Resources and their data
indicates that in the summer months, dissolved oxygen content in this
area is high and in 17 samples taken in 1962-1965, the mean was 9.5 ppm
and the range was from 8,4 ppm to 10.5 ppm. Maximum water temperatures
from May through October varied from a low of 58° F to a high of 73° F and in
the months of July and August, remained above 68° F,

Temperatures and dissolved oxvgen samples taken in Klamath River
at the Frain Ranch and below the J. C. Boyle Powerhouse show that high
water temperatures occur in the months of July and August and that high
dissolved oxygen concentrations are present.throughout the sampling
period of May through October. The presence of an excellent trout fishery
In this area indicates that although water temperatures are high, salmonids
remain in the area and flourish, Samples obtained above the powerhouse
reflect the large flow of spring water into the river and low water
temperatures and high dissolved oxvgen concentrations were recerded. At
the upper station below the dam, water temperatures show the effect of

the reservoir and an Increase in temperature is recorded. Studies made
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Gravel exposed at minimum flow on Klamath River at .

Plate 1.

1965,

the Frain Ranch area, June 28,
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Plate 2, A gravel bar exposed at minimum flow on Klamath
River at Frain Ranch area, .June 28, 1965
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Plate 3, Sampling station at gravel area on Klamath River
Frain Ranch area, September 16, 1965



in 1962-1963 did not reveal any problem in this area, provided flows
of 100 cfs or higher were maintained {Gerlach and Hanel, 1963).

Potential spawning areas on Klamath River are confined to one
short section near the Frain Ranch, just above the Salt Caves Dam site,
and spots between the California-Oregon border and Copco Reservoir.

Approximately 13,400 square vards of gravel was observed in
the Frain Ranch area. Most of this gravel is of fair to good quality
from1l to 4 or 1 to 6 inches In diameter, There are some fines in-
terspersed and partial weed growth over the surface, but chinook salmon
are known to use areas similar in appearance in the lower river (Plate
1 and 2).

At least 950 square yards of good gravel are located between
the state line and the mouth of Shovel Creek. Below the mouth of Shovel
Creek to Copco Reservoir there is a minimum of 19,000 square yards of
good gravel with other possibilities in deeper water.

Flows on this section of Klamath River are normally adequate,
but are subject to fluctuation because of power production operations at
the J. C. Bovle project. At extreme low flows, a portion of the gravel
areas 1s exposed. Conditions were checked weekly on a gravel bar in the
Frain Ranch area, The observations made are shown in Table 10, Plate
3 1is a picture of this station. During the period of September 9 through
December 14, 1965, encompassing the historical spawning period, the depth

of water over the gravel varied 1.5 feet to about 3.5 feet. The latter
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Table 10, Water quality and flow measurements on a potential spawning area of Klamath River
near the Frain Ranch for the period of September 9 to December 14, 1965,

Alr Water D.0. Flow Velocity
Date Time Temp. Temp. PR CFS FPS(a) Turbidity Remarks
9- 9-05 1330 64 8.4 3.0 18" of water over gravel
9-16-65 1110 59 61 8.25 3.6 19" of water over pravel
9-24-65 1120 80 62 9,0 3.3 18" of water over pravel
9-30-65 1155 75 57 8.7 3.3 19" of water over gravel
10-15-65 1050 45 57 9,7 4,0 22" of water over pravel
10-22-65 1300 70 54 9.3 ) 2.9 1' vis, 1,8" water depth
10-28-65 1300 73 55 9.3 1.75 1.5' vis. 1.9" water depth
11- 8-65 1415 50 8.8 About 3' deep, water depth
prevented veloclty
measurements
11-16-65 1330 60 46 9,6 1' vis, Water depth 3-3.5'
11-28-65 1245 45 38 11.3 1' vis, Water depth 3-3,5'
12— 7-65 1245 46 38 10.9 2.23 1' vis, Water depth 2.0°
12-14-65 1130 35 36 10,9 2,03 1" vis, Water depth 1.9'

(a) Measurements prior to October 22 made on surface by "cork method", others at
0.3 feet with Gurley meter.
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depth occurred when water was being spilled from J. C, Boyle Dam in
November. The water velocity, 0.3 feet over the gravel, fell within
a range of 1,72 to 2,9 fps. The mean water temperature during the
period was 51.5° F within extremes of 36° and 64° F. The temperature
held up well for spawning until late November when it fell to 38° F.
The lowest concentration of dissolved oxygen observed was 8.25 ppm,
averaging 9.5 ppm.

All conditions appeared to be adequate for spawning and
rearing of eggs with the possible exception of flow fluctuations. Flow
changes at the J, C, Boyle project are limited to 9 inches in river
elevation per hour, IHowever, it has been reported by personnel of
California Department of Fish and Game that the rate of change is
considerably greater in the down-river areas.

Although mid~summer temperatures reach into the 70's, Klamath
River probably would provide a good rearing area for young fish, A fine
trout population in the river is evidence of its productiveness,

The only limiting factor for downstream migration is the presence
of eight unscreened irrigation diversion ditches. One ditch has a screen
installation but 1s inoperative.

No physical barriers or poor water quality conditions exist to
hinder the migration, spawninp or rearing of salmonids in this section
of Klamath River. The maximum potential numbers of fish calculated to
use this area was 1,990 female chinook salmon or 1,620 female steelhead.
0f this total, 640 female chinook salmon or 520 female steelhead would

utilize gravel found in Oregon. Stream temperatures limit the chinook
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gpawning period to October and early November.

J. C. Bovle Dam and Reservoir, Mile Point 227,5 - 226,8

J. C. Boyle Dam was completed in 1958 and 1s approximately
38 feet high and forms a reservoir three miles long. The maximum depth
is 40 feet. A figh ladder sufficient to pass steelhead and salmon is
in operation on the structure. Water temperatures and dissclved oxygen
were taken at the top and bottom steps of the ladder and are presented
in Fipure 12 (Page 141),

Water temperatures were taken by hand thermometer at the
forebav of the dam and the weekly means are presented in Figure 6 (Page
133'. The range of temperatures varied from a high of 74° F in July to
a low of 54° in October. As at the other reservoirs, these temperatures
were taken between 8:00 a,m, and 9:00 a.m.

Digsolved oxygen samplgs and water temperatures were obtalned
from five stations on J. C. Boyle Reservoir during May through August
and the profiles calculated are deplcted in Figures 13 and 14 (Pages142-43)
The data indicates that during June and July the reservoir is not suitable
for salmonids.

On September 1-2, an all-night sampling propgram for dissolved
oxygen and water temperatures was conducted on the reservoir at five
statlons and the results are shown in Figures 15, 16 and 17 (Pages 144-5).
Data from three of the stations, all in the shallow sections of the

reservolr, show little variation in the dissolved oxygen content, The
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two stations at the deep end of the reservoir show definite oxygen
sags caused by large amounts of decaying organic matter,

Water quality conditions for rearing and migration of juveniles
are acceptable except during the months of June, July and the first part
of August, The diversion for turbine water is screened and fitted with
a bypass pipe. Predation may occur on the younpg fish as the following

species are present in the reservoir:

Rainbow trout --_S?lmo galrdneri Richardson
Largemouth Bass -- Micropterus salmoides (Lacepede)
Black crappie ~~ Pomoxis nigromaculatus (LeSueur)
Bluegill == Lepo&is macrochirus Rafinesque
Pumpkinseed —- Lepomis pibbosus (Linnaeus)

Brown bullhead —— Ictalurus nebulosus (LeSueur)

Klamath Largescale sucker — Catostomus snyderi Gilbert

Klamath Smallscale sucker — Catostomus rimiculus Jordan
and Snyder
Lost River sucker —— Catostomus luxatus Cope

Tui chub —— Siphateles bicolor bicolor (Girard)

Blue chub -~ Gila bicolor (Girard)

Speckled dace —— Rhinichthys osculus klamathensis
Cottids —- Cottus sp.

Lamprey —=— Lampetra tridentata (Gairdner)

Spencer Creek, Mile Point 225,5

Spencer Creek, an important tributary of Klamath River, enters

the svstem at the upper end of J. C. Boyle Reservoir. The stream is
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Plate 4. Section of Spencer Creek near the mouth,
December 14, 1965
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Plate 5, Section of Spencer Creek near mile 3,0,

May 24, 1965

—64—



Plate 6, Section of Spencer Creek upstream from road crossing
near mile 7.25, September 16, 1965

Plate 7. Spencer Creek sampling station near mile 7,25,
September 16, 1965
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approximately 12 miles long., The flows measured duriép the low periods
in the fall varied from 16,7 cfs to 23.4 cfs. The mean for the period
was 20,7 cfs,

Barriers to fish passage consist of seven small log jams, a
number of beaver dams and a large culvert that had been passable until
the flood in December 1964 washed a deep hole on the downstream side,

Dissolved oxygen samples and water temperatures taken from
June through October reveal that water condltions are excellent for
salmonoids., Data collected are illustrated in Figure 18 (Page 146).

Nine miles upstream from the mouth, fish passage is blocked
bv a series of small falls, It would be possible to make them passable,
but the stream above is marginal and would not be worth the expense,

Gravel areas In Spencer Creek are found from the mouth up-
stream for about 9 miles, Plates 4~6., There are 2300 square yards of
good and about 300 square yards of marginal pravel suitable for spawning
salmon and steelhead,

The water depth over many of the gravel areas is 4 to 6 inches.
Velocities are one foot per second or greater, OStream flows were taken
weekly from September 9 to December 14, 1965, at a station at mile 7,25.
This station is pictured in Plate 7. For the sampling period, the mean
stream flow was 20.71 cfs, ranging from 16.69 to 23.39 cfs, The average
water temperature was 41.8° F, with extremes of 31 and 52° F., During the
same period, the lowest dissolved oxygen concentration recorded was 9.0
ppm; the high was 12,0 ppm. The mean oxygen level was 10.38 ppm for the

sampling period. All observations are given in Table 11,
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Table 11.

Date
9- 9-65
9-16-65
9-24-65
9-30-65
10-15-65
10-22-65
10-28-65
11- 8-65
11-16-65
11~23-65

11-30-65

12- 7-65

12-14-65

(a) Estimates prior to October 22 made by "cork method”, others with Gurley meter.

Water quality and {low measurements on potential spawning area of Spencer

at Mile 7.25 for the period of September 9 to December 14, 1965.

Creek

Hean
AMr Water D.0. Flow (a) Velocity
Time Temp., Temp. PPM CFS FPS Turbidity
1530 52,0 9,00 22.0 2.5 Clear
1245 48 48.5 9,35 17.71 1.97 Clear
1245 82 51.0 9.30 18,05 2.0 Clear
1320 67 46.0 10,00 19,22 2.13 Clear
1215 41 42.0 10.30 16,96 1.88 Siight
1450 63 42.0 10.60 22,54 1.99 Clear
1420 60 44,0 9.90 23,39 1.94 Clear
1600 42 41,0 10,60 21,61 1.92 Clear
1500 47 40,0 10,20 21,97 2,03 Clear
1515 38 38.0 10,80 23.19 2.08 Slight
1400 33 34,0 11.20 Clear
1430 34 34,0 11.70 21,23 1,92 Clear
0945 24 31.0 12.00 Clear

Remarks

Ice along shores., Flow
appeared to be down slightly.

Ice along shores,

No significant change in
flow, Ice along shores

and over poecls. Anchor ice
beginning to form.



Plate 8. Minor ice conditions at Spencer Creek sampling station,
November 30, 1965

-68-



Plate 9. Anchor ice forming in Spencer Creek near the mouth,
December 14, 1965

Plate 10. Anchor ice forming over gravel in Spencer Creek near
mile 7.25, December 14, 1965



Beginning in the last of November when water temperatures
dropped to 33° F, ice formed aleng the shore line of Spencer Creek,
Plate B8, On December 14, anchor ice was forming in the entire length
of the stream, Plates 9 and 10. Water'temperature on that day was
31" F. Since that was the last day observations were made, it is not
known how long such conditions existed,

There is no reason to believe that Spencer Creek would not
provide a good rearing area, The stream has a history of a good trout
population. It also supports a spawning run of suckers. The highest
temperature observed during the summer was 68° F near the mouth, Oxygen
levels were in excess of 7.0 ppm the entire year, Figure 18 (Pagel40),

Spencer Creek presents a fine environment for salmonoids, The
stream could accommodate an estimated 110 chinook redds or 90 steelhead
redds. The relatively shallow water depth may reduce the capacity for
chinook salmon. The spawning period for salmon would be limited to
the month of September by water temperature,

Klamath River to 0ld Needle Dam at Keno, Mile Point 229.8 - 236,3

Klamath River in this section is wide, with a steep gradient.
The distance covered in this reach of river is approximately 6.5 miles,
No barriers are present at this time, but in March, 1966, Pacific Power
& Light Company will begin construction of a dam to replace the one built
in 1931 at Keno. A fish ladder ig included in the plans,

No water quality data is available for this part of the river,

but an excellent trout fishery is present and is iIndicative that conditions

are suitable for salmonoids,
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Figure 19 (Page 147) presents the monthly mean stream flow
conditions from 1951-1965 and compares them with data taken from 1904~
1914, 1In seven of the ten years that data are avallable for both
periods, the peak flows in 1951-1965 exceed the peaks in 1904-1914,

The lowest recorded flow for the two sets of data occurred in July 1964
with s mean low of 365 cfs. The highest was recorded in December 1964
and was 8,780 cfs,

No significant amount of spawning gravel was observed in this
area of the river,

This section of the river contains no known barriers to down-—
stream migrants, provided that adequate flows as determined by future
studies are maintained below the new structure.

This segment is suitable for migratjion and rearing.

Klamath River from Keno to Klamath Falls, Mile Point 236.3 - 254,3

| Klamath River from Keno to Klamath Falls is a wide, slow-moving
stream that has a drop of one foot in the 18 miles of water course, No
barriers other than the O0ld Needle Dam at Keno are present in the river,
This barrier will be removed after completion of the new dam in 1966.

The level of the river is maintained at a prescribed height throughout
the summer months so that ranches along the way may be irripated,

Water fuality conditions are poor during the summer months
because of high temperatures, tremendous algae blooms, industrial pol-
lution and the slow rate of flow., These factors cause the level of
dissolved oxygen to drop below the minimum productive level of 5.0 ppm
for salmonoids, Figure 20 (Page 148) graphically presents the results

of weekly sampling of the river at two statlons for the months of
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August through November. Figures 21-31 (Pages 149-159

gathered by the Oregon State Sanitary Authority for the years 1953-1963.
An all-night sampling program was conducted on September 1-2, 1965, at
three stations on Klamath River from the Main Street Bridge at Klamath
Falls downstream to Keno. A low of 2.5 ppm of oxygen was recorded at
0400 a.m. at the Highway 97 Bridge. Lows at the other two stations
were 6.5 ppm at Link River and 5.5 ppm at Keno, and occurred at 0715
hours and 0815 hours respectively. The results of the analyses are
presented in Figure 32 (Page 160).

Daily water temperatures were taken by hand thermometer at
Keno and the weekly means are presented in Figure 6 (Page 133). Temp-
eratures over 70° F occurred in only one week for the months checked.

Stream flow in this section is generally equal to that of
Link River, but is subject to inflows from the Lost River Diversion
Canal and “F” Canal from Lower Klamath Lake. Samples taken by the
Federal Water Pollution Control Administration in 1965 show adequate
temperatures and dissolved oxygen concentrations in water from these
drains.

Results of water quality samples taken from 1953-1965 show
that dissolved oxygen concentrations in the reach of the river are
usually below the minimum of 5.0 ppm during the months of July through
October. During the remaining part of the year, water quality 1s suit-
able for salmonids.

Link River
Link River is approximately one mile long and connects Klamath

Lake with Lake Ewauna and Klamath River. One barrier, Link River Dam,
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constructed in 1921, is present but does not form a block to fish passage,
as a ladder is present. This ladder is not adequate at present for the
passage of salmon but could be, with minor revisions.

A continuous recording thermometer was installed on the river
in the fall of 1964 and Figure 33 (Page 161) presents the weekly maximum
and minimum temperatures. From June through August, maximum temperaéures
were at 70° ¥ or higher and the peak was 76° F. During the same period,
minimum temperatures exceeded 70° F in three different weeks, Temperatures
started to decline rapidly in September and by the end of the month, were
in the low sixties.

Stream flow data from 1904-1917 are compared with that recorded
in 1951-1965 and are presented in Figure 34 (Pagel62 ). TFlow conditions
were approximately the same in 1951-1959 as found in the yvears 1904-1912,
but since then, the flows have leveled off because of drought cénditions.
The lowest flow recorded, 400 cfs, occurred three times, once in March
1962 and twice in May-June 1964,

No appreciable amount of spawning gravel was found in Link
River.

There are three larpe water diversions at the outlet of Klamath
Lake, all of them are unscreened. The "A" canal diversion to the Bureau
of Reclamation's Klamath Project has a maximum flow of 1200 cfs and
begins drawing water in April, On each side of Link River, there are
intakes for power production at Pacific Power & Light Company's Eastside
and Westside plants, All three diversions would have to be screened to

guarantee safe downstream passage, The present fish ladder and spillway
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would provide paths of egress over the dam,
If necessary fish passage facilitles were provided, migration
through Link River should be possible throughout the year.

Upper Klamath Lake

Upper Klamath Lake is composed of two lakes: Klamath Lake and
Agency Lake, The two bodies of water are connected by a mile-long
waterway called "The Straits."” The combined surface acreage at peak
level is approximately 94,000 acres, Overall &verage depth 1s 8 feet,
with maximums of 56 feet in Klamath and 14 feet in Ageney., No physical
barriers exist on the lake,

Water quality is varied throughout both lakes because of springs
and algae conditions. Time did not permit an extensive study. An excellent
trout fishery is present in both lakes and is Indicatlve that water quality
conditions are adequate,

Lake levels are fluctuated annually for irrigation and power
peneration, The maximum drop that has been recorded was three feet,

Klamath and Agency Lakes might possibly be deterrents to
successful out-migration on the basis of size alone. The distance from
the mouth of Wood River to the outlet at Link River is approximately 28
miles via Agency and Klamath Lakes, It is 18 miles from the mouth of
Williamgon River to the outlet of Klamath Lake, The {low pattern in the
lakes is unknown aﬁd méy be barely perceptible. The combination of
distance, stationary water and the attractiveness of a productive
environment may cause sufficlent delay for the migrants to become

reslidual. The effect of this on production and survival is unknown.
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Survival in the lake may be reduced by predation. The fish
fauna of Upper Klamath Lake is similar to that of J. C. Boyle Reservoir
except largemouth bass, crappies and bluegills have not been found.
Fishes found in Upper Klamath Lake that have not been recorded from

Klamath River are:

Brown Trout —- Salmo trutta (Linnaeus)
Brook trout — Salvelinus fontinalis (Mitchell)
White Sturgeon —- Acipenser transmontanus (Richardson)

Salmon were reported to have spawned in several large springs
on the west side of Klamath Lake, but pumice sand presently obliterates
all gravel suitable for spawning.

West Side Tributaries

West side tributaries of Upper Klamath Lake consist of a number
of small streams of which Cherry Creek, Three-mile Creek and Nannie
Creek are the larpest. Flows of these are intermittent in the fall
and therefore thev are not consldered as potential spawning streams,

Fourmile Creek and Crane Creek

Fourmile Creek and Crane Creek are tributaries of Agency Lake,
but are small with no suitable gravel present.

Sevenmile Creek, Mile Point 0.00 - 19,00

Sevenmile Creek, a tributary of Agency Lake, is 19 miles long
and originates in the Sevenmile Marsh, Water quality data taken and
presented in Fipure 35 (Page 163) reveal that stream conditions are
good. Upstream from mile point 14,25 to 16.75, there are approximately

1700 square vards of good spawning gravel, but in this section there



are nine impassable log jams. Below Mile Point 14,25, there are several
beaver dams, one impassable log jam, three unscreened water diversions
and numerous drains hindering the migration of fish,

Because of the many obstacles, Sevenmile Creek was considered
marginal as a potential spawning stream.

Wood River, Mile Point 0,00 — 18,25

Wood River, a tributary to Agency Lake, originates in springs,
and has a major tributary, Annie Creek, draining from Crater Lake
National Park.

Two barriers are present but are passable to fish except during
the irrigation season of June through August. There are four diversion
ditches on the stream. Two have rotary screen installations that are
not presently Iin use. The other canals are not fitted with screen facil-
ities.

Though considerable water is diverted for irrigartion, a generous
flow is maintained throughout the year., The river contains about 11,000
square vards of good, and 1,300 square yards of marginal gravel, all in
the upper half of its 18,25-mile length., Water depths and velocities
over pravel bars are excellent for either salmon or steelhead. Water
temperatures remain quite cool all vear, The highest temperature recorded
between March and October 1965 was 52° F; the lowest was 38° F, Dis-
solved oxyvpen concentrations remalned between 9.0 and 11,0 ppm the entire
period, Figure 36 (Page 163),

Wood River has good habitat for rearing vounp fish, but the



temperature regime and the relatively low productivity may not produce’
growth comparable to other streams in the basin, The river supports a
resident population and a spawning run of trout which live most of the
vear in Agency or Klamath Lake,

This stream has good potential for fish which would spawn
before mid-September or after mid-April, provided that necessary fish-
passage facilities were available. The areas of good gravel in Wood
River could accommodate about 520 chinook or 420 steelhead redds,

Williamson River, Mile Point 0,00 - 21.00

Williamson River is the major tributary to Klamath Lake and
includes both the Williamson and Spfague River drainages, The major
portion of the river flow during the summer months comes from Spring
Creek and Sprague River, as the Williamson River goes dry approximately
25 miles upstream from the mouth. A series of falls, at Mile Point
21.00, form a barrier to fish passage.

Water quality studies were made below the falls and ﬂownstream
to the mouth and are presented in Figure 37 (Pagel64). The most important
stations are those below the confluence with the Sprague River,., At both
gsites dissolved oxvgen content and water temperatures were ideal for
salmonids,

A continuous temperature recorder was installed at the Highway
97 bridge—crossing of the Williamson River seven miles upriver from
Upper Klamath Lake, The mean weekly maximum and minimum temperatures
are illustrated in Figure 38 (Pagel653). The highest reading, 67° F,

occurred once each in June and July,
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Plate 11. Gravel bar on Williamson River below Highway 97 crossing,
October 4, 1965

Plate 12, TILxposed gravel adjacent to potential spawning area on
Williamson River below Highway 97 crossing, October 4, 1965
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Mean monthly flows were recorded downstream from the
confluence of the Sprague River; data from 1951 - 1965 are presented
in Figure 39 (Page 166). Since 1959, flows have been low with August
and September monthly means near 500 cfs.

Most of Williamson River below the éonfluence of Sprague
River, is deep and slow—moving. The major position of the gravel is
in riffles scattered along the stream. Above Sprague River, the stream
bed consists mainly of bedrock, sand, pea gravel, and rubble., There
is an estimated 5,200 square yards of good, usable gravel qualifying
for use by salmon or steelhead. Most of this gravel lies in a large
bar below the Highway 97 crossing, Plates 1l and 12.

Thermograph records for 1965, taken at the site of the largest
gravel bar, show that water temperatures below 40° F prevailed through
mid-February and after mid-November, Low temperatures of 32° F were
recorded during those periods, Figure 38 (Page 165).

Trout of fry and fingerling size were seen in Williamson
River, so it would probably provide an adequate rearing area for young
salmon or steelhead.

fhere are no obstructions or diversions which would endanper
downstream migrants. The level of Klamath Lake influences the rate of
flow in the lower end of Williamson River. This condition may tend
to slow the rate of travel of the departing fish,

Williamson River has a potential for approximately 240 chinook
or 200 steelhead redds. The only qualificatjon 1s that salmon must

have completed spawning by the last week of October.
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Spring Creek

Spring Creek, a spring—fed tributary of the Williamson River,
1s 2.5 miles long. Dissolved oxypen and water températures are
excellent, but the bottom of the stream, except for the first 100 yards,
is composed of pumice sand or bed rock. The streem was not consldered
because of the lack of spawning gravel,

Sprapue River to Lone Pine, Mile Point 0,00 - 31.00

The Sprague River from its confluence with the Williamson River
to Lone Pine, a distance of 31 miles, has a gentle gradient. The only
barrier in this section is the Sprague River Dam, located approximately
one mile upstream from the mouth, This structure is owned by the Bureau
of Indian Affalrs and 1s used by the Modoc Irrigation District to divert
water into its distribution system. The fish ladders on the dam are
impassable.

Dissolved oxygen was sampled at two stations, one located at
the downstream end at the U,5,0.5. flow gauge and the other at the
Lone Pine Bridge. Oxygen levels remained above 7,0 ppm throughout the
sampling months of March through November, Figure 40 (Page 167),

The maximum and minimum water temperatures occurring each
week in the Sprague River were obtalned from temperature charts of a
thermograph installed at the U.5.G.5. flow station above Chiloquin, The
data are for a period from February through November and are graphed
in Figure 41 (Pagel6B). High temperatures, above 70° F, were recorded
from the second week of June through the last week of August.

Monthly mean flows in the Sprague River near Chiloquin for the

years 1951 — 1965 are presented in Figure 42 (Pagel69), The minimum flows
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for those years occurred in August and varied from 200 to 300 cfs.
This chart depicts the same drought conditions from 1959 to present
times, as have the other flow charts.

All of the gravel found in this section of Sprague River
was classified as marginal. Between mile 2.0 and 6.0, there is about
7,500 square yards of 1-6 inch diameter pravel mostly compacted with
sand and sllt and an algae growth over the surface, The remainder of
the section contains 600 square yards of gravel less than two inches
in diameter.

Rearing conditions in this reach of the river are fair to good,
although water temperatures exceed 70° F during the summer months. A
pood trout population 15 present in this section of the river,

The only barrier to downstream migration is one unscreened
divereion at the Sprague River Dam.

Water quality conditions are adequate for the rearing and
mipration of salmon and steelhead., Spawning potential for this section
of the river is limited because all gravel is of marginal quality.

Sprague River from Lone Pine to the Torks,
Mile Point 31.00 — 79.00

This section of the Sprague River, 48 miles long, is very
crooked. Gradient is pentle and no barriers are present,

Two dissolved oxygen sampling stations, one at the Sprapue River
Bridge at the town of Sprague River and the other at the Piaute Crossing,
U.5.G.5. Flow Station near Beatty, were visited from March through October,
The results are shown in Fipure 40 (Page 167 ). The lowest dissolved

oxygen concentration determined at the two sites was 6.6 ppm,
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A thermograph was installed at the U.5.G.5., Flow Station,
above Beatrty, and the maximum and minimum temperatures occurring each
week from Februarv into December are shown in Figure 43 (Pagel70),
Maximum temperatures exceeding 68° F were recorded in six weeks of
July and August. It is believed that the minimum temperatures at this
station are tempered by warm springs located somewhere in the first 3.5
miles upstream,

Monthly mean flows obtained from data recorded at the Piaute
Crossing flow gauge demonstrated the same patterns as those from other
stations in the system, Figure 44 (Pagel7l), Records for the years
1914-1918 are compared with those from 1954 through 1965, Maximum flows
for the early years ranged from 340-890 cfs, while those in recent years
were from 290-5,670 cfs, The minimum ranges for the same periods were
110-140 cfs and 97-200 cfs, respectively,

This section contains 2,500 square yards of marginal gravel
less than two Inches in diameter,

As a rearing area for young salmonids, Sprague River may be
somewhat marginal in the warmest months of summer., The section of river
between Deatty (mile 67.0) and Lone Pine (mile 31,0) is practically all
slow, meandering, silt-bottomed, with little or no cover. There are no
thermograph records for that stretch of the river. The highest temperatures
recorded from weekly samples, Fipure 40 (Pagel67), taken between 1100-
1200 hours was 72° F at Sprague River bridge and 74° F at Lone Pine.

The lowest dissolved oxygen concentration observed was 6,6 ppm. Oxygen

levels fell below 7.0 ppm in five samples, once in April and June, and
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three times in July. Considering the characteristics of this section,
there is probably a rather large dally fluctuation in temperature and oxygen
concentration. There is no history of a significant resident trout
population in this area.

No problems exist for downstream mipration, as no barriers
are present,

This portion of the river poses no problems for the migration
of salmon and steelhead, but is of little value for spawning and rearing.

South Fork of Sprague River, Mile Point 0,00 — 31.25

The first ten miles of the stream 1s in poor condition, as it
is used extensively for irrigation and eight dams form impassable barriers.
Above this section of stream, conditions improve and only one jam at
mile point 11,25 may block migration.

Water temperatures and dissolved oxygen samples were taken at
two stations on the South Fork, The highest water temperature, 81,5° F,
was taken during the month of July at Ivorv Pine Crossing, the lower
sampling station., Temperatures for July and three weeks of August exceeded
70° ¥. Dissolved oxygen concentrations at the lower site remained above
seven ppm, Conditions in the month of September improved when water
temperatures ranged from 53° F - 66° F. See Figure 45 (Pageli2 ).

Water temperatures at the upper station at the South Fork Camp-
ground presented an improved picture, Temperatures were much lower and
70° F was exceeded only once during the sampling series,

Stream flows in the South Fork of the Sprague River at the
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Plate 13, Typical section of South Fork of Sprague River near
mile 18,0, August 25, 1965.

Plate 14, Gravel adjacent to South Fork Sprapue River near mile 18.0,
Aupust 25, 1965
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Plate 15. South Fork Sprague River sampling station near mile 10,0
September 24, 1965,
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Ivory Pine Crossing and upstreasm to the campground are low. In the
irrigation season, June — September, there are times that parts of

the stream will be dry because of withdrawals., By the time flows

reach the Ivory Pine Crossing, most of the water has been used at least
once for irrigation., Flow conditions above the South Fork Campground
are improved and no irrigation withdrawals are made.

Potential spawning grounds on South Fork Sprague River all
lie in the canyon section of the stream above mile 9.0. From mile
9,0, just below the Sprague Canyon Campground, to the confluence of
Brownsworth Creek (mile 13,75), there is an estimated 6,900 square yards
of good and 1700 square yvards of marginal pravel. Between Brownsworth
Creek and the mouth of Whitworth Creek (Mile 20.25), areas of good gravel
contain about 12,200 square yards, Plate 13 shows a typical section of
this stretch of river, The gravel is mainly 1 to 4 inches in diameter,
Plate 1l4.

From September 17 to December 30, 1965, observations of water
quality and flow were made at a station near mile 10.0, Plate 15. The
average flow during that time was 20.71 cfs, with extremes of 16,08
and 26.47 cfs, Table 12, On October 18, the flow in the SouthIFork
near mile 18 was estimated to be 10,0 cfs, Though there is gravel present
in the lower end of Whitworth Creek and in the 5South Fork above Whitworth,
the water flows are considered inadequate for spawning salmon or steel-—
head. Water depths and velocities over gravel bars in the river below
Brownsworth Creek meet the requirements of both chinook salmon and steel-
head, Table 13. Above Brownsworth Creek, velocities are good throughout,

but the water 1s shallower.
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Table 12. Water quality and flow measurements on a potential spawning area of South Fork
Sprague River at Mile 10, for the period of September 17 to December 30, 1963.

Mean
Alr Water n.o. Flow(a) Velocity

Date Time Temp, Temp. PPM CFS FPS Turbidity
9-17-65 1020 39 41 10.1 16,08 2,18 Slight Coler
9-24-65 1515 74 58 8.6 19.26 2,44 Slight Color
9-30-65 1015 S4 45 10.1 20.02 2.58 Slight Color
10~ 8-05 0935 59 48 g.1 20.80 2.58 Slight Colorx
10-16-65 1500 46 42 10,2 23.75 2,60 Slight Color
10-20-65 1030 46 42 19.30 1.18 Slight Coler
10-29-65 1120 55 42 10.1 17.85 1.14 Slight Color
11- 5-65 1200 53 42 ig.3 18.86 - 1,13 Slight Color
11-15-65 1200 52 42 10.4 23,50 1,44 Slight Color
11-22-65 1450 49 40 10,9 22.29 1.44 Sitight Color
11-29-65 1440 33 33 11.6 Slight Color
12~ 6-65 1300 49 36 10.9 20.36 1.4 Slight Coler
12-13-65 1045 32 32 11,5 Slight Color
12-30-65 1130 36 34 11.0

(a) Cstimates prior to October 20 made by 'cork method", others with

Gurley meter,

Remarks

Ice covering over pools
and slow areas, anchor
ice present.

Ho {ce

Flow about same, maybe
down slightly, No lce.

Complete ice cover except

for small spots over riffle
areas, no anchor ice observed
in open riffles.



Plate 16.

Ice and snow conditions over South Fork Sprague River,
December 30, 1965

Ice conditions at sampling station near mile 10.0
of South Fork Sprague River, December 30, 1965
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The average water temperature found at the sampling station
was 41.2° F varving from 32 to 58° F, Table 13, In late November,
freezing conditions occurred, dropping the water temperature to 33° F
and forming ice over pools and slower areas. Anchor ice was also seen
in the slower areas at that time. In early December the ice melted,
but late in that month there was a complete ice cover except for small
openings over the faster riffles, Plate 16 and 17, No anchor ice was
seen in the open spots.

Dissolved concentrations of oxygen were never below 8.6 ppm,
averaging 10.4 ppm during the months of September through December,

The canyon section of the South Fork would provide a good
rearing area for juvenile salmon or steelhead, That section now supports
a fine trout population. The valley portion of the South Fork Ils rendered
uninhabitable to salmonoids by high summer temperatures, extensive water
diversion, and adverse streambed conditions, Water temperatures as
high as 8l® F were recorded in 1965, Figure 45 (Pagel?2?), At times,
the entire flow of the stream is diverted for irrigation, Much of the
stream has been channeled and diked, leaving a sllt -or hardpan bottom
and hardly any cover,

Successful downstream migration would be threatened by ten
irrigation ditches in the lower nine miles of the South Fork. Water
diversion through head-pates is also practiced on this section of the
river. During periods of heavy water use, portions of the stream in
this area will have no flow.

The South Fork of Sprague River above mile 9 has the potentlal
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Table 13,

Bar No.

10
11
12
13

14

Water depths in inches over gravel bars on South

Fork Sprague Upstream from Canyon Campground -

November 3, 1965,
Measurement Number

T2 3 4 s 6 Mean
5.5 7.0 9.0 9.0 6.0 3.0 6.8
7.0 8,0 12,0 15.0 11.0 6.0 10.4
4 7 9 9 13 8 9.2
9 12 13 8 8 7 9.6
6 g 6 6 7 6 6.8
7 7 8 10 9 9 8.6
8 8 10 10 9 6 8.6
5 9 12 12 10 7 10.0
4 6 10 12 15 12 11.0
7 9 9 8 10 12 9.6
7 10 10 12 8 4 8.8
5 12 12 11 12 15 12.4
5 6 8 9 10 12 9,0
5 10 14 17 16 15 14,4
verall Average Depth: 9.9

=90~
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to support salmon and steelhead with room for 920 or 750 redds of each
species respectively., For greatest survival, spawning would have to
be completed by the first week of October.

Several deterents to fish passage would have to be corrected
in the lower river before this stream would sustain these anadromous
fish., Adequate flows would have to be maintained in order to improve
water qualityv and pass migrating fish., Ladders over dams, screens
for ditches and the removal of log jams would be necessary to facilitate

safe fish passage,

North Fork of Sprague River, Mile Point 0.00 - 32,00

The North Fork of the Sprague River is 32 miles long, but the
section above mile point 27.5 was not considered because of stream size
and lack of suitable gravel,

One impassable dam, three feet high, is located at mile point

Dissolved oxygen and water temperatures were taken at three
stations on this stream and throughout the study, conditions were
satisfactory for upstream passage of salmon and steelhead. TFigure 47
(Page 173) presents water quality data for the North Fork,

The North Fork of Sprague River has more potential spawning
area than any other stream in the upper basin., The section of river
below the North Fork Canyon contains an estimated 23,900 square yards
of good quality gravel. Most of the gravel.lies in the stream between

mile 6.0 and 11.0, Within the canyon, miles 11.0 to 18,75, there are
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Plate 18, Typical section withipn the North Fork Sprague River Canyon,
July 15, 1965

Plare 19, Tvpical section of North Fork Sprague River above
Sandhill Crossing, August 23, 1965
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Plate 20,

North Fork Sprague River sampling station near mile 10.0,
October 29, 1965
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Plate 21, Gearheart Creek at Confluence with North Fork Sprague River
near mile 20,0, July 14, 1965
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Plate 22, Sheep Creek at confluence with North Fork Sprague River
near mile 16.75, July 14, 1965

Plate 23. Boulder Creek at confluence with North Fork Sprague River
near mile 15,0, July 14, 1965
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600 square yards of good gravel scattered In spots among the boulders
which create a long series of rapids and pools, Plate 18, Another
6,000 square yards of good and 4,000 square yards of marginal gravel
were found above mile 18,75. This section of stream is mainly in
meadow land, Plate 19. The gravel classified as marginal Is good
quality, but composed of stones smaller than two inches in dismeter.

Weekly observations of water quality and flow (Table 14)
were made from September 10 to November 15, 1965, at a station near
mile 10,0, Plate 20, During that period, the stream flow averaged
38.16 cfs, varying from a low of 26,47 to 46,4 cfs, On July 21, 1965,
some stream flow estimates were made using the "cork method."” At that
time, the flow at Sandhill Crossing (mile 22.75), was about 25 cfs;
above the North Fork diversion (mile 11.5), 71 cfs; and at Ivory Pine
Road (mile 5.0}, 46 cfs. A number of springs and small tributaries,
Plates 21 -~ 23, enter the North Fork below Sandhill Crossing, ac-—
counting for the increased volume, By October 27, the flow at Sandhill
Crossing had decreased to 12.7 efs,

Water velocitles and depths over gravel in the lower river
would be excellent for spawning salmon or steelhead. Depth measurements
made November 3 on some of the best area revealed an averape of 12,5
inches of water over the gravel, Table 15, In the upper river, water
depths probably average somewhat shallower, but were considered adequate
for spawning salmon and steelhead during the fall of 1965,

Water temperatures at the sampling station and at Ivory Pine

Road averaged 42,9° F for the September—December period, Table 14. The
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Table 14. Mater quality and flow measurements on a potential spawning area of Nerth Fork
Sprague River at Mile 10, for the period of September 10 to December 30, 1964 (a).

Hean
Alr Water D.OD, Flow (b) Velocity

Date Time Temp, Temp. PIPM CFS FPS Turbldity Remarks

9-10-65 1440 56 9.1 31.12 1.58 Clear

9-17 1115 52 40 10,4 26,47 1,38 Clear

9-24 1415 74 52 9.5 32.17 1.59 Clear

9-30 1115 65 46 10.1 31.65 1.48 Clear

10-8 1030 70 46 9,7 36,19 1.65 Clear

10-16 14G0 a7 41 10.8 44,53 1.78 Clear

10-20 1300 61 43 43,50 1.59 Clear

10-29 1415 72 b4 10,0 45,34 1.48 Clear

11-5 1420 56 42 10.3 bé4.,27 1,33 Clear

11-15 1330 52 42 - 10.3 46,40 1.33 Clear

11-22 1510 45 41 10,4 ) Clear Road impassable to
Lee Adkins, Sample
taken at Ivory Pine Rd

11-29 1510 34 33 11,9 Clear Ice covering and anche
ice in slow areas.

12-6 1330 54 41 10.8 Clear No ice,

12-13 1120 36 34 11.4 Clear No ice.

12-30 1200 36

Complete ice cover.

(a) Samples taken at Ivory Pine Road (Mile 5) beginning November 22.
(b) FEstimates prior to October 20 made by "cork method;" others with Gurley meter.

-9§~



Table 15. Depth of water over gravel and gravel area on North Fork
Sprague River between 9.25 and 10.85, Measurements taken
in middle of 25 yard sections, November 3, 1965,

Vater Water Water Averape
Depth Depth Depth Water Stream

Section Side I Center Side 2 Depth Width Gravel
No. Inches Inches Inches Inches Yards Sq._Yards
1 14 14 12 13,3 10,0 250
2 6 14 8 9.3 8.1 202
3 6 12 9 9.0 11.0 275
4 6 9 6 7.0 14,0 350
5 5 4 20 9.6 20,0 500
6 6 10 9 8.3 15.0 375
7 9 12 4 8.3 10,2 255
8 4 11 24 13,0 12.0 300
9 36 26 14 25.3 6.2 155
10 12 36 48 32.0 6.2 155
11 7 10 13 10.0 15,0 375
12 8 18 9 11,6 12.0 300
13 7 15 23 15,0 12,0 300
14 8 9 14 11,0 11.0 275
15 6 17 18 13.6 12.0 300
16 8 15 13 12,0 13,0 325
17 10 8 12 10.0 9.0 225
18 13 21 15 19.6 10,0 250
19 12 20 20 17.3 7.1 177
20 12 16 10 12,6 10,0 250
21 10 6 6 7.3 13,1 327
22 6 14 20 13.6 8.0 200
23 18 20 13 17.0 8.0 200
24 8 12 14 11.3 12,0 300
25 9 12 8 9.6 10.0 250
26 9 15 24 16.0 8,0 200
27 6 8 1] 8.6 8.0 200
28 15 14 16 15.0 10.0 250
29 17 17 6 13,0 10.0 250
30 8 12 13 10,6 10,0 250
31 9 10 9 9.3 10,0 250
32 14 19 12 15,0 8.0 200
33 10 10 6 8.6 9.0 225
34 10 19 12 13.6 10.0 250
35 10 10 10 10,0 6.0 150
36 10 8 6 8.0 11,0 275
37 14 12 8 11.3 10,0 250
38 14 10 6 10.0 9.0 225
39 24 18 10 17.3 8,0 200
40 10 10 8 9.3 13.0 325
41 10 12 9 10.3 12,0 300
42 12 14 12 12,6 6,2 155
43 14 12 10 12,0 7.1 177

Total 537.1 440,2 11,003 sq. yds.

Hean 12,49 in, 10,23 vds.



highest temperature, 56° ¥, was recorded on September 10, and 41° F

on October 16 was the lowest observed through November 15, when

poor access precluded further observations at the sampling station,
Additional samples were made at the Ivory Pine Road crossing where,

on November 29, the water temperature was 33° F, An ice covering

and anchor ice had formed in the slower areas of the stream. In early
December, there was no ice, but by December 30, ice covered the entire
stream in that vicinity.

During the fall sampling period, dissolved oxygen levels fell
within the range of 9,1 to 11.9 ppm, with a mean of 10.36 ppm,

The entire North Fork maintains an excellent population of
rainbow and brown trout. Based on the trout production and the general
environmental conditions observed durlng the year, the North Fork would
probably provide a fine rearing habitat for salmon and steelhead. One
observation made on July 15 mav detract from that statement, At Sandhill
Crossing, there was a daily temperature pulse of 22° F. The water cooled
from 70° F at 1600 tc 48° F at 0700 hours,

There are three water diversions for irrigation on the lower
end of the North Fork. All of these ditches would have to be screened
to provide safe passape for young miprants. No other obstacles to
enigration were detected,

The North fork of Sprague River has promise as a salmon and
steelhead stream, provided that spewning by salmon could be completed
by the end of the first week in October, The quantity of good gravel

below the canyon has space for 1140 chinook redds or 920 steelhead redds.
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Within the canyon and above, chinooks and steelhead could make 310
and 250 redds, respectively, This potential may be reduced somewhat
in the upper section during years of low stream flow.

Before the Introduction of anadromous fishes could be ac-
complished, corrective measures would be necessary at the impassable

dam and the three open diversion ditches.

Tributaries of Sprapue River

Sycan River

The Sycan River has been rejected as a possible home for
salmon and steelhead, Although water quality was fair to good through-
out the sampling period (Figure 46, Page l72), suitable spawning gravel
is scarce. In addition, streamflow conditions are poor within and
below Svcan Marsh during most of the summer and fall. Plate 24 is
an illustration of this stream.

Five Mile and Meryl Creeks

Five Mile and Meryl Creeks, tributaries to the North Fork
of Sprague River, were not surveyed, but may have some potential habitat
for salmon or steelhead,

Fishhole Creek

Fishhole Creek, tributary to the South Fork of Sprague River,
was not considered in the study because the lower end of the stream is

used for irrigation and no definite channel is evident.

Deming Creek

Deming Creek, tributary to the South Fork of the Sprague

River, 1s small and would not support salmon or steelhead.
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Plate 24. Sycan River near wile 27, September, 1964
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FUTURE AGRICULTURAL AND INDUSTRIAL

USE OF WATER IN RELATION TO FISH LIFE

A comprehensive study of the Klamath Basin has been made by
the California Department of Water Resources and reported in its Bul-
letin Number 83, In this report, the present water use within the Basin
has been defined and predictions of the future ultimate water use have
been made. It concluded that with proper development and utilization,
the water supplies of the Klamath River Basin are adequate to satisfy
all estimated ultimate requirements of the Basin., Proper development
includes conservation works in the Upper Klamath Basin to provide about
one—half million acre feet of storage to meet the ultimate requirements
of the area. The required storage would be provided by the possible
projects of Beatty and Chiloquin Narrows Reservoirs on Sprague River
and Boundary Reservolr on Lost River., An alternate to Chiloquin Narrows
Reservoir would be increased storage capaclty in Upper Klamath Lakes.

The possible Chiloquin Narrows Reservoir would be on Sprague
River just above lts confluence with Williamson River and have a gross
storage capacity of 440,000 acre feet behind a 135-foot dam. Beatty
Reservoir, with a possible storage of 150,000 acre feet, would be formed
behind a 55~foot dam about two miles east of the town of Beatty,

According to Bulletin 83, the average seasonal impaired flow
of Klamath River at Keno, based on the 1953 use level, was about 870,000

acre feet. Under ultimate water requirements and proposed developments,
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the probable ultimate impaired flow would be about 487,000 acre feet.
Consumptive water uses at the 1953 level and the probable ultimate
level for the Upper Klamath Basin, showing an increase of 158,000
acre feet, are presented in Table 16,

The main agricultural water use forseeable in the future of
the Upper Klamath Basin is increasing demands for irrigation. Under
the present circumstances, such demands could be critical for ﬁish on
the Sprapue River system, Most water rights in Klamath County have
not been adjudicated and no minimum flows are enforced. The fish
environment could suffer severelvy {f these conditions persist,

Future industrial developments in the Upper Klamath Basin may
be in the form of further hydroelectric projects and pulp processing
plants,

Pacific Power & Light Companv has proposed the future -construction
of four power projects on Klamath River between Klamath Falls and Copco
Dam., One, Keno Dam for regulation and diversion, is scheduled for
construction starting in 1966. It 1is located about two miles downstream
from Keno and will replace the old needle dam for regulation of Lake
Ewauna. The Keno Project will have the necessary filsh passage facilities.
Three other dam—-diversion-power house projects have been proposed for the
future when the demand for electric power justifies their conmstruction.
All of these proposals are located between Copco Reservoir and J. C.
Bovle (formerlv Big Bend) Dam,

Four high dams are listed as pdssible future installations

included in the California Water Plan, according to the California
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Table 16. Present estimated mean seasonal consumptive use and probable ultimate

mean seasonal consumptive use of applied
in the Klamath River Basin, in acre feet,

?a§er within hydrographic units
a

Hydrographic
Unit

Williamson River
Sprague River
Wood River
Klamath Lake
Klamath Project

Sub-total

Williamson River
Sprague River
Wood River
Klamath Lake
Klamath Project

Sub—-total

(a)

Present
Irrigated Urban Misc. Water Swamps Principal
Lands Lands Service Areas Marshlands Reservoirs
95,500 300 300 54,000 0
53,700 300 300 25,000 0
53,200 100 900 75,000 13,000
16,000 0 200 34,000 150,000
215,800 7,900 4,300 17,000 2%,900
434,200 8,600 6,000 205,000 192,500
Ultimate
71,000 700 1,400 21,000 0
114,000 800 1,900 15,400 73,700
99,900 600 1,300C 20,500 13,000
47,600 200 500 0 150,000
298,300 9,000 2,800 28,500 29,900
630,800 11,300 10,900 85,400 266,600

From California Dept, of Water Resources, Bul, 83, Klamath River Basin
Investigation, 1964,

Totals
150,000
79,300
142,200
20:,000

274,900

847,500

94,000
206,700
135,300
198,300

371,500

1,005, 800



Department of Water Resources, The reservoirs of Humbolt Dam, 410
feer; Slate Creek Dam, 775 feet; Happy Camp Dam, 625 feet; and
Hamburpg Dam, 445 feet, would encompass nearly all of the Klamath River,
However, a 1924 Initiative measure prohibits the construction of dams
on Klamath River, It is thought that these projects will be part of
later stages of the plan and their construction remains many vears in
the future,

Three pulp processing mills have been proposed adjacent to
Williamgson River near the Highway 97 crossing. One or more of these
plants may be put into operation inm the near future and will obtain
water from the Williamson River or wells, The release of the effluent
from these mills into waters of the Basin could seriously affect the

aquatic life, unless adequately treated.

FACILITY REQUIREMENTS AND COSTS

Economic aspects necessary for providing safe passage for
migrating fish must also be considered when assessing the feasibility
of introducing anadromous fish in Mid~ and Upper-Klamath Basin. Potential
barriers to fish passage have been located within the Basin and cost
estimates have been made for required facilities.

Passape Around Dams

Power Dams
These are, at the present time, four major dams in the path
of the potential migration route. Two of these are provided with fishways,

The construction of another dam is to be started early in 1966,
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Two basic plans have been devised which would provide passage
for salmon and steelhead over the unladdered dams. Briefly, Plan A
proposes the use of ladders to bypass Iron Gate Dam and the complex of
Copco Dams 1 and 2. Ladders are alreadv in operation on J. C. Boyle
(Big Bend) Dam and Link River Dam. Tish ladders will be constructed
as an integral part of the new Keno Dam. Under Plan A, for downstrean
passage, traveling screens would be installed at Link River Dam to block
diversions at that point. A similar installation will be provided at
Keno Dam, and J. C. Boyle Dam has these facilities, A diversion dam
would be constructed at the head of Copco Reservoir under this plan.

At that point, screens would block passage into the reservoir and divert
downstream migrants, either into a conduit which would carry the young
fish to the base of Iron Gate Dam, or trapplng and hauling facilities

to transport the young migrants.

Plan B substitutes trapping and transport facilities for the
ladders and flume around the Iron Gate and Copco projects. Otherwise,
the two plans are alike, Ladder and screeniﬁg facilities would also
be installed on three other proposed dams on Klamath River between
Copco Reservoir and J, C, Boyle Dam.

Mr, Milo Bell, a consulting engineer and speclalist on fish
passage facilities was engaped to provide estimates of cost for the
required facilities in the two plans, Details of the estimate and
schematic drawings of the plans are proviaed in Appendix D,

A summarv of estimated costs for present installations under

Plans A and B are:
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Annual

Initial Operation &

Item Cost Maintenance
Iron Gate Fish Ladders $ 624,000 $ 37,000
Copco Dam Fish Ladders 753,000 45,000
Copco Res, Screens & Ladder 1,956,000 135,000
Link River Screens 214,000 15,000
Trucking* 55,000 13,000
Totals $3,602,000 $245,000

Plan A

* A conduit or pipeline from the head of Copco Reservolr to the

base of Iron Gate Dam (14.5 river miles) 1is a possible alternative
to trucking of downstream migrants.

Plan B
Copco Reservoir Screens $1,829,000 $127,000
Link River Screens 214,000 15,000
Iron Gate Trapplng Facilities 280,000 22,400
Trucking 35,000 25,500
Totals $2,378,000 $189,000

Including the costs for the ladders nqq screens at the three
proposed dans, Warm Springs, Salt Caves and Bear Springs, the total
estimated costs for all facilities, present and future, is $6,566,000
for Plan A and $5,397,000 for Plan B, with estimated annual operation

and maintenance costs of 5$431,000 and $390,700, respectively,

Irrigation Dams

Nine irrigation diversion dams, all on the Sprague River system,
would be barriers to passape of salmon or steelliead, The largest is
Sprapue River Dam at Chiloquin. The fish ladders there are inadequate

and would have to be replaced by a new facllity. The estimated cost of
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construction I{s $18,000

There are seven smaller dams on the South Fork of Sprague
River ranging in height from 4 to 10 feet. The total cost estimated
for laddering these barriers was $75,000,

One small dam on the North Fork of Sprapue River would require
about $4,500 for a ladder,

The total cost to provide passage facilities past irrigation
dems is estimated at $97,500, These estimates were made by the staff
of the Engineering Department of the Oregon Game Commission, based on
the gross measurements of the individual dams. The costs are based on
the average experienced for such installations, not on studied specifica-
tions, Based on Mr, Bell's figures, the annual cost for operation and
maintenance of these structures would be approximately $5,850.

Screening Irrigation Diversion Ditches

Water diversion ditches must be screened to prevent downstream
migrants from entering irrigation ditches and being lost in the fields.
There are irrigation diversions on all the potential salmon and steelhead
streams, except Spencer Creek.

Personnel of the Oregon CGame Commission Engineering Department
estimated the cost of rotary screen and paddle wheel installations for
each of the diversions, Their estimates were based on average cost of
the facilities by ditch size (Table 17).

Table 17, Number of Ditches and Total Estimated Cost Screen
Facilities Per Stream.

Stream Number of Ditches Estimated Cost
Klamath River 8 $8170
Shovel Creek 2 1740
Wood River 2 2120
Sprague River 1 7500
South Fork Sprague 10 8270
North Tork Sprague 3 2990
Total 23 $30,790
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In one or more places on the South Fork of Sprague River,
water is diverted to the flelds by flooding or through head gates directly
off the reservoir area without ditches., In these instances, either new
methods of screening would have to be devised or the methods of diversion
changed.

A large dilversion leaves Klamath Lake just north of Link River
Dam., The "A" canal of the Bureau of Reclamation's Klamath Project has
a capacity of 1200 cfs. Based on Mr, Bell's unit cost for traveling
screen Installations, $174,700 would be required for screen facilities,

The total cost of screening irrigation water withdrawals
would be about $205,490, About 12,330 would be required annually for
operation and maintenance of these installations.

Lop Jam Removal

Impassable log jams occur on Spencer Creek and South Fork of

Sprapue River, DBased on current prices, the engineers of the Oregon
State Game Commission estimated a total cost of $18,000 for removal of
seven small jams on Spencer Creek and three others on the South Fork., One
jam about 75 feet long, 50 feet wide and 10 feet high would require about
$6,500 for removal, An additional cost of $1000 would be charged for
each work area.

REVIEW AND DISCUSSION OF SALMON AND STEELHEAD

TRANSPLANT EXPERIMENTS ELSEWHERE, IN RELATION

TO SUGGESTED INTRODUCTION OF SALMON AND STEEL-
HEAD IN UPPER KLAMATH BASIN.

This section reviews the results of some attempts to establish
or augment runs of Pacific salmon, It is meant to illustrate the degree

of success gained by different methods of transplant and some of the
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" . . Currently, the weaknesses of hatchery methods and
the ecological characteristics of artificial spawning
and incubation channels are being studied so that new
methods for transplanting sockeye populations can be
developed which should have a higher probability of
success, Small runs of sockeye have been initiated by
eved egg transfers in a few once-barren streams and
their future progress under natural reproduction will

be of scientific and, possibly, of economic importance,

IPSFC (1964)."

There are accounts of significant runs of transplanted Pacific
salmon being maintained., But, in nearly all cases, these runs are
reproduced by artificial propagation. Such is the case on Wind River,
Washington (Darvin and Smith, 1963) and Eagle Creek, Oregon (Zimmer,
Wahle and Maltzeff, 1963) where chinook salmon are returning in good
numbers.,

From the results of the above cited experiments, several factors
are illustrated which are prerequisite to the success of any transplant
of Pacific salmon or steelhead.

The most apparent factor is the Importance of matching the fish
to the stream in every way possible. The Pacific salmon tend to bulld

up races which are adapted to the environment of their parent stream.
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Since probably no two streams are totally alike, transplanted fish
are at a disadvantage and must adapt or perish. This point is
emphaslzed by the many experiments producing better returns from
native stock than from Imported stock. The introduced fish must have
the stamina and physiological capacities to complete the necessary
migrations. The timing of migration and spawning Inherent in a race
of fish must be sulted to the temperature and hydrological regime of
the stream of release, Even with seemingly well adapted stock, as in
recent Fraser River trials, significant returns are not assured.

Other factors weilghed with an eye to unsuccessfui transplants
are for one, allowing sufficient time for the embryo or young fish
to become impressed with the characteristics of the stream so that
their homing traits will bring them back to the stream of release.
Obstacles or barriers which tend to delay migration, especially up~
stream, may seriously curtail or cause failure of the transplant,

In an attempt to introduce kokanee, a lake-dwelling race of
sockeye salmon, to Copco Reservoir, the California Department of Fish
and Came stocked fry. Om April 30, 1953, the reservoir was planted
with 10,700 kokanee weighing 107 per ounce. These fish were distributed
throughout the lake by boat. A year later, another release of 95,580
kokanee weighing 295 per ounce, was made at the head of the ;eservoir.
Searches for several years after the stockinp revealed no survivors

within the lake or tributaries.lo

10 Letter from Millard Coots, California Department of Fish and

Game, November 12, 1965.
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SUMMARY

Published reports and personal interviews indicate that chinook
salmon were present in the Mid- and Upper—-Klamath Basin during the months
of September, October and November, until the early 1%00's, A photo-
graph substantiates the presence of chinook salmon In Link River. These
runs were first curtailed around 1889-1902 when log crib dams were
constructed near Klamathon by the Klamath_River Improvement and Lumber
Company. These dams, constructed with no or inadequate fish ladders,
seriously limited the migrations of salmon inte the Upper Basin, and
in 1910 the Bureau of Filsheries installed its racks at Klamathon, further
curtailing them. In 1917, the construction of Copco Dam formed a complete
block to upstream migration. The Power Company constructed a fish hatchery
on Fall Creek below Copco #2 Dam, at the request of the California Department
of Fish and Game Commission, to mitipate for the loss of upstream production,

Because of difficulty in differentiating steelhead from large
rainbow trout, accurate information on the historv of steelhead migrations
was impossible to obtaln. It can be said that an intrastream migration
of large ralnbow trout or sea run steelhead did occur, appearing in the
Upper Lasin in the fall and again in the spring. An intrastream migration
of resident rainbows_now-occurs during the spring in the section of the
Klamath River from the“Frain Ranch (River mile 217) to Klamath Lake
area and from Klamath Lake up the Williamson—-Sprague River svstems., A
smaller migration ocecurs in the fall in the Klamath River upstream over

the J. C. Bovle fish ladder,
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Runs of fall chinook and steelhead have been maintained below
Copco #2 dam and Iron Gate dam which is the upper end of their migration
since 1962, Limited rums of spring chinook and coho salmon are also
present. There is some evidence there once was a strong run of spring
chinook, but it had declined to its present level before 1890, Artificial
propagation of salmon and steelhead has been practiced on the KLamath River
since 1910, Between 1925 and 1961, counts of chinook salmon averaged
10,455 fish per year at Klamathon.

Early studies indicate that excesslve exploitation of the fishery
and the advent of placer mining in the Klamath Basin were the two principal
~causes of the decline of the Klamath River fishery.

Present runs of chinook salmon begin entering the mouth of the
Klamath River in July and reach the limit of upstream passage from
September to November., Spawning peaks in mid—-October, and in years of
large escapement may extend into December.

Runs of steelhead enter the Klamath River in late summer and
fall and again during the winter months with spawning taking place from
December through May.

The peak downstream miération of juvenile chinook salmon

penerallv occurs in March.

The environmental requirements of chinook salmon and steelhead
used as a basis for the evaluation of potential habitat in the Upper

Klamath Basin are:

Temperature:
Adult migration Survival limits 32-75° F
Juvenile rearing Optimum for growth
Juvenile migration and maintenance 42~68° F
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Temperature: (Cont,)

Spawming 42,5 to 57.5 F
Incubation 33 to 48° F
Dissolved oxygen: Minimum 5.0 ppm

Incubation minimum 7 ppm

Water velocify for

spawnlng: 1.0 to 4.0 fps
Minimum water depth
for spawning: . 0.5 fr.
Spawning gravel size: 1 to 6 inches diameter

Larriers along the migration route to the Upper -Klamath Basin
occur in several areas. Three impassable dams, Iron Gate at river mile
192, Copcoe No. 2 at river 200.3 and Copco No. 1 at river mile 200.5
prevent upstream migration. Water quality in Iron Gate and Copco
Reservoirs from mid-surmer to the fall months becomes marginal for
salmonid fishes. The stratification of the reservoirs creates oxygen
levels below the minimum requirement in all but the 0-20 foot stratum
of the reservolr; temperatures In the upper 0-10 feet exceed the maximum
preferred during ruch of the summer perfod, Klamath River between Keno
and Lake Ewauna has dissolved oxyvgen concentrations below 5 p,p.m, in
July = October. Klamath Lake, because of its size, may present a
deterrent to a successful spawning migration by delayving time of passape.
The Sprague River dam is imhassable becausé of inoperable fish ladders.

Stream flow in the lower South Fork Sprague River 1s low and intermittent
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during the summer because of irrigation withdrawals. There are seven
impassable dams on the South Fork and one small impassable dam on the North
Fork Sprague River. In addition, there are seven small log jams on
Spencer Creek and three on the South Fork Sprapue River,

The downstream migration period of fall and spring chinock
salmon would be expected to occur during March, April and May, when
temperatures and flows would be suitable for downstream fish migrations
along the entire route. It is expected that coho salmon and steelhead
seaward migrants would migrate at the same time.

In June, water quality begins to deteriorate in Iron Gate,
Copco and J, C. Boyle reservoirs, and in Klamath River from Keno to Lake
Ewauna. Diversions of water for irrigation and power production present
the pgreatest hazards to successful seaward migration, There are ten
unscreened lrrigation diversions on the South Fork Sprague River, three
on the North Fork Sprague River, one on Sprague River, four on Wood River,
two on Shovel Creek, and eight on Klamath River. The "A" canal diversion
from Klamath Lake is also unscreened. Open diversions or penstocks are
located at Link River, Copco I, Copco II, and Iron Gate dams. The
effect of Upper Klamath Lake on the behavior of downstream migrants is
unknovm. Large impoundments have been shown teo impair seaward migration
and cause residualism,

Potential spawning areas for salmon and steelhead have been
found on seven streams in the Upper Klamath Basin. Table 18 summarizes
the estimated amount of pravel available. On Klamath River, 13,500

square vards of suitable gravel was found in Oregon (near the Frain
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Table 18. Lstimated totals of potential spawning gravel in streams
of the Klamath Basin above Copco Reservoir.

Square Yards of Gravel

Stream Good Marpinal Total
Klamath River
Califormia 28,500 28,500
Oregon 13,500 13,500
Shovel Creek (a) (a) (a)
Spencer Creek 2,300 300 2,600
Wood River 11,000 1,300 12,300
Williamson River 5,100 5,100
Sprague Rilver 10,600 10,600
South Fork
Sprague River 19,400 1,900 21,300
North Fork
Sprague River 30,500 4,000 34,500
TOTALS 110,200 18,500 128,700

(a) No total gravel estimates avallable,
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Ranch, River mile 217) and 28,500 square yards of gravel was found
near and below Shovel Creek (River mile 208) in California,

By early fall, water temperatures in the Upper Easin fall below
the minimm for successful spawning of chinook salmon.

There are approximately 166 miles of stream that are suitable
for rearing voung salmon and steelhead. !iles of rearing habitat by
stream are included in Table 19,

Forseeable future water uses include an Ilncreased irrigation
demand. These demands may bring about reforms in irrigation practices
as well as new storage dams on the Sprague River system.

Keno Dam, one of four proposed power dams on the Klamath River
above Copco Reservoir, is to be constructed beginning in 1966, At first,
it will be a regulating facility only, controlling the Lake Ewauna area,
but eventually will divert water to a powerhouse at the head of J. C,
Boyle rgservoir. When the project 1s completed for water diversion,
adequate flows will need to be assured in the river channel to provide
fish passage. Three other dam—diversion-powerhouse projects are proposed
that would create similar situations. Laddering and screening facilities
would be required at these projects to provide fish passage.

There are proposals for three pulp processing plants near the
Williamson River,

Some pertinent experimental transplants of Pacific salmon were
reviewed, The results of these experiments In North America are of |
extremely limited success or complete fallure, The runs that have been

established are maintained mainly by artificlal propagation,
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Table 19. Summary of potential streammiles of rearing habitat
in the Klamath Basin above Copco Reservoir,

Suitable Spawning Gravel
Rearing Habltat Minimumn Above or Within
Stream (tiles) Flow {cfs) Rearing Area
Klamath Piver 27.00 340 Yes
Spencer Creek 2,50 2.8 Yes
Sevenmile Creek 16,75 - Yes
Wood River 18,75 - Yes
Williamson River,
Mile 0.0 to 10.75 10.75 500 Yes
Mile 10.75 to 21.0 10.25 — No
Spring Creek 2.50 - No
Sprague River 31.00 200 Yes
South Fork
Sprague River 11.25 10 Yes
North Fork
Sprapgue River 27.50 12 Yes
Total 166.75
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Cost estimates have been made by consultants on the work

necessary to facilitate migrations of anadromous fish in the Upper

Klamath Basin. Estimated costs for the two basic plans are:

PLAN A

All power dams laddered with screened
diversions

Irrigation dams laddered
Irrigation diversions screened

Log jams removed

Capital
Expenditure
$ 3,602,000

97,500
205,490

25,500
$ 3,930,490

PLAN B

Trapping and transport facilities

around Iron Gate and Copco Reservoirs,
dars laddered and screened above Copco

Irrigation dams laddered
Irrigation diversions screened

Log jams removed

$ 2,378,000
97,500
205,490

25,500
$ 2,706,490

Annual

O&M

$245,000
5,850
12,330

—

$263,180

$189,000
5,850

12,330

$207,180

A summary by survey section listing the important migration,

spawning and rearing conditions for the Mid- and Upper-Klamath Basins

is presented in Table 20,
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Table 20, Summary and conclusions cn biological and physical conditions limiting the
potential of the Mid— and Upper—-Klamath Basins for salmon and steellhiead,

June=July and first
part Aupust.

Spawvning
Fish
Survey Mile Water Sq. Yds, Potential
Section Polnt Higration Cuality Gravel (Pairs) Rearing
Iron Gate 192,00 - 199.0 Water quality good No gravel Water quality
Reservoir except during June- same as migra-
Sept., when limited tion. Predation
to 10-20 ft, stratum. may occur from
No fish facilities resident species,
present.
Jenny Cr. 196.0 No gravel
Copco No, 2 Water quality good,. No gravel Conditions good.
Forebay 200,3 ¥o fish facllities
Water gquality
Copco Ho. 1 same as migration,
Reservolr 200,5 - 205.8 Water quality good No gravel Predation may
except durlng June-Sept. occur from
when limited to 10-20 resident species,
ft. stratum. Ho fish
facilities present.
Shovel Creek 208.0 Water quality cond, Poor Limited Steel- Falr, Diversions,
poor summer and fall, during " head low flows and
Barrier falls at mile summer predation from
2.5 and fall, resident trout,
Klamath River Water quality Good, 28,500 1,350 Good, Predation
from Copco 1 conditions good, Ho Oct, - (Calif.) Chinook may occur from
to J. C. Boyle barriers. Eight Nov, and 13,500 1,100 resident fish
Dam 205,.8 - 227.5 unscreened diversions. Mar,-May {(Ore.) Steel- population.
head
J. C. Boyle Water quality Ho gravel Water quality
Dam and Res. 227.,5 - 229.8 conditions poor from

same as migration,
Predation from
resident specles,
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Table 20.

Summary and conclusions on biclogical and physical conditions limiting the

potential of the Mid~ and Upper—Klamath Basins for salmon and steelhead,

Survev

Section

Spencer Creek

Klamath River
to Keno

Keno to
Klamath Talls

Link River

Upper Klamath
Lake

lest side
tributaries,
Fourmile Creek,
Crane Creek

Sevenmile Creek

Hile
Point

229.5

229.8 - 236.3

236,3 - 254.3

00. - 19.00

Migration

Water quality pocd.
Small log jams and
Lbeaver dams, Bar-
rier at mile pt.
9.0

Good

Water quality cond,
poor, July - Oct,

Water quality cond,
good, Tish ladder
needs work, Three
diversions unscreened,

Water quality geood.
Fish delays

Water quality pood,
Many log jams, bea-
ver dams, and 3
unscreened diversions,

Spawning
Fish
Water Sq. Yds,. Potential
Quality Gravel {Pairs) Rearing
Temp. good 2,300 116 Good
during Chinook
Sept, and 90
tar,-May Steel-
. head
No gravel Good

No gravel

Ho gravel

Ho gravel

No gravel

Marginal

Water quality
poor, July-0Oct,

Good

Good. Preda-
tion from
resident specles

Good
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Table 20.

Sunmary and conclusions on biological and physical conditions limiting the

potential of the Mid- and Upper-Klamath Basins for salmon and steelhead,

Survey

Sectlion

Wood River

Williamson
River

Sprinpg Creek

Sprague R. to
Lone Pine

l.one Pine to
the Forks

S.F. Sprague R.

S.F. Sprague R.

N.F. Sprague R,

Mile
Point

0.00 - 18.25

0,00 - 21.Q0

0.00 - 31,00

31,00 - 79,00

0.00 - 9,00
9.00 31,50
0.00 - 32,00

Migration

Water quallty good,
4 unscreened diver-—
sions,

Water quality good,
Blocked at Mile pt,
21 by series of
impassable falls.

Water quality good.
One impassable bar-
rier., One unscreened
diversion.

Hater quality good,

Water quality poor
June-Sept. Eight
impassable dams. WNo
flows at times., 10
unscreened diversions

Water quality good
on log jam,

Water quality good,
One Impassable dam,
3 unscreened diver-

sions.

Spavming
Fish
Water Sq. Yds. Potential
Quality Gravel (Pairs} Rearing
Temp, good 11,000 520 Good, Preda-
from Mid- Chinook tion by
April to 420 resident
Hid-Sept, Steel- specles,
head
Salmon by 5,200 240 - Excelient
Hid-0Oct, Chinoock
Steelhead 200
cond. good. Steelhead
No gravel
Marginal Adequate
Marginal Of little value,

No gravel

Salmon by
first Oct,
Steelhead
cond, good

19,400

Salmon by 1st 30,500
Oct. Steelhead

cond. good

920
Chinook
750
Steelhead

Poor during
summer months,

Good

1450 Chinook Good

1170 Steel-
head
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‘Figure 11A. Dissolved oxygen concentrations and water temperatures i
' (F°) from three statlons on Klamath River below !
: \ J .C . Boyle Dm, 1965 . ; !
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Figure 12. Dissolved ox;ygen concentrations and water temperaturss

(F°) taken from upper and lower ends of fish ladder at
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‘in J.C. Boyls Reservoir, 1965.
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in J.C. Boyle Reservoir, 1965.
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Figuro _15. D:Luuolved oXygen - ooncentz-a.tiona with water tamperlturoa (1'")
- found during, 1?2 hour periocd at J. c. Boyle Raservoir,

. Septenber 1-2, 1965.

|
|

ppm
iy

LAl

3

33 4

| |

dé’ |

1 ‘V/
! Surface
8. | -
! W

@3°

Dissolved Oxygen

1

| |
| |

| |

—o
) - PLOS - Heo-, o
4928 11 Zies ';'%2‘2 0% 00 6420 o8O
| Hcacy of’ Re:dilf'vo;r, Flewing Water
l ' !
l |
i !
EIU , T } I
& fls | |
§ ] o £5°
oy beua cu®
z‘- Lf_r -_"“"---4_’.____“_
QI“ } oy A
K ! 4
- | |
L N
S - l
8 1 |
© - | ; |
r T ‘ T
- 2000- 2200~ Yoo oree © lhoor- obow-
:';ggg -7-208 ' ;33‘3: - %:;oa oyor - . O ko ogoe
[ Reserveir ot Highway 66
|
|
| ! f
£ _i |
& 70 |
s ] o ¥ w’ oy e
T —— d ——— e T e et
()r: ] \‘ l /: | ‘"\ﬁ:Suﬁm
&5 S r/ ! !
] p N———ﬂu___ o YBottom
e 0 - - i
E g e I
8 oG, |
) n- ] "
180 6- 2000~ 2200~ 2400 - Ozo0- ] o-p- Y Y-
20p0 2200 ' 2400 - 0260 oyeo qap 2l
Reservoir ot powe.r\\ne. Crossxrq
i l
] !
| | | | l |
% | | —144- l




Septomher 1—2 1965. (a.)

yF:igura 16. Dimaolved oxygen euncdmtrations with water temperatures
, {F°) found during 12 hour period on J C. Boyle. Reservoir
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‘Figun 17. Dissolved oxygen concentrations with

water temperatures

(F°) found in Klamwth River at bridge below J.C. Boyls
Dam during 12 hour period, September; 1-2, 1965. {(a)
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5 _ :Fignn 18, Dissoived oxygen concentrations and water temperatures :
’ ' found at two stations on Spencer Creek, 1965. : I
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Figure 19. Weekly maximum and minjmam water temperatures
for Link River beginning Jamuary 6, 1965.
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. Tigura ‘20. Dis

!

solved o@n concentrations with ;nter tompor;nturaa
(F°) taken at three stations on Klsmath River from

! Highway 97 dounatruu to Keno,l965. , i
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Liguri 21. Dislolv.d oxygen concentrations found by the Oragon

—State—Sanitar, Authnri‘trmt—stztionrfbctmm—mmtr——
Lake and Keng, 1953.
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Flgure 23. ﬁissolnd ox&gan concentrations Iound by Oregon -
State Sanitary Authorlity. at Stations Yrom Klamath
to J.C.|Boyle powerhouse, 1959,
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FigureZ>. Lissolvea OxXygen CORCEALratLlons 10UNA DY UregoL olale oalllary

| Authority at stations from Klamath Lake to J|C.Boyls powerhouss,l960,
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F:Lgure 27. D:Lsaolvod oXygen concentrations takanlby Oregon Stnto
Sanltary Autherity at stations from Klamath Lake to
J. C Boyls powerhouu, 1961.

N ‘ ;
g1 —t
! i
Ifaler ¢ |
2 i
1o T
8 '! = [
(A | |
2J27e) v | |
2 i E }
; {0 , :
| f | i ‘
)izl @ i i |
/1 i !
E P4 I | ‘ l
N e -
ekl © | | T
| < 4 ! | : .
-z | | |
. &po ! i f
é‘)‘. 8 t ; i_/
6
5/2/“ )7{ i J
O 4 |
) ! | i
Lnfer2 © | f
Q4 l | l
n T .
7/rofer 2 ; ! i
f | !
2 } , .
: ﬂ? ! { . “p
| 5 N P— ,f ;
Qfufer o | | | | |
4 ' ! ! ‘
2 i ; 1 ’
1 ? : - a
”2////5/ 0 ; | —"’/’P_ ! '
. x . | |
S .phf wo;yq‘f m: 3L Row le ' ,
! nE. }lélama“n’? '<‘°"’"g;"*"9 E‘mﬁu 1 ' l
i { ; 5QM'§>ﬁrn‘q“"S‘\'UHUWZ‘JI — I
1 1 : f I

~155-



RO et
! | AR RRRINNE Y
Figure 28, Water quality and flow naa'auronentls for Klamsth River from Oregon Staire RS .'..';?.ii.fj
- - Sanitary Nuthority, September 11, [1961. ' SRS DR
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‘Figure 29 ‘Dissolved oxygen concantrations i‘ound by Oregon '
State Sanitary Authority at stations. from Klamathn

Lake to J.C.:Boyls powerhouse, 1962 and1963. - . :
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F:lguro 32, Dimsolved oxygen sam _R;Lou taken during a 12 hour period

~on Klamath River, Soptomber 1-2, 1965. §
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Figure 35. Dissolved oxygan concentrations fcund on Sevenmile

Creek, 1965 ..
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‘Figure §0..Dissolved oxygen concentrations tound at four utationa
on Sprague Rivcr, 1965,
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Figure LS. Dissolved oxygen concentrations and water temperatures

found at twe stations on South Fork Sprague River, 1965.
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REG. PROF. ERGINIZR
Stare of Waihingien
State of Idoha

Pravies of b C - MIiLO C. BELL
. Cansvliag Enginear

10X 23
MUKILTEQ, WASHINGTON 98273

September 24th, 1965

Dr. J. A. R. Hamilton

Pacific Power & Light Company
Public Service Building
Portland, Oregon

Dear Dr. Hamiltona

You have asked for an estimate of costs of fish fa¢ilities for the
Klamath River power projects, at and above Iron Gate.

. In order to furnish such figures, I have made the following assump-
tions: +the fishway pools would have one foot difference in elevation
and would be 8 x 10 x 6 feet deep; all structures are to be built of
concrete. I have assumed that travelling water gscreens with a veloc-
ity of approach of one foot per second would be used. For the sake
of uniformity, it Ils assumed thati each screen would have a 25-foot
effective depth and would be 10 feot wice. The faces would be flush
arnd the fish would be led to a comson major by-pass.

In each project it 1s assumed that there would be an auxiliary water

" supply of 100 gecond feet available at the fishway entrances. Thus,
when comparing costs only pex pool, you will note that the addition
of the auxiliary water supply, plus the needed regulated pools for
varying tail water and head vaater levels, increases the cost of the
low head dam fishways, although a basic cost per pool of 3%4,000.00
was usged.

In considering hauling, only the addition of a trap from the existing
Izon Gate fishways was considered. If the small migrants are to be
handled from the Copco I poel, there could be an increased cost brought
about by the necessary handling facilities to elevate the migrants to
hauling trucks. No cost has -been placed on a pipe 1ina, 1f such an
installation were to be used,

ttached hereto are sheets Indicating the price per element as used,

and 3 listing of costs for each project. As we both recognize, thers
¢an be many variations in individual projects which would affect costs.

Sincerely yours,

Encls . - %«M plae e



Cost per fishway ﬁooi, Bx 10x 6 faet 54,000,00

Exit pool regulating facllities | $5,000,00
Entrance pool regulating facilities $5,000.00
qravity auxiliary water supply 517,000.00 ~ 20,000.00
Screens, in place 550,00 per second foot
Screen structure ) $80.00 per second fooi
Regulating dam for screens $80.00 per second foot

The above estimates are based upon figures tiken from recently
bid fishways with moderately difficult conditions of installation.
Cofferdams are allowed for all new installations to the extent of
510,000.00 per project.

Fish screen estlmates are based upon installations similar to
that propesed for the Imnaha, with prices up-dated,

Tne above e¢stimates are subject to considerable variation: for
. example, prices could be changed materially if a major dam were being
constructed. The flshway prices above indicated are from projects in
which the fishways are required to withstand all move—in and move-out
costs and added prices for small cuantities,

The hauling facilities are based upon a Buckley trap principle,
with a water supply connected to an existing system, with a total cost
of 594,000.00; a special roadway to include special drains at $10,000.00;
a connaction into the existing fishway system at 315,000,005 miscellan-
eous ecuipment such as housing for trucks and so forth at $10,000.00 and
two tank trucks at $25,000.00 cach. This gives a cost of $179,000,00.
In my judgment, basad upon the brief visit I made to Iron Gate, this
estimate is too low and would be nearer to 5250,000,00 for the above
outlined equipment.



REG, PROF. EMGIMZER
Stuia of Warhlngron
State uf idoho

Provinae of B C. MILD C. BELL

Consvlling Enginaer
BOX 23
MUKILTEQ, WASHINGTON 98275

Varch 3rd, 1966

Dr. J. A. R. Hamilton

Pacific Power & Light Company -
Public Service Bullding

Portland, Oregon 97204

Dear Dr. Hamiltons:

In discussing with you the cost changes for the projects outlined in
the letter which I submitted on September 24th, 1965, the siructural
egtimates furnished are approximately twalve percent below the present
price level. Since that date there has been approximately a six pez~
cent pational rise in construction costs, and recent bidding on fishway
construction indicates that the Pacific coasgt construction costs nave
risen at an even greater rate than the national average. I have not
been adviged of any increase in screen prices which would reflect an
increase in steel costs. FHowever, basic struciture costs have increased.
I would suggest, therefore, that the following be added to the project
costs as submitted:

Iron Gatas . $67,000.00 -
Copco 1 §1,000.C0
Screens in Copco I pool 149,C00,.C0
YWara Springs 46,000.00
Salt Cavas : B85,000.00
Bear Springs 53,000.00
Big Berd 66,000.60
Keno . © - 68,000.00-
Upper Klamath 16,000.00
Hauling from Iron Gate . 30,000.C0
$661,000.00

Regarding tzucking costs, the following sppesrs to be reascnable. I have
asked Tor additional prices for an actual fish-hauling operaiion which
has not yet been made avallable. Tentatively, I would suggest using the
following: :

*Based on one truck in operation for 18,000

niles travel, six months per yeaxz:

60¢ per mile (includes one driver, $10,800.00
insurance, depreciation etc.

- Extra operators, l4 man~years 7,500,00
Extra stiand-by truck (includes 3,200.C0
insurance, depreciation etc.)
521,500.00
20 percent administration cos® 4,000.00

325,500.00



Dr. J. A. R, Hamilton
March 3rd, 1966

Page two

*Two trucks zvailable @ $27,500.C0
each {new price based on present
estimate up $2,500.00 from prev-

ious estimate)

$%5,000. 00

For fishway and screen structure operation costs, the following have

been used, baged on 30 year life struciures.

Operations

Interest

Taxes

Amortization

Replacement
Administration & insurance

0.5 percent
2.5 percent
0.25 percent
2,0 percent
0.% pexrcent
0.25 percent

6.0 percent per year

‘For travelling screens and hauling structures, the following percentages

have been used:

Cperations

Interest

Taxes

Amortization

Replacement '
Adpinistration & insurance

«0 parcent
percent
ercent

P
percent
p
P

(v}
-
2%
.00

00 percent
25 percent

ONRKNONK

——

8.0 percent per year

For combined screeas and their needed siructures, use 7.0 percent per year.

Annual cost, based on estimated costs

as of March 1, 1966

Fighways
Iron Gate 337,000.00
Copeco I 45,000.C0
Copco I (screen 8,500.00
structure )

Warm Springs 7,8G0.C0O
Salt Caves 30,000.00
Bear Springs 12,C00.C0
Big Berd 22,000. CO
Keno 9,000.00
Upper Klamath

Screens

$127,000.00

30,500.C0
30,500, 00
29,000. 00
24,500.C0
50, 000.CO
15,000.C0

Hauling from I-on Gate {see tzucking costs)

Yours very truly,

';2%%%;:;;1;5:224=¢11.4~’
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