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SUMVARY

An average of 95,000 sockeye sal nbon enter the Colunbia River every
year, of which total some 19,000 spawn in the Ckanagan Ri ver between
Gsoyoos and Vaseaux Lakes. The range of Ckanagan spawni ng escapenent has

vari ed between 2,000 and 45, 000 since 1961

Records show that dam construction on the Col unbia River has
consi derably reduced the nunber of sockeye entering that river in the early
years of the century to the present |evel of abundance. However, a nassive
transpl antation programcarried out between 1939 and 1946 ensured
conti nuance of breeding stocks in the Ckanagan River, and consequently the

present popul ation size is not expected to decrease.

The fry spend a full twelve nonths rearing in Osoyoos Lake before

mgrating to the ocean

Commercial fisheries located in the Lower Colunbia River return
sone 21, 600 sockeye annually, and a further 3,100 are caught by Canadi an
and U. S. Indians for subsistence and cerenoni al purposes. About 70 percent
of these catch figures represent sockeye of Ckanagan origin, and it is
assessed for the purposes of this study that Canada is the direct
beneficiary fromall sockeye sal non that spawn and rear inside the Canadi an

boundary.

It is one of the constraints on the Okanagan Study that this

sockeye sal non run shall be nmintai ned

Habi tat requirenents are determ ned on a seasonal basis in terns of

water quantity and quality; in the Ckanagan



Ri ver existing quality levels may al so be

considered in terns of quantity.

Consi derati ons of tenperature and di scharge in respect of upstream

m gration, spawni ng gravel areas, possible gravel scour, incubation flows,

fry emergence and mgration, and rearing,

i ndicate the preferred di scharge

ranges given bel ow, other discharge ranges may be found in Table 6.

Upstream M grati on Aug 1 - Sept 15
Spawni ng Sept 16 — Cct 31
Gravel Scour Nov 1 — Feb 15

I ncubati on Nov 1 — Feb 15
Fry Emergence and Feb 16 — Apr 30
M gration

Rearing (Osoyoos Lake) 12 nonths

300 — 450 cfs with
renoval of stoplogs as
necessary

350 — 550 cfs

1,000 cfs max

175 — 1,000 cfs

175 — 1,000 cfs

Not sensitive under
expect ed regi nmes

A conpari son between the preferred di scharge ranges above and

the recorded discharge regi mes of the Ckanagan and Thonpson Rivers

i ndi cates that generally no significant difference exists between the two

sets of ranges.

The preferred fishery di scharges as derived therefore appear

to be of a reasonabl e magnitude.



1. 1 NTRODUCTI ON

The Ckanagan Ri ver between Vaseaux Lake and OGsoyoos Lake in Canada
provi des about two-thirds of the sockeye sal non popul ation utilizing the
Col unbi a River System annually, and the spawning habitat required for their
perpetuation (Figure 1). Apart froma few chinook sal non which are observed
in certain years, the sockeye may be regarded as the only sal non species

utilizing the Canadian portion of this river.

An extensive report on the sal non probl ens associated with the
proposed Okanagan Fl ood Control Project was nade in 1954 (1). 1In 1963, after
conpl etion of the project the Canada Departnent of Fisheries subnitted the
follow ng flow proposals for the spawni ng reaches of the Okanagan River
downstream of the S.O L.I.D. (South Ckanagan Lands Irrigation District) dam

t hrough to OGsoyoos Lake (2).

Peri od From To D scharge cfs
Spawni ng peri od Sept. 10 Cct. 25 500 cfs mn.
I ncubation period Cct. 25 Feb. 10 50% r educti on
250) cfs min.)
Fry mgration Feb. 10 May 10 I ncrease rather than
peri od decrease in

di scharge preferred.

As a result of further site surveys, it was found that
continued dyking and river channelling in the Ckanagan R ver had
elimnated certain spawning areas, and in 1969 it was determ ned that the

above di scharge requirements could be reduced to the follow ng val ues (3).

Peri od From To D scharge cfs

Spawni ng Sept. 10 Cct. 31 250 cfs. mn.
470 cfs. mn.



I ncubati on and Cet. 31 Apr. 30 170 cfs. min.
Fry Mgration

Since the Departnent of the Environnent (formerly Departnent of
Fi sheries and Forestry) is responsible for all anadronmous fish utilizing the
river systems of Canada, Task 162 of the Ckanagan Basin Study - Pacific
Sal non, Popul ati on and Habitat - has been undertaken by the Fisheries Service

of that Departnent.

The purpose of the present report is to review the records of
sockeye escapenents to the Ckanagan River in the past and thereby estinate
t he popul ati on which may be supported under present conditions of use and
managenment, to outline the preferred habitat requirenents of the estimated
popul ation in terms of water quantity and quality, and to estimte the
ef fects on sal non popul ation of water quantity and quality which |ie outside
the range of preferred values. These estinmates and determ nations are based
on a review and anal ysis of existing data, supplenented by limted field
survey data and theoretical nodelling. Continuing discussions between
representatives of the United States and Canada concern the Interception by
each nation of sal non bound for the river systens of the other nation. n
the basis of a possible | ater agreenent between the two nations, the aim of
whi ch woul d be to provide an equitabl e bal ance of such interceptions, it is
assessed for the purpose of this study that Canada is the direct beneficiary
fromthe Col unmbia River sockeye sal non that spawn and rear inside the

Canadi an boundary.
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Figure 1. Location map of sockeye sal non spawni ng area of the Upper

Col unbi a Ri ver.



2 METHODS AND MATERI ALS

For the purpose of this report, nuch reliance has been placed on
information revealed in reports and site anal yses nade by the Departnent of
Fi sheri es of Canada, and the State Departnent of Fisheries of Washington, U
S. A For certain background material reference has been nade to residents of
the Ckanagan Valley, and to earlier reports concerning the Ckanagan Fl ood
Control Schene. Site investigations during 1971 have provi ded data supporting
theoretical tenperature nodelling procedures used.

The references used are enunerated at the end of this report, and
are referred to by nunber throughout the test. Tables and figures will be

found at the end of each chapter, as applicable.



3. POPULATI ON AND CATCH CHARACTERI STI CS

3.1 History
Sockeye sal non enter the Colunbia River in June and July in order to

comrence their annual migration to preferred spawni ng areas.

Past records indicate that the total run, as neasured at the mouth of
the river, exceeded one nillion fish prior to 1900, and that the subsequent
mgration penetrated to upstreamriver areas, which are now inaccessible to
anadr omous fishes on account of inpassible dams (4). O these salnon a
significant nunber ascended the Ckanagan River at |east as far upstream as
kanagan Lake, where they are renenbered by | ocal residents to have spawned in
| arge nunbers at the mouths of tributary streams. Further evidence of this
mgration is given by the | arge nunber of kokanee which possess raci al
characteristics identical to sockeye sal non, and whi ch now i nhabit Ckanagan
and Skaha Lakes.

Probably construction of the first damat the outlet of Ckanagan Lake
in 1915 rendered the river inpassible to salnon mgration upstreamof this
point. According to a local Indian source, during the early years of this
century sufficient salnon were caught in nost years to supply | ocal needs
t hroughout the winter (5, 6).

A review of records of the sockeye spawni ng escapenent to the
Ckanagan River from 1926 to 1970 indicates that between 1926 and 1936 the
average run was light to nil, and that the 1950's are evi denced by a
consi derabl e i ncrease which since 1959 has fallen markedly (Table 1 and Figure

2).



It is not inpossible that the di screpancy between Indian sources
and the records commencing in 1926 nay be expl ai ned by Penticton dam acting as
an upstream barrier to fish passage, and consequently assisting in the
trappi ng out of salnbn stocks spawning in the vicinity of Penticton

The increase in run size between 1936 and the 1950's is considered
to result froman extensive transplantation program which was foll owed
subsequent to construction of the Grand Coul ee Dam on the Col unbia River (7).
Construction of this daminvolved the loss of 1,140 lineal mles of spawning
and rearing streamto the production of anadronous fishes in the river system
and t he consequent transplantation programme included the entrapnent of
sockeye sal non at Rock Island Dam and their release into Lake OGsoyoos and Lake
Wenat chee (Washington State) in 1939 and 1940. Fingerlings reared at the
Leavenworth hatchery (Washington State) were al so rel eased into Lake Osoyoos
in the years 1940 to 1946, as shown in Table 2

Since construction of the Mcintyre (S.O L.1.D.) dam on Vaseaux
Lake in 1954, into which fishway facilities were not incorporated, sockeye
spawni ng grounds on the Okanagan River have been restricted to the river area

south of this dam



3.2 Conposition of Escapenent

Spawni ng escapenents of sockeye sal non are generally marked by a cyclica
pattern of four year doni nance. However, in the Ckanagan R ver biol ogical data
recorded between 1966 and 1970 indicate that the nunbers of three and four year
old fish are in an approximately equal ratio (8). Ml es conpose approxi mately 60
percent of the total population and the ratio of three-year to four-year nales is
1.9 : 1. In fenales the ratio of four-year to three-year fish is about 1.2 : 1
(Table 3). Variations fromthese nean values are particularly enphasi zed by
i ndi vi dual escapenent years such as 1968, and it appears that a domi nant year
cyclical pattern has been considerably upset by the nmassive transpl antation
programreferred to above.

3.3 Present Trends

Currently, annual counts of the sockeye spawning in the Ckanagan River
are undertaken each year by field staff of the Fisheries Service, Canada and by
representatives of the Washi ngton State Departnent of Fisheries. The Fisheries
Service al so undertakes general protection of these sal non and maintains records
of the annual Indian catch

For the purpose of this report the higher of the two annual escapenent
records has been adopted for further calculations, on the assunption that it
provides a nore accurate estimate of the true spawni ng escapenent; for no year
are the two sets of records widely divergent. For any year where a range of

val ues is tabulated, a nean val ue has been appli ed.



Records from 1961 to 1970 indicate that the average run size entering
the Col umbia River is 95,000 (4).

The present escapenent goal of the Washi ngton State Departnment of
Fi sheries is 25,000 spawni ng sockeye in all Colunbia R ver tributaries, and
observations indicate that this magni tude of spawni ng popul ation is ensured by
an escapenent of about 80,000 fish passing Priest Rapids Dam Fi shing seasons
in the |ower Colunbia are regulated in order to provide for this escapenent.

Ckanagan Ri ver spawni ng escapenents between 1961 and 1970 average
about 19, 000 sockeye annually.

It is estimated that the kanagan River supports 66 - 74 percent of
the Col unbi a River sockeye spawners, and it would therefore appear that the
total spawning escapenent of the Colunbia River is currently of the order of
27,000 annual ly.

In consideration of the present careful regulation of fishing seasons,
and the evident tenacity of this sockeye run in maintaining its present size,
no future significant decrease in the Ckanagan Ri ver spawni ng escapenent is
envi saged.

3.4 Catch Records

A commercial gillnet fishery takes place in the Lower Colunbia River
and this has returned an average of 21,635 sock-eye sal non annually for the
years 1961-70 (Table 4). As nentioned previously, this fishery is limted by
regul ation, and since 1964 the open season has been restricted to an average

of only about one week per year in the nonths of June and July (4).



Included in this figure is an Indian fishery upstream of
Bonnevil |l e Dam (Zone 6), about ten percent of the catch fromwhich is used
for subsistence and cerenoni al purposes.

Traditional wupriver Indian fisheries are located in the vicinity of
Wells Dam and the mouth of the kanagan River (Colville Indians) and between
Vaseaux Lake and Osoyoos Lake in Canada (Okanagan Indians). The Canadi an |Indian
catch has averaged 957 fish per year (1961-70), principally for food purposes,
while further catches by the Colville Indians average 1,228 fish annually. Sone
of these fish are used for food purposes, but the salnon are also highly prized
for their traditional cerenonial values, and the Washi ngton State Departnent of
Fi sheries accordingly mmintains a separate catch category in order to keep a
record of the level of fisheries activity associated with this inportant aspect
of Indian life.

About 5,000 Indians, nmost of them of the Yakima tribe in the

United States, are affected by the availability of these sal non.



Table 1. Sockeye Spawni ng Estimates and | ndian Catch (1926-1971)
Sout h Ckanagan River - Canada

Total Spawni ng Esti mate

Year | ndi an _Cat ch Canadi an Recor ds U S. Records
1926 Ni |

1927 Ni |

1929 Ni |

1930 Li ght

1931 Ni |

1932 Ni |

1933 Li ght

1934 300 - 500

1935 Ni |

1936 1-50

1952 1, 796 24, 000

1953 1,278 34, 000

1954 1, 560 10, 000

1955 2,480 50, 000

1956 1, 345 39, 000

1957 1,120 25, 000+

1958 1, 300 31, 000

1959 1, 565 40, 000

1960 1,175 8, 000

1961 425 2, 000+ 2 - 3,000
1962 750 6, 000 2 - 4,000
1963 1, 270 16, 000 20 -25, 000
1964 775 12, 000 10 - 15, 000
1965 1, 200 5, 000 10 -15, 000
1966 1, 200 45, 000 50 -60, 000
1967 900 23, 000 25 -30, 000
1968 1, 900 15, 000 10 -15, 000
1969 360 2 - 5,000 10 - 15, 000
1970 790 5 -10, 000 25 -30, 000

1971 710 20 -50, 000 36, 000



Table 2. Adult and Fingerling Sockeye Rel eased into Osoyoos Lake

Year No. Adults No. Fingerlings
1939 10, 104 -

1940 9, 691 569, 296
1941 - -

1942 - 654, 660
1943 - 1, 088, 138

1946 - 337, 590






Table 3. Sex Conposition of Sockeye Sal mon on the Ckanagan Ri ver Spawni ng G ounds
(1966 - 1970)

3-year fish 4-year fish Conbi ned
Year Sanpl e Mal es Fennl es Sanpl e Mal es Fennl es Sanpl e Mal es Fenmal es
1966 124 98 26 135 53 82 259 151 108
1967 205 150 55 216 86 130 421 236 185
1968 66 50 16 41 4 225 189 480 275 205
1969 25 22 3 112 52 60 137 74 63
1970 808 501 307 59 21 38 867 522 345
Total s 1, 228 821 407 936 437 499 2,164 1, 258 906
Per cent age 100% 66.8 33.2 100% 46. 8 53.2 100% 58.1 41.9

Rati o of three-year males to four-year nmales is: 821 : 437 =1.88 : 1

Rati o of four-year females to three year females is: 499 : 407 =1.23 : 1



Table 4. Annual Colunbia River Sockeye Catches 1961-70

Nunmbers of Fish Taken

Zone Conmmer ci al Cer enpni al and Tot al
Cat ch Subsi st ence Cat ch Cat ch
1-5 13, 220 - 13, 220
6 8,415 935 9, 350
Colville - 1,228 1,228
Ckanagan - 957 957
Tot al 21,635 3,120 24, 755
O kanagan

aigin (70% 15, 145 2,184 17, 329
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CONSI DERATI ON OF CONSTRAI NTS
4.1 Social bjectives

As determ ned by the Ckanagan Basin Study Board, one of the
constraints acting on the evaluation of study results and the consequent
recomendations is that the Ckanagan Ri ver sockeye sal non run shall be
mai nt ai ned.
Thi s deci sion nay be revi ewed as bei ng based on
(a) Mral and possibly legal obligations to the United
States involving State |aw, National Act and International treaty.

(b) The preservation of an integral part of an ecosystem
and the consequent preservation of significant parts of an associ ated
soci al system

4.2 Requl ations
The pertinent regulations (4.1(a)) with respect to fisheries are

sunmari zed bel ow.

State of Washington - Fisheries Code (1968-69)

It is the State policy to maintain sufficient flowto support fish
popul ations at all times.
Fi shways are to be provided in danms or obstructions;
if considered inpractical, hatcheries may be provided in |ieu.
"In the event of any construction that will use or change the
natural flows of the river" conplete plans for the protection of fish life
are to be furnished to the Director

Canada - Fisheries Act (1952-70)

Owner shall provide a fish pass at every slide, dam



and other obstruction at the request of the Mnister. |f provision of
fish passage is not feasible, then hatchery facilities shall be provided

to maintain the annual fish run

Water rel ease shall at all tines be sufficient for the safety of

fish and floodi ng of spawni ng grounds downstream of obstructions.

The Boundary Water Treaty (1909)

Gsoyoos Lake (but not the Okanagan River) is by definition in the
Treaty a "Boundary Water". The Treaty states that any interference or diversion
"causing injury across the boundary may give rise to the sane rights and entitle
the injured parties to the sane legal renedies as if such injury were to take
place in the country where such diversion or interference occurs."

4.3 | nterpretation

It appears froma review of the foregoing regulations that,
notw t hst andi ng the necessity or desirability of supporting the native fishery,
failure to maintain discharges downstream of Vaseaux Lake adequate for the
support of the spawni ng sockeye popul ation, wll have internationa

i mplications.

Probl ems of an international nature can be referred to the
I nternational Joint Conm ssion for study and recomendati on. However, the
Commi ssion has no authority to inmpose a solution wthout the joint consent of

the two Gover nnents.



5. HABI TAT REQUI REMENTS

The annual cycle and correspondi ng habitat requirenents of the
Ckanagan River Sockeye sal non are summari zed below In 5.1, and are consi dered
in greater detail in 5.2. The findings, in terns of preferred seasona
di scharges, are given in 5.3.

The estimated effects of discharge |evels both higher and | ower
than the preferred values are referred to in 5.3, and given in greater detai
in Table 6. These val ues have been derived froma review of the results of
Task 23 (Appendix C 1), and some minor revisions may be noted.

5.1 CGCenera

In early sunmer, sockeye sal mon conmence their migration fromthe
ocean up the Colunbia River to the Ckanagan Ri ver spawning areas. They
generally enter the river above Osoyoos Lake in early August, but may hold for
a period in the cooler |ake water for up to one nonth. Spawning takes place
only when water tenperatures fall considerably, that is between nid- Septenber
and the end of October, with a peak generally in nmid Cctober.

The eggs hatch during late winter and the fry mgration takes place
during the late March to early April period (1).

The fry spend a full year rearing in OGsoyoos Lake before
proceeding to the ocean in the following April or My, where they remain for

a further two or three years before returning to spawn.

Water requirenents for these phases of the cycle are



i ndi cat ed bel ow.

Upstream M gration, August 1 - Septenber 15

Di scharges sufficient to all ow uni npeded passage upstream past
any obstructions to spawning grounds | ocated between O iver and Vaseaux
Lake.

Water quality adequate to prevent pre-spawning nortalities as a
result of disease (9).

Spawni ng , Septenber 16 - Cctober 31

Di scharge sufficient to allow access to adequate preferred
spawni ng gravel areas by a nmaxi mum of 40, 000 spawners.

Water quality adequate to prevent pre-spawning nortalities or
reduced spawni ng success as a result of disease.

Gravel Scour, Novenber 1 - February 15

Di scharges | ower than those which will produce velocities
capabl e of scouring river gravel and deposited eggs.

| ncubation, Novenber 1 - February 15

Di scharges sufficient to ensure that dehydration or freezing of
sal non eggs deposited between Septenber 51 and Cctober 30 cannot occur

Water quality adequate to prevent nortalities due to disease,
physi ol ogi cal stresses, or physical causes.

Hatching and Fry Mgration - February 16 - April 30.

Di scharges naintained at |evels not |ower than those existing
bet ween October 30 and February 15, in order to prevent stranding and
dehydration of fry and to assist their downstream mgration to Lake

Gsoyoos.



Water quality adequate to prevent nortalities due to disease,
physi ol ogi cal stresses, or physical causes.
Rearing, 12 nonths

Di scharges and water quality adequate to provide | ake rearing
conditions satisfactory to the salnon fry for a twelve nonth residence
peri od.

5.2 Considerations
The habitat requirenents cited in 5.1 are given in greater

detail in this section

Di scharge requirements have been determ ned from bi ol ogi ca
and engi neering site surveys nmade between 1968 and 1971. Water quality
i nformati on has been taken from 1971 site data, fromtheoretica

predi ctions, and from other conparative sources.

5.2.1 Upstream M gration

5.2.1.1 Gsoyoos Lake

As indicated, sockeye sal non generally enter the Ckanagan
Ri ver from Lake Osoyoos in early August.

It nay be noted (16) that at |ake levels of 10 - 20 neters,
the water tenmperature in August 1971 was recorded to be 9 - 18°C at a
di ssol ved oxygen level in excess of 8 ppm and it is considered that the
fish may therefore hold in these relatively cool |ake waters for up to one
nont h.

5.2.1.2 Physical Obstructions

Bet ween Gsoyoos Lake and Aiver thirteen "vertical drop
structures" (VDS) are located in the channelised river bed, in order to

conpensate for the hydraulic head | oss



originally made up by the neandering river channel (Figure 3). A series of
six notches in each of these, with associ ated downstream wor ks, designed by
t he Departnment of Fisheries in 1954 for the Okanagan Fl ood Control Project,
ensure that salnon are allowed to proceed upstreamto preferred spawni ng
grounds without difficulty. The design discharge for upstream mi gration was
taken as 421 cfs, with all notches operating.

However, since the actual water levels in the channel sections
are | ower than those anticipated by design, at discharges bel ow about 400
cfs certain Irrigation and donmestic water intakes cannot be operated (10).
Accordingly, stoplogs are placed at certain drop structures in order to
"pond up"” the water at |ow discharges, and thus allow all intakes to remain
oper abl e.

Sockeye sal non are unable to surnount the stoplogs, and it is
therefore essential to the safety of the salnmon run that at |east one of the
above notches retain no stoplogs during the migration period. Such a
condition is currently arranged on site annually between representatives of
the Federal Fisheries Service and the Provincial Water Resources Service.

Al t hough records do not indicate any difficulty in ascent of the
drop structures by sockeye due to high river discharges, it is probable that
di scharges significantly higher than the design di scharge may prevent
upstream migration, especially if the fish are in a weakened condition.
Records are not available of the effects of river discharges |ess than 100

cfs,



but in terns of physical obstruction alone, it seens probabl e that
al t hough relatively few nortalities may be expected at 100 cfs, a

significantly greater nunber would occur at 50 cfs.

5.2.1.3. Water Quality

Sockeye Tenperature Tol erance. A synthesis of various data

i ndi cates that the tol erance range of sockeye salnobn is as shown bel ow.

Opt i num Range 0°C. 11 — 14.5°C 24.5°C
(Lower Lethal) (Preferred) (Upper | ethal)
M grati on Range 7.2 — 15.6°C 21.2°C
CGeneral Spawni ng 10.5 - 12.2°C 21.2°C
Range
Hat chi ng Range 0. 4°C 4.5 - 13.3°C 14. 5°C
(preferred)

At tenperatures outside the above preferred ranges, sw mrng
ability, energy conversion, and disease resistance of a fish are inpaired.
Sunmer and fall rises in water tenperature can thus cause del ay, |oss or
reduction of spawning ability, and nortality, during the periods of upstream
nm grati on and spawni ng.

There is sone evidence fromU. S. records which indicates high
tenperatures reduce the survival of upstream m grants, and Canadi an records
indicate that in 1970 approxi mately 2,000 pre-spawning nortalities were
caused by di sease, acconpani ed by high water tenperatures. However, the
validity of the above tol erances as applied to Ckanagan R ver sockeye has not
been confirmed, and the data should therefore be considered with sone
reservation.

Tenperature Records

No river tenperature data is available for the



mgration period prior to 1971. |In that year thernographs in the
kanagan River were naintai ned by the Fisheries Service (a) between
Vaseaux Lake (S.OL.1.D. damj and H ghway 97 road bridge, (b) near
Aiver, and (c) upstream of Gsoyoos Lake Mnthly naximum t enperatures
were found to be as foll ows:

August Sept enber Cct ober

(a) 27°C 21.2°C 15°C
(b) 26.2°C 17.8°C
(c) 26.7°C 21.4°C 13°C

The maxi num daily tenperature increase between stations (a) and
(c) was 4°C in August and 1°C in Septenber.

Conpari son of these data with the quoted sockeye tenperature
tol erances indicates that when the salnon arrive on the spawni ng grounds
they are already in a highly stressed condition as a result of excessive
wat er tenperature. Any aggravation of this condition may result in
nortality.

Tenperature Prediction

The dearth of river tenperature data, and the need to deternine
t he approxi mate range of discharge at which the |east tenperature rise
bet ween Vaseaux Lake and Osoyoos Lake may be anticipated, led to the
construction of tenperature prediction nodel. This was based on a nethod
used for prediction of the Shuswap River tenperature under varying
conditions (3).

It was considered that the di scharge range obtai ned woul d
represent a generally valid estimate for the kanagan Ri ver between

Penticton and OGsoyoos Lake.



The principal variables governing river tenperature at Osoyoos
Lake are considered to be quantity and tenperature of river outflow from
Vaseaux Lake at S.O L.1.D. dam quantity and tenperature of influent ground
wat er during the increnmental downstream di stance, incom ng solar radiation,
and ot her atnospheric variables (See. al so Appendix 1).

The river tenperature rise was cal cul ated on the basis of
synt hesi zed extrenely hot spells of weather for the nonths of August, Septemnber
and Cctober, in order to estimate the maximumrise likely to occur in one day;
cal culations were perforned for each of four river discharges: 80 cfs, 170 cfs,
380 cfs and 500 cfs.

These basic river tenmperature increases were then nodified by the
i nfl ow of ground water assuned to occur on a linear basis within the reach
consi dered; groundwater tenperature was assunmed to be 10°C, with the rate of
inflow (a) assunmed to be dependent upon the channel discharge, and (b) assuned
to be independent of channel discharge.

The resulting river tenperature increases for August between

Vaseaux and Osoyoos Lakes were estinmated to be as |isted bel ow and depicted

in Figure 4.
Ri ver Channel Di scharge G oundwater Inflow Tenperature |ncrease
cfs cfs 0°C
80 35 5.1
80 70 0.8
170 50 3.1
170 70 2.1
380 70 2.2
500 70 2.4



It is evident that these estinated tenperature increnents are of
the sanme order of magnitude as the maxi mumdally increment recorded in
August 8, 1971, of 4°C at a river discharge of 710 cfs.

Froma review of these results it is considered that the
predicted water tenperature rise for each of the four discharges nay be
expected to be only approximtely correct, but that the trends shown for the

range of discharges are valid indications of tenperature variation.

Concl usi on . _
It is apparent fromthe val ues given above and al so from

Figure 4 that the maximumdally tenperature rise anticipated between
Vaseaux and Osoyoos Lakes is highly dependent upon the magnitude and
di stribution of influent groundwater within the reach

Assumi ng the groundwater inflowto consist of 70 cfs linearly
di stributed, and to be subject to no tenperature rise after inflowto the
river, then the | east tenperature increase in the channel may be expected at
di scharges of 80 cfs or |ess.

However, these assunptions are not necessarily justified, and it
appears that tenperatures at discharges of |ess than about 200 cfs are
considerably nore sensitive to input variations than those in excess of 200

cfs. Tenperatures at



di scharges bel ow 100 cfs appear to be particularly sensitive to the
governi ng assunpti ons.

Consequently it is considered that discharges of |ess than 100 cfs
pose a considerable risk to the safety of the sock-eye run, while those
bet ween 100 cfs and 200 cfs nay al so be contributory factors in causing
nortalities, and should al so be avoided. Simlarly, discharges above 500
cfs should be avoided on account of the greater potential for water
tenperature increase and al so excessive velocity considerations at the
vertical drop structures.

Opti num di scharges are expected to remain within the range of

300 - 450 cfs.

5.2.2 Spawni ng

5.2.2.1 Timing and Location. Spawning activities take place
generally from nm d- Septenber to the end of Cctober, with a peak in md-
Cct ober .

Field surveys made I n 1947, 1951 and 1952, and between 1956
and 1971 indicate that within the Ckanagan River sinilar reaches are
preferred fromyear to year by spawning sal non and that the nost
heavi ly popul ated reach is the "uni nproved" section between the
junction of Vaseaux Creek and the Ckanagan River and commencenent of
channel i sation sone one half mle downstream of Hi ghway 97 bridge

(Figure 3).



An unrecorded nunber of sockeye spawn in Osoyoos Lake. It
may be that they represent about 5% - 10% of the escapenent upstream

of the | ake.

5.2.2.2. Estimation of Spawning Gravel Requirenents (See al so Appendi x 2)

G avel Available. Engineering and hydraulic site surveys were nade in 1968-

69 by the Departnment of Fisheries in order to determ ne the spawnabl e gravel
areas available to salnon at that tinme. The surveys, which included 26
cross sections together with water surface profiles, was carried out at

di scharges of 540 cfs, 380 cfs and 210 cfs. At the discharges of 540 cfs
and 380 cfs the areas of spawning gravel falling within the water depth and
vel ocity paraneters of 8-18 inches and 0.8 to 2.5 feet per second, and
consisting of 1.5 - 4 inches dianeter gravel, were calculated (11).

"Good" spawning gravel was designated as that satisfying al
three of the above paraneters, while "medi un spawni ng gravel satisfied only
two. It is considered that of these two designations, "good" spawni ng
gravel alone is adequate to neet sockeye requirenents. Area estinmates of
"medi um' spawni ng gravel are therefore disregarded in further cal cul ations.

On the basis of interpolation of the above data, spawning gravel
areas were also predicted for discharges of 250 cfs, 125 cfs and 90 cfs.
Accordi ngly, graphs of avail abl e spawni ng gravel area versus di scharge were

obtai ned (Figure 6).



G avel Requirenents per Redd

The gravel area to be allocated to each pair of spawners was
estimated from conparative and site data to be 5 square yards, to acconmopdat e

the actual average redd size plus inter-redd space (9, 12, Appendix 2).

Sockeye Support Val ues of Discharge

The spawni ng gravel areas as deternined above at a range of
di scharges were surveyed in the river area between Vaseaux Lake (at
S.OL.I.D. dam and the V.D.S. 13 in 1968-69. At that tine it was determ ned
that 77% of the total nunber of spawners were utilizing 52% of the "good
gravel " area

By conparing this figure with the other observed data
concerning the neasured areas of "good gravel" within certain river reaches,
and al so the average distribution of spawners in the river between 1947 and
1970, it was possible to derive a pro-rated figure for the effective spawni ng
popul ation in the river. This figure, which may be used in conjunction with
the graph on Figure 6, takes into account not only the area of good gravel
avai | abl e, but also the sections preferred by spawning sal mon (Appendix 2).

The "good gravel" areas required for specified spawni ng
popul ati ons, together with the equival ent di scharges, may be found in Table
5. In summary, the preferred discharge range for spawning |ies between 350
and 550 cfs, while ranges of 300 - 350 cfs and 550 - 700 cfs are considered

to represent a relatively small loss in spawning area potenti al



5.2.2.3 Water Quality

Tenperature Effects

Records of river tenperatures during the spawni ng period are
avai |l abl e as indicated previously. Due to the dearth of these records the
tenperature prediction nodel was extended into Septenber and Cctober in
order to determine the river discharges at which risk of excessive
tenperatures mght be ninimzed.

Using the sane rationale as before it was estimated that the
least risk of allowing the river tenperature to rise significantly is
obt ai ned at a discharge greater than 200 cfs, while the risk is considerably
i ncreased at di scharges below 100 cfs (Figure 5). On account of the
general |y reduced water tenperatures after August, the cooling effects of
irrigation return flow do not appear to significantly affect variations of
the daily river tenperature rise at higher river discharges. Therefore, no
upper limt of discharge range for tenperature optim zation is given for

Sept enber.

5.2.3 G avel Scour and [ ncubation

5.2.3.1. Discharges

It is of consequence that river discharges during the period
when sal non eggs are in the gravel should remain within a certain range.

Maxi mum di scharge val ues nmay be deternined by an estimation of

t he maxi mum perm ssi ble eroding velocity of water



with respect to spawning size gravel. Low values are deternined by

consi derati on of the maxi num di scharges existing at the tinme of egg
deposition. The incubation discharge is that which ensures that all eggs
deposited during the previous spawni ng period remai n subnerged throughout
the winter.

Scouring Velocity. Mean water velocities were conmputed at a

range of discharges for four cross sections of the Okanagan River, taken to
be representative of typical spawning gravel areas. Conparison was then
made with the particle sizes found to be eroded at the velocities so
determ ned (13). The findings indicate that scour of half inch gravel with
associ ated eggs may comence locally at a discharge of 500 cfs but will
probably not occur generally at discharges |ower than 1300 cfs (Figure 7).
Accordingly, it is assuned that little erosion of eggs will comence at
di scharges bel ow 1000 cfs.

I ncubation. Fromthe data obtained fromthe 1968-69 survey,
the incubation flows respective to spawning flows of 80 cfs, 130 cfs, 250
cfs, and 380 cfs were determ ned such that all eggs would renai n subnerged
t hroughout the winter. These respective values were shown to be 70 cfs, 90
cfs, 150 cfs, and 170 cfs; in no case is the incubation flowlikely to
exceed 180 cfs. Oher values may be interpol ated fromthe graphica

representation in Figure 8.

5.2.3.2. Water Quality

Siltation. Silt is carried in river as bed | oad and



as suspended | oad. The bed load in particular nmay penetrate the gravel
together with river flow, and can thereby affect sal mon eggs either by
direct abrasion, by altering the chenical characteristics of surroundi ng
wat er body, or by clogging the intergravel pores sufficiently to reduce the
avai lability of dissolved oxygen to the eggs.

However, the Ckanagan River carries a relatively | ow sedi nent
| oad due to the presence of upstream| akes, which settle out much of the
sedi ment. Accordingly, siltation has not been recorded to be a problemto

egg survival

5.2.4. Hatching and Fry Mgration

In order to prevent the strandi ng and dehydration of sal non
fry and to assist in their downstreamm gration to OGsoyoos Lake, discharges
not |ower than those obtaining in the period Novenber 1 to February 15,

shoul d be conti nued.

5.2.5. Rearing

The tine Iimtations have not allowed a full determ nation of
the rearing environnent of Osoyoos Lake to be undertaken. However,
qgqualitative observations indicate that the sockeye yearlings mgrating from
Gsoyoos Lake to the Colunbia river are generally of stronger appearance than
those rearing el sewhere in the system(8).

Current evidence indicates that the available nutrients in
this lake are inportant in ensuring an anple food supply, and furthernore,
that the present nutrient supply is not likely to be significantly affected
by any alteration of the river discharges presently envisaged under the

Ckanagan Basin Study (14, 15).



I nvestigations into the rearing potential

of Osoyoos Lake

be undertaken in the future by the Washington State Departnment of

Fi sheri es.

5.3 Findings

A summary of the discharges preferred by sockeye sal non

utilizing the kanagan River,

is given bel ow

Upstream M grati on

Spawni ng
Gravel scour
| ncubati on

Pry Energence
and Mgration

Reari ng

O her,

Aug 1 - Sept 15
Sept 16 - Cct 31
Nov 1 - Feb 15
Nov 1 - Feb 15

Feb 16 - Apr 30

12 nont hs

as derived fromthe findings cited in 5.2,

300 - 450 cfs with
renoval of stockl ogs as
necessary.

350 - 550 cfs
1, 000 cfs max.
175 - 1000 cfs

175 cfs mn.

Not sensitive under
expect ed regi nmes.

may

| ess preferred, discharges for the foregoing periods

are also indicated in the findings of 5.2,

in Table 6.

range,

equi valent to the "Absolute Scores"” deternmined in Task 23 (g),

dependi ng on the desirability of that

range.

These scores are

been revi sed where necessary as determ ned by the new findings (17).

The above di scharge ranges estimated to be preferred by

sockeye sal non have been deternined by technica

and are given in greater detai

A score between 10 and 0 has been allocated to each discharge

whi ch have

survey and analysis. In

order to arrive at a first order estimate of the validity of these

synthetically determ ned di scharge ranges,



conpari sons were nade with the nmonthly recorded runoffs of the Ckanagan
Ri ver at Penticton in 1923 and 1953, and of the South Thonpson River at
Monte Creek in 1963.

It was found that differences between "preferred Sockeye
di scharges"” and recorded runoff were not significant, except in the
nont hs of August and Septenber. The divergence is explained by the

necessity for optimnmisation of tenperature regines (see al so Appendi x 3).



Tabl e 5. Sockeye Support Val ues of Spawning G avel

and Di scharges

Spawni ng Count G avel Required Equi val ent Spawni ng | ncubati on
sq. yd. Di schar ge Di schar ge
cfs cfs
10, 000 37, 200 50 appr ox. 40 est.
20, 000 74, 400 90 70
30, 000 111, 600 195 125
35, 000 130, 200 325 163
38, 900 141, 000 470 170
40, 000 148, 800 (470) (170)
50, 000 186, 000 (470) (170)
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Table 6. Periodic Scoring of D scharge Ranges with Respect to Sal nbn
Spawni ng and | ncubati on Requirements Okanagan River

(Downstream of S.OL.1.D. dam Sept - Apr.,

Aiver for August)

Time Discharge Range
cfs
300 - ‘450
200-300, 450-550
100~200, 500-700
<100, >700

350 - 550
250-350, 550
175 - 250
100-175, >700
<100, >1000

Aug 1 - Sept 15

Sept 16 - Oct 30

Range of In- For Range of Spawning
cubation Flow Flow
cfs cfs

175 - 500

165 - 175 350 - 550

150 - 165

125 - 150

100 - 125

180 - 500 550 - 700

170 - 180

170 - 500

150 - 170 250 - 350

120 - 150

150 - 500 100 - 250

100 - 150

500 - 1000 100 ~ 700

1000 - 1300 (unless given above)

200 - 1000 700 - 1000

175 - 200

<75 or >1300 At all times

and at
Score Comment
10 Good
7 Fair -
y Undesirable
2 Unacceptable
10 Good
8 Fair
6 Adequate
4 Undesirable
2 Unacceptable
Score
1.0 x 10 = 10
8 = 8
7 =17
6 =6
5=5
0.8 x 10 = 8
8 =6
0.8 x 10 = 8
8 =6
6 =5
0.4 x 10 = 4
8 =3
0.8 x 8 =26
6 =5
0.4 x 10 = 4
8 =3
0.2 x 4 1
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APPENDI X |

OKANAGAN RI VER TEMPERATURE STUDY

Met hod
For this study a conmputer program devel oped under the I.P.S. F.C

for estimating tenperature changes in streans was used. The tenperature
rise was cal culated for three nmonths -August, Septenber, Cctober - and at
four different discharges -80 cfs, 170 cfs, 380 cfs and 500 cfs. The
followi ng i nformati on nust be punched on conputer data cards:
1) Mean depth of stream
2) Atnospheric pressure
3) Wnd speed
4) Humdity
5) Average C oud Cover
6) Solar radiation incidental to the surface, corrected for
reflected sol ar radiation.
7) Starting water tenperature.
(1) Calculation of the nmean depth of stream
The studied |l ength of the river was divided into two parts,
S.OL.I.D. damto V.D.S. 13, and V.D.S. 13 to Osoyoos Lake.
(a) S.OL.1.D. damto V.D.S. 13
For this part of the river the D.O F.F. survey from 1968-69 was
used. The total time in which water flows through this part was

cal cul ated, and the river was divided into hourly reaches. For each hourly

reach one area was chosen as typical.



For this area the Manning's "n" was cal cul ated for known di scharge Q = 380

cfs. The discharges were calculated for two different depths and a di scharge
versus depth curve was plotted. Fromthe discharge curve the average depth
was found for 80 cfs, 170 cfs, and 500 cfs.

(b) V.D.S. 13 to Gsoyoos Lake
For this part of the river the "Ckanagan Fl ood Control," 1958 report
was used (10). Two typical cross sections were chosen and the di scharges for
3 different depths were calculated. For this calculation Manning's "n" =
0.021 was used. Fromthe plotted discharge curve, nean depths of 80 cfs, 170
cfs, 380 cfs and 500 cfs were taken. The hourly reaches were cal cul ated from
known velocity, in ternms of distance.
(2) Atnospheric Pressure
Aver age at nospheric pressure was cal culated for each nmonth from
“"Mont hly Records, Meteorological Observations in Canada" - Station Penticton
for 10 year period 1961 - 1970.
(3) Wnd speed was assunmed to be equal to river velocity.
(4) Average hourly humdity was cal cul ated from"Mnthly Records
Met eor ol ogi cal Observations in Canada" - Station Penticton for 10 year period
1961 - 1970.
(5) Average C oud Cover

Average cl oud cover was assumed to be 0.
(6) Solar Radiation

Maxi mum hourly solar radiation for the first week of



each nmonth was calculated from "Monthly Radiaton" - Station Sumerl and
for the 10 year period 1961 - 1970. This figure was adjusted by 6% for
reflected sol ar radiation.
(7) Air Tenperature
Air tenperature was cal cul ated as the nmean of the nmaxi num and
average tenperature for the first week of each nonth. Data for these
cal cul ati ons were obtained from"Mnthly Records Mteorol ogi cal Cbservations
in Canada" - Station diver
(8) Starting Water Tenperature
Starting water tenperature was assuned to be:
| 8.3°C in August
21.2°C
| 4.5°C in Septenber
18.3°C
11.1°C in Cctober
13.9°C
The river was divided into 10-hourly reaches. Tenperatures
were calculated from08:30 to 17:30 hours. Input valves were punched on
to computer data cards running one card for each hour. A table was
constructed fromthe hourly tenperature increase data as on the computer
output. Fromthis table graphs of final tenperature against discharge
were drawn for each hour reach.
The actual water tenperature obtained fromthernographs installed
in the river showed that the calculated increase in water tenperature was

too high, as a result of water returning



fromirrigation |owering the water tenperature in the river. The

amount of ground water was estinmated to be:

35 cfs, 70 cfs for 80 cfs river discharge
50 cfs, 70 cfs for 170 cfs river discharge
70 cfs for 380 and 500 cfs river discharge

The tenperature of ground water was estimted to be 10°C,

and i nfl uence was assunmed to be linear for the reach considered. Its

tenperature was assuned for cal cul ati on purposes to renmi n constant

downstream after inflow to the river, although in practise a tenperature

i ncrease nust occur with di stance downstream due to sol ar radiation



APPENDI X 2
ESTI MATI ON OF SPAVWI NG GRAVEL REQUI REMENTS

1. Sex ratio, 1966 - 1970 is:
fenales to nales : 42%to 58%
Hence assune effective spawni ng popul ation (fermales only) to be 42% of
count .
2. Assume that 10% of spawners (counted and effective) utilize gravel
downstream of V.D.S. 13, and that year to year distribution of sal non between
S.OL.I.D. dam and Osoyoos Lake remmi ns approxi mately constant.
3. (a) In 1968, at 380 cfs, 77%of fish utilized 52% of
gravel (= good gravel). (Ref. Field Data, Fisheries Service,
1969) .
(b) 1In 1968, Area 1 (S.OL.1.D. damto Mlntyre Creek - 0 sq yd good gravel
Area 2 (Mcintyre to Highway Bridge - 29,486 sq yd good gravel
Area 3 (H ghway Bridge to V.D.S.13)- 108, 249 sq yd good gravel

Area 4 (V.D.S. 13 to Gsoyoos Lake) - gravel area not surveyed
Area 2 = 29,486 = 21.3%
Area (1+2+3) 138, 355

(c) Between 1947 and 1970 approxi mately 54% of spawners counted
utilized Areas 1 and 2 (Ref. 8) Conbining 1, 2 and 3 above, it
i s apparent:

That 54% of spawners counted utilize Area 1 and 2



(= Area of 2), and that 77% of these prefer good gravel. Thus 54% x

77% = 42% of spawners counted prefer good gravel in Area 2.

Accordingly, we can say either

42% of counted spawners prefer good gravel In Area 2, or

42 X counted spawners prefer good gravel in Areas (1+2+3)
21.3

(d) Note that a graph of "Discharge vs. Good Gravel" in

Areas (1 + 2 + 3) is available (Figure 5).

4. Gavel area requirenent per pair of spawners was found as

fol |l ows:

(a) 8 sqg yd reported by C. J. Burner for Colunbia R ver sockeye (Ref. 12).

(b) Biological observations that Okanagan Ri ver sockeye tend to locally

bunch and crowd together in the preferred spawni ng areas.

(c) The estimate of 4 sq yd per pair used in Task 23 for sal non
requi renents appears to be too | ow inasnmuch as cal cul ati ons indicate

antici pated sockeye escapenent figures based on that value to be in
excess of recorded escapenents.
(d) Accordingly, a figure of 5 sq yd has now been adopt ed.

5. Hence a pro-rated figure for the effective spawning population is

obt ai nabl e, which may be used in conjunction with the graph in 3 (d); hence the

correspondi ng gravel area required. This pro-rated figure takes into account

not only the area of good



gravel available, but also the areas preferred by the sal non.
From t he above assunptions the figure is derived as foll ows:

SC = total count of spawning salnmon in Areas (1+2+3+4)
E = effective spawners - 42% x SC
F = effective spawners in Areas (1 + 2 + 3) = 90%x E
PF = pro-rated figure x 42 x F

21.3
Then good gravel required - 5 x PF

i.e. good gravel =5 x 42 x 0.42 x SC = 3.72 x SC
21.3

6. Gravel requirenents with respect to spawning estimate are then found
as follows:

Gravel Required

Spawni ng Count (yd sq)
10, 000 37, 200
20, 000 74, 400
30, 000 111, 600
35, 000 130, 200
38, 900 141, 000
40, 000 148, 800
50, 000 186, 000

From the "Di scharge vs Spawni ng Gravel" graph, it is apparent
t hat good sockeye support gravel is available up to |4l,000 square yards
only.

Thus it is evident that when the total sal mon count exceeds
approxi nately 38,900, a certain percentage of spawners nay be forced to

utilize "medi um' spawni ng gravel. Site



observations indicate that this "nediunf gravel is only nmarginally

sati sfactory to support adequate sockeye spawni ng.



APPENDI X 3

COVPARI SON BETWEEN DI SCHARGE REG MES

In order to make conparison between the preferred fisheries
di scharges in the Okanagan River and the recorded discharge regi ne of such

a river system the foll owi ng nethod was adopt ed.

6.1 The nonthly runoff of the Ckanagan River at Penticton for two seasons
of divergent runoff patterns, 1923 and 1953, and al so that of the
Sout h Thonpson River at Monte Creek for 1963, were determ ned as

percent ages of the annual runoff of the respective rivers.

6.2 The nonthly ranges of preferred fisheries discharges
were expressed as percentages of the nean annual discharge multiplied

by twel ve.

6.3 A conparison of the two estinates indicates:

(a) 6.1 and 6.2 to be simlar from Novenber to April, and not

dissimlar fromMy to July.

(b) 6.1 to be considerably greater than 6.2 in August, and

margi nally in Septenber.

This conparison indicates that the "preferred fisheries discharges,"
as determ ned by technical surveys and analysis are of the sane
order of relative magnitude as naturally occurring conditions.

Where a consi derabl e di screpancy occurs this is explained by

consi deration of the regi nes of high tenperature which may occur in

such a river/lake system
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