CHAPTER 14

Water Quantity Eval uations

The pl anning objectives in water quantity nanagenent, as |aid out
in Chapter 12 are:

1) to supply water for all consunptive and non-consunptive uses;
2) to nminimze econom c and soci al consequences of floods and droughts, and
3) to nmnimze conflicts between existing and potential uses of water
Projections of water requirenments for the entire Ckanagan Basin to the
year 2020 for the three econonic growth projections are conpared in Table
14.1. Only consunptive water denmands for agricultural and domestic use have
been projected for tributary streans, while both consunptive and non-
consunptive uses (total water requirenments) are shown for the nainstem system
It is anticipated that in the future, selected tributary creeks will support
bot h consunptive and non-consunptive water requirenments are described later in
this chapter.

There is a lack of sensitivity between the various 2020 projections with
total water requirenents ranging from 344,000 to 347,000 acre-feet for al
proj ecti ons exam ned, conpared to 312,000 acre-feet under present day
devel opnent. The nmain reason for the snall variation in future water
requirenents is the relatively snall change in agricultural |anduse
devel opnent over the next 50 years. Irrigation nmakes up over 75% of tota
wat er consunption to the Basin at present, and this pattern is expected to
continue assunming that nost agricultural land is protected from sub-division
for residential and donestic purposes.

Al though total water requirenents are not expected to increase
significantly over present-day figures, conflicts in water use, especially in
tributaries, will likely increase in magnitude over the next 50 years.

Wil e the building of headwater reservoirs has created or enhanced
recreation and fisheries at sonme of these headwater |ocations, the rapid
drawdown of these storages to supply irrigation requirements adversely affect
fishery and recreation potential in these lakes. Simlarly the |ack of
adequate minimumflows in the | ower reaches of the tributaries in the sunmer
and fall nonths seriously affects the reproducti on of kokanee and rai nbow
trout from Ckanagan Lake.

In contrast to the tributaries (which are regulated prinmarily for
consunptive use and in total supply about 22% of the water requirenents for
the Basin), the mainstem system consisting of the Ckanagan Fl ood Control Works
and the Vaseux Lake (SOLID) Dam provides for multiple water use including
conservation, flood



TABLE 14.1

CONSUMPTI VE USE REQUI REMENTS | N THE OKANAGAN LAKE BASI N AND

TOTAL WATER REQUI REMENTS FOR OKANAGAN RI VER BASI N | N CANADA

PRESENT OPERATI NG CONDI TIONS with 300 cubic feet per second mnimumflow In the Okanagan River between Apri

Sept enber inclusive, and 100 c.f.s. mn. flow between Cctober and March incl usive
1970 2020
GROWTH PROJECTION|GROWTH PROJECTION |GROWTH PROJECTION
1 2 3
High Economic Low Economic
Continuation of Growth Growth
Present policies|(Low Agriculture) {(High Agriculture)
Population 113,480 391,000 430,000 290,000
Irrigated Acres 60,070 59,600 56,600 73,700
acre-feet % | acre-feet % acre-feet | % acre-feet 2
1. OKANAGAN LAKE BASIN
(a) Consumptive Use from tributaries
and directly from areas adjacent
to Okanagan Lake
- IRRIGATION 57,000 52,000 48,000 66,000
- MUNICIPAL & DOMESTIC 8,000 35,000 39,000 26,000
- INDUSTRIAL 4,000 18,000 20,000 13,000
TOTAL CONSUMPTIVE USE - OKANAGAN LAKE BASIN 69,000 22.0f 105,000 30..5 107,000 | 30.9 105,000 30.3
2. MAINSTEM OKANAGAN RIVER
sa; Consumptive Use - Okanagan River 32,600 | 10.4 44,000 12.8 43,000 | 12.4 46,000 13.3
b Evaporation Losses from Skaha, Vaseux
and Osoyoos Lakes and from Okanagan 49,000) 49,000) 49,000) 49,000y
(e) River channel ) ) )
c Minimum In-Channel Needs for intake
- submergence and flushing 123,000 67.6 107,000§ 56.7 108 ,000 56.7 108,000 56.4
d In-Channel Fishery Requirements addit-
jonal to min.flows in (c) 39,000 39,000 39,000 39,000
TOTAL CONSUMPTIVE USE, LOSSES, MINIMUM FLOW
FOR OKANAGAN RIVER REGION 243,000 ey 239,000 242,000
TOTAL BASIN CONSUMPTIVE USE + MAIN OKANAGAN 0
RIVER WATER REQUIREMENTS 312,000 |100.0 344,000 100.0 346,000 |100.0 347,000 100.0




control, recreation, fisheries and aesthetics. The heart of this systemis the
Ckanagan Lake Storage Dam at Penticton which controls about 80% of the inflowto
t he Basin.

In the Ckanagan, water flows down the tributary streanms into the mainstem and
then down Ckanagan River to cross the international border at Osoyoos Lake. The
eval uations presented in this chapter follow this hydrol ogi c sequence, starting
with an exam nation of future water managenent options on the tributaries.

14.1 TRI BUTARI ES

Water is required in tributary streans to supply consunptive uses (irrigation
and donestic users) and sport fisheries in both the headwater storages and in
the streans thenselves. At present, however, tributaries are principally
managed to neet consunptive use requirenments, with water supply systens

devel oped originally through private initiative and recently with help fromthe
Federal and Provincial governnents under the Agricultural Rehabilitation and
Devel oprrent Act (ARDA)

14.1.1 Future Water Requirenments in Tributaries

Under tributary flows in Chapter 4, the eight nost heavily utilized streans were
selected for detailed study with the objective of determ ning the adequacy of
the existing tributary supplies to neet present and future water requirenents.
As these tributaries included over 60% of the present consunptive use
requirenents in the Ckanagan Lake Basin they are considered to be a good
representative sanple.

In the initial studies of tributary stream managenent, a conputer nodel was
devel oped based on the present method of operating the headwater storage

rel eases to neet consunptive use demands only at the various diversion points in
each selected tributary. This nodel was used to match supply and demand under
dry, average and wet years for 1970, 1980 and 2020 | evels of devel opment. No
return flows fromirrigation were credited to the stream al though such water was
assuned to return to Ckanagan Lake.

Each of the eight selected tributary basins are too small to be considered
i ndependent economic units, so reliable projections of future growh potentia
were not possible. Consequently, a range of growh patterns in popul ati on and
agricultural |anduse based on | anduse capability were devel oped for each basin
for the year 2020. This range included three projections of water demands;

1) a high projection based on maxi rum agricultural |anduse devel opnent, plus
maxi mum | i kel y popul ati on grow h on non-agricultural lands; 2) a | ow projection
based on m ni mrum popul ation growth rates with a reduction of agricultural |ands
due to subdivision, and 3) a mninmum projection representing the arithmetic
mean of the two extreme projections.



TABLE 14.2

BASI C DATA SHEET FOR EI GHT SELECTED TRI BUTARI ES - OKANAGAN LAKE BASI N
TROUT | PEACHLAND ] POWERS | EQUESIS| VERNON | KELOWNA | MISSION|PENTICTON
CREEK CREEK CREEK CREEK CREEK CREEK CREEK CREEK TOTALS
Area Sq. Miles 289 59 56 77 358 86 336 70 1,331
Natural Flow | Dry Year 23,700 8,900 8,000 | 10,200 | 39,100 9,900 | 96,900 21,900 218,600
at Mouth Av. Year 54,400 15,000 13,800 | 17,800 | 67.800 17,000 | 142,900] 34,800 363,500
Acre-feet/Year| Wet Year | 122,000 27,500 25,800 | 34,100 [138,200 34,300 {239,200| 58,200 679,300
Storage 1970 10,332 9,656 3,754 2,156 | 46,719 5,715 | 17,981 10,240 106,543
(Acre-Feet) | 2020 13,066 9,540 4,820 2,200 | 62,578 7,277 | 28,761 9,850 138,048
Area 1970 4,306 617 1,637 356 | 14,075 4,848 | 10,135 1,666 37,640
Under 2020 High 6,274 1,591 1,818 1,282 | 23,157 8,176 | 12,37 1,433 56,102
Irrigation | 2020 Med 5,354 1,236 1,719 1,189 | 20,021 5,905 9,678 1,464 46,566
(Acres) 2020 Low 3,918 514, 1,432 355 | 13,410 4,446 8,501 1,426 34,002
1970 5,960 1,444 3,490 90 | 24,360 10,420 | 10,340| 18,146 74,250
Population | 2020 High | 21,360 4,670 6,510 410 {100,050 15,335 | 48,940| 51,850 249,125
2020 Med 17,380 3,105 5,450 345 | 83,020 11,802 | 41,090| 48,055 210,247
(Persons) | 2020 Low 13,400 1,540 4,390 280 | 65,990 8,270 | 33,240 44,260 171,370
Water 1970 13,384 3,416 5,293 1,021 | 33,525 12,888 | 31,814 11,173 112,514
Requirement [ 2020 High | 25,169 7,527 7,372 3,613 | 72,887 26,432 | 51,315( 19,036 213,351
(Diversion) | 2020 Med 21,221 6,143 6,757 3,340 | 62,994 19,086 | 41,142| 18,083 178,766
Acre-Feet/Year] 2020 Low 15,718 3,536 5,576 1,027 | 46,115 13,704 | 35,377| 16,924 137,977
Consumptive | 1970 0 0 0 0 1,540 2,296 0 0 3,836
Use 12020 High 2,059 0 1 0| 26,301 12,946 8,103 1,517 51,037
Deficiencies
In Dry Year | 2020 Med 715 0 0 0| 18,598 5,781 0 766 25,860
Acre-Feet/Year] 2020 Low 0 0 0 0 5,649 1,093 0 0 6,742

Annual consumptive use deficiencies determined from summation of deficiencies at various

use points.

The natural flow at the mouth cannot be compared directly to total water

requirements because the natural flow recorded at the mouth is not necessarily available
at specific use points on the tributary stream.




The capability of the eight tributary basins to supply the water
demands of these three projections was assessed on the conputer nodel
Thi s nmodel assuned that the present works would remain in operation to
2020 and that headwater storages would be increased in accordance with
present planning as indicated by the various water users. It was al so
assuned that there would be no change in the location or nunber of
di versi on points over those used in 1970. Details of water use
projections for the eight tributaries are included in Table 14.2.

Tributary flows devel oped by the nodel can be considered as
prelimnary estimates of the probable nmonthly discharges under varying
climatic conditions. Such nmonthly flows do not define the sharp peaks
that may occur within a few days particularly on the small tributaries.
Wth no allowance for return flow and the assunption that agriculture
consunptive use is in accordance with the reconmendati ons of the B. C.
Departnment of Agriculture the residual flows are probably underestinated.
The conputer nodel is assumed to have an accuracy of + 20% of actua
flows.

In addition to the consunptive water requirenments di scussed above,
m ni mum fl ow requirenents are required to satisfy sport fish spawning
and incubation in the |lower portions of the tributaries. These m nimm
flow requirements are outlined in Table 14.3. Existing and potentia
headwat er storages and costs are detailed in Table 14. 4.

TABLE 14.3
ESTI MVATED M NIl MUM WATER REQUI REMENTS FOR FI SHERI ES | N ACRE- FEET AT
MOUTHS OF SELECTED TRI BUTARI ES | N OKANAGAN LAKE BASI N

TROUT | PEACHLAND | POWERS |EQUESIS UgéER uppz%RNoﬁowER COLDSTREAM | KELOWNA | MISSION
Jan 600 150 240 360 150 420 480 360 240 1,800
Feb 600 150 240 360 150 420 480 360 240 1,800
Mar 600 150 240 360 150 420 480 360 240 1,800
Apr 600 150 240 360 150 420 480 360 240 1,800
May 900+ 300+ 300+ | 600+ | 240+| 600+ ]| 600+ 480+ 300+ | 2,700+
June 600 150 240 360 150 420 480 60 240 1,800
July 600 150 240 360 150 420 480 360 240 1,800
Aug 600 150 240 360 150 420 480 360 240 1,800
Sep 600 270 300 360 150 420 480 360 240 2,400
oct 500 270 300 280 240 480 600 480 300 2,400
Nov 600 150 240 360 150 420 480 360 240 1,800
Dec 600 150 240 360 150 120 480 360 240 1,800
TOTAL 7,800 2,190 3,060 4,680 | 1,980 | 5,280 | 6,000 4,560 3,000 | 23,700




TABLE 14.4
POSSI BLE STRUCTURAL DEVELOPMENTS | N SELECTED OKANAGAN LAKE TRI BUTARI ES

TO MEET AGRI CULTURAL AND FI SHERY WATER REQUI REMENTS

2020 2020 T e AGRICULTE?E SPORT FISHERIES
1973 STORAGE STORAGE SERVED coSTS OF| ANNUAL™!| ANNUAL | cOSTS OF | ANNUAL | ANNUAL
STORAGE | (AGRICULTURE) |(FISHERIES) 7575 T 2020 | STORAGE | COSTS [BENEFITS | STORAGE | COSTS |BENEFITS
TRIBUTARY|RESERVOIR|ACRE-FEET| ACRE-FEET = | ACRE-FEET (DOLLARS) | (DOLLARS) |(DOLLARS) | (DOLLARS) |(DOLLARS)| (DOLLARS)
TROUT Crescent 755 1,000 - 4,306 5,000 250,000| 25,000 32,600 2
Whitehead 920 1,020
Thirsk 2,628 4.000 1,000 *
Isintok 570 1.000 193,700| 20,000| 43,000(1,000,000| 110,000| 221,000
Subtotal | 4,873 7,020 1,000 4,306 | 5,000 193,700| 20,000| 43,000 1,250,000 | 135,000 253,600
MISSION |Mission 600 650 Lﬁﬁg{?gﬁs 10,135 (12,371
McCulloch| 12,231 14,000 atd .
Others - 4,000 Ldentotied 1,450,000| 153,000 97,000| 175,000| 18,000 26,600
Subtotal | 12,831 18,650 3,600 |10,135 12,371 |1,450,000| 153,000| 97,000| 175,000 18,000] 26,600
EQUESIS |Pinaus 2,156 2,156 150 356 356 - - - - - -
Other - 550
Subtotal | 2,156 2,156 700 356 | 356
VERNON  |Crooked 2,460 3,374 - 14,075 {17,300
Swan 2.460 3.512 -
Other X 3.834 1,450,000| 153,000| 280,000 - - -
Subtotal | 4,920 10,720 14,075 |17,300 [1,450,000| 153,000 280,000
KELOWNA |Moore - 1,000 . 4,848 8,176
Other - 560 - 390,000| 40,000| 93,000
Subtotal - 1,560 4,848 | 8,176 | 390,000| 40,000 | 93,000
Powers  |Lambly 1,801 2,560 - 1,637 1,990
Islaht 343 650 - 266,500| 27,000| 66,000 - - -
Subtotal | 2,144 3,210 1.637 | 1,990 | 266,500| 27,000| 66,000
TOTALS 26,924 43,316 5,300 |35,357 [45,193 3,750,200 | 393,000| 579,000 |1,425,000| 153,000 280,200
*

*2

Benefits and costs not discounted

Includes improvements to spawning habitat.




14.1.2 Alternati ves

There are four managenent options for tributary streans in the Ckanagan to
meet proj ected consunptive and non-consunptive uses.

1) Continuation of the present nethod of operation wth existing storage
devel opnent .

2) Continuation of present operation with increased storage devel opnent

3) Modification of present operation with present storage devel opnent.

4) Modification of present operation with increased storage devel opnent in
t he headwat ers or by punpi ng water from Ckanagan Lake.

In addition to these structural alternatives, two non-structural neasures for
improving the efficiency of water use in tributary systens were exam ned, including
the efficiency of irrigation systens and netering and pricing.

(a) Tributary Storage Aternatives

(i) Exi sting Storage and Qperating Practices

If present water nanagenent and storage devel opnent remai ned unchanged, only
Peachl and and Equesis Creeks could nmeet future consunptive uses under the high growth
projection. This would al so be at the expense of providing mninmumflows for
fisheries and thus woul d i ncrease conflicts between consunptive and non-consunptive
wat er uses.

(ii) Ilncreased Headwater Storage and Present Qperating Practice's

I ncreases in headwat er storages appear hydrol ogical feasible on the six major creeks
ot her than Peachl and or Equesis and such increases would allow all projected future
consunptive water denmands to be net in all except Kel owna and Vernon Oeeks (Table
14.2). It appears that the costs of headwater storage increases could be justified
by the economic returns fromincreased agricultural devel opnent, but the costs of
distributing water from headwater storage to the farm plus devel opnment costs of
preparing agricultural acreage are not included, so total costs may well exceed
benefits. Average capital costs of reservoir devel opnment are estinated at $250 per
acre-foot with annual costs of $26 conpared with average annual benefits of $63 per
acre-foot, these benefits include both direct and indirect nonetary returns fromthe
expansi on of agricultural production within the Ckanagan econony. Non-nonetary,
soci al and environmental benefits were not estimated for agricul tural devel opnent,
because of the difficulty in quantifying such benefits.

Under maxi num devel oprment of agricultural |ands and popul ati on, consunptive use
deficiencies increase significantly in Vernon and Kel owna O eeks and snal |
deficiencies appear in Mssion, Trout and Penticton Oreeks. |n the cases of Vernon
and Kel owna Creeks, headwater storage increases would have to be suppl enented by
punmpi ng from Ckanagan Lake. This is already in effect on Vernon Creek, where water
i s punped from Ckanagan Lake to supply industrial use at Wnfield. The return flowis
di scharged to Vernon Oreek imredi atel y upstreamof EIlison



Lake. This additional water, if supplied continuously at a rate of 10 c.f.s. would
remove all present and future water deficits in the [ower main portion of Vernon
Creek (Ellison Lake to nmouth) and would in addition, neet fishery flow requirenents
at the nout h.

Kel owna Creek in the past, has provided water for the Rutland area, which was
incorporated into the boundaries of the Gty of Kelowna in 1973. |f the present
popul ati on of the Rutland region could be served by an expanded nuni ci pal water
system whi ch punmps from Ckanagan Lake, then other potential agricultural |ands in
this sub-basin could be supplied from headwat er storages on Kel owna Creek.

Detail ed costs of a punping scheme for Kel owna Creek are not avail abl e, but
woul d be two to three tines the costs of devel opi ng headwat er storages. Such a
punpi ng scheme woul d not be economical for agricultural devel opnent, but mght be
justified for donestic use, with headwater storage reserved for irrigation.

Trepanier Creek (not listed in tables) was subsequently considered as a
desirabl e fishery stream However, because of the | ack of any suitable storage
site, the alternative of pumping from Ckanagan Lake to the | ower reaches of the
streamwas investigated. This alternative is discussed further under Fishery
Eval uati ons, Chapter 17.

It shoul d be enphasized that the nodel s have been limted to operati on over
singl e drought years and it has not been possible, because of |ack of hydronetric
data, to run through the standard study period 1921 to 1970 (which contai ned the
1929 to 1932 drought), as was done for the mainstem conputer nmodel. Thus, while
the tributary nodels indicate that there woul d be carry-over storage in the |arger
reservoirs at the end of one drought year to augment the flows should a second
successi ve drought year occur, a continuation of such conditions into a third year
as happened in the 1929-1932 drought period, could prove very critical. These
limtations in headwater storage are in sharp contrast to Ckanagan Lake which, as a
source of water to the mainstem can be drawn down below its normal | ow water
el evation by several feet under a severe three year drought.

The above alternatives assume that only consunptive demands will be net.
Conflicts between water withdrawals for irrigation and required in-channel m ni mum
fl ows woul d continue and possibly increase. Alternatives for resolving such con-
flicts were exam ned and are sunmari zed here, but are evaluated in nore detail in
Chapter 17.

(iii) Modified Qperation of Headwater Storages

This alternative involves nodifying the existing operation of headwater storage
reservoirs to neet both consunptive and non-consunptive (fishery) flows

Continuous rate of 10 cubic feet per second provides a volune of 600 acre-feet
per nonth. The present rate of diversion for industrial use provides a volune of
approxi mately 400 acre-feet per nonth.



at the creek mouth. At present, water is retained in the headwater reservoirs
at the end of the irrigation season to provide carry-over storage in the event
of a succeeding dry year. Under nodified operations, sone or all of this
storage woul d be rel eased during the fall and winter nonths to support kokanee
and in the sumer nonths, rainbow trout.

A conparison of the historic and nodi fi ed nethods of operation are shown
in the graphs (Figures 14.1 and 14.2) covering flows and deficits in Trout,
Peachl and, Powers, Equesis, Vernon, Kelowna and M ssion Creeks. Penticton
Creek has been onmitted as it has only a snall fishery potenti al

The nodified flows as shown in the graphs under 2020 nedi um devel opnment
for dry and average inflow years and existing storage conditions, would reduce
the fishery flow deficiencies at the nouths of the tributaries appreciably and
in the cases of Peachland and Vernon Creeks practically elimnate such
conditions. However, in order to produce these inproved fishery flows, a
portion of the carry-over storage which is nornmally retained in the event of
an ensui ng drought year would have to be used up. The effect of increases in
headwat er fluctuations on fisheries and other types of water based recreation
in these reservoirs is not known.

(iv) Modified Operation and I ncreased Storage

The need for retention of reserve storage capacity in the tributaries |ed
to an exam nation of the possibilities of increasing 2020 storage over those
presently planned with the objective of nmeeting the fishery flows while stil
retai ning proposed carry-over storage. For these additional storages to be
effective, they nmust be physically and hydrol ogically feasible so that any
enl arged or new storage sites devel oped can be filled each year. Prelimnary
i nvestigations indicated that there were no additional sites that could be
devel oped wi t hout exceeding inflows during dry years. |t therefore appears
nore practical to allocate sone of the planned devel opment of headwat er
storages for fishery water requirements in certain key tributaries with high
fishery potential and allocate the renmaining supplies to consunptive uses.

(b) Efficiency of Irrigation Systens

In the last ten years, primarily through the Agricultural Rehabilitation
and Rural Devel opnent Act, nost of the irrigation systens have been nodernized
through reconstruction of headwater reservoirs, diversion dams and the
repl acenent of earth ditches with pipelines and lateral feeders to sprinklers
through pressure regulating valves. It has been estimated that gross water
requi renments have been reduced by as much as 30%t hrough reductions in
conveyance | osses and nore uniformapplication. Wth equal flow from each
sprinkler through the use of pressure regulating valves, it is easier to
control water application.
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Fl ow neters are now | ocated at punped diversions and provide data on tota
water withdrawals. Extension of this type of netering for gravity supplies wll
provide irrigation districts and nmunicipalities with basic data needed for future
pl anning of tributary water supplies.

Whil e better nonitoring of water use for agriculture and donestic and ind-
ustrial purposes is needed, it is possible that in the future these uses nay be
reduced through inproved nmethods of irrigation and recycling.

One prom sing new nethod is trickle irrigation, which applies water through
very small dianmeter tubing to the roots of individual plants at a | ow pressure
range of 10 to 30 pounds per square inch (conpared to a range of 60 to 125 pounds
per square inch for existing systens). By providing water directly to the root
zone, direct evaporation of water fromthe ground surface which occurs under
springling systems, is elininated. Depending on the soil type, up to 30% of
di verted water requirenents can be conserved by trickle irrigation, assuning no
groundwat er return fl ow

The main requirenent in trickle irrigation is the availability of a clean
source of water free fromsolid particles, to prevent clogging of the smal
aiemeter drip tubes. For nost systens sone formof filtration or solid settlenent
nmust be used by the farner or by the central distribution agency. The
determ nati on of the opti num anbunt of water needed is still in the experinenta
stage, as some return flow nmay be desirable for soil |eaching to prevent the
accunul ation of salts in the soil

(c) Metering and Pricing

In addition to the nore efficient use of water by inproved types of irrig-
ation, reductions nmay be achi eved through netering and pricing. It is probable
that nmetering and pricing would be nost effective in |ocal areas receiving water
fromthe smaller tributaries where shortages are presently occurring. However, it
is anticipated that such savings would not be significant with respect to
conserving water for in-channel flows for fisheries or other non-consunptive uses.
Moreover the water quantity nodelling developed in this report is not sensitive
enough to attenpt such a detail ed anal ysis.

Metering of all future water diversions is encouraged, as it allows for better
managenent, especially during drought conditions. As the urban population grows in
t he Ckanagan, pricing nechani sns can be nore effectively enployed to reduce
consunptive uses in tributary watersheds and consequently reduce conflicts with
non- consunpti ve uses for fisheries and recreation

14. 1.3 Discussion of Tributary Alternatives

The follow ng discussion is linmted to nmethods of operating upstream storage
to meet consunptive and non-consunptive requirenments, assunming present day water



use efficiencies. Undoubtedly these will inmprove in the future as will the
accuracy of the simulated tributary di scharges which for the present can
only be considered as first estimates.

Studi es on fish spawni ng potential around Ckanagan Lake indicate that
three creeks-M ssion, Trepanier and Equesis contain the best spawning areas.
(Chapter 17). These creeks should be nmanaged for the nultiple use of
agriculture and fisheries. The other creeks have limted fishery potentia
and with the exception of Vernon and Peachl and Creeks which support snal
fish runs, can essentially be man aged for consunptive uses only. An
outline of water nanagement proposals on the eight selected tributaries over
the next 50 years foll ows.

(a) Mssion Creek

1) Attenpts should be nmade to nodi fy headwater storage di scharges to
i mprove fishery flows in the fall and winter. This neasure could
conserve up to 4000 acre-feet for fishery purposes.

2) An addi tional 3600 acre-feet of storage should be |icenced and
devel oped or existing storage purchased for fisheries. The cost of
this storage has been estinmated at $900, 000.

3) Studies indicate there is an additional 3600 acre-feet of potentia
firmstorage in the upper reaches of Mssion Creek. The devel opment of
this storage may involve the construction of several dans.

4) The managenent of M ssion Creek as a nultipurpose streamto neet both
consunptive and non-consunptive uses may require limtations on future
agriculture developrment in this tributary.

(b) Equesis Creek

There is Iimted opportunity for increased headwater storage on this
creek, and in view of significant fishery potential, all future storage
devel opment on Pinaus Lake (estinmated at 550 acre-feet) should be allocated

to supply fishery flows. Further devel opnent of agriculture in this basin
shoul d be di scour aged.

(c) Vernon Creek

1) The present punped diversion from Ckanagan Lake to Vernon Creek near
Wnfield should be continued, and if necessary, operated on a
continuous basis to meet future potential demands in the Ellison Lake
to Ckanagan Lake portion of the sub-basin

2) Addi tional potential storage in the headwaters of Vernon Creek should
be devel oped to neet existing shortages in other parts of this sub-
basin, and future agricultural devel opnent should be limted to the
capability of the basin to supply additional water for such
devel opment. The latter requires nore detailed water quantity
nodel ling to evaluate the limtations of such future devel opnent.

(d) Trout Creek

Addi tional storage of 2,700 acre-feet appears to be available in this creek
and can be reserved for nmunicipal and agricultural expansion. |If artificia



spawning facilities can be constructed in the I ower part of the creek
1,000 acre-feet of this storage would be required to support the fishery.

(e) Powers Creek

Addi tional storage of sone 1,100 acre-feet could be devel oped in
headwaters for irrigation and domestic uses.

(f) Peachland Creek

There is little or no additional storage potential so agricultura
devel opnent shoul d not expand above current devel opnent |levels. As this
creek supports a significant run of kokanee to Okanagan Lake, w thdrawal s
and habitat should be carefully controlled to protect this run

(g) Kelowna Creek

1) Urban devel opnent in | ower parts of the creek should be serviced
wi thin the nunicipal water supply systemof Kelowna if potenti al
agricultural developnent in the tributary is to be realized

2) Addi ti onal storage of 1,500 acre-feet would be available to service
potential expansion of agricultural |ands.

(h) Penticton Creek

Penticton Creek appears to have reached its ultinmte devel opnent with
respect to water regulation. Limted irrigation is provided fromthis
source and by 2020 the predom nant use nmay be for nunicipal purposes.

14. 2 MAI NSTEM WATER QUANTI TY
EVALUATIONS 14.2.1 Alternatives

The devel opnent of naminstem alternatives has been based on neeting
present and future water requirenents (Table. 14.5) while at the sane

time maintaining satisfactory | ake elevations and river elevations and
di scharges".

Wth limted water available in the system particularly when two or
three drought years occur consecutively as happened in 1929-1932, it is
i mportant that water be conserved through efficient use in order that
reasonably adequate water elevations nmay be realized, particularly on
Ckanagan Lake. In contrast to this are the flood years when the | akes
and rivers nust be controlled within their nornmal high water el evations.

These problenms led to an exam nation of three different approaches
to managi ng the nmai nstem system

1) Conti nuation of the present operational procedures (Alternatives
(a) and (b). Table 14.6).



TABLE 14.5

WATER REQUI REMENTS- MAI NSTEM OKANAGAN RI VER FOR 1970 DEVELOPMENT AND 2020 GROMH

PRQJECTI ONS FOR PRESENT AND | MPROVED OPERATI NG CONDI T1 ONS

2020
A. PRESENT QPERATING CONDITIONS - with BT GROWTH PROJECTION GROWTH PROJECTION GROWTH PROJECTION
; 1 2 3
300 cubic feet per second minimum flow . . . e
in the Okanagan River between April & gzg:;ggagéggcggs CEEIE LR Lo/ s
September inclusive, and
100 ¢.f.s. minimum flow between Octobery Population 11,000 51,000 55,000 37,000
& March inclusive, Irrigated
Acres 14,000 16,000 15,000 18,000
Ac-Ft § Ac-Ft 3 Ac-Ft ] Ac-Ft )
MAINSTEM OKANAGAN RIVER
(a) Consumptive Use - Okanagan River 32,000 13.2 44,000 18.4 43,000 18.0 46,000 19.0
(b) Evaporation Losses from Skaha,
Vaseux & Osoyoos Lakes and from 49,000) 49,000) 49,000) 49,000)
the Okanagan River channel ) ) ) )
(c) Minimum In-Channel Needs for ) ) ) )
intake submergence & flushing 123,000) 86.8 107,000) 81.6 108,000) 82.0 108,000) 81.Q
(d) In-Channel Fishery Requirements ) ) ) )
additional to min. flows in (c) 39,000) 39,000) 39,000) 39,000)
TOTAL CONS. USE, LOSSES, MIN. g
FLOW FOR OKANAGAN RIVER REGION 243,000 100.0 239,000 100.0 239,000 100.0 242,000 100.0
B. IMPROVED OPERATING CONDITIONS - with
100 cubic feet per second minimum flow
the year round in the Okanagan River
channel.
MAINSTEM OKANAGAN RIVER
{a) Consumptive Use - Okanagan River 32,000 15.8 44,000 22.1 43,000 21.6 46,000 22.8
(b} Evaporation Losses from Skaha,
Vaseux & Osoyoos Lakes and from 49,000) 49,000) 49,000) 49,000)
the Okanagan River channel ) ) ) )
{(¢) Minimum In-Channel Needs for ) ) ) }
intake submergence & flushing 50,000) 84.2 34,000) 77.9 35,000) 78.4 35,000y 717.2
(d) In-Channel Fishery Requirements ) ) ) )
additional to min. flows in (cC) 71,000) 72,000) 72,000) 72,000)
TOTAL CONS. USE, LOSSES, MIN.
FLOW FOR OKANAGAN RIVER REGION 202,000 100.0 199,000 100.0 199,000 100.0 202,000 100.0




TABLE 14.6

MAI NSTEM SUB- ALTERNATI VES

(1)

TERNATIVE

(2)
OKANAGAN
FLOOD
CONTROL,
WORKS
AMORTIZED
7%-50 YRS.
ON $8,800,000

(3)

FLOOD
CONTROL
WORKS
OPER-
ATIONAL

(4)

OKANAGAN
LAKE
INTAKES

(s)

OKANAGAN R.
INTAKES &
SPAWNING
CHANNEL

(6)

KELOWNA
BRIDGE AND
OTHER FLOOD

CONTROL

WORKS

o

(7)

DIVERSION
COSTS

(8)

TOTAL
COSTS

(9)

INCREMENTAL
CAPITAL
COST

(1970 §)

(10)

INCREMENTAL
COST LESS
ALTERNATIVE
COST
(1970 §)

(1)

FLOOD
BENEFITS

(12)

RECREATION
BENEFITS

E

nt Operation-Fisher
“met Incidentally.
-~ Reqts.1970-273 %AF
2020-306-317
KAF

$755,000

$102,000

$10,000

o

10,000

$ 877,000

-$4,860

-$15,000

nt Operation-Fishery

- met all times

" Reqts.1970-312 KAF
2020-345-356 KAF

$755,000

$102,000

$10,000

R d

10,000

$ 877,000

-$4,860

-$37,500

- Conservation-Fisher
met Incidentally
' qts - KAF

eqts.
2020-254-261 KAF

$755,000

$70,000?

$10,000(2)

$23,000

10,000(2)

w

$ 868,000

$ 375,000

+ $9,000

-$4,860

~ Conservation-Fishery

- met all times

“Reqts.1970-271 KAF
2020-325-332 KAF

$755,000

$70,000?

$10,000(2

$23,000

$ 10,000

$ 868,000

$ 375,000

+ $9,000

-$4,860

-$ 7,500

- Conservation-Spawning

e1-0K River Fishery

_met all times

* Regts. -256 KAF
2020-307-314 KAF

$755,000

$70,0007

$10,000(2

$23,000
+$54,000

$ 10,000

$ 924,000

$ 913,000

-$54,000

-$4,860

-$ 7,500

| Control-Measures
tural Alterations to
ver, Regulation of
ake. TFishery Flows
ncidentall

"Reqts. 1970-273 KAF
| 2020-306-317 KAF
ation)

$755,000

$70,0007?

$10,000

$ 13,000

§ 848,000

$ 984,000

-$2,9000

-$2,580

-$15,000

.enance of Okanagan L.
s. Importation oOf
~ Fishery Flow met al}l

© Reqts.1970-312 KAF
2020-345-356 KAF

$755,000

$102,000

$ 10,000(2)

$1,176,000

$2,043,000

$10,725,000

-$1,166,000

-$2,440

enance of Okanagan L.

s. Importation of

~ improved Intakes

| Control_Measures

vy Flows Met all times

“reqts.1970-312 KAF
2020-345-356 KAF

$755,000

$70,000?

$23,000

$1,176,000

$2,024,000+

$12,084,000

-$1,147,000

-$2,440

1) Cost of existing Okanagan Flood Control Works, exclusive of Zosal Dam was $8,800,000- (1970 dollar value)

) While Okanagan Lake intakes and Kelowna Bridge would not require adjustments under 1970
Hence these costs are included here.

development such will be needed before 2020.

J For continuation of this Table see Table 14.10.
) For detajled estimates see Figure 14.6.



2)

3)

(a)

Exam nation of a nunber of water conservation and flood control measures wthin
the Ckanagan Basin (Alternatives 2(a), 2(b), 2(c) and 2(d), Table 14.6).

Inportation of water into the Ckanagan during drought years (A ternatives 3(a) and
3(b), Table 14.6).

As is the practice in this evaluation chapter, all alternatives are conpared
with the existing operational procedures. Wen possible each alternative will be
broken down into separate conponents, but in some cases the alternatives are not
mutual |y exclusive and in fact structural and non-structural changes in one
alternative may be useful in meeting the objective of others

A nunber of sub-alternatives have been identified within each of the three
managemrent approaches descri bed above. A summary of these sets of sub-altern-
atives is contained in Table 14.6, together with associated capital and annual
costs based on 1970 prices and financing over 25 years at 7% Detailed costs are
shown in Table 14.7. These costs can only be consi dered approxi mate and woul d
have to be revised upward to consider present day prices.

Alternative 1 - Continuation of Present (peration

(i) Sub-Aternative 1(a) - Fishery Flows Met Incidentally

This alternative sinmulates the existing operation of the Ckanagan Mi nstem
systemwhich is operated primarily for water conservation in drought years when
freshet inflows are | ess than 244,000 acre-feet (present day water requirenents)
and for flood control when freshet inflows are greater than 550,000 acre-feet. For
the near nornal inflow years which fall between these two extrenes, regul ation
tends to follow a nore uniform procedure based primarily on historic records of
| ake |l evel s and di scharges for average inflow years. In drought years (net
inflows | ess than 244,000 acre-feet), mninumflow for the Sockeye sal non run }n
Ckanagan River are reduced to conserve water in Ckanagan Lake.

The extrenes between droughts and floods are illustrated in Figure 14.3 for
the period 1925 to 1935 under the present operation, assum ng both existing and
future devel oprents.

Under such conditions, Ckanagan Lake woul d be drawn down to at |east 1116.8
feet in severe droughts, necessitating ajustrments to the Kel owna Floating Bridge
and to intakes around Ckanagan Lake total ling $132,000 and $100, 000 in capital
costs respectively (Table 14.7). In addition some $102,000 are required annual |y
to operate the Ckanagan Flood Control Wrks. There are also $15,000 of recreation
benefits foregone annually due to drawdowns on Ckanagan Lake and $4, 860 of fl ood
damage, (property, ballasting Kel owna Bridge, revenue |ost at narinas and canp-
grounds). Ckanagan Lake drawdowns under extreme drought conditions could result
in inportant environnental and social costs, particularly in relation to shoreline
recreati on, boat |aunching and general aesthetics.



TABLE 14.7
ECONOM C EVALUATI ONS
Mai nstem Water Quantity Alternatives
(Based on 1970 Devel opnent Only)

RANGE OF WATER
WATER BASIN REQUIREMENTS LR CLRN TN LIS COMPUTER RUNS CONSERVED IN
CAPITAL ANNUAL 1970 YEAR 2020 FOR
€0ST COST 3 GROWTH PRO-
ECONGMIC GROWTH| ECONOMIC GROWTH| ECONOMIC GROWTH 19 JECTIONS OVER
T 1970 Costs |7% - 25 yrs. o1 PROJECTION 1 PROJECTION 2 PROJECTION 3 70 2020 NULL OPERATION
) Includes BlimoN Salmon Fish Fish & T g : - - . .
Plus _ s is ish Fish Fish Fish Fish Fish Fish Fish Fish Fish
VE 25% for ¢ Reninery ol rerighery | dincid.| A1 | incie. [ AT1 | tncid. | ATl | ineid.| ATl | mmcid.| A1 | ncid.| AlY
Engineering & | Operation & q ments | Requirements Times Times Times Times Times Times
Contfngencies |Maintenance |Met Inciden-1 wet at A1l
tal to Other Times
$ $/vear Uses KAF KAF KAF KAF , KAF KAF KAF KAF
Some difficu
F WATER|Lower Okanagan River 0
Kanagan| intakes 143,000 23,000 };cg‘hﬁu}gg
m Lake |Lower Okanagan Lake 120,000 10,000 . is elev. 971
king intakes ) . » 200 2n 258 329 254 325 261 332 3 4 38 | 24-52 | 16-24 | may indicate
i o Floating 112,000 10,000 for conserva
Sub-Total 375,000 43,000 ;g;;;gg 8L
F WATER included her
ng
nels in| Spawning channels in Saving of 30
nagan Lower Okanragan 600,000 54,000 200 256 243 314 239 310 246 307 NO RUN 63-71 31-49 | drought year
ce River about 1/3 of
y flow Lake.
by Adjustments to Kel-
anagan {owna Floating Bridge 34,000 25000
igh Improvement Okanagan
on by |& Skaha Dams (gates; 25,000 4,000
od prevention of icing) o .
in Replacement McAlpine anagan La
,ing Brgdge P 166,000 14,000 normal ran?é
el & Tugulnuit Lake con-
e trgl works 45,000 8,000 Osoyoos Lake
. re- Osoyoos and Okanagan ? ? desirable ra
ine take flood plain
ay 97);| zoning 273 32 306 345 310 349 | 317 356 3 4 38 0 o | Replacement
Tnuit Improved Forecasting 2 2 may not be w
works; | Procedures Channel: basis of imp
Tow Excavation & re- conditions o
ood moval of temporary Bank erosio
for rock weirs 7,000 1,000 q:;‘redriflfr{
Fill in over-ex- be sustained
cavation & eros- destgn capac
jonknot tS e 317,000 51,000
8ank errosion pro-
tection 390,000 63,000
Total 984,000 144,000
F
;'ught Diversion of up to
th 36,000 acre-feet per 0i §
f month in drought 10,725,000 1,176,000 273 312 306 345 310 349 317 356 30 40 42 0 [} a,;ﬁ;?,,;",,f,"
me - years from the Shus- . diversion ca
ition wap River
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(ii) Sub-Alternative 1(b) - Fishery Flows Met Al Tines

An additional 39,000 acre-feet nust be rel eased from Ckanagan Lake to mneet

all Ckanagan River fishery requirenents in all years. In drought years, this
rel ease would result in greater drawdowns of Ckanagan Lake with increased im
pacts on shoreline recreation, wildlife and aesthetics. It is extrenely doubt-

ful that benefits to fisheries would outweigh the increased damage to Ckanagan
shorel i ne uses.

(b) Aternative 2 - Water Managenent (ptions Wthin Ckanagan Basin

(i) Sub-Aternative 2(a)
oj ective - Water Conservation (Fishery Flows Met Incidentally)
Met hod - Lower Ckanagan R ver |ntakes
- Contingency Plan for Mdifications to Kel owna Fl oating Bridge
- Lower (kanagan Lake I ntakes

- Zosel Dam Regul ation
- Tugul nuit Lake Véter Managenent
Lower Ckanagan River |ntakes

The Ckanagan Fl ood Control Works included the straightening and

i nprovenents to the Ckanagan River channel. This resulted in the cutting off of
a nunber of neanders or oxbows which contained irrigation and donestic water
intakes. |In order to service these intakes, each oxbow was connected to the

mai n channel at its upper and | ower ends by cul verts.

Wien the Ckanagan Fl ood Control Wrks were conpleted, it was found that the
river water elevations at nornmal summer flows did not provide adequate subnerg-
ence for the intake culverts, nor for sone of the intakes located directly on
the river due, prinarily, to lower water profiles than those anticipated. This
probl emwas renedi ed by the placing of stop | ogs across the weir openings at the
drop structures, thus raising water el evations at these points by sone two to
three feet. Nornally the stop logs are placed i mediately after the freshet and
remain there until the end of the irrigation season in Septenber when they are
r enmoved

Even with the addition of stop logs up to the top of the weirs, it has been
necessary to maintain a mnimumresidual flow of 300 cfs during the irrigation
season to provi de adequat e subnergence. After m d-Septenber, rel eases are norm
ally governed by fishery requirements in the | ower portion of the Ckanagan Ri ver
although in a drought year it may be necessary to reduce the mnimumflow to 100
cfs dependi ng upon the anounts of carry-over storage avail able i n Ckanagan Lake.

St udi es were undertaken to determne if the oxbows m ght be deepened and
the culverts and intakes |owered so that the required discharges (the greater of
the fishery requirenents or the mninumflows) could be nmet w thout the need for
stop | ogs.



Fromlimted field investigations it woul d appear that this sub-alternative is
feasible and could result in the saving of 40,000 acre-feet per year during drought
periods, assunmng fishery requirenments are net at all tines. A saving of up to 70,000
acre-feet could be made in a drought year if fishery flows were not net (i.e. if
operation were simlar to the present operation). Prior to the inplenentation of such a
proposal, it should be tested in the field to ensure a base flow of 100 cfs plus
consunptive use requirenents will nmeet the need? of the water users al ong Ckanagan
River. This test would also indicate the inprovenents required to various intakes
shoul d this proposal be inplenented.

Kel owna Fl oati ng Bri dge and Ckanagan Lake | nt akes

In severe droughts, simlar to that which occurred between 1929 and 1932, Ckanagan
Lake would drop to 1119.2 feet (0.6 feet bel ow normal | ow water el evation) under present
| evel s of devel opnent, and to 1116.8 feet under 2020 conditions of devel opnent. The
present m ni numoperating | evel of the Kelowna Floating Bridge is 1118.8 feet.
Therefore, while no i medi ate adj ustnents are needed, a contingency plan should be
prepared to cover any future adjustments and dredgi ng required shoul d these conditions
occur. Water intakes on Ckanagan Lake woul d al so have to be | owered so that they are
operable at elevation 1116.8 feet. The lead time required to | ower Ckanagan Lake
intakes prior to the occurance of a major drought (1-1/2 to 2 years) is such that this
wor k shoul d be undertaken imredi ately. The capital cost of the bridge nodifications and
the lowering of Ckanagan Lake intakes have been estinmated at $120, 000 and $112, 000
respectively.

By reduci ng kanagan Lake drawdowns in drought years, this sub-alternative al so
woul d | essen potential negative inpacts on shoreline recreational resources around
Ckanagan Lake, effectively elimnating these in all but the nmost severe drought on
record (1929-32). These econom ¢ and environnental benefits woul d have to be wei ghed
agai nst the increased danage to both the sockeye and sport fishery resources due to the
| oner m ni num Ckanagan R ver flows and greater fluctuati ons of Ckanagan Lake during
kokanee shore spawning and incubation. In view of the inportance of these resources to
the econom ¢ and environmental health of the Ckanagan, other water conservation sub-
alternatives that attenpt to neet fishery water requirenents should al so be consi dered.

Zosel Dam at Gsoyoos Lake

Experience during the 1970 and 1973 droughts indicates that Gsoyoos Lake |evels
cannot be maintained at 911 feet (USCGS) when inflows from Ckanagan River drop bel ow 270
cfs. This is due to considerabl e | eakage from Zosel Dam which nornally controls the
outl et of OCsoyoos Lake in the United States. Reductions of Ckanagan River inflows to
100 cfs woul d cause Csoyoos Lake levels to drop bel ow the el evation of Zosel Damunti
the | ake was controlled by gravel bars upstreamof the dam The precise el evation at
whi ch these gravel bars take control is not known and thus the consequences of QGsoyoos
Lake drawdowns on recreation and aesthetics in the area cannot be fully assessed.



Because Gsoyoos Lake is an international waterway, any further
consi deration of the effects of this water conservation sub-alternative shoul d
be referred to the International Joint Comn ssion.

Tugul nuit Lake \Water Managenent

Punping from Tugul nuit Lake is needed to suppl enent gravity drai nage when
Okanagan River is high. The punping system woul d operate during the freshet
peri ods and at other tines when high discharges nmuch be nmintai ned i n Ckanagan
Ri ver (See Sub-Alternative 3). It is estimated that the cost of the punping
system woul d be $45, 000, with annual costs including anortization at about
$8,000. These costs together with a discussion of benefits are included in
Sub-Alternative 3 rather than with the other costs of the sub-alternative

(ii) Sub-Aternative 2(b)
oj ective - Water Conservation (Fishery Flows Met At Al Tines)
Met hods - Lower kanagan River Intakes

- Mdifications to Kel owna Floating Bridge and Okanagan Lake
I nt akes

If full fishery flows are nmet in Ckanagan River at all times, and intakes
are adjusted to allow minimumflow of 100 cfs during the irrigation season
wat er requirenents for the basin would total 271,000 acre-feet under the 1970
| evel of devel opnent, which is the same as under the present operation, when
fishery flows are not net in drought years. Equival ent requirenments under
2020 | evel s of devel opnent could increase to 307,000 acre-feet.

Thus the saving of water during the irrigation season could be
transferred directly to neeting fishery flows. However, kanagan Lake | evels
woul d drop. 3.5 feet below the nornal |ow water elevation during prol onged
droughts and adjustnments to Kel owna Bridge and Ckanagan Lake i ntakes woul d
agai n be required.

As a conpromise, it would be possible to neet fishery flow requirenents
in all single drought years, which cannot be achi eved under the present
operation, and reduce flows in the second and third years of prol onged
droughts. The anount of reduction would depend on the size of the sal non run
and the magnitude of the drought, but could be negotiated by Federal Fishery
officials and B.C. Water Resources Servi ce.

(iii) Sub-Aternative 2(c)
oj ective - Water Conservation (Fishery Flows Met At All Tines)
Met hods - Lower kanagan River Intakes
- Construction of Spawni ng Channel s on kanagan Ri ver
Construction of a spawning channel for sockeye sal non near Ckanagan River
woul d enabl e additi onal water conservation in drought years. Because ful



channel water requirenents would be necessary to enable the salnmon to
mgrate to and fromthe channel, savings could only be realized during
the period of Cctober to February 15 inclusive (Table 14.8).

Also while flows could be reduced to 75 cfs during the period of
Novermber to February 15, it is considered that the m ni nrumresidua
flow in Okanagan River should be 100 cfs. The anount of water
conserved in a drought year by the construction of a spawni ng channe
woul d therefore be approximately 30,000 acre-feet.

TABLE 14.8

COVPARI SON OF FLOW REQUI REMENTS | N OKANAGAN RI VER FOR SALMON
W TH AND W THOUT PROPOSED SPAVWNI NG CHANNEL

PRESENT SALMON REQUIREMENTS WITH

MONTH REQUIREMENTS SPAWNING CHANNEL

Minimum Maximum Minimum Maximum

{cfs) (cfs) (cfs) (cfs)
August 300 350 300 450
September 350 550 350 550
October 350 550 100 -
November 1 to February 15 175 1000 75 -
February 16 to April 30 175 1000 175 -

*
Flows exceeding the maximums shown cause scouring and loss of
spawning habitat.

The capital cost of this sub-alternative has been estimated at
$600, 000 wi th an annual cost of $54, 000.
(iv) Sub-Alternative 2(d)

oj ective - Flood Control Methods - Increase Okanagan Lake

El evati on by One Foot in Flood years.

Adj ust
Tugul nui t

Kel owna Fl oating Bridge

Lake Punping and Erosion Control

Repl ace McAl pi ne Bridge

| nproved I nfl ow Forecasts
Provision for flood control within the mainstemincludes sone four
feet of storage on Ckanagan Lake equivalent to 340,000 acre-feet as
wel | as design channel discharges ranging from 2100 cfs at Penticton to
3400 cfs at OGsoyoos Lake. Because of the limted channel capacities
and the high freshet during April to July, it is necessary to plan the

regul ati on of Okanagan Lake well in advance of an inpending flood.



Under normal wi nter conditions, Ckanagan Lake can be | owered about one
foot a month al though operations in February and March may be inpeded by icing
conditions on the gates of Skaha Lake Damas well as at the inlet to Osoyoos
Lake where ice can plug the river channel

During past floods such as occurred in 1975, it was found that Ckanagan
Lake average di scharges were limted to about 70% of the channel capacity at
Penticton to allow for |ocal channel inflows downstream limtations in the
saf e discharges into Osoyoos Lake, l|ocal channel restrictions such as MAI pine
pile trestle highway bridge north of AQiver and the need for gravity drai nage
from Tugul nuit Lake.

| ncrease kanagan Lake El evation by One Foot in Flood Years

Wth the present |inmted channel capacity of Ckanagan River, net inflows
exceedi ng 600, 000 acre-feet cannot be contained within the nornal four foot
operating range on Okanagan Lake. Experience with the 1972 fl ood indicated
that if Okanagan Lake is allowed to rise to one foot above normal naxi nmum
el evation, about $50,000 of danmge to shoreline property will occur. As such
events occur very infrequently, annual costs are estimted at $4500. Wen
possi bl e, Ckanagan Lake shoul d be drawn down below its normal m ni mum
el evation when larger runoff is forecast. This would reduce the inpact of
fl oodi ng above the normal high | ake el evation.

Wt hout expensive structural adjustnents to Okanagan River, this sub-
alternative appears inevitable and shoul d be acconpani ed by flood plain zoning
around Ckanagan Lake to elevation 1127.5 feet (200 year flood el evation, plus
two feet of freeboard) to reduce any potential damage from fl oodi ng.

Adj ust Kel owna Fl oati ng Bridge

During the 1972 fl ood, approxinately $30,000 were spent on ballasting the
Kel owna Fl oating Bridge to acconmpdate the extreme high water el evations.
This investnent would have to continue in the event of subsequent floods, as
such floods are too infrequent to support nore pernanent adjustnents.

Erosion Control and Tugul nuit Lake Punpi ng

Er osi on protection around the drop structures on Ckanagan Ri ver and
adjustments to the gates on Ckanagan and Skaha Lake dans to prevent icing
could permt continuous discharges down Ckanagan River at 80% channe
capacity, conpared to 70% at present. These measures would allow the
evacuation of an additional 12,000 acre-feet per nonth prior to and during the
freshet and thus would inprove the flexibility of operating Okanagan Lake.
Capital costs are estimated at $739,000 (Table 14.7).



I ncreased di scharges down Ckanagan Ri ver woul d cause | ocal flooding
around Tugul nuit Lake, the natural drainage of which can be inpeded during
high flows in the main channel. |nprovenents to prevent such flooding should
i nclude the addition of a punping unit to supplenent the existing inproved
channel way between Tugul nuit Lake and Ckanagan River. This inprovement will
allow sufficient flexibility to control |ake water levels within the desirable
range and in the event of a nechanical failure, still allow sone inflow or
outflow as required.

McAl pi ne Bri dge

Repl acenent of MAl pine Bridge on H ghway 97, to elinmnate the trestles
whi ch presently trap debris, would cost an estimated $166, 000 or $14, 000
annual ly. This investnent cannot be justified on the basis of flood control
unless it can be denonstrated that the debris pile-ups at the bridge seriously
threaten the structure

| nproved | nfl ow Forecasts

The val ue of inproved forecasting nodels both for the total freshet
i nfl ow forecasts and for the short termforecasts a few days in advance are
recogni zed. Forecasting nodels are presently in operation and their
performance is under review by the British Col unbia Water Resources Service.

Vol unme inflow forecasts to Ckanagan Lake for the freshet period April to
July inclusive are published in the April 1 Snow Survey Bulletin of the
British Colunbia Water Resources Service, who with the assistance of the
Depart ment of Hi ghways, operate the Ckanagan Fl ood Control Wrks. These
forecasts are nade on the assunption that normal weather conditions wll
prevail during the freshet period, and have a standard error of forecast of
sone 84,000 acre-feet, equal to about one foot of storage on Ckanagan Lake.

In subsequent revisions of the forecasts during the snow nelt period up to the
end of July, about one half the error can be explained by variations fromthe
normal weather pattern. The renamining half of the forecast error can be
attributed to the linited understanding of the hydrol ogy of the basin
particularly with respect to changing soil moisture conditions. The
elimnation of this portion of the error would conserve up to 40,000 acre-
feet, which represents half a foot of storage on Ckanagan Lake. However, in
drought and fl ood years this may not be too inportant because conservation or
flood control action is normally taken well in advance of inflow forecasts and
is based primarily on the accumul ated snow pack data. Nevertheless, for a
better understandi ng of the hydrol ogy of the basin and the contribution to be
expected fromits mpjor tributaries, it does appear that the continuous

noni tori ng nodel has nmuch to offer.



(c)

Alternative 3 - Water |nportation

For all the above sub-alternatives, Ckanagan Lake woul d be drawn
down below its normal |ow water elevation of 1119.8 feet should the
1929- 32 drought recur. It appears that this situation can only be
avoi ded by inportation of water. The periods over which the diversion
woul d take place within the study period 1921-1970 are shown in Table
14. 9.

Al t hough maxi num di versi on shown in Table 14.9 is 500 cfs, it is now
consi dered that a 600 cfs capacity canal would be required for diversion
of water fromthe Shuswap R ver near Enderby over a seven nonth period
(March to July inclusive and October and Novenber) in drought years.

Over the 50 year study period, diversion would only be required for
a total of 20 nonths on nine different occasions, assuning 2020
devel opment conditions - a frequency of about one year in eight. The
maxi mum di versi on woul d occur with conditions simlar to the 1929-32
drought, with up to 167,000 acre-feet required in 1931. However, the
average annual volune diverted over the 50 years woul d be | ess than
10, 000 acre-feet.

TABLE 14.9
| MPORTATI ON OF WATER REQUI RED TO NMAI NTAI N OKANAGAN LAKE
ABOVE NORVAL LOWN WATER ELEVATION 1119.8 (C.F.S. - MONTHS)®

YEAR M A M J J A S| 0 N [ TOTAL
1926 500 500 j 500 | 1,500
1927 110 247

1929 500 500
1930 500 500 500 500 106 [ 2,106
1931 208 500 500 500 500 191 | 379 12,778
1932 401 500 9
TOTAL

C.F.S. MONTHS 719 {1,747 11,000 {1,000 |2,000 691 | 985 | 8,142
TOTAL MONTHS 3 4 2 2 4 2 3 20

*
1 ¢c.f.s. (cubic feet per second) - month is equivalent to
approximately €0 acre-feet.

Under these conditions, energy costs for punping are not
signi ficant when conpared to annual interest and anortization charges on
the $10 million capital costs. Total annual costs are estimated at $1.2
mllion, assunming no irrigation in the areas adjacent to the canal



The diversion canal could be used to irrigate adjacent |lands in the
Spal  untheen Val l ey, but due to punping requirenments, the annual cost per
acre-foot (excluding water costs at the canal side and |local distribution
costs) are estimated at $60-70. As annual net benefits fromtree fruits and
pasture range from $63 to $18 per acre-foot respectively, such punping
systens woul d not be economical, especially as nost agricultural production
in this section of the valley would be nmainly forage crops because of
climatic conditions.

Because water conservation sub-alternatives within the Okanagan do
significantly reduce | ake drawdowns in such extreme droughts, the investnent
of over $10 million, or $1.2 million annually to avoid such infrequent
droughts does not appear to be justified. Although water inportation would
basically elimnate all social and environmental consequences of extrene
Ckanagan Lake | evel fluctuations, it could have a detrinmental effect on
shor e- spawni ng kokanee. This is because Okanagan Lake woul d be regul ated | ess
conservatively and therefore be subject to greater drawdowns than at present
with the know edge that there was additional water available in the event of
a drought. Large |ake |evel drawdowns during the spawni ng and i ncubation
peri od (Septenber to February) woul d expose fish eggs, resulting in a
significant fish nortality. Because nore than half the total kokanee
popul ation is dependent on shore-spawning habitats, such events could have
serious consequences on the quality of angling on Ckanagan Lake.

14. 2.2 Discussion of Alternatives

A number of possible solutions to water nmanagement probl ens al ong the
mai nst em have been outlined. The evaluation of these alternatives is conplex
because econoni c and social val ues nmust be placed on a wi de range of water
uses. Such costs and benefits are summarized in Tables 14.7 to 14.10), which
compare all benefits and costs for each sub-alternative according 'to
economi c, environnental and social goals. The matrix has been prepared for
1970 and for 2020 devel opnent, where changes are significant.

Econom ¢ inpacts include flood damage to shoreline property and
devel opnments, |loss of tourist resources due to | ake drawdowns, adjustnents to
wat er intakes around Ckanagan Lake and al ong Ckanagan R ver and adjustnents
to Kel owna Fl oating Bri dge.

The environnental inpacts involve |oss of public beaches, |oss of use of
I aunching and nooring facilities, exposure of |ake bottom reduction in
kokanee and rai nbow trout shore spawni ng habitats, and inundation or
desiccation of wildlife nesting grounds.

Soci al inpacts include |oss of opportunity to use private boat docks due to
hi gh or | ow water |evels.



TABLE 14.10
ENVI RONVENTAL AND SCOCI AL EVALUATI ONS

Mai nst em Wat er

Quantity Alternatives

(Based on 1970 Devel opnment Only)

ALTERNATIVE

SOCKEYE
SALMON

SPORT
FISH

WILD-
LIFE

OKANAGAN LAKE
RECREATION
BEACHES

OKANAGAN LAKE
PRIVATE BOAT
DOCKS

OKANAGAN LAKE
PUBLIC BOAT
00CKS

CXANAGAN LAKE
PRIVATE PROPERTY
FLOODED

OKAMAGAN LAKE
LAKE BOTTOM
EXPOSURE

ACRE

RECREATION
DAYS

PRIVATE BOAT
DOCK DAYS

PUBLIC BOAT
DOCK DAYS

PRIVATE PROPERTY
ACRE DAYS

LAKE BOTTOM
EXPOSED
AREA-DAYS

Y(a)

Null Operation
Fishery Flows met Incidentally
ater Reqts.1970-273 KAF
2020-306-317 KAF

0

0

0

4

0

64.0

6023

109.4

106.8

950

(b)

Null Operation
ishery Flows met all times
Water Reqts.1970-3T2 KAF
2020-345-356 KAF

+7

+2

-4

64.0

8208

153.5

106.5

1679

2(a)

Water Conservation

Fishery Flows met Incidentally

Water Reqts.1970-200 KAF
2020-254-261 KAF

+5

+8

+9

+8

64.0

1129

13.0

106.5

77

(b)

Water Conszrvation

Fishery Flows met all times

Water Reqts.1870-277 KAF
2020-325-332 KAF

+8

+2

+2

+6

+2

+1

64.0

2538

91.4

106.5

850

(c

Water Conservation
Spawning Channel-0Ok.River

Fishery Flows met all times
ater Reqts. 0- KAF

2020-307-314 KAF

+10

+2?

+21

+7

+3

+2

64.0

15008/

80.0%/

106.5

8008L

“(d)

Flood Control Measures
Structural Alterations

to Ok.River.,Reaulation
of Ok.Lake. Fishery Fiows
met Incidentally.

Water Reqts. 1970-273 KAF
{(Nu? 2020-306-317 KAF
Operation)

+10

+2

+3

+10

+2

43.3

5000

78.4

§2.0

840

3(a)

Maintenance of Okanagan
Lake Levels.

Importation of Water
Fishery Flow met all times
Water Reqts.1370-312 KAF
(Nul1l 2020-345-356 KAF
Operation)

+7

+4

+10

+10

64.0

650

106.5

.24

(b)

Maintenance of Okanagan
Take Levels

Importation of Water
Improved Intakes

Flood Control measures
Fishery Flows met all times
Water Reqts.1970-312 KAF

2020-345-356 KAF

+8

+2

+10

+10

+10

+10

+10

43.3

284

5.6

52,0

.24

NOTE:

K.A.F. - Kilo Acre

‘e! - estimated

Feet

For commencement of this Table see Table 14.11.




To account for seasonal variation in use (for exanple, boat docks are mainly used
during the sumrer nonths), each social and environnental |anduse category was adj usted
by a nmonthly weighting factor (Table 14.11). These factors were based on observed or
estimated seasonal use patterns obtained fromthe creel census, socio-economc fishing
survey and recreation studies (Table 14.12). For each sub-alternative, total damage in
dollars or other units for all extreme events in the 50 year study period was sunmed
and divided by 50 to obtain average annual damage val ues.

A though there is little doubt that Ckanagan Lake drawdowns bel ow the m ni mum | ow
wat er elevation of 1118.8 feet during the summer woul d have significant inplications
on the economcs of the tourist industry, it is alnost inpossible to quantify this
effect. During the 1972 beach-user survey, shoreline recreationists were asked for
their possible reaction to such drawdowns, but responses were not enlighteni ng because
they had not experienced such conditions.

The Ckanagan tourist trade has considerable resilience to single events which
whi ch effect recreation quality. This has been denonstrated by the effect of the
Skaha and Wod Lake al gae bl oons of 1967 and 1971 respectively. Al though sone |ong-
term Ckanagan tourists did avoid the basin, they were replaced by others who either
had not known about these bl oons, or who placed | ess enphasis on water quality as a
factor in their recreational enjoynent.

However, water quality deterioration in a small portion of the Basin over a
single year is of linted value in anticipating loss to the tourist industry as well
as the environnmental and social inmpacts of Ckanagan Lake | evel s remai ni ng bel ow nor nal
low water elevations for periods up to three years (See Figure 14.3).

To provide sone estinate of economic inpacts, it was assuned there would be a 10%
reduction in the tourist trade in two consecutive drought years, under nornal
operating conditions. Based on the 1979 net incone fromtourists expenditures of $4.5
mllion, this inpact is valued at $450,000, which is again reduced to $15,000 on an
annual basis, assumng an average return period of one in 50 years. The capitalized
val ue of this loss to 2020, discounted at 7% per annum woul d be $400, 000.

Increnental inpacts for each sub-alternative relative to simulated historic
i nflows regul ated by Ckanagan Lake Damwere scored according to the foll ow ng
procedure: -

The extreme range in annual darmage val ues for each | anduse category was noted and the
di fference between the annual value for the sinulated operation and both extrene

val ues (above and bel ow the historic) was cal cul ated. The larger difference, whether
positive (benefit) or negative (cost) was scored at 10. D fferences between the annua
val ues for the sinulated operation (based on conputer nodel data) and the respective

annual values for all other sub-alternatives were then scored as a percentage of this
maxi mum di f f erence, decreases



TABLE 14.11

MONTHLY WEI GHTI NGS | N DAYS FOR SHORELI NE DAMVAGE

JAN. FEB. MAR. | -APR. MAY -1 JUNE JULY AUG. SEPT. 0CT. NOV. DEC.
Public Boat
Access Ramps 0 0 5 10 15 25 31 31 20 10 5
Private Boat
Docks 0 0 5 10 15 25 31 31 20 10 5
Public
Recreation 0 0 0o | 0 5 15 31 31 10 0 0
Beaches
Marinas 0 0 0 0 20 | 30 31 31 20 10 0
Campgrounds 0 0 0 0 10 20 31 31 10 0 0
TABLE 14.12
| MPACTS ASSCCI ATED W TH MAI NSTEM
OKANAGAN WATER MANAGEMENT AL TERNATI VES
ASSOCIATED UNIT OF
GOAL IMPACT CATEGORY LOCATION MEASUREMENT
Kelowna Floating Bridge Okanagan Lake dollars
Flood damage to private property Okanagan Lake dollars
ST Revenue lost - marinas Okanagan Lake dollars
- - lake drawdowns Okanagan Lake dollars
Intake adjustments Okanagan River dollars
Okanagan Lake dollars
Recreation beaches flooded Okanagan Lake acre days
Public boat ramps dinoperable Okanagan Lake ramp days
Shoreline exposed by lake ]
draw-down Okanagan Lake area-days
. Sockeye salmon ' Okanagan River spawning fish
Environmental Sport fisheries e
- Kokanee (shore spawning) Okanagan Lake spawning fish
- trout & Kokanee Okanagan River spawning fish
Wildlife Okanagan Lake
~Okanagan River
Social Private property flooded Okanagan Lake acre days
Private boat docks inoperable Okanagan Lake boat-dock days

*
1"Area-Days"

- Due to the difficulty in surveying lake bottom area exposed at various draw-

downs below the minimum level of 1119.8 feet, a dimensionless index of "area-
days® was developed. The maximum extent of shoreline exposed at any location
around the lake at 1116.8 feet was rated at 100, and incremental drawdowns
between 1119.8 and 1116.8 feet for this and other sections of the shoreline
were pro-rated to 100. ‘The pro-rated numbers were then multiplied by the
number of days the drawdown.at each 0.5 foot increment occurred to produce
the index "area-days".




i n annual damage being scored positively and increases scored negatively. In
nmost categories of |anduse, as at |east one sub-alternative effectively elim
i nated the damage due to high or |ow water, a score of +10 means that the

pl anni ng obj ective was fully achi eved.

In the case of sockeye sal non, an approxi mate rel ati onshi p bet ween Ckanagan
Ri ver di scharges and spawni ng success was generated and the di scharge regi ne of
each sub-alternative was then anal ysed to project sockeye production. Discharg-
es whi ch enabl ed opti num production of sal mon (average escapenent of 51, 000)
were scored as 10, while those that effectively elimnated the run were scored
as zero. Socres were pro-rated according to the estinated success of sockeye
reproducti on associated with various mnimmflows for each alternative.

Q her inmpacts on sport fishing resources in the mainstemincluded kanagan
Lake fluctuations on shore spawni ng kokanee and Ckanagan R ver di scharge regines
on kokanee and rai nbow trout spawni ng habitat in Ckanagan R ver, and subsequent
rearing success in Skaha, Vaseux and QGsoyoos Lakes.

A single score represented an integration of inpacts on each sport fishery
conponent. This score was based on the magnitude of inpacts due to |ake |eve
fluctuations or Ckanagan River flows falling outside desirable ranges and
wei ght ed according to the size of the fishery supported by shore or main river
spawni ng, incubation and rearing. Because angling for large rainbowtrout in
the | ower Ckanagan River was known to be a highly prized recreation, inpacts on
this resource were weighted three tines that of other sport fishery conponents.

Al t hough cul tural changes in shoreline | anduse have significantly reduced
natural wildlife habitat, potential threats to remaining habitat due to alter-
nati ve operation of the Ckanagan nmai nstem system coul d occur in the north arm of
Ckanagan Lake and in the oxbows adjacent to the Ckanagan R ver Fl ood Channel .
Impacts on wildlife habitats around Ckanagan Lake were not scored, as no alter-
nati ve created prol onged changes in the present operating range which woul d
seriously affect natural habitat. Scoring of the effects of various m ni mum
flow regi mes in Ckanagan River was based on a qualitative relationship between
flow and wildlife breedi ng success.

14. 2.3 Concl usi ons

By 2020, growth in population and irrigated acreage could change total basin
wat er requirenents for both consunptive and non-consunptive uses to between
344,000 and 347,000 acre-feet under the three projections exam ned, conpared to
312,000 acre-feet at present (1970). Al though these possible increases are not
consi dered | arge enough to affect mainstemoperation significantly, they wll
further aggravate the potential drought problens in the system Thus, should the
present method of operation be continued, recurrence of prol onged droughts woul d
result in greater drawdowns of Ckanagan Lake in the future



t han those antici pated when the Ckanagan Fl ood Control Wrks were constructed,
and have relatively greater inpacts on shoreline recreation and could threaten
the viability of the sockeye sal non fishery over the next 50 years.

It is also apparent that inportation of water to the kanagan Basin
cannot be justified on either econom ¢ or environnental considerations.
Inflows to Ckanagan Lake are sufficient to neet all water requirenents in nost
years with proper nmanagenent and the environnental costs associated with a
prol onged drought such as occurred in 1929 to 1932 appear to be preferable
t han annual expenditures of over $1 nillion to pay the costs of inportation

To provide greater flexibility for operating the system during such
droughts, one of the water conservation sub-alternatives should be
i npl enented. Lowering the irrigation intakes on Ckanagan Lake and River w |l
produce economni ¢ and environnental benefits that appear to outweigh their
rel atively nodest annual costs, though further consideration would have to be
given to the consequences of mininmmflows of 100 cfs on OGsoyoos Lake |evels
and the possibility of replacing Zosel Dam

Di scussions with public task forces, indicate that the Okanagan residents
pl ace highest priority on naintaining water supplies to donestic and
irrigation uses followed by recreation and fishery requirenents.

Consequently, in extrene and prol onged droughts, operating procedures woul d
have to be devel oped so that consunptive uses were met at all times, and sone
fishery requirenents in Ckanagan River foregone to the point where reductions
of negative inpacts of Ckanagan and Osoyoos Lake drawdowns bal ance the | osses
of fishery production

Because Ckanagan Lake would only fail belowits extreme mininum el evation
of 1118.8 feet very infrequently, actual adjustnents to Kel owna Fl oating
Bri dge m ght best be undertaken when kanagan Lake approaches its mini num
el evation of 1118.8. A contingency plan should be prepared for this however,
so that such nodifications can be carried out w thout delay. In the case of
t he kanagan Lake intakes, it would not be feasible to wait because of the
nunber involved, and such inprovenents should be undertaken at the sane tine
as the Ckanagan River intakes are | owered.

Fl oodi ng around Ckanagan Lake only occurs about once in 15 years and
cannot be considered a serious problem Inprovenents in forecasting resulting
froman increased understanding of tributary hydrol ogy and soil noisture
bal ance will assist in better flood regulation. Some of the real physical
constraints of naintaini ng maxi mum di scharges in Ckanagan Ri ver shoul d be
overconme, such as control works for regulating Tugul nuit Lake | evels and sone
bank and erosion protection neasures.



It does not appear that the costs of constructing fish spawning
facilities adjacent to Ckanagan River to mmintain the sockeye sal non run
can be justified solely by the amount of water conserved and associ ated
envi ronnent al benefits around Ckanagan Lake in drought years. An
additional problemwi th respect to salnon is the adequacy of the Zosel Dam
fish ladders. The release of water specifically for fisheries to the | ower
reaches of the Ckanagan River upstreamis contingent on adequate upstream
and downstream migration at Zosel Dam

14. 3 OSOYQOOS LAKE ELEVATIONS 14.3.1 Statenent of Probl ens

The objective of water managenent in the Okanagan Basin is to provide
adequate water of good quality at satisfactory el evations.

Through structural inprovenments and good water managenent it is
possi bl e to approach these objectives for the nainstemsystemto the inlet
of OGsoyoos Lake. This is due primarily to the large storage capacity of
Okanagan Lake (340,000 acre-feet) which can retain a major portion of the
freshet inflows while tributaries downstream of Penticton are peaking and
filling the river channel to capacity.

Simlarly, in dry periods rel eases from Ckanagan Lake can sustain
consunptive use and nini mum resi dual flow requirenents through to Osoyoos
Lake.

In contrast, Osoyoos Lake with about 7% of the area of Ckanagan Lake,
has very linmted storage capacity in its desirable operating range of 1.6
feet as outlined in Table 14.13. This desirable range can only be
positively controlled by Zosel Dam at the | ake outlet, when near average
flow conditions are occurring. There are no obstructions upstream of the
dam whi ch affect Gsoyoos Lake hi gh water el evations.

In the past, Osoyoos Lake outflows during heavy floods have been
retarded or sonetinmes reversed by backwater fromthe Sim lkameen River
whi l e under |ess severe conditions the control has shifted to the channel
upstream of Zosel Dam when delta material from Tonasket Creek has built a
bar across the nmain channel

TABLE 14.13
DESI RABLE ELEVATI ONS FOR OSOYOOS LAKE

Geodetic Survey of Okanagan Flood United States Coast and
Canada 1961 Datum Control Datum Geodetic Survey Datum
(6.5.C. feet) (0.F.C.feet) (U.S.C.G.S. feet)
910.4 909.0 910.7
912.0 910.6 912.3

NOTE: Preferred summer elevation of Osoyoos Lake is 911.0 feet (USCGS)
or 910.7 feet (GSC). :



In summary, the two water quantity problens that can be
identified with respect to Gsoyoos Lake are:

1) Maxi mum el evati ons occurring above 912.0 GSC (912.3 USCGS).
2) M ni mum el evati ons occurring bel ow 910.4 GSC (910. 7 USCGS) .
14.3.2 Maxinum El evations of Osoyoos Lake

Serious flooding occurs around Osoyoos Lake on average about once a
decade, resulting in an average annual cost of $26,000. During extrene
flood conditions such as occurred in June 1972, OGsoyoos Lake rose over 5
feet above the normal naxi mum causing $212,000 of damage to shoreline
property or lost revenue to the local tourist industry. However, this
size of flood is only expected to occur about once every 45 years.

Extreme fl oodi ng on Gsoyoos Lake results fromhigh flows on the
Si m | kaneen River which back up into OGsoyoos Lake, effectively stopping
any outflow of water. Since inflows to the | ake during such runoff
periods conme largely fromtributary inflow between Okanagan and Osoyoos
Lakes, the control of Okanagan Lake outflows has little effect on OGsoyoos
Lake levels (Figure 14.4).

14.3.3 Alternatives

Structural and non-structural alternatives for controlling Gsoyoos
Lake water elevation or preventing flood damage are as foll ows:

Structura

Fl ood storage on Sim | kameen River of sufficient capacity to reduce maxi mum

flows on the Siml kaneen River to 17,000 cfs or less at the N ghthawk gauge.

- Construct a damat the outlet of OCsoyoos Lake to prevent backwater effect
and reverse flow fromthe Sinilkaneen River at high stage, together wth
a punping station to carry the discharge of Okanagan River over the dam
This woul d al so mai ntain Csoyoos Lake at a desirable sumer water el evation
whi ch cannot be done with the present structure.

- Repl acenment of Zosel Damw th l[imted flood control features.

- Construct permanent dykes to protect affected built-up areas around
Gsoyoos Lake

- Construct energency dyking to protect affected built-up areas aro-und
Gsoyoos Lake.

- Channel inprovenments bel ow Zosel Damin the United States.

Non- Structura

- Forecasting and Fl ood Warni ng Systens

- Plan and | npl enent energency preventative measures, together with a program
of educating residents in flood fighting techniques.

- Fl ood pl ain zoning.
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(a)

Structural Sub-Alternatives

(i) Flood Control Storage on the Sinilkaneen River

Al t hough the Sim lkameen River is not within the terns of reference
of the Okanagan Basin Study, the river in flood stage certainly has an
ef fect on Gsoyoos Lake, which is within the Study area. Storage at
upstreamsites on the Sinmil kameen River in the United States and further
upstreamin Canada, could be a solution to the flood problem at Osoyoos.

For the purpose of this report it has been assuned that di scharges
into Gsoyoos Lake as well as the local inflow (which is relatively
small) will not be greater than 3,000 cubic feet per second. Wth free
fl ow out of Csoyoos Lake (that is, no backwater effect fromthe
Si m | kaneen River) the maxi mum | ake | evel would be 913.8 (USCGS) to
achi eve a di scharge of 3,000 cubic feet per second. This free fl ow would
be achieved if the discharge of the Simlkameen River at N ghthawk coul d
be held to 14,000 cubic feet per second or |ess during the freshet
period (April to July inclusive). Lesser degrees of control (to 17,000
or even higher) would al so be worthy of consideration.

The retention of all flood water on the Simlkameen River in
excess of 14,000 cubic feet per second, would require the follow ng
upstream storage requirenents:

TABLE 14. 14

STORAGE REQUI REMEHTS- SI M LKAMEEN RI VER | N CANADA

STORAGE REQUIRED POTENTIAL STORAGE
In Acre-Feet In Acre-Feet
LOCATION 1948 1972 Tributaries| Mainstem Totals
Above Princeton| 463,000 895,000 158,000 273,000 431,000
(Bromley}
Below Princeton| 197,000 384,000 70,000 62,000 132,000
TOTALS 660,000 1,279,000 228,000 335,000 563,000

It is evident from Table 14.14 that the total potential tributary
storages on the Siml kameen in Canada of 228,000 acre-feet would not be
nearly sufficient to neet the 1948 fl ood storage requirenents of 660, 000
acre-feet and would be totally inadequate in neeting the 1,279,000 acre-
feet required to control the 1972 flood. Even with the addition of the
mai nst em st orages at Brom ey and Ashnola, the total potential storage of
563, 000 acre-feet falls short of the 1948 requirenments and is only about
44% of the 1972 requirements (Figure 14.5).
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In a report to the International Joint Comrission (24), reference is nmade to
a potential dansite on the Simlkaneen R ver at Shankers Bend in the State of
Washi ngton. The Shankers Bend Hi gh Dam sone five miles upstreamfrom Ooville,
woul d provi de storage between elevation 1,150 and 1,289 feet, equivalent to
1, 310,000 acre-feet. This would back water alnost to Cawston in Canada (Figure
14.5) and woul d appear to be the size of storage needed to control the record
runof f of 1972.

Wil e any significant reduction in the peak flow of the Sinil kaneen River
woul d have a beneficial effect on Osoyoos Lake in years of high runoff, it is
obvi ous that the cost of providing such storage on the Sim | kaneen River either
in Canada or the United States, cannot be justified solely on the basis of bene-
fits in flood relief around Csoyoos Lake.

At the present time, the U S. Arny Corps of Engineers are carrying out a
study of the Okanogan River in Washington with respect to flood control, which in
time, should provide nore information on the regulation of the Simlkaneen

(ii) Gsoyoos Lake Dam and Punping Station

Fl oodi ng on and around Osoyoos Lake could be effectively prevented by con-
structing a dam bel ow the outlet of Osoyoos Lake at Oroville (near existing Zose
Dan) of sufficient height to prevent any reverse flow fromthe Sinil kaneen River
i nto Gsoyoos Lake. A punping station would be a necessary part of the project in
order to lift water entering Osoyoos Lake fromthe Ckanagan Ri ver and ot her
tributaries and discharge it over the dam

The dam woul d need to be constructed to elevation 925 feet. This would
afford protection agai nst backwater fromthe Sinmlkanmeen River to elevation 920
(about one foot higher than the | evel reached on May 29, 1894 - the highest
known), and give a nmargin for wave action.

As the annual flood danmages around Osoyoos Lake anpunt to about $25, 000,
such a project would not be economcally justified and has not been given further
consi der ati on.

(iii) Replacenent of Zosel Dam

The present 140 | ong Zosel Dam which accords sone degree of |owleve
control for Gsoyoos Lake, is nearing the end of its useful life and will probably
have to be reconstructed or replaced by a nore satisfactory structure. The
original purpose of the structure in 1927 was to create a mll pond for |og
storage. In 1948 it was nodified to increase its capacity for passing |arge
flows. The mll pong is no |onger used, and the control structure is operated by
the conpany as a public service to maintain the |evel of the |ake during periods
of low flow. During flood periods, the structure is inundated and | ake | evels
are controlled by the level of the Sinmlkanmeen River.



Since regul ati ons concerning the operation of this structure cone under the
I nternational Joint Comm ssion, further studies of Osoyoos Lake |evel reg-
ulation should be referred to this group to determ ne what nmeasures need to be
undertaken either in Canada or the United States to -

1. mai ntai n Osoyoos Lake | evels during drought periods
2. reduce fl ood danage around Osoyoos Lake.

(iv) Permanent Dykes to Protect Built-up Areas Around Osoyoos Lake

Dyki ng around hi gh val ue properties on the | akeshore was explored as a
possi bl e solution to the threat of flooding, but was dism ssed because of the
obvi ously high cost of construction in relation to the infrequent need for pro-
tection. Further, there is little material locally suitable for building dykes
and it would be difficult to prevent water seeping through the sandy soil on
whi ch the dykes would have to be built unless extensive and expensive grouting
was carried out. Wien considered with the length of shoreline that woul d need
protection, the cost of dyking could be far nore than property owners m ght be
prepared to pay. The cost of building sone 23,300 linear feet of permanent
dyke is estimted to be $450, 000.

(v) Enmergency Dyking to Protect Affected Built-up Areas Around Osoyoos Lake

This option envisages hastily-built dykes of local material to protect
hi gh-val ue properties when a flood threat devel ops. The sane problens apply to
energency dykes as to pernanent dykes. Seepage beconmes even nore of a problem
wi th emergency construction, even if polythene sheets were available to provide
an inpervious core, since it would still occur through the underlying porous
soils. Energency dykes would only be effective if used directly against a
house as a support for a water-proof nmenbrane, and under these conditions
seepage under basenent floors becomes a problem Experience during the 1972
fl ood enmergency showed that when water was punped out of flooded basenents, the
uplift caused by water pressure bel ow the basement floors caused damage by c
acking the floor sl abs.

It is estimated that sone 27,000 feet of tenporary dyke woul d be required,
and including the restoration of the beach after the flood, the total cost has
been pl aced at $180,000. The equivalent figures excluding the north end of
OCsoyoos Lake are 23,300 feet of dyke and $160, 000 respectively.

This is considerably nore than the danmage sustained in 1972, Further, even
using six construction crews working around the dock, it would require 32 days
to built the 27,000 feet of dyke, which is clearly inpractical when only one or
two days' warning nmay be possible.

(vi) Channel |nprovenents Bel ow Zosel Dam

One of the flood control studies proposed by the U S. Arny Corps of Engi neers



(b)

is to deepen and wi den portions of the Ckanogan R ver. This would inprove |oca
conditions in the United States but would not appreciably change the overall river
gradient, which is only two feet per nile between the confluence of the Simlkaneen
and the Colunbia River, a distance of approximately 68 nmles. The cost of the

| ocal inprovenent proposal for flood control is estimated at about 5 mllion
dollars. To effectively control Gsoyoos Lake el evations, however, najor excavation
to increase this river gradient would. be required, costing nany times this anount.

Non- Structural Sub-Alternatives

(i) Forecasting and Fl ood Warni ng Systens

As discussed in Chapter 4, Section 4.3, forecasts of the volume inflows to
Ckanagan Lake are nmade each year by the British Col unbi a Water Resources Service
The nmore accurate and reliable these forecasts are, the easier is the nmanagenent of
the system including that of Gsoyoos Lake. |If the likely inflowto the Basin
could be predicted accurately, then the rel eases from Ckanagan Lake coul d be
schedul ed to have the | east detrinmental effect on Gsoyoos Lake |evels. For the nost
ef fective scheduling of releases from Ckanagan R ver however, a reliable short-term
guantitative forecast of Simlkaneen R ver flows would be required. At the present
tine it is possible to predict fluctuations in the Simlkameen Rver flows only
qualitatively, and thus predict whether GCsoyoos Lake is likely to rise or fall

These conbi nations of Basin volume inflow forecasts and the short-term
qualitative forecasts enable fl ood warnings to be disseninated to comunity
| eaders, local authorities and the media. Wile this has been done in the past, a
nore effective neans of comunicating with the residents in the area appears.
necessary in years of anticipated high runoff.

(ii) Enmergency Preventative Measures and Education in Flood-fighting Techni ques

The 1972 fl ood damage survey around Gsoyoos Lake indicated that about 80
percent of |akeshore residents attenpted sonme type of energency action to reduce
fl ood danage. These measures ranged fromrenoval of contents to higher el evations
in the house, to properly placed sandbags w apped in inpervious polyethyl ene
sheeting, supplemented by punping. In the 1972 flood, much of this energency work
was i neffective due to |ack of know edge of effective techniques and | ack of
avail able materials. The rapid rise of Osoyoos Lake in the critical three days
prior to the peak (daily increases of 0.65, 0.87 and 0.52 between May 30 and June
2, for atotal rise of 2.04 feet in three days) was virtually indefensible for
househol ders trying to keep sandbag def ences above the water |ine.

Unl ess positive flood prevention neasures can be achieved for the Gsoyoos Lake
area, a program of educating residents in flood-fighting techni ques under energency
conditions should be instituted well in advance of any flood threat.



It nust al so be recogni zed that an education program of this nature would have
to be repeated year after year, when conditions warranted it, as a refresher
to long-tinme residents as well as to educate new arrivals.

A supply of materials (sandbags, inpervious sheeting, etc.) should
be stockpiled locally in anticipation of enmergency needs.

Cvil Defence and | ocal governnent officials, profiting fromthe
experience of the 1972 situation, should be in a position to plan for simlar
energenci es and devi se net hods of coordi nating vol unteer and enpl oyed workers,
and providing |ogistical support.

(iii) Flood Plain Zoning

The nost realistic solution in the long termto the flood problem around
Gsoyoos Lake appears to be flood plain zoning, under which any construction on
| akeshore | and subject to inundation would be regulated to prevent damage from
floods. Wiile the details of the flood plain zoning will require further
field investigations, it is evident that it would have to extend to about
el evation 921 with certain horizontal limts set for buildings and other
i mprovenents above this |evel

14.3.4 Mninmum El evati ons of Osoyoos Lake

The | ow | ake | evel s experienced in Gsoyoos Lake in 1973 have resulted in
several conplaints fromresidents of the area. The follow ng di scusses sone
possi bl e reasons for the low |l evel s and courses of action that could be
followed to renedy the situation both now and in the future.

Records of Osoyoos Lake |l evels are available as far back as 1928, with
di scharge neasurenents in the reach between Gsoyoos Lake and the junction with
the Sinil kanmeen River since 1942. As the Zosel damwas constructed in 1927,
this means that there are no records avail able of the Osoyoos Lake
fluctuations prior to construction of the dam It is not easy to determ ne
the control which regul ates Osoyoos Lake and it is probable that the contro
changes both according to | ake el evation and fromyear to year. Qher than
during very high flows in the Simlkaneen River, the control would appear to
be either:

(a) the bar at the south end of the |ake
(b) the bar at Tonasket Creek, or
(c) Zosel's dam
The first two will no doubt, vary fromyear to year and the Zosel damis
probably the control either when the lake is fairly I ow or when the stopl ogs
in the damare sufficiently high to cause a backwater to the | ake.

The question of the effect of the Zosel damon the |evel of Osoyoos Lake
was brought before the I1JC (by the State of Washi ngton, on behalf of the town



of Oroville, and the County of (kanogan), in late 1942 as the result of nany
conpl ai nts about high water levels in Gsoyoos Lake. During the course of the
hearings held in 1943, it becanme apparent that Osoyoos Lake had increased in
| evel by about two feet in the period 1934 to 1942, with the biggest change
occurring in 1939. It seens alnost certain that during this period, the bars
at the nouth of the | ake and at Tonasket Creek accunul ated naterial resulting
in the higher |lake levels. The argunent was nmade that the Zosel dam by re-
ducing the velocity of flowin the river, stopped the bars bei ng washed away
as had happened previously. Qher factors may have hel ped nake the bars nore
stable at this tinme; a tenporary fish screen was placed across the nouth of
the | ake to stop sal nron escapenent and a flash flood in Tonasket Creek brought
down | arge anpbunts of apple tree prunings anongst the granular nmateri al
maki ng the bar nuch nore cohesive.

The 1943 1JC hearings resulted in the appoi ntnent of a Board of Engineers
to study the problens raised. The Board reported in 1945 with further public
hearings being held in 1946. This resulted in the IJC issuing an "Order of
Approval " in which they found that the Zosel dam "sonetines raises the |evel
of Osoyoos Lake" and which ordered alterations to the spillway of the dam such
that it would be capable of discharging 2,500 cfs with a headwater el evation
of 911 feet. The Order says nothing about how the dam shoul d be operat ed,
although it is inplied that it would be desirable to keep Osoyoos Lake bel ow
el evation 911 feet (USCGS).

Sonme alterations were nade to the damin the late 1940's as a result of
the 1JC Order, but even prior to this in about 1945, GOsoyoos Lake |evels
dropped by about two to two and a half feet. This may have been due to
dredgi ng, but no record can be found of this. It appears that the damis not
capabl e of passing the 2,500 cfs at elevation 911 (USCGS) required by the 1JC
Order, although w thout knowi ng how many flashboards, (if any) are installed
at any tine, it is not possible to be sure. Sonme further nodification to the
fi shways were undertaken in 1965-66, but these probably had little effect on
the damis control of the river.

Because of the difficulties of nmaintaining Gsoyoos Lake at its desirable
sunmer el evation of 911 in 1973, a study was undertaken of a sinilar drought
year - nanely 1970.

In Figure 14.6, the discharges at diver, Osoyoos Lake el evations and the
di scharges at Oroville are shown for 1970. Wth discharges of sone 300 cfs at
Aiver during the irrigation season, OGsoyoos Lake remains at or near elevation
911. Assumng no other inflow, this can be equated wth evaporation and con-
sunmptive use of 70 cfs plus the discharge at Zosel dam
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Under sinilar conditions in August 1973 with measured fl ow downstream
of the dam of 230 cfs, the apparent discharge over the stop |ogs at Zose
dam was estinated at 60 to 70 cfs leaving a residual flow of sonme 160 cfs
whi ch can only be accounted for by |eakage through the dam

Any wat er conservation schene which woul d reduce the nininmumresidua
flow from300 cfs to 100 cfs during the irrigation season may result in
| ower OGsoyoos Lake el evations. Wth continuing | eakage through Zosel dam
it is probable that as Osoyoos Lake drops bel ow el evati on 911 (USCGS)
control may shift from Zosel damto the Tonasket Creek fan upstream

The problens of | ow water el evations on Gsoyoos Lake have been evi dent
in the last three years and will remain a problemunless a structure can
be built at the | ake outlet which can properly regulate water with little
or no | oss by seepage. Such a dam should be able to nmaintain GCsoyoos Lake
sumrer elevations at 911 feet with inflows fromdiver of 100 cfs (rather
than the 300 cfs presently required). Stringent operation would be
required to conserve water under conditions simlar to the 1929-32
dr ought .

14.3.5 Discussion of Alternatives

Al t hough GCsoyoos Lake fluctuates outside its desirable range of 910.7
to 912.3 feet, the econonm c and social consequences of these extrene
fluctuations are not |arge. Annual flood damage under 1972 | evels of
devel opnment is estimated at $25,000 although in extrene floods, such as
occurred in 1972, over $100,000 danmage can occur

No structural alternatives on Simlkaneen River or around Osoyoos Lake
can be econonically justified. Thus, non-structural alternatives
i nvolving flood plain zoning to 921 feet, flood warning systenms, education
and energency preparations, will be necessary to reduce the potential
damage when floods occur. Furthernore, it is also apparent that nmanagenent
of Okanagan Lake and Ckanagan Ri ver discharges to Osoyoos Lake will not
significantly reduce flood | evels caused by backflows in the Simlkamnmeen.

As noted in Section 14. 3.4, reductions of mninmmflows down Ckanagan
River from 300 cfs to 100 cfs woul d cause Osoyoos Lake to drop bel ow 911
feet until the Tonasket Creek sandbar becane the control. Replacenent of
Zosel damby a structure that did not |eak would maintain Osoyoos Lake
levels close to 911 feet, but as the benefits of such a structure affect
bot h Canadi an and Anerican interests, this sub-alternative should be
referred to the International Joint Commission for further study.



