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4.1.1

CHAPTER 4

Wat er Quantity

Water quantity studies as defined under the Ckanagan Basin Agreenent
were required: "to evaluate the existing hydrol ogic regi me of the Basin,
i ncluding studies of runoff, |ake levels, flows, groundwater and
geol ogi cal structure, climtol ogy and neteorol ogy; to eval uate neans of
regul ating flows through storage and diversion; and to eval uate neans of
augnmenting water supplies within the Ckanagan Basin."

In order to appraise the hydrologic regine in the Canadi an portion of
Gsoyoos Lake, it has been necessary to extend the Study downstreamto the
| ake outlet at Oroville, Washington. Hence, the Ckanagan Basin referred
toin this portion of the report includes sone 3,250 square mles of
drai nage area of which 3,165 are in British Colunbia (Figure 4.1).

HYDROL OGY

Mai nst em System

The Ckanagan Basin hydrology is typical of the interior rivers of
British Colunbia, where the nmajor portion of the annual runoff occurs
during April to July inclusive, due prinmarily to snow nelt in the higher
portions of the Basin. Thus, in the Ckanagan Lake Basin with an average
el evation of 3,900 feet (Figures 4.1, and 4.2), snow accunul ates during
the winter nonths in the 4,000 to 7,000 foot band. Commencing in January,
snow surveys are conducted at selected stations (Figure 4.3), from which
forecasts of inflowto Ckanagan Lake are estimated for the upconi ng
freshet period. Average snow water equivalents of two representative snow
courses and accuracy of forecasts are illustrated in Figure 4.4.

A portion of the gross inflow to Ckanagan Lake Basin is retained in 50
headwat er reservoirs which have a total active storage of 113,000 acre-
feet (see Figure 4.5). The remaining inflow, in it's passage downstream
to Ckanagan Lake, is partially depleted by diversions fromtributaries,
primarily for irrigation purposes. The residual water entering Okanagan
Lake, either as surface or groundwater flow, is further reduced through
evaporation | osses fromthe | ake surface by 200,000 to 300,000 acre-feet
per year. Thus, the net historic |lake inflow, which is the actual water
available in any particular year for use wthin Ckanagan Lake or
downstream represents only a portion of the gross inflowto the Basin.
Table 4.1 shows that of an average annual gross inflow to Ckanagan Lake of
664, 000 acre-feet, only about 332,000 are avail able in Ckanagan Lake for
use under present day devel opnment and operating practices.
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TABLE 4.1
AVERAGE ANNUAL WATER BUDGET- OKANAGAN LAKE BASI N

INCHES INCHES OVER
ON OKANAGAN LAKE THOUSANDS
DESCRIPTION OKANAGAN LAKE BASIN OF ACRE REMARKS
(131 SQUARE (2,340 SQUARE FEET
MILES) MILES)
Precipitation 21.80 Period 1931-1960
Evapotranspir- 16.48 Period 1921-1970
Grcss Historic| .
Basin inflow 5.32 664.0 Period 1921-1970
Okanagan Lake .
Evaporation 38.0 2.14 266.7 Period 1921-1970
Net Historic .
Basin Inflow 3.18 397.3 Period 1921-1970
Consumptive Irrigation, Domes-
Use under 1970 0.52 65.0 tic, Municipal &
Development Industrial
Net Modified
Lake Inflow .
(1970 Develop- 2.66 332.2 Period 1921-1970
ment) :

The outflow from Ckanagan Lake is controlled by a concrete dam at
Penticton (Figure 4.6). The normal operating range for Okanagan Lake
water levels is 1119.8 to 1123.8 feet (Ceodetic Survey of Canada, 1961
Datun), which were established at the tine of constructing these works,
but |l ower |evels maybe reached during prol onged drought periods, and
hi gher | evels reached during extreme floods. This four feet of storage on
Ckanagan Lake is equivalent to 340,000 acre-feet which is approxi mately
the sane as the average annual net runoff into Okanagan Lake under
present day devel opnent. Since about 80% of the inflow to the Ckanagan
Lake Basin upstream of Oroville, Washington occurs above Penticton, the
regul ati on of Ckanagan Lake Damis of prine inportance to the Valley.

The kanagan Lake Dam along with other structures and inproved river
channel between Penticton and Gsoyoos Lake, make up the Ckanagan Fl ood
Control Works. Ancillary works include the debris retaining basins at the
nout hs of Shattford (Shingle) Ellis and Shuttleworth Creeks. The
operation of these works is under the direction of the B.C. Water
Resources Service, Departnent of Lands. Forests and Water Resources,
whi | e mai ntenance costs are shared between this departnment and the
Federal Departnent of Public Wrks. D scharges from Okanagan Lake Dam
are limted by the channel capacity of the Ckanagan River, which varies
from2,100 cfs. at Penticton to 3,400 cfs. at the inlet to GCsoyoos Lake.
Only minor regulation (9,400 acre-feet) can be obtained on Skaha Lake
(surface area 4,710 acres) which is maintai ned between el evati ons 1107.6
and 1109.6 by a concrete dam at Okanagan Falls.
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In addition to the Okanagan Flood Control Wrks, a small concrete dam at
the outl et of Vaseux Lake (surface area 690 acres), operated by the Southern
kanagan Land I nprovenment District (S.0.L.1.D.), naintains a water el evation on
the | ake of 975 feet and diverts a portion of the flow, up to 150 cfs through a
canal to serve irrigation requirenents in and around Qi ver

The maxi mum di scharge at Qiver bel ow the Vaseux Lake damis currently held
bel ow 3,000 cubic feet per second (c.f.s.) because of channel capacity limtat-
ions, local inflowfromtributaries which is not controllable, and high water
| evel s on Gsoyoos Lake when flows in the Sinm lkaneen River are high

The | evel of Osoyoos Lake is nornally nmaintai ned between 910.0 and 912.0
feet GSC (910.3 and 912. 3 USCGS) al t hough the upper level may be exceeded in any
flood year due to lack of control of floodwater on the Simlkaneen R ver. The
lower level is maintained by the Zosel damwhich is [ocated at the outlet of
Gsoyoos Lake in the State of Washington, U S. A  The original purpose of this
structure when built in 1927 by the Zosel Lunber Conpany, was for the creation
of a mll pond for log storage. In 1948 the damwas nodi fied in accordance with
the International Joint Commission's order of Septenmber 12, 1946 to pass 2,500
c.f.s. at a pool elevation not exceeding 911.0 feet USCGS (910.7 GSC). Because
of the age of this structure, there is considerable | eakage during | ow fl ow
peri ods which has to be conpensated for by additional releases from Ckanagan
Lake to maintain Osoyoos Lake at it's normal sunmer water elevation of 910.7
GSC.

Map 1 (Map Section) shows the schematic profiles of the nmain valley
Ckanagan Lakes and Okanagan River, and Table 4.2 summari zes the operating
criteria for the Ckanagan Fl ood Control Works.

4.1.2 kanagan Lake Basin Water Budget

The predonm nance of Okanagan Lake Basin as a main source of water supply
for the area has led to a detailed exam nation of its hydrol ogy. Thr ough t he
use of a grid square nodel technique, it has been possible to devel op an
i sohyetal nap showi ng average precipitation distribution over the whole basin
north of Oroville (Figure 1.4). Based on this study, the average precipitation
on Okanagan Lake Basin has been estimated at 21.8 inches. A schematic
presentation of what happens to this precipitation is presented in Figure 4.7.

The water available in Ckanagan Lake in an average inflow year is 332,000
acre-feet under present day (1970) devel opment. This conpares with the average
net historic inflow of 355,000 acre-feet to Ckanagan Lake. Thus, out of an
average precipitation of 21.8 inches within the Okanagan Lake Basin, only 25%
(5.32 inches) appears as runoff, and only about one half of this runoff is
avai l abl e for use in the nmai nstem kanagan Lake and Ri ver system
Unfortunately, equivalent precipitation data over the whole basin for dry and
wet years are not available, and therefore the nore critical water budgets coul d
not be devel oped.




TABLE 4.2 ELEVATI ONS AND DESI GN DI SCHARCGES, OKANAGAN FLOOD CONTROL WORKS AND OTHER CONTROL STRUCTURES

Details of 0Okanagan Flood Control Works

q Bt Drainagem?rea Note: Elevations based on Geodetic Survey of Canada 1961 datum
Drainage Basin n 29 : Operating Level | Operating Discha(ge Lake v
Local Cumutative Structure - ;n ft X iﬁagge C?ﬁaz;:y SurgﬁcgcArea Remarks
ig W . .
9 5 sluice gates
Okanagan Lake 210 “;;:e si11 elevation: 1114.6
Hvdrometric Sta. . Okanagan Lake Dam s 542 normal range: 1119.8 - 1123.8
No. 8NM-50 2388.7 | 2388.7 at Penticton RUUEIEER It 5 S LA emergency range: 1118.9-1123.8
at Penticton ]119V8 0 extreme lake surface area
' at high water: 86080 ac.
Okanagan River Okanagan River between 2100 140 ft, base
betwegn Ok.Lk. Dam and Shingle Cr. 2400 2:1 side slope
Hydrometric Sta. Shingle Cr. and ETlis Cr. 3700 approx. 6 ft. fall
No, 8NM-50 at 286.9 2675 .6 E111s Cr. and Skaha Lk,
Pgnticton and ’ t 2700 at lake 4 radial gates and
Hydrometric Sta. Skaha Lake Dam elevatian 6 stop log bays
No. 8NM-84 at at Okanagan Falls HOZEGH el C 1107.6 (6' GOk top gates elevation: 1110.1
Okanagan Falls above crest)
Okanagan River Okanagan River between
between Skaha Lake Dam and 2800 Includes 4 drop structures
Hydrometric Sta. Vaseux Lake Dam 150
No. 8NM-84 at SQLID Canal
Okanagan Falls 117.8 2993.4 Vaseux Lake
and 1 elevation: 1074.6
Hydrometric Sta. Vaseux Lake Dam 690 nor??oodina starts at
NO. 8NM-85 (SOLID Diversion Dam) lake elevation: 1076.0
near Qliver ake elevation: 3
Okanagan River between itgznsl ¥2dt2°v351$:
Vaseux Lake Dam and 3400 . y !
0soyoos Lake includes 13 drop structures
Okanagan River
between
Hydrometric Sta.
No. 8NM-85 172.3 3165.7 3657
near Oliver, B. C.
and International
Boundary Osoyoos Lake
Osoyoos Lake Normal elevation: 912.1
Okanagan River
between
International 2003
Boundary and 89.0 3254.7 Total:
Hydrometric Sta. 5660
NO. 8NM-127
at Oroville, Wash,.
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However, the budget for average conditions does point up the mgjor
difficulties in attenpting to forecast the annual inflow to Ckanagan
Lake, particularly during extreme droughts when natural |osses through
evapotranspiration and | ake evaporati on make up even a larger portion of
the total than those under average conditions.

Hydronetric, Meteorological and Water Use Data

The hydronetric and neteorol ogi cal data avail able for the Ckanagan
Basin has been and still is very limted. Monthly historic inflows from
the tributaries to Okanagan Lake for the 50 year study period of Apri
1921 to March 1971 inclusive have therefore been estinated and adj usted
to allow for historic consunptive use, tributary storage changes and
evaporation from Ckanagan Lake. These cal cul ated i nflows provided the
"gross" historic inflowto the kanagan Lake Basin. Equivalent data were
al so devel oped for the portions of the Okanagan Basin between Penticton
and kanagan Falls and Ckanagan Falls and Aiver. For the section south
of Adiver through to Ooville, only the historic records for the period
1943 to 1970 were used.

Over the 50 year historic study period, agriculture has been the
maj or user of water and the requirenents for irrigation alone make up 80%
of the total consunptive use within the Basin. Mst of this devel opnent
has taken place within the tributaries of Ckanagan Lake where sone 45, 000
acres(out of a total of 60,000 acres for the whole basin) are served from
t hese sources, supported by headwater storage reservoirs.

It has been assuned that 50% of the water diverted fromtributary
sources as well as that taken fromthe mai nstem system appears as return
flow either to Ckanagan Lake or to the main river and | ake system
downstream Simlarly it was assunmed that 65% of the water used for
donmestic and nuni ci pal purposes, and 90% of the water used for industrial
purposes is returned to the system These various types of use including
di version, consunptive use and return flow are denonstrated graphically
in the water use diagram shown in Figure 4.7. The historic evaporation
and precipitation on Ckanagan, Skaha, Vaseux and Csoyoos Lakes have al so
been calculated in order to conplete the water cycle budget. (For
details, see Technical Supplenents | and I1).

PRESENT (1971) WATER REQUI REMENTS

Agricultural water requirenents were based on the anount of |and
irrigated and water duties reconmended by the B.C. Departnent of
Agriculture, with all return flow credited to Okanagan Lake or the nmin
river system Municipal and donestic water requirenents as well as
i ndustrial wthdrawals were determ ned from nunicipal records
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In addition to the above consunptive use requirenments, are the in-
channel flows needed to maintain mnimumresidual discharges and flows to
mai ntain fisheries. |In the operation of the Okanagan Fl ocod Control Works,
t hese non-consunptive requirenents have normally been net.

Wiile fishery flowrequirenents in the tributaries have recently been
devel oped, the managenent of water in these sub-basins has, to date, been
primarily for consunptive use requirenents only.

Hence, present water requirenents based on historical practices,
include all consunptive uses, both in the tributaries and the nai nstem
systemw th minimum and fishery flow requirements included only for the
|latter. Tables 4.3(a), 4.3(b) and 4.3(c) detail these requirenents, while
Table 4.4 summari zes this data.

From Table 4.4, it can be seen that the consunptive use al ong the
Ckanagan River from Penticton to Osoyoos Lake is only about one half that
required in the Ckanagan Lake Basin. However, residual or mninmmflows
needed to provide for take evaporation | osses, adequate subnergence of
intakes during the irrigation season (April to Septenber inclusive), and
m ni mum sal non fishery flows downstream of Vaseux Lake, total about two
thirds of the total water requirenents for the whol e basin.

WATER SUPPLY AND FLOCD CONTRCL

The regul ati on of Ckanagan Lake, the major storage reservoir in the
Valley, is the key to water quantity nanagenent in the mai nstem Ckanagan
Its large storage capacity can be used in high runoff years to reduce the
threat of flooding and in low runoff years to provide additional water
supplies to and around the | ake and south of its outlet at Penticton
I ndeed, the | ake supplies alnost alt Okanagan River flows which serve
consunptive and non-consunptive uses south of Penticton as well as areas
adj acent to Ckanagan Lake.

Thi s study has been concerned not only with the adequacy of water
supply sources to nmeet present and future needs, but also the managenent
of these systens under extrenme flood and drought conditions.

Present day water nanagenent practices are based on the "Ckanagan
Fl ood Control Report of 1946" prepared by the Joint Board of Engi neers
fornmed by the Federal and Provincial Governments. The |evel of kanagan
Lake is normally naintained within the four foot range - 1119.8 feet to
1123.8 feet GSC - as recommended by the Joint Board of Engineers. However,
due to the large variability in annual inflows to Ckanagan Lake and the
difficulty of forecasting these inflows accurately, fluctuation above and
bel ow this four-foot range are possible. Because nost shoreline devel opnent
has adjusted to the normal range of |ake |evels,



TABLE 4.3 (a)

D VERSI ON (W THDRAWAL) , CONSUMPTI VE USE & RETURN FLONV FOR CKANAGAN RIVER BASININB. C - 1970
Popul ati on 102, 000 |
OKANAGAN LAKE DRAI NAGE (Region north of Ckanagan Lake Dam at Penti cton)
Ac. irrig. 46,000
IRRIGATION MUNICIPAL & DOMESTIC INDUSTRIAL TOTAL
Diversion 113,160 ac-ft Diversion 22,760 ac-ft Diversion 26,500
MGNTH Return Flow 56,580 ac-ft Return Flow 14,790 ac-ft Return Flow 22,320 CONS.
Consumptive Use 56,580 ac-ft Consumptive Use 7,970 ac-ft Consumptive Use 4,180
orverston | FRGEN | COSR- || owvemsion | RRIGEY ) 0GR Pston | “riow | ‘Use | UsE
% : ac-ft % T ac-ft ac-ft % 1'ac-ft % {ac-ft ac-ft % ac-ft ac-ft ac-ft ac-ft
Apr. -1 - 4: 2260 | -2260 61 1360 71 1030 330 7 1860 1570 290 -1640
May 151 16970 111 6230 10740 10{ 2280 9 I, 1330 950 8 2120 1780 340 12030
June 25! 28200 | 14! 7920 | 20370 13! 2960 | 10 | 1480 | 1480 9 2390 2010 380 22230
July 25: 28290 151 8490 19800 16 : 3640 18 : 1920 1720 10 2650 2230 420 21940
Aug. 25 28290 ]4: 7920 20370 16 : 3640 12 : 1770 1870 11 2920 2460 460 22700
Sep. 101’ 113204 12y 6790 4530 81 1920 10 1480 340 12 3180 2680 500 5370
Oct. -1 - 9: 5090 | -5090 7, 1590 8, 1180 410 8 2120 1780 340 -4340
- Nov. S 5, 2830 | -2830 51 1140 | 7 1040 | 100 7| 1860 1570 290 -2440
Dec. -! - 51 2830 -2830 51 1140 6 } 890 250 7 1850 1560 290 -2290
i Jdan. - - 4y 2260 | -2260 5T 1140 61 890 250 7 1850 1560 290 -1720
- Feb. b 4l 2260 | -2260 4] 910 | 61 890 20 7 1850 1560 290 -1950
! Mar. -: - 3: 1700 -1700 5} 1140 6 : 890 250 7 1850 1560 290 -1160
TOTAL 113160 56580 56500 22760 14790 7970 26500 22320 4180 68730
NOTE 1. Irrigation volumes include a 10% allowance for conveyance losses.
NOTE 2. Consumptive Use is calculated from the amount diverted less the return flow, month by month
NOTE 3. No allowance has been made for minimum residual flows or fishery requirements in tributares of Okanagan Lake

TABLE 4.3 (b)

D VERSI ON (W THDRAWAL) , CONSUMPTI VE USE & RETURN FLON FOR OKANAGAN RIVER BASININB. C - 1970
I1. OKANAGAN RI VER REG ON (From Ckanagan Lake Dam at Penticton to
I nternational Boundary at Osoyoos Lake)
Popul ation - 10,980; Land Irrigated - 14,000 acres.
IRRIGATION MUNICIPAL & DOMESTIC INDUSTRIAL TOTAL
Diversion 62,860 ac-ft Diversion 2,110 ac-ft Diversion 1,500
MONTH Return Flow 1,430 ac-ft Return Flow 1,370 ac-ft Return Flow 1,270 CONS.
Consumptive Use 31,430 ac-ft Consumptive Use 740 ac-ft Consumptive Use 230
orversion | REFGEN | CURE- || oaverston | REIGEN ) COSE "SIon | “Fiow | st usE
% } ac-ft % } ac-ft ac-ft b4 iac-ft % ! ac-ft ac-ft % ac-ft ac-ft ac-ft ac-ft
Apr. - - 4: 1260 -1260 7 : 150 7: 100 50 7 110 100 10 -1200
May 15! 9430 l'l{ 3460 5970 11 : 230 9: 120 110 8 120 100 20 6100
June 251 15710 141 4400 11310 13 ; 270 10, 140 130 9 130 110 20 11460
July 25| 15720 15{ 4710 11010 15 : 320 13TI 180 140 10 150 130 20 11170
Aug. 25: 15710 14: 4400 11310 13 { 270 12: 160 10 11 160 130 30 11450
Sep. 101 6290 124y 3770 2520 9 | 190 10 140 50 12 180 150 30 2600
Oct. -1 - QT 2830 | -2830 5{ 130 8, 110 20 8 120 100 20 -2730
Nov. - : - 51 1570 -1570 5 | 110 7: 100 10 7 110 90 20 -1540
Dec. - l - 5: 1570 -1870 S| 110 6: 80 30 7 110 90 20 -1520
Jan. - ; - 4: 1260 -1260 5 } 100 6 80 20 7 110 90 10 -Y220
Feb. - ; - 4: 1260 -1260 Sy 100 6: 80 20 7 100 90 10 -1230
Mar. - : - 31 940 - 940 6 l 130 6: 80 50 7 100 90 10 - 880
TOTAL 62860 31430 31430 2110 1370 740 1500 1270 230 32400
L]
NOTE 1. 1Irrigation volumes include a 10% allowance for conveyance losses.
NOTE 2. Consumptive Use i1s calculated from the amount diverted less the retrn flow, month by month.




TABLE

4.3(c)

SUMVARY CF FI SHERY AND M NI MUM FLOW REQUI REMENTS

FOR THE OKANAGAN RI VER I'N BRI TI SH COLUMBI A

FISHERY REQUIREMENTS MINIMUM FLOW
Minimum In QOkanagan River Channel OkanggﬁgwRiver
M i $.0.L.1.0. 7 '
ONTH glgyogz below 0.L.1.D. Dam Penticton D )
Lake Desirable Maximum Minimum ¢ Present With
outlet Range (Gravel Fishery i Con- Imbrove-
! Scour) Flow ditions ments
c.f.s. c.f.s. c.f.s. c.f.s. c.f.s. c.f.s.
APRIL 175 - 10600 175 50 100
MAY ol 100
JUNE | 300 100
JULYT-15 100 206 100
16-31 ’ 300 100
AUGUST 160 300 - 450 300 3060 100
SEP. 1-15 100 300 - 450 300 300 100
16-30 | 350 - 550 350 300 100
OCTOBER f 350 - 550 350 100 100
NOVEMBER : 175 - 1000 1000 175 100 100
DECEMBER i 175 - 1000 1060 175 100 100
JANUARY ! 175 -~ 1000 1000 175 100 100
FEB. 1-15 | 175 - 1000 o 175 100 100
16-28 i 175 - 1000 175 100 100
MARCH 175 - 1000 175 100 100
|
TABLE 4.4
PRESENT (1970) CONSUVWPTI VE USE REQUI REMENTS
I N OKANAGAN LAKE BASIN AND TOTAL WATER
REQUI REMENTS OKANAGAN RI VER BASI N I N CANADA
Percent
Acre Feet Acre Feet of
Total
1 OKANAGAN LAKE BASIN
(a) CONSUMPTIVE USE from
tributaries and directly
from area adjacent to
Okanagan Lake
Irrigation 56,580
Municipal & Domestic 7,970
Industrial 4,180
Total Okanagan Lake Basin
Consumptive Use 68,730 22.0
2 MAINSTEM OKANAGAN RIVER
(a) CONSUMPTIVE USE
Irrigation 31,430
Municipal & Domestic 740
Industrial 230
Total Okanagan River
Consumptive use 32,400 10.4
{b) EVAPORATION LOSSES FROM SKAHA
Vaseux and Osoyoos Lakes 49,120
(c) MINIMUM FLOW REQUIREMENTS
Intake submergence, flushing,
aesthetics addtional water to 122,660
meet salmon fishery flows 39,320 211,100 67.6
Okanagan Lake Basin consumptive
use and main Okanagan River 312,230 100.0
water requirements




such extreme fluctuations can cause inconveni ence and even danage to shoreline
users. |In a succession of drought years, there may not be sufficient water to
mai ntai n Ckanagan Lake within its normal range and at the sane tinme supply al
downstreamrequi rements in Ckanagan R ver. Thus, either Ckanagan Lake nust be
drawn down below its nornal |ow water elevation, or water rel eases to Ckanagan
R ver nust be reduced.

At the other extrene, Ckanagan Lake nust be carefully regul ated during high
inflons. Wen large runoffs are forecast, the lake is nornally drawn down in the
early spring to accomodate the freshet. The degree of drawdown possible and the
vol une of water that can be rel eased during the freshet is dependent on the
channel capacity of C(kanagan Ri ver and the conplicated hydrol ogy of Gsoyoos Lake.
Hgh flows in the Simlkameen River can restrict rel eases from Gsoyoos Lake and
this, coupled with the need to mai ntain high di scharges down Ckanagan River, can
create floodi ng on Gsoyoos Lake. |In practice, a balance nust be sought to
mni m ze the fl ood damage around bot h | akes.

A drought year is defined as one in which the net inflowto Ckanagan Lake is
| ess than the water requirenents (244,000 acre-feet), while a flood year is
defined as one with an inflow of 550,000 acre-feet or greater. These vol unes can
be conpared with the normal four foot storage in Ckanagan Lake equivalent to
340, 000 acre-feet. Thus, the regul ati on of Ckanagan Lake varies fromstrict
conservation to the other extreme of flood control

The present mnethods of operating both the mai nstem system and the tri butar-
ies, were sinulated in conputer nodels. The output fromthe nodels in the form of
wat er | evels and discharges, was used as the basis for conparison of alternative
wat er managemnent options.

The annual discharges for Ckanagan River at Penticton, Aiver and Oroville as
simlated by the mai nstem conputer nodel, are shown in Figure 4.8. These nodel
di scharges assume the (kanagan Fl ood Control Wrks in operation for the 50 year
period of record (1921-1970), and are based on 1970 consunptive denmands in the
Ckanagan Lake Basi n.

The nodel termnates at the hydronetric station four niles south of diver
and the equival ent discharges at Ooville, Washi ngton have been prepared fromthe
nore limted historical data available for the period 1943 to 1970.

The di scharges at Penticton are between 81 and 85 percent of the Qiver dis-
charges. The gross local inflowfor the Penticton-Qiver and the Oliver-Groville
reaches of the river conpared with the gross inflowto Ckanagan Lake Basin, for
dry, average and wet years (selected fromthe limted common period of 1943 to
1970) are listed in Table 4.5 and illustrated for an average inflow year in Figure
4.9. This provides further evidence of the dom nant rol e Ckanagan Lake Basin



DISCHARGE IN CUBIC FEET PER SECOND

TABLE OF ANNUAL AVAI LABLE FLons AT VARI QUS PROBABI LITY LEVELS

FLOW EQUALLED OR EXTEEDED !

IN PERCENT OF TIME

FLOW MEAN A
UNIT | FLOW 50 80 90 95 UG
Median
Flow
C.F.S.| 646 625 433 345 276 Okanagan River
K.A.F.| 467.7 | 452.5 313.5 249.8 199.8 % at Oroville, Wash.
C.F.S.| 548.5 ] 529.6 353.9 272.3 209.9 | Okanagan River
K.A.F.| 397.1 ] 383.4 256.2 197.1 152.0 | at Qliver
C.F.S.1 466.0 | 449.0 296.0 224.8 170.3 1 Okanagan River
K.A.F.) 337.4) 325.4 214.3 162.4 123.3 4 at Penticton
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TABLE 4.5
COVPARI SON_ OF ANNUAL GROSS HI STORIC | NFLOAS TO VARl QUS SEGVENTS OF OKANAGAN RI VER BASI N

UPSTREAM OF OROVI LLE, WASHI NGTON, W TH ANNUAL GROSS HI STORI C | NFLOW TO

OKANAGAN LAKE BASI N FOR SELECTED YEARS

DRAINAGE AREA DRY YEAR (1970) AVERAGE YEAR (1958) WET YEAR (1959)
SQUARE KILO- KILO- KILO-

DRAINAGE BASIN MILE |PERCENT SQUARE-FEET { PERCENT | INCHES SQUARE-FEET]|PERCENT| INCHES SQUARE-FEET | PERCENT | INCHES
Okanagan Lake 2388.7| 100.0 382.1 100.0 3.06 690.8 100.0 5.54 932.4 100.0 7.47
Okanagan River

Between
Penticton and 604.7 25.3 74 .1 19.4 2.30 114.3 16.5 3.54 146.5 15.7 4.54
near Oliver
Okanagan River

Between
near Oliver 261.3 10.9 54.3 14.2 3.90 99.5 14.4 7.14 114.0 12.2 8.18

and

Oroville, Wash.
Okanagan River

Between .
Penticton and 866.0 36.2 128.4 33.6 2.78 213.8 30.9 4.63 260.5 27.9 5.64
Oroville, Wash.

NOTE:

The above table is based on

the period 1943-1970




; LAKE

MABEL

ENDERBY

. ARMSTRONG

9
- ' Sww L
< .,:;:1:3"-. ' 'i o
- & &
VERNON . .

coras®

Shorre Cn

SCALE
MILES g [
) 0 H 10 15 20 A 4
[ ' Y. ]
AJLLJL SR S (S S SR B | &
5§ 0 10 20 30 i —\"\
KILOMETERS < o
vor®
\ o‘" er .
*.\ [A -
KELOWNA f/
wisslo”
,
4y
X \
o
4
) Distribution based on
¢ Period: 1931 - 1960
~ PENT*C?ON o
J'/"’/ 1175 O 7.8 (]
<
$< N\
cé}
OHEDLEY s . "Q 1, --‘ o &
N s,.,,u' -
:‘“ C\ = mseux LAXE IO °/°
- Yesey,
P N
’Va $
o
KEREMEOS SAOLIVER ‘\
v (4
0* g
2-8 %
(]
(& aa%“
RELATIVE CONTRIBUTION cansos
N

U. s. A

OF THE VARIOUS SEGMENTS o
TO THE TOTAL RUNOFF ' mv.LL Y

OF OKANAGAN RIVER BASIN .
UPSTREAM OF OROVILLE, WASH. AYAS Figure 4.9



inflow plays in neeting the water requirenents of the tributaries and along the
mai nstem Wil e Gsoyoos Lake was not included in the nmai nstem nodel, the m ni num
releases at its termnation point at the AQiver hydrometric station have included
what are considered to be adequate all owances for consunptive and natural | osses
as well as in-channel flows between diver and Gsoyoos Lake

4,3.1 Ckanagan Mai nst em Qperati on

The mai nstem conput er nodel which sinulated the operation of Ckanagan Lake and
Ckanagan River fromPenticton to AQiver required definition of the present water
managenent objectives and policies. Using these and conputed inflows, the node
was used to sinulate operation on a nonthly basis over the 50 year period 1921 to

1970. In running the nodel it was assuned that the Ckanagan Fl ood Control Works
(Figure 4.6), which were actually constructed during the period 1950 to 1958, were
in operation throughout the period. In each run it was assumed that either the

present day water requirenents or sone projected future set of water demands were
nmet for the 50 year period. The nodel generated inflow forecasts so that the
simul ati on woul d have the degree of uncertainty that exists in practice due to the
errors inherent in nmaking forecasts.

Since the conpletion of the Ckanagan Lake Damin 1956, water rel eases have
been based on neeting consunptive use and in-channel mninumflow requirenents. In
nost years, any additional discharges to provide mninmumfishery flows required
for the successful migration of sockeye sal mon through GCsoyoos Lake and as far
upstream as Vaseux Lake Dam have al so been rel eased.

Details of this nodel can be found in Technical Supplenent Il "Water
Quantity Conputer Model s".

The degree of success in the operation of the nodel can be judged by an ex-
am nation of Figure 4.10 for the period 1956 to 1970 in which the nodel discharges
at Penticton and Aiver conpare very closely with the actual discharges which
occurred. Simlarly, while the nodel termnated at Qiver, the historic flows at
Ooville from1956 to 1970 (Figure 4.11) reflect the operation of the existing
Ckanagan Lake Dam For an exact conparison at Ooville however, all historic
di scharges since 1956 woul d have to be reduced by the increase in water consunpt-

i on between that particular year and 1970.

Figure 4.12 shows the nodified inflows, elevations and di scharges for Ckanagan
Lake, resulting fromthe nodel operation over the 50 year study period under
present operating conditions. A recurrence of the extreme drought conditions of
1929-31 would result in Ckanagan Lake being drawn down at least 3.2 feet belowits
normal |ow water operating |evel, assuming all water requirements are net. The
| ake woul d drop below its nornmal |ow water elevation in the mddle of the second
year of the drought and not refill to a level of 3.0 feet above the normal | ow
level until three years later. Such a prolonged drought has occurred only
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once in this century and was preval ent over nuch of North Anerica.

The total volune of water required each year to satisfy all uses on
kanagan River, including mininmumflows for the salnon fishery, are presently
estimated at 244,000 acre-feet. Assuming that all this has to be supplied
from Okanagan Lake, this inflowwill be equalled or exceeded in all but about
one year in four as shown in Figure 4.13. However, |esser inflows do not
necessarily mean water shortages, providi ng Ckanagan Lake enters the drought
with carry-over storage. |If forecasts made from snow surveys and ot her
hydr ol ogi ¢ paraneters indicate | ow runoff, Okanagan Lake is operated to retain
as much carry-over storage as possible which can amount to a foot or nore.

Whi | e single-year droughts such as occurred in 1970 and again in 1973 can
easily be handl ed, the possibility of a succesion of dry years cannot be over-
| ooked. As nentioned above, if there were to be a major prolonged drought of
three years (such as occurred in 1929 to 1931) Okanagan Lake woul d have had to
be drawn down to 1116.6 feet, or sone three feet belowits normal |ow water
el evation in order to neet present day requirenents.

A frequency analysis of both two-year and three-year drought sequences
(Figures 4.14 and 4.15), indicates that the 1929-31 drought was
exceptionally severe and that it probably has a recurrence interval of about
200 years. A two-year drought of the severity of the 1929-30 inflow (the
dri est two-year sequence on record) is indicated as having a return period
of about 100 years.

At the other end of the spectrumare those years in which excessive
inflows or floods occur. 1In general, a forecast seasonal inflow of greater
t han 550,000 acre-feet is considered to indicate a potential flood. In years
in which high inflows are forecast, Ckanagan Lake is drawn down to its norma
| ow water elevation prior to the freshet to provi de naxi mum storage.

During the study period, extreme floods occurred in 1928 and 1948 and the
conputer simulation of these are conpared with the recent 1972 flood in Table 4.6.
TABLE 4.6

COVPARI SON OF COVPUTER SI MULATI ON OF FLOODS OF 1928 and 1948 W TH 1972 FLOOD
- PRESENT METHOD OF OPERATI ON AND EXI STI NG STORAGE FACILITIES -

OKANAGAN LAKE INFLOWS
INFLOW ANNUAL INFLOW MAXIMUM ELEVATION IN FEET
APRIL-JULY APRIL-MARCH ABOVE NORMAL HIGH WATER OF
INCLUSIVE INCLUSIVE 1123.8
YEAR (Acre-Feet) (Acre-Feet) (Feet)
1928 638,236 615,500 0.9
1948 606,240 742,600 0.5
1972 697,206 742,278 0.9
NOTE: Freshet inflow in 1928 greater than annual inflow due to heavy

evaporation losses after July.



TABLE OF MOST CRITICAL YEARS

MAGNITUDE (K.A.F.) YEAR
96.0 1929
116.2 1931
127.4 1970
127.9 1926
131.4 1930
137:2 1973
146.6 1924

TABLE OF CURVE VALUES

PROBABILITY IN PERCENT 50.0 20.0 10.0 5.0 2.0 1.0 0.5 0.1
RECURRENCE INTERVAL IN YEARS 2.0 5.0 10.0 20.0 50.0 100.0 200.0 1000.0
MAGNITUDE IN KILO ACRE-FEET | 312.7 205.2 160.2 128.6 98.8 82.1 68.8 46.7
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TABLE OF MOST CRITIC&L . EARS

MAGNITUDE (K.A.F) YELRS
113.7 1929 - 230
123.8 1930-193)
184.8 1926-1927
192.0 1940-194!
197.0 1939-1940
200.8 1925-1926

TABLE OF CURVE VALUES

PROBABILITY iN PERCENT 50.0

20.0
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2.5 0.1

RECURRENCE INTERVAL IN YEARS 2.0
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TABLE OF MOST CRITICAL YEARS 67

MAGNITUDE (K.A.F) YEARS
114.5 1929 -1930-1931
182.7 1924 - 1925 - 1926
196.2 1930-1931 - 1932
200.4 1939~1940-1941
214.4 1925 - 1826 -1927
227.9 1938 -1939-1940

TABLE OF CURVE VALUES

PROBABILITY IN PERCENT 50.0 200 10.0 5.0 2.0 1.0 05 ° [oN]
RECURRENCE INTERVAL IN YEARS 20 5.0 10.0 200 50.0 100.0 200.0 1000.0
MAGNITUDE IN KILO ACRE-FEET 337.2 262.3 221.8 189.3 154.9 133.7 116.7 834

PROBABILITY IN PERCENT

IN KILO ACRE-FEEY ( Average over 3 yeor period )
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TABLE OF MOST CRITICAL YEARS

MAGNITUDE (KA.F) YEAR
697.3 1972
638.2 1928
606.3 1948
547.2 1946
522.9 1961

TABLE OF CURVE VALUES

PROBABILITY IN PERCENT 50..0 20.0 10.0 5.0 2.0 1.0 0.5 0.1

RECURRENCE INTERVAL IN YEARS 2.0 5.0 10.0 20.0 50.0 100.0 200.0 | 1000.0

MAGNITUDE IN KILO ACRE-FEET | 312.7 446.0 523.8 591.2 668.4 720.4 7679 864.1

PROBABILITY IN PERCENT :
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A frequency analysis (Figure 4.16) that floods with magnitudes greater than
550, 000 acre-feet will probably occur on an average, every twelve years, but that
the recurrence interval for the 1972 flood is in the region of 80 years.
Sequences of successive flood years are not considered as the effects are not
cunul ative as in the case of successive droughts.

4,.3.2 Effect of Droughts and Fl oods on Shoreline Devel opnent

Knowl edge of possi bl e damage to shoreline devel opnents around Ckanagan and
OGsoyoos Lakes as a result of extrenme |ake level fluctuations is essential inform
ation in the managenent of the nmminstem system This section discusses and eval -
uates the types of damage and inconveni ence that can occur to a w de range of
shoreline uses, both in economic terns and in social values in the case of rec-
reati on and aesthetic uses.

For Okanagan Lake, damage was assessed for 0.5 foot increnents up to two feet
above the present norrmal high water elevation of 1123.8 feet and for 0.5 foot
increnents down to three feet bel ow the present normal | ow water el evation of
1119.8 feet. For Gsoyoos Lake, the shoreline survey was restricted to assessing
potential flood danage to 919.4 feet GSC (919.1 feet USCGS), 7 feet above the
normal high water elevation of 912.1 feet GSC. No assessment of |ake drawdowns
was undertaken. These fluctuations are considered to include the maxi mumlikely
under extreme flood or drought conditions, assumni ng existing operating procedures
are not drastically changed.

(a) Gkanagan lLake

| npacts on shoreline | anduse resulting fromextrenme fluctuations in Ckanagan
Lake are evaluated in both econom c and social ternms. Econonic inpacts include
flood damage to properties and structures, adjustnents to water intakes and to
the Kel owna floating bridge, and | oss of revenue at recreation sites. Social and
environnental inpacts involve |oss of use of recreation facilities such as boat
docks and boat | aunching ranps, exposure of unsightly | ake bottom and inundation
of public recreation sites. |In addition, fluctuating | ake | evels can affect
wildlife and fish spawning abilities and these are discussed in Chapters 8 and 9.

(i) Econonic Danmge

The maj or aspects of flood danage are shown on Table 4.7. |f Okanagan Lake
| evel s were to exceed the nornmal high water elevation by two feet, (1125.8 feet).
approxi mately $476, 000 damage woul d occur. Mich of this damage is due to fl ood-
ing of |andscaped | awns and patios and from 58 private residences whi ch have
water in their main floors or basements. Flood damage potential increases rapidly
above 1124.8 feet. However, nost property owners have not inproved their |and
bel ow this el evati on, as Ckanagan Lake frequently rose to this level prior to the
construction of the Ckanagan Fl ood Control Wrks In 1956;. Since 1956,



kanagan Lake has only exceeded its nornma

(1972),

and as a result

hi gh water el evation suffered some fl ood damage in 1972.

TABLE 4.7

ECONOM C COSTS OF EXTREME FLUCTUATI ONS ON OKANAGAN LAKE

hi gh water el evation once
new devel opnents whi ch extend down to the norma

Estimated - very approximate

As nost canpsites and nmotel s have been devel oped back fromthe
only five establishnments would suffer direct danage in a two-
maxi mum While there would be little

| akeshor e,

foot fl ood,
| oss of
sal es could be | ost at

di rect
rent al
hi gh wat er

In 1972, when the | ake rose to 1124.7 feet,

relative to the nornmm
notel s and canpsites,
mari nas and boat

revenue at

| evel s.

above nor mal

residenti al

hi gh water el evation,
to shoreline devel oprent.
properties, the

rent al

RELATIVE
LAKE ELEVATION TO NORMAL DIRECT REVENUE KELOWNA TOTAL
FEET (G.S.C.) MAXIMUM DAMAGE L0OSS BRIDGE
(FEET) {ANNUAL) {ANNUAL) (ANNUAL)
1124.3 +0.5 $ 28,300 $ 400 $15,000 Y/ $ 43,700
1124.8 +1.0 72,500 1,500 30,000 104,000
1125.3 +1.5 218,900 17,200 30,000 & 266,100
1125.8 +2.0 420,000 26,000 30,000 =/ 476,000
RELATIVE KELOWNA> DIRECT
LAKE ELEVATION TO NORMAL BRIDGE LOWER L0OSS OF
FEET {G.S.C.) MINIMUM (ANNUAL INTAKES REVENUE
(FEET) COST)
1118.8 -1.0 900 $ 5,500
1117.8 -2.0 6,900 17,800
1116.8 -3.0 8,600 ? 28,000
1116.0 -3.8 10,000 &/ 10,000 &/ 40,000
*NOTE: Costs are not additive because some represent amortized annual
costs associated with structural changes, while loss of
revenue costs only occur when lake is actually drawn down to
elevations indicated.
e/

up to $26, 000 of gas and
facilities due to

approximately 0.9 feet

an estimted $56,500 danage occurred

About 45,500 of this tota

i nvol ved




bal ance of $11, 000 invol ving commerci al establishments. This total does not

i ncl ude fl ood damage and seepage due to high water tables which affected res-
idential properties at the nouths of M ssion, Kelowna and Trout Creeks. In
addition, there was seepage into basenments and craw -spaces at several | ake-
shore properties and flooding of septic tank drainage fields. Although little
econom ¢ damage was reported fromthese problens during the 1972 flood, they
were an incovenience and could result in nore extensive danage during |arger

fl oods.

Adjustnents to the Kelowna floating bridge are required if |ake |levels
ri se above 1123.8 feet. |In 1972, approxi mately $30,000 was spent in ball ast-
i ng pontoons to accomobdate the high water. This cost is not expected to in-
crease significantly at higher water elevations and would be somewhat | ower
for smaller floods.

Direct econonic costs associated with |ow water | evels could tota

$200, 000 If the | ake was drawn down to 1116.0 feet. |Indirect costs associ ated
with loss of tourist trade due to |low quality beach recreation could be
substantial and will be discussed later in this chapter. It should be

enphasi zed that direct and indirect cost estimates are very inprecise as |ake
| evel s bel ow 1119.0 feet have not been experienced. This is due to the fact
that prior to the construction of the new Ckanagan Lake damin 1956, the crest
el evation of the previous dam and/or bar formati ons downstreamdid not all ow
the | ake to be drawn down bel ow el evation 1119.0 feet. During the 1929-31
drought, downstream requirenments were not net and flows fell to zero at tines.
The main direct economc costs would involve structural adjustments to Kel owna
bridge, estimated at $112,000 to allow the bridge to float at 1116.0 feet, and
lowering irrigation and donestic water intakes which would cost about

$100, 000.

(ii) Non-Econom c |npacts

There appears to be a linear relationship between nost categories of rec-
reation and aesthetic uses of the shoreline, and | ake | evel fluctuations
(Figure 4.17). Al 22 public boat launching facilities around Okanagan Lake
woul d be I noperable at |ake el evations bel ow 1117.8 feet, but as such | ow
el evations would likely occur in winter and early spring, inconvenience could
be relatively small. A large nunmber of private boat docks are used only
during the summer nonths and have been built to accommpdate only the
relatively small fluctuations in |lake levels during this period (approximtely
1121.5 to 1124 feet). Consequently, alnbst 600 boat docks woul d be inoperable
at the normal m ni mum operating level of 1119.8 feet and al nbst 900 at an
extreme |l ow el evation of 1116.8 feet. Sinmlarly, many boat docks are
i nundated at | evels exceeding the normal Maxi mum of 1123.8 feet, but in nost
cases this is an inconvenience rather than a | oss of use.
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There appears to be a significant |oss of public recreation beach at higher
water elevations, totalling alnost 30 acres at an el evation of 1125.8 feet.
During the 1972 flood, when al nost 14 acres of public beach were under water, a
survey of beach users indicated that the vast majority did not consider such a
| oss an inconvenience - many viewing it as a benefit as the shall ow swi nmming area
was extended. At sonme notels and private resorts where beaches al nost
di sappeared, there was a greater |oss of opportunity.

Lake drawdowns coul d potentially produce greater aesthetic and recreationa
| osses. Soundings down to 1116.0 feet were taken during the shoreline survey and,
in many devel oped area of shoreline, between 500 to 1000 feet of |ake bottom woul d
be exposed at such elevations (Map 2: Nap Supplenment). In nost instances, |ow
| ake el evations are expected in winter and early spring, so such exposure,
al though aesthetically displeasing, would have little inpact on the touri st
industry. In a prolonged drought however, |ow | ake |evels could persist through
the summer and significantly reduce the quality of beach recreation. In the
absence of actual experience of such |ow | ake levels, attenpts were nade to assess
their inpact on tourismduring the beach user questionnaire survey. Al though only
a few respondents stated that they would not stay in the Ckanagan under such
conditions, it is believed that |ake | evels bel ow 1120 feet throughout the sunmer
coul d have a significant inpact on the tourist industry.

(iii) Annual Danage

Fl uctuations of Ckanagan Lake beyond the normal four foot range occur very
infrequently. The nmathemati cal nodel s which simul ated operation of Ckanagan Lake
over the past 50 years indicated that flooding would only have occurred on three
occasi ons (1928, 1948 and 1972) as shown in Figure 4.6 and | ake drawdowns bel ow
1119.8 feet on five occasions. Thus, although total damage in any one year could
be relatively | arge, because such extreme events occur relatively infrequently,
annual danage i s considerably reduced in size and inpact.

Esti mates of average annual inpacts on shoreline | anduses are shown in Tabl e
4.8. Non-econom c inpacts on value, in unit-days, represent the total opportunity
lost during a period of extrene high or low water |evels. For exanple, if 10
public boat ranps were unusable for a period of 60 days due to high water, a tota
of 600 boat |aunching days would be lost. This figure represents a naxi num| oss
because the ranps may not be used every day, though seasonal useage of these and
other recreational facilities was taken into account through the use of nonthly
wei ghting factors (see Technical Supplement I11).

Annual econom ¢ costs due to flooding and | ost revenue total sone $2, 000
t hough additional costs associated with possible structural adjustnents to Kel owna
bri dge and water intakes could increase this to over $22,000. Likew se, other
annual costs are relatively small with the exception of inpacts on the use



of private boat docks. In this case, nany short-term adjustnments are
avai |l abl e and such costs shoul d be considered an i nconveni ence rat her
than a real loss of use. There is little doubt that a recurrence of the
1929- 31 drought woul d have significant inpacts on recreation and genera
aesthetics and these woul d have to be bal anced agai nst the consequences
of reducing rel eases into Ckanagan River and the subsequent affects on
fisheries and aesthetics in that region.

TABLE 4.8

TOTAL AND ANNUAL DANMAGES FOR SELECTED LANDUSE CATEGORI ES ARCUND OKANAGAN LAKE

FOR SI MULATED OPERATI ON UNDER EXI STI NG CONDI TI ONS, 1921-1970

(b)

(a) ECONOM C
ECONOMIC COSTS TOTAL DAMAGE ANNUAL DAMAGE
Property Damage $ 67,000 $ 1,350
lLoss of Revenue 38,750 780
Adjustments to Intakes 100,000 &/ 10,000 G/
Adjustments to Kelowna Bridge 112,000 &/ 10,000 &/
TOTAL COSTS $317,750 $22,130

(b) NON- ECONOM C

NON-ECONOMIC IMPACTS TOTAL DAMAGE ANNUAL DAMAGE
Public Boat Ramps (Ramp days) 3,920 78.4
Private Boat Decks (Boat Dock Days) 253,430 5,068.6
Public Recreation Sites (Acre-Days) 345 6.9
Private Property Flooded (Acre-Days) 2,642 52.8

e/ Estimated - very approximate

OGsoyoos Lake

In light of the significant flood potential on OGsoyoos Lake and the
recurrence of a mpjor flood in June 1972, nost enphasis in the shoreline
survey was placed on danmage assessment at high water |evels.

Gsoyoos Lake usually fluctuates within a two-foot range (910 to 912
feet GSC), the flood stage nornmally being considered to be 912.1 feet.
In early June of 1972, Osoyoos Lake peaked at 917.11 feet USCGS (916. 85
feet GSC), the highest level this century and the second hi ghest on
record. This event enables a detail ed assessnment of the econom c and
soci al costs of flooding on residential



commerci al and recreational | anduses.

(i) Econonic Damage

As in the case of (kanagan Lake, direct econon c danage to property,
structures and utilities such as septic tanks is relatively small for the
snal |l nore frequent floods, but increases rapidly to over $300,000 for a flood
of 919.4 feet (Table 4.9). 1In the 1972 flood, actual damage including costs
of flood prevention anmounted to $121, 000 - approxi mately $88, 000 to
resi dential properties and $33,000 to commercial establishnents.

TABLE 4.9
STAGE- DAMAGE FUNCTI ON FOR 1972 LEVEL OF DEVELOPMENT AROUND OSOYOOS LAKE
( DOLLARS)

HIIGE LOSS OF
&;%523 RESIDENTIAL | COMMERCIAL | INDUSTRIAL | AGRICULTURAL | RECREATIONAL [ p2u2) B TOTAL
912.9 4 4 - 20 - - 28
913.4 3,538 41 2 43 i 2,000 5,622
913.9 9,006 5,266 59 117 - 4,900 19,348
914.4 19,899 6,135 59 131 - 11,800 38,024
914.6 31,585 12,829 59 1,081 - 18,300 63,854
915.4 49,904 20,000 178 1,838 514 | 27,000 99,434
915.9 57,138 22,297 1,013 3,946 680 | 89,5001 174,574
916.4 76,005 27,068 1,013 6,049 505 | 55,600 166,640
916.9 97,971 36,649 1,013 10,342 905 | 80,000] 226,880
917.4 116,033 53,957 1,013 13,283 1,308 |106,000] 291,594
917.9 133,247 68,503 1,679 16,071 4,004 [130,000] 353,504
918.4 152,239 71,350 1,679 18,858 4,315 |146,000] 394,441
918.9 163,290 | 100,636 1,679 23,307 ,389 |155,800| 450,101
919.4 168,961 | 105,737 1,679 | 25,822 5,752 |160,000| 467,957

In addition to direct danmage, there can be a significant |oss of revenue
to notels and canpsites both during the period of flooding and cleanup. In
1972, for exanple, it is estimated that the Gsoyoos region | ost over $86, 000
gross revenue due to |l oss of tourist business at shoreline resort facilities.
Very little of this business appeared to nove to other notels in the region
nost affected tourists avoiding the Ckanagan conpletely. Again, revenue
| osses are snmall up to the two-foot flood |Ievel ($130,000), and then level off
to reach $160,000 at the seven-foot level. This stage-damage rel ationship
should be interpreted with care, as revenue | oss al so depends on fl ood
durations, but as it was based on the three-nmonth flood of 1972, it probably
does not underestimate | osses.



(ii) Non-Econom c |npacts

There are two public boat ranps on Gsoyoos Lake and both are inundated at
the 2.5 foot flood level (914.6 feet GSC). Recreation beaches are not
seriously affected by high |ake levels until the 4.5 foot flood | evel (916.6
feet GSC), when the causeway to the Provincial Park at Haynes Point woul d be
subnerged and nost of the usable public beach area flooded. These conditions
existed for a short tine in 1972, forcing the closure of the Provincial canp-
site, but although | ake | evels remained hi gh throughout July, nost beach
recreationists interviewed did not consider these conditions a nmajor obstacle
in their recreational enjoynment (Table 4.10).

In addition to direct econonic costs, flooding can result in significant
soci al costs such as |loss of opportunity to enjoy one's property, vol unteer

| abor costs and disruption of utilities (Table 4.11). 1In 1972, 130 private
resi dences were directly affected by high water and over 60 acres (2.1 mllion
square feet) of inproved property was subnmerged. In addition, an estinated

21,000 man-hours of | abor was required in flood prevention, evacuation, clean-
up and repairs.

H gh | ake | evel s create high groundwater tables at the shoreline. As the
groundwater table rises, it can flood septic tank fields and even donestic

water systenms. It is estimated that in 1972, 70% of shoreline properties
served by septic tanks were affected by seepage, sone for as long as two
months. | n addition, people served by groundwater wells had to obtain alt-

ernative domestic water supplies until the wells were cleaned out, after the
flood waters had receded.

(iii) Annual Flood Damage

Al t hough fl oodi ng on Gsoyoos Lake occurs nmore frequently than on Ckanagan
Lake, major floods are still a relatively rare occurrence. Figure 4.18 pres-
ents a stage-frequency curve for OGsoyoos Lake and indicates that mnor fl ood-
ing my be expected every other year, but flood |levels of the size occurring
in 1972 are only expected once every 50 years. As the small flood produces
very little econonic damage, annual flood damage around Osoyoos Lake is snall,
totalling approxi mately $21,000 for the existing (1972) |evel of shoreline
devel opnent.

4.3.3 Tributary D scharges

About 70% of the water consuned in the Okanagan Basin occurs within the
tributaries of Okanagan Lake (Figure 4.9). Historically, tributary water has
been rel atively inexpensive as it provides a gravity water supply to agricul -
tural lands. In order to make full use of these sources, headwater reservoirs
have been constructed to regulate the flows during the irrigation season of
April to Septenber, inclusive.



TABLE 4. 10
AREA OF PUBLI C RECREATI ON SI TES FLOODED

OSOYOOS LAKE
INCREMENT INCREMENTAL CUMULATIVE
Feet GSC Feet Sq. Ft. Acres Sq. Ft,. Acres
912.1 Commencement of Flood Stage
912.9 .8 19,265 .442 19,265 .442
913.4 1.3 26,290 .603 45,555 17045
913.9 1.8 25,530 .586 71,085 1.631
914.4 2.3 17,530 .402 88,615 2.034
914.9 2.8 17,530 .402 106,145 2.436
915.4 3.3 19,195 .440 125,340 2.877
915.9 3.8 33,585 771 158,925 3.648
916.4 4.3 33,585 771 192,510 4.419
916.85 4,75 1972 Flood Level
916.9 4.8 530,571 12.18 723,081 16.599
917.4 5.3 10,530 .241 733,611 16.841
917.9 5.8 7,155 .164 740,766 17.005
918.4 6.3 9,045 .207 749,811 17.213
918.9 6.8 12,015 .275 761,826 17.489
919.4 7.3 11,850 .275 773,676 17.761
E 4.11
AREA COF PRI VATE PROPERTY FLOODED
INCREMENT INCREMENTAL CUMULATIVE
Feet GSC Feet Sq. Ft. Acres Sq. Ft. Acres
912.9 .8 83,926 1.93 83,926 1.93
913.4 1.3 158,721 3.64 242,647 5.57
913.9 1.8 162,149 3.72 404,796 9.29
914.4 2.3 102,918 2.36 507,714 11.66
914.9 2.8 321,230 7.37 828,944 19.03
915.4 3.3 250,801 5.76 1,079,745 24.79
915.9 3.8 336,836 7.73 1,416,581 32.52
916.4 4.3 759,401 17.43 2,164,182 49.08
916.9 4.8 527,694 12.11 2,691,876 61.79
917.4 5.3 281,734 6.47 2,987,810 68.59
917.9 5.8 277,025 6.36 3,263,835 74,93
918.4 6.3 293,670 6.74 3,558,505 81.69
918.9 6.8 344,935 7.92 3,903,440 89.61
919.4 7.3 371,515 8.53 4,274,955 98.14

TABL
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1)
2)

3)

For the nost part, hydronmetric and neteorol ogi cal stations have only been
operated in the |l ower reaches of the tributaries or within the main valley.
The irrigation districts and nunicipalities who own and regul ate nost of the
headwat er reservoirs and diversions, provide the British Col unbia Water
Resources Service with nonthly reservoir water elevations during the freshet,
and in a few instances, neasure the water diverted. Additional information is
al so made avail abl e each year with respect to the anticipated inflowto
Ckanagan Lake through regul ar snow surveys at the higher elevations carried out
by the British Col unbia Water Resources Service.

The | ack of hydroneteorol ogi cal data has becone increasingly significant in
the allocation of further water licences by the Water Rights Branch, British
Col unbi a Water Resources Service. Sone tributaries are now designated as
"fully Iicenced" pending the attainnent of further hydrol ogical records.

It is evident that in order to devel op and nmanage the tributary supplies
efficiently for present and future demands, it is necessary to estimate as
closely as possible the natural flows occurring in the various reaches of each
stream under varying climatic conditions and to conpare themwi th present and
future water requirenents.

Thus, the objectives of the tributary water quantity study were:

The estimation of natural flows under varying climatic conditions (dry year,
average inflow year and wet year).

Regul ation of the natural flows in accordance with present day (1970)
procedures for the three types of years in 1), to neet present and future
wat er requirenents.

Regul ation of the natural flows in accordance with inproved

nmet hods of operation to neet present and future water requirenents.

njectives 1) and first part of 2) are dealt with in this Chapter
while the second part of 2) and objective 3) are covered in Chapter 14.

4.3.4 Distribution of Flows wi thin Ckanagan Lake Basin

In Chapter 1, the average precipitation pattern within the Ckanagan Basin
was illustrated using an i sohyetal map which shows |ines of equa
precipitation. A contrast was al so drawn between the precipitati on shadow
occurring in the western portion of Ckanagan Lake Basin and the considerably
heavi er precipitation occurring to the northeast within the headwaters of
M ssi on Creek.

These conditions, with respect to inflowto Ckanagan Lake, are reflected in
t he average runoff map shown in Figure 4.19, in which Okanagan Lake Basi n has
been divided roughly into quadrants.

In spite of the unequal area distribution, it is evident that the northeast
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4.

3.

5

guadr ant provi des al nost 50% of the total inflow, while there is
little difference between the northwest and sout hwest sections.

These figures have been obtained fromestimtes of the natura
monthly inflows to Okanagan Basin for the 50 year study period, broken
down within 35 tributaries in accordance wi th drai nage areas and | ocation

Met hod of Estimating Natural Flows in Selected Tributaries

Ideally, in order to parallel the conputer nodelling along the
mai nstem it would be necessary to determine the natural flows of
tributaries, not only at the nmouth, but also at specific points
upstream for the same 50 year study period.

Time did not permt the study of all of the 35 tributaries within the
kanagan Basin, and in an effort to concentrate the analysis in areas
where it was nopst needed, the eight tributaries shown in Table 4.12 and
Figure 4.20 were selected for detailed nodelling. The selection was
based primarily on the fact that they are the nost heavily used streans
wi thin the Basin.

TABLE 4.12 TRI BUTARI ES SELECTED FOR DETAI LED MODELLI NG WTH N
OKANAGAN LAKE BASI N

WEST SIDE EAST SIDE
1 Trout Creek 5. Vernon Creek
2 Peachland Creek 6. Kelowna Creek
3. Powers Creek 7. Mission Creek
4 Equesis Creek 8. Penticton Creek
*See Figure 4.20 for Tributary Locations These

tributary watersheds contain 95% of all upland tributary storage within
kanagan Lake Basin and supply 60% of the total inflow to Okanagan Lake.
About 37,000 acres out of the 45,000 acres of irrigated |land within
Okanagan Lake Basin are supplied fromthese sources.

The study was limted to three types of years:

Dry year - those falling within the five driest of the 50 year study
peri od and roughly equivalent to the 1970 and 1973 runoff
condi tions.

Average year - those falling within the mddle five years of the 50 year
study period, and roughly equivalent to 1971 runoff
condi tions.
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4.3.6

4.3.7

Vet year those falling within the five wettest years of the 50 year
study period and roughly equivalent to 1948 and 1972
runof f conditions.

Usi ng 500 foot el evation band increments, the total annual runoff was com
puted and distributed by nonths to provide an estinate of the average nonthly
natural dry year flow at specific points in each of the selected tributaries.
The 1970 runoff was used for conparison. Sinlar calculations were made with
respect to average flows in which 1971 was equated to the | ong-term average for
1921 to 1970. A record high runoff occurred in 1972, and the fl ows that
resulted agree reasonably well with the estimated fl ows devel oped for the fl ood
year prior to it's occurrence.

Nornal Iy, natural runoff with mnor rel eases fromstorage is adequate for
water users during April and May. At the sane time, the headwater reservoirs
are filling and major rel eases fromthese reservoirs do not take place until the
latter part of June. These rel eases continue through July and August and in
some instances, nost of Septenber - at which time rel eases from headwat er reser-
voirs are discontinued. The remaining carry-over storage water is either
retained as a cushi on agai nst subsequent droughts, or released in the fail to
draw the reservoir down to a predetermned safe level for the winter nonths.

The latter releases could benefit fisheries as discussed in a later section,
al t hough additi onal storage water woul d al so be required.

Estimated natural discharges as well as the regul ated di scharges, which
all ow for consunptive uses at the nouths of the eight selected tributaries, are
listed in Table 4.13. The nature of these sinulated flows are such that they
i ncl ude a groundwat er conponent. However, the extent of groundwater flow w thin
tributary streans is considered mnor and | ess than 10%of the surface flow

Mat chi ng Suppl y and Denand

In mat ching supply and denmand for a tributary, it has been assuned there is
no return flowto the tributary, although such water is included in the inflow
to Ckanagan Lake as indicated in the description of the mainstemnodel. There
wll be return flowto some parts of the tributaries, but where and how rmuch is
i nposs-ibie to assess. Hence, these estimates of tributary di scharges at
sel ected points on each stream may be consi dered conservati ve.

Even with this rather extrene test, only two tributaries - namely Vernon and
Kel owna O eeks - show consunptive use deficiencies (Table 4.14) in a 'dry' year
under present (1970) day devel opnent.

Summar y

Under current nanagenent practices, the Ckanagan nai nstem systemis operated
primarily for water conservation in drought years, when freshet inflows are | ess



TABLE 4.13

SELECTED OKANAGAN LAKE BASI N TRI BUTARY DI SCHARGES

AT _MOUTH OF STREAMS

Drainage Discharge in K.A.F. ]
Tributary Area Dry Year Average Year Wet Year
in k.ac. | Natural | Regulated | Natural jRegulated | Natural Regulated
Trout Cr. 185.1 23.7 11.7 44 .4 41.2 122.0 108.6
Peachland Cr. 37.8 8.9 6.9 15.0 12.2 27.5 24.3
Powers Cr. 35.3 8.0 2.9 13.8 8.5 25.8 20.5
Equesis Cr. 49.2 10.2 9.2 17.8 16.8 34.1 33.0
Vernon Cr. 228.6 38.5 11.1 67.1 29.0 137.2 80.9
Kelowna Cr. 55.4 9.9 2.1 17.0 7.3 34.3 23.2
Mission Cr. 214.0 97.0 66.0 143.0 107.1 239.3 201.8
Penticton Cr. 44.9 21.9 11.2 34.8 23.7 58.2 47.1
TABLE 4. 14
WATER RESQURCE CAPABILITY IN 8 SELECTED TRI BUTARI ES OKANAGAN
LAKE BASI N UNDER PRESENT (1970) DEVELOPNMENT
o =
Py 5 5 . o
. o . o oz
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Area Sq Miles 289 59 56 77 358 86 336 70 1,331
Natural Dry Year 237 89 go | 102| 391 99 969 219] 2,186
ZUCLTCKS Av. Year 544 150 138 178 678 170 | 1,429 348 3,635
Mouth Wet Year 1,220 275 258 3411 1,382 343 2,392 482 6,793
Ac. Ft. X 100
Storage
(Ac. Ft.) 1970 10,332 {9,656 | 3,754 {2,156 (46,719 5,715 (17,981 {10,240(106,543
Area Under
Irrigation 1970 4,306 617 {1,637 356 |14,075 4,848 | 10,135 1,666 37,640
(Acres)
Populatio
putation 1970 5,960 | 1,444 | 3,490 90 {24,360 | 10,420 | 10,340 [ 18,146 | 74,250
(Persons)
Water
R i d
equirement 1970 13,384 |3,416 | 5,293 {1,021 (33,525 | 12,888 | 31,814 {11,173 {112,514
(Diversion)
Ac. Ft.
Consumptive
Use
Deficiency 1970 0 0 0 0] 1,540 2,296 0 0 3,836
in Dry Year
Ac. Ft.




than 244,000 acre-feet, and for flood control when freshet inflows are greater
than 550,000 acre-feet. For years in which inflows fall between these two
extrenmes, regulation tends to follow a nore uniform procedure based on historic
records of the | ake | evels and di scharges.

The adequacy of the conputer nodel to assess these water managenent pract-
ices in the mainstemis dependent on the quality of the hydronetric records
avai |l abl e, and for the studies carried out, many of the nonthly flow records
were not available and had to be estimated or simulated. It would have been
desirable to extend the records back to the 1894 record fl ood, but information
prior to 1920 is very limted. Simlarly, had tine permtted the inclusion of
data fromthe 1970 drought and the 1972 flood, the analysis would have been
i mpr oved.

The study period does contain two major floods which occurred in 1928 and
1948, and several droughts including the three years of drought of 1929-31
Wthin these limtations, there appears to be no cyclic trend in the 1921-1970
period. The last 50 years of inflowin the sequence in which they occurred,
does not inply that such a sequence nmay be repeated in the future.

Lake | evel fluctuations outside the nornal operating range of Ckanagan and
Gsoyoos Lakes have been relatively rare events and, because of this, shoreline
devel opnents have adjusted to this normal range. Consequently, extrene |ake
el evations may result in significant econom c, social and environnental costs
whi ch nust be taken into account in the overall nmanagenent of the Basin's water
resour ces

Tributary flows that were devel oped are approxi mate and can be consi dered
as 'first estimates' of probable discharges. Wite they point out the deficien-
ci es under present day devel opnent, in the event of a single drought year they
i nclude no all owances for in-channel flows, such as are proposed for fisheries.
The latter is discussed in nore detail in Technical Supplenent Il and in
Chapters 14 and 17 of this report.

4.4 FOREST HYDROLOGY

One forest hydrol ogy study of the Ckanagan Basin was carried out to provide
a prelimnary appraisal of the watershed in terns of cover and characteristics
by maj or bi ophysical zones, and to outline the effects of tinber harvesting on
water quantity within these zones

Prior to undertaking a field investigation, a brief office study was
carried out to determne if there was any apparent trend in the 50 years of
annual gross historic inflowto Ckanagan Lake Basin which nmight be identified
with forest harvesting. These inflows, together with the precipitation on the
| ake, as wel



as the nine year noving averages are shown in Figure 4.2] fromwhich no discernable
trend in runoff is evident.

Wil e there appears to be no significant change in the overall hydrol ogi ca
conditions within Ckanagan Lake Basin, it is possible that |ocal tributary runoff
may be affected by forest harvesting and fires. Unfortunately, such studies
requi re a nunber of years of observations in relatively virgin watersheds which are
undergoi ng forest harvesting. No such background infornation was avail able for the
Ckanagan Basin and in lieu of this a theoretical study was undertaken of Pearson
Ceek (a tributary of Mssion Geek) on the eastern side of the Basin which is
shown in Figure 4.22

4,4.1 Pearson O eek

At present, Pearson Oreek, with a drainage area of 120 square niles is relatively
undi sturbed and has the foll owi ng desirable characteristics with respect to its use
in the devel opment of a sinulation conputer nodel on which various degrees of
deforestation can be assuned and the resulting changes in runoff determ ned.

(1) Most of the watershed area is forested and suitable for commercia
forest harvesting.

(ii) The area has yet to experience any najor |and use changes.

(iii) A reasonabl e spatial representation of the clinate, soils, forest
cover and drainage is present.

(iv) Prelimnary analysis indicated that the main part of the watershed

exhi bited conditions of water surplus with no major portion
exhibiting water deficits.

(v) The watershed is of a nature which nakes it attractive for the
establ i shnrent of a research basin for future studies.

Runoff for the period October 1970 to Septenber 1971 was devel oped in a
conmput er nodel based on precipitation, conputed evapotranspiration and soi
wat er storage changes. The sinulated flows conpare favorably with the tota
nmeasured i nflow for the year, but showed relatively large differences in
April, May and June. These differences were due - in part - to the estimated
| arge groundwater flow at the gauging site, and the crudeness of the node
with respect to the rain-on-snow events. For the purpose of sinmulating the
hydrol ogi c effects of landuse, it was felt that the differences in basin
yi el ds, as shown by the simulation nodel, were sufficiently accurate to
i ndi cate trends.

In the Pearson Oreek Watershed nodel, a systenmatic cutting pattern was
assured i nvol ving the renoval of forest cover at the rate of one grid square
of mature forest (640 acres) per year for the 17 years for which mature tinber
was avail able for harvesting. Assuning a clearcut and sl ashburn harvesting
system and accounting for sequential changes in regrowh of cut-over areas,
the yearly increnental and total basin yield were cal cul ated by the nodel
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After 17 years of sequential forest harvesting in the Pearson Creek

wat ershed, a total basin yield increase of 2.91 inches or 13.68% was
obtained. In this particular watershed the estimted streanfl ow
difference fromnatural conditions would decrease as a result of a
gradual increase in the evapotrans-piration as forest regrowth occurred.
First year yield increase is the largest with subsequent years reflecting
the effects of gradual regrowmh of the cut-over areas and the
redistribution of water surpluses fromthe cut-over areas to the water
deficit areas supporting vegetal growth

From conparati ve studies of Terrace and Esperon Creeks, it was
estimated that the water yield increases fromforest harvesting in Tree
Farm Li cence No. 9 for different rotation I ength and also for the
simul ati on nodel of Pearson Creek, would be as shown in Table 4.15. Tree
Farm Li cence No. 9 is |located between Lanbly Creek in the south and
Nashwito Creek on the north with Ckanagan Lake and Okanagan Lake Basin
divide to rising its eastern and western boundaries, respectively (Figure
4.22).

TABLE 4. 15
WATER YI ELD | NCREASES FROM FOREST HARVESTI NG ON FOREST LAND OF TREE
FARM LI CENCE NO._ 9 AND PEARSON CREEK FOR DI FFERENT ROTATI ON LENGIHS

Tree Farm Licence No. ¢
Rotation (309 Square Miles)
Length {120 Square Mile Basin) Basin Yield Increase
{Years) % %
120 3.87 4.9
100 4.64 5.8
80 5.80 7.3
60 7.74 9.8
40 11.60 14.7

4.4.2
Concl usi ons

In the extrapol ati on of the above data to the three nmjor zones of
t he Ckanagan Basin, the following water yield increases nay accrue:

Sout h of Penti cton

In this zone, any water yield increases accruing from high el evation
forest harvesting will not be reflected in increased streanflow. This is
due to in situ redistribution of water fromsurplus sites to deficit
sites. Any increase in harvesting intensity would be reflected in

| ocalized site inprovenent by increasing the available soil water

North of Penticton bel ow 4,000 feet el evation

This zone is typified as the Ponderosa pine-parkland comunity and is a water



deficit hydrol ogic system As such, any forest harvesting woul d not reflect any
water yield increases to streanflow Localized harvesting is probably best directed
towards i nproving the carrying capacity of incorporated range | ands. However, in
this region soils are particularly sensitive to the disturbance effects of harvesting
activities and extrene caution should be exercised in the location and construction
of roads to ensure that adjacent streans do not receive high di scharges of sedinent.
This area, because of its generally dose proximty to Ckanagan Lake, is particularly
sensitive to streamtenperature increases (approaching lethal limts for fisheries)
follow ng their exposure by forest renoval

North of Penticton above 4,000 feet el evation

It isinthis zone that the greatest potential for water yield increases exists, as a
consequence of forest, harvesting. It is also the region of nost intensive forest
harvesting, both at present and in the predicable future. Wthin this zone, snowpack
managenent considerations are an inportant aspect of |anduse hydrol ogy. The zone

i ncl udes approxi matel y 300, 000 acres of nerchantabl e tinber.

Vater yield increases accruing fromforest harvesting in this zone on a 120 year
rotation basis, have been estinated to be between 3.31%and 4.20% These i ncreases
woul d only be realized within this zone (Engl emann spruce and subal pi ne fir forest
type) and would likely be consunmed in water deficit sites at |ower elevations. This
i ncl udes correction for sequential regrowth effects on increasing evapotranspiration
fromthe tinme inmmedi ately follow ng | ogging to pre-loggi ng evapotranspiration: a
period of approximately 40 years for nmost sites. Sinilarly, for a hypothetical 40-
year rotation, the increases are between 9.93% and 12. 60%

Forest fires may effect an increase in water yield through reduction of evapo-
transpiration. The average annual acreage burned over in the (kanagan Basin is 5,377
with a range between 81 acres (1964) and 25,856 acres (1970). Yield increases
calculated on the basis of water yield fromthe area north of Penticton and above
4,000 feet, have been estimated to be between 1.24% and 1.55% annual |y.

However, as large as these streanfl ow i ncreases nay be, they are only for that area
desi gnated as nerchantabl e forest north of Penticton above 4,000 feet (approxinately 1/4
of the total nerchantable forest and 15%of the total area of the Ckanagan Basin).
Forest harvesting in other zones of the Basin would have no net effect on streanflow
quantity. By adjusting the reported percentage water yield increases to a Basin basis
for a 120-year rotation, |levels by which conparisons can be nade and effects eval uat ed,
are nmade possi bl e. Thus, on the basis of the total Ckanagan Basin, annual water yield
i ncreases accruing fromforest harvesting range fromO0.50%to 0.64% Sinilarly, the
figures for the effect of fire are adjusted to be between 0.19% and 0.23% Respective
figures for the hypothetical 40-year rotation are 1.50%and 1.91%for forest harvesting
and 0.19% and 0.23%for forest fires. These reported annual increases are not

cumul ative due to the effects of regrowth on evapotranspirati on consunption
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4.5.1

5

The val ues reported for the 40-year rotation are never likely to be

achi eved because a 40-year rotation is too close to the regrowth tine of
40 years and it is only relevant to discuss the values reported for the
exi sting and future 120-year rotation forest harvesting rates. The
following limtations nmust be noted with respect to the reported increase
in water yields follow ng forest harvesting and/or fire:

(a) Reported increases are too snall to be neasured by existing
st reanf| ow neasurenment techni ques.

(b) Total water yield increases in najor tributaries of the Ckanagan
Basin will very likely go undetected due to the | ow percentage yield
i ncrease from sustained yield forest managenment. Any yield increase
woul d only be reflected in very small (89 square mles) basins, over
whi ch significant portions (75% have been harvested or burned.

(c) Water yield increases accruing fromforest harvesting in the area
only becone usable if they reach a stream channel. Increased water
transmtted downsl ope through the soil mantle would likely be
consunmed in water deficit sites bel ow 4,000 feet elevation, thereby
provi ng usel ess in augnmenting water supplies for other purposes. It
has been shown that nobst of the annual water yield increases occur in
the spring and fall nmonths, thereby necessitating i nprovement and/or
extension of reservoirs to hold water over to peak demand periods in
t he sunmer season.

In conclusion, it can be stated that although streanflow increases
will accrue fromforest harvesting in the Ckanagan Basin, the reliability
and predictability of these increases will be inhibitory to planning for
wat er supply. Forest harvesting, with respect to water supply should be
concentrated in the area of nmininizing water quality deterioration and
i ncreasing the general environmental stability of those | ands upon which
forest |and managenent is occurring.

GROUNDWATER HYDROL OGY

G oundwat er investigations and studies within the Okanagan Basin have
been carried out to neet the follow ng objectives:

1) Determ nation of the groundwater contributions fromtributary
sour ces.

2) Deternination of the extent of and recharge rate to groundwater
aquifers in the northern portion of the basin, the sources of
recharge water to these aquifers, and whether the yields from
such aquifers are large enough to nmeet water deficits in the
Okanagan Basin in a series of drought years.

3) The yield, quality and cost of devel oping the northern aquifers.
Geol ogy

The kanagan Basin is underlain by a diversity of rocks. On the east
si de,



hard, resistant, gently dipping metanorphic rocks including gneiss, schist,
quartzite, cal careous gneiss and marbl e, present pronounced gentle slopes due to
differential weathering. The west side is underlain-by two groups of rocks;

one - north of Vernon-includes nostly schists and quartzites with gentle rounded
sl opes, and the south groups include argillites, andesite |lavas and |i nestone
exposed in nore rugged relief. 1In places these rocks are covered by flat lying or
gently dipping lavas. In general, storage and novenment of groundwater in this
conpl ex of crystalline rocks is limted to the interconnected fracture and fault
systens. It is realized that major fault zones will provide conduits for the
nmovement of groundwater, but the main concern here is largely with aquifers

bel ongi ng to the unconsolidated surficial deposits.

The unconsol i dated surficial deposits consist of clay, silt, gravel, sand and
m xtures of these that overlie the bedrock. They are of glacial origin and their
deposition is related to the glacial ice that occupied the valley or to the
neltwaters that issued therefromduring the wasting stages of the ice. A though the
glacial ice filling the valley may have reached el evati ons as much as 7,200 feet, it
left only a thin bl anket of unconsolidated naterials at the higher elevations.

4.5.2 Tributary G oundwater Sources

The followi ng six tributaries to Ckanagan Basin were sel ected for hydro-
geol ogi cal reconnai ssance studies (Figure 4.23).

Qeata Oeek - a tributary of Peachl and O eek

Lambly Creek

Wpper portion of Vernon O eek above Ellison Lake

Pearson Oreek - a tributary of Mssion Ceek

Penticton O eek

Vaseux Creek

These tributaries are virtually unsettled in their upper reaches and investigations
were therefore directed towards a qualitative appraisal and mappi ng of natura
phenonena such as springs. Mst of the precipitation in these sub-basins occurs
above the 4,000 foot |evel and nost of the groundwater discharge observed was above
this elevation. Only snall increases in total mneralization to streans in
conjunction with only linmted increases in streanflow, support earlier opinions that
the nature of the bedrock and surficial geology are such that the groundwater
conponent of total runoff is small, and that there is very little groundwater

di scharge fromthese sub-basins that is not neasured as streanflow. Fan deposits at
the nouths of tributary creeks may provide |limted sources of groundwater for |oca
use and there is strong evidence to suggest that subsurface flows fromtributaries
in the southern part of the Basin, such as Vaseux Creek, nay contribute a fair
portion of that particul ar sub-basin discharge
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4.5.3 Qoundwater Inflowto Ckanagan Lake

Concurrent with the investigations of the relative magnitude of groundwater
flows in selected tributaries, a seismc survey and drilling programwas under-
taken in the Spal | untheen Vall ey, between the north end of Ckanagan Lake and the
Shuswap R ver at Enderby, and in the O Keefe Valley extending to the northwest to
deternmine if there was significant groundwater inflows fromthese areas to
Ckanagan Lake (Figure 4.24). Some seisnmc work and test drilling was al so
conducted in the south end of the Ckanagan Val |l ey near Ckanagan Fal | s.

In the northern portion of the Ckanagan Basin, bedrock appearing on the
surface at about 2,500 foot elevation is covered with thin unconsolidated deposits
down to the 1,500 foot ground contour. Below elevations of 1,500 feet numerous
fan-del ta deposits of gravel and sand occur, particularly on the east side of the
Val l ey. Coarse sand and gravel deposits on the west side are associated al nost
entirely with the OKeefe tributary valley and the | ower part of the Deep Creek
valley. The deposits of the main valley found at or near the surface are comonly
silt and sone cl ay.

The thickness of the valley fill is known in the north end of the Ckanagan
Val l ey, where seisnic profiles were obtained to determ ne the position and shape
of the bedrock beneath the valley floor. The |owest elevation was found to be
south of Arnstrong, where the bedrock floor is about 600 feet bel ow sea | evel. The
thickness of the valley fill near Arnstrong (el evation 1,200 feet), is therefore
about 1, 800 feet.

An inportant result of the test drilling has been the regional picture which
car. be constructed of the surficial deposits of the nain valley (Figure 4.25).
These can be divided into a | ower and upper part. The lower part of the sedinments
show an alternating sequence of till, day and silt, sand and gravel zones divi ded
into units Ato F. This sequence ranges fromabout 300 feet thick in the north
near Enderby to about 750 feet thick south of Armstrong. The till zones range from
about 40 to 100 feet thick; silt, sand and gravel zones are about 80 to 220 feet
thick; and a clay-silt zone is about 100 feet thick. Changes within these |ayers
may be due to non-deposition in some parts of the valley, or to renoval and
subsequent replacenent by later glaciations. The uppernost of these silt, sand
and gravel zones is the one in which nost of the deep test hol es were conpleted as
observation wells. The units Ato F have been denoted in ascendi ng order.

Overlying the succession of tills and sands, and conprising the upper part of
the main valley deposits, is 500 to 1,000 feet of sedinments that are mainly silt.
There are some sand beds in the upper part of the sequence, and of particul ar
i nportance to this study, are the thick sands occurring in the Maid Creek area
south of Armstrong. The sands in the upper part of the surficial deposits are
comonly fine to nedi ungrai ned angul ar sands.
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Consi derabl e | ocal variations are anticipated within the upper part of the
surficial deposits. Local deposits of gravel and sand on the east side of the
valley are attributed to nelt-waters fromtributary valleys, and sands on the
west side of the maid creek cross-section nmay have been derived in association
with nelt-waters discharging to the south fromDeep Creek. It nmay al so be
observed that there is down-valley thickening of both the upper and | ower
parts of the valley fill deposits.

The probability of |large quantities of groundwater flow from adj acent
val | eys, .the Shuswap River Valley and the Salnon River Valley, is renote.
Some water may enter the Ckanagan Ri ver Basin down the O Keefe Valley, but it
is unlikely that there is groundwater flow fromthe Shuswap Vall ey.

Fromthe underflow cal cul ations, a total rate for groundwater novenent
towar ds Ckanagan Lake of about 3-1/3 cfs (2,370 acre-feet per year) has been
determined. This figure seens reasonable conmpared to a recharge rate of 6 cfs
(4,350 acre-feet per year) fromone inch of precipitation, which is assuned to
reach the water table over a recharge area estimated as 80 square mles.

4.5.4 Aguifers in the Surficial Deposits

The surficial deposits described in the previous section contain the
important aquifers in the area. Aquifers in the units D and F of the | ower
deposits may extend from Enderby on the Shuswap Rive to Okanagan Lake. The
aqui fers consisting of sand and gravel with silt, vary in perneability froma
| ow of 10 Inperial gallons per day per square foot, to a high of about 300
I nperial gallons per day per square foot. These variations in perneability
occur fromlocalities where the aquifers consist of dean sand and gravel
Aqui fer thicknesses range from about 80 to 150 feet.

Aquifers in the upper part of the surficial deposits are smaller in area,
but vary nore widely in thickness. 1In the area south of Arnstrong, aquifer
mat eri al s average about 600 feet thick towards the center of the valley. Near
the valley sides, fan deposits formsand and gravel aquifers having known
thi cknesses from 10 to 50 feet and are probably thicker

The aquifers in both the upper and | ower parts of the surficial deposits
are confined, and the water | evel rises above the top of the aquifer. At sone
| ocations, the aquifers are artesian. Conditions of |local artesian flow are
associated with the fan deposits flanking parts of the east valley wall.

The O Keefe Vall ey aquifer extends throughout the entire length of the
O Keefe Valley. The maxi num known thi ckness of the deposits in this valley is
575 feet. of which the saturated thickness is close to 350 feet. A second
i mportant aquifer trending fromsouthwest to northeast, occurs in a bedrock
channel about four and one half mles north of Arnstrong. The aquifers in this
valley and in the O Keefe Valley are unconfined (or water table) aquifers.



4.5.5 VWell Yields, Quality and Cost

(a) Melt Yields

Vell yields, in the depth range 700 to 1,200 feet, vary considerably in the
main valley area. Yields range up to 10 Inperial gallons per mnute for wells
suited to donestic supplies, to 500 Inperial gallons per mnute or possibly nore
for wells suited to industrial or irrigation requirenents. |In the Enderby area,
yields of 500 Inperial gallons per mnute or over are anticipated fromwells 800
to 875 feet deep. Yields fromsimlarly deep wells el sewhere in the nain valley
are anticipated to be low, from30 to 250 Inperial gallons per mnute.

Wlls in the depth range of 300 to 600 feet in the Arnstrong area nay
produce from200 to B0 Inperial gallons per mnute. |In the O Keefe Valley
yields of up to 500 Inperial gallons per mnute are anticipated fromwells
conpl eted to depths of about 550 feet. The narrow unconfined aquifer four and
one half mles north of Arnstrong is expected to have well yields of about 50
I nperial gallons per mnute.

The total quantity of recoverable water avail able by water mning has been
cal cul ated as 66,500 acre-feet, nost of which is located in the O Keefe Valley.
However, as the recharge fromprecipitation in the O Keefe Valley is equival ent
to only about 3/4 cubic feet per second (540 acre-feet per year), the length of
time required to replenish this supply woul d be about 100 years.

The potential available for groundwater wi thdrawal without depleting supp-
lies is estinated at from3-1/3 to 6 cfs. It is believed that present utiliz-
ation of groundwater is well belowthe lower figure. This potential does not
i ncl ude that of the Enderby area which falls in the hydrol ogic regi me of the
Shuswap River Vall ey.

(b) Quality

Anal ysi s of groundwaters sanpled in the study area show the chenical quality
of the water is very good. The total dissolved solids content is commonly in the
range of 200 to 500 parts per mllion, with the dissolved constituents being
primarily cal ci umand rmagnesi um bi carbonates. The water is quite suitable for
human consunption and for irrigation use and should require little or no
treatnent for industrial purposes.

(c) Cost at WIll Head

The econom cs of groundwat er devel opnent indicate that for one locality,
limted prelimnary groundwater investigations, including seismc work, test
drilling and punp testing, may cost about $45,000. H gh yield production wells
produci ng about 800 | nperial gallons per nminute, and including punp and punp
house, are estimated to cost from $25,000 to $50,000. The actual costs wll vary
with such factors as drilling conditions and wel |l dianeter.



. 5.

6

Annual costs including anortization, interest charges over 25
years, and power, operation and mai ntenance will vary between $3,600 to
$7,600. These well costs are based on the production of four acre-feet
per day over a period of 90 days, and are equivalent to a cost of $10
to $20 per acre-foot at the well head.

Equi val ent capital cost for a snmall domestic water supply
yi el di ng about 10 Inperial gallons per day, may run between $4, 000
and $6, 000.

Sumary

The total quantity of groundwater available fromwater mning in
the North Ckanagan is estinmated to be about 66,500 acre-feet, nobst of
which is located in the O Keefe Valley aquifer. However, as the
recharge fromprecipitation to the O Keefe Valley is only about 540
acre-feet per year, the length of tinme to replenish this aquifer would
be about 100 years.

The potential available for groundwater withdrawal in the North
Okanagan wi t hout depleting supplies is estimated to be 3-1/3 cubic feet
per second, or 2,370 acre-feet per year.

The total groundwater flowin six tributaries exanmned is small
and not considered significant when conpared to the surface flows of
these tributaries. Fan deposits at the nouths of these creeks may
provide linmted sources of groundwater for |ocal use.

Groundwat er studies within the main vall ey have been confined
al rost entirely to the north end, and no studi es have been carried out
with regard to groundwater return flow fromirrigation, nor has any
wor k been done on which to base estimtes of groundwater flow at the
south end of (Ckanagan Lake.



