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10 Introduction

Water suppliesin theOkanagan basin arecortrd | ed mainly by inflows and outflowsfrom Okanagan
lake. Thisisalargelakewith relatively smdl averagethroughflow. Hydrologicdlythe area isarid,
with low annua runoff amounts, and large interannual fluctuations in runoff. In addition, the
evaporation from Okaneaganlakeisl age, sotheoutflow in wet year s vastly exceedsthe outflow in
dry years. A map of the area is shown (Figure 1), with the downstream river{ Ckanagan river),
leading via Skaha, Vaseau and Osoyoos Lakes to the USborder, and from thereto the confluence
with the Similkameen river. The Okanogan river(as it iscdled in Washington state) joins the
CaumbiaRiver about 100 km south of theinternational bor der .

The capacity of t e channelized Okanagan river downstream of Okanagan |akeis not large. The pesk
flow that it can pass depends on factors Such & the backwater exerted by Skaha Lake, and by
tributary creeks. The design flow of the channelized river is 60 m*s. Under optimal conditionshigher
flows can be rdeasad (for exanpleduringt he earty part of August 1997, aflow esimated & about
77 nswas passed). Prolonged rdleaseof high flows sometimes causes damageto drop structures
m theriver downst r eamof Skaha Lake. Thenaxi numdaity volume (about 7.5 million m?) that may
bereleased from Okanagan Lake & thisflow ratei s asmall fraction (1.8%) of the live storagevolume
of thelake Thus nany daysand weeks of outflows are needed to Sgnificantly change the water
surface levd of thelake,

Water supply management, water quality ad rdated issues for Okanagan Lake were
comprehendvey investigated in 1972-3, and in 1974 asgries of reports which included the
Comprehensive Framework Plan were published. A summary 0f selected recommendationsfromthis
report isinduded as Section 3.0 of the present report. The Plan emphasized aspects such &s flood
reduction, Wat er supply for irrigationand municipa use, phosphete reduction from treated sewage
waters, and flow needs for Okanagan river sockeye salmon. A dauseves insertedin regard to shore
spawning kokaneeand regulation of lakeleves

Rngineering and other wor k set out in the Plan vizs executed, and areport was published at the end
of theimplementation period (September 1932). The report Vs titled Report on the Okamagan Basin
Implementation Agreament, and induded detalls of the management of lake surface levels.
Recommendations were made specifically directed @ mitigating the effects of man mede water
surface changesin lakeleve son shore gpavning kokanee populaions.

For the last 15 years the lake has been operated by Water Management the
guidelines the Report.
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The Plan permits late winter drawdown of the lake, if nesded, to create storagefor larger than
averageanticipated runoff eventsthe next soring and summer.

This procedure has thefollowing attributes:

1. Benefit in cregting Spacein the reservoir S0 that high runoff flows appearing wesks or
monthslater can be stored and dowly released. Thisreduces maximum water surface levels
thefollowing summer, and r educes summer flow peaksint he Okanagan river dso. Lake-side
resdents, particularly those with low basements, benefit from reduced flood levels, because
inundetion of basementsisminimized.

. 2. Detriment for lakeand riverine spanvning fish, becaused). thel ake may be drawn down
sufficiently that lake gpanvning kokanee eggs mey beleft high and dry prior to completion of
incubation and hat chi ng, andbecause b). high flowsin the OkanaganRiver during the winter
months may mobilizegravelsand cause wash outd sockeye salmon spawningstes. Inthis
cotext, both the sockeye salmon run on the Okanagan R ver and the Okanagan Lake
kokanee population are particularly valuable. The sockeye salmon run is one of only two
substantia runs left on the Columbia River system, and the Okanagan Lake kokanee are
unique, and very different in spawning behaviour and habitat from other sdmon stock. They
thushave ahigh vaue from the point of view of genetic diversity.

Difficulties in managingthe Syst emfrom the point of view of fish spawningand survivd stemfrom
thelarge leed timeinvolved. Thefish (both lake and riverine salmonids) spawn during the month of
Qct ober, and select sitesbasad on water | evel s (in theriver and thelake) that they see at thistime.
These water levels needt 0 be kept within afairly closeband of thelevel at spawningtime (sometime
inmid or late October) to ensure optimum survival. \&fe& levelsroet  be maintained until early or
mid April for the kokanee alevins to mature successfully. If theselevelsare hdd, and an unusudly
high SNow pack year occurs (as inthe19%-97 winter), there is insufficient time during the April to
ear| y May period to create storagegpacein the reservoir prior to theonset of flooding. Theresultis
very highlakelevdsand flooding of homesand other facilities around thelake. Although theflood
condruction levd hasbeen st at arelatively high devation(343.66 m) for nany years, thereare a
| ot of non-conforming residencesand other properties. If thelevesin Okanagen Lake arelowered
starting inlateJanuarya wasdone in 1997), thenit ispossbletocr eat e sufficient storageto reduce
flooding in the summer months. However thisis done to the detriment of lake spawning kokanee
gocks.

Inthe naturd system, with uncontrolled flow over agrave or cobblebar at the outlet of Okanagen
Lake (see Figure2), thechanges in outflow were dow and determined by dowly changing lakelevels
asthewinter monthsprogressed. No provison was posshleto reduce pesk water eevationsduring
the summer, by pre-releasing water following large snow fall winters. With theingdlation of asll

and gates a the outlet (Sarting in 1915), the possibility has existed for the last aghty years of

significant lowering ("pulling the plug") of thelake, bdow previoudy occurring natural lows. This
Isdone during high snow pack wite's, to creasteroom for storage of anticipated flood events.
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2.0 AvailableHydrological Data

Largeanount s of hydrologicd data have been collected for Okanagan L ake and the Okanagen river
sygem. A liging of a sdlection of the mogt important typesof datafor water levd manegemant is
liged in Table 1. \&e@ licenceinformationis obtained fiom the \&e& R ght s Information System
computer files, at \&¥@ Management Branch, MEL&P. Meteorological and hydrologicd information
is obtained fiom Environmentd Services and Information Divison, Environment Canada

3.0 Okanagan Basin Framework Plan & Okanagan Basn | mplementation Agreement

Two important sets of documents were produced, detalling what engineering, condruction ad
administrativework had to be done, and how to operate Okanagen Lake and itstributaries. These
werethe report on the Canada-British Caumbia Okanagan Basin Agr eenent, 1974 and the report
on the Okanagan Basn Implementation Agreement, 1982. The first of these sets of documents
included a comprehensve framework plan, referred to asthe Plan, Recommendationsfrom these
documents were incorporated into the \&@ Management Branch's operating schedule, which
specifies target lakelevelsand river flowsat different timesof theyear.

Plan: A comprehensve andyss of the Stuation with water supply, flood potentid and
eutrophication possibilities for Okanagen Lakewas carried out in theearly seventies. Under ajoint
Fedad-Roirnod effort, aCanada British Coumbia ConsultativeBoard was St up to overseethe
work that had been funded in October 1969 under the Ckanagan Basin Agreement. This work
culminated in a report, published in 1974 in three parts

. Smmay Report, induding the ComprehensiveFramework Plan: CanadaBritish Caumbia
(kanagan Basin Agresment, March 1974, 42pp.

. Main Report: CanadaBritish ColumbiaOkanagan Basin Agreement, Mar ch 1974,536 pp.

. TweveTladricd Supplement Reports, including Valume 1: Water Quantity Report: Canada
British Columbia Ckanagan Basin Agreement, March 1974,610 pp.

Thegudy analyzed threegrowth projectionsfor the period 1970 to 2020. With the highest growth
projection (2.6% per annum) of the three, the report conduded that there ves sufficient water inthe
basin to upply all projected withdrawasand to mest proposed i shery and recreation requirements.
This assumed the withdrawa of larger volumes of veter fi am Okanagan Lake during prolonged
drought periodsthan had occurred in the past. Also forecast wasthe need for additiond headwater
sorage of water.

Forecast ranges of Okanagan Lakewater surface levdswereasfallows
Not normally to exceed four fegt in any one year, but a tota variation of ninefeet may occur

between an extreme flood level in one year, and an extreme low lake level following a
succession of drought years.



The prgected maximum devaion of Okanagan L ake during a 200 year flood event vizs 1125.5feet
(343,05 m). Thismaximum devationVves based on statistical projections, and is hard to interpret and
wse, becausethemaximum levelsattained in (xanegen Lake depend on inflowsand how the outflow
gates are regulated during the weeks and monthsleading up to the mgor flood event.

In the Section concerning “Detailed Recommendations”, "'Part A \&le Quantity”, water levesin
(anegen Lakear e recommended to be regulatedto target values (see Table2). Target water surface
devaionsfor Ocaregm Lakeand Sl elevations @ thelake outlet are summarized onascaedrawing

(see Figure4). Val ues shown in Figure 4 are as mentioned inthe Ran, and as mentioned in the
Report on the Implementation Agreement.

Table2 Target Water Surface Elevationsfor (xanegen Lake Recommended in the Plan (1974)

Nornal Operating | Regulated withinitsnornal four foot range (1119.8t0 1123.8 feet,

Conditions 341.32t0 342.54m) in all years except extreme fl 0od years (inflows
projected to exceed 500,000 acre feet/yr, 617 million m*/yr) and
successive drought years (inflows less than 200,000 acre feet/yr, 247
millionm3yr).

Hood Conditions | Laketo bedrawn down bdow itsnormd low water devationof 1119.8*

Predicted: feet (341.32m) prior to freshet by up to onefoot (0.305m). (Draw down
toas low as 341.01 misthusrecommended, if necessary).

Drought Maintain thelakeleve as highas possble Under prolonged drought

Conditions conditions, thelakeleve nay reachas low as 1116.8feat (340.4m). The

Predicted: bottom 0.92mof water storageisknown as'* ener gency storage’”.

*Normal low weter elevation specified in Plan of 341.32m Motethat operationa experience
has shown that in most years megting thistarget would result in excessveand unnecessary
drawdown. In practice, amni numleve in an averageyear of 341.5to 341.6 misusualy
sufficient.

Recommendationsared so madein theFan, as follows

a Hood plain zoning beimplemented and enforced by a regiond water management authority
up to 1127 5feet (343.66m) devation around (anegan Lake. Further devdopment on this
floodplain should be limited to recreation, parksand agriculture

a Trrigation and domesticintakes around Okanagan | akebe adjusted as required t 0 be operable
a aminimum |ake elevation of 1114.8 feet (340.4 m)
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. As of March 1974, future intakes wharves boa ramps and other structures around
Okanagan Lake be built to operate with a lake devation range of 1116.8 to 1125.5 feet
(340.4 t0 343.05 m)..

. Water requirements for sockeye sdmonin Okanagan River should berd inall years, except
consecutivedrought years, usang thefollowing guiddines:

DATES H.OWS OLIVER GAUGING STATION
August 1to September 15 300 - 450 ft'/s (85 - 11.3 m%s)
September 16 to October 31 350 - 550 ft*/s (9.9 t0 15.6 m/s)
November 01 - April 30 175 - 1000 ft'/s (5.0 - 28.3 m¥s)

“In two or more consecutive drought years, theseflowsmey haveto be reduced”.

NOTE THAT THESENUMBERS AREFROMTECHNICAL SUPPLEMENT IX. THE
NUMBERS SHOWN IN MN N AND SUMMARY REPORTS ARE WRONGLY
REPRODUCED.

. Clause 40: That due condderation be given to shore spawvning kokanee when regulating
Okanagan |_akewater levels over thewinter nont hs. To minimize damage to shore spawning
kokanee during the fall and winter months, the drawdown of Okanagan Lake between
October O1a d February 28 should not normally exceed six inches. In anticipated runoff
years however, greater drawdowns mey be necessary to accommodatethe spring runoff.

Without long term forecasting, the Plan's recommendationsfor drought conditionsare not possible
to meet in practice, because during times of very low inflowsinto the lake, it is not possible to
maintain the water levelshigh, because of demands on the system. For exampleduring the winter
months the Okanagan river flows st be maintained rdatively high to avoid exposing sockeye
sdlmon eggs.

The Plan's recommendations for flood conditionsto drawt he lake down prior to freshet isimpossble
to do in practicewithout causi ng damage to thelake kokanee population (see next section).

Clearly when the Plan's requirements for fish habitat and fish spawning are combined with
requirements for flood and dr ought management thereisa conflict. In our opinion, thisconflict could
be mitigated with long term trend forecasting, i.e. determining by July/August what thefollowing
goring's snowmelt runoff conditionswere likdy to be

Implementation Agreement Report: Nearly all of the enginearing work outlined in the Plan was
undertaken during the period 1976 to 1982, and this document describes what vgs achieved. Of
importanceto lakelevdsand outflowsare thefallowing:
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Qkanagan Lake intakes, In order for thei nt akes to be operableat an extremelow lake eevation of
3404m(1116.8fed), theFan advised that Al irrigation and domestic intakes be adjusted (lowered)
asrequired Because of the expectancy that there was a high chance of zero benefit fiom these
changes over thelife expectancy of thetheseintakes, and becausethe work could be done relatively
quickly if needed, the Implementation Report quotes the Board as advisng that amy inteke
modifications should not be undertaken until such atime as an actual drought event n@y occur.
All new i ntakes (1977 onwards) were built to operate at alakesurface eevation of 340.4 m

Sockeye salmon flows. Thedlowed flow for the period August 1 to September 15 werechanged, to
alow moreflexibility in rdeasingflowsfiom Okanagan L ake. The revised schedulewas:

DATES - H.OWS, OLIVER GAUGINGSTATION
August 1 to September 15 300- 1000 ft¥/s (85 - 283 m’fs)
September 16 to October 31 350 - 550 ft¥/s (9.9 t0 15.6 m*9)
November 01 - April 30 175 - 1000 ft*/s (5.0- 283 nrl9

“After February 1, flood control requirements aregiven priority over fi shery flowsand it may
on occasion be necessary to exceed the 28.3 m¥/supper limit".

ing. Mention ismade of an multi- agency water sudy concerning both salmon flows
and conditions for kokanee (determining how to minimizethe drawdown of Okanagan Lakeduring
the winter months). One of the outcomes of thisstudy werekey water surface elevationsthat the
operator should amfor in nast years Thesewere

. February 1t flood control target elevation of 1121.3 feet, preceded by
. October 15th secondary target eevation of 1121.8 feet

“If thissecondary target level of 1121.8 ft on October 15ismet, thenthe dropin lakelevd
between October 15 and February 01 should not exceed Si X inchesin mod years”.

Thelmplementation Agreement Report modifiesRecommendation 40 of thePan, to reed:

"To enhance shoregpavning kokanee conditionsover thefall and winter months, Okanagan
Lakewill be operated such that, when possble, thelakeleve isnot gester than 1121.8 fedt
on October 15, subject to flow redtrictionsfor sockeye sdmon'.

For reasons that arenot known to us, the ned to preserve water levelswithin a close rangefrom the
gpawning period until 28 February (s envisaged in thePlan) were changed, and theFebr uary 01 date
adopted. Thismodified dateistooea|y to protect kokanee gpavn, because emergencehappens after
thisdate, even in warmer than average winters, and approximately an additiona Sx weeks are needed
after emergence, for successful growth of the alevins in the shoresidegravd.
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4.0 Other Sdected Reports

Threereportsare reviewed, asfollows

Obedkoff, W., 1994. “Okanagan Basn \&a@ Supply”". Fle No. 42500-60/S, Study No. 384,
Provinceof British Caumbia, Mni stry of Lands, Environment and Parks.

A review, including modding of monthly inflows and outflows to Okanagan Lake and the
downstream river, Vs carried out. Thepurpose of thereview was to estal i sh what additional future
withdrawal of water fiomt he system would be possible, under the operating conditions of the Plan,
and assuming aworst case hydrologicd period, equal to three drought years in successon (as

occurred in 1929to 1931).

The conclusion of the report Vs that an additional 63 million m® per year of water could be
abstracted from the system, if the maximum lakedraw down (i.e. d| the ener gency storage) ves
usad Following thisdrought period, it wouldt ake threeyearsof at least average inflow conditions
for the lake water surface to return to its normd range Management 0f flood events was not
discussed. Winter f| uctuati ons of Okanagan |lake surface levels during drought periodswere not
discussedmt he report.

MeNeil, R 1991. “Report on Frequency Andysesof Hood Fowsand Levelsfor Ckanagan \dl ey,
Mainstem System”, File No. $5111,.85211. Water Manegament Divison, Hydrology Section,
Vhry of Environment, Lands and Rrks.

An analysis of peak flow events, and maximum water levelsfor Okanagan, Skahaand Osoyoos Lakes
and fort he Okanagan River arecomputed. 200 year and 20 yeer return peri od events arelisted. The
aut hor iscareful to point out that because the system isdominated by releases from Ckanagan Lake,
and because thisis not natural but is man controlled, t he normal statistical projectionsdo not appl y.
However in theabsence of & better way to proceed, the statistical analyses were done, with the dat a
set being tested with d| thedata (1921 to 1990) and modern data (1951 to 1990). A changein
operating procedureforthe system occurred after 1951, hence theSplit in the data set.

The values computed provideguidancefor flood congtruction levels around thelakes, and for pesk
channel capacity. Thereport states that with 0.61 m freeboard abovethe200 year pesk water surface
levd for Okanagan Lake, thefl cod congtructionleve should be 343.66 m the samelevd thet has
been in effect INce 1974.

Operationd agpedts, such asthe nesd to lower Okanagan Lake ahead of a predicted high snow pack
season, are not discussed.
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Shepherd B.G 199%"Impacts of Regulating Okanagen Lake \&{e Leveds on Shore Spanvning
Kokanee Stocks'. Okanagan Sub-region Fsheries Section, Ministry of Environment, Lands ad
Parks. Draft report, 17 February 1997.

The higtory of water leve regulation ativities is summarized in the first section of the report.
Reference ismadeto Vadume 1 of "Report of Joint Board of Engineers on Okanagan Hood Control™*
1946. The outlet of Okanagan Lake prior to 1909 wascontrolled by a natural bar, whosedevation
was surveyed & 341.3 m Control dams, withslisat elevations 340.8 mwere constructed in 1914-15,
and 1920. Thepresent control structure Wasbuilt in 1953, with thesill set at 339.75 m Clearly with
thegates of t he control Structureopen, there isthe capability of discharging much morewater & low
| ke levels than could bedischarged in the origind (uncontrolled) situation, because thesll devation
has been lowered. _

The report incudes a section concaning an overview of water level patterns, and a section
concerning an overview of kokanee shore pavning. Tne Okanagan Lake shor e spawning kokanee
stock Uilize water depthsof lessthan 3 mfor pawning, with depthsof lessthan 0.5 m preferred. [ n
arecent report by Dill (1997), the mgority of embryoswerefound & substratedepthsof 15-20 cm,
with a prediction for optima incubation conditionsat about 15-30 em. Thelikdihood of increased
mortality of kokanee embryosfiom nan induced water levd drops during the winter months is
discussad, Declines int he kokanes population dueto other causes, such as theintroduction of Mysis
inthelake, ismentioned.

50 Licenced Withdrawalsof Water from Okanagan Lake

A condgderablevolume of water istaken from (kanegan Lake for industrial, agricultural and domestic
purposes. Licenced and actual withdrawal of water mey be significantly different. Thisis particularly
trueof large waterworks licenceswhich areintended to providefor future growth in demand.

Currently, there are about 919 water licences allowing diversion of water from the Lake. The water
licencesgrant atotal diversonvolumeof 110 Mm® of water annually, and thisdiversion volumeis
about 23% of the nean annua outflow of Ckanagan River at Penticton. Out of the 996 water
licenoes, 17 licences grant about 83% of thetota diverson volume, with each licence dlowing more
than 1 Mm?® diverson annudly. Thecity of Kelowna has the highest licenced abstractionvolumeof
47 Mm?* /year, mainly for munidpd water supply purposes. Teble3 shows the sumof diversionsfiom
Lake Okanagen, thetotal number of licences, and detailsof the mgor | i cences.

Notethat

- 1). acondderadleretumnflawvexists for water pumped from thelake and utilized for various
purposes. A factor of 65% return flow is recommended in the Plan, for municipal/domestic
water withdrawds, ad

. 2). Severd water users abdtract water in volumes that are significantly below their annual
licenced amounts.
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Sncetheinception of the Planin 1974, dl intakes have bean designed to function at an extremelow
lakeleve of 340.4 m. We do not know hownany old or non-complying intakesexist.

6.0 Annual Water Outflowsand Approximate | nflowsfor Okanagan Lake

Theintent of this Sectionisto provide some gpproximateva uesfor understanding of the nature of
thewater nanagenent problem. Becausethe regional ¢l i nat e is vary dry, the runoff from year to year
fluctuates agreat deal. [Dri rg dry years and wet years net inflows of about 100 Mm3 and 1000 Mm3
respectively are noted. Theyear 1997 provided a record inflow vol une of about 1400 Mm3.

Few of the tributary st r eans aregauged, so thet annud inflow volumescan only be approximately
listed based on a hydrologica balance for Okanagan Lake. Thishas alarge error attached, because
the evgporationfrom the lakeisnot known, ishard to determing, and contributesan important part
of thewater balance.

Ministry Of Environment, L ands and Par ks Hood Forecasting Br anch computed dat @ on net annual
inflow volumes into Okanagan Lake, for theperiods 01 October to 30 September the following year.
Information i s updated year|y.

Trese inflows were computed from outflows, with a correctionfor changes in storagein Okanagan
Lake. Outflows were taken from data from \&@ Survey of Canada gauging station No. 08NMO050,
Okanagan River & Penticton (se¢ Figure Al, Appendix A). Evaporation is not induded in the
caculaion, S0 actual inflows are condderably higher than the computed net inflows. The data
concerning net annual inflows from 1922 to 1997 areshowninthe Appendix A, as Figure A2,

[@afirclint e are available inthe Flan, seefir example Table32, page64, Technical Supplement
No. 1 The long term annual precipitation averaged for the whole basin is about 560 mm. Forthel ake
itsalf the precipitationis nuch lower, and high summer temperatures | ead to a rdatively high lake
evgporation. Evaporation from the lake bagn is estimated as 420 mm per year. The long term
average precipitation onthe lakeis estimated to be 315 mm per year, which isabout 56% of the
average precipitation over thewhole besin S

Evaporationfrom thelake ishard to assess. Temperauredifferencesfrom oneyear to the next have
asignificant effect onannual total evaporation. The value listed in the Plan is 965 mm per year, and
webdievethet an error bend of +15% should beattached toth's vaue, because of uncertaintiesin
the true value, and becauseof year to year fluctuations. Thisvaueis confirmed gpproximately by
other pubdished data (Calculated Lake Evaporation data) based on meteorological nessur enart s at
Summerland and Kelowna,see Canedian ClimateNormas 1951- 1980, Volume9.

The nean evaporaionfrom thelakeisthus approximately three timesthat of the precipitationont he
lake. Evaporationisamgor factor in the water budget for the lake (see Table 4).
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A sunmary of mean annual water budget vauesis given in Table4. Errors of measurement are
edimated as follows

. upto 15% isestimated for assessment of precipitation and up to 15% for evaporation directly

fiom thelake,

v up to 5% error on the net runoff fiom the basin and flow measurementsat Penticton, and

. an error of up to 15% on abdraction, to account for abstracted flows lessthan licenced
amounts.

Table4 Approximate Annud \Water Budget for Okanagan Lake

Desription Annud Estimated | Record Reference

Voume | Error* period

M) | Mm?)
Net runoff onthe | 780 +39 1921-1970 | Canada-BC Okanagan Bagn
Lakebasn Agreement, 1974
(without Lake)
Contributionfrom | 100 %15 1931-1960 | Assuming annud precipitation
Precipitation on onthelakeof 315 mm + 48 mm
thelLake
Evaporation from | 330 +50 1921-1970 | Canada-BC Okanagan Basn
theLake Agreament, 1974
Abdraction 5] +14 1997 Record | BC Government Water Rights

Information System

Returnflow from | 62 +9 Return flow assuned as 65% of
abstraction 3¢ thetotal diverson
Outflow at 470 +24 1921 to HYDAT W ROM
Penticton present

*Our estimate of measuring/calculation error.
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70 HistoricWater Level Fluctuations
71 Review of Water Surface Levels during the Past 40 Years

An analysis of water surface devationson QL February was carried out, see Figure4. In addition, a
check was medet o determine the amount of surface lowering o the lake during the period 15
October to (L Februaryt he following yeer (over winter drawdown).

S nce theinception of the Alanin 1974,

. the véter surface on QL February has been withintherange+0.15 mto-0. 28 mof thetarget
level of 341 77 m Thelowes levd(Ql Feb 1993) In recent years was assodaed with
drought runoff conditionsthe previous summer.

. the water surface on 15 October has been within therange+0.33 mto-0. 36 m of t he target
level of 341 2m. Thetvo highest levdswere prior to the preparation of the Implementation
Report, andthe lowest levd ves associated with the 1992 dr ought .

. theoverwinter drawdown hasexceeded 61 ncheg 15 cm) eight years out of 23 years. Since
the Implementation Report of 1982, the overwinter drawdown has exceeded 6 i nche 15 cn)
threeyearsin 15 years, see Figure4

@ aphs of weter surface elevations for thewholeyear, for dl year s from 1960 to 1997, areshown
inthe Appendix A, Figure A3,

72 Drawdowns in the Recent Years during the Spawning Period W /“, 1;7

The weeks after OL February are important to kokanee spawning success, because emergénce does
not happen until approximately 01 March, and approximately six weeks are needed after this date for
the successful gr owt h of t he alevins in thegravel. Therefore, the water surface lsvel fluctuation up
tothe end of March isconddered vital for the overdl development of thefish. Anandysisof water
surface drawdown for the period between 15 October and OL April of the next year wascarried out.
Resultsaregivenon F i e5 Thewater suface devetions for the last 38 years are given in
Appendix A, Figure A3, with special narks on the 15 October and 01 April leves.

Since theinogption of the Okanagan A an in 1974, the lake surface drawdown has exceeded 6i nches
(15 cmyin 17 years ot of 23years, and hasexceeded 12 inche$3) em) 9 yearsin the past 23 years,
seeFgures.
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8 Linkage between Southern Oscillation I ndex and Snow Pack/Runoff

TheSOI isamessure of sealeve barometric pressure differences between Tahiti and Darwinin the
southern hemigpheretropics. During H Nifio, unusudly high atmosphericsealeve pressuresdevelop
in the western tropical Pacific ocean, and unusudly low sealeve pressuresdevelop in the eastern
tropica Pacific oceen. An accompanying phenomenon issignificant heat build up in the surfacewater
of the eastern Pacific Ocean, changing the ocean surfacetemperatureby asmuch as1 to 2 degrees
centigradeover an extremely large area. This heat build upt akes many monthsto happen, and once
it hasarigen, severd monthsare needed before the heat anomaly isdissipated. In this period, tracking
patterns of thejet stream over the northernPacific Ocean ared fect ed, with consequencesfor therain
and snow bearing windsthat bring frontal storms to our area.

The SOI index measurementsar e updated monthly and pﬁnlished on theInternet, so accessto the
dataisqui ck and inexpensive. SOI measurementsare avalable for avery long period, (year 1882to
present).

Ministry of Environment Flood Forecast Cent er has recently provided a WEB site information
bulletin concerningthe effect of B Nifio globa climatefluctuationson runcof f in Bitish Columbia.
The most noticeableeffect of the E Nifto isaong the south coast and in the southerninterior. For
the Okanagan besin, the April 1st 1997 snowpack Was below normd alarge (74%) proportion of the
timefollowing El Nifio events, havingon average 16% less snow than normal.

An excdllent unpublished report (G.A. McBean, 1994), summarizesthe possibilities for long term
dimateand runoff predictionsfor Canada. McBean found that streamflow in most BC regionsvas
positively correlated with SOI for lagged correlations.

Thereisgoed prdiminary evidencetha dimaieand streamflow in the US northwest isinfluenced by
world scale climate fluctuations. For exampleRedmond and Koch (1991) have shown thet the ENSO
(Bl Nifio Southern Oscillation) measured by the SOI has an effect on temperature, precipitation and
runof f in mountainouspartsof the US northwest. Show accumulationislikely impacted by combined
changes in temperature and precipitation. During El Nifio years, thewinter climate tendsto be both
dightly drier, and dightly warmer than normal. Additiondly there is a suggestion of cause-effect
relationships, with the SOI change preceding the climate change by as muchas 4 to 6 months.

8.1 Runoff Correationfor High AltitudeBasins

Weselected nunbber of medium and high atitudebasinsin the region with Water Survey of Canada
gauges, sseFigure 6. Some of these basinswere closeto the Okanagan vdley, but in different river
systems. The flow during the snow mdt period was totaled, and possible correations with the
Southern Ostillaion Index vaueswere investigated.

In dmogt all basinsanayzed, over two thirds of the annud flow appearsin the two months of the
soring freshet. Thevolume of flow over the two months was checked for any significant correlation
with the nean Southern Oscillaion | ndex of the previous summer. In the andydss, the Southern
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Oscillation |ndex wasaveraged over threeto 9x monthsfor the periodsof April to September, May
to September, June to September, July to September, and Juneto August.

Indl thecases best correlation wasfound bet weent he mean Southern Ostillation Index over thesix
nont hs period of April to September to thetotal valumeof flow in thetwo monthsof May and June
of thefollowing yeer.

In summary, results of correlation analysis show that there is asignificant correlation bet ween thesx
month average SOI and stream flowsin the fallowing Soring. The coefficients aregivenin Tables.
Mogt of the corrdaion cosflicients aresignificantly different from zero (the null hypothesis) at the
0.1% leve. Sater plots of the average stream flow for the monthsof May and June versus the
average April to Sept enber Southern Oscillation Index aregivenin Hgure 7far selected basins. The
exampleson Figure 7 cover basin with areas ranging from § knd to 185 km?,

Tabk 5: Corréation between April to September Mean SOI and
Following Year May to June Stream Flows.

Rexxrd | Bestian | Basn | Correlation

§ain Name & Number Length | & Sain | Area | Coefficient
(m) (km?)

Whipsaw Creek bdow Lamont 0 785 186 0.545

Creek, Station No. 08NL036

Camp Creek at mouth near 2 1006 B9 0.55%6

Thirsk, Station No. 08NM134

Vaseux Creck above Terrace 24 1100 117 0.30

Creek, Station No. 08NM171

Two Forty Creek near Penticton, 11 1630 5 0.607
Sa i No. 08NM240

Two Forty One Creek near 11 1610 45 0.5%
Penticton, 3é&ti 1 No.
08NM241

Denni s @esk near 1780 Metre 10 1780 373 0517
Qontour, Saion No. 08NM242

Trappi ng Gesk near Moith, 28 1040 144 0.606
Sation No. 08NN019
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8.2 Show Pack Corrdation

Wesdected a number of snow survey measurement stationsin the Okanagan Station. Three of the
Sow cour ses selected vare near the Okanagan baan, but outsdethe catchment area. At each show
coursestation, the maximum snow pack Vs investigated to check the possible correlationswith the
Southern Osaillaion Index values. Inthe andlyss, the Southern Oscillation I ndex was averaged over
t he six monthsperiod of April to September for each year and correlated to the maximum snow pack
of thefallowingyear.

Results of the corrdation andyssshow thet thereis a reasonable correl ation between the Sx month
average SOI and maximum snow pack for some of the high dtitude Sations. For eight of thetwelve
dationsthe correlation isgood, and for four of the twelve satiansthe corrdation isvery good. For
onestation (Mount Kobau) thereis no sgnificant corrdation.

Thecoefficient vduesare givenin Teble6.



Table6: Corredation between April to September Mean SOX and

Following Year Maxi num Snow Pack.

Elevation | Record | Record Corrdation
SaionName & at Station | Length | Period Coefficient
Course Number (m)
Trout Cresk, Course 1430 61 1935-97 0.390
No. 2F01
Summerland Resarvoir, 1280 56 1942-97 0.449
Course2F02
Graysoke Lake, Course 1810 27 1935-97 0.470
No. 2F04
Misson Cresk, Course 1780 58 1939-97 0.523
No. 2F05
Whiterocks Mountain, 1830 41 1953-97 0.210
CourseNo. 2F09 B
Siver Star Mountain, 1840 39 1959-97 0.338
Course No. 2F10
Isintok Lake, Course 1680 33 1965-97 0.453
No. 2F11
Mount Kobau, Course 1810 32 | 1966-97 0.092
No. 2F12
Esperon Creek (Lpper), 1650 28 1966-97 0.337
Cour=No. 2F13
Morrissey RidgeNo 1, 1860 28 1961-88 0.576
Gourse No. 2 CW
Misson Ridge, Course 1850 29 1967-95 0.548
No. 1C18°
Blackwall Peak, Station 1940 30 | 1968-97 0.518¢

No. 2GO3P°

“The station islocatedin East Kootenay Sub Basin.
The Station islocated in Middle Fraser Sub Basin.
Thedationislocatedin Similkameen Sub Basin.
AWater equivalent dataused in stead of snow pack.

17
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8.3 Correation of Streamflowsallowingfor Delay in Runoff Associated with Groundwater
Storage

For high altitude heedwater baains, the contribution of groundwater tO streamflows isrdatively small.
However for medium and low dtitude basins in the region, and for the Okanagan river in particular,
the contributionfiom groundwater issgnificant.

Groundwater Storagefiom previousyears affects thevolumeof stream flowsin the spring fieshet of
fbllowing years Ater awet year, wheretheannud total flow volumeisclearly higher than thelong
term average flow, theground water storagegets hi gher and addsto theflowsof thefollowing year
because Of inter-year storage and rdeesedf water. |n yearsfollowing wet years, the stream flowsare
the result of the current year precipiition and groundwater contribution from the past year.
Likewise, after adry year, thegroundwater levd getslower and the precipitation of the current year
repenishesthe storage. Therefore, the stream flowsfollowing dry years may be low even though the
precipitation of the current year is medium.

In order to analyze the raionship between the SOI and the spring freshet flow, the groundwater
contribution ves taken out for years following wet and dry years. For all thedataset analyzed it was
assumed that about 25% of theyears were Vi, 25% of the years weredry, and the other 50% of the
yearswere nather wet nor dry. For the middle 50% of the cases, no adjusment for groundwater
contribution was mede.

Thefallowingcrude procedure waswed to account for the groundwater contribution.

. Compute, long-termmeen annual flowvolume, Ve

. Compute standard deviation of annud flow volume over the record period, Vi,

. Set upper flow volumebound = V. + 0.7 * V.,

. Set lower flow volume bound = Vi = 0.7 * Vi

- Compare annud flow volume of previous year (V,,;) with upper and lower annud flow
volume bounds

. If V;, isgreater t han the upper flow volume bound, then it is assumed that the groundweter
volumeinereases and augments the following year's fieshet. Thus, the adjusted freshet flow
volume of the following year will be the messured fieshet flow volume minus contribution
fiom previousyear.

. If'V,, isless t han thelower flow volume bound, then the groundwater decreasesand will be
replenished fiom thefollowing year's fieshet. Thus the adjudted fieshet flow volumeof the
following year will be the messured fieshet flow valume plus some more flow which was
usd to augment the groundwater storage.

. If V;, lies between the upper and the lower flow volume bounds, then groundwater storage
doesnat affect thefollowing year fieshet, and no adjusment is necessary to thefollowing year
meeaured freshet flow volume.
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After the necessary adjustments for groundwater contribution, the SOI averaged over the Sx months
period of April to September for eech year vés corrdlaed to thespring freshet flow volumeof the
falowing year. Correlation coefficient vauesfor selected sites aregi ven in Table 7. The resultsof
th's andyssshowed that there isabout 26 t0 4% higher correlation between SOI and following year
freshet flow, when groundwater storage is taken into consideration. Higher improvement of
corrdaion coefficientsis obsarved for flows with larger basin areas, which would definitdy have

higher storage capecity.

Table7: Correlation between April to September Mean SOIand Following Year May to
June Sream H org with Groundwater Storage Consider ation.

Reoord | Elevation | Basn | Correlation Correlation
Stetion Name & Number Length | at Station | Area | Coefficient | Coefficient with
(m) (km?) without storage effect
storage
Camp Creek & nout h near Thirsk, 30 1005 33.9 0.556 0.559
StationNo. 08NM134
Vaseux Creek above Terrace 24 1100 117 0.320 0.348
Creek, StationNo. 08NM171
TwoFarty Creek near Penticton, . n 1630 5 0.607 0.637
StationNo. 08NM240
Tulameen River Neat Penticton, vavi| 640 1760 0.437 0.462
StationNo. 08NL024
IVES 0N Creek nesr Esst Kelowna, 28 427 811 0.556 0.573
StationNo. 08NM116
Okanagan Lake, Net Inflow 65 6090 0.355 0.401

Thefird column of Table7 showsthat correlationsare mediumto very good. In particular thereis
amedium correlation for the Okanagen basin itsdlf |n view of the contribution of rain eventsduring
Junein particular to the Okanagan river flows, the corrdationis surprisngly good. Scatter plots of
the average stream flow for themonthsof May and June adjusted for storage contribution versusthe
average April to September Southern Oscillation Index are given in Figure 8 for the Okanaganand
Tulameen bagns
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84 Us=d Southern Oscillation Index to assist Forecagting

The relationship between the snowmelt component of sream flows and the Southern Oscillation
Index was found gpparent in our andyss The sgnificant correlation coefficient between the Sx
month average (April to September) SOI, ad the volume of flowsin the two Spring months of the
fallowing year will enable a rough forecasting method to be developed for the expected volume of
the soring freshet. Although thisislikely to be mogt useful in predicting the snow mdt component
of theflow, and this component isless than 50% of the Soring runoff in some years, we bdievethe
procedure will be extremey useful.

Weexpectthat theuseof SOI data for approximeate prediction will be used with other tools, such as
show pack developing during winter months, to refine present capabilities for forecasting.

For exampleadvance knowledgeof a bdow average snow pack year ahead would enablethe Water
Management Branch staff (who are respongblefor controlling thelakeleves) to fed confident about
going into aFall season with relatively hi gh water levelsin Lake, and confident that massivelowering
of thelake during mid winter would not be nesded.

Several months of advance noticeabout gpproximatesnow pack will dlow adjustmentsto be made
tolakelevdsgarting asealy asthefirg week of September. Thesewater levd adjusments, made
ahead of theFdl spawning season, will hdpin theimproved management of lakelevels and water
rdleesesfor thefish, fi h spawning and incubation of eggs. Theseimprovementswill be of benefit both
tolakeand river soawvningfish
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OKANAGAN LAKE TARGET WATER SURFACE LEVELS AND SILL
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APPENDIX A

Hydrological Data
Okanagan Lake
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APPENDIX B

Historical Air Photos
Okanagan Lake at the Outlet
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1938 Photo
Approximate scale 1:15,000
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1955 Photo
Approximate scale 1:5,000
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1977 Photo
Approximate scale 1:12,000
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1996 Photo
Approximate scale 1:15,000
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