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Okanagan Lake Water Levd Management
Review of Past Trends with Recommendations

EXECUTIVESUMMARY FINAL REPORT

Management of water levelsin the Okanagan Lake sysem and particularly Okanagan Lakeitsdlf is
of great strategicimportance to the Okanagen valey. Irrigation/municipal demands, flood reduction,
fisheries habitat and spawning, and recreation uses dl depend on how wisdy the flow of water is
managed. Control over the opening and closure of the outlet gates of Okanagan Lake at Penticton
iscrucia to determining lakelevelsand downstreamflows.

Lakelevesfor Okanagan L ake presently set by Province of British Columbiawere adopted in 1982,
when the Okanagan Basin Implementation Agreement Report wasfinalised. Of particular importance
aretarget water levels at key dates, such as February 1* and October 15", Because of very large
storagein OkanaganL akein relaion to discharge capability at Penticton, adjustment of lakelevels
takes severd weeks of time. Proceduresthat will give operators moretime and more flexibility in
operating thelake are desired.

Presently thelake is operated most of thetimeat elevationsthat are higher than may be necessary.
This creates problems for fisheries during high runoff years because of the need for extensive
lowering of the lake during the winter months.

We have demondirated a loose corrdation between spring runoff conditions and globa dimate
indicators mesasured the previoussummer. In 13 out of 66 years when the 6 month SOI (Southern
Ogcillation Index) islessthan-06, the May-Juneinflow volume to Okanagan L ake was no larger
than 33% abovenormd. Only in one year (1983) was there an exception, otherwisetherewereno
eventsduring these yearsthat were significant floods. Three of these, 13 yearswerethe most serious
drought years of record. This meansthat adimatesituation causing normd or drought conditionsin
lakeinflowsthefollowing spring can beforeseen, and plansto kegpthelakeleve higher than inthe
majority of years can beinitiated on 1* September. Adjustmentsto the outflow at Penticton can be
started at this time, and the decision about the target water surface eevation confirmed on 30"
September.

With long range weether trend predictionsimproving, we bdievethat it may be possibleto operate
the lake during the winter at lower elevationsthan previoudy used, without increasing theri sk to
irrigation water supplies. Thisleadsto theidea of utilizing:

1). arevised water surface target for 01 February, such as1120.7 feet (341.6 m), 0.15 mless
than presently used, with asmilar revisonto the water surf ace target for 15" October. These
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water surfaceevation vaueswould be used for the mgjority of years.

2). The same water surface target as used at present on 01 February (341.75 m) for low SOI
yearsonly.

In planning for implementation of thisidea, someimportant checksshould be undertakento seeif it
isfeasble. Water flow and water balancestudiesusing the historic dataset should be carried out to
check on thefollowing points:

A). Proposed lower water surface elevationsduring the majority of years:

e Would the additional amount of water that will be released during | ate summer/fall imply flows
at Oliver gauging station in excessof 28.3 m*/s (see presently alowed flows, page 10).

o Would there be sufficient water in storage to supply the normal winter/spring minimum release
flows (3 m*/s) from Okanagan Lake.

o Would thelake be aetofill during spring/summer the mgority of years, followingwinterswhen
the revised target is used.

B). Allowed flows at Oliver gauging station: Are the presently alowed flows during the period
August 1* to October 31* unnecessarily conservative. Would it be possibleto releaseup to 45 m/s
(for example) during this period.

O). Lower lakelevels: \Would the proposed revised range of lake levelscause problems with dock
owners (fixed eevation docks).

Part of a future procedure, if feasble, will involve River Forecast Centre, Ministry of Environment,
Lands and Parks carryingout an assessment of the previous 4-6 months SOI value prior to August
31" year. Other global indicators of heat and weather in the Pacific Ocean may be availableand nay
be preferable predictors(better than SOI vaue) of seesond runoff. Theseindicatorsshould be tested
for correlation with Okanagan basn runoff. Yearly recommendations should be made for the
Okanagan system, if runoff conditionsfor the following spring are likely to be significantly larger
then, or sgnificantly smdler than average. Adjustmentsto lake outflows to be started by Water
Management staffon T September of each year, to alow water level to meet target levelson 15®
October and 1* February. Confirmation of the decision on thetarget water level should be made on

30" September.
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Okanagan Lake Water Level Management
Review of Past Trendswith Recommendations
HNAL REPORT

10 Introduction

Water suppliesin the Okanagan baain are controlled mainly by inflows and outflows fiom Okanagen
lake Thisisalargelakewith rdatively amdl average throughflow. Hydrologicalythe areaisarid,
with low annud runoff amounts, and large interannud fluctuations in runoff In addition, the
evaporation from Okanaganlakeislarge, 30 the outflow in wet years vastly exceedsthe outflow in
dry years. A map of the areais shown (Figure 1), with the downgtream river (Okanagan river),
leading via Skaha, Vaseau and OsoyoosLakesto the US border, and fiom there to the confluence
with the Smilkameen river. The Okanogan river (as it is cdled in Washington state) joins the
Columbia River about 100 km south of theinternationa border.

The cgpacity of the channdized Okanagan river downdream of Okanagan lakeisnot large. The pesk
flow that it can pass depends on factors such as the backwater exerted by Skaha Lake, and by
tributary creeks. Thedesign flow of the channdlized river is60 m*/s Under optimal conditionshigher
flows can be rdeased (for example during the early part of August 1997, aflow estimated at about
77 m’/swas passed). Prolonged release of high flows sometimescausesdamage to drop structures
in theriver downstreamof SkahaL ake. The maximum daily volume (about 7.5 million nT) that may
be rdleased fiom Okanagan Lake a thisflow rateisaamdl fraction (1.8%) of thelive storage valume
of the lake. Thus many days and weeks of outflowsare needed to sgnificantly change the water
surfacelevd of thelake.

Water supply management, water qudity and related i ssues for Okanagen Lake were comprehendvey
investigated in 1972-3, and in 1974 a series of reportswhich induded the Comprehensive Framework
Plan were published. A summary of selected recommendationsfiom thisreport isinduded as Section
3.0 of the present report. The Plan emphasized aspects such asflood reduction, water supply for
irrigation and municipa use, phosphate reduction fiom treated sewagewaters, and flow needsfor
Okanagan river sockeye sdmon. A clause was insarted in regard to shore spawning kokanee and
regulation of lakelevels.

Engineeringand other work set out in the Plan was executed, and areport was published at theend
of theimplementation period (September 1982). Thereport wastitled Report on the Okanagan Basn
Implementation Agreement, and induded detalls of the management of lake surface levels
Recommendationswere made specificdly directed at mitigating the effects of men made water
surface changesin lake levelson shore spawning kokanee popultions.

Ward & Associates Ltd. 07-Mar-2000



For thelast 15 yearsthelake has been operated by Water Management Branch gtaff, following the
guiddines st out in the Plan, and in the Implementation Report. The Plan permits late winter
drawdown of thelake, if needed, to create toragefor larger than average anticipated runoff events
the next spring and summer.

This procedure has thefollowing attributes:

1. Brefit in creating space in the reservoir so that high runoff flows appearing weeks or
monthslater can be stored and dowly released. Thisreduces maximum water surface levels
thefollowing summer, and reduces summer flow pesksin the Okanagan river dso. Lake-Sde
residents, particularly those with low basements, benfit fiom reduced flood levels, because
inundation of basementsisminimized.

. 2. Detriment for lake and riverinegpawning fish, becausea). thelake may be drawn down
sufficiently that |ake spawning kokanee eggsmay beleft high and dry prior to completion of
incubationand hatching, and because b). high flowsin the Okanagan River during the winter
months may mobilizegravels and causewash out of sockeye sdmon spawning sites. Inthis
context, both the sockeye sdmon run on the Okanagan River and the Okanagan Lake
kokanee population are particularly vauable. The sockeye sdmon run is one of only two
subgtantia runs left on the Columbia River sysem, and the Okanagan Lake kokanee are
unigue, and very different in oawning behaviour and habitat fiom other sdmon stock. They
thus have a high vauefiom the point of view of genetic diversty.

Difficultiesin managing the sysem fiom the point of view of fish spawning and surviva stlemfiom
thelargelead timeinvolved. Thefish (both lake and riverine salmonids) spawn during the month of
October, and sdlect Stes based on water levels (in the river and thelake) that they see at thistime.
Thesewater levels nead to be kept within afairly close bend of theleve at spawning time (sometime
in mid or late October) to ensure optimum surviva. Water levelsmust be maintained until early or
mid April for the kokanee alevins to mature successfully. If theselevels are hdd, and an unusually
high snow pack year occurs (asin the 1996-97 winter), thereisinsufficent time during the April to
early May period to create torage spacein the reservoir prior to the onset of flooding. Theresultis
very high lakelevelsand flooding of homesand other facilities around thelake. Although theflood
congtructionleve hasbeen st at ardatively high devation (343.66 m) for many years, therearea
lot of non-conforming resdencesand other properties. If thelevesin Okanagan Lake arelowered
gartingin late January (aswasdonein 1997), thenit is possbleto create sufficient storageto reduce
flooding in the summer months. However thisis done to the detriment of lake spawning kokanee
stocks.

In the naturd system, with uncontrolled flow over agrave or cobblebar at the outlet of Okanagan
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Lake(see Fgure 2), the changesin outflow were dow and determined by dowly changinglakelevels
asthewinter months progressed. No provisonwas possbleto reduce pesk water elevationsduring
the summer, by pre-rdeasing water following large snow fall winters. With the ingtallation of a Sl
and gates at the outlet (starting in 1915), the possibility has existed for the last eighty years of
ggnificant lowering ("pulling the plug") of the lake, below previoudy occurring natura lows. This
Isdone during high snow pack winters, to createroom for storageof anticipated flood events.

2.0 AvailableHydrological Data

Largeamountsof hydrologica data have been collected for Okanagan L ake and the Okanagan river
system. A listing of a selection of the most important types of datafor water level management is
liged in Table 1. Water licence informationis obtained fiom the Water Rights Information System
computer files, at Water Management Branch, MEL&P. Meteorologica and hydrologica information
isobtained fiom Environmenta Servicesand Information Division, Environment Canada.

30 Okanagan Basin Framework Plan & Okanagan Basin | mplementation Agreement

Two important sets of documentswere produced, detailing what engineering, construction and
adminigrativework hed to be done, and how to operate Okanagan Lake and itstributaries. These
werethe report on the Canada-BritishColumbiaOkanagan Basin Agreement, 1974 and the report
on the Okanagan Basin Implementation Agreement, 1982. The first of these sets of documents
induded a comprehensiveframework plan, referred to as the Plan. Recommendationsfiom these
documents were incorporated into the Water Management Branch's operating schedule, which
specifiestarget lakelevelsand river flowsat different timesof the year.

A. The Flan. A comprehensve andysisof the situation with water supply, flood potential and
eutrophication possihilitiesfor Okanagan L ake was carried out in the early seventies. Under ajoint
Federd- Provincid effort, a Canada British Columbia Consultative Board was set up to overseethe
work that hed been funded in October 1969 under the Okanagan Basin Agreement. This work
culminated in a report, published in 1974 in three parts.

Summary Report, induding the ComprehensiveFramework Plan; Canada British Columbia
Okanagan Basin Agreement, March 1974, 42pp.
. Main Report: CanadaBritish Columbia Okanagan Basn Agreement, March 1974,536 pp.
. Twelve Technicd Supplement Reports, induding Volume 1: Water Quantity Report: Canada
British Columbia Okanagan Basin Agreement, March 1974, 610 pp.

Thestudy andyzed three growth projectionsfor the period 1970 to 2020. With the highest growth
projection (2.6% per annum) of thethree, the report concluded that thereves sufficient water in the
basin to supply dl projected withdrawa sand to meat proposed fishery and recreationrequirements.

Ward & Associates Ltd. 07- Mar -2000



TABLE 1

Summary of Hydro meteorological Data for Okanagan Lake

Sampling
Type of data period Years available
Evaporation:
Kelowna Airport Monthly 1971 to present
Penticton Airport Monthly 1951-1980
Summerand Monthly 1962-1992
Precipitation:
Kelowna Airport Monthly 1971 to present
Penticton Airport Monthly 1951 to present
Water Surface levels:
Okanagan Lake at Kelowna Daily 1943 to present
Okanagan Lake at Penticton Daily 1920-1974
Stream flow on Okanagan River:
Okanagan River near Oliver Daily 1944 to present
Okanagan River at Penticton Daily 1921 to present
OkanaganRiver at Okanagan Falls Daily 1915 to present
Okanagan River at Oroville Daily 1942 to present

Stream Flow in main tributaries which supply 60% of the inflow to Okanagan Lake:

Mission Creek near East Kelowna Daily 1949 to present
Vernon Creek at outlet of Kalamalka Lake Daily 1927 to present
Trout Creek at the mouth Daily 19691982
Penticton Creek above Dennis Creek Daily 1970 to present
Equesis Creek near the mouth Daily 19691982
Kelowna Creek near Kelowna Daily 1922 to present
Powers Creek at the mouth Daily 19691982
Peachland Creek at the mouth Daily 19691982

Water Licences:

919 licences leading to a total licenced diversion of 110 Mm?® annually.

Tables 1 & 3.xs: Table 1

Ward & Assoclates Ltd.
Water Engineering & Hydrology




Thisassumed the withdrawa of larger volumesof water from Okanagan L ake during prolonged
drought periodsthan hed occurred in the past. Alsoforecast wasthe need for additiona
headwater storage of water.

Forecast ranges of Okanagan Lakewater surf'leveswere asfollows

Not normally t0 exceed four fect in any one year, but atotal 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 projected maximum e evation of Okanagan Lakeduring a200 year flood event was 1125.5 feet
(343.05 m). Thismaximum eevation was based on statistical projections, and ishard tointerpret and
use, becausethe maximum levesattained in Okanagan Lake depend on inflows and 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 Water Quantity”, water levelsin
Okanagan L ake are recommended to beregulated to target values(see Table2). Target weter surface
devationsfor Okanagan Lakeand sl devationsat thelake outlet aresunmar i zed on a scaledrawing
(see Figure 4). Vdues shown in Figure 4 are as mentioned in the Plan, and as mentioned in the
Report on the Implementation Agreement.

Table2 Target Water SurfaceElevationsfor Okanagan Lake Recommended in the Plan (1974)

Normal Operating | Regulated withinits norma four foot range (1119.8 to 1123.8 fest,
Conditions: 341.32t0 342.54 m) in dl yearsexcept extremeflood years (inflows
projected to exceed 500,000 acre feet/yr, 617 million m*/yr) and
successivedrought years (inflows lessthan 200,000 acre feet/yr, 247
million m*/yr).

Flood Conditions | Laketo bedrawn down below itsnormal |low water elevationof 1119.8*

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

Drought Maintainthelakelevd ashighas possble. Under prolonged drought
Conditions conditions, thelakelevel may reach as low as1116.8 feet (340.4 m). The
Predicted: bottom 0.92 mof water storageisknown as'emergency storage'.

*Normal |low water elevationpedfied in Plan of 341.32 m Notethat operationa experience
has shown that in most years meeting thistarget would result in excessive and unnecessary
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drawdown. In practice, a minimum leve in an average year of 341.5 to 341.6 misusudly
sufficient.

Recommendations are dso madein the Plan, as follows:

Flood plain zoning be implemented and enforced by a regiona water management authority
upto 1127.5 feet (343.66 m) eevationaround Okanagan Lake. Further developmenton this
floodplainshould be limited to recreation, parksand agriculture

Irrigation and domesticintakesaround OkanaganL ake be adjusted as required to be operable
at aminimum lake dlevation of 1116.8 feet (340.4 m)

AsofMarch 1974, futureintakes, wharves, boet ramps and other structuresaround Okanagan
Lakebe built to operatewith alakedevetion rangeof 1116.8 to 1125.5 feet (340.4 to 343.05
m). .

Water requirementsfor sockeyesdmon in Okanagan River should be met indl years, except
consecutive drought years, using thefollowing guiddines:

DATES FLOWS, OLIVER GAUGING STATION
August 1 to September 15 300 - 450 ft¥/s 85 -11.3 ms
September 16 to October 31 350 - 550 ft*/s (9.9 t0 15.6 m*/s)
November 01 - April 30 175 - 1000 f*/s (5.0 -28.3 M9

In two or more consecutive drought years, theseflows may haveto be reduced".

NOTE THAT THESE NUMBERS ARE FROM TECHNICAL SUPPLEMENT IX. THE
NUMBERS SHOWN IN MNN AND SUMMARY REPORTS ARE WRONGLY
REPRODUCED.

Clause 40: That due congderation be given to shore spawning kokanee when regulating
Okanagan Lake water levelsover thewinter months To min mze damaget o shorespawning
kokanee during the fal and winter months, the drawdown of Okanagan Lake between
October 01 and February 28 should not normaly exceed Sx inches. In anticipated runoff
years however, greater drawdownsmay be necessary to accommodate the spring runoff.

Without long term forecasting, the Plan's recommendationsfor drought conditionsare not possible
to met in practice, because during times of very low inflows into the lake, it is not possbleto
maintain the water levels high, because of demandson the systlem. For example during the winter
months the Okanagan river flows mugt be maintained ratively high to avoid exposing sockeye

Ward & Associates Ltd. 07-Mar - 2000
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sdmon eggs.

ThePan's recommendeationsfor flood conditionsto draw thelake down prior to freshet isimpossible
todoin practicewithout causng damageto the |ake kokanee popul ation (see next section).

Clearly when the Plan's requirements for fish habitat and fish spawning are combined with
requirementsfor flood and drought management thereis a conflict. In our opinion, this conflict could
be mitigated with long term trend forecagting, i.e. determining by July/August what the following
spring's snowmelt runoff conditionswerelikey to be.

B. Implementation Agreement Report: Nearly dl of the engineeringwork outlined in the Plan ves
undertaken during the period 1976 to 1982, and this document describes what was achieved. Of
importanceto lakelevels and outflowsare thefollowing:

Okananan | akeintakes In order for theintakesto be operableat an extremelow lake eevation of
340.4 m(1116.8 feet), thePlan advised thet all irrigation and domestic intakes e adjusted (lowered)
as required Thelmplementation Report quotesthe Board as advising that any intake modifications
should not be undertaken until such atime as an actual drought event nay occur. Thiswas because
of 1). the expectancy that there was a high chance of zero benefit fiom these changesover the life
expectancy of thetheseintakes, and 2). becausethe work could bedonerdatively quickly if needed.
Al new intakes (1977 onwards) were built to operateat alake surfaceelevation of 340.4m.

flows. Thedlowed flow for the period August 1 to September 15 were changed, to
alow moreflexibility in releasing flows from Okanagan Lake. The revised schedulewas:

DATES FLOWS, OLIVER GAUGING STATION
Augugt 1to September 15 300- 1000ft/s (85-283 m9
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 - 28.3m°l9

" After February 1, flood control requirementsare given priority over fishery flows
and it may on occasion be necessary to exceed the 28.3 nT/s upper limit"”.

ing. Mention is made of a mullti- agency water study concerning both sdmonflows
and conditionsfor kokanee (determining how to minimizethe drawdown of Okanagan Lake during
thewinter months). One of the outcomes of this sudy were key water surface elevationsthat the
operator should aim for in most years. Thesewere

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

Ward & Associates Ltd. 07- Mu- 2000
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If thissecondary target levd of 1121.8 A on October 15 ismet, then thedrop in lakeleve
between October 15 and February 01 should not exceed Sx inchesin most years'.

Thelmplementation Agreement Report modifies Recommendation 40 of the Plan, to reed:

To enhance shore spawning kokaneeconditionsover thefdl and winter months, Okanagan
L akewill beoperated such that, when possble, thelakeleve isnot greater than 1121.8 feet
on October 15, subject to flow restrictionsfor sockeyesamon”.

For reasonsthat are not knownto us, the need to preservewater levelswithin a closerange from the
goawning period until 28 February (as envisaged in the Plan) were changed, and the February 01 date
adopted. Thismodified dateistoo early to protect kokaneespawn, because emergence happensatter
thisdate, evenin warmer than averagewinters, and gpproximately an additiona Six weeksare needed
after emergence, for successful growth of the alevins in the shoresdegravel.

Ward & Associates Ltd, 07-Mar-2000
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40 Other Selected Reports
Four reportsare reviewed, asfollows.

Summit Environmental Consultants Led.,, 1999. "' Improved Seasona |nflow Forecasting Models
for Okanagan and Kalamalka Lakes: Find Report and User s Manud'. For Ministry of Environment,
Landsand Parks, Southern Interior Region. 80 pp plus Appendices.

The report focuses on forecasting of expected inflowsinto the Lake during the spring/summer period.
Theforecastsare made during the period beginning of February to beginning of May.

To assg in the operation of Okanagan and Kaamaka L akes, forecastsof freshet period inflow to
each lake are presently madefour timesper year, on1 February, 1* March, | ¢ Apriland 1 May. A
predictionfor the total lakeinflow volumesfiom these dates, until 31 ¢ duly, is made every year.

Satistical moddsfor inflow prediction were developed by government in 1984. It later became
apparent that therewas a nead to improvethe performanceof these modds, particularly for results
of the 1* February and 1* March predictions,

The Summit report tested previoudy used and new variablesin the regression equations, including:

Snow Water Equivalent at Key AES Stationsin the Basin
o SurfaceInflow Volumesfor the Previous ThreeMonths
Forecast Period Precipitation fiom Canadian Ingtitute of Climate Studies
Groundwater levels
Plateau reservoir storage
Basin-widelndex of Snow Water Equivaent

A datidtica procedure, principd components (Garen) andyds, was used to undertake the
comparisons of modeled and actud flows. The result of the suggested new procedures is to
subgtantialy improvethe early season forecastsfor both lakes.

For reasonsthat are not explained, severd of the suggested new variableswere not included in the
findly recommended equations. This may be becausethe effects of some variables are implicitly
induded in others, e.g. groundwater levels are expected to be correlated with the December to
February lakeinflow valuesin most years.

Ward & Associates Ltd. 07-Mar-2000
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Obedkoff; W., 1994. “Okanagan Basn Water Supply”'. FleNo. 42500-60/S, Study No. 384, Province
of British Columbia, Migry of Lands, Environment and Parks.

A review, incduding modding of monthly inflows and outflows to Okanegan Lake and the
downgreamriver, wascarried out. The purpose of the review wasto establishwhat additiond future
withdrawa of water from the sysem would be possble, under the operating conditionsof the Flan,
and assuming a worst case hydrologica period, equd to three drought years in succession (as
occurred in 1929to 1931).

The conclusion of the report was that an additiona 63 million n?® per year of water could be
abdtracted from the system, if the maximum |akedraw down (i.e. dl the emergency storage) was
used. Following thisdrought period, it would take threeyearsof at least averageinflow conditions
for the lake water surface to return to its normd range. Management of flood events was not
discussed. Winter fluctuations of Okanagen lake surface levels during drought periods were not
discussed in the report.

McNeil, R 1991. "Report on Frequency Andyses of Hood Flowsand Levesfor Okanagan \d | gy,
Mainstem System”, File No. SS111, S5211. Water Management Divison, Hydrology Section,
Ministry of Environment, Landsand Parks.

An andysisof pesk flow events, and maximum weter levesfor Okanagan, Skaha and Osoyoos Lakes
and for the Okanagan River are computed. 200 year and 20 year return period eventsareliged. The
author is careful to point out that because the sysem isdominated by rel eases from OkanaganLake,
and becausethisisnot natura but is men controlled, the normd statistical projectionsdo not apply.
However in the aosence of a better way to proceed, the statistical andyses were done, with the data
st being tested with dl the data (1921 to 1990) and modern data (1951 to 1990). A changein
operating procedurefor the sysem occurred after 1951, hencethesplit in the data set.

Thevaues computed provideguidancefor flood construction levelsaround thelakes, and for pesk
channd capacity. The report satesthat with 0.61 mfreeboard abovethe 200 year pesk water surface
level for Okanagan Lake, theflood congtructionleve should be 343.66 m, the samelevd that has
been in effect Snce 1974.

Operationd aspects, such asthenead to lower Okanagan Lake ahead of a predicted high mow pack
Season, are not discussed.
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Shepherd, B.G. 199%dlImpacts of Regulating Okanagen Lake Water Levels on Shore Spavning
Kokanee Stocks”. Okanagan Sub-region Fisheries Section, Ministry of Environment, Lands and
Parks. Draft report, 17 February 1997.

The higory of water levd regulaion activities is summarized in the first section of the report.
Referenceismadeto Vdume 1 of *Report of Joint Board of Enginearson Okanagan Hood Control”
1946. The outlet of Okanagan Lake prior to 1909 was controlled by a naturd bar, whose devation
wasaurveyed a 341.3 m Control dams, with slisa devations340.8 mwere condructed in 1914-15,
and 1920. The present control structurewashuilt in 1953, withthe sl set a 339.75 m Clearly with
thegatesof the control structureopen, thereisthe capability of discharging much morewater a low
lake levesthan could be discharged in the origind (uncontrolled) Stuation. Thisis because thedll
elevation has been lowered.

The report incdludes a section concerning an overview of water levd paiterns, and a section
concerning an ovaview of kokaneeshore gpawning. The Okanagan Lake shore spawning kokanee
st ock utilize water depths of lessthan 3 mfor gpawning, with depthsof lessthan 0.5 mpreferred. In
arecent report by Dill (1997), the mgarity of embryoswerefound at substratedepthsof 15-20 em,
with a prediction for optimal incubetion conditions a about 15-30 am. The likelihood of increased
mortdity of kokanee embryosfiom men induced water levd drops during the winter months is
discussed. Mentionis made of dedinesin the kokanee populaion dueto other causes, such asthe
introduction of Mysis in the Lake.

50 Licensed Withdrawalsof Water from Okanagan Lake

A conddardbdlevaumeof water istaken from Ckanagan Lakefor indudtrid, agricultural and domestic
purposes. Licensed and actud withdrawd of water mey be sgnificantly different. Thisis particularly
true of large waterworkslicenseswhich areintended to providefor future growth in demand.

Currently, thereare about 919 water licensesdlowing diverson of water fiom the Lake. Thewater
licenses grant atotal diverson volumeof 110 Mm® of water annually, and this diversion volumeis
about 23% of the nean annud outflow of Okanegan River at Penticton. Out of the 919 water
licenses, 17 licensesgrant about 83% of thetotd diversaon volume, with eech licensedlowing more
then 1 Mm® diverson annudlly. Thecity of Kelowna has the highest licensed abstraction volume of
47 Mm’® /year, mainly for municipa water supply purposes Tad e 3 showsthe sum of diversonsfrom
L ake Okanagan, thetotal number of licenses, and detailsof the mgor licenses.
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TABLE 3
Licensed Maximum Withdrawals of Water from Okanagan Lake
Licence ANNUArDIVETSION Priority
No. Licensed Purpose Quantity at POD| UNITS Volume (1000m’) Date Licensee Licensee address
|C032633 |COOLING 12,000,000 GD 19,910 | 19670203 |RIVERSIDE FOREST PRODUCTS LTD 820 GUY ST KELOWNA BC V1Y7RS
C032828 |WATERWORKSLOCALAUTH | 3,285,000,000 | GY 14,929| 19670728 [KELOWNA CITY OF 1435 WATER ST KELOWNABC V1Y1)4
C022362 |WATERWORKSLOCK AUTH 2,190,000,000 GY 9,053 | 19541108 [KELOWNACITY OF 1435 WATER ST KELOWNA BC V1Y1J4
C108281 |WATERWORKSLOCAL AUTH 1,934,500,000 GY 8,791 | 19690623 |WINFIELD & OKANAGAN CENTREIRRIG MST 10591 OKANAGAN CNTRE RD E WINFIELD BC
C032828 (WATERWORKSLOCAL AUTH 1,825,000,000 GY 8,294 | 19670726 |KELOWNACITY OF 1435 WATER ST KELOWNA BC V1Y1J4
C027158 |WATERWORKSLOCALAUTH | 1095000000 | GY 4976 | 19611214 |KELOWNA CITY OF 1435 WATER ST KELOWNABC V1Y1J4
C019680 |WATERWORKS LOCAL AUTH 912,500,000 GY 4.147 | 19500803 [PENTICTON CITY OF 171 MAIN ST PENTICTON BC V2A5A9
C025236 (WATERWORKS LOCAL AUTH 730,000,000 GY 3.318 | 19590212 |PENTICTON CITY OF 171 MAIN ST PENTICTON BC V2ASA9
C040839 (WATERWORKS LOCAL AUTH 730,000,000 GY 3,318 | 19720724 |KELOWNA CITY OF 1435 WATER ST KELOWNA BC V1Y1J44
C032615 |WATERWORKSLOCAL AUTH 584,000,000 | GY 2,654 | 19670808 |SUMMERLAND CORP OF THE DISTRICT OF BOX1 9 SUMMERLANDBC VOH1Z0
C014633 (WATERWORKS LOCAIL AUTH 547,500,000 GY 2,488 | 19380802 |KELOWNA CITY OF 1435 WATER ST KELOWNABC V1Y1J4
C015910 (IRRIGATION LOCAL AUTH 1,800 AF 2,221 | 19310320 [GLENMORE-ELLISONIMPROVEMENT DIST C/O D MCFADDEN 445 GLENMORE RD KELOWNA BC
C086159 |WATERWORKS(OTHER) 1,077000| GD 1,787 | 19861120 |TRANSPORTATION & HIGHWAYS MINISTRY OF (523 COLUMBIA ST KAMLOOPS BC V2C2T9
|co1s0s8  [WATERWORKSLOCAL AUTH 365000000 | GY 1,659 | 19490510 |KELOWNA CITY OF 1435 WATER ST KELOWNABC V1Y1J4
|0034312 IRRIGATION LOCAL AUTH 1,000 AF 1,234 | 19680925 |OKANAGAN-SIMILKAMEEN REGIONALDIST OF (101 MARTINST PENTICTON BC V2ASJ9
|0018611 IRRIGATION 900 AF 1,110 | 19480316 |OKANAGAN INDIANBAND RR 7 COMP 20 SITE 8 VERNON BC V1T7Z3
Icozoau IRRIGATION LOCAL AUTH 900| AF 1,110 | 19520605 |WESTBENCH IRRIGATIONDISTRICT POBOX 537 PENTICTON BC V2ABK9
91,897 |SUM OF THE ABOVE 17 LICENCES CONTRIBUTING TO OVER 83%OF THE TOTAL DIVERSION FROM THE LAKE.
18,424 |OTHER 902 LICENSEES
110,521 |TOTAL LICENCED DIVERSION FROM OKANAGAN LAKE

Tables 1 & 3xis: Table 3

Ward & Assoclates Ltd.
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Notethat
. 1). acondderablereturnflow existsfor water pumped fiom thelakeand utilized for various
purposes. A factor of 65% return flow isrecommended in the Plan, for municipal/domestic
water withdrawals, and
. 2). Severd water users abstract water in volumesthat are significantly below their annual
licensed amounts.

S i theinception of thePlanin 1974, all intakes have been desgned to function at an extremelow
lakeleve of 340.4 m We do not know how many old or non-complying intakesexist.

6.0 Annual Water Outflowsand Approximatelnflowsfor Okanagan L ake

Theintent of thisSectionisto providesome approximatevauesfor understanding of the nature of
thewater management problem. Because theregiond dimateisvery dry, the runoff fiom yeer to year
fluctuatesa great dedl. During dry yearsand wet years net inflows of about 100 Mm® and 1000 Mm*
respectively are noted. Theyear 1997 provided arecord inflow volume of about 1400 M,

Few of the tributary streamsare gauged, so that annud inflow volumes can only be gpproximately

lised basad on a hydrologica balancefor Okanagan Lake. Thishasalargeerror attached, because
the evaporationfrom thelakeisnot known, ishard to determine, and contributesan important part
of thewater balance.

Ministry of Environment, Lands and Par ks Flood ForecastingBranch computed data on net annud
inflow volumesinto Ckanagan Lake, for the periods01 October to 30 September thefollowing year.
Information is updated yearly.

These inflows were computed from outflows, with a correctionfor changesin storagein Okanagan
Lake. Outflowsweretaken fiom datafiom Water Survey of Canada gauging station No. 08NMO050,
(kanagan River at Penticton (see Figure Al, Appendix A). Evaporation is not included in the
cdculaion, 0 actual inflows are condderably higher than the computed net inflows. The data
concerning net annual inflowsfrom 1922 to 1997 are shownin the Appendix A, asFigure A2,

Datafor dimateare availablein the Plan, seefor example Table 3.2, page 64, Technica Supplement
No. 1. Thelong term annual precipitation averaged for the whole basin isabout 560 mm. For thelake
itsalf the precipitation is much lower, and high summer temperatureslead to arelatively high lake
evaporation. Evaporation from the lake basin is estimated as 420 mm per year. The long term
average precipitation on the lakeis estimated to be 315 nm per year, which is about 56% of the
average precipitation over thewholebasin.

Evaporation from thelakeishard to assess. Temperaturedifferencesfiom oneyear to thenext have

Ward & Associates Ltd. 07-Mar-2000
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asignificant effect on annud total evaporaion. Thevaueliged inthePlanis 965 mm per year, and
we bdievethat an error band of +15% should be attached to thisvaue, because of uncertaintiesin
thetrue vaue, and becauseof year to year fluctuations. Thisvaueis confirmed approximately by
other published data (Cd culated L ake Evaporationdata) based on meteorological messurementsat
Summerland and Kelowna, (see Canadian Climate Normals, 1951-1980, Volume9).

Themean evaporation fiomthelakeisthus goproximatdy threetimesthat of the precipitationon the
lake. Evagporationisamgor factor in thewater budget for thelake (see Table4). A sunmary of mean
annua water budget valuesisgiven in Table4.

Errorsof measurement are estimated asfollows:
e Upto 15% isedimated for assessment of precipitationand up to 15% for evaporation directly

from thelake,
up to 5% error on the net runoff fiom the besin and flow measurementsat Penticton, and

[ ]
e anerror of upto 15% on abgraction, to account for abstracted flowslessthan licenced amounts.

Tabled. Approximate Annua Water Budget for Okanagan Lake

Description Annual | Egimated Record Reference
Volume Error* period
(Mm’) (Mm’)
Nedrunoffonthe | 780 +39 1921-1970 Canada-BC Okanagan Bssin
Lake basn (without Agreament, 1974
Lake)
Contribution from | 100 +15 1931-1960 Assumingannual precipitationaon
Precipitation on the thelakeof 315 mm + 48 nm
Lake
Evaporation from 330 50 1921-1970 Canada-BC Okanagan Basin
the Lake Agreament, 1974
Abgraction 9 +14 1997 Record | BC Government Water Rgt S
[nformation System
Retumflow from 62 19 Return flow assuned as 65% of te
abgraction total diverson
Outflow at 470 +24 1921 to HYDAT CD ROM
Penticton present

*Our estimate of measuring/calculation error.

Ward & Associates Lid. 07-Mar-2000
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70 Historic Water Leve Fluctuations
7.1 Review of Water Surface Levelsduring the Past 40 Years

An andyssof water surface elevationson 01 February was carried out, seeFigure4. In addition, a
check was made to determine the amount of surf® lowering of the lake during the period 15
October to 01 February the following yeer (over winter drawdown).

Sincetheinception of thePanin 1974,
+  thewater surface on 01 February hes beenwithinthe range-+0. 15 M t0 0.28 m of the target
level of 341.77 m. The lowest levd (01 Feb 1993) in recent years was associated with
drought runoff conditionsthe previoussummer.

. thewater surfaceon 15 October has been within the range+0.33 mto -0.36 mof thetarget
level of 341.92 m Thetwo highest levelswere prior to the preparation of the Implementation
Report, and the lowest level was associated with the 1992 drought.

. the overwinter drawdown has exceeded 6 inches(15 cm) eight yearsout of 23 years. Since
the ImplementationReport of 1982, the overwinter drawdown hasexceeded 6 inches(15 cm)
threeyearsin 15 years, seeFigure4.

Graphsof water surface devationsfor the wholeyear, for dl yearsfrom 1960 to 1997, are shown
with an expanded timescalein Appendix A, Figure A3,

7.2 Drawdowns in the Recent Yearsduring the Spawning Period

Theweeksafter 01 February areimportant to kokanee spawning success, because emergence does

‘not happen until approximately 01 March, and approximately six weeks are needed after this date for
the successful growth of the alevins in thegravel. Therefore, the water surface leve fluctuation up
to theend of Marchis consdered vitd for theoverall development of thefish. An andysisof weter
surface drawdown for the period between 15 October and 01 April of thenext year was carried out.
Results are given on Figure 5. The water surface devations for the last 38 years are given in
Appendix A, Figure A3, with specid nar ks on the 15 October and 01 April levels.

Sincethe inception of the Okanagan Alanin 1974, the lake surface drawdown has exceeded 6 inches
(15 cm) in 17 yearsout of 23 years, and has exceeded 121 nches (30 cn) 9 yearsin the past 23 years,
see Figureb.

Ward & Associates Ltd. 07-Mar-2000
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80 Ouitflow History

Okanagan L ake outflows, messured at Water Survey of Canadagauging station Ckanagan River at
Penticton, Station No. 08NMO050 for theyears 1960 to present have been plotted. These are shown
as7 day moving averageflows, for darity of plotting, see Figures A4. Also shown onthesamescade
are Okanagan L akewater surfacelevels, as 7—d§/ moving averages. Therangeof outflowsisfiom
an average annua minimum flow of about 5.7 m/sto an averageannual maximum flow of about 46

m/s

Duringthelast 40 yearsthe largest dily outflow was 85.6 m/s, recorded on 7* and 8™ August 1997.
Thiswide range of flows is associated with the arid nature of the Okanagan basin, and the large
differencesin runoff from one year to the next. Notethe very low pesk outflowsin years such as
1992, associated with very poor snow pack conditionsthe previouswinter.

90 Linkage between Southern OscillationIndex and Snow Pack/Runoff
9.1 Introduction

The SOI isameasure of sea leved barometric pressuredifferencesbetween Tahiti and Darwin in the
southern hemispheretropics. During Bl Nifio, unusudly high atmospheric sealeve pressuresdevelop
in the western tropical Pacific ocean, and unusudly low sea level pressuresdevelop in the eastern
tropical Padific ocean. An accompanying phenomenonissignificant heet build up in the surface water
of the eastern Pacific Ocean, changing the ocean surface temperatureby asmuch as 1 to 2 degrees
centigradeover an extremely large area. Thishegt build up takes many monthsto happen, and once
it hasarisen, severd monthsare nesded beforethe heet anomaly isdisspated. In thisperiod, tracking
paternsof thele stream over the northern Pacific Goean are affected, with consequencesfor therain
and snow bearing windsthat bring frontal Sormsto our area.

The SOI index measurements are updated monthly and published on the Internet, so accessto the
dataisquick and inexpendve. SOI measurementsare availablefor avery long period, (year 1882to
present).

Ministry of Environment Hood Forecast Center hasrecently provided a VWEB site information bulletin
concerning the effect of El Nidio globd dimate fluctuations on runoff in British Columbia. The most
noticeable effect of the El Nifio is adong the south coast and in the southern interior. For the
Okanagan badn, the April 1st 1997 snowpack was below normal alarge(74%) proportion of thetime
following El Nifio events, having on average 16% less snow than normdl.
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An excdlent unpublished report (G.A. McBean, 1994), summarizesthe possibilitiesfor long term
cdimate and runoff predictionsfor Canada. McBean found that streamflow in most BC regionswas

positively correlated with SOI for lagged correlaions.

Thereisgood prdiminary evidencethat dimateand streamflow in the US northwest i sinfluenced by
world scae dimatefluctuations. For exampleRedmond and Koch (1991) have shown that the ENSO
(Bl Nifio Southern Oscillation) measured by the SOI hasan effect on temperature, precipitationand
runoff in mountainousparts of the US northwest. Snow accumulationi slikely impacted by combined
changesin temperatureand precipitation. During B Nifio years, thewinter dlimatetendsto be both
dightly drier, and dightly warmer than normd. Additiondly there is a suggestion of cause-effect
relaionshiis with the SOI change preceding the dimate change by as much as4 to 6 months.

9.2 Show Pack Corrdation

We sdlected a number of snow survey measurement stationsin the Okanagan Station. Threeof the
snow courses Hected were near the Okanagan basin, but outs dethe catchment area. At eech snow
course gtation, the maximum snow pack wasinvestigated to check the possible correlations with the
Southern Oscillation Index vaues. In the andyss, the Southern Oscillaion Index was averaged over
thesx monthsperiod of April to September for each year and correlated to the maximum snow pack

of thefollowing year.

Resaultsof the corrdaion anadyssshow that thereisa reasonablecorre ation between the Sx month
average SOI and maximum snow pack for sone of the high dtitude sations. For eight of the twelve
gationsthe correationisgood, and for four of thetwelve Sationsthe corrdationis very good. For
onestation (Mount Kobau) thereis no sgnificant corrdation.
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The coefficient valuesaregivenin Table5.

Table5: Correlation between April to September Mean SOI and
FollowingYear Maximum Snow Pack.
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Elevation | Record | Record | Corréeation
Station Name & at Length | Period | Coefficient
CourseNumber Station
(m) (years)

Trout Crek, CourseNo. 2F01 1430 61 1935-97 0.390
Summerland Reservoir, Coure 1280 56 1942-97 0.449
2F02

Grayskel ake CourseNo. 2F04 1810 27 1935-97 0.470
Misson Cradk, CourseNo. 2F05 1780 8 1939-97 0.523
Whiterocks Mountain, Course 1830 41 1953-97 0.210
No. 2F09

Siver Sar Mountain, CourseNo. 1840 30 195997 0.338
2F10

Isintok Lake, CourseNo. 2F11 1680 3 1965 97 0.453
Moaunt Kobau, Gur se No. 2F12 1810 32 1966-97 0.092
Esperon Cresk(yper), Course 1650 2 1966-97 0. 337
No. 2F13

Morrissey RidgeNo 1, Caurse 1860 28 1961-88 0.576
No.2C09*

Misson Ridge, CourseNo. 1850 2 1967-95 0.8
1C18°

Blackwall Peak, Sati on No. 1940 0 1968-97 Q518
2GO3p°
"Thedationislocated in East Kootenay Sib Badn.

®The sation islocatedin Middle Fraser Sub Basin.

°The Sation is located in Similkameen Sb Basi n.

“Water equivalent data used in stead of snow pack
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9.3 Runoff Correlation; y High Altitude Basins

We sdlected number of medium and high dtitude basnsin the region with Water Survey of Canada
gauges, seeFigure 6. Some of thesebasnswere close to the Okanagan valey, but in different river

sydems. The flow during the snow mdt period wes totaed, and possible correlations with the
Southern OscillationIndex va ueswere investigated.

I'n dmogt all basnsandyzed, over two thirdsof the annud flow appearsin the two months of the
spring freshet. The volumeof flow over thetwo monthswas checked for any sgnificant correlation
with the mean Southern Ostillation Index of the previous summer. In the andyss, the Southern
Osaillation Index was averaged over threeto six monthsfor the periodsof April to September, May
to September, Juneto September, July to September, and Juneto August.

In dl the casesbest corre ation wasfound between the mean Southern Oscillation Index over the 9x

months period of April to September to the total volume of flow in the two months of May and June
of thefollowing year.

I n summary, resultsof correlationandyssshow that thereisa sgnificant correlation betweenthe 9x
month average SOI and stream flowsin the following Spring. The coefficientsaregivenin Table6.

Most of the correlation coefficientsare significantly different from zero (the null hypothess) at the
0.1% levd. Scatter plots of the average stream flow for the months of May and June versus the
average April to September Southern Ostillation Index aregi ven inFigure 7 for selected basins The
examples on Figure 7 cover basin with areasranging from $ km? to 185 km?.
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Table6: Medium and High AltitudeBasins:
Correlation between April to September M ean SOX and
FollowingYear May to June Stream Flows.

Reoard | Elevation | Basn | Corrdation

Sation Name & Numbe Length | at Station | Area | Coefficient
(m) (km?)

Whipsaw Crek below Lamont 30 785 185 0.545
Crek, Sation No. 08NL036
Camp Cresk at mauth near 29 1005 339 0.556
Thirsk, Sation No. 08NM134
Vaseux Crek above Terrace 24 1100 117 0.320
Crek, SationNo. 0BNM 171
Two Farty Crek near Penticton, 11 1630 5 0.607
Sation No. 08NM240
Two Farty One Crek near 11 1610 45 0.565
Penticton, Station No.
08NM241
Denni s Creek near 1780 Metre 10 1780 3.73 0.517
Contour, Sation No. 08NM242
Trapping Cresk near Mouth, 28 1040 144 0.605
SationNo. 08NN019

9.3 Correlation of Streamflows allowing for Interannual Water Storage

Thelarger basansin the Okanagan region are characterised by ephemead creek flows, smal dang that
overflow only during high runoff years and creek flows where groundwater storage/release are
important. |n these baans storage from previous years affects the volume of stream flows in the
goring freshet, because of inter-annua sorageand rdesse. This Sorage mey be associated with smdl
dans that top up and overflow only during high runoff years, and with groundwater flows. During
awet year, wherethe annud totd flow vaumeis dearly higher than thelong term averageflow, the
sorage gets higher and addsto theflows of thefallowing year. In yearsfollowing wet years, the
stream flows are the result of the current yeer runoff and groundwater contribution from the past.

Ward & Associates Ltd. 07-Mar-2000
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| order to andyze the relaionship between the SOI and the spring freshet flow in these basins, a
ude mechanismwas used to account for the groundwater contribution to streamflow in the year
llowing wet years. For the data set andyzed it was assumed that about 25% of the previousyears
rere Wet, 25% of the previousyearsweredry, and the other 50% of the previousyearswerendther
ret nor dry. For the wettest 25% of years only, an adjusment for groundwater contribution was

1ade.

hefollowing rough procedure was usad to account for the groundwater contribution, based on
reviousyear (V ;1) water volumes

Compute, long-term mean annud flow volume, Vaesa

Compute standard deviation of annud flow volumeover therecord period, Ve

Set upper flow volumebound = Vinesa + 0.7 * Ve

Compare annud flow volume of previousyear (Vi.1) with upper flow volume bound

If Vi1 isgreater than the upper flow volume bound, then it isassumed that the volume sent
into groundwater storage is above average and enhanced groundwater flows augment the
following year's freshet. Thus, the adjusted fieshet runoff volume of thefollowing year will
be the measured freshet flow volume minus the groundwater contribution based on the
previousyear's high flows.

If Vi.1 liesbelow the upper flow volume bound, then groundwater storage change does not
affect the following year fieshet much differently fiom average, and no adjusment is
necessary to thefollowing year meesured fieshet flow volume.

The formulathat was used for adjustment of flowsto dlow for groundwater storagewas smple, and
wes donefor tria purposesonly. We have made no attempt to optimizetheformula, or to relateit
to surface and groundwater physcd conditionsin the various watersheds. The purpose of the
formula, wasto demondrate atria dlowancefor the groundwater contributionfiom the previous
year when baseflow conditionswere much larger or much smdler than average.

Theformulawas
Two month (May and June) adjusted flow rate, Q 2isdi= Q 2mi - C* AQamir

inwhich:

Q2 iSthetwo month averageflow rate happeningin the present year,

AQumi1 ISthe difference between the averagetwo month flow rate and the two month flow
that happened in the previousyear

C* isaninter year groundwater flow contribution coefficient (C* = 0.21 was used for most

basnsand C* = 0.42 was used for the Okanagan basin).

Ward & Associates Ltd, 07- Mar -2000
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fter these adjustmentsfor groundwater contribution, the SOI averaged over the six monthsperiod
f April to September for each year was correl ated to the soring freshet flow volumeof thefollowing
:ar, Correlation coefficient vauesfor onevery large and three large basins, characterised by high
sorage associated with smdl damsthat top up in wet yearsand large vdley bottom areas, aregiven
| Table 7. Theresultsof thisandyssshowed that thereisup to a 13% improvement in correlation
etween SOI and following yeer freshet flow, when inter-annua storage associated with groundwater
ow istaken into consderation.

hefind column of Table7 showsthat correationsare medium to very good. In particular thereis
medium correlation for the Okanagan basinitself In view of the contribution of spring and early
ummer rain eventsto the Okanagan river flows, the correlaionissurprisingly high.

icatter plotsof the average stream flow for the months of My and June versusthe average April to
ieptember Southern Oscillation Index are given in Figure 8A for the Okanagan basinand in Figure
B for Misson Creek basn. Plotsare providedfor 1). theorigind data, and for 2). the datacorrected
or interseasona storage. The trend shows that the smdler the value of the 6 month (April to
september) SO, the smdler istheMay to June inflow thefollowing year.

‘igure 8A showsthat in 13 out of 66 yearswhen the 6 month SOT islessthan-0.6, thefollowing
rear May-June inflow volume to Okanagan Lake was no larger than 33% above the long term
wverage inflow. In most of these low vaue SOI years, thefollowing year May-June runoff was low.
Chere were no Sgnificantly above normd eventsduring theseyears. Three of these 13 yearswerethe

nost seriousdrought years of record.
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Table7: Correation between April to September Mean SOI and FollowingYear May to June
SreamFlowswith Interannual Groundwater Storage Consider ntion.

Record | Elevationat | Basin | Corrdlation Correlation
Station Name & Number Lengh | Station(m) | Area | Coefficient | Coefficient with
&m? | without interannual

storage storageeffect
Camp Creek at mouth near Thirsk, 30 1006 39 0. 556 Insignificant
Station No. 08NM134 storage®
Vaseux Cresk above Terrace 24 1100 17 0.320 Insignificant
Cresk, StationNo. 08NM171 storage®
Two Forty Creek near Penticton, 11 1630 5 0. 607 Inggnificant
StationNo. 08NM240 sorage®
Two Forty One Creek near 11 1610 45 0.56 Insignificant
Penticton, Station No. 08NM241 storage®
DennisCresk near 1780 Metre 10 1780 373 Q517 Insignificant
Contour, StationNo. 08NM242 storage®
Trapping Creek near Mouth, 2 1040 4 0. 626 Insignificant
StationNo. 08NN019 storage*
Whipsaw Cregk below Lamont 0 785 186 0.545 0. 566
Creek, StationNo. 08NL036
MissionC eek near East Kelowna, 2 427 811 0.566 0.561
StationNo. 08NM 116
Tulameen River Near Penticton, 44 640 1760 0.437 0. 464
Station No. 08NL024
Okanagan Lake, Net Inflow 66 6090 0.39 0. 406

*Small watersheds at mediumand high altitude; small inter-annual storage.

Ward & Associates Ltd., 07-Mar-2000
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9.4 Use of Southern Oscillation Index to assist in Seasonal Trend Analysis

The relationship between the snowmelt component of stream flows and the Southern Oscillation
Index was found gpparent in our andyss. The sgnificant correlation coefficient between the six
month average (April to September) SOI, and thevolume of flowsin the two Spring monthsof the
following year enablesa rough advanceforecasting method to be devel oped for the expected volume
of thespring freshet. Althoughthisislikely to be most useful in predicting the snow met component
of theflow, and this component isless than 50% of the pring runoff in some years, we believethe
procedurewill enable seasond trendsto be predicted, wel in advance.

Advance knowledgeof anorma or below average snow pack year ahead would engble the Water
Management Branch staff (who are responsblefor controllingthelakelevels) to fed confident about
going into aFall season with relatively high water levelsin Lake.

We have demonstrated aloose correl ation between runoff conditionsand global climateindicators
messured the previoussummer. Figure8 showsthat in 13 out of 66 yearswhen the 6 month SOIis
lessthan-0.6, theMay-Juneinflow volumeto OkanaganL akewas no larger than 33% above normd.
Only in oneyear (1983) wasthere an exception, otherwisetherewere no event s during theseyears
that were Sgnificant floods. Three of these 13 yearswerethe most seriousdrought yearsof record.

Severd monthsof advance notice about approximatesnow pack will alow adjustmentsto be made
tolakeleves starting as early asthefirst day of Segptember, or possibly earlier. The possbility of
usngwater level adjusmentsto Okanagan L akewith onetarget leve for the mgority of years, and
another target level for low SOI (predicted drought/normal) yearsisdiscussed in the next Section.

Ward & Associates Ltd. 07-Mar - 2000
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Management of water levelsin the Okanagan Lake system and particularly Okanagan Lakeitselfis
of great strategi cimportanceto the Okanagan valey. Irrigation/municipal demands, flood reduction,
fisherieshabitat and gpawning, and recreation usesdl depend on how wisdy the flow of water is
managed. Control over the opening and closureof the outlet gates of Okanagan Lake at Penticton

L 10. Conclusions & Recommendations
L iscrucid to determining |ake levels and downstreamflows.

when the Okanagan B8 n Implementation Agreement Report was finalised. Of particular importance

| _ _are target water levelsat key dates, such asFebruary 1st and October 15th. Because of very large

storagein OkanaganLake in relation to discharge capability at Penticton, adjustment of lake levels

l takes severd weeksof time. Proceduresthat will give operators more time and moreflexibility in
operating the lake are desred.

‘ k Lakelevesfor Okanagan Lake presently set by Provinceof British Columbia wereadoptedin 1982,

I Presently the lake isoperated most of thetime a devationsthat are higher than may be necessary.
This creates problems for fisheries during high runoff years because of the need for extensive

We have demondtrated a loose correlation between spring runoff conditions and globa cimate

- indicators measured the previous summer. Figure 8 shows that in 13 out of 66 years when the 6

month SOT islessthan-0.6, the May-Juneinflow volumeto Okanegan Lake vigs no larger than 33%
above normd. Only in one year (1983) was there an exception, otherwise there were no events
during these yearsthat were sgnificant floods Threeof these 13 yearswere the most serious drought
years of record. This meansthat a climate Situation causing normd or drought conditionsin lake
inflows the following spring can be foreseen, and plansto keep the lake levd higher than in the
magjority of yearscan beinitiated on 1* September. Adjustmentsto the outflow at Penticton can be
darted at this time, and the decison about the target water surface elevation confirmed on 30"

' lowering of the lake during the winter months.
September.

~  ~ With'long range weather trend predictions improving, we believe that it may be possible to operate
thelake during the winter at lower devationsthan previoudy used, without increasing the risk to
irrigation water supplies. Thisleadsto theidea oOf utilizing:

than presently used, with agmilar revison to the water surfacetarget for 15'* October. These
water surfacedevation vaueswould be used for the mgority of years.

2). The same water surface target as used at present on 01 February (341.75 m) for low SOI
yearsonly.

i

i

i

L 1). arevised water surfacetarget for 01 February, such as 1120.7 feet (341.6 m), 0.15 mless
L

i

L Ward & Associates Ltd. 07-Mar-2000
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In planningfor implementationof thisidea, someimportant checksshould be undertakento seeif it
isfeasble. Water flow and water baance studies using the historic data set should be carried out to
check on thefollowing points:

A). Proposed |ower waf er surface elevations during the majority of years.

o Would theadditiona amount of water that will be released during |ate summer/fall imply flows

at Oliver gauging station in excess of 28.3 m’/s (see presently alowed flows, page 10).

o Would there be sufficient water in storageto supply the norma winter/spring minimum release
flows (3 m?/s) from Okanagan Lake.

e Wouldthelakebeableto fill during spring/summer the mgority of years, following winterswhen
therevised target isused.

B). Allowed flows at Oliver gauging station: Are the presently alowed flows during the period
Augugt 1" to October 31" unnecessarily conservative. Would it be possbleto releaseup to 45 m’/s
(for example) during this period.

C). Lower lake levels: \Nould the proposed revised rangeof lake levels cause problemswith dock
owners(fixed eevationdocks).

Part of a future procedure, if feasble, will involveRiver Forecast Centre, Minigtry of Environment,
Landsand Parkscarrying out an assessment of the previous4-6 months SOI value prior to August
31* year. Other global indicatorsof heat and weather in the Pacific Ocean may be availableand may
be preferable predictors(better than SOI vaue) of seasond runoff. Theseindicators should betested
for correlation with Okanagan basn runoff. Yealy recommendations should be made for the
Okanagan sysem, if runoff conditionsfor thefollowing spring arelikely to be significantly larger
then or significantly smdler than average. Adjusmentsto lake outflows to be started by Water
Management staff on 1* September of each year, to dlow water level to meet target levelson 15
October and 1'* February. Confirmation of the decison on thetarget water level should be made on
30™ September.
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HISYORICAL WATER LEVELS AT PENTIGTON
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OKANAGAN | AKE TARGET WATER SURFACE LEVELS AND SILL
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Okanagan Lake Net Inflow and Outflow at Penticton
(Average value over 78 years, for the period 1921 to 19i99)
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