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CHAPTER 5

Selected Tributaries

| NTRODUCTI ON

Water requirenments for the tributaries under present day (1970)
devel opment have been confined to consunptive use since there is little
or no water rel eased from headwater storages for in channel flow The
devel opnent of these sub-basins has been al nost entirely through private
initiative with considerabl e Federal and Provincial Governnents
assi stance in recent years under the Agricultural and Rural Devel opnent
Act (ARDA).

Since the early part of this century water |icences have been granted
to individuals, nunicipalities, irrigation districts and water user
communi ties for headwater storages and downstream diversion for use in
speci fic areas.

About 70% of the water consunmed in the Okanagan Basin occurs within
the tributaries of Ckanagan Lake. Historically, tributary water has been
relatively inexpensive as it is a gravity water supply to agricultural
lands. In order to make full use of tributary sources, headwater
reservoirs have been constructed to regulate the flows during the
irrigation season of April to Septenber inclusive

Wil e such use is generally referred to as single purpose it will be
noted that sone benefits have been derived by recreation and sport
fisheries through the creation of headwater reservoirs and access roads
to these areas. Further, although there is little or no residual stream
flowwithin the tributaries belowthe |last diversion point in the late
sumrer and fall, flows upstreamare maintained to the end of the
irrigation season in Septenmber. Lack of flow near the nmouth of the
tributaries in that latter part of the year has an adverse effect on the
mai nstem fi shery resource while continuous sumer flows upstream of the
| ast diversion point benefit stream habitants.

For the nobst part, hydronetric and neteorol ogi cal stations have only
been operated in the | ower reaches of the tributaries or within the nmain
valley. The irrigation districts and nunicipalities who owmn and regul ate
nost of the headwater reservoirs and diversions provide the British
Col unmbi a WAt er Resources Service with nonthly reservoir water el evations
during the freshet and, in a few instances, neasure the water diverted.
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5.2

The lack of hydroneteorol ogi cal data has becomre increasingly significant
in the allocation of further water |icences by the Water Rights Branch, Bri-
tish Col unbi a Water Resources Service. Some tributaries are now desi gnated
as "fully licenced" pending the attai nnent of further hydrol ogi cal records

It is evident that in order to devel op and manage the tributary supplies
efficiently for present and future demands, it is necessary to estimte as
closely as possible the natural flows occurring in the various reaches of

each stream under varying climatic conditions and to conpare themwth pre-
sent and future water requirenents.

OBJECTI VES OF TR BUTARY STUDY

The objectives of the tributary water quantity study were:

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

2) Regul ati on of the natural flows in accordance with present day (1970)
procedures for the three types of years in (1) to neet present and
future water requirenents.

3) Regul ati on of the natural flows in accordance with inproved nethods of
operation to nmeet present and future water requirenents.

oj ectives (1) and first part of (2) are dealt with in this Technica
Suppl enent whil e the second part of (2) and objective (3) are covered in
Techni cal Suppl enent 3.

In order to neet these objectives the followi ng detail ed data have been
obt ai ned:

1. The determnation of |and use for agricultural, donmestic, industrial
and ot her purposes and the equival ent water requirenents for the
various tinme horizones. It has been assurmed future water requirenents
will be met fromexisting diversion points (use points).

2. Inventory of present storage reservoirs, their capacities and
regul ati on practi ce and nake projections for the future

3. Mnimumflows required for the mai ntenance or enhancement of fisheries.

The devel opment of a conputer nodel to nmeet the above objectives using
the detailed data listed is described in Technical Supplenent 2 while, as
noted previously, future flowresults are shown, in Technical Supplenment 3

The scope of the project enbraces estimates of nonthly flows in each of

the eight creeks at a nunber of upland points and under a variety of
condi ti ons.

A graphical presentation of the foregoing is provided by the Planning
Model as shown on Figure 5.1.
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5.3

5.4

Dl STRI BUTI ON OF FLOAS | N OKANAGAN LAKE BASI N

In Chapter 2 the average precipitation pattern within Ckanagan Basin was
illustrated using an isohyetal map (Figure 2.3) which shows |ines of equa
precipitation. A contrast was al so drawn between the precipitati on shadow
occurring in the western portion of Ckanagan Lake Basin and the consi derably
heavi er precipitation occurring to the northeast w thin the headwaters of
M ssi on Creek.

These conditions with respect to inflow to Ckanagan Lake are reflected in
the average runoff map shown in Figure 5.2 in which Ckanagan Lake Basin has
been divi ded roughly into quadrants.

In spite of the unequal area distribution, it is evident that the
nort heast quadrant provides al nost 50% of the total inflow while there is
little difference between the northwest and sout hwest secti ons.

The percentages of inflow shown in Figure 5.2 have been obtai ned from
estimates of the natural nonthly inflows to Ckanagan Basin for the 50-year
study period broken down within 35 tributaries in accordance with drai nage
areas and | ocati on.

SELECTI ON OF TRI BUTARI ES

Ideally, in order to parallel the computer nodelling along the mai nstem
it would be necessary to determine the natural flows of tributaries not only
at the nouth, but also at specific points upstream for the sane 50-year
study peri od.

Time did not permt the study of all of the 35 tributaries within the
Ckanagan Basin, and in an effort to concentrate the analysis in areas where it
was nost needed, the eight tributaries shown in Table 5.1 and Figure 14.1
(End of Chapter 14) were selected for detailed nodelling. The selection was
based primarily on the fact that they are the nost heavily used streans within
t he Basin.

TABLE 5.1
TRI BUTARI ES SELECTED FOR DETAI LED
MODELLI NG W TH N OKANAGAN LAKE BASI N ( See
Figure 4.3 for Tributary Locati ons)

WEST SIDE EAST SIDE

Vernon Creek
Kelowna Creek
Mission Creek
Penticton Creek

) Trout Creek
Peachland Creek
Powers Creek
Equesis Creek

alw| |-
w|~|on|en
Ll S i

These tributary watersheds contain 95% of all upland tributary storage w thin
Ckanagan Lake Basin and supply 60% of the total inflowto kanagan Lake. About
37,000 acres out of the 45,000 acres of irrigated | and within Ckanagan Lake
Basin are supplied fromthese sources.
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PLANNING MODEL

COMPARISON OF RUNOFF WITH WATER REQUIREMENTS
IN SELECTED TRIBUTARIES TO OKANAGAN LAKE

INITIATION OF WORK BY OKANAGAN STUDY COMMITTEE

]_IIETEORGLOGICAL OA'I'AJ DELINEATE BOUNDARIES

TRIBUTARY BASINS

AREAS SERVING USE POINTS
POPULATION PROJECTION

AREA - ELEVATION
DATA — PRELIMINARY

¥

UBC COMPUTER MODEL

AREAS SERVED BY USE POINTS

BUE SanLE EAS NS BY USE POINT AREAS AREA ELEVATION
ELEVATION BAND FACTORS.

(INDUSTRIES INCLUDED) RELATIONSHIPS
PRINCIPLES FOR ESTIMATING WITHIN BOUNDARIES
NATURAL FLOWS IN CREEKS EFINALY

IPER CAPITA DEMANDS ]

[PoPuLATION waTER REQUIREMENT ]

FACTORS IRRIGATED AREAS
PRESENT and FUTURE

INVENTORY OF STORAGE
(PRESENT ond FUTURE)

STORAGE COPERATION
{ PRESENT ond FUTURE)

FISHERIES MINIMUM
FLOW REQUIREMENT

Y

| waren ouries |

AGRICULTURAL
WATER REQUIREMENT

BRITISH COLUMBIA WATER INVESTIGATIONS BRANCH
COMPUTER MODELS
TO SIMULATE OPERATION OF THE CREEK SYSTEMS UNDER
VARYING CONDITIONS OF FLOW, WATER WITHDRAWAL AND STORAGE
REGULATION. TO PRODUCE PRINT-0UTS SHOWING CREEK FLOWS
AT SELECTED POINTS AND DEFICIENCIES BETWEEN SUPPLY
AND DEMAND WHERE THEY OCCUR.

PRINT - OUTS

Y Y Y Y

NATURAL 1970 2020 2020 2020
FLOW ( HIGH GROWTH) ( MED.GROWTH) [ LOW GROWTH)
DRY YEAR v v 4 4 v
AVERAGE YEAR ¥ v v Y v
WET YEAR v v v v v
| 1 1 1 J

\

EVALUATION REPORT

PLANNI NG MODEL Figure 5.1
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Ref erence to the Location Map (Figure 14.1)* shows the boundaries of
these sub-basins and their relative positions as tributaries to Ckanagan
Lake. Each creek is given a nunber, starting at the south and noving
cl ockwi se around the basin. These nunbers, appearing as a prefix to tables
and drawi ngs, are of value in locating pertinent data of specific creeks.

GENERAL APPROACH TO PROBLEM

The study was linmted to three types of years:

Dry Year - Those falling within the five driest of the 50 year study
period and roughly equivalent to the 1970 and 1973 runoff
condi ti ons.

Average Year - Those falling within the mddle five years of the 50 year
study period and roughly equivalent to 1971 runoff
condi ti ons.

Wet  Year - Those falling within the five wettest years of the 50 year
study period and roughly equival ent to 1948 and 1972 runof f
condi ti ons.

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

Normal Iy, natural runoff with mnor releases fromstorage i s adequate
for water users during April and May. At the sane tinme the headwater reser-
voirs are filling and maj or rel eases fromthese reservoirs do not take place
until the latter part of June. These rel eases continue through July and
August and in sone instances, nost of Septenber, at which tine rel eases from
headwat er reservoirs are discontinued. The remaining carry-over storage
water is either retained as a cushion agai nst subsequent droughts, or
released in the fall to draw the reservoir down to a predeterm ned safe
level for the winter nonths. The latter rel eases could benefit fisheries as
discussed in a later section although sone additi onal storage water woul d
al so be required.

As shown by the Planning Mbdel on Figure 5.1, all available data on
net eor ol ogy, topography, |and use and water requirenents are collected and
processed through conputer nodels to yield print-outs of information on
wat er requirenents and nonthly flows for selected points along the course of
the subject creek. *See Fol d-out at end of Chapter 14.
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5.5.1 Basi ¢ Data and Assunpti ons

1. Farm water duties used in this study are equal to or slightly higher
than those recommended by the Departrment of Agriculture for the
specific soil and/or allocated by water licence. These farmduties
i ncreased by 10%to allow for conveyance | osses indicate the
foll owi ng diversion requirenents:

Trout Creek annual diversion water duty 3.03 acre feet/acre

Peachl and Creek annual diversion water duty 3.03 acre feet/acre

Powers Creek annual diversion water duty 3.03 acre feet/acre

Equesi s Creek annual diversion water duty 3.75 acre feet/acre
Vernon - Wnfield and Wod Lake Irrigation

Districts 3.03 acre feet/acre

- Ohers 1.80 acre feet/acre

M ssion Creek annual diversion water duty 3.03 acre feet/acre

Penticton Creek annual diversion water duty 3.03 acre feet/acre

2. Water diversions into or out of the watershed are recogni zed and
their effect estimated as accurately as possible.

3. Donestic water consunption - Estinmated actual donestic water
consunption rates are enployed in cal culations for 1970.

4. Reservoir operation as used in conputations treats each reservoir
individually and attenpts to enulate current practice. |nconplete
data col |l ected between 1964 and 1971 were available for this
pur pose.

5. Natural flows, as calculated, ignore the natural regulation which

woul d have existed in pristine, uncontrolled |lakes. Since there is
no way of knowi ng the operation of natural |ake outlets, it is

i mpossi ble to estimate natural control. The effect of ignoring
natural regulation is considered to be of minor significance
6. Al'l existing and Potential irrigable-land, including that within

I ndi an Reserves have been considered in determ ning present and
future water requirenents

5.6 COVPUTER MODELS

A conput er nodel has been devel oped for each creek. Print-out fromthe
basi n nodel provides estimated flow data for "natural" or "virgin" monthly
flows at a nunber of selected points along the subject creek and its
tributarires. Variations of the nodel are nmade for a nunber of conditions,
e.g., dry, average, or wet years. Upon these basic nodels, it is then
possible to i npose | oads and constraints, e.g., storage regul ation, water
diversion to or fromthe system mnimumflow constraints for Fisheries
requirenents and so on. Conputer print-outs showi ng residual flows after
all loads and constraints have been applied are called "regul ated" flows and
formthe basis for determining if and where a water "deficiency" will occur
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5.7

These print-outs formthe bul k of this portion of Supplenment 1 and
the following details are provided at each water use point.

1) Water requirenent (dermand) for irrigation

2) Water requirenent (dermand) for domestic purposes.

3) Water requirenent (demand) for industrial purposes.

4) Total water requirenment (demand) at the point.

5) Resi dual flow in creek upstream of use point.

6) Resi dual flow in creek downstream of use point.

7) Denmand Deficiency, i.e., the amount by which the water avail able
falls short of the water requirement. Any diversion deficiency
indicates a dry creek bed.

8) Fisheries' Deficiency, i.e., the amount by which the residual flowin

thecreek falls short of stated mnimumflow requirenents for Fisheries.

It will be noted that the denmand referred to in the above listing is the

di version requirenent.

In all the print-outs shown, the pattern of storage regul ation
simul ates present practice, i.e., the "simulated" or "historic"
condition. In the course of researching for the study, however, conputer
prograns were run which attenpt to neet Fisheries' requirenents nore
closely by nodifying the tinmng and anounts of rel eases from storage,
sonetines at the expense of consunptive water users. Plots of the
results of nmodified regulation are shown, where appropriate, on the

Deficiency D agrans which accompany this text. It is enphasized,

however, that the nodified operation shown is the result of a rudinentary
and prelimnary nodel and shoul d not be regarded as a recommended net hod
for multi-purpose operation. Further, time did not permt investigation
of the practicability of these releases with respect to existing struc-
tures, and their accessibility to acconplish such regulation. Finally,

it should be enphasized that such operations (unlike the mai nstem
nodel | i ng) have been limted to single drought years and the occurrence
of two successive dry years woul d probably deplete the reservoirs
entirely.

LAND USE AND CONSUMPTI VE WATER REQUI REMENTS ( GENERAL)

Consunptive water requirements in the uplands areas are al nost
entirely for irrigation purposes while, in the | ower areas, demand for
donestic water are high. |In order to estimate the anount of water
wi thdrawn it has been necessary to determne the land irrigated and/or
the people or industry served by each major intake along the tributaries.

Wiile in channel tributary flows for fisheries have been
investigated, their major significance is in the nmaintenance of adequate
flows at the nouths of Mssion, Equesis and Trepani er O eeks whi ch next
to the main | ake systemare the major habitant areas for the Kokanee and
Rai nbow Trout sport fisher-
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ies. Hence, as will be noted later in this chapter, enphasis on non-
consunptive in channel flows has been placed on these 3 streans.

Irrigation

Areas under irrigation at 1970 devel opnent have been derived fromtwo
sour ces:

a) Provi nci al ARDA Present Land Use Project mappi ng which was prepared
by Canada Land Inventory, Victoria, released in 1968 and updated to
1970 using col oured air photograph. Map scal e 1:50, 000.

b) The irrigation requirenents of small upland areas not covered by
Canada Land | nventory mappi ng have been deduced by sone field
observations and fromexisting water |icencing data.

Donesti c

1970 estimates of | and use for donmestic purposes are based on a
know edge of existing conditions.

| ndustry

Water use for industry is considered to be of relatively snal
i mportance where the tributaries are concerned. Inportant industria
users such as Hram Wal kers Distillery and Brenda M nes are recogni zed by
the | ocation and demands of possible future industries is inpossible to
forecast. It is assunmed that, if large, industrial demands wll be net
from Ckanagan Lake and, if small, that demands can be absorbed wi thin
general population and irrigation requirenents.

NON- CONSUMPTI VE WATER REQUI REMENTS (_FI SHERI ES)

In the tributaries the dom nant non-consunptive use is Fisheries.
O her possi bl e demands, such as power and pol lution-control nminim are
ei t her nonexi stent or unstated.

Estimates of mininmumflow requirenents for the propagation of
rai nbow trout and kokanee have been nmade by Fisheries Research Board of
Canada and are listed on Table 5.2. These m ni mum fl ow wat er
requi renents are recogni zed throughout this report. In the detailed
print-outs their absolute values are subtracted fromthe estinated
residual streamflows for various conditions and the results expressed as
a deficiency where and if such should occur.

REGULATI ON OF STORAGE

Wthin the eight tributary basins there are 43 active storage reservoirs
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with a combi ned capacity of 106,543 acre-feet (1970).

and Tables contained in Chapters 6 to 14.

pattern of
deficiencies wll

See Figure 3.3

It is inportant to note that the availability of storage and the

ways:

a)

appear.

Hi storic (simulated) operation.

its rel ease can have a marked effect on whether or not
Regul ati on of storage is considered in two

b) Modi fi ed operation.
TABLE 5.2
ESTI MATED M Nl MUM WATER REQUI REMENTS FOR
FI SHERI ES ACRE- FEET PER MONTH
PEACH=- BX VERNON | COLD-

TROUT LAND POWERS | EQUESIS UPPER | UPPER| LOWER| STREAM KELOWNA | MISSION
Jan. 600 150 "240 360 150 420 480 360 240 1,800
Feb. . 600 150 240 360 150 420 480 360 240 1,800
Mar. 600 150 240 360 150 420 480 360 240 1,800
Apr. 600 150 240 360 - 150 420 480 360 240 1,800
May 9004 300+ 300+ 600+ 240+ 600+ 600+ 480+ 300+ 2,700+
June 600 150 240 360 *150 420 480 360 240 1,800
July 600 150 240 360 150 420 480 360 240 1,800
Aug. 600 | 150 240 360 150 420 480 360 240 1,800
Sept. 600 270 300 360 150 420 480 360 240 2,400
Oct. 900 | 270 300 480 240 480 600 480 300 2,400
Nov. 600 | 150 240 360 150 420 | 480 360 240 1,800
Dec. 600 150 240 360 150 420 480 360 240 1,800
TOTAL 7.800|2.190 3,060 4,680 1,980 |5,280 6,000 (4,560 3,000 23,700

5.10 HI STORI C (SI MULATED) OPERATI ON

consideration to the needs of consunptive water users.

This is an attenpt to simulate current practice and gives prinary

Envel opi ng curves

of maxi mum desirabl e storage have been devel oped for each reservoir. Any

particul ar nonth, where inflow surplus over nmaxi mum occurs,
surplus is sufficient to neet downstream requirenents,
rel eased downstreamto neet consunptive uses and provi de residua

flows. Wen natural inflowto the reservoir does not nmeet consunptive

denmands,
st or age.

occasi ons where al

r esi dual

Al

st orage operati on.

and t hi

t hat anount

s
is

stream

the precise amount of the consunptive use is released from
as nmay be seen on the print-outs,

Hence

flows in the stream
could not be achi eved, but
ignored in calcul ations,

In practice,
is is anticipated that

consunptive uses are met exactly but
such precision of
return flows, which are

there are many

woul d make up for any operationa
the print-outs in this report are based on the historic nethod of
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servoir are shown describing each individual tributary.

11 MODI FI ED OPERATI ON

This nethod of regulating storage rel eases attenpts to accomodat e both
Fi sheries' mninmumflow and consunptive water use requirenents. There are
so many possible variations to nodified operation that it could properly
beconme a study inits own right. This Supplenent considers Mdified
Operation only briefly in the Deficiency Diagrans. Its formof operation
rel eases storage prinmarily for consunptive use as first priority while at
the same tinme attenpting to neet nore fully Fishery mnimmflow
requirenents. |In this way, storage is depleted nore rapidly than by
H storic Qperation and, in dry years, consunptive users suffer reduced
flows as well as Fisheries. It will be noted that this is particularly
true in a two year drought cycle where nornmally all carry-over storage is
used up for consunptive use purposes.

It will be noted that nearly all deficiencies with respect to fishery
flows occur below the |ast najor diversion point within each stream
Hence, it nmay be nore practical to provide water by punping in this portion
of the creek rather than through upstream mani pul ati on of existing or
addi ti onal storages.

.12 EXPLANATI ON OF FI GURES

Detail ed scrutiny of each individual creek follows the sane basic
pattern. First:

1) Key Map - This is a photo reducti on of 1:50,000 mappi ng upon which all the
nmore inportant tributary and irrigation district boundaries are marked. The
Locati on of control points (CP), measuring points (MP) and use points (UP) is
gi ven.

2) Schematic - This shows clearly, in diagranmatic form the way the system
operates, noting the relative position of all control points (CP), neasuring
points (MP) and use points (UP).

3) Conputer Print-Quts - These provide very detailed information on fl ows and
deficiencies under varying conditions and for all the upstream points shown on
the Schemati c.

4) Hydr ographs of Flows at Mouth - These diagranms illustrate how residual flows
in the creeks may be di m ni shed as devel oprment and water withdrawal increases.
Current m ni num Fi sheries' water requirenents are shown also. Noteworthy are
the large water surpluses during freshet (usually My, June, July) falling to
i ncreasingly serious shortages in |ate sumrer, usually in August and
Sept enber .

5) Deficiency D agrams - These di agrans have been prepared for "Dry" and "Average"
years for each creek at the 1970 stage of devel opnent. Consunptive use
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6)

13

deficiencies are totals for the whole basin and non-consunptive
deficiencies are those at the creek nouth where they are nornally
requi red. Deficiencies are given nonthly and expressed as a percentage

of the total requirenent. The results illustrated are based on two
types of storage regul ation:
i) Hi storic Operation (simulated), and

ii) Modi fied Operation

The former copies current procedures while the latter is a rudinentary
attenpt to operate for optinmumnultiple purpose use, i.e.. Irrigation and
Fi sheri es.

Defi ci ency Hydrographs - The conputer print-outs show that, in a "Dry"
year at 1970 devel opnent, there are consunptive water deficiencies at

sonme upstream points in the Vernon and Kel owmna Watersheds. These are

plotted in hydrograph form

In the material which follows, a general description and historic
background is provided for each of the eight selected tributaries.
Present water-utilization including water |icencing (as of 1970) are al so
described together with the type of water nanagenent presently practiced.
Finally, a detailed analysis is shown including capability of the stream
to neet present day water requirenents at the various use or diversion
poi nts.

It should be enphasized that the water requirenments are based on
what are considered to be opti mumneeds with all owances of some 10% f or
conveyance | osses in the case of irrigation. This approach has been
taken rather than the use of water |icence data which may or may not be
i ndi cative of actual condition. The results are sunmarized at the end
of this chapter.

WATER MANAGEMENT

Esti mated natural water yields as described in the follow ng chapters 6
to 13 inclusive, estimate flows under pristine conditions. Under the

i nfl uence of Man, water has been diverted for various purposes and
reservoirs have been created to retard natural runoff. Al these changes
in natural conditions are included under the general title of Wter
Managenent .
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