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CHAPTER 10 
Vernon Creek 

10.1    GENERAL DESCRIPTION 

 Reference is made to the Key Map, (Figure 10.1), and the 

Schematic Diagram, (Figure 10.2). 

Vernon Creek has a natural watershed of 293 square miles.  With the 

addition of the major diversion of Duteau Creek (65 square miles), the 

watershed is effectively increased to 358 square miles, although all of 

the additional area may not be utilized, due to prior licenses and 

requirements for Fisheries. 

In 1970, the area served a population of 24,360 persons and 

contained 14,075 irrigated acres. 

The headwaters of Vernon Creek are located eleven miles southeast of 

Vernon, at an elevation of 4,900 feet.  These waters feed southwesterly 

through a series of small lakes now joined by a dam on Crooked Lake (CP1) 

which has a spillway elevation of 4,424.2 feet.  Flow continues through 

Swalwell Lake (CP2) to Ellison Lake and Wood Lake (MP5).  A major 

diversion to the Winfield Okanagan Centre Irrigation District takes place 

between Swalwell and Ellison (DPI).  Rising near Oyama Lake (CP3), 

elevation 5,000 feet, the major tributary of Oyama Creek supplies the 

Wood Lake Irrigation District before entering Vernon Creek below Wood 

Lake.  Kalamalka Lake's major tributary is Coldstream Creek (MP10), which 

has King Edward Lake (CP4) as its only source of stored water.  About 10% 

of the needs of Vernon Irrigation District are served by this tributary.  

Water is diverted from Kalamalka Lake to meet part of the water 

requirements of the City of Vernon and South Vernon Irrigation District. 

The last major tributary to join Vernon Creek before it enters Okanagan 

Lake is BX Creek (MP16).  This creek has its headwaters at Dixon Lake 

(CP8, elevation 3,000 feet, and supplies part of the City of Vernon and 

unorganized uses before entering Swan Lake (HP15) and proceeding to its 

confluence with Vernon Creek. 

The major diversion of Duteau Creek rises in Grizzly Swamp, elevation 

4,200 feet, and flows through Aberdeen (4,196 feet) and Haddo (4,163 feet) 

Lakes (CP7).  It is then joined by the Flyfish Lakes (4,400 feet) tributary 

and proceeds to its point of diversion at Headgates (MP12).  The diversion 
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supplies a variety of uses including Vernon Irrigation District and 

Coldstream Municipality.  The Vernon Irrigation District is the largest 

water user in the area which is assisted by a balancing reservoir at 

Goose Lake, elevation 1,603 feet. 

As shown by the area elevation curves on Figure 14.2, the median 

elevation of Vernon Creek is 2,900 feet.  There are no pronounced 

plateau areas, and the average ground slope is nearly uniform.  The 

profile of the Creek itself (Fig-ure 14.3) is very flat for the first 

twenty-six miles having an average gradient of eighteen feet per mile to 

Ellison Lake.  Above Ellison Lake, the gradient steepens markedly to 468 

feet per mile to mile 32 where it again flattens out to sixteen feet per 

mile, including in its last ten miles the Swalwell, Crooked and Dee Lake 

chain. 

There are a number of hydrometric, meteorological and snow course 

stations within the Vernon Creek system, and these are located on Figure 

10.1.  Many of the hydrometric records are of short duration and often 

cover only the summer months. 

The most significant hydrometric station is 8NM160, located near the 

creek mouth.  Hydrographs of mean monthly flows passing this station have 

been plotted on Figure 14.4. 

10.2    HISTORICAL BACKGROUND                                              

Historical data on the major organized areas is as follows: 

a)   Vernon Irrigation District 

Reference is made to Figure 10.1. 

The Vernon Irrigation District is by far the largest single area 

irrigated In the Okanagan Valley.  In 1970, a total of 9,000 acres were 

under irrigation. Most of this area is situated within the Vernon Creek 

watershed, along the valley bottom of its tributary, Coldstream Creek.  

Neither the Coldstream nor its tributaries have the natural capacity to 

provide more than about 10% of the water needs of Vernon Irrigation 

District.  So, it was necessary to look - at an early stage in 

development - to Duteau Creek as a supplementary source of water.  

Although Duteau Creek is by nature part of the Shuswap River system, it 

is an important upland water source for the Vernon Creek area.  By 

licence, C32119, dated September 1, 1906, Vernon Irrigation District 

was granted permission to divert 15,000 acre-feet per year, at a point 

known as "Headgates" (UP6). This license is subordinate to two prior 

licenses, F05279 (1890) and F03599 (1902), on the Duteau Creek system.  

To satisfy the prior licenses, two cubic feet per second must be 

released from Headgates between May 1, and September 15.  In addition, 

a Federal Fisheries Service order, dated February 17, 1971, 
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VERNON CR. SCHEMATIC           Figure 10.2 
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requires that minimum releases to Duteau Creek at Headgates be not less 

than four cubic feet between January 1 to August 31, and seven cubic feet 

between September 1 and December 31.  The computer analysis carried out 

under this study have been limited to diversion requirements at UPS made 

into the Vernon Creek Basin.  In a dry year it is evident from Table 5-4 

that there would be little or no flow immediately downstream of UPS to 

meet the above mentioned requirements if full diversion was carried out. 

Two large reservoirs, Aberdeen (9,040 acre-feet) (CP6) and Haddo 

(2,037 acre-feet) (CP7) provide storage and regulation of flow.  A third 

potential reservoir, Grizzly Swamp, is under consideration. 

Water diverted at Headgates passes through a chlorination station and 

enters the Vernon Irrigation District network via a 50-inch diameter 

steel pipe. This is a complex network with several large variations in 

elevation and, consequently, line pressure.  The mainline or backbone of 

the system stretches roughly seventeen miles from Headgates to Goose Lake 

(1,623 acre-feet), which acts as a balancing reservoir in addition to 

providing end-of-line storage. A contribution (10%) to the water supply 

of the network is made by King Edward Lake (CP4) (1,253 acre-feet), which 

Is on a tributary of Coldstream Creek. 

Numerous self-contained distribution systems branch off from the 

mainline.  Depending upon mainline pressure at the point of branching, 

the distribution systems may require either pumping or pressure reducing 

stations. 

 In addition to the Vernon Irrigation District, the Duteau Creek 

diversion supplies water to the City of Vernon and the District of 

Coldstream. 

b)   Winfield and Okanagan Centre Irrigation District 

The Swalwell (Beaver) Lake Reservoir was originally constructed in 

1908 as a homogeneous earth-fill dam with concrete core.  The dam was 

raised in 1944 increasing the storage capacity of the reservoir to 9,585 

acre-feet. 

Crooked Lake Reservoir upstream of Swalwell Lake impounds 2,445 acre-

feet and is a homogeneous earth-fill dam constructed in 1931.  Its 

flooded area includes Crooked, Deer, Island and Dee Lakes.  Thus, 

although there are 10 feet of depth on Crooked Lake, the elevations of 

the upstream channels connecting the various lakes limit its useful 

storage to the above-mentioned amount. 

 Recent Improvements under the ARDA program have included the rehabilita-

tion of Swalwell and Crooked Lake Dams in 1967 as well as the improvement of 
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4,000 feet of river channel in the upper Vernon Creek between Swalwell 

Lake and the diversion dam.  It will be noted that the latter was located 

about a mile upstream from the previous intake. 

The improvement to the upper Vernon Creek mentioned above was 

initiated in 1963 in an attempt to reduce the amount of silt carried into 

the irrigation system.  The origin of most of this silt was on the right 

side of the river in the upper slide area.  In this section the canyon is 

about 300 feet deep and till material exposed along the right bank of the 

canyon stands on a very steep slope.  In the past this slope has been 

undercut by the creek, but with the channel now on the left side, it is 

hoped that such erosion will be eliminated. 

The Improvement District policy has been to release water from the 

Swal-well Lake storage reservoir prior to the spring freshet so that a 

degree of flood control may be realized on Vernon Creek.  Normally, 

storage levels on Crooked Lake are retained near the full supply level. 

c) Winfield-Okanagan Centre By-Pass Flume 

  Many years ago difficulty was experienced in maintaining flow in the 

section of Vernon Creek between Ellison and Wood Lake due to high seepage 

lossees in Ellison Lake. 

Thus, in order to obtain water directly from Vernon Creek at a point 

one mile upstream from Ellison Lake, a bypass flume consisting of 6,280 

linear feet of 24-inch diameter, semi-circular concrete flume runs from 

the above-mentioned diversion point to "The Flats" located on the 

District's eastern boundary.  The District is, therefore, able to 

maintain a flow in that section of Vernon Creek between Ellison and Mood 

Lake without first having to fill the former. 

The diversion licence for the bypass flume dates back to 1908 and 

amounts to 550 acre-feet equivalent to about 3 cfs assuming operation 

over a period of three months (100 days).  Its capacity would be totally 

inadequate to carry the total flow of Vernon Creek. 

It is interesting to note that the District obtained a conditional 

water licence for the storage of 507 acre-feet on Ellison Lake.  Thus, 

through the construction of a control structure at its outlet, it was 

planned to store water on the falling stage of the freshet and prolong 

the period of runoff on Vernon Creek between Ellison and Mood Lakes,  In 

this way it would be possible to conserve Swalwell Lake storage.  

However, difficulties regarding access and possible flooding of parts of 

Ellison Lake prevented further development. 
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d)   Hiram Walker Distillery Diversion 

On May 25, 1971, the Hiram Walker plant near Winfield started 

preliminary operations using water pumped from Okanagan Lake.  The 

quantity which may be diverted under the Water Licence is some 

5,000,000 imperial gallons per day for industrial purposes (cooling) 

plus 300,000 imperial gallons per day for general plant use.  A 

provisional permit under the Pollution Control Act allows the discharge 

of the 5,000,000 imperial gallons per day (9.23 cfs) to Vernon Creek at 

a point 3,000 feet upstream from Ellison Lake.  To date, the plant   

has only been under partial operation and average daily discharges have 

been about one half of the above value.  It will be noted that this 

plant was not in operation and making its contribution to Vernon Creek 

flows during the year 1970, reported here.  Further, that due to a 

shutdown of the plant in 1973 because of a strike, this additional 

water did not move through the system during the months of March and 

April.  It is presently (1974) operated only during 5 days of the week. 

e)   Oyama Improvement District 

 The construction of new irrigation and domestic water system for 

the Oyama Improvement District was completed in August, 1966 under ARDA 

assistance. 

 The system serves 320 acres on the West side of Wood and Kalamalka 

Lakes and 80 acres on the east side of the causeway between the two 

lakes.  Water is also served to the Vernon Fruit Union Packing House for 

fire protection puroses. 

The main pumping station of 200 horsepower capacity draws water from 

a 16 inch diameter well 150 feet deep, located near the north shore of 

Wood Lake. The capacity of this well is in excess of 2,500 U.S. gpm (5 

cfs) and it reported to be one of the highest producing wells of its type 

in British Columbia. 

f)   Operation of Wood-Kalamalka Lake 

Through the placement of stoplogs on the concrete dam at the outlet 

of Kalamalka Lake, it is possible to control the water between the sill 

elevation of 1,282.35 and 1,284.94 providing an active storage depth of 

1.59 feet. Since continuous records began in 1954, the maximum elevation 

of Kalamalka Lake is shown as 1,286.14 occuring on June 5, 1972, 

The City of Vernon operates Kalamalka Lake Dam and a basic release 

is maintained at all times for in-channel flow requirements and the 

maintenance of groundwater levels for a number of wells located near the 

stream. 

Measurements of the outflow from Kalamalka Lake are made on the highway 
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bridge immediately downstream of the dam. The results of stage 

discharge determinations made at this hydrometric station (8NM65) 

Indicates rather fluctuating conditions and at present three discharge 

curves have been developed which are applicable to different portions 

of the historic record. 

The City of Vernon withdraws from Kalamalka Lake for domestic and 

waterworks purposes. Kalamalka Lake provides an important supplementary 

source of water in addition to that provided from the upper reaches of 

Vernon Creek and BX Creek. 

10.3    LAND USE AND WATER REQUIREMENTS 

The Vernon watershed encloses and serves one urban area (Vernon 

City) and a large agricultural area which is, for the most part, 

organized for water use 'purposes, into "Irrigation District" under the 

Water Act. 

Water uses in terms of population and areas irrigated are as follows: 

(Table 10.1). 

 

TABLE 10.1 

WATER USERS IN THE VERNON CREEK WATERSHED (1970) 

 

Consumptive use diversions as listed above are assumed to result in 

no return flow within the Vernon Creek basin but rather seep directly to 

Okanagan Lake.  The amount of return flow varies with the type of use 

and is estimated as follows: 
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a)   For "Irrigation" return flow = 50% of diversion. 

b)   For "Domestic and Waterworks", return flow = 651 of diversion. 

c)   For "Industry", return flow = 90% of diversion. 

  

 From the above, water utilization in terms of the amounts of consumed 

water and return flow within the Okanagan Lake Basin may be tabulated as 

follows: 

(Table 10.2). 

TABLE 10.2 

WATER UTILIZATION IN VERNON CREEK (1970) 

 
A detailed breakdown of the diversion requirements for the various 

organized areas at the 1970 stage of development is as shown on Table 

10.3. 

In order to acquire rights over the use of water, most users, acting 

either individually or collectively in an irrigation district, have 

maintained water licenses for storage and diversion granted by the Crown, 

inright of the Province.  Licenses provide their holder with rights over 

the stated amount of water and, in cases of a shortage, the older licence 

takes precedence over the newer. 

Current water licenses in 1970 for both storage and consumptive 

use are as listed on Table 10.4. 

Comparison between the licenses and the computed diversion 

requirements show that, in total, licensed amounts are about double the 

estimated water use.  A major portion of this difference is due to the 

allowance for conveyance losses in earth channels and open ditch 

irrigation which has now been replaced largely by closed pipe systems 

feeding to sprinklers. 

10.4.   ESTIMATED NATURAL WATER SUPPLY 

Natural water yields for the area are shown on computer print-out 

sheets, reproduced on Figure 10.3 (Dry Year), Figure 10.4 (Average Year), 

and Figure 10.5 (Wet Year). 
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TABLE 10.3 

COMPUTED DIVERSION REQUIREMENTS ON VERNON CREEK (1970)  

GIVEN IN ACRE-FEET 
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VERNON CR. DRY YEAR (NATURAL FLOW) 

Figure 10.3 
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VERNON CR.   AVERAGE YEAR (NATURAL FLOW)   Figure 10.4 
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VERNON CR. WET YEAR (NATURAL FLOW)            Figure 10.5 
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In summary, the annual precipitation and natural runoff of the Vernon 

Creek Basin under the three types of year is as shown in Table 10.5. 

 

TABLE 10.4 

WATER LICENSED ON VERNON CREEK (1970) 

 

 

TABLE 10.5  

ESTIMATED NATURAL WATER YIELDS FOR VERNON CREEK SUB-BASIN 

 

10.5    STORAGE (Reference Figure 10.2) 

In a climate of spring floods and summer droughts, it is necessary 

to store a high proportion of total available water so that it may be 

used when needed.  To this end, the Vernon Creek water users have 

developed a system of ten reservoirs with a total live storage of 46,719 

acre-feet.  Each is operated largely independently and as required by 

their owner. 
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a)  Crooked Lake (CP1), at the head of the Vernon Creek system is owned and 

operated by the Winfield-Okanagan Centre Irrigation District.  The dam 

was built of earth fill in 1931.  In 1965, the spillway was raised to 

elevation 4424.2 feet.  Outlet control works consist of a 20-inch 

diameter culvert with an invert elevation of 4413.4 feet. 

b)  Swalwell Lake (CP2) reservoir is also operated by Winfield-Okanagan 

Center Irrigation District.  Its dam is of earth fill and was 

constructed in 1964. The control works consist of a 32-inch arch culvert 

at an invert elevation of 4396.3 feet.  The spillway elevation is 4414.0 

feet. 

c)  Oyama Lake (CP3) reservoir is operated by Wood Lake Irrigation District.  

It was constructed in 1951 of earth fill with a concrete core well.  

Spillway and outlet invert elevations are estimated at 4479.0 feet and 

4470.0 feet, respectively. 

d)  Kalamalka Lake (CP5) is the largest in the area and is operated by 

City of Vernon.  It has a concrete dam with stoplog control for a 

storage depth of 1.6 feet.  The outlet elevation is at 1283.3 feet. 

e)  King Edward Lake (CP4) reservoir is of earth fill and concrete core with 

a 27-inch concrete outlet culvert.  Elevations are imprecise but are 

estimated at 4460 feet and 4480 feet for outlet and spillway, 

respectively.  The storage is operated by Vernon Irrigation District.  

Construction was completed in 1947. 

f)  Aberdeen Lake (CP6) at the head of Duteau Creek, Is operated by Vernon 

Irrigation District.  Its spillway is at 4196.1 feet and its outlet is 

at 417.3.9 foot elevation.  The dam is of earth fill and was completed 

in 1960. 

g)  Haddo lake (CP7) is also controlled by Vernon Irrigation District.  Its 

outlet invert is at elevation 4149.3, and its spillway at 4163.8 feet.  

The dam is of earth tilt and was completed in 1960. 

h)  Dixon Lake (CP8) Is a small (208 acre-feet), but strategically placed 

storage, with a spillway at roughly 3000 foot elevation. 

i)  Swan Lake (CP9) is at a low elevation and is controlled jointly by 

Vernon Irrigation District and South Vernon Irrigation District.  Its 

spillway is at elevation 1276.5, and control is by a 24-inch culvert at 

elevation 1274.0 feet. 

j)  Goose Lake (CPG) is owned and operated by Vernon Irrigation District, and is 
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an integral part of their distribution system.  Although it has 

virtually no watershed of its own, water from other sources is 

piped into its reservoir of 1623 acre-foot capacity during the 

freshet period.  Situated at an elevation of 1619.0 feet at the 

spillway, and 1603 feet at its outlet pipe, the lake serves as a 

balancing reservoir and, in addition, provides storage at a point 

in the system remote from other water sources. 

 Hydrologic information on the ten reservoirs is given by Table 10.6. 

TABLE 10.6  

1970 STORAGES IN THE VERNON CREEK SYSTEM 

 

*   Exclusive of Hiram Walker pumped diversion from Okanagan Lake 

and return discharge to Vernon Creek above Ellison Lake (MP3). 

An examination of the above table would indicate that with the 

possible exceptions of Kalamatka-Wood and Haddo, there is little 

opportunity for increased storage, assuming all active storage is to be 

filled in a dry year. Moreover, Crooked and Swalwell Dams with spillway 

elevations of 4413.4 and 4414.0 have a combined active storage capacity 

of 12000 acre-feet compared to the dry year inflow of 9364.  Hence there 

is no opportunity for the development of additional firm storage in this 

portion of the basin. 

Storages are currently operated in a manner which seems best to the own- 
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Photo 39 OYAMA LAKE - Looking Northeast (Sept. 12, 1973)  

Vernon Creek System 

 

Photo 40 CROOKED LAKE - Looking Northeast (Sept. 12, 1973) 

Vernon Creek System 
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Photo 41 HADDO LAKE - Looking North (Sept. 12, 1973)  

Vernon Creek System 

 

Photo 42 ABERDEEN LAKE - Looking North (Sept. 12, 1973) 

Vernon Creek System 
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ers for the purposes of irrigation or other consumptive use.  

Methods of operation are by no means rigid but generally follow the 

pattern outlined in Table 10.7. 

 

TABLE 10.7  

RULE CURVE VALUES FOR VERNON CREEK RESERVOIRS 

 

EXPLANATION:  For any given month - 

a)   Percentages shown refer to active storage occupied by water at end of 

month. e.g. 30% storage occupied by water at end of March. 

b)   When rule curve value is exceeded, all excess water is released. 

c)   When rule curve value is not achieved, only stated water requirements  

are released. 

d)   Information based on local records of water users, over a period 1964-

1971. 

The above rule curve values have been used in computer 

programming for the production of print-outs showing regulated flows. 

At the 1970 stage of development, little or no consideration is 

given to the operation of storage for Fisheries or other non-

consumptive use. 

10.5.1  Regulated Flows 

When natural flow is affected by storage changes, diversions to or from 
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the area and withdrawals for irrigation, domestic or industrial 

purposes, the resulting discharges are called "residual flows".  These 

residual flows, for various selected points and three types of weather 

year at 1970 development, are shown on computer print-outs.  They are 

reproduced as Figure 10.6 (Dry Year), Figure 10.7 (Average Year), and 

Figure 10.8 (Wet Year). 

10.5.2  BX Creek (Reference figure 10.9) 

Reference to these figures will show that residual flows 

immediately upstream and immediately downstream from the selected point 

are given.  The difference is the amount diverted at the point for 

consumptive use.  It will be noted that a consumptive "demand 

deficiency" is recorded for almost the whole year at UP 7, on BX Creek 

during "dry", "average", and "wet" years. This is because of estimated 

diversion rates for City of Vernon from a very small catchment.  What 

happens, in fact, is that Vernon supplements its water supply by pumping 

from Kalamalka Lake (UP5), and hence, does not outwardly experience any 

shortage.  Similarly, a small "demand deficiency" will be noted in July 

and August at UP 9.  Both of these deficiencies are experienced on the 

BX Creek system and point up the fact that this area is very weak in its 

ability to meet water demands placed upon it. 

Reference to the computer print-outs, Figures 10.6 etc., indicate 

that Fisheries deficiencies are quite pronounced in the upper reaches of 

Coldstream and BX Creeks.  In most cases, it would appear that the 

natural supply of water is simply not enough to meet the stated 

requirements. 

10.6    MAINSTEM VERNON CREEK 

Non-consumptive use deficiencies are minor where shown (e.g. Figure 

4.52) at creek mouth and may be relieved by modifying storage releases.  

It is worth noting here that the relatively large active storage in 

Kalamalka Lake provides the opportunity to maintain reasonable flows 

downstream with small modifications to the control pattern of Kalamalka 

Lake. 

In a dry year, as defined, at the 1970 stage of development, water 

requirements exceed water supply.  This is illustrated by the Deficiency 

Diagram on Figure 10.10.  Under the present or historic method of 

operation of storage, deficiencies are felt by both consumptive and non-

consumptive (Fisheries) users.  Under the influence of the rudimentary 

model for modified operation of storage, it becomes possible to approach 

elimination of non-consumptive deficiencies  This suggests that 

refinements to the historic method of operating storage would result in 

a more advantageous use of the water resource.                                     
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VERNON CR. DRY YEAR (1970)             Figure 10.6 
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VERNON CR. AVERAGE YEAR (1970) Figure 10.7 



 235

 

VERNON CR. WET YEAR (1970) Figure 10.8 
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CONSUMPTIVE USE DEFICIENCY IN DRY YEAR 

(1970) 

 

 

DEFICIENCY HYDROGRAPHS VERNON CREEK          Figure 10.9 
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    VERNON CR. (1970) DEFICIENCY DIAGRAM               Figure 10.10 
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The present Hiram Walker Distillery pumped diversion from Okanagan 

Lake with discharge to Vernon Creek at MP3 (Not included in the 

printout) would, if operated continuously add some 6000 to 7000 acre-

feet per year to this portion of the basin.  This would eliminate all 

water deficiencies in this portion of the Main Stem (MP3 to mouth). 

This would release some 3000 acre-feet of residual flow upstream at 

MP2 which if stored could serve some 2000 acres of land along the Main 

Stem. (Figure 5M) 

In conclusion, the contribution which Vernon Creek makes to the 

gross inflow to Okanagan Lake may be evaluated for various types of 

year as shown on Table 10.8. 

 

TABLE 10.8 

COMPARISON BETWEEN ESTIMATED INFLOWS  

to  

VERNON CREEK AND OKANAGAN LAKE 

 

*  Regulated Flows at 1970 Development 


