CHAPTER 4
Water Quantity
Water quantity studies as defined under the Okanagan Basin Agreement
were required: "to evaluate the existing hydrologic regime of the Basin,
including studies of runoff, lake levels, flows, groundwater and
geological structure, climatology and meteorology; to evaluate means of
regulating flows through storage and diversion; and to evaluate means of
augmenting water supplies within the Okanagan Basin."
In order to appraise the hydrologic regime in the Canadian portion of
Osoyoos Lake, it has been necessary to extend the Study downstream to the
lake outlet at Oroville, Washington. Hence, the Okanagan Basin referred
to in this portion of the report includes some 3,250 square miles of
drainage area of which 3,165 are in British Columbia (Figure 4.1).
4.1

HYDROLOGY

4.1.1

Mainstem System
The Okanagan Basin hydrology is typical of the interior rivers of
British Columbia, where the major portion of the annual runoff occurs
during April to July inclusive, due primarily to snow melt in the higher
portions of the Basin. Thus, in the Okanagan Lake Basin with an average
elevation of 3,900 feet (Figures 4.1, and 4.2), snow accumulates during
the winter months in the 4,000 to 7,000 foot band. Commencing in January,
snow surveys are conducted at selected stations (Figure 4.3), from which
forecasts of inflow to Okanagan Lake are estimated for the upcoming
freshet period. Average snow water equivalents of two representative snow
courses and accuracy of forecasts are illustrated in Figure 4.4.
A portion of the gross inflow to Okanagan Lake Basin is retained in 50
headwater reservoirs which have a total active storage of 113,000 acrefeet (see Figure 4.5). The remaining inflow, in it's passage downstream
to Okanagan Lake, is partially depleted by diversions from tributaries,
primarily for irrigation purposes. The residual water entering Okanagan
Lake, either as surface or groundwater flow, is further reduced through
evaporation losses from the lake surface by 200,000 to 300,000 acre-feet
per year. Thus, the net historic lake inflow, which is the actual water
available in any particular year for use within Okanagan Lake or
downstream, represents only a portion of the gross inflow to the Basin.
Table 4.1 shows that of an average annual gross inflow to Okanagan Lake of
664,000 acre-feet, only about 332,000 are available in Okanagan Lake for
use under present day development and operating practices.
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TABLE 4.1
AVERAGE ANNUAL WATER BUDGET-OKANAGAN LAKE BASIN

The outflow from Okanagan Lake is controlled by a concrete dam at
Penticton (Figure 4.6). The normal operating range for Okanagan Lake
water levels is 1119.8 to 1123.8 feet (Geodetic Survey of Canada, 1961
Datum), which were established at the time of constructing these works,
but lower levels maybe reached during prolonged drought periods, and
higher levels reached during extreme floods. This four feet of storage on
Okanagan Lake is equivalent to 340,000 acre-feet which is approximately
the same as the average annual net runoff into Okanagan Lake under
present day development. Since about 80% of the inflow to the Okanagan
Lake Basin upstream of Oroville, Washington occurs above Penticton, the
regulation of Okanagan Lake Dam is of prime importance to the Valley.
The Okanagan Lake Dam, along with other structures and improved river
channel between Penticton and Osoyoos Lake, make up the Okanagan Flood
Control Works. Ancillary works include the debris retaining basins at the
mouths of Shattford (Shingle) Ellis and Shuttleworth Creeks. The
operation of these works is under the direction of the B.C. Water
Resources Service, Department of Lands. Forests and Water Resources,
while maintenance costs are shared between this department and the
Federal Department of Public Works. Discharges from Okanagan Lake Dam
are limited by the channel capacity of the Okanagan River, which varies
from 2,100 cfs. at Penticton to 3,400 cfs. at the inlet to Osoyoos Lake.
Only minor regulation (9,400 acre-feet) can be obtained on Skaha Lake
(surface area 4,710 acres) which is maintained between elevations 1107.6
and 1109.6 by a concrete dam at Okanagan Falls.

In addition to the Okanagan Flood Control Works, a small concrete dam at
the outlet of Vaseux Lake (surface area 690 acres), operated by the Southern
Okanagan Land Improvement District (S.0.L.I.D.), maintains a water elevation on
the lake of 975 feet and diverts a portion of the flow, up to 150 cfs through a
canal to serve irrigation requirements in and around Oliver.
The maximum discharge at Oliver below the Vaseux Lake dam is currently held
below 3,000 cubic feet per second (c.f.s.) because of channel capacity limitations, local inflow from tributaries which is not controllable, and high water
levels on Osoyoos Lake when flows in the Simi1kameen River are high.
The level of Osoyoos Lake is normally maintained between 910.0 and 912.0
feet GSC (910.3 and 912.3 USCGS) although the upper level may be exceeded in any
flood year due to lack of control of floodwater on the Similkameen River. The
lower level is maintained by the Zosel dam which is located at the outlet of
Osoyoos Lake in the State of Washington, U.S.A. The original purpose of this
structure when built in 1927 by the Zosel Lumber Company, was for the creation
of a mill pond for log storage. In 1948 the dam was modified in accordance with
the International Joint Commission's order of September 12, 1946 to pass 2,500
c.f.s. at a pool elevation not exceeding 911.0 feet USCGS (910.7 GSC). Because
of the age of this structure, there is considerable leakage during low flow
periods which has to be compensated for by additional releases from Okanagan
Lake to maintain Osoyoos Lake at it's normal summer water elevation of 910.7
GSC.
Map 1 (Map Section) shows the schematic profiles of the main valley
Okanagan Lakes and Okanagan River, and Table 4.2 summarizes the operating
criteria for the Okanagan Flood Control Works.
4.1.2 Okanagan Lake Basin Water Budget
The predominance of Okanagan Lake Basin as a main source of water supply
for the area has led to a detailed examination of its hydrology.
Through the
use of a grid square model technique, it has been possible to develop an
isohyetal map showing average precipitation distribution over the whole basin
north of Oroville (Figure 1.4). Based on this study, the average precipitation
on Okanagan Lake Basin has been estimated at 21.8 inches. A schematic
presentation of what happens to this precipitation is presented in Figure 4.7.
The water available in Okanagan Lake in an average inflow year is 332,000
acre-feet under present day (1970) development. This compares with the average
net historic inflow of 355,000 acre-feet to Okanagan Lake. Thus, out of an
average precipitation of 21.8 inches within the Okanagan Lake Basin, only 25%
(5.32 inches) appears as runoff, and only about one half of this runoff is
available for use in the mainstem Okanagan Lake and River system.
Unfortunately, equivalent precipitation data over the whole basin for dry and
wet years are not available, and therefore the more critical water budgets could
not be developed.

TABLE 4.2

ELEVATIONS AND DESIGN DISCHARGES, OKANAGAN FLOOD CONTROL WORKS AND OTHER CONTROL STRUCTURES

However, the budget for average conditions does point up the major
difficulties in attempting to forecast the annual inflow to Okanagan
Lake, particularly during extreme droughts when natural losses through
evapotranspiration and lake evaporation make up even a larger portion of
the total than those under average conditions.
4.1.3

Hydrometric, Meteorological and Water Use Data
The hydrometric and meteorological data available for the Okanagan
Basin has been and still is very limited. Monthly historic inflows from
the tributaries to Okanagan Lake for the 50 year study period of April
1921 to March 1971 inclusive have therefore been estimated and adjusted
to allow for historic consumptive use, tributary storage changes and
evaporation from Okanagan Lake. These calculated inflows provided the
"gross" historic inflow to the Okanagan Lake Basin. Equivalent data were
also developed for the portions of the Okanagan Basin between Penticton
and Okanagan Falls and Okanagan Falls and Oliver. For the section south
of Oliver through to Oroville, only the historic records for the period
1943 to 1970 were used.
Over the 50 year historic study period, agriculture has been the
major user of water and the requirements for irrigation alone make up 80%
of the total consumptive use within the Basin. Most of this development
has taken place within the tributaries of Okanagan Lake where some 45,000
acres(out of a total of 60,000 acres for the whole basin) are served from
these sources, supported by headwater storage reservoirs.
It has been assumed that 50% of the water diverted from tributary
sources as well as that taken from the mainstem system appears as return
flow either to Okanagan Lake or to the main river and lake system
downstream. Similarly it was assumed that 65% of the water used for
domestic and municipal purposes, and 90% of the water used for industrial
purposes is returned to the system. These various types of use including
diversion, consumptive use and return flow are demonstrated graphically
in the water use diagram shown in Figure 4.7. The historic evaporation
and precipitation on Okanagan, Skaha, Vaseux and Osoyoos Lakes have also
been calculated in order to complete the water cycle budget. (For
details, see Technical Supplements I and II).

4.2

PRESENT (1971) WATER REQUIREMENTS
Agricultural water requirements were based on the amount of land
irrigated and water duties recommended by the B.C. Department of
Agriculture, with all return flow credited to Okanagan Lake or the main
river system. Municipal and domestic water requirements as well as
industrial withdrawals were determined from municipal records.

In addition to the above consumptive use requirements, are the inchannel flows needed to maintain minimum residual discharges and flows to
maintain fisheries. In the operation of the Okanagan Flood Control Works,
these non-consumptive requirements have normally been met.
While fishery flow requirements in the tributaries have recently been
developed, the management of water in these sub-basins has, to date, been
primarily for consumptive use requirements only.
Hence, present water requirements based on historical practices,
include all consumptive uses, both in the tributaries and the mainstem
system with minimum and fishery flow requirements included only for the
latter. Tables 4.3(a), 4.3(b) and 4.3(c) detail these requirements, while
Table 4.4 summarizes this data.
From Table 4.4, it can be seen that the consumptive use along the
Okanagan River from Penticton to Osoyoos Lake is only about one half that
required in the Okanagan Lake Basin. However, residual or minimum flows
needed to provide for take evaporation losses, adequate submergence of
intakes during the irrigation season (April to September inclusive), and
minimum salmon fishery flows downstream of Vaseux Lake, total about two
thirds of the total water requirements for the whole basin.
4.3

WATER SUPPLY AND FLOOD CONTROL
The regulation of Okanagan Lake, the major storage reservoir in the
Valley, is the key to water quantity management in the mainstem Okanagan.
Its large storage capacity can be used in high runoff years to reduce the
threat of flooding and in low runoff years to provide additional water
supplies to and around the lake and south of its outlet at Penticton.
Indeed, the lake supplies almost alt Okanagan River flows which serve
consumptive and non-consumptive uses south of Penticton as well as areas
adjacent to Okanagan Lake.
This study has been concerned not only with the adequacy of water
supply sources to meet present and future needs, but also the management
of these systems under extreme flood and drought conditions.
Present day water management practices are based on the "Okanagan
Flood Control Report of 1946" prepared by the Joint Board of Engineers
formed by the Federal and Provincial Governments. The level of Okanagan
Lake is normally maintained within the four foot range - 1119.8 feet to
1123.8 feet GSC - as recommended by the Joint Board of Engineers. However,
due to the large variability in annual inflows to Okanagan Lake and the
difficulty of forecasting these inflows accurately, fluctuation above and
below this four-foot range are possible. Because most shoreline development
has adjusted to the normal range of lake levels,

TABLE 4.3 (a)
DIVERSION (WITHDRAWAL), CONSUMPTIVE USE & RETURN FLOW FOR OKANAGAN RIVER BASIN IN B.C. - 1970
OKANAGAN LAKE DRAINAGE

Population 102,000 I.
(Region north of Okanagan Lake Dam at Penticton)
Ac. irrig. 46,000

TABLE 4.3 (b)
DIVERSION (WITHDRAWAL), CONSUMPTIVE USE & RETURN FLOW FOR OKANAGAN RIVER BASIN IN B.C. - 1970
II. OKANAGAN RIVER REGION

(From Okanagan Lake Dam at Penticton to
International Boundary at Osoyoos Lake)
Population - 10,980; Land Irrigated - 14,000 acres.

TABLE 4.3(c)
SUMMARY OF FISHERY AND MINIMUM FLOW REQUIREMENTS
FOR THE OKANAGAN RIVER IN BRITISH COLUMBIA

TABLE 4.4
PRESENT (1970) CONSUMPTIVE USE REQUIREMENTS
IN OKANAGAN LAKE BASIN AND TOTAL WATER
REQUIREMENTS OKANAGAN RIVER BASIN IN CANADA

such extreme fluctuations can cause inconvenience and even damage to shoreline
users. In a succession of drought years, there may not be sufficient water to
maintain Okanagan Lake within its normal range and at the same time supply all
downstream requirements in Okanagan River. Thus, either Okanagan Lake must be
drawn down below its normal low water elevation, or water releases to Okanagan
River must be reduced.
At the other extreme, Okanagan Lake must be carefully regulated during high
inflows. When large runoffs are forecast, the lake is normally drawn down in the
early spring to accommodate the freshet. The degree of drawdown possible and the
volume of water that can be released during the freshet is dependent on the
channel capacity of Okanagan River and the complicated hydrology of Osoyoos Lake.
High flows in the Similkameen River can restrict releases from Osoyoos Lake and
this, coupled with the need to maintain high discharges down Okanagan River, can
create flooding on Osoyoos Lake. In practice, a balance must be sought to
minimize the flood damage around both lakes.
A drought year is defined as one in which the net inflow to Okanagan Lake is
less than the water requirements (244,000 acre-feet), while a flood year is
defined as one with an inflow of 550,000 acre-feet or greater. These volumes can
be compared with the normal four foot storage in Okanagan Lake equivalent to
340,000 acre-feet. Thus, the regulation of Okanagan Lake varies from strict
conservation to the other extreme of flood control.
The present methods of operating both the mainstem system and the tributaries, were simulated in computer models. The output from the models in the form of
water levels and discharges, was used as the basis for comparison of alternative
water management options.
The annual discharges for Okanagan River at Penticton, Oliver and Oroville as
similated by the mainstem computer model, are shown in Figure 4.8. These model
discharges assume the Okanagan Flood Control Works in operation for the 50 year
period of record (1921-1970), and are based on 1970 consumptive demands in the
Okanagan Lake Basin.
The model terminates at the hydrometric station four miles south of Oliver
and the equivalent discharges at Oroville, Washington have been prepared from the
more limited historical data available for the period 1943 to 1970.
The discharges at Penticton are between 81 and 85 percent of the Oliver discharges. The gross local inflow for the Penticton-Oliver and the 0liver-Oroville
reaches of the river compared with the gross inflow to Okanagan Lake Basin, for
dry, average and wet years (selected from the limited common period of 1943 to
1970) are listed in Table 4.5 and illustrated for an average inflow year in Figure
4.9. This provides further evidence of the dominant role Okanagan Lake Basin

TABLE OF ANNUAL AVAILABLE

FLOWS

AT VARIOUS PROBABILITY LEVELS

FREQUENCY CURVE,COMPUTER MODEL SIMULATION OF ANNUAL
DISCHARGE,OKANAGAN RIVER AT PENTICTON AND OLIVER AND
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Figure 4.8

TABLE 4.5
COMPARISON OF ANNUAL GROSS HISTORIC INFLOWS TO VARIOUS SEGMENTS OF OKANAGAN RIVER BASIN _
UPSTREAM OF OROVILLE, WASHINGTON, WITH ANNUAL GROSS HISTORIC INFLOW TO
OKANAGAN LAKE BASIN FOR SELECTED YEARS

inflow plays in meeting the water requirements of the tributaries and along the
mainstem. While Osoyoos Lake was not included in the mainstem model, the minimum
releases at its termination point at the Oliver hydrometric station have included
what are considered to be adequate allowances for consumptive and natural losses
as well as in-channel flows between Oliver and Osoyoos Lake.
4.3.1

Okanagan Mainstem Operation

The mainstem computer model which simulated the operation of Okanagan Lake and
Okanagan River from Penticton to Oliver required definition of the present water
management objectives and policies. Using these and computed inflows, the model
was used to simulate operation on a monthly basis over the 50 year period 1921 to
1970. In running the model it was assumed that the Okanagan Flood Control Works
(Figure 4.6), which were actually constructed during the period 1950 to 1958, were
in operation throughout the period. In each run it was assumed that either the
present day water requirements or some projected future set of water demands were
met for the 50 year period. The model generated inflow forecasts so that the
simulation would have the degree of uncertainty that exists in practice due to the
errors inherent in making forecasts.
Since the completion of the Okanagan Lake Dam in 1956, water releases have
been based on meeting consumptive use and in-channel minimum flow requirements. In
most years, any additional discharges to provide minimum fishery flows required
for the successful migration of sockeye salmon through Osoyoos Lake and as far
upstream as Vaseux Lake Dam, have also been released.
Details of this model can be found in Technical Supplement II "Water
Quantity Computer Models".
The degree of success in the operation of the model can be judged by an examination of Figure 4.10 for the period 1956 to 1970 in which the model discharges
at Penticton and Oliver compare very closely with the actual discharges which
occurred. Similarly, while the model terminated at Oliver, the historic flows at
Oroville from 1956 to 1970 (Figure 4.11) reflect the operation of the existing
Okanagan Lake Dam. For an exact comparison at Oroville however, all historic
discharges since 1956 would have to be reduced by the increase in water consumption between that particular year and 1970.
Figure 4.12 shows the modified inflows, elevations and discharges for Okanagan
Lake, resulting from the model operation over the 50 year study period under
present operating conditions.
A recurrence of the extreme drought conditions of
1929-31 would result in Okanagan Lake being drawn down at least 3.2 feet below its
normal low water operating level, assuming all water requirements are met. The
lake would drop below its normal low water elevation in the middle of the second
year of the drought and not refill to a level of 3.0 feet above the normal low
level until three years later. Such a prolonged drought has occurred only
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once in this century and was prevalent over much of North America.
The total volume of water required each year to satisfy all uses on
Okanagan River, including minimum flows for the salmon fishery, are presently
estimated at 244,000 acre-feet. Assuming that all this has to be supplied
from Okanagan Lake, this inflow will be equalled or exceeded in all but about
one year in four as shown in Figure 4.13. However, lesser inflows do not
necessarily mean water shortages, providing Okanagan Lake enters the drought
with carry-over storage. If forecasts made from snow surveys and other
hydrologic parameters indicate low runoff, Okanagan Lake is operated to retain
as much carry-over storage as possible which can amount to a foot or more.
While single-year droughts such as occurred in 1970 and again in 1973 can
easily be handled, the possibility of a succesion of dry years cannot be overlooked. As mentioned above, if there were to be a major prolonged drought of
three years (such as occurred in 1929 to 1931) Okanagan Lake would have had to
be drawn down to 1116.6 feet, or some three feet below its normal low water
elevation in order to meet present day requirements.
A frequency analysis of both two-year and three-year drought sequences
(Figures 4.14 and 4.15), indicates that the 1929-31 drought was
exceptionally severe and that it probably has a recurrence interval of about
200 years. A two-year drought of the severity of the 1929-30 inflow (the
driest two-year sequence on record) is indicated as having a return period
of about 100 years.
At the other end of the spectrum are those years in which excessive
inflows or floods occur. In general, a forecast seasonal inflow of greater
than 550,000 acre-feet is considered to indicate a potential flood. In years
in which high inflows are forecast, Okanagan Lake is drawn down to its normal
low water elevation prior to the freshet to provide maximum storage.
During the study period, extreme floods occurred in 1928 and 1948 and the
computer simulation of these are compared with the recent 1972 flood in Table 4.6.
TABLE 4.6
COMPARISON OF COMPUTER SIMULATION OF FLOODS OF 1928 and 1948 WITH 1972 FLOOD
- PRESENT METHOD OF OPERATION AND EXISTING STORAGE FACILITIES -

LOW-FLOW FREQUENCY CURVE, SEASONAL (APRIL-JULY) NET INFLOWS, OKANAGAN
LAKE

Figure 4.13

LOW-FLOW FREQUENCY CURVE,
2 YEAR MOVING AVERAGE
SEASONAL (APRIL-JULY) NET INFLOWS, OKANAGAN LAKE
Figure 4.14

LOW-FLOW FREQUENCY CURVE.
3 YEAR MOVING AVERAGE
SEASONAL (APRIL-JULY) NET INFLOWS, OKANAGAN LAKE
Figure 4.15

HIGH-FLOW FREQUENCY CURVE, SEASONAL (APRIL-JULY) NET
INFLOWS, OKANAGAN LAKE
Figure 4.16

A frequency analysis (Figure 4.16) that floods with magnitudes greater than
550,000 acre-feet will probably occur on an average, every twelve years, but that
the recurrence interval for the 1972 flood is in the region of 80 years.
Sequences of successive flood years are not considered as the effects are not
cumulative as in the case of successive droughts.
4.3.2

Effect of Droughts and Floods on Shoreline Development

Knowledge of possible damage to shoreline developments around Okanagan and
Osoyoos Lakes as a result of extreme lake level fluctuations is essential information in the management of the mainstem system. This section discusses and evaluates the types of damage and inconvenience that can occur to a wide range of
shoreline uses, both in economic terms and in social values in the case of recreation and aesthetic uses.
For Okanagan Lake, damage was assessed for 0.5 foot increments up to two feet
above the present normal high water elevation of 1123.8 feet and for 0.5 foot
increments down to three feet below the present normal low water elevation of
1119.8 feet. For Osoyoos Lake, the shoreline survey was restricted to assessing
potential flood damage to 919.4 feet GSC (919.1 feet USCGS), 7 feet above the
normal high water elevation of 912.1 feet GSC. No assessment of lake drawdowns
was undertaken. These fluctuations are considered to include the maximum likely
under extreme flood or drought conditions, assuming existing operating procedures
are not drastically changed.
(a)

Okanagan Lake

Impacts on shoreline landuse resulting from extreme fluctuations in Okanagan
Lake are evaluated in both economic and social terms. Economic impacts include
flood damage to properties and structures, adjustments to water intakes and to
the Kelowna floating bridge, and loss of revenue at recreation sites. Social and
environmental impacts involve loss of use of recreation facilities such as boat
docks and boat launching ramps, exposure of unsightly lake bottom and inundation
of public recreation sites. In addition, fluctuating lake levels can affect
wildlife and fish spawning abilities and these are discussed in Chapters 8 and 9.
(i)

Economic Damage

The major aspects of flood damage are shown on Table 4.7. If Okanagan Lake
levels were to exceed the normal high water elevation by two feet, (1125.8 feet).
approximately $476,000 damage would occur. Much of this damage is due to flooding of landscaped lawns and patios and from 58 private residences which have
water in their main floors or basements. Flood damage potential increases rapidly
above 1124.8 feet. However, most property owners have not improved their land
below this elevation, as Okanagan Lake frequently rose to this level prior to the
construction of the Okanagan Flood Control Works In 1956;. Since 1956,

Okanagan Lake has only exceeded its normal high water elevation once
(1972), and as a result new developments which extend down to the normal
high water elevation suffered some flood damage in 1972.
TABLE 4.7
ECONOMIC COSTS OF EXTREME FLUCTUATIONS ON OKANAGAN LAKE

As most campsites and motels have been developed back from the
lakeshore, only five establishments would suffer direct damage in a twofoot flood, relative to the normal maximum. While there would be little
direct loss of revenue at motels and campsites, up to $26,000 of gas and
rental sales could be lost at marinas and boat rental facilities due to
high water levels.
In 1972, when the lake rose to 1124.7 feet, approximately 0.9 feet
above normal high water elevation, an estimated $56,500 damage occurred
to shoreline development. About 45,500 of this total involved
residential properties, the

balance of $11,000 involving commercial establishments. This total does not
include flood damage and seepage due to high water tables which affected residential properties at the mouths of Mission, Kelowna and Trout Creeks. In
addition, there was seepage into basements and crawl-spaces at several lakeshore properties and flooding of septic tank drainage fields. Although little
economic damage was reported from these problems during the 1972 flood, they
were an incovenience and could result in more extensive damage during larger
floods.
Adjustments to the Kelowna floating bridge are required if lake levels
rise above 1123.8 feet. In 1972, approximately $30,000 was spent in ballasting pontoons to accommodate the high water. This cost is not expected to increase significantly at higher water elevations and would be somewhat lower
for smaller floods.
Direct economic costs associated with low water levels could total
$200,000 If the lake was drawn down to 1116.0 feet. Indirect costs associated
with loss of tourist trade due to low quality beach recreation could be
substantial and will be discussed later in this chapter. It should be
emphasized that direct and indirect cost estimates are very imprecise as lake
levels below 1119.0 feet have not been experienced. This is due to the fact
that prior to the construction of the new Okanagan Lake dam in 1956, the crest
elevation of the previous dam and/or bar formations downstream did not allow
the lake to be drawn down below elevation 1119.0 feet. During the 1929-31
drought, downstream requirements were not met and flows fell to zero at times.
The main direct economic costs would involve structural adjustments to Kelowna
bridge, estimated at $112,000 to allow the bridge to float at 1116.0 feet, and
lowering irrigation and domestic water intakes which would cost about
$100,000.
(ii)

Non-Economic Impacts

There appears to be a linear relationship between most categories of recreation and aesthetic uses of the shoreline, and lake level fluctuations
(Figure 4.17). All 22 public boat launching facilities around Okanagan Lake
would be Inoperable at lake elevations below 1117.8 feet, but as such low
elevations would likely occur in winter and early spring, inconvenience could
be relatively small. A large number of private boat docks are used only
during the summer months and have been built to accommodate only the
relatively small fluctuations in lake levels during this period (approximately
1121.5 to 1124 feet). Consequently, almost 600 boat docks would be inoperable
at the normal minimum operating level of 1119.8 feet and almost 900 at an
extreme low elevation of 1116.8 feet. Similarly, many boat docks are
inundated at levels exceeding the normal Maximum of 1123.8 feet, but in most
cases this is an inconvenience rather than a loss of use.

There appears to be a significant loss of public recreation beach at higher
water elevations, totalling almost 30 acres at an elevation of 1125.8 feet.
During the 1972 flood, when almost 14 acres of public beach were under water, a
survey of beach users indicated that the vast majority did not consider such a
loss an inconvenience - many viewing it as a benefit as the shallow swimming area
was extended. At some motels and private resorts where beaches almost
disappeared, there was a greater loss of opportunity.
Lake drawdowns could potentially produce greater aesthetic and recreational
losses. Soundings down to 1116.0 feet were taken during the shoreline survey and,
in many developed area of shoreline, between 500 to 1000 feet of lake bottom would
be exposed at such elevations (Map 2: Map Supplement). In most instances, low
lake elevations are expected in winter and early spring, so such exposure,
although aesthetically displeasing, would have little impact on the tourist
industry. In a prolonged drought however, low lake levels could persist through
the summer and significantly reduce the quality of beach recreation. In the
absence of actual experience of such low lake levels, attempts were made to assess
their impact on tourism during the beach user questionnaire survey. Although only
a few respondents stated that they would not stay in the Okanagan under such
conditions, it is believed that lake levels below 1120 feet throughout the summer
could have a significant impact on the tourist industry.
(iii)

Annual Damage

Fluctuations of Okanagan Lake beyond the normal four foot range occur very
infrequently. The mathematical models which simulated operation of Okanagan Lake
over the past 50 years indicated that flooding would only have occurred on three
occasions (1928, 1948 and 1972) as shown in Figure 4.6 and lake drawdowns below
1119.8 feet on five occasions. Thus, although total damage in any one year could
be relatively large, because such extreme events occur relatively infrequently,
annual damage is considerably reduced in size and impact.
Estimates of average annual impacts on shoreline landuses are shown in Table
4.8. Non-economic impacts on value, in unit-days, represent the total opportunity
lost during a period of extreme high or low water levels. For example, if 10
public boat ramps were unusable for a period of 60 days due to high water, a total
of 600 boat launching days would be lost. This figure represents a maximum loss
because the ramps may not be used every day, though seasonal useage of these and
other recreational facilities was taken into account through the use of monthly
weighting factors (see Technical Supplement III).
Annual economic costs due to flooding and lost revenue total some $2,000
though additional costs associated with possible structural adjustments to Kelowna
bridge and water intakes could increase this to over $22,000. Likewise, other
annual costs are relatively small with the exception of impacts on the use

of private boat docks. In this case, many short-term adjustments are
available and such costs should be considered an inconvenience rather
than a real loss of use. There is little doubt that a recurrence of the
1929-31 drought would have significant impacts on recreation and general
aesthetics and these would have to be balanced against the consequences
of reducing releases into Okanagan River and the subsequent affects on
fisheries and aesthetics in that region.
TABLE 4.8
TOTAL AND ANNUAL DAMAGES FOR SELECTED LANDUSE CATEGORIES AROUND OKANAGAN LAKE
FOR SIMULATED OPERATION UNDER EXISTING CONDITIONS, 1921-1970
(a) ECONOMIC

(b) NON-ECONOMIC

(b)

Osoyoos Lake
In light of the significant flood potential on Osoyoos Lake and the
recurrence of a major flood in June 1972, most emphasis in the shoreline
survey was placed on damage assessment at high water levels.
Osoyoos Lake usually fluctuates within a two-foot range (910 to 912
feet GSC), the flood stage normally being considered to be 912.1 feet.
In early June of 1972, Osoyoos Lake peaked at 917.11 feet USCGS (916.85
feet GSC), the highest level this century and the second highest on
record. This event enables a detailed assessment of the economic and
social costs of flooding on residential,

commercial and recreational landuses.
(i)

Economic Damage

As in the case of Okanagan Lake, direct economic damage to property,
structures and utilities such as septic tanks is relatively small for the
small more frequent floods, but increases rapidly to over $300,000 for a flood
of 919.4 feet (Table 4.9). In the 1972 flood, actual damage including costs
of flood prevention amounted to $121,000 - approximately $88,000 to
residential properties and $33,000 to commercial establishments.
TABLE 4.9
STAGE-DAMAGE FUNCTION FOR 1972 LEVEL OF DEVELOPMENT AROUND OSOYOOS LAKE
(DOLLARS)

In addition to direct damage, there can be a significant loss of revenue
to motels and campsites both during the period of flooding and cleanup. In
1972, for example, it is estimated that the Osoyoos region lost over $86,000
gross revenue due to loss of tourist business at shoreline resort facilities.
Very little of this business appeared to move to other motels in the region,
most affected tourists avoiding the Okanagan completely. Again, revenue
losses are small up to the two-foot flood level ($130,000), and then level off
to reach $160,000 at the seven-foot level. This stage-damage relationship
should be interpreted with care, as revenue loss also depends on flood
durations, but as it was based on the three-month flood of 1972, it probably
does not underestimate losses.

(ii)

Non-Economic Impacts

There are two public boat ramps on Osoyoos Lake and both are inundated at
the 2.5 foot flood level (914.6 feet GSC). Recreation beaches are not
seriously affected by high lake levels until the 4.5 foot flood level (916.6
feet GSC), when the causeway to the Provincial Park at Haynes Point would be
submerged and most of the usable public beach area flooded. These conditions
existed for a short time in 1972, forcing the closure of the Provincial campsite, but although lake levels remained high throughout July, most beach
recreationists interviewed did not consider these conditions a major obstacle
in their recreational enjoyment (Table 4.10).
In addition to direct economic costs, flooding can result in significant
social costs such as loss of opportunity to enjoy one's property, volunteer
labor costs and disruption of utilities (Table 4.11). In 1972, 130 private
residences were directly affected by high water and over 60 acres (2.1 million
square feet) of improved property was submerged. In addition, an estimated
21,000 man-hours of labor was required in flood prevention, evacuation, cleanup and repairs.
High lake levels create high groundwater tables at the shoreline. As the
groundwater table rises, it can flood septic tank fields and even domestic
water systems. It is estimated that in 1972, 70% of shoreline properties
served by septic tanks were affected by seepage, some for as long as two
months. In addition, people served by groundwater wells had to obtain alternative domestic water supplies until the wells were cleaned out, after the
flood waters had receded.
(iii)

Annual Flood Damage

Although flooding on Osoyoos Lake occurs more frequently than on Okanagan
Lake, major floods are still a relatively rare occurrence. Figure 4.18 presents a stage-frequency curve for Osoyoos Lake and indicates that minor flooding may be expected every other year, but flood levels of the size occurring
in 1972 are only expected once every 50 years. As the small flood produces
very little economic damage, annual flood damage around Osoyoos Lake is small,
totalling approximately $21,000 for the existing (1972) level of shoreline
development.
4.3.3

Tributary Discharges

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

TABLE 4.10
AREA OF PUBLIC RECREATION SITES FLOODED
OSOYOOS LAKE

TABL
E 4.11
AREA OF PRIVATE PROPERTY FLOODED

LAKE ELEVATION IN FEET-(Okanagan Flood Control)
GEODETIC SURVEY OF CANADA

Figure 4.18

For the most part, hydrometric and meteorological stations have only been
operated in the lower reaches of the tributaries or within the main valley.
The irrigation districts and municipalities who own and regulate most of the
headwater reservoirs and diversions, provide the British Columbia Water
Resources Service with monthly reservoir water elevations during the freshet,
and in a few instances, measure the water diverted. Additional information is
also made available each year with respect to the anticipated inflow to
Okanagan Lake through regular snow surveys at the higher elevations carried out
by the British Columbia Water Resources Service.
The lack of hydrometeorological data has become increasingly significant in
the allocation of further water licences by the Water Rights Branch, British
Columbia Water Resources Service. Some tributaries are now designated as
"fully licenced" pending the attainment of further hydrological records.
It is evident that in order to develop and manage the tributary supplies
efficiently for present and future demands, it is necessary to estimate as
closely as possible the natural flows occurring in the various reaches of each
stream under varying climatic conditions and to compare them with present and
future water requirements.
Thus, the objectives of the tributary water quantity study were:
1)
2)
3)

The estimation of natural flows under varying climatic conditions (dry year,
average inflow year and wet year).
Regulation of the natural flows in accordance with present day (1970)
procedures for the three types of years in 1), to meet present and future
water requirements.
Regulation of the natural flows in accordance with improved
methods of operation to meet present and future water requirements.
Objectives 1) and first part of 2) are dealt with in this Chapter,
while the second part of 2) and objective 3) are covered in Chapter 14.
4.3.4

Distribution of Flows within Okanagan Lake Basin

In Chapter 1, the average precipitation pattern within the Okanagan Basin
was illustrated using an isohyetal map which shows lines of equal
precipitation. A contrast was also drawn between the precipitation shadow
occurring in the western portion of Okanagan Lake Basin and the considerably
heavier precipitation occurring to the northeast within the headwaters of
Mission Creek.
These conditions, with respect to inflow to Okanagan Lake, are reflected in
the average runoff map shown in Figure 4.19, in which Okanagan Lake Basin has
been divided roughly into quadrants.
In spite of the unequal area distribution, it is evident that the northeast

RELATIVE CONTRIBUTION OF THE
4 QUADRANTS TO THE TOTAL RUNOFF
OF OKANAGAN LAKE BASIN

Figure 4.19

quadrant provides almost 50% of the total inflow, while there is
little difference between the northwest and southwest sections.
These figures have been obtained from estimates of the natural
monthly inflows to Okanagan Basin for the 50 year study period, broken
down within 35 tributaries in accordance with drainage areas and location.
4.3.5

Method of Estimating Natural Flows in Selected Tributaries
Ideally, in order to parallel the computer modelling along the
mainstem, it would be necessary to determine the natural flows of
tributaries, not only at the mouth, but also at specific points
upstream for the same 50 year study period.
Time did not permit the study of all of the 35 tributaries within the
Okanagan Basin, and in an effort to concentrate the analysis in areas
where it was most needed, the eight tributaries shown in Table 4.12 and
Figure 4.20 were selected for detailed modelling. The selection was
based primarily on the fact that they are the most heavily used streams
within the Basin.
TABLE 4.12 TRIBUTARIES SELECTED FOR DETAILED MODELLING WITHIN
OKANAGAN LAKE BASIN*

These
tributary watersheds contain 95% of all upland tributary storage within
Okanagan Lake Basin and supply 60% of the total inflow to Okanagan Lake.
About 37,000 acres out of the 45,000 acres of irrigated land within
Okanagan Lake Basin are supplied from these sources.
The study was limited 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
conditions.

Average year - those falling within the middle five years of the 50 year
study period, and roughly equivalent to 1971 runoff
conditions.

Wet year

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

Using 500 foot elevation band increments, the total annual runoff was computed and distributed by months to provide an estimate of the average monthly
natural dry year flow at specific points in each of the selected tributaries.
The 1970 runoff was used for comparison. Similar calculations were made with
respect to average flows in which 1971 was equated to the long-term average for
1921 to 1970. A record high runoff occurred in 1972, and the flows that
resulted agree reasonably well with the estimated flows developed for the flood
year prior to it's occurrence.
Normally, natural runoff with minor releases from storage is adequate for
water users during April and May. At the same time, the headwater reservoirs
are filling and major releases from these reservoirs do not take place until the
latter part of June. These releases continue through July and August and in
some instances, most of September - at which time releases from headwater reservoirs are discontinued. The remaining carry-over storage water is either
retained as a cushion against subsequent droughts, or released in the fail to
draw the reservoir down to a predetermined safe level for the winter months.
The latter releases could benefit fisheries as discussed in a later section,
although additional storage water would also be required.
Estimated natural discharges as well as the regulated discharges, which
allow for consumptive uses at the mouths of the eight selected tributaries, are
listed in Table 4.13. The nature of these simulated flows are such that they
include a groundwater component. However, the extent of groundwater flow within
tributary streams is considered minor and less than 10% of the surface flow.
4.3.6

Matching Supply and Demand
In matching supply and demand for a tributary, it has been assumed there is
no return flow to the tributary, although such water is included in the inflow
to Okanagan Lake as indicated in the description of the mainstem model. There
will be return flow to some parts of the tributaries, but where and how much is
imposs-ibie to assess. Hence, these estimates of tributary discharges at
selected points on each stream may be considered conservative.
Even with this rather extreme test, only two tributaries - namely Vernon and
Kelowna Creeks - show consumptive use deficiencies (Table 4.14) in a 'dry' year
under present (1970) day development.

4.3.7

Summary
Under current management practices, the Okanagan mainstem system is operated
primarily for water conservation in drought years, when freshet inflows are less

TABLE 4.13
SELECTED OKANAGAN LAKE BASIN TRIBUTARY DISCHARGES
AT MOUTH OF STREAMS

TABLE 4.14
WATER RESOURCE CAPABILITY IN 8 SELECTED TRIBUTARIES OKANAGAN
LAKE BASIN UNDER PRESENT (1970) DEVELOPMENT

than 244,000 acre-feet, and for flood control when freshet inflows are greater
than 550,000 acre-feet. For years in which inflows fall between these two
extremes, regulation tends to follow a more uniform procedure based on historic
records of the lake levels and discharges.
The adequacy of the computer model to assess these water management practices in the mainstem is dependent on the quality of the hydrometric records
available, and for the studies carried out, many of the monthly flow records
were not available and had to be estimated or simulated. It would have been
desirable to extend the records back to the 1894 record flood, but information
prior to 1920 is very limited. Similarly, had time permitted the inclusion of
data from the 1970 drought and the 1972 flood, the analysis would have been
improved.
The study period does contain two major floods which occurred in 1928 and
1948, and several droughts including the three years of drought of 1929-31.
Within these limitations, there appears to be no cyclic trend in the 1921-1970
period. The last 50 years of inflow in the sequence in which they occurred,
does not imply that such a sequence may be repeated in the future.
Lake level fluctuations outside the normal operating range of Okanagan and
Osoyoos Lakes have been relatively rare events and, because of this, shoreline
developments have adjusted to this normal range. Consequently, extreme lake
elevations may result in significant economic, social and environmental costs
which must be taken into account in the overall management of the Basin's water
resources.
Tributary flows that were developed are approximate and can be considered
as 'first estimates' of probable discharges. White they point out the deficiencies under present day development, in the event of a single drought year they
include no allowances for in-channel flows, such as are proposed for fisheries.
The latter is discussed in more detail in Technical Supplement II and in
Chapters 14 and 17 of this report.
4.4

FOREST HYDROLOGY

One forest hydrology study of the Okanagan Basin was carried out to provide
a preliminary appraisal of the watershed in terms of cover and characteristics
by major biophysical zones, and to outline the effects of timber harvesting on
water quantity within these zones.
Prior to undertaking a field investigation, a brief office study was
carried out to determine if there was any apparent trend in the 50 years of
annual gross historic inflow to Okanagan Lake Basin which might be identified
with forest harvesting. These inflows, together with the precipitation on the
lake, as well

as the nine year moving averages are shown in Figure 4.2] from which no discernable
trend in runoff is evident.
While there appears to be no significant change in the overall hydrological
conditions within Okanagan Lake Basin, it is possible that local tributary runoff
may be affected by forest harvesting and fires. Unfortunately, such studies
require a number of years of observations in relatively virgin watersheds which are
undergoing forest harvesting. No such background information was available for the
Okanagan Basin and in lieu of this a theoretical study was undertaken of Pearson
Creek (a tributary of Mission Creek) on the eastern side of the Basin which is
shown in Figure 4.22.
4.4.1

Pearson Creek

At present, Pearson Creek, with a drainage area of 120 square miles is relatively
undisturbed and has the following desirable characteristics with respect to its use
in the development of a simulation computer model on which various degrees of
deforestation can be assumed and the resulting changes in runoff determined.
(i)
(ii)
(iii)
(iv)

Most of the watershed area is forested and suitable for commercial
forest harvesting.
The area has yet to experience any major land use changes.
A reasonable spatial representation of the climate, soils, forest
cover and drainage is present.
Preliminary analysis indicated that the main part of the watershed
exhibited conditions of water surplus with no major portion
exhibiting water deficits.

(v)

The watershed is of a nature which makes it attractive for the
establishment of a research basin for future studies.

Runoff for the period October 1970 to September 1971 was developed in a
computer model based on precipitation, computed evapotranspiration and soil
water storage changes. The simulated flows compare favorably with the total
measured inflow for the year, but showed relatively large differences in
April, May and June. These differences were due - in part - to the estimated
large groundwater flow at the gauging site, and the crudeness of the model
with respect to the rain-on-snow events. For the purpose of simulating the
hydrologic effects of landuse, it was felt that the differences in basin
yields, as shown by the simulation model, were sufficiently accurate to
indicate trends.
In the Pearson Creek Watershed model, a systematic cutting pattern was
assumed involving the removal of forest cover at the rate of one grid square
of mature forest (640 acres) per year for the 17 years for which mature timber
was available for harvesting. Assuming a clearcut and slashburn harvesting
system and accounting for sequential changes in regrowth of cut-over areas,
the yearly incremental and total basin yield were calculated by the model.

ANNUAL HISTORIC PRECIPITATION AND GROSS HISTORIC INFLOW
TO OKANAGAN LAKE.
Figure 4.21

After 17 years of sequential forest harvesting in the Pearson Creek
watershed, a total basin yield increase of 2.91 inches or 13.68% was
obtained. In this particular watershed the estimated streamflow
difference from natural conditions would decrease as a result of a
gradual increase in the evapotrans-piration as forest regrowth occurred.
First year yield increase is the largest with subsequent years reflecting
the effects of gradual regrowth of the cut-over areas and the
redistribution of water surpluses from the cut-over areas to the water
deficit areas supporting vegetal growth.
From comparative studies of Terrace and Esperon Creeks, it was
estimated that the water yield increases from forest harvesting in Tree
Farm Licence No. 9 for different rotation length and also for the
simulation model of Pearson Creek, would be as shown in Table 4.15. Tree
Farm Licence No. 9 is located between Lambly Creek in the south and
Nashwito Creek on the north with Okanagan Lake and Okanagan Lake Basin
divide to rising its eastern and western boundaries, respectively (Figure
4.22).
TABLE 4.15
WATER YIELD INCREASES FROM FOREST HARVESTING ON FOREST LAND OF TREE
FARM LICENCE NO. 9 AND PEARSON CREEK FOR DIFFERENT ROTATION LENGTHS

4.4.2
Conclusions
In the extrapolation of the above data to the three major zones of
the Okanagan Basin, the following water yield increases may accrue:
South of Penticton
In this zone, any water yield increases accruing from high elevation
forest harvesting will not be reflected in increased streamflow. This is
due to in situ redistribution of water from surplus sites to deficit
sites. Any increase in harvesting intensity would be reflected in
localized site improvement by increasing the available soil water.
North of Penticton below 4,000 feet elevation
This zone is typified as the Ponderosa pine-parkland community and is a water

deficit hydrologic system. As such, any forest harvesting would not reflect any
water yield increases to streamflow. Localized harvesting is probably best directed
towards improving the carrying capacity of incorporated range lands. However, in
this region soils are particularly sensitive to the disturbance effects of harvesting
activities and extreme caution should be exercised in the location and construction
of roads to ensure that adjacent streams do not receive high discharges of sediment.
This area, because of its generally dose proximity to Okanagan Lake, is particularly
sensitive to stream temperature increases (approaching lethal limits for fisheries)
following their exposure by forest removal.
North of Penticton above 4,000 feet elevation
It is in this zone that the greatest potential for water yield increases exists, as a
consequence of forest, harvesting. It is also the region of most intensive forest
harvesting, both at present and in the predicable future. Within this zone, snowpack
management considerations are an important aspect of landuse hydrology. The zone
includes approximately 300,000 acres of merchantable timber.
Water yield increases accruing from forest harvesting in this zone on a 120 year
rotation basis, have been estimated to be between 3.31% and 4.20%. These increases
would only be realized within this zone (Englemann spruce and subalpine fir forest
type) and would likely be consumed in water deficit sites at lower elevations. This
includes correction for sequential regrowth effects on increasing evapotranspiration
from the time immediately following logging to pre-logging evapotranspiration: a
period of approximately 40 years for most sites. Similarly, for a hypothetical 40year rotation, the increases are between 9.93% and 12.60%.
Forest fires may effect an increase in water yield through reduction of evapotranspiration. The average annual acreage burned over in the Okanagan Basin is 5,377
with a range between 81 acres (1964) and 25,856 acres (1970). Yield increases
calculated on the basis of water yield from the area north of Penticton and above
4,000 feet, have been estimated to be between 1.24% and 1.55% annually.
However, as large as these streamflow increases may be, they are only for that area
designated as merchantable forest north of Penticton above 4,000 feet (approximately 1/4
of the total merchantable forest and 15% of the total area of the Okanagan Basin).
Forest harvesting in other zones of the Basin would have no net effect on streamflow
quantity. By adjusting the reported percentage water yield increases to a Basin basis
for a 120-year rotation, levels by which comparisons can be made and effects evaluated,
are made possible.
Thus, on the basis of the total Okanagan Basin, annual water yield
increases accruing from forest harvesting range from 0.50% to 0.64%. Similarly, the
figures for the effect of fire are adjusted to be between 0.19% and 0.23%. Respective
figures for the hypothetical 40-year rotation are 1.50% and 1.91% for forest harvesting
and 0.19% and 0.23% for forest fires. These reported annual increases are not
cumulative due to the effects of regrowth on evapotranspiration consumption.

The values reported for the 40-year rotation are never likely to be
achieved because a 40-year rotation is too close to the regrowth time of
40 years and it is only relevant to discuss the values reported for the
existing and future 120-year rotation forest harvesting rates. The
following limitations must be noted with respect to the reported increase
in water yields following forest harvesting and/or fire:
(a)

Reported increases are too small to be measured by existing
streamflow measurement techniques.

(b)

Total water yield increases in major tributaries of the Okanagan
Basin will very likely go undetected due to the low percentage yield
increase from sustained yield forest management. Any yield increase
would only be reflected in very small (89 square miles) basins, over
which significant portions (75%) have been harvested or burned.

(c)

Water yield increases accruing from forest harvesting in the area
only become usable if they reach a stream channel. Increased water
transmitted downslope through the soil mantle would likely be
consumed in water deficit sites below 4,000 feet elevation, thereby
proving useless in augmenting water supplies for other purposes. It
has been shown that most of the annual water yield increases occur in
the spring and fall months, thereby necessitating improvement and/or
extension of reservoirs to hold water over to peak demand periods in
the summer season.

In conclusion, it can be stated that although streamflow increases
will accrue from forest harvesting in the Okanagan Basin, the reliability
and predictability of these increases will be inhibitory to planning for
water supply. Forest harvesting, with respect to water supply should be
concentrated in the area of minimizing water quality deterioration and
increasing the general environmental stability of those lands upon which
forest land management is occurring.
4.5

GROUNDWATER

HYDROLOGY

Groundwater investigations and studies within the Okanagan Basin have
been carried out to meet the following objectives:

4.5.1

1)

Determination of the groundwater contributions from tributary
sources.

2)

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

3)

The yield, quality and cost of developing the northern aquifers.

Geology
The Okanagan Basin is underlain by a diversity of rocks.
side,

On the east

hard, resistant, gently dipping metamorphic rocks including gneiss, schist,
quartzite, calcareous gneiss and marble, present pronounced gentle slopes due to
differential weathering. The west side is underlain-by two groups of rocks;
one - north of Vernon-includes mostly schists and quartzites with gentle rounded
slopes, and the south groups include argillites, andesite lavas and limestone
exposed in more rugged relief. In places these rocks are covered by flat lying or
gently dipping lavas. In general, storage and movement of groundwater in this
complex of crystalline rocks is limited to the interconnected fracture and fault
systems. It is realized that major fault zones will provide conduits for the
movement of groundwater, but the main concern here is largely with aquifers
belonging to the unconsolidated surficial deposits.
The unconsolidated surficial deposits consist of clay, silt, gravel, sand and
mixtures of these that overlie the bedrock. They are of glacial origin and their
deposition is related to the glacial ice that occupied the valley or to the
meltwaters that issued therefrom during the wasting stages of the ice. Although the
glacial ice filling the valley may have reached elevations as much as 7,200 feet, it
left only a thin blanket of unconsolidated materials at the higher elevations.
4.5.2

Tributary Groundwater Sources

The following six tributaries to Okanagan Basin were selected for hydrogeological reconnaissance studies (Figure 4.23).
Greata Creek - a tributary of Peachland Creek
Lambly Creek
Upper portion of Vernon Creek above Ellison Lake
Pearson Creek - a tributary of Mission Creek
Penticton Creek
Vaseux Creek
These tributaries are virtually unsettled in their upper reaches and investigations
were therefore directed towards a qualitative appraisal and mapping of natural
phenomena such as springs. Most of the precipitation in these sub-basins occurs
above the 4,000 foot level and most of the groundwater discharge observed was above
this elevation. Only small increases in total mineralization to streams in
conjunction with only limited increases in streamflow, support earlier opinions that
the nature of the bedrock and surficial geology are such that the groundwater
component of total runoff is small, and that there is very little groundwater
discharge from these sub-basins that is not measured as streamflow. Fan deposits at
the mouths of tributary creeks may provide limited sources of groundwater for local
use and there is strong evidence to suggest that subsurface flows from tributaries
in the southern part of the Basin, such as Vaseux Creek, may contribute a fair
portion of that particular sub-basin discharge.

4.5.3

Groundwater Inflow to Okanagan Lake

Concurrent with the investigations of the relative magnitude of groundwater
flows in selected tributaries, a seismic survey and drilling program was undertaken in the Spallumcheen Valley, between the north end of Okanagan Lake and the
Shuswap River at Enderby, and in the O'Keefe Valley extending to the northwest to
determine if there was significant groundwater inflows from these areas to
Okanagan Lake (Figure 4.24). Some seismic work and test drilling was also
conducted in the south end of the Okanagan Valley near Okanagan Falls.
In the northern portion of the Okanagan Basin, bedrock appearing on the
surface at about 2,500 foot elevation is covered with thin unconsolidated deposits
down to the 1,500 foot ground contour. Below elevations of 1,500 feet numerous
fan-delta deposits of gravel and sand occur, particularly on the east side of the
Valley. Coarse sand and gravel deposits on the west side are associated almost
entirely with the O'Keefe tributary valley and the lower part of the Deep Creek
valley. The deposits of the main valley found at or near the surface are commonly
silt and some clay.
The thickness of the valley fill is known in the north end of the Okanagan
Valley, where seismic profiles were obtained to determine the position and shape
of the bedrock beneath the valley floor. The lowest elevation was found to be
south of Armstrong, where the bedrock floor is about 600 feet below sea level. The
thickness of the valley fill near Armstrong (elevation 1,200 feet), is therefore
about 1,800 feet.
An important result of the test drilling has been the regional picture which
car. be constructed of the surficial deposits of the main valley (Figure 4.25).
These can be divided into a lower and upper part. The lower part of the sediments
show an alternating sequence of till, day and silt, sand and gravel zones divided
into units A to F. This sequence ranges from about 300 feet thick in the north
near Enderby to about 750 feet thick south of Armstrong. The till zones range from
about 40 to 100 feet thick; silt, sand and gravel zones are about 80 to 220 feet
thick; and a clay-silt zone is about 100 feet thick. Changes within these layers
may be due to non-deposition in some parts of the valley, or to removal and
subsequent replacement by later glaciations. The uppermost of these silt, sand
and gravel zones is the one in which most of the deep test holes were completed as
observation wells. The units A to F have been denoted in ascending order.
Overlying the succession of tills and sands, and comprising the upper part of
the main valley deposits, is 500 to 1,000 feet of sediments that are mainly silt.
There are some sand beds in the upper part of the sequence, and of particular
importance to this study, are the thick sands occurring in the Maid Creek area
south of Armstrong. The sands in the upper part of the surficial deposits are
commonly fine to medium-grained angular sands.

SCHEMATIC OF
HYDROGEOLOGICAL SECTIONS SHOWING SURFICIAL DEPOSITS and GROUNDWATER FLOW in the
NORTH END of the OKANAGAN VALLEY.
Figure 4.25

Considerable local variations are anticipated within the upper part of the
surficial deposits. Local deposits of gravel and sand on the east side of the
valley are attributed to melt-waters from tributary valleys, and sands on the
west side of the maid creek cross-section may have been derived in association
with melt-waters discharging to the south from Deep Creek. It may also be
observed that there is down-valley thickening of both the upper and lower
parts of the valley fill deposits.
The probability of large quantities of groundwater flow from adjacent
valleys,.the Shuswap River Valley and the Salmon River Valley, is remote.
Some water may enter the Okanagan River Basin down the O'Keefe Valley, but it
is unlikely that there is groundwater flow from the Shuswap Valley.
From the underflow calculations, a total rate for groundwater movement
towards Okanagan Lake of about 3-1/3 cfs (2,370 acre-feet per year) has been
determined. This figure seems reasonable compared to a recharge rate of 6 cfs
(4,350 acre-feet per year) from one inch of precipitation, which is assumed to
reach the water table over a recharge area estimated as 80 square miles.
4.5.4

Aquifers in the Surficial Deposits

The surficial deposits described in the previous section contain the
important aquifers in the area. Aquifers in the units D and F of the lower
deposits may extend from Enderby on the Shuswap Rive to Okanagan Lake. The
aquifers consisting of sand and gravel with silt, vary in permeability from a
low of 10 Imperial gallons per day per square foot, to a high of about 300
Imperial gallons per day per square foot. These variations in permeability
occur from localities where the aquifers consist of dean sand and gravel.
Aquifer thicknesses range from about 80 to 150 feet.
Aquifers in the upper part of the surficial deposits are smaller in area,
but vary more widely in thickness. In the area south of Armstrong, aquifer
materials average about 600 feet thick towards the center of the valley. Near
the valley sides, fan deposits form sand and gravel aquifers having known
thicknesses from 10 to 50 feet and are probably thicker.
The aquifers in both the upper and lower parts of the surficial deposits
are confined, and the water level rises above the top of the aquifer. At some
locations, the aquifers are artesian. Conditions of local artesian flow are
associated with the fan deposits flanking parts of the east valley wall.
The O'Keefe Valley aquifer extends throughout the entire length of the
O'Keefe Valley. The maximum known thickness of the deposits in this valley is
575 feet. of which the saturated thickness is close to 350 feet. A second
important aquifer trending from southwest to northeast, occurs in a bedrock
channel about four and one half miles north of Armstrong. The aquifers in this
valley and in the O'Keefe Valley are unconfined (or water table) aquifers.

4.5.5
(a)

Well Yields, Quality and Cost

Melt Yields

Well yields, in the depth range 700 to 1,200 feet, vary considerably in the
main valley area. Yields range up to 10 Imperial gallons per minute for wells
suited to domestic supplies, to 500 Imperial gallons per minute or possibly more
for wells suited to industrial or irrigation requirements. In the Enderby area,
yields of 500 Imperial gallons per minute or over are anticipated from wells 800
to 875 feet deep. Yields from similarly deep wells elsewhere in the main valley
are anticipated to be low, from 30 to 250 Imperial gallons per minute.
Wells in the depth range of 300 to 600 feet in the Armstrong area may
produce from 200 to Q50 Imperial gallons per minute. In the O'Keefe Valley
yields of up to 500 Imperial gallons per minute are anticipated from wells
completed to depths of about 550 feet. The narrow unconfined aquifer four and
one half miles north of Armstrong is expected to have well yields of about 50
Imperial gallons per minute.
The total quantity of recoverable water available by water mining has been
calculated as 66,500 acre-feet, most of which is located in the O'Keefe Valley.
However, as the recharge from precipitation in the O'Keefe Valley is equivalent
to only about 3/4 cubic feet per second (540 acre-feet per year), the length of
time required to replenish this supply would be about 100 years.
The potential available for groundwater withdrawal without depleting supplies is estimated at from 3-1/3 to 6 cfs. It is believed that present utilization of groundwater is well below the lower figure. This potential does not
include that of the Enderby area which falls in the hydrologic regime of the
Shuswap River Valley.
(b)

Quality

Analysis of groundwaters sampled in the study area show the chemical quality
of the water is very good. The total dissolved solids content is commonly in the
range of 200 to 500 parts per million, with the dissolved constituents being
primarily calcium and magnesium bicarbonates. The water is quite suitable for
human consumption and for irrigation use and should require little or no
treatment for industrial purposes.
(c)

Cost at Well Head

The economics of groundwater development indicate that for one locality,
limited preliminary groundwater investigations, including seismic work, test
drilling and pump testing, may cost about $45,000. High yield production wells
producing about 800 Imperial gallons per minute, and including pump and pump
house, are estimated to cost from $25,000 to $50,000. The actual costs will vary
with such factors as drilling conditions and well diameter.

Annual costs including amortization, interest charges over 25
years, and power, operation and maintenance will vary between $3,600 to
$7,600. These well costs are based on the production of four acre-feet
per day over a period of 90 days, and are equivalent to a cost of $10
to $20 per acre-foot at the well head.
Equivalent capital cost for a small domestic water supply
yielding about 10 Imperial gallons per day, may run between $4,000
and $6,000.
4.5.6

Summary
The total quantity of groundwater available from water mining in
the North Okanagan is estimated to be about 66,500 acre-feet, most of
which is located in the O'Keefe Valley aquifer. However, as the
recharge from precipitation to the O'Keefe Valley is only about 540
acre-feet per year, the length of time to replenish this aquifer would
be about 100 years.
The potential available for groundwater withdrawal in the North
Okanagan without depleting supplies is estimated to be 3-1/3 cubic feet
per second, or 2,370 acre-feet per year.
The total groundwater flow in six tributaries examined is small
and not considered significant when compared to the surface flows of
these tributaries. Fan deposits at the mouths of these creeks may
provide limited sources of groundwater for local use.
Groundwater studies within the main valley have been confined
almost entirely to the north end, and no studies have been carried out
with regard to groundwater return flow from irrigation, nor has any
work been done on which to base estimates of groundwater flow at the
south end of Okanagan Lake.

