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1.

Introduction
Bearhole Lake is a controlled reservoir, having been used as a supplemental source of water supply for
the City of Dawson Creek and surrounding area. Preliminary hydrology investigations appear to indicate
that groundwater recharge represents a substantial input to the total water supply within the Bearhole
Lake reservoir.
To better understand the surface water-groundwater interaction in the Bearhole Lake reservoir, Kerr
Wood Leidal Associates Ltd. (KWL) was retained by the City of Dawson Creek (City) to complete a
surface water balance study for the Bearhole Lake reservoir.
The surface water balance study has been separated into two phases:
Phase 1: was conducted in 2014 with focus on data collection; and
Phase 2: was conducted in 2015 with focus on data collection, water balance analysis, and
reporting.
The Phase 1 work was completed and summarized in our technical memorandum dated January 6,
2015, which summarized the data collection and analysis completed in 2014. This technical
memorandum presents the findings from the Phase 2 work, which presents the analytical results of the
lake water balance based on the available data, comments on contribution of groundwater to Bearhole
Lake and our recommendations on future investigations.

2.

Bearhole Lake and the Watershed
Bearhole Lake is located in the Bearhole Provincial Park and Protected Area in BC, 25 km east of
Tumbler Ridge on the Alberta Plateau of northeastern BC. It is the headwater of the Kiskatinaw River.
The lake has a watershed area of 25.41 km² and a lake surface area of 1.63 km². The mean depth of
the lake is 4.5 m.
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The Bearhole Lake watershed slopes eastwards with southwestern portion of the watershed (40%) in the
foothills of the Rocky Mountain up to an elevation of approximately 1,350 m and the northeastern portion
of the watershed (60%) in a low-lying wetland and swampy area with the lake at an elevation of
1,050 m, approximately. The area is covered by glacial till, in the Boreal White and Black Spruce
biogeoclimatic zones. The watershed is
predominately mature boreal forest with small
lakes and wetlands. The majority portion of the
watershed lies within protected park with no
logging or development activities planned. Surficial
soils include coarse grained or granular soils.
The climate of the Bearhole watershed is
continental with relatively dry hot summers and
cold dry winters. On average, the watershed
receives 450 mm of precipitation during the year.
Rain accounts for about 300 mm (66%) of the total
precipitation with the remaining falling as snow in
the winter months.
Overview of Bearhole Lake and Part of the Watershed
(Photo downloaded from the Dawson Creek Stewardship Program Facebook Site)

The hydrological regime for the region is predominantly driven by snowmelt freshet and rain-on-snow
runoff in the spring (April to June) and rainfall runoff in the summer and early fall in the open water period
(May to October) Low baseflows occur during the winter period (October to March) when the majority of
the water in the watershed is stored as snow or ice.
Figure 1 is a location plan of Bearhole Lake and its watershed.

3.

Data Collection and Interpretation
No data is available for the lake or watershed (climate data, lake level, inflow or outflow) prior to start of
Phase 1 of this project in June 2014. Since then, the following data have been collected to assist the
Bearhole Lake surface water balance study:
1. Stream flows from three major tributaries into the lake;
2. Lake levels; and
3. Climate data including precipitation and temperatures.
All of the above-mentioned data are collected in 15 minute intervals.

3.1

Watershed Surface Runoff
Hydrometric stations were installed at three major tributaries to monitor flows entering Bearhole Lake
since June 2014. Water levels are measured at these stations using pressure transducers and data is
stored on data loggers then downloaded during subsequent field visits. Transducers and data loggers
are removed for winter, in early October until May the following year. The data loggers used in tributary
flow monitoring were in-place from June 26 to October 19 in 2014 and from May 19 to September 23 in
2015 to record flows in the tributaries in the open water periods.
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Six manual stream flow measurements have been collected at each of the stations using a flow velocity
meter and the velocity-area method. The measurements were recorded at varying water levels to create
stage-discharge curves to convert water level to flow. Unfortunately, it was challenging to time the field
visits to high flow events and thus higher flows were not manually gauged. As a result, this limits the
confidence in the stage-discharge relationship at higher water levels.
The hydrometric sites and the contributing catchment areas are shown in Figure 1 and listed in the
following Table 1:
Table 1: Watershed Catchment Areas
Tributary
Watershed Area (km²)
Gauge Area
South
11.46
West
3.37
North
3.52
Total Gauged Area
18.35
Ungauged Area
Lake Surface Area
Watershed Total

5.43
1.63
25.41

Percent of Total Watershed
45%
13%
14%
72%
21%
7%
100%

The South tributary is a unique catchment to Bearhole Lake; it has minimal wetland area and has a
steeper terrain than the rest of the watershed. The South tributary makes up 45% of the total watershed
area and provides a significant portion of the surface water inflow to Bearhole Lake. A beaver dam was
observed in 2014 after the installation of the South tributary gauge which caused the site to be backwatered and recording false levels. The lack of reliable data at this site renders a water balance analysis
for the 2014 open water period unfeasible. Thus our water balance study is limited to the 2015 open
water season only.
The West and North tributaries have similar catchment areas and both contain wetlands. The North
tributary contains several small lakes and more wetlands than the West tributary. It was suspected that
the data measured at the west tributary hydrometric station might have been affected by terrain vehicles
travelling through the channel downstream of the station in 2014. As a result, flow analyses for the West
and North tributaries were completed for the 2015 open water season only.
2

The remaining area flowing into Bearhole Lake that is ungauged (5.43 km or 21% of the total watershed
area) consists of wetlands and ephemeral creeks which have similar characteristics as the North
tributary. Surface flows from the ungauged area were estimated using the data collected for the North
tributary factored by a conversion factor calculated based on catchment area ratio (Coulson, Manual of
Operational Hydrology in British Columbia, 1991).
The 2015 May to September open water period surface runoff from the entire Bearhole Lake watershed
(excluding the lake) was calculated by summing the recorded stream flow volume from each tributary
and the estimated surface runoff volume from the ungauged catchment. The recorded daily stream flow
volumes and the estimated daily surface runoff volumes from the ungauged area and from the entire
watershed are illustrated in Figure 2. Total surface runoff volumes and runoff factors (total surface runoff
divided by total precipitation) over the entire open water period for the gauged and ungauged tributaries
and the total watershed are summarized in Table 2.
The estimated surface water runoff factors are between 5% and 25%, with the remaining 75% to 95% of
the precipitation being “lost” to groundwater and/or evapotranspiration (Table 2). Typically annual runoff
from a forest watershed is about 10% (Ministry of Water, Land and Air Protection, A Guidebook for
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British Columbia Stormwater Planning, 2002). The estimated runoff factors of 12% and 11% for the
South, North and ungauged tributaries are reasonable. The estimated runoff factor of 25% for the South
tributary appears high, likely due to melting of the snow that might be still accumulated in the upper
catchment area on May 19. The estimated runoff factor of 5% for the West tributary appears low. As
previously discussed, the stage-discharge relationship curves for the tributary flow monitoring stations
were developed with flow measurements under low flow conditions; this limits the confidence in flows
measured at higher water levels. Additional manual flow measurements, especially under high flow
conditions, will be needed to confirm the stage-discharge curves used in the study to confirm the low
runoff factor for the West tributary.
Table 2: Watershed Surface Water Runoff Factor Review (May 19 - Sep 23, 2015)
Tributary
Total Surface Runoff
Total Rainfall
Runoff Factor
(1000 m³)
(1000 m³)
(Runoff/Rainfall)
South
833
3353
25%
West
51
984
5%
North
124
1029
12%
Ungauged
175
1,589
11%
Total Watershed
1,403
6,956
20%
Note: The total watershed surface runoff is the surface runoff to Bearhole Lake from the watershed outside the lake and the total
watershed rainfall does not include direct rainfall on Bearhole Lake. It should also be noted that runoff during the period from
May 19. 2015 to September 23, 2015 may include a snowmelt component in the spring which is not accounted for in the total
rainfall amounts. Therefore, the runoff factors shown in the table may be over-estimated, especially for the south tributary.

3.2

Lake Level and Outflow to Kiskatinaw
The Bearhole Lake water level monitoring station is situated at the Bearhole Lake outlet weir, adjacent to
the climate station (see Figure 1 for its location).
A survey was conducted to convert lake level, as
recorded by the pressure transducer, to staff gauge
readings. Lake level data is used to calculate lake
outflows to the Kiskatinaw River and lake storage
changes in the water balance assessment.
Water storage and outflow from Bearhole Lake is
regulated by the weir structure at the southeast end of
the lake and by manual releases of water from control
structures situated below the weir crest. The weir
consists of a sharp-crested weir formed by steel sheetpiles having a total width perpendicular to the flow of
13.4 m, and a low flow 120° V-notch in the middle of
the weir that is 0.1 m deep. Outflow from the lake can
also be manually released through stop-log structure
and butterfly valve located on the face of the weir
structure.

Bearhole Lake Outflow Weir
(Photo taken by KWL)

Theoretical sharp-crested weir formulas were used to develop the stage discharge relationship for the
weir structure. Figure 3 is the stage-discharge curve developed for the Bearhole Lake outlet weir.
Two manual flow measurements were performed downstream of the weir and confirmed that the rating
curve developed for the outlet weir using the theoretical sharp-crested weir formulas is reasonably
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accurate (see Figure 3). Using the stage-discharge curve and the recorded lake water levels, the lake
outflows via the weir were calculated.
In addition to the flows over the outlet weir, flows through the lake have also been manually released by
the City from a valve situated below the weir to increase flows in the Kiskatinaw River under the
baseflow conditions. Information on manually released flows was provided by the City and summarized
in Table 3.
The recorded Bearhole Lake water levels and the estimated total lake outflows including manual
releases in 2014 and 2015 are presented in Figure 4.
Table 3: 2014 - 2015 Bearhole Lake Flow Release Summary
Period
Release Rate
September 3 - October 19, 2014
0.031 m³/s
October 19 - December 22, 2014
0.059 m³/s
December 22, 2014 - March 5, 2015
0.0245 m³/s
March 5 - April 15, 2015*
200 m³/day
* Assuming the fish flow release of 200 m³/day ceased on April 15.

3.3

Climate Monitoring
A climate station was installed at the Bearhole Lake weir in early June 2014 adjacent to the lake water
level monitoring station. Data collected includes temperature, rainfall, barometric pressure, relative
humidity, solar radiation, and wind speed/direction. Electrical issues found in August 2014 prohibited the
station from recording a continuous data record for the 2014 open water season. The electrical issue
was resolved in October 2014. For the Bearhole Lake water balance study, only the data recorded at
Bearhole Lake for the 2015 open water period was used.
The climate station installed at Bearhole Lake does not measure total precipitation that would include the
snowfall component. In order to perform the water balance analysis during the winter frozen period, the
Tumbler (Denison) and Noel climate stations operated by the BC Ministry of Forest, Lands, and Natural
Resources Operations (MoFLNRO) were also reviewed in the study. Both stations record total
precipitation data, accounting both rainfall and snowfall. The Tumbler station is located approximately
15 km west of Bearhole Lake at an elevation of 942 m and the Noel station is located approximately 35
km north of Bearhole Lake at an elevation of 988 m, while Bearhole Lake is at an elevation of 1050 m.
Comparing the total precipitation from May to August 2015 at both MoFLNRO stations with the Bearhole
Lake station data, the Bearhole Lake station recorded a total rainfall depth of 274.3 mm, and these for
the Tumbler and Noel stations were 346.6 mm and 273.2 mm, respectively. We consider the data at
Noel being representative of conditions at Bearhole Lake.

4.

Bearhole Lake Water Balance

4.1

Water Balance Methodology
A review of the water balance of the Bearhole Lake has been performed using the following lake water
balance equation:
Inflow – Outflow = Change in Storage
where,
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Inflow = Watershed Surface Water Runoff + Groundwater Recharge to the Lake + Direct
Precipitation to the Lake
Outflow = Outflow to Kiskatinaw + Lake Evaporation + Groundwater Seepage from the Lake
Re-arranging the above equations, Net Groundwater Recharge to the lake can be estimated using the
following equation:
Net Groundwater Recharge (= Groundwater Recharge to the Lake - Groundwater Seepage
from the Lake) = Lake Outflow to Kiskatinaw + Lake Evaporation + Change in
Storage - Direct Precipitation to the Lake - Watershed Surface Water Runoff
The above equation can also be expressed as:
Net Groundwater Recharge = Total Watershed Runoff - Watershed Surface Water Runoff
where,
Total Watershed Runoff = Lake Outflow to Kiskatinaw + Lake Evaporation + Change in
Storage - Direct Precipitation to the Lake
Total Watershed Runoff represents all water flowing into the lake from the watershed outside of the lake
which includes both Watershed Surface Water Runoff and Net Groundwater Recharge. Comparing
Total Watershed Runoff calculated using the estimated lake outflow, lake evaporation, change in storage
and direct precipitation to the lake, with Watershed Surface Runoff estimated using the recorded
streamflow data, Net Groundwater Recharge can then be estimated.
The derivation of Watershed surface Runoff and Lake Outflow were described in the foregoing Section 3.
Lake Evaporation was calculated using the Thornthwaite equation that relates air temperatures and
daylight hours into a monthly evaporation rate. The evaporation rates were comparable to expected
rates from literature (BC Government & Alberta).
Change in Storage was calculated using the available lake level records by multiplying the change in
water levels from the day before by the lake surface area.
Based on the available data and the climate conditions of the watershed, the water balance assessment
for Bearhole Lake was performed for two periods:
1. The open water period from May 19 to September 23, 2015; and
2. The winter frozen period from October 25, 2014 to April 1, 2015.
The open water period assessment was performed by calculating daily Total Watershed Runoff and
Watershed Surface Water Runoff volume to identify Net Groundwater Recharge into the lake. The
winter frozen period assessment was performed on a lump sum basis over the entire assessment period.

4.2

Water Balance for the Open Water Period
Using the continuous monitoring data (including lake level, streamflow, and rainfall data) collected and
the water balance methodology discussed in Section 4.1, Total Watershed Runoff and Watershed
Surface Water Runoff were calculated on a daily basis for the open water period between May 19 and
September 23, 2015. Figure 5 shows the comparison of the estimated daily Total Watershed Runoff
hydrograph with the estimated daily Watershed Surface Water Runoff hydrograph. Monthly volumes
and volumes for the entire open water period for Total Watershed Runoff, Watershed Surface Water
Runoff and estimated Net Groundwater Recharge are summarized in Table 4.
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Table 4: Bearhole Lake Water Balance Assessment Summary (for 2015 Open Water Period)
Assessment
Total Watershed
Watershed Surface
Net Groundwater
Period
Runoff (1000 m³)
Water Runoff (1000 m³) Recharge (1000 m³)
May 2015
187
128
59
(May 19 to 31)
June 2015
1,189
903
286
July 2015
72
113
-41
August 2015
-2
19
-21
September 2015
-17
19
-36
(September 1 to 23)
Total Period
1,429
1,183
247
The hydrographs in Figure 5 indicate that both the estimated Total Watershed Runoff and Watershed
Surface Water Runoff respond well with the intense spring rainfalls in June with peak runoffs occurred on
June 20, 2015. Figure 5 also shows that the estimated daily Total Watershed Runoff in May and June
appear greater than the Watershed Surface Runoff, indicating a possible positive Net Groundwater
Recharge to the lake from the watershed in May and June 2015. The monthly volume comparison in
Table 4 shows that Total Watershed Runoff for May and June are about 46% and 32% greater than
those estimated for Watershed Surface Water Runoff, respectively. The total Net Groundwater
Recharge to the lake in these two months is estimated to be 345,000 m³. However, in July, August and
September, the estimated monthly Net Groundwater Recharge volumes are negative, indicating possible
Groundwater Seepage from the Lake into the watershed when the watershed is becoming drier in the
summer months.
Given the Net Groundwater Recharge values appear to vary throughout the year (Table 4), it is
hypothesised that the groundwater component in this watershed comprises shallow groundwater rather
than deep groundwater. The pattern of Net Groundwater Recharge shown in Table 4 appears to result
from Shallow groundwater that is sourced by water infiltration into the ground during winter and early
spring period from snowmelt and rain. Deep groundwater sourced from outside the Bearhole Lake
watershed would likely show a continuous and/or positive Net Groundwater Recharge pattern throughout
the open water season. Such a pattern was not observed in this study.

4.3

Water Balance for the Winter Frozen Period
The purpose of performing a winter frozen period water balance for Bearhole Lake is to investigate
potential source of water supply in Bearhole Lake to support the Kiskatinaw River under its winter low
baseflow conditions.
Due to limited data available to perform a winter frozen period water balance, the period selected for the
analysis is between October 25, 2014 and April 1, 2015 and the assessment was performed on a lump
sum basis. In this period, the ambient temperatures were generally below zero. Bearhole Lake and the
entire Bearhole Lake watershed were likely under frozen conditions. Lake Evaporation would be minor,
and was neglected in the water balance.
Although there were a few data gaps with the Bearhole Lake water levels recorded between December
2014 and April 2014 (see Figure 4), the water levels in Bearhole Lake appear being below the spillway
weir crest elevation in the frozen period between October 25, 2014 and April 1, 2015, so no weir flows
were expected and outflows from the lake were only manually released (see Table 3).
As such, the water balance equation for the Bearhole Lake for the frozen period can be simplified as:
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Inflow (= Direct Precipitation to the Lake + Watershed Surface Water Runoff + Groundwater
Recharge to the Lake) - Outflow (= Outflow to Kiskatinaw+ Groundwater
Seepage from the Lake) = Change to Storage
Re-arranging the equation, Total Watershed Runoff representing all water flowing into the Lake from the
watershed outside of the lake can be calculated by the following equation:
Total Watershed Runoff (= Watershed Surface Water Runoff + Net Groundwater Recharge =
Watershed Surface Water Runoff + Groundwater Recharge to the Lake Groundwater Seepage from the Lake) = Outflow to Kiskatinaw + Change to
Storage – Direct Precipitation to the Lake
During the winter frozen period, the streams in the watershed were mainly frozen, therefore Watershed
Surface Water Runoff would be minor. Total Watershed Runoff would mainly be contributed by Net
Groundwater Recharge which was generated from snow melting near the ground surface that was
infiltrated into the shallow groundwater table and recharged into Bearhole Lake as a water supply source
in the winter frozen period.
Table 5 shows the water balance calculation for Bearhole Lake for the 2014/2015 frozen period. Direct
Precipitation to the Lake was estimated based on the recorded hourly precipitation data at the Noel
climate station operated by MoFLNRO.
Table 5: Bearhole Lake Water Balance Assessment (October 26, 2014 - April 1, 2015)
Outflow to Kiskatinaw
Release Rate, m³/s (Oct 19 - Dec 22, 2014)
Release Rate, m³/s (Dec 23, 2014 - Mar 5, 2015)
Release Rate, m³/d (Mar 6, 2014 - April 15, 2015)
Total Outflow (= Total Release), 1000 m³

0.059
0.0245
200
463

Change to Storage
Lake Level on October 25, 2014, m-Stage
Lake Level on April 1, 2015*, m-Stage
Change to Water Level, m
Change to Storage, 1000 m³

0.005
0.173
0.168
274

Direct Precipitation to the Lake
Total Precipitation, mm
Direct Precipitation to Lake, 1000 m³

90
147

Total Watershed Runoff
Total Watershed Runoff, 1000 m³
Total Precipitation to Watershed (excluding the Lake
Area), 1000 m²
% of Precipitation Recharged

585
2,150
23%

* The actual lake level on April 1, 2015 would be greater than measured since the lake was still frozen on that
date.

The assessment estimated 585,000 m³ of Total Watershed Runoff that mainly consists of Groundwater
Recharge to the Lake during the 2014/2015 winter frozen period. The volume equals to 23% of the total
precipitation to the watershed outside the lake area.
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It should be noted that the actual lake level on April 1, 2015 could be greater than that was measured
since the lake was still frozen on that date and the transducer would only measure the water level below
the ice. As a result, the actual Change to Storage for the period would be greater, and therefore Total
Watershed Runoff with Net Groundwater Recharge as the main component would be greater than those
estimated in Table 5.

5.

Study Conclusions and Recommendations
With the data collected in 2014 and 2015 in the Bearhole watershed, a water balance assessment was
performed for Bearhole Lake under both the 2015 open water and 2014/2015 winter frozen periods. The
assessment results can be concluded as follows:
•

The water balance assessment for both the open water and winter frozen periods indicates a
positive Net Groundwater Recharge to the Lake in the winter and spring.

•

The estimated Net Groundwater Recharge volumes to the lake are 345,000 m³ in May (May 19 to
31) and June of the 2015 open water period and 585,000 m³ for the winter frozen period (with minor
Watershed Surface Water Runoff also accounted in the recharged volume for the winter frozen
period) between October 25, 2014 and April 1, 2015.

•

Negative Net Groundwater Recharge to the lake was estimated for July, August and September,
2015, indicating a possible Groundwater Seepage from the Lake into the watershed in the summer
dry months.

•

The estimated recharged volume to the lake during the 2014/2015 winter frozen period equals to
23% of the total precipitation (mostly as snow) fell on the watershed outside the lake.

•

Likely, the positive Net Groundwater Recharge estimated in the winter and spring could be
generated from winter rainfall and snow melting near the ground surface that was infiltrated into the
shallow groundwater table and recharged into Bearhole Lake. It does not appear that a deep
groundwater source outside of the Bearhole Lake watershed has contributed to the recharged
groundwater into the lake.

Please note that following limitations of the current assessment:
•

The manual measurements performed for the tributaries to Bearhole Lake lack high flows which
limits the confidence in the stage-discharge curves developed for these tributaries at higher water
levels. Therefore Watershed Surface Water Runoff estimated for the 2015 open water period for this
study may not be very accurate.

•

Only rainfall but not total precipitation has been recorded at the new climate station at Bearhole
Lake. The total precipitation data recorded at the MoFLNRO Noel climate station used for the winter
frozen period water balance analysis may not be an accurate representation of the total precipitation
in the Bearhole Lake watershed.

•

The assessment is based only on one year of the recorded data (since some of the streamflow data
recorded in 2014 cannot be used) and the results may not be representative and cannot be used to
quantify the design volume of water that can be used to support the flows in the Kiskatinaw River
under the river baseflow condition.

Due to the above limitations, KWL suggests that the study conclusion should be only used for reference.
KWL recommends the following additional data collection and analyses to be performed to confirm
findings from this study:
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•

Continue with the current tributary flow monitoring program for at least another year. Perform
manual flow measurements at all three inflow sites during spring freshet and high rainfall conditions.

•

During the flow monitoring period for the tributaries, visit the monitoring sites periodically to check
and remove beaver dams or other obstacles that may impact the measurement accuracy;

•

Perform snowfall or total precipitation monitoring at the Bearhole Lake climate station for at least one
year to allow a proper comparison of the total precipitation data with data recorded at the nearby
MoFLNRO climate stations. This will allow one to check the compatibility of the MoFLNRO station
data and the suitability of using the MoFLNRO data for a long-term statistical analysis; and

•

Perform a comprehensive watershed hydrology study to enable using the long-term climate data to
quantify the volume of water that can be made available under various climate conditions to assist
the City with their long-term water management planning. This will involve the development of a
watershed hydrological model that can forecast lake inflows using only the climate data. The model
needs to be calibrated to the recorded flow and lake water level data. The volume of water available
from the Bearhole Lake watershed for withdrawal could then be quantified under climate conditions,
such as an average rainfall and temperature condition, or a drought condition with a design return
period. Climate change impacts on the available water could also be checked based on the latest
climate change studies.
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6.

Closing
We trust that this memorandum provides the City with important findings regarding groundwater
recharge to Bearhole Lake based on the preliminary water balance analysis. Should you have any
questions please contact the undersigned.
KERR WOOD LEIDAL ASSOCIATES LTD.

Prepared by:

Wendy X Yao, M.A.Sc., P.Eng.
Senior Hydrotechnical Engineer
Reviewed by:

Craig Sutherland, M.Sc., P.Eng.
Senior Hydrotechnical Engineer
WY/
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Statement of Limitations
This document has been prepared by Kerr Wood Leidal Associates Ltd. (KWL) for the exclusive use and benefit of the intended recipient. No
other party is entitled to rely on any of the conclusions, data, opinions, or any other information contained in this document.
This document represents KWL’s best professional judgement based on the information available at the time of its completion and as
appropriate for the project scope of work. Services performed in developing the content of this document have been conducted in a manner
consistent with that level and skill ordinarily exercised by members of the engineering profession currently practising under similar conditions.
No warranty, express or implied, is made.

Copyright Notice
These materials (text, tables, figures and drawings included herein) are copyright of Kerr Wood Leidal Associates Ltd. (KWL). City of
Dawson Creek is permitted to reproduce the materials for archiving and for distribution to third parties only as required to conduct business
specifically relating to the Phase 2: 2015 Data Collection and Hydrological Analysis Results. Any other use of these materials without the
written permission of KWL is prohibited.
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