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RE:

BEARHOLE LAKE WATER BALANCE
FINAL Phase 3: 2016 Data Collection and Hydrological Analysis Results
Our File 2049.035-300

1.

Introduction
Kerr Wood Leidal Associates Ltd. (KWL) has previously been retained by the City of Dawson Creek
(City) to complete a water balance study for Bearhole Lake reservoir using available hydrometric data in
2015. The previous study (Phase 1 and Phase 2) concluded that there was positive groundwater
recharge to Bearhole Lake; however, the 2015 study was based on only one year of hydrometric data
and continued surface water monitoring was recommended.
Additional hydrometric data were collected through 2016. KWL was retained by the City to complete a
(Phase 3) surface water balance study for the Bearhole Lake reservoir using the 2016 data. This
technical memorandum presents the findings from the Phase 3 work. Presented herein are:

2.

•

the analytical results of the lake water balance based on the available data,

•

commentary on contribution of groundwater to Bearhole Lake, and

•

our recommendations for future investigations.

Data Collection and Interpretation
The following data has been collect to assist the Bearhole Lake surface water balance study:
1. Climate data (precipitation and temperature);
2. Stream flow from three major tributaries into the lake;
3. Lake levels; and
All of the above mentioned data are collected at 15 minute intervals.

2.1

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.
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The Bearhole Lake rainfall gauge experienced issues through 2016, which yielded data gaps. As a
precaution, rainfall data from the Blackhawk climate station was used for the water balance analysis. The
Blackhawk climate station is operated by the BC Ministry of Forest, Lands, and Natural Resources
Operations is located approximately 20 km east of the Bearhole Lake area.

2.2

Surface Runoff
Hydrometric stations were installed at the three major tributaries to Bearhole Lake (South, West, and
North), and flow into the lake has been monitored since June 2014.
The hydrometric sites and the contributing catchment areas are shown in Figure 1. A summary of the
catchment area data is provided in Table 1.
Table 1: Watershed Catchment Areas for Bearhole Lake Reservoir.
Tributary
Watershed Area (km²)
Percent of Total Watershed
Gauge Area
South
11.46
45%
West
3.37
13%
North
3.52
14%
Total Gauged Area
18.35
72%
Ungauged Area
Lake Surface Area
Watershed Total

5.43
1.63
25.41

21%
7%
100%

Water levels are measured at each hydrometric station using pressure transducers. Water level data is
stored on data loggers then downloaded during periodic field visits. Transducers and data loggers are
removed for the winter period: roughly early October until May of the following year. Manual flow
measurements are collected using a velocity meter and applying the velocity area method. The
measurements were recorded at varying water levels to develop a relationship between water level and
flow (i.e. stage discharge relationship or SDR).
KWL uses the maximum likelihood analysis method for creating SDRs. Discharge points are assigned
an uncertainty value based on criteria outlined in ‘The Manual of British Columbia Hydrometric
1
Standards’ . The recommended upper limit of applicability for each SDR is a measure of how far the
curve can be confidently extrapolated beyond the highest discharge measurement. An industry standard
is to extrapolate to the lowest of:
•

Two times the highest discharge measurement; or

•

The next major change in channel geometry not captured by discharge measurements (e.g., top
of bank).

1

Ministry of Environment. 2009. Manual of British Columbia Hydrometric Standards, Version 1.0 (Resources Information Standards
Committee), 204p.

2
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2.2.1 2016 Hydrometric Data and Manual Stream Flow Measurements
In 2016, each hydrometric station was in operation from May 3, 2016 to October 9, 2016 to record
2
tributary flows in the open water periods with the lake free of ice .
Six additional manual stream flow measurements were collected in 2016:
•

four measurements on the South and West tributaries, and

•

two measurements on the West tributary.

Summary of the impacts of the 2016 manual flow measurements on understanding of uncertainty in the
data is summarized in Sections 2.2.2 and 2.2.3, below.

2.2.2 South Tributary Flows
The South tributary makes up 45% of the total watershed area and provides a significant portion of the
surface water inflow to Bearhole Lake. Using the additional manual measurements of stage and
discharge collected in 2016, the SDR for the South tributary was updated, and is provided in Figure 2.
A large precipitation event in mid June 2016 caused a major flood event which yielded high water levels.
3
The highest value translated to a peak instantaneous discharge of 7.8 m /s using the current SDR for the
South tributary (Figure 2). The rating curve has a recommended confidence limit of two times the largest
3
3
manual flow measurement, or 1.22 m /s (the largest measured flow is 0.621 m /s, collected in
September 2016). As indicated, June 2016 flood water levels are well beyond the recommended
confidence limit of the rating curve, and as such have substantial associated uncertainties.
Given the observed high water levels in June 2016, KWL tried to extend the existing rating curve by
estimating a bankful flow from the April 2016 channel survey and a hydraulic calculation (Figure 2). This
3
exercise yielded an estimated bankful flow of 2.2 m /s; however, the bankful flow estimate is subject to
uncertainty given potential for cross sectional change during the June 2016 flood. If this extended rating
curve is applied to the observed June 2016 water levels, this flood event produces almost half of the
Bearhole Lake watershed total net inflow.
A secondary check of the South tributary was performed by comparing the South tributary runoff data
with rainfall data collected at the Blackhawk Meteorological station. A summary of this rainfall to runoff
ratio (i.e. runoff ratio) comparison is provided in Table 2.
The results of the South Tributary runoff and rainfall comparison for the entire open water season in
2016 yielded a runoff ratio of 41%.That is, 41% of the precipitation that fell within the Bearhole Lake
watershed entered the lake as runoff. During this year’s peak flood event (June 14 to 19, 2016) the
runoff ratio was calculated at 124% (Table 2). Since the runoff ration cannot exceed 100% as inflow
(rainfall) should always exceed outflow (runoff) in a closed watershed, we can conclude that the runoff
calculated for the South Tributary is grossly over exaggerated for high flows. As a comparison, the June
2015 peak flow event yielded a runoff ratio of 67%.
The 2016 flow data was adjusted by limiting peak flows until a runoff ratio similar to the June 2015 event
was achieved (resulting in 73%, see Table 2.). This is the most reasonable approach to adjust the South
Tributary flow records using available data (i.e. in the absence of post June 2016 channel survey). By
adjusting the runoff ratio for the peak flow, the runoff ratio for the open water season is reduced to 32%
(Table 2).
2

Data from the City recorded the lake free of ice on April 2, 2016 and the start of the freeze up on November 2, 2016.

3
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Table 2: South Tributary Runoff Adjustment
Runoff Period
2016 Open Water
Peak Flood Event
(May 3 to Oct. 9, 2016)
(Jun. 14 to 19, 2016)
2,265

1,045

1,762
503

619
426

1

479

74

South Tributary – Original Runoff ratio
South Tributary – Adjusted Runoff ratio

41%

124%

32%

73%

South Tributary – Original Runoff (1,000 m³)
South Tributary – Adjusted Runoff (1,000 m³)
Runoff Volume Difference (1,000 m³)
Blackhawk Rainfall (mm)

Notes:
1. Blackhawk rainfall is converted to an equivalent volume using the South Tributary watershed area of 11.46 km²

As shown in Table 2, the June 2016 flood event contributed a significant amount of the open water runoff
(estimated 619 mm of 1,762 mm, or 35%), and is a critical component to the overall 2016 water balance
as described in Section 3.

2.2.3 West and North Tributary Flows and Ungauged Areas
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.
The SDR for the North tributary is still preliminary, and requires additional manual flow measurements for
verification (particularly at high flows) before it can be finalized (Figure 3). In addition, manual flow
measurements collected in 2016 indicate that the current SDR may be under estimating flow for a given
stage level but further manual flow measurements at high discharges are required to confirm. Therefore,
the recorded discharges on North Tributary should be considered preliminary especially for high flows.
Hydrometric data for the West tributary was collected in 2016 period; however the channel geometry
changed significantly as a result of the June 2016 peak flow event and rendered the existing SDR
invalid. As a result, the North Tributary was used a reference site to simulate surface water flow in the
West tributary.
2

The remaining area flowing into Bearhole Lake that is ungauged (5.43 km or 21% of the total watershed
area, see Table 1) consists of wetlands and ephemeral creeks: similar characteristics as the North
tributary. Flows from the ungauged area were estimated using the data collected for the North tributary
factored by a conversion factor based on catchment area ratio.

2.2.4 Total Surface Runoff
The 2016 May to October open water period surface runoff from the entire Bearhole Lake watershed
(excluding the lake) was calculated by summing the recorded runoff volume from each tributary and the
estimated runoff volume from the ungauged catchment. Results of the surface runoff analyses are
provided in Table 3.

4
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Table 3: Summary of Total Surface Runoff (May 3 - October 9, 2016)
1
Tributary
Runoff (1000 m³)
Rainfall (1000 m³)
South – Adjusted
1,762
5,494
North
144
1,687
West & Ungauged
296
4,216
Total Surface
2,202
11,398
Runoff

Runoff ratio
32%
9%
7%
19%

Notes:
1. Total watershed runoff and rainfall does not include direct rainfall on Bearhole Lake.
2. Runoff during the period from May 3, 2016 to October 9, 2016 may include a snowmelt component in the spring that is
not accounted for in the total rainfall amounts. Therefore, the runoff ratios shown in the table may be over estimated,
especially for the south tributary.

2.3

Lake Level and Outflow
The Bearhole Lake water level monitoring station is situated at the Bearhole Lake outlet weir, adjacent to
the climate station (Figure 1).
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 sheet piles 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, which flows into a
fish ladder. Outflow from the lake can also be manually released through a slide gate or a butterfly valve
located on the face of the weir structure.
3

In the 2015 analysis sharp crested weir formulas were used to develop the SDR for the weir structure .
Four manual measurements of flow were collected in 2016, which confirm the validity of the SDR for the
weir.
In addition to the flows over the outlet weir, flows from the lake have also been manually released by the
City from a valve situated below the weir to increase Kiskatinaw River baseflows. Information on manual
flow releases was provided by the City and summarized in Table 4.
Table 4: 2016 Bearhole Lake Flow Release Summary
Period
Release Rate
Oct. 23, 2015 – Jan. 17, 2016
1,000 m³/day
Jan. 17 – Feb. 26, 2016
2,200 m³/day
Feb. 26 – May 3, 2016
50 m³/day
May 3 – Onward
0 m³/day (closed valves)

3

KWL, 2015. Bearhole Lake Water Balance: Phase 2: 2015 Data Collection and Hydrological Analysis Results.

5
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3.

Data Analysis

3.1

Water Balance
A review of the water balance of the Bearhole Lake has been performed using the following lake water
balance equation:
Total Watershed Runoff = Lake Outflow + Lake Evaporation + Change in Storage ' Direct
Precipitation to the Lake
Net Groundwater Flux = Total Watershed Runoff – Total Surface Runoff
It is important to note here, that if the Net Groundwater Flux is negative, it means that water from
Bearhole Lake is being ‘lost’ to groundwater. In contrast, a positive Net Groundwater Flux represents
groundwater ‘flowing’ into the lake.
Another important component to the water balance that can be calculated is Net Inflow. Net Inflow is a
summation of Change in Storage and the Lake Outflow. Net inflow is comprised of the following
elements: Total Surface Runoff, Precipitation to the Lake, Lake Evaporation, and Groundwater.
The water balance components were estimated as follows:

4.

•

The calculation of Total Surface Runoff is the measured component of surface water entering
the lake, and is described in more detail in section 2.2.

•

The calculation of Lake Outflow is described in section 2.3.

•

Lake Evaporation was calculated using the Thornthwaite equation, which relates air
temperatures and daylight hours into an evaporation rate.

•

Change in Storage was calculated using the available lake level records by multiplying the
4
change in water levels from the day before by the lake surface area .

Water Balance Results and Discussion
Open Water Period
The Total Surface Runoff hydrograph, which is the measured component of the individual surface runoff
contributions entering the lake, is shown in Figure 4. All surface water tributaries are included on Figure
4, including both the raw South tributary data (orange line) and the adjusted South tributary (red line)
data (using the runoff ratio – see section 2.2.2). Figure 4 illustrates how much higher the peak flows
become when the South tributary data is not adjusted by the runoff ratio. Also, Figure 3 shows the
relative surface water contribution to Bearhole Lake for each tributary: South tributary contributes the
most surface water, followed by the West and ungauged areas, and the least amount of surface water
contribution comes from the North tributary. The Bearhole Lake stage (dashed blue line) correlates to
when the surface water runoff peaks, which is directly related to rainfall events (green bars at top of
Figure 4).
A close up of the Total Surface Runoff hydrograph for the June peak flow event is provided in Figure 5.
In addition to the same data presented in Figure 4, the Total Surface Runoff, which is a summation of
each tributary (using the adjusted South tributary data), is also provided in Figure 5 (dark green line).

4

In the absence of detailed bathymetry data, the lake surface area value is held constant.

6
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The Total Surface Runoff nearly matches the Lake Outflow discharge (dotted blue line) during the peak
flow event in June Figure 5).
Figure 6 illustrates the Total Surface Water Runoff (using the adjusted South Tributary data) in
comparison to the Net Inflow data (brown line) for the 2016 open water season. As described above, the
Net Inflow data considers all components that can effect inflow to the lake (Total Surface Runoff,
Precipitation to the Lake, Lake Evaporation, and Groundwater) using the Change in Storage and the
Lake Outflow data. Thus, it does not involve consideration of the measured surface runoff and the
associated uncertainties with the tributaries SDR’s. As illustrated in Figure 6, the Net Inflow to Bearhole
Lake is greater during peak events than the measured Total Surface Water Runoff. This suggests that
groundwater is an additional source (i.e. Net Groundwater Flux is positive) of water to Bearhole Lake
during peak events.
A monthly breakdown of the Net Groundwater Flux, determined by the difference between Total
Watershed Runoff and the Total Surface Runoff (using adjusted South Tributary data) is provided in
Table 5. The results in Table 5 show there was a positive Net Groundwater Flux of 209,000 m³ over the
entire open water season.
It is important to note that the Net Groundwater Flux is subject to the uncertainties in the South tributary
5
inflows. When using the unadjusted South Tributary data, the Net Groundwater Flux becomes negative .
This illustrates the sensitivity that the tributary SDR’s on the overall Bearhole Lake water balance and
resultant Net Groundwater Flux estimations.

5

Data for unadjusted South Tributary flows are not shown in this technical memorandum to maintain clarity.

7
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Table 5: Bearhole Lake Water Balance Assessment Summary – Adjusted South Tributary Data
Total Watershed
Total Surface
Net Groundwater
Assessment
3
4
5
Runoff
Runoff
Flux
Period
(1000 m³)
(1000 m³)
(1000 m³)
1
May 2016 (partial month)
92
85
7
June 2016
1,459
1,118
341
July 2016
130
219
89
August 2016
349
230
119
September 2016
379
504
126
2
October 2016 (partial month)
2
45
43
Total Period
2,411
2,202
209
Notes:
1. May 3 to 31.
2. October 1 to 9.
3. Total watershed runoff is based on mass balance to Bearhole Lake calculated using change in lake level, outflow from
Bearhole Lake, direct precipitation on lake surface and estimates of evaporation from lake surface. It is the total surface
water and ground water runoff to the lake.
4. Total surface runoff represents surface water flow into the lake and is estimated using recorded discharge in the North
and South Tributaries (see Section 2.2.4 for details). It should be noted that discharges in South Tributary have been
adjusted from the recorded data set as a result of large runoff event which occurred in June 2016. The runoff has been
adjusted to produce a similar runoff ratio (total surface runoff volume divided by total rainfall) as was recorded in 2015 (see
Section 2.2.2 for details)
5. Groundwater flux is the estimate of groundwater inflow/outflow from the lake with positive flow indicating flow from
groundwater to the lake. However, it should be noted that surface runoff is based on adjusted records of surface inflow
during the June 2016 storm event to account for possible over estimation of surface flow in the data record. Using the
recorded data for surface runoff results in a negative total Net Groundwater Flux in Bearhole Lake, which indicates the
impact of the uncertainty in the surface water records on the results of the study,

Given the uncertainty in the magnitude of discharge during the June peak flow, it is difficult to conclude
with much certainty what the relative contribution of groundwater was for the Bearhole Lake water
balance.
Frozen Period
Water balance for the winter period has been carried out using similar approach to that developed for the
2014/2015 period. The start of the winter period (Nov 1, 2015) was selected as no lake level data is
available for Bearhole Lake from October 1, 2015 to Oct 30, 2015. The end of the frozen period (April
19, 2016) was selected based on observations by City staff.
The winter water balance equation is as follows:
Outflow + Change in Storage = Inflow
Outflow + Evaporation + Change in Storage = Surface Inflow + Direct Precipitation + Ground Water
Assuming negligible evaporation for the winter period, the water balance can be changed as follows:
Outflow to Kiskatinaw + Change in Storage – Direct Precip = Surface Inflow + Ground Water
Surface Inflow and Groundwater are combined into watershed runoff. The results are shown in Table 6,
below. The results indicate a watershed runoff ratio of with 27% for 2015/16 period compared to 23% for
6
the 2014/15 period .

6

KWL, 2015. Bearhole Lake Water Balance: Phase 2: 2015 Data Collection and Hydrological Analysis Results.

8
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Table 6: Bearhole Lake Water Balance Assessment (November 1, 2015 Rate
Outflow to Kiskatinaw River
3
(m /day)
Release Rate (Nov 1, 2015 – Jan 16, 2016)
1000
Release Rate (Jan 17, 2016 – Feb 25, 2016)
2200
Release Rate (Feb 26, 2016 – April 19, 2016)
50
Total V-Notch Weir/Fish Ladder Flow Volume
Total Overflow Weir Volume (Sharp Crested Weir)
Total Outflow (= Total Release), 1000 m³
Change to Storage
Lake Level
(m)
Average Lake Level on Nov 1, 2015, m Stage
0.193
1
Lake Level on April 3, 2015 , m Stage
0.297
Change to Water Level, m
0.104
Change to Storage, 1000 m³
Direct Precipitation to Lake Surface
Total
Precipitati
on (mm)
2

Total Precipitation , mm
Direct Precipitation to Lake, 1000 m³

April 19, 2016)
Volume
3
(1,000 m )
16.0
222
3.86
11.9
143
396
Volume
3
(1,000 m )

170
Total Direct
Precipitation
Volume
3
(1,000 m )

70.1
114

Total Watershed Runoff
Total Watershed Runoff, 1,000 m³
Total Precipitation to Watershed (excluding the Lake
Area), 1,000 m²
Runoff Ratio (Total Watershed Runoff/Total Watershed
Precipitation)

452
1,667
27%

Notes:
1 – Lake levels above spillway after April 3, 2015
2 – Total Precipitation measured at MFLNR Blackhawk Station (Nov 1, 2015 to April 19, 2015)

5.

Conclusions and Recommendations

5.1

Conclusions
A water balance assessment was performed for Bearhole Lake for the 2016 open water period between
May 3 and October 9, 2016 and for the frozen period from November 1, 2015 to April 19, 2016. The
assessment results can be summarized as follows:
•

The South tributary experienced extremely high water levels and high discharge during the June
flood event. The flows far exceeded the limits of the rating curve and the discharge cannot be
accurately estimated.

•

The South tributary station may have been backwatered by a downstream obstruction or high
lake levels. This assumption cannot be confirmed without a level survey that relates the
hydrometric station to the lake level or downstream obstructions.

9
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5.2

•

The South tributary flow records were adjusted and reduced by assuming the peak June event
rainfall runoff ratio of 2016 should be similar to the 2015 value. This assumption cannot be
validated without updated cross sectional survey information that would support a hydraulic
model. As such, the adjustment should be considered as a form of sensitivity analysis and water
balance results interpreted in this context.

•

The South tributary is the most significant contributor of runoff to Bearhole Lake and the overall
water balance analysis is sensitive to uncertainties in the South tributary inflows.

•

The estimated Net Groundwater Flux is estimated to be 209,000 m³ using the adjusted South
tributary inflows. Given the uncertainty of the South inflows, no definitive conclusions on the
influence Net Groundwater Flux can be made using the current information.

•

A Total Watershed Runoff of 453,000 m flowing into Bearhole Lake is estimated for the
2015/2016 frozen period.

3

Recommendations
Due to the above conclusions and limitations, no definitive conclusions can be made on the influence of
groundwater in the Bearhole watershed using the existing 2016 data. This report should be considered
as an interim memo with the following recommendations to improve the 2016 water balance study:
•

Conduct a detailed topographic survey along the watercourse of each tributary, beginning
upstream of the hydrometric station and extending downstream into the lake. The survey needs
to capture channel and floodplain geometry at key locations along the watercourse as
determined in the field.

•

Use the topographic survey to develop a 1D hydraulic model to simulate flows over the 2016
period and provide a modelled rating curve to be applied to each tributary with an emphasis on
the South tributary.

•

Re visit the water balance analysis using the modelled inflow records. It is anticipated that the
updated results will be more robust than the current adjustment to the South tributary, which has
not been validated.

•

Continue to collect manual flow measurements at all the Bearhole Lake tributary gauges as well
as in Kiskatinaw River below with Bearhole Lake weir with a focus on collecting manual
discharges during periods of high discharges.

10
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6.

Closing
We trust that this memorandum provides the City with important findings for the 2016 water balance
study of Bearhole Lake. Should you have any questions please contact the undersigned.
KERR WOOD LEIDAL ASSOCIATES LTD.

Prepared by:

ORIGINAL SIGNED

Max Scruton, E.I.T.
Junior Hydrotechnical Engineer
Reviewed by:

ORIGINAL SIGNED AND SEALED

Craig Sutherland, M.Sc., P.Eng.
Senior Hydrotechnical Engineer
MS/cs
Encl.:

Figure 1: Study Area
Figure 2: SDR of South Tributary
Figure 3: SDR of North Tributary
Figure 4: Total Surface Runoff Hydrograph
Figure 5: Total Surface Runoff Hydrograph – June 2016
Figure 6: Net Inflow Hydrograph
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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 FINAL Phase 3: 2016 Data Collection and Hydrological Analysis Results. Any other use of these materials without
the written permission of KWL is prohibited.
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Rating Curve Equation:
Q = 0.7*(h 0.03)2.26

STAGE (m)

0.4

0.2

0
0

0.01

0.02

0.03

0.04

0.05

0.06

0.07

0.08

0.09

0.1

DISCHARGE (m³/s)

Q:\2000 2099\2049 035\400 Work\Hydrology\MaximumLikelihood SDR North Trib[FIG Rating Curve (To Client)

Figure 3
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Figure 4: Total Surface Runoff
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Figure 5: Total Surface Runoff - June 2016
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Figure 6: Total Watershed Runoff
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