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Background
The City of Dawson Creek (City) is submitting this interim report to the Peace Area Supervisor
in accordance with Park Permit No. 103063. In July 2015, The City received approval of their
Park Permit renewal, which is valid from February 2014- February 2024. In this report, the
provisions outlined by the Ministry of Environment (MOE) and all 2016 research are
discussed. The updated Weir Operations Management Plan is located in Appendix A with an
updated Dam Emergency Preparedness plan and an updated weir Operation, Maintenance, and
Surveillance plan.

Annual Maintenance Schedule for Bearhole Lake
(Based on Park Use Permit Provisions)

Activity
1. Annual inspection of log boom and weir
2. Flow measurements
3. Wildlife and danger tree assessment
4. Bi-annual shoreline observations
5. Temperature and dissolved oxygen reading
6. Turbidity readings
7. Trail maintenance
8. Bearhole release trial
9. Fish ladder and weir maintenance
10. Updates on fish ladder assessment and lake profiling
11. Updates on research initiatives

Schedule
May / July
Any time of year
July / August
Late July - early August
Post freshet and late summer
Pre and post instream works
Any time of year
Any time of year
Any time of year
September Report
December report

2016 Bearhole Lake Activities
Date

Company

22/01/2016 N- 4
Contracting
26/02/2016 PCTS/City
08/04/2016 PCTS

28/04/2016 PCTS
03/05/2016 PCTS

Maintenance/
Operation/
Surveillance
M

Description of work
•

O
M/O

•
•
•

Attempted
access
Water
balance,
O/M

•
•
•
•

Bearhole Lake seismic access brushing
required due to high winds
Release was reduced to 50m3/day
Installed pressure transducer
Installed south inflow and west inflow
hydrometric monitoring equipment
No work was completed
Removed YSI multi-parameter water
quality probe
Closed release
Installed north inflow hydrometric
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•
•
•
25/06/2016 City

S

•

21/07/2016 City

M/O/S

•

16/08/16

M/O/S

•
•
•
•
•
•
•

City

07/09/2016 PCTS/City

M

15/09/2016 PCTS/City

M

•
08/11/2016 PCTS

M/O

29/11/16

M/O

PCTS/City

•
•
•
•
•
•

monitoring equipment
Conducted flows on south, north, and west
inflows as well as the outflow
Installed a staff gauge on the downstream
side of the weir
Completed temperature and dissolved
oxygen readings at deepest location in lake
Completed a helicopter inspection postflood
Fish Ladder field assessment with Matrix
Solutions
Annual Dam Safety inspection
Buoy inspection
Wildlife and Danger Tree Assessment
Removal of the Lufft climate station
Climate Station repairs
Dissolved oxygen and temperature readings
Installation of the pluvio-all weather rain
gauge
Installed wind speed and wind direction
sensor
Re-wiring of climate station
Full opening and closing of butterfly valve
Full opening and closing of slide gate
Glycol water level logger
Closed off any release from Bearhole Lake
that may have been taking place
Attached large battery bank to climate
station

Bearhole Lake Assessments and Research
1. Bearhole Lake Hydrometrics
Over past years, the hydrometric regime of the Kiskatinaw Watershed has been variable. Freshet arrived
at the beginning of April, almost a month earlier than previous years. At Bearhole Lake, open water was
flowing over the weir on April 3rd. At the beginning of May, a drought like period began, and as freshet
runoff decreased, the system became reliant on convective storms and groundwater for inputs to the
lake system. At Bearhole Lake, there were two large rainstorms in June that led to elevated water levels
and a regional flood event: June 9-11 (54.75mm) and June 12-16 (86mm). Over these two precipitation
events, Bearhole Lake rose 33.6cm. For the remainder of the summer and fall months, a series of storms
maintained full storage capacity within the lake, see Figure 1.
In response to the high rain year, the City did not start a release prior to winter as the Kiskatinaw River’s
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flows have remained constant and approximately 14m3/sec higher than seasonal normal throughout
the late fall and early winter months.

Bearhole Level Water Level (AVG)
1.2
1.1

Water Level (m)

1
0.9
0.8
0.7
0.6
0.5
0.4
0.3

Date

Figure 1: Bearhole Lake water levels January 1 to November 30th, 2016.

2. Bearhole Lake Vegetation Assessment (Eco-Web)
A vegetation assessment was not required by the City’s Park Use Permit for 2016 as it is a biannual
project (2015, 2017, 2019, 2021, and 2023).

3. Formal Annual Inspection (City of Dawson Creek)

A formal inspection of the Bearhole Lake weir took place on August 16th, 2016. There are a few areas
where maintenance is required:
-

Falling of danger trees
Downstream erosion at weir due to high water levels during the June 2016 flood. This area will
have rip rap installed when fish passage modifications take place
Access to the butterfly valve in winter months is limited to one’s ability to melt the ice above
and surrounding the valve. The City has developed a valve key that will more effectively turn the
valve, thus cutting down on the time necessary for operating the valve

The City’s Watershed Stewardship Program monitors water level daily via the on-site climate station
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and water level logger. See Appendix B for the completed inspection form.

4. Danger Tree Assessment (City of Dawson Creek)

The Danger Tree Assessment was completed by Chelsea Mottishaw, certified assessor, on August 16th,
2016. The assessment was focused on the Bearhole Lake weir location. Targets included the weir
structure, the climate station, the boat docking location and the access trail. Nine trees were identified
in the area, two of which were determined to be dangerous. As a follow up from 2015’s assessment,
danger tree number 3 has fallen within the past year, and tree number 6 has had its lodged limb fall. See
attached report and assessment in Appendix B for further detail.

5. Bearhole Lake Fish Ladder FLNRO Recommendations
See Appendix C for all FLNRO Recommendations sent from Kyle Rezansoff in August of 2016.

6. Bearhole Lake Fish Ladder Assessment Overview
In 2009, the City constructed a sheetpile weir at the outlet of Bearhole Lake in order to raise the lake
level to increase water storage. In order to provide fish passage across the weir, a Denil type fish ladder
was constructed over the sheet pile weir. As an outcome of building and managing the control weir, the
City holds a Park Use Permit (#103063) which stipulates a number of park provisions concerning fish
passage:
1) The weir and associated control and monitoring works shall be maintained as constructed to
plans sealed by a Professional Engineer registered in the province of British Columbia and
submitted to and written leave to commence granted by an Engineer under the Water Act.
2) Any improvements and / or modifications to the fish ladder necessary to ensure the fish
passage will be designed in cooperative with a professional fisheries biologist and approved by
the Provincial Fisheries Branch and written leave to commence granted by an Engineer under
the Water Act.
3) Subsequent to any modifications of the weir, control works and fish ladder, as-built information
is to be submitted to the Ministry of Environment (Peace Section), Park and Protected Areas
Division.
In 2016, the City released a Request for Proposals (RFP) to engage suitably qualified professionals to
provide the design for any modifications to the existing fish ladder structure, as it is believed to be
ineffective at passing northern pike (the dominant species) due to insufficient water passing through the
ladder during for significant portions of the ice free period.
Matrix Solutions Inc. was the successful bidder on the RFP. Their conclusions and recommendations
were determined through the analyses of past data, a field visit, and discussions with the Ministry of
Forest Lands and Natural Resource Operations.
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Consultant Recommendations
-

Matrix’s recommendation is to lower the existing denil fishway by 20cm as outlined in the
original engineering plans. This would allow for 1-2 months longer of fish passage throughout
the month.

-

Fish passage is limited by water availability in the summer, fall, and winter months. Through an
analysis of 2014, 2015, and 2016 water level data, it is clear that water levels would be lower
than the fish passage crest during the FLNRO recommended fish passage window (March –
October), see Figures 2 and 3.

-

Based on KWL Water Balance (pg. 7), input of the surrounding watershed area via surface water
begins in freshet and continues until the beginning of summer. As summer progresses, the lake’s
inflows are dominated by groundwater contributions and convective storms.

-

Based on Matrix’s calculations, ~6480m3 of water moves daily through the fish ladder, leading to
a decrease in the City’s storage up to 602,640m3 in three months if inputs to the lake are
minimal and the fish ladder remains open through the open season.

Figure 2: Water level modeling with fish ladder lowered and open all year.

Once Matrix’s work was received, the City felt a second opinion was required. In September, the City
retained Urban Systems to review all past documents, emails, meeting minutes and Matrix’s
recommendations. Upon doing so, it is clear that prior to the City installing a weir on the outlet of
Bearhole Lake, the lake itself was hydraulically connected to the downstream lake, thus natural
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fluctuations would have been present in the lake. Urban systems recommends that fish passage be
based off the natural system, therefore agreeing with Matrix’s recommendation to “seasonally block the
fishway (p.8)” when inflows are less than outflows and large volumes of storage could be lost.
Matrix Solutions recommends the fish passage be closed post freshet, May 31st; however, water levels
fluctuate naturally within Bearhole Lake, thus a specific date may not be necessary as there could be
climatic variability from year to year. Having the ability to minimize the fish passage timing window
would allow the City to retain storage during prolonged periods of drought or low flows.

Figure 3: Water levels if the fish passage is closed at the beginning of June.

Fish Passage Construction Options
The City currently has two construction options in mind to allow for fish passage:
1. Lower the fish ladder and install a manual slide gate that could be lowered when water levels
reach a certain threshold
a) A fish habitat assessment would be completed downstream of the weir to determine if
the full fish passage timing window (March-October) expressed by FLNRO could be
reduced
b) Permissions from FLNRO would be required prior to moving to an engineered phase
c) Engineering would take place in 2017
d) Construction would be scheduled in 2018
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2. Increase the weir crest height to store additional water during freshet months, which may
sustain fish passage flows for a longer period.
a) Modelling the effect of increased storage on lake level drawdown would be required
b) Amendment to the City’s water licence would be required
c) Shoreline vegetation would be affected
d) Engineering would take place in 2017
e) Construction would be scheduled in 2018
The City submitted this data to FLNRO’s Ecosystem staff and Parks staff for comment on November 10th,
2016. As of December 20th, a response has not been received by the City. See Appendix C for Matrix
Solution’s Report.

7. 2014-2015 Bearhole Lake Release Trial (Kerr Wood Leidal)
Introduction

In 2014, the City retained Kerr Wood Leidal (KWL) to complete a surface water – groundwater
interaction study of the Bearhole Lake reservoir. The foci were 1) to understand how the lake reacts to
changes in storage capacity (i.e. higher surface water elevation), 2) to quantify the surface water and
groundwater source components within the reservoir by conducting a water balance study. This study
was broken into three phases:
-

Phase 1: conducted in 2014 with focus on data collection by Peace Country Technical Services
(PCTS); and
Phase 2: conducted in 2015 with focus on data collection (PCTS), water balance analysis, and
reporting.
Phase 3: conducted in 2016 with focus on data collection (PCTS), water balance analysis, and
reporting.

The data collected in 2014 was identified by KWL as unreliable, because beaver dams, recreational
activity, and challenges with the onsite climate station occurred. For these reasons, the KWL water
balance was focused on the 2015 open season (May-September), and the 2014-2015 winter release
trial. Phase three will use the data acquired from the inflow and outflow locations as well as climate
data to build on the 2015 study.

Data Collected

The following data was collected to assist in the water balance study:

1. Stream flows from three major tributaries into the lake (Collected by PCTS), Figure 4
2. Lake levels (City’s Bearhole Lake Climate Station)
3. Climate data including temperature and precipitation (the Ministry FLNRO- NOEL and
Blackhawk stations, and the City’s Bearhole Lake Climate Station)
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Figure 4: Bearhole Lake Watershed. Studied catchments identified (KWL 2016).

2015 Open Water Season (May-September)

Using this data, a watershed surface water runoff was calculated to determine surface inflows to the
lake. Total Watershed runoff to the Kiskatinaw River was also calculated. By using these two
calculations, net groundwater recharge volumes were determined, see Table 1. Positive values indicate
of groundwater seepage to the lake, and negative values indicate groundwater recharge from the lake.
Groundwater recharge during May and June is estimated to be 345,000m3; however, once late summer
came, groundwater was being fed via the lake.
Table 1: Bearhole Lake Water Balance Assessment summary for 2015’s open water season (KWL, p.7).

KWL believes the groundwater in question is sourced from a shallow groundwater table that is affected
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by water infiltration from rain and snowmelt events. They state “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” (pg. 7) which is not the case for the 2015
evaluation.

Winter Frozen Period (October-April, 2015)

During the release period assessed, approximately 463,000m3 of water was released. During this time,
lake level increased by 16.8cm which is calculated to a change in storage of 274,000m3. Over this period,
147,000m3 of precipitation fell. In summary, a total of 585,000m3 of water was supplied by the
surrounding watershed to the Lake during this time. Since frozen conditions dominated during this
study, it can be concluded that the majority of the lake recharge was supplied via shallow groundwater.

Study Conclusions
-

The water balances indicate a positive groundwater recharge into the lake during winter and
spring.

-

Net negative groundwater recharge was estimated for July, August, and September 2015,
indicating possible groundwater seepage from the lake into the surrounding watershed.

-

KWL believes it is likely that the groundwater seepage to the lake is a result of surface water
infiltration via rain or snow melt.

Limitations
-

Manual measurements for Bearhole Lake lack high flows thus the stage discharge relationship is
not as strong as it could be. This affects the Bearhole Lake watershed runoff calculations.

-

Only rainfall, not snowfall was recorded at the Bearhole Lake Climate Station. The Ministry’s
NOEL station data was used for the winter period.

-

The assessment is only based on one year of record.

Overall

The assessment was solely based on 2015, which had a moderate temperature and precipitation. The
results from this assessment, although showing groundwater recharge, may not be accurate due to the
lack of data, for this reason, this study alone should not be used to quantify the design volume of water
that can be used to support the Kiskatinaw River flows during base flow conditions.

Recommendations for 2016
-

Continue with current tributary flow monitoring. Gather high flow data.

-

Manage beaver dams and other obstacles to confirm that monitored water levels are accurate.

-

Collect snowfall or total precipitation data at Bearhole Lake.

-

Determine the City’s vision for Bearhole Lake. If feasible, complete a comprehensive watershed
hydrology study that will allow for long-term water management. This would support decisions
for all hydrometric conditions: drought, flood, or moderate.

For the full report see Appendix D.
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8. Water Quality (City of Dawson Creek)
As per section 6(e), dissolved oxygen and temperature readings were taken in May and September of 2016, see Table 1. In September of 2015,
the City moved the sampling point to the deepest location in the lake (10m; 55.0497N, -120.689856W), see Table 2.

Date

Time

0

1

2

01-Aug-14
04-Jun-15
10-Oct-15
03-May-16
07-Sep-16
01-Aug-14
04-Jun-15
10-Sep-15
03-May-16
07-Sep-16
01-Aug-14
04-Jun-15
10-Sep-15
03-May-16
07-Sep-16

12:15
9:30
11:30
13:30
17:18
12:15
9:30
11:30
13:30
17:18
12:15
9:30
11:30
13:30
17:18

19.9
15.1
12.9
12.9
9.41
9.19
9.82
9.08
103.1
91.2
92.1
86.3

19.8
14.9
12.7
12.3
12.8
9.38
9.19
9.81
10.14
9.01
102.7
90.7
92.2
93.9
85.1

19.5
14.7
12.5
11.7
12.8
9.37
9.11
9.84
10.22
8.96
102
89.6
92.2
94
84.7

Temperature (°C)

Dissolved Oxygen
(mg/L)

Dissolved Oxygen
(%)

Depth Below Surface (m)
3
4
5
6
7
19.2
14
12.5
11.5
12.8
8.86
8.93
9.88
10.22
8.95
96.2
86.6
92.4
93.8
84.6

18.7
13
12.4
11.4
12.8
8.2
8.59
9.88
10.23
8.92
88.4
81.5
92.6
93.5
84.3

18.1
12.7
12.4
11.3
12.8
6.93
8.29
9.91
10.22
8.91
72.6
78.1
92.6
93.3
84.2

17.3
12.5
12.4
10
12.8
5.29
7.77
9,91
10.13
8.95
55
72.8
92.8
89.8
84.4

17.2
12.1
12.4
9.8
12.8
5.07
7.08
9.9
10.04
9.02
52.3
65.9
92.6
88.5
85.4

8

9

10

10.7
12.4
9.5
12.8
1.28
9.85
9.7
8.49
12.4
92.2
85.3
79.7

9.4
12.9
9.82
9.45
9.02
92
85.4
85.2

9.4
12.9
9.88
9.04
9.15
92.4
77.4
86.5

Table 2: Dissolved Oxygen and temperature profile data.
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The City has been able to monitor the weir using the camera installed in June 2014. To view
current photos and logger data please visit http://202.36.29.11 (Username: dawsoncreek.user;
Password: dawsoncreekuser).

As per section 6(i), turbidity readings downstream of the Bearhole Lake weir were collected.
All samples reported did not exceed BC’s Ambient Water Quality Guidelines for aquatic life,
“change from background of 8 NTU at any one time for a duration of 24 h in all waters during
clear flows or in clear waters” (http://www2.gov.bc.ca/assets/gov/environment/air-landwater/water/waterquality/waterqualityguidesobjs/approved-wat-qualguides/approved_wqg_summary_dec_2_2015.pdf).

9. Trail Brushing (N-4 Contracting)
The City of Dawson Creek hired N-4 Consulting to completed brushing along the seismic line and
Thunder Mountain Road access. A total of 2 days was spent clearing wind throw along the access trail.
West Fraser is currently harvesting along the Bearhole Park boundary. The City has been in
communication with them about access conditions and trail maintenance along the Thunder Mountain
Road.
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Appendix A: Weir Operations Management Plan

Weir Operation Management Plan
Date:

December 14th 2016 -Update

Submitted by:

Chelsea Mottishaw
Watershed Coordinator

Subject:

Bearhole Lake Release Management Plan

Purpose
Outline the Bearhole Lake Control Weir’s purpose, release triggers, and methods to fulfill
provision 5b of the City of Dawson Creek’s Park Use Permit (103063).
Summary/background
Bearhole Lake is a live storage reservoir for the City of Dawson Creek (City). The City’s licence
allows for a maximum of 1,356,850m3 of live storage at Bearhole without exceeding an
elevation of 99.859m, local datum. In 2009, the City installed a control weir at the outlet of
Bearhole Lake, see attached plans. Through the installation of the weir, the City is able to
release volumes of water into the Kiskatinaw River during low flow times (drought or winter). In
the open season, low flows can be defined, under permit, as 20% Mean Annual Discharge
(<2.12m3/sec). When the system is approaching this value, the City closely monitors climatic
and hydrometric variables prior to beginning a release. The rate of release is dependent on the
situation, time of year, and weather trends. Once the release has started, it will arrive at the
City’s drinking water intake in Arras within two weeks.
The City’s pumping rate at Arras will not exceed the 9092m3 extraction limit when the river is at
or below 20% of the mean annual discharge (2.12m3/sec), as per the City’s water licence. The
City also has a total extraction limit of 3,300,000m3/year.
As climate changes occur, and more variable weather trends follow, the importance of
understanding and managing the Bearhole Lake Reservoir increases. By supplementing the
river, the City is able to maintain flows throughout the Kiskatinaw watershed for drinking water
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purposes while supporting the aquatic environment.
In 2014, the City began a Bearhole Lake Water Balance study. The purpose of this study is to
better understand the surface water-groundwater interactions within Bearhole Lake during the
open water season. Through the use of release trials, the City is beginning to understand the
connection between releases and recharge. As of July 2016, there have been 4 release trials
completed. The first two were winter release trials (2012-2013, 2013-2014, Sept. 2014- Mar.
2015), and the most recent began in October 2015 and ran until May 2016. In all of the trials
prior to the 2015 release, the volume of recharge has exceeded the volume of water released.
Once the KWL water balance’s Phase 3 is complete, the City will have an understanding of the
effect of groundwater and surface water on recharge rates. The continuance of releases for the
purpose of understanding Bearhole Lake’s ability to recharge water during a release is of high
importance for management of the local Bearhole Lake watershed.
Goals
The City’s goal is to maintain water levels at or above the crest of the weir at Arras. This will
allow for pumping during low flow times, and it will decrease chances of the City’s intake
freezing off during winter. Higher water levels also support the aquatic environment.
Release Triggers
The initiation of a release is dependent of multiple factors including:
•
•
•
•
•
•
•
•

Water levels at Arras Weir
The Kiskatinaw River’s discharge based on the Water Survey Canada Stations located at
Farmington, BC and Kiskatinaw River below Borden Creek (East Kiskatinaw)
Weather forecasts
Bearhole Lake’s water level
Reservoir levels
Water level and discharge trends
Discussions with FLNRO water stewardship staff
Time of year

*The City may set a release trial for research purposes at any time with one week notification.
Mechanics
Bearhole Lake’s control weir has two different methods of releasing water: through a slide gate
or through a butterfly valve. As of 2014, the butterfly valve is used as the primary method of
release as it allows for more accurate release volumes and it does not become obstructed as
easily as the slide gate.
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In 2014, beaver activity initially blocked the butterfly valve area. Exclusion fencing and
perforated piping was installed to remove the sound of running water, see photos below. Once
the sound of running water was reduced, beaver activity decreased. Fencing was removed in
2016 as a release was not active.

Release Methods
1. Send out notification letter one week prior to release to contacts:
a. Kevin Wagner, BC Parks
b. FLNRO Water stewardship staff
c. Allan Chapman, Oil and Gas Commission
2. Bearhole Lake Steps
a. Open the butterfly valve (counterclockwise rotation). Each rotation is
approximately 800m3/day.
b. Once desired release is set, complete a discharge measurement using a Son Tek
Flow Tracker downstream of the weir.
c. Adjust the valve as required to obtain release rate.
d. Depending of the time of year, the beaver exclusion fencing may need to be
reinstalled.
e. Monthly field visits to make any modifications to flow rates, charge climate
station batteries, and conduct a visual inspection of the weir. Staff gauge
readings and discharge measurements may also be completed.
f. Closing the butterfly valve (clockwise rotation).
i. During winter months, access is via the seismic line using snowmobiles,
see access map.
ii. Chipping ice and steaming of the butterfly valve using an Artic Blaster
may be necessary.
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Monitoring
•
•

•

Once the butterfly valve is opened to the desired extent, a discharge measurement is
conducted directly downstream to verify the release volume.
On-site climate station records 1-4 pictures daily, as well as climate data including: water
level, temperature, precipitation, wind, relative humidity, solar radiation, water
temperature. During a release, water levels are monitored on a daily basis through the
online database.
To track the release hydrometric monitoring is captured at the “Kiskatinaw River below
Borden Creek (Noel)” Water Survey Canada Site, see Figure 1. By tracking the release,
the City can determine the estimated time of arrival to Arras Weir.

Figure 1: Hydrometric Monitoring Sites in the Kiskatinaw Watershed.

Conclusion
The Bearhole Lake control weir allows City staff to set specific release rates that support the
aquatic environment, and the ability of the City to supply drinking water to their citizens.
Through research, the relationship between releases and recharge will be better understood,
thus management decisions will be better supported.
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1. DEP

Overview

The purpose of this Dam Emergency Plan (DEP) is to reduce the risk of human life loss and
injury and minimize property damage during an unusual or emergency event at Bearhole Lake
Weir. This DEP has been prepared with the intent of meeting the requirements of the Water
Sustainability Act, Dam Safety Regulation (Regulation). The dam owner, the City of Dawson
Creek, and local, regional and provincial response agencies all play a role in responding to an
emergency under the Emergency Program Act.
Notifications regarding an unusual or emergency event at the dam are based on the three
emergency levels which are determined by the dam owner, The City of Dawson Creek. The
notification charts for each of the three emergency levels, located in Appendix B-1, must be
reviewed, and if necessary, revised annually.
Section 9 (1) (a) (ii) of the Regulation requires the dam owner’s DEP to include a record
containing specific information on their dam to be used by local emergency authorities for their
own local emergency plan; a plan mandated under the Emergency Program Act. Therefore, to
fulfill this requirement, following approval by the Dam Safety Officer, the dam owner must
provide Sections 1 & 2 and Appendix A (A-1, A-2 & A-3) to relevant local emergency authorities.
Subsequently, these sections are reviewed annually by the dam owner and, if required, updated
and copies sent to the Dam Safety Officer and all local emergency authorities for the dam.

2. Basic DEP Data
2.1 Dam Description
Dam Name:

Bearhole Lake Weir

Stream Name:

Kiskatinaw River

Consequence Classification:

Choose an item.

Dam Type:
Provincial Dam Number:

_NA_

Height:

1.23 m

Storage Volume:

1356850m3

Drainage Area:

25.41 km2

Spillway type:

Open Channel

Low Level Outlet:

Plastic

Coordinates (i.e. lat/long or UTM):

55.0439N -120.675 W

Other description:

Bearhole Lake outlet

See Plan View of Dam, Appendix C.

2.2 Directions to Bearhole Lake Weir
Main Access (Boat):
From Tumbler Ridge, travel north for 9 km on the Heritage Highway (Hwy 52). Turn right (east) onto the
Bearhole Lake Road (Radio channel RR 14) and travel to the Bearhole Lake Campground at km 20.
Proceed to the boat launch and use a boat to travel to the outlet location at the southeast end of the
lake (see attached map).

Alternate Route (ATV Access):
Turn right (east) onto the Bearhole Lake Road (Radio channel RR 14) and travel 18kms to the Bearhole
Lake Provincial Boundary. Off load atvs and travel down the thunder mountain road. See map below for
GPS points and route. A key may be required to remove the chain and access sign installed on the
seismic line. Please also follow up with the City of Dawson Creek prior to using this access route, as
active logging often takes place along Thunder Mountain Road.
The Road:

The Bearhole Lake FSR is a poorly maintained road in most years. In the summer of 2016, bridge
maintenance and grading has improved the road immensely, but there are still notable ruts in
the road during and post rain.

2.3 Access Map to Error! Reference source not found.
Boat Access:

Alternate Access (ATV):

3. Roles and Responsibilities
3.1 Dam Owner
•

•
•
•

As soon as an emergency event is observed or reported, immediately determine the
emergency level (see Guidance for Determining the Emergency Level, Appendix D).
 Level 1: unusual event, slowly developing
 Level 2: potential dam failure situation, rapidly developing
 Level 3: dam failure appears imminent or is in progress
Immediately notify the personnel in the order shown on the Notification Chart
(Appendix B-1) for the appropriate emergency level.
Provide updates of the situation to the local emergency authority to assist them in
making timely and accurate decisions regarding warnings and evacuations.
Provide leadership to assure the DEP is reviewed and updated annually and copies of
the revised DEP are distributed to all who received copies of the original DEP
including the records for the local emergency authorities.

3.2 Local Emergency Authorities
•
•

•

•
•

Serve as the primary contact responsible for coordination of all emergency actions for
potentially affected communities.
When a Level 2 situation occurs:
 Prepare emergency response personnel for possible evacuations that may be
needed if a Level 3 situation occurs.
 Consider drafting a State of Local Emergency in preparation for Level 3.
When a Level 3 situation occurs:
 Initiate warnings and order evacuation of people at risk downstream of the dam.
 Declare a State of Local Emergency if required.
 Direct local emergency response services (may include local law enforcement)
to carry out the evacuation of people and close roads within the evacuation area
(see Evacuation Area Map, Appendix A-2).
Decide when to terminate the emergency.
Participate in review, updates and exercises of the DEP.

3.3 Emergency Management BC (EMBC)
•

•

•
•

When a Level 2 situation occurs:
 Assist local emergency authority, when requested, in preparing emergency
response personnel for possible evacuations that may be needed if a Level 3
situation occurs.
 Alert the public as appropriate.
When a Level 3 situation occurs:
 Declare a Provincial State of Emergency if required.
 Alert the public.
 Immediately close roads and evacuate people within the evacuation area (see
Evacuation Map tab).
Maintain communication with media.
Participate in review, updates and exercises of the DEP.

3.4 Dam Owner’s Technical Representatives
•
•
•

Undertake an engineering assessment of the safety hazard at the dam.
Assist the dam owner to determine the emergency level, if time permits.
Advise the dam owner of remedial actions to take if Level 2 event occurs, if time
permits.

3.5 Ministry of Forests, Lands and Natural Resource Operations
•
•
•

Advise the dam owner of the emergency level determination, if time permits.
Advise the dam owner of remedial actions to take if Level 2 event occurs, if time
permits.
Support EMBC, local emergency authorities, and other agencies; the Dam Safety
Officer may be called on to be the Subject Matter Expert at an emergency response
center.

4. Five-Step DEP Process
4.1 DEP Overview

4.2 Five Steps

Step 1 - Event Detection
This step describes the detection of an unusual or emergency event and provides information to
assist the dam owner in determining the appropriate emergency level for the event.
Unusual or emergency events may be detected by:
•
•
•
•
•

Observations at or near the dam by dam owner, government personnel (local, Provincial, or
Federal), landowners, visitors to the dam, or the public
Dam safety review, formal inspection or site surveillance
Evaluation of instrumentation data
Earthquakes felt or reported in the vicinity of the dam
Forewarning of conditions that may cause an unusual event or emergency event at the dam
(for example, a severe weather or flash flood forecast)

Step 2 - Emergency Level Determination
After an unusual or emergency event is detected or reported, the dam owner or his alternate is
responsible for classifying the event into one of the following three emergency levels (See
table Guidance for Determining the Emergency Level (Appendix D) for guidance in evaluating
specific events to determine if they are unusual or emergency situations):
Emergency Level 1 - Non-emergency, unusual event, slowly developing:
This situation is not normal and has not yet threatened the operation or structural integrity
of the dam, but possibly could if it continues to develop (corresponds to Section 15 Potential safety hazard of the Dam Safety Regulation, Water Sustainability Act). A dam
safety engineer or technical expert should be contacted to investigate the situation and
recommend actions to take. The condition of the dam should be closely monitored,
especially during storm events, to detect any development of a potential or imminent dam
failure situation. The Local Emergency Authority should be informed if it is determined
that the issue may possibly develop into a worse condition that may require emergency
actions.
Emergency Level 2 - Potential dam failure situation, rapidly developing:
This situation may eventually lead to dam failure and flash flooding downstream, but there
is not an immediate threat of dam failure (corresponds to Section 14 – Hazardous
conditions of the Dam Safety Regulation, Water Sustainability Act). A dam safety engineer
or technical expert should be contacted to investigate the situation, if time permits, and
recommend actions to take. The dam owner should closely monitor the condition of the
dam, modify the operation of the dam if needed, and undertake other appropriate hazard
response activities. The dam owner should periodically update the status of the situation to

appropriate emergency response authorities. If the dam condition worsens and failure
becomes imminent, evacuation procedures must be implemented under Level 3.
Emergency Level 2 is also applicable when flow through the spillway has caused or is
expected to cause flooding of downstream areas and people near the stream channel could
be endangered. The dam owner may need to refer to flood release operations as outlined in
the Operation, Maintenance and Surveillance manual.
Persons in the immediate vicinity of the dam, local emergency authorities and EMBC
should be on alert to initiate evacuations or road closures if the flooding increases or the
level 2 emergency escalates.
Emergency Level 3 - Urgent; dam failure appears imminent or is in progress:
This is an extremely urgent situation where a dam failure is occurring or obviously is about
to occur and cannot be prevented. This situation is also applicable when flow through the
spillway is causing downstream flooding and creates a hazardous condition that places
persons in danger. The following persons must be contacted immediately so persons in
imminent danger can be evacuated from the endangered area, roads can be closed as
needed and other emergency response activities can be undertaken (see Evacuation Area
Map, Appendix A-2); the persons in the immediate vicinity of the dam, Emergency
Management BC, Local Emergency Authority and the Dam Safety Officer (Regulation,
Section 14, Hazardous conditions).
See Examples of Emergency Situations (Appendix F).

Step 3 - Notification and Communication
Notification
After the emergency level has been determined, the people on the Notification Chart (Appendix
B-1) for the appropriate emergency level shall be notified immediately.

Communication
The Dam Emergency Situation Report (Appendix F) may be used as a guide for the information
that should be communicated with the various emergency personnel.
Emergency Level 1 - Non-emergency, unusual event, slowly developing:
The dam owner should contact their Technical Expert and must notify the Dam Safety
Officer to describe the situation, and request technical assistance on next steps to take.
Emergency Level 2 - Potential dam failure situation, rapidly developing:
The dam owner should contact their Technical Expert if time permits but must notify the
following of this emergency situation (see Regulation, Section 14, Hazardous conditions);
Emergency Management BC, Local Emergency Authority, Persons in the Immediate
Vicinity of the Dam (Appendix A-3) and the Dam Safety Officer.

The following message may be used to help describe the emergency situation to the Local
Emergency Authority:

“This is Identify yourself; name, position).
We have an emergency condition at Bearhole Lake Weir, located 32.6 kilometers
southeast of Tumbler Ridge.
We have activated the Dam Emergency Plan for this dam and are currently under Level
2.
We are implementing predetermined actions to respond to a rapidly developing situation
that could result in dam failure.
Please be prepared to evacuate the area along low-lying portions of Error! Reference
source not found..
Reference the evacuation map in your copy of the Dam Emergency Plan.
We will advise you when the situation is resolved or if the situation gets worse.
I can be contacted at the following number emergency contact phone number. If you
cannot reach me, please call the following alternative number alternate phone number.”

Step 4 - Expected Actions
If the dam owner becomes aware of an unusual or emergency event at their dam, they should
immediately determine the emergency level and the following actions should be taken. If time
permits, the dam owner’s Technical Expert should be contacted for technical consultation.
Emergency Level 1 - Non-emergency, Unusual event, slowly developing:
A. The dam owner should inspect the dam; at a minimum, inspect the full length of the
upstream slope, crest, downstream toe, and downstream slope. Also, check the reservoir
area, abutments, and downstream channel for signs of changing conditions. If increased
seepage, erosion, cracking, or settlement is observed, immediately report the
observed conditions to their Technical Expert; refer to the table Guidance for
Determining the Emergency Level (Appendix D) for guidance in determining the
appropriate event level for the new condition and recommended actions.
B. The dam owner must notify the Dam Safety Officer and prepare a plan, through their
Technical Expert, that sets out any actions required to rectify this potential safety hazard
(see Dam Safety Regulation, Section 15, Potential Safety hazard).
C. Record all contacts that were made on the Notification Chart (Appendix B-1). Record all
information, observations, and actions taken. Note the time of changing conditions.
Document the situation with photographs and video, if possible.
Emergency Level 2 - Potential dam failure situation, rapidly developing:

A. The dam owner should contact their Technical Expert, if time permits, to report the
situation and request technical staff to investigate the situation and recommend
corrective actions.
B. The dam owner must contact EMBC, the Local Emergency Authorities and Persons in
the Immediate Vicinity of the Dam to inform them that the DEP has been activated and
if current conditions get worse an emergency situation may require evacuation.
Preparations should be made for possible road closures and evacuations.
C. Provide updates to the Persons in the Immediate Vicinity of the Dam and Local
Emergency Authorities to assist them in making timely decisions concerning the need
for warnings, road closures, and evacuations.
D. If time permits, the dam owner should inspect the dam. At a minimum, inspect the full
length of the upstream slope, crest, downstream toe, and downstream slope. Also, check
the reservoir area, abutments, and downstream channel for signs of changing conditions.
If piping, increased seepage, erosion, cracking, or settlement are observed,
immediately report the observed conditions to the Technical Expert; refer to the
table Guidance for Determining the Emergency Level (Appendix D) for guidance in
determining the appropriate event level for the new condition and recommended
actions.
E. Record all contacts that were made on the Notification Chart (Appendix B-1). Record all
information, observations, and actions taken. Note the time of changing conditions.
Document the situation with photographs and video, if possible.
F. If time permits, follow the Emergency Remedial Actions for Level 2 Conditions
(Appendix E) as appropriate.

Step 5 - Termination
Whenever the DEP has been activated, an emergency level has been declared, all DEP actions
have been completed, and the emergency is over, the DEP operations must eventually be
terminated and follow-up procedures completed.
Termination responsibilities
The Local Emergency Authority is responsible for terminating DEP operations and relaying this
decision to the dam owner. It is then the responsibility of each person to notify the same group of
contacts that were notified during the original event notification process to inform those people
that the event has been terminated.
Prior to termination of an Level 3 event that has not resulted in an actual dam failure, the dam
owner’s Technical Expert or the Dam Safety Officer will inspect the dam or require the
inspection of the dam to determine whether any damage has occurred that could potentially result
in loss of life, injury, or property damage. If it is determined those conditions do not pose a threat
to people or property, the Local Emergency Authority will be advised to terminate DEP
operations as described above.
The dam owner shall ensure that a final Dam Emergency Situation Report (Appendix F) is
completed, and document the emergency event and all actions that were taken. The dam owner
shall distribute copies of the completed report to the Dam Safety Officer.

5. DEP Maintenance
5.1 Annual Review of DEP
Update the emergency contact information in the DEP at least once a year as per the Regulation,
Schedule 2. The DEP should be revised if any of the contacts have changed. The DEP annual
review will include the following:
•

Verifying that all of the contact information in Emergency Contact for the Dam (Appendix A1), Evacuation Area Map (Appendix A-2) and Persons in the Immediate Vicinity of the Dam
to be Evacuated (Appendix A-3) is current.

•

Verifying that all contact information in Notification Chart (Appendix B-1), Emergency
Services Contacts and Other Agencies (Appendix B-2) and Emergency Response Resources
(Appendix B-3), is current.

5.2 Revisions
Update the DEP document at least every 10 years for significant and high failure consequence
classification dams and every 7 years for very high and extreme failure consequence classification
dams as per Schedule 2 of the Regulation. The DEP document held by the dam owner is the master
document. When revisions occur, the dam owner will provide the revised pages and an updated
revision summary page to all the DEP document holders. The document holders are responsible for
revising any outdated copy of the respective document(s) whenever revisions are received. Outdated
pages shall be immediately destroyed to avoid any confusion with the revisions.

5.3 Exercises
The province along with the Canadian Dam Association recommends DEP training for all dam
personnel and testing the DEP through internal exercises and periodic review and/or exercise of the
DEP. Periodic exercise may consist of a simple review by the dam owner(s) and key dam owner
personnel (i.e. emergency, principle, alternate contacts the dam owner’s technical experts) or a more
thorough exercise that could include external organizations such as the local emergency authorities
(who may want to include emergency responders), persons in the immediate vicinity of the dam, the
Dam Safety Officer, EMBC and others with responsibilities listed in the DEP. Other organizations
that may be involved with an unusual or emergency event at the dam may also be encouraged to
participate. It is recommended that before the tabletop exercise begins, meeting participants visit the
dam to familiarize themselves with the dam site.
A tabletop exercise usually involves a facilitator presenting a scenario of an unusual or emergency
event at the dam. The scenario should be developed prior to the exercise. Once the scenario has been
presented, the participants will discuss the responses and actions that they would take to address and
resolve the scenario. The facilitator controls the discussion, ensuring realistic responses and
developing the scenario throughout the exercise.
After the tabletop exercise, the five-step DEP response process should be reviewed and discussed.
Any recommendations for improvements should be documented.

6. Record of Holders of Control Copies of this DEP
Copies of the DEP should be provided to appropriate Dam Owner personnel and outside
agencies and updates provided as the original is updated.
Copy
Number

Entity or Organization

Persons receiving copy

Whole DEP
or Part 1

City of Dawson Creek

Shawn Dahlen

Whole

Chelsea Mottishaw

1

John Kalinczuk
Dan McMillan

2

Engineer Consultant

Urban Systems _Jamie Adams

Whole

3

Emergency Authority

Shorty Smith

Part

4

Dam Safety Officer

Darren DeFord

Whole

6
7

1

Sections 1, 2 & 4.1 and Appendix A (A-1, A-2 & A-3) only

7. Record of Revisions and Updates Made to DEP
Revision
Number

Date

Revisions made

By whom

1

Click here
to enter a
date.

Description

Name

2

Click here
to enter a
date.

Description

Name

Provided to
Holders of
Control Copies

Appendix A
(Appendix A to be forwarded to local emeregcy authorities)
1. Appendix A-1 – Emergency Contacts for Dam
2. Appendix A-2 – Evacuation Area Map

Appendix A-1 Emergency Contacts for Error! Reference
source not found.
Dam Owner:

City of Dawson CreekError! Reference source not found.

Emergency Dam Contact: Shawn Dahlen
Business Name:

City of Dawson Creek

Address

10105-12 A Street

Business Phone

250-784-3624

Cell Phone:

250-719-7095

Email:

Sdahlen@dawsoncreek.ca

Other:
Principal Dam Contact:

Chelsea Mottishaw

Business Phone:

250-782-1793

Cell Phone:

250-784-7909

Email:

Cmottishaw@dawsoncreek.ca

Other:
Alternate Dam Contact:

Dan McMillan

Business Phone:

250-782-3114

Cell Phone:

250-719-7483

Email:

dmcmillan@dawsoncreek.ca

Other:

Appendix A-2 Evacuation Area Map
No downstream roads or communities would be impacted.

Appendix B
1. Appendix B-1 – Notification Charts
2. Appendix B-2 – Emergency Services Contacts and other Agencies
3. Appendix B-3 – Emergency Response Resources

Appendix B-1 Notification Charts
Emergency Level 1 Notifications
Non-emergency unusual event; slowly developing

Dam Owner
City of Dawson Creek
250-784-3600 (Office)
250-719-0369 (Home)
250-719-9075 (Cell)

Dam Owner’s Technical Expert
(Internal personnel or consultant)

(1)

(2)

Dan McMillan
250-782-3114 (Office)
Phone No. (Home)
250-719-7483 (Cell)

Dam Safety Officer
Darren Deford
250-561-3442 (Office)
Phone No. (Home)
250-617-4671 (Cell)

Note:
(1), (2), etc., denotes call sequence
Legend:
Calls by Dam Owner
Second level calls
Calls by others

Internal Dam Owner Contact
Chelsea Mottishaw
250-782-1793 (Office)
250-467-3600 (Home)
250-784-7909 (Cell)

See Appendix B-2: Emergency
Services and Other Agencies for
contact information for back-ups to the
persons shown above and other
emergency personnel.

Emergency Level 2 Notifications
Emergency event, potential dam failure situation; rapidly developing

Dam Owner
City of Dawson Creek- Shawn Dahlen
250-784-3624 (Office)
250-719-0369 (Home)
250-719-9075 (Cell)

Dam Owner’s Technical Expert
(Internal personnel or consultant)

(1)
If Time
Permits

(2)

(3)

(4)

(5)

Dan McMillan
250-782-3114 (Office)
Phone No. (Home)
250-719-7483 (Cell)
Emergency Management BC
24 Hour Call Center
1 800 663 3456
Local Emergency Authority
Shorty Smith
250-782-9898 (Office)
250-782-7557 (Home)
250-784-8267 (Cell)

Dam Safety Officer
Darren Deford
250-561-3442 (Office)
Phone No. (Home)
250-617-4671 (Cell)

Internal Dam Owner Contact
Chelsea Mottishaw
250-782-1793 (Office)
250-467-3600 (Home)
250-784-7909 (Cell)

See Appendix B-2: Emergency
Services and Other Agencies for
contact information for back-ups to
the persons shown above and other
emergency personnel.

Note:
(1), (2), etc., denotes call sequence
Legend:
Calls by Dam Owner
Second level calls
Calls by others

Appendix B-2 Emergency Services Contacts and
Other Agencies
Agency / Organization

Principal contact

Address

Jamie Adan

10808–100th St.
Fort St. John,
British Columbia
V1J 3Z6

Office telephone
number

Alternate telephone
numbers

.250-785-9697

250-262-6151

Dam Owner’s Technical
Expert (alternative)

Urban Systems

RCMP or Police

Sgt. Mike Richard

1230 102 Ave,
Dawson Creek, BC
V1G 4V3

250-784-3700

250-806-0113

Local Search and Rescue

Dawson Creek Fire
Chief;
Jerimiah Smith

10101 12a St,
Dawson Creek, BC

250-782-9898

250-219-8043

Ministry of Transportation
and Infrastructure

EMBC Regional Manager

Steve Dowling

Terry Sawchuck

1201 103 Ave,
Dawson Creek, BC

3235 Westwood
Drive Prince
George, BC V2N
1S4

250-784-2263

250-787-3391
250-612-4172

1-800-663-3456

77 Westmorland St.
Env. Canada Weather

Suite 260

819-994-0736

Fredericton. NB

9860 West Saanich
rd. Sidney, BC

Earthquakes Canada NRC

River Forecast Center

Tina Neale

Bear Mountain
Community Pasture

Ted Henderson

PO BOX 9340 STN
PROV GOVT
Victoria BC
V8W9M1

Emergency-

250-363-6500

250-356-8384

Other possible notifications depending on what is downstream of the dam: CPR, power utilities,
gas or oil pipelines, parks agencies.

Appendix B-3 Emergency Response Resources
Locally available equipment, personnel, and materials.
The dam owner has the following resources that can be utilized in the event of an emergency:
•
•
•

Front end loader
Backhoe
Track hoe

•
•
•

Grader
Snow blower
Welder

•
•
•

UTV (2)
Pumps
Boat

Other locally available resources may include:
Heavy equipment service
and rental

Sand and gravel supply

Sand bags

SCS Contracting

Reg Norman

Reg Norman

Blair Smith

Dawson Creek

Dawson Creek

Dawson Creek

250-782-2778

250-782-2778

Boat Rental

Helicopter

250-784-3988
Helicopter (4 person max)

(First Aid and > of 4 passengers)

Ridge Rotors
Tumbler Ridge
1-877-242-4542

Peace Country Technical
Services
Barry Ortman

Bailey’s Helicopter
Fort Saint John
250-785-2518

250-219-0722
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Appendix C Plan View of Bearhole Lake Weir
See attached for engineered plans. Refer to any additional plans or pertinent information
included in the dam's Operation Maintenance & Surveillance (OMS) manual for additional
details.

Figure 1: Bearhole Lake weir looking downstream.
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Appendix D Guidance for Determining the Emergency
Level
Event

Situation
Reservoir water surface elevation at auxiliary spillway crest or spillway is flowing
with no active erosion

Earth spillway
flow

Embankment
overtopping
Seepage
Sinkholes
Embankment
cracking
Embankment
movement
Instruments

Earthquake

Security threat

Sabotage/
vandalism

Emergency
level*
1

Spillway flowing with active gully erosion

2

Spillway flow that could result in flooding of people downstream if the reservoir
level continues to rise
Spillway flowing with an advancing headcut that is threatening the control section
Spillway flow that is flooding people downstream
Reservoir level is 1 foot below the top of the dam
Water from the reservoir is flowing over the top of the dam
New seepage areas in or near the dam
New seepage areas with cloudy discharge or increasing flow rate
Seepage with discharge greater than 10 gallons per minute
Observation of new sinkhole in reservoir area or on embankment
Rapidly enlarging sinkhole
New cracks in the embankment greater than ¼-inch wide without seepage
Cracks in the embankment with seepage
Visual movement/slippage of the embankment slope
Sudden or rapidly proceeding slides of the embankment slopes
Instrumentation readings beyond predetermined values

2

Measurable earthquake felt or reported on or within 50 kilometers of the dam

1

Earthquake resulting in visible damage to the dam or appurtenances

2

Earthquake resulting in uncontrolled release of water from the dam

3

Verified bomb threat that, if carried out, could result in damage to the dam

2

Detonated bomb that has resulted in damage to the dam or appurtenances

3

Damage to dam or appurtenance with no impacts to dam function

1

Modification to the dam or appurtenances that could adversely impact the
functioning of the dam

1

Damage to dam or appurtenances that has resulted in seepage flow

2

Damage to dam or appurtenances that has resulted in uncontrolled water release

3

3
3
2
3
1
2
3
2
3
1
2
1
3
1

* Level 1: Nonemergency unusual event, slowly developing
* Level 2: Potential dam failure situation, rapidly developing
* Level 3: Urgent; dam failure appears imminent or is in progress
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Appendix E Emergency Remedial Actions for Level 2
Conditions
If time permits, the following emergency remedial actions should be considered for Level 2
conditions. Immediate implementation of these remedial actions may delay, moderate, or prevent
the failure of the dam. Several of the listed adverse or unusual conditions may be apparent at the
dam at the same time, requiring implementation of several modes of remedial actions. Close
monitoring of the dam must be maintained to confirm the success of any remedial action taken at
the dam. Time permitting, any remedial action should be developed through consultation with
the Dam Owner’s Technical Expert. See Emergency Response Resources (Appendix B-3) for
sources of equipment and materials to assist with remedial actions.
Embankment overtopping
1. If the water level in the reservoir is no longer rising, place sandbags along the low areas of
the top of the dam to control wave action, reduce the likelihood of flow concentration during
minor overtopping, and to safely direct more water through the spillway.
2. Cover the weak areas of the top of the dam and downstream slope with riprap, sandbags,
plastic sheets, or other materials to provide erosion-resistant protection.
Seepage and sinkholes
1. Open the principal spillway gate to lower the reservoir level as rapidly as possible to a level
that stops or decreases the seepage to a non-erosive velocity. If the gate is damaged or
blocked, pumping or siphoning may be required.
Continue lowering the water level until the seepage stops.
2. If the entrance to the seepage origination point is observed in the reservoir (possible
whirlpool) and is accessible, attempt to reduce the flow by plugging the entrance with readily
available materials such as hay bales, bentonite, soil or rockfill, or plastic sheeting.
3. Cover the seepage exit area(s) with several feet of sand/gravel to hold fine-grained
embankment or foundation materials in place. Alternatively, construct sandbag or other types
of ring dikes around seepage exit areas to retain a pool of water, providing backpressure and
reducing the erosive nature of the seepage.
4. Prevent vehicles and equipment from driving between the seepage exit points and the
embankment to avoid potential loss from the collapse of an underground void.
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Embankment movement
1. Open outlet(s) and lower the reservoir to a safe level at a rate commensurate with the urgency
and severity of the condition of the slide or slump. If the gate is damaged or blocked,
pumping or siphoning may be required.
2. Repair settlement of the crest by placing sandbags or earth and rockfill materials in the
damaged area to restore freeboard.
3. Stabilize slides by placing a soil or rockfill buttress against the toe of the slide.
Earthquake
1. Immediately conduct a general overall visual inspection of the dam.
2. Perform a field survey to determine if there has been any settlement and movement of the
dam embankment, spillway, and low-level outlet works.
3. Drain the reservoir, if required.
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Appendix F Dam Emergency Situation Report
To be completed by the owner at regular intervals during the emergency.
Dam name: Error! Reference source not found.
Provincial Dam Number: Error! Reference source not found.
Dam location: Error! Reference source not found.
Date:

Time:

Error! Reference source not found.

Situation Report #:

Weather conditions: ____________________________________________________________
General description of emergency situation:
_____________________________________________________________________________
_____________________________________________________________________________
Area(s) of dam affected:
_____________________________________________________________________________
_____________________________________________________________________________
Extent of dam damage: _________________________________________________________
Possible cause(s): ______________________________________________________________
Effect on dam’s operation:_______________________________________________________
Initial reservoir elevation: _______________________

Time: ______________

Maximum reservoir elevation: ______________________ Time: ______________
Final reservoir elevation: _________________________

Time: ______________

Description of area flooded downstream/damages/injuries/loss of life: ____________________
______________________________________________________________________________
______________________________________________________________________________
Other data and comments:
______________________________________________________________________________
Observer’s name and telephone number:_________________________________________
Report prepared by: ________________________________________

Date: ______________
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Appendix G Examples of Emergency Situations
The following are examples of conditions that usually constitute an emergency situation that may
occur at a dam. Adverse or unusual conditions that can cause the failure of a dam are typically
related to aging or design and construction oversights. Extreme weather events that exceed the
original designed conditions can cause significant flow through the auxiliary spillway or
overtopping of the embankment. However, accidental or intentional damage to the dam may also
result in emergency conditions. The conditions have been grouped to identify the most likely
emergency-level condition. The groupings are provided as guidance only. Not all emergency
conditions may be listed, and the dam operator is urged to use conservative judgment in
determining whether a specific condition should be defined as an emergency situation at the
dam.
Pre-existing conditions on this dam: There has been a small seepage area near the downstream
toe on the north side of the release channel. This was first noticed in the 1990s, but has not
changed since that time.

Earth Spillway Flows
Level 2—Potential dam failure situation; rapidly developing:
1. Significant erosion or headcutting of the spillway is occurring, but the rate does not appear
to threaten an imminent breach of the spillway crest that would result in an uncontrolled
release of the reservoir.
2. Flow through the earth auxiliary spillway is or is expected to cause flooding that could
threaten people, homes, and/or roads downstream from the dam.
Level 3—Urgent; dam failure appears imminent or is in progress:
1. Significant erosion or headcutting of the spillway is occurring at a rapid rate, and a breach
of the control section appears imminent.
2. Flow through the earth auxiliary spillway is causing flooding that is threatening people,
homes, and/or roads downstream from the dam.

Embankment Overtopping
Level 2—Potential dam failure situation; rapidly developing:
1. The reservoir level is within 1 foot from the top of the dam.
Level 3—Urgent; dam failure appears imminent or is in progress:
1. The reservoir level has exceeded the top of the dam, and flow is occurring over the
embankment.
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Seepage and Sinkholes
Level 2—Potential dam failure situation; rapidly developing:
1. Cloudy seepage or soil deposits are observed at seepage exit points or from internal drain
outlet pipes.
2. New or increased areas of wet or muddy soils are present on the downstream slope,
abutment, and/or foundation of the dam, and there is an easily detectable and unusual
increase in volume of downstream seepage.
3. Significant new or enlarging sinkhole(s) near the dam or settlement of the dam is observed.
4. Reservoir level is falling without apparent cause.
5. The following known dam defects are or will soon be inundated by a rise in the reservoir:
• Sinkhole(s) located on the upstream slope, crest, abutment, and/or foundation of the dam;
or
• Transverse cracks extending through the dam, abutments, or foundation.
Level 3—Urgent; dam failure appears imminent or is in progress:
1. Rapidly increasing cloudy seepage or soil deposits at seepage exit points to the extent that
failure appears imminent or is in progress.
2. Rapid increase in volume of downstream seepage to the extent that failure appears imminent
or is in progress.
3. Water flowing out of holes in the downstream slope, abutment, and/or foundation of the
dam to the extent that failure appears imminent or is in progress.
4. Whirlpools or other evidence exists indicating that the reservoir is draining rapidly through
the dam or foundation.
5. Rapidly enlarging sinkhole(s) are forming on the dam or abutments to the extent that failure
appears imminent or is in progress.
6. Rapidly increasing flow through crack(s) eroding materials to the extent that failure appears
imminent or is in progress.

Embankment Movement and Cracking
Level 2—Potential dam failure situation; rapidly developing:
1. Settlement of the crest, slopes, abutments and/or foundation of the dam that may eventually
result in breaching of the dam.
2. Significant increase in length, width, or offset of cracks in the crest, slopes, abutments,
and/or foundation of the dam that may eventually result in breaching of the dam.
Level 3—Urgent; dam failure appears imminent or is in progress:
1. Sudden or rapidly proceeding slides, settlement, or cracking of the embankment crest,
slopes, abutments, and/or foundation, and breaching of the dam appears imminent or is in
progress.
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Glossary of Terms
Abutment

That part of the valleyside against which the dam is constructed.
The left and right abutments of dams are defined with the
observer looking downstream from the dam.

Acre-foot

A unit of volumetric measure that would cover 1 acre to a depth
of 1 foot. One acre-foot is equal to 1,234 cubic meters.

Berm

A nearly horizontal step (bench) in the upstream or downstream
sloping face of the dam.

Boil

A disruption of the soil surface due to water discharging from
below the surface. Eroded soil may be deposited in the form of a
ring (miniature volcano) around the disruption.

Breach

An opening through the dam that allows draining of the
reservoir. A controlled breach is an intentionally constructed
opening. An uncontrolled breach is an unintended failure of the
dam.

Conduit

A closed channel (round pipe or rectangular box) that conveys
water through, around, or under the dam.

Control section

A usually level segment in the profile of an open channel
spillway above which water in the reservoir discharges through
the spillway.

Cross section

A slice through the dam showing elevation vertically and
direction of natural water flow horizontally from left to right.
Also, a slice through a spillway showing elevation vertically and
left and right sides of the spillway looking downstream.

Dam

A barrier constructed for the purpose of enabling the storage or
diversion of water diverted from a stream or an aquifer, or both
and other works that are incidental to or necessary for the
barrier.

Dam failure

An uncontrolled release of all or part of the water impounded
by the dam, whether or not caused by a collapse of the dam.

Dam Owner Representative

The person(s) with responsibility for the operation and
maintenance of dam.
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Drain

A water collection system of sand and gravel and typically pipes
along the downstream portion of the dam to collect seepage and
convey it to a safe outlet. The drains can be located in the toe,
foundation or drainage blanket.

Drainage area (watershed)

The geographic area on which rainfall flows into the dam.

Drawdown

The lowering or releasing of the water level in a reservoir over
time or the volume lowered or released over a particular period
of time.

Emergency

A condition that develops unexpectedly, endangers the structural
integrity of the dam and/or downstream human life and property,
and requires immediate action.

Dam Emergency Plan

A formal document identifying potential emergency conditions
that may occur at the dam and specifying preplanned actions to
minimize potential failure of the dam or minimize failure
consequences including loss of life, property damage, and
environmental impacts. (BC Dam Safety Reg., Section 9)

Evacuation map

A map showing the geographic area downstream of a dam that
should be evacuated if it is threatened to be flooded by a breach
of the dam or other large discharge.

Filter

The layers of sand and gravel in a drain that allow seepage
through an embankment to discharge into the drain without
eroding the embankment soil.

Freeboard

Vertical distance between a stated water level in the reservoir
and the top of dam.

Gate, slide or sluice

An operable, watertight valve to manage the discharge or
regulation of water from the dam.

Groin

The area along the intersection of the face of a dam and the
abutment.

Consequence classification

A system that categorizes dams (extreme, very high, high,
significant, or low) according to the degree of their potential to
create adverse incremental consequences such as loss of life,
property damage, or environmental impacts of a failure or
mis-operation of a dam.

Height of dam

The vertical distance between the crest of the dam and the
lowest point at the downstream toe, which usually occurs in the
bed of the outlet channel.
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Hydrograph

A graphical representation of either the flow rate or flow depth
at a specific point above or below the dam over time for a
specific flood occurrence. It can include inflow, outflow or a
breach flow.

Incident Commander

The highest predetermined official available at the scene of an
emergency situation.

Instrumentation

An arrangement of devices installed into or near dams that
provide measurements to evaluate the structural behavior and
other performance parameters of the dam and appurtenant
structures.

Inundation area or map

The geographic area downstream of the dam that would be
flooded by a breach of the dam or other large discharge.

Notification

To immediately inform appropriate individuals, organizations,
or agencies about a potentially emergency situation so they can
initiate appropriate actions.

Outlet works

An appurtenant structure that provides for controlled passage of
normal water flows through the dam.

Persons in the immediate vicinity of the dam:
Considered the persons located immediately downstream and
adjacent to the dam where available warning time is very limited
(where local emergency authorities could not be expected to
respond in time).
Piping

The progressive destruction of an embankment or embankment
foundation by internal erosion of the soil by seepage flows.

Probable Maximum Precipitation (PMP) and Prob. Max. Flood (PMF):
The theoretically greatest precipitation (PMP) or resulting flood
(PMF) that is meteorologically feasible for a given duration over
a specific drainage area or at a particular geographical location.
Reservoir

The body of water impounded or potentially impounded by the
dam.

Riprap

A layer of large rock, precast blocks, bags of cement, or other
suitable material, generally placed on an embankment or along a
watercourse as protection against wave action, erosion, or scour.

Risk

A measure of the likelihood and severity of an adverse
consequence.
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Seepage

The natural movement of water through the embankment,
foundation, or abutments of the dam.

Slide

The movement of a mass of earth down a slope on the
embankment or abutment of the dam.

Spillway (main)

The appurtenant structure that provides the controlled
conveyance of excess water through, over, or around the dam.

Spillway (emergency)

An additional spillway, which usually has a crest elevation
somewhat higher than the main spillway, designed to activate
during extreme flood events to avoid overtopping the dam.

Spillway capacity

The maximum discharge the spillway can safely convey with the
reservoir at the maximum design elevation.

Spillway crest

The lowest level at which reservoir water can flow into the
spillway.

Tailwater

The body of water immediately downstream of the embankment
at a specific point in time.

Toe of dam

The junction of the upstream or downstream face of an
embankment with the ground surface.

Top of dam (crest of dam)

The elevation of the uppermost surface of an embankment
which can safely impound water behind the dam.
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OPERATION, MAINTENANCE & SURVEILLANCE PLAN
Dam Name: Bearhole Lake Weir

Water Licence No.: 125250

Owner’s Name: City of Dawson Creek

Phone #: 250-782-1793

Stream Name: Kiskatinaw River

Reservoir Name: Bearhole Lake

Dam Location: Latitude: 55.0439

Longitude: -120.675 Map Sheet No. P93/2

LIST INDIVIDUALS WHO ARE RESPONSIBLE FOR:
Name

Title

Phone #

Operation: Chelsea Mottishaw- Watershed Coordinator (250-782-1793)
Maintenance: Chelsea Mottishaw- Watershed Coordinator (250-782-1793)
Inspections: Chelsea Mottishaw- Watershed Coordinator (250-782-1793)
Instrumentation: Chelsea Mottishaw- Watershed Coordinator (250-782-1793)
PHYSICAL DESCRIPTION:
Dam Height: 1.23m

Dam Type: Sheet Pile Weir

Length: 41.3m

Crest Width: ~15m

Reservoir Capacity: 1,356,850m3

Reservoir Area: 158Ha

Spillway Capacity: unknown

Design Flood Inflow: unknown

Watershed Area: 2570 Ha

Purpose of Dam: Live Storage for City of DC

Consequence Classification: -NAACCESS TO DAM: (describe road access to dam from nearest center, attach map to this Plan)
From Tumbler Ridge, drive north on the Heritage Higway (#52). Travel 10km to the Kiskatinaw

FSR. Continue 20km down the road, until you arrive at the Bearhole Lake Campsite.

From the boat launch, travel south-east to the outlet of the lake. The weir is located here.
Alternate Access: At km 18 of the FSR, travel down the Thunder Mountain Road to a seismic line.

Turn left and follow the seismic line for 2.5 kms, see map.

LIST SIGNIFICANT STRUCTURES DOWNSTREAM OF DAM: (i.e., access road, railroad,
subdivision etc.)

- Bridge located at km 10 on the Kiskatinaw FSR from Highway 52 (east).
- Bridge located at km 4 on the Noel Road, accessed from Highway 52 (east)

- Bridge located at km 13 on the One Island Lake Road, accessed from Highway 52 (east)
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LIST ALL HYDRAULIC WORKS: (i.e., spillway, outlet, stoplogs, gates, valves etc. (include
capacity, dimensions, locations etc.))

- Logboom upstream of weir
- Spillway (outlet downstream of weir)
- Butterfly valve located on the weir*
- Slide Gate located on the weir*
- Fish Ladder located on the weir*

* See Engineered Plans for location of works

LIST PROCEDURES FOR RESERVOIR OPERATION: (i.e., how is reservoir level controlled?
what is the anticipated reservoir level for any given time of year? when are the drawdown and filling
periods? what are the operation procedures during floods?)
The water level is controlled by the crest of the weir. In Spring, the lake level is greater than the weir.
This continues into early summer. By mid-late summer, the lake level usually draws down to crest height (0.83m on Bearhole Lake Climate Station).

The water level is dependent on convective storms, freschet runoff, and evaporation rates.
During the summer, the Kiskatinaw Area can be subject to dry weather patterns, for a long duration.
When this occurs, lake level will draw down to levels below the weir crest. If a flood was to occur, staff would monitor

the lake level and the weir via camera. Post flood, City staff will complete a dam inspection.
Daily monitoring of lake levels and the weir are completed by City staff via camera and online data transmission.

Please see the attached document regarding water release trials.

LIST ALL ITEMS REQUIRING ROUTINE MAINTENANCE: (include type of maintenance to
be performed, scheduling of maintenance, record keeping, etc.)
Log boom- Spring/Summer- cables and booms are inspected post ice conditions. Monitor with camera daily.

Fish ladder- Clearing of woody debris throughout summer and fall months.

Spillway- Clearing of woody debris throughout summer. Monitor beaver acitivity on field visits.

Slide gate- Annually open and close the slidegate. Inspect the gate for ice and log damage.
Summer/fall- clean out and visually inspect.
Butterfly valve- Annually open and close valve.

Weir- Monitor with camera daily. Annually complete a dam inspection form. Check for seepage
and damage, epecially on the downstream side where the ground is saturated.
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LIST ALL INSTRUMENTATION, FREQUENCY OF MONITORING, AND METHOD OF
RECORD KEEPING: (i.e., seepage measurement weir, reservoir level gauge, piezometers, etc.)
- KPSI level and pressure tranducer: Daily updates via online reporting.*
- Climate Station: 2 solar panels, 6-12v batteries, Lufft compact weather station, tipping rain gauge, pluvial rain gauge, wind sensor.*

- Solinst level logger and barologger installed midstream near butterfly valve.
- Multi parameter probe scheduled to be installed Spring 2017
- OTT 2 Pluvial all weather precipitation gauge
- RM Young wind speed and direction sensor
*Instrumentation is monitored daily and reports are sent e through an online server daily

LIST OF EQUIPMENT TO BE PERIODICALLY TEST OPERATED: (i.e., gates, valves,
hoists, etc. include frequency of test operation)
Please see previous page- "All items requiring Routine Maintenance"

LIST ALL COMPONENTS REQUIRING ROUTINE VISUAL INSPECTIONS: (include
schedule) (e.g. weekly, monthly, quarterly, annually etc.)
Post Freshet- Formal and visual inspection of all equipment and structures at the weir.
Summer/ Fall- Field inspections monthly. Access is dependent on rain events.
Winter- Field inspections at least once from November to April. If conducting a release,
field inspections will take place monthly.
Weekly- Monitoring with camera and weather station setup.
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ANNUAL FORMAL INSPECTIONS BY OWNER: (include; time of year when performed,
special items to be examined, reviewed, and/or test operated)
Late spring-early summer- Formal inspection will be completed as water levels approach the

weir crest height (0.83m on the climate station water level reporting).
Monitoring throughout the summer will take place as draw down occurs.
Post flood even inspections

ATTACH THE FOLLOWING INFORMATION TO THIS PLAN:
•

All dam design plans including as-built, if available.

•

A location map showing the dam location relative to major roads and/or communities.

•

All past inspection reports.

•

An inspection checklist.

•

A log showing repairs done and operating problems.
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Formal Annual Inspection

It is recommended that you customize this form to fit your dam.

Pre-Inspection Information
Name of Dam: _Bearhole Lake
Inspection Date: August 16th, 2016
Current Weathe 23 degrees and sunny Weather During Last Week: ____Dry and warm (25 degrees)
Name of Creek, Stream, River: _ Kiskatinaw River
Water Licence #: #
Dam Owner: ___City of Dawson Creek
Address10105-12 A Street
City, Province: _Dawson Creek, British Columbia
Postal Code: __V1G 3V7
Name of Principle Contact Person: _____Chelsea Mottishaw
Principle Contact's Bus Phone: _250-782-1793
Principle Contact's Cell Phone: _250-784-7909
Principle Contact's Emai cmottishaw@dawsoncreek.ca
Person Responsible for this Inspection: _Chelsea Mottishaw
Other Inspection Participants: __ Ekaterina Daviel

Phone #: ___250-784-7909

Date of Last Annual Inspection: _ 27-Jul-15
Was last Annual Inspection Report reviewed? Sent to BC Parks
Were dam deficiences identified that required follow-up? _No
Date of Last Dam Safety Report(DSR): __na
Was last DSR Report reviewed? ____na
Were recommendations from the last DSR Report implemented? ______________na
Repairs or modifications since last formal inspection? (where, when) ____ na
Failures/Incidents/Breaches since last formal inspection? _______No
Has all the maintenance done in the last year been documented?_Yes
Are the Works Currently Fully Operational? _____Fish Ladder has identifed problems. Modifications are planned for 2017
Dam Information
Type of Dam: __Sheet Pile Weir
Are dam materials well known? _yes
Are dam construction details well known?yes

Max. Height of Dam: ___1.23m
Are foundation conditions well known?No, water level hig
Construction Date: ____ 2009

Failure Consequence Classification
Circle current Failure Consequence Classification (based on BC Dam Safety Regulation)
Low Significant High VeryHigh Extreme
Hydrology
Drainage Area Size: ___2570 Ha
Reservoir Area: 1.58Ha
Inflow Design Flood (IDF): __________________ m3/s
IDF Return Period: ______________________________
1000 yr Flood: ____________________________m3/s
(If available): ___________________________________
Probable Maximum Flood: __________________m3/s
(If available): ___________________________________
Spillway Crest Elevation 104.5
Spillway Width: _________________________________
Spillway Capacity: _______________________________Net Freeboard (while spillway passing IDF): __________
Gross Freeboard (@ full supply level): _______________ Freeboard (at time of visit): ______ None
Reservoir Storage Volume: ________________________Licenced Storage Volume: _____1,356,850m3
Emergency Preparedness Plan (EPP)
Has the emergency contact information in the EPP been updated this year and distributed as required?Yes
Other Key Information

Person Responsible for Formal Inspection: __ Chelsea Mottishaw

Date: __
August 16th, 2016

September 10th, 2016
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Photo #s

N/A

Repair

Maintenance

Monitor

None

Required Action

Embankment Dam
1. Upstream Slope
Yes/No
sedges and cattails
Location Banks
Recommendations: Monitor
SLOPE PROTECTION
None/Grass/Riprap/Other
Type
Notes
Trees and grass
along banks
EROSION
Yes/No
Location
Type
Wave/Runoff/Unknown
Length
Width
Notes
INSTABILITIES
Yes/No/Could not Inspect
Slides
Length
Width
Location
Notes/Causes
Cracks Yes/No Transverse/Longitudinal/Other
Quantity
Length
Width
Location
Notes/Causes
Bulges/Depressions/Hummocky
Yes/No
Size
Height
Depth
Location
Notes/Causes
OTHER
Burrows, Ruts, Other Concerns
Location
Notes/Causes
VEGETATION
Type

x

x

x

x

x

x

x

2. Crest
ACCESS

x

(Yes/No)
Is there public access to the crest?
(Yes/No)
Is the crest marked or signed?
Is vehicle access to the crest restricted? (Yes/No)
VEGETATION
Yes/No
Trees
Location Trees along banks (tamarack and black spruce)
Notes
Danger Tree assessment idenfied 2 trees of concern
None/Sparse/Dense
Brush
Location
Notes
Bare/Grass/Other
Ground Cover
Quantity (bare/sparse/adequate/dense)
Appearance (too tall/too short/good)
Notes
Ground cover on banks is good.
Yes/No
EROSION
Location Downstream of crest.
Type
Wave/Runoff/Unknown
Length
Width
Notes
SETTLEMENT
Location
Notes/Causes

September 10th, 2016
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x

x

x

x

x

INSTABILITIES
Cracks

Photo #s

N/A

Repair

Maintenance

Monitor

None

Required Action

x
Transverse/Longitudinal/Other
Quantity
Length
Location
Notes/Causes

Width

OTHER
Burrows, Ruts, Other Concerns
Location
Notes/Causes

x

3. Downstream Slope
VEGETATION
Trees

x

Yes/No
Location On Banks
Notes
See danger tree assessment
None/Sparse/Dense
Brush
Location
Notes
Bare/Grass/Other
Ground Cover
Notes
SLOPE PROTECTION
None/Grass/Other
Type
Notes
Yes/No
EROSION
Location
Location Downstream of weir. See attached diagram.
Notes
Maintenance planned with 2017 Fish Ladder Modifications
INSTABILITIES
Length
Width
Location
Slides
Notes/Causes
Cracks Yes/No Transverse/Longitudinal/Other
Quantity
Length
Width
Location
Notes/Causes
Bulges/Depressions/Hummocky
Yes/No
Size
Height
Depth
Location
Notes/Causes
OTHER
Burrows, Ruts, Other Concerns
Location 15m downstream
Notes/Causes
Beaver Dam
SEEPAGE
Wet Area/Flow/Boil/Sinkhole
Flow Rate
Location
Aquatic Vegetation
Yes/No
Rust Colored Deposits
Yes/No
Sediment in Flow
Yes/No
Other
Notes/Causes
EMBANKMENT DRAINS
Yes/No
Type
Flow rate
Size
Number
Location
Notes
MONITORING INSTRUMENTATION CONDITION
None found

Notes

September 10th, 2016

Piezometers

Weir

Flume

Monitoring equipment in good condition
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x

x
x

x

x

x

x

x

x

x

Concrete Dam
1. Upstream Side and Crest
ALIGNMENT/OFFSETS
Movement at Joints?
Settlement?
JOINT FILLER
Any Loss?
Vegetation?
UNUSUAL CRACKS
New?
Efflorescence?
Displacement?
DETERIORATION
Concrete Breakdown?

Diagnosis:

Erosion
Scour

2. Downstream Side
ALIGNMENT/OFFSETS
Movement at Joints?
Settlement?
JOINT FILLER
Any Loss?
Vegetation?
UNUSUAL CRACKS
New?

Type?

Efflorescence?
Displacement?
DETERIORATION
Concrete Breakdown?

Diagnosis:

Erosion
Scour
UNUSUAL LEAKAGE
Increase?
Weir?

Clear?
Flow Estimate?

Flow?

Calcite Build-up?

DRAINS

September 10th, 2016
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Photo #s

N/A

Repair

Maintenance

Monitor

None

Required Action

x

Photo #s

N/A

Maintenance

x

Repair

Monitor

None

Required Action

Spillway
GENERAL CONDITIONS
Type
Natural
Notes

Gated? - Yes/No

Butterfly valve and slide gate on weir

1. Spillway Crest or Control Section
OBSTRUCTION

x
Yes/No

Debris

Location In fish ladder and upstream
Notes
Removed upon each visit
None/Sparse/Dense
Vegetation
Location
Notes
Other
(beaver activity, trash rack problems, etc.)
Beaver activity downstream
Yes/No
Required?
LOG BOOM
Condition: Logs Good
Notes
10 bouys
SPILLWAY CREST MATERIALS

Yes/No

Connections

Good

Anchors Good
x

Condition Sheet Pile
Notes
Yes/No
SPILLWAY GATES

Type:
Condition Butterfly valve and slide gate
Notes
OTHER SPILLWAY CREST PROBLEMS
Damage None
Location
Notes/Cause

2. Spillway Conveyance Section: Channel, Chute or Conduit
OPEN CHANNEL CROSS SECTION

15m

CHANNEL OBSTRUCTION

None

x
x

SPILLWAY CONVEYANCE MATERIALS
OTHER SPILLWAY CONVEYANCE PROBLEMS
Damage

x

Location
Notes/Cause

3. Energy-Dissipating or Terminal Section
EROSION CONTROL STRUCTURE
Type

x

Endwall/Headwall/Plunge pool/impact basin/Baffled chute/Rock lined channel/Other/None

Notes

September 10th, 2016
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Photo #s

N/A

Repair

Maintenance

Monitor

None

Required Action

Low Level Outlet
GENERAL
Gate Type

x

Under all circumstances? Yes/No

ACCESS TO VALVE/GATE
Not accessible

Notes

None

Butterfly valve

from shore

Walkway

By boat

x

Other

Winter we have to remove the ice using a steamer.

Walkway Condition
LOW LEVEL OUTLET COMPONENTS
Valve Control Device
Yes

No Stem

None

x
Damaged stem

Other

Other/Notes
Operational under all conditions?
Yes

x

Poorly

No

Tested Annually? Yes/No
Tested as per OMS manual?
Notes
Valve / Gate
Location Under weir crest. Mid stream upstream of the weir
Condition good
Yes

Leakage

Yes/No
x

No

x

Flow Rate
Outlet Pipe
Metal

Plastic

Concrete

Other

Diameter 12"
Condition Perforated pipe
Outlet Obstruction
(note vegetation, sediment blockage, etc.)
Notes
None
OUTLET EROSION CONTROL STRUCTURE
Type
None

x

Concrete Condition

x

Outlet Area Seepage
Description
Flow Estimate
Location

x

Undermining
Location
Notes/Cause:

x

Downstream Channel
Free Draining?
Blockages or Potential Blockages?
Erosion Control? Rip-Rap?

September 10th, 2016

x
yes
beaver activity
none
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Photo #s

N/A

Repair

Maintenance

Monitor

None

Required Action

Other Key Information
Is site access adequate for safe operation, maintenance and surveillance? ______Yes, especially in summer.
Instrumentation adequate for site conditions? ___Yes. Fish passage to be modified in 2017
Are there concerns about reservoir slope stability? ______No
Any there other concerns in the watershed that could impact the dam? ___No
Operational Constraints that impact Dam Safety? _______No
Are the required Public Safety signs in place (for dams on Crown land)? __Yes
Other comments on Public Safety: _____Variable ice conditions in winter. Sign requested to parks in 2014.
Should new development in the downstream inundation zone initiate a review of the Failure Consequence Classification?:
Yes/no? ______ unknown

Maintenance
In the last year have the spillway gates been exercised and tested in accordance with the OMS? _________yes
If so, when and by whom? _____September 6th. City of Dawson Creek
In the last year has the low level outlet gate been exercised and tested in accordance with the OMS? _____ yes
If so, when and by whom? _____September 6th. City of Dawson Creek
Is the instrumentation well maintained? _ Yes

NOTES:
Daily monitoring of water level, precipitation, and weir structure is completed by City Staff by our climate station and camera on site.
Beaver acvitiy noted at the outlet of the downstream chain lake.
Fish passage has been deemed needing modifications. 2017 construction will be scheduled upon receiving appropriate reccomendations from
Provincial fisheries employees.
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SKETCH OF ISSUES:

September 10th, 2016
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Photo #s

N/A

Repair

Maintenance

Monitor

None

Required Action

Danger Tree Assessment- Bearhole Lake
Date:

August 16th, 2016

Submitted by:

Chelsea Mottishaw
Watershed Coordinator

Subject:

Bearhole Lake Outlet Assessment

Purpose
This assessment was completed on August 16th, 2016 by Chelsea Mottishaw. Please see the attached map for
locations. The assessment is a requirement of Park Use Permit # 103063 (Section 5a).
Summary/background
In 2009, the City of Dawson Creek constructed a sheetpile weir at
the outlet of Bearhole Lake. The storage created by the weir, is
active, and can be released by the City of Dawson Creek to
supplement flows in the Kiskatinaw. Access to this site is public, yet
a log boom and signs warning of weir danger have been posted to
deter public activity. This assessment is focused on the outlet work
area. Targets include the weir structure, a climate station, boat
docking location and a short trail. A site assessment was completed
to provide an overview of the site, the tree species and the site
hazards. A level of disturbance of 1 was chosen as frequency to site
is monthly or bimonthly. Each visit is 3-8 hours long. This year, nine
trees were identified, one additional to 2015, as being a potential
hazard to workers, see Figure 1.
Results and Recommendations
All of the trees assessed were black spruce (Sb). Seven of the nine
trees are safe. Two came out as dangerous: Tree 5 was leaning
Figure
Site
Map.
Figure
1: 2:
Site
Map
directly over the weir trail during the August 2016 assessment.
Tree 8 was identified as dangerous because it is unstable and leaning
right over the access trail from boat docking area. Tree 3 has fallen since the 2015 assessment in July. Tree 5 and
Tree 8 were marked with yellow flagging tape wrapped around the diameter of the tree, see Figures 2 & 3.

Figure 2: Tree 5 is located to Ekaterina's right

Figure 3: Tree 8 is located to the left of Ekaterina

Conclusion
In 2015, two trees were identified as dangerous within target area at Bearhole Lake. No human falling of the
danger trees was completed by provincial staff members. The hanging limb on Tree 6 (2015 assessment) seems to
have dislodged itself and Tree 3 has fallen. The City is requesting that Danger Trees 5 and 8 are fallen by provincial
staff at the beginning of the 2017 field season. The City did not assess the campground or the boat launch location,
located on the north side of the lake, as staff is not present at these locations. This assessment will take place
annually unless otherwise outlined by BC Parks.
If you have any questions or concerns, please feel free to contact Chelsea Mottishaw.
Kind regards,
Chelsea Mottishaw, B.A., P.Ag.
Watershed Coordinator
City of Dawson Creek
Phone 250-782-1793 Cell 250-784-7909

From:
To:
Cc:
Subject:
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Rezansoff, Kyle FLNR:EX
Chelsea Mottishaw; Lavallee, Michel FLNR:EX
Wagner, Kevin L ENV:EX; Mike Uniacke
RE: Bearhole Lake Fish Passage
August-23-16 4:11:08 PM
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Hi Chelsea,
I’ve reviewed the material you attached to your email (Anderson 2004, ARC 2007, Ecofor 2015, and
KWL 2015) on August 18 th and based on the concerns in the email, the attached material, and our
discussion the same day, Michel and I had some thoughts which are outlined in this message.
Species of fish potentially utilizing the ladder
In addition to the background material you sent, I also accessed Ecocat on August 18 th
(http://www.env.gov.bc.ca/ecocat/) and using the search term ‘Bearhole Lake’, I found a report by
Down (1993) that recommended fish passage for a proposed ‘permanent structure’ on Bearhole
Lake should accommodate suckers, pike, (yellow) perch, and rainbows (trout). Largescale suckers
(43.4%) and Northern Pike (42.5%) made up the majority of the catch during surveys of Bearhole
Lake by Anderson (2004). Anderson noted that Rainbow trout have been recorded in the lake (1976
surveys) but have not been observed since then and were likely present due to ‘unauthorized
stocking by the public’. Yellow Perch were transplanted in the lake in 1984 and Anderson (2004)
stated that the transplant appeared to be a success based on the number of Perch caught during his
2002 surveys. One Burbot (0.9% of the catch) was observed in the lake in 2002 and that relatively
low number was consistent with past surveys in 1976 (3.4% of the catch) and 1996 (no Burbot
caught).
Anderson (2004) also established a survey site approximately 2 km downstream of Bearhole Lake (in
the Kiskatinaw River) where he observed Northern Pike, Burbot, and two Sucker species. Based on
the observation of these fish species and the potential for species in Bearhole Lake to complete
their entire life cycle within the lake, ARC (2007) recommended that the fish ladder at Bearhole Lake
be designed for use by Northern Pike, assuming that that species would be the one most likely using
the ladder.
Timing of fish passage
ARC (2007) stated that critical times to ensure upstream passage for Northern Pike adults may be
March to May to provide for recruitment and spawning migrations into the lake. Anderson (pers.
comm. In ARC 2007) recommended that juvenile Pike should be allowed passage to and from the
lake in the summer for nursing and rearing and in the fall to allow for access to overwintering
habitat in the lake (if necessary).
Effectiveness of existing fish ladder
We understand, based on our conversation and the Ecofor report (2015), that the existing ladder is
essentially built to specifications but is not functioning as planned. Ecofor (2015) observed that the
top of the ladder is too high for water in the reservoir (Bearhole Lake) to overtop the weir in periods
of low water and that even when the weir is completely full, there would be approximately 7 cm of

water flowing over the baffles. They further observed that the slope of the ladder may be too steep
(23%) for the focal passage species (Northern Pike) to ascend and pass when water is running in the
ladder.
Comments and Recommendations:
a) While we are hesitant to have a fish ladder designed on the presence of one species, it
appears that Northern Pike are a logical choice based on their life history and the available
lacustrine and riverine habitat.
b) Anderson (in ARC 2007) recommends that passage over the weir be available to Northern
Pike adults from March to May and for juveniles for the summer and the fall. One of our
discussion points on the phone was regarding dates for ‘summer and fall’. It is difficult to
come up with a concrete date but providing passage through September/October may be
suitable. I contacted Brendan (Anderson) for him to clarify what he intended by ‘fall’ and he
responded by saying that he was being general and that based on limited pike knowledge,
he couldn’t imagine juvenile pike moving upstream over the ladder in the fall to overwinter.
There may be an option to complete habitat assessments on the Kiskatinaw River and lower
lakes downstream of the weir to determine if there is enough suitable habitat for fish
species in the system to use that habitat rather than migrating into Bearhole Lake in the fall.
If there is suitable habitat, then the maintenance of the fish ladder by the City in the fall
(and therefore fish passage)may not be required.
c) Since the existing ladder is not functioning as it should be, the City of Dawson Creek is
looking to repair/replace it. During our conversation, three options were discussed: vertical
slot, rock bypass or modify the existing denil ladder. We don’t have the expertise to
comment on the effectiveness of one type over the other and will leave that decision to the
City and their consultants. However, the use of a rock bypass is not encouraged by FLNRO
due to the potential of beavers damming the downstream end and blocking fish passage.
I hope this email answers your questions, but if you have any further concerns, please contact me at
your convenience.
Best regards,
Kyle
Kyle Rezansoff, B.Sc., R.P.Bio.
Ecosystems Biologist
Ministry of Forests, Lands and Natural Resource Operations
400-10003-110th Avenue, Fort St. John, BC, V1J 6M7
P: 250-787-3369 | F: 250-787-3490
Email: kyle.rezansoff@gov.bc.ca

From: Chelsea Mottishaw [mailto:cmottishaw@dawsoncreek.ca]
Sent: Thursday, August 18, 2016 1:08 PM
To: Rezansoff, Kyle FLNR:EX; Lavallee, Michel FLNR:EX
Cc: Wagner, Kevin L ENV:EX; Mike Uniacke
Subject: Bearhole Lake Fish Passage

Gentlemen,
Thank you for the opportunity to discuss the Bearhole Lake fish passage modifications. As we
discussed the City of Dawson Creek holds a Park Use Permit (#103063), which outlines “any
improvements of modifications to the fish ladder necessary to ensure fish passage will be designed
in cooperation with a professional fisheries biologist and approved by the Provincial Fisheries
Branch and written leave to commence granted by an engineer under the Water Act.” For these
reasons, as well as your expertise, the City has contacted you for clarification on a few items:
·

·
·
·

What is the critical fish timing window for northern pike, or other appropriate species, at
Bearhole Lake? Spring spawning would be post freshet thru to the end of May, but are we
required to maintain passage during winter months?
Would the habitat downstream (beaver dams and chain lake) provide adequate over
wintering habitat to reduce the need for fall fish passage
Would the habitat from the main inlet on the south side of the lake adequate for the
necessary northern pike spawning/rearing habitat
If beaver were to dam the proposed natural bypass channel, would this be viewed as a
natural occurrence?
o If so, could a dam be left intact, or would the City be required to remove the dam to
allow passage during all critical times?
o Perhaps removing the dam pre-freeze would only be required. This may be
dependent on the first item.

Currently the City has a denil fish ladder installed on the weir. Based on a review of the existing
ladder and engineered plans, the denil fish ladder may be the right type of fish ladder for pike, but
the installation height is too high, thus it does not provide passage. For these reasons, the City of
Dawson Creek with input from previous fisheries employees has decided to look into possible fish
passage designs with the goal of passing northern pike while maintaining the City’s ability to store
1,356,850m 3 . One of the current options is a natural bypass channel, and the second is a vertical
slot fish way.
Attached you will find 4 studies, as well as photos of the weir and downstream and upstream
habitat:
1. Arc Environmental 2007 Fish Passage Assessment
2. MOE 2002 Bearhole Lake and Stream Assessment
3. EcoFor 2015 Bearhole Lake Fish Ladder Assessment
4. Kerr Wood Lidal 2015 Bearhole Lake Water Balance
Again, we appreciate your assistance in this project!

   

Chelsea Mottishaw, B.A., P.Ag.
Watershed Coordinator
City of Dawson Creek
Phone 250-782-1793 Cell 250-784-7909
www.dawsoncreek.ca
Like us on facebook
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September 12, 2016

Matrix 23905-522

Ms. Chelsea Mottishaw, B.A., P.Ag.
CITY OF DAWSON CREEK
10105 - 12A St.
Dawson Creek, BC V1G 4G4
Subject:

Bearhole Lake Fish Ladder - Engineering Assessment, Options, and Recommendations for
Fish Passage (RFP-2016-28)

Dear Ms. Mottishaw:

1

INTRODUCTION

The City of Dawson Creek (the City) retained Matrix Solutions Inc. for redesign of the existing Bearhole
Lake fish ladder, located approximately 20 km southeast of Tumbler Ridge, British Columbia. The goal of
this project was to develop design modifications for the existing fish ladder located at the outlet to
Bearhole Lake, such that the structure will be sufficient to provide fish passage for selected species/life
stages. This letter report summarizes Matrix’s assessment and recommendations to restore fish passage
near the lake outlet. The next step will be for the City to engage regulators to confirm that our
recommendations are acceptable and achievable. Additional design information will be required after
regulators provide feedback to the City.

2

BACKGROUND

The City installed a weir at the outlet of Bearhole Lake in 2009 to raise the lake level. The additional lake
storage is permitted for water supply purposes, based on a release to the river which flows toward the
downstream water supply intake. The water licence allows for the storage of 1,356,850 m3 per year,
based on licence C108095 under the BC Water Sustainability Act (formerly Water Act).
A Denil fishway was installed at the weir to facilitate upstream fish passage for adult northern Pike in
early spring (March and April). Previous studies conducted on Bearhole Lake identified several species
including northern pike, burbot, white sucker, rainbow trout, brook stickleback, and yellow perch
(ARC 2007; Ecofor 2015). Of these species, northern pike was identified as the key species for which fish
passage should be designed (ARC 2007). The fishway was installed with most of the upstream inlet
above the normal water level, and has therefore not been functioning effectively. A subsequent study
was conducted to assess the adequacy of the design and construction of the fish ladder. It concluded
that a Denil fishway is appropriate for Bearhole Lake, but that the upstream inlet was installed with
insufficient depth and flow to support fish passage (i.e., discrepancies noted between the proposed
design and as-built drawings; Ecofor 2015).

Suite 107, 9715 - 105 St.
Grande Prairie, AB, Canada T8V 7X7
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Under the City’s Park Use Permit (No. 103063) “any improvements of modifications to the fish ladder
necessary to ensure fish passage will be designed in cooperation with a professional fisheries biologist
and approved by the Provincial Fisheries Branch and written leave to commence granted by an engineer
under the Water Act.”
Subsequent recent information provided to the City by Kyle Rezansoff (BC Ministry of Forests, Lands and
Natural Resource Operations) confirmed that the primary fish passage requirement is to provide for
upstream passage of Northern Pike adults from March to May, for recruitment and spawning purposes
(Mottishaw 2016, Pers. Comm.). However, Kyle also noted a previous recommendation by Anderson
(Rezansoff 2016,pers. Comm.; ARC 2007) that juvenile Pike should also be allowed passage in summer
and fall for nursing and rearing, and overwintering purposes. This additional fish passage requirement
has not been confirmed.

3

AVAILABLE INFORMATION

Matrix’s assessment and recommendations provided herein are based on the following:

•

Review of documents provided by the City per the RFP, including:







Draft: Bearhole Lake Fish Passage (ARC 2007)
Referral of Proposal to Construct Water Storage Works on Bearhole Lake (August 2008)
EcoFor Bearhole Lake Fish Ladder Assessment (September 2015)
Bearhole Lake Engineering Plans
Park Use Permit #103063
Bearhole Lake Water Balance (KWL 2016)

•

A site assessment conducted by Mike Uniacke, P. Eng., and Manas Shome, Ph.D., P. Eng. on July 25,
2016.

•

Review of available streamflow and lake water level data from 2014 to 2016 (KWL 2016).

•

Review of available lake bathymetry data to develop stage-storage relationship.

•

Implementation of a standard discharge rating curve for Denil fishways (Katopodis 1992)
“Introduction to Fishway Design” (1992).

•

Personal communications with Michel Lavellee and Kyle Rezansoff (Rezansoff 2016,pers. Comm.;
Ministry of Forests, Lands and Natural Resource Operations).

4

FISH PASSAGE CRITERIA SUMMARY

Based on a review of available literature and Arc (2007), fish passage requirements for spawning
Northern Pike in early spring are the recommended conservative basis for fish passage among the
Bearhole Lake fish community.
A number of criteria important to Northern Pike (Jones et al. 1974, Katopodis 1992, Arc 2007,
Peake 2008) were included in the original fish passage design. These included the following elements:
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•

Fish Swimming Speed








Subcarangiform swimming mode.
Juvenile fish (20 cm fork length) to be able to swim for 1 meter in flow velocities up to 1.2 m/s
and swim for 20 meters in flow velocities up to 0.65 m/s.
A fish passage structure should not have sections of flow velocity greater than 0.15 m/s for
more than 100 m in length without resting points, to allow juvenile Pike to pass.
Fish ways with vertical drop of 0.2 m are expected to pass adult fish.
The water depth required to pass fish over a v-weir or notch is dependant of fish size. Water
depths in culverts of 0.15 m (juvenile fish) and 0.3 m (adult fish) are adequate to pass fish;
however, the mechanics of swimming over a v-weir is not comparable to swimming through a
culvert.

It is assumed for the purpose of this assessment that 0.25 m flow depth will be adequate to pass the
majority of the fish (Northern Pike) sizes.

•

Seasonality








Most species in Bearhole Lake spawn between early spring and early summer except Burbot,
which spawns during the winter.
Spring migration may begin in early spring with spawning during freshet; adults may move
between the lake and river during this time between March and May.
Young of the year may begin moving out of natal habitats in the lake and downstream to rearing
habitats in late spring and early summer between May through June.
Fall migration to over wintering habitats may occur through the fall from September through
early November.

Based on our review of available material, our selected design criteria are:
1.
2.
3.
4.
5.

Pass Northern Pike adult fish passage for 400 mm fish size.
Migration period from March 1 to May 31.
Maximum allowable velocity of 1 m/s for distances less than 20 m.
Ideal flow depth of 0.25 m or greater.
Ideal flow width of 0.3 m.

5

FEASIBILITY ASSESSMENT

Matrix assessed the fishway for the purpose of implementing a design to reinstate fish passage.
In particular, the fishway requires flow to both facilitate upstream passage and to attract fish to the
downstream entrance of the fishway. The flow must have sufficient depth (0.25 m, minimum) to
support the majority of fish types and sizes, sufficient width (0.3 m) to allow fish to utilize their burst
swimming mode up the Denil fishway, and sufficiently low velocity to allow fish to traverse the entire
Denil fishway without tiring (less than 0.7 m/s). Given these conditions, and assuming a rectangular
cross-section, an outflow of 0.05 m3/s through any type of fishway could be expected. When lake inflow
is less than 0.1 m3/s it can be expected that fish passage across the weir will not be possible while
maintaining lake storage. This difference in inflow versus outlflow is to account for losses such as
groundwater recharge and evaporation. This information should be evaluated in greater detail as part of
the ongoing water balance study for the lake.
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The available lake water balance information (KWL 2016) suggests that there is sufficient flow out of the
lake to support spills over the weir during the spring of 2015. Review of climate data for the City of
Dawson Creek (Environment Canada weather station Dawson Creek A) shows that precipitation from
January to June, 2015 was tracking similar to climate normals, although for the entire year, 2015 was
drier than average (Figure 1).
90
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Figure 1

2015 Precipitation Versus Climate Normals (1981 to 2010) for Dawson Creek A Climate Station

Any spills over the weir are an indicator that there is sufficient flow for the fishway. However, spills over
the weir do not appear to persist for the duration of the open water season, and the available
information suggests that there is no lake outflow through the summer and fall months. The available
water balance information does not describe dry year conditions when the City may require the full
water licence volume. With no spill over the weir, the Bearhole Lake outlet has zero outflow and net loss
due to evaporation and groundwater recharge through the summer months (i.e., drawdown of water
level over the summer and fall).
As a result of these water balance observations, there is no water available for fish passage during
summer and fall because there is no lake outflow, and the water storage behind the weir has been
allocated for water supply purposes. A fishway can therefore not be designed to pass juvenile fish on a
reliable basis in summer and fall.
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The incidence of spills over the weir in spring suggests that the fishway may support upstream migration
of adult Northern Pike in early spring, as per the original design basis. However, it is possible that fish
passage may not be supported in dry years if there is insufficient water to maintain spills over the weir.
The existing fishway, with the present configuration of most (i.e., inlet is positioned 0.2 m higher than
originally designed) of the upstream inlet situated above the weir, is not expected to support fish
passage of adult Northern Pike even during a wet year due to inadequate flow depths.

6

FISH PASSAGE DESIGN OPTIONS

Matrix considered the following fish passage design options for adult Northern Pike in early spring from
March 1 to May 1:
1.
2.
3.
4.

6.1

Modify the existing Denil fishway.
Add a riffle downstream of the weir.
Construct a natural bypass channel.
Construct a vertical slot fishway.

Option 1 - Modify Existing Denil Fishway

Modifying the existing Denil fishway would involve lowering the upstream inlet as per the original
design. This would involve lowering the upstream invert by 0.1 to 0.2 m with no changes to the
downstream entrance to the fishway. The existing Denil fishway would therefore be rotated in place,
and a larger opening would need to be cut into the weir. We further recommend blocking the upstream
inlet during the summer and fall months to prevent drawdown of the lake. A number of methods may
be used to block the fishway, including stop logs. This work will likely require small equipment, including
the use of a lift to move the Denil fishway and is the most cost effective option considered.
This option will provide depth of flow for fish passage while the lake has sufficient outflow, but may
draw down the lake by up to 0.3 m below the top of the weir if the fishway is not blocked during the
summer months. We expect that the fishway flow will be up to 0.1 m3/s (8,640 m3/day) when the weir is
spilling but a likely average of 0.05 m3/s (4,320 m3/day) can be expected during lake draw down.
Water velocity through the fishway is expected to be about 0.7 m/s (based on standard Denil rating
curves provided in Katopodis 1992). This velocity should be considered acceptable for fish passage of
adult Northern Pike.
The potential impact on water levels is illustrated on Figure 2 based on measured conditions in 2015 and
assuming that the fishway is open year-round. The resulting drawdown of lake levels would reduce the
water storage available for water supply. Figure 3 illustrates the effect of blocking the fishway from May
to April, whereby blocking the fishway would reduce the existing loss of water storage resulting from the
current fishway configuration. We understand that Northern Pike fish passage is required in March; the
water balance simulation shows the fishway blocked until April, only because the available lake level
data starts in April. The water levels are therefore intended for illustration purposes only.
We expect that the existing Denil fishway, re-installed in this configuration, will provide sufficient fish
passage and maintain water storage for the purpose of the City water supply security.
Some maintenance will be necessary to remove the blockage in early spring, and to replace the blockage
after fish passage is completed in May.
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Figure 2

Bearhole Lake Water Level with the Fish Ladder Lowered 0.2 m and Left Open Year-round

Figure 3

Bearhole Lake Water Level with the Fish Ladder Lowered 0.2 m and Only Left Open From
April 1 to May 31
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6.2

Option 2 - Add a Riffle Downstream of the Weir

A rock riffle downstream of the weir would provide fish passage through a narrow slot between large
rocks while the lake level is above the top of the weir. The limitation of this style of structure is that it
would provide fish passage only when water is spilling over the weir. The fish passage may therefore be
limited to a shorter duration compared to the Denil fishway. In addition, filling an area abutting the
downstream face of the weir will have negative impacts on the operation of the City’s existing butterfly
valve/gate used to release lake water during low flow periods. Thus, upgrades to that system would also
be required.
The riffle would consist of a compacted sand or clay layer along the downstream base of the weir,
overlain by progressively larger gravels and cobbles. The top layer of rock would exceed the height of
the weir by about 0.1 m, except for a narrow slot less than 1 m wide where the outflow would be
concentrated for fish passage purposes. The downstream slope of the riffle would be about 10%,
extending downstream by about 8 m.
We expect that this structure will result in slightly higher lake levels while spills occur, and we expect a
longer duration of spills over the weir in spring and summer. This is because the weir flow capacity will
be diminished.

6.3

Option 3 - Construct a Natural Bypass Channel

A natural bypass channel/fishway would connect habitat from upstream and downstream of the weir.
It would mimic natural stream conditions by creating a number of “steps” facilitating upstream and
downstream fish movement. Each step would consist of a channel with natural habitat and an upstream
pool situated immediately below an overflow or “plunge” from the adjacent, upstream “step.” Each pool
will have adequate depth suitable for fish resting and cover habitat, and allow fish to achieve burst
speeds adequate to ascend the plunge and advance to the lake. The plunge will be designed to be
approximately 0.1 to 0.2 m with water velocity over each plunge less than 1 m/s. These are within the
recommended plunge height and burst speed limits for fish passage. The bypass channel should be
approximately 30 to 60 m long so that there are adequate resting spots between the plunges.
This arrangement would effectively reduce the channel slope, and the flow rate through the channel.
However, maintaining a required flow depth for fish (0.3 m minimum) throughout will be challenging.
HEC-RAS modelling is required to help determine the optimal arrangement of the bypass channel to
minimize lake outflows and confirm that adequate flow depth for fish under varying lake water levels
can be maintained. A drawback of this option is that the channel is only expected to operate while the
weir is spilling and is therefore expected to be functional only during the spring. Additional water
balance information is needed to confirm the likely duration of fish passage each spring, and the
probability that fish passage is not provided during some dry years.
It was agreed that a natural bypass channel would likely be blocked by beavers and require a high level
of maintenance to remove the dams, and Mr. Kyle Rezansoff expressed in a personal communication on
August 23, 2016 that this option is not encouraged.
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6.4

Option 4 - Construct a Vertical Slot Fishway

A vertical slot fishway would provide roughly equivalent fish passage conditions (width, depth, velocity
and discharge rate) to Option 1. Vertical slot fishways may be more efficient than a Denil fishway at
passing Northern Pike fish, which have a relatively inefficient style of swimming compared to salmonids,
but the potential gain in fish passage efficiency is not guaranteed. Flow requirements for the vertical slot
fishway would depend on the detailed design, but are likely similar to the Denil fishway (i.e., 30 to 50 L/s
during average conditions).
The fishway would have a similar footprint to Option 3. Construction of this option would likely require
an installation of a concrete structure pre-cast and shipped by truck in winter along existing trails.
Similar to other options considered, there will be maintenance requirements, including debris removal,
possible beaver dam removal, and repairs to cracked concrete over the life of the structure.

6.5

Options Summary

All options can be designed to meet the fish passage requirements during wet periods (i.e., lake inflow
greater than 0.1 m3/s). However, Bearhole Lake likely does not have adequate outflow to support fish
passage during a large portion of the year/open water season in normal climate years, with potentially
no fish passage in dry years.
Fish passage is limited by water availability in summer, fall, and winter when there is insufficient water
to maintain outflow through the fish ladder and over the weir. During those times, any releases for fish
passage will draw down the reservoir. This drawdown may impact the City of Dawson Creek water
supply during an extreme drought because the lake may not refill when dry conditions develop over the
fall and following spring. Therefore, summer and fall fish passage may not be possible during some
normal and dry years when Dawson Creek is obliged to conserve water by closing the fishway.
All options require flowing water to pass fish during the open water season. An updated and refined
water balance model will support that this cannot be guaranteed during dry conditions when the City
requires the full licensed volume from the lake.
High level cost estimates for each option are provided in a separate communication.

7

RECOMMENDATIONS

Matrix recommends that fish passage requirements should be limited to adult Northern Pike during
early spring, because there does not appear to be sufficient lake outflow to support fish passage for
juvenile fish through the summer and fall months. To confirm this, the City should consider developing a
suitable water balance assessment. The existing water balance report currently does not provide this
information. The water balance assessment would ideally utilize long-term monitoring of lake water
levels as the basis for back-calculating the net lake inflow and outflow and annual variability.
Matrix recommends modifying the existing Denil fishway to provide fish passage. The fishway should be
lowered by 0.2 m as described in Option 1, and seasonally blocking the fishway after the migrating
period when the lake level no longer spills over the weir to ensure City storage needs are met before the
fall and winter months. The timing for blocking the fishway will vary annually depending on climatic
conditions. A lake level gauge with telemetry would be sufficient for management purposes to identify
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Technical Memorandum
DATE:

January 26, 2016

TO:

Chelsea Mottishaw
City of Dawson Creek

FROM: Wendy Yao, M.A.Sc., P.Eng.
Kerr Wood Leidal Associates
RE:

BEARHOLE LAKE WATER BALANCE
Phase 2: 2015 Data Collection and Hydrological Analysis Results
Our File 2049.030-300

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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TECHNICAL MEMORANDUM
Phase 2: 2015 Data Collection and Hydrological Analysis Results
January 26, 2016

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,

5

Q:\2000-2099\2049-030\300-Report\Final\20160126_Bearhole_TEXT_Final_rev.docx

TECHNICAL MEMORANDUM
Phase 2: 2015 Data Collection and Hydrological Analysis Results
January 26, 2016

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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