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Dear Mr. Campbell:

Re:
1.

Balfour Terminal Dredging Hydrological Assessment
Introduction

WorleyParsons Services Canada Ltd. (WorleyParsons), operating as Advisian, has been retained by the British
Columbia Ministry of Transportation and Infrastructure (MOTI) to assess the hydrological effects of dredging
on the existing navigation channel in the West Arm of Kootenay Lake.
MOTI plans to improve the navigational channel in the West Arm of Kootenay Lake in order to promote safe
navigation by Kootenay Lake ferry vessels. The proposed work includes dredging the localized high points
within the navigation channel between the Balfour Terminal and the mouth of Kootenay Lake. The total
dredging volume is approximately 11,020 m3 (including overdredging allowance). The dredged material is
proposed to be disposed back into Kootenay Lake.
This document outlines the potential effects on the lake hydrological conditions caused by the proposed
dredging work. Other potential effects, (e.g. environmental and social) if any, caused by the work were not
assessed under the scope of this work.

2.
2.1

Hydrologic Review
Hydrology

Kootenay Lake has a catchment area of approximately 45,000 km2 and drains through the West Arm of
Kootenay Lake to the Columbia River. Water levels within Kootenay Lake are controlled at the Corra Linn Dam
(45 km downstream of the Balfour Terminal) and the Grohman Narrows (34 km downstream of the Balfour
Terminal).
Water Survey of Canada (WSC) operates several hydrometric stations at Kootenay Lake. Water levels recorded
at Queens Bay, (Station No. 08NJ064) which is 1.5 km upstream of the Balfour Terminal, are approximately
representative of the Kootenay Lake water levels experienced at the Balfour Terminal.
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The WSC hydrometric station at Nelson (Station No. 08NJ008) is 32 km downstream of the Balfour Terminal.
Long term water level records are available at this station. Water levels recorded at Nelson represents the
water level downstream of the West Arm of Kootenay Lake. The location of various reference points is
illustrated in Figure A.
Kootenay Lake Outflow Near Corra Linn (Station No. 08NJ158) has a long term flow record (WSC 2018). The
flow rates recorded at Corra Linn are approximately representative of the West Arm outflow. The minimum
monthly flow at Corra Linn between 1975 and 2015 is 248 m3/s. The average flow in the past 40 years is
767 m3/s.
Figure A shows the hydrometric stations relative to the Balfour Terminal.

Figure A

2.2

Location Plan

Water Levels in Kootenay Lake

The water level of Kootenay Lake at Queens Bay peaks during freshet, commonly in June, before dropping to
a steady level, generally between 531 m and 532 m, from August through to December. Starting in January,
the water level in Kootenay Lake drops gradually through to April. Water levels are generally lowest in
March/April just prior to freshet, and frequently dip below 530 m Geodetic Datum (GD). The lowest water level
recorded at Queens Bay between 1975 and 2015 is 529.71 m or 0.27 m Chart Datum (CD). Chart Datum within
the West Arm is equivalent to 529.44 m geodetic elevation (Advisian 2017). The 0.1% low frequency of water
level at Queens Bay is 529.76 m GD or 0.32 m CD (Advisian 2017). The annual average water level is 531.45 m
GD (WSC 2018).
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Water levels at Nelson follow similar seasonal trends as at Queens Bay. According to WSC water level records,
during March and April when water levels are low, Queens Bay water levels are on average 15 cm higher than
water levels at Nelson. The water level drop between Queens Bay and Nelson is approximately 22 cm over a
distance of 33 km in annual average. The water level differences between Queens Bay and Nelson fluctuate
with flow rates. The water levels drop over the channel length represents the hydraulic grade line slope
between Queens Bay and Nelson. The differences of the water levels between Queens Bay and Nelson are
mainly controlled by the hydraulic channel narrowing at several pinch points downstream. Fraser Narrows (2
km downstream of the Balfour Terminal) is the most controlling point among the others.

3.

Potential Impacts on Hydrology

3.1

Change to Upstream Water Levels Caused by Dredging

The proposed dredging would remove approximately 11,000 m3 of material from the lake bed between
Balfour Terminal and the mouth of Kootenay Lake. The total length of the channel sections to be dredged is
454 m. The dredging would slightly modify the channel bathymetry by increasing the channel cross-sectional
areas up to 4% where the most dredging is proposed.
Increasing the channel cross-sectional area by dredging will theoretically reduce the flow velocity at the
dredged channel sections and reduce water levels upstream.
The water level effect in Kootenay Lake was estimated under two conditions:


Scenario 1 - Annual average water level and mean flow rate (Water level: 531.45 m; Flow: 767 m3/s)



Scenario 2 - Low water level and minimum monthly flow rate (Water level: 529.76 m; Flow: 248 m3/s)

Based on the analysis results detailed in Appendix 1, the proposed dredged channel can reduce the water
level less than 1 mm under both low and mean flow conditions. The flow velocity at the dredged channel can
reduce 0.01 m/s. Therefore, the proposed work will not noticeably affect the properties in Kootenay Lake.
There is no detrimental effect on any properties if the flow velocity at the dredged channel sections and water
levels upstream are reduced slightly under high water level conditions.

3.2

Effect on Downstream Flow

The outflows from Kootenay Lake are controlled at the Corra Linn Dam and the Grohman Narrows. The typical
flow rates through the Corra Linn Dam range from approximately 500 m3/s in late March to approximately
2,000 m3/s at the peak of freshet. The proposed modifications on channels bathymetry upstream of Corra Linn
Dam and the Grohman Narrows would not affect the outflow.
The analysis results reported in this document are consistent with the conclusions drawn from the previous
analysis using hydraulic modeling (SNC-Lavalin Inc. 2016). The previous analysis concluded that the
bathymetric change to the West Arm of Kootenay Lake at Balfour from the proposed dredging would not
affect river flows downstream or the lake levels in any noticeable way for the community.
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Disclaimer
This Document represents the work of WorleyParsons Canada Services Ltd. (WorleyParsons) performed to
recognized engineering principles and practices appropriate for the terms of reference provided by
WorleyParsons’ contractual Customer, British Columbia Ministry of Transportation and Infrastructure (MOTI) (the
“Customer”). This Document may not be relied upon for detailed implementation or any other purpose not
specifically identified within this Document. This Document is confidential and prepared solely for the use of the
Customer. The contents of this Document may not be relied upon by any party other than the Customer, and
neither WorleyParsons its sub-consultants nor their respective employees assume any liability for any reason,
including, but not limited to, negligence, to any other party for any information or representation herein. The
extent of any warranty or guarantee of this Document or the information contained therein in favor of the
Customer is limited to the warranty or guarantee, if any, contained in the contract between the Customer and
WorleyParsons.
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Appendix 1

Estimation of Water Level Change in
Kootenay Lake

The proposed dredging would remove approximately 11,000 m3 of material from the lake bed between
Balfour Terminal and the mouth of Kootenay Lake. The total length of the channel sections to be dredged is
454 m. The dredging plan is shown in Figure A1.
The dredging would slightly modify the channel bathymetry by increasing the channel cross-sectional areas.
The channel cross-sectional areas after the proposed dredging were compared to the areas before dredging
at three most dredged locations, Station 0+625, 1+175, and 1+475. The area measurements based on the
bathymetry data are shown in Table A1.
Table A1

Channel Cross-sectional Areas (m2)
Channel Station*
0+625

Water
Levels

1+175

1+475

After
Dredging

Crosssectional
Area
Change
(%)

Before
Dredging

After
Dredging

Crosssectional
Area
Change
(%)

Before
Dredging

After
Dredging

Crosssectional
Area
Change
(%)

2012

2065

3%

2693

2741

2%

2868.6

2891.0

1%

1256

1309

4%

1511

1559

3%

1541.8

1564.2

1%

Before
Dredging

Scenario 1 -

Mean Water
Level
(2.01m
CD/531.45m
GD)
Scenario 2 1% Low
Water Level
(0.32m CD/
529.76m
GD)

*see Figure A1 for station plan.

As shown in Table A1, the channel cross-sectional areas increase 4% under the low water level condition at
Station 0+625 where the most dredging is proposed. The channel cross-sectional areas increase up to 3% in
areas under the average water level condition. To be conservative for the water level calculation, it is assumed
that the cross-sectional areas would increase by 4% for the entire 454 m channel sections to be dredged.
Increasing the channel cross-sectional by dredging will theoretically reduce the flow velocity at the dredged
channel sections and reduce water levels upstream.
The potential changes on water levels upstream were estimated using Manning’s equation.

or
where:


V is the cross-sectional average velocity (m/s);



n is the Manning coefficient. s/(m1/3). 0.03 for the natural water channel;



Rh is the hydraulic radius (m);



S is the slope of the hydraulic grade line or the linear hydraulic head loss;



Q is the flow rate (m3/s); and



A is the cross-sectional area (m2).

With constant flow rate, increasing the cross-sectional area A would reduce the slope of the hydraulic grade
line S, hence, the water level upstream.
The flow rates recorded at Corra Linn were considered approximately representative of the Balfour channel
flow and were used in the water level calculation. The monthly low flow recorded at Corra Linn between 1975
and 2015 is 248 m3/s, which represents the flow during low water level condition. The 40 years average flow is
767 m3/s, which represents the average discharge rate under average water level condition.
The water level effect in Kootenay Lake was estimated under two conditions:


Scenario 1 - Annual mean water level and mean flow rate (Water level: 531.45 m; Flow: 767 m3/s); and



Scenario 2 - Low water level and minimum monthly flow rate (Water level: 529.76 m; Flow: 248 m3/s).

Table A2 summarizes the calculation results of water level changes for both scenarios using Manning’s
equation.

Table A2

Water Level Changes due to Channel Dredging
Scenario 1 -

Mean Water Level
(2.01m CD/531.45m GD)

Scenario 2 -

1% Low Water Level
(0.32m CD/ 529.76m GD)

Before
Dredging

After
Dredging

Before
Dredging

After
Dredging

Cross-sectional Area (m2)

2012

2065

1256

1309

Wetted Perimeter (m)

513

513

385

385

Hydraulic Radius (m)

3.9

4.0

3.3

3.4

Flow (m3/s)

767

767

248

248

Velocity (m/s)

0.38

0.37

0.20

0.19

Slope

0.0021%

0.0019%

0.0007%

0.0006%

Channel Length (m)

454

454

454

454

Hydraulic Head Loss (m)

0.0096

0.0088

0.0033

0.0029

Water Level Change before and after dredging
(m)

-0.0008

-0.0004

As shown in Table A2, it was estimated that the water level upstream of Balfour drops 0.8 mm under Scenario
1 - average flow and water level conditions, and the water level drops approximately 0.4 mm during Scenario
2 - low flow conditions. The flow velocity at the dredged channel reduces 0.01 m/s for both scenarios.
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