Photo Summary — April 17, 2012

Photo 3
Reach 1 Emergency Channel Inlet

Photo 4
Reach 1 Emergency Channel Outlet



Station: 2+000
Description: Lake St-Martin Emergency Channel System
Reach 1

Date: August 9, 2012
Time: 11:30 AM to 12:00 PM



Client:

MIT

File No:  11-0300-18 - 1000.4
Project: Emergency Reduction of LMB and
G R O U P Sheet: LSM Water Levels - Flow Metering
eet: 1 of 1
co S e eNe Date:  10-Aug-12 By: GW
Checked: 14-Aug-12 By: PAL
Measurement
Info: Lake St-Martin Emergency Channel System Reach 1
Date: 9-Aug-12
Time: 11:30:00 AM
Station 2+000
Crew Patrice Leclercq
Garrett Wellwood
Discharge Summary for Flow in Channel
Equipment: ADCP - RDI River Ray 600
Metering Location: Measurement taken at cableway location
Transect | Start Bank Tot?I Q Delta Q % Corrected Q forsBed Movement
(m*/s) (m°%/s)
002 Right 115.8 0.7 -
003 Left 116.3 1.1 -
004 Right 114.2 -0.7 -
005 Left 113.8 -1.1 -
Average (m%/s): 115.0 -
St. Dev. (m%/s): 1.2 -
St. Dev. / avg: 0.010 -
Gauge: n/a
Notes: No bed movement observed
Gauge Boards Damaged
Final Discharge: 115 m%/s

4,060 ft°/s










August 9 - Processed Loop File
LC Vversion 3.20, July 8, 2010
Processed on: 14-Aug-2012
Loop File: calibration_0_001_12-08-09_ASC.TXT

Distance Moving Moving Estimated
Made Loop Bed Bed Flow Percent
Good Time Velocity Direction Direction Correction
(m) (sec) (m/s) (degrees) (degrees) (percent)
3.22 275.05 0.01 198.10 32.62 1.29

Percent Bad Bottom Track: 5.7

WARNING: Percentage of bad bottom track values exceeds 5.
Loop may not be accurate. Please review data.

Difference in flow direction between out and back sections: 2.8 deg
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Moving Bed Vvel. (MBV) < Minimum MBV Criteria -- No Correction Recommended
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Photo Summary — August 9, 2012

Photo 1
Reach 1 Emergency Channel Looking Upstream of Metering Location

Photo 2
Reach 1 Emergency Channel Looking Downstream of Metering Location



Photo Summary — August 9, 2012

Photo 3
Reach 1 Emergency Channel Inlet

Photo 4
Reach 1 Emergency Channel Outlet



Emergency Reduction of Lake St. Martin and Lake Manitoba Water Levels
Flow Metering and Water Level Measurement of the Lake St. Martin Emergency
Channel System

March 6, 2014
11-0300-18

APPENDIX B
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NOTES:

1. CABLE PULLED TO AN INITIAL UNLOADED SAG OF 2 FEET.
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Manitoba Infrastructure and Transportation Final Report

Emergency Reduction of Lake Manitoba and Lake St. Martin Water Levels March 2014
Analysis & Monitoring of Discharges & Ice Processes 11-0300-18
APPENDIX C

BATHYMETRIC AND CROSS-SECTION DATA

Comprised of 4 Separate Appendices:
Annex 1: 1980 Fairford River Cross-Section Data
Annex 2: 2011 Fairford River Bathymetric Survey
Annex 3: 2011 Dauphin River Bathymetric Survey
Annex 4: 2011 Buffalo Creek Cross-Section Locations

GROUP



Manitoba Infrastructure and Transportation Final Report
Emergency Reduction of Lake Manitoba and Lake St. Martin Water Levels March 2014
Analysis & Monitoring of Discharges & Ice Processes 11-0300-18

APPENDIX C - ANNEX 1

1980 FAIRFORD RIVER CROSS-SECTION DATA

GROUP
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Manitoba Infrastructure and Transportation Final Report
Emergency Reduction of Lake Manitoba and Lake St. Martin Water Levels March 2014
Analysis & Monitoring of Discharges & Ice Processes 11-0300-18

APPENDIX C - ANNEX 2

2011 FAIRFORD RIVER BATHYMETRIC SURVEY
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Comprised of 4 Separate Appendices:
Annex 1: Fairford River January 26, 2004 Photos
Annex 2: Fairford River November 30, 2007 Photos
Annex 3: Dauphin River 2005, 2006, and 2010 Photos
Annex 4: Dauphin River Ice Notes 2007-2011
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PHOTO #1 — NOVEMBER 25, 2005
ICE FLOW AT HARBOUR DOCK

PHOTO #2 — NOVEMBER 26, 2005
HARBOUR DOCK AT FISH STATION
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PHOTO #3 — NOVEMBER 26, 2005
COMMUNITY RD AT WEST END OF COMMUNITY

PHOTO #4 — NOVEMBER 11, 2006
FLOODING AT HARBOUR DOCK
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PHOTO #5 — NOVEMBER 13, 2006
PRIVATE PROPERTY

PHOTO #6— NOVEMBER 20, 2010
DAUPHIN RIVER
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PHOTO #7—- NOVEMBER 21, 2010
WATER ACROSS COMMUNITY RD

PHOTO #8 — NOVEMBER 22, 2010
DAUPHIN RIVER NEAR FIRE HALL
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PHOTO #9 — NOVEMBER 22, 2010
SAME LOCATION AS PHOTO #5

PHOTO #10 — DECEMBER 2, 2010
EAST OF BUFFALO CREEK
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PHOTO #11 — DECEMBER 3, 2010
ACROSS FROM BUFFALO CREEK

PHOTO #12 — DECEMBER 4, 2010
COMMUNITY RD NEAR HYDRO
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PHOTO #13 — DECEMBER 4, 2010
ACROSS FROM HARBOUR DOCK




Manitoba Infrastructure and Transportation Final Report
Emergency Reduction of Lake Manitoba and Lake St. Martin Water Levels March 2014
Analysis & Monitoring of Discharges & Ice Processes 11-0300-18

APPENDIX D — ANNEX 4

DAUPHIN RIVER ICE NOTES 2007-2011
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WATER TEMPERATURE DATA
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Figure E2-1: Location Plan of Dauphin River Temperature Loggers




FIGURE E2-2

Dauphin RiverTemperature Data 2011
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1.0 INTRODUCTION

The principles used by the computer model VARY-ICE were originally developed in the early
1970’s to investigate river ice in the design of hydroelectric power plants on the Nelson River in
Manitoba. KGS Group has expanded and improved that concept, building on the experience
gained by numerous applications of the methodology for over 10 rivers in North America. The
current version of VARY-ICE is able to simulate both the formation process at freeze up, and

the breakup process under a wide variety of conditions and.types of rivers.

VARY-ICE has proven to be a reliable tool in developing operation criteria for hydroelectric
plants subject to ice conditions, for designing hydraulic works and investigation of operating

procedures for ice control, and for delineating areas prone to ice jam flooding.

2.0 THEORY

The VARY-ICE computer model considers, in discrete time steps, the various ice processes that

affect the water surface profile along a river, namely

a) rate of ice generation

b) ice cover advancement by juxtaposition

C) ice deposition and transport

d) ice erosion

e) border ice growth

f) ice retreat by shoving

0) variation in flow and water level as the simulation proceeds

In general, after a change in the ice regime in any given time step, the water surface profile is
recomputed to update the hydraulic conditions in the river. VARY-ICE is, in effect, a

hydrodynamic river model that accounts for the presence of an evolving ice cover or jam.

A description follows of the calculations of ice formation process and water surface profiles, and

the underlying assumptions.

2.1 RATE OF ICE GENERATION

It is important to simulate in a realistic manner the volume of ice entering the reach under study

with time. Daily volumes of ice can be input directly to the program, or the program can
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calculate these ice volumes using heat transfer theory, given mean daily temperatures as model

input.

Michel (1971) has studies the detailed heat balance processes prevalent in river ice generation.

The thermal processes considered by Michel are summarized as follows:

¢ heat transfer by evaporation and convection when water temperature is approximately
0°C

e total solar radiation absorbed by water, considering direct and diffuse radiation gained

from the sum

longwave radiation exchange

heatloss from snow precipitation

heat gain from friction'losses in ariver

heat gain from groundwater flow

An approximate engineering formula which calculates the total heat loss per unit surface was

derived from this theory and is used in VARY-ICE as a basis for calculating ice generation.

The rate of ice generation per day is calculated from the total estimated heat loss, divided by the
average density of the ice pack and the latent heat of ice, multiplied by the upstream area of

open water.

2.2 ICE COVER ADVANCEMENT BY JUXTAPOSITION

Incoming frazil / slush pans underturn and pile up under the ice cover, causing a rise in water
level until the ice front is able to progress upstream at a determined thickness. The point at
which the ice cover begins to move upstream is defined by the critical Froude number FRcg,
which is an input variable in VARY-ICE. If the open water section has a Froude number less
than FRcriT, the ice cover will advance upstream at a thickness calculated using the following
equation derived by Michel (1965).






