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September 20, 2012

Xeneca Power Development Inc.
5160 Yonge Street, Suite 520
Toronto, ON, M2N 6L9

Attn:  Mr. Nava Pokharel, M.Sc., P.Eng
Senior Project Manager

Re:  Wabagishik Rapids Rating Curve Development

1. Introduction

Xeneca Power Development (Xeneca) requested that Canadian Projects Limited (CPL) develop
rating curves for the four (4) locations where level loggers were installed by Xeneca on the
Vermillion River near the Wabagishik Rapids Project (the Project). Flow data was provided by
Vale at the Lorne Falls Generating Station, located approximately 12 km upstream of the
Project. In addition, the rating curves produced by the Wabagishik HEC-RAS hydraulic
model'were compared to the flow and water level data and the developed rating curves
provided in order to comment on the accuracy of the HEC-RAS model.

2. Background
Xeneca provided CPL with 15 minute interval level logger data from four locations along the
Vermillion River near the Project. The water level data extends from November 2011 to

September 2012. The four locations are listed below in order of most upstream to most
downstream:

1. Level Logger 1: Near Lorne Falls Tailrace Area
2. Level Logger 2: Wabagishik Lake Near Lake Outlet
3. Level Logger 3: Downstream of Wabagishik Rapid Tailrace Area

4. Level Logger 4: Near Graveyard Rapid Toe

Xeneca provided CPL with average daily discharge data that was obtained from Vale at the
Lorne Falls Generating Station. The data extends from November 2011 to August 2012,
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3. Assumptions

In order to develop rating curves for the four level logger locations it was assumed that the
discharge data provided was the same for all four locations. This was considered to be a
reasonable assumption since no significant tributaries enter the Vermillion River between the
Lorne Falls Generating Station and Level Logger 3.

It was assumed that the time lagging effects and flow attenuation effects were negligible.
Accordingly there is an increasing error associated with the assumed flow data when moving
further downstream of the Lorne Falls Generating Station. An additional error is introduced from
the attenuation effects of Wabagishik Lake, introducing a greater error in the data sets
downstream of the Lake.

When examining Level Logger 4 it was clear that the backwater effects from the Spanish River
affected the gauge and the assumptions listed above were not appropriate therefore it was
necessary to examine this station differently from the others. Furthermore the water level data
indicated that the water level at this location is largely controlled by the Spanish Generating
Station located approximately 8.5 km further downstream.

4. Procedure

4.1.  Visually plot and check data for any erroneous data points in flow or level

The 15 minute interval Level logger data was adjusted by the datum provided by Xeneca to
produce 15 minute interval water surface elevation data. Then the daily average flow rate was
applied to each water surface elevation, assuming no change in flow rate throughout the day.

The resulting data sets were then plotted to check for any erroneous data points. Figures 1 and

2 below show the data sets for Level Logger 3. In general Level Loggers 1 and 2 follow the
same trends.

Level Logger 3: Dowstream of Wabagishik Rapid Tailrace Area
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Figure 1: Flow and Stage Hydrograph
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Level Logger 3: Dowstream of Wabagishik Rapid
Tailrace Area
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Figure 2: Flow vs Stage

It was concluded that the data from November 2011 to the end of December 2011 (shown in
the green circles in the following figures) was erroneous and was removed from the data set.
The recorded level data in this time period is higher than the remaining data and outside the
general trend. It is likely that there was ice coverage or debris blocking the river channel.
Additional data points were removed on April 29, 2012 (shown in the black circles in the
following figures) as it too was erroneous and was removed from the data set.

4.2. Develop Rating Curve

Below is the equation for a rating curve. The value of Stage Zero was estimated; Microsoft
Excel was used to fit a rating curve to the data. The Stage Zero was adjusted to produce the
largest R* value and to allow the curve to visually fit the data set.

Q = A(ELys - SZ)°
Where:
Q = Discharge (m%/s)
A = Discharge Coefficient (m3-C/s
ElLws = Water Surface Elevation (m MSL)
Sz = Stage Zero (m)
EL,s — SZ = Stage (m)
C = Power Coefficient

Equation 1: Rating Curve Equation

Canadian Projects Limited
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5. Rating Curves

Sections 5.1 to 5.4 show the developed rating curves along with the value of the coefficients in
the equation (on page 3) Figures 3 through 6 show the plotted data, rating curves and the
HEC-RAS model rating curves for the nearest cross section. Tables 1 through 5 show the

values of the constants for the developed rating curves.

5.1. Level Logger 1: Near Lorne Falls Tailrace Area

Table 1: Rating Curve Equation Constant Values

Constant Value Units
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Figure 3: Comparison of Data, Rating Curve and HEC-RAS Rating Curve

Canadian Projects Limited



Nava Pokharel ‘CONFIDENTIAL AND PRIVILEGED

Xeneca Power Development FOR {Xeneca} USE ONLY
20 September 2012
Page 5

5.2. Level Logger 2: Wabagishik Lake Near lake Outlet

Table 2: Rating Curve Equation Constant Values

Constant Value Units

A 40.915 m*/s

SZ 203.55 m
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Figure 4: Comparison of Data, Rating Curve and HEC-RAS Rating Curve
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5.3. Level Logger 3: Downstream of Wabagishik Rapids Tailrace Area

Table 3: Rating Curve Equation Constant Values

Constant Value Units
A 49.656 m*%/s
SZ 197.6 m
C 1.44 None
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Figure 5: Comparison of Data, Rating Curve and HEC-RAS Rating Curve
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5.4.  Level Logger 4: Near Graveyard Rapid Toe

Figures 6 and 7 show the Flow and Stage data for Level Logger 4. The extreme scatter of the
data is due to high variance in daily level logger data. Figure 7 shows that the recorded water
surface elevation varies up to 50% of the total range of water surface elevations. This results in
a poor trend in the data.

In order to clean up the data, the daily average stage was calculated from the 15 minute interval
Level Logger data. Table 4 and Figure 8 show the developed rating curve. The HEC-RAS
model did not have a rating curve at this location since the model ended at this location. Instead
a constant water surface of 198 m MSL was assumed. As shown in Figures 7, this assumption
was reasonable.
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Figure 6: 15 Minute Level Logger Data vs Daily Average Flow Rate
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6. Summary

Discharge rating curves to convert water level data collected at the four (4) locations where
level loggers were installed by Xeneca on the Vermillion River near the Wabagishik Rapids
Project (the Project) were developed using available upstream flow data. The accuracy of the
developed rating curves is largely dependent on the accuracy of the flow data obtained from
Lorne Falls. Several flow measurements should be taken at each level logger location in order
to increase the accuracy of the developed rating curves.

In addition, the rating curves produced by the Wabagishik HEC-RAS hydraulic model' were
compared to the flow and water level data and the developed rating curves. In general the
HEC-RAS rating curves compared well to the developed rating curves, with a maximum error of
20 cm which occurred in the upper range of the Level Logger 3 rating curve where no level
measurements were recorded.

The information expressed herein represents Canadian Projects Limited’s best professional
judgement and is based on Canadian Projects Limited's experience as applied to the
information provided at the time of preparation within the scope of the assignment.

We trust that this report meets with your requirements. If you require any clarification, have
questions or would like to discuss the information contained within, please contact us.

Sincerely,

CANADIAN PROJECTS LIMITED

s e Qb A

David Kushner, E.I.T. Richard Slopek, P.Eng.
Junior Engineer Project Manager

©2012 Canadian Projects Limited. All Rights Reserved.

Canadian Projects Limited prepared this Report for the sole benefit and use of our Client. The information contained
herein should be treated as confidential and is protected under copyright law. The Report shall not be used by any
third party without the express written consent of Canadian Projects Limited. The information expressed in this
Report represents Canadian Projects Limited’'s best professional judgment and is based on Canadian Projects
Limited's experience as applied to the information provided at the time of preparation, within the scope and methods
of the assignment. Canadian Projects Limited does not guarantee or warrant hydrological estimates, schedules,
capital costs, power production estimates, revenues, or project economics expressed herein.

' Ontario South Hydro HEC-RAS Inundation Mapping and Environmentally Sensitive Area Modelling
Petawawa River — Big Eddy. Canadian Projects Limited. March 5, 2012.
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Xeneca Power Development Inc.
5255 Yonge Street, Suite 1200
Toronto, ON, M2N 6P4

Attn:  Mr. Nava Pokharel, M.Sc., P.Eng.
Senior Project Manager

Re:  Vermilion River Site #6 — Wabagishik Rapids
Additional Peaking Scenarios - Hydraulic Modeling

1.0 Introduction

Canadian Projects Limited (CPL) issued the report Vermilion River Site #6 — Wabagishik Rapids
HEC-RAS Unsteady Flow Modelling to Xeneca Power Development Inc. (Xeneca) on July 10,
2012. Xeneca subsequently requested that CPL provide unsteady HEC-RAS model results for
additional operating scenarios for the Wabagishik Rapids Project (the Project).

This summary letter report is provided as an addendum to the July 10, 2012 CPL report and
should be read in conjunction with it.

The scope for this work included:

¢ The modelling of additional Project peaking operations using the unsteady HEC-RAS model
developed with the July 10, 2012 CPL report, and

¢ The presentation of Figures and Tables of the model results
2.0 Background

Xeneca provided CPL with three (3) additional August operating curves developed by Ortech
Consulting Inc. The operating curves were developed for various values of the limited turbine
flow (Qr.) ranging from 25.0 to 41.6 m%s. Figure 1 shows the original August operating curve
modeled in the July 10, 2012 report and Figures 2 through 4 show the three (3) additional
operating curves.

In the July 10, 2012 report it was shown that the largest fluctuation due to plant operation was
during August operations.

1052-001-3.1.3.4 Xeneca_L01_DK_Wabageshik Additional Peaking Scenarios r0
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3.0 Hydraulic Modeling

Additional Project Peaking operations were modeled using the unsteady HEC-RAS model
included with the July 10, 2012 report. The model input hydrographs were the operating curves
shown in Section 2.

The resulting water level fluctuation and flow fluctuations are shown in Figure 5 and Tables 1
through 4.

The water depth fluctuations decrease as Qr_ decreases. The maximum depth fluctuation is
reduced from 84 to 58 cm by reducing Qr,_from 41.6 to 25 m¥/s.
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Figure 5: August Additional Operating Scenarios Water Surface Fluctuation
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Table 1: Q. = 41.6 m*/s August Relative Downstream Hydraulic Peaking Effects

Max Max
Water Water
Existing Level Level Depth
Station Flow Max Flow Min Flow Increase Decrease Fluctuation
(m) (m®/s) (m®/s) (m®/s) (cm) (cm) (cm)

0+255 12.7 41.6 3.0 38 -18 56

0+000 12.7 41.6 3.0 52 -32 84
-0+219 12.7 40.9 3.0 44 -15 59
-1+452 12.7 38.2 3.0 44 -15 58
-2+478 12.7 374 3.0 40 -14 54
-3+261 12.7 37.0 3.0 38 -13 51
-5+068 43.1 36.8 3.0 0 0 0
-10+369 111.8 57.4 23.3 0 0 0
-12+265 111.8 57.4 23.3 0 0 0

Table 2: Q. = 35.0 m¥s August Relative Downstream Hydraulic Peaking Effects

Max Max
Water Water
Existing Level Level Depth
Station Flow Max Flow MinFlow Increase Decrease Fluctuation
(m) (m®/s) (m¥/s) (m?s) (cm) (cm) (cm)

0+255 12.7 35.0 3.0 31 -19 50

0+000 12.7 35.0 3.0 43 -32 75
-0+219 12.7 34.7 3.0 37 -15 52
-1+452 12.7 33.7 3.0 37 -15 52
-2+478 12.7 334 3.0 34 -14 48
-3+261 12.7 33.2 3.0 32 -13 45
-5+068 43.1 33.1 3.0 0 0 0
-10+369 111.8 53.4 23.3 0 0 0
-12+265 111.8 53.4 23.3 0 0 0

Canadian Projects Limited



Wabagishik
Unsteady Addendum
June 24, 2013

Page 6

Table 3: Q. = 30.0 m¥s August Relative Downstream Hydraulic Peaking Effects

Max Max
Water Water
Existing Level Level Depth
Station Flow Max Flow MinFlow Increase Decrease Fluctuation
(m) (m¥/s) (m®/s) (m®/s) (cm) (cm) (cm)

0+255 12.7 30.0 3.0 25 -19 45

0+000 12.7 30.0 3.0 35 -32 67
-0+219 12.7 29.9 3.0 30 -15 45
-1+452 12.7 29.5 3.0 30 -15 45
-2+478 12.7 29.3 3.0 28 -14 41
-3+261 12.7 29.3 3.0 27 -13 39
-5+068 43.1 29.3 3.0 0 0 0
-10+369 111.8 49.6 23.3 0 0 0
-12+265 111.8 49.6 23.3 0 0 0

Table 4: Q. = 25.0 m%s August Relative Downstream Hydraulic Peaking Effects

Max Max
Water Water
Existing Level Level Depth
Station Flow Max Flow MinFlow Increase Decrease Fluctuation
(m) (m¥/s) (m®/s) (m¥s) (cm) (cm) (cm)

0+255 12.7 25.0 3.0 19 -18 38

0+000 12.7 25.0 3.0 26 -32 58
-0+219 12.7 25.0 3.0 22 -15 37
-1+452 12.7 24.8 3.0 22 -15 37
-2+478 12.7 24.8 3.0 20 -14 34
-3+261 12.7 24.8 3.0 19 -13 32
-5+068 43.1 24.8 3.0 0 0 0
-10+369 111.8 451 23.3 0 0 0
-12+265 111.8 45.1 23.3 0 0 0

Canadian Projects Limited
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4.0 Conclusion

The results of the Wabagishik Rapids additional peaking scenarios hydraulic modeling are
presented within this letter report. This letter report should be read in conjunction with the July
10, 2012 report.

It has been concluded that by reducing the limited turbine flow, fluctuation in water levels
downstream of the project can be significantly reduced.

The information expressed in this report represents Canadian Projects Limited’s best
professional judgement and is based on Canadian Projects Limited’s experience as applied to
the information provided at the time of preparation within the scope of the assignment.

We trust that this report meets with your requirements. If you require any clarification, have
questions or would like to discuss the information contained within, please contact us.

Sincerely,
CANADIAN PROJECTS LIMITED

David Kushner, E.I.T..
Junior Engineer

Reviewed by,
(‘

Jagadish Kayastha, P.Eng. PMP
Senior Hydrotechnical Engineer

DKrvs
©2013 Canadian Projects Limited. All Rights Reserved.

Canadian Projects Limited prepared this Report for the sole benefit and use of our Client. The information contained
herein should be treated as confidential and is protected under copyright law. The Report shall not be used by any
third party without the express written consent of Canadian Projects Limited. The information expressed in this Report
represents Canadian Projects Limited’s best professional judgment and is based on Canadian Projects Limited's
experience as applied to the information provided at the time of preparation, within the scope and methods of the
assignment. Canadian Projects Limited does not guarantee or warrant hydrological estimates, schedules, capital
costs, power production estimates, revenues, or project economics expressed herein.
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Table 1 - Wabageshik Rapids Tailrace Area Hydraulic Parameters at various flows

Reach River Station Q Total ] _Flow Description Min Ch E W.S. Elev|  Vai Chnl Flow Area | Top Width | Hyds Depth | MaxChiDpth] W.P.Total |
. (m3/s) 1 {m} m] (m/s) {m2) m| (m) m]
Wlh:!nhl‘l Rapids 0+255 { Xaneca Survey] 1fLow Flow 196.78] 198.01 0.06} 17.3] 29.12] 0.59 1.24]
Wlbl!lshfl Rapids 0+255 ( Xeneca Survey] i.ow Flow 196.78 198.08} 0.1 19.15] 29.54 0.65 1.3
Wabagashik Rapids {04255 ( Xeneca Survey) 3[Low Flow. 196.78]  198.14 0.14] 21.07 29.88 0.7_1" 1.36}
[Wabageshik Rapids ca Survey] 3| Low Flow 196.78] _ 198.2) 0.18] 22.68] 30.09) 0.75] 142
[ Wabageshik Rapids ca Survey] S[Low Flow 196.78] _ 158.24] 0.21 za.ﬂ 30.27] 0.8] 1.46]
'Wabageshik Rapids ca Survey] 15.5[Avg. Aug Flow 196.7 198.57| .45] 34.21) 1.53) 1.08[ 1.79
Wabageshik Rapids 18.7|Avg. Feb Flow 196,78 198.65} .51} 36.72 1.84) 115] 1.87]
Wabageshik Rapids 19.2{Min. Turbine Flow. 196.78] _ 198.66 .52} 37.1 1.89 116 1.88]
Wabageshik Rapids Xeneca Survey) 25{Limited Turbine Flow 196.78] 19879 .61] 41.22] 2.38 127] 201
W:bi[lshl‘k Rapids 04234 (GLES - W] llev Flow 136.3] 198.01 0.06] 17.29] 21.7] 0.8 1.71 22.11;
Wabageshik Rapids___|0+234 (GLES - W1 2[tow Flow 196.3]  198.08) 0.1 18.66 22.06 085 178 22,5
Wabageshik Rapids 0+234 (GLES - W. 3|Low Flow 196.3] 19 .14[ 0.15] 20.12] 23.98 0.84] 184 Zl.d
Wnba!cshll h!glds 0+234 [GLES - W 4|Low Flow 6.3] 98.19) 0.194 21.45! 26.27| 042 1.89] 26.77]
'Wabageshik Rapids 0+234 (GLES - W S|Low Flow . 24 0.22 22.7| 28.26] 0.8] 1.94] 28,78
Wabsgeshik Rapids __|0+234 (GLES - W: 15 5avg, Aug Flow 56] .4_a| 33.34) 6.67] 0.91] .26 37.4
Wlbl!'lhﬁ RlEds 0+238 {GLES - W1 18.71Avg. Feb Fliow % .52 6.3 W.S?I 0.34) .34 39.44]
[ Wabageshii Rapids __ [0+234 (GLES - W1 19.2[Min, Turbine Flow X 6 .52 36,76 8.95| 0.94] .35] 39.74)
[Wabageshik Rapids __ |0+234 (GLES- W1, 25|Umited Turbine Flow 196.3[ 198.78) 0.6} 41.93] 2.17] 039 248 23.0!
Wabageshik Rapids 04177 ( GLES - W2] 1Low Flow 193.9] 198.01] 0.01 148.86] 85.12] 1.75
[ Wabageshik Rapids D+177 { GLES - W 2[Low Flow 1339 193.08} 1.8[
'Wabageshik Rapids 0+17' ES - W2 simw Flow 1935  198.14] 1.35]
'Wabageshik Raplds 0+177 | GLES - W2 4]Low Flow 193. 198.2] 1.91]
w-E!&hﬁ Rapids 0+177 { GLES - W2 5{Low Flow 19. 198.24] 198,
Wabageshik Rapids 0+177 { GLES - W2, 15.5] Av!. Aug Flow 13 1 Sg 2.24
[Wabageshik Rapids __ [0+177 (GLES- W2) 18.7|Avg_ Fab Flow 1939 1986 231
W:blllsl\ﬂ( R:ﬂds 04177 { GLES - W2) 18.2|Min. Turbine Flow 193.9] 198.66] 2.32)
W:bl!lsl\ll( Raglds 04177 ( GLES - W2) 25|Umited Turbine Fiow 193.9} 198.79| 2.A3]
Rapids__[0+492 (GLES - W 1[Low Flow 197.8] 197 11.95] 0.14]
Rapids ___[0+02 (GLES - W! 2]Low Fiow 197.9] 1 1z.d 0.14]
Wabageshik Rapids___|0+92 (GLES - W: 3]Low Fiow 137.8] _ 198.08] 3.63)
(Wabageshik Rapids 0492 (GLES - W3] ‘ILW Flow 137.3] 198.09] 4.99]
‘Wabageshik Rapids 0492 (GLES - W3) 5jLow Flow 197.8| 158.12] 6.18]
Wi eshik Rapids 0492 (GLES - W3 15.5[Avg. Aug Flow 197.8] 19!{![ 3.33)
[Wabageshik Rapids 0492 (GLES - W3 18.7|Avg. Feb Flow 197.8]  198.57) 36.2
Wabageshik Rapids __|0+92 (GLES - W3, 19.2|Min. Turbine Fiow 197.8]  198.58] 36.62)
Rapids ___[0+02 (GLES - W3 25|Limited Turbine Flow 197.8]  198.71) 4z.§'
I
‘Wabageshlk 0439 (GLES - W4 1|Low Flow 197] 198, 0.05] 18.62] 3922] 0.47) 1 39.38]
‘Wabageshik 0+39 {GLES - W4 2]Low Flow 137] 198.02} 0.1 19.26] 39.58] 0.49] 02| 3%.74
[Wabageshix 0+39 {GLES - W) 3|Low Flow 7] 198.07] 0.14) 21.23 40,57 0.52] 07 20.71
Wabageshik 0+39 {GLES - W4, 4)Low Flow 7] 198.1)] 0.17] 23.22) 41.56 o.s_si 12| 41,
Wabageshik 0439 {GLES - W4) S[Low Flow 7| 138.18] ° 0.2 25 .oﬂ 42.44} o.s_sl 116} 42.59|
0439 (GLES - W4) 15.5[Avg. Aug Flow 7! 198.5] 0.33] 40.23[ 47.98] 0.84] 1.5} 48.2]
W:bl!lsl\ll( 0439 (GLES - W 1!.7]Av| Fab Fiow 1971 19&% 0.42} Mﬂ 49.25 0.89] L‘Sﬂ 49 .43
(Wabageshik j0+39 (GLES - W4 18.2|Min. Turbh low 197 198.59| 0.43} 44.64) 49.44 0.5 1.59) 49,66}
Wabageshlk 0+39 (GLES - W 25]Umited Turbine Fiow 197] 198.71 0.49] 51.01 51.76} 0,95 1.71 52|
!
Wabageshik 0+00 {Xeneca Survey) 1low Flow 0.06} 17.4) 20.22) 0.88] 1.49 20.7
Wabageshik 0400 (Xeneca Survay) 2|Low Flow 0.11 18.17) zo?' 0.39] 151 20.85)
0400 SXQM:I Survey) 3liow Flow 0.16} 19.11 20.73' 0.92; 1.56) 21.23]
0400 (Xaneca Survey) 4ftow Fiow tﬁi 20.09] 21.05] o.ggi 1.6} 21.56}
(0400 (Xenaca Survey} 5|Low Flow 0.24) 21 21.33] 0.98} 1.65| 21.86]
[Wabagashik 0400 (Xeneca Survey) 153'7@. ‘Aug Flow ¥ 0.5 28.2 371 1.19f 197 24.38]
[Wabageshik 19651] 198,55 0.62] 29.99 4.3 123 2,04) 25.06]
(Wabageshik 19.2|Min. Turbine Flow 196.51 138,56 0.63| 302% 4.5! 1.23 2.08] 25.16|
W:bI!ul\lk (0400 {Xeneca Survey) 25|Umited Turbine Fiow 196.514 198.68| 0.75] 33.24 25.64) 1.2_9{ 2.17] 26.3]
'Wabageshlk ~1+452 { Xeneca Survey} 1{Low Flow 194.01 198| 0.003) 292.34 94.5] S.E
-1+452 ( Xeneca Survey} 2]Low Flow 0,006 292, 94,51 3.1]
-1+452 { Xeneca Suwﬂ) 3jiow Flow 0.009) 94.‘54 3.1
-14452 urvey) alLow Flow 0.012 94.55) 3.11]
-1+452 urvg_) 0.%1 94.57| 3.11)
-1+452 { Xeneca Survey) . 0.049| 96.4] 3.22
-1+452 ( Xeneca Survey) 18.7|Avg. Fab Flow 0.058] 97.75| 3,25
[Wabageshik Xenaca Survey) 19.2| Min. Turbine Flow 0.061 97.83) 3.25
[Wabageshik Survey) 25| Umited Turbine Flow 0076] __ 332.09] 98.9 3.36
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Chart 4 - Recorded Water Level just downstream

of Graveyard Rapid - May 2012
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Report Disclaimer

This report has been prepared by Hatch Ltd. for the sole and exclusive use of Xeneca Power (the “Client”) for
the purpose of assisting the management of the Client in making decisions with respect to the McPherson
Falls, Cascade Falls, At Soo Crossing and Wabageshik Rapids Hydropower Projects and shall not be (a) used
for any other purpose, or (b) provided to, relied upon or used by any third party.

This report contains opinions, conclusions and recommendations made by Hatch Ltd. (Hatch), using its
professional judgment and reasonable care. Any use of or reliance upon this report and estimate by Client is
subject to the following conditions:

a) the report being read in the context of and subject to the terms of the agreement between Hatch and the
Client including any methodologies, procedures, techniques, assumptions and other relevant terms or
conditions that were specified or agreed therein;

b) the report being read as a whole, with sections or parts hereof read or relied upon in context;

¢) the conditions of the sites may change over time (or may have already changed) due to natural forces or
human intervention, and Hatch takes no responsibility for the impact that such changes may have on the
accuracy or validity of the observations, conclusions and recommendations set out in this report; and

d) the report is based on information made available to Hatch by the Client or by certain third parties; and
unless stated otherwise in the Agreement, Hatch has not verified the accuracy, completeness or validity
of such information, makes no representation regarding its accuracy and hereby disclaims any liability in
connection therewith.
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1.  Introduction
The objective of this report is to develop flow series for the Vermilion River that can be used to
assess the hydroelectric generating potential of the following sites:
e  McPherson Falls
e (Cascade Falls
e At Soo Crossing
e  Wabageshik Rapids
Flows in the Vermilion River and its tributaries have been measured at a number of locations, but not
at any of the project sites; so long term flow series at each location must be synthesized from flow
records on the Vermilion River and on other rivers in the region.
Figure 1 shows the Vermilion River watershed at the four project sites. Figure 2 shows the Vermilion
River Basin, the locations of Water Survey of Canada (WSC) streamflow gauges and the annual
average precipitation distribution in the region.
Flow synthesis generally follows these steps:
e Estimation of the expected mean annual runoff at the site
e Definition of the seasonal flow pattern
e Assessing the variability of runoff from year to year
® Synthesis of a long term daily flow record that meets the above parameters.

2.  Mean Annual Runoff
Mean annual runoff (MAR) describes how much of the rainfall and snowmelt runoff in the basin
drains past the site on average each year. MAR is usually expressed in units of mm over the drainage
basin, for ease of comparison with precipitation (rain and snow) and evaporation, which are also
expressed in mm.
The estimation of MAR for an ungauged site depends on the extent of regional information available
and whether a water level monitoring gauge has been installed at the site. MAR estimation makes
use of the following approaches, depending on the level of information available:
® Aregional water balance analysis using precipitation and evapotranspiration data.
e Estimation of the long term average flow (LTAF) at a gauge on the same river.
® Regional runoff trends from a network of established streamflow stations.
e Flow synthesis from the gauged record on the same river.

H333443-0000-10-124-0006.Doc H333443, Rev. 0 Page 1
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Regional Water Balance

Where regional flow data is very limited MAR must be estimated from regional isohyets of equal
precipitation and estimates of evapotranspiration, which tends to decrease from south to north across
Ontario. MAR is then estimated as the difference between long term average precipitation and
evapotranspiration loss.

The streamflow station nétwork in and around the Vermilion River basin is sufficient to determine the
runoff at the Wabageshik Rapids site, but a calibrated water balance within the Vermilion River basin
has been used to model the variation in runoff between the sites and existing streamflow stations in
the region. This is described in Section 2.3.

Long Term Flow in the Vermilion River

Flows have been measured on the Vermilion River at Lorne Falls [02CF004] from 1954 — 1993 and
near Val Caron [02CF011] from 1970 — 1993; and within the Vermilion River basin, on the Whitson
River at Chelmsford [02CF007} from 1961 — 2005; on the Onaping River near Levack [02CF010]
from 1976 — 1997 and 2003 - 2005; and on Junction Creek below Kelly Lake [02CF012] from 1977 -
2005. Other records also exist on these rivers but for shorter durations. Some of these streamflow
station records are classified as “regulated” and some “natural” by WSC.

The Aux Sables River at Massey [02CE002] to the west of the Vermilion River basin was also
included in the regional runoff analysis as is has a complete record from 1921 — 2005, a period that
encompasses all the other streamflow records in the region.

Regional Runoff

The runoff at nine regional WSC streamflow gauges was analysed to examine runoff trends in and
around the Vermilion River basin. Mean annual runoff estimates were adjusted to the 1921 to 2005
period for which complete flow records are available on the Aux Sables River at Massey [02CE002].
The estimated mean annual runoffs for this period vary from 199 mm for the Onaping River near
Levack [02CF010] to 556 mm for Junction Creek below Kelly Lake [02CF012].

A simple water balance model was constructed to explain this variation in runoff. Regional runoff
and precipitation, together with estimated evaporation loss have been used to calibrate a water
balance model for the region.

Long term runoff can be estimated as:
Runoff = Precipitation — Evaporation Loss

Annual average precipitation over each sub-basin can be estimated from Figure 2. Annual average
lake evaporation loss in Ontario is well correlated with latitude, as shown in Appendix B, thus:

Annual average lake evaporation = -36.123*Latitude + 2296.6 mm

Basin wide actual evaporation loss is lower than lake evaporation and varies with land use, lake
coverage and precipitation, but, in the long term, can be considered as a constant times lake
evaporation for a given ground cover and region, i.e.

Annual average evaporation loss = C * Annual average lake evaporation

H333443-0000-10-124-0006. Doc H333443, Rev. 0 Page 2
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By accumulating annual average precipitation and evaporation loss for each river basin the runoff
can be calculated. The average runoff at the flow monitoring stations can be computed from the flow
records, so the constant C can be computed for each river basin. Table 1 shows the water balance
calibration for rivers in the Vermilion River region.

Table 1 Water Balance Calibration for the Vermilion River Region
Drainage Annual Mean |Evaporation Basin Lake.
Years of Average Annual Loss . Evaporation "
WSC No. Area A Latitude C
Record m? Precipitation | Runoff Et ©N) Eo
(k) (mm) (mm) (mm) (mm)
02CE002 85 _ 1350 865 425 440 46.5 617 0.71
02CF002 12 4070 840 371 469 46.76 607 0.77
02CF004 40 4190 840 340 500 46.75 608 0.82
02CF005 35 89.1 848 462 386 46.52 616 0.63
02CF007 45 272 844 350 494 46.62 613 0.81
02CF008 29 179 843 332 511 46.64 612 0.84
02CF010 24 1570 832 199 633 46.93 601 1.05
02CFO11 15 704 832 393 439 46.92 602 0.73
02CF012 29 207 848 556 292 46.48 618 0.47
The annual lake evaporation adjustment factor increases with the density of lake coverage in the river
basin, because open water is always available to evaporate whereas evaporation from the ground
surface depends on soil moisture content which depletes through the summer when evaporation
potential is highest. There is a large variation in C values in the Vermilion River basin due to the
different land use and lake coverage.
Junction Creek, stations 02CFO05 and 02CF012, have the lowest C value because the catchment area
is Greater Sudbury, which is largely urban and as a result has a greater proportion of direct runoff.
The runoff and C value for Junction Creek below Kelly Lake [02CF012] are influenced by mine
tailing ponds in Sudbury, which pump water from Whitewater Lake, outside Junction Creek drainage
area, and discharge the water to Junction Creek via Coppercliff Creek.
The high C value for the Onaping River near Levack [02CF010] is due to high lake coverage of
Onaping Lake in the upper part of the basin. The other streamflow stations have C values between
0.73 and 0.82, typical of basins with moderate lake coverage.
The C values for the main tributary streamflow stations in Table 1 can be applied to the sub-basins in
Figure 1 to estimate the runoffs at each project site. The C values for Junction Creek and Onaping
River were adjusted for the full sub-basin areas represented.
Table 2 shows the water balance for the Vermilion River to the four project sites.
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Table 2 Vermilion Hydropower Sites — Estimated Mean Annual Runoff

S PPT Latitude Lake Eo [ Evap Et  PPT-Et Area  Area*(PPT-Et) JArea YArea*(ppt-Et) MAR LTAF
mm °N mm Value mm mm Kkm? mm.km? km? mm.km? mm m®ss
SBOt & SBO5 830 46,92 602 1.00 602 228 1677 382844 1677 382844 228 121
SB02, SBO3 & SB04 834 46.85 604 073 441 393 1091 428661 2768 811505 393 136
SB06, SB07 & SBO8 to 840 46.55 615 0.81 498 342 1045 357170 3813 1168676 342 11.3
McPherson Falls 833 46.80 606 0.87 528 305 859 1137047 3727 1137047 305 36.0 -
Cascade Falls 834 46.79 606 0.87 528 306 20 74940 3747 1145717 306 36.3
At Soo Crossing 835 46.78 607 0.87 528 306 66 251658 3813 1168511 306 370
SBOg 848 46.45 619 0.60 371 477 321 153049 4134 1321560 477 48
SB10to 845 46.32 623 081 505 340 259 88076 4393 1493884 340 28
Wabageshik Falls 840 46.70 610 0.82 500 340 0 0 4393 1493884 340 473

The highlighted values in Table 2 apply to the sub-basins specified, while the other values are
computed and are cumulative at each project location.

When the sub-basin areas and MAR values are combined the resulting MAR and LTAF values for the
four project sites are:

McPherson Falls 305 mm and 36.0 m%/s
Cascade Falls 306 mm and 36.3 m%/s
At Soo Crossing 306 mm and 37.0 m%/s

Wabageshik Rapids 340 mm and 47.3 m%s.

3. Seasonal Flow Pattern

A run-of-river hydroelectric project uses natural river flows, without the benefit of storage regulation
through a reservoir. Thus it is important to know not only how much flow passes the dam, but also
the distribution and timing of flows. This means that it is important to examine the seasonal flow
pattern of streamflow stations that might be considered as a base for synthesizing a daily flow record
at each project site.

The seasonal runoff patterns for the tributary streamflow stations used above have been compared to
examine the impacts of location, drainage area and natural lake regulation. Figure 3 shows the
seasonal flow patterns for these streamflow records, with each month expressed as a ratio to the
LTAF.

All of the long term river records are regulated to some extent, except the Whitson River [02CF007],
which has a higher spring peak. The year round pumping to the Coppercliff mines in Sudbury is
evident as return flows to Junction Creek [02CF012], which raise the summer, fall and winter flows.
Otherwise all rivers exhibit similar seasonal patterns with maximum flows of 275-425% LTAF
occurring in spring and lowest flows of 35-50% LTAF occurring in winter and summer.

This comparison suggests that the longest flow record, the Vermilion River at Lorne Falls [02CF004]
might be the best candidate as a representative gauge to simulate long term flows at all the project
sites as it incorporates the trends in tributaries that would be experienced at the project sites.
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Annual Flow Variability

The third component of a long term flow record required for generation analysis is flow variability
from year to year. The LTAF and the seasonal flow pattern summarize the long term average
characteristics of the flow series expected at the dam site. However, these flows will vary from year
to year and will influence the generating potential of the site.

Figure 4 shows the variation in long term annual flow for the streamflow stations in Figure 3,
expressed as ratios of the LTAF at each site. This figure demonstrates the importance of synthesizing
a multi-year flow record to capture the full range of flow variation that could be expected over the
life of the project. All five rivers show very similar variations in high and low years, providing further
confidence in the 02CF004 record.

The complete records for the period show that sequences of up to four years with below average
flow could be expected in the future.

Turbinable Flow

The Run-of-River plants proposed for the Vermilion hydropower sites must use river flows as they
arrive, without the use of reservoir storage at each site to regulate flows. The principal hydrological
tool used to evaluate run-of-river plants is the flow duration curve. This curve ranks all flows from
lowest to highest and plots them against the percent of time they are exceeded. This enables the
analyst to compute the volume of flow on average that will pass through the turbine(s) for a given
turbine discharge capacity.

Figure 5 shows the flow duration curves for the six long term streamflow stations compared above
with flows expressed as ratios of the LTAF at each site.

The flow records in Figure 5 show very similar flow duration curves typical of natural river basins
and basins with significant natural lake regulation. The Whitson River [02CF007] is the only “natural”
flow record and its curve is lowest below the LTAF. Junction Creek [02CF012], which is
supplemented by pumping return flows, is highest below the LTAF. The other three curves have
similar profiles, although the Vermilion River at Lorne Falls [02CF004] drops at the end due to daily
pondage in the headpond of the power plant.

The Vermilion River at the project sites should have flow duration curves very similar to the
02CF004 flow record in Figure 5, except that the three upstream sites would not drop sharply at the
lower end.

Long Term Daily Flow Synthesis

Synthesis of a long-term daily flow series at an ungauged site requires selection of an historic¢
streamflow record that has the same characteristics as those expecfed at the dam to prorate to the
site. Here the Vermilion River at Lorne Falls [02CF004] was selected as the best choice as the
representative gauge for all sites. These flows were pro-rated in proportion to the LTAF values in
Table 2, with the lowest flows at the three upstream sites adjusted by reference to the minimum
flows in the upstream tributaries.
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Before the flows were synthesized using the 02CF004 record it was screened for statistical
stationarity using DATSCRN, a software package from the International Institute for Land
Reclamation and Improvement (ILRI), Wagenigan, The Netherlands, 1991. The period covered by,
the 02CF004 record, 1954 — 1993, 40 years, is statistically stationary and can be considered
representative of the current flow regime.

Table 3 shows the monthly flow summary table for the Vermilion River at Lorne Falls [02CF004].

Results

The principal output of this hydrology review is four 40-year, daily flow series that can be used in the
generation potential analysis of the McPherson Falls, Cascade Falls, At Soo Crossing and Wabageshik
Rapids hydropower sites on the Vermilion River. These datasets are too large to include in this
report, but the following characteristics of the flow series are reproduced here to confirm their
adherence to the objectives stated throughout the report:

® Tables 3-6 Monthly flow summary tables for each site

e Figure6  Seasonal flow patterns for the four sites

e Figure7  An annual flow variation diagram for the sites
e Figure8  Daily flow duration curves for the sites.

In addition to the above Hatch has prepared Flow Metrics for each site using the synthesized 40-year
daily flow series.

The Flow Metrics sheets have been attached as Appendix A. The relationship between average
annual lake evaporation and latitude in Ontario is presented in Appendix B.

Note: The flow series derived for the two sites are intended for generation potential analysis and
should not be used for final flood design or low flow evaluations. Detailed flood and low
flow analyses should be undertaken at the project design stage.

Recommendations for Future Work

No additional analyses are recommended at this time in support of the energy generation analysis
for the four sites on the Vermillion River.

As noted previously, the flow series derived for the Vermilion River sites are
intended for generation potential analysis and should not be used for final flood
design or low flow estimates. Detailed flood and low flow estimates should be
undertaken during the Environmental Assessment and Project Design phases.
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Table 3 Mean Monthly Flows in the Vermilion River at Lorne Falls [02CF004]

Year January February  March April May June July August September October November December}] Year
1954 13.6 14.5 62.5 172.6 165.9 773 416 15.8 14.2 130.4 63.1 38.4 66.9
1955 224 16.2 238 1593 46.0 21.9 9.1 7.3 9.3 178 46.2 261 33.7
1956 16.5 118 141 1127 97.8 50.5 256 14.6 19.3 329 348 34.0 387
1957 21.8 16.5 37.7 112.0 943 353 121.8 16.0 13.9 146 775 58.3 51.8
1958 346 17.3 235 70.6 440 15.4 25.0 10.3 12.2 12.0 374 22.4 271
1959 15.6 113 18.8 164.9 130.9 27.3 189 97 14.8 434 723 42.0 475
1960 230 17.1 17.5 2021 300.2 56.6 63.0 252 16.9 17.9 431 316 68.0
1961 16.6 127 17.6 63.6 67.6 46.5 59.0 304 394 370 44.2 437 40.0
1962 246 239 386 1109 128.0 25.3 103 7.3 6.5 74 97 9.9 33.5
1963 8.6 6.7 17.8 152.1 49.2 29.8 9.8 8.3 8.0 49 8.6 15.5 26.5
1964 10.8 114 18.5 113.8 87.3 239 10.4 7.4 15.0 333 26.1 330 326
1965 224 218 30.0 1341 113.8 26.3 13.5 31.6 56.6 747 68.0 66.5 55.0
1966 511 38.0 63.2 139.2 69.4 33.0 9.7 10.2 9.1 349 78.4 119.9 547
1967 39.2 27.7 293 206.1 158.9 53.0 223 240 12.2 236 731 47.3 59.7
1968 278 209 328 123.0 46.1 31.9 29.5 211 477 45.0 275 37.8 40.8
1969 30.6 29.5 30.5 160.7 78.3 37.7 36.5 20.6 10.2 29.7 106.7 | 3641 50.4
1970 16.9 14.9 156 116.3 1143 174.4 453 18.5 235 54.3 50.3 46.6 576
1971 254 18.6 376 185.7 121.2 44.8 12.0 9.5 6.7 115 235 417 449
1972 28.7 176 15.6 142.2 207.7 328 19.8 30.2 31.3 38.2 40.3 235 52.2
1973 26.1 20.2 93.1 108.0 109.3 29.3 28.3 35.1 15.0 16.7 289 31.7 453
1974 17.4 155 213 1444 98.5 63.4 22.0 121 8.4 20.6 753 323 44.2
1975 29.6 229 218 1228 121.7 299 18.9 6.9 49 6.6 22.4 45.2 37.8
1976 149 10.9 306 203.0 1146 29.0 11.5 59 8.3 12.8 137 113 38.8
1977 8.1 7.7 59.2 176.1 443 134 10.0 9.7 234 66.6 69.3 49.7 448
1978 26.6 18.1 15.1 97.7 163.4 248 14.0 13.6 293 915 34.2 276 46.6
1979 21.0 15.5 57.7 2493 2219 46.7 321 21.0 14.0 274 716 68.2 70.7
1980 40.4 194 19.9 180.8 130.5 30.5 16.0 13.2 15.7 425 325 214 477
1981 1.7 23.7 427 203.8 454 281 27.7 9.8 208 37.0 327 237 42.1
1982 18.0 13.2 19.7 1481 117.6 248 8.7 6.1 16.8 64.6 68.1 76.8 48.6
1983 48.6 246 56.7 147.2 140.9 106.6 18.3 9.7 79 40.0 36.3 379 56.3
1984 10.6 26.4 277 107.7 50.9 63.7 38.6 18.3 21.3 30.7 69.8 56.6 44.1
1985 328 21.7 339 1714 123.6 245 16.6 1A 53 9.5 343 289 428
1986 16.8 9.3 15.9 1308 52.9 268 13.7 249 115 291 27.7 18.8 31.5
1987 134 10.8 244 76.9 331 290 10.0 3.6 23 4.9 125 26.7 20.6
1988 18.3 184 210 2235 95.1 347 11.6 14.2 133 476 1187 58.3 56.0
1989 310 21.9 220 129.4 943 88.8 269 10.5 6.0 3.8 13.4 111 38.2
1990 1.7 15.2 57.1 67.4 134.9 55.1 50.8 11.0 6.5 200 53.3 69.9 46.3
1991 224 16.4 38.0 169.0 559 248 8.0 58 43 242 552 54.8 39.8
1992 28.5 17.9 24.2 103.0 849 318 23.0 208 40.0 49.2 70.7 39.8 44.4
1993 278 17.2 13.8 100.4 104.6 80.8 21.5 10.5 10.9 26.9 42.9 36.8 41.2
Mean 23.3 17.9 31.5 142.8 106.2 43.2 25.3 14.8 16.3 33.4 47.9 40.0 45.2
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Table 4 Mean Monthly Flows in the Vermilion River at McPherson Falls
Year January February March April May Jure July August  September OQctober November December] Year
1954 10.8 1186 49.8 137.4 124.2 61.6 331 12.5 11.3 103.8 50.2 30.6 533
1955 17.9 12.9 18.9 126.9 36.6 175 7.3 5.8 75 14.2 36.8 207 26.8
1956 13.2 9.4 11.2 89.8 779 40.2 204 116 156.3 26.2 21.7 27.0 30.8
1957 17.3 13.2 30.0 89.2 75.1 28.1 97.0 12.8 1.0 1.7 61.7 46.4 41.3
1958 276 13.8 187 56.2 351 12.2 19.9 8.2 9.7 9.6 297 17.9 21.5
1959 12.4 9.0 14.9 131.3 104.2 21.7 151 7.8 11.8 346 576 33.5 37.9
1960 183 136 139 160.9 239.0 45.0 50.2 20.1 13.5 143 343 251 541
1961 13.2 10.2 14.0 50.6 53.9 37.0 47.0 24.2 314 29.5 35.2 348 31.8
1962 19.6 19.1 30.8 88.3 ’ 1019 20.1 8.2 58 52 59 7.7 7.9 26.7
1963 6.9 53 142 121.2 39.2 23.8 7.8 6.6 6.4 4.0 6.9 124 211
1964 8.6 9.1 14.7 90.7 69.5 19.1 8.3 59 11.9 265 20.8 263 25.9
1965 17.9 17.4 23.9 106.8 90.6 21.0 108 252 45.0 59.5 54.2 53.0 438
1866 40.7 30.3 50.3 110.9 553 26.3 7.8 8.1 7.3 278 62.4 95.5 43.6
1967 31.2 221 23.3 164.1 126.6 42.2 17.7 19.1 9.7 18.8 58.2 37.6 475
1968 221 16.6 26.2 97.9 36.7 254 23.5 16.8 38.0 358 219 30.1 32.5
1969 243 235 243 127.9 62.3 30.0 29.0 164 8.1 23.7 849 28.8 40.2
1870 135 1.9 124 92.6 911 138.9 36.1 147 18.7 433 40.1 371 458
1971 20.2 14.8 299 147.9 96.5 35.7 9.6 7.5 53 9.2 18.7 33.2 35.7
1972 21.2 14.0 124 113.3 1654 26.1 15.8 241 249 30.4 32.1 18.7 416
1973 20.8 16.1 741 86.0 87.0 233 226 28.0 119 133 230 253 36.1
1874 13.9 123 17.0 115.0 785 50.5 175 9.7 8.7 164 60.0 25.7 35.2
1975 236 18.2 174 97.8 96.9 23.8 16.1 55 4.0 52 17.8 36.0 30.1
1976 1.9 8.7 244 161.7 913 231 9.1 4.7 6.6 10.2 109 8.0 30.9
1977 6.4 6.1 47.2 140.2 353 107 7.9 7.7 18.6 53.0 55.2 39.6 35.7
1978 21.2 144 120 77.8 130.1 198 1.2 10.8 234 729 27.2 21.9 371
1979 16.7 124 45.9 198.5 176.7 37.2 256 16.7 1.2 218 57.0 543 56.3
1980 32.1 15.5 158 151.9 103.9 243 12.7 10.5 125 33.9 259 17.0 38.0
1981 83 18.9 34.0 162.3 36.2 224 220 7.8 16.6 28.5 26.1 189 33.5
1982 144 105 15.7 1179 93.7 198 6.9 4.8 133 514 54.2 61.1 38.7
1983 38.7 19.6 45.2 117.2 112.2 84.9 146 7.7 6.3 318 28.9 30.2 448
1984 15.6 210 221 85.8 40.5 50.7 30.7 14.6 17.0 244 55.6 45.1 35.2
1985 26.1 17.2 27.0 136.5 984 195 13.2 8.8 43 76 273 230 341
1986 134 7.4 - 12.7 104.2 421 213 109 19.8 g1 23.1 221 15.0 251
1987 106 8.6 194 61.2 26.4 23.1 7.9 3.0 25 40 8.9 21.2 165
1988 14.6 146 16.7 178.0 75.7 276 9.2 11.3 10.6 379 945 46.4 44.6
1989 247 17.5 175 103.1 751 70.7 214 8.4 438 34 106 8.8 304
1990 9.3 121 455 53.7 107.4 439 405 8.8 53 159 425 55.7 36.9
1991 17.9 13.0 303 134.5 445 19.7 6.4 4.6 36 193 440 43.6 31.7
1992 227 143 19.3 82.0 67.6 253 18.3 16.6 31.8 39.2 56.3 31.7 35.4
1993 22.2 13.7 11.0 79.9 83.3 64.3 171 8.4 8.7 214 34.2 29.3 32.8
Mean 18.6 14.2 25.1 113.7 84.6 34.4 20.1 11.8 13.0 26.6 38.1 319 36.0
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Table 5 Mean Monthly Flows in the Vermilion River at Cascade Falls
Year January February March April May June July August September October November December] Year
1954 10.9 117 50.2 138.5 125.1 62.0 334 12,6 11.4 104.6 50.6 308 53.7
1955 18.0 13.0 19.1 127.8 36.9 17.6 7.4 59 76 143 371 209 27.0
1956 13.3 9.4 1.3 90.5 78.5 40.5 20.6 1.7 155 264 279 273 31.0
1957 17.5 133 30.3 89.8 75.7 28.3 97.7 129 111 1.7 62.2 46.8 416
1958 278 139 189 56.6 353 12.3 20.0 8.2 9.8 9.6 30.0 18.0 217
1959 12.5 9.1 15.0 1323 105.0 219 15.2 7.8 11.9 34.8 58.0 337 38.2
1960 185 137 14.0 162.1 2409 45.4 50.6 203 13.6 144 34.6 253 546
1961 133 10.2 14.1 51.0 543 373 474 244 316 29.7 35.5 351 321
1962 19.8 19.2 310 88.9 102.7 203 8.2 59 52 59 7.8 7.9 26.9
1963 6.9 54 14.3 1221 39.5 239 7.9 6.7 6.4 4.0 6.9 125 213
1964 86 9.2 148 91.3 70.0 19.2 8.3 6.0 120 26.7 21.0 26.5 26.1
1965 18.0 175 241 107.6 91.3 211 10.9 253 454 59.9 54.6 53.4 44.2
1966 41.0 30.5 50.7 1117 55.7 26.5 7.8 8.2 7.3 28.0 62.9 96.2 43.9
1967 314 22.2 235 165.4 127.5 425 17.9 19.2 9.8 18.9 58.7 379 47.9
1968 223 16.7 26.4 98.7 37.0 256 237 16.9 38.3 36.1 22.0 303 32.8
1969 245 237 245 128.9 62.8 30.2 293 16.6 8.2 239 85.6 29.0 40.5
1970 13.6 120 125 93.3 91.8 140.0 36.4 148 188 436 404 374 46.2
1971 203 14.9 30.2 149.0 97.2 36.0 9.7 7.6 54 9.3 189 33.5 36.0
1972 214 141 125 1141 166.7 26.3 15.9 242 251 30.6 323 189 419
1973 21.0 16.2 74.7 86.7 87.7 235 227 28.2 120 13.4 232 255 36.4
1974 14.0 12.4 171 1158 791 50.8 176 97 6.7 16.5 60.5 259 355
1975 238 184 17.5 98.5 97.6 24.0 15.2 56 3.9 53 18.0 36.3 304
1976 12.0 8.7 245 162.9 92.0 233 9.2 47 6.7 10.3 11.0 9.0 31.1
1977 6.5 6.2 47.5 141.3 355 10.7 8.0 7.7 18.8 535 556 39.9 36.0
1978 213 145 121 78.4 1311 19.9 1.2 10.9 235 73.4 27.4 221 374
1979 16.8 125 46.3 200.1 1781 374 258 16.9 13 220 575 54.7 56.7
1980 324 156 159 163.1 104.7 245 12.8 106 126 341 26.1 17.2 383
1981 94 19.0 343 163.5 365 225 22.2 7.8 16.8 29.7 26.3 19.0 33.8
1982 145 10.6 158 118.8 94.4 199 7.0 49 134 518 546 61.6 39.0
1983 39.0 19.8 455 118.1 113.0 85.5 14.7 7.8 6.3 321 29.1 30.4 45.2
1984 157 21.2 22.2 86.4 40.8 511 31.0 14.7 171 246 56.0 454 354
1985 26.3 17.4 27.2 137.5 99.2 19.7 133 8.9 4.2 76 27.5 23.2 34.3
1986 135 7.5 128 105.0 424 215 11.0 20.0 9.2 233 223 161 25.3
1987 10.7 8.6 196 61.7 26.6 233 8.0 3.0 25 4.0 10.0 214 16.6
1988 14.7 14.8 16.8 179.4 76.3 27.8 9.3 14 10.7 38.2 95.3 46.8 449
1989 24.9 17.6 17.7 103.8 75.7 713 216 84 4.8 34 10.7 8.9 30.7
1990 9.4 12.2 45.8 541 108.2 44.2 40.8 8.8 53 16.0 428 56.1 37.2
1991 18.0 1341 30.5 1356 449 19.9 6.4 4.7 35 19.5 443 44.0 320
1992 228 144 19.4 82.6 68.1 25.5 184 16.7 321 39.5 56.7 319 357
1993 22.3 138 1.1 80.5 83.9 64.8 17.2 8.5 8.8 216 34.4 29.5 33.0
Mean 18.7 14.4 25.3 114.6 85.2 34.7 20.3 11.9 13.1 26.8 38.4 32.1 36.3
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Table 6 Mean Monthly Flows in the Vermilion River At Soo Crossing
Year January February March April May June July August September October November December]| Year
1954 111 1.9 51.2 141.2 127.6 63.3 34.0 © 129 11.6 106.7 516 31.4 548
1955 184 133 194 1304 376 17.9 7.5 6.0 7.7 146 37.8 213 276
1956 13.5 9.6 15 92.3 80.1 41.3 210 11.9 158 27.0 285 27.8 317
1957 17.8 135 30.9 91.6 77.2 289 99.7 1341 1.3 12.0 63.4 477 424
1958 283 14.2 19.3 57.8 36.0 126 20.4 8.4 10.0 9.8 30.6 184 221
1959 127 9.3 15.3 135.0 107.1 223 155 8.0 121 355 59.2 34.4 38.9
1960 18.8 14.0 143 165.4 2456 46.3 51.6 20.7 13.8 147 352 258 55.6
1961 13.6 104 144 52.0 554 38.0 48.3 248 32.2 30.3 36.2 35.8 327
1962 20.2 19.6 31.6 20.7 104.7 20.7 8.4 6.0 54 6.0 7.9 8.1 27.5
1963 71 55 146 1245 403 244 8.0 6.8 6.6 4.1 71 12.7 217
1964 8.8 9.3 151 93.2 71.4 19.6 8.5 6.1 123 27.3 214 270 26.6
1965 184 179 245 109.8 93.1 216 14 259 46.3 61.1 557 544 45.0
1966 418 311 517 1139 56.8 270 8.0 8.4 7.5 28.6 64.1 98.1 448
1967 321 22.7 240 168.7 130.1 434 18.2 19.6 10.0 19.3 59.8 387 48.9
1968 227 171 26.9 1006 37.7 26.1 242 17.3 38.0 36.8 225 30.9 334
1969 250 24.2 249 131.5 64.1 308 298 16.9 8.3 243 873 2986 413
1970 13.8 12.2 128 95.1 93.6 142.7 371 151 19.2 445 41.2 38.1 471
1971 207 156.2 30.8 152.0 99.2 36.7 9.9 7.7 55 9.5 193 34.2 36.7
1972 218 144 12.8 1164 170.0 26.8 16.2 247 256 31.3 33.0 19.3 42.8
1973 214 16.5 76.2 88.4 894 24.0 232 288 12.2 136 236 26.0 371
1974 143 12.7 174 118.1 80.6 519 18.0 9.9 6.8 169 61.7 264 36.2
1975 24.2 18.7 179 100.5 99.6 245 155 57 4.0 54 183 37.0 31.0
1976 122 8.9 25.0 166.1 93.8 237 9.4 4.8 6.8 10.5 11.2 9.2 31.7
1977 6.6 6.3 48.5 1441 36.3 11.0 8.2 7.9 19.1 545 56.7 40.7 36.7
1978 217 14.8 123 79.9 133.7 203 1.5 14 24.0 74.9 28.0 226 38.1
1979 17.1 127 47.2 204.0 181.6 38.2 263 17.2 1.5 224 58.6 55.8 57.9
1980 33.0 15.9 16.3 156.2 106.8 25.0 13.1 10.8 129 34.8 26.6 17.5 38.0
1981 9.6 194 35.0 166.8 37.2 23.0 226 8.0 171 30.3 26.8 194 345
1982 148 10.8 16.1 121.2 96.3 20.3 71 5.0 13.7 52.8 55.7 62.8 39.8
1983 39.8 20.1 46.4 1204 115.3 87.2 15.0 7.9 64 32.7 29.7 31.0 46.1
1984 16.1 216 227 88.1 417 52.1 316 15.0 175 251 57.2 46.3 36.1
1985 268 17.7 278 1403 101.1 201 136 9.0 4.3 7.8 28.0 237 35.0
1986 13.7 7.6 13.0 1071 433 21.9 112 204 9.4 238 22.7 154 25.8
1987 10.9 8.8 200 62.9 271 237 8.1 3.1 26 4.1 10.2 218 16.9
1988 150 151 17.2 182.9 77.8 284 9.5 116 10.9 39.0 97.2 477 45.8
1989 254 17.9 18.0 1059 77.2 72.7 220 8.6 4.9 35 10.9 9.1 31.3
1990 9.6 125 46.8 55.2 110.4 451 41.6 9.0 54 16.3 43.6 57.2 37.9
1991 184 134 311 138.3 458 203 6.6 4.8 3.6 198 452 448 32.6
1992 233 147 19.8 84.3 69.5 26.0 18.8 17.0 32.7 40.2 57.9 32.5 36.4
1993 228 14.1 11.3 82.2 85.6 66.1 176 8.6 8.9 220 35.1 30.1 33.7
Mean 19.1 14.6 25.8 116.9 86.9 35.4 20.7 12.1 134 27.3 39.2 328 37.0
H333443-0000-10-124-0006.Doc H333443, Rev. 0 page 10
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Table 7 Mean Monthly Flows in the Vermilion River at Wabageshik Rapids
Year January February  March April May June July August September October November December] Year
1954 14.2 16.2 654 180.6 163.2 80.9 43.5 16.5 14.9 136.4 66.0 40.2 70.0
1955 235 17.0 249 166.7 48.1 229 9.6 7.6 97 186 48.3 273 35.2
1956 17.3 12.3 147 118.0 102.4 52.8 26.8 153 202 345 364 35.5 40.5
1957 22.8 17.3 39.5 1171 98.7 36.9 127.4 16.8 145 15.3 81.1 61.0 542
1958 36.2 18.1 246 73.8 46.1 16.1 26.1 107 128 12.6 39.1 235 28.3
1959 16.3 1.9 196 172.6 136.9 285 19.8 10.2 15.5 454 75.7 440 498
1960 241 17.9 18.3 2114 314.1 59.2 66.0 26.4 17.7 188 451 33.0 711
1961 174 133 184 66.5 70.8 48.6 61.8 31.8 41.2 387 46.3 457 418
1962 258 25.0 404 116.0 133.9 26.4 10.7 7.6 6.8 7.7 10.1 104 35.1
1963 9.0 7.0 186 169.2 515 31.2 10.2 8.7 8.4 51 9.0 16.2 278
1964 113 12.0 19.3 119.1 91.3 25.0 10.9 7.8 16.7 34.9 27.3 34.5 34.1
1965 235 228 314 1404 119.1 276 14.2 331 58.2 78.1 71.2 69.6 57.6
1966 53.5 39.8 66.2 145.7 726 345 + 10.2 10.7 9.6 36.6 82.0 125.5 573
1967 410 29.0 30.7 2156 166.3 55.4 233 251 128 247 76.5 495 62.5
1968 29.1 218 344 128.6 48.3 333 30.9 221 499 471 28.7 39.6 427
1969 32.0 30.9 31.9 168.1 819 39.4 38.2 2186 10.7 311 1116 37.8 52.8
1970 17.7 15.6 16.3 121.6 119.6 1825 474 194 245 56.9 52.7 48.7 60.2
1971 26.5 19.5 39.3 194.4 126.8 46.9 126 9.9 7.0 121 246 43.7 46.9
1972 27.9 184 16.3 148.8 217.4 343 20.7 31.6 32.7 40.0 421 246 54.7
1973 27.3 211 974 113.0 114.4 30.7 296 36.8 156 175 30.2 33.2 474
1974 18.2 16.2 223 151.0 103.1 66.3 23.0 127 8.8 216 78.8 33.8 46.2
1975 31.0 239 22.8 1285 127.3 31.3 198 7.3 51 6.9 234 47.3 39.6
1976 156 1.4 32.0 2124 119.9 30.3 120 6.1 8.7 134 143 11.8 40.5
1977 8.5 8.1 62.0 1843 46.4 14.0 104 10.1 245 69.7 72.5 52.0 46.9
1978 278 18.9 158 102.2 171.0 26.0 14.7 143 30.7 957 358 28.8 48.7
1979 21.9 16.3 60.3 260.9 232.2 48.8 33.6 22.0 14.7 287 749 71.4 74.0
1980 42.2 203 20.8 189.7 136.5 31.9 16.7 13.8 16.5 44.5 340 224 49.9
1981 123 248 447 213.2 47.5 294 28.9 10.2 219 387 343 248 441
1982 18.9 138 20.6 155.0 1231 26.0 9.1 6.4 175 67.6 71.2 80.3 50.9
1983 50.8 258 59.3 154.0 147.4 1115 181 10.1 8.2 419 38.0 39.7 58.9
1984 20.5 276 29.0 112.7 53.3 66.6 404 19.2 223 321 73.1 59.2 46.2
1985 343 227 355 179.4 1293 257 174 1.6 5.6 9.9 358 303 448
1986 17.5 9.7 16.7 136.9 55.3 280 143 26.1 12.0 30.4 29.0 19.7 33.0
1987 140 13 255 80.4 34.6 303 104 3.7 24 5.2 130 27.9 215
1988 19.1 19.2 21.9 233.9 99.5 36.3 121 149 14.0 499 124.2 61.0 58.6
1989 32.5 229 23.0 135.4 98.7 93.0 28.1 11.0 6.3 3.9 14.0 116 39.9
1990 122 159 59.8 70.5 1411 57.6 53.2 115 6.8 20.9 55.8 73.1 48.5
1991 235 171 39.8 176.8 58.5 259 8.4 6.1 45 254 57.8 573 4.7
1992 298 187 253 107.8 889 333 24.0 218 418 514 74.0 416 46.5
1993 29.1 18.0 14.5 105.0 109.5 84.5 22.5 1.0 11.4 28.1 44.9 38.5 43.1
Mean 24.4 18.7 33.0 149.4 111.2 45.3 26.5 15.5 17.1 34.9 50.1 41.9 47.3

Mark Orton

MO:lI
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MCPHERSON FALLS - VERMILION RIVER
NATURAL FLOW METRICS DATA SHEET

Flow metiics are provided tor the potential waterpower site based on the Water

STATION INFORMATION
0 Survey ol Canada (WSC) gauging station, Mermilion River at Lorne Falls (02CF004)
VERMILION RIVER NMeties are based on WSC tows from 1954 1o 1993 (10 vears).
MCPHERSON FALLS
NORTHEAST
SUDBURY
3727 km? system and o acilitale comparisons hehween river systems.

XENECA POWER

The ttow records or the site have heen synthesized by acqusting gauge tlows by
dramage arca and MAR. Other descriiptive metiics have been nicluded in the data

sheet to provide a more complete description ot the ranges of strcamttow on the river

Annual (1954 - 1993):
{. Streamflow Time Series

Daily Flows

400 e

300 £

250 £ .
Flow I \ A
(m¥s) 200 £ A \ . l \

150 | ‘\ ' ! \ [\

100 4 f —
5- y \ X N\
50 & et J \.‘. " -
b2
(I i T e Attt TR e e e o i
< o % 5 > c s a >
¥ f8 3 3 & 2 % § % 8 & 4

Time (Daily)

Figure 1: Annual Daily flow hydrographs from 1954 to 1993.

Table 1: Annual flow metrics based on 40 years of data.

Mean Annual Flow 36.03 m/s
20% Time Exceeded Flow 48.91 m’/s
Median Flow 20.78 m’/s
80% Time Exceeded Flow 10.19 m’/s
Mean Rising Rate of Change of Flow 3.49 m’/s/day

Mean Falling Rate of Change of Flow -2.87 m’/s/day
Extreme Low Flow Conditions:

7-day-avg. low flow in 2-yr return period, 7Q, 598 m’ls
7-day-avg. low flow in 10-yr return period, 7Q,, 272 m’fs
7-day-avg. low flow in 20-yr return period, 7Q5q 202 ms

Riparian Flows (Q; - Qu)
Bankfull Flows (Q,5-Q; 7

197-345 m'/s
170-183 m'fs

Page 1 of 4




tl. Flow Duration

MCPHERSON FALLS - VERMILION RIVER
NATURAL FLOW METRICS DATA SHEET

. _ Flow
Time Exceeded % 3 1000
(m’/s) T .
0% 360.7
1% 225.4
5% 130.6
10% 83.6 100
20% 48.9 Flow
30% 33.8 (m’/s)
40% 25.5
50% 20.8 10
60% 16.7
70% 13.1
80% 10.2
90% 7.1 1 . . - - . - -
95% 53 0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
99% 2.6 % Equalled or Exceeded
100% 2.5
Table 2 & Figure 2: Flow duration table and curve displaying flow vs. percent time exceeded over 40 years.
lll. Flood Frequency Analysis
Return Period Flow
(years) (mi/e) 1000.0
1.05 112.5
1.25 148.7 PR T =
1.5 170.4 Flow
1.7 182.6 (m’/s) /"’W
2 196.6 1000 1§
5 261.1 3
10 303.8
20 344.7
50 397.7|
100 437.4 |
100 :
1.0 10.0 100.0
Return Period (years)
Table 3 & Figure 3 : Flood frequency analysis and curve fitted by the Gumbel probability distribution.
IV. Low Flow Frequency Analysis (Performed using 7-day-average low flow)
Return Period Flow
(years) (m'/s) 1600
1.005 13.98
1.01 13.19
1.1 9.88 Flow
1.25 8.50| (m/s)
2 5.98 10.00 1
5 3.73 =
10 2.72
20 2.02 2 ¢
50 1.37
100 1.02 1.00 -
1 10 100
Return Period (years)

Table 4 & Figure 4 :  7-day-average low flow frequency analysis and curve fitted by the Gumbel probability distribution.
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MCPHERSON FALLS - VERMILION RIVER
NATURAL FLOW METRICS DATA SHEET

Z HATCH

Seasonal :

]. Flow Duration

Table 5 & Figure 5 : Seasonal median flow
duration for determining minimum flow .
targets.
20% Ti 80 I 120 4 i
Scason _;) d ‘I;n: Median i ,.”‘ _I;)_‘L‘ 20% Time Exceed
X¢ L((’(( - xeeedeg 100 1 Me:
(m’'[s) (m'/s) p
Jan-Mar 23.7 15.7 o 80 e
Apr{un 126.6 56.3 (m‘:/ws) 80% Time Exceed
Jul-Sep 20.4 11.0 60
Oct-Dec 45.7 26.6
40 ]
1. i1
0 . ; .
Jan-Mar Apr-jun Jul-Sep Oct-Dec
Season
Il. Rate of Change of Flow
Table 6 & Figure 6 : Seasonal rising and
falling rates of change of flow for ”
determining ramping rate targets. ' O Rising Rate
6.0 WFailing Rate
S Rising Falling
deason
: Rate Rate 4.0
(m'/s/day) (m’/s/day)
2.0
Jan-Mar 2.34 -1.54 2::‘::
Apr—Jun 6.94 -5.46 of Flow 0.0
Jul-Sep 2.00 -1.90 (m’/s/day)
Oct-Dec 2.86 -2.25 2.0
4.0
6.0
8.0 . . .
Jan-Mar Apr-jun Jul-Sep Oct-Dec
Season
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MCPHERSON FALLS - VERMILION RIVER
NATURAL FLOW METRICS DATA SHEET

Z HATCH

Monthly :
I. Flow Duration

Table 7 & Figure 7 : Monthly median flow
duration for determining minimum flow -
targets.
160 §
20% Time ; 8049 Time
AL Exceeded Sledin I'xceeded 140 20% Time Exceeded
(m'ls) (m'/s) (m'ls) 120 4 Mean
Jan 239 16.9 11.5 Flow 100 1 Median
Feb 18.2 13.2 9.5 e 80% Time Exceeded
Mar 33.4 17.4 11.3 80
Apr  168.0  102.3 53.9 |
May 124.2 67.4 35.1 1
Jun 44.5 25.1 18.1 40
Jul 26.1 13.5 8.8 20 I I
Aug 16.5 9.7 5.6 L o [ I
Sep 16.9 9.7 5.2 0= et 2 = ez © = 5
Oct 393 20.5 9.0 < & 3z < 32 2 = 2 & o 2z &
Nov 55.3 32.8 19.4 Season
Dec 41.9 27.3 17.9
Il. Rate of Change of Flow
Table 8 & Figure 8 : Monthly rising and
falling rates of change of flow for 120
determining ramping rate targets. ) L [ GRising Rate
10.0 1 M Falling Rate
Rising Falling 8.0 1 2
Month :
Rate Rate 1
Ysiday) (m?fsiday) 60
(m/s/day (siday Rate of 44
Feb 1.38 1.39 prser :
e . -1 of Flow 2.0 1 :
i R 55 =.20% T g e
) _ : J S
AR et 027 GG ol | W B OO WO
May 4.78 -6.25 : .
Jun 3.62 -2.97 4.0
Jul 1.95 -2.10 o B
Aug 1.66 -1.62 '
Sep 2.26 -1.94 = T T T T . s > " n
Oct 2.79 -1.97 = ¢ 5 2 &8 3= 2 2 & ¢ &2 &
Nov 3.41 -2.53 Month
Dec 2.12 -2.08
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STATION INFORMATION

SITE ID 0
RIVER NAME VERMILION RIVER
SITE NAME CASCADE FALLS
[REGION NORTHEAST
DISTRICT SUDBURY
DRAINAGE AREA 3747 km?
OWNER XENECA POWER

ZHATCH

CASCADE FALLS - VERMILION RIVER
NATURAL FLOW METRICS DATA SHEET

How metrics are provided tor the potential waterpower site based on the Water

Stivey ot Canada (WSCH gauging station, Vermithion River at Lorne Falls {02CF004)

Melrics are hased on WSC tlows trom 1954 to 1993 {40 years).
the tlow records tor the site have heen synthesized by adjusting gauge tlows by
dramage arca and MAR. Other descriptive metrics have been inchided m the data

sheet to provide a more complete description ot the ranges ot streamtlow on the niver

system and to tactitate compansons betswween river systems.

Annual (1954 - 1993):
|. Streamflow Time Series

Daily Flows
400 % 2
350 £ Jx\m S Sl
A
250 £ \
Flow { A ﬂ
(m?fs) 200 e —

150 ] f\

100 + s A
!
3 g
50 NG —
:
0 L.ﬁ____F- s .y — .= -
5 3 § 2

\
4 / N | f, b
i =
e S e e = i -—— o gl uainabe atianbasberi o
> c = (=% *
i 2 ®F % & 3 &
Time (Daily)

Figure 1: Annual Daily flow hydrographs from 1954 to 1993.

Table 1: Annual flow metrics based on 40 years of data.

Mean Annual Flow 36.31 m’fs
20% Time Exceeded Flow 49.28 m’/s
Median Flow 20.94 m’/s
80% Time Exceeded Flow 10.27 m’/s

Mean Rising Rate of Change of Flow
Mean Falling Rate of Change of Flow

3.53  m?s/day
-2.90 m’/s/day

Extreme Low Flow Conditions:

Riparian Flows (Q; - Q)
Bankfull Flows (Q,5-Q; 5

7-day-avg. low flow in 2-yr return period, 7Q;
7-day-avg. low flow in 10-yr return period, 7Q
7-day-avg. low flow in 20-yr return period, 7Q-,

6.01 m’fs
2.73 mfs
202 mfs
198-347 m/s

172-184 m'/s

Page 1 of 4



CASCADE FALLS - VERMILION RIVER

NATURAL FLOW METRICS DATA SHEET

Z HATCH

H. Flow Duration

Time Exceeded % 1000 . : :
100

20% 49.3 Flow
30% 34.1 (m’/s)
40% 25.7
50% 20.9
60% 16.9
70% 13.2
80% 10.3
90% 7.2 1 r v - : - - - T
95% 5.3 0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
99% 2.5 % Equalled or Exceeded

100% 2.5

Table 2 & Figure 2 :

Flow duration table and curve displaying flow vs. percent time exceeded over 40 years.

lfl. Flood Frequency Analysis

Return Period Flow
e m/s) 1000.0
1.05 113.3
1.25 149.9 gete—iEeas =
1.5 171.7 Flow .
1.7 184.0 (m:!/s) f’f
2 198.1 100.0 -
5 263.1 T:
10 306.1
20 347.4
50 400.8
100 440.8
10.0
1.0 10.0 100.0
Return Period (years)
Table 3 & Figure 3 : Flood frequency analysis and curve fitted by the Gumbel probability distribution.
IV. Low Flow Frequency Analysis (Performed using 7-day-average low flow)
Return Period Flow
o) ms) 100.00
1.005 14.10
1.01 13.30
111 9.96 e
1.25 8.55 (s
2 6.01 10.00 1
5 3.74 =
10 2.73
20 2.02 2 *
50 1.37]
100 1.02 s *
1 10 100
Return Period (years)

Table 4 & Figure 4 :

7-day-average low flow frequency analysis and curve fitted by the Gumbel probability distribution.
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Seasonal :
|. Flow Duration

Table 5 & Figure 5 : Seasonal median flow
duration for determining minimum flow
targets.

80% Time

20% Fime "
Median
Exceeded

Season

Exceceded

{m ".-"s) (m ‘.\)

Jan-Mar 23.8 15.8
Aprjun 127.6 56.8
Jul-Sep 20.5 11.1
Oct-Dec 46.1 26.8

Il. Rate of Change of Flow

Table 6 & Figure 6 : Seasonal rising and
falling rates of change of flow for
determining ramping rate targets.

Rising Falling
Rate Rate

(m’/s/day) (m Ys/day)

Scason

Jan-Mar
Apr-jun 6.99
Jul-Sep 2.04
Oct-Dec 2.88

CASCADE FALLS - VERMILION RIVER
NATURAL FLOW METRICS DATA SHEET

140
120 1
20% Time Exceed
100 ‘Me.
Medi
80 -
Flow 80% Time Exceed
(mfs)
60 1
40 ]
" |
0
Jan-Mar Aprjun Jul-Sep Oct-Dec
Season
8.0
CIRising Rate
6.0 i Falling Rate [
4.0
Rate of 2.0
Change
of Flow 0.0
(m/s/day)
-2.0
4.0
-6.0
-8.0

Jan-Mar

Apr-jun Jul-Sep Oct-Dec

Season
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CASCADE FALLS - VERMILION RIVER
NATURAL FLOW METRICS DATA SHEET

Z HATCH

Mothly :

I. Flow Duration

Table 7 & Figure 7 : Monthly median flow
duration for determining minimum flow "
targets.
160
20% Fime - 80'% Time ]
St Exceeded IR Exceeded 140 20% Time Exceeded
(m'/s) (m’/s) (m'/s) 120 1 Mean
Jan 24.1 17.0 11.6 Flow 100 - Median
Feb 18.4 13.3 9.5 m¥s) 80% Time Exceeded
Mar 33.6 17.6 11.4 80
Apr  169.3  103.1 54.3 N
May 125.2 68.0 35.4
Jun 44.9 25.3 18.2 40 I I
jul 263 136 8.8 2] I I I
Aug 16.6 9.7 5.7 il u I BB
Sep 17.0 9.8 5.2 0+ L P e
Ot 396 207 9.1 5 ¢ 7 2§ 532 2 588 3 &
Nov 55.7 33.1 19.6 Season
Dec 42.3 27.5 18.1
II. Rate of Change of Flow
Table 8 & Figure 8 : Monthly rising and
falling rates of change of flow for 120
determining ramping rate targets. o Rising Rate
[ Falling Rate
Rising Falling 8.0
Month o Rato
Sroy 3y 6.0
(m'/s/day) (m’/s/day) Rate of
Jan 1.33 -1.37 Change °
Feb 1.39 -1.40 of Flow 2.0 ]
Mar 3.57 -2.04 (m’/siday) 1 |
Apr  10.35 6.77 ]
May 4.82 -6.30 20
Jun 3.64 -2.99 4.0
Jul 197 212 .
Aug 1.68 -1.64
Sep 2.37 -2.03 8.0 -
Oct 283 -1.99 = £ § % § 5 2 % %8 8 3 %
Nov 3.43 -2.55 Month
Dec 2.13 -2.09
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Z_I_m i q—l—. AT SOO CROSSING - VERMILION RIVER
Ve W B N A NATURAL FLOW METRICS DATA SHEET

STATION INFORMATION Flow metrics are provided tor the porential walerpower site hased on the Woten

SITE ID 0 Survey ol Canada (WSC) ganiging statian, Mermihon River at Lorme Fabls (02 [ 00
RIVER NAME VERMILION RIVER Metrics are hased on WSC thows irom 1954 to 1993 (41 \OTS).

SITE NAME AT SOO CROSSING the flow records ror the <ite have been svnthesized by adjustimg vange thows hy
REGION NORTHEAST draitage arenand MAR. Other descrptive metiics have heen mcludod in the data
DISTRICT SUDBURY sheet to provide a more complete dese ription ot the ranges of streamtlow on the river
DRAINAGE AREA 3813 km? system andt to tcihitate comparisons hebween river systems.

OWNER XENECA POWER

Annual (1954 - 1993);
I. Streamflow Time Series

Daily Flows
400
350 ¥ N =
300 m yv\ —
250 ¥
Flow /\

T TATHARL Y A

150 £ A s 1 \ =

W
45 \
s & / 4 o
N

0 ol e ' = _—-___1_—-___1'_“‘__"‘)'_-‘-___!___ o e R

I = > = o o =

B¢ 3 § oF 3 B g o 8 ;&

Time (Daily)

Figure 1: Annual Daily flow hydrographs from 1954 to 1993.

Table 1: Annual flow metrics based on 40 iears of data.
Mean Annual Flow 37.03 m¥s

20% Time Exceeded Flow 50.26 m’/s
Median Flow 21.36 m’fs
80% Time Exceeded Flow 10.48 m’/s
Mean Rising Rate of Change of Flow 3.60 m’/s/day
Mean Falling Rate of Change of Flow -2.95  m’/s/day
Extreme Low Flow Conditions:

7-day-avg. low flow in 2-yr return period, 7Q, 6.13 m/s
7-day-avg. low flow in 10-yr return period, 7Q;, 2.78 mfs
7-day-avg. low flow in 20-yr return period, 7Q,, 2.06 m's
Riparian Flows (Q, - Q,0) 202-354 m/s
Bankfull Flows (Q, 5 - Q, ,) 175-188 m’/s
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Flow

(.m:;/s) 1000 ;
1% 231.6
5% 134.2
10% 85.9 100
20% 50.3 Flow
30% 34.8 (m’fs)
40% 26.2
50% 21.4 10
60% 17.2
70% 13.4
80% 10.5
90% 7.3 1 . . : r - . .
95% 5.4 0% 10% 20% 30% 40% 50% 60% 70% 80% 90%  100%
99% 2.6 % Equalled or Exceeded
100% 2.6

Table 2 & Figure 2:  Flow duration table and curve displaying flow vs. percent time exceeded over 40 years.

lI. Flood Frequency Analysis

Return Period
(years)
1.05
1.25
1.5

1.7

10
20
50
100

Flow

(m g.-".s)
115.6
152.8
175.2
187.6
202.1
268.3
312.2
354.3
408.8
449.6

iy

1000.0

Flow

(m%s) /r

100.0 4o

100

1.0

10.0 100.0

Return Period (years)

Table 3 & Figure 3 :  Flood frequency analysis and curve fitted by the Gumbel probability distribution.

IV. Low Flow Frequency Analysis (Performed using 7-day-average low flow)

Return Period
(years)

1.01
111
1.25

10
20
50
100

Flow

(m’/s)

13.57
10.15
8.72
6.13
3.81
2.78
2.06
1.39
1.04

100.00

Flow
(m®/s)
10.00

1.00

1 10 100
Return Period (years)

Table 4 & Figure 4 :  7-day-average low flow frequency analysis and curve fitted by the Gumbel probability distribution.
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Seasonal :
I. Flow Duration

Table 5 & Figure 5 : Seasonal median flow
duration for determining minimum flow
targets.

804% Time

Excecded

20% Time .
Season Median
Exceeded

(m'/s) (m'fs)

Il. Rate of Change of Flow

Table 6 & Figure 6 : Seasonal rising and
falling rates of change of flow for
determining ramping rate targets.

Rising Falling
Rate Rate
(m’/s/da y) (m *sfda )
Jan-Mar 2.41
Apr-jun 7.13 -5.61
Jul-Sep 2.08
Oct-Dec 2.94

Season

AT SOO CROSSING - VERMILION RIVER
NATURAL FLOW METRICS DATA SHEET

140
120 -

100 1

Flow 80 ]
(m*fs)
60

40

“ o

20% Time Exceed
Me:
Medi

80% Time Exceed

Jan-Mar

Apr-jun Jul-Sep Oct-Dec

Season

8.0

6.0

LIRising Rate
W¥Falling Rate

4.0

Rate of 2.0
Change

of Flow 0.0 1
(m*/s/day)

-2.0

Jan-Mar

AprJun Jul-Sep QOct-Dec

Season
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Monthly

I. Flow Duration

AT SOO CROSSING - VERMILION RIVER
NATURAL FLOW METRICS DATA SHEET

Table 7 & Figure 7 : Monthly median flow
duration for determining minimum flow

targets.

Month

Feb
Mar
Apr
May
Jun
Jul
Aug
Sep

Nov
Dec

20% Time

Exceeded

(m :_-"\)

18.7
34.3
172.7
127.7
45.8
26.8
17.0
17.3
40.3
56.8
43.1

804% Time

Median

{m'/s)

13.6
17.9
105.2
69.3
25.8
13.9
9.9
10.0
21.1
33.7
28.1

Exceeded

(m'/s)

9.7
11.6
55.4
36.1
18.6

9.0

5.8

53

9.2
20.0
18.4

. Rate of Change of Flow

Table 8 & Figure 8 : Monthly rising and
falling rates of change of flow for
determining ramping rate targets.

Month

Jan
Feb
Mar
Apr
May
Jun
Jul
Aug
Sep
Oct
Nov
Dec

Rising
Rate

(m’lsida y) (m Halda y)

1.35
1.42
3.65
10.56
4.91
3.72
2.01
1.72
2.42
2.88
3.50
2.18

Falling
Rate

-1.40
-1.43
-2.08
-6.90
-6.43
-3.05
-2.16
-1.67
-2.07
-2.03
-2.60
-2.13

200
180 1
160 §
140 20% Time Exceeded
120 1 Mean
Hg;”mo : -
(m’/s) 80% Time Exceeded
80
60 |
40 I I i
oig g "R
0 1 T T T T T T
- o » . > c = o0 Q ko] z g
= & 2 2 § 2 2 Z & 8§ & g
Season
12.0
100 o KIRising Rate |
. i M Falling Rate
8.0
6.0 §
Rate of 4
Change
of Flow 2.0 ]

3
(msfday) | 3 F]

-2.0 ]
4.0 1

-6.0 |

8.0

o el ‘5 a > c _= o0
£ & 3 < 2 2 2 2z
Month

Sep
Oct
Nov
Dec
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WABAGESHIK RAPIDS - VERMILION RIVER
NATURAL FLOW METRICS DATA SHEET

Z HATCH"

STATION INFORMATION

Flow metries are provided tor the potentidl waterpower sile based on the \Water

SITE ID 0 Survey ol Canada (WSC) gaiging station, Vermilion River at L orme Falls (02CIro0-4
RIVER NAME VERMILION RIVER Metrics are based on WSC tlows irom 1954 1o 1993 140 VTS

SITE NAME WABAGESHIK RAPIDS The tTow records for the site have heen synthestzod Dy adjusting gouge thows by
REGION NORTHEAST dranage area and MAR. Other dese tiptives ietrics have been mctaded i the datea
DISTRICT SUDBURY shieet to provide a more ¢ omplete description ot the ranges ol stieamtfosy on the river
DRAINAGE AREA 4393 km? system and o tacilitate comprarsons hetween fver svsteme.

OWNER XENECA POWER

Annual (1954 - 1993);
I. Streamflow Time Serijes

Daily Flows

500

450

AN
T
350 h

300 - - - A
Flow I
(m®s) 250

——
Loy

200 A \

150 /\ \ y .
100 £ /h\t A 4 [

; _ N WS |

50 — \ . A\ >

[ e S 5 i o ———— T ———— Tm———— —-——— NN e w

S T D D D - S D T T T
Time (Daily)

Figure 1: Annual Daily flow hydrographs from 1954 to 1993.
Table 1: Annual flow metrics based on 40 years of data.
Mean Annual Fiow 47.34 m’/s
20% Time Exceeded Flow 64.27 m’/s
Median Flow 2731 m%s
80% Time Exceeded Flow 13.39 m%s
Mean Rising Rate of Change of Flow 4.59 m3/s/day
Mean Falling Rate of Change of Flow -3.76 _m’/s/day
Extreme Low Flow Conditions:
7-day-avg. low flow in 2-yr return period, 7Q, 7.45 m/s
7-day-avg. low flow in 10-yr return period, 7Qqo 3.14 m¥s
7-day-avg. low flow in 20-yr return period, 7Q5 226 m’ls
Riparian Flows (Q, -~ Q) 258 -453
Bankfull Flows (Q; 5 - Q; 5) 224240 m’/s
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Il. Flow Duration

Time Exceeded Y%

Z HATCH'

WABAGESHIK RAPIDS - VERMILION RIVER
NATURAL FLOW METRICS DATA SHEET

1000 . . .
0% 474.0
1% 296.1
5% 171.6
10% 109.9 190
20% 64.3 Flow
30% 44.5 (m/s)
40% 335
50% 27.3 10
60% 22.0
70% 17.2
80% 13.4
90% 9.3 1 - . - r T T
95% 6.9 0% 10% 20% 30% 40% 50% 60% 70% 80% 90%  100%
99% 34 % Equalled or Exceeded
100% 1.9
Table 2 & Figure 2 :  Flow duration table and curve displaying flow vs. percent time exceeded over 40 years.
HI. Flood Frequency Analysis
Return Period Flow
(ycars) (m:x/s) 1000.0
1.25 195.4 — ettt =
1.5 223.9 Flow
1.7 239.9 sy |
2 258.4 100.0 {=
5 343.1
10 399.2
20 453.0 -
50 522.6
100 574.8
100 . :
1.0 10,0 100.0
Return Period (years)
Table 3 & Figure 3:  Flood frequency analysis and curve fitted by the Gumbel probability distribution.
IV. Low Flow Frequency Analysis (Performed using 7-day-average low flow)
Return Period Flow
e ) 100.00 .
1.01 17.74
111 12.92 i
1.25 10.95 (m'ls)
> 7 45 10.00 - !
5 4.43
10 3.14 '
20 2.26
50 1.48
100 1.07, L x "
1 10 100
Return Period (years)
Table 4 & Figure 4 :  7-day-average low flow frequency analysis and curve fitted by the Gumbel probability distribution.
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Seasonal :
l. Flow Duration

Table 5 & Figure 5 : Seasonal median flow
duration for determining minimum flow
targets.

80Y% time
Excecded

20% Fme

Season Median

Exceeded

(m ".-"s) (m ‘.-'s)

Jan-Mar 31.1 20.6

Apr-jun 166.4 74.0

Jul-Sep 26.8 14.4 .
Oct-Dec 60.1 349 17.8

. Rate of Change of Flow

Table 6 & Figure 6 : Seasonal rising and
falling rates of change of flow for
determining ramping rate targets.

Rising Falling

Season

Rate Rate
(m'/slday) (m*/s/da )

WABAGESHIK RAPIDS - VERMILION RIVER
NATURAL FLOW METRICS DATA SHEET

180
160 ]
140 1 20% Time Exceed
120 Me,
Flow 100 ] ek
(m?/s) 80% Time Exceed
80
60 ]
40 ]
- W 0
0
Jan-Mar Apr-jun Jul-Sep Oct-Dec
Season
10.0 = =
|= ORising Rate ]
8.0 WFalling Rate []
6.0
4.0
Rate of ]
Change 2.0
of Flow

(m%s/day) 0.0

-2.0

4.0 ]

6.0

8.0

Jan-Mar

Apr-jun

Season

Jul-Sep

Oct-Dec
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Monthly :

I. Flow Duration

Table 7 & Figure 7 : Monthl'y median flow
duration for determining minimum flow

WABAGESHIK RAPIDS - VERMILION RIVER
NATURAL FLOW METRICS DATA SHEET

targets.

20% Time

80% Time

patmndl Exceeded sletin Exceceded
(m ".-"s) (m ".'\) {m ".-"\)

Feb 24.0 17.4 12.4
Mar 43.9 22.9 14.9
Apr 220.8 134.5 70.8
May 163.2 88.6 46.1
Jun 58.5 33.0 23.8
Jul 34.3 17.8 11.5
Aug 21.7 12.7 7.4
Sep 22.2 12.8 " 6.8
Oct 51.6 27.0 11.8
Nov 72.6 43.1 25.5
Dec 55.1 35.9 23.5

ll. Rate of Change of Flow

Table 8 & Figure 8 : Monthly rising and
falling rates of change of flow for
determining ramping rate targets.

Month

Rising

Rate Rate

(m'/s/day) (m ‘/s/day)

Jan 1.73 -1.79
Feb 1.82 -1.83
Mar 4.66 -2.67
Apr 13.50 -8.82
May 6.28 -8.22
Jun 4.75 -3.90
Jul 2.56 -2.77
Aug 2.20 -2.14
Sep 3.00 -2.59
Oct 3.66 -2.58
Nov 4.48 -3.32
Dec 2.78 -2.73

Falling

250
200 +
20% Time Exceeded
150 )
Flow Median
(m%s) 80% Time Exceeded
100 -
50 I I I I I
I i 5 @
0 u r T T T T T
= a 5 5 > € S oo o I+ 2 9]
= ¢ 3 2 £ 2 2 2 &8 8 3 8
Season
15.0 .
o0t ERising Rate
B falling Rate
10.0
Rateof g,
Change
of Flow

3
(m’/s/day) 0.0

-5.0

10,0 |

c ) 5 5 > c = w o 5 > 9]
= ¢ 3 & § 5 = F 8 85 3 ¢
Month
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E HATCH

Xeneca Power Development Inc. - Vermilion Hydropower Sites
Hydrology Review

Lake Evaporation vs. Latitude in Ontario
Lake evaporation in Ontario generally occurs between April and November each year when lakes
are free of ice. Lake evaporation varies with extra terrestrial radiation, temperature, vapour pressure,
humidity and wind speed. Although lake evaporation varies from year it is more stable than
evapotranspiration or general evaporation loss in a river basin because it does not depend on the
surficial geology or land use in the basin, which can affect the precipitation reaching the ground and
the soil moisture available for transpiration.

Lake Evaporation datasets in Ontario are limited and not always complete, but Environment Canada
publishes average lake evaporation data for some climate stations in the online Canadian Climate
Normals or Averages 1971-2000 series.

The table below shows Annual Average Lake Evaporation data for six climate stations in Ontario and
one each from Manitoba and Quebec.

Station - Latitude | Altitude | Annual E,

) °N m mm
Amos QUE 48.57 310 538
Atikokan ONT 48.80 442 538
Delhi ONT 42.87 232 709
Harrow ONT 42.02 191 789
Moosonee ONT 51.27 8 433
Ottawa ONT 45.37 79 672
Rawson Lake ONT 49.65 358 556
Norway House Forestry MAN 54.00 217 320

The Evaporation Atlas for the Contiguous 48 United States, NOAA Technical Report NWS 33,
Washington D.C. June, 1982 shows that annual free water surface evaporation from shallow lakes
(1956-70) varies approximately linearly with latitude in the states contiguous with the Province of
Ontario.

To investigate whether this trend persists in Ontario the annual average lake evaporation data above
were plotted against climate station latitude in Figure B-1. A linear regression equation fitted to this
data set has a correlation coefficient R = 0.9655 and gives the relationship for annual average lake
evaporation:

Etake = 2296.6 — 36.123 * Latitude
Where: Eate is annual average lake evaporation in mm

Latitude is in decimal ° N.

H333443-0000-10-124-0006.Doc H333443, Rev. 0

‘g’ WorkingTogether
SAFRLY © Hatch 2009/10



Xeneca Power Development Inc. - Vermilion Hydropower Sites
Hydrology Review
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Figure B-1 c ™
Xeneca Power z HAT H
Vermilion Hydropower Sites
Annual Average Lake Evaporation vs. Latitude
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Xeneca Power Development Inc. - Vermilion Hydropower Sites
Hydrology Review

A typical monthly lake evaporation distribution for the project sites is shown in Figure B-2.

25%
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o
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Vermilion Hydropower Sites
Monthly Lake Evaporation Distribution in Ontario
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APPENDIX C
CD-ROM containing Flow Series Datasets
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> ’:0,- CANADIAN PROJECTS LIMITED
g g #240, 523 Woodpark Blvd SW
J 't;f Calgary, Alberta T2W 4]3
{ br Phone: (403) 508-1560 Fax: (403) 238-5460
imite
File: 1052-001-3.1.1
April 11, 2011

Mr. Nava Pokharel, M.Sc., P.Eng.
Senior Project Manager

Xeneca Power Development Inc.
5160 Yonge Street, Suite 520
Toronto, ON, M2N 6L9

Dear Nava:

Re: Ontario South Hydro
Vermilion River at Wabagishik Rapid Hydrologic Analyses

Xeneca Power Development Inc. is proposing to develop the Wabagishik hydropower project
on the Vermilion River in Ontario. Xeneca commissioned Canadian Projects Ltd. (CPL) to
prepare hydrologic analyses for the project in accordance with Ontario Ministry of the
Environment (MOE) requirements as listed in Table 1. The table provides a concordance
between the MOE requirements and the various sections, tables and figures in this letter report.

The analyses relied on hydrologic information, including the site catchment area and a set of
synthetic daily flow estimates for the project, provided by Hatch'. The dataset covered the
period 1954 — 1993. There was no additional data available to extend the data series beyond
this date.

1. Season Definitions

Xeneca defined four seasons for the hydrologic analyses, as described in the project Operating
Plan’. The season definitions are illustrated on Figure 1.

2. Flow-Duration Curves of Total Streamflow
MOE requirements c) and e) include analyses of daily mean discharges to obtain flow-duration

curves for the full year, and on a monthly and seasonal basis. Flow-duration estimates were
obtained by analysis of the synthetic dataset as follows:

' Hydrology Review for Vermilion River Hydropower Project. Rev 0. Hatch Ltd. October 6, 2009.
2 Proposed Operating Flows and Levels: Wabagishik Hydro Project. Xeneca Power Development Inc.,
March 2011.

1052-001-3.1.1 Xeneca_r01_WD_Wabagishik Hydrologic Analyses
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. Standard (or Period of Record) flow-duration curves for the full year and for each season
of the year are shown on Figure 2 and Table 2.

. Standard (or Period of Record) flow-duration curves for each month of the year are shown
on Figure 3 and Table 3.

3. Flow-Duration Curves of Basefiow

MOE requirement d) specifies a flow-duration analysis of baseflow data. The series of synthetic
daily discharges was analyzed to obtain estimates of daily baseflow using the Streamflow
Analysis and Assessment Software (SAAS) developed at Trent University and recommended
by MOE. SAAS implements a recursive digital filtering method to estimate baseflow. Following
the SAAS methodology, the first and last months of the dataset were removed to eliminate the
end effects of the filtering procedure.

. Standard (or Period of Record) baseflow flow-duration curves for the full year and for
each season of the year are shown on Figure 4 and Table 4.

. Standard (or Period of Record) baseflow flow-duration curves for each month of the year
are shown on Figure 5 and Table 5.

4. Median of Percentiles Analysis

MOE requirement e) specifies a “median of percentiles” analysis in which the period of record is
subdivided into years, seasons or months; flow exceedance statistics are computed individually
for each period; and then the values for each percentile are analyzed to obtain the median
value for that percentile across the years of record.

. Median of Percentiles analysis results for the full year and for each season of the year are
shown on Figure 6 and Table 6.

. Median of Percentiles analysis results for each month of the year are shown on Figure 7
and Table 7.

5. Low Filow Analysis

MOE requirements b) and g) specify a low-flow frequency analysis of 7-day average low flow
for return periods of 2, 10 and 20 years. The Hatch report provided preliminary drought
frequency estimates, but recommended that detailed low flow analyses be undertaken for
environmental assessment and design phases of the projects. Therefore CPL conducted low
flow analyses. The analyses were based on the series of minimum 7-day average discharges
on a water year basis (May 1 — April 30). Four probability distributions were tested using the
Hyfran® software: Gumbel (used by Hatch), Weibull or Gumbel IlII (recommended by
Environment Canada* ), Pearson [ll, and lognormal.

The lognormal distribution provided the best fit to the data. Results are presented in Table 8.

® Developed by the Institut National de la Recherche Scientifique - Eau Terre et Environnement (INRS-
ETE) at the University of Quebec with sponsorshlp from Hydro-Quebec and the Natural Sciences and
Engmeermg Research Council of Canada.

* Modelling of Low Flow Frequency Distributions and Parameter Estimation. R. Condie and G.A. Nix.
International Water Resources Symposium, Water for Arid Lands, Teheran, fran, December 8-9, 1975.

Canadian Projects Limited



Nava Pokharel

Xeneca Power Development Inc.
April 11, 2011

Page 3

6. Flood Frequency Analysis

MOE requirement f) specifies a flood frequency analysis of maximum instantaneous
discharges. The Hatch report provided preliminary flood frequency estimates, but
recommended that detailed flood analyses should be undertaken for environmental assessment
and design phases of the projects. Therefore CPL conducted a new flood frequency analysis
which encompassed the 1:2 é/ear to the 1:10,000 year instantaneous flood flows as
documented in a separate report”.

Maximum instantaneous flood estimates for various return periods are provided in Table 9.

7. Summary Statistics

MOE requirement a) specifies descriptive statistics of daily discharges including the maximum,
mean, median, minimum and 20% and 80% exceedance values. Summary statistics are
presented in Table 10.

8. Conclusion

This hydrological analysis letter report was prepared and provides the information compiled in
accordance with MOE requirements. We trust that the information contained in this letter meets
with your requirements.

Sincerely,

CANADIAN PROJECTS LIMITED Reviewed By

Wes Dick, M.Sc. Paul Kemp, P.Eng.
Senior Hydrologist Project Director
WD/wd

©2011 Canadian Projects Limited. All Rights Reserved.

Canadian Projects Limited prepared this Report for the sole benefit and use of our Client. The information contained
herein should be treated as confidential and is protected under copyright law. The Report shall not be used by any
third party without the express written consent of Canadian Projects Limited. The information expressed in this
Report represents Canadian Projects Limited’s best professional judgment and is based on Canadian Projects
Limited’s experience as applied to the information provided at the time of preparation, within the scope and methods
of the assignment. Canadian Projects Limited does not guarantee or warrant hydrological estimates, schedules,
capital costs, power production estimates, revenues, or project economics expressed herein.

® Ontario South Hydro: Hydrology Review and Flood Frequency Analyses — DRAFT. Letter report to
Xeneca, Canadian Projects Limited, February 17, 2011.

Canadian Projects Limited
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Table 1

Concordance between MOE Requirements and Report

MOE Requirement

Results Presented In

Section No.

Figure No.

Table No.

a) Descriptive flow statistics using all available
daily flows for all years: mean, median,
minimum, maximum, flow exceeded 20% time,
flow exceeded 80% time.

7

10

b) Extreme low flow statistics: 7Q, (2 year return
period 7-day-average-low flow), 7Qy, (10 year
return period 7-day-average-low flow) and
7Qq (20 year return period 7-day-average-low
flow).

c¢) Flow duration curves and tables using total
daily average flow data for the entire period,
for all four seasons and for all twelve months.

d) Flow duration curves and tables using daily
baseflow data for the entire period, for all four
seasons and for all twelve months.

4-5

e) Flow duration curves derived using both the
percentile method and the median of
percentiles method. Both methods are
incorporated into the flow analysis tool,
developed by Schmidt and Metcalfe (2009),
which can be downloaded for free from
http://trentu.ca/iws/software.php.

2,4

f) Flood frequency analysis using instantaneous
maximum flow of each year for the entire
period of records.

g) Low flow frequency analysis using 7-day-
average-low flow for the entire period of
records.

h) Altered flow of the bypass reach and the reach
below tailrace, if applicable.*

i) Compensation flow for the bypass reach and
the reach below tailrace, if applicable.*

* These items are addressed in the Operation Plan.
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Figure 1
Hydrologic Season Definitions for
. Vermilion River at Wabageshik Rapid
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Figure 2
Annual and Seasonal Flow-Duration Curves
Vermilion River at Wabagishik Rapid
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Table 2
Annual and Seasonal Flow-Duration Estimates
Vermilion River at Wabagishik Rapid
Discharge (m®/s) '

% of Spring Summer Fall Winter Annual

Time Mar 20 May 25 Oct 12 Dec 25

Exceeded | May 24 Oct 11 Dec 24 Mar 19

1 391 156 164 81.5 296
5 297 79.4 104 48.3 172

10 240 56.9 83.0 38.5 110
15 213 45.9 71.7 334 81.2
20 193 38.2 63.4 29.9 64.3
25 172 33.6 57.7 27.8 52.4
30 1563 30.2 52.4 26.4 44.5
35 138 27.4 47.5 24.5 38.2
40 122 24.5 44.2 22.8 33.5
45 112 21.3 40.6 21.6 29.9
50 102 18.9 37.7 20.5 27.3
55 90.7 16.6 34.4 19.1 24.8
60 80.9 15.1 31.5 17.8 22.0
65 72.2 13.9 29.4 16.8 19.4
70 62.9 12.5 27.4 15.9 17.2
75 52.7 11.1 25.2 14.9 15.2
80 43.2 9.40 21.6 13.5 13.4
85 34.0 8.29 16.3 12.5 11.8
90 26.6 6.81 12.9 11.1 9.33
95 19.3 5.19 8.89 8.93 6.91
99 13.2 2.78 4.45 5.92 3.44
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Figure 3
Monthly Flow-Duration Curves
Vermilion River at Wabagishik Rapid
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Table 3
Monthly Flow-Duration Estimates
Vermilion River at Wabagishik Rapid
% of Time Discharge (m®s)
Exceeded | Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec
1 69.546.5| 136} 377 | 417 | 250 | 157 [63.4|92.3 | 166 | 151 | 158
5 46.0 |31.9/99.6| 326 | 260 | 104 | 64.3|33.3/50.7[89.1] 113 | 88.7

10 3851280703 | 268 | 215|78.8 | 47.7 | 28.7 | 32.0 | 69.9 | 93.5 | 70.6
15 3431262 |51.7| 241 | 18567.6 [40.3(24.9|26.7 | 58.3 | 80.6 | 61.5
20 3141240439 | 221 | 163 |58.5134.3 |21.7|22.2[51.6 | 72.6 | 55.1
25 29.41222|38.5| 206 | 146 |50.3 | 30.8 | 19.3]| 19.3 | 46.2 | 66.7 | 51.6
30 27.7 1209|334 | 193 | 134 1443 [(27.8[(17.6]|17.4 | 41.2 | 60.7 | 46.8
35 26.7 1200289 | 178 | 118 |39.7 | 25.8 | 154 | 15.6 | 38.2 | 55.1 | 44.2
40 25.2119.0|27.0| 165| 108 | 37.1 [ 22.9114.5]|14.9[34.0 | 51.3 | 41.3
45 23.8118.2|125.2| 149198.234.9(20.7 [ 13.6 | 13.8 | 30.0 | 47.1 | 39.1
50 22211741229 | 134 |88.6 |33.0|17.8]12.7|12.8 | 27.0 | 43.1 | 35.9
55 2111164 (211] 120809314 /164118 |11.8[22.6|37.7[33.2
60 20.0115.8|19.8| 111]|72.7]30.2|15.7[10.5 | 10.5 | 20.7 | 34.5 | 30.8

65 1891149 (179 101 | 66.8 | 28.9 | 14.9 |1 9.69 | 9.27 | 18.0 | 32.3 | 28.9
70 17.8114.2 1 16.6 {89.1 | 58.4 | 27.6 | 13.4 | 9.04 | 8.53 | 14.9 | 30.0 [ 27.4
75 16.3]113.3 15,6 [79.8[51.9|25.6| 124 868|741 ]|13.3|27.7|25.5
80 15.1112.4114.9|70.8|46.1 |23.8|11.5|/7.41[6.81 | 11.8|25.5|23.5
85 13.3|11.4(13.6160.1 /140.0}20.99.74 | 6.66 | 5.92 | 8.89 | 20.7 | 20.7

90 11.8110.3112.4143.9[353[19.3/8.86|5.72|4.94|6.91|14.4|16.3
95 +19.6918.28]|10.5[/29.4|28.9|16.0 |6.67 {4.45]|3.17 /486|104 | 11.8
99 6.80 | 5.9216.82|16.9]|205]|11.5|445[2.96|2.02]2.71 | 5.19 | 7.59
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Figure 4
Annual and Seasonal Flow-Duration Curves
Vermilion River Baseflow at Wabagishik Rapid
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- Table 4
Annual and Seasonal Baseflow Flow-Duration Estimates
Vermilion River at Wabagishik Rapid
Discharge (m®/s)
% of Spring Summer Fall Winter Annual
Time Mar 20 May 25 Oct 12 Dec 25
Exceeded | May 24 Oct 11 Dec 24 Mar 19
1 171 63.3 70.3 44.6 112
5 116 42.2 54.3 32.1 72.9
10 99.6 33.3 47.8 27.4 52.5
15 89.5 28.3 43.5 25.0 43.2
20 81.0 25.4 40.0 22.8 36.3
25 73.6 22.4 37.2 20.9 30.9
30 67.2 19.8 332 19.5 27.4
35 62.6 16.9 29.9 18.6 25.0
40 55.8 15.0 27.9 17.6 22.5
45 50.7 13.2 26.1 16.3 20.1
50 45.8 11.7 24.9 15.2 18.2
55 42.0 10.7 23.2 14.5 16.1
60 37.3 9.25 21.2 13.8 14.4
65 32.7 8.03 19.0 13.1 13.0
70 28.6 7.19 16.6 11.9 11.4
75 25.1 6.27 13.7 10.6 9.76
80 20.9 5.46 11.3 9.41 8.33
85 17.3 4.69 9.28 8.59 6.78
90 14.3 3.71 6.62 6.89 5.25
95 11.7 2.95 4.51 5.00 3.84
99 8.45 1.66 2.58 417 2.02
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Figure 5
Monthly Flow-Duration Curves
Vermilion River Baseflow at Wabagishik Rapid
1000
B —Jan —Feb
~— Mar — Apr
— May —dJun
—Jul ——Aug

—— Sep — QOct
— Nov — Dec
100

&\

0 \ e
E NN
S S
g \\\ X\\

10 = < g

—— .
1 §
0% 20% 40% 60% 80% 100%

Percent of Time Exceeded

Canadian Projects Limited



Nava Pokharet
Xeneca Power Development inc.

April 11, 2011
Page 13
Table 5
Monthly Baseflow Flow-Duration Estimates
Vermilion River at Wabagishik Rapid
% of Discharge (m°/s)
Time
Exceeded | Jan | Feb | Mar | Apr | May [ Jun | Jul | Aug | Sep | Oct | Nov | Dec
1 46.5{32.0{454 | 133 196 |73.5|14491259(30.0] 59.0|71.6|70.5
5 343[(254 (348 107 | 130 [54.3{37.1{19.7[21.8| 44.3|54.5]|56.7

10 29.6 | 22.027.1/949| 108 | 46.0 | 28.6 | 16.6 | 17.1 | 37.1 | 50.1 | 48.0
15 27.3/19.5|23.8|86.0198.8140.72591151[14.7| 319464419
20 25.71185(21.4(78.2189.7 135512291134 |11.9| 27.7]|43.4[39.6
25 24.71175119.7171.7 18191328 20.2|11.9|10.9| 23.3]|404|37.7
30 228 116.2[19.0/672]76.1129.9(18.4]11.0|9.80| 20.7)|37.5| 34.6
35 21.3|155(17.3(62.8 68.9|28.2|16.09.75|8.39| 184 |32.6 [31.5
40 20.31149/16.1|57564.1|27.3[14.6 882|763 | 16.9|30.1|29.0
45 19.3114.4[14.9[53.2[59.0| 26.2| 13.6|8.03|708| 148|278 |27.7
50 18.5[13.9114.3[49.4[53.9|25.0|12.7|755[650]| 13.0|26.3|26.4
55 1751134 13.6 (453 [489124.0| 116712594 | 11.5]|25.2|25.4
60 16.3 | 12.8 | 13.0 | 41.7 | 44.7 1 22.6 | 10.7 | 6.53 | 5.60 [ 10.6 | 24.0 | 24.3
65 15.2111.8[11.9[36.9(41.0|21.2|9.50|5.93|5.08| 9.36 | 21.7 | 22.7
70 14.1110.3111.3132.8|36.8[19.3 18.89|525[465]| 76219.7]21.0
75 12919.35|10.2(28.2[33.6 |175}7.7814.80[3.92| 6.57]|16.0]|19.3
80 11.418.90]9.51[23.9/31.7116.3|6.95|14.45|344| 5711129178
85 9.5117.85[18.93|20.8)|29.8|14.3|5.95|3.75/2.96| 4.47|10.9|15.2
90 7.4516.06 | 8.14 ) 16.9 1 26.7112.415.09 {3.171242| 3.21 |7.99]10.2
95 6.10 1 4.45|6.18 (139 124.1110.1 [4.47 1296 |1.74| 2.54|5.10( 7.63
99 4.83)1255(4.39]|10.8 121 |7.77 {13.05)|2.10 | 1.27 | 0.615 | 3.00 | 4.62
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Figure 6
Annual and Seasonal Medians of Percentiles
Vermilion River at Wabagishik Rapid
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Table 6
Annual and Seasonal Medians of Percentiles
Vermilion River at Wabagishik Rapid
Discharge (m%/s)
Spring Summer Fall Winter Annual
Percent Mar 20 May 25 Oct 12 Dec 25
of Time May 24 Oct 11 Dec 24 Mar 19
1 254 90.3 73.8 44.7 243
5 237 68.2 71.9 40.7 181
10 215 50.1 63.6 34.7 109
15 197 42.4 52.7 30.7 83.2
20 188 35.7 51.1 29.0 60.6
25 176 32.4 46.9 27.7 52.3
30 154 29.0 45.0 25.8 44.0
35 140 27.1 43.0 24.4 37.8
40 124 22.6 41.2 22.9 33.5
45 109 19.5 38.9 22.2 30.5
50 106 17.4 36.4 20.8 27.0
55 94.2 16.0 34.8 19.9 25.1
60 80.3 15.0 31.0 19.0 22.4
65 72.2 13.6 30.3 17.5 20.2
70 67.0 12.6 29.3 17.0 17.7
75 51.5 12.1 27.6 16.7 15.5
80 44.6 11.0 27.4 16.0 14.0
85 38.5 10.1 25.8 15.5 12.3
90 28.1 9.00 24.2 14.9 11.1
95 24.5 7.69 22.0 13.6 8.85
99 20.6 5.76 18.0 12.5 5.95
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Figure 7
Monthly Medians of Percentiles
Vermilion River at Wabagishik Rapid
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Table 7
Monthly Medians of Percentiles
Vermilion River at Wabagishik Rapid

Percent Discharge (m%s)
of Time | Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec
1 29.223.0|548) 251 | 182|51.8|130.9(19.6{21.4|51.9[66.7|58.5
5 28.41221146.8| 244 | 173148.6 [29.318.2| 19.1 | 50.1 | 65.5 | 56.2

10 275)121.7[40.1| 231 | 164 [40.4128.8 | 15.7|16.9 | 47.5| 63.7 | 53.4
15 27.1121.138.0| 220 | 156 | 39.3 | 27.6 [ 15.1 | 16.6 | 46.2 [ 59.6 | 49.0
20 26.9120.7133.1] 208 | 142 |38.7 | 26.5| 14.9] 16.3 | 42.2 | 56.1 | 45.1
25 26.3 1195284 | 204 | 134 [(375]|24.8 | 14.6 | 16.0 | 40.0 | 52.4 | 44.2
30 25.2119.2126.1 | 193 | 128 | 36.5|23.3 | 14.5|15.2 | 35.8 [ 51.7 | 42.8
35 245118.5]25.7 ] 176 | 123 35.1|121.8|14.4|14.6 |32.9|49.2(40.8
40 24.0118.1 [ 254 | 156 | 113 [33.7|21.5|13.8| 14.3|32.0| 46.5 | 38.7
45 23.0|1179|24.2| 147 | 104325 20.9(13.3|14.1|31.4[43.4|37.6
50 22111741231 139 | 101 [31.5]20.0|12.9| 13.6 | 28.4|41.0 | 36.2
55 22.0[17.021.1| 120{96.7|31.1| 178123 ]| 13.0|25.7 | 38.6 [ 34.7
60 21.5(16.2 202 114 |81.8|304}17.0]|11.4(122]225[38.3}|31.7
65 21.0)|16.0/189| 104 (7151303 |16.8(10.8|11.6|21.8|37.031.3
70 20.6 | 155 (17.7 1 97.4168.3 | 28.8 | 16.3| 10.7 | 10.6 | 20.4 | 35.0 [ 30.7
75 204154172 (86.8|65.8|28.1]| 15.5]|9.63 ] 10.0 | 19.6 | 34.0 [ 30.3
80 20.1{15.0{16.5|75.9|54.1[27.3]114.9|9.169.70 | 18.2 | 33.4 | 29.5
85 195611481159 /68.9 | 48.8 | 26.3|14.5|8.89|9.15|16.9|32.3|27.4
90 19.2 |1 14.7 | 15.4 | 63.7 | 45.9| 25.2| 13.6 | 8.55 | 8.19 | 15.7 | 31.0 | 27.3
95 18.8 | 14.2 |1 14.8 | 57.8 1 40.8 [24.1 [ 12.7 (| 7.95|7.39 | 149 | 28.4 | 26.4
99 175113.3 | 13.71565.237.2|23.2]11.9(6.435.92| 13.7 ]| 28.0 | 25.0
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Table 8
Seven-Day Low Flow Frequency Estimates
Vermilion River at Wabagishik Rapid

Return Period Discharge

(years) (m¥/s)

100 2.03
50 2.34

20 2.89

10 3.50

5 4.40

3.3 5.20

2 6.84

Table 9

Maximum Instantaneous Flood Estimates
Vermilion River at Wabagishik Rapid

Return Period Maximum Instantaneous
(years) Discharge (m°/s)
2 268
5 356

10 402

20 440

50 480

100 507

1000 572

10,000 617
Table 10

Descriptive Flow Statistics
Vermilion River at Wabagishik Rapid

Statistic Daily Discharge
(m¥s)

Maximum 474

20% Exceedance 64.3

Mean 47.3

Median 27.3

80% Exceedance 13.4
Minimum 0.296
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1. BACKGROUND

Xeneca Power Development Inc. (Xeneca) is proposing to develop a renewable energy project along
the Vermillion River at Wabageshik Rapids under a contract from the Ontario Feed in Tariff (FIT)
program, regulated by the Ontario Power Authority (OPA). As part of the requirements of the FIT
contract Xeneca is working towards the completion of the required Class Environmental Assessments
(Class EA) for this project. Xeneca contracted ORTECH Consulting Inc. (ORTECH) to conduct a desktop
screening level assessment of the erosion potential for this project in support of the overall Class EA
process.

A screening level assessment tool was developed to compare conditions under different water depth
scenarios, channel bank angle, channel velocity range and substrate type using available GIS, and
topograpbhic data.

2. PROJECT DESCRIPTION

The waterpower project is primarily a run-of-river (ROR) type project with varying storage capacity to
allow for some degree of daily peaking operation. This project is therefore referred to as "“modified
run-of-river” generating facility having dominant properties of ROR projects with short term or limited
peaking capability.

With “modified run-of-river” operations, the facility would operate at the same rate as the natural flow
in the river (i.e. “run-of-river”) with no variation in upstream water levels due to operation and no
man-made variation in downstream flows from those experienced naturally. At other times, the
facility would “modify” the natural flow in the river by storing some of the natural river flow during
night time hours to be used during daytime hours when the need for electricity in the Province is
greater.

Run-of-river operation would occur during two (2) types of natural flow conditions:

1) When natural river flows are greater than the maximum turbine capacity (Qrmax): Since the natural
flow exceeds the amount of water that can be processed through the turbine, any excess water is
bypassed through the spillway structure. The combined flow of the water used in the turbine to
generate electricity and the water bypassed over the spillway equals the natural flow. This
situation occurs primarily during spring thaw run-off conditions and during major storm events in
the spring, summer and fall.

Erosion Potential Assessment of Northern Ontario Waterpower Sites for
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2) When natural flows are so low that any available water must be released to protect the
downstream environment: The flow in this situation is typically too low to generate electricity.
This situation occurs primarily in late summer and late winter when natural flows are typically very
low. This situation may also occur during certain years when spring run-off flow is unusually low
and the amount of water available is needed downstream.

Modified run-of-river operation would occur during moderate and low flows when the natural flow in
the river is below the maximum turbine flow capacity (Qrmax) but above the minimum flow required to
protect the environment (Qga). During these flow conditions, some of the natural river flow during
nighttime and/or weekend hours can be stored and used to produce electricity during daytime hours.
There are two modes of modified operation as follows:

1) Facility runs at reduced rate at night: When natural river flows are moderate (i.e. between the
minimum (Qrmia) and the maximum (Qmay) rate of turbine capacity), the facility runs continuously,
but some of the water is saved during nighttime hours. This operation results in downstream flows
that are smaller than natural river flows during nighttime hours and larger than natural river flows
during daytime hours when electricity use is higher. However, the minimum flow in this mode of
operation is not less than the minimum turbine capacity (Qtmin)-

2) Facility is stopped at night: When natural river flows are low (i.e. below the minimum turbine
capacity (Qrmin)), the facility will need to stop operation during some nighttime hours and save
water until operation is again possible. The lower the natural river flow, the longer the period of
stoppage will be. When the facility operates, it operates at a rate less than maximum turbine
capacity (Qrmax). TO ensure that the downstream river reach receives enough water flow to protect
the environment (Qga), the appropriate amount of water is released through a bypass while the
turbine operation is stopped.

Figure 1 below illustrates the mode of operation that occurs depending on the amount of natural flow
in the river.

Erosion Potential Assessment of Northern Ontario Waterpower Sites for
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An important factor in modified run-of-river operation is the availability of storage upstream of the
facility. As described in the project description section of the environmental assessment, the amount
of storage created as part of the project is very limited. To achieve the objective of building a project
with limited environmental impact, the conceptual design of the facility limits the height of structure,
the depth and the area of inundation upstream. Consequently, the amount of storage available for
operation is inherently limited in relation the natural flow in the river, thereby limiting the storage to a
few hours during moderate and low flows. The ability to use this storage is further constrained by
environmental constraints outlined in other parts the environmental assessment document. It is the
limited storage that differentiates modified run-of-river projects from hydroelectric projects that
create large storage reservoirs with the ability to store water for weeks or seasons to “peak” when
seasonal periods of hot or cold spells raise the need for extra electricity production. Typically, modified
run-of-river projects have significantly less environmental impact than peaking hydroelectric projects.

For the purpose of this project the range of headpond elevations is represented by the upstream
operating parameters provided within the operating plan and provided in Table 1 below.

Table 1: Upstream Operating Parameters

Inundation Area at LTAF 4.4 | ha
Inundation Area - Post-project 4.8 | ha
Upstream Extent 0.8 | km
Normal Operating Target Nat. Lake Level | m MSL
Minimum Operating Target 204.0 | m MSL
Maximum Daily Fluctuation 01|l m

Note: Values are for normal flow conditions, parameters may vary during droughts or floods due to
factors of nature

3. SCREENING LEVEL METHODOLOGY

The erosion potential screening assessment relies on a series of matrices covering a wide range of
channel conditions and substrate combinations that represent the range of combinations at the
waterpower site. Substrate combinations are summarized in Table 2 with bolded values representing
the dominant substrate type.

Erosion Potential Assessment of Northern Ontario Waterpower Sites for
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Table 2: Substrate Combinations

% Substrate Composition
Scenario # Badrocky
Boulder/ | Gravel Sand Silt clay
Cobble
1 100
2 100
3 100
4 100
5 75 8.3 8.3 8.3
6 8.3 75 83 8.3
7 8.3 8.3 75 8.3
8 8.3 8.3 8.3 75
9 50 16.6 16.6 16.6
10 16.6 50 16.6 16.6
11 16.6 16.6 50 16.6
12 16.6 16.6 16.6 50
13 25 25 25 25
14 50 50
15 50 50
16 50 50

% ORTEC

H %

Each substrate combination was modeled using hydraulic geometry and vegetative protection
relationships indexed to rating scores, normalized on a 0 to 10 scale, as established in the bank erosion
hazard index (BEHI) method. The overall rating represents conditions ranging from very low (0 — 1.9)
to extreme (> 9.0) erosion potential based on how the noted physical and mechanical variables work
together to provide natural erosion resistance and dynamic channel stability (Aqualogic, 2011).

The ranges of parameters considered in the assessment are provided in Table 3.

Table 3: Erosion Potential Data Inputs

Parameter Value
Bank Height equal to flow depth
Flow Depth 0.5m-6m
Rooting Depth 2m
Rooting Density 50%

Bank Angle

15 - 55 degrees

Protection

Vegetative Bank Face

50%

Erosion Potential Assessment of Northern Ontario Waterpower Sites for
Xeneca Power Development Inc., Wabageshik Rapids, Report #90881 (Revision 1) | Page 9



A detailed analysis of a 40 km section of the Kapuskasing River was conducted and the range of
conditions observed along this project was used to represent typical average site conditions for
Wabageshik Rapids. Rooting depth was assumed as an average of 2m, and rooting density and bank
face protection as 50%, reflecting the range of scrub to treed conditions in shallow to medium depth
soils for Boreal Forest on the Canadian Shield.

Bank angles representing conditions steeper than typical stable slope equilibrium and higher than 2m,
under the noted average vegetative cover conditions, were excluded from analysis because they are
considered erosion prone and unstable under all flow scenarios.

4, APPLYING THE SCREENING METHDOLOGY

Erosion potential scenarios were assessed for each substrate type combination shown in Table 2 with
incremental flow depth and bank angles applicable over a range of channel velocities. The resultant
index scores are provided in Attachment 1. For each substrate combination velocities below the matrix
value would represent “very low” erosion potential whereas velocities above the upper range of values
provided would be deemed to trigger sustained erosion potential (Aqualogic, 2011).

Additionally, site areas that are relatively void of significant vegetation should be identified and
referenced to the Hjulstrom Curve relationship for velocity as provided in Attachment 2. The Hjulstrom
curve relationship is used by hydrologists to determine whether a river system will erode, transport or
deposit particles of a given size at a specified channel velocity. This methodology agrees with the MNR
guideline approach of identifying the point of incipient erosion as the threshold of channel stability
(OMNR, 2002) for channel banks generally less than 2 m high.

The following steps were used in developing the erosion potential assessment for the project site:

1) Aslope analysis map was produced for each project site based upon topographic information in the
form of 0.5 m LIDAR contour data;

2) Slopes were categorized in ten degree intervals corresponding to the erosion sensitivity scoring
system (15 to 55) degrees;

3) Surificial geology mapping was overlaid onto the slope analysis map;

4) Surficial geology for each project site was placed into one of the sixteen categories used in the
erosion sensitivity scoring index as provided in Attachment 1, and

5) Areas deemed as having the potential for “moderate” erosion potential or areas requiring
additional analysis were identified by blue circles.

Based upon the above approach the project site is considered to have a “low” erosion potential.
Erosion potential mapping for the project site is provided in Attachment 3.

Erosion Potential Assessment of Northern Ontario Waterpower Sites for
Xeneca Power Development Inc., Wabageshik Rapids, Report #90881 (Revision 1) | Page 10



5. CONCLUSIONS

Erosion potential scenarios were assessed for each substrate type combination shown in Table 2 with
incremental flow depth and bank angles. The resultant index scores are provided in Attachment 1.
Modelling results indicate that:

e Good channel stability is generally found under all conditions for bedrock/boulder/cobble
scenarios, as typical of most watercourses;

e Good stability conditions in aggregate and soil substrates is generally due to the positive influence
of vegetative cover supplying additional reinforcement;

e Silt clay conditions are considered to have lower sensitivity to erosion than sand and gravel
conditions which is an inherent result of cohesive properties;

e Any shift in velocity te above the identified stability range from one flow scenario to another would
require a more detailed analysis;

e For flow depths of 1 m or less, which are proposed under the site operating plans, 100% sand and
75% sand + 25% “mixed” substrates have a potential for “moderate” erosion impacts under specific
bank angle and flow velocity conditions; and

e All other substrate combinations, within the prescribed velocity ranges, for flow depths of 1 m or
less are predicted to have either “low” or “very low” erosion potentials when bank angles are 45
degrees or less.

Comparative flow depth scenarios (existing and proposed) are possible using the screening
methodology. This is typical of dynamic integrated stability under existing conditions representing
decades and/or centuries of long term natural cycles and processes acting on a watercourse. Any
identified shift from “very low” to “low” or from “low” to “moderate”, under a manmade change in
flow depth could be generally reflective of an equivalent natural peak flow event that the system is
already adjusted to (Aqualogic, 2011).

The methodology presented in this report is a desk top screening level review tool so the assessment is
by no means an exhaustive review of all physical, temporal and unknown factors.

Erosion Potential Assessment of Northern Ontario Waterpower Sites for
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Table A3: Project Site Surficial Geology and Erosion Potential

Erosion Sensitivity at Flow Depth of 1m
Upper ] Additional
Substrate Velocity Prf) Ject Very Low Low Moderate | Analysis
Geological Formation Category | Range (m/s) Site # Required

Fluvial Gravel 2,6 1.5 1,2 <45 >45
Sand 3 1.1 1,2 <25 25-45 >45
Bedrock 1 2.5 2,13 <55

Bog Deposits 7 1.1 2 <25 25-45 >45
Glacial Gravel 2,6 1.5 2 <45 >45
Glacial Till 7 11 2 <25

Ice Contract Drift 7 1.1 2 <25 25-45 >45
Granite 1 2.5 3 <55

Gneiss 1 2.5 5 <55

Ultramafic Rock 1 2.5 6 <55

Volcanic, Sedimentary Material 1 25 7 <55

Batholithic Intrusives 1 2.5 7,8,10 <55

McKim Formation 1 25 7 <55

Mississaji Quarizite 1 2.5 7 <55

Ramsay Lake Conglomerate 1 2.5 7 <55

Schistified Volcanics, Clastic Sediments 1 2.5 7,8 <55

Basic Intrusives 1 2.5 8,10 <55

Noritic "Basic Edge" Differentiate 1 2.5 8,9 <55

Nickel Bearing Irruptive 1 2.5 9 <55

Onaping Tuff 1 2.5 9 <55

Transition Zone (Tuff / Irruptive) 1 2.5 9 <55

Schist Complex 1 2.5 10 <55

Transition Material (Schist / Intrusives) 1 25 10 <55

Glasiolacustrine Deposits 4,16 1.5 12,14 <55

Glaciofluvial Outwash Deposits 4,16 1.2 13 <55

Glaciofluvial Ice 4,16 1.2 14 <55

Fluvial Deposits 4,16 1.2 14 <55

Beach 3,7 1.1 15,18 <25 25-45 >45
Cloustan Silt 4 1.5 15,17, 18 <55

Wadsworth Rock Upland 1 2.5 15 <55

Drumlins 13 1.7 16 <45 >45
Hanging Cliff 1 2.5 16 <55

Lisgar Silt 4 1.5 16 <55

The Flutes 1 2.5 17,18 <55

Ablation 13 1.7 18 <45 >45
Allenby Lake Clay 4 1.5 18 <55
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Executive Summary

Xeneca Power Developments, Inc. (Xeneca) proposes to develop a hydroelectric plant on the Vermilion
River in Northern Ontario. As part of the Ontario Ministry of Natural Resources (MNR) and Fisheries and
Oceans Canada permitting processes, Xeneca completed an extensive amount of work for an initial
Environmental Assessment (EA), with the primary aim of addressing concerns over impacts to fish habitat
within the system. Further review by the agencies indicated that fluvial geomorphic studies need to be
included in the assessment, and therefore, Parish Geomorphic Ltd. (PGL) was retained to provide insight
on channel processes along the river. Specifically, PGL’s work focuses on determining and quantifying
bank and bed erosion potential and general sediment transport associated with the dam site.

The surface geology along the Vermilion River through the development corridor is primarily an area of
bedrock, while a mantle of ground moraine till with a thickness of generally less than 1 m commonly
overlies the bedrock at some locations. This till is sandy to silty in texture and commonly contains
cobbles, stones, and boulders. Organic deposits have accumulated in many poorly drained depressions in
bedrock, ground moraine, and lacustrine terrain.

Tasks for this project included conducting a reach-based synoptic survey (Rapid Geomorphic
Assessment) and collecting detailed cross section and sediment data to extend existing topographic data
(e.g., Xeneca LiDAR and bathymetry) and assess potential sediment transport and bank erosion issues for
the hydroelectric corridor. Sediment size distributions were characterized for existing Xeneca hydraulic
modeling (HEC-RAS) cross-sections, PGL cross-sections, and exposed bars along the reach using a
combination of Wolman (1954) pebble counts, Ponar sediment samples, and visual observations. The
sediment data was combined with output from Xeneca’s 1-D HEC-RAS hydraulic model to evaluate
sediment entrainment potential along the study reaches.

Overall, the channel bed includes a large range of sediment sizes, with distributions being reach-
dependent. The bed along study reaches that contained rapids consist of coarser material, primarily
bedrock, boulders, and large cobbles. The finer material present in the system tends to accumulate in the
backwater areas upstream and downstream of rapids, and in local areas of flow separation (i.e., eddies,
mid-channel bars). A number of sand/gravel islands are located in a pool area immediately downstream of
the rapids. Along the study area, the river appears to be quite stable. Very few signs of channel instability
were observed during the field reconnaissance, and the RGA values suggest the channel is in “regime”.
The few eroding banks or lateral bars observed along the reach were localized issues, and not always
directly related to channel dynamics.

Vermilion River Hydroelectric Project-Xeneca Power Development Inc.



Along the study reach of the river, the juxtaposition of on-line lakes/ backwater zones, and the steep rapids
form a system of alternating transport-limited, and sediment limited reaches, where sand and gravel tends
to be difficult to entrain in the backwater sections so that the rapids receive very little material and are left
armored with bedrock, boulders and large cobbles that are difficult to move. The sand that does arrive at
the rapids is either left in the lee of larger clasts or “piped” downstream to replace what little might be
moving there.

During the data collection process, bank conditions were noted for most of the study reaches, including
general vegetation cover, sediment composition, notable erosion scars, and other indicators of bank
instability. Except for very localized issues, most of the banks in the study reach appeared to be stable. In
the on-line lake areas, it is unlikely that hydraulic bank erosion activity is occurring.

The analysis results indicate that the development of the proposed hydroelectric dam at Wabagishik
Rapids will likely only result in minor changes to the sediment dynamics within the river system. The
backwater for the project will extend upstream from the dam to Lake Wabagishik, so at times there will be
less energy to move sediment immediately upstream of the dam. In certain scenarios, this may result in
deposition of material immediately upstream of the dam, however as the reach is currently sediment
limited, this deposition is likely not have a major impact. Immediately downstream of the dam, the rapid
section appears to be well armored and should be able to withstand the moderate flows supplied by the
dam during operations and the bedrock and boulder-lined channel should maintain the overall existing
geomorphology. The cobble island and bar formations immediately downstream of the rapids, and the
sand/gravel/cobble island formations in the on-line lake further downstream of the rapids will not see a
dramatic change in sediment supplied to, or eroded from the locations, however they may continue to
adjust as was observed in the field outing.

iii
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1. Introduction

Xeneca Power Developments, Inc. (Xeneca) proposes to develop a hydroelectric plant on the Vermilion
River in Northern Ontario. As part of the Ontario Ministry of Natural Resources (MNR), Ontario Ministry of
the Environment, and Fisheries and Oceans Canada permitting processes, Xeneca completed an extensive
amount of work for an initial Environmental Assessment (EA), with the primary aim of addressing
concerns over impacts to fish habitat within the system. Further review by the agencies indicated that
fluvial geomorphic studies need to be included in the assessment, and therefore, Parish Geomorphic
Limited (PGL) was retained to provide insight on channel processes along the river.

Specifically, PGL’s work focuses on determining and quantifying bed and bank erosion potential and
general sediment transport associated with the site. The idea was to create a basic sediment budget for
each of the rivers, using a combination of previously conducted stream surveys, hydraulic modeling, and
newly collected bed and bank sediment data, so that the proposed hydro plant’s impact on river processes
can be assessed. Additional work was done to help fill in gaps for the earlier EA study. The major aims of
the study are defined below:

o Review previous documents, historical aerial photographs, and mapping (including previously
collected bathymetry and LiDAR data). The review will focus on environmental setting and channel
stability.

o Describe existing channel conditions in the vicinity of the proposed dam sites, including existing
areas of channel or bank instability, or areas where potential issues may arise (i.e., major changes
in bed material, bars, bank failures, etc).

o Collect sediment-size distribution data at established cross-sections (e.g., HEC-RAS stations) for
channel characterization and entrainment/transport modeling.

e Add data to stage-discharge relationship curves, by collecting flow velocity data at stations where
pressure transducers are currently monitoring flow stage (i.e., water surface elevation).

o |Integrate the above information, as well as work previously completed for the EA, to assess
possible impacts to the channel associated with the development project.
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2. Background Information

2.1  Site Location
The proposed development on the Vermilion River, near Espanola, Ontario, is known as the Wabagishik

Rapids Hydroelectric Project. The study area for the current investigation is between the Lorne Falls
Generating Station approximately 12km upstream of the proposed development site and a set of rapids
approximately 4km downstream of the site. Figure 1 shows the location of the development.

2.2  Proposed Conditions
The Vermillion River dam site is located at bedrock/boulder rapids (Wabagishik Rapids), immediately

downstream of the Lake Wabagishik outlet. A modified run-of-river generating facility has been proposed
which involves modifying river flow at some times, while at other times allowing the facility to operate at
the same rate as the natural flow in the river. The facility would modify the natural flow in the river by
storing some of the natural river flow during low power-usage times and then release flows during hours
when the need for electricity in the province is greater (modified peaking). A more detailed description of
the development and its operation is provided in the proposed operating plan (Ortech Environmental,
2012).

Figure 1. General Site Map for the study area.
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2.3  Physiography

An engineering terrain map (Gartner, 1978; Figure 2) shows the generallzed geology of the valley through
the focus reach of the Vermilion River. Rock knobs are the dominant bedrock landform in the map-area.
Relief on this landform is moderate and the topography is rugged. A mantle of ground moraine fill
commonly overlies the bedrock, with till thickness generally being less than 1 m on the crests of bedrock
highs, but the thickness may increase to several metres on the flanks or between the highs. This till is
sandy to silty in texture and commonly contains cobbles, stones, and boulders. Organic deposits have
accumulated in many poorly drained depressions in bedrock, ground moraine, and lacustrine terrain. At the
upstream end of the study area near Lorne Falls are glaciolactustrine lake plain deposits. In these areas,
waters from a glacial lake washed the till from many of the bedrock highs and redeposited the materials as
sand to sandy silt lacustrine plain sediments between the highs. Downstream of the rapids, on the
southern shore of the bay-type feature there is organic terrain found. These are thick organic deposits that
have accumulated in the depressions between bedrock knobs and in swales in ground moraine (Gartner,
1980).

2.3.1 Previous Work

In order to provide a broader context for the fluvial geomorphology assessment, a background review of
available resources was undertaken. The majority of existing documentation pertaining to the Vermilion
River comes from the previous Environment Assessment work conducted by Xeneca (2011-2012).
Additionally, a one-dimensional hydraulic model (HEC-RAS) and additional spatial data were also supplied
by Xeneca to help complete the current study. A description of the data follows in the subsequent sections.

2.3.2 Bathymetric Data

Bathymetric survey data for the Vermilion River was obtained on October 28, 2010 and November 14,
2011 by BPR Engineering. River channel elevations were measured with a combination of total
station/GPS surveys and sonar measurements while wading or boating. The data were collected at
multiple cross sections along the channel, with tighter spacing at proposed dam sites, and additional data
were collected between these cross sections.

2.3.3 LiDAR Contour Information

A Light Detection and Ranging (LIDAR) survey was flown on November 15, 16, and 17" 2009 for the area
13.1km upstream and 1.4 km downstream of the proposed structure. This survey, performed by
Terrapoint, was used to develop the elevations above the river level.
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2.3.4 Existing Hydraulic Model

Xeneca's original HEC-RAS model started about 12km upstream of the proposed dam site and extended
approximately 4km downstream of the site. The river reaches in the vicinity of the proposed hydropower
development site were represented by a number of cross-sections; each section was based on a
combination of a LIDAR (topography) survey for the overbanks and a bathymetry survey for the
underwater geometry.

2.4  Reach Delineation
Because channel materials, sediment inputs, valley types, and flow vary along a creek or stream, channels

are often separated into segments, termed “reaches”. Reaches comprise stream segments of similar form
and function, ranging from several hundred to several thousand meters in length. For this assessment,
reach breaks were primarily defined by the shear stress outputs (Figure 2) from the HEC-RAS model run
at the 2-yr return interval peak flow (i.e., approximating bankfull). Proposed dam locations and general
geomorphological changes also factored into the reach delineations. General channel parameters for each
reach, taken from Geographic Information System (GIS) measurements and the HEC-RAS model, are listed
in Table 1.
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Figure 2. Reach delineation based on shifts in shear stress.
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Table 1. General Geomorphic Characteristics of the Vermilion River Study Reaches

[ GeneralGeomorphoiogy |
JReach il = 5 ) | sSteamlenghh (m)
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w1 Run 3500
w2 Wabagishik Lake/ Backwater 6891
W3 Wabagishik Rapids (Boulders) 1112
W4 Lake/ Pool 798
W5 Run 2599
W6 Rapids (Boulders) 418
w7 Lake/Pool 182

Figure 3. Reach Map for the Vermilion River study area
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3. Field Assessment

In order to assess existing geomorphic conditions and document any evidence of channel instability, field
reconnaissance surveys were conducted along the study section of the Vermilion River, from
approximately 1km upstream of the proposed dam site to 4km downstream of the site. During the
fieldwork, which was conducted in November, 2012, the focus reaches were canoed or walked and
channel conditions and dominant processes were documented. Sediment and bank conditions were
measured in detail at sites along the channel. The detailed sites were chosen to coincide with previously
surveyed cross-sections used in the HEC-RAS model (i.e., bathymetry data), but also included additional
cross sections and sediment measurements at bar features.

3.1 Rapid Assessment Methodology

3.1.1 Rapid Geomorphic Assessment

The Rapid Geomorphic Assessment (RGA) was designed by the Ontario Ministry of Environment (2003) to
assess urban stream channels. It is a qualitative technique based on the presence/absence of key channel
indicators of channel instability such as exposed tree roots, bank failure, excessive deposition, etc. The
various indicators are grouped into four categories indicating a specific geomorphic process: 1)
Aggradation, 2) Degradation, 3) Channel Widening, and 3) Planimetric Form Adjustment. Over the course
of the survey, the existing geomorphic conditions of each reach are noted and the presence or absence of
specific geomorphic indicators is documented. Upon completion of the field inspection, the indicators are
fallied within each category and the subsequent results are used to calculate an overall reach stability
index. This index corresponds to one of three stability classes representing the relative degree of channel
adjustment and (or) sensitivity to altered sediment and flow regimes (Table 2).

Table 2: RGA Classification (Ontario Ministry of Environment, 2003)

Factor Value | Classification Interpretation

<0.20 In Regime or Stable | The channel morphology is within a range of variance for streams -of similar
(Least Sensitive) hydrographic characteristics — evidence of instability is isolated or associated with

normal river meander propagation processes

0.21-0.40 Transitional or | Ghannel morphology is within the range of variance for streams of similar
Stressed  (Moderately | hydrographic characteristics but the evidence of instability is frequent
Sensitive)

=0.41 In Adjustment (Most | Channel morphology is not within the range of variance and evidence of instability is
Sensitive) wide spread

10
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3.2  Reach Characterization

3.2.1 Reach descriptions

The delineated reaches cover approximately 16km of the Vermilion River (Figure 3). Reaches 3 to 6 were
visited and documented as part of the November 2012 PGL field surveys. These reaches are described in
Table 1 and below, and Appendix A exhibits photographs taken during the field event.

Reach W3
The upstream limit of Reach W3 coincides with the transition where the on-line Wabagishik Lake outlets to

the Vermillion River. This reach comprises the Wabagishik Rapids associated with the dam site and is
primarily bedrock-controlled, especially towards the upstream end. The entire reach is confined by
bedrock outcroppings and extends approximately 1100m prior to outletting to a secondary on-line lake,
which defines the downstream reach limit. Channel bed sediment was comprised of coarse material
throughout this reach and ranged from exposed bedrock, which was predominantly towards the upstream
end, to large cobbles which were observed towards the downstream end. Minor evidence of channel-
widening and degradation was observed; however the reach was deemed to be in a regime state. Cobble
bar features are located at the downstream end of the reach, and appeared to be adjusting to flow during
the field investigation.

Reach W4
Reach W4 is defined by a secondary on-line lake. Similar to Wabagishik Lake, this section of the Vermillion

River serves as a sediment sink. Towards the upstream end, the reach is bounded by steep valley walls
that generally consisted of sands, cobbles and boulders, while the banks along the bay-like area were
predominantly comprised of sand and some coarser material. A number of depositional features were
observed at the time of the survey, most notably some vegetated island features throughout the center of
the Lake. These bar islands consisted of fine to coarse materials ranging from silts and sands to cobbles
with some organics and were occupied by short to tall grasses and sparse woody shrubs (Figure 4). The
channel thalweg favored the south-central portion of the lake; however, considerable depths were
encountered throughout the entire feature. The reach did not display any significant erosion indicators and
aggradation was observed as the primary geomorphic process.

1
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Figure 4. Island formation in the lake downstream of Wabagishik Rapids.

Reach W5
Reach W5 extends approximately 2600m and is settled within a semi-confined valley setting. The entire

reach is fairly straight, displayed consistent channel dimensions, and slower, backwatered flow. The
channel is lined by coniferous and deciduous trees up to the edge of banks consistently throughout the
reach. Banks were primarily comprised of fine to coarse sands, but also transitioned to localized bedrock
outcrops. Samples of the channel bed revealed either fine silts and sands or coarse gravel. The reach did
not show any major signs of instability, with the exception of some widening indicators. Channel widening
was generally localized and was observed through fallen/leaning trees, occurrence of large organic debris,
and exposed tree roots.

Reach W6
Reach W6 is signified by a second set of rapids. This section is fairly short, extending approximately 420m

to a third on-line lake feature, which comprises reach W7. Reach W6 displays a marked decrease in
channel width, affiliated with an increase in confinement and bedrock control. These conditions
correspond to a notable change in channel hydraulics, transitioning from slower backwater in reach W5 to
more turbulent flow with higher velocities. The banks through this section are dominated by boulders and
bedrock outcroppings, the latter of which obstruct and divide flow near mid-reach (Figure 5). Channel
depths increased significantly towards the downstream end of the reach, where the channel widens. Due
to the bedrock channel boundary, this reach was essentially stable and in regime, with some minor
evidence of channel-widening.

12
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Figure 5. Bedrock outcrops in reach W6.

3.2.2 Rapid Assessment Results

Table 3 provides results from the RGA surveys conducted along the Vermilion River study reach. They
basically confirm the general site descriptions which suggested the channel throughout the study area is in
regime (stable). The primary adjustment processes for W3, W5, and W6 were identified through the
scoring as degradation and widening. For W3 and W6, which were both rapid sections, the presence of
exposed bedrock would increase the degradation score, however these stable channel materials does not
necessarily indicate an adjusting system. There were bedrock outcrops present at some locations along
the channel in reach W5, however the relatively high widening score was a result of fallen/leaning trees,
occurrence of large organic debris, and exposed tree roots.

Table 3: RGA Results for the Vermilion River Study Reaches

| 025 | | in Regime _

w4 . 033 0.00 0.00 0.14 0.12 | In Regime
W5 0.00 0.29 0.38 0.00 | ___0.17 | In Regime
W6 0.11 0.14 0.25 0.00 0.13 | In Regime
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3.3  Sediment Characteristics

3.3.1 Bed Material

Channel bed materials were characterized using a modified Wolman pebble count (Wolman, 1954) at
Xeneca cross sections, channel bars, and areas of the bed exposed at low flow. In locations where flow
depths were too deep or fast for safely wading the channel, sediment samples were collected with a Ponar
sediment trap and/or estimated visually through the water and via general probing. Due to time constraints
and access issues, sediment data for reaches W1, W2 (Wabagishik Lake), and W7 was not collected.
Figure 6 exhibits sampling locations, cross-sections, and reach breaks. Overall, the channel bed includes
a large range of sediment sizes, with distributions being reach-dependent. The bed along study reaches
that contained rapids consist of coarser material, primarily bedrock, boulders, and large cobbles. The finer
material present in the system tends to accumulate in the backwater areas upstream and downstream of
rapids, and in local areas of flow separation (i.e., eddies, mid-channel bars).

~— Xeneca Bathymetric survey section

O Additionat Sampling Locations
\ —'»R_e_aqh Break

] “menmessenm Veters
0 480 960 1440 1,920

e e ¥ - X =

Figure 6: Sediment sampling locations by river reach
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Pebble Count Data

Sediment distributions from pebble count data were obtained for cross sections in reaches W3 and W5.
These distributions were obtained from physical counts of the channel bed in locations that it was
accessible and does not include the pebble counts performed for bars/ islands located in the channel or in
on-line lakes. For the study area, the pebble counts indicate an overall d,; of 45mm, a ds, of 76mm, and a

dg, Of 147mm (Figure 7).
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Figure 7: Overall combined sediment distribution for reaches W3 and W5

The differing nature of the reaches should be taken into account, however. For example, upon investigation
of Figure 8, it is apparent that the distribution from W3 (d,;=90mm, d;,= 150mm, dg,= 284mm) is
much greater than that obtained from cross sections in W5, a run reach (d,s=0.2mm, d;g= 2mm, dg,=
10mm). This is to be expected, as the channel at the high energy rapids section consists of much coarser

material.
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Figure 8: Sediment distributions for reaches W3 and W5

Sediment characterization from pebble count data and observations

The distributions presented above that were obtained from pebble counts in R3 and R5 do not necessarily
represent the overall sediment distribution for the study area as physical sampling was restricted in some
areas due to accessibility and safety concerns. In some cases, pebble counts were performed only along
the margin of the river, as the centre of the channel was not wadeable. In the circumstance that a Wolman
pebble count wasn’t performed, or a sample wasn't obtained using Ponar to perform a pebble count, other
investigation methods were employed to characterize the sediment. This includes probing the channel bed
in various locations, observing the substrate through the water from the surface, and evaluating photos in
order to approximate the substrate sizes.

For W3, the pebble counts would likely underestimate the overall sediment distribution, as the river could
only be traversed at specific sections, and those areas where the current was too fast were not accessed.
Wolman pebble counts were performed at Xeneca cross sections [-3] and [-1], however it was noted that
XS[-2], [0], [1], and [2] were primarily bedrock channel with some large boulders. As these cross
sections did not have counts performed, the amount of bedrock and large boulders would not have been
accounted for in the resultant distribution.

For W4, the depth and width of the on-line lake restricted the ability to perform counts, and at times it was
difficult to obtain a sufficient sample size for a count using the Ponar equipment. Probing and visual
observations revealed that the substrate in this reach primarily consisted of silt, sands, and some gravel. In
the “bay area” along the right bank just downstream of Reach W3, a significant amount of organics and

16
Vermition River Hydroelectric Project-Xeneca Power Development Inc.



wood detritus were found. The bars/islands in this reach that consisted of sediment ranging from sands to
cobbles and small boulders will be discussed further in the following section.

In W5, a long backwatered reach, sediment samples were collected using Ponar across the channel at
cross sections 115, 116, 117, and 118, and pebble counts were performed using the collected material.
Bed materials were found to consist primarily of silt and sands, with some clay and gravel present. The
distribution created from the pebble count data collected in this reach fairly accurately represents the bed
materials present during the field outing.

Reach W6 is a second set of rapids along the study reach and contains coarser material and bedrock.
Ponar sampling in this reach did not result in any material being collected as it was too large for the
sampling apparatus. At the downstream end of the reach, where the river widens again, bedrock and
boulders make up the substrate at XS[123]. A cross section in W7 was also investigated and Ponar
samples across the section did not collect any material, it was visually observed that there was likely
boulders and small cobbles in the vicinity. It is not believed that this would be representative of the entire
W7 reach, because this coarser material is found directly downstream of the rapids.

Overall Bed Particle Size Distributions

In order to perform an erosion analysis for the study area, a more complete characterization of sediment
size distributions for all of the reaches throughout the length of the channel is required. In order to
characterize the sediment size distributions for each of the reaches, the available pebble count data was
complemented by estimations through visual observations and via general probing that was performed
between reaches W3 to W7. Due to time constraints and access issues, reaches W1 and W2 were not
visited as part of the field program. Based on modeling observations, it was felt that the sediment
conditions for the upstream reach W1 would be similar to the data collected for a run section (W5), and
that the conditions in W2 would be similar to the smaller material collected in pool sections, aithough due
to the size of the lake, there is likely some finer material present.

Figure 9 provides a conceptual representation of the sediment gradation for the study area, indicating the
overall d,g, dso, and dg, for each of the reaches. It can be observed that the much higher values for reaches
W3 and W6 are indicative of the channel being primarily bedrock with bouiders in those sections.
Wabageshik Lake exhibits the lowest sediment size values as fine material is present.

17
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Figure 9: Determined d,;, ds,, d;, values for reaches W1 — W7

Bar/ Island Pebble Particle Size Distributions

A number of Wolman pebble counts were also performed at bar or island features in reaches W3 and W4.
Immediately upstream of the dam site (Xeneca XS-1), and aiso at the downstream end of reach W3
(between Xeneca cross sections 1 and 2), there are a number of island/ bar formations that consisted
primarily of cobbles, with the counts resulting in a ds, of 150 mm (Figures 10 and 11).

Bar Sediment Distribution
100.00

90.00
80.00 |
70.00

60.00 |-

Percent
(7))
=}
=)
=}

40.00 -

30.00

2000

10.00

0.00

0‘0 = LT

- =
= o

o
Sediment Diameter {mm)

00

10 .

0'00T -
0'000T

0'0000T

Figure 10: Bar sediment size distributions Reach W3
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Figure 11: Loing downstream from eneca XS-2 cobble — cobble bar along right bank

In the pool area downstream of the rapids (Reach W4), pebble counts indicate the presence of islands
consisting primarily of gravel with an overall dy, of 30 mm (Figure 12). It should be noted, however, that
due to the presence of snow, pebble counts may have been concentrated along the perimeter of the
islands where there is larger material. Field observations indicate that many of the islands in the pool area
consist of sands (medium to coarse) with gravel (Figure 13).
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Figure 12: Bar sediment size distributions Reach W3
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4. Analysis

The primary goal of the Wabagishik Rapids Geomorphic Assessment is to provide an idea of how channel
form and function operate under existing conditions and how they may change once the dams are
operational. The existing conditions have largely been documented in the previous sections, and these data
were used to address sediment transport issues along the study sections, including estimating entrainment
thresholds.

41  Channel Hydraulics
In order to begin an analysis concerning the bed erosion potential for the study area, an understanding of

the flow characteristics in the channel is required. Table 3 provides output from the Xeneca HEC-RAS
model (CPL, 2012) at the estimated 2-yr return interval flow of 200cms. This flow will be used to
approximate bankfull flow in the absence of detailed field surveys. As might be expected, the rapid reaches
(W3 and W6) have orders-of-magnitude higher shear stress values than the backwater reaches, and
significantly higher velocities. '

Flow Hydr

Area Top Width | Hydr Depth Radius E.G. Slope | Vel Chnl | Shear Chnl | Q Total

(m?) (m) (m) (m) (m/m) (m/s) (W/m?) (m/s)
W1 910 198 4.7 4.6 0.00002 0.28 0.7 200
W2 3975 797 5.0 5.0 0.00000 0.09 0.1 200
W3 111 61 1.8 1.7 0.00604 2.27 85.7 200
W4 1415 380 3.7 3.7 0.00001 0.15 0.2 200
W5 390 105 4.3 4.1 0.00012 0.61 3.7 200
W6 103 49 2.1 1.9 0.00727 2.37 104.6 200
W7 1304 190 7.0 6.6 0.00001 0.22 0.4 200

Table 3: Reach averaged volumes from the HEC-RAS model run at the 2-yr flow (~bankfull).

4.2  Bed Erosion
In essence, an erosion threshold analysis determines the hydraulics, such as discharge, channel depth, or

average channel velocity, at which the channel produces enough shear stress to initiate the mobilization of
sediment of a given size (D,;). The analysis also helps evaluate a reach’s erosion sensitivity by comparing
the boundary shear stress associated with modeled flows to the critical shear stress required to entrain
sediment. The HEC-RAS model output and reach averaged sediment data can be used to compare shear
stress along the channel and the stress required to move sediment of a certain size. In Figures 14-17, the
dimensionless shear stress (7* = 7/((p,-p,)9D) of the channel for a given sediment size (red/blue lines) is
compared to the critical dimensionless shear stress (Shield’s Number set to 0.045) altered by the Parker
hiding function, (z*,,=0.045(D/Ds,)*%; black line). The hiding function accounts for the effect of larger
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clasts on the entrainment of smaller clasts (e.g., sand can “hide” in the lee of larger cobbles and
boulders). Where the colored lines are higher than the black line, clasts of the given size will likely be
moved by the flow; where the colored lines are less than the black line the sediment will likely not move.

The results indicate that for both existing and project conditions, medium sand (0.5 mm) may be entrained
along Reach W1, W2, and W5 under exiting bankfull conditions (~200 cms). Under more moderate flows
(47cms), moving sand is difficult and only occurs along Reach W5 for both existing and project conditions
(Figures 14A and 14B).

At 200cms, the entrainment relationships predict gravel (8 mm and 24mm) entrainment in W1, W2, and
W5 (Figures 15A, 15B, 16A, 16B). At 47cms, very little gravel entrainment occurs along the study area
under either existing or project conditions, aside from along reach W5. As gravel sized particles were
prevalent in the pool downstream of the rapids (Reach W4), it follows that gravel would not be entrained in
this area.

Figure 17A illustrates the potential entrainment of very fine sand (0.0625 mm). It indicates that under
bankfull flows it can be entrained in all of the reaches upstream of the rapids, under both existing and
operating conditions. At the rapids however, there is increased capacity to transport the fines under
existing conditions compared to proposed operating conditions, however the difference appears to be
minor. There is considerable entrainment potential in reach W5 for fine sand. Under long-term average flow
(Figure 17B), for both existing and proposed conditions, the fine sand will be entrained only in reach W5.
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Figure 14A. Comparison of channel shear stress and critical shear stress for 0.5mm sand at 200cms.
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Figure 14B. Comparison of channel shear stress and critical shear stress for 0.5mm sand at 47cms.
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Figure 15A. Comparison of channel shear stress and critical shear stress for 24mm gravel at 200cms.
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Figure 15B. Comparison of channel shear stress and critical shear stress for 24mm gravel at 47cms.
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Figure 16A. Comparison of channel shear stress and critical shear stress for 8mm gravel at 200cms.
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Figure 16B. Comparison of channel shear stress and critical shear stress for 8mm gravel at 47cms.
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Figure 17A. Comparison of channel shear stress and critical shear stress for 0.0625mm sand at 200cms.
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Figure 17B. Comparison of channel shear stress and critical shear stress for 0.0625mm sand at 47cms.
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4.3  Bank Erosion ‘
During the data collection process, bank conditions were noted for most of the study reaches, including

general vegetation cover, sediment conditions, notable erosion scars, and other indicators of bank
instability. Except for very localized issues, most of the banks in the study reach appeared to be very stable
with mature vegetation (trees and shrubs) lining both sides of the channel. At rapids sections and along
sections of the channel further downstream, the banks were bedrock and/or boulders, and are more
resistant to hydraulic and geotechnical erosion. One area that was noted for minor erosion is along the
right bank in Reach W5, where some bank slumping and fracture lines were observed, as well as leaning
and falling trees (Figure 18). There are a number of bedrock outcrops along the channel, and they are not
restricted to rapids sections. Qutcrops are particularly prevalent in locations where the channel narrows,
such as towards the downstream end of reach W5.

-

a -

Figure 18: Fallen/ leaning trees at XS116

The fluctuation of daily water levels upstream of the proposed dam can increase the amount of shoreline
erosion that would occur without modified operation. While a small amount of shoreline erosion occurs
naturally in the river, accelerated and persistent shoreline erosion is undesirable. For the Wabagishik
Rapids development, fluctuation of water levels in the backwatered section of the river upstream of the
dam will likely not have an impact on bank stability due to the presence of stable bedrock that lines the
channel in this area.

27
Vermilion River Hydroelectric Project-Xeneca Power Development Inc.



5. Conclusions

The proposed Wabagishik Rapids hydroelectric development is situated immediately downstream of Lake
Wabigishik, near Vermilion, Ontario. It is the first set of rapids along the Vermilion River downstream of the
Lome Falls Generating Station. A study of the Vermilion River upstream and downstream of the rapids
indicates that the river appears to be quite stable along the corridor. Very few signs of channel instability
were observed during the field reconnaissance, and the RGA values calculated for the visited reaches
suggest that the channel is in “regime” and stable.

The stretch of river studied during the investigation consists of on-line lakes connected by sections of
rapids and backwatered channels. This has produced a system that aiternates between transport-limited
and sediment-limited reaches. Sand and gravel tends to be difficult to entrain in the backwater sections,
which resuits in very little material being supplied to the rapids. These rapid sections are therefore left
armored with bedrock, boulders, and large cobbles that are difficuit to move. The sand that does arrive at
the rapids is either left in the lee of larger clasts or “piped” downstream to replace what little might be
moving there.

During the data collection process, bank conditions were noted for most of the study reaches, including
general vegetation cover, sediment composition, notable erosion scars, and other indicators of bank
instability. Except for very localized issues, most of the banks in the study reach appeared to be stable. In
the on-line lake areas, it is unlikely that hydraulic bank erosion activity is occurring.

Construction of the hydroelectric development at Wabagishik Rapids appears to result in minor changes in
the existing sediment erosion and transport dynamics of the system. The backwater range of the project
will extend upstream from the dam to Lake Wabagishik, so at times there will be less energy to move
sediment immediately upstream of the dam. In certain scenarios, this may result in deposition of material
immediately upstream of the dam, however as the reach is currently sediment limited, this deposition is
likely not have a major impact.

Immediately downstream of the dams, the rapids sections appears to be well armored and should be able
to withstand the moderate flows supplied by the dam during operations and the bedrock and boulder-lined
channel should maintain the overall existing geomorphology. The cobble island and bar formations
immediately downstream of the rapids, and the sand/gravel/cobble island formations in the on-line lake
downstream of the rapids will not see a dramatic change in sediment supplied to, or eroded from the
locations, however they may continue to adjust as was observed in the field outing.
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The fluctuation of daily water levels (+/- 5¢cm) upstream can increase the amount of shoreline erosion that
would occur without modified operation. While a small amount of shoreline erosion occurs naturally in the
river, accelerated and persistent shoreline erosion is undesirable. For the Wabagishik Rapids development,
fluctuation of daily water levels in the backwatered area upstream of the dam will likely not have an impact
on bank stability due to the presence of bedrock lined channel in the backwatered zone.

Although it appears that the current channel is stable and that the development of a generating station at
the Wabagishik Rapids is unlikely to greatly alter the sediment dynamics in the system, it is important to
continually evaluate potential risks. A monitoring program, which includes the establishment of control and
monitoring sections, should be developed. The monitoring program is designed to validate channel
dynamics, provide long-term insight into channel processes, and allow for the evaluation of channel
performance and to quantify channel migration.
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Appendix A: Photo Summary



Photo 1: Reach 2 — Looking upstream towards Lake Photo 2: Reach 3 - Looking downstream from snowmobile
Wabageshik from XS[-3] bridge, XS[-2]
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Photo 3: Reach

cobble/boulder bar at XS[-1]
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Photo 6: Reach 4 — Looking downsrea fm an island

Photo 5: Reach 4 - In pool area below rapids, looking along
right bank — note istand on left



Photo 7: Reach 4 — Right bank in pool area Photo 8: Reach 5 — Looking downstream from XS115
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Photo 10: Reach 5 — Looking downstream at channel
narrowing/ bedrock outcrops, XS 117

Photo 12: Reach 5/6 — X5118

Photo 11: Reach 5 — General bank conditions — note
bedrock outcrops



2 IR g M, . L \.I.- ' r.' i

Photo 13: Reach 6 - Lookmg upstream at X§119

Photo 14: Reach 6 —XS120
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Photo 15: Reach 6 — Looking upstream at X5121 Photo 16: Reach 6 — Looking upstream XS123

Photo 17: Reach 5 - bank condition XS123 Photo 18: Reach 7 — Looking downstream from X5123
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HGC ENGINEERING

Initial Environmental Sound Stud
Wabagishik Hydro-Power Plant, Espanola, Ontario

As requested, HGC Engineering has conducted an initial acoustical analysis of the proposed
Wabagishik Hydropower Development, near Espanola, Ontario. As the project is at the
Environmental Assessment stage, and detailed design has not yet been completed, the analysis used
predicted sound emission levels and acoustical modeling to assess the potential impact of a single
electrical transformer associated with the proposed site, with respect to the guidelines of the Ontario
Ministry of Environment (“MOE”).

In Ontario, the guidelines of the MOE form the basis of an environmental noise assessment,
specifically publications NPC-205, Sound Level Limits for Stationary Sources in Class 1 and Class 2
Areas (Urban), and NPC-232, Sound Level Limits for Stationary Sources in Class 3 Areas (Rural).
The area surrounding the proposed facility is likely best categorized as a Class 3 environment, due to
its remote location and the absence of human development or roadways. For equipment that could
operate during both daytime and nighttime hours in a Class 3 environment, the “exclusionary
minimum” limit is 40 dBA at any sound sensitive points of reception in the vicinity. Additionally,
some types of sound have a special quality which may tend to increase their audibility and potential
for disturbance or annoyance. For tonal sound, such as that typically emitted by electrical
transformers, the MOE guidelines stipulate that a penalty of 5 dBA is to be added to the measured
source level. In the subsequent analysis, a tonal penalty has been applied to the sound of the
transformer.

Xeneca has identified three sound sensitive points of reception (private cottages) within 1000 metres
of the facility, as part of their preliminary feasibility work. Therefore, the predicted sound emissions
have been assessed at these locations, and are labelled as POR1 through POR3.

The only source anticipated to emit sound to the outdoors at the facility will be a small, oil filled
transformer with a capacity of approximately 3.27 Megawatts (3.92 MVA), with integral cooling
fans. The location of the transformer will be within 30 metres of the proposed powerhouse, and has
been assumed to be as depicted in Figure 1. The sound power emission level of the transformer,
which was calculated to be 88 dBA [Ref. 1] including the 5 dBA tonal penalty, was input into a
predictive computer model (Cadna-A version 4.3.143). The model is based on the methods from
ISO Standard 9613-2.2 “Acoustics - Attenuation of Sound During Propagation Outdoors”, which
accounts for the reduction in sound level with distance due to geometrical spreading, air absorption,
ground attenuation and acoustical shielding by intervening structures (or by topography and foliage
where applicable). Ground attenuation was assumed to be spectral for all sources, with a ground
factor (G) of 1.0 assumed globally, representing soft ground. For bodies of water, the ground factor
was assumed to be 0, representative of a reflective surface. Foliage was conservatively not accounted
for in the acoustical model, as some may be removed during the construction of the hydropower
facility, the extent of which is not known.
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Table 1, below, summarizes the total predicted sound levels at the points of reception, given the
modeling assumptions outlined above, along with the applicable sound level limits.

Table 1: Predicted Equivalent Hourly Sound Levels, Lgq [dBA]

. s . MOE
Point of Reception Sound Level Limit Lo
PORI1 (230m From Transformer) 40 dBA 28 dBA
POR2 (490m From Transformer) 40 dBA 21 dBA
POR3 (600m From Transformer) 40 dBA 21 dBA

The prediction results presented in Table 1 indicate that the sound levels from the proposed
Wabagishik Hydropower Development will be well within the applicable MOE sound level limits at
the nearest sound sensitive points of reception, without the need for physical noise control measures.
Figure 1 shows the predicted energy-equivalent (Lgq) sound level contours resulting from the sound
emissions of the proposed facility.

Given that the specific make and model of the transformer has not yet been selected, its sound power
emission level was a prediction based on its MVA rating. In order to ensure that the selected
transformer is not louder than assumed in this analysis, it should be selected during the project
design to have an JEC/IEEE/NEMA/CSA sound pressure level rating of 62 dBA.
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Figure 1: Predicted Sound Level Contours, Leq [dBA] Wabagishik Hydropower Development
Prediction Height = 4.5 Metres Above Grade

5 2 &

ACOUSTICS NOISE VIBRATION www.hgcengineering.com






