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5160 Yonge Street, Suite 520
Toronto, ON, M2N 6L9

Dear Nava:

Re: Ontario South Hydro
Serpent River at Four Slide Falls Hydrologic Analyses

Xeneca Power Development Inc. is proposing to develop the Four Slide hydropower project on
the Serpent 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 synthetic data was
extended to include the years 2006 through 2009 which were not included in the Hatch dataset,
using the methods and factors presented in the Hatch report.

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 Serpent River Hydropower Site. Hatch Ltd. January 8, 2010.
? Proposed Operating Flows and Levels: Four Slide Hydro Project. Xeneca Power Development Inc.,
March 2011.
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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 Baseflow

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. In addition, two days of zero flow (in September 1999) in
the original input file were revised to values of 0.001 m%s so that SAAS could process the file.

. 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.

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

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

5. Low Flow 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 Il (recommended by
Environment Canada®), Pearson IlI, 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 sponsorship from Hydro-Quebec and the Natural Sciences and
Engineering 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, Iran, December 8-9, 1975.
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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 Q/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.

The maximum daily discharge presented in Table 10 is inconsistent with the results of the flood
frequency analysis presented in Table 9. It appears that the synthetic dataset of daily data
produced by Hatch contains a few anomalously high values. The anomalous values are not
considered to represent reality; the actual maximum daily discharge at the site is believed to be
much lower than the table indicates.

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
7 7 s V4 /_T_,_,....w-w-—‘ .
iy Leoid <\ C/vu[j /K.\G
Wes Dick, M.Sc. Paul Kemp, P.Eng.
Senior Hydrologist Project Director
WD/wd

® Ontario South Hydro: Hydrology Review and Flood Frequency Analyses — DRAFT. Letter report to
Xeneca, Canadian Projects Limited, February 17, 2011.
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©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.
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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 7 -- 10

daily flows for all years: mean, median,
minimum, maximum, flow exceeded 20% time,
flow exceeded 80% time.

b) Extreme low flow statistics: 7Q (2 year return 5 -- 8
period 7-day-average-low flow), 7Qq, (10 year
return period 7-day-average-low flow) and
7Q2 (20 year return period 7-day-average-low
flow).

c) Flow duration curves and tables using total 2 2-3 2-3
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 3 4-5 4-5
baseflow data for the entire period, for all four
seasons and for all twelve months.

e) Flow duration curves derived using both the 2,4 2 2
percentile method and the median of 6—-7 6-7
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.

f) Flood frequency analysis using instantaneous 6 -- 9
maximum flow of each year for the entire
period of records.

g) Low flow frequency analysis using 7-day- 5 -- 8
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.

Canadian Projects Limited
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Figure 2
Annual and Seasonal Flow-Duration Curves
Serpent River at Four Slide Falls
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Table 2
Annual and Seasonal Flow-Duration Estimates
Serpent River at Four Slide Falls
Discharge (m%/s)
Winter Spring Summer Fall Annual
% of Time Jan 15 Mar 23 Jul 1 Oct 10
Exceeded Mar 22 Jun 30 Oct 9 Jan 14
1 18.4 55.8 13.5 31.4 41.8
5 12.4 38.7 10.5 21.3 27.8
10 10.9 33.0 8.34 18.3 20.7
15 9.77 28.9 7.22 16.1 17.2
20 8.98 26.0 6.34 14.2 14.0
25 8.15 23.1 5.66 12.8 12.1
30 7.59 20.9 5.05 11.6 10.7
35 7.21 19.1 4.73 10.7 9.48
40 6.80 17.5 4.42 9.58 8.41
45 6.49 15.6 4.07 8.66 7.53
50 6.17 14.1 3.62 7.72 6.80
55 5.86 12.7 3.22 6.90 6.19
60 5.59 11.6 2.82 6.06 5.64
65 5.34 10.7 2.47 5.40 5.10
70 5.13 9.52 2.19 4.56 4.60
75 4.88 8.63 1.93 3.86 4.07
80 4.56 7.70 1.63 2.71 3.30
85 4.21 6.72 1.23 1.89 2.46
90 3.80 5.97 0.916 1.20 1.72
95 3.16 5.21 0.495 0.593 0.994
99 1.28 3.89 0.246 0.190 0.272

Canadian Projects Limited
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Figure 3
Monthly Flow-Duration Curves
Serpent River at Four Slide Falls
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Table 3
Monthly Flow-Duration Estimates
Serpent River at Four Slide Falls
% of Time Discharge (m%/s)
Exceeded | Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep Oct Nov | Dec
1 22.4119.0 | 14.3 | 45.6 1729 |30.8|14.8| 12.1 126| 204 | 36.3| 31.8
5 16.9 | 11.7 [ 11.839.8 (485 (221|122 | 7.76| 8.82| 136 | 225| 23.1
10 14.3 /11041943 |35.2|39.5|185|104| 6.27| 6.48| 12.0| 18.7| 20.5
15 13.119.27 |8.10 321|356 |16.1 (899 | 560| 525| 101| 169 | 18.4
20 122 1857 | 7451291319146 [(825| 498 | 477| 9.02| 150| 174
25 11.5/8.00 | 6.86 | 26.9 | 299 | 136 |760| 468| 437| 768| 135| 156
30 10.8 | 7.58 | 6.46 | 24.7 | 27.8| 125|711 | 442 | 3.80| 6.39| 11.8| 14.2
35 10.2 | 723 |6.17 226 | 26.1 |120(6.65| 414 | 3.26| 5.02| 10.7| 128
40 9.606.92 593|209 |243|11.4|6.25| 3.82| 2.78| 445| 9.23| 114
45 8.98 | 6.63 577193229109 |586| 351 | 241 | 392| 7.87| 107
50 8.30|6.48 |5.62|17.7|121.2]10.3|541| 325| 219| 336| 7.12| 9.93
55 7.7316.16 | 5.45|16.1 | 20.1 |9.725.09| 299| 2.03| 2.75| 6.33| 9.21
60 7.37 | 5.76 | 529 14.5/18.9]19.20 1489 | 274| 1.86| 222| 569| 8.3
65 7.02541 515|134 |18.1|8.771460| 250| 1.61]| 1.71| 5.06| 7.61
70 6.64 | 5.15|4.98 | 11.8|16.7 |8.27 432 | 225| 1.32| 137| 439| 6.43
75 6.22 493 4.81]10.7 154|761 |397| 206| 1.08| 1.16| 3.28| 5.71
80 5.86 | 4.51 | 4.67 |9.52 |1 14.0 | 6.98 | 348 | 1.80| 0913 ] 0.922| 225| 5.17
85 4541402447811 118640299 | 1.52| 0.693 | 0.519| 1.45| 4.33
20 3.85[3.38/4.19|6.32 867|576 |255| 1.18] 0.520| 0.392 | 1.17| 3.09
95 254312 |3.85|535|7.10[5.19|2.13 ] 0.785 | 0.360 | 0.230 | 0.621 | 1.49
99 1.2311.28 3.15|2.77 | 5.67 | 4.38 | 1.55| 0.378 | 0.209 | 0.123 | 0.189 | 0.963
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Figure 4
Annual and Seasonal Flow-Duration Curves
Serpent River Baseflow at Four Slide Falls
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Table 4
Annual and Seasonal Baseflow Flow-Duration Estimates
Serpent River at Four Slide Falls
Discharge (m®/s)
Winter Spring Summer Fall Annual
% of Time Jan 15 Mar 23 Jul 1 Oct 10
Exceeded Mar 22 Jun 30 Oct 9 Jan 14
1 13.2 25.6 10.1 17.6 21.7
5 9.31 20.6 7.08 15.1 16.0
10 8.02 18.0 5.95 12.7 13.0
15 7.45 16.0 5.26 11.0 10.8
20 7.03 14.6 4.64 9.68 9.30
25 6.61 13.4 4.31 8.73 8.15
30 6.31 12.3 4.01 7.88 7.34
35 6.06 11.3 3.65 7.01 6.62
40 5.83 10.5 3.30 6.31 6.09
45 5.59 9.61 3.00 5.60 5.62
50 5.37 8.81 2.61 5.16 5.23
55 5.18 8.16 2.25 4.62 4.83
60 4.98 7.60 2.02 3.93 4.41
65 4.77 6.96 1.77 3.25 3.93
70 4.56 6.40 1.52 2.57 3.40
75 4.34 5.91 1.18 1.95 2.91
80 3.90 5.49 0.881 1.30 2.19
85 3.50 5.08 0.669 0.999 1.55
90 3.12 4.60 0.486 0.640 0.977
95 2.56 3.77 0.298 0.323 0.493
99 1.15 2.63 0.152 0.120 0.160

Canadian Projects Limited
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Figure 5
Monthly Flow-Duration Curves
Serpent River Baseflow at Four Slide Falls
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Table 5
Monthly Baseflow Flow-Duration Estimates
Serpent River at Four Slide Falls
% of Time Discharge (m%/s)
Exceeded | Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec
1 15.6 1142851 |21.0]/29.5|18.1| 11.0] 7.35| 7.04| 10.0| 16.1| 19.6
5 12.3 18.69 737 |175[23.6 152 | 923 | 594 | 498 | 825| 144 | 171
10 11.0/7.8216.39 148 |21.8|129| 745]| 501 | 430| 7.04| 12.0| 155
15 10.2 | 743 |6.01 |13.1 206 [11.7| 6.74| 441 | 3.97| 560| 10.6| 14.2
20 9.48|7.08|5.81|11.8|195|11.1| 6.17| 4.09| 357 | 4.84| 9.34| 128
25 9.02 | 6.66 |565|109|18.4[10.6| 576 | 3.68| 3.19| 429 | 841 | 117
30 8.48 | 6.47 | 544 1102173999 | 544 | 334| 254 | 3.63| 6.93| 9.87
35 7.89 6.23|531/953|164[9.36| 513| 3.13| 222 | 3.17| 6.27| 8.87
40 7.4216.05|520[883|155|8.75| 482 | 291 | 2.05| 248 | 545| 8.11
45 6.98 | 5.85|5.02 826149830 | 455| 268| 1.82| 2.20| 5.03| 7.50
50 6.64 | 552 | 4.88 |7.77 | 144|798 | 431| 235| 1.64| 1.79| 455| 6.96
55 6.27 | 5.27 | 472|730 |138|768| 412 | 214 | 1.33| 1.38| 3.83| 6.35
60 5.96 | 5.03 /458 |6.81|133|720| 382 | 1.88| 1.01| 1.16| 3.32| 5.76
65 5.69 | 4.87 |4.47 | 6.43 |12.7|6.72| 3.52| 1.74|0.831 | 0.965| 2.76 | 5.37
70 541466 |4.34|6.02|11.9]6.30| 3.16| 1.52|0.681 |0.781 | 2.18| 4.69
75 5.15[4.34 |4.00 | 5.70 109|587 | 280 | 1.32|0.582|0.628 | 1.30| 4.02
80 4.77 13.90 | 3.76 | 5.43 |9.67 | 536 | 2.41 | 1.03|0.445|0.416| 1.05| 3.37
85 4.00 | 3.34 | 3.62 | 5.09 | 8.26 | 4.87 | 2.07 | 0.776 | 0.359 | 0.366 | 0.860 | 2.55
90 3.10 [3.09 1330 /445|6.72|4.48| 1.81|0.609 | 0.292 | 0.231 | 0.582 | 1.70
95 1.62 | 2.56 | 3.06 | 3.39 | 5.73 | 3.76 | 1.44 | 0.492 | 0.223 | 0.137 | 0.241 | 0.851
99 0.972 11.1911.74 1 2.38[4.90 | 2.70 | 0.936 | 0.276 | 0.119 | 0.040 | 0.122 | 0.393
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Figure 6
Annual and Seasonal Medians of Percentiles
Serpent River at Four Slide Falls
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Table 6
Annual and Seasonal Medians of Percentiles
Serpent River at Four Slide Falls
Discharge (m%/s)
Winter Spring Summer Fall Annual
Percent of Jan 15 Mar 23 Jul 1 Oct 10
Time Mar 22 Jun 30 Oct 9 Jan 14

1 10.1 36.0 8.78 17.7 34.9

5 9.74 34.1 8.08 15.5 28.7

10 8.86 30.7 7.07 14.2 20.9

15 8.51 29.3 6.03 13.0 16.9

20 7.99 26.7 5.41 11.9 13.6

25 7.49 23.9 4.99 11.2 11.6

30 7.26 21.7 4.58 10.6 10.4
35 7.07 21.1 4.42 9.84 9.47
40 6.92 19.2 3.71 8.90 8.64
45 6.86 16.5 3.53 8.62 7.69
50 6.59 14.8 3.34 8.20 6.49

55 6.31 13.9 3.02 7.54 5.91
60 6.14 12.7 2.91 7.16 5.47
65 5.82 11.9 2.54 7.05 5.00
70 5.27 10.8 2.39 6.41 4.60
75 5.23 9.05 2.20 5.74 4.03
80 5.16 8.23 1.97 5.42 3.36
85 5.05 6.87 1.90 4.13 2.53
90 4.99 6.37 1.85 3.35 2.34
95 4.91 5.92 1.24 2.66 1.63
99 4.82 5.34 1.18 1.63 1.06
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Figure 7
Monthly Medians of Percentiles
Serpent River at Four Slide Falls
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Table 7
Monthly Medians of Percentiles
Serpent River at Four Slide Falls
Percent of Discharge (m?/s)
Time Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec
1 114 | 751 | 810| 29.0| 30.6| 15.2| 8.07 | 452 | 3.20| 6.80 | 10.9 | 13.1
5 11.3| 741 | 750 | 28.0| 30.3| 15.1 | 764 | 433 | 298| 5.61 | 9.21 | 12.8
10 111 | 726 | 6.87 | 27.7 | 296 | 142 | 727 | 424 | 281 | 544 | 9.21 | 11.9
15 10.7 | 712 | 648 | 271 | 28.2| 13.5| 7.07 | 407 | 266 | 5.00 | 9.21 | 11.7
20 104 | 7.07| 593 | 26.0| 279 | 128 | 7.00| 3.86| 2.51 | 480 | 9.13| 11.2
25 10.0 | 707 | 589 | 248 | 272 | 121 | 6.65| 3.74| 245| 449 | 8.76 | 11.1
30 9.70| 7.00| 5.87 | 22.8| 26.1| 11.9]| 6.43| 3.60| 2.41 | 4.11 | 8.19| 10.9
35 9.65| 6.88| 5.75| 21.3| 249 | 11.4| 6.10| 3.47| 223 | 4.02 | 8.15| 10.6
40 9.24 | 6.70 | 556 | 19.8| 24.0| 11.1| 6.01 | 3.27| 2.20| 3.66 | 8.07 | 10.3
45 9.13| 6.64| 548 | 18.8| 23.4| 10.7| 580 | 3.15| 2.13| 3.60 | 7.72 | 10.1
50 9.03| 660 | 538 | 17.9| 229 | 10.3 | 5.52| 3.09| 2.10| 350 | 7.72 | 9.93
55 895| 6.51| 530 | 16.1 | 224 | 10.1 | 5.36| 2.96 | 2.08 | 3.41 | 7.60 | 9.77
60 872 642 | 526 | 142 21.1| 994 | 5.11| 2.88| 2.02| 2.83 | 7.18| 9.69
65 820 | 6.35| 517 | 13.7| 20.7| 9.60 | 5.06 | 2.86 | 1.96 | 254 | 6.75| 9.19
70 721 6.13| 515 | 12.8| 19.7 | 9.22 | 4.95| 2.84| 1.93| 2.32 | 6.44 | 8.43
75 721 6.11| 515| 12.3| 187 8.79| 468 | 276 | 191 | 2.11 | 6.41 | 8.34
80 716 | 591 | 515| 11.7 | 175| 850 | 453 | 260 | 1.89 | 2.04 | 6.28 | 8.29
85 6.97 | 566 | 5.02| 10.9| 16.7| 8.33 | 443 | 243 | 1.87| 1.97| 5.95| 8.06
90 6.80 | 555| 496 | 968 | 155| 8.10| 432 | 2.35| 1.77| 143 | 5.73 | 7.83
95 6.72| 552 | 490 | 893 | 151 | 794 | 427 | 232 | 1.74| 1.33| 5.26 | 7.62
99 6.64| 548 | 4.78| 8.02| 15.0| 762 | 417 | 215]| 1.65| 1.22 | 490 | 7.31
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Table 8
Seven-Day Low Flow Frequency Estimates
Serpent River at Four Slide Falls

Return Period Discharge

(years) (m¥/s)
100 0.102
50 0.136
20 0.208
10 0.304
5 0.482
3.3 0.672
2 1.16
Table 9

Maximum Instantaneous Flood Estimates
Serpent River at Four Slide Falls

Return Period Maximum Instantaneous

(years) Discharge (m¥/s)
2 33.3
5 43.5
10 48.6
20 52.5
50 56.7
100 59.1
1000 64.9
10,000 68.5

Table 10

Descriptive Flow Statistics
Serpent River at Four Slide Falls®

Statistic Daily Discharge
(m¥/s)

Maximum 88.1

20% Exceedance 14.0

Mean 9.56
Median 6.80

80% Exceedance 3.30
Minimum 0.000

® Inconsistencies between the flood frequency estimates in Table 9 and the maximum daily discharge in
Table 10 are believed to be due to a few anomalous values in the synthetic dataset.
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