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Nyrstar Myra Falls
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Campbell River, BC
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AMEC File: NX10011
12 July 2012
Attn:  Ivor McWilliams, Environmental Superintendant

RE:  Nyrstar Myra Falls
2012 Update of the Site Design Storms

SUMMARY

This letter provides an update to the design storm values in the AMEC’s 2008 Water
Management Report. The estimation of the design storms is updated to include new
precipitation data from 2008 to 2011.

The approached used for estimating the design storms is similar to the 2008 approach using
HYFRAN for 1 in 200-year, 24-hour and 1 in 1000-year, 24-hour design storms and using the
Hershfield method (Hershfield, 1977) for the probable maximum precipitation (PMP). HYFRAN
is a frequency analysis program which is used for fitting an appropriate statistical distribution to
data from a selection of several possible statistical distributions. The Log-Person Type lll
distribution was selected for representing Myra Falls data for the current study.

A summary of updated design storms compared to the 2008 values are presented in Table 1,
below.
Table 1: Updated Design Storm Values

Design Parameter Previous 2008 Value Updated 2012 Value

1:200 24-hour event (Rainfall) 229 mm 220 mm

1:200 24-hour event (Rainfall) + 246 mm 236 mm
snowmelt

1:1000 24-hour event (Rainfall) 252 mm 236 mm

1:1000 24-hour event (Rainfall) + 269 mm 253 mm
snowmelt

Probable Maximum Precipitation (PMP) 550 mm 635 mm
(Rainfall)

1.0 INTRODUCTION

Myra Falls mine site is located within Strathcona Provincial Park, near the south end of Buttle
Lake, on Vancouver Island, British Columbia (Refer to Figure NX10011-2012-04-01 attached).
The mine has been in operation since 1966 and is currently under the ownership of Nyrstar
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Myra Falls. Current mining operations at this site consist of underground mining and the
disposal of dewatered tailings in a surface tailings facility within the mined out Lynx Pit.

AMEC Environment & Infrastructure (AMEC) understands that the previous design storms
completed in 2008 (AMEC 2008) need to be updated to include recent precipitation readings.
Updated design storms for the site water management are required for:
e Updating the design requirement of the Tailings Disposal Facility (TDF) as it enters its
closure phase;
e Updating the design of the current tailings disposal operations in the Lynx TDF so that it
meets the Dam Safety Guidelines (Canadian Dam Association, 2007);
e Calculating the capacity of the water treatment facility during the design storm.
¢ On-going design and monitoring of various infrastructure components at Myra Falls.

The scope of work undertaken included the following elements:
e Review of the 2008 Water Management Plan and Environment Canada meteorological
stations in the vicinity of Myra Falls site;
¢ Evaluation of existing site data using HYFRAN to estimate the 1:200 and 1:1000 year
24-hour duration rainfall amount.
e Estimation of the PMP 24-hour rainfall amount.

2.0 REVIEW OF PREVIOUS DESIGN STORM

2.1 GENERAL

The design storm event used for the existing water management system is the 1:200 year 24-
hour storm. This represents the Environmental Design Flood (EDF) for the water management
system, meaning that inflow resulting from this event must be contained and treated, with no
release of untreated contact water to the environment (Myra Creek). This EDF is appropriate for
water management during operations. A larger design storm event is appropriate for the design
of the tailings dams, as outlined Table 6-1 of the 2007 CDA guidelines. In order to determine the
inflow design flood, understanding of the magnitudes of the 1:1000 year and PMP precipitation
events is required.. Previously, AMEC (AMEC 2008a, 2008b) estimated the following design
storms:

1:200 year 24-hour storm event rainfall to be 229 mm,;

1:200 year 24-hour rainfall plus snowmelt (i.e. a rain on snow event) to be 246 mm;
1:1000 year 24-hour rainfall to be 251 mm; and

PMP to be 550 mm.

2.2 PREVIOUS DESIGN METHODOLOGY

AMEC used the complete daily rainfall data from 1979 to 2008 and divided it into water years
instead of calendar years. Rainfall data was obtained from Environment Canada’s Myra Creek
(#1025254) station, and from Myra Falls’ on-site weather station. AMEC estimated the water
year for the mine site to be from October to September. Configuring the data by hydrologic year
would lead to no more than one major rainfall event in the same rainy season being counted.
The complete daily rainfall data comprised 30 years of information. Due to incomplete annual
records, eight of these years were excluded from the analysis. Therefore, the final daily rainfall
data used for the analysis included 22 years.
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A rainfall frequency analysis was performed on this data using the HYFRAN program (AMEC,
2008). Using HYFRAN, AMEC fitted the data to several statistical distributions. Some of the
statistical distributions were discarded due to high skewness. The average parameters of the

remaining distributions were closest to the Generalized Gamma Distribution, therefore this
distribution was selected as representative of the data at Myra Falls.

1:200 YEAR STORM EVENT

Using the Generalized Gamma distribution from the HYFRAN program, the daily 1:200 year
storm event rainfall was determined to be 203 mm (confidence limits of 150 mm to 250 mm)
which when multiplied by a factor of 1.13 (to adjust daily rainfall data to 24-hr data) results in a
1:200 year 24-hour storm event rainfall of 229 mm.

SNOWMELT EVENT

It is important to note that the rainy season on the mine site also coincides with when the
surrounding mountains are experiencing a snow pack in higher elevations. Therefore, analyses
were also undertaken using a 1:200 year 24-hour storm event that includes potential snow pack
melt. Using the Manual of Operational Hydrology in British Columbia (MOE, 1991), AMEC
determined the potential snow pack melt to be 17 mm. Therefore, the 1:200 year 24-hour
duration storm event rainfall plus snowmelt is estimated to be 246 mm.

1:1000 YEAR STORM EVENT

Using the Generalized Gamma distribution from the HYFRAN program the daily 1:1000 year
storm event rainfall was determined to be 222 mm (no confidence limits were estimated due to
higher uncertainty association with higher return periods) which when multiplied by a factor of
1.13 results in a 1:1000 year 24-hour storm event rainfall of 251 mm. With only 22 years of data
to analyze, the estimate of the 1:1000 year storm event is considered approximate.

PROBABLE MAXIMUM PRECIPITATION EVENT

Using the Hershfield relationship (Hershfield 1977), the PMP 24-hour event was estimated to be
628 mm (no confidence limits were estimated). This empirical method estimates the PMP from
the mean and standard deviation from maximum annual precipitation measurements. This PMP
value of 628 mm was deemed very preliminary and was scaled down to 550 mm to match
regional PMP values (AMEC 2008b).

3.0 CURRENT ENVIRONMENTAL DESIGN FLOOD CALCULATIONS

3.1 NEARBY ENVIRONMENT CANADA WEATHER STATIONS

As part of evaluating the design storms for Myra Falls, nearby regional meteorological stations
(within 100 km) operated by Environment Canada with significant historical records (> 25 years)
and for which Environment Canada has estimated the Intensity Duration Frequency (IDF) for the
site were reviewed. The purpose of comparing Myra Falls data to the nearby Environment
Canada weather stations is determine whether the estimated design storms for Myra Falls are
reasonable. The following stations where identified: Tofino, Estevan Point, Port Alberni A and
Amphrite Point. Figure NX10011-2012-04-03 presents these stations relative to Myra Falls and
Table 2 includes a summary of the data for each station. The data from Amphite Point is
closest to the data estimated values for Myra Falls for the 1 in 200 year storm.
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Table 2: Myra Falls and Nearby Environment Canada Weather Stations

. Station Period of Years of Average_ An_nual 1:200 year 24- PMP Rainfall
Station Precipitation hour Rainfall
ID Record Record (mm)
(mm) (mm)

Myra Creek | 1025254 | 1979-2007 28 2323.4 229.4 640.8
TofinoA | 1038205 | 1960-2012 52 3305.9 2485 613.7
E?};‘:}?” 1032730 | 1953-1979 26 3176.9 292.8 600.1

Port AA'be"“ 1036206 | 1969-1995 26 1910.7 173.6 386.9
A”;gmt”e 1030426 | 1980-2012 32 3210.2 237.3 610.5

Note: Average annual precipitation for Myra Falls was estimated using data from 1977 to 2007 which had more than 90% of data
and the 1 in 200 is from the 2008 AMEC report. The rest of the data in the table was obtained from Environment Canada.

3.2 CURRENT DESIGN STORM FREQUENCY ANALYSIS

The current approach to the data analysis followed a similar approach to the 2008 method, with
the addition of the 2008 to 2011 data. The daily rainfall dataset used for the analysis comprised
of 34 values, and was obtained as follows:

e 1979 1t0 1985, 1987 t01996, 1999 to 2000: Environment Canada’s quality controlled
Myra Creek weather station (Station# 1025254)

e 1985 to 1987, 1996 to 2006: Insufficient Myra Creek data (less than 90% for the year),
Gold River data were used, where appropriate.

e 2006 to 2012: Myra Falls mine site data.

For details see Appendix A. Water years containing at least 90% of annual maximum rainfall
readings were used in the analysis. Data from the water year 1997 to 1998 were not used
despite the Myra Creek data being more than 90% complete because several peak values were
apparently composed of accumulated precipitation over more than 1 day. Data from the water
year 2003 to 2004 were not used because both Myra Creek data and Gold River data were less
than 90% complete and some of the missing data were from the period from October to March,
when most of the large storms occur.

Using HYFRAN (HYFRAN, 2012), AMEC fitted the data to the following statistical distributions:

Log-Pearson type Il (Method of moments (BOB), base = 10);
Log-Pearson type Il (Méthode SAM);

Pearson type Ill (Method of moments)

Generalized Gamma (Method of moments);

Gamma (Maximum Likelihood);

3-parameter lognormal (Method of moments);

Gumbel (Method of moments); and

Generalized Extreme Value (GEV) (Method of moments).

From these distributions, Log-Person type Il (Méthode SAM), Gamma (Maximum Likelihood)
and Gumbel (Method of Moments) were dropped because of above average skewness or
kurtosis coefficients. Pearson type Ill (method of moments) and 3-parameter lognormal
(Method of Moments) were dropped because they produced negative minimum values. The
remaining distributions were:
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e Log-Pearson type Il (Method of moments (BOB), base = 10);
e Generalized Gamma (Method of moments); and
e GEV (Method of moments).

Log-Pearson type 11l and GEV produced very close values, from which Log-Pearson type Il was
selected because it had the lowest skewness. The results of the three distributions are
presented in Table 3 and details of the HYFRAN results of Log-Pearson type Il is presented in
Appendix B.

Table 3: Results of Current Data (2012) Design Storms

24-hour - Log-
Pearson type 3
TSty | caeas || (Methods of
ot morments amma Moments (BOB),
Return Period (BOB)l,Ol;ase ) (rl:]/lgglgr?tg)f (mgmgr?tg)f base = 10)( X 1.1)3
2 year (mm) 113 113 113 128
3 year (mm) 127 127 127 144
5 Year (mm) 140 140 141 158
10 Year (mm) 155 155 156 175
20 Year (mm) 167 167 168 189
50 Year (mm) 179 181 181 202
100 Year (mm) 188 190 190 212
200 Year (mm) 195 199 197 220
1000 Year (mm) 209 216 210 236

The 1 in 200 year, 24-hour storm is estimated to be 220 mm and the 1 in 1000 year, 24-hour
storm is 236 mm. The 1 in 200 year, 24-hour storm is within the range of the 4 nearby stations
which range from 174 mm to 292 mm and is closest to Amphrite Point with a 1 in 200 year, 24-
hour storm of 237 mm.

As noted in Section 2.2, the design storms for Myra Falls should include 17 mm of snow pack
melt. Therefore, the 1 in 200 year and 1 in 1000 year 24-hour design storms which include
snowmelt are 237 mm and 253 mm, respectively.

3.3 PROBABLY MAXIMUM PRECIPITATION

The probable maximum precipitation (PMP) was calculated using the Hershfield method
(Hershfield, 1977). This is an empirical equation that uses the:

1. Average value of the annual maximum 24-hour precipitation event;
2. Standard deviation of the annual readings; and
3. Frequency factor (Kp,).

Appendix C presents the spreadsheet used for estimating PMP using the Hershfield method.
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AMEC added the additional years of rainfall from 2008 to 2011 to the analysis completed in
2008 (AMEC 2008b) to estimate the PMP of 635 mm. This value is comparable to the higher
end of the range of the 4 nearby stations from Environment Canada in Table 2, which ranges
from 387 to 614 and is closest to the value of Tofino of 614 mm.

4.0 CLOSURE

The recommendations herein are based on accepted water management practices and data
available and are subject to revision upon the availability of new information.

This letter has been prepared for the exclusive use of Nyrstar Myra Falls for specific application
to the area described within this report. Any use which a third party makes of this report or any
reliance on or decisions made based on it are the responsibility of such third parties. AMEC
accepts no responsibility for damages suffered by any third party as a result of decisions made
or actions based on this report. It has been prepared in accordance with generally accepted soil
and foundation engineering practices. No other warranty, express or implied, is made.

Respectfully submitted,
AMEC Earth & Environmental

a division of AMEC Americas Limited
R 5. Reviewed by:

@ adalq

Charles Masala, M.A.Sc., P.E., P.Eng Gary Beakstead, P.Eng
Senior Water Resources Engineer Principal Water Resources Engineer

G P

Shane Magnusson, M.Eng., EIT
Geotechnical Engineer
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Appendix A
Maximum Water Year Rainfall Amounts (Water Year from October to September)
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Maximum Water Year Rainfall Amounts (Water Year from October to September)

Water Include Dates Days % Precipitation Max Date Source Note
Year Complete Value (mm)
1 No June 1978 - September 1979 122 n/a 75.0 9-7-1979 AES Data (Quality Contolled) \I/r\::ti?ciluee:f coverage at beginning of
2 Yes October 1979 - September 1980 365 100 106.5 10-25-1979 AES Data (Quality Contolled)
3 Yes October 1980 - September 1981 360 99 117.6 12-26-1980 AES Data (Quality Contolled)
4 Yes October 1981 - September 1982 360 99 119.8 10-30-1981 AES Data (Quality Contolled)
5 Yes October 1982 - September 1983 365 100 149.4 10-24-1982 AES Data (Quality Contolled)
6 Yes October 1983 - September 1984 335 92 133.0 2-27-1984 AES Data (Quality Contolled)
7 Yes October 1984 - September 1985 363 99 122.0 10-7-1984 AES Data (Quality Contolled)
Inadequate coverage at beginning of
8 No October 1985 - September 1986 | 212 58 92.0 3-26-1986 AES Data (Quality Contolled) water year and % complete is less than
90% which is the acceptance criteria.
Inadequate coverage at beginning of
9 No October 1986 - September 1987 | 301 82 149.6 3-4-1987 AES Data (Quality Contolled) water year and % complete is less than
90% which is the acceptance criteria.
10 Yes October 1987 - September 1988 363 99 106.3 11-30-1987 AES Data (Quality Contolled)
11 Yes October 1988 - September 1989 358 98 70.0 10-31-1988 AES Data (Quality Contolled)
12 Yes October 1989 - September 1990 364 100 82.0 2-2-1990 AES Data (Quality Contolled)
13 Yes October 1990 - September 1991 360 99 131.0 2-1-1991 AES Data (Quality Contolled)
14 Yes October 1991 - September 1992 365 100 154.0 1-29-1992 AES Data (Quality Contolled)
15 Yes October 1992 - September 1993 360 99 82.6 10-22-1992 AES Data (Quality Contolled)
16 ves October 1993 - September 1994 | 330 90 812 1-3-1994 1993 AES Data (Quality Contolled) & 1994_1 AES Data (Quality Contolled)
Supplemented (Not Quality Controlled)
17 Yes October 1994 - September 1995 332 91 100.5 12-18-1994 AES Data (Quality Contolled) Supplemented (Not Quality Controlled)
18 Yes October 1995 - September 1996 331 90 146.2 11-7-1995 AES Data (Quality Contolled) Supplemented (Not Quality Controlled)
Inadequate coverage at beginning of
19 No October 1996 - September 1997 | 273 75 100.0 9-27-1997 AES Data (Quality Contolled) Supplemented (Not Quality Controlled) water year and % complete is less than
90% which is the acceptance criteria.
20 Yes October 1997 - September 1998 327 90 92.0 1-22-1998 AES Data (Quality Contolled) Supplemented (Not Quality Controlled)
Inadequate coverage at beginning of
21 No October 1998 - September 1999 | 308 84 81.7 2-15-1999 AES Data (Quality Contolled) Supplemented (Not Quality Controlled) water year and % complete is less than
90% which is the acceptance criteria.
22 Yes October 1999 - September 2000 332 91 70.5 11-7-1999 AES Data (Quality Contolled) Supplemented (Not Quality Controlled)
23 No October 2000 - September 2001 304 83 80.5 10-29-2000 AES Data (Quality Contolled) Supplemented (Not Quality Controlled)
24 No October 2001 - September 2002 297 81 90.0 3-11-2002 AES Data (Quality Contolled) Supplemented (Not Quality Controlled)
Close enough to 90% complete so
- . decided to use. Critical portion of the
2002 AES Data (Quality Contolled) Supplemented (Not Quality Controlled)
25 Yes October 2002 - September 2003 | 326 89 102.0 3-13-2003 & 2003 Mine Site Automated Station ( Not Quality Controlled) water year seemed ade'qu_tely complete
although a few days missing at end of
December.
26 Yes October 2003 - September 2004 | 336 92 93.0 10-18-2003 Mine Site Manual Station Supplemented (Not Quality Controlled)
27 Yes October 2004 - September 2005 355 97 136.0 11-15-2004 Mine Site Manual Station Supplemented (Not Quality Controlled)
. : , . . Largest value is cumulative and no
28 | No | October 2005 - September 2006 | 354 | 97 255.0 12-28-2005 | 200° Mine Site Manual Station Supplemented & 2006 Mine Site Automated ;oo 014 be obtained to
Station (Not Quality Controlled) . .
determine the daily values.
29 Yes October 2006 - September 2007 365 100 176.1 11-15-2006 Mine Site Automated Station (Not Quality Controlled)
Largest value in this water year caused
Super Pond to overflow so this value will
30 Yes October 2007 - September 2008 | 366 n/a 167.6 12-3-2007 Mine Site Automated Station (Not Quality Controlled) be included although it may not end up
being the largest value for the water
vear.
31 Yes October 2008 - September 2009 365 n/a 125.0 11-2-2008 Mine Site Automated Station (Not Quality Controlled)
32 Yes October 2009 - September 2010 365 n/a 131.0 11-16-2009 Mine Site Automated Station (Not Quality Controlled)
33 Yes October 2010 - September 2011 365 n/a 140.3 12-24-2011 Mine Site Automated Station (Not Quality Controlled)
34 Yes October 2011 - December 2011 92 n/a 118.0 11-27-2011 Mine Site Automated Station (Not Quality Controlled)
Total number of water years = 34
Number of water years excluded = 8
Number of water years included in calculations = 26

Note:

% complete = days of data/365 days per year. This does not apply to the first and last water years as this data was not collected for the entire year.
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Appendix B
HYFRAN Results for Log-Pearson Type lll (Method of moments (BOB), base = 10)
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Results of the fitting
Log-Pearson type 3
(Method of moments (BOB),
base = 10)
Number of observations 32
Parameters
alpha -27.51195
lambda 11.44308
m 2.457593
Quantiles
g = F(X) : non-exceedance
probability
T=1/(1-q)
Confidence
Standard interval
T o} XT deviation (95%)
10000 0.9999 225 38.3 | N/D N/D
2000 0.9995 214 30 | N/D N/D
1000 0.999 209 26.5 | N/D N/D
200 0.995 195 18.6 159 231
100 0.99 188 154 158 218
50 0.98 179 12.5 155 204
20 0.95 167 9.43 148 185
10 0.9 155 7.83 139 170
5 0.8 140 6.87 127 154
3 0.6667 127 6.33 115 139
2 0.5 113 5.95 101 125
1.4286 0.3 97 5.74 85.8 108
1.25 0.2 87.7 5.9 76.2 99.3
1.1111 0.1 75.6 6.55 62.7 88.4
1.0526 0.05 66.2 7.35 51.8 80.6
1.0204 0.02 56.5 8.34 40.2 72.8
1.0101 0.01 50.5 8.95 33 68.1
1.005 0.005 45.4 9.45 26.9 64
1.001 0.001 36 10.2 16.1 56
1.0005 0.0005 32.8 10.3 12.5 53
1.0001 0.0001 26.5 10.4 6.09 46.9
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Comparison of

characteristics between

function and sample

Log-Pearson type 3(Method

of moments (BOB), base =

10)

Characteristics
of the distribution | Characteristics
function of the sample

Minimum None 63

Maximum 287 176

Mean 114 114

Standard deviation 30.4 30.9

Median 113 115

Coefficient of variation (Cv) 0.266 0.27

Skewness coefficient (Cs) 0.203 0.213 0.43

Kurtosis coefficient (Ck) 2.8 2.12 0.87
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Appendix C
Probable Maximum Calculation Using Hershfield Method
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Max Daily 24-hr

Water Year Precipitation Value

Value (mm) (mm)
October 1979 - September 1980 106.50 120
October 1980 - September 1981 117.60 133
October 1981 - September 1982 119.80 135
October 1982 - September 1983 149.40 169
October 1983 - September 1984 133.00 150
October 1984 - September 1985 122.00 138
October 1985 - September 1986 112.22 127
October 1986 - September 1987 170.20 192
October 1987 - September 1988 106.30 120
October 1988 - September 1989 70.00 79
October 1989 - September 1990 82.00 93
October 1990 - September 1991 131.00 148
October 1991 - September 1992 154.00 174
October 1992 - September 1993 82.60 93
October 1993 - September 1994 81.20 92
October 1994 - September 1995 100.50 114
October 1995 - September 1996 146.20 165
October 1996 - September 1997 100.58 114
October 1998 - September 1999 106.10 120
October 1999 - September 2000 63.00 71
October 2000 - September 2001 65.77 74
October 2001 - September 2002 88.85 100
October 2002 - September 2003 130.76 148
October 2004 - September 2005 91.12 103
October 2005 - September 2006 71.79 81
October 2006 - September 2007 176.10 199
October 2007 - September 2008 167.58 189
October 2008 - September 2009 125.00 141
October 2009 - September 2010 131.00 148
October 2010 - September 2011 140.30 159
October 2011 - May 2012 131.00 148
Mean = 130
Standard Deviation = 35
Kos = 14
PMP Hershfield = 635
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