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1.0 INTRODUCTION

Porcupine Gold Mines (PGM), a joint venture between Goldcorp Canada Ltd. (51%) and Goldcorp
Inc. (49%) (Goldcorp), is conducting pre-feasibility level studies to determine the potential for re-
developing the former Hollinger and Mclntyre Mines area, in Timmins (see Figure 1.1), as a new
open pit mine and underground (UG) mining complex. For the purpose of this report, this
undertaking is referred to as the Hollinger Project.

The former Hollinger Mine is located immediately adjacent to downtown Timmins and the urban
area of Schumacher, on the south side of Highway 101. The former Mclintyre Mine is located
directly north and east of the former Hollinger Mine site. Ore from the proposed Hollinger Project
would be processed at the existing Dome ore processing facility (Dome Mill), located approximately
5 km east of the former Hollinger Mine site. Considerable residual gold resources have been
identified at the Hollinger Project Site, and development of the Site would have the added
advantage of removing a number of known mine hazards (open stopes, mini pits, and near surface
underground workings) that are associated with past activities.

This document deals with Hydrology, and is one of a series of baseline and modelling reports
prepared to describe existing environmental conditions, associated with the Hollinger site area, in
part to assist with obtaining future environmental approvals to re-open the Hollinger Mine; as well as
to assist with project planning and to provide further information for Closure planning.

This introduction, or an abbreviated version of it in some instances, is included in each document,

such that the reports can be read independent of one another. Baseline reports are being prepared
to describe the following environmental aspects:

. Air Quality;

. Aquatic Environment;

. Cultural Heritage Environment;
. Noise;

° Hydrology;

. Hydrogeology;

) Socio-Economic Setting;

. Terrestrial Environment; and,
° Vibration.

The reports have been prepared by AMEC Earth & Environmental, a Division of AMEC Americas
Limited (AMEC), with the exception of the baseline reports related to noise and vibration
(Valcoustics Canada Ltd.), the cultural heritage environment (Woodland Heritage Services Limited),
and the socio-economic setting (planningAlliance). The latter three entities worked under the
direction of AMEC to ensure an appropriate level of study integration.
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1.1 Site History

The Hollinger gold deposit was discovered in 1909, as one of the three original major Timmins
properties, along with that of the Dome and Mclintyre Mines. The main Hollinger Mine operated from
1910 to 1968 and further mining took place in the 1970's and 1980's. The Hollinger, Mclintyre and
Coniaurum underground mine workings are all interconnected, along with those of a number of
other smaller mines in the area.

Because of their connection to the McIntyre Mine, the Hollinger underground workings were kept
dry while Mcintyre operations continued until 1988, when the Mclntyre Mine was shut down. The
pumps at Hollinger and Mclntyre Mines were shut down in 1991, and the underground working
allowed to flood. A surface pump was installed in the Mcintyre No 11 Shaftin 2000 and currently the
upper mine levels are dewatered to a level ranging between 24 to 34 m below ground surface
(mbgs), to help manage near-surface groundwater levels in the area. Mine water from the Hollinger,
Mclintyre and Coniaurum Mines is managed through the Mcintyre No. 11 Shaft, with discharge to
Little Pearl Tailings Pond. The Mclintyre Mine operated from 1911 to 1988.

1.2 Project Overview

Goldcorp, through PGM, is planning to develop the Hollinger Project by redeveloping the former
Hollinger and Mclintyre Mines area as a new open pit and UG mining complex. The open pit
complex would involve the sequential development of an open pit, through a series of phased
pushbacks that would be used to access shallow ore zones within 200 to 250 mbgs. The UG portion
of the mine complex would involve the potential development of two new UG ramps and associated
ventilation raises that would be used to access deeper ore zones.

Development of the new Hollinger Project would require comparatively limited new infrastructure, as
ore from the Project Site would be hauled to and processed at the existing Dome Mill, with tailings
from ore processing to be discharged to the existing Dome Mine tailings deposition area.

The UG operations would consist of the Millerton and Central Porphyry Zone (CPZ) UG operations.
Ramps developed at the Millerton and CPZ locations would be developed to approximately
400 mbgs. Mining beyond that point would likely involve shaft hoisting. Opportunities to use existing
infrastructure for the deeper mining could potentially involve using the existing Hollinger No. 26
Shaft to develop the Millerton UG, and the Mcintyre No. 11 Shaft to develop the CPZ UG. Ramp
development and associated UG exploration would be used to confirm UG ore resources, and the
viability of UG mining.

Under the current open pit design, there would be a requirement for the disposal of approximately
37,000,000 m® of mine rock. The majority of the mine rock (estimated at 20,000,000 to
30,000,000 m®) would be retained on the Hollinger Project Site and would be used to backfill and
overfill the initially excavated phased mine pits. Rock will also be used to build the Environmental
Control Berm and the Transportation Corridor with the remainder being stored at the Dome Mine
site.
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Infrastructure used and/or developed to support the Hollinger Project would include:

e At the Hollinger Project Site:
- permanent mine rock and overburden stockpiles;
- site water collection and drainage systems (if required);
- potentially some small fuel and petroleum product storage facilities (if required);
- electrical connections from nearby, currently in place, Hydro One infrastructure; and,
- natural gas (if required) from nearby, currently in place, Union Gas infrastructure.

o Off the Hollinger Project Site:
- the approximately 4.8 km long Transportation Corridor linking the Hollinger Project Site with
the Dome Mill;
- potentially additional mine rock stockpiles (at the Dome site) (if required); and,
- mine dewatering system from Mclntyre No. 11 Shaft to Little Pearl Tailings Pond.

In addition, the Project would include the construction of an Environmental Control Berm around the
Hollinger Project Site. This is a key feature of the Project with the main purpose of the
Environmental Control Berm being to manage noise and other effects on nearby receptors.

Throughout the operations phase, mine rock material would be used to progressively backfill the
phased mined pits. At closure, the remaining pit will be allowed to flood, and the pit discharge will
likely be routed by gravity flow south to either the Skynner Creek or Perch Lake systems, both of
which drain to the Mountjoy River. All remaining Project infrastructure would be removed at closure,
and the Project Site would be rehabilitated in accordance with established mine closure protocols.
In addition, closure will be carried out such that existing safety hazards would be removed. Part of
the Closure Plan would be to ensure, through stakeholder input and working collaboration with the
City of Timmins’ Planning Department, that the Project Site would be landscaped in an aesthetically
pleasing manner.

1.3 General Setting

The Timmins area is characterized by a mix of urban and industrial development superimposed on
a forested background. The City of Timmins consists of a major downtown urban area, as well as a
number of other smaller urban centres scattered throughout the area, with Schumacher, South
Porcupine, and Porcupine being the more prominent of these smaller centres. Various other smaller
hamlets also occur throughout the area. All of these areas were amalgamated in 1973 to form the
City of Timmins.

South Porcupine and other communities to the east are linked to Timmins by Highway 101, with a
commercial strip occurring along this highway between downtown Timmins and Schumacher.
Highway 655 extends north from Highway 101, with linkages to the Timmins airport via Airport and
Laforest Roads, and linkages further north to Xstrata Copper’s Kidd Mine site and Highway 11.
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Several major transmission, gas, water and sewer lines pass through the area, as well as local
services.

Timmins was founded as a mining centre, with the three prominent original mines being the
Hollinger Mine, the Mcintyre Mine, and the Dome Mine. Of these, only the Dome Mine is still in
operation. Numerous other smaller mines also operated in the local area (see Section 1.4); many of
which were or became linked to the three major mines at one time or another. None of these
smaller historic mines are currently active. Above and below grade tailings, associated with these
active and former mine sites, are widespread throughout the study area (Figure 1.1). Prominent
waste rock piles are associated with the Dome Mine. There is little evidence of waste rock piles
associated with the other mining operations, because all the mines, except for the Dome open pit
operation, were underground mines. Waste rock produced by these underground mines was
typically used as material for construction and backfill operations.

Topography in the Timmins area is dominated by its location at the transition of Precambrian Shield
terrain to the south and southwest, and by flat-lying glaciolactrine silt and clay plains to the north
and east. An extensive glaciolacustrine sand plain area lies to the south of Timmins, including dune
formations, and extends into the lower, southwest portion of the study area (Figure 1.2). A
prominent esker system extends immediately adjacent and parallel to the east side of Highway 655,
north from Highway 101. The local topography reaches a maximum of about 365 m above mean
sea level (amsl) in the area just southeast of the Hollinger site and north of Gold Mine Road. Further
east towards South Porcupine, and within the glaciolacustrine silt and clay plains, the local
topography decreases to as little as 280 m elevation.

The geology of the Timmins area is structurally complex, and includes several major fault zones,
and anticline/syncline systems, many of which control surface topographic expressions. The Pearl
Lake/Little Pearl Pond and the Gillies Lake area are controlled by these features, and as a result
are the location of deeper sediment accumulations. Bedrock exposures are widespread and
frequent throughout the major portion of the study area, but with much reduced expression in the
areas dominated by glaciolacustrine silt, clay and sand plains.

Several small lakes and numerous ponds are scattered throughout the area, with larger numbers of
ponds having formed along low gradient creek valleys as a result of beaver activity. Most of the
area’s drainage is captured by the Porcupine and South Porcupine Rivers, which flow east,
converging just upstream of Porcupine Lake, northeast of the Dome Mine site. The Porcupine River
is a low gradient system that has its headwaters in the area just north and east of the Hollinger site.
The Porcupine River drains into Night Hawk Lake and the Frederick House River system. Areas
south and west of the Hollinger site drain to either the Skynner Creek or Perch Lake systems, both
of which drain to the Mountjoy River, which flows into the Mattagami River. Areas north and west of
the Hollinger site drain to Gillies Lake and the Town Creek system, which drains to the Mattagami
River; or slightly further north there are a number of smaller drainages that drain directly west to the
Mattagami River.
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Virtually all drainages in the area have been affected by existing or past mining activities, which
have affected water quality, and to a lesser extent drainage patterns themselves.

The majority of the landscape that has not been developed for urbanization or mining remains in
forest cover, with the exception of principal agricultural areas to the north and south of Timmins,
near to the Mattagami River, and a number of smaller parcels of land in and around the Porcupine
Lake area. Forest communities in the area are virtually all second growth as a result of past logging
activities, and fires. Throughout the generally lower-lying, eastern portion of the study area, forest
communities are dominated by varying mixtures of Black Spruce and poplar (Trembling Aspen and
Balsam Poplar), with White Spruce, Jack Pine, Balsam Fir, Larch and White Birch as common
associates. Central portions of the study area, where rock outcroppings are common, show similar
forest community types but with a somewhat stronger representation of Jack Pine. Sandy areas
north of Gillies Lake bordering Highway 655, and south and west of the Kayorum (Hollinger) tailings
stack, show a dominance of Jack Pine, or Jack Pine with poplar. The abundance of poplar in the
area is indicative of the level of past disturbance, as poplar species are typically successional and
not characteristic of mature forest communities. Virtually all major forest blocks are transected by
roads, transmission lines, trails, or other such linear features.

1.4 Spatial and Temporal Boundaries

To encompass all potential development areas and immediate drainages there from, Local Study
Area (LSA) boundaries for natural environment investigations were focused on watershed and
riverine boundaries, with the exception of the northwest study area boundary, which was defined by
Laforest Road and a narrow strip of land bordering the east side of Highway 655 (Figure 1.1). The
narrow strip of land bordering the east side of Highway 655 was included because this area
includes a small trailer park and a single residence north of the trailer park, which have the potential
to be affected by possible Hollinger related developments. Biophysical environmental studies are
limited to this larger area, but depending on the specific discipline, may focus only on the relevant
portions of the LSA.

The socioeconomic study area (SESA) is based on the City of Timmins limits, which encompass
both urban and rural areas (Figure 1.3).
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2.0 METHODS

Hydrological data were compiled from climatic records, creek and river flow records, and literature
sources to provide a database that can be used to evaluate changes to the local hydrological
condition that could result from development of the Hollinger mine, once project design concepts
are available. The database is also intended for use in project design planning.

2.1 Existing Data Sources

Existing data sources which can be used to characterize Timmins area watersheds and hydrological
conditions include:

. Detailed topographic mapping (Lidar imaging) conducted for the Timmins area for Goldcorp
during 2006, with contour intervals at 0.3 m elevation;

. Regional watersheds exhibiting natural flow that are (or were) gauged by the Water Survey
of Canada (WSC), namely those of the Porcupine, Blanche and La Vase Rivers and Farr
Creek;

. Climatic statistics available from the Timmins airport and other local stations; and,

. Climatic statistics developed by Environment Canada.

The Lidar imaging is extremely valuable for delineating local watershed boundaries and conditions
because of its digital format; high resolution coloured air photo background; and detailed contour
mapping that can be manipulated to contour sets with detail down to 0.3 m.

The regional WSC natural flow gauging stations are useful to discern overall seasonal flow patterns
and relationships, for smaller watersheds ranging in size from 62.9 km? for the Farr Creek system at
North Cobalt, to 401 km? for the Porcupine River system at Hoyle. Porcupine River statistics, even
though dated (1977 to 1994) are particularly useful because the major portion of the Hollinger
project LSD is comprised of headwater portions of the Porcupine River system.

The Timmins airport climatic station meets World Meteorological Organization (WMO) standards for
temperature and precipitation, and includes a nearly complete set of climatic parameters necessary
for hydrological modeling, and is therefore regarded as a quality climate station. Where climatic
data are not available for the Timmins airport, such as for sunshine, these data are available from
other local sources, such as from Kapuskasing.

Environment Canada has developed various climatic statistics that are useful for characterizing

local hydrological parameters. Theses include various aspects of temperature and precipitation,
dewpoint, humidity, and sunshine.
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2.2 Data Analysis

Data analysis was carried out using:

. Geographic information systems (ArcView GIS) to conduct watershed mapping, and to
define watershed details such as, slopes and general form;

. The ENGSOFT computer programs developed by Engineering Software Solutions, out of
Waterloo, Ontario, to calculate low and high flow extreme watershed flow statistics on
Porcupine River flow data;

. The Morton Model, developed by the National Hydrological Research Institute of
Environment Canada, and run by Custom Climate Services, of Regina, to calculate
evapotranspiration statistics;

o The Atmospheric Environment Service (AES) Extreme Value Rainfall plus Snowmelt Model
for determining cumulative rainfall plus snowmelt runoff quantities for durations of 1 to 30
days and for return periods of from 2 to 100 years;

. The AES Extreme Rainfall Model for determining cumulative rainfall runoff quantities for
durations of 1 to 30 days and for return periods of from 2 to 100 years; and,

. Microsoft Excel statistical packages.

ArcView GIS software was used to interpret the Lidar imaging and associated detailed topographic
mapping, in order to derive watershed boundaries and local drainage paths. Even with these tools,
there were still some areas where it was difficult to precisely define watershed boundaries. This was
particularly the case in areas of exceptionally flat terrain, and in areas where natural drainage has
been altered by roads, urban development, and past mining activities. Field reconnaissance was
required to confirm drainage paths in some of these altered areas.

Statistical analyses of monthly average low and high flows for the Porcupine River system, for
varying return periods, were carried out using the ENGSOFT Low Flow Frequency Analysis
(ESLOFFAN), and the Flood Frequency Analysis (ESFFAN) programs, respectively. These
computer programs compute hydrological return period statistics using the following statistical
distributions: 2-parameter log-normal, 3-parameter log-normal, log Pearson Type-3 distribution, and
the Gumbel distribution. Graphical comparisons allow the practitioner to select the most appropriate
distribution to the data. The ESLOFFAN program was also used to compute 7-day low flow
statistics.

The Morton model utilizes temperature, dew point and sunshine data to calculate actual

evapotranspiration and potential evapotranspiration. The model takes into account interactions
between evaporating surfaces and overpassing air.
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AES Extreme Value Rainfall, and Rainfall plus Snowmelt, models utilize the Gumbel extreme value
statistical distribution. The models were run by the Canadian Climate Centre of AES and the results
were provided to AMEC. Five different models are run, with Model 1 (Eastern Canadian Forested
Basin) being the model most applicable to the Timmins area. The Model 1 snowmelt calculation is
based solely on mean daily air temperature.

Excel statistic packages were used to augment certain aspects of the data analysis.

2.3 Field Surveys

All data presented in this report were derived from existing data sources. The only field surveys that
were carried out were those used to confirm watershed drainages in areas where drainages had

been altered by man-made structures such as ditching, that are sometimes difficult to discern on the
Lidar imaging.
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3.0 DATA ANALYSIS (RESULTS)

The data presented in this section are intended for use in determining water balance and receiving
water flow characteristics, once project designs are established. A variety of data are provided on
local climatic and runoff statistics, including extreme value statistics. Discussions on local
watersheds and terrain unit characterization are also provided to help with future environmental
effects assessments.

3.1 Climate

Climate data for the Hollinger site are available from the Timmins airport (1971-2000, 30-year
climate normals) (Table 3.1). The data set includes monthly information on:

. Temperature (average, minimum and maximum averages; extremes; days with minimum
and maximum temperatures above selected threshold temperatures);

) Precipitation (rainfall fall; snowfall; extremes; days with rainfall and snowfall above selected
threshold values);

. Snow depth (days with snow cover above selected threshold values);

. Wind (average speed; maximum hourly speed; maximum gust speed; direction);
. Degree days;

° Humidex;

° Wind chill;

. Humidity (vapour pressure; relative humidity);

. Pressure ;

. Visibility; and,

o Cloud cover.

The mean annual temperature for Timmins airport is 1.3°C. January is the coldest month (mean at
-7.5°C, mean minimum at -23.9°C, and mean maximum at -11°C); and July the warmest month

(mean at 17.4°C, mean minimum at 10.5°C, and mean maximum at 24.2°C). Recorded temperature
extremes for the period are -45.6°C and 38.9°C.
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TABLE 3.1 - TIMMINS AIRPORT (A) 30-YEAR CLIMATE NORMALS

ONTARIO
Latitude: 48° 34.200' N Longitude: 81° 22.800' v Elevation: 294.70 m
Climate ID: 6078285 WMO ID: 71739 TCID: y1s
* This station meets WMO standards
WMO standards for temperature and precipitation.
‘ Jan ‘ Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Year
Temperature: Temperature:
Daily Average (°C) -17.5 -14.4 -7.7 1.2] 9.6 14.7 17.4 15.7] 10.3] 4.2 -4 -13.2 1.3
Standard Deviation 3 3.2 2.7 2.2 2.1 1.7 1.1 1.4 1.5 1.9 2.2 3.8 1]
Daily Maximum (°C) -11 -7.5 -0.9 7.6 16.6] 21.7 24.2 22.3 16.1 8.9 0.1 -7.8 7.5
Daily Minimum (°C) -23.9 -21.3 -14.5 -5.2 2.5 7.5 10.5] 9.1 4.4 -0.6 -8.1 -18.7 -4.9
Extreme Maximum (°C) 6.4 11.7] 19.9] 29.9 33.3 38.8 38.9 36.7 32.2 28.3 18.9] 14.2]
Date (yyyy/dd) 1996/18 1994/19| 1990/15+ 1986/28 1962/17 1995/18 1975/31 1976/20 1973/02 1968/16 1975/06 1982/03]
Extreme Minimum (°C) -44.2 -45.6 -37.8 -29.4 -11.1 -3.2 -0.5 -1.7 -6.4 -13 -33.9 -43.9
Date (yyyy/dd) 1982/18/ 1962/01 1989/03] 1964/01 1958/02| 1980/19+ 1992/01| 1965/30+ 2000/28 1981/24 1975/26 1975/19
Precipitation: Precipitation:
Rainfall (mm) 2.9 1.6 14.7 26.6 62.7 89.1 91.5 82 86.7 64 29.5 7 558.1f
Snowfall (cm) 61.7 40.6 49.9 27.5 6.7 0.4 0, 0, 1.6 14 45.7 65.4 313.4
Precipitation (mm) 53.9 36.6 59.4 52.8 69.2 89.4 91.5 82 88.3 76.8 69.6 61.9 831.3
[Average Snow Depth (cm) 58 66 58 25 1 0, 0 0, 0, 0, 7 29 20
Median Snow Depth (cm) 58 66 58 25 0 0, 0, 0, 0 0 6 29 20
Snow Depth at Month-end (cm) 67 62 44 6 0, 0 0 0, 0, 0 14 44 20
Extreme Daily Rainfall (mm) 14.2] 9 32.5 32.8 53.3] 77.4 87.6 86.8 43.9 47.5 37.6 28.7
Date (yyyy/dd) 1995/14 1983/20 1973/11 1992/21 1972/29 1984/24/ 1990/29 1986/10 1961/01] 1966/15 1988/05 1971/10
Extreme Daily Snowfall (cm) 33 37 48.2 36 17 2.6 0 0, 7.2 19.3] 28.4 39.6
Date (yyyy/dd) 1962/07 1999/28 1983/19 1985/06 1986/01| 1980/10+ 1955/01+ 1955/01+ 1989/23 1976/15 1966/28 1985/01;
Extreme Daily Precipitation (mm) 33 35.6 48.2 35.8 53.8] 77.4 87.6 86.8 43.9 47.5 37.6 39.2
Date (yyyy/dd) 1962/07 1999/28 1983/19 1985/06 1972/29 1984/24| 1990/29 1986/10 1961/01] 1966/15 1988/05 1985/01]
Extreme Snow Depth (cm) 127 137 130 96 70 0 0 0, 4 15 64 157
Date (yyyy/dd) 1967/29| 1960/27+ 1960/01; 1978/02 1996/01| 1955/01+4 1955/01+| 1955/01+ 1980/26+ 1969/27+ 1966/30+ 1968/24+
Days with Maximum Temperature: Days with Maximum Temperature:
<=0 °C 29 23.6 16.6] 4.1 0.03 0, 0, 0, 0, 2 15.3] 26.1 116.7
> 0 °C 2, 4.7 14.4 25.9 31 30 31 31 30 29 14.7 4.9 248.5
> 10 °C 0, 0.1 1.8 10.1 24.9 29.1 31 31 25.6 12.1 2.1 0.03 167.94
> 20 °C 0 0, 0 1.6 10.3] 18.8 25.6 20.7 7.4 1.3 0 0 85.7
> 30 °C 0 0 0 0 0.8 1.6 2.5 1.3 0.21 0 0 0 6.4
> 35 °C 0, 0 0 0 0, 0.03 0.14 0.07 0 0, 0 0 0.24
Days with Mini Temperature: Days with Mini Temperature:
> 0 °C 0 0.37 1.3 5.5 19.6 28 31 30.7 23.7 11.8 2.6 0.27 154.§
<=2°C 31 28.2 30.6 27.4 16.7 4.5 0.39 1.4 10.3 23.4 29 30.9 233.9
<=0°C 31 27.9 29.7 24.5 11.4 2, 0.04 0.28 6.3 19.2 27.4 30.7 210.5
< -2°C 30.9 27.5 28 20.2 5.6 0.27 0, 0, 1.9 12.4 23.7 29.9 180.3
< -10 °C 28.1 24.6 20.7 6.4 0 0 0 0 0 0.29 10.3] 24.3 114.94
< -20 °C 20.8 17.4 8.8 0.57 0 0 0, 0 0 0, 1.9 14.1 63.7
< -30°C 8 4.6 0.86 0 0, 0 0 0 0, 0, 0.03 4 17.4
Days with Rainfall: Days with Rainfall:
>= 0.2 mm 1.6 1 3.3 6.5 11.1 14.4 14 13.9 16.3 13 6 2.1 103.1|
>=5mm 0.2 0.07 0.93 2 4.1 5.5 5.4 4.9 5.8 4.5 1.9 0.4 35.7
>= 10 mm 0.03 0 0.4 0.73 2.3 2.8 3 2.7 2.7 1.8 0.9 0.2 17.5
>= 25 mm 0 0 0.03 0.03 0.17 0.47 0.63 0.59 0.37 0.21 0.1 0.07 2.7
Days With Snowfall: Days With Snowfall:
>= 0.2 cm 18.1 13.9 11.9 7 2.2 0.3 0 0 0.87 6.6 15.6 19.1 95.4
>=5cm 4 2.5 3.1 1.9 0.43 0 0 0 0.1 0.68 2.5 4.6 19.4
>= 10 cm 1.4 0.77 1.4 0.53 0.17 0 0 0, 0 0.18 1.1 1.5 7
>= 25 cm 0.03 0.03 0.13 0.07 0 0 0 0 0, 0 0.03 0.03 0.32
Days with Precipitation: Days with Precipitation:
>= 0.2 mm 17.7 13.6] 13.3] 11 12.1 14.4 14 13.9 16.6 16.4 18.7 19 180.7
>=5mm 3 2.2 3.8 3.8 4.6 5.5 5.4 4.9 5.9 5.2 4.2 3.9 52.4
>= 10 mm 1.2] 0.6 1.7 1.4 2.6 2.8 3 2.7 2.7 2.1 2 1.3 23.9
>= 25 mm 0.03 0.03 0.17 0.2 0.27 0.47 0.63 0.59 0.37 0.25 0.21 0.1 3.3
Days with Snow Depth: Days with Snow Depth:
>=1cm 31 28.3 30.8 22.3 2.2 0 0 0 0.13 3.1 20.7 30.4 168.9
>=5cm 30.8 28.3 30.2 19.5] 1.4 0 0 0 0 0.93 12.7 28.3 152.1
>= 10 30.7 28.3 29.7 16.6] 0.9 0 0 0 0 0.29 8.4/ 25.3 140.2
>= 20 30 28.3 28.7 13.6] 0.4 0 0 0 0 0 3.2 19.7] 123.9
Wind: Wind:
Speed (km/h) 12.3] 12.3] 13.4 13.5] 12.4 11.5 10.3] 9.8 11.2] 12.3] 12.5 11.8 11.9
Most Frequent Direction w NW NW NW N S S S S S S S 9
Maximum Hourly Speed 57 59 58 56 64 56 48 72 56 56 61 56
Date (yyyy/dd) 1978/26 2002/12 1974/03| 1962/15+ 1956/22 1964/16/ 1956/28+ 1967/03 1955/06| 1958/04+ 1955/10 1971/11]
Maximum Gust Speed 105 96 108 89 93 158 85 105 105 89 89 105
Date (yyyy/dd) 1962/26 1999/12 1974/03| 1967/02+ 1959/06/| 1956/14 2001/21 1969/23 1970/10| 1962/16+ 1958/18+ 1970/02




Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Year
Direction of Maximum Gust NW SW SW NW SW w N NW w SW S SW
Days with Winds >= 52 km/hr 0.2 0.1 0.2 0 0.1 0.2 0 0.1 0.2 0 0.1 0.1 1.4
Days with Winds >= 63 km/hr 0.1 0 0.1 0 0 0 0 0 0 0 0 0 0.2
Degree Days: Degree Days:
[Above 24 °C 0 0 0 0 0.1 0.5 1.7 0.5 0.1 0 0 0 2.8
[Above 18 °C 0 0 0 0.3 6.2 20.4 35.4 23 4.1 0.1 0 0 89.6
[Above 15 °C 0 0 0 1.3 18.8 52 89.9 62.1 12.9 1.1 0 0 238
[Above 10 °C 0 0 0.3 7 64.8 151.9 229.7 180 58.4 10.5 0.3 0 702.9
[Above 5 °C 0 0.1 2.2] 27.6 158.3 290.6 384.3 332.6 161.9 47.5] 4.6 0.2] 1409.9
[Above 0 °C 0.1 3 18.3 90.9 297.1 439.8 539.3 487.6 305.6 140.7 27.1 1.8 2351.3
Below 0 °C 541.4 411.2 253.4 55 0.9 0 0 0 0.1 13.7 147.8 412.3 1835.7
Below 5 °C 696.3 549.7 392.3 141.7 17 0.8 0 0 6.4 75.5 275.3 565.7 2720.9
Below 10 °C 851.3 690.9 545.3 271.1 78.6 12.2 0.4 2.5 52.8 193.4 421 720.5 3839.9
Below 15 °C 1006.3! 832.2 700.1 415.4 187.6 62.2 15.6 39.5 157.3 339 570.7 875.5 5201.4
Below 18 °C 1099.3! 917 793.1 504.4 268 120.7 54.2 93.4 238.6 431 660.7 968.5 6148.8
Humidex: Humidex:
Extreme Humidex 6.1 10.7 21.8 31.5 37.5 43 44 42 40.1 32.9 20.8 17.1
Date (yyyy/dd) 1975/11] 1994/19 1990/15] 1990/26 1962/16 1995/18/ 1963/01 1975/01] 2002/08 1968/16 1961/03] 1982/03]
Days with Humidex >= 30 0 0 0 0 1.4 4.3 7.6 5.7 1.2 0.1 0 0 20.4
Days with Humidex >= 35 0 0 0 0 0.1 0.6 1.8 1 0.3 0 0 0 3.8
Days with Humidex >= 40 0 0 0 0 0 0.1 0.3 0.1 0 0 0 0 0.5
\Wind Chill: Wind Chill:
Extreme Wind Chill -54.2 -53.7 -45.8 -37.1 -18.8 -8.5 -2.4 -4 -9.3 -19.2 -38 -53.1
Date (yyyy/dd) 1957/13 1962/10 1967/18 1964/03] 1986/02 1972/10 2001/01 1965/30 1965/27 1988/30 1958/30 1993/26
Days with Wind Chill < -20 26 21.7 15.6 2.6 0 0 0 0 0 0 5.1 20.1 91.1]
Days with Wind Chill < -30 16.9 12.4 5.8] 0.2 0 0 0 0 0 0 0.8 11 47 .1
Days with Wind Chill < -40 5.6 2.7 0.3 0 0 0 0 0 0 0 0 1.8 10.4
Humidity: Humidity:
[Average Vapour Pressure (kPa) 0.2 0.2 0.3 0.4 0.8 1.1 1.4 1.4 1 0.7 0.4 0.2] 0.7
?,)/’:;'age Relative Humidity - 0600LST 75 76.3 76.9 78.4 79.4 84.6 88.6 91.8 92.3 88.5 86.7 80.3 83.2
?,};:;rage Relative Humidity - 1500LST 68.2 61 55.3 49.1 46.3 49.8 52.4 55.6 61.7 65.7 74.6 74.7 59.5
Pressure: Pressure:
[Average Station Pressure (kPa) 97.8 98 98 97.9 97.9 97.8 97.8 98 98 98 97.9 97.9 97.9
[Average Sea Level Pressure (kPa) 101.6 101.8 101.7 101.6 101.5 101.3 101.3 101.6 101.6 101.6 101.6 101.7 101.4
Visibility (hours with): Visibility (hours with):
< 1km 11.1 6.3 13.6 10.8 6.5 4 4.6 8.7 10.9 13.3 12.2 9.4
1to 9 km 161.1 123.7 112.3 82.7 62.2 63.6 49.8] 67.5 90.1 97.7 143.1 173.1
> 9 km 571.8 547.6 618.1 626.6 675.3 652.4 689.6 667.7 619 633 564.7 561.6
Cloud Amount (hours with): Cloud Amount (hours with):
0 to 2 tenths 214.5 209.9 234.7 214.6 192.1 170.9 182.6 203.5 148.6 139.6 104.8 171.6
3 to 7 tenths 106.2 106.7 117.4 118.4 146.4 175.9 209 195.6 144.4 112.9 80.4 97
8 to 10 tenths 423.2 361 391.9 387 405.5 373.2 352.4 344.9 427 491.5 534.8 475.4
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The mean annual total precipitation for Timmins is 831.3 mm, of which 558.1 mm (67.1%) falls as
rain, and the remainder (32.9%) as snow. Peak precipitation occurs during the period of June
through October. The extreme daily rainfall for the period is 87.6 mm, recorded on July 29, 1990.
The extreme snowfall for the period was measured as 48.2 cm, recorded on March 19, 1983.

Statistical derivations of extreme rainfall events for the Timmins area are available from Hogg and
Carr (1985 - Rainfall Frequency Atlas of Canada) for durations of 5 minutes through 24 hours, and
for return periods of from 2 to 100 years (Table 3.2).

TABLE 3.2
TIMMINS AREA EXTREME RAINFALL STATISTICS (mm)
. Return Period (years
Duration —— 5 10 15 20 25 50 100
5 min 6.5 9.0 10.7 11.6 12.2 12.7 14.3 15.8
10 min 9.4 12.7 15.0 16.2 17.1 17.8 19.8 21.9
15 min 10.6 15.0 17.9 19.6 20.7 21.6 24.4 27.1
30 min 14.7 21.8 26.4 29.1 30.9 324 36.7 41.1
1 hr 17.9 26.3 31.9 35.0 37.2 38.9 441 49.3
2 hr 21.6 29.1 34.1 36.9 38.9 40.4 45.0 49.7
6 hr 31.9 43.3 51.0 55.3 58.3 60.6 67.7 74.8
12 hr 39.3 53.9 63.5 69.0 72.8 75.7 84.8 93.8
24 hr 51.7 69.4 81.1 87.7 92.3 95.9 106.8 117.7

The regional design storm (Timmins Storm) occurred during August 31 to September 1, 1961. At
the aerial centre of the storm, the 6, 12, 18, 24 and 30/36 hour durations produced accumulated
precipitation values of approximately 102 mm, 156 mm, 175 mm, 187 mm and 201 mm,
respectively (Environment Canada 1961).

The nearest applicable lake evaporation data are from the Amos meteorological station in Quebec
(Table 3.3). Evapotranspiration data were developed for the Timmins area using the Morton model,
with data inputs from the Timmins Airport station (temperature and dewpoint data), and from the
Kapuskasing CDA (sunshine). Morton model results were provided by Custom Climate Services
(Table 3.3). The small negative winter values are reportedly indicative of condensation, as opposed
to evaporation/sublimation, but could also be an artifact of model construction.

Winds are typically out of the west — northwest in winter and out of the south in the summer and fall.
Mean monthly wind speeds are consistently in the 11 to 12 km/h range throughout the year.
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TABLE 3.3
TIMMINS AREA EVAPORATION AND EVAPOTRANSPIRATION DATA
Month Lake Evaporation (mm) Evapotranspiration (mm)
January - -1.5
February - 0.9
March - 16.6
April 15.3 28.5
May 98.1 44.0
June 120.8 68.5
July 127.0 86.3
August 100.1 70.5
September 58.9 31.1
October 17.3 18.5
November - 1.1
December - -2.7
Total 537.5 361.8

Notes:  Lake evaporation data interpreted from Amos, Quebec, 1968-1994 data.
Potential evapotranspiration based on application of the Morton Model for Timmins data, 1956-2001
Evapotranspiration based on application of the Morton Model for Timmins data, 1956-2001

3.2 Regional Hydrological Stations

Regional watersheds of differing areas are sometimes helpful in developing return period statistics
for extreme low and high flow conditions, and for confirming general hydrograph trends for the
region under study. The Water Survey of Canada (WCS) formerly maintained four, natural flow
gauging stations on small regional creek and river systems, as per Table 3.4. The only station that
is still active is the La Vase River station at North Bay.

TABLE 3.4
REGIONAL NATURAL FLOW WSC GAUGING STATIONS

Drainage Distance and
. g . Direction from Period of
Station Area Location - -
(kmz) Hollinger Site Record
(km)
Porcupine River at Hoyle 2 | Latitude 48 33 22 N, ) January 1977 to
(Station 04MD004) A0Tkm™ | ongitude 81 0325w | 1T KMENE | gontember 1994
Blanche River at .
Swastika (Station 251 km? | Aude 4896 ST | 105 kmE-SE | pareh 190810
02JC009) 9 y
Farr Creek at North 2 | Latitude 47 25 28 N, March 1971 to
Cobalt (Station 02JE018) | 82 9KM™ || ngitude 7937 50w | V7O KMSE | 5 ctober 1983
La Vase River at North 2 | Latitude 46 15 44 N, March 1974 to
Bay (Station 02DD013) 70.4 km longitude 79 23 43 W 295 km S-SE present
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An analysis of monthly average flows (monthly runoff values are in mm to standardize for watershed
area) for the above four stations, over their respective periods of record, is provided in Table 3.5.
The seasonal flow patterns are essentially the same for all systems, with each showing low winter
flows, followed by a pronounced spring freshet, followed by a summer low flow, and a fall increase
in flows.

With all other factors being equal, there is an expected relationship between watershed area and
seasonal flows, wherein smaller systems are expected to exhibit less runoff inertia compared with
larger systems (Mosley and McKerchar 1993, Vogel and Kroll 1990). Accordingly, systems with
smaller watershed areas would be expected to show stronger seasonal, per unit area flow
extremes, compared with larger systems (i.e., smaller systems are expected to yield lower per unit
area low flows, and higher per unit area high flows, compared with larger systems).

For the selected watersheds shown in Table 3.4 the above generalized watershed area relationship
does not always hold, indicating that there are other more important factors controlling runoff in
these different systems. In winter, for example, typically the extreme low flow period for the region,
the lower series of charts in Table 3.5 show that smaller watersheds have higher per unit area
flows, compared with larger watersheds. An analysis of the period of common record for the
watersheds shows this same relationship. The observed winter low flow relationship between the
four watersheds is contrary to generalized expectations based on watershed alone, indicating that
there are other more important controlling factors. A major controlling factor appears to be latitude,
with the more northern stations showing lower winter runoff rates compared with the more southern
stations. Presumably this relationship is governed by the more severe and prolonged freezing
conditions that characterize the more northerly stations.

For the summer low flow condition, where latitude is less important, the data show the expected
relationship, with larger systems showing higher per unit area flow rates, compared with smaller
systems. Peak spring, per unit area flow rates show essentially no relationship with watershed area.

Based on the above analysis, the Porcupine River system data are likely to provide the best
measure expected sub-watershed hydrologic yields for the Timmins area, as this station is by far
the closest to the Hollinger site (Table 3.4); and because the Porcupine River watershed,
comprising a large portion of the project study area, is also likely to best characterize the local study
area watersheds in terms of other factors affecting local runoff (e.g., climate, terrain and land use).

Data available from other systems (i.e., the Blanche River, Farr Creek and La Vase River
watersheds) support the general seasonal hydrograph shown for the Porcupine River (Table 3.5),
but are not helpful as modifiers for determining watershed area yields for Timmins area sub-
watershed yields, because of latitude and other confounding effects. Further reference to these
additional watersheds is therefore excluded, and the focus of more detailed analyses in Section 3.4
is on the Porcupine River system.

Page 17



TABLE 3.5
REGIONAL STATION STREAM FLOW DATA
(Flow equivalents - mm/month per unit watershed area, for period of record)

Month Porgupme La Yase Farr Creek Bla.nche
River River River
Jan-00 7.3 12 10.4 12.9
Feb-00 5.7 13.5 9 8.5
Mar-00 10.3 52.3 28.2 10.2
Apr-00 104.8 121.7 108.6 61.3
May-00 117.7 46 79 114.2
Jun-00 34.2 16.2 23 48.6
Jul-00 225 134 9.3 25.7
Aug-00 16.9 10.9 6.1 11
Sep-00 22.6 19.6 7 8.9
Oct-00 45 33.9 18.4 18.8
Nov-00 34.5 47.4 19 32.2
Dec-00 15.3 26 16.2 24.4
Total 436.8 412.9 334.2 376.7
REGIONAL STREAM FLOW DATA
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3.3 Local Watershed Analysis

Watersheds that could potentially be affected by project related developments are shown in
Figure 3.1. Potentially affected watersheds are defined to include those that could be affected by
mine water discharge, runoff from possible waste rock pile areas, and Hollinger pit discharge at
closure. The Hollinger site itself is located at the apex of three watersheds, namely those of the
Porcupine River to the east, Skynner Creek to the southwest, and the Gillies Lake/Town Creek
system to the northwest. The precise delineation of watershed boundaries in the immediate
Hollinger site area is difficult, even with the benefit of 0.3 m Lidar contour intervals, because of
extensive open-pitting and underground stope breakthroughs in this area. Gillies Lake is connected
to Town Creek by way of a buried pipeline outfall that flows north from the lake.

Boundaries of a number of other LSA watersheds have also been influenced by past mining
operations. This is especially true of areas in the vicinity of the Kayorum, Mclintyre, ERG, Delnite
and Dome tailings areas, as well as areas affected by the Dome open pit and waste rock piles.

Porcupine River System

The dominant watersheds draining the area surrounding the Hollinger site area are those of the
Porcupine and South Porcupine Rivers, which to the point of their confluence just west of Porcupine
Lake, measure 32.0 km? and 42.7 km?, respectively (Figure 3.1). Beyond their confluence, these
two systems pass into the southwest end Porcupine Lake. From Porcupine Lake, the Porcupine
River flows in a north-northeasterly direction, looping around the Kidd Metsite tailings areas, before
turning south to Night Hawk Lake, and the Frederick House River system. The North Porcupine
River, which drains the northern portion of the ERG tailings area and adjacent areas north of the
Porcupine watershed boundary shown in Figure 3.1, enters the main branch of the Porcupine River
near the northwest margin of the Kidd Metsite tailings. Near where the Porcupine River crosses
Highway 101, at Hoyle, just upstream of its confluence with Night Hawk Lake, Environment Canada
formerly maintained the Porcupine River WSC flow gauging station (04MDQ004). This station was
operated from January 1977 to September 1994 (Section 3.2).

Headwaters of the Porcupine River drain Little Pearl Tailings Pond, Pearl Lake, Clearwater Lake,
and the southern portion of the ERG tailings area. Current underground pumping at the Mclntyre
headframe discharges to Little Pearl Tailings Pond, and hence to the Porcupine River. This
pumping is carried out to control groundwater levels in the Hollinger mine site area. Underground
workings of the former Hollinger, McIntyre and Coniaurum mines are all interconnected. Water
quality within the Porcupine River is influenced by past mining activities, as is the water quality of
virtually all other watersheds shown in Figure 3.1, except those of the Perch Lake system and the
series of smaller creeks shown in the northwest portion of the figure.

The Porcupine River is a low gradient system, with the river mainstem, downstream of Pearl Lake
exhibiting a gradient of 0.44 % (i.e., a drop of 4.4 m vertical per 1,000 m horizontal). The river flow
and that of its tributaries is interrupted by numerous beaver dams, both active and historic. The
elevations of Little Pearl Tailings Pond (313.2 m amsl) and Pearl Lake (313.0 m amsl) are important
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to future considerations involving the re-flooding of the Hollinger open pit, at mine closure, because
both of these water bodies exhibit elevations which may, or may not be above any future pit lake
water level.

The South Porcupine headwaters drain McDonald and Simpson Lakes, as well as the existing
Dome tailings containment facility, and the Dome waste rock storage area (Figure 3.1). South
Porcupine River characteristics are similar to those of the Porcupine River, being characterized by a
mainstem gradient of 0.33 % (3.3 m vertical drop per 1,000 m horizontal), and numerous beaver
dams.

Skynner Creek and Perch Lake System Watersheds

Skynner Creek originates at Skynner Lake in the extreme southeast of the watershed, but also
drains the southern portion of the City of Timmins proper and the Kayorum tailings area. Its
watershed measures approximately 13.4 km? (Figure 3.1).The northeastern portion of the
watershed has been strongly altered by the Kayorum tailings area, and by headwater channeling to
the north in the vicinity of the Hollinger Golf Club. Skynner Creek drains to the Mountjoy River,
which flows into the Mattagami River. This creek is also a low gradient system, being characterized
by a mainstem gradient of 0.54 % (5.4 m vertical drop per 1,000 m horizontal), and numerous
beaver dams.

Skynner Creek is of interest to the Hollinger project from three perspectives. First, the southernmost
portion of the Hollinger site drains south to the Skynner Creek system. Second, much of the
Skynner Creek drainage system passes through terrain dominated by glaciofluvial sand deposits.
Hence, there is the potential for stronger surface water/groundwater interconnections in this area.
And third, because of its lower elevation, it would be possible to induce gravity flow from a future
flooded Hollinger pit (following mine closure) to the Skynner Creek system.

The Perch Lake system is a smaller drainage system, located adjacent to the Skynner Creek
watershed, that also flows to the Mountjoy River. Similar to the Skynner Creek system, much of the
Perch Lake watershed is founded on glaciofluvial sand deposits, and therefore potentially exhibits a
strong surface water/groundwater interconnection. Similar to the Skynner Creek system, the Perch
Lake system is positioned at a lower elevation such that it would also be possible to induce gravity
flow from a future flooded Hollinger pit (following mine closure) to the Skynner Creek system.

Town Creek and Smaller North Mattagami River Watersheds

The Town Creek system drains Gillies Lake, low gradient tailings areas to the east of Highway 655,
and significant portions of the City of Timmins proper (Figure 3.1). The connection between Gillies
Lake and Town Creek is subsurface, by way of a buried pipeline that exits to the Town Creek
drainage system in the area of Murray Street Park. The low gradient tailings to the east of Highway
655 (the Hollinger tailings) were reportedly deposited in the former northeastward extension of
Gillies Lake during the 1920's and 1930's (Kees Pols per. comm., Mattagami Region Conservation
Authority, October 5, 2007). These tailings are partially sulphide concentrate tailings and are
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therefore acid generating. Management of these tailings is being addressed through a separate
closure plan.

Past consideration has been given to draining Hollinger Mine workings to the Gillies Lake/Town
Creek system. However, concerns over the potential flooding of portions of the City adjacent to
lower reaches of the Town Creek system argue against this proposal, and against directing passive
drainage from any future flooded Hollinger pit lake (after mine closure) to the Town Creek system.

In addition to Town Creek, there are four other smaller watersheds that drain the area west of
Highway 655 and north of the Town Creek system. All of these smaller watersheds drain directly or
indirectly (through Craft Creek) to the Mattagami River. These smaller watersheds are included in
the LSA for the sole reason that consideration was given to stockpiling waste rock in the area west
of Highway 655 and north of the Timmins hospital. Further considerations argued against using this
area for waste rock storage (discussed separately in AMEC 2007), hence no specific efforts have
been directed at characterizing these smaller watersheds, other than to define their boundaries.

3.4 Porcupine River System — Detailed Hydrological Analysis

The Porcupine River watershed drains a large portion of the LSA and is the only watershed for
which there are reliable flow records. These flow records, even though dated (1977 to 1994),
together with other data derived from climatic parameters, are useful for characterizing generalized
hydrological regimes for the Timmins area.

Monthly flow data (m>/s) and watershed runoff equivalents (mm/d/unit area) for the Porcupine River
WSC Hoyle station are provided in Table 3.6 for the period of record. Projected return period low
and high monthly flow rates are shown in Table 3.7. Statistical calculations were based on the
2-parameter log-normal distribution, which provided the best overall fit to the low and high flow data.

Extreme runoff statistics can be computed from (1) the Porcupine River WSC station for the
standard 7-day low flow conditions, for various return periods; (2) the Atmospheric Environment
Service (AES) for ‘Extreme Value Analysis of Rainfall Plus Snowmelt’ for the Timmins area
(Model 1 statistics); and (3) the AES Rainfall Frequency Atlas for Canada for extreme rainfall
statistics.

Standard 7-day low flow statistics generated from Porcupine River flow data, expressed as m*/d
and as watershed runoff equivalents in mm/d/unit area, are shown in Table 3.8, for return periods of
2 through 100 years. Data were generated using the log Pearson Type-3 statistical distribution, as
providing the best fit to the data.
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TABLE 3.8
PORCUPINE RIVER EXTREME LOW FLOW RETURN PERIOD STATISTICS
Return Period Calculated Riv_er_Station Calculated Watershed
(years) Flow Stsatlstlcs Runoff Equivalents
(m7/d) (mm/d)
7Q2 47,304 0.118
7Q5 34,908 0.087
7Q10 28,848 0.072
7Q20 24,049 0.060
7Q50 18,865 0.047
7Q100 15,531 0.039

Extreme value rainfall plus snowmelt intensity, duration, frequency (IDF) data, generated from the
AES Model 1 Extreme Value Analysis of Rainfall Plus Snowmelt database, are shown in Table 3.9
for return periods of 2 through 100 years, and for durations of 1 through 30 days.

TABLE 3.9
TIMMINS AREA EXTREME VALUE RAINFALL
PLUS SNOWMELT RUNOFF MODEL 1 PREDICTIONS (mm)

Duration Return Period (years)

(days) 2 5 10 25 50 100
1 30.35 37.47 42.20 48.16 52.58 56.97
2 48.30 58.56 65.37 73.95 80.32 86.65
3 65.55 79.49 88.74 100.40 109.05 117.65
4 81.81 99.56 111.35 126.21 137.23 148.18
5 94.26 115.51 129.61 147.39 160.57 173.69
6 105.62 130.77 147.46 168.50 184.11 199.63
7 115.49 143.83 162.63 186.34 203.93 221.42
8 124.92 155.60 175.96 201.63 220.67 239.60
9 133.61 166.80 188.83 216.60 237.20 257.69
10 142.02 176.71 199.74 228.77 250.30 271.71
15 174.76 213.58 239.35 271.84 295.93 319.90
20 204.15 253.76 286.69 328.21 359.00 389.63
25 226.15 284.76 323.22 371.73 407.70 443.47
30 243.71 307.31 349.52 402.75 442,22 481.47

Notes: Data provided by AES for the period 1955 — 2006, based on the modified Gumbel statistical distribution.

Extreme value rainfall intensity, duration, frequency (IDF) data, generated by AES are shown in
Table 3.10 for return periods of 2 through 100 years, and for the probable maximum precipitation
event, for durations of 1 through 30 days.
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TABLE 3.10
TIMMINS AREA EXTREME VALUE RAINFALL PREDICTIONS (mm)
Duration Return Period (years)
(days) 2 5 10 25 50 100 | probable
aximum
1 44 .58 61.00 71.90 85.64 95.83 105.97 386.7
2 50.52 68.02 79.64 94.29 105.15 115.96 403.1
3 55.43 72.95 84.59 99.25 110.13 120.95 411.9
4 59.64 79.11 92.03 108.33 120.42 132.43 458.4
5 62.68 82.62 95.85 112.55 124.92 137.23 4721
6 66.01 86.42 99.97 117.05 129.71 142.31 486.5
7 70.07 91.51 105.74 123.69 136.99 150.23 511.9
8 73.65 94.86 108.94 126.70 139.86 152.96 511.6
9 76.72 98.10 112.28 130.17 143.44 156.64 518.3
10 80.32 101.36 115.32 132.93 145.99 158.64 515.4
15 99.15 123.62 139.86 160.33 175.52 190.62 604.0
20 115.37 141.21 158.35 179.98 196.01 211.96 648.5
25 133.33 159.98 177.67 199.97 216.51 232.96 682.3
30 147.01 176.02 195.26 219.54 237.54 255.44 744.8

Notes: Data provided by AES for the period 1955 — 2006, based on the modified Gumbel statistical distribution.

3.5 Terrain Unit Characterization

Terrain unit characterization is important to the development of storm water runoff predictions, once
project designs and layouts are available. Such characterization typically includes the consideration
of cover types, slope, soil groups, curve numbers, and runoff coefficients, all of which are commonly
used model parameter inputs for estimating storm generated runoff and peak flows for un-gauged
watersheds.

General terrain types are shown in Figure 1.2. The majority of the area consists of bedrock
dominated terrain, frequently in association with lacustrine plain terrain types (Units 1-4); and
lacustrine plain areas dominated by either clay/silty or sand substrates, frequently in association
with bedrock exposures (Units 5-8). Also scattered throughout the area are lacustrine plains
dominated by either sand or clay/silt (Units 9-10); esker and other glacio-fluvial terrain types
(Units 11-13); alluvial plain and organic terrain (Units 14-15); and tailings and waste rock deposition
areas (Units 16-17).

Key terrain-based hydrologic parameters are provided in Table 3.11. Values for soil group, curve
number, and runoff coefficient are adapted from Ward and Trimble (2003).
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TABLE 3.11
TERRAIN UNIT HYDROLOGICAL CHARACTERIZATION

amec”

Terrain Type Cover Type Slope Soil Curve Runoff
yp yp (%) Group' | Number? | Coefficient®

Rock ridge Open forest 6+ D 83 0.80
Rock ridge (ground moraine)® | Mixed forest 6+ C 70 0.65
Rock knob (lacustrine plain — | v 0§ forest 26 D 77 0.55
clay/silt)
Rock ridge (lacustrine plain — | Coniferous mixed 2.6 B 55 0.30
sand forest
Lacustlrme plain - cIay/s_|It Coniferous mixed 0-2 (2-6)4 D 77 0.35
(rock ridge/organic terrain) forest
Lacustrine plain — clay/silt Coniferous forest | 0-2 (2-6) D 77 0.35
(rock knob)
Lacustrine plain — clay/silt Coniferous forest 0-2 D 77 0.35
(rock plain)
IF;;?E)S trine plain — sand (rock Coniferous forest 0-2 B 55 0.20
Lacustrine plain — sand Coniferous forest 0-2 B 55 0.08
Lacust.rlne ple}ln — clay/silt Coniferous forest 0-2 D 77 0.35
(organic terrain)
Glacial-fluvial outwash — sand | Coniferous forest 2-6 A 25 0.10
Glacial-fluvial esker — sand Coniferous forest 6+ A 25 0.14
Dunes — sand Coniferous forest 2-6 A 25 0.10
Alluvial plain — clay/silt Mixed forest 0-2 C 70 0.30
Organic terrain Coniferous forest 0-2 na - -
Tailings Grass/sparse 2-6 (6+) C 86 0.30
Waste rock Exposed 6+ A 50 0.20
Notes:  1-Soil Group: A — low runoff potential, high infiltration (mainly well-drained sands and gravels;

B — moderately well drained, moderately fine to moderately coarse texture;
C - slow infiltration, moderately fine to fine texture;
D — very slow infiltration, mainly clay soils, or shallow soils over rock

2-Curve Number: From MTO 1995-1997; Ward and Trimble 2003;
3-Runoff Coefficient: From MTO 1995 - 1997;
4-Bracketted values for terrain type, slope, and runoff coefficient are for sub-terrain units.

3.6 Water Balance

A summary, watershed water balance is provided in Table 3.12. This water balance is intended for
use in the future calculation of runoff from localized catchment basins linked to development of the
Hollinger Project, where the simple pro-ration of runoff statistics derived from Porcupine River flows
would not be appropriate. The localized water balance uses precipitation and evapotranspiration
data from Tables 3.1 and 3.3, together with runoff redistribution procedures to (1) redistribute the
contribution from precipitation retained in a frozen state over the previous winter, and (2) to account
for groundwater discharge (baseflow), and groundwater recharge (infiltration).
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When compared with data for the Porcupine River, the localized water balance over-predicts annual
runoff (470.5 mm - 7" data row of Table 3.12) compared with measured values for the Porcupine
River (436.8 mm, Table 3.5). A major portion of this differential can be accounted for by lake and
wetland areas, which would be expected to exhibit evaporation rates closer to those of lake
evaporation results provided in Table 3.3, rather than evapotranspiration values used in Table 3.12
calculations. Lake and wetland evaporation affect the Porcupine River watershed as a whole, but
were not taken into account in the Table 3.12 evapotranspiration values. To remedy the
inconsistency between annual predictions for the two data sets (measured Porcupine River flows
and the Table 3.12 water balance), the Table 3.12 data row 7 values were scaled by a factor of
436.8/470.5 to produce an adjusted runoff distribution consistent with Porcupine River data (i.e.,
Table 3.12 data row 8 values).

The adjusted runoff distribution was further amended to account for groundwater discharge/
recharge effects. In undertaking this adjustment, an estimate of groundwater discharge (effectively
creek baseflow) was derived from Porcupine River, February average flows compared with mean
annual flows, as provided in Table 3.6B. The February flow of 0.203 mm/d for the Porcupine River
watershed is equivalent to 16.9% of the average annual flow of 1.202 mm/d.

The resultant localized catchment basin runoff distribution is shown in the last row in the table. For
comparison, actual Porcupine River monthly runoff values are also shown. The localized catchment
values are substantially higher than Porcupine River values for the months of March and
September, and substantially lower for the summer months of June through August. These
differentials mostly reflect lag times inherent in larger versus smaller systems.
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4.0 EVALUATION AND DISCUSSION
4.1 Hydrological Function

The hydrological ecosystem function is typically interpreted within the context of watersheds and
subwatersheds, and includes, as a minimum, the following aspects (subfunctions):

. Landform development through material erosion and depositional processes;
. Runoff storage and conveyance;

. Recharging groundwater systems;

. Providing systems for groundwater discharge;

. Maintenance of soil moisture regimes and associated plant and animal life;

. Provision of aquatic habitat;

° Assisting with the cycling of nutrients and minerals;

. Assisting with the removal and degradation of wastes; and,

. Moderating local climates.

Altering the flow of water within watersheds can potentially affect all or most of the above functions.

Landform development tends to occur over longer time periods, but under more extreme flood
conditions erosion at the local scale can become problematic. This is especially the case where fine
sandy and silty soils are present, and where vegetation cover has be extensively disturbed, or
removed entirely.

Runoff storage and conveyance is the principal means of moving received precipitation and
snowmelt through the watershed. Runoff storage occurs on vegetated and other complex surfaces,
as well as in lake, pond and wetland systems. All of these storage elements have the effect of
helping to better distribute precipitation inputs over time, and therefore reduce the potential
erosional effects of peak runoff events. Runoff storage also helps to maintain the balance of aquatic
habitats by ameliorating the flows of creek and river systems. At the same time, drainage networks
provide conveyance pathways for removing excess water from the landscape, which is an important
aspect of flood control.

A third hydrological function is the recharging of groundwater systems, and the related aspect of
groundwater discharge. Groundwater recharge is a special case of runoff storage, but on a longer
time scale. Groundwater systems are important to the maintenance of vegetation communities,
including wetlands, as well as to the maintenance of creek and river baseflows, when available
precipitation is lacking, such as during periods of drought; and in the case of creek and river
baseflow in winter when precipitation is largely locked up in the form of ice and snow. Groundwater
systems are replenished through the infiltration of precipitation (and runoff) into the subsurface, the
rate of which is a function of soil porosity and runoff storage potential. Groundwater release is
similarly a function of soil porosity and other factors such as the expression of drainage networks
and the presence of aquitards.
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The hydrological relationship between soil moisture regimes and associated plant and animal life is
described above in terms of runoff storage and groundwater infiltration. Most, if not all, plant species
show a range of tolerance for varying moisture conditions. If these conditions show appreciable
change outside of seasonal norms, such as becoming drier due to groundwater interference or
wetter due to changes in runoff regimes, plant communities and their associated animal
communities can become adversely affected.

The relationship between runoff storage and conveyance and groundwater recharge and discharge
has also been discussed above in relation to aquatic habitat. Aquatic habitats, particularly in small
systems, are extremely sensitive to hydrological changes; hence the focus of government
regulatory instruments on the protection of aquatic systems. Activities such as mine dewatering and
other mine-related activities have the potential to alter hydrological systems, and the associated
quantity and quality of aquatic habitats.

A further important hydrological function is the role of water movement in the cycling of nutrients
within both terrestrial and aquatic systems. Precipitation, groundwater infiltration and runoff are all
main drivers of geochemical and bacteriological processes which release important nutrients and
minerals to terrestrial and aquatic ecosystems. These same drivers also help to degrade and
remove wastes from the environment.

The last hydrological function listed above is the moderation of local climates. Forests and other
plant communities that are maintained by hydrological functions affect microclimates in terms of
such aspects as temperature, humidity, and light penetration. Water bodies and wetlands also affect
temperatures and humidity at the local level.

All of the above hydrological functions are complex and interactive.
4.2 Surface Water — Groundwater Linkage

Of particular importance to the Hollinger Project is the linkage between surface water and
groundwater systems. Mine dewatering has the potential to affect surface water systems through
mechanisms outlined in Section 4.1. More specifically, by drawing down the local groundwater
table, groundwater discharge sources that normally serve to maintain creek and river baseflow, and
wetland environments, can potentially become depleted, or partially depleted. There is also the
potential for enhanced direct leakage from surface water systems, such as lakes and ponds, to
depressurized groundwater systems. To evaluate these potentials, it is important to determine the
extent of expected groundwater removal, and subsurface soil conditions associated with local
aquatic systems and wetlands.

Zones of porous soil are potentially the most problematic, where these exhibit a direct connection to
bedrock. Areas of specific interest to the Hollinger Project include the Pearl Lake area and the
Skynner Creek and Perch Lake systems. Sediments beneath Pearl Lake are comprised principally
of sandy materials (AMEC 2008a). Areas to the south of the Hollinger site - in the vicinity of
McDonald Lake and the Skynner Creek and Perch Lake systems — are also characterized by
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extensive sandy terrain (Figure 1.2). If these permeable deposits are in direct contact with the
bedrock, and if the bedrock becomes depressurized as a result of mine dewatering activities, these
surface hydrological systems could be adversely affected.

Hydrogeological studies conducted by AMEC predict a dewatering rate of 8,820 m3/d with
development of the Hollinger open pit (AMEC 2008b). This compares with an historic dewatering
rate for underground mining at the Hollinger and McIntyre sites of approximately 7,600 m*d (AMEC
2008b), and a current dewatering rate averaging approximately 4,000 m*/d at the Dome Mine.

Figure 4.1 shows the extent of surface water features in 1969, when the Hollinger and Mclintyre
Mines were still in a dewatered state, compared with 2006 Lidar images of the principal lake area
shoreline boundaries. The image shows that virtually all of the principal lakes and ponds within the
study area had very similar perimeter outlines and hence similar depths (within seasonal norms), for
the two timeframes (1969 and 2006), with the exception of Little Pearl Tailings Pond to the
immediate north of the proposed Hollinger open pit, and Peroli Lake located approximately 3.5 km
southwest of the proposed Hollinger open pit centroid. Little Pearl Tailings Pond was dredged by
ERG Resources Inc. in 1989, and therefore has an expectedly larger current water surface area
than that shown in the 1969 air photo (Figure 4.1). Peroli Lake is very shallow and is currently
impounded by a small road at its north end, which is sufficient to account for the observed water
level differences between 1969 and 2006.

The fact that lake area outlines were essentially the same in 1969, when the area was under
drained, as they were in 2006 when there was only limited dewatering to manage near surface
groundwater levels in the immediate Hollinger mine area (Section 1.1), strongly suggests that
surface water bodies in the Hollinger area, including those associated with sandy terrain are unlikely
to be significantly affected by dewatering of a future Hollinger open pit mine. The only potential
exception to this is the Pearl Lake area. During historic dewatering of the Hollinger and Mclntyre
Mines, mine water was reportedly discharged to Pearl Lake. Such discharge would have maintained
the water level of this lake and also likely the water level of Clearwater Lake, further downstream.

The current groundwater model for the proposed Hollinger open pit indicates that a substantial
portion of the groundwater recharge to the open pit, calculated at 64%, or about 5,640 m*/d at full
pit development (AMEC 2008b), is likely to derive from Pearl Lake (and the Little Pearl Tailings
Pond). The above value compares to an average annualized surplus runoff of approximately
2,525 m*/d for the Pearl Lake watershed, measured at 2.1 km?. Given the generally steeper terrain
and partially urbanized landscape, which characterizes much of this watershed, the 2,525 m?/d
runoff estimate for the watershed is likely an underestimate. Nevertheless, it appears that unless
mine water is returned directly, or indirectly, to these water bodies, there is a reasonable potential
for lake water level reductions, especially during the winter when there is little or no natural
recharge to the system. If mine water is discharged directly, or indirectly, to Pearl Lake, then water
quality of the discharge will require consideration.
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4.3 Environmental Constraints and Sensitivities

Hydrological constraints and sensitivities, relating to development of the Hollinger project,
potentially include:

. Mine water discharge will increase flows to the selected receiving water system, and
suspended solids and ammonia will have to be reduced to acceptable levels prior to any
such discharge;

. Mine dewatering will depressurize the surrounding bedrock, which could in turn lead to
reductions in surface water flows, and to the associated water levels of lakes, ponds and
wetland systems;

. Changes in terrain condition, such as through waste rock pile development, could alter
runoff regimes at the local level; and,

. Open pit outflow at mine closure will be governed by topography, if passive discharge is to
be employed.

Mine water discharge will mainly affect base flow conditions during the winter and summer months,
when receiving water flows at are their lowest. Base flow augmentation could be beneficial for local
receiving waters provided that the quality of the mine water discharge is consistent with applicable
Ministry of the Environment guidelines. Water quality contaminants of potential concern are likely to
include total suspended solids and possibly ammonia derived from blasting residuals.

Watercourse baseflows are dependant on groundwater discharge. Depressurization of the local
bedrock aquifer is expected to reduce groundwater availability, and could therefore potentially affect
local creek and river flows in headwater areas, especially during summer drought conditions and
during the winter period; and could also potentially reduce the water levels of local ponds, lakes and
wetlands. The extent of this concern relates to the potential radius of influence of the bedrock
aquifer cone of depression, and to the nature of overburden materials. Where watercourses are
beyond the cone of depression, no effects would occur. But, within the cone of depression, effects
would have to be evaluated.

Also, where local lakes, ponds, wetlands and watercourses are developed in sandy terrain with
direct bedrock connections, there is the potential for “leakage” losses to the depressurized bedrock
zone. Areas of potential concern in this regard include Pearl Lake, which is underlain by mainly
sand deposits sitting on bedrock; Clearwater Lake; and also possibly areas to the south of Hollinger
including McDonald Lake, and the Skynner Creek and Perch Lake systems, all of which are
developed in areas of sandy terrain (Figure 1.2). Hydrogeological studies indicate that such adverse
effects, if any, are likely to be confined to the Pearl Lake area (AMEC 2008b). The Skynner Creek,
Perch Lake and McDonald Lake systems are unlikely to be adversely affected by pit dewatering
(Section 4.2). Gillies Lake and Edwards Lake are situated in lacustrine clay plain areas, and are
therefore also not susceptible to dewatering effects.
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Runoff at the local level could potentially be altered by waste rock development. Where areas are
already well drained, runoff rates could be reduced; but where runoff is extensively controlled by
ponds and wetland systems, runoff rates could potentially increase. Any such changes, however,
are likely to be small, and of limited consequence.

Open pit outflow at mine closure will be governed by topography, if passive discharge is to be
employed. For a discussion of this topic see Section 4.4.

4.4 Mine Closure

At mine closure, the most likely method of open pit rehabilitation will be to flood the pit. An
inspection of the local topography indicates that, depending on the final pit geometry, it may or may
not be practicable to induce gravity flow from a future flooded Hollinger pit lake through the
Porcupine River system. If passive pit lake drainage through the Porcupine River system proves
impractical, then the only other options for passive outflow are (1) development of a constructed
drainage way south to the Skynner Creek or Perch Lake systems; or (2) development of a
constructed drainage way (or underground flow) to Gillies Lake.

A definitive evaluation of the various discharge options following mine closure will be dependent
upon the final pit configuration, and other variables, which remain to be determined.

4.5 Recommendations

Flow records for the Porcupine River system are dated and there are no flow records for the
Skynner Creek system. It is therefore recommended that three permanent flow monitoring stations
be set up in the area, as per the following:

° Porcupine River near the Highway 101 crossing;
° South Porcupine River near the Pamour pit haul road crossing; and,
. Skynner Creek near the Pine Street South road crossing.

Suggested locations of flow monitoring stations are shown in Figure 4.2. Stations should be set up
as stilling wells, with automatic data loggers (or equivalent) to ensure maximum accuracy and
station security. Also, manual flow measurements should be taken at monthly intervals under the
ice in winter, to allow correction for under-ice pressure effects.

In addition to flow monitoring stations, automatic data logger, lake water level recorders should be
set up at a number of lakes in the area, potentially including Gillies Lake, Pearl Lake, Clearwater
Lake, McDonald Lake, Skynner Lake, Perch Lake, and possibly also Simpson Lake and Edwards
Lake. Staff gauges should also be set up at the transducer stations so that manual, winter under-ice
water levels can be taken on a monthly basis.
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The data obtained from the above monitoring network will help to better define pre-development
hydrological conditions in the area, and will also allow post development monitoring to be carried
out.

Climatic data can continue to be obtained from the Timmins airport. It is therefore not necessary to

set up a dedicated weather station, unless Goldcorp prefers to set up a station for greater ease of
data access.
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