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NOTE TO READER
APPENDIX D

In April 2015, Treasury Metals submitted an Environmental Impact Statement (EIS) for the
proposed Goliath Gold Project (the Project) to the Canadian Environmental Assessment Agency
(the Agency) for consideration under the Canadian Environmental Assessment Act (CEAA), 2012.
The Agency reviewed the submission and informed Treasury Metals that the requirements of the
EIS Guidelines for the Project were met and that the Agency would begin its technical review of
the submission. In June 2015, the Agency issued a series of information requests to Treasury
Metals regarding the EIS and supporting appendices (referred to herein as the Round 1
information requests). The Round 1 information requests included questions from the Agency,
other federal and provincial reviewers, First Nations and other Aboriginal peoples, as well as
interested stakeholders. As part of the Round 1 information request process, the Agency
requested that Treasury Metals consolidate the responses to the information requests into a
revised EIS for the Project.

Appendix D to the revised EIS (Tailings Storage Facility assessment and multiple accounts
analysis) presents the information related to the alternatives assessment of various locations and
methodologies for the storage of mine tailings and location of the minewater pond. The appendix
includes the following two components:

o D-1: Tailings Storage Facility Alternatives assessment written by WSP Canada Inc., dated
July 21, 2014. This provides a full assessment of tailings storage methodologies and locations
for the Project and was submitted as part of the original EIS. The report includes Site
Characteristics, Alternatives Assessment Parameters, Alternatives Assessment and technical
information pertaining to the preferred alternative. As part of the Round 1 information requests,
Treasury Metals has made significant changes to the alternatives assessment for tailings
storage. As such, Sections 1, 2, 4 and 6 have been superseded by the information provided
in Appendix D-2. No changes have been made to Sections 3.0 and 5.0 of Appendix D-1, which
continue to be relied on in Appendix D-2 and the revised EIS.

e D-2: Multiple Accounts Analysis - Assessment of Alternatives for Storage of Mine Waste, dated
August 31, 2017. This draft report provides a full multiple accounts analysis of various
methodologies and locations for the storage of tailings material as per the Metal Mines and
Effluent Regulations and pursuant to the Guidelines for the Assessment of Alternatives for
Mine waste Disposal. The report is currently in a draft form as discussions with appropriate
regulators are still pending. The draft report includes a summary of the environmental
conditions, study methodology, candidate alternatives, pre-screening assessment of
alternatives, characterization of remaining alternatives and a value based decision process
using a multiple accounts ledger and sensitivity analysis. Finalization of the multiple accounts
analysis is pending consultation with relevant agencies and incorporating their feedback.

The information in this appendix was used in preparing Section 2.4.2 and Section 3.7 of the
revised EIS.
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As part of the process to revise the EIS, Treasury Metals has undertaken a review of the status
for the various appendices. The status of each appendix to the revised EIS has been classified
as one of the following:

e Unchanged: The appendix remains unchanged from the original EIS, and has been re-issued
as part revised EIS.

e Minor Changes: The appendix remains relatively unchanged from the original EIS, and has
been re-issued with relevant clarification.

e Major Revisions: The appendix has been substantially changed from the original EIS. A re-
written appendix has been issued as part of the revised EIS.

e Superseded: The appendix is no longer required to support the EIS. The information in the
original appendix has been replaced by information provided in a new appendix prepared to
support the revised EIS.

o New: This is a new appendix prepared to support the revised EIS.

The following table provides a listing of the appendices to the revised EIS, along with a listing of
the status of each appendix and their description.

List of Appendices to the Revised EIS

Appendix Status Description
Appendix A Major Revisions Table of Concordance
Appendix B Unchanged Optimization Study
Appendix C Unchanged Mining Study
Appendix D Major Revisions Tailings Storage Facility
Appendix E Minor Changes Traffic Study
Appendix F Major Revisions Water Management Plan
Appendix G Superseded Environmental Baseline
Appendix H Minor Changes Acoustic Environment Study
Appendix | Unchanged Light Environment Study
Appendix J Minor Changes Air Quality Study
Appendix K Minor Changes Geochemistry
Appendix L Superseded Geochemical Modelling
Appendix M Minor Changes Hydrogeology
Appendix N Unchanged Surface Hydrology
Appendix O Superseded Hydrologic Modeling
Appendix P Unchanged Aquatics DST
Appendix Q Major Revisions Fisheries and Habitat
Appendix R Major Revisions Terrestrial
Appendix S Major Revisions Wetlands
Appendix T Unchanged Socio-Economic
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List of Appendices to the Revised EIS
Appendix Status Description
Appendix U Minor Changes Heritage Resources
Appendix V Major Revisions Public Engagement
Appendix W Unchanged Screening Level Risk Assessment
Appendix X Major Revisions Alternatives Assessment Matrix
Appendix Y Unchanged EIS Guidelines
Appendix Z Unchanged TML Corporate Policies
Appendix AA Major Revisions List of Mineral Claims
Appendix BB Unchanged Preliminary Economic Assessment
Appendix CC Unchanged Mining, Dynamic And Dependable For Ontario’s Future
Appendix DD Major Revisions Indigenous Engagement Report
Appendix EE Unchanged Country Foods Assessment
Appendix FF Unchanged Photo Record Of The Goliath Gold Project
Appendix GG Minor Changes TSF Failure Modelling
Appendix HH Unchanged Failure Modes And Effects Analysis
Appendix Il Major Revisions Draft Fisheries Compensation Strategy and Plans
Appendix JJ New Water Report
Appendix KK New Conceptual Closure Plan
Appendix LL New Impact Footprints and Effects
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INTRODUCTION

GENERAL

Treasury Metals Incorporated (TM) owns mining rights to the Goliath Project (Project) and is in
the process of completing preliminary engineering assessments for the site. The Goliath
Project site is located adjacent to the village of Wabigoon, Ontario, approximately 20 km east of
Dryden, Ontario and is approximately 330 km west of the city of Thunder Bay, Ontario. The
geodetic coordinates of the proposed Project are approximately centered on 49°45'25” N by
92°36'30” W and the Project Site Location and Key Plan.is shown on Figure 1.1. The Goliath
site contains gold and silver deposits and consists 0f 137 unpatented mining claims and 20
patented mining claims within an area of 4,064 hectares. The siie is located partially within both
the Hartman and Zealand townships andrncludes a total arca of approximately 4,976 hectares.
The general elevation is approximately ‘400 _metres above sea level (masl), has an average
annual temperature of 2.1°C and experiences 0.7 metres of precipitation annually with
approximately 24% of the annual‘total falling as snow.

The site is currently accessible year round from Highway 17 and multiple public secondary
roads that extend north from Hwy 17 consisting of Anderson Road, Maggrah Road and Tree
Nursery Road. Power Supplies are close to the site and there is a natural gas pipeline proximal
to the site.

The November 2011 National instrument 43-101 (NI 43-101) Mineral Resource report by A.C.A.
Howe indicates an approximate resource of 1.6 million ounces of gold including an additional 5
million-ounce silver by-product resource. Future drilling is planned for the site that could identify
additional resources that would be available to be mined.

ACKGROUND INFORMATION

The Goliath site will be a new development as the area has no historic mining activities
completed to date. The site was previously used by the Ministry of Natural Resources (MNR)
as a tree nursery and the existing infrastructure at the site consists primarily of buildings that
were used for the tree nursery.

Limited documentation is available prior to 1989 for site exploration activities. Work done by
Teck Exploration (now Teck Resources) after 1989 identified a poorly exposed, broad area of
weak mineralisation and anomalous gold extending through parts of lots 3 through 8 of
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Concession IV of Zealand Township. Site exploration commenced in 1990 and concluded in
1998 that consisted of approximately 78,000 metres of diamond drilling, after which the project
was suspended. A bulk sample of 2,375 tonnes was collected in 1998 from an underground
drift at a depth of approximately 250 m accessed from an underground ramp that runs north into
the main zone of the ore body and splits off in the east-west direction (on. strike). for
approximately 100-150 metres in either direction. The portal to the underground ramp was
closed as per a closure plan by Teck in 1998.

The current Project site primarily consists of two historic properties consisting of thé Thunder
Lake Property, previously owned by Teck-Corona, and the Laramide Property. TM obtained the
mining rights to the site in 2008 and since that time has been active at the site completing site
exploration activities. Site exploration is currently on-going, at the time of this report, which
includes in-fill and condemnation drilling activities.

Operations for the Project will consist of an onsite crusher, mill and processing plant, ore
stockpile, warehouse and other office buildings. Mining activities will consist of an open pit
followed by an underground operation. The open pit can.be used for storage of mine waste
rock once underground mining activities commenece:Mine waste, consisting of waste rock and
tailings will be stored on-site. The processing Is anticipated to consist of 2,700 dry tonnes per
day (dtpd) throughput over the mine lite which is currently estimated at 12 years.

TM completed a Project Description Report (PD Report) entitled “Project Description — Goliath
Gold Project, Treasury Métals Ineorporated” dated November 26, 2012. The PD Report was
submitted to the Canadian Environmental Assessment Agency (EAA) and the Ministry of
Northern Development and Mines (MNDM) for consideration.

PROJECT SCOPE OF WORK

TM is in the process of completing the Environmental Impact Statement (EIS) for the Goliath
Project Site. ~An_Alternalives Assessment for the tailings storage location and deposition
technolocgy has been identified for completion to support the EIS. The scope of work identified
for this project consists of completion of the Alternatives Assessment and identification of the
preferred location for taillings storage and the deposition technology. This report presents a
comprehensive summary of the work undertaken to complete the Alternatives Assessment and
the identification of the preferred alternative. The information presented in this report will be
included with the EIS for the project.
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SITE CHARACTERISTICS

SITE LOCATION

The Goliath property is located approximately 20 km east of the city Dryden, Ontario, adjacent
to the village of Wabigoon, which is approximately 330 km west of the city of Thunder Bay,
Ontario. The property is located within the Arctic Watershed for general global site runoff and
specifically within the Wabigoon River Watershed. The area has moderaie to flat topography
with elevations ranging from approximately 360 masl to 500 masl. The-area has been generally
identified as having hardwood boreal forests consisting of black spruce, white spruce, balsam
fir, jack pine and tamarack and incudes an abundance ol wetlands including bogs, fens and
marshes. A plan showing the existing conditions.of Project Site is provided as Figure 2.1.

Access to the site is from Highway 17 and multiple public secondary roads that extend north
from Hwy 17 consisting of Anderson. Road, Maggrah Road and Tree Nursery Road. Road
travel is accessible year round with show clearing coripleted on the municipal roads by the City
of Dryden and the mining roads maintenance including snow clearing being the responsibility of
TM.

Dryden is a community of more than 7,000 people and has services such as an airstrip, a
hospital, schools, restaurants, grocery stores and hotels. Dryden is primarily accessible from
the west and eastvia Highway 17, frorm the North via Hwy 72 and from the South via 594.

HABITATAND LAND USE

Previcus studies and a field programs completed during the 2010-2011 field season were used
by TM to identify the local habitat. A total of 20 mammal species were previously identified that
included moose, white-tailed deer, black bear, grey wolf, and small furbearers. A total of 120
bird species were previously observed with 101 of those known to nest, or suspected to nest in
the area. A iotal of seven species of amphibians were observed, and five were previously
recorded during the 2011 field season that was limited to one toad, three tree frogs, two true
1fogs and one mole salamander. The tetraploid gray tree frog and eastern American toad were
observed in most of the suitable habitats. Two (2) reptile species, the western painted turtle and
the eastern garter snake, were observed during the 2011 field program. Four (4) species of
butterflies and eighteen species of dragonflies and damselflies (Odonates) have been observed
in the study area. Two of the species, the Pronghorn Clubtail and Horned Clubtail are
provincially rare.
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The surrounding area of the Goliath Project site has a varied land use. The project sie is
located in close proximity to the village of Wabigoon and the city of Dryden. Snowmobiling,
hunting, fishing and camping are popular recreational activities in the area, and both forestry
and the pulp industries have played a large part in the local economy.

GEOLOGICAL SETTING

The Goliath Project site is situated within the volcano-plutonic  Eagle-\Wabigoon-Manitou
Greenstone belt in the Wabigoon Subprovince, just north of the large-scale regional\Wabigoon
fault. This Subprovince is part of the Archean Superior Provirice and iocated in northwestern,
Ontario. The greenstone belt is 150 kilometres wide, with an exposed strike length of 700
kilometres. The Wabigoon fault is a large-scale regional structure that is separated into a
northern and southern domain. The northern domain generally consists of southward-facing
panels of alternating metavolcanic and metasedimentary rocks. North of the Wabigoon fault the
geology primarily consists of metasedimentary rocks that‘are assumed to be predominant. The
southern domain is generally composed of narthward-facing, volcanic rocks. The Wabigoon
fault is observed at surface just north of the‘viilage of Wabigoon.

The majority of the project area iscunderlain by the Thunder Lake Assemblage, an upper
greenschist to lower amphibolite. metamorphic grade volcanogenic-sedimentary complex of
felsic metavolcanic rocks and clastic metasedimentary rocks. The assemblage comprises
quartz-porphyritic felsic to intermediaie metavolcanic rocks represented by biotite gneiss, mica
schist, quartz-porphyritic™ mica schist, a variety of metasedimentary rocks and minor
amphibolites. Compositional layering is present in metasedimentary rocks strikes ~70° to 90°
and dips from 70° to 80° south to'southeast. The Thunder River Mafic Metavolcanic rocks
underlie the south.nart of the Property. The mafic rocks are generally massive flows but are
pillowed locally and include amphibolite and mafic dykes, which are characterised as chlorite
schists. Some rocks have been described as ultramafic in character. The regional geology and
lithology is included as a Figure 2.2.

SURFICIAL MATERIALS

The surficial geotechnical materials at the Goliath site generally consist of outwash plain, valley
terrain, Glaciolacustrine plain, organic terrain, Kame, kame field, kame terrace, kame moraine
and bedrock knobs. They occur in varying thickness depending on the topography in which
they are deposited and the process by which they settled. The soils deposits are described as
being clay or clayey, silt to silty, sands and also gravels and organic peat. A Ground Moraine
located to the north of the project site is described as being predominantly till material. Relief at
the site is low to moderate of undulating to rolling variety. Drainage is described as being
predominantly dry with wet conditions in areas consisting of organic terrain.
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A site investigation (Sl) was completed in late March to early April, 2013 for the purpese of
investigating the in situ soil conditions at the proposed plant site and potential TSF areas,
consisting of Location 1 and Location 6. The information collected during the SI will be used to
support the engineering design phase as the project is advanced. The factual soils information
from the Sl is provided as Appendix A.

CLIMATE CONDITIONS

The climate in the Dryden and Goliath project site area is characterized by moderately long,
cold winters and shorter, warm summers typical of continental conditions. The area
experiences a wide variation in temperature throughout the year. In winter months, the
temperature can drop below -20°C for extended periods. In the summer, the maximum daily
temperature may reach over 30°C for extended periods. The daily mean iemperatures typically
fall below freezing from November through March.

Two meteorological stations are close to the project site and_ are identified as “Dryden” and
“Dryden A”. Review of Climate Normals for 1970 — 2000 for the Dryden A station indicates that
precipitation in the region is characterized as moderate and is generally distributed throughout
the year with some seasonal trends. FHowever, the wettest months generally occur in the
summer, from June to September. The average annual total precipitation at the Dryden A
station based on Climate Normals (1971-2000)/s 701 mm, with 536 mm falling as rain and 165
mm falling as water equivalent to snow. The Report “Goliath Gold Project Baseline Study —
November 2010 to November 2011” by Klohn Crippen Berger, Ref. No. M09706A01, dated
September 21, 2012 (Environmental Baseline Study) for the site assessed longer ranges of
data for the Dryden A, Dryden Station as well as the Sioux Lookout A station. The results of the
assessment for Dryden A station dndicated values of 536 mm rainfall, 170 mm was water
equivalent snow with a total précipitation of 706 mm. These values compare with the 1970-
2000 Climate Normals and have therefore been adopted for this project. The Environmental
Baseline report also identified daily average temperature ranges from -18.2 C in January to
+18.5/C in July.

TM has installed a meteorological station at the site. The station became operational on July
18,2012 and collects wind, precipitation, barometric and humidity data. Data from the
meteorological station is anticipated to be utilized throughput the operations at the site.

Evaporation data is not collected at the local meteorological stations. The Environmental
Baseline Report indicated that mean annual lake evaporation ranges from 500 mm to 600 mm.
This result compares to the PD Report that indicted annual lake and pond evaporation
estimated at the site for the year 2011 was in the range to 500 mm to 600 mm. Environment
Canada recommended that (TML) use the EC lake evaporation data observed at Rawson Lake
station (ID: 6036904, 49.65°N, 93.72°W), which is located approximately 80 km southwest of
the project site. The total yearly evaporation identified at the Rawson Lake station is
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approximately 537 mm, which corresponds to the values presented in the Environmental
Baseline Report. The monthly evaporation data from the Rawson Lake station is’ provided

below.

Month Evaporation, (mm)
May 115

June 123
July 127
Aug 109
Sept 63

Total 537

Extreme rainfall depths for the project were investigated to determine 24-hr storm depths for
various return periods. The amount of rainiall for the various extreme rainfall return periods was
calculated using the following equation (Hogg and Cair, 1985):

o X(T) = Xy + K (my4) X S, where:

o X = Total Rainfall for event (mm)
o Xm = Mean Precipitatiori (mm)

o S = Standard Deviation (mm)

o T = Relurn Period (years)

. K (m24) = Return Period Constant

Based on Figures BP1.and D2 in the “Rainfall Frequency Atlas For Canada” (Hogg and Carr,
1985), the mean precipitation (X)) and the standard deviation (S) for the Dryden Area have
been taken (0 be 46 mm and 16 mm, respectively. The resultant storm depths are provided

below:

Return Period (Years)

Storm Depth (mm)

43

10

67
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25 79
50 87
100 96
200 105
1,000 125
PMP 320

The Environmental Baseline Study that was previously completed for the Goliath Project
included an assessment of potential storm depth for various return periods as well as storm
durations (i.e. 5-min, 1-hr, 12-hr, etc.), that-also included the rainfall depth (storm depth) for the
24-hr storm. Selected resultant storm /(epths as presented in the Environmental Baseline

Report are as per the following table:

Return Pericd (Years) Storm Depth (mm)
2 44
10 62
25 90
50 101
100 113
200 -
1,000 -
PMP -

141-12598-00
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Comparison of the Environmental Baseline study values shows a slight increase when
compared to the storm depths resulting from the Hog and Carr method. Therefore/the storm
depths from the Environmental Baseline Study have been adopted for this project.. However,
storm depth for the 1:200, 1:1,000 and PMP were not provided in the Environmental Baseline
Study and therefore storm depths from the Hogg and Car method have been@adopied for these
24-hr return periods.

TOPOGRAPHY

Topography in the general area of the Goliath Property is déscribed as having low slopes,
rolling hills and is marked by a low occurrence of streams, ponds, and marsh lands. The
approximate elevation of the proposed plant site is El. 395 masl and elevation differences within
20 km of the Goliath Site range from El. 360 to 500 masl. The highest elevations are found 9
km to the north and the lowest elevations at 17 Km north-west of the Goliath Site. In the
immediate area where infrastructure is planned topography is generally noted as increasing to
the north and north-east and moderately to the south-east of the Goliath Site. Topography
decreases to the west and south-west towards bodies of water identified as Thunder Lake to the
west and Wabigoon Lake to the south-west.

SURFACE DRAINAGE

Surface water drainage in the area of the Goliath Site will generally occur in a West to South-
west direction within two (2) main catchments and smaller sub-catchments. The main
catchments route surface water runoff to the south-west towards Wabigoon Lake and to the
west towards Thunder Lake. <Several seasonal and permanent streams are present within sub-
catchments that route surface water runoff to Wabigoon and Thunder Lake. The area of the
proposed opern pit mine and potéental tailings storage locations are anticipated to be within
areas of surface water runoff to Wabigoon Lake. The existing facilities at the Goliath Site,
located to the north of the proposed open pit mine, are within surface water runoff areas that will
be directed to Thunder Lake.

SEISMICH ¥

The project site Is located within the Interior Platform Seismic Zone. This zone spans from the
Cordilleran Deformation Front to the Eastern Northern Ontario region that begins east of
Thunder Bay at 88°W longitude.

Selsmicity within the interior platform is defined as a “Low” relative hazard region by Natural
Resources Canada and is shown on Figure 2.3.

Seismic activity in this zone is very low, with the exception of an area in Southern
Saskatchewan. The largest earthquake ever recorded in this area was a magnitude 5.5 event
in 1909 near the Canadian-American border. Other than this small area, the entire Interior
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Platform at the centre of the North American plate is a stable craton area, is the lowest Seismic
Hazard Zone of Canada and is considered a seismically inactive zone.

The Geological Survey of Canada (GSC) publishes the seismic hazard model for Canada, most
recently as the GSC Open File 5913 (2008) that forms the basis for Seismic Hazard Calculation.
This 4™ generation seismic hazard model is the basis for seismic design pravisions in the 2005
National Building Code of Canada (NBCC). The 4™ generation model incliided updaied seismic
source zones, magnitude-recurrence relations and ground motion attenuation relations. The
2005 code uses median ground motion on firm soils sites for a probability of exceedance of 2%
in 50 years, with the ground motion being described by seisiiic hazard values for five
parameters; spectral acceleration at 0.2, 0.5, 1.0 and 2.0 second period and peak acceleration
(PA). The values of the five parameters are tabulated for more than 200,000 grid points over
Canadian territory and surrounding areas. The four spectral parameters allow the construction
of approximate uniform hazard spectra for all locations in. Canada (o provide improved
earthquake resistant design.

For the central “stable” craton region of Canada, the ‘F model is used, as the source zone
model. As this area has had too few earthquakes recorded to define reliable source zone and
rates, the ‘F" model is based on earthquake activity rates ior three separate regions: central
Canada, the portion of North America that is.geologically similar to central Canada, and global
regions that are geologically similar 10 central Canada. These regions have an overall activity
rate that is a combined weighting of 0.2, 0.4 and 0.4 respectively. The ‘F’ model is the lowest
level of ground motion for seismic design of buildings in Canada. However, although the
seismic hazard and related seismicity levels are too low to allow for reliable estimation based on
historical seismicity, international examples suggest that large (greater than Magnitude 6
Richter) can occur anywhere,however, the probability is extremely low (Johnston et al., 1994).

Consistent withcurrent ‘design philosophy for structures such as embankment dams, the
Maximum Degign Earthquake (MDE) will be selected to represent extreme earthquake loading
conditions (ICOLD, 1995). Values of maximum ground acceleration and design earthquake
magnitude will be determined for the MDE.

The appropriate design earthquake for the Goliath Site tailings dam can be selected on the
basis of the Hazard Potential Classification (HPC) criteria taken from the CDA Guidelines
(2007) and 1s discussed later in this report. The MDE for design purposes will be determined in
accordance with the HPC as the design is advanced. Probabilistic seismic risk parameters
were calculated for the site by the Canadian Geological Survey based on the NBCC and
analyses ¢f the earthquake data for the region are presented in Table 2.1.

9 EXISTING FACILITIES

The Goliath Project site was not been previously developed as a mining operation. There are
existing buildings at the site that consist of the Tree Nursery Buildings. The existing facilities
will be used as project management and mine administration offices as the project is advanced.
New infrastructure is anticipated to consist of the mill, shop and administration offices to support
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the mining activities. There are existing roads that are currently used to access the site for the
current operations, consisting of exploration drilling and environmental monitoring t0 suppcrt
baseline data. An existing overhead utility power line is present at the site that| diagonally
crosses the site in a north-west direction. An existing gravel pit is present, outside of the TM
property boundary, to the south near Anderson Road. A Figure showing the existina conditions
site, including current property boundaries, is provided on Figure 2.1.
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ALTERNATIVES ASSESSMENT - DESIGN
PARAMETERS AND ASSUMPTIONS

GENERAL

Previous work and studies at the Goliath Project site have primarily been related to mining
exploration and environmental baseline studies. As a result, design work related to tailings
storage and management as well as ore processing, mine design and site water handling have
been limited. Design work related to ore processing and mine designs are understood to be
progressing in parallel to the tailings storage Alternatives Assessment and therefore limited
information is available for inclusion with the assessment. Design parameters and assumptions
have been developed to advance the Alternatives Assessment that are based on the
information that is currently available, as well as previous experience with similar projects. The
Alternatives Assessment includes different types of tailings disposal technologies that have
required assumptions to advance their assessment. The design parameters are therefore
preliminary and will need to be refined and/or confirmed, as well as the assumptions, as the
project is advanced to subsequent levels of design. The subsequent levels of the design are
understood to include the Feasibility and Detailed Design levels. The following is a summary of
the design parameters and assumptions that have been adopted for the completion of the
Alternatives Assessment.

PROCESSING

The following processing information has been provided for use in the Alternative Assessment.
It has been used to determine total tailings volume that will require on land storage. The
ore/tailings processing has also been used to identify water management requirements related
to water flows directed to the tailings storage facility as well as water reclaim requirements for
use in processing.

e Processing of 2,700 dry tonnes per day;

e Operations of 365 days per year for 12 years; and

e 11,826,000 total tonnes of dry tailings solids produced over the expected 12 year life of
mine.
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TAILINGS PARAMETERS AND VOLUMES

Laboratory testing to determine the potential in situ density of tailings solids has not been
completed for the project at this stage and therefore assumptions have been made to estimate
the total tailings volume to be stored within the on land tailings facility to complete the
Alternatives Assessment. The assumptions of in situ density are based on current known
parameters, published historic information as well as previous experience with similar projects.
The following tailings parameters have been used to complete the Alternatives Assessment.

Total tailings solids of 11,826,000 dry tonnes
e Tailings specific gravity of 2.7 (provided by process design)

e Conventional Tailings:
0 43% solids content in tailings stream (provided by process design)
o Estimated In situ dry density of 1.1 t/m?
o Tailings solids volume 10,750,909 m*

e Thickened Tailings:
o Estimated 65% solids content in Tailings Stream
o Estimated In situ dry density of 1.4 t/m?
o Tailings solids volume 8,447,143 m?

e Dry Stack Tailings:
0 Assumed Moisture Content 15%
o Estimated dry density 1.6 t/m®
o Tailings solids volume 7,391,250 m*

Co-Disposal of Tailings into the Mine Workings will consist of initial disposal in the tailings
facility during the initial years of operations followed by removal of percentage of the tailings
solids from the stream. The portion of the tailings removed will be used as paste backfill in the
underground mine workings. This concept assumes that disposal of tailings solids into
underground mine workings can occur after Year 5 of operations and that an assumed 40% can
be removed from the tailings stream (directed to the on land tailings facility after Year 5) and
directed to the underground mine workings. Tailings solids directed to the underground mine
are assumed to be thickened to a paste prior to being routed back to the underground mine
workings. Total tailings requiring storage on-land with 40% removal after Year 5 is 8,243,000

m?,

The tailings solids have been assumed to be Potential Acid Generating (PAG), based on the
Draft Report “Geochemical Evaluation of the Goliath Gold Project” by EcoMatrix Inc., Ref. No.
12-1938 dated September, 2013. The results of the Draft Report indicated that tailings
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materials should be treated as PAG. Water in the tailings stream is anticipated to be generally
inert (based on preliminary indications from processing design)

DAM CROSS-SECTION AND MATERIALS

Several potential tailings storage locations and tailings technologies will be assessed as part of
the Alternatives Assessment and therefore preliminary assumptions have been established to
develop preliminary construction material volume estimates related to embankment
construction. The assumptions are preliminary at this stage of the project and can be optimized
as the project is advanced to subsequent levels of design when additional information is
available related to the sub-surface soil conditions at the site as well as material parameters of
potential fill materials and volumes. The preliminary estimate of materials and volumes has
been developed in order to estimate costs as inputs to the Alternatives Assessment. Similar
assumptions have been applied to the impoundments at all locations for the purpose of
maintaining consistency in completing of the Alternatives Assessment. It is anticipated that the
assumptions adopted for the completion of the Alternatives Assessment will be confirmed and
optimised as the project is advanced during subsequent levels of design. The following
assumptions have been adopted for the dam cross sections and potential fill materials to
complete the Alternatives Assessment.

e Dams required for tailings containment (based on tailings technology) will be initially
established with a starter dam for 4 years of operations utilizing local borrow materials
and/or from materials from local pits.

e Raising of the dams post Year 4 can be completed with NAG mine waste rock and has been
conservatively assigned as a downstream raise. This assumption will be dependent on the
results of the mine design and planning, sufficient availability of mine waste rock and also
TM ability to effectively sort NAG and PAG rock at the source.

e The style of dam raise will be dependent on the foundation conditions that will be
determined as the project is advanced.

e Basin areas in locations anticipated to consist of low permeable materials (i.e. clay) can be
constructed with low permeable soil embankments (clay) with graded internal geotechnical
filters and that the basin area can use the in situ low permeable geotechnical materials to
achieve containment.

e Basin areas in locations anticipated to consist of higher permeable sands and gravels will
utilize engineered liner products for the basin and upstream embankments for containment.

e Embankment slopes:
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o Fine grained fill:

= Upstream 2.5H:1V

= Downstream 2.25H:1V
o Downstream Mine Waste Rock — 1.5H:1V
0 Upstream Slopes with Liner — 3H:1V

Foundation Parameters — Based on available Site Investigation data

Construction fill materials consisting of low permeable clay have been assumed to be
provided from borrow sources at the mine site. The proposed open pit mine area has clay
overburden that will require stripping in preparation for mining activities that may be used in
the construction of the impoundment dams.

Fill materials for internal graded filters can be supplied from potential borrow sources at the
mine site or alternatively from local gravel pits in the Dryden area.

Fill materials to construct the proposed starter dam, for the initial years of operations, can be
supplied form borrow sources at the site or alternatively form local gravel pits.

Topsoil from basin and foundation preparation activities will be stockpiled on site for use in
closure activities.

OPERATIONAL AND STORMWATER MANAGEMENT

Limited information related to the site water handling was available as input for the Alternatives
Assessment and will become available as the project is advanced. The following inputs and
assumptions have been adopted to complete the Alternatives Assessment.

141-12598-00
Report 1, Rev. 0

Water reclaim to plant for conventional tailings — 140 m°hr (provided by processing
design);

Mine dewatering that will be routed to the on land tailings storage facility can range from 540
m°/day to 1,600 m®day. The larger mine dewatering rate has been utilized for the
Alternatives Assessment to identify potential surplus water, for this stage of the project, that
would be accumulated in the tailings area. A methodology to address the surplus water
collected at the tailings area is ongoing and being developed by TM.

Average precipitation that will be reporting to the on-land tailings facility is 706 mm per year
with approximately 550 mm per year of evaporation.
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Additional water inputs to the on land tailings facility may become apparent as the project is
advanced and the water management design will incorporate these additional inputs, as
required.

The following assumptions related to water management have been adopted to complete the
Alternatives Assessment:

141-12598-00
Report 1, Rev. 0

Impoundments established for conventional tailings and thickened storage can be used for
temporary storage of surplus water, if necessary. Yearly surplus water, after process
reclaim, will be directed to a water treatment plant prior to release.

Dry stack storage will require a secondary water collection pond for temporary storage of
surplus water prior to being directed to treatment. The potential for utilizing a future
secondary containment structure for water collection for thickened tailings disposal may be
required and would be dependent on the use of a central tailings discharge. This would be
determined as the project is advanced to subsequent levels of design. The Alternatives
Assessment has been completed assuming a single impoundment for tailings and water
storage with scoring reflecting the potential of utilizing a future secondary containment
facility for water collection.

All dam impoundments will be required to contain an Environmental Design Storm (EDS)
resulting from the 1:1,000 yr, 24-hr storm event.

All dam impoundments will include sufficient embankment heights to provide adequate
normal and minimum freeboards.

A water cover will be used for conventional tailings storage to minimise the potential for acid
generation of the tailings solids.

Dry stack tailings will require a foundation collection system to collect potential seepage
water from the tailings to prevent ARD. Perimeter runoff collection ditching would also be
used to collect surface water runoff form the storage area. Seepage and runoff water would
be routed to a collection pond for containment and potential treatment.

A perimeter seepage collection ditch with pump back system will be used to intercept
seepage from the impoundment area and return it to the facility.

All dam impoundments will include a spillway designed to accommodate the required Inflow
Design Flood (IDF) based on the Hazard Classification Potential (HPC). The HPC has been
estimated for each dam impoundment as part of the Alternatives Assessment. The HPC will
be adopted for the water collection pond for the Dry Stack Option.
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3.5 OPERATIONAL AND CAPITAL COSTS

Preliminary cost ranking has been completed, at a high level, to provide inputs for the purpose
of completing the Alternatives Assessment based on the available design input parameters and
assumptions outlined above. Cost estimating will be developed and optimized for the project
once the design commences for the preferred alternative. Cost ranking for this stage of the
project has been estimated to provide a direct comparison of economic account inputs for the
Alternatives Assessment. Relative cost rankings were developed for construction, operation
and closure, for each alternative advanced past the pre-screening step of the Alternatives
Assessment. The cost rankings have been compared (at this stage of the project) on a relative
scale and have been factored based on the lowest cost alternative (lowest anticipated cost
assigned as 1 and other alternatives assigned a relative rank based cost increase). This allows
for cost comparisons by ranking as economic inputs to be scored as part of the Alternatives
Assessment process. The lowest anticipated cost was assigned the highest score (as being
favourable) with the higher cost Alternatives assigned an incremental lower score to provide the
required comparison for the assessment. The following assumptions have been adopted to
estimate cost ranking for the Alternatives Assessment.

e Cost rankings for construction represent the anticipated final embankment stage and include
allowances for contractor mobilization and demobilization, as a percentage of the
construction costs, as well as inclusion of a construction contingency.

e Processing of conventional tailings was taken as the base case. Operational cost increases
associated with the processing of thickened and dry stack tailings have been included with
the operational costs for the individual tailings technology.

e Operational cost rankings associated with hauling dry stack tailings have been considered
to include site and foundation preparation activities as well as the costs associated with
establishing a secondary water collection pond.

e Closure cost rankings have been included associated with closure of the facilities. The
closure concept consists of capping the tailings with clay and providing a soil water
shedding cover.

The cost ranking for each Alternative is provided in the Alternatives Assessment, as discussed
below in Section 4.0.
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ALTERNATIVES ASSESSMENT

GENERAL

Assessment of potential alternatives for tailings storage and tailings disposal technology is
required under Environment Canada’s Guidelines for the Assessment of Alternatives for Mine
Waste Disposal (Environment Canada 2013) when potential alternative locations are within
bodies of water or streams. This requires an assessment of mine waste disposal alternatives,
and specifically an assessment of tailings deposition-technology and tailings management
facility locations.

All projects require an assessment of mine waste disposal alternatives if the Tailings
Management Facility (TMF) or the Waste Rock Management Facility (WRMF) is placed in
natural water bodies frequented by fish. Ifthis’is the case, the facilities are then designated as
Tailings Impoundment Areas (TIA’s), as Specified by Schedule 2 of the Metal Mining Effluents
Regulations (MMER).

The alternatives assessment for the tailings management facility and the tailings disposal
technology builds on previously issued documefitation for the Project including:

e Goliath Gold Project Description (Treasury Metals Incorporated, December 2012);

e Metallurgy Test Work Technicai Report (September, 2012);

e National Instrument 43-101 Preliminary Economic Analysis of the Goliath Gold Project
(A.C.A. Howe International Limited, August 2012);

e Geochemical Evaluation of the Goliath Gold Project (EcoMetrix Incorporated, June 2013);
and

¢ Technical Report and National Instrument 43-101 Preliminary Economic Assessment on the
Goliath Gold Project (A.C.A. Howe International Limited, August 2010).

ASSESSMENT APPROACH

Environment Canada’s Guidelines for the Assessment of Alternatives for Mine Waste Disposal
(Guidelines), has identified a seven step process, which is as follows:
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o Step 1: Identify Candidate Alternatives
e Step 2: Pre-screening Assessment

e Step 3: Alternative Characterization

e Step 4: Multiple Accounts Ledger

e Step 5: Value-Based Decision Process
e Step 6: Sensitivity Analysis

e Step 7: Document Results

This process has been followed as several streams are present at the site so as to ensure that
the location selected for the on-land tailings storage facility will have the least impact. The most
suitable or preferred tailings alternative is selected from an environmentai, technical and socio-
economic perspective.

IDENTIFICATION OF CANDIDATE ALTERNATIVES

A total of seven (7) candidate locations for potential on<land tailings storage were selected for
consideration in the Alternatives Assessment. The assessment also included potential tailings
disposal technologies at each of the candidate locations. A potential dry location was included
as Location 7, as recommended by the guidelinés.” The Goliath project area does have natural
streams that are present at the site/and care has been taken to avoid or minimise contact with
streams for the placement of candidate alternative iocations. On-land waste management
facilities for mining operations can be relatively large to meet storage requirements. This area
also has existing streams _that would make it difficult if not impossible to identify consistent dry
land candidate alternatives that would provide sufficient storage capacity while maintaining a
stable and aesthetic impoundment area. The degree of impact is evaluated in the assessment
for each candidate alternative. A list of the candidate locations, tailings technologies and
potential alternatives that were assessed are provided on Table 4.1.

Tailings deposition technology and locations are assessed together in order to determine
mutual.interactions and effects. A figure showing the locations of the alternatives is provided on
Figure 4.1,

A set of threshold criteria. has been established in order to determine the regional boundaries for
selecting candidate alternatives. The threshold criteria were determined to include:

»  Exciusion based on distance;

e  Exclusion based on the presence of protected areas;
¢ / Exclusion based on legal boundaries; and

¢ Exclusion based on corporate policy.
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43.1 POTENTIAL TAILINGS MANAGEMENT FACILITY LOCATIONS

Seven (7) unigue sites were identified within the site boundaries. The topography of/all options
is of a similar flat nature, and hence will require similar containment designs using perimeter
embankments.

LOCATION 1 — NORTHEAST OF MINE SITE

This location has minimal fish habitat within the footprint and very little water flow. The water
flow for the Blackwater Creek Tributary #2 has been determined to be seasonal, and only
present during the spring. Topography is gently sloping towards the west.. The process plant is
less than 500 metres away and minimal access roads will be required for development and
operation. This option for the tailings storage will ensure constant monitoring due to its close
proximity to the plant, and the project access road (Tree Nursery Road). Fish habitat is present
directly downstream of the proposed tailing storage area and any environmental spillage
incident may be more complex to mitigate than other options.

LOCATION 2 — EAST OF MINE SITE

This location is located to the north and £ast of Location 1. Within the footprint of this location
option, are the headwaters of tributaries of the Silackwater Creek and Hughes Creek. Both of
these creeks drain into Wabigoon.Lake. The topography is very rolling, with elevation changes
of up to 40 metres. The process plant is located over 3 kilometers to the west, and significantly
farther when travelling by on site road access. The only access to Location 2 is via a logging
road, of unknown condition that runs north. of the community of Wabigoon landfill site (closed)
towards the southeast corner of Location 2. The east side of Location 2 has recently been
harvested for logging purposes. This location has the largest footprint of all the options.

LOCATION 3« FAR EAST OFMINE SITE

Location 34s located on the far southeast of the TM property boundary and northeast of extents
of Anderson Road. There are no known creeks, rivers or water bodies within the boundaries
of the Location 3 Option: Topography is generally fairly flat, with the exception on the east side
of the property, which is elevated in excess of 10 metres. Road access exists within 100
metres on the west side off Anderson Road. This option is slightly smaller than Location 2 with
respect to area.

LOCA' 4 — SOUTHEAST CORNER OF NORMANS ROAD AND NURSERY ROAD

This alternative is similar to Location 1, in that the footprint has minimal fish habitat, little water
flow, is also close to the process plant (about 500 metres), requires few roads to be built and
has similar topography. Two headwaters for tributaries flowing into Blackwater Creek, and
eventually to Wabigoon Lake, commence within the footprint of Location 4. This location has
significant elevation changes and topography (in excess of 30 metres) and has rolling terrain.
The site is within 200 meters of the frequently travelled Normans Road. Location 4 is not within
the TM land position holdings.
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LOCATION 5 — SOUTHEAST OF SITE AND NORTH OF POWER LINE

Location 5 has ideal topography for the site as it is a large flood plain with easy access from
both Normans Road and Anderson Road. However, this option involves the destruction of fish
habitat within the Hughes Creek System. This option widens the affected area.and watershed
impacts of the tailing storage, and substantially spreads out the project footprint. Location 5
requires a tailings pipeline in excess of 3,000 metres with associated foad construction for
monitoring purposes and corresponding increase in risk from other options due to monitoring
and footprint. The topography is mostly flat, with sections around the exierior having hilly
terrain. Portions of location 5 are not within the Goliath Project Property boundaries.

LOCATION 6 — SOUTH OF SITE

The sixth alternative is located adjacent to the site operations (<250 metres), and directly south
of the open pit and Normans Road. This location has the smallest footprint area of the seven
options. This location is bisected by a tributary of Blackwater Creek, with headwaters in the
vicinity of the open pit. The terrain within this option is hilly with a ridge dissecting the footprint.
Location 6 is directly south of Normans Road and adjacent to plarnned on site infrastructure.

LOCATION 7 — SOUTH OF ANDERSON ROAD

Location 7 is located south of Anderson Road. This location is in between two tributaries of
Hughes Creek. The footprint of Location 7 is-coincident with the surface projection of the
Wabigoon Fault, of unknown geological and geotechnical characteristics. The mill and plant
facilities are approximately 3 kilometers from the confines of this location. The topography is
very hilly, with elevations changes in excess of 40 metres over the proposed site location.
Location 7 is not on property cuirently owned by Treasury Metals.

4.3.2 POTENTIAL FAILINGS DISPOSAL TECHNOLOGIES

Four (4) different mine tailings waste disposal technologies were considered for use at the
Goliath Gold Mine Project site. The four options consist of conventional slurry tailings,
thickened tailings, filtered/dry stack tailings and co-disposal.

The various types of tailings waste disposal technologies are defined in the following sections.

CONVENTIONAL SLURRY TAILINGS

Conventional Slurry or hydraulic fill tailings are an un-thickened product of wet ore mineral
processing and are transported via pipeline and deposited. Typical slurry solids content range
from 5% to 50%, with the normal range between 20 to 40%. Slurry depositional systems can be
via a single point discharge or at multiple locations (spigots) and can be discharged in the open
alr or sub-aqueous. The later method is utilized when the tailings have the potential to produce
‘Acid Rock Drainage or Metal Leachates” (ARD/ML). Water will continue to decant from the
tailings over time and consolidation within the tailings will occur.
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THICKENED TAILINGS

Thickened tailings are similar to conventional slurry tailings, except that they contain/less water
with a typical solids content of 60 to 80%. Thickened tailings involve the mechanical process of
dewatering low solids concentrated slurry by using compression thickeners or a_.combination of
thickeners and filter presses. The tailings are typically dewatered to form a homogenous non-
segregated mass when depositing from the end of a pipe. Little solid/liquid separation results in
less oxygen ingress which will reduce oxidations and subsequent acid generation from sulphur
bearing tailings. In addition, water requirements for thickened tailings are smaller compared to
conventional slurry tailings.

Paste tailings are thicker and denser than thickened tailings and have a chemical additive
resulting in the elimination of bleed water and separation from the tailings. Paste tailings have
an increased strength and subsequent slope within a tailings management facility resulting in a
smaller footprint compared to conventional slurry methods. - Potential slope angles of 1 to 3.5
degrees can be achieved to form a self-draining reclaimable shape.

Thickened tailings and paste tailings are transported via high pressure pipelines and positive
displacement pumping systems.

FILTERED/DRY STACK TAILINGS

Filtered or dry stack tailings vary«fram the above-mentioned technologies as it does not require
a pumped system to transport the failings foi deposition. Tailings are mechanically filtered
using vacuum or high pressure filtration systems with chemical additives to dewater the tailings.
Filtered tailings have a typical solids cornitent of 50 to 70% and cannot be pumped. The water
requirements for filtered tailings are-the lowest of all methods. Tailings are deposited via
conveyor or truck followed by spreading and compaction of the tailings to produce a dense
stable arrangemént. These systems are often cost prohibitive due to the increased capital costs
of the filter systems and associated operating costs (electrical consumption, filters and transport
costs). Cantainment structures are not required for tailings storage. These systems have a
smaller. associated footprint, but do require surface water and seepage management systems to
ensure that contamination does not occur.

SONVENTIONAL SLURRY TAILINGS WITH FUTURE CO-DISPOSAL OF A PORTION OF
TAILINGS INTO UNDERGROUND MINE WORKINGS

Co-disposal occurs when waste rock and tailings are disposed of within a single facility. Co-
disposal methods vary widely and depending upon quantities and qualities of waste, physical
arrangement, and degree of mixing. Co-disposal can occur in surface tailings impoundment
areas, in underground voids or within a mined-out area of an open pit.

For the purposes of this analysis, conventional slurry tailings surface disposal following by
future partial stream co-disposal of tailings and waste rock into the underground mine openings
was considered as an alternative for this assessment.
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4.4 DESCRIPTION OF ALTERNATIVES

For each of the alternative locations, some or all the disposal technologies were applied for this
assessment. The co-disposal option was only assessed for LLocation 1 as this was determined
to be the optimum location due to proximity to the open pit and underground.operaticns while
minimizing travel distance and environmental harm. This stage of the assessment IS very high
level and determination of specific depositional regimes and oaperating conditions were not
detailed. Each of the locations, combined with the disposal techriologies will be‘subjected to the
next stage, the pre-screening assessment.

4.5 PRE-SCREENING ASSESSMENT

The purpose of the pre-screening assessment, as defined by the Guidelines, is to exclude
alternatives that are “non-compliant”, in that they do not-meet the minimuni specifications which
have been developed for the project. The pre-scréening process filiers out alternatives that
exhibit a fatal flaw, are non-compliance with regulatoryrequirements, or unable to achieve
economic or environmental targets.

Pre-screening criteria were formulated such that oniy a simple “Yes” or “No” response to
whether the alternative complies with the set critéria is required. The criteria that each
alternative were subjected to are detailed below:

e Criterion 1: Would the tailings ilnpoundment area sterilize a potential resource?

e Criterion 2: Is any part of the tailings disposal technology unproven at the proposed
throughput?

e Criterion 3: Is any pairt of the tailings disposal technology unproven for the climate at the
site?

e Criterion 4: Does the life-of-mine tailings production exceed the available storage of the
alternative?

s Criterion 5: Does the disposal site exceed a practical distance from the mill?

e Criterion' 6. Is the location topography favourable for the potential tailings deposition
techhnelogy?

e Criterion 7: Does the increased cost of the alternative exceed a reasonable threshold for
the viability of the project?

e Criterion 8: Does the alternative present an unacceptable environmental liability?
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Criterion 9: Does the alternative exceed the risk threshold for failure of engineering
containment?

Criterion 10: Does the footprint of the Alternative exceed the land holding currently held by
Treasury Metals Incorporated?

Criterion 11: Does the footprint of the Alternative occur abcve a geo-hazard, or a structural
geological feature(s)?

Each candidate was screened based on each of the criteria detailed above.. The criteria were
structured such that a Yes response indicates that the alternative fails to pass one of the
screening criteria and indicates a fatal flaw in the alternative, thus eliminating the alternative.

45.1 PR
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E-SCREENING ASSESSMENT RESULTS

The Pre-screening resulted in the elimination of 14 alternatives, resulting in a reduction of the
possible alternatives from 22 to 8 as described below.

Alternative 2C failed to pass screening Criterion 7.due to the excessive distance from the
proposed mine site for transportation of dry stack tailings material.

Alternatives 3A, 3B and 3C failed to pass screening Criterion 5 due to exceeding a practical
distance from the mill for operational and cost purposes. In addition, option 3C does not
meet Criterion 7 (economic viability) due to the excessive distance from the operational
facilities.

Alternatives 4A, 4B and 4C failed to pass screening Criterion 10 as the footprint of the
proposed tailings impoundment/area exceeds the land position currently held by Treasury
Metals Inc:

Alternatives 5A, 5B and 5C failed to pass screening Criteria 8 and 10. It was determined
that location. 5 presented an unacceptable environmental liability (wetlands, ponds and
existing water courses within footprint). In addition, the footprint of option 5 extends beyond
the property boundary of Treasury Metals. Option 5C also does not pass Criterion 5 and 7
(practical distance and economic viability) due to distance from the operating facility.

Alternative 6B failed to pass screening Criterion 6 due to the extreme rolling topography of
the aréa and the technical and operational difficulties resulting from paste deposition.

Alternative 7 failed to pass screening Criterion 8 and 10. The footprint of location 7 is
completely outside of the property boundary.

Alternative 1A, 1B, 1C, 2A, 2B and 6A and 6C passed all screens and will be carried
forward into the detailed multiple accounts analysis (MAA).

The following alternatives have been put forward for further MAA:
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e Location 1 — Conventional Slurry Tailings

e Location 1 — Thickened Tailings (1A)

e Location 1 — Filtered/Dry Stack Tailings (1B)

e Location 1 — Co-disposal (1C)

e Location 2 — Conventional Slurry Tailings (2A)
e Location 2 — Thickened Tailings (2B)

e Location 6 — Conventional Slurry Tailings (6A)
e Location 6 — Co-disposal (6C)

A summary table of the Pre Screening Assessment has been provided as Table 4.2.

ALTERNATIVE CHARACTERIZATION

Additional detailed characterization and assessment is completed upon completion of the pre-
screening assessment to further define the preierred alierative. A description of each of the
alternatives is provided below as well as/a description of accounts, sub accounts and indicators
to which each alterative is assessed and is based on available information for the site.

DESCRIPTIONS OF SELECTED OPTIONS

Each of the selected tailings. management options are further described below detailing
construction considerations, operational considerations, water management features and other
physical features.

LOCATION 1 - CONVENTIONAL SLURRY TAILINGS

Location 1 is located 400 metres 10 the northwest of the proposed operational facilities. Minimal
road construction will be required as existing roads can be used for access and pipeline
alignments. The approximate footprint area is 88 hectares. In terms of possible fish habitat, 3.7
ha of the Blackwater Creek may be impacted. No additional bodies of open water are directly
impacted. Some diversion of excess water from seasonal runoff will be required.

This tailing storage facility will be a clay lined zoned earthfill dam and will be contained by an
assumed natural clay basin with an internal drain system with a secondary downstream
seepage and pump-back system. The remediation requirements for this option will be the most
complex, requiring stabilization of slopes and surface water management.

LOCATION 1 - THICKENED TAILINGS

Location 1 is located directly to the northwest of the operational facilities within 400 metres.
Minimal road construction will be required and existing roads can be primarily used for access
and pipeline alignments. The approximate footprint area is 88 hectares. In terms of possible
fish habitat, 3.7 ha of the Blackwater Creek may be impacted. No additional bodies of open
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water are directly impacted. Some diversion of excess water from seasonal runoff will be
required.

The topography in this area is favourable for paste tailings. Local topography can be utilized to
minimize dam embankments. A zoned earthfill dam with a low permeability clay liner or liner
material has been conceptualized with the foundation material favourable for Key-in.. The dam
can be raised during operations. A lower dam embankment height IS required than for
conventional slurry due to the greater density of the tailings. The tailings and water will be
stored within a single containment facility.

LOCATION 1 - FILTERED/DRY STACK TAILINGS

Location 1 is located directly to the northwest of the operational facilities within 400 metres.
Existing road infrastructure will be used to haul the_dry tailings waste, The approximate
footprint area is 100 hectares including the tailings storage facility and the water collection pond.
In terms of possible fish habitat, 3.7 ha of the Blackwater Creek may be impacted. No
additional bodies of open water are directly impacted.. Some diversion of excess water from
seasonal runoff will be required.

Tailings waste will be stockpiled on surface. Runoff.will be collected by perimeter collection
ditches and routed to a separate fagility for cortainment and reclaim. Dust entrainment and
emissions are very likely, especially during the sumimer months. With respect to remediation
requirements, this alternative has the lowest omplexity, as it only requires capping of the
facility and provision of stable final surfaces to achieve closure.

LOCATION 1 - CO-DISPOSAL

Location 1 is located airectly to the northwest of the operational facilities within 400 metres.
Existing road infrastructure will be tised to haul waste rock for co-disposal purposes and can
also be used/for pipeline alignment, although additional road infrastructure will be required for
depositional and monitoring purposes.  The approximate footprint area is estimated to be 88
hectares including the tailings storage facility and the water collection pond. In terms of
possible fish habitat, 3.7 ha of the Blackwater Creek may be impacted. No additional bodies of
open waier are directly impacted. Some diversion of excess water from seasonal runoff will be
required.

Tallings waste will be contained by the assumed natural clay basin and a clay lined dam with an
internal drain system with secondary downstream seepage collection and a pump-back system.
It is anticipated that local topography will be used to reduce embankment heights. It is
anticipated that underground co-disposal will occur during the underground operational phase
that will result in a decrease of tailings to be impounded on surface and subsequent lower
height for the tailings impoundment structures. The water reclaim system has a low level of
complexity, consisting of containment within facility and reclaim for processing with surplus
water being directed to treatment. Closure will be highly complex, requiring facility closure, long
term stability of embankments, potential grading of slopes, addressing remaining contained
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water within the facility and capping of the final tailings surface. This location is favourable io
expansion for additional tailings storage through embankment raising.

LOCATION 2 — CONVENTIONAL SLURRY TAILINGS

Alternative 2A (Location 2 and conventional slurry tailings) is approximately 2,200 metres from
the plant and will require development of access roads and pipeline alignments that will disturb
existing land and vegetation. The footprint area of this option is 246 ha. New access routes
also require crossing of existing streams and water features. Both Hughes Creek and
Blackwater Creek may be permanently affected due to hydrological changes associated with
dam and infrastructure development. It is estimated that 5.6 ha of siream habitat will be
impacted by this option.

The tailings containment foundation conditions consist of sands and' gravels, which are
generally not suitable for basin containment. Local topography can be used to establish
embankment layouts and sloping topography will assist with seepage collection. The dam has
been conceptualized as a zoned earthfill with a low permeable clay layer or liner material. The
location is not proximal to local borrow sources, mine waste rock and other supplied materials
that will be required for construction. All tailings solids and weaiter management will be contained
within the perimeter embankments.  Water-will 3¢ reclaimed from the facility and will be
supplied to the operations for use as process water while surplus will be treated and released.
Closure is anticipated to consist‘of grading and capping tailings with a low permeable liner or
clay material and vegetation to prevent water infiltration.

LOCATION 2 — THICKENED TAILINGS

Alternative 2B (Location 2 and thickened tailings) is approximately 2,200 metres from the plant
and will require extensive development of access roads and pipeline alignments that will disturb
existing land and vegetation. The footprint area of this option is 246 ha. Access routes will also
require crossing of existing streams and water features. Both Hughes Creek and Blackwater
Creek may be permanently affected due to hydrological changes associated with dam and
infrastructure development. It is estimated that 5.8 ha of stream habitat will be impacted by this
option.

The tailings will be stored in a zoned earthfill dam with a clay layer or liner system in the basin
and dam structure with an internal drain system and secondary downstream seepage collection
and pump-back system. Local topography can be used to establish embankment layouts. The
dam can be raised during operations if required.  The location is not adjacent to local borrow
sources, mine waste rock and other supplied materials that will be required for construction.
Tallings and water storage will be contained within a single containment facility with potential
requirements for further containment for water management.  Closure is anticipated to consist
of grading and capping tailings with low permeable liner or clay material and vegetation to
prevent water infiltration.
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LOCATION 6 — CONVENTIONAL SLURRY TAILINGS

Alternative 6A (Location 6 and conventional slurry tailings) is located approximately 1.4 km from
the process site and will require additional access roads and pipeline alignments to be
constructed. The proposed storage facility is close to the open pit and may._be visible from
cottages around Thunder Lake. The footprint area of this option is 54 ha. A portion of the
existing Tree Nursery Road can be used as part of the access road and pipeline alignment. It is
likely that Blackwater Creek and approximately 3.3 ha of land position will-be permanently
affected due to hydrological changes associated with dam and infrastructure developméent. The
area is thought to consist of clay and bedrock knobs. While this uiidulating topography can be
used to establish perimeter embankments, bedrock may hinder establishment of perimeter
ditches.

The dam would be designed as a zoned earthfill with a low permeable clay layer or liner. The
rock foundation will require a complex and detailed design for the key-in-or anchor for the basin
liner. A higher dam hazard classification is anticipated. due to-proximity to Highway 17 and
Wabigoon Lake. This location has a closer proximity to local borrow material, mine waste rock
and externally supplied materials than Lecations 1 and 2.« The tailings solids and water
management will be contained within perimeter embankiiients with water reclaim from the
facility. Closure will require regrading ‘of tailings and slopes, and capping the final tailings
surface with a low permeable liner or Clay arid revegetation.

LOCATION 6 — DRY STACK TAILINGS

Alternative 6C (Location<6 and dry stack tailings) is located approximately 1.4 km from the
process site and will require additional access roads, and subsequent truck traffic and tailings
haulage. The footprint of this alternative is 60 ha including the tailings storage and water
collection pond. - The proposed storage facility is close to the open pit and may be visual from
Thunder Lake'communities. The dry stack technology is expected to result in increased dust
generation... A portion of the existing Tree Nursery Road can be used as an access road. lItis
likely that Blackwater Creek and approximately 3.3 ha of land position will be permanently
affected due to hydrological changes associated with tailings storage area infrastructure. The
area is thought to consist of clay and bedrock knobs. While this undulating topography can be
used to establish perimeter embankments, bedrock may hinder establishment of perimeter
ditches.

The tailingswill not be required to be contained within perimeter embankments. Tailings will be
dewatered at the plant site, but will require collection and treatment of water runoff. A water
callection pond would be included with the Dry Stack option to collect seepage and surface
water runoff from the storage area as well as other surplus water from the operations. The
undulating topography will require operational planning for tailings placement. Closure will
require regrading to stabilize the tailings pile slopes for placement of cover material and
subsequent revegetation. This location is less favorable to expansion due to local topography,
property boundaries, local infrastructure and its proximity to the open pit.
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4.7 ALTERNATIVE CHARACTERIZATION ASSESSMENT

The alternative characterization provides a detailed description of the alternatives to ensure that
every aspect of an alternative is properly considered and to allow for direct comparison within
the remaining alternative set.

The following site specific characterization criteria were developed for the/Goliath Goid Project
and are categorized into four categories, or “accounts” as defined by Environment Canada, that
reflects the entire project life cycle. The four “accounts” are as follows:

e Environmental Account;
Technical Account;

Project Economic Account; and
e Socio-Economic Account.

The summaries for each of the accounts (from/Environiment Cariada, Guidelines for the
Assessment of Alternatives for Mine Waste, September, 2013) are as follows:

e Environmental Account - Characterizing the local and regional environment surrounding
the proposed TIA. These include elements such as climate, geology, hydrology,
hydrogeology, water quality and potential impacts on aquatic, terrestrial and bird life.

e Technical Account - Charactérization of the engineered elements of each alternatives such
as storage capacity, dam size and volume, diversion channel size and capacity, dumping
techniques (if applicable); haul distances (if applicable), sedimentation and pollution control,
dam requirements, tailings discharge methods, pipeline grades and routes, closure design,
discharge and/or water treatment infrastructure and supporting infrastructure such as
access roads.

e Economi¢ Account - Characterizes the project life economics. All aspects of the Tailings
Management Plan needs to be considered including investigation, design, construction
(inclusive of borrow development and royalties where applicable), operation, closure, post
closure care and maintenance, water management, associated infrastructure (including
transport.and depaosition systems), compensation payments and land use or lease fees.

e Socio-Economic Account — Identifies how a proposed TIA may influence local and
regionalland users. Elements that are considered here include characterization and
valuation of land use, cultural significance, presence of archaeological sites and
employment and/or training opportunities.

Each of these subaccounts and indicators were assigned an indicator parameter by which the
subaccount could be measured. The Alternative Characterization table is included as Table
4.3.
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4.7.1 ENVIRONMENTAL ACCOUNT

The environmental account details a range of issues relating to direct and indirect impacts as a
result of the development, construction, operation and closure of a given location and tailings
disposal technology.

The environmental account has been subdivided into the following subaccounts with indicators
detailed in brackets:

e Land Use (distance from the mine site, pipeline and access road requirements and storage
facility and associated infrastructure footprint)

e Water Impacts (number of watersheds affected, potential impact (o surface water
availability and potential impacts to water quality)

e Aquatic Habitat (permanent streams impacted, indifect impacts such as downstream
reductions, direct impact to open water, and number.0f fish bearing lakes impacted)

e Terrestrial Habitat (area of feeding or shelter loss due to tailings storage facilities or
associated structures and existing | vegetation, and/or ecosystems that will be lost or
impacted by operations); and

e Air Quality (potential for dust emission conitributed by haulage, potential for dust emission
contributed by tailings, poténtial for greenhouse gas emissions and noise emissions).

4.7.2 TECHNICAL ACCOUNT

The technical account details the technical advantages and disadvantages during the mine life
including development, construction, operation, closure and post closure phases of a given
location and tailings disposal technology.

The technical account has been subdivided into the following subaccounts with indicators
detailed in brackets:

o Design (foundation conditions, distance from plant, topographic complexity, topography,
dam complexity, dam hazard potential classification, construction material availability, slope
stability including height and slope angle, and number of watersheds);

= Operations (distance between storage facility and mill site, operational risks and other
Lncertainties, water treatment requirements);

e | Closure (remediation requirements, post closure water treatment requirements, post
closure landform stability, post closure chemical stability);

e Capacity (tailings storage efficiency and tailings storage expansion capacity and
probability); and
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o Water management (sensitivity to climate variability, surface water control measures and
seepage control measures).

ECONOMIC ACCOUNT

The economic account and factors consider direct and indirect costs associated with the
development of each of the alternatives.

The economic account has been subdivided into the following subaccounts with indicators
detailed in brackets:

o Life of Mine Costs (capital, operational, fish habitat compensation, closure and reclamation
costs).

SOCIO-ECONOMIC ACCOUNT

The socio-economic account serves to detail the/ social, cultural significance, land use and
economic indicators of each of the alternatives assessed:

The socio-economic account has been subdivided into the following subaccounts with indicators
detailed in brackets:

¢ Archaeology (archaeological poiential);
e Health and Safety (risk to human health, public'safety and worker safety);

e Socio-Economic Indicators (economic benefits to regional communities, regional job
creation and diversity; and indirect employment);

e First Nation Impacis (potential impacts to identified areas of Aboriginal Rights, extent of
Traditional Land use detailed by number of persons and by activity type); and

e Recreational and Commercial Land Use (visual impact of storage facility, impact to
navigahle waters, exient of recreational land use and extent of commercial land use).

MULTIRLE ACEOUNTS LEDGER FOR CANDIDATE ALTERNATIVES

A multiple accountis ledger was established to evaluate the eight alternatives to provide a basis
for scoring and weighting. The multiple accounts ledger consists of the following two elements
in accordance with the guidelines:

e Sub-accounts (evaluation criteria), and;
¢ Indicators (measurement criteria).

The summary table for the each of the sub-accounts within the multiple accounts ledger is
provided on Table 4.4.

VALUE-BASED DECISION PROCESS

A value based decision process is applied for each of the site alternatives upon conclusion of
providing the scoring matrix for each of the indicators and accounts. This process entails taking
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the list of accounts, sub-accounts and indicators and assessing the combined impacts for.each
of the alternatives under review. This entails scoring of all indicators and also weighting of all
indicators, sub-account and accounts and quantitatively determining merit ratings for each
alternative. There are three steps to this process (Scoring, Weighting and Quantitative
Analysis), which are detailed in the following sections.

SCORING

The indicators determined in the previous step, are a qualitative or guantitative measurerment of
the impact (that is, a benefit or loss) associated with each alternative or sub-aceount and are
required to be measureable. The multiple accounts ledger and the indicator quantity or quality
was assessed.

Upon determination and definition of all of the indicators for the multiple accounts leger,
quantitative scoring for each of the indicators has beérni developed, and as per the Guidelines, a
six point scale has been used to address the range for all quantitative scoring. This provides
sufficient capacity to differentiate between options.

Scoring is completed by developing a quaniitative value scales for every indicator, including
those that are easily measureable and @assigning an.indicator value (S) to each subaccount.
The scoring criteria are summarized in Table 4.5,

WEIGHTING

The Value based decision _process requires the ability to introduce a value bias between the
individual indicators. This was completed hy applying a weighting factor to each indicator. As
recommended by the Guidelines, the weignting factors range from 1 through 6. An indicator
with a weighting factor of 2 is twice as important as an indicator with a weighting factor of 1.

Weighting factors are. constant for any given indicator, sub-account or account across all
alternatives.

As recommended by the Guidelines, the alternatives assessment was completed using the
following weightings factors (W) for accounts:

e Envircnment Accounts — 6
¢ Technical Accounts — 3

e Project Economics — 1.5

e Socio-Economic — 3

The weighting factors are summarized in Table 4.6.

JUANTITATIVE ANALYSIS

The Quantitative Analysis serves to determine an indicator merit score for each of the
indicators. This is completed by determining the product of Indicator Value (S) developed in the
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scoring section and multiplying it by the Weighting Factor (W) determined in the weighting
section. The formula for this is:

Indicator Value (S) x  Weighting Factor (W) = Indicator Merit Score

Indicator Merit Scores were directly compared across alternatives, as were sub-account merit
scores ( Z{S x W}) for the Environmental, Socio-Economic, Technical and Project Economics
Accounts. In order to compare values of all sub-accounts, the scores were nornialized.to a six
point scale. This was achieved by dividing the sub-account mierit. score hy the sum of the
weightings (W) to yield a sub-account merit rating (Rs = (Z{SXW}{>W)>W). This normalization
is required to balance out different numbers of indicators and Sub-accounts for each account.
The results of the Quantitative Analysis and summary table are detailed on Table 4.7.

The same procedure of weighting and normalization is_followed to detefmine account merit
scores (Z{RxW}) and account merit ratings (R, = Z(R& < W)/Z\WW).

To complete the value-based decision process, an alternative merit score (Z{R. x W}), and an
alternative merit rating (A = Z(RXW)/ZW) was determined for each of the alternatives and the
results are provided on Table 4.8.

The result of the Alternatives Assessment value-based decision process has selected Option
1D consisting of Candidate Location 1 with Co-disposal of tailings as the preferred option for
tailings management at the Goliath site. The selection of Option 1D is based on the highest
Alternative Merit score that considers all of the input indicators for the Environmental, Technical,
Economic and Socio-Economic Accounis for the project.

SENSITIVITY ANALYSIS

A sensitivity analysis is recaommended for completion as part of the Alternatives Assessment.
The sensitivity analysis is completed by adjusting the weightings that are assigned to sub-
account and /accounts to determine the range of variances within the alternatives and the
sensitivity 10.the Indicator parameters. This part of the analysis is completed to eliminate bias
and subjectivity. The sensitivity analysis utilizes the results of the Alternatives Assessment,
presented above, with Option 1D as the Base Case with comparison to the scenarios developed
to assess sensitivity. . The following scenarios were analyzed as part of the sensitivity analysis:

¢ Scenario 1 — Adjust Weights of Environmental Account from 6 to 9

e Scenario 2 — Increase the Weighting factor for Technical input Indicators from 3 to 6
e Scenario 3 — Adjust all Weighs to 1 for all Accounts

e Scenario 4 — Reduce the Socio-Economic Weighting factors from 3to 1.5

The results of the sensitivity analysis for the Scenarios presented above as well as the result of
the Base Case are provided on Table 4.9. The results of the sensitivity analysis completed for
each of the Scenarios presented above maintained the results of the Alternatives Assessment
with Option 1D remaining the preferred alternative for tailings management at the Goliath site.
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PREFERRED ALTERNATIVE

GENERAL

The results of the Alternatives Assessment and sensitivity analysis completed for the location
and tailings disposal technology for the Goliath Site identified that Option 1D, consisting of
conventional tailings disposal within Location 1 with future co-disposal of the tailings back into
the underground mine workings as the preferred alternative.

Mining activities at the site will involve extraction of ore initially from an open pit mining
operation followed by an underground mining operation. The open pit operation is anticipated
to be in operation for four (4) years followed by the underground mining operations until the end
of planned operations after 12 years. Ore processing will be carried out at the site with
recommended disposal of tailings on-land and co-disposed on-land and into the underground
mine workings after Year 5 of operations. It was estimated that 40% of the waste tailings solids
were removed from the tailings stream and directed to the TSF will be thickened to a paste
consistency and directed to the underground mine workings for disposal.

The objective of the Tailings Storage Facility (TSF) for the Goliath Project is to ensure
protection of the environment during operations and in the long-term (after closure) and to
achieve effective reclamation at mine closure. The design of the TSF will take into account the
following requirements:

e Permanent, secure and total confinement of all solid waste materials within an engineered
facility

e Maintain a water cover over the tailings beach to minimize potential acid generation of the
tailings solids as initial studies have indicated that mine waste can be considered as
Potentially Acid Generating (PAG). Excess water directed to the facility will be retained and
directed to the plant site as reclaim for use in the operations and any surplus to treatment at
a water treatment plant

e The inclusion of monitoring features for all aspects of the facility to ensure performance
goals are achieved, and the design criteria and assumptions are met.

The TSF will be initially constructed with a Stage 1 dam embankment height at the pre-
production stage to accommodate mine start-up and initial operations. The dam will be raised
in stages during the operations to the full height required to accommodate the total required
tailings solids scheduled to be deposited into the facility as well as allowances for operational,

Treasury Metals — Goliath Project
Tailings Storage Facility
Alternatives Assessment



5.2

[

141-12598-00
Report 1, Rev. 0

storm water and additional allowances for freeboard. This approach to the construction and
operation of the TSF offers a number of advantages as follows:

¢ Reduces the initial capital costs and defers a portion of the capital expenditures until the
mine is operating fully and Non Acid Generating (NAG) mine waste rock can be utilized for
construction and raising the embankments.

e Reduces construction requirements at pre-production

e Provides ability to refine design and construction methodologies as experience is gained
with local conditions and constraints, and also allows for monitoring and collection of field
data on the deposited tailings to optimize tailings parameters for use in design.

e Provides ability to adjust plans at a future date to remain current with “state-of-the-art”
engineering and environmental practices, and

e Allows the observational approach to be utilized in the ongoing design, construction and
operation of the facility.

The observational approach is a powerful technique that can deliver substantial cost savings
while maintaining a high level of safety. It also enhances knowledge and understanding of site-
specific conditions. For this method to be applicable, the character of the project must be such
that it can be altered during construction (Peck, 1969).

The construction and staging of the TSF will be scheduled to ensure that sufficient storage
capacity is provided in the facility to avoid overtopping and prevent water from exiting through
the spillways during operations by providing sufficient freeboard to safely accommodate the
supernatant pond and design storm event, combined with wave run-up.

EMBANKMENT HEIGHT AND CONSTRUCTION STAGING

The required storage capacity of the TSF will be established to accommodate the total
anticipated tonnage of tailings solids scheduled to be deposited over the life of the mine with
consideration of the portion being directed to the underground mine workings. The available
storage capacity of the TSF is based on the site selection of the facility determined from the
Alternatives Assessment and the natural ground topography has been used to align the dam
embankments to maximise storage capacity while minimizing embankment fill volumes. A
figure showing the storage capacity of the TSF alignment is provided in Figure 5.1.

Tailings solids generation for the project has been identified at 2,700 dry tonnes per day (dtpd)
for a total of 11,826,000 dry tonnes over the life of the mine. An estimated 4,925,500 dry
tonnes will be routed to the TSF up until the end of Year 5 of operations followed, after which
approximately 40% will be routed to the underground mine workings from Year 6 to end of the
operations in Year 12. An estimated 4,139,600 dry tonnes will be routed to the TSF from Year 6
to end of Year 12 of the operations for a total of approximately 9,066,600 dry tonnes requiring
storage within the TSF. The actual fraction of tailings solids that can be directed to the
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underground mine workings as well as the schedule will be confirmed as the mine design is
advanced.

Laboratory testing of the tailings solids or small-scale pilot projects can be used to quantify the
tailings in situ density when deposited. At this stage of the project laboratory testing or pilot
projects have not been completed and therefore an estimate of the tailings solids in situ density
has been used develop to estimate the volume of tailings solids that will require storage within
the TSF. An in situ density of 1.1 t/m*® has been estimated for the project that is based on
literature and experience with similar projects. The in situ density of the tailings can be
optimized with laboratory testing as the project is advanced as well as monitoring during the
operations.  Applying the in situ dry density of 1.1 t/m® adopted for the design results in a total
tailings volume of approximately 8,242,364 m® that will be directed to the TSF.

A preliminary stage storage for the TSF has been developed that is based on the embankment
layout and has been used to preliminarily identify potential embankment staging and
requirements for operational and stormwater management. = The embankment heights have
been assigned to provide containment of the required volume of tailings as well as an allowance
for operational water, the EDS and normal freeboard. A figure showing the potential
embankment staging is provided as Figure 5.2. Embankment staging at this time is preliminary
and will be revised/optimized as the project is advanced.

Water management and freeboard allowances have been applied to each embankment Stage
to ensure that full containment of tailings and water is provided during operations and to protect
the dam from overtopping during the occurrence of significant storm events. A Maximum
Operating Level has been established to contain runoff as well as water inputs to maintain a
water cover over the tailings beach. Water transfer will be required for reclaim to process as
well as transfer to treatment of yearly excess volumes.

An allowance for the containment of storm water has also been provided that corresponds to
the volume of water resulting from the EDS. The EDS that has been adopted for the TSF is the
1:1,000 yr, 24 hr. storm event that has a storm depth of approximately 125 mm. The
catchment area for the TSF is approximately 70.6 ha and the corresponding volume of water
resulting from the occurrence of the EDS is approximately 88,250 m®. A spillway invert for each
embankment stage will be assigned to ensure that containment of the volume of water resulting
from the EDS is maintained without being released though the spillway.

A freeboard allowance will be included to ensure that water overtopping the dam does not occur
in the event that the spillway becomes active. The freeboard will be based on peak water levels
occurring within the spillway during the occurrence of the IDF. The IDF will be based on the
HPC as identified by the CDA Guidelines and also the MNR Best Management Practices. The
freeboard for each embankment stage has been preliminary assigned at 1.5 m above the
spillway invert.
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5.3 TSF EMBANKMENT

The preliminary embankment cross section for the TSF has been developed with the
Alternatives Assessment and will form the basis for advancing to subsequent levels of design.
The embankments will be constructed in a staged approach, as discussed above, with the initial
stage constructed at pre-production with subsequent embankment raises during the life of mine
to accommodate tailings solids storage, operational and stormwater management. The
upstream slope of the embankment has been assigned at 2.5H:1V and the downstream slope at
2.25H:1V for the initial embankment. Subsequent raising of the embankments will utilize NAG
mine waste rock with downstream slopes of 1.5H:1V while maintaining the upstream slope at
2.5H:1V. The downstream waste rock slopes for embankment raising can be stepped with
benches to accommodate covering the Stage 1 downstream embankment. The internal drain
and transition zones will be constructed at a slope of 2.5H:1V for Stage 1 and the type of
embankment raising will dictate the drain and transition slopes for subsequent raises. The style
of embankment raising is envisaged to consist of a centreline style that would utilize vertical
drainage and transition zones for subsequent embankment raising. The type or style of
embankment raising will be confirmed and optimized as the project is advanced to the
subsequent level of design and will be based on stability analysis with inputs from site
investigation programs. A figure showing the plan layout of the Stage 1 embankment (pre-
production) is provided on Figure 5.3 and for the potential final embankment stage on Figure
5.4. A preliminary embankment cross-section showing the potential embankment staging is
provided as Figure 5.5.

The TSF will provide primary and secondary containment of the tailings solids and impounded
water as it consists of a zoned earthfill with an upstream low permeable clay zone. The
upstream clay zone will be placed on the upstream slope of the embankment and also be keyed
into the basin foundation within the key trench. The zoned earthfill section of the dam will
provide the secondary containment and also seepage control to maintain dam stability and
integrity of the anticipated low seepage flows through the dam.

5.3.1 FOUNDATION PREPARATION

Foundation areas will require clearing of all standing trees and low level shrubs, grubbing and
stripping of topsoil and potentially unsuitable materials prior to fill placement for the
embankment. Topsoil that is stripped from the embankment footprint area would be hauled and
stockpiled for later use in reclamation activities. Zones of soft or highly saturated and
unsuitable foundation material would require removal and replacement with compacted fill
material.

The main section of the dam will be constructed on a prepared foundation of native materials,
anticipated to consist of clay material. The area immediately underlying the upstream clay zone
of the embankment would be excavated to form a key trench. The excavation would extend
down as far as necessary to provide a suitable cut off against seepage. Clay zone fill would
then be placed in horizontal lifts and compacted into the trench. Foundation preparation and
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key trench excavation, depending on the required depths, may involve measures for dewatering
during excavation activities that will require development of a sediment control plan.

A drain network (blanket drain) would be constructed into the base of the embankments,
downstream of the clay zone, to drain groundwater from the foundation and also control
seepage flows through the dam. Where necessary some trenching may be required for the
drains to ensure gravity flow to the downstream toe of the embankment. Seepage flows would
be collected in a perimeter collection ditch and routed back (pumped) into the TSF.

Foundation preparation within the basin area would consist of clearing all trees and shrubs and
stockpiling at the site. Cleared trees consisting of merchantable timber can be hauled to
forestry operations. Non-merchantable timber can be chipped and spread on-site.

EMBANKMENT ZONES

The embankment zones for the TSF have been preliminary established based on available site
investigation information and indications of fill materials in potential local borrow sources and
also material availability from gravel pits in the Dryden area. The internal drain system will be
designed as graded filters so that the individual zones function to control the movement of
seepage while maintaining stability of the zone by preventing the migration of finer material into
the adjacent zone. A non-woven geotextile can be included with the embankment cross-
section, between the upstream clay zone and adjacent drain that can aid in the prevention of
migration of fine material into the drain zone. This will be determined with the filter design when
material parameters for the fill materials are determined. Local fill will form the main body of the
dam for Stage 1 and also the upstream clay zone for Stage 1 and subsequent embankment
raises, and can be provided from local borrow sources. Subsequent embankment staging will
utilize NAG mine waste rock from the mining operations in the downstream shell of the dam. An
additional transition zone may be required after Stage 1, between the transition zone and the
mine waste rock, which will be determined once mine waste rock gradations have been
established.

Fill zone widths and the final dam width will be confirmed as the project is advanced based on
stability, seepage and also graded filter designs based on geotechnical parameters obtained
from site investigation activities. The following provides a preliminary summary of the
embankment zones for the TSF embankment.

e Low Permeable Upstream Clay Zone (Zone A) — Constructed with native material from the
local borrow sources (i.e. stripping form the open pit mine area) will provide primary
containment of tailings solids and stored water. The upstream and internal slopes at Stage
1 will be 2.5H:1V and can be raised vertically with embankment raises. At the final
embankment height the clay zone width can be between 2 m to 3 m and will be determined
from stability and seepage modeling. A geotextiles can be included with the design and
placed on the downstream side of the clay zone to prevent migration of fines into the
adjacent zone that will be determined with filter grading design as the project is advanced.
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o Internal Filter (Zone B) — Will be constructed on the downstream face of the clay zone using
screened sand from local borrow sources or local gravel pits in the Dryden area. The filter
width will be determined with seepage analysis (typically 0.5 m to 1.0 m width) over the
entire downstream face of the clay zone and will have the same upstream and internal
slopes as the clay zone. The drain material can be raised vertically utilizing a centreline
style of embankment raise. The filter will also serve to heal cracks that may develop in the
core zone by retaining fines at the coreffilter interface. The filter design will ensure sufficient
permeability to drain the downstream face of the clay zone. The internal filter will also be
connected to a blanket drain that is located on the downstream shell zone of the
embankment.

e Transition (Zone C) — Will be constructed on the downstream side of the Filter (Zone B) and
will function to pass seepage and prevent the migration of fines from the adjacent. The
transition zone width will be determined similar to the filter zone and can be constructed
from screened local material or from a gravel source in the Dryden Area. The width of the
zone is anticipated to be about 1 m to 1.5 m. The transition zone will be placed at the same
slope as the filter for Stage 1 and subsequent embankment raises.

e General Fill (Zone D) — Will be used to construct the main body, or downstream shell zone,
for the Stage 1 embankment. The general fill material will be placed on the downstream
side of the transition zone with an upstream slope of 2.5H:1V and downstream slope of
2.25H:1V. The downstream slope will be confirmed with stability assessments as the
project is advanced. Materials for the general fill zone can be provided from local borrow
sources at the site or alternatively as pit run material from gravel pits in the Dryden area.

¢ Waste Rock Shell (Zone E) — Will consist of NAG rock and will be provided from the mining
operations. The mine waste rock will be used as downstream shell zone material for
embankment raises after Stage 1. The material gradation will be determined from the mine
design as the project is advanced and be used in the graded filter design. The mine waste
rock will require sorting of NAG and PAG to ensure that only NAG material is used in the
construction of the TSF. NAG waste rock volumes available for construction will be
determined as the project is advanced with the mine design.

e Riprap (Zone F) — Will be placed on the upstream embankment slope and will function to
provide protection from potential erosion, wave action and ice damage. Riprap can initially
be provided from a local gravel pit for Stage 1 and the construction of future raises can
utilize select mine waste rock for subsequent embankment raises. The zone will have the
same slope as the upstream embankment at 2.5H:1V.

Other embankment zones will be included with the dam cross section, as required, as the
design is advanced and input parameters become available.

Internal Drain System

The presence of the upstream clay zone will contain the tailings and control the movement of
water through the dam embankment. The phreatic surface within the embankment and
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foundation would be controlled with the engineered filters and drains. Two systems are in place
to control seepage as secondary containment and control; one behind the core zone (as
described above) and one over the prepared foundation of the downstream shell. These
systems would collect and control seepage flows that pass through the core and prevent the
finer particles from the core or foundation soils from migrating with the seepage flows. All
potential seepage water would continue to be contained and would not be discharged from the
site as the flows from the filter and drains would be conveyed beneath the shell zone of the
embankment to the collection ditch, located along the downstream toe of the embankment, and
would then be collected and routed(pumped) back into the TSF.

SEEPAGE CONTROL

A seepage collection ditch will be located along the downstream toe of the TSF for collection
and containment of potential seepage flows through the dam. The ditch will also collect runoff
from the downstream embankment of the TSF consisting of Zone E material or NAG waste
rock. All water that is collected in the seepage collection ditch will be contained, collected and
transferred back into the TSF utilizing a sump, pump and pipeline system. The design of the
TSF ditch will include consideration of all potential water inputs as well as seepage estimates,
and location, determined from the embankment seepage analysis.

WATER MANAGEMENT

Water management for the TSF will require management of both operational and storm water.
The tailings solids have been classified as PAG and therefore the concept of utilizing a water
cover over the tailings beach has been adopted for the project. The water cover will keep the
tailings solids submerged to restrict contact with the atmosphere to minimize acid generation.

Water collected in the TSF will consist of runoff from the catchment created by the perimeter
embankments as well as operational water delivered to the TSF in the tailings stream that is not
locked in the settled tailings. The water inputs into the TSF in addition to tailings have been
identified at this stage of the project as consisting of mine dewatering. Other potential inputs
may become apparent as the project is advanced and these will be included with the water
management design. Surplus water collected in the TSF can be stored and directed to a
treatment facility prior to being released. The TSF while in operation will therefore contain all
operational water and also provide containment of the Environmental Design Storm (EDS) for
stormwater management. An emergency overflow spillway will be included to maintain
embankment stability during the occurrence of significant stormwater events.

Water pond levels will be confirmed for each embankment stage for operational and stormwater
management as presented below.

e Maximum Operating Level — required to contain runoff from average and wet precipitation
conditions considering the volume of water being removed from the facility (evaporation and
water transferred to treatment and process) while maintaining a water cover
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e Spillway Invert Level — Pond level providing storage capacity between the invert of the
spillway and Maximum Operating Water Level to contain an Environmental Design Storm
(EDS), currently assigned as the volume of water resulting from the 1:1,000 yr, 24-hr. event

e Embankment Height — Freeboard above the invert of the spillway for each embankment
stage to prevent water from overtopping the dam during the occurrence of the prescribed
Inflow Design Flood (IDF) that will be determined once the dam’'s Hazard Potential
Classification has been established.

WATER TRANSFER SYSTEM

A water transfer system will be used to transfer water from the TSF to the plant site as reclaim
for use in the processing operations as well as potential surplus water for treatment. The
transfer to treatment rates, as well as timelines during the year will be determined with the water
balance that will be prepared during detailed design as the project is advanced. The water
transfer system can consist of a floating pump barge with a HDPE pipeline or alternatively a
stationary reclaim system and will be dependent on the detailed water/solids balance modeling
as the project is advanced.

WATER/SOLIDS BALANCE

A monthly water/solids balance will be completed as the design is advanced to determine the
effect of various precipitation conditions on the overall water management requirements for the
TSF and to confirm that the operational and stormwater pond levels will be maintained over the
life of the facility. The analyses were completed for the planned 12 years of operations based
on the tailings solids volume that is planned for deposition into the TSF with co-disposal
occurring into the mine workings.

The water/solids balance will be used to determine the quantity of water that must be
transferred to the water treatment plant based on net inputs from precipitation on catchments,
process water and other water inputs that includes underground mine dewatering. The analysis
will also be used to confirm that the proposed water cover can be maintained during periods of
low precipitation conditions. The water/solids balance analyses will utilize a computer add on
program called @RISK to statistically determine pond elevations. Water/solids balance
modeling utilizing the program @RISK permits cell inputs to be modelled as distributions rather
than as single values. The @RISK software has the capability to perform Monte Carlo type
simulations and track the various outputs that result from variations in the input. The model can
run several iterations (i.e. 1,000 or more) such that 1,000 or more different sequences of
monthly precipitation over the year are considered and the resultant pond levels tracked. This
analysis will produce the average as well as the high and low pond levels during the planned 12
years of operations. This analysis will be used to establish the required pond operational limits
and identify the maximum operating water level.
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Tailings Rate of Rise

Tailings deposition into the facility will result in development of a tailings beach that will rise over
the operational life and dictate the required embankment heights at each stage to provide
containment. A deposition plan will be required for the planned 12 years of operation based on
the total volume of tailings that will be deposited into the TSF. Deposition will consist of
depositing approximately 8,242,364 m? of tailings from the embankment crest by spigotting.

The yearly rate of tailings flow is not consistent over the life of the operations as tailings will be
deposited initially into the TSF followed by a portion of the tailings solids being directed to the
underground mine workings for disposal. The following yearly tailings flow rates have been
used to identify the tailings rate of rise within the TSF basin:

Year of Operation | Dry Tonnes per Year | Total Tailings Volume
1 985,500 895,909
2 985,500 1,791,818
3 985,500 2,687,727
4 985,500 3,583,636
5 985,500 4,479,545
6 591,300 5,017,091
7 591,300 5,554,636
8 591,300 6,092,182
9 591,300 6,629,727
10 591,300 7,167,273
11 591,300 7,704,818
12 591,300 8,242,364

The yearly volumes presented above are based on the design solids content of 43% and a
corresponding in situ dry density of 1.1 t/m3. A figure showing the tailings rate of rise over the
12 years of operation is provided on Figure 5.2 and represents the tailings beach surface over
time. The rate of rise in Year 1 will be approximately 10 m as the lower areas of the basin are
filed in. The average rate of rise from Years 2 to 5 is approximately 1.4 m per year. A
reduction in the tailings rate of rise will occur after Year 5 to approximately 0.7 m per year based
on a percentage of tailings being routed to co-disposal. The tailings surface, over time, will be
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