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TABLE 2.1

TREASURY METALS INCORPORATED 
GOLIATH PROJECT 

TAILINGS STORAGE FACILITY  
ALTERNATIVES ASSESSMENT 

PROBABILISTIC SEISMIC RISK PARAMETERS 

P:\Mining\Treasury Metals\141-12598-00 - Alternatives Assessment\Report\Report 1, Rev. 0\Tables\[Table 2.1 - Seismic.xlsx]Table 2.1

Probability of Exceedance per Year 

0.000404

Return Period in Years 2,475
Peak Horizontal Ground Acceleration (PGA) 0.003 0.011 0.019 0.036
Spectral Acceleration, Sa(0.2) 0.011 0.035 0.055 0.095
Spectral Acceleration, Sa(0.5) 0.007 0.022 0.034 0.057
Spectral Acceleration, Sa(1.0) 0.003 0.01 0.016 0.026
Spectral Acceleration, Sa(2.0) 0.001 0.003 0.005 0.008

Notes: 

1.  Source:  National Building Code of Canada Interpolated Seismic Hazard Values. 
2.  Data calculated for location at Latitude 49.77oN and Longitude 92.59oW. 
3.  Values are in units of g. 
4.  Values are for "Firm Ground" as per the NBCC 2010 Soil Class C - average shear wave velocity 360-750 m/s. 
5.  Sa(T) is spectral acceleration where T is the period in seconds. 
6.  Median (5th percentile) values are given in unites of g.  

0.01 0.0021 0.001

100 476 1,000
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TABLE 4.1

TREASURY METALS INC. 
GOLIATH PROJECT 

TAILINGS STORAGE FACILITY 
ALTERNATIVES ASSESSMENT 

STEP 1 - IDENTIFICATION OF CANDIDATE ALTERNATIVES 

Project Aspect Candidate Locations General Location 

Location 1 Northeast of the proposed plant site 

Location 2 Northeast of Location 1

Location 3 Far east of the plant site 

Location 4 South of Location 1, east side of Tree Nursery Road 

Location 5 Between Location 4 and Location 3

Location 6 South of proposed mine site and south of existing Normans 
Road

Location 7 South of Location 4, potential dry option

Project Aspect

Number of Candidate Alternatives Alternative Identification Description

1 1A Location 1- Conventional Slurry Tailings

2 1B Location 1 - Thickened Tailings

3 1C Location 1 - Filtered/Dry Stack Tailings

4 1D Location 1 - Conventional with Future Co-Disposal 

5 2A Location 2- Conventional Slurry Tailings

6 2B Location 2- Thickened Tailings

7 2C Location 2 - Filtered/Dry Stack Tailings

8 3A Location 3 - Conventional Slurry Tailings

9 3B Location 3 - Thickened Tailings

10 3C Location 3- Filtered/Dry Stack Tailings

11 4A Location 4 - Conventional Slurry Tailings

12 4B Location 4 - Thickened Tailings

13 4C Location 4 - Filtered/Dry Stack Tailings

14 5A Location 5- Conventional Slurry Tailings

15 5B Location 5 - Thickened Tailings

16 5C Location 5 - Filtered/Dry Stack Tailings

17 6A Location 6 - Conventional Slurry Tailings

18 6B Location 6 - Thickened Tailings

19 6C Location 6 - Filtered/Dry Stack Tailings

20 7A Location 7 - Conventional Slurry Tailings

21 7B Location 7 - Thickened Tailings

22 7C Location 7 - Filtered/Dry Stack Tailings
Notes:  
1.  Alternatives selected for pre-screening.  

Tailings Disposal Technology

Tailings Management Facility Location

Candidate Tailings Technology 

Conventional Slurry Tailings

Thickened Tailings

Filtered/Dry Stack Tailings

Conventional Slurry Tailings with Future Co-Disposal Portion of Tailings into mine workings
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TABLE 4.2

TREASURY METALS INC. 
GOLIATH PROJECT 

TAILINGS STORAGE FACILITY 
ALTERNATIVES ASSESSMENT 

STEP 2 -PRE-SCREENING ASSESSMENT OF CANDIDATE ALTERNATIVES 

Criteria # Pre-Screening Criteria Rationale 1A 1B 1C 1D 2A 2B 2C 3A 3B 3C 4A 4B 4C 5A 5B 5C 6A 6B 6C 7A 7B 7C

1 Would the TIA sterilize a potential Resource? If a  TIA that is  located over an area where there are proven indicators of mineralization, or a reasonable indication of possible mineralization 
based on regional trends, may be excluded from further consideration. No No No No No No No No No No No No No No No No No No No No No No 

2 Is any part of the Tailings Disposal Unproven Technology at 
the proposed throughput?

If a specific depositional method relies on unproven technology at the project site, then it could justifiability be argued that the alternative 
should be excluded from further consideration. No No No No No No No No No No No No No No No No No No No No No No 

3 Is any part of the Tailings Disposal Unproven Technology at 
the given climate?

If a specific depositional technology could be adversely affected by the local climate conditions, then it could justifiability be argued that the 
alternative should be excluded from further consideration. No No No No No No No No No No No No No No No No No No No No No No 

4 Does the life-of-mine tailings production exceed the available 
storage of the alternative? If the selected alternative does not have the required capacity to hold the produced tailings, it should be eliminated. No No No No No No No No No No No No No No No No No No No No No No 

5 Does the disposal site exceed a practical distance from the 
mill? If an alternatives location is too far from the production facilities, it may become economically unviable and should be eliminated.  No No No No No No No Yes Yes Yes No No No No No Yes No No No No No No 

6 Is the location topography favourable for the tailings deposition 
technology Steep topography can be unfavourable for some types of tailings deposition (such as paste) and should be eliminated as an alternative. No No No No No No No No No No No No No No No No No Yes No No No No 

7 Does the increased cost of an alternative exceed a reasonable 
threshold for the viability of the project?

The feasibility of any mining project is sensitive to cost.  Higher costs may be warranted to eliminate significant adverse effects; however, 
there is no reason to investigate alternatives requiring significant additional costs unless there is reasonable assumption of environmental 
gains, and as such, it should be eliminated.

No No No No No No Yes No No Yes No No No No No Yes No No No No No No 

8 Does the Alternative present an Unacceptable Environmental 
Liability?

Treasury Metals Inc., follows the PDAC Framework for Responsible Mining.  Treasury Metals policy states that they are committed to 
responsible stewardship of the environment.  Their key focus is on meeting the company's goals of minimizing environmental impact, efficient 
use of the resources consumed and conserving natural resources for future generations.  If an alternative is perceived to present an 
unacceptable environmental liability  it should be eliminated

No No No No No No No No No Yes No No No Yes Yes Yes No No No No No No 

9 Does the Alternative exceed the risk threshold for failure of 
engineering containment? If the tailings management facility exceeds the risk threshold for failure (CDA guidelines), then the Alternative should be eliminated. No No No No No No No No No No No No No N o No No No No No No No No 

10 Does the footprint of the Alternative exceed the land position 
currently held by Treasury Metals Incorporated?

If the tailing management facility extends beyond the current land boundaries established by Treasury Metals Incorporated, then the 
Alternative should be eliminated. No No No No No No No No No No Yes Yes Yes Yes Yes Yes No No No Yes Yes Yes 

11 Does the footprint of the Alternative occur above a geohazard, 
or a structural geological feature?

If the tailings management facility occurs above a geohazard or a structural geological feature that adversely affects the stability of said 
facility, than the Alternative should be eliminated. No No No No No No No No No No No No No No No No No No No Yes Yes Yes 

No No No No No No Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes No Yes No Yes Yes Yes 

Alternative Identification Description

1A Location 1- Conventional Slurry Tailings

1B Location 1 - Thickened Tailings

1C Location 1 - Filtered/Dry Stack Tailings

1D Location 1 - Conventional with Future Co-Disposal 

2A Location 2- Conventional Slurry Tailings

2B Location 2- Thickened Tailings

2C Location 2 - Filtered/Dry Stack Tailings

3A Location 3 - Conventional Slurry Tailings

3B Location 3 - Thickened Tailings

3C Location 3- Filtered/Dry Stack Tailings

4A Location 4 - Conventional Slurry Tailings

4B Location 4 - Thickened Tailings

4C Location 4 - Filtered/Dry Stack Tailings

5A Location 5- Conventional Slurry Tailings

5B Location 5 - Thickened Tailings

5C Location 5 - Filtered/Dry Stack Tailings

6A Location 6 - Conventional Slurry Tailings

6B Location 6 - Thickened Tailings

6C Location 6 - Filtered/Dry Stack Tailings

7A Location 7 - Conventional Slurry Tailings

7B Location 7 - Thickened Tailings

7C Location 7 - Filtered/Dry Stack Tailings
Notes:  
1.  Options that do not pass pre-screening are not advanced though the Alternatives Assessment. 

Candidate Alternative Idnetifier1

Should the Alternative be Excluded from Further Consideration
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TABLE 4.3

TREASURY METALS 
GOLIATH PROJECT 

TAILINGS STORAGE FACILITY 
ALTERNATIVES ASSESSMENT 

STEP 3 - ALTERNATIVE CHARACTERIZATION 

Environmental Account

Sub-Account Description Rationale Indicator Parameter Unit 1A 1B 1C 1D 2A 2B 6A 6C

Distance from the Mine

Distance to monitoring, pipeline distance and/or haul 
distance (for filtered/dry stack tailings only) results in more 
construction and higher consumables (fuel) and emissions 
(noise, exhaust, dust)

Direct Distance from 
Plant Site to Structure m Shortest distance to the 

plant site at ~400 m 
Shortest distance to the 
plant site at ~400 m 

Shortest distance to the 
plant site at ~400 m 

Shortest distance to the 
plant site at ~400 m 

Longest distance to the plant 
site at ~2,200 m 

Longest distance to the plant 
site at ~2,200 m 

Medium distance to plant 
site at ~1,400 m

Medium distance to plant 
site at ~1,400 m

Pipeline/Access Road Requirements
Additional requirements for pipeline or access road 
requirements beyond that existing that will be required for 
Option

Length of Additional 
Infrastructure 

Required
m

Minimal access road 
required as existing roads 
can be primarily used for 
access and pipeline 
alignments. 

Minimal access road 
required as existing roads 
can be primarily used for 
access and pipeline 
alignments. 

Existing road infrastructure 
can be used to haul tailings 
waste. Increased road 
maintenance requirements. 

Minimal access road 
required as existing roads 
can be primarily used for 
access and pipeline 
alignments.   Future planned 
road infrastructure can be 
used alignments to pump 
tailings to the mine workings. 

Required development of 
access roads and pipeline 
alignments that will disturb 
existing land and vegetation.  
Will also require crossing 
several existing streams. 

Required development of 
access roads and pipeline 
alignments that will disturb 
existing land and vegetation.  
Will also require crossing 
several existing streams. 

More access roads and 
pipeline alignments required 
to be constructed than 
Location 1.  Existing Tree 
Nursery Road can be used 
for part of the alignment. 

Can use Tree Nursery Road 
for hauling, however will 
generate increased truck 
traffic on road used for mine 
access.  Increased in dust 
generation around the mine 
area. 

Storage Facility and Associated 
Infrastructure Footprint

A larger footprint resulting in a greater disturbance to 
vegetation and species

Estimate of Storage 
Facility(s) Area

ha Footprint Area ~ 88 ha Footprint Area ~ 88 ha
Footprint Area 100  ha that 
includes tailings storage and 
water collection pond. 

Footprint Area ~ 88 ha Footprint Area ~ 246 ha Footprint Area ~ 246 ha Footprint Area ~ 54 ha
Footprint Area ~60 ha that 
includes tailings storage and 
water collection pond. 

Number of Main Watersheds Affected Various locations may impact one or more watersheds
Number of Main 

Watersheds directly 
impacted

No 1 1 1 1 1 1 1 1

Potential Impact to surface water 
availability

Various locations may have an impact to surface water 
availability

Qualitative Estimate of 
Potential Surface 

Water Impact
Rank

Closest proximity to Thunder 
Lake, medium proximity to 
Wabigoon Lake. 

Closest proximity to Thunder 
Lake, medium proximity to 
Wabigoon Lake. 

Closest proximity to Thunder 
Lake, medium proximity to 
Wabigoon Lake. 

Closest proximity to Thunder 
Lake, medium proximity to 
Wabigoon Lake. 

Farthest from Wabigoon 
Lake and Thunder Lake  

Farthest from Wabigoon 
Lake and Thunder Lake  

Closest proximity to 
Wabigoon Lake 

Closest proximity to 
Wabigoon Lake 

Potential Impacts to Water Quality 
(ARD, Metal Leaching, etc)

Locations as well as construction materials may have 
impacts on water quality

Likelihood of Mining 
Impacts and mitigative 

measures required
Rank

Anticipated to be contained 
by natural clay basin and 
clay lined dam with internal 
drain system with secondary 
downstream seepage 
collection and pump back 
system. 

Anticipated to be contained 
by natural clay basin and 
clay lined dam with internal 
drain system with secondary 
downstream seepage 
collection and pump back 
system. 

Tailings waste stockpiled on 
surface.  Runoff collected by 
perimeter collection ditches 
and routed to separate 
facility for containment and 
reclaim. 

Anticipated to be contained 
by natural clay basin and 
clay lined dam with internal 
drain system with secondary 
downstream seepage 
collection and pump back 
system. 

Anticipated to be contained 
by engineered liner in basin 
and upstream slopes of 
embankment with internal 
drain system and secondary 
downstream seepage 
collection and pump back 
system. 

Anticipated to be contained 
by engineered liner in basin 
and upstream slopes of 
embankment with internal 
drain system and secondary 
downstream seepage 
collection and pump back 
system. 

Anticipated to be contained 
by natural clay basin and 
clay lined dam with internal 
drain system with secondary 
downstream seepage 
collection and pump back 
system. 

Tailings waste stockpiled on 
surface.  Runoff collected by 
perimeter collection ditches 
and routed to separate 
facility for containment and 
reclaim. 

Permanent Streams Impacted Locations may impact one or more permanent streams No. of Streams 
Directly Impacted 

No 1 - Blackwater Creek may be 
permanently affected.

1 - Blackwater Creek may be 
permanently affected.

1 - Blackwater Creek may be 
permanently affected.

1 - Blackwater Creek may be 
permanently affected.

2 - Hughes Creek and 
Blackwater Creek may be 
permanently affected.

2 - Hughes Creek and 
Blackwater Creek may be 
permanently affected.

1 - Blackwater Creek may be 
permanently affected.

1 - Blackwater Creek may be 
permanently affected.

Indirect impacts (downstream flow 
reductions) Locations may have indirect impacts to downstream flows

No of Streams 
Potentially Indirectly 

Impacted 
No

3 - Blackwater Creek, 
Hoffstroms Bay Creek may 
be permanently affect due to 
hydrological changes 
associated with dam and 
infrastructure development. 
Spring freshet level may be 
directly changed and total 
discharge volume for each 
creek may be adversely 
affected (Blackwater due to 
loss of tributary, and 
Hoffstroms Bay due to 
topographical change due to 
construction and flow 
variation).

3 - Blackwater Creek, 
Hoffstroms Bay Creek may 
be permanently affect due to 
hydrological changes 
associated with dam and 
infrastructure development. 
Spring freshet level may be 
directly changed and total 
discharge volume for each 
creek may be adversely 
affected (Blackwater due to 
loss of tributary, and 
Hoffstroms Bay due to 
topographical change due to 
construction and flow 
variation).

3 - Blackwater Creek, 
Hoffstroms Bay Creek may 
be permanently affect due to 
hydrological changes 
associated with dam and 
infrastructure development. 
Spring freshet level may be 
directly changed and total 
discharge volume for each 
creek may be adversely 
affected (Blackwater due to 
loss of tributary, and 
Hoffstroms Bay due to 
topographical change due to 
construction and flow 
variation).

3 - Blackwater Creek, 
Hoffstroms Bay Creek may 
be permanently affect due to 
hydrological changes 
associated with dam and 
infrastructure development. 
Spring freshet level may be 
directly changed and total 
discharge volume for each 
creek may be adversely 
affected (Blackwater due to 
loss of tributary, and 
Hoffstroms Bay due to 
topographical change due to 
construction and flow 
variation).

6 - Hughes Creek and 
Blackwater Creek may be 
permanently affected due to 
hydrological changes 
associated with damn and 
infrastructure development. 
Spring freshet levels may be 
directly changed and total 
discharge volume may be 
adversely affected 
(Blackwater Creek as the 
headwaters are in the TSF 
location and Hughes Creek 
due to tributary loss).

6 - Hughes Creek and 
Blackwater Creek may be 
permanently affected due to 
hydrological changes 
associated with damn and 
infrastructure development. 
Spring freshet levels may be 
directly changed and total 
discharge volume may be 
adversely affected 
(Blackwater Creek as the 
headwaters are in the TSF 
location and Hughes Creek 
due to tributary loss).

3 - Blackwater Creek may be 
permanently affected due to 
hydrological changes 
associated with dam and 
infrastructure development. 
Spring freshet level may be 
directly changed and total 
discharge volume for 
Blackwater Creek may be 
adversely affected 
(Blackwater due to loss of 
tributary).

3 - Blackwater Creek may be 
permanently affected due to 
hydrological changes 
associated with dam and 
infrastructure development. 
Spring freshet level may be 
directly changed and total 
discharge volume for 
Blackwater Creek may be 
adversely affected 
(Blackwater due to loss of 
tributary).

Direct impact to open water Various locations may impact open water No  of Water Bodies 
Directly Impacted

No

1 - Only impact associated 
with open water created by 
way of beaver dams on 
Blackwater Creek. 
Hydrological change to 
Blackwater Creek may 
cause flow concerns and 
abandonment of open water 
areas by local beaver 
population.

1 - Only impact associated 
with open water created by 
way of beaver dams on 
Blackwater Creek. 
Hydrological change to 
Blackwater Creek may 
cause flow concerns and 
abandonment of open water 
areas by local beaver 
population.

1 - Only impact associated 
with open water created by 
way of beaver dams on 
Blackwater Creek. 
Hydrological change to 
Blackwater Creek may 
cause flow concerns and 
abandonment of open water 
areas by local beaver 
population.

1 - Only impact associated 
with open water created by 
way of beaver dams on 
Blackwater Creek. 
Hydrological change to 
Blackwater Creek may 
cause flow concerns and 
abandonment of open water 
areas by local beaver 
population.

2 - Impact associated with 
open water created by 
beaver damns on Blackwater 
Creek and beaver damns 
within the Hughes Creek 
marshland, and Anderson 
road culvert dam. Loss of 
flow may lower water levels 
and in turn affect the local 
population at either of these 
locations.

2 - Impact associated with 
open water created by 
beaver damns on Blackwater 
Creek and beaver damns 
within the Hughes Creek 
marshland, and Anderson 
road culvert dam. Loss of 
flow may lower water levels 
and in turn affect the local 
population at either of these 
locations.

1 - Only impact associated 
with open water created by 
way of beaver dams on 
Blackwater Creek. 
Hydrological change to 
Blackwater Creek may 
cause flow concerns and 
abandonment of open water 
areas by local beaver 
population.

1 - Only impact associated 
with open water created by 
way of beaver dams on 
Blackwater Creek. 
Hydrological change to 
Blackwater Creek may 
cause flow concerns and 
abandonment of open water 
areas by local beaver 
population.

Number of fish bearing lakes 
impacted Various locations may impact fish bearing lakes No of Fish Bearing 

Lakes Directly Affected 
No

1 - Probable impact 
associated with Wabigoon 
Lake. Closest proximity to 
Thunder Lake, medium 
proximity to Wabigoon Lake. 

1 - Probable impact 
associated with Wabigoon 
Lake. Closest proximity to 
Thunder Lake, medium 
proximity to Wabigoon Lake. 

1 - Probable impact 
associated with Wabigoon 
Lake. Closest proximity to 
Thunder Lake, medium 
proximity to Wabigoon Lake. 

1 - Probable impact 
associated with Wabigoon 
Lake. Closest proximity to 
Thunder Lake, medium 
proximity to Wabigoon Lake. 

1 - Discharge would flow by 
way of Hughes or 
Blackwater Creek to 
Wabigoon Lake. Farthest 
from Wabigoon Lake and 
Thunder Lake  

1 - Discharge would flow by 
way of Hughes or 
Blackwater Creek to 
Wabigoon Lake. Farthest 
from Wabigoon Lake and 
Thunder Lake  

1 - Probable impact 
associated with Wabigoon 
Lake. Close proximity to 
Wabigoon Lake 

1 - Probable impact 
associated with Wabigoon 
Lake. Close proximity to 
Wabigoon Lake 

Area of feeding or shelter loss due to 
TSF or associated structures.

Various locations may impact habitat of animals (moose, 
deer, bear etc)

No of Terrestrial Areas 
Directly Impacted 

No. 

1 - Impact area would be 
associated with footprint 
area associated with 
construction of TSF and 
associated infrastructure. 

1 - Impact area would be 
associated with footprint 
area associated with 
construction of TSF and 
associated infrastructure. 

1 - Impact area would be 
associated with footprint 
area associated with 
construction of TSF and 
associated infrastructure. 

1 - Impact area would be 
associated with footprint 
area associated with 
construction of TSF and 
associated infrastructure. 

1 - Impact area would be 
associated with footprint 
area associated with 
construction of TSF and 
associated infrastructure. 

1 - Impact area would be 
associated with footprint 
area associated with 
construction of TSF and 
associated infrastructure. 

1 - Impact area would be 
associated with footprint 
area associated with 
construction of TSF and 
associated infrastructure. 

1 - Impact area would be 
associated with footprint 
area associated with 
construction of TSF and 
associated infrastructure. 

Existing vegetation, ecosystems will 
be lost

Various locations may impact wetlands, rare ecosystems, 
grasslands, forests and associated species.

Loss of Flora and 
Fauna

ha

FRI indicates that there are 
6 varieties of forest type 
within the area (Ecosites 
include: Pine / Spruce / 
Feathermoss: Fresh Silty 
Soil, Spruce / Pine  / 
Feathermoss: Fresh, Fine, 
Loamy-Clayey Soil, 
Hardwood-Fir-Spruce 
Mixedwood: Fresh, Fine, 
Loamy-Clayey Soil, 
Intermediate Swamp: Black 
Spruce (Tamarack), Organic 
Soil, Rich Swamp: Black Ash 
(Hardwoods), Organic 
Mineral Soil, Thicket 
Swamp: Mineral Soil). Birds 
and small mammals will be 
affected by development. 

FRI indicates that there are 
6 varieties of forest type 
within the area (Ecosites 
include: Pine / Spruce / 
Feathermoss: Fresh Silty 
Soil, Spruce / Pine  / 
Feathermoss: Fresh, Fine, 
Loamy-Clayey Soil, 
Hardwood-Fir-Spruce 
Mixedwood: Fresh, Fine, 
Loamy-Clayey Soil, 
Intermediate Swamp: Black 
Spruce (Tamarack), Organic 
Soil, Rich Swamp: Black Ash 
(Hardwoods), Organic 
Mineral Soil, Thicket 
Swamp: Mineral Soil). Birds 
and small mammals will be 
affected by development. 

FRI indicates that there are 
6 varieties of forest type 
within the area (Ecosites 
include: Pine / Spruce / 
Feathermoss: Fresh Silty 
Soil, Spruce / Pine  / 
Feathermoss: Fresh, Fine, 
Loamy-Clayey Soil, 
Hardwood-Fir-Spruce 
Mixedwood: Fresh, Fine, 
Loamy-Clayey Soil, 
Intermediate Swamp: Black 
Spruce (Tamarack), Organic 
Soil, Rich Swamp: Black Ash 
(Hardwoods), Organic 
Mineral Soil, Thicket 
Swamp: Mineral Soil). Birds 
and small mammals will be 
affected by development. 

FRI indicates that there are 
6 varieties of forest type 
within the area (Ecosites 
include: Pine / Spruce / 
Feathermoss: Fresh Silty 
Soil, Spruce / Pine  / 
Feathermoss: Fresh, Fine, 
Loamy-Clayey Soil, 
Hardwood-Fir-Spruce 
Mixedwood: Fresh, Fine, 
Loamy-Clayey Soil, 
Intermediate Swamp: Black 
Spruce (Tamarack), Organic 
Soil, Rich Swamp: Black Ash 
(Hardwoods), Organic 
Mineral Soil, Thicket 
Swamp: Mineral Soil). Birds 
and small mammals will be 
affected by development. 

FRI indicates that there are 
different varieties of forest 
type within the area 
(Ecosites include: (Poor 
Swamp: Black Spruce, 
Organic Soil, Intermediate 
Swamp: Black Spruce 
(Tamarack), Organic Soil, 
Treed Bog: Black Spruce, 
Organic Soil, Treed Fen: 
Tamarack-Black Spruce / 
Sphagnum, Organic Soil, 
Spruce - Pine / 
Feathermoss: Fresh, Sandy-
Coarse Loamy Soil). Birds 
and small mammals will be 
affected by development. 

FRI indicates that there are 
different varieties of forest 
type within the area 
(Ecosites include: (Poor 
Swamp: Black Spruce, 
Organic Soil, Intermediate 
Swamp: Black Spruce 
(Tamarack), Organic Soil, 
Treed Bog: Black Spruce, 
Organic Soil, Treed Fen: 
Tamarack-Black Spruce / 
Sphagnum, Organic Soil, 
Spruce - Pine / 
Feathermoss: Fresh, Sandy-
Coarse Loamy Soil). Birds 
and small mammals will be 
affected by development. 

FRI indicates that there are 
7 varieties of forest type 
within the area (Ecosites 
include: Thicket Swamp: 
Mineral Soil, Shore Fen: 
Organic Soil, Fir - Spruce 
Mixedwood: Fresh, Coarse, 
Loamy Soil, Rock Barren,  
Hardwood-Fir-Spruce 
Mixedwood: Fresh, Fine, 
Loamy-Clayey Soil, Fir - 
Spruce Mixedwood: Moist, 
Silty-Clayey Soil).  Birds and 
small mammals will be 
affected by development. 

FRI indicates that there are 
7 varieties of forest type 
within the area (Ecosites 
include: Thicket Swamp: 
Mineral Soil, Shore Fen: 
Organic Soil, Fir - Spruce 
Mixedwood: Fresh, Coarse, 
Loamy Soil, Rock Barren,  
Hardwood-Fir-Spruce 
Mixedwood: Fresh, Fine, 
Loamy-Clayey Soil, Fir - 
Spruce Mixedwood: Moist, 
Silty-Clayey Soil).  Birds and 
small mammals will be 
affected by development. 

Potential for Dust Emission 
(contributed by trucks)

Longer haul distances will increase potential dust 
contribution. 

Length of Access 
Roads

km

No hauling of tailings 
required for tailings disposal.  
Traffic related to operations, 
maintenance and 
surveillance. 

No hauling of tailings 
required for tailings disposal.  
Traffic related to operations, 
maintenance and 
surveillance. 

Shortest haul distance 
related to tailings placement.  
Daily traffic required for 
tailings placement.  Also 
traffic related to operations, 
maintenance and 
surveillance. 

No hauling of tailings 
required for tailings disposal.  
Traffic related to operations, 
maintenance and 
surveillance. 

No hauling of tailings 
required for tailings disposal.  
Traffic related to operations, 
maintenance and 
surveillance. 

No hauling of tailings 
required for tailings disposal.  
Traffic related to operations, 
maintenance and 
surveillance. 

No hauling of tailings 
required for tailings disposal.  
Traffic related to operations, 
maintenance and 
surveillance. 

Longest haul distance 
related to tailings placement.  
Daily traffic required for 
tailings placement.  Also 
traffic related to operations, 
maintenance and 
surveillance. 

Potential for Dust Emission 
(Contributed by tailings) Potential for Deposited Tailings to produce Dust 

Type of tailings 
technology used and 

potential dust 
generation

Rank 

Lowest potential for dusting 
based on water storage 
within facility maintaining 
tailings beach in wet 
conditions. 

Increased potential from 
conventional tailings based 
on potential less water being 
stored in facility. 

Highest potential for dusting. 

Lowest potential for dusting 
based on water storage 
within facility maintaining 
tailings beach in wet 
conditions. 

Lowest potential for dusting 
based on water storage 
within facility maintaining 
tailings beach in wet 
conditions. 

Increased potential from 
conventional tailings based 
on potential less water being 
stored in facility. 

Lowest potential for dusting 
based on water storage 
within facility maintaining 
tailings beach in wet 
conditions. 

Highest potential for dusting. 

Potential for Greenhouse Gas 
Emission (number of truck hours)

Increased truck traffic will increase potential for Greenhouse 
Gas Emissions. 

Qualitative Rank of 
Potential Greenhouse 

Gas Emissions 
Rank

Lowest potential, no hauling 
of tailings required for 
tailings disposal.  Traffic 
related to operations, 
maintenance and 
surveillance. 

Lowest potential, no hauling 
of tailings required for 
tailings disposal.  Traffic 
related to operations, 
maintenance and 
surveillance. 

Highest potential based on 
truck hauling used for 
tailings deposition. 

Lowest potential, no hauling 
of tailings required for 
tailings disposal.  Traffic 
related to operations, 
maintenance and 
surveillance. 

Lowest potential, no hauling 
of tailings required for 
tailings disposal.  Traffic 
related to operations, 
maintenance and 
surveillance. 

Lowest potential, no hauling 
of tailings required for 
tailings disposal.  Traffic 
related to operations, 
maintenance and 
surveillance. 

Lowest potential, no hauling 
of tailings required for 
tailings disposal.  Traffic 
related to operations, 
maintenance and 
surveillance. 

Highest potential based on 
truck hauling used for 
tailings deposition. 

Noise Increased truck traffic will increase noise pollution 

Qualitative rank - 
estimate of noise 

generation from truck 
traffic based on tailings 

disposal technology 

Rank Low noise generation Low noise generation High noise generation from 
truck traffic Low noise generation Low noise generation Low noise generation Low noise generation High noise generation from 

truck traffic

Technical Account

Sub-Account Description Rationale Indicator Parameter Unit 1A 1B 1C 1D 2A 2B 6A 6C

Foundation Conditions Conditions of the foundation may be undesirable and may 
require additional stability measures 

Qualitative Rank of 
Foundation Conditions Rank

Natural ground in the area 
generally consisting of clay 
materials.  Potential 
containment in basin area. 

Natural ground in the area 
generally consisting of clay 
materials.  Potential 
containment in basin area. 

Natural ground in the area 
generally consisting of clay 
materials.  Potential 
containment in basin area. 

Natural ground in the area 
generally consisting of clay 
materials.  Potential 
containment in basin area. 

Natural ground in the area 
generally consisting of sands 
and gravels.  Not suitable for 
basin containment. 

Natural ground in the area 
generally consisting of sands 
and gravels.  Not suitable for 
basin containment. 

Potentially consisting of clay 
to bedrock knobs.  

Potentially consisting of clay 
to bedrock knobs.  

Distance from Plant

Longer distance results in more access roads (or haul roads 
for dry stack) and pipeline construction, more pumping 
energy and potential booster stations (for conventional slurry 
or paste)

Distance From Plant 
Site to Far End of 

Facility for pipeline or 
haul road. 

m Closest proximity to plant 
site. 

Closest proximity to plant 
site. 

Closest proximity to plant 
site. 

Closest proximity to plant 
site. 

farthest proximity to plant 
site 

farthest proximity to plant 
site 

Medium proximity to plant 
site 

Medium proximity to plant 
site. 

Topographic Complexity
More complex topography may constrain approaches to type 
of seepage ditch construction (based on expected flow 
velocity)

Qualitative Rank of 
Topographic 
Complexity 

Rank
Local topography can be 
used to reduce embankment 
heights.  

Favourable topography for 
paste tailings.  Local 
topography can be used to 
minimize dam 
embankments. 

Local topography favourable 
for tailings placement. 

Local topography can be 
used to reduce embankment 
heights.  Directing tailings 
underground in future years 
operations will also reduce 
required embankment 
heights. Minimal topographic 
change from the plant site. 

local topography can be 
used to establish 
embankment layouts.  
Topography can be used for 
seepage collection.  

Local topography can be 
used to establish 
embankment layouts.  
Largest topographic 
difference to the plant site at 
~50 m elevation difference. 

Undulating topography 
present, can be used to 
establish perimeter 
embankments.  Potential 
bedrock can hinder 
establishing perimeter 
ditches.  

Undulating topography will 
require operational planning 
for tailings placement. 

Topography Elevation difference between processing plant and tailings 
storage facility affects pumping requirements

Elevation Difference 
From Plant Site at final 

Embankment 
Arrangement. For 
tailings pumping. 

m Medium topographic change 
from the plant site

Medium topographic change 
from the plant site No tailings pumping Medium topographic change 

from the plant site
 Largest topographic 
difference to the plant site

 Largest topographic 
difference to the plant site

Location is at equal or lower 
elevation difference from the 
plant site.  Some topographic 
undulation between plant 
site and location. 

No tailings pumping

Dam Complexity
More complex dam design will result in more difficult  
construction requirements and associated monitoring 
conditions

Qualitative Rank of 
Dam Complexity 

Rank

Zoned earthfill with low 
permeable clay layer or liner 
material.  Foundation 
favourable for foundation key-
in.   Dam can be raised 
during operations. 

Zoned earthfill with low 
permeable clay layer or liner 
material.  Foundation 
favourable for foundation key-
in.   Dam can be raised 
during operations. Lower 
embankment heights 
resulting from higher in situ 
density conditions. 

Containment dam for water 
collection and reclaim, 
separate facility from dry 
stack pile. 

Zoned earthfill with low 
permeable clay layer or liner 
material.  Foundation 
favourable for foundation key-
in.   Dam can be raised 
during operations.   
Anticipated lower dam 
heights with portion of 
tailings waste directed to the 
mine workings for storage. 

Zoned earthfill with low 
permeable clay layer or liner 
material.  Foundation 
anticipated to consist of sand 
or gravel that will require 
basin lining.  Dam can be 
raised during operations. 

Zoned earthfill with low 
permeable clay layer or liner 
material.  Foundation 
anticipated to consist of sand 
or gravel that will require 
basin lining.  Dam can be 
raised during operations. 
Lower embankment heights 
resulting from higher in situ 
density conditions. 

Zoned earthfill with low 
permeable clay layer or liner 
material.  Foundation may 
consist of rock that will be 
more complex for 
embankment key-in or liner 
anchorage.  Foundation 
consisting of rock will 
provide good embankment 
stability.  Dam can be raised 
during operations. 

Containment dam for water 
collection and reclaim, 
separate facility from dry 
stack pile. 

Dam Hazard Classification Based on classification systems, various designs can be 
assessed a hazard classification

CDA Dam 
Classification Estimate

Classification

HPC will be dependant on 
Environmental 
considerations and proximity 
to the plant site. 

HPC will be dependant on 
Environmental 
considerations and proximity 
to the plant site. 

HPC based on WCP 

HPC will be dependant on 
Environmental 
considerations and proximity 
to the plant site. 

HPC will be dependant on 
Environmental 
considerations. 

HPC will be dependant on 
Environmental 
considerations. 

Anticipated to require a 
higher HPC due to proximity 
to Hwy 17 and Wabigoon 
Lake. 

HPC based on WCP 

Construction Material Availability Areas closer to confirmed borrow pit sources and amount of 
material required to construct dams

Qualitative Rank of 
Construction Material 

Availability 
Rank

Close to local clay borrow 
source and mine waste rock 
that will be provided from the 
open pit mining area.  
Adjacent to established 
roads for materials hauled 
from external sources. 

Close to local clay borrow 
source and mine waste rock 
that will be provided from the 
open pit mining area.  
Adjacent to established 
roads for materials hauled 
from external sources.  

Close to local clay borrow 
source and mine waste rock 
that will be provided from the 
open pit mining area.  
Adjacent to established 
roads for materials hauled 
from external sources.  

Close to local clay borrow 
source and mine waste rock 
that will be provided from the 
open pit mining area.  
Adjacent to established 
roads for materials hauled 
from external sources.  

Farther distance that 
Location 1 and 6 for local 
borrow sources, mine waste 
rock and external supplied 
materials.  Will also require 
establishing construction 
roads for access. 

Farther distance that 
Location 1 and 6 for local 
borrow sources, mine waste 
rock and external supplied 
materials.  Will also require 
establishing construction 
roads for access. 

Closest proximity for local 
borrow material, mine waste 
rock and also external 
supplied materials than 
Location 1 and 2. 

Closest proximity for local 
borrow material, mine waste 
rock and also external 
supplied materials than 
Location 1 and 2. 

Slope Stability Taller slopes required to achieve the required volume while 
minimizing footprint increases risk of instability

Preliminary Estimate 
of Total Embankment 

Height
m 24 22 18 (estimate of final height 

of tailings pile) 22 30 29 34 27 (estimate of final height 
of tailings pile) 

Slope Stability Steeper slopes required to achieve the required volume while 
minimizing footprint increases risk of instability

Estimate of Slope 
Angle during 
operations 

H:V 1.5H:1V 1.5H:1V 2.1H:1V 1.5H:1V 1.5H:1V 1.5H:1V 1.5H:1V 2.1H:1V

Number of Watersheds
Larger footprints may impact more than one watershed and 
require additional drainage measures for settling ponds or 
water collection ditching.

No. of Primary 
Watersheds 

No. See Environmental Account Above. 

Land Use

Aquatic Habitat

Air Quality

Alternatives Location and Deposition Technology Identifier 

Water Impacts 

Terrestrial Habitat

Design
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TAILINGS STORAGE FACILITY 
ALTERNATIVES ASSESSMENT 

STEP 3 - ALTERNATIVE CHARACTERIZATION 

Distance between storage facility and 
Mill Site

Longer access road requirements, longer transport distance 
for tailings materials required increased surveillance and 
potential for spills outside of containment areas. 

Distance from Plant 
Site to Far End of 

Facility 
m 2,200 2,200 2,200 2,200 5,200 5,200 2,400 2,400

Operational Risks and Other 
Uncertainties

Various depositional technologies and locations may have 
additional operational risks

Qualitative Rank of 
operations assessment 
based on tailings and 
water management . 

Rank

Tailings solids and water 
management contained 
within perimeter 
embankments.  Water 
reclaim from the facility. 

Tailings and water storage 
within single containment 
facility, potential 
requirements for further 
containment for water 
management.    Capacity 
dependant on achieving 
consistent beach slopes and 
in situ densities in summer 
and winter conditions. 

Tailings solids not contained 
within perimeter 
embankments.  Potential 
dusting issue in summer.  
Potential to trap ice lenses in 
lifts. Will require snow 
removal during winter 
operations.  Requires 
collection and containment 
of surface water runoff.  

Tailings solids and water 
management contained 
within perimeter 
embankments.  Water 
reclaim from the facility. 
Portion of tailings requires 
thickening and direction to 
the underground that 
reduces volume of tailings 
operations within the facility. 

Tailings solids and water 
management contained 
within perimeter 
embankments.  Water 
reclaim from the facility. 

Tailings and water storage 
within single containment 
facility, potential 
requirements for further 
containment for water 
management.    Capacity 
dependant on achieving 
consistent beach slopes and 
in situ densities in summer 
and winter conditions. 

Tailings solids and water 
management contained 
within perimeter 
embankments.  Water 
reclaim from the facility. 

Tailings solids not contained 
within perimeter 
embankments.  Potential 
dusting issue in summer.  
Potential to trap ice lenses in 
lifts. Will require snow 
removal during winter 
operations.  Requires 
collection and containment 
of surface water runoff.  

Water Treatment Requirements The depositional technologies have various water treatment 
requirements

Estimate of Water 
Treatment Volume m3

Highest anticipated volume 
of water released to 
supernatant pond.  Facility 
required to provide storage 
of surplus water for direction 
to treatment.   

Medium volume of water 
released to supernatant 
pond.  May require inclusion 
of secondary water 
management facility during 
the operations.  

Tailings dewatered at the 
plant site prior to being 
stored at the facility.  Water 
treatment from runoff 
collection from stored 
tailings and other water 
collection at the site. 

Highest volume of water 
released to supernatant 
pond.  Facility required to 
provide storage of surplus 
water for direction to 
treatment.   

Highest volume of water 
released to supernatant 
pond.  Facility required to 
provide storage of surplus 
water for direction to 
treatment.   

Medium volume of water 
released to supernatant 
pond.  May require inclusion 
of secondary water 
management facility 

Highest volume of water 
released to supernatant 
pond.  Facility required to 
provide storage of surplus 
water for direction to 
treatment.   

Tailings dewatered at the 
plant site prior to being 
stored at the facility.  Water 
treatment from runoff 
collection from stored 
tailings and other water 
collection at the site. 

Remediation Requirements Complexity of Remediation requirements for Closure
Quantitative Rank of 

Remediation 
Requirements 

Rank

Highest complexity, requiring 
facility closure (stabilize 
slopes) and surface water 
management design. 

Medium to High complexity, 
requiring closure of facility. 

Lowest complexity, requiring 
closure and capping of 
facility and providing stable 
final surfaces. 

Highest complexity, requiring 
facility closure and water 
management design. 

Highest complexity, requiring 
facility closure and water 
management design. 

Medium to High complexity, 
requiring closure of facility. 

Highest complexity, requiring 
facility closure and water 
management design. 

Lowest complexity, requiring 
closure and capping of 
facility and providing stable 
final surfaces. 

Post Closure Water Treatment 
Requirements

Post Closure water treatment requirements may be more 
involved for various options.

Quantities Rank of 
Potential Post Closure 

Water Treatment 
Requirements 

Rank
Potential short-term water 
treatment until facility is 
closed.  

Potential short-term water 
treatment until facility is 
closed.  

Potential long-term water 
treatment requirements - to 
be determined with 
monitoring of seepage and 
runoff after closure activities 
are completed. 

Potential short-term water 
treatment until facility is 
closed.  

Potential short-term water 
treatment until facility is 
closed.  

Potential short-term water 
treatment until facility is 
closed.  

Potential short-term water 
treatment until facility is 
closed.  

Potential long-term water 
treatment requirements - to 
be determined with 
monitoring of seepage and 
runoff after closure activities 
are completed. 

Post Closure Landform Stability Various landform designs may be more stable than others

Qualitative Rank - 
Estimate of Post 

Closure Landform 
Stability 

Rank

Closure requires long-term 
stability of embankments, 
potential grading of slopes, 
medium embankment height 

Closure requires long-term 
stability of embankments, 
potential grading of slopes, 
medium embankment height 

Closure requires long-term 
stability of tailings pile slopes, 
may require regrading at 
closure for placement of cover 
material, lower final height. 

Closure requires long-term 
stability of embankments, 
potential grading of slopes, 
medium embankment height 

Closure requires long-term 
stability of embankments, 
potential grading of slopes, 
higher final embankment 
height 

Closure requires long-term 
stability of embankments, 
potential grading of slopes, 
higher final embankment 
height 

Closure requires long-term 
stability of embankments, 
potential grading of slopes, 
higher final embankment 
height 

Closure requires long-term 
stability of tailings pile slopes, 
may require regrading at 
closure for placement of cover 
material, lower to medium 
final height. 

Post Closure Chemical Stability Various closure plans may allow for more chemical stability

Qualitative Rank - 
Estimate of Post 

Closure Chemical 
Stability 

Rank

Closure anticipated to consist 
of capping final tailings surface 
with low permeable liner or 
clay material and inclusion of a 
shedding cover with 
revegetation to prevent water 
infiltration into deposited 
tailings. 

Closure anticipated to consist 
of capping final tailings surface 
with low permeable liner or 
clay material and inclusion of a 
shedding cover with 
revegetation to prevent water 
infiltration into deposited 
tailings. 

Closure anticipated to consist 
of capping final tailings surface 
with low permeable clay 
material and revegetation. 

Closure anticipated to consist 
of capping final tailings surface 
with low permeable liner or 
clay material and inclusion of a 
shedding cover with 
revegetation to prevent water 
infiltration into deposited 
tailings. 

Closure anticipated to consist 
of capping final tailings surface 
with low permeable liner or 
clay material and inclusion of a 
shedding cover with 
revegetation to prevent water 
infiltration into deposited 
tailings. 

Closure anticipated to consist 
of capping final tailings surface 
with low permeable liner or 
clay material and inclusion of a 
shedding cover with 
revegetation to prevent water 
infiltration into deposited 
tailings. 

Closure anticipated to consist 
of capping final tailings surface 
with low permeable liner or 
clay material and inclusion of a 
shedding cover with 
revegetation to prevent water 
infiltration into deposited 
tailings. 

Closure anticipated to consist 
of capping final tailings surface 
with low permeable clay 
material and revegetation. 

Tailings Storage Expansion Capacity
Some geographical locations and designs may allow for additional 
expansion requirements more easily than others

Qualitative Rank of 
Potential Expansion 

Rank
Area is favourable to expansion 
for additional tailings storage 
through embankment raising. 

Area is favourable to expansion 
for additional tailings storage 
through embankment raising. 

Area is favourable to expansion 
for additional tailings storage 
with increases to footprint 
area or increased pile heights. 

Area is favourable to expansion 
for additional tailings storage 
through embankment raising. 

Area is favourable to expansion 
for additional tailings storage 
through embankment raising. 

Area is favourable to expansion 
for additional tailings storage 
through embankment raising. 

Area is less favourable to 
expansion due to local 
topography and adjacent 
property boundaries. 

Area is less favourable to 
expansion due to local 
topography and adjacent 
property boundaries. 

Storage Efficiency Designs may be more efficient than others at storing tailings

Storage Capacity 
Volume per 

Construction Material 
Volume

m3/m3 5 5.3 >7 5.2 4.6 4.1 2.4 >7

Sensitivity to Climate Variability
Some locations and other influences can produce options that 
are more sensitive to climate variability

Qualitative Rank of 
climate sensitivity 

Rank

moderate sensitivity to climate 
variability, requires reclaim 
from pond during winter with 
ice buildup in pond. 

moderate to high sensitivity, 
requires reclaim from pond 
during winter with ice buildup 
in pond. 

low to moderate sensitivity, 
requires reclaim from pond 
during winter with ice buildup 
in pond. 

moderate sensitivity to climate 
variability, requires reclaim 
from pond during winter with 
ice buildup in pond. 

moderate sensitivity to climate 
variability, requires reclaim 
from pond during winter with 
ice buildup in pond. 

moderate to high sensitivity, 
requires reclaim from pond 
during winter with ice buildup 
in pond. 

moderate sensitivity to climate 
variability, requires reclaim 
from pond during winter with 
ice buildup in pond. 

low to moderate sensitivity, 
requires reclaim from pond 
during winter with ice buildup 
in pond. 

Surface Water Control Measures
Various options may require more complex surface water control 
measures

Qualitative Rank of 
Surface Water Control 

Rank

Low complexity, consisting of 
containment within facility and 
reclaim from the facility.  To be 
completed with surface water 
operational plan.  

Moderate complexity.  Bleed 
water anticipated, 
management within Cell 2 
during initial phase of 
operations.  Additional water 
management facility required 
in second phase of operations 
and required to store water 
from mine dewatering. 

Moderate to High complexity.  
Surface water management 
required consisting of runoff 
from tailings pile and 
surrounding catchment runoff 
management.   Separate 
facility required to store water 
from mine dewatering. 

Low complexity, consisting of 
containment within facility and 
reclaim from the facility.  To be 
completed with surface water 
operational plan.  Less process 
water with portion of the 
tailings being directed to the 
underground. 

Low complexity, consisting of 
containment within facility and 
reclaim from the facility.  To be 
completed with surface water 
operational plan.  

Moderate complexity.  Bleed 
water anticipated, water 
management will include 
separate facility to manage 
surface water and mine 
dewatering. 

Low complexity, consisting of 
containment within facility and 
reclaim from the facility.  To be 
completed with surface water 
operational plan.  

Moderate to High complexity.  
Surface water management 
required consisting of runoff 
from tailings pile and 
surrounding catchment runoff 
management.   Separate 
facility required to store water 
from mine dewatering. 

Seepage Control Measures Ability to restrict the migration of mine water Qualitative Rank of 
Seepage Control 

Rank

Seepage control with low 
permeable clay or liner 
materials.  Collection of 
seepage with downstream 
ditching and pump back 
system. 

Seepage control with low 
permeable clay or liner 
materials.  Collection of 
seepage with downstream 
ditching and pump back 
system. 

Seepage control with 
foundation liners (natural or 
product) and perimeter 
containment ditching. 

Seepage control with low 
permeable clay or liner 
materials.  Collection of 
seepage with downstream 
ditching and pump back 
system. 

Seepage control with low 
permeable clay or liner 
materials.  Collection of 
seepage with downstream 
ditching and pump back 
system. 

Seepage control with low 
permeable clay or liner 
materials.  Collection of 
seepage with downstream 
ditching and pump back 
system. 

Seepage control with low 
permeable clay or liner 
materials.  Collection of 
seepage with downstream 
ditching and pump back 
system. 

Seepage control with 
foundation liners (natural or 
product) and perimeter 
containment ditching. 

Economic Account

Sub-Account Description Rationale Indicator Parameter Unit 1A 1B 1C 1D 2A 2B 6A 6C

Capital Larger Capital Costs will result in a decreased project return. Factored Cost Ranking Rank 34.5 28.8 9.9 29.1 119.3 113.4 54.1 6.3

Operational Larger Operational costs will result in a decreased project 
return Factored Cost Ranking Rank 2.9 10.9 31.3 10.9 3.7 11.7 3.1 31.3

Fish Habitat Compensation Increased fish habitat impacts increases compensation costs 
(including bonding, capital and monitoring) Factored Cost Ranking Rank Not Assessed - Each Alternative Assigned a Neutral Rating 

Closure and Reclamation Costs
More complex dam design will result in more difficult  
construction requirements and associated monitoring 
conditions

Factored Cost Ranking Rank 18.4 18.4 10.8 18.4 51.5 51.5 11.5 7.4

Socio-Economic Account

Sub-Account Description Rationale Indicator Parameter Unit 1A 1B 1C 1D 2A 2B 6A 6C

Archaeology Archaeological Potential
Tailings Storage Facility that impacts archaeological 
resources will potentially require additional investigation, 
permitting and may attract adverse public concern

Area of direct impact 
and archaeological 

potential
ha/potential No archeological potential. No archeological potential. No archeological potential. No archeological potential. No archeological potential. No archeological potential. No archeological potential. No archeological potential.

Risk to Human Health
Tailings facilities that can generate tailings dust or potential 
discharge of untreated water can cause adverse affects to 
human health. 

Qualitative Rank of 
Human Health Risk 

Rank Medium to High risk based 
on water management

Medium to High risk based on 
water management 

High risk based on potential 
surface dusting

Medium to High risk based on 
water management 

Medium risk based on lower 
embankments and water 
management. 

Medium risk based on lower 
embankments and water 
management. 

High Risk based on high dams 
and water management

High risk based on potential 
surface dusting

Risk to Public Safety

Facilities with significant embankment heights can be less 
stable.  Facilities without perimeter containment can be 
higher risk.  Facilities dependant on water management can 
be higher risk if unwanted water is released from the facility. 

Qualitative Rank of 
Public Safety Risk 

Rank
Medium risk based on dam 
heights and water 
management 

Medium risk based on dam 
heights and water 
management 

Low to Medium risk based on 
reduced water management 
and tailings storage 
arrangement

Medium risk based on dam 
heights and water 
management 

Low risk based on location and 
water management

Low risk based on location and 
water management

Medium risk based on dam 
heights and water 
management 

Low to Medium risk based on 
reduced water management 
and tailings storage 
arrangement

Risk to Worker Safety
Facilities that are upstream of other operating facilities or 
require increased manpower for operations can be higher 
risk to worker safety. 

Qualitative Rank of 
Worker Safety Risk 

Rank 
Medium to High risk based 
on location and required 
operations. 

Medium to High risk based 
on location and required 
operations. 

High risk based on required 
daily operations. 

Medium to High risk based 
on location and required 
operations. 

Medium risk based on location 
and required operations. 

Medium risk based on location 
and required operations. 

High risk based on location and 
operations

High risk based on location and 
operations

Economic Benefits to Regional 
Communities

Facilities requiring start-up and future construction activities 
as well as on-going operations can beneficial  to the regional 
community. 

Qualitative Rank of 
Economic Benefits to 

Community 
Rank

Medium Impact with initial 
construction costs, on-going 
construction costs, low 
operation costs. 

Medium Impact with initial 
construction costs, on-going 
construction costs, low 
operation costs. 

Low - Medium based on low 
initial construction costs and 
higher operational costs.  

Medium Impact with initial 
construction costs, on-going 
construction costs, low 
operation costs. 

Medium - High Impact with 
initial construction costs, on-
going construction costs, low 
operation costs. 

Medium - High Impact with 
initial construction costs, on-
going construction costs, low 
operation costs. 

Medium Impact with initial 
construction costs, on-going 
construction costs, low 
operation costs. 

Low - Medium based on low 
initial construction costs and 
higher operational costs.  

Regional Job Creation and Diversity Potential job creation for start-up construction, potential 
future construction or on-going operations. 

Qualitative Rank of 
Job Creation - 

Employment Numbers
Rank 

Medium  indirect 
employment with initial 
construction costs, future 
construction costs and with 
low impact as TSF becomes 
operational to closure.

Medium  indirect 
employment with initial 
construction costs, future 
construction costs and with 
low impact as TSF becomes 
operational to closure.

Low - Medium - Low initial 
costs to construct with higher 
employment as operational 
staff is greater in nature then 
traditional tailings facility.

Medium  indirect 
employment with initial 
construction costs, future 
construction costs and with 
low impact as TSF becomes 
operational to closure.

Medium - High  indirect 
employment with initial 
construction costs, future 
construction costs and with 
low impact as TSF becomes 
operational to closure.

Medium - High  indirect 
employment with initial 
construction costs, future 
construction costs and with 
low impact as TSF becomes 
operational to closure.

Medium - High indirect 
employment with initial 
construction costs, with low 
impact as TSF becomes 
operational to closure.

Low - Medium - Low initial 
costs to construct with higher 
employment as operational 
staff is greater in nature then 
traditional tailings facility.

Indirect Employment Direct relation of Regional Job Creation. 
Qualitative Rank of 
Potential Indirect 

Employment
Rank 

Low to Medium indirect 
employment with initial 
construction costs, with low 
impact as TSF becomes 
operational to closure.

Low to Medium indirect 
employment with initial 
construction costs, with low 
impact as TSF becomes 
operational to closure.

Low - initial costs to construct 
with medium indirect 
employment as operational 
staff is greater in nature then 
traditional tailings facility.

Low to Medium indirect 
employment with initial 
construction costs, with low 
impact as TSF becomes 
operational to closure.

Low to Medium indirect 
employment with initial 
construction costs, with low 
impact as TSF becomes 
operational to closure.

Low to Medium indirect 
employment with initial 
construction costs, with low 
impact as TSF becomes 
operational to closure.

Low to Medium indirect 
employment with initial 
construction costs, with low 
impact as TSF becomes 
operational to closure.

Low - initial costs to construct 
with medium indirect 
employment as operational 
staff is greater in nature then 
traditional tailings facility.

Aboriginal Rights Potential impacts to identified areas of Aboriginal Rights Qualitative Rank of 
Local Aboriginal Rights 

Rank Medium Medium Medium Medium Low Low Low Low

Extent of Traditional Land Use Potential impacts to Traditional Land Use by Person Qualitative Rank of 
Traditional Land Use

Rank Medium Medium Medium Medium Low Low Low Low

Extent of Traditional Land Use Potential impacts to Traditional Land Use by Activity Qualitative Rank of 
Traditional Land Use

Rank

3 - Traditional uses of the area 
include that of berry picking, 
hunting, trapping, and 
mushroom picking.

3 - Traditional uses of the area 
include that of berry picking, 
hunting, trapping, and 
mushroom picking.

3 - Traditional uses of the area 
include that of berry picking, 
hunting, trapping, and 
mushroom picking.

3 - Traditional uses of the area 
include that of berry picking, 
hunting, trapping, and 
mushroom picking.

2 - Traditional uses of the area 
due to access issues are 
assumed to be hunting and 
trapping needs. 

2 - Traditional uses of the area 
due to access issues are 
assumed to be hunting and 
trapping needs. 

1 - Due to access concerns and 
the presence of private and 
Company own land this area 
has been only used for 
hunting.

1 - Due to access concerns and 
the presence of private and 
Company own land this area 
has been only used for 
hunting.

Visual Impact Potential impact of facility above potential sight lines
Extent of structure 

above topography and 
sight lines 

m 

Low - Medium - TSF and 
Embankment system is in close 
proximity to the road network 
and the open pit. However due 
to tree height and associated 
topography dam will be visible 
in a limited fashion.

Low - Medium - TSF and 
Embankment system is in close 
proximity to the road network 
and the open pit. However due 
to tree height and associated 
topography dam will be visible 
in a limited fashion.

Low - Due to tree height and 
associated topography, dam 
and infrastructure will be 
visible in a limited fashion.

Low - Medium - TSF and 
Embankment system is in close 
proximity to the road network 
and the open pit. However due 
to tree height and associated 
topography dam will be visible 
in a limited fashion.

Low - TSF area is located at the 
furthest location from local 
community and road network.

Low - TSF area is located at the 
furthest location from local 
community and road network.

Low - Medium - TSF and 
Embankment system is in close 
proximity to the road network 
and the open pit. In initial 
stages of development dam 
may be visible from Thunder 
Lake as WRSA may not provide 
a visual buffer.

Low - Due to tree height and 
associated topography, dam 
and infrastructure will be 
visible in a limited fashion.

Impact to Navigable Waters Facility impact to established waterways used for travel Area of Direct Impact ha
0 - No impact to navigable 
waters throughout course of 
project.

0 - No impact to navigable 
waters throughout course of 
project.

0 - No impact to navigable 
waters throughout course of 
project.

0 - No impact to navigable 
waters throughout course of 
project.

0 - No impact to navigable 
waters throughout course of 
project.

0 - No impact to navigable 
waters throughout course of 
project.

0 - No impact to navigable 
waters throughout course of 
project.

0 - No impact to navigable 
waters throughout course of 
project.

Extent of Recreational Land Use Facility negatively impacting Recreational Land Use. Qualitative Rank of 
Recreational Use 

Rank

Low - Medium, concern for 
recreational activity as 
traditional use for area 
include berry picking, 
hunting, trapping, and 
mushroom picking. However 
area is under private 
property therefore activities 
have been limited .

Low - Medium, concern for 
recreational activity as 
traditional use for area 
include berry picking, 
hunting, trapping, and 
mushroom picking. However 
area is under private 
property therefore activities 
have been limited .

Low - Medium, concern for 
recreational activity as 
traditional use for area 
include berry picking, 
hunting, trapping, and 
mushroom picking. However 
area is under private 
property therefore activities 
have been limited .

Low - Medium, concern for 
recreational activity as 
traditional use for area 
include berry picking, 
hunting, trapping, and 
mushroom picking. However 
area is under private 
property therefore activities 
have been limited .

Low, limited recreational 
activities due to access 
issues. Limited to hunting 
and trapping.

Low, limited recreational 
activities due to access 
issues. Limited to hunting 
and trapping.

Low, limited recreational 
activities due to access and 
private

Low, limited recreational 
activities due to access and 
private

Extent of Commercial Land Use Facility negatively impacting Commercial Land Use. Qualitative Rank of 
Commercial Use 

Rank 0 - No impact to commercial 
land use.

0 - No impact to commercial 
land use.

0 - No impact to commercial 
land use.

0 - No impact to commercial 
land use.

0 - No impact to commercial 
land use.

0 - No impact to commercial 
land use.

0 - No impact to commercial 
land use.

0 - No impact to commercial 
land use.

Alternative 
Identification 

1A
1B

1C

1D

2A

2B 

6A

6C

Notes: 
1.  Indicators that can not be quantified have been assigned a rank to enable comparison for assessment. 

Life of Mine Costs 

Operations

Closure

First Nation Impacts

Recreational and 
Commercial Land Use

Capacity

Water Management

Health and Safety

Socio-Economic 
Indicators

Location 1- Conventional Slurry Tailings

Location 6 - Conventional Slurry Tailings

Location 2- Thickened Tailings

Description

Location 6 - Filtered/Dry Stack Tailings

Location 2- Conventional Slurry Tailings

Location 1 - Conventional with Future Co-Disposal 

Location 1 - Filtered/Dry Stack Tailings

Location 1 - Thickened Tailings
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TABLE 4.4

TREASURY METALS 
GOLIATH PROJECT 

TAILINGS STORAGE FACILITY 
ALTERNATIVES ASSESSMENT 

STEP 4 - MULTIPLE ACCOUNTS LEDGER FOR CANDIDATE ALTERNATIVES 

Environmental Account

Sub-Account Description Indicator 
Indicator 

Parameter 
1A 1B 1C 1D 2A 2B 6A 6C

Distance from the Mine Direct Distance from Plant 
Site to Structure m 400 400 400 400 2,200 2,200 1,400 1,400

Pipeline/Access Road Requirements Length of Additional 
Infrastructure Required m 700 700 700 700 2,400 2,400 1,500 1,500

Storage Facility and Associated 
Infrastructure Footprint

Estimate of Storage 
Facility(s) Area

ha 88 88 100 88 246 246 54 61

Number of Main Watersheds directly 
impacted

Number of Watersheds 
directly impacted

No 1 1 1 1 1 1 1 1

Impact to surface water availability Qualitative Estimate of 
Potential Surface Water 

Rank Medium - High Medium - High Medium - High Medium - High High High Medium Medium

Potential Impacts to Water Quality 
(ARD, Metal Leaching, etc)

Likelihood of Mining 
Impacts and mitigative 

measures required
Rank Low - Medium Medium High Low - Medium Low - Medium Medium Low - Medium High 

Permanent Streams Impacted No. of Streams Directly 
Impacted 

No 1 1 1 1 2 2 1 1

Indirect impacts (downstream flow 
reductions)

No of Streams Potentially 
Indirectly Impacted 

No 3 3 3 3 6 6 3 3

Direct impact to open water No  of Water Bodies 
Directly Impacted

No 1 1 1 1 1 1 1 1

Fish Bearing Lakes No of Fish Bearing Lakes 
Directly Affected 

No 1 1 1 1 1 1 1 1

Area of feeding or shelter loss due to 
TSF or associated structures.

No of Terrestrial Areas 
Directly Impacted 

No 1 1 1 1 1 1 1 1

Existing vegetation, ecosystems will be 
lose

Potential Loss to flura and 
Fana with construction 

and operations
ha 88 88 100 88 246 246 54 61

Potential for Dust Emission 
(contributed by trucks) Length of Access Roads km 0 0 700 0 0 0 0 1,500

Potential for Dust Emission 
(Contributed by tailings)

Type of tailings 
technology used and 

potential dust generation
Rank Low Low to Medium Medium to High Low Low Low to Medium Low Medium to High 

Potential for Greenhouse Gas 
Emission (number of truck hours)

Qualitative Rank of 
Potential Greenhouse 

Gas Emissions 
Rank Low Low High Low Low Low Low High 

Noise

Qualitative rank - estimate 
of noise generation from 

truck traffic based on 
tailings disposal 

technology 

dB Low Low High Low Low Low Low High 

Technical Account

Sub-Account Description Indicator 
Indicator 

Parameter 
1A 1B 1C 1D 2A 2B 6A 6C

Foundation Conditions Qualitative Rank of 
Foundation Conditions Rank

Anticipated to consist 
of clay over bedrock to 
sands and gravels. 

Anticipated to consist 
of clay over bedrock to 
sands and gravels. 

Anticipated to consist 
of clay over bedrock to 
sands and gravels. 

Anticipated to consist 
of clay over bedrock to 
sands and gravels. 

Anticipated to consist 
of sands and gravels

Anticipated to consist 
of sands and gravels

Anticipated to consist 
of clay to bedrock knob 
to swamp and organic 
material. 

Anticipated to consist 
of clay to bedrock knob 
to swamp and organic 
material. 

Distance From Plant Site 
Distance From Plant Site 
to Far End of Facility for 
pipeline or haul road. 

m 2,200 2,200 2,200 2,200 5,200 5,200 2,400 2,400

Topographic Complexity Qualitative Rank of 
Topographic Complexity 

Rank

Topography provides 
good use of undulating 
elevations for 
embankment 
construction and future 
raising.  Suitable for 
tailings and water 
management

Topography provides 
good use of undulating 
elevations for 
embankment 
construction and future 
raising.  Suitable for 
tailings and water 
management

Topography is suitable 
for storage of tailings 
solids.  Area can also 
be used for water 
management. 

Topography provides 
good use of undulating 
elevations for 
embankment 
construction and future 
raising.  Suitable for 
tailings and water 
management

Topography provides 
good use of undulating 
elevations for 
embankment 
construction and future 
raising.  Suitable for 
tailings and water 
management

Topography provides 
good use of undulating 
elevations for 
embankment 
construction and future 
raising.  Suitable for 
tailings and water 
management

Topography could 
provide some 
challenges to 
embankment 
construction and 
raising due to potential 
bedrock outcropping.  
Some potential 
challenges to tailings 
management in initial 
years of operations.

Potential challenges to 
construction and 
tailings management 
due to undulating 
topography.  Potential 
challenges to 
collection of surface 
water runoff. 

Topography

Elevation Difference From 
Plant Site at final 
Embankment 
Arrangement. For tailings 
pumping. 

m 27 25 No Pumping 25 35 34 24 No Pumping 

Dam Complexity Qualitative Rank of Dam 
Complexity 

Rank Zoned Earthfill with 
foundation key-in 

Zoned Earthfill with 
foundation key-in 

Berm and Ditch 
Containment 

Zoned Earthfill with 
foundation key-in 

Zoned Earthfill, 
foundation key-in with 
liner product 

Zoned Earthfill, 
foundation key-in with 
liner product 

Zoned earthfill, 
potential bedrock key-
in. 

Zoned earthfill, 
potential bedrock key-
in. 

Dam Hazard Classification CDA Dam Classification, 
MNR Dam Classification

CDA Dam 
Classification 
Estimate

High High High High High High Very High Very High 

Construction Material Availability
Qualitative Rank of 
Construction Material 
Availability 

Qualitative 
Rank of 
Construction 
Material 
Availability 

Medium distance to 
potential clay borrow 
source at Open Pit 
Mine and material 
hauled in from off-site. 

Medium distance to 
potential clay borrow 
source at Open Pit 
Mine and material 
hauled in from off-site. 

Medium distance to 
potential clay borrow 
source at Open Pit 
Mine and material 
hauled in from off-site. 

Medium distance to 
potential clay borrow 
source at Open Pit 
Mine and material 
hauled in from off-site. 

Farthest distance from 
potential clay source at 
Open Pit Mine and 
material hauled in from 
off-site. 

Farthest distance from 
potential clay source at 
Open Pit Mine and 
material hauled in from 
off-site. 

Closest distance to 
potential clay borrow 
source at Open Pit 
Mine and material 
hauled in from off-site. 

Closest distance to 
potential clay borrow 
source at Open Pit 
Mine and material 
hauled in from off-site. 

Slope Stability Preliminary Estimate of 
Total Embankment Height

m 24 22 18 22 30 29 34 27

Slope Stability Estimate of Slope Angle 
during operations 

H:V 1.5H:1V 1.5H:1V 2.1H:1V 1.5H:1V 1.5H:1V 1.5H:1V 1.5H:1V 2.1H:1V

Number of Watersheds No. of Primary 
Watersheds 

No 1 1 1 1 1 1 1 1

Operation Distance Distance From Plant Site 
to Far End of Facility 

m 2,200 2,200 2,200 2,200 5,200 5,200 2,400 2,400

Operational Risks and Other 
Uncertainties

Qualitative Rank of 
operations assessment 
based on tailings and 
water management . 

Rank

Requires tailings 
deposition planning 
and operational 
management with 
consideration of 
seasonal influences for 
water management.  
Water management 
requires several 
reclaim lines and 
monitoring. 

Requires tailings 
deposition planning 
and operational 
management.  
Potential seasonal 
influence on tailings 
deposition.  Water 
management may 
require two  facilities 
and several reclaim 
lines and monitoring. 

Requires truck 
placement of tailings.  
Seasonal influences 
will require snow 
clearing of tailings 
area and potential ice 
lensing in placed 
tailings.  Water 
management in 
separate facility with 
reclaim line.  

Requires tailings 
deposition planning 
and operational 
management with 
consideration of 
seasonal influences for 
water management.  
Water management 
requires several 
reclaim lines and 
monitoring. 

Requires tailings 
deposition planning 
and operational 
management with 
consideration of 
seasonal influences for 
water management.  
Water management 
requires several 
reclaim lines and 
monitoring. 

Requires tailings 
deposition planning 
and operational 
management.  
Potential seasonal 
influence on tailings 
deposition.  Water 
management may 
potential require two 
facilities and several 
reclaim lines and 
monitoring. 

Requires tailings 
deposition planning 
and operational 
management with 
consideration of 
seasonal influences for 
water management.  
Water management 
requires several 
reclaim lines and 
monitoring. 

Requires truck 
placement of tailings.  
Seasonal influences 
will require snow 
clearing of tailings 
area and potential ice 
lensing in placed 
tailings.  Water 
management in 
separate facility with 
reclaim line.  

Water Treatment Requirements Estimate of Water 
Treatment Volume m3/yr 340,000 250,000 720000 340,000 702,000 620,000 260,000 690,000

Remediation Requirements
Quantitative Rank of 
Remediation 
Requirements 

Rank
Closure of 
embankment slopes 
and containment area. 

Closure of 
embankment slopes 
and containment area.   
Potential reclamation 
of water collection 
pond if used. 

Closure of slopes and 
final surfaces.  
Potential for 
progressive 
reclamation.  
Reclamation of water 
management facility. 

Closure of 
embankment slopes 
and containment area. 

Closure of 
embankment slopes 
and containment area. 

Closure of 
embankment slopes 
and containment area.   
Potential reclamation 
of water management 
facility, if used.  

Closure of 
embankment slopes 
and containment area. 

Closure of slopes and 
final surfaces.  
Potential for 
progressive 
reclamation.  
Reclamation of water 
management facility. 

Post Closure Water Treatment 
Requirements

Quantities Rank of 
Potential Post Closure 
Water Treatment 
Requirements 

Rank

Potential short-term 
water treatment 
requirements until 
closure activities 
completed. 

Potential short-term 
water treatment 
requirements until 
closure activities 
completed. 

Potential short to long-
term water treatment 
requirements after 
closure. 

Potential short-term 
water treatment 
requirements until 
closure activities 
completed. 

Potential short-term 
water treatment 
requirements until 
closure activities 
completed. 

Potential short-term 
water treatment 
requirements until 
closure activities 
completed. 

Potential short-term 
water treatment 
requirements until 
closure activities 
completed. 

Potential short to long-
term water treatment 
requirements after 
closure. 

Post Closure Landform Stability
Qualitative Rank - 
Estimate of Post Closure 
Landform Stability 

Rank
Medium to High - 
Single dam structure 
stabilized at closure

Medium - Potential two 
dam structures 
stabilized at closure

Low to Medium - 
Stockpile of tailings 
covered at closure, 
slopes regraded, 
includes closure of 
dam structure for 
water management.

Medium to High - 
Single dam structure 
stabilized at closure, 
lower dam heights 
than 1A

Medium to High - 
Single dam structure 
stabilized at closure

Medium - Potential two 
dam structures 
stabilized at closure

Medium to High - 
Single dam structure 
stabilized at closure

Low to Medium - 
Stockpile of tailings 
covered at closure, 
slopes regraded, 
includes closure of 
dam structure for 
water management.

Post Closure Chemical Stability
Qualitative Rank - 
Estimate of Post Closure 
Chemical Stability 

Rank

Medium to High - 
Facility uses low-
permeable 
embankment and 
basin, capped with 
engineered liner and 
shedding cover. 

Medium to High - 
Facility uses low-
permeable 
embankment and 
basin, capped with 
engineered liner and 
shedding cover. 

Low to Medium - 
Facility uses 
foundation seepage 
collection and final 
surface covered with 
shedding cover. 

Medium to High - 
Facility uses low-
permeable 
embankment and 
basin, capped with 
engineered liner and 
shedding cover. 

High - Facility uses 
engineered liner for 
embankments and 
basin, capped with 
engineered liner and 
shedding cover. 

High - Facility uses 
engineered liner for 
embankments and 
basin, capped with 
engineered liner and 
shedding cover. 

Medium to High - 
Facility uses low-
permeable 
embankment and 
basin, capped with 
engineered liner and 
shedding cover. 

Low to Medium - 
Facility uses 
foundation seepage 
collection and final 
surface covered with 
shedding cover. 

Operations

Closure

Indicator Quantity 

Indicator Quantity 

Design

Land Use

Aquatic Habitat

Air Quality

Water Impacts 

Terrestrial Habitat
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TABLE 4.4

TREASURY METALS 
GOLIATH PROJECT 

TAILINGS STORAGE FACILITY 
ALTERNATIVES ASSESSMENT 

STEP 4 - MULTIPLE ACCOUNTS LEDGER FOR CANDIDATE ALTERNATIVES 

I di t  Q tit  

Tailings Storage Expansion Capacity Qualitative Rank of 
Potential Expansion 

Rank

High - Area and 
Topography 
favourable for tailings 
expansion

High - Area and 
Topography 
favourable for tailings 
expansion

High - Area and 
Topography 
favourable for tailings 
expansion

High - Area and 
Topography 
favourable for tailings 
expansion

High - Area and 
Topography 
favourable for tailings 
expansion

High - Area and 
Topography 
favourable for tailings 
expansion

Low - Area 
unfavorable to 
expansion due to 
adjacent land, 
topography and 
adjacent infrastructure. 

Low - Area 
unfavorable to 
expansion due to 
adjacent land, 
topography and 
adjacent infrastructure. 

Storage Efficiency
Storage Capacity Volume 
per Construction Material 
Volume

m3/m3 5.0 5.3 >7 5.2 4.6 4.1 2.4 >7

Sensitivity to Climate Variability Qualitative Rank of 
climate sensitivity 

Rank Medium moderate to high 
sensitivity 

moderate to high 
sensitivity 

lowest sensitivity to 
climate variability 

lowest sensitivity to 
climate variability 

moderate to high 
sensitivity 

lowest sensitivity to 
climate variability 

moderate to high 
sensitivity 

Surface Water Control Measures Qualitative Rank of 
Surface Water Control 

Rank

Medium - Fully 
contained within a 
single impoundment 
with water transfer to 
plant site for reclaim 
and treatment. 

Low to Medium - 
Collection in single 
facility, potential 
requirement for 
secondary facility with 
water transfer to plant 
site for reclaim and 
treatment. 

Medium to High - 
Surface runoff 
collected in single 
facility, water 
management within 
single faculty with 
transfer to plant site for 
reclaim and treatment. 

Medium - Fully 
contained within a 
single impoundment 
with water transfer to 
plant site for reclaim 
and treatment. 

Medium - Fully 
contained within a 
single impoundment 
with water transfer to 
plant site for reclaim 
and treatment. 

Low to Medium - 
Collection in single 
facility, Potential use of 
secondary facility with 
water transfer to plant 
site for reclaim and 
treatment. 

Medium - Fully 
contained within a 
single impoundment 
with water transfer to 
plant site for reclaim 
and treatment. 

Medium to High - 
Surface runoff 
collected in single 
facility, water 
management within 
single faculty with 
transfer to plant site for 
reclaim and treatment. 

Seepage Control Measures Qualitative Rank of 
Seepage Control 

Rank

High - Seepage 
collection by perimeter 
ditch and berm with 
pump back system. 

Medium to High - 
Seepage collection by 
perimeter ditch and 
berm with pump back 
system from two 
potential containment 
areas. 

Low to Medium - 
Seepage collection 
from foundation, 
collection by ditch and 
berm with transfer to 
secondary containment 
facility.  Secondary 
containment facility to 
have berm and ditch 
with pump back 
system. 

High - Seepage 
collection by perimeter 
ditch and berm with 
pump back system. 

High - Seepage 
collection by perimeter 
ditch and berm with 
pump back system. 

Medium to High - 
Seepage collection by 
perimeter ditch and 
berm with pump back 
system from two 
potential containment 
areas. 

High - Seepage 
collection by perimeter 
ditch and berm with 
pump back system. 

Low to Medium - 
Seepage collection 
from foundation, 
collection by ditch and 
berm with transfer to 
secondary containment 
facility.  Secondary 
containment facility to 
have berm and ditch 
with pump back 
system. 

Economic Account

Sub-Account Description Indicator 
Indicator 

Parameter 
1A 1B 1C 1D 2A 2B 6A 6C

Capital Factored Cost Ranking Rank 5.5 4.6 1.6 4.6 18.9 18 8.6 1.0
Operational Factored Cost Ranking Rank 1.0 3.8 10.8 3.8 1.3 3.9 1.1 10.8

Fish Habitat Compensation Factored Cost Ranking Rank Not Assessed - Each Alternative Assigned a Neutral Rating 
Closure and Reclamation Costs Factored Cost Ranking Rank 2.5 2.5 1.5 2.5 7.0 7.0 1.6 1.0

Socio-Economic Account

Sub-Account Description Indicator 
Indicator 

Parameter 
1A 1B 1C 1D 2A 2B 6A 6C

Archaeology Archaeological Potential Area of direct impact and 
archaeological potential ha/potential 0, Low 0, Low 0, Low 0, Low 0, Low 0, Low 0, Low 0, Low

Risk to Human Health Qualitative Rank of 
Human Health Risk 

Rank Medium - High Medium - High High Medium - High Medium Medium High High

Risk to Public Safety Qualitative Rank of Public 
Safety Risk 

Rank Medium Medium Low - Medium Medium Low Low Medium Low to Medium

Risk to Worker Safety Qualitative Rank of 
Worker Safety Risk 

Rank Medium - High Medium - High High Medium - High High High High High

Economic Benefits to Regional 
Communities

Qualitative Rank of 
Economic Benefits to 

Community 
Rank Medium Medium Low Medium Medium - High Medium - High Low - Medium Low

Regional Job Creation and Diversity
Qualitative Rank of Job 
Creation - Employment 

Numbers
Rank Medium Medium Low Medium Medium - High Medium - High Medium Low

Indirect Employment
Qualitative Rank of 
Potential Indirect 

Employment
Rank Low - Medium Low - Medium Low Low-Medium Low - Medium Low - Medium Low - Medium Low

Aboriginal Rights Qualitative Rank of Local 
Aboriginal Rights 

Rank Medium Medium Medium Medium Low Low Low Low

Extent of Traditional Land Use (# of 
individual users)

Qualitative Rank of 
Traditional Land Use

Rank Medium Medium Medium Medium Low Low Low Low

Extent of Traditional Land Use (# of 
Activities)

Qualitative Rank of 
Traditional Land Use

Rank 3 3 3 3 2 2 1 1

Visual Impact Extent of structure above 
topography and sight lines 

m 24 22 18 22 30 29 34 27

Impact to Navigable Waters Area of Direct Impact ha 0 0 0 0 0 0 0 0

Extent of Recreational Land Use Qualitative Rank of 
Recreational Use 

Rank 88, Medium 100, Medium Medium 88, Medium 246, Low Low 54, Low 47, Low

Extent of Commercial Land Use Qualitative Rank of 
Commercial Use 

Rank 0 0 0 0 0 0 0 0

Alternative 
Identification 

1A
1B
1C
1D
2A
2B 
6A
6C

Notes: 
1.  Inputs for Indicators based on available information and work completed to date. 

Socio-Economic 
Indicators

First Nation Impacts

Recreational and 
Commercial Land Use

Capacity

Water Management

Life of Mine Costs 

Indicator Quantity 

Indicator Quantity 

Health and Safety

Location 2- Conventional Slurry Tailings
Location 2- Thickened Tailings
Location 6 - Conventional Slurry Tailings
Location 6 - Filtered/Dry Stack Tailings

Description

Location 1- Conventional Slurry Tailings
Location 1 - Thickened Tailings
Location 1 - Filtered/Dry Stack Tailings
Location 1 - Conventional with Future Co-Disposal 
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TABLE 4.5

TREASURY METALS 
GOLIATH PROJECT 

TAILINGS STORAGE FACILITY 
ALTERNATIVES ASSESSMENT 

STEP 5 - VALUE-BASED DECISION PROCESS 
QUANTITATIVE SCORING FOR CANDIDATE ALTERNATIVES INDICATORS 

Environmental Account 

1 (Worst) 2 3 4 5 6 (Best) 

Direct Distance from Plant Site to 
Structure

>2,000 2,000 - 1,600 1,600 - 1,200 1,200 - 900 900 - 500 >500

Length of Additional Infrastructure 
Required

>2,000 2,000 - 1,600 1,600 - 1,200 1,200 - 900 900 - 500 >500

Estimate of Storage Facility(s) Area >100 100 - 90 90 - 80 80 - 70 70 - 60 >60
Number of Main Watersheds directly 
impacted

6 5 4 3 2 1

Qualitative Estimate of Potential Surface 
Water Impact

High High to Medium Medium Medium to Low Low >Low 

Likelihood of Mining Impacts and 
mitigative measures required High Potential High to Medium Potential  Medium Potential Medium to Low Potential Low Potential >Low Potential 

No. of Streams Directly Impacted >4 4 3 2 1 >1
No of Streams Potentially Indirectly 
Impacted 

>4 4 3 2 1 >1

No  of Water Bodies Directly Impacted 5 4 3 2 1 >1
No of Fish Bearing Lakes Directly 
Affected 

5 4 3 2 1 >1

No of Terrestrial Areas Directly Impacted 5 4 3 2 1 >1

Potential Loss to flura and Fana with 
construction and operations

Permanent loss of flora and 
fauna of footprint area >100 
ha

Permanent loss of flora and 
fauna of footprint area of 90 
to 100 ha.

Permanent loss of flora and 
fauna of footprint area of 80 
to 90 ha.

Permanent loss of flora and 
fauna of footprint area of 50 
to 80 ha. 

Short-term loss of flora/fauna 
during construction. No Impact 

Length of Access Roads >2,000 2,000 - 1,600 1,600 - 1,200 1,200 - 900 900 - 500 >500
Type of tailings technology used and 
potential dust generation

High High to Medium Medium Medium to Low Low >Low 

Qualitative Rank of Potential Greenhouse 
Gas Emissions 

High High to Medium Medium Medium to Low Low >Low 

Qualitative rank - estimate of noise 
generation from truck traffic based on 
tailings disposal technology 

High High to Medium Medium Medium to Low Low >Low 

Technical Account

1 (Worst) 2 3 4 5 6 (Best) 

Qualitative Rank of Foundation 
Conditions 

Conditions providing poor 
foundation strength and poor 
containment, consisting 
primarily of swamp or 
organic materials.  

Conditions providing poor 
foundation strength and poor 
containment, having areas of 
potential swamp or organic 
materials.  

Conditions providing fair 
foundation strength and fair 
containment, having areas of 
potential swamp or organic 
material. 

Conditions providing good 
foundation strength and poor 
containment, minimal areas 
of swamp or organic 
material. 

Conditions providing fair 
foundation strength and poor 
containment, minimal areas 
of swamp or organic material 

Conditions providing good 
foundation conditions and 
low permeable material for 
containment, no presence of 
swamp or organic material. 

Distance From Plant Site to Far End of 
Facility for pipeline or haul road. 

>5000 5,000 to 4,000 4,000 - 3,000 3,000 - 2,000 2,000 - 1,000 <1000

Qualitative Rank of Topographic 
Complexity 

Topography provides 
difficulties to dam 
construction, embankment 
raising, tailings and water 
management. 

Topography provides 
difficulties to dam 
construction, embankment 
raising, and tailings 
management but is suitable 
for water management. 

Topography provides 
difficulties to dam 
construction, embankment 
raising,  but is suitable for 
tailings and water 
management. 

Topography is suitable for 
dam construction and 
embankment raising but is 
not suitable for tailings and 
water management. 

Topography is suitable for 
dam construction,  
embankment raising and 
tailings management but is 
not suitable for water 
management. 

Topography is suitable for 
dam construction and 
embankment raising, tailings 
and water management. 

Elevation Difference From Plant Site at 
Final Embankment Elevation, for tailings 
pumping. 

60 - 50 50 - 40 40 - 30 30 - 20 20 - 10 <10

Qualitative Rank of Tailings Dam 
Complexity 

Embankment Constructed on 
sloping ground, difficult 
foundation key-in, significant 
internal drain system with 
engineering products 
required for containment. 

Embankment Constructed on 
sloping ground, favourable 
foundation key-in, significant 
internal drain system and 
engineering products 
required for containment. 

Embankment Constructed 
mostly perpendicular to 
sloping ground, favourable 
foundation key-in, significant 
internal drain system and 
engineering products 
required for containment. 

Embankment Constructed 
primarily perpendicular to 
ground, favourable 
foundation key-in, moderate 
internal drain system and 
engineering products 
required for containment. 

Embankments constructed 
primarily perpendicular to 
sloping ground, favourable 
foundation key-in conditions, 
moderate internal drain 
system and low permeable 
fill material. 

Low height berm and ditch 
system for surface runoff 
containment. 

CDA Dam Classification Estimate Extreme Very High High Significant Low No Rating 

Qualitative Rank of Construction Material 
Availability 

Farthest Distance from 
Sources, Dependant on Mine 
Waste 

Farthest distance, not 
dependant on mine waste

Medium Distance, 
Dependant on Mine Waste 

Medium Distance, not 
dependant on mine waste 

Close to Source, dependant 
on mine waste

Close to Sources, not 
dependant on Mine Waste 

Preliminary Estimate of Total 
Embankment Height

>50 50-40 40-30 30-20 20-10 <10

Estimate of Slope Angle during operations 1.0H:1V 1.5H:1V 2.0H:1V 2.5H1V 3.0H:1V 3.5H:1V

No. of Primary Watersheds 6 5 4 3 2 1
Distance From Plant Site to Far End of 
Facility 

3,000 - 2,500 2,500 - 2,000 2,000 - 1,500 1,500 - 1,000 1,000 - 500 <500

Qualitative Rank of operations 
assessment based on tailings and water 
management . 

Potential difficulty with 
tailings and water 
management.

Potential difficulty with 
tailings management, 
moderate difficulty with water 
management. 

Moderate Difficulty with 
tailings and water 
management. 

Favourable water 
management, moderate 
difficulty with tailings 
management. 

Favourable tailings  
management, moderate 
difficulty with water 
management. 

Favourable tailings and 
water management. 

Estimate of Water Treatment Volume per 
Year

>900,000 900,000 - 700,000 700,000 - 500,000 500,000 - 300,000 300,000 - 100,000 <100,000

Quantitative Rank of Remediation 
Requirements 

Reclamation of more than 
one facility with potential 
long term water management 
requirements. 

Reclamation of more than 
one facility with water 
management requirements. 

Reclamation of more than 
one facility with no water 
management requirements 

Reclamation of single facility 
with potential water 
management requirements. 

Reclamation of single facility 
with no potential water 
management. 

Reclamation of single facility 
with no potential water 
management and potential 
progressive reclamation. 

Quantities Rank of Potential Post Closure 
Water Treatment Requirements Water treatment in perpetuity Long-Term Water treatment 

to Perpetuity 
Long-Term Water 
Treatment. 

Long-Term to Short-Term 
Water Treatment

Short-Term Water 
Treatment. 

No water treatment 
requirements 

Qualitative Rank - Estimate of Post 
Closure Landform Stability 

Low Low to Medium Medium Medium to High High >High 

Qualitative Rank - Estimate of Post 
Closure Chemical Stability 

Low Low to Medium Medium Medium to High High >High 

Qualitative Rank of Potential Expansion Low Low to Medium Medium Medium to High High >High 

Indicator 
Descriptor 

Indicator 
Descriptor 
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TABLE 4.5

TREASURY METALS 
GOLIATH PROJECT 

TAILINGS STORAGE FACILITY 
ALTERNATIVES ASSESSMENT 

STEP 5 - VALUE-BASED DECISION PROCESS 
QUANTITATIVE SCORING FOR CANDIDATE ALTERNATIVES INDICATORS 

Storage Capacity Volume per 
Construction Material Volume

<3 3-4 4-5 5-6 6-7 <7

Qualitative Rank of climate sensitivity <High High High to Medium Medium Medium to Low Low 
Qualitative Rank of Surface Water 
Control 

Low Low to Medium Medium Medium to High High >High 

Qualitative Rank of Seepage Control Low Low to Medium Medium Medium to High High >High 

Economic Account 

1 (Worst) 2 3 4 5 6 (Best) 

Capitol Costs, $M, Life of Mine 
(differentiating)

>9 9-7 7-6 6-5 5-2 <2

Operational Cost Estimate, $M, Life of 
Mine 

>6 6-5 5-4 4-3 3-2 <2

Potential Fish Habitat Compensation, $M, 
Life of Mine

5 4 3 2 1 0

Closure Cost Estimate, $M, Life of Mine 
(differentiating)

>6 6-5 5-3 4-3 3-1 1

Socio-Economic Account

1 (Worst) 2 3 4 5 6 (Best) 

Area of direct impact and archaeological 
potential

High High to Medium Medium Medium to Low Low >Low 

Qualitative Rank of Human Health Risk High High to Medium Medium Medium to Low Low >Low 

Qualitative Rank of Public Safety Risk High High to Medium Medium Medium to Low Low >Low 

Qualitative Rank of Worker Safety Risk High High to Medium Medium Medium to Low Low >Low 

Qualitative Rank of Economic Benefits to 
Community 

Low Low to Medium Medium Medium to High High >High 

Qualitative Rank of Job Creation - 
Employment Numbers

Low Low to Medium Medium Medium to High High >High 

Qualitative Rank of Potential Indirect 
Employment

Low Low to Medium Medium Medium to High High >High 

Qualitative Rank of Local Aboriginal 
Rights 

High High to Medium Medium Medium to Low Low >Low 

Qualitative Rank of Traditional Land Use High High to Medium Medium Medium to Low Low >Low 

Qualitative Rank of Traditional Land Use 5 4 3 2 1 <1

Extent of structure above topography and 
sight lines 

>30 30-25 25-20 20-15 15-10 <10

Area of Direct Impact >50 50-40 40-30 30-20 20-10 <10
Qualitative Rank of Recreational Use High High to Medium Medium Medium to Low Low >Low 
Qualitative Rank of Commercial Use High High to Medium Medium Medium to Low Low >Low 

Notes: 
1.  Scoring based on inputs for assessment Indicators. 

Indicator 
Descriptor 

Indicator 
Descriptor 
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TABLE 4.6

TREASURY METALS 
GOLIATH PROJECT 

TAILINGS STORAGE FACILITY 
ALTERNATIVES ASSESSMENT 

STEP 5 - VALUE-BASED DECISION PROCESS 
QUANTITATIVE WEIGHTING FOR CANDIDATE ALTERNATIVES INDICATORS 

Indicator Value 
Indicator Merit 

Score 
Indicator Value 

Indicator Merit 
Score 

Indicator Value 
Indicator Merit 

Score 
Indicator Value 

Indicator Merit 
Score 

Indicator Value 
Indicator Merit 

Score 
Indicator Value 

Indicator Merit 
Score 

Indicator Value 
Indicator Merit 

Score 
Indicator Value 

Indicator Merit 
Score 

W S (SxW) S (SxW) S (SxW) S (SxW) S (SxW) S (SxW) S (SxW) S (SxW)

Direct Distance from 
Plant Site to Structure

6 6 36 6 36 6 36 6 36 1 6 1 6 3 18 3 18

Length of Additional 
Infrastructure Required

6 5 30 5 30 5 30 5 30 1 6 1 6 3 18 3 18

Estimate of Storage 
Facility(s) Area

6 3 18 3 18 2 12 3 18 1 6 1 6 6 36 5 30

Number of Main 
Watersheds directly 

impacted
6 1 6 1 6 1 6 1 6 1 6 1 6 1 6 1 6

Qualitative Estimate of 
Potential Surface Water 

Impact
6 2 12 2 12 2 12 2 12 1 6 1 6 3 18 3 18

Likelihood of Mining 
Impacts and mitigative 

measures required
6 4 24 3 18 1 6 4 24 4 24 3 18 4 24 1 6

No. of Streams Directly 
Impacted 

6 5 30 5 30 5 30 5 30 4 24 4 24 5 30 5 30

No of Streams Potentially 
Indirectly Impacted 

6 3 18 3 18 3 18 3 18 1 6 1 6 3 18 3 18

No  of Water Bodies 
Directly Impacted

6 5 30 5 30 5 30 5 30 5 30 5 30 5 30 5 30

No of Fish Bearing Lakes 
Directly Affected 

6 5 30 5 30 5 30 5 30 5 30 5 30 5 30 5 30

No of Terrestrial Areas 
Directly Impacted 

6 5 30 5 30 5 30 5 30 5 30 5 30 5 30 5 30

Potential Loss to flura and 
Fana with construction 

and operations
6 3 18 3 18 2 12 3 18 1 6 1 6 4 24 4 24

Length of Access Roads 6 6 36 6 36 5 30 6 36 6 36 6 36 6 36 3 18

Type of tailings 
technology used and 

potential dust generation
6 5 30 4 24 2 12 5 30 5 30 4 24 5 30 2 12

Qualitative Rank of 
Potential Greenhouse 

Gas Emissions 
6 5 30 5 30 1 6 5 30 5 30 5 30 5 30 1 6

Qualitative rank - estimate 
of noise generation from 

truck traffic based on 
tailings disposal 

technology 

6 5 30 5 30 1 6 5 30 5 30 5 30 5 30 1 6

Indicator Value 
Indicator Merit 

Score 
Indicator Value 

Indicator Merit 
Score 

Indicator Value 
Indicator Merit 

Score 
Indicator Value 

Indicator Merit 
Score 

Indicator Value 
Indicator Merit 

Score 
Indicator Value 

Indicator Merit 
Score 

Indicator Value 
Indicator Merit 

Score 
Indicator Value 

Indicator Merit 
Score 

W S (SxW) S (SxW) S (SxW) S (SxW) S (SxW) S (SxW) S (SxW) S (SxW)

Qualitative Rank of 
Foundation Conditions 

3 5 15 5 15 5 15 5 15 4 12 4 12 3 9 3 9

Distance From Plant Site 
to Far End of Facility for 

pipeline or haul road. 
3 4 12 4 12 4 12 4 12 1 3 1 3 4 12 4 12

Qualitative Rank of 
Topographic Complexity 

3 6 18 6 18 6 18 6 18 6 18 6 18 2 6 1 3

Elevation Difference From 
Plant Site at final 

embankment height, for 
tailings pumping 

3 4 12 4 12 6 18 4 12 3 9 3 9 4 12 6 18

Qualitative Rank of Dam 
Complexity 

3 5 15 5 15 6 18 5 15 3 9 4 12 2 6 6 18

CDA Dam Classification 
Estimate

3 3 9 3 9 3 9 3 9 3 9 3 9 2 6 2 6

Qualitative Rank of 
Construction Material 

Availability 
3 5 15 5 15 6 18 5 15 1 3 1 3 3 9 4 12

Preliminary Estimate of 
Total Embankment Height

3 4 12 4 12 5 15 4 12 3 9 4 12 3 9 3 9

Estimate of Slope Angle 
during operations 

3 2 6 2 6 3 9 2 6 2 6 2 6 2 6 3 9

No. of Primary 
Watersheds 

3 1 3 1 3 1 3 1 3 1 3 1 3 1 3 1 3

Distance From Plant Site 
to Far End of Facility 

3 2 6 2 6 2 6 2 6 1 3 1 3 2 6 2 6

Qualitative Rank of 
operations assessment 
based on tailings and 
water management . 

3 5 15 4 12 3 9 5 15 5 15 4 12 3 9 4 12

Estimate of Water 
Treatment Volume

3 4 12 5 15 2 6 4 12 2 6 3 9 5 15 3 9

Quantitative Rank of 
Remediation 
Requirements 

3 4 12 4 12 3 9 4 12 4 12 3 9 4 12 3 9

Quantities Rank of 
Potential Post Closure 
Water Treatment 
Requirements 

3 5 15 5 15 4 12 5 15 5 15 5 15 5 15 4 12

Qualitative Rank - 
Estimate of Post Closure 
Landform Stability 

3 4 12 3 9 2 6 4 12 4 12 3 9 4 12 2 6

Qualitative Rank - 
Estimate of Post Closure 
Chemical Stability 

3 4 12 4 12 2 6 4 12 5 15 5 15 4 12 2 6

Qualitative Rank of 
Potential Expansion 

3 5 15 5 15 5 15 5 15 5 15 5 15 1 3 1 3

Storage Capacity Volume 
per Construction Material 
Volume

3 3 9 4 12 6 18 4 12 3 9 3 9 1 3 6 18

Qualitative Rank of 
climate sensitivity 

3 4 12 3 9 5 15 4 12 4 12 3 9 4 12 5 15

Qualitative Rank of 
Surface Water Control 

3 3 9 2 6 4 12 3 9 3 9 2 6 3 9 4 12

Qualitative Rank of 
Seepage Control 

3 5 15 4 12 2 6 5 15 5 15 4 12 5 15 2 6

Indicator Value 
Indicator Merit 

Score 
Indicator Value 

Indicator Merit 
Score 

Indicator Value 
Indicator Merit 

Score 
Indicator Value 

Indicator Merit 
Score 

Indicator Value 
Indicator Merit 

Score 
Indicator Value 

Indicator Merit 
Score 

Indicator Value 
Indicator Merit 

Score 
Indicator Value 

Indicator Merit 
Score 

W S (SxW) S (SxW) S (SxW) S (SxW) S (SxW) S (SxW) S (SxW) S (SxW)

Factored Cost Ranking 1.5 4 6 5 7.5 6 9 5 7.5 1 1.5 1 1.5 2 3 6 9
Factored Cost Ranking 1.5 6 9 5 7.5 1 1.5 5 7.5 6 9 4 6 6 9 1 1.5
Factored Cost Ranking 1.5 3 4.5 3 4.5 3 4.5 3 4.5 3 4.5 3 4.5 3 4.5 3 4.5
Factored Cost Ranking 1.5 5 7.5 5 7.5 5 7.5 5 7.5 1 1.5 1 1.5 5 7.5 6 9

Alternatives Location and Deposition Technology Identifier 

Alternatives Location and Deposition Technology Identifier 

1A 1B 1C 1D 2A 2B 6A 6C

2B 6A 6C

6A 6C

Alternatives Location and Deposition Technology Identifier 

1A 1B 1C

1A 1B 1C 1D 2A 2B

1D 2A

Environmental Account 

Sub-Account

Land Use

Water Impacts 

Aquatic Habitat

Indicator 

Technical Account 

Design

Operations

Closure

Indicator Weight 

Indicator 
Indicator Weight 

Terrestrial Habitat

Air Quality

Indicator Weight 

Water Management

Sub-Account

Sub-Account

Economic Account 

Life of Mine Costs 

Capacity

Indicator 
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TABLE 4.6

TREASURY METALS 
GOLIATH PROJECT 

TAILINGS STORAGE FACILITY 
ALTERNATIVES ASSESSMENT 

STEP 5 - VALUE-BASED DECISION PROCESS 
QUANTITATIVE WEIGHTING FOR CANDIDATE ALTERNATIVES INDICATORS 

Indicator Value 
Indicator Merit 

Score 
Indicator Value 

Indicator Merit 
Score 

Indicator Value 
Indicator Merit 

Score 
Indicator Value 

Indicator Merit 
Score 

Indicator Value 
Indicator Merit 

Score 
Indicator Value 

Indicator Merit 
Score 

Indicator Value 
Indicator Merit 

Score 
Indicator Value 

Indicator Merit 
Score 

W S (SxW) S (SxW) S (SxW) S (SxW) S (SxW) S (SxW) S (SxW) S (SxW)

Archaeology Area of direct impact and 
archaeological potential

3 5 15 5 15 5 15 5 15 5 15 5 15 5 15 5 15

Qualitative Rank of 
Human Health Risk 

3 2 6 2 6 1 3 2 6 3 9 3 9 1 3 1 3

Qualitative Rank of Public 
Safety Risk 

3 3 9 3 9 4 12 3 9 5 15 5 15 3 9 4 12

Qualitative Rank of 
Worker Safety Risk 

3 2 6 2 6 1 3 2 6 3 9 3 9 1 3 3 9

Qualitative Rank of 
Economic Benefits to 
Community 

3 3 9 3 9 1 3 3 9 4 12 4 12 2 6 1 3

Qualitative Rank of Job 
Creation - Employment 
Numbers

3 3 9 3 9 1 3 3 9 4 12 4 12 3 9 1 3

Qualitative Rank of 
Potential Indirect 
Employment

3 2 6 2 6 1 3 2 6 2 6 2 6 2 6 1 3

Qualitative Rank of Local 
Aboriginal Rights 

3 3 9 3 9 3 9 3 9 5 15 5 15 5 15 5 15

Qualitative Rank of 
Traditional Land Use

3 3 9 3 9 3 9 3 9 5 15 5 15 5 15 5 15

Qualitative Rank of 
Traditional Land Use

3 3 9 3 9 3 9 3 9 4 12 4 12 5 15 5 15

Extent of structure above 
topography and sight lines 

3 3 9 3 9 4 12 3 9 2 6 2 6 1 3 2 6

Area of Direct Impact 3 6 18 6 18 6 18 6 18 6 18 6 18 6 18 6 18
Qualitative Rank of 
Recreational Use 

3 3 9 3 9 3 9 3 9 5 15 5 15 5 15 5 15

Qualitative Rank of 
Commercial Use 

3 6 18 6 18 6 18 6 18 6 18 6 18 6 18 6 18

837 816 709.5 840 718.5 694.5 783 687

3.99 3.89 3.38 4.00 3.42 3.31 3.73 3.27

Alternative 
Identification 

1A
1B
1C
1D
2A
2B 
6A
6C

6A 6C
Indicator 

Indicator Weight 

Alternatives Location and Deposition Technology Identifier 

1A 1B 1C 1D 2A 2B

Socio-Economic Account 

Sub-Account

Health and Safety

Socio-Economic 
Indicators

First Nation Impacts

Location 6 - Filtered/Dry Stack Tailings

Recreational and 
Commercial Land 

Use

Sub-Account Merit Score 

Sub-Account Merit Rating 

Description

Location 1- Conventional Slurry Tailings
Location 1 - Thickened Tailings

Location 1 - Filtered/Dry Stack Tailings
Location 1 - Conventional with Future Co-Disposal 

Location 2- Conventional Slurry Tailings
Location 2- Thickened Tailings

Location 6 - Conventional Slurry Tailings
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TABLE 4.7

TREASURY METALS 
GOLIATH PROJECT 

TAILINGS STORAGE FACILITY 
ALTERNATIVES ASSESSMENT 

STEP 5 - VALUE-BASED DECISION PROCESS 
QUANTITATIVE WEIGHTING AND ANALYSIS FOR CANDIDATE ALTERNATIVES SUB-ACCOUNTS 

Environmental Account 

Sub-Account 
Merit Rating

Sub-Account 
Merit Score 

Sub-Account 
Merit Rating

Sub-Account 
Merit Score 

Sub-Account 
Merit Rating

Sub-Account 
Merit Score 

Sub-Account 
Merit Rating

Sub-Account 
Merit Score 

Sub-Account 
Merit Rating

Sub-Account 
Merit Score 

Sub-Account 
Merit Rating

Sub-Account 
Merit Score 

Sub-Account 
Merit Rating

Sub-Account 
Merit Score 

Sub-Account 
Merit Rating

Sub-Account 
Merit Score 

W S (SxW) S (SxW) S (SxW) S (SxW) S (SxW) S (SxW) S (SxW) S (SxW)
Land Use 6 4.7 28.0 4.7 28.0 4.3 26.0 4.7 28.0 1.0 6.0 1.0 6.0 4.0 24.0 3.7 22.0
Water Impacts 6 2.3 14.0 2.0 12.0 1.3 8.0 2.3 14.0 2.0 12.0 1.7 10.0 2.7 16.0 1.7 10.0
Aquatic Habitat 6 4.5 27.0 4.5 27.0 4.5 27.0 4.5 27.0 3.8 22.5 3.8 22.5 4.5 27.0 4.5 27.0
Terrestrial Habitat 6 4.0 24.0 4.0 24.0 3.5 21.0 4.0 24.0 3.0 18.0 3.0 18.0 4.5 27.0 4.5 27.0
Air Quality 6 5.3 31.5 5.0 30.0 2.3 13.5 5.3 31.5 5.3 31.5 5.0 30.0 5.3 31.5 1.8 10.5
Technical Account 

Sub-Account 
Merit Rating

Sub-Account 
Merit Score 

Sub-Account 
Merit Rating

Sub-Account 
Merit Score 

Sub-Account 
Merit Rating

Sub-Account 
Merit Score 

Sub-Account 
Merit Rating

Sub-Account 
Merit Score 

Sub-Account 
Merit Rating

Sub-Account 
Merit Score 

Sub-Account 
Merit Rating

Sub-Account 
Merit Score 

Sub-Account 
Merit Rating

Sub-Account 
Merit Score 

Sub-Account 
Merit Rating

Sub-Account 
Merit Score 

W S (SxW) S (SxW) S (SxW) S (SxW) S (SxW) S (SxW) S (SxW) S (SxW)

Design 3 3.9 11.7 3.9 11.7 4.5 13.5 3.9 11.7 2.7 8.1 2.9 8.7 2.6 7.8 3.3 9.9
Operations 3 3.7 11.0 3.7 11.0 2.3 7.0 3.7 11.0 2.7 8.0 2.7 8.0 3.3 10.0 3.0 9.0
Closure 3 4.3 12.8 4.0 12.0 2.8 8.3 4.3 12.8 4.5 13.5 4.0 12.0 4.3 12.8 2.8 8.3
Capacity 3 4.0 12.0 4.5 13.5 5.5 16.5 4.5 13.5 4.0 12.0 4.0 12.0 1.0 3.0 3.5 10.5
Water Management 3 4.0 12.0 3.0 9.0 3.7 11.0 4.0 12.0 4.0 12.0 3.0 9.0 4.0 12.0 3.7 11.0
Economic Account 

Sub-Account 
Merit Rating

Sub-Account 
Merit Score 

Sub-Account 
Merit Rating

Sub-Account 
Merit Score 

Sub-Account 
Merit Rating

Sub-Account 
Merit Score 

Sub-Account 
Merit Rating

Sub-Account 
Merit Score 

Sub-Account 
Merit Rating

Sub-Account 
Merit Score 

Sub-Account 
Merit Rating

Sub-Account 
Merit Score 

Sub-Account 
Merit Rating

Sub-Account 
Merit Score 

Sub-Account 
Merit Rating

Sub-Account 
Merit Score 

W S (SxW) S (SxW) S (SxW) S (SxW) S (SxW) S (SxW) S (SxW) S (SxW)
Life of Mine Costs 1.5 4.5 6.8 4.5 6.8 3.8 5.6 4.5 6.8 2.8 4.1 2.3 3.4 4.0 6.0 4.0 6.0
Socio-Economic Account

Sub-Account 
Merit Rating

Sub-Account 
Merit Score 

Sub-Account 
Merit Rating

Sub-Account 
Merit Score 

Sub-Account 
Merit Rating

Sub-Account 
Merit Score 

Sub-Account 
Merit Rating

Sub-Account 
Merit Score 

Sub-Account 
Merit Rating

Sub-Account 
Merit Score 

Sub-Account 
Merit Rating

Sub-Account 
Merit Score 

Sub-Account 
Merit Rating

Sub-Account 
Merit Score 

Sub-Account 
Merit Rating

Sub-Account 
Merit Score 

W S (SxW) S (SxW) S (SxW) S (SxW) S (SxW) S (SxW) S (SxW) S (SxW)

Archaeology 3 5.0 15.0 5.0 15.0 5.0 15.0 5.0 15.0 5.0 15.0 5.0 15.0 5.0 15.0 5.0 15.0
Health and Safety 3 2.3 7.0 2.3 7.0 2.0 6.0 2.3 7.0 3.7 11.0 3.7 11.0 1.7 5.0 2.7 8.0
Socio-Economic Indicators 3 2.7 8.0 2.7 8.0 1.0 3.0 2.7 8.0 3.3 10.0 3.3 10.0 2.3 7.0 1.0 3.0
First Nation Impacts 3 3.0 9.0 3.0 9.0 3.0 9.0 3.0 9.0 4.7 14.0 4.7 14.0 5.0 15.0 5.0 15.0
Recreational and Commercial 
Land Use 3 4.5 13.5 4.5 13.5 4.8 14.3 4.5 13.5 4.8 14.3 4.8 14.3 4.5 13.5 4.8 14.3

243.2 237.5 204.6 244.7 212.0 203.8 232.6 206.4
4.0 3.9 3.3 4.0 3.4 3.3 3.8 3.4

Alternative Identification 
1A
1B
1C
1D
2A
2B 
6A
6C

6A 6C

Sub-Account
Sub-Account 

Weight 

Alternatives Location and Deposition Technology Identifier 
1A 1B 1C 1D 2A 2B

6A 6C

Sub-Account
Sub-Account 

Weight 

Alternatives Location and Deposition Technology Identifier 
1A 1B 1C 1D 2A 2B

Sub-Account
Sub-Account 

Weight 

Alternatives Location and Deposition Technology Identifier 
1A 1B 1C 1D 2A 2B 6A 6C

6C

Account Merit Score

Sub-Account
Sub-Account 

Weight 

Alternatives Location and Deposition Technology Identifier 
1A 1B 1C 1D 2A 2B 6A

Location 2- Thickened Tailings
Location 6 - Conventional Slurry Tailings
Location 6 - Filtered/Dry Stack Tailings

Account Merit Rating

Description

Location 1- Conventional Slurry Tailings
Location 1 - Thickened Tailings
Location 1 - Filtered/Dry Stack Tailings
Location 1 - Conventional with Future Co-Disposal 
Location 2- Conventional Slurry Tailings



1 of 1

 141-12598-00
Rev. 0

July 21, 2014

TABLE 4.8

TREASURY METALS 
GOLIATH PROJECT 

TAILINGS STORAGE FACILITY 
ALTERNATIVES ASSESSMENT 

STEP 5 - VALUE-BASED DECISION PROCESS 
QUANTITATIVE WEIGHTING AND ANALYSIS FOR CANDIDATE ALTERNATIVES ACCOUNTS 

Account Merit 
Rating 

Account Merit 
Score 

Account Merit 
Rating 

Account Merit 
Score 

Account Merit 
Rating 

Account Merit 
Score 

Account Merit 
Rating 

Account Merit 
Score 

Account Merit 
Rating 

Account Merit 
Score 

Account Merit 
Rating 

Account Merit 
Score 

Account Merit 
Rating 

Account Merit 
Score 

Account Merit 
Rating 

Account Merit 
Score 

W S (SxW) S (SxW) S (SxW) S (SxW) S (SxW) S (SxW) S (SxW) S (SxW)

Environment 6 4.2 24.9 4.0 24.2 3.2 19.1 4.2 24.9 3.0 18.0 2.9 17.3 4.2 25.1 3.2 19.3

Technical 3 4.0 11.9 3.8 11.4 3.8 11.3 4.1 12.2 3.6 10.7 3.3 9.9 3.0 9.1 3.2 9.7

Project Economics 1.5 4.5 6.8 4.5 6.8 3.8 5.6 4.5 6.8 2.8 4.1 2.3 3.4 4.0 6.0 4.0 6.0

Socio-Economic 3 3.5 10.5 3.5 10.5 3.2 9.5 3.5 10.5 4.3 12.9 4.3 12.9 3.7 11.1 3.7 11.1

54.0 52.9 45.4 54.3 45.7 43.5 51.3 46.1

4.00 3.92 3.36 4.03 3.38 3.22 3.80 3.41

Alternative 
Identification 

1A Location 1- Conventional Slurry Tailings
1B Location 1 - Thickened Tailings
1C Location 1 - Filtered/Dry Stack Tailings
1D Location 1 - Conventional with Future Co-Disposal 
2A Location 2- Conventional Slurry Tailings
2B Location 2- Thickened Tailings
6A Location 6 - Conventional Slurry Tailings
6C Location 6 - Filtered/Dry Stack Tailings

Description

6C

Alternative Merit Score

Alternative Merit Rating

Account 

Account 
Weight 

Alternatives Location and Deposition Technology Identifier 

1A 1B 1C 1D 2A 2B 6A
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TABLE 4.9

TREASURY METALS 
GOLIATH PROJECT 

TAILINGS STORAGE FACILITY 
ALTERNATIVES ASSESSMENT 

STEP 6 - SENSITIVITY ANALYSIS 

1A 1B 1C 1D 2A 2B 6A 6C

Base Case Results of Alternatives Assessment 4.00 3.92 3.36 4.03 3.38 3.22 3.80 3.41

No. 1 Change All Environmental Weights to 9 4.03 3.94 3.33 4.05 3.31 3.16 3.87 3.38

No. 2 Change All Technical Weights to 6 4.00 3.90 3.43 4.03 3.42 3.24 3.66 3.38

No. 3 Change All Weights to 1 4.03 3.96 3.46 4.05 3.40 3.18 3.73 3.54

No. 4 Change all Socio-Economic Weights to 1.5 4.07 3.97 3.39 4.09 3.27 3.09 3.81 3.38

Alternative 
Identification 

1A
1B
1C
1D
2A
2B 
6A
6C

Analysis ID Scenario Description 

Alternative Merit Rating 

Description

Location 6 - Conventional Slurry Tailings
Location 6 - Filtered/Dry Stack Tailings

Location 1- Conventional Slurry Tailings
Location 1 - Thickened Tailings
Location 1 - Filtered/Dry Stack Tailings
Location 1 - Conventional with Future Co-Disposal 
Location 2- Conventional Slurry Tailings
Location 2- Thickened Tailings
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TABLE 5.1

TREASURY METALS INCORPORATED 
GOLIATH PROJECT 

TAILINGS STORAGE FACILITY 
ALTERNATIVES ASSESSMENT 

CANADIAN DAM ASSOCIATION - DAM SAFETY GUIDELINES 2007
DAM CLASSIFICATION 

Loss of Life [note 2] Environmental and Cultural Values Infrastructure and Economics 

Minimal short-term loss 

No long-term loss

No Significant loss or deterioration of fish or 
wildlife habitat

Loss of marginal habitat only 

Restoration or compensation in kind highly 
possible
Significant loss or deterioration of important  fish 
or wildlife habitat
Restoration or compensation in kind highly 
possible
Significant loss or deterioration of critical  fish or 
wildlife habitat
Restoration or compensation in kind possible 
but not impractical 

Major loss of critical  fish or wildlife habitat

Restoration or compensation in kind impossible

Notes: 
Note 1.  Definition for population at risk:  

Note 2.  Implications for loss of life: 

Losses to recreational facilities, seasonal 
workplaces, and infrequently used 
transportation routes

Incremental Losses 

Low None 0 Low economic losses; area contains 
limited infrastructure or services 

Dam Class  Population at Risk [note 1]

Significant Temporary Only Unspecified 

High economic losses affecting 
infrastructure, public transportation, and 
commercial facilities 

Very High Permanent 100 or Fewer

Very high economic losses affecting 
important infrastructure or services (e.g., 
highway, industrial facility, storage 
facilities for dangerous substances)

High Permanent 10 or Fewer 

None - There is no identifiable population at risk, so there is no possibility of loss of life other than through unforeseen misadventure. 
Temporary - People are only temporary temporarily in the dam-breach inundation zone (e.g., seasonal cottage use, passing thorough on transportation routes, participating in recreational activities). 
Permanent - The population at risk is ordinarily located in the dam-breach inundation zone (e.g., as permanent residents); three consequence classes (high, very high, extreme) are proposed to allow for more 
detailed estimates of potential loss of life (to assist in decision-making if the appropriate analysis is caused out).  

Unspecified - The appropriate level of safety required at a dam where people are temporarily at risk depends on the number of people, the exposure time, the nature of their activity, and other conditions.  A 
higher class could be appropriate, depending on the requirements.  However, the design flood requirements, for example, might not be higher if the temporary population is not likely to be present during the flood 
season.  

Extreme Permanent More Than 100

Extreme losses affecting critical 
infrastructure or services (e.g., hospital, 
major industrial complex, major storage 
facilities for dangerous substances) 
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TABLE 5.2

TREASURY METALS INCORPORATED 
GOLIATH PROJECT 

TAILINGS STORAGE FACILITY 
ALTERNATIVES ASSESSMENT 

MINISTRY OF NATURAL RESOURCES
CLASSIFICATION AND INFLOW DESIGN FLOOD CRITERIA - TECHNICAL BULLETIN 

HAZARD POTENTIAL CLASSIFICATION 

Hazard Potential 

Life Safety2 Property Losses3 Environmental Losses Cultural - Built Heritage Losses 

Low No potential loss of life Minimal  damage to property with estimates losses not to 
exceed $300,000. 

Minimal loss of fish and/or wildlife habitat with 
high capability of natural restoration resulting 
in a very low likelihood of negatively affecting 
the status of the population. 

Reversible damage to municipally 
designated cultural heritage sites under 
the Ontario Heritage Act. 

Moderate damage with estimated losses not to exceed $3 
million, to agricultural, forestry, mineral aggregate and mining, 
and petroleum resource operations, other dams or structures 
not for human habitation, infrastructure and services including 
local roads and railway lines. 

Irreversible damage to municipally 
designated cultural heritage sites under 
the Ontario Heritage Act. 

The inundation zone is typically undeveloped or predominantly 
rural or agricultural, or it is managed so that the land usage is 
for transient activities such as with day-use facilities. 

Minimal damage to residential, commercial, and industrial 
areas, or land identified as designated growth areas as shown 
in official plans. 

Appreciable damage with estimated losses not to exceed #30 
million, to agricultural, forestry, mineral aggregate and mining, 
and petroleum resource operations, other dams or residential, 
commercial, industrial areas, infrastructure and services, or 
land identified as designated growth areas as shown in official 
plans. 

Appreciable loss of fish and/or wildlife habitat 
or significant deterioration of critical fish and/or 
wildlife habitat with reasonable likelihood of 
being able to apply natural or assisted 
recovery activities to promote species 
recovery to viable population levels. 

Infrastructure and services includes regional roads, railway 
lines, or municipal water and wastewater treatment facilities and 
publicly-owned utilities

Loss of portion of the population of a species 
classified under the Ontario Endangered 
Species Act as Extirpated, Threatened or 
Endangered, or reversible damage to the 
habitat of that species. 

Extensive damage, estimated losses in excess of $30 million, 
to buildings, agricultural, forestry, mineral aggregate and 
mining, and petroleum resources operations, infrastructure and 
services. Typically includes destruction of, or extensive damage 
to, large residential, institutional, concentrated commercial and 
industrial areas and major infrastructure and services, or land 
identified as designated growth areas as shown in official plans. 

Extensive loss of fish and/or wildlife habitat 
with very little or no feasibility  of being able to 
apply natural or assisted recovery activities to 
promote species recovery to viable 
popu8lation levels. 

infrastructure and services includes highways, railway lines or 
municipal water and wastewater treatment facilities and publicly-
owned utilities.  

Loss of a viable portion of the population of a 
species classified under the Ontario 
Endangered Species Act as Extirpated, 
Threatened or Endangered or irreversible 
damage to the habitat of that species. 

Notes: 

3.  Property losses refer to all direct losses to third parties; they do not include losses to the owner, such as loss of the dam, or revenue. The dollar losses, where identified, are indexed to Statistics Canada values Year 2000.

4.  An HPC must be developed under both flood and normal (sunny day) conditions.

7.  The HPC is determined by the highest potential consequences, whether life safety, property losses, environmental losses, or cultural-built heritage losses.

Hazard Categories - Incremental Losses1

Moderate loss or deterioration of fish and/or 
wildlife habitat with moderate capability of 
natural restoration resulting in a low likelihood 
of negatively affecting the status of the 
population. 

Moderate No potential loss of life 

1.  Incremental losses are those losses resulting from dam failure above those which would occur under the same conditions (flood, earthquake or other event) with the dam in place but without failure of the dam.

2.  Life safety. Refer to Technical Guide – River and Streams Systems: Flooding Hazard Limits, Ontario Ministry of Natural Resources, 2002, for definition of 2 x 2 rule. The 2 x 2 rule defines that people would be at risk if the product of the velocity and the depth 
exceeded 0.37 square metres per second or if velocity exceeds 1.7 metres per second or if depth of water exceeds 0.8 metres. For dam failures under flood conditions the potential for loss of life is assessed based on permanent dwellings (including habitable 
buildings and trailer parks) only. For dam failures under normal (sunny day) conditions the potential for loss of life is assessed based on both permanent dwellings (including habitable dwellings, trailer parks and seasonal campgrounds) and transient persons.

5.  Evaluation of the hazard potential is based on both present land use and on anticipated development as outlined in the pertinent official planning documents (e.g. Official Plan). In the absence of an approved Official Plan the HPC should be based on expected 
development within the foreseeable future. Under the Provincial Policy Statement, ‘designated growth areas’ means lands within settlement areas designated in an official plan for growth over the long-term planning horizon (specifies normal time horizon of up to 
20 years), but which have not yet been fully developed. Designated growth areas include lands which are designated and available for residential growth in accordance with the policy, as well as lands required for employment and other uses (Italicized terms as 
defined in the PPS, 2005).

6.  Where several dams are situated along the same watercourse, consideration must be given to the cascade effect of failures when classifying the structures, such that if failure of an upstream dam could contribute to failure of a downstream dam, then the HPC 
of the upstream dam must be the same as or greater than that of the downstream structure.

Reversible damage to provincially 
designated cultural heritage site under 
the Ontario Heritage Act or nationally 
recognized heritage sites. 

High Potential Loss of life of 1 - 10 persons 

Irreversible damage to provincially 
designated cultural heritage site under 
the Ontario Heritage Act or damage to 
nationally recognized heritage sites. 

Very High Potential loss of life of 11 or more 
persons 
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TABLE 5.3

TREASURY METALS INCORPORATED 
GOLIATH PROJECT 

TAILINGS STORAGE FACILITY 
ALTERNATIVES ASSESSMENT 

CANADIAN DAM ASSOCIATION - DAM SAFETY GUIDELINES 2007
INFLOW DESIGN FLOOD (IDF) AND CONSEQUENCE CLASSES 

Consequence Class

Low

Significant 

High 

Very High 

Extreme 

Notes: 

Note 1.  Selected based on incremental flood analysis, exposure and consequence of failure 

IDF

Note 2.  Extrapolation of flood statistics beyond 1/1,000 year flood (10-3 AEP) is generally discouraged.  The PMF has no associated AEP.  
The flood defined as "1/3 between 1/1,000-year and PMF" or "2/3 between 1/1,000-year and PMF" has no defined AEP. 

1/100-year

Between 1/100 and 1/1,000 year (Note 1) 

1/3 between 1/1,000-year and PMP (Note 2) 

2/3 between 1/1,000-year and PMF (Note 2) 

PMF
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TABLE 5.4

TREASURY METALS INCORPORATED 
GOLIATH PROJECT 

TAILINGS STORAGE FACILITY 
ALTERNATIVES ASSESSMENT 

MINISTRY OF NATURAL RESOURCES
CLASSIFICATION AND INFLOW DESIGN FLOOD CRITERIA - TECHNICAL BULLETIN 

RANGE OF MINIMUM INFLOW DESIGN FLOODS2

Property and Environment Cultural - Built Heritage

Low 

Moderate 

High 1 - 10 1/3 between the 1,000 year 
flood and PMF

1,000 Year Flood or Regulatory Flood 
whichever is greater to 1/3 between the 
1,000 year flood and PMF

1,000 Year Flood or Regulatory 
Flood whichever is greater

11 - 100 2/3 between the 1,000 year 
Flood and PMF

Greater than 100 PMF

Notes: 

Range of Minimum Inflow Design Floods1

Hazard Potential Classification  

1.  The selection of the IDF within the range of flows provided should be commensurate with the hazard potential losses within the HPC Table. The degree of study required to define the hazard 
potential losses of dam failure will vary with the extent of existing and potential downstream development and the type of dam (size and shape of breach and breach time formation).

2.  As an alternative to using the table the IDF can also be determined by an incremental analysis. Incremental analysis is a series of scenarios for various increasing flows, both with and without 
dam failure that is used to determine where there is no longer any significant additional threat to loss of life, property, environment and cultural – built heritage to select the appropriate IDF.

3.  Where there is a potential for loss of life the IDF may be reduced provided that a minimum of 12 hours advanced warning time is available from the time of dam failure until the arrival of the 
inundation wave, provided that property, environment, or cultural – built heritage losses do not prescribe a higher IDF.

25 Year Flood to 100 Year Flood 

100 Year Flood to 1,000 year flood or Regulatory Flood whichever is greater

Life Safety3

Very High 

1/3 between the 1,000 Year Flood and 
PMF to PMF
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TABLE 5.5

TREASURY METALS INCORPORATED 
GOLIATH PROJECT 

TAILINGS STORAGE FACILITY 
ALTERNATIVES ASSESSMENT 

CANADIAN DAM ASSOCIATION - DAM SAFETY GUIDELINES 2007
SUGGESTED DESIGN EARTHQUAKE LEVELS 

Dam Class 

Low

Significant 

High 

Very High 

Extreme 

Notes: 

Note 1.  AEP levels for EDGM are to be used for mean rather than median estimates for the hazard. 

Acronyms: AEP, annual exceedance probability; EDGM, earthquake design ground motion

Note 2.  The EDGM value must be justified to demonstrate conformation to societal norms of acceptable risk.  Justification can be provided 
with the help of failure modes analysis focused on the particular modes that can contribute to failure initiated by a seismic event.  If 
justification cannot be provided the EDGM should be 1/10,000.  

AEP EDGM [note 1]

1/500

1/1,000

1/2,500

1/5,000 [note 2] 

1/10,000 [note 2] 



Page 1 of 1

 141-12598-00
Revision 0

July 21, 2014

TABLE 5.6

TREASURY METALS INCORPORATED 
GOLIATH PROJECT 

TAILINGS STORAGE FACILITY 
ALTERNATIVES ASSESSMENT 

MINISTRY OF NATURAL RESOURCES
SEISMIC HAZARD CRITERIA, ASSESSMENT AND CONSIDERATIONS - TECHNICAL BULLETIN 

DESIGN EARTHQUAKE CRITERIA 

Property and Environment Cultural - Built Heritage

Low 

Moderate 

High 10 or fewer 2,500 year 1,000 to 2,500 year 1,000 year

11 - 100 5,000 year 

More than 100 10,000 year 

Notes: 

2.  Generally, a seismic hazard evaluation will not be required for Low or Moderate HPC dams unless specifically requested by the Minister with supporting rationale.

1.  The AEP levels are to be used for the “mean” rather than the “median” estimates. The mean is the expected value given the epistemic uncertainties and, for typical seismic hazard computations 
in Canada, the mean hazard value typically lies between the 65th and 75th percentiles of the hazard distribution. The median is at the 50th percentile.

Hazard Potential Classification  
Earthquake Design Ground Motion (annual exceedance probability) 

Life Safety3

500 year 

500 to 1,000 year 

Very High 2,500 to 10,000 year 
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PROJECT SITE LOCATION PLAN
AND KEY PLAN
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EXISTING SITE CONDITIONS
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NOTES:
 COORDINATES SHOWN REFER TO NAD83 UTM ZONE 15.
 CONTOURS SHOWN ARE 10m INTERVAL FROM ONTARIO BASE
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REGIONAL STRUCTURAL GEOLOGY
AND LITHOLOGIC UNITS
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SEISMIC HAZARD MAP OF CANADA
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TAILINGS STORAGE FACILITY
CANDIDATE LOCATIONS
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 COORDINATES SHOWN REFER TO NAD83 UTM ZONE 15.
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BASE MAPPING 10m CONTOUR INTERVAL.
 TAILINGS FACILITY LOCATION OUTLINES UTILIZED FOR

COMPLETION OF THE ALTERNATIVES ASSESSMENT.
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Notes: 
1.  Capacity is based on preliminary alignment and flat tailings beach. 

3.  Based on Option 1D of Alternatives Assessment. 

Prepared By: BRP Checked By: HBW Approved By: HBW

2.  Tailings storage based on conventional tailings with co-disposal of 
tailings solids into underground mine working after Year 5 of the 
operations. 

TREASURY METALS INC.  

GOLIATH PROJECT  

FIGURE 5.1 
Project No.: 

141-12598-00 
Ref. No.: 
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STAGE-STORAGE CURVE  
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Notes: 

2.  Tailings surface is based on level fill. 

Prepared By: BRP Checked By: HBW Approved By: HBW

1. Proposed emabnkment staging is preliminary and is based on 
infomration avaialble. 

3.  Allowance for Operational Pond and Environmental Design Storm 
(EDS) for operatioinal and stormwater management and to maintian water 
cover over tailings. 

TREASURY METALS INC.  

GOLIATH PROJECT  
ALTERNATIVES  ASSESSMENT  

FIGURE 5.2 
Project No.: 

141-12598-00 
Ref. No.: 
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LOCATION 1,

STAGE 1 PLAN
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LOCATION 1,

STAGE 4 PLAN
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LOCATION 1
POTENTIAL CROSS SECTION

0
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NOTES:

1. DIMENSIONS ARE IN METRES UNLESS

OTHERWISE NOTED.

2. CONCEPT SHOWN IS PRELIMINARY AND NOT

INTENDED FOR CONSTRUCTION. THIS

CONCEPT  ASSUMES CENTRELINE STYLE

FOR EMBANKMENT RAISE.

3. EMBANKMENT STAGING AND STYLE OF RAISE

TO BE CONFIRMED / OPTIMIZED WITH

SUBSEQUENT LEVELS OF DESIGN.

4. CONCEPT SHOWN IS FOR LOCATION 1 ONLY.

5. FOUNDATION PREPARATION TO BE

DETERMINED WITH SITE INVESTIGATION.

6. EMBANKMENT DIMENSIONS AND SLOPES TO

BE CONFIRMED WITH DETAILED STABILITY.

ASSESSMENT.
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POND EVAPORATION

DIRECT POND PRECIPITATION

TAILINGS STORAGE FACILITY

WATER WITH TAILINGS SLURRY

TAILINGS SOLIDS

RECLAIM WATER TO PLANT

MINE

0.041
1,306,335

0.039
1,226,400

TAILINGS BEACH RUNOFF
0.0015
48,030

MINE DEWATERING
0.019

589,000

0.017
531,075

?
?

0.015
480,260

WATER RETAINED
IN TAILINGS

?
?

EMBANKMENT SEEPAGE

SEEPAGE RECLAIM

NOTES:

1. INFORMATION SHOWN IS PRELIMINARY AND IS
PROVIDED FOR DISCUSSION AND CONFIRMATION.

2. PROJECT BASE CASE SHOWN CONSISTING OF
CONVENTIONAL TAILINGS DEPOSTION TO LOCATION
No.1.

3. EMBANKMENT SEEPAGE WILL BE DEPENDENT ON
INCLUSION OF A LINER CONTAINMENT SYSTEM.

4. BASED ON OPERATION 365 DAYS PER YEAR.

5. PRECIPITATION INTO TAILINGS STORAGE FACILITY IS
BASED ON PRELIMINARY ESTIMATES OF LAYOUT AND
SIZE.

6. ? IDENTIFIES VALUES TO BE DETERMINED AS THE
PROJECT IS ADVANCED.

LEGEND

BASE CASE

TAILINGS

PLANT

FLOW RATE m³/s
ANNUAL VOLUME m³
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TREATMENT
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WATER/SOLIDS BALANCE SCHEMATIC
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1269 Premier Way, Thunder Bay, ON  P7B 0A3 
Telephone: 807-625-6700  ~  Fax: 807-623-4491  ~  www.wspgroup.com 
 

 

MEMO 

TO: TREASURY METALS  DATE: July 21, 2014 

FROM: WSP  Job No.: 141-12598-00 
SUBJECT: GOLIATH PROJECT – 2014 SITE 

INVESTIGATION - FACTUAL SOILS SUMMARY    
  

    
 

1. Introduction  

The Treasury Metals, Goliath Property, is located near the City of Dryden in Ontario.  
Exploration drilling is currently on-going at the site to support the future development of a gold 
mine.  The mine, when in operations, will consist of open-pit followed by underground mining 
developments with on-site processing and mine waste storage.  A small scale site investigation 
was completed in March/April of 2013 for the purpose of supporting the future planned pre-
feasibility design for the plant site and on-land tailings storage facility.  The site investigation 
was used to investigate the sub-surface soil conditions in two (2) potential Tailings Storage 
Facility (TSF) areas, consisting of Location 1 and Location 6, being considered as part of the 
projects Alternative Assessment study as well as in potential locations for the processing plant 
site.   

The site investigation work was completed between March 25 and April 2, 2014. TBT 
Engineering Ltd. (TBTE) completed the investigations with site supervision completed by 
Treasury Metals site representatives.  The geotechnical investigation consisted of advancing 
geotechnical boreholes along with performing in situ testing to facilitate the collection of data 
and soil samples for identification and laboratory testing, and also to determine the in situ 
densities, level of compaction and relative in place strength of the materials present.  TBTE also 
completed field sample identification and also prepared Borehole Logs for the project. The 
Borehole Logs are currently in Draft and can be updated to reflect the results of the laboratory 
program and the project is advanced to the design phase.  The following sections provide the 
factual soils information collected from the site investigation.  The information presented below 
can be used to support design activities as the project is advanced.   

2. Drilling  

The site investigation program included advancement of twenty (20) boreholes at the property, 
consisting of seven (7) in TSF Location 1 Area, three (3) in the TSF Location 6 Area, five (5) at 
the Plant Site Option 1 and five (5) at the Plant Site Option 2.  These have been identified as 
BH14-01 to BH14-21 and summary details are provided in the Table, below.  A planned 
borehole, identified as BH14-16 was not completed as part of the site investigation program due 
the presence of snow that limited access to the proposed area.  The locations of the Boreholes 
advanced during the site investigation program are shown on Figure A1, attached.  
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Advancement of the boreholes utilized a CME 55 drill (3.25" hollow stem auger), mounted on a 
Marooka track machine  The depth of Borehole advancement ranged from a minimum of 1.05 m 
below ground surface in BH14-02 to 18.6 m in BH13-15.  All Boreholes were advanced to 
depths of auger refusal, with the exception of BH-13 for which drilling was ceased if refusal was 
not achieved below 9.0 m.  The site investigation included discreet interval sampling, standard 
penetration testing, and shear vane testing where soft, cohesive soils were encountered.  Soil 
samples were collected in a 50 mm outside diameter split-spoon sampler, for identification and 
laboratory testing.  A summary of the boreholes advanced as part of the site investigation 
program is provided as Table A1, attached.  



 
Treasury Metals – Goliath Project 

Factual Soils Report 
July 21, 2014 

Page 3 
 

MEMO 

Borehole Date  
Borehole 
Depth (m) 

General Location 

BH14-01 March 27, 2014 1.5 TSF Option 1 

BH14-02 March 27, 2014 1.05 TSF Option 1 

BH14-03 March 26, 2014 6.0 TSF Option 1 

BH14-04 March 26, 2014 8.1 TSF Option 1 

BH14-05 March 25, 2014 13.75 TSF Option 1 

BH14-06 March 26, 2014 9.9 TSF Option 1 

BH14-07A March 27, 2014 12.3 TSF Option 1 

BH14-08 April 2, 2014 9.0 TSF Option 6 

BH14-09A April 2, 2014 7.5 TSF Option 6 

BH14-10A April 3, 2014 1.35  TSF Option 6 

BH14-11 March 30, 2014 11.1 Plant Site Option 1 

BH14-12 March 30, 2014 9.6 Plant Site Option 1 

BH14-13 March 31, 2014 9.6 Plant Site Option 1 

BH14-14 March 31, 2014 9.15 Plant Site Option 1 

BH14-15 March 29, 2014 18.6 Plant Site Option 1 

BH14-16 Not drilled due to access restrictions 

BH14-17 March 28, 2014 2.7 Plant Site Option 2 

BH14-18 March 28, 2014 2.7 Plant Site Option 2 

BH14-19 March 28, 2014 3.75 Plant Site Option 2 

BH14-20 March 28, 2014 10.5 Plant Site Option 2 

BH14-21 March 28, 2014 5.1 Plant Site Option 2 
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3. Sampling 

Split spoon samples from the Standard Penetration Tests (SPT’s) were collected for potential 
laboratory testing from all Boreholes advanced during the site investigation program with the 
exception of BH14-02 and BH14-10A.  Borehole BH14-02 was drilled to 1.05 m and was 
stopped due to auger and split spoon refusal.  Borehole BH14-10A was drilled to 1.35 m entirely 
within non-native fill material and was suspended due to auger refusal. 
 
All samples were stored in plastic bags to preserve the natural moisture content.  A summary of 
the field samples collected during the site investigation program are provided on Table A2, 
attached.  Soil samples were selected by an experienced geotechnical engineer for additional 
geotechnical index testing that was completed by the TBT Engineering Limited geotechnical 
laboratory in Thunder Bay, Ontario.  
 

4. In Situ Testing 

In situ testing was completed during the site investigation program that consisted of SPT’s in all 
boreholes advanced during the site investigation program, with the exception of BH14-02, and 
BH14-10A.  Split spoons were advanced with the CME550 drill for the purpose of sample 
collection and “N” counts were recorded.  Vane Shear testing was also completed in a Clay 
layer in boreholes BH14-06 to BH14-09A, BH14-11 to BH14-17, BH14-19 and BH14-20. The 
SPT’s were completed using a standard split spoon sampler, 50 mm in diameter and 600 mm in 
length, which was driven ahead of the augers or casing by the force exerted by a 63.5 kg 
hammer free falling through a distance of 750 mm.  The use of the split spoon facilitated 
collection of the soil samples in addition to obtaining SPT “N” values, which are shown on the 
borehole logs, attached.  The recorded SPT “N” values can be used to provide an indication of 
soil density and strength.  The SPT “N” values are summarized on Table A3.  The “N” value 
provides an indication of the soils in situ density, stiffness and strength that can be correlated to 
the resistance to penetration of the sampler. This method is recommended for sandy material 
but should be used with caution for cohesive soil material.  
 
A total of 56 in situ Field Vane Shear tests were performed as part of the site investigation 
activities.  The Vane Shear Test is a measurement of the in situ undrained shear strength of 
cohesive materials.  The vane is advanced into the soil layer ahead of the augers and then 
rotated and the torsional force required to cause shearing is used to calculate the undrained 
shear strength.  The vane is then re-torqued to determine the remolded strength of the soil.  The 
results of the in situ Field Vane Shear Tests are provided on Table A3, attached. 
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5. Laboratory Testing 

Geotechnical laboratory index testing was performed on selected samples of the materials 
collected during the site investigation program for general characterization and determination of 
in situ parameters.  Testing was completed by the TBT laboratory in Thunder Bay and was 
limited to natural moisture content determination, grain size analysis and Atterberg Limits. A 
summary of the laboratory testing results is provided in Table A4, attached.   The laboratory 
analysis results as provided from TBTE are attached.     

6. Geotechnical Summary 

The following sections provide a geotechnical summary of the material encountered during the 
site investigation completed at the Goliath Property.  The subsurface soil descriptions have 
been generalized into the geological units and are presented below. 
 
• Fill  
• Topsoil – Organics  
• Sand  
• Silt  
• Clay  
 

6.1. Fill  

Fill material was encountered in BH14-10A and was described as being sand, some gravel and 
occasional cobbles.  The Fill material extended from the surface of the borehole to a depth of 
1.35 m at auger refusal.  Two (2) auger samples were collected in the Fill material.  No in situ 
testing or laboratory testing was completed on the fill material as part of the site investigation 
program.   

6.2. Topsoil – Organics  

A surface organic layer or topsoil was encountered in BH14-01 to BH14-09A, BH14-11 to BH14-
15 and BH14-17 to BH14-21.  The organic layer was generally described as being black to 
brown and was frozen in BH14-14 and BH14-15.  Roots were noted in the layer in BH14-05 and 
BH14-20.  Sand was noted within the layer in BH14-19.  The organic layer was encountered at 
the surface and generally extended to a depth of 0.1 m below the original ground with a 
maximum depth of 1.5 m in BH14-14.   
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6.3. Sand  

Sand layers were encountered during the site investigation at the site that consisted of upper 
and lower layers.  The upper layer was encountered underlying the Topsoil-Organics layer in 
BH14-01 to BH14-07, BH14-09A, BH14-11 to BH14-13, BH14-15, BH14-17, BH14-18, BH14-20 
and BH14-21.  The lower layer was encountered underlying the Silt layer in BH13-04 and BH14-
05 and underlying the Clay layer in BH14-09A, BH14-13 and BH14-17.  The Sand layer was 
generally described as being silty to some and silt to trace silt, brown to black to grey.  Rock 
fragments were noted at depth in BH14-05.  Clay content was noted in the layer in BH14-09A.  
The upper sand layer was encountered below the organic layer at a depth of 0.1 m and 
extended to a maximum depth of 3.8 m in BH14-05.  The lower sand layer was encountered at 
a minimum depth, underlying the clay layer, in BH14-17 and extended to a depth of 2.7 m below 
the original ground to auger refusal.  The lower sand layer was encountered at a maximum 
depth below the original ground at 9.0 m, underlying the clay layer, and extended to auger 
refusal at a depth of 9.6 m.     
 
A total of 14 (fourteen) moisture content tests were completed on selected samples of the Sand 
material and the results are provided in the laboratory results attached.  The minimum moisture 
content was 15.8%, maximum was 26.1%, with an average of 20.5%. One (1) grain size test 
was completed on the Sand layer and the results are provided on Figure A2, attached.    
 
A total of 30 in situ SPT’s were completed in the sand layer during the site investigation 
program.  The resultant SPT N values ranges from a minimum of 2 to a maximum of greater 
than 50 with an average of 15 indicating a very loose to very dense material consistency.     

6.4. Silt  

Silt layers were encountered at various depths below the original ground during the site 
investigation activities.   The Silt layer was encountered underlying the Sand layer in BH14-03 to 
BH14-7A and BH14-11 and underlying the Clay layer in BH14-14, BH14-15, BH14-18, BH14-19 
and BH14-21.  The Silt Layer was underlain by Sand in BH14-04 and BH14-05 and was 
underlain by a Clay layer in BH14-06 to BH14-08, BH14-15 and BH14-21.  The Silt layer ranged 
in depth, below the upper Sand layer from 0.6 m below the original ground in BH14-11 and 
extended to a maximum depth of 12 m in Bh14-15 below the original ground.  The Silt layer 
encountered below the Clay layer extended from a minimum depth of 4.5 m below the original 
ground in BH14-21 to a maximum depth of 18.6 m (auger refusal) in BH14-15.  The Silt layer 
extended to the maximum advancement or auger refusal in BH14-03 (6.0 m), BH14-06 (9.9 m), 
BH14-15 (18.6 m) and BH14-21 (5.1 m).   
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The Silt layer was generally described as consisting of Silt and Sand and Clay, trace sand to 
sandy to some sand, trace to some clay and is generally grey in color, layered with red clay and 
grey silt and grey clay seems.  
 
A total of 20 moisture content tests were completed on selected samples of the Silt material and 
the results are attached in the Laboratory Results.  The minimum moisture content was 13.5%, 
maximum was 30.3%, with an average of 22.5%.  Six (6) grain size analysis tests were 
completed on the Silt in BH14-03 to BH14-06 inclusive and the results are provided on Figure 
A3, attached.     
 
A total of 30 in situ SPT’s were completed in the Silt layer during the site investigation program.  
The resultant SPT N values ranges from no reading (weight of hammer) to >50 with an average 
of 9 indicating a very loose to very dense material that is generally loose. One (1) in situ shear 
vane test was completed in the silt layer with a result of greater than 100 kPa.   

6.5. Clay  

Clay layers were encountered at various locations and depths during the site investigation 
program.  Clay was encountered underlying the Topsoil-Organics layer in BH14-08, 14-09A, 
BH14-13, BH14-14 and BH14-19.  The Clay layer was also encountered underlying the Silt 
layer in BH14-06, BH14-07A, BH14-11 and BH14-21 and underlying the Sand layer in BH14-12, 
BH14-15, BH14-17, BH14-18 and BH14-20.   The Clay layer extended from a minimum depth of 
0.1 m in BH14-08 and BH14-09A to a depth of 10.5 m in BH14-20.  A layer of Clay was also 
encountered underlying the Silt layer in BH14-15 and extended from depths of 12 m to 15 m 
below the original ground level.  The Clay layer extended to refusal or maximum advancement 
in BH14-02 (1.05 m), BH14-07A (12.3 m), BH14-08 (9.0 m), BH14-11 (11.1 m), BH14-12 (9.6 
m), and BH14-20 (10.5 m).  
 
The Clay layer was generally described as being clay and silt to silt and clay to silty, brown and 
grey to grey (dark to light) to reddish grey in color and was occasionally layered.  Red clay and 
grey (dark to light) clay to silt layers were observed in BH14-06.  Some gravel and rock 
fragments were observed at depth in layer in BH14-07A.  Sand seems were observed in BH14-
12.  The Clay layer was described as consisting of clay, silt, sand and gravel at depth in BH14-
11. Silt seems were observed in BH14-14 and BH14-15 at a depth of 3.0 m.  
 
A total of 20 moisture content tests were completed on selected samples of the Clay material 
and the results are attached in the Laboratory Results.  The minimum moisture content was 
16.5%, maximum was 46.2%, with an average of 33.6%.    
 
Two Atterberg Limits tests were completed on samples of the Clay.  The results from BH14-06, 
Sample No. SS7 had a liquid limit of 25%, Plastic Limit of 19.1% and Plasticity Index of 6.0 
indicating a USCS Classification of CL-ML.  The Atterberg Limits test result from BH14-08, 
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Sample No. SS3 had a liquid limit of 46%, Plastic Limit of 22% and Plasticity Index of 24 
indicating a USCS Classification of CL.  The results of the Atterberg Limits testing are provided 
as Figure A4, attached.  Two (2) grain size analysis was completed on the Clay material and the 
results are provided on Figure A5, attached.     
 
A total of 73 in situ SPT’s were completed in the Clay layer during the site investigation 
program.  The resultant SPT N values ranges from no reading (weight of hammer) to >50 with 
an average of 3.  SPT values of >50 were most likely influenced by the underlying layer, that 
was close to refusal, and therefore have not been included as inputs for material strength 
indications.  The maximum SPT value, not including the refusal value, was 17.  The results of 
the field SPT’s indicate a very soft to very stiff material range with an average of soft. A total of 
56 in situ shear vane tests were completed to identify the undrained shear strength.  The results 
indicated a minimum value of 20 kPa and maximum value of greater than 100 kPa with an 
average value of 73 kPa.  A total of 46 re-shear tests were completed with a minimum value of 3 
kPa, maximum value of 70 kPa and average value of 21 kPa.  

7. Summary  

The site investigation completed at the Goliath Project site near Dryden, Ontario consisted on 
20 boreholes advanced in two (2) potential TSF areas and also in two (2) potential plant site 
locations.  Soil thicknesses of up to 13.75 m were identified within BH14-05 in the proposed 
area of Location 1 tailings storage facility.  A small scale laboratory testing program was 
completed on selected samples and were concentrated in the potential tailings storage facility 
areas.  The Borehole Logs were generated by TBTE and are currently in Draft and will require 
updating to reflect the results of the laboratory testing program and will be completed once the 
design phase of the project has been initiated.  The results of the site investigation program will 
be used to advance the planned design phases of the project and will form the basis for 
development of future site investigation programs that are anticipated to include test pitting of 
potential fill materials for construction activities.     
 
Attachments:  
 
• Table A1 – Summary of Borehole Details  
• Table A2 – Summary of Field Samples  
• Table A3 – Summary of In Situ Testing  
• Table A4 – Borehole Samples Lab Testing Results  
• Figure A1 – Site Investigation Locations  
• Figure A2 – Grain Size Results – Sand  
• Figure A3 – Grain Size Results – Silt  
• Figure A4 – Plasticity Chart – Clay  
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• Figure A5 – Grain Size Results – Clay 
• TBTE Borehole Logs (Draft)  
• Laboratory Testing  
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TABLE A1

TREASURY METALS
GOLIATH PROJECT

2014 SITE INVESTIGATION
FACTUAL SOILS SUMMARY 

SUMMARY OF BOREHOLE DETAILS 

Drillhole No. Depth of General  

Northing Easting Drillhole Location 

(m) (m) (m) 

BH14-01 5512562 529491 1.50 Tailings Storage Facility Location 1, Southeast Corner
BH14-02 5512932 529632 1.05 Tailings Storage Facility Location 1, East Side
BH14-03 5513400 529660 6.00 Tailings Storage Facility Location 1, Northeast Corner

BH14-04 5513576 529264 8.10 Tailings Storage Facility Location 1, North Side

BH14-05 5513425 528949 13.75 Tailings Storage Facility Location 1, Northwest Corner

BH14-06 5512942 528957 9.90 Tailings Storage Facility Location 1, West Side

BH14-07A 5512321 529150 12.30 Tailings Storage Facility Location 1, Soutwest Corner

BH14-08 5511549 528132 9.00 Tailings Storage Facility Location 6, North side

BH14-09A 5511570 528374 9.00 Tailings Storage Facility Location 6, Northeast Side

BH14-10A 5511168 527763 1.35 Tailings Storage Facility Location 6, South side

BH14-11 5512098 529026 11.10 Plant Site 1 - East Side

BH14-12 5512093 528978 9.60 Plant Site 1 - North Side

BH14-13 5512121 528957 9.60 Plant Site 1 - Northwest Corner

BH14-14 5512062 528933 9.15 Plant Site 1 - West Side

BH14-15 5511938 528962 18.60 Plant Site 1 - South Side

BH14-17 5512879 528077 2.70 Plant Site 2 - West Side

BH14-18 5512748 528151 2.70 Plant Site 2 - South Side

BH14-19 5512845 528233 3.75 Plant Site 2 - Southeast Corner

BH14-20 5513035 528118 10.50 Plant Site 2 - Northwest Corner

BH14-21 5512927 528282 5.10 Plant Site 2 - Northeast Corner

Coordinates 
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 TABLE A2

TREASURY METALS
GOLIATH PROJECT

2014 SITE INVESTIGATION
FACTUAL SOILS SUMMARY 

 SUMMARY OF FIELD SAMPLES 

Drillhole No. Sample Sample Geological Unit

No. From To Type 

(m) (m)

BH14-01 AS1 0.4 0.60 Auger Sand

BH14-01 SS2 0.8 1.30 Split Spoon Sand

BH14-02 AS1 0.4 0.60 Auger Sand

BH14-02 AS2 0.6 1.00 Auger Clay

BH14-03 AS1 0.4 0.80 Auger Sand

BH14-03 SS2 0.80 1.25 Split Spoon Silt 1

BH14-03 SS3 1.50 2.10 Split Spoon Silt

BH14-03 SS4 2.40 2.80 Split Spoon Silt

BH14-03 SS5 3.00 3.40 Split Spoon Silt

BH14-03 SS6 4.60 5.20 Split Spoon Silt

BH14-04 AS1 0.40 0.80 Auger Sand

BH14-04 SS2 0.80 1.20 Split Spoon Sand

BH14-04 SS3 1.60 2.00 Split Spoon Sand

BH14-04 SS4 2.60 3.00 Split Spoon Sand

BH14-04 SS5 3.00 3.40 Split Spoon Sand

BH14-04 SS6 4.60 5.00 Split Spoon Silt

BH14-04 SS7 6.00 6.40 Split Spoon Silt

BH14-04 SS8 7.70 8.10 Split Spoon Sand

BH14-05 AS1 0.40 0.80 Auger Sand

BH14-05 SS2 0.80 1.20 Split Spoon Sand

BH14-05 SS3 1.60 2.00 Split Spoon Sand

BH14-05 SS4 2.40 3.00 Split Spoon Sand

BH14-05 SS5 3.00 3.40 Split Spoon Sand

BH14-05 SS6 3.80 4.20 Split Spoon Silt

BH14-05 SS7 4.50 4.90 Split Spoon Silt

BH14-05 SS8 5.40 4.80 Split Spoon Silt

BH14-05 SS9 6.00 6.40 Split Spoon Silt

BH14-05 SS10 6.80 7.20 Split Spoon Silt

BH14-05 SS11 7.60 8.00 Split Spoon Silt

BH14-05 SS12 8.20 8.60 Split Spoon Silt

BH14-05 SS13 9.00 9.40 Split Spoon Silt

BH14-05 SS14 9.20 10.20 Split Spoon Silt

BH14-05 SS15 10.50 10.90 Split Spoon Sand

Depth 
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 TABLE A2

TREASURY METALS
GOLIATH PROJECT

2014 SITE INVESTIGATION
FACTUAL SOILS SUMMARY 

 SUMMARY OF FIELD SAMPLES 

Drillhole No. Sample Sample Geological Unit

No. From To Type 

(m) (m)

Depth 

BH14-05 SS16 11.30 11.70 Split Spoon Sand

BH14-05 SS17 12.00 12.40 Split Spoon Sand

BH14-05 SS18 12.80 13.20 Split Spoon Sand

BH14-05 SS19 13.40 13.60 Split Spoon Sand

BH14-06 AS1 0.40 0.80 Auger Sand

BH14-06 SS2 0.80 1.20 Split Spoon Sand

BH14-06 SS3 1.60 2.00 Split Spoon Sand

BH14-06 SS4 2.20 2.60 Split Spoon Sand

BH14-06 SS5 3.00 3.40 Split Spoon Silt

BH14-06 SS6 4.50 4.90 Split Spoon Clay

BH14-06 SS7 6.00 6.40 Split Spoon Clay

BH14-06 SS8 7.50 7.90 Split Spoon Silt

BH14-06 SS9 9.10 9.50 Split Spoon Silt

BH14-07A AS1 0.40 0.80 Auger Sand

BH14-07A SS2 0.80 1.20 Split Spoon Sand

BH14-07A SS3 1.60 2.00 Split Spoon Sand

BH14-07A SS4 2.40 2.80 Split Spoon Sand

BH14-07A SS5 3.00 3.40 Split Spoon Silt

BH14-07A SS6 4.50 4.90 Split Spoon Clay

BH14-07A SS7 6.00 6.40 Split Spoon Clay

BH14-07A SS8 7.60 8.00 Split Spoon Clay

BH14-07A SS9 9.00 9.40 Split Spoon Clay

BH14-07A S10A 10.70 11.00 Split Spoon Clay

BH14-07A S10B 11.00 11.20 Split Spoon Clay

BH14-07A SS11 12.00 12.30 Split Spoon Clay
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 TABLE A2

TREASURY METALS
GOLIATH PROJECT

2014 SITE INVESTIGATION
FACTUAL SOILS SUMMARY 

 SUMMARY OF FIELD SAMPLES 

Drillhole No. Sample Sample Geological Unit

No. From To Type 

(m) (m)

Depth 

BH14-08 AS1 0.40 0.80 Auger Clay

BH14-08 SS2 0.80 1.20 Split Spoon Clay

BH14-08 SS3 1.60 2.00 Split Spoon Clay

BH14-08 SS4 2.40 2.80 Split Spoon Clay

BH14-08 SS5 3.00 3.40 Split Spoon Clay

BH14-08 SS6 4.50 4.90 Split Spoon Clay

BH14-08 SS7 7.20 7.60 Split Spoon Clay

BH14-08 SS8 7.70 8.10 Split Spoon Clay

BH14-09 AS1 0.20 0.60 Auger Clay

BH14-09 SS2 0.80 1.40 Split Spoon Clay

BH14-09 SS3 1.60 2.00 Split Spoon Clay

BH14-09 SS4 2.00 2.40 Split Spoon Clay

BH14-09 SS5 4.50 4.90 Split Spoon Clay

BH14-09 SS6 6.00 6.40 Split Spoon Clay

BH14-09 SS7 7.50 7.90 Split Spoon Sand

BH14-10A AS1 0.20 0.60 Auger Fill

BH14-10A AS2 0.80 1.20 Auger Fill

BH14-11 AS1 0.30 0.70 Auger Sand

BH14-11 SS2 0.70 1.10 Split Spoon Silt

BH14-11 SS3 1.50 2.00 Split Spoon Clay

BH14-11 SS4 2.40 2.70 Split Spoon Clay

BH14-11 SS5 3.00 3.40 Split Spoon Clay

BH14-11 SS6 4.80 5.20 Split Spoon Clay

BH14-11 SS7 6.00 6.40 Split Spoon Clay

BH14-11 SS8 7.50 7.90 Split Spoon Clay

BH14-11 SS9 9.00 9.40 Split Spoon Clay

BH14-11 SS10 10.60 11.00 Split Spoon Clay
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TREASURY METALS
GOLIATH PROJECT

2014 SITE INVESTIGATION
FACTUAL SOILS SUMMARY 

 SUMMARY OF FIELD SAMPLES 

Drillhole No. Sample Sample Geological Unit

No. From To Type 

(m) (m)

Depth 

BH14-12 AS1 0.30 0.70 Auger Sand

BH14-12 SS2 0.70 1.10 Split Spoon Silt

BH14-12 SS3 1.50 2.00 Split Spoon Clay

BH14-12 SS4 2.40 2.70 Split Spoon Clay

BH14-12 SS5 3.00 3.40 Split Spoon Clay

BH14-12 SS6 4.80 5.20 Split Spoon Clay

BH14-12 SS7 6.00 6.40 Split Spoon Clay

BH14-12 SS8 7.50 7.90 Split Spoon Clay

BH14-12 SS9 9.00 9.40 Split Spoon Clay

BH14-13 AS1 0.30 0.70 Auger Clay

BH14-13 SS2 0.70 1.40 Split Spoon Clay

BH14-13 SS3 1.60 2.00 Split Spoon Clay

BH14-13 SS4 2.20 2.60 Split Spoon Clay

BH14-13 SS5 3.00 3.40 Split Spoon Clay

BH14-13 SS6 4.50 4.90 Split Spoon Clay

BH14-13 SS7 6.00 6.40 Split Spoon Clay

BH14-13 SS8 7.50 7.90 Split Spoon Clay

BH14-13 SS9 9.00 9.40 Split Spoon Sand

BH14-14 AS1 0.30 0.70 Auger Organics

BH14-14 SS2 0.70 1.40 Split Spoon Organics

BH14-14 SS3 1.60 2.00 Split Spoon Clay

BH14-14 SS4 2.40 2.80 Split Spoon Clay

BH14-14 SS5 3.00 3.40 Split Spoon Clay

BH14-14 SS6 4.50 4.90 Split Spoon Clay

BH14-14 SS7 6.00 6.40 Split Spoon Clay

BH14-14 SS8 7.50 7.90 Split Spoon Clay

BH14-14 SS9 9.00 9.20 Split Spoon Silt
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2014 SITE INVESTIGATION
FACTUAL SOILS SUMMARY 

 SUMMARY OF FIELD SAMPLES 

Drillhole No. Sample Sample Geological Unit

No. From To Type 

(m) (m)

Depth 

BH14-15 AS1 0.30 0.70 Auger Organics

BH14-15 SS2 0.70 1.30 Split Spoon Sand

BH14-15 SS3 1.60 2.00 Split Spoon Sand

BH14-15 SS4 2.20 2.60 Split Spoon Clay

BH14-15 SS5 3.10 3.50 Split Spoon Clay

BH14-15 SS6 4.60 5.00 Split Spoon Clay

BH14-15 SS7 6.00 6.40 Split Spoon Clay

BH14-15 SS8 7.60 8.00 Split Spoon Clay

BH14-15 SS9 9.00 9.40 Split Spoon Silt

BH14-15 SS10 10.50 10.90 Split Spoon Silt

BH14-15 SS11 12.00 12.40 Split Spoon Clay

BH14-15 SS12 13.60 14.00 Split Spoon Clay

BH14-15 SS13 15.00 15.40 Split Spoon Silt

BH14-15 SS14 16.50 16.90 Split Spoon Silt

BH14-15 SS15 18.00 18.60 Split Spoon Silt

BH14-17 AS1 0.30 0.70 Auger Organics

BH14-17 SS2 0.70 1.30 Split Spoon Sand

BH14-17 SS3 1.50 2.10 Split Spoon Clay

BH14-17 SS4 2.30 2.70 Split Spoon Sand

BH14-18 AS1 0.30 0.70 Auger Sand

BH14-18 SS2 0.90 1.40 Split Spoon Clay

BH14-18 SS3 1.60 2.00 Split Spoon Clay

BH14-18 SS4 2.30 2.70 Split Spoon Silt

BH14-19 AS1 0.40 0.80 Auger Organics

BH14-19 SS2 0.80 1.40 Split Spoon Clay

BH14-19 SS3 1.60 2.10 Split Spoon Clay

BH14-19 SS4 2.30 2.90 Split Spoon Clay

BH14-19 SS5 3.00 3.60 Split Spoon Clay/Silt
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GOLIATH PROJECT

2014 SITE INVESTIGATION
FACTUAL SOILS SUMMARY 

 SUMMARY OF FIELD SAMPLES 

Drillhole No. Sample Sample Geological Unit

No. From To Type 

(m) (m)

Depth 

BH14-20 AS1 0.40 0.70 Auger Organics

BH14-20 SS2 0.70 1.30 Split Spoon Sand

BH14-20 SS3 1.50 1.90 Split Spoon Clay

BH14-20 SS4 2.20 2.60 Split Spoon Clay

BH14-20 SS5 3.00 3.50 Split Spoon Clay

BH14-20 SS6 4.50 5.00 Split Spoon Clay

BH14-20 SS7 6.00 6.50 Split Spoon Clay

BH14-20 SS8 7.60 8.10 Split Spoon Clay

BH14-20 SS9 9.00 9.40 Split Spoon Clay

BH14-21 AS1 0.40 0.80 Auger Sand

BH14-21 SS2 0.80 1.20 Split Spoon Sand

BH14-21 SS4 1.50 2.10 Split Spoon Silt

BH14-21 SS5 2.30 2.70 Split Spoon Clay

BH14-21 SS6 3.00 3.40 Split Spoon Clay

BH14-21 SS7 4.50 5.10 Split Spoon Silt
Note: 
1.  Geological units presented above are based on field obervations provided on BH Logs by TBTE with changes based on lab testing results (identified in italics).  
BH Logs are in Draft and require updating to reflect lab testing restults.  
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2014 SITE INVESTIGATION
FACTUAL SOILS SUMMARY 

SUMMARY OF IN SITU TESTING 

Drillhole No. Geological Unit
Standard 

Penetration Test 
(SPT)

From To N Initial Reshear

(m) (m) Blows per Foot kPa kPa

BH14-01 0.80 1.30 Sand 7

BH14-03 0.80 1.25 Silt 3 13

BH14-03 1.50 2.10 Silt 8

BH14-03 2.40 2.80 Silt 7

BH14-03 3.00 3.40 Silt 6

BH14-03 4.60 5.20 Silt 5

BH14-04 0.80 1.20 Sand 13

BH14-04 1.60 2.00 Sand 16

BH14-04 2.60 3.00 Sand 21

BH14-04 3.00 3.40 Sand 12

BH14-04 4.60 5.00 Silt 7

BH14-04 6.00 6.40 Silt 6

BH14-04 7.70 8.10 Sand 8

BH14-05 0.80 1.20 Sand 14

BH14-05 1.60 2.00 Sand 32

BH14-05 2.40 3.00 Sand 23

BH14-05 3.00 3.40 Sand 3

BH14-05 3.80 4.20 Silt 10

BH14-05 4.50 4.90 Silt 4

BH14-05 5.40 4.80 Silt 6

BH14-05 6.00 6.40 Silt 3

BH14-05 6.80 7.20 Silt 4

BH14-05 7.60 8.00 Silt 6

Depth Vane Shear Test 
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TABLE A3

TREASURY METALS
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2014 SITE INVESTIGATION
FACTUAL SOILS SUMMARY 

SUMMARY OF IN SITU TESTING 

Drillhole No. Geological Unit
Standard 

Penetration Test 
(SPT)

From To N Initial Reshear

(m) (m) Blows per Foot kPa kPa

Depth Vane Shear Test 

BH14-05 8.20 8.60 Silt 7

BH14-05 9.00 9.40 Silt 4

BH14-05 9.20 10.20 Silt 4

BH14-05 10.50 10.90 Sand 8

BH14-05 11.30 11.70 Sand 12

BH14-05 12.00 12.40 Sand 25

BH14-05 12.80 13.20 Sand 12

BH14-05 13.40 13.60 Sand >50

BH14-06 0.80 1.20 Sand 11

BH14-06 1.60 2.00 Sand 10

BH14-06 2.20 2.60 Sand 9

BH14-06 3.00 3.40 Silt 2

BH14-06 4.50 4.90 Clay 1

BH14-06 6.00 6.40 Clay 3

BH14-06 7.50 7.90 Silt 6 39 4

BH14-06 9.10 9.50 Silt 14

BH14-07A 0.80 1.20 Sand 13

BH14-07A 1.60 2.00 Sand 17

BH14-07A 2.40 2.80 Sand 7

BH14-07A 3.00 3.40 Silt 4

BH14-07A 4.50 4.90 Clay 0 52 4

BH14-07A 6.00 6.40 Clay 0 24 9

BH14-07A 7.60 8.00 Clay 9 >100 37

BH14-07A 9.00 9.40 Clay 2 75 9
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TABLE A3

TREASURY METALS
GOLIATH PROJECT

2014 SITE INVESTIGATION
FACTUAL SOILS SUMMARY 

SUMMARY OF IN SITU TESTING 

Drillhole No. Geological Unit
Standard 

Penetration Test 
(SPT)

From To N Initial Reshear

(m) (m) Blows per Foot kPa kPa

Depth Vane Shear Test 

BH14-07A 10.70 11.00 Clay 17

BH14-07A 12.00 12.30 Clay, silty >50

BH14-08 0.80 1.20 Clay 4 >100

BH14-08 1.60 2.00 Clay 5 >100

BH14-08 2.40 2.80 Clay 6 >100

BH14-08 3.00 3.40 Clay 5

BH14-08 4.50 4.90 Clay 4 >100 47

BH14-08 7.20 7.60 Clay 3 62 12

BH14-08 7.70 8.10 Clay 2 >100

BH14-09A 0.80 1.40 Clay 6

BH14-09A 1.60 2.00 Clay 6 >100 70

BH14-09A 2.00 2.40 Clay 7

BH14-09A 4.50 4.90 Clay 5

BH14-09A 6.00 6.40 Clay 1 >100 44

BH14-09A 7.50 7.90 Sand 6

BH14-11 0.70 1.10 Silt 0

BH14-11 1.50 2.00 Clay 0 22 3

BH14-11 2.40 2.70 Clay 0 25 4

BH14-11 3.00 3.40 Clay 0 25 4

BH14-11 4.80 5.20 Clay 1 22 4

BH14-11 6.00 6.40 Clay 0 87 20

BH14-11 7.50 7.90 Clay 2 60 11

BH14-11 9.00 9.40 Clay 3 >100 44

BH14-11 10.60 11.00 Clay 10
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TABLE A3
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GOLIATH PROJECT

2014 SITE INVESTIGATION
FACTUAL SOILS SUMMARY 

SUMMARY OF IN SITU TESTING 

Drillhole No. Geological Unit
Standard 

Penetration Test 
(SPT)

From To N Initial Reshear

(m) (m) Blows per Foot kPa kPa

Depth Vane Shear Test 

BH14-12 0.70 1.10 Silt 3

BH14-12 1.50 2.00 Clay 3

BH14-12 2.40 2.70 Clay 5 >100

BH14-12 3.00 3.40 Clay 4 >100 33

BH14-12 4.80 5.20 Clay 2 >100 58

BH14-12 6.00 6.40 Clay 0 70 14

BH14-12 7.50 7.90 Clay 1 58 23

BH14-12 9.00 9.40 Clay 10 >100

BH14-13 0.70 1.40 Clay 1

BH14-13 1.60 2.00 Clay 3 >100 7

BH14-13 2.20 2.60 Clay 2 >100 44

BH14-13 3.00 3.40 Clay 3 >100 28

BH14-13 4.50 4.90 Clay 3 >100 14

BH14-13 6.00 6.40 Clay 2 62 14

BH14-13 7.50 7.90 Clay 1 55 11

BH14-13 9.00 9.40 Sand 5 >100 20

BH14-14 0.30 0.70 Organics 2

BH14-14 1.60 2.00 Clay 2 >100 65

BH14-14 2.40 2.80 Clay 3 >100 23

BH14-14 3.00 3.40 Clay 0 82

BH14-14 4.50 4.90 Clay 1

BH14-14 6.00 6.40 Clay 1 62 9

BH14-14 7.50 7.90 Clay 1 >100 70

BH14-14 9.00 9.20 Silt >50
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TABLE A3
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2014 SITE INVESTIGATION
FACTUAL SOILS SUMMARY 

SUMMARY OF IN SITU TESTING 

Drillhole No. Geological Unit
Standard 

Penetration Test 
(SPT)

From To N Initial Reshear

(m) (m) Blows per Foot kPa kPa

Depth Vane Shear Test 

BH14-15 0.70 1.30 Sand 2

BH14-15 1.60 2.00 Sand 5

BH14-15 2.20 2.60 Clay 0 40 5

BH14-15 3.10 3.50 Clay 0 50 7

BH14-15 4.60 5.00 Clay 0 42 5

BH14-15 6.00 6.40 Clay 0 60 15

BH14-15 7.60 8.00 Clay 1 35 8

BH14-15 9.00 9.40 Silt 12

BH14-15 10.50 10.90 Silt 2

BH14-15 12.00 12.40 Clay 1 82 14

BH14-15 13.60 14.00 Clay 1

BH14-15 15.00 15.40 Silt 1 25 16

BH14-15 16.50 16.90 Silt 2 >100

BH14-15 18.00 18.60 Silt 13

BH14-17 0.70 1.30 Sand 9

BH14-17 1.50 2.10 Clay 2

BH14-17 2.30 2.70 Sand >50 55 9

BH14-18 0.90 1.40 Clay 7

BH14-18 1.60 2.00 Clay 8

BH14-18 2.30 2.70 Silt >50

BH14-19 0.80 1.40 Clay 7

BH14-19 1.60 2.10 Clay 13 >100

BH14-19 2.30 2.90 Clay 3 >100 23

BH14-19 3.00 3.60 Clay/Silt 4 >100 35
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TABLE A3
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2014 SITE INVESTIGATION
FACTUAL SOILS SUMMARY 

SUMMARY OF IN SITU TESTING 

Drillhole No. Geological Unit
Standard 

Penetration Test 
(SPT)

From To N Initial Reshear

(m) (m) Blows per Foot kPa kPa

Depth Vane Shear Test 

BH14-20 0.70 1.30 Sand 7

BH14-20 1.50 1.90 Clay 5 >100

BH14-20 2.20 2.60 Clay 5 >100 28

BH14-20 3.00 3.50 Clay 3 70 9

BH14-20 4.50 5.00 Clay 2 45 12

BH14-20 6.00 6.50 Clay 3 55 12

BH14-20 7.60 8.10 Clay 2 50 22

BH14-20 9.00 9.40 Clay 0 22 5

BH14-21 0.80 1.20 Sand 19

BH14-21 1.50 2.10 Silt 10

BH14-21 2.30 2.70 Clay 4

BH14-21 3.00 3.40 Clay 2

BH14-21 4.50 5.10 Silt 5
Notes: 

1.  Blanks indicate no testing completed. 
2.  Site Investigation completed by TBT Engineering.  
3.  Geological units presented above are based on field obervations provided on BH Logs by TBTE with changes based on lab testing results (identified in 
italics).  BH Logs are in Draft and require updating to reflect lab testing restults.  
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2014 SITE INVESTIGATION
FACTUAL SOILS SUMMARY 

BOREHOLE SAMPLES LAB TESTING RESULTS

Natural Atterberg Limits

Moisture Cobbles Gravel Sand Silt Clay

Content
>75mm (19mm-

No.4)
(No. 4-
#200)

(<No. 
200)

(< No. 
200)

(%) (%) (%) (%)

BH14-01 AS1 Auger Sand 
BH14-01 SS2 Split Spoon Sand
BH14-02 AS1 Auger Sand 
BH14-02 AS2 Auger Clay 
BH13-03 AS1 Auger Sand 26.2
BH14-03 SS2 Split Spoon Silt 4 20.2 0.00 0.0 13.2 78.8 8.0
BH14-03 SS3 Split Spoon Silt 25.7
BH14-03 SS4 Split Spoon Silt 27.2
BH14-03 SS5 Split Spoon Silt 22.1
BH14-03 SS6 Split Spoon Silt 22.3 0.00 0.0 5.6 62.4 32.0
BH14-04 AS1 Auger Sand 
BH14-04 SS2 Split Spoon Sand 20.1
BH14-04 SS3 Split Spoon Sand 20.4
BH14-04 SS4 Split Spoon Sand 21.4
BH14-04 SS5 Split Spoon Sand 23.3
BH14-04 SS6 Split Spoon Silt 23.6 0.00 0.0 6.3 73.7 20.0
BH14-04 SS7 Split Spoon Silt 25.2
BH14-04 SS8 Split Spoon Sand 20.9
BH14-05 AS1 Auger Sand 
BH14-05 SS2 Split Spoon Sand 19.1
BH14-05 SS3 Split Spoon Sand
BH14-05 SS4 Split Spoon Sand 15.8
BH14-05 SS5 Split Spoon Sand
BH14-05 SS6 Split Spoon Silt 18.9
BH14-05 SS7 Split Spoon Silt 23.5 0.00 0.0 1.1 83.9 15.0
BH14-05 SS8 Split Spoon Silt 19.6
BH14-05 SS9 Split Spoon Silt 27.0 0.00 0.0 0.3 64.7 35.0
BH14-05 SS10 Split Spoon Silt 25.5
BH14-05 SS11 Split Spoon Silt
BH14-05 SS12 Split Spoon Silt 14.1
BH14-05 SS13 Split Spoon Silt
BH14-05 SS14 Split Spoon Silt 13.5
BH14-05 SS15 Split Spoon Sand 
BH14-05 SS16 Split Spoon Sand 
BH14-05 SS17 Split Spoon Sand 
BH14-05 SS18 Split Spoon Sand 
BH14-05 SS19 Split Spoon Sand 

PI

Grain Size Distribution

Drillhole
No.

Sample No. Geological Unit LL PLSample Type 
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2014 SITE INVESTIGATION
FACTUAL SOILS SUMMARY 

BOREHOLE SAMPLES LAB TESTING RESULTS

Natural Atterberg Limits

Moisture Cobbles Gravel Sand Silt Clay

Content
>75mm (19mm-

No.4)
(No. 4-
#200)

(<No. 
200)

(< No. 
200)

(%) (%) (%) (%)

PI

Grain Size Distribution

Drillhole
No.

Sample No. Geological Unit LL PLSample Type 

BH14-06 AS1 Auger Sand
BH14-06 SS2 Split Spoon Sand 21.3
BH14-06 SS3 Split Spoon Sand 19.6
BH14-06 SS4 Split Spoon Sand 20.5
BH14-06 SS5 Split Spoon Silt 21.7 0.00 0.0 18.0 71.0 11.0
BH14-06 SS6 Split Spoon Clay 32.3
BH14-06 SS7 Split Spoon Clay 27.1 25.0 19.1 6.0 0.00 0.0 1.0 54.0 45.0
BH14-06 SS8 Split Spoon Silt 23.3
BH14-06 SS9 Split Spoon Silt 19.8

BH14-07A AS1 Auger Sand
BH14-07A SS2 Split Spoon Sand 15.8
BH14-07A SS3 Split Spoon Sand 23.0 0.00 0.0 46.8 47.2 6.0
BH14-07A SS4 Split Spoon Sand 19.5
BH14-07A SS5 Split Spoon Silt 25.7
BH14-07A SS6 Split Spoon Clay 22.2
BH14-07A SS7 Split Spoon Clay 46.2
BH14-07A SS8 Split Spoon Clay 31.1
BH14-07A SS9 Split Spoon Clay
BH14-07A SS10 Split Spoon Clay
BH14-07A SS11 Split Spoon Clay 
BH14-08 AS1 Auger Clay 26.0
BH14-08 SS2 Split Spoon Clay 33.0 0.00 0.0 1.9 26.1 72.0
BH14-08 SS3 Split Spoon Clay 35.7 0.00 0.0 1.9 26.1 72.0
BH14-08 SS4 Split Spoon Clay 36.3 46.0 22.0 24.0
BH14-08 SS5 Split Spoon Clay 39.2
BH14-08 SS6 Split Spoon Clay 31.7
BH14-08 SS7 Split Spoon Clay 34.9
BH14-08 SS8 Split Spoon Clay 
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2014 SITE INVESTIGATION
FACTUAL SOILS SUMMARY 

BOREHOLE SAMPLES LAB TESTING RESULTS

Natural Atterberg Limits

Moisture Cobbles Gravel Sand Silt Clay

Content
>75mm (19mm-

No.4)
(No. 4-
#200)

(<No. 
200)

(< No. 
200)

(%) (%) (%) (%)

PI

Grain Size Distribution

Drillhole
No.

Sample No. Geological Unit LL PLSample Type 

BH14-09A AS1 Auger Clay 
BH14-09A SS2 Split Spoon Clay 
BH14-09A SS3 Split Spoon Clay 
BH14-09A SS4 Split Spoon Clay 
BH14-09A SS5 Split Spoon Clay 
BH14-09A SS6 Split Spoon Clay 
BH14-09A SS7 Split Spoon Sand 
BH14-10A AS1 Auger Fill 
BH14-10A AS2 Auger Fill 
BH14-11 AS1 Auger Sand
BH14-11 SS2 Split Spoon Silt 
BH14-11 SS3 Split Spoon Clay 
BH14-11 SS4 Split Spoon Clay 
BH14-11 SS5 Split Spoon Clay 
BH14-11 SS6 Split Spoon Clay 
BH14-11 SS7 Split Spoon Clay 
BH14-11 SS8 Split Spoon Clay 
BH14-11 SS9 Split Spoon Clay 
BH14-11 SS10 Split Spoon Clay 
BH14-12 AS1 Auger Sand
BH14-12 SS2 Split Spoon Clay 39.1
BH14-12 SS3 Split Spoon Clay 45.7
BH14-12 SS4 Split Spoon Clay 41.8
BH14-12 SS5 Split Spoon Clay 32.0
BH14-12 SS6 Split Spoon Clay 
BH14-12 SS7 Split Spoon Clay 31.3
BH14-12 SS8 Split Spoon Clay 
BH14-12 SS9 Split Spoon Clay 16.1
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2014 SITE INVESTIGATION
FACTUAL SOILS SUMMARY 

BOREHOLE SAMPLES LAB TESTING RESULTS

Natural Atterberg Limits

Moisture Cobbles Gravel Sand Silt Clay

Content
>75mm (19mm-

No.4)
(No. 4-
#200)

(<No. 
200)

(< No. 
200)

(%) (%) (%) (%)

PI

Grain Size Distribution

Drillhole
No.

Sample No. Geological Unit LL PLSample Type 

BH14-13 AS1 Auger Clay 
BH14-13 SS2 Split Spoon Clay 
BH14-13 SS3 Split Spoon Clay 
BH14-13 SS4 Split Spoon Clay 
BH14-13 SS5 Split Spoon Clay 
BH14-13 SS6 Split Spoon Clay 
BH14-13 SS7 Split Spoon Clay 
BH14-13 SS8 Split Spoon Clay 
BH14-13 SS9 Split Spoon Sand 
BH14-14 AS1 Auger Organics
BH14-14 SS2 Split Spoon Organics
BH14-14 SS3 Split Spoon Clay 
BH14-14 SS4 Split Spoon Clay 
BH14-14 SS5 Split Spoon Clay 
BH14-14 SS6 Split Spoon Clay 
BH14-14 SS7 Split Spoon Clay 
BH14-14 SS8 Split Spoon Clay 
BH14-14 SS9 Split Spoon Silt 
BH14-15 AS1 Auger Organics
BH14-15 SS2 Split Spoon Sand 
BH14-15 SS3 Split Spoon Sand 
BH14-15 SS4 Split Spoon Clay 
BH14-15 SS5 Split Spoon Clay 
BH14-15 SS6 Split Spoon Clay 
BH14-15 SS7 Split Spoon Clay 
BH14-15 SS8 Split Spoon Clay 
BH14-15 SS9 Split Spoon Silt 
BH14-15 SS10 Split Spoon Silt 
BH14-15 SS11 Split Spoon Clay 
BH14-15 SS12 Split Spoon Clay 
BH14-15 SS13 Split Spoon Silt 
BH14-15 SS14 Split Spoon Silt 
BH14-15 SS15 Split Spoon Silt 
BH14-17 AS1 Auger Organics
BH14-17 SS2 Split Spoon Sand 
BH14-17 SS3 Split Spoon Clay 
BH14-17 SS4 Split Spoon Sand 
BH14-18 AS1 Auger Sand 
BH14-18 SS2 Split Spoon Clay 
BH14-18 SS3 Split Spoon Clay 
BH14-18 SS4 Split Spoon Silt 
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2014 SITE INVESTIGATION
FACTUAL SOILS SUMMARY 

BOREHOLE SAMPLES LAB TESTING RESULTS

Natural Atterberg Limits

Moisture Cobbles Gravel Sand Silt Clay

Content
>75mm (19mm-

No.4)
(No. 4-
#200)

(<No. 
200)

(< No. 
200)

(%) (%) (%) (%)

PI

Grain Size Distribution

Drillhole
No.

Sample No. Geological Unit LL PLSample Type 

BH14-19 AS1 Auger Organics 
BH14-19 SS2 Split Spoon Clay 
BH14-19 SS3 Split Spoon Clay 
BH14-19 SS4 Split Spoon Clay 
BH14-19 SS5 Split Spoon Clay/Silt 
BH14-20 AS1 Auger Organics 
BH14-20 SS2 Split Spoon Sand 
BH14-20 SS3 Split Spoon Clay 
BH14-20 SS4 Split Spoon Clay 
BH14-20 SS5 Split Spoon Clay 
BH14-20 SS6 Split Spoon Clay 
BH14-20 SS7 Split Spoon Clay 
BH14-20 SS8 Split Spoon Clay 
BH14-20 SS9 Split Spoon Clay 
BH14-21 AS1 Auger Sand 
BH14-21 SS2/3 Split Spoon Sand to Silt 21.9/20.8
BH14-21 SS4 Split Spoon Silt 30.3
BH14-21 SS5 Split Spoon Clay 32.8
BH14-21 SS6 Split Spoon Clay 36.5
BH14-21 SS7 Split Spoon Silt 20.6

Notes: 

1. Samples collected during 2014 Site Investigation. 

2.  Lab testing completed by TBT Engineering Limited Laboratory in Thunder Bay, ON. 

3.  Blanks indicate no testing completed.  
4.  Geological units presented above are based on field obervations provided on BH Logs by TBTE with changes based on lab testing results (identified in italics).  BH Logs are in Draft and 
require updating to reflect lab testing restults.  
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Notes

1.  Samples collected during 2014 site investigation program. 

2.  Lab testing completed by TBT Engineering in Thunder Bay, ON. 
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Notes

1.  Samples collected during 2014 site investigation program. 

2.  Lab testing completed by TBT Engineering in Thunder Bay, ON. 
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Notes

1.  Samples collected during 2014 site investigation program. 

2.  Lab testing completed by TBT Engineering in Thunder Bay, ON. 
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ORGANICS, black
SAND, trace Silt, brown

SAND, Silty, grey and brown

End of Borehole @ 1.5 m.
Auger refusal.

7

AS1

SS2

Soil descriptions are
based on field visual
observation only.
Soil descriptions
should be verified by
laboratory testing.
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ORGANICS, black
SAND, trace Silt, brown
CLAY and SILT, grey

End of Borehole @ 1.05 m.
Auger and Split Spoon
refusal.

AS1

AS2

Soil descriptions are
based on field visual
observation only.
Soil descriptions
should be verified by
laboratory testing.
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ORGANICS, black
SAND, some Silt, brown

SILT and SAND, trace Clay,
layered, grey

SILT, some Clay and Sand,
grey

SILT and CLAY, grey

End of Borehole @ 6.0 m.
Auger refusal.
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Soil descriptions are
based on field visual
observation only.
Soil descriptions
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laboratory testing.
Standpipe installed
to 2.9 m.
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ORGANICS, black
SAND, trace Silt, brown

- - - - -
- grey

SILT, trace Clay, grey

SILT and SAND, trace Clay,
grey

SAND, trace Silt, grey

End of Borehole @ 8.1 m.
Auger refusal.
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Soil descriptions are
based on field visual
observation only.
Soil descriptions
should be verified by
laboratory testing.
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NOTES:
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ORGANCIS, roots, black
SAND, some Silt, brown

SAND, Silty, grey

SILT, Sandy, grey

SILT, trace Sand, grey

SILT and CLAY, grey

SILT, some Clay, grey

SAND, Silty, grey

SAND, trace Silt, grey

- rock fragments in split spoon
End of Borehole @ 13.75 m.
Split spoon refusal.
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based on field visual
observation only.
Soil descriptions
should be verified by
laboratory testing.
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ORGANICS, black
SAND, some Silt, black

SAND, trace Silt, brown

SILT and CLAY, trace sand,
layered
- red clay and grey silt layers

CLAY and SILT, layered
- dark grey clay and light grey
silt layers

CLAY, grey

SILT, some Clay and Sand,
layered, grey

End of Borehole @ 9.9 m.
Auger refusal.
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Soil descriptions are
based on field visual
observation only.
Soil descriptions
should be verified by
laboratory testing.

Remold shear vane
test = 4 KPa
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NOTES:
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ORGANICS, black
SAND, trace Silt, brown

- - - - -
- grey

SILT and CLAY, trace Sand,
grey

CLAY, Silty, layered, grey

Clay, Silty, some gravel and
rock fragments, grey

End of Borehole @ 12.3 m.
Spoon and auger refusal.
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based on field visual
observation only.
Soil descriptions
should be verified by
laboratory testing.
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test = 4 KPa
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test = 9 KPa
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Remold shear vane
test = 9 Kpa

Rock fragments in
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ORGANICS, black
CLAY, brown and grey

CLAY and SILT, layered, grey

Clay, grey

End of Borehole @ 9.0 m.
Auger refusal.
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Soil descriptions are
based on field visual
observation only.
Soil descriptions
should be verified by
laboratory testing.

Shear vanes
attempted at 1.35 m,
2.1 m and 2.85 m,
vane refused when
pushing

Remold shear vane
test = 47 KPa

Remold shear vane
test = 12 KPa

No shear of vane
during test.
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ENCLOSURE   8CC

Auger Sample
NOTES:
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Split Spoon Sample
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CB Core Barrel
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UTM 15  N 5511549 E 528132
HS Auger
80mm ID
2014 April 2

SURFACE ELEV.:
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Treasury Metals Incorporated
Goliath Project
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Dryden, Ontario
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ORGANICS, black
CLAY, brown and grey

CLAY and SILT, red clay with
grey silt seams

CLAY and SILT, layered, grey

SAND, SILT, and CLAY, grey

End of Borehole @ 7.5 m.
Auger refusal.
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SS7

Soil descriptions are
based on field visual
observation only.
Soil descriptions
should be verified by
laboratory testing.

Remold shear vane
test = 70 KPa

Remold shear vane
test = 44 KPa
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ENCLOSURE   9CC

Auger Sample
NOTES:
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Split Spoon Sample
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CB Core Barrel
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UTM 15  N 5511570 E 528374
HS Auger
80mm ID
2014 April 2
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Treasury Metals Incorporated
Goliath Project
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Dryden, Ontario
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FILL - SAND, some Gravel,
occasional cobbles

End of Borehole @ 1.35 m.
Auger refusal.

AS1

AS2

Soil descriptions are
based on field visual
observation only.
Soil descriptions
should be verified by
laboratory testing.
Borehole location
appears to be on an
old access road.
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ENCLOSURE   10CC

Auger Sample
NOTES:

HS

Split Spoon Sample

RC
PS
CB Core Barrel

Ponar Sample

metres
UTM 15  N 5511168 E 527763
HS Auger
80mm ID
2014 April 3

SURFACE ELEV.:
COORDINATES:
EQUIPMENT:
DIAMETER:
DATE:

14-035
Treasury Metals Incorporated
Goliath Project
Tree Nursery Road
Dryden, Ontario
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ORGANICS, black
SAND, brown

SILT, some Sand and Clay,
grey

CLAY, grey

CLAY, reddish grey

CLAY, some Silt layers, grey

CLAY, SILT, SAND and
GRAVEL
End of Borehole @ 11.1 m.
Spoon refusal.
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SS10

Soil descriptions are
based on field visual
observation only.
Soil descriptions
should be verified by
laboratory testing.

Standpipe installed
to 2.9 m.
Remold shear vane
test = 3 KPa

Remold shear vane
test = 4 KPa

Remold shear vane
test = 4 KPa

Remold shear vane
test = 4 KPa

Remold shear vane
test = 20 KPa

Remold shear vane
test = 11 KPa

Remold shear vane
test = 44 KPa
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ENCLOSURE   11CC

Auger Sample
NOTES:

HS

Split Spoon Sample
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PS
CB Core Barrel

Ponar Sample

metres
UTM 15  N 5512098 E 529026
HS Auger
80mm ID
2014 March 30

SURFACE ELEV.:
COORDINATES:
EQUIPMENT:
DIAMETER:
DATE:

14-035
Treasury Metals Incorporated
Goliath Project
Tree Nursery Road
Dryden, Ontario
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ORGANICS, black
SAND, brown

CLAY, some Sand and Silt
seams, brown and grey

CLAY and SILT, layered, grey
and brown

CLAY and SILT, layered, grey

CLAY, SILT, SAND and
GRAVEL, grey
End of Borehole @ 9.6 m.
Spoon refusal.
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Soil descriptions are
based on field visual
observation only.
Soil descriptions
should be verified by
laboratory testing.

Soil did not shear on
shear vane test.

Remold shear vane
test = 33 KPa

Remold shear vane
test = 58 KPa

Remold shear vane
test = 14 KPa

Remold shear vane
test = 23 KPa

Vane refused
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ENCLOSURE   12CC

Auger Sample
NOTES:

HS

Split Spoon Sample
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PS
CB Core Barrel

Ponar Sample

metres
UTM 15  N 5512093 E 528978
HS Auger
80mm ID
2014 March 30

SURFACE ELEV.:
COORDINATES:
EQUIPMENT:
DIAMETER:
DATE:
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Treasury Metals Incorporated
Goliath Project
Tree Nursery Road
Dryden, Ontario
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ORGANICS, black

CLAY and SILT, layered,
brown and grey

CLAY, grey

CLAY, reddish grey

CLAY and SILT, layered, grey

SAND, trace Silt, grey

End of Borehole @ 9.6 m.
Refusal not achieved.
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SS9

Soil descriptions are
based on field visual
observation only.
Soil descriptions
should be verified by
laboratory testing.

Remold shear vane
test = 7 KPa
Remold shear vane
test = 44 KPa

Remold shear vane
test = 28 KPa

Remold shear vane
test = 14 KPa

Remold shear vane
test = 11 KPa

Remold shear vane
test = 20 KPa

Client instructed
TBTE to cease
drilling this borehole
at 9.0m if refusal
was not achieved.
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ENCLOSURE   13CC

Auger Sample
NOTES:
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Split Spoon Sample
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HS Auger
80mm ID
2014 March 31

SURFACE ELEV.:
COORDINATES:
EQUIPMENT:
DIAMETER:
DATE:

14-035
Treasury Metals Incorporated
Goliath Project
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Dryden, Ontario
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ORGANICS, black

- - - - -
- frozen

CLAY, grey

CLAY, some Silt seams, grey

CLAY, reddish grey

CLAY, grey

SILT and SAND, some Clay
End of Borehole @ 9.15 m.
Spoon refusal.
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Soil descriptions are
based on field visual
observation only.
Soil descriptions
should be verified by
laboratory testing.

Remold shear vane
test = 65 KPa

Remold shear vane
test = 23 KPa

Remold shear vane
test = 9 KPa

Remold shear vane
test = 70 KPa
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ENCLOSURE   14CC

Auger Sample
NOTES:
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Split Spoon Sample
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HS Auger
80mm ID
2014 March 31
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Treasury Metals Incorporated
Goliath Project
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Dryden, Ontario
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ORGANICS, frozen, black

SAND, some ORGANICS,
trace Silt, grey

CLAY, reddish grey,
occasional Silt seams

SILT, grey

SILT, some Clay seams, grey

CLAY. grey
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Soil descriptions are
based on field visual
observation only.
Soil descriptions
should be verified by
laboratory testing.

Remold shear vane
test = 5 KPa

Remold shear vane
test = 7 KPa

Remold shear vane
test = 5 KPa

Remold shear vane
test = 15 KPa

Remold shear vane
test = 8 KPa

Remold shear vane
test = 14 KPa

Remold shear vane

SS

SAMPLE TYPE LEGEND
AS

wL

PLASTIC
LIMIT

REMARKSSAMPLES CPT (kPa)

DESCRIPTION

CL

GRAIN SIZE
DISTRIBUTION

(%)

G
R

O
U

N
D

 W
A

TE
R

C
O

N
D

IT
IO

N
S

PAGE  1  OF  2

1

2

3

4

5

6

7

8

9

10

11

12

13

14

LIQUID
LIMIT

SPT (N)
Lab Shear (kPa)

NATURAL
MOISTURE
CONTENT

1

2

3

4

5

6

7

8

9

10

11

12

13

14

TBT Engineering Limited
1918 Yonge Street

Thunder Bay, Ontario P7E 6T9
PH: 807-624-5160
FX: 807-624-5161

Email: tbte@tbte.ca
Web: www.tbte.ca

ENCLOSURE   15CC

Auger Sample
NOTES:
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Split Spoon Sample
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HS Auger
80mm ID
2014 March 29
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SILT, grey

SILT and CLAY, layered, grey

End of Borehole @ 18.6 m.
Spoon refusal.
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test = 16 KPa

No soil shear on
vane test.
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ORGANICS, black

SAND, trace Silt, brown

CLAY, some Silt, grey

SAND, some Clay, Silt and
Gravel, grey
End of Borehole @ 2.7 m.
Auger refusal.
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>50

AS1

SS2

SS3

SS4

Soil descriptions are
based on field visual
observation only.
Soil descriptions
should be verified by
laboratory testing.

Remold shear vane
test = 9 KPa
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ORGANICS, black
SAND, trace Silt, brown

CLAY and SILT, layered, grey

SILT, trace Sand and Clay,
grey
End of Borehole @ 2.7 m.
Auger refusal.
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AS1

SS2

SS3

SS4

Soil descriptions are
based on field visual
observation only.
Soil descriptions
should be verified by
laboratory testing.
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ORGANICS and SAND,
brown
CLAY and SILT, layered, grey

CLAY. grey

SILT, some Sand and Clay
End of Borehole @ 3.75 m.
Auger refusal.
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Soil descriptions are
based on field visual
observation only.
Soil descriptions
should be verified by
laboratory testing.

No soil shear on
vane test.

Remold shear vane
test = 23 KPa

remold shear vane
teast = 35 KPa
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ORGANICS, roots, black

SAND, trace SIlt, brown

CLAY and SILT, layered, grey
and brown

End of Borehole @ 10.5 m.
Spoon and auger refusal.
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based on field visual
observation only.
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laboratory testing.
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Remold shear vane
test = 12 KPa

Remold shear vane
test = 12 KPa

Remold shear vane
test = 22 KPa

Remold shear vane
test = 5 KPa
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ORGANICS, black
SAND, trace Silt, brown

SAND, some Silt, grey
SILT, trace Clay and Sand

CLAY and SILT, layered, grey

SILT, trace Sand, grey

End of Borehole @ 5.1 m.
Auger refusal.
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based on field visual
observation only.
Soil descriptions
should be verified by
laboratory testing.
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1269 Premier Way, Thunder Bay, ON  P7B 0A3 
Telephone: 807-625-6700  ~  Fax: 807-623-4491  ~  www.wspgroup.com 
 

 

MEMO 

TO: MARK WHEELER (TREASURY METALS) DATE: September 15, 
2014 

FROM: BEN PLUMRIDGE (WSP)  141-12598-00.01 
SUBJECT: GOLIATH PROJECT – TAILINGS 

MANAGEMENT, SUMMARY SECTIONS, REV. 1    
  

    
 
Mark,  
 
As per your request, we have revised the summary sections for the proposed Goliath Project, 
Tailings Storage Facility (TSF) located in Dryden, Ontario.  The summary sections were 
previously provided on July 9, 2014 and the revision addresses updated information for the 
NAG rock availability.  Please review and let us know if there are revisions or additions that are 
required.   
 
Regards,  
 
   
 
Ben Plumridge, P. Eng.  
Senior Engineer – Mining  
 
 

R1 
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Pre-Production Phase  
 
The Pre-Production Phase of the project for the Tailings Storage Facility (TSF) will be 
completed prior to commissioning the plant site and the start of processing of ore from the 
mining facilities.  The preliminary plan for tailings management at the Goliath site will consist of 
establishing a starter dam to provide storage for tailings waste during the initial years of 
operation. This will be followed by subsequent raising of the impoundment embankments 
(dams) to accommodate future storage of tailings during the operations.   
 
The Pre-Production Phase of the project will consist of construction activities to establish the 
starter dam for storage of tailings storage, operational and stormwater management.  
Contractors will mobilize plant and equipment required for the construction activities.  There are 
existing access roads to the site that will be utilized during the mobilization and construction 
activities. Temporary construction roads or accesses will be established as required during the 
construction activities.  Access roads that are no longer required once the construction activities 
are completed will be removed and the areas rehabilitated while other access roads, that are 
needed to provide access to the TSF, will be left in-place during the mining operations. The 
contractor will establish a laydown area for plant and equipment during the construction 
activities.  The established laydown areas can be left in-place for subsequent construction 
programs for the dam raises during the operations followed by rehabilitation after the closure 
activities have been completed.    
 
The proposed area for the TSF is currently undeveloped and therefore will require site 
preparation activities prior to embankment construction.  The TSF site area will be cleared of all 
trees and shrubs from the site and embankment dam footprint areas.  Merchantable timber can 
sold to local forestry operations while other non-merchantable materials can be chipped and 
spread at the site.   
 
The footprint areas of the basin and embankment will be stripped and grubbed to remove all 
organic material and to expose the in situ foundation materials.  The material from the stripping 
and grubbing activities will be stockpiled at the site for future closure and reclamation activities.  
The exposed footprint areas for the starter dam (embankment) will be inspected once exposed 
and areas consisting of soft, saturated or unsuitable material will be excavated and replaced 
with competent fill materials.  The final foundation footprint areas will be proof rolled in 
preparation for fill placement for the embankments.    
 
The embankment starter dam will be constructed of zoned earthfill consisting of an upstream 
low-permeable clay material with graded filter and transition zones while the downstream shell 
zone will be constructed using local borrow material.  The clay zone will be keyed into the basin 
foundation materials to provide a seepage cut-off and thus decrease potential risk of seepage 
from the facility.  The clay material is anticipated to be provided from borrow sources on the 
Goliath site (i.e. overburden stripping from the open pit mine area) and the graded filter and 
transition zones will be provided from gravel pits in the Dryden area.  The downstream shell 
zone will be provided from local borrow sources or alternatively from gravel pits in the Dryden 
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area if local fill materials are not suitable or if there is insufficient fill volumes available.  Non-
woven geotextile may be used between the drain and transition zones, as required, to provide 
sufficient support and permeability between the fill materials.  The final surface of the 
embankment will be finished with road topping material to provide protection from traffic and 
also to provide protection of the clay zone. The upstream slope will be protected from wave and 
ice damage with layer of riprap while the downstream slope can be vegetated to prevent surface 
erosion damage.    
 
The basin area of the TSF is anticipated to consist of clay materials.  Areas where in situ clay is 
not found to be present or other higher permeable in situ materials are encountered will require 
treatment to minimize potential seepage from the basin area. Engineered low-permeability liner 
products can be placed in these areas and tied into the in situ clays or alternatively clay from 
borrow sources at the site can be used to provide the low permeable lining.   
 
The starter dam will include an emergency overflow spillway to prevent water from overtopping 
the embankments in the event that significant storms are encountered.  The alignment along the 
downstream toe will have collection ditches to collect seepage in the event that seepage flows 
occur through the dam.  The collection ditches will be routed to a collection point that will have a 
sump and pump system that will return the seepage water to the TSF impoundment area.  The 
starter dam will also have monitoring wells installed in the crest and downstream of the dam to 
monitor the phreatic surface within the dam and to collect samples for water quality monitoring. 
 
Operations Phase      
 
The TSF starter dam will be completed by the end of the Pre-Production Phase and will be used 
for tailings solids storage as well as storage of operational and stormwater as part of site water 
management during the operations phase.  Tailings solids will be routed to the TSF from the 
plant site via a high density polyethylene (HDPE) pipeline.  A HDPE tailings delivery pipeline will 
be used to deliver the tailings to the TSF and a tailings distribution pipeline will be used to 
deposit tailings solids into the facility.  The tailings distribution pipeline will be aligned on the 
embankment crest and will be equipped with spigot off-takes.  A low height berm will be 
established on the crest and behind the pipeline to prevent tailings solids from being discharged 
to the environment in the event of a spill or line break.  Deposition of tailings solids from the 
crest will be by spigotting.  A series of spigots will be open to allow for uniform deposition into 
the facility.  The deposition area will subsequently be moved around the full perimeter of the 
TSF by systematically closing one (1) spigot and opening another spigot at the far end of the 
spigot series.  This type of deposition will provide for deposition of tailings solids in controlled 
lifts to provide optimize potential in situ density and maximum utilization of the storage available.   
 
Water management for the TSF will address need for both operational and stormwater 
management.  The tailings solids have been classified as potentially acid generating and 
therefore a water cover has been planned to cover the tailings during the operating period.  
Maintaining a cover of water over the tailings solids beach will restrict contact with the 
atmosphere and reduce the potential for the tailings to generate acid.  Other operational water 
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management requirements at the TSF will consist ensuring that there is sufficient reclaim water 
available to be directed to the ore processing facility as well as removal of excess or surplus 
water to the final effluent point.  Reclaim water will be returned to processing plant by pumping 
from either a floating barge or stationary system via an HDPE pipeline to the processing plant.   
 
Raising of the TSF perimeter embankments will also need to occur during the operational phase 
of the project and will require a construction program that will be similar to the Pre-Production 
Phase.  The number of construction programs that will be required to raise the dams during the 
Operational Phase of the project will be dependent on the anticipated life of mine as well as the 
ore processing rate during the operations. Raising of the TSF perimeter embankments will 
utilize an embankment method that is stable (i.e. downstream, center-line, modified center-line) 
and that will provide the required storage capacity for tailings solids, along with operational and 
stormwater volumes.  The road topping material on the dam will be removed to expose the 
existing clay zone in order for the new raise material to tie-in to the fill material (clay) for the 
embankment raise.  The low permeable upstream clay zone and internal drains and transition 
zones will be extended to the required heights for each embankment raise.  Preliminary 
assumption have been assigned for the downstream shell zone for the embankment raises 
during the operation phase that consisted of utilizing mine waste rock provided from the mining 
operations.  This assumption is dependent on the availability of the mine waste rock consist of 
non-acid generating (NAG) material the ability to sort and remove the potential acid generating 
(PAG) mine waste rock at the source.  The Alternative Assessment for the location of the TSF 
was completed utilizing the assumption that NAG mine waste rock would be available in the 
operations phase of the project.  Other construction fill materials will be considered if insufficient 
NAG rock for use in construction is identified as the project is advanced and additional 
information becomes available.  Other fill materials will consist of local borrow materials at the 
Goliath site as well as fill materials supplied from local gravel pits in the Dryden area.  The 
design of the dam, consisting of footprint layout, downstream slope and filter grading, will reflect 
the type of material available and used in the dams downstream shell zone to ensure that the 
dam has acceptable stability factors of safety.  Erosion protection measures for the downstream 
slopes will be designed based on the material type that is utilized for the downstream shell zone 
of the dam structure.            
 
Each raise of the TSF embankment will require decommissioning of the existing emergency 
overflow spillway and subsequent construction of a new spillway.  Existing monitoring wells 
would also require extending and the downstream seepage collection ditches would require re-
establishing to accommodate the new embankment toe alignment with each embankment raise. 
 
Monitoring of the dam structure and the water management will be completed during the 
Operational Phase of the project.  Monitoring of the dam will consist of daily inspections and 
recording of findings by TM staff.  This will consist of a visual inspection of the dam, water levels 
and tailings placement operations consisting tailings deposition rate and location.  Treasury 
Metals staff will complete more detailed inspections on a monthly basis that will consist of a 
visual inspection and preparation of condition rating of the dam and its components.  A photo 
record will also be completed as part of the monthly inspections.   A Dam Safety Inspection will 
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be completed on an annual basis by a qualified engineer and a full Dam Safety Review will also 
be completed at the required interval as defined by the Hazard Potential Classification in 
accordance with the Canadian Dam Safety Guidelines and the Ministry of Natural Resources 
Best Management Practices.  Monitoring activities at the dam will also include recoding water 
levels in the monitoring wells as well as collection of water samples for laboratory analysis.    
 
Tailings deposition and water management will continue until mining activities are completed.  
After the mining activities are completed, the TSF will enter the Closure and Reclamation Phase 
of the project.   
 
Closure and Reclamation Phase  
 
The closure phase of the project for the TSF will be initiated once the mining activities and ore 
processing have been completed.  Closure and reclamation of the TSF will consist of capping 
the final tailings beach surface and reclamation of the facility.  Standing water that is present at 
the end of the operations will be removed and the final tailings beach surface regraded, as 
required to ensure it is totally free draining.  Grading of the final tailings beach surface will be 
completed in conjunction with placement of a pioneer or base/stabilization layer over the tailings 
surface for access.  A low permeable layer of clay will then be placed over the pioneer layer. 
The clay layer can be tied into the embankment upstream clay zone to provide complete 
encapsulation of the tailings surface.  A granular shedding layer will be placed over the clay 
layer to allow runoff the shed from the surface.  A layer of topsoil, stockpiled from the site 
preparation activities, will then be placed over the granular and the final surface will be 
vegetated.  The downstream slopes of the embankments will also be regraded and covered with 
topsoil and revegetated.  
 
The water reclaim pump, reclaim pipeline and tailings delivery and distribution pipelines will be 
decommissioned and removed from the site.  The emergency overflow spillway will be 
decommissioned.  The monitoring wells present in the crest of the dam can remain in-place as 
well as the monitoring wells located on the downstream area of the dam for use during the 
closure monitoring phase.  Access roads that are no longer required will be scarified and 
revegetated. 
 
Monitoring of the closed facility will be completed and will consist of annual Dam Safety 
Inspections of the closed facility as well as Dam Safety Reviews at the required timeline interval, 
as discussed above for the Operations Phase.  
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