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Appendix B: SRK Memo - Back River Project:
Goose Property Talik Thermal Modeling




1_'1 SRK Consulting (US), Inc.
; EJ Stite E-12
RN 4700 Business Park Blvd

Anchorage, Alaska 99503

T: #1907 677 3520
F: +1 907 677 3620

anchorage@srk.com
www.srk.com

Memo

To: Project File Client: Sabina Gold & Silver Corp.

From: Christopher W. Stevens, PhD Project No: 1CS020.008

Reviewed By: Maritz Rykaart, PhD, PEng Date: October 8, 2015

Subject: Back River Project: Goose Property Talik Thermal Modeling — Final

1 Introduction
SRK Consulting (Canada) Inc. (SRK) was retained by Sabina Gold & Silver Corp. to perform
thermal modeling to estimate the extent of taliks beneath existing waterbodies and the potential
development of new taliks resulting from pit lakes at the Goose Property of their Back River
Project (the Project) in Nunavut.
Taliks are of particular interest due to the potential hydraulic connection between surface water,
mined structures (open pits and underground workings), and subpermafrost groundwater.

2  Talik Definition

A talik is defined as “a layer or body of unfrozen ground occurring in a permafrost area due to
local anomalies in thermal, hydrological, hydrogeological or hydrochemical conditions” (van
Everdingen 2005). In most cases, taliks are formed by lakes and other water bodies which cause
a local departure in terrestrial ground temperature (Smith and Hwang 1973; Burn 2002). The
mean water bottom temperature, lake half width (or radius), and the surrounding terrestrial
ground thermal regime are key variables that influence talik configuration and extent. Water
bathymetry can also effect talik configuration where shallow water allows for ice to seasonally
freeze to the bottom (bottom-fast ice) and conduct heat from the ground (Burn 2002; 2005;
Stevens et al. 2010a; 2010b). Lunardini (1995b) showed temperature at depths up to 600 metres
below ground surface (mbgs) can be influenced by surface temperatures as far back as 100,000
years.

In this memo, reference is made to both closed and open (or through) taliks; a closed talik is an
unfrozen zone beneath a water body that is enclosed at the base and the surrounding sides by
permafrost; and an open talik is an unfrozen zone beneath a water body that penetrates the
permafrost completely and may connect suprapermafrost (i.e. the layer of ground above
permafrost) and subpermafrost (i.e. the unfrozen ground below the permafrost) groundwater.
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At the Goose Property, a combination of site groundwater quality, ground temperature, and
vibrating wire pressure data suggest a freezing point depression of -2°C (SRK 2015). The
groundwater is estimated to be more saline than sea water (salinity of 57,000 to 76,000 ppm). For
the purpose of modeling talik extent, ground temperatures warmer than -2°C are expected to be
unfrozen. The 0°C isotherm is also presented as a point of reference.

It should be recognized that the connection between surface water, mined structures, and
subpermafrost groundwater is also a function of the hydraulic properties of the bedrock and the
hydraulic gradients that drive water movement; i.e. unfrozen ground does not necessarily
constitute significant groundwater movement.

The Goose Property is situated within the zone of continuous permafrost, as delineated in a
database compiled by the Geological Survey of Canada (NRCan 2002). Based on site ground
temperature data, a geothermal gradient of 0.013 to 0.014°C/m has been observed. The base of
permafrost (basal 0°C isotherm) has been estimated from site ground temperature measurement
to range from -190 to -260 metres above sea level (masl), which is approximately 490 to

570 mbgs (Rescan 2013). Deep ground temperature measurements from Rescan (2013) are
shown in Figure 1.

One-Dimensional Talik Modeling

The presence of open (through) taliks was assessed during the Draft Environmental Impact
Statement (DEIS) using a one-dimensional (1D) analytical model (Rescan 2013) that was based
on the site geothermal gradient and the depth and shape of water bodies.

Taliks can be expected below lakes with depths greater than two thirds of the maximum thickness
of ice forming annually on their surface (Mackay 1992). At the Goose Property, waterbody ice
thickness is typically at least 2 m thick, and therefore it was assumed that open taliks can occur
for lakes with depths greater than 1.3 m (Rescan 2013).

Thermal models documented by Mackay (1962), Smith (1976), and Burn (2002a) developed for
study sites in the Canadian Arctic have been used for talik characterization at other proposed
mine projects located in the continuous permafrost region of mainland Nunavut, including the
Meliadine (Golder 2013), Kiggavik (Areva Resources Canada 2011), High Lake (Wolfden
Resources Inc. 2006), Doris North (SRK 2005), and Meadowbank (Cumberland Resources Ltd.
2005) projects. Using these thermal models with data collected at the Goose Property, Rescan
(2013) concluded that:

¢ Round water bodies with a radius up to 175 m (e.g., Echo Lake and Lytle Lake) are expected
to overlie closed taliks up to 50 m deep.

e Elongated waterbodies with the smaller width dimension up to 150 m (e.g., Gander Pond),
round waterbodies with a width up to 120 m (e.g., Mam Lake), and those with extensive
shallow terraces (e.g., Rabbit Lake) are expected to overlie closed taliks ranging from
50 to 100 m deep.
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4.1

4.2

e Larger lakes tend to have elongated shapes, and are expected to overlie open (through)
taliks where the smaller lake width dimension exceeds 200 m.

These criteria were further refined based on a -2°C freezing temperature, and the final lake talik
mapping for the Goose Property is provided in SRK (2015).

Two-Dimensional Talik Modeling

Approach

Additional thermal modeling was carried out to refine the assessment of existing open taliks
beneath lakes within areas where mining is planned, as well as to provide further definition of talik
configuration as defined by the 0°C and -2°C isotherms. Two steady-state thermal models were
used for this assessment: an analytical heat strip model (Andersland and Ladanyi 2004); and a
two-dimensional (2D) numerical finite element model using SVHeat Version 6.0 (SoilVision
Systems 2004) with the Flex PDE solver.

Model Inputs

Model inputs are summarized in Table 1. Ground temperatures were modeled with symmetry
along the centreline of the water body with 500 m in the vertical and horizontal directions. The
bottom boundary of the model space was assigned a geothermal heat flux (4.84 kJ m day'l °C'1)
which was calculated from the local geothermal gradient (0.014°C m'l) and the estimated thermal
conductivity of the bedrock. The thermal properties for greywacke rock, common to the Goose
Property, were estimated using an approach based on the geometric mean of the minerals (Cote
and Konrad 2005). A zero heat flux boundary was applied to both vertical sides.

Table 1: Thermal Modeling Inputs Used to Assess Lake Taliks

Parameter Value _ Value )
(Base Case) (Sensitivity Analysis)
Mean annual ground surface temperature (MAGST) -6°C -5°Cto -7°C

Mean annual lake-bottom temperature (Tb) 4.5°C 3.5°Cto5.5°C
Geothermal heat flux (G) 0.014°C m™ n/a
Water body half width (lake width divided by two) 5to 150 m n/a
Unfrozen greywacke thermal conductivity 346 kI m* day™ °c* n/a
Frozen greywacke thermal conductivity 350 kI m™* day™ °Cc™ n/a
Unfrozen greywacke volumetric heat capacity 2,120 kI m?°c* n/a
Frozen greywacke volumetric heat capacity 2,110k m?°c* n/a
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4.3

4.4

Model Assumptions
The modeling, as presented, is based on the following assumptions:

¢ Modeling does not account for the thermal influence of adjacent lakes and spatial variability in
ground surface temperature. However, the sensitivity to lake-bottom temperature (Tb) and
mean annual ground surface temperature (MAGST) are considered (Table 1).

e Thermal properties of the ground are assumed to be constant with depth and consist entirely
of bedrock, and overburden is omitted. The higher thermal conductivity bedrock, when
compared to overburden, results in a more conservative estimate of the timing of talik
development; this implies the modeling is more conservative with the exclusion of
overburden.

e Water depth is assumed to be greater than the maximum thickness of seasonal ice and the
thermal influence of bottom-fast ice is not considered, which also makes the modeling more
conservative.

e Steady-state models are used and therefore the effects of transient conditions, such as
paleo-climate (i.e. long-term changes in ground surface and water temperature), are not
considered.

Model Results

Table 2 summarizes the estimated lake half width required for open taliks to develop beneath
waterbodies at the Goose Property. The model results are similar for each of the three models
assuming equal model inputs.

The 2D analytical model results are shown in Figures 2 through 8. The results suggest that for
base case conditions, an open talik based on the 0°C isotherm will develop for a water body with
half widths greater than 100 m (lake width of 200 m). This reduces to a half width of 50 m for the
case with a freezing point depression of -2°C. The finite element model shows a more
conservative result, suggesting that a water body half width greater than 92 m may have an open
talik for the 0°C isotherm. Ground temperatures from the finite element model for 50 m,

100 m, 150 m half widths are shown in Figures 9 to 11, respectively.

Table 2: Estimated Lake Half Width Required for Open Taliks to Develop

Model Description Lake Half Width for Open Taliks to Develop
0°C Isotherm -2°C Isotherm
1 D Analytical Model (Rescan 2013) >100 m NA
2D Analytical Model >100 m >50 m
2D Finite Element Model >92 m >42 m

Note:

1. Model results for steady state conditions
Lake width is two times half width
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6.1

6.2

Sensitivity analysis demonstrates that changing the MAGST by 1°C results in a change in the half
width distance of about 30 m; changing the Tb by 1°C has less of an effect, with only a 10 m
change of the half width (Figure 8).

Mine Interactions with Existing Lake Taliks

The thermal modeling, supported by baseline ground temperature data confirms that the Umwelt,
Goose Main, and Echo open pits do not intercept taliks. The Llama open pit overlaps the footprint
of Llama Lake, which is expected to have an open (through) talik.

The Umwelt, Llama, and Goose Main underground mines will intercept unfrozen bedrock at
depth, but the Echo underground mine is completely within permafrost.

Talik Development beneath Pit Lakes

Approach

All pit lakes are expected to eventually form open (through) taliks given thermal forcing from the
pit lake. A 1D analytical thermal model was used to estimate the time for open taliks to form
beneath pit lakes as a function of a step change in temperature from initial conditions:

AT,. = AT, -erfc ( Eq. 1

i)

where:

AT, - step change in temperature (°C)

t - time (s)

z - depth (m)

a - thermal diffusivity of the bedrock (m2 s'l)
erfc - complementary error function

The model results from Equation 1 were verified through 1D numerical modeling preformed with
SVHeat (Figure 12).

Model Inputs

Initial ground temperatures were based on measurements from a ground temperature thermistor
cable installed in drill hole 08-GSE-009, located within the proposed footprint of the Goose Main
Pit (Rescan 2014). The deep ground temperature profile measured from this site is representative
of measurements made at other locations within the Goose Property (Figure 1). The projected
base of permafrost at this location is estimated to be 491 mbgs (-206 masl). A mean annual pit
lake water temperature of +4°C was applied to the upper boundary of the model and a
geothermal heat flux to the lower boundary. Table 1 provides the thermal properties prescribed
for bedrock. Sensitivity of the model results to changes in pit lake water temperature were
estimated for Goose Pit using a water temperature of +4°C, +6°C, and +8°C.
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6.3

6.4

Model Assumptions

The following assumptions are made:

e The model does not account for lateral heat flow from adjacent water bodies or permafrost.
Lateral heat flow with the surrounding permafrost would decrease the rate of permafrost thaw
beneath the flooded pit.

e Phase change of water within the bedrock is neglected in the model, but would be expected
to have a minor effect on the timing of thaw due to the low moisture content of the bedrock.

e Thermal disturbance from pit development was neglected and flooding is assumed to be an
instantaneous event following mining.

e Thermal forcing at the base of the pit assumes a mean annual temperature of +4°C. No
additional consideration was made for heat transfer through the pit lake water column or
tailings placed within some of the pits.

e The thermal influence from flooding of the underground workings was not considered given
the long time for open talik development.

Overall, the model results are considered to be conservative based on the assumptions stated.

Model Results

Table 3 summarizes the estimated time for open taliks to develop beneath the proposed open
pits. The time ranges from 85 to 277 years based on the -2°C isotherm. Figures 13 to 15 show

the estimated thermal response of the ground and development of the talik over time. The

difference in open talik development between individual open pits is a function of the maximum pit
depth at the end of mining (Figure 16); i.e. a shorter period of time is required to degrade thin
permafrost remaining beneath the deepest open pits.

Table 3: Summary of Estimated Timing of Open Talik Following Pit Lake Flooding

) Timing of Open Talik (Yrs.)
Open Pit
0°C -2°C
Llama Pit Assumed Open Talik
Goose Pit 252 85
Umwelt Pit 306 111
Echo Pit 541 227

Note:

1. Time expressed as the number of years (Yrs.) after flooding of the pit.

Table 4 shows the sensitivity of the model results to an increase in pit lake water temperature for
Goose Pit. The sensitivity analysis assumes instantaneous changes in water temperature during
pit flooding, representing a conservative estimate. As expected, the model results show that less
time is required for an open talik to develop as water temperature increases; i.e. the rate of thaw
increases with the increase in water temperature. For the case of a +4°C and +8°C pit lake water
temperature, the difference in time for an open talik to develop is about 12 years based the -2°C
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isotherm which considers the groundwater freezing point depression. Therefore, a long-term
increase in water temperature related to climate change would have a minor influence on the time
required for open taliks to develop beneath pit lakes.

Table 4: Sensitivity of Pit Lake Talik Development to Water Temperature for Goose Pit

Pit Lake Water Timing of Open Talik (Yrs.)
Temperature (°C)
0°C -2°C
+4°C 252 85
+6°C 220 78
+8°C 201 73

Note:
1. Time expressed as the number of years (Yrs.) after flooding of the pit.

Disclaimer—SRK Consulting (U.S.), Inc. has prepared this document for Sabina Gold & Silver Corp.. Any use or
decisions by which a third party makes of this document are the responsibility of such third parties. In no circumstance
does SRK accept any consequential liability arising from commercial decisions or actions resulting from the use of this
document by a third party.

The opinions expressed in this document have been based on the information available to SRK at the time of preparation.
SRK has exercised all due care in reviewing information supplied by others for use on this project. While SRK has
compared key supplied data with expected values, the accuracy of the results and conclusions from the review are
entirely reliant on the accuracy and completeness of the supplied data. SRK does not accept responsibility for any errors
or omissions in the supplied information, except to the extent that SRK was hired to verify the data.
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