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Borehole Data
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Appendix A3

Thermal Analyses 

Two-dimensional finite element modelling, with commercially available software (Temp/W), 
was used to predict the thermal regime for the tunnel foundation. 

The air temperature is based on the mean monthly air temperature from Milne Inlet Port, NU 
(2006-2015) extracted from RWDI’s response document to Crown-Indigenous Relations and 
Northern Affairs Canada titled “181234 CIRNAC IR 14” (RWDI, 2019), see Table A-3-1. 

The global warming effect was taken into account according to the Intergovernmental Panel 
on Climate Change (IPCC) long term climate change studies. A temperature adjustment was 
applied considering to global warming for the period spanning from 2010 to 2039 (Hatch 
2018).

Table A-3-1: Mean Monthly Temperatures for Milne Inlet Port, NU (2006-2015)

Month Temperature

January -29.5
February -30.8

March -28.9
April -19.6
May -6.9
June 3.5
July 10.2

August 7.4
September -0.9

October -7.7
November -17.9
December -25.1

Surface boundary conditions at the site were obtained based on the n-factors which was used 
to correlate air temperatures to ground surface temperatures during cold seasons (nf) and 
thaw seasons (nt). Values of nt and nf used in the analysis were summarized in Table A-3-2
Typically, nf is less than 1 considering the impact of snow accumulation/insulation over 
ground surface during winter while nt is more than 1 considering the impact of radiation. 

Inside the tunnel, the n factor of 1 was used assuming that the ground surface temperature is 
same as the air temperature. It is noted that in summer the air temperature in the tunnel could 
be colder than the air temperature outside while in winter, the inside air temperature in the 
tunnel becomes is likely warmer than the outside air temperature. There is no sufficient 
data/study to quantify the two opposite effects. As such, this study assumed that the air 
temperature in tunnel is same.
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The available thermistor data from the Mary River site (Hatch, 2012) indicate that ground 
temperature reaches equilibrium (at -10° C) below 15m depth, thus the bottom boundary was 
assumed to be 15m below the ground surface, with a constant temperature of -10° C.

The results are shown in the figures in this appendix.

Table A-3-2: N-factors to be Used in Modelling

Material
N – factors

Freezing (nf) Thawing (nt)

Native Sand 0.7 1.2
Native Silt 0.5 1.2

Rockfill / Granular Backfill 0.8 1.5
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Settlement Analyses Methodology
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Appendix A4

Settlement Analyses 

Two-dimensional finite element modelling, with commercially available software (Sigma/W), 
was used to predict the displacement. 

Figure A-4-1 and Table A-4-2 shows the engineering parameters for unfrozen soil, frozen silt 
and frozen till used in the analyses. 

In the model, the creep deformation was modeled using a long-term strength envelope and 
equivalent long-term deformation modulus (see details in Hatch 2018). 

For the soil beyond structures/facilities, the following simplified soil profile was used as per 
the warmest envelope from the thermistor monitoring data (see the figure below).

a. 0 m to 3 m depth: Soil in Active Zone*

b. 3 m to 7 m depth: Frozen Soil (above - 7° C)

c. Below 7 m depth: Frozen Soil (below - 7° C) 

Note: * The properties of the unfrozen soil was used for the soil between 2 m to 3 m depth as 
a conservative assumption.

Figure: A-1: Temperature Profiles containing Numerical and Recorded Data Overlain
(Thermistor data from BH2007-10, reported by Knight Piesold, 2008)
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Table A-4-1: General Design Parameters

Materials Elastic Young’s Modulus Poisson’s 
Ratio

Unit 
Weight

Strength 
Parameters

Es, (MPa) kN/m3 Ԣࢉ
(kPa)

ࣘԢ
(Degrees)

Ore 30 0.33 26 0 40°
Engineered Fill 

(compacted 
crushed rockfill)

70 0.33 22 0 40°

Rockfill 70 0.33 22 0 40°
Native Silt 8

(unfrozen condition)
0.33 18 0 30°

Native Sand 15
(unfrozen condition)

0.33 18 0 32°

Table A-4-2: Design Parameters for Frozen Silty Permafrost

Temperature Long-term 
Deformation 

Modulus

Poisson’s 
Ratio

Unit 
Weight

Strength Parameters
For Creep Analyses (20-

year design life)

Ec, (MPa) kN/m3 ࢀࡸԢࢉ
(kPa)

ࣘԢࢀࡸ
Above - 7° C 22 0.33 18 0 30°
Below -7° C 44 0.33 18 0 30°

Note: The underlying till material is considered very stiff in its hard frozen state (< - 7°C) with 
a high deformation modulus of 1,000 MPa. 

Table A-4-3: Design Parameters for Frozen Sandy Permafrost

Temperature Long-term 
Deformation 

Modulus

Poisson’s 
Ratio

Unit 
Weight

Strength Parameters
For Creep Analyses 
(20-year design life)

Ec, (MPa) kN/m3 ࢀࡸԢࢉ
(kPa)

ࣘԢࢀࡸ
Above - 7° C 80 0.33 18 0 32°
Below -7° C 160 0.33 18 0 32°

Note: The underlying till material is considered very stiff in its hard frozen state (< - 7°C) with 
a high deformation modulus of 1,000 MPa. 
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Appendix B
Reclaimer/Stacker Drawings











tkIS (Canada) Inc. thyssenkrupp



The Association of Professional Engineers,
Geologists and Geophysicists of NWT/NU

1

1

1 1

1

1
11

1

1

1



Baffinland Iron Mines Corporation - Mary River Expansion Project
Geotechnical Recommendations for Stacker/Reclaimer Berm Foundation - March 1, 2019

H353004-00000-229-230-0004, Rev. 0

© Hatch 2019 All rights reserved, including all rights relating to the use of this document or its contents.

Appendix C
Stability Analyses Results
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Figure C1B - Long-term Operating Case (Original Berm Configuration)
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Figure C2B - Short-term Maintenance Case (Original Berm Configuration)
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Figure C3 - Long-term Operation Case (with Rockfill Trench)
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Figure C4 - Short-Term Maintenance Case (with Rockfill Trench)
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Figure C5 - Pseudo-static Condition (with Rockfill Trench)
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Figure C6 - High Groundwater Case (with Rockfill Trench)
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Appendix D
Thermal Analyses Results
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Figure D1 - Thermal Model Geometry
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Figure D2 - Summer Temperature Contours (2 years after construction)
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Figure D3 - Summer Temperature Contours (19 years after construction)
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Appendix E
Settlement Analyses Results
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Note: Magnification factor of 10 applied to the deformed mesh

BIM
Ref Reclaimer Berm

Case A1 - Deformed Mesh
Milne Inlet Port

FIGURE E1-1B
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Job number 353004 Mary River Expansion Project

By Lk 0 14-Mar-18

Revision A 14-Mar-18

BIM
Ref Reclaimer Berm

Case A2 - Settlement Contours
Milne Inlet Port

FIGURE E1-2A
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Note: Magnification factor of 10 applied to deformed mesh

BIM
Ref Reclaimer Berm

Case A2 - Deformed Mesh
Milne Inlet Port

FIGURE E1-2B

Job number 353004 Mary River Expansion Project
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Note: Case A1 and A2 have a model boundary depth of 60 m
Job number 353004 Mary River Expansion Project

By Lk 0 14-Mar-18

Revision A 14-Mar-18

BIM
Ref Reclaimer Berm

Total Settlement - Base Cases (Sections 1 
and 2)

Milne Inlet Port

FIGURE E2-1
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Note: Case A1 and A2 have a model boundary depth of 60 m
Job number 353004 Mary River Expansion Project
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Comparision of Settlement at Top of 
Berm and Original Ground Surface Level

Milne Inlet Port

FIGURE E2-2
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FIGURE E3-1
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Job number 353004 Mary River Expansion Project BIM
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Creep Settlement - Time Dependency
Milne Inlet Port


