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materials. Table 3 summarizes the material physical and thermal properties applied for the
geothermal analyses.

Table 3: Physical and Thermal Soil Properties

Soll Type Dry Moisture Thermal Conductivity, Heat Capacity, IJim™/"C
Density, | Content, Winl e
KN/’ % £rozen Unfrozen Frozen Unirozen
Sedrock 28 2 290 2.80 2,58 2.58
Unsaturated 20 ¥ 2.80 273 2.26 2.68

overburden and dyke
sand and grave!

Saturaled rockfill, 18.8 15 261 2.26 2.26 2.51
overburden and dyke

sand and gravel

Unsaturated rockfil 20 5 29 2.73 2.09 2.26
Waier 10 2.20 0.58 1.85 419

8.3  Grid and Soil Layers Description

The following soils/materials were identified within the sewage dyke cross-section:

Unsaturated Rockfill

Saturated Rockiill

Unsaturated dyke core and overburden
Saturated dyke core and overburden
Bedrock

Water

@ # & @

Dimensions of each of the individual layers are shown at Figures 3 through 7, which also
present the results of the modeling at the end of summer (September 30). Physical and thermal
properties of the constituent soils/materials identified are provided in Section 7.2.

The geothermal modeling grid extended about 104 m below the crest of the dyke and contained
9350 finite elements and 4816 nodes. The dyke and active layer initial temperatures were taken
as +2 °C, comesponding to the assumed dyke material temperature and active layer
temperature at the end of summer. The initial water temperature also was taken as +2 °C. The
initial soil temperature from the base of the active layer and to a depth of 12 m was taken to
decrease gradually from 0 °C to -5 °C; the soil temperature then was warmed gradually down to
the bottom of the grid with the geothermal gradient of 0.02 °C/m.

Zero heat flux was applied at lateral boundaries of the grid, while the heat flux at the mesh
bottom corresponded to the geothermal gradient of 0.02 °C/m.

8.4  Results of Gecthermal Modelling
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Figure 4, Appendix A shows that after the first year of the dyke operation, the active layer at the
dyke crest is about 2 m. The majority of the dyke core has a temperature in a range from 0 °C
to -1 °C while the ground temperature under the dyke is about -2 °C. One can see thatduetoa
warming effect of the lagoon water, the ground temperature beyond the upstream slope of the

dyke is at about 1 degree warmer than the ground temperature beyond the downstream slope of
the dyke.

Figures 5 through 8 show that no considerable changes of the dyke temperature regime are
observed from the fifth to thirtieth year of the dyke operation (dyke temperature remains in a
range from 0 °C to -2 °C). It can be observed that a thickness of the unfrozen zone under the
lagoon is increased, while the ground temperature under the dyke is decreased down to -5 °C.

The analyses did not include any component of climate warming over the expected life of the
tagoon and following decommissioning. Typical climate warming values could be in the range of

0.1 °Clyear (1°C/decade). Applying a climate warming scenario to the analysis would result in
warmer dyke temperatures.

The following conclusions may be drawn from the investigations and thermal analyses:

* The concept of a frozen core dyke to provide the primary containment of lagoon waters
is considered to technically tenuous at best, and likely not technical feasible, given the
applied input conditions.

= No assessment of seepage under or through the cut-off curtain below the dyke has been
made. Further, AMEC has not assess whether the proposed 2 m deep cut-off system

under the dyke is suifficient, although thermal modeliing suggests that the subgrade will
remain frozen (see Figures 4 to 8, Appendix A).

9.0 CLOSURE

The engineering recommendations presented herein are based on the results of the field
reconnaissance, aerial photograph interpretation and reviewing of the available information. No
drilling was undertaken at the prospective borrow source locations to estimate soil composition.

Resuits of the geothermal modeling have shown that the dyke temperature will remain relatively
warm (range from 0 °C fo -2 °C) during the operation years. Thus, it is essential to install a
reliable liner as shown at Figures 2 or 3, Appendix A. An alternative option would be to
construction a clayey cut-off core of the dyke. However, an implementation of this option
depends on quality and quantity of the available clayey material within the Cape Dorset area.

It should be stated that the results of modelling are valid for boundary conditions and soil
properties described in Sections 7.1 and 7.2. If actual boundary conditions (soil properties)
differ considerably from the assumed parameters, then the actual temperatures of the dyke
could vary from the predicted temperatures.
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This report has been prepared for the exclusive use of Dillon Consuiting Limited and its agents
for the specific application described in this report. The use of this report by third parties is done
so at the sole risk of those parties. It has been prepared in accordance with generally accepied

permafrost and foundation engineering practices. No other warranty, expressed or implied, is
made.

Respectiully submitted,

AMEC Earth & Environmental

Keith Barnes, P.Eng.
Geotechnical/Permafrost Engineer

Reviewed by: Jim Oswell, Ph.D., P.Eng ;
Senior Permafrost Engineer PERMIT TO PRACTICE

AMEC Earth &Envijonmental, 2
Bivision of AM ericas Limited
Signature J}i/ /gﬁrr'df
nate 13 Dof 2005
PERMIT NUMBER: P 047

The Association of Professional Engineers,
Geologists and Geophysicists of the NWT / KU
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