From: Rykaart, Maritz

To: Gerry Benson

Cc: Greqg Blaylock; Wade, Lowell

Subject: Jetty Capacity

Date: Tuesday, January 25, 2011 1:32:33 PM
Attachments: RE Jetty Capacity.msq

RE Jetty Capacity.msq

Gerry

Here is the correspondence relating to jetty capacity for your records. Based on our last analysis of
the jetty in 2007 we concluded that a 80Ton crane could not be used.

Regards
Maritz

Maritz Rykaart, Ph.D., P.Eng.
Principal
Geotechnical Engineering

SRK Consulting (Canada) Inc.
Suite 2200, 1066 West Hastings St., Vancouver, BC, Canada V6E 3X2
Phone: (604) 681-4196, Direct: (604) 601-8426, Cell: (604) 928-1552, Fax: (604) 687-5532

Email: mrykaart@srk.com
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RE: Jetty Capacity

		From

		Rykaart, Maritz

		To

		Gary Kalynchuk

		Recipients

		garyk@hopebayminingproject.com



Gary



 



I am attaching the last correspondence we had about design limitations on the jetty. As you can see this dates back to 2007, when Miramar and SNC wanted to offload heavy modules. We have not carried out any further analysis on the jetty since then but we concluded at the time that using the 75T Grove Crane, would exceed the design ground pressure. At that time I believe that SNC decided to use the crane anyway, and we also do not know what they were doing in 2008 and 2009.



 



Maritz



 



____________________________________________________________



 



Maritz Rykaart, Ph.D., P.Eng.



Principal



Geotechnical Engineering



 



SRK Consulting (Canada) Inc.



Suite 2200, 1066 West Hastings St., Vancouver, BC, Canada  V6E 3X2



Phone: (604) 681-4196, Direct: (604) 601-8426, Cell: (604) 928-1552, Fax: (604) 687-5532



Email: mrykaart@srk.com



 



From: Gary Kalynchuk [mailto:garyk@hopebayminingproject.com] 
Sent: Thursday, August 05, 2010 5:54 AM
To: Rykaart, Maritz
Subject: Jetty Capacity



 



Do we have an issue with having an 80 ton crane on the existing jetty without crane mats?



 



What if we have crane mats?



 



Thanks



 



Gary Kalynchuk, P. Eng.



Hope Bay Project



Newmont Senior Engineering Manager



 



Office: 780-434-9114



Direct: 780-408-1870



Cell: 780-264-2065



Fax: 780-434-7758



 



Email: garyk@hopebayminingproject.com
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Jim





 





Further to the email I sent you last night regarding our concerns about the jetty (see attached email) we have reviewed all the available information and completed some additional analysis. Our conclusions are as follows:





 





1.	Shortening the jetty, as agreed to yesterday, by 5m results in the jetty terminating in water 1m shallower than the original design called for. This does result in a marginal increase in the design load that can be imposed on the jetty.





 





2.	As documented in the original design reports the weak seabed foundation materials beneath the jetty meant that the maximum Factor of Safety (FOS) against bearing capacity failure for the jetty with the design offloading equipment and maximum load was 1.2, which is much lower than values of 3 and higher typically used for structures of this nature. The risks associated with adopting such a low FOS was communicated to MHBL and they accepted those risks, given the intended use and service life of the facility.





 





3.	Using the best available information on the barge manifest we have calculated that most of the equipment currently planned for the sealift will meet the design criteria for the jetty based on a FOS of 1.2. It should however be noted that exact dimensions and weight data for individual pieces are not available and thus our calculations involve some assumed values. MHBL and/or the contractor should independently verify that each piece planned to be offloaded meet the specified design criteria.





 





4.	There are however some of the larger pieces that will definitely exceed the design capacity of the jetty. These include, but is not necessarily limited to the four largest pieces of the crushing plant and the blocking (assuming it comes in a single unit as listed on the manifest). If these items can be broken down into smaller units there may be an opportunity to meet the existing design criteria.





 





5.	It should however be pointed out that although many of the larger pieces meet the design criteria at a FOS of 1.2, the risk associated with repeatedly offloading gear right at the upper design limit, significantly increases the risks of failure and associated with that possible loss of equipment or risk to human health and safety. 





 





We have been exerting all efforts to determine what options there are to increase the load bearing capacity of the jetty to accommodate your short term needs, but unfortunately we have not yet come up with satisfying solutions. Things we have considered are:





 





1.	Adding buttressing, i.e. placing some very large boulders at the toe of the jetty to contain the jetty material. Due to the low bearing capacity of the foundation, such boulders would however have to be carefully placed so as not to initiate a failure themselves, and given the equipment available on site we are not convinced that this would be possible. Also completing such a buttress before the August 15 blackout period is not possible. Although such a buttress would be mostly below mean sea level this may have some impacts on permitting.





 





2.	We could clad the surface of the jetty with commercially available temporary load bearing panels, such as is typically used for transporting drill rigs and construction equipment over bogs, tundra and other sensitive ground. We have not been able to determine if these panels would be rated for the loads planned for the jetty and we also do not know how available such panels are, and how much they cost. It may however be worthwhile for MHBL to actively pursue this avenue, as such panels may be of great use to MHBL in the long term, and thus the extra cost may be justified.





 





3.	Of course a known way to alleviate the problem would be for MHBL to reconsider offloading some of these heavy items onto the jetty, but rather defer them to the existing beach laydown area along the eastern shore of Roberts Bay as was originally intended for those heavy items. We are however acutely aware that components offloaded there would be unusable until freeze up and thus there are potentially significant ramifications pertaining to project scheduling.





 





4.	Another alternative would be to break down the large components into smaller pieces that would allow the loads to be within, and preferably well below the design FOS. Again we understand that this will have significant impacts on both cost and schedule.





 





Irrespective of what decisions are finally made, MHBL should treat the jetty with extreme care, and should adopt the following operating procedures during loading and offloading:





 





1.	Only the vehicle offloading the jetty should be on the jetty at any given time. 


2.	Good operators should be used at all times to avoid unnecessary jerky motions.


3.	Speed must be strictly enforced on the jetty at all times and there should be no sudden start/stop of vehicles.


4.	The jetty cannot be used as a marshalling yard. Nothing should be stored on the jetty. 





 





We have to reiterate that we consider this a very serious and important matter, and that MHBL needs to be acutely aware of the risks of the situation.





 





Regards





Maritz





_____________________________





Maritz Rykaart, Ph.D., P.Eng.





Principal Consultant





Geotechnical Engineering
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Jim







 







During on site discussions today it came to my attention that equipment will be arriving on the sealift in August that will exceed the loading capacity of the jetty as designed, and that the equipment planned for offloading the barges will also exceed the loading capacity of the jetty. I was handed a copy of the barge loads and confirmed that this is in fact the case.







 







I have attached the jetty design information, which is in the IFC documentation. The design criteria are documented in Section 4.1 of the attached report as well as in Appendix C of that report. Briefly, the primary jetty design criteria are:







 







1.	Offloading vehicles is a IT-28, Cat 980 Loader or a Komatsu WA 500-3 Loader (31 tonnes).



2.	The maximum single load offloaded with this equipment is a seacan weighing 40,000 lbs (18.2 tonnes). 







 







We are looking into what can be done to accommodate bigger loads on the jetty, and we will provide you with this information as soon as possible. However, as it stands many of the equipment planned for offloading at the jetty cannot be safely accommodated and with the low Factor of Safety already adopted for the jetty there is a real risk that the jetty may fail and put people and equipment at risk.







 







Regards







Maritz







_____________________________







Maritz Rykaart, Ph.D., P.Eng.







Principal Consultant







Geotechnical Engineering
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1

Introduction

This report presents the geotechnical design of select surface infrastructure components for the Doris
North Project owned by Miramar Hope Bay Ltd. (MHBL). This report has been prepared as part of
the Water Licence Application to the Nunavut Water Board (NWB), and has been updated from the
October 2006 submission to include review comments received by the NWB in December 2006.
The following documents form part of the designs presented in this report, and should therefore be
read in conjunction with this document:

o SRK Consulting (2007a). Design of the Tailings Containment Area, Doris North Project,
Hope Bay, Nunavut, Canada. Report submitted to MHBL, March.

o SRK Consulting (2007b). Technical Specifications for Tailings Containment Area and
Surface Infrastructure Components, Doris North Project, Hope Bay, Nunavut, Canada.
Report submitted to MHBL, March.

The drawings referenced in this report form part of a set of engineering drawings completed for the
Tailings Containment Area (TCA) and surface infrastructure designs for the Doris North Project, and
are bound as a separate volume:

e SRK Consulting (2007c). Engineering Drawings for Tailings Containment Area and Surface
Infrastructure Components, Doris North Project, Hope Bay, Nunavut, Canada. Drawings
submitted to MHBL, March.

This report includes information about the design, operation, monitoring, maintenance and
construction of the following permanent surface infrastructure components, as illustrated in
Dwg. G-02:

o Jetty.

e Roads, including road turnouts, culverts and caribou crossings.

e Pads for laydown areas, mill, camp, explosives storage facility, pump house, and temporary
waste rock pile.

e Airstrip and apron.

o Fuel transfer station and fuel tank farm.

e Float plane dock.

e Bridge.

e Surface water management structures such as the sedimentation pond.

¢ Pollution control management structures such as the pollution control pond.

e Landfill and landfarm.

EMR/spk
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SRK has completed geotechnical designs of the facilities only. Ancillary facilities such as pumps,
piping or any services are not part of the SRK Consulting (Canada) Inc. (SRK) scope of work.
Furthermore, any structures to be placed on the pads covered by this design report are outside the
SRK scope of work. Where these structures are mentioned they are for information only, such that
the design concepts can be clearly understood.

EMR/spk
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2

2.1

2.2

2.3

Project Area Description

Location and Access

The Doris North Project is located approximately 400 km east of Kugluktuk and 160 km southwest
of Cambridge Bay in the West Kitikmeot Region of the Territory of Nunavut. The project location is
shown on Dwg. G-01.

Access to the site is by air (float planes in the summer, and an ice airstrip in the winter); with an
annual barge sealift re-supply in Roberts Bay during the open water season.

Regional Geology

The Doris North Project is in the faulted Bathurst Block, forming the northeast portion of the Slave
Structural Province, a geological sub-province of the Canadian Shield. The region is underlain by
the late Archean Hope Bay Greenstone belt, which is seven to 20 km wide and over 80 km long in a
north-south direction. The belt is mainly comprised of mafic metavolcanic (mainly meta-basalts) and
meta-sedimentary rocks that are bound by Archean granite intrusives and gneisses. The greenstone
package has been deformed during multiple events, and is transected by major north-south trending
shear zones that appear to exert a significant control on the occurrence of mineralization, particularly
where major flexures are apparent and coincident with antiforms.

Seismicity

A site specific seismic hazard assessment was done by the Geological Survey of Canada, according
to the procedures documented in Adams and Halchuck (2003). Peak ground accelerations and
velocities for various annual probabilities of exceedence were determined and are listed in Table 2.1.

Table 2.1: Probabilistic seismic ground motion analysis at the Doris North Project
site

Annual Probability of Return Period Peak Ground Peak Ground Velocity
Exceedence (Years) Acceleration (g) (cm/sec)
0.01 100 0.014 0.033
0.005 200 0.018 0.039
0.0021 475 0.023 0.049
0.0010 1,000 0.028 0.060
0.0004* 2,475 0.059 -

*The 1:2,475 return period data is not site specific to the Doris North Project area, but are for Kugluktuk.

The Doris North Project falls within the “stable” zone of Canada. This region has too few
earthquakes to define reliable seismic source zones. However, international experience suggests that
large earthquakes can occur anywhere in Canada, although the probability is very low.

EMR/spk
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2.4

2.5

Within this “stable” zone, the project area falls in acceleration zone 1 (Z, = 1) and experiences zonal
accelerations of 0.05 g. The velocity zone in which the area falls is zone 0 (Z, = 0) which
corresponds to zonal velocities of 0.05 m/s. These zonal classifications are the lowest zones
classified on the seismic hazard maps of Canada (Adams and Halchuck 2003).

Climate

Baseline climate data for the project were collected at the Boston and Windy camps during
exploration (August 1993 thru 2003, with some interruptions). This site specific data combined with
data from three longer-term regional weather stations operated by Environment Canada (Lupin,
Cambridge Bay, and Kugluktuk) were used to develop annual climate profiles for the Doris North
site.

The Doris North site has a low arctic ecoclimate with a mean annual temperature of -12.1°C with
winter (October to May) and summer (June to September) mean daily temperature ranges of -50°C to
+11°C and -14°C to +30°C, respectively; and mean precipitation ranges from 94 mm to 207 mm,
with only about 40% falling as rain. Annual lake evaporation (typically occurring between June and
September) is about 220 mm.

Wind speed data reported for the Boston area (Rescan 2001) indicates predominant wind directions
ranging from northwest to northeast, with wind speed in the order of 5 to 7.5 m/s. Calm conditions
(wind speed below 1 m/s) occur about 6 to 9% of the time.

Permafrost

The Doris North site is underlain by continuous permafrost that has been estimated to extend to
depths in the order of 550 m (SRK 2005a). This permafrost depth is based on a 200 m deep drill hole
(SRK-50, see Dwg. G-04) where the mean surface temperature is about -6.3 °C and the geothermal
gradient is 11.4 °C km™. The geothermal gradient in the upper 100 m appears to be isothermal or
slightly negative. For comparison, the deep ground temperature profile measured at the Boston
Camp, 60 km south of the site, also suggested a similar permafrost depth, about 560 m (EBA 1996;
Golder 2001). The mean annual surface temperature is however colder at —10 °C and the geothermal
gradient is higher at 18 °C km™. The difference in the ground temperature profiles at these two sites
can be attributed to different surface conditions and the thermal conductivity of the ground at depth.
The geothermal gradient measured at the Doris North site is probably representative of the
conditions at Tail Lake.

Temperature data collected around Tail Lake indicates that the active layer in the marine clay/silt
soils appears to be about 0.5 m, while the sand deposit has an active zone no greater than 2 m. The
depth of zero annual amplitude varies between 11 and 17 m. The ground temperatures at the depth of
zero annual amplitude are generally in the range of -9 to -7 °C.
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2.6 Hydrology

The Doris North Project is located primarily in the Doris Lake outflow drainage basin. Tail Lake
basin, part of the Doris basin, is the Projects TCA. Peak flows typically occur in June during
snowmelt. A second smaller peak may occur from rainfall in late August or early September. The
streams in the study area are usually frozen with negligible flow from November until May. The
mean flow from June to October for Tail, Doris and Little Roberts Lake outflows are about 0.03,
0.85, and 1.73 m*/s, respectively (AMEC 2003).

2.7 Hydrogeology

The permafrost underlying the Project site is generally impervious to groundwater movements.
Groundwater movement will only occur in the shallow active layer (0.5 m to 2.0 m) during its
seasonal thaw period. There is no hydraulic connection between the taliks beneath Tail and Doris
Lakes, as has been demonstrated though a series of deep drill holes (SRK 2005b).
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3

3.1

3.2

3.2.1

Design Criteria and Assumptions

Design Basis

The Doris North Project will have an operating life of two years, followed by an active
decommissioning phase of about two years, for a total design life for most of the surface
infrastructure of about four years. This Project is the first phase of development for MHBL in the
Hope Bay Belt, and although MHBL is actively pursuing towards better definition of any future
development phases, MHBL would like to develop the Doris North Project in such a way that the
site disturbance is minimized, and that the total capital investment is not disproportionate to the
current Project scope. Therefore, the designs presented in this report are somewhat unconventional as
compared to other gold mines, although no compromises are made with respect to safety or
environmental protection.

Foundation Conditions

Geotechnical Investigations

Site specific foundation investigations have been carried out at the Doris North site to identify
foundation conditions. These site investigations can be summarized as follows:

o EBA completed six onshore and four offshore drill holes in Roberts Bay in 1997, about 2 km
northwest of the jetty location selected for the Doris North Project. Two thermistor strings
were installed in onshore holes (EBA 1997).

o SRK completed two drill holes in September 2002 in the vicinity of the mill site
(SRK 2005c).

o Fifteen drill holes were installed in the winter of 2003, and included holes at the mill site, the
beach laydown area, the airstrip location, the explosives storage facility location, along the
secondary and primary road alignments as well as adjacent Doris Creek where the bridge
abutments are to be constructed. Eight of these holes were completed with thermistor
installations (SRK 2005c).

e Four drill holes were completed through the sea-ice in Roberts Bay at the Jetty location in
the winter of 2004 SRK (2005d).

¢ A Nilcon vane-shear apparatus was used to test in-situ shear strength of the jetty foundation
soils through the sea-ice in April 2005. A total of six borings was completed as part of this
investigation (SRK 2005e).

o In April 2006 seven additional drill holes was completed at the jetty to obtain in-situ samples
of the marine soils for strength characterization. This work is summarized in SRK (2006a),
which has been included as Appendix B to this report.

In addition to these geotechnical investigations specifically focussed on the surface infrastructure
components, there has also been a large number of characterization drill holes carried out for the
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3.2.2

3.2.3

3.3

3.4

design of the TCA, as documented in SRK (2007a). The foundation conditions within the TCA
boundaries appear identical to those under the surface infrastructure components (with the exception
of the jetty), and therefore all the information is relevant. Dwg. G-04 presents a complete summary
of all geotechnical drill holes completed at the Doris North site.

Jetty

The jetty will be about 103 m long, and will, for the most part, be in water less than 2 m deep;
however, the jetty terminus will be in water over 5 m deep. Sea ice approximately 2 m thick
develops in the winter and freezes to the bottom of the seabed for at least the first 55 m of the jetty.
The drilling results confirm sub-ocean permafrost to at least this location, consisting of a 3to 5 m
thick layer of frozen marine silt and clay over 6 to 9 m of sand and gravel.

The remainder of the jetty foundation consist of unfrozen marine silt and clay, 8 to 12 m thick.
In-situ and laboratory strength testing confirms that the marine sediments have peak shear strengths
between 14 and 28 kPa, increasing gradually in strength with depth. These overburden soils overlie
competent basalt bedrock.

Other Areas

The onshore surface infrastructure foundation soils generally consist of sand, marine silts and clays
of medium plasticity, ranging between 5 and 15 m thick. Permafrost conditions are present
everywhere, with ground ice generally about 25%. The marine clays tend to contain saline pore
water, with salinities equivalent to that of sea water. The underlying bedrock is generally competent
basalt.

Hydraulic Design

Storm water conveyance systems and facility sumps will be designed for the 1:100 year recurrence
interval storm event of 24-hour duration. This event has a magnitude of 48.6 mm. Storm water and
pollution control containment ponds will be designed for this storm event taking into consideration
6-hour pumping cycles, with one operational stand-by pump available at all times.

Snow removal from critical structures is part of the regular maintenance procedures, and therefore no
specific design criteria for snow accumulation have been allowed in those cases. In areas where
snow removal is not practical an allowance for the annual 65 mm of annual snow water equivalent
has been allowed for.

Design Earthquake

The Doris North site is not seismically active, falling within the lowest seismic hazard rating
category for Canada. No special seismic design standards have been adopted for the surface
infrastructure components. All structural fill will be placed with angle of repose side slopes, which is
about 40° for the parent basalt bedrock.
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3.5

3.6

Borrow Materials

Air photo interpretation, supported by the field investigations has confirmed that local marine clay
silt and borrow deposits could be developed. The clays and silts would however not be of much use
given the type of construction to be carried out, and although the sand could be useful as concrete
aggregate, the complications associated with developing a soil borrow pit in a permafrost
environment makes development of these sources undesirable.

Therefore, all construction materials for the Doris North Project will be crushed and processed
material from one of four quarry sites identified on the site, as indicated on Dwg. G-02. The
locations of these quarries have been based on ease of development and proximity to the construction
areas. Geochemical analyses have confirmed that rock from each of these quarries would be suitable
for use as a construction material, including concrete aggregate (SRK 2007d).

Development of the rock quarries does not require disturbance of the surrounding permafrost, with
the exception of either winter road access, or an all-weather road. The rock quarries do not contain
massive ice or ground ice and will be developed through conventional drill-and-blast techniques. The
rock mass is competent, and conventional hard-rock bench design parameters is envisioned,
consisting of 3 to 5 m high benches blasted with 80° wall slopes. Bench setback will be between 3 to
5 m. These parameters will be adjusted as needed based on observed rock quality once quarry
development starts.

During quarry development and operation, surface water management will consist of an upstream
diversion berm to prevent runoff from outside of the quarry footprint from entering the area, as well
as a downstream containment berm to contain surface runoff within the quarry footprint. The quarry
base will have a low spot where this water can collect without affecting quarry operations.

Construction Materials

Nine different material classes have been defined for use in the Doris North Project. Grain size
distribution envelopes for each of these classes are presented in Dwg. G-05. The material classes
relevant to the designs presented in this report can be summarized as:

o Riprap — for use as erosion protection where needed.

e Run of quarry — for use as bulk fill.

e Select subgrade — for use as a filter or transition layer between the run of quarry and
surfacing material.

e Surfacing material — for use as a traffic layer, or a liner protection layer.

o Drainage gravel — for use as a liner protection material.

Complete Specifications (SRK 2007b) regarding these materials are presented the in Project
Technical Specifications document. All these materials will be produced on site at one or more
locations. Appendix E contains preliminary summary of quarry material quantities for the Project.
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3.7

3.8

Three synthetic products are listed to be used consistently with the natural construction materials.
These are:

e 1.4 mm (57 mil) textured HDPE liner for containment in the fuel transfer station, fuel tank
farm and the pollution control pond.

e 385 g/m? non-woven geotextile for protection of the HDPE liner. Appendix H contains
details on the selection criteria adopted for the liner and geotextile.

e 40 x 40 mm bi-axial polypropylene geogrid as a structural support layer at the base of the
jetty.

Since no low permeability material will be quarried, containment and diversion berms will be
constructed with select subgrade material. This material in itself will be relatively permeable;
however where these structures are constructed it is anticipated that the pre-screened portion of this
material be used, which will contain sufficient fines to act as a suitable barrier. Notwithstanding this,
it is expected that at the start of construction, a test berm will be constructed, and that if this berm is
proven to be too permeable to perform its function, the design will be changed to include a liner or
other suitable filter fabric.

Minimum Pad Thickness

Appendix D contains details of a thermal calculation that was carried out to determine the minimum
granular pad fill thickness for the Doris North Project. For the most important structures such as the
fuel tank farm and the mill and crusher foundations, a fill foundation will not suffice and these
structures will be founded on competent bedrock. For less important structures such as the airstrip
and the camp, the minimum pad thickness will be 2 m, whilst for regular structures such as the roads
and other simple pads, the minimum fill thickness will be 1 m.

These pad thicknesses are not sufficiently thick that the active layer will necessarily remain
completely within the fill material. Settlement of the pads and roads are therefore expected. The
monitoring and maintenance procedures document in this report will ensure that such settlement can
be managed adequately.

Diversion of Natural Drainage Paths

No natural streams or rivers will be diverted to accommodate mine infrastructure. Furthermore, none
of the surface infrastructure (with the exception of the TCA) will interfere with any natural drainage
system, fish bearing or otherwise, other than diffuse natural runoff. Water from upslope areas will be
naturally diverted around the pads and road alignments. Ponding will be prevented by installing
culverts at those locations where water would have been flowing seasonally if the infrastructure had
not been in place.

The only permanent stream crossing affected by the Doris North Project is Doris Creek, and at that
location a clear span bridge will be constructed.
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4 Design of Surface Infrastructure Components

4.1 Jetty

Annual re-supply for the Project will be via barges from Hay River, NT. The barges typically arrive
at Roberts Bay mid to late August every year. A jetty will be constructed, such that the barges can
be directly offloaded without having to beach the barge. The jetty will therefore only be used for a
period of two to three weeks every year. The jetty will only be used for the two years of mining,
plus another two years of active decommissioning. Subsequent to active decommissioning the jetty
will no longer be required, since further annual re-supply volumes are expected to be small and will
be done via sealift to the existing barge landing site used for exploration in the Hope Bay Belt.

Due to the short design life of the jetty, and the complex foundation conditions, MHBL is satisfied to
construct a jetty that will require annual maintenance. Therefore, the jetty has been designed to a
substantially lower standard than would normally be required for a similar structure, and MHBL is
prepared to accept the risks and consequences that those design criteria have. The risks include
damage to the jetty due to large waves, storm surges and sea ice. Furthermore, annual settlement and
frost heave could result in damage to the jetty. MHBL is however prepared to implement the
necessary maintenance measures, to ensure safe operation of the jetty when the time requires.

The physical consequences of damage to the jetty include addition of construction rock and an
increased jetty footprint. Operational consequences for these damages include delays to the
offloading of the barges, with associated increased operational costs for the mine.

Design criteria for the jetty are summarized in Table 4.1, and detailed drawings of the jetty are
presented as Dwg. J-01, J-02 and J-03. Appendix C contains detailed calculations for the jetty
bearing capacity.

MHBL had committed to the NIRB that a new detailed bathymetric survey of the jetty area will be
undertaken to determine whether there is sufficient water depth to allow the jetty to shortened. This
survey was carried in the summer of 2006, and confirmed that the original design of a 103 m long
jetty is appropriate. The complete bathymetric survey report is included as Appendix A.
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4.2

Table 4.1: Summary of jetty design criteria

Design Component

Design Criteria

Barge NT 1500 Series: 1,886 tonne dead weight; 76.2 m LOA; 17.1 m Beam; 0.97 m

Vessel minimum freeboard; 3.05 m Draft
Integrated Tool Carrier (TC-28) = 11,412 kg
Wheel Loader Komatsu WA500-3; operating weight = 31,000 kg (Supplied by NTCL
Vehicles for off-loading only
(Provisions for unloading mill modules for the mine at the jetty have not been
included; these modules will be offloaded at the existing barge landing site)
Tide levels in Melville Sound (north of the site), as listed below, are taken from
Canadian Hydro-graphic Service Chart 7780. EHWL and ELWL are based on tides at
Cambridge Bay. Tides are referenced to local Chart datum
Extreme High Water Level (EHWL) = 0.5 m
Higher High Water Level, Large Tide (HHWL) =0.2 m
. Higher High Water Level, Mean Tide = 0.2 m
Tides Mean Water Level (MWL) = 0.0 m
Lower Low Water Level, mean Tide =-0.1 m
Lower Low Water Level, Large Tide (LLWL) =-0.1 m
Extreme Low Water Level (ELWL) =-0.3 m
These tide data are consistent with site specific data reported in Golder (2005) and
Frontier Geosciences (2003)
. Minimum Water Depth: Established to provide a minimum of 1 m keel offset for the
Jetglf \i\f/Ofk'“g Series 1500 barge below LLWL (i.e. minimum water depth of 4.05 m)
atform
Deck Height: Established to provide 1.0 m of freeboard above the HHWL
Roadway Width 6m
Barge Ramp Barges are supplied with a 7.5 m long ramp to span between the barge and the jetty

structure. The maximum recommended grade of the ramp is 6%

Jetty Terminus Work
Area

NTCL requires only 6 m of work space to offload the barges; however, they prefer a
berthing face of at least 20 m wide. Barge unloading can be from barges orientated
laterally or longitudinally to the jetty

Wave Conditions

Largest waves from North, with maximum wave height = 0.9 m
Maximum sustained storm surge = 0.7 m

Geotechnical
Parameters

Existing Seabed: Unfrozen and frozen Silt and Clay; Saturated unit weight = 18
kN/m?; Peak Shear Strength = 15 kPa

Existing Seabed: Frozen Sand and Gravel; Saturated unit weight = 18 kN/m?*
Engineered Fill: Rock fill; Unit weight = 19.62 kN/m®

Mooring Hardware

Moorings are designed for a one day per month exceedance wind gust of 82 km/h;
During periods of higher wind speeds, the barge shall not be at berth

Mooring lines and hardware must manage individual loads of 30 tonnes

Roads, Turnouts and Caribou Crossings

All-weather roads are required to link the surface infrastructure components of the Doris North
Project. Complete engineering drawings of the road alignments and profiles are provided in
Drawings S-15 to S-26, and the road sections can be summarized as follows:
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e North primary road (6 m wide and 1,179 m long); link between the jetty to the northern end
of the airstrip (Dwg. S-15).

e South primary road (6 m wide and 2,400 m long); link between the southern end of the
airstrip and the road junction leading to the tank farm and camp (Dwg. S16 and S-17).

e Secondary road (5 m wide and 5,470 m long); link between the South Dam and the junction
leading to the float plane dock and the camp (Dwg. S-18 to S-20).

e Explosives storage facility access road (6 m wide and 306 m long); link between the south
primary road and the explosives storage facility (Dwg. S-22).

o Landfill/landfarm access road (6 m wide and 143 m long); link between the south primary
road and the landfill/landfarm (Dwg. S-22).

e Fuel tank farm access road (6 m wide and 171 m long); link between the south primary road
and the fuel tank farm (Dwg. S-23).

e Camp access road (6 m wide and 548 m long); link between the south primary road and the
camp and mill pads (Dwg. S-23).

e Portal access road (6 m wide and 506 m long); link between the camp pad and the portal
(Dwg. S-24).

o Float plane dock access road (6 m wide for 265 m, and 20 m wide for 160 m); link between
the float plane dock and the mill pad (Dwg. S-24).

o Decant access road (5 m wide and 378 m long); link between the secondary road and the
decant location (Dwg. S-25).

o Tail Lake discharge access road (5 m wide and 191 m long); link between the secondary
road and the tailings slurry discharge point (Dwg. S-25).

e Spillway access road (5 m wide and 65 m long); link between the secondary road and the
North Dam (Dwg. S-26).

The roads will be constructed with a minimum fill thickness of 1 m to cover micro-relief and protect
the permafrost. Typical roadway cross sections are illustrated in Dwg. S-17 and S-20. All roads have
been designed for single lane traffic only. Road turnouts are strategically placed to allow safe
passing. The largest design vehicle is a CAT-988 loader. Sections of the secondary road, as well as
some of the access roads will share traffic with pipelines. No physical separation of the pipeline
corridors has been provided. Primary road turnouts are 4 m wide and 30 m long (Dwg. S-11).
Secondary turnouts are 7.5 m wide as illustrated in Dwg. T-13.

Caribou crossings will be provided at all road junctions, major bends and at regular intervals along
stretches of the road where no junctions are present. The final locations of the crossings will be
inspected by local elders and additional crossings will be added if deemed necessary. The crossings
are 10 m wide and the approach ramps have a minimum grade of 5H:1V, as illustrated in Dwg. S-10.
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4.3

Airstrip and Apron

The design aircraft are the De Havilland Twin Otter and the Dornier 228. The airstrip will be
equipped with lights for night use and with instrumentation necessary to support Instrument Flight
Rules (IFR) flights. Minimum airstrip design parameters were supplied by Arctic Sunwest and
Summit Air in Yellowknife, NT.

The airstrip will be constructed by widening a 914 m long section of the primary road to 23 m
(Dwg. S-03). The airstrip is not located in an optimum location with respect to the prevailing
northwest winds. The charter companies have flown mock approaches to this airstrip and are
satisfied that it would be safe to use, provided there is good visibility and light to moderate winds.
MHBL is aware that the airstrip location as designed may result in plane and/or crew change delays.

A 40 m x 17 m apron for vehicle parking, an emergency power generator, fuel storage and
emergency shelter will be constructed adjacent to the southern end of the airstrip. This apron will
also provide ample room to allow the design aircraft to turn around. A similar apron is not required
at the north end of the runway, as both design aircraft are capable of making a 180° turn on the
airstrip.

A typical cross-section through the airstrip, as well as a longitudinal profile is illustrated in
Dwg. S-03. The minimum gradient along the airstrip is 0%, while maximum gradient is 1.5%.

Transport Canada (1993) requires the following lights and instrumentation for an airstrip of this size
to allow night time use with a non-precision approach system:

e One illuminated wind direction indicator with a maximum height of 7.5 m. The wind
direction indicator will be centrally located along the longitudinal dimension of the airstrip,
approximately 60 m from the edge of the airstrip.

e Asimple Approach Lighting System (ALS) consisting of a minimum of five white lights,
90 m apart, installed on the extended centerline of the airstrip over 450 m on each end and
two lights abeam of the airstrip threshold.

e Low intensity white airstrip edge lights, in two parallel rows equidistant from the centerline,
uniformly spaced no greater than 60 m apart.

o Airstrip threshold lights consisting of six white lights at each end, configured to operate with
the airstrip edge lights.

e Airstrip end lights consisting of two groups of three red lights each, mounted in a line at
right angles to the airstrip axis, not more than 3 m from the end of the airstrip.

If necessary MHBL will consider constructing a winter airstrip on Doris Lake every year capable of
landing a Lockheed C-130/L-100 Hercules. This airstrip will also require lights and IFR
instrumentation. This airstrip will be designed and constructed by a specialist contractor, according
to guidelines supplied by First Air in Yellowknife, NT. Details pertaining to the construction,
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4.4

4.5

operation and maintenance of the winter airstrip are provided in the Main Water Licence Application
Document.

Culverts

The surface infrastructure requires no permanent stream crossings, and therefore all culverts will
only convey seasonal melt or rainwater. The culverts are expected to be operational as long as the
roads are used, and are installed at low points along the road and at specified seasonal drainage
paths.

The culverts are 900 mm diameter corrugated steel pipes in compacted fill. Hydraulic design
confirm that 600 mm diameter culverts are adequate (assuming a 24-hour duration, 1:100 year storm
event of 48.6 mm; zero attenuation; 100% runoff and 12 ha catchment area); however, to allow easy
access for installation of the steam pipes, the culvert sizes have been increased.

There shall be a minimum of 0.5 m fill cover over the culvert. The road surface shall be raised to
accommodate this with a minimum 5H:1V approach ramp over the culverts. The culvert will extend
a minimum 1 m beyond the toe of the slope of the fill, as illustrated in Dwg. S-11.

Steam will be used to thaw out the culverts prior to spring. To facilitate this, there will be a 51 mm
outside diameter steel pipe laid inside along the longitudinal axis of the culvert. The steel pipe will
have a 1.5 m stick-up vertically from the upstream end of the culvert for steam delivery.

Bridge and Bridge Abutments

Doris Creek is at least 7 m wide in the area where the secondary road must cross under normal flow
conditions. Since Doris Creek is a fish bearing water body, and is defined as navigable water, the
crossing will be by means of a free span bridge. A pre-fabricated modular steel bridge will be
assembled on two rock fill abutments such that the minimum bridge deck height above Doris Creek
will be 2.1 m. This is not a design requirement per se, but is the net effect of designing abutments
that would ensure that the permafrost integrity is maintained. The stream bank-full width (i.e. the
ordinary high water mark) of Doris Creek at the crossing location is about 15 m. This is therefore
the minimum distance that the abutment toes can be apart. Appendix G provides complete details
about the hydrotechnical assessment of the proposed Doris Creek bridge.

The bridge design vehicle is a fully loaded CAT-740 haul truck. The bridge will have a 75 tonne
capacity and measure 7.3 m wide by 32 m long. A firm specializing in the design and manufacture
of steel modular bridges was subcontracted to provide SRK with a suitable bridge design.

The bridge will rest on two pre-cast concrete sills, and will be anchored at the ends by two pre-cast
concrete wing walls. These concrete members are also designed by the specialist firm. The concrete
members will be founded on the rock fill abutments. In order to accommaodate the bridge deck, the
abutments will be 10 m wide, and the minimum fill thickness of the abutments beneath the concrete
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4.6

4.7

4.8

sills will be 2.5 m, to ensure the active layer remain within the fill material. Details pertaining to the
abutment design are provided in Appendix F.

The approach ramps leading up to the bridge deck will have a maximum slope of 5H:1V and due to
the height of the abutment, there will be guard rails along the entire ramp length. Dwgs. S-12a and S-
12b provides more details of the design.

Beach Laydown Area

A laydown area for temporary storage of bulk ammonium nitrate, equipment and other supplies will
be constructed 100 m inshore from the high-tide level immediately adjacent to the north primary
road. This is a self-imposed buffer distance adopted by MHBL.

The pad has been sized based on an estimate of annual supplies provided by MHBL. The 100 m x
60 m pad will be at least 1 m thick, and will have a minimum grade of 0.5% to allow shedding of
surface runoff. This is illustrated in Dwg. S-01 and S-02.

Pump House Pad

A 10 m x 10 m pump house pad, 1 m thick will be constructed immediately adjacent the secondary
road, en route to the decant location. A building will be erected on this pad to house the control
systems for the reclaim and decant water pipeline systems. The pump house shall have its own spill
containment measures built in, primarily associated with fuel spills for pumps and motors.

Explosives Storage Facility

The explosives storage requirements for the Doris North Project consist of; (1) 38,000 kg of
explosives, (2) 39,000 detonators, and (3) peak annual supply of bulk ammonium of 700,000 kg.

The prefabricated on-site AN/FO mixing plant will produce a maximum amount 10,000 kg at any
one time. For design purposes the total amount of mixed product was assumed to be 20,000 kg which
includes the weight of mixed explosives and half the weight of ammonium nitrate in the mixing plant
building.

MHBL will subcontract explosives storage, mixing, transportation and handling to an outside
specialist contractor. SRK has prepared a foundation pad layout in accordance with the requirements
stipulated by the specialist contractor. The layout satisfies the rules and regulations governing the
storage and mixing of explosives (NRCan 1995). The minimum distance requirements for the
explosives storage facility are as follows:

e D1 =not applicable

e D2=50m
e D3 =not applicable
e D4=170m

o D5 =not applicable
o D6 =not applicable
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4.9

e D7=465m
e D8 =not applicable

For the purposes of the minimum distance requirements, the primary road has been classified as a
lightly travelled road based on the following:

e The road is used to haul goods from the annual sea-lift to the camp lay-down area (a couple
of weeks every year)

e Fuel is only hauled along this road for a 2 week period every summer

e Theroad is used to transport personnel from the airstrip to the camp (3 to 4 scheduled flights
a week)

o Explosives will be hauled to the mine along this roadway

e The transportation of explosives shall be in accordance with the Explosives Act.

The actual explosives and detonator magazines will be Type 4 prefabricated magazines, contained
within sea cans. The mixing plant will also be a pre-manufactured facility contained within a sea can.
These sea cans shall be installed on six 1 m thick rock fill pads, linked together with roads, as
illustrated in Dwg. S-04. Barrier berms between pads provide the necessary safety buffers.

Fuel Transfer Station

The fuel storage demand for the project is 7.5 million litres per year, as defined by MHBL. Fuel will
annually be shipped to site via barge. The barge company will supply a pump and floating fuel line
to pump fuel to a shore manifold in the fuel transfer station. Fuel trucks will haul fuel from the fuel
transfer station to the tank farm, operating round the clock for a two week period after the barge
arrives.

The fuel transfer station will be located across the road from the beach laydown area (Dwg. S-01 and
S-02). The station will consist of a lined containment facility measuring about 32 m by 16 m. The
containment area has been sized to retain at least 110% of the capacity of the largest fuel truck at
40,000 L. In reality the containment volume is significantly larger, as a result of constructability
restraints. Ramps for the fuel trucks will be located at opposite ends of the station, allowing for
drive-through access. Access ramps will have a maximum grade of 5H:1V.

The bulk fill under the lined area will be at least 1 m thick. The containment area will be graded such
that there is a single collection sump. Spill containment will be provided by an HDPE liner
sandwiched between two geotextiles, and covered with a protective layer of surfacing material.

At any time when water is contained in the sump (i.e. surface runoff or melt water), it would be
subjected to water quality testing, and if deemed clean would be pumped out onto the tundra. If this
water is contaminated it would be pumped into a water truck and disposed of in Tail Lake.
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4.10

411

Fuel Tank Farm

The tank farm has been designed in accordance with all appropriate standards and regulations, both
with respect to containment requirements and minimum distances. The 7.5 million litres of fuel
storage for the Project will be within five steel tanks each measuring 14.8 m in diameter and 9.8 m
high (information supplied by MHBL).

Spill containment will be in a bermed and lined area. The minimum required containment capacity is
100% of the volume of the largest single fuel tank (1,500 m®) plus 10% of cumulative volume of all
additional tanks (600 m®). A minimum containment berm height of 0.8 m is required to meet this
criterion. The containment area must be sloped towards a single collection sump.

To minimize the risk of fuel spills, tanker trucks will be loaded and unloaded via a manifold located
within the confines of the tank farm. An access ramp with a maximum grade of 5H:1V will be
constructed for this purpose. The area where trucks will be parked for this purpose is limited to a
12 m wide x 15 m long section immediately leading off the ramp. Over this area the minimum fill
over the liner will be increased to 0.3 m.

The tank farm must be constructed on a precision blasted bedrock surface, to completely remove any
risk of foundation settlement. A nominal levelling layer of crushed material will be placed before
proceeding with the spill containment layers. Spill containment will be provided by an HDPE liner
sandwiched between two geotextiles, and covered with a protective layer of surfacing material.

Dwyg. S-05 and S-06 presents the facility design.

Mill and Camp Pads

Pads are required to house the ore stockpile, mill building, crusher building, mill reagent storage,
power plant, light vehicle refuelling station, workshop, camp, kitchen, offices, dry, sewage treatment
plant, potable water treatment plant, environmental laboratory and first aid station. The mill and
crusher buildings cannot withstand any differential settlement, and as a result a precision blasted pad
will be cut into bedrock to facilitate construction of these facilities. A nominal layer of surfacing
material will be placed on the bedrock surface to provide a smooth and graded surface for civil
construction. Based on surface topography, the final mill pad size (about 75 m x 250 m), will allow
room over and above the mill and crusher, for the ore stockpile (about 10,000 tonnes, or 15 days of
mill feed), the mill reagent storage area and the power plant. Dwg. S-07 and S-08 provides details of
these areas.

All other facilities will be erected on a 2 m thick rock fill pad measuring about 60 m x 150 m. Both
pads will be graded such that all surface water runoff and melt water will drain into the
sedimentation pond located immediately downstream of the camp pad. The mill and crusher
buildings will be covered and will have self contained sumps in the event of spills. The ore stockpile
area will be graded to drain towards the pollution control pond immediately downstream of the
temporary waste rock pile.
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The construction and operation details of the mill surface civil facilities to be erected on the pads are
not part of the SRK scope of work; however, for completeness a brief summary of the elements of
these facilities as it pertains to this design is presented below:

Service complex (workshop): The workshop and storeroom (service complex) will measure about

30 m x 50 m. The storeroom will house tools and equipment required for service and maintenance of
the underground fleet. The workshop floor will be a concrete bunded structure with sumps to collect
spillage or wash water. These sumps will be emptied into the tailings feed line and pumped to Tail
Lake.

Service complex (wash bay): Mining equipment and other surface and underground vehicles will be
washed prior to maintenance in a dedicated wash bay to be located in the service complex. Wash
water for this activity will come from the site’s fresh water supply tank. The wash bay will be
equipped with a sump to collect the dirty water, and will also be equipped with a divider to allow
light hydrocarbons to be collected from the surface using oil adsorbent materials. There will be
provision to remove the mud through conventional settling which will be sent to the mill tailings
pump box for co-disposal with the tailings solids. The wash bay system will be equipped with
equipment to allow heavier hydrocarbons to be removed from the wastewater using cyclone action
and to facilitate some recycle of the wash water.

Mill reagent storage area: Mill reagents will be shipped and stored in 6.1 m x 2.4 m sea containers.
A storage area measuring about 45 m x 42 m will be provided immediately adjacent the mill building
for storing 20 containers, single stacked, 2 m apart. The mill reagent storage area has been sized
based on the number of containers required to supply the mill for one year, as provided by MHBL.

Mill laydown area: An additional laydown area for equipment and supplies will be provided on the
mill pad.

Power supply: All mine power for the mill and camp pads will be generated on site using four diesel
generators. The generators will be installed in a permanent building measuring approximately

384 m?. This building will be constructed in close vicinity to the mill and crusher buildings on the
mill pad. Remote power at the TCA, fuel transfer station and the airstrip will be by small local
portable diesel generators.

Camp and first aid station: The 175-person camp will be a combination of skid mounted units linked
together via Arctic Corridors. Accommodation will consist of single rooms with attached bathrooms.
The kitchen and recreation facilities will be an additional five skid mounted modular units joined to
the rest of the camp via the Arctic Corridor. The first aid station will be located in a separate modular
unit connected to the rest of the facilities.
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4.12

4.13

Offices, dry complex and environmental laboratory: The offices will consist of two combined
modular units, the environmental laboratory will be one unit, and the dry complex will be four
combined units. All these units will be linked to the main camp via Arctic Corridors.

Sewage treatment: Sewage treatment will consist of a modular packaged biological treatment plant
that will be brought to site fully assembled within two skid mounted 12.2 m x 2.4 m containers. The
treatment plant will have a treatment capacity of 68.6 m®day. The camp wastewater is collected in a
grinder pump lift station and discharged to the solids settling tank, housed within the unit. Clarified
raw sewage overflows to the equalizing tanks that feed the extended aeration bioreactors.

Each bioreactor consists of an aerated primary side and a clarifier cone. Wastewater will enter the
primary aerated side and will be mixed with the existing water by means of a bubble aeration system.
The clarification cone separates developed solids from the treated wastewater, allowing solids to
settle back into the aerated side of the tank. This action reduces the amount of total solids and
improves treatment. Treated effluent will be collected in a discharge/recycle tank for delivery into
the tailings line.

Mine water supply: Potable water, fire suppression water and up to 67% of the mill water will be
supplied from Doris Lake. A single insulated and heat traced 4” diameter HDPE pipeline will be
used to pump water to storage tanks at the mill pad. Details of the fresh-water intake in Doris Lake
are provided on Dwg. T-11 and T-12. Potable water will be treated in a packaged plant installed in a
12.2 m x 2.4 m container and will consist of sand filtration followed by ultra violet light and/or
chlorination treatment.

Float Plane Dock

A float plane dock will be constructed at Doris Lake. The dock will be a pre-fabricated modular unit,
designed and manufactured by a specialist contractor. The modular unit can be dragged on shore
during freeze-up.

The dock has been designed to allow offloading of supplies from a Twin Otter plane using a Bobcat
forklift. The plane requires 7.5 m of berthing face against the dock, and a minimum water depth of
1.5 m when fully laden. Based on the most recent Doris Lake bathymetry (Appendix A), the dock
would have to be 25 m long to ensure compliance with the design plane berthing requirements. To
ensure sufficient buoyancy of the dock, as well as a safe working platform, the minimum width will
be 4 m. Dock buoyancy will be provided via sealed HDPE pontoons. The dock will be held in place
via six permanently installed bollards. These bollards will be embedded in bedrock. Complete dock
design details are provided on Dwg. S-09.

Temporary Waste Rock Pile Pad

Temporary storage for about 135,000 tonnes of waste rock is required. Some of the waste rock is
potentially acid generating, and as a result MHBL will return it all as underground backfill.
However, until the waste rock is used as backfill, a temporary waste rock pile will be constructed on
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4.14

4.15

4.16

a 1 m thick pad of clean run of quarry rock immediately downstream of the mill pad (Dwg. S-07 and
S-08).

This will allow for easy dumping and reloading of any waste rock without a risk of damage to the
underlying permafrost. Immediately downstream of the pad, a pollution control pond will be
constructed to ensure complete containment of all surface runoff and melt water from the temporary
waste rock pile and the ore stockpile. Berms strategically located along the edges of the pad will
ensure complete containment, as well as prevent any clean water run-on of surface waters. Berms
will be constructed with select subgrade material which has sufficient fines to ensure that water will
be retained sufficiently long during storm events to allow diversion.

Pollution Control Pond

The pollution control pond is designed to contain all surface runoff and melt water from the ore
stockpile and the temporary waste rock pile. The pond is designed for full containment of the 1:100
year storm event of 24-hour duration, plus an additional freeboard of 0.3 m.

Containment is provided, at least to the full supply level of 35.7 m by an HDPE liner sandwiched
between two geotextiles (Dwg. S-07 and S-08). A protective cover layer is placed over the liner. No
emergency spillway is provided, since it is intended that pumping out of this facility be initiated
whenever there is at least one hour of pumping capacity in the pond. The pond pumps are designed
to completely empty the pond within six hours.

Sedimentation Pond

The sedimentation pond is designed to retain all surface water runoff and melt water from the
remaining areas of the mill and the entire camp pad. The hydraulic design criteria are identical to that
for the pollution control pond.

The sedimentation pond is not lined (Dwg. S-07 and S-08). The run-of-quarry material that will be
used to construct the pond will contain a significant amount of fines and the embankment retaining
the water will be at least 8 m wide. Leakage is expected to be very low and as such allow ample
retention time to ensure settling of solids. However, once the pond has been constructed the
embankment will be inspected and if deemed too coarse, the upstream face of the dyke will be clad
with a 12 oz geotextile to ensure appropriate retention time.

An emergency overflow is provided for the pond in the form of an outflow culvert located at the
pond full supply level of 35.7 m. The overflow is provided such that the access road will not be
overtopped during an extreme storm event.

Landfill

Non-combustible and non-hazardous waste will be disposed of in a landfill that will be constructed
in a portion of the rock quarry immediately west of the camp (Quarry #2). This rock quarry will
house both the landfill and landfarm (see next section). A surface area of at least 100 m x 100 m will
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4.17

be dedicated to the landfill as illustrated in Dwg. S-13 and S-14. In addition, any remaining surface
area within the quarry that is not occupied by the landfarm will be used for landfill. Details
regarding the expected waste volumes and types to be deposited in the landfill are provided in
Supporting Document S10g — Landfill Management Plan. These estimates suggest that the total
expected waste volume will be less than 1,000 m?, and the landfill will have a capacity of at least
30,000 m°.

The landfill will be completely hydrologically isolated via a set of perimeter containment and barrier
berms as illustrated in Dwg. S-13. These berms will be constructed from select subgrade material
and will be 1 m high (similar in design to the temporary waste rock pile containment berms depicted
in Dwg. S-08). The landfill is also hydrogeologically isolated due to the presence of permafrost, and
the host rock is of good quality such that cracks or fractures created by blasting is expected to be
surficial and will not propagate any leachate.

The landfill surface will be graded towards a single sump (about 1 m x 1m x 0.5 m deep, for a
containment volume of 500 litres) to allow collection and management of all flows. Complete details
of this surface runoff management plan are provided in Supporting Document S10g. The landfill will
be fenced and access will be via lockable vehicle gate.

Waste oil will be burned on site in a dedicated waste oil burner specifically designed for that
purpose. Unused explosives will be burned or destroyed on site and unused chemicals as well as any
other hazardous material will be disposed of in an appropriate manner.

Landfarm

The landfarm has been designed by others (AMEC 2006). SRK prepared engineering drawings in
accordance with the information stipulated in AMEC (2006). The landfarm will be completely
within the quarry development used for the landfill, as illustrated in Dwg. S-13 and S-14. Complete
details regarding the estimated volumes of materials that may be handled in the landfarm facility, as
well as the facility water balance is provided in Supporting Document S10h — Lanfarm Management
Plan.
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5 Operation and Maintenance Procedures

5.1 Jetty

5.1.1 Operation

Operation of the jetty will be according to the following procedures:

e Assoon as the sea-ice is melted, the jetty will be inspected, and the annual maintenance to
be carried out on the jetty will be defined and carried out in anticipation of the barge arrival
in mid to late August (see next section for a description of what this maintenance will entail).

e Carry out a bathymetric survey of the approach channel to the jetty terminus, as confirmation
to the barge company that there are no hazards present.

e The blast mats which are used as fenders against the jetty terminus will be installed.

e The buoys housing the floating mooring lines will be reconnected and the floating mooring
lines will be attached to the shore anchor blocks and the buoys.

o When the barges arrive they will be pushed alongside the jetty terminus by the tugboat and
the mooring lines will be connected. The barges will normally be berthed abeam; however,
should conditions require the barge can be berthed along its bow or stern.

e A ramp supplied by the barging company, will be deployed, and supplies will be offloaded
onto the jetty terminus by a loader supplied by the barge company. MHBL will use their own
loader to transport these supplies to the beach laydown area.

e Once the barges have left, the mooring lines, buoys and blasting mats will be retrieved and
stored in the beach laydown area until the next operating season.

e If strong winds or large waves are present, barge offloading will be temporarily terminated.

MHBL will be the only official user of the jetty. MHBL does however acknowledge that local
communities may make use of the jetty whilst it is in operation. Access to the jetty will not be
restricted unless MHBL is of the opinion that the jetty is not safe to use.

5.1.2 Maintenance

It is expected that the jetty will continue to undergo differential settlement over its lifetime, although
the rate of settlement will likely exponentially decrease as time progresses. Considering the fact that
the jetty will only be in use for two to three weeks in any year, this differential settlement can be
managed with a program of annual maintenance that will consist of the following:

e Assoon as the sea-ice has melted, the jetty surface will be surveyed and visually inspected
by a qualified person, experienced with the design and intent of the jetty. The results of the
survey and visual inspection will be used to determine how much settlement has occurred,
and how much new rock fill would have to be added to return the jetty to its design operating
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standard (i.e. maintaining a safe trafficking surface with at least 1 m freeboard above the
HHWL).

e For planning purposes, SRK recommends stockpiling sufficient additional fill material for
about 0.5 m settlement every year, for the four year design life of the jetty. This amounts to a
rock fill allowance of about 350 m? per year.

o Depending on the location and quantity of maintenance fill placement every year, silt
curtains may have to be deployed around the construction area to ensure containment of
suspended sediments that may be mobilized as a result of fill ravelling down onto the soft
marine foundation.

In addition to the settlement maintenance described above, there are a number of other routine
maintenance components for the jetty:

e Every year, prior to the arrival of the barge, the barge operator requires that a bathymetric
survey of the channel leading up to the jetty terminus be carried out, to ensure that there are
no sub ocean hazards.

e The coverage of this bathymetric survey should be extended to include the jetty footprint,
since this data will be useful in tracking the settlement progress, as well as provide advance
warning if there are any shoreline processes which may affect the jetty performance.

¢ All mooring hardware must be inspected prior to the arrival of the barge, and any equipment
that show signs of wear, damage or corrosion must be replaced or repaired.

5.2 Roads, Turnouts and Caribou Crossings

5.2.1 Operation

Generally operation of the roads, turnouts and caribou crossings does not require any special
consideration, outside of what would normally be considered applicable from a safety perspective.
MHBL will set road and traffic rules, and will enforce these as necessary. All roads are for the sole
use of MHBL; however, MHBL acknowledges that the roads will be used by the local communities
if and when they pass through the area. Some specific operational issues are as follows:

e Considering the fact that the road design does not include a safety berm, MHBL must take
all necessary precautions to post appropriate warning signs along the roads to advise road
users of any potential hazards along the way. Strict enforcement of the speed limit is also
recommended.

e If necessary, MHBL may apply water to the road surfaces in the summer months as a dust
suppression agent. The water will be drawn directly from Doris Lake, and will be deployed
by a tanker truck. No chemical dust suppressants will be used.

o Winter snow clearing will be done using a snow cat, or some other suitable equipment. The
snow will be pushed off the side of the road, always towards the downstream side where
practical. Care must be taken not to block culverts or instrument clusters.
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Generally no winter de-icing agents will be used. If ice makes the roads impassable, friction
methods will be used such as application of pea-gravel as opposed to application of salt.
Many of the roads share space with pipelines. MHBL should take all necessary precautions
to ensure that road users are aware of where these pipelines are at all times.

5.2.2 Maintenance

Road maintenance will be an ongoing task, and will consist of the following components:

During the summer months, the road and turnout surfaces, as well as the caribou crossings
must be regularly visually inspected for signs of settlement, potholes, ruts or any standing
water. Should any of these signs be detected, maintenance should be carried out using a
conventional road grader using standard road grading procedures for gravel topped roads.
The grader must first roughen up the surface, re-shape the crown and remove any ruts and/or
potholes. Periodically new topping gravel may have to be placed on the surface to fill in
voids such as potholes or undue settlement, or to re-shape the road crown. MHBL should
prepare stockpiles of surfacing material expressly for this purpose during the initial
construction phase.

Winter road maintenance entails predominantly snow removal. Show removal must be done
with due care to avoid removal of any road surfacing material with the snow. Stockpiling of
snow must be done in such a fashion that no large ponds will be created during the spring
melt. The caribou crossings do not have to be cleared of snow; however, snow removed from
the roads may not be stockpiled on the caribou crossings.

During all maintenance activity, MHBL will have to take special precautions to ensure that
the pipelines sharing some of the road alignments are not damaged.

5.3 Airstrip and Apron

5.3.1 Operation

The airstrip will primarily be used for crew changes; however, some equipment re-supply will also
be done by air. Operating procedures associated with the airstrip are as follows:

Since the airstrip doubles as the main road between the jetty and the camp, it will be
necessary to stop all road traffic when aircraft are on the airstrip. MHBL will develop and
put in place a protocol to manage this aspect.

During winter months the airstrip must be cleared of snow prior to any landing taking place.
No stockpiling of snow is allowed on the airstrip or apron, and should where practical be on
the downstream side of the airstrip and not be higher than the airstrip grade.

Routine checks must be carried out to ensure that the approach lighting system (ALS) is in
complete working condition.

Routine checks must be carried out to ensure that the IFR instrumentation has valid
calibration certificates, and are in working condition.
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5.3.2

5.4

5.4.1

5.4.2

o Depending on re-supply requirements, MHBL may construct a winter airstrip on Doris Lake.
The design and construction of such an airstrip will be done by, and under the supervision of
a specialist contractor. The size of the airstrip will be dependant on the re-supply needs, but
may include landing of fully laden Hercules C-130 aircraft.

o All aircraft landing at the site will be charter planes, and will have a quick turnaround time.
Therefore no de-icing equipment will be provided on site.

Maintenance

Airstrip and apron maintenance will be similar to that required for the roads. One additional
maintenance requirement however entails continuous inspection of the ALS. MHBL must take all
necessary precautions to identify the locations of all lights associated with the ALS, and special care
must be taken so as not to damage these lights during snow removal or summer surface levelling and
repair.

Culverts

Operation

There are no culverts at the Doris North site that allow passage of permanent streams, and there is no
permanent aquatic life present at any of the culvert locations. All culverts will only have flow during
the spring thaw, and possibly during heavy precipitation events.

The only period when any work is required on the culverts are at the onset of spring. At that time
snow must be removed from the up and downstream end of each culvert opening and each culvert
must be physically inspected to confirm if there is any indication of ice blockage. If ice blockage is
present, steam will be used to thaw the culvert.

Maintenance

Maintenance of the culverts is limited to the following:

e Regular visual inspection to ensure that there are no objects that would obstruct the free flow
of water through the culverts.

o If any culvert settlement has occurred, the amount of settlement must be documented and if
necessary the culvert will have to be excavated, removed and re-installed to the original
invert level after backfilling the settlement void with a competent material.

e Ifany wild life takes up habitat in a culvert, the animal will have to be relocated by
appropriate specialists.
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5.5

5.5.1

5.5.2

5.5.3

Simple Pads (Camp, Mill, Beach Laydown Area, Explosives
Storage Facility, Pump House Pad and Temporary Waste Rock Pile
Pad)

Camp and Mill Pads Operation

The camp and mill pads will house all the processing and accommodation facilities for the Project.
As far as the geotechnical design is concerned, there are no special operating procedures associated
with these pads, other than snow clearing. From a water management aspect the following
operational procedures apply:

e  The mill, crusher and workshop will be in individually enclosed buildings and will have self
contained sumps to contain any spills. Emptying of these sumps will depend on the nature of
the spill, and may be returned to the mill, be pumped to Tail Lake, or even send to the
landfarm.

e The ore stockpile and the temporary waste rock pile are considered to be “dirty” water areas,
and all runoff from these locations will be directed to the pollution control pond. Water in
this pond must be tested, and if deemed unsuitable for general discharge, it will be pumped
to Tail Lake.

e The remaining surface areas of the camp and mill pads are generally considered “clean”
surfaces; however, all runoff and melt water from these pads will be collected in the
sedimentation pond. Once suspended matter has settled, and if the water quality in the pond
is deemed acceptable, this water will be pumped out onto the tundra. If the water quality is
not deemed to be of acceptable quality it will either be used as mill make-up water or
pumped to Tail Lake.

Beach Laydown Area Operation

Prior to arrival of the re-supply barges, the beach laydown area will be cleared as much as practical
by transporting all surplus materials to the mill laydown area. This is to provide sufficient room for
storage of the new products. Winter snow clearing of the beach laydown area is recommended in
case supplies have to be retrieved.

Explosives Storage Facility Operation

Two types of explosives will be used on site; (1) stick explosives, and (2) AN/FO. The stick
explosives, detonator cords and detonators will be stored in pre-fabricated magazines, placed directly
on the fill foundations. The AN/FO will be mixed on site in a plant housed in a sea can. Bulk
Ammonium Nitrate in one tonne tote bags will be mixed with diesel fuel to manufacture AN/FO
prills in 25 kg bags. Explosives manufacturing will be done in batch form, based on demand,
typically manufacturing enough explosives for a three week period at any one time.

Explosives manufacturing will be done by an appropriately qualified and certified outside contractor,
in accordance with all relevant federal, territorial and local laws and regulations.
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554

5.5.5

5.5.6

5.5.7

Pump House Pad Operation

The pump house pad and the building erected on it require no special operating procedures, other
than snow clearing.

Temporary Waste Rock Pile Pad Operation

The purpose of the temporary waste rock pile pad is to preserve the permafrost such that waste rock
can be stockpiled and reloaded during any season of the year. Therefore, other than ensuring that the
section of the pile receiving waste rock is clear of snow, there are no special operating requirements
for this pad.

Temporary Waste Rock Pile Construction

Actual construction of the waste rock pile is not part of the surface infrastructure design scope of
work; however, for completeness, the waste rock pile construction methodology will briefly
summarized here to assist in understanding the design principles.

During mine development a peak of 135,000 tonnes of waste rock will require temporary storage,
prior to all being returned underground (there is however capacity to store at least 200,000 tonnes of
waste rock on the temporary pad). Total waste rock storage space will only be required for a period
of 32 months. The waste rock pile will be constructed in lifts, each a maximum of 5 m high.
Secondary lifts will not be benched. Pile side slopes will be angle of repose. Peak waste rock
deposition rate will be approximately 545 tonnes per day.

The overall waste rock pile will be less than 50 m in height, it will contain less than 1 million tonnes
of waste, it will have an overall compound slope of 40° and it will be constructed in lifts less than
25 m in height, at a rate significantly less than 25 m%/linial metre of crest per day. Furthermore, the
pile will be moderately confirmed by natural topography and will be constructed from strong and
durable waste. Percolation of water through the dump is expected to be limited, since freezing in the
dump will likely occur rapidly. Based on all these considerations, the temporary waste rock pile can
be classified as being in Stability Class I, according to Table 5.2, page 70, in the British Columbia
Mine Waste Rock Pile Research Committee’s manual on Mined Rock and Overburden Piles
(BCMWRPRC 1991). For such piles the failure hazard is classified as negligible and the design can
be based on basic reconnaissance and baseline data such as is available for this site. No waste rock
pile stability assessment has been completed for this reason.

Maintenance for Simple Pads

Maintenance for the simple pads discussed in the preceding sections is similar to that described for
the roads. Where ruts, potholes or settlement areas are observed, they must be in filled or levelled
using standard grading equipment. Special care must be taken to ensure that there are no areas of
standing water on the pads, and especially under heated buildings, inspections must be carried out to
confirm that the active layer thickness has not increased.
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5.6

5.6.1

5.6.2

The highwall slopes of the mill pad must be inspected by a qualified person every year to ensure that
the face remain stable. Special care must be taken to inspect the state of permafrost degradation (if
any) that may have occurred in the overburden cut slopes at the top of the highwall. Any measures to
ensure the stability of the slopes must be carried out as part of the regular site maintenance program,
and may include rock bolting the highwall, or re-armouring the overburden slopes.

Fuel Transfer Station and Fuel Tank Farm

Operation

Fuel barges will be moored at the jetty, or possibly anchored some distance offshore. The barge
company will supply a floating fuel line and a pump (located on the barge) to offload fuel. The
floating fuel lines will be connected to a shoreline manifold inside the fuel transfer station. Fuel
trucks will drive into the fuel transfer station and will be filled via the shoreline manifold. The fuel
trucks will then transport the fuel to the fuel tank farm from where pumps will transfer the fuel to
one of the five primary fuel tanks. This fuel transfer will continue around the clock for a period of
about two weeks until the barges are empty.

Standard operating procedures associated with the fuel transfer station and the fuel tank farm is as
follows:

o MHBL will develop and put in place a fuel transfer protocol, which will be strictly enforced.

o Both the fuel transfer station and the tank farm will be kept clear of any snow, ice or water
throughout the year.

e Prior to pumping of any water from the sumps, the water shall be tested, and if there are any
signs of contamination, the water will be pumped to the mill for re-use, or to Tail Lake for
disposal.

o Regular visual inspections must be undertaken specifically focussing on the liner integrity.
Should there be any signs of liner damage, all fuel transfer must be halted until the necessary
liner repairs have been carried out.

Maintenance

Fuel transfer station and fuel tank farm maintenance can be summarized as follows:

o Prior to arrival of the fuel barge, all pumping hardware must be inspected, and any
components that show signs of wear, damage or corrosion must be repaired or replaced.

e The fuel transfer station and the fuel tank farm must be completely cleared of any snow, ice
or water.

e The facilities must be inspected, and if there are any signs of settlement that may put undue
stress on the liner, the cover must be excavated, the liner over the settlement area must be cut
away and the settlement must be filled in. The liner must then be repaired or replaced as
appropriate, and the cover material replaced.
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5.7 Float Plane Dock

5.7.1 Operation

The float plane dock operating procedures are as follows:

e The dock will only be used during the open water season.

o When freeze-up starts the dock will be dragged on shore and winterised for storage.

o When the lake ice has disappeared, the dock will be inspected before re-floating and
attaching it to the permanent bollards.

e Once floating, the deck will be inspected to ensure that it is in safe working condition.

o Float planes will be able to berth against the dock along any of its three faces.

e Care must be taken when clearing snow from the dock access road, that the dock which has
been stored for the winter is not damaged.

5.7.2 Maintenance

Dock maintenance entails a detailed pre-season inspection of all components of the dock to check for
wear, damage or corrosion. Any such components must either be repaired or replaced prior to re-
floating of the dock.

5.8 Bridge and Bridge Abutments

The bridge abutments are rock fill structures that will require the same operational and maintenance
procedures as those listed for the roads. Some additional maintenance aspects of the bridge include:

e Annually, the bridge and the safety guard rails along the approach to the bridge must be
thoroughly inspected for wear, damage and corrosion. All deficiencies must be replaced or
repaired as necessary as soon as practical. If in the opinion of the inspector there is a safety
concern, the bridge will be decommissioned until the repairs have been carried out.

5.9 Pollution Control and Sedimentation Ponds

5.9.1 Operation

The pollution control pond will capture all surface runoff and melt water from the ore stockpile and
the temporary waste rock pile. Pumps will convey the water in this pond to Tail Lake, or return it to
the mill for re-use. The sedimentation pond will capture all surface runoff and melt water from the
remainder of the mill pad and the camp pad.

Both ponds have been sized to contain the 1:100 year, 24-hour duration storm event (assuming no
flood attenuation and 100% runoff), plus 0.3 m of freeboard. Pumps will be sized to allow complete
draining of the ponds in 6 hours.
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Once there is sufficient water in the pollution control pond to allow at least 1 hour of continuous
pumping, the pumps will be switched on. Water will be pumped from the sedimentation pond, only
after there is visual evidence that any suspended matter has settled, and a water quality sample had
been taken and analysed. However, no ponded water is allowed in the sedimentation pond for more
than 48 hours at any given time. This is to ensure that the permafrost integrity is maintained.

5.9.2 Maintenance

Maintenance tasks for the two ponds are as follows:

o Immediately before freeze-up, both ponds must be pumped dry to allow sufficient storage
capacity when the melt starts.

e Throughout the winter the ponds may remain snow filled; however, before freeze-up a path
to the pumping sumps must be cleared.

e Regular visual inspections must be made specifically focussing on the liner integrity. Should
there be any signs of liner damage, repairs must be carried out as soon as possible.

5.10 Landfill

5.10.1 Operation

Landfill operating procedures will be as follows:

e All non-hazardous garbage will be deposited in a “cell” of the landfill. The size of these
cells will vary depending on the specific disposal needs.

e Over the summer period, as needed, and immediately prior to the winter period of snow
accumulation open cells will be closed by covering them with a nominal layer of surfacing
material. This material is intended to fulfill a separation function only, and is not intended to
limit infiltration since the waste is expected to be inert.

e Wastes produced during the winter months will be stored in a designated portion of the
landfill and then relocated into an operating landfill cell following the spring thaw.

o Wastes will be dumped in rows and covered as required. Wastes will be disposed of directly
on the ground and compacted with heavy equipment against the berm or existing row.

e At all times surface runoff and melt water must be directed to a single sump from where the
water will be managed in accordance with the surface runoff management plan stipulated in
Supporting Document S10g.

5.10.2 Maintenance

Landfill maintenance items are as follows:

e Snow clearing.
o Visual inspection to confirm that the water containment and diversion berms are in working
condition. Should there be any signs that the diversion and containment berms are not
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retaining or diverting water as required, these facilities will be upgraded by suitable means
such as lower permeability soils and/or installation of a liner.

The highwall slopes of the camp pad must be inspected by a qualified person every year to
ensure that the face remain stable. Special care must be taken to inspect the state of
permafrost degradation (if any) that may have occurred in the overburden cut slopes at the
top of the highwall. Any measures to ensure the stability of the slopes must be carried out as
part of the regular site maintenance program, and may include rock bolting the highwall, or
re-armouring the overburden slopes.

The final landfill configuration, drainage pattern and slope stability of the final cover cannot
be established at this time. This will be a function of exactly how much waste is produced
and how the cells develop. At the appropriate time a detailed suitable design will be
completed.

5.11 Landfarm

SRK produced engineering drawings of the landfarm in accordance with a design by AMEC (2006).
Complete details regarding the operation and management of the facility is provided in Supporting
Document S10h — Lanfarm Management Plan. This supporting document also contains details with
respect to the estimated volumes of materials that may be handled in the landfarm facility, as well as
the facility water balance.
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6

6.1

6.2

Construction

General

With the exception of the jetty, the sensitive permafrost environment requires that all the surface
infrastructure fill material be placed during the winter months when the ground is completely frozen.
Once the primary foundation fill has been put in place construction of ancillary facilities on these
pads is no longer season dependant, provided construction equipment does not have to go onto the
tundra.

Mobilization of all construction equipment will be via barges from Hay River, NT. All equipment,
plant, materials, fuel and explosives will be mobilized to Hay River by June 30, 2007 at the latest.
The barges will arrive at Roberts Bay by mid to late August 2007, and the barges will be offloaded at
the existing barge landing site used for exploration in the Belt. The Contractor will winterise the
equipment in anticipation of the crew mobilization that will occur in December 2007, when
construction will start.

This design report outlines the basic principles of construction; however, complete details are
provided in the Technical Specifications (SRK 2007b) that should be read together with this report.
These Specifications also contain the necessary information relating to the Quality Control and
Quality Assurance (QC/QA) protocols that are to be followed for all aspects of construction.

Jetty

Construction of the continuous rock fill jetty will be carried out during the late summer open water
season in Roberts Bay. Construction will however be suspended for a two week period in July whilst
Arctic Char are migrating towards Little Roberts Creek to spawn. The basic components of the
construction are as follows:

o Deployment of a silt fence around the entire jetty construction zone to ensure that any
suspended sediments stirred up as a result of end-dumping quarry rock on the soft marine
foundation can be contained.

e Two layers of geogrid will be placed on the seabed. These geogrids will extend at least 5 m
beyond the outermost edge of the final jetty footprint and will be at least 5 m ahead of the
current fill being placed. The geogrid overlap will not be less than 2 m. The placement of the
geogrid will be done by qualified arctic divers.

e The jetty will be constructed from clean rock located in Quarry #1. The quarry rock will not
be washed prior to placement. Since there will be some blast residue on this rock when it is
placed in Roberts Bay, SRK modelled the water quality in the Bay to confirm that there
would be no adverse environmental effects as a result of this practice. The results of this
calculation are documented as an Appendix to SRK (2006f).
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6.3

6.4

e  Construction will consist of end-dumping the engineered fill from the shoreline towards the
terminus of the jetty approximately 100 m offshore, directly onto the geogrid. After a few
dump loads have been placed, a loader or dozer will be used to flatten the advancing front
such that equipment can continue to end dump. In deeper water (more than 2 m depth) the
initial rock fill be manually placed using an extended boom excavator. This will reduce the
impact surcharge on the soft marine sediments and allow for more controlled placement of
the fill.

o After completion of the bulk fill to the terminus of the jetty, the transition zone and jetty
surfacing grade material will be placed once again moving from the shore advancing out
towards the jetty terminus.

¢ Ancillary facilities such as the anchor blocks, mooring chains, shackles and blasting mats
will be located and installed as construction commences.

Roads, Culverts, Turnouts and Caribou Crossings

Construction of all permanent roads will entail the following components:

o Clearing of the snow and ice off the road alignment immediately prior to fill placement.

e Construction fill will be placed by end-dumping along an advancing road surface. After end-
dumping, the fill will be levelled with a dozer and subsequently compacted as per the
Technical Specifications.

o The three types of fill making up the roads will be placed consecutively, with a new fill type
only placed after the preceding layer has been completed to the design grade and level.

e Since the design road width is to narrow for duel lane traffic, the contractor will construct
temporary rock fill road turnouts as construction progresses. These will be removed as
construction advances.

e  Culverts will be laid in place at designated locations and after selective placement of
appropriate fill around the culverts, construction will advance normally. After road
construction has been completed, the contractor will return to each culvert to install the
steam pipes.

¢ Road turnouts and caribou crossings will be constructed using the same methodology as that
used for the road construction.

e  After completion of all road construction, road signs and guard rails will be installed as per
the Technical Specifications.

Beach Laydown Area, Explosives Storage Facility and Pump
House Pad
Construction of the 1 m thick pads for the beach laydown area, explosives storage facility and the

pump house pad will be identical to that adopted for the roads. At the explosives storage facility
there is a requirement to construct a containment berm around the AN/FO storage pad. This will be
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6.5

6.6

6.7

6.8

put in place after completion of the relevant pad using small shaping equipment such as a loader or
excavator.

After completion of the pads, the ancillary facilities must be installed on the pads. These ancillary
facilities include pre-fabricated magazines and buildings, which will be placed either directly onto
the rock fill or onto timber blocks, as per the relevant manufacturer’s recommendation.

Airstrip and Apron

Construction of the airstrip and apron will be similar to construction of the roads, with the only
difference being that the fill thickness is twice as much. Upon completion of the airstrip and apron,
airstrip lighting and instrumentation, as well as some other ancillary facilities will be installed
according to the manufacturer’s recommendations.

Camp Pad

Construction of the camp pad is identical to construction of the airstrip. On completion of the camp
pad, ancillary facilities such as the camp complex and other portable buildings will be installed as
per the manufacturer’s recommendations.

Fuel Transfer Station

The construction components for the fuel transfer station are as follows:

e Preparation of the fill foundation will be similar to that used in road construction.

e The containment berms must be shaped and compacted using the appropriate small shaping
equipment.

e Once the fuel transfer station foundation is completed, and liner tuck trenches have been
excavated on the containment berms, the HDPE liner (sandwiched between to geotextile
layers) that will form the primary containment will be installed as per the Technical
Specifications.

o Finally, taking all the necessary precautions the liner protection fill will be put in place by
end dumping and spreading with a loader.

Fuel Tank Farm

The fuel tank farm must be constructed on a bedrock foundation. The construction components are
as follows:

o A level exposed bedrock bench will be prepared by drilling and blasting, taking due care that
overbreak is reduced to a minimum.

e After the bedrock foundation has been prepared a nominal levelling layer of fill material will
be placed.

o Containment berms, liner tuck trenches, liner installation and protective fill placement will
be done using the same techniques as adopted for the fuel transfer station.
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6.9

6.10

6.11

6.12

6.13

Mill Pad

The mill and crusher buildings must be founded on bedrock. Therefore the mill pad will be
constructed by levelling a bedrock bench similar to the techniques mentioned for the fuel tank farm.
There is however portions of the pad that do not require a bedrock foundation and those parts of the
pad will be constructed as conventional rock fill, as per the procedures for the camp pad.

Temporary Waste Rock Pile Pad

Construction of the temporary waste rock pile pad is identical to that for the beach laydown area;
with the exception that only run-of-quarry fill is required. Also, a nominal containment berm must be
constructed along portions of the pad perimeter using small shaping equipment.

Bridge and Bridge Abutments

The components of the bridge construction are as follows:

e The abutments must be constructed using the same techniques as that used for the roads;
however, the fill thickness is substantially greater, requiring more run-of-quarry fill material.

e Once the abutments have reached the elevation of the underside of the bridge deck system,
the pre-cast concrete sills and retaining walls for the bridge must be put in place.

e The bridge must be assembled and lowered in place onto the sills using a crane. The
contractor may not have construction equipment in the stream bed, unless they are working
on a dedicated ice bridge.

e The remainder of the abutment fill must be placed up to the road deck elevation, taking care
to use hand-compacting techniques adjacent to the retaining walls.

Pollution Control and Sedimentation Ponds

Construction of the pollution control and sedimentation ponds will use the same techniques as used
for general fill placement and liner installation previously discussed.

Float Plane Dock

The construction components for the float plane dock are as follows:

e Using the lake-ice as a working platform, drill and install the six bollards for the float plane
dock.

e The access ramp and float plane dock laydown area will be constructed using the same basic
fill construction techniques used for the roads.

e The dock will be assembled according to the supplier’s specifications, and once the lake ice
melts, the float plane dock will be lowered and anchored to the bollards.
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6.14 Landfill

The landfill will be constructed in the developed Quarry #2. The final shape of the landfill will be
determined once a quarry development plan has been prepared. The basic components of the landfill
construction will however be as follows:

o The final quarry floor will be shaped and leveled such that any surface water will drain
towards a single low point.

e Perimeter diversion and/or containment berms will be constructed around the effective area
of the landfill using general fill placing techniques.

e A chain link fence will be erected on this berm according to the manufacturer’s
specifications.

6.15 Landfarm

Within the confines of the landfill, an area will be demarcated for construction of a landfarm. The
landfarm construction will follow the same techniques as that used for the fuel tank farm.
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v

7.1

7.2

Monitoring and Instrumentation

Monitoring Requirements

The surface infrastructure components discussed in this report will require two types of monitoring:

o Visual monitoring — physical inspection of all fill surfaces taking special care to identify any
areas that may have undergone settlement.

e Thermal monitoring — to evaluate the depth of the active zone, such that advance warning of
potential settlement can be determined.

Further details pertaining to monitoring are provided in Supporting Document S10m — Monitoring
and Follow-up Plan.

Thermistor Locations

A total of 8 thermistors have been installed in locations where surface infrastructure have been
designed, as illustrated in Dwg. G-04. Where possible, these installations must be retained. In
addition, new thermistors should be installed at the following locations as part of the fill
construction:

e Jetty; two strings (Dwg. J-01)

o Fuel transfer station; one string (Dwg. S-01)

o Airstrip; three strings (Dwg. S-03)

e Camp pad; two strings (Not indicated on Dwg. S-07 since the final location can only be
determined on site)

e Pollution control pond; one string (Not indicated on Dwg. S-07 since the final location can
only be determined on site)

e Sedimentation pond; one string (Not indicated on Dwg. S-07 since the final location can
only be determined on site)

o Float plane dock laydown area; one string (Not indicated on Dwg. S-07 since the final
location can only be determined on site)

e Roads; five strings (Dwg. S-15, S-16; other locations are not indicated since the final
location can only be determined on site)

e Bridge abutments; two strings (Dwg. S-12a)

Each of these stings should have at least three beads measuring between depths of 0.3 mand 3 m
below natural ground surface. The thermistor strings need not have data loggers, but monitoring
frequency of manual readings on all stings must be completed at least once a month. If warming
trends are observed, this frequency should be increased as appropriate. These data should ideally be
reviewed by a qualified geotechnical engineer, at least once a year to assist in making appropriate
maintenance recommendations.
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Technical Memorandum

To:

CC:

Jim Currie Date: March 15, 2007
Project File From: Maritz Rykaart

Subject: Jetty Design Calculations Project #: 1CM014.008

2.1

2.2

Introduction

This memo documents bearing capacity design calculations and assumptions for the proposed
continuous rock fill jetty in Roberts Bay, Hope Bay, Nunavut, Canada. This jetty will be part of the
development infrastructure for the proposed Doris North Project, a gold mine being developed by
Miramar Hope Bay Ltd. (MHBL). Background information is documented in the following report;

SRK Consulting (Canada) Inc. 2005. Preliminary Jetty Design, Doris North Project, Hope
Bay, Nunavut, Canada. Technical report submitted to Miramar Hope Bay Limited, Project
No. 1CM014.006, October 2005.

Design

Design Approach

The continuous rock fill jetty will be constructed on soft marine sediments. It is therefore necessary
to confirm that the load applied by the jetty will be less than the allowable (ultimate) bearing
capacity of the marine sediments. For the purpose of this design it is reasonable to assume that the
base of the rock fill jetty is a shallow foundation (Holtz and Kovacs 1981).

The bearing capacity calculations presented have been completed in accordance with standard
bearing capacity theory (Holtz and Kovacs 1981), with design input parameters based on site specific
measured properties.

Data Sources

Geotechnical data for the jetty foundation material have been documented in the Preliminary Jetty
Design Report mentioned in Section 1 of this memo. This data includes drill holes, in-situ vane
shear testing and laboratory foundation indicator testing. Subsequent to the completion of this report
another field program was carried out to characterize the jetty foundation materials (SRK 2006).
Together these data sets are deemed adequate to conduct the jetty design in accordance with the
adopted design criteria as set out by MHBL.

BW/EMR

App C - TechMemoJettyDesign_emr.18.05.2007.doc, 4:05 PM, Apr. 18, 07











SRK Consulting Page 2 of 6

2.3

231

2.3.2

2.3.3

Applied Loads

Dead Loads

The limiting case for the proposed jetty geometry is described by a cross section through the jetty
head. This jetty head consists of a 25 m wide roadway crown over a 6.5 m deep fill with side slopes

of 1.2:1. Under this scenario, the base of the foundation is 40.8 m wide, and the water level is 1.5 m
below the roadway (with the maximum water depth being 5 m).

For a 1 m deep section through the jetty head fill, the volumes, unit weights, and total dead load for
the geometry described above are included in Table 1.

Table 1. Jetty head section volumes, unit weights, and loads.

Section Volume m® Unit Wt. (kN/m?) Load (kN)
Unsaturated upper fill 40.2 19.62 789
Saturated lower fill 173.0 9.81 (submerged) 1,697
Total fill 213.2 2,486

Thus, for a total area of 40.2 m?, the applied load of 2,486 kN, due to the weight of the fill, results in
an applied stress, g,, of 61.8 kPa over the area of the footing.

Live Loads

Live loads on the jetty include the traffic of loaders, as well as the action of ice, wind, and snow.
The total load applied by a Komastsu WA500-3 Wheeled Loader (the largest equipment to be used)
with a fully laden shipping container is approximately 48,100 kg. Over a 1 m deep section of the
jetty head, the applied load is equivalent to an additional increase in applied stress, g,, of 1.2 kPa.

Additional live lateral loads associated with ice, wind, snow and waves, as well as the barge itself
have not been considered. The magnitude of these additional loads, and thus their effect on the
structure has not been assessed. MHBL believes that the design life of the jetty is short-lived and
thus they will rather embark on a maintenance program for the jetty than provide a more robust
design at this time. The consequences and impacts of this on the structure and surrounding
environment have been discussed in the main text to which this memo has been attached as a memo.
MHBL has been made aware of the risk of this approach, and has opted to accept it.

Total Load

The total load exerted by the jetty on the marine foundation is thus the sum of the live and the dead
load, i.e. 61.8 + 1.2 = 63 kPa.
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2.4

Bearing Capacity

Nilcon vane shear test results for the upper 5 m of marine sediment at the jetty head location are

summarized in Table 2.

Table 2. Nilcon vane shear test results for proposed jetty head location.
Peak (kPa) Residual (kPa) Remoulded (kPa)
Maximum 28.1 12.7 4.4
Minimum 13.3 4.7 0.6
Average 204 8.6 3.2

The bearing capacity of the sediment was calculated on the basis of peak undrained shear strength of
15 kPa. The average plasticity index of CL samples taken from the proposed jetty location, and from
the 1997 investigation in the area (EBA 1997) was 17.5%, and no vane shear correction was applied
to field values. The choice of these values are supported by the 2006 characterization data (SRK
2006) which showed measured peak undrained shear strength between 10 and 16 kPa.

For undrained loading at the surface of the marine sediment, the ultimate bearing capacity equation
reduces to:

qU = NCCU

where, q, is ultimate bearing capacity, N, is a bearing capacity coefficient, and C, is the undrained
shear strength. The value of N, for a soft sediment varies to a maximum of 5.14. Accordingly, the
ultimate bearing capacity, q,, of the sediment is 77.1 kPa.

2.5 Bearing Capacity Factor of Safety
The factor of safety is calculated as follows:

F.S.=qu/0a = 77.1 kPa/ 63 kPa = 1.22

Depending on the type of structure an acceptable factor of safety against bearing capacity failure
would be between 1.5 and 3. Acceptance of a factor of safety of 1.22 for the jetty is a risk that
MHBL has been made aware of and they accept the consequences thereof.

It should be noted that SRK recommends that MHBL construct the jetty on two layers of geogrid,
which will result in an undetermined increase in the factor of safety (see later). Also, as shown later,
by flattening the slope angles of the jetty, the factor of safety can be increased.

2.6 Consolidation Settlement
2.6.1 Total Settlement

The proposed jetty will undergo settlement due to the consolidation of the underlying marine
sediment. Consolidation testing was carried out and the results are reported in SRK (2006). The total
settlement and time to consolidation presented in this memo are based on sample void content as
determined from saturated water content, the depth of the sediment layer, and assumed values of
compression index and coefficient of consolidation. Values of parameters used for the calculation of
total settlement are included in Table 3.
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2.6.2

3.1

Table 3. Design values for consolidation calculations.

Component Value
Thickness of marine sediment layer 13 m
Saturated unit weight of marine sediment 18 kN/m®
Initial effective stress at midpoint of the layer 53.2 kPa
Initial void ratio 1.27
Compression Index 0.25 to 0.5 (assumed)
Applied stress 62 kPa
Coefficient of consolidation 10 m?/year (assumed)

Assuming an increase in effective stress equal to the dead load of 61.8 kPa, the midpoint of the
profile will undergo a change in effective stress from 53.2 kPa to 115.2 kPa. The total expected
settlement is estimated to be approximately 0.5 m to 1.0 m.

Time Rate of Consolidation

Estimates of time of consolidation indicate up to 0.15 m settlement after one year, and up to 0.3 m
after 5 years. The actual rates of settlement may vary considerably from estimates.

Rates of consolidation are estimated from coefficient of consolidation. The coefficient of
consolidation of 10 m%/year listed in Table 3 was approximated from the average liquid limit of near
40% and Figure 9.10, page 404, Holtz and Kovacs (1981).

Time to consolidation is highly dependent on the hydraulic conductivity of the sediment, which was
not measured. The drilling program observed some sandier sediments, which will have higher
hydraulic conductivity than clay rich portions. The presence of sandy layers may increase the rate of
consolidation.

Design Options

Alternative geometries and the effect of including geosynthetic re-enforcement of the base of the
jetty fill were examined for effect on applied load g, and factor of safety, F.S.

Jetty Head Geometry

Options for decreasing the pressure at the base of the jetty head fill include flattening the side slopes,
and reducing the width of the fill. The variation in applied stress is illustrated in Table 4. The most
conservative design includes a design profile with a 6 m roadway with 4:1 side slopes. Predicted
loads are converted to factors of safety, F.S.’s, in Table 5.
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3.2

Table 4. Variation in applied stress, q,, due to changes in jetty head geometry.

Side Slope Top Width (m)
(H:V) 25 15 10 6
1.2:1 61.2 55.6 51.1 46.1
2:1 55.6 50.0 46.1 42.0
31 51.1 46.1 42.7 39.6
4:1 48.2 43.6 40.8 38.2

Table 5. Factor of Safety for alternate jetty head geometries (excluding live loads).

, Top Width (m)
Side Slope
(H:V) 25 15 10 6
1.2:1 1.26 1.39 151 1.67
2:1 1.39 1.54 1.67 1.84
31 151 1.67 1.80 1.95
4:1 1.60 1.77 1.89 2.02

Geosynthetic Re-Enforcement

The use of geosynthetic (geotextile and geogrid) re-enforcement at the base of the fill was
investigated for effect on bearing capacity (Koerner 2005). Two suppliers were also contacted for
information regarding the use of geosynthetics. Principle advantages to using a geosynthetic re-
enforcement at the base of the jetty fill include:

Prevent rock fill from sinking upon initial placement during construction
Reduction of differential settlements

Even distribution of stress over marine sediment — allowing use of N, = 5.14
Prevent movement of fines into overlying coarse layers

The soft marine sediments at the proposed jetty location may fail during construction if the ultimate
bearing capacity is exceeded. With time, the sediments will consolidate, and the allowable load will
increase. However, localized loading may cause a failure, and a geosynthetic re-enforced pad will
help reduce the potential for failure.

Dwg. J-01, J-02 and J-03 of Supporting Document S-04 provide details of the final jetty design
which includes two layers of geogrid. The configuration and type of geogrid was recommended by a
supplier and is not based on a design carried out by SRK. Detailed specifications of the
recommended geogrid are provided in Supporting Document S-03.

Case studies where geosynthetics has been used for this type of application are listed on the web site
of one supplier (www.tenax.net/geosynthetics/case_history). SRK is not aware of any case study of
geosynthetic re-enforced pad constructed in an arctic environment. However, geosynthetics are
commonly used in conventional applications in the arctic (liners, ponds, etc.), and therefore there is
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no reason to believe that this application would not be feasible. This statement is supported by the
suppliers that were contacted.
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RE: Jetty Capacity

		From

		Gary Kalynchuk

		To

		Rykaart, Maritz

		Cc

		David Thomas; Russ Eby

		Recipients

		mrykaart@srk.com; David.Thomas@Newmont.com; Russ.Eby@Newmont.com



Hold additional work for now.



 



Gary Kalynchuk, P. Eng.



Hope Bay Project



Newmont Senior Engineering Manager



 



Office: 780-434-9114



Direct: 780-408-1870



Cell: 780-264-2065



Fax: 780-434-7758



 



Email: garyk@hopebayminingproject.com



 



From: Rykaart, Maritz [mailto:mrykaart@srk.com] 
Sent: Thursday, August 05, 2010 4:37 PM
To: Gary Kalynchuk
Subject: RE: Jetty Capacity



 



Gary



 



A couple of thoughts:



 



1.       I do not want to step on PND’s toes, so perhaps you want to ask them first if they want to do this, as they are really your jetty engineer at the moment.



2.       If you did want us to look at this, here is what can be done:



a.       We would revisit our 2007 calculations and assumptions, and see if there is any reason to think we need to change any design parameters given the past performance of the jetty. It will remain subjective, since we have no new data that would support different soil strengths. Obtaining new data will require drilling and CPT testing which would be time consuming, expensive, and may not be possible as a special rig is required – highly unlikely that this can be done before the completion of the Sealift.



b.      We would talk to site staff and find out how the jetty has actually been used from 2007 onwards, and based on that information we could see if we have enough subjective data to evaluate sensitivity data to support less conservative assumptions.



c.       We would recommend that new survey beacons be installed and daily monitoring commenced to see how the jetty is performing at the moment. Based on the 1 ½ season of data we had prior to 2007 we know the jetty was still settling significantly. If it is shown to settle less now, then at least we have some indication of the state of consolidation. Based on my annual geotech inspections it does appear that settlement has subsided substantially.



3.       We would consider what mitigation (other than physically altering the jetty) can be implemented to help spread the loads.



4.       We would require that an updated as-built of the jetty be surveyed such that we can recalculate to dead load – our last data dates back to 2007.



5.       All of the above can probably be completed in a few weeks (after receipt of the survey), with ongoing follow-up wrt the settlement data.



 



It should however be understood that even after all this we may not be able to approve the use of the 80T crane after all, because what we know today, and have known all along – this jetty is on poor ground and was never designed with those loads in mind. 



 



Regards



Maritz



 



 



____________________________________________________________



 



Maritz Rykaart, Ph.D., P.Eng.



Principal



Geotechnical Engineering



 



SRK Consulting (Canada) Inc.



Suite 2200, 1066 West Hastings St., Vancouver, BC, Canada  V6E 3X2



Phone: (604) 681-4196, Direct: (604) 601-8426, Cell: (604) 928-1552, Fax: (604) 687-5532



Email: mrykaart@srk.com



 



From: Gary Kalynchuk [mailto:garyk@hopebayminingproject.com] 
Sent: Thursday, August 05, 2010 2:14 PM
To: Rykaart, Maritz
Subject: FW: Jetty Capacity



 



Can you assist on this?



 



Gary Kalynchuk, P. Eng.



Hope Bay Project



Newmont Senior Engineering Manager



 



Office: 780-434-9114



Direct: 780-408-1870



Cell: 780-264-2065



Fax: 780-434-7758



 



Email: garyk@hopebayminingproject.com



 



From: David Thomas [mailto:David.Thomas@Newmont.com] 
Sent: Thursday, August 05, 2010 1:01 PM
To: Russ Eby; Ronald DesGranges; Norm Stevens; Bill Stamps; Gary Kalynchuk
Subject: RE: Jetty Capacity



 



Gary



 



Please find out how quickly and what the scope of work is to approve use of the 80-ton crane on the Jetty.



 



DT



 



From: Russ Eby 
Sent: Thursday, August 05, 2010 12:46 PM
To: Ronald DesGranges; Norm Stevens; David Thomas; 'Bill Stamps'; Gary Kalynchuk
Subject: FW: Jetty Capacity



 



Gary 



 



Thanks for the information.



 



Dave,



 



The current information regarding the Jetty capacity is noted below and in the attachment.



 



I suggest we have SRK continue to do a review of the Jetty area so we would possibly be able to use the crane later in the sea lift off loading.



 



Please confirm if you want to move forward with SRK.



 



Thanks



 



Russ



 



Russ Eby



HBML Site Manager



Russ.Eby@newmont.com



(604) 759-4684 ph



(778) 229-9955 bb



(907) 250-5701  M



From: Gary Kalynchuk [mailto:garyk@hopebayminingproject.com] 
Sent: Thursday, August 05, 2010 12:06 PM
To: Russ Eby
Subject: Fw: Jetty Capacity



 



Here is info on Jetty for SRK.

As suggested they cannot offer much opinion without additional field work.

I will engage for future opinion, but in the short term should plan for forklift.

Comments?

Gary



  _____  


From: Rykaart, Maritz 
To: Gary Kalynchuk 
Sent: Thu Aug 05 11:29:23 2010
Subject: RE: Jetty Capacity 



Gary



 



I am attaching the last correspondence we had about design limitations on the jetty. As you can see this dates back to 2007, when Miramar and SNC wanted to offload heavy modules. We have not carried out any further analysis on the jetty since then but we concluded at the time that using the 75T Grove Crane, would exceed the design ground pressure. At that time I believe that SNC decided to use the crane anyway, and we also do not know what they were doing in 2008 and 2009.



 



Maritz



 



____________________________________________________________



 



Maritz Rykaart, Ph.D., P.Eng.



Principal



Geotechnical Engineering



 



SRK Consulting (Canada) Inc.



Suite 2200, 1066 West Hastings St., Vancouver, BC, Canada  V6E 3X2



Phone: (604) 681-4196, Direct: (604) 601-8426, Cell: (604) 928-1552, Fax: (604) 687-5532



Email: mrykaart@srk.com



 



From: Gary Kalynchuk [mailto:garyk@hopebayminingproject.com] 
Sent: Thursday, August 05, 2010 5:54 AM
To: Rykaart, Maritz
Subject: Jetty Capacity



 



Do we have an issue with having an 80 ton crane on the existing jetty without crane mats?



 



What if we have crane mats?



 



Thanks



 



Gary Kalynchuk, P. Eng.



Hope Bay Project



Newmont Senior Engineering Manager



 



Office: 780-434-9114



Direct: 780-408-1870



Cell: 780-264-2065



Fax: 780-434-7758



 



Email: garyk@hopebayminingproject.com
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