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EXECUTIVE SUMMARY 

This report documents the progress of construction of eight rockfill shoals in two lakes in the 
vicinity of the Tahera Diamond Corporation’s (TDC’s) Jericho Diamond Mine in Nunavut.  
EBA Engineering Consultants Ltd. (EBA) was retained during construction by TDC to complete 
the 2007 implementation of this work.  Innovative techniques were used by EBA that increased the 
likelihood that the as-built rock structures will perform as expected and provided an estimated  
4 to 6 fold increase in shoal rock placement rates.  

The placement of the rockfill shoals form part of compensation measures put forward by the 
Department of Fisheries and Oceans Canada (DFO) for the loss of fish habitat due to the mine 
operations.  The DFO required measures were performance based and therefore although the 
desired end result was well known, the method of construction was not been specified.  Little public 
information was available to guide winter construction of rockfill shoals. 

EBA looked at either placing shoal rock through openings in the ice or placing the shoal rock on the 
ice surface.  It was agreed with TDC to use the ice cover as a working platform.  The on-ice rock 
piles were constructed using sorted Run of Mine (shoal rock) and are expected to drop to the 
lakebed with the melting of the ice cover in the spring and form shoals. 

The shoal rock was transported from the mine partly via an ice road and dumped on the ice by 
Caterpillar 730 articulated trucks. 

Approximately 8,000 m3 of rock material was placed on the ice with approximately 500 truck loads – 
each truck weighting about 60 tonnes.  The maximum load of any single rockfill shoal was 
approximately 2,000 tonnes.  Ice deflections at the shoals, ice temperatures and crack developments 
of the ice were monitored to maintain a safe work environment.  Pictures were taken before, during 
and after shoal construction. 

Maintaining safety of operators and equipment was paramount during the entire operation.  In order 
to satisfy the production objectives and meet the safety objectives, on-site and off-site engineering 
review was provided by an EBA senior ice specialist.  Site specific work practices were implemented 
to take full advantage of the ice structural capacity to place the maximum amount of rock in the 
limited time available.   

Unlike many manufactured materials ice structural properties vary spatially and in time, hence, 
monitoring the behaviour of the ice constituted an essential component of the operation.  No ice 
related incidents occurred during the entire 2007 shoal construction and key information was 
collected that will facilitate the safe and efficient construction of shoals in 2008.  Details pertaining 
to planning, execution and monitoring of the on-ice operations can be found in the “Operational 
Report” submitted to Tahera, July 2007. 
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1.0  INTRODUCTION 
This report documents the 2007 construction of rockfill shoals in two lakes in the vicinity 
of the Jericho Diamond Mine.  A total of twenty-two rockfill shoals have been proposed, 
located in six lakes north of the mine as shown on Figure 1 (taken from Ref. 1, Mainstream 
Aquatics Ltd. Memorandum, 23.11.2005, Appendix A).  Eight of the twenty-two shoals 
were completed between March 2007 and April 2007. 

The placement of the rockfill shoals form part of compensation measures put forward by 
the Department of Fisheries and Oceans Canada (DFO) for the loss of fish habitat due to 
the mine operations.  The specific requirements can be found in Appendix “A” and have 
been summarized in Section 2. 

This report summarizes the approaches recommended to Tahera Diamond Corporation 
(TDC) by EBA Engineering Consultants Ltd. (EBA) from design through construction and 
documents the as-built condition to May 28, 2007. 

An as-built survey of the rockfill shoals will be executed and documented during the 2007 
open water season.  

2.0  REQUIREMENTS BY THE DEPARTMENT OF FISHERIES AND OCEANS CANADA (DFO) 
The operator of the Jericho Diamond Mine is required to provide fish habitat compensation 
for the loss of fish habitat as a result of the mine operation.  Part of the habitat 
compensation consists of rockfill shoals in several lakes near the mine.  

DFO Canada issued with its letter of April 15, 2005 an Authorization, No. NU-00-0068, 
named “Authorization for Works or Undertakings affecting Fish Habitat”.  A copy of this 
document can be found in Appendix A.  Details related to the location, shoal size, shoal 
rock, and respective habitat monitoring of the shoals are given in Ref. 1. 

In an additional letter/email exchange between the DFO and TDC with input from 
Mainstream Aquatics Ltd. (Mainstream) in March 2006, a number of issues related to the 
construction and monitoring of the rockfill shoals were discussed and clarified.    

Some of the more relevant requirements with regard to the construction of the shoals are 
summarized below: 

• The 22 rockfill shoals will be constructed within 2 seasons. 

• The size and location of the shoals are listed in Table 1 (from Ref. 1).  The aerial extent 
of the shoals range from 500 m2 to 1,125 m2 with an average height of 1 m. 

• The material used for the construction of the rockfill shoals consists of Run of Mine 
(ROM) rock, ranging from 0.1 m to 1.0 m in diameter.  The occasional oversized rock 
could reach the 2.0 m diameter size. 
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3.0  PLANNING AND DESIGN OF ROCKFILL SHOALS 

3.1  SELECTION OF CONSTRUCTION METHOD 
EBA was retained to evaluate the ice conditions; review the available equipment and 
prescribe a safe work procedure that would allow Tahera’s workforce to construct the 
maximum number of shoals practical for March 2007 and April 2007.   

Ice conditions are described in Appendix C. 

The type of equipment available for the construction of the shoals consisted of: 

• Caterpillar Model 730 articulated trucks; 

• Caterpillar Model 950 loader; and 

• Caterpillar Model 14 grader. 

Technical details of the equipment can be found in Appendix B.  

Two options of rock placement were considered for this project: 

• Option 1:  placing the rock on the ice cover in the winter season and have it drop to the 
lake bottom when the ice melts in the spring; and 

• Option 2:  placing the rock through a cut hole in the ice cover. 

Option 1: Placing Rock on the Ice 

Option 1 was deemed to be the safest and most efficient approach.  The challenge was to 
place the shoal rock in piles on the ice so that rock pile will drop at the predetermined 
location.  A key element was to load the ice as close as safely possible to its structural limit.  
Through maximization of the load the intention was to achieve failure of the supporting ice 
cover after the time of placement and prior to the melting of the surrounding lake ice.  
Establishing a safe threshold required close monitoring which included documenting the 
initiation and development of cracks and deformations of the ice cover in the vicinity of the 
loaded area.  This information was back analyzed to assess the assumed material properties.   

Safety guidelines and recommendations for conventional on ice operations involving 
transport (roads and air strips), storage or stationary activities (drilling) can be found in 
various relevant references and government guidelines.  Safety factors and maximum 
allowable stresses of the ice sheet design are generally safe for most on ice operations but 
prohibitively conservative for the special needs of the 2007 work and precluded shoal 
construction in the time frames required by DFO.   

Through EBA’s work the weight of rock placed exceeded that that would be prescribed by 
standard techniques by a multiplier of at least 4.  A six-fold increase was achieved over trial 
placements at Jericho by others.  EBA’s analysis therefore significantly increased the 
likelihood that construction of most of the shoals will comply with the Mainstream/DFO 
guidelines and potentially in as little as one pass. 
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Option 2:  Placing Rock through Openings in the Ice 

For Option 2, a slot would need to be cut in the ice through which the rock will be dumped 
directly from the edge of the ice to the bottom of the lake.  Cutting ice into manageable 
cubes and removing it away from the site would be required.  Men and equipment would 
also be required to work close to open water which is a safety concern.   In addition it was 
determined that thicker ice would be needed for safe operation due to the discontinuity of 
the ice cover. 

3.2  DESIGN CRITERIA FOR OPERATING ON FLOATING ICE 
Ice is a non-homogeneous material with a high compressive strength but considerable less 
flexural and shear strength.  Its material properties are highly dependent on temperature 
changes.  At the limits of loading time dependent deflection (creep) can reach a 
considerable magnitude. 

Fundamentally, ice thickness, available free board (FB), flexural strength and deformation 
characteristics determine the operational on-ice capabilities.  The first two parameters were 
measured on site.  For preliminary design a literature derived flexural strength of 550 kPa 
was used for assessing vertically loading of the ice sheet.  The flexural strength chosen was 
based on observed ice quality.   

For known ice thickness and equipment details (including its allowable pay loads), stresses 
in the ice cover can be estimated by applying algorithms developed by Westergaard (Ref. 3).  
Refinements to the allowable loading were then coupled to the deformations by predicting 
then measuring deflection. 

An ice cover deflects when loaded vertically.  The amount of deflection depends on the 
magnitude and distribution of the applied load, the ice quality and the load duration.  The 
largest deflection (and maximum stress) occurs at the centre of the load.  In the case of 
shoals the maximum deflection and stresses occur at the shoal centres.  

As the ice deflects, the available FB decreases with additional load applications until water 
flows onto the ice surface (negative FB).  This condition provides an open connection 
between the water and ice surface and generally marks the onset of unsafe conditions and 
should be avoided. 

3.3  SAFETY CONSIDERATIONS FOR ON-ICE OPERATIONS 
All operators were instructed on the does and don’ts when working on the ice.  Key 
elements specific to working on lake ice were: 

• follow instructions by the on ice supervisor; 

• wear the appropriate safety gear for offshore; 

• place rockfill shoals only during daylight; 

• stockpile rock material on shore fast ice and designated access roads during the night; 
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• place rockfill on the lake ice only under supervision; 

• allow only one truck  on the ice at a time; 

• maintain radio contact between operator and supervisor; 

• maintain radio contact between supervisor and camp; 

• operate trucks only in designated  areas; and 

• discontinue on-ice operation whenever uncontrolled water is observed on the ice. 

3.4  SEQUENCE OF ROCK PLACEMENT 
EBA requested survey at each shoal.  Following the survey of the shoals a survey stake was 
placed.  A hole was drilled through the ice at each corner of the shoal footprint as needed.  
Ice thickness, FB and water depth were measured and recorded.  The results of the survey 
are listed in Table 1.  The corner numbering system corresponds that prescribed by 
Mainstream Aquatics (Ref 1). 

After a shoal location was cleared of snow and measurements of the ice and water depth 
measurements were taken, the first step to shoal construction was the placement of 150 mm 
Maximum Size crush material (see Photo 1) on the ice within the shoal area.  This 
protective layer was used to minimize damage of the ice and avoid brittle failure during 
placement of the ROM material with boulders of up to 2 m diameter. 

In order to avoid ice failure due to high flexural stresses, the rock material placement 
commenced at the shoal ends and continued towards the shoal centre until excessive crack 
development and a decrease in FB (water on the ice) caused a stop to the operation.   

The shoals are located on floating ice close to shore fast ice.  Due to the uncertainty of the 
melting sequence of the lake ice and possible related movements of the ice cover during 
breakup, it was decided to weaken the ice surrounding the shoals.  The intent was to initiate 
failure of the supporting ice that would cause subsequent drop of the rock to the lakebed 
prior to melting/breakup of the lake ice.  This would reduce the possibility of the shoals 
from floating away from the designated areas. 

Active weakening of the ice was done by cutting the ice at strategic places close to the 
loaded area.  This work requires careful planning and safety procedures to mitigate the risks. 

Passive weakening methods involve generally accelerated melting of the ice cover 
supporting the shoals. 

4.0  MONITORING 
Monitoring by EBA included visual evaluations of the quality and size distribution of the 
shoal rock, measurement of the ice properties, construction methods and the deformation 
behaviour of the ice.   Techniques for monitoring both the shoal rock and ice are described 
in more detail in the Rockfill Shoal Operational Manual (pending).  EBA’s methods for 
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monitoring ice evolved during this to capture key information using non-destructive 
methods where possible and adaptive to the specific logistics of construction.  For example, 
monitoring methods used square shaped rockpiles were modified for long linear rock piles.   

In the latter stages the monitoring routine consisted of: 

• taking deflection readings at the shoal centre; 

• monitoring number and location of truck load dumped; 

• observing and marking crack development on the ice and snow; and 

• continuously plotting load vs. deflection. 

The strength of the ice cover is related to its temperature profile. Temperature profiles 
within the ice cover were collected to monitor the change in ice strength due to warming of 
ice cover.  Ice cover temperature was monitored by mounting temperature calibrated 
thermistors on a 2x4 as shown in Photo 18, and freezing the assembly in a previously drilled 
hole into the ice.  Cables and plugs for resistance measurements were mounted at the end of 
the post as can be seen in Photo 19.  The location of the thermistors in relation to the ice 
thickness is shown on Figure 3.  The corresponding temperature readings are plotted on 
Figure 4. 

5.0  RESULTS 
Table 3 summarizes the construction completion dates for the respective shoals, the 
number of 60 tonne truckloads placed at each shoal location and the criteria used to 
terminate shoal rock placement. 

Initially, the six shoals on Carat Lake were built by dumping a protective layer of 150 mm 
Maximum Size crush material on shore fast ice (see Photo 2), picking it up with the loader 
and distributing it over the shoal area as shown in Photo 3.  On Lake O1, trucks dumped 
the material directly on the floating ice and the grader distributed it over the shoal area. 

The placement and distribution of the 150 mm Maximum Size crushed rock did not require 
monitoring of the ice because the loader inclusive payload and the grader were lighter than 
the loaded trucks and the material was well distributed over the shoal area. 

Dumping the ROM material (see Photo 4), however, resulted in the application of heavy 
concentrated loads on the ice.  These loads and the superposition effects of these loads 
were assessed.  Due to safety considerations, a gap of ROM material at the centre of the 
Carat Lake shoals can be seen in Photo 5. 

In order to avoid ice failure due to high stresses, the rock material placement commenced at 
the shoal ends and continued towards the shoal centre until excessive crack development 
and a decrease in FB (water on the ice) caused a stop to the operation.  Due to safety 
considerations, a gap of ROM material at the centre of the Carat Lake shoals can be seen in 
Photo 5. 
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The point in time when the rock will fall through the ice cover depends on the state of 
deterioration of the ice which in turn is largely controlled by the change in ambient 
meteorological conditions (warmer air temperatures and increased solar radiation).  An 
evaluation of the effectiveness of weakening of the ice cover to initiate early failure and 
breakthrough of the rockfill shoals is in progress.  An as-built survey is to be executed and 
documented during open water season in the summer of 2007. 

5.1  CONCLUSIONS 
The shoal construction was basically controlled by two requirements: 

• fulfilling the requirements as stipulated by the DFO, and 

• safety. 

The work was carried out in accordance with construction details such as shoal location, 
shoal dimensions and rock material to be used as specified in Ref. 1.  To improve the 
likelihood that the rock material would break through the ice at the on-ice location to the 
specified rockfill shoal location, trial measures were taken to initiate failure of the ice 
supporting the shoals.  The as-built location of the rock material will be surveyed once the 
ice is gone. 

Placing such heavy loads on the ice and observing deflections that exceed the available FB 
by several hundred percents is unprecedented.   However, monitoring the behaviour of the 
ice cover by qualified personnel mitigated the risks to an acceptable level.  Such monitoring 
is essential for making it safe to work on the ice under these loading conditions. 

The practices employed were entirely specific to conditions existing at the time of 
construction and therefore loading and safe work practices will change from winter month 
to winter month and from year to year.   

5.2  RECOMMENDATIONS 
The experience gained from the 2007 activities can be applied to the 2008 Rockfill Shoal 
construction program.  Additional planning and preparations will be necessary to complete 
the construction of the remaining 14 rockfill shoals in 2008. 

Four important operational planning components are: 

• storage of construction material to minimize the on-ice hauling distance; 

• construction of winter access roads to the lakes; 

• construction of the ice pads; and 

• site specific construction of the rockfill shoals. 
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It is recommended to start the construction of the access roads and ice pads as early as 
possible.   

EBA should be advised by TDC of the results of the rock underwater survey by others.  
Advanced analytical methods and further refinements to the methods described herein may 
be possible. 

Recommendations for the construction of the remaining 14 shoals can be found in the 
Jericho Rockfill Shoal Construction and Operations Manual (pending). 
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Site Lenth 
(m) Width (m) Area (m2)

Approx.  
Slope (%) Easting Northing Depth 

(m) Easting Northing Depth 
(m) Easting Northing Depth 

(m) Easting Northing Depth 
(m)

LO401 100 10 1,000 10 479691 7323844 2.0 479731 7323936 2.0 479700 7323840 3.0 479740 7323932 3.0

LO402 100 10 1,000 10 479773 7323739 2.0 479717 7323822 2.5 479782 7323744 4.0 479726 7323828 3.0

LO403 100 10 1,000 5 479919 7323671 2.0 479825 7323704 2.0 479923 7323681 2.5 479828 7323714 3.5

LO404 50 20 1,000 8 480005 7323684 2.0 479957 7323662 2.0 479996 7323702 3.5 479950 7323680 3.5

LO301 50 20 1,000 3 479678 7322499 2.0 479643 7322536 2.0 479692 7322513 2.5 479658 7322550 4.0

LO302 100 10 1,000 10 479834 7322556 2.0 479749 7322502 2.0 479829 7322564 3.0 479744 7322510 3.0

LO201 50 10 500 30 479198 7322720 2.0 479219 7322765 2.0 479189 7322724 5.0 479210 7322769 5.5

LO202 50 10 500 5 479344 7322739 2.0 479317 7322782 2.0 479336 7322734 2.5 479308 7322776 4.0

LO203 100 10 1,000 10 479292 7322628 2.0 479338 7322717 2.0 479283 7322633 3.0 479329 7322722 3.0

LO101 100 10 1,000 15 479036 7321707 2.0 479137 7321709 2.0 479036 7321717 3.5 479137 7321719 3.5

LO102 100 10 1,000 20 479150 7321738 3.0 479198 7321827 2.0 479141 7321743 5.0 479189 7321832 4.0

LIN01 100 10 1,000 15 478104 7321802 2.5 478200 7321774 3.0 478107 7321812 5.5 478203 7321784 4.0

LIN02 40 25 1,000 10 478228 7321761 2.0 478266 7321777 2.0 478218 7321784 4.5 478255 7321800 4.5

LIN03 50 20 1,000 10 478280 7321799 2.0 478302 7321844 2.5 478262 7321808 4.0 478284 7321853 4.5

LIN04 50 20 1,000 15 478312 7321850 2.0 478347 7321886 2.0 478298 7321865 5.0 478333 7321900 5.5

LIN05 50 20 1,000 20 478354 7321986 2.0 478305 7321996 2.0 478350 7321966 6.0 478301 7321977 6.5

LCA01 50 20 1,000 3 478462 7320908 5.0 478512 7320908 2.0 478462 7320928 5.5 478512 7320928 2.5

LCA02 45 25 1,125 14 478536 7320907 2.5 478575 7320919 2.5 478528 7320931 6.0 478567 7320944 5.5

LCA03 50 20 1,000 8 478614 7320921 2.0 478650 7320957 2.0 478600 7320936 3.5 478636 7320971 4.0

LCA04 45 25 1,125 14 478642 7321034 2.5 478638 7321074 2.0 478617 7321032 6.0 478613 7321071 5.5

LCA05 45 25 1,125 10 478637 7321094 2.0 478632 7321134 2.0 478612 7321092 4.5 478607 7321132 5.5

LCA06 50 20 1,000 18 478630 7321153 2.0 478629 7321204 2.0 478610 7321153 5.5 478610 7321203 4.5
Notes:

 - Rock shoals built in 2007

TABLE 1: SIZE AND LOCATION OF ROCK SHOALS
Corner 1 Corner 2 Corner 3 Corner 4

Table 1 - Size and Location of Rock Shoals.xls
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TABLE 2:  CARAT LAKE SHOAL SURVEY – MARCH 22, 2007 
Corner 1 Corner 2 Corner 3 Corner 4 

Shoal 
H FB WD H FB WD H FB WD H FB WD 

LCA 01 1.76 0.18 5.71 1.76 0.19 2.77 1.75 0.19 6.00 1.83 0.21 2.90 
LCA 02 1.77 0.19 2.84 1.76 0.19 6.06 1.72 0.16 2.74 1.55 0.02 9.60 
LCA 03 1.74 0.15 3.85 NOT ACCESSIBLE 1.71 0.17 8.60 FLOODED 4.10 
LCA 04 1.63 0.16 2.56 1.77 0.17 2.40 1.72 015 6.75 1.74 0.15 3.88 
LCA 05 1.75 0.18 2.40 1.76 0.19 2.20 1.80 0.18 3.20 1.68 0.15 5.20 
LCA 06 1.74 0.19 2.15 1.74 0.18 1.74 1.74 0.15 5.30 1.75 0.17 3.26 

Notes: 

H – Ice thickness. 
FB – Free board. 
WD – Water depth. 
 
 

TABLE 3:  SHOAL CONSTRUCTION AT CARAT LAKE (CL) AND LAKE O1 
Shoal 2007 Completion Date Truck Loads Reason for Termination 
CL-1 March 26 64 Deflection/Cracking 
CL-2 April 12 63 Deflection/Cracking 
CL-3 April 13 55 Deflection/Cracking 
CL-4 March 25 59 Flooding 
CL-5 March 24 49 Flooding 
CL-6 March 23 63 Flooding 
O1- 1 April 16 65   
O1-1 April 19 66   
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Fig.4:Temperature Readings - Jericho 2007
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Photo  1  
Carat Lake – Dumping six inch crush material on shore fast ice. 

Photo  2  
Carat Lake – Typical six inch crush material. 
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Photo  3  
Carat Lake – 950 loader distributes crush material. 

Photo  4  
Carat Lake – Dumping rock (ROM) on six inch crush material. 
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Photo  5  
Carat Lake – Aerial photo of shoals showing gaps of ROM at shoal centres. 

Photo  6  
Carat Lake – Flooding of Shoal #3 with ROM dumped in February 2007, and grader clearing snow in 

background, March 22, 2007.  
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Photo  7  
Carat Lake – Loader cleans snow north of Shoal #1 and Shoal #2, March 22, 2007. 

Photo  8  
Carat Lake – Loader and grader removing large amounts of snow around Shoal #3, March 22, 2007. 
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Photo  9  
Carat Lake – Devices for measuring ice thickness and water depth.  

Photo  10  
Carat Lake – 730 truck dumps ROM. 
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Photo  11  
Carat Lake – Flooding east of Shoal #5, March 25, 2007. 

Photo  12  
Carat Lake – Flooding of Shoal #6, March 25, 2007 
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Photo  13  
Carat Lake – Rock pile at centre of Shoal #1, March 26, 2007. 

Photo  14  
Carat Lake – Rock placement on Shoal #1, March 26, 2007. 
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Photo  15  
Carat Lake – Rock placement on Shoal #2, March 27, 2007. 
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Photo  16  
Carat Lake – Crack in ice cover at the northeast corner of Shoal #6. 
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Photo  17  
Carat Lake – Close ups of crack at the northeast corner of Shoal #6. 
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Photo  18  
Carat Lake – Six thermistors and cables are attached to a 2 x 4 ready for installation. 
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Photo  19  
Carat Lake – Thermistors installed south of Shoal #2, March 25, 2007. 
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Photo  20  
Carat Lake – Cutting ice with chain saw to weaken ice cover, April 17, 2007. 
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Photo  21  
Carat Lake – Partial cut of ice cover around Shoal #6, April 17, 2007. 

Photo  22  
Carat Lake – Aerial photo of Shoal #1 to Shoal #3 on April 18, 2007. Taken east of Shoal #3,  

April 18, 2007.
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Photo  23  
Carat Lake –Failure of Shoal #2 and Shoal #3, aerial photo taken east of Shoal #3, May 25, 2007. 
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Photo  24  
Carat Lake – Close up of Shoal #3, May 25, 2007. 



E12101016 
June 2007 

 

E12101016 Photos.doc 

Photo  25  
Carat Lake – Ice blocks at Shoal #3, May 16, 2007. 

Photo  26  
Carat Lake – Broken ice at Shoal #2, May 25, 2007. 
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Photo  27  
Carat Lake – Broken ice at Shoal #2 and flooded ice road, May 28, 2007.  

Photo  28  
Carat Lake – Shoal #1 to Shoal #6, May 25, 2007. 
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Photo  29  
Lake O1 – Aerial view of completed Shoal #1 and Shoal #2 under construction, April 18, 2007. 

Photo  30  
Lake O1 – Loading Shoal #2 with ROM, circumferential cracks at the end of Shoal #1. 
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Photo  31  
Lake O1 – Large cracks between Shoal #1 and shore fast ice. 



E12101016 
June 2007 

 

E12101016 Photos.doc 

Photo  32  
Lake O1 – Development of circumferential cracks at the north end of Shoal #1.  
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Photo  33  
Lake O1 – Flooding of Shoal #1, May 25, 2007.  



E12101016 
 July 2007 
 
 
 

 

APPENDIX 
APPENDIX A DESCRIPTION OF WORK OR UNDERTAKINGS AS REQUIRED BY FISHERIES AND 

OCEANS CANADA (DFO) UNDER FILE NO. NU-00-0068 
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APPENDIX 
APPENDIX B EQUIPMENT SPECIFICATIONS 
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APPENDIX 
APPENDIX C 2007 CONSTRUCTION RECORD  



E12101016 
 July 2007 
 
 
 

 

C.1 CARAT LAKE WORK 
Initial preparation for construction of the shoals was carried out under the direction of 
Tahera.  At Carat Lake an ice road, consisting of two lanes, was constructed in 
January 2007.  Also, the six shoals (Figure 2) were surveyed and the ice around the shoals 
was cleared of snow at the same time.   

In February, the first nine truck loads of Run of Mine (ROM) material were dumped 
directly onto the ice within the No. 3 shoal area.  Holes drilled by TDC in the ice cover 
close the rock location indicated an ice thickness of 1.5 m.  A negative free board (flooding 
of the ice) (see Photo 6) was observed and hence additional rock placement was halted until 
further investigations could be conducted.  Flooding of the shoal areas initiated to increase 
ice thickness.  

EBA Engineering Consultants Ltd. (EBA) was retained in mid March to provide ice 
engineering services.  

On March 22, 2007, access to the shoals and the shoal areas were cleared of snow.  The 
weight of the snow alone was observed by EBA to cause substantial depression of the ice at 
several shoals.   

EBA guided snow clearing to reduce the influence of the snow loads on the works.  Snow 
north of the Carat Lake Shoals 1 and 2 was pushed back towards the lake centre, away from 
the shoals by a 950 loader as shown in Photo 7.  Large amounts of snow had accumulated 
east of Shoal 3 which was pushed towards the shore with a grader and a loader over a 
period of 3 hours (see Photo 8). 

EBA requested survey at each of the Carat Lake shoals.  Following the survey of the six 
shoals a survey stake was placed and a hole was drilled through the ice at each corner of the 
six shoals.  Ice thickness, free board (FB) and water depth were measured and recorded.  
Devices for measuring ice thickness and water depth are shown in Photo 9.  The results of 
the survey are listed in Table 2.  The corner numbering system corresponds to the one 
given in Mainstream Table 1. 

Summary of the observations: 

• the average ice thickness was 1.75 m with a FB of 0.175 m; 

• the FB at one corner of Shoal 2 and one corner of Shoal 3 (flooding) was greatly 
reduced due to previous loading of the ice sheet; and 

• water depths varied between 1.75 m (grounding) and 9.60 m. 

Both the ROM material and 150 mm maximum size crush were hauled from the mine to 
the shoals.  Caterpillar 730 trucks were made available for material transport.   

The 150 mm materials placed as a cushioning layer to protect the ice from ROM boulders.   

ROM material was sorted before loading of the trucks to comply with the requirements of 
the DFO as outlined in Section 2.  Loads with excess fines were rejected. 
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To accelerate work some hauling of materials occurred on night shift.  During the night 
truck movements were restricted to shore fast ice and only involved the transport of 
150 mm material.   

Trucks started with the rock placement always at the deepest water and they approached the 
shoals always from shore fast ice. 

A summary of the rock volumes and dates of completion is provided in Table 1 of the 
Tables section of the report. 

The remaining three Carat Lake shoals were loaded differently.  No FB monitoring holes 
were drilled in the shoal vicinity and hence no FB measurements were taken.  Instead the 
centre deflection of the shoal was measured with the aid of a survey level and rod. 

Active weakening of the ice can be done by cutting slots or drilling holes.  Passive 
weakening can be accomplished by accelerated thawing of the ice cover.   For instance, the 
ice can be covered with a material that absorbs considerably more solar radiation than the 
surrounding ice cover.  At Carat Lake a combination of both methods was applied. 

As shown in Photo 20, the ice was cut with a chainsaw, equipped with a 1 m long blade.  
Cuttings from the slot were removed and the slot was covered with gravel to prevent it 
from refreezing and from filling it with blowing snow. 

Cutting the ice surrounding Shoal #6 commenced April 17 as can be seen in Photo 21.  
Cracks on the ice are marked with orange paint. 

Around May 15, Shoal #3, the first shoal, broke through the ice.  An aerial photo 
(Photo 22), was taken April 18 from East, shows the distribution of ROM material on the 
shoal.  Another aerial photo (Photo 23) was taken on May 24 from approximately the same 
position.  A close-up photo (Photo 24) shows some rock material above the water/ice 
surface which can be attributed to the shallower water depth.  Of interest is the difference 
in texture of the broken ice pieces floating over the shoal area.  Large ice blocks turned up 
in the middle of the shoal as shown on Photo 25 which was taken on May 16, shortly after 
the rock broke through the ice.  

An aerial photo taken North of Shoal #2 on May 25 (Photo 26) shows also partial 
submergence of the rock at the east end of the shoal.  As in the case of Shoal #3, most of 
the rock material submerged first at the deeper end of the shoal.  Again, of interest are the 
different types of floating ice pieces.  The thermistor bank can be seen in the background, 
south of the shoal. 

Comparing Photo 26 with Photo 27 (taken May 28), shows that most of the smaller (and 
thinner) ice pieces have disappeared due to melting.  Of interest is also the rapid melting of 
the ice road leading to the shoals in the background. 

Shoal #1, Shoal #4, Shoal #5, and Shoal #6 were still intact on May 28 as shown on 
Photo 28. 
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C.2 LAKE O1 SHOALS 
There are only two shoals, 100 m long and 10 m wide at Lake O1 as shown on Figure 5. 

Prior to bringing any equipment on the ice, the ice thickness was checked in the afternoon 
of April 13 and found to be in excess of 1.70 m.  The average snow cover amounted to 
about 0.20 m.  The shoals were surveyed and a grader cleared the ice from snow off the 
shoal area on the same day as can be seen in Photo 29.  A short access road was constructed 
from the airport road to the lake. 

Based on the experience gained from the shoal construction at Carat Lake, no FB 
monitoring holes were drilled at the four shoal corners and hence no ice thickness, FB and 
water depth measurements were taken at Lake O1. 

Six inch (150 mm Maximum Diameter) crush material was hauled from the crushing plant 
to a storage place close to the lake.  From there the material was loaded onto the 730 trucks 
which transported and dumped it on the shoal areas.  A type 14 grader was used to 
distribute the 150 mm Maximum Size crush over the shoals. 

Between 12:00 pm and 9:40 pm, 36 truck loads of ROM material were placed on Shoal #1.  
The remaining 13 loads were placed the next day (April 16) between 7:50 am and 10:30 am. 

Placing the ROM at Lake O1 was done differently compared to the method used at the 
Carat Lake due to the difference in shoal shape.  Two long rows of material were placed 
side by side starting at one end of the shoal and working towards the other shoal end as 
shown in Photo 30 for Shoal #2. 

Deflection measurements were taken with a survey level at the two ends and the centre of 
the shoal. 

Substantial cracks of the ice cover developed between Shoal #1 and the shore fast ice 
(Photo 31) as well as some circumferential cracks at the ends of Shoal #1 as shown in 
Photo 30 and Photo 32. 

Since the trucks were needed for dam construction, shoal construction was halted for two 
days.  With several interruptions, placement of the ROM material commenced on April 17 
and was completed at 9:30 pm, April 19.  Blowing snow and high winds reduced the 
visibility to a few metres during the placement of the last ten truck loads. 

Deflections were measured at the ends and the centre of both shoals and the crack 
development was monitored during and after the rock placement.  It was found that the 
deflections at the Lake O1 shoals were considerably less than those measured at the Carat 
Lake.  However, cracks at the Lake O1 ice cover were much more severe and more 
extensive.  The crack between Shoal #1 and the shore fast ice opened up about 7 cm in 
width and about 0.90 m in depth. 

It is believed that differences in load distribution are a major contributor to the difference in 
the performance of the ice covers.  

Of interest is also that circumferential cracks developed well into the floating ice region.  
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No shoal failures were reported as of May 28 when some aerial photos were taken at 
Lake O1.  Some flooding of Shoal #1 can be seen in Photo 33 which took place in the 
middle of the shoal between the shoal and the shore fast ice.  There is no indication of 
flooding around Shoal #2. 

 




