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14940  -  123  Av enue   •   Edmon ton ,  A lbe r ta   T5V  1B4   •   CANADA  

January 26, 2006 EBA File: 1100060.004 
 
Tahera Diamond Corporation 
Suite 803, 121 Richmond Street West 
Toronto, Ontario   M5H 2K1 
 
Attention: Dan Johnson 
 
Subject: Jericho Diamond Mine 
 Processed Kimberlite Containment Area 
 East and Southeast Dam – Reply to INAC – Nunavut Regional Office 

1.0  INTRODUCTION 

The following addresses technical questions raised in the letter from INAC – Nunavut 
Regional Office, dated November 14, 2005 regarding EBA’s Jericho East and Southeast 
Dams Design Report and construction drawings and specification.   

In order to facilitate more efficient technical discussions, TDC and INAC recommended 
direct communication amongst the technical parties and plan reviewers.  EBA had 
discussions with Mr. H. Hartmaier of BGC Engineering Inc.  The following addresses the 
issues raised by and  discussed with Mr Hartmaier.    

2.0  GEOLOGIC CONDITIONS  

Surficial geology consists of bedrock outcrops at the abutments of the East Dam and 
Southeast Dam and till deposits in the valleys.  The estimated surficial geology of the East 
and Southeast Dam is shown in attached design drawing ED-2. The surficial geology has 
been updated from that shown in the original design drawing. 

Two boreholes drilled at the East Dam and one borehole was drilled at the Southeast Dam 
as shown in Drawing ED-3.  Borehole BH-03-10 (SRK 2003) drilled near the centre of the 
East Dam alignment encountered thin organics (0.1 m) overlying 23 m of silty sand till with 
cobbles and boulders.  Ice descriptions were not logged during drilling; and based on core 
photos, it appears that most of the core thawed during drilling.  Three till samples had 
moisture contents ranging from 8 to 9% indicating relatively low excess ice contents; 
however, photos of core indicate some of the material was very wet upon thaw which 
indicates that zones of the till may be ice rich.  Ground temperatures below 10 m in 
September ranged from –5°C to –7°C.  Granite bedrock was encountered at a depth of 
23 m with a 2 m thick layer of broken rock overlying competent rock. 
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Borehole 00SRKGeotech1 was drilled on the north abutment of the East Dam.  The drill 
hole encountered approximately 7.6 m of silty sand till overlying fractured rock with 
bedrock at 8.5 m.  No details were provided in the borehole log on the ice characteristics of 
the overburden. 

Borehole 01-Geotech5 was drilled near the centre of the Southeast Dam alignment.  The 
drill hole encountered approximately 4.1 m of overburden over granite.   

The valleys that contain the East Dam and Southeast dam have minimal amounts of surface 
water flowing across the sites; however, there is intermittent surface water flow during 
precipitation events.  Permafrost was observed in the cored drill hole in the area of the East 
Dam with ground temperatures in the range of –5 to –7°C.  Taliks are not expected in the 
dam footprints given the measured ground temperatures, and lack of significant surface 
water.   

Ground conditions were further observed in the fall of 2005 during dam foundation 
preparations through percolation drill hole tests and key trench excavation.  The key trench 
was excavated to frozen ground throughout the till sections as specified.  No evidence of a 
talik was observed.  The site observations were similar to that assumed during design phase; 
however, the key trench was excavated deeper than shown on the design drawings.  In soil 
areas the key trench was founded in frozen ground.  In bedrock areas the key trench was 
founded below the depth of “tight” rock as indicated by percolation test holes. 

Minimal surface organics were observed during foundation preparation at the East Dam.  
Surface organics below the Southeast Dam footprint were removed. 

3.0  DESIGN INTENT 

The design criteria for the East and Southeast Dams are as follows: 

• The dams will retain fine PK solids. 

• The water in the PKCA is planned to be maintained a low level; therefore, water will 
not be impounded against the East and Southeast Dams for long periods of time.  
However, the dams have been designed as water retaining structures since water may 
pond against the dams for short periods of time. 

• The dams will remain physically stable during the operational life of the mine and 
following mine closure.   

The main water retention element in the dams is a geomembrane liner.  The liner is keyed 
into the ground using frozen saturated fill.  Additional water retention will be provided by 
the fine processed, coarse processed kimberlite and till placed upstream of the liner.  The 
dam foundation is designed to remain in a frozen condition thereby minimizing or 
eliminating seepage through the dam foundation. 
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It is planned to construct the dams as shown on the drawings to the full height in 2006.  If 
there is a requirement to raise the dam, a design will be prepared and submitted for 
regulatory approval. 

4.0  THERMAL ANALYSES 

A thermal analysis of the dams was carried out to evaluate the thermal behaviour of the 
frozen liner key and dam foundation.  The thermal analyses were carried using EBA’s 
proprietary finite element software program “Geotherm.”  The thermal analysis and results 
are described in a memo attached to this letter. 

The thermal analysis is very conservative, since it assumed that water was impounded 
against the dams on a continual basis until the tailings level reaches the maximum water 
level.  The water management of the facility includes annual discharge of the PKCA; 
therefore, it is currently planned that water will not be impounded against the dam.  The 
thermal behaviour is anticipated to be colder than thermal analysis estimates due to the lack 
of water impounded against the dams.    

The thermal analyses of the East Dam estimates that the active layer thickness below the 
dam centreline is 2.8 m during a mean year and 3.4 m following two consecutive 1:100 
warm years.  The minimum rockfill cover over the frozen fill is specified to be 3.5 m.  The 
temperature at the base of the geomembrane liner is estimated to be less –2°C at the dam 
centre. 

Thermal monitoring will be carried out to verify that the liner remains keyed into 
permafrost. 

5.0  SEEPAGE ANALYSES 

Seepage through the dam is designed to be minimal through the use of a geomembrane 
liner frozen into frozen ground.  

A seepage analyses would indicate minimal seepage through the dam due to normally 
assumed liner defects.   The upstream till layer will eventually saturate and freeze thereby 
reducing or eliminating water flow through the dam.  No seepage analyses have been carried 
out for the dams. 

It is recognized that there is a risk of seepage from the dam.  If excessive seepage is 
observed, a collection system can be constructed downstream of the dam, and the seepage 
returned to the PKCA.  An unexpected amount of significant seepage flow through the 
dam would not be expected to have an impact on the dam structural integrity as the rockfill 
structure would remain stable.   



1100060.004 
January 26, 2006 

 4 
 

L01 Tahera Reply INAC Jan 26 06.doc 

6.0  SLOPE STABILITY 

The analyzed slope stability sections as requested by INAC are shown in the attached 
memo.   

Strength properties of the till in the dam bodies have been assumed to equal the  “ice poor 
till” strengths presented in the design report.  The strength values are considered to be 
conservative, reflecting the loose condition of winter placed fill.   

The siesmicity study by NRCan for the site is attached.  The horizontal ground acceleration 
of 0.06 g is assumed for design as suggested by NRCan.  This is considered to be a 
conservative value for design. 

7.0  POND OPERATING LEVELS AND DAM FREEBOARD 

The “maximum operating water level” for the PKCA has been defined as elevation 523 m.   
The water level may rise above this level while flood waters are discharged and will also be 
higher due to waves and wave run-up.  The “maximum water level” which includes waves 
and a temporary rise during flood routing has been defined as 524 m for the PKCA.  The 
difference between the “maximum operating water level” and “maximum water level” is the 
freeboard.  The top liner elevation of the dam has been increased to 524 m such that the 
water retention element in the dam is equal to the maximum water level.  The dam crest will 
be 0.5 m higher than this to provide cover over the liner.  The dam section is shown in the 
attached drawing ED – 4. 

Settlement of the dam foundation is expected to be minimal, as the foundation is 
anticipated to remain frozen.  Settlement of the rockfill below the liner is also expected to 
be minimal as observed at similar dams at the EKATI Diamond Mine.  No additional 
allowance in the dam crest has been included for settlement. 

8.0  DURABILITY TESTING OF THE COARSE PK 

Coarse processed kimberlite will be placed on the upstream side of the dams.  The dam 
integrity is not sensitive to the performance of the coarse ore material.  This is illustrated in 
the “end of construction” stability analyses described in the design report.  The end of 
construction case did not have coarse ore on the dam face.  The factors of safety were 
greater than 1.5.  Nevertheless, slake durability tests will be carried out on the processed 
kimberlite after plant startup to assess the materials performance for other uses on site. 

9.0  ACID ROCK DRAINAGE 

Tahera warrants that the coarse PK and dam fill materials are not susceptible to Acid Rock 
Drainage or metal leaching.   
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10.0  TILL MATERIAL IN DAM BODY 

Till will be placed in the upstream portion of the dam.  A portion of the till comes from the 
key trench excavation from the East and Southeast Dams.  This material is predominately 
from the active layer; therefore, it contains little or no excess ice content.  The remainder of 
the till will come from the till from the open pit operation.  The till is variable in the open 
pit operation; however,observations to date indicate that the till has little excess ice.  The till 
is generally well graded with varying proportions of boulders, cobbles gravel and sand.  
Much of the till on site has between 5 to 10% fines; where as some of the tills from the pit 
have 15 to 20% fines.  The finer grained materials will be directed to the East Dam and 
South East Dams.  The material will be placed as specified in 0.3 m lifts or less.  Care must 
be taken in the winter months to break up the frozen chunks and compact the material.  
Winter placed material may settle if it thaws.  The settlement of the material is not 
anticipated to effect dam performance, and will not affect the dam freeboard.  Settled areas 
will be topped up with additional till or coarse processed material. 

11.0  SPECIFICATIONS AND DRAWINGS 

Revised drawings are attached.  The drawing changes include an increase a crest elevation to 
524.5 m, a top of liner elevation of 524 m, and a minimum thickness of rockfill above the 
frozen saturated fill of 3.5 m.   

12.0  QUALITY ASSURANCE TESTING 

Tahera has retained EBA Engineering to carry out the quality control testing during 
construction.  The quality control testing will be carried as specified in the construction 
specifications.   

The liner integrity will be visual examined as it is placed and quality assurance testing carried 
out.  Personal will be assigned to observe the fill placement nearby to the liner.  Equipment 
operators will be instructed to report any possible liner damage.   

The specification states that the survey monuments will be installed as directed by the 
engineer.  It is intended that the monuments consist of pipes anchored in the dam fill as 
shown on the West Dam drawings. 

13.0  CONSTRUCTION STATUS 

The current dam construction schedule is as follows: 

• In Progress - Dam foundation investigation and preparation 

(a) Foundation preparation 
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(b) Key trench excavation 

(c) East Dam Key trench cleaned, and levelling course placed 

• January through April – Dam Construction 

(a) Key Trench Liner placement 

(b) Key trench backfill 

(c) Run of Mine placement 

(d) Dam Liner Placement 

(e) Till Placement 

(f) Coarse Kimberlite Placement 
 

We trust this addresses the questions posed.  Please contact the undersigned if you have any 
questions. 

 
Yours truly, 
EBA Engineering Consultants Ltd. 
 
 
 
W.T. Horne, P.Eng. 
Senior Project Engineer, Circumpolar Regions 
Direct Line: 780.451.2130 x276 
bhorne@eba.ca 
 
/ln 
 
Appendix A: Stability Analysis Memo 
Appendix B: Thermal Analysis Memo  
Appendix C: Revised Construction Drawings 
Appendix D: NRCan Seismicity Memo 
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TO: File DATE: January 26, 2006 

FROM: Bill Horne FILE: 1100060.004 

SUBJECT: Stability Analysis of East and South Dams 
Jericho Diamond Mine, Nunavut 

 

1.0  INTRODUCTION 
This memo describes an update to the stability analysis EBA’s report “Jericho Project East 
and Southeast Dam Design Report” dated August 2005.  An update was required as the 
liner material for the dam was changed from a polypropylene liner to an HDPE liner.  
Additional analyses are also presented as requested by INAC 2005. 

2.0  ANALYSES METHODOLOGY 
Limit equilibrium analyses have been carried out to determine the factors of safety for slope 
stability during construction and operation of the East and Southeast Dams.   

All analyses were conducted using the commercial, two-dimensional, slope stability 
computer program, SLOPE-W.  The factors of safety have been computed using the 
Morgenstern - Price Method. 

The dams are designed to meet Canadian Dam Association guidelines (CDA, 1999).  The 
design criteria for computed minimum factors of safety are given in Table 1. 

 

TABLE 1:  SLOPE STABILITY DESIGN CRITERIA 
Loading Conditions Minimum Factor of Safety Slope 
Static Loading, full reservoir 1.5 Downstream and Upstream
Full or partial rapid drawdown 1.2 to 1.3 Upstream 
Earthquake, full reservoir 1.1 Downstream and Upstream

 

The stability analyses were carried out for the deepest dyke cross-section, which is 
considered to be the worst cases in evaluating intermediate dyke stability.   

3.0  MATERIAL PROPERTIES 
The material properties chosen for the embankment and foundation materials in the 
stability analysis are presented in Table 2.  The properties for granular materials were 
selected based on experience with similar materials used and encountered by EBA in dam 
designs at other sites across the Arctic. 
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TABLE 2:  MATERIAL PROPERTIES USED IN STABILITY ANALYSES 
Material Angle of Internal Friction 

(º) 
Cohesion 

 (kPa) 
Unit Weight  

 (kN/m3) 
Run-of-Mine  42 -- 20 
200 mm Material 35 -- 21 
20 mm Material 32 -- 20 
Composite Liner System (Interface) 8 -- 18 
Ice-Poor Till Foundation 30 -- 18.5 
Ice-Rich Till Foundation 0 75 16.5 
Upstream Till Fill 30 0 18.5 
Coarse Processed Kimberlite 30 -- 18.5 
Fine Processed Kimberlite 0 0 15.0 

 
The friction angle presented in Table 2 for the run-of-mine material is conservative for 
shallow depths where confining stresses are low (Jansen, 1988).  The friction angle 
presented in Table 2 for rockfill is applicable for higher confining stresses that would be 
found at depth below the dam crest.  The friction angle for similar rockfill under low 
confining stresses may approach 55º.  The interface friction angle between the HDPE 
geomembrane and the nonwoven geotextile was based on published test results (Koerner, 
1990).   

3.1  PORE WATER PRESSURE CONDITIONS 
Pore water conditions for individual analyses are shown on the attached analyses schematics 
(Figures A.1 through A.17).  The following further describes the assumed pore water 
conditions. 

3.1.1 Coarse Tailings 
The pore pressures assigned to the coarse tailings on the upstream face of the dam 
correspond to the pool level.  It was assumed that phreatic surface would drop 
approximately 0.5 m from the dam face during rapid drawdown. 

3.1.2 Till  
The pore water pressures assigned to the till on the upstream side of the liner corresponded 
to the pond elevation for the static and seismic full reservoir stability analyses.  Intermediate 
water levels were also analyzed to determine the minimum factor of safety for the upstream 
analyses.  Pore pressures were conservatively assumed to remain approximately at the 
original level during rapid drawdown situations. 
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3.1.3 Rockfill 
Pore water pressures assigned to the downstream rockfill equalled the original ground 
elevation.  The liner is not expected to leak significant volumes of water and, furthermore, 
the rockfill is free draining and will not sustain a rising water level within it.   

3.1.4 Liner System 
The pore water pressures assigned to the nonwoven geotextile/HDPE interfaces 
corresponded to the maximum pond levels for the static, seismic, and rapid drawdown 
stability analyses. 

3.1.5 Foundation Till 
It was assumed that negligible excess pore water pressures would be generated due to thaw 
of the till under the upstream or downstream portions of the dams.  This is considered to 
be appropriate for the following reasons: 

• thaw progresses relatively slowly into the foundation, and 

• the till is non-plastic and has a significant sand and gravel content, which increases 
permeability. 

Given these conditions, the thaw consolidation parameter (Morgenstern and Nixon, 1971) 
will be low, indicating that excess pore water pressures generated in the till during thaw will 
be negligible.  Furthermore, the permeability of the coarse-grained till is expected to 
prevent the build-up of excess pore water pressures during rapid drawdown. 

3.2  SEISMICITY 
The project area lies in a region of low seismicity, but magnitude 4+ earthquakes have 
recently occurred within a similar part of the shield.  NRCan (NRCan 2003a and NRCan 
2003b) recommends that a probabilistic approach should be adopted to estimate the peak 
ground accelerations (PGA). 

The CDA indicates that the usual minimum criterion for the design earthquake for a dam, 
which coincides with the “low” consequence category, would be an earthquake with an 
annual exceedance with return periods of 100 to 1,000 years.  NRCan (2003a and 2003b) 
indicates that the 1,000-year event has a peak acceleration of 0.016 g.  However, in 
conjunction with proposed changes to the NBCC, NRCan indicates that performance of 
the Jericho dams be designed for an earthquake with a 2,475 year return period which has a 
peak ground acceleration of 0.06 g.  This has been adopted as the design earthquake. 

3.3  ANALYSES RESULTS 
Table 3 summarizes the factors of safety under static, rapid drawdown and seismic 
conditions for different failure surfaces on the upstream and downstream slopes.   
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TABLE 3:  SUMMARY OF STABILITY ANALYSIS RESULTS 
Factor Safety Slip Surface Location 

Static Static, Rapid 
Drawdown of 

Reservoir 

Seismic End of Construction 
(No Coarse Tailings or 

Water) 
1 Upstream, 

rotational 1.5 1.2 1.2 1.9 

2 Upstream, along 
liner 2.0 1.4 1.5 1.4 

3 Downstream 
rotational 1.6 1.6 1.4 1.6 

4 Downstream 
along the liner 

2.1 2.1 1.6 2.9 

5 Downstream 
Overall Stability – 
Full Tailings Level

2.7 - - - 

 
The computed minimum factors of safety exceed the design criteria of 1.5, 1.2 and 1.1 for 
static, rapid drawdown and seismic loading conditions, respectively, in accordance with the 
CDA, Dam Safety Guidelines (CDA 1999). 

 



 
 

 
 

M01Memo Stability Analysis East and South Dams January 26 06.doc 

 

FIGURES 



 
0101-1100060.004                                                                                           Jericho Project                                                                                            January 2006 
 

 
 
   

 

1.542

Distance (m)
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54 56 58 60 62 64 66 68 70 72 74 76

510

512

514

516

518

520

522

524

526
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54 56 58 60 62 64 66 68 70 72 74 76

E
le

va
tio

n 
(m

)

510

512

514

516

518

520

522

524

526

  
Figure A1

Stability Analysis -  Upstream, Static – Rotational Slip Surface

FS = 1.52 
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Figure A2

Stability Analysis -  Upstream, Rapid Drawdown – Rotational Slip Surface

FS = 1.21
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Figure A3
Stability Analysis -  Upstream, Seismic Analysis – Rotational Slip Surface

FS = 1.16 
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Figure A4

Stability Analysis -  Upstream End of Construction – Rotational Slip Surface

FS = 1.90
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Figure A5

Stability Analysis -  Upstream, Static – Slip Surface Along Liner

FS = 2.00



 
0101-1100060.004                                                                                           Jericho Project                                                                                              January 2006 
 

 
 
   

 

1.363

Distance (m)
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54 56 58 60 62 64 66 68 70 72 74 76

510

512

514

516

518

520

522

524

526
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54 56 58 60 62 64 66 68 70 72 74 76

E
le

va
tio

n 
(m

)

510

512

514

516

518

520

522

524

526

  
Figure A6

Stability Analysis -  Upstream, Rapid Drawdown – Slip Surface Along Liner

FS = 1.36
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Figure A7

Stability Analysis -  Upstream, Seismic Analysis – Slip Surface Along Liner

FS = 1.49
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Figure A8

Stability Analysis -  Upstream, Static, End of Construction – no coarse tailings

FS = 1.44
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Figure A9
Stability Analysis -  Downstream, Static – Rotational Slip Surface

FS = 1.65
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Figure A10
Stability Analysis -  Downstream, Rapid Drawdown – Rotational Slip Surface

FS = 1.65



 
0101-1100060.004                                                                                           Jericho Project                                                                                              January 2006 
 

 
 
   

 

1.415

Distance (m)
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54 56 58 60 62 64 66 68 70 72 74 76

510

512

514

516

518

520

522

524

526
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54 56 58 60 62 64 66 68 70 72 74 76

E
le

va
tio

n 
(m

)

510

512

514

516

518

520

522

524

526

  

Figure A11
Stability Analysis -  Downstream, Siesmic – Rotational Slip Surface

FS = 1.41
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Figure A12
Stability Analysis -  Downstream, End of Construction – Rotational Slip Surface

FS = 1.65
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Figure A13
Stability Analysis -  Downstream, Static Analysis –Slip Surface along Liner

FS = 2.14
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Figure A14
Stability Analysis -  Downstream, Seismic Analysis –Slip Surface along Liner

FS = 1.58
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Figure A15
Stability Analysis -  Downstream, End of Construction –Slip Surface along Liner

FS = 2.90
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Figure A16

Stability Analysis -  Full Tailings – Overalll Stability – Ice Rich Foundation

FS = 3.22 
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Figure A17

Stability Analysis -  Downstream, Full Tailings –Overall Stability – Ice Poor Foundation

FS = 2.72
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TO: Bill Horne DATE: January 24, 2006 

FROM: Gordon Zhang FILE: 1100060.004 

SUBJECT: Thermal Analysis of East and South Dams 
Jericho Diamond Mine, Nunavut 

 

1.0  INTRODUCTION 
The Jericho East and South East Dams were designed as zoned dams with a geomembrane liner 
anchored within a frozen fill key trench (EBA, 2005).  The design intent is to maintain the 
geomembrane liner anchor in the key trench in a frozen condition over the mine life.  

Thermal analyses were carried out to predict the short and long-term thermal conditions of the East 
and South Dams under various assumed conditions.  The thermal model was calibrated using the 
measured ground temperatures at the site and considered the thermal impacts of a nearby lake on 
the initial ground temperatures within the dam footprint.  This memo summarizes the input data 
and results of the thermal analyses. 

2.0  THERMAL ANALYSES METHODOLOGY 
Analyses were carried out using EBA’s proprietary two-dimensional finite element computer model, 
GEOTHERM.  The model simulates transient, two-dimensional heat conduction with change of 
phase for a variety of boundary conditions.  The heat exchange at the ground surface is modelled 
with an energy balance equation considering air temperature, wind velocity, snow depth, and solar 
radiation.  The model facilitates the inclusion of temperature phase change relationships for saline 
soils, such that any freezing depression and unfrozen water content variations can be explicitly 
modelled. 

3.0  CLIMATIC DATA FOR THERMAL EVALUATIONS 

3.1  MEAN CLIMATIC CONDITIONS 
Climatic data required for the thermal analyses includes monthly air temperature, wind speed, solar 
radiation, and snow cover.  There has been no meteorological station at the Jericho Diamond Mine 
site.  The closest meteorological station is at Lupin/Contwoyto Lake, which is approximately 30 km 
south of the mine site.  The climatic data for air temperature, snow cover, and wind speed were 
obtained from Environment Canada’s meteorological station at Lupin/Contwoyto Lake, which has 
been operating since 1959.  Mean monthly air temperatures for the thermal analyses were based on 
the 1971–2000 climatic normals at Lupin/Contwoyto Lake (data from Environment Canada’s 
webpage).  Monthly wind speed data were based on the 1951-1981 climatic normals at Contwoyto 
Lake (Environment Canada, 1982a).  Month end snow cover data were based on the 1961-1991 
climatic normals at Contwoyto Lake (Environment Canada, 1993).  The solar radiation data were 



 
 

2 
 
 

M01 Thermal Analysis East and South Dams January 24 06.doc 

obtained from the meteorological station at Norman Wells, which is at a similar latitude as that for 
the Jericho mine site.  The solar radiation data were based on the 1951-1980 climatic normals at 
Norman Wells (Environment Canada, 1982b).  Table 1 summarizes the climatic conditions used for 
the thermal analyses.   

 

TABLE 1:  SUMMARY OF CLIMATIC DATA USED IN THERMAL ANALYSIS 
Monthly Air Temperature  

(oC) 
Month 

Mean 

(1971-2000) 

1 in 100 Warm 
Monthly Wind 

Speed 

(km/h) 

Month-End 
Snow Cover 

(m) 

Daily Solar 
Radiation 

(W/m2) 
January -30.4 -25.2 20.2 0.44 5.4 
February -28.5 -23.6 13.3 0.52 31.6 
March -24.9 -20.6 13.8 0.60 97.3 
April -15.9 -13.2 14.3 0.65 179.2 
May -5.7 -4.7 16.5 0.30 233.1 
June 6.5 9.2 14.6 0 267.2 
July 11.5 16.3 16.8 0 234.5 
August 8.8 12.5 18.8 0 166.8 
September 1.8 2.5 23.0 0.02 93.9 
October -8.6 -7.1 19.8 0.15 32.5 
November -20.7 -17.1 16.9 0.28 9.6 
December -26.8 -22.2 16.3 0.37 2.0 
Mean Annual -11.1 -7.8    
Freezing Index (oC-days) 4884 4044    
Thawing Index (oC-days) 878 1243    

 

3.2  1 IN 100 WARM YEAR AIR TEMPERATURES 
A probabilistic analysis was carried out to determine the mean monthly temperatures representative 
of a 1 in 100 warm year.  The freezing index and thawing index for each year at Lupin/Contwoyto 
Lake from 1959 to 2004 were calculated.  The freezing index for each winter was ranked in 
ascending order and plotted on probability paper.  A “best-fit” line was drawn through the set of 
points to estimate the 1 in 100 warm year freezing index.  A similar procedure was repeated for the 
summer temperatures to obtain the 1 in 100 warm year thawing index.  Mean winter air 
temperatures were multiplied by the ratio of the 1 in 100 year freezing index to the mean freezing 
index to estimate the monthly winter air temperatures of a 1 in 100 warm year.  Similarly, mean 
summer air temperatures were multiplied by the ratio of the 1 in 100 year thawing index to the mean 
thawing index to estimate the monthly summer air temperatures of a 1 in 100 warm year. 



 
 

3 
 
 

M01 Thermal Analysis East and South Dams January 24 06.doc 

Monthly air temperatures for a 1 in 100 warm year are also listed in Table 1.  As shown in Table 1, 
the 1 in 100 warm year annual air temperature is approximately 3.3oC warmer than the mean annual 
air temperature for the period of 1971 to 2000. 

3.3  AIR TEMPERATURES CONSIDERING GLOBAL WARMING TRENDS 
Measured air temperatures for the period of 1959 to 2004 indicate that there was generally a 
warming trend in the air temperatures at Lupin/Contwoyto Lake.  Panel on Energy Research and 
Development (PERD) for Environment Canada (PERD, 1998) reported on estimates of 
temperature change due to global warming.  The “best estimate” scenario and the pessimistic “high 
sensitivity” scenario were presented in the PERD (1998) report.  The predicted temperature changes 
vary with month and latitude.  Table 2 lists the estimated monthly air temperature increases per 
decade for the “best estimate” case and “high sensitivity” case at a latitude similar to that for the 
Jericho Diamond Mine site (N65.8o) based on the data from PERD (1998). 

 

TABLE 2:  PREDICTED AIR TEMPERATURE CHANGE BY SEASON PER DECADE 
   AT N65.8O LATITUDE 

Year December 
January 
February 

March 
April 
May 

June 
July 

August 

September 
October 

November 
Best Estimate 0.51 0.38 0.12 0.10 

High Sensitivity 0.89 0.63 0.19 0.17 
 

4.0  CALIBRATION THERMAL ANALYSIS 

4.1  MODELLED SOIL PROFILE AND PROPERTIES 
A thermistor cable was installed in borehole BH-03-10 within the footprint of the East Dam during 
the 2003 geotechnical program conducted by SRK Consulting.  The subsurface soil profile for BH-
03-10 consists of a thin (0.1 m) organics layer overlying 23 m thick till and granite bedrock.  The till 
is silty sand and gravel with cobbles and boulders.  The index properties for the soils were estimated 
based on the geotechnical data from the site investigation and past experience.  Thermal properties 
of the soils were determined indirectly from well-established correlations with soil index properties 
(Farouki 1986; Johnston 1981).  Table 3 summarizes the material properties used in the calibration 
thermal analysis. 
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TABLE 3:  MATERIAL PROPERTIES USED IN CALIBRATION THERMAL ANALYSIS 
Material Water 

Content  

(%) 

Bulk 
Density  

(Mg/m3) 

Thermal 
Conductivity  

(W/m-K) 

Specific Heat 

 
(kJ/kgoC) 

Latent Heat  
 

(MJ/m3) 
   Frozen Unfrozen Frozen Unfrozen  

Moss/Organics 200 1.20 1.38 0.52 1.96 3.36 267 
Till 9 2.33 2.65 2.08 0.85 1.02 64 

Bedrock 1 2.53 3.00 3.00 0.75 0.77 8 
 

4.2  THERMAL MODEL CALIBRATION AND ANALYSIS RESULTS 
One-dimensional calibration thermal analyses were carried out to calibrate the thermal model with 
the measured ground temperature at BH-03-10.  Input such as snow properties, ground surface 
conditions and evapotranspiration factor were modified to calibration thermal analyses to obtain a 
good agreement between the modelled and measured ground temperatures.  Table 4 compares the 
calibrated ground temperatures with those measured on September 29, 2003 at BH-03-10. 
 

TABLE 4:  MEASURED AND MODELLED GROUND TEMPERATURES 
  ON SEPTEMBER 29, 2003 

Depth below Ground Surface 
 (m) 

Measured at BH-03-10 
 (oC) 

Model at BH-03-10 
 (oC) 

2 -2.5 -0.6 
5 -3.7 -3.7 
9 -6.2 -5.8 
15 -6.3 -6.0 

 
Table 4 indicates that there is generally a good agreement between the measured and calibrated 
ground temperatures for BH-03-10 except for the depth of 2.0 at which the measured ground 
temperature was approximately 2 oC colder than the calibrated.    However, warmer measured 
ground temperatures at a depth of 2.0 m below the ground surface at other borehole locations at the 
mine site suggest that the measured ground temperature at the depth of 2 m for BH-03-10 appears 
too cold for some unknown reasons.  The measured ground temperature at a depth of 2 m was 
0.5 oC on September 29, 2003, and -0.4oC on October 18, 2005 for BH-03-06.  BH-03-06 was on a 
slightly higher ground surface on the west side of the West Dam.  This borehole had a similar soil 
profile within top 6 m as that for BH-03-10. 

In summary, the calibrated ground temperatures were generally consistent with the measured data 
and on the slightly conservative (warmer) side. 
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5.0  INITIAL GROUND TEMPERATURES BENEATH DAM FOOTPRINTS 
A thermal analysis was carried out to evaluate the thermal influence of the nearby water bodies 
(lakes) on initial ground temperatures at the East and South East Dams locations.  A lake with a 
diameter of 140 m was simulated in a two-dimensional axisymmetric thermal analysis to represent 
the presence of Long Lake upstream of the East Dam or the lake downstream of the South East 
Dam.  The lake was simulated as temperature boundary with assumed lake water temperatures 
similar to those measured at northern lakes.  The soil profile and properties used in the analysis were 
the same as listed in Table 3.   

The thermal analyses results estimate that the ground temperatures are warmer closer towards the 
lake edge; however, the lake has little thermal influence greater than 30 m away from the lake edge.  
The majority of dam footprint is more than 50 m away from the closest nearby lake.  Estimated 
ground temperatures at a location 50 m away from the lake edge were used as initial ground 
temperatures prior to the dam construction for the thermal analyses of the two dams.  The estimated 
initial ground temperatures on January 30 were selected to represent the winter construction 
conditions of the two dams.  The estimated initial ground temperature at a depth of 15 m from the 
ground surface was –5.6oC, which is 0.7oC warmer than the measured ground temperature at the 
same depth at BH-03-10.     

6.0  THERMAL EVALUATION OF EAST DAM  

6.1  SOIL INDEX AND THERMAL PROPERTIES 
The soil index properties for the construction materials and native soils were estimated based on the 
geotechnical data from the site investigation and past experience.  Thermal properties of the soils 
were determined indirectly from well-established correlations with soil index properties or based on 
past experience.  Table 5 summarizes the material properties used in the thermal analyses. 
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TABLE 5:  MATERIAL PROPERTIES USED IN THERMAL ANALYSES 
Material Water Content 

(%) 
Bulk Density 

(Mg/m3) 
Thermal Conductivity 

(W/m-K) 
Specific Heat 

(kJ/kgoC) 
Latent Heat 

(MJ/m3) 

   Frozen Unfrozen Frozen Unfrozen  
Run-of-Mine 3 2.16 1.65 1.82 0.77 0.83 21 
Till Fill 
(unsaturated) 7 2.14 1.69 1.66 0.82 0.96 47 

200 mm Minus 
(unsaturated) 

4 2.18 1.84 1.93 0.79 0.87 28 

Bedding Sand 
(unsaturated) 5 2.15 1.83 1.87 0.80 0.90 34 

Coarse Tailings 
(unsaturated) 6 2.01 1.44 1.51 0.81 0.93 38 

Overburden Till 9 2.33 2.65 2.08 0.85 1.02 64 
Bedrock 1 2.53 3.00 3.00 0.75 0.77 8 
Till Fill (saturated) 13 2.26 2.77 1.94 0.89 1.13 87 
Coarse Tailings 
(saturated) 15 2.18 2.76 1.88 0.91 1.18 95 

Fine Tailings 162 1.31 2.32 0.77 1.58 2.87 269 
 

6.2  CASES SIMULATED AND ASSOCIATED ASSUMPTIONS 
The typical design cross-section for the East Dam is identical to that for the South East Dam.  The 
lowest original ground surface elevation at the centreline of the East Dam is 517 m, and at the South 
East Dam is 518 m.  A vertical cross-section perpendicular to the axis of the East Dam through its 
lowest original ground surface was simulated in the thermal analyses. 

Three cases were simulated in the thermal analyses as listed in Table 6, to evaluate various climate 
scenarios.  Individual thermal analysis runs were conducted to simulate gradual rises of the upstream 
water and fine tailings surface elevations with time.  The fine tailings elevation rise with time was 
based on the data presented in SRK (2004) for fine tailings without entrained ice.  All analyses 
assumed that the water level in the PKCA was maintained at highest possible level.   This is a 
conservative assumption, as it results in warmer ground temperatures.  The operation water levels 
are expected to be lower than that assumed. 

Case 1 assumed mean climatic conditions.  Case 2 was analyzed to evaluate the global warming 
impacts on the long-term thermal conditions of the dams.  Air temperatures associated with the 
“high sensitivity” case of the global warming were used in the analyses.  Case 3 was analyzed to 
estimate the maximum thaw depth after two consecutive 1 in 100 warm years.   
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TABLE 6:  CASES SIMULATED AND ASSOCIATED ASSUMPTIONS 
Case Run 

No. 
Simulated Time Period Upstream 

Water 
Elevation 

(m) 

Upstream Fine 
Tailings 

Elevation (m) 

Air 
Temperature 

Assumed 

1 Jan. 30, 2006 to Jun. 1, 2006 < 517.0 < 517.0 
2 Jun. 1, 2006 to Jun.1, 2007 518.0 <517.0 
3 Jun. 1, 2007 to Jun.1, 2008 521.0 517.0 
4 Jun. 1, 2008 to Jun.1, 2009 523.0 518.0 
5 Jun. 1, 2009 to Jun.1, 2010 523.0 520.0 
6 Jun. 1, 2010 to Jun.1, 2012 523.0 521.0 

1 

7 Jun. 1, 2012 to Jun.1, 2022 523.0 523.0 

Mean 
 

6a Jun. 1, 2010 to Jun.1, 2012 523.0 521.0 2 
7a Jun. 1, 2012 to Jun.1, 2022 523.0 523.0 

“High 
Sensitivity” 

Global 
Warming 

3 6b Jun. 1, 2010 to Jun.1, 2012 523.0 521.0 1 in 100 Warm
 

A water/ice temperature boundary was applied on the upstream side of the dam and fine tailings 
that are below the water level.  The assumed water temperature was based on measured lake water 
temperatures in northern lakes and past experience in design some frozen core dams at EKATI 
Diamond Mine (EBA, 2003).  Table 7 lists assumed water temperatures for shallow lakes (≤ 1.5 m 
deep) and deep lakes (> 1.5 m deep).  

 

TABLE 7:  ASSUMED WATER TEMPERATURES IN THERMAL ANALYSES 
Mid-Month Lake Water Temperature (oC) Lake 

Depth J F M A M J J A S O N D 
≤ 1.5 m 0 -1 -1 -1 1 3 15 14 5 2 1 0.5 
> 1.5 m 2 2 2 2 2 4 10 14 7 3 2 2 

 
Climatic conditions were applied at the surfaces exposed to air.  The snow cover on the dam was 
assumed to be affected by wind.  The assumed snow cover on the dam crest was 50% of the mean 
monthly snow cover and on the slopes increased linearly to four times the mean monthly snow 
depth at the downstream toe.  It was assumed that there would be no ponding water on the original 
ground surface downstream of the dams.  Climatic conditions with mean monthly snow depths were 
applied to the original ground surface 15 m from the downstream toe. 

The initial temperatures of the dam construction materials on January 30, 2006 were assumed to be 
2oC for the coarse tailings and -4oC for the other materials.  Prior to impoundment, the upstream till 
is frozen; however, water will infiltrate the upstream dam shell as water rises against the dam.  It was 
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assumed that impounded water will seep through the coarse tailings and into the originally 
unsaturated till fill, thereby raising the temperature of the coarse tailings and till fill.  The 
temperatures of the upstream till fill and coarse tailings upon initial submergence were assumed to 
be 0.5 oC on June 1.  The initial temperature of the submerged fine tailings on June 1 was assumed 
to be 3 oC.    

6.3  RESULTS AND DISCUSSION 
The thermal analyses indicate that the ground temperatures adjacent to the key trench were the 
warmest in early December.  Figures 1 to 4 present predicted temperature distributions under mean 
climatic conditions in early December 2006, 2008, 2010, and 2014, respectively.  The analyses 
indicate that the ground beneath the dam generally warms with time; nevertheless, the ground 
temperatures within the key trench remain colder than -2oC at the end of the mine life (2014). 

The predicted temperature distribution in early December of 2014 under the “high sensitivity” 
global warming conditions is shown in Figure 5.  The ground temperatures in global warming case 
are slightly warmer at depth for the mean climate case (Figure 4).  The ground temperatures within 
the key trench area remain colder than -2oC for the global warming case. 

The water and fine tailings elevation assumptions in Table 6 are generally conservative.  The actual 
upstream water elevation is expected to be lower than the assumed values; and the actual fine tailings 
elevation may be higher than the assumed values in Table 6 if ice is entrained in the fine tailings.  As 
a result, the actual ground temperatures for the upstream portion of the dam would be colder than 
predicted, since the water body (as a heat source) in front of the dams would be pushed further away 
from the dams and key trenches.   

The ground temperatures for the downstream portion of the dam could be warmer if water is 
ponded against the downstream slope of the dams.  Should this happen, engineering measures, such 
as placing fill on the toe of the downstream slope or diverting the water away from the downstream 
toe, should be implemented to alleviate the negative thermal impacts of the ponding water. 

Thermal analysis results indicate that the thaw depth below the dam crest will be deepest in early 
October.  Table 8 summarizes the maximum thaw depths below the dam surface under the air 
temperatures of mean, “high sensitivity” global warming, and 1:100 warm year conditions.  The 
predicted ground temperatures in early October of 2011 after two consecutive 1:100 warm years are 
shown in Figure 6.  The dam design included a minimum cover of 5 m of fill over the liner to ensure 
1.5 m of frozen fill above the liner. 
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TABLE 8:  PREDICTED MAXIMUM THAW DEPTHS IN EARLY OCTOBER 
Air Temperature Year Thaw Depth below Dam 

Centerline 
Thaw Depth below Crest 

of Downstream Slope 
Mean 2014 2.8 3.7 

“High Sensitivity” Global 
Warming 2014 3.1 4.0 

Two Consecutive 1:100 Warm 
Years after June 1, 2010 2011 3.4 4.3 
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Figure 1

Predicted  Isotherms in Early December of 2006  

2d_ED_Jun01_2006 (Time Step 207)

 East Dam under Mean Climatic Conditions
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Figure 2

Predicted  Isotherms in Early December of 2008  

2d_ED_Jun01_2008 (Time Step 207)

 East Dam under Mean Climatic Conditions



Run-of-Mine

        Till Fill 
 (unsaturated)

200mm minus

Bedding Sand

Coarse Tailings 
 (unsaturated)

Overburden Till

Bedrock

       Till Fill 
  (saturated)

Coarse Tailings
    (saturated)

Fine Tailings

-25.0 -10.0 5.0 20.0 35.0

Location(m)

495.0

510.0

525.0

540.0

D
ep

th
(m

)

• • • • • • • •

•
••

•••
• •

• • •

•

• •
• •

•
•

•
•

•
•

• • •

•

• •
-4.0°C

∆ ∆ ∆ ∆ ∆ ∆ ∆ ∆

∆
∆

∆

∆∆
∆∆

∆∆∆

∆∆
∆

∆ ∆

∆
∆

∆
∆

∆∆
∆ ∆

∆ ∆

∆

∆
∆∆

∆ ∆
-3.0°C

Ω Ω Ω Ω Ω Ω

Ω Ω Ω

Ω Ω

Ω
Ω

ΩΩ
Ω

ΩΩΩ
ΩΩ

ΩΩ

Ω Ω
Ω

Ω
Ω Ω

ΩΩ
ΩΩ Ω

Ω
Ω ΩΩ

Ω Ω
-2.0°C

* * * *

*
* *

*

*
* *

* *

*
* *** ***

* *

*
*

*
* *

* *
*

*
* **

*

*
* **

* *
-1.0°C

øøø

ø
øø

ø
ø ø øø ø

ø

ø
ø

ø
øøø

øø ø
ø øø

ø
ø

øø øø
ø

ø
ø øø

øø ø

ø ø
0.0°CWater Ele. of 523.0 m

Fine Tailings Surface
Ele. of 521.0 m

Figure3_1100060d004

1 1 0 0 0 6 0 . 0 0 4

Geothermal Analyses of East and Southeast Dams
Jericho Project, Nunavut                              January 2006

Figure 3

Predicted  Isotherms in Early December of 2010  

2d_ED_Jun01_2010 (Time Step 207)

 East Dam under Mean Climatic Conditions



Run-of-Mine

        Till Fill 
(unsaturated)

200mm minus

Bedding Sand

Coarse Tailings 
  (unsaturated)

Overburden Till

Bedrock

       Till Fill 
  (saturated)

Coarse Tailings 
    (saturated)

Fine Tailings

-25.0 -10.0 5.0 20.0 35.0

Location(m)

495.0

510.0

525.0

540.0

D
ep

th
(m

)

• • • • • • •• •

••
•

••
•••

•

• • •

• •
•

•
•

•

•
•
•• •

• •
-4.0°C

∆ ∆ ∆ ∆ ∆ ∆∆ ∆ ∆ ∆

∆
∆ ∆

∆
∆∆∆

∆∆∆

∆∆∆

∆ ∆

∆

∆
∆

∆

∆

∆
∆

∆
∆

∆
∆

∆

∆∆

∆ ∆
-3.0°C

Ω Ω Ω Ω ΩΩ Ω

Ω
Ω

Ω Ω

Ω
Ω

Ω Ω
ΩΩ

ΩΩΩΩ

Ω ΩΩ

Ω
Ω

Ω

Ω
Ω

Ω

ΩΩ
Ω

ΩΩ
Ω

Ω ΩΩ

Ω Ω
-2.0°C

* *

*

* * *

*
*

* *

** *

* *

* ** ** **
***

* *** *

*
*

** *
*

*

*

** *

* *
-1.0°C

øø
øø øø ø

øø

øø øø ø øøøø ø øø ø
øøø

ø
øø

øø øø øø øø

ø ø
øø øø ø

ø ø øø

ø

ø ø

ø ø
0.0°C

Both Water and Fine Tailings 
Surface Elevations of 523.0 m

Figure4_1100060d004

1 1 0 0 0 6 0 . 0 0 4

Geothermal Analyses of East and Southeast Dams
Jericho Project, Nunavut                               January 2006

Figure 4

Predicted  Isotherms in Early December of 2014  

2D_ED_Jun01_2012 (Time Step 937)

 East Dam under Mean Climatic Conditions
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Figure 5

Predicted  Isotherms in Early December of 2014  

2D_ED_Jun01_2012_GWHS (Time Step 937)

 East Dam under  “High Sensitivity” Global Warming Conditions
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Figure 6

Predicted  Isotherms and Maximum Thaw Depth in Early October of 2011  

2D_ED_Jun01_2010_1in100 (Time Step 511)

 East Dam under Two Consecutive 1:100 Warm Years after June 1, 2010 
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Figure 3

Predicted  Isotherms in Early December of 2010  

2d_ED_Jun01_2010 (Time Step 207)

 East Dam under Mean Climatic Conditions
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Comments from NRCan on Seismicity 
(Extracted from Jericho Final EIS Review, dated 12 May 2003) 

 
 
The project is in a region of very low seismicity, but two magnitude 4+ earthquake recently 
happened in a similar part of the shield (Magnitude 4.5 and 4.2; November 28th 2001; 64.95N 
113.5W; about 140 km SW of the site).  These demonstrate that all the seismic hazard does not 
come from distant earthquakes.  Indeed events exceeding magnitude 6.5 are thought possible 
anywhere in the Canadian Shield, albeit rarely. 

 
The seismic hazard calculation from PGC used to conclude that the overall impact is negligible is 
what the GSC calculates as being equivalent to the 1995 (and 1985) National Building Code of 
Canada and is based on GSC’s 1982 seismic source zones.  It indicates less than 2% g and 0.05 
m/s for the 1/1000 year event, from Attachment 3.3.  However these results are rather 
inappropriate (see below).  A specific point is that the seismic sources used in 1982 totally 
neglect all earthquakes within about 400 km of the Jericho site, and so the seismic hazard is 
computed only from distant sources in Boothia-Ungava and the Nahanni and Mackenzie 
mountains.  Furthermore, the Nahanni earthquakes - earthquakes far larger than any considered 
by the 1982 model that are relevant to the site - were not included since they happened after the 
calculations were finalized.   
 
Our “4th generation” seismic hazard calculations for the 2005 edition of the National Building 
Code of Canada (details available on the WWW at www.seismo.nrcan.gc.ca) uses two 
probabilistic models that include the consequences of the Nahanni earthquakes and updates other 
seismicity parameters.  NRCan ran a computation for the site at the 0.0001 p.a. probability level 
and found the hazard from these two models to be negligible.  
 
A better representation of seismic hazard at the site considers instead the occurrence of large 
earthquakes in the Canadian Shield as a whole, and in worldwide shields of similar age.  NRCan 
has concluded that: 
 
- the maximum earthquake credible would have magnitude 6 3/4;   
- current knowledge does not permit the screening out of shield areas that could have earthquakes 
of this size, so they should be considered as low probability events anywhere on the Canadian 
Shield;       
- a reasonable design earthquake for the shield would be magnitude 6.0; and 
- the rate of magnitude 6.0 or greater is estimated to be 0.004 p.a. per 1,000,000 square 
kilometres.   
 

http://www.seismo.nrcan.gc.ca


 
NRCan Jericho Final EIS review  -6- 

For the probability level of 0.001 p.a., the M6 earthquake could be expected to occur 
within an area of 250,000 km*km, equivalent to a circle of radius 280 km about the site. 
For the probability level of 0.0001 p.a., the earthquake could be expected to occur within 
an area of 25,000 km*km, equivalent to a circle of radius 90 km about the site.  Thus by 
this analysis, the mine should cope with a magnitude 6 earthquake at a distance of 280 
km (estimated Peak Ground Acceleration of about 1% g and PGV of 0.004 m/s, on a rock 
site) or possibly 90 km (Peak Ground Acceleration of about 5% g and PGV of 0.01 m/s, 
on a rock site).  For comparison, NRCan computed the largest Nahanni earthquake (M6.9 
at about 600 km distance) might have produced a little less than 0.3% g. 
 
NRCan has incorporated a comparable probabilistic analysis into our NBCC 2005 work 
as a third model representing the shield earthquakes.  The probabilistic hazard values for 
NBCC will be 6% g for a probability of 0.000404 per annum (2% in 50 years). 
 
NRCan concludes that a safety check against the shaking from these rare large shield 
earthquakes which may occur close to the site would be prudent.  
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c?nos?uvliwAnJbH�=nob+�v�ts?et�Aw�m�bt�F�Ynog]nosUb+c?liehw·�2�3! ¶ �'e+d-Å�� ÅtÄhÅ5��b+w�m��qnzb+�v�hsUeh��w�m\�hnog]e/�Flyc}~
�4�5!6#|��ehdªÅ�� Åt�hÅ|u%$Qko�+dfets'b¼s?nFc?�AsUwv�qnos?lie/m�e+d��oÅA� ÅhÅtÅ�~tnobhsUk:� ½�li�h��s?n�Æt�[��¤¥c'k�a�eh�AgNmv�qn
wAehc?nomHcUa�bQc'nF��c?s"b+�=ehgNbQc?liehwxc?e¼cUaAlik's?nFc?�AsUwv�qnos?lie/m�lik�et�/cUk?lNm/n.c?aAn�s?nzb+giu e+d=c?aAnJ�'&�{:{
b+wqmDk?aAeh��gim��=n¼cUb+�tnFw�ehwAgi~�btk:bHsUeh���haDbh�A�AsUeW�/l]u\bQcUl]etw9�

7 <?O";AOQMF>UB%8Q@QI10�>YM:9YOQ<1Pª><;/=x@+_ K�O+P=@+IªR>0/KTI]BQKTP�^+?#OzBh>
¶ kJuvnFw�c?liehw�nom¸bh�qeQ�tnh�qc?aAnvk?lycUnxwAnzb+s1{)ehw�c}j)eQ~�cUe��-b+�tnxgil]nzk�j:l]c?a�l]w¸c?aAnD  k�cUbh�AginH�Ys"bQ�
c?etw9¢�e+d��FnFw�c?s"b+g���ehs?c?a ¶ uvnFsUli�obA��j:aAlN�"a�a�btk#cUe�eHdfnFj�nobhs�cUa�����b+�tnok�cUe�mAnY»�wAn¼sUnFgilibh�Agin
k?eh�As"�Yn¼rFetwAnoko�(�#sUnF��lieh��k.a�bhrobhsUmDu\b+��kH��bhk���k?nom�l]w·c?aAnx�F�AsUs?nowtc���s?et��b+�Aligilik�c?lN�5b+w�bhgy�
~/k�lNk5�AsUnok?nFw�cUnom,b+�=eQ�hnW�J�Fehw�k?lNm/nFsUnom¹ehw�g]~&�hsUeh�Aw�m&uve+cUl]etw�k1�tnFwAnosUb+c?nom¸dfsUehu mAlik�cUbhwtc
k?eh�As"�YnzkF�A@�w�mAnFs"k}c"b+w�m/liwA��e+d�k?nFlNk?u�lN�Yl]c}~\liw�cUaAn5k}c"b+�Agin|k?aAlinFgNm�ets:�YehsUn�sUnF�tl]etw�k)e+d��Fehw/�
c?liwAnowtc"kF�q��k?l]wA���hgieh��bhg�nY�Ab+uv�Aginoko��a�btk:ginobhmDcUe�s?no��lik?nom��Qb+gi�Anok�b+w�m�cUaAnxm/no�hnFgieh��u�now�c
e+d.b¹  £qe�etso¢�ginF�tnFg�ehd.k?nFlNk�uvlN��a�b+rzb+s"m·j:aAlN�"a,a�bhk¼�=nFnow¹liw��FehsU�qetsUb+c?nom&liwtcUep�As?et�qe�k�nzm
uve/m/nFgNk|j:aAli�"a¹j:lig]g�dfets?u�cUaAnv��bhk?lNkJehd'cUaAn�Æ+ÅhÅ��\nzm/lycUl]etw&ehd'cUaAn\��bQcUl]etw�b+g�&��AligimAl]wA�
{)e/m/n\e+dJ{�bhw�bhmAb � ¶ mAbhu\k >F_¼@+ICB ÆhÅhÅhÄ��[���.aAlikHbhkUk���u�nzk5gNb+sU�hnvnobhs�cUa�����b+�tnok5�Yet�AgNm
e/�F�F�As�b+w�~�j:aAnFsUn|l]w¸{�b+wqbhmAb��
`�a�bQc|dfehgigieQj�k�b+sUn5c?a�nH�AsUeh�=etk?nomS�D&�{:{ Æ+ÅhÅ���uvnom/lNb+w·�Qbhg]�Anzk:dfetsE��l]c?n\{)gibtk?k¼{

�T»qs?u �ts?et�Aw�m��|Æ��F$h�+Å�~tnobhs���no���Ali�Wbhg]now�c|cUe,�G$+Æ+���h�v~hnzb+s"k�ets¼Å�� ÅtÅhÅh�tÅ+�\�=nFs1bhwAw��Au
�AsUeh��bh�Alig]l]c}~A���Wbhg]��nok�dfets#~het�As#sUnF�hliehw�e+d�liw�c?nFsUnok�co�A��nobh�xbh�o�Ynog]nosUb+c?liehwp�4�3! ¶ �#bhw�m\���
mAbhu��=nompk?�qnz�[cUsUbhg9bh�F�FnFginFs"bQcUl]etw��Qb+gi�Anok:bhs?n|nY�/�AsUnokUk?nomDl]w�c?nos?u\k.ehd��q�

�9e/�Fb+c?liehw �/b�� ÅA�¡Æh� �/bq��Å�� �t� �/b����h� Åt� �Ab�� ÆA� Å�� �3! ¶
{)ehw�c}j�eQ~tcUeH��b+�hnt�A�'@ ÅA�i�zÆ ÅA� Åt�h� ÅA� ÅtÆ+Ä Å�� ÅtÅh� ÅA� Åt�h�

Æ



½Aets�sUe��"�pk?lycUnx�Qb+gi�Anoko�qc?aAn�b+uv�Agily»q�obQcUl]etwpd�bh�[cUehsJe+d��h� Äh��k�aAet�AgNmp�qn�m/l]��lNm/nom·l]w�c?e
�Qb+gi�Anok�dfets.»�sUu k?ehlig#� ¶ m�b+u\k >Y_:@QI B �z�h�h���[�
�.aAlNk��Ye/m/n¼lNk:wAe+c:~tnYc:�A�A�AgilNk�aAnzm�¿/cUaAnok?n5�Qb+gi�Anok:bhs?n|c?a�nFsUnYdfehsUn|�AwAe � �Flibhg �A���/c:c?aAn

m/l��=nos?now��Ynzk\k�a�eh�AgNm®�qnSwAehc?nzm�� ��noj)nos\�qnzb+���ts?et�Aw�m bh�F�FnFginFs"bQcUl]etw��Qb+gi�Anok\dfehsvc?a�lik
sUnF�hliehwpb+sUn1k?ehuvnFj:a�b+c�aAli�haAnos�l]wSetsUmAnFs.c?eD�Yehwqk�lNm/nFs�wAe+cJk?liu���g]~Dnob+s?c?aq�t�qb+�hnzk.j:aAlN�"a
a�bW�tnxe/�F�F�As?sUnom·l]w¸c?aAn\k?lycUn�bhs?nzbA�ª�A�/c1b+gNk?e�c?a�etk?nHj:aAlN�"a�� O 0/I]B e/�F�F�Asz�9bh�F�Fehs"m/liwA�\c?e
bh�Yc?li��lyc}~�sUno�Fehs"m/nom�l]wpehc?aAnos:s?no�hliehw�k�e+d�c?aAnH{�bhw�bhmAlibhw���a�l]nogim��
¤�wHm/no�hnog]et�Al]w���c?a�n'£�e�ets�ginF�tnFg¾�Wc?aAn)dfehgig]eQj:liwA�|�Yehwq�Ygi��k�liehwqk�bhs?n#aqbW�hn'�=nFnowxsUnobt�"aAnom�À

lT��cUaAn�u\bQ�/liux�Au nobhs�cUa�����b+�tn:�YsUnom/li�Agin:j)et�AgimvaqbW�hn:b5u\b+�twAlycU��m/n:ehd-�/� Å��
lilT�J�F�AsUs?nowtcJ��w�eQj:g]nzm/�hn�m/e�nokJwAe+c¼�qnos?uvl]cJcUaAnvnY�A�Ygi��k?l]etw·e+d'k?aAlinFgNm¸bhs?nzbhk
j:a�li�"a �Yet�Agim wAehc�a�bW�tnDnzb+s?c?a�����bh�hnzkx�A� c?e¹cUaAlik\k?lirFnh��k�e&c?a�nF~�k?aAeh��gim
�=nv�Yehwqk�lNm/nFsUnom¸bhkJg]eQj �AsUeh�qb+�Alig]l]c}~pnF�tnFw�cUk|b+w�~�j:aAnFsUn1etwSc?aAn�{�bhw�bhm/lNb+w
�/aAl]nogim9�
lililN�-b�sUnobhk?ehwqb+�Agin�m/nok?l]�tw5nobhs�cUa�����b+�tn�dfehs9cUaAn)k?aAlinFgNm5j�eh�AgNm¼�qn)u\b+�hw�lycU��m/n
� Â·ko�'ehsvk?�As�d�bt�YnDj�bW�tn�u\b+�hw�lycU��m/nz�H�A� ÅA�����/c\gibhs?�tnFsz��uH���"a�uvets?nDsUbhs?n
nzb+s?c?a�����bh�hnzk��ob+w�e/�F�Y��so�
li�A��c?a�n5sUb+c?n5e+d�Â·k���� Å�ets:�hsUnobQcUnFs:lNk:nok�c?liu\bQcUnomDc?e\�=n1b\ÅA� ÅhÅh�H�9� bA�)�qnos
�t� ÅtÅhÅ�� ÅtÅhÅ1��u��+�

�.aAn�w�nFj ��b+c?liehw�bhg�&��AligNm/l]w��v{)e/m/n�ehd�{�b+w�btmAbA��m/�AnJeh�/c	�tbhw��qb+sU~�Æ+ÅtÅt�A�+lik�bW�Qb+ligy�
b+��g]n¼ehwA�¾gil]w�n¼b+coÀ�j:j:j5� k�nolik?uve�� wAs"�Fb+w-� ���+� �Fb�$Qa�b+rzb+s"mAk�$�
|½��h�t�h��$Wliw�m/nF� nt� ��aA�9�

�v§/°�§A«�
'�����fµY°	�f¨ 

��¯��<��µ��fµ
Â·bh�A�qnzm,d�b+��gyc"kHj:l]c?a�l]w®k�no�hnFs"b+g'a���w�m/sUnom ��lig]etu�nFc?nosUkHe+d:cUaAnS{)etw�c}j)eQ~�c?e·��b+�tn�k�l]c?n
a�bW�tnx�=nFnFw&s?no��l]noj)nzm��5�.aAnFsUn�bhs?nHehwAgi~Sb�dfnoj uvl]w�ehsJd�b+�Ag]cUk¼liw·cUaAnF!*�q{ �Fb+cUbhg]et�h�Ant�
wAetwAn:e+dªj:aAlN�"a\lik#btk?k?e/�YlNbQcUnomHj:lycUa\s?nz�Yehs"m/nzmxnzb+s?c?a�����bh�hnok�wAets#lNk���wAeQj:wv��~xc?aAn6!*��{
c?e|�=n.bt�[cUl]�tn|� ½�li�h��s?n:Ät�Y��¤¥c�lNk�k��A�t�hnzk}cUnom1~teh���YehwAdfnFs�j:lycUa�bJ�hnoe+cUno�"aAwAlN�Fbhg/�Yehwqk��Ag]cUbhw�c
c?e\m/nFc?nos?uvliwAn¼c?aAn1k�cUb+c?��k.ehd�cUaAnok?n|d�b+�Ag]cUko�
�.aAn1wAnzb+sUnok�c:uvb��}ehs:d�bh�Ag]cUk�bhs?n¼cUaAnx�.liwtcUl]wqbA��ÁJnFw�bhg]l�b+w�mp½qb+lis?j�nob+c?aAnos�½�b+��gyc"k�liw

�#�A�tehw bhw�m ¶ gibtk��Qb&j:aAlN�"a b+sUn¹�zÆ+ÅtÅS��up���F�t�tÅS��u bhw�m �W�Q���S��u dfs?etu c?aAnSk?lycUnh�
sUnok?�qnz�[c?li�hnog]~t�S�.aAnDm/lNk�cUb+wq�YnokHk����h�hnzk}c5cUaAnDk?l]c?n�j�eh�AgNm,sUno�Ynol]�tn\ehwAgi~¹u�liwAetsx�hsUeh��w�m
uve+cUl]etw�kJdfs?etu c?aAnol]s5u\bQ�/liux�Au nY�/�qnz�[cUnom&uvbh�hwAl]c?�qm/nok|e+d���� ÄA���/� Ä�b+w�m&ºA�L�\sUnok?�=no�[�
c?li�hnog]~t�
�.aAn bh�qeQ�tn j)ets?��a�bhk¸�qnonFw mAlikU�Y��kUk?nom j:l]c?a �=e+cUa !¼b+sUs?~ �:eh�tnFs"k·b+w�m��hetaAw

¶ m�b+u\kF¿¼cUaAnF~��=e+cUa�bh�hsUnFn·cUa�bQc�c?a�n&�AsUeh�qb+�Alig]lNk�c?lN�·sUnok?�Agyc"kF����b+s?c?lN�Y�AgNb+sUgi~ cUaAetk?n¸ehd
c?a�n\ÆhÅhÅ��\�'&�{:{J�9b+sUnxgili�hnFgi~pc?ep~�linFgNmSc?a�n�uve�k}c5sUnFgilibh�Ag]nHs?nzk���gyc"k�dfets¼~heh��s|���As?�=etk?nh�
¶ m/nYcUnFsUuvl]wAlNk�c?lN�5b+�A�AsUetbt�"a9��j:aAnFw�c?a�nFsUn¼bhs?n|wAev��wAeQj:wDbt�[cUl]�tnJd�bh�Ag]cUk.liwDcUaAn¼s?no�hliehw9�
m/e�nok.w�e+c��AsUeQ��lim/n¼b�s?no�AsUnok?nFw�cUb+c?li�hn|u�nzbhk?�AsUnJehdA�5! ¶ �

Ä



½�l]�t�AsUn|�tÀ ¶ sUnob|ehdªk�c?��mA~h�hk?aAeQj:liwA�5b+gigAk�nolik?uvli�.bh�Yc?li��lyc}~5dfets�c?aAn:�=nFsUlie�mD�oºt�hº�c?e1Æ+ÅtÅhÄ��
{)ehw�c}j�eQ~�c?eH��b+�tn¼k?l]c?n¼lik�m/nFwAehc?nzm���~Db�sUnom�c?sUlibhwA�hginh�

�



½�l]�t�AsUn�Æ/À��-eh�h�¾gieh�|�Agie+cUk#e+d"��nobh� !|s?et�Aw�m
#�nFgie/�Yl]c}~Hbhw�mF��nob+�
!|s?et�Aw�m ¶ �o�YnFginFs"bQcUl]etw
�hnosUk?��k �#sUeh�qb+�Agil]gil]c}~\e+d����A�Ynonom/now��Ynt�

�



½�l]�t�AsUn�ÄAÀ ¶ ���As?eW�/liu\bQc?n�c?s"bh�Ynzk1ehd�uvbh�A�=nom,d�bh�Agyc"kxliw�cUaAnp{)etw�c}j)eQ~�c?e·��b+�tn�b+sUnobA¿
wAetwAn5b+sUn|��wAeQj:wDc?ev�=n1bh�Yc?li�hnh�

�



¦1§���§A«�§��-¨=§�µ
¶ m�b+u\kF� ���i�hÁH� �x�Q`&noli�"aAnos�cz�hb+wqm
�ª� �Jb+gN�"a��A���}�z�h�h���[�+��s?lNb+g ��nolik?uvli� �Jb+robhsUmHÂ·b+�qk�ehd
{�b+wqbhmAbJ�)�z�h�t�AÀ�Æ��
$h�+Å �#nobhs:##b+gi�Anzk�dfehs5��nFgino�Yc?nom�{�bhw�bhmAlibhw�{)l]c?linoko��� >"O+I]O?^hK � @QI
X 0/<�8Q>FE\O 9 ?#@QPª@hBh@QV���;�>YP��'KTI]>	��

��� ��
�c?cUbWj.bA��{�b+wqbhmAb��

¶ m�b+u\kF� ���i��bhw�m �ª���Jb+gN�"a��A��� ÆhÅhÅtÄt�[��½Aeh��s�cUa¹�tnFwAnosUb+c?liehw,k�nolik?uvli�vaqb+robhsUm¸u\b+��k5ehd
{�b+wqbhmAb�À ##bhg]��nok.dfets�eQ�hnos.���+Å\{�b+w�btm/lNb+wpg]e/�ob+gilycUl]nzk.l]w�c?now�m/nzm�dfets:c?a�nxÆ+ÅhÅ�����bQ�
c?liehwqb+g &��AligimAl]wA�&{)e/m/n�e+d�{�b+w�btmAbA��� >"O+I]O?^hK � @QI)X 0/<�8Q>YE¸O 9�?#@QPª@hBh@QV��-;�>FP��'KTI]>
������� � 
�c�c"bWj�b���{�b+w�btmAbA�

¶ c?��liw�k?ehw9� !�� Â �]�qb+w�mDÁx� Â &)e�ets?n��}�o�t�t�t�[����nFj��hsUeh�Awqm�uve+cUl]etw�sUnFgNbQc?liehwqk'dfets.nobhk�c��
nFsUw5��ets�cUa ¶ uvnFsUli�obA� R(0/ITIi>Y_¾KTP�O 9)_���>)Xª>FKNM"Z\OQIiO?^hK � @QI�XªO � K�>Y_¾E|O 9�GJZ\>Y<[K � @ �����9À+�W���
ÄhÅ��

&.bhk?a�b+up����� ` �i��ÁH� �1��`&noli�"aAnos�cz�t½�� Â � ¶ wA�hgiliw9��bhw�m\Â � ����&�nFsUs?~��}�o�tºtÆt�[�h��nFj �#sUeh�A�
b+��l]gilik�c?lN� ��c?sUehwA� �/nFlNk�uvlN� !|sUeh�Aw�m�ÂSe+cUl]etw�Â·b+�qkxehd|{�b+w�btmAbAÀ\b¹{)etuv�Al]gNbQcUl]etw
e+d5�'b+s?c?aq�t�qb+�hn
��eh�As"�Yn )=etwAnoko��ÂSnYcUaAe/mAk5b+w�m �:nok?�Ag]cUko��, @Q<[_�� 7 �/EWM[K � MHR�<?@QP � �
��;A>FP��'KTI]>	 ��"!#��� � 
�c�c"bWj�b���{�b+w�btmAbA�

&.bhk?a�b+up����� ` �i��ÁH� �1��`&noli�"aAnos�cz�t½�� Â � ¶ wA�hgiliw9��bhw�m\Â � ����&�nFsUs?~��}�o�tºt�t�[�h��nFj �#sUeh�A�
b+��l]gilik�c?lN�>��cUs?etwA� !|s?et�Aw�mvÂSehc?liehw�Â·bh��k�e+d�{�bhw�bhmAb�� R>0/ITI]>Y_¾KTP·O 9�_���>�X�>YKNM[Z\OQI]OU^�!
K � @QI�X�O � K�>F_ EDO 9�GJZv>F<[K � @ �%$&�('*)9ÀA�+�hÄ��/�h�t�/�

&�e�ehsUnh�'ÁH� Â��]�.` � &J� �heQ~�wAnoso�'bhw�m �¼� ���#½A�Au\bhgx�}�z�h�hÄ��[� �)k}cUl]u\b+c?liehw®e+d*�:nok?�qetw�k?n
���=no�Yc?s"b:b+w�mE��nobh� ¶ �o�Ynog]nosUb+c?liehw�k=dfsUehu�`&nzk}cUnFsUw¼��ehs?c?a ¶ u�nos?lN�Fbhw6�)b+s?c?a�����bh�hnzkFÀ
b+w�liwtcUnFsUl]u s?no�qets�c�+ B]X	B � >UO+I]OU^+K � @QI�X 0/<�8Q>FE,�-;�>FP��'KTI]>	����!-�".�� ���hÆQ�A�9�

��nolimAnF�AsUno�"a�co� ¶ �¡{J�i�:��� ` �A&.bhk?a�b+up� ��� �1�A��bhl]wAnoso��bhw�m�Â � ��� &�nFsUs?~ �}�z�hºhÄ��[�A�#wA�tly�
wAnonFsUl]wA� ¶ ���Ag]lN�Fb+c?liehw�k�ehd���noj �'s?et��b+�Aligilik�c?lN�D��nolik?uvli�*!|sUeh�Awqm��¥Â·e+c?liehw�Â·b+�qk)ehd
{�b+wqbhmAb�� ?#@+P=@hB+K�@QP0//O 0/<[Pª@QI-O 9 ?�K�8zKTI , P�^hKTP=>">F<[KTP�^ �(1324'65�ÀA���+Å7�/�hºhÅ��

`�aAnonFginFsz�	�q� 
H�]� ��� ½�� ��e��ªu\b+w9�98v� Áx�.{�b+s"m�� ¶ �)Á|bW��limAk?ehw-�5&|� #x�5�Ab+w/dfetsUm��i� ¶ � #x�

J���Agilyc"�"a b+wqm�` � �5�:�:e�nok�cS�}�o�t���h�[�3!|noehgieh�hlN�Fbhg�Â¸b+��ehd5{�bhw�bhmAb��3!|nFetg]et�hlN�Fbhg
���AsU�hno~·e+dJ{�bhw�bhmAbSÂ¸b+� Áx�zºh�tÅ ¶ !|nFetg]et�hlN�\½�b+��gyc"k !|nFe�k��qbQc?lNb+g#Á|bQc"b �#sUnok?nFwA�
cUb+c?liehw®½AehsUupÀ��tno�[cUehs\m/li�hl]cUbhg.m�bQcUb��:� >"OQI]OU^+K � @+I:X 0/<�8Q>YE O 9 ?#@QPª@hBt@<;fG>=>?¸@U;
Xª>F<[K�>YM9@[M"M 0�>�@FBt>YPq_ K A � @+_ K�O+P�BDC� 3E�.zG � 
�c�cUbWj.bA��{�bhw�bhmAb��

���A���Ag]nouvnFw�c:c?e�c?a�n1��bQcUl]etw�b+g"&��AligNm/l]w���{)e/m/n¼ehd�{�b+wqbhmAb��o�t�hÅ����D�:{:{%��eq��ÄhÅh��Æ+���
{)a�bh�/c?nos��tÀ�{)gil]u\b+c?lN�)¤�wAdfehsUuvb+c?liehwHdfehs�&��Aligim/liwA�1ÁJnok?l]�twHliw�{�b+w�btmAbA¿�{)aqb+�/cUnFs���À
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