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George Headley

. L. YOUR REFERENCE
Mine Review and Permitting Branch OUR REFERENGE 5/1182
Ministry of Energy, Mines and Petroleum Resources NUMBER May 26, 1995

4th Floor, 1810 Blanshard Street
Victoria, B.C.

Dear George;
Re: Mt. Polley Tailin. rage Facili

Design Report

Enclosed are two copies of the Final Design Report (Ref. 1625/1) for the MLt.
Polley Tailings Storage Facility, two copies of the Site Inspectlon Manual (Ref No
1625/2) and resumes of the Knight Piesold Site Supervisors (Mr Ken Embree &
Mr. Barney McCabe) who are scheduled for this project.

Knight Piésold have reviewed the comments of the geotechnical review presented in
your letter of May 10, 1994, and have incorporated your suggestions in to the final
report. The following comments provide additional clarification of the main
concerns outlined in your letter.

o Embankment Foundations: Drillhole logs < obtained from the 1990
geotechnical site investigation have been added to the design report as
Appendix B2. These provide information on the foundation conditions
within the tailings facility. Two ‘additional shelby samples were recently
collected by Mr K. Embree (Méy 16, 199S) during the soil investigation
survey. These samples were obtained from. the glaciolacustrine sediments
and have confirmed that the foundation materials consist of dense,
overconsolidated materials. In fact, it was extremely difficult to insert the
shelby tubes in the field and it was also not possible to extract undisturbed
samples from the tubes in the laboratory.

Additional holes which will be drilled within the embankment foundation
soils during installation of instrumentation  will provide additional
information. Samples will also be taken for additional laboratory testing on
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these sediments, as described in Section 5.3 of the report. It is unlikely that
any significant pore pressure development will occur in these materials
during construction of the embankment.

Pore Pressure Development in Embankment Fill: The possibility for
development of excess pore pressures in the embankment fill has been
considered in the design of the embankment and the instrumentation
systems. Our site representatives will monitor this aspect closely during
construction. However, based on past experience with similar materials, it is
our opinion that there will not be any significant pore pressure development
in the embankment fill and the stability of the embankment during
construction will not be compromised.

Embankmen: Sertlement After Modified Centerline Expansion: On-going
expansion of the tailings embankment onto the tailings beaches will result in
only minor settlement of the staged raises and will not compromise the
stability of the structure. Additional analyses have been conducted and a
detailed discussion included in the report.

Embankment Drainage Systems: We have included modifications to the
Stage Ib embankment drainage system and have incorporated a closer drain
spacing and drainage blanket as shown on the revised Drawings. The
efficiency of the drainage systems will be evaluated on an on-going basis
and additional outlet pipeworks, drainage pipeworks, filter blankets, etc will
be incorporated as required in future expansions.

Quality Assurance/Quality Control: A detailed description of the QA/QC
program is included in the Site Inspection Manual. Resumes of the Knight
Piesold personnel who have been dedicated to the field program are included
with this letter. Knight Piesold are also in the process of finalizing the
Technical Specifications for the Tailings Impoundment contract, which will
also form part of the overall QA/QC program.

Topsoil Stockpile: We have also relocated the topsoil stockpile as per your
request in a telephone conversation subsequent to the issue of your initial
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comments in the letter of May 10. The revised location is shown on the
updated Drawings and is below the surface water diversion ditches as you
requested.

Additional analyses examining upstream stability, location of the phreatic
surface and variability of material strength properties for both the
embankment fill and foundation soils have been examined.

Instrumentation details for the facility are given in Section 10.2 of the
design report. Additional information on piezometers and the survey
monitoring system have been provided for on-going expansion of the
facility.

Diversion ditches have been designed for the 1 in 50 year flow as described
in Section 8.3.2 of the Design Report.

An updated Construction Schedule has also been included.

It is understood that MEMPR will provide their own review consultant for site
inspection and evaluation. Knight Piésold will keep MEMPR informed of all
schedule developments and will provide assistance and Site Inspection records as

appropriate.

Yours very truly,
KNIGHT PIESOLD LTD.

Pt

7
y
4

AV
o et (A

K.J. Brouwer. P.Eng,
Director

GRG/smp

cc: Mr Bill Ruffo (IMC) letter+ 2 copies of each report.

Association Association

of Consuliting des Ingenieurs-
Engineers Conseils

of Canada du Canada





Suite 1400

750 West Pender Street
Vancouver, British Columbia
Canada V6C 2T8

Telephone (604) 685-0543

Telefax (604) 685-0147

CIS: 72360,477

IMPERIAL METALS CORP.
MT. POLLEY PROJECT

TAILINGS STORAGE FACILITY
DESIGN REPORT
(REF. NO. 1625/1)

VOLUME I - MAIN REPORT

MAY 26, 1995

Knight Piésold Ltd.

CONSULTING ENGINEERS






Knight_Piésold Ltd,

CONSULTING ENGINEERS

SECTION 1.0

SECTION 2.0

SECTION 3.0

SECTION 4.0

SECTION 5.0

IMPERIAL METALS CORPORATION

MT. POLLEY PROJECT

TAILINGS STORAGE FACILITY
DESIGN REPORT
(REF. NO. 1625/1)

TABLE OF CONTENTS
INTRODUCTION
1.1 PROJECT DESCRIPTION
1.2 SCOPE OF REPORT
SITE CHARACTERISTICS
2.1 HYDROMETEOROLOGY
2.1.1 General
2.1.2 Precipitation and Evaporation
2.13 Runott Coefficients
2.14 Storm Events
22 REGIONAL GEOLOGY
23 SEISMICITY
2.3.1 Regional Seismicity
2.3.2 Seismic Design Parameters
TAILINGS CHARACTERISTICS
31 PROCESS DESCRIPTION
3.2  PHYSICAL CHARACTERISTICS
33 GEOCHEMICAL CHARACTERISTICS
SITE SELECTION
GEOTECHNICAL CONDITIONS

Assoctation
des Ingénieurs-

Association

of Consulting

Engineers Conseils
of Canada du Canada

PAGE

RN - = Y I Y O SO

11
11
11
12
14

16

1625/1

May 26, 1995





Knight _Piésold _Ltd.

CONSULTING ENGINEERS

SECTION 6.0

Association
of Consulting
Engineers

of Canada

5.1 SITE INVESTIGATIONS 16
52 CONSTRUCTION MATERIALS 16
5.2.1 General 16

522 Laboratory Testwork 16

53 TAILINGS IMPOUNDMENT 19
TAILINGS FACILITY DESIGN 21
6.1 DESIGN CRITERIA 21
6.1.1 General 21

6.1.2 Design Basis 21

6.1.3 Construction Schedule 22

6.14 Site Layout and Operating Strategy 24

6.1.5 Tailings Storage Capacity 26

6.1.6 Reclaim Water Storage Capacity 27

6.1.7 Staged Development 28

6.2  TAILINGS IMPOUNDMENT PREPARATION 30
6.2.1 Clearing and Topsoil Stockpiling 30

6.2.2 Liner Design and Extent 30

6.2.3 Sediment Control Structures 32

6.3 EMBANKMENT CONSTRUCTION 33
6.3.1 General 33

6.3.2 Geotechnical Considerations 33

6.3.3 Borrow Areas 35

6.3.4 Stage Ib Construction 36

6.3.5 Embankment Drainage Provisions 37

6.3.6 Staged Expansions 39

6.4 QA/QC PROCEDURES 40
6.5 TAILINGS CONSOLIDATION ANALYSES 41
6.5.1 General 41

6.5.2 Parameters and Assumptions 42

6.5.3 Results 43

6.6 EMBANKMENT SETTLEMENT 43
6.6.1 General 43

6.6.2 Results 44

c i 1625/1

Association May 26, 1995

des Ingénieurs-
Conseils
du Canada





Knight Piésold Ltd.

CONSULTING ENGINEERS

SECTION 7.0

SECTION 8.0

SECTION 9.0

Association
of Consulting
Engineers

of Canada

6.7 STABILITY ANALYSES 46

6.7.1 General 46

6.7.2 Material Parameters and Assumptions 48

6.7.3 Results of Analyses 49

SEEPAGE ANALYSES 53

7.1 GENERAL 53

7.2  SUMMARY OF PARAMETERS 53

7.3 BOUNDARY CONDITIONS AND FLUX 54
SECTIONS

7.4  RESULTS 55

WATER BALANCE AND MANAGEMENT 57

8.1 GENERAL 57

82  WATER BALANCE 58

8.2.1 General 58

8.2.2 Water Balance Results 59

8.2.3 Water Supply at Start-Up 60

8.3 WATER MANAGEMENT PLAN 61

8.3.1 General 61

8.3.2 Surface Runoff Diversion Ditches 62

8.3.3 Sediment Control Ponds and Discharge 64

Requirements

PIPEWORK 65

9.1 GENERAL 65

9.2  TAILINGS PIPEWORK 65

9.2.1 General 65

9.2.2 Design Criteria 65

9.2.3 Tailings Delivery Pipework 66

9.2.4 Tailings Discharge Pipeline 67

9.3 RECLAIM WATER SYSTEM 68

9.3.1 General 68

9.3.2 Design Criteria 68

- iii - 1625/1

May 26, 1995

Association
des Ingénieurs-

du Canada





Knight Piésold Ltd.

CONSULTING ENGINEERS

SECTION 10.0

SECTION 11.0

SECTION 12.0

Table 2.1
Table 2.2
Table 2.3
Table 2.4
Table 2.5
Table 5.1
Table 5.2

Table 6.1

Association
of Consulting
Engineers

of Canada

Association

9.3.3 Reclaim Barge
9.3.4 Reclaim Pipelines
9.35 Reclaim Booster Pump Station
9.4  SEEPAGE RECOVERY SYSTEM
9.4.1 Monitoring Wells
942 Basin Groundwater and Embankment
Foundation Drains
9.4.3 Toe Drain
9.4.4 Drain Monitoring Sump
9.4.5 Seepage Collection Pond Recycle Pumps

OPERATION AND MONITORING
10.1 GENERAL
10.2  INSTRUMENTATION

RECLAMATION

11.1 GENERAL

11.2  TOPSOIL STOCKPILING

11.3 DECOMMISSIONING AND CLOSURE

REFERENCES

TABLES

Mean Monthly and Annual Precipitation
Precipitation Details Used in Analysis

Estimated Pan Evaporation at Site

Probable Maximum Precipitation

Usual Minimum Criteria for Design Earthquakes
Summary of Laboratory Tests - Index Test Results

68
69
69
69
69
70

70
70
71

72
72
73

75
75
76
76

79

Summary of Laboratory Tests - Effective Strength Parameters

Compaction and Permeability Test Results
Summary of Design Criteria

-1V -

des ingénieurs-

Conseils

du Canada

1625/1

May 26, 1995





Knight Piésold _Ltd.

CONSULTING ENGINEERS

Table 6.2
Table 6.3
Table 7.1
Table 7.2

Figure 1.1
Figure 2.1
Figure 2.2

Figure 4.1
Figure 6.1
Figure 6.2
Figure 6.3
Figure 6.4

Figure 6.5
Figure 6.6
Figure 6.7

Figure 6.8

Figure 6.9

Figure 6.10
Figure 6.11
Figure 6.12
Figure 6.13
Figure 6.14

Figure 7.1
Figure 7.2

Association
of Consulting
Engineers

of Canada

Consequence Classitication of Dams

Staged Embankment Fill Quantities

Summary of Material Parameters tor Seepage Analyses
Summary of Seepage Analysis Results

FIGURES

Project Location Map

Location of Weather Stations

Short Duration Rainfall Intensity-Duration-Frequency Data for
Mine Site

Tailings Area Alternatives

Stage Ib Construction Schedule

Depth / Area / Capacity Filling Rate for Tailings Storage Facility
Tailings Area Filling Schedule and Staged Construction
Supernatant Pond Depth/Area Capacities for 0.5% Sloped Tailings
Surface

Embankment Fill Borrow Areas

Embankment Settlement Analyses

Embankment Stability Analyses - Geometry and Material
Parameters

Embankment Stability Analyses - Static Stability At Closure
Embankment Stability Analyses - Static Stability After Closure
Embankment Stability Analyses - Pseudostatic Stability During

Operations

Embankment Stability Analyses - Pseudostatic Stability After
Closure

Embankment Stability Analyses - Undrained Residual Strength
Stability

Embankment Stability Sensitivity Analyses
Upstream Embankment Stability Analyses
Seepage Analysis Cross - Sections

Seepage Flow Development - Main Embankment

R 1625/1
Association May 26, 1995

des Ingénieurs-
Conseils
du Canada





Knight Piésold Ltd,

CONSULTING ENGINEERS

Figure 7.3
Figure 7.4
Figure 8.1
Figure 8.2
Figure 8.3

1625.100 Rev.1
1625.101 Rev.1
1625.102 Rev.1
1625.110 Rev.1
1625.111 Rev.1
1625.112 Rev.1

1625.113 Rev.1

1625.114 Rev.1
1625.115 Rev.1

1625.116 Rev.1
1625.117 Rev.1
1625.118 Rev.0
1625.120 Rev.1
1625.121 Rev.0

1625.130 Rev.1
1625.140 Rev.1

Association
of Consuiting
Engineers

of Canada

Association

des Ingénieurs-
Conseils

du Canada

Seepage Flow Development - Perimeter Embankment
Seepage Flow Development - South Embankment

Site Water Management Schematic

Annual Water Balance Schematic - Average Year - Year 1
Annual Water Balance Schematic - Average Year - Year 14

DRAWINGS

Tailings Storage Facility - Overall Site Plan

Tailings Storage Facility - Foundation Preparation and Basin Liner
Tailings Storage Facility - Foundation Preparation and Basin Liner
- Sections and Details

Tailings Storage Facility - Stage Ib Tailings Impoundment -
General Arrangement

Tailings Storage Facility - Tailings Embankment - Sections and
Details

Tailings Storage Facility - Sediment Control and Seepage
Collection

Tailings Storage Facility - Sediment Control and Seepage
Collection - Sections and Details

Tailings Storage Facility - Surface Water Control - Plan and Profile
Tailings Storage Facility - Surface Water Control - Sections and
Details

Tailings Storage Facility - Tailings Distribution and Reclaim
System - Plan and Profile

Tailings Storage Facility - Tailings Distribution and Reclaim
System - Sections and Details

Tailings Storage Facility - Surface Water Control - Flow Control
Structures - Concrete Details

Tailings Storage Facility - Instrumentation

Tailings Storage Facility - Instrumentation - Sections and Details
Tailings Storage Facility - Final Arrangement

Tailings Storage Facility - Reclamation Plan

1625/1
May 26, 1995

-vi-





Knight Piésold_Ltd.

CONSULTING ENGINEERS

APPENDICES
Appendix A Report on Project Water Management (Ref. No. 1624/1)
Appendix B Geotechnical Investigation Information
Appendix C Testwork on Tailings - Physical and Geochemical Characteristics
- vii - 1625/1

Association Association May 26, 1995
of Consulting des ingénieurs-

Engineers Conseils

of Canada du Canada





amec®





Knight Piésold Ltd.

CONSULTING ENGINEERS

IMPERIAL METALS CORPORATION
MT. POLLEY PROJECT

TAILINGS STORAGE FACILITY
DESIGN REPORT

(REF. NO. 1625/1)

SECTION 1.0 - INTRODUCTION
1.1  PROJECT DESCRIPTION

The Mt. Polley project is located in central British Columbia approximately 56
kilometres north-east of Williams Lake, as shown on Figure 1.1. The nearest
settlement is the community of Likely, which is located on the northern tip of
Quesnel Lake.

The project derives its name from Mt. Polley, a low mountain with a peak elevation
of 1260 metres, approximately 300 metres above the surrounding terrain. Mt.
Polley is situated on a topographic ridge with Polley Lake to the east and Bootjack
Lake to the south-west. The site is accessible by paved road from Williams Lake to
Morehead Lake, near Likely, and then by gravel forestry road for the final 10
kilometres to the site.

The Mt. Polley project involves open pit mining of an estimated 48.8 million tonnes
of copper and gold ore contained in three ore bodies. The ore will be hauled from
the open pit to the crushers where it will be crushed and transported to the nearby
concentrator for processing. The ore will be processed by selective flotation to
produce a copper-gold concentrate at a production rate of approximately 13,425
tonnes per day (approximately 5 million tonnes per year). An additional 26.2
million tonnes of low grade ore will be stockpiled during operations for processing

in the later stages of the mine life.

After processing of the ore to produce the copper/gold concentrate, the tailings will
be discharged as a slurry into the tailings storage facility which has been designed to

-1- 1625/1
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provide environmentally secure storage of the solid waste. As the solids settle out
of the slurry, process fluids are collected and recycled back to the mill for re-use in
the milling process. No surface discharge of any process solution from the tailings

facility is required or anticipated.
1.2 SCOPE OF REPORT

This report presents the tailings storage facility design, which is based on the results
of field investigations and laboratory testwork. Specific design items which are

addressed in the report include:

- Site characteristics including hydrometeorology, regional geology and

seismicity.

- Process description and results of physical and geochemical testwork on the

tailings.
- Site selection criteria.

- The results of geotechnical investigations carried out at the tailings storage

facility location.

- Evaluation of the tailings storage facility foundations and identification of

construction materials.

- General design features including geotechnical considerations, water balance
and initial process water supply requirements, operating requirements, on-

going construction and final reclamation.

The tailings storage facility presented herein will operate as a valley impoundment
for the first year of operation. In its final configuration, the tailings storage facility
will comprise a side-hill impoundment centred 5 km south-east of the orebodies.
The overall site plan is shown on Dwg. No. 1625.100.

< - 1625/1
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The tailings storage facility is a lined impoundment with a partial basin groundwater
underdrain, zoned earthfill embankments, seepage collection ponds, surface runoff
diversion ditches and flow control structures, sediment control structures, tailings
distribution system, and water reclaim system.

The tailings embankment has been designed to operate as a process water collection
dam for one year prior to mill start-up. Tailings will be discharged from the
embankment starting in late 1996 or early 1997. The embankment crest will be
raised progressively throughout the life of the project. Excess water from the
catchment areas will be diverted to maintain a water balance that will not require

discharge of process water to the environment.

iBom 1625/1
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2.1

2.1.1

2.1.2
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SECTION 2.0 - SITE CHARACTERISTICS
HYDROMETEOROLOGY

General

Long and short term climate records are available for a number of locations
in the general mine site area, as shown on Figure 2.1. Two recently
established stations (Likely with 6 years of record and Horsefly with 11
years) are located in similar terrain within 40 km of the site. The project
area is subject to a relatively temperate climate with warm summers and
cool winters. The precipitation is well distributed throughout the year.

The mean annual temperature at Likely, the nearest station, is 4.0°C with an
extreme maximum of 33.9°C and an extreme minimum of -37°C. At
Quesnel, with approximately 70 years of record, extremes are 40.6°C and
-46.7°C. Frost free days in the area range from 199 at Horsefly Lake
(elevation 788 m) to 244 at Barkerville (elevation 1244 m).

Precipitation and Evaporation

Hydrometeorological information for the project was recently summarized
in “Report on Project Water Management”, which is included in Appendix
A in its entirety.

Since precipitation data at the site is limited, mean precipitation records for
climatologically similar stations in the area were used to estimate a mean
annual site precipitation of 755 mm. The mean annual precipitation at Likely
is 699.7 mm and at Barkerville (with over 70 years of record) is 1043.9
mm. Precipitation for the site can be expected to fall within this range. Data
for Likely, Barkerville and the site are presented in Table 2.1. A coefficient
of variation of 0.16 was determined from regional values which translates to
a standard deviation of 121 mm. These conditions were applied to the
tailings facility and adjacent additional tailings catchment areas.

sy i 1625/1
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For the water management plan, the waste dumps, pit areas and mill site, all
at higher elevations, were modelled with a mean precipitation of 810 mm, a
coefficient of variation of 0.16 and a standard deviation of 130 mm. The
increased precipitation value is consistent with elevation correlations
developed in previous studies. This data is summarized on Table 2.2.

Evaporation data and estimated evaporation for the site have been computed
using potential evapotranspiration by AES using the Thornwaite model and
available data for Quesnel and Williams Lake. This data is shown in Table
2.3. The annual evaporation rate of 423 mm at the site has been assumed to
be constant for all years of operation and precipitation conditions.

2.1.3 Runoff Coefficients
Runoff coefficients used for the water balances include variable runoff
coefficients based on dry, average and wet years. Dry years were defined
as years when the total precipitation was less than or equal to 1.3 standard
deviations below the mean (10 year dry), and wet years were defined as
years when the total precipitation was at least 1.3 standard deviations above
the mean (10 year wet). Runoff coefficients are summarized below:
Runoft Coefficient (%)
Component Description Dry Average Wet
Unprepared Tailings Basin 20 24 29
Prepared Tailings Basin 90 90 90
Tailings Beach 90 90 90
Open Pit 45 50 55
Miil Site 65 70 75
Waste Rock Dumps 58 60 62
Undisturbed Catchments 20 24 29
=& 1625/1
May 26, 1995

Association Association

of Consulting des Ingénieurs-
Engineers Conseils

of Canada du Canada





Knight Piésold Ltd,

CONSULTING ENGINEERS

2.1.4 Storm Events

2.2

Intensity-duration-frequency curves have been developed for the site on the
basis of data obtained from the Rainfall Frequency Atlas for Canada
(RFAC), and these are shown on Figure 2.2. Probable maximum
precipitation values for the site have also been calculated, and these are
shown in Table 2.4. As outlined in the RFAC the 1 and 6 hour values are
not influenced by orographic factors, while the 24 hour and 10 day values
are significantly affected. The RFAC states that an orographic factor of 1.5
should be used for durations greater than 12 hours and elevations greater
than 800 m. This is a very general rule and as the site is at an elevation of
approximately 1000 m, and as orographic influences tend to increase with
elevation, it can be argued that a factor of somewhere between 1 and 1.5
would be more appropriate. However, for the sake of conservatism, a value

of 1.5 was used.

The 10 day PMP was estimated by assuming a ratio of 10 day to 1 day PMP
of 2.0. Regional long duration extreme precipitation values are currently
not available from AES (Atmospheric Environment Services) and therefore
it is not possible to accurately determine 10 day PMP values. However,
based on a number of PMP studies in the U.S., and considering the
conservativeness of the 24 hr PMP value, a ratio of 2.0 was considered
reasonable and appropriate for estimating the 10 day PMP value of 406 mm.
This value was used for evaluation of embankment storage requirements.

REGIONAL GEOLOGY

The Mt. Polley site is located in an alkalic intrusive complex in the Quesnel
Trough, a 35 km wide north-west trending volcanic sedimentary belt of regional

extent.

The rock units are segmented into blocks by several faults, including an inferred
north westerly trending normal fault which extends along Polley Lake. The
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predominant structure of the region is north-west trending and dipping steeply to the

north-east.

The topography is generally subdued and has been glaciated. Surficial deposits of
well graded dense glacial till material are common throughout the region and are
typically present in greater thicknesses in topographic lows. Bedrock exposures are

common at higher elevations.

Detailed descriptions of both bedrock and overburden geology are presented in
Section 5.0, as well as Appendix B1 “Report on 1995 Geotechnical Investigations
for Mill Site and Tailings Storage Facility”. Additional drillhole logs obtained from
the 1990 geotechnical site investigation are included in Appendix B2.

2.3

2.3.1
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SEISMICITY

Regional Seismicity

The Mt. Polley project is situated within the interior of B.C., an area that
historically is of low seismicity. The site is located within the Northern
B.C. source zone (NBC), close to the boundary with the Southeastern B.C.
source zone (SBC), as defined by Basham et al (1982). Basham assigns a
maximum earthquake magnitude of 5.0 for the NBC zone, being one-half
magnitude unit above the observed maximum magnitude of 4.5. Similarly,
a maximum magnitude of 6.5 has been set for the SBC zone, based on
historic earthquake data.

There has been much debate in recent years concerning the possibility of a
large interplate earthquake of magnitude 8 or 9 along the Cascadia
subduction zone. However, such an event would be located at over 400 km
west of the project site. Southwest of the site lies the Northern Cascades
region where a maximum earthquake magnitude of 7.5 has been estimated,
based on historic seismic records and geologic data (Leader Lake Seismic
Risk Assessment). This potential source zone lies at a minimum distance of

=P 1625/1
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2.3.2

about 200 km and therefore is unlikely to have a significant impact at the

site.

Seismic Design Parameters

A seismic hazard assessment for the project site has been completed using
both probabilistic and deterministic methods. Seismic ground motion
parameters for both the Design Basis Earthquake (DBE) and Maximum
Design Earthquake (MDE) have been determined.

The probabilistic analysis was carried out by the Pacific Geoscience Centre
based on the method presented by Cornell (1968). The results are tabulated

below:

Return Period (Years) 100 200 475 1000
Maximum Ground Acceleration (g) 0.021 0.028 0.037 0.046
Maximum Ground Velocity (m/sec) | 0.043 0.056 0.077 0.094

For the deterministic analysis four potential source zones were considered
for estimation of the maximum ground acceleration at the site. These source
zones are the Northern B.C., Southeastern B.C., Northern Cascades and
Cascadia Subduction Zones, described in Section 2.3.1. The results are
tabulated below together with the maximum magnitude and minimum
epicentral distance for each zone:

Source Zone Maximum | Epicentral Maximum
Magnitude Distance Acceleration
(km) (8)
Northern B.C. 5.0 0 0.13
Southeastern B.C. 6.5 40 0.13
Northern Cascades 7.5 200 0.04
Cascadia Subduction Zone 9.0 450 0.08
-8- 1625/1
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The Northern B.C. magnitude 5.0 earthquake corresponds to a worst case
event occurring directly beneath the project site with a focal depth of 20 km.
Maximum accelerations were calculated using the ground motion attenuation
relationship given by Idriss (1993), using the Mean +1 standard error
relationship. Based on the above, a Maximum Credible Earthquake (MCE)
of M=6.5 causing a bedrock acceleration of 0.13 g has been assigned to the

site.

Selection of appropriate design earthquakes for the tailings facility are based
on criteria given by the Canadian Dam Safety Association’s , “Dam Safety
Guidelines for Existing Dams”. These criteria are given on Table 2.5. A
“LOW?” consequence category has been assessed for the tailings facility as
discussed in Section 6.1.2. For closure and post-closure conditions a
conservative “HIGH” consequence category has been adopted for design.

The seismic ground motions adopted and implications for design are

summarized below:

. The Design Basis Earthquake (DBE) for operations will be taken as
the 1 in 475 year return period event. This corresponds to a
maximum firm ground acceleration of 0.037 g and maximum ground
velocity of 0.077 m/sec. These parameters will be used for the
design of all earthworks structures, including all diversion/water
storage dams and ancillary earthworks. These values are also
recommended for the design of all site buildings and structures,
consistent with the National Building Code of Canada. The above
ground motion parameters place the site in seismic zone 0 for

acceleration and zone 1 for velocity, (Z,<Z,).

. The Maximum Design Earthquake (MDE) for closure of the tailings
facility shall conservatively be taken as 50% of the MCE. This
MDE corresponds to approximately the 1 in 2500 year return period
event, based on extrapolation of data from the probabilistic analysis.
This event gives a maximum firm ground acceleration of 0.065 g
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and has been adopted for the design of the embankment for post-

closure conditions.

Due to the dense nature of the overconsolidated foundation soils at the
project site, the amplification of seismic waves as they propagate from
bedrock to the ground surface will not be significant. Case studies have
shown that ground motion amplification is negligible through dense soil
deposits overlying bedrock. Therefore, maximum bedrock ground motion

parameters have been used for design.
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SECTION 3.0 - TAILINGS CHARACTERISTICS
3.1  PROCESS DESCRIPTION
The tailings from the Mt. Polley operation will be produced from conventional

milling of copper and gold ore. The anticipated tailings stream from the mill to the

tailings storage facility will be as follows:

Solids throughput: 5 million tonnes per year
Percent solids: 35 percent
Solids specific gravity: 2.78

The tailings slurry will be deposited from a series of spigots situated along the crest
of the embankment. The coarser fraction is expected to settle more rapidly to form
sandy beaches with an average slope of about 1 percent. Finer tailings particles will
be transported further before settling, with an overall slope of about 0.25 percent
expected. Overall, the tailings solids are expected to have an average slope of about

0.5 percent.
3.2 PHYSICAL CHARACTERISTICS

Prior to the 1990 “Report on Geotechnical Investigations and Design of Open Pit,
Waste Dumps and Tailings Storage Facility” Coastech Research Inc. conducted
preliminary metallurgical testwork on samples of drill core. Tailings samples were
obtained from this work and a laboratory testing program was conducted on these
samples. Detailed results of the testwork conducted on the tailings for the 1990
report are included in Appendix C and selected information is summarized below.

The tailings are comprised predominantly of silt (64 percent) and fine sand (30
percent) with a trace of clay (6 percent). It is non-plastic, yellow grey in colour and

has a solids specific gravity of 2.78.

A series of settling tests were completed at slurry solids contents ranging from 25 to
45 percent. The tailings particles settled rapidly and a pronounced segregation of
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coarse to fine material was observed. The colloidal clay fraction remained

suspended in the supernatant water for several days.

The tailings initially settled to relatively low dry densities generally in the range of
0.9 to 1.1 tonnes/m’. Consolidation caused by evaporative drying resulted in final

dry densities of approximately 1.3 tonnes/m’.

The volume of initial water recovered from the tailings depends on the initial solids
content of the slurry. At 35 percent solids, the initial water recovery was about 64

percent of the total water in the slurry.

The vertical permeability of the settled tailings was found to range between 1.0 x
10? and 2.0 x 10 cm/s. The horizontal permeability is expected to be significantly
greater due to the pronounced segregation of the soil particles. In practice, the
permeability of deposited tailings will be reduced due to on-going consolidation.

Particle settling velocities were measured as part of the hydrometer test on the silt
and clay sized fraction. The data, presented in Appendix C, are used for

calculating friction losses in slurry pipelines.
3.3 GEOCHEMICAL CHARACTERISTICS

Geochemical testwork on a locked cycle tailings sample, also previously carried out
in 1989 by Coastech Research Inc., included the following:

o Determination of net acid generating potential
e Special Waste Test using acetic acid
. ASTM waste extraction test using carbonic acid

Detailed results of the testwork are also included in Appendix C.
The acid base accounting procedures used were based on recommendations by the
U.S. Environmental Protection Agency. The method includes an evaluation of the

balance between acid producing components (primarily pyrite) and acid consuming
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components (carbonates and other rock types with neutralizing capabilities). The

results of this testwork are as follows:

Sulphur | Paste Acid Neutralization Net Neutralization
(percent) pH Potential Potential Potential
(kgCaCO,/t) (kgCaCO;/t) (kgCaCOs/t)
0.02 8.22 0.6 24.6 24.0

These results indicate that the tailings are not acid producing and have a significant

net neutralization potential.

A special waste classification test was conducted in accordance with the procedure
published by the B.C. Ministry of the Environment, entitled "B.C. Special Waste
List". The results of this testwork are also included in Appendix C. The test
indicates that the tailings from the locked cycle tests do not exceed the B.C. Waste

Management Branch regulations for special wastes.

In addition to the special waste test, an ASTM waste extraction test using carbonic
acid at pH 5.5 was carried out. The test uses carbonic acid for leaching of the
tailings and is a more realistic indication of actual long term water leachable
constituents under slightly acidic rainfall. Details of the test are also included in
Appendix C. The test showed very low levels of water leachable constituents in the
extract, all at concentrations below the lower range concentration for the pollution

control objectives for final effluent discharge.
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SECTION 4.0 - SITE SELECTION

A selection and evaluation of alternative tailings disposal sites was carried out in
1989 and included a comparative assessment of the following factors:

. Capacity and filling characteristics

. Surface hydrology and downstream water usage

. Hydrogeology and groundwater flows

. Aesthetics and visual impact

o Foundation conditions and construction requirements
. Closure and reclamation requirements

. Capital and operating costs

Three possible tailings disposal sites were identified and designated as Areas A, B
and C. The site locations and conceptual layouts are shown on Figure 4.1. A
preliminary site investigation program was conducted at each site to evaluate the
environmental impacts as well as design and construction constraints. Results of
initial site investigations for each site were presented in the 1990 “Report on
Geotechnical Investigations and Design of Open Pit, Waste Dumps and Tailings
Storage Facility” and are not repeated in this report. The three sites are:

. Area A - A cross-valley impoundment located immediately south-east of
Bootjack Lake, in the Bootjack Creek Valley (closest site to open pits and
mill site).

. Area B - A sidehill impoundment located between the south ends of Polley
Lake and Bootjack Lake, within the upper catchment of the Edney Creek
Tributary.

. Area C - A cross-valley impoundment located between the north ends of
Polley Lake and Bootjack Lake, just west of the Frypan Lake in the 6 k

creek swamp.
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The evaluation included environmental, design, operational and economic factors.
Area A was judged the least favourable because it would have required two cross-
valley embankments near the outlet of Bootjack Lake and would have significantly
impacted the Bootjack Creek catchment. Area C, located on a natural divide,
would also require a cross-valley impoundment and would have impacted both the
Bootjack and Polley Lake catchments. Area B is the selected site because it will
provide secure tailings storage that would meet all environmental and closure
requirements at the least cost. Further, it would minimize potential impacts to both
Polley and Bootjack Lake catchments and would keep mine tailings and any leachate
confined to the Edney Creek Tributary watershed.
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5.1

SECTION 5.0 - GEOTECHNICAL CONDITIONS

SITE INVESTIGATIONS

Geotechnical site investigation programs were conducted in the tailings storage
facility area in 1989 and in 1995. The programs included test pits and drill holes to
investigate the geotechnical characteristics and foundation conditions and to evaluate
the geologic factors affecting the design of the tailings facility. The geotechnical
investigations evaluated the tailings basin and embankment foundations, the tailings
and reclaim pipeline route and potential borrow areas. The results of the previous

geotechnical programs are presented in the following Knight Piésold Ltd.

documents:

5.2

5.2.1

522

Association Association

of Consulting des ingénieurs-
Engineers Conseils

of Canada du Canada

“Report on Geotechnical Investigations and Design of Open Pit, Waste
Dumps and Tailings Storage Facility (Ref. No. 1621/1)”, February 19,
1990.

“Report on 1995 Geotechnical Investigations For Mill Site and Tailings
Storage Facility (Ref. No. 1623/1)”, March 14, 1995.

CONSTRUCTION MATERIALS

General

The predominant construction material will be a well graded glacial till
which is abundant in the area. Additional minor quantities of sand and
gravel for drains, etc. are required. If local sources of sand and gravel are
not identified, the material will be imported to the site.

Laboratory Test Work

Glacial till was sampled throughout the tailings facility in the site
investigations. Index testing was performed to characterize the materials,
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followed by specialized testing to evaluate the compaction characteristics, as
well as permeability and shear strength characteristics of the materials.

Selected samples were submitted for the following Index test work:

. Natural Moisture Content
. Atterberg Limits

. Specific Gravity

. Grain Size Distribution

These laboratory test results are presented in Appendix B and summarized
in Table 5.1.

Samples were also selected for additional effective strength, compaction and

permeability test work as follows:

. C-U Triaxial Tests
. Modified Proctor Tests
. Falling Head Permeameter Tests

These laboratory test results are presented in Appendix B and are

summarized on Table 5.2.

Two representative samples of glacial till (TP95-27 and 37) were selected
from test pits located in the Perimeter Embankment foundation footprint and
within the tailings basin for Index test work. The tills comprised sand and
silt with some gravel and clay, with moisture contents ranging from 11.1 to
18.8 percent. The higher moisture content in TP95-37 may be attributed to
the close proximity to fractured bedrock where seeps were identified. The
moisture content of the till in TP95-27 is typical of the fine-grained tills
encountered in the east ridge potential borrow area. Specific gravity tests
on the fine fraction of TP95-27 yielded a result of 2.73.
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Laboratory compaction tests performed on the till sample from TP95-27
yielded a Modified Proctor maximum dry density of 2200 kg/m’ at an
optimum moisture content of 8.0 percent. The optimum moisture content is
approximately 3.1 percent below the natural moisture content of the till.
The overall compaction characteristics are very similar to the till
encountered in the potential borrow area (TP95-31).

Laboratory derived effective strength parameters were determined on glacial
till samples from TP95-27 and 37 using consolidated-undrained (C-U)
triaxial test work. The samples were compacted to a minimum 95 percent
Modified Proctor maximum dry density at the natural moisture content, and
confining pressures of 250 and 750 kPa for TP95-27 and 500 and 1000 kPa
for TP95-37 were applied in stages until failure developed. The triaxial test
was done on both samples and the results were combined to obtain a more
representative result of the shear strength properties of the glacial till. The
tests resulted in the following shear strength parameters:

° g = 35°
° ¢’ =0kPa

Falling head permeameter test work was performed on sample TP95-27 and
yielded a permeability of 4 x 10 cm/sec. The permeability was similar to
the measured permeabilities on glacial till samples from test pits TP95-31
(k=6 x 10® cm/sec) and TPB-13, 14 and 16 (k=2 x 10" cm/sec).

One sample of glacial till (TP95-31) was selected from the potential borrow
area on the ridge east of the tailings facility for Index test work. The till
comprised silty, sandy gravel with trace clay, with a moisture content of

11.0 percent.

Laboratory compaction tests performed on this sample yielded a Modified
Proctor maximum dry density of 2200 kg/m’ at an optimum moisture
content of 7.6 percent. The optimum moisture content is approximately 3.4
percent below the natural moisture content of the till. The overall
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compaction characteristics are very similar to the tills encountered in the
Perimeter Embankment foundation (TP95-27) and at the mill site (TP95-7).

5.3  TAILINGS IMPOUNDMENT

The well graded low permeability glacial till extends over most of the tailings basin,
except at the lower basin and at the Main Embankment where saturated glacial
lacustrine fine sand and silt are exposed at surface. These materials are typically
dense to very dense and have been heavily overconsolidated by glaciers.

Laboratory testwork on these sediments is included on Tables 5.1 and 5.2. The
testwork included C-U triaxial testwork to develop the following shear strength

parameters:
g = 33°
c¢'= O0kPa

These shear strength parameters have been incorporated into the stability assessment
described in Section 6.6.

Falling head permeability testwork on compacted samples indicated permeability
values of between 3 x 107 and 2 x 10° cm/s. The stratified nature of the in-situ
materials indicates that horizontal permeabilities may be an order of magnitude
higher than the laboratory values.

The glaciolacustrine sediments are typically saturated. The water table was

encountered at or near the ground surface.

Additional samples of undisturbed glaciolacustrine sediments were collected on May
16, 1995 and further Index testwork is currently being conducted. Two Shelby tube
samples obtained from the glaciolacustrine sediments have confirmed that they
consist of stiff, overconsolidated materials. Extraction of the samples from the
Shelby tubes was difficult due to the very dense nature of the material. In addition,
three drillholes required for instrumentation will be logged by and tested by a
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geotechnical engineer during the upcoming construction program. Samples will be
collected and additional testing will be conducted as necessary on the

glaciolacustrine sediments.
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6.1

6.1.1

6.1.2

SECTION 6.0 - TAILINGS FACILITY DESIGN
DESIGN CRITERIA
General

The principal objectives for the design of the tailings storage facility are to
ensure complete protection of the regional groundwater and surface water
flows both during operations and in the long-term, and to achieve effective

reclamation at mine closure.
The principal requirements of the design are as follows:

6)) Permanent, secure and total confinement of all solid waste materials

within an engineered disposal facility.

(ii) Control, collection and removal of free draining liquids from the
tailings during operations for recycling as process water to the

maximum practical extent.

(iiiy  The inclusion of monitoring features for all aspects of the facility to
ensure performance goals are achieved.

(iv)  Staged development of the facility to distribute capital expenditure
over the life of the project.

Design Basis

The design basis and criteria for the tailings storage facility, including the
embankments, surface water diversion system and tailings and reclaim
pipework systems are based in part on the review comments by the Ministry
of Energy, Mines and Petroleum Resources (MEMPR) and on the
appropriate and conservative design parameters from hazard classification,
seismic data, hydrological studies and geotechnical site investigations. The
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6.1.3

Association Association

of Consuiting des Ingénieurs-
Engineers Conseils

of Canada du Canada

basis and criteria for all aspects of tailings facility design, construction and
operations are discussed in the following sections and are listed on Table
6.1. Provisions for tailings facility water management, including surface
water diversion, seepage flows and flood control are also included.

A hazard classification for the tailings facility has been assessed to establish
design flood and seismic criteria. The hazard classification is based on the
Canadian Dam Safety Association’s (CDSA) “Dam Safety Guidelines for
Existing Dams”, which states that “Tailings dams and their appurtenant
structures must be protected against the same hazards and to the same extent
as embankment dams ...”. Details of each consequence category and the
corresponding potential consequences of failure are given in Table 6.2.

Accordingly, a "LOW" hazard classification or consequence category has
been assessed for the tailings facility. This implies that the consequences of
failure consist of a low economic loss and low environmental impact.
Seismic design parameters relevant to this category have been used for
design of the facility during operations. A Design Basis Earthquake (DBE)
corresponding to the 1 in 475 year return period event has been adopted,
and corresponds to the National Building Code of Canada standard.

For closure and post-closure conditions a conservative "HIGH" consequence
category has been selected for design. Specitically, the embankment has
been designed to accommodate a maximum design earthquake (MDE)
corresponding to 50% of the maximum credible earthquake (MCE) and has
been designed to accommodate the PMF flood event.

Construction Schedule

The Stage Ib embankment and surface runoff diversion ditches must be
constructed in the summer of 1995 so that one full year of runoff, including
the 1996 freshet, is in the tailings storage facility prior to mill start-up,
scheduled for late 1996 or early 1997. The Stage Ib embankment also
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provides storage for the first year of tailings deposition. The 1995 Stage Ib

construction program will include the following activities:

Association
of Consulting
Engineers

of Canada

Tree clearing in the tailings impoundment.

Construction of the sediment control pond and decant structure
below the Main Embankment. This sediment control berm will form
part of the relocated Bootjack-Morehead Connector.

Stripping and clearing of the Main Embankment footprint and
tailings basin to El. 931 metres minimum.

Installation of groundwater monitoring wells.
Stockpiling topsoil, as required.

Excavation of exploration trenches to define the limits of the
glaciofluvial sediments in the tailings basin and the Main
Embankment foundation.

Placement of basin groundwater drains in exploration trenches and
extension of drains to the Main Embankment seepage collection

pond.

Placement of till liner over glaciofluvial sediments exposed in the

tailings basin.

Construction of the Stage Ib Main Embankment to El. 931 metres,

including the toe drain.

Extension of the Main Embankment toe drain pipework to the

seepage collection pond.
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o Construction of a seepage collection pond for the Main
Embankment.
. Stripping and clearing of the Perimeter Embankment footprint up to

El. 931 metres minimum.

o Installation of the Stage Ib Perimeter Embankment toe drain outlet
pipework.
. Construction of the Stage Ib Perimeter Embankment and toe drain to

El. 931 metres.

. Construction of the Perimeter Embankment seepage collection pond.
. Excavation of the reclaim barge channel from El. 918 to El. 932.
. Construction of surface runoff collection/diversion ditches and flow

control structures.

Additional work required in the summer of 1996 prior to mill start-up will

include:
. Final installation and commissioning of tailings delivery pipework.
. Installation and commissioning of the reclaim barge, pumps, reclaim

pipework, booster pumpstation and spill contingency provisions.
e Completion of access road construction.
An approximate construction schedule for Stage Ib is shown on Figure 6.1.
Site Layout and Operating Strate
The tailings storage facility incorporates the following features:
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A basin liner comprising natural low permeability glacial till over
most of the basin and a constructed glacial till liner at lower
elevations where glacio-lacustrine sediments are exposed at surface.

A partial basin groundwater underdrain and seepage conveyance
pipework at the Main Embankment.

A groundwater monitoring well system for evaluating the seepage

quality.

A zoned Main Embankment to be constructed from low permeability
glacial till material excavated from within the tailings basin. Similar
glacial till materials will be incorporated in all the main zones of the
embankment, but placement and compaction requirements will vary
between zones. The Main Embankment will have foundation and
toe drains and will be raised during operations by a combination of
centreline and modified centreline methods. Drainage water and
seepage losses to groundwater will be collected in a seepage
collection pond and returned to the tailings impoundment.

The Perimeter and South Embankments will be incrementally
constructed as required by the rising tailings level. A seepage
collection pond and two groundwater monitoring wells will be
incorporated along the Perimeter Embankment.

Tailings delivery pipework will be installed from the mill site to the
Main and Perimeter Embankments. Tailings will flow by gravity for
the entire life of the tailings storage facility. Tailings pipework may
be extended to the South Embankment in the later years of operation
if required. Pipework will include multiple spigot offtakes to allow
control of tailings beach development and the location of the
supernatant pond. Spill containment provisions are included along
the pipeline and emergency discharge points will be located to
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ensure total containment of tailings materials within the

impoundment.

. A reclaim barge channel will be excavated. A pump barge and
pipework will be installed to pump supernatant water back to the
mill for re-use in the process plant. The reclaim pipeline also
includes provisions for spill prevention, containment and control.

. Diversion ditches and runoft collection ditches will be constructed to
allow diversion of the required amounts of surface runoff into the
tailings storage facility to meet process water quantity requirements.
The diversions will have flow control structures to divert excess
water from normal runoff and during storm events out of the

facility, as and when required.

Details of the tailings storage facility and runoff control ditches are shown
on Dwg. Nos. 1625.110 and 1625.114.

Tailings Storage Capacity

The tailings storage facility depth-area-capacity-filling rate relationships are
presented on Figure 6.2. The projected filling rate and rate of rise for the
tailings are based on a production rate of 13,425 tpd. The curves indicate
that after approximately 3 years of operation the tailings surface area is
sufficiently large that the on-going rate of rise is less than 2.5 metres per
year. Also, by Year 6 of operations the rate of rise remains constant at

approximately 2 metres per year.

The tailings facility has been designed to contain 68.6 million tonnes of
tailings solids at an average dry density of 1.28 t/m’ (1.1 t/m® for Year 1,
1.2 t/m’ for Year 2 and 1.3 /m’ for Years 3 through 14) with a flat tailings

surface.
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As shown on Figure 6.3, additional storage capacity has also been
incorporated into the design for 2 million m’ of process (reclaim) water on

top of flat tailings surface.

An emergency storage volume of at least 0.68 million m® will aiso be
available on the tailings surface, both at start-up and during on-going
operations. This storage volume corresponds to the maximum total runoff
from a 24 hour PMP event centred on the tailings facility and the catchment
area immediately above the facility, assuming complete failure of the
diversion ditches and a 95% runoff coefficient. As discussed in Section 2,
the volume is derived from a 24 hour PMP value of 203 mm. Figure 6.3
shows that there is a minimum of one metre freeboard available above the
PMP runoff volume inside the impoundment for wave runup and emergency
flood storage. The 10 day PMP runoff volume is projected to be
approximately 1.36 million m> which can also be completely contained
within the impoundment. Therefore adequate storage capacity will always
be available within the tailings impoundment for complete containment of
the PMP event, and an emergency spillway will not be required during

operations.

Reclaim Water Storage Capacity

As stated in the previous section, the design of the tailings storage facility
includes for the provision of 2 million m’ of storage for reclaim water on
top of the tailings surface. This water will be required prior to mill start-up
and to supply the milling process during the cold winter months when
surface runoff is at a minimum. This stored water is the key to the
elimination of the requirement for a dam on Polley Lake.

Tailings solids typically form beaches which slope gradually to the
supernatant pond. The depth and extent of the process water pond depends
on the slope of the tailings surface. Figure 6.4 provides a summary of
capacities, pond depths and pond areas for tailings surfaces which have an
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overall slope of 0.5 percent at the end of Year 8 and after Year 14 of

operations.

The extent and depth of the supernatant pond have also been determined for
tailings slopes of 0.25, 0.5 and 1 percent at various times during operations
for both 1 and 2 million m® of water, the expected range of operational
conditions. These studies indicate that there will be sufficient flexibility
within the operating plan to ensure adequate storage volume on the tailings
surface while maintaining exposed beaches adjacent to the embankment for
staged expansions. Based on operating experience at other tailings storage
facilities, a tailings production rate of approximately 13,425 tpd will provide
sufficient coarse tailings for adequate beach development. The tailings
consist of approximately 30 percent sand fraction which is comparable to
other tailings at existing facilities which have achieved satisfactory beach

development.

Although an average tailings beach slope of 0.5% is assumed, slopes
adjacent to the upstream face of the embankment are typically in the range
of 1-2 percent. This assists in maintaining the supernatant pond and
phreatic surface away from the upstream face of the embankment during
periods of high runoff into the facility.

Staged Development

The tailings embankments have been designed for staged development
during operations in order to minimize initial capital expenditures and
maintain an inherent flexibility to allow for variations in operation and

production throughout the life of the mine.

The initial embankment (Stage Ib) will be constructed to El. 931 metres to
provide adequate storage for 1 full year of surface runoff, including the
1996 freshet, which is required for mill start-up, plus tailings storage for the
first year of production. These elevations will allow for uncertainties in the
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actual start-up date and ensure that adequate freeboard will be maintained
throughout the construction program in the following year.

On-going requirements for embankment construction are shown on Figure
6.3 and on Dwg. No. 1625.111. Staged embankment fill quantities are
presented on Table 6.3. The Stage Ic embankment raise by centreline
expansion, will provide incremental storage capacity for approximately 1
year of production. The Stage II raise and each of the successive raises will
provide incremental storage capacity for approximately 2 years of operation.
However, on-going evaluation during operations will provide the basis for
determining whether annual raises are more expedient for staged expansion
of the facility.

All raises after Stage Ib will require fill to be placed on competent tailings
beaches. A coarse bearing layer of gravely alluvium or hard waste rock will
be included as required for the initial construction on the tailings beach for
Stages Ic and II. The low rate of rise of the tailings surface and the
provision of underdrainage at the upstream toe of the embankment will aid
in ensuring that the tailings beach is drained and consolidated in order to

enhance fill placement on the tailings.

It is anticipated that on-going raises of the tailings embankments will be
facilitated by production of cycloned sand from the bulk tailings in the later

years of operation.

Additional expansion of the facility is possible to accommodate tailings
production in excess of 69 million tons due to increased ore reserves.
Embankment raises above the proposed final crest elevation of 960 m would
be constructed as required by incorporating a downstream extension of the
embankment toe. In addition to an increased storage capacity for the facility
this would also ensure that embankment stability is maintained. Detailed
stability analyses would be performed in the design of future embankment

raises.
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TAILINGS IMPOUNDMENT PREPARATION

Clearing and Topsoil Stockpiling

Preparation of the Stage Ib tailings basin and embankment footprints will
comprise clearing, stripping and topsoil stockpiling. Tree clearing will also
be required over areas of the tailings basin, seepage collection ponds and
access roads, during Stage Ib construction. Topsoil will be stripped from
the Main Embankment footprint and from the tailings basin up to a
minimum elevation of 931 metres, as shown on Dwg. No. 1625.102. The
excavated topsoil will be stockpiled in locations shown on Dwg. No.
1625.102 or as otherwise required by the Engineer.

Liner Design and Extent

Most of the tailings basin is blanketed by naturally occurring low
permeability glacial till which will function as an in-situ soil liner over much
of the tailings storage facility. However, near the Main Embankment
foundation an imported soil liner will be placed over the glaciofluvial/
glaciolacustrine sediments identified in recent site investigations. The extent
of the basin liner will be determined by excavating a series of exploration
trenches to evaluate both the thickness and quality of the in-situ till soil
liner. The anticipated locations of the exploration trenches and the
approximate extent of the till liner are shown on Dwg. No. 1625.101,
although the final extent will be determined in the field, based on findings of
the exploration trenches. The exploration trenches will also be used for the
basin groundwater monitoring drainage system. The location of the
exploration trenches and basin groundwater drains will be adjusted in the

field to promote drainage in surficial materials.

Drains will be included to provide drainage and seepage control in the
glaciofluvial/glaciolacustrine deposits in the lower basin and in the Main
Embankment foundation, as shown on Dwg. Nos. 1625.101 and 1625.102.
The drains will consist of perforated CPT pipes surrounded by drain gravel
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and backfilled with suitable free draining material. Geotextile will be used
for material separation and filtration surrounding the drain gravel. Drain

sections and details are shown on Dwg. No. 1625.102.

The imported low permeability basin soil liner will be extended to overlap
onto existing dense low permeability till which is at least 2 meters thick or
as otherwise required by the Engineer. The liner will be placed and
compacted in three 150 mm thick lifts and will then be covered with a 650
mm thick layer of random fill which will serve to protect the liner from frost
penetration and equipment traffic. The depth of frost penetration for the
first winter has been calculated using methods outlined by Zarling (1990).

The following assumptions have been made:

. Temperature data from the Likely, B.C. Weather Station.

° Material thermally equivalent to silty sand and gravel.

] Moisture content of fill is 8% and dry density is 1920 kg/m3
(moderately compacted frost protection layer).

. 0.3 m thick layer of snow cover, and no ponded water.

With these assumptions, the depth of frost penetration has been calculated to
be 0.4 m during the first winter following construction. However, the
protective layer thickness will be 0.65 m to ensure adequate cover in the
event of less snow cover and to ensure that the compacted basin liner is not
damaged by frost. Details of the liner are included on Dwg. No. 1625.102.

The Engineer will specify the location and frequency of laboratory and in-
situ testing of both the natural stripped glacial till materials and of the
compacted basin liner prior to placement of the random fill protective layer.
The testing program will include field air entry permeameter testing to
determine the in-situ permeability of the basin liner. Laboratory
permeameter testwork will also be conducted to provide additional quality
assurance and quality control information. These procedures will form part
of the overall QA/QC program as discussed in Section 6.4.
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A groundwater monitoring well system will be installed as part of the 1995
Stage Ib construction program. The wells will be used for groundwater level
and quality monitoring and will have the capability to function as pumpback

wells.
Sediment Control Structures

In order to prevent turbid surtace runotf from impacting the environment
downstream of the tailings storage facility, appropriate measures will be
taken that will enable the runoff to be controlled and sediments removed
prior to discharge into natural water courses, as shown on Dwg. Nos.
1625.112 and 1625.113. The measures will include the construction of a
sediment control berm, which will be required prior to basin stripping.
Once some embankment fill has been placed the primary sediment control
feature will be the tailings embankment.

The criteria which have been used in the design of the sediment control

berm include:

. 1 in 10 year 24 hour rainfall with a 100% runoff coefficient (1.35
mm/hr)

. The catchment area is 340 ha, including the entire tailings storage
facility (230 ha) plus the immediate catchment above (110 ha).

. The total runoff volume is 110,160 m’

The strategy for sediment control includes the provision of storage capacity
for the entire storm volume (above), with a decant structure used to release
acceptable water after a suitable retention time. The sediment pond has a
storage capacity of 118,300 m’® and has a decant structure which will be
used to control the water level. The sediment control berm will also serve
as a permanent road fill for the Bootjack/Morehead Connector relocation.
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EMBANKMENT CONSTRUCTION

General

The tailings embankments have been designed for staged development
during operations in order to minimize initial capital expenditures and
maintain an inherent flexibility to allow for variations in operation and
production throughout the life of the mine. The embankment includes three

components which are:

) Main Embankment
® Perimeter Embankment
° South Embankment

The Main and Perimeter Embankments are zoned earthfill structures with
low permeability glacial till core zones, upstream drains and a downstream
random fill zone. The South Embankment is a zoned earthfill water
retaining structure.

The low permeability glacial till liner which will be placed in the tailings
basin will also tie into the embankment core zone. The embankments will
be expanded using downstream and centreline construction techniques
during the first two years. The Main and Perimeter embankments will be
expanded by modified centreline methods for the future stages, whereas the
South Embankment will be constructed by downstream and centreline

methods.
Geotechnical Considerations

The primary geotechnical considerations for embankment construction are
foundation stability and drainage. Previous geotechnical investigations at
the Main Embankment footprint identified glacial till which overlies the
glaciofluvial/glaciolacustrine deposits. Laboratory test work conducted on
samples of these materials indicated that both materials have adequate shear
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strength to ensure foundation stability of the embankments. These materials
are saturated in the valley bottom and initial construction of the Main
Embankment will require the removal of any soft materials prior to the
placement of embankment fill. As discussed in Section 6.2, a drainage
system will be installed in the Main Embankment foundation and within the
lower portion of the tailings basin to allow drainage of the glaciofluvial
deposits to facilitate construction and increase the embankment foundation
stability. In addition, a low permeability glacial till soil liner will be used to
provide a barrier against seepage from the tailings mass in areas where the
existing glacial till cover is thin. This liner will tie into both the core of the
Main Embankment and the existing thicker deposits of glacial till to provide
the tailings basin with a continuous, low permeability liner.

The foundation for the Main Embankment will be prepared to ensure a firm,
stable base for the embankment. After topsoil stripping has been completed
and prior to commencing fill placement, the embankment footprint will be
inspected by the Engineer. Any wet, soft or otherwise unsuitable areas will
be excavated and repaired with suitable compacted replacement materials.

As noted in Section 5.2, the glacial till in the proposed borrow areas is
found approximately 3% wet of the Modified Proctor optimum moisture
content. Achievement of the specified 95% of Modified Proctor maximum
dry density and maintenance of a trafficable fill surface will therefore
require some drying of the material for use in embankment zone S fill
construction. The Engineer will designate the required range of fill
placement moisture contents based on results of control tests on samples of
the materials from the borrow area.

Adjustment of moisture content will preferentially be carried out in the
borrow area by scarifying the surface of the borrow face and allowing the
material exposed on surface to dry. The borrow will be developed by
scrapers working from one side to the other to selectively obtain drier
material. The Contractor will have a disc harrow or Rome plow available to
further dry the material on the fill if required by the Engineer. Fill
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placement will be suspended during rainy periods and all borrow areas and
embankment fill will be sealed with a smooth drum roller. Fill and
excavation surfaces will also be sloped to promote surface runoff and

prevent ponding.

Routine monitoring of piezometers to be installed within the stage Ib
embankment will be carried out to ensure that pore pressures do not exceed
designated maximum levels required to maintain embankment stability and
an adequate factor of safety. Analyses to determine the effect of potential
excess pore pressure development on embankment stability during
construction are described in Section 6.7.3.

Borrow Areas

The Main, Perimeter and South Embankments will be constructed
predominantly from glacial till borrowed from within the tailings basin to
the maximum extent possible to minimize ground disturbance outside of the
facility and to maximize storage within the impoundment. Borrow areas for
on-going staged expansions of the embankments will utilize glacial till

borrow materials as indicated on Figure 6.5.

The borrow areas will be selectively developed from the lower elevations
within the tailings basin first, in order to provide the maximum amount of
borrow from within the basin for on-going staged expansion of the
embankment. It is expected that the tailings basin borrow areas will be
developed with scrapers and maximum 3h:1v slopes will be specified. Any
seams of coarser till or sandy zones will be mapped by the Engineer and
compacted low permeability glacial till liner will be constructed over these
higher permeability sections after the borrow area is depleted and prior to
impoundment of water or tailings.

Construction materials for on-going staged expansion of the tailings
impoundment will be obtained from within the tailings basin for as long as
practical. However, on-going tailings deposition and project infrastructure
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such as diversion ditches, tailings pipework, reclaim pipework and topsoil
stockpiles will restrict borrow area development within the tailings basin.
Therefore, a separate borrow area immediately downstream of the left
abutment of the Main Embankment will be developed as required. This
external borrow area has adequate quantities of suitable glacial till materials
for on-going staged expansion ot the impoundment. The sediment control
measures incorporated along the realigned section of the Bootjack-Morehead
Connector will remain in place for on-going borrow area development.

Stage Ib Construction

The Stage Ib embankments will be constructed to minimum El. 931 metres
in 1995, as shown on Dwg. No. 1625.110. Stage Ib will function as a
water retaining dam and will store the freshet runoff as a source ot water for
mill start-up in the first year. It will also provide storage for the first year
of tailings production. The embankments will include a large upstream core
zone (Zone S) comprising well graded, low permeability, glacial till placed,
disced as required and compacted with a 10 tonne vibratory padfoot roller in
300 mm horizontal layers. The core zone material will be compacted to at
least 95% of the modified proctor dry density or as otherwise required by
the Engineer. Zone B, situated immediately downstream of the Zone S core
will also comprise glacial till materials from local borrow areas. The Zone
B glacial till will be placed and compacted by the 10 tonne vibratory padfoot
roller in 600 mm layers as required by the Engineer.

The glacial till materials are expected to be slightly wet of the modified
proctor optimum moisture content (+2 to +3%) and no special moisture
conditioning measures are likely to be required by the Engineer except for
discing and drying to reduce the moisture content and selective preparation
and drying of the borrow areas if the materials are too wet to ensure proper
compaction. In general, the glacial till materials are expected to be suitable
for direct placement and compaction in the embankment fill zones.
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A toe drain will be installed along the upstream face of the Stage Ib crest to
depress the phreatic surface in the tailings and thus minimize seepage
through the embankment. The drain will extend to the abutments where
pipeworks will extend to the drain monitoring sump. A drainage system
will be constructed along the upstream face of the embankment raise to tie
into the toe drain and provide drainage and control of the phreatic surface
along the length of the embankment.

The Main Embankment seepage collection pond will be constructed
downstream of the Main Embankment during the early stages of
construction. The pond will collect water from the basin groundwater
drains, embankment foundation drains, the groundwater monitoring well
system and process water from the embankment toe drain. The solutions
will be recycled back into the tailings facility. Details of the Main
Embankment seepage collection pond are shown on Dwg. No. 1625.113.

The first stage of the Perimeter Embankment will also be constructed during
Stage Ib, as shown on Dwg. No. 1625.110. Due to the elevation of the
ground at the embankment site, only a small section of the embankment is
required. A toe drain conveyance of pipe will be installed in the foundation
and will drain into the Perimeter Embankment Seepage collection pond,
which will also be constructed in 1995. Details of the Perimeter
Embankment Seepage collection pond are also shown on Dwg. No.
1625.113. The toe drain will be progressively extended along the abutments
during future embankment raises.

The South Embankment is not required until Stage III (Year 2000).

Embankment Drainage Provisions

In order to facilitate drainage of the tailings mass and to control the phreatic
surface within the embankment, the following embankment drainage

provisions have been incorporated:
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Foundation Drains

A total of four foundation drains have been incorporated in the
design, as shown on Drawing No. 1625.102. The drains consist of
perforated CPT tubing which run along the axis of the Main
Embankment. The CPT tubes are placed in a gravel surround with
filter fabric and drain into solid conveyance pipework which runs to
the drain monitoring sump. For Stage 1b, two of the drains will be
constructed. = The remaining drains will be built in future

embankment raises.
Toe and Blanket Drains

An upstream blanket drain will extend along the tull length of the
embankment in the Stage Ic and II expansions.  On-going
embankment expansions will incorporate more permeable cycloned
sand instead of glacial till for the upstream fill, and the drainage
blanket will be replaced by a series of toe drains vertically connected

by riser pipes at 50 m centres.

Toe drains will be constructed at the Main and Perimeter
Embankments and will run the full length of each embankment. The
toe drains will consist of perforated CPT tubing with a filter sand
surround. The perforated CPT pipes will be connected to solid
conveyance pipework which runs to the drain monitoring sump of
the Main Embankment. At the Perimeter Embankment, the
conveyance pipe will flow directly into the seepage collection pond.
The drains will be constructed so that future extensions are easily

constructed in subsequent embankment raises.

For Stage 1b, the Main Embankment toe drain slopes from the
centre to each abutment, when the pipes will be left exposed for
future expansions. The filter sand will be placed all the way up to
the Stage Ib crest, as shown on Drawing No. 1625.111. At the
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Perimeter Embankment, the toe drain slopes from the abutments to
the centre.

Staged Expansions

The staged embankment construction sequence is shown on Dwg. No.
1625.111. The staged expansions will incorporate a combination of
centreline and modified centreline construction methods and will utilize
glacial till, cycloned sand and random fill for the various embankment
zones. The random fill zones will likely be constructed from glacial till
from local borrow areas, placed and compacted in 600 mm lifts. However,
the specific requirements will be determined after construction and operation
of the first phase of the project. The on-going embankment raises will be
re-evaluated during mine operations to ensure that adequate storage capacity
and embankment freeboard are maintained throughout the life of the mine.

The embankment drains will also be extended during on-going embankment
expansions. The Stage Ic expansion of the embankment will include
extension of the blanket drain and riser pipes. Some of the subsequent stages
will include placement of an additional horizontal toe drain with a perforated
pipe that ties into the riser pipework. In general, every second embankment
raise will include the installation of a new toe drain. Additional outlet
pipeworks to the seepage collection ponds will be included as required based
on operational monitoring. These additional toe drain sections and
extensions of the pipework will ensure that the drains remain functional
during operations and after closure even if minor embankment settlements
due to tailings consolidation or earthquake induced deformation occur.

The design will be reviewed on an on-going basis and modifications to
drainage systems incorporated as required based on operating experience

and monitoring records.
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6.4

QA/QC PROCEDURES

The quality assurance (QA) and quality control (QC) procedures are described in
detail in the Site Inspection Manual (Knight Piésold 1995, Ref. No. 1625/2).
QA/QC testing will be directed by Knight Piésold. A field laboratory will be set up
to enable the following control and record testing to be conducted on-site:

Moisture Content (ASTM D2216).

Particle Size Distribution (ASTM D422).

Laboratory Compaction or Moisture-Density Relationship (ASTM D1557)
Specific Gravity (ASTM D854).

Atterberg Limits( ASTM D4318).

Field Density (ASTM D2167).

Laboratory and Field Air Entry Permeameter(LAEP or FAEP).

Detailed testing frequencies and schedules are outlined in the SI manual and Knight

Piésold will provide on-going review of all QA/QC data.

Technical Specifications (Knight Piésold, 1995. Ret. No. 1625/3) have also been
developed for the work, including the following:

Specifications for basin clearing, stripping and topsoil stockpiling.

Specifications for installation of groundwater monitoring wells, including

materials and procedures.

On-site evaluation of the required extent of the basin groundwater drains

and their installation, including materials and procedures.

Soil liner acceptance or rejection and selection of suitable material for
unacceptable subgrade. In-situ soil liner limits and borrow materials will be
based on control tests including particle size analysis, permeability (Field
AEP), field density and moisture-density relationship.
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Specifications for embankment fill placement, including setting out and
grade control (survey) requirements, control and record testing schedule, fill
acceptance criteria (as above), equipment requirements, geotextile selection
(as needed), compaction specifications, etc.

Specifications for supply and installation of geotechnical instrumentation
including vibrating wire piezometers, read out equipment and monitoring

huts, survey monuments, flow monitoring equipment, etc.
TAILINGS CONSOLIDATION ANALYSES

General

On-going consolidation of the tailings deposit is an important consideration
for the design and construction of the facility during operations and at
closure. Consolidation occurs continuously within the tailings deposit
during deposition, and will continue after completion of operations until all
excess pore pressures have dissipated. Expulsion of pore fluids during
consolidation produces settlement of the tailings surface and a corresponding

increase in the average density of the deposit.

Knight Piésold Ltd. have developed a one-dimensional finite element
computer model which predicts the magnitude and rate of tailings
settlement, and the corresponding average density of the deposit. This
model incorporates variable coefficients of consolidation, a void ratio versus
effective stress relationship, an actual or predicted tailings deposition rate

and large strain consolidation theory.

Analyses have been performed to predict tailings surface settlements and

average densities during operation and at closure.
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6.5.2

Parameters and Assumptions

The following parameters and assumptions were incorporated into the

consolidation model:
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Void radio versus effective stress and coefficient of consolidation
versus effective stress relationships were based on available data for
similar tailings materials which exhibit similar settling characteristics
to the Mt. Polley tailings. The selected parameters are felt to be
representative of tailings materials which comprise approximately
20-30% fine sand, 70-80% tines and have a specific gravity of about
2.75.

An initial settled dry density of 1.0 tonne/m’ was used based on the
results of laboratory settling tests for a Mt. Polley tailings slurry of
approximately 35% solids content.

A daily production rate of 13,425 tonnes of dry tailings was
assumed until closure. Tailings deposition was assumed to be carried

out continuously over a 14 year operating period.

The tailings are assumed to be deposited in horizontal layers across

the entire tailings impoundment

An impermeable (no flow) boundary condition was modelled at the
base of the tailings due to the presence of the underlying low

permeability till foundation and liner material.

Evaporative losses trom the exposed tailings surface are ignored.
Surface desiccation of the tailings will further assist in consolidation
and densification of the deposit, particularly after closure once
tailings deposition has ceased and the supernatant pond has been

removed.
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6.5.3 Results

6.6

6.6.1

Estimates of tailings surface elevation and average dry density with
time have been computed for a 14 year operating period.

An average dry density of approximately 1.1 tonne/m’ was predicted
after the first year of operation, and approaches a value of 1.2 tonne/m’
after 2 years. Thereafter, the average dry density increases to about
1.3 tonne/m® and is maintained until closure. The density of the
deposit will increase more rapidly once tailings deposition ceases at
closure and self weight consolidation continues, assisted by surface

desiccation due to evaporation.

The tailings deposit will remain partially consolidated during operations
and for a period of time after closure until all excess pore water
pressures have dissipated. The actual time taken for complete
consolidation will be dependent on the in-situ consolidation

characteristics of the tailings material.

EMBANKMENT SETTLEMENT

General

Settlement of the embankment fill material occurs progressively as the
embankment raises extend over tailings beach material. Analyses have been
carried out to predict the magnitude of these settlements using the one-
dimensional finite element computer model described in Section 6.5.1. In
addition to on-going deposition and consolidation of the tailings material,
surcharge loading has been applied to represent construction of overlying

embankment raises.

Three tailings columns were examined at increasing distance from the Stage
Ib crest as shown on Figure 6.6 and summarized as follows:
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Column A - 6 metres of tailings overlain by embankment Stages II to VII.
Column B - 19 metres of tailings overlain by embankment Stages IV to VII.

Column C - 30 metres of tailings overlain by embankment Stages VI and
VIL

Void ratio versus effective stress and coefficient of consolidation versus
effective stress relationships for the tailings beach material were based on
data obtained for similar coarse tailings material from existing tailings
facilities. An initial settled dry density of 1.2 tonne/m’ was adopted for the
beach tailings which will consolidate more rapidly than the tailings slimes
within the facility.

Analyses have been carried out to predict embankment settlements after each

on-going staged expansion.

During the initial year of operation tailings will be discharged into stored
make-up water within the facility. Lateral segregation of tailings and beach
development will be limited during this time and tailings deposited adjacent
to the embankment will consist of a mixture of bulk tailings material. This
material will likely not consolidate as rapidly as the coarser beach tailings.
The average degree of consolidation of this initial “bulk” tailings zone has
been predicted. Consolidation parameters used for the tailings consolidation
analyses described in section 6.5 were adopted to represent these tailings

and are likely to be conservative.

Resulits

Estimates of embankment settlements have been made due to staged
expansions up to the final Stage VII crest elevation of 960 m. These
represent the maximum settlements at the deepest section of the

embankment.
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6.7

6.7.1

in the deepest section of the facility and therefore differential settlements

will not be significant.

For these analyses, only the toe drain located at the Stage Ib crest was
assumed to assist in drainage and the dissipation of excess pore pressures in
the tailings. Additional toe drains will be provided at every second
embankment raise allowing increased consolidation in the tailings mass.
Therefore, settlements are likely to be even smaller than those predicted

above.

On-going fill placement during staged expansion of the embankment
routinely compensates for settlement of the embankment crest. Sloping
internal embankment zones and the chimney drain will deform slightly but
will result in only a very slight flattening of the embankment drainage
system. This will not reduce the efficiency or integrity of the system.

STABILITY ANALYSES

General

Embankment stability analyses were carried out using the limit equilibrium
computer program SLOPE/W. In this program a systematic search is
performed to obtain the minimum factor of safety from a number of
potential slip surfaces. Factors of safety have been computed using
Bishop’s Simplified Method of Slices.

Analyses have been performed to investigate the downstream stability of the
embankment under both static and seismic conditions. These comprised
checking the stability of the final embankment arrangement for each of the

following cases:

1. Static conditions during operations, closure and post-closure.
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2. Earthquake (pseudostatic) loading during operations, closure and

post-closure.
3. Residual (post-liquefaction) tailings strength conditions.

For conditions during operations and at closure the tailings were assumed to
be only partially consolidated, based on the results of the consolidation
analysis. Therefore, an appropriate undrained shear strength was assigned
to the tailings. Tailings effective strength parameters were used for the long
term post-closure condition when complete consolidation has been achieved.

Tailings beach development and the embankment drainage system have been
designed to maintain the phreatic surface away from the upstream face of
the embankment. However, the conservative case of a phreatic surface
within the embankment core zone was also examined as a worst case

condition.

The upstream stability of the embankment has also been considered for the
Stage Ib embankment during water storage conditions and at closure for the
final embankment configuration.

Minimum acceptable factors of safety of 1.3 and 1.5 have been adopted for
this design for static conditions during operations and at closure
respectively. A minimum acceptable factor of safety of 1.1 is considered
appropriate for the tailings residual strength condition.

The stability of the embankment under earthquake loading was analyzed by
applying a horizontal seismic coetficient (acceleration) to the potential
sliding mass. Factors of safety greater than 1.0 imply that there will be no
deformations of the embankment initiated by earthquake loading. For
conditions during operations the Design Basis Earthquake was used, as
determined by the hazard classification for the tailings facility. The
Maximum Design Earthquake was used for closure and post-closure

conditions.
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The influence of construction pore pressures on embankment stability has

also been considered.

6.7.2 Material Parameters and Assumptions

The following parameters and assumptions were incorporated into the

stability analyses:
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Bulk unit weights for the embankment and foundation materials are
based on testwork performed on representative samples. This
testwork was carried out as part of the 1995 geotechnical
investigations (Report 1623/1, March 1995). An average bulk unit
weight for the tailings deposit adjacent to the embankment was
estimated from the results of the consolidation analysis. The
cycloned sands (Zone CS) were assigned a typical value for this

material.

Partially consolidated tailings during operations and at closure were
assigned typical undrained shear strengths ranging from 10 kPa to
55 kPa at depth. For fully consolidated tailings an average effective
friction angle of 30° was adopted. These are lower bound strengths
obtained for other similar tailings materials from in-situ Shear Vane
and Cone Penetration Testing.

Effective strength parameters for the embankment fill and foundation
materials were obtained from consolidated-undrained triaxial
testwork performed on representative samples. These samples were
obtained during the 1995 geotechnical investigation (Report 1623/1).

An effective friction angle of 32° was adopted for the cycloned
sands (Zone CS), which is considered conservative for this material.
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6.7.3

6.7.3.1

. An undrained shear strength of 10 kPa was adopted to represent the
residual (steady state) strength of the tailings material. This is based
on lower bound values obtained for similar tailings materials and is
also consistent with lower bound data presented by Seed (1990) for
the residual undrained shear strength of sands.

o The location of the phreatic surface within the tailings facility has
been estimated from a steady-state seepage analysis, details of which

are given in Section 7.

The geometry, material parameters and location of the phreatic surface
adopted in the stability analyses are illustrated on Figure 6.7.

Results of Analvses

Downstream Stability

For the static case during operations a minimum factor of safety of 1.43 was
calculated. This value will increase after closure as tailings consolidation
continues with a corresponding gain in strength. Once a minimum factor of
safety of 1.5 is obtained it is no longer dependent on tailings strength and
the potential slip surface is located within the embankment. The location of
potential slip surfaces during operations/closure and post-closure are given

on Figures 6.8 and 6.9 respectively.

The factor of safety at closure is dependent on the degree of consolidation
and strength of the tailings material adjacent to the embankment. If on-
going monitoring records and stability evaluations indicate that the minimum
required factors of safety are not achieved, a small stability berm will be
constructed at the downstream toe to obtain factors of safety greater than
1.5.

For the extreme case of a phreatic surface within the embankment core zone
a factor of safety of 1.37 is calculated for the embankment at closure. If on-
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going monitoring and piezometric records indicate that an elevated phreatic
surface can develop in the embankment then appropriate stabilization
measures will be incorporated to ensure a minimum factor of safety of 1.5

after closure.

For earthquake (pseudostatic) loading during operations a minimum factor
of safety of 1.28 was computed for a seismic coefficient of 0.04,
corresponding to the Design Basis Earthquake. For conditions at closure
and a seismic coefficient of 0.065, representing the Maximum Design
Earthquake, a factor of safety of 1.2 was obtained. The location of the
potential slip surface for each case are shown on Figures 6.10 and 6.11. It
should be noted that even for a seismic coefficient of 0.13, representing the
Maximum Credible Earthquake, a minimum factor of safety of slightly

above 1.0 is maintained.

The tailings residual strength case represents the steady state strength of the
material after degradation by in-situ straining. Such a condition can occur if
liquefaction is initiated in the material by rapid static or seismic loading
which causes a corresponding increase in pore pressures. A factor of safety
of 1.39 was calculated for this case. This indicates that the embankment is
not dependent on tailings strength to maintain overall stability. The
potential slip surface for this case is shown on Figure 6.12.

It is recognized that some variability in material strength is possible for the
embankment fill and foundations oils. A sensitivity analysis has been
performed to determine the variation in computed minimum factors of safety
for varying effective friction angles in these materials. Both downstream
static stability during operations and post-closure pseudostatic loading have
been considered. The results of these analyses are shown on Figure 6.13.
It is clear from this figure that a reduction in effective friction angle of
several degrees is possible while still maintaining factors of safety of greater
than 1.3 and 1.0 for the static and pseudostatic cases respectively.
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6.7.3.2 Upstream Stability

6.7.3.3

The minimum upstream static factor of safety for the Stage Ib embankment
during water storage is 1.56 and will increase once tailings deposition
commences. Under seismic loading conditions for the Design Basis
Earthquake a minimum factor of safety of 1.37 was computed. The
probability of occurrence of such an event during Stage Ib construction and
water storage is extremely low. However, even for these worst case
conditions a factor of safety well above the minimum of 1.0 is maintained.

For the final embankment configuration the most critical condition occurs
immediately after construction of the Stage VII raise. The factor of safety
for this condition is 1.37. This value will increase rapidly as the tailings
surface adjacent to the upstream face rises during on-going deposition, thus
buttressing the slope, and a value of 1.53 has been calculated for the final
tailings surface elevation. The minimum factor of safety under seismic
loading from the DBE is 1.26.

An average effective friction angle of 30° was adopted to represent the
beach tailings adjacent to the upstream embankment face. These coarser
more free draining, tailings will consolidate rapidly.  Consolidation
modelling has shown that these tailings achieve complete consolidation
shortly after placement of the embankment raise. The location of potential
slip surfaces and assumed phreatic surfaces for each case are shown on

Figure 6.14.
Construction Pore Pressures

The influence of the construction pore pressures on the stability of the Stage
Ib embankment has also been considered. This starter embankment will be
constructed to a height of 18 metres during approximately a 3 month period
and represents the largest construction lift for the facility.
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To maintain a minimum factor of safety of 1.3 during construction, pore

pressures within the embankment fill should not exceed an R, coefficient of
0.14, where R, represents the ratio between total stress and pore pressure at
any depth. Therefore, the maximum sustained pore pressure reading in the
lower fill piezometers must be less than 50 kPa in order to maintain the
minimum factor of safety of 1.3 for embankment stability during

construction.

Pore pressures will be routinely measured during construction using
piezometers installed into the embankment fill and foundations.
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SECTION 7.0 - SEEPAGE ANALYSES

7.1 GENERAL

Seepage analyses were performed using the finite element computer program
SEEP/W. The purposes of the analyses were:

. To establish the pore water pressures within the embankments for stability
analyses.

o To estimate the amount of seepage discharge from the tailings storage
facility.

The seepage rates at each of the Main, Perimeter and South embankments were
considered. The analyses have been based upon simplified cross sections as shown
in Figure 7.1 and the saturated hydraulic conductivities as shown in Table 7.1.

During the initial year of operations tailings will be discharged into stored make up
water, resulting in limited beach development. As a conservative approximation fine
tailings, (zone 3), have been assumed to extend to the upstream face of the
embankment up to the maximum stored make up water elevation of 925 m.

7.2  SUMMARY OF PARAMETERS

Saturated and unsaturated hydraulic conductivities were determined for each
material in the embankment and foundation zones. In assigning hydraulic
conductivity values for the seepage analysis, the typical conductivity functions of
similar soil properties in SEEP/W were used. These functions were slightly
adjusted to match with the actual saturated conductivities of the material. Hydraulic
conductivity values for the tailings mass, embankment and foundation were

determined as follows:
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7.3

The tailings mass was sub-divided into three zones with decreasing
hydraulic conductivity to more accurately model the consolidated, less

permeable tailings with depth.

Hydraulic conductivity values for the various zones of the embankment and
foundation were estimated based upon typical values for similar materials.

BOUNDARY CONDITIONS AND FLUX SECTIONS

Boundary conditions were imposed on the modelled sections t0 more accurately
represent hydrogeologic conditions in the field. These conditions are summarized

as follows:

A no-flow boundary condition was assigned to the nodes along the left side
of the model.

A total head boundary was imposed at the tailings surface to model a

supernatant pond.

The upstream embankment toe drain was modelled by applying a no-head
condition at that location.

Foundation drains were modelled by applying no head nodes at drain

locations.

A hydrostatic pore pressure profile with the water table 2 metres below the
ground surface was assigned to the right boundary of the model.

Flux sections were included in the model to estimate seepage flow across the
various geological units, as well as the engineered components. The following

locations, in particular, were examined closely:

Seepage inflow to the upstream toe drain.
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o Flow collected by foundation drains.

. The amount of seepage flow which bypasses the seepage collection systems.

The amount of flow collected by the seepage collection systems, i.e. the upstream
toe drain and foundation drains will drain to seepage collection ponds downstream
of the Main Embankment and Perimeter Embankment. These seepage flows will be
recycled to the tailings impoundment. The seepage flows which bypass these
seepage collection systems are the only component which will be lost to

groundwater.
7.4  RESULTS
A summary of results from the seepage analyses is presented in Table 7.2.

Two cases were analyzed with low and "high" foundation glacial till permeabilities
to determine the range of foundation seepage rates. Each case assumed a filled
tailings facility with a maximum hydrostatic head in order to determine the
maximum seepage rate. For the low permeability case, the foundation glacial tiil
was assigned a permeability of 107 cm/sec, and a total solution flow rate of 3.8 £/s
(51 gpm) was calculated from the tailings mass. Approximately 90% of the flow
was collected in the upstream toe and embankment foundation drains, while the
remaining 10% of the solution flowed through the foundation. For the high
permeability case, the foundation glacial till was assigned a permeability of 10°
cm/sec, and a larger total flow rate of 4.5 ¢/s (59 gpm) was calculated. In this
case, the solution flowing through the foundation increased slightly to 13%.

In the low permeability case, the solution flow contribution made by each of the

four components is as follows:

. The upstream toe drain collected 76 % (2.9 #/sec or 39 gpm).
. The embankment foundation drainage system collected 13% (0.5 £/s or 7
gpm).
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. Seepage loss through the foundation was 11% (0.4 #/sec or 5 gpm).

In the high permeability case, the solution flow contributions are as follows:

o The upstream toe drain collected 71 % (3.2 ¢/sec or 42 gpm).
. The embankment foundation drainage system collected 16% (0.7 ¢/sec or 9
gpm).

. Seepage loss through the foundation was 13% (0.6 4/sec or 8 gpm).

Considering the results of these two cases, it is evident that the permeability of the
foundation glacial till has only a minor effect on the projected seepage flow rate
through the foundation for the ultimate impoundment. The seepage rates presented
above are expected maximum values which occur late in the project. However,
during the early years of operation, seepage rates are expected to be lower,
particularly at the Perimeter and South embankments where the natural groundwater
table provides complete hydraulic confinement during the first year. As the tailings
surface rises, the seepage rate is expected to gradually increase to the maximum

values presented above.

Tailings facility construction is scheduled to begin in 1995. In the first year of
operation the dam crest elevation will be 931 m, and the facility will be used for
storage of water. During this period the seepage flow has been estimated to be 0.22
£/s flowing across the Main Embankment only. Seepage flow development at each
of the different embankments have been estimated from the results of the seepage
analyses. The variation in seepage flow rates versus year of operation are presented

in Figures 7.2 to 7.4.
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SECTION 8.0 - WATER BALANCE AND MANAGEMENT

8.1 GENERAL

The water management strategy for the Mount Polley project was recently reviewed
and presented in the “Report on Project Water Management” (Ref. No. 1624/1,
February 6, 1995), which is included in Appendix A. The tailings impoundment
will be utilized as a water reservoir both prior to start-up and during operations,
thus eliminating the need for a dam on Polley Lake. The water management plan

has the following objectives:

To minimize the volume of fresh water extracted from Polley Lake.

. To limit the period of water removal from the Polley Lake/Hazeltine Creek

system to high flow periods.
. To regulate additional surface water runoff into the tailings pond.

. To prevent the accumulation of excess water within the tailings
impoundment so that the impoundment and open pit can be operated as a
closed system with no surface water release.

. To supply make-up water for the milling process from within the project

catchment area.

. To minimize the requirement for regulated discharges of surface runoff

from the waste dumps.

These objectives will be managed simultaneously during operations by provision of
surface water collection ditches around the project perimeter and by judicious
transfer of “fresh” surface runoff from designated undisturbed catchment areas
adjacent to the tailings impoundment. The most recent water management strategy
differs slightly from the concept presented in Appendix A (Report on Project Water
Management, Ref. No. 1624/1) as Catchment Area A will no longer be utilized as a
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source of surface runoff for transfer to the tailings impoundment. Catchment Areas

B and C will serve as the main source of additional runoff water which is required

after collection of millsite and waste dump runoff.

A schematic of the overall facility and water management components is shown on

Figure 8.1.

8.2

8.2.1
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WATER BALANCE

General

An overall project water balance was completed by integrating the water
balances for the mine site with the those for the tailings storage facility.
The analyses included a comprehensive series of water balances to evaluate
the volumes of surface runoff water available throughout the life of the
mine. Average annual water balance schematics are illustrated on Figures
8.2 and 8.3 for Years 1 and Year 14 respectively.

A probabilistic water balance analysis using the @RISK Analysis and
Modelling program was developed to describe the effects of a statistical
range of precipitation conditions over the entire life of the project. Over
1000 different combinations of wet and dry precipitation conditions have
been conducted. From the corresponding results, estimates were made of the
probable requirements for fresh make-up water, probable tailings pond
volume and probable volumes of additional water to be diverted out of the

project area.

The overall project components include disturbed and undisturbed areas at
open pits, waste dumps, mill site, tailings storage facility, and the additional
undisturbed catchment areas (Areas A, B and C) immediately upgradient
from the tailings area. @ The water balances considered the staged
development of the various components of the project. Specific assumptions
incorporated in the water balance analyses are consistent with those used in
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previous water balances for the tailings impoundment and mine site
conducted in 1991.

8.2.2 Water Balance Results

When conducting the water balances, a fundamental consideration for the
supply of process water to the milling circuit is that an adequate volume of
water must be available during the cold winter months when precipitation
accumulates as snow and surface runoff is at a minimum. Also, a sufficient
volume of water is required for mill start-up. Given these critical
requirements, water balances were carried out for all 14 years of the project
life, under a range of hydrometeorological conditions and for the various

catchment areas.

The variation in the volume of the tailings pond for average precipitation
conditions exists because it reaches a minimum during the winter months
when there is little surface runotf and reaches a maximum volume in the late

spring after the freshet.

These water balances, included in Appendix A, indicate that the water

requirements for the project can be obtained by:

o Selectively diverting approximately 1.5 million m’® of surface runoff

into the tailings impoundment prior to start-up.

o Providing a minimum volume of about 1.5 to 2 million m’ of water
in storage on the tailings surface during on-going operations in order
to provide sufficient process water during the cold winter months

when surface runoff is minimal.

. Allowing for contingency water extraction of about 300,000 m’
annually from Polley Lake or Hazeltine Creek during peak flow
months.
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The revised water management strategy, wherein a much smaller reservoir
of make-up water is maintained on the tailings surface (as compared to the
previously proposed Polley Lake live storage) represents a greater risk for
the mine operators during periods of extended drought. However, this risk
has been minimized by including the contingency extraction provision of
300,000 m*/yr from either Polley Lake or Hazeltine Creek. The likelihood
that this volume of water would be required is very low (estimated to be less
than 5%). Itis proposed that this 300,000 m’ volume will be extracted at a
maximum rate of about 150,000 m’/month during the peak flow period at
spring freshet so that the impact on the fisheries resource will be minimal.

Water Supply at Start-Up

As stated above, the revised water management plan requires that an
estimated minimum volume of 1.5 million m® of water be stored in the
tailings impoundment prior to mill start-up. This water will be obtained by
constructing the first stage of the tailings embankment (Stage Ib) at least one
year before mill start-up to allow capture of one year of direct surface
runoff, including the freshet. The amount of surface runoff which will be
collected by the Stage Ib embankment for various precipitation conditions is

summarized as follows:

Summary of Water Available at Start-Up
Precipitation Surface Runoff Water (m”) Available
Condition From TSF and Catchment Area B

Average Year 1,557,000
10 Year Dry 1,156,000
50 Year Dry 977,000
10 Year Wet 2,025,000

These results indicate that up to 300,000 m° of water may be required from
Polley Lake during peak freshet flows to provide the required 1.5 million
m® of water to be stored prior to start-up if 10 year dry conditions (or dryer)
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8.3

8.3.1
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are encountered in 1996. Therefore, the surface runoff collection ditch has
been extended to intercept additional catchment from Area C, immediately
adjacent to Catchment Area B.

WATER MANAGEMENT PILAN

General

The objective of the project Water Management Plan in the early years will
be to route all project water flows from disturbed areas into the milling
process or into associated mine site activities such as dust suppression. An
additional objective is to selectively route runoff from Catchment Areas B
and C into the tailings impoundment (Stage Ib embankment) to provide the
1.5 million m® of water required prior to mill start-up. In the later years of
operation the objective will be to monitor and release selected surface water
inflows in order to manage the final volume of ponded water in the tailings
impoundment at closure. The following activities will be incorporated in the

Water Management Plan:

(i) Maximize the capture of surface and groundwater flows from within

the project area.

(ii) Maximize the use of the poorest quality water recovered from within
the project area in the milling process and in associated activities

(such as dust suppression).

(iiiy  Minimize the deliberate introduction of excess clean fresh water
from Polley Lake and Hazeltine Creek.

(iv)  Monitor the quality of surface runoff from disturbed areas and

groundwater flows within the project site.

W) Release only the best quality water from within the project
boundaries and in accordance with permitted requirements, as is
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8.3.2

(vi)

(vii)

necessary to maintain an overall project water balance under actual

hydrometeorological conditions.

Manage the operation of the tailings supernatant pond to optimize
the volume of water stored on the tailings surface during operations

and at closure.

Develop and maintain a detailed data base to allow water balances
for the site to be as accurate as possible and thereby become useful
tools for predicting annual make-up water requirements and for
scheduling releases of clean surface runoff water as appropriate.

Surface Runoff Diversion Ditches

The runoff diversion facilities and their catchment areas are shown on Dwg.
No. 1625.114. Surface runoff diversion ditches will be provided to allow
diversion of surface runoff to the tailings storage facility from various

catchments as follows:
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Catchment Areas B and C - A runoff collection ditch and flow
control structures will be built along the Bootjack-Morehead
Connector Road. Runoff from this area will be diverted at flow
rates of up to approximately 2.5 m’/s. Flood flows from extreme
precipitation and snowmelt events will be routed offsite through
overflow culverts located in existing stream courses.

Catchment above tailings storage facility - in general, all runoff from
this area will be captured in the tailings storage facility during the
early years of operation. However, diversion ditches will be
included in the Stage Ib construction program to allow active
management of this runoff in case of a water surplus in later years of

operation.
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Catchment above tailings area access road, below Bootjack Creek -
this diversion ditch serves both as a pipeline spill containment ditch
and a surface runoff conveyance ditch. All runoff will be directed to
the tailings storage facility.

Catchment above tailings access road, between millsite and Bootjack
Creek - the runoff will be returned to Bootjack Creek with no

transfer to the tailings storage area.

Millsite area - diversion ditches along the lower perimeter of the
millsite area will collect runoft from the millsite and convey the
water to a sediment pond. This water will then be piped back to the
mill or to a drop box to the tailings pipeline so that the millsite
runoff can be returned to the process circuit via the tailings and

reclaim systems.

The design criteria for the diversion ditches are as follows:
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The ditches are sized to convey the peak flow runoff from the 1 in
50 year precipitation event. This tlow was determined on the basis
of site IDF values and the rational formula, as outlined in the MOE
Manual of Operational Hydrology.

Erosion protection and energy dissipation will be provided to
minimize erosion under normal operating conditions. Erosion
damage requiring repairs to surface water control facilities would be

expected during extreme flood events.

For design purposes, “extreme” floods are defined as those with an

annual probability of occurrence of less than 2%.

The need for sediment removal at flow control structures and
sediment control ponds should be checked annually and after major

storm events and carried out when necessary.
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8.3.3
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The design criteria for the flow control structures at Catchment Areas B and
C are as follows:

All flows less than or equal to 2.5 m’/s can be conveyed to the
tailings facility.

Slide gates are provided to close off the diversion culverts when

sufficient water is in storage on the tailings surface.

The depth discharge curve shown on Dwg. No. 1625.115 was
computed based on inlet control to 900 mm diameter culverts.

Final design of flow control structures will require consideration of
detailed geometry and ground conditions at individual existing creek
crossings to ensure proper performance.

A Parshall flume will be provided to monitor inflows to the tailings
storage facility from the Area B catchment. Details of the Parshall
flume and a depth-discharge curve are shown on Dwg. No.
1625.115.

Sediment Control Ponds and Discharge Requirements

Sediment control ponds which discharge to the environment will be sized to
provide a 10 hour retention time of the 1 in 200 year - 24 hour storm runoff
flood flows from the tributary catchment above the sediment pond. All
sediment ponds will be built with 3:1 internal slopes for easy access for
machinery. Erosion control and energy dissipation riprap will be provided
as necessary in spillways and discharge channels.
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SECTION 9.0 - PIPEWORK

9.1  GENERAL

This section describes the pipework and pump systems required for the tailings and
reclaim pipelines and for the seepage recovery system. Design criteria are given
for the various components of the pipework associated with the tailings storage
facility. The pipeline plan and profiles are shown on Dwg. No. 1625.116.
Sections and details are shown on Dwg. No. 1625.117.

9.2  TAILINGS PIPEWORK
9.2.1 General
The tailings pipeline will extend approximately 7000 m from the millsite to

the southwest corner of the tailings storage facility. The tailings system is
designed to flow by gravity and therefore to be self-draining.

9.2.2 Design Criteria

The tailings pipeline will be designed to the following criteria:

. Millsite tailings discharge at approximately E1.1110.

. Tailings embankment crest elevation at startup = E1.931.

. Tailings embankment crest elevation at end of mine life = E1.960.

. Continuous downhill gradient provided to ensure free draining
condition. This prevents potential sanding and freezing problems in
the tailings pipeline.

. The pipe size was chosen to allow gravity flow conditions, (e.g.

open channel or non-pressure flow) over a wide range of operating
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9.2.3

conditions. The hydraulic gradeline and the conditions acting to

raise or lower it are given on Dwg. No. 1625.116.
All pipework is butt fusion welded HDPE.

A drop box is provided below the milisite to allow addition of
millsite runoff from the millsite sump to the tailings stream.

A drop box is provided along the tailings line to allow addition of
waste dump runoff from the south sediment control pond to the

tailings stream.

A drop box is provided at the reclaim booster pump station for
reclaim booster sump overflow into the tailings pipeline.

Spill containment is provided for the full length of all pipelines.

0 From the millsite to Bootjack Creek the pipelines are buried
in compacted select fine grained till below the ditch of the
tailings access road, (see Section 1/1625.117).

0 For the Bootjack Creek crossing the pipelines are sleeved to
provide spill containment. The pipe sleeves are closed at the
upstream (buried pipeline) end and open at the downstream
end to drain to the pipe containment channel (see Section
3/1625.117).

0 From Bootjack Creek to the tailings storage facility the
pipelines are laid in a pipe containment channel cut in (or
lined with) glacial till (see Section 4/1625.117).

Tailings Delivery Pipework

The tailings pipeline is designed as 22 inch (558 mm) dia High Density
Polyethylene (HDPE). Pipe wall thickness (pressure rating) will be selected
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9.2.4
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to accommodate anticipated operating pressures and vacuum conditions as
well as including an allowance for internal abrasive wear.

Tailings Discharge Pipeline

The tailings pipeline will run along the inside crest of the tailings
embankment and will be provided with a series of discharge points to allow
controlled deposition of tailings over the tailings beach. To provide
operational flexibility and to facilitate pipeline moves during embankment
raising, the tailings discharge pipework will be made up in a number of

repeating units, each comprised of:

e a flange at the upstream end,

e several tailings discharge points spaced at 20 to 30 m along the pipe
and

. in-line valves as appropriate.

The tailings pipeline will be secured on the embankment crest by use of
straps and concrete blocks or by guide posts to prevent thermally induced

movements of the pipeline.

The discharge spigots will be made from one of a number of commercially
available options for this purpose. A typical discharge point or “spigot”

comprises:

o a strap-on tee sleeve,
. a pinch valve (required for regulation of high flows or pressures),
. a length of soft PVC (Li-flat type) hose or HDPE pipe

A scissor clamp for on-off control of tailings flow may be substituted for a
pinch valve at low pressure sections. Appropriate erosion control measures
will also be included at the discharge points.
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9.3

9.3.1

9.3.2
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RECLAIM WATER SYSTEM

General

The reclaim water system returns water from the tailings storage facility to
the raw water tank in the millsite for re-use in the process circuit. The
reclaim water system comprises a pump barge, the reclaim pipeline and a

reclaim booster pump station.

Design Criteria

The reclaim water system is designed to meet the following criteria:

. Provide adequate pipeline and pumping capacity to meet operational

process requirements.

. Stage 1 (start-up) drawdown range of initial pond using the pump
barge channel from E1.918 to E1.932.

. Provide a booster pump station at the midpoint of elevation to:
0 Reduce pressure rating requirement for pipelines.
Y Allow use of the same pumps on the barge and in the booster

station to reduce spares required and simplify maintenance.

Reclaim Barge

The reclaim barge will be a prefabricated floating pump station complete
with perimeter trash screens, internal wet well(s), pump(s), valving, piping,

electrical power, instrumentation and control circuitry.

A hinged walkway/pipe bridge is provided for access to the barge from the
side of the reclaim barge channel. The reclaim barge channel is shown in
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plan on Dwg. No. 1625.116 and in section on Dwg. No. 1625.117
(Section 3).

The reclaim barge will include water jets or an air bubbler system to prevent

freezing around the reclaim barge.

Reclaim Pipelines

The reclaim pipelines will extend from the pump barge to the booster pump
station and from there to the raw water tank in the millsite. Due to the high
pressures involved, the lower sections of both pipelines will be heavier wall
and the upper sections will be lighter wall HDPE pipe. Nominal 24 inch
(600 mm) diameter pipelines have been selected to provide the required

water transfer capacity.

Reclaim Booster Pump Station

The reclaim booster pump station will be a prefabricated unit using identical
parts to those at the pump barge to the greatest degree possible for
interchangeability and ease of maintenance.

An interlinked control system will co-ordinate pump operations with process
water demand at the millsite. The control system and pipeworks design will
include necessary provisions for spill prevention.

SEEPAGE RECOVERY SYSTEM

Monitoring Wells

Three monitoring wells, shown on Dwg. No. 1625.110, will be provided to
monitor seepage from the tailings area. These wells will be sampled prior
to operations to establish baseline ground water quality and then during
operations to check for process constituents in the groundwater. The
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9.4.2

9.4.3

9.4.4

monitoring wells will be suitably sized to permit installation of submersible

pumps and operation as seepage recovery wells if required.
Basin Groundwater and Embankment Foundation Drains

Embankment foundation drains located immediately below the compacted till
will relieve any groundwater or seepage pressures which may develop in the
embankment foundations and will convey the resulting flows to the
downstream toe of the embankments. Foundation drain outlets will be
monitored for flow quantity and water quality. Foundation drain flows will
be recycled to the tailings area.

Basin groundwater drains located within the impoundment will convey
groundwater seepage from the glaciofluvial sediments in the same manner as
the embankment foundation drains.

Toe Drain

The toe drains, shown on Dwg. No. 1625.111, serve to dewater the tailings
beach as required for modified centreline raising of the embankment. The
toe drain outlets will discharge to the drain monitoring sumps. The flows
from the toe drains will be monitored and correlated to other

instrumentation data.

Drain Monitoring Sump

A drain monitoring sump is provided upstream of the Main and Perimeter
Embankment seepage collection ponds to allow flow measurements and
water quality samples to be taken from the individual drains. The sumps
will be constructed using 1.8 m dia by approximately 4 m deep manholes
with a low level outlet to the seepage collection ponds as shown on Dwg.
No. 1625.102.
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9.4.5 Seepage Collection Pond Recycle Pumps

The seepage collection ponds are provided with recycle pump systems to
pump the water back to the tailings storage facility. The seepage collection
and recycle system is shown schematically in plan on Dwg. No. 1625.116.
Conceptual details are shown on Detail A/1625.113. A 4 inch dia. DR21
HDPE pipeline would extend from the pumps directly to the crest of the
tailings embankment by the shortest route and discharge directly onto the
tailings beach.
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10.1

SECTION 10.0 - OPERATION AND MONITORING

GENERAL

Geotechnical and environmental monitoring systems are essential for proper
management of the tailings storage facility. The monitoring program will include

the following:

®

(i)

(iii)

(iv)

™)

(vi)

(vii)

(viii)

(ix)

)
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Measurement of the rate of tailings accumulation.

Operational monitoring of tailings characteristics (dry density, etc.) and

water recoveries.
Operational monitoring of supernatant pond depth, area and volume.

Monitoring of piezometers installed in the tailings mass, underdrainage

system and embankment zones.

Sampling of process water in the tailings pond and seepage recycle ponds

for water quality analyses.
Sampling of groundwater in monitoring wells GW95-1 to 3.

Sampling of surface water streams down gradient of the facility for water

quality analyses.
Meteorological (rain, snow, evaporation) and air quality data collection.
Flow monitoring in all seepage collections systems.

Flow monitoring in diversion ditches, runoff collection ditches, Polley Lake
transfer, etc. for detailed on-going evaluation of water balance.
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An Operations Manual will be developed for the tailings facility once detailed
design of the various components is substantially complete.

The main objectives of the Operating Manual are to provide operational procedures
and monitoring systems which will be implemented both prior to and during
operations. In particular, the various components of the project water management
plan will be identified and specific operational and monitoring requirements will be
itemized so that the objective of storing sufficient runoff water in the tailings facility
for mill operations is maintained, while simultaneously preventing the accumulation
of excess water in the tailings impoundment during on-going operations.

A fundamental component of the operating strategy for the tailings facility is related
to the method of controlled tailings discharge from several spigots located along the
crest of the Perimeter and Main embankments. Tailings will be deposited in a
controlled rotational manner wherein about 8 to 10 spigots are operated for a few
days, and then deposition is transferred to the next 8 to 10 spigots for a few days,
etc. Using this method, extensive tailings beaches will develop adjacent to the
Perimeter and Main embankments as illustrated on Dwg. No. 1625.130.

10.2 INSTRUMENTATION
The required geotechnical instrumentation for Stage Ib construction is illustrated on

Dwg. No. 1625.120. A series of vibrating wire piezometers will be installed along
3 main instrumentation planes. These piezometers will monitor pore pressures at:

o basin groundwater drains

. embankment foundation drains

. embankment toe drains

o embankment fill (both during construction and during impoundment filling)
° embankment foundation, and

. tailings, inside the impoundment (future).

The electric piezometer leads will be extended to a common monitoring hut located
downstream of the final embankment toe, as shown on Dwg. No. 1625.120.
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Surface movement monuments will also be installed on the crests of the
embankment each year to monitor settlement. End of construction and beginning of
construction embankment crest surveys will also be carried out for each staged

expansion raise.

Instrumentation details are shown on Dwg. No. 1625.121.

The instrumentation systems will be upgraded as required by the Engineer during
each staged expansion of the tailings embankment. The locations and details of the

additional piezometers and surface movement monuments will be established during

detailed design of each staged expansion.
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SECTION 11.0 - RECLAMATION

11.1 GENERAL

In accordance with requirements under the B.C. Mines Act and Health, Safety and
Reclamation Code for British Columbia, the primary objective of the proposed
Reclamation Plan will be to return the tailings impoundment to an equivalent pre-
mining use and capability. This comprises forested wildlife habitat that supports
grazing, hunting, guiding, trapping and recreational uses. The following goals are

implicit in achieving this primary objective:

J the long-term preservation of water quality within and downstream of

decommissioned operations;
. the long-term stability of the tailings impoundment;

o the regrading of all access roads, ponds, ditches and borrow areas not

required beyond mine closure;

. the removal and proper disposal of all pipelines, structures and equipment

not required beyond mine closure;
° the long-term stabilization of all exposed erodible materials;

° the natural integration of disturbed lands into surrounding landscape, and
restoration of the natural appearance of the area after mining ceases, to the

greatest possible extent; and

° the establishment of a self-sustaining vegetative cover consistent with

existing forestry, grazing and wildlife needs.

As an overall approach to achieving these objectives, the Reclamation Plan is
sufficiently flexible to allow for future changes in the mine plan and to incorporate
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information obtained from ongoing reclamation research programs such as trial

tailings re-vegetation plots.

11.2 TOPSOIL STOCKPILING

Detailed requirements for salvage and stockpiling of surficial materials from the
tailings impoundment are presently being developed. Soil surveys will be
completed to describe soil characteristics, soil volumes and to select soil stockpile
areas. The preferred locations for soil stockpiling, which are shown on the
Drawings, have been selected to minimize conflicts with on-going site development
and to ensure that the stockpiles are situated within the catchment area of the tailings
impoundment and upgradient of the sediment control features.

11.3 DECOMMISSIONING AND CLOSURE

Since the tailings have been confirmed to be non-acid generating, the tailings
surface will be decommissioned as a mixed forested/wetlands complex with a
gradual transition towards a ponded area at an overflow spillway as shown on Dwg.
No. 1625.140. The downstream face of the tailings dam will be revegetated
progressively during operations as each embankment lift is completed, starting after
Stage III (Year 2000) once the final toe position and slope have been established.

On mine closure, surface facilities will be removed in stages, salvaged and sold.
The tailings delivery system will be dismantled and removed immediately following
cessation of operations, but the supernatant reclaim barge, reclaim pumps and
reclaim water line will be utilized for supplementary flooding of the open pit and
will then be dismantled and removed. The seepage collection ponds and recycle
pumps will be retained for one or two years after closure or until monitoring results
indicate that tailings area seepage is of suitable quality for direct release to the
environment. At that time, the seepage collection pond and pumps will be
removed. However, the groundwater monitoring wells and monitoring piezometers
in the tailings embankment will be retained for use as long term monitoring devices.
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A dual level spillway will be constructed, with the lower level designed to
accommodate the 1-in-200 year ftlood flows and the second capable of
accommodating the Probable Maximum Flood (PMF) within the tailings basin. The
lower spillway, which will include the outtlow channel, will be constructed in
competent ground adjacent to the South Embankment and will discharge to the
Edney Creek north tributary drainage. The elevation of this spillway and outflow
channel will be designed to establish a set water elevation over the tailings surface
(approximately 15% coverage). A secondary, or emergency overflow spillway
section, will be designed to accommodate the PMF and maintain sufficient
freeboard within the impoundment. This secondary spillway is required in the
event that beavers, ice or debris block the lower spillway and outflow channel.

Before the final tailings impoundment flooding to the required pond elevation, the
area along the final water level will be sculptured using conventional earthmoving
equipment to create a series of small bays and channels which will become a margin
environment conducive to the creation of waterfowl breeding and staging habitat.
The tailings embankments and the upland portions of the exposed tailings beach will
be covered with a layer of soil, stockpiled during construction, and revegetated with
indigenous species of conifer and deciduous trees, willow and marsh land grasses.
The moist transition zone between the topsoiled beach and final pond will be
revegetated as a early seral stage meadow, leading to aquatic tolerant, emergent and
submerged aquatic species of plant. Native vegetation species, occurring in areas
where drainage is impeded or swampy, will be utilized for these transition zones.
Where necessary, the final tailings surtace will be treated with amendments suitable
for sustaining permanent growth. The shoreline will then be planted with native
emergent plant species for cover. Most of the expected species may transplanted
from nearby wetlands of a similar aspect and elevation or propagated from root

cuttings, turf squares or offsets.

The advice of organizations such as the B.C, Fish and Wildlife Branch, Ducks
Unlimited and local trappers/guided outfitters will be sought during final design.

Final seeding of the embankment slopes with grasses and legumes will provide a
stable vegetation mat that resists erosion. Once open pit flooding is complete, the
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surface water diversion system will be dismantled to allow for natural runoff to be
routed through the tailings area.
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TABLE 2.1

IMPERIAL METALS CORPORATION
MT. POLLEY PROJECT

MEAN MONTHLY AND ANNUAL PRECIPITATION

Location: Likely, B.C. Mine Site Barkerville
Elevation: 724 m 1000 m 1265
Location: 52° 36’'N 52° 30°N 53° 4’N
121° 32°W 121° 35°W 121° 31’'W
Mean Std. Dev. Mean Std. Dev. Mean  Std. Dev.
(mm) (mm) (mm) (mm) (mm) (mm)
Jan 74.2 27.0 75.5 27.0 103.0 44 .4
Feb 60.2 27.7 58.1 27.7 85.6 42.5
Mar 37.8 13.5 445 13.5 85.3 29.1
Apr 422 20.9 43.1 20.9 61.8 24.5
May 36.6 15.4 50.6 15.4 65.9 28.9
June 66.3 29.7 81.5 29.7 89.2 28.8
July 47.0 27.4 65.7 27.4 81.7 31.0
Aug 82.0 35.7 83.1 35.7 102.3 53.0
Sept 50.4 27.1 60.4 27.1 85.4 39.9
Oct 61.6 42.3 60.4 42.3 88.4 37.4
Nov 58.4 18.8 57.3 18.8 86.6 28.2
Dec 83.0 36.9 74.8 36.9 108.7 42.5
Annual 699.7 116.4 755 116.4 1043.9 112.7

Source :

Canadian Climate Normals, 1951-1980, Temperature and Precipitation Atmospheric
Environment Service, Environment Canada.
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TABLE 2.2

IMPERIAL METALS CORPORATION

MT. POLLEY PROJECT

PRECIPITATION DETAILS USED IN ANALYSIS

J:JOB\DATAV 624\WATERBAL\STATWBAL. XLS

4/4/95 9:01

ESCRIPTION VALUE

Lower Elevations (ie. TSF)
Mean annual precipitation (mm) 755
"Dry” annual precipitation (mm) 601
"Wet" annual precipitation (mm) 909
"Max." annual precipitation (mm) 1050
"Min." annual precipitation (mm) 450
Mean annual rainfall (nm) 451
Mean annual snowtall (inm) 304
Coefticient of variation 0.16
Standard deviation (mm) 121

Higher Elevations (ie. mill site, waste dumps)
“Elevation" factor 1.07285
Mean annual precipitation (inm) 810
"Dry" annual precipitation (mm) 645
"Wet" annual precipitation (min) 975
Coefficient of variation 0.16
Standard deviation (mm) 130

Proportions of Total Precipitation:
Rainfall 0.60
Snowtall 0.40

IMonthly Proportions of Precipitation:

Rainfall

(mun)

Oct 48.3
Nov 17.3
Dec 7.6
Jan 6.8
Feb 6.0
Mar 6.0
Apr 24.2
May 45.3
Jun 81.5
Jul 65.7
Aug 83.1
Sep 58.9

Total (itnm) 450.7

Proportion  Snowfall
as Rainfall (mm)

0.11
0.04
0.02
0.02
0.01
0.01
0.05
0.10
0.18
0.15
0.18
0.13

12.1
40.0
67.2
68.7
52.1
38.5
18.9
5.3
0.0
0.0
0.0
1.5

304.3

Proportion
as Snowfall

0.04
0.13
0.22
0.23
0.17
0.13
0.06
0.02
0.00
0.00
0.00
0.00
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TABLE 23

IMPERIAL METALS CORPORATION
MT. POLLEY PROJECT

ESTIMATED PAN EVAPORATION AT SITE

Quesnel Villiams Lake Site
May 98 88 93
June 130 124 127
July 151 144 148
August 131 129 130
September 81 77 79
October 39 38 38
Total 630 615
Source:

Based on computed potential evapotranspiration data by AES using Thornthwaite

model, increased by an empirical factor of 1.25 to bring into line with pan

evaporation data.
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TABLE 2.4

IMPERIAL METALS CORPORATION
MT. POLLEY PROJECT

PROBABLE MAXIMUM PRECIPITATION

1 hour PMP = 78 mm = 78 mm/hour

6 hour PMP = 88 mm = 14.6 mm/hour

24 hour PMP = 203 mm = 8.5 mm/hour

10 day PMP = 406 mm = 1.7 mm/hr
Source :

Rainfall Frequency Atlas for Canada, W.D. Hogg, D.A. Carr, Supply and Services

Canada 1985.

Note:

1. 24 hr. PMP value conservatively assumes an orographic factor of 1.5.
2. 10 day PMP value assumes a 10 day to 24 hour PMP ratio of 2.0.
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TABLE 2.5

IMPERIAL METALS CORPORATION
MT. POLLEY PROJECT

USUAL MINIMUM CRITERIA FOR DESIGN EARTHQUAKES

Consequence Maximum Design Earthquake (MDE)
Category Deterministically Probabilistically Derived
Derived (Annual exceedance probability)
Very High MCE™ 1/10,000!1eT
High 50% to 100% MCE® 1/1000 to 1/10,000"T
Low - 1/100 to 1/1000"

* For a recognized fault or geographically defined tectonic province, the Maximum Credible
Earthquake (MCE) is the largest reasonably conceivable earthquake that appears possible. For a
dam site, MCE ground motions are the most severe ground motions capable of being produced at
the site under the presently known or interpreted tectonic framework.

® In Hydro-Québec’s practice, the MDE for Very High Consequence structures involves a
combination of deterministic and probabilistic approaches that reflect current knowledge of
seismo-tectonic conditions in Eastern Canada. Hydro-Québec’s deterministically derived MDE
magnitude is the maximum historically recorded earthquake, increased by one-half magnitude,
while their probabilistically derived earthquake has an estimated probability of exceedance of
1/2000.

° An appropriate level of conservatism shall be applied to the factor of safety calculated from
these loads, to reduce the risks of dam failure to tolerable values. Thus, the probability of dam
failure could be much lower than the probability of extreme event loading.

¢ MDE firm ground accelerations and velocities can be taken as 50% to 100% of MCE values.
For design purposes the magnitude should remain the same as the MCE.

° In the High Consequence category, the MDE is based on the consequences of failure. For
example, if one incremental fatality would result from failure, an AEP of 1/1000 could be
acceptable, but for consequences approaching those of a Very High Consequence dam, design
earthquakes approaching the MCE would be required.

“If a Low Consequence structure cannot withstand the mininmm criteria, the level of upgrading
may be determined by economic risk analysis, with consideration of environmental and social
impacts.
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Knight Piésold Ltd.

CONSULTING ENGINEERS TABLE 6.1

IMPERIAL METALS CORPORATION
MT. POLLEY PROJECT

SUMMARY OF DESIGN CRITERIA FOR TAILINGS IMPOUNDMENT

Scope
Regulations
Codes and Standards NBC and related codes
CAN/CSA
HSRC?
ASTM
ACI
ANSI
Notes:
1. IHSR = Industrial Health and Safety Regulations from WCB
2. HSRC = Health, Safety and Reclamation Code for Mines in British Columbia
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Knight Piésold Ltd.

CONSULTING ENGINEERS
TABLE 6.1 (Cont’d)

IMPERIAL METALS CORPORATION
MT. POLLEY PROJECT

SUMMARY OF DESIGN CRITERIA FOR TAILINGS IMPOUNDMENT

Site Selection Section 4.0 and Ref. No. 1621/1
e  Capacity and filling characteristics.
e  Hydrology and downstream water usage.
e Hydrogeology and groundwater regime.
e  Aesthetics and visual impact.
¢ Foundation conditions.
e Construction requirement.
e Closure and reclamation requirements.
e  Capital and operating costs.
Basin Liner
Basin Groundwater Drains
Stripping
o Coneuting  des maneurs: Page 2
Engineers Conseils

of Canada du Canada





Knight Piésold _Ltd.

CONSULTING ENGINEERS

TABLE 6.1 (Cont’d)

IMPERIAL METALS CORPORATION

MT. POLLEY PROJECT

SUMMARY OF DESIGN CRITERIA FOR TAILINGS IMPOUNDMENT

3.0 TAILINGS EMBANKMENT

Item Design Criteria
Function o  Storage of tailings and process water for design life.
e  Provide storage for 24 hour PMP storm.
e  Provision for routing PMF at closure.
Embankment Crest Width 8 m starter dam; & m ultimate.
Embankment Height (Max): Starter 17m
Final 50 m
Embankment Crest Length: Starter 500 m
Final 4300 m
Design Tonnage 13,425 tpd
Solids Content of Tailings Stream e 35%
¢ Provision for millsite and waste dump runoff addition to tailings
stream.
Freeboard: Operations 2 million m’, plus 24 hour PMP event.
Closure Sufficient to provide routing of PMF plus wave run-up.
Storage Capacity 68.6 million tonnes.
Tailings Density: Year 1 1.1t/m’
Year 2 1.2 t/m’
Year 3-14 1.3 t/m’
Tailings Specific Gravity 2.78
Borrow Material Properties 1995 Site Investigation Report (Ref. No. 1623/1), plus Section 5.2.
Construction Diversion Not required.
Emergency Spillway Flows: Operations Not required.
Closure Design flow for routing PMF event.
Filling Rate Ref. No. 1625/1, Figure 6.3.
Fill Material Properties Dwg. No. 1625.112
Compaction Requirements Dwg. No. 1625.111
Geotechnical Data 1995 Site Investigation Report (Ref. No. 1623/1), plus Section 5.1
Stability Analysis Section 6.6
Seepage Analysis Section 7.0
Sediment Control Primary sediment pond is tailings basin upstream of Main
Embankment. Secondary sediment pond downstream of Main

Embankment at Bootjack - Morehead Connector.

Seepage Control

Seepage collection pond and pumpback well system.

Seismic Parameters

Section 2.3, Ref. No. 1625/1.

Spillway Discharge Capacity

Not required during operations,

Settlement

To be determined (see Section 6.0).

Surface Erosion Protection

Revegetation with grasses during ongoing construction.
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Knight Piésold Ltd.

CONSULTING ENGINEERS

TABLE 6.1 (Cont’d)

IMPERIAL METALS CORPORATION

MT. POLLEY PROJECT

SUMMARY OF DESIGN CRITERIA FOR TAILINGS IMPOUNDMENT

4.0 PIPEWORKS

Item Design Criteria
4.1 Tailings Delivery and Discharge Ref. No. 1625/1 Section 9.2 and Dwg. Nos. 1625.116/117
Pipework
Function Transport tailings slurry and millsite - waste dump runoff to TSF.

Tailings Pipeline

e  Free draining, gravity flow pipeline.
e Butt fusion welded HDPE 22” dia. DR21.

Spigots Pipeline sectioned by in-line valves on tailings embankment crest.
Low pressure spigots will be scissor clamps.
High pressure spigots will be pinch valves.

Flow Rate Design throughput 720 tonnes/hr dry solids.

Slurry solids content 35%.

Design flow 15.7 cfs (0.44 m’/s).

Millsite and waste dump runoff will be added to tailings stream,
increasing flow and decreasing solids content.

Spill Containment:
- Millsite to Bootjack Creek

Pipeline buried in compacted glacial till.

- Bootjack Creek Crossing

Pipe sleeves draining to pipe containment channel.

- Bootjack Creek to TSF

Pipe containment channel.

Millsite and Waste Dump Runoff

e Collected in sediment control ponds.
¢ Added to tailings stream at in-line drop boxes.
o See Drawing No. 1625.116

4.2 Reclaim Water System

Function

Primary source of water for milling process.

Reclaim Barge

¢  Prefabricated floating pump station located in excavated channel in TSF.
¢ Local and remote control from millsite.

Reclaim Pipeline

24” HDPE pipeline, pressure ratings vary along length.

Reclaim Booster Pump Station

o  Prefabricated pump station located halfway between TSF and millsite.
e Same pumps, sensors and controls as on reclaim barge for ease of

maintenance.

Spill Containment

See Item 4.1 above, all same for pipelines.
Booster pump station has closed sump.

4.3 Seepage Recycle System

Function

Return seepage flows to TSF.

Drain Monitoring Sumps

Flow quantity and water quality measurements on individual drains.

Seepage Collection Ponds

e  Sized to hold 10 times max weekly flow quantity.
» Clay lined or operated as groundwater sink.

Seepage Recycle Pumps

e  Set in vertical CSP pump sumps.
e 47 submersible pumps.
e  Pumps discharge back to TSF via 4” HDPE pipes.
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Knight Piésold Ltd.

CONSULTING ENGINEERS
TABLE 6.1 (Cont’d)

IMPERIAL METALS CORPORATION
MT. POLLEY PROJECT

SUMMARY OF DESIGN CRITERIA FOR TAILINGS IMPOUNDMENT

Function

36 ha
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Knight Piésold _Ltd.

CONSULTING ENGINEERS

TABLE 6.1 (Cont’d)

IMPERIAL METALS CORPORATION

MT. POLLEY PROJECT

SUMMARY OF DESIGN CRITERIA FOR TAILINGS IMPOUNDMENT

6.0 INSTRUMENTATION AND MONITORING

Item

Design Criteria

6.1 General

Function

To quantify environmental conditions and performance characteristics of the
TSF to ensure compliance with design objectives.

Reference

Section 10.0
Dwg. No. 1625.120

6.2 Geotechnical I & M

Piezometers

Measure pore pressures in drains, foundations, fills and tailings.
Vibratory wire electrical piezometers.

Installed by qualified technical personnel.

Two instrumentation planes for main embankment.

Survey Monuments

Deformation and settlement monitoring of embankments.

6.3 Flow Monitoring

To provide data for on-going water balance calculations.
Parshall Flume for runoff diversion inflows to TSF.
Drain flows regularly monitored.

Reclaim and seepage pump systems flow meters.
Tailings output monitored at millsite.

Streamflow monitoring.

6.4 Water Quality Monitoring

To ensure environmental compliance.

Water quality samples taken at regular intervals from sediment ponds,
drains (at drain monitor sump), groundwater monitoring wells, seepage
ponds and tailings pond.

Upstream and downstream samples for impact analysis.

6.5 Hydrometeorology

Operator weather station for input to water balance calculations.
Precipitation (rain and snow).

Evaporation.

Air quality monitoring (dust, etc.).

6.6 Operational Monitoring

Quantify operation of tailings storage facility.

Rate of tailings accumulation in terms of mass and volume.
Tailings characteristics and water recovery.

Supernatant pond (depth, area and volume).
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Knight Piésold Ltd,

CONSULTING ENGINEERS
TABLE 6.1 (Cont’d)

IMPERIAL METALS CORPORATION
MT. POLLEY PROJECT

SUMMARY OF DESIGN CRITERIA FOR TAILINGS IMPOUNDMENT

7.0 CLOSURE REQUIREMENTS

Item Dwign Criteria

7.1 General Return impoundment to equivalent pre-mining use and productivity by
establishing a small pond adjacent to a final spillway and revegetating
remainder of tailings surface with indigenous species of trees, shrubs and
grasses adjacent to embankment grading to aquatic species along and
adjacent to final pond.

7.2 Spillway Two stage spillway with lower channel outlet designed to pass 1 in 200 yr
24 hour flood event and upper wider outlet section designed to pass
Probable Maximum Flood without overtopping embankments.

Notes:
1. The closure plan will remain flexible during operations to allow for future changes in the mine plan and to

incorporate information from on-going reclamation programs.
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Knight Piésold Ltd,

CONSULTING ENGINEERS

TABLEG6.2

IMPERIAL METALS CORPORATION

MT. POLLEY PROJECT

CONSEQUENCE CLASSIFICATION OF DAMS

Potential Incremental
Consequence Consequences of Failure !
Category Loss of Life Economic, Social, Environmental
Very High Large increase expected "' | Excessive increase in social, economic
and/or environmental losses
High Some increase expected > | Substantial increase in social, economic
and/or environmental losses.
Low No increase expected Low social, economic and/or
environmental losses.
Very Low No increase Small dams with minimal social,
economic and/or environmental losses.
Losses generally limited to the owner’s
property; damages to other property are
acceptable to society.
[2] Incremental to the impacts which would occur under the same natural

conditions (flood, earthquake event) but without failure of the dam. The type
of consequences (e.g. loss of life, or economic losses) with the highest rating

determines which category is assigned to the structure.

bl The loss-of-life criteria which separate the High and Very High categories may

be based on risks which are acceptable or tolerable to society, taken to be 0.001

lives per year for each dam. Consistent with this tolerable societal risk the

minimum criteria for a Very High Consequence dam (PMF and MCE) should

result in an annual probability of failure of less than 1/100,000.
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CONSULTING ENGINEERS

TABLE 7.1

IMPERIAL METALS CORPORATION

MT. POLLEY PROJECT

SUMMARY OF MATERIAL PARAMETERS

FOR SEEPAGE ANALYSES
Matenal Saturated
Hydraulic
Zone Description Conductivity
No. (cm/s)
1 Tailings (above el. 945 m) 1x10°
2 Tailings (el. 931 - 945 m) 5x10°
3 Tailings (below el. 931 m) 1x10°
4 Coarse Tailings 5x10° (Honiz)
1 x 107 (Vert)
5 Zone A - Glacial Till 1x10°
6 Chimney Drain - Coarse Filter Material 1x10*
7 Zone S - Low Permeability Glacial Till 1 x107
8 Zone B - Glacial Till 1x10°
9 Clay Liner/Foundation Glacial Till 1x107t0 1 x 107
10 Foundation Drain 1x107?
Il | Zone C - Random Fill 1x 107
12 Zone CS - Cyclone Sand 1x10*
13 Glaciofluvial/Lacustrine Deposits 1x10° (Hornz)
1 x 10° (Vert)
14 Volcanic Conglomerate 1x10°
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Knight Piésold Ltd.

CONSULTING ENGINEERS

TABLE 7.2

IMPERIAL METALS CORPORATION
MT. POLLEY PROJECT

SUMMARY OF SEEPAGE ANALYSIS RESULTS

Case 1: Permeability of foundation glacial till = 1x10” cm/s

Embankment |
Main Length = Perimeter Length = South Length = 1100 m | Grand Total
1200m 2160m
Component Seepage Total Seepage Total Seepage Total Litres | Gal/
(m’/s/m) | (m’/s) (m”/s/m) (m’/s) (m’/s/m) (m’/s) /sec | min
U/S Toe Drain 1.10E-06 | 1.32E-03 | 7.52E-07 | 1.62E-03 | 0.00E+00 | 0.00E+00 | 2.9 39
Foundation Drain | 4.20E-07 | 5.04E-04 | 0.00E+00 | 0.00E+00 | 0.00E+0Q0 | 0.00E+00 | 0.5 7
Seepage Loss 1.30E-07 | 1.56E-04 } 7.05E-08 | 1.52E-04 { 7.38E-08 | 8.12E-05 0.4 5
Total 1.65E-06 | 1.98E-03 | 8.23E-07 | 1.78E-03 | 7.38E-08 | 8.12E-05 3.8 51
Case 2: Permeability of foundation glacial till = 1x10 cm/s
Embankment [
Main Length = Perimeter Length = South Length = 1100 m | Grand Total
1200m 2160m
Component Seepage Total Seepage Total Seepage Total Litres | Gal/
(m3/s/m) (m’/s) (m3/ s/m) (m3/s) (m’/s/m) (m*/s) /sec | min
U/S Toe Drain 1.10E-06 | 1.32E-03 | 8.49E-07 | 1.83E-03 | 0.00E+00 | 0.00E+00 | 3.2 42
Foundation Drain | 5.70E-07 | 6.84E-04 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.7 9
Seepage Loss 1.50E-07 | 1.80E-04 | 1.24E-07 | 2.68E-04 | 1.23E-07 | 1.35E-05 0.6 8
Total 1.82E-06 | 2.18E-03 { 9.73E-07 | 2.10E-03 | 1.23E-07 | 1.35E-04 4.5 59
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IMPERIAL METALS CORPORATION
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Select fine groined lill backlill
with 10X bentonile, ploced ond
compocled in Mox. 300mm lifts

935
— - Embonkment foundotion
-~ 9301~ i ' drams. see Delod A Toe
\E_ 925 In—sity
i (yp. Bosin Groundwaler Drain, lyp. 2~
§ 920 Stri min, slope 0.25%, see Nole 4 M -
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g subgrode, see Nole 7
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2~ Seepoge cu!olJ
see Oeloil 8

Stage b, £, 9Jl

droin conveyance pipe offsel

Glocral Ul bocklill, ploced
ond compected in |

€ Exploration trench

3 - 0.35m Iifls

Basin liner,

min. 1.1m thick

-3
frPrcpamd Ssubgrade

DETAIL A
Embankment Foundation Drain
Scole D

\— Glocial lill <2m thick

— Glociofiuvial/glociolocusirine
sediments

| —1 - 650mm Lift frost protection loyer
- 150mm Lifts compocted glociol till

_1 v
Embedded HOPE ﬂanJ 4
75mm projection A

Stripped ground

surface
N\ “Coution Buried Pipe” lope

Compacled giacrol ANLZ\%
i bockfit .
150 dio. HOPE L opprox.
450mm min. . OR21 pipe &
b 150mm rmin. L ””__l
projection ':‘ projection OPPTOX. g
I a DR2! HOPE pipe
= stub, see > .
(YR Notes 5 ond 6 Toe Draoin Conveyonce FPpe
Scale
Woll of precost
manhote
197,
DETAL 6

150 dic. DR21 HOPE drain
outlet pipe, typ. inv. EI. 909.3

Step rung, lyp.

HOPE Stub ond Flo
Scole C nge

NOTES

1. Subgrode preparahon to comprise stripping of lopsoil
and org ng soluroted moleriols (o
establish o compelenl beoring surfoce for fil
placement os direcled by the Engineer.

= 2. Three bolfords required ot 120, 1.0m from sump.
- Bollards lo be 200 dio. Sld, Weight steel pipe
stud ong' 1 200 dio. Dl?? 1 HOPE outlet lilled with concrete.
approx. typ., see Deloil G pipe, byp. inv. El. 908.5 J. Bosin groundwoler droins lo be instolled with a
minimum continuous slope of 0.25% ond mlhoul
| Isolated low Spots.
DET/ U/S Toe of Moin .
S‘capag':lt Cerff Embankment 1l Droin M‘#,-”: Sump 4. HOPE stubs ond flanges lo be cost info manhole.
Scole O ole O For Main Embonkment drain moniloring sump
. 150 dio. pipe stubs © invert £l 909.5, 5mquimd
l roa?_’mq 200 dio. pipe stud © invert £l 908.5,
Sump Bollord, see Note 2 h '/‘ H20 Ld 6. For Peri 2 Embaonik ¢ droin m’m sump
1.0m min, — & 0 150 dio. pipe stub, 1 required.
St m”de\ g 200 dio. pipe stub, 1 required.
150 dio. HOPE DR21 foundation surfoce g 2 = ! ] i Precast 1.8m LD. concrete 7. DOroin moniloning sump inver! elevations may be
drain , pive l ™ o - == Zam '_:d/-;ysm;mm y adjusted in the lieid by the Engineer.
DETAIL \ § . | | — or approved equivolent 8 57"” pipework lo be cleorly morked by o line
N of stokes.
Basin Gmundszgzarc Drain Tie~in =~ A (
oL L . (- insufation extended to Im | gyey AN PERIMETER
0.5m min. — 4 Y g 3 below ground surfoce EMBANKMENT | EMBANKIENT ! 05 o , 2 3 ‘ 5m
" 200 dio. DR21 i
100 dio. perforoted 150 Dio. HOPE DR21 Stoge b toe droin ;fg"‘”:u”ffzpfp‘% '/- HDPE outlel pipe A §07.5 92¢4.5 0 SEREIS 3
CFE pipe foundotion drain 150 dio, HOPE OR21 bp.. opprox. £l C 5 g--I 3 ae| g 908.5 925.5 AR ] 2 m
conveyance pipe 150 dio. perforoted loe droin conveyance pipe ¥ " - To Main ) ’ ¢ -
droin monilor e Embonkment c 909.3 926.5 10 (/] 10 20 Jo 40 S0 m
::m woring To drain monitoring sump 1.0m Sump |, colfsction pond 5 g —
P S depth N I e a 0 911.5 930.5 100 0 100 200 J00 400 S00m
= A o ® = e e
Precast monhole seclions sel 300mm (i
P tee HOPE tee info 300mm thick base siab. ~ = ()
Reinforcement 15mm
Stoge k- toe drain extension, © 200 botk woys KNIGHT PIESOLD ULIMITED IMPERIAL METALS CORPORATION
copped ol obutment lor lfulure use SECTION 4 % fgesygas = VANCOUVER, B.C.
OETARL D nlEAL £ Orain Mopitoring Sump |r,"¢ ~ oo ko MT. POLLEY PROJECT
Embankment Fogretotion Drain Tie=in Soole € { .0 KJWViBRee] o RoT/ 202 /N5D TALINGS STORAGE FACILITY
- 2 P FOUNDATION PREPARATION AN
1_|MAY 26/95 | ISSUED FOR DESIGN REPORT K173 NS e [/é BASIN UINER
0 APR. 6/95 | ISSUED FOR REVIEW uw
DRG. NO. DESCRIPTION REV. DATE DESCRIPTION APPROVED REV. DATE DESCRIPTION APPROVED 6\/VGINan. %6 SECTION mo DETNLS
REFERENCE DRAWINGS REVISIONS REVISIONS DATE W 6. 1995 | scaie as sHown | oRe. No. 1625.102 [ rev. 9






SETTING OUT POINTS
Descriplion Point Northing Eosting
S! | 5 818 622.590 | 594 255.688
. S2 | 5 818 392.402 | 594 765.778
Setting S3 | 5 818 365.375 | 594 995.246
Out Se | 5 818 238539 | 595 240.350
Line 55 | 5 818 966.983 | 596 208866
(s.oL) S6 | 5 819 304.035 | 595 955.881
S7 | 5819 932340 | 595 066.670
S8 | 5 820 025.632 | 594 375.061
Stoge b Moin S9 | 5818 891.014 | 596 150.000
Embankment € | S10 | 5 818 199.059 | 595 230.000
Perimeter S11 | 5 819 705338 | 595 404.339
Embankment € | S12 | 5 819 869.082 | 595 160.766
Stripping S13| 5 818 233372 | 595 392.851
Limits S14 | 5 818 696,416 | 595 997.943
S15 | 5 818 828.350 | 596 066.684
S16 | 5 819 673.609 | 595 461.562
S17 | 5 819 945201 | 594 934.351
Main Embkmnt. S19 | 5 818 417.116 | 595 731.67¢4
Seepage S20 | 5 818 388.167 | 595 693.183
Collection S21 | 5 818 279.658 | 595 £93.183
Pand S22 | 5 818 392.214 | 595 842.835
Recloim S23 | 5 818 743870 | 595 479.103
Borge C6 | 5 818 856.841 | 595 365.834
Chonnel BC | 5 818 879.675 | 595 408.055
EC | 5 818 903862 | 595 375.481
Pl5 | 5 818 899.065 | 595 397.857
S24 | 5 818 998.167 | 594 887.106
C1 | 5 818 877.558 | 596 597.793
8C | 5 818 978.593 | 596 508.255
EC | 5 818 806.921 | 596 482.748
Pl | 5 818 900.547 | 596 424.933
C2 | 5 818 344.391 | 596 662.738
8C | 5 818 387543 | 596 741.718
EC | 5 818 259.115 | 596 691.513
PI2 | 5 818 289.864 | 596 802.222
Bootjock - C3 | 5 818 118053 | 595 742.875
Mooreheod 8C | 5 818 002.511 | 595 775280
Connector EC | 5 817 998051 | 595 742.013
Relocation Pl3 | 5 817 998.083 | 595 756.552
C4 | 5 818 097.000 | 596 273.950
8C | 5 817 992000 | 595 273.950
EC | 5 818 002.473 | 595 241.322
PI4 | 5 817 992000 | 595 257.177
C5 | 5 818 228.844 | 594 248367
8C | 5 818 333078 | 594 283514
EC | 5 818 307478 | 594 171448
PI5 | 5 818 354.995 | 594 220.025
LEGEND:
CW95-1
Q - Ground toring well
c? - Curve No. 1 (lyp.)
ec ~ Begin Curve
£C ~ £&nd Curve
PIS ~ Point of intersection

for Curve No. 5

NOTES

1. Selting Out Line (SOL) is the upstreomn shoulder of
the Stoge Wi embonkment.

collection ponds ond pipeworks.

&

2. Stripping ond clearing required 5m beyond seepoge
J.

rer

4. Ale A

P

end
delermined in the /i

{ Seepage Collection Pond (o be
locoted in the lield by the Engineer.
aof cross—droin culverts (o be

ield by the Engineer.

/—<Polley Loke

2N

Perimeterf Embonkment
Stoge y rest £ 931

N

St Y]
sl:g;ing limits

7z

47—450mm dio. cross—drain
z culverts, lyp. See Nole 4

R = 110

Scole
G = 6J
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ZONE MATERIAL TYPE PLACEMENT AND COMPACTION REQUIREMENTS
Coorse Beoring | free droining Gurobie wosie Ploced and spread in moximum 1.0 m thick loyers.
970 SO0l 1937 m Layer rock fill or coorse sondy grovel | Compoclion as directed by the Engineer.
8 m Chimney/Toe | Filter sand Proced ond spreod in moximum 1.0 m thick layers.
£L 957.6 .5 l £}lm & (2008) &1 960 Dm{n Vibrotory compoction as direcled by the Engineer.
960 - o _3 Y v N Stoge & (2006) €. 956 ) ) oy . .
----- it Ny ~ Drains Oroin Grovel Proced and pocted os on the Orowings
Zlem:;ra—:;r —— AN \__CSIM 2.; '(;004; 720:;? o oes \ s Glocial till Ploced, moisture condilioned ond spreod in moximum
or . RS CPT pipe _ Filler sond 300 mm thick koyers (ofter compoction).
et T S Stoge Il (2000) E1. 944 Vibrotory compaction to 958 of modified proctor
N S z U Y RN, (Stoge X (1998) €1 940 OETAIL A maimum dry densiy.
ey i &= N =< MAIN EMBANKMENT TOE DRAJ A Glociol till Placed, moisture conditioned ond spreod in maximum
g Tailings : T e Sso { Stoge X (1997) £1 935 N 600 mm thick loyers (ofter compaction).
H e & -- & —See| Detoil A"~ << (Stoge B (1995 or 1996) &1 931 Vibratory compoction la 90X of modilied proclor
g 930 ggn,;: mﬂnm) 2 =< < Future foundotion droins moximum dry densily.
S~ o2 , Outlet pipe, £l 908.5m 8 Glociol il Ploced, moisture condl;:oned ond spmoj in moximum
< Sao N Y . Moain Embankment 600 mm thick loyers (ofter compaction).
ol Jone c;”\m . ~ Drain_Monitoring Surmp Seepage Collection Pond Vibralary compaction (o 0% of modified proclor
Embonkment_foundation » 7
drains, see Drg. No. 1625.10. I c Random fil Glacial til or other approved malerial phoced in
R e e = = £ 908.0m maximum 600 mm thick layers (U/[Ef Cm(lbﬂ).
910 7.6m R [ 7] Vibratory compoction os required by the Engineer.
Basin liner ond J /] 3 X
groundwater droin, see £7.4m { cs Cycloned sond Ploced and spreod in maximum 1.0 m thick layers.
g0l Drg. No. 1625.102 ¢ L - Vibralory compoction os direcled by the Engineer.
Seepage collors, see -t ing
Org. No. 1625.102 mm wel] CWIS5S J\
AN EMEBANMENT 3
Scole A
& . >
S.oL. gfd?;o o;q:pm Copped for ~ Toe droin extends to Slage Ib crest
s [ 19.33 m — m==mirt g fulure extensions §
& 9576 ) B.om | ~Stoge B (2008) €. 960 N | / & 931
wor 4_)___4‘;2 NN Stoge T (2006) E1 956 1
Stoge X (2004) £l 952
950 |- Stoge IZ (2002) E1. 948
—~J N Stoge IT (2000) £1 944
- o _f{
{ . ,
& 9e0 L S Stoge I (1996) £1. 940 Ovtlel pipe Perimeter Embank 4 . Prepored subgrode
3 Zorms S~ < Stoge k& (1997) £, 935 & 926 m Seepage Collection FPond 150 :msoperl. C/Pf riser | \\
H e S N ~ { . pipe m ¢/¢c N Filler sond
3 — "T Zone B~ ~ rsl? B (’”5 o ’m) & 937 :f/ 920m See Note 3 __\/\\\\ \ m B
950 |- L o 7 . 925m . AN UPSTREAM VIEW OF STAGE 1b
; 1Zm] N_ Blnket doit X\ N MAIN EMABNXMENT
See Detoil C Toe droin oullet pipe, / \ AN —_——— -
w20 see Deloil £/1625.102 Bearock oo, \ PR RN §l¢ NS,
Orain_ Monitoring Sump SN NI - SRR LS
see Seclion 4/1625.102 L - 150 mm solid CPT
Groundwalter g conveyonce pipe
2 monitoni / Q 150 mm perf.
SECTION 7625770 well GWI5-1 1= CPT pipe - — NOTES
PERIMETER EMBANKMENT - 1. Groundwat loring wells lo be insollled by Others.
soL Scole & DETAL C 2. Perimeter Embonkment slopes 2H:1V as per Moin Embonkment.
10.67 PERIMETER EMBANKMENT TOE DRAIN J. Perimeter Embankment seepoge collection pond lo be locoted f_
c becri d in the lield by lhe Engineer. Pipework invert elevolions moy be =
( d‘i."‘ "' s soff ,‘ mhb)?ngsH' 8.0m odjusted in the field by the Engineer. 3
9720 if neccessary) I 4. CPT Riser pipes lo be inslolled for exlensions during fulure 3
Zone S embankment roises. Stages IV ond VI wil include o loe droin -
£ 9526 \ [z (2008) 1. 960 that is connacted (o existing oullet pipework. Additional outlel
Toeol \ ZY R Stoge T (2006) £l 956 pipework to seepoge ponds will be included if required. g
§ E'"x" B 7 4= :'ﬁ[“ [S!age I (2004) 1. 952 '
8 = Mo ~ — 3
. h-—— = -St 7 (2002) E1. 948 Z
g’,m L Taidings -7 K Zone € ~~_ [ oge o (2002) s
/ ______ A [t I (2000) £ 944 2
e = Sa s Sa g
ot 7Y NN/ /e 105 0 10 20 30 40 50m 4
A e E
3
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Booljock~Moreheod
Conneclor refocotion

69%
6@
L)
Sediment (:on
Berm
[’ NOTE
/A 1. Sediment conlrol berm (o be in ploce prior lo commencement
of loilings bosin stripping ond cleoring. Berm will function os o
permanent seclion of Booljock ~ Morehead Connector relocation.
100 50 o 100 200 m
Scole e = = e T e ———
KN _PIESOLD LIMITED
o NIGHT PIESOLD UMITED . IMPERIAL METALS CORPORATION
‘g"‘ ) 1\‘*;" ( tQESM:«ED KDE MTQ POLLEY PROJECT
b

KWvBreg 3 ROT/WY TAIUNGS STORAGE FACILITY
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' V.- ’
7625.T13 [SEDIMENT CONTROL AND SEEPAGE COLLECTION — 1_]MAY 26/95 | ISSUED FOR DESIGN REPORT y 14 ‘lw Ecke % SEDIMENT CONTROL AND
IONS AN AlL %, EEPAGE COI | Ec‘no
ORG. NO. DESCRIPTION REV. DATE DESCRIPTION APPROVED ::v. APR.WSE/95 ISSUED FORM::E:E:I APPROVED *& ’VGINE.ﬁv'c APPROVED 5 S N

REFERENCE DRAWINGS REVISIONS REVISIONS DATE L 6, 1995 | scac as sown | ore. wo. 1625.112 | rev. 1






Moin Embonkment

Primary sediment

control [ Stoge B crest £. 931
930 - 930
T Main Embonkment £
&or0 Orain monitoring seepoge colection pond Sediment control berm £1. 911 1920 S
sump . 5
: [ St gt ot o g
] operoling El. 4 <
P e TS - . ~ N ) o &
“ . J i
; A
See Detoil O
sool N e potort € SECTION 7625.772 “ ’ 900
0 930 SEDIMENT CONTROL AND SEEPAGE PROFILE
7 Horiz. Scale A, Vert. Scale D
' : 929 ~ . ) & 930
-~ Storoge capocity | { ] é 930 o f_oe_dm_m _oullel pipe, £l. 926
? E for normol operoting Mox. Operoting -~ Approx. 40m from -7 = 3£l 925
<8 ronge \opprox. | Level E1. 928 \s_ Slage vl toe Orain monitoring sump § ——t = yd
& ; / /Ir § a"’m' g 3 R ' g 90
S | s - _ — me 2 -ycle pump system
7 iR 17§ = :ﬁ"’— - pougr- iy ¥
= | Min. Gperoti pump system
~ / < | | tever i ?’ see Dela:? 4//525 12 §
¢ | ! 926 | rm| 0 PERIMETER EMBANKMENT SEEPAGE COLLECTION POND
| | i OETAL C S Scale A
5 | i ’ | 925 MAIN EMBANKMENT SEEPAGE COLLECTION POND
0 2000 4000 6000 8000 10000 12000 Scole A 2
STORAGE CAPACITY (m”) SECTION 1625.172
TYPICAL SECTION FOR BOOTJIACK—MOREHEAD 0 917
PERIMETER EMBANKMENT SEEPAGE COLLECTION POND CONNECTOR RELOCATION |
DEPTH/CAPACITY RELATIONSHIP Seote ¢ Mox. Pond £1. 910 "
. . ~F 7 £ | 910
200mm thick wearing course & § /i -E\
. 6.3m ) 6m » or X P / ! <
& 911 0 —— Q o
Max. Pond level 2 : 909
&l 910 \ /T [ _I /‘ _E\'g Moax, Operotng Leve| £l goi%/ R H g 7/ — Z"”S’Zé gp’e"mlm : §
. g p— ” " |
{ ’ . = 910 < § I l 3
Normal pond T 2 Seepoge collars, 2 3N St capocily for al L~ S 908
level, E1. 908.5 "= see Detoil A <’ 600mm 8 (3P cuivert, S | operot mnga-yappm/___-__.l_____ § S 77 I
V2 segmenls joined with hond 3 12,060 m?3 ~
~ }__ , couplings c/w goskels ot 2 \ T | 909 & ' |
. ~ 4 1 - L 907
Decont structure oo (wy) A §~§. 41 - ':'@' Operoliog level 619085 _ ¢ ) 50000 100,000 150,000 200,000
See Detoil 8 5m \f/ 5m 3 N | ‘_ pos STORAGE CAPACITY (m?)
- 0 10,000 20,000 30,000 40,000 SEDIMENT POND
DETALL D STORAGE CAPACITY (m”) DEPTH/CAPACITY RELATIONSHIP
SEDIMENT CONTROL BERM MAIN EMBANKMENT SEEPAGE COLLECTION POND
Scole C DEFPTH/CAPACITY RELATIONSHIP NOTES
. 1. Glocial til for udlmenl control_berm ploced &
o Clacial il berm il ——_ Corruga!ed steel plate, ond ted 500mm " lifts to g
I_’ Glocial il . ::dz, ,elfarrugalm 90X of Alod//ied Proclor Moximum Densily. 5
4 fonl'ugofed Metol s,hocpsp weided /’ berm \ Tockweld ofl round open 2 Peavi N ¢ seepage collection pond a
¢ ting bond 0 1.2m section of CSP, 1.2m mllbes::edlohaveamm live storage coj :
onnacling connected with connecling bond I———————-I J of opprox. 4000 m- pocily 3
Minimum colior Ma.rw. &L 910 §
1 projection 300mm - 97 19mm # support bor =
oo weided o cover 3 D 20mwo0o 22 4w e & 10m .
£ - 600 8 CSP culvert . SECTION 2 1 0 2 4 6 8 10 m g
- o
Prepared \ N 19mm # x 150mm 900 # CSP “cover Scale 8 ¢ s —___— . —____— Z
subgrode 600 8 CSP culvert spocer welded to niser- 8 1000 500 0 1000 2000 mm z
wt“ = v (%3
Glacral till bocklill N7 600mm CSP niser ==
los sottom ot Prepared A 300mm # holl round 1095 0 10 220 30 40 50m é
seapoge collor subgrode Tt bockfil CSP weided o riser A R — e — e ——— g
Normol Pend 3
OETAIL A SECTION 4 level, £l 908.5 150mm # hole
SEEPAGE COLLAR Scole 8 KNIGHT. PIESOLD LIMITED IMPERIAL METALS CORPORATION
Scole 8 eogfgmsrgussgs ~ VANCOUVER, B.C.
OETAIL B PO 3{'~Wmﬁ KOE MT. POLLEY PROJECT
DECANT STRUCTURE ¢ X
1625.112 guuucs osrome FACIUTY — SEDIMENT CONTROL AND SEEPAGE Scole 8 S K{ b. ®y £ ot v TAILINGS STORAGE FACILITY
OLLECTION N X lmw T > >
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Existing Moin
Access Rood
LEGEND _,
]
¢ t'l > w=> Surfoce woter diversion dilch d
A F
) 8
Flow control structure D
N /7 % :
5) i g
L/ S =eaa Calchment boundary §
| 2
i % NOTE g
S g Main 1. il si .. 3
Embankrent . Mill site igyout to be linolized by C.5.F M. 2
980 RN :
$ 97 1000  S00 1000 2000 m
] \ Scole g
& 960 F]
G Sw
950 a , 3
KNIGHT PIESOLD UMITED IMPERIAL METALS CORPORATION
Averoge 0.30% 0.82% 0.82% CONSELERHESTNGINEERS - VANCOUVER, B.C.
= Forr o —— MT. POLLEY PROJECT
¥ oF o
AREA B/C RUNOFF COLLECTION DITCH PROFILE ~4- | 3
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Existing streom course, see Note 1
ing MNOTES

1. Deloted setling out of Area B ond C runolf collection dilch
ond fiow control siructures may be odjusted by the Engineer
to suit deloifed topogroply of exisling streomn courses.

2. Area 8 ond C runoll colleclion dilches designed for 50 yr.
precipilotion even! peok flows.

i J. Riprop sholl be ploced as directed by the Engineer bosed on
Oéversion culvert Riprop, . ground conditions ond locol profite of dilches.

4. Flow control structures No. 1, 2 ond 3 haove ! overfiow culvert,

l %‘8%6/ \r o No. 4 has 2 overflow culverts.

3.0

Riprop, lyp. Access bridge

Combined flow with one ,
$00 dia. ov’erﬂow culvert ’ /

N
(5

N
Q

1] 1% —=5" 00 ‘JL \LL |

Oiverted liow
to ISF.

overflow culverts

—
—<
—
—
—
—
DEPIN OF WATER ABOVE INLET
OF LOWER CULVERT (m)
&

7 Invert of overfiow culverls
10 £
%Ior culverts py
dio., see Nole 4 Invert of overflow culverls
DETAIL 1625174 0.5 £
1 O"'CWAIH% %s 8 AND C 5 y | 5‘5
FLOW CONTROL STRUCTURE goocng e & el of ivarsion culvert
Scote A s £ E 0 7 2 3 4 5 6 7 8 9 10
- NS OISCHARGE FLOW m}
= S \l s Existing road NOTE _ m7s
> = 2 , All culverts are 900 dio. (36°#) CMP
5
Oilch grode o exlend (o 1 'prop
existing sireomn course, see Nole ! Dsp = 150mm, see Note J
o Ditch—-phsg embankment 2.5m
1.0m Min. 1A Min. with diversion culvert )
porol 1 __
I , SECTION 7225774
- — ey \'*__ [ gl Drvws:an culvert, Scole A
N 900 Dio. CMP
|
1% MNominal Sl To existing
2 - 900 Dio. CMP ground
overflow culverts 15 & g 4.0m
! 5 = .
§9 .,
NOTE 158 L™ '
SECTION 1 Elevotion dillerence offecls quaniily of diverted flow T T -
Scole A as shown on depth-discharge curves on this Drowing.
2.5m
2 __
SECTION 1625714
Scole A
u/s & it Booljock - Morehead
Existing streom lo/':,,:,d ,’:;,’:d conneclor rood
/ 900 Dio. Overfiow culverl(s)
e
4 2 0 10 20m
A BT
—_
SECTION 625,774 KNIGHT PIESOLD LIMITED IMPERIAL METALS CORPORATION
Scole A INELLIINGS FR 3 EERS - VANCOUVER, B.C.
';ae ) (T —— MT. POLLEY PROJECT
V4. Lakoda
. 2 TAILUNGS STORAGE FACILITY
1625.114 | TALINGS STORAGE FACLITY - SURFACE WATER CONTROL - 1| MAY 26795 | ISSUED FOR DESIGN REPORT IG5k | brecee )L SURFACE WATER CONTROL
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SETTING OUT POINTS

Point Northing Eosting
1£) 5 822 326.825 | 592 728.418
TCI1 |5 822 249.362 | 592 485.485
8¢ 5 822 276.960 | 592 733.957
(14 5 822 046.266 | 592 631.266
I} 5 822 131.569 | 592 750.106
TC2 |5 827 864.147 | 592 463.292
8¢ 5 821 904.766 | 592 434.135
[14 5 821 822.231 | 592 436.033
Pr 5 821 862,111 | 592 374.7211
TC3 |5 821 802.714 | 593 016.314
8C 5 821 551.219 | 592 852.758
(14 5 821 517.947 | 592 921.933
Pl 5 821 530.122 | 592 885.200
TC4 |5 821 258.152 | 592 911.135
8C 5 821 495.458 | 592 989.786
(14 5 821 357.902 | 597 140.373
Pl 5 821 460.320 | 593 095.808
TC5 |5 821 034.980 | 593 608.059
8C 5 820 9152871 | 593 332.973
£C 5 820 841.176 | 593 379.061
Y Pl |5 820 874.541 | 593 350.570
AN (i et ock—Moreheod 7c6 |5 820 828.199 | 593 488.298
IS %, declor rerocotion 8C |5 820 779.748 | 593 431.048
~ \ A\ (14 5 820 761.122 | 593 521.849
> /;‘\ P 5 820 734.752 | 593 469.130
O g1 ¥ x \ 7c7 |5 820 626.968 | 593 588.951
WL’I’? 48y 8¢ 5 820 761.122 | 593 521.849
‘A s EC |5 820 724.705| 593 702.739
/61 O Pl |5 820 813467 | 593 626.498
e s 22 |3 0 ey o3 7oy
.’ g X o007, 4, A
7 e 2res & |5 820 590.352 | 593 788430
1130 P! 5 820 685.206 | 593 736.666
~\
1120 . TC9 |5 820 626.991 | 593 909.389
G o st snctes 10 £ iEanae
" N Gt e P T ————— |3 80 e | 555 S
> C—
'~ TC101 5 820 612.021 | 594 J92.165
~ tos0| T T ~. 8¢ |5 820 551.708 | 593 996.739
-~ i T SO SN . EC |5 820 314.310)| 594 125.018
s 1080 L — =Ty Pl |5 820 410028 | 594 018349
s South waste dump 2 N\
1070 sediment pond TC11 |5 820 083239 | 594 494.822
P . &C 5 820 027418 | 594 444.732
v 1060 N, 2 & 5 820 008.600 | 594 487.469
. : P! 5 820 011.009 | 594 463.018
= sos0 8
3 N § Iypical reclaim pipeline hydroulic 12 |5 820 000.045 | 59¢ 574.311
~ 1040 Recloim booster pump\ = grode line, see Note 2
§ 1030 station, El. 1020 \\( é
‘ah .
1020 T
: =N I
1010 \.\ §
: Typicol toilings pipeline hydroulic .
1000 grode line, see Note 1 Reciaim borge chonnel
. ot mill stortup
990 ~a ™\
980 Grovity flow in . Pressure flow in
970 lolings pipeline __ toilings pipeline T remeeel T
1. Mydroulic grode ine (ML) as shown is bpical for tailings piveline sioping ot 1.41% comesponding 950 Tailings pipeline ~. N, |
to J.4 cfs runoll oddition to 15.7 cfs mil throughput design liow in 22" dia. HOPE DR21 pipeline ~. \
running os single open-ended spigot. Running spigols closer o millsite would lower the HOL. 9¢0 ~, ‘~. £ 932
Adding more runofl ol millsite would roise the HGL. Operotional moniloring will be required Stoge 1b Emb t/cut b *),\ S
lo bolonce these effects (o achieve oplimurmn performance. 930 A ——————‘—M—L\ L —— — — .
2. Hydroutic grade line (HGL) as shown is lypical for 24" nominal diometer reclaim T~ & 918
pipeline sloping ot 0.72%, for O = 16 cfs,n = 0.011 ond 1D = 21.5° (1.729° ). 920 ] - \\_[
Row woter lonk inlel assurmed ot £l 1120.
J. Final focation of cross droir 7 i % ineer.
in culverts to be determined in the field by the Engineer. KN‘W P'm u"m |MPER'N. METN.S CORPORAT'ON
4. Final focation of Booljack Creek crossing lo be determined in the field by the Engineer. CQB@EBG T eEERS = VANCOUVER, B8.C.
5. Verticol exaggerolion = 10 limes. “(f‘Q?q\* 'f wﬁincsncuzo uss MT. POLLEY PROJECT
6. Mill site loyout lo be linolized by C.S.F.M. 200 4 200 400 600 800 1000 m Al &' %
Scote = = e e = ——] M B98chi { _tweit ] w > TAILINGS STORAGE FACILITY
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200mm thick mrmg
course, see Nole 4

SECTION 1625116
TAILINGS ACCESS ROAD,
MILLSITE TO BOOTIACK CREEX
Scaote 8

900 & (36 ») Spill

containment pipe sleeves
€ Rood

4m

Recloim pipeline
200mm thick wearing
course, see Nole 4\

/\ \ ~{
N
e [ Ll
- Toilings pipeline
1.2m ® Ppe Arch Cubvert, > kl,.ﬁm Min. Cover fill

4m 4m

0.6m

instolled al neulral grode
provide 0.2m min. woler depth

SECTION 1625716
TAILINGS ACCESS ROAD
BOOTIACK CREEK CROSSING
Scote A

200rnm thick weoring |
course, see Nole 4

T/

e

- / Origina! ground

200mm thick weering

Riprop. on erosion resistont

Teal . € wood course, see Note 4
S~ m ! m | Salely berm
7.5 \\\ J i
{ m S ‘}A s Ilslachun of the
1 N = — ngineer,
& é}’ e S~ 1.4
L = ~d
03 223 i 450 mm CSP cutvert with =7 od’
. 0.6—] 70 min. 2% slope. See Detail B
0.3-3 74 4 / Coarse gronulor lil/
[ 4L riprap erosion prolection
1 Setect fine grained Ull bocklil
or compocted Ull in ploce
0.5m, min.

SECTION 1625.116

CROSS—-DRAIN CULVERT FOR TAILINGS ACCESS RGAD,
MILLSITE TO BCOTIACK CREEX

Scole B

Recioim pipeline
Riprap erosion prolection

3
Y

d lo the

[N
S

Protect the inket of culverts
from encroochment of rood
embonkment fill moteriols

Construct colch bosin
aodjacent (o the inlet
of cross-drain culverts

Excepl where dilch woler converges
at the cuvert, instoll ditchblocks
immediotely downstreom of ol
cross—droin culver! inkels.

Construct the crest of ditchblocks
lfower thon lhe rood shoulder.

Min. 0.5 m depth of fine groined til

compocted in ploce or ploced os

directed by the Engineer.

4
SECTION 7625776
TAILINGS ACCESS ROAD AND FPIPE CONTAINMENT CHANNEL,
BOOTIACK CREEK TO TAILINGS STORAGE FACILITY
Scate 8

Skew culvert lo rood cenlreline
by 15 degrees, with o

Wum siope of 2%

Protect the outlel of culverls
from encroachment of rood
embonkment fill moleriols

Protect unstoble or erodible
fill ot culvert oullels with
flumes, riprop or other
erosion resistont moleriols

DETAIL B

TYPICAL CROSS~DRAIN CULVERT

€ Racioim barge chonnel

1996 WORK 10 m | Stripped ground
3 ---FL-—--
ON-OFF-AUTO Control panel | = Nominal depth 3.0
c/w level swilches, by Others L
Groting lo be welded (o inlel, I
comprising 15m rebor welded |
to culvert at 100m cenires,
both ways
Mox. WL El. C
450 mm dio. L ’—L -
: CSP cutvert ! SECTION 71675.776
Mn W &8 Y -
E y : 600 mm die. CSP culvert NOTE RECLAIM BARGE CHANNEL
600 x 450 CSP Tee —_— Scale A
Pond floor £l A
N /16" steel plate 3~ € 0N 1. Test pils indicote 4m thickness of lil in proposed
weided lo culvert locotion ol borge chunnel. Additional test pils will
Oeod storoge . be required to conlirm odequole thickness of Uil
for sediment 200 mm thick concrele bose lo finolize borge chonnel olignment. 21 0 2 P 6 8 10 m
2. Compacted glaciol Uil shall be ploced olong the borge e
chonnel excavalion (o meel basin liner requirements
ELEVATION MYUN PERIMETER os directed by the Engineer. 10 5 o 10 20 m
A EMBANKUENT | EMBANKMENT PR —_=_=_=_= ]
iFoE 77 J. Seepoge recycle purmp lo be 4" electric submersible
DETAIL 1625.713 A 908.0 925.0 pump, discharging lo 4" pipeline extended up O/S
SEEPAGE COLLECTION AND RECYCLE SYSTEM rs 908.5 926.0 face of loilings embankment.
Scale & ¢ 909.5 9225 4 Wearing course required for Toilings Access Rood K'!!Gw PIESOLD LIMITED IMPERIAL METALS CORPORATION
0 911.0 930.0 ond Booljock—Moreheud connector relfocation only. QWEERS ~ VANCOUVER, B.C.
uss MT. POLLEY PROJECT
1625.113 TALINS, OSJOEAGSECZAOC'I‘LSITYANB SEDIMENT CONTROL AND SEEPAGE M TAILINGS STORAGE FACILITY
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IMPERIAL METALS CORP.

MT. POLLEY PROJECT

REPORT ON PROJECT WATER MANAGEMENT
" (REF, NO. 1624/1

SECTION 1.0 - INTRODUCTION

This report provides an overview of the source and fate of all water associated with
the Mt. Polley Project. An overall project water balance was completed by
integrating the water balances for the mine site with the tailings facility. The
objectives of the water balance analyses are to demonstrate that the tailings facility
and open pit can be operated to ensure that no surface discharge of excess water
will be required, and by selective addition of surface runoff from waste dumps and
undisturbed catchment areas, the make-up water requirements from Polley Lake can

be minimized.

A probabilistic water balance analysis using @RISK was developed to describe the
effects of a statistical range of precipitation conditions over the entire life of the
project. From the correspohding results, estimates were made of the probable
requirements for fresh make-up water, probable tailings pond volume and probable
volumes of additional water to be diverted out of the project area.

The @RISK Analysis and Modelling program is a software package that allows the
input of a statistical distribution to describe an uncertain quantity. Instead of using
a finite value to describe a particular quantity, individual values are repeatedly
selected from a specified statistical distribution describing that quantity. These
selected values are then used in subsequent calculations to generate a distribution of
results that accounts for the uncertainty in the initial quantity.
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SECTION 2.0 - HYDROMETEOROLOGY

2.1 GENERAL

The hydrometeorological information used for the preparation of this report was
taken from the most recent information incorporated in the Mine Development

Certificate. A summary of the data is given in Table 2.1.

This section provides an overview of the applicable hydrometeorological
information and how it was used to complete this analysis.

2.2  PRECIPITATION

A normal probability distribution was used to model the expected seasonal
variability in precipitation data as shown in Figure 2.1. This distribution was
chosen after using the software package BESTFIT to determine the underlying
distribution of long term annual precipitation records for relevant AES stations in

the region.

Since precipitation data at the site is limited, mean precipitation records for
climatologically similar stations in the area were used to estimate a mean annual site
precipitation of 755 mm. A coefficient of variation of 0.16 was determined for the
standard deviation of 121 mm. These conditions were applied to the tailings facility
and adjacent additional tailings catchment areas. To account for higher elevation,
the waste dumps, pit area and mill site were modelled with a mean precipitation of
810 mm, a coefficient of variation of 0.16 and a standard deviation of 130 mm.
The increased precipitation value is consistent with elevation correlations previously
presented in the Stage I application documents. This data is summarized on
Table 2.1.

2.3 SNOWMELT

Snowfall at the site was considered to melt only during the months of September,
April and May. All snowfall in September was assumed to melt during the month
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and all snowfall accumulated during the remainder of the year was assumed to melt

equally in April and May.
2.4  EVAPORATION

Evaporation data is consistent with previous analyses incorporated in the Mine
Development Certificate (MDC). The annual evaporation rate of 423 mm at the site
has been assumed to be constant for all years of operation and precipitation

conditions.
2.5 RUNQOFF

Runoff coefficients used in this analysis are consistent with values used in the Mine
Development Certificate and included variable runoff coefficients based on dry,
average and wet years. Dry years were defined as years when the total precipitation
was less than or equal to 1.3 standard deviations below the mean (10 year dry), and
wet years were defined as years when the total precipitation was at least 1.3
standard deviations above the mean (10 year wet). Runoff coefficients are

presented in the following section.
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SECTION: 3.0 - PROJECT COMPONENTS

The overall project components and development sequence are described in
previous documents incorporated in the MDC. The main mine components
incorporated in the model are illustrated on Figure 3.1 and include disturbed and
undisturbed areas at; open pits, waste dumps, mill site, tailings facility, and also the
additional undisturbed catchment areas (Areas A and B) immediately upgradient

from the tailings area.

The project water balances consider the staged development of the various

components of the project as summarized in:

o Table 3.1 - Open Pit Development
° Table 3.2 - Waste Dump Development
. Table 3.3 - Tailings Storage Facility Development

In addition, specific assumptions incorporated in the water balance analyses are
included in Table 3.4. These assumptions are consistent with those used in previous
water balances for the tailings impoundment and mine site conducted in 1991.
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SECTION 4.0 - WATER BALANCE AND MAKE-UP WATER SUPPLY

4.1 GENERAL

The updated Water Management Plan for the Mt. Polley Project includes the
following objectives:

To minimize the volume of fresh water abstracted from Polley Lake.

o To limit the period of water removal from the Polley Lake/Hazeltine Creek
system to high flow periods.

. To regulate additional surface water runoff into the tailings pond.

o To prevent the accumulation of excess water within the tailings
impoundment so that the impoundment and open pit can be operated as a
closed system with no surface water release.

. To supply make-up water for the milling process from within the project

catchment area.

o To minimize the requirement for regulated discharges of surface runoff

from the waste dumps.

These objectives will be managed simultaneously during operations by provision of
surface water collection ditches around the project perimeter and by judicious
transfer of “fresh” surface runoff from designated undisturbed catchment areas

adjacent to the tailings impoundment.
The Starter Dam for the tailings impoundment will be constructed approximately

one year prior to mill start-up, and will entrap the freshet runoff so that adequate
quantities of water are available for mill start-up and the first years of operation.
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During on-going operations, the size of the tailings supernatant pond will be
controlled, to a large extent by mine operators, by the annual precipitation and
evaporation regime and by the water released from the settled tailings. Process
fresh water make-up requirements from Polley Lake will be minimized by

utilization of water sources in the following priority:

. Tailings supernatant.

. Open pit dewateringl.

. Open pit groundwater depressurization wells.

. Mill site and waste dump runoff.

. Runoff diversion structures will be operated to provide supplementary

water from diverted catchment areas A and B upslope of the tailings

impoundment.

o Transfer of excess stream flow from Polley Lake/Hazeltine Creek during

peak flow periods.

A series of water balances have been carried out to evaluate the annual process
requirements for fresh make-up water and the overall water surpluses or deficits for
the Mt. Polley Project. Water balances have been carried out for all 14 years of the
project life, under a range of hydrometeorological conditions and for the various

catchment areas.

The monthly water balance incorporates inflows from the open pit into the tailings
storage facility. Additional surface runoff from the millsite, the various waste
dump areas and additional undisturbed catchment areas have also been determined
separately. Runoff collection ditches are assumed to control the addition of surface

runoff into the system.
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Linked water balances have been carried out for all 14 years of the mine life. An
example of the linked water balances for average precipitation conditions are
included in Appendices A and B. Appendix A includes the tailings facility and open
pit as per the existing MDC, and Appendix B includes separate water balances for
the mine site area plus the additional undisturbed catchment area A immediately
upgradient from the tailings impoundment. The information in these two sets of
tables is linked, and when the tailings pond volume drops below a minimum
specified volume of 1.5 millién m’, all available surface runoff is diverted into the
process. Catchment Area B is not included in the water balances and is therefore
considered to represent a contingency source of additional water to compensate for

any process shortfalls.
4.2  WATER BALANCE

The fundamental objective of the overall Water Management Plan is to operate the
project so that surface discharge of excess water from the tailings impoundment and
open pit will not be required. Table 4.1 summarizes the various components of the
water balance for average precipitation conditions (as shown in Appendices A and
B) over the life of the project assuming Catchment Area B will not be required.
The main components of the water balances are illustrated graphically on Figure 4.1
for the Year 1 water balance previously presented in 1991 and on Figure 4.2 for the
current 1995 Year 1 water balance which minimizes make-up water recovery from
Polley Lake. The main difference between the two options is that in the 1995 water
balance model, the make-up water requirements are reduced by incorporating
additional runoff water collection from waste dumps and the additional catchment
area at the tailings facility, plus it utilizes ponded water that is contained in the

tailings impoundment at start-up.

The annual water balance summaries for Years 1 and 14 previously developed in
1991 are compared to results from the updated water management plan in Tables
4.2 and 4.3. The updated values presented in this table were developed using
similar water balance tables to those in the MDC and were conducted separately
from the linked water balance results included in Appendix A, in order to provide
an independent check on the @RISK water balance results.
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The variation in the volume of the tailings pond for average precipitation conditions
is illustrated on Figure 4.3. The pond volume reaches a minimum during the winter
months when there is little surface runoff and reaches a maximum volume in the
summer after the freshet. Figure 4.3 also includes a smoothed average curve which
tracks the tailings pond volume at the end of September in each year. The 50th
percentile curve for September pond volumes, as determined in the @RISK

analyses is also included for comparison.

The computer program @RISK was used to assess the risks of:

. accumulating too much water in the tailings impoundment over the life of
the project,
. depleting the volume of water in the tailings pond so that an external source

of make-up water would be required.

The @RISK program randomly selects separate annual precipitation values for each
of the 14 years of operation and linked water balances are conducted. The water
balances “link” the tailings facility and mine site water balances and also link the
pond volumes from year to year. This process was repeated for 1000 iterations in
order to provide estimates of the tailings pond volume, runoff water and make-up
water requirements for various extreme combinations of wet and dry precipitation
years. These results are illustrated on Figures 4.4, 4.5 and 4.6, and are discussed
in the following section. It is evident that the updated water management strategy
will achieve the permitted requirements for prevention of surface water discharge
from the tailings facility and open pit, while minimizing the amount of make-up

water removed from Polley Lake.

4.3 MAKE-UP WATER REQUIREMENTS

A fundamental requirement for the updated project water balances is that an
adequate volume of water has to be stored at the tailings impoundment to
compensate for low runoff periods during the cold winter months and during dry
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summer months. It has been estimated that a minimum volume of 1.5 million m® of
water will need to be in storage prior to mill start-up. It is intended that this water
will be obtained by constructing the tailings impoundment at least one year prior to
mill start-up to allow capture of one year of direct surface runoff including the
freshet. The amount of surface runoff which will be collected prior to start-up for
various precipitation conditions is presented on Tables 4.4 to 4.7 and summarized

as follows:
Summary of Water Available at Start-Up
Precipitation Surface Runoff Water (m®) Available
Condition with Catchment Area A with Catchment Areas A & B

Average Year 1,455,000 1,992,000
10 Year Dry 1,084,000 1,445,000
50 Year Dry 921,000 1,220,000
10 Year Wet 1,900,000 2,657,000

These results indicate that if extremely dry conditions are encountered, up to
300,000 m’ of water may also need to be abstracted from either Polley Lake or
Hazeltine Creek during peak freshet flows to supplement stored water in the first
year of operation as 1.5 million m’ of water must be stored prior to start-up.

The tailings pond volumes determined by the @RISK analyses for the linked water
balances extending over the 14 year project life are shown on Figure 4.4. An initial
pond volume of 1.5 million m* has been included at start-up and runoff from waste
dumps and catchment Area A have been included when necessary to provide
adequate water for milling. The monthly fluctuations in the volume of the tailings
pond have not been included on this summary figure. Figure 4.5 illustrates the
amount of excess surface runoff from all waste dumps plus the 240 ha of Catchment
Area A that is not diverted into the mill process. It does not include for additional
runoff available from Catchment Area B.

Comparison of Figures 4.4 and 4.5 illustrates that virtually all available runoff is
diverted into the process under average and dry precipitation conditions for the first
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two to three years. The volume of stored water in the tailings impoundment is also
reduced during this period. However, the analyses indicate that no additional make-
up water will be required from Polley Lake except during the most extreme
combinations of dry years. Figure 4.6 illustrates that there is about a 5% chance

that some minor amount of additional make-up water will be required.

In practice, there is also a minimum pond volume which must be maintained in the
tailings impoundment in order to compensate for ice accumulation in winter and to
allow trouble free operation of the reclaim barge. Therefore, it will be necessary to
include contingency provisions to transfer additional water into the tailings
impoundment during operations. This additional water can be obtained from:

. selective diversion from Catchment Area B upgradient from the tailings

impoundment, and/or

. transfer of excess flows from Polley Lake or Hazeltine Creek during peak
flow periods. Minimum stream flows for fisheries releases would be

maintained during any pumping period.

44  WATER MANAGEMENT PLAN

The objective of the project Water Management Plan in the early years will be to
route all project water flows from disturbed areas into the process or into associated
mine site activities such as dust suppression. An additional objective is to
selectively route runoff from upslope Catchment Areas A and B into the tailings
impoundment in order to eliminate the need for an external source of make-up water
from Polley Lake. In the later years of operation the objective will be to monitor
and release selected surface water inflow components which meet the required
quality standards in order to manage the final volume of ponded water in the tailings
impoundment at closure. The following activities will be incorporated in the Water

Management Plan:
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(1)

(i)

(iii)

(iv)

)

(vi)

(vii)

Maximize the capture of surface and groundwater flows from within the

project area.

Maximize the use of the poorest quality water recovered from within the
project area in the milling process and in associated activities (such as dust

suppression).

Minimize the deliberate introduction of excess clean fresh water from Polley
Lake and Hazeltine Creek.

Monitor the quality of surface runoff from disturbed areas and groundwater

flows within the project site.

Release only the best quality water from within the project boundaries and
in accordance with permitted requirements, as is necessary to maintain an
overall project water balance under actual hydrometeorological conditions.

Manage the operation of the tailings supernatant pond to optimize the
volume of water stored on the tailings surface during operations and at

closure.

Develop and maintain a detailed data base to allow water balances for the
site to be as accurate as possible and thereby become useful tools for
predicting annual make-up water requirements and for scheduling releases

of clean surface runoff water as appropriate.
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SECTION 5.0 - SUMMARY AND CONCLUSIONS

A revised water management plan has been developed for the Mt. Polley project.
Detailed water balances have been conducted for each year of the project using
average precipitation conditions. Water balances have also been developed for 1000
different 14 year combinations of annual precipitation in order to assess the risk of
either accumulating too much water in the system or increasing the make-up water
requirements. These revised water balances indicate that:

6] Discharge of excess water from the tailings facility and open pit will not be
necessary. These results confirm the findings of the previous project water

balances conducted in 1991.

(i1) It is possible to eliminate the requirement for a water supply dam on Polley
Lake.

The updated water management plan requires early construction of a starter dam at
the tailings impoundment in order to capture surface runoff for one year prior to the
projected early start-up in October, 1996. Surface runoff from undisturbed
catchment areas immediately adjacent to the tailings impoundment will be routed
into the facility in order to provide a minimum pond volume of 1.5 million m’ prior
to start-up. This initial volume of water is projected to be drawn down during the
first few years of operation, even if all mine site runoff and runoff from the
additional Catchment Area A is routed into the mill process. However, the amount
of surface runoff increases during the later years of operation when the waste
dumps increase in area and surface runoff also increases. Therefore, the amount of
surface runoff obtained from undisturbed catchment areas will decrease after the

first few years of operation.

The water balance has been evaluated for each year of the 14 year project life and
under various precipitation conditions. Water balances have been conducted for
over 1000 different combinations of mine life precipitation conditions and the risks
of significant water accumulation or depletion have been assessed.  These
probability analyses indicate that it is extremely unlikely that any additional make-
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up water, beyond the projected fresh water requirements of 24.9 m’/hr, will be
required from Polley Lake. However, it is recommended that a contingency water
supply of about 300,000 m*/yr be included in the revised permit application. It is
anticipated that this volume of water would only be removed from either Polley
Lake or Hazeltine Creek during high flow periods and would only remove water
which is not required for minimum fisheries flow releases.
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TABLE 2.1
IMPERIAL METALS CORPORATION

MT. POLLEY PROJECT

PRECIPITATION DETAILS USED IN ANALYSIS

2/3195 10:27
J:JOB\DATA\I624\WATERBAL\STATWBAL.XLS

Oct
Nov
Dec
Jan
Feb

Apr
May
Jun
Jul
Aug
Sep

IMonthly Proportions of Precipitation:

Total (mm)

Rainfall
(mm)

48.3
17.3
7.6
6.8
6.0
6.0
24.2
45.3
81.5
65.7
83.1
58.9

450.7

DESCRIPTION VALUE
Lower Elevations (ie. TSEF)
Mean annual precipitation (mm) 755
"Dry” annual precipitation (mm) 601
"Wet" annual precipitation (mm) 909
"Max." annual precipitation (mm) 1050
"Min." annual precipitation (mm) 450
Mean annual rainfall (mm) 451
Mean annual snowfall (mm) 304
Coefficient of variation 0.16
Standard deviation (mm) 121
[Higher Elevations (ie. mill site, waste
dumps, etc.)
"Elevation" factor 1.07285
Mean annual precipitation (mm) 810
"Dry" annual precipitation (mm) 645
"Wet" annual precipitation (mmy) 975
Coefficient of variation 0.16
Standard deviation (mm) 130
Proportions of Total Precipitation:
Rainfall 0.60
Snowfall 0.40

Proportion  Snowfall
as Rainfall (mm)

0.11
0.04
0.02
0.02
0.01
0.01
0.05
0.10
0.18
0.15
0.18
0.13

12.1
40.0
67.2
68.7
52.1
38.5
18.9
5.3
0.0
0.0
0.0
1.5

304.3

Proportion
as Snowfall

0.04
0.13
0.22
0.23
0.17
0.13
0.06
0.02
0.00
0.00
0.00
0.00
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TABLE 3.1
IMPERIAL METALS CORPORATION
MT. POLLEY PROJECT
OPEN PIT DEVELOPMENT

2/3/95 10:28
JJOB\DATA'1624\WATERBAL\STATWBAL. XLS

END PIT CATCHMENT AREAS (ha) TOTAL

OF CENTRAL| NORTH WEST AREA
YEAR (ha)
0 0.0 0.0 0.0 0.0
1 17.6 0.0 0.0 17.6
2 17.6 0.0 0.0 17.6
3 25.5 0.0 0.0 25.5
4 25.5 0.0 0.0 25.5
5 25.5 14.9 0.0 40.4
6 25.5 14.9 0.0 40.4
7 25.5 14.9 24.3 64.7
8 25.5 14.9 24.3 64.7
9 25.5 14.9 24.3 64.7
10 25.5 14.9 24.3 64.7
11 25.5 14.9 24.3 64.7
12 25.5 14.9 24.3 64.7
13 25.5 14.9 24.3 64.7
14 25.5 14.9 24.3 64.7

Notes:

1. Pit areas in italics are conservative estimates only.
2. Pit areas measured from mining sequence plans
¢/o Wright Engineers ("Feasibility Study”, Vol. 1 of 5).
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2/3/95 10:29

TABLE 3.3
IMPERIAL METALS CORPORATION
MT. POLLEY PROJECT
TAILINGS STORAGE FACILITY DEVELOPMENT

Area of total impoundment = 230 ha

J:JOB\DATA\1624\WATERBAL\STATWBAL.XLS

END OF AREAS (ha)
YEAR | UNPREP'D |TOT. PREP'D| PREP'D BEACH BEACH POND
BASIN BASIN BASIN (incl. pond) ONLY
t=0 96 134 119 15 0 15

1 96 134 64 70 48.9 21.1
2 54 176 67 109 81.9 27.1
3 54 176 38 138 104.8 33.2
4 26 204 44 160 120.7 39.3
5 26 204 19 185 139.6 45.4
6 15 215 22 193 141.6 51.4
7 15 215 13 202 144.5 57.5
8 6 224 18 206 142.6 63.4
9 6 224 15 209 139.4 69.6
10 0 230 17 213 137.3 75.7
11 0 230 13 217 135.2 81.8
12 0 230 10 220 132.1 87.9
13 0 230 6 224 130.1 93.9
14 0 230 3 227 127 100

Notes: 1) Unprep'd Basin = Total Impoundment - Prep'd Basin.

Association
of Consulting
Engineers

of Canada

2) Prep'd Basin taken from Filling Schedule and Staged Construction.

3) Prep'd Basin has been increased by 5% in order to equal total
impoundment area after 10 years.

4) Beach (incl. pond) taken from D/A/C curve.

5) Pond volume varied linearly from 15ha at t=0 to 100ha at end of year 14.
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TABLE 3.4
IMPERIAL METALS CORPORATION
MT. POLLEY PROJECT
ASSUMPTIONS USED IN WATER BALANCE ANALYSIS

2/3/95 10:20
J:JOB\DATA\1624\WATERBAL\STATWBAL.XLS

DESCRIPTION VALUE
General Details:
Daily ore throughput (tpd) 13,425
Tailings % solids 35%
Tailings S.G. 2.78
Yr. 1 initial pond volume (m?) 1,500,000
Water content of ore 4%
Min fresh water makeup (% of water in with sharry) 2.4%
Initial tailings dry density (t/m’) 0.9
Final tailings dry density (t/m’) Yr.1 1.1
Yr.2 1.2
Yr.3-14 1.3
Pit g/w infiltration (m’/month) 39,818
Beach evaporation factor 0.8
Dust control (m3/month) 25,000
Runoff Coefficients: dry ave
Unprepared basin 20% 24%
Prepared basin 90% 90%
Tailings beach 90% 90%
Pit area 45% S0%
‘Waste rock 58% 60%
Undisturbed catchment 20% 24%
Mill site 65% 70%

wet
29%
90 %
90%
55%
62%
29%
75%

Association Association

of Consulting des Ingénieurs-
Engineers Conseils

of Canada du Canada






Knight_Piésold _Ltd.

CONSULTING ENGINEERS

2/6/95 1529
J:JOB\DATA\62A\WATERBAL\STATWBAL.XLS

TABLE 4.1
IMPERIAL METALS CORPORATION

MT. POLLEY PROJECT

ANNUAL WATER BALANCES FOR AVERAGE
CONDITIONS - CATCHMENT AREA "A"

YEAR WATER TAILINGS POND VOL. (m®) | MAKEUP EXCESS
AVAILABLE MIN. MAX, WATER DIVERTED
(m®) REQ'D (m’) | WATER (m’)
0 1,500,000 1,500,000 1,500,000
1 1,136,187 765,590 1,432,777 0 0
2 1,233,138 610,223 1,341,963 0 0
3 1,440,914 866,681 1,663,887 0 150,014
4 1,441,040 1,090,844 1,760,095 0 435,218
5 1,507,113 1,120,791 1,861,307 0 549,537
6 1,491,361 1,136,205 1,929,259 0 770,682
7 1,603,921 1,181,655 2,032,575 0 756,609
8 1,674,549 1,215,669 2,100,044 0 876,349
9 1,735,786 1,276,298 2,172,620 0 922,218
10 1,824,823 1,341,827 2,264,337 0 957,312
11 1,889,491 1,420,501 2,343,190 0 967,572
12 1,933,176 1,474,927 2,398,170 0 977,832
13 1,652,895 1,518,504 2,132,030 0 1,287,699
14 1,703,906 1,270,389 2,194,337 0 945,683
Note : Excess Diverted Water is surplus runoff pot diverted into tailings impoundment.
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IMPERIAL METALS CORPORATION
MT. POLLEY PROJECT

WATER BALANCE SUMMARY - ANNUAL WATER SURPLUS

Annual Surplus in Tailings Facility (m3)

Imitial Case (1991) New Case (1995)
Year 1 Year 14 Year 1 Year 7 Year 14

50 Year Dry 0 0 0 0 0
10 Year Dry 0 0 0 0 0
Average Year 0 3,856 0 0 0
10 Year Wet 0 440,148V 0 87,098 74,626
50 Year Wet 0 680,032 0 311,451 309,400
Note:

1. The Initial Case (1991) does not include water usage for dust control or

enhanced evaporation losses (approximately 400,000 m’/yr). The New Case
(1995) includes for dust control (150,000 m3/year) but not enhanced evaporation
(250,000 m’/year).
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Notes:

TABLE 4.3

IMPERIAL METALS CORPORATION
MT. POLLEY PROJECT

ADDITIONAL MAKE-UP WATER REQUIREMENTS

Precipitation Conditions Permitted Option: Scenario 2 - Total

Pit Inflow to Tailings Area or to
Process
1991 Model 1995 Model
(m® /year) (m3/year)

Year 1 - 50 Year Dry 1,580,709 0
Year 1 - 10 Year Dry 1,490,936 0
Year 1 - Average Year 1,259,725 0
Year 1 - 10 Year Wet 973,150 0
Year 1 - 50 Year Wet 861,263 0
Year 14 - 50 Year Dry 646,609 0
Year 14 - 10 Year Dry 415,057 0
Year 14 - Average Year 0 0
Year 14 - 10 Year Wet 0 0
Year 14 - 50 Year Wet 0 0

The additional make-up water required is in addition to the 4.6 percent
minimum fresh make-up water required (418,611 m’/yr) to the mill. Of
this, 200,000 m3/yr is water in ore, and the remainder is for fresh water
requirements (ie: potable water, etc.)

The new 1995 water balance model assumes that approximately 1.5 million
m’ of water is stored in the tailings impoundment in October of each year.
Year 1 water balances indicate that ponded water in the tailings facility may
need to be supplemented with additional make-up water if the tailings pond
volume becomes too low for practical o?erations. Therefore, a contingency
make-up water allowance of 300,000 m” may need to be extracted during
freshet from the Polley Lake system under extreme dry start-up conditions
during the first few years of operations.
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CONSULTING ENGINEERS

APPENDIX B

MINE SITE - MONTHLY WATER BALANCES
FOR AVERAGE PRECIPITATION

Association Association

of Consulting des Ingénieurs-
Engineers Conseils

of Canada du Canada





TZs‘ovL L9€'6S S69°18 686*19 e ¥91'981 ovl‘aLl 668°s 668°S $89'9 'L £00°L1 £8¥'LY Quauryojeo syie) [ruopppe ulpnpou) {El0 L, puets __...._
8TT'L0E S09'¥2 868'CE 69L9T 90T'¢C Ly 628'€L SPP'T SYP'e w'e 160°€ 600°L 649°61 AS NN pue sdunct aisem Jeio], t1
PET'CCY 9L'VE Le8'Ly 0e8'Le 916'9% £89°801 1€ 901 ¥SP'E ¥SP'E $16'C SLE'Y 656°6 $08'L7 Rugded eare suiTy {euolppy fer
1zeeet we'6 £¥'El LOL'01 z8T'ET 176'1€ ZEs'6T 8.6 8L6 801°1 [IxA 618'C Us'L M N 44
0 0 0 0 0 0 i 0 0 0 0 0 0 dwinp siseam 1o I
0 0 0 0 0 0 0 0 0 0 0 0 0 dump spem yuuN &
100" V81 £9L'P1 S1E'0T 190°91 ¥26'61 961'9p 867" PP %' L9¥'1 091 RSB 62Ty 808°11 duinp 21sum 150 6
(gw) <ZIONNY TVIOL>
P6T'EEY E9L'VE LEB'LY 0z8'LE 916°'9Y £89°801 TIE P01 wr'e ySr'e $16°¢ SLE'Y 656°6 w8'LT Jjouns juowyaie) 8
WwawyoIE) ealy sBulte], [Euouppy|
£~ Alx Al w8'6 £45°€l L0L'01 8T'El 126'1€ ZE$°6T 8L6 8.6 801°1 6€T°1 618'C uUs'L Jjount juawnyore;) L
Aus =§.=
0 0 0 0 0 0 0 0 0 0 0 0 0 Jjoun juawydies paqinusipui) o
0 0 0 0 0 0 0 0 0 0 0 0 0 Jjount ¥oo1 dpsem <
dun@ dusem YUoN,
0 0 0 0 0 0 0 0 0 0 0 0 0 Jjouns yusuiyores paqimsipur) 4
0 0 0 [\ 0 0 0 0 0 0 0 0 0 Jjouns Y003 AsEM (5
dwingg atsepm 1o
¥85°5ET 8.8'01 696'¥1 SE8‘TT 189°1 010'v¢ ov9‘ze 180°1 180T Y741 691 (146> 00L'8 Jjouns Juawed poqrusipu;} [4
£TH'8y $88'C oKE'S Lee'y £e's [a4At L59°T1 98¢ 98¢ 5y 68p EITT o1'e Jjount Yool Jsem !
dungy aisep ey
(gu) <JAONNY INHWHOLVD >
oeTy 008 0w 0°L01 oz oLy 0’0 00 00 00 00 00 XY (puow /uw) uolesodeagfl
8'€TE 9T 00 0'0 00 96 102 o1y ¥'s§ €L S 1L 9Ty 621 (puow/ww) jejmougfly
TE8Y €9 1°68 $oL ¥'L8 9'8p 65T ¥'9 v'9 €L '8 (%11 81 (puow/win) fejurey|lv
TTVINNV J44s onv nr NOF AV ¥av AV 434 NV 23 AON 120 zo_.r_E.vmm:__
STXCTVEMLY LS TVIEAVM P PN VLIYOWEON T
5N Sewt
ove 0 ‘eale s3uijte) euolippy
S 0T s THN
%SL %0L %59 = s [ 0 (] :dwnp yuoN
%62 %vT %0t = JUSWYOIEd paqInisipun 0 0 :dunp 1s9m
%9 %09 %86 = Y001 3)sEM oL o1 :dwnp g
o e p (RS S TR
IHIURIOJJI03 Jjourd TTY) seolt ol
TAvVax
FONVIVE JALVAM X TIINOW
3AONNY LIS ANTI

LOIrOYd AT'Y10d "L

NOLLVIOJHOD STVLIW TVIdAINI

I'g a19vV.L

SHIINIDNT ONILINSNOD

‘PIT P10Sa1d 1ystuy]





080¥SL SS9 wl'cs TLL'SY 06518 §95'681 v 181 1009 £00'9 L08'9 809'L 6IE‘Ll £5€8Y (uawyores s|je) jevonippe Suipnjour) (o], puei sl

98L'0Z¢ 69'sT SSE'SE %66°LT PLO'VE 8.8'08 €60°'LL €55 (2394 €68'T xA% 09€'L 6¥5'0C U (A pue sduingg dsem e ], 1
6T EEY €9L'vE LEB'LY 078'LE 916'9% £89°801 1 p01 ¥SH'e yr'e y16'c SLE'Y 656'6 08'LT WU ease s3uliel [euonippy Bi]
12e'eet 86 £¥S'El Lot 287'¢1 12€'1¢ €656 8L6 86 801°1 6€C'T 618'C UL A N [
0 0 0 0 0 0 0 0 0 0 0 0 0 dwinp ajsem 1s9m 11
0 0 0 0 0 0 0 0 0 0 0 0 0 duinp ajsem yuoN o1
$96°L61 158'ST 218'1e SIT'LT WL 1T LSS'6¥ w95 LY SLS'T SISy S8L'T $66'1 'y 8L9'T1 duwinp 2jsem yseg 6
(gW) <JAONNY TVLI0L>
6T EEY £9LVE LE8'LY 08'LE 916'9% 189801 T1E'v01 wY'e pr'E y16'c SLE'Y 656'6 $08°L2 Jjount yuauiyne 8
Wy vay sdutjie], euonippy|
1ee'eet wR6 £¥5'C1 wL'or 282'c1 1Ze'1E w©s'6T 816 8L6 8011 6€2'T 618'C 8L Jjount yuauiyore) L
A N
0 0 0 0 0 0 0 0 0 ] 0 0 0 Jjouns UYL PagIsIpu;y v
0 0 0 0 0 0 0 0 0 0 i} 0 0 Jjount o0l Jisem S
duing e Yo
0 0 0 0 0 0 0 0 0 0 0 0 0 JJOUNL JUAWYIED pagInysipuy) t
0 0 0 0 0 0 0 0 0 0 0 0 0 Jjount 3001 Jise M, €
dwingg apsepm 159
SP$9Z1 €5T°01 1L6'€T 91T wL'ET EPLTE ov'oc 600°1 600'T £rll 8LZ'1 806'T ozl's Jjouns JuauIydIed PIGINISIpULY 14
0%0'1L 869°C 8L 661°9 069°L SI8'LY L60°LT 99¢ 99§ w LIL 2691 LSS'Y Jjount 301 Asem I

dung aisep iseq|
(e <JJONNY INHWHOLVD >

o'cey 00§ 0% o0°Lo1 oz oLy 00 0’0 00 00 00 00 0’61 (tpuous/usur) vonesodeagifl )
8'€ZE 91 00 00 00 9 14174 oy 'S TEL SIL Ty 62 (puowr/utu) (eymougfie
Tesy T 168 voL v(8 9’8y 6'sT v9 9 €L 8 s8I 8IS (puous/umur) jrepugex v
TVANNY das anv e NOf AV Udv UV a4 NvE % (i} AON 1o zo_,r:zumn.E__
SDCTVAMLY LS TVHRTL VMY IS\ YIVQEHON L
S ST
ove () ‘eole sEune [EUONIPPY
S oz PYs N
%SL $0L %59 = )8 [ 0 0 :dwmp yuoN
%67 %YT %07 = JUAWYDIED PAqImSIpun 0 0 :dwinp 1som,
%29 %09 %8S = JO0J JyseMm g9 ST :dwnp yseg
R e o paispun  pqp
TER1]§905 Jjourd () seale JusuIes
THVAA
FONVIVE HALVM X TILINOW
JIONNY 911S ANTA

12drodd A4110d "L
NOILLVYOJHO0) STVLIN TVIHAJAL
g 319vVL

SHIANIONT ONILINSNOD

‘PIT pI0said sty






8€9°L9L £45°19 88918 96699 860'€8 996'761 899°¥81 SI'9 SI1'9 0£6'9 SYL'L T€9°L1 £2T'6p Quawyaies siya jevoyppe Suipnouy) jo L puwin __m._
SYE'tEE 08L'9C 58'9¢ 9ET'6T wi'9e 6LT'8 Ls€'08 199'C 199'C 9l0'c oLe'e us'L 61%'12Z S (A pue sdungg aisepm Jei0g, 1
YT EEY €9L'¥E LER'LY 0T8'LE 916'9y £89'801 T1€'%01 YSH'E P'e ri6'c SLE'Y 6566 $08°LT Ju2UIYIED Ele SBUYLY) [RUOLIPPY Al
12T'eTl ws'e 3,301 LoL'o1 8T'el 12€' 1€ 2€$°6T 816 816 8011 6€2'1 618°C US‘L AS TN 4
0 0 1} 0 0 0 0 0 1} 0 0 0 0 duinp ajvem 19 1
0 0 0 0 0 0 0 0 1} 0 0 0 0 duinp ajsem yuoN D1
£2I'11T 86697 60£'€T 82v'8] 098'7Z 8567 978°05 £89'1 £89°1 1061 43 b4 68'y 8t5°€l duwinp aysem 15ey 6
(gW) <J40NNA 'IVLOL>
6T EEY €9L'VE LE8'LY 0z8'L€ 916'9% £89°801 1IE' 01 Y'e Y'e P16°€ SLE'Y 656°6 $08°'LT Jjouns wowiored 3
wawyne) valy suljiel, jeusippy|
12T'eTl T¥8'6 (329041 LoL01 8T'El 128'1€ 2662 /L6 8L6 801°1 6£T'1 618'T UL Jjount uaunjoie) L
My W
0 1} 0 0 0 0 0 0 0 0 0 0 0 JJOUnI JUAWYIED PIGINISIPU[} v
0 0 0 0 0 0 0 0 0 0 0 0 0 Jjount 3004 djgem S
duingg awep quoN
0 0 0 0 0 0 0 0 0 0 0 0 9 Jjount juawyaied paginsipuny 4
0 0 0 0 0 0 0 0 0 0 0 0 0 Jjount o0l J)sepm €
dungg asep 1M
908 L11 LTY'6 €L6'Cl Lsz'o1 €zL'el SLY'6T 887'8C LE6 L£6 7901 981°1 1oLt (12974 Jjount Juawialed paginsipur) 4
L19'¢6 'L 9EE‘0T 1L1'8 LET'OL £8V'ET LES'TT ovL 9L 98 S¥6 w1 100'9 Jjount 3001 Asem 1
duin( orsep 1sei,
(gu) <AJONNY INHWIIDLVD>
0'€Ty 008 0w 0°L01 ozl 'Ly 00 00 00 00 00 00 1% (puowt/ww) voyelodeag )l
8'€ZE 91 00 00 00 9'¢ 10T 0'1p ¥'ss 1'€L S'IL 9T 67! (puow/ww) jiejmousfe
TEsy (439 1°68 oL ¥'L8 98y 6°ST ¥'9 v9 €L 18 $'8l 816 (puow/ww) jejureylv
TVONNY 4as any ne NOf AVIN udv dVIN q34 NVe o3d AON 120 zc:.._Eow@_
T
STXCTVHMLY IS TYERLVAMA 79 N\ VLY QWON [
5 Sawl
ove 0 ‘eale s3uljte; [euonippy
S 74 s [iA
%SL %0L %S9 = s jlw 0 0 :dwinp yuoN
%62 % %0C = JUWYoJEd pagInysipun 0 0 :dump 1sem
%9 %09 %8S = Yool 3jsem 19 61 :dwmp 15eg
e Sae p PWpUR  Pqsp
SSIUIRIATY 20 Jjound ~ﬂ|—: seale juauwiyded
€ AVIAX
HONVIVE JALVA L THINOW
JJONNA ALIS ANTN

LOFrodd ARTT0d "L
NOLLVIOJIO0) STVLIN TVIdAdINI
€4 319VL

SHI3NIONI ONILINSNOD

‘PIT POSald rysiuy]





L61°18L

1£9°09

$81°98 6€1°89 975'v8 19€°961 T66°L81 £22'9 €29 0L 288°L 43 WA £6005 (uownies sirey {euonippe Supnjow) |ejo ], puels 1
€06'LYE 89842 6¥E°8¢E 6108 019°LE 089°L8 129'¢8 69L'T 69L'T 8el'e 05'e ¥86°L 68222 NS (1A pue sduingy 2sem [EI0], 4
v6T'cEr €9L'vE LE8'LY 0z8'Le 916°9p £89'801 11401 pSP'e 3% yI6'C SLE'y 6566 P0U‘LT uowiyojes eale sduljie; euolppy L1
12e'ett W86 £p5CT LoL'o1 8T€l 1ze'1e Tes'6T 816 8L6 801'1 6€T°1 618'C 8L A N 41
0 0 0 0 0 0 0 0 0 0 0 0 0 duwnp 2jsem 1M il
0 0 0 0 0 0 0 0 0 0 0 0 0 dwinp ojsem quoN ot
89'veC 920'81 S08‘vT z19'61 8ZE'vT 65€'95 060'vS 16L°T 16L°1 0£0'T 692'C WIS 8I'p1 duinp aisem jseg 6
(gW) <3IONNY TVIOL>
P6T'EEY €9L'vE LEB'LY 0w8‘Le 916°9% 189801 TIEp01 ¥SP'e [:3a% yi6'c SLE'Y 656'6 708°'LT Jjount jawyae) 8
W) eary stullley, jruonippy
122'eel we'e €ps'el LoL'ot 8Tel 1ze‘ie 2€5°6T 816 8.6 801°Y 6€T'1 618'C TU8'L Jjount wauryored L
RINTHRY
0 0 0 0 0 0 0 0 0 0 0 0 0 JJount JUAWIYNES PIGINISIPUL) v
0 0 0 0 0 0 0 0 0 0 0 0 0 Jjound xool aisem N
duing a1sep YuoN
0 0 0 0 0 0 0 0 0 0 0 0 0 JJOURT JuaUIIed PIqIrsIpuy 4
0 0 0 0 0 0 0 0 0 0 0 0 0 JJount o1 e t
duingp aisem 199
L9¥°801 woL'e SL6‘TL 89%°6 PL T 8022 9L 598 $98 086 $60°1 €6¥T 0969 JJounl JUALIYIED PIGINISIPUY) (4
S1Z'911 e 0£8°2I ¥¥1‘0l €85°21 1S1°6T LI6'LT 926 9%6 050°1 €LIT 109 LS¥'L Jjount yoox Asem I
dwingq osem ey
(c) <JAONNY INTATIDLV) >
o€Ty 005 0'% 0201 0zil oLy 00 00 00 00 00 00 051 (puow/ww) voyetodeag]l.
8€LE 91 00 00 00 9's 102 oIy 1233 gL SIL [ 6'Cl Gpuow/w) jjeymousiy
TE8Y (4] 168 oL L8 9'8y 65T ¥9 v'9 €L '8 $°81 8IS (puow/wiw) yejurey iy
TVONNY dds onv ne NOL AV v YV a34 NV 2dd AON L0 zc_._..:zuv...._c__
STX TYUMLY IO TVHEELLY M b IO I\VIVAEON L
S50 ST
ore 0 ‘eale s3ui|1e) [EuonIppY
Y 74 s I
%SL %0L %59 = s [ 0 0 :dunp yuoN
%62 %¥T %02 = JUAWYOIED paqimsipun 0 0 :dwinp isom
%9 %09 %8S = Y001 J)sem 9 T :dwinp yseg
X A Kp paIspuR PP
ISTUS121J3303 Jjount (&) stole Wouiaeo
pUvVAx
FONVIVE H4ILVM XTHINOW
JJONNY TLIS ANTI

LOAr0dd ATTIOd "L

NOLLVYOJHOD STVLIW TVIIAJAL

v I'14v.L

SHIINIONI ONILINSNOD

Ty Sy

pr1 prosad





605986 £01°6L 258°801 09098 L§L'901 898°LYT 65E°LET 658°'L 658'L 106'8 $56'6 199'2¢ 89Z'c9 Guawryares sjie; peuonippe Suipnpoul) [wey, puely) __w. 1

912'¢ss ovE'vy 91019 ove'sy 1#8°65 081°6€T 8¥0'€ET sov'y sov'y €66't 085°S wL'er WH'se IS [N pue sduinq 2isepm feol vl
p6T'cer €9L'¥E LE8'LY 078'LE 916°'9Y 139801 TIE P01 ' wr'e PI6'E SLE'Y 656°6 $08°L2T Wwawydle eaze sTujie) [Luonippy £l
122'eel we'6 (32901 LOL'OT 8T'El TZe'1e TES'6¢ 816 8.6 8011 6€T'T 618‘C us'L As HIW Tl
0 0 0 0 0 0 0 0 0 0 0 0 0 duinp aisem 159 13
¥SLT161 ¥8E'ST oLI‘1T LEL'Y €9L'02 001°8p £91'9% 628'1 675'1 TEL'Y 9€6'T 'y soe'er duinp ajsem YuoN [
ove'8ee PIT'61 T0E°97 S6L°0T 96L'5 09L'6S YSE'LS 668'1 668°T wi'e 90v'T ouY's 88T'ST duinp aysem 1seg 6
(gw) <44ONNY TVLOL>
POT'EEY €9L'vE LE8'LY 078°'LE 916°'9p £89'801 TIE' P01 SP'e e $16'c SLe'y 656'6 PORLT Jjount wowyae) 3
watuyole)) eIV s3ulliel, [euolippy|
1ee'eet we'6 [37% toL'ot wT'el 12€'1E TES'62 8.6 8.6 8011 662’1 618'C uUs'L Jjouns jowyae) L
Yy A
095°9p1 86L'T1 181°91 £6L'Tt 698°ST £9L°'9¢ €8T°'5E 8911 8911 PeE'T o8t 69¢'€ sov's Jjouru juawyores paginistpury v
S61'SY 979'c 066' SP6'e P68'Y LEE'TL 088°01 e (105 80b 95Y 6£0°1 006'T Jjount Yoou Asem S
dwing awem quoN
0 0 0 0 0 0 0 0 0 0 0 0 0 Jjounr uoutyoled pagmsipun v
0 0 0 0 0 0 0 0 0 0 0 0 0 Jjouns Yoo disem £
dwingg aisem 159
8TY'66 Ls'L LL6'OT 609°8 99L'01 96T 9€6°€T €6L €6L 868 $00'1 $82'C 08¢'9 Jjound Justuyoed paginysipuyy (A
218'8ET LETTT STEST (2444 0€0°ST 08t LIv'ee Lot'1 o1t ¥l wr't 061'¢ 106'8 Jjouna Yool jsem I

duingg aisepm iseq|
(g) <JAONNY LNAWILDLV.) >

o'eey 008 0't6 0'Lo1 0°zIt oLy 00 00 00 00 00 00 oSt (wow/wuy voyeiodeag|ly
8'€TE 91 0’0 00 00 9'¢ X4 [iR44 v'sS T'eL S 9y 6Tl (puout/wiw) fejmoustisl
Tesy (434 1'68 v'oL v'i8 98y 6°ST v'9 9 €L s S8l - Y (quowr/wu) |[ejuedliv

TVINNY d3s onv nfe NOr AV v qvu iick] NVr Jda AON 120 ZC-.—LELV.NC__

SDXCTYEMIYISIVHEALY M\ I9I\YAYQHON |
L6010 ST

ore 0 ‘eaze s3ul[te) [euonippy
S or o AL
%SL %0L %59 = s [pu 9L 6 :dwinp yuoN
%6C P37 %07 = JUIWIY2IED PagImsipun 0 0 :duinp som
%9 %09 %8S = Yool Asem Is 67 :dwinp 1seg
[N £ &p peISpIn  pqasp
SUAI51]j900 Jjound (el Seale WompITd
SUvVax
HONVIVE HHLVA A TILINOW
J30NNY 4LIS ANTW

LOArodd ATT110d "L
NOLLVYOdHO0D STV.LIN TVITAJAI
sS4 AT9vVL

SHAINIDNT ONILTINSNOD

‘PIT Plosaid Jysnny]





0588601 9r1‘88 [Ny kAt 998'S6 126811 10'9LT POV P97 SSL'8 SsL's %66 060'TT £VT'ST LLY'OL Quawiares siie) [euolippe Supnjown) [ejo ], puris _2
£55'599 €SE'ES 8Iv'EL 90'8s S00°TL 09€°L91 £60°091 10£°s 10's 8009 S1L'9 ¥82'ST €19°T AMS (1N pue sduing] Asep |MOL vl
P6TEEY €9L'vE LEB'LY 0T8'LE 9169 £89°801 TTEv01 vSP'e e $16°¢ SLE'Y 6566 YB‘LT WRWYIEd BAIE SBUNIE] [LUONIPPY €1
12zl we's [%7 9091 LoL‘o1 8T'el 12€'1E %€S5'6T 8.6 8.6 801°T 6ET'T 618'C UL A A [48
999°1L osL's T6°L [YYA"] wL'L LL6' LY €sT'LY s s w9 oL Y91 665y dunp ysem 159m 1
1(8°81C 095°L1 2874 POT'61 669°€T W06'vS 169'TS [37A SHL'T LL6'T 01z’ 1€0°S 321041 duwinp a1sem yuoN 01
66L1ST we'or 66L°LT 8L6'1C wT'LT 19169 81909 L00'T 100'T [YhArd ws'T L8L'S £61°91 duinp jsem 15Ty 6

(W) <JIONNY "TVLOL>
P6T'EEY £9LVE LE8'LY 0T8'LE 9160 189801 11 $01 H'e 3% P16‘C SLE'Y 656°6 $08°LT Jount juawyore) 8
owydle) ealy sBuijie], [LUoNIppY|
12Tl we'e £V5'El LOL'OY 8T'el 12E'TE TS'6T 8L6 8L6 801°1 6€2T°1 618'C UL Jjount yuowyare)y L
MY A
28981 80€°01 S8I‘PpT [yt zI6'el 82T'TE 1€6°0€ Yo'l ¥20'1 1911 6T'1 £56'T SYT's Jjount Juawiyoed paginsipun) 9
68€°06 WL 616°6 068°L L8L'6 €19°TC wL'1T 1L 2L L8 £I6 o' 008's Jjound Yool e H
duingg aisepm YuUoN
999°1L osL's TI6'L §ST'9 09L°L LL6*LT €5T'LY 1L s w9 yeL 1191 665t JJOUN WAWIYOIED PIQINYSIPUL) ?
0 0 0 0 0 0 0 0 0 0 0 0 0 Jount o0 sem 3
duing isep 1som|
68€°06 wT'L 646'6 068'L L8L'6 €19, 09L°12 e 1L L8 €16 Loz 008°'S JJOUNT JUALIYIED PIQINISIPU)) {4
601191 056'T1 078°L1 68041 LLY'LL 8850 868°8¢ L8T'1 (8T'1 857 0£9°1 oIL'e 18€°01 Jjouns Yool aisepm !
dwingg aasep ey
(gW) <JFONNY INHWIDLVD >
o'eTy 005 0% 0'L01 [XAS oLy 00 00 00 00 00 00 0§l (ipuowt/wu) uoneiodeag |l )
8'€TE 91 00 00 0’0 9's 102 o v'ss e SIL 9'TH 6Tl (puows/ww) jjeymouglly
T8y €9 1'68 0L ¥(8 9'8p 6'sT v'9 v'9 €L '8 1 18 Qpuot/ww) jejueylty
TTVINNY 4as anv ne NOP AV udv AVI 434 NVI oda AON L0 NOLLATOSH !
STCTVMLY IS TYINELYAN I NVLIYAQWHON-f
[T IRY"71 4
ovz 0 ‘eale sduipie) [euolippy
S (174 s TN
%SL %0L %59 = s [ 99 61 :dwep yuoN
%6T ['3 4 %02 = WRWYIIRD paqImsipun L 0 :dwinp 1sopm
%9 %09 %8S = }o0 Jsem 22 €€ dwir.p isegy
ey 2 &p paspUn  PqIp
SJURO1]J200 Jjound (€[] SEalt A myared
9 4VIX
JONVIVE HELVA XTHINOW
JIONNY LIS ANIN

LIOEro¥d A3T70d "L
NOLLVYOJHOD S'TVLAN TVIHIJAIL
9°q A'19VL

SHIINIONT ONILTINSNOD

pr1 prosad

sy





290°9p1°1 $06'16 89%'921 £86'66 €€0'+T1 068°L82 oLL'SLT €16 1€1'6 6vE'01 99611 87€'9C 90§ EL Quawyores spie jeuonippe Smpnioul) (e, pueso ol

69LTIL 182419 1£9'8L 1'% LILL €0T'6LT 65 ILL L19's LL9'S ¥EP'9 161°L OLE'9T 0L'SY S [N puE sdun(] Isem [eo], #1

P6T'EEY €OL'VE LE8'LY 0z8°L¢ 916'9p £89°801 T1E' 901 ¥SP'e Y'e ¥16'c SLE'Y 6566 08‘LT WU ealte s3utjin [euonippy €1

122'eTn wB'6 EVS el LoL'ot w8T'en 12e'1e 2€5°62 8L6 8.6 8011 6£2'1 618'C Us'L M A (41

€0T'3L 9 $9‘s 978'9 8918 91961 978'81 (x4 €09 90L 06L L6L'T 810°S dwmp ajsem 199M 1

88661 SEL'6T 861°LT e $€9'9Z YOL'19 612'65 1967 1961 e ¥8Y°C $59's S8L'ST dwinp 9ysem YuoN 01

15€'592 682'12 962'62 W01'eT T€L'8T 0599 788°c9 19844 1444 6e'T 619'C 6600 820'L1 dwinp disem iseq 6
(gw) <44ONNY TVLOL>

YTy €9L'VE 8Ly 0Z8'LE 916'9¢ 189801 11 v01 rsh'e H'e P16°c SLE'Y 6566 08°LT Jjount yudwyore;) 8
wawyaIeD) vary sBujie], jeuolippy|

| f7alal w86 EVS'ET LoL'0Y 4: 141 1Z€'1€ TES'6C 8.6 8.6 8011 6€T'1 618'C us'tL Jjount uawyoe)) L
Ay W

LA 868‘8 681°C1 LEY'6 $$6°11 $69°LT 6L5'9 088 088 166 STt REST $R0‘L JJoUnt UYL PIYGIMSIPU ) 9

P8S'SET 8£8°01 696't1 SE8'T1 189°p1 010+ ow'ee 180"t 1801 [Y/A 69€°1 9ll'E 00L'8 Jjount Yo1 asem S
duing] d)seA\ YHON

80€'L9 00b's 1EY'L Si8‘s 887'L £88°01 $0Z'91 LES LES 809 089 Lys'l 61E'Y Jjouns JuawyoIed pagimsipun) 14

$68‘01 vL8 €0T'1 156 0811 €EL'T €29'C L8 8 86 ot 052 669 Jjount Yool sisem £
dwncg aisepm 159l

0518 LT8'9 186'8 101°L 808‘8 90402 ¥85'61 89 121 SEL 128 0L8'1 0zeT's Jjound JuIlydes pagItsIpy ) 4

L00'v81 €9Lv1 STE0T 19091 v26'61 96T'9% 86T 1991 19%'1 7991 868°1 62T'v 80811 Jjount ool vjsep i
duin a1sep seR]
(g1 <JIONNY INAWIDLV) >

'€y 008 0% 0°£01 oz oLy (Y} 00 0’0 00 0’0 00 01 (Qiuow/ww) uotresodeagfl y

8€%¢ 97 00 00 00 9's 10t o'ty ¥SS €L SIL [ )4 621 (puowyww) jejmousfle

TEsy e 1'68 oL P8 98y 6'sT v'9 v'9 €L '8 (%11 815 (puowww) [fejuey|lv

TVONNV dds onv nr NP AV udv YV 34 NVI Jad AON fike ¢} ZC_._LEOmm—C__

SDCIVEMLVITYEEALY A I YIVAEON [

$$:0 ST

orT 0 ‘eale y3uljte) [euolippy
S 174 2Us A
BSL %0L %59 = s [pw s 8T :dwinp ypoN
%6C &vﬂ %07 = Juawyded paqInsipun St T "&E_.—_u M
%29 %09 %86 = ool djsem T 8¢ :dump seg
ey oRE xp paspun  pqsip
SSJURIdN]J200 Jjound Lmﬂ seale uuIyed
LAVEA
HONVIVE HALVA A’ THINOW
JAJONNY ALIS ANTIA
JIOArOUd A4 T10d "IN
NOILVIOJ¥0D STV.IAW IVINadAL
L3188Vl

SHIIANIONI ONILINSNOD

‘PIT P10Saig 1ysnny]





SLT'e61'T 6956 089°TET 801401 SPI'6T1 €EL'66T SET'L8T 805°6 805°6 SLL'OT 2104 [ k4 9ES°'9L (uawyoea s|ie [euolitppe Supn|oul) [eo L, pueisn ST
186°65L 676'09 £18'¢8 887'99 622'78 SY0'161 $T8'T81 $50°'9 $50'9 198°9 899°L [Y3 A €LY S {1 pue sduingg Sisepm |0 L, vl
POT'EEY €9L'YE LE8'LY 08°LE 916'0y 189801 T p01 ¥SH'e ¥SP'e Yi6'c SLE'Y 656°6 $08°LT wIwYdIed eale s3uliey [eUonippy €1
12e'et T8's [ LoL'ot m|T'el 12E'1E Us'6T 8.6 8.6 8017 6£T°1 618°C UL M N Tl
ovL'v8 66L‘9 95€°'6 L6€°L (VAN 95212 oov'or Si9 SL9 9L 958 816°T 8EV'S dwinp ajsem 5o 1
Sor‘eLe 116'12 151'0€E 8€8'€T 1L5°62 90589 LPL'S9 L' L' 9%'c 86L'T LIT'9 sT'LY dwnp ajsem ptoN 01
S16'8LT LLE'TT €6L°0¢ SYE'VT 002°0¢ £96°69 9rI‘L9 £2T'T [x<a4 (1A% 918°C 119 868°L1 dwinp 9ysem Jsel 6

(gw) <44ONNY TVIO0L>
P6TEEY €9L'vE LE8'LY 0T8'LE 916'9¥ £89°801 1E 01 e YSP'E PI6C SLE'Y 6566 8 LT Jjount Juawyore)) 8
WYY vasy sBupie L, [eUOnppyV|
122'el 86 £45°'el Lol weel 12E°1€ ws6T RL6 /L6 8017 6£T' 6IR‘T TUR'L Jjound uowiyaje) L
U8 1IN
9% Lov'L €61°01 650'8 166°6 651'€T Lee'ee 9€L 9€L ¥8 €6 ' y26'S Jjount Juawiyojed pagingsipu;) Y
6LL°081 $0S‘¥1 856°'61 6LLST yLS'61 9pE'SH 0zs'sy I9p'1 19p'1 €691 ST8'l SST'¥ 009°11 Jjount Yool dsemy S
dwng aisep Yuon
056'79 050's 0569 S6¥'s 918'9 06L'sT 16T ws ws 695 9€9 L'l 6€0°'Y JJOUnt Juawydieo paginisipur) 4
06L°'12 8PL'T 90t'T w61 65€°T 991 TS vL1 vLl L61 (1744 105 86€‘T Jjouns }o01 Asem £
duingg aisem 159M|
11€'7L 108°s €86°L Tig'e 0€8°L 6E1°8T 80¥'L1 9Us 9Us €59 OtL 2991 o'y Jjouns juawyoied paginsipuy) 4
#0990 9591 018'c $£0'81 oLe'w $28'1S 8EL6Y L'l LT 998°1 980°C 6VL'Y 85T'cl Jjount 01 Jjsem 1
dwingg aep isey
(gu) <JAONNY INHWIIOLVD >
0'€Ty 008 0% 0°'L01 ozt oLy 00 00 00 00 00 00 06T (Wuow/wuw) voelodeagll
8'€7€ 91 00 00 00 9'¢ 1'0z o1y ¥'SS €L S'IL 9P 6Tl (puows/uiw) jrejaouyfid
T8y €9 1'68 voL v'L8 9'8y 6'ST ¥'9 9 €L I (§:14 81 (puow/ww) [[ejurenyfly
7TVONNV d43s onv mne NOr AV ydv UVIN qd4 NVe oaqa AON L20 NOLLINOSEA
STXTVEMLYISTVIELVAMNY IS \WVLIVARON T
[ RTY
ore 0 ‘eale s3uijie) [euonippy
S 174 ayls A
%SL %0L %59 = s | 8F LE :dwnp yoN
%62 P37 %0T = JulYolEd paginsipun €€ S dunp sopm
%9 %00 %8¢ = 3001 3)sEM Lg 2 :dwinp 1seq
=y e p paispun  pqisp
SHURIOLJ0D Jjound ~n|_._— STAIE JURUYOIRD
S$UVAX
JONVIVE HALVA X THINOW
JAONNY LIS AN

LOAr0dd A4°T10d "L
NOLLVYOJYO0D STV.LIW TVINAdNE
8'qd AT9V.L

SHIANIONI ONILTNSNOD

‘PIT pI0said pyst]

.





L8Y'OVTT 6LY'66 68'9¢€1 622'801 95T PEL SLS'TIE 105°86C +88'6 +88'6 0T 11 0zs°Tt 66¥'8C 995°6L (Guowiyyeo sjtey [euoliippe Bupniow) [eio, pues) !
£61°L08 LIL'Y $50'68 80V'0L 19E°L8 888'20C  161'%61 V] 0EY’9 18T'L 1928 ovs st 19L°TS S I pue sdumg usepm (w0, 2!
PoT'EEY €9L'VE LEB'LY 08’ Le 916°'9% £89°801 T1E' 901 r'e Sr'e $16°c SLE'Y 6566 $08°'L2 waunres eare sfullte; feuonippy €1
12e'eet we's £15°el LoL'o1 sT'el 12€e'1E TES'6T 8L6 8L6 801°1 6€2'1 618‘C UB'L M NN A
LIT'16 £ze'L Lot 196'L £88'6 968'TC yL61T L/ 8°L $T8 % 860'C 168'S dunp sjsem 159 1
122'00¢ L80'VT syl'ee $02'92 L0S'TE LOE'SL SLTU €6E'T €6€°C LT T€0°€ 006°9 $9T'61 dump spsem yuoN 01
YLY'TET SOP'ET 062'7€ 625'ST 899°T¢ E‘EL orv'oL 1€€'T 1€€'T w'T £56'C L9 89L'81 duwinp 2jsem sy 6

(g <JIONNA TVIOL>
6T EEY €9L'VE LE8'LY 078'LE 916°9% 189801 11€'401 SY'e ySr'e yi6'c SLE'Y 6566 $08'LT Jjount juawyore) 8
nRUYdED vary sBullie], [euoippy|
keaxal we's [3 3% oL ot wT'ET 12€'1€ TES'6T 8.6 8.6 801°1 6€T°1 618°C uUs'L Jjouna yuauwiyage) L
g ____z__
8YT'pL 56's L61°8 18¢'9 6£0'8 v29'g1 pLE'LT 6s ws 129 osL LoL'y L'y Jjouns uatuyajea pagusipuy) 9
€L6'5TT 0ET‘8t 86T veL'sl BIP'VT £89°95 10v'vs 108°1 108°1 'T e vor’s 0051 Jjount 3201 AsuAy 3
dungp aisep YUON
658§ 10L'y 69%9 PITS ¥PE‘9 16991 SOT‘p1 9% Loy 675 WS L¥E'T 09L'E JJOUIL JUALIYIIED pIgnIspU) 4
$89°'2¢ 2297 609'€ £58'C 6£5'E 661°8 698°L 192 192 $6T 0EE 5L 160'T Jjount o021 JpseM €
duing awep 19
uT'e9 9L0's §86‘9 €25'S 1589 1£8's1 /XAl L'y P05 us 6£9 13t 090'v Jjount juawydjes pagimisipury 4
102'622 68€'81 YOE'ST 90007 LI8'YT £6¥°LS 8LI'SS Lz81 Lz8'1 10T pIE'T 89Z°'S 80L'Y1 Jjount 301 sepm !
duingg opsepy sey|
(gw) <JIONNY INTWHOLVD >
€Ty 005 0% 0°L01 ozn oLy 00 00 00 00 00 00 [IX3! (puow/uiw) uotpaadeagll )
8'€TE 91 00 00 00 9'¢ 1'0¢ oy ¥'sS T'EL S 9T (A (nuow/uww) ejmougfie
Tesy €9 1'68 ¥OL vL8 98¢ 65T "9 ¥9 €L '8 §'81 816 (quous/uiw) |ejuteyfiv
TIVIINNY 4as onv ne NNF AVIU udv VI q34 NVf oc (14 AON L20O NOLLJIY)SHU,
SDXTVEMEVISY WIVIVARON-[
€501 Sl
ore 0 ‘eale s3u|ie; [euoNIppY
S o oS NN
%SL %0L %59 = s 8¢ Ly :dunp yuoN
%62 % %0¢ = JUAWYIIeD PIQImsipun of L :duwtnp 1sopm
%29 %09 %8S = 001 Agem €€ Ly :dwnp yseg
X T Tp POBPUR PGS
SIUSITJR00 Jjoumi By} seale WD
6 4vaX
HONVIVE ALVAM XA THINOW
JAONNY FLIS ANTI

LOArOdd XA170d "L
NOLLVYOJY0D STVLIN TVINAdAL
a4 ATavVL

SHIANIONI ONILINSNOD

pr1 prosad 1

Y

L]





669'(82°1 L9T'€01 SOT‘ZY1 05e‘2IT 89€°6€1 8IV'ETe 198'60€ 092'01 092'01 829'11 966'CT 8662 $65'78 (uawyore sjie feuoyippe Sulpnjoul) (w0 L, putiy =:
90v'v58 0589 89716 62S'PL €576 TEL'Y12 965502 908‘9 908'9 PIL'L 129'8 §29°61 16L'vS S (1A pue sding 95T (e \d!
P6T'EED €9L'VE LEB'LY 0z8'LE 9169y 189801 T1Ev01 rSH'e e yi6'e SLE'Y 6566 +08°'L2 uauiyojed eae s3uljte; jeuolippy €1
122'eTl we'e E¥Sel LoL'01 wr'el 12 1€ Te$°6T 8L6 8.6 801°1 6621 618°C Us‘L A PN 4
$I8'L6 8tRL 66L°01 8E¢‘8 16501 9E5'vT 8¥5°€T 08L (1,273 ¥88 886 81T'T LLT'Y dwnp isem jsam "
8EE‘LTE 9T'92 6ET'9¢ 2US'8T evb'se 601°28 €08'8L 609‘C 609'T 156'T SOE'E vs'L $00'12 duinp 3jsem YUON 01
Z€0'90E €SSV L8L'EE [ATA A [ S9L'9L L9'€EL 6Ep'T 6Ev'T $9L'T 060'c PE0'L 8€9°61 duinp spsem 1seg 6
(g) <JJONNY IVIOL>
POTEED €9L'bE LES'LY 078'LE 916°0p £89'801 e vor P’ PSPE y16'c SLE'Y 656°6 $08°LT Jjouns juowyjery 8
Yol LAV SBUfIR, [PULIPPV|
122'cTl W86 ErS el LoL'ol 8TEY 1% 1E 6862 8L6 8L6 8011 6€T'1 618'C 7L Jjouns Jusuigopy L
BRI
0L1'9S ws'y 1029 €06'p 2809 060°v1 el 144 44 10§ 19§ 162°1 W09'e JJOURI JuAYOIEO paqinisipur) 0]
891'1L2 9§L°12 8€6'6T 69967 19€62 07089 182'69 wi'e w1 0s¥'T 8€L‘T %9 10%'L1 Jjouns Yool s S
duingg aisem yuoN
yET'HS 1S€'y 886'S YEL'Y TUs's $09°€T 950°€T (i34 w©y osh 8vs W'l 08h'e JJOURI JUAYDIEY PaqInsipul) 14
186'ch 96v'c T1g'y $08°c 6IL'Y z€6'01 w6Y'01 LY L P6€ ovy 200'T 6L'T Jjounu Y001 djsem fit
dutngg oisem 159
YEL'VS 1Se'y 886°S vEL'Y wUs's $09°€l 950'c1 (412 454 06¥ 1Y 'l o8b'c Jjount Juowyoed paqinysipury 4
66L°15T w00 66L°LT 8L6°12 92'LT 191°c9 81909 £00'T 00'T SLT'T ws'e 8L'S 8ST 9T Jjound ool asem !
dungg aisep sl
(gu) <JIONNH INIWIOLVD >
[1x44 005 0% 0'L01 (A oLy 00 00 00 0o 00 00 oSt (puout/wiw) uotjesodeagho
8°€T¢ 91 00 0’0 0o 9's 1'0T o1y 1413 TEL SIL 9°Zp [FA (uowr/uw) feymougtig
TE/Y Te9 1°68 P0L ¥'L8 98 6'ST 9 v'9 €L '8 $'81 8IS (puoutyun) eyureyity
TTVOANNY das onv ne NAf AVIN v YV qa4 NvVf oaa AON 100 zo_.r__zowmn__
STXCTVEMLY LN TYHLLLYM P T \YLYOEON
331N
ore 0 ‘eare sBuijre) fevolppy
S 0z s 1IN
%SL %0L %59 = s 6T 9 :dump yuoN
%6T %VvT %0C = JUIUIYoed paqimsipun 8T 6 "&E-_v IOM
%79 %09 %8¢ = 301 sem 82 43 :dwnp 15eg
(X “aKe Xp pqisipun  pgsip
SJURIDIfJR03 jjound (B seare Jueuoes
0¥ YVAX
HONVTIVE YLV XA TILINOW
JAONNY JLIS ANTW

LO3rodd AZT10d "L

NOLLVIOdY00D STVLAN TVIIAdIAL
or'g 319V.L

SHAINIONT ONILTNSNOD

‘DIT pIosaid Jysiuy]






669°18T°T | (9T'c0T sor‘ert L340 89€°6E1 SIY'ETE 198°60¢ 0Z'0t 09201 829'11 966°Cl $85°62 §65'28 (uawyares sjie) (euokippe Sinpriowr) (0], puess) 1
901 458 0589 897'+6 625 VL €SV’ 1EL'VIT 955507 908‘9 9089 YIL'L 129'8 S279°61 T6L'vS S 1A pue sduing e feIo], 2!
PETEEY €9L'YE LE8‘LY 0z8°L¢ 9169y £89'801 TTE'401 Y'e e yi6'c SLE'Y 6566 H08‘LT uswnyored eale s3ulfie) euolippY £l
12e'eTl we'e [3. %1 Lot 8Tl 12€7¢ TES6C 8.6 816 801°1 6€T'1 618°‘C us‘L AN A (44
»18'L6 8¥8°L 66L°01 8€5'8 16501 9E5'vT 8¥S°€T 08L 08L +88 886 8T LLT'9 dunp ajsem jsom i
8ce'LTe w9 6£1°9¢ (254 (3 A3% 60128 €08°8L 609°C 609°C L56°C Soe'e ¥es'L S00°1Z duinp aisem quoN =c_
2€0°90€ €55V 18L¢E (AT 9ET ‘e S9L°9L PLOEL 6Ev'T 6Ev'T $9LC 060°€ ¥E0°L 8€9°61 duinp 2jsum jseq 6

() <JAONNY TVLOL>
6T EED €9LVE LE8'LY 078°LE 916°9¢ 189801 TIE P01 SH'e PSPE y16‘C SLE'D 656'6 w0842 Jouns juswydie) 8
awyage) ey sdunjie], (euonippy|
1Tt w6 £45°El LOL'OY 8T'en 12€°1€ 56T 8L6 8L6 8011 6£2°1 618°C us'L Jount yuawyae) L
RIS
0L19S sy 1029 €06'Y 7809 060'$1 TTs'en 44 8v¥ 10§ 198 162°1 n9'c Jjount Juowiyo1ed paqinysipuy) 9
891142 95L12 8€6°6C 699°€C 19€°62 020°89 182'69 w1 wi‘e (V34 8€LC [ix Al 10¥°L1 Jjoun 3001 jsep S
duingg aisem yuoN
PETHS 1SEy 886°S YEL'Y [73:¥3 Y09l 950°€T w®y (44 06¥ 815 W't 08¥'c JJOURI JUAWYNEI PIGInSIpUN |4
185°cy 9%6¥'E gy $08°¢ 6IL'Y 26601 w¥ol LY Lve P6E ovy 2001 6L't Jjoud yooI ysem €
duing opsep 159
TS 1SE'Y 886°S YEL'Y us's $09°€1 950°€T w©y (414 o6¥ 323 Al 08¥'E JJount JuRtyoed paginsipun) 4
66L°152 wt'or 66L°LT 8161 T[T 19169 81909 00T 100'T SLT'T ws'e 18L's 851°91 Jjoun %001 JseA 1
dwingg dseAN 1863
(gw) <AIONNY INAWIIOLVD >
0'cTy 008 0% 0°L01 0'zI oLy 00 00 00 00 00 00 os1 (puows/unn) wonesodeasil
8'€Z€ 91 00 00 00 9'¢ 10T 01y ¥'SS 1'eL SIL 9Ty 6T (o) leymougfig
(A% e 1°68 oL v'(8 9'8y 6'ST v9 ¥9 €L '8 $°81 815 (uows/uwiw) reyucyily
1
TTVINNY d3s anv nr NOr AV Udv UV a3 NVF 234 AON 120 NOLLJIY)SHA
STCTVEMLYISCIVINCLLY AU S9N VIVARON T
508 Sewt
ore 0 ‘eale sujie; (euonippy
< (174 ans juA
%SL %0L %59 = ous [ 67 9% :dwnp yuon
%62 ¥ %02 = JUAUIYdYED pagimsipun 14 6 :duinp 159
%9 %09 %8S = Yool Jisem 8 (4 :dwinp jseq
(E2Y oAE Kp paisipm  pqep
SSJUAINII0D Jjouna ~.ﬂ|.—= Sesle JURNYILd
I AvVIX
HONVIVE ¥ILVAA X THINOW
JJONNY TLIS INTIA

LOALOUd ATTT0d "L
NOLLVIOJY0) STVLIW TVINddNI
g a1dvl

SH3INIONT BNILINSNOD

‘PIT DP10Said yysuny]





669°£82'1 L9201 SOL‘THT 0se‘el 89€°6€1 8TV'€ZE 198°60€ 09Z°01 092°01 879'T1 966°C1 $85°6T $65°78 (uawyores siie (euolippe Suipnjow) {Mo.L, puetd s1
90v‘¥58 0589 89T'16 675 L ESP'T6 TEL'PIT 955°50C 9089 908'9 PILL 129'8 ST9°61 T6L¥S S WA pue sduing] I)sepm [EI0L vl
6T EEY €9LVE LE8'LY 028°L€E 916°9p £89°801 11901 P'E PSPE y16‘C SLE'Y 656'6 $08°LT wawyes edse sdunjie) [euoinppy €1
1ze'el we'6 22 LoL‘or 8T'El 12€°1E ze5'62 8.6 816 801°7 6€T'1 618'C uUs'L S A Al
PI8°L6 8Y8°L 66L'01 8€5°8 16501 9ES*vT 8¥5°cC 08L 08L +88 886 A Luee duinp ajsem oM 1
8EE°LTE 292'9C 6ET°9¢ TS'8T (32257 601°78 €08'8L 609'C 609'T LS6°T SOE‘E VTs'L S00°TT duinp jsem YuoN 01
2€0'90€ £5S¥C LBL'EE 29z 9ET‘EE S9L'9L PL9'EL 6€Y'T 6E¥'T $9L'T 060'€ PE0°'L 8€9°61 duinp apsem 1weg
(gw) <JAONNYH TVLOL>
PT'EEY €9L'VE LES'LY 0Z8'LE 916°9% £89°801 T1E vt e e PI6E SLE'Y 6566 $08°LT Joutu yawyare) 8
wRWyE) ealy sBullie], [Euonippy|
fsal>Al we's [ 904¢ LoL'o1 8T€l 12€°1E TES6T 8L6 816 80T°1 6621 618'T 8L Jjoun juawiyoed L
A I
0L1'9S L05*y 1029 €06'Y 2809 060°P1 TTser 8 8vy 10§ L9 1621 09'c JJOUn Judyajed pagInisipu;y 9
89T°1LT 95L'1T 8€6°62 699°cT 1962 070°89 182'59 w1'e 0T oS’ 8€L'T €T Top'LY JJount Yool agsem S
duing aisem, yuoN
YET'YS 15€y 886'S PEL'Y [73:59 709'€T 950°€T (/34 4% 06¥ 85 9¥e't 08p'e JJOUTI JUIWIYDIED PIGInISIpU) i4
185‘cy 96+°'c 118y $08°¢ 6Ly %€6°01 w01 LYE L¥E pot ovy 01 6L Jjount Yoo aisem, €
duingg asep 1wom|
PETYS 1Sy 886'C PEL'Y us‘s $09°€T 960°€1 wy /34 o6 8¥5 Al 08¥'c JJOURI JUIRIYIED PIYInIsIpUy 4
66L°152 we'or 66L'LT 8L6°12 wWT'Le 191°€9 81909 L00'T 1007 SIT'T ws'T (8L°S 851°91 Jjout! Y301 e 1
dumq sem 1vey
(guw) <AJONNY INAWILDLV) >
[iYx42 005 0'% 0201 0zl oLy 00 0’0 00 00 00 00 0'sT (puow/ww) uopesodeag
8€TE 97 00 00 0'0 9'¢ 1°0C [\at4 1YY T'EL SIL 9Ty 6Tl (tpuows/ww) (feymougiiy
Tesy €9 1°68 ¥OL P8 9'8p 6'6T ¥9 ¥9 €L 18 $'81 8IS (Yuow/ww) grejureyfiy

TVANNV dds onv me NAr AV Uudv A48 ikl NvVr 24d AON JJ0 ZC..—L_zowmn__

STXCTVMLY IS TVHERLY M I\VAVQEON T

608 SeWT

ove 0 ‘eale s3ujie) [eUONIPPY
S oz s A
%SL %0L %59 = s [ 6T 9 :dwnp yuoN
%6T %vT %0T = JUIWYIIED pagIsipun 8T 6 :dwnp 159
%29 %09 %8S = ool Jsem 8z (3 :dusnp ysey
= e p pqasipin  paBIPp
SSIUROI] 200 Jjount ~ﬂ“ seale Eo_.—:—ouwu
W avax
JONVIVE HILVA A THINOW
JIONNYA TLIS ANTW

JLOAroYd AT110d "L
NOLLVYOJYOD STVLAN TVIIAINIT
wdATavL

SHIINIONT ONILINSNOD

‘DIT PloSaigd pysiny]






669°L8T°1

19T'€01 SO1‘ZH1 ose‘eIn 89€°6€1 8IpEZE 198°60€ 09Z°01 092'01 829°T1 966°T1 ¥85°67 $65°78 (uauiyies sjier Jeuolippe Suipnjour) jeio], puwin S1
90V 58 $05°89 89T'16 625'vL £S¥'%6 TEL'PIT 965°502 9089 9089 PILL 129'8 §29'61 16L'v5 S [IA pue sditng dAsem (e, 1
YT €9L'YE LEB'LY 028‘L¢ 916°9¢ £89'801 T1E %01 SP'e 2347 $16'¢ SLE'Y 656'6 08°LT RuIdIeD ease sduljie) jeuollippy llet
1Ze'een w86 [ 3% L0L'o1 £ 1Al 1Z€°1€ TES'6T 8.6 8.6 8011 XA 618°C Us'L s 1A A
$18°L6 8¥8°L 66L°01 8¢5°8 16501 9ES* YT 815°€T 08L 08L 88 886 8¥2°'T LLT' duinp dpsem 1s9m T
8€E°LTE 92'92 6€1°9¢ TUS'8T Evy'se 601'28 €08°8L 609'T 609°C 156 SOE‘E 5L $00°1Z duinp sisem yroN 01
7€0°90¢ €55'9T (8LEE TIL'oT 9ET'cE $9L'9L PL9'EL 6EY'T 6€Y'T §9L°T 060'€ ¥EO'L 8€9°61 dutnp dsem isegy 6
(W) <JAAONNAH TVIOL>
P6TEEY €9L'¥E L£8°Ly 078°LE 916'9% £89°801 1E'v01 12349 SPE pi6‘e SLE'y 6566 p08°LT Jjouw juauydse;) 8
TUIYIIE)) BIALY wm..____.a.—. Ruonippy|
1ze'eet w8's (3321 LOL°0Y 28T°€T 1761 %S°6T 8L6 8L6 801°1 6€2'1 618'C Us‘L Jjouns wauyie)) L
s N
oLI‘9s 08°y 1029 €06'v 80 060°pT TS el 44 34 10§ 19§ 162°7 $09°€ JJouns Juaiyajed paginsipur) v
891'1LT 96LTT 86667 699°€7 19¢'62 020°89 18259 wI‘e wIT oS’ 86LT fixAll 100°L1 Jjouns 3ous sepq S
dutngg sivem qUoN
ET'YS {7 886°S L' Us's $09°€1 950°€T w©r w©r (117 815 'l 08p°e JJOURT JUIWYIIRD PIGIMISIPUT) 14
185°ct 96¥'€ 118y +08'¢ 6IL'Y %601 Zr°ol we LYE $6€ oy 2007 6LT Jjouna 3001 ey £
dutng asep 159
TS 1SE'D 886'S YEL'Y UR'S $Y09°€1 960°€T (434 1434 06p 81 9’1 [ Jjount UIWYIIEd paginusipur) 4
66L°15T w0T0T 66L°LT 81617 'L 191°69 81909 00T £00°T (YA ws'e 8L's 8S1°91 Jjouns Yool e I
dingg aasepm eyl
(W) <ZJONNY INJWHOLVD >
[iX>42 0'0s 0% 0°L01 0zl oLy 00 00 00 00 0’0 00 [iX31 (puoui/ww) voprerodeagll
8'€2¢ [ 00 00 00 9'¢ 10T o1y ¥'SS T'EL SIL 9T [ X (ipuow/ww) jejmougllg
Tesy [A'] 1'68 oL L8 98 6'sT 9 v'9 €L '8 S8l 8IS (puow/uw) ejueylly
TTVINNV 4das onv nr NO AV v YV qd4 NVE 2dd AON 100 zo_.EEowmc__
STXCTVEMLYIS TVHIALY AW ZS WYLYEON [
SEat SediL
o 0 :eale s3uljie) [eUONIPPY
S (174 s [N
%SL %0L %59 = s jw 62 9 :dunp yuoN
%6T % %0z = JUAUWIYDIED paqimsipun 8 6 :dunp 150
%9 %09 %8S = Y001 Asem 8 43 :dwinp jseq
B e op paispu  paasp
*SJUIOT] 203 Jjound &Y seore wajoies
€I ¥VAX
HONVIVE HALVAM A THINOW
JJONNY JLIS ANTW

LOHFOUd AFT10d "LIN

NOLLVHOJHOD STV.LAN TVIIdNIE
€' ATdVL

SHIANION3 ONILTNSNOD

‘DIT PI0said sysmny]





669°L8C°1 192'¢01 SO1‘TY1 ose‘ei 89¢'6€1 8I'ETE 198°60€ 092'01 092'01 829°11 966'T1 8562 $65°T8 Quowipied sjie) Jeuoiippe Sipnjown) {e0 ], purls) st
90v' 58 $05°89 89’6 6L €SY'T6 TEL'PIT 965502 9089 908‘9 YL 129'8 $29°'61 16L'vS QS [ pue sduingg aisem [woL vl
PET'EEY €9L'vE Le8°LY 08'L€ 9169 189801 TIE' P01 pSH'e PSv'e Pi6'c SLE'Y 6566 Y08'LT swyores eare s3ujie) [euollppy €1
1ZT'eTt we's EVS €T LOL'01 414 12€°€ 2€5°6C 816 8.6 8011 6£2'1 618'C UL A A 1
¥I8°‘L6 818°L 66L°01 8ES‘8 16S°01 9ES' VT 8¥5'€C 08L 08L ¥88 886 8Y2'T LLT'9 dwinp ssem som 1
8€€' LT 7929 6E1°9€ TLS‘8L £Vp'SE 601'78 €08'8L 609°C 609°C 156'C Sog‘e vIs'L $00'12 dwinp aiwem yuoN 01
26090 31974 L8L'EE L't [ &5 S9L‘9L PLO'EL 6€9'T 6E'T $9L'T 060°c PEO°L 869'61 duwinp 9jsem 150y 16
() <JAONNY TVLOL>
PETEEY £9L'vE LE8°LY 078°LE 916'9y 189'801 T1E%01 $SP'E ¥r'e P16'€ SLE'Y 6566 P08'LT Jjounu juawyore)) 8
Iatrer) vV sBUfiLy, {ruolippy)
1zeett w86 £¥5°€l LoLot z8T'el 12€1€ TES62 8L6 8L6 801°1 6£T'1 618'C uR‘L Jjount juawyare)) L
Mg MW
0L1'9S L0S*y 102'9 £06'y 780'9 060'¥1 [#/ %A 347 347 05 19§ 162'1 $09‘c JJound JuAWIYRIEd pagIrusipury 9
89112 95L12T 8€6°67 699'€T 19¢'62 02089 182'69 wI'e W'z o5’ 8€L'T %Y 10¢'L1 Jjounr ¥d01 st S
dwing sisepm quoN
TS TSE'y 886'S vEL'Y T8's v09°cl 950°ct [£34 (434 05y 8 o'l 08v'c Jjouns Juauiled paguusipur) v
186°cy 964'c 118y $08'€ 6IL'Y 266'01 w6r01 L¥E LYE P6E ovy 001 6L'T JJouns §o01 Asem €
duingg 9iseA 159
TV (Y 886'S veL'y TUB'S PO9‘ET 9S0°ET «©y w©y [1°37 8v5 'l 08t'e Jjouns Juauaiea pagasipu|) 4
66L'152 w'oT 66L°LT 8L6'12 W' 19169 819'09 £00'T 100'T SIT'T wWs'e L8L's 86191 Jjount ool Jsep 1
dwingr aisep ssestl
(g1 <JAAONMY INHWILILY) >
€Ty 008 0’76 0°L01 [IxAA oLy 00 00 00 00 00 00 [1XY! (quous ) votyesodeag i
8'€T€ 9'1 00 00 00 (XY 10T 0Ty 1237 T'EL SIL 9'TH 6Tl (yruout/ui) jjeymougly
sy Te9 1°68 oL ¥L8 98 6'ST v'9 v'9 €L 1’8 §°81 816 (puow/ww) fjejuredfiv
TVINNV 43s onv ne NOr AVIN udv AV R NVI oaa AON 120 zo_EEow,,.E__
SDCTYHMIVISTVEEZLYM IS NVYLVGON
Sert ST
o 0 :eale sfuijier {evolppY
S (74 s A
%SL %0L %59 = olls ffiw 62 9 :dutnp yuoN
%62 ('3 %02 = |UAWYIED PIgirysIpun 8T 6 :dwnp ysom
%79 %09 %8¢ = Y00l Jsem 8T 43 :dwnp jseg
e K ap [ZRETI S TRE
SSIURIDT]J30D Jjound ~.mm“ feare Roed
P avax
JONVIVE HdLVAM ATHINOW
AJONNY TLIS ANT

LO3rodd AA7104 "L

NOLLVIOJYO) STV.LIN TVINAIAL
PI°d ATAVL

SHIINIONT ONILTNSNOD

‘PIT PIOSaid Jysniy]





Knight_Piésold Ltd.

CONSULTING ENGINEERS

APPENDIX B
GEOTECHNICAL INVESTIGATION INFORMATION

B.1 REPORT ON 1995 GEOTECHNICAL INVESTIGATIONS
FOR MILL SITE AND T.S.F. (REF. NO. 1623/1)

B.2 EXCERPTS FROM 1990 GEOTECHNICAL
INVESTIGATION REPORT
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IMPERIAL METALS CORP.
MT. POLLEY PROJECT

REPORT ON 1995 GEOTECHNICAL INVESTIGATIONS
FOR MILL SITE AND TAILINGS STORAGE FACILITY

REF. NO. 1623/1

"THIS REPORT HAS BEEN PREPARED EXCLUSIVELY FOR IMPERIAL
METALS CORP. NO THIRD PARTY SHALL BE ENTITLED TO RELY ON
ANY OF THE INFORMATION, CONCLUSIONS, OPINIONS OR ANY OTHER

MATTER CONTAINED IN THIS REPORT".
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SECTION 1.0 - INTRODUCTION
1.1 PROJECT DESCRIPTION

The Mt. Polley project site is located in central British Columbia approximately 56
kilometres north-west of Williams Lake, as shown on Figure 1.1. The site is
situated on a topographic ridge located between Polley Lake and Bootjack Lake.

The Mt. Polley project involves open pit mining of an estimated 48.8 million tonnes
of copper and gold ore contained in three adjacent ore bodies. The ore will be
hauled from the open pit to the primary and secondary crushers where it will be
crushed and transported to the nearby concentrator for processing. The ore will be
processed by select flotation to produce a copper-gold concentrate at a production
rate of approximately 13,425 tonnes per day. An additional 26.2 million tonnes of
low grade ore will be stockpiled during operations for processing in the later stages

of the mine life.

After processing of the ore to produce the copper/gold concentrate, the tailings will
be discharged as a slurry into the tailings storage facility which has been designed to
provide environmentally secure storage of the solids waste. As the solids settle out
of the slurry, the solution is collected and recycled back to the mill for re-use in the
milling process. No surface discharge of any process solution from the tailings

facility is required or anticipated.
1.2 SCOPE OF WORK

A geotechnical site investigation program was carried out by Knight Piésold Ltd.
between January 11 and 17, 1995. The program comprised excavating a total of
thirty-nine (39) test pits to investigate the geotechnical characteristics and
foundation conditions at each of the proposed project component sites and to
evaluate the geologic factors affecting the design of these components. The

following project components were investigated:

e Mill site

-1- 1623\1,
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Main access road
Tailings storage facility, including the tailings basin and embankment
foundations, tailings/reclaim pipeline route, and potential borrow areas

Polley Lake dam site (no longer included in mine plan)

The scope of work for the investigation program included the following:

Pioneering of access trails with a Cat D5 dozer.

Excavation of the test pits with a Hitachi X200 backhoe.

Detailed geotechnical logging of each test pit, including photographs.
Bulk sampling of the various strata.

Backfilling and reclamation work for all of the disturbed areas.

The test pit locations and the overall site plan are shown on Drawing 1623.100.
Geological logs of each test pit are included in Appendix A, and detailed laboratory
test work results on select bulk test pit samples are included in Appendix B.

This report addresses the outstanding geotechnical issues from previous work
carried out at the Mt. Polley project site. The results of the previous geotechnical
program are presented in the following documents:

1989 tailings area test pits (also included in Appendix A)

1990 mill site test pits (also included in Appendix A)

Knight Piésold Ltd. “Report on Geotechnical Investigations and Design of Open
Pit, Waste Dumps and Tailings Storage Facility (Ref. No. 1621/1)”, dated
February 19, 1990.

Test pit logs from the 1989 and 1990 geotechnical investigation programs have been
included in Appendix A. In addition, applicable laboratory test work results from
the 1989 tailings storage facility investigation program have also been included.

Associat Assoiat -2- 1623\1,
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2.1

SECTION 2.0 - GEOTECHNICAL RESULTS

GENERAL

A total of thirty-nine (39) test pits were excavated during the geotechnical site
investigation program to evaluate the type and distribution of surficial materials and
the near surface foundation conditions at the mill site, along access roads and
pipeline routes, at potential borrow areas, within the tailings basin and at the Polley

Lake dam site.
2.2 MILL SITE AND ACCESS ROADS

2.2.1

Mill Site

Eight test pits (TP95-1 to 8) were excavated in select locations at the
proposed mill site to provide additional information from the February,
1990 test pit program (TPMS90-1 to 4). Dense, brown glacial till
comprising silty sand with some gravel and clay was encountered overlying
lapilli tuff bedrock throughout the mill site area. The bedrock was typically
heavily fractured for approximately 0.5 to 1.0 meters depth before
becoming more competent, which precluded excavation with the backhoe.

TP95-1, located at the fine ore stockpile site, encountered 5.5 metres of
glacial till overlying bedrock. Similar ground conditions were encountered
to the north and south in test pits TPMS90-1 to 3.

Test pits TP95-2,3,4,7 and 8 were located in the vicinity of the concentrator
site and encountered a variable thickness (1.2 to 3.6 metres) of glacial till
overlying bedrock. Bedrock was typically encountered at shallow depths
except in test pit TP95-7 where bedrock was not encountered.

TP95-5, located at the crusher site, revealed a thin, 0.5 meter thick layer of

glacial till overlying bedrock. Test pit TPMS90-4, located to the north,
encountered a thick, 6.1+ metre layer of till at a higher elevation.

. . 1623\1,
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2.2.2

2.23

2.3

2.3.1

TP95-6 was located at the coarse ore stockpile site and encountered 5.0+
metres of glacial till. Although bedrock was not exposed during excavation,
angular rock fragments were present at the bottom of the pit which typically
indicate a close proximity to bedrock.

Bootjack Lake Road

Five test pits (TP95-9 to 13) were excavated along the side slope of an
existing access road above the west shore of Bootjack Lake. Test pits
TP95-9, 10 and 11 encountered coarser-grained, sand and gravel glacial till
at lower elevations, which became more silty and less gravel with increasing
elevation. The till encountered in TP95-12 and 13 was similar to the
material identified at the mill site. TP95-9 also encountered softer till, due
to a higher in-situ moisture content, at 2.5 metres depth. TP95-12
encountered a thin, 1.2 metre thick layer of till overlying bedrock.

Main access road

Two test pits (TP95-14 and 15) were excavated to examine the regional
ground conditions along the existing Main access road and to identify
potential sand and gravel deposits. Test pit TP95-14 encountered 4.1
metres of sandy silt glacial till adjacent to Morehead Creek at kilometre 7.1.
Test pit TP95-15, located on top of a narrow ridge at kilometre 4.3, did not
encounter sand and gravel deposits as anticipated, rather 4.5 metres of

sandy, gravelly silt glacial till to depth.
TAILINGS STORAGE FACILITY

Tailings and Reclaim Pipeline Route

Four test pits (TP95-16 to 19) were located north of the proposed tailings
storage facility and partially along the proposed tailings and reclaim pipeline
route. All four test pits encountered glacial till comprising silty sand to

-4 - 1623\1,
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2.3.2

233

gravel and sand. TP95-17 encountered the water table at 3 metres depth.
TP95-19, located along the steep hill slope, encountered angular rock
fragments at the bottom of the pit (6.4 metres), indicating a close proximity
to bedrock, and indicates that a thinner covering of till exists at higher

elevations.
Borrow Areas

Three test pits (TP95-29 to 31) were located on the ridge east of the tailings
facility to investigate potential borrow sources for future embankment
construction. All three pits encountered glacial till comprising silty sandy
gravel with trace clay to depths of 5.7, 5.5 and 5.8 metres, respectively.
The till in TP95-29 was drier than typically encountered in the other two
pits, and the water table was not encountered in any of the pits.

Embankment and Basin Foundations

Eleven test pits (TP95-26 to 29, 32 to 39) were excavated within the
proposed tailings storage facility. Glacial till was typically encountered in
the northern portion of the facility, whereas glaciofluvial/glaciolacustrine

deposits of silt, sand and clay were encountered in the south.

Test pits TP95-26, 27, 28 and 32, located in the northern portion of the
tailings basin and in the Perimeter Embankment footprint, encountered very
stiff to hard, low permeability glacial till to depths of over 6.2 metres.
TP95-28, excavated in a swamp, encountered dry till below 1.9 metres of
soft, saturated organics and silt/clay layers. Only localized, very low flow
seeps were encountered in TP95-27, and a perched water table was observed

in the lacustrine deposits overlying the till in TP95-28.

Test pits TP95-33 to 39 were excavated in the southern portion of the
tailings basin and in the Main Embankment footprint. TP95-33, 34 and 35
encountered a 3 to 4 metre thick layer of low permeability, sandy silt glacial
till overlying layered silt and very fine-grained sand glaciofluvial/

-5- 1623\1,
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2.4

glaciolacustrine deposits. Localized, very low flow seeps were visible at the
contact between these deposits. TP95-33 also encountered 0.9 metres of
soft organics and silt/clay deposits at surface due to the close proximity to a
pond. A similar glacial till cap overlying very stiff to hard, low
permeability silt deposits interbedded with fine-grained sand was identified
in test pits TP95-36 and 38. A 0.6 metre thick layer of clean, saturated,
coarse-grained sand was encountered between the glacial till and the
interbedded silts and sands in TP95-36. TP95-39, located in close
proximity to TP95-36 and 38, encountered a 2.2 meter thick cap of low
permeability glacial till overlying a more permeable silt and fine-grained
sand deposit to 7.5+ meters depth. The water table was encountered at the
contact of these two deposits, and the silt and sand displayed very limited
cohesion due to a high moisture content. TP95-37, located up slope from
TP95-39, encountered 1.5 meters of glacial till overlying bedrock.
Geological sections through the tailings basin and along the Main
Embankment alignment are shown on Drawing No. 1623.103.

POLLEY LAKE DAM

Six test pits (TP95-20 to 25) were excavated along the south shore of Polley Lake to
investigate the foundation conditions for a potential dam site. Typical materials
encountered in these test pits were soft, saturated organics overlying lacustrine
deposits of fine-grained sand, silt and clays. Fresh water shells were typically
found in the silt layers. TP95-20 and 25, located at the east and west ends of the
lake, encountered hard, low permeability silty, clayey glacial till at 2.5 and 5 metre
depths, respectively. A geological section along the proposed Polley Lake Dam

alignment is shown on Drawing No. 1623.103.
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SECTION 3.0 - LABORATORY TEST WORK

3.1 GENERAL

Overburden materials comprising glacial till and glaciofluvial/glaciolacustrine
deposits were sampled at the mill site, along access roads, along the tailings and
reclaim pipeline route, in the tailings basin and borrow areas, and at the Polley
Lake dam site. Index testing was performed to characterize these materials,
followed by specialized testing to evaluate the various materials for suitability in
specific end uses. All test work was carried out by Golder Associates’ Testing
Laboratory using ASTM standard procedures for routine tests and procedures
specified by Knight Piésold Ltd.

A total of twelve (12) representative samples were selected from the various project
areas and were submitted for the following Index test work:

e Natural Moisture Content
e Atterberg Limits

e Specific Gravity

e Grain Size Distribution

Of these samples, eight (8) were selected for additional effective strength,
compaction and permeability test work as follows:

e (C-U Triaxial Tests
o Modified Proctor Tests
e Falling Head Permeameter Tests

This section describes the test work performed and summarizes the results obtained.
Index test results are summarized in Table 3.1, and effective strength parameters,
compaction and permeability test results are summarized in Table 3.2. Detailed test

results are included in Appendix B.
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3.2

3.2.1

3.2.2

3.2.3

MILL SITE AND ACCESS ROADS
Mill Site

Two representative samples (TP95-1 and 7) of glacial till were selected from
the mill site test pits for Index test work. The tills varied between a silty
sand with some gravel and clay to a coarser silty, gravelly sand with trace
clay. The moisture content ranged from 10.4 to 10.9 percent, and the
specific gravity test on the fine fraction was 2.78.

Laboratory compaction tests performed on a sample of glacial till from
TP95-7 yielded a Modified Proctor maximum dry density of 2192 kg/m’ at
an optimum moisture content of 8.9 percent. The Modified Proctor
optimum moisture content is 2.5 percent below the natural moisture content

of the till.

Bootjack Lake Road

One sample of glacial till (TP95-10) was selected from the Bootjack Lake
access road test pit for Index test work. The till comprised sand and gravel
with some silt and trace clay, and was representative of the coarser-grained
tills encountered along the road alignment. A natural moisture content of
12.6 percent was measured, which is slightly greater than measured in the
finer-grained tills encountered at higher elevations at the mill site.

Main access road

Due to the similarity of materials identified during the test pit program, no
samples trom the Main access road were selected for Index test work.
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3.3.1

332

TAILINGS STORAGE FACILITY

Tailings and Reclaim Pipeline Route

One representative sample (TP95-18) of glacial till was selected from the
tailings and reclaim pipeline route test pits for Index test work. The till
comprised sand and gravel with some silt and trace clay, and was similar to
the coarser-grained tills encountered at similar elevations along the Bootjack
Lake road alignment. However, the natural moisture content of 13.8

percent was slightly greater.

Laboratory compaction tests performed on this sample yielded a Modified
Proctor maximum dry density of 2130 kg/m’ at an optimum moisture
content of 10.1 percent. The optimum moisture content is approximately
3.7 percent below the natural moisture content of the till. The maximum
dry density was the lowest of all the till samples tested from the various

project areas.
Borrow Areas

One sample of glacial till (TP95-31) was selected from the potential borrow
area on the ridge east of the tailings facility for Index test work. The till
comprised silty, sandy gravel with trace clay, with a moisture content of

11.0 percent.

Laboratory compaction tests performed on this sample yielded a Modified
Proctor maximum dry density of 2200 kg/m’ at an optimum moisture
content of 7.6 percent. The optimum moisture content is approximately 3.4
percent below the natural moisture content of the till. The overall
compaction characteristics are very similar to the tills encountered in the
Perimeter Embankment foundation (TP95-27) and at the mill site (TP95-7).
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3.3.3 Embankment and Basin Foundations
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Glacial Till Samples

Two representative samples of glacial till (TP95-27 and 37) were
selected from test pits located in the Perimeter Embankment
foundation footprint and within the tailings basin for Index test
work. The tills comprised sand and silt with some gravel and clay,
with moisture contents ranging from 11.1 to 18.8 percent. The
higher moisture content in TP95-37 may be attributed to the close
proximity to fractured bedrock where seeps were identified. The
moisture content of the till in TP95-27 is typical of the fine-grained
tills encountered at the mill site and the potential borrow area.
Specific gravity tests on the fine fraction of TP95-27 yielded 2.73.

Laboratory compaction tests performed on the till sample from
TP95-27 yielded a Modified Proctor maximum dry density of 2200
kg/m® at an optimum moisture content of 8.0 percent. The optimum
moisture content is approximately 3.1 percent below the natural
moisture content of the till. The overall compaction characteristics
are very similar to the till encountered in the potential borrow area
(TP95-31).

Laboratory derived effective strength parameters were determined
on glacial till samples from TP95-27 and 37 using consolidated-
undrained (C-U) triaxial test work. The samples were compacted to
a minimum 95 percent Modified Proctor maximum dry density at the
natural moisture content, and confining pressures of 250 and 750
kPa for TP95-27 and 500 and 1000 kPa for TP95-37 were applied in
stages until failure developed. The triaxial test was done on both
samples and the results were combined to obtain a more
representative result of the shear strength properties of the glacial
till. The tests resulted in the following shear strength parameters:
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e g =35°

e ¢ =0kPa

The effective strength parameters were determined from the
maximum deviator stresses and principal stress ratios at failure, and

are shown as p’ vs. q plots on Figure 3.3.

A detailed summary of the consolidated-undrained triaxial test

results is shown in Table 3.3.

Falling head permeameter test work was performed on sample
TP95-27 and yielded a permeability of 4 x 10° cm/sec. The
permeability was similar to the measured permeabilities on glacial
till samples from test pits TP95-31 (k=6 x 10" cm/sec) and TPB-13,
14 and 16 (k=2 x 10 cm/sec).

Glaciofluvial/Glaciolacustrine Samples

Three representative samples of glaciofluvial/glaciolacustrine
materials (TP95-35, 38 and 39) were selected from test pits located
within the southern tailings basin for Index test work. The materials
varied from interbedded sandy silt to very stiff silt with some clay to
saturated silt and fine-grained sand. Moisture contents ranged from
16.5 percent for the interbedded sandy silt to 28.5 percent for the
dense silt and the saturated silt and sand. Specific gravity ranged
between 2.76 and 2.79.

Laboratory derived effective strength parameters were determined
on the silt and fine-grained sand sample from TP95-39 using
consolidated-undrained (C-U) triaxial test work.. The sample was
compacted to a minimum 95 percent Modified Proctor maximum dry
density at the natural moisture content, and confining pressures of
300, 600 and 1000 kPa were applied in stages until failure
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developed. The tests resulted in the following shear strength

parameters:
e g’ =33°
e ¢ =0kPa

The effective strength parameters are determined from the maximum
deviator stresses and principal stress ratios at failure, and are shown

as p’ vs. q on Figure 3.4.

A detailed summary of the consolidated-undrained triaxial test

results is shown in Table 3.4.

Falling head permeameter test work was performed on samples
TP95-35, 38 and 39 and yielded permeabilities of 7 x 107, 3 x 107
and 2 x 10 cm/sec, respectively.

3.4 POLLEY LAKE DAM

Two samples (TP95-20 and 25) were selected from test pits located at the south end
of Polley Lake for Index test work. The dense glacial till sample from TP95-20
comprised silty, clayey sand with a trace to some gravel and a moisture content of
14.5 percent. This till sample has a higher clay content than typically encountered
tills, and the higher moisture content is attributed to the close proximity to Polley
Lake. TP95-25 encountered lacustrine layers comprising sand and silt with some

clay and gravel, with a natural moisture content of 17.1 percent.
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4.1

SECTION 4.0 - GEOLOGICAL FACTORS AFFECTING DESIGN

GENERAL

The results of the investigation program were used to evaluate the geotechnical
factors which may affect the design of the various project components. A summary
of results, conclusions and recommendations is provided below with respect to each

project component.

4.2

42.1
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MILL SITE AND ACCESS ROADS
Mill Site

Glacial till was encountered in all eight test pits (TP95-1 to 8) at the
proposed mill site location. The glacial till ranges in thickness from 0.5 to
5.8+ metres and overlies lapilli tuff bedrock. The top 1 metre of bedrock
is typically very fractured and weathered near surface, however, it becomes

fresh and increasingly competent with depth.

An allowable bearing capacity pressure (q,) ot 250 kPa has been estimated
for the basal till, based on an assumed Standard Penetration Test (SPT)
value of (N))so = 25. The SPT value was estimated from excavation
conditions in the dense to hard glacial till. Therefore, the glacial till will
provide a suitable dense foundation material for footings supporting general
buildings and less settlement sensitive components. However, heavy
structures with dynamic loads should be founded on competent bedrock.
The allowable bearing pressure for competent rock (RQD>25 or as
approved by the Engineer) is 1500 kPa. For both cases, the allowable
bearing pressure will result in less than 25 mm (1 inch) of settlement in the
foundation, assuming the groundwater table is located below the base of the

footings.

The foundation must be stripped and grubbed and all organic material
removed prior to footing excavation. The exposed till surface must be
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inspected to ensure the material is competent and will support the design
loads. Any soft soils or saturated areas must be excavated to expose either

competent till or bedrock.

Foundations tor heavy and/or vibratory structures such as at the crusher and
concentrator must be excavated to competent bedrock to support the loads.
The investigation program revealed a thin, 0.5 metre thick layer of glacial
till covering most of the proposed crusher site location, and a thicker, up to
3.6 metres thick, layer of till over the majority of the concentrator site.
This till cover and the upper fractured bedrock must be removed to expose
competent bedrock. Nearby drill holes indicate that competent bedrock is
present below the upper fractured rock. Any anchor systems that are
required for the mills or crusher can be designed to suit the projected

dynamic loadings.

Foundations for the crusher and concentrator must include provisions to
accommodate seasonal freeze/thaw while minimizing potential differential
settlement. Based on meteorological data, the depth of freeze is estimated to
be 1.25 metres (4 feet). Consequently, the foundations for all structures
must be covered with a 1.25 metre thick layer of free-draining, non-frost
susceptible (NFS) material such as clean gravel or coarse sand, as required,
to enhance drainage and prevent frost heave from occurring. The NFS
material required for frost protection will provide drainage around
foundation footings thereby depressing the water table and greatly reducing
the potential for the development of ice lenses which cause frost heaving. It
is recommended that 100 mm diameter corrugated polyethylene tubing
(CPT) be included to further enhance foundation drainage.

The crusher and concentrator sites must be well drained during construction
and operations to prevent standing water from ponding in the vicinity of the
foundations. The NFS drainage material and CPT pipework will provide
post-construction drainage at the sites. Surface runoff from building roofs
and access roads, etc. must also be diverted or directed well away from the
foundations to minimize seepage and infiltration into the foundation soils.
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Foundation conditions at the proposed coarse and fine ore stockpile
locations encountered 5.0+ and 5.5 metres of till overlying bedrock,
respectively. This till will provide competent foundation support for the
stockpiles as the amount of allowable settlement will be much higher than

for the crusher and concentrator.

Bootjack Lake Road

Glacial till was encountered in all five test pits (TP95-9 to 13) along the
proposed Bootjack Lake access road alignment. The glacial till ranges in
thickness from 1.2 to 6.3+ metres and overlies bedrock. Due to the high
water encountered in TP95-9 and 11, the softer material encountered at 2.5
metres depth in TP95-9, and the shallow depth to bedrock in TP95-12, it is
recommended that the road excavation does not exceed 1 metre, otherwise
difficulties may be encountered during construction. The surficial, coarse-
grained till will be suitable for both excavation and use as fill for widening

the existing road.
Main Access Road

Glacial till was encountered in both test pits (TP95-14 and 15) along the
existing Main access road. This material will be suitable for both
excavation and use as fill for widening the existing road. The entire road
alignment should be inspected to identify any problem areas such as exposed

bedrock outcrops, seeps, etc. prior to construction.
TAILINGS STORAGE FACILITY

Tailings and Reclaim Pipeline Route

Glacial till was encountered in all four test pits (TP95-16 to 19) near and
along the proposed tailings and reclaim pipeline route. The till will be
suitable for use as fill in access roads and will provide a competent
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4.3.2

4.3.3

4.4

foundation for the pipelines. Excavations at lower elevations should not
exceed 3 metres depth due to the high water table near Bootjack Creek.

Borrow Areas

Laboratory test work on the glacial till sample from test pit TP95-31
confirmed that the till encountered along the ridge east of the tailings storage
facility will be suitable for use as embankment fill. Delineation of the
borrow area extents and calculation of the available quantities of material is

required.
Embankment and Basin Foundations

A 5 metre minimum thick cover of dense, low permeability glacial till
blankets the majority of the tailings basin and the Perimeter Embankment
footprint as encountered in test pits TP95-26 to 28, 32 and in existing test
pits. However, in the southern portion of the basin, the till becomes thinner
(3 to 4 metres thick) and is non-existent over a portion of the Main
Embankment footprint. A low permeability glacial till liner will be required
in the tailings basin where the in-situ glacial till is less than approximately 3
metres thick. The till liner will act as a seepage barrier to prevent the
migration of water out of the tailings facility and into the foundation. In
addition, this liner will be thick enough to provide frost protection for the
glacial till. The till liner will tie into the low permeability glacial till core of
the Main Embankment, thereby providing a continuous seepage barrier for
the facility.

POLLEY ILAKE DAM

The foundation conditions at the south end of Polley Lake comprise saturated, soft
organics and lacustrine deposits overlying low permeability, very stiff glacial till as
encountered in test pits TP95-20 to 25. At the south-east and south-west ends of the
lake, the soft organics and lacustrine deposits vary in thickness between 2.5 and 5
metres, respectively. In between these pits, the deposits increased to more than 6.5
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metres thick. During the excavation of the test pits, significant seepage was
observed trom the organics and the sandy layers of the lacustrine deposits, due to

the close proximity to Polley Lake.
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IMPERIAL METALS CORPORATION

TABLE 3.3

MT. POLLEY PROJECT
TAILINGS STORAGE FACILITY

RESULTS OF CONSOLIDATED-UNDRAINED TRIAXITAL TESTS

ON GLACIAL TILL SAMPLES

Triaxial Testing Stages Samiple No.
and Soil Parameters Units § TP95-27 TPO537 TPO527 THI5-31
- (Test ¥} (Fest2) (Fest3) {(Testd)
Initial Parameters
Sample diameter (cm) 3.77 3.72 3.75 3.72
Sample length (cm) 14.68 15.35 15.21 15.35
Moisture content, w (%) 7.9 9.3 7.6 9.1
Dry density, Yary (kg/m’) 2168 2072 2079 2063
Bulk density, Youn (kg/m?) 2339 2265 2237 2251
Void ratio, € 0.259 0.342 0.313 0.348
B-value 0.965 0.985 0.954 0.997
Consolidation Stage
Cell pressure (kPa) 772 979 1220 1374
Back Pressure (kPa) 484 481 476 412
Final effective consolidation pressure, G’ (kPa) 287 498 745 962
Final moisture content, w (%) 9.7 9.8 9.8 9.9
Final dry density, Yar (kg/m?) 2207 2183 2161 2180
Final bulk density, Ypuu (kg/m®) 2421 2397 2373 2396
Final void ratio, e 0.237 0.274 0.264 0.275
Coefficient of consolidation, c, (cmZ/s) 2.7x10? | 7.4x10™* | 2.3x10? | 1.1x10°
Shearing Stage
Effective consolidation pressure, G5’ (kPa) 287 498 745 962
Principal stress ratio, P.S.R. (6,’/63") gax 4.25 3.74 3.60 3.38
Strain at maximum P.S.R. (%) 1.85 2.09 11.67 7.42
o,’ at maximum P.S.R. (kPa) 823 1202 1012 2216
o,’ at maximum P.S.R. (kPa) 194 321 282 657
AU at maximum P.S.R. (kPa) 94 177 463 305
A¢ at maximum P.S.R. 0.15 0.20 0.63 0.20
Maximum deviator stress, (S3”)max (kPa) 1416 1268 812 1624
Strain at (64" )max (%) 17.66 21.14 21.04 20.02
o, at (O4 )max (kPa) 1946 1843 1135 2354
G5” at (4 ) max (kPa) 531 575 323 730
AU at (64")max (kPa) -243 =77 422 232
-0.17 -0.06 0.52 0.14

Af at (Gd,)mgx
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APPENDIX B

DETAILED LABORATORY TEST WORK RESULTS

Association Association

of Consulting des Ingénieurs-
Engineers Conseils

of Canada du Canada





GOLDER ASSOCIATES Ltd.

CONSULTING ENGINEERS

" ASTM D 4767 - 88

.. Consolidated Undrained Triaxial Compression Test on.Cohesive Soil:

Strength Results Density: {Kg/M')
PROJECT# 9421897.5040 L= 1535  cm DATE I7-7e0-35 Max.go' 3 12676 kPa ¥, 2072
Tast Pit TPg5-37 A x 4357 em’ FILE - 10530 XL Strain @ 3 2114 % "= 2t
Sample Vem 3650 em?’ TEST® -3 Max. PSR = 3.74 E 3 0 342
Deoth Strain @ = 209 % E = T
REMARKS : Cansoiidation Prassurs : CALISRATIONS ; [Consolidation Results; 'Water Contents;
- Faiure Mode 3Buiging cP= 379 3 kPa LOAD = 23423 kNimV SV, = 35.9 cc W = 33
- Minus 19 5 mm matenal BP= 4805  kPa PORE = 13895 kPamv T3 403 min W, 2 3
- Cofrections appied for memorane e = 498 4 kPa LvOT = 33285  mmmv C.3 7 4E-04  cmiis
- Comrecuons appked for fier paper Byacus 0.985 Fead Rata = 5224 mmimin
sk LOAD sU E LOAD A Gs' sU (e Gy PSR A P q
(mV: ‘mv) (m\V) (% (kMY ‘em?; {kF2) (kPa) {kFPa) {kPa) (kP2a) (kPa)
12250 112 -557.0 2.00 0.00 4357 ) 3834 1.00 438 4 20
212194 175 7135 910 327 1332 T4 4373 2492 1.13 03 5131 311
1210 5 224 -738.9 07 0.47 1353 I33 455 € 5779 12 027 5237 542
-1202.5 287 -768 9 0.42 074 4375 333 1439 3181 1.38 [ES 5325 348
1194 8 46.5 -372.9 0.56 1.5 4332 ) 377 7185 191 036 5473 1707
1187 2 57 4 -930.5 0.70 1.95 4388 510 237.4 732.4 232 036 539.3 3225
11792 56.2 -965.7 0.85 232 43.95 1352 3131 3473 2.69 035 5773 2642
1170.8 736 -980 6 1.01 2.64 44.02 1855 302.8 3017 3,98 033 6022 299.4
-1162.5 79.8 -950 1 1.16 2.50 14.08 2021 295.3 353.3 3.22 0.31 525 1 3283
-1154.4 855 -987 9 .31 314 44.15 005 573 1008.4 3.39 023 6511 3553
-1146.0 50.3 -986.2 1 47 33 4422 168 4 2950 1055 0 353 026 3770 3730
1375 0 94T -977 2 152 382 14,29 1832 2052 1101 5 341 024 7034 3982
1129.6 98.3 -571.7 17T 3.62 1436 35 ¢ 2090 11337 369 023 7233 4143
-1120.2 101.4 -360.6 1.95 381 14.44 1313 3165 1173.6 371 021 7451 428.5
-1112.3 104.0 -953.8 2,09 392 14.50 (K 2213 1201.9 374 0.20 7615 4403
-1103.5 106.2 -942.3 226 4.02 4458 561 3293 1228.9 373 0.19 7791 4193
110852 [ 108.1 -935.5 241 410 1165 BT 3340 1250.1 374 018 7920 4581
-1086.7 .  109.8 -3239 2.57 417 4472 334 3420 12730 372 017 807 5 4853
-1078.4 . 111.6 -3177 272 424 4473 1252 3452 12923 373 0.16 3193 4731
-1069.8 113.1 -306.9 2.88 421 44.87 3147 3537 1312.8 371 0.15 8332 4795
-1060.2 ., 1146 -500.9 3.06 437 44 95 105 3573 13290 37t 014 3434 485.5
110519 | 1159 -390.8 321 442 4502 1335 354 3 13470 369 014 855¢ 4511
10433 | 1174 -884.8 337 443 45.09 B 258 9 13830 369 013 8659 1870
10348 . 1186 -875.9 3.53 454 4517 1234 3750 13791 368 0.12 877 1 502
1026.2 119.9 -369.4 369 4.60 4524 1183 3795 13935 367 012 8366 507 0
-1017.4 121.2 -862.0 3385 465 4532 1133 3845 1409.1 366 0.11 896.9 5123
-1008.6 | 122.4 -354.6 4.02 470 4540 108 7 389.7 14237 3.65 0.11 906 7 5170
-1000.1 ; 123.6 -849.1 117 475 4547 .2 104 9 2935 1436 3 365 0.10 9149 5214
9912 1+ 1247 L3414 434 430 4535 0515 355 398 3 1450 4 364 009 9245 5253
.382.5 125.7 -336.8 450 434 4533 1053.2 353 2020 14514 383 0.09 5313 5393
-373.6 126.7 -829.2 457 438 4573 1086.5 312 972 *373.9 362 0.09 3405 5333
-564.5 127.8 -324.3 434 433 4579 0743 33 4102 14847 352 008 9475 5372
-955.9 1283 3175 4.99 4.97 4536 1031 3 3352 4T 1495 8 3,60 008 356 0 540 3
-947 0 1267 -813.7 5.18 5.01 45.34 1083 2 05 4Ty 1506 2 360 007 962.° 5441
-938.0 130.7 806 7 5.32 5.05 35.02 1065 3 ] 4223 5185 3.59 0.07 970 6 5479
-529 2 1317 -303.0 5.49 305 48.10 11022 T34 4352 15278 359 9.07 5783 5512
920 0 1326 796 2 5.56 5.12 46.19 11085 384 4300 15335 358 006 984 2 5542
-911 0 133.4 7927 5.83 517 46,27 11140 36.0 4324 15464 3.58 0.06 989 4 5570
-901.8 134 2 -785.8 6.00 5.20 46.35 1196 512 437 2 1556.8 3.56 0.05 397 3 559 8
-392.3 135.2 -783.1 6.18 5.24 46.44 11253 94 3290 1564 8 3.56 005 1001 9 5623
-883.7 | 1359 776 7 6.33 5.27 46.52 11306 550 1434 1574.0 355 005 1008 7 565.3
3746 | 1367 7740 .50 5.31 46.60 11358 531 4453 15811 355 005 10132 5675
-865.3 137.4 767 6 6.68 5.34 46.69 1140 1 187 1497 1589 8 3.54 0.04 1019.3 570.0
-856.4 138.2 -764.1 6.84 5.37 16.77 11453 463 4521 1597 4 353 0,04 10243 5723
8477 1390 -759.4 7.00 5.40 46,85 11457 430 455 4 1605.1 352 004 1030 2 5749
| 8384 1399 7543 7.18 544 4654 11557 355 453 3 1614 6 352 003 1036, 57735
-329.4 140 5 7514 T34 547 47.03 11850 375 460 5 1619 9 351 003 1040 & 5795
-820.6 1412 -T46.2 7.51 350 4711 1163 2 333 464 5 1627 7 350 003 1046 1 5316
3118 1419 7440 7.67 553 3719 11675 %3 4650 1633.6 351 0.03 10453 5838
-302.5 1426 7386 7.84 5.38 47.28 1715 237 463 7 16412 3.49 002 1055.5 5857
.793.3 143 4 -736.9 8.00 5.59 47.36 11751 EE 4709 1647.0 3.50 002 10550 583 1
7843 1441 7317 8.18 5352 47.45 1180 2 239 4745 1654.7 3.49 002 1054 6 590 *
.775.8 144 7 .729.9 8.34 564 47.54 1183.4 227 4757 1659.1 343 002 1067 4 5917
766.5 1452 -724.6 8.51 5.66 47.63 11355 190 4794 1664 9 347 0.02 10721 592.7
-757.8 146.0 7234 8.67 5.70 47.71 1190 7 182 480.2 1670.9 3.48 0.02 1075.5 5953
7487 1466 -7185 5.84 572 47.30 11932 143 483.6 1676.8 3.47 0.01 1080.2 596.5
-739.3 1472 7167 9.02 5.75 47 39 1156 7 136 4843 16815 |, 347 0.01 1083.2 598.4
-730.8 1477 7124 9.17 5.77 47.97 1158 3 105 4878 16865 | 345 0.01 1087.2 599 4
7217 | 1483 -710.0 9.34 5.80 48.06 12018 30 489.4 16913 | 346 0.01 1090.4 600 9
7129 1 1489 -706 & 951 | 582 48.15 1204 5 56 491.3 16963 | 345 0.01 1094.0 6023
27039 | 1494 -703.3 9.67 - 584 48.24 12072 43 494 1 17012 1 344 0.00 1097.7 6036
6950 | 150.0 -700 8 9.84 5.87 48.33 1205.8 25 495.3 17056 | .44 0.00 1100.7 604 9
6861 | 1506 -696.7 10.00 5.90 48.42 12130 0.2 498.5 17116 ;343 0.00 1105.1 606.5
-577.1 1512 5954 10.17 5.92 48.51 12153 11 | 4995 17153 ] 3.43 0.00 1107 4 807 9
-668.5 1518 6914 10.33 5.94 1859 1218 5 33 502.3 17208 | 343 0.00 11115 609 3
-659.0 1524 690 2 10.51 5.97 48 69 217 a7 5031 1724.8 343 0.00 11139 6108
8502 | 1530 -686 4 10.67 5.99 48.78 1224 0 73 505.7 1729.3 342 . -001 7T 6120
6410 | 1535 -6853 10.84 6.02 48,87 1226 2 -8.1 506.5 17327 342 ' .00t | 11196 | 6131
-631.8 1539 -681.4 11.01 6.03 48.96 2270 -10.8 509 2 1736.1 341 1 -0.01 11226 6135
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sL LOAD sU E LOAD A, Go' U Gy Gy PSR A p' q
imV} imv) {mv} 3 TNy tem kP3) ikPa) (kPa) kPa) kPa) (kPa)
-§22.4 154 5 380 5 KB 506 4905 12297 BED 209 3 1739 5 341 .301 11245 5149
-613.3 1550 5763 1135 308 45,45 12317 -133 5123 1744 1 340 aNn 11282 913.%
-504.3 1556 5753 1152 310 39 28 ‘3143 .345 523 17472 24 -3.01 1130 1 5171
L5852 156 0 5721 1185 512 49.24 12353 EEE 51535 17513 340 501 11234 3179
5353 1555 6712 1138 515 4934 1037 ¢ T8 5162 17541 3140 001 1138 ¢ 5189
5765 157 1 667 3 1204 517 39.54 1235.2 201 518 § 17582 3.39 002 1138 4 5199
558 3 1577 666 0 1222 519 3954 12421 EX 519 8 17619 339 002 1140 3 5211
557 5 158 2 6635 1239 521 4973 12437 E<N €215 17652 338 002 1143 ¢ 5219
KYTE) 1587 6610 12,57 G 24 45 34 1245 3 243 5232 1764.6 338 002 11453 5227
533 4 159 2 659 2 12,74 526 49 94 1247 251 5245 1771.6 338 002 11430 5236
5283 1597 556 1252 528 S0 04 1243 3 282 5256 1775.4 337 002 11510 5244
L5190 160 1 5554 13.10 320 50 14 243 5 287 527.1 17768 337 002 11519 5243
2090 150 5 6522 *339 521 50 25 1249 7 .209 £29.3 1779.0 3.36 002 1154 2 5249
499 2 1608 6515 1347 533 50 36 13499 314 529.8 17736 3.36 003 1154 7 5249
4392 161 1 6483 13,36 534 50 47 1249 4 335 532.0 17814 335 003 1186 7 5247
4792 1615 5479 1334 536 50 57 12506 339 532.3 1782.8 335 003 1157 5 5253
469 2 1622 844 T 1403 8.3 50 68 1253 0 361 5345 1787.5 334 003 11610 5265
-158 3 162.9 5442 182 541 50 80 1256 1 364 5343 1790.9 335 003 11626 526.1
.448 7 1633 5412 14 41 543 50 91 1256 3 384 536.8 17936 334 003 1165 2 528.4
.4385 1633 640 4 13.80 545 5102 1257 3 2350 537 4 17951 334 -0.03 1166 2 5283
4283 154 2 8375 1478 547 5113 1258 1 410 5394 1797.5 3.33 003 1168 4 5291
417 3 1646 838 © 458 539 512 12535 413 540.0 17985 233 003 1166 3 5293
407 5 1651 6343 1517 551 5137 12539 432 s 1801.5 333 003 1713 5299
397 0 165.5 6320 1537 552 51 49 1259 8 343 5432 1803.0 3.32 004 11731 529.9
387 3 1660 6310 5.55 354 5159 12612 355 5439 1805.1 332 004 1785 530.6
3760 166 3 628 5 157 656 5172 12610 472 5456 1806.6 331 004 1176.1 5305
3659 166.8 627 9 15.95 558 5184 1262.2 476 546.0 1808.2 331 0.04 1177 1 5311
3550 1672 5253 5 560 5136 12618 49 4 5478 1809.6 3.30 004 11787 630.9
3448 167.6 625 1 541 52.08 1262.5 49.6 548.0 18105 3.30 -0.04 1179.2 531.2
3343 168.0 622.2 5.83 52.20 1262.4 516 550.0 18124 3.20 0.04 11812 531.2
3233 168.5 6219 835 | 5233 12624 518 550.2 18136 3.30 0.04 11819 3317
3135 168.9 519.0 I 557 52.45 12632 538 552.2 18154 3.29 004 11838 5316
2303.2 169.2 6185 1711 5.68 52.57 1263 1 541 5525 18156 3.29 -0.04 1184 1 5316
-293.0 159 8 6164 7.30 570 , 5289 1264.5 556 554.0 1818.6 328 0.04 1186 3 5323
-282.1 170.1 6149 7 50 6.72 52.82 12643 566 5550 18193 328 0.04 1187 2 5322
2720 170.6 6133 17.68 5.74 52.94 1264.9 576 556.0 1821.0 3.27 -0.05 1188 5 5325
2627 170.9 8107 17 88 575 53.05 1264.5 595 557.9 1822.4 327 -0.05 1190.1 5322
.252.0 1714 8107 +3.06 577 5318 12656 595 557.9 18235 327 -0.05 1190 7 5328
2415 171.7 507 8 7326 579 53.30 1264.5 515 559.9 1824.5 326 20.05 11922 5223
2317 1723 507 8 1344 581 53.42 1266.5 615 559.9 1826.4 326 -0.05 11932 5333
2213 172.4 5052 3,53 582 . 5355 12646 632 361.7 1826.2 325 005 1194 0 5233
-211.8 173.0 -505.0 +8.31 534 |, 5367 1265.8 634 5618 1827.6 325 0.05 11947 5229
-202.7 1733 602.3 18.98 635 53.78 1265 4 653 563.7 1829 1 324 0.05 1196 4 5327
1914 1738 -602.2 19.18 588 53.92 1266.5 65.4 563.8 1830.3 3.25 005 11970 5333
-182.1 174.1 599 5 19,38 589 | 5403 1265.6 572 565.6 1831.3 324 2005 1198 4 §32.8
1712 1746 5985 19.58 5.91 54.17 1266.7 578 566.2 1833.0 324 0.05 11998 3334
1631 1749 |, -5968 19.71 692 , 5427 1266.7 591 367.5 1834.2 3.23 -0.05 1200 8 5334
21515 175.3 595 1 19,93 594 - 5442 12659 703 568.7 18346 323 -0.06 12016 5330
1423 1758 15942 20,10 595 54.53 1266.8 709 569.3 1836.0 3.23 0.06 12027 5334
1328 176.0 5917 2027 5.37 54.65 1266 0 726 571.0 1837.0 3.22 0.06 1204 0 5330
1237 176.5 5913 27 4a 5.59 54.77 1266.6 729 5713 1837.9 322 -0.06 12045 3333
1135 176.9 5852 2053 7.00 54 90 1266.4 743 5727 1839.1 321 0.06 12059 5332
1038 1772 | -5890 20.81 7.02 55.02 1265.9 745 572.9 1838.8 321 006 12053 333.0
938 1775 586.5 21.00 7.03 55.15 1265.6 .76.1 574.5 1840.1 3.20 006 1207 3 532.8
-86.0 178.1 5859 21.14 706 ., 5525 1267.6 766 575.0 1842.6 3.20 0.06 1208 8 633.8
746 178.2 -583.9 2135 706 | 5540 1265.0 -78.0 576.4 1841.4 319 006 1208.9 5325
65.4 1788 , -5830 2152 709 . 5552 1266.3 736 577.0 18435 319 2006 12103 5333
.55.1 179.0 |, -5813 =172 710 ;5566 1264.8 .79.8 578.2 18423 3.19 -0.06 12108 3324
478 1794 | -5799 2138 711, 5576 12658 -30.7 579.1 18449 319 006 12120 6329
-36.4 1799  -578.8 22.06 713 | 5591 1265.4 815 579.9 18453 318 -0.06 12126 §32.7
274 180.0 .576.3 o2.23 714 | 56.03 1263.6 832 5816 18453 317 -0.07 12134 531.8
7.1 180.5 .576.2 242 716 56.17 1264.0 833 581.7 18457 317 007 12137 3320
8.7 180.8 5737 22,53 717 56.28 1263.7 -35.0 583.4 18472 317 007 12153 531.9
17 181.4 .573.8 1277 720 . 56.42 1264 9 349 5333 1848 2 317 007 12158 3324
97 181.7 571.2 22,92 721 5653 12545 -36.7 5351 1849 6 318 2007 12174 5222
214 82,1 .571.2 318 722 56.59 12533 .36.7 585.1 18430 316 007 12171 3018
311 182.4 569 1 13132 T2 56.32 12632 .38.2 586 6 18498 215 007 12182 5316
402 182.7 568.5 348 725 56.95 12627 -38.6 387.0 1849.7 315 007 12184 314
485 183.0 566 2 364 725 57.06 1261.8 302 5396 13504 314 007 12195 5209

Page 2 of 2






CONSULTING ENGINEERS

GOLDER ASSOCIATES Ltd.

ASTM D 4767 - 88

Consohdated Undrained Triaxial Compress:on Test on Coheswe So:!s

lstr-ngh Results Rensity: (Kg/M™)
PROJECT® 94:1997-5040 L= 1535  cm DATE Max.ay’ 3 16263 kPa 1. 2063
Test Pit TPg5-37 A s 4346 cm® FILE 3352 X220 Stran @ = 338 % Y= 130
Sampie Vs 387 1 cm’ TESTs Sil-4 Max. PSR = 338 Es 3348
Depth Strain @ = 734 % E 3 2275
REMARKS ; nsolidation Pressure ;. igAL!gRATIONS H ‘angnllgmion Results: Water Contents;
- Fakre Mode . Buiging CP= 13733 kPa LOAD = 30423 kNImV SV, = 379 cc - w,= 91
- Minus 19.5 mm metenal BP = 4122 kPa PORE = 23895 kPamV Twe® 279 min W,z 99
- Comrections appied for membrane Tye' = 3616 kPa LVOT = 20238  mavmV C,= 1.18-03  cmiis
- Corrections appiied for fiter paper Bvave ® Q997 Feed Rate = J026  mavmin
sk LOAD sU E LOAD Ac [o1Y sV Gy Gy PSR A p' q
{mV) {mV) {mV) 9% (kN) {em? (kP2) (kPa} {xPa: (kPa) (kP3) (kPa)
510 0 163 -597 3 3.00 000 33 46 20 EE] 513 3615 100 3615 0.0
513.9 1.7 -501 4 3.07 023 43 49 522 25 339 ¢ 10114 105 305 3852 25.1
523.3 242 -605 3 3.26 033 43 57 753 5.2 356 4 1032.2 108 007 994 3 37.9
533.1 263 -5117 943 )44 13,65 1013 33 3522 1053.5 111 0.09 1002.8 50.8
540 1 59.6 5812 P 183 4370 3185 373 3043 13226 146 014 11134 309.3
548.5 84.8 7940 0.71 2.89 4377 660.7 1353 3253 1437.0 1.30 0.20 1156.6 330.3
557.3 103.7 -899 5 0.88 3.69 4384 3421 2089 7835 1595.7 212 0.25 1174.7 4211
5661 ' 119.0 -9716 1.04 434 43.92 937 & 2577 703.9 1691.3 2.40 0.26 1197 8 4937
5749 | 1315 -1022.6 121 487 43.99 1106.3 2929 568.7 1775.0 2.85 0.26 12219 553.2
5834 | 140.4 -1049.0 136 324 44.06 1189 6 3111 350.5 1840.1 2.33 0.26 12453 594.8
593.2 146.8 -1066.2 154 5.51 4414 12487 3230 3386 1887 3 296 026 12630 6143
500.8 1514 -1072.9 189 571 4429 1250 9 2278 3340 1924 9 304 025 1279.5 545.4
610.4 154.9 -1076.6 ‘36 5.36 4429 13216 3301 3315 1953.1 309 0.2 12923 660.8
620.0 1575 -1080.4 204 397 4437 13440 3328 3233 19728 314 2.25 1300.8 672.0
629.3 159 8 -1075 8 2.2 5.07 44,44 1364 1 329.6 5320 1996.1 316 024 13141 §82.0
637.8 162.1 -1082.1 237 316 4452 1383.4 3339 277 20111 3.20 0.24 13194 5917
6473 164.1 1079 4 2.55 525 44 50 1399.9 3321 3295 2029.5 3.22 024 13295 700 0
657.0 166 1 -1081 9 273 533 4463 14155 2333 5273 20434 325 024 13355 707 3
666.3 167 4 -1079.8 .30 5.39 1875 14257 2323 3293 2055.0 327 023 13421 7129 |
§74.2 168 6 1080 2 3.08 5.44 44382 1434 4 3325 5290 2062.4 3.28 0.23 13462 717.2
684.2 169.5 -1079.3 3.22 5.48 4391 14408 3320 5295 2070.4 3.29 023 1350 0 720 4
694.1 1705 -1076 6 2.4z 5.52 45.00 14472 3301 3315 0787 329 0.23 13551 7236
702.1 1717 -1077 3 257 557 45.07 14555 13086 5310 2085.5 331 923 1358 8 7278
7123 1725 -10717 378 6.60 4516 1450 9 3268 634.8 2095.7 3.30 022 13653 730.4
721.9 173.5 -1074.9 332 5.54 4524 14670 3290 322.6 2099.6 332 0.22 1366.1 7335
731.2 1744 10715 | a1 5.68 4532 1472.5 3266 335.0 2107.5 332 0.22 1371.2 736.2
740.0 1753 -10723 4.27 5.72 4540 14783 3272 334.4 2127 333 022 13736 739.1
749.1 176.2 -1069 8 s34 5.75 45 48 1484 2 3254 526.2 2120.4 333 022 13783 7421
758.6 1772 -10688 |, 452 5.80 4556 14902 3243 336.8 21271 334 0.22 13820 745.1
768.5 1783 1067 1 475 5.85 45.63 1498 5 3235 328.0 2136.5 335 0.22 1387 3 749.3
776.2 179.2 1063 1 134 5.89 4572 1504 3 3208 3408 2145.1 335 021 13929 7521
785.6 180.0 -1064 8 542 5.92 4580 1508 4 1220 3396 21480 336 0.21 12938 754.2
7942 180 6 10589 ' 528 §.95 45.98 15118 3179 3437 21553 3.35 9.1 1399.5 7558
303.5 1816 -1061.2 548 5.99 45.96 1517 7 2195 3421 2159.8 3.26 021 1400.9 758.9
3126 1820 -1057 6 .52 7.00 46.05 15187 3170 544.5 2163.3 3.36 0.21 1403.9 759.3
8207 1829 .1057.8 3.77 704 46,12 1524 2 3170 3345 2188.7 336 0.21 1406.7 7621
8293 1838 -1055.0 5.34 708 46.20 1530.1 3152 546.4 21765 3.37 3.21 14114 765 1
9375 184.4 -1052.7 5.08 7.1 46.27 1532.9 3137 347.9 2180.8 337 0.20 1414 4 756 4
847 1 1853 -1051.7 .26 7.14 46.36 1538.1 313.0 548.6 2186.7 3.37 0.20 14177 769 0
8552 185.8 -1045.8 5.41 717 16.44 1540.5 208.9 5527 2193.2 3.36 0.20 1422.9 770.2
864 4 186.5 -1048.1 3.58 7.20 46.52 1543 8 3105 5511 2195.0 337 0.20 14230 7719
874.3 187.0 -1042.9 575 722 46.61 15449 306 9 2199.8 3.36 0.20 1427 1 7724
8861 ' 1880 1044 3 5.98 7.26 46.72 1550.6 307 9 2204.4 3.37 0.20 1429.1 7753
899.7 188 8 -1040.8 7.24 7.29 46.85 15532 305 4 . 2209 3 337 0.20 1432.7 7788
909.4 189.9 -1040.3 7.42 7.34 46.94 1539 6 305 1 8.5 22161 3.38 0.20 1426.2 779 8
917.3 190 6 -1037.6 7.57 737 47.02 1563 7 302.2 8.4 22220 338 2.19 1440.2 7818
927.2 1913 410359 BEH 7 40 47.1% 1566 5 2021 9 £ 22261 338 219 14428 7833
935.5 191.8 1034 2 790 7.42 47 19 1568 9 3003 7 222935 137 319 14451 784 5
9453 1925 41030 2 3.08 745 47.28 1571.8 2581 22352 3.37 0.19 1449.3 7859
953.9 193.2 410306 24 7.43 47 36 1574 7 253 4 . 2227.2 137 0.19 1450.6 737 4
963.4 183.7 1025 4 342 750 47.45 1576 1 2948 565.8 22429 3.36 0.19 14543 7880
972.1 194 7 -1027.0 358 7.54 47.54 1582 6 2959 335.7 2248.2 338 0.19 1456.9 7913
980.9 195.2 -1022.9 8.74 756 47.52 1533 9 2931 368 5 22524 337 0.19 1460.5 792.0
990.6 195.7 -1023.1 3327 758 47 72 15853 2932 3584 2253.7 3.37 0.18 1461.0 7927
9989 | 1963 | -1019.8 9.08 761 3780 15881 2910 5708 2258.7 3.37 0.18 1464 7 7941
1008.6 197 2 10187 , 326 765 47 89 1592.5 290 2 571.4 2263.9 337 0.18 1467.6 796.2
1016.8 198.0 -1016.6 3.41 768 47.97 1596 5 288.8 §72.3 2269.3 337 0.18 14711 798 2
1026.1 1987 10126 358 771 48.07 1599 6 2860 6756 2275.2 337 7 018 14754 799.8
10360 | 1992 -1013.4 3.77 773 48 16 16012 2866 575.0 2276.2 337 . 018 14755 300.6
10456 | 1996 -1008.5 994 775 48.26 16013 2832 378.4 2279.7 3.36 0.18 1479 1 800.6
10549 | 2005 | -10098 | 1012 779 48.35 1605.5 2841 677.5 2283 1 3.37 0.18 14803 802.8
10638 | 2009 | -10060 | 1028 780 48,44 1606.4 2815 580.1 22865 336 0.18 14833 | 8032
10735 | 2015 | -10058 | 1046 7.83 4354 | 16084 | 2813 580.3 2288.7 , 336 0.17 1484.5 804.2
1083.8 2022 | -10031 | 1068 786 4864 | 16111 | 2795 | 6821 22932 | 336 0.17 14877 805.5
1106.0 2028 | -1001.3 | 1107 7.88 4887 | 16085 782 | 5834 22918 ¢ 335 047 14876 | 804.2
1152.6 2035 | -9997 | 1193 7.91 49.35 1558.2 271 684.5 2282.7 333 1 017 14836 ;7991
1200.5 2039 9946 | 1282 793 4985 | 15846 2736 | 5880 22726 330 1 017 14803 | 7923
12250 | 2046 9963 @ 1328 7.96 5011 | 15822 | 2748 ' 5868 | 2269.0 330 017 14779 791.1
12342 | 2054 -9926 13.45 8.00 50.21 15862 | 2722 589.4 | 22755 330 | 047 14825 793.1
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sL LOAD sU E LOAD A, Co sU Ty 2} PSR A p’ q
(mv) (mv) (mV) (%) (N} ‘emd (kPa) [xPa) (kPa) (kPa) (kPa) {kPa)
1244 7 206 1 -3927 13354 332 £032 *533 3 273 3385.2 2775 3.30 0.17 1433.5 7941
1263.4 <063 -350 1 1339 3Gs 50.53 *537 2 2705 3311 22743 3130 917 1484 7 7935
1272.7 2077 -5885 1416 3¢9 50.63 15312 634 § 228335 3.3 0.17 1487 9 7955
1283.1 2080 -387 0 1435 3 5074 1550 4 2834 2 22813 29 917 1488 4 7952
1292.3 2085 -383.4 1453 312 50 35 1585 4 25%.3 3937 2237 129 0.17 1451 4 7557
13024 2082 -983.8 1471 31§ 50 96 15923 380 3353 22895 338 0.17 14925 796.3
B3Nn7 2087 -978.5 14 39 518 5106 4554 3 2825 599 ° 22914 3.8 0.16 1496 3 7971
3217 2104 <580 4 1507 321 5117 "836 3 833 357 3 22947 3.3 0.17 1496 2 7985
13325 N08 -8772 15.27 .23 1.29 1587 9 55 =30 290 3.28 Q.16 1498 5 T8 5
13424 2115 -8976 0 1548 325 3140 13332 2603 003 ot ] 338 Q16 1455 8 TS5 0
1352.3 2120 -578.5 *5.54 .27 518 1558 3 259”7 ROAN] 23003 328 716 15012 T99 3
1262.6 2125 3717 15.33 .20 5133 1553 4 ’r3 7033 23032 127 018 *5035 7997
13728 2135 -9715 16.02 333 517 16022 7T 7039 2207 ¢ 3.28 0.16 1505.5 8016
13824 2136 -966 3 16.20 324 3186 1560 3 254 4 Tor s 23080 3.26 0.15 1507 § 300.4
13925 2127 -967 9 16.40 820 51.99 1589 1 852 796 3 22955 3125 0.16 1501.0 7945
14043 2135 -864 9 18.50 334 52.11 1591 3 253 7085 2300.2 325 016 1504 4 7959
1414.4 2126 -964 4 1679 azo 52.23 1581 4 2528 708 3 22303 323 0.16 1499.5 7907
14233 2128 -9621 18.97 an 52.34 15791 2512 7104 22895 .22 016 1499 9 7385
1433.7 2130 -960 6 7 831 52.46 15779 2802 T4 22885 3.22 016 1500 0 7885
14432 2132 -959 1 1723 az 5257 15753 481 718 22832 e Q16 1500 4 7873
14521 2138 -9555 17 49 3.25 5257 1573 0 245 3 T80 22939 3.2 216 1504 0 7asv
14621 2145 -956 3 17.68 a:zs s§2.79 18752 il ey 143 2835 2 218 1504 1 T39 7T
14717 2152 -3517 17.36 341 52.31 15852 243 Tt 228532 320 015 1508 7 791 ¢
14807 2168 -9528 18.02 348 53.01 15915 2443 7133 23082 33 015 15125 7957
1450.8 21%.0 -950.2 18.21 357 53.14 1504 ¢ 2430 7185 23227 323 0.15 15205 3020
1500.1 2200 -949 2 18.38 X3 53.25 1608 0 2423 7193 23283 324 9.15 15238 8045
1510.3 2205 -947 5 18.57 363 53.37 1608 § 2413 73058 22290 323 0.15 15248 8043
1520.0 2210 -944 2 18.75 3ss 53.49 1609 3 2233 723 23321 323 915 1527 4 804.7
1530.0 217 -944 0 18.94 368 5381 15108 23387 T 23337 333 0.15 1528 3 8054
1538.9 2228 -939.5 1810 373 53.72 16154 2353 726.0 23424 3.23 015 1534.2 808.2
1549 3 222.4 -9413 1930 8.7 53.85 1608.9 23638 T2438 23337 322 0.15 15292 804.5
1558.3 2233 -937 8 19.46 3.75 53.96 46123 234 4 7272 2339.5 322 0.15 15333 806.2
1568.4 2243 -9378 19.65 8.7% 54.09 16167 2343 7272 23433 322 0.15 1535.5 808.4
1578.4 225.7 -9353 19.84 3.95 54.21 16234 2327 723°2 23523 323 0.14 1540.6 811.7
1588.0 2263 -9337 20.02 8.88 5434 1624.3 2318 730.0 23543 3.2 0.14 1542.1 812.2
1598.1 2260 -8325 20.20 8.37 54.46 16188 2308 730.8 23496 3.21 0.14 1540.2 808.4
1607.6 2261 -929.2 20.38 8.a7 54.58 1615.7 2285 733.1 23488 3.20 0.14 1540.9 807.8
1617.6 226.3 -929.2 20.57 388 5471 16128 2285 7331 23453 320 0.14 1539.5 806.4
1627 1 2266 -9243 20.74 3.8% 54.83 16122 2251 7365 2348.6 319 0.14 15426 306.1
1637.4 2275 -326.0 20.93 333 54.97 16145 2263 7353 2349.3 3.20 0.14 15426 8073
1646.7 2282 -922.8 2mn 3.56 55.08 1616 8 2240 7375 23543 318 0.14 15459 808.3
1656.9 2288 -922.3 21.30 8.95 55.22 1617 4 2237 7375 2355.2 319 0.14 1546.5 808.7
1866.2 2296 -920.2 21.47 9.02 55.34 16197 2223 7383 2359.0 319 0.14 1549.1 3093
1676.2 2287 -9188 21.65 9.02 55.47 1616.7 2213 740.3 2357.0 3.18 0.14 1548.6 808.4
1686.0 229.4 -8173 21.84 3.01 55.60 16103 2203 7413 23518 317 0.14 1548 4 805.1
1695.0 2283 -913.6 22.00 9.01 55.72 1606.0 27T 7439 2349 3 3.16 0.14 1546 9 803.0
1705.1 2299 -914 5 22.19 9.03 55.85 1606 2 2184 7432 2348.5 3.6 0.14 1546.4 803.1
1714.8 230.4 -910.2 2237 9.05 5598 1606.7 2154 746.2 23528 315 0.13 1549 6 803.4
1724.4 2313 -9113 22.55 3.09 56.1¢ 16097 2162 745.3 23551 316 0.13 1550.3 804.9
1734.1 2314 -908 3 22.73 9.05 56.24 1606 3 e T47.5 23533 315 013 1550.7 8032
1743.6 2324 -908.0 22.90 3.13 56.37 1609 8 2138 747.7 23575 3.15 0.13 15525 804.9
17525 2340 -905.7 2307 320 56 49 16186 2122 7493 2367 9 316 013 15586 8082
1762.3 2349 -8039 2325 9.z4 56.63 16212 A1 7508 2378 316 a.13 15612 8105
1772.2 234 8 -8029 23.44 924 5676 1616.8 2104 7512 23673 315 013 15595 8083
1780.7 236.1 -398.8 2358 9.29 5688 16226 2075 7541 23767 315 013 1565 4 8113
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GOLDER ASSOCIATES Ltd.

CONSULTING ENGINEERS

Consolidated Undrained Triaxial Compression Test on Cohesive Soils

ASTM D 4767 - 88

Strength Resufts

Oensty: (Kg/M)

PROJECT® e ® 41 cm SATE ©-Mar-38 Max.ag" = 2282 kPa v = *532
Test Pit A, = 44 05 cm® FILE 1%-200 xis Stran @ = 333 % e = ‘303
Samole V.2 E cm’ TEST= ) Max, PSR = 333 £ = 1330
Depth Strain @ = 333 4 Z, = 231t
REMARKS - Coansoiigaticn Prassurs CALIBRATICNS Conscligation Results: Water Cantents:
- Taure Mese 2ugng cp = T kPa LOAD = 1038 WN.mV 3V, = 422 cc W3
S Mires 19 S mm matenal ap= 433 kPa PORE = 15335 wPamv T 23 min M=
- Zarrectons accued ‘or memorane a5 = 285 = kPa LVODT = 13235 mmmv C,= 1292 emils
Brae = 7355 . Feed Rate = 1200 mmmmn
Al LOAD sU E LOAD A, Go sU Gy gy PSR A p' q
‘my 'mv) (mV) %5 i fem® ixFa) 1%Pa) kPa) {kPal %P3) ix2a)
5087 047 -700.3 3300 0Ic 4409 R 3d 2859 2653 130 2853
5132 172 -700 3 307 908 4412 *0.2 21 2359 2061 103 9.01 3010
5132 136 2 -703 8 318 9z 4433 28 ©3 2540 221 10 2.07 308 1
5233 158 2 -706 4 226 0% 44.20 43 HE] 2621 3339 e 0.05 212
5235 *652 -709 1 226 0z 4425 49 57 250 2 3393 117 0.12 2133
5335 138 4 -7153 0.46 0.25 44 29 573 ‘00 853 3533 24 015 1199
3528.7 194 3 -718 6 256 02z 4424 B 23 2817 356 6 126 017 3201
5441 194 9 <7199 .56 .12 44.38 723 3.2 8238 157 135 0.18 3182
549 4 1937 -7224 .78 9322 4443 713 *45 2910 3528 *26 2.2t 2189
3545 1957 -726 0 0.36 44.47 7.2 174 2786 3519 * 25 024 32
559.5 2228 -73832 .56 44 51 951 259 270.1 365.1 135 027 317§
5542 2834 -7728 1.05 34.56 14373 498 2463 1502 1.58 034 3182
533 4 187 -807 5 115 44 50 1722 7338 2221 3943 7 042 3032
5745 1245 -837 3 1.28 44 35 184 3 45 2015 3e6.2 182 051 2939
ST9T 244 2 -8530 *35 34 62 ‘223 BXEl 1341 376.4 23 933 2502
S25.1 2521 -3832 1.45 2472 1238.8 13538 *70.2 2385 27 052 2334
5305 3523 -900 2 BES 4473 158 4 375 1385 356.3 228 069 2575
595.3 354 4 -314 2 158 3332 199 3 47 +48.8 248.5 134 074 a7
3501.1 38335 -926 1 i 44 33 1338 1353 1408 1319.4 241 078 2300
306.5 2573 -926 2 136 34 33 020 1623 1338 3356 25 030 2345
511.8 3500 -9459 155 44 57 2035 *584 1278 1 .60 083 2383
316.9 2587 -3525 2.06 1502 2022 173.5 1224 3248 235 0.36 2225
5222 3576 -§59 2 .18 4596 2011 1782 1178 3185 27 0.89 2133
527.7 556 -9650 227 4531 2024 132.2 1138 316.2 278 0.0 2150
3332 355 4 -970 1 2.38 4515 2075 1857 1103 317.8 2.38 0289 230
528.4 2634 -574 6 248 5 2097 1383 107.2 316.8 2.95 090 i
543.7 2703 -978.35 2.58 4525 2101 ‘915 1044 3145 30 091 2085
849.2 N7 -982.2 2.58 4530 2110 ‘94 0 101.9 3129 3.07 392 207 4
654 5 2723 -985.6 279 4515 2114 °364 396 3110 112 093 2053
5537 174 4 -988 4 2.39 4540 125 1383 75 310.2 218 0.93 2032 3
3553 3744 -9912 235 45 45 o122 2002 R 307.9 322 0.94 23 1
5757 3757 -393 8 1.0 31 4550 2133 2020 339 207.0 3.27 085 200 4 H
578.0 3759 995 4 225 033 45.58 REN 038 321 3058 I 095 “33) 9
5814 3773 -998 7 230 0.9 2559 2133 2055 0.4 304.2 336 095 "33 3
586.7 377 % -10013 2.4t 0.53 45.54 2149 2972 337 202.7 3.41 097 165 T J
591.9 3785 -1006 1 2.51 0.99 45.59 2142 105 5.4 299.6 3.51 098 92 1
697.3 3788 -1008 .4 25 993 45.74 214 33.8 2980 255 .99 180 5 9
702.7 3800 -1009.5 371 0.5 45.75 21438 331 297 3 3.58 0.99 1303 1074
707.8 379.1 -1010.3 3.9 0.9% 45.84 2133 822 2960 2.50 1.00 1891 359
713.2 3781 -1012.0 3.92 0.28 4599 N7 314 2941 351 1.01 1877 w34
718.3 3773 -1012.7 “n 0.98 4593 BEK} 215.1 30.9 292.7 382 1.02 1863 1059
723.6 3779 -1012.0 412 02.93 45.98 2121 2148 214 2934 381 101 187 4 103.0
728.3 3781 -1012.0 42 092 46.03 211.9 21486 81.4 2933 3.50 101 18712 1059
734.0 3771 -1012.7 43 0.99 16.08 2109 1151 30.9 291.8 151 1.02 1863 054
739.1 375.0 -10135 441 ' 0.53 46 12 2053 2158 303 2901 381 103 "85 2 1049
7443 376.3 -10142 451 098 4817 2097 Z151 79.9 239.5 183 103 *847 149
749.3 3769 -1014 3 451 .38 46.22 2089 2155 79.4 289.4 134 103 1344 050
754.5 3771 -1015.4 371 0.98 46.27 20s.4 2169 79.0 238.9 3.88 103 *333 1049
759.7 3784 -1016 0 481 393 46.22 2103 2173 786 239.2 3.58 103 1839 0633
764.7 379.3 -1016 5 4.91 0.53 43,38 190 77 783 2353 370 103 1333 1555
759 9 3818 -1016 9 30t 1,90 16.41 2127 218.0 78.0 290.7 373 102 1843 053
7746 3877 -1017.3 5.10 1.02 16.46 217.0 2182 77 294.7 3.79 1.01 1852 i3S
779.7 3875 -1017 9 5.20 1.02 46.50 2165 2186 77.3 2939 3.80 1.01 1855 1243
784.7 2868 -1018.0 529 ' 1.02 16.55 215.3 2187 77.2 293.0 379 1.01 1351 179
7897 3875 -1018.6 539 102 46 60 2161 2191 76.8 292.9 ' 3.8 ! 1.01 184 3 108.0
794.7 388.0 -1019.0 5.48 1.02 45 35 1162 2194 785 292.7 3.82 i 1.01 1848 108.1
7997 386.2 -1019.0 5.58 101 46 69 2146 2194 78.5 291.1 3.80 1.02 1333 1073
304 7 3872 -1015 4 538 102 4874 2150 2137 76.3 291.3 | 3.82 ' 1.02 1833 107 5
809.7 3830 -10196 577 102 46.79 2154 2198 75.1 S5 333 1.02 1833 1077
3147 3875 -1019 8 587 102 46 84 2147 2200 75.0 290.7 333 102 1833 *07 4
3196 387.1 -1020 1 5.96 102 46 38 2142 0.2 75.3 2899 383 1.03 1823 1071
8245 387 2 -10203 £08 102 46 52 2140 2203 75.8 289.6 3.83 1.03 1825 | 1070
3298 3875 -1020.3 6.16 102 4628 2139 2203 756 2896 ' 3.83 1.03 1826 1070
8345 3905 -1020.5 525 1.03 4703 216.0 2204 75.5 2915 336 1.02 1835 108.0
839.5 3940 -1020.7 5.35 1 104 47 08 2184 2206 75.4 293.7 . 3.90 ! 1.01 1848 109.2
844 4 3982 | -10208 5.44 108 47 12 213 2207 75.2 2965 ¢ 394 ! 1.00 1859 1107
8494 403.5 -1021 1 554 108 4717 2251 2208 75.1 3002 ¢ 400 ! 0.98 187 8 1125
854 5 408 0 o021 6.83 1.09 47 22 228.2 2208 751 3033 - 4.04 { 0.97 1392 1141
359 4 4071 -1021.1 573 105 4727 2273 2208 75.1 3024 403 i 0.97 1887 1136
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SsL LOAD U E Lgap ! Al 7% sU 7y PSR A p' q
'm\ ‘mv) (mv* 2y @r b emt <23 423! %P3 ‘KPaj
354 4 104 3 -1 3 EEN 18 47T peCI 2202 43 138 137 35 1125
3652 40232 -102 3 BES 47 s 222 ] EE EEE) 1362 $10.8
3742 4012 -10215 T 17 37 3% e ta 337 120 1353 1110
3754 401 4 1021 3 BER T o7 PRET] K Y EES 100 1357 1108
2342 4017 102§ B BE BES B T4 EES €20 198 T 1109
2352 4025 1021 3 7 L) : Te2 257 R 1355 EEER]
334 4 40338 1021 & 198 3731 . 3 133 359 1352 1114
3232 sCa s 1921 2 128 4735 N BE 339 S 115
3042 405 7 S92 & [ES) a7 420 099 [ELD) 2s
338 3 4085 -1021 3 09 4773 3 380 431 038 373 ©128
3123 4033 -102° 3 Tt IRER 22t 3003 407 338 13t 1123
3133 406 4 102t 2 s 108 47 3§ = ] il 268 4 3.3 095 ©36 7 117
322 406 0 -1021 3 hES 108 GER 2223 EE R 2973 337 039 1864 [XXR
3287 406 1 -1021 2 138 109 4795 2218 21 T52 2973 397 099 136 3 1113
333.5 4070 -1021 ° 315 108 4320 2233 2203 TE 298 ° 337 099 1863 1115
5385 407 9 -10211 328 109 4305 2234 203 : 298.3 3.38 099 186.8 1117
3433 4077 -10205 338 1.09 4810 2218 207 782 298.2 386 039 1867 1115
948 5 408 3 -1021 1 344 109 4315 238 2038 <5 2983 333 099 186 9 111.8
a537 4083 -1020 9 134 109 4821 R 2297 752 2081 336 993 1887 114
958.3 408 2 -1020 3 334 109 4826 2225 puted g - 97 338 539 1865 1112
383 3 4039 1 -1020.3 aTs 14 48 2t 22z et I 782 2831 3.95 039 1867 1114
3538.8 4103 -1020 7 HES 110 4336 235 22035 T8 298.2 397 0.99 187 3 ERRN:
373.5 4108 -10205 332 110 48 31 23 0 783 299.% 3.36 059 1873 111.3
979.) 4114 -1020 £ 32 110 43 46 o 2204 783 2882 333 2.99 187 4 1119
3842 409.4 -1020 § 53 110 48 52 2221 2264 2 297.5 394 099 1865 1.0
389.3 408 2 -10207 322 109 4337 223 2203 TS 2561 392 1.00 1853 110.4
954.4 4077 -1021 ¢ 322 + 09 4852 00 2203 7E 295.2 3393 100 1852 110.1
9995 4075 -1021 5 343 109 48 38 2138 221 743 254.5 3.94 101 1847 109.9
1004.7 ' 4086 410235 5¢ 109 4873 2202 m23 734 293.6 400 101 1835 1101
1009.8 410.2 -1625.2 a2 110 43.78 2211 2237 723 293.4 406 1.0% 1828 110.5
10150 4115 -1025 0 110 48.34 2213 2235 2.4 2942 406 1,01 183.3 1109
1020.1 4123 -1024 3 111 43.39 221 R 2.3 294 5 4,06 + 01 1836 111.0
1025.3 4130 -1024 3 1.11 48 34 2223 2233 B 2850 408 1.00 1833 11
1030.7 4145 -1023 3 112 4500 2225 Z 2953 4.05 1.00 1843 115
1035.3 4149 -1021 3 112 4905 2213 H c7.7 359 0.9¢ 1861 1115
1041 1 4151 -1021.2 1.12 49 4t . 2219 750 297.9 3.97 .99 136 4 EE
1046.2 416 4 -1021 ¢ 1.12 4513 ] 2203 BN 298.7 398 0.99 186 3 111.8
1051.5 4167 -1020 7 412 ag 22 2225 2206 BED 268.9 397 9.99 1871 117
1056.3 4164 -1020 § 112 a5 27 223.0 2207 75.2 298.2 3.36 099 186 7 1115
10613 4162 <1020 3 112 49.23 2228 2202 783 298.0 395 6.39 18638 1113
1067.0 4154 -1020 3 112 4928 et} 2203 8.3 2¢8.0 334 0.99 186 3 112
1072.2 4167 -1020§ EH 112 45 44 222 2204 753 267 8 3.94 0.99 1866 111
1077.5 4177 -1020 3 15.22 1.13 49 50 227 o i 752 2984 338 0.99 1870 111.4
1082.7 4185 -1020 3 *1.97 1.13 49 55 o2 22032 75.3 298.7 395 0.99 187 2 1115
1087.9 4187 -1020.1 1113 113 49.351 2228 2202 75.3 2986 3.94 C.99 187 2 1114
1093.2 4130 -1020 1 11.23 1.13 45.66 227 202 753 298.5 394 .99 187.2 1114
1098.5 418.4 -10199 1132 143 45.72 2220 2200 753 257 9 3.52 0.99 186 9 111.0
1103.7 4180 -1019 9 11.43 1.13 4978 214 2208 755 2973 3.92 0.99 186 6 1107
1109.0 4186 -1019.8 11.52 1.13 49.3 225 220.0 76.0 297.5 392 0.59 186 3 1108
1114 4 4178 -1013 5 BES 112 4539 2205 2193 76.° 296.3 3.90 1.00 186 4 110.3
11195 4183 10198 RG] 1,13 45.55 2267 2153 76.1 296 2 3.30 100 186.5 110 4
11247 4190 -1013 4 °t.33 113 3001 2059 219.7 53 297 2 330 0.99 1867 105
11293 4155 -1019.4 133 113 20.06 2203 219.7 763 267 2 330 349 1867 1105
1135.2 4192 -1019.2 12.04 1.13 50,12 220.4 2155 754 296 8 339 100 186 6 1102
11405 4199 -1013 4 12,04 113 50 18 2205 2197 7.2 2969 339 100 136 6 1103
11457 4189 -10190 12.24 1.13 50.24 2195 219.4 76 3 296.2 3.87 + 90 186.3 109.8
1150.8 419.7 -1019.0 12,24 1.13 50.29 219.9 219.4 758 295.4 3.87 100 1865 1099
1156.2 418.4 -1019.0 12.44 1.13 50.35 2186 219.4 KE 2952 386 100 185.9 109.3
1161.3 4180 -10190 12.54 113 50.41 218.1 215.4 78.5 2945 3.2 101 1855 1090
1166.6 4177 -1018.8 1234 1.13 50.47 2173 2193 78.7 294 2 334 101 1855 108.8
11718 | 4178 -1018.8 1274 113 50.52 217.3 2193 75.7 294.0 3.83 101 1853 108.7
11774 4170 -1018 6 12.34 112 50.58 216.4 219.1 76.2 2933 132 101 1850 108.2
1182.3 471 -10188 12,94 1.12 50.54 2162 219.1 753 2930 3.31 101 1849 1081
11876 3174 -1018.4 +2.04 113 50.70 216.1 219.0 775 2924 381 101 185.0 108.1
1192.7 4167 -1018 4 R 112 50.76 2153 2185 TS 2823 380 102 184.5 1077
1198.0 4158 -10182 1324 112 082 2144 2183 T 2913 378 102 184 2 107 2
1202.1 4161 -1018 4 R 112 50.38 2143 2150 773 2913 378 * 02 ‘841 1071
1208.4 4177 -1018 0 12,48 113 £0.34 K 2187 772 2924 373 02 ‘348 1076
1213.6 4177 -10130 13.54 1.13 50.3§ 2148 218.7 772 2521 37 102 1346 107 4
1218.7 4180 -1018.0 13.54 113 51,95 2147 2187 772 2920 373 102 1845 107 4
1224.0 4183 -1017 9 13.74 1.13 5111 2145 2183 773 2919 378 102 1846 1073
1229.2 4193 -1017 9 1384 1.1 51.17 2150 2186 773 2922 378 1.02 1848 107.5
12344 4196 -1017 5 13.94 1.13 51.23 215.0 2185 773 292.2 378 1.02 184 8 107 §
1239.6 4197 -10179 1404 1.13 5129 2147 2185 773 2920 3.78 1.02 184.7 107.4
12447 | 4209 -1017 7 1414 1.14 51.35 215.3 2185 77.4 292.7 3.78 1.02 185.1 107 6
12499 | 4205 -1017.7 14.24 1.14 5141 2147 2185 774 2921 377 1,02 184.8 1073

1255.1 421.2 -1017 7 1424 1,14 51.47 2143 2185 77.4 292.3 3.77 1.02 184.9 107.4
1260.2 422.2 -1017 7 14 44 1.4 5153 2153 2185 774 2527 3.78 1.02 185.1 1076
1265.5 4225 -1017 7 1454 114 5158 2152 21835 77.4 2626 3.78 1.02 185.0 1078
12705 ;| 4224 -1017 5 14.54 114 5155 2143 2184 776 2024 377 1.02 185.0 107.4
1275.8 4221 -10177 1474 114 5171 2143 2185 77 4 2917 3.77 1.02 184 5 107 1
12809 4218 -10177 14 3¢ 1.14 51.77 2138 2185 77.4 291.2 178 1.02 184.3 106 9
12860 4210 -10175 14,34 1.14 51.83 2129 2184 776 290.5 3.74 1.03 184.0 106.5
1291.2 l 4202 -10175 1504 1.14 51.39 2121 2184 778 289.6 373 1.03 183.6 106.0
12963 , 4205 -1017 5 15.12 1.14 51.95 2120 2184 776 289.5 373 1.03 1836 106 0
13014 | 4202 -1017.5 1523 1.14 52.01 2115 2184 776 289.0 373 1.03 1833 105.7
13066 4196 -10179 1533 113 52.07 2107 2186 77.3 2880 373 1.04 182.7 1054
13117 4190 -1018.2 1543 113 52.13 210.0 2188 77.1 287.1 372 1.04 1821 1050
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st LoAD U E LOAD A, S 5U [s2 ay PSR A P q
(mv) ‘m\V) (mv} (%) {ih) fcm’) (kPa) (kPa) (kP3) (kPa) (kPa) (xPa}
1316.9 4195 -1018 4 1583 113 52.19 2101 219.0 TT9 2870 73 104 182.0 1050
13221 4188 -1019 9 1583 123 52.26 2093 220.0 153 2853 378 1.05 1803 1049
13273 4133 -10222 573 11 52.32 087 213 T43 284 1 la2 106 1732 1043
13324 4189 -10225 15.33 113 52.38 2083 213 T4 2823 332 106 173 4 104 4
13375 4192 10324 1533 113 52.44 087 s I 742 2823 331 1.06 1735 1043
13425 3190 -1022 4 1802 113 5250 217 T4 2824 38 108 it B 104 1
13473 4203 -1021 ¢ 16.33 114 52.58 203 5.0 2843 379 108 1048
13529 4180 -10388 1522 113 5253 2198 T8 2833 373 1.06 1799 1033
12585 3173 -10194 1533 113 52 59 pil Jrd 733 2324 370 1.07 1793 1031
13838 418.0 -1019 4 1543 113 3276 -1 733 285 in 106 176 4 1032
13685 4173 -10192 1552 112 5292 2195 T5.4 2822 370 107 A2} 1030
137338 4180 <1019 2 18.33 1,13 52.33 2135 64 2821 356% 1.07 1733 102.9
13788 4971 -1019.2 16.72 1.12 52.94 2043 2195 8.4 2313 368 1.07 1783 1024
13838 4181 -1019 2 15,32 1.1 53.00 052 2195 76.4 2813 3.69 1.07 179.0 1026
1389.2 418.1 -1019.0 16.32 113 53.07 2043 2194 78.5 281 & .68 1.07 179.0 102.5
13952 3187 «1019 2 17.04 113 53.14 205.0 2195 764 2814 388 1.07 178.3 102.5
1400.4 4187 10192 17.14 1.13 53 2047 2195 75.4 281 388 1.07 1737 1023
14051 4173 -10180 173 113 53.26 2035 2194 76.5 28090 366 1.08 1783 1017
141038 4171 -1019 2 17.34 1.12 53.34 203.0 2185 76.4 794 3.86 1.08 1773 1015
1415.2 473 <1019 2 17.44 113 53.40 2023 185 76.4 276.2 .85 1.08 177 3 101 4
14212 4183 -1018 0 17.54 1.13 5347 0634 2194 55 279.3 3.36 1.08 1782 1017
14258 4183 -30192 17.53 113 5352 20332 2195 76.4 2797 3.66 108 178 ¢ 0.7
1432.0 4189 -1019.2 1775 1.3 53.60 2030 2185 764 2794 3.66 1.08 177 3 1015
1437.3 4187 <1019 2 17 33 113 53.67 lo2. 2195 764 278.5 355 1.08 1T T 1013
14426 4196 -1019 ¢ 17.35 1.13 53.73 2028 2187 7632 2791 3.66 1.08 177 7 101 4
1448.0 4187 -1019 3 13.05 113 53.30 W9 2193 76.1 278.0 365 1.09 177 ¢ 1010
1453.3 4197 -1018 5 18.18 1.13 53.87 2023 2188 751 2784 3.66 1.08 1773 1011
1458.5 4205 -10183 18.28 114 5393 2025 2200 75.0 2745 3.66 1.09 177 2 1012
1464.0 4205 -1019 3 13.38 1.14 54.00 2022 22090 76.0 278.2 386 1.09 1771 1011
1469.3 4205 -1018 9 18.46 114 5407 2019 2200 759 2778 .68 109 176 2 100.9
1474.7 4195 -1019 3 18 57 113 54 14 200% 2200 75.8 275.8 365 1.10 176 4 100.4
1480.0 419.7 -1019.9 18 57 113 54.21 2007 2200 75.9 276.8 3.64 1.10 1763 100.4
1485.5 4187 -1020.1 1878 113 5428 1967 2202 758 275.8 3.64 110 1753 99.9
1490.7 4199 -1020 ¢ 1833 113 5435 2002 2202 75.3 276.0 364 110 175.9 1001
1496.2 4200 -1020.3 1338 114 5442 2000 2203 75.6 2758 354 110 1758 100.0

Page 3of 3






GOLDER ASSOCIATES Ltd.

CONSULTING ENGINEERS

Consolidated Undrained T;

riaxial Compression Test on-Cohg
ASTM D 4767 -88

sive Soils

Strength Results Density: (Kg/M°!
PROJECTs 3521018 Le= 14 34 cm DATE . ~-Mar-35 Max.go' = 3835 kPa v, = 1519
Tast Pit TP95-39 A= 4343 cm® FILE 300 XLS Stran @ 2 12.10 % b *307
Sampie Ve 5455 em’ TEST# Zit-g Max. PSR = 3450 E= >384
Depth Stran @ = o2 % Z = 2323
REMARKS : Consghidation Pressure : ICA],.‘BRATIONS . Cansolidalion Resuts: 'Water Contents:
- Famure Mcde Buging cPs 10757 kPa LOAD = 10036  kNmV SV = 3§63 [33 W.= KX
- Correstions apphed for mermorane BP = 4822 kPa PORE = 358395 kPamv Troe * €30 min W, = *35
a5 = 554 5 kPa LVDT = 23285  mmmv C,= 5.98-02 em¥s
Bras 2 0352 Fesd Rats = 120 mmimin
sL LOAD sU E LOAD A, Cp' sU Gy ay PSR A p q

(mv}) {mV) (mV) (%) (kM iem® ikPa) (kPa) ixPa) (kPa} (xPa) 1kFa)

1820 1458 -599 9 200 330 43 45 90 a0 3345 594.5 100 534 5

157 0 150 4 -707 5 12 ki 43 44 71 53 3892 3363 106 014 307 3

162.9 2105 <7190 000 222 43 48 537 132 3813 335.0 109 025 3082

1637 2359 -7323 an 032 43 54 748 223 3722 548.3 113 330 609 5

1742 2882 -758 1 0.21 0st 4258 M7 7 40 3544 372.0 121 0.34 6132

179.2 36938 -8127 a.31 031 43 82 134 3 73 518.7 701.6 136 H 042 309 1

184 6 4291 -876.9 0.41 102 43.57 2335 1220 4725 705.9 1.49 052 589.2

190.2 471.4 -936 6 0.52 117 4372 2680 §22 4313 599.3 162 061 £685.3

1956 501.8 -388.0 0.62 128 a7 2927 1588 295.9 638.6 174 068 542.2

201.1 5233 -1031 0 0.73 138 43 31 3100 2283 366.2 i 676.2 135 074 5212

205.6 539.4 -1067.2 0.83 142 4335 3229 2533 3412 ;5341 195 i 0.78 027

2121 551.2 -1098.0 0.94 1.46 4156 3121 2745 300 i 8521 2.04 i 0.83 436.1

217.9 559.1 -11240 1.05 1.49 4335 3382 2924 3021 1 5403 212 ! 0.86 4712

2235 565.4 -1146.5 1.15 1.51 140 1429 3079 2868 | 6295 120 0.90 453.0

2293 5704 -11659 126 1.52 4435 466 213 2732 319.8 227 0.93 4465

2349 5734 -11826 137 1.54 4409 3485 2328 1.7 §10.3 233 0.95 436.0 !

2406 575.5 <1197 4 1.48 1.55 44.14 2455 343.0 2515 601.4 238 . 0.98 426.4

246.3 578.3 -12102 139 1.55 4419 3517 3319 2426 594.4 245 ! 1.00 4185 i

a8 580 5 412213 170 1.57 4428 1834 3599 2348 538.0 251 i 1.02 4113

2573 582.4 -1232.1 181 157 4425 3542 2670 2278, 87 2.58 R 1.04 4046

2835 584.1 “1241 4 192 152 44 24 3581 1724 el IS i 578.2 i ' 1.05 2087

268.4 585.1 -1249 8 2.03 1.58 3425 385¢ 3752 2153, 5703 285 . 1.07 3931

275.0 586.5 -1257.1 2.14 155 44 44 3852 3842 2103 S8a. 259 | 1.08 388.4

280.8 587.8 -126838 2.25 1.59 44 43 3857 3888 205.7 ;5624 73 1.09 3841 ¢

2865 588.6 -1269.8 235 1.59 44.54 3570 3930 2015 i 553.4 ! 277 j 1.10 380.0

292.1 589.5 -12756 246 1.50 44.59 3572 296.9 197.6 554.8 281 11 376.2

2978 590.5 -1280 8 257 1.60 44 54 3578 400 5 154.0 551.5 234 1 112 3723

3034 5919 -1285.7 268 1.81 4453 3583 4039 150.6 548.3 288 . 1.13 389.7

3091 592.2 -1280 1 279 1.51 4472 1581 106.3 1876 545.6 2.91 ' 1.14 366 6

3143 552.9 -1294 2 2.90 151 4475 3582 4058 1347 5429 294 1.14 3633 1731

3203 594.1 -1298 0 3.00 1.61 44 33 sa7 3124 182.% £408 297 115 515 X

358 594 2 -1301 4 n 151 4322 3583 4147 1798 528.1 259 1.16 3389 1752

3314 594§ -1304 7 321 132 44 33 3535 170 377 535.0 302 115 567 W32

2363 595.9 -1307.7 3.32 1.52 44 38 3548 4191 1754 : 5342 33 117 3543 1754

3424 595.8 -13105 3.42 1.82 1582 3583 1210 1735 531.8 307 117 3525 1792

3479 5959 -13131 353 162 4z 3 3579 4328 177 5296 3.08 1.18 507 1790

3535 5870 -1315.8 3.63 1.62 4512 3534 4247 159.3 528.2 3.1 1.18 3490 1792

3590 597.6 -13202 374 1.52 4513 258.4 E ik 1568 |, 5252 315 119 3360 1782

3645 598.7 -1324.4 3.84 153 45.22 358.3 4308 183.9 322.8 319 120 3433 1754

3698 599 4 -1328 4 .94 1.63 45.28 353.0 4334 1511 5201 3.23 1.21 3406 1795

3753 600.3 -13314 4.05 i 1.54 4512 3593 4354 159.1 518.3 3.26 1.21 3387 1796

3807 600.8 -13340 415 j 1.64 4537 359.2 4372 1573 4 5165 3.28 | 122 3369 179.6

3860 602.3 -1335.8 4.25 ! 1.64 4542 360.0 4385 156.0 ! 516.0 331 ! 122 336.0 1800

3915 602.7 -1336 8 436 | 1.65 45.47 359.8 439.1 1554 i 5152 3.32 ! 122 3353 1799

3869 503.0 -13378 448 1.55 4532 359.8 1398 847 5143 333 | 122 3345 1798

402.3 604.2 -1338.8 4.56 1.65 4557 3802 4405 154.0 514.1 334 1.22 3341 1301

4077 604 4 -1340.0 4.67 1.65 45352 359.9 4412 1532 513.0 335 123 3331 1759

4132 304 4 -13406 477 165 4567 2554 4218 1527 512.2 335 : 123 332 1737

418.5 6051 -1341 6 4.88 1.65 45.72 359.5 4425 152.0 511.8 3. 123 3318 179.3

4240 606.1 -1342.4 4.98 ! 1.66 4557 359.9 4430 151.5 5114 ¢ 338 ; 123 3114 1759

429.3 506 2 -1343.0 5.08 1.66 4532 2595 4434 1514 5106 338 ) 123 3309 3798

4347 8507 3 -1343 6 5.18 1.66 4537 360.0 1438 150.7 510.6 3.39 123 33086 180.0

440.1 608.2 -1344.4 529 1.67 4592 360.2 444 4 150.1 510.3 3.40 1.23 3302 180.1

4455 607 9 <1344 8 5.39 i 1.66 4537 359.5 444.7 149.8 i 509.4 3.40 | 1.24 32948 1798

450.7 608.5 -13453 549 ! 1.67 16.02 3597 445.0 1495 | 509.2 341 | 124 329.3 1798

456.0 6102 -1345.9 5.59 : 157 4607 3605 4454 1491 509 5 342 | 124 3293 . 1802

4615 8090 -1346.1 569 1.67 4512 3591 4456 | 1489 508 0 , 341 . 1.24 3285 1795

466.8 609.0 -13467 5.80 1.67 46.17 358.7 1460 1485 $07.2 341 ! 124 3279 *793

4721 ' 3106 -1347 1 5.90 157 46.22 359.5 <462 148.3 5077 342 : 124 3280 1797

4775 5103 -13473 5.00 1.67 46.27 3583 1464 1481 506.9 342 ’ 124 3275 1794

4327 5117 -13477 6.10 i 168 46.32 3595 8467 1373 5073 343 1.24 3276 1797

4882 6124 -13481 6.20 ! 1.68 46.37 3598 4169 147.6 507 1 344 1.24 3273 1798

4934 6134 -1348.3 630 | 1.68 45 42 3593 3471 147 4 5073 344 124 3274 1799

498.9 6140 | -13487 6.41 i 1.69 45.47 353.9 4473 147.2 507 1 3.45 1.24 27.1 1800

504 2 6149 | 13489 8.51 ) 169 46 52 360 2 4475 147.0 507 2 345 1.24 3271 1801

509.4 6161 1 -13493 6.61 . 1.6§ 46.57 3607 4478 146.7 507 4 348 i 1.24 3271 1803

5147 6162 | 13493 8.71 : 1.69 45 52 3603 1478 1467 | 5070 | 346 | 124 | 3289 . 1802

5202 | 6162 | -13497 6.81 1.69 46 57 3598 1430 1465 | 5063 | 346 | 1.25 3264 | 1799

5253 6170 -1349.9 6.91 I 1.70 46.72 3600 448 2 146.3 506 4 346 1 124 3263 1800
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LOAD 5U E LOAD Ac Go sU =y 3y PSR A p q
mv) (mv) 1% &MY .em («P3) (kPa) «Fa: %P2 kPa) (kPa)
383 1343 3 BED T (R 3505 FYER 452 505 3 336 724 3365 1303
3196 1350 3 A 1T 1632 3K 1385 1352 507 2 347 124 3% 5 306
3207 13521 T R 16 37 315 'TH Yy 5063 350 1e 3353 180 ¢
5211 13545 T2 °7 4592 %14 3513 432 3045 352 125 233 1807
3221 1156 5 T 172 1538 367 BoT Vet 3 3035 335 125 26 803
5233 1357 3 BER 1T [HER) 3555 51T Tac3 EE 353 R 3521 1313
522 13583 172 1728 24 1544 140 ¢ 5025 359 12 3203 1812
3550 1359 T 172 a3 3523 1543 393 5022 350 125 3203 1313
3555 13593 T 5 EE s 1353 o4 359 725 3T 313
5553 1358 7 S a3 38s - [ roH 037 339 135 32135 1812
3563 13585 32 Tl ) s oy ey 503 - 338 125 2 1314
5273 1358 1 33 173 I %3 3533 140 7 5032 353 135 3229 1313
327 9 13573 333 T7a FEET] %25 453 T 1402 503 ¢ 357 125 3231 [EE
3283 13575 323 T7s [T 3624 1534 K 52 357 135 3223 1312
529.8 -1357.3 343 174 4750 26831 4333 1412 5043 3857 125 2223 1315
5297 1356 9 354 174 4755 3625 1530 s 504 © 356 125 3228 1813
5298 1358 7 364 174 3780 3622 1539 T4l s 5033 3% 125 33T 1811
530 8 13565 374 7% 3736 3625 T ZE 5042 3% 125 3230 1812
3319 13561 EED T7E o 623 524 142 ° 5049 355 135 323E 181 4
3324 13559 395 75 778 3623 4523 N 50% 0 355 135 3226 1814
331 1355 5 304 175 4782 382 520 115 % 5053 355 125 3239 1814
5329 13553 315 175 4737 362 [E 1428 5048 354 125 3237 1811
8332 13551 335 178 752 3620 E T 504 7 354 125 3237 1810
5343 13547 335 175 738 3624 515 1339 5354 353 125 3242 181 2
5340 13543 345 178 18.03 817 3512 1433 5050 352 125 3241 180 8
6350 | -13543 356 178 4309 362.0 4512 1433 5053 353 12 3243 1810
5357 ' 13539 3.36 17 4814 362 4509 1438 5058 152 125 3245 1810
6359 13539 378 175 48 19 3617 1509 1435 5053 352 125 3244 1809
337 4 13837 336 177 1825 3624 3503 1437 506 1 352 724 3243 1812
3380 13535 EES TT7 4330 3624 3507 1438 5053 352 128 3251 181.2
5383 1353 1 7008 177 1835 3622 504 1441 5063 35 124 3252 181 1
539.0 13531 1016 178 18 41 3623 4504 1251 506.4 351 124 3252 1811
5390 13527 1025 178 48 46 3612 35C 1 1483 506.2 351 124 3253 1809
540.2 13525 1035 778 4551 3623 4500 1445 506.3 351 124 3257 18311
3401 13525 1045 178 3857 3617 4500 1445 5083 350 124 3254 180.9
5406 13521 055 178 18382 3616 1497 1443 5064 350 124 3356 1808
5423 13523 1055 178 4857 625 4438 Tas 7 367 1 351 124 3259 1812
5432 13545 075 179 873 3837 3512 1832 505.8 353 124 3245 1813
5434 13563 1085 178 4578 3624 4524 1419 504.3 355 125 3231 1812
a4 13573 10394 179 4833 3624 4537 140.8 503.2 357 135 3220 1812
6452 1358 5 1104 180 1385 3628 584 1401 5029 359 125 3215 814
5454 13595 1114 130 1834 3625 1543 139.7 5022 359 12 3210 1812
3465 13593 1124 180 4900 3628 4547 1358 502.7 359 125 3213 1814
8465 13587 1133 180 49.05 3624 542 1403 5027 338 1.25 3215 1812
5472 1358 1 1143 181 510 3825 4533 120.7 503.2 358 125 32139 1812
5483 13578 1153 181 4916 3628 534 1411 503.8 357 125 3225 1814
8462 1357 1 1162 781 3521 3633 4531 1414 503.7 358 125 33225 1812
5485 13563 2 181 4926 3621 1526 1419 5040 355 125 3230 1310
5456 13561 18t 781 932 382 4524 a2 5045 355 125 3233 1812
5487 13557 1151 181 537 3621 4522 1423 5044 354 125 3234 1811
6507 1354 9 1200 182 4942 624 4515 1425 505 3 334 125 K 1812
552.8 13547 1210 183 49.48 3835 4515 1230 306 § 354 124 3243 1817
5525 13543 1213 182 39,53 3628 512 1433 506.1 353 124 3247 181.4
5522 13533 1279 132 49.58 362.2 4503 1435 5057 352 135 3246 1811
554.2 13535 1235 183 4954 363.1 4507 1433 507.0 352 124 3254 816
6533 . -13529 12.48 183 1369 3621 4502 1443 506.3 351 124 3253 181.0
8533 13525 12.57 783 974 3616 4500 1445 506.2 350 124 3253 180.8
5547 | -13521 1267 .83 49,30 3622 4457 1448 507.0 350 124 3259 1811
§538 | 13517 12.76 183 49.85 312 1494 1451 5063 343 124 3257 1806
5539 13515 12.86 183 4991 3607 4233 1452 506.0 348 125 3255 180.4
554 6 43511 12.95 133 496 360.8 2490 1455 506 3 348 12 3259 1804
655.0 13507 13.04 783 50.01 360.7 4387 1458 506 4 347 124 3261 180.3
5551 | 13505 1314 183 50 07 3603 4486 1459 506.2 347 125 3260 180.1
5563 | -1350 1 1323 184 5012 3807 4383 146.2 5063 347 124 3265 180.4
6561 13499 1333 184 0.18 360.1 4482 146.3 5064 346 126 3264 180.1
657 4 13497 13.42 184 5023 3605 4480 146 5 507 1 346 124 3268 1803
5577 13435 1351 184 5025 3604 379 1466 5070 346 124 3% 8 1802
570 13491 1361 184 50,34 359.4 e 146.9 506.3 345 . 125 3265 1787
5563 | 13491 1370 T84 50.40 3585 4475 746.9 505.4 344 125 328 ¢ 1793
6561 | -13487 13.80 184 50.45 3579 w73 147 2 505.1 343 125 326 1 179.0
8571 13485 13.89 184 50.51 358.2 4a7 2 1473 505.5 343 125 326 4 179.1
5596 | 13505 1398 1.85 50.56 3595 3486 1459 505.4 346 125 3257 179.8
559.7 13523 1408 1.85 50 62 359.2 498 1447 5038 3.48 125 3242 179.6
60,2 13541 1418 185 50.67 3591 4511 1434 5025 350 126 3230 179.5
6615 | -13551 T4 27 1.86 50.73 3595 4518 1427 5023 352 126 3225 1758
3620 | 13557 1438 136 50 79 3554 4522 1423 5018 353 126 3220 178.7
8618 | -13557 1446 136 50.84 3588 4522 1223 5012 352 126 3217 1754
5621 | -13551 14.56 186 50.50 3586 1513 1427 5012 351 126 3220 1753
362.5 13545 14 65 186 50.96 358 4 4513 1432 5016 350 126 3224 1792
663 3 13539 1475 1.86 51.01 3585 4509 1435 502.1 350 126 3228 179.3
§62.7 | 13535 1484 186 51.07 3577 4507 1438 5015 349 126 3227 1788
6629 | -13529 1494 186 5113 3573 4502 1423 5016 348 126 3229 1787
5639 | -13525 1504 187 51.19 3576 4500 1245 5021 347 126 3233 178 6
6639 | 13521 1513 187 5125 3571 g7 1448 5019 347 126 3234 1786
563.3 13517 1523 186 5130 3563 rren 1451 5013 346 126 3232 1781
663.1 13511 1533 1.86 5136 3556 445.0 1455 5011 44| 126 3233 177.8
564 6 13509 1542 1.87 5142 356.2 4409 1456 5019 345 | 126 3238 178.1
6639 213505 1552 187 51.48 3553 4486 1459 501.2 346 | 126 3236 1776
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st LOAD sU E LOAD A. Co' U Gy cy PSR A p' q
(mV) (mV) (m\) (%) (kN {em?) kPa) ikPa) {kPa) (kPa) {kPa) (kPa)
381 7 364 3 1349.9 1562 137 5154 3551 2 145 3 501.4 343 126 3239 1776
385 7 564 6 13497 1571 137 51.30 3549 1480 146.5 5013 342 1.26 3239 177 4
9913 585 3 13493 15.31 187 5166 3549 347 9 1467 5016 332 126 3242 1774
397 3 5655 13489 1591 187 5172 3545 “is 1473 5015 341 126 3243 773
10023 666 4 13485 16.0% 187 5178 3547 T3] 1473 502.0 34 126 3248 177 3
607 3 5661 13481 611 137 5134 354.0 1469 47 5 5015 340 126 3245 70
10125 5667 13479 16 21 188 5150 3540 62 147 - 017 3140 126 3247 779
1017 8 667 7 13477 1631 138 5197 3562 W67 147 3 502.0 3.40 126 3249 771
10223 566.7 1347 5 16 40 138 5202 3530 4465 1480 5013 339 126 3245 175 §
10230 5675 1347 1 16 50 138 5209 3531 4462 1333 501 4 338 126 3243 1763
1033 563 1 3471 16 50 138 521 3831 146 2 148 3 5013 338 1.2 3243 1765
1038 3 568.0 13467 1670 188 5221 3525 3450 143 % 501 337 127 3343 1762
10434 6677 1346 3 16 80 128 5237 519 45T 1433 500.7 338 127 3247 1759
10485 569 3 13465 16 89 1.89 5233 3525 2453 148 7 501 2 137 126 3249 375 2
10536 869 1 13461 1699 188 5239 3519 55 1483 500.8 3136 127 2249 175.9
1058 7 6700 13459 17 09 189 52.45 3520 (X 1491 5011 3.36 127 3251 176.0
1063 9 6702 13459 17 19 189 52.52 3517 w454 1491 5008 336 127 3249 1758
1069 0 5699 13469 1729 189 5258 3510 446 1 148 4 2994 337 1.27 3239 1755
1074 2 670.9 13489 1738 1.89 5264 3512 75 1470 458.2 339 1.27 3226 1758
1079 4 6712 13509 17 48 1.89 5271 3510 4489 14535 496 6 341 1.28 3211 1755
1084 5 6714 13521 17.58 139 5277 3506 4497 144 3 4554 342 128 320 1 1753
1089 8 §72.0 13531 17 68 189 5283 3506 450 4 144 1 4947 343 1.28 3194 1753
1095 0 6724 13837 1778 130 52.90 3503 450 8 1437 1540 344 1.28 3189 1752
1100.1 6725 13833 17 88 1.90 52.96 3459 4504 148 1 4941 343 1.29 3191 1750
1105 4 6727 13525 17 58 190 53.02 3436 350 0 1885 4941 342 1.29 3193 174.8
11108 8730 1352.1 18.08 190 5309 3493 497 1448 4541 341 129 3195 1747
11154 672.5 13515 1817 190 5315 3485 4493 1352 4938 3.40 1.29 3195 1743
11208 8725 13511 1827 150 5321 3280 449.0 1455 4935 339 1.29 3195 174.0
11262 6730 1350.5 1838 130 5328 3479 4486 1455 4938 338 1.29 3199 1739
11314 5731 13501 18 48 150 5335 3475 3483 146.2 493.7 338 1.29 3199 1737
11366 6734 13499 1857 130 5341 3472 348 2 1463 4935 337 129 3199 1736
1141.8 6744 1349 5 18 87 150 5348 3474 4479 1465 1540 337 129 3203 173.7
11471 6742 13491 1878 150 5354 3468 3475 1459 4936 336 1.28 3203 1734
1152.3 5752 13489 18 87 191 5361 3470 1475 1470 4940 336 129 3205 1735
1157.6 8744 13487 18 98 130 5368 3459 473 1472 4931 335 1.29 3201 1730
11628 6744 13485 19.07 160 5374 3455 44732 1473 492.7 335 128 3200 727
1168.0 6748 13483 1917 1.90 5381 3452 4471 47 4 1927 334 1.29 3200 1728
11733 6756 13481 19.27 191 5388 3453 463 1478 4923 334 129 3202 1726
11786 6753 13475 1938 191 5398 3446 246 5 148 0 492.6 333 130 3203 172.3
1183.8 6753 13473 19 48 191 5401 3441 446.4 148.1 4922 332 130 3202 1721
1189.0 6751 13473 19.57 191 54.08 3435 446 4 1481 4976 332 130 3199 1717
11943 G744 1346 9 19 68 T 5414 3425 3461 1484 4309 EEX] 1.30 3197 1713
11994 6746 13469 1977 190 5421 3422 346 1 148.4 4905 339 130 3195 1711
1204.7 6744 1346 7 19 87 180 5428 3416 446.0 148 5 4301 330 131 3193 1708
1210.1 6753 1348 5 1998 191 5435 3417 w458 148.7 430 4 330 130 3195 170.8
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GOLDER ASSOCIATES Ltd.

CONSULTING ENGINEERS

Consolidate

“ASTM D 4767 -88

Indrained Triaxial Compression Test. on:Cohesive Soils.. - .

!;l_rmg!h Resufts ; Densty: KM’}
PROJECT# 3521018 Le® 14 36 cm DATE : “-Mar-35 Max.ap' ¥ 3145 kPa 1= *558
Test Pit TP95-39 A= 42.36 em? FILE : Ix-300 XLS Strain @ = 336 % Tz TE8
Sample V3 337 ¢ cm’ TESTs TIu-7 Max. PSR 2 343 E= 1772
Depin strain:_z- 1195 % Es= 3N
REMARKS | |Consoligation Pressure | ICALIBRATIONS Consolidation Results: Water Centents;
- Faire Moge  Buiging CcP= 13064  kPa LOAD = 23036  xN/mV ‘ SV, = 312 cc W. = 157
- Correcticns apphed for B8P s 4143 kPa PORE = 1.5895 kPaymvV T 2 203 min W, = ‘93
G’ T 361 % KPa LVOT = 30285 mmvmV C, = 3.88:02 emfrs
Bvaiug ¥ 0563 Fead Rate = .20 mmimin
sL LOAD sU E LOAD A Op' sU Gy ay’ PSR A p’ q

{mv) imv) {mV} (%) (kM) em?) (kPa) \xPa) {xPa) («Pa) (kPa) (kPa)

2423 1520 -802.3 0.09 Q00 4286 20 30 391.5 3915 100 3515

2425 1968 -508 0 .00 092 42.36 41 39 3876 8915 1.00 097 3395

246 9 2412 514 4 0.09 018 4230 413 33 383.2 924 4 105 020 90338

2823 2748 -62186 0.19 030 4294 583 13.3 378.2 3475 108 0.19 9129

257 7 2989 -628.0 0.29 928 42.39 334 177 373.8 963.2 110 0.20 91385

263.1 3148 -834.1 0.40 044 43.03 1024 219 389.6 372.0 112 ' Q.21 9208

2689 3083 . 6386 0.51 942 4308 363 50 366.5 363.4 111 | 026 3149

274 4 3104 -543.0 0.61 043 4313 984 281 63.4 962.0 111 0.28 9127

2800 3104 -646.8 972 042 4347 984 307 360.9 959.2 111 0.3t 9100

285.5 305 9 -650.3 2.83 041 4322 345 331 358.4 352.9 111 0.35 9057

290.9 3110 -653 9 093 043 4326 98.5 356 3559 | 9545 112 036 9052

296.3 3266 -658.2 1.03 048 4331 1114 3as 353.0 i 964 4 1.13 0.35 908 7

3019 T 3243 -561.4 114 043 43.36 1093 40.7 350.8 i 960.1 113 0.37 3054

307.0 3614 -666.6 124 061 43.40 1359 443 3472 ;9871 . 1.17 0.32 9171

311.0 4520 -679.9 132 0.54 4343 2149 535 3380 . 10529 126 | 0.25 ., 9454

3149 5371 -699.1 1.39 1.2¢ 43 47 285.2 367 3248 | 1109.9 138 j .23 967 3

3191 6051 -7229 1.47 149 4350 3412 332 3083 ¢ 11495 1.42 ' 0.24 9789

3236 6558 <750 1 156 157 43 54 2823 1019 78986 1 11724 1.48 0.27 9310

328.5 6973 -779.8 1865 132 4358 41686 1224 789.1 1185.7 1.54 0.29 977 4

3338 7335 -811.0 175 1.95 43 63 446.0 1439 7478 . 119386 - 1.60 0.32 9706

3388 764 9 -8437 185 206 4357 471.4 156 4 7251 i 11965 1.65 0.35 9603

3440 7931 -876.5 1.95 2.16 43.71 4941 189.1 T02.4 [ 11966 170 0.38 3495

3451 8182 -909.8 205 225 4376 5142 2120 379.5 i 1193.7 . 176 0.41 9366

354.4 3385 -9424 215 223 43380 5303 2345 §57.0 . 11373 1.31 0.44 3222

359.6 a56.1 9746 225 238 4385 5442 256.7 3348 ;11790 1.36 . 0.47 906.3

3649 8723 T .1005.7 235 245 4385 556 5 2781 3134 ¢ 11702 - 1.91 . 0.50 3918

3703 3855 -10356 245 250 4394 567 1 2988 362.7 1159.8 196 0.53 3763

3754 896.3 -1064.1 2.55 254 43.38 575.2 5184 5731 11484 2.00 i 0.55 8607

380.7 904 0 -1091.2 265 256 4403 5809 3371 554.4 11353 205 0.58 8449

386.0 9124 -11168 275 259 44 08 587 1 3547 536.8 11239 2.09 0.60 3303

3912 3197 -11409 285 232 4412 5324 T4 3201 11126 2.14 0.63 8154

396.6 3266 -11633 296 254 4217 557 4 2368 304.7 11021 2.18 65 3034

4020 3327 -1184.5 2.06 287 4422 3017 014 1501 10917 2.23 0.67 7505

4071 [ 9375 | -12044 3.16 263 44.26 504.3 415.1 175.4 10813 227 0.69 7733

4124 942.2 -1223.0 3.26 270 44,31 308.0 4280 4535 10716 231 0.70 7575

4178 9456 -1240.4 3.36 27 4435 610.1 1300 1515 10617 235 0.72 756 3

422.7 946.0 -1256.5 3.46 2.7 44 40 309.8 4511 4404 1050.2 238 0.74 7452

4279 . 9472 -1271.9 3.56 272 44.44 510.1 4517 4293 10399 2.42 0.76 734.9

4332 ; 9493 © -12861 3.66 273 44 49 5111 $71.5 420.0 10311 2.45 0.77 7258

4383 ! 9516 | 12996 3.76 2.73 44.54 3123 4380.8 4107 ¢ 10230 ! 2.49 0.79 7169

4438 ' 954.2 ; -13123 3.86 2.74 44.58 813.7 339.5 402.0 10156 2.53 . 0.80 708.3

448.8 i 956.1 -1324.8 3.96 275 44,53 3145 488.2 393.3 | 10079 2.56 i 0.81 700.8

4540 ' 9565 -1337.0 4.06 278 44 57 3142 506.6 2849 {9991 280 082 692.0

4593 | 9566 -1348.1 4.16 275 44,72 513.5 5142 3773 1 9308 283 - 0.84 684.0

4647 |, 9575 -1358.7 4.26 275 4477 5136 5215 3700 9835 266 Q.85 676.7

4700 | 9576 -1368.6 436 275 44.32 $12.9 528.4 363.1 976.1 2.59 0.88 669.6

4753 ' 9574 ! -13778 447 2.75 44 37 3121 5346 2569 | 9890 2. 0.87 662.0

480.7 : 958.5 ¢ -1385.8 3.57 276 44.91 5123 540.2 3513 963.5 : 274 0.88 557 4

486.2 959.4 i 13837 4.67 a7 44.96 5312.2 5457 3458 958.1 277 ¢ 89 652.0

502.2 $63.0 -1400.7 498 L 2.78 4511 813.0 5505 3410 ' 954.0 2.80 0.90 647 5

5074 , 9653 -1407.4 5.08 278 45.16 514.1 555.1 3364 . 9505 2.83 0.90 842.5

5127 ¢ 9646 -1414.1 5.18 2.78 45.21 5129 £59.7 3318 1 9446 2.85 0.91 638.2

5179 9623 -1419.9 5.28 277 45.25 5104 563.7 278 | 9381 286 0.92 532.9

$522.6 962.7 -1425.6 5.37 277 45.30 §10.1 387.7 3238 ; 9335 ! 2.88 0.93 628.9

5276 264.3 -1430.9 547 . 278 4534 5107 5713 3202 1 9308 i 2.91 ! 0.94 5255

526.8 9649 | 14360 548 : 2.78 4533 |, 8112 574.8 3t67 ¢ 879 293 i 0.94 522.3

5302 9666 | -14409 552 ! 2.79 4537 | 85121 578.2 3133 0 9284 2.95 i 0.94 619.4

5355 | 9669 [ .14453 562 279 4541 ' 6117 581.2 3103 | 9219 ! 2.97 i 0.95 816.1

540 8 967.2 -1449.6 572 2.79 45.46 511.2 534 2 307.3 i 918.5 i 299 0.96 612.9

546.7 9665 | 14536 5.83 279 4552 . 8099 587.0 3045 9144 ! 3.00 0.96 609.5

5516 965.9 -1457.5 593 2.79 4556 . 3087 539.7 3018 . 9106 3.02 087 806.2

555.6 9650 -1460.9 6.01 ! 2.78 45.80 507.5 592.0 2995  907.0 3.03 0.97 §03.2

568.7 965.3 -1464.4 8.2 \ 2.78 45.72 506.0 3594.4 2974 ! %030 | 3.04 |L 0.98 Y6001

5738 | 9654 | -14677 635 278 45.77 5054 . 5967 2948 9002 | 3.05 ! 0.99 i 5975

5789 | 9648 | -14706 6.45 . 278 45.82 5042 5987 2928 8970 | 3.08 | 0.99 {5943

5838 | 9650 | -1473.7 655 | 278 4586 | 6037 500.8 290.7 8944 | 3.08 i 100 5925 |

5889 | 9656 ~1476.5 6.64 2.78 4591 ! 6035 602.8 288.7 8922 | 3.09 ¢ 1.00 " 5905

593.8 9659 | 14790 6.74 ¢ 2.79 4596 1 3031 . 6045 2070 . 8%0.1 3.10 1.00 5886

6062 | 9674 -1484.9 §.98 2.79 46.08 6026 1 6086 2829 ; 8856 ! 3.13 1.01 5843
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SL LOAD sU LOoAD A To' suU Gy Gy PSR A p’ q
(mV) (mV}) (mV} (&N) icm) (kFa) {kPa) (kPa) {kiFa) {kPa) (kPa)
5165 68.4 -1489 1 Ty 2.30 4617 3020 3114 280 1 2.1 3.15 1.02 581 1 3010
8254 369 7 -1483.0 736 2.30 46.27 3017 514 ¢ A7 4 3791 317 1.02 5782 3008
5363 973.9 -1496 5 756 2.31 43537 3033 5168 2743 3785 3.20 102 3767 301.8
3465 9755 -1498 4 778 242 46 46 3035 51835 2723 8754 321 1.02 5747 3017
S555 4 3786 -1503.1 T 54 283 4636 3043 3211 708 3750 324 103 5727 3023
3850 980 4 <1507 5 a1z 2.34 4665 3045 524 1 26874 3720 326 103 569 7 2023
5753 9854 -15112 8.30 2.36 4674 307 2 5267 2543 8720 329 103 563 4 303.6
534 3 384 3 -15136 8.48 2.85 46.84 505.1 6283 2632 3682 330 104 5657 302.5
5540 9855 -15153 336 2.86 4693 504 3 6295 2620 8667 331 104 564 4 302.4
7033 3876 -1517 1 335 236 4792 3659 3303 260.7 865.8 332 104 5633 302.5
7133 3943 -1518'5 ERH 2.99 4712 308 3 3317 253 3 368 5 334 1.04 5642 3043
34 9925 -15198 Ix 2.38 4722 506 ! 35328 2839 3651 334 104 561.9 303.0
7332 993 4 -15210 EX) 239 47.31 S05.4 3334 2581 8635 335 105 560 8 3027
7431 996 0 15220 383 239 a7 4 3060 534 ¢ 257 4 363 4 338 105 560 4 2030
7526 997 6 -15230 373 280 87 51 3053 8343 2567 362.5 336 1.05 5595 303.0
762 997.8 -1524 1 357 2.50 47.51 6047 §35.5 2553 860 6 336 1.05 558 3 302.4
7713 999 3 15247 10.15 2.91 4770 5045 8360 555 860 0 337 1.05 5578 3023
7813 1000.0 -1525.5 1033 2.91 47.30 503.7 §36.5 2550 358.7 337 108 556 8 301.9
790 8 10027 -15259 10.51 232 47 30 3045 6383 254 7 359.1 337 105 556 3 302.2
3000 1003.9 -15263 10 35 2,92 4739 304 ¢ 537 1 254 4 858.5 337 1.05 556 4 302.0
309.5 1004 3 <1526 5 10 87 292 48.09 5032 537 2843 3573 337 106 5553 301.5
3183 1005.2 <1526 9 1105 2,83 48.19 602.4 8375 2540 a56 4 337 1.06 535.2 301.2
3281 1009 3 -1527.1 7123 2.94 48 28 504 2 8373 2539 3580 338 1.06 5559 3021
3373 1011.0 -1527 8 11 41 295 48.38 504.1 638 ¢ 2534 8575 338 106 555 4 302.1
3467 10122 -1530 0 1159 295 48.48 503.7 6398 2519 855.6 3.40 1.06 5537 301.9
3559 10165 | -15315 1176 2.97 4858 6055 640.7 250.8 856 4 341 1.06 5536 302.8
8654 10212 -1532.3 11.95 299 48.58 §07.7 5412 2503 8560 343 1,06 554.1 303.9
8746 10114 -1532.1 12.12 2.95 4877 599.2 6411 2504 3496 3.38 1.07 550.0 299.6
884.0 1006 7 -1532 1 12.30 293 48.37 594.4 G411 250 4 844.8 337 108 5478 297.2
8934 10047 | -15321 1248 293 4898 5916 5411 250.4 842.0 336 108 548 2 2358
902.7 1008.8 -15323 12.36 2.54 4908 5933 8412 250.3 8436 337 1.08 546.9 296.7
912.1 1008 0 -1532.3 12.84 194 49.18 5914 6412 2503 8417 3.36 1.08 546.0 295.7
921.8 1003.4 -1532.1 1302 2.92 4328 586.7 5411 250.4 3371 334 , 1.09 5438 293.4
930.9 1004.7 -18321 1320 293 49 38 586 4 6411 250.4 836.8 334 . 109 5436 2932
940.5 1010.9 -1531.3 1339 295 49 49 589 5 5410 250.5 840.1 335 1 1.09 5453 294.8
950.5 1016.3 -15317 13.58 297 43 60 592 1 540 8 250.7 842.7 3.38 1.08 546.7 296.0
964.3 10146 -15315 13 34 296 4975 388 9 640 7 250.3 839.7 335 1.09 5453 2944
974.5 1019.5 -15315 1404 298 49 36 5910 6407 250.8 841.8 3.36 1.08 5463 2955
985.1 1022.2 <1531 0 1424 298 4998 5914 6403 251.2 8428 3.35 1.08 548 9 2957
995.2 1020.1 -15306 1443 238 50.09 588 5 6401 251.4 839.9 3.34 1.08 5457 294.2
1005.0 1019.2 <1530 6 1482 298 50.20 586 4 640 1 2514 837.9 333 109 5446 293.2
1015.0 10169 | -15304 14 31 297 5032 5834 639.9 25186 334.9 332 i 1.10 5433 291.7
1025.2 10142 1 15302 1501 296 50.43 5800 6393 2517 a7 3.30 H 1.10 5417 280.0
1035.0 1018.0 -1532.1 1520 297 50.54 5813 6411 250.4 a31.7 332 1.10 541.1 290.7
1045.2 1017.8 - -15333 1539 297 50.66 579.7 6419 2496 829.3 332 ¢ 1.11 539.4 289.9
1055.3 10208 = -15343 1555 298 50.78 5804 5426 248.9 829.3 333 1.11 5391 2%0.2
1065.1 1028.4 -1533.9 1577 301 5089 584 4 6423 249.2 833.6 335 1.10 541.4 2922
1075.0 1045.1 -15337 15.96 307 51,00 594 8 5422 2493 844 1 3.39 1.08 5467 297.4
1085.0 10510 ' 15337 1518 309 §1.12 597 4 5422 2493 846.7 3.40 1.07 5480 298.7
1095.4 10421 -15335 "6 36 3.06 $124 5897 5421 249.4 839.1 338 1.09 5442 2948
1105.5 1037.0 -15335 15 55 304 5136 5845 542 ¢ 249.4 8341 334 1.10 5417 2923
11153 10335 -15333 1875 3.03 5148 580 7 5413 2495 8303 333 1.11 5399 290.3
11359 1034 7 -15333 1594 3.03 5160 580 1 5419 249.5 829.6 332 111 5396 290.0
1136 1 10369 -1533 ¢ 17.14 3.04 51.73 580 ¢ 341 8 2497 8298 332 111 5398 290.1
11480 1027 1 -1533 1 17.33 3.01 51.84 571.9 6413 249.7 8216 329 1.12 5357 285.9
11558 1040 1 -1532.9 17.51 305 51.96 579.5 6413 249.9 829.4 332 1.1 5396 289.8
11651 1042.0 -15329 17 59 3.06 52.08 5794 8413 249.9 8293 332 111 53946 289.7
11750 10442 -15327 17.88 3.07 52.20 579.5 5415 250.0 8295 332 1.11 5397 289.8
11851 10353 -1532.5 18.08 3.04 52.32 571.9 §41.4 250.1 8220 329 1.12 536.1 286.0
11950 1048.1 | 15325 18.258 3.08 52.44 579.3 8414 250.1 829.4 332 11% 539.3 2896
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:f JATE
R - [ LA 8. —
| peNTIRICATION -
SAMPLENUMBER . TP .72 LA I ML T ,!
i TARE PLUS DRY SOIL. 2. ! f
,' TARE. z I
| ORYSOL.e | W st
| DIAMETER OF SPECMEN. o | o | lozag-
i AREA OF SPECMEN.:a c A | B4t
| NITLAL HEIGHT OF SPECIMEN. =n P . eSS
| INTTIAL YOL. OF SFEC. CC=AL .Y 6\“("’;@
; INITIAL VOID RATIO = (V - Vs)/ Vs poe 0 2C{L
i SPECIFICGRAVITY G , 279 ('&S.&hmld)
VOL. OF SOLIDS. CC = Ws/ Gs [ v 1 Jor. 1
: T i 11w 1e da 1. | le
VOD RATIO = (AL - Vs)/ Vs Lt 0et 69 cal Sl lenar L elgl
| i -; | :
'j INTTIAL TIME L o =) o ; o ; = : o
[l vaLTIME Pyt so 1o RS | 265 | e | g
| ELAPSEDTIMEjec 20-t P Y oo Jee0 L W00 115,08 | \98¢C 38,500 |
i INITIAL HEAD. s T e T Y A e d T S S R SR 2
| TNALHEAD. i ¥dLa] L eS| te0eS dsTT 4948 | 440
| Lostheihe) i |0.CC4I87 (fLTRE32 « 0.011 T 0-01312 a1 448 [0 AL
| WATERTEMPERATURE - AR AR A R R I AR = B AR
| VISCOSITY CORRECTION FACTOR (1) | Rt | Gagq 1 | 44az .24 | 4942 i.‘ﬁ‘!?\ 4942
| COEFFICENT OF PERMEABILITY 3 i P jZE.Hﬂ,C":"%E.él" :"3'5.81”0‘5!(,4t.wo‘5!5-30#:0'9!5.75‘ o -2
r ML, See. ! !/,1 _3 ‘- ! | :'
i ! Avg,i 2. L+1G 'h/f ‘. I

(1) CORRECTION FACTOR FOR VISCOSITY OF WATER 4T 23 °C

() oo =2303(al)/ (At log he/ hr = Rr

¥ s

b

REMARKS :

EENICAN b

COMPUTED BY ",

SHECED 8Y

OLDER ASSOCIATES LTD.










