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REPORT 160636/1

VANGORDA PLATEAU DEVELOPMENT
AS-BUILT CONSTRUCTION REPORT FOR
LITTLE CREEK DAM

1.0 INTRODUCTION
1.1 General

Curragh Resources Inc., which currently operates an open pit mine near Faro in the Yukon Territory, is
developing additional orebodies on the Vangorda Plateau located 13 kilometres southeast of the Faro mine.
Development of the Vangorda Plateau deposits, namely Vangorda and Grum, would supplement and
eventually replace production from the Faro pit. The location of Faro and the Vangorda Plateau is shown
on Figure 1.1. Figure 1.2 shows the relative Jocations of the Faro and the two Vangorda Plateau pits.

The development of the Vangorda deposit will produce a total of 3.4 million tonnes of sulphitic waste rock
and 6.2 million tonnes of phyllitic waste rock, as well as 6.5 million tonnes of overburden (till). The
waste materials will be transported to an engineered waste dump situated immediately south of the open

pit (Figure 1.3).

Based on experience at the Faro minesite and preliminary laboratory testing of the drill core from the
Vangorda minesite, acid rock drainage (ARD) could, as a consequence of interaction with air and water,
develop from the sulphide-rich zones exposed in the walls of the open pit and from the sulphide-rich waste
rock in the waste dump. Measures have been designed to minimize acid generation, leaching and
transportation of acidic products and to allow the collection and treatment of ARD contaminated seepage.
The measures designed to minimize acid generation are beyond the scope of this report. The measures
to collect and treat ARD contaminated seepage are of direct relevance and are, therefore, discussed below.

The main components of the collection and treatment system are shown on Figure 1.3. They comprise
the following: a system of underdrains and ditches to collect seepage from the waste dump and direct it
to an ARD collection facility (Little Creek Pond) located in a small valley with a creek which is referred
to in this report as Little Creek; a pump and pipeline to direct to Little Creek Pond the seepage, runoff
and precipitation which collects in the Vangorda open pit; a dam (Little Creek Dam), engineered to retain
the ARD from the waste dump and the open pit, which forms part of the ARD collection facility; a wet
well, pump house and pipeline system to direct the water in Little Creek Pond to a water treatment
facility; and a water treatment facility to treat the ARD before it is released into Vangorda Creek.

Steffen Robertson and Kirsten
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The main components of the collection and treatment system were constructed in 1990, although relatively
minor, specific components remain to be completed in 1991.

1.2 Description of Responsibilities

The responsibilities for the design, construction and inspection of the dam and ancillary facilities necessary
for the development of the Little Creek Pond are described below.

1.2.1 Design

The dam, underdrains and collection ditches were design by Steffen Robertson and Kirsten (SRK) of
Vancouver. The wet well and both pipelines and the water treatment facility were designed by Cominco
Engineering Services Ltd. (CESL) of Vancouver.

1.2.2 Construction

The contractor responsible for the construction of the dam was Pelly Construction, of Whitehorse; survey
work associated with dam construction was carried out during the course of construction by Lamerton
Associates of Whitehorse; both companies were functioning as subcontractors to CESL.

The underdrains were constructed by Curragh personnel using mine equipment. Similarly, the surveying
carried out for the construction of the underdrains was carried out by Curragh personnel.

The pipeline from the open pit to the collection pond was constructed by Curragh personnel. The pipeline
from the collection pond to the water treatment facility was constructed by Kathy’s Construction of
Whitehorse; and surveying was provided by Lamerton Association of Whitehorse; both companies were
functioning as subcontractors to CESL.

The water treatment facility was constructed by CESL through a number of subcontractors. Surveying
associated with the construction of the water treatment facility was performed by Lamerton Associates of
Whitehorse.

1.23 Inspection Services
Inspection services were provided by both SRK and CESL. SRK was responsible for the design of the
dam and had technical control of the dam construction and fill placement. CESL provided inspection

services for the construction of the two pipel]‘nes, stripping and clearing of the dam footprint and
construction of the wet well and pumphouse.

Steffen Robertson and Kirsten
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Field and laboratory testing services for quality control were provided by EBA Engineering Ltd. of
Whitehorse.

13 Contents of Report

This report describes the construction procedures and field design changes associated with the components
designed by SRK. As-built drawings for the facilities, as well as the field and laboratory material test
results, are presented in Appendices at the back of this report.

2.0 BACKGROUND INFORMATION

2.1 Reports

A series of investigative test pits and boreholes were completed in the vicinity of Little Creek Dam by
SRK and others in 1990. The layout of these test pits was significantly affected by the local terrain and
vegetation. Therefore, the geographical extent of the test pits and boreholes necessitated significant
interpolation of the subsurface data in some areas. The design of Little Creek Dam proceeded with the
- expectation that modifications would likely be required during construction.

The design, summarized in a report included in Appéndix A, called for a homogeneous till dam with
drains and a cut-off trench. During the initial design stages, two water management scenarios were
considered. The first assumed that the water collected in Little Creek Pond would be derived from both
the Vangorda pit and the waste dump and would be pumped to the treatment plant on a continuous year-
round basis. The required capacity for this scenario was 55,000 m®. The second scenario also assumed
that the discharge from Vangorda pit and the seepage from the Vangorda waste dump would be collected
in Little Creek Pond, but that pumping during the winter months from November to March would be
shutdown. This scenario required a storage volume of up to 120,000 m® to enable storage of the winter
flows. The latter scenario was selected for construction because it provides greater operational flexibility.

22 Drawings

As-built drawings included in Appendix B of this report are as follows:

Steffen Robertson and Kirsten
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Drawing No. Revision Title
60627-01 C General Arrangement Plan
60627-02 C Layouts for Cut-off Trench Excavation and Drainage Blanket
60627-03 A Profile along Longitudinal Section A-A
60627-04 C Cross-Sections B-B, C-C, D-D & E-E

The drawings have been reduced 50% for inclusion in this report.
3.0 GEOLOGY AND STRATIGRAPHY

As a result of the excavation of additional test pits during the early stages of construction and the
excavation of the cut-off trench, a better understanding of the sub-surface geology and ground conditions
emerged than was available during the design stages.

Drawing No. 60627-03, Appendix B, shows the stratigraphy along the centreline of the dam between the
south abutment at Station 0+020 and the north abutment at Station 0+220. The sub-surface geology in
the northern section of the dam from Station 0+190 to Station 0+327 changed very little from the soil
conditions presented in the original geotechnical report (included in Appendix A). However, soil
conditions within segments of the southem section of the dam, particularly from Station 0+020 to Station
0+180, differed significantly from the original report. The following is a description of the sub-surface
geology along the entire cut-off trench.

STA 0+020 to 0+070

Between Stations 0+020 and 0+70, a large zone of permafrost was encountered. The permafrost existed
primarily in the brown till with infrequent occurrences in the top half metre of grey-black till. The
thickness of the permafrost ranged between 2 metres at Station 0+070, and up to 7 metres at the south
abutment of the dam (Sta 0+020). This zone was characterized by a moderate density of horizontal to
sub-horizontal ice slivers. The slivers average 1 cm. thick, and up to 10 c¢m. in length. However, large
blocks up to 1 metre thick and comprising ice with thin layers of silt were encountered occasionally during
the course of excavation. The few tests carried out on samples of frozen soil indicated that the moisture
content of this material was typically between 15 and 25 percent. However, where segregated ice
comprised the main component and silt was present only in thin layers, moisture contents almost certainly

approached 80 to 90 percent.

Steffen Robertson and Kirsten
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STA 0+070 to 0+150

Between Stations 0+070 and 0+0150, the sub-surface geology did not vary from the descriptions presented
in the original geotechnical report. It typically comprised, in descending order, the following strata:

. two to three metres of stiff, olive-brown, well graded silt till over
. one to two metres of compact, red-brown sand and gravel (north of Station 0+100 only) over
. at least 1 metre of very stiff to hard, black-grey, well graded silt till (from Station 0+070 to

0+110) to very stiff to hard, blue-grey, well graded, clayey silt till (from Station 0+110 to 0+150).

Sporadic permafrost lenses up to 1 metre thick, were preserit in the olive-brown till. The character of the
permafrost was similar to that which was encountered between Stations 0+020 and 0+070.

STA 0+150 to 0+180

At approximately Station 0+150, the sand and gravel layer bifurcates into an upper and lower limb. The
north end of the lower sand and gravel layer pinched out at approximately Station 0+180. In addition,
the olive-brown till pinches out at Station 0+150 but reappears between the upper and lower limbs of sand
and gravel. Therefore, between Stations 0+150 and 0+180, the stratigraphy in descending order typically
comprised the followingi

. one to two metres of red-brown, compact sand and gravel over

. approximately one metre of stiff, olive-brown, well graded silt till over

. up to one and a half metres of very stiff, blue-grey, well graded clayey silt till over
. up to one metre of grey, compact sand and gravel over

. at least one metre of very stiff to hard, blue-grey till as above.

Sporadic permafrost in the form of lenses up to 1 metre thick were present in the olive-brown tll.

Steffen Robertson and Kirsten
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STA 0+180 to 0+220

The thicknesses of the units between Stations 0+180 and 0+220 varied somewhat, but generally the
stratigraphy (from original ground surface) was as follows:

. one metre of compact, red-brown sand and gravel over

. up to two metres of stiff, olive-brown silty till over

. at least one mege of very stiff to hard, blue-grey, well graded, silty and clayey till.
The sand and gravel layer pinches out at about Station 0+220.

STA 0+220 to 0+297

Between these stations, the sand and gravel was absent and the thickness of olive-brown silty till increased
to at least three metres. The blue-grey till is present below the base of the olive-brown till but was not
observed in the excavation for the cut-off trench between these stations.

4.0 DESIGN CHANGES

The changes in design outlined in the original geotechnical report were mainly due to the limited
exploration program. In particular, the changes were a result of (a) the bifurcation in the sand and gravel
layer in the vicinity of Station 0+150 that resulted in two sand and gravel layers between Stations 0+150
and 0+180, (b) the discovery of permafrost at the south abutment, (c) the need to found the wet well on
original soil rather than fill, and (d) the practicality of placing drain material over a steep, sideslope
comprising moist soils with a high percentage of fines.

4.1 Cut-off Trench

The depth of the cut-off trench was increased in the low part of the valley between Station 0+150 and
0+180. The increase in depth was necessary to cut off both the upper and lower sand and gravel layers,
either of which could act as a conduit for seepage from the collection pond.

In addition to increasing the depth of the trench, a secondary trench was excavated upstream of the

primary trench between Stations 0+165 and 0+180. This secondary trench became necessary when it was
determined that the primary trench did not intersect the lower sand and gravel layer. As a result, the

Steffen Robertson and Kirsten
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secondary trench was keyed into the primary trench and excavated northwards through the lower sand and
gravel layer.

4.2 Permafrost Excavation

A zone of permafrost was completely removed from the footprint of the dam at the south abutment. The
zone was excavated to a depth of two metres below original ground surface at Station 0+070 and to a
depth of seven metres at the south abutment of the dam. The entire dam footprint between Stations 0+020
and 0+070 was excavated during excavation of the cut-off trench.

The entire permafrost zone was excavated because it was considered unsatisfactory as a foundation
material. Any disturbance or stripping of the top layer would cause the ice to thaw, leaving the soil with
a near liquid consistency and little or no strength.

In addition, sporadic lenses of permafrost were encountered between about Stations 0+070 and 0+180 to
depths of about one metre . These lenses were removed during the course of stripping and grubbing of
the dam footprint.

43 Wet Well Location

The location of the wet well according to the design report is Station 0+190, 2.5m upstream of the dam
centreline. The as-built location of the wet well is Station 0+189.1, 7.5 metres upstream of the dam
centreline. The basis for this move was to found the wet well on original soil upstream of the cut-off
trench, thereby minimizing potential settlements of the wet well.

4.4 Drains

The blanket drains downstream of the dam centreline and on the north side of the dam were installed in
general accordance with the original design. The south drains, however, were modified to include a series
of finger drains. The reason for this change is discussed as follows:

1) Moist ground on the southem half of the dam would require that an excessively thick lift of drain
material be placed in order to prevent the construction vehicles from punching through the filter

fabric. This option was prohibitive logistically as well as financially.

2) The quality of the material used for the finger drains was such that their performance as a drain
would be more than satisfactory. )

Steffen Robertson and Kirsten
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5.0 LABORATORY AND FIELD TESTING

Lab and field testing were performed by EBA Engineering Ltd. of Whitehorse, Y.T. Results from lab
testing and field compliance tests are included in Appendix C and D, respectively. The following is a
summary of those tests.

51 Foundation Material

The foundation for the Little Creek Dam is described in the design report (Appendix A). In the valley
bottom, it comprises gravelly sand (alluvium) overlying brown till (made up of clayey silty sand with a
trace of gravel) overlying grey till (made up of clayey silty sand with some gravel). On the sides of the
valley, the gravelly sand pinches out leaving brown till overlying grey tll.

The gravelly sand was intersected by a cut-off trench. Gradation analyses taken from the floor of the
cut-off trench are summarized in Appendix C (Figure C.1). That portion of the cut-off trench near the
valley bottom comprised grey till which, based on two gradation analyses, comprised 9 to 25 percent
gravel, 34 to 46 percent sand and 29 to 57 percent fines. Further away from the valley bottom, the
material in the floor of the cut-off trench comprised brown till which, based on two gradation analyses,
comprised 22 percent gravel, 39 to 55 percent sand and 23 to 39 percent fines.

Between Station 0+150 and 0+180, the gravelly sand layer is interlayered with the brown till. This sand
" layer is the same unit that is used as a drain on the north side of Little Creek. As a result, the gradation
analysis for a sample of the lower limit of this gravel from Station 0+165 (Appendix C, Figure C.2) is
very similar to the gradation of the drain material in the on the north side of the creek (Appendix C,

Figure C.4).
5.2 Till Borrow

Till comprising brown to dark grey, clayey, silty sand with some gravel was used to construct the majority
of the dam. This material was obtained from the Vangorda pit area as a result of stripping operations for
development of the open pit. Till samples from four tests pits at the Vangorda pit showed similar
gradations and compaction values. An additional sample obtained from the dam during construction
compared favourably with the samples tested previously. The till is well graded with 15 to 26 percent
gravel, 32 to 41 percent sand and 36 to 46 percent fines. A summary of the laboratory gradations is
provided in Appendix C (Figure C.3). Natural moisture contents ranged from 9.7 to 12.3 with a mean
value of 10.4 percent. The maximum dry density (Standard Proctor) achieved in the till was 2155 kg/m?
at a moisture content of 8.8 percent. The till borrow was, therefore, slightly wet of optimum.

Steffen Robertson and Kirsten
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Field compliance tests for compaction of the borrow material were taken with a nuclear densometer by
an EBA technician every two to three days or as construction progress dictated. The results of a total of
56 in situ compaction tests are included in Appendix D. According to EBA, a statistical analysis of the
test results reveals that an average in place density of 2058 kg/m® with a standard deviation of 77 kg/m’
was observed. This represents an average compaction level of 95.5 percent of the Modified Proctor
maximum dry density (ASTM D1557) value that was determined from a sample of the fill material.

One constant head permeability test was conducted in the laboratory by EBA on a composite sample of
the till borrow. The test was conducted at a constant head of 60 kPA (equivalent to 6 m of head) and a
compacted density of 1983 kg/m®. This density represents approximately one standard deviation below
the average compacted field density. The result of this test was a permeability coefficient of 4.0 x 10

cm/sec.
53 Drain Material
Material used to construct the drains comprised either in situ sand and gravel occurring naturally in the

valley bottom or sand and gravel obtained from the vicinity of the Grum pit. Material for the northern
drains was a combination of natural and imported material with the material for the southem drains being

entirely imported.

Gradation tests for the southemn drains showed 7% passing the No. 200 sieve where the northem drains
showed an average of about 10 percent passing the No. 200 sieve. These tests results are included in

Appendix C (Figure C.4).
6.0 CONSTRUCTION PROCEDURES

6.1 General

Construction at the site of the Little Creek Dam started with site clearing in late August 1990. Fill
placement was completed by early November 1990. However, further work related to the construction
on the pumphouse and the pipelines continued into early December.

Photographs taken during the course of construction are included in Appendix E.

6.2 Main Embankment

Steffen Robertson and Kirsten
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The contractor cleared and stripped topsoil from the impoundment area and the footprint of the dam using
a bulldozer. In general, material from the dam footprint was pushed downstream of the dam while
material from the pond area was pushed upstream.

The main embankment was constructed as a homogeneous till dam with a seepage cut-off and drains.
Construction equipment consisted of 4 to 6 scrapers assisted by a D9 bulldozer in the borrow area, two
bulldozers (D9 and D6) to spread fill, a grader to level the fill, and a sheepsfoot and smooth drum rollers
for compaction. Five to six passes were made over 0.3 metre lifts.

Construction of the main embankment began at Station 0+180 with the excavation of the cut-off trench.
The excavation and filling of the trench proceeded northwards to Station 0+290. During this period, minor
fill placement, levelling, and ground preparation for the drains were undertaken on the north end of the

dam.

The trench was then extended southwards from Station 0+180 to the south abutment of the dam. The
majority of fill placement was not commenced until the entire trench was excavated and filled, and the
drains installed.

Soft ground on the downstream side of the south end was handled by first placing filter fabric over the
in situ soil. The fabric enabled thinner lifts to be placed which, in tum, allowed for a more uniformly
compacted fill.

Construction of the dam fill progressed as the weather permitted. Periods of heavy precipitation halted
construction as the till quickly became unmanageable to work and compact. Soft, saturated fill was
removed from the embankment prior to recommencement of fill placement

Frost penetration occurred infrequently during those nights that the night shift did not operate. At the

borrow area, frozen material was wasted. At the dam, equipment was driven over the fill to remove the
frost, or when this didn't work, frozen fill was removed from the dam prior to further fill placement.

6.3 Drains
6.3.1 South Drains
Sand and gravel for the south drains was screened material provided by Curragh Resources Inc. The

drains beneath the southern part of the dam consisted of three longitudinal finger drains (L1, L2, L3) and
two transverse finger drains (T1, T2). The laybut of these drains is shown on Drawing No." 60627-02.

Steffen Robertson and Kirsten
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All of the finger drains were completely encapsulated by filter fabric (top, sides and bottom) so as to
prevent the migration of fines into the pore spaces.

Rock drains were placed at the downstream toe of the embankment at the western extensions of T1 and
T2. The rock drains consist of boulders up to 0.5 metres diameter in a sand and gravel matrix. The
purpose of the rock drains is to maintain flow from the finger drains in freezing weather.

The south drains are two to three metres in width and were placed using a front end loader.
6.3.2 North Drains

The drains beneath the norther part of the dam consisted of a blanket drain constructed from the existing
in-place sand and gravel and a connecting finger drain constructed parallel to the cut-off trench using
imported sand and gravel.

The blanket drain was constructed by spreading the in situ sand and gravel with a grader and the finger
drain was placed with a backhoe. The sand and gravel was compacted by multiple passes of a vibrating
roller driven compactor. The blanket drain was covered with geotextile filter fabric whereas the finger
drain was encapsulated in filter fabric.

7.0 CONSTRUCTION TASKS REMAINING FOR 1991

The construction of the Little Creek dam commenced relatively late in the 1990 construction season.
Although the dam was completed, it was impractical to complete all the ancillary details associated with
the dam and collection pond. The list of items that remains to be completed in 1991 are as follows:

. The gravel layer on the dam crest;

. The diversion ditch above the right abutment of the dam;

. The collection ditches and seepage monitoring collection sump downstream of the dam;

. Stabilization (and probably revegetation) of the brown, moist, peaty soils that got pushed

downstream of the dam during the course of stripping and clearing. It is appropriate that these
soils be prevented from eroding into Vangorda Creek. Detailed reclamation procedures will be
established following a site inspection next spring. It is likely, however, that a vegetative cover
will be established by hydroseeding the surface of these soils and that a low berm may be required
at their downstream toe;

Steffen Robertson and Kirsten
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. Instrumentation comprising piezometers, permanent survey hubs and thermistors to monitor
piezometric levels, displacements and settlements, and the thermal regime near the crest of the
dam,

. Installation of buried, flat-lying closed-cell insulation sheets extending radially outward from the

pumphouse walls to control frost penetration in the wet well area.

The design details associated with each of these items will be determined as a result of field engineering
after the snow has melted this spring. Actual construction will likely be delayed until the summer when
the ground has significantly dried out.

8.0  CONCLUSIONS

It is expected that water from the Vangorda open pit and the waste rock dump will be contaminated with
acidic products as a result of the natural interaction of sulphide-rich rock with air and water. Part of the
plan to minimize the extent and effects of this problem involves the collection and treatment of ARD

contaminated seepage.

A key feature of the collection and treatment system is a dam constructed in Little Creek to impound ARD
contaminated seepage. Construction of the dam is the main subject of this report. The report discusses
changes from the original design and presents the construction materials and procedures used to build the
facility. As-built construction drawings for the dam are included in the appendices at the back of the

report.

A series of test pits and boreholes completed in the vicinity of the dam during 1990 provided an outline
of the soil stratigraphy below the dam footprint. However, due to access limitations during the original
investigations, a complete understanding of the stratigraphy was not obtained until the construction period
when further test pits and a cut-off trench were completed.

The soils in the vicinity of the dam consist typically of a brown, stiff, clayey, silty sand with some gravel
overlying a blue to dark grey, very stiff, clayey sand with some gravel. In the valley bottom, there is a
deposit of brown to reddish black sand and gravel that overlies the till and, at least in one location, is
folded underneath a layer of till. Shallow occurrences (one to two metres) of permafrost were encountered
in the valley bottom and on the lower parts of the south side of the valley. At higher elevations on the
south side of the valley, the thickness of permafrost increased significantly (to as much as seven metres).

The dam is essentially a homogeneous dam constructed of till obtained from the stripping of overburden
at the Vangorda open pit. Permafrost under the dam footprint was removed during construction. A cut-
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off trench, backfilled with compacted till, was constructed to restrict seepage beneath the dam. A system
of drains, blanket and finger, have been installed to maintain the phreatic levels in the dam at safe levels.

Construction started late in 1990 and, as a result, several items will require completion during the 1991
construction season. These include the gravel road surface on the crest of the dam, the diversion ditch,
the collection ditches and the seepage collection monitoring sump, stabilization measures for waste soils,
instrumentation, and installation of insulation adjacent to the pumphouse.

This report, Number 160636/1, entitled Vangorda Plateau Development, As-built Report for Little Creek
Dam, is respectfully submitted by:

Maurice Amendolagine, E.I.T.
Field Inspector

DCIMIRTNG 5ot R
Cameron C.:Scott, P. Eng.
SemorGeotechmcal Engineer

Peter Healey, P. Eng.
Project Engineer

Steffen Robertson and Kirsten
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REPORT 160627

VANGORDA PLATEAU DEVELOPMENT
LITTLE CREEK COLLECTION FACILITY
GEOTECHNICAL INVESTIGATION AND DESIGN

1.0 INTRODUCTION

Curragh Resources Inc. currently owns and operates an open pit mine near the town of Faro in the Yukon
Territory. Curragh is_ presently developing additional orebodies, namely Vangorda and Grum, on the
Vangorda Plateau located about 13 kilometres southeast of the Faro minesite.

Current plans require acid generating waste rock from the Vangorda open pit to be placed in a dump
immediately south of the open pit. Till dykes are being constructed around the perimeter of the dump to
contain seepage from the waste rock, and direct it through a network of underdrains and collection ditches
to a proposed acid rock drainage (ARD) collection facility to be developed in Little Creek. The collection
facility will primarily comprise an earthfill dam behind which a pond will form. ARD which collects in
the open pit during the course of mining will also be directed to the facility. Water will be drawn from
the collection facility using a wet well and pumped on a regulated basis to a water treatment plant where
it will be treated, as required, before subsequent release to the environment. The approximate layout of
the open pit, waste dump and collection facility is shown on Figure 1.1.

This report discusses the investigation, design and recommended construction of the proposed Little Creek
collection pond.

2.0 SITE INVESTIGATION

The investigation at the Little Creek water collection facility, which comprised drilling and backhoe test
pits under the direction of Steffen, Robertson and Kirsten (B.C.) Inc. (SRK), was completed on two
separate occasions. Additional backhoe test pits were also completed by EBA Engineering Consultants Ltd.
(EBA). The locations of relevant boreholes and test pits are shown on Figure 2.1 and the respective logs
are included in Appendix 1.

The first investigation was completed on May 11, 1990 under the direction of SRK and involved the
excavation of two test pits (TP 90-5 and 90-6) as part of a preliminary site selection assessment for the
collection facility. The test pits were excavated using a track-mounted backhoe in the general vicinity of
the proposed water retention dam axis and extended to depths of 2.5 and 3.5 m, respectively. Three grab
samples were obtained from each test pit for subsequent classification testing.

Steffen Robertson and Kirsten
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Between June 28 and July 7, 1990, a second site investigation was carried out under the direction of SRK
at the proposed site of the collection facility. This investigation comprised four boreholes (DH 90-1 to
90-4) and four test pits (TP 90-30 to 90-33). In addition, three grab samples (LC1 to LC3) were obtained
from small pits dug with a shovel. The boreholes were completed by Advanced Drilling Ltd. within the
pond area. The holes ranged in depth from 10.5 to 15.7 m. Samples of the subsoils were obtained by
coring and by Standard Penetration Tests. Standpipe piezometers were installed in three boreholes
(DH 90-1 to 90-3). A falling head permeability test was carried out in each of these piezometers
(Appendix 1). However, because of problems associated with bentonite balls bridging in the drill bit
during installation of the seal in DH 90-1 and DH 90-2, the results of the falling head permeability tests
in these two holes are questionable. The test pits were completed to depths of 3.2 to 4.5 m using a
track-mounted backhoe. Grab samples of each of the main material types were obtained.

Three additional test pits (EBA TP 10373-2 'to 10373-4) were completed by EBA as part of an
independent investigation for the proposed pipeline (Figure 2.1).

The locations of DH 90-1 to 90-4 and TP 90-5, 90-30, 90-32 and 90-33 were determined by field survey
carried out by Curragh Resources Inc. The locations of all other test pits shown on Figure 2.1, including
those dug manually with a shovel, have been estimated by the SRK field engineer.

Samples from the SRK investigations were shipped to our laboratory in North Vancouver for further
classification testing which included moisture content determinations and gradation analyses. The results
of this laboratory testing are summarized on the borehole and test pit logs presented in Appendix 1.
Results of the gradation analyses are presented in Appendix 2.

3.0  SITE DESCRIPTION

The site of the Little Creek collection facility is situated immediately northwest of the Vangorda waste
dump, at an approximate elevation of 1100 m.

Upstream of the proposed site, Little Creek is intersected by the Vangorda pit and by the access road for
the Vangorda waste dump. Approximately 90 metres downstream of the proposed site, Little Creek flows
into Vangorda Creek.

Slopes in the vicinity of the proposed dam have been quantified on the basis of local ‘topographic
mapping. Gradients down the centre of Little Creek, above the centreline of the dam, vary typically
between about 1 and 3 degrees. Below the dam centreline, the gradient steepens significantly to about
25 to 30 degrees. In the vicinity of the proposed dam, the north side of the valley typically slopes at
about 8 to 16 degrees with slopes locally as steep as about 22 degrees. The south side of the valley
typically slopes at about 1 to 10 degrees. Profiles along the dam axis and along the creekbed through the

Steffen Robertson and Kirsten
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dam are shown on Figure 3.1 and 3.2 respectively. The results of the boreholes and test pits that have
been completed in the vicinity of the collection pond indicate that the near-surface soils vary across the
valley. On the left (south) side of the valley, the soils comprise up to 0.2 m of peat overlying
approximately 0.5 m of soft organic silt overlying brown, moist, firm to very stiff sand (till) overlying a
grey, firm to hard silt (till). In the valley bottom, there is approximately 3 m of gravelly sand overlying
either brown, wet silt and sand (till) which in tum overlies grey silt and sand (till) or, alternatively, the
gravelly sand overlies grey, moist, stiff silt and sand (till). There is evidence to suggest that in the valley
bottom, the gravelly sand may be interlayered with the brown sand (till). On the right (north) side of the
valley, there is approximately 4 m of brown, moist, firm to stiff sand (till) overlying grey, hard silt (till).
No bedrock was encountered during the investigation.

The gravelly sand comprises about 43 percent gravel, 53 percent sand and 4 percent silt and clay based
on two gradation analyses. Moisture content determinations varied as a function of the relative position
of the water table. The moisture content of three samples above the water table varied from 6 to
11 percent with a mean of 9 percent. A single sample of gravel below the water table registered a
moisture content of 23 percent, though actual values in situ may well have been higher. Four Standard
Penetration Tests performed in the gravelly sand resulted in blows per 300 mm of 5 to 10 with a mean
of 7. These values are typical of loose material.

The brown till comprises up to about 2 percent gravel, 54 percent sand and 44 percent silt and clay based
on one gradation analysis. Moisture content determinations on two samples were 13 and 14 percent. Six
Standard Penetration Tests performed on the brown till ranged from S to 32 blows per 300 mm. However,
most blowcount values were about 7 blows per 300 mm, indicative of a firm material.

The grey till comprises 12 to 23 percent gravel, 28 to 44 percent sand and 44 to 54 percent silt and clay
based on six gradation analyses. The average gradation from these six analyses is 16 percent gravel,
36 percent sand and 48 percent silt and clay. Six moisture content determinations resulted in a range from
7 to 12 percent with a mean at 10 percent. Nineteen Standard Penetration Tests were performed in the
grey till. The blowcounts ranged from 13 to greater than SO blows per 300 mm. In general, the
penetration resistance increased with depth, usually with significant increases over a short interval. Using
50 as the maximum blowcount, the mean blowcount was 33 blows per 300 mm, though there were
numerous values in the mid 20’s. Assuming that the grey till is essentially a cohesive material, because
of its high fines content, these blowcounts are typical of a stiff to hard material.

Seepage was observed in many of the test pits (ie. TP 90-5, 90-6, 90-32, 90-33 and EBA TP 10373-3).
The inflow rates were not quantified but were greatest in TP 90-5 and 90-32 (noted as "abundant” in both
test pits by the inspector). Conversely, only a trace of seepage was reported in TP 90-33.

Steffen Robertson and Kirsten
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4.0 DESIGN OF THE COLLECTION FACILITY
4.1 General

Two alternative scenarios are under consideration with respect to the required design capacity of the
collection pond. The first scenario assumes that seepage from both the Vangorda waste dump and the
Vangorda pit, for the period April through October, would be collected in the pond and pumped to the
treatment plant. For the winter period from November to March, the treatment plant would be shut down
and the seepage would be collected and stored in the collection pond. Under this scenario, the required
storage capacity of the collection pond was estimated to be approximately 120,000 cubic metres. The
design criteria for the second scenario was based on the assumption that, pumping from the facility to the
treatment plant would occur year round and no allowance would be provided for winter storage. The
required storage capacity for this scenario was estimated to be 55,000 cubic metres and was derived as
follows:

Operating Volume: 21,000 cubic metres
Flood Storage: 28,000 cubic metres
Freeboard Volume: 6,000 cubic metres
Total Required Storage: 55,000 cubic metres

Although both scenarios were considered during the design stage for the purpose of this report, the
remaining discussions will concentrate primarily on the 120,000 cubic metre scenario.

4.2 Layout

The layout of the collection ponds for the 55,000 and 120,000 cubic metre scenarios are shown on
Figures 4.1 and 4.2, respectively. The pond will be developed by constructing an earthfill dam
approximately 10 to 14 m high, depending on which of the two design scenarios is selected.

An insulated pumphouse, designed by Cominco Engineering Services Ltd. (CESL) will be constructed on
the upstream shoulder of the crest of the dam. The pumphouse will have a 2.4 m diameter wet well with
0.4 m diameter intake pipe about 25 m long which will extend to the pond.

43 Storage Capacity

The storage capacity curve for the collection pond is shown on Figure 4.3. It should be noted that,
because the coverage of the field survey was slightly less extensive than what was anticipated, the degree
of accuracy of the topographic mapping above elevation 1110 m is less than below 1110 m. As a
consequence, the contours on the maps used to generate the height-capacity curve (ie., Figures 4.1 and 4.2)
are marked as "surveyed" up to elevation 1110 and "inferred” above elevation 1110 m. Despite these
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differences in the degree of accuracy, the helght-capacxty curve shown on Figure 4.3 is believed to be
suitable for design purposes.

The design criteria for the larger pond was based on the requirement to store 120,000 cubic metres during
the months of November to March, inclusive, when pumping to the treatment plant would be reduced to
the minimum practical rate. A summary of the estimated mean monthly flows from the various sources
that would be collected and discharged into the pond is as follows:

Mean Monthly Discharges
to Little Creek Collection Pond
Month Drains Local* | Vangorda Precip. Seepage Ditch Runoff Total
from Van. Runoff Creek on into Leakage into Discharge
Waste Dump Seepage Van. Pit | Van. Pit Pit
(cu.m.) (cum.) (cum.) (cum.) (cum.) (cum.) (cum.) (cum.)
Nov. 2600 2,000 1,500 3,000 13,000 100 3,100 25300
Dec. 1800 1,400 1,000 2,100 13,400 100 2,200 22,000
Jan, 1200 900 700 1,400 13,400 100 1,400 19,100
Feb. 800 700 500 1,000 12,200 0 1,000 16,200
Mar. 800 700 500 1,000 13,400 0 1,000 17,400
Total 7,200 5,700 4200 8,500 65,400 300 8,700 100,000

* includes runoff from catchment above Litue Creek Dam and below Waste Dump Dyke (0.26 sq km)
Van. = Vangorda

The invert of the intake pipe was established at Elevation 1105 metres.- The minimum pond level was
established at Elevation 1107 which would provide a buffer of almost a 2 metres to protect the intake pipe
from the development of ice. The estimated storage to Elevation 1107, as shown on Figure 4.3, is about
18,000 cubic metres. The estimated live storage to Elevation 1112.6 would, therefore, be 102,000 cubic
metres which will be sufficient to accommodate the estimated 100,000 cubic meters of water which will
accumulate during the shutdown period from November to March. The dam crest has been designed to
Elevation 1114.5 which would provide a 1.9 metre freeboard equivalent to storage of 60,000 cubic metres.
To accommodate the estimated discharge of 100,000 m® over the five month winter period, the level in
the pond would need to be of drawn down to Elevation 1107 at the end of October. The estimate of the
seepage from the walls in Vangorda pit, which assumes that the pit is fully developed, was calculated at
10 litres per second. During the winter period, from November through March, it was assumed that this

Steffen Robertson and Kirsten
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rate would decrease by about 50 percent to § litres per second. Consequently, the resultant volume of
water that would seep into the pit and be subsequently discharged to the collection facility during the
winter months was calculated at about 13,000 cubic metres per month. Total precipitation and runoff
estimates were based on a mean annual precipitation (MAP) of 540 mm and a mean annual runoff
(MAR) of 320 mm. A water balance based on the mean monthly inflows and outflows has been prepared
for the Little Creek collection facility and is shown in Tables 4.1 and 4.2. Table 4.1 presents the mean
monthly water balance based on average conditions. To assess the performance of the pond during the
occurrence of flows higher than normal, the water balance was recalculated based on a wet year with a
return period of 10 years. The results, which are shown in Table 4.2, indicate that under
normalconditions, and a pumping rate of 900 USgpm, the pond has the capacity to accommodate flows
during the April to October period and would store the estimated flows from both the pit and dump during
the period from November to March. In a wet year, however, the water balance indicated that, based on
the current seepage estimates, the period of pumping would need to be extended into November to avoid
exceeding the maximum operating level established for the pond in March. As it will not be possible to
predict a wet year ahead of the event, it is recommended that during the first year of operation, the rate
of seepage be carefully monitored and compared with the estimated pit seepage predictions. The pumping
schedule should be adjusted according to the actual seepage rates.

In addition to water storage, the dam has been designed to accommodate the 24 hour runoff from the 200
year snowmelt event. The catchment associated with this event includes the area between the ultimate
crest of the waste dump and the collection ditch along the dump toe and the catchment of the collection
pond below the diversion ditches. This area was estimated to be about 0.26 square kilometres. The total
volume of water associated with this event was estimated to be 28,000 cubic metres. If the water level
of the pond is assumed to be at Elevation 1112.6 (maximum operating level) when the design event
occurs, the total runoff would be accommodated within the dam and still maintain a 1 metre freeboard
below the dam crest. As the discharge estimates indicate that a 200 year runoff event can be
accommodated within the impoundment, an emergency spillway has not been included in the design.
During the first year of operation, however, as discharges from the various components are monitored, and
more accurate seepage estimates are developed, the need for a spillway would be evaluated. In the
interim, if pond levels rise above Elevation 1113.6 during a storm event, water levels would be controlled
by reducing the discharge from Vangorda pit and by pumping water to the water treatment facility.

44 Dam Design

The dam at the collection pond has been designed as a homogeneous earthfill embankment with a drainage
blanket, finger drains and a cut-off trench located beneath the centreline of the dam. The cut-off trench
will extend through the sand and gravel deposits and the upper brown sand (till) to the lower grey gravelly
silt (till). The dam will consist of glacial till stripped from within the outline of the Vangorda pit. A 0.5
m thick gravel blanket drain covered by geotextile filter fabric will be constructed to a maximum width
of 15 metres downstream of the centreline of the dam in those areas where stripping reveals there to be

Steffen Robertson and Kirsten
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TABLE 4.1
Water Balance for Little Creek Collection Facility
(Normal Runoff Conditions)
INFLOW ' OUTFLOW
Month Local Ditch Dyke Drain | Discharge | Discharge | Live Storage
Runoff | Leakage | Discharge from Pit | to Plant at End of
Month
(dam)’ | (dam)’ (dam)’ (dam)* (dam)’ (dam)’
January 0.9 0.1 12 16.9 0.0 66.4
February 0.7 0.0 0.8 14.7 0.0 82.6
March 0.7 0.0 0.8 15.8 0.0 100.0
April 0.8 0.0 1.0 28.7 130.5 0.0
May 16.6 1.0 21.1 89.1 127.7 -0.0
June 26.0 1.5 33.0 123.5 147.2 36.8
July 132 0.8 16.8 76.4 144.0 0.0
August 8.6 0.5 10.9 59.0 789 0.0
September 7.0 0.4 8.9 522 68.4 0.0
October 5.4 0.3 6.8 47.0 595 -0.0
November 20 0.1 2.6 20.6 0.0 253
December 14 0.1 1.8 18.7 0.0 473
Year 83.2 4.8 105.6 562.6 756.2

(dam)? = cubic decameter = 1,000 cubic metres

Steffen Robertson and Kirsten
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TABLE 4.2 “

Water Balance For Little Creek Colléction Pond
(Wet Runoff Conditions - 10 year return period)
INFLOW - OUTFLOW
Month Local Ditch | Dyke Drain | Discharge | Discharge | Live Storage
Runoff | Leakage | Discharge from Pit to Plant at End of
Month
(dam)® (dam)® (dam)® (dam)® (dam)® (dam)’
January 1.3 0.1 1.7 - 182 0.0 46.4
February 0.9 0.1 12 15.6 0.0 642
March 0.9 0.1 12 16.7 0.0 83.1
April 1.1 0.1 1.3 29.8 1153 0.0
May 23.3 1.3 29.6 111.7 152.1 139
June 36.6 21 46.4 147.2 1472 99.0
July 18.6 1.1 23.6 106.1 152.1 96.3
August 12.1 0.7 153 70.7 152.1 429
September 9.8 0.6 12.5 61.7 1274 0.0
October 7.6 04 9.6 543 |- 718 0.0
November 29 0.2 136 234 300 00
December 2.0 0.1 25 20.6 00 252
Year 117.0 6.8 148.5 - 675.8 648.1

Steffen Robertson and Kirsten
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no significant gravel or sand deposits in the subsoils finger. Finger drains, 10 metres wide and 0.5 metres
thick, will extend from the blanket drain at 40 metre centres. Along the downstream toe of the dam, a
rock drain will be constructed to a maximum height of 4 metres. The proposed layout of the finger drains
and cut-off trench is presented in Figure 4.4,

The dam was designed with a crest width of 10 metres and with upstream and downstream sideslopes of
2.0:1 (H:V) and 1.75:1 (H:V), respectively, as shown in Figure 4.5. In consideration of the potential for
erosion or cracking due to frost action, the design calls for a freeboard of 1.9 metres above the maximum
operating level of the pond. This freeboard, and the inclusion of blanket and finger drains within the dam,
will help maintain a safe separation between from the theoretical phreatic surface and the downstream face.
The 2.5:1 (H:V) sideslope on the upstream face will provide an adequate factor of safety against rapid
drawdown in the pond.

Ice will form in the pond during the winter months and, as upward and downward movement of the ice
cover is anticipated, it was thought that placement of a gravel or rip-rap surface on the upstream face
would aggravate the ice movement and result in disturbance of the face. Consequently a gravel cover on
the upstream face was not included in the dam design. The rock toe drain, which will extend along the
entire toe of the dam, was included to provide protection against toe erosion and possible blockage of the
finer grained finger drain by freezing.

As the glacial dll may be susceptible to frost action, the dam may experience erosion and cracking of the
near-surface material on the crest and on both the upstream and downstream faces. A gravel outershell
was initially considered to provide protection against frost action in the till and, consequent, slope erosion
and shallow cracking. However, it was found that sufficient gravel to construct these shells was not
locally available. The current design, however, does not preclude the possibility that frost action may
result in erosion and cracking of the dam structure. Consequently, a monitoring program would be
initiated during the first year of operation to assess the performance of the dam. The monitoring program
would include regular inspections of the upstream and downstream faces of the dam, and regular readings
of piezometers and thermistors that would be installed in the dam during construction. In the event that
a gravel shell is required on the downstream face to prevent erosion, either the downstream face, with its
extra wide crest, could be trimmed to a flatter grade in order to place the gravel or a rock buttress could
be placed over the existing face. Similarly, on the upstream face a gravel cover could readily be placed,
if required. At the downstream toe, additional frost protection could be provided by constructing a rock
berm if problems arise during the first year of operation.

The current design also provides for a seepage collection monitoring system along the toe of the dam.
A collection ditch would discharge seepage into a 1 metre diameter slotted or perforated corrugated steel
pipe (CSP) which would be installed to a depth of about 4 metres below grade and embedded in drain
rock. After the first year of operation, and using actual flow data, an evaluation of whether a more

Steffen Robertson and Kirsten
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elaborate collection system is required would be completed. If high seepage flows are recorded, a seepage
collection pond with an overflow spillway could be considered.

Seepage and runoff collected in Vangorda pit will be discharged into the Little Creek Pond through a 400
mm diameter buried pipeline. The invernt elevation of the pipe at the outlet has been established at
Elevation 1104 metres and would be located about 85 metres from the intake pipe at the toe of the dam.
A trench would be excavated from the toe of the dam to the point of discharge to provide sufficient
clearance below any ice which forms on the pond surface. The elevation of the trench is 1103 metres.
Rip-rap protection would be required around the discharge pipe to reduce erosion. The trench would be
excavated with a base width of 8 metres and sideslopes of 1.5:1 (H:V). The maximum depth of
excavation for this trench is about 7 metres.

4.5 Embankment Volume

Based on the typical section shown in Figure 4.5, the volume of material necessary to construct the dams
at the two different heights are as follows.

Summary of Embankment Fill Volumes II
Small Dam Large Dam
(cu.m) (cu.m)
Glacial Till 27,500 53,000
Gravelly Sand 7,000 13,500
Total volume in cubic metres 34,500 66,500

Of the total fill volumes listed above, the portions represented by the gravelly sand drain and the cut-off
trench are estimated at approximately SO0 cubic metres, and 4,000 to 5,000 cubic metres, respectively.
The average depth of the cut-off has been assumed to be 4 metres, with a maximum depth of 6 m, based
on the geotechnical investigation.

5.0 CONSTRUCTION
5.1 Borrow Materials
It is expected that the till for embankment construction will be obtained from the stripping operations at

the Vangorda open pit. The gravelly sands required for the construction of the embankment shells and
the drainage blanket will be obtained from inside the limits of the collection pond.

Steffen Robertson and Kirsten
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The till for construction of the dam at the collection pond should meet the following gradation:

U.S. Standard Percent Passing by Weight
3in 90 - 100
3/4 in. 75 - 100
No. 4 50 - 95
No. 40 30 - 65
No. 200 30 - 50

Boulders in the till should not exceed 18 inches in diameter.

The sand and gravel for the drainage blanket should consist of hard durable fragments meeting the
following gradation:

U.S. Standard Sieve Percent Passing by Weight
1% in. 100

3/4 in. 85 - 100

3/8 in. 50 - 90

No. 4 30 - 80

No. 16 10 - 30

No. 40 5 -15

No. 100 0 - 10

No. 200 0- 8

Gravel should not exceed 6 inches.

52 Trench Excavation

The trench excavation may encounter significant inflows of seepage. While these flows are expected to
decrease in a matter of hours, the contractor should be prepared to manage significant flows. This is

particularly critical when the till core is being placed because the silty nature of the till that will be used
for core construction is difficult to handle when wet.

53 Embankment (fonstruction

This is a water dam and, as such, will require relatively rigorous construction procedures. The
embankment materials should be placed in horizontal lifts not exceeding 1 foot in thickness and compacted

Steffen Robertson and Kirsten
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to 95 percent of Standard Proctor maximum dry density. Appendix 3 should be referred to for an
indication of the compaction characteristics of the till in the vicinity of the Vangorda open pit.

6.0 CONCLUSIONS

We recommend that, to provide maximum flexibility during operations, the collection facility should allow
storage during the winter months of flows from either the Vangorda pit and/or the waste dump. Therefore,
the 120,000 cubic metre collection facility should be selected.

This report, Number 160627, entitled Vangorda Plateau Development, Little Creek Collection Facility,
Geotechnical Investigation and Design, is respectfully submitted by:

STEFFEN, ROBERTSON AND KIRSTEN (B.C.) INC.

Cameron C. Scott, P. Eng.
Senior Geotechnicdl Engineer

Peter Healey, P. Eng.
Project Engineer

7
Andrew éacG. Robertson, P. Eng.

Review Principal

Steffen Robertson and Kirsten



APPENDIX 1

Borehole and Test Pit Logs And Field Permeability Test Results

Steffen Robertson and Kirsten



Nl

==

STEFFEN ROBERTSON & KIRSTEN

Consuiting Engineers

TEST P

o0-5

T M.

LOG OF TEST PIT

pROUECT _CURZALS ZETANT S,

VANGORSA WALTZ, DUMP

LOCATION VARGORTA  WIACTE =12
(SEERpGE  FOND £/0. 1) OATE MAY 1\ 1990
METHOO BaCercE (ean z2as)
INSPECTOR R.C . OLALISON
] REMARKS TEST PIT LOG z3
WATER CONTENT (%) @i £
o 20 30 40 30 @& TOP OF PIT ELEV. <a. of
- Water level ai eurface . ] Pe C moSS ]
o= Ji{lpe | E dark browa PRT, frozen E
C | )| 2 50/, a2xcess ice B
2 ! 3 [ _ -
- ! =1 — dark arey o.rsom!. clayey .ClH’) 3
C I A |-o C frazen . Nisible seacmated ke 1
A ' Al Toza( \ - N o 1a levce ne+ Na(': m ]
- ! PeN.Cf) e OsF) | Y - '° € new —
: | 1 [[%] Eevams ams) _ 77—
- i l 1 <0.25 1ohlS Eﬂ: depth of Frzet = O Tm ]
- | | ! T 3 - ~]
- - - 13 ' laye 3
" I l { | ] C d-a’ 3'6\/ O\'\i_an\r_ 14 a\le’ .
— | i I 5 JI MU B silhas above, thawed, | 7
- ] [ I ! ! s 1| [oL] F asusdaar motlets cnd -
g ! : i ' s F Sne oraanics ]
- | i i } ! o L = -
- [ = i i i - C 3
- - ; z - L -
— ‘ - | ‘ o — ol .
f T k] C .
S 2 =t - ]
- | i | 1 ! a3 [ olive brown clayey aravelly .
- 4 = = . . ~ . p
C ! ' ! A v sc —  siit and sed V€Y weT —
- ] | I | 4 4 - p
- | [ | I g ] N 2 ]
- A - o
r | A 4 s B
F I bunrdant “ - 2] " .
o Secpage Pelow < 3 L red-brown <liakdly qravell <
. | 2.l m ]| lep g n €ghly 3 7 —
- | 2 3 L SAND | p
C | ] ] C 3
F : | ! - —  (uotos 19 L 20) -
3 : . R END (2.8m) 3
o b - (Pt Cad'mss =
| 1 | 3 - -]
= - - -
o I l : - —
C p ™ 3
: | ] j : B
. LEGEND 3 o ]
E Gs GRAINSIZE TESTING 3 C ]
o | C COMPACTION TEST _3 L 3
- | 0 OISTURBED SAMPLE R L 7
» | [ @ UNDISTURBED SAMPLE . C 3
S I w_ LIQUID LIMIT 3 o =
o | wp PLASTIC LIMIT p C 3
- [ ] o 3




(=1e)

,_ -~ —
C LD

STEFFEN ROBERTSON & KIRSTEN

Consulting Engineers

TEST PIT NO.
o5

PROJECT CURRAGH eEoURCES,

it’/ LOG OF TEST PIT

Location _ MANGOZ TS NASTZ SUIM2 VANGOZDA  WASTE puM>
(SECParr POr)C MO [ = DATE MAY 11 1990
~AUE AT RIGHT APUTMELT METHOD 2ArLHOE £ ZAT 2350
INSPECTOR 2.C. OLALIZON
3 REMARKS © TEST PIT LOG z3:
WATER CONTENT (%) a3 s3
0 20 30 40 30 a & TOP OF PIT ELEV. £
C ! ]' 11| 7= C moet 3
o i 3 C_ ced-brown , clayey sandy silt 3
: ! | 3 _"2:‘ [ \ith abundan! roctlets  occasionai 3
= ] ! 7 L well-rounded cobbies and n
- _ | i | _ . . | |y Lo | Bouisers = 30cm dia -
L | 1 1 MCIﬁfUre centenT I BEe - ’ m: Frozen . ro stl-b‘t. eceens e, n
i I - : _ :
C 3 E red-crour Shisriy sitty  Saed, .
r | | | 3 c? - rea J.O‘J,ﬁ'. L v )l;[ . / .
- | | [ n en| [ ogrevel wibn occacisnal’ cobdles | 1
) ' a1 — Fozen , Vigible ice in iatersTiies
F—T— T 3| || | bebmeen sebples . 3
SN JEd B == — —10
b= ' 1 | ! \ ': - - . . -
L i ! | w ] — red-brown sanci i\:raxlcl =
L [ z ; a 3 - and cobblec | ary, =
C T i ! | 53 - ierersiach. lavermd waite I
o - - = b - . b -
F__ 5 ! ! g ] @ warl T Zeiru .
- ! , | ] c 3 o -f-;:a/; ‘grami Fraa TErM ]
- s | . =3 B n & < o / :
o i | I : ! a ] o ke FDew D4, n
— | ; ] ! ! o — — ¢ s N —
N i i I ] - ames 21422) 3
- ! ) i | ! <4 4 - ~
s ! [ | ] a - 20 3
C T ¢ 3 o 3
o T = o 3
S —— ¥ : ;
- ! ' n - .
[— — N —
o ! . o 3
L | ‘ - L. -
- . - - -4
[ ' e — =
" ! : 2 =
| ! ! 2 C_ Sloce- staired sliartly sord, 3
- - - - . ——
- ‘ ERNlcly E acase] € 35%, passing #1100 3
B - ~ . L Bl -l
- Seepace ot Rp F _ :1 L gliawsly moist . po e 30
. & BN b E T (Hl\ surace dizg tavards south)
- PocxsrAl  TORE 5 - — ] 3
u (42D VANE CF) ] Bl blue-4rey clagey aravelly sitand 4
- 25, e ] F sand | moist | sHE .
: ( remo;«\a«;n : : :
ul LEGEND 3 ol { PHOTO 23\ _
- Gs GRAINSIZE TESTING 3 5 3
- C COMPACTION TEST e - END (32.5m) 3
- O DOISTURBED SAMPLE - - : B
o B UNOISTURBED SAMPLE p N 3
ol w_ LIQUID LIMIT . o 3
o T Wp PLASTIC LIMIT p o 3
: V | [ 3




PREPARLOD BY

peme=r STEFFEN ROBERTSON & KIRSTEN
GEOTECHNICAL AND MINING ENGINEERS

CLIENT c¢uRAGH RESOURCES INC.

TEST HOLE NO.

PROJECT VANGORZDA

DH-%0 - |

JO8 NO. 60627

SHEET | OF 2

DATES DRILLED JuN 2-4, 1SS

PREPARED BY -0

DRILLER ADVANCET (= ¥osT)

" INSPECTOR pco

LOCATION

CLITTLE c2Z22¢’ COLLECTION POND S\TE - MID-CHANNEL

COOROINATES 3049 2 N 135(21mE _ (Locs. Gz TOP OF HOLE ELEVATION 1104.23m

LOG OF TEST BORING

wlblaE sly
PENETRATION (BLOWS/FT) [28] p|¥ REMARKS AND  ° <N o
x3 w KS ol re
8 WATER CONTENT (%) ,&,: é g LAB TESTING 2 ] E DRILLING LOG :§
~N a O~
0 10 20 30 4 50 B |2 HE (B
[ Y DNajx O -
- A ALL: \n'5h1" Drown s‘.isthy -
i < 5/7/% i rd and gravel ]
[ | 6l | _sitysargandgrvel ]
b - o -
- | L 5 ]
r B B ; Jeltly et d ]
[ red- brown greielly silty sar N
A I I (go-220’; .
b o l - -
— — Wi - . 10 —
R resd -brans (oaree sard € crniel (GPaw
o —~ ’ o 2 n =
: ., : | [ELY4 [ med. Brewr .crey ci.r,\\{.?-/ 5..51 :
- .}'_. i ercje | o7 few ~
B wl o PO - = -
-3 L -'.2 ~— P N - ;.._ a -
~ 1= o — — ~e5. oi've arey silfy sord, 1S
[ : v } —— poor seal 3 *{'zo.". frece of cioy Tirm, ot (S .
- 4 el
i J L[] (benionire pinaaed - - - - — = = = T == =]
A : ‘ bir during int;‘.a\laﬁ'cn\4 7' [Tl med grey sligiy ¢ djey )
C s L - %L sity crame’ly sard, roist, ]
L 8 derse (M) 8
[ wi [ET || [ ]
- ~ - 12 N S R iy 0 —
o <) o B PRang 99t sl Deeses ol 20
[ - >S50 "\f =1 [ I cBle T med. crey ghshﬂ clayey Gty 7]
L 4 -E! 1 G < e {100k cand moist xf , Minof arovel
g 1 [E I (s ]
L k! 4
L =t - 4
S .I= e - ) ‘ Zé;. ]
- . - L2 . e ! Pegb‘f; on Y - .—
F »0 . Eil o mea. eres ‘s'ﬁ‘g'n‘”’ cavjey e
" -E’ i 8 B oL siky areuctly card, moist, .
L J=1 vers cerse €3N -
g &l o|[[2. [ [pevpics + mez crey iy senvelly; ]
i 15_ L SC\'f‘d‘/ St v (M\.'C\-) J B
- RN S s 20
3 o 168 o ik cné -
S : e AICH § S ‘ -
- £0 // n " s mee. 2 ff— 2 ’ler~ ¢=TE ]
- /- 907, clar oz 30T ! s
L %. S (C-\L-C'.\ -
. - g } ]
i InZ 25 o
C CONSOLIDATION TEST
LOSS < PACKER
_ L%t T TRIAXAL TEST ol [
CONSTANT W SEAL A ATTERBERG LIMITS .
[T] c=== sazze. GRAVEL FILTER . .o\ siZE TRICONE BULK
{ R GAIN > PIEZOMETER CUTTINGS SAMPLE
= TIP D DOIRECT SHEAR




PREPARED DY

:Wf—e_%srsrren ROBERTSON & KIRSTEN
\ GEOTECHNICAL AND MINING ENGINEERS

CLIENT currAGH KESOURCES INC.

TEST HOLE NO.

PROJECT VANGORDA

DH-90 -1\

JOB NO. 60627

SHEET 2 OF 2 .

DATES DRILLED JuLN 2-4 1990

PREPARED 8Y Bco

DRILLER AOVANCED' (F KosT)

- INSPECTOR RcCo

LOCATION "L|TTLE ¢REEK " COLLECTION POND S\ITE |, MID - CHANNEL
COORDINATES 2049 234m N 12513.72mE  (LOCAL) TOP OF HOLE ELEVATION 1104 23 m
o Bol B|E g :
PENETRATION (BLOWS/FT 4= - REMARKS AND =iz 3
> 3 w
8 WATER CONTENT (%) g § H LAB TESTING EHE g ORILLING LOG 5;'
o N 2 Ix
O 1 20 30 40 S0 o |g|T 23 o
M J : -' 2’2_5 ° ¢ - :
b J— »50 -r ' l28.5l 49.0J’° . med. 4o dark arey gravelly ]
- i ! 2B L sandy silt and clay,very shff, 1
3 s . ) i
- 4 & s sC ©% roist (Gc-cL) ]
: i | 12 "'—\5'\' cettics + med. crey g_(ovei\y] 4
a3 u (o] |sity elay  (ci-cn) an
i »50 i 4« Bn [ mea.fodorkarey gravelly 7
X 5 Goo%}F ity ciay,mirer sard ver;shff | 1
I moi o {@e-2a) 7
b N . r l5 . A N
[ E N 18" L [tesbiee - darearey zcavelly Si\‘-\JJ .
[ i{ g (s0%.: [c‘a\,l (cuL-ery Zz i
[ >50 . 16 B2 | derc grey grawiy siitand B
r T e C"C\\I very sHiff , rost (ac) -
- L -
F o V1 +9” I |cezbies wiin (oahina of dar"r.] B
[ L N A LY .
[ : 26—
— = . I derk grey <erd g«cwc”\, < H -
[ L 18 '5(907- and clay. v. R meist (GC-cHY A
- i i END (5V6") 3
- - = g2
- B
: - ol j
- | - ]
- | i ]
C ]
; " i :
PACKER C CONSOLIDATION TEST
LOSS - N SPUIT
I « 7Y T TRIAXIAL TEST A QLL‘:ES P} SpooN
CONSTANT V¥ SEAL A ATTERBERG LIMITS . '
(OCT E2RREL GRAVEL FILTER [i] TRICONE M BULK
GRAIN SI
B TIP D DIRECT SHEAR




CURPAGH PEROURCES INC .
NANGORDA  COLLECTION PN .

L CB27
oo AY ouy 195

FALLING HEAD TERT — . DH-%0-|
Daie of test: . July 5, 1990

Del;-f-}\ - “z)p of Fd sectide ,

Leraih of 4md s.gc‘ﬁOﬂ,L " 448 m

Ceptn m stvic Waler level Hw 1 L.oom

Zotemole radius, B 1 4445 e
Cosra rediue ¢ ! IS em
- )
- .06 m

Time (<) Cepth o wors fop) Evercs ‘f‘-“-".’f.)b_t‘/_f_w_)
o) o) 1Ok
) PR 56 45
s < 4
e 4 22
T- 77 z2s
po) L 27
180 sL 24
245 ge. s 215
200 56 yie)
260 £9 17
B45 54 T
600 s 9.5
J20 ) T
Soo lo2 4
1200 o4 z
iob O

A\ deptn measured fom

b ol casipn
<



L0627

— - e

1J ..

e e e}
S —

i
ith _ | | |
A1 L _ i | __
. | !
WL L ;_r I
. . i
| A
A_ Ll L B O O O N 111 iR L
aid
N
1H . .
L LI N Y Y O B S A e 1 ]
] !
]
|
!
i : _ i
HHRUNT R J e ]
2 | _ i
I at
| !
HILLIER 1 _ ] 1 i b L
i 1l il
: {s
! | | ““ _
| fl
il fit R :
L HII IS AR : i _ tH 11 A, ! !
{ } { | { ] | I | i ] | | | ' ! ! '
[} | t | 1 | ] ] i | | | + [I's 3 ~ 0 n LTS
1 | | ) | loo oo ~ © [Te} L3 ™ o~ —
[« LT o B o [Ve} m (] — o

My o

YEAN By O HFST W BRI
AR LAY RS P LA BN TTEN B B R A O VR g Ny

01RG 9¢%

¢
N

o~
'~

~00

(}

~y



PREPARED BY

peesmre STEFFEN ROBERTSON & KIRSTEN
\‘ 4 GEOTECHNICAL AND MINING ENGINEERS
Vv . .

CLIENT CuRRAGH RESoUeCczs INc .| TEST HOLE NO.
PROJECT VANGORDA DEVziopMeNT | PH-90C-2
JOB NO. b0e21 SHEET | OF )
DATES DRILLED JuiN 1é&2 990 PREPARED BY

DRILLER ApvVANCED (7 kosT) * INSPECTOR 2¢ >

LOCATION PROPOSED COLLECTION POND SITE | RIGFPT ABUTMENT
COORDINATES Z(10.Sm N 35200 mE  (LOCAL) TOP OF HOLE ELEVATION 1|107.76 m
- ;«g_} z sfe
PENETRATION (BLOWS o9 - REMA >{, zm
S W RKS AND -l -
8 WATER CONTENT (%) 3| & |3 LAB TESTING  Sluf$ DRILLING LOG sy
‘ 4 o 1': 1 -
o o 20 30 4 S0 [ |FF| HEL 5
L i 3/1/% -
L ! - a{1]90 - TILL: ]
- | s/1{% N n
- T °/1/% | med. olive trown slighti; clayey -
[ e [ 5;‘._-:\, amvcl!.l sard moict firm - -
= ) )
L 3 - T (stA ]
- " = " £ ]
- & 2 - | Zecoble frmamenis 2 ) 3".r'o.r.:ﬂ .
L = | oiive brown slight!y cloyey silty .
[ 8 i [ grauelly sand B
o ‘ - b -
b i -4
T = i B oliee DFOWN sancly grave’'y silt ic -]
[ T = L ard clay (s¢-¢c- _.
: ; - « F[eniy cleon $ubanjular pebolecs ]
- e | " \recovered | cear.T27dra. B .
[ i i ' [ med.crey clajr, <itty nez,ell) Soec 3
£ L ‘+ Sem  (SpM-ML) TiLL .
i 8 l'f:g‘,eaz:z» pebbles, max 2" N
[ - w' F ]
C B (419.] )
- 24 . 4" med. qrey gravelly sity sand | minor A
- F e— poct Seal - ) - .
- f f_. (ver-znite pluaacd (0] €Y shff moist Tiee (M) 20 -
- I N bt du(mj incdatlation) <
[ ,;j_ ~ . g8 L ‘_<!ea» pebbles  war. Z: N
5 EL ‘8. -44, 2 45‘5 /u -’ (301 B
; S - 12 é Xy [ I'°‘ i l 8" ~ med'ﬂ“’?’ clayey sildy zrovelly ]
D ( B= . > = ]
- x| B e s sc BB havof cand TiLL, HfF, moist (sC) 25
g Ef ¢ r ]
- 7 (5T - . N
r 4 SH . | med.grey clajey stivy eraveily R
- _3}_ S 4‘{407:_5.:'\6 TILL stff, mesr (5C) 24 _]
[ el X . ]
F B (re comsic 410 ) a7y = ore 2" cobrie Fra:wen\ ]
- =18 = b=
[ L b med grey cloyey silty grcvc”sf sars ]
- 23 ", 4" 1 1L (SM- SC ]
L L Top 10" washed 1 A = \ ]
NP 3= —-—
PACKER C CONSOLIDATION TEST -
LOSS <« [5EF PITCHER [ SPUT
a T TRIAXIAL TEST SAMPLE A SPOON
CONSTANT ¥ SEAV‘_-E cireq A ATTERBERG LmiTs
CORE 2ARNE. (E¥] GRAVEL TRICONE BULK
m T E GAIN > PIEZOMETER G GRAIN SIZE CUTTINGS |\ SAMPLE
i 5 TIP D CIRECT SHEAR




CURBAGH RESOURCES INC.. . ez
VANGORDA COLLE(TION FPOND . o o duet 1990

FALLNG HED TET DH -90- 2

Dhe ot kst Juy 5 ses I
27‘2’ sty ol wed sechont TIo' Fae sroued s.xriam\

_evalls of -'r's.‘ e 22226 (.79 ,,:\ A ciel_;i‘—Ls
E{.‘D;“. " —1'7“-&. w.’*ig leve ‘ v, ” 3 % v : mes S ‘?‘/Or»
Zacevle redus B (¥38h) 7 327 em +p o casie
Cosiis, fedivs, € 115 cm wnlos s iy edize
Z st heosd {,\nc . 0.48m ' ket

f:-( Sha i gt i\

Tirep! =.\; e b \.-‘é-lfr (CM) Lroees sz ; ‘T‘«'r. (:M.\' . 2

e = e e

) o . =
' @ 20 0.625
2= 25 1z 8. 4%
e 2% P 5. 4D
- > 4 .12
B i 2 6. 72
20 Es 1o 0.2
152 EX S 5.9
|80 4o 2 o .17
=40 AL Z o.12%
22 425 5 0.1is
22 43 5 0.104
459 25 45 0,05
=2 45 E 0.003
1 “5 25 0.052
722 455 25 0.252
oo e 2 6.04 7
o0 425 15 £.03)
3 oc = |
~4co 415 05
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orcoanco ov CLIENT curpAGH PESOURCES INc . | TEST HOLE NO.
.—_—_—e:—yf,_—_.—ESTEFFEN ROBERTSON & KIRSTEN|PROJECT  VANGORDA DH-90 -3
c p
\/ GEOTECHNICAL AND MINING Em':meens JOB NO. 60625 SHEET | OF 2
DATES ORILLED JULY 4-T, I12€O PREPARED BY gco
DRILLER ADVANCED ‘(F. YosT) " INSPECTOR Rco
LOCATION “L\TTLE CZ2SK” COLLELTON PONT SI\TE LEFT ARUTVENT
COORDINATES 2980 .4 mN 125052 wie (Local) TOP OF HOLE ELEVATION  |1757. 89 m
PENETRATION (BLOWS/FT) [28] i |¥ zl>
5 w REMARKS AND -l IF
8 WATER CONTENT (%) |3 HE LAB TESTING S8 u DRILLING LOG ¥
N Q
0 0 20 30 40 S0 o |g|u 2l3ls e=
alja Nin|lx
C | 2 e/7[e0 ! Titz: light olive brown silly 0 -
- clayey gravelly sand, (SM’S(-\ _'1*
[ - - moderaie plasheity, -
- L - 5 very wet, deesc ]
- = chies oniy] h
o 24 43,5 % ‘ b= v =
C B §4.1, ‘77,7 B liaht olive bBrown clavey S —
L (O] I '] } 3 12" : + (qvel\y sand ( &MY ]
N [~ - \r $|‘ s ’ -4
| o G S SC = (‘71‘1- Ve;‘li Wc* :
3 B 4 H a [Peb'c:e‘ cni\,—l (O-—_:
o - - -
; ! 5 1 ]
- = £ - Teatzecd -3 'cla war unss ] ]
- 19101, r . ,
- 3 |Lotive brown coyes i3 ~
: N 6 o' T - s ity <pmr e af 1
1269, cear ?e:bes NI —TRLEL QY 1
:" - e é ° L?re\{.emwr oidy clay iz —-'
- - - — — — — —— = — — 4
- i 2 (‘:sV‘ TiL-. dark grey sandy graveily sitt -
L =T and clc\y,ﬁm to sHiff, moist h
- L 5 (sc-cA) 7]
[ 5 8 ?4' L [dor\( grey sitty clay (CH) h
& YA and pebbles 76 ]
= H . - 20 —
C i 211 éisel [_-pebb\es oniy] h
[ L o B4% 'L derk ¢rey sardy gravelly s i
: . E(SBV.: clay, moist ‘n‘frg o shie HY(CH) <
L 4 3 h
[ ¢ T l(;.,\) I Eﬁary arey gravelly cay(cH) ] 3
- - - 5 L < ]
[ ‘“'liq S.l 54.04 2 A:«‘.TT;V.‘,, [c'.ea" sevbles onlq] 2_'_' -
[ o ? 5 3 2 Edu” der< arey sardy arcuelly clay -
[ Bl & S c (&0, rad. Eh'\{:a pasncty, mc?s&, ’ N
S B o . $T'.'.’£ (4
C EL %= Exi0 cemis ' flite’ L ipetbies with ard gre c\a\']c " ?
- HI (fallire head 1est ) S g ]
g a1 - — . 2c—
: gl sPur | daccarey crouely sandy ]
[ _'é P clay, <HEf, rost (=) R
5 g I 16 i ]
[ 1 i _ 3
28 =
PACKER C CONSOLIDATION TEST
Loss 4 | ¥ PITCHER SPLIT
A T TRIAXIAL TEST SAMPLE 2PGON
ooz zirze,  CONSTANT W SEAL A ATTERBERG LIMITS
_i_ cinoiE GRAVEL FILTER ¢ Grain size TRICONE BULK
GAIN » PIEZOMETER CUTTINGS SAMPLE
TIP D OIRECT SHEAR




CLIENT CURRAGH RESOURLES INC. TEST HOLE NO.
PREPARED BY - -
ey ] pmmeme STEFFEN ROBERTSON & KIRSTEN|PROJECT  VANGORPA DH-20-3
\ GEOTECHNICAL AND MINING ENGINEERS JOB NO. 062 SHEET 2 OF 2
' DATES ORILLED JuLN 4-5,1930 PREPARED BY Rco
DRILLER ATVANCES (F KosT) * INSPECTOR R=CO
LOCATION

COORDINATES 2980 . 4mN 12805 2 mE  (_aca .y  TOP OF HOLE ELEVATION [(10T7.89 m

LOG OF TEST BORING

w | =12 o
PENETRATION (BLOWS/FT) |oa| & |¥ z[3, £
g2 REMARKS AND - =
8 WATER CONTENT (%) [, 3] & '§ LAB Brssérms 33§ DRILLING LOG Eg
+3 XN ; alo o~
0o o 20 30 4 s0 [ [%|Y¥ E{E{H
‘ dark grey very clay ravelly sand 35 =3
T ot till,moist verydense  (5¢-CH) :
i - END (36.5") ]
[ I I ]
- - L -
L. = - -
: i i ]
[ i i 1
i i [ ]
PACKER C CONSOLIDATION TEST
LOSS < PLIT
i [ ¥ T TRIAXIAL TEST B ER lgpo(m
CONSTANT W SEAV'-E cireq A ATTERBERG LmiTS .
%] GRAVEL FIL TRICONE BUL
GAN PEZOMETER ~ © CRAINSIZE E] CUTTINGS N SAMPLE
TP D DIRECT SHEAR




.....

CURPAGH BESOURES INC. L. . .. ... . E0B2ZT ..
o Lz du189)

| VANGORDA COLLEZTION FOND. . . . .. . e

FALLING HBD TE&T pH-20-3 X
S _ A Aemidn . T
Dok of dexd: July 6,990 gl pre cavies
e iadmg o ] Rt 24 Dtz sure it S
,e—-, R U 1 U (E.ESM \ rel
:pp\:,\ L udler befe daclof ezt t 14w
{ s\ e o el vag <hidlized \,e{\
Svere Padionp 0 () 2Blem
Zozien ol S 115 em
Lorre peoed e = boidm
ot & e
—_ . | - ; r/,
e 1= Depth = warclem)  Ewesshasd pelem) ‘ne
o o W& I
1o a "2 0.99
a3 5 12 . 2.C¢
: 6> 4 37 0.5¢
fe > 0 ne 3.2!
249 A 28 2.85
0 735 0.5 7%
28> 29 as ©.75
520 5 79 2.5
12¢ 40 4 0.65 |
8z 4 42 ) J2.¢]
92> 40 53 2.21
‘aas 53 A 0.c4
1222 25 515 5.50
210 4 =0 5.e4
122 ) 70 44 c29
21¢0 5 > .24
7400 58] 24 .20
pte?) &4 20 Sz
Zzzs 88 26 2.22
7o €05 24 o2\
20 925 24 o.19
2527 2 b o4
Z7220 ‘a2 i C.Co%e
) LA 8 .07
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CLIENT CURRAGH RESOURCES INc . | TEST HOLE NO.
PREPARED BY
%srmm ROBERTSON & KIRSTEN|PROJECT VANGORCA DH-20-4
\/ -csorscm«cu AND MINING ENGINEERS JO8 NO. 60627 SHEET \ OF |
: DATES DRILLED 28 JUNE 1990 PREPARED BY Rco
DRILLER  ADVANCES (F KosT ) * INSPECTOR R M
LOCATION “LiTTLZ ¢REEX" COLLECTON POND SITE
COORDINATES 2045 \Tm N 12 528.5' mE (LocaL)  TOP OF HOLE ELEVATION (|08.85 m
PENETRATION (BLOWS/FT) g2 g g gk
(=3 [ > s
35 w REMARKS AND Ll I r
N a -
0o b 20 30 4 S0 [ |F|¥ 33 °
[ 4 o -
r | FiLL: ligh' yelion-brown o
I i sikty araveily card  (SP-2M)y ]
[ i £ I h
A - 9" [ dare brown gitty acaietiy sand ]
:— — QAN 5‘—-
[ B A . T Sark rawr ;‘.m‘n‘t‘-sf ciily capd 2 =
- - : 6(33%,- aed seaied = (G7-am) .
2 L + F éar'e Bmir €7 easd eed wnied . :
[ 8 tosyl ’ VR AN
~ [fera - i [ \Z =
s ] i . -
. s 3 [Pe'c'::\fs of-.;y; iton oxide staimng If 4
- | 5 L I
[ 8 i [ 7 ]
~ — - pecbles; traces of med.grey 20 —
L 5 6 + clayey silt h
[ X 1] A ]
[ i 8* [ TiLL: dark grey clayey amvelly h
L I 7 (100} sardy silt, very SHi4¢ n
[ - L (sC4 cL-ML) 28]
[ >5¢ i w' I dark areyy very clajey grc\ve\l.l ]
[ - € ldooan | gt (-t is CRY 4
- — . No sam:\iﬂ.:\) pelow 285" 30 -]
r A | orilled to Bo b
! /\/ Sedrect rot encountered,
C B i \ ]
C CONSOLIDATION TEST e L2 >0
PACKER NSOL! I S
LosS <« B T TRIAXIAL TEST PITCHER SPLIT
; Y SEA SAMPLE SPOON
CONSTANT ¥ SEAL A ATTERBERG LMITS .
[2¥] GRAVEL FILT TRICONE BULK
GAIN » PIEZOMETER G GRAIN SIZE E] CUTTINGS SAMPLE
z TIP D CIRECT SHEAR
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S| TTLE ¢CRESX" SI\TE

STEFFEN ROBERTSON & KIRSTEN

Consulting Engineers

LOG OF TEST PIT
procer 60627~ VANGORDA

czcPAGE coLLECTION POND

LOCATION

TEST PIT NO.

90 -30

Illllllllllllllllil LB R

LEGEND

Gs .GRAINSIZE TESTING
C COMPACTION TEST

0 OISTURBED SAMPLE
3 UNOISTURBED SAMPLE
w_ LQuio LMt

Wp PLASTIC LIMIT

lrlllllll]l"llllll

siiey clay e,

no elidenrce of froet
ice .

DATE 7 JULY 1990
wernoo _ BACKHOE  (CAT 7258\

2z I~ N 12 897, 3mE (LocaL &2:D) inspecToR <. C . OLAUSON
3 REMARKS o TEST PIT LOG =
WATER CONTENT(%) 33 3 &3
10 20 30 40 %0 o & ToP OF PIT ELEV, 109.84 X of
r | ! 1] | P& C moss ]
[ | I _: M Lvery paie trown o white sandy 3
B B L F st loose, motet B
3 E 3 :
F_ 1 1 1] 3 A 3
N A S S S 5 o :
- i 4.8 549 427 3 o 3
C ] - .
F ol | | L I 4 3 [oF .
i | ! &G s ¢ 7 o -
E l : ; ' -:- :- mecdiin rea-brown s(az;e) :_-
C | , 3 F_ard coarze-afaired s6rd, | 3
o N B R : 7 f ~oiz derse <57, siltard 3
C [ [ ] [ w C 3
- : l I — ap — c.ay , Cgprox. 10's > 1S mm dia .,
S , ! Z E - rax 0.2m dia, .
— ' ! | [ 2 o —
U N e < 3 2 .
S I R R : 3 3 =
- | I ! i a - - 3
- | ! ] ) | < - o 3
- , < 7 - .
nd B ' ° - =
N 2 3 - 1
F_ 1] = 3 2 3
| o o ]
w -
C ¢ 3 C -
- z - .
- l 23 L -
-1 3 o :
- ' - - -
- 3 2 =
F : 44.8 52.0 3.2% 3 = 3
C L | Iy ] o 3
- G S Sc - pe -
- —‘# <z . = ) 2
b . — a:_ . ! C s
asurdaci seccone 3 &L dcre prowin ccare 5
- 4 L card arcd el .
. v TiLL . olive br::ow'n graveliy 3

END (£22a)

Conret cound deping below
2.8w, due T glevn'a

il moderare
5 righ p'osiudy ,cold o touts

or €xXtess’

111111141
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STEFFEN ROBERTSON & KIRSTEN

Consulting Engineers

LOG OF TEST PIT
prosecy 00627 — VANGORDA

TEST A17T

90 - 3|

NO.

’
LOCATION ¢ ! LE szl $\"\'E S CoL ZCTON NT
DATE T JLN 19eo
METHOO BACKHOE (AT 235'\
nspecTor 2. C . OLAUSON
3 REMARKS TEST PIT LOG 3
WATER CONTENT (%) a3 &3
10 20 30 40 %0 o £ TOP OF PIT ELEV. os
F p E .
C R r ]
- ] X ]
- E E olive brown gretelly, sardi - | 3
F : ; b Gk and clay Fill, weii-arnded, ]
- ' I 3 LT_.I:‘ molet , €Ense  Ssome 7
- 1115¢C C Bouleers wp to Il aia. 5
L - -
- | | | | < L ]
= - - -
s [ | | | ] o :
- - - =3 e
- i f | ! 3 ] o .
ol ' | i ! I '_“:_: F 5 3
- oo 149 40.0 4517 7 1 : -
C A LL | [ 21 - -
— : [ | { & ¢ £ 9 — — -
r___ | ! : ! | srece of < ] - -
N I i ' L seeprce . RIE =ec crey zcrc. croie v 4
o | ! | | i - @ - <c L o & avrd "“"l +\\, we-aracer, B
- i i i I I < 7 - wet.oerse =
- : I T 1 -
1 i T A4 ]
- 1 2 3 C ENE (45m> .
- L a3 =3 s 3
- ’ a 3 - R
= w L .
- l: - - _—:
L z 7] — -
b 2 4 - -
o 3 o .
il J o 4
- ; : ]
- - L -
= —— — —
=3 R o B
o - o -1
- = - =
o - - -
- -3 - ]
- ] 1 - 3]
C
C LEGEND J C_ —
. Gs .GRAINSIZE TESTING E L 3
- ¢ CCMPACTION TEST e 3 ) B
- ] 0 DOISTURBED SAMPLE n N :
C [ B  UNDISTURBED SAMPLE - 3
— | w, LIQUID LIMIT . ol —
- i ] Wp PLASTIC LIMIT p N .
C | p s »




TEST PIT NO.

STEFFEN ROBERTSON & KIRSTEN '
% Consulting Engineers ©0-22
LOG OF TEST PIT
prouect HO627~- VANGOREA
ZZPALT (OLLECTICN POND

CLITTLE ¢REEK SITE

LOCATION
DATE T Uy 1990
METHOO BACKHOE (cAT 23581

2222.2mN 13520.TmE_(LoCAL auD) INSPECTOR R.C. OLAUSON
z REMARKS \&' TEST PIT LOG =3
WATER CONTENT(%) &3 3 w3
0 20 30 40 _ %0 o & TOP OF PIT ELEV. 104 6D ) iof
o l - N B
C J| " F ToPsolL 3
- | =  red. brown clean wecium-—o 3
C . | 3 [ cozme—ara ‘red canc 0o, .
| I —1 [P - eqmaraled ,occozioral lo«\{er* e
F l . F of dark ara/ sily ]
- J o a ]
- 3 o -
- | | | azundart ] i .. » -7
— | I | | secgnae below O.9m - - (€0 - ofon med.- o (ORS- ) J
~ | ] | ] | ~ 3z ] <p - Cr’“he"‘ "Qfd 'oose, .
- | ] | | e F catursred -
F_ ! - 5 3
- } ' ] i : 4 = =
- o0 1 5 3 C . o i
- ' | | | i =3 Vet A-] gl AN IS R gi'e ol .
- ' i ! ! 2 L caed zo. aDurczss E
C ! ' ' ' ! o 3 [ oraanaiti :
S ' S3ller| £~ 3
- - B 3 3 o 3
- ] 1N I e 3 - »
o 3 C. 2 3
F o ] n ]
= w 3 o :
- W - b -
- Z - .
L 3> ] C 3
o ‘ 3 ol 3
- l 3 C medium Srown rxome- araieed
u ] L sand and aravei ,_.A*umre:l 3
= — - o s ——
- - - 3
S EHEZ NS 3
C p C 3
- - = —
[ 3 - =
- ] - 3
il LEGENOD - o e
- N .
C 7T — | = |— |— 1 Gs+_GRAINSIZE IESTING ___ _E_ 4+ | - — — T
o | € CCMPACTION TEST _: cHw m-‘ru_-_‘. hch' ohve 4re/ <cmd~/ _3
N {0 OISTURBED SAMPLE - R rf-Jei\Y day, we4 :o~ JT\(P‘\ .
o B UNOISTURSBED SAMPLE R C .rr'au\af ircivCicns of \eon cari =
= I Wi LIQUID LIMIT — - (a 7}@, dicconfirdens) —]
. i | Wp PLASTIC LIMIT 3 C o _ 3

S . s END (f25m)

CerroT €04rA geping ceiow

2 m dur to slouan .
'



STEFFEN ROBERTSON & KIRSTEN :
w Consuiting Enqineers Q0- 272
, LOG OF TEST PIT

TEST PIT NO.

provecT 60627 - VANEGEORIA
STTIAAC. COLLECNAN POND

“UITTLE CREEX ' SITE

trace of sceiae ——

w

riror Zeecade
> s

rotiiec arey and Srewn

LEGEND ' -
Sansin a;rcl.'le\ly cleny -.-\H)
: ~

LOCATION
0ATE LY 19990
wernoo __BACKUOE  (¢AT 225B)

200z EmN__ 12447 OmE ([ LOCAL G2ID) nspecToR R € CLAUSCN
3 REMARKS TEST PIT LOG =3
WATER CONTENT(%) a3 “l
0 20 30 40 %0 @£ TOP OF PIT ELEV. 110I1.28 o¢
| g 3
PL - moss 3
: E
C. dark brown organic sidy, 4
! I ‘ m: clayey sand | moisi, fmren ]
: | : oL _:__ acove 0.4 m =
I - 5‘
| ] L 3
i [ | I 3
4
! ! 4
i ‘ ' olive brown c\.o\,e\/ sardy 'j
: I : | : § gt i, miror 5(.1-1:'!"»:‘6‘:; _?1
i | ! | 2 sor 5
: i | -
: : : | { s seccw cn Aciec W deste 3
i ! i l l < pradcn o~ 2ody ginye =
; ; J el ¢ ]
: I ’ | I < croye  Sard 3
? | | | i @ 3 p E
L ' 1 cold o touch, sut ro :
: } : 1' . eviderce of frest B
' - -
I ] | 4 2 e
' Q SC— :
w —
E =
z -y
: -
7

Gs .GRAINSIZE TESTING

¢ CCMPACTION TEST

{0 DOISTURSED SAMPLE CH ace  comewhal candier,

8  UNOISTURBED SAMPLE

-

occaziarcl irreaular Zeres
~t

o

w, LiQuio uiMIT

Wp PLASTIC LIMIT e! rod-LroNn Sroanicl
I p PL = @

LLALLJ_LIIllllllLllllllLJllllllllLllllllllllllllllllllllllll11lJllllllllellllll‘lllllll ll
udi s e

T
rllllllllllillllll'llll[[ll"Illll]ll'lllll'[ll'lI‘lll[llllllllII’llll'llll'lll

llllll"‘lllll[llll lllillrf"[llll]l1l11lflll'I'll'lllllﬂllllllllll_lll]l!lllllllll]lllilllllllllll
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WATER COLLECTION PIPELINE CLIENT: COMINCO ENGINEERING SERV. LID. BOREHOLE No.  10373-02
VANGORDA WASTE DUMP BACKHOE: CAT 235 Project No: 0201-10373
CURRAGH MINE, FARO, YT UTM ZONE: 8 N6903060.00 E593650.00 | ELEVATION 1108.00 (m)
SAMPLE TYPE [l GRA8 SAWPLE [ /]NO RECOVERY (<] STANDARD PEN. = 75 mm SPOON (][] 75 mm CRREL (1] 100 mm crrEL
W STANCARD PENETRATION® |,
EE|Z SOIL A PERCENT GRAVEL & =
= il 4| ysc T E
5= & u =
& 32 DESCRIPTION PUSTC MG Lo 0 40 60 8 &
S| b * — & PERCENT FINES + e
20 40 60 8 0 40 60 80
0.0 ORGANIC ROOT MAT and organic silt, Tight Po1 ] P11l A A X
brown, seasongl frost to 0.4 m
- water flowing in pit at base of 5
seasonal frost
i SILI{TILL) - sandy, some gravel, trace of
clay, numerous cobbles and boulders
to 300 mm in diometer, low plostic,
saturated
~ olive brown to 1.5 m, dark grey
below 1.5 m
10 - sides of pit sloughing
2.0
i END OF TESTPIT AT 2.4 m
NOTE: Testpit located at Sta. 0+203
-3.0 10.0
l : -12.0
l—«.o B
-14.0
| R . -16.0
50 I S A N I
| EBA Engineering Consultants Ltd. COMPLETION DEPTH 2.4 m | compLeTE
Whitehorse, Yukon LOGGED BY JRT | owG No. [Page 10t 1




WATER COLLECTION PIPELINE CLIENT: COMINCO ENGINEERING SERV. LID. BOREHOLE No. 10373-03
VANGORDA WASTE DUMP BACKHOE: CAT 235 Project No: 0201-10373
CURRAGH MINE, FARO, YT UTM ZONE: 8 N6903050.00 £593560.00 ELEVATION 1107.21 (m)
SAMPLE TYPE I GR8 SAWPLE  [/]NO RECOVERY  [X] STANDARD PEN. = 75 mm SPOON (75 mm crRreL ™ []] 100 mm cRREL
W STANDARD PENETRATION ® -
— &l o 0 4 608 -
E[El= SOIL, A PERCENT GRAVEL 4 =
- |w 05- USC 20 40 60 80 -
E g PERCENT SAND =
R DESCRIPTION Puie we | "o e | &
el F . — * PERCONT FINES 4
20 4« 60 80 20 40 50 80
0.0 SAND AND GRAVEL - dean, angulor o IR : : T 1 |00
subrounded fragments, cobbles and
boulders throughout, grey
-1.0 ]
4.0
- water seeping into pit at 1.8 m,
sides sloughing
2.0
END OF TESTPIT AT 2.2
NOTE: Testpit located at Sta. 0+300
~ Pit location stripped to about
" 1.4 m depth (sidehill cut)

l—m -10.0
~12.0
r4.0 B
-14.0
-16.0
5.0 I S S O A N A
EBA Engineering Consultants Ltd. COMPLETION DEPTH 2.2 m COMPLETE
Whitehorse, Yukon LOGGED BY JRT DWG NO. Page 1 of 1




WATER COLLECTION PPELINE CLIENT: COMINCO ENGINEERING SERV. LTD. BOREHOLE No. 10373-04
VANGORDA WASTE DUMP BACKHOE: CAT 235 Project No: 0201-10373
CURRAGH MINE, FARO, YT UTM ZONE: 8 N6902980.00 £593460.00 ELEVATION 1106.11 (m)
SAMPLE TYPE [ Ra8 SAWPLE [ /]NO RECOVERY [ STANDARD PEN.  E5J75 mm SPOON  [[[]75 mm CRREL  [] ] 100 mm CRREL
8 STANDARD PENETRATION ®
— |4 o 20 40 80 8 .
EEZ SOIL A PERCENT GRAVEL & =
= | usc V40 60 B0 pa
= |4 B PERCENT SAND =
2E DESCRIPTION moe  we um | omraon, |8
el ' d 1 @ PERCENT FINES ¢
20 0 0 & 0 4060 80
T ORGANIC ROOT MAI — seasonal trost to 0.5 m] @ : : § [ § : S A )
SILT(TILL) - sandy, some grovel, trace of
clay, cobbles and boulders
B throughout, low plastic, damp,
olive brown
1.0
2.0
-0 END OF TESTPIT AT 3.0 m
NOTE: Testpit located at Sta. 0+416.5
-12.0
4.0 B
-14.0
-16.0
50 N L N O I
EBA Engineering Consultants Ltd. COMPLETION OEPTH 3.0 m | compLeTe
Whitehorse, Yukon LOGGED BY JRT [ owG No. [page 1t 1




APPENDIX 2

Laboratory Test Results For Foundation Soils

Steffen Robertson and Kirsten .



PERCENTY FINER THAN

COBBLE SIZE GRAVEL_ SAND SIZES SILT SIZES CLAY SIZES
Cse l Fine Cse[ Medium l Fine
v - SIEVE SIZE
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APPENDIX 3

Laboratory Test Results for Fill Material

Steffen Robertson and Kirsten
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APPENDIX B

As-built Drawings

Steffen Robertson and Kirsten



APPENDIX C

Results of Laboratory Testing

Steffen Robertson and Kirsten
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EBA Engineering Consultants Ltd.

Civil, Geotechnical and Materials Engineers

1990 12 06

Cominco Engineering Services Ltd.
100 - 1200 West 73rd Avenue

Vancouver, B.C. EBA File No: 0201-10441
V6P 6G5S
ATTENTION: Mr. T.D. Lee, P.Eng.
Project Manager
Dear Sir:
Subject: Little Creek Collection Pond

Laboratory and Field Testing Services
Vangorda Dewatering Project
Faro, Yukon

In compliance with your letter of 1990-09-14, EBA Engineering Consultants
Ltd., have provided laboratory and field testing services in support of the
Little creek Collection Dam project. The services were authorized and
directed by your field manager Mr. Keith MacDonald and by your technical
consultant, Steffen Robertson & Kirsten (B.C.) Inc. This letter summarizes
the results of field compaction tests and presents final results from
laboratory permeability testing of the embankment fill material.

COMPACTION TESTING SUMMARY

A total of 56 in situ compaction tests were conducted during five site visits
over the period of 1990-09-14 to 1990-10-09. A1l trips involved travel to the
Faro job site from EBA’s Whitehorse office by Mr. Cord Hamilton, E.I.T. All
compaction test results were issued to yourselves and to Steffen Robertson &
Kirsten Inc. over the afore-mentioned period.

A statistical ana]ys1s f the test results reveals that an average in place
density of 2058 kg/m*® with a standard deviation of 77 kg/m® was observed. This
represents an average compaction level of 95.5% of the Modified Proctor
maximum dry density (ASTM D1557) value that was determined fro the fill

material.

LABORATORY PERMEABILITY TESTING

At the request of Mr. Keith MacDonald, a composite sample of the embankment
fill, obtained from two of the site visits, was submitted to EBA’s Edmonton
laboratory for constant head permeabi]ity testing. The test was conducted at
a constant head of 59.8 kPa (8.7 psi or 20’ of head) and a compacted density
of 1683 kg/m’. The density represents approximately one standard dev1at1on
below the average in situ field density.

The result of this test was a permeability coefficient of:

k= 4.0 x 10 cm/s
A

VY =

3167-3rd Avenue, WHITEHORSE, Yukon, Canada Y1A 1G4

e Teleohone (SG2i 558-3558 ¢ Facsmme Copier (4037 §E5-45-19



020i-10441 - Little Creek Collection Dam, Laboratory & Page 2
December, 1990 Field Testing Services

A grain size curve and modified proctor value were determined for the same
sample and these have been attached for your records. Please note that the
Modified Proctor maximum dry density of this sample was found to be
approximately 1.5% above the value determined earlier; therefore the
permeability test density represents a modified proctor value of 90.5%

I trust this information will be adequate for your records. Should you
require further information or assistance please contact myself at your
convenience.

Yours truly,
EBA Engineering Consultants Ltd.
Ot N
C.R. Hamilton, E.I.T.
cc:  Mr. Peter Healy, Steffen robertson & Kirsten (B.C.) Inc.




EBA Engineering Consultants Ltd.

PARTICLE - SIZE ANALYSIS OF SOILS
s : PERCENTAGE
Project: Little Creek Collection Dam: SIEVE PASSING
Faro, Yukon 3" 99
- 11, ve
Project Number: 0201-10441 2 98
Date Tested: 1990-10-04 1” 98
3, .
Borehole Number: /a 98
1, -
/
Depth: 2 95
- 3/q°
Soil Description: __SAND AND SILT(SM)-some clay, some gravel /8 93
Cu: No. 4 86
Ce: No. 10 77
Naturai Moisture Content: % No. 20 69
Remarks: No. 40 63
No. 60 58
No. 100 53
No. 200 47
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Results of Field Testing

Steffen Robertson and Kirsten
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DENSITY TEST RESULTS
ASTM Designation D2922 & D3017, or D1556

Project No.: 0201-10441 Test Apparatus: NUCLEAR __ Mach. No.: 4004
Project: Little Creek Collection Pond soil Description: SILT{TILL)-sandv, gravelly
Faro, Yukon some clay, grey
Temperature  Air: °C Soil: °C
Client: Cominco Eng. Serv. Ltd. Specified Compaction: 957
Compaction Standard: MODIFIED PROCTOR
ATTH: Mr. Keith Mc Donald Minimum Dry Density:
Maximum Dry Density: 2155 kg’/m3
Optimum M.C.: R.37%
Date Tested: 1990-09-14 By: CRH
Test No. | . . 1% Moisture | Dry Density‘ %
Probe Daz+n Location Elevation o ent Kg/m? |Compaction
1/20C zm Cut off trench 3ta. 2+35 -1.7 m 10.8 12139 i 39.3
‘Life £1 | !
2/20C -zm iCut off trench Sta. 2420 =1.7 = 11.3 2065 | 25.7
Lift #1 l
3/200 ::m Cut off trench Sta. 2+05 ~l.7 m 11.8 2047 i 95.0
tLifr #1 | l
4/2CC m— iCut off trench Sta. 1465 ~1.7 m 11.7 12078 | 56.4
iLift #1 |
; i
| :
i H
I !
|
| ' |
Remarks: zase lift in cut off trench, 0.6 m thick, placed from Stations 1490
£o Z+50
: 1_ ’ . 7 cc
Reviewed By: ;///"4/ /3] /I__/,r.(’_ P.Eng.

The tesung serv.ces reported heren have been performed by an EBA technician to recognized ingustry standards, unless otherwise noted. No
otner warranty 1s —ade. These data do not include or represent any interpretation or opinion of specification compliance of material suitability.

Should engineer.~3

15 _NT/83

interpretation be required, EBA will provide 1t upon written request.
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DENSITY TEST RESULTS
ASTM Designation D2922 & D3017, or D1556

Project No.: 0201-10441 Test Apparatus: UCLEAR Mach. No.: 4004
Project: Little Creek Collection Pond goi pescription: SILT(TILL)-sandv, wravelly
Faro, Yukon some clay, grey
Temperature  Air: °C Soil: °C
Client: Cominco Eng. Serv. Ltd. Specified Compaction: 957%
Compaction Standard: MODIFIED PROCTOR’
ATIN: Mr. Keith McDonald Minimum Ory Density:
Maximum Dry Density: 2155 kg/m3
Optimum M.C.: 8.87%
Date Tested: 1560-06-14 By: CRH
Test No./ | . . 1% Moisture | Dry Density %
Probe Decth Location Elevation | " Lo Ka/m?  |Compaction
3/20C zm 25 m left of centreline 'GRADE I 10.7 11683 i 87.8
‘Sta. 2400 - 4 static passes ! ! [
6/200 z=n ‘25 m left of centreline iIGRADE i 11.1 11653 90.7
iSta. 2400 - b static passes | ;
7/200 mm :25 m left of centrelie iGRADE i 12,1 1919 | 89.0
iSta. 2+00 - 8 static passes i
8/200 mn 25 m left of centreline ‘GRADE 13.0 1899 85.1
|Sta. 2400 - 3 static passes
'2 vipbratory passes
}
|
i [
i !
i |
i z
| l i l
Remarks: ROLLING PATTERN TEST PROGRAM: Note that cdue to subzrade conditions

this test strip is useful for only relati

ve comparisons.

5' P.Eng. -

< \
T ; ;
Reviewed Bv: ;’_ {]Adl‘;f/ ‘j/ /0/"1_
v

The testing serv ces reported herein have been performed by an EBA technician to recognized industry standards, unless otherwise noted. No
other warranty :s made. These data do not include or represent any interpretation or opinion of specification compliance of material suitability.
Shouid enginear.ng interpretation be required, EBA will provide 1t upon written request.

144 _ _NT.83
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DENSITY TEST RESULTS
ASTM Designation D2922 & 03017, or D1556
~ 1N 4
Project No.: 0201-10441 Test Apparatus: NUCLEAR Mach. No.: i‘%
L o 3 D TY mr -
Project: Little Creek Collection Pond Soil Description: SILT(TILL)-sandy, gravelly
Faro, Yukon some clay, grey
Temperature Air;i_______°C Soil:_________°C
Client: Cominco Eng. Serv. Led. Specified Compaction: 95%
Compaction Standard: MODIFIED PROCTOR
ATIN: Mr. Keith McDonald . .
—_— Minimum Dry Density:
1, . 3
Maximum Ory Density: 2155 “8/'5
(-4
Optimum M.C.: 8.3%
Date Tested: 1990-09-14 By: CRH
Test No./ | Locati I | e Moisture | Dry Densitv! %
Probe Deoth - ocation | Elevation | " ien: Kg/m*® lCompaction
I7 ¢ U o Cut 2II trencn sta. Z+20 =1.4m Il.7 2U/0 ; 0.3
YR A : : ] .
072U mm -cut oIT trencn Sta. 1+95 ~loam 13,72 71930 i 85.0
TL1TIT 72 | : '
T1/200 mr Cut ol f treaci Sta. 2+35 ~I.Tm . IL.3 [2062Z | 95.7
TLITE #3 i i I
127200 mm . Cut off tremci Sta. 2¥IC ~I.Tm | II.T 2005 | 93.0
LITE 73 i ' ; |
37266 =m ,Cut off trencn Sta. 2¥30 Fo.s @ | 9.9 | 2111 Ug. "
TEIfe #% | j
I%47200 @m jcut Ofi treach Sta. IF95 —0.d@ | 9.7 |2079 96.5
iLlft 10 |
! i
f |
! { i J
i | E |
Remarks:
77 " —
: . , ) . cc
Reviewed By: 5);/\ /(‘/“"/ & j/’ (’/{{/é P.Eng.

The testing services reported herein have been performed by an EBA technic:an to recognized industry standards, uniess otherwise noted. No
other warranty s made. These data do not include or represent any interpretation or opinion of specification compliance of material suitability.
Shoul!d engineer:rg interpretation be required, EBA will provide it upon written request.
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DENSITY TEST RESULTS
ASTM Designation D2922 & D3017, or D1556

Project No.: 0201-10441 Test Apparatus: NUCIEAR _ Mach. No.: 4004
Project: Little Creek Collectioa Pond Soil Description: STIT(TIIL.)-sandy, gravelly
Faro, Yukon some clay, grey

Temperature Air:______ °C Soil:_______°¢

Client: Cominco Eng. Serv, Itd. Specified Compaction: YA
MODIFIED PROCTOR

Compaction Standard:

ATIN: Mr. Keith McDonald Minimum Dry Density:
Maximum Dry Density: 2155 kg/m5
Optimum M.C.: 8.87
Date Tested: .1990-09-14 By: _ CRE
Test No.. _ { _ , % Moisture | Dry Densityl 9
Prcoe Dezin ! Location | Elevation ' Content , Kg/m®  |Compaction
15/200 .= Cut off trench Sta. 2400 -0.5m ' 8,9 {2174 i 100.9
(Lift #5 j i !
16/2C0 om 'Cut off trench Sta. 2435 0.5 1 9.0 12123 ' o085
iLift 45 ' §

Remarks:

Y

- Bel/ ¢
/ o 4 - . cc
Reviewed By: )/7/‘*‘ = il /{}/‘// el P.Eng.

The testing serv zes reported herein have been performed by an EBA tecnnician to recognized industry standards, unless otherwise noted. No
other warranty s made. These data do not include or represent any interpretation or opinion of specification compliance of materiat suitability.
Should engineer ~g interpretation be required, EBA will provide it upon written request.
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DENSITY TEST RESULTS
ASTM Designation D2922 & D3017, or D1556
Project No.: 0201-10441 Test Apparatus: NUCLEAR _ Mach. No.: 4004
Project: Little Creek Collection Pond soil Description: SILT(TILL)-sandy, gravelly,
Faro, Yukon some clav, grey
Temperature  Air: °C Soil: °C
Client: Cominco Eng. Serv. Ltd. Specified Compaction: 95%
Compaction Standard: __MODIFIED PROCTOR
ATTN: Mr. Keith McDonald Minimum Dry Density:
Maximum Dry Density: 2155 kg/m3
Optimum M.C.: g.8%
Date Tested: 1$90-05~14 By: CRA
Test No. . , . i % Moisture | Dry Density %
Probe Dzcth Location Elevation ! Content Kg/m? Compaction
177200 =m Sta. 1+00 LIFT #1 ! 11.5 | 19435 ! 90.3
18/200 =n» 'Sta. 1470-3 m fron D.S5. tone LIFT #1 | 13.4 | 1964 | 9].1
19/200 0m "Sta. 2+20-15 m from D.S. toe LIFT #1 | 14.3 1937 l 89.6
20/2C0 za Sta. 2+10 cut off trench LIFT #1 & 12.7 1951 90.5
D.S. edge eleveation | [
i i !
’ !
: i
!
|
g |
: i
1
Remarks:
(\ :
' cc
Reviewed By: >>,72£/~/C?ﬁ1.7}7 /”{{’é P.Eng.

The :esting serv.ces reported herein have been performed by an ESA technician to recognized industry standards, unless otherwise noted. No
other warranty -s made. These data do not include or represent any interpreration or opinion of specification compliance of material suitability.

Should engine2r.~3 interpretation be required, EBA will provide it upon written request.
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DENSITY TEST RESULTS
ASTM Designation D2922 & D3017, or D1556
Project No.: 0201-10441 Test Apparatus: NUCLEAR __ Mach. No.: 4004
Project: Little Creek Collection Pond g Description: SILT(TILL)-sandy, gravelly
Faro, Yukon some clay, grey
Temperature  Air: °C Soil: °C
Client: Cominco Eng. Serv. Ltd. Specified Compaction: 95%
Compaction Standard: MODIFIED PROCTOR
ATIN: Mr. Keith cDonald Minimum Dry Density:
Maximum Dry Density: 2155 k8/m3
Optimum M.C.: 3.5%
Date Tested: 1990-09-14 By: CRA
Test No./ . _ , % Moisture | Dry Density %
Probe Dzoth Location Elevation ! Content Kg/m?® |Compaction
217200 mm :Sta. 2+400-3 m D.S. or zut off LIFY 71 ¢ 12.5 | 1964 i Gl.1
; trench ) i
2z72G0 mm :Sta. 2+00-2 m U.S. of D.S LIFT #1 i2.1 2004 | 3.0
j toe | | |
237200 wm Sta. 2+05-4 m U.S5. of D.S. toe LIFT #F1 | 11.7 | 2046 i 94.9
' , ! i
| i i I
: ! i
i ? l
j ! | i
" l !
i |
|
i |
i aresy | I
Remarks: 1eold> 742, <5 were on «e@s that were tested arter rfurther compaction
oI th2"area of Tests #17 - 20. Area of Test #21 received adaitional compaction.
/7 ) )
N » g . 4 cc
Reviewed By: 9,7//‘:"&/ (d/ /L'//,éf P.Eng.

The testing services reported herein have been performed by an EBA technician to recognized industry standards, unless otherwise noted. No
other warranty 1s made. These data do not include or represent any interpretation or opinion of specification compliance of material surtability.

Shou!d engineering :nterpretation be required, EBA will provide i1t upon written request.
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DENSITY TEST RESULTS
ASTM Designation 02922 & D3017, or D1556

Projec: No.: 0201-10441 Test Apparatus: NUCLEAR _ Mach. No.: 4004
Project: Little Creek Collection Pond soil Description: SILT(TILL)-sandy, gravelly,
Faro, Yukon ' some clay, grey
Temperature  Air: °C Soil: °C
Client: Cominco Eng. Serv. Ltd. Specified Compaction: 952
Compaction Standard: MODIFIED PROCTOR
Maximum Dry Density: 2155 kg/m3
Optimum M.C.: 8.8%
Date Tested: 1990-09-14 By: CrH
TestNo./ | , { _ i % Moisture | Dry Density %
Prote Denth Location | Elevation ! Content Kg/’mJ Compaction
24/200 mm UTM Coordinates 593500 E iGRADE 9.6 2136 i 99.1
;6603630 N i [
25/20C mm UTM Coordinates 593300 E ‘GRADE . 3.3 2161 101.7
16903500 N | i
26/200 mm :UTM Coordinates 3553350 E GRADE 9 8.5 2167 100.6
16503250 N | !
27/200 mm 'UTM Coordinates 593700 E GRADE i 10.1 12143 99.4
16903100 N | i |
28/200 qm UTM Coordinates S594GO0E GRADE ! 8.2 121378 99.2
16903100 N |
i
i ]
] !
; :
i .i | !
Remarks: Testing of travelled surface only, compaction of underiying materials

not determia=d.

Reviewed By:

ccC

P.Eng.

The testing services reported herein have been performed by an ESA technician to recognized industry standards, uniess otherwise noted. No
other warranty s made. These data do not include or represent any interpretation or opinion of specification compliance of material suitability.
Should engineering interpretation be required, EBA will provide 1t upon written request.
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DENSITY TEST RESULTS
ASTM Designation D2922 & D3017, or D1556

Project No.: 020110441 Test Apparatus: NUCTFAR ~ Mach. No.: 4004
Project: ____T.itrle Creek Collection Pond Soil Description: T(TITI) - o 1
Faro, Yukon some clay, grey

Temperature Airi_______°C Soil:_________°C

Client: Cominco Eng. Sery, Lrd. Specified Compaction: QsZ
Compaction Standard: ___ MODIFIED PROCTOR

ATTN: Mr, Keith McDonald Minimum Dry Density:

Maximum Dry Density: 2133 kg/m3
Optimum M.C.: 8,87
Date Tested: _1690-00-14 By:___CRl
Test Nc.. L . . 1 % Moisture | Dry Density %
Probe Deoth ocation | Elevation | " i Kg/m* |Compaction
29/2C0 —m ‘Sta, 0+4205-18 m D.S. of -11.5m ! 19,4 1¢]16 | 39.G
i centrelipe i i i
30/20C wom i Sta, 0+335-20 m DS, of -0.0m ! 11,5 12004 P 93,3
! centreline ! i I
31/20C om ' Sta, 0+255-1.5 @ D.S. of l=4,00m | 10.3 2671 | 96,1
| centreline | i I
32/200 »om ' Sta, O4225-5 m U.S. of ~10.0m ' 3.5 2156 | 160.0
i centrelipe | l
| l i |
! I
! i
i |
: I
i i
| |
1 | ]
Remarks: Note high moisture content at location of Test #39, additional

compaction at this location is nout expected to significantly chapnge the measured
compaction

hY
: , ce
Reviewed By: 9/7/;‘@ v/z]*“ ""4‘_‘/4 P.Eng.

<

The :esting serv.ces reported herein have been performed by an EBA technician 1o recognized industry standards, unless otherwise noted. No
Other warranty s made. These data do not include or represent any interpretation or opinion of specification compliance of material suitability.
Should engineer-~g interpretation be required, EBA will provide 1t upon written request.
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DENSITY TEST RESULTS
ASTM Designation D2922 & D3017, or D1556
Project No.: 0201-10441 Test Apparatus: NUCLEAR Mach. No.: 4004
Project: Little Creek Collection Pond gu; pescription: SILT(TILL)-sandy, gravelly
Faru, Yukon some clay, grey
Temperature  Air: _°C Soil: °C
Client: Cominco Eng. Serv. Ltd. Specified Compaction: 957
Compaction Standard: _ MODIFIED PROCTOR
AT My, Kedrh MeDonald Minimum Dry Density:
Maximum Dry Density: 2135 l(gr[mS
Optimum M.C.: 8 3%
Date Tested: 1990~ 30-01 By: _CRH
Test No./ L . ! ) % Moisture | Dry Density %
Probe Deoth ocation Elevation Content Kg/m* |Compaction
/200 wm Sta. 0440 2w .S of 4 0m b3 looa Qs £
centreline ‘ !
/200 —m Sea. Q450 2 m 0.3 of Lom | 92 izpss c6.9
rontraline I I l
397200 ~m Sra. 0470 10 @ 1.8, of g .7 l=n072 96 3
‘rontreline | '
AQ/200 cwy Jea. 0400 18 o LS. of lg0m ! 103 |ocoz 97.3
icentrelipre , !
7[00 mey jQ‘a 1+20 centreiine '-]n 0 m | Q. 2161 100 .3
38/200 rm 'Sia. 1420 j3 m DS of Li2.0m 109 2163 1605
lcentreline
i
' i
; l i
| | f
| i
Remarks:
cc
Reviewed By: P.Eng.

The testing services reported heremn have been performed by an EBA technician to recognized industry sitandards, unless otherwise noted. No
other warranty 1s made. These data do not include or represent any interpretation or opinion of specification comphance of material suitability.
Should engineering interpretation be required, EBA will provide it upon written request.
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DENSITY TEST RESULTS
ASTM Designation D2922 & D3017, or D1556

Project No.: 0201 -10441 Test Apparatus: NIICLEAR  Mach, No.: A0CA
Project: Lirtle Creek Collection Pond Soil Description: STLT(TTLI )-qandy' gravelly
Faro, Yukon snme. {-Ta%" groy

Temperature  Air: _°C Soil:_________»°¢C

Qs

Client: Cominco Fng. Serv. Lfd. Specified Compaction:
Compaction Standard: __ MODIFIED PROCTOR

ATIN: Mr., Keith McTiopald Minimum Dry Density:
Maximum Dry Density: 2133 kg/m3
Optimum M.C.: R. 87
Date Tested: 19S0-1G6-01 By: _CRAJ
Test No.. . | . | % Moisture | Dry Density| %
Probe Dezth ! Location Elevation | Content : Kg/m® |Compaction
36/200 =2 Sta. 1400 20 m D.S. of =10.0m 8.6 °
‘centreline ] ! i |
40/200 == iSta. 0+4¢C 15 7@ .S, of 2.0 14,2 '1993 . Q2.4
‘centreline | 4 '
41/200 =m iSta. 0+75 3 m D.S, cf 4.0 m ‘! 11.8 12098 Q7.4
‘centreline i : é

i
! !
: -

|
i : i
j : i
Remarks: Material tested at location of Test #39 either contain a large rock or
had a sigrnificantly higher rock contnt; thecefore the proctor value is not valid
for this cest.

cc

Reviewed By: P.Eng.

The testing services reported heremn have been performed by an EBA tecnnician to recognized industry stancards, uniess otherwise noted. No
other warranty s made. These data do not include or represent any interpretation or opinion of specification compliance of material suitability.
Should engineerirng interpretation be required, EBA will provide it upon written request.
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DENSITY TEST RESULTS
ASTM Designation D2922 & D3017, or D1556

Project Nc.: 0201-10441 Test Apparatus: NUCLZAR Mach. No.: M
Project: Little Creek Collection Pond goi pescription: SILT(TILL)-sandy, graveily

Faro, Yukon scme clay, grey

Temperature Airi____ °C Soil:i_________°C

Client: _____ Cominco Eng. Serv., Ltd.  Specified Compaction: 95%Z

Compaction Standard: __MO2IFIED PROCTOR

ATTH: Mr. Keith McDonalq Minimum Dry Density:
Maximum Dry Density: 2155 kg/e3
Optimum M.C.: 87
Date Tested: 1990-10-06 8y: __CRH
TestNc./ _ | _ o, Moisture | Dry Density| 9%
Probe Dzoth Location I Elevation Conten: Kg/m?® |Compaction
427200 mm  Sea. 1+00 U.S. edze f—A.S o i 10.9 12107 ! 97.8
43/200 om_ Sta. 144C {,S, edge L5.0m 0 7,9 1j05] | ___90.5
44/200 —m Sta, 1+60 U.S. edge 5.0m ' 9.7 12007 ! 7.3
45/20C on Sta. 1495 2 m D.S, of U.S, L5,0m | 9,8 2116 | _93.2
edge | | ' f
46/20C am iSta. 2400 14 1w D,S, of U.S. “4,5m 12,1 110953 | 92.6
ledoe f i
47/200 am Sta. 2+30 7 m D.S. of U.S. 4.0 m 11.5 12040 94,7
‘edge !
; |
Remarks:
cc
Reviewed By: P.Eng.

The testing ses.ices reported herein have been performed by an EBA technician to recognized industry standards, unless otherwise noted. No
other warranty :s made. These data do not include or represent any interpretation or opinion of specification comptiance of material suitability.

Should engine2-ng interpretation be required, EBA will provide 1t upon written request.
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DENSITY TEST RESULTS
ASTM Designation D2922 & D3017, or D1556
Project No.: 0201-1044]1 Test Apparatus: NUCIEAR  Mach. No.: 4004
Project: Little Creek Collection Pond Soil Description: SILT(TILL)- velly
Faro, Yukon some clay, grey
Temperature Airi__°C Soii______ °C
Client: Cominco Eng. Serv. Ltd, Specified Compaction: 95%
Compaction Standard: MODIFIED PROCTOR
ATTN: Z"Ir. Kelth A\tDOnald Minimum Dry Density:
Maximum Dry Density: 2155 kg/m3
Optimum M.C.: 8.5%
Date Tested: 1990-10-06 By:_ CRid
Test Nc.; i . . % Moisture |Dry Den_sity %
Probe Dezth Location Elevation Content Kg/m® |Compaction
48/15C = .Sta. 2+55 3 m D.S. of U.S. 4.0 m 3.8 2039 | 94.6
‘edge | i
49/100 -m 'Sta. 2+40 8 m U.S. of D.S. L3.5m 1.0 12148 99.7
tedge i
50/200 2m -Sta. 1450 8 m U.S. of D.S. =>.0m 9.7 12036 | 94,5
iedge 5
i I {
i | i
' :
i ;
|
i
i
!
Remarks:
cc
Reviewed B P.Eng.

The testing serv-ces reported herein have been performed by an EBA technician to recognized industry standards, unless otherwise noted. No
other warranty s made. These data do not include or represent any interpretation or opinion of specification compliance of material suitability.
Should engineer ng interpretation be required, EBA will provide it Upon written request.
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DENSITY TEST RESULTS
ASTM Designation D2922 & D3017, or D1556

Project No.: 0201-10441 Test Apparatus: NUCLEAR Mach. No.: @{‘_
Project: Little Creek Collection Pond gy pescription: SILT(TILL)-sandy, gravelly
- Faro, Yukon some clay, grey
Temperature  Air: _°C Soil:______°C
Client: Cominco Eng. Serv. Ltd. Specified Compaction: 95%
Compaction Standard: MODIFIED PROCTOR
ATTN: Mr, Keith licDonald Minimum Dry Density:
Maximum Dry Density: 2155 kg/m3
Optimum M.C.: 5.8%
Date Tested: 1990-10-06 By:__RH
Test No.s | ) ) % Moisture | Dry Density | %
Probe Dep:h Location Elevation Content Kg/m® ICompaction
51/2CC mm ISta. 1+70 U.S. side L3.5 m 10.7 2065 [ 67.1
52/200 mm Sta. 1+40 D.S. side L3.5m 10.0 {2117 | 98.7
53/2C0 mm_iSta. 1+20 D.S. side £3.0 m 8.8 12097 | _¢8.8
54/200 mm !Sta. 0+80 D.S. side L3.0m 10.7 12028 94.0
55/200 mm ‘Sta. 0+40 D.S. side +3.0m 11.0 2080 96.5
56/200 mm iSTa. 0+60 U.S. side L3.0 7.9 2110 97.8
I
|
|
|
Remarks:
cc
Reviewed By: P.Eng.

The testing services reported herein have been performed by an EBA technician to recognized industry standards, unless otherwise noted. No
other warranty is made. These data do not include or represent any interpretation or opinion of specification compliance of material suitability.
Should engineering interpretation be required, EBA will provide it upon written request,
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Photographs

Steffen Robertson and Kirsten
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