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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 locations 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 pipeﬁnes. stripping and clearing of the dam footprint and
construction of the wet well and pumphouse.

Steffen Robertson and Kirsten



60636/1 Little Creek Dam - As-built Report Page 6

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 Appendix A, called for a homogeneous till dam with
drains and a cut-off wrench. 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 Tite
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 southern 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 cm. 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 stff 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 presexit 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 following:

. 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 metre of very stiff to hard, blue-grey, well graded, silty and clayey tll.

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.

4.3 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.

5.1 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 tilL

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 C2) 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 northem

drains was a combination of natural and imported material with the material for the southemn 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 turn, 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.

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

Steffen Robertson and Kirstea
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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 westem 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.
6.32 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:

)BERTSON AND KIRSTEN (B.C.) INC.

Maurice Amendolagine, E.I.T.
Field Inspector

Cargeron C.Scoit, 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
tne 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 Creck
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
collecton 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



1]
'] 7
. = O
\

VERS (oM "2

= '//
{il44

o TN

v

A ¥
T IIA S S ‘
/ //’ . R —_— > s ‘ /
/ ’ A D >fg§;f } /’,a’///
171751 AN _CHANNEL (i) /‘// - \
(@
i .

DIVERS/ION
CHANNEL

A=

Y
"
VANGORDA WASTE OUMP oo
! N,

¥

o SCALE - |: 10 000 500 m

T ™

NOTE : GRID SHOWN IS UTM

CURRAGH RESOURCES INC. LITTLE CK. COLLECTION POND

PATE AUG. 7/ 90

LAYOUT OF OPEN PIT,
WASTE DUMP & COLLECTION POND

PROJ.N0.€5()€5227

APPROVED

STEFFEN ROBERTSON & KIRSTEN, Consulting Engineers

F1G. NO.




Approx. limit of

LEGEND ™

area where ravel
sand s behe?ve / td E Surveged +3$+Pl+
To cceur. iy 0 location.
| 0 & Approx. testpit -
\\ N locatien.
~— 0 Surveqed C]l"!l“"lOle
\\\ —~ ; lecation.
~—
\ \‘ \;‘ \\{ \\
\ \\. “*
| \\
g \ \ f\\ \.\ \
N T N

EBA TP 10373-02
P

@ DH SO0 -4

12
/,

'‘NOTE.S

l. Centour interval
s one meitre.

2.Co-ordinate system
is mine aqri

3, For stra tgrc'ph
profilesece Fig's. 3-
and 3-2

Scale 1:1000

CURRAGH RESOURCES [JC. VANGORDA MINE i ua. 1990

LITTLE CREEK COLLECTION FAcCILITY O
BOREHOLE AND TESTPRIT

LOCATION PLAN

STEFFEN ROBERTSCON & KIRSTEN, Consulting Engineers




60627 - Little Creek Collection Facility Page 4

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 overying
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, altematively, 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 5 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 50 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

Steffen Robertson and Kirsten
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differences in the degree of accuracy, the height-capacity 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
|
Moath Drains Local* | Vangorda | Predp. Seepsge Ditch Ranoff Total
from Van. Runoff Creek on into Leakage into Discharge
Waste Dump Seepage Van. Pit | Van. Pt Pit
(cum.) (cum.) (cu.m.) (cu.m.) (cum.) (cuam.) (cum.) (cum.)
Nov. 2600 2,000 1,500 3,000 13,000 100 3,100 25,300
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 7200 5,700 4200 8,500 65,400 300 8,700 100,000

* includes runoff from catchment above Little Creek Dam and below Waste Dump Dyke (0.26 3q 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 aimost 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



3700E

/0

/
/
/

//

7/

~

/

e

Locati f \
P?_g;olggdo Surveyed \ \ B \ : \
pumphouse topogq.. . | \
P P Infe.rare.c} ! ?
Imake pipe +°P°9'>,/ . ]
< P y : ,/
T P,
s T ! s - J/
— ’ — el
/ L —
/ — | Contour interval
s - i I8 ohe metre.

i
I

Center for
dam Axis

Co-ordinate system
is mine gria.

e R=2I5m.
///V SCALE - |: 1000
[CURRAGH RESOURCES INC. VANGORDA MINE| e 1990
PROJ. NO.
LITTLE. CREEK COLLECTION FACILITY | _<coc27
PLAN OF POND WITH F16. NO. <o
55,000 m?® CAPACITY .|
STEFFEN ROBERTSON & KIRSTEN, Consulting Engineers




SIOON

Location gf {
\propesed
ocuse \

pump
2 |n,‘fal—\a pipe

e L~
é) ) - .

%L_J_r-ve"g'_ed
‘o o
InE:rare,cI
‘l"opog .

_—————“r——’
gon+our interval
| is ohe metre.

| Co-ordinate system
s mine grig.

e} ge.n'ler' \oor'

am Axis

R=2I5m.
ScALE - (1000
CURRAGH RESQURCES INC. VANGORDA MINE|*dla. 1990
LITTLE. CREEK COLLECTION FACILITY T Eos27
PLAN OF POND WITH R SR N~
120, 000 mS3 CAPACITY
. 4.2
STEFFEN ROBERTSON & KIRSTEN, Consuliting Engineers




s

Above EL IO, the topographic date
used to establish +his curve
are approximo'+e.

_— 7 UHimate Dom Crest H114.5
\.E/ . EL. Ie.6 Max. operating level
C OPTIONAL DAM ’ 3
O |  _CRESTEL. I Cap.120,0600 m f
4+ o EL. 109.8 ]
g Cap.55000m3
v ! Min. operating level |
B Y during winier El llO7
| : |
9 11es Intake pipe inv. 1l - :
d ! :
g |
Lo :
J | i
D | |
oo o o | o |
@) 50 0O 150 200 250
Storege capacity- m3 =02
NOTE

STEFFEN ROBERTSON & KIRSTEN, Consuiting Erngineers

CURRAGH RESOURCES |NC. VANIGORDA MINE !Xt e, 1990
LITTLE CREEK COLLECTION FACILITY _s‘ie_%g'r
ces
HEIGHT — CAPACITY CURVE.
4.3




60627 - Little Creek Collection Facility Page 13

rate would decrease by about SO percent to 5 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 nommal, the water balance was recalculated based on a wet year with a
retum 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 LS 33.0 123.5 1472 36.8
July 13.2 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 04 89 522 68.4 0.0
October 54 03 6.8 47.0 595 0.0
November 2.0 0.1 2.6 20.6 0.0 25.3
December 14 0.1 1.8 18.7 0.0 473

Year 83.2 4.8 105.6 562.6 7562

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

Steffen Robertson and Kirsten
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TABLE 4.2
Water Balance For Little Creek Collection 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 18.2 0.0 46.4
February 0.9 0.1 12 15.6 0.0 64.2
March 09 0.1 12 16.7 0.0 83.1
April 1.1 0.1 1.3 29.8 115.3 0.0
May 233 1.3 29.6 111.7 152.1 13.9
June 36.6 2.1 46.4 147.2 147.2 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 42.9
September 9.8 0.6 125 61.7 127.4 0.0
October 7.6 0.4 9.6 54.3 71.8 0.0
November 29 0.2 3.6 234 30.0 0.0
December 20 0.1 25 20.6 0.0 252
Year 117.0 6.8 148.5 675.8 948.1
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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 till 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 invert 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

Base& 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
Small Dam Large Dam
(cu.m) (cu.m)
Glacial Till 27,500 53,000
Gravelly Sand 7,000 13,500 J
Total volume in cubic metres 34,500 66,500 ﬂ

Of the total fill volumes listed above, the portions represented by the gravelly sand drain and the cut-off
trench are estimated at approximately 500 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.

50 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 - S0

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

38 in. 50 - 90

No. 4 30 - 80

No. 16 10 - 30

No. 40 S - 15

No. 100 0-10

No. 200 0- 8

Gravel should not exceed 6 inches.

§2 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 Construction

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.

60 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 Yangorda 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

Andrew ﬁcG. Robertson, P. Eng.

Review Principal

Steffen Robertson and Kirsten
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Loss <« ] T TRIAXIAL TEST PITCHER SPLIT
: SEAL SAMPLE 'SPOON
CONSTANT V¥ B SRAVEL FILTER A ATTERBERG LIMITS
TRICONE N BULK
GAN b PEZOMETER ~ © SRAINSRZE cutTiNGs || SAMPLE
= TIP D DIRECT SHEAR




s eaeny - CURRAGH PESOURES INC. ..o ...

| VANGORDA. COLLEZTION ROND. . . . ...

lZJu 9.

Dak of deed s July 6,990 .

. ', r ! . .
iovaen ol lest <evha oW [ 2.2

(es) cuee ¥ Nevel Vg chiniized Vcn

W

.

(0

N

<o th,.-;)( ; 115 em
P L S B
e oot ool {

FALLING HBD T&T . pH-S0-3

(L -

crae Pacdios p 0 (3P = 2Blcm
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o o
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6> i
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Ted 235
8o 29
520 25
q2c 40
849 AL
Pt 49
650 53
1220 DS
Is 20 o4
1220 e’
2\ cO 15
7200 8o
o 24
Zzes 88
Zeo 08
ZpCo 925
Y 3P SR
£722) 'a?
. oL

&
1

109

225
ns

b
il

"imc fq\ ZP’“" ) w!r'.r{;p\ E\((fﬁsf"‘.ead lﬁ((m\

0.99
0.S¢
D.94
0.2
0.866
08
0.5
0.69

”»
A dempdn s o
_J-QP_dr'- Ae _(_c.;'trr:g_
AP N i
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/‘:FQ
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5. 44
c.29
024
0.%20
z.2
0.22%
o2\
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c\4
C 0%
2.070
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TEST HOLE NO.

srEPARED OV CLIENT CURRAGH RESOURCES INC .
: STEFFEN ROBERTSON & KIRSTEN|PROJECT VANGORPA DH-90-4
.GSOTEMAL AND MINING ENGINEERS m NO. 606277 SHEET \ OF )
: DATES DRILLED 28 JUNE 1990 PREPARED BY Rco
DRILLER  ADVANCED (F KosT ) " INSPECTOR: RM
LOCATION " |TTLE CREEXK" COLLECTION POND SITE
COORDINATES 2045\ Tm N 13 028.5) wmE (Local) TOP OF HOLE ELEVATION (lo08.85 m
PENETRATON (BLOWS/FT) [o8 .é £ g8
=5l | REMARKS AND o H zg
N S Q~
0 10 20 30 40 %0 HH g g u
- 0 —
1 A bFll.l.: light yellow-brown ]
- silty gravelly sand (P ]
! i 2 I ]
s B 8" dar¥ brown si\‘l'y 3(4«‘!\\, cond 3
- B . [™ carc browr sliahtly eily cand ‘O":
3 - ! "(33.4’. ard arxtel T = (ap-am) -
C - 2 R éar'e b e,‘\'-'., card erd smsel ]
N R 3P esul NCIVE-UA N
~ [Felfa: B NI IS —
: B - [peb's\es oﬁ.?y;iron oxide s‘lain;ns] R
p 5 -
) L I e —? P ]
N — . = [Pebbles; traces of med.grey) 20—
N L ‘- clayey silt "
- Y -
s i 'J" i B
i i w* [Tl dark grey clayey gravelly ]
L i K u(lm‘l.‘:- sandy silf,very shift ]
- L (sC4 cL-ML) 25 ]
E >50 - TR dark qrey very clayey 3rave“~/ 1
- L (4 < A 3 gt (cL- ML 4o CR) ]
- = - No’ sa'm?\inﬁ be\o’ w 285" 3°_j
[ i orilled o 50 ]
5 A Bedreck rot encountered, :
i enp (50D 50—
LOSS < I PACKER C CONSOLIDATION TEST
TEST PITCHER SPLIT
A T TRIAXIAL TEST u SAMPLE SPGON
CONSTANT W ::::EL fireq  ATTERBERS LMITS
(55¥] L TRICONE M BULK
GAN > PEZOMETER ~ © CRAINSIZE E’ CUTTINGS [A] SAMPLE
R TIiP D OIRECT SHEAR




STEFFEN ROBERTSON & KIRSTEN : TEST PIT MO
+ Consulting Engineers 90 -30
LOG OF TEST PIT
) PROJECT bObZZ’ VANQQEQA
woeanon “LITTLE CREEK” S\TE SEEPAGE COULECTION POND

0ATE T JULY 1990
METHOD (caT \

2cai. ImN 125971, 2mE (LocaL auip) inspecton___ K. €. OLAUSON

3 REMARKS TEST PIT LOG £3
WATER CONTENT(%) a; &=
020 30 4 % @< ToP Of PIT ELEV. 1109.84 & of
C J||Pt C moss 3
F = ML [ Very paie brown +o white sandy 3
C ] - st loose, moist =
F 5 3 : :
Bl & s s m:_ =
F - - medium red- brown grave) 3
o , - [ ard coarse -arained sard, | 3
- 1 3 F moidl, derse 45%, giltand 3
L { | w - ' ' -
: ' ’ - ap - clay , approx. 10'fs > 15 mm dia 7
» N
- ' | ' a7 F mrax 0.2wm diaq, 7
1 | s J — —
- 1 l < - 3
C ] 2 3 C 3
o w 3. L. —
=3 - - -
- » o -
e s S -
- - - b -
ol byt ol I
3 2 3 - ]
C g 7 C ]
o 3 ol 23
C o " n
- w ] o 3
X £ J s ]
— z - 3
N 23 4 s -
3 E 3 E
- 44.8 §2.0 3.27% 3 3 3
2 aburdant seepoce E B dere brewn ccare 2 E
- - A - card ard orawel .
- Illen] F T.“‘L L olive orown arawe}l, .
- LEGEND i -_ Silty c\ay ,Net, ‘:1\((.? moceraie
- B N o ol peeid ' s
C Gs .GRAINSIZE TESTING . [ ® hign posTiery ,cold o 4”“‘:
s C  COMPACTION TEST E [ no evidence of frost or excessd
L 0 OISTURBED SAMPLE 3 L ice. - j
- ] = uuoas:uaaeo SAMPLE - END (* 2.2m) =
E W, LIQuID LiMIT = [ Cannet cound deping below =
o | Wp PLASTIC LIMIT 3 o | . -

- ( p - 2.0wm aue += S‘Cuﬂﬁ .



http://der.se
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cocarion L LITTLE CREEX" S\TE

Consuiting Engineers

TEST PIT NO.

STEFFEN ROBERTSON & KIRSTEN :
90 - 3|

LOG OF TEST PIT
rrosect ©0627 — VANGORDA

DATE T JUY 199

o ~

ueroo __BACKHOE (AT 235 )

nspecTor 2. C. OLALISON

WATER CONTENT(%)

REMARKS TEST PIT LOG

TOP OF PIT ELEV.

ELEV.
(metres)

DEPTH
meires)

0 20 30 40 %0 £
3 3 C .
- 3 F_ olive brawn gravelly, sandy, |
C 3 L sild and c(e\\, Hill , weil-graded,
3 e mi_ molst , dense ,same E
- 1] {8C boulders up to Im dia. B
- - C. 2 -
o ! I » 3 o 3 3
- | I 149 40.0 45.1 % g . o .
S R N LL 1 1 - .
—~ ! J | & s s2 2 g -3
- | i c - - :
" v ‘ 4race ov A : :
o O ! seepnce « ] @ Fmea. crey sendly gravey B
- " 1 <c F S\t and c‘;o\' %\\,weu—sradec‘.) E
= < 1 - wet dense .
- 2 ] - END (45m) 3
s 2 3 F :
[ -— . 5 —
o o 7 C 3
- w = .
= = - - - -
X z - =
C > 3 u 3
- - b -
. — - ]
b - - -
[ LEGEND 3 - .
- Gs .GRAINSIZE TESTING ] F .
- C COMPACTION TEST = - - 2
- O DISTURBED SAMPLE . - ]
o B  UNOISTURBED SAMPLE » <
—~ w_ LIQUID LIMIT 3 C -
: i WP PLASfﬂC LIMT 1 - 3




5\

Locarion S LITTLE CREEK" SITE

STEFFEN ROBERTSON & KIRSTEN

Consuiting Engineers

LOG OF TEST PIT

DATE

rrcuect £OQ627- VANGORDA

TEST AT NO.

©0-32

SSEPAGE COLLECTION POND

T LY 1990

METHOO BAC AT 2258
2032.2mN__ 13520 1mE_(LocAL ariD) inspecron___ R.C. OLAUSON

T REMARKS TEST PIT LOG 3
WATER CONTENT(%) s &:
10 20 30 0 % o & TOP OF PIT ELEV. ll04. 6D o
- Ji[” | E Torsolw E
- - 3 -
; 11 ¢ -
a - — med. brown clean medium-+o
- . [ ccame-grained sand 'xose, .
- | |eP | F samurated occasional layers 3
: ] : of dark grey silt .
- v AR 1 B
C abundant ] _ - 3
. secpaae below 0.9m —f | f- rec-orown med.- o (onRe- =
: < 3] | F arained cand, loose, 3
- ! I - ] - caturated =
C ] » 7 . ]
- | i @ 3 = =
b - = -
: [ i ’ , 27 C - \ . N h
N i ! I w2 [ Slace graie pirn coce ]
[ l & 3 F sard  soi, apurdar- 3
o ‘ 2 3 L Ooraaanics 3
- 331 ]lae C ~ 3
aa— O - ad —
- o ] - ]
C S 3 » 3
— — — 2 —
- S 3 3 .
- & o 3
ny z u .
- 3 C 3
- B F medium Srawn coame- arained
o ] E sand and gravel saturared J
o j <p o 3
[ - ol 3 3
N 3 N 3
- ] o —
- LEGENO — . —
- 1 _— [ — — | J o qramsize xestne . 31} 4 C
- € COMPACTION TEST q1CH - Tl light olive grey sandv =
- O OISTURBED SAMPLE E - gravelly clay, wed, Soft 4o firm, -
- B UNOISTURBEDR SAMPLE p L emaular inclusions of clean sand n
[ w_ LIoUID LIMIT - - (appenr di seonfinuous) —
- l Wp PLASTIC LIMIT ] : N N 3
- N . *2 -

] 2 . "END (*25m

Carnot cound depins rceiow

25 m due +o s\ouﬁh.



| TES .
STEFFEN ROBERTSON & KIRSTEN ’ 9’0’:';:
+ Consuiting Enqimor;rr 2
\ /4 LOG OF TEST PIT 71 NGO _
ane
‘LITTLE cREEX ' SITE G
S oare _1_ULY 1990
METHOD u (caT 225E)
3012.6mN 13442 OmE (LOCAL GRID) inspecTon __R.C. OLAU SO
A REMARKS TEST PIT LOG £3
o, > £ &z
10 WM:R iC:NTfI;JT( /:L 55 TOP OF PIT ELEV. 1101.28 og

PL moss

dark brown orsam'c silty,

clayey sand | mois, frozen
above 04 m

(o]

—

ll‘l]l Il1ll|'lllll'lllll1

(]

olive brown clayey sardy
S il minor grsve) wet,

soft

- . 18}
seccrrn drier N degtr

ceaden a2y daye
crove'ly sand
g H

llllllIllllllllllllllllllllllll lllllllllllllllllll‘

lllllllllllllllllllllllllllljlllllllllllllllllllllIllllll

UNIFIED SOIL CLASSIFICATION SYSTEM

llll'llllllllll llll'llll 'Ill‘llll‘lr‘lllllllllllllll"'llllllll lllllllllllllllllll||||||||I

L cold 4o touch, dut ro
[ evidence of A{rost
sC| t ]
. - 3
trace ok SCZPKSC — @ :-_.. —
- ol 3
minoy secpase —_— s : . ‘ :
LEGEND - - mortiled qrey and orov:)b;\ -
- -3 . ‘ -
Gs .GRAINSIZE TESTING . E sandy gravelly clay i, .
T C COMPACTION TEST = RE very moist ,firm , brown zones
O OISTURBED SAMPLE 11 ¢y E ace comewhal sandier, :
B UNDISTURBED SAMPLE 3 F occasiond | irresu\ar e
W, LIQUID LIMIT 3 . . = res -
. [~ { - LYow - (2l -
o Wp PLASTIC LIMIT 3 0% red-tiown craam .
- | 3 o

ENs (40m)



WATER COLLECTION PIPELINE

CLIENT: COMINCO ENGINEERING SERV. LTD.

BOREHOLE No.

10373-02

VANGORDA WASTE DUMP © JBACKHOE: CAT 235 Project No: 0201-10373
CURRAGH MINE, FARO, YT 7 UTM ZONE: 8 N6903060.00 E593650.00 -J ELEVATION 1108.00 (m)
SAMPLE TYPE I GRAB SAVPLE  [/]NO RECOVERY [ STANOARD PEN. =375 mm SPOON mnmcam (] 100 mm crRreL
T .SWM PENETRATION W
s 0 0 % —
E &2 SOIL srpconcuas | 2
= |ulg |usC | PERCONT SAD =
Bk DESCRIPTION am ue v | "R | &
& - . 4 « PERCONT PNES ¢ e
: 20 4 @ % 0 4 %0
0.0 ORGANIC ROOT MAT and organic silt, light . 00
brown, seosonal frost to 0.4 m
- water flowing in pit at base of
seasonal frost B
B SILT(TILLB - sandy, some gravel, trace of
clay, numerous es and boulders
to JOO mm in diometer, low plostic, 2.0
saturated
~ olive brown to 1.5 m, dark grey
below 1.5 m R
1.0 - sides of pit sloughing
4.0
6.0
r-ZO
N END OF TESTPT AT 2.4 m 6.0
NOTE: Testpit located at Sta. 0+203
r—b.c +-10.0
-12.0
4.0 ™
-14.0
5
L
~16.0
5.0 .
EBA Engineering Consultants Ltd. COMPLETION OEPTH 2.4 m COMPLETE
Whitehorse, Yukon LOGGED BY JRT OWG NO. Page 1 of 1




A I AV TN B LT

WATER COLLECTION PPELINE

BOREHOLE No.

CLEENT: COMINCO ENGINEERING SERV. LTD. 10373-03
VANGORDA WASTE DUMP BACKHOE: CAT 235 . Project No: 0201-10373
CURRAGH MINE, FARD, YT UTM ZONE: 8 N6903050.00 £593560.00 ELEVATION 1107.21 (m)
SAMPLE TYPE [l GRA8 SWPLE_ (/] NO RECOVERY __ [X| STANARD PEN. 375 mm SPOON  [[1]75 mm CRREL _[]] 100 mm GRREL
— W STAOMD PONETRATON &
— 0 ©_80_% .
E |$.= 2 SOIL srmconawns |2
= fuldusC & PERCENT SN B é
A-E DESCRIPTION woe ue uwm | prreraeny | B
5 b —— i & PERCENT FNES ¢
0 40 60 % N 0 W0 _®
.0 SAND AND GRAVEL - cleon, anquiar to 0.0
subrounded fragments, cobbles and
boulders throughout, grey I
-2.0
1.0
4.0
- water seeping into pit ot 1.8 m, 6.0
sides sloughing
-2_0
L
D OF TESTPIT AT 2.2
NOTE: Testpit located at Ste. 0+300
~ Pit location stripped to about 8.0
i 1.4 m depth (sidehill cut)
-3.0 -10.0
-12.0
4.0 -
L14.0
N -
-16.0
50 :
EBA Engineering Consultants Ltd. COMPLETION DEPTH 2.2 m COMPLETE
Whitehorse, Yukon LOGGED BY JRT WG NO. Poge 1 of 1




]

WATER COLLECTION PIPELINE

 [CUENT: COMNCO ENGINEERING SERV. LID. BOREHOLE No. 1037.3—04
" ]VANGORDA WASTE DUMP BACKHOE: CAT 235 Project No: G201-10373
CURRAGH MINE, FARD, YT UTM ZONE:_8 N6902980.00 E593460.00 ELEVATION 1106.11 (m)
SAMPLE TYPE I GR/6 SWPLE (] NO RECOVERY [ STANGARO PEN. 175 mmSPOON  [[1]75 mm GRREL (] ] 100 e GRREL
- T B STAVORD PENETRATON B
s 20 4 60 8 -
EEZ SOIL A PERCENT GRAVL A 2
= |42 |usC D eroran | &
- | B3 DESCRIPTION ~ [mo= we wel o*%gw, |g
+ g 1 * PERCONT FNES @
0 40 80 8 0 40 60 8
__ |00 ORGANIC ROOT MAT — seasondl trost to 0.0 m 00
SILT{TIL) - sandy, some gravel, trace of [~
—_ clay, cobbles and boulders
™ throughout, low plastic, damp,
olive brown 2.0
5
1.0
4.0
6.0
20
| 8.0
e END OF TESTPT AT 30 m 100
NOTE: Testpit located ot Sta. 0+416.5
i
-12.0
4.0 -
14.0
160
50
EBA Engineering Consultants Ltd. COMPLETION DEPTH 3.0 m COMPLETE
Whitehorse, Yukon LOGGED BY JRT DWG NO. Page 1 of 1




APPENDIX 2

Laboratory Test Results For Foundation Soils

Steffen Robertson and Kirsten



PERCENT FINER THAN

COBBLE SIZE GRAVEL SAND SIZES SILT SIZES CLAY SIZES
Cse l Fine Csel Medium l Fine
v v SIEVE SIZE
100 4" 2 3/4 3/8 4 12 40 60 100 200
! I ] ! IR
80 as N
N
80 N
70 \
™N
N
60 ]
AN
50 P
<
N
40 \‘\
AN
30 \\
I
20
NKN
10 = R Y
o l Lyl TN
1000 100 10 1.0 04 0.01 0.001 0.0001
GRAIN SIZE (MILLIMETRES)
(" PROJECT No.| PREPARED BY: FIGURE A2.|
60627
DATE / GRADATION CORNE : GREY TILL
Tuly 1990 i% DH90-1, Sample # 4
REVISON | STEFFEN ROBERTSON & KIRSTEN| @ 224t (6.3 mD
\_ Consulting Engineers

~

24




PERCENT FINER THAN

100

90

80

70

60

50

40

30

20

10

1000

COBBLE SIZE

GRAVEL

SAND SIZES

Csae l

Fine

Csel Medium l Fine

SILT SIZES

CLAY SIZES

4"

2”

3/4 3/8

12 40 60 100 200

SIEVE SIZE

4
il IRIER

| |

100

10

1.0 0.1

GRAIN SIZE (MILLIMETRES)

0.01 0.001 0.0001

COLZF

(" PROJECT No.

PREPARED BY:

DATE

July 1990

—~—

REVISION
_

STEF'FEN ROBERTSON & KIRSTEN

Consulting Engineers

FIGURE A2.2 )

GRADATION CORNE : GREY TILL
DH do-1, Sample # 12
@ 37 ‘ﬂ* i3 m)

Z




L 1 1 1 ) I
GRAVEL SAND SIZES
COBBLE SIZE e l Fine Cse] Aedrom l Fine SILT SIZES CLAY SIZES
100 4" 2"' 3/4 3/8 4 12 40 60 100 200 SIEVE SIZE
I ! ! | NI
90 \\
80 -
N
: 70 A}
E 60 \\\
N
E - \\\
f, 40 b A
(8] \‘\
§ 30 AN
20
N
N
N
10 > -
0 1 LUl ([N
1000 100 10 1.0 0.1 0.01 0.001 0.000t1
GRAIN SIZE (MILLIMETRES)
ﬁPROJECT No.| PREPARED BY: j
60627 FIGURE AZ2.3
DATE GRADATION CURNE: BRowWN TiLL
July 1990 DH 90-3, Sample #3
REVISION | STEFFEN ROBERTSON & KIRSTEN| @ & (1.8m)
_ Consulting Engineers

)




PERCENT FINER THAN

COBBLE SIZE GRAVEL SAND S1ZES SILT SIZES CLAY SIZES
Cse ] Fine Cle] Medium l Fine
- - SIEVE SIZE
100 4 2 3/4 3/ 4 12 40 60 100 200
l T 77 INIRRIL
90 AN
\\\:\
80 N
70 CK\“&
\\ \\
60 #\ \N\
N \TH
4 N
50
HN‘H
40
30
20
10
. 1 L Jlll | TN
1000 100 1l0 1.0 0.1 0.01 0,001 0.0001
GRAIN SIZE (MILLIMETRES)
[ zg:;r?uo. PREPARED BY: FIGURE A2.4
OATE ¢ GRADATION cURNE : GREY TiLL
Tuly 1990 \\/ X DH 90-2 ,Sample #8 , 25+t (2.6m)
REVISION | STEFFEN ROBERTSON & KIRSTEN| ® DH 10-3,Sample #13, 274, (Bzm)

\

Consulting Engineers

\

-/




1 1 1 1 1 L
/
GRAVEL SAND SIZES
COBBLE SIZE Cse L Fine Clel Medium ] Fine SILT SIZES CLAY SizEs
v . SIEVE SIZE
4" 2 3/a 3/8 4 12 40 60 100 200
100
l NN INIAEEIL
\ M
90
X
80 \ ™.
A N
. NIEERN
: 1
; 60
: A A
z A\ A
'S \ \nk‘
z
z 0
5 \
w50 }{i
20 )
10 NN
N§ ,
o 1 1 e i
1000 100 10 1.0 0.1 0.01 0.001 0.0001
LF_GLMD GRAIN SIZE (MILLIMETRES)
o, TP90-3|, Sample #2
34 (3.9m), Grey Till
%y TP90-30, Sample %1, “PROJECT No.| PREPARED BY:
Z‘Hv(O.?m), Sancl/gmve\ 60627 FIGURE AZ.5
G ¢, TPQo0 =30, Sample # 2 SATE GRADATION CURNES
1044 (3.0m) Sand [Gravel July 1990 i% (See legend)
REVISION | STEFFEN ROBERTSON & KIRSTEN
K . Consulting Engineers




PERCENT FINER THAN

GRAVEL SAND SIZES
COBBLE SIZE oo | Fine [Coo]wediam | Fine SILT SIZES CLAY SIZES
100 4" 2"‘ 3/4 38 4 12 40 60 100 200 SIEVE SIZE
| ! ! | IR
" ‘\3&\
80 \\
7 :.
60 AN
QAN
0 AL\ e
N R\
40 \
NN
30 N ,
\ { ,
20 N &I\
NN,
10 :
H \R\L_‘ﬁ
o l 1 LTS
1000 100 10 1.0 0.4 0.01 0.001 0.0001
GRAIN SIZE (MILLIMETRES)
(" PROJECT No.| PREPARED BY: FlGURE A2.6 \
60627
OATE l:\\/:_—:w GRADATION CURNE : SAND/GRANEL
July (990 - LClI
REVISION | STEFFEN ROBERTSON & KIRSTEN| —x— Lcz
K Consulting Engineers —o— LC3 J




APPENDIX 3

Laboratory Test Results for Fill Material

Steffen Robertson and Kirsten



MOISTURE CONTENT IN % OF DRY WEIGHT

i

Optimum Moisture Content

Maximum DOry Density

Dry Density.

1502 5 10 15 20 25 400
- 2300
140
L 2200
5o /d\ - 2100
) 4 M. At Natural Moisture Gontent
3 <
N\ - 2000
(72}
]
-d
Z 120 1900
- |/ \cs\
=
72}
=
a \\\\\: - 1800
z 110 =
(=]
- 1700
100 1600
- 1500
30

7.5%

135.5 pcf (2,170.5 Kg/m3)

* Tests completed in accordance with ASTM D1557-78, Modified Proctor Maximum

DRY DENSITY IN Kgs/m3

Soil Type: O0live brown clayey sand/gravel (composite initial moisture content 10.1%)

 PROJECT No.| PREPARED BY:
60625
DATE C:::Qijjjj::::j

May 22/90

Consulting Engineers

REVISICN | STEFFEN ROBERTSON & KIRSTEN

FIGURE A 3.|

COMPACTION CURVE FOR COMPOSITE
SAMPLES TP 90-24 (#1 and #2)

=

-




DRY DENSITY

o
150

140

IN LBS./CU. FT
Gi
(@]

120

100

MOISTURE CONTENT IN % OF DRY WEIGHT

S 10

15 20

25

=\

At Natural Moisture Content

S0

Optimum Moisture Content

Maximum Dry Density

* Tests completed in accordance with
Dry Density.

8%
137.0 pcf (2,195 Kg/m3)

n

ASTM D1557-78, Modified Proctor Maximum

2200

2100

2000

1900

1800

1700

1600

1500

Soil Type: O0live brown clayey sand/gravel (composite initial moisture content
YA
Ll o0

DRY DENSITY IN Kgs/m3

(" PROJECT No.
60625

DATE
May 24,30

PREPARED BY: I::

REVISICN

Ccnsuliting Engineers

STEFFEN ROBERTSON & KIRSTEN

FIGURE A3.2

COMPACTION CURVE FOR COMPOSITE
SAMPLES TP 90-25 (#1 and #2)

=

\—




PERCENT FINER THAN

COBBLE SIZE GRAVEL SAND SIZES SILT SIZES CLAY SIZES
Cse l Fine Cnel Medium l Fine
. . SIEVE SIZE
100 4 2 3/4 3[8 4 12 40__{)0 100 200
[ | [ 1T T T
N
80 H - -
NI
. X
80 < N
PN
N
70411 \\\\ . - - h
\ § 19-24 11
eoll N
SR
19-24 f2 \\,\
50t+¢t - oy . - o — e
< o o
40 IO O O -~ T -
30 - I -1
20 ! 1 i H
10 -1- - B O i et el 1 B R o Bt S s
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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

199C 12 06

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

Vanczuver, B.C. EBA File No: 0201-10441
V6P £G5S
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 czmpliance with your letter of 1990-09-14, EBA Engineering Consultants
Ltd., have provided laboratory and field testing services in support of the
Littie creek Collection Dam project. The services were authorized and
directed by your field manager Mr. Keith MacDonald and by your technical
constltant, 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. All 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 permeab1]1ty 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 1623 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

V=

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

« Teiephone (303! 553-3CE8 » Facsamue Copier 14C51 583-4343



UZUT-10441 - Little Creek Collection Dam, Laboratory & Page ¢
Decemter, 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%

[ 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.

C.R. Hamilton, E.I.T.

cc:  Mr. Peter Healy, Steffen robertson & Kirsten (B.C.) Inc.




F EBA Engineering Consultants Ltd.

PARTICLE - SIZE ANALYSIS OF SOILS

3 : . PERCENTAGE
Project: Little Creek Collection Dam: SIEVE PASSING
Faro, Yukon 3" 99
- 11/ n 98
Project Number: 0201-10441 2
- - 111 98
Date Tested: 1990-10-04 -
/o
Borehole Number: : 4 98
12" 95
Depth: 2
- 3/qr
Soil Description: __SAND_AND SILT(SM)-some clay, some gravel /8 93
: No.4
Cu: o 86
No. 10
Cec: ° 77
No. 20
Natural Mcisture Content: 9%, o 69
No. 40
Remarks: o 63
No. 60 58 -’
No. 100 53
No. 200 47 J
SAND I GRAVEL
cLaY SILT FINE | mebium  coarse FINE | COARSE
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Testec in accoraance with ASTM D422 uniess otherwise noted.
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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 clav, grey
Temperature  Air: °C Soil:______o°C
Client: Cowinco Eng. Serv. Ltd. Specified Compaction: 95%
Compaction Standard: MODIFIED PROCTOR
ATTH: Mr. Keith McDonald Minimum Dry Density:
Maximum Dry Density: 2155 kg/m3
Optimum M.C.: 8.5%
Date Tested: 1990-09-14 By: CRH
Test No.© | ; 1% Moisture | Dry Density| %
Probe Decth Location Elevation | Content | Ka/m?® !Compaction
1/200 zm Cut off trench Sta. 2+33 -1.7 m 10.8 2139 ; 99.3
Lifc #1 : g i
2/2CC -am  Cut off trench Sta. 2+20 1.7 n 11.83 {2065 | 95.7
Lift #1 ! '
3/200 iom Cut off trench Sta. 2+35 =1.7m 11.8 12047 ! 95.0
Lifr #1 i ; | !
47200 mm Cut off trench Sta. 1465 1.7 m 11,7 12073 i 36.4
‘Lift #1 ‘ f i

t.ase liit in cut off trench,

0.6 m thick, placed from Stations 1+90

Remirks_:
O Z+50
24 7 j - »
’ cc
W /<
Reviewed By: ;&A‘4/ '7 /"'K (' P.Eng.

The tesung serv ces reported herein have been performed by an EBA technician to recognized industry standards, unless otherwise noted. No
otnher warranty s made. These data do notinclude or represent any (nterpretation or opinion of specification compliance of material suitability.
Should engineering interpretation be required, EBA will provide 1t upon written request.

ONT 83
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DENSITY TEST RESULTS
o ASTM Designation 02922 & D3017, or D1556
Project No.: 0201-10441 Test Apparatus: NUCLEAR _ Mach. No.: 4004
— Project: Little Creek Collection Pond soi Description: SILT(TILL)~sandy, yravelljy
Faro, Yukon some clav, grey
. Temperature  Air: °C Soil: °C
C“ent: CominCO Eng . Sel‘v. Ltd . Spec|ﬁed cOmpaction: QSZ
Compaction Standard: MODIFIED PROCTOR
Maximum Dry Density: 2155 kg/m3
Optimum M.C.: 8.8%
Date Tested: 1990—09"14 BY: CR:‘:
Test No./ | . i ' % Moisture | Dry Density %
Probe Decth ! Location | Elevation | "« ont | Ka/m®  Compaction
5/20C mm 25 m left of centreline ‘GRADE i 10.7 11683 87.8
Sta. 2+00 - 4 static passes ! !
6/20C mm 25 m left of centreline ‘GRADE . 11.1 11653 i 90.7
'Sta. 2+00 - 6 static passes i ’ !
7/20G mm 25 m left of centrelie GRADE i 12.1 1919 ! 89.0
iSta. 2+00 - 8 static passes i | i
8/200 mmn 125 m left of centreline GRADE | 13.0 ! 1899 83.1
[Sta. 2+00 - 3 static passes | | |
'2 vibratory passes | |
i ! !
|
i
i
i j
| | |
Remarks: ROLLING PATTERN TEST PROGRAM: Note that due to subgrade conditions

this test strip is useful for only relative comparisons.

. \
A ‘/, 2 /17)7 - cc
Reviewed By: V{] '6‘/4f7(/ /f"é' 6 P.Eng.
v

The testuing serv:ces reported herein have been performed by an EBA 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 compiiance of material suitability.
Shouid engine2ring interpretation be required, EBA will provide 1t upon written request.

144 CCNT'83
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DENSITY TEST RESULTS
ASTM Designation D2922 & D3017, or D1556

Project No.. 0201-10441 Test Apparatus: NUCLEAR  Mach. No.: 4004
T3 Py S D b d T -
Project: Little Creek Collection Pond Soil Description: SILT(TILL)-sandy, gravelly
Faro, Yukon some clay, grey
Temperature  Air: °C Soil: °C
i . Ltd 7
Client: Cominco Eng. Serv. Ltd. Specified Compaction: 954
Compaction Standara: MODIFIED PROCTOR
ATTN: Mr. Keith McDonald . .
mm— Minimum Dry Density:
Maximum Dry Density: 2155 Kg/m3
Optimum M.C.: 8.3%
Date Tested: 1990-09-14 By: CRH
TestNe. | . | _ ¢, Moisture | Dry Density| %
Probe Deoth - Location Elevation | o) tent Kg/m?® |Compaction
Y7o T Cut oI Trenca Sta. Z+Z0 —-1.4m 1.7 2U/0 | J0.3
LT -2 ; i
T072CT @m Cut oLL trencn Sta. 1495 ~I.4™m 137271930 , 895.5
L1TE #<Z i i
11/200 =m Cut of £ treach Sta. %35 =T @ I 3 2067 95.7
TLIft #3 i i [
1272C0 @m CUt off frenca Sta. 2+IC =I.Tm ; 1II.1 [2005 $3.0
T372CC =m , Cut off trencn Sta. 2¥30 VS 9.9 | 2111 98.0
TEItTT 4% ; 3
147200 @ ; cut ofi treach Sta. IF95 =0.3m | 9.7 |2079 96.5
LIttt #% i
! |
‘ !
! | i
i | i !
Remarks:
cc

;72_/’/19'/5“(;" P.Eng.

77 p
Reviewed By: i);/‘ /(‘/‘Vf”

The testing serv:-ces reported heremn have been performed by an EBA technic:an 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 engineer rg interpretation be required, EBA will provide it upon written request.

CNT.83
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DENSITY TEST RESULTS

- ASTM Designation D2922 & D3017, or D1556
Project No.: 020110441 Test Apparatus: NUCIFAR  Mach. No.: 4004
— Project: ____ Little Creek Collection Pond Soil Description: QIIT{TILL) - o
rFaro, Yukon some clay, orey

Temperature  Air:_________°C Soil:._____°C

Client: __ Cominco Eng, Serv, Ltd.,  Specified Compaction: 957

Compaction Standard: MOLIFIED PROCTOR

ATIN: Mr. Keith McDonald Minimum Dry Density:
Maximum Dry Density: 2155 kg/m3
Optimum M.C.: 8.87

Date Tested: 1390-09~-14 By:___CRH

Test No.. L i S 1 % Moisture ;DTY Density, %
Probe Decth ocation Elevation ! Conten: | Kg/m® Compaction
15/2C0 m Cut off trench Sta. 2+00 -0.5m_ | 8,9 2174 +100.9

‘Lift #5 ! - : i
16/2C0 ~m Cut off trench Sta. 2+35 ‘0,51 6,8 12123 ] 98.5

Lift #5 : [ i !

! | I ;
| ! | |
. i ' 1
i |
! , i
| : ! |
| ! : .' |
! i | |
,i ; | |
. | |

i ! |

Remarks:

- 1 ) ¢
( ‘ : - . ] ’ 7 cc
Reviewed By: )7/“ =" JJL‘//J/(() P .Eng.

The test:ng serv ces reported herein have been performed by an ESA technician to recognized industry standards, uniess otherwise noted. No
other warranty .« made. These data do not include or represent any (nterpretation ar opinion of specification compliance of matertal suitability.
Shouid engineer rg interpretation be required, EBA will provide it upon written request.

43 CONT 83
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DENSITY TEST RESULTS
ASTM Designation D2922 & D3017, or D1556
Project Nc.- 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/ms
Optimum M.C.: 2.8%
Date Tested: 1690-06-14 By: CRH
TestNz.. . ; ) | % Moisture | Dry Density %
Probe Dzcth Location ; Elevation Content Kg/m3®  |Compaction
17/20C =m Sta. 1+60 LIFT #1 . 11.5 | 1945 i 90.3
16/200 i Sta. 1470-3 m fron D.S. toe LIFT 21 ¢ 13.4 1964 | 91.1
19/200 mm Sta. 2+20-15 m from D.S. toe LIFT #1 | 14.53 1937 89.6G
26/2CC z=m Sta. 2+10 cut off trench LIFT #1 12.7 1951 90.5
'D.S. edge eleveation
I i
5 i
: i !
i | |
‘ ! |
; l [
i | '
Remarks:
(\ :
cc
Reviewed B v: >27Z(/:Jf"7)7 "'///é P.Eng.

The testing ser
other warranty

Should enginez2-.ng interpretation be required, EBA will provide it upon written request.

144 CONT'83
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« ces reported herein have been performed by an EBA tecnhnician to recognized industry standards, unless otherwise noted. No
s made. These data do not include or represent any interpretation or opinion of specification compliance of material suitability.
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DENSITY TEST RESULTS

o ASTM Designation D2922 & D3017, or D1556
Prciect No.: 0201-10441 Test Apparatus: NUCLEAR __ Mach. No.: M_
_ Projsct: Little Creek Collection Pond guj pescription: SILT(TILL)-sandy, gravelly,
Faro, YTukon some clav, grey

Temperature Air:__________°C Soil:________°C

Client: Cominco Eng. Serv. Ltd. Specified Compaction: 95%
Compaction Standard: ___MODIFIED PROCTOR
B ATIN: Mr. Keith McDonald Minimum Dry Density:
Maximum Dry Density: 2155 kS/m3
Optimum M.C.: 3.5%
Date Tested: 1990-09-14 By: CRH
Test No./ . ] i % Moisture | Dry Density %
P-obe Ceoth | Location ! Elevation | Content Kg/m3 ICompaction
217200 mm . Sta. 2+00-3 m D.S. or zut off LIFY #1 12.5 | 1964 i Gl.1
“trench 5 [ i
227260 am [ Sta. 2+00-2 m U.S. of D.S iLIFT #1 12.1 2004 i G3.0
| toe | i |
227200 ma Sta. 2+05-4 m U.S. of D.S. toe LIFT #1 | 1II.7 12046 | 94.9
i ; i |
i i i [
i | i ! i
e ! | |
i ! |
i
]
. i
[ |
1 arées I !

Remmarks: ILSIS #2Z, <3 were on «ews Chat were tested aiter Iurther compaction
or the area of Tests #17 - 20. Area cof Test #21 received adaditional compaction.

A N _
Reviewed By: 9771/;&/, j/ ”"/'é{ P.Eng. -

The testing services reported heremn have been performed by an EBA 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 comptiance of matenial suitability.
Shouid engineering interpretation be required, EBA will provide 1t upon written request.

44 _CNT'83
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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 soit Description: SILT(TILL)-sandy, gravelly,
Faro, Yukon some_clay, grey
Temperature  Air: °C Soil: °C
Client: Cominco Eng. Serv, Ltd. Specified Compaction: 957
Compaction Standard: MODIFIED PROCTOR
ATTN: Mr. Keith McDonald Minimum Dry Density:
Maximum Dry Density: 2155 kg/m3
Optimum M.C.: 8.87%
Date Tested: 1990-09-14 By: CRH
Test Nc. ‘ ‘ , % Moisture | Dry DenSiWi %
Probe Dec:n Location ! Elevation | Content Kg/m3 Compaction
24/200 —m UTM Coordinates 593500 E GRADE 9.6 12136 95.1
16603630 N ; | !
25/20C =m UTM Coordinates 593300 F iGRADE 3.3 12161 L 101.7
15903500 N | i i
26/200 s UTM Coordinates 553350 E GRADE | 8.5 2167 100.6
16603250 N l |
27/200 mm (UTM Coordinates 593700 E GRADE I 10.1 12143 99.4
16603100 N i |
28/200 =m :UTM Coordinates 5940C0E GRADE 8.2 21378 99,2
16903100 N
i
i
I
i
| |

Remarks:

Testing of travelled surface only, compaction of underiying materials

not ceternined.

Reviewed By:

cc

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 opinian of specification compliance of material suitability.
Should engineer rg 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: NUCIZAR  Mach. No.: _4C04
— Project: ______TLittle Creek Collection Pond Soil Description: ______SIIT(TII].)-sandy, gravell
Faro, Yukon some clay, grey
_ Temperature Air:_____ °C Soil: °C
Client: Cominco Eng. Serv. [Ltd. Specified Compaction: Q5%

Compaction Standard: ___ MODIFIED PROCTOR

ATTN: Mr, Keith McDonald Minimum Dry Density:
Maximum Dry Density: 2155 kg/m3
Optimum M.C.: 8.8%
Date Tested: _1990-(0-14 By:__CRI
Test No./ ' L ) _ | % Moisture | Dry Density| %
Probe Depth ocation Elevation | ", ten: Kg/m® |Compaction
29/200 rm_: Sta. 0+4205-18 m D.S. of “11.Sw | 15,4 13616 [ gag
_centreline ‘ |
30/2C0 i P Sta, 04335-20 m D.S, of '—a.0m ! 11,5 ' 2014 93.5
' centreline ? ' |
31/20C mm - Sta, C+255-1.5 @ D.S. of =4,0m 1 10,3 1 2C7] 96.1
| centreline I |
32/200 m !'Sra. O0+225-5 m U.S. of -10.0m ! S0 2156 1806.0
| centreline | |
i i ‘
; |
! i
] ]
i
| i
i |
Remarks: Note high moisture content at location of Test #2¢, additional
i this location is not c ignifi 1 !

compacrtion

3 .
Reviewed By: 97/"&/;%]” "é-/‘é; 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 mater:al 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 No.: 0201-10441 Test Apparatus: NUCLEAR Mach. No.: 4004
Project: Little Creek Collection Pond gq; pescription: SILT(TILL)-sandy, gravelly
Faru, Yukon some clay, grey
Temperature  Air: °C Soil: °C
Client: Cominco Eng. Serv. Ltd. Specified Compaction: 9572
Compaction Standard: __ MODIFIED PROCTOR
ATTN: My, Xeith *¢cDonald Minimum Dry Density:
Maximum Dry Density: 2155 ng/mS
Optimum M.C.: 8.8%
Date Tested: 19901 0-01 By: __CRH
Test Nc. ! Location ; levati | % Moisture | Dry Density 9%
Probe Decth ! | Elevation Content Kg/m® |Compaction
33/20C = Sra. 0440 2 m LS. of =40 3.2 12061 0S8 £
centreline : !
/200~ Sra. 0450 2 m 0.3 of 4 0m |92 lz0sg | s 9
cantreline | }
39/200 —m  Sra, 0470 10w U, S, of =3.0 m Q.7 2072 96 3
‘contreline ‘
NR/20N -y '[ra. D490 18 m IS, of L.0m | 103 107 973
icontrelire ‘ l
N7/200 ~- 'Sra. 1420 centreiine =10.0m 90 !216] 100.3
32/ = ‘[ia. 1420 jS DS, of =12.0m 109 2143 1005
lcentreline ?
| i
: i
? i
' |
|
Remarks:
cc
Reviewec B: P.Eng.

The testing serv ces reported herein have been performed by an EBA technician to recognized industry standards, uniess atherwise 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: NI'CIEAR Mach. No.: 40C4
Project: Little Creek Collection Paond Soil Description: SILT(TIIL)=sandy, gravells
F‘arof Yukon gnmei]ay, grey
Temperature  Air: °C Soil: °C
Client: Cominco Eng. Serv. Itd Specified Compaction: asZ
Compaction Standard: ___MODIFIED PROCTOR
ATTN: Mr, Xeith McDonald Minimum Dry Density:
Maximum Dry Density: 2153 kg/m3
Optimum M.C.: R.87
Date Tested: 1990-10-01 By: _CRH
Test No. Locati . | % Moisture | Dry Density | 9%
Probe Decth ! ocation | Elevation Content | Kg/m® [Compaction
36/200 =xn Sta. 1400 20 m D,S, of -10.0 m 8,6 | '
‘centreline ' | 6 l
40/200 = ISta. 9+90 15 m .S, of ?—8.0 i} i 14,2 11993 ! Q2.4
centreline | ! |
41/200 -2 iSta. 0+75 3 m D.S, cf ~4,0 m I 11.8 2098 Q7.4
‘centreline i |
i i i
| !
! ' !
|
| !
{ |
i i
l !
Remarks: Material tested at location of Test #39 either contain a larege rock or

had a sigmificantly higher rock contnt;

thecefore the proctor value is not valid

for this :est,

Reviewed By:

cc

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 material 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: NUCLZAR Mach. No.: 4004
— Project: Little Creek Collection Pond sy Description: SILT(TILL)-sandy, graveily,
Faro, Yukon some clay, grey
_ Temperature  Air: °C Soil: °C
Client: _____ Cominco Eng. Serv. Ltd.  Specified Compaction: 95%
Compaction Standard: __ MCDIFIED PROCTOR
ATTH: Mr. Keith McDonalq Minimum Dry Density:
Maximum Dry Density: 2155 kg/m3
Optimum M.C.: 8.8%
Date Tested: 1900-10-N06  By:_ CRH
Test No. | . ) 1 % Moisture | Dry Density %
Probe Decth Location | Elevation | Contenr: Kg/m*  |Compaction
42/200 =  Sta. 1+30 U.S, edge %-&.5 o 10.¢ 32107 1 97.8
43/200 & Sta. 1+4C {1,S, edge £5,0 m 7.8 1195] | __90.5
447200 =  Sta, 1+60 U.S, edge L5.0m e,7 12097 f 97,3
45/200 =m Sta. 1+95 2 m D.S., of U.S, 5,0 m Q,8 12116 E 83,2
edge | ;
46/20C am Sta. 2400 14 m D.S, of U.S, L4.5 1 o123 1695 ’ 92.6
ledoe ]
47/200 =a Sta. 2+30 7. m D.S. of U.3. ~4.,0 m 11.5 ’2040 94,7
ledge
i |
,. ;
‘ ’ j
: | : | |
i | | |
Remarks:
cc
Reviewed By: 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 1s made. These data dn not include or represent any interpretation or opinion of specification comptiance of matenal suitability.
Should engineerirng interpretation be required, EBA will provide i1t upon written request.
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DENSITY TEST RESULTS
ASTM Designation D2922 & D3017, or D1556

Project No.: 020]1-10441 Test Apparatus: NUCIFAR  Mach. No.: 4004
Project: Little Creek Collection Pond Soii Description: SILT(TI - vel
Faro, Yukon sonre clay, grey
Temperature  Air: °C Soil: °C
Client: Cominco Eng. Serv. [td. Specified Compaction: 95%
Compaction Standard: MODIFIED PROCTOR
A'I'I’N: Mr. Kelth MCDOTIald Minimum D(y Density;
Maximum Dry Density: 2155 kg/m3
Optimum M.C.: 8.8%
Date Tested: 1990-10-06 By: CRi
Test No./ i L . I . % Moisture | Dry Den;ity %
Probe Ceoth | ocation Elevation | "/ tent Kg/m*® |Compaction
48/15C mm .Sta. 2+55 3 m D.S. of U.S. =4.0m 9.8 12039 94.6
‘edge i |
1 49/100 mm ‘Sta. 2+40 8 m U.S. of D.S. 3.5 m 16.0 12148 9¢.7
‘edge I |
50/200 nm Sta. 1+50 8 m U.S. of D.S. ~3.0m 9.7 2036 94.5
‘edge |
? f
i ! | |
| | ?
| l !
| I
i i
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 s made. These data do not inciude 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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DENSITY TEST RESULTS

~ ASTM Designation D2922 & D3017, or D1556
—
Project No.: 0201-10441 Test Apparatus: NUCLEAR Mach. No.: %_
_ Project: Little Creek Collection Pond guii 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
’ ATTiH: Mr. Keith McDonald Minimum Dry Density:
Maximum Dry Density: 2155 ko/m3
Optimum M.C.: 3.8%
Date Tested: 1990-10-06 By:__CRH
Test No./ . l [ % Moisture | Dry Density] %
Probe Deoth | Location Elevation | " ont Kg/m*® !Compaction
51/20C mm  Sta. 1+70 U.S. side ~3.5nm P 10.7 20G5 i G7.1
52/200 mm Sta. 1+40 D.S. .side 3.5 m . 10.0 2117 i 98.7
53/200 mm ‘Sta. 1+20 D.S. side =3.0m__ | 8.8 12097 | __¢8.8
54/200 om ‘Sta. 0+80 D.S. side =3.0m I 10.7 2028 94.0
55/200 mm Sta. 0+40 D.S. side 3.0 m 11.0 12080 G6.3
56/200 mm STa. 0+60 U.S. side ~3.0 7.9 2110 97.8
| |
l |
! i
I
i
]
j s
Remarks:
cc
Reviewed By: P.Eng.

The testing serv.ces reported herein have been performed by an EBA technrician 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 engineering interpretation be required, EBA will provide it upon written request.
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APPENDIX E

Photographs

Steffen Robertson and Kirsten



PLATE 1:
Sept. 12/90. View from the main haul road of the cleared footprint of the dam. Brownish soil
in foreground of footprint is native sand and gravel, greyish soil in background of footprint is
the native till. The flat embankment extending across the plate is the north limb of the starter
dyke for the Vangorda waste dump.

o

Sept. 13/90. Opposite view to Plate 1, from the south abutment of the dam. Excavation of the
cutoff by the backhoe is underway and the area ir. valley bottom between the cutoff trench and
the upstream toe of the dam is being covered witk: till from the stripping of Vangorda open pit.



PLATE 3

Sept. 13/90. Northward view of
completed cutoff trench between
Sta. 0+180 (in foreground) and Sta.
0+210. Brown sand and gravel overlies
olive till which, in tum, overlies grey
till. Groundwater is evident near the
j base of the sand and gravel.

PLATE 4:

Sept. 14/90. Excavation of the cutoff trench between Sta. 0+180 and 0+235 is complete and filter
fabric is being placed on the base and against the downstream face of the trench.



PLATE 5:
Sept. 14/90. The cutoff trench is then backfilled in thin lifts which are placed initially by the
backhoe and then tracked down with a dozer in preparation for compaction.

PLATE 6:
Sept. 14/90. Each lift is compacted with 5 cycles of a Dynapac compactor.



PLATE 7:
Sept. 15/90. View from the main haul road showing the scrapers hauling till. The brownish zone

in the foreground of the footprint is the local sand and gravel which has been redistributed to
develop part of the blanket drain and the downstream toe of the dam.

PLATE 8:
Sept. 17/90. Formwork for the base of the wet well in place on in situ sand and gravel. In
background, filter fabric is partially in place over the blanket drain on the north side of the valley.



PLATE 9:
Sept. 29/90. Excavation of up to 7 m of permafrost from the footprint of the south abutment,
between Sta. 0+020 and 0+070.

PLATE 10:
Sept. 30/90. Backfilling in thin compacted lifts of the area between Sta. 0+020 and 0+070 where
the zone of permafrost was excavated.



PLATE 11:
Oct. 1/90. View northwards from Sta. 0+040 at the construction of finger drain "L1."

PLATE 12;
Oct. 3/90. Covering finger drains "T'1" and "T2" with filter fabric and constructing the rock drain
at the end of "T1."



> -
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PLATE 13:
Oct. 3/90. Placement of till over top of the finger drains on the south side of the dam footprint.
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PLATE 14:
Oct. 8/90. View from the main haul road. Crest of the dam is at Elev, 1112.
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\ ". T R
AS-BUILT
G of DAM )
| ELEN. (m
ELEV. (m) | (m>
125
125 — —
s5m ' 5m
- -~
. ¢ OF PUMPHOUSE
AND ‘WELL 20
H20 b— .
\a— PUMPHOUSE (6pmx Hm)
| 75m !
—{ 1115
s b— DAM CREST EL. 1114.5m
/**f MAXIMUM POoND LEVEL ELEN. [112.6
GEOTEXTILE FILTER / ' ORIGINAL GROUND SURFACE
ABRIC { NILEX C24 300 ¢§ HDPE / - ——— 0w
110 — oR EQUIVALENT) DISCHARGE PIPE | | _
e
 GLACIAL TILLIN_, MINIMUM POND LEVEL EL. 1107 m // _prApL
] /
r.om(TIPY . !
(105} — — | EL. tioS EL. 1104 — 1105
. q‘h - - EL. //03.5 7, 2
! INVERT OF INTAKE TRENCH /‘7"/;‘2 igo’fj’”wéf — 100
oo |—
| - VAN GORDA PIT
DRAINAGE  BLANKET SEE NorE |
| — (095
[095}—
GEOTEXT ILE
\] FILTER FABRIC 4s -Builr
0% '/z oF collEcTioN DITCH N E. Of DAM —1/090
L . INGER DPRA/
(70 BE INSTALLED) SECTION B-8 (STA. 0+/90) g |
‘ 5m 5m
LE — [:250
=ca / ELEY. (m) GRAVELLY SAND ELEV. A(m)
JI5— —X DAM cREST ELEV. 1//4.5m — 1115
LIMIT OF EXCAVATION :
MAXIMUM_POND LEVEL EL.|112.6m
2.0 2.5
1110 [ ‘ / 1110
Glacial 1L L /1/
AS-BuilT L/
¢ of pan 1105 t— j’EJ (105
/ "?7 PIEZOMETERS | —
| - GEOTEXTILE THERM|STORS |
ELEV. () | | FLEV. (m) = ;ABTR/C D 7o 86 INsTALLED)Y | 'Z'/
GRAVELLY SAND "’\y [/lm DAM CREST EL. 11179 m /yﬂ/ 1[3_1\ -C | 3% SURFACE
2.0 L ]20m 2.5 '
C B
15 | LAciAL NI&:\ 300 ¢ HDPE | — s fots —] ‘3_135"_! 1095
GEOTEXTILE T MAXIMUM POND ELEV. (112.6 SEE NOTE |
FiLTer FABRIC e '
/7\ /110 o090 Rock ToE — 1090
SURFACE.
1705 L2 _1 /705 1085 — 1085
B COolLECTION SUM _
o S IR T SECTION D-D (STA. O+144)
47 DEEP EMBEDDED /N _
o0 GRANVLAR MATERIAL SCALE — /2250
1100 |— -1/ (70 BE INSTALLED)
1095 L SECTION C-C ( STA. O+280) 11095
ScALE - 1250
NOTES :
[, CUT-OFF TRENCH VARIES. SEE DRWG. Nb. 60627 — 03. /
A /mn .
115 — & 9F INTAKE TRENCH — s 2. GLAc/IAL TILL FILL MATERIAL €OMPACTED T ©
7%Eecsur oF THE MOD/7,5:/ED PROCTOR. MAXIMUM DRY
ORIGINAL DENsSITY IN ‘©.3m LIFTS o
GROUND SURFACE i 3. RIPRAP MATERIAL SHALL coMpLY wiTH GRADATION
/110 }— — /110 REQUIREMENTS IN THE TECHNICAL spEC’//:/cAr/O/\/s.
4. PIEZOMETERS , THERMISTORS , ColLECTION DIJCH AND
COLLECTION SUMpP NOT INSTALLED AS AT JAN. (77/.
/{05 — — 1105 “
inches 'QE /5/0/\/5 DATE
f ? f 4 CURRAGH RESOURCES [NC. VANGoRDA | AUG- 24 /70
L 1100 [ e %OVED DA/TE D PROJ. NO.
//00 — ° ! centimetrei ! ° A / /4 Ug' Z‘/ 90 ! 6062 ?
colLE
momin | B 7 Sept. #/70 VAN GORDA CTION POND o2
SECTION E-E GEoLOGICAL Sy S bt | C P Jar. 15/9/ CROSS -SECTIONS B-B,6-C, D-D, % E-£
SCALE — /1280 for the original size. NO.
6062 7F -0
STEFFEN ROBERTSON & KIRSTEN, Consulting Engineers




