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REPORT 16063611 

VANGORDA PLATEAU DEVELOPMENT 

AS-BUll. T CONSTRUCTION REPORT FOR 

LITILE CREEK DAM 

1.0 INTRODUCTION 

1.1 General 

Curragh Resources Inc., which currently operates an open pit mine near Faro in the Yukon Tenitory. 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 Grwn, 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, pwnp house and pipeline system to direct the water in Little Creek Pond to a water treatment 

facility; and a water treaanent 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 Lamenon 

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. 

1.2.3 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 pipelines, stripping and clearing of the dam footprint and 

construction of the wet well and pumphouse. 

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

Whitehorse. 

1.3 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 trench. During the initial design stages, two water management scenarios were 

considered. The first assumed that the water collected in Little Creek Pond would be derived from both 

the Vangorda pit and the waste dump and would be pumped to the treattnent 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 rn' to enable storage of the winter 

flows. The latter scenario was selected for construction because it provides greater operational flexibility. 

2.2 Drawings 

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

Steffen Robertson and Kirsten 
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Drawing No. Revision Title 

60627-01 C General Arrangement Plan 

60627-02 C Layouts for Cut-off Trench Excavation and Drainage Blanket 

60627-03 A Profile along Longitudinal Section A-A 

60627-04 C Cross-Sections B-B, C-C, D-D & E-E 

The drawings have been reduced 50% for inclusion in this report. 

3.0 GEOLOGY AND STRA TIGRAPHY 

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 abuttnent at Station 0+020 and the nonh abuonent at Station 0+220. The sub-surface geology in 

the nonhern 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 se~on 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 

abuonent of the dam (Sta 0+020). TIlis 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 IS and 25 percent. However, where segregated ice 

comprised the main component and silt was present only in thin layers, moisture contents almost certainly 

approached 80 to 90 percent. 

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

Between Stations 0+070 and 0+0150, the sub-surface geology did not vary from the descriptions presented 

in the original geotechnical report. It typically comprised, in descending order, the following strata: 

• two to three metres of stiff, olive-brown, well graded silt till over 

• one to two metres of compact, red-brown sand and gravel (north of Station 0+ 100 only) over 

• at least 1 metre of very stiff to hard, black-grey, well graded silt till (from Station 0+070 to 

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

Sporadic permafrost lenses up to 1 metre thick, were present 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 till 

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 till. 

The sand and gravel layer pinches out at about Station 0+220. 

STA 0+220 to 0+297 

Between these stations, the sand and gravel was absent and the thickness of olive-brown silty till increased 

to at least three metres. The blue-grey till is present below the base of the olive-brown till but was not 

observed in the excavation for the cut-off trench between these stations. 

4.0 DESIGN CHANGES 

The changes in design outlined in the original geotechnica1 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 fmes. 

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 southern 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 perfonnance as a drain 

would be more than satisfactory. 

Steffen Robertson and Kinten 
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5.0 LABORA TORY 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 repon (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.I). That ponion 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. FuIther 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 noIth side of Little Creek. As a result, the gradation 

analysis for a sample of the lower limit of this gravel from Station 0+165 (Appendix C, Figure C.2) is 

very similar to the gradation of the drain material in the on the noIth side of the creek (Appendix C, 

Figure C.4). 

5.2 TiU 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 fmes. 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/m3 

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 sim 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/m3 with a standard deviation of 77 kg/m3 

was observed. This represents an average compaction level of 95.5 percent of the Modified Proctor 

maximwn 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/m3. 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 1~ 

cm/sec. 

5.3 Drain Material 

Material used to construct the drains comprised either in situ sand and gravel occurring naturally in the 

valley bottom or sand and gravel obtained from the vicinity of the Grum pit Material for the northern 

drains was a combination of natural and imponed material with the material for the southern drains being 

entirely imponed. 

Gradation tests for the southern drains showed 7% passing the No. 200 sieve where the northern 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 

Consouction 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 Kinten 
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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. 

Consouction equipment consisted of 4 to 6 scrapers assisted by a D9 bulldozer in the borrow area, two 

bulldozers (09 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. 

Consouction 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 f1lter fabric over the 

in siru 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 

6.3 Drains 

6.3.1 South Drains 

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

drains beneath the southern part of the dam consisted of three longitudinal fmger drains (L I, L2, L3) and 

two transverse finger drains (TI, 1'2). The layout of these drains is shown on Drawing No. 60627-02. 

Steffen Robertson and Kirsten 
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All of the finger drains were completely encapsulated by fIlter fabric (top, sides and bottom) so as to 

prevent the migration of fines into the pore spaces. 

Rock drains were placed at the downstream toe of the embankment at the western extensions of Tl and 

1'2. The rock drains consist of boulders up to 0.5 metres diameter in a sand and gravel matrix. The 

purpose of the rock drains is to maintain flow from the finger drains in freezing weather. 

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

6.3.2 North Drains 

The drains beneath the norther pan of the dam consisted of a blanket drain constructed from the existing 

in-place sand and gravel and a connecting fmger 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 hydro seeding 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, pennanent 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 oUl 

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 fOOtprinl 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 pil 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 fmger, have been installed to maintain the phreatic levels in the dam at safe levels. 

Construction staned 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, Num~r 160636/1, entitled Vangorda Plateau Development, As-built Report for Little Creek 

Dam, is respectfully submined by: 

SIfE BERTSON AND KIRSTEN (RC.) INC. 

\ . 

. .·11 

Maurice Amendolagine, E.I.T. 

Field Inspector 

o··~c. 
.? c.~~~ .. ·:~~-;! c :;CCTT ; 

Cameron e-·sc.oti, .P. Eng. 

seniOr.~_~.~;U . Engineer 
~ ........• 

I 
Peter Hea1ey, P. Eng. 

Project Engineer 

.' 

--
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VANGORDA PLATEAU DEVELOPMENT 

UTILE CREEK COLLECTION FACll.ITY 
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 10 be placed in a dump 

immediately south of the open piL 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 Linle Creek. The collection 

facility will primarily comprise an earthfill dam behind which a pond will form. ARD which collects in 

the open pit during the course of mining will also be directed to the facility. Water will be drawn from 

the collection faCility using a wet well and pumped on a regulated basis to a water treatment plant where 

it will be treated, as required, before subsequent release to the environment The approximate layout of 

the open pit, waste dump and collection facility is shown on Figure 1.1. 

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

collection pond. 

2.0 SITE INVESTIGATION 

The investigation at the Little Creek water collection facility, which comprised drilling and backhoe test 

pits under the direction of Steffen, Robertson and Kirsten (B.C.) Inc. (SRK), was completed on two 

separate occasions. Additional backhoe test pits were also completed by EBA Engineering Consultants Ltd. 

(EBA). The locations of relevant boreholes and test pits are shown on Figure 2.1 and the respective logs 

are included in Appendix 1. 

The first investigation was completed on May 11, 1990 under the direction of SRI( and involved the 

excavation of two test pits (fP 90-5 and 90-6) as part of a preliminary site selection assessment for the 

collection facility. The test pits were excavated using a track-mounted backhoe in the general vicinity of 

the proposed water retention dam axis and extended to depths of 2.5 and 3.5 m, respectively. Three grab 

samples were obtained from each test pit for subsequent classification testing. 

Steffen Robertson and Kirsten 
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Between June 28 and July 7, 1990. a second site investigation was canied out under the direction of SRI{ 

at the proposed site of the collection facility. This investigation comprised four borehoIes (DH ~1 to 
90-4) and four test pits (TP 90-30 to 90-33). In addition, three grab samples (Let to LC3) were obtained 

from small pits dug with a shovel The boreholes were completed by Advanced Drilling Lld.. 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 piezometeJ'S were installed in three boreholes 

(OH 90-1 to 90-3). A falling head permeability test was carried out in each of these piezometeJ'S 

(Appendix 1). However. because of problems associated with bentonite balls bridging in the driU 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 pan 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 swvey 

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. 1be 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 
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dam are shown on Figure 3.1 and 3.2 respectively. The results of the boreholes and test pits that have 
been completed in the vicinity of the collection pond indicate that the near-surface soils vary across the 

valley. On the left (south) side of the valley, the soils comprise up to 0.2 m of peat overlying 

approximately 0.5 m of soft organic silt overlying brown. moist. firm to very stiff sand (till) overlying a 

grey, firm to hard silt (till). In the valley bottom, there is approximately 3 m of gravelly sand overlying 
either brown, wet silt and sand (till) which in turn 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 detenninations 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 deterrninations 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 blowcoWlt values were about 7 blows per 300 mm, indicative of a firm material. 

The grey till comprises 12 to 23 percent gravel, 28 to 44 percent sand and 44 to 54 percent silt and clay 

based on six gradation analyses. The average gradation from these six analyses is 16 percent gravel, 

36 percent sand and 48 percent silt and clay. Six moisture content determinations resulted in a range from 
7 to 12 percent with a mean at 10 percent Nineteen Standard Penetration Tests were performed in the 

grey till. The blowcounts ranged from 13 to greater than SO blows per 300 mm. In general, the 
penetration resistance increased with depth, usually with significant increases over a short interval. Using 

SO as the maximum blowcount, the mean blowcoWlt 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 blowcoWlts 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 "abWldant" in both 

test pits by the inspector). Conversely, only a trace of seepage was reported in TP 90-33. 
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4.0 DESIGN OF THE COLLECTION FACll.ITY 

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 

treattnent 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: 
Flood Storage: 
Freeboard Volume: 

Total Required Storage: 

21,000 cubic metres 
28,000 cubic metres 
6,000 cubic metres 

55,000 cubic metres 

Although both scenarios were considered during the design stage for the purpose of this repon, 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 ea.rthfi1l 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. 

4.3 Storage Capacity 

The storage capacity curve for the collection pond is shown on Figure 4.3. It should be noted that. 
because the coverage of the field survey was slightly less extensive than what was anticipated, the degree 
of accuracy of the topographic mapping above elevation 1110 m is less than below 1110 m. As a 
consequence, the contours on the maps used to generate the height-capacity curve (ie .• Figures 4.1 and 4.2) 

are marked as "surveyed" up to elevation 1110 and "inferred" above elevation 1110 m. Despite these 
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differences in the degree of accuracy, the 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: 

Month 

Nov. 

Dec. 

Ian. 

Feb. 

Mar. 

Total 

Mean Monthly Discharges 

to Little Creek Collection Pond 

Drain. Loc:al. Vangorda Precip. Seepage DiLCh Runoff Total 

from Van. Runoff Creek on into Leakage inIo Discharge 

Waste Dump Seepage Van. Pit Van. Pit Pit 

(cum.) (cu.m.) (cu.m.) (cum.) (cum.) (cu.m.) (cu.m.) (cum.) 

2600 2,000 1,s00 3,000 13,000 100 3,100 25,300 

I BOO 1,400 1,000 2,100 13,400 100 2,200 22,000 

1200 900 700 1,400 13,400 100 1,400 19,100 

BOO 700 500 1,000 12,200 0 1,000 16,200 

BOO 700 500 1,000 13,400 0 1,000 17,400 

7,200 5,700 4,200 B,sOO 65,400 300 B,700 100,000 

• includes nmoff from catdlmeut above Little Creek Dam and below Waste Dump Dyke (0.26 Iq laD) 

Van. = Vangorda 

The invert of the intake pipe was established at Elevation 1105 metres.· The minimum pond level was 

established at Elevation 11 en which would provide a buffer of almost a 2 metres to protect the intake pipe 

from the development of ice. The estimated storage to Elevation lIen, 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 m3 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 KiI:sten 
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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 S40 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 

occwrence of flows higher than nonnal, the water balance was recalculated based on a wet year with a 

return period of 10 years. The results, which are shown in Table 4.2, indicate that under 

normalconditions, and a pumping rate of 900 USgpm, the pond has the capacity to accommodate flows 

during the April to October period and would store the estimated flows from both the pit and dump during 
the period from November to March. In a wet year, however, the water balance indicated that, based on 

the cwrent 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 accolJ!lIlodate the 24 hour nmoff 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 conection 

pond below the diversion ditches. This area was estimated to be about 0.26 square ldlometres. 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 componems 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. 

4.4 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 centre line of the dam in those areas where stripping reveals there to be 

Steffen Robertson and IGrsten 



606Z7 - Liale Creek Colleaion Facility Page 14 

TABLE 4.1 

Water Balance for Uttle Creek Collection Facillty 

(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 1.2 16.9 0.0 66.4 

February 0.7 0.0 0.8 14.7 0.0 82.6 

March 0.7 0.0 0.8 15.8 0.0 100.0 

April 0.8 0.0 1.0 28.7 130.5 0.0 

May 16.6 1.0 21.1 89.1 127.7 -0.0 

June 26.0 1.5 33.0 123.5 147.2 36.8 

July 13.2 0.8 16.8 76.4 144.0 -0.0 

August 8.6 0.5 10.9 59.0 78.9 -0.0 

September 7.0 0.4 8.9 52.2 68.4 -0.0 

October 5.4 0.3 6.8 47.0 59.5 -0.0 

November 2.0 0.1 2.6 20.6 0.0 25.3 

December 1.4 0.1 1.8 18.7 0.0 47.3 

Year 83.2 4.8 105.6 562.6 756.2 

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

Steffen RQbertson and Kirsten 
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TABLE 4.2 

Water Balance For Little Creek CoUection 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)3 (dam)3 (dam)3 (dam)' (dam)' (dam)' 

January 1.3 0.1 1.7 18.2 0.0 46.4 

February 0.9 0.1 1.2 15.6 0.0 642 

March 0.9 0.1 1.2 16.7 0.0 83.1 

April 1.1 0.1 1.3 29.8 115.3 0.0 

May 23.3 1.3 29.6 111.7 152.1 13.9 

June 36.6 2.1 46.4 147.2 1472 99.0 

July 18.6 1.1 23.6 106.1 152.1 96.3 

August 12.1 0.7 15.3 70.7 152.1 42.9 

September 9.8 0.6 12.5 61.7 127.4 0.0 

October 7.6 0.4 9.6 54.3 71.8 0.0 

November 2.9 0.2 3.6 23.4 30.0 0.0 

December 2.0 0.1 2.5 20.6 0.0 25.2 

Year 117.0 6.8 148.5 675.8 948.1 

Steffen Robertson and Kirsten 
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no significant gravel or sand deposits in the subsoils finger. Fmger 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 freeboanl of 19 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 downwanl 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. H bigh 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 inven elevation of the pipe at the outlet has been establlshed at 

Elevation 1104 mettes and would be located about 8S 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 suffident 

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 sides10pes of 1.5:1 (H:V). The maximum depth of 

excavation for this trench is about 7 metres. 

4.5 Embankment Volume 

Based on the typical section shown in Figure 4.S. 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 S3.cm 

Gravelly Sand 7.00> 13.soo 

Total volume in cubic metres 34.soo 66.soo 

Of the total fill volumes listed above. the portions represented by the gravelly sand drain and the cut-off 

trench are estimated at approximately SOO cubic metres. and 4.cm to S.OOO 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 geotecbnical investigation. 

5.0 CONSTRUCTION 

5.1 Borrow Materials 

It is expected that the till for embankment construction will be obtained from the stripping operations at 

the Vangorda open pit The gravelly sands required for the construction of the embankment shells and 

the drainage blanket will be obtained from inside the limits of the collection pond. 

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

U.S. Standard 

3 in. 

3/4 in. 
No. 4 

No. 40 

No. 200 

Percent Passing by Weight 

90 - 100 
75 - 100 

50 - 95 

30 - 65 
30 - 50 

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

Page 20 

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

following gradation: 

U.S. Standard Sieve 

1~ in. 

3/4 in. 

3/8 in. 

No. 4 

No. 16 

No. 40 

No. 100 

No. 200 

Gravel should not exceed 6 inches. 

5.2 Trench Excavation 

Percent Passing by Weight 

100 

85 - 100 

50 - 90 

30 - 80 

10- 30 

5 - 15 

o - 10 

o - 8 

The ttench 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 

5.3 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 lGrsten 



60627 - Little Creek Collection Facility Page 21 

to 9S percent of Standard Proctor maximum dry density. Appendix 3 should be referred to for an 

indication of the compaction characteristics of the till in the vicinity of the Vangorda open pit 

6.0 CONCLUSIONS 

We recommend that, to provide maximum flexibility during operations. the collection facility should allow 

storage during the winter months of flows from either the Vangorda pit and/or the waste dump. Therefore, 

the 120.000 cubic metre collection facility should be selected. 

TIlis 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. Scon, P. Eng. 

Peter Healey, P. Eng. 

Project Engineer 

-f1V"" ~:bertson, P. Eng. 

Review Principal 

Steffen Robertson and Kirsten 
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WATER COLl£CTlON PIPELINE QIENT: COMINCO ENGINEERING SEI\V. LTD. BOROiOLE No. 10373-02 
VANGOROA WASTE DUMP BACKHOE: CAT 235 Project No: 0201-10373 
CURRAGH MINE. FARO. YT VTM ZONE: 8 N6903060.00 E59365O.00 . ElEVAnON 1109.00 (m) 
SAMPLE TYPE • CAAB SAMPLE 12] NO RECOVERY ~ STANDARD PEN. ~ 7S nvn SPOON rn 75 mm CRREl.. rn 100 mm (;AAa 
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DESCRIPTION 

ORGANIC, ROOf MAf and organic Slit, light 
brown, seasonal frost ta 0.4 m 

- water flowing in pit at base of 
seasonal frost 

SILTl TILL) - sandy, some grovel, trace of 
cloy, numerous cobbles and boulders 
la 300 mm in diameter, low plastic, 
saturated 

- olive brown to '.5 m. dark grey 
below 1.5 m 

- sides of pit sloughing 
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EBA Engineering Consultants Ltd. COMPlDlON DEPTH 2.4 m I COMPLETE 

lOWG NO. I Poqe 1 of 1 Whitehorse, Yukon LOGGED BY JRT 



WATER COLLECTION PIPElINE CliENT: COMINCO ENGINEERING SEEN. LTD. BOREHOlE No. 10.373-03 
VANGOROA. WASTE DUMP BACKHQ£: CAT 235 . Project No: 0201-10373 
CURRAGH MINE, fARO, YT VTId ZONE: 8 N69030SO.00 E593560.00 ElEVATlON 1107.21 (m) 
SAMPLE TYPE • CR.&.B SAMPLE o NO RECOVERY I:8J STANDARD PEN. ~ 75 mm SPOON []] ~ mm CRRa rn 100 mm CRRa 
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DESCRIPTION 

!SAND AND GHAvtL - dean, ongular to 
subrounded frogments, cobbles and 
boulders throughout, grey 
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WATER COLLECTION PIPELINE CLIENT: COMINCO ENGINEERING SERV. LID. BORDiOLE No. 10373-04 
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APPENDIX 2 

Laboratory Test Results For Foundation Soils 

Steffen Robertson and Kirsten . 
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EBA Engineering Consultants Ltd. 
Civil, Geotechnical and Materials Engineers 

1990 12 06 

Cominco Engineering Services Ltd. 
100 - 1200 West 73rd Avenue 
Vancouver, B.C. 
V6P 6GS 

ATTENTION: 

Dear Sir: 

Mr. T.D. Lee, P.Eng. 
Project Manager 

EBA File No: 0201-10441 

Subj ect: Little Creek Collection Pond 
Laboratory and Field Testing Services 
Vangorda Dewatering Project 
Faro, Yukon 

In comp 1 i ance with your 1 etter of 1990-09-14, EBA Engi neeri ng Consultants 
Ltd., have provided laboratory and field testing services in support of the 
Little creek Collection Dam project. The services were authorized and 
directed by your field manager Mr. Keith MacDonald and by your technical 
consultant, Steffen Robertson & Kirsten (B.C.) Inc. This letter summarizes 
the results of field compaction tests and presents final results from 
laboratory permeability testing of the embankment fill material. 

COMPACT ION 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 analysis f the test results reveals that an average in place 
dens ity of 2058 kg/m3 with a standard devi at i on of 77 kg/m3 was observed. Th is 
represents an average compact ion 1 evel of 95.5% of the Modi fi ed Proctor 
maxirr.um dry density (ASTM 01557) value that was determined fro the fill 
material. 

LABORATORY PERMEABILITY TESTING 

At the request of Mr. Keith MacDona1d, a composite sample of the embankment 
fill, obtained from two of the site visits, was submitted to EBA's Edmonton 
laboratory for constant head permeability 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 1983 kg/m3

• The density represents approximately one standard deviation 
below the average in situ field density. 

The result of this test was a permeability coefficient of: 

k= 4.0 X 10-6 cm/ s 

3167-3rd Avenue, WHITEHORSE, Yukon, Canada Y1 A 1 G.:1 



0201-10441 - Little Creek Collection Dam, Laboratory & Page 2 
Dece~ber, 1990 Field Testing Services 

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

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

Yours truly, 

EBA Engineering Consultants Ltd. 

e~J~ 
C.R. Hamilton, E.I.T. 

cc: Mr. Peter Healy, Steffen robertson & Kirsten (8.C.) Inc. 



EBA Engineering Consultants Ltd. 

PARTICLE· SIZE ANALYSIS OF SOILS 

Little Creek Collection Dam: 
Project: ____ -:-__ ~:__----------------

Faro, Yukon 
SIEVE 

PERCENTAGE 
PASSING 

3" 99 
1
'
, .. I 98 2 

1" I 98 

0201-10441 Project Number: _____________________ _ 

1990-10-04 Date Tested: ______________________ _ 

Borehole Number: ____________________ _ 3'4" 98 
" .. 95 2 Depth: ________________________ _ 

SAND AND SILT(SM)-some clay, some gravel Soil Description: _____________________ _ 3/s" 93 
Cu:----____________________ _ No.4 86 
Cc: _______________________________ ___ No.10 77 

Natural Mo istu re Content: ___________________________ % No.20 69 

Remarks: ___________________________________ _ No. 40 I 63 
No. GO 58 

No. 100 I 53 
No. 200 47 

SILT 
SAND 

FINE MEDIUM COARSE 
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Testec In accorca.~ce wltn ASTM 0422 unless otherwise notec. 



APPENDIX D 

Results of Field Testing 

Steffen Robertson and Kirstell 
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DENSITY TEST RESULTS 

ASTM Designation 02922 & 03017, or 01556 

Project No.: 0201-101~41 Test Apparatus: NUCLEAR Mach. No.: 4004 

Projec~: Little Creek Collection ?ond Soil Description: SILT~TILL)-sanctYI gravell. 
E'a!"o, Yukon some clavI grey 

Temperature Air: DC Soil: DC 

Client: Cominco Ens· Serve Ltd. Spec: fied Compac!ion: 95% 

Compaction Standard: MODrFIED PROCTOR 

A~I: Hr. Keitn HcDonald Minimum Dry Density: 

Maximum Dry Density: 2155 kgLm3 

Optimum M.C.: 8.3% 

Date Tested: 1990-09-14 By: CRH 

Test No. I Location I ! % Moisture I Dry Densityl % 
Probe De:::1 Elevation . Content Kg/m). Compaction 
1/200 :-":-:1 Cut off trench Sla. 2+35 . ~ 10.8 ! ~139 

, 
99.3 .-1. I m i 

:Lift #1 I I ! 
2/20C- ·.:'~1 ;Cut off trench Sta. 2+20 ~1.7 :;1 11.3 i 2065 I 95.7 

: Lift #1 I I 
3/200 :.:::l Cut off c:-ench Sta. 2+05 :-1.7 fli 11.8 2047 i 95.0 

!Lift #1 i I I 
4/2CG :-'""' :Cut off trench S ta. 1+95 f-1.7 nI 11. 7 , 2078 I 96.4 

iL1ft #1 I I I 
, i , I I 
I I 
I ! 

I ! 

I I I 
I 

i I 
Remarks: ~:dSP' liit in cut off trench, 0.6 m chick, Elaced fronl Stations l+SlO 
i:o 2+50 

;/;/.-',,4- Z/~-tfC: cc 
Reviewed B",: P.Eng. 

The :eSling se"·::<:s reported herein have been performed by an EBA technician to recognlz~d inoustry star,dards, unless otherwise nOted. No 
otner warranty,s ""'aoe. These data do nOt ,nclude or represent any interpretation oropinlon of specification compliance of material sUitability. 
Should englneer.-.; Interpretation be required, EBA will provide ,t upon written reqUest. 

~.: , __ 'JT.'83 
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DENSITY TEST RESUL TS 
ASTM Designation 02922 & 03017, or 01556 

P~oject No,: 0201-10441 Test Apparatus: NUCLEAR Mach. No.: 4004 

Project: Little Creek Collection Pond Soil Description: SILT{TILL2-sand., I vravell 

Faro, Yukun some clay I grey 

Temperature Air: o C Soil: DC 

Client: Cominco Eng. Serv. Ltrl. Speci fied Compaction: 95% 

Compaction Standard: MODrFIED PROCTOR' 

ATI'N: ~1r • Keith McDonald Minimum Dry Density: 

Maximum Dry Density: 2155 kgLm3 

Optimum M.C.: 8.8% 

Date Tested: 1990-09-14 By: CRH 

Test N~,/ f i % Moisture I Dry Density I % f 

Probe De::th ! Location Elevation 
! Content Kg/m) Compaction 

5/20C 25 ru left of centreline IGRADE ! 10. i I 1983 f 87.8 ::lr:J I 

·Sta. 2+00 - 4 static passes ! ! i I 
6/2CJO ' ,,- left of centreliJle iGRADE 11.1 I 1953 I 90.7 :=.i:t :/..::J m I 

:Sta. 2+00 - 6 static passes ! 
, 

! I 
7/200 :!Im ,25 m left of centrelie iGRADE I 12.1 I 1919 I 89.0 I 

iSta. 2+00 - 8 static passes i i I I 
8/200 :-Jln i25 m left of centreline :GRADE I 13.0 ! 1899 88.1 

I Sta. 2+00 - a static passes I I 
12 vibratory passes I I I 
I ! I 
I ! I 
i I 
f I ! I 

I I 

i ! 
I I i I i 

Remarks: ROLLmG PAITL~N TEST PROGl\hH: Note that ciuE' to slIbgrade conditions 
this test strie is useful for only relative comEarisons. 

,-a~.<£~, ~ ,<-6-; c: cc 
Reviewed B'/: P.Eng. 

/ 

The !es:.ng se", ces reported hereIn have been performed by an E BA technician to recognized indl>stry standards, unless otherwise noted, No 
Ot"er warranty ·s made, These data do not include or represent any interpretatIon oropinion of specifiC4tion compliance of material suitability, 
Should englnee,,"g interpretatIon be required, EBA will provide It upon written request, 

. 
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DENSITY TEST RESULTS 

ASTM Designation 02922 & 03017. or 01556 

0201-10441 Project No.: ________________ _ Test Apparatus: ___ NU_C_LEA_ ..... _-._R __ Mach. No.: _4_0_0_4_ 
Little Creek Collection Pond Project: ___________________ Soil Description: SILT(TILL)-sandy. gravell , 

Faro, Yukon some clay, grey 

Temperature Air: ____ o C Soil: _____ o C 

Client: ____ C_o_m_i_n_c_o_E_.n_s_._S_e_r_v_. _L_c_d_. __ Specified Compaction: ____ 9_5_% _______ _ 

Com pac ti on S tanda rd: _..:.1:::.!.::.O-=D.:::.IFIE:....:::::=D::......;P:....:R=O..:::C-=-T..:::O~R~ __ 

A'mr: Hr. Ke i th He Dona Id Minimum Dry Density: _____________ _ 

2155 kg/!n3 Maximum Dry Densi,y: _______ ~-~ ____ _ 

Optimum M.C.: _______ 8_._3_r_, ______ _ 

Date Tested: _1_9_9_0_-_09_-_1~_' __ By: _C_R_H ___ _ 

Test No." I Location I ! ~.; Moisture I Dry Density j % 
Probe Death I 

Elevation ! Conten~ Kg/m J Compaction 
'7/LIJl! mm \.- ue 'HI erencn .)Cd. .. "I"LU 1.4 m H. I I 1.UIO : 

: 
'io • .J 

, !.JJ.! t: i.-1. I ; 
I 

1 \J / L. \.N !!lITI . \"u( or::: crencn ;,ta. 1+"~ : -1. 4 m i l..:l.1. I l".JU I tb. b 
• L~!t -:TL I 

I : I I 
TT7 ..:U{) mm l,ut or r erenC:l ;,ta. ,d-.),) :-1.1 1:1 11...) J LU01. I 'i:J.! 

1 L~Ie if.) i I i I 
11./LUU mm ut orr trenCl1 ~ta. L+1v ,-1.1 m i 11.1 I ';:UU.) I 1j..).U 

;LHt: rf.) i i I I : 

l")/Ll!U :nm ! \.-U( 01! trencn ':>(0. L+JU i-u,o m I ';f.';f I Ll11 I -Y"~ ~ (J 

I L.Ht ;f4 I 
I I I I 

1~/ Luu mm i cue OIr crencn ;'U-l. 1+':1,) i U ' O m I ';f. , I Lu '" I Y"b.:> 
I L~IC :/'04 I I I I 

I I i I 
I I I I I 

I I , I I 
i ! , I i 

Remarks: ________________________________________ __ 

~ .7, -:- ) ( ./ 
~! i / t c."/~~' ~ ltl~' ~--t.r' PE Reviewed By: ---J-...;.-=----.:~-"'-~--t.,b·"":---J''--!....~.(..C''.''-· __ -'--__ . ng. 0/1 

cc __________________________ __ 

The testing serv,ces reoorted herein have been performed by an E BA technic:an to recognized industry sta~dards. unless otherwise noted. No 
otner warrant)' 's made. These data do not include or represent any interpretation or opinion of specification compliance of material suitability. 
Should englneer'''g Interpretation be reQuired. EBA will prOVide it upon written reQuest. 

14~ ......... .'NT:83 
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DENSITY TEST RESULTS 

ASTM O&signation 02922 & 03017. or 01556 

Project No.: OZQl-IOMl Test Apparatus: NlICLEAR Mach. No.: ll()Oll 

Project: Little Creek Co 11 ectil):J EO:Jci Soil Description: SIT T(TIT.!,) sandy, Oralle] ] 
0 

Faro, Yukon some clay, grpy 

Temperature Air: o C Soil: o C 

Client: CQmincQ Ecg. Ser". I,td. Specified Compaction: 95% 

Compaction Standard: YODIFIED PROCTOR 

ATI'N: Hr. Keith ~·1cDonalct Minimum Dry Density: 

Maximum Dry Density: 2155 kgLI!lJ 

Optimum M.C.: 8.8% 

Date Tested: 199Q-09-1?± By: CRH 

Test './0 .. I i i % Moisture i Dry Density I % 
Probe J~=:'" Location Elevation 

I Content Kg/m 3 
I Comoaction 

15/200 .:r.t . Cut off trench Sta. 2+00 -0.5 m ! G 9 : 2174 I 100.9 
: Lift PS I i I 

16/2CO • Cut of f trench Sta. 2+35 '....{) 5 1'1 
I 9 q I 2123 ! 98 5 ~ I 

: Lift iis ! I I I 
I 

i i I I ! 
I i I I I 
: ! I ! I 
i I I I I 

I ! i ! 
! ! I i 

i i : I I 
i I ! I , 
i I i I 

i I I 
: I i I 
I I I I I I I 

Remarks: 

9f/~~' ;;;1 ~> cc 
Reviewed B',: P.Eng. 

The resrlng !er'. ~s reported herein have been performed by an E BA recnniclan ro recognIzed industr\· standards. unless otherwise noted. No 
Otl'ler warranty IS made. These data do nOt include or represent any Interpretation or OPinion of specifica[Ion compliance of materoal suitability. 
ShOuld engineer ~.g InterpretatIOn be reQuored. E BA woll prOVIde Ir upon wrolten request. 



Project No.: 

Project: 

Client: 

Test ~o. 
Probe D-:,:~h 

1 i / LOO ::D1 

16/20() -~.r! 

19/200 ::El 

20/200 -::1 

Remarks: 

Reviewed By: 

E[ Englne«fllng (Olt/una"t, -"d • 

0201-10441 

Little Creek 

Faro, Yukon 

Cominco Eng. 

... ..... -p 
eoa 

DENSITY TEST RESULTS 

ASTM Designation 02922 & 03017, or 01556 

Test Apparatus: 

Collection Pond Soil Description: 

Temperature Air: 

Serv. Ltd. Specified Compaction: 

Compaction Standard: 

ATD;: t-1r. Keith ~Donald Minimum Dry Density: 

Maximum Dry Density: 

Optimum M.C.: 

NUCLEAR Mach. No.: 

SILT(TILL)-sandy. 

some clav, grev 

° C Soil: 

95% 

MODrFIED PROCTOR 

2155 kgLrr.3 

8.8% 

Date Tested: 1990-09-14 By: CRH 

4004 

gravell 

°C 

! Location I Elevation 
I % Moisture 
. Content 

I Dry Density I % 
Kg/m 3 Compaction 

Sta. 1+60 :LIFT #1 I 11. 5 I 19t.5 I 90.3 I 

. Sta. 1+70-3 m fron D.S . toe JLIFT #1 ! 13.4 I 1964 I 91.1 

. Sta. 2+20-15 m from D.S. toe !LIFT #1 i 14.3 I 1937 I 89.9 
Sta. 2+10 cut off trench !LIFT #1 i 12.7 I 1951 90.5 
D.S. edge eleveation i ! 

i ! ! I 
I ! 

I i I 

I I I 
I ! 

I I I 
I I I 

I I 
, I ! 
, I i 
, I I I 

0);:,:4~ dz ,../-t:. cc 

P.Eng. 
./ 

The :~stlng ser,,·::,:s reported herein have been performed by an E SA technician to recognized industry standards. unless otherwise nOted. No 
other warranlV ·s '"'ade. These data do not include or represent any InterpretatIon or opinion of specification compliance of material suitability. 
ShOuld eng,neer.-.• InterpretatIon be reQuired. EBA will prOVIde it upon wrinen reQuest. 



Project No.: 

Project: 

Cl ient: 

Test No.! 
Probe Deoth 
21/200 mm 

l.J../J..UU .run 

23/20U mm 

Remarks: 
or th-= area 

Re'/iewed By: 

EO ~nglft"'lng Coft/uUantl ,.. i . .. 
~.-= 
eoa 

DENSITY TEST RESULTS 

ASTM Designation 02922 & 03017, or 01556 

0201-10441 Test Apparatus: NUCLEAR Mach. No.: 4004 

Little Creek Collection Pond Soil Description: SILT(TILL)-sandy, gravell 
Faro, Yukon some clay, grey 

Temperature Air: o C Soil: °C 

Cominco Eng. Serv. Ltd. Specified Compaction: 95% 

Compaction Standard: MODIFIED PROCTOR 

ATI'N: ?vir. Keith il:Donald Minimum Dry Density: 

Maximum Dry Density: 2155 kg/m3 

Optimum M.C.: 8.8% 

Date Tested: 1990-09-14 By: CRH 

I Location I Elevation 
I % Moisture 
, Content 

I Dry Density I % 
Kg/m 3 Comcaction 

: Sta. 2+00-3 m D.:). or :ut: off ILl!' 1 :-;1 ' n " I 1964 Sl.1 ; 1", • .) 

! trench I I I I 

: ~ta. dOO-2 m D.S. 0,( D.S !LIFl. t:1 I 12.1 I 2004 93.0 , 
i cue I ! 

,Sta. ~+6.)-4 ID U.::'. or D.::'. toe iun #1 , 11.7 2046 94.9 
: , 

I ! I 

i I 
I 

i I I ! I 
i ! I i 
i ! I I ! 
! I I 

I I 
: I , 

! I I 

i 'H~~ ! I 
l£o:'l::' ;;L1., .:...) \.ere on~ Chat · ... ere Cested orter rurCher compac !:lOll 

or Tests iJI7 - 20. Area er Test Y21 rece~ved aaai t1<ma I compaction. 

9J--Pu&/ d J h-P':C: cc 
P.Eng. 

The :~stlng serVices reported herein have been performed by an E SA technician to recognized industry standards. unless otherwise noted. No 
otner warranty IS maoe. These data do not include or represent any Interpretation or opinion of specification compliance of mate(Jal sUitabilitY. 
Should engineering Interpretation be reQuired. EBA will provide It upon w(Jtten reQuest. 
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DENSITY TEST RESULTS 

ASTM Designation 02922 & 03017. or 01556 

Projec: No.: 0201-10441 Test Apparatus: NUCLEAR Mach. No.: 4004 

Project: Little Creek. Collection Pond Soil Description: SILT(TILL)-sandy, 8ravell~ 

Faru, Yukon some clay, grey 

Temperature Air: ° C Soil: °C 

Client: Cominco Eng. Serve Ltd. Specified Compaction: 95% 

Compaction Standard: MODIFIED PROCTOR 

A'ITN: Mr. Kei th ~·1cDonald Minimum Dry Density: 

Maximum Dry Density: 2155 kgLm3 

Optimum M.C.: 8.8% 

Date Tested: 1990-09-14 By: CRH 

Test No.! 
Location Prote De:nh Elevation 

i % Moisture i Dry D,eniity I %. 
. Content Kg/m Compactlon 

24/200 rrun uTI Coordir.ates 593SOCJ £ :GRADE , 9.6 ; 2136 I 99.1 I 

;6903630 N ! , I I 
25/200 mm :UTN Coordinates 593300 F. :GRADE 8.3 i 2191 I 101.7 

'6903500 N , I I 
~6/200 !l1ffi 'lTf}1 Coorrlina tes 593350 E ~RAD£ i 8.5 i 2167 100.6 , 

:6903250 N I I I 
27/200 mm ! UT:\I Coordina tes 593700 E GRADE i 10.1 12143 99.4 

'6903100 N I i I I 
28/200 .ilrn : UTM Coordina tes 594000E CR,\ DE I 8.2 I 21378 99.2 I 

!o9031oo " I I !~ 

I I I 
i I I 
I I I 

I I I 

I , I 
i i , ! I 

Remarks: Testing of travelled surface on1l. compaction of unuerl ving materials 
not cJet:.erllill~d • 

cc 
Reviewed By: P.Eng. 

The :estlng se'vlces reoorted herein have been performed by an E 3A technician to recognized industry stanoards, unless otherwise noted. No 
other warranty IS made. These data do nOt include or represent any interpretation or opinion of specification compliance of material suitability. 
Should englneerong Interpretation be reQuired, E BA 11'1011 provide It upon written reQuest. 

44 L.U~T"83 



El: Inglncculng Coft/uUantl .. "d • .. 
#jft= 
eoa 

DENSITY TEST RESULTS 

ASTM Designation 02922 & 03017. or 01556 

Project No.: __ ...... O""2.J.OLJ]-=-=-JL..\.0-'-'4~4:L..1...] ________ _ Test Apparatus: __ --"Nu.·I ... 1C ..... T ..... F"'"-'A,..R.l....-_ Mach. No.: 4004 

Project: Little Creek Collecti()n Pond Soil Description: SI! T(T:rT,l-sandy, grave 11 " 

some clay, grey Faro, Yllkon 

Temperature Air: ____ o C Soil: ____ o C 

Cl ien t: ____ ~C~oUJn.u,jun.uc .... o.L....-JE .... nu,g&____. -o.l.S'"'e ..... rJ.v .... --'-Lu.t ..... dLo.~_ Specified Compaction: ____ -=Q..J.5,.;,%'--_____ _ 

Com paction Standard: _..:M:!..:O~D:::.;IF~IE~D.._!...P.!.:R~O:..=C:...:T...:::O:..:.R!...._. __ 

Am!; i·1r. Keith ;;cDooald Minimum Dry Density: ____________ _ 

M a x im um Dry Densi IY: ___ ---', .... 1 .... 5J,.-.J...) ..,;k:>..g&'--'/rnw.=.3 ___ _ 

Optimum M .C.: ______ --I...8'-" • ...l.8"'6>--_____ _ 

Date Tested: ] 000_0°_14 By: eRH 

Test Nc .. I Location I I % Moisture Dry Density I % 
?robe De::::h Elevation I 

Content . Kg/m J Compacrion ! 

?o/?'"";O :""Tl ; Strt 0~?OCj-18 m 0.5 of :-11 5.lD. ! 1..5 ! .. i jCd9 I liG.n 
i centreline ; i I i 

~n/?fin :~m ' St"a 0...j.~3S-?O m n c::: of 1_0,0 m ! 11 :; I ~0l4 i q~ ') 
cent"eline I i I I I 

31/200 :"111 Sta ('.J+?S5-1 ,5 1:1 D.S of I 4,0 r.1 i 10 3 I ~(:71 I cn J 
c-pntf"pline I i I I 

121200 ·"fTI S~a 0-1-")5-5 m U c::: of i-1('.o l'1 I ;~. I 215() I 1r
," n 

centre' ; I~P j I I I I 

I I i I 
I I I : 
I i I I 

! I I 
I I I I 

j i I 
I I I I 

I I ! 
Remarks: Notp. high Jl10isture conteot at location of Test #7.9. additional 
co~pacticn at this location is nut expected to si~nificantly change th~ measured 
cO!!1::la::!:':C:>:l 

R · dB O~b~1_·:'1_-/.~ PE 
eVlewe y: ----r.hf£!=-p.~""--":......:'---'---,;-~..,-'-<-.-~---t'@=:.-r-4-\~~"'--- . ng. 

cc _________________________ _ 

The :estlng ser';,~s reported herein have been performed by an EBA techniCian to recognized industry standards. un!ess otherwise noted. No 
Other ..... arranty IS made. These data do not include or represent any Interpretation or opinion of specification compliance of material suitability. 
Should englneer·~·9 InterpretatIOn be required. EBA wlil provide It upon ..... ritten request. 

44 L;UN T:33 
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DENSITY TEST RESULTS 

ASTM Designation 02922 eo 03017. or 01556 

Project No.: __ 0_2_0_1_-_1_0_4_4_1 _________ _ Test Apparatus: NUCLEAR Mach. No.: I~OO4 

Project: Little Creek Collection Pond Soil Description: SIL~(TILL)-sandy, gravell , 

some clay, grey Faru, Yukon 

Temperature Air: ____ 0 C Soil: _____ o C 

Client: ____ C_o_m_i_n_c_o_E_n...::g:...._S_e_r_v_._L_t_d_. __ _ Specified Compaction: ____ 9_5_%_0 _______ _ 

Compaction Standard: MODIFIED PROCTOR 

Minimum Dry Density: _____________ _ 

M a x i m um Dry Densi ty : ----"'2;..J1.....;:=;,...s;l-JI~C g~jf-/~mI-3'--__ _ 

Optimum M.C.: -------Os~a~~>---------

Da te Tested: 1990-1 (', 01 By: CRa 

Tes! No.i I Location I Elevation 
I % Moisture I Dry Density I % 

Probe Deoth Conte;,! Kg/m 3 Compaction 

l~/"r,n 'T'm <:::r;, n ... L..rI 'J oTl TT c: ~f :"Lr.n ::ot ~ ~ 1'1i'\;;1 1 oc; ::. 
,..onr,..pl inp ! I 1 I 

<'./-:or·;) -M '':;1'''' oI-l-c;n ? .., () ~ flf !...L..n m I Q " iin!::("\ I Ck Q 

"'Q"'rr~ 1; r,,:, i , 
;c:;/"nn '~m '~r~ () .. -0 1t') n TIC: ,..,f i ... ; 11 m ! 0 

.., l-;n7'J 1 ak ~ 

i,..o.,rrpl;n~ I I 1 
,",{f../ ;i"(l . .". ;-:::;.~ ·'"I ... on 1 F< ." TT c: ('If L.R n m I 1(') ~ ')no"' 07 ":! 

i,....,,,t·rplinp 1 , 
1 

':'17 j'*'('fi r.","" 'C: ' R. l.j..?n rpnt"rp';ll> L~ n rn I oJ!. '--' 1£, 1 lnn ~ 
'},'~ / ') .-., 'om i~i ;:. l ... ?n i:; .., T'l.c: ,..,( , ',? nm I lnQ I 'Jl (,; , r:n c; 

I r F'n r r,:> 1 ; n F' I J I I 
I 1 I 1 

I I 1 1 
: I I 

! I , I 
, I I 

Remarks: ________________________________________ __ 

cc _____________ _ 

Reviewed By: _____________________ P.Eng. 

The test,ng 5e",,~s reported here,n have been performed by an E BA techniCIan to recognized industry s~andards. unless otherwise nOted. No 
other warranty IS made. These data do nOt Include or represent any interpretation or opinion of specification comploance of materoal suitability. 
Should engIneering Interpretation be required. EBA WIll provide it upon written request. 
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Project No.: 

Project: 

Client: 

Tes! No .. 
Probe D<:=:h 

39/200 :::::1 

40/200 -~ .-_ ... 

41/200 ;cm 

Remarks: 

El! Englncculng COft/ultantl ,. "d • 
... ..... 0= 

eoa 

DENSITY TEST RESULTS 

ASTM Designation 02922 & 03017, or 01556 

0201 -JO~~J Test Apparatus: t~H!CI E ~R Mach. No.: 4.004. 

Uttle Creek lollectjon Pond Soil Description: STI.T(TTI.I ) sandy, graveIJ), 

Faro, Yllkon some cl a j", grey 

Temperature Air: o C Soil: o C 

Comjoco Eog. Sf>[,r Ltd. Specified Compaction: OC:;~ 

Compaction Standard: MODIFIED PROCTOR 

AIT:~ : Hr. Keith rkriQoald Minimum Dry Density: 

Maximum Dry Density: 2155 kgLrn 3 

Optimum M.C.: i=! S~ 

Date Tested: 19cn-lQ-Ql By: r:RH 

I Location I Elevation 
! % Moisture i Dry Density I % 

Content : Kg/m 3 Compaction 

Sta. 1+00 20 m D,S of ~~O ,0 m 8,6 I 
: cer. trel ine ! I i I 
iStR. [)+cO 15 in :J (' of L..Q,Q f:'I ; 14,2 '19q3 i q? ~ 

icentreline I , ! I 
'Sta. 0+75 3 m D S et L.4.0 rn ! 11.8 i2098 

, q7 ~ 

'centreline I 
I 

I i 
! ; i 
I i ; 

! i I 

I i I 
I I ! i I 
! I ! ! 
i I ; i 

I 

: I i I 
; I : i 
I ! i ! 
r-iaterial tested at location of Test i39 either contain a large rock or 

had a sig::ificantly higher rod. contntj therefore the groctor value is not valid 
for this cest. 

cc 
Reviewed By: P.Eng. 

The testing ser",:,:s reported herein have been performed by an EBA tecnnlcian to recognized industry stancards, unless otherwise noted. No 
Other warranty oS made. These data do nOt Include or represent any interpretation or opinion 01 specllication compliance 01 mateflal suitabi lity. 
Should englneeror,g Interpretation be required, EBA will provide it upon written request. 
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Er. Englncrculng Con/uUcfttl • "d . 
.... 

~.=:: 

eoa 
DENSITY TEST RESULTS 

ASTM Designation 02922 & 03017. or 01556 

Project Ne.: _--=0:..,:2:..,:0:..,:1:.....,-....:1:.,:0:.....,4_4....:1:...-_______ _ Test Apparatus: NUCEA~ Mach. No.: 4004 

Project: Little Creek Collection Pond Soil Description: SILT(7ILL)-sandy, gravel1 , 

Faro, Y1!kOD "cme I"lay I grey 

Temperature Air: ____ o C Soil: ____ o C 

Cl i en t: ___ ~CoL!O>lJn:.u.ll .... • IJ.nlo..cl.l.o---.J.jE..un~g ..... ---'"S!Se ... r...ly(",.L........IIJ..l. t-..ld ...... L..-__ Specified Compaction: ___ -29 .... 51.l.c%>---______ _ 

Compaction Standard: MODIFIED PROCTOR 

A'ITl'!: t·tr. Keith NcDona1.o Minimum Dry Density: ____________ _ 

21 5:' I" M a x im um Dry Dens i ty : _____ ..:...L._ ..J.d....l~~K_tg',J.l.J..ir.;.::' ,)"--__ _ 

Optl'mum MC' 8. s'f, ... ______ J,;_l...J.'-2Uc ..... ______ _ 

Date Tested: 1990-10-06 By: eRH 

Test Ne.! , I I % Moistu~e I Dry Density I % I location I Elevation Conten: Kg/m) Compaction Probe D ~ :lth 

42/200 ::llP. Sta. 1+00 U.S edoe : 4 5 m i 10.9 12107 I Q7.H 
43/200 ""1fI) Sta. 1+40 IT S edQe LS 0 !!l I '1 Q LIoeSl I 90.') 
44/200 Sta 1+60 U. S edf'e l..S.O m 

, 
o i /209"7 I Q"',1 ::!!!l , 

45/200 ""l:JI Sta. 1+95 2 ID D S (If U S LSO m ! 9 R i 211.6 I 9g:;> 
:erioe ! ! I I 

4",/""0 ,:l!ll i3ta. 2+00 1t.mDC: of U.S ~ 5 ill 
I '.2 ' 1199') I Q?n o .. U , 

ledoe i i i / 

47/200 :un Sta. 2+30 i m D S of IT S l..4.0 rn 11 5 1~040 I Q47 
iedQe ! I ! I 
; I / 

I I I 
j I I 
; I I 

I I I 
: I ! I I 
i I I I I 

Remarks: ______________________________________ ___ 

cc _____________ _ 

Reviewed 8'y': ____________________ P.Eng, 

The tesllng se", ,ces reported herein have been performed by an EBA lechnician to recognized industry sta"dards, unless olherwise noted. No 
olher warranlY :S made. These data do not include or represent any interpretation or opinion of specification compliance of material suitability. 
Should en9,ne~-:ng inlerpretalion be required, EBA wdl provide It upon wronen request. 
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El! Englftcculng CottlUUQfttl JI'd. 
A 

~-= eoa 

DENSITY TEST RESULTS 

ASTM Designation 02922 & 03017. or 01556 

Project No.: 0201-1Q441 Test Apparatus: MUCIF.!R Mach. No.: 4004 

Project: Little Creek Collection Pon!,! Soil Description: SILT(TILL2-sand~. gra'le 1 l:., 
Faro, Yukon SQme cla),:. grp.~ 

Temperature Air: o C Soil: QC 

Client: Cominco Eng. Serve Ltd. Specified Compaction: 95% 
Com paction Standard: MODIFIED PROCTOR 

Aw[: ~·1r • Keith ~fcDonald Minimum Dry Density: 

Maximum Dry Density: 2155 kgLm3 

Optimum M.C.: 8.8% 

Date Tested: 1990-10-06 By: CR:i 

Test Nc.; I Location I I % Moisture I Dry Density I % 
Probe De=!h Elevation . Content Kg/m J Compaction 

48/15G .:rrTI :Sta. 2+j5 " ,:) m D.S. or V.S. L4.0 m I 9.8 ;2039 1 94.6 
:edge 1 I I 

49/100 ~",,!,j 'Sta. 2+40 8 1:1 U.S. of D.S. 1..3.5 m I 10.0 12148 I 99.7 
'edge I I i I I 

50/200 Sta. 1+50 '"' U.S. of D.S. ' - 0 I 9.7 12036 I 94.5 ::1<11 o r.l t-~. ITl 

iedge I 
, 
I 

i I ! ! I 
i I 1 i I 
I I I ; I 
i I 1 

, 
I 

i I I 
i 1 I 
i I ! 
I I I I ; 

I 1 ! 
I I I i I 

Remarks: 

cc 
Reviewed By: P.Eng. 

The testing ser',·:;es reported herein ha lie been performed by an EBA technician to recognized industry standards. unless otherwise noted. No 
other warranty 5 made. These data do not include or represent any interpretation or opinion of specification compliance of material suitabilitv. 
Should eng,nee, ng interpretation be required, E BA will prOllide It upon written request. 
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E( Englncculng (Oft/UUant/. • 'd . .. 
~-= eoa 

DENSITY TEST RESUL TS 

ASTM Designation 02922 & 03017. or 01556 

Project No.: __ 0_2_0_1_-_1_0_4_4_1 ________ _ Test Apparatus: NUCLEAR Mach. No.: 4004 

Project: Little Creek Collection Pond Soil Description: SILT(TILL)-sandy, gravelly, 

some clay, grey Faro, YUKon 

Temperature Air: o C Soil: QC 

Client: ____ C_o_m_i_n_c_o_E_n-=g:....._S_e_r_v_. _L_t_d_. __ Specified Compaction: 95% 

Compaction Standard: MODIFIED PROCTOR 

ATfj~: Mr. Keith HcDonald Minimum Dry Density: 

Maximum Dry Density: 2155 k~/!!13 

Optimum M.C.: 0.8% 

Date Tested: 1990-10-06 By: CRH 

Test No.! 
I Location Probe Dep:h I Elevation 

I % Moisture I Dry Densityl % 
Content Kg/m J ,Compaction 

51/2CC rnn ISt3. 1+70 U. S. side L3.5 I!I I 10.7 1~095 i 97.1 
5~/200 IT'lD :Sta. 1+40 D.S. .side: 13 • .3 m 1 10.0 12117 i 98.7 
53/200 mm iSta. 1+20 D.S. side i.3.0 In 1 S.8 12097 98.8 
54/200 mr.1 'Sta. 0+80 D.S. side L3.0 rn 1 10.7 12028 94.0 
55/200 mm 'Sta. 0+40 D.S. side ~3.0 m 11.0 12080 96.5 
56/200 mm is'fa. 0+60 U.S. side L3.0 ;n 7.9 1~110 97.8 

I 
, 

1 1 
I I 1 
I , I 
I 1 
I , 
I 1 
! 1 
I 1 
I I 1 
1 1 1 I I 

Remarks: 

cc ____________ ___ 

Reviewed By: ____________________ P.Eng. 

The testing serl/lces reported herein hal/e been performed bV an EBA technician to recognized industry standards. unless otherwise noted. No 
Other warran tv is made. These data do not include or represent any interpretation or opinion of specification compliance of material suitabilitv. 
Should englneerong interpretation be reQuired, EBA will prOl/ide it upon written reQuest. 
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APPENDIX E 

Photographs 

Steffen Robenson and Kirsten 



PLATE 1: 
SepI. 12fX). 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 fomprint is 
the nalive till. The flat embankment extending across the plate is the nOM limb of the Sl3.ncr 
dyke for the Vangorda waste dump. 

PLATE 2: 
Sept. 13/90. Opposite view to Plate 1. from the south abutment of the dam. Excavation of lhe 
cUlOff by the backhoc is undcrway and the area in valley bonom between the cutOff trench and 
the upstream toe of the dam is being covered with till fTom the strip~ i ng of Yangorda open pit. 



• 

-". -. 

: . 

PLATE 4: 

PLATE }: 

Nonhward 

cutoff uench 

Sepl. 13/90. 
completed 
Sta. o.1 80 (in foreground) 

view of 

between 
and SIa. 

0+210. Brown sand and gravel overlies 

olive till which, in turn, overlies grey 

. till . Groundw3ter is evident near the 

base of me sand and gravel. 

Sept. 14/90. Excavation of !.he 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 me trench. 



PLATE 5: 
SepL 14/90. The cutoff trench is then backfiUed in thin lifts which are placed initially by the 
b::.ckhoe and then U'ackcd down with a dozer in preparation for compaction. 

PLATE 6: 
Se;>t, 14190. Each lift is compacted with 5 cycles of a Oynapac compaclor. 



I 

PLATE 7: 
Sept. 15190. View from the main haul road showing the scrapers hauling till. The brownish zone 
i., the fore ground of the foorprint is the local sand and gravel which has been redistributed to 
develop part of the blanket drain and the downSlICam toe of the dam. 

'.' • 

PLATE 8: 
Sepr. 17190. Formwortc for the base of the wet weU in place on in situ sand and gravel. In 
background. filte r fabric is panially in place over the blanket drain on the nOM side aC the valley. 



PLATE 9: 
Sept. 29190. Excavation of up to 7 m of permafrost from the footprint of the SQU m abutment. 
between Sta. 0+020 and 0+070. 

PLATE 10: 
Sept. 30190, BackfilJing in thin compacted lifts of the area between Sla. 0+020 and 0+070 where 
the zone of permafrost was excavated. 



PLATE 11: 
Oct 1/90. View nonhwards from Sta. 0+040 at me construction of finger drain "L t. " 

PLATE 12: 
OCL 3/90. Covering finger drains "T I" and ''1'2'' with fllter fabric and constructing the rock drain 
at the end of 'Tl." 



PLATE 13; 
Oct 3/90. Placement of till over lOp of the fmger drains on the south side of the dam footprint. 

PLATE 14; 
Oct. 8/90. View from the main haul road. Crest of the dam is al Elev. 1112. 
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L OCAT ION PLAN 

SCALE -I.' 10 000 

NOTES .' 

NOTlE, GRID SNoWN IS 
V,M GRID 

. I. [nfak..e. -french nof .5 urveted. 
2. Cqlled'-ol1. sump' crnd collecfion ell/ch nofyef' 

C4Jr7sfr{)cfeel C/5 of "Tan';"!!. . . 
3. Piez.omefers and fhermisfors 10 f:>e.msfQ//ec/ 
4. k!.eler +0 drawing ~062::;-0tf -!Or cross- sections fhrOl.l$h dat'77. 
~. Survey dal,:; bf Lal71erton As-soc. . 
0· Pij?e./i(7e. dimensions are in mm. . 
=r-. ])ive.r.5ion chctnne/ !oeerfion +0 be defermined in -{ie/d. 

. 3200 N 

B 

z:' 
'-

.DAM CREST ELev. VARies 
FROM £L-/:v. lIlt(. 5 m AT STA o+;,~do 
10 eUv. IIZOm A-1STA· 0+32.:1. 

SEEPA,;jE t-'\oNITORIN4 
coLLEcTIoN SUMp 

C oLLEC Tt 0 tJ J) ITCH -"'---';coi 

30c0N 

PAM CREST ELcv. I I /'fr .. ~ 5m~-7'~~r~7~e:~t:C 
FRo/V1 5T4. 01'020 -to_ 

5TA. 01" 200 

SOUTH ABuTMENT 
2'1 ft. So N 
13'/-bO.oS E. EUIl4.? 

q£NERAL ARRANGEMENT pLAN 
SCALE - 1'- 1000 

CoNToUR INTERVAL ~ \ mdr-e 
GRID Sf40WN IS iVllNE GRID 

o 10 20 .30 1kJ 50 md',es 
L.g. ., b_ 

R.EVISIONS 

A 

B 
c 

NORTH 
31C,3N 
13 (,00 E 

--

w 
o o 
t'I
rf) -

C ELI-r<CO 

DAM 
Q~ 2\5 
2<u'ON 
13&11.5 

N\ENT 

1/2() 

'loo pi JJI::£fiARGE pipe 
F.ROM 'IANcjORPA fIT 
S£ENOT£;2. . 

... 

LE(jEtJ"P 

o PrEZol'fETERS AND 

THERM/STORS. 

C URRAGH RESOURCES (Ne. 

VANqO/2DA coLL£cT/oN pOND 

e,ENf3RIlL ARRANGEMENT pLAN 

STEFFEN ROBERTSON B KIRSTEN,Consulting Engineers 
" 

DATE 

AUG,. zq 90 
PROJ. NO. 

6062.1 
APPROVED 

NO, 

60102'1- -Dj 



3200N 

3100I'J 

J)OWNSTREAM ToE 
OF I?AtV! 

FINGER --~--~~~~ 
PRAINS 

30=r-J 

0 .. 00 

\ 

~ 
A 

c 
LIMIT of CLEARltJ~ 
4N!J GIZ..I.J{3f3fNcq 31('3N 

1~6t>o E.. 

-/- ---?Y----------- ~ ... 

, 

11301 

flZO I 

,/ ~ --. - -- -:::::..--._' 

.~ 

pLAN 
SCALE - /; (000 

CONTOUR.. INTER.VAL '" I me+re 

o ID 20 30 <f0 50 mefres 
, J 1 I j 

.\---- -

CENTcR FoR.. 
.DAM '1.15 
/2.'" 21 m 
2%0'" 
/3c:''1'15 E 

L/MIT OF 
CL£AR..fNq 

, i 
A 

c 

REv'ISION'S 

AI/g. z'l/70 
5 f r/f() 

AS -BI.J/Lr COO,e"DINA!ES oE.DAM 

h' AS-.BvILr 
\£::. STA nON 

o rOBO 

Of- 120 
Of' /60 
Of 200 
0+ ZL/-O 
Of 2..60 
Of- 320 

2'11'7-. '18 
301t.. /Cl 
3052..8'1 
3085.38 
311tf. 01 
3/3;7'·2b 
3/52.2.3 

EAST/Ncq 

13'f58.1'f 
13'f66 . 'f'? 
13 'fBI. 05 
13500·96 
/3528.1Jf 
/350/. tft. 
/35'77·9'7 

,5I.JRVEYED TRENCH FLooR. LOCATION S 
• 

sTA. EL£v. NORTI-f/tVq EA5T1N4 

01'010 1/03.5 2'1 &,..,.. -:t 13L/-5t: I 
0+080 /100.'1 2.9?-6.5 13 '151-. Z 
0+/00 1098.8 2995.b 13 '151. B 
0+/20 1 D9:f. "" 3018.6 13 if5r. z 

CUR.RA~H t<£SO()R..C£S INC. 

VAN GO£I)A CoLLECTIoN pON D 

VAN GjORDA 

LAyOUT5 FOR CUT-oFF TRENci-J EXCAvATION 
AND :DR.AIN4G,E BLANkET 

DATE 
AUe,. 2.4/'10 

PROJ. NO. 

60621-
APPROVED 

NO. 

r--+------~-----~r------------------------------------------~ 00627-02 
STEFFEN R08ERT~'jON 8 KIRSTEN,Consulting Engineers 



SOUTH 

ELt;=V (m) 

1120 

1115 
\ 
\ 
\ 
I 

1110 

I 
I 
I 
\ 

I 
I 
\ 
I 
I 
I 

olive - Brown 
fill 

Cl 
\1.) 
Cl ... 
CJ 

PAM CReST EL. 11/4.5m 

1105 
\ B/qCK_ 

\ __ 91'-e FINC;ER. DRAIN 
(ofFSeT) 

IA/YEI2T Of 
INTA K.E. pIpE 
£LEV. lIo3.t18 

1100 

1015 

/090 

\ /' --... 7';>-

\ /. . ......... -.......) /;,;-
'/ --"'-.:--- . -.....:: 

?£RMAFRosT . 
EXCAVATION 

NOTES: 

Olive-BroWn 
Till 

INVERT OF pJ,PE. 
EuV 1102. 58 --r-...,.{j 

PI<AINAQ£ __ _ 
BLANKET 

R'ed- Brown Q ravel 
olive-Bt-own 

/ill 

LONqlTUPINAL SECTION A-A 
flORIZ. SCALE - / :500 

V£I<T SCALE - /: 100 

/. 5trafign:JphiC profile is Pased on inspecfi'on of cut-aI'/' wc:!I. . 
2. Prain4Je Blcrnket i.s ~fl".set r - '1 rn dow'H~f-recrm of secfton Ime. 
3. Thickne~$ of grcrre/I'j scmd cover defermmed by ccsL. 
If. W'ef well certkrline is loccrfed 1.5 m upsfream 0/ dClm cealerllne . 

2 
"I ... 
() 

FINC;EI?. PRA IN 
(OffSGT) 

ORlqlNAL (jROUNZ> 
SURFACE. 

I-S--- 150TT0I'1 of CI.IT-Oj=r= 
T7<ENcH 

REVISIONS 

A ..TAN· 15"/"11 

NOR.TH 

ELEV. (m) 

1120 

11 1'5 

1110 

/(05 

//00 

IOq5 

109.0 

DATE 

JJvJ. 199/ CUR.RAqH R.ESOuRCES (Nc. vAA1qOfC.DA 
PROJ NO 

vAN GpZDA CoLLECTION POND 
APPROVED 

peOrlLE 4LoNcq Lot/tq/TUPIN'AL SECT/ON A-A 
NO. 

~-r-----------t----------~ ________________________________________________ ~0002?-03 
STEFFEN ROBERTSON a K I RSTE N. C onsulti ng Eng i n ee rs 



£ Lev. (m) 

112'5 

1120 

flI5 

1110 

/105 . 

1100 

11Y15 

(CP.D 

£LE1/. (m) 

1120 

111'3 

1110 

1/05 

1100 

1095 

Of' coLLECTION DITCH 
(TO BE IN,sTALLED) 

. illS 

1110 

/105 

1106 

Sm 

4:S-BU(Lr 

fi: ofPAM 

5m 

..PAN. CREST EL. IIILI-Sm 

6EOTEXrrLE FILTER 
FA8RIC ( /'oIlLEx c2'f 
t:J/2.. £tputVALENT) 

-' -' 

1 ~ 300 (IS HDPE/I 
])ISCHARG;E pipe I 

~ GLACIAL TILL~ 
1.0m (TYp.) , 1- ---. 

oS! 

, 
! 

:sEE NOT£. 1 
PRAINAGE BLANKET 

SECTION E3-B (STA.O+-fC/O) 

SCALE - 1'250 

. AS-BUILT 

ti:. or DAM 

Srn 5rn 

$RAVELLy sAND Im :DAM CREST EL. I I /1-. '1 m 

IL 
1.5 

2.0 2.5 

SEE N0TE. I 

SECTION C -C (STA. 0 +- 280) 
SCALE. - I,' 250 

tf. ""F INTAKE Tf'2ENCH 

I ORlt!itI/'ol,AL 
, 

--+-
/ GRoUND SURFAcE 

~I 
/.5 

SECTION E -£ 
SCALE - 1:250 

I1 

ELEV. (m) 

/115 

/110 

1105 

!lOO 

2.5 

I1 

MAX/NuM pOND LEVEL ELeJ. (112. {, tn 

ELl/OS 

MIN/MUM POND LEveL EL. !fOrm 

£L£.V (m) 
(/1" 

1110 

/10'7 

EUI! (m) 

1120 !loo 

/1/5 1015 
2", 

6£OT£XTIL£ 
pL1£R. !,ABR..IC 
(NILEX Cl-I./- oR.. 

E'PUW) , ! 

CRIC?INAL ejROUNl/ suRFACE 

EL. 1103.5 

INI/ERT OF INTAKE TRENCH 

5m 5m 

£LEV. (m) 

R./pR.4P 

£L(IOif~_ h 
Lloo (25 l>ISCHARc;E. 
PIpE FROM 
VAN GoR.DA piT 

DAM CREST ELeJ. 111tf.5m 

5EE NoTE ( 

J'.14)(IMUM PoNDLElIEL EL.f/12.bm 

2.5 

~I 

1125 

1120 

II/S 

/1/0 

liDS 

1100 

{M5 

/I/O 

1105 

liDO 

10'15 

(/ 1110 (MO .Rac/< TOE 

DRAIN '-- ORIGINAL C1RDuND 
SVI<.FACE 

R:-/O m 

/105 1085 

1100 

CoLLECT/ON SUMp 
1000 rp C Sp :5L.oTTED 
t/m DeEp EMBED.DEI> If-,( 
GRANuLAR J./141ERIAL 

(TO BE IN:STALL£IJ) 

A 
B 
c 

REVISIONS 

APPRoVED 
A vg. 2'1/'10 
se f. 1-/70 
fan 1'§/9! 

SECTION D-D (.sT4.0-f-fLf-Lf) 

scALE - I,' 2'70 

NOTES: 
I. c-vT-oEF Ti<'ENCH VARIE5. SEE 'DRv.k;'. NO. {,o(,z::;. - 03. 

45 DET/ER.MINE.D 13/ SRK FIELt> ENGINeER... 

2. GLACIAL TILL FILL MATERIAL COMPACTED TO 
"/0 pE(2CENT oF: THE MOJ:;>(FIE.D PROCTOR- /VIAXI/vtU/Vt DRy 
DENSITY IN 0·3 m LIFTS 

3. R.IPf2AP HAT£R/AL 5i-IALL COMpLY WITH GRA l?AT!ON 
R~CPU(R.EM&NTS IN THE TECHNICAL SpECIFICATION S 

L/. PIEZOI1£TER.S 1 THEI<.MI5TORS, CoL.LECTlON 'DITCH ANI:> 
coLC.£CT/ON SUM? NOT INSTALLED AS 4T JAN. {"'<:f{. 

C. URRAGfI KESOU/::C&S !Ne. VANcqORPA 
" 
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