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1CP001.07.02

FINAL REPORT
ASSESSMENT OF REMEDIAL MEASURES FOR
ARCTIC GOLD & SILVER TAILINGS SITE

1.0 INTRODUCTION

On June 16, 1998, Public Works and Government Services Canada (PWGSC)
commissioned Steffen Robertson and Kirsten (Canada) Inc. (SRK) to provide
scientific and geotechnical services related to the remediation of the Arctic Gold and
Silver mill site and tailings facility, near Carcross in the Yukon Territory. The
principal concerns to be addressed by the remediation plan were the threats posed to
human health and the environment by the tailings, mine rock and water which comes
into contact with either of these materials.

Initially, SRK's scope of work was to review relevant background documents, visit the
site and then review and verify design and specification documents prepared by
PWGSC. The site visit was completed on July 24, 1998, and included representatives
from SRK, PWGSC, INAC (Indian and Northern Affairs Canada) and the Carcross
Tagish. During the site visit, all parties agreed that further investigations and
evaluation of options were required before deciding on the most appropriate
remediation plan. SRK's terms of reference were expanded to include the
development of a plan for further investigation and evaluation of options, and
preparation of a conceptual design. On August 18, 1998, SRK submitted a letter
recommending further investigations, which were subsequently approved by PWGSC.

This report summarizes the results of the recent investigations and, based on this new
information, evaluates the most appropriate remedial measures for the site.
Preliminary cost estimations have also been presented.
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2.0

INVESTIGATIONS

Field work at the site was carried out between August 24 and September 25, 1998.
Laboratory tests were completed in September and October 1998. The following
sections describe the investigations and refer to appendices containing detailed results.

2.1 Survey
The general layout of the site of the Arctic Gold and Silver site is shown on Figure
2.1. The site was surveyed by Underhill Geomatics Ltd. of Whitehorse, Yukon
Territory. The ground survey consisted of:
e Topography (0.5m contours) of the tailings dam, surrounding berms, and tailings
surface;
e Topography (0.5 to 1 m contours) of the surrounding area;
e Partial survey of the diversion ditch;
e Survey of all boreholes and well installations (ground and datum marks);
¢ Delineation of exposed windblown and spilled tailings;
e Delineation of all waste ore piles for both position and volume calculations; and
e Installation and survey of lake level staff gauges and marker posts for positioning
during lake sampling.
The results of the site survey are presented in Figure 2.2. All elevations and positions
are related to an arbitrary datum point located on the site.
2.2 Drilling
Boreholes were completed to investigate subsurface conditions at the locations shown
on Figure 2.2. Specific objectives were to:
e Determine the thickness of the tailings for volume calculations;
o Install groundwater monitoring wells in the tailings and underlying native soils in
order to determine groundwater flow directions;
¢ Enable a preliminary determination of one area for use as a potential borrow
source; and
e Assess and collect samples of the tailings and native soils for environmental and
geotechnical laboratory testing.
1CP001_07_CSS_DH_Arctic_Gold_final.doc/2/18/99 2:18 PM/mrr SRK Consultin g
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2.3

2.3.1

232

The drilling was carried out using a CME 750 auger drill mounted on a balloon-tired
all-terrain vehicle operated by Midnight Sun Drilling Ltd. of Whitehorse. EBA
Engineering (EBA) of Whitehorse provided field supervision and undertook borehole

logging.

Bulk samples were collected from the solid stem auger holes. All samples were
bagged and labeled with the borehole number and collection depth.

The borehole logs and the EBA report describing the geotechnical investigation are
presented in Appendix A. Isopachs of tailings thickness interpreted from the borehole
and survey data are presented in Figure 2.2. Two sections through the tailings are
illustrated in Figure 2.3.

Laboratory Testing

Geotechnical Testing

Bulk samples collected from the drilling program were transported to the EBA
laboratory in Whitehorse for routine geotechnical testing. The results of this testing
are included in Appendix A.

Tailings Geochemical Testing

Bulk samples of the tailings were segregated into strongly oxidized (beige or light
yellowish colour) and less oxidized (grey colour) when collected. The samples were
shipped to CESL Engineering in Vancouver for laboratory testing. The environmental
properties of the tailings had been tested in two previous programs. The current
testing was therefore limited to:

* Analyses for gold and silver content (head grade analyses); and,
 Bottle roll tests to measure the amount of alkali needed to neutralize the tailings
acidity and the proportion of gold and silver that is extractable using cyanide.

The samples were composited using a riffle screen and standard laboratory
procedures. Tests were completed on one composite of the strongly oxidized material

and one composite of the less oxidized material. The results are provided in Appendix
B.
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2.4 Water Sampling
2.4.1 Surface Water

Laberge Environmental Services (LES) of Whitehorse carried out surface water
sampling on September 6" and 7", 1998. Samples were collected from the stream
diversion upstream of the tailings, the unnamed lake and from Tank Creek. The lake
sampling locations were estimated by LES and plotted on an obliquely oriented aerial
photo of the site that was later transferred to a site plan. The approximate sample
locations are shown on Figures 2.1 and 2.2.

The sample locations were described as:

e D-1, diversion ditch near NW corner of the tailings impoundment;

e D-2, diversion ditch near road to mine (dry, no sample available).

e D-3, diversion ditch near road to mine;

e P-1,inflow to the unnamed lake;

e P-2,in the unnamed lake, adjacent to discharge point in zone of influence;
e T-1, Tank Creek at outlet of the unnamed lake; and

e T-2, Tank Creek ~350 m downstream of the unnamed lake, in a canyon.

Sample collection notes on pH, total dissolved solids (TDS) and several other
parameters are given in Table 2.1 below.

TABLE 2.1
Surface Water Sampling Field Notes

Sample ID Sample Type T pH Diss. O, | Diss. O, | Est. Flow | Conductivity
°C) (mg/L) (%) (liters/s) (pS/cm)

D-1 Surface Water 7.1 7.42 9.4 91 1to2 111.6
D-3 Surface Water 10.5 7.36 9.8 105 2to3 87.1

P-1 Surface Water 9.0 6.83 8.2 82 15 60.5

P-2 Surface Water 9.1 7.10 10.5 108 - 71.1

T-1 Surface Water 8.6 7.52 10.7 107 - 64.6

T-2 Surface Water 7.8 7.69 11.1 110 122 68.3

Notes: — = Indicates that no data was collected for this sample.
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The samples were subsequently shipped to ASL Analytical Services Laboratories Ltd.

(ASL) in Vancouver and analysed for:

e Total metals;
¢ Dissolved metals;

e Dissolved mercury; and

e TDS, pH, electrical conductivity (EC), and sulphate.

The dissolved metals samples were not filtered or preserved until analyzed in the

laboratory. Total metals samples were preserved with nitric acid in the field. All

samples were stored and shipped to ASL in a cooler with ice packs. Results of the

analyses are given in Appendix C. The LES report in included in Appendix D.

2.4.2 Groundwater

Groundwater samples were collected on September 12, 1998 by M. Billowits (EBA)
from the monitoring wells using dedicated teflon bailers. Well MW-1S and MW-6
were not sampled. Sample identification numbers and sampling notes are given in

Table 2.2.

TABLE 2.2
Groundwater Sampling Field Notes

Sample ID Sample Type pH Conductivity
(uS/ecm)
MWI1-D Groundwater 7.4 460
MWwW2 Groundwater 5.5 3580
MW3 Groundwater 8.0 290
Mw4 Groundwater 5.8 6800
MWS5S Groundwater 4.0 4020

The samples were shipped to ASL and analyzed for:

e Dissolved metals; and

e TDS, pH, EC, and sulphate.

The dissolved metals samples were not filtered or preserved until analyzed in the

laboratory. All samples were stored and shipped to ASL in a cooler with ice packs.
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Results of the analyses are given in Appendix C. Measurements of the depth to water
and piezometric elevations are provided on the borehole logs (Appendix A).

2.5 Delineation of Windblown Tailings
A layer of windblown tailings has covered an area to the northeast of the tailings
impoundment. This material is quite distinctive, due to its beige colour, when
compared to the underlying soil.
The extent of the windblown tailings is shown on Figure 2.2. Measurements indicate
the thickness of windblown tailings ranges from 0.05 to 0.25 m. The average
thickness is about 0.2 m.

2.6 Delineation of Other Sources
Other potential contaminant sources identified in the earlier investigations included:
e Ore piles;
e Spilled tailings; and
e The decant outfall which extends from the tailings impoundment to unnamed

lake.

The areas corresponding to these potential sources were surveyed by Underhill
Geomatics Ltd., and their locations are shown on Figure 2.2.
The thickness of the spilled tailings is variable due to the hummocky terrain.
Therefore, no representative depth measurements were possible. Scattered
measurements indicate the tailings thickness is only 0.03 m of over much of the area,
and a maximum of 0.35 m close to the lake. The average thickness of spilled tailings
is about 0.20 m.
Soil samples (TS-C1 to C3) were collected from the decant outfall (Figure 2.2),
beneath the tailings impoundment, in order to assess the level of contamination in the
underlying native soils. The results of the soil analyses by ASL are given in
Appendix C.
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2.7

2.7

2.8

Lake Sediment Sampling

Sediment sampling was carried out in the unnamed lake by LES at the same time as
the surface water sampling (7" and 8" of September, 1998). Sediment samples were
collected using a petite ponar dredge supplied by INAC. Core samples were collected
at sites P-2 and P-3 with a soil probe provided by INAC, however the probe proved
inadequate for the deeper sampling sites (P-4 to P-8). The locations of the sampling
points P-2 to P-6 were triangulated from known points on land. The locations of
sampling points P-1, P-7 and P-8 were estimated by LES and plotted on an obliquely
oriented air photo of the site and then transferred to the site plans (Figure 2.1 and 2.2).

Sediment samples were stored in ziplock bags, sealed, and transported in coolers with
ice packs to ASL Analytical Services Laboratories Ltd. in Vancouver for analysis. All
samples were analyzed for arsenic and mercury. The core samples were sealed and
archived in at ASL in their cold storage facility. Results of the analyses are presented
in Appendix C. The LES report in included in Appendix D.

Landfill

There i1s a landfill site approximately 600 m east of the tailings impoundment,
immediately north of the road to Montana Mountain (Figure 2.4). Domestic waste is
exposed at various locations across the landfill.

Samples were obtained from three locations in the vicinity of the landfill (LF-S1 to
LF-S3) and sent to a laboratory for chemical analysis. The results are included in
Appendix E.

Investigation of Potential Borrow Areas

One borehole (PH2) and five test pits (EBA-1 through EBA-5) were completed in a
potential borrow area north of the plant site (Figure 2.2). The borehole was drilled
using the same equipment and techniques described in Section 2.2. The test pits were
excavated using a track-mounted excavator. EBA directed both the drilling and the
test pit excavations and logged the pit walls. Representative samples were obtained
from each test pit and returned to the EBA laboratory in Whitehorse for gradation,
compaction, and permeability testing.
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3.0

3.1

The EBA report describing the geotechnical investigation at the potential borrow area
is included in Appendix A of this report. The log of borehole PH2 is presented in
Appendix B of the EBA report. The test pit logs and permeability test results are
included in Appendices C and D, respectively, of the EBA report.

An alternative borrow area was identified close to Carcross. Geotechnical data
compiled by EBA in relation to this borrow area is included in Appendix F of this
report.

EVALUATION OF INVESTIGATION RESULTS

Surface Water

Figure 2.2 shows sampling points for which dissolved arsenic concentrations were
measured. The blue dots correspond to surface water samples; the green circles to

groundwater samples.

The Canadian Council of Ministers of the Environment (CCME) guidelines indicate
the maximum allowable concentration of dissolved arsenic for fresh water organisms
is 0.050 mg/L. The maximum allowable concentration of dissolved arsenic
recommended for drinking water is 0.025 mg/L.

The following conclusions can be drawn from the water quality data:

e Arsenic concentrations in surface water samples (i.e. in the diversion ditch, the
unnamed lake and Tank Creek) are below the CCME freshwater aquatic life and
drinking water criteria (i.e. below 0.025 mg/L) except for a sample taken in 1997
in the decant outfall that leads to the unnamed lake. This sample (97-BTT-WQ-S-
1) had an arsenic concentration of 28.4 mg/L, which indicates that although
discharges to this channel may be infrequent, the associated arsenic concentration
is high. The outflow was not re-sampled in the 1998 field program as no water

was flowing in the channel at the time.

o The concentrations of arsenic at surface water sampling points upstream of the
tailings impoundment are very low (i.e. less than or equal to 0.0006 mg/L). The
concentrations of mercury at these points are below detectable limits (<0.0005
mg/L), suggesting that high mercury levels found in an earlier sample from the
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3.2

3.3

3.3.1

diversion ditch were anomalous. We conclude that the Arctic Gold and Silver site
is the only significant source of surface water contamination in the area.

e In the unnamed lake below the tailings impoundment, arsenic levels are two to
four times higher than the upstream values, with the higher levels measured
nearest to the tailings impoundment. However, arsenic concentrations remain
below the CCME criteria.

e Arsenic concentrations in Tank Creek downstream of the site are higher than in the
unnamed lake, but again remain below the CCME criteria.

Groundwater

The groundwater table was below the tailings at all points measured (Figure 2.3).
Currently, therefore, there is no evidence of groundwater passing through the tailings
from the upgradient side. Hence there is no need for additional groundwater or
surface water diversions. The water table may rise in spring, but due to the low
permeabilities of the tailings and foundation soils, it is unlikely that significant
horizontal flow through the tailings would result.

Groundwater samples taken from piezometers screened below the tailings show
elevated concentrations of dissolved arsenic. The highest concentration, 88 mg/L, was
observed in MW-5. A similarly high concentration, 20 mg/L, was observed in MW-4.

Groundwater monitoring wells were not installed down-gradient of the impoundment.
As a result, the direction and rate of flow of the contaminated groundwater seepage
cannot be determined. However, it is reasonable to assume that the contaminated
groundwater flows towards the unnamed lake and/or Tank Creek (Figure 2.3) and
therefore represents a potential source of surface water contamination.

Tailings Impoundment

Depth and Volume

The tailings impoundment occupies an area of about 20,000 m>. Over most of the
area, the tailings vary in thickness from 1.2 to 3.8 m and are underlain by a thin
organic layer and glacial till. Based on the tailings isopachs shown in Figure 2.2, the
volume of tailings is estimated to be about 27,200 m®.
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33.2

Physical Properties

The tailings consist of two layers distinguished by the extent of oxidation (as
evidenced by the characteristic rust colour associated with the presence of ferric
hydroxide in the tailings). The upper layer typically consists of beige fine sand that is
more oxidized than the material below it. The lower layer consists of dark grey silt
and sand and is relatively unoxidized. The thickness of the upper oxidized layer
varies from about 0.8 to 1.7 m, but is typically about 1.1 to 1.2 m.

The upper layer is over 90% sand (with 10% fines) and is damp to moist with
moisture contents that typically vary from 10 to 15%. The lower layer is 10 to 85%
sand (with 15 to 90% fines) and is moist to wet with moisture contents that typically
vary from 30 to 40%.

No density values were obtained but it is likely that the dry density of the tailings is in
the range of 1.4 to 1.6 tonnes per cubic metre.

3.3.3 Geochemical Properties
The geochemical properties of the tailings are discussed in the PWGSC March 1998
report entitled “Phase III Environmental Assessment of the Arctic Gold & Silver Mill
and Tailings Impoundment.” Table 3.1 provides a summary of geochemical
information from that report. In brief, the tailings are strongly acidic, and contain
very high levels of total and soluble arsenic.

3.3.4 Precious Metal Value
Table 3.2 presents results of the metallurgical tests on the composite tailings samples.
The recoverable gold and silver values were calculated using the following
assumptions (current as of November 4, 1998):
e Gold price = $290 US/oz
e Silver price = $4.92 US/oz
e 183US=1.524 $CDN.
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With 27,200 m’ of tailings at a dry bulk density of 1.4 to 1.6 tonnes/m’, and an
average depth of oxidation of 1.1 m over a surface area of approximately 20,000 m?,
the recoverable precious metal value of the tailings is as follows:

e Value in $CDN for 1.4 t/m® = $2,230,000
e Value in $CDN for 1.6 t/m*= $2,550,000

TABLE 3.1
Tailings Geochemical Properties ( from PWGSC, 1998)

Parameter ] Range Average
Acid Base Accounting
Paste pH 1.8t0 3.5 2.6
AP (kgCaCO,/t) 0.63 t0 92 20
NP (kgCaCO,/t) -23to -2.5 -12
NNP (kgCaCO,/t) -107 to -3.1 -33
Solids Metals'
Al (%) 0.09 to 0.41 0.22
As (ppm) 3193 to >10,000 6712
Cu (ppm) 29 to 1266 164
Fe (%) 1.1t05.73 2.8
Pb (ppm) 590 to 4222 1730
Ag (ppm) 25 to >200 82
Zn (ppm) 33 to 643 183
Soluble Metals®
Al (mg/L) 3.1t0 99 33
As (mg/L) 0.30 to 50 17
Cu (mg/L) 0.34t0 6.4 34
Fe (mg/L) 6.5 to 287 136
Pb (mg/L) <0.05 to 3.7 1.4
Ag (mg/L) 0.03 10 0.20 0.12
Zn (mg/L) 0.36to 13 5.6

1. From ICP Analyses
2. From leach extraction testing
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34

TABLE 3.2
Results of Tailings Metallurgical Testing

Parameter Strongly Oxidized Less Oxidized Tailings
Tailings
Assay Gold Content (g/t) 3.51 1.70
Assay Silver Content (g/t) 239.0 121.0
Alkali (Ca(OH),) Consumption (kg/t) 48.7 334
Cyanide (NaCN) Consumption (kg/t) 7.58 7.85
CN-Extractable Gold' 68.5% 75.1%
CN-Extractable Silver' 67.7% 74.5%
Recoverable Gold Value ($CDN/t) $34.11 $18.11
Recoverable Silver Value ($CDN/t) $38.94 $21.70
Proportion (m*) 15,300 11,900
Proportion (tonnes) at density of 1.4 t/m® 21,420 16,660
Proportion (tonnes) at density of 1.6 t/m® 24,480 19,040

1. Recovery rates
Submerged Tailings in the Lake

The tailings sediment sampling completed to date gives an indication of the aerial
extent of the arsenic contaminated sediments (Figure 2.2). In particular, as shown by
the arsenic results provided in Figure 2.2 and Appendix C, there is a distinct
difference between the zone of very high arsenic levels (assumed to be tailings solids)
and the low to moderate arsenic levels in the sediment found elsewhere in the lake.

Based on the limits indicated by Figure 2.2, the submerged tailings occupy an area of
about 12,700 m®>. The LES sampling program provided an indication of tailings
thickness at two locations: 2.5 cm at P-2 and 1 cm at P-3 (LES memorandum of
December 10, 1998 in Appendix D). Assuming an average thickness about 2 cm, the
volume of tailings is about 250 m’. As some level of contamination almost certainly
extends into the natural sediments underlying the tailings, the zone of contaminated
material (tailings and natural lake sediments combined) might be, on average, about 5
cm thick. With this thickness, the volume of contaminated material would be 600 m’.

Mercury levels in the sediments ranged from 0.03 to 0.115 ppm for the samples
collected. The two highest levels, 0.11 ppm at P-2, and 0.115 ppm at P-3, coincided
with the two highest arsenic levels measured. The other samples do not appear to
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correlate with the presence of tailings solids, as delineated by the sediment arsenic
levels.

Air photos of the unnamed lake suggest there is a line of tailings following what
appears to be a creek channel from the decant outflow. It is reasonable to assume that
those tailings were present prior to the beaver dam that created the lake. The broader,
more lightly contaminated area may be attributable to dispersion of the original spill,
recent discharges into the lake, or the formation of hydroxide precipitates as acidic
tailings water is neutralized in the lake.

The water quality and sediment studies cannot show how significant the underwater
tailings are as a source of arsenic. However, as mentioned above, arsenic
concentrations in unnamed lake remain below CCME criteria.

3.5 Other Sources of Metal Contamination

3.5.1 Windblown Tailings
The windblown tailings cover an area of about 5,000 m>. At an average thickness of
0.2m, this corresponds to 1,000 m’. The water table is below the tailings. Although
no chemical analysis of the windblown tailings was completed, they are likely to be
similar to tailings in the impoundment, i.e. acidic and high in arsenic.

3.5.2 Spilled Tailings
The spilled tailings occupy an area of about 1,500 m>. Assuming an average thickness
of 0.2m, the estimated volume of spilled tailings is 300 m>.

3.5.3 Decant Outfall
The soils immediately beneath the decant outfall have relatively low arsenic levels,
indicating the effect of the tailings discharged at the decant outfall is confined to the
few cubic metres of tailings present within decant the outfall.

3.54 Rock Piles
There are ten small piles of mine rock (Piles 1 to 10) and one ore storage pad (of
unknown thickness beneath Piles 1 to 5). Table 3.3 summarizes the estimated volume
associated with each area.

1CP001_07_CSS_OH_Arctic_Gold_final.doc/2/18/39 2:18 PM/mir SRK Consulting

February, 1999




ICP001.07.02 — Final Report: Remedial Measures for Arctic Gold & Silver Tailings Site page 14

TABLE 3.3

Estimated Mine Rock Quantities

Item Quantity (m®)! Subtotals
Pile 1 65
Pile 2 4
Pile 3 10 Piles 1 to 5
Pile 4 113 245 m’
Pile 5 53
Base of ore storage for Piles 1 to 5 1,210 1,210
Pile 6 105
Pile 7 20
Pile 8 6 Piles 6 to 10
Pile 9 106 243 m’
Pile 10 6
TOTALS 1,698 1,698

3.6

1. Estimated from topographic map provided by Underhill Geometics Ltd.

In addition to the mine rock, there is a ramp used to feed ore to the crusher. This ramp
was apparently constructed using local soils, although there are probably sporadic
amounts of spilled ore on the cover of the ramp. The volume of this ramp is estimated
to be 10,000 m’. While it is very unlikely the ramp is a significant source of dissolved
metal concentrations, it does represent a safety hazard due to its steep slope.

Unnamed Lake

The unnamed lake immediately west of the Arctic Gold and Silver tailings
impoundment is a relatively recent feature. During operations, this lake did not exist.
It was formed as a result of road construction and, following the end of operations,
beaver activity. The road embankment extends westward from the former mill site at
the location shown on the site plan (Figure 2.2). It was constructed to provide access
to a pumphouse at another lake located west of Tank Creek. The pumphouse provided
the water supply to the Arctic Gold and Silver mill (Larry Barrett, personal
communication). The road includes a 1 m diameter culvert where it crosses Tank
Creek. The culvert was plugged by beavers to form the unnamed lake. The beavers
have also built a conventional beaver dam on top of the road embankment, which has
raised the water level in the lake.

The suitability of the road embankment and beaver dam as a water retaining structure
1s questionable. There is a concern that this dam could fail, allowing an uncontrolled
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3.7

3.8

discharge of lake water and, with it, some of the arsenic contaminated sediments that
lie in the bottom of the unnamed lake. The beaver dam and road embankment should
either be breached and Tank Creek re-established in its original location, or the beaver
dam and road embankment modified or replaced to develop a properly engineered

water retention dam.

Prior to breaching the dam, the unnamed lake would need to be drained in a controlled
fashion (e.g. by pumping or siphoning). The existing culvert and road embankment
fill would then be removed to restore the original channel. The excavated fill could be
placed on the tailings impoundment. All excavated slopes should be graded to an
angle not steeper that 3 horizontal to 1 vertical to ensure long-term erosion resistance.
The tailings exposed in the lake floor and any contaminated soil would need to be
excavated and placed on the tailings impoundment as part of this option.

If the lake is to be maintained, a geotechnical investigation to evaluate the condition
of the fill and underlying soils would be required. Based on the results of this
investigation, a modification or replacement structure could be designed and installed.
This would include, for example, removal of the existing culverts, the development of
a low permeability core zone and the installation of a spillway structure to pass peak
floods. For as long as the dam is in place, it will require periodic inspections and

routine maintenance.
Landfill

The area where domestic waste is exposed at the landfill totals approximately 600 m’.
Part of the landfill has been covered by local soils and it is good practice to cover and
revegetate the portions of the landfill which remain exposed. Material from the ramp

could be used as cover.
Potential Borrow Sources

The borrow area investigation north of the mill foundation revealed that the typical
soil profile consists of about 0.5 m of fill and organic soils overlying a till comprised
of sand and gravel with some fines. Based on four gradation analyses, the fines
content is typically about 11 to 13%, although it was as high as 22% in one sample.
The material is not suitable for construction of a low permeability cover that is
intended to minimize infiltration.
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EBA has indicated (M. Billowits, pers. comm.) that, near Carcross, there are areas
from which fine grained, lacustrine soils, which are well suited for applications
requiring a low permeability soil, can be borrowed. No evaluation of this alternative
area was undertaken as part of this study, but site investigation and laboratory testing
data compiled from previous studies from two sites by EBA have been included in
Appendix F. These results confirm the suitability of the material from either of these
sites for use as a low permeability cover.

4.0 ANALYSIS OF REMEDIAL MEASURES
4.1 Remediation Alternatives
SRK’s earlier letter (August 18, 1998) outlined remediation objectives and
alternatives for the Arctic Gold and Silver site. The letter concluded that seven
remedial measures were worthy of further consideration, subject to the results of
additional investigations.
The seven alternatives considered worthy of further consideration were:
1. Do nothing;
2. Control access to the site;
3. Reduce contact with surface and ground water;
4. Cover the tailings;
5. Consolidate tailings and other into a smaller area;
6. Chemically amend the tailings; and,
7. Reprocess the tailings.
The following sections briefly discuss each of these measures.
4.2 Do Nothing
The “do nothing” alternative was rejected because of the human health hazard,
continuing dispersion of tailings, and the potential for future deterioration of surface
water quality.
The high arsenic level in the tailings makes them a hazard to human health. Although
human activity on the site is limited to occasional recreational use, and hence little
exposure to the tailings, a “do nothing” approach would curtail all future activities in
the area. In its current state, the site is not suitable for development of any kind.
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4.3

4.4

Tailings are being blown out of the impoundment by wind, and may be washed out of
the impoundment through the decant structure. A “do nothing” approach would not
control further dispersal of the tailings and the potential for more widespread
contamination.

As mentioned in Section 3, water quality samples indicate that surface water below
the site remains in compliance with CCME criteria for drinking water and freshwater
aquatic life. However, a simple calculation shows that, if groundwater contamination
is not curtailed, surface water quality could deteriorate in future. The area of the
tailings impoundment is approximately 2 ha. The area of the catchment contributing
to unnamed lake is approximately 660 ha. Assuming equal precipitation and equal
infiltration across the catchment, water that falls on the impoundment is diluted
approximately 330 (=660/2) times in the unnamed lake. Current arsenic
concentrations in the groundwater below the impoundment are as high as 88 mg/L.
Applying the dilution factor of 330 to that concentration indicates that concentrations
in unnamed lake could in future become as high as 0.27 mg/L, well above the CCME
criteria. Even at the lower groundwater concentration of 20 mg/L, the diluted
concentration remains above the CCME criteria.

Control Access

Building a fence would limit the potential for human exposure. However, it would not
control either the dispersal of the tailings or the groundwater contamination. This
option is therefore rejected from further consideration.

Reduce Contact with Surface and Groundwater

As discussed in Section 3.4, tailings are present in unnamed lake, but are apparently
not causing arsenic levels in the lake to exceed CCME criteria. Since the tailings have
been present for some time, it is likely that the current situation is stable and that there
will be no future increases in contamination from the in-lake tailings. We conclude
that the in-lake tailings do not need to be removed as long as the lake remains in place.

However, it should be noted that a large portion of the unnamed lake only exists
because beavers have blocked the culvert that once drained the area. If that situation
changes, all or part of the currently submerged tailings would be exposed to oxygen,
and could become a more significant source of contamination. In that case, removal
of the exposed tailings from the watercourse would be necessary.

1CP001_07_CSS_DH_Arctic_Gold_finat.doc/2/18/99 2:18 PMimur SRK Consulting

February, 1999




1CP001.07.02 — Final Report: Remedial Measures for Arctic Gold & Silver Tailings Site page 18

4.5

The results of the groundwater investigation at the tailings impoundment show that the
water table is below the tailings. Hence, there are no groundwater inputs to the
tailings, and any measures to further control groundwater inputs would be pointless.
Control of groundwater contamination down-gradient from the site is considered as
part of the alternatives considered below.

Consolidate and Cover Tailings and Other Wastes

Consolidation of wastes to the tailings impoundment and construction of a soil cover
over the consolidated material remain under consideration. This alternative would
prevent human contact and further dispersion of the tailings, and could reduce the risk
of future surface water contamination.

Table 4.1 outlines the activities that would be required, and presents a rationale for
each.

The quality of the cover system as an infiltration barrier will be strongly dependent on
the borrow material. As mentioned in Section 3.8, the borrow material identified at
the site as part of the EBA investigation is not suitable for constructing a low
permeability cover that minimises infiltration. At best, that material would act as a
storage layer, allowing some precipitation to be captured and subsequently
evaporated. Regrading of the surface would promote runoff and thereby reduce
infiltration. However, it is therefore uncertain whether this alternative would be
adequate to prevent further groundwater or surface water contamination.

As shown in Appendix F, two borrow areas close to Carcross contain clays and
silt/clay mixtures. Either of these materials is appropriate for constructing a low
permeability cover and, subject to proper installation, would be a suitable infiltration
barrier.
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TABLE 4.1
Activities For The Consolidate and Cover Alternative

Activity Rationale

Plug the decant structure Eliminates the flow of poor quality seepage from the decant
structure and the concerns over the safety hazard and threat

to physical stability of impoundment related to the decant

structure
Move spilled and wind blown tailings to
the surface of the tailings impoundment Consolidates tailings, making the control of
Move mine rock to the surface of the potential off site contamination easier to achieve
tailings impoundment
Move ramp material to the surface of the Eliminates the safety hazard associated with the ramp, and

tailings impoundment provides relatively inexpensive material for changing site

drainage

Grade the surface of the tailings Promotes surface drainage, thereby reducing the

impoundment so it sheds water opportunity for water to infiltrate into the tailings and

become contaminated

Place a 0.3 m thick cover of low
permeability soil on the impoundment
surface

Promotes surface drainage, inhibits infiltration through
tailings, reduces the potential for human exposure, and
provide soil for revegetation

Construct erosion resistant ditch to convey
surface water from the surface of the

impoundment to the unnamed lake

Promotes runoff and reduces the risk of future tailings

exposure or release as a result of erosion

Upgrade the existing road/dam and

Reduces the risk of dam failure leading to downstream

remove any in-lake tailings exposed as a flooding
result of this upgrade

Cover the landfill with 0.3 m of material Eliminates the threat to human health and safety
from the ramp

Table 4.2 presents a cost estimate for the “consolidate and cover” alternative. The
costs shown assume that the cover material would have a low permeability and would
be obtained from the borrow area near Carcross. As such, upgrading of the site access
road would be required. Furthermore, the cover material would require moisture
conditioning and controlled compaction. This option also assumes that the road/dam
that separates the north end of the unnamed lake from Tank Creek will be modified to
provide a higher level of safety against potential breaches of this structure. In
particular, the structure would be lowered by as much as 3 m, an erosion protected
spillway would be installed and any tailings exposed as a result of the lower lake level
would be hauled to the tailings impoundment and covered with low permeability soil.
Further details associated with this option are provided in Appendix G.

1CPO01_07_CSS_DH_Arctic_Gold_final.doc/2/18/99 2:18 PM/mrm SRK Consult ing

February, 1999




1CP001.07.02 — Final Report: Remedial Measures for Arctic Gold & Silver Tailings Site page 20
TABLE 4.2
Cost Estimate for the Consolidate and Cover Alternative
Activity Units Quantity | Unit Cost Cost

Dismantle cribbing & plug both decant] lump 1 $15,000 $15,000
structures
Move windblown tailings to TI m’ 1,000 $12.00 $12,000
Move spilled tailings to TI m’ 300 $20.00 $6,000
Move mine rock to TI m’ 1,700 $10.00 $17,000
Move ramp material to TI m’ 10,000 $6.00 $60,000
Grade/proof roll surface of TI m? 20,000 $2.50 $50,000
Place 0.3 m cover ! on the TI m’ 6,000 $20.00[ $120,000
Excavate ditch through TI dyke m’ 800 $10.00 $8,000
Contour ditch for surface runoff m 100 $10.00 $1,000
Place rip-rap and channel protection m’ 125 $30.00 $3,750
Upgrade the road/dam next to lake? lump 1 $71,430 $71,430
Place 0.3 m cover on the landfill m’ 200 $10.00 $2,000
Revegetate disturbed areas ha 4.5 $3,000 $13,500

Subtotal (rounded to the nearest $1000) $380,000

Contingencies (@20%) $76,000

Subtotal $456,000

Engineering design and supervision {(@15%, rounded to the nearest $1,000) $68,000

Total’ $524,000

Footnotes to Table 4.2:

1. Cost assumes that the borrow source is near Carcross; road to site will be upgraded and the borrow
material will be compacted.

2. The cost of this item assumes that the tailings are removed from the lake in winter. If the tailings
removal is done in summer, the total cost of this item rises to $93,030 .

3. Ifthe tailings are removed from the lake in summer, the total cost rises about $30,000 to $554,000.
Further details are provided in Appendix G.

Consideration was given to replacing the 0.3 m soil cover with a geosynthetic clay
liner (GCL) and a 0.1 m soil layer composed of local borrow. While it is likely that
the GCL would result in a cover with lower infiltration that the natural soil cover, the
incremental cost of the GCL would likely be about $300,000 higher than the
consolidate and cover option. The consolidate and cover option based on a 0.3 m
cover with soil imported from Carcross is, therefore, preferred.

This option relies on relatively simple technology. The risk of large variations in the
cost is low; plus or minus 15% is the probable confidence level associated with the
estimated total cost quoted in Table 4.2. However, due to uncertainty in relation to the
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4.6

4.6.1

4.6.2

detailed bathymetry and tailings thicknesses in the unnamed lake, the contractual
details associated with the upgrade of the road/dam will require a degree of flexibility.

Chemical Amendment and Reprocessing
Chemical Amendment

Chemical amendment of the tailings through the addition of alkali would neutralize
acidity and convert soluble metals to less soluble mineral forms. However, as shown
by the results of the metallurgical tests, a substantial amount of alkali, approximately
48 kg Ca(OH), per tonne of tailings, is required to attain alkali conditions. Assuming
27,200 m® of tailings with a dry bulk density of 1.4 to 1.6 tonnes/m’, and a cost of
$200 per tonne of Ca(OH),, the alkali alone would cost approximately $366,000 to
$418,000. The cost of re-handling the tailings to mix in the lime could add as much as
$5/tonne, or an additional $190,000 to $218,000. This would bring the cost of the
chemical amendment to between $556,000 and $635,000. Furthermore, after the
chemical amendment, the tailings would still be able to produce acidity in future, and
would therefore need to be covered or further treated. We conclude that chemical
amendment alone is prohibitively expensive and does not provide sufficient assurance
that the current environmental problems will not recur.

Chemical Amendment and Reprocessing Combined

Chemical amendment becomes more attractive if it is part of a re-processing option.
As shown in Section 3.3.4, there is anywhere from $18 to $34 worth of recoverable
gold and $21 to $38 worth of recoverable silver in each tonne of the tailings. Again
assuming 27,200 m’ of tailings with a dry bulk density of 1.4 to 1.6 tonnes/m’, the
recoverable metal value (gold plus silver) in the impoundment is between $2,230,000
and $2,550,000.

The costs of reprocessing would depend on the method used. The tailings are
amenable to three types of processing: heap leaching; vat leaching on site; and,
regrinding followed by cyanide leaching at the New Venus Mill.
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4.6.2.1 Heap Leaching

The heap leaching alternative would require:

e Construction of a lined leaching pad (probably incorporating a double liner and a
leach detection and collection system);

e Alkali addition and agglomeration of the tailings;

e Stacking of the agglomerated tailings on the lined leaching pad;

¢ Leaching of the heap with alkaline cyanide solution to extract the gold and silver
as cyanide complexes;

o Passing the leach solution through activated carbon columns to strip the gold and
silver from the cyanide;

¢ Stripping of the carbon to recover the gold and silver.

At the end of the processing, the cyanide solution would need to be detoxified. The
heap would also need to be decommissioned, probably by covering with a low
permeability liner.

Table 4.3 provides rough cost estimates for the heap leaching alternative. The
preliminary nature of the metallurgical testing does not allow accurate estimates of
reagent and detoxification costs, which are the largest components of the estimated
costs. More accurate estimation of the other costs is therefore not warranted. For this
estimate, we have assumed a cyanide consumption of 1 kg NaCN per tonne of tailings.
That estimate is considerably less than was required in the preliminary test. However,
it is more in line with full-scale experience elsewhere.

Table 4.3 has a 25% contingency to allow for items such as consolidation and cover of
the waste rock, upgrade of the road/dam adjacent to the unnamed lake (as discussed in
Section 4.5), further metallurgical tests, tailings dewatering, the leasing of activated
carbon columns and the shipment of the loaded carbon off site for the gold and silver
recovery.

The potential revenue from the heap leaching option, assuming the density of the
tailings is 1.5 t/m’, is $2,391,000. Based on the cost estimate in Table 4.3
(82,498,000), there would be a net cost (about $107,000) to utilize the heap leaching
option. However, this option has significant environmental benefits, since the tailings
would be consolidated on site to a smaller surface area, neutralized, and encapsulated
by a low permeability liner and a low permeability cover.
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TABLE 4.3

Rough Estimates of Costs for Heap Leach Alternative

The costs in this table are based on an in situ tailings dry density of 1.5 t/m°.

The following additional studies would need to be carried out before this option could
be fully evaluated:

¢ Further definition of the “ore” reserve (allow $10,000 for a drilling program
consisting of approximately 100 auger holes, including inspection and sampling);
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' Lime addition
kg Ca(OH), per tonne of tailings 48.7
' unit cost per tonne of Ca(OH), $200
tonnes Ca(OH), 1987
Subtotal lime cost $397,392
' Agglomeration and stacking
unit cost per tonne for excavation $5.00
unit cost per tonne for agglomeration and stacking $2.00
' Subtotal agglomeration and stacking cost $285,600
Cyanide addition
kg NaCN per tonne of tailings 1
l kg NaCN 40,800
unit cost per kg of NaCN $5.00
Subtotal cyanide cost $204,000
Liner for pad and ponds
l m average height of pile 6
m’ area of pile 4533
excess for ponds 50%
. m’ required to be lined 6800
unit cost of liner $40
Subtotal liner cost $272,000
. Solution detoxification
kg NaCN 40,800
mg/LL NaCN in solution 100
l m® solution 408,000
unit detox cost per m® $1.00
Subtotal detox cost $408,000
Cover for heap
' m? area of pile 4533
excess 20%
m’ required to be covered 5440
I unit cost of cover $40
Subtotal cover cost $217,600
Subtotal (rounded to the nearest $1,000) $1,785,000
. Contingencies (@25%) $446,000
Engineering design and supervision (@15%) $268,000
l Total $2,498,000
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o Further testing of the leaching characteristics of the tailings (allow $6,000 for a
metallurgical program consisting of gradation analyses and bottle roll tests);

o Assessment of the handlability of the grey, unoxidised tailings (allow $1,500 for a
test pit program in the tailings to confirm the handlability and stackability of the
tailings); and

¢ Detailed engineering evaluation (allow $7,000 for an evaluation suitable for a “go —
no go” decision).

The total cost of these studies is $24,500. Allowing 20% for contingencies, about
$30,000 is required to determine the economic feasibility of the heap leaching
alternative. This program would take 1 to 2 months to complete.

The heap leaching alternative (and any other reprocessing alternative) would also
require regulatory approval. Engineering design studies, environmental impact
assessment and hearings associated with the regulatory approval process could cost in
the order of $225,000, and require up to one year to complete.

While heap leaching technology is well established, the financial risks associated with
this option are higher then for options which do not rely on the economic benefits of
gold and silver recovery. Examples of factors affecting the risk include the northern
climate, the small size of the "ore body", the inability of laboratory testing to properly
model the realities of a full scale leach pad and potential changes in gold and silver
prices.

4.6.2.2 Vat Leaching

The vat leaching option would probably consist of:

e Possible regrinding of the tailings to expose metal surfaces;
¢ Washing to remove accumulated soluble metals;

¢ Cyanide leaching of the gold and silver;

e Discharge of the tailings to a lined impoundment.

Costs for this option have not been estimated because they are much more dependent
on operating parameters that cannot be estimated from the preliminary tests.
Furthermore, the need for a second impoundment for the re-processed tailings is likely
to make this option more expensive and of less environmental benefit than heap

leaching.
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4.6.2.3 Reprocessing Using the New Venus Mill

The possibility of using the new Venus mill for reprocessing tailings was explored in a
Klohn-Crippen (KC) report dated March 1994 and entitled Venus Mine Tailings,
Study of Remedial Options. The new Venus mill is situated a few kilometres south of
the B.C.-Yukon border on the Carcross-Skagway Highway. It was constructed in the
early 1980’s with the intention of processing 200 tpd of ore from the Venus mine and
the old tailings from the Venus operation of the 1970’s. In addition to the process
plant, a tailings impoundment capable of storing well in excess of 100,000 m® was
constructed. Although these facilities have been “mothballed,” studies to reopen the
process plant were undertaken in 1983/1984 and again in 1988.

The reprocessing option would consist of:

¢ Dewatering the tailings, to facilitate handling and trucking;

¢ Excavating and hauling the tailings to the new Venus mill;

e Upgrading the road at the new Venus mill;

e Refurbishing the new Venus mill and purchase of a new genset;

e Regrinding the tailings so that they are about 50% passing the No. 200 sieve;

e Cyanide leaching of the tailings;

e Discharge of the tailings to the existing tailings impoundment

e Pumping the pregnant solution to the Merrill-Crowe circuit to obtain a precious
metal precipitate; and

e Shipping the precipitate offsite for refining.

Table 4.4 provides a rough cost estimate for this option. The main costs associated
with this option include the cost of refurbishing the mill and the processing and
refining costs. In both cases, the unit costs have been taken from the KC report of
1994. The revenue is based on the results of testing by Lakefield on samples of the
Venus tailings. While these tailings are likely to be similar to the Venus tailings, there
is a risk that the recoveries could be less in the tailings from Arctic Gold & Silver.

Table 4.4 shows that the costs for reprocessing at the New Venus Mill would be
roughly equal to the costs associated with heap leaching. However, the off site
reprocessing would not provide the long term benefits associated with consolidating
and encapsulating the tailings on site.
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TABLE 4.4
Cost Estimate for the Reprocessing at the New Venus Mill

Activity Units Quantity | Unit Cost Cost
Dewater tailings lump 1 $5,000 $5,000
Excavate and haul tailings m’ 27,200 $10.00 $272,000
Wash truck wheels lump 1 $27,200 $27,200
Road preparation at mill site m’® 300 $90.00 $27,000
Refurbishing of the mill lump 1 $500,000 $500,000
Operating and refining costs ! tonnes 40,800 $21.00 $856,800
Upgrade road/dam for unnamed lake lump 1 $60,000 $60,000
Revegetate disturbed areas ha 4.5 $3,000 $13,500
Subtotal (rounded to the nearest $1,000) $1,762,000
Contingencies (@30%) $528,000
Engineering design and supervision (@15%) $264,000
Total , $2,554,000
5.0 CONCLUSIONS AND RECOMMENDATIONS
The recent additional investigations at the Arctic Gold and Silver site have clarified
remediation objectives and alternatives. SRK concludes that two alternatives remain
worthy of consideration:
e Consolidate and cover the tailings and other wastes (combination of options 4 and
5, as discussed in Section 4.5);
¢ Chemically amend and reprocess the tailings (combination of options 6 and 7 as
discussed in Section 4.6.2.1).
5.1 Consolidate and Cover Alternative

The main benefits of the “consolidate and cover” alternative are prevention of human
contact and further dispersion of the tailings, and the reduction of future surface water
contamination downstream of the tailings impoundment. This alternative could
proceed to final design with limited additional investigation. Our estimate of the cost
for this option is $538,000, excluding the cost of permitting. As the borrow material
identified on site will not produce a low permeability cover, the cost estimate assumes
that low permeability material from Carcross will be hauled to site and used to
develop a compacted cover over the tailings. The road/dam at the north limit of the
unnamed lake will be lowered by as much as 2 m. Any tailings exposed as a
consequence of this action will be hauled to the tailings impoundment and covered a

1CPO01_07_CSS_DH_Arctic_Gold_final.doc/2/18/99 2:18 PMimr
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5.2

with low permeability cap. Additional material will be placed on the upstream side of
this structure to bolster its stability, and a spillway will be installed to pass extreme
flood events.

The uncertainty associated with this alternative is relatively low, and it should be plus
or minus 15% (i.e. + .$80,000).

The technology associated with this alternative is such that the work could be
undertaken using labour and conventional earthmoving equipment available in the
region. Most of the work would be undertaken over a single construction season. The
removal of the tailings exposed at the east margin of the lake would be done during
the subsequent winter and the low permeability cap would be placed over these
tailings the following summer. Multiyear funding would, therefore, be required but
the amount required in the second year would be relatively minor.

Amend and Process Alternative

The “amend and reprocess” alternative is attractive from an environmental perspective
because it would allow neutralization and complete encapsulation of the tailings, as
well as a net reduction in the area impacted. The general site cleanup and
modifications to the road/dam adjacent to the unnamed lake would also be required as
part of this alternative. Rough calculations show there is a potential to recover most of
the costs of this option. However, the preliminary metallurgical tests undertaken in
this investigation are not adequate to support accurate cost estimates. Furthermore,
there are concerns over the handlability and stackability of the grey, unoxidized
tailings that must be resolved. Therefore, unlike the consolidate and cover alternative,
the amend and process alternative cannot proceed to design without significant further
investigation, the cost of which would be in the order of $25,000 to $30,000. As well
as a drilling program, this would include additional metallurgical tests and more
accurate cost estimates. If the results indicate economic feasibility, the reprocessing
alternative would then need to enter a regulatory approval process that could be both
expensive and protracted. These costs are not included in the estimate included with
this report.

Heap leaching technology is well established, although few operations of this type
have been done in the North. What distinguishes this option from most conventional
mining operations is that the leaching would be done over about 2 to 4 months in the
summer and early fall. Nevertheless, the financial risks associated with this option are
higher then for options that do not rely on the economic benefits of gold and silver
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recovery. Factors affecting the risk include the northern climate, the small size of the
"ore body", the inability of laboratory testing to properly model the realities of a full
scale leach pad and potential changes in gold and silver prices. It is likely, therefore,
that uncertainty associated with this alternative is about plus or minus 25% of the
projected revenues (i.e. = .$600,000).

The technology associated with the earthworks portion of this alternative is similar to
the consolidate and cover alternative and could, therefore, be undertaken using labour
and conventional earthmoving equipment available in the region. Importation of
specialist technical skills would likely be required for the installation of high density
polyethylene geomembranes, as well as the operation of the equipment required for
the processing of the pregnant leach solution. Support personnel in these two areas
could likely be obtained from the local work force and would be in the order of 10 to
12 man-months.

The feasibility assessment could proceed this year and, depending on the results of
that assessment, the alternative could be implemented the following year.
Detoxification of the leached tailings would likely be done the same year, but the final
capping of the heap and revegetation would likely have to be done the following year.
Multiyear funding over a 2 to 3 year period would, therefore, be required.

This final report Assessment of Remedial Measures for Arctic Gold & Silver
Tailings, has been prepared by:

STEFFEN, ROBERTSON AND KIRSTEN (CANADA) INC. ;

CapaneeC ——

Cam Scott, P.Eng. ey-P-Eng:
Principal Engineer Principal Engineer
1CP001_07_CSS_DH_Arctic_Gold_final.doc/2/18/99 2:18 PM/myr SRK Consulting

February, 1999
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EBA Engineering Consultants Ltd.

December 4, 1998 EBA File: 0201-98-13563

Steffen, Robertson and Kirsten (Canada) Inc.
Suite 800

580 Hornby Street

Vancouver, B.C.

Vé6C 3B6

Attention: Mr. Cam Scott, P.Eng.

Dear Sir:

Subject: Summary Report-of Investigation
Arctic Gold & Silver Tailings Site

1.0 INTRODUCTION

This report presents a summary of the data obtained from various site investigation tasks
performed in support of the reclamation alternatives study for the above referenced site (Site).
The work program was conducted in accordance with the scope of work outlined in the letter
from SRK dated August 28, 1998 which is enclosed in Appendix A. This report also contains
the results of the test pit investigation in the vicinity of a potential borrow source for capping
materials that was conducted for PWGSC, Environmental Services in support of the reclamation
study.

2.0  SITE INVESTIGATION

The site investigation involved the following tasks:

. Drilling and installation of ground water monitoring wells, including borehole logging
and sample collection for physical laboratory testing.
o Drilling within tailings to confirm thickness of tailings spatially throughout the

impoundment area. Several bulk samples of the tailings material were to be collected
during this confirmatory drilling work to obtain a composite sample for metallurgical
testing.

The drilling program was supervised by Michael Billowits, P.Eng., of EBA between the dates of
August 29, 1998 and September 1, 1998 and involved drilling 16 boreholes and 7 monitoring
wells within the vicinity of the tailings impoundment area. As well, two probeholes were drilled
in the vicinity of potential fine grained borrow areas. These probeholes were advanced to verify
that the proposed borrow investigation program would be worth pursuing since results of the
initial drilling at the site indicated both shallow ground water and a relatively shallow depth to

=
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refusal (each of which could restrict future borrowing activities). The drilling was performed
with solid stem augers for the 16 boreholes and 2 probeholes with samples taken from cuttings at
the base of the lead auger flight. The monitoring wells were installed with hollow stem augers
according to recognized industry standards'. For well locations 13563-MW3 to -MWS3, the
borehole was advanced initially with solid stem augers in order to penetrate the dense, cobbly till
material to the saturated zone. Following this, the wells were completed using hollow stem
augers. Standard penetration tests were conducted while sampling with 50 mm diameter split
spoon samplers during hollow stem augering.

All boring, monitoring well, and test pit locations are depicted on Figure 1 and the logs are
enclosed in Appendix B. Figure 1 consists of a modified version of the topographic base plan
provided by Underhill Geomatics Ltd. to include EBA boring and test pit locations which
correspond to the labeling system depicted on the logs enclosed in Appendix B. The results of
the physical laboratory tests are presented following the logs from which the sample derived.
Due to a delay in the approval of the laboratory program, the samples were stored in the EBA lab
for approximately two months prior to the testing work. As such, it is noted that the moisture
contents reported on the logs could be 5%-20% less than actual in situ conditions, depending on
the fines content of the particular sample.

The following summary comments are made with respect to the results of the delineation
boreholes to determine thickness of tailings material at the Site: '

° Ten boreholes were advanced to characterize the depth and
characteristics of the tailings material. The tailings
consisted of two layers distinguished by the extent of
oxidation (as evidenced by the characteristic rust colour
associated with the ferric hydroxide presence in the
tailings). As seen in Photo 1, the profile of the tailings
consisted of an upper surface layer of more oxidized
(beige) sand material with an underlying stratum of less
oxidized (dark grey) silt and sand material.

° The upper surface layer consisted primarily of fine sand
sizes and was damp to moist with moisture contents
typically in the order of 10% to 15%. As seen in the
representative particle size gradations for samples 2 and 16
in Appendix B, there is over 90% fine sand material in the
upper tailings material.

° The lower tailings stratum consisted of finer soil sizes and
was moist to wet with moisture contents ranging from 30%
to 40%. Refer to samples 8 and 11 in Appendix B for
representative particle size gradations of this material. Fines content ranged from 15% to
90% in those samples tested. As could be expected, the higher fines content observed

Photo 1: Tailings profile.

' ASTM Designation: D 5092-90 (Reapproved 1995). Standard Practice for Design and Installation of Ground
Water Monitoring Wells in Aquifers.
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with increased depth of tailings corresponded to higher moisture contents (due to the
higher field capacity) and a lesser degree of oxidation.

J As described in the following table, the total thickness of the tailings averaged 1.4 m at
the middle and east portions and 2.5 m at the west (near dam) portion. The average
thickness of the underlying, unoxidized material was approximately 0.6 m.

PORTION OF  # OF BH IN THIS AVG.DEPTH AVG.DEPTH TOTAL

TAILINGS PORTION OF OXIDIZED UNOXIDIZED DEPTH OF
TAILINGS (m) TAILINGS (m) TAILINGS (m)
West (dam) 3 1.7 0.8 2.5
Middle 3 0.8 0.6 1.4
East 4 1.0 : 0.4 1.4
° Particular care was taken to segregate the

oxidized and unoxidized tailings material
during collection of the bulk samples used for
geochemical testing purposes. Bulk samples
were retrieved from each of the ten
boreholes, with total collected masses for the
oxidized and unoxidized materials of 62 kg
and 27 kg, respectively.

o As seen in Photo 2, the tailings ended at a
distinct organic layer. The organic material
was wet, dark brown, and partially decayed.
The organic layer was underlain by a dense
silt, sand, and gravel soil which was inferred
to consist of native morrainal till.

o The underlying till material consisted of a
characteristically heterogeneous mixture of
clay, silt, sand, and gravel with average
proportions of 9%, 44%, 25%, and 22%,
respectively based on two samples tested.

° There was oversize material within the till
matrix which made drilling very difficult.
Refusal in the till occurred in all deeper
boreholes, with depths of refusal ranging
from 1.5 m to 7.7 m and an average depth of
4.6 m.

Photo 2. Underlying organics and till.




0201-98-13563 -4- December, 1998

3.0 GROUND WATER INVESTIGATION

The following summary comments are made with respect to the results of monitoring well
installation and ground water testing programs at the Site:

J The monitoring well construction details are presented on the logs in Appendix B.

To determine if there is a potential of lateral ground water flow through the tailings, five
monitoring wells were installed at four locations spatially throughout the tailings
impoundment area. A multiple piezometer installation (shallow and deep) was
completed at the vicinity of 13563-MW!1 since the tailings appeared saturated in this
area. The shallow well was placed to determine if the static water level was within the
tailings, and if so, to determine the vertical hydraulic gradient. Based on qualitative
observations during drilling, free water appeared to be in the vicinity of the
tailings/underlying till interface at the monitoring well locations 13563-MWI1D and
13563-MW5. However, as seen on the borehole logs in Appendix B, the static water
level was observed to be below the bottom of the tailings at all well locations. The
shallow well completed within the tailings, 13563-MW1S remained dry during
measuring events. The static water levels shown on the borehole logs have been
determined from water level measurements taken on September 10, 1998 once the
ground water conditions were stabilized following drilling. Based on a single monitoring
event, ground water seepage does not appear to be flowing laterally through the tailings.
It is noted that this may not be the case during seasonal high ground water conditions.

o To assist in the evaluation of ground water flow
and water quality outside of the tallmgs
impoundment area, monitors 13563-MW3 and
13563-MW6 were installed. Based on the
topography of the site and on an interpretation
of drainage features from aerial photos, the
locations were inferred as being hydraulically
upgradient of the tailings area. This assumption
was validated by on-site calculations using
accurate survey data of monitors 13563-MW1
through -MW4 provided by Underhill
Geomatics Ltd. on 98/8/31. The horizontal
direction of ground water flow was determined
to be toward the west, roughly in a direction
parallel to monitors 13563-MW1D and -MW2.
As seen on the well installation details, monitor
13563-MW6 was constructed for piezometric
measurements only. It is noted that the static
water level at -MW6 was very close to the
existing ground surface, with extensive free
water observed while removing the solid stem
augers (see Photo 3).
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° Several attempts (13563-BH11 through -BH16) were made to complete a monitoring
well within the vicinity of the existing embankment fill dam located along the west
periphery of the tailings impoundment area. However, due to the presence of extensive
cobbles and boulders, this was not possible. From observations made while drilling
borehole 13563-BH13, it appeared that the dam embankment ended at a depth of 4.2 m
below ground surface (elevation of approximately 85.8 m) and there did not appear to be
saturated conditions within the 4.5 m depth of drilling at this borehole location. As well,
the static water level at monitor 13563-MW2, which is in the vicinity of 13563-BH13,
was at an elevation of 85.49 m. From this, and based on the very coarse nature of the
dam construction, it does not appear that there is a phreatic surface within the dam
embankment but rather in the vicinity of the dam base and the underlying till soil.

o Ground water sampling was conducted in accordance with recognized industry protocols?
on September 10, 1998. Specific methods included purging (two well casing volumes)
and ground water sampling with dedicated PVC bailers at each monitor location. Field
filtering of dissolved metals samples was not possible, and as such, preservatives were
not added to these sample containers. Samples were stored in coolers and maintained at
or below 4°C with ice packs during immediate transport to ASL Ltd. in Vancouver. The
design of the analytical test program was assumed by Mr. Michael Royle of SRK.
Results of the field measurements made during sampling have been detailed in the

following table:
Well ID Depth to water below pH Conductivity
top PVC casing (m) (mS/cm)

13563-MW3 3.15 8.0 0.39
13563-MW6 1.80 N/M N/M
13563-MW1S Dry N/M N/M
13563-MW1D 2.40 7.4 0.46
13563-MW5 3.97 4.0 4.02
13563-MW2 5.36 5.5 3.58
13563-MW4 5.51 5.8 6.80

Lake 81.36* N/M N/M

Notes: * elevation measured on staff gauge installed by Underhill Geomatics Ltd.

N/M = not measured

. Response testing was conducted at selected well locations on September 22, 1998 to
determine the approximate hydraulic conductivity of the soils for use in ground water
flux calculations. A slug withdrawal, single borehole response test method was
conducted in accordance with recognized industry protocols’. The test involved
recording the initial static water level in the well, removing a ‘slug’ of water to a known
depth, and recording the rise in water level with time until at least 70% of the original

2 ASTM Designation: D4448-85a (Reapproved 1992). Standard Guide for Sampling Groundwater Monitoring
Wells.

3 ASTM Designation: D4050-91. Standard Test Method (Field Procedure) for Withdrawal and Injection Well Tests
for Determining Hydraulic Properties of Aquifer Systems.
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static water level had recovered in the well. The results of the response tests have been

summarized below. The analysis of the response was assumed by SRK.

AGS-98-MW1-D AGS-98-MW2 AGS-98-MW3
Time Depth Time Depth Time Depth
(min) (m) (min) (m) (min) (m)

0 3.55 0 7.2 0 3.68
0.5 3.48 0.5 7.14 0.5 3.64
1 3.44 1.5 7.12 1 3.63
1.5 3.34 2.5 7.11 2 3.61
2.5 3.27 9.5 7.03 3.25 3.59
3.5 3.17 13.5 6.99 7.25 3.55
5.5 3.02 20.5 6.93 12.25 3.51
7.5 2.93 31.5 6.83 34.25 3.38
9.5 2.85 39.5 6.76 52.25 3.34
12 2.74 52.5 6.65 72.25 3.29
14.5 2.66 72.5 6.54 87.25 3.26

19.5 2.58 92.5 6.44

24.5 2.54 122.5 6.33

152.5 6.23

252.5 5.98

352.5 5.79

Notes: -depth is given as below top PVC pipe

-existing dedicated bailers were used for slug withdrawal

-an attempt was made to complete a response test on
13563-MWS5, however, there wasn’t enough water present
to obtain representative rising head data

40 BORROW INVESTIGATION FOR CAPPING MATERIAL

The following summary comments are made with respect to the results of the test pitting
program conducted in the vicinity of the potential fine grained borrow source:

. Five test pits were excavated on October 8, 1998 at the locations depicted on Figure 1 to
determine the physical characteristics and variability of soils contained within the area of
potential low permeability cover material. The soil stratigraphy with depth is shown on
each individual borehole log in Appendix C, with physical laboratory test results
following the test pit log from which the sample derived.

. The maximum depth of test pits ranged from 3.0 m to 4.9 m below ground surface. The
soil profile was relatively consistent throughout the investigation area with a sand and
gravel, some silt morainal till material. Four grain size analyses were conducted on
representative soil samples from the test pits with the following summary table of relative
grain size proportions:
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Test Pit (depth range) % clay and silt %sand % gravel
13563-TP1 (0.8-1.0 m) 13 34 53
13563-TP1 (1.8-2.0 m) 12 45 43
13563-TP2 (1.8-2.0 m) 11 41 48
13563-TP3 (2.8-3.0 m) 22 33 45

o As seen in the above table, the till is composed primarily of sand and gravel sizes, with

an average fines content of approximately 15%. As well, the soil matrix consisted of
approximately 5% cobbles by volume to a maximum diameter of 300 mm. A
photographic documentation of the typical soils encountered is shown in Photos 3 and 4,

following.
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Photos 3 and 4. Soil piles from samples at varying depths at 13563-TP4
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. The moisture content in the till soil was in the order of 5-8%. Ground water seepage
occurred in all test pit locations at depths ranging from 2.1 m to 4.5 m below ground
surface. In general, more extensive unsaturated soils were encountered with
increased distance to the west of the road.

. To evaluate the effectiveness of the potential borrow source as a low permeability
cover, remoulded constant head hydraulic conductivity tests were conducted on
composite samples. Three samples were prepared for the permeability testing to
model various scenarios for soil placement as capping material at the site. The
moisture density relationship (Proctor) was determined, and the remoulded sample
was then prepared to 90% Standard Proctor Density (SPD) at the corresponding
optimal moisture content for use in the permeability test. The 90% SPD estimate
was considered to be representative of very low compaction effort and with minimal
quality control density testing during construction. The laboratory results are
presented in Appendix D. A description of the sample preparation, the particle size
distribution of the sample, and the constant head permeability test results are
presented in the following table.

Sample Description %fines %sand  %gravel K (cm/sec)

P-1 Sample 6 from BH2 (2m), 13 47 41 4.4 E-03
screened to remove >25 mm
diameter particles

P-2 Sample 11 from BH3 (3m), no 22 33 45 5.4 E-03
modifications

P-3 Composite of samples 1 and 2 18 62 20 2.5E-03

from BH1, screened to remove
>25 mm diameter particles

. As seen on the above table, there does not appear to be a significant change as a
result of screening oversize portions. The geometric mean of the K results is in the
order of 4.1E-03 with a standard deviation of just 1.5E-03. This variance is
considered insignificant in relation to the relative accuracy of such a test in
estimating hydraulic conductivity for unsaturated soils.

50 CLOSURE

The information presented in this report has been prepared for the exclusive use of Steffen,
Robertson, and Kirsten (Canada) Inc. and PWGSC, Environmental Services and for the
specific application to the development described in Section 1.0. This report has been
prepared in consideration of and is subject to the EBA General Conditions, attached.
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We trust the above summary information is suitable for your purposes. If engineering
interpretation is required for the analysis of the data presented herein, please advise. EBA
has enjoyed working with your organization on this project and we would be pleased to
assist you on future endeavours of this nature.

Yours truly,
EBA Engineering Consultants Ltd.

Michael E. Billowits, M.Sc., P.Eng.
Project Engineer

MEB/




EBA Engineering Consultants Ltd. (EBA)
GEOTECHNICAL REPORT - GENERAL CONDITIONS

This report incorporates and is subject to these “General Conditions”

A.l USE OF REPORT AND OWNERSHIP

This geotechnical report pertains to a specific site, a
specific development, and a specific scope of work. It
is not applicable to any other sites nor should it be
relied upon for types of development other than that to
which it refers. Any variation from the site or
davelanmant would  nacaccitata  a cu:‘\}\lamenm_r}l

geotechnical assessment.

This report and the recommendations contained in it
are intended for the sole use of EBA’s client. EBA
does not accept any responsibility for the accuracy of
any of the data, the analyses or the recommendations
contained or referenced in the report when the report is
used or relied upon by any party other than EBA's
client unless otherwise authorized in writing by EBA.

Any unauthorized use of the report is at the sole risk of
the user.

This report is subject to copyright and shall not be
reproduced either wholly or in part without the prior,
written permission of EBA. Additional copies of the
report, if required, may be obtained upon request.

A2 NATURE AND EXACTNESS OF SOIL
AND ROCK DESCRIPTIONS

Classification and identification of soils and rocks are
based upon commonly accepted systems and methods
employed in professional geotechnical practice. This
report contains descriptions of the systems and methods
used. Where deviations from the system or method
prevail, they are specificaily mentioned.

Classification and identification of geological units are
judgmental in nawre as to both type and condition.
EBA does not warrant conditions represented herein as
exact, but infers accuracy only to the extent that is
common in practice,

Where subsurface conditions encountered during
development are different from those described in this
report, qualified geotechnical personnel should revisit
the site and review recommendations in light of the
icrual conditions encountered.

A3 LOGS OF TEST HOLES
The test hole logs are a compilation of conditions and

classification of soiis and rocks as obtained from fieid
observations and laboratory testing of selected samples.

Soil and rock zones have been interpreted. Change
from one geological zone to the other, indicated on the
logs as a distinct line, can be, in fact, transitional. The
extent of transition is interpretive. Any circumstance
which requires precise definition of soil or rock zone

transition elevations may require further investigation
and review.

A4 STRATIGRAPHIC AND GEO LOGICAL
INFORMATION

The stratigraphic and geological information indicated
on drawings contained in this report are inferred from
logs of test holes and/or soilrock exposures.
Stratigraphy is known only at the locations of the test
hole or exposure. Acmal geology and stratigraphy
between test holes and/or €Xposures may vary from that
shown on these drawings.  Narural variations in
geological conditions are inherent and are a function of
the historic environment. EBA does not represent the
conditions illustrated as exact but recognizes that
variations will exist. Where knowledge of more
precise locations of geological units is necessary,
additional investigation and review may be necessary.

A5 SURFACE WATER AND
GROUNDWATER CONDITIONS

Surface and groundwater conditions mentioned in this
report are those observed at the times recorded in the
report. These conditions vary with geological detail
between observation sites: annual, seasonal and special
meteorologic conditions; and with development
activity. Interpretation of water conditions from
observations and records is judgmental and constitutes
an evaluation of circumstances as influenced by
geology, meteorology and development activity.
Deviations from these observations may occur during
the course of development activities. o

A6 PROTECTION OF EXPOSED GROUND

Excavation and construction operations  expose
geological materials to climatic elements (freeze/thaw,
wet/dry) and/or mechanical disturbance which can
cause severe deterioration, Unless othenvise
specifically indicated in this report, the walls and floors
of excavations must be protected from the elements,

particularly moisture, desiccation. frost action and
constuction traffic.
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GEOTECHNICAL REPORT - GENERAL CONDITIONS

A7 SUPPORT OF ADJACENT GROUND
AND STRUCTURES

Unless otherwise specifically advised, support of
ground and structures adjacent to the anticipated
construction and preservation of adjacent ground and

structures from the adverse impact of construction
activity is required.

A.8 INFLUENCE OF CONSTRUCTION
ACTIVITY

There is a direct correlation berween construction
activity and strucruraj performance of adjacent
buildings and other installations. The influence of all
anticipated construction activities should be considered
by the contractor, owner, architect and prime engineer
in consultation with a geotechnical engineer when the
final design and construction techniques are known.

A9 OBSERVATIONS DURING
CONSTRUCTION

Because of the namre of geological deposits, the
judgmental namre of geotechnical engineering, as well
the potential of adverse circumstances arising from
construction  activiry, observations during  site
preparation, excavation and construction should be
carried out by a geotechnical engineer.  These
observations may then serve as the basis for
confirmation and‘or alteration of geotechnijcai

recommendations or design guidelines presented
herein.

ALl0 DRAINAGE SYSTEMS

Where temporary or permanent drainage systems are
installed within or around a structure, the systems
which will be instaljed must protect the structure from
loss of ground due to internal erosion and must be
designed 50 as 10 assure continued performance of the
drains. Specific design detail of such systems should
be developed or reviewed by the geotechnical engineer.
Unless othenwise specified. it is a condition of this
report that effecrive temporary and permanent drainage
s¥stems are required and thar they must be considered
in relation to Project purpose and function.

A.ll BEARING CAPACITY

Design bearing capacities, loads and allowable stresses
quoted in this report relate 1o a specific soil or rock
type and condition, Construction activity and
environmentaj circumstances can materially change the
condition of soil or rock. The elevation at whicp a soil
or rock type occurs is variable. [t is a requirement of
this report that structural elements be founded in and/or

made by qualified geotechnicai personnel during
conswuction 1o assure thas the soil and/or rock

conditions assumed in this report in fact exist at the
site. :

A.12  SAMPLES

EBA will retain all soj} and rock samples for 30 dayvs
after this report is issued. Further storage or transfer of
samples can be made ar the clientls expense upon
written request, otherwise samples will be discarded.

A.I3 STANDARD OF CARE

Services performed by EBA for this report have been
conducted in a manner consistent with the level of skill
ordinarily exercised by members of the profession
currently practising under similar conditions in the
Jurisdiction in which the services are provided.
Engineeringjudgement has been applied in developing
the conclusions and/or recommendations provided in
this report. No warranty or guarantee, express or
implied, is made concerning the test results, comments.
recommendations. or any other portion of this report.

A.l4 ENVIRONMENTAL AND
REGULATORY iSs UES

Unless stipulated in the report. EBA has not been
retained to investigate, address or consider and has not
investigated, addressed  of considered - any
environmental or regulatory issues associated with
development on the subject site.
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WNalx) /|~ STEFFEN, ROBERTSON AND KIRSTEN (CANADA) mc  Suite 800
™)) [\ Consuting Zrgineers ang Sciennsts el ' 580 Hornby Street
: .o ) ' Vancouver. B.C.
St | Canada
S ' V6C 386
Tel: (604) 681-4196
Fax:{604) 687-5532
August 28, 1998
Project Number 1CP001.07
EBA Engineering Consultants Ltd. BY FAX: (867) 668-4349
151 Industrial Road. Unit 6
Whitehorse, Yukon
YIA2V3
Attention: Mr. Michael Billowits. P. Eng.
Dear Michael;
RE: ARCTIC GOLD AND SILVER, SITE INVESTIGATION

Thank you for meeting with Michael Nahir of Public Works and Government Services Canada
(PWGSC) and myself on August 26. 1998. As discussed in the meeting, PWGSC has retained
Steffen Robertson and Kirsten (Canada) Inc. (SRK) to evaluate alternative strategies for rehabilitating
the Arctic Gold and Silver mill tailings facility, near Carcross. Yukon. The scope of the project as

whole 1s described in the attached work plan (letter to PWGSC. dated August 18. 1998).

Part of the evaluation process involves field investigations, us described in the work plan. to be
completed within the next few weeks. Although much of the work will be completed by SRK.
PWGSC or INAC. we would like to involve EBA in the program to take advantage of your skills and
local presence. As we discussed in the meeting, the work plan originally assumed that EBA would
conduct all of the geotechnical laboratery testing, as well as conduet field investigations to confirm
the results of your earlier borrow reconnaissance studies at the site. However. following the August
20. 1998. meeting, Michael Nahir and I discussed ways in which EBA’s involvement could be
broadened to include supervising the drilling and installation of groundwater monitoring wells within
the tailings area. Based on discussions with Mr. Nahir, it was decided to expand EBA’s involvement
to include the following.
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Groundwater Investigation

* EBA to supervise drilling and installation of groundwater monitoring wells at Arctic Gold and

Silver tailings facility, including logging the boreholes and collecting samples for testing.

* EBA to supervise drilling of solid-stem auger boreholes within the tailings to confirm
thickness of tailings, to provide in-fill data to that provided by the monitoring wells. This is

in place of the hand augering described in the work plan.

* EBA to collect and prepare a composite bulk sample of tailings for metallurgical testing (as
part of solid stem auger drilling).

* EBA to prepare logs and well installation diagrams. Draft logs and installation diagrams to be
faxed to SRK by September 4, 1998, or if for some reason the drilling is delayed. within two
working days following completion of the drilling.

EBA to develop and sample monitoring wells for water quality, as well as measure static
water levels. PWGSC or SRK will arrange with analytical laboratory to complete the
analyses.

* EBA to test (in consultation with SRK) selected samples of tailings and underlying soils for

grain size distribution and other index properties.

° EBA to prepare brief report presenting the completed logs, installation diagrams and test

results, and describing the methods used and any pertinent observations.

PWGSC has retained Midnight Sun to complete the drilling, using a CME 750 mounted on balloon
tires. The rig will mobilize to Arctic Gold and Silver as soon as it has finished its work at the Venus
site. Drilling at Arctic Gold and Silver could begin as early as Saturday, August 29, 1998. Michael
Royle of SRK is currently in Whitehorse and will be at the Arctic Gold and Silver site with you for at
least one full day when drilling begins. Mr. Royle will provide details of the work required at that
time (general requirements are discussed in the attached work plan). Actual borehole locations will
be determined in the field in consultation with Mr. Royle. Mr. Royle will also provide instructions
for collecting and preparing the metallurgical sample, and for requirements for water quality
sampling. Please contact Mr. Royle at the Edgewater Hotel (667-2572).

EEA s o et Ao X 2898
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The project budget only allows for 3 days of drilling. Therefore, rather than setting out a rigid
program of borehole locations and depths, adjustments will be required in the field depending on the
efficiency of the rig and crew and any particular difficulties encountered. Selection of samples for

geotechnical laboratory testing will be completed in consultation with SRK.

In addition to the three days of field time during drilling, we have allowed for one more man day to
develop and sample the monitoring wells (four man days, total, in the field). We assume that EBA
will require not more than three man-days to complete data compilation (logs, installation diagrams,
etc.) and reporting.

Borrow Investigation

We have allowed for two days of test pitting by EBA to verify the results of your earlier
reconnaissance of potential borrow sources in the immediate vicinity of the site, plus two man-days
for data compilation and reporting, and $1000 for laboratory testing. Additional investigations to
locate sources of low permeability soil may be required as part of the Stage 2 investigation, but only

if the initial evaluation of options show that a low permeability soil cover is definitely required.

We hope that EBA agree and are able to complete the work described above, and look forward to
working together with you on this project, and possibly others in the future. If you are unable to

complete the work described above, please let us know as soon as possible so that we can make other

arrangements.
Yours truly,

STEFFEN, ROBERTSON AND KIRSTEN (CANADA) INC.

) _{C/L(: N ‘/\;[/\i:(.é»; e
Rodney"‘C. Olauson,

Project Manager

cc: Michael Nahir, PWGSC, Edmonton
Michael Royle, SRK, Whitehorse

EBA wrms of set lir docOR/28198
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August 18, 1998
Project Number: 1CP001.06

Public Works and Government Services of Canada
1000 - 9700 Jasper Avenue
Edmonton, Alberta T5J 4E2

Attention: Mr. Michael Nahir
Dear Michael:
RE: ARCTIC GOLD AND SILVER TAILINGS

On June 16, 1998, Public Works and Government Services Canada (PWGSC) commissioned
Steffen Robertson and Kirsten (Canada) Inc. (SRK) to provide scientific and geotechnical
services related to the remediation of the Arctic Gold and Silver mill site and tailings facility,
near Carcross, Yukon. Initially, SRK's scope of work was to review relevant background
documents, visit the site and then review and verify design and specification documents
prepared by PWGSC. The site visit was completed on July 24, 1998, and included
representatives from SRK, PWGSC, INAC (Indian and Northern Affairs Canada) and the
Carcross Tagish. During the site visit, all parties agreed that further investigations and
evaluation of options are required before deciding on the most appropriate remediation plan.
SRK's terms of reference were expanded to include developing a plan for the further
investigation and evaluation of options, and preparation of a conceptual design. This letter
presents our recommendations for further investigations, as well as presenting a revised work
scope and schedule for SRK's services, based on our new terms of reference.

1.0 REMEDIATION OBJECTIVES

Table 1 presents a list of objectives that are taken into consideration in all mine closure and
remediation projects, and briefly describes their relevance for the Arctic Gold and Silver
tailings. The final column of the table shows our initial ranking of the importance or relevance
of each objective. We understand that community meetings will be held in the next weeks and
will better define end use objectives for the site. Once that information is available, the ranking
of remediation objectives can be finalized.
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The table is generally self-explanatory, but our ranking of water quality concerns as
“potentially major but uncertain" needs explanation. We have reviewed water quality data
collected in 1975, 1988, 1996 and 1997. The data clearly show that heavily contaminated
water drains from the tailings into the unnamed lake below the tailings embankment. However,
there is no clear evidence that the contamination has a significant impact beyond the unnamed
lake. Furthermore, there is some indication that other as yet unknown sources of contamination
may be significant. Hence it is uncertain whether actions to control contaminated drainage
from the tailings will have a significantly beneficial effect. Resclving that uncertainty is one
objective of the investigations recommended below.

2.0 POSSIBLE REMEDIAL MEASURES AND INFORMATION NEEDS

Table 2 lists alternative measures that could be undertaken to remediate the three major
concerns at the site, i.e. physical stability, the human health hazard associated with exposure to
the tailings, and degradation of water quality. It is important to consider all possible
alternatives so that further investigation can be designed to provide the information needed to
select and design the best one.

* The "do nothing" alternative is included as a baseline. Clearly it would not remediate any
of the three "major" concerns.

= Controlling access to the tailings, probably by means of fencing and warning signs, would
minimize direct contact of people with the tailings. It would not eliminate exposure to dust,
nor address the other "major" concerns.

* There are many types of covers that could be constructed over the tailings. A simple soil
cover would be sufficient to stop wind blowing off tailings dust and prevent human
exposure. Minor improvements might include drainage control and/or revegetation to
prevent erosion. In general, it can be much more difficult to build a cover that will also
reduce the infiltration of rainwater and snowmelt through the tailings, which would be
necessary to reduce the release of contaminated drainage. Furthermore, because it is not
clear that the tailings are the only source of contaminants, the effectiveness of even a
perfect infiltration barrier is questionable.

* Consolidating other contaminated materials into the tailings area would remove concerns
associated with other parts of the site. This alternative would probably be combined with
covering of the tailings along with the relocated material. Consolidating the tailings into

AGAS Wark Plnict.docs LROK9% 5:02 PM/MW
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one end of the impoundment would reduce the amount of surface needing to be covered,
and allow the current decant system to be removed.

* Construction of a low infiltration cover will only control water that percolates downwards
into the tailings. It would not affect any groundwater that might be flowing laterally
through the tailings. Control of surface water and/or relocation of tailings away from
groundwater discharge areas (areas where groundwater flows upwards or laterally out of the
original ground surface) might be required if infiltration is not the only source of
contaminated drainage.

* Chemical amendment of the tailings could through addition of lime or limestone would
neutralize acid salts and convert soluble metals to less soluble mineral forms. Alkali
addition has been used successfully at other sites, but only on wastes with relatively low
acidity. Itis likely to be prohibitively expensive at this site due the high acidity.

* Reprocessing of the tailings is an alternative that needs to be considered. The tailings
undoubtedly contain significant metal value. Whether that value can be recovered
economically, without creating a greater environmental problem, remains to be seen.

Table 3 lists the types of information that would be needed to assess each of the possible
remedial measures. An intermediate step in such an assessment would be resolving the
uncertainties associated with water quality, and the information needs for that are also included
in the table.

Again the table is self-explanatory. Two general conclusions can be drawn. First, a surprising
variety of information is needed to correctly choose among remedial measures. Second, it
would be prudent to collect the information in stages, so that some alternatives (and their
information needs) can be eliminated as early as possible.

3.0 RECOMMENDED INVESTIGATION

Table 4 outlines our recommendations for the further investigation. We have separated many
tasks into two stages. The object of the Stage 1 activities will be to allow most of the remedial
alternatives to be eliminated from further consideration. The number of more costly and time-
consuming Stage 2 activities could then be reduced. Stage 2 activities, if required, would
provide information needed for final design.

AG&S Waek Phan.letdod/ LRIOSYK 5:02 PM/MW
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The expected activities are described in the following subsections.

Task 1 Topographic Mapping

A topographic map is required to delineate areas and investigation sites, to serve as a basis for
volume calculations, and, ultimately, to provide a base plan for construction drawings. Ideally,
a map of an area spanning 500 x 500m around the tailings impoundment would be mapped
from low level air photos. However, if the photos do not exist, that option might be
prohibitively costly. A less costly alternative would be to commission local surveyors to map
specific areas of interest, such as the tailings area, in detail (preferably to 0.5 m contours), and
then fill in the surrounding areas in less detail (e.g. at a 1 m contour interval).

Items to be shown on the map include:

e crests, toes and breaks in slope of dams, berms, windrows and ditches:

¢ outlines of buildings and building foundations;

¢ floor slab elevations for building foundations;

¢ locations, orientation and invert elevations of pipes and culverts;

¢ locations of decant structures and water wells;

o alignment of surface drainage gullies (including those that are dry at the time of the
survey);

¢ the location of the landfill beside the road to the south of the tailings and mill area; and,

e locations of ore piles (both crushed and coarse).

Outlines of specific features of interest, such as the tailings deposit itself, the extent of
windblown tailings, and outlines of former ore stockpile areas, should be clearly flagged in the
field prior to the survey so that these can be picked up by the surveyors. It would also be
helpful if someone familiar with the site, such as Larry Barrett, could be present on site at the
time the survey is completed to point out specific features such as the water well at the former
camp site, all existing building foundations, decant structures and culverts.

The map should be made available both in printed paper copy, and as an electronic drawing file
in AutoCAD format, with appropriate elevations assigned to drawing entities ('z' coordinates).
Permanent survey control points should be established in the field, so that they can be used to
tie in features throughout the investigation and during construction.

AGAS Work Plan lotdoc/ I R/GR/OK 5:02 PM/AMW
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Task 2 Surface Water Sampling

To narrow the uncertainty about the importance of the tailings as a contaminant source, we
recommend that water quality samples be collected from all drainages entering the unnamed
lake, and along the creek that is diverted south of the tailings. While many of these drainages
have been sampled in the past they have not all been sampled together during the same
sampling event. Concentration and flow data for all drainages at a single point in time are
required to assess the relative impact of the tailings on downstream receiving waters. The area
oetween the toe of the tailings dam and the shoreline of the unnamed lake should be inspected
for seeps, and these seeps should also be sampled and analyzed. Ideally, the surface water
sampling would be timed to coincide with INAC's planned sampling of Tank Creek.

Samples would be analyzed for both total and dissolved metals, at method detection limits
appropriate for comparison with CCME guidelines for freshwater aquatic life. Analysis for
arsenic should be at a method detection limit of 0.0001 mg/L. Other parameters to be included
in the analysis include pH and temperature (measured in the field), conductivity, total dissolved
solids, total hardness, alkalinity or acidity, sulphate, and mercury.

Task 3 Tailings Investigations

Previous investigations have characterized the geochemical properties of the tailings, but not
their physical characteristics. The objective of the recommended Stage 1 investigations are to
measure the depth of the tailings across the impoundment, determine the shape (topography) of
the bottom of the tailings deposit. collect samples of tailings for grain size analyses, and
prepare a weighted average composite sample for metallurgical tests. The field portion 1is
intended to be carried out, to the extent possible, with a hand auger only. However, much of
the tailings deposit is likely to be too deep to penetrate with a hand auger. In those areas it may
be possible to locate the bottom of the tailings using dynamic cone penetration testing, which
could be completed in conjunction with the hydrogeologic investigation (Task 5). Grain size
analysis (mechanical sieve with hydrometer) would be completed in a laboratory on
approximately 10 samples. Approximately 50 kg of composite tailings samples should be
prepared for metallurgical testing. '

More extensive investigations may be needed to support design of some alternatives. If
necessary, these investigations would be carried out in Stage 2 and would probably require test
pits to be excavated.

AGAS Waork Plan letdow EURAR SO0 PMATW
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Task 4 Delineation of Other Sources
Other contaminant sources that should be delineated include the wind blown tailings, the

former ore and waste rock stockpiles, the drainage ditch extending from the former mill
building to Tank Creek, and the tailings spills above the unnamed lake. Initially, these sources
should be delineated by sketching on the topographical map, and by surface sampling and
analysis. Test pits may be required in Stage 2.

Task 5 Hydrogeclogic Investipation

While the tailings investigation described in Task 3 above, will provide information regarding
the size, shape and physical properties of the tailings, additional information will be required to
determine groundwater flow patterns. Like other aspects of the investigation the hydrogeologic
investigation can be divided into two stages. The first stage would concentrate on determining
if there is a potential for lateral flow through the tailings (due to influx of groundwater), or if
infiltration from surface is the only significant influx. If the Stage 1 investigation indicates that
groundwater influx into the tailings could be significant, then more detailed investigations
would be completed as part of Stage 2.

We recommend that the Stage 1 hydrogeologic investigation be limited to the tailings area
only. If the results indicate a significant groundwater pathway, up-gradient and down-gradient
investigations would be needed in Stage 2.

The tailings area investigation should include drilling, logging, soil sampling, installation of
piezometers, water level reading and water quality sampling at 4 or 5 locations within the
impoundment and at 2 locations along the centreline of the dam. The cost estimate assumes
three 12 hour days of drilling and piezometer installation. Barring unforeseen problems, that
should allow piezometers to be installed at 6 or 7 locations. Piezometers should be screened
within the tailings (or embankment fill) and in any conductive unit identified below the tailings
(or embankment fill). All soil and tailings samples should be analyzed for moisture content.
Samples of soil from directly below the tailings should also be analyzed for arsenic. Samples
of embankment fill materials should be analyzed for grain size distribution.

The Stage 2 investigation, if required would include permeability tests in the tailings area, and
up-gradient and down-gradient piezometer installations.

Task 6 Lake Sediment Samples
We understand that INAC will complete a comprehensive sediment sampling program to
determine the nature, extent and depth of tailings and contaminated sediments within the
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unnamed lake to the west of the tailings impoundment. This information will be helpful in
determining whether the in-lake tailings have a significant effect on water quality.

Tailings solids were observed within the bottom of the ditch that extends from the outlet of the
decant to the lake, and these tailings deposits appear to extend beneath the surface of the lake
itself. Iron hydroxide precipitates were also observed beneath the surface of the pond along the
shoreline. The tailings solids were probably deposited during operations, before the area had
been flooded by the beaver dam. The hydroxides have probably precipitated more recently,
after the beaver dam construction flooded the area. The objective of the sediment sampling,
therefore, is to determine the extent and depth of the main deposit of tailings solids, as well as
to determine the extent of contamination from precipitates and suspended tailings solids over a
wider area of the pond.

A staged approach is recommended, starting with closely spaced sampling in the area where
tailings solids are known or suspected to be present on the pond bottom, then moving radially
outward at a wider spacing. Initial sampling could be completed with a grab sampler,
particularly to define the extent of the main tailings deposits, and metal contents in the near
surface sediments elsewhere in the lake. Once the lateral extent has been determined, core
samples should be collected to determine the thickness of tailings solids, and also to collect
samples of the underlying sediments for determining background metal concentrations. It is
recommended that at least three additional core samples be collected outside the main tailings
deposit to provide additional baseline samples.

Sample locations should be recorded by triangulation to known points on shore, GPS, or other
suitable means. If GPS is used, GPS readings (with < 1m accuracy) should also be taken for
survey control points established on land so that the sample locations can be tied into the
project coordinate system used in the topographic base plan. The water level elevation at the
time of the survey should also be recorded so that sample depths can be converted to
elevations.

Selected sediment samples should be submitted for metals analysis. We recommend that
relatively few samples (say, not more than 12) be submitted for analysis in Stage 1. The
remainder of the samples should be preserved and archived in case additional analyses are
required under Stage 2.

Task 7 Metallurgical Testing
Metallurgical tests to determine whether tailings re-processing might be feasible are typically
carried out in several steps. The first step is to complete head grade anaylses and a single bottle
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roll test (under normal conditions) to get an indication of metal recoveries. We recommend this
step be part of the Stage 1 investigation.

The next step in such testing is normally a multiple bottle roll test with a wide range of leaching
conditions. This step might be needed in Stage 2. (Subsequent steps to design include bench

scale and/or bulk testing).

Task 8 Borrow Scurce Characterization

An initial air photo investigation and ground reconnaissance program has identified potential
sources of silty soils (glacial morraine deposits) that may be suitable for use as low-
permeability cover material.  This initial investigation identified targets for further
investigation, but it did not include any subsurface sampling or testing.

As part of Stage 1, a preliminary subsurface investigation program should be completed to
determine the physical characteristics and variability of the soils contained within these target
areas, as well as to get a general idea of the extent and depth of these deposits. The work
would likely entail two days of test pit investigations using a backhoe under the direction of, a
geotechnical engineer or technician. Selected samples would be submitted for grain size
determination, and the remaining samples archived. For the cost estimates we have assumed
that a total of eight samples will be submitted for grain size determination (mechanical sieve
with hydrometer).

Task 9 Cost Estimates

Cost estimates should be prepared for all reasonable remediation alternatives at the end of
Stage 1. We recommend using a unit cost method only. Contractor estimates would not be
required until after Stage 2. (Note: PWGSC has already compiled unit cost estimates for most
of the activities that would be required, especially for the cover alternatives.)

4.0 COST ESTIMATES FOR FIELD INVESTIGATION

Table 5 presents cost estimates for the Stage | investigations. A "Task 10" has been added to
allow for results of the investigation to be reviewed, compiled and summarized in a report.

We understand that INAC will provide the labour for the surface water sampling and for the

sediment sampling, and have not included this labour within the cost estimate. We have,
however, included an estimate of the laboratory costs for analyzing the samples.

AG&S Work Pl letuow | RARMK 502 PM/MW
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To save on shipping costs and help speed up turn-around time, we recommend that routine
geotechnical testing, such as moisture content determinations and grain size analyses be
completed locally. EBA Engineering Consultants Ltd. (EBA) of Whitehorse are qualified to
complete this work. We have assumed that the borrow source characterization (Task 8) will
also be completed by EBA, as they have already completed the initial reconnaissance to
identify target areas.

It is assumed that all consultants (other than SRK), survevors, drillers, testing laboratories and
equipment operators will be contracted directly by PWGSC or INAC. If subcontracted through
SRK, SRK would have to apply at 15% handling charge to all subcontractors' billings.

5.0 RELATIONSHIPS TO OVERALL PROGRAM

To ensure that the investigation meets both schedule constraints and the needs of the Task
Force, we propose the following schedule and interactions.

Provide investigation plan to Task Force for review ASAP

Receive comments and revise plan ASAP

Complete Stage 1 field work, review results and analyze options by Sept. 11, 1998
Meeting with Task Force to review Stage 1 results Mid-September
Stage 2 field investigations, as required Early Sept. to Oct. 1
Option evaluation and preparation of draft design report Oct. 1 to Oct. 15
Receive Task Force commentary on recommended remediation plan Oct. 31

Finalize design report and cost estimates Nov. 1998
Present design recommendations to Task Force (PWGSC) Nov/Dec 1998
Prepare construction drawings and specifications (PWGSC) Winter 98/99
Review construction drawings and specifications (SRK) Winter 98/99
Tender process (PWGSC) Spring 99
Construction (PWGSC supervision) Summer 99
Inspection and maintenance (PWGSC) Summer 2000

We understand that SRK's role will be limited to reclamation of the tailings and mine rock
only, and that PWGSC will look after all other aspects of the site remediation, including
removal of scrap, building demolition, clean up of contaminated soils, and closure of the refuse
dump. Close cooperation will be required between SRK and PWGSC, however, to ensure that
all aspects of the site remediation are coordinated into a single, practical plan. We also
understand that INAC will be able to provide support in terms of surface water sampling and

AGA&S Work Plan let.dos HRARMR 5:02 PM/MW




PUBLIC WORKS AND GOV IMENT SERVICES CANADA
August 18, 1998
Page 10

lake sediment sampling. Local drillers, surveyors and geotechnical consultants will also be
included in the overall team.

The scope of services to be provided by SRK under our existing contract with PWGSC
includes the following activities:

* site inspection and review of background information;

* review of design and specification documents; and,

* preparation of a report summarizing the design assessment and presenting
recommendations to ensure design integrity.

The site inspection and data review have been completed, and has shown that additional
investigations and evaluation of alternatives are required before final design documents can be
prepared. As a result, design and specification documents were not available for our review.
Instead. SRK was requested to prepare this work plan for developing the final design. We
suggest, therefore, that the existing contract be amended to substitute preparation of the work
plan for verification of design. As the cost involved in both is approximately equivalent. there
would be no need to change the contract price, only the definition of the deliverables.

All subsequent work, starting with execution of the Stage I investigation would not be covered
under existing contracts and therefore will require new arrangements to be made. Estimated
costs for completing the Stage [ investigation are presented in Table 5. Estimated costs for the
overall investigation. evaluation and design process are presented in Table 6. Please note that
the cost estimates presented in Table 6 will depend to a large extent on the outcome of the
initial investigation and could vary from those shown.

Yours truly,

STEFFEN ROBERTSON AND KIRSTEN (CANADA) INC.

Daryl Hockley, P.Eng.
Principal Engineer

cc: Colin Kingman, PWGSC, Vancouver
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TABLE 1
Remediation Objectives for Arctic Gold and Silver Tailings
Objectives Description Initial Ranking

Physical stability No evidence of instability in tailings dyke. Dry | Minor

conditions make instability unlikely.

Clear evidence of wind erosion. Wind blown tailings | Major

may cause off site contamination of soil and

vegetation.

Decant structures in advanced state of deterioration. | Major

Failure could lead to release of tailings solids (by

internal erosion) or overtopping of dam.
Geochemical stability | Tailings already in advanced state of oxidation and | Major

and water quality

acid generation. Previously oxidized tailings
represent source of soluble arsenic. Future oxidation
unlikely to significantly increase arsenic discharges.
Remediation of current source very difficult.

Degradation of surface water quality by tailings in
lake, tailings erosion. tailings drainage and/or

contaminated groundwater.

Potentially major but uncertain

Human health and
safety

Potential for human exposure to arsenic and other | Major
metals in tailings dust and/or by direct contact.
Decant inlet is open and presents safety hazard. | Major

Easily fixed.

AG&S Work Plan let.doc/ 1 808/98 5:02 PM/MW
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TABLE 2

Major Concerns and Possible Remedial Measures for Arctic Gold & Silver Tailings

Physical Human Health Water
Stability Hazard Quality
1) Do nothing No No No
2) Control access No Yes No
3) Cover tailings
a) Dust control only Yes Yes No
b) Dust and erosion control Yes Yes No
¢) Infiltration control Yes Yes ?
4) Consolidate sources
a) Move ore and w/r to tailings No No ?
b) Cover consolidated material (as above) Yes Yes ?
¢) Reduce tailings footprint No No ?
5) Reduce contact with g/w and surface water
a) Improve surface diversions No No 7
b) Remove tailings from g/w contact No No ?
¢) Remove in-lake tailings No No 2
6) Chemical amendment of tailings No Yes ?
7)  Reprocess tailings Yes Yes K
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TABLE 3
. Information Needs for Assessing Remedial Measures for Arctic Gold and Silver Tailings
| .
E o
Sy &b
8 8 | = ,
' s E |28, | &
2 2 |l |2 |85 2 |3
5 18 | £ |8 g8 2 | 4
i T [ S |5 |2 |l |
E88 |8 |8 |8 |2F % |&
' 1) Topographic survey v 4 v v v v v
2) Surface water quality v v v v v v 4 4
3) Tailings characterization
' a) Depth (thickness) v v v v
b) Grain size v v v
' c) Composite sampling v v
d) Detailed profiles v v v
4) Delineate other sources
. a) Extent and location v 4 v
b) Quantities v
5) Hydrogeologic investigation
' a) Piezometric levels v v v v
b) Groundwater quality v v v v
' ¢) Permeability v
d) Flow patterns v
6) In-lake tailings
. a) Locations v v v
b) Depths and properties v v
' 7) Metallurgical properties
a) Grade and leachability v
b) Contained acidity v v
l ¢) Optimal recovery v
8) Borrow sources
l a) Location v
b) Quality and quantity v
' 9) Cost estimates v v v v 4 v
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TABLE 4
Recommended Investigations (Stage 1 and 2) for Arctic Gold and Silver Tailings

Stage 1 Stage 2

1. Topographic mapping v
2. Surface water sampling v
3. Tailings investigations

2.1 Depth measurements v

3.2 Grain size analyses v

3.3 Composite Sampling v

3.4 Test pits v
4. Delineate other sources

4.1 Surface mapping v

4.2 Test pits v
5. Hydrogeologic investigation

5.1 Piezometer installation in tailings area v

5.2 Water level readings v

5.3 Water quality samples v

5.4 Permeability tests v

5.5 Additional piezometers v

Sediment samples

6.1 Sample collection and analysis of selected samples v

6.2 Additional analysis (if required) v
7. Metallurgical testing

7.1 Initial bottle roll test v

7.2 Optimization tests v
8. Borrow source characterization

8.1 Initial reconnaissance v

8.2 Delineation and testing v
9. Cost estimates

9.1 Preliminary v

9.2 Detailed 4
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' SITE INVESTIGATION CLIENT: STEFFEN, ROBERTSON & KIRSTEN INC BOREHOLE NO:  13563—BH1
ARCTIC GOLD & SILVER — CARCROSS, YT DRILL: CME 750 ¢/w Solid Stem Auger PROJECT NO: 0201-98-13563
SRK BH# AGS-98~BH1 UTM ZONE: & N6666200 E515600 ELEVATION: 90.55 m
l SAMPLE TYPE  [loRe8 sAvPLE [ /JNO RECOVERY  [DX]STANDARD FEN. =75 mm SPOON [I[]CRREL BARREL
W STANDARD PENETRATION m W PERCENT GRAVEL m
P = 2448 72 9 20 40 60 80 =
E X2 ~ @ SOIL @ PERCENT SAND @ =
' E/ Wl é, 2 § ‘ 20 40 80 80 S
=l Rl APERCENT SILT OR FINESA |
5EZ/%°12]  DESCRIPTION s uo | AFEISTGTEL| 5
& & - ® — @ PERCENT CLAY & o
l 8 156 24 B 2040 60 80
- b0 . 1 SAND (tailings) — fine grained, trace of S e
L silt, beige, damp C
l a ~ becomes varved (oxidation zones with C a0
i — 7 SP-SMErzn mustard yellow colour intermixed with o
' " 10 beige colour) o
- — becomes beige again, no yellow _
' [ oxidized material C
:_20 4 SILT & ORGANICS (decayed organics)— soft, C
- low plasticity, wet, black m
i 5 | = diffcult driling starts -
' [ SAND,SILT & GRAVEL (till) — trace of clay, -
- poorly graded, dense, damp, brown, 880
- traces of oxidation surrounding gravel C
' 39 - 6 oM ;‘\m and coarse sand particles o
i END OF BOREHOLE @ 3.0 m r
. :—4.0 L
- 860
' 5.0 r
' i—s‘a -
. - 840
) :—7‘0 r
' - 8.0 =
l : : [OGGED BY: MEB____ [CONPLETON GEPTE 3 m
EBA Englneerlng Consultants Ltd REVIEWED BY: JRT COMPLETE: 98/08/2%
' Whitehorse, Yukon Fig. No: Page 1 of |
8770727 1051 (YUKON=8 ] -




EBA Engineering

PARTICLE SIZE — ANALYSIS OF SOILS

CLAY

SILT

SAND

FINE [

MEDIUM

[COARSE

G
FINE

RPiVE

L
COARSE

4

U.S. STANDARD SIEVE SIZES
_ B0 4100 480 40§50 g0 p6 f104

Tested in accordance with ASTM D422 unless otherwise noted.

0;;;;; : I 7 | :IE:; — T T T él |; T
0.0005 0.001 0.002 0005 .01 0.02 0.05 0.1 0.2 0.5 1 ? H 10 20 50
GRAIN SIZE — MILLIMETRES

wuzoL| BOREHOLE DEPTH DESCRIPTION

SYMB CLAY & SILT | SAND |oRaveL| Cu Ce us.c
NUMBER (m) g | )

—— 13563-BH] 0.70 = 0.80 7 %3 0 25 12 SP—SM
Project: 0201-98-13563 Date Tested: 98/10/20 BY: MS

ata presented hereon is for the sole use of the
stipulated client. EBA is not responsible, nor con
be held liable, for use made of this report by an
other party, with or without the knowledge of EB

The testing services reported herein have been performed by an EBA technician to recognized
industry standards, unless otherwise noted. No other warranty is made. These data do_not
include or represent any interpretation or opinion of specification compliance or material

'A
suitability. Should engineering interpretation be required, EBA will provide it upon written request. E
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PARTICLE SIZE — ANALYSIS OF SOILS

SAND ORAVEL
CLAY SILT ANE T  MEDUW _ JCOARSEL  TINE ™ | CORRST
U.S. STANDARD SIEVE SIZES
100 e _ — P00 H10 #0 JO 0 g0 e glogs g 315 ; 3 8

90 . R LT T L I U SO
aol- [UUTORE SO SO UUE S0 0 S SO .......
70} ......... :

w0l TR ST -

PERCENT SMALLER

40

301

'Ii:i [ oo : Dol : : : : : :
00005 0001 0002 0005 001 002 005 01 02 05 2

5 10 20 50
GRAIN SIZE — MILLIMETRES
DESCRIPTION
SYMBOL BOREHOLE DEPTH
NUMBER (m) CLAY | SILT | SAND |GRAVEL| Cu Cc | USC
% 7 % 7
— 13563-BH1 | 2.80 — 3.00 42 12 . 40 44| 1597 13 OM
Project: 0201-98-13563 Date Tested: 98/10/20 BY: MS
Tested in accordance with ASTM D422 unless otherwise noted.
ata presented hereon 1s for the sole use of the The testing services reported herein have been performed by an EBA Yechnician to recognized

stipulated client. EBA is not responsible, nor can industry standards, unless otherwise noted. No other warranty is made. These data do not
be held liable, for use made of this report by an include or represent any interpretation or opinion of specification cempliance or material "
other party, with or without the knowledge of EB suitability. Should engineering interpretation be required, EBA will provide it upon written request.
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SITE INVESTIGATION

CLIENT: STEFFEN, ROBERTSON & KIRSTEN INC

BOREHOLE NO:

15565-BH2

ARCTIC GOLD & SILVER — CARCROSS, YT

ORILL: CME 750 ¢/w Solid Stem Auger

PROJECT NO: 0201-98-13563

SRK BHF AGS-98-BH2

UTM Z0NE: 8 N6666200 E515600

ELEVATION: 90.8 m

SAMPLE TYPE  [oRe8 SvPLE [ /INO RECOVERY  X|STANDARD PEN. 375 mm SPOON [[JCRREL BARREL
m STANDARD PENETRATION m ® PERCENT GRAVELm
s a 448 72 98 20 40 60 80 =
E 22| = @ SOIL ® PERCENT SAND @ =
= olwEl g § 2040 60 80 5
= |l =
E S B = APERCENT SLT OR FINESA | 'z
A =H DESCRIPTION womuc | AEEESTERET o
g @ ' e — @ PERCENT CLAY & o
8 18 24 » 20 40 60 80
- 0.0 ; SAND (TAILINGS) - fine grained sizes, S i
N . beige, some yellow oxidized intrusions .
[ throughout, damp T = 7.6 degree C. C
- - 900
10 i
! 8 SM - tailings become dark grey in colour, e [
N 9 | still fine grained sand sizes, some B
R silt, moist .
50 ORGANICS — some sand tailings mixed C
- ' throughout, black, fibrous, -
- semi—decay, wet T = 7.2 degree C. -
- BEDROCK OR BOULDERS — grinding action -
i REFUSAL @ 1.8 m C
| _—88.0
j-3.0 C
40 t
g 850
5.0 i
- 5.0
i 840
7.0 L
- 50 -
: : LOGGED :BY::M(-&B | C(:)MF:’LE:TIO:N D:EPTH:‘ 1.:8 m
EBA Engineering Consultants Ltd. REVIEWED BY: JRT COMPLETE: 98,/08/25
Whitehorse, Yukon Fig. No: Page 1 of |
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l PARTICLE SIZE — ANALYSIS OF SOILS
SAND GRAVEL
. CLAY SILT FINE | MEDIUM _JCORRGE] —FINF | COARSE
U.S. STANDARD SIEVE SIZES
100 —r—= ‘ #0040 60 #40 #30 420 1641048 4 3 751 152 3 6
90 TR O RO PPPPPPY FOUEUNUNUURIE SRR
| " T T U V0 W O 1 N T
Al U T8 N S T IO W W
' o 60 [RCTRRIRY RSO SUDUPPIRY SRS SUSUONS SRS USSR U8 JOUOURNURUONS! [OOROU SO
= :
2 : :
' ; 50 ..................................................................................................
B 40 ST O RS ISR S DO SO A
l uf SO T O T O O O I
. 20 ....................................................................................................................................
10 TR DUSSUUIOUTERR SO ..........
l 0 . | oo [ : ] | : ] . . B ] : ] B : , H : | | [ ]
0.0005 0.001 0.002 0.005 001 002 005 01 0.2 0.5 1 2 5 10 20 50
GRAIN SIZE — MILLIMETRES
| T
SYMBOL BOREHOLE DEPTH DESCRIPTION
NUMBER (m) CLAY & SILT | SAND |GRAVEL| Cu Cc | UscC
% % %
' 0—-—' 13563-BH2 1.30 = 1.50 16 81 0 2.0 1.0 SM
Project: 0201-98-13563 Date Tested: 98/10,/20 BY: MS
l Tested in accordance with ASTM D422 unless otherwise noted.
ata presented hereon is for the sole use of the Ine testing services reported herein have been performed by an EBA technician to recognized
borheld foblo To o mode of 1 Tt by afy  Incie o Japrasan.ony ermeataton or opan o Spacheation cormsiines - mator P
' other party, with or without the knowlegge of EB suitability. Sh%uld engin{eering %'r'vterpretotionpbe requireg. EBA will provige it upon written request. _!E




SITE INVESTIGATION

CLIENT: STEFFEN, ROBERTSON & KIRSTEN INC

BOREHOLE NO:

15565-BH3

ARCTIC GOLD & SILVER — CARCROSS, YT

DRILL: CME 750 ¢/w Solid Stem Auger

PROJECT NO: 0201-98-13563

SRK BHf AGS-98-BH3

UTM ZONE: 8 N6666200 E515600

ELEVATION: 90.9 m

SAMPLE TYPE  JloR8 SAVPLE [ /INO RECOVERY  [STANDARD PEN. F75 mm spooN [ JT]CRREL BARREL
m STANDARD PENETRATION m = PERCENT GRAVEL m
= = 4 48 72 9 20 40 60 80 =
EE=|= o= SOIL ® PERCENT SAND @ =
LA AT § ’ 20 4 80 80 5
= Sl =l I APERCENT ST OR FINESA |
58357 [2]  DESCRIPTION  [mee e o opsgmes &
= = ' » — @ PERCENT CLAY 4 o
8 16 24 3 0 4 60 80
- 00 10 SAND (TAILINGS) - fine grained sand sizes, S R e
N H poorly graded (well sorted), beige [
L with yellow oxidation throughout, n
B medium dense, damp C
- SILT (TAILINGS) - some fine sand, some .
1.0 clay, low plasticity, soft, wet, o
E - dark grey in colour
— ORGANICS — black, fibrous, semi-decayed E
- {very thick organic layer) i
20 -
s 12 SILT - some fine sand, non—plastic, :—88.0
30 firm, moist, dark grey, no -
- oxidation -
o 13 a
— 40 -
- END OF BOREHOLE @ 4.5 m -
[ - 850
5.0 I
6.0 3
i 840
___7'0 L
8.0 b
: : LOGGED éY::MEB | C(:)MP:LE:TIO:N [jEPZTH: 4.:5 m
EBA Bngineering Consultants Ltd. g sy an COMPLETE: 98/08/29
Whitehorse, Yukon Fig. No: Page 1 of |

98710727 11:25A (YURON—=3 )
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PARTICLE SIZE — ANALYSIS OF SOILS

SAND CRAVEL
CLaY SILT FINE T WEDUM _ JCORRSEL FINE . | COARGE
U.S. STANDARD SIEVE SIZES
100 m—rer — _ _ _#?00 ‘1.00 f60 #40 #30 $#20 $16 #10#8 f'4 375 i) l 1j5 2 3 &

b4

70
60 .........

PERCENT SMALLER

w]- S D0 0 7
x| SN U O S S

T ) I T ]

::::]: :::::::i : Doono bl : B :
0005 0001 0002 0005 OOl 002 005 01 02 05 1 % 510 % 50
GRAIN SIZE — MILLIMETRES
DESCRIPTION
SYMBOL BOREHOLE DEPTH
NUMBER (m) CLAY | SILT | SAND |GRAVEL| Cu Ce U.S.C
% % % %
—e 13563-BH3 | 1.20 — 1.40 153 72 12 | - -
Project: 0201-98-13563 Date Tested: 98/10/20 BY: MS
Tested in accordance with ASTM D422 unless otherwise noted.

ta presented nereon is for the sole use of the The testing services reported herein have been performed by an EBA fechnician to recognized
stipulated client. EBA is not responsible, nor can industry standards, unless otherwise noled. No other warranty is made. These data do not F N
be held liable, for use made of this report by an include or represent any interpretation or opinion of specification compliance or material _’E
other party, with or without the knowledge of EB suitability. Should engineering interpretation be required, EBA will provide it upon written request.

o
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PARTICLE SIZE — ANALYSIS OF SOILS

CLAY SILT SAND

GRAVEL
FINE [ MEDIUM_[COARSE FINE T COARSE

U.S. STANDARD SIEVE SIZES

#200 #100

PERCENT SMALLER

£0 JOP0 06 Jlog8 g+ IS 751 152 3 6

0 Do : R N : : Do : : : : H :
00005 0001 0002 0005 ODI 002 005 01 02 05 1 % 5 10 20 50
GRAIN SIZE — MILLIMETRES
BOREHOLE DEPTH DESCRIPTION
SYMBOL\ . v iBER (m) CLAY | SILT | SAND [GRaveL| Cu Cc | UsC
% % % %

—— 13563-BH 340 - 350 27 76 10 1| - -
Project: 0201-98-13563 Date Tested: 98/10/20 BY: MS

Tested in accordance with ASTM D422 unless otherwise noted.

ata presented hereon 15 for the sole use of the

stipulated client. EBA is not responsible, nor can
be held liable, for use made of this report by an
other party, with or without the knowledge of EB

The testing services reported herein have been performed by an EBA technician to recognized
industry standards, unless otherwise noted. No other warranty is made. These data do not

A
include_or represent any interpretation or opinion of specification compliance or material !E

suitability, Should engineering interpretation be required, EBA will provide it upon written request.




l SITE INVESTIGATION CUENT: STEFFEN, ROBERTSON & KIRSTEN INC BOREHOLE NO:  13563—BH4
ARCTIC GOLD & SILVER — CARCROSS, YT ORILL: CME 750 </w Solid Stem Auger PROJECT NO: 0201-98-13563
SRK BH# AGS-98-BH4 UTM ZONE: 8 N6666200 E515600 ELEVATION: 90.7 m
l SAMPLE TYPE  [lGR8 SAMPLE [ /]NO RECOVERY  [<STANDARD FEN, =75 mm SPoON  [JTJORREL BARREL
m STANDARD PENETRATION m m PERCENT GRAVELm
e = 24 48 72 %6 20 40 60 80 o
2| = @ SOIL @ PERCENT SAND ® =
' E oy Z| g g 20 40 60 80 S
Il a =
o al|l = APERCENT SILT OR FINES&. | =
EEZ 2 DESCRIPTION el -
= 2 | . ! 4 PERCENT CLAY @ o
8 16 24 3 20 40 80 80
' - 00 SAND (TAILINGS) - trace of silt, medium P T N
- dense, poorly graded, damp, beige with n
- yellow oxidation zones throughout r
N 14 A g
' ' - (varied) -900
10 . s SAND ~ silty (tailings), medium dense, i
l - \__poorly graded, moist, dark grey C
[ ORGANICS ~ fibrous, black, partially I
8 \ decayed r
' i END OF BOREHOLE @ 1.5 m r
_—2.0 T
i - 880
l - 30
- 40
¥ —86.0
l 5.0
' - 6.0
. i 840
70 T
' 8.0
l , : [OGCED BY. MEB___ [COWPLETION DEPTEE 1.5 m
EBA Engineering Consultants Ltd. e ov o COMPLETE: 98/08/75
' Whitehorse, Yukon Fig. No: Page 1 of 1
98710/ 11.25A (YUKON-3)




' SITE INVESTIGATION CLIENT: STEFFEN, ROBERTSON & KIRSTEN INC BOREHOLE NO:  13563—BH5
ARCTIC GOLD & SILVER — CARCROSS, YT DRILL: CME 750 c/w Solid Stem Auger PROJECT NO: 0201-98-13563
SRK BH# AGS-98-BHS UTM ZONE: 8 N6666200 E515600 ELEVATION: 89.9 m
' SAMPLE TYPE  [IGRe8 SMMPLE  [/]NO RECOVERY  [X|STANDARD PEN, 75 mm sPooN  [JJCRREL BARREL
B STANDARD PENETRATION m W PERCENT GRAVEL®
= = 4 48 72 96 20 4 80 80 =
S b = 0 SOIL ® PERCENT SAND ® =
. = Llu| 2l gl _ 20 40 80 80 &
T Ela|E| 8 APERCENT SLT OR FINESA. | =2
BEE5 |2 DESCRIPTION v ue | APOGITENGE | 5
= > . * 1  PERCENT CLAY @ @
8 16 24 3 20 4 80 80
l - 00 SAND (TAILINGS) ~ some silt, fine grained N I S S B S A
: sizes, poorly graded damp, beige with -
- yellow/orange oxidation zones n
l - thraughout {varied) r
- SILT ~ trace of fine sand (tailings), -
- . — 89.0
1.0 non-plastic, soft, wet, dark grey, +
' : traces of oxidation X
- ORGANICS — black, fibrous t
' - END OF BOREHOLE @ 1.5 m C
- 20 F
X 870
l r3.0 N
' 40 -
l X 850
— 5.0 r
l - 6.0 -
l : 830
—7.0 T
l - 80 g
l . . LOGGED éY::Mf:ZB — C(:)MF:’LE:TIO:I\I [:)EP:TH:: 1.:5 m
EBA Engineering Consultants Ltd. ke e COMPLETE: 98/08/29
' Whitehorse, Yukon Fig. No: Page 1 of 1
98770702 T-Z3AW (YUKON-]




SITE INVESTIGATION

CLIENT: STEFFEN, ROBERTSON & KIRSTEN INC

BOREHOLE NO:

15563-BH6

ARCTIC GOLD & SILVER — CARCROSS, YT

DRILL: CME 750 c/w Solid Stem Auger

PROJECT NO: 0201-98-13563

SRK BH# AGS-98-BH6

UTM ZONE: 8 N6666200 E515600

ELEVATION: 89.75 m

SAMPLE TYPE  [IoReB SAMPLE [ /N0 RECOVERY  [D<]STANDARD PEN. E75 mm sPooN [ JCRREL BARREL
m STANDARD PENETRATION m W PERCENT GRAVEL
e = 4 48 72 98 040 80 80 =
E 2] = sa! SOIL @ PERCENT SAND @ =
9| El g § 0 40 80 80 o)
= MHZE| 8 APERCENT SLT OR FINESA | =
o % % 7y = DESCRIPTION PUI\STIC MC. uuo | T 40 80 g 5
7 7 - ® @ PERCENT CLAY S o
8 16 24 3 20 40 60 80
- 00 SAND (tailings) — silty, poorly graded, S i
- 18 SP Q%Y moist, beige and orange &
= SILT - some sand, non—plastic, firm, bbb Lo r
i | moist, grey L 890
i SAND - some silt, poorly graded, medium -
— 1.0 dense, moist, beige i
- g
- ZORGANICS — fibrous, black i
i END OF BOREHOLE @ 1.5 m o
20 -
- - 870
30 -
— 40 r
— 85
- 50 C
- 6.0 i
i 830
7.0
- 80
: : [GGGED OY: MEB COWPLETION DEPTIE 15
EBA Engineer ing Consultants Ltd. REVIEWED BY: JRT COMPLETE: 98,/08/7
Whitehorse, Yukon Fig. No: Page 1 of 1

98710727 10:51AM (YOKON-8)




tBA Engineering

PARTICLE SIZE — ANALYSIS OF SOILS
SAND GRAVEL
CLAY SILT FINE [ MEDIOM _[CORRSEL  FINE | COARSE
U.S. STANDARD SIEVE SIZES

100 — _ .#lQOO #1.00 f§0 #40 #50 #?0 #16 #10-#8 4 .375 IS5 1 152 3 6

90 ........

B0+ i

70 ........
% 60 ........
=
B
.
R SO S S

30 T S SRR S P

20 ..............................................................................................

10 L D DYV PTPITY R FUE SR NIRRT D SOOI FEUTRITOREUORERIUIY I

0| ::;: | ] ::[:| flf IEEII : I l :

0.0005 0.001 0.002 0005 001 002 Q05 0.1 0.2 0.5 1 2 5 10 20 50

GRAIN SIZE — MILLIMETRES
DESCRIPTION
SYMBOL BOREHOLE DEPTH o p
NUMBER (m) CLAY & SILT | SAND |GRaveL| Cu Cc | UsC
% 7a %
e——s 13563-BH6 0.20 — 0.40 99 0] 27 07 P
Project: 0201-98-13563 Date Tested: 98/10/20 BY: MS
Tested in_accordance with ASTM D422 unless othervise noted.

ata presented hereon 1s for the sole use of the The testing services reported herein have been perfarmed by an EBA technician to recogrized
stipulated client. EBA is not responsible, nor can industry standards, unless otherwise noted. No other warranty is made. These dato do not
be held liable, for use made of this report by an inclile or represent any interpretation or opinion of specification compliance or material "
other party, with or without the knowledqe of EB suitability. Should engineering interpretation be required, EBA will provide it upon written request. E




' SITE INVESTIGATION CLIENT: STEFFEN, ROBERTSON & KIRSTEN INC BOREHOLE NO:  13563-BH7
ARCTIC GOLD & SILVER - CARCROSS, YT DRILL: CME 750 c/w Solid Stem Auger PROJECT NO: 0201-98-13563
SRK BH# AGS—-98-BH7 UTM ZONE: 8 N6666200 £515600 ELEVATION: 90.2 m
l SAMPLE TYPE [IGRAB SAWMPLE [ /NO RECOVERY  [><]STANDARD PEN, E575 mm SP0ON  [JT]CRREL BARREL
W STANDARD PENETRATION m m PERCENT GRAVELm
e = 448 72 66 20 40 80 80 =
S bl = @™ SO[L @ PERCENT SAND ® =
' = ol Zlg § 0 40 60 80 S
N e = W =t A PERCENT SILT OR FINESA | =
5535 " |2 DESCRIPTION e e | AFERSIERGS | 5
2 & ' ® B 4 PERCENT ClaY & o
8 16 24 3 20 40 80 80
' - 00 SAND & SILT (TAILUNGS) - fine grained sand A -
i 18 sizes, med. dense, damp, beige with ‘A 900
- yellow—orange oxidation throughout i
' i — tailings become grey in colour, some -
L silt, orange oxidation throughout i
10 zones t
' - 19 C
I 20 SILT & ORGANICS -~ wet and soft, black -
' N fibrous organics L
— 2.0 - . -
- __— drilling becomes grinding -
C — 88.0
- SILT AND SAND (TILL) — trace of gravel, :
l = dense, poorly graded, moist, grey with L
- 21 orange brown oxidation throughout [
__30 ...... :
l - END OF BOREHOLE @ 3.0 m r
o :
l N — 360
' 5.0
6.0
B j84'0
7.0
' — 5.0 -
[ — 820
' : : LOGGED éY::ME:B — C(:)MF:’LE:TIO:N D:EPTH:. 1.:6 m
EBA Eﬂgmeermg Consultants Ltd. REVIEWED BY: JRT COMPLETE: 98/08,/29
Whitehorse, Yukon Fig. No: Page 1 of |
l 98710727 1I517M (YUKON=3]




EBA Engineering

PARTICLE SIZE — ANALYSIS OF SOILS
CLAY SAND GRAVEL
SILT FINE T MEDIUM__JCOARSEL FINE . | CORRSE 1'
U.S. STANDARD SIEVE SIZES

T — R P i fe0 HO §30 0 16 diods 35 351 152 3 6

a0 B SXTIPIYOF STTSIVIRS (AOPIPE NP 4 IOV SUOUTOUN D% OUUNUNNUR IOUORUDR SRR

80 ...............................................................................................................................

70}
ﬁ 60 B T PEEPPPPERRY R PP PPN PRI S S S P NP SO S
g : : :
N N — -
g 40 bt i

0 BT — )

20 ..... .......

10] -5 c i e

0[ [[ I ::;:: | 'I: [: E|; : | ] | |

0.0005 0.001  0.002 0005 001 002 005 01 0.2 0.5 1 2 5 10 20 50

GRAIN SIZE — MILLIMETRES
P
SYMBOL BOREHOLE DEPTH DESCRIPTION
NUMBER (m) CLAY | SILT | SaND [oRaveL| Cu Cc | UsC
7% 7 % %
—= 13563-BH7 1.00 = 1.20 688 = 551 38 0 103 27
Project: 0201-98-13563 Date Tested: 98/10/20 BY: MS
Tested in accordance with ASTM D422 unless otherwise noted.
ta presented hereon ts for the scle use of the The testing services reported herein have been perfarmed by an EBA technician to recognized

stipulated client. £8A is not responsible, nor ean industry standards, unless otherwise noted. No other warranty is made. These data do not
be held liable, for use made of this report by an include or represent any interpretation or opinion of specification compliance or material _’E
other party, with or without the knowledge of EB suitability. Should engineering interpretation be required, EBA will provide it upon written request.




l SITE INVESTIGATION CUENT: STEFFEN, ROBERTSON & KIRSTEN INC BOREHOLE NO: 13563—BHS8
ARCTIC GOLD & SILVER — CARCROSS, YT DRILL: CME 750 C/W Salid Stem Auger PROJECT NO: 0201-98-13563
SRK BH# AGS-98-BHS8 UTM ZONE: 8 N6666200 E515600 ELEVATION: 89.9 m
l SAMPLE TYPE  [lcraB SWPLE /N0 RECOVERY  DXSTANDARD PEN. |75 mm SPOON [[JcRREL BARREL
0 STANDARD PENETRATION m W PERCENT GRAVEL W
lwls = %48 72 9% 0 4 0 8 =
ElE|=]= D SOIL, - ® PERCENT SAND @ =
l T GYE|gI|E 0 40 b s | 2
E EE|lac| S ' A PERCENT SLT OR FINESa | =
SE3%| |2|  DESCRIPTION  |mse we | “H®G5g750] 5
(2] w f bt 1 € PERCENT CLAY & i
8 16 24 32 20 40 60 80
l - 00 . 2 SAND‘ & SILT (TA!UNFSS) — fine grained sand N N AR -
- sizes, damp, beige and yellow/orange -
' [ {oxidation) ?
i - 890
— 1.0 L
l - .23E - becomes grey -
' - » :
20 ]
l C 24 -
- ORGANICS Feo
' [0 \__— driling becomes difficutt :
i END OF BOREHOLE @ 3.0 m C
40 3
l ¥ 850
— 50 I
' - 5.0 -
| C 830
—7.0 -
l 80 b
' : : LOGGED éY::ME:B — C(:)MF:’LE:TIO:N [:JEP:TH:: 3:m:
EBA Engineering COHSUltantS Ltd. REVIEWED BY: JRT COMPLETE: 98,/08/79
Whitehorse, Yukon Fig. No: Page 1 of |
l 8712705 11-472 (YURON- ) ]




SITE INVESTIGATION CUENT: STEFFEN, ROBERTSON & KIRSTEN INC BOREHOLE NO:  13563-BH9
ARCTIC GOLD & SILVER ~ CARCROSS, YT DRILL: CME 750 ¢/w Solid Stem Auger PROJECT NO: 0201-98-13563
SRK BH# AGS-98-BH9 UTM ZONE: 8 N6666200 E515600 ELEVATION: 89.6 m
SAMPLE TYPE  [loR8 SAWPLE [ /]NO RECOVERY [ STANDARD PEN, E75 mm sPooN  [[JCRREL BARREL
W STANDARD PENETRATION m W PERCENT GRAVEL M
= = 24 48 72 9 20 4 60 80 0
E [=Z| = @ SO[L ® PERCENT SAND ® =
F 4|2l g |2 0 40 60 80 5
= a =
T 5 E| 3 APERCENT SLT OR FINESa. | &=
BEE5| 72 DESCRIPTION v e | SFOGTIERGL | 5
= 2 | . — @ PERCENT CLAY 4 o
8 16 24 X 20 40 60 80
- 00 SAND ~ silty, fine sand sizes, beige, with P S A
- orange oxidation throughout -
- Fao
L. Y O O O 0 00 O O O O U O O O g
20 £
- SILT — wet, soft, dark qrey -
S T FE T A 00 O O O 0 O O O U O O T O o
GREATCS ERRE RN
- END OF BOREHOLE @ 3.0 m N
40 b
X T O O 0 U O O 0 0 0 0 0 O O O O
60
70
[ 8.0 o
- : : [OGGED BY: MEB_ COMPLETION DEPTH: 3 m
BA Engineering Consultants Ltd.  r@msr s COMPLETE: 98/08/20
Whitehorse, Yukon Fig. No: Page 1 of 1

98710702 11-30AH (YUKON-S




SITE INVESTIGATION CUENT: STEFFEN, ROBERTSON & KIRSTEN INC BOREHOLE NO:  13563—BH10
ARCTIC GOLD & SILVER — CARCROSS, YT DRILL: CME 750 ¢/w Solid Stem Auger PROJECT NO: 0201-98-13563
SRK BHf AGS-98-BH10 UTM ZONE: 8 N6666200 E515600 ELEVATION: 89.25 m
SAMPLE TYPE  JGRAB SAWPLE — [/]NO RECOVERY  DXISTANDARD PEN. 375 mm SPOON [[JcrRREL BARREL
B STANDARD PENETRATION m W PERCENT GRAVEL m
. B_J o 6’ 24 48 72 9 20 40 60 80 ’E\
E - Z| =~ b SO[L @ PERCENT SAND @ =
= oy Z| g § 20 40 60 80 5
& Idle|la] = A PERCENT SILT OR FINES & =
5|52 DESCRIPTION e we wwo| MEEPRIGNES | 2
= A | * — 4 PERCENT ClAY @ e}
8 16 24 32 20 40 60 80
[ 00 SAND (tailings) - silty, beige, moist A R T Tt
[ _—-89.0
L_— ................ I
- SILT (tailings) ~ sandy, grey, wet o
Z_ ol L bl -
- ORGANICS — partially decayed N
3 END OF BOREHOLE @ 1.5m |+ i e [
- 20 U O O O 0 s
i 870
:_:5‘0 .............................................. :
- 10 Lt
i 850
50 I
6.0 i
Z 830
7.0
80 i
i —81.0
: : [OGGED BY: MeB COMPLETION DEPTH: 1.5
EBA Engineering Consultants Ltd. e COVPLETE: 98/08/79
Whitehorse, Yukon Fig. No: Page 1 of |
S T07 0 VLA (YUKON-E]




SITE INVESTIGATION CUENT: STEFFEN, ROBERTSON & KIRSTEN INC BOREHOLE NO:  13563—BH11
ARCTIC GOLD & SILVER — CARCRQSS, YT DRILL: CME 750 ¢/w Solid Stem Auger PROJECT NO: 0201-98-13563
SRK BH# AGS-98-BH1 1 UTM ZONE: 8 N6666200 E515600 ' ELEVATION: 90.05 m
SAMPLE TYPE  [oRa8 SWPLE [ /]NO RECOVERY  [XISTANDARD PEN.  [=J75 ram SPOON [[JcRReL BARREL
m STANDARD PENETRATION m = PERCENT GRAVELm
o lele = 24 48 72 9 20 4 60 80 | P
E =2 = bt SOIL @ PERCENT SAND & =
S [ B § _ 20 4 60 80 5
— |3 a : —
5 & E 3 APERCENT SILT OR FINES&. | '
BEE5 T2 DESCRIPTION e we own| AFERSTERES) 2
= 2 , » i @ PERCENT CLAY $ @
8 16 24 B 20 40 60 80
- 00 246 SAND & GRAVEL — trace of silt, poorly A S 00
- H graded, dense, difficult drilling, C
- damp, brown r
oo 3
: ' 25 — more gravel insitu than retained on -
- solid shaft n
- [\~ drilling becomes difficult -
_ AUGER REFUSAL @ 1.7 m L
e 850
50 -
= 6.0
5.0 L
[ 50 840
7.0 3
50 T 820
: : [OGGED BY. MEB_ [COMPLETON DEPTE: 17
EBA Englneermg Consultants Ltd. REVIEWED BY: JRT COMPLETE: 98/08/29
Whitehorse, Yukon Fig. No: ' Page 1 of 1

772705 TZ:03PW (YURON-B |




SITE INVESTIGATION CLENT: STEFFEN, ROBERTSON & KIRSTEN INC BOREHOLE NO:  13563—-BH172
ARCTIC GOLD & SILVER — CARCROSS, YT DRILL: CME 750 c/w Solid Stem Auger PROJECT NO: 0201-98-13563
SRK BHf AGS-98-BH12 UTM ZONE: 8 N6666200 E515600 ELEVATION: 90.05 m
SAMPLE TYPE  IGRa8 SAVPLE  [INO RECOVERY  [X[STANDARD PEN. 575 mm sPooN  [[TJCRREL BARREL
W STANDARD PENETRATION W B PERCENT GRAVEL m
s = 24 48 72 96 20 40 80 80 =
E =2 = s} SO[L ® PERCENT SAND ® =
I y|Z gl 0 4 60 80 g
5 || 8 A PERCENT SLTOR FINESA | =
EEE5| T2 DESCRIPTION e e | AEERESIERGL | 5
= S . . 1 @ PERCENT CLAY$ o
8 16 24 3 20 40 60 B0
- 00 SAND & GRAVEL — trace of silt, poorly R
N graded, dense, damp, brown C
— 10 P
20 880
:_ ~ very difficult drilling throughout -
- AUGER REFUSAL @ 2.7 m L
_—3.0 [
:__ 40 ':‘-' 86.0
50 -
- 5.0 840
70 -
[ 80 E— 82.0
— , : [OGGED BY. WEB COMPLETION DEPTF: 2.7 0
EBA Engineering Consultants Ltd.  fmam s COMPLETE: 98/08/20
Whitehorse, Yukon Fig. No: Page 1 of |
707 T OS]




l SITE INVESTIGATION CUENT: STEFFEN, ROBERTSON & KIRSTEN INC BOREHOLE NO:  13563—-BH13
ARCTIC GOLD & SILVER — CARCROSS, YT DRILL: CME 750 c/w Solid Stem Auger then PROJECT NO: 0201-98-13563
SRK BH# AGS-98-BH13 UTM ZONE: 8 N6666200 E515600 ELEVATION: 90.05 m
' SAMPLE TYPE  [IIoRA8 SAVPLE [ /]NO RECOVERY  DJSTANDARD PEN. 75 mm SPOON [TTJCRREL BARREL
m STANDARD PENETRATION @ W PERCENT GRAVELm
e _ 2448 72 96 20 40 60 80 T
ZZE | = @ SOIL ® PERCENT SAND ® =
l T |u4YlE]g g 0 4 80 80 S
T lEz|E |8 APERCENT SLT OR FINESA | =
5257 |[2]  DESCRIPTION e ue e | AFSTETEL]
@ @ : ¢ ' @ PERCENT CLAY @ o
8 16 24 X 0 4 60 80
' - 00 SAND & GRAVEL - trace of silt, poorly P N
: graded, dense, damp, brown r
' L — auger action indicated cabbles | i i ¢ orn T _"
[ throughout -
E_ L OV OO 0% JO00 U0 SO0 FUUSOO0C OO0 SO0 U5 WONN S SOS SUUN S S S S _‘_
' 20 - difficult drilling B e
' 30 -
oy Fe60
. : - drilling becomes easier -
- END OF BOREHOLE @ 4.5 m n
- NOTE: Hole advanced 0 — 4.5 m with solid i
l [ 5g shaft initially, then with hollow '
i shaft -
i — auger refusal with hollow shaft at -
l - 27 m .
- — based on auger action, base of berm C
[ estimated at depth of 4.2 m r
l — 6.0 _— 840
F- 7.0 E
l :—&0 —
l — : : [OGGED BY. WEB____[COMPLETION DEPTH: 42m
Whitehorse, Yukon Fig. No: Page 1 of 1
. 770702 T2 (YOROR-3]




l SITE INVESTIGATION CUENT: STEFFEN, ROBERTSON & KIRSTEN INC BOREHOLE NO:  13563—-BH14
ARCTIC GOLD & SILVER — CARCROSS, YT DRILL: CME 750 ¢/w Solid Stem Auger PROJECT NO: 0201-98~13583
SRK BH# AGS-98-BH14 UTM ZONE: 8 N6666200 E515600 ELEVATION: 87 m
' SAMPLE TYPE  JIGRB SAVPLE [ /]NO RECOVERY [ STANCARD PEN. 75 mm SPOON [ ][ JORREL BARREL
W STANDARD PENETRATION m PERCENT GRAVELm
s = 24 48 72 96 0 4 60 80 T
E X == @ SOIL @ PERCENT SAND @ =
l LlylZ g % 0 40 0 80 5
T 2z 5|8 APERCENT SLT OR FINES 4 | =
2 Ez|C |8 DESCRIPTION e Mo W] T 0w ow | S
& & . ® — @ PERCENT CLAY ¢ o
8 16 24 3 20 4 60 80
I - b0 hSAND (TAILINGS) - fine grained 1 P P Popob i LB
B GRAVEL & SAND - poorly graded, dense, damp -
l - AUGER REFUSAL ON BOULDER @ 0.6 m I
N Note: Entensive exposed cobbles and -
— 1.0 boulders in area, monitoring well T
l - installation unfikely (no further r
- attempts) r
l - 20 850
' - 50 +
[ 40 — 850
' 50 F
. 50 810
70 F
l 0 790
' : : LOGGED éY:: MEB — C(:)MP:LE:TIOIN DEPTH 0,:6 m
EBA Engineering Consultants Ltd.  Eamer o COMPLETE: 95,/08/31
Whitehorse, Yukon Fig. No: Page 1 of 1
. 98710702 11:26A4 (YUKON-3)




' SITE INVESTIGATION CUENT: STEFFEN, ROBERTSON & KIRSTEN INC BOREHOLE NO:  13563-BH15
ARCTIC GOLD & SILVER — CARCROSS, YT DRILL: CME 750 ¢/w Solid Stem Auger PROJECT NO: 0201-98-13563
SRK BH# AGS-98~BH15 UTM ZONE: 8 N6666200 E515600 ELEVATION: 90.9 m
. SAMPLE TYPE  GR8 SAVPLE [ N0 RECOVERY  DXJSTANDARD PEN.  |J75 mm SPOON [TT]CRREL BARREL
m STANDARD PENETRATION m m PERCENT GRAVEL
ol = 24 48 72 % 20 40 80 80 T
E I Z| = D SOIL @ PERCENT SAND @ =
l = | 2l g % 2040 60 80 5
o R APERCENT SILT OR FINESA. | "=
BEESC 2 DESCRIPTION L I e e
3 'z - o . & PERCENT CLAY @ o
8 16 24 3 20 40 &0 80
' - 00 SAND (TAILINGS) - fine grained sand sizes, F IR R
- poorly graded, moist, beige, oxidation L
i 900
l ko o ot A U R O[S O O W O O O WO W :
' 2 R O R R S W ! F
- = becomes dark grey and wet @ -
l X opproximately 2.1m =
i 880
' '.-_3.0 ...................... :
40 SILT (TILL) - sand and gravel, b
: non—plastic, poorly graded, very -
- dense, high gravel content (difficult -
C EH»i% drilling), moist, brown, trace of r
- oxidation around gravel C
l C 5o AUGER REFUSAL@ 48 m | ¢ 860
l - 6.0 t
' i — 840
r—7.0 ............... T
[ R
l - : : [OGCED B W8 [COMPLETION DEPTH: 46 m
EBA Engineering Consultants Ltd.  [amsr COMPLETE: 98/08/31
Whitehorse, Yukon Fig. No: Page 1 of 1
. 98710702 11:5%AM (YUKON-)




SITE INVESTIGATION CLIENT: STEFFEN, ROBERTSON & KIRSTEN INC BOREHOLE NO:  13563-BH16
ARCTIC GOLD & SILVER — CARCROSS, YT DRILL: CME 750 c/w Solid Stem Auger PROJECT NO: 0201-98—13563
SRK BH# AGS-98-BH16 UTM ZONE: 8 N6666200 E515600 ELEVATION: 89.3 m
SAMPLE TYPE  [lforB SAWPLE  []NO RECOVERY  [STANDARD PEN. =75 mm SPoON  [J] JCRREL BARREL
m STANDARD PENETRATION m m PERCENT GRAVEL M
s = 24 48 72 96 20 40 60 80 =
E == — @ SOIL ® PERCENT SAND @ =
= ||y Zl g % 20 40 60 80 5
o e E=nl i =t APERCENT SLT OR FINESA | '
52557 |2 DESCRIPTION S L el i
& 7 . * . @ PERCENT CLAY ¢ o
8 18 4 X 20 40 60 80
b0 SAND (TAILINGS) - poorly graded, medium S
dense, moist, beige, orange yellow — 890
10
I 3 -
— becomes dark grey E
20 C

SILT (TILL) ~ sand & gravel, auger action
indicates cobbles, very dense, moist,
brown

AUGER REFUSAL @ 3.0 m
NOTE: Damaged auger flights

IIIIIIIIII||ll’|llll|l||||I|IIllll]lllllllll]lllr]’llll'llll]llllllllIlllllllllllllll

[OGGED BY: M8 [COMPLETION DEPTH: 3 mr

EBA Engineering Consultants Ltd. e eram COMPLETE: 98/08/31
Whitehorse, Yukon Fig. No: Page 1 of 1

98710702 11:26A4 (YUKON-B)




' SITE INVESTIGATION CUENT: STEFFEN, ROBERTSON & KIRSTEN INC BOREHOLE NO:  13563-MW1S
ARCTIC GOLD & SILVER — CARCROSS, YT DRILL: CME 750 ¢/w Holiow Stem Auger PROJECT NO: 0201~98-13563
SRK BH# AGS-98-MW1S UTM ZONE: 8 N6666200 E515600 , ELEVATION: 89.639 m
' SAMPLE TYPE  [oRa8 SAWPLE [ INO RECOVERY  DXISTANDARD PEN. 375 ram SPLI SF. [[Jorrer BarreL — [J[]nw core
BACKFILL TYPE [JlBenToNTE []Pea GraveL  [[]]JsLoucH [o.JorouT FJoRLL cutines — [ZJsano
®STANDARD PENETRATION m A PERCENT CLAY A
e = 1020 30 # 2040 60 80 =
EE=Zzl~a SOIL © VAPOUR EMMISSIONS @ © PERCENT SILT OR FINES & =
N = ' 120 240 360 480 040 60 8 [pul| 5
= R R & PERCENT SAND @ 1=
"L EE DESCRIPTION L W e
= 3 . . . B PERCENT GRAVEL mt o
_lo 20 % 40 | 20 4 60 s
- 00 SAND (TAILINGS) - silty, poorly graded. NN A e
' C moist, beige and orange (oxidation)
- 89.0
- SILT (TAILNGS) — some sand, low a
' —10 plasticity, soft, wet, dark grey r
- LORGANICS Bgs
i END OF BOREHOLE @ 1.5 m -
l - 2.0 NOTE: No free water in monitor at C
- completion 3
- - PVC standpipe approximately 0.8 m -
' - above ground surface 8.0
— 3.0 -
— 4.0 _
' _ —Ja
l 5—5.0 _
l 6.0 _
. - - 830
— 7.0 _
' 8.0 E
- 310
. — 9.0 F
' 10,0 -
l — : : [OGOD BY. WEB_____ [OOWPLETION DEPTE 15 m
EBA Engineering Consultants Ltd.  efmsr s COMPLETE: 98/08,/30
' Whitehorse, Yukon Fig. No: Page 1 of 1
98712705 12:06PH (WELLTQ)




SITE INVESTIGATION CLIENT: STEFFEN, ROBERTSON & KIRSTEN INC BOREHOLE NO:  13563—-MW1D
ARCTIC GOLD & SILVER — CARCROSS, YT DRILL: CME 750 c/w Hollow Stem Auger PROJECT NQO: 0201-98-13563
SRK BH# AGS—98-MWID UTM ZONE: 8 N6666200 E515600 ELEVATION: 89.591 m
SAMPLE TYPE  JloraB SamPLE [/INo ReCOVERY [ STANDARD PEN, =175 mm spuT sP. [[JJCRREL BARREL [I]nw core
BACKFILL TYPE [Jlsentone [lpeacravel  [[[JstoucH [a- JerouT [ JoriL cutines  []sann
B STANDARD PENETRATION m A PERCENT CLAY &
Y e & 1020 30 4 20 40 60 80 €
E Zl=| |2 SOIL © VAPOUR EMMISSIONS & © PERCENT SILT OR FINES @ =
Gl S|S 120 240 360 480 20 40 60 80 5
— a8 vy =
Sl e a ® PERCENT SAND @ e
B g5 |2 DESCRIPTION usieue.uo| R0, M) 5
= 2 [ . . W PERCENT GRAVEL mi &
M 20 30 4 | 2 4 60 8
0.0 SAND (TAlLlNGS) - silty A A
1.0
SILT (TiLL) — sandy, some gravel, moist,
Y dense, brawn
20
_______________ 2 E e
30 ;
40 ks SEOROCK OF BOVIDER — <ot spoon sample 23 SO SO PO OO OO S SO
L had wet soft silt till underlain by
rock (granite) dry 85.0

REFUSAL @ 4.1 m
50 NOTE: PVC standpipe approx. 0.6 m above
ground surface

6.0

83.0
7.0
8.0

81.0
9.0
10.0

llll]Illillll|llllf'lIlll]lll]’lTTllllllllllllIIIII|l|l'l|llll]1[[llll[l!lllllll]llllllllll]lllllllllllll

1TI|llIIIIITllllll,ll]lll1lIlll|l|lllllllllxll!)ll]ll]llllll!ll[T |l]|lll]ll!l!|lle1'Tlllll
Qi)

[OCCED BY. MEB — [COMPLETION DEFTH, 4.1

EBA Engineering Consultants Ltd.  fwimsr s COMPLETE: 98/08/30
Whitehorse, Yukon ~ |Fig. No: Page 1 of 1

98712705 Co:44PH (WELLTD }




SITE INVESTIGATION

CUENT: STEFFEN, ROBERTSON & KIRSTEN INC

BOREHOLE NO:

13563 -MW?2

ARCTIC GOLD & SILVER — CARCROSS, YT

DRILL: CME 750 ¢/w Hollow Stem Auger

PROJECT NO: 0201-98~13563

SRK BHf AGS-98-MW2

UTM ZONE: 8 N6666200 £515600

ELEVATION: 90.015 m

SAMPLE TYPE

Bl creB savrLe

[/INO RECOVERY

DX]STANDARD PEN.

375 mm spur sp. []]]CRREL BARREL

[N core

BACKFILL TYPE [JsentoNe
T

[ |PEA GRAVEL

([T)stoust

[a-Jorour

CJ0RLL cutings — [Z-]sanD

B STANDARD PENETRATION |

A PERCENT CLAY &

o = 1020 30 4 20 40 60 &0 "
E ZZE| @ SOIL ¢ VAPOUR EMMISSIONS & © PERCENT SILT OR FINES =
¥ |olu ‘E’ = 120 240 360 480 20 40 B0 80 Z
ol i R ® PERCENT SAND @ 5
BEE|5| DESCRIPTION e e o] R, [P S
=& S [ . — M PERCENT GRAVEL R o
10 20 0 4 | 20 40 €0 80
- 0.0 SAND (TAILINGS) - silty, fine grained sand A N 0.0
- sizes, poorly graded, moist, beige,
- oxidation -
1.0 -
20 850
3.0 .
- SAND (TILL) - gravelly, non—plastic,
- dense (difficult drilling), moist,
- traces of oxidation
— 4.0 860
. =E v
r- X 26| 4 - becomes wet @ 4.5 m O T
- 50 HE
— 6.0 . : a0
- X 27| 60 [ ;8,8  — split spoon sample had pieces of e
C “ fractured granite intermixed in till = E
2 very dense T
70 ’ . 'Tff:_
- == 28 — split spoon advanced 10 cm in 50+ -
- blows, rock chips in sample -
- AUGER REFUSAL @ 7.1 m -
— 8.0 820
—9.0 -
100 — 800

EBA Engineering Consultants Ltd.

Whitehorse, Yukon

LOGCED BY: MEB

[COMPLETION DEPTH: 7.1 m

REVIEWED BY: JRT

COMPLETE: 96/08/30

Fig. No:

Page 1 of 1

98712/05 1Z:06PN (WELLTQ)




EBA Engineering

PARTICLE SIZE — ANALYSIS OF SOILS

SAND ORAVEL
CLaY SILT FINC T MEDOM [COARSEL  FINE . | CORSE

U.S. STANDARD SIEVE SIZES
P00 H0 #0030 g0 p6 iogs g4 335

PERCENT SMALLER

[ HE S N : R : : : :
00005 0001 0002 0005 001 002 005 01 02 o5 1 7 5 10 % 50
GRAIN SIZE — MILLIMETRES
DESCRIPTION
SYMBOL BOREHOLE DEPTH C c |
NUMBER (m) CLAY & SILT | SAND |GRAVEL| ©u c | Usl
A % %
—e 13565-MW2 | 6.00 - 6.30 1 73028 143 © 06 ° SP
Project: 0201-98-13563 Date Tested: 98/10,/20 BY: MS
Tested in_accordance with ASTM D422 unless otherwise noted.

ta presented hereon is for the sole use of the The testing services reported herein have been performed by an EBA technician to recognized
stipulated client. EBA is not responsible, nor ean industry standords, unless otherwise noted. No other warranty is made. These data do not
be held liable, for use made of this report by an include or represent any interpretation or opinion of specification compliance or material ”
other party, with or without the knowledge of EB suitability. Should engineering interpretation be required, EBA will provide it upon written request. E

l 0




8712705 12-080PH (WELLTT)

l SITE INVESTIGATION CUENT: STEFFEN, ROBERTSON & KIRSTEN INC BOREHOLE NO:  13563—MW23
ARCTIC GOLD & SILVER — CARCROSS, YT DRILL: CME 750 ¢/w Hollow Stem Auger PROJECT NO: 0201-98-13563
SRK BH# AGS-98-MW3 UTM ZONE: 8 N6666200 E515600 ELEVATION: 91.629 m
l SAMPLE TYPE  [GReB SaMPLE [/]NO RECOVERY  [STANDARD PEN, 375 mm seur-se. [[[]crrec BarreL [ JJvw core
BACKFILL TYPE [Jffsentonme [Jpeacraver  [[[]JstoucH [a-JerouT JoriL cutines  []sanp
B STANDARD PENETRATON m A PERCENT CLAY &
s = 1020 30 4 20 40 60 80 =
E ==l ~|8 SOIL © VAPOUR EMMISSIONS @ © PERCENT SILT OR FINES % =
oSS 120 240 360 480 0 40 B0 8 |—— &
E IFlaela | ® PERCENT SAND @ =
Lo % % 7| = DES CRIPTION PLAETIC MC. LIQ|UID 20 40 80 B =
l & ! . . ! m PERCENT GRAVEL® v
10 20 0 40 | 2 40 60 80
- 00 SAND (TILL) ~ some silt, gravelly, poorly bbb
C graded, dense, damp, brown -
' B :—‘JH'J
— 1.0 -
I - - 29 : l
5 SILT ~ some sand, some gravel, drilling L E
. " 00 action indicates cobble @ 2.7 m, firm, T
- non—plastic, moist, brown, oxidation EE
- X around gravel sizes X
' - ‘ [rase
- 30 — very difficult drilling starts Hls
30 - @27 m e
' - AUGER REFUSAL @ 3.4 m -
C NOTE: MW3 dry at completion C
4.0 (98-08-30 @ 7 pm), hawever, static | i C
- water level of 3.10 m below top of PVC E
l o an 98~-9-1 @ 12 pm 8
- — 87.0
' — 5.0 g
l —eo | || g
l ’;_ ......................... :_da
:—7‘0 :_
' — 8.0 g
;_ f—a,s,o
' - 9.0 g
l —10.0 -:"
: : M : N M M M N N N N B N . N [
i — F o T —COTTY ST
EBA Engineering Consultants Ltd. REVIEWED BY: JRT COMPLETE: 98/08/30
' Whitehorse, Yukon Fig. No: Page 1 of |




SITE INVESTIGATION CLIENT: STEFFEN, ROBERTSON & KIRSTEN INC BOREHOLE NO:  13563-MW4
ARCTIC GOLD & SILVER — CARCROSS, YT DRILL: CME 750 ¢/w Hollow Stem Auger PROJECT NO: 0201-98-13563
SRK BHF AGS-98-Mw4 UIM ZONE: 8 N6666200 E515600 ELEVATION: 90.351 m
SAMPLE TYPE  JloR8 SAWPLE [ /N0 RECOVERY  [<|STANDARD PEN, =175 mm seur sp. [[JcRReL BARREL [ ] Nw CORE
BaCKFILL TYPE [sentone [Jpeacrave  [[[]JstoucH (& JorOUT [ JoRiL curings [-Jsano
® STANDARD PENETRATION mt A PERCENT CLAY A
s = 10 20 30 4 20 40 60 80 =
E P ZE| 8 SOIL © VAPOUR EMMISSIONS © PERCENT SILT OR FINES® =
FLw| &2 120 240 360 480 20 40 60 &0 5
= I o_ w =
N o o ® PERCENT SAND @ =
2 E5|5)2 DESCRIPTION L W u
& 72! . - — W PERCENT GRAVEL® Y
1020 30 4 | 2 40 60 8
- 00 SAND (TAILINGS) - silty, fine grained, D
: poorly graded, medium dense, moist, —90.0
2 beige with orange /yellow oxidation r
- intrusions . C
3 SILT (TAILINGS) - some sand, low A ? -
- 20 plasticity, wet, dark grey ] -
- SAND (TAILINGS) — trace of silt, paorly : -
r graded, medium dense, maist, grey with : — 88.0
- . 33 yellow oxidation zones ' C
o i F
- RORGANICS — black, wet, fibrous HF
- F 34 SILT & SAND (TILL) — very dense, poorly L
2_40 graded, wet, brown with some green =
- tinge around silt, difficult drilling TFHF
: : -1 860
- Y O
50 Hr
E 35 Z:-E
[ 6.0 E
- [1Esag
— 7.0 :_
- — very difficult drilling .
: AUGER REFUSAL @ 7.7 m -
80 — advanced to 7.7 m with solid stem, C
- then switched to hollow stem and had a0
- refusal at 6.4 m -
9.0 :
100
g A 0 O O
: : LOGGED BY: MEB COMPLETION DEPTH: 7.7 m
EBA Engineering Consultants Ltd. g ey o COMPLETE: 98/08/31
Whitehorse, Yukon Fig. No: ’ Page 1 of |

98712705 12-08PH (WELLTQ)




l SITE INVESTIGATION CUENT: STEFFEN, ROBERTSON & KIRSTEN INC BOREHOLE NO:  13563—-MW5S
ARCTIC GOLD & SILVER — CARCROSS, YT DRILL: CME 750 c/w Hollow Stem Augers PROJECT NO: 0201-98-13563
SRK BH# AGS-98-MH5 UTM ZONE: 8 N6666200 E515600 ELEVATION: 89.576 m
l SaMPLE TYPE  [oRa8 SAWPLE [ /]NO RECOVERY  [X]STANDARD PEN. |75 rom sPuT sP. [[[JcRREL BARREL [ J[]Nw cORe
BACKFILL TYPE [Jsenrone [Jpeacravel  [[[]JstoucH [a-JerouT [ JoriL cutines  [Z]sanp
W STANDARD PENETRATION Bt A PERCENT CLAY &
e = 10 20 30 4 20 40 60 80 c
E == ~l8 SOIL © VAPOUR EMMISSIONS 4 4 PERCENT SILT OR FINES# =
Bl I = 120 240 360 480 0 4 60 8 5
T RElE|® @ PERCENT SAND & =
' 5= % Za - DESCRIPTION _ Pulxsnc Mf. LIQIUID 20 40 80 80 5
= 2 [ . i ™ PERCENT GRAVEL m o
1020 30 40 | 20 40 60 B0
- 00 SAND (TAILINGS) - silty, damp, beige, EEE N
n oxidation throughout -
' —:— — 89.0
— 1.0 g
l - — becomes dark grey, wet (saturated)
. 2.0 Mg
- SILT, SAND & GRAVEL (TILL) — very dense, o
= difficult drilling, wet, brown Ot ae
l 30 HE
. ¥
o :
. - AUGER REFUSAL @ 4.2 m with sofid stem g
- NOTE: Auger Refusal @ 3.75 m with hollow — 850
5 stem C
l — 5.0 o
l - 6.0 -
' - 830
— 7.0 o
' - 8.0 o
- 810
. — 9.0 _
' —10.0 ;
' i . . [OGGED B MeB [COMPLETION DEPTA, 375 m
EBA Bngineering Consultants Ltd.  frefm e COMPLETE: 98/08/31
Whitehorse, Yukon Fig. No: Page 1 of 1
l 98712/ 05 1208PW (WELLTa) -




SITE INVESTIGATION

CLIENT: STEFFEN, ROBERTSON & KIRSTEN INC

BOREHOLE NO:

15565-MW6

ARCTIC GOLD & SILVER — CARCROSS, YT

DRILL: CME 750 c/w Solid Stem Auger

PROJECT NO: 0201-98-13563

SRK BH# AGS-98-MW6

UTM ZONE: 8 N8666200 E515600

ELEVATION: 91.912 m

SAMPLE TYPE  [IGR8 SAMPLE [ /INO RECOVERY  [<]STANDARD PEN, =75 mm seur sp. [[TJcRREL BARREL || JNW CORE
BACKFILL TYPE [JsentoniTe [ Jeeacravet  [[[[JstoucH PRERT [JoRiL cutives [Z]sano
& STANDARD PENETRATION A PERCENT CLAY &
s = 1020 30 4 20 40 60 80 c
EZZF | ~|2 SOIL 4 VAPOUR EMMISSIONS @ © PERCENT SILT OR FINES@ =
E IS % 120 240 360 480 20 40 60 &0 5
S T ® PERCENT SAND @ 2
e DESCRIPTION e wewwo| e, Y S
& ! - . . W PERCENT GRAVELm o
1020 30 40 20 40 60 80
- 00 SILT (TILL) — some sand, gravelly, I SRS
- drilling action indicates cobble
- present, non—plastic, firm, moist, C
- brown with slight green tinge F oo
— 1Yy — ¥
N E F T
— 2.0 -
F .o V890
- = drilling becomes easier, 1ill T
u becomes wet I
— 4.0 — drilling becomes difficult again -
- N
F 50 —87.0
—50 40 3
- AUGER REFUSAL ON BEDROCK OR BOULDER -
20 @ 6.6 m 850
- NOTE: Monitor consists of 90 mm diameter -
- PVC pipe with filter cloth around -
i 1.9 m section pushed into open hole to r
- a depth of 3.8 m below ground surface -
:—8‘0 (no sand pack or bentonite seal and r
- no protective steel casing) C
- - 850
—9.0 -
—10.0 a
: : [OGGED BY: MEB [COMPLETION DEPTH: 6.6 m
EBA Englneel’mg Consultants Ltd. REVIEWED BY: JRT COMPLETE: 98,/08/31
Whitehorse, Yukon Fig. No: Page 1 of 1

98712/ 5 12:07PW (WELL1G)




' SITE INVESTIGATION CLIENT: STEFFEN, ROBERTSON & KIRSTEN INC BOREHOLE NO:  13563—-PH1
ARCTIC GOLD & SILVER — CARCROSS, YT DRILL: CME 750 ¢/w Solid Stem Auger PROJECT NO: 0201-98~13563
SRK BH# AGS-98-PH1 UTM ZONE: 8 N6666200 E515600 ELEVATION: 92.8 m ]
l SAMPLE TYPE  [IIGRB SAMPLE  [/]NO RECOVERY  [X|STANDARD PEN, 75 mm SPOON [ JCRREL BARREL
BACKFILL TYPE [JlsentoniTe [Jreacravel  [[]]JstoucH ¢ JerRouT DJoRiL cutings  [-]sanD
® SPT PENTRATION = WPERCENT CRAVELW |
s = 20 40 60 80 0 40 & & |5 |7
E == =~ ea) SOIL ® PERCENT SAND @ = | =
g 19 § 040 60 8 = ==
ElEE e8P APERCENT SILT OR FINES & |= & 2
l S % 7] = DESCRIPT]ON PU:STIC M.‘C. ualum 04 60 B |2 5
= 3 _ . -] PERCENT CLAY 2 | o
20 40 60 8 | 20 40 60 80 |[=
P 00 SILT & SAND (TILL) — gravelly, exposed S : -
l - cobbles and boulders at surface, moist -
: 920
1.0 .
l - ~ difficult drilling starts, wet -
F 20 - . 4
' r n_— very difficult dnlling starts r
C AUGER REFUSAL @ 2.1 m on boulder bedrack -
- NOTE: Probe hole drilled to find depth to
l r refusal within area of potential —90.0
3.0 borrow material C
— 4.0 -
- — 880
' - 5.0 r
l 6.0
l : - 86.0
7.0 r
— 8.0 i
i 3
- — 340
l — 9.0 .
l — 10.0
' : : [OGGED BV. WEB _ [COMPLETION 0EPTH: 2.7 m
EBA Engineering Consultants Ltd. REVIEWED BY: JRT COMPLETE: 98/09/01
Whitehorse, Yukon Fig. No: Page 1 of 1
' 98712705 1Z.20PH (TUKON—10;




SITE INVESTIGATION CUENT: STEFFEN, ROBERTSON & KIRSTEN INC BOREHOLE NO:  13563—PH?2
ARCTIC GOLD & SILVER — CARCROSS, YT DRILL: CME 750 ¢/w Solid Stem Auger PROJECT NO: 0201-98-13563
SRK BH# AGS—98~PH2 UTM ZONE: 8 N6666200 E515600 ELEVATION:
SAMPLE TYPE  [lGRB SAMPLE [ 7]NO RECOVERY  [X|STANDARD PEN, 575 mm spooN  [JJCRREL BARREL
BACKFILL TYPE Jlsentone [Jreacravet  [T]]JsLousH [a-JerouT CJoRLL cuttivgs FZ-JsanD
m SPT PENTRATION® WPERCENT CRAVELE |,
el s = 20 40 60 8 20 4% 0 & |5 |F
o = foal SOIL ® PERCENT SAND @ < | =
= LS| 2] 4|2 N 4 8w |z« B
— |l & w < =
e & | = APERCENT SILT OR FINES & [= &| 2
2E57| ||  DESCRIPTION  |mwe we | SE@ISTZREiiss o
b 2 ‘ — OPERCENT cwo 2 | o
20 40 60 8 20 60 =
- 00 SAND (TILL) - silty, gravelly, dense, L - 00
s poorly graded, damp, brown -
— 1.0 — difficult drifling starts -
- i 43 -
2.0 20
- 30 . e -
- - dnlling not as difficult C
;4‘0 40
:_5‘0 - grinding uction.qgoin :_
C — saturoted conditions @ approx. 5.0 m .
:—so !44 -6
;7,0 -
F 0 80
80 END OF BOREHOLE 6 8.0 m 3
- NOTE: Probe hole drilled to find depth to g
- refusal (no refusal within 9.0 m) and :
- depth of unsoturated material for use s
- 10.0 as borrow (approx. 5.0 m) :—10.(}
- . . LOGGED BY MEB | COMPLETION DEPTH: 9 m
EBA Engineering Consultants [td.  |@amers COMPLETE: 98/09/01
Whitehorse, Yukon Fig. No: Page 1 of 1

3770707 111774 (YURDN-10)




APPENDIX C:

TEST PIT PROGRAM RESULTS

oA
=




— e s we N 3D GID GEB G OO0 D &GO G @ am 0

SITE INVESTIGATION CLIENT: STEFFEN, ROBERTSON & KIRSTEN INC TEST PITNO: 13563—TP1
ARCTIC GOLD & SILVER DRILL: 225 CAT HOE PROJECT NO: 0201-98-13583
CARCROSS, YT UTM ZONE: 8 N6666200 E515600 ELEVATION:
SAMPLE TYPE o [/]No ReCOVERY
W STANDARD PENETRATION m W PERCENT GRAVEL m
s = 10 20 30 40 20 40 80 80
E == ) SOIL @ PERCENT SAND ® =
= R § 20 40 60 80 =
ElRzlS APERCENT SLTOR FINES & |
= E DESCRIPTION L I i T
3 7 | . { & PERCENT CLAY
10 20 30 40 200 40 60 80
- 2 SILT & SAND & GRAVEL — PUSHED DEBRIS ol P P O E 0.0
- \ORGANICS LAYER : E
o SAND & GRAVEL (till) — loose, damp, E
i orangey—brown, cobbles — (8" - 12" £ 20
- diameter) 3
- 1| oM 3
— 1.0 . ;* %—
[ SAND & GRAVEL(G) ~ some s, =40
R med—dense, damp, brownish grey, 3
i cobbles 6" to 10" in diameter £
- E- 5.0
20 - 7 5P-SMqU 4 -
Z_ E— 8.0
I - moist %:
L 3 £
30 ' E- 100
:_ - more silt 2—12.0
B 4 ;
_—40 . ;
[ 140
- Y - Y
- — dense, hard digging free water 2
- END OF TESTPIT @ 4.8 m =160
- émo
'_6.0 ;20.(}
L é—zz.o
70 =
i —40
[ 20 i Eme
: : LOGGED BY: CPC COMPLETION DEPTH: 4.8 m
EBA Engineering Consultants Ltd. REVIEWED BY: MEB COMPLETE: 98/10/08
Whitehorse, Yukon Fig. No: Page 1 of 1

98712706 GT.22PW (YURON-1B)




tBA Engineering

PARTICLE SIZE — ANALYSIS OF SOILS

SAND CRAVEL
CLAY SILT FINE 1 MEDIOM  JCORRSE] FINE . ] COARSE

U.S. STANDARD SIEVE SIZES
P00 100 460 pOSOP0HS glogs 4 35 51 152 3

A =S

PERCENT SMALLER
=)

40}

30}

20|

—]
—
L)
fyoed
<O
[Sx)
<O

| ::i::::: [ S | : : P :
0.0005 0.001 0.002 0.005 0.101 0.02 0.65 0!1 01.2 O.I5 % 2

GRAIN SIZE — MILLIMETRES
DESCRIPTION
SYMBOL BOREHOLE DEPTH c
NUMBER (m) CLAY & SILT | SAND |GRAVEL| Cu Ce Us.e
% % %

—e 13563-TP1 0.80 — 1.00 13 . 34 53 - ¢ 20  CM
Project: 0201-98-13563 Date Tested: 98/10/20 BY: MS
| Tested in_accordance with ASTM D422 unless otherwise noted.
| ta presented hereon 1s for the sok use of the IThe testing services reported herein have been performed by an EBA technician to recognized
5 stipulated client. EBA is not responsible, nor can industry standards, unless otherwise noted. No other warranty is made. These date do not
| be held liable, for use made of this report by an include or represent any interpretation or opinion of specification compliance or material _’E
| other party, with or without the knowledqe of EB, suitability. Should engineering interpretation be required, EBA will provide it upon written request.

' 0




LBA Engineering
l PARTICLE SIZE — ANALYSIS OF SOILS
SAND GRAVEL
CLAY SILT FINE 1 MEDIOM TCORRSEL FINE | COARGE
l U.S. STANDARD SIEVE SIZES
P — P H0 g0 po g pops g s
i Aol n
' FTe] I UOORUURY NUUUUNE OO IS SO0 3 SO SO O
70 R T B P U
l & BO o ddde bl
=
' ; 50l IEPUE OO N Ut SOE SO S S SUOPOROR
.l BT S S —
' 30| 44444444444
l 20}- 00 T -
10]- R
' o BRI RS — il — . l | 1 :
0.0005 0.001 0.002 0.005 0.0 0.02 0.09 0.1 0.2 0.5 1 2 5 10 20 50
GRAIN SIZE — MILLIMETRES
' SYMBOL BOREHOLE DEPTH DESCRIPTION
NUMBER (m) CLAY & SILT | SAND |GRavEL| Cu Cc | USC
% % %
' 0—-' 13563-TP1 1.80 — 2.00 12 45 45 | 120.3 08 @ SP-SM
Project: 0201-98-13563 Date Tested: 98/10/20 BY: MS
' Tested in_accordance with ASTM D422 unless otherwise noted.
} ata presented hereon s for the sole use of the Ihe testing services reported herein have been performed by an EBA technician To recognized
be el i, or Use To00e of Tk 1oG0r by a1y kel o ropasant c oo oo ardnty is made, These dolo co.not ¢
l other party, with or withoul the knowleg(q)e of EB, suitability. Sh%uld engingering F?nlerpretothr(l)p be requir‘eg. EBA will provide it upon written request. _’E




' SITE INVESTIGATION CLIENT: STEFFEN, ROBERTSON & KIRSTEN INC TEST PIT NO: 13565_TP2
ARCTIC GOLD & SILVER DRILL: 225 CAT HOE PROJECT NO: 0201-98-13563
CARCROSS, YT UTM ZONE: 8 N6666200 E515600 ELEVATION:

' SAMPLE TYPE  Jcras [/INo Recovery

" ~ I1SOTANDA§§) PEN%RATIOFOI - PERAE?OENT GRAVELm
60 80
=R 2 SOIL @ PERCENT SAD ® =

I =yl g 5)5_ 20 40 60 & =

al| 3 A PERCENT SILT OR FINES T
G = = DESCRIPTION PLSTC ML, waup | S &
» @ — ° — @ PERCENT CLAY ¢
1020 30 40 20 40 80 &

I [0 SILT & SAND & GRAVEL — PUSHED DEBRIS T T T T m
- \ORGANICS 3
[ SAND & GRAVEL - trace to some silt, E

l i loose, damp, brown, cobble 6" — 12" =20
Z ' 5 3
— 1.0 E_

l i = 40

' A — less silt, med. dense, greyish brown ?:6,0
20 ! 6 puw-oMIR 3

' [y _—8(!
- - soturated, free water 3

1 .
2 END OF TESTPT @ 3.0 m =0l

I 3 =20

l r £
i £ 140
i E— 18.0

I — 5.0 ;_

B §~18,0

' — 6.0 §~20-0
i §—22.o

' - ?24.0

l3s.o e B

! : : LOGGED BY: CPC COMPLETION DEPTH: 3 m
EBA Engineering Consultants Ltd. REVIEWED BY: MEB COMPLETE: 96/10/08

. Whitehorse, Yukon Fig. No: Page 1 of 1

93770727 1052 (YURON=T8)




EBA Engineering

PARTICLE SIZE ~ ANALYSIS OF SOILS

SAND CRAVEL
CLAY SILT FINE 1 MEDUM  TCORRSEL TINE . | COARSE

U.S. STANDARD SIEVE SIZES
PO HO 0 f0 430 pogis 088 p

100 HEEEEE

90}

80[

704

50§

PERCENT SMALLER

40|

30{

20|

:f::i f:i::::: : Do : : : [ :
00005 0001 0002 0005 001 002 005 01 02 05 1 2

5 10 20 50
GRAIN SIZE — MILLIMETRES
DESCRIPTION
SYMBOL BOREHOLE DEPTH C
NUMBER (m) CLAY & SILT | SAND |GRAVEL| Cu Cc | USC
% 7 %
—e [3563-TP2 1.80 - 2.00 " 41 48] 1269 1.0 © GW-GM
Project: 0201-98-13563 Date Tested: 98/10/20 BY: MS
Tested in_accordance with ASTM D422 unless otherwise noted.

ata presented hereon Ts for the sole use of the The testing services reported herein have been performed by an EBA technician 1o recogmized
stipulated client. EBA is not responsible, nor can industry standords, unless otherwise noted. No other warranty is made. These date do not
be held fiable, for use made of this report by an include or represent any interpretation or opinion of specification compliance or material ”
other party, with or without the knowledqe of EB suitability. Should engineering interpretation be required, EBA will provide it upon written request. E

o




l SITE INVESTIGATION CLENT: STEFFEN, ROBERTSON & KIRSTEN INC TEST PIT NO: 13563-TP3
ARCTIC GOLD & SILVER DRILL: 225 CAT HOE PROJECT NO: 0201-98-13563
CARCROSS, YT UTM ZONE: 8 N6666200 E515600 ELEVATION:

l SAMPLE TYPE  [ifores [/INO RECOVERY

W STANDARD PENETRATION m W PERCENT GRAVEL m
el = 1020 30 40 20 40 60 80
E == =) SOIL ® PERCENT SAND @ =
l T lolul g2 2040 60 80 =
e e el 2 7 A PERCENT SILT OR FINES a m
Q. o a
5 EE 72 DESCRIPTION ume we | APELTERGL |
& 7 . . — © PERCENT CLAY $
1020 30 4 20 40 808D

' L 00 NORGANICS, VISIBLE BOULDERS (0.4 m dia) S S A
[ SILT - gravelly, some sand, loose E
[ g oxidation staining, damp, brown, E

. s i cobble 6" to 12" E 20
[ SAND & GRAVEL - some silt, med. dense, E-

T ‘0 9 domp’ brownish aey e é_
i
' E 10 E— 6.0

-
| -— — more silt, moist ;8'0

. — large boulders (2 dia) E

I 1 - moigt to wet E
' — 30 . 1 E- 100

Y =y
' - — some silt to silty £

i — water seepage £ 120

- 12 3
l _—40 ' E—

: 140

C s, END OF TESTPIT @ 4.8 m _;WD

B E-m.o

— 6.0 E—zo,o

i 222.0
l 70 :—

' B 2—24‘0

I L 50 EEENEREE RN EEREE N

: : LOGGED BY: CPC COMPLETION DEPTH: 4.8 m
EBA Engineering Consultants Ltd. | srves COMPLETE. 98/10/08
Whitehorse, Yukon Fig. No: Page 1 of 1
' GB710727 11230 (YUKON-T8)




tBA Engineering
' PARTICLE SIZE — ANALYSIS OF SOILS
SAND GRAVEL
CLAY SILT FINE T MEDIOM _TCORRSEL FINE | COARSE
l U.S. STANDARD SIEVE SIZES
100 — ' _ f200 l1‘00 f§0 #40 {}0 #20 #16 f10.#8 # 375 51 152 3 [
l 901 .........
= ; :
<
l ; 0] I RN SO
S S 0 1
l 30 ......... .........
20|
' 10 ...........................
I  ERREE BRI REREL i:;;:;lzls i : | | l |
0.0005 0.001 0.002 0.005 0.01 0.02 0.05 0.1 0.2 0.5 1 V4 5 10 20 50
GRAIN SIZE — MILLIMETRES
DESCRIPTION
I SYMBOL BOREHOLE DEPTH
NUMBER (m) CLAY & SILT | SAND |GRAvEL| Cu Cc | USC
7% % %
' —s 13563-TP3 280 - 300 22 B 5] - -
Project: 0201-98-13563 Date Tested: 98/10/20 BY: MS
l Tested in_accordance with ASTM D422 unless otherwise noted.
ta presented hereon 15 for the sole use of the The testing services reported herein have been performed by an EBA fechmician fo recognized
stipulated client. EBA is not responsible, nor can industry standards, unless otherwise noted. No other warranty is made. These data do not A
be held liable, for use made of this report by an include or represent any interpretation or opinion of specification compliance or material "
l other party, with or without the knowledqe of EB suitability. Should engineering interpretation be required, EBA will provide it upon written request. E




' SITE INVESTIGATION CLENT: STEFFEN, ROBERTSON & KIRSTEN INC TEST PIT NO: 13563-TP4
ARCTIC GOLD & SILVER DRILL: 225 CAT HOE PROJECT NQO: 0201-98-13563
CARCROSS, YT UTM ZONE: 8 N6666200 E515600 ELEVATION:

' SAMPLE TYPE  [lfores [/INO RECOVERY

- ~ = STVGHED PENETRATON W - PEREOENT GRAVEL .

. 0
e &2 2 SOIL @ PERCENT SAND ® =
' ol g § 20 40 80 80 =
= lRz| 8 A PERCENT SILT OR FINES & =
B=H DESCRIPTION L I ot

& & . . — © PERCENT CLAY &

10 20 30 40 2040 60 80

l L 00 SAND - gravelly, trace of silt, loose, SRR R . EOC
- damp to moist, brownish cobbles (8" to 3
—- 12-1) 5'

' - ~ odd boulder (2" dia) =20
i , 3
— 1.0 . * 3

l i = 40

' : - moist to wet :*

B . 15 E 6.0
N i /

' L - water seepage o
o = 80
i ~ more silt, wet %:

1 ..
— 30 ;— 100

' - éxz.o
3_40 | Rl 3

' L END OF TESTPIT @ 4.0 m E
Z Note: 3m North of existing cut face which = 140

l B is 2.0 m light E
i i— 160

l — 5.0 ;_

N — 18.0

l 60 2—20.0
- E—zz.o

l B 5—24.0

' ” b B

: : LOGGED BY: CPC COMPLETION DEPTH: 4 m
EBA Engineering Consultants Ltd. e srws COMPLETE: 98/10/08

. Whitehorse, Yukon Fig. No: Poge 1 of 1

98/10/27 11:24AM (YUKON-T]




. SITE INVESTIGATION CLIENT: STEFFEN, ROBERTSON & KIRSTEN INC TEST PIT NO: 13563-TP5
ARCTIC GOLD & SILVER DRILL: 225 CAT HOE PROJECT NO: 0201-98-13563
CARCROSS, YT UTM ZONE: 8 N6666200 E515600 - ELEVATION:

' SAMPLE TYPE  ljoras [/INo0 RECOVERY

W STANDARD PENETRATION W PERCENT GRAVEL m
. = 1020 30 40 20 40 60 8
== D SOIL, @ PERCENT SAND @ =
I =0yl g |2 20 40 60 80 =
o e S = A PERCENT SILT OR FINES & =
5 g3 |2 DESCRIPTION R
o o ' * { & PERCENT CLAY &

' 10 20 30 40 200 40 60 80

l L 00 FILL - debris, larger boulders near SRR B
- surface (2'dia) 3

l [ SILT - gravelly, some sand, loose, damp, E 20
i brown, cobble 6" to 12" dia =
B 18 2
— 1.0 . E

' : SAND ~ gravelly, trace of silt, med—dense, ;40
[ moist, brown E

|
2.0 ' .......................... %—

l :_ - more silt, moist towet ) P é_—&o

I ..E:
730! - water seepage ;‘U%

' - — dense ;

Z_ 2—12.0
oE

i
Z = 140
i E—we.o

' — 5.0 END OF TESTPIT @ 49 m ;_

[ é—m.o
- 8.0 E—QUAO
X E—zz.o
l - = 240
l 50 BEEEEEEEEEEREEEEERETY
: : LOGGED BY: CPC COMPLETION DEPTH: 4.9 m
EBA Engineering Consultants Ltd.  rev@m s ws COMPLETE: 98/10,/08
Whitehorse, Yukon Fig. No: Page 1 of 1
. 98/10/27 11:24AM (YUKON-T8)




APPENDIX D:

PERMEABILITY TEST RESULTS




APPENDIX B
Metallurgical Test Results




@ﬁ: Engineering

1636 West 75th Avenue, Vancouver, BC, Canada V6P 6G2  Tel.: (604) 264-5500/5610 Fax (604) 264-5555 E-mail: cesl@cesl.com

November 10, 1998

Stefffen Robertson and Kirsten (Canada) Inc.
Suite 800, 580 Hornby Street

Vancouver, B.C.

V6C 3B6

Attention: Mr. Jason Smolensky

Please find the enclosed results of cyanidation leach extraction. The 72 hour
leach extration resulted in an extraction of 70% of contained gold. Further
evaluation of the samples is recommended to determine the economics of
processing the tailings. Reprocessing the tailings may extract enough gold to off
set the neutralization cost of acidic tailings.

Please call if you need further info.

/ém

Sohan Basra

Cominco Engineering Services Ltd.




' SRK - PWGSC
l TEST: Cyanide Leach CN -1
SAMPLE: 1.5-2.0m 3.0 kg
GRIND: N/A
' ) METALLURGICAL BALANCE
' PRODUCT WEIGHT ASSAY DISTRIBUTION
' (@  Au(glt) Ag(ght) Au (%) Ag (%)
' 72 hr sol'n 887.1 1.15 69.8 68.5 67.7
Residue 410.9 1.14 71.8 31.5 32.3
' CALC HEAD 3.62 222.5 100.0 100.0
ASSAY HEAD 3.51 239.0
II) TEST CONDITIONS
CUMULATIVE CONSUMPTION
. SAMPLE pH [NaCN] NaCN Ca(OH)2
(Time, Hrs) (g/L) (kgft) (kgft)
. Sol'n 0 11.3 5.00 0.00 0.0
3 11.0 N/A N/A 48.7
. 23 10.7 N/A N/A 48.7
72 10.2 1.00 7.58 48.7
I Initial pH of Slurry: 2.1
Conditions maintained throughout leach:
' Solids : 31.7 %
' [NaCN]: N/A




TEST:
SAMPLE:
GRIND:

Cyanide Leach CN -2

SRK - PWGSC

BH COMP. (BH3+BH5+BH7+BH8)

N/A

1) METALLURGICAL BALANCE

PRODUCT WEIGHT ASSAY DISTRIBUTION
(@  Au(glt)y Ag(gh) Au (%) Ag (%)
72 hr sol'n 855.4 0.71 40.9 75.1 74.5
Residue 411.6 0.49 291 249 255
CALC HEAD 1.97 1141 100.0 100.0
ASSAY HEAD 1.70 121.0
[I) TEST CONDITIONS
CUMULATIVE CONSUMPTION
SAMPLE pH [NaCN] NaCN Ca(OH)2
(Time, Hrs) (g/L) (kgft) (kglt)
Sol'n 0 11.3 5.00 0.00 0.0
3 10.7 N/A N/A 32.2
23 10.6 N/A N/A 33.4
72 10.4 0.90 7.85 33.4

Initial pH of Slurry: 1.9

Conditions maintained throughout leach:

Solids
[NaCNj] :

32.5 %
N/A




EBA Engineering Consultants Ltd.

CONSTANT HEAD PERMEABILITY TEST ARCTIC GOLD & SILVER TAILINGS
Job Number: 0201-13563 Date: 98-11-05
Test Hole: TP2 Depth: 1.8-2.0 m Test No: P-1
Time Buret (cc) Elap. (min) Outflow (cc) Diameter= 101.2 mm
8:15 21.5 0 0.0 Height= 116.7 mm
8:16 30.0 1 8.5
8:17 38.5 2 17.0 Volume= 938.69 cm3
8:18 47.0 3 25.5
8:19 55.5 4 34.0 Head Diff.= 0.063 psi
8:20 64.0 5 42 .5
8:21 72.0 6 50.5 Q= 0.133 cm3/sec
8:22 80.0 7 58.5 i= 0.38
8:23 88.0 8 66.5 A= 80.44 cm2
8:24 96.0 9 74.5

K=  4.37E-03 cm/sec |

100.0
s
-

75.0 | ]
— .//
[y2)
2 50.0 | u
L)
= [
=}
O [ |

25.0 u

[ ]
u
0.0 m '
0 2 4 6 8 10 12
Elapsed Time (min.)




Jain Sire for P-|

tBA Engineering

PARTICLE SIZE — ANALYSIS OF SOILS
CLAY SAND GRAVEL
SILT FINE 1 MEDIUM__JCOARSEL _FINE_ | COARSE
U.S. STANDARD SIEVE SIZES
100 e _ b0 j0o0 #5040 50 B0 Hs 1048 # 375
90}
80|
70
g 60}
!
<
; Y FOCRRS NS FO% 010 OOOUSOOONS FOVDTO- VN0 00 % 91 OOUCF0N00CODRPI0 SUPOPION VPP NSRE OO NSO 1 SGRNUUUUNtS RSRSSNRNS NSRRI OSSNV OO S
s 4]
30
20|
10|
0[ . ] fiifi : :I: l: :]: B | [ | :
0.0005 0.001 0.002 . . . 0.1 0.2 0.5 1 2 5 10 20 50
GRAIN SIZE — MILLIMETRES
DESCRIPTION
SYMBOL BOREHOLE DEPTH |
NUMBER () CLAY & SILT | SAND |GRAvEL| Cu Cc | USC
% % %
—e SCREEN(6) 0.00 13 47 41 161.4 15 ¢ SM
Project: 0201-98-13563 Date Tested: 98/10/22 BY: MS
Tested in accordance with ASTM D422 unless otherwise noted.
ata presented hereon is for the sole use of the The Testing services reported herein have been perfarmed by an EBA technician to recognized
stiputated client. EBA is not responsible, nor can industry standards, unless otherwise noted. No other warranty is made. These dota do not A
be held liable, for use made of this report by an include_or represent any interpretation or opinion of specification corpliance or material _’E
other parly, with or without the knowledge of EB suitability. Should engineering interpretation be required, EBA will provide it upon written request.




EBA Engineering Consultants Ltd.

MOISTURE - DENSITY RELATIONSHIP

ASTM D698, D1667, or D2049

PROJECT: Arctic Gold & Silver Tailings SAMPLE NUMBER: 5520.2
PROJECT NO.: 0201-98-13563 DATE TESTED: 98/11/03
CLIENT: Steffen, Robertson & Kersten (Can.) Inc. MOISTURE CONTENT (as received): 7.2%
DESCRIPTION: SAND & GRAVEL (screened past 25mm) - brown MAXIMUM DRY DENSITY: 2155
SAMPLE LOCATION: TP2 1.8-2.0m OPTIMUM MOISTURE CONTENT: 9.9%
2300 PN AR : SRR
""" A \SSRERRs 55 ] 3 STANDARD PROCTOR
) - S ASTM D698
2200 o REREAR

Hammer Mass: 2.494 kg

2100

Hammer Drop: 304.8 mm

2000 |

Number of Layers: 3

1900 Number of Blows/Layer: 25
£ :
g ‘ Diameter of Mould: 101.4 mm
% 1800 e - e
tg i NoE ] ot omitage L Height of Mould: 116.3 mm
Tl \ + i

a ; :

1700 ‘ & A Mould Volume: 0.000938 m?

Compactive Effort: 593.5 kJ/im?

1600 |4

REVIEWED BY:
J M,@A P.Eng.

REMARKS:

1500

1400 +

1300 +—= =
0.0 5.0 10.0 15.0 20.0 250 30.0 35.0 40.0
Moisture Content (%)

Data presented herein is for the sole use of the
stipulated client. EBA is not responsible, nor can
be held liable, for use made of this report by any

oA

The testing services reported herein have been performed by an EBA technician to recognized
industry standards, unless otherwise noted. No other warranty is made. These data do not

include or represent any interpretation or opinion of specification compliance or material suitability.
other party, with or without the knowledge of EBA . Should engineering interpretation be required, EBA will provide it upon written request.

V- —
eboQ




EBA Engineering Consultants Ltd.

CONSTANT HEAD PERMEABILITY TEST ARCTIC GOLD & SILVER TAILINGS
Job Number: 0201-13563 Date: 98-11-05
Test Hole: TP3 Depth: 2.8-3.0 m Test No: P-2
Time Buret (cc) Elap. (min) Outflow (cc) Diameter= 101.2 mm
13:00 18.0 0 0.0 Height= 116.7 mm
13:01 28.0 1 10.0
13:02 38.0 2 20.0 Volume= 938.69 cm3
13:03 48.0 3 30.0
13:04 58.0 4 40.0 Head Diff.= 0.063 psi
13:05 68.0 5 50.0
13:06 78.0 6 60.0 Q= 0.167 cm3/sec
13:07 88.0 7 70.0 i= 0.38
13:08 98.0 8 80.0 A= 80.44 cm2

K= 5.44E-03 cm/sec

100.0

75.0 | /.
2 e
S P
2 500 | n
oS
= n
o

[ |
25.0 |
[ |
| |
0.0 L | L i
0 > 4 6 8 10

Elapsed Time (min.)




. /
EBA Engineering N S

PARTICLE SIZE — ANALYSIS OF SOILS

SAND CRAVEL
CLAY SILT FINE T WEDUM  [COARSEL  TRE . | COARGE
USS. STANDARD SIEVE SIZES
100 - B0 oo g g0 430 40 e flogs g4 35 1 152 3 5

90]

50 e .

PERCENT SMALLER

4005
30[ s

ol

]
o
(]
S
&

i . _ _ - _
0005 0.001 0002 0005 0.1 005 01 02 05 ?

0
' 0.0

Tested in accordance with ASTM D422 unless otherwise noted.

0.02
GRAIN SIZE — MILLIMETRES
o BOREHOLE DEPTH DESCRIPTION ) e
SYMBOL CLAY & ST | SAND |GRaveL| Cu Ce JSL
NUMBER (m) bs o p
———e {3563-TP3 280 - 3.00 22 345 - -
Project: 02019813563 Date Tested: 98/10/20 BY: MS

ata presented hereon is for the sole use of the
stipulated client. EBA is not responsible, nor can
be held liable, for use made of this report by an
other party, with or without the knowledge of EB

The testing services reported herein have been performed by an EBA technician {0 recognized
industry standards, unless otherwise noted. No other warranty is made. These data do not
include or represent any interpretation or opinion of specification compliance or material
suitability. Should engineering interpretation be required, EBA will provide it upon written request.

=




EBA Engineering Consultants Ltd.
MOISTURE - DENSITY RELATIONSHIP

ASTM D698, D1657, or D2049

l PROJECT: Arctic Gold & Silver Tailings SAMPLE NUMBER:
l PROJECT NO.: 0201-98-13563 DATE TESTED: 98/11/04
CLIENT: Steffen, Robertson & Kersten (Can.) Inc. MOISTURE CONTENT (as received):
l DESCRIPTION: SAND & GRAVEL (screened past 25mm) - brown MAXIMUM DRY DENSITY: 2135
SAMPLE LOCATION: TP3 2.8-3.0m OPTIMUM MOISTURE CONTENT: 8.2%
2300 ———
l STANDARD PROCTOR
: ASTM D698
2200 +—
l e Hammer Mass: 2.494 kg
2100 +
l Hammer Drop: 304.8 mm
2000 :
Number of Layers: 3
l 1900 Number of Blows/Layer: 56
E 5
l g \ Diameter of Mould: 152.3 mm
>
@ 10 ] Zero Air Void
A Zero Alr Void Curve [ . .
é - Specific Gravity 2.70 | o Height of Mould: 116.5 mm
S ; N
1700 = Mould Volume: 0.00212 m?
' Compactive Effort: 590.3 kd/m?
1600 +
l REVIEWED BY:
1500 -+ e
o s
. A P.Eng.
1400 +
' REMARKS:
1300 :
15.0 20.0 25.0 30.0 35.0 40.0
' Moisture Content (%)
Data presented herein is for the sole use of the The festing services reported herein have been performed by an EBA technician to recognized E
stipulated client. EBA is not responsible, nor can industry standards, unless otherwise noted. No other warranty is made. These data do not
be held liable, for use made of this report by any include or represent any interpretation or opinion of specification compliance or material suitability. ebo
other party, with or without the knowledge of EBA . Should engineering interpretation be required, EBA will provide it upon written request.




I EBA Engineering Consultants Ltd.
' CONSTANT HEAD PERMEABILITY TEST ARCTIC GOLD & SILVER TAILINGS
. Job Number:  0201-13563 Date: 98-11-05
Test Hole: 1/3 TP1 Depth: 0.8-1.0 m Test No: P-3
2/3 TP1 1.8-20 m
' Time Buret (cc) Elap. (min) Outflow (cc) Diameter= 101.2 mm
15:31 15.5 0 0.0 Height= 116.7 mm
15:32 20.5 1 5.0
' 15:33 25.5 2 10.0 Volume= 938.69 cm3
15:34 30.0 3 14.5
15:35 34.5 4 19.0 Head Diff.= 0.063 psi
l 15:36 39.0 5 23.5
15:37 43.5 6 28.0 Q= 0.075 cm3/sec
15:38 48.0 7 32.5 i= 0.38
' 15:39 52.5 8 37.0 A= 80.44 cm2
15:40 57.0 9 41.5
' 15:41 61.5 10 46.0 K= 2.46E-03 cm/sec
15:42 66.0 11 50.5
15:43 70.5 12 55.0
' 80.0
60.0
/
| 5
§
S .
' 2 40.0 "
o
5 [
. o
20.0 =
[
| .
]
0.0 ' ' ‘
' 2 4 10 12 14
l Elapsed Time (min.)
| =




EBA Eﬂgineering jraxh Sore 76, u f)_3

PARTICLE SIZE — ANALYSIS OF SOILS
SAND GRAVEL
CLAY SILT FINE T MEDIOW TCOARSEL _FINE . | CORRSE
U.S. STANDARD SIEVE SIZES
100 —— P b0 #0 pafopops pop  #3
a0l LT It SUURIINPES NNUOUE SRS SOURIUUPUO SUESURRUORNUURUY IUUUUURRRRNY ............
-i
=
; s0l-
30 B Rty AR RRREETETEY D E PSP P PP PO S ............
20
10 )
0 PR Do N T N N N . .
0.0005 0.601 0. l 0!1 0{2 O.IS % 2 é 110 210 5|0
GRAIN SIZE — MILLIMETRES
RIP
SYMBOL BOREHOLE DEPTH DESCRIPTION
NUMBER () CLAY & SILT | sanD |oRaveL| Cu Ce U.s.0
% % %
——e COMP(1&2) 0.00 18 82 2] - -
Project: 0201-98-13563 Date Tested: 98/10/22 BY: MS
Tested in_accordance with ASTM D422 unless otherwise noted.
ta presented hereon 1s for the sole use of the Ihe testing services reported herein have been performed by an EBA techmician o recognized
stipulated client. EBA is not responsible, nor can industry standords, unless otherwise noted. No other warranty is made. These data do not A
be held lible, for use made of this report by an include or represent any interpretation or opinion of specification compliance or material _’E
other party, with or without the knowledge of EB suitability. Should engineering interpretation be required, EBA will provide it upon written request.




EBA Engineering Consultants Ltd.
MOISTURE - DENSITY RELATIONSHIP

ASTM D698, D1557, or D2049

I PROJECT: Arctic Gold & Silver Tailings SAMPLE NUMBER: 5520.1
l PROJECT NO.: 0201-98-13563 DATE TESTED: 98/11/03
CLIENT: Steffen, Robertson & Kersten (Can.) Inc. MOISTURE CONTENT (as received): 5.8%
l DESCRIPTION: SAND & GRAVEL (screened past 25mm) - brown MAXIMUM DRY DENSITY: 2085
SAMPLE LOCATION: 1/3 TP1 0.8-1.0m, 2/3 TP1 1.8-2.0m OPTIMUM MOISTURE CONTENT: 9.8%
2300
l STANDARD PROCTOR
ASTM D698
2200
l Hammer Mass: 2.494 kg
2100 RRERSEES EREREREERE R EERERRAR ERFIRBTEEE REERRERENSERRREREREN RN
l ; N : : : Hammer Drop: 304.8 mm
4 : :‘: ¥ : 3
2000 A
ek Number of Layers: 3
l _ 1900 {in it | + g Number of Blows/Layer: 25
' g Diameter of Mould: 101.4 mm
g RS
.‘é 1800 - ‘ Zero Air Void C
ero Air Void Curve . .
' § Specific Gravity 270 [ 111 Height of Mould: 116.3 mm
a SRR A
1700 Mould Volume: 0.000938 m?
' : Compactive Effort: 593.5 kJ/m?
1600
l . % _ : REVIEWED BY:
w0t - >
| L | o T UL P.Eng.
1400 &
: REMARKS:
' 1300 JHEE i ] . ; f : N
0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0 40.0
' Moisture Content (%)
Data presented herein is for the sole use of the The testing services reported herein have been performed by an EBA technician to recognized
stipulated client. EBA is not responsible, nor can industry standards, unless otherwise noted. No other warranty is made. These data do not
be held liable, for use made of this report by any include or represent any interpretation or opinion of specification compliance or material suitability.
other party, with or without the knowledge of EBA . Should engineering interpretation be required, EBA will provide it upon written request.




APPENDIX C
Water and Soil Chemistry Results




1988 Triumph Street, Vancouver, B.C., Canada V5L 1K5 analytical FAX: (604) 253-6700 TEL: (604) 253-4188

service
laboratories

ltd.

®

&>

_/\
SE

CHEMICAL ANALYSIS REPORT

Date: October 29, 1998
ASL File No. J8584
Report On: Arctic Gold & Silver / Venus

Water & Soil Analysis

Report To: Public Works & Gov't Serv. Env.
Environmental Services
#1000 - 9700 Jasper Ave.
Edmonton, AB

TS5J 4E2
Attention: Mr. Mike Nahir
Received: September 15, 1998

ASL ANALYTICAL SERVICE LABORATORIES LTD.
per:

cather A. Ross, B.Sc. - £roject Chemist
Miles Gropen, B.Sc. - Project Chemist

cc:  Mr. Michael Royle -
Steffen, Robertson and Kirsten
Vancouver, B.C.

Specialists in Environmental Chenistry
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RESULTS OF ANALYSIS - Water! File No. J8584

AGS-98 AGS-98 AGS-98  AGS-98 AGS-98
MWI1D MWwW2 MW3 MwW4 MW5

980910 980910 980910 9809 10 980910

Physical Tests

Conductivity {umhos/cm 260 3310 245 - 3940

Total Dissolved Solids : 331 4330 309 - 5970

Hardness CaCo03 124 1180 86.3 1760 778

pH 7.49 5.79 7.34 - 3.66
Dissolved Anions .

Sulphate S04 22 2550 18 - 4590

Remarks regarding the analyses appear at the beginning of this report.
< = Less than the detection limit indicated.

‘Results are expressed as milligrams per litre except where noted. T

Page 2
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ASE

RESULTS OF ANALYSIS - Water!

V-08 V-98 V-98
MW1 MW2S MW2D

980911 980911 980911

File No. J8584

- V-98
MW3S

98 09 11

V-98
MW3D

980911

Physical Tests

Conductivity (umhos/cm)
Total Dissolved Solids

Hardness CaCo03

pH

Dissolved Anions
Sulphate S04

Remarks regarding the analyses appear at the beginning of this report.
< = Less than the detection limit indicated.
‘Results are expressed as milligrams per litre except where noted.

Page 3
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ASE

RESULTS OF ANALYSIS - Water! File No. J8584

AGS-98 AGS-98 AGS-98 AGS-98 AGS-98
MWI1D MwW2 MW3 Mw4 MW5

980910 980910 980910 98 b9 10 980910

Dissolved Metals . ’
Aluminum D-Al 0.029 0.37 0.029 0.88 130

Antimony D-Sb <0.2 <0.2 <0.2 <1 <0.4
Arsenic D-As 0.025 0.8 0.042 20.3 88
Barium D-Ba 0.05 0.03 0.12 0.07 <0.02
Beryllium D-Be <0.005 <0.005 <0.005 <0.03 0.02
Boron D-B <0.1 <0.1 <0.1 <0.5 <0.2
Cadmium D-Cd <0.0002 0.008 0.0004 0.004 1.7
Calcium D-Ca 37.3 352 24.9 455 187
Chromium D-Cr <0.001 <0.001 <0.001 <0.001 0.012
Cobalt D-Co <0.02 0.68 <0.02 1.8 0.93
Copper D-Cu 0.001 0.03 0.002 <0.001 1.47
Iron D-Fe 0.04 664 <0.03 3150 1290
Lead D-Pb <0.001 <0.001 <0.001 <0.05 0.135
Lithium D-Li <0.02 0.07 <0.02 <0.1 0.16
Magnesium D-Mg 7.5 72.4 5.9 152 75.3
Manganese  D-Mn 0.110 .68.2 0.187 163 - 234
Mercury D-Hg <0.00005 <0.00005 <0.00005 <0.00005 <0.00005
Molybdenum D-Mo <0.03 <0.03 <0.03 <0.2 <0.06
Nickel D-Ni <0.05 0.28 <0.05 0.7 0.6
Selenium D-Se <0.0005 0.0008 <0.01 <0.01 <0.01
Silver D-Ag <0.0001 0.0004 <0.0001 0.002 0.0007
Sodium D-Na 4 39 14 12 19
Thallium D-Tl <0.2 <0.2 <0.2 <1 <0.4
Vanadium D-v <0.03 <0.03 <0.03 <0.2 0.08
Zinc D-Zn <0.005 16.6 <0.005 35.5 29.7

Remarks regarding the analyses appear at the beginning of this report.
< = Less than the detection limit indicated.
‘Results are expressed as milligrams per litre except where noted.
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RESULTS OF ANALYSIS - Water! File No. J8584
V-98 V-98 V-88 . V-98 .V—98
MW1 MW2S MW2D MW3Ss MW3D

980911 980911 980911 980911 980911

Dissolved Metals
Aluminum D-Al
Antimony D-Sb

Arsenic D-As
Barium D-Ba
Beryllium D-Be
Boron D-B
Cadmium D-Cd
Calcium D-Ca
Chromium D-Cr
Cobalt D-Co
Copper D-Cu
Iron D-Fe
Lead D-Pb
Lithium D-Li
Magnesium D-Mg
Manganese  D-Mn
Mercury D-Hg
Molybdenum D-Mo
Nickel D-Ni
Selenium D-Se
Silver D-Ag
Sodium D-Na
Thallium D-Tl
Vanadium D-V
Zinc D-Zn

Remarks regarding the analyses appear at the beginning of this report.
< = Less than the detection limit indicated.
'Results are expressed as milligrams per litre except where noted.
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RESULTS OF ANALYSIS - Water' File No. J8584
V-98 V-98 ‘ V-98
DP1-TD DP2-TD - DP2-TS
9809 11 980911 98 09 11

Dissolved Metals
Arsenic D-As

Remarks regarding the analyses appear at the beginning of this report.
< = Less than the detection limit indicated.

'Results are expressed as milligrams per litre except where noted.
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RESULTS OF ANALYSIS - Sediment/Soil! File No. J8584

AGS-98 AGS-98 AGS-98 V-98 AG2
TS-C1 TS-C2 TS-C3 DPH-TD-
TS1

980829 980829 980829 980829 980829

Physical Tests
Moisture % 10.8 14.7 13.4 5.5

Total Metals
Aluminum T-Al - - - -
Antimony T-Sb

Arsenic T-As 541 208 7 16100
Barium T-Ba - - - -
Beryllium T-Be - - - -
Bismuth T-Bi - - - -
Cadmium T-Cd - - - -
Calcium T-Ca - - - -
Chromium T-Cr - - - -
Cobalt T-Co - - - -
Copper T-Cu - - - -
Iron T-Fe - - - -
Lead T-Pb - - - -
Lithium T-Li - - - -

Magnesium  T-Mg - - - -

Manganese  T-Mn

Mercury T-Hg <0.005 <0.005 0.016 0.052
Molybdenum T-Mo - - - -
Nickel T-Ni - - - -
Phosphorus T-P - - - -
Potassium T-K - - - -
Selenium T-Se - - - -
Silver T-Ag - - - -
Sodium T-Na - - - -
Strontium T-Sr - - - -
Thallium T-Tl1 - - - -
Tin T-Sn - - - -
Titanium T-Ti - - - -
Vanadium TV - - - -
Zinc T-Zn - - - -

Remarks regarding the analyses appear at the beginning of this report.
< = Less than the detection limit indicated.
‘Results are expressed as milligrams per dry kilogram except where noted.
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RESULTS OF ANALYSIS - Sediment/Soil! File No. J8584

AG3 AG5 AG12 . AG13 AG23

980829 980829 980829 98 08 29 980829

Physical Tests

Moisture % 4.5 17.9 18.6 15.5 11.7
Total Metals

Arsenic T-As 7690 15900 250 3.9 37600

Mercury T-Hg 0.033 0.050 0.014 0.012 0.088

Remarks regarding the analyses appear at the beginning of this report.
< = Less than the detection limit indicated.

‘Results are expressed as milligrams per dry kilogram except where noted.
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RESULTS OF ANALYSIS - Sediment/Soil' File No. J8584

AG17

98 08 29

Physical Tests

Moisture % 31.5
Total Metals

Arsenic T-As 33600

Mercury T-Hg 0.207

Remarks regarding the analyses appear at the beginning of this report.
< = Less than the detection limit indicated.
‘Results are expressed as milligrams per dry kilogram except where noted.
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Appendix 1 - QUALITY CONTROL - Replicates File No. J8584
Sediment/Soil' V-98 V-98
DPH-TD- DPH-TD-
TS1 TS1
980829 QC#
133813

Total Metals
Aluminum T-Al
Antimony T-Sb
Arsenic T-As
Barium T-Ba
Beryllium T-Be

Bismuth T-Bi

Cadmium T-Cd
Calcium T-Ca
Chromium T-Cr
Cobalt T-Co
Copper T-Cu
Iron T-Fe
Lead T-Pb
Lithium T-Li

Magnesium T-Mg

Manganese T-Mn

Molybdenum T-Mo
Nickel T-Ni
Phosphorus T-P
Potassium T-K
Selenium T-Se
Silver T-Ag
Sodium T-Na
Strontium T-Sr
Thallium T-Tl
Tin T-Sn
Titanium T-Ti
Vanadium T-V
Zinc T-Zn

Remarks regarding the analyses appear at the beginning of this report.
< = Less than the detection limit indicated.
‘Results are expressed as milligrams per dry kilogram except where noted.
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Appendix 1 - QUALITY CONTROL - Replicates

Sediment/Soil!

File No. J8584

AG5 AG5
980829 QC#
133071
Physical Tests
Moisture % 17.9 17.9
Total Metals
Mercury T-Hg 0.050 0.032

Remarks regarding the analyses appear at the beginning of this report.

< = Less than the detection limit indicated.

'Results are expressed as milligrams per dry kilogram except where noted.
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Remarks regarding the analyses appear at the beginning of this report.
< = Less than the detection limit indicated.
‘Results are expressed as milligrams per litre except where noted.

' Appendix 1 - QUALITY CONTROL - Replicates File No. J8584
' Water! AGS-98 AGS-98
MW5 MW5
' 980910 QC#
133070

I thsical Tests
Total Dissolved Solids 5970 6170

' Hardness CaCo03 778 766

Dissolved Metals

Aluminum D-Al 130 128
Antimony D-Sb <0.4 <0.4

' Arsenic D-As 88 87
Barium D-Ba <0.02 0.03
Beryllium D-Be 0.02 0.02

l Boron D-B <0.2 <0.2
Cadmium D-Cd 1.7 1.5
Calcium D-Ca 187 185
Chromium D-Cr 0.012 0.013

l Cobalt D-Co 0.93 0.91
Copper D-Cu 1.47 1.46
Iron D-Fe 1290 1280

l Lead D-Pb 0.135 0.125
Lithium D-Li 0.16 0.16
Magnesium D-Mg 75.3 74.1

' Manganese D-Mn 23.4 -23.1
Mercury D-Hg <0.00005 <0.00005
Molybdenum D-Mo <0.06 <0.06
Nickel D-Ni 0.6 0.6

' Silver D-Ag 0.0007  0.0006
Sodium D-Na 19 18
Thallium D-TI <0.4 <0.4

l Vanadium  D-V 0.08 0.09
Zinc D-Zn 29.7 29.4
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Appendix 2 - METHODOLOGY File No. J8584

Outlines of the methodologies utilized for the analysis of the samples submitted
are as follows:

Conventional Parameters in Water

These analyses are carried out in accordance with procedures described in
"Methods for Chemical Analysis of Water and Wastes" (USEPA), "Manual for
the Chemical Analysis of Water, Wastewaters, Sediments and Biological
Tissues" (BCMOE), and/or "Standard Methods for the Examination of Water
and Wastewater" (APHA). Further details are available on request.

Metals in Water

This analysis is carried out using procedures adapted from "Standard
Methods for the Examination of Water and Wastewater" 19th Edition 1995
published by the American Public Health Association, and with procedures
adapted from "Test Methods for Evaluating Solid Waste" SW-846 published
by the United States Environmental Protection Agency (EPA). The
procedures may involve preliminary sample treatment by acid digestion,
using cither hotplate or microwave oven, or filtration (EPA Method 3005A).
Instrumental analysis is by atomic absorption/emission spectrophotometry
(EPA Method 70004), inductively coupled plasma - optical emission
spectrophotometry (EPA Method 6010B), and/or inductively coupled plasma -
mass spectrometry (EPA Method 6020).

Mercury in Water

This analysis is carried out using procedures adapted from "Standard
Methods for the Examination of Water and Wastewater" 19th Edition 1995
published by the American Public Health Association. A cold-oxidation
procedure involving bromine monochloride is used, followed by instrumental
analysis by cold-vapour atomic absorption spectrophotometry (CVAAS).

Moisture

This analysis is carried out gravimetrically by drying the sample at 103 C
for a minimum of three hours.
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Appendix 2 - METHODOLOGY (cont’d) File No. J8584

Metals in Sediment/Soil

This analysis is carried out using procedures adapted from "Test Methods

for Evaluating Solid Waste" SW-846 Method 3050B or Method 3051, published
by the United States Environmental Protection Agency (EPA). The sample is
manually homogenized and a representative subsample of the wet material is
weighed. The sample is then digested by either hotplate or microwave oven
using a 1:1 ratio of nitric acid and hydrochloric acid. Instrumental

analysis is by atomic absorption spectrophotometry (EPA Method 7000A)

and/or inductively coupled plasma - optical emission spectrophotometry
(EPA Method 6010B).

Method Limitation: This method is not a total digestion technique for
most samples. It is a very strong acid digestion that will dissolve
almost all elements that could become "environmentally available." By
design, elements bound in silicate structures are not normally dissolved
by this procedure as they are not usually mobile in the environment.

End of Report
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ASE

RESULTS OF ANALYSIS - Sediment/Soil File No. J8427

P-2 P-3 P-4 _ P-5 P-6

Physical Tests

Moisture % 68.8 73.0 87.3 87.1 90.3
Total Metals

Arsenic T-As 25100 31300 83 9480 16400

Mercury T-Hg 0.110 0.115 0.030 0.033 0.046

< = Less than the detection limit indicated.
'Results are expressed as milligrams per dry kilogram except where noted.

I
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RESULTS OF ANALYSIS - Sediment/Soil'

File No. J8427

P-7 P-8
thsical Tests
Moisture % 89.8 67.4
Total Metals
Arsenic T-As 804 21
Mercury T-Hg 0.041 0.024

< = Less than the detection limit indicated.
‘Results are expressed as milligrams per dry kilogram except where noted.
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RESULTS OF ANALYSIS - Water!'- File No. J8427

Total Metals

Aluminum T-Al 0.028 - 0.065 0.037 0.022
Antimony T-Sb <0.2 - <0.2 <0.2 <0.2
Arsenic T-As 0.0006 - 0.0025 0.0074 0.0016
Barium T-Ba 0.01 - <0.01 <0.01 <0.01
Beryllium T-Be <0.005 - <0.005 <0.005 <0.005
Boron T-B <0.1 - <0.1 <0.1 <0.1
Cadmium T-Cd <0.0002 - <0.0002 <0.0002 <0.0002
Calcium T-Ca 17.8 - 8.74 9.31 8.61
Chromium T-Cr <0.001 - <0.001 <0.001 <0.001
Cobalt - T-Co <0.02 - <0.02 <0.02 <0.02
Copper T-Cu <0.001 - <0.001 <0.001 <0.001
Iron T-Fe <0.03 - 0.36 0.77 0.67
Lead T-Pb <0.001 - <0.001 <0.001 <0.001
Lithium T-Li <0.02 - <0.02 <0.02 <0.02
Magnesium  T-Mg 3.8 - 2.1 2.3 2.0
Manganese  T-Mn <0.005 - 0.010 0.043 0.032
Mercury T-Hg <0.00005 - <0.00005 <0.00005 <0.00005
Molybdenum T-Mo <0.03 - <0.03 <0.03 <0.03
Nickel T-Ni <0.05 - <0.05 <0.05 <0.05
Selenium T-Se <0.0005 - <0.0005 <0.0005 <0.0005
Silver T-Ag <0.0001 - <0.0001 <0.0001 <0.0001
Sodium T-Na 2 - <2 <2 2
Thallium T-Tl <0.2 - <0.2 <0.2 <0.2
Vanadium T-V <0.03 - <0.03 <0.03 <0.03
Zinc T-Zn <0.005 - <0.005 <0.005 <0.005

Dissolved Metals
Arsenic D-As 0.0006 0.0005 0.0017 0.0034 0.0012
Mercury D-Hg © <0.00005 <0.00005 <0.00005 - <0.00005

< = Less than the detection limit indicated.
‘Results are expressed as milligrams per litre except where noted.
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RESULTS OF ANALYSIS - Water' File No. J8427

pP-2

Dissolved Metals
Arsenic D-As 0.0028
Mercury D-Hg <0.00005

< = Less than the detection limit indicated.
'Results are expressed as milligrams per litre except where noted.
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METHODOLOGY File No. J8427

Outlines of the methodologies utilized for the analysis of the samples submitted
are as follows:

Moisture

This analysis is carried out gravimetrically by drying the sample at 103 C
for a minimum of three hours.

Metals in Sediment/Soil

This analysis is carried out using procedures adapted from "Test Methods

for Evaluating Solid Waste" SW-846 Method 30508 or Method 3051, published
by the United States Environmental Protection Agency (EPA). The sample is
manually homogenized and a representative subsample of the wet material is
weighed. The sample is then digested by either hotplate or microwave oven
using a 1:1 ratio of nitric acid and hydrochloric acid. Instrumental

analysis is by atomic absorption spectrophotometry (EPA Method 7000A)
and/or inductively coupled plasma - optical emission spectrophotometry

(EPA Method 6010B).

Method Limitation: This method is not a total digestion technique for
most samples. It is a very strong acid digestion that will dissolve
almost all elements that could become “environmentally available." By
design, elements bound in silicate structures are not normally dissolved
by this procedure as they are not usually mobile in the environment.

Metals in Water

This analysis is carried out using procedures adapted from "Standard
Methods for the Examination of Water and Wastewater”" 19th Edition 1995
published by the American Public Health Association, and with procedures
adapted from "Test Methods for Evaluating Solid Waste" SW-846 published
by the United States Environmental Protection Agency (EPA). The
procedures may involve preliminary sample treatment by acid digestion,
using either hotplate or microwave oven, or filtration (EPA Method 3005A).
Instrumental analysis is by atomic absorption/emission spectrophotometry
(EPA Method 70004), inductively coupled plasma - optical emission
spectrophotometry (EPA Method 6010B), and/or inductively coupled plasma -
mass spectrometry (EPA Method 6020).
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METHODOLOGY (cont’d) File No. J8427

Mercury in Water

This analysis is carried out using procedures adapted from "Standard
Methods for the Examination of Water and Wastewater” 19th Edition 1995
published by the American Public Health Association. A cold-oxidation
procedure involving bromine monochloride is used, followed by instrumental
analysis by cold-vapour atomic absorption spectrophotometry (CVAAS)

End of Report
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[@ ée¢ e PO. BOX 5111 OFFICE PHONE (867) 668-6838

WHITEHORSE, YT CELL PHONE (867) 668-1043
ENVIRONMENTAL SERVICES Y1A 453 FAX (867) 667-6956

September 22, 1998

Daryl Hockley, P. Eng.

Steffen Robertson and Kirsten (Canada) Inc
Suite 800 - 580 Hornby Street

Vancouver, B.C.

V6C 3B6

Dear Daryl:

Re:  Surface Water and Lake Sediment Sampling at the Abandoned Mill Site on the Arctic
Gold and Silver Property

Please find enclosed the details regarding the above sampling program. Underhill will be
forwarding the map to you, | believe today. As the entire lake was not delineated, we could only
plot five (5) of the lake sediment sites with any degree of accuracy. We apologize for this and
have also included a photo enlargement of the unnamed lake with the actual site locations
indicated on the photo. We hope this will help in future repeat sampling.

If you have any questions or we can be of further assistance to you, please contact us at your
convenience.

Yours truly,

Bonnie Burns
Laberge Environmental Services

c.C. Brett Hartshorne, Waste Management, INAC
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WHITEHORSE, YT CELL PHONE (867) 668-1043
ENVIRONMENTAL SERVICES Y1A 453 FAX (867) 667-6956

SURFACE WATER AND LAKE SEDIMENT SAMPLING

AT

ARCTIC GOLD AND SILVER MINE'S ABANDONED MILL SITE

Prepared for:

STEFFEN ROBERTSON AND KIRSTEN (CANADA) INC.

Prepared by:

LABERGE ENVIRONMENTAL SERVICES

September 1998




SCOPE OF WORK

Steffen Robertson and Kirsten (SRK) is presently conducting a site assessment with
associated clean up, for Public Works and Government Services Canada on the abandoned
Arctic Gold and Silver Mine’s mill site. It was SRK’s understanding that Indian and Northemn
Affairs Canada (INAC) would supply field support for tasks 2 (surface water sampling) and 6
(lake sediment samples). Due to time constraints, INAC could not complete this work and
contracted Laberge Environmental Services (LES) to collect the appropriate samples in early
September.

METHODS, DESCRIPTIONS AND DISCUSSION
Surface Water Sampling

A total of six (6) sites were sampled for various parameters on September 6th and 7th, 1998.
At each site, samples to be analyzed for total dissolved solids, alkalinity, acidity and sulphates
were collected in new one litre plastic bottles. Samples to be analyzed for mercury were
collected in 100 mL clean glass bottles and preserved with potassium dichromate and
sulphuric acid. Samples to be analyzed for total metals were collected in 100 mL new plastic
botties and preserved with nitric acid. The dissolved metals samples were fittered in the field
using a hand operated pump with disposable nalgene filter kits (filter pore size 0.45 microns)
and placed into new 100 mL plastic bottles. The filtered samples were preserved with nitric
acid. All sample bottles, disposable filter kits and vials of preservative were supplied by INAC.

In-situ measurements were taken at each site. Conductivity and temperature were determined
with an Orion conductivity meter model 126. Dissolved oxygen readings were obtained using
an Orion oxygen meter model 820 and pH measurements were taken with an Accumet pH
meter.

Instantaneous discharge was measured at each site where possible. An area with a uniform
cross section was chosen and the velocity and depth were measured using a Price type meter
and top setting wading rod. Ten or more readings were taken across the profile of the stream.
Total discharge was calculated as the sum of these individual discharges (area x velocity).
Where the stream morphology did not permit the use of this equipment, discharge was
visually estimated.

Photographs and notes on the riparian vegetation were taken at each site. Each site was
flagged and labelled.

Table One provides site descriptions, observations and in-situ results at each of the six sites.
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Lake Sediment Sampling

A single grab sediment sample was collected from seven (7) sites in the unnamed lake using
a petite ponar dredge supplied by INAC. Sample locations were to be recorded using GPS or
compass triangulation. The GPS which INAC loaned to LES for this study was an older model
which required long periods of time (up to 30 minutes) to obtain a reading. This was of very
little use in a bobbing boat in the lake therefore sample sites were positioned using the survey
control points established on land as much as possible. Five of these sites (P-2 to P-6) have
been plotted on the map prepared by Underhill. All of the lake sites are plotted on the
enclosed 8 x 10 aerial photograph.

Accompanying the grab samples, sediment cores were also to be collected. INAC provided
LES with a soil probe for this purpose. This instrument was limited in its use however, being
restricted to the shallower areas. Consequently, core samples were collected at P-2 and P-3
only.

Sediment site descriptions and observations are presented in Table Two.

RECOMMENDATIONS

It is recommended that core sampling be conducted in late winter / early spring (March) using
appropriate equipment. This would provide a stable platform to work from and would allow
locations to be properly mapped. This sampling could coincide with INAC’s core sampling of
Tank Creek at Bennett Lake.

ATTACHMENTS

Accompanying this document are photographs of the various sites. There is an 8 x 10
enlargement of the lake showing the lake sediment sample locations. Underhill will be
forwarding the map to SRK under separate cover.




TABLE TWO

SEDIMENT SAMPLING IN THE UNNAMED LAKE, SEPT 6, 1998

Site # |Site Description Matrix Depth (m) |Comments
P-1 Inflow to unnamed lake water - see Table One
P-2 Below discharge ditch water 0.95 layer of rust coloured precipitate
grab - sediment on muddy substrate

core (P2A, P2B, P2C)

P-3 In direct line with P-2 and {grab - sediment 1.7 layer of rust coloured precipitate
discharge ditch core (P3A, P3B) on muddy substrate
P-4 To the west of P-3 grab - sediment 22 layer of rust coloured precipitate

on muddy substrate

P-5 In direct line with P-3, P-2 |grab - sediment 21 at the outer edge of rust coloured
and discharge ditch plume, short vegetative growth
on substrate

P-6 East of P-5 grab - sediment 1.8 within rust coloured plume, short
vegetative growth on substrate

pP-7 North of P-4 in mid section {grab - sediment 2.4 difficult to obtain sampte due to
of bay thick vegetative growth on substrate
P-8 Southeast of beaver lodge |grab - sediment 2.1 managed to get a sediment sample

altho there is a great deal of aquatic
plant growth in this area
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867 667 6956 12-10-98 14:14 P.o1

#19, 4078 4™ Ave. Whitehorse, Yukon

5.0. Box 5111 : ’dL{‘"'m"

1A4S3  Phone (867) 668 6838 Environn ;
Ene (8671 667 cooe Environmental Services

Yor Jason ] From: Ken Nordin

Fax: (604) 6@7- 6532 Puges:

Phone:  (604) 6814169 _ Dute:  12/10/88

Re: AGSS sediment samples CC:

O Urgent O For Reviewr O Plesse Comment [ Please Reply Ol Please Recycie
Jason,

The following are approximate:

Total length of cores at sample stations P-3 and P-2 were 30 cm.

The thickness of the orange coloured surface material was very shallow. In the samples at P-2
(closest to the drain outlet) the thickness was about 2.5 cm. At P-3, furthest from the drain, the
thickness was only about one ¢m.

Judging from the disturbance of the bottom by the sampler at other areas within the orange
stain footprint, the thickness appeared to be very shallow. Once the sediment had settled, we
could see from the remains each sample site that the stained sediment layer was like a thin

film overlaying the grey coloured soils underneath.

Hope this helps, but it would be goad to check out the original cores if they were stored, or
any notes made by Daryl Hawkley when he received the core samples.
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Laboratory Tests Results from Landfill Area
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RESULTS OF ANALYSIS - Sediment/Soil'*3

File No. K1302

AGS-LF- AGS-LF-
S1 S2
981105 981105
14:30 14:30
Physical Tests :
Moisture % 22.6 28.4
pH 5.31 6.17
Total Metals
Antimony T-Sb <20 <20
Arsenic T-As 122 126
Barium T-Ba 130 155
Beryllium T-Be <0.5 0.5
Cadmium T-Cd 0.7 1.9
Chromium T-Cr 37 53
Cobalt T-Co 6 10
Copper T-Cu 16 73
Lead T-Pb 56 <50
Mercury T-Hg 0.020 0.015
Molybdenum T-Mo <4 <4
Nickel T-Ni 12 24
Selenium T-Se <0.1 0.1
Silver T-Ag 2 <2
Tin T-Sn <10 <10
Vanadium T-V 63 81
Zinc T-Zn 68 263

< = Less than the detection limit indicated.
Split samples were split at ASL as per the client’s instructions.

'Results are expressed as milligrams per dry kilogram except where noted.

?EPH = Extractable Petroleum Hydrocarbons.
*HEPH & LEPH = Heavy and Light Extractable Petroleum Hydrocarbons.

Page 3
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' RESULTS OF ANALYSIS - Sediment/Soil'?3 File No. K1302
l AGS-LF- AGS-LF-
S1 S2
l 981105 98 11 05
14:30 14:30

' Halogenated Volatiles
Bromodichloromethane <0.01 <0.01
Bromoform <0.01 <0.01
Carbon Tetrachloride <0.01 <0.01
Chlorobenzene <0.01 <0.01
Chloroethane <0.01 <0.01

' Chloroform <0.01 <0.01
Chloromethane <0.01 <0.01
Dibromochloromethane <0.01 <0.01
1,2-Dichlorobenzene <0.01 <0.01
1,3-Dichlorobenzene <0.01 <0.01
1,4-Dichlorobenzene <0.01 <0.01
1,1-Dichloroethane <0.01 <0.01
1,2-Dichloroethane <0.01 <0.01
cis-1,2-Dichloroethylene <0.01 <0.01
trans-1,2-Dichloroethylene <0.01 <0.01

' 1,1-Dichloroethylene <0.01 ' <0.01
Dichloromethane <0.2 <0.3
1,2-Dichloropropane <0.01 <0.01
cis-1,3-Dichloropropylene <0.01 <0.01
trans-1,3-Dichloropropylene <0.01 <0.01
1,1,1,2-Tetrachloroethane <0.01 <0.01
1,1,2,2-Tetrachloroethane <0.01 <0.01
Tetrachloroethylene <0.01 <0.01
1,1,1-Trichloroethane <0.01 <0.01
1,1,2-Trichloroethane <0.01 4 <0.01

l Trichloroethylene <0.01 <0.01
Trichlorofluoromethane <0.01 <0.01
Vinyl Chloride <0.01 <0.01

l Non-halogenated Volatiles
Benzene <0.01 <0.01
Ethylbenzene <0.01 <0.01
Styrene <0.01 <0.01

' Toluene <0.01 <0.01
meta- & para-Xylene <0.01 <0.01

. ortho-Xylene <0.01 <0.01

' < = Less than the detection limit indicated.
Split samples were split at ASL as per the client’s instructions.
'Results are expressed as milligrams per dry kilogram except where noted.

. ’EPH = Extractable Petroleum Hydrocarbons.
*HEPH & LEPH = Heavy and Light Extractable Petroleum Hydrocarbons.
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RESULTS OF ANALYSIS - Sediment /Soil'2?

File No. K1302

AGS-LF- AGS-LF-
S1 S2
98 1105 98 11 05
14:30 14:30
Polycyclic Aromatic Hydrocarbons :
Acenaphthene <0.01 <0.01
Acenaphthylene <0.01 <0.01
Anthracene <0.01 <0.01
Benz(a)anthracene <0.01 <0.01
Benzo(a)pyrene <0.01 <0.01
Benzo(b)fluoranthene <0.01 <0.01
Benzo(g,h.i)perylene <0.01 <0.01-
Benzo(k)fluoranthene <0.01 <0.01
Chrysene <0.01 <0.01
Dibenz(a,h)anthracene <0.01 <0.01
Fluoranthene <0.01 <0.01
Fluorene <0.01 <0.01
Indeno(1,2,3-c,d)pyrene <0.01 <0.01
Naphthalene <0.01 <0.01
Phenanthrene <0.01 <0.01
Pyrene <0.01 <0.01
Polychlorinated Biphenyls
Total Polychlorinated Biphenyls 0.40 <0.05
Extractables
EPH (C10-18) <200 <200
EPH (C19-31) <200 342
LEPH <200 <200
HEPH <200 342

< = Less than the detection limit indicated.
Split samples were split at ASL as per the client’s instructions.
'Results are expressed as milligrams per dry kilogram except where noted.

?EPH = Extractable Petroleum Hydrocarbons.

*HEPH & LEPH = Heavy and Light Extractable Petroleum Hydrocarbons.

Page 5
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METHODOLOGY File No. K1302
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Outlines of the methodologies utilized for the analysis of the samples submitted
are as follows:

Metals in Water

This analysis is carried out using procedures adapted from "Standard
Methods for the Examination of Water and Wastewater" 19th Edition 1995
published by the American Public Health Association, and with procedures
adapted from "Test Methods for Evaluating Solid Waste" SW-846 published
by the United States Environmental Protection Agency (EPA). The
procedures may involve preliminary sample treatment by acid digestion,
using either hotplate or microwave oven, or filtration (EPA Method 3005A).
Instrumental analysis is by atomic absorption/emission spectrophotometry
(EPA Method 70004A), inductively coupled plasma - optical emission
spectrophotometry (EPA Method 6010B), and/or inductively coupled plasma -
mass spectrometry (EPA Method 6020).

Moisture

This analysis is carried out gravimetrically by drying the sample at 103 C
for a minimum of three hours.

pH in Soil

This analysis is carried out in accordance with procedures described in
"Soil Sampling and Methods of Analysis" (CSSS). The procedure involves
mixing the air-dried sample with deionized/distilled water. The pH of
the solution is then measured using a standard pH probe. A one to two
ratio of sediment to water is used for mineral soils and a one to ten

ratio is used for highly organic soils.

Metals in Sediment/Soil

This analysis is carried out using procedures adapted from "Test Methods

for Evaluating Solid Waste" SW-846 Method 3050B or Method 3051, published
by the United States Environmental Protection Agency (EPA). The sample is
manually homogenized and a representative subsample of the wet material is
weighed. The sample is then digested by either hotplate or microwave oven
using a 1:1 ratio of nitric acid and hydrochloric acid. Instrumental

analysis is by atomic absorption spectrophotometry (EPA Method 7000A)
and/or inductively coupled plasma - optical emission spectrophotometry

(EPA Method 6010B).

Page 6
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METHODOLOGY (cont’d) File No. K1302

Method Limitation: This method is not a total digestion technique for
most samples. It is a very strong acid digestion that will dissolve
almost all elements that could become "environmentally available." By
design, elements bound in silicate structures are not normally dissolved
by this procedure as they are not usually mobile in the environment.

Volatile Organic Compounds in Sediment/Soil

This analysis is based on United States Environmental Protection Agency
Methods 5030, 5035 and 8260. The procedure involves a purge and trap
extraction of the volatile compounds and subsequent analysis by capillary
column gas chromatography with mass selective detection.

Polycyclic Aromatic Hydrocarbons in Sediment/Soil

This analysis is carried out using a procedure adapted by ASL from U.S.

EPA Methods 3500, 3630, and 8270 (Publ. #SW-846 3rd ed., Washington, DC
20460). The procedure involves a microwave assisted extraction with
dichloromethane followed by a clean-up using silica gel column
chromatography. This clean-up procedure has been found to effectively
remove aliphatic and heterocyclic hydrocarbons which could potentially
interfere with the analysis. The final extract is analysed by capillary

column gas chromatography with mass spectrometric detection.

Polychlorinated Biphenyls in Sediment

This analysis is carried out using a procedure adapted from EPA Method
8082 (Publ. # SW-846 3rd ed., Washington, DC 20460). The procedure
involves a solid-liquid extraction of the sample with hexane/acetone and
back extraction with water. The hexane extract is cleaned and analysed by
capillary column gas chromatography with electron capture detection.

Extractable Hydrocarbons in Sediment/Soil

This analysis is carried out using procedures adapted from U.S. EPA
Methods 3500/8015 (Publ. # SW-846 3rd ed., Washington, DC 20460) and
British Columbia Ministry of Environment, Lands and Parks Method for
"Extractable Petroleum Hydrocarbons in Soil by GC/FID" (January 1996) The
procedure involves a hexane/acetone solvent extraction followed by

analysis of the extract by capillary column gas chromatography with flame
ionization detection. Results are not corrected for Polycyclic Aromatic
Hydrocarbons (PAHs) for Extractable Petroleum Hydrocarbon (LEPH/HEPH)

Page 7
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METHODOLOGY (cont’d) File No. K1302

purposes.
Light and Heavy Extractable Petroleum Hydrocarbons in Soil

These results are calculated by subtracting selected Polynuclear Aromatic
Hydrocarbon results from Extractable Petroleum Hydrocarbon results. To
calculate LEPH, the individual results for naphthalene and phenanthrene
are subtracted from EPH(C10-18). To calculate HEPH, the individual
results for benz(a)anthracene, benzo(b)]fluoranthene,
benzo(k)fluoranthene, benzo(a)pyrene, dibenz(a,h)anthracene,
indeno(1,2,3-c,d)pyrene, and pyrene are subtracted from EPH(C19-31).

End of Report
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HYDROCARBON DISTRIBUTION REPORT

SAMPLE NAME: K1302-T--10 AGS-LF- &2
Sample acquired: NOV 17, 1998 23:54:21 Sequence File: TEHNOV17
File Name: C:\TEH\NOV17\TEHNOV17.27R , Sample Name: K1302-T--10 98 11 05 14:30
Chromatogram Scale: 50.0 millivolts )
| i
! i
| SRR Gasoline--------- | fommmmreeeeaes Heavy-01il8-=-ccccmcemccaccecccceaaca ot >!

[N

A
gt
l -&A_MMUMM %m

D S N e
6 8 10 12 1'4 16 18 20 22 24 26 28 30 32 34 36
Time
({n) | ' |
<C9----- ClOo-----~- e e e o C20--~-----oo - C30--=~----~---==-=--- >

ASL Sample ID: K1302-T--10%

HYDROCARBON RANGE (by Carbon#)

C9 (beg-nC9 to beg-nC10) 0.2
C10-C19 (beg-nCl0 to beg-nC20) 3.3
C20-C30 (beg-nC20 to beg-nC31) 37.7
C31-C40 (beg-nC31 to beg-nC41) 58.7

The Hydrocarbon Distribution Report is intended to assist you in
characterizing the hydrocarbon product present in a given sample.
The scale at the top of the chromatographic trace represents the
hydrocarbon range of common petroleum products. Comparison of
this report with those of reference standards may also assist you
in the identification of the hydrocarbon product detected in your

sample. The second part of the report is a
the relative amounts of hydrocarbon product
specified. Percent values are relative

chromatographic peaks between the retention
and are based solely on the

n-C9 and n-C40,

table that expresses
present in the ranges
to the sum of all
times of the alkanes
areas of those peaks.
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APPENDIX F
Test Pit Log and Laboratory Test Results
for Borrow Source Near Carcross




EBA Engineering Consultants Ltd.

December 18, 1998 EBA File: 0201-98-13604

PWGSC - Environmental Services
1000 - 9700 Jasper Avenue
Edmonton, Alberta

T5J 4E2

Attention: Mr. Michael Nahir, P.Eng, M.Eng.
Senior Environmental Engineer

Subject: Impervious Borrow Material Study
Carcross Area, Yukon

Subsequent to your discussions with Mr. Mike Billowits and Mr. Richard Trimble of this office,
an in-house geotechnical study has been completed to delineate possible sources of impervious
soils for use as capping over the Arctic Gold & Silver tailings pond.

This letter describes EBA's data acquisition process, the sites identified and a summary of the
geotechnical conditions and development constraints for each of the potential sites listed.

1.0 GEOTECHNICAL DATA SEARCH

From the EBA project initiation sheet database, a list of all Carcross area projects was retrieved.
Of the close to 50 projects completed in the Carcross area, six projects were identified as studies
suitable for the delineation of a borrow source for fine grained soil. The files for these six
projects were pulled and studied, resulting in a short list of two sites. Details for each site are
presented in the following sections.

2.0 POTENTIAL SITES

The three main factors for site selection were proximity to Montana Mountain, site accessibility,
and most importantly, the existence of lacustrine soils with sufficient silt and clay content to
ensure soil permeabilities in the 107 to 10-8 m/s range.

oA
=
Calcite Business Centre, Unit 6, 151 Industrial Road, Whitehorse, Yukon, Canada Y1A 2V3 eOO
Telephone: (867) 668-3068 - FAX: (867) 668-4349 - e-mail: whitehorse@eba.ca - http://www.eba.ca




0201-98-13604 -2- December, 1998

Two sites were identified. Both are within hauling distance of Montana Mountain and both have
highway access. The first site identified is the area surrounding the Carcross Gun Club. This
site is located on the west side of the South Klondike Highway approximately 5 km north of
Carcross. This is the area which has been identified as the site of the new Carcross Sewage
Disposal site and pre-design work is currently on-going.

The second site is located at km 50.7 of the Tagish Road (approximately 5 km from Carcross as
well). This site is now utilized as the new Carcross Dump.

2.1 New Carcross Lagoon Site

The site has been described as a relatively flat lacustrine plain which is confined between the
incised channel and adjacent wetlands of the Watson River to the west and the steeply ascending
slopes of Caribou Mountain to the east. The south boundary is formed by an irregular series of
bedrock highs which form the north edge of the recently constructed Watson River Subdivision.
Access into the site is along the Gun Club access road at the south end and there is also a site
access to the railroad near the north end of the site.

The general statigraphy of the site reveals two distinct layers of glaciolacustrine soils. The upper
zone of surficial soils consists of sediments deposited in a shallow lake environment and consists
of sandy silt interbedded with lenses of silty sand. The underlying soils consist of fairly
homogeneous silty clays which are wet to saturated and very soft.

The thickness of the surficial silty soils ranges from 1.8 m to 4.3 m. The soils become wet and
soft below 1.5 m and would be susceptible to softening during periods of rainfall or disturbance
by construction traffic.

Constant head testing on recompacted samples indicate hydraulic conductivities between 107 and
10-8 m/s. Recently completed Guelph Permeameter testing of the near surface soils has also
indicated hydraulic conductivities in the same range.

Attached to this letter is Appendix A, which contains relevant geotechnical information for this
site.




0201-98-13604 3- December, 1998

2.2 km 50.7 Tagish Road Dump Site

The km 50.7 Dump Site is the second site considered to be acceptable as a fine material borrow
source area. The site is triangular in shape with two bedrock ridges forming the east and west
sides of the site while being bordered by the Tagish Road to the south. The area is cleared with a
well constructed access road into the trench currently being utilized for solid waste disposal.

Soil conditions within the saddle of this site are described in eXisting EBA studies as lacustrine
silt over silt till, underlain by bedrock.

Soil permeabilities within the lacustrine silt soils were measured as 2.2 x 10-8m/s in a 1987 study
completed by EBA. Rainfall retention in the initial trench excavated at the dump site confirms the
impervious nature of the soils at this site.

Geotechnical information for this site is presented as Appendix B, also attached.

3.0 LAND TENURE

Both areas have land tenure issues which are in the process of being resolved. The lagoon site
requires resolution of First Nations interests, Block Land Transfer (BLT) issues and Spot Land
Transfers from the federal government. For the km 50.7 Dump Site, BLT issues are expected to
be resolved this winter.

4.0 RECOMMENDATIONS FOR FURTHER WORK

Conversations with personnel responsible for development in both areas have suggested that
cooperation between interested parties is going to be required. For instance, there is the
possibility that additional material may be required for berm construction at the lagoon site,
necessitating the need for a borrow area on or near site and YTG personnel have stated an interest
in discussing possible advantages for trench enlargement at the km 50.7 Dump Site.
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As such, this report should be considered preliminary until some of the conflicts associated with
these two sites are sorted out. Once achieved, recommendations for additional quantity
determinations at specific areas within the sites listed can be presented.

We trust this report satisfies your present requirements. If clarification of any of the information
presented above is required, please contact the undersigned.

Yours truly,
EBA Engineering Consultants Ltd.

" - ,,r’/ \ . /.

Myles C. Plaunt, C.E.T. J. Richard Trimble, P.Eng.
Engineering Technologist Project Director, Y ukon Region
Whitehorse Office Manager
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New Lagoon Site Geotechnical Information
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I GEQTECHNICAL INVESTIGATION CUENT: YUKON ENGINEERING SERVICES LTD. BOREHOLE NO:  13349-BH1
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PARTICLE SIZE — ANALYSIS OF SOILS
SAND GRAVEL
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e heid foble, ot use Tt oF o e Incude or repressat oy ermreiation o oman o Sy s mode. These S0l it -
other porty, with or without the knowlegqe :’ Eé? suitability. Sh%ruld enginzering Rmterpfeloﬁonp.be requireﬁ, EBA will provide it upon wntten request. !E




EBA Engineering

PARTICLE SIZE = ANALYSIS OF SOIS

‘ SAND GRAVEL
CLAY SILT FINE T MEOOW TCORSEL  TINE - | CORRSE
' U.S. STANDARD SIEVE SIZES
100 - IZOO §ro0 '60 '40 'JO '20 ,15 '10” ’6 J75 51 152 3 6
,4»-/"*’—’ !
% [/' i
: /
70 /

PERCENT SMALLER
]

]

00005 0001 0002 0005 001 002 005 o1 g2 0s | z ) 50
GRAIN SIZE - MILLIMETRES

<

' DESCRIPTION
SYMBOL BOREHOLE DEPTH c c US.C
NUMBER (m) CLAY | SILT | SAND |GRAVEL| U ¢ >
% 7% % %
—— T7/BH1 6.00 - 6.45 90.5: 89 06: 00| 17 : 10
Project: 0201-13349 Date Tested: 98/10/14 BY: SK
Tested in accordance with ASTM D422 uniess otherwise noted.

ta presenied hereon is for the sole use of the The tesling”services reported herein have been performed by an EBA lechmcion 1o recognized
slipulated client. EBA is not responsible, nor can industry fs?cmdords, unless otherwise noled. No other warranly is mode. These data do not A
be held fiable, for use made of this report by o inchude or represent any interpretation or opinion of specification compliance or moterial !E
other parly, with or without the knowledge o Eélzl suitability. Should engineering interpretation be required, EBA will provide it upon written request.




EBA Engineering

PARTICLE SIZE - ANALYSIS OF SOILS

Tested in accordance with ASTM D422 unless otherwise noted.

SAND GRAVEL
CLAY SILY FINE T MEDIOW  TCORRE] TWE - T CORRRE
B US. STANDARD SIEVE SIZES
100 !;“; ,:1,80 'm,”gﬂﬂs ,0'8 4 375 Js5 Y 152 3
P ul
%0 R il
v
/

80 / /

70
g & /
E /
- 50
E o

iy

1 //

10 3

ook 0dor 0%z ol om ok obs o1 02 05 i 2 5 10 2 0

CRAIN SIZE - MILUMETRES
sugoL|  BOREHOLE DEPTH DESCRIPTION ) Lsc
NUMBER (m) CLAY | SLT | SAND |GRAveL| Cu c S.
% % % %

! 18/BHI 750 - 7.95 856 : 136 08 : 00 17 10

Project: 020113349 Date Tested: 98/10/14 BY: SK

'
. .

to presenied hereon is Tor the sole use of the

stipulated clienl. EBA is not responsible, nor can
be held fiable, for use made of this report bz' a
other porty, with or without the knowledge ol Eﬂtz

The tes(u;? sernces reporied herein have been performed by on EBA techmician o recognized

[ ondards, unless otherwise noled. No other warranty is made. These data do not
include or represent any interpretation or opinion of specification compfionce or material
suitability. Should engineering interpretation be required, EBA will provide it upon written request.

industry




GEOTECHNICAL INVESTIGATION CLIENT: YUKON ENGINEERING SERVICES LTD. BOREHOLE NO:  13349-BH2?
PROPOSED SEWAGE LAGOON ORILL: CME 750 c/w Hollow Stem Auger PROJECT NO: 0201-98-13349
CARCROSS, YT UTM ZONE: 8 N6674700 E515200 ELEVATION:
SAMPLE TYPE  [llors sawpte [ /Jno recovirr  [XsTanoaRD PEN. 375 mm spur sp. [J[Jcrrew sarreL [ Jswesy Tuee
BACKFILL TYPE [llsentonne [Jpeacrael  []f]Jstouct [a-Jorour J0RILL CUTINGS  []sano
z m TEMPERATURE m W PERCENT CLAYm
e S -1 3 7 un | 0 4 6 & =
E EIZT = SO[L © VANE SHEAR STRENGTH & ® PERCENT SILT R FiNES @ | =
¥ 4| E g,::_( 4080 120160 20 40 60 8 5
Tl = PERCENT SAND <
% % 3| .@o DESCRIPTION PLASTC  MC. - LKUD 0" 40 880 s
= % ; . 4 © PERCENT GRAVEL @ o
— ~40 20 0 40 1 2 40 80 8
00 \ORGANICS — damp, dark brown AW
3 SILT ~ trace of fine sand, non—plastic, 3
E-1.0 med. dense, damp brown -
F ~ becomes dense, some oxidation, damp, [ i : i ;i i i )b :r
F l A8 light grey to brown E
5—2.0 E | [ Y (- v S s S S I A N S E'—-?.O
;_30 - Mna e SRRSO UL JNVRL NOTR SOPOU VOONC S ..... e E_
: I 2 smoother drilling N 4 i 5
E as — some clay, low plosticity, very E
- = 599 soft, wet to saturated, brown o
:—4.0 ___'—'—4.0
3 I 3 CLAY — trace of sand, high plasticity, o eI E
E_.5'0 Soft' satumted. grey ..................................... E_.
S e e E 60
S == SN E
:_ = ! 1 1t E_ \
2 Z L e S s o o et o £ !
E Bt =
;_ ge = 1 . e b bbb b b e e E--80.
S T O O W N O O 0 E
L I N Y [ s S S 6 S0 S o £
100 SAND AND CLAY, | F100
3 i —some gravel, qrindy drilling B TTE
;_”_0 END OF BOREHOIE® 10 m . L. i R .......... P S e - ;_
5—12.0 -E—tz.o
25BN 1 0 I o o o O O 3
- 13.0 ;._
S N 0 O 0 O O S % S
- wo!| (L | o b g 140
g Lo E
F £
E- 150 E
%—16.0 ..... E_,m
E—I?.O - : ; e z_
i : : LOGGE:D éY: :MEB — éOl»iPLl:ZTI(:)N DEPTH 16.5.m-
EBA Engineering Consultants Ltd.  remms: COMPLETE: 98/08/17 N
Whitehorse, Yukon Fig. No: Page 1 of |

GA/12/19 O3 40PH (WELLV7)




' GEOTECHNICAL INVESTIGATION CLIENT: YUKON ENGINEERING SERVICES LTD. BOREHOLE NO: 13349—-BH3
PROPOSED SEWAGE LAGOON ORILL: CME 750 ¢/w Solid Stem Auger PROJECT NO: 0201-98-13349
CARCROSS, YT UTM ZONE: 8 N6674700 £515200 ELEVATION: 683.5 m
' SAMPLE TYPE  [IlcRaB SawPe [ 7JNo RecoveRy DX]sTanomrD PEN. 575 mm SFOON [T JcRrEL BARREL
BACKFILL TYPE [Jlisentone [JreacraveL  [[[stoucH [i-Jorour DJoRiL curines — [Jsan
m STANDARD PENETRATION m WPERCENT GRAVEL® |
' S = 20 40 60 8 0_%0_60 8 15 | o
== & PERCENT SAND =
\IE/ ol w 2o s SOIL 20 40 60 8 %g 5
IR > (@ PERCENT SILT OR FINESa.  |= S| =
5137 " |g|  DESCRIPTION  [wse we oo “Eosianes 3 &
' =5 S ————— SPERCENT CliYe 2 | 3
020 %0 40 | 20 4 6 s |=
- 00 hORGANICS — dry, dark brown ] P O D -
' f SILT - some sand, loose, non- plastic, dry, .
:_ light brown :_683.(
' 10 -
' [ H 2 -
. 20 — trace of sand, moist i
' . [ sa1.c

[ — cloyey, trace of sand, low -

[ , _21 plasticity, soft, moist, grey C
1 i
l 4.0 -

n 5790
l X CLAY - some silt, med— plcstlcny, soft, -

— 50 moist to wet, grey N
I .&- ;

- END OF BOREHOLE @ 6.0 m i
l - [ 6770
' [ 70 -

l [OGGED BY. CPC TCOMPLETION DEPTTE 6 m
EBA Engineering Consultants Ltd REVIEWED B7: W(D COMPLETE: 96/09/11
' Whitehorse, Yukon Fig. No: Page 1 of |
98/11/24 10:5844 {YUKON-7 ) 5



GEQTECHNICAL INVESTIGATION

CUENT: YUKON ENGINEERING SERVICES LTD.

BOREHOLE NO:  13349—BH4

PROPOSED SEWAGE LAGOON

ORILL: CME 750 ¢/w Solid Stem Auger

PROJECT NO: 0201-98-13349

CARCROSS, YT

UTM ZONE: 8 N6674700 E515200

ELEVATION: 684 m

SAMPLE TYPE

MR8 saveLe

[N Recovery — DISTANDARD PEN. 375 mm SPOON [ ]] JCRREL BARREL

BACKFILL TYPE [Jflsentone []ea oraveL  [[TTstoucH [a-JorouT CJoriL curines  [7]sano
T W STANDARD PENETRATKIN m mPERCENT CRAVELW |
¥l = 0 40 60 80 0% 6 & IS |F
= = N @ SOIL ® PERCENT SAND @ = | =
T lLlulZl g |2 20 40 6080 %,::_( &
Pati | e w = —
o al|>= APERCENT ST OR FINESa. |= S| %
583> " |z|  DESCRIPTION [ we uao| “Foigmg |35 5
= 3 . [ — SPERCENT CiYe |2 |
1020 30 40 20 4 60 8 =
L 00 hORGANICS — dry, dark brown N : : | 53¢,
i SILT — some sand, loose, non-plastic, dry, : -
o light brown L
1.0 -
I 17 3
[ 20 62
X - clayey, trace of sand, low E
30 18 plasticity, soft, moist to wet, grey B
40 g0,
a L
5.0 ~
:.50 l 19 LE?S.C
- END OF BOREHOLE @ 6.0 m i
70 L
: : LOGGED BY. CPC TCOMPLETION DEPTF. 6 m
EBA Engineering Consultants [td.  remmerws COMPLETE: 98/09/11
Whitehorse, Yukon Fig. No: Page 1 of |
77T 77 TS ROT]



|
; ' GEOTECHNICAL INVESTIGATION CUENT: YUKON ENGINEERING SERVICES LTD. BOREHOLE NO:  13349-BH5
| ? PROPOSED SEWAGE LAGOON DRILL: CME 750 ¢/w Solid Stem Auger PROJECT NO: 0201-98-13349
i CARCROSS, YT UTM ZONE: 8 N6674700 E515200 ELEVATION: 683.2 m
| l SAMPLE TYPE  [IoRaB SAWPLE [/]NO RECOVERY  [X]STANDARD PEN. [J75 mm SPOON [TTJcrREL BARREL
B BACKFILL TYPE [IllsentoNE [reacravet  [[[]JscovcH [1-JorouT L JoRiLL cutTivs []sano
| 8 STANDARD PENCIRATION m WPERCENT CRAVEL® |
- N = : 0 4060 80 20 4 &0 & 5 | F
| ' =z~ @ SOIL, : ® PERCENT SANDe X | =
i = [LulE] g |E 040 8 [z 5
a l#@&{a] > | APERCENT ST OR FINESA. [= &) &
l 28327 " [g]  DESCRIPTION  |msw we uw| ‘FFOG0EGe 38 <
‘ . & A [ * — @ PERCENT CLAY & 7, o
| _ 10 20 30 40 0 4 60 & [T
| - 00 LORGANICS = dry, dark brown J 3
| ! SILT - some sand, loose non—plastic, dry, 883,
' s light brown to orangy brown r
' [ 10 I
i h 9 ;
L CLAY — some silt, trace to sond, low -
i plasticity, soft, moist to wet, grey -
l [ 20
[ 6814
l ;30 . 10 E
B - med—plasticity, soft, wet to N
l . saturated i
[ 40 E
l I 679
: i L :
l 5.0
' [ -
1 Lh :
- END OF BOREHOLE @ 6.0 m "7
. [ 70 I
l LOGGED BY: CPC | COMPLETION DEPTH: 6 m
EBA Engineering Consultants Ltd.  fammeres . COVPLETE. 98/09,T1
l Whitehorse, Yukon Fig. No: Page 1 of |
98711724 TUSEAM (YUKON-7) .




' GEOTECHNICAL INVESTICATION CLIENT: YUKON ENGINEERING SERVICES LTD. BOREHOLE NO:  13349-BH6
PROPOSED SEWAGE LAGOON DRILL: CME 750 c/w Solid Stem Auger PROJECT NO: 0201-98-13349
CARCRQSS, YT UTM ZONE: 8 N6674700 E515200 ELEVATION: 683.3 m
. SAMPLE TYPE  [GRe8 SawPLE  [/]NO RECOVERY  [<]STANDARD PEN. =75 mm SPOON [[[JcRREL BARREL
§ BACKFILL TYPE [sentonne [Jpeacraver  [T]Jstoue [i-Jorour CoriL cuttives  []sano
: m STANDARD PENETRATION a8 MPERCENT CRAVELM |
; ¥l = 20 40 60 8 0 40 & 8 S |F
E IZZ] =~ o SOIL ® PERCENT SAND @ = | =
T WHIEQ = 0_40 60 8 |z=| S
: =l & S| : PERCENT SILT OR FINES A |= T
| & % =% 2 DESCRIPTION PUSTC M LOUD| 0 ao eo e z N
! k% Q , } *— { @ PERCENT CLAY & 2 | =
: 10 0 % 4 L 40 60 & =
: 00 AORGANICS — dry, dark brown 'R R -
[ SILT ~ some sand, foose, non-plastic, dry | 583,
[ to humid, brownish grey -
' 1.0
' : 13 N
N .
l 20 — trace of sand, trace of clay, X
- low—plasticity, soft, oxidation i
l C staining,moist, grey —eae
i - " -
' 30 A
[ 40 E
' B CLAY - some silty to silty, med. 670,
[ . 15 plasticity, soft, moist to wet, grey i
50
. : 6.0 . 0 .
- END OF BOREHOLE @ 6.0 m -
' : L6774
. [ 70 i
l : ; ltants Ltd LOGGED BY: CPC “JCOMPLETION DEPTH: 6 m
EBA Engmeerlng Consultants : REVIEWED BY: MEB COMPLETE: 98/09/11
l Whitehorse, Yukon Fig. No: Page 1 of |
98771724 10.50A (YUKON-7)




' GEOTECHNICAL INVESTIGATION - | CLIENT: YUKON ENGINEERING SERVICES LTD. BOREHOLE NO: 13349-BH7
_ PROPOSED SEWAGE LAGOON ORILL: CME 750 ¢/w Solid Stem Auger PROJECT NO: 0201-98-13349
' CARCROSS, YT UTM ZONE: 8 N6674700 £515200 ELEVATION: 682.5 m
:. SAMPLE TYPE  [lor8 SwPLE -~ [/NO RECOVERY  [5X]STANDARD P, E375 mm spoon UDCRREL BARREL
BACKFILL TYPE [JsenTonme [JreacraveL  [[TstoucH [a-Jorour Pori curnes [sano
wSTANDARD PENEIRATION n PERCENT CRAVELW |
l — &l S : _ 20 40 60 8 0 _4_60 8 |S | g
EElZ = es! SOIL, ® PERCENT SAND® | < | =
T Y E| g § 0 40 6 & |> 5 &
a l@sl{al> APERCENT SILTOR FINES . |= 8|
' s 53| 5 DESCRIPTION PUSIC MG UoWD| "2 w0 o0 e 2 | S
= S ; . ~— 4 PERCENT CLAY ¢ 2 @
_ 1020 30 40 20 40 60 8 |
- 00 RORGANICS — dry, dark brown AP i
I i SILT ~ some sand, loose, non—plastic, dry, r
- flight brown to brown o
[~ _—‘682.1
' 10 N
' i 6 i
- ~ stiffer drilling B
i - trace of sand, trace of clay, low i
l 50 plasticity, firm, damp C
- CLAY — some silt, med. plasticity, soft, L
i moist, light brown i
. B 620
. 7 i
' 30 . L
. - - moist to wet -
l [ 40 —
' = 678
50 , : B
- GRAVEL — sandy, silty, sub—angular :
l i clasts, moist to wet, orangy brown i
' ; 0 P 8 r
[ END OF BOREHOLE @ 6.0 m :
l - 6760
. L
l [ 70 L
l LOCCED BY CPC — COMPLETION DEPTH 6 m
EBA Eﬂglneermg Consultants Ltd REVIEWED BY: MEB COMPLETE: 98,/09/11
l Whitehorse, Yukon fiq. No: Page 1 of |
711773 10:50A1 (YGRON-7]




' @OTECHNICAL INVESTIGATION CLIENT: YUKON ENGINEERING SERVICES LTD. BOREHOLE NO: ]3349—BH8 ‘
PROPOSED SEWAGE LAGOON DRILL: CME 750 ¢/w Solid Stem Auger PROJECT NO: 0201 ~-98-13349
CARCROSS, YT ‘j UTM ZONE: 8 N6674700 £515200 ELEVATION: 682.3 m
' SAMPLE TYPE  Jlfor8 saveLe (o recovery — [Jstanomro e 575 mm spoon [ Joreer earret
BACKFILL TvPe Iifsentone [Jea oraveL — [[]TJstouen [+ Jorour CAoruL curives [Jsano
[_‘ = STANDARD PENETRATION m MPERCENT GRAVELW [
l — o = 20 40 60 8 0% _6 g |5 | &
E[E=]~ s] SOIL ® PERCENT SAND @ < | =
E WYl E| g s OB . S
i el o « ' PERCENT SIT OR FINESa. [= S| =
B [555)% 5] DESCRIPTION  |wor we | gstsnsings S
S| a : — *~—— ® PERCENT CLAY & 2 (@
1020 30 40 ~20 40 e s = | T
- 00 \ORGANICS — dry, dark brown Bl P B :
l | SILT - some sand, non—plastic toose, dry [ can
[ to humid, brown r
' 10
' N 2 [
1 |. ;
i = trace of sand, med. dense, oxidation [—6a0<
l — staining, low plosticity, soft, domp, k
i greyish brown L
i 3 i
. — 30 i
40 _ — .
l - CLAY - some silt, med. plasticity, soft, §
3 damp, grey —678.0
. |
50 ~ moist
' o M0 L [
- END OF BOREHOLE @ 6.0 m -
l i 6760,
3 !
= A z
B | i
' =
:—7.0 i
l : : [OGGED BY: CPC JCOMPLETION DEPTH: 6 m
EBA Englneermg Consultants Ltd. REVIEWED 67 WiE COMPLETE: 93 /09711
. ———— - 0 |COMPLETE: 98/09,
' Whitehorse, Yukon Fig. No: Page 1 of 1 |
AT724 10554 (YORGNC 7]




GEOTECHNICAL EVALUATION CUENT:  YUKON ENGINEERING SERVICES LTD. TEST PIT NO: ]3349—CP] 0
PROPOSED SEWAGE LAGOON BACKHOE: CASE 580D rubber tired PROJECT NO: 0201-98-13349
CARCROSS, YT UTM ZONE: 8 N6674700 £515200 ELEVATION: 683.8 m
SAMPLE TYPE  Jiforas [/INo Recovery
m STANDARD PENETRATION m W PERCENT CRAVEL m
¥l = 10 20 30 40 20 40 60 80 =
E 1= @ SO[L ¢ TEMPERATURE & @ PERCENT SAND @ =
‘éf uw L Q UE) : 4 -1 3 7 11 20 40 60 8 S
T 2la] 8 A PERCENT SILT OR FINES & =
s 332 |2 DESCRIPTION FUSIC W& o) T e w0 ow | S
= S . » . & PERCENT ClLAY @ o

1020 30 -4 20 40 880
| 00 ORGANICS (TYPICAL FOREST FLOOR) — silty A RS
s non—plastic, loose, damp, beige
SILT - trace of fine sand, firm,

non—plastic, light grey and orange
(oxidation), damp,

| SAND ~ some silt, fine groined sand sizes,
s I 7 medium dense, pooorly graded damp,

1.0 light grey and orange (oxudotlon
throughout)

N SILT - some clay, firm, low plasticity,
s moist, light grey with orange

- (0xudqt|on throughout), traces of
decayed organic inclusions, tiny
rootlets (vertical) holes (1/2 mm
diameter) with extensive oxidation
around holes

— becomes soft and wet

— still very oxidized with rootlet
5 holes

i ~ still very oxidized with rootiet
i holes

i END OF TESTPT @ 48 m
50 NOTE: Guelph Permemeter test performed:
- ~ GP10 @ depth of 28 m

(OCCD BV M8 [COWPLETION DEPTH. 48 1

EBA Engineering Consultants Ltd.  |&nmee o COVPLETE. 98/10/0%
Whitehorse, Yukon Fig. No: ' Page 1 of 1

98711725 06:068d (YUKON-TS)

i 14




GEOTECHNICAL EVALUATION CLIENT:  YUKON ENGINEERING SERVICES LTD. TEST PIT NO: 13349—(}{31 1
PROPQOSED SEWAGE LAGOON BACKHOE: CASE 580D rubber tired PROJECT NO: 0201-98-13349
CARCROSS, YT UTM ZONE: 8 N6674700 E515200 ELEVATION: 682.7 m
SAMPLE TYPE  [lifore [/Ino Recovery
W STANCARD PENETRATION m W PERCENT GRAVEL m
_l¥e = 10 20 30 4 20 40 60 80 R
E =< @ SO[L # TENPERATURE & @ PERCENT SAND ® =
X 4l g 52_) -1 3 7 u 20 40 60 8 5
E el S A PERCENT SILT OR FINES & =
BEZC |2 DESCRIPTION L B e k- S
&> & I . { © PERCENT CLAY & o

1020 30 40 20 40 60 8
00 SILT AND ORGANICS -~ roots, topsoil damp, A A D
\__ brown
i SILT - dense, non—plastic, dry, fight
\ grey, rootlets

B SAND ~ trace of silt, fine grained sond

[ sizes, dense, poorly graded, damp,
light brown with oxidation (mottled)

— becomes fine to medium grained,
no sit @ 0.3 m

- — becomes very fine grained, trace of
- silt, light grey @ 0.5 m

10 - becomes fine to medium grained,
mottled, moist @ 0.6 m

- — becomes rust coloured, wet @ 1.25 m
5 = 3 cm thick silt len @ 1.3 m
B - very fine sand starts (some silt) @

SILT — some fine grained sand,
____non—plastic, firmm, wet, dark grey
CLAY — some silt, medium plasticity, firm,
— 2.0 wet, dark grey

END OF TESTPIT @ 2.3 m
NOTE: Guelph Permemeter test performed:
B - GP11 @ depth of 225 m

| 1.35 m
. - becomes dark grey @ 1.48 m
’.._

40
: : LOGGED BY: MEB COMPLETION DEPTH: 2.3 m
EBA Engineering Consultants Ltd.  fRame COWPLETE. 98,/10/05
Whitehorse, Yukon Fig. No: Page 1 of 1

95/71/25 Ca-07A (YURONT3)




| GEOTECHNICAL EVALUATION

CUENT:  YUKON ENGINEERING SERVICES LTD.

TEST PIT NO:

13349-GP12

PROPOSED SEWAGE LAGOON

BSCKHOE: CASE 580D rubber tired

PROJECT NO: 0201-98-13349

CARCROSS, YT UTM ZONE: 8 N6674700 E515200 ELEVATION: 682.4 m
SAMPLE TYPE  [fores (/N0 Recovery
m STANDARD PENETRATION m ® PERCENT GRAVEL =t
P = 1020 36 4 0 40 60 8 i~
E == @ SO[L  TEVPERATURE @ ® PERCENT SAND ® =
= ((::n) & ——— AQFSERCB:]? sxugr)mueio“” =
o o
g5z |2 DESCRIPTION L el e e e e | S
» 72 t * — & PERCENT CLAY ¢ o
1020 30 40 20 40 60 80
b0 ORGANIC AND SILT ~ roots, topsoil, damp, S N Pl P
i \__ brown
- SILT - non-plastic, stiff, damp, light
- brown, rootlets
SAND - fine to medium grained, trace of
B silt, poorly graded, dense, damp,
] light brown with rust mottle
- appearonce :
— 1.0
SILT - clayey, stiff, low plasticity,
] 10 moist, beige and grey (no sign of tiny
- holes or rust coloured oxidation)
CLAY AND SILT (VARVED) — alternating silt
] and clay layers (typically 2 mm silt
- layers, 1 mm thick clay layers) low
- plasticity, stiff, moist, grey (clay)
50 and beige (silt), film of axidation

40

between layers

END OF TESTPIT @ 2.3 m

NOTE: Not dark grey like other clay
deposit encountered where GP10 test
was conducted )
NOTE: Guelph Permemeter test performed:
~ GP12 @ depth of 2.25 m

= GP13 @ depth of 1.2 m

EBA Engineering Consultants Ltd.

Whitehorse, Yukon

[0CGED BY: MED

COMPLETION DEPTHT 23

REVIEWED BY: JRT

COMPLETE: 98/10/09

- |Fiq. No:

95711775 O&07AK (YOROA—T3)

Page 1 of 1




' PREUMINARY SITE INVESTIGATION CLIENT: YTG ~ ENGINEERING & DEVELOPMENT TEST PTNG: 12026-01
PROPOSED BIG ROCK DUMP SITE EXCAVATOR: RUBBER TIRED BACKHOE PROJECT NO: 0201-95-12026
' CARCROSS, YUKON UTM ZONE: 8 N6674850 E515500 ELEVATION:
SAMPLE TYPE [IGRAB SAMPLE  [/]NO RECOVERY ] STANDARD PEN. =375 mm SPLIT SP. (1) crrer sarrer  [[[]nw core
BACKFILL TvPE Jlfeovionme  [Jeeacrave  [J]]] stoven [¢-Jorour DRILL CUTINGS =] sanp
W STANDARD PENETRATION m W PERCENT GRAVEL mt
' wl = 10 20 30 40 20 40 60 8
= = P 8 S OIL ® PERCENT SAND @ =
= ol Zh5 20 40 0 & =
e ol I APERCENT ST OR FINESA. |
 IREY-HE S DESCRIPTION il ol
= =  GROUND ICE DESCRIPTION 4
A 0 & &
[ 00 /] V\MOSS GROUND COVER AND ORGANIC ROOT MAT | I E 00
1 71 1] SAND - silty, trace of organics, rootlets 5
i 7 2 throughout, sand is medium to 3
B 2 / coarse grained from 0.1 to 0.4 m, E
' : A% damp, compact (est.), light ofive E-20
[ ; §L brown 3
i ] 1} SILT — sandy, fine grained, uniform, 3
' —1.0 787 moist, firm, mottled brown with E
l 2 717 grey 3
[ é 2 F— 4.0
[ g% :
N
» o7
917 g
[ ] | E- 6.0
L 20 787 RSO O SO WO WO VO 0 O DR OO O SO0 100 WO 3
| 3 787 — siltier with trace of chay, F
- ¢ becoming wet to saturated between 3
l - 17 2.0 and 3.0 m
I 4 % E-80
[ 787
s / % E_
R
5 7 j E
3.0 7 N B e e i A S s T S S S OSSO E- 100
N E 2%
] ; 3
! /0
I 1 1] SILT — trace to some clay, saturated, g
l - X ?:’/ firm, dark grey 5—12¥
i /55 ~ water table measured at 3.7 m on F
10 /B, 95-08-16; approximately 28 hours E
l . 5 f;f after installation g
- -] S
i flf - 140
8 % ;; g
1] |||
END OF TESTPIT @ 4.6 m
— standpipe installed to 46 m 160
' 5.0 t
i | s
l-s_o
: : LOGGED BY:; MCP COMPLETION DEPTH: 4.6 m
EBA Engineering Consultants Ltd. [l BrMeP COWPLETE: 95/09/15
l Whitehorse, Yukon Fiq. No: Page 1 of |

50770 T 15M (WILTED)




{ PRELIMINARY SITE INVESTIGATION

CLIENT: YTG - ENGINEERING & DEVELOPMENT

TEST PIT NO:

12026-02

PROPOSED BIG ROCK DUMP SITE

EXCAVATOR: RUBBER TIRED BACKHOE

PROJECT NO: 0201-95-12026

CARCROSS, YUKON UTN ZONE: 8 N6675250 E515350 ELEVATION:
SAMPLE T/PE  Jlforas [/] %0 Recovery
 STANDARD PENETRATION mt m PERCENT GRAVEL m
il = 1020 30 40 20 4 &
= 2 Q SOIL ® PERCENT SAND @ =
¥ Tl = R £
'™ als (& APERCENT SITOR FINESA. | &
g3z |2 DESCRIPTION R v T 0 @ x|
175 w t ot — & PERCENT ClAY &
1020 30 40 20 4 80 8
[ 00 \ORGANIC ROOT MAT — moist, black 'R R G
i SAND - some silt, medium to fine grained, . F
\___damp, compact (est.), medium brown 1 3
ST — trace of fine sand, damp, light F
brown i_ 20
I SAND -~ troce of silt, fine grained, damp, f.
— 1.0 loose, light greyish brown E
L 2 3
- 4.0
i oo
50 SILT ~ sandy, fine groined, uniform, domp E
3 to moist with depth, firm, mottled =
[ grey and brown g
: Ea
- moistto wet befow 30 m [T [0

Ty p—"

SILT - trace to some clay, saturated,
firm, dark grey

E- 120
H— 4.0 ;_
8 5 3
- 140
i END OF TESPT @ 45 m E
: 160
— 5.0 E
: 5—18.0
: : LOGGED BY: MCP COMPLETION DEPTH: 4.5
EBA Engineering Consultants Ltd. REVIEWED BT 107 CONPLETE. 95,08/15
- Whitehorse, Yukon Fig. No: Page 1 of 1
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GEQTECHNICAL EVALUATION

CUENT:  YUKON ENGINEERING SERVICES LTD.

TEST PIT NO:

PROPOSED SEWAGE LAGOON

EXCAVATOR: 225 CAT HOE

PROJECT NO: 02019813349

15349-GP1-4

CARCROSS, YT UTM ZONE: 8 N6674700 E515200 ELEVATION: 683.03 m
SAMPLE TYPE  [Jfforss [/Ino Rrecovery
™ STANDARD PENETRATION ® PERCENT GRAVEL m
¥ = 020 30 40 040 & g |
£ [=2 & SOIL, ¢ TEMPERATURE &  FERCENT SARD @ =
W TSN = 3 7 n 20 0 & % P
ElFE] 5 A PERCENT SILT OR FINES & 3
s EZ |8 DESCRIPTION E M Wl e e ow |
Ll

& PERCENT ClAv g

—

LA A
| |

4.0

ORGANICS (Grass, Roots) — silty, dark
\__ brown, moist

SILT (Cryoturbated for 0.3 m) — foose
non—plastic, extensive layering (1
— 2 cm thick), damp, grey, rootlets
— trace of fine sand, firm,
non—plastic, no layering, damp, beige
and light grey, rootlets (trace)

SAND ~ trace of silt, fine grained sand
sizes, medium dense, poorly graded,
damp, grey with orange (oxidation),

L black decayed rootlet holes thoughout

END OF TESTPT @ 1.0 m

= GP1 @ depth of 0.9 m
— GP2 @ depth of 0.6 m
— GP3 @ depth of 0.55 m
- GP4 @ depth of 0.2 m .

NOTE: Guelph Permemeter tests performed:

20 40 60 80

EBA Engineering Consultants Ltd.

Whitehorse, Yukon

LOGCED BY: MEB

COMPLETON OEPTH: T m

REVIEWED BY: JRT

COMPLETE: 98/10/07

Fig. No:

Page 1 of 1

98711775 O8-G6AH (YURDN—13)



GEOTECHNICAL EVALUATION

CLIENT:  YUKON ENGINEERING SERVICES LTD.

TEST PITNO: 13349-GPS—7

PROPOSED SEWAGE LAGOON

BACKHOE: CASE 5800 Rubber Tired

PROJECT NO: 0201 -98-13349

CARCROSS, YT

UTM ZONE: 8 N6674700 E£515200

SAMPLE TYPE  [Jioras

[/INo Recovery

DEPTH(m)
SAMPLE TYPE
SAMPLE NO
Use
SOIL SYMBOL

6 20 3

B STANDARD PENETRATION

m PERCENT GRAVEL m
40 20 40 60  BO

SO[L 1 ﬂtgpﬂwgaco

@ PERCENT SAND @
H 2040 60 B0

DESCRIPTION e W

QUi 20 40 60 80

€
=
Q
APERCENT ST ORFINES & | '
<
L

L 4 PERCENT ClaY ¢
40

2 SILT {CRYOTURBATED) — non—plastic, damp,
layered, crumbly, grey, rootlets

— non—plastic, firm, humid, beige
with orange oxidation and black
decayed organic {rootlets) inclusion

FINE SAND - trace of silt, medium dense,
poorly graded, layering (alternating
fine graned lenses with fine to medium
grained lenses), damp, grey with rust
orange oxidation {more severe
oxidation where medium grained sand
occurs), decayed black organic

h___inclusions to 0.8 m

SILT - clayey, low plasticity, firm,
layered, moist, grey with rust
(oxidation) throughout, fine sand
lenses (5 — 7 cm thick) noted between
1.38 — 145 mand 155 — 1.6 m

— becomes wet, sand lenses observed
beyond 2.2 m were strictly fine sond
and silt particles {1 mm thick)
between silt layers, still very

CLAY — some silt, soft, medium plasticity,
wet, dark grey .

4.0

END OF TESTPIT @ 3.4 m

NOTE: Guelph Permemeter tests performed:
= GP5 @ depth 19 m
- GPG @ depth 2.4 m
— GP7 @ depth 29 m

40 20

ELEVATION: 683.03 m
|

60 80

EBA Engineering Consultants Ltd.

Whitehorse, Yukon Fig. No:

(OGCED BY: MEB

COMPLETION DEPTH: 3.4 m

REVIEWED BY: JRT

COMPLETE: 98/10/08

Page 1 of 1]

35711775 GEO7AM (YUKON—T3)



' GEOTECHNICAL EVALUATION CUENT:  YUKON ENGINEERING SERVICES LTD. TEST PITNO: 13349-GPS-9
PROPQOSED SEWAGE LAGOON BACKHOE: CASE 580D Rubber Tired PROJECT NO: 0201-98-13349
l CARCROSS, YT UTM ZONE: 8 N6674700 E515200 ELEVATION: 683.2 m
SAMPLE TYPE  [ljcre8 {/Ino Recovery
w STANDARD PENETRATION m ™ PERCENT GRAVEL m
R o P a : 1020 30 4 20 40 60 80 =
l E = D SOIL # TEMPERATURE # @ PERCENT SAND ® >
= - (%) 7 - AZ;]ERCE:TO suuzanfso i
(o
5EE 72 DESCRIPTION v we o | SPERSTEREL | 5
< n I o 1 4 PERCENT ClLAY & o
l : 1020 30 40 20 40 60 80
00 ORGANICS AND SILT - extensive roots (from AR D
i L willow bushes), black, damp
l i SILT - trace of fine sand, non-plastic,
- firm, damp, light grey with orange
K oxidation throughout
I — SAND - fine grained sand sizes, trace of
s silt, dense, poorly graded, damp,
! 4 light grey
' I 5 ~ becomes fine to medium grained @
053 m
i |____— becomes fine grained ® 0.7 m
1.0 SILT - some clay, firm, non—plastic, .
l - layered, moist, light grey with orange
i \ oxidation throughout
i 6 CLAY — some silt, firm, medium plasticity,
' dense, ,moist, dark grey
i END OF TESTPT @ 1.4 m
B NOTE: Guelph Permemeter tests performed:
l " - GP8 @ depth of 0.25 m
- = GP9 @ depth of 1.35 m
I — 2.0
' i L 6310)
l 3.0 :
' - LOCGE;D B EMEiB —— COPLLTON DEPT T
. . Y- : e m
i Whitehorse, Yukon Fi. No: Foge Lo |

98771775 C-G7AM (YORON-T3)




APPENDIX B

km 50.7, Tagish Road Dump Site Geotechnical Information




LOCATION:

VEGETATION:

SOIL CONDITIONS:

GROUNDWATER:

SOIL PERMEABILITY:

BEDROCK:

PERMAFROST :

ACCESS :

APPENDIX D
SITE NO. 4 - CARCROSS

km 50.7 (North Side) Tagish Road
(approx. 3 km from Carcross)

Well vegetated with numerous large spruce trees up to
600 mm butt diameter.

Lacustrine silt over sandy silt till over bedrock.

No water detected in any of the 9 holeé,drilled.

k = 2.2 x 10-6 cm/s at 4.5 m depth
RELATIVE PERMEABILITY: Very low

The low ridge on the west side of the site appears to
be bedrock cored (see Drawing No. 4604-D-2; however,
the additional probe holes drilled during phase IT
have proven out a small area where bedrock is not
shallower than 4.9 m.

None detected

Good access from a long straight section of the Tagish
Road, and through an abandoned borrow area. A culvert
will be required, and the road surface (if constructed
of local materials) should be topped with 300 mm of
compacted, well-graded gravel fill. A capping of

50 mm of 20 mm crushed traffic gravel will be

sufficient for surfacing.



TRENCH EXCAVATION: A dozer will be able to complete the excavation down

to 3.0 m. The logs indicate that excavation below

4.0 m may require a backhoe.

SITE DRAINAGE: The proposed dump is located on the east edge of a low
bedrock cored ridge, sandwiched between it and another
low ridge (not investigated) to the east. No evidence
of surface drainage courses were visible, but the

general slope of the land is towards the highway. The
surface of the site is well drained.

COVER MATERIAL: The excavated soil will be acceptable as waste cover
material, and will create a relatively  impervious
cover,

SITE DEVELOPMENT

AND OPERATION: The location at km 50.7 appears to have good potential

for a landfill. The landfill operations should be
kept north of the power line with a buffer between the
power line and the landfill site. Test holes to date
have concentrated on the west portion of the site and

indicate good sub-surface conditions in a limited band

for a landfill operation.

Possible further testing toward the easterly ridge
(see attached drawing) should be undertaken with a
rubber tired backhoe to determine the depth to bedrock

and the possibility of shallower trenches.

From the preliminary field visit , it would seem
reasonable to find an area for the faecal waste pond.
Again this can only be sited when more soil data is

known such that a landfill area can be best located.

Access to the site should be through the open borrow
area and once across the power line the access road
should turn to allow the natural buffer of trees to
shield the site.




i

The block of land to dedicate for the site, if

accepted, should include the portion between the power
line and the road.

Site drainage does not appear to be a problem. The
extra development costs in roadway and the limited
proven area could result in further search in the area
for an alternative site. Visual observations of ditch

cuts along Highway No. 8 indicate several potential
sites between km 50 and 52.
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ALTERNATE WASTE DISPOSAL SITES BOREHOLE Na. SITE4-—1 l 0201-4604
' SITE No.4, HIGHWAY No. 8 (km 50.7) RELATIVE ELEVATION 0 (m)
CARCROSS, YUKON CME 750 ¢/w SOUD AUGERS
' savpLeTvre I N B4 spr E orap 1l Il
I COMPRESSIVE STRENGTI
E z
< SOIL S
1 ¢ DESCRIPTION 3| b | ol G
(=) 6 A9 20 40 60 80
" | PEAT(PT)—organic silt,moss and rootlets -
l SILT(ML)—some clay,trace fine—grained -y
sand.trace gravel:moist to wet; =
' .6 firm to stiff(est.);olive —
‘ B —sandy,some gravel to gravelly;
with occasional cobble;coarse to "
fine—grained grovel;damp; E
nonplastic
l -1.5 N
5-6
l 2 = >
l | 5| BEDROCK—shale:fractured -8
' B 10
L.
. 12
...4_ —
' 14
s i
l 16
. =
END OF BOREHOLE 5.3 m
' -5.5 18
' ¢ CUENT: GOVERNMENT OF YUKON 16 18 20 22 20 40 60 80
WET UNIV WEIGHT kN /m 3
DEPTH TO WATER: dry upon completion
COMPLETION DEPTH S.3 m COMPLETE 10:35 87-06—-18
EBA ENGINEERING CONSULTANTS LTD.
' WH"-EHORSE YUKON LOGGED BY MAV DWG Na.




ALTERNATE WASTE DISPOSAL SITES

HOREHOLE Na. SITE4A—2 l 0201 -4604

SITE No.4, HIGHWAY No. 8 (km 50.7)
CARCROSS, YUKON

RELATIVE ELEVATION O (m)
CME 750 ¢/w SOUD AUGERS

samrLe vre I} N B ser E craB 1] 1l
' COMPRESSVE STRENGTF
E z
= SOIL e “p
E DESCRIPTION 3| b (ot 4
o n} a 20 40 80 80
"~ | PEAT(PT)—organic sift, nosa,rootiets h
SILT(ML)—some gravel,some sand, troce B
clay:moist to wet:low plastic;
|5 olive brown 1
1 | SAND(SM)—gravelly,silty,trace day:with - 5
occasional cobbles;damp to moist; :
compact to danse(est.);nonplastic | 4 {
dark olive brown 1
-1.5 -
| o % -
|5 5| BEDROCK—shale,fractured 6
—auger refuaalimove rig 2 m and -~
attempt to penetrate past 2.7 m
-3 L10
3.5
-12
END OF BOREHOLE 3.8 m
* BOREHOLE TERMINATED DUE TO AUGER REFUSAL.
14
—4.5 =
16
-5
—5.9 18
"~ CUENT: GUVERNMENT OF YUKON 16 18 20 22 20 40 60 80 |
WET UNIT WEIGHT kN/m3 |
DEFPTH TO WATER: dry upon completion |

EBA ENGINEERING CONSULTANTS LTD.

WHITEHORSE YUKON

COMPLETION DEPTH 3.8 m COMPLETE 11:45 87-06—-19

LOGGED BY MAV DWG Na.




ALTERNATE WASTE DISPOSAL SITES BOREHOLE Na. SITE4—-3 l 0201-4604
SITE No.4, HIGHWAY No. 8 (km 50.7) RELATIVE ELEVATION O (m)
CARCROSS, YUKON CME 750 ¢/w SOLID AUGERS
sampLe Tvee [} N E E crap 1l 1l
COMPRESSIVE STRENGTH
G 2
< SoIL uf £
E DESCRIPTION 3| £ B ol GUF
o é 9 20 40 680 80
" | PEAT(PT)—onganic silt,moss, rootiets v
SILT(ML)—some clay,trace fine—grained
sand:moist to wet:firm(est.);
.5 low plastic;olive ‘
—some gravel to gravelly
—gravelly,some sand;with
4 occasional cobbles throughout; i
damp;compact to dense(est.);
nonplastic 4
'—105 =
%-6
-2 %
BEDROCK—shale, fractured =
as)
2.5
I 10
3.5 % *
-12
-4 o
14
4.5 |
116
-5 § ]
18
~>-5 "END OF BOREHOLE 55 m
BOREHOLE TERMINATED DUE TO AUGER REFUSAL. -
§ CUENT: GOVERNMENT OF YUKON 18 18 20 22 20 40 & 80
WET UNIT WEIGHT &N/m Y
DEPTH TO WATER: dry upon completion
EBA ENGINEERING CONSULTANTS LTD DTN DEPTN S5 m | [COMPLETE 12:45 8706719
WHITEHORSE YUKON ) LOGGED &Y MAV OWG No.




ALTERNATE WASTE DISPOSAL SITES

BOREHOLE No. SITE4—4

| 0201—4604

SITE No.4, HIGHWAY No. 8 (km 50.7)
CARCROSS, YUKON

RELATIVE ELEVATION 0 (m)
CME 750 ¢/w SOUD AUGERS

EBA ENGINEERING CONSULTANTS LTD.
WHITEHORSE YUKON

samPLe vee I} N B ser E craB M Il
COMPRESSIVE STRENGTH
E w| £
< SOIL 41 <
e 0|
E DESCRIPTION 3| || ol 'S
a L G 20 40 60 80
" RPEA(PT)—organic silt.moss.and rootiets NN l
SILT(ML)—some clay,trace fine—grained =N
sand,moist to wet;firm(est.); =
1 tow plastic;olive grey ’
—clayey;thin laminae,wavy,non— B
paraliel;firm to stiff(est.
-2
~trace gravel and shale fragments;
-3 wet;olive grey o
—moisture content increasing with g
depth 2
4 =
—some clay;wet to saturated; | 14
olive n
5 =118
—gravelly,some sand =-18
-5 20
SAND(SP /SM)—gruvelly.trace to some silt n
with shale fragments throughout; =, [@
B moist;compact(est. );nonplastic; =
7 olive grey, with iron oxide
staining 24
-8 26
BEDROCK—shale;fractured 26
—9
END OF BOREHOLE 9.1 m 30
10 BOREHOLE TERMINATED DUE TO AUGER REFUSAL, o2
34
—11 t36
38
-
—12 40
42
13 N
44
14 46
-8
15 =
6O
62
CLIENT: GOVERNMENT OF YUKON 16 18 20 22 20 40 60 80
WET UNIT WEIGHT kN /m3
DEFTH TO WATER: dry upon completion

COMPLETION DEPTH 9.1 m

COMPLETE 14:30 87—-06—-19

LOGGED B8Y MAV

OWG No.




= E100
- E120
- E140
= E160
- E180

11621-01

PROPOSED LIMITS OF CLEARING

- E200

y,

- E220
- E2°)

[
= N280
= N26G
08
E = N240
9
4
107 — N220
}
1
= N200
1C6 - N180
— N160
105
- N140
104
- N120
103
102
- N100
01
100
99
& .

PROPOSED SITE ACCESS

=-_TO CARCROSS

TAGISH ROAD

TO TAGISH ~

EBA Engineering Consultants Ltd.

PROJECT

PROPOSED DUMP SITE
km 50.7 - TAGISH ROAD

CLIENT

GOVERNMENT OF YUKON
ENGINEERING AND DEVELOPMENT

NTLE
SITE PLAN SHOWING
TESTPIT LOCATION

DATE

95-10-23  [oww ~ MCP cHro

OWG NO. FIGURE 1 | 0201-11621




' PPOPOSED DUMP SITE CLIENT: YTG ~ ENGINEERING & DEVELOPMENT TEST PIT NO: 11621-05
- | km 50.7 TAGISH ROAD TRACKED EXCAVATOR: NORTHWEST 35 OH PROJECT NO: 0201-95-11621
CARCROSS, YUKON UTN ZONE: 8 N6673200 E518550 ELEVATION: 102.50 (m)
. SAMPLE TYPE Jllores (7780 Recovery
B STANDARD PENETRATION w 8 PERCENT GRAVEL m
e = 1020 30 40 20 4 0 9
£ == @ SOIL @ PERCENT SAD @ =
' T g4l gl 26 o _wn |
a ol = A PERCENT SILT OR FINES A a.
2z |2 DESCRIPTION S Mo Wl n e e w0 |
& b ' . — 4 PERCENT CLAY ¢
10 20 20 40 20 40 8 8
I [ 00 TEA GROUND COVER AND ORGANIC ROOT MAT R S B -
| SILT — trace of fine sand, trace of clay, -
: rootlets throughout, moist, medium F
' 8 L brown ; g
L SILT — trace of clay, trace of fine sand, | E
' - moist, dense, light olive E 20
' —1.0 H e F
i SILT — some clay, moist to wet, dense, ;_ +0
i medium plastic, dark olive E
s — thin parallel faminge E
. i 60
. _LD H 2 ............. E
' R R A RN N a0
' o @b :
! = no slough throughout depth of — 10.0
' i testpit g
. i E 120
l — 40 £
l : o
': END OF TESTPIT @ 45 m : R
I 0T N N T O S N T
: : LOGGED BY: MCP COMPLETION DEPTH: 4.5 m
EBA Engineering Consultants Ltd. REVIEWED BF: WP CONPLETE. 17/70/35
Whitehorse, Yukon Fig. No: Page 1 of 1
'9‘57:0/23 TR0- TPl (YONDN-T5]




' PROPOSED DUMP STTE CLIENT: YIG - ENGINEERING & DEVELOPMENT TESTPTNO: 11621-06
km 50.7 TAGISH ROAD TRACKED ECAVATOR: NORTHWEST 35 DH PROJECT NO: 0201-95-11621
CARCROSS, YUKON UTM ZONE: 8 N6673450 E518560 ELEVATION: 104.50 (m)
' SAMPLE TYPE  lcre8 [ o Revovery
W STANDARD PENETRATION & PERCENT GRAVEL
s = 10 20 30 40 20 40 80 8
€ |X= @ SOIL & PERCENT SAD ® =
l = I % 20 4 6 8 =
B al 4 A PERCENT SILT OR FINES & 5
Sz |2 DESCRIPTION I Me W x e w g | @
& b3 t . — & PERCENT CLAY &
' 020 30 4 20 4 60 80
| 00 TEA GROUND COVER AND ORGANIC ROOT MAT S S A R -
i SILT — trace of fine sand, rootlets i E
i | throughout, moist, medium brown 3
' K SILT —some clay, moist, medium plastic, E
5 dense, medium to dork olive s
' | { - 20
' —10 H ! ”
: — moisture content increases with ;_4‘0
l i depth 2
l i - 60
. — 20 F S N O O 0 0 0 W 0 O O O O O
';m K
| = no slough throughout depth of 100
' | testpit 2
. i - 120
l ‘0 r 4 £
E 140
- boulders at 4.3 m -
END OF TESTPIT @ 4.8 m L B
: - LOGGED BY: MCP COMPLETION DEPTH: 4.8 m
EBA Engineering Consultants Ltd. REVIEWED BF Ve COWPLETE: 17 /70,35
Whitehorse, Yukon Fig. No: Page 1 of 1

710733 T A (YORDN T3}




[
/ BHGI i
&
- BEDROCK - / o
CORED / |
KNOLL -
. / |
/ 1™ knoLL
/<——60 m 1+ ——f &
! eus & |
/ $ BHT |
BHY
BHZ BH3 S & Gsua '\ E
/
- CLEARED
- o o . POWER _LINE.
BORROW
AREA
TO CARCROSS - o TO . TAGISH
- TAGISH ROAD |

NOTE: SKETCH PLAN ONLY x-
TOPOGRAPHIC FEATURES -
NT.S.

PHASE T- BH 2,3,4
PHASE I - BH 5,6,7,8,9

APPROX. SCALE:: 1:2500

EBA Engineering Consultants Ltd.

PROXCT ‘ALTERNATE WASTE DISPOSAL SITES

CARCROSS, YUKON

" GOVERNMENT OF YUKON " SKETGH™ PLAN  SHOWING
(MUNICIPAL ENGINEERING) RELATIVE BOREHOLE - LOCATIONS
DATE - |987—-08-20 [owN OWC NO. 4604 —D—2

| o2ot-4604

.
AW
\/




PROJECT: ALTERNATE WASTE DISPOSAL SITES HOLE NO.: B #4-6 1 PROJECT NQ.: 0201-4604
LOCATION: SURFACE ELEVATION:

Tagish, Yukon DRILL: CME 750 -~ Solid Shaft Auger

THIN WALLED SPLIT NO

SAMPLE TYPE: |l 1, KRspoon B oisturseo [N gecoveny EBCORE  [JOTHER
_ “ WATER CONTENT-% : o COMPRESSIVE
¢ al |2 STRENGTH
p solL aglul = [pastic LIQUID |Unconfined...........
I DESCRIPTION T g é u(xr;‘ L(lxr'r :;ch‘gt Pev;etrorgcte
w 26 Sl w P L € 1 1
o Jdajul o

20 40 60 80 IkPa100 200 300 400

SILT - some clay, trace of fine sand, rootlets,
- light grey

=
[
T

-— - olive grey - s

iy

SILT(TILL) ~ some clay, trace fine sand, trace ML I~
» gravel, subangular 6 mm diameter, olive grey

— 4 é—13

— 14

— 15

S ‘6 *
END OF BOREHOLE B
|—17

| — — 18

—19

— 20

A WET UNIT -',‘—“%— 16 18 20 22 20 40 60 80
DEPTH TO WATER: X |eiGHT-0 p.C.F100 T10 120 130 140 150 STANDARD

’ -
ebQ NONE ON COMPLETION + |[PENETRATION: N- @

COMPLETION DATE
DOEPTH TO SLOUGH:  ___ DEPTH: 4.88 m DRILLED: 1987-08-19

NONE ON COMPLETION
LOGGED BY: R.J.P Caron DRAWING NO.:

Tlmlogn. ilation of ditions and 30d or rock classification obeined from the -eldu-elluhvmb@oﬂm tetﬂngafmplﬁmmbomhole. Mltmuhmbeen:;vmp:t«
w0 % Thedlumhwnwzmtomdn«umcﬁamdumhgmavbe and app refer only to those
observed . &t the times aadplxet indicated and they may vary with time, geologic conditions, and canstruction activity.

. -




EBA Engincering Consultants Wid.

Sl
ebaq
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APPENDIX G

FURTHER DETAILS RELATED TO THE UPGRADE OF THE
ROAD/DAM NEXT TO THE LAKE

General

As part of the final closure of the site, the road/dam that separates the north end of the
unnamed lake from Tank Creek will be modified to provide a higher level of safety
against potential breaches of this structure. In particular, the structure would be
lowered by as much as 2 m, an erosion protected spillway would be installed and any
tailings exposed as a result of the lower lake level would be hauled to the tailings
impoundment and covered with low permeability soil. This modification is required
for both the “consolidate and cover” alternative and the “amend and reprocess”
alternative.

Background Data

Although the bathymetric data for the unnamed lake is limited to last summer’s in-lake
sampling exercise by Laberge Environmental Services (Appendix D), the following
conclusions can be drawn on the basis of topographic contours and airphotos
(undated) taken at various times over the past 30 or so years (see attached figure
showing the original location of Tank Creek and previous lake levels).

e Prior to mine development, the area presently occupied by the unnamed lake was a
relatively flat, swampy lowland. Flow from the irregularly shaped lake west of the
mine meandered eastward until it reached this swampy area, at which point the
creek (Tank Creek) turned north, taking several “doglegs,” as it flowed in an
overall SSW to NNE direction.

e When the road to the pump house west of the mine was constructed, it interrupted
the flow in Tank Creek, leading to the formation of a small lake.

e Photos taken when unnamed lake was small indicate that the ground east of Tank
Creek is lower than ground to the west of the creek. Therefore, most of the water
initially ponded immediately east of the Tank Creek thalweg, over an area about
20 to 30 m wide.
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As the lake level rose, probably because beavers plugged the two culverts through
the access road, the west side of the lake shifted dramatically, indicating the terrain
along this side of the lake is quite flat. Conversely, the east margin of the lake
only shifted slightly to the east, indicating relatively steep ground on this side of
the lake. This is supported by the above water topography in this area.

Based on our assessment of the Laberge results, the approximate extent of the in-lake

tailings is 12,500 m® although a more accurate estimate would require further field
work. Assuming that the bathymetry along the east side of the lake is the same as
what is indicated by the topography immediately east of the lake, a drop of 1 m is

likely to expose about 1500 m? along the east side of the lake, most of which may be

covered by tailings. Assuming uniform slopes, a drop of 2 m would therefore expose
about 3000 m* of the lake bed (and probably a large area of tailings).

Proposed Plan

The following plan is viewed as conceptual, but it is believed to represent a reasonable

approach based on the philosophy of completing the modifications to the road/dam in

a cost-effective, environmentally secure manner.

. Early in the spring, before the freshet, excavate a trench in the road/dam that will

lower the level of the lake by approximately 3 m. (this could be done using one or
both of the existing culverts). As the top 2 m or so of the lake will likely be
frozen, the risk of a large, uncontrolled release in conjunction with this action
should be minimal. As the ice melts, it should flow slowly through the trench in a

manner similar to what currently happens at the structure.

In the summer, after the ice has melted, a ground survey should be undertaken to
obtain the topography of the “recently exposed” lake floor (i.e. to assist in the
subsequent design analyses). Furthermore, a program of probing and sampling
should be undertaken to confirm the extent, thicknesses and geochemistry of the
exposed tailings.

In the area between the decant outfall and the area of spilled tailings, develop
access to and along the lake shore that is suitable for haul trucks. The type access
will depend on the season and type of trucks that are proposed. For instance, if
this road is developed in summer, then gravel would likekly have to be hauled and
dumped to develop road access along the lake shore. Conversely, if the work were
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done in winter, little or no gravel would have to be placed to develop a trafficable
surface. Truck selection will influence the quality of road development, i.e.
Volvos would perform better over this terrain than conventional haul trucks.

Use a track-mounted Gradall excavator (maximum radius at groundline of about 9
m; less if the ground is sloping away) from the east edge of the lake, pull back the
exposed tailings and dump them into a haul truck. It is likely that the tailings
cover is very thin (i.e. typically less than 2 cm), everything down to the base of the
old vegetative mat may have to be removed in order to achieve the removal of the
tailings.

Haul the tailings to a pre-selected location on the surface of the tailings

impoundment.

If steps 3 to 5 are done in the summer, then disposal of the tailings from the lake
can proceed concurrent with the remediation of the tailings impoundment.
Alternatively, if steps 3 to 5 are done in the winter following the reclamation of the
tailings impoundment, then an area at or adjacent to the surface of the tailings
impoundment (probably at the south end) would have to be reserved for the
subsequent disposal of the lake tailings. Final covering of these tailings would be
done when temperatures are suitable for compaction of the clay cover over the lake
tailings.

The detailed design of the road/dam and its spillway would be done in conjunction
with the data gathered when the lake level is lowered approximately 2 to 3 m.
However, with the expectation that the structure will either be very low (i.e. about
1 to 2 m high) or removed entirely, the incremental cost of completing these works
is expected to be relatively inexpensive when compared to the works required to
maintain the lake at its current levels.

This scope assumes that the works associated with this structure do not elevate its
status to that of a water dam, with all the formalities of investigation, design,

construction control and monitoring that this would entail.
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Estimated Costs

An estimate of the costs associated with this option is provided in the attached tables.
If the removal of the tailings is done in the winter, then the cost is likely to be about
$71,000. If the removal is done in the summer, the cost will be about $93,000, with
the difference primarily arising from the need to develop a road along the east margin
of the lake by placing filter fabric and granular fill about 1.5 m thick.
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Remediation of the unnamed lake
Preliminary Construction Cost Estimate
(with winter removal of the lake tailings)

Item Description Equipment/ [Quantity| Units | Unit Cost
Labour Rate
1 |Excavate trench in road excavator 16|hrs $140 $2,240
and remove culverts labourers 48|hrs $50 $2,400
pick-up 2|days $55 $110
$4,750
2 |Topography of lake bed 1flump |[$8,000 | $8,000
and sampling of tailings $8,000
3 |Develop access to and excavator 16{hrs $140 $2,240
along the east lake shore dozer 16|hrs $140 $2,240
$4,480
4 |Remove exposed tailings excavator 40{hrs $140 $5,600
Pickup with Gradall, place in  {haul trucks 80{hrs $65 | $5.200

truck, haul to the tailings
impoundment and dump in

disposal area $10,800
5 |Cover tailings from the lake 30(m° $20 $600
assume 100 m? $600
6 |Upgrade the road/dam’ 2000[m?® $20 | $40,000
$40,000
7 |Cut spillway® cut trench 50{m® $10 $500
filter fabric 100|m? $3 $300
rip rap 100|m’ $20 | $2.000
$2,800
Total’ $71,430

Notes: 1. One of the largest costs is item 7, the upgrade of the road/dam. The details of this upgrade will depend on
the results of the survey and sampling that are undertaken after the lake is lowered by 2 to 3 m.
2. The details of the spillway construction will also depend on the results of the survey and sampling that
will be undertaken after the lake has been lowered.
3. This is the value used in Tabie 4.2 of the text. Contingencies and allowances for design are shown globally
in Table 4.2.




Remediation of the unnamed lake
Preliminary Construction Cost Estimate
(with summer removal of the lake tailings)

ltem Description Equipment/ | Quantity| Units | Unit Cost
Labour Rate
1 |Excavate trench in road excavator 16|hrs $140 $2,240
and remove culverts labourers 48|hrs $50 $2,400
pick-up 2|days $55 $110
$4,750
2 |Topography of lake bed 1|{lump | $8,000 $8,000
and sampling of tailings $8,000
3 |Develop access to and excavator 16|hrs $140 $2,240
along the east lake shore dozer 16]hrs $140 $2,240
filter fabric 1200|m? $3 $3,600
gravel 1500|m? $12 | $18.000
$26,080
4 |Remove exposed tailings excavator 40]}hrs $140 $5,600
Pickup with Gradall, place in haul trucks 80}hrs $65 $5,200
truck, haul to the tailings
impoundment and dump in
disposal area $10,800
5 [Cover tailings from the lake 30{m® $20 $600
assume 100 m? $600
Upgrade the road/dam’ 2000|m® $20 | $40,000
$40,000
7 |cut spillway? cut trench 50|m® $10 $500
filter fabric 100|m? $3 $300
rip rap 100|m?® $20| $2.000
$2,800
Total’ $93,030

Notes: 1. One of the largest costs is item 7, the upgrade of the road/dam. The details of this upgrade will depend on
the results of the survey and sampling that are undertaken after the lake is lowered by 2 to 3 m.

2. The details of the spillway construction will also depend on the results of the survey and sampling that
will be undertaken after the lake has been lowered.

3. This is the value referenced in Table 4.2. Contingencies and allowances for design are shown globally
in Table 4.2.
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