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Manalta Coal Ltd. Geotech. & Hydrogeo. Assess - Tailings Fond Area

EXECUTIVE SUMMARY

Introduction

Piteau Engineering Ltd. (PEL) was retained by Manalta Coal Ltd. (Manalta) to conduct a series
of geotechnical and hydrogeological investigations in support of the proposed Telkwa Coal
Project near Telkwa, B.C. The work program for this investigation was designed to address a.
number of engineering and environmental considerations required to evaluate the suitability of
the proposed site for tailings pond construction.

Program Overview

Nine sites were drilled under the supervision of PEL personnel within the tailings pond area
while another eleven sites were drilled under the supervision of Manalta personnel. Boreholes
were typically advanced to 20 m depth or the bedrock surface. At key locations where the depth
to bedrock exceeded 20 m, boreholes were continued to bedrock to improve understanding of
subsurface conditions. These sites were well distributed throughout the tailings pond area and
provide good lateral site coverage.

Soil samples for geotechnical tests were obtained from testholes at selected intervals using both
split spoon and Shelby tube samplers. Where split spoon samples were obtained, a standard

penetration test (recording of blow counts per unit length) was also conducted. The unconfined

compressive strength of split spoon samples was measured in the field using a pocket
penetrometer. Shelby tube samples were sealed with tape and were used for laboratory tests as
required.

Double piezometer nests were installed at three locations. The upper piezometer was completed
(screened) across the water table or inferred water table, while the lower piezometer was
completed in the next potential groundwater bearing zone. The installation of double piezometer
nests allows for the determination of vertical hydraulic gradients, After installation, all
piezometers containing groundwater were developed using an air-lift technique. Where possible,
single well response or “bail” tests were subsequently performed to determine hydraulic
conductivity and samples were then collected for groundwater chemical analyses.

Surficial Geology

Surficial geological conditions were evaluated based on airphoto interpretations and borehole
drilling. Within the tailings pond area, distinct upper and lower stratigraphic units were
identified. The lower unit exhibits a high degree of lateral variability, ranging from coarse
grained outwash sands and gravels to fine grained glacio-lacustrine silts and clays. Distribution
of the lower unit is interpreted to be controlled by bedrock topography. The lower unit is
encountered within the northern portion of the tailings pond area where the depth to bedrock
exceeds approximately 20 m.

The upper unit is a lower permeability sand and silt till which is continuous beneath most of the
tailings pond area. The upper surficial unit consists of 12 - 20 m of sand and silt till, overlain by .
up to 2.5 m of fine grained clayey silt deposits. The till is.medium to dark brown and contains

Piteau Engineering Ltd. {3773-12) Fage i
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some to little clay (~ 20%) and gravel. The overlying glacio-lacustrine sedimeénts grade from
pure silt in the south to clayey silt in the north.

A localized sand and gravel deposit, extending from surface to 9.5 m below ground surface was
encountered within the west-central portion of the proposed tailings pond area. The sand. and
gravel unit occurs within a topographic low and is incised into the till arid clay deposits which
otherwise blanket the proposed tailings pond area. The deposit appears to follow the course of a
northwest trending intermitient stream which drains into the local resident’s dugout pond.
Because of the inferred localized nature of the sand and gravel deposit, potential seepage through
this unit can be easily mitigated as discussed below.

Bedrock Geology

The upper 10 m of bedrock comprises an interbedded sequence of dark gray mudstone, siltstone
and sandstone. The bedrock surface dips to the north, at an estimated angle of approximately six
degrees. At the south end of the tailings pond area, the depth to bedrock ranges from 12 m- 17.6
m below ground; near the north end of the tailings pond area, depth to bedrock is greater than
42.5 m below ground.

Hydrogeology

Groundwater Flow

Depth to groundwater in the surficial groundwater bearing zone ranges from 0.4 m to > 425 m
below ground surface, Variations in groundwater surface elevations are interpreted to be
controlled by the elevation of the bedrock surface, the occurrence of sand and gravel deposits in
the lower surficial unit, and the elevation of adjacent valleys (which act as local drainage areas).

Groundwater flow within the surficial deposits is generally expected to follow topography in a
north/northwest direction at a rate estimated to be less than 10 m/year. Groundwater flow
patterns within bedrock are also expected to be in the same direction towards the Telkwa River.
An upward vertical hydraulic gradient was measured at one of the piezometer nests. At this
location, flowing artesian conditions occur; based on visual observations, the flow rate is
estimated to be less than approximately 4 L/min. It was not possible to establish vertical
hydraulic gradients at the other two piezometer nests as they were dry at the time of
measurement,

Based on one single well response test, the in-situ hydraulic conductivity of the till was estimated
to be approximately 6.5 x 10° m/s. The hydraulic conductivity of the underlying
gravel/mudstone was estimated from one single well response test to be 8.2 x 107 m/s. Results
of laboratory permeameter tests on till samples yielded a hydraulic conductivity of approximately
7.0 x 10™"° m/s (depth interval 0.50 - 0.95 m) and 4.0 x 10" m/s (depth interval 6.20 - 6.65 m).

Piteau Engineering Ltd. (3773-12) Page ii
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Groundwater Quality

Groundwater temperatures were in the range of 6.5 to 7.3°C. Groundwater pH was in the range
of 7.44 - 7.50, with electrical conductivities in the range of 734 to 1,090 uS/cm. Groundwater
analyses from the two piezometers may be characterized as a sodium-bicarbonate hydrochemical
type. The dominance of the sodium cation suggests groundwater with a relatively long
subsurface residence time and/or natural softening by cation exchange. Concentrations of total
dissolved solids (TDS) were in the range of 460 - 688 mg/L.

The B.C. Ministry of Environment Land and Parks water quality criteria for freshwater aquatic
life were used to appraise results for select indicator parameters and metals. Concentrations of
the indicator parameters sulphate, chloride, TDS, and nitrogen species in groundwater were
below the freshwater aquatic life criteria.

Total metals measured at concentrations above the recommended criteria were cadmium (total
and dissolved), chromium, copper, lead, zinc, aluminum, iron, and manganese. Chemical results
from the first sampling event may not be representative of actual groundwater conditions due to
the likelihood of high levels of suspended solids occurring within the sand pack following
piezometer installation. Laboratory results from a second sampling event are expected to provide
a better indication of metal concentrations in groundwater.

Preliminary Seepage Analysis

Neglecting the northwest portion of the proposed tailings pond area underlain by sand and
gravel, the seepage rate through the remaining tailings pond area (~ 1.20 km?) is estimated to be
in the order of 6 L/sec. Using assumed distributions for the factors that contrel seepage (i.e.,
hydraulic conductivity of the till and vertical hydraulic gradient between the tailings pond and
underlying till), a statistical technique was also employed to estimate what the possible range of
seepage values may be. From this analysis, seepage through the tailings pond is estimated to be

in the range of approximately 0.1 - 22.5 L/sec.

Resuits from the preliminary seepage analysis suggest that the majority of the proposed tailings
pond area, which is largely underlain by more than 10 m of low permeability till, would be
suitable for tailings deposition. Potential high seepage rates through a limited sand and gravel
deposit can be readily mitigated by constructing a low permeability subsurface cutoff wall.

Geotechnical Considerations
Soil Properties

The clayey silt layer, which was noted in most boreholes varies in thickness from 0.8 to 3.1 m
and extends to a maximum depth of 3.5 m below grade. The clayey silt is medium brown
coloured, low plastic, firm to stiff in consistency and contains a trace of sand. Moisture content
values are in the range of 25 to 26 percent. Corresponding average SPT blow count and
undrained shear strength values are 10 blows/0.3 m and 0.75 kg/cm’ respectively.

Piteau Engineering Ltd. {3773-12) Page iii
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The till deposit consists predominantly of silt and sand. The till is medium brown coloured, low
plastic, stiff to hard in consistency, and contains a little to some clay and gravel. Moisture
content values are in the range of 8 to 11 percent and laboratory measured coefficient of
permeability for the clayey silt is 4x107 m/s. The tills are generally classified as CL-ML, CL or
ML-OL. ‘SPT blow counts throughout the deposit ranged from 16 to 44, which is indicative of a
stiff to hard deposit. Similarly, compressive strength values varied between 1.25 and 4.5 kg/cm’
(125-450 kPa). Corresponding undrained shear strength values are 63 to 225 kPa (i.e., half the
compressive strength values).

Perimeter Dyke

The proposed 2.6 km of perimeter dykes are feasible from a geotechnical design stand point.
The till and sand and gravel foundations will provide adequate support for the structure.
However, it will be necessary to provide a seepage cut off or impervious blanket across the sand
and gravel zone as discussed below.

The dykes would be constructed from earth materials, the bulk of which would be excavated
from within the reservoir area. The most economic and effective design would probably entail a
homogeneous till section, with upstream rock riprap as erosion protection, placed on sand and
gravel transition zone material. An internal drainage layer of sand or sand and gravel would also
be required. The till can be readily placed and compacted to a dense condition with a minimal
amount of moisture conditioning required. Riprap would be obtained from a suitable rock
quarry, or from mme rock waste, depending on its properties, particularly the resistance to
breakdown from physico-chemical weathering processes. Some or all of the granular transition
and filter materials may be obtained from the dam and reservoir area, depending on the material
specifications and design requirements.

Sand and Gravel Zone Cutoff

Although the sand and gravel deposit underlying a 200 m long section of the perimeter dyke will
provide adequate foundation support, it will need to be sealed off to separate the reservoir water
from groundwater. ‘Based on the available drilling information, it should be feasible to excavate
at relatively steep slopes (1.5 horizontal to vertical) down to the water table at a depth of
approximately 4 m. For the remaining 5-6 m below the water table to the bottom of the deposit,
a slurry cutoff wall is recommended.

An alternative to an excavated cutoff is to place a blanket of low permeability soil over the area
of sand and gravel deposit which is exposed in the reservoir. The blanket would be constructed
from till in compacted layers to @ minimum thickness of 1 m. Tt would be covered with a 1 m
thick layer of free dumped till to protect the blanket from desiccation and weathering effects.

Piteau Engineering Ltd. (3773-12) Page iv
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1. INTRODUCTION

Piteau Engineering Ltd. (PEL} was retained by Manalta Coal Ltd. (Manalta) to conduct a series
of geotechnical and hydrogeological investigations in support of the proposed Telkwa Coal
Project near Telkwa, B.C. (Figure 1). This report presents results from the geotechnical and
hydrogeological investigations within the proposed tailings pond area (Figure 2). It parallels
additional studies by PEL involving: 1) an assessment of the engineering geology and
geotechnical considerations at the Tenas Pit and waste dumps (PEL, 1997a), and 2) an
investigation of baseline hydrogeological conditions at Tenas Pit, the waste dumps, and Pit 3

(PEL, 1997b).

The work program for this investigation was designed to address a number of engineering and
environmental considerations required to evaluate the suitability of the proposed site for tailings

pond construction. Field work was completed between July and September, 1996.

Piteau Engineering Ltd. (3773-12) Fage 1
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2. TATLINGS POND AREA

2.1 PROGRAM OVERVIEW

Geotechnical and hydrogeological investigations were: conducted within the proposed tailings
pond area (Figure 3). Nine sites (denoted TOB96 series) were drilled by Cora Lynn Drilling Ltd.
under the supervision of PEL personnel within the tailings pond area. Boreholes were typically
advanced to 20 m depth or the bedrock surface. At key locations where the depth to bedrock
exceeded 20 m, boreholes were continued to bedrock to improve understanding of subsurface
conditions. Eleven sites (one denoted T79R and ten denoted T96R series) were drilled as coal
exploration holes in the vicinity of the pond under the supervision of PEL personnel. Overall,
borehole locations were well distributed throughout the tailings pond area and provide good

lateral site coverage.

Soil samples for geotechnical tests were obtained from testholes at selected intervals using both
split spoon and Shelby tube samplers. Where split spoon samples were obtained, a standard
penetration test (recording of blow counts per unit length) was also conducted. The unconfined
compressive strength of split spoon samples was measured in the field using a pocket
penetrometer. Shelby tube samples were sealed with tape and were used for laboratory tests as

required.

Double piezometer nests were installed at the following three locations within the proposed
tailings pond area: at TOB96-07 (upgradient position), TOB96-10 and TOB96-14 (downgradient
positions). The upper piezometer was completed (screened) across the water table or inferred
‘water table, while the lower piezometer was completed in the next potential groundwater bearing
zone. The installation of double piezometer nests allows for the determination of vertical

hydraulic gradients.

After installation, all piezometers containing groundwater were developed using an air-lift

technique. Where possible, single well response or “bail” tests were subsequently performed to

Piteau Engineering Ltd. (3773-12) ’ Fage 2
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determine hydraulic conductivity and samples were then collected for groundwater chemical
analysis. Field protocols for these activities are discussed in Appendix I. Piezometer completion
details are summarized in Table 1 and are illustrated on the logs in Appendix II. Summary
information on the T79R and T96R series boreholes are presented in Table 2. Hydraulic
conductivity test data and analyses are provided in Appendix III, while the laboratory reports are

given in Appendix IV.

2.2  SURFICIAL GEOLOGY

The surficial geology is discussed below based on airphoto interpretations (PEL, 1996) and
borehole drilling. The geotechnical properties of the surficial deposits are discussed separately

in Section 2.6.1.

Within the tailings pond area, the surficial geology comprises distinct upper and lower
stratigraphic units. The lower unit exhibits a high degree of lateral variability, ranging from
coarse-grained outwash sands and gravels to fine grained glacio-lacustrine silts and clays.
Distribution of the lower unit is interpreted to be controlled by bedrock topography. The upper
unit is a lower permeability sand and silt till which is continuous beneath most of the tailings
pond area. The surficial geology of the tailings pond area is illustrated in cross-sections A-A’, B-

B’, and C-C’ on Figures 4 - 6, respectively.

Lower Surficial Unit

The lower unit is encountered within the northern portion of the tailings pond area where the
depth to bedrock exceeds approximately 20 m. It consists of predominantly fine grained silts and
clays likely deposited in a glacio-lacustrine environment. Basal clays (TOB96-10, Figure 5) are
overlain by silty clay, with thin sand and gravel layers. North of TOB96-10 at T96R-151 (Fig_ure
5), and within the northeastern portion of the tailings pond area at TOB96-14 (Figure 6), the

lower surficial unit predominately consists of sand and gravel outwash or valley fill deposits.

Within the central portion of the tailings pond area (i.e., T96R-112, TOB96-10, and TOB96-14),

a gravel deposit marks the contact between the lower and uppet surficial units. The gravel

Fiteau Engineering Ltd, (3773-12) Page 3
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deposit is absent in the southern end of the tailings pond area, but increases gradually to the north

where it attains a thickness of approximately 10 m at TOB96-10 (Figure 5).

Upper Surficial Unit

The upper surficial unit consists of 12 - 20 m of sand and st till, overlain by up to 2.5 m of fine
grained clayey silt deposits. The till is medium to dark brown and contains some to little clay
(~20%) and gravel. The colour of the till becomes darker and clay percentage appears to
increase with depth. The overlying glacio-lacustrine sediments grade from pure silt in the south
to clayey silt in the north. The silt is medium brown, soft and varved (as observed in shelby tube

samples).

A localized sand and gravel deposit, extending from surface to 9.5 m below ground surface was
encountered at TOB96-06 (Figures 4 and .5). The sand and gravel unit occurs within a
topographic low and is incised into the till and clay deposits which otherwise blanket the
proposed tailings pond area. The deposit appears to follow the course of a northwest trending
intermittent stream which drains into the local resident’s dugout pond. Because of the inferred
localized nature-of the sand and gravel deposit, potential seepage through this unit can be easily

mitigated. This is discussed further in Section 2.6.4.

23  BEDROCK GEOLOGY

The upper 10 m of bedrock comprises an interbedded sequence of dark gray mudstone, siltstone

and sandstone. The bedrock surface dips to the north, at an estimated angle of approximately six

degrees (Figure 5). At the south end of the tailings pond area, the depth to bedrock ranges from
12 m (TOB96-16) - 17.6 m (TOB96-07). Near the north end of the tailings pond area, depth to
bedrock exceeds 81 m at TOB96-10.

Fiteau Engineering Ltd. (37735-12) Page 4
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24  HYDROGEOLOGICAL CONDITIONS

2.4.1 GROUNDWATER FLOW

Key features of the hydrogeology beneath the proposed tailings pond area are summarized below

based on Figures 4- 6.

the bedrock surface is interpreted to dip steeply to the north/northwest and consequently the

thickness of surficial sediments overlying bedrock increases significantly in this direction;

« with the exception of the localized sand and gravel deposit in the northwest area (see below)
the majority of the proposed tailings pond area is interpreted to be underlain by a low

permeability till deposit which has a minimum thickness of 12 m;

« depth to groundwater in the surficial groundwater bearing zone ranges from 0.4 m (TOB96-
07-10) to > 42.5 m below ground surface (TOB96-14-43). Variations in groundwater surface
elevations are interpreted to be controlled by the elevation of the bedrock surface, the
occurrence of sand and gravel deposits in the lower surficial unit, and the elevation of

adjacent valleys which act as local drainage areas; and,

» at TOB96-07-20 (completed across the till/mudstone bedrock contact) flowing artesian
conditions occur; based on visual observations, the flow rate is estimated to be less than

approximately 4 L/min.

Although there is insufficient information to contour groundwater surface elevations (four of the
six piezometers completed in the surficial sediments were dry at the time of measurement) and
thus to determine horizontal hydraulic gradients and groundwater flow velocities, groundwater
flow within the upper surficial deposits is generally expected to follow topography in a
north/northwest direction at a rate estimated to be less than 10 m/year. Groundwater flow

patterns within bedrock are also expected to be in the same direction towards the Telkwa River.

Piteau Ergineering Ltd. (3772-12} FPage 5
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Upward vertical hydraulic gradients were measured at piezometer nest TOB96-07-10/20. It was
not possible to establish vertical hydraulic gradients at the other piezometer nest sites (i.e.,

TOB96-10-11/28 and TOB96-14-10/43) as they were dry at the time of measurement.

Based on one single well response test (TOB96-07-10), the in-situ hydraulic conductivity of the
till was estimated to be approximately 6.5 x 10® m/s (Table 1). The hydraulic conductivity of the
underlying gravel/mudstone was estimated from one. single well response test (TOB96-07-20) to

be 8.2 x 107 m/s.

Results of laboratory permeameter tests on till samples from TOB96-09 (Table 3) yielded a

hydraulic conductivity of 7 x 107° mv/s (depth interval 0.5 - 0.95 m) and 4 x 10" m/s (depth

mterval 6.2 - 6.65 m.

242  GROUNDWATER QUALITY

Field Measured Parameters

Measurements of sensitive water quality parameters (i.e, temperature, pH, and electrical
conductivity) were conducted during the field sampling program and are summarized on Table 4.
Groundwater temperatures were in the range of 6.5 to 7.3°C. Groundwater pH was in the range

of 7.44 - 7.50, with electrical conductivities in the range of 734 to 1,090 nS/cm.

Laboratory Analysis
Key results from the analyses are presented on Tables 5 and 6. The original laboratory and

quality assurance/quality control (QA/QC) data sheets are provided in Appendix IV,

The hydrochemical nature of the groundwater samples was characterized on an expanded Durov
diagram (Figure 7). This diagram allows a simple, concise graphical representation of the water
analyses. Analytical data are plotted according to the relative proportions of the major cations

(i.e., calcium, magnesium, and sodium + potassium) and major anions (i.e., bicarbonate,

sulphate, and chloride), expressed as milliequivalents per litre (meq/L). Depending on the .

dominant cation(s) and anion(s), various hydrochemical water types can be identified.

Fiteau Engineering Ltd. (3775-12) Page &
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Recently recharged groundwater is usually a calcium-bicarbonate type, plotting in the upper left-
hand square of the Durov diagram. Natural softening by cation exchange (i.e., sodium for
calcium) can occur with increased residence time. This type of groundwater plots in the upper
right-hand square of the diagram. Groundwater characterized by relatively long residence time is

commonly of a sodium-chloride type, which plots in the lower right-hand square.

As shown on Figure 7, groundwater analyses from the two piezometers completed in the upper
surficial units can be characterized as a sodium-bicarbonate hydrochemical type. The dominance
of the sodium cation suggests groundwater with a relatively long subsurface residence time
and/or natural softening by cation exchange. Concentrations of total dissolved solids (TDS) were

in the range of 460 - 688 mg/L.

Indicator Parameters

Water quality standards as specified by the B.C. Ministry of Environment Land and Parks for
freshwater aquatic life (Appendix V) were used to assess results for select indicator parameters

and metals.

Concentrations of indicator parameters sulphate, chloride, TDS and nitrogen species, together
with the applicable water quality criteria are presented in Table 5. Concentrations of the

indicator parameters in groundwater were all below the freshwater aquatic life criteria.

Piteau Engineering Ltd. (3773-12) Page 7
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Metals

Concentrations of metals, together with the B.C. freshwater aquatic life criteria are presented in.

Table 6. Metals measured at concentrations (total) above the recommended criteria were as

follows:

Piezometer Metals Above Freshwater Aquatic Life Criteria "

TOBY%6-07-10 cadmium (total and dissolved), copper, lead, zinc, aluminum, iron, and

manganese

TOB%6-07-20 cadmium, chromium, copper, zinc, aluminum, iron, and manganese

(includes dup.)

NOTES:

O Based on B.C. Ministry of Environment Land and Parks Water Numerical Criteria (see Appendix V).

Chemical results from the first sampling event may not be representative of actual groundwater
conditions due to the likelihood of high levels of suspended solids occurring within the sand pack
following piezometer instaliation. Laboratory results from a second sampling event are expected

to provide a better indication of metal concentrations in groundwater.

In addition to the standard laboratory QA/QC procedures (see Appendix 1V), a field blank and a
duplicate sample from TOB96-07-20 were submitted for analysis. Concentrations of all
indicator parameters and metals were below the laboratory detection limits for the field blank.
With the exception of certain total metal concentrations, analytical results from TOB96-07-20
were within 20% of the duplicate sample. Overall, the QA/QC resulis are considered

satisfactory.

2.5 PRELIMINARY SEEPAGE ANALYSIS

One of the key considerations in the assessment of the proposed tailings pond area is the amount
of secpage (i.e., volume per unit time) that may occur through the native soils. The seepage

analysis was carried out using Darcy’s Law as given by:

Piteau Engingering Ltd. (2773-12) FPage &
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Q=KiA

where “Q” is the seepage rate [L/T], “i” is the vertical hydraulic gradient between the tailings
pond and the underlying native soil [L/L], “K” is the hydraulic conductivity of the underlying
native soil [L/T] and “A” is the surface area of the proposed tailings pond [L*]. Results from the
preliminary seepage analysis are summarized below based on an assumed vertical hydraulic
gradient of 0.5. It is noted that no allowance 1s made for the potential sealing effect of the

deposited tailings.

POND SECTOR APPROXIMATE HYDRAULIC ESTIMATED
AREA CONDUCTIVITY | SEEPAGE RATE
(km?*) (m/s) (Li/sec)
Northwest portion 0.05 1x107° 250
(underlain by sand and gravel)
Western, Eastern, and Northern 1.20 1x10°% 6
portions (i.e., remaining area)

Notes:
1. Pond sector areas are approximate.
2. Hydraulic conductivity of the northwest portion (sand and gravel) assumed based on literature values (Freeze

and Cherry, 1979),

3. Hydraulic conductivity of the till in the western, eastern, and forthern portions of the tailings pond assumed to
be ~ 0.5 order of magnitude greater than the value determined from the single well response test at TOB96-07-
10.

A very high seepage rate is estimated in the northwest portion of the tailings pond. The rate
reflects the assumed high hydraulic conductivity of the sand and gravel sediments encountered at
TOB96-06. Although the area extent of the sand and gravel deposits have not been determined,

they are interpreted to be associated with the intermittent stream that traverses through the

Piteau Engineering Ltd, (3773-12) Page ©
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northwest portion of the proposed tailings pond. Therefore, for calculation purposes, the deposits
were assumed 1o occur within the area outlined by the 600 metres above sea level (masl) contour

(~0.05 km® - see Figure 3).

Neglecting the northwe_st portion of the proposed tailings pond area, the estimated seepage rate
over the remaining area of the tailings pond (~ 1.20 km?) is in the order of 6 L/sec. (This value is
less than the total maximum tailings pond seepage of 13.5 L/s estimated for the Telkwa north
pond site, located north of the Telkwa River (PEL, 1994). Expressed another way, the leakage

rate is equivalent to a water level decline of 0.16 m/year in the tailings pond.

It should be noted that the above analysis is based on a small number of hydraulic conductivity
values determined either in the field (i.e., single well response tests) or in the laboratory (i.e.,
permeameter tests). While these values are considered to be realistic based on lithology, local
variations in hydraulic conductivities may occur. Thus, to provide an estimate of what the
potential range of seepage rates may be within the tailings pond (excluding the northwest sector
underlain by sand and gravel), a risk analysis program (CRYSTAL BALL, V4.0a,

Decisioneering Inc., 1996) was used.

Using assumed distributions for the factors that control seepage (i.e., hydraulic conductivity of
the till and vertical hydraulic gradient between the tailings pond and underlying till), a statistical
technique was employed to estimate what the possible range of tailings pond seepage may be.

Output from this analysis is presented below.

Piteau Engineering Ltd. (3773-12) Fage 10
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Given an assumed distribution for the hydraulic conductivity of the till (ie, log normal
distribution with a mean of 1.0 x 10® m/s and a standard deviation of 1.0 x 10® m/s) and vertical

hydraulic gradient (i.e., varying between 0.3 and 0.8), seepage through the tailings pond is

estimated to be in the range of approximately 0.1 - 22.5 L/sec. The maximum seepage rate is

considered conservative as it is expected that, over time, the effect of fine tailings deposition in

the pond would be to reduce seepage rates.

Results from the preliminary seepage analysis suggest that the majority of the proposed tailings
pond area, which is largely underlain by more than 10 m of low permeability till, would be
suitable for tailings deposition. Potential high seepage rates through a limited sand and gravel
deposit can be readily mitigated by constructing a low permeability -subsurface cutoff wall (see

Section 2.6.4).

2.6 GEOTECHNICAL CONSIDERATIONS

2.6.1 SOIL PROPERTIES

Foundation conditions in the area of the proposed tailings pond are presented on borehole logs

provided in Appendix II. These logs were prepared based on soil samples visually classified

Piteau Engineering Ltd. (3773-12) Page 1
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according to the Unified Soil Classification (USC) system. Moisture content, Atterberg limits,
grain size distribution, and permeability were determined in the laboratory on sclected soil
samples. These results are summarized in Table 3. Shear strength values were obtained from

pocket penetrometer measurements to assess the stiffness of the deposit.

As noted in Section 2.2, the soil profile consists of a clayey silt layer underlain by a till, gravel
or sarid and gravel and mudstone/siltstone bedrock. The geotechnical characteristics of each unit

are described below.

The clayey silt layer, which was noted in all boreholes with the exception of TOB96-05 and
TOB96-16, varies in thickness from 0.8 to 3.1 m and extends to a maximum depth of 3.5 m
below grade. The clayey silt is medium brown coloured, low plastic, firm to stiff in consistency
and contains a trace to little sand. Coefficient of permeability of the clayey silt is in the order of
7x10"° m/s. Encountered in the clayey silt deposit are areas of iron. oxide straining,
carbonaceous material in the form of coal fragments, calcareous deposits and occasional rootlets.
Moisture contents values are in the range of 25 to 26 percent. Corresponding average SPT blow

count and undrained shear strength values are 10 blows/0.3 m and 0.75 kg/cm® respectively.

The till deposit consists predominantly of silt and sand. The till is medium brown coloured, low
plastic, stiff to hard in consistency, and contains a little to some clay and gravel. Noted in the till
deposit are areas of iron oxide staining, calcareous deposits, carbonaceous materials in the form
of coal fragments, siltstone fragments, and occasional sand stringers. Moisture content values
are in the range of 8 to 11 percent and laboratory measured. coefficient of permeability for the
clayey silt is 4x107 m/s. The tills are generally classified as CL-ML, CL or ML-OL (i.e., low

plastic inorganic silts or clays), as shown in Figure 8.

Profiles of moisture content, SPT blow count and compressive strength (pocket penetrometer)
against depth are provided in Figures 9 to 11 respectively. As indicated on Figure 10, SPT blow
counts throughout the deposit ranged from 16 to 44, which is indicative of a stiff to hard deposit.

Similarly, compressive strength values (Figure 1]) varied between 1.25 and 4.5 kg/cm?® (125-450

Piteau Engineering Ltd. (3773-12) Fage 12
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kPa). Corresponding undrained shear strength values are 63 to 225 kPa (ie, half the

compressive strength values).

The geologic units encountered beneath the glacial till deposit varied between boreholes.
Geotechnical information on these deposits is limited to visual description and overall thickness

as detailed in the borehole logs (Appendix II).

2.6.2 PERIMETER DYKE

The proposed 2.6 km of perimeter dykes are feasible from a geotechnical design stand point.
The till and sand and gravel foundations will provide adequate support for the structure.
However, it will be necessary to provide a seepage cut off or impervious blanket across the sand

and gravel zone as discussed below.

2.6.3 CONSTRUCTION MATERIALS

The dykes would be constructed from earth materials, the bulk of which would be excavated
from within the reservoir area. The most economic and effective design would probably entail a
homogeneous till section, with upstream rock riprap as erosion protection, placed on sand and
gravel transition material. An internal drainage layer of sand or sand and gravel would also be
required. The till could be readily placed and compacted to a dense condition with a minimal

amount of moisture conditioning required.

Riprap would be obtained from a suitable rock quarry, or from mine rock waste, depending on its
properties, particularly the resistance to breakdown from physico-chemical weathering processes.
Some or all of the granular transition and filter materials may be obtained from the dyke and

reservoir area, depending on the material specifications and design requirements.

2.6.4 SaAND AND GRAVEL ZONE CUTOFF

Although the sand and gravel deposit underlying a 200 m long section of the perimeter dyke will
provide adequate foundation support, it will need to be sealed off to separate the reservoir water

from groundwater. Based on the available drilling information, it should be feasible to excavate
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at relatively steep slopes (1.5 horizontal to vertical) down to the water table at a depth of
approximately 4 m. For the remaining 5-6 m below the water table to the bottom of the deposit,

a slurry cutoff wall is recommended.

The trench may be excavated through the sand and gravel with a backhoe. A soil-bentonite
slutry: would retain the trench walls at a near vertical angle. Following excavation, the slurry
would be displaced by a well graded, low permeability soil, most likely till material from the
adjacent area.” Above the cutoff trench, the cutoff would be completed by placing layers of low
permeability compacted till. The cutoff would be integral with the core of the overlying dyke,
which would also be constructed in the same manner from till borrow material, as described

above.

An alternative to an excavated cutoff is to place a blanket of low permeability soil over the area
of sand and gravel deposit which is exposed in the reservoir. The blanket would be constructed
from till in compacted layefs to a minimum thickness of 1 m. It would be covered witha 1 m

thick layer of free dumped till to protect the blanket from desiccation and weathering effects.

Piteau. Engineering Ltd. (377212) Page 14
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3. CONCLUSIONS

1. The site proposed for disposal of mine tailings appears to be satisfactory from both
hydrogeological and geotechnical stability perspectives. The till deposit underlying the
majority of the site offers a natural low permeability containment medium. The geotechnical
properties of the till are also suitable both for foundation support and for use in dam

construction.

2. The surficial geology of the tailings pond area comprises distinct upper and lower units. The
upper surficial unit underlies the majority of the tailings pond area and consists of 12 m to 20
m of sand and silt till, overlain by up to 2.5 m of fine grained clayey silt deposits. The in-situ
hydraulic conductivity of the till was estimated to be approximately 6.5 x 10° m/s. (TOB96-
07-10). Results of permeameter tests yielded hydraulic conductivity values of approximately

two orders of magnitude lower than determined from the in-situ test.

3. The depth to groundwater in the surficial groundwater bearing zone ranges from 0.4 m
(TOB96-07-10) to > 42.5 m (TOB96-14-43). Variations in groundwater surface elevations
are interpreted to be controlled by the elevation of the bedrock surface, the occurrence of
sand and gravel deposits in the lower surficial unit, and the elevation of adjacent valleys
(which act as local drainage areas). Groundwater flow within the upper surficial deposits is
generally expected to follow topography in a north/northwest direction at a rate estimated to
be less than 10 m/year. Groundwater ﬂowpatterns.within bedrock are also expected to be in

the same direction towards the Telkwa River.

4. An upward vertical hydraulic gradient was measured at piezometer nest TOB96-7-10/20. At
this location, flowing artesian conditions occur; based on visual observations, the flow rate is
estimated to be less than approximately 41/min. It was not possible to establish vertical
hydraulic gradients at the other piezometer nest sites (i.e., TOB96-10-11/28 and TOB96-14-

10/43) as they were dry at the time of measurement
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5. Given an assumed distribution for the hydraulic conductivity of the till and vertical hydraulic
gradient, the initial rate of seepage through the tailings pond is estimated to be in the range of
approximately 0.1 -22.5 L/sec. The maximum seepage rate is considered conservative as it
is expected that, over time, the effect of fine tailings deposition in the pond would be to

reduce seepage rates.

6. The localized sand and gravel deposit at TOB96-06, extending from surface to 9.5 m below
ground surface could be hydraulically isolated from the tailings pond utilizing either a cutoff

trench or a low permeability soil blanket.

7. Groundwater analyses from the two piezometers completed in the upper surficial units can be
characterized as a sodium-bicarbonate hydrochemical type. Dominarnce of the sodium cation
suggests groundwater with a relatively long residence time and/or natural softening by cation
exchange. Concentrations of all indicator parameters were below the B.C. Ministry of

Environment Land and Parks freshwater aquatic life criteria.

8. Total concentrations of cadmium (total and dissolved), chromium, copper, lead, zinc,
aluminum, iron, and manganese were above the freshwater aquatic life criteria at TOB96-07-
10 and TOB96-07-20. As results are based on the first sampling event, they may not be
representative of actual groundwater conditions due to the high levels of total suspended
solids occurring within the sand pack. Subsequent sampling programs will provide a better

indication of groundwater chemistry.
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4. RECOMMENDATIONS

1. The lateral extent and thickness of the sand and gravel deposit at TOB96-06 should be
confirmed using a combination of geophysics surveys and borehole drilling. Based on these
findings, the most cost effective approach to hydraulically isolate the deposits from the

tailings pond should be identified.

2. Although the investigation program covered the general area of the proposed reservoir,
additional delineation soil probing and/or geophysical investigation is warranted in the
detailed engineering phase to confirm the continuity and thickness of the till and the limits of

the sand and gravel deposit (s).

Piteau Engineering Ltd. (3773-12) Page 17
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TmdLE 1
PIEZOMETER INSTALLATION DETAILS, DATUM/
GROUNDWATER SURFACE ELEVATIONS AND HYDRAULIC CONDUCTIVITIES

PIEZO. NORTHING EASTING GROUND STICK-UP DATUM TOTAL SCREEN DATE DEPTH GHROUNDWATER HYDRAULIC LITHOLOGY
NO. ELEVATION PVC PIPE ELEVATION DEPTH INTERVAL TO WATER SURFACE CONDUCTIVITY
(above ground (top of PVC OF PIEZO. BELOW ELEVATION
- approx.) casing) (below ground) (below ground} DATUM
(masl) (m) (masi) (m) {m) (y/m/a) (m) {masl) (m/s)

Tailings Pond

TOB96-07-10 6057178 622256 613.28 0.65 613.93: 10.4 7.4-10.4 96-Sep-18 1.08 612.85 6:5x10° Silty clay it

TOB96-07-20 6057178 622256 613.28 0.85 613.93 19.7 16.6-19.6 96-Sep-18  flowing >613.93 8.2x 107 Gravel / mudstor

TOB96-10-11 6057833 621877 605.02 0.65 605.67 10.5 7.5-105 96-Sep-18 dry <605.67 N/A Silty clay til

TOBY6-10-28 6057833 621877 605.02 0.85 605.67 27.5 24.5-275 96-Sep-18 dry <605.67 N/A Sand & gravel

TOB96-14-10 6057804 622501 604.39 0.38 604.77 10:2 7.2-10.2 96-Sep-18 dry <B604.77 N/A Silty clay 1ill

TOB96-14-43 6057804 522501 604.39 0:38 604.77 42.5 41.0-425 96-Sep-18 dry «604.77 N/A Sand & gravel
NOTES;

1. masl - metres above sea level.
2. NA - not analyzed.
3. Borehole logs and piezometer completion details provided in Appendix M.

1/23/97 - 10:26 AM JABT7A\I773- 12\ TABLESINEWTAB1 . XLS Page 10of 1
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TABLE 2
BOREHOLE SUMMARY INFORMATION

DRILLHOLE NORTHING EASTING TOTAL DEPTH OF BOREHOLE INTERVAL LITHOLOGY
(below ground, m) From (m) To (m)
Tailings Pond
TOB96-05 6057406 621498 20.0 0.0 13.0 sand,sift till
13.0 20.0 silt (gravel)
TOBG6-06 6057562 621644 10.0 0.0 9.5 sand,gravel
' 9.5 10.0 till
TOB96-08 6057435 622515 19.0 0.0 1.0 silty clay
1.0 8.0 sand,silt,tilt
8.0 17.0 silt,gravel seams
17.0 19.0 siltstone
TOBS6-09 6057636 622296 20.0 0.0 1.9 claysy silt
1.9 20.0 sand,silt,till
TOB96-15 6057406 622236 17.5 0.0 3.2 silty clay
3.2 5.0 sand,gravel
5.0 16.0 sand,silt till
16.0 16.5 grave!
16.5 17.5 siltstone
TOB96-16 6057145 817700 13.5 0.0 2.0 silt
2.0 2.5 sand
25 10.0 sahd,sift till
10.0 12.0 clay,silt;til
12.0 13.5 siltstone
T79R-04 6057509 621492 71.3 N/A N/A N/A

1/23/97 - 12:45 PM JA37TAITTI-1ATABLES\WNEWTAB2.XLS Page 1 of 7
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TABLE 2
BOREHOLE SUMMARY INFORMATION

DRILLHOLE NORTHING EASTING TOTAL DEPTH OF BCREHOLE INTERVAL LITHOLCGY
{below ground, m) From (m) To {m)
Tailings Pond
T96R-104 6056245 622320 76.0 0.0 5.0 overburden
5.0 19.8 mudstcne

19.8 27.0 siltstone
27.0 28.5 sandstone
28.5 31.0 mudstone
31.0 38.0 ‘siltstone
38.0 44,0 mudstone
44.0 47.8 siltstone
47.8 61.7 mudstone
61.7 61.8 coal
61.8 62.1 mudstone
62.1 62.3 coal
62.3 62.6 mudstone
62.6 64.2 coal
64.2 64.4 mudstone
64.4 65.6 coal
65.6 69.0 conglomerate
69.0 70.4 mudstone
70.4 70.8 coal
70.8 71.0 mudstone
71.0 71.3 coal
71.3 78.9 siltstone
78.9 B84.6 sandstone
84.6 91.3 mudstone
91.3 97.0 sandstone
97.0 101 1 siltstone
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TABLE 2
BOREHOLE SUMMARY INFORMATION

DRILLHOLE NORTHING EASTING TOTAL DEPTH OF BOREHOLE INTERVAL LITHOLOGY
(below ground, m) From (m) To (m)
Tailings Pand
T96R-104 (CON'T) 1011 102.5 mudstone
102.5 102.9 coal
1029 104.0 mudstone
104.0 116.0 conglomerate
116.0 122.0 sandstone
T96R-106 6056577 622290 135.1 0.0 5.0 overburden
5.0 9.2 mudstone
9.2 22.3 siltstone
22.3 34.1 sandstone
341 41.5 siltstone
41.5 48.6 mudstone
48.6 63.2 sandstone
63.2 67.4 siltstone
67.4 67.8 coal
67.8 68.8 mudstone
68.8 69.1 coal
69.1 70.5 mudstone
70.5 75.9 silistone
75.9 79.1 conglomerate
79.1 86.2 mudstone
86.2 86.8 coal
86.8 87.0 mudstone
87.0 87.2 coal
87.2. 88.2 mudstone
88.2 88.7 coal
88.7 91.0 miidstone
91.0 91.3 coal

1/23/97 - 12:45 PM JAITTNITTI-12\TABLES\INEWTAB2.XLS Page 3.of 7



TABLE 2

BOREHOLE SUMMARY INFORMATION

£ 377312

DRILLHOLE NORTHING EASTING TOTAL DEPTH OF BOREHOLE INTERVAL LITHOLOGY
(below ground, m) From {m) To (m)
Tallings Pond
T96R-1056 (CON'T) 91.3 91.7 mudstone
91.7 91.9 coal
91.9 92.4 mudstone
924 92.7 coal
92.7 92.9 mudstone
92.9 94.0 coal
94.0 94.3 mudstone
94.3 95.4 coal
95.4 98.0 sandstone
98.0 99.6 mudstone
99.6 99.8 coal
99.8 1001 ‘mudstone
100.1 1011 coal
10141 1013 mudstone
101.3 101.6 coal
101.6 105.0 mudstone
105.0 105.3 coal
105.3 105.7 mudstone
105.7 1071 coal
107.1 107.4 mudstone
107.4 107.7 coal
107.7 108.6 mudstone
108.6 109.2 coal
109.2 116.9 siltstone
118.9 123.0 conglomerate
123.0 130.5 -sandstone
130.5 133.0 conglomerate
133.0 140.0 mudstone

1/23/97 - 12:45 PM

JABT?AIT73-12\TABLESINEWTAB2.XLS

Page 4 of 7



£ 77312

TABLE 2
BOREHOLE SUMMARY INFORMATION

DRILLHOLE NORTHING EASTING TOTAL DEPTH OF BOREHOLE INTERVAL LITHOLOGY
(below ground, m) From (m) To {m)
Tailings Pond
T96R-107 6056619 622141 86.0 0.0 4.0 overburden
4.0 6.7 sandstone
6.7 7.0 coal
7.0 7.9 mudstone
7.9 8.3 coal
8.3 9.3 mudstone
9.3 96 coatl
9.6 11.0 mudstone
11.0 18.0 sandstone
18,0 21.2 mudstone
21.2 34.2 sandstone
34.2 39.0 siltstone
39.0 39.3 coal
39.3 45.0 mudstone
45,0 50.2 sandstone
b0.2 60.4 mudstone
60.4 61.0 coal
61.0 61.1 mudstone.
61.1 61.3 coal
61.3 61.7 mudstone
61.7 61.8 coal
61.8 64.5 mudstone
64.5 64.7 coal
64,7 65.0 mudstone
65.0 65.2 coal
65.2 65.5 mudstone
65.5 65.9 coal
65.9 66.7 mudstone
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TABLE 2
BOREHOLE SUMMARY INFORMATION
DRILLHOLE NORTHING EASTING TOTAL DEPTH OF BOREHOLE INTERVAL LITHOLOGY
(below ground, m) From (m} To (m)

Tailings Pond

T96R-107 (CON'T) 66.7 66.9 coal
66.9 §7.2 mudstone
67.2 67.5 coal
67.5 67.7 mudstone
67.7 68.1 coal
68.1 68.2 mudsione
68.2 69.4 coal
69.4 69.7 mudstone
69.7 70.3 coal
70.3 723 sandstone
72.3 72.7 coal
72.7 72.8 mudstone
72.8 73.1 coal
731 73.6 mudstone
73.6 73.8 coal
73.8 76.2 mudstone
76.2 81.2 siltstone
8.2 B1.6 coal
81.6 B1.7 mudstene
81.7 82.1 coal
82.1 B5.6 mudstone
B5.6 89.3 siltstone
89.3 100.4 sandstone
100.4 100.8 coal
100.8 116.1 siltstone

1/23/97 - 12:45 PM
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TABLE 2
BOREHOLE SUMMARY INFORMATION

DRILLHOLE NORTHING EASTING TOTAL DEPTH OF BOREHOLE INTERVAL LITHCLOGY
(below ground, m) From (m}) To (m)
Tailings Pond
T96R-108 6056569 621978 120.2 N/A N/A N/A
T96R-109 6056588 621653 65.0 N/A N/A N/A
T96R-112 6057637 621875 64.0 N/A N/A N/A
T96R-116 6057088 621362 25.0 N/A N/A N/A
T96R-145 6057117 622529 911 N/A N/A N/A
T96R-146 6056893 621621 94.0 N/A N/A N/A
T96R-151 6058251 621876 39.0 N/A N/A N/A
NOTES: |

1. TOB96 series boreholes drilled under the supervision of Piteau Engineering Ltd.
2. T96R series boreholes drilled under the supervision of Mana'ta coal Ltd.

3. Borehole logs for TOB96 series boreholes provided in Appendix Il.

4. N/A - Borehole log information not available.
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TABLE 3
SUMMARY OF GEOTECHNICAL LABORATORY TEST DATA

Borehole Depth Moisture Liquid Limit Plastic Limit Plasticity Index Grain Size Distribution Activity  *K value
(m) Content (%) Gravel Sand  Silt Clay P.L/% Clay (m/sec)
Tailings Pond
TOB96-09 0.5-0.95 25.5 28.5 23.5 5 0 0.9 83.4 15.7 0.32 7x10™
TOB96-09 0.91.3 25 30 24.9 "~ 5A 04 3.5 73.4 22.7 0.23 N/A
TOB%6-09 2.0-2.45 8.8 22 15.2 6.8 N/A N/A N/A N/A N/A N/A
TOB96-09 4.0-4.45 12.6 28 15 13 16.4. 34.7 30.7 18.2 0.71 N/A
TOB96-09 6.2-6.65 11 27 13.7 13.3 N/A N/A  NA  NA N/A 4x10™"
TOB96-09 10.6-10.95 11 27.7 15.6 12.1 14.7 35 29.3 21 0.58 N/A
Notes:

1. * Permeability tests conducted on remoulded samples consolidated to present overburden stress.
2. N/A not analyzed.

1/22/97 - 11:16 AM JA377313773- 12\TABLESITABLEI XL.S Page 1of 1
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TABLE 4
FIELD MEASURED PARAMETERS
— WELL DATE TEMPERATURE ELECTRICAL pH REMARKS
NUMBER CONDUCTIVITY
(y-m-d) (°c) (pS/cem)
Tailings Pond
TOB96-07-10 96-Sep-18 6.5 734 7.44
TOB96-07-20 96-Sep-18 7.3 1,090 7.50
TOB96-10-11 96-Sep-18 N/A N/A N/A Dry
TOB96-10-28  96-5ep-18 N/A N/A N/A Dry
TOB96-14-10  96-Sep-18 N/A N/A N/A Dry
TOB96-14-43  96-Sep-18 N/A N/A N/A Dry
NOTES:
1. N/A - not analyzed.
[
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TABLE 5 3773-12
GROUNDWATER QUALITY INDICATOR PARAMETERS

= | ocation

Sample Date Sulphate Chiloride TDS TDS-calculated Tot. Amm. (as N} NO,+NOj; (as N)

{mg/L) {mg/L) {mg/L) {mgiL) {mg/L) (mg/L)
Tailings Pond
TOBY6-07-10 96-Sep-18 2.1 13.1 460 427 017 0.902
TOBY6-07-20 96-Sep-18 16:3 29.2 688 676 0.5 0.037
TOBY6-07-20
(duplicate) 96-Sep-20 16.3 30.7 688 664 0.51 0.058
Distilled Water
Blank #1 96-Sep-20- <0.1 <0.5 6.0 20 <0.01 0.035
B.C. freshwater aquatic life criteria; 100 NC NC NC 1.84* 40
NOTES:

1.) NC - No Criteria.

1/23/97 - 10:46 AM
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TABLE 6
LABORATORY ANALYSIS RESULTS FOR METALS

3773-12

Cobhalt:T Coba[_g

Location Sample Date Arsenic:T_Arsenic| Barium:T Barium Cadrnium:f Cadmium | Chromium:T Chromium ; _Copper:f Copper Lead:T Lead Mercury:T Mercury iMolyhdenum:T‘ Mol_ybden.um Nickel'T  Nickel | Selenium:T Seleniurm
(mg/lL) (mg/L}| (mg/) (mg/L)| (mgl) {mg/L) (mg/L) (mg/t) | (mg/t) (mg)| (mg/L) (mg/L)| (mg/L} (mg/t} {(mg/L) . (mgL) {mg/L} {mg/L})  (mg/L) (mg/L) {mg/L)
Tailings Pond
TOB96-07-10 .
96-Sep-18 .0015 .0012 115 077 < .001 0011 .0003 004 1 < .0003 < .00005 .0058 .0035 <. 0005 <.0005] <.0002 <.0002
TOB96-07-20 .
96-Sep-18 .0007  .0002 .14 032 <001 029 <.00 .0002 .0021 < .0003 < 00005 < .0002 <.0002 <.0005 <.0005| <.0002 <.0002
TOB96-07-20 (Dup) 96-Sep-18 0007 <.0002| .164 .146 < .001 .0008 .0004] <.0002 < .0002) .0oz23 < 0003 < .00005 0023 .002 «.0005 <.0005 0007 < .0002
Water Blanks
Distilled Water Blank #1 | 96-Sep-18 | <0.0002 <0.0002| 0.006 <0.0004 <0.0002 <0.0002 <0.001 <0.001 <0.0003<_0.00Ci( <0.0002 <0.0004 <«0.0003 <0.0003 <0.00005 <(.0002 <0.0002 <0.0005 <0.0005| <0.0002 <0.0002
B.C. freshwater aquatic life crileria: 0,05 1 0.0002 * 0.002 0.05 ; 0.002 * 0.004 0.0001 i ' 0.025 0.001
Location Sample Date | Siiver:T  Silver | Zinc:T  Zinc: [ Aluminum:T Aluminum| Beryilium:T  Beryllium |Boron:T Boror"i_;.“ Iron:T Iron | Manganese:T Manganese l?'ht:vsphor'us:'ll-'r -Phosphorusfi  Ortho P Total Diss. P | Utanium:T Uranium| Vanadium:T Vanadium
{mg/t) (mg/i}| (mg/l) (mg/L}| (mglt) (mg/L) {mg/L} (mg/t) | (mg/L) (mg/L)| {mg/t) (mgh)] (mgiL) (mg/L) (mg/L} (mg/L). {mg/L) (mg/) {mg/t)  (mg/L) (mg/L) (mg/L)
. Tailings Pond
T0BS6-07-10 96-Sep-18 | <0.0001 <0.0001 <0001 | <0.0002  <0.0002 | 0.1 0.079 <0.1 <0.003 0.008 | 00084 0009 | 0011  0.004
TOB96-07-20 96-Sep-18 | <0.0001 <0.0001|:" <{0.001 <0.0002 <0.0002 0.24 0.019 <0.1 <0,003 0.004 0.0074 0.0074 <0.001 <0.001
TOB96-07-20 (Dup) 96-Sep-18 1 <0.0001 <0.0001 <0,001 0.0004 <0.0002 0.16 0.025 <0.1 .01 0.015 0.0073 «<0.0004| <0.001 <0.001
Water Blanks
Distilled Water Blank #1 | 96-Sep-18 | «0.0001 <0.0001| <0.0008 <0.000f <0.001 <0.001 «<0.0002 <0.0002 | <0.01 <0.01] <001 <0.01 <0.001 <0.001 <0.1 <01 <0.003 <0.003 <0.0004 <0.0004| <0.001 <0.001
B.C. freshwater aquatic life criteria: 0.0007 0.023 0.05* 0.0053 NC 0.3 0.1 NC NC 0.3 NC

Noles:
1.) Shaded area indicates concentrations which exceed B.C. Ministry of Environment Land and Parks freshwater aguatic life criteria (See Appendix V).
'2.) " - Criteria increases with water hardness (see Appendix V).
3.) ** - Criteria increases with pH (see Appendix V).
4.} T indicates total metals analysis, otherwise analysis indicates dissolved concentration.
5) NC - no criteria.

o

1/23/97 - 10:45 AM
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APPENDIX I - FIELD PROGRAM PROTQCOLS

PIEZOMETER CONSTRUCTION

Piezometers were constructed using 51 mm (ID), schedule 40 PVC pipe supplied by Rice
Engineering Ltd. of Edmonton. All sections were machined with threaded flush-joints (M/F
480) to avoid the use of PVC glue and primer for connections, since bonding materials can
potentially introduce traces of organic contaminants. The screen sections of PVC pipe were
constructed with three rows of No 20 slotting. The base of each screen section was closed with

a heat-welded seal.

Following preparation, all piezometer pipe sections and screens were washed by the supplier
using a non-phosphate detergent, and clean potable water. This procedure is in accordance with
U.8. EPA recommended methods (Aller et al., 1989). After cleaning, each individual piece was

sealed in a plastic bag to prevent contamination during transport.

All piezometers were constructed by placing a screen section of PVC pipe across a potential
groundwater bearing interval. Shallow piezometers were constructed by placing a 3 m screen
across the upper groundwater surface (water table). Deeper piezometers were constructed with a

1.5m or 3.0 screen placed across the identified groundwater bearing zone.

Solid sections of pipe were then threaded onto the screen sections, and the entire string lowered
to the desired depth of completion. High silica content frac sand of 10/20 grade was added to the
annulus to approximately 0.3 m above the screened interval. A primary water-tight seal, of 1.0
m average thickness, was placed above the sand pack using high quality 6 mm peltonite tablets.

Any remaining annual space was then backfilled with bentonite chips.



At surface, a 102 mm diameter, 1.5 m long steel casing with a lockable cap was inserted
approximately 0.75 m. into the open borehole. This provides some physical protection and
enhanced visibility for the piezometer. A hydrated bentonite cap was placed around the base of
the protective steel casing. Cuttings were mounded around the base of the piezometer to direct
surface water runoff away from the borehole. Piezometer depths and screen intervals are listed in

Table 1. Full construction details are included on the borehole logs in Appendix II.

PIEZOMETER DEVELOPMENT AND HYDRAULIC CONDUCTIVITY TESTS

Shortly after installation, each piezometer was developed using the high volume, high pressure
air compressor on the drill rig. Groundwater was air lifted from each piezometer until a
sufficient volume was removed to. purge any drilling fluids and remove fine materials from the

sand pack. Where possible, air lifting was continued until the water was no longer turbid.

A hydraulic conductivity test was performed on each piezometer. The test was initiated by
recording the static water level using a standard electric water level sounder. Standing water was
then removed from the wellbore using a portable air compressor with a 46 m air line.
Recovering water levels were measured at selected time intervals. Water level recovery versus

time data are presented in Appendix III.

Hydraulic conductivity values obtained by this method are approximate due to the relatively
small volume of water removed from the wellbore. As such, they only represent the zone within
the immediate vicinity of the screened interval. Small variations such as fracture density in rock
can greatly affect hydraulic conductivity values within zones of similar lithology. Nevertheless,
this method of testing provides a useful indication of the order of magnitude of the local

hydraulic conductivity.

For shallow piezometers completed in an unconfined groundwater bearing unit, the Bouwer and
Rice method (1976) was used to interpret slug test results and estimate hydraulic conductivity
values. For deeper piezometers completed in a confined groundwater bearing unit, the Cooper et
al. (1967) method was used for interpretation of slug test results, Hydraulic conductivity data are

summarized on Table 1 and presented in Appendix III.



GROUNDWATER SAMPLING

Groundwater sampling was performed between September 19 to 22, 1996. At least three
volumes of standing water were removed from each piezometer prior to sampling to ensure
samples collected were representative of formation water. All sample bottles were rinsed with

formation water prior t6 sample collection.

At each piezometer the following sub-samples were collected:

« A 500 mL aliquots, unpreserved, stored in polyethylene bottle for analysis of major ions and
routine portability parameters. These include: alkalinity, bicarbonate, carbonate, calcium,
chloride, conductivity, hydroxide, dissolved iron, magnesium, dissolved manganese, nitrate
plus nitrite nitrogen, pH, potassium, sodium, sulphate, total dissolved solids, total suspended

solids, and total hardness.

« A 250 mL aliquot, unfiltered and preserved with 5 mL 12.5% H,SO, for analyses of nutrients
including total NH;-N, dissolved phosphorus (lab filtered), total phosphorus, and
orthophosphorus.

« A 250 mL aliquot, unfiltered and preserved with 1.25 mL 1:1 HNO, for analyses of total

metals.

« A 250 mL aliquot field filtered to 0.45um and preserved with 1.25 mL 1:1 HNO, for

analyses of dissolved metals.

« A 125 mL aliquot, unfiltered and preserved with 1 mL K,C,0,-HNO, for analyses of total
mercury.

« A 125 mL aliquot field filtered to 0.45um and preserved with 1 mL K,C,0,-HNO, for

analyses of dissolved mercury.

All samples were packed in ice (cooled to approximately 4°C) and delivered to Chemex Labs in

Calgary within 48 hours of program completion.



SURVEY INFORMATION
All piezometers locations were surveyed by Manalta personnel using a portable differential
global positioning system (GPS). Piezometer locations were surveyed in UTM. Elevations were

surveyed as metres above mean sea level.
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PITEAU ENGINEERING LTD.

OFFICE REPORT ON SITE INVESTIGATIDN

SHEET 1 &F Z.

CONTRACT NO.» 3773-12-1
BORING NO.:  T0896-05
- NORTRING: 6037405.62

COMPILED BY-

H. Breuster

LOCATION:  Tailings Pond
EASTING: 621497 .84

BORING DATE: Sept. B 1996
Cora Lynn Brilting
609.37 mos|

CONTRACTCR:
ELEVATION:

SAHPLE TYPES

f AUGER SAHPLE
H WASH SAHPLE
R ROCK CORE

C CRREL BARREL
5 SPLIT SPOON

T SHELRY TUBE

0 THIM HALL OPEN

# THIN WALL PISTON

¥ BTATIC WATER LEYEL
¥ DYNAHIC WATER LEVEL

SAMPLE CONDITION
TEST INFORMATION

® POIETROMETER kg/cn?

LOST 1 2 3

1 i i 1 [ L

DESCRIPTION

DEPTH n
BYHBOL

SOILARDEK

PIEZOMETER SPT BLONS/D.3a

e L

20 0

L 1 1 1 1 F| 1 1

CONSTRUCTION

DETATLS " RATER COMVENT ¥

¥
itatic limit @ Figaid iimit
P 1 0 5 1§u an

UATER LEVEL

NUMBER

=
[==9

TOPSOIL: silty clay, medium brown, wet,
soft, polstic, weckly reactive with HEI.

SANG AND SILT TILL: nediun brown to
g red-broun, tittle to same clay, |ittie

hard, dry, [ow plosticity.

20

Grovel .

B o A e .

[V

N, s Vi A

LY

LY

\\\ R N A N I N T AT P AT

B e I e N
.. N N I N o N x RN NN

NEEREY

0

:"\':'.5.

gl

PR TREL s

s LY
v

grovel, troce caal, stightly calcoreous,

NN

B
o




PITEAU ENGINEERING LTD.

OFFICE REPORT ON SITE INVESTIGATION

SHEET ¢ OF Z.

CONTRACT 80.: 3773-12-1 COMPILED BY: M. Brewster BOAING OATE: Sept. B, 13%
BORING NB.:  TOR9G-03 LOCATION:  Taiitngs Pond CONTRACTOR:  Cora Lynn Orilting
NORTHING: 6037405 .62 EASTING: 621497 .84 ELEVATION: 60937 masl
BATPLE TYPES .
TSEL TEST INFORMATION
& AUGER BANPLE 0 THOIN HALL OPEN
: :3§ g?—g P THIN MALL PISTON € PENETROMETER kg/eaZ
C IRREL BARREL 'L STATIC WATER LEVEL A kovca
§ SPLIT SPOMN ¥ DTNATIC WATER LEVEL - .
SpPLES | PIFZOMETER A SPT BLNS/0.3n
= z 5| cosmeTm | W0 0 %, P 5
| g DESCRIPTIDN g S| Erane e x
B|& v |5 BB piostic’iiait @  iiquid iiait
HEREE 1 I .0 W 9

8011 /ROCK

130

SAND ANO SILT TILL-

nediun brown $o

red-brown, |ittle to some clay, little

oravel, troce coal,

slichly calcareous,

bord, dry, low plosticity.

EILT: mediun brown, little ciay,
sand, dry, infrequent coarser fenses
fsond and gravel), strangly recctive.

end of hale 20 m

water encountered at depth of 9.5 m




PITEAU ENGINEERING LTD.

OFFICE REPORT ON SITE INVESTIGATION

SHEET .1 OF L.

CONTRACT ND. -
BORING NO. -
1 NORTHING:

J773-12-1
1089t-06
6057362 22

COMPILED BY:
LOCATION:
EASTING:

M. Brewster
Tailings Pond

BORING DATE: Sept. 9 19%

CONTRACTOR:  Cora Lynn Drilling

ELEVATION:

600.76 masl

SAMPLE TYFES

A AUGER - SAMPLE
H HASH SAHPLE
R ROCK COAE

C CRREL BARREL
5 SPLIT SPOCN

7 SHELEY TUBE
D THIN HALL OPEN

P THIN MALL PISTON

Y STATIC HATER LEVEL
¥ DYRAHIC WATER LEYEL

SAMPLE COMDITION
2| orenmam

TEST INFORMATION

@ PENETRIUETER kg/cn2

1 2 3 4

i i 1 | i 1 i 1 1

DEPTH n
SYHBOL

SOTL/ROCK

DESCRIPTION

PLEZOMETER

TYPE

CONSTRUCTION
ETAILS

A SPT BLOWSY0.3m
.lp 20 30 40 50

1 1 1 1 1 ) 1 i

CONDLTION
RUMEER
HATER LEVEL

HATER CONTENT ¥

30

==
=

1

TOPSOIL: medium sond, dork brown,
dirty (poorly sortedl, slightly moist.

Ll fos

0 (o

Ly 192

bl {5

10 g%qp

SAND AND GRAVEL: dork brown, pooriy
sorted, troce silt, troce clay, grovels
ta 0.3 om, ioose, dry.

TILL: harder drilling no cuttings
returns.

Hole terminoted at 10.0 m due to
golidpsing hote conditions.

=
=




PITEAL ENGINEERING LTOD. OFFICE REPORT ON SITE INVESTIGATION SHEET 1L OF 2.

CONTRACT NO - 3773-12-1 COMPILED BY: M. Bremster BORING DATE: Sept. 9 19%
RORING NO.:  TDBY5-07 (-10 -20) LOCATION:  Tailings Pand CONTRACTOR:  Cora Lynn Orilling
NORTHING - 603717813 EASTING: 622235 47 ELEVATION: 613,28 masl
SATPLE iTPESP - . ' SAHPLE CONDTTION
Bl SANPLI e
Eaﬂlég% BAHPLE 0 maﬁﬁﬁﬂ&zn DISTLRBED TEST INFDRMATION
: :gﬁ gzm P THIN HALL PISTON A @ PENETROMETER kg/cez
£ CRREL BARREL T STATIC WATER LEVEL 6000 e
5 SPLIT SPODN ¥ DYHAHIC HATER LEVEL LasT A
EAMPLES. é PIEZOMETER A EPT BLOMS/0.3n
- DESCRIPTION o z 5 TNSTALLATION LU I . .
E| 8 glas | |Elg B L
H| & 2 E g | B E S ] [ |, pictic Tinit & fiqoid Tinix
0 ‘STEL/ROCK HERE ~J0 3 s 70 90
- TOPSOIL: sondy sil%, dark STICK-DP 488-0.65 m

0.4 brown, minor cloy, organics,

woud Fragments, roots, g
D moist, loose.

NN A

CLAYEY SILT: medium brown,
trace coal, iron oxide
staining along vertical
partings, rootlets, slightly
moist, soft to maderately

N
N

| BENTONI TE

\

I T T i
0N
MR

a1iff, pon-reactive. T
T P51 |nn BCH|40
?% Z PV PIPE
91 R // 7
15 “

GANG AND SILT TILL: dark
" grey-brown, [ittle to song
4. cloy, little grovel, non-

calcarecus; stiff, moist, low 3 /7

plosticty.

N

e T T e e T e

T,

0] Z
i Z 5.4
BN 232 '
\| :::
1 5

L] /q 6.0  fs obave, slightly B 322 i &

' ﬂ\ cal careots, &) ’3?
r‘:] very stiff. 3 : !
#3 23

2 B 5 R R
el B e T 1) T
ik o v e ==

-H[] ,«q‘ u:n u:n n:n:n:u

alERE S it
jq ;;{-_,____. ADAZ0 FRAL SAND
./ o%a P R P

L : j nnn uun Dnu“"-‘uun

il ;{\ 3.2 Grovels. R T S e
s o IS :Z;%;Z: N0 D.0120|SLOT SCREEN
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PITEAU ENGINEERING LTD. OFFICE REPORT ON SITE INVESTIGATION SHEET & OF £ .
CONTRACT NO.: 3773-i2-1 COMPILED BY: M. Brewster BORING DATE: Sept. 9, 19%
BORING NO - TOB96-07 [-10, -Z0) LOCATION:  Tailings Pond CONTRACTOR:  Coro Lynn Orilling.
. NORTHING: 6037178.19 EASTING: 622255.67 ELEVATION: 613 .28 mosl
SAMPLE TYFES _ BAMPLE CONDITICN _
B BULK SAPLE T SHELBY. TUBE TEST INFORMATION
f AUGER- SAHPLE D THIN HALL OPEM DISTURBED
1 BASH SAPLE P THIN 4ALL PSTON FAIR
ggggxﬂ g;m T STATIC MATER LEVEL /5100 @ PENETRONETER kp/onz
S SPLIT SPODN ¥ OYNAGC WATER LEVEL g LosT -
SAMPLES g PIEIOETER A BPT BLOIS/D. 34
e : = 10 20 R N0 50
DESCRIPTIDN o - THSTALLATION R resres T
£ & LATER CONIENT ¥
& % 2138 |¢ E g3 Nigatic Tiat i iinit |
ol | SOLL/ROGK = /E = _ i .20 LU
e SAND AND SILT TILL: dork ‘ // e \
“/‘r\]" grey bromn, little to some clay, // CH rl0420 FRAL SAND
] little gravel, non-calcareous, 7 ND |0.0PG $L.0T) SCREE
‘| stiff, aoist, low plosticity. ///
; BENTONITE
/ 51 |nm BCH|40
? PVG PIPE
- / 159 o) OI6. HOLE]
by
= | PELTONITE
<% folel Setetatetelels 151N
; 165 Grovet. :::m:n: 323::2:::° 6k
1175, oo eene R 10120 PR il
SELTY HUDSTONE (SEDROCK) - O e S I
b%dck, HORY, Flnely ICImlnCITBd, :n:::o: :n:n:n:n:n
EUF“', brittle, CUF'JOHUCEUUS. n:nEn:n 6"6°%0%6" 0"
o ol—lo o 6o a"n" 0"
e NO| 0.D20(SLGT SCREEN
UuD:ﬂuD n.'nnuunbn.nn
O e iy o T
o
)




PITEAU ENGINEERING LTD. OFFICE REPORT ON SITE INVESTIGATION SHET 1 OF 2.
CONTRACT NO.: 3773-12-1 COMPILED BY: M. Brewster BORING BATE: Sept. 10, 13%
HORING NO.:  TOB96-08 LOCATION:  Tailings Pond CONTRACTOR:  Coro Lynn Oriliing
HORTHING: 6057434. 68 EASTING: 62251.65 ELEVATION:  600.9% mast
SAPLE TVPES T SHELBY TUBE SAMPLE COMDITION
A AUGER SAHALE 0 THIN HALL OPER TEST INFORMATION
E :ﬁ g:u: P THIN HALL PISTON y ——
R ROK ORE 7 STATIC TER LEVEL PENETROMETER ka/caZ
§ SPLTT SPOON ¥ (NG UATER LEVEL L 2 3 4
» PIZOMETER A SPT BLONS/0.3a
¢ & E CONSTRUCTICN 'J'OD i 2IU ' 3;3 ) 4]0 L 5|IJ
E g DESCRIPTION gl DETAILS WATER CONTENT % o
8| & g |B |88 piestic' liwit @  liquieiait
oo SOTL/ROCK z|§ |2s R T
VNN 02 TOPSOIL, PEAT:  dark brown, aody, | A L
stightly moist, loose. 5 //
SILTY CLAY:  [ight brown [ittle 7
I 10 iron oxidotion, soft, slightly moist,
L0 P \ law plosticity, slightly reactive.
e SANO AND SILT TILL: nedium brown,
4 little to sone clay, little gravel (10
oA 20 3cnl, trace ceal, iron axide staining
ARSI slightly calcareous, very stiff; loose,
dry, low Pl'ustic_:i"fy‘ ERAL A&
20 [
¥ Al®
s
37
-
50 [
bJ A
8 //
-0 | 7.1 Grovels.
10 F ‘ g
“ SILT: cark brown, littie grovel,
troce sand, hard, dry.
-0
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PITEAU ENGINEERING LTO.

OFFICE REPORT ON SITE INVESTIGATION

SHEET .2 OF 2.

CONTRACT MO, 3773-12-1 COMPILED BY: M. Brewster BORING DATE: Sept 10, 133
BORING NO.:  TDB96-08 LOCATION:  Toilings Pond CONTRACTOR:  Coro Lynn Ortling
" NORTHING: 6037434.59 EASTING: 022514.63 ELEVATION:  600.9D masl
SAMPLE TYPES T SHELBY TUBE SAPLE .CONDTTION _
 AUIGER BAKPLE 0 THIN MALL CPEN OISTUREED TEST INFORMATION
U uASH SHIPLE P THIN RALL FISTON I’“] FAIR ry -
0 UL B ¥ STATIC HATER LEVEL ) PENCTRITETER ka/on2
S SPLTF SPODN X OrNAIC UATER LEVEL LOST L8 34
| PIZGENR A 5T BLIS/0.
e 3 gl constRcTIon | B0, @, D, P W
o5 R plmtic iait @  iiquid iiejt
o n SOIL/ROCK E|B |E|E g i 50 n 90
o /| SILT- 05 obove.
& L
] s
Z
A |
L
Al
L
L
-0 ||
L
n
| | |
! i 192 Grovel, cpproximately 0.2 n.
L
i
L
il
/!
",
i 1710
TEs SILTSTGNE (BEOROCK): dork grey, nassive
nard, dry.
TOTAL DEPTH = 19.0 n

==
ed=




PITEAU ENGINEERING LTD.

OFFICE REFORT ON SITE INVESTIGATION

SHEET .1 OF 2.

CONTRACT NO.: 3773-12-1 COMPTLED BY: M. Brewster BORING DATE: Sept. LI, 19%
BORING NO.:  TCB96-09 LOCATION:  Toilings Pond CONTRACTOR:  Core Lynn Drilling
NGRTHING: 6037636 .23 EASTING: 622295,70 ELEVATION:  6D6 93 masl
SAMPLE TYPES T SELET TUBE SAMPLE CONDITION
1 AUGER SHHPLE D THIN BALL 0PEN AISTURSED TEST INFORMATION
E:gﬁ- g.?g:l.z PTHIN VAL PISTN i ® PENETROMETER kg/cmz
C CRREL BARREL ¥ STATID WATER LEYEL /) 6000 areR
S SPLIT SPOCM ¥ DYHAMIC WATER LEYEL Gl 037 -
BAKPLES - A SPT BLOMS/0.3n
- CESCRIPTION =] g m:’gﬁmgl%i r . 9 . £ 9 2
E|lE ' 5 l5iz CETAILS WATER CONTENT £
Bl & w {8 (816 piostic i fait i iait
nn SIL/ROCK: =18 [2i=& 1 50, 0 qp
T g SILT TOPSOLL: medium brown, slightly
= mist, soft, gross roots.
CLAYEY SILT: mediur brown thin / v b
Fine sand laninations (<L cm), iren T ? %o
16 _ oxide stoining along vertical partings, /
stiff, shightly moist. Sond is highly S % AL "
catcoreous, silt is siightly coicorenus. A *
XN 19
2l (3 SAND AND SILT TILL: dark brown, |ittle.
/q to sone cloy, tittle grovel {to 1 cn),
02 stiff, dry, low plasficity. ) 4
oRE 25
]
W e
i 5 7 | X
. A @
S %/ ok X




PITEAU ENGINEERING LTD.

OFFICE REPORT ON SITE INVESTIGATION

SHEET .2 OF 2.

TOTAL OEPTH.= 20.0 n

CONTRACT NJ. - 3773-i2-1 COHPILED BY: M, Brewster BORING DATE: Sept. 1L, 13%b
BORING NO.:  T0B95-09 LOCATION:  Toilings Pond CONTRACTOR:  Cora Lynn Orilling
~) NORTHING:  6057636.23 EASTING:  620295.70 ELEVATION:  €05.95 mast
BAMPLE TYPES T SHELBY TUEE SAMPLE CONDITION _ .
A ALBER SANPLE. 0 THIN. HALL OPEN GISTLRBED TEST INFURMATION
W UASH SHIPLE P THIN WALL PISTON I’“I FATR 8 .
ggg% Déi;nﬂ_ T GIATID BATER LEVEL ﬁ £000 PENCTROMETER kg/caZ
§ SPLTT -SPOON ¥ DYNNTIC HATER LEYEL i LUST L2 3,4
1 romom | A FTHDSA®
DESCRIPTION B |gowomemn | D, @, D, P LT
' Elmiz DETAZLS. 5y VATER CORTENT & .
B2 |BIE piostic’linit D Tiquid Jinit
= |E |2l I3 s . 10 . 40
BAND AND SILT TILL: os cbove.
A &
ekl A




PITEAU ENGINEERING LTOD. OFFICE REPORT ON SITE INVESTIGATION SHEET L OF 8

el

NN

X

MUY

1 68 As abave, very stiff, dry. PELITONITE

\
\

CONTRACT MO.- 3773-12-1 COMPILED.BY: M. Brewster BORING _DHTEI Septr. 1l, 159
BORING NJ.:  TDA9-10 (-L1, -28) LOCATION:  Tailings Pand CONTRACTOR:  Cora Lynn Drifling
NORTHING: 607832, 72 EASTING: 621877.39 ELEVATION:  6D5.02 masl
SHPLE T1PES _ SAIPLE COMITTIN
B BULK SANPLE T SHELEY TUBE TEST INFORMATION
A AUGER SAPLE 0. THIN NALL DPEN
N aSH SAPLE P THIN WaLL PISTON :
g gg%_ C?RIAEREL @ STATID 14TER LEVEL ' € PENETROETER kg/caZ
S SPLTT SPODN ¥ DTHAMIC HATER LEVEL N
sPLEs | g PIEZOMETER £ SPT BLOMG/D Sn
: DESCRIPTION @ El_ |2 TNSTALLATTON PP X P %
& ?-; 8133 i § B2 M —‘L\ Katicinn @ i i ]
# X SOIL/ROCK - o |2 / > 1p ke’ 50 70 g0
' CLAYEY SILT: medium / v, RISTICK-UP TOBYE~1D-11=0165 h
§ brown, troce sond, soft, slighitly ? / / ?‘S =P T0BYE-10-28=0 |65 R
§ mo:st, low plosticity. é %/ /
10 § ? 7 ? 5
437 SAND AND SELT TILL: dork 777 Z
f\i‘ brown, 1ittie to some clgy, ' %
RS tittle grave! to 3 oo, / : / 7
/q very stiff, slighily s / 7
:[\‘ moist, fow plasticity, / %é % 1 BENTONTTE,
e 77
o n
) 777 51 jan BCH| 40 [PV
A4 % 7 48] MF| BUTTRESS
Sy 7 Z THERD| PIRE
) % 214 | DT8. HOLE
Z,
%
é

B0 77/ MMM

o
=4
e\ :‘-:l'v'-)'-'tigci\.'.'h" ‘»&:»E"':'::‘\'.‘VS»‘:'\:.4\‘.'»_.‘.':&_‘.S‘.‘ﬁ’-._jﬁ{.'.:‘.'.i‘:-:\".'t'.‘.&:_.3’-‘5‘3:;;.

R N S S0 S (0 o (R A I LT RO A LT RS B i

_'“] P 05
1 L. i
W o ] o o
o (0
o o B ain o o D
D b { a
o a A RiD o -]
-} o (o ? g
n ob——p olo b e ajl.~
A =z | B ]
A ¢ of~jo o|c n o &
o —— o | & a
0 Ditewd{D B|D 7 o o
E- T o Y - o -]
D a o ole a o n
L P e {wo ]
O Opwwed O|O O ac
g b i1 & lD o
n ol 1o ole o o6
A o o {o o
1 a mf—la ®6 @ o_o
P o —_ @ o h
d o - F
:_ szolfelslels|  oer—mrlOAZD FRA SAND
h 0. o o ojo o] o6
- e "0 M
s I s I oo
o4 b o o
A o o a ojo o o.a
[ ‘0 {0 o
L N o o0 min o & b
I t "0 n o
o ol .o ola o o o
e [T — - o
By ‘, nnn___nuu UDU Uuﬂ
e oo ntlo o 3.0
i e T ND |0.020 $LOT SCREEW
N o ot  Inglo e o a
Y -] oo .}
i B cl—io cla n r o
S =0 @ o
ol Ay o ol—io ole o I
R sl __toitn o
in A oo e ojlo @ n o

=
=2




PITEAU ENGINEERING LTD.

OFFICE REPORT ON SITE INVESTIGATION

SHEET .2 OF .

CONTRACT N0« 3773-12-1 COMPILED BY: M. Brewster BORING DATE: Sept. LI, 199
BORING NO.-  70B896-10 (-1L, -ZB) LOCATION:  Taitings Pond GONTRACTCR:  Cora Lynn Driliing
| NORTHING: 60583272 FASTING:  621877.3 ELEVATION:  605.02 mas
TSEPLE TIPS . SAMPLE CONDITION
B S s T S R "7 srsnmam TEST INFORMATION
B O oo P TMIN GALL PISTN rm © PONETROMETER kg/en2
o ¥ STATIC WATER LEVEL 6000 Pl et
S SPLIT SPODN ¥ DYNAHIC UATER LEVEL LosT L' 3 4,
SAMPLES g PIEZOMETER A epT BLCNS!U_.?.n.
: DESCRIPTION o g S| v L 2B BT
2 E 8% |.|5|8|5 Kesticiian & lgidiinn ]
Qo SOIL/ROCK Z18 |2 10 30 % 0m a
o q SAND AND STLT TILLs wCalele| ettt 020 FRAG SAND
431 os above. mgofega 7 1075 N0 0.020 $LOT SCREEN
Rl 7Y n
i 0
JJ / n
% % é, BENTON]TE
A U
4] 7 %
0
/ 1
2] o
/ n
7 st w ol oo
_ 20 U4 | (e e umss
- / - THEAD] PIVE
bl / 7
/ 1
il | / Z
*% e 0.
) % é
/% /
'* / 1
1) 70 V)
/ 1
00 7
. %

=)




PITEAU ENGINEERING LTO.

OFFICE REFPORT ON SITE INVESTIGATION

SHEET 3 OF B..

CONTRACT NO.: 3773-12-1 _ COMPILED BY: M. Brewster BORING DATE: Sept. LI, 43%
BORING KO.:  TOR9E-10 ¢-1L -EB) LOGATION:  Tailings Pond COMTRACTOR-  Cora Lynn Orilling
NORTHING: 6037832 72 EASTING: bz1B77.35 ELEVATION:  603.02 mast
AL TIFES "BATPIE COROTTION _
B BULK SAHPLE T SHELBY TUBE
A AUGER SAMPLE 0 THIN WALL DPEN x"x| DISTURBED TEST INFORMATION
b UASH SAPLE P THIN WALL PISTON FAIR Y
g gg%_ cgggm T STATIE WATER LEVEL 5000 PENETROMETER kg/caZ
S SPLIT SPOON ¥ DINAIC HATER LEYEL LasT L@ 3 4
SAMPLES g PIEZOMETER A BPT BLONS/D. 3 _
=g DESCRIPTION e Bl (5| vowew (2. BB 0.9
BB ] g g |88 |5 piestic liait @ fiquid Hiait
mu SOTL/ROCK 18 1= 10 30 50 0 90
& SAND AND SILT TILL: 7% ?
a5 above, 7% CamELL
20 R f /
9] RS BRAVEL: coarse (3 en+), littlg / /
e sond, minor clay, dry. ' / /
/ / vy 51 {me BCH}40 [PV
el N V) 48 1F| BU[TRASS
4 . & b
Lo g X5 22.0  Stopped drilling For 5 min, . / / THIEAD PIRE
T cir 11ft, no groundwoter. e /
- / ? 1219 an| DIf. HOLH
, 70
21} _ ; é
g 1 )
L SAND AND GRAVEL: interbedded PELTONITE
o with clay, dark brown, soft.
]
10420 FRAT SAND
&l
WD {0,000 SLOT SCREEN
0}
Bk
ral BENTONJITE [ CHIPS
L] 3:<x¢3

43
L=



PITEAU ENGINEERING LTD.

OFFICE REPORT ON SITE INVESTIGATION

SHEET .4 OF 8.

CONTRACT NO.: 3773-12-1 COMPILED BY: M. Brewster BORING DATE: Sept. LI, 139
HORING NO.:  TOB9R-10 {-LL, -ZBI LOCATION:  Tailings Pond CONTRACTOR:  Cora Lynn Drilling
o~-{ NORTHING: 605763272 EASTING: 621877.39 ELEVATION:  605.012 mast
“SATPLE TIPES BAMPLL CONCITIN
B BILK SANPLE T SELBY TBE . :
S UGER SpLE 0TI SALL DPEN | prstuRem TEST INFORMATION
W WASH SAllPLE P THIN WAL PTSTON FaIR 8
g gg% c:ggm T SIATE AT LEVEL 5000 PENETRIFETER kg/cud
5 SPLIT SPOON ¥ DYNANIC WATER LEVEL LosT L' 3 A
SAHPLES E' PIEZOMETER A SPT BLOUS/0.3n
= DESCRIPTION @ z, = DSTRLATION ST TR P AN
£ 7 B . WATER CONTERT X
g g 2 g p B | B g Sessic et @ liquid (et |
mal | SOIL/RIK =8| = 10 o S0 ) ap
i SAND AHD GRAVEL: o5 above.
b Sop 0.5 Stopped For 30 min, oir |ifted
§ "~ no groundWater.
1 - : :
SILTY CLAY: nediun grey,
- troce sord, froce gravel, very
STiFF, dry.
—:ﬁu%
-fﬂl]i§
o -
BB?UNFTE CHIPS
~HI§
-ﬁ_u§
\ 219 omj DIA. HOLE
-m%
ﬂﬂ§
~£.u§
BAUKFILL
o \ {PIT Ril)
m§




PITEAU ENGINEERING LTD.

OFFICE REPORT ON SITE INVESTIGATION

SHEET .2 OF 8

CONTRACT NO.:
BORING NO.:
NORTHING:

IM3-12-1
T0B96-10 (-1,
605783272

-ZB)

COMPILED BY:
LOCATION:
FASTING:

M. Brewster
Tailings Pond .

621877 39 ELEVATION:

BORING DATE: Sept. 1L, 13%
CONTRACTOR:

Cora Lynn Drilling
603.02 masl

SAMPLE TYPES
B BULK SAHPLE
f AUBER SAMPLE
W HASK SAHPLE
R ROCK CORE
C CRREL BARREL
5 SPLTT 3POON

SAFPLE CONDTTION

DISTURRED
FATR

7 SHELBY TUBE
0 THIN HALL OPEN

TEST INFORMATION

P THIN WALL PISTON
& STATIC WATIR LEVEL
X DYRAMIC HATER LEYEL

6000
LasT

@ PENETRVETER kg/cn?

1 [ 3 4

I i { 1 H i L 1 i

DESCRIPTION

SOLL/ROCK

PIEZOMETER
INSTALLATION

A SPT BLOMS/0.3n
10 2. 0 0 50

i 1 . 1 1 i 1 1

CONDLTION %
P
WATER LEVEL

Uscs

&irs
TYPL
NUMBER

piostid iinit
10

. HATER CUMTENT %.

50

tiguid limit
'a‘[‘!izﬁI 80

F.“h DEPTH m
SrHBoL

==

SILTY CLAY<

as obove.

BAJKETLL
(PIT RIN

215 nm{ DI, HOLE]

5
=

s



s,

PITEAU ENGINEERING LTO.

OF FICE REPORT ON SITE INVESTIGATION SHEET B OF B

CONTRACT NO.: 3773-12-1 COMPILED BY: M. Brewster BORING DATE. Sept. 11, 135
BORINE .- TOB95-10 (-11, -Z8B} LOCATION:  Toitings Pond - CONTRACTOR:  Coro Lynn Oriiling
271 NORTHING: 6037832.72 FASTING: 621877.39 ELEVATION-  605.02 masl
SARPLE TYPED GAIPLE CONDITION
B BULK SAYPLE T SHELEY TUEE
4 AUGER. BAHPLE 0 THIN WALL DPEN ] osTIRBED TEST INFORMATION
: :ﬂ ﬁzm P THIN WAL PISTON i @ FPENETROPETER kg/caZ
b DRREL BARREL T STATIC.MATER LEVEL 6000 sren
S SPLTT SPODN ¥ OYKWIC UATER LEVEL LosT Lo, 2 ¥ 4
SAPLES g PIEZOMETER A SPT BLONS/0.3n
e : . : D N .
DESCRIPTIDN il 5 = INSTALLATION i 1 N i Y L t i !
= g o e o ] WATER CONTENT X
B B3R |2 |8 |E Miatic it @ liquid et
SUIL/ROCK Z18 | =2 0w B .

S0

SILTY CLAY: os obove.

b T o) =TT

/u/‘d/h/‘d/u/d/b/d
e 4 N -

i~ [~ i~ L~

b ma, Ma, e, N
PP YAl VR
AR A Y

i at | rat a”
b oa, R, e, N

s p /
LN NI

o’ rallaat s

i o, Ma . N, N
/hfa/h"n/&’fa/h’;:
it el e
TR VAR PR VA
Al A el s
; / . -
o

N
b N, omd, N
P
TR VRTINS

=
o san Nt s
W a, s, ma, o
ROTEN ENCEN
AP
NN W NI
b e 4 o, N
Al A el
N M
NN P SN
la

N, N8, e, N
S 'h/‘/h/‘/h/
re Vi Ve e
i’ g s s
b, ma, s, =&,
S s S el A
[ N NN
a’ ol et s
W Na, N, o N
/g/xl/h/.d/k/d_/h/.ﬁ
PN A

b, o~ =1, ., N
TN LTINS
Y p ;

b o, A4, ma. N
s 7 /
TS IO

ot ot ot s

b oma, A4 md, N
s s
/L/A/B PEN A/B;_a

=N /A" T Ao

1 o 2 A ot

Al A 8 s
YN SN
VNN P NL TN

i 4 - | X

PR Y4 ".a/‘y_'_a_,_- BADKFTLL
A g et (PIT RUN)
PP TN ENSINS

PN VI

- . o, .

ATl VY VS
b h/ b oog

2NN VN

Y VI
LAl A Ta s
i v it

b, ™, =, md, N
e CIAC LTINS

77

CLAY: medium grey, troce

grovel, slightly moigt,

fou to medium plosticity. PR AL VAT
N N b

N NN
bW o, S, o, N

S 7 P
T ENITAY,

i ot et o

&
NN VL Ne

i, v, N
7 ’ s A
LTINS VOIS

NN VNN

b =, 4, N, N
/u/“/'u/"/nld/h/“ o
oo’ et e’ 213 nm{ DI, HOLE
b, ~a, =, ma, N
INCIN IR
s ; s s
AN VNG

W' oma, ma,
A Al A e
A NN

Py~ Fray

b, Na, S, s, N
LAl A el
7NN PN
M, A, ma, N
ROTA VRPTANS

%
o’ o st

==
=




FITEAU ENGINEERING LTD.

OFFICE REFCORT ON SITE INVESTIGATION

SHEET . 7. OF B

CONTRACT NO. -
BORING WO :
NORTHING:

313-12-1
T0896-10 (11,
6037832, T2

2Bl

COMPTLED BY: M. Brewster
LOCATION:  Teilings Pond
EASTING: 621877.33

BAFLE TTRES
B BULK SAHPLE
ti AUBER SAMPLE
H WASH SATPLE
R RODX CORE
G CREEL BARREL.
5 SPLTT SPOON

T SHELBY TUBE
0 THIN HALL DPEN

P THIN HALL PISICN
¥ STATIC HATER LEYEL
¥ DYNATIC BATER LEVEL

BORING DATE: Sept. 11, 199
CONTRACTOR: Gora Lynn Driiling
ELEVATION:  603.02 masl

SAMPLE CONUITION

DISTLREED
FATR
G000
LosT

TEST INFORMATION

@ PENCTROVETER KosceZ

1 2 3 4

1 1 L 1 1 1 1 ) 1

DESCRIPTION

‘DEPTH n

SOIL/ROCK

SAMPLES

PIEZMETER

A SPT BLONS/0.3m

10

e

3

kY

50

3

uscs
TYPE

CONDLTION

HUMBER

HATER LEVEL

DETALATION T L
WATER CONTENT ¥

1 i ] 1

plostic’linit
10 an 50

¥
Piquid iinit
?gu g

=
E——J

G077 0 e

CLAY: g5 ghove,

020777277

//

/A /A ~

./

/A

/L

61.0 Stopped Far night, water N
level at 36 m next marning. '

N

<
Ve
_/LA

b,
/a

/ /
/A/'

/A/

] e o %]
Iy '
/b A/h 4

o

V

/A" /A/

/ /

/A /A
S
/ka

’
7N
a o N
/A//
BN

.
e

S
/ A/ 4
/a" _/A

/

/ /A

> n\A

S
/ / 3
/4;’ /A/
/ / >

/A/ fA’

/A

/

n /A
~
S / 4

o S G
s b

/

/"‘/

iy
//

¥,
/A/ /A/
/ / 2
/A/ /A/
/ ’4/ ‘4

~
o ~ IA

/ / ?

/A/ /A"

A

/A

o >/

/’
b

/A

e ~

/A/

/u,
o

/A 57

V.

"a/

/A/
/ P

/A’

.a/ %

/A

/”.

S Lo

/ g
/A’
¥ A
/z_\.

//.a

e S

/A
/
| g

ot

he% o
2 /
/L A/k P

////

b,

/A

s
A/hd

-

-

72N

B

BAGKFILL
{PIT RUN).

/ /’
JA/' Py
"/ o 5 A
o '/A

la b
_/ / 74
/A/ /A/

/A /A ~ s

/ //

/A /A/
o
'/n 4
PINLAON
b o,
TS

/A/ /A/

/ / o
et /A/
la

S,
TN

b X A

s 'ap

€13 nm| DI . HOLE]

N o

=3
=




PITEAU ENGINEERING LTD. OFFICE REPORT ON SITE INVESTIGATICN SHEET 8. 0F 8.

CONTRACT NO.: 3773-12-1 COMPTLED BY: M. Brewster BORING DATE: Sept. 1L, 13%
BORING WO.-  TOB%G-10 {-11, -ZB) LOCATION:  Toilings Pond CONTRACTOR:  Cora Lynn Drilling
=] NORTHING: 605783272 EASTING : 621877.39 ELEVATION:  605.02 masl
SAMPLL TYPES SAFPLE CONDITION
B'BULK SAMPLE T SHELBY TUSE :
A AUBER ShﬂPLE 0 THIN HALL OPEN x| DISTURBED TEST INFORMATION
K WASH SPJ‘_lPLE P THIN LALL PISTON FiIR e
E_ gg%ﬁ;m ¥ STATIC HATER LEVEL 6000 PENETRIVETER kg/cn
S SPLTT SPOON ¥ DTHAMIC HATER LEVEL Lost N
SAPPLES g PIEZOMETER A SPT BLONS/0.3a
e = =] in 20 0 90 S0
DESCRIPTION e = INSTALLATION Y vyt et SR
Z E | = & HATER CONTENT %
& 8|58 |e|E|B|5 }iim;é’iim @ ligiid tiaic !
SOIL/ROCK =18 |2 0 0 50 0 an

CLAY: os above, no gravel. N

EATA f“’/ > 3 f‘,, BACKFI|L

fA’ %ﬁ/ﬁf (PIT RN

)
772 0 77777 2, e

Py /A AT A

o, M, u, N

T : ./ : /L:A e
/&. /A L P/

o

bal /A/ /A o AT ZlE nm DIm I'ULE

— (o DS A

/.r_\/ /A it it

LN PR VTP

) /A/ vt |t s

\ LRI TR

X AP s

\ s

. TOTAL DEPTH = 81.0 m. b 5278




PITEAU ENGINEERING LTD. OFFICE REPORT ON SITE INVESTIGATION SHEET .1 OF 5.
CONTRACT NO.: 3773-L2-1 COMPILED BY: M. Brewster BORING DATE: Sept. 1L, 199
BORING NO.:  TOB9R-19 (-1G -43) LOCATION:  Tailings Pond CONTRACTOR:  Cora Lynn Drifling
NORTHING:  £057804.07 EASTING: 622501.20 ELEVATION:  604.39 mas
[ BAPLE TYPES SARPLE CONDTTION L
B BULK SeHPLE T Tt
B B SAPLE M ] ozroman TEST INFORMATION
: :ﬁg(* WE'-E P THIN WALL PISTON FATR )
© RREL BHRREL ¥ STRTIC WATER LEVEL 7! PENETRIETER kgfent
§ SPLIT 5POGW ¥ DYNATIC WATER LEVEL Loat L' 3 4
SAPLES @ PIETOMETER A SPT BLOWS/D. 3
=g DESCRIPTION : 2 AE THSTALLATION L2 = mﬁm._g‘@ -
g | = (= w = = —— b Drensensaa
an & SOTL/AOK ia] % g g £ \ P]TJ":IIN:S 5(% | ]7’3"'“';{,*
I ] 2 L
SILTY CLAY: dark brown PAASTICK-DP Toad-1H-10 = [0.38 n
% little sond, little grovel, Z g / Z PSTICK-> T0896-19-43 = 0.3 o
highly reactive, slightly 7, // /
moist, stiff, o ? 4/ Z
L0 § plasticity. / / /
. 1
- I
“ § nn
NI %; _é,. BENTONITE
24 SAND AND STLT TILL: mediun / 7 f‘%
R to dork brown, iittle clay, / . / /
gll 1 little gravel, very stiff, / 77
I dry, low plesticity. 7 ?/ é R
3 7777 T | st
43, 7 ] 48] HF| BUTTRESS -
_ jj ? éé THEAD| PTPE
y 1
4 A V) et witth it
i 1
50 123 277
i 1
i ZR77R7
A 707 %5.&
0 jq S raTou e
£
i o i [l
TEN e
5 Seolonkerl ottt 10/20 AL SHID
14 mER
R L
jq 220 oZioRut—o? N {0070 $L07 SCREEN
50141 e i 5 o e e e e O
1 SERE [
LI R e R




PITEAU ENGINEERING LTD.

OFFICE REPORT ON SITE INVESTIGATION

SHEET 2 OF 3.

~f NORTHING:

CONTRACT NO.: 4773-12-1
BORING ND,:  10896-14 (-10, —3)
&h7a04.07

COMPILED BY:
LOCATION:
EASTING:

M, Brewster

foilings Pond

622501 .20

BORING DATE: Sept. 1L, 1995
CONTRAGTOR:  Cora Lynn Driiling

ELEVATION:

60439 masl

SARPLE TYPES
B BULK SAMPLE
f AUGER SAHPLE
H HASH SAHMPLE
R RDCX CORE
C CRAEL BARREL
S SPLIT SPOON

T SHELEY TUBE
0 THIN HALL COPEH

P THIN WALL PISTON
¥ BTATIC HATER: LEVEL
¥ OTHAHIC UATER LEVEL

SAMPLE CONDITION

x| DISTURBED

FATR
600D
LosT

TEST INFORMATION

@ PERCIRODMETER kg/cnZ

1 2 3 |
Ly

DEPTH
SYMBOL

SOIL/R0CK

DESCRIPTION

SAMPLES

usce
%TS-

TYPE
CONDETION
HUMBER

HATER LEVEL

PIEZCHETER
INSTHLLATION

b SR S N3
A 5PT BLOMS/0,3m
e T T L.

L

________ WATER CONTENT X,y
ploatic iinit @  iiguig tiait
;50 R

S

ER LN U S N W T
B R AR R LY I _‘_,'....{-_‘. AR
e A e P e

20

del R

B

2»55 15.5 Bouwlder, light grey,

e
DAL AN

gl

LR

AL R A R R R T R T A e N R Al R R
e N e e e
RV IR R T, R PR G L U P i)

SAND AKD SILT TILL: same as chpve.

7 Finety crystalfine 10.5 nl.

2 [10 SAND

L
=

20 FRA

ND [G.0PO $LOT) SCREEN

BENTONITE

\

Y

51 |mm

R

_—__Tr_r_TTTTETTEEEEE

BCH(40 [PV
BUJTRESS
PIRE

480 HF
THHEAD

ot 159 nm{ OIf. HOLE;

nm

NIRRT

RN

=E)
==




PITEAU ENGINEERING LTO.

OFFICE REPORT ON SITE INVESTIGATION

SHEET 3 OF 3.

CONTRACT NG.: 3773-12-1 COMPILED BY: M. Brewster BORING OATE: Sept. 1L, 13%
BORING NG.:  TOBSE-14 -10, 43 LOCATION:  Tail ings Pond CONTRACTOR:  Cora Lynn Driliing
HORTHING : 6037804.07 EASTING: 622501.20 ELEVATION:  6D4.39 masl
SRALE TTRES SAFPLE CONDLTION.
B BULK SATPLE T SHELBY TUBE .
& GUEER SAHPLE 0 0N MALL OPEN 7] pisTimeen TEST INFORMATION
H HASH SAPLE P THIN AL PISTON |11 FAIR
R oL R ¥ STATIC HATER LEVEL 6000 8 PONCTRORETER ko/cn
§ SPLIT SP00N ¥ OMNATIC UATER LEVEL -
BAMPLES = FIEZOMETER A SPT BLONS/0 . 3m
el g - moo@w  ® w5
z|d DESCRIPTION e = = INSTALLATION e e e e
= % B 1% ||8|ElE ’F‘.iaﬁ;e'iiﬁm i xiic](sid'iihh !
mal SOT1./ROCK . ".: .8 2 B I i 99
oy o SAND AND SILT YILL: /
j\ as dbove. L _
99 A
e 7R’
3 7477
:ﬂé'_:j ; % /
o 0y
20 0 )
0 R
. .
) 220 . 4% /
R CLAYLY SILT:  medium brawn, 77
R same gravel, dry. / A RENTONITE
_ /4 Z
\ / 1
249 / /
pallls: GRAVEL: dark grey, little Fing : 7 7
% sond and silt. : / /
/ Z AR
. i - 4B HF; BUTTRESS
5 / / THREAD| PTPE
5112 / n
R
)
J QS / g
-, 76,9 / :
EAR FINE GRAYEL AND COARSE SAND: 7
angutar ta weil rounded minor / /
silt and cloy. - / 159 pm| 01 . HOLE
' NDTE: shut down overnight, : é %
E[} air-iifted, no water. / % /
/ o
77
/77
Gl 2
1
2.

e



PITEAU ENGINEERING LTO. OFFIGE REPORT ON SITE INVESTIGATION SEET 4 0F 5.
CONTRECT NO.: 3773-12-1 DOMPILED BY- M. Brewster BORTNG DATE: Sept. 11, 19
BORING NO.:  TOB95-14 (~10, -43] LOCATION:  Tailings Pond CONTRACTOR:  Cora Lymn Ori 1 ing
NORTHING:  6057804.07 FASTING: 622501 .20 FLEVATION:  604.39 masl
SAMPLE TYPES ] SAMPLE CONDITION
B BULK SANMPLE SHEL BY TUBE
B ELK SHFLE vl e 7] orerieem TEST INFORMATION
: :m ﬁ;ﬁ P THIN MALL PISTON FAIR @ .
 CIREL BASREL ¥ STATIC MATER LEVEL 7 5000 PENETROMETER kg cat
S SPLIT SPOON ¥ OYNAMIC HATER LEVEL LesT -
GAMPLES. g PLEZOMETER A SPT BLBE/0.3n
tl g DESCRIPTION & 5l |5 | vewwon (£ E_ B0 P
| & g2 | 81E |5 pibstic liair @ liguid ifait |
33 o SOTL/ROCK — =1 = / . . o 30 30 T an
3% EiNEbEEQVEL AND CORRSE. SAND: // é %
-31”562? A0 / _ /
: % GLAY: dark brawn, |ittie gravel, / 7
\ trece sond and 5ilt, ‘moderately L /
§ Stiff, dry lon plasticity. ZR7
\ )
-M§ A
§ % ;/f’/ BENTONITE
N N
N 1 7
\ 0
SIS — Z Z
S5 CORRSE SAND AND GRAVEL - A
S dark brown, littie clay, dry. : / 51 e bkl 40 by
P
/ / % 48(] HF| BUTTRESS
: : THAEAD| PTRE
78
7707
0 7
bl / 2 2
: 77
/ / —+—159 af DI, HOLE
0
gl / 7% /
% n
N
k1l
; PEL|TONITE
O O oD ol o (3] 39?
o eaal el | ST L0420 FRAG SO

=
[o= ua ]




PITEAU ENGINEERING LTD. OFFICE REPORT ONM SITE INVESTIGATION SHEET .5 OF 3.
E_DNTRP&_CT NO.: 3773-12-1 _ _ COMPILED BY: M. Brewster BOAING DATE: Sept. 1, 1896
HORING WD.:  TOB9e-19 (-1D, -43) LOCATION:  Tuilings Pond CONTRACTOR:  Cora Lynn Orilling
KORTHING: &057804.0G7 EASTING: 622501.2D ELEVATION: 60433 mosl
SEPLE TYES TATPLE CONGLTION
B: BULK SAPLE T SHELBT TUBE :
A AUGER SAPLE 0 THEN HALL OPEN " OTSTURBED TEST INFORMATION
H S SaTPCE B THIN WAL PISTON LI Fos G
R R oRE T STATI: WTER LEVEL / 6100 PENETROVETER kg/ca?
S SPLIT SPOMN ¥ OYNAIC HATER LEVEL iaag! LOST T 3 q
BAMPLES g‘ PIEZOMETER A SPT BLOKS/C.3n
- E DESCRIPTION 2 g > INSTALLATION LU L. . .
= w = ] HATER CONTENT %
B|& E1% p|5 8|5 plbstic Tiait iqaid tiait
na SOLL/RICK = |82 10 5 ST
ke %g CORRSE SAND AND GRAVEL: e 159 | DI). HOLE
57 Poratetoraloerl 10420 FRAL SAND
@a:? oo oo n| g _f—
,og{] ORI N
11 557 41.0- As above, little clay. ESTICHCHCR e I s
QG') oo e /g o ol
(e S D
5 SN N = ND [3.020 $L07] SCREEY
:"Q‘OP n:n:n:u:u: uza:
xﬁgg nnbunnnr;\un I:nm:
_{u Q‘é} :n:n:n:u:n ::::E
k@% u:n:u:n:n: u:uz
% R ==
) TDTAL DEPTH = 42.5 m.
il
-
5]
1
gl
gl

=B
= =]




PITEAU ENGINEERING LTD.

OFFICE REPORT ON SITE INVESTIGATION

SHEET 1 OF £

CONTRACT NO.: 3773-12-1

PONPILED BY: M. Brewster

BORING OATE: Sept. 16, 19%

tittle ciay, poorly sorted.

SAND. #ND BILT TILL: dark- brown [ittle
to sone clay, little gravel, trace
coal, stiff, maist; lgw plosticity,

BORING NO.:  TOB9G-13 LOCATION:  Totlings Pond CONTRACTOR:  Cora Lynn Orilling
*3 NORTHING: 6057406 .00 EASTING: 622236.0 ELEVATION:  602.0 mast
© SAPLE TYPES T SHELBY TUEE SAMPLE CONDTTION
A AUBER SAHPLE D THIN WALL OPEN BISTURGED TEST INFORMATION
W UASH ‘SANPLE P THIN WALL PTSTGN “ll FATR 9 P————
2 Egﬁgﬁﬁm T STATIC HATER LEVEL 600D FEAETR kg/c
5 9PLIT SPOON ¥ DYHATIC UATER: LEVEL Lost T
SAMPLES g srczotetEr | A SPT BLBMS/G.3e _
CONSTRICTION | )0 & % 9 , P
é g DESCRIPTION E1.15| ocmns VATER CONTERT % ]
B w18 (8 |B piestic Tieit igaid finit
g |2|= W oMW % 70 90
TOPSDIL: silty, bfack, highly organic,
ioose, moist. 1
T
SILTY CLAY:  Tight to mediun brown, /
Fine sondy portings, maderotely colcoreous, /
pediun stiff, maist, low plosticity. S % ) I
7 Al | ®
7
7%
b 4
COARSE SAND AND GRAVEL: medium brown, 10




PITEAU ENGINEERING LTD.

OFFICE REPORT ON SITE INVESTIGATION

SHEET .2 OF 2.

CONTRACT NO.: 3773-12-1 COMPILED BY: H. Brewster BORING DATE: SepT\ 16, 18%
BORING HO.: TOR96-13 LOCATION:  Taoilings Pond CONTRACTOR:  Cora Lynn Orilling
HORTHING: 6037406. 00, EASTING : 622236 .0 ELEVATION:  &02.0 masl
SAMPLE TYPES T SHELEY TUEE. SAMPLE CONDITION

f ﬁUH-_ZR'SﬁHPLE D THIN WALL OPEN TEST INFORMATION

: :Sgé x:w P THIN WALL PISTCH & FPENETROMOTER ko/cn?

C- CRREL BARREL ¥ SIATIC HATER LEVEL g/en

S §PLIT SPOON ¥ OYNAMIC WATER LEVE - T

. przovETeR | L) SPT BLOKEY0.3n
= g DESCRIPTION .| IETATLS _ ——— ]
7] = lastic linit liguid fimit

g = K § B piastie ila , qu T

: SOTL/ROCK = ERE- 10 30 56 0 90

160

SAND AND SILT TILL:

a5 above.
5

163

BRAVEL: coarse,

| oosE.

K

SILTSTONE BEDROCK: bldck, Finely
laminated. ‘

81 TOTAL DEPTH = 17.9 n.

gl

B3
E——1



OFFICE REFPORT ON SITE INVESTIGATION

PITEAU ENGINEERING LTD . SHEET L OF 2,
CONTRACT NO.: 3773-12-1 COMPILED BY: M. Brewster BORING DATE: Sept. 16, 13%
| BORING KG.-  TOBY6-16 LOCATION:  Tailings Pond CONTRACTOR:  Cora Lynn Oril{ing
% NORTHING: 60574500 EASTING. 62i767.00 ELEVATION: 610 nasl
SAMPLE TYPES T SHELBY TUBE SAPLE CONOITION o _
- 0 THIN WAL CEEN DISTLREED TEST INFORMATION
g :gg: g;:ELE P THIN AL PLSTON € PENETROVETER kgical
C CRREL BARFEL ¥ STATIC MATE LEVEL ye
5 SPLIT SPOON ¥ DINAHIC WATER LEVEL Lo, 8 3 4
BAMPLES g PIEZCHETER A S8BT BLONG/D. 3m
€ : cowtRwcTIon | 10 & % @, 5
£l g DESCRIPTION B . |3 | wemns e —
8| & plg BB piatic lisit @ iiqiid it
i | S0IL/ROCK Eis |25 G 30 50 10
i BILT: dight brown, |1ttle sond, A
littie cabbles, loose, dry. o / '
S SAND: dork brown, fine to medium
: groined, poorly sorted, |ittle grovel,
T loose, ‘sl ightly moist.
e SAND AND SILT TILL: dark brown i ittle
NG to sone clay, little grovel, moderately
j stiff, morst; very low piesticity.
T
'%x
\ fis obove, troce cool, very siiff.
A 37
:~‘->|:‘- %
i
0 7
jq
iRy
5
oy 1
/q
g5
10 |54
i
u
14




PITEAU ENGINEERING LTD.

OFFICE REPORT ON SITE INVESTIGATION

SHEET 20 OF 2.

120

CLAY AND SILT TILL: as obove, hord. g

SILTSTONC BEDRICK: dark grey, Finely
lamingted.

CONTRACT NO.: 3773-12-1 COMPILED BY- M. Brewster BORING DATE: Sept. 16, 19%
BORING ND.:-  TOESS-16 LOCATION:  Toitings Pond CONTRACTOR:  Cora Lynn Grilling
NORTHING: 603714500 EASTING: 621787.00 ELEVATION: 610 nasl
SAHPLE TYPES T SELBY TU SAHALE CONDITION _
——" 0, TN WAL PEK OISTURBED TEST INFORMATION
H HASH BANPLE P THIN WALL PISTON I“l FAIR 8
b e e ¥ STATIC MATER LEVEL 7 suon PENETROVETER keg/cal
5 SPLIT SPOON ¥ DINAIC WATER LEYEL LosT -
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QIR22/97 - 10:03 AM

Piezometer: TOB96-07-10

Date: 96/09/18
Hydraulic Conductivity (m/s): 65x10°
Piezometer Stick-up (m): 0.65
Screened Inierval (mbgs): 7.4-104
Static Water Level below top of PVC (mbtoc): 1.076
Elapsed Time Drawdown

{min:sec) (m)

0:54 9.77

1:30 9.74

1:58 9,73

2:48 9.73

3:36 0.64

3:55 9.61

5:30 9.57

8:25 9.52

14:30 9.47

21:30 9.42

30:45 937

55:00 9.27

66:30 9.18

79:34 9.12

99:00 9.05

140:00 8.94

1370:00 2.14

Notes;

1. mbgé = melres below ground surface
2. mbioc = metres below top of casing
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Piteau Engineering Ltd. ciient: Manalta Coal Ltd.

Project Mo,: 3773—12 Location: Tailings Pond

HYDRAULIC TEST PROGRAM - TELKWA PROJECT
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Time (min)

DATA SET:
c:13773-42196-710.dat
09427186

AQUIFER TYPE:
Uneconfined
SOLUTION METHOD :
Houwer-Rlce

TEST DATE:
September 18, 1395
TEST WELL:
TOBSG-7-10

0BS. WELL:

NiA

EST IMATED PARAMETERS:

K 3. 8B7BE-07 mimin
yD 9.756 m

Te

TEST DATA:

HOD 10. m
0.02%54 m
0.0762 m

3. m

1. m

10. m

non W

rw
L
b
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0122157 - 10:02 AM

Piczometer:
Date:

Hydraulic Conductivity (m/s);
Piezometer Stick-up (m):
Screened Interval (mbgs):

Static Water Level below top of PVC (mbtcc):

TOB96-07-20
96/09/18
8.2x107

0.65
16.6- 19.6
flowing

Elapsed Time Drawdown
{min:sec) {m)
1:17 12.70
1:31 12.60
1:40 12.50
1:52 12,40
2:04 12.30
2:16 12.20
2:40 12.00
3:05 11.80
3:26 11.60
3:54 11.40
4:18 11.20
4:45 11.00
5:10 10.80
5:39 10.50
8:03 9.50
9:13 9.00
10:25 8.50
12:55 1.50
14:05 7.00
15:53 6.50
16:55 6.00
20:00 4.80
23:00 4.00
26:30 3.00
3320 2.00
34:35 1.00
38:20 0.20
Notes:

1. mbgs = metres below ground surface
2. mbtoc = metres below top of casing
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Piteau Engineering Ltd. Client: Manalta Coal Ltd.

Project No.: 3773—12 tocation: Tailings Pond
HYDRAULIC TEST PROGRAM — TELKWA PROJECT
DATA S5ET:
96-720.0AT
2. T T A S = 08130136
1.8 z_ _g AQUEIFER TYPE:
= = Conf Ined
1.6 = = SOLUT {ON METHOD :
’ E g Cooper el ai.
= E TEST DATE:
1.4 g_ _g Sepiember 18, 1095
§ g TEST WELL:
1.2 &~ = TOB96-7-20
o = E 0BS. WELL:
~ L. E = NIA
= E E
0.8 = + -3 ESTIMATED PARAMETERS:
= E T = 0.0004472 m°imin
= S = § = 1.E-08
0.6 3 ——
= X 5 TEST DATA:
0.4 E- o= HO = 14. m
E + = re = 0.0254 m
= + E rw o= 0.0762 m
= + -
0.2 = + = K= T/b -4 2
E i + E= -
0. E L I O O O 1 | I | 3m x 60 sec/min
1. 10. 100. = 8.2 x 107 m/sec
Time (min)

e

presy






__CHEMEX Labs Alberta Inc.

Caigary 12021 - 415t Avenue N.E., T2E 6P2, Teleghone (403) 201-3077, FAX (403) 2919468
- Edmenton £ 9331 - 48th Street, TEB 2R4; Telephone (403) 465-8877, FAX, (403} 466-3332

PITEAU ENGINEERING LIMITED
SUSAN LECLERC

DATE : October 9, 1996
CHEMEX. PROJECT NO.: PITE192-0501-96-03529
CLIENT REFERENCE

CLIENT JOB NO. : PROJ.#3773-12

Analytical Data Reviewed By : LW}()

7
0A/QC Reviewed By : d£;7{4fj;lﬁ_ﬁ_ﬂ»’”

The above signatures indicate that the individuals identiTied have reviewed the enciosed documents,

NOTE : Soil samp}es and water samples (for stable parameters) will be refained for a period
of 60 days after completion of analysis.
‘Retention beyond this period can be arranged for a fee.

CHEMEY Labs Alberta Inc. is accredited by both the Canedian Association for
Environmental Aralytical Laboratories and the Standards Council of Canada for specific
parameters registered with the Association and the Council.



_CHEMEX Labs Alberta Inc.

Agary ; 2021 - 4151 Avenue N.E., T2E 6P2 Telephone {400) 2971-3077, FAX (403} 291-0458
gdmonton ¢ 5331 - 46th Siree!, TEB 274, Telaphone {403) 465-9877, FAX (403) 466-3322

Sampie Description : TOB96-7-10

Sampie Date & Time : 1B8-09-96

Sampled By : RSC

Sample Type . GRAB

Sample Received Date: September 25, 1996

PITEAU ENGINEERING LIMITED
ATTENTION : SUSAN LECLERC

PROJ.#3773-12

Chemex Worksheet Number
Chemex Froject Number

Sample Access

Sampie Matrix
Report Date

: 96-03529-3
- PITET92-050!1

- WATER
: October 9. 1996

Sample Station Code : Analysis Date . October 2. 1965
PARAMETER DESCRIPTION' NAQUADAT UNITS RESULTS DETECTICN MILLI
CODE ‘ LIMIT EQUIVALENTS

Calcium - {ICP) Total 020005 mg/L 26.5 0.01 1.322
Caleium - (ICP) Dissolved 020111 mg /L 26,2 0.01 1.307
Magnesium - {ICP} Total 012005 mg/L 14.4 0.01 1.185
Magnesium - {ICP} Dissolved 012111 mg/L 14,2 0.01 1.169
Scdium - {ICP} Total D11005 mg/L 127. 0.01 5.525
Sodium - {ICP} Dissolved 011111 mg /L 127. 0.01 5.525
Potassium - {ICP} Total mg/L 2.07 0.02 0.053
Potassium - (ICP} Dissolved 019111 mg/L 1.73 0.02 0.044
Chloride - Dissolved 017206 mg/L 13.1 0.5 0.36%
Sulphate - (IC! Dissclved 016369 mg/L 52.1 0.1 1.084
PP Rlkalinkity (as CaCO3) © 029151 mg/L < 0.1 0.1
Total Alkalinity {as CaC03) 010111 mg/L 309, 0.5

e, . 010301 Unirs 7.55 0.01
Carbonate 005301 mg/L < 0.5 0.5
Bicarbonarce 006201 mg/L 377. 0.5 §.177
Total Hardness (as CaCo3) 010602 mg/L 124, 0.5
Bydroxide 008501 mg/L < C.& 0.5
Silicon - Total [ICP} mg /L 10.3 0.02
Silicon - Dissolved {ICP) mg/L 6.34 0.0z
Specific Conductance- 002041 uS/em 713, 0.62
Total Dissolved Sclids 000201 mg /L 427. 1.
Total Ammonia Nitrogen 007505 mg,/L 017 0.01 0.012
Mitrite plus Nitrate Nitrogen as N 0o7110 mg/L 0.902 0.003
Total Dissolved Phosphate as P 015423 mg/L 0.00B 0.003
Ortho Phosphacte as P D15256 mg /L < 0.003 0.003
Total Phosphate as P 015406 mg/L 0.310 0.003
Sulphur - {ICP) - Dissolved mg/L 15.9 0.2
‘Sulphur - (ICP] - Total mg/L 15.9 0.2
Total Filterable Residue (TDS} 010451 mg /L 460.0 1
Non-Filrerable Residue {TSS) 010401 mg/L 101 0.4
Aluminum - Total {ICP-MS) 013016 mg/L 2.78 0.002
Aluminum - Dissolved (ICP-MS) mg/L < c.002 0.001
Arsenic -~ Total {AR) 033005 mg/L Q,0015 0.0002

i




CHEMEX Labs Alberta Inc.

Calgary : 2021 - 415t Avenue N.E;, T2E 5P2, Telephone (403) 291-3077, FAX {403) 261-54568
Edmodon : 5331 - 48th Street, TER 2A4, Telephone (403) 465-9877, FAX (403) 466-3332

PITEAU ENGINEERING LIMITED
ATTENTION : SUSAN LECLERC

PROJ.#3773-12 s

Sample Description : TOB96-7-10 Chemex Worksheet Number : 96-03529-3
Sample Date & Time : 18-09-96 Chemex Project Number : PITE19Z2-0501
Sampled By : RSC Sample Access :
Sample Type : GRAB Sample Matrix . WATER
Sample Station Code : BATCH S - ALTTY AS NG RS?QG'P Date : October 9, 1996
ATCH SPECIFIC QUALITY ASSURANCE REP
PARAMETER DATE Qa/qc MATRIX SPIKES CALIERATION CHECK
ANALYZED  BATCH DUp RECOV CONTROL LIMITS RECOV CONTROL LIMITS
{DD-MM-YY} NUM ANAL Rr % LOWER UPPER % LOWER  UPPER
Caléium - {ICP) Total 02-10-96 10 SW 1.7 109.7 89.5 115.7 112.5 92.3 116.7
Calcium - (1CP) Dissolved 02-10-96 10 SW 1.7 108.7 8%.5 115.7 112.5% 92.3 116.7
Magnesium - {ICP) Total 02-10-5%6 .10 S5W 0.3 88,1 95,3 107.3 97.4 96.5 109.4
Magnesium - {ICP) Dissolved ©2-10-56 10 SW 0.2 98.1 §5.3 107.3 97.4 96.5 109.4
Sodium - (ICP) Tetal 02-10-86 10 SH 0.0 102.1 92.5 109.6 103.0 93.2 111.3
Sodium - (ICP} Dissolved 02-10-96 10 SW 2.0 102.1 83.5 109.6 103.0 93.2 111.3
Potassium - {ICP}. Total 02-10-96 10 SW 0.2 101.3 88.2 112.4 100.8 50.2 112.6
Potassium -{ICP} Dissolved 02~10~56 10 5w 0.2 101.3 B8.2 11z.4 100.8 90.2 112.6
Chloride - Disgolved 30-09-%6 10 LAD 1.2 102.2 90.8 108.8 102.8 94.3 105.6
Sulphate - [1€) Dissolved 30-09-96 10 L&D 0.0 103.2 81.3 108.3 104.7 90.7 104.7
PP Alkalinity t{as CaC03i NOT APPLICABLE
Toral Alkalinity f{as Cal03} 26-09-96 I mM 1.1 NOT APPLICABLE NOT APPLICABLE _
PH 26-09-56 3 AaM 1.8 NOT APPLICABLE NOT APPLICABLE
Carbonate NOT APPLICABLE
Bicarbonate NOT APPLICABLE
Total Hardness (as Caco3d: WOT APPLICABLE
Hydroxide NOT APPLICAELE
Silicon - Total (ICP) £2-10-86 10 SW 1.8 ips.® 59.1 132.3 110.8 60.9 147.2
Silicon - Dissolved {ICP) 02-10-96 18 SW 1.8 108.9 59,1 142.3 110.8 60.9 147.2
Specific Conductance 27-09-96 1 1G 6.2 NOT APPLICABLE NOT APPLICABLE
Toral Dissolved Solids NOT APPLICABLE
Total Ammonia Nitrogem 30-09-96 1 8F 0.0 10¢.0 80.8 117.3 ion.o 90.0 107.5
Nitrzte plus Nitrate Nitrogen as N 04-10-9¢ 1 PK 0.4 100.6 53.1 105.1 102.0 87.8 107.9
Total Dissclved Phosphace as P 30-09-95 1 HO a.0 98¢ .4 80.9 118.0 94.5 82.2 116.0
Ortho Phosphate as P 02-10-96 1 HO 0.0 86.2 80,7 116.6 10z2.0 86,1 118.0
Tecral Phosphate as P 30-08-86 1 HC 0.0 .96.4 80.9 118.0 94.5 74 .8 121.5
Sulphur - (ICP} - Dissclved 02-10-96 10 SW 0.4 NOT APPLICABLE NOT APPLICABLE
Sulphur - {ICP1 - Total 02-10-96 10 SW 0.4 104.0 . . 0.0 . .
Toral Filterable Residue (TDS} 02-10-96 1 BF 0.6 NOT APPLICABLE NOT APPLICABLE
Non-Filterable Residue (TSSI 30-09-96 2 BF 2.0 NOT APBLTICABLE NOT APPLICABLE
Aluminum. - Total (ICP-MS) 01-10-96 20 WEM 0.0 120.4 84.0 117.8 107.2 8z.8 123.2
Aluominum - Dissolved (ICP-MS} £i-10-26 20 WEM 0.0 120.4 B4 .0 117.8 107.1 51.9 109.6
Arsenic - Total [AA) 27-09-95 1 R3L G.0 97.2 7z2.1 119.4 97.2 75.3 122.4




_CHEMEX Labs Alberta Inc.

~algary : 2021 - 415t Avenue N.E., T2E 6P2. Telephane (403) 291-3077, FAX, (403) 291.9468
Edmonton ; 9331 - 48th Street, TEB 2R4, Telephone {403) 465-9877, FAX (403) 466-2332

Sample Description : TOBS6-7-10

Sample Date & Time : -18-05-G6

Sampled By : RSC

Sample Type : GRAB

Sample Received Date: September 25, 1996
Sample Station Code :

PITEAU ENGINEERING LIMITED
ATTENTION : SUSAN LECLERC

PROJ.#3773-12
Chemex Worksheet Number - 66-0352¢-3
Chemex Project Number : PITE1G2.0501

Sample Access
Sample Matrix
Repori Date

Analysis Date

. WATER
: Qctober 9. 1996
: September 27. 1996

PARAMETER DESCRIPTION NAQUADAT UNITS RESULTS DETECTION MILLZ
CODE LIMIT EQUIVALENTS
Arsenic - Dissolved (AR} Q33109 mg/L 0.0012 0.0002
Barium - Total (ICP-MS!} mg/L 0,115 0.0002
Barium - Dissolved (ICP-MS} mg/L 0.0770 D,0002
Beryllium - Total {ICP-MS} mg/L 0.0002 0.0002
Beryllium - Dissolved (ICP-MS) mg/L 0.0002 0.0002
Boron - Total {ICP-MS) mg/L 0.10 0.01
Boron - Dissolved (ICP~MS) mg/L 0.01 0.01
Cadmium - ToEal {ICP-MS) 04B023 myg /L 0.0021 g.o0o0@2
Cadmium - Dissolved (ICP-MSy mg/L 0,0005 0.0002
Chromium - Total (ICP-MS) mg/L 0.001 D.002
Chromium - Dissolwved {ICP-MS;} ' mg/L 0.001 0,001
- Cobalt - Total {ICP-MS) 027016 mg/L 0.0011 0.0003
Zobalt - Dissolved [ICP-MS) mg/L 0.0003 ©.0003
-y~ Copper - Total {ICP-MS) 029016 mg/L 'G.0044 0.0002
Copper - Dissolved (ICR-MS) mg/L 0.0040 c.con2
Iron - Total (ICP-AES) 025045 ma/L 3,80 0.01
Iron - Dissolved (ICP-AES) 026109 mg /L 0.06 0.01
Lead - ‘Total {ICP-MS) 082016 mg/L 0, 0042 - 0.0003
Lead - Dissolved (ICP-MS}) mg/L 0, 0003 0.0003
Lithium - Total (ICP-AES) 003009 mg/L. 0.D012 0.001
Lichium - Disselved (ICP-AES) 0G3109 mg/L 0.011 D.002
Manganese - Total (ICP-MS) mg/L 0.161 D.001
Manganese - Dissolved (ICP-MS) mg /L 0.073 D.ooL
Mercury - Total (CVAA) 0800311 ug/L 0.05 0,05
Mercury - Dissolved (CVAA) 080101 ug/L G.05 0.05
Molybdeénum - Total (ICE-MS) mg /L 0.0058 C.0002
Molybdenum - Dissolved {ICE-MS} mg/ L 0.0035 0.0002
Nickel - Total {ICP-MS} 028018 mg/L 0.Dp005 0.0005
Nickel - Dissolved (ICP-MS) mg/L 0.0005 0.6005
FPhosphorus - Total (ICP-RES) mg/L 0.1 0.1
Phosphorus - Dissglved {ICP-RES) 015450 mg /L 0.1 0.1
Selenium - Total {AA) 034005 mg/L 0.0002 0.0002
Selenium - Dissolved {Aa} 034105 rg/L 0.0002 0.0002




CHEMEX Labs Alberta Inc.

Calgary : 2021 - 413t Avenue N.E., T2E 6P Telephone (403) 2913077, FAX (403) 291-0468

Edmonton : 9331 - 48th Street, T6B 2R4, Telephone. (403) 465-8577, FAX (403} 466-3332.

PITEAU ENGINEERING LIMITED
ATTENTION : SUSAN LECLERC

PROJ.#3773-12

L

Sample Description T0BSE-7-10 Chemex Worksheet Number - 96-03529-3
Sample Date & Time 18-05-96 Chemex Project Number : PITE192-0501
Sampled By RSC Sample Access :
Sample Type GRAS. Sample Matrix : WATER
Sample Station Code BATCH _ Repq;t Date : October 9, 1596
A SPECIFIC QUALITY ASSURANCE REPOR
FARAMETER DATE Qa/Qe MATRIX SFIKES CALIBRATION CHECK
ANALYZED  BATCH DUP RECOV CONTROL 'LIMITS RECOV CONTROL LIMITS
{DD-MM-YY} NUM ANAL Rr % LOWER UPPER t LOWER UFFER
Arsenic - Dissolved (AA) 27-09-96 1 RJL. 0.0 97.3 72.1 119.4 97.2 75.3 122.4
Barium - Total {ICP-MS) 01-10-96 20 WEM 0.q 106.1 75.8 123.5 98.0 87.1 113.2
Barium - Dissolved {ICP-MS} 01-10-56 20 WEM 0.0 106.2 75.8 123.5 98.0 87.1 113.2
Beryllium - Total {ICP-MS} 01-10-96 20. WEM 2.0 138.6 75.3 121.2 93.5 80.1 120.4
Beryllium - Dissolved (ICP-MS) 01-10-96  20° WEM 2.0 136.6 75.3 121.2 93.8 80.1 120.4
Boron - Total (ICP-MS) 01-10-96 20 HWEM 0.0 85.4 71.5 136.2 98.2 76.3 127.8
Boron - Dissolved {ICP-MS} 01-10-86 20 WEM 0.0 85.4 71.5 126.2 9B.2 76.3 127.8
Cadmium - Total (ICP-MS} 01-10-96 20 WEM 3. 108.5 78.1 120.3 113.6 83.4 114.8
Cadmium - Dissolved (ICP-Ms) 01-10-96 20 WEM 3.2 108.5 78.1 120.3 113.6 83.4 114.8
Chremium - Total (ICP-MS} 01-10-96 20 WEM 0.0 103.2 76.8  117.8 87.3 87.7 113.8
Chromium - Dissolved (ICP-MS} 01-10-96 20 WEM D.0 103.2 76.8 117.8 87.2 87.7 113.8
Cobalt - Total (ICP-MS} 01-10-96 20 WEM 3.2 97.1 80.1 114.1 95.4 86.0 113.1 e
Cobalt - Dissolved (ICP-MS} 01-10-96 20 WEM 3. 97.1 BO.1 114.1 96.4 86.1 113.1
Copper - Total (ICP-MS: 01-10-96 20 WEM 0.0 114.2 79.0 115.4 80.§ 83.5 115.1
Copper - Dissolved {ICP-MS} 01-10-96 20 WEM 0.0 1i4.2 79.0 115.4 B0.6 83.7 115.1
Iron - Total. (1CP-AES) 02-10-96 10 SW 0.0 116.5 86.8 114.6 110.0 82.2 112.0
Iron - Dissolved {ICP-AES) 02-10-96  1C SW D.D 110.5 88.8 114.6 110.0 92,2 112,60
Lead - Toral [ICP-M5) 01-10-96 20 WEM 3.2 100.2 40,5 116.9. 103.2 77.8 129.8
Lead - Dissolved (ICP-MS) 01-10-98 20 HWEM 2.2 100.2 80.5 ilE.S 103.2 85.3 113.9
Lithium - Total {ICP-AES) 02-10-96 10 SW 0.0 95.2 74.2 131.3 95.2 82.6 107.0
Lithium - Dissolwved (ICP-AES) 02-10-96 10 SW 0.0 §5.2 74.2 111.3 95.2 82.6 107.90
Manganese - Total (ICP-MS) ©1-10-95 20 WEM 2.0 117.5 80.8 119.6 102.9 87.4 114.7
Manganese - Dissolved (iCP-MS) 01-10-96 2D WEM 0.0 117.6 80.8 119.6 102,98 B7.4 114.7
Mercury - Total {(CVAA] D2-10-96 1 CH 0.0 100.0 65,0 132.7 95.6 85.5 131.2
Mercury - Dissolved [CVAA! 02-10-96 1 CH 0.0 100.0 65.0 132.7 95.6 69,9 131.2
Molybdenum . Tcral (ICP-MS! 01-10-96 20 HWEM 3. 91.1 87.0 117.6 107.3 80.5 105.8
Molybdenum - Dissolved (ICP-MS} 01-10-96 20 WEM 3. 91.1 B7.0 117.6 107.3 90.5 105.8
Nickel - Total {(ICP-MS) 01-1D~96 20 WEM 0.0 101.4 78.4 116.6 105.9 B3.3 118.4
Nickel - Dissolved {(ICP-MS) 01-10-96 20 WEM 0.0 101.4 78.4 116.6 105.9 83.3 118.4
Phosphorus - Total (ICP-AES) 02-10-96 10 SW 0.8 99.5 84.0 113.4 101.5 B5.1 110..0
Phosphorus Dissolved (ICP-AES} 02-10~96 16 8w 0.8 99.5 B4.0 113.4 101.6 B5.1 110.0
Selemium - Total (AA) 27-09-98 1 RJIL 0.0 86.0 79.2 120.7 97.2 75.6 122.4
$elenium - Dissolved (AR} 27-09-86 1 RJIL D.0 BB.D 79.2 120.7 97.2 76.6 122.4
w




_ CHEMEX Labs Alberta Inc.

Salgary : 2621 ~ 415t Avenue N.E., T2E 6P2. Telephone (403} 291-3077, FAX {403) 291-3468
Edmonton : 9331 - 48th Streel, TEB ZR4, Telephona (403) 455-9877, FAX (403} 466-3332

Sample Description : TOB96-7-10
‘Sampie Date & Time : 1B-09-96

PITEAU ENGINEERING LIMITED
ATTENTION : SUSAN LECLERC

PROJ .#3773-12
Chemex Warksheet Number ; 95-03529-3
Chemex Project Number . PiTZiG2-0501]

Sampled By : RSC Sampie Access .
Sample Type : GRAB Sample Matrix © WATER
Sampie Received Date: September 25, 1996 Report Date - Ocrober 9. 1992
Sample Station Code : Analysis Date : October 1, 1995
PARAMETER DESCRIPTION NAQUADAT UNITS RESULTS DETECTION MILLI
CODE LIMIT EQUIVALENTS
Silver - Total (ICP-MS) 047016 mg/L 0.0001 ¢.0001
Silver - Dissolved (ICP-MS) mg/L 0.0001 0.0001
Strontjum - Total (ICP-MS) mg/L D.3B0 0.002
Strontium - Dissolved (ICP-MS) . mg/L 0.361 0.002
Titanium ~ Total (ICP-MS) mg/Le ©.079 0.001
Titanium - Dissolved (ICP-MS} mg/L D.036 0.001
Uranium - Total (ICP-MS) mg/L 0.0094 0.0004
Uranium - Dissolved {ICP-MS) mg /L D.0090 0.0004
Vanadium - Total (ICP-MS} mg/L 0,011 £.001
Vanadium - Dissolved (ICP-MS) mg/L o.0o04 0.001
Zinc - Total {ICP-MS) ' mg/L 0.0478 0.0006
.|~ 2inc - Dissolved (ICP-MS} mg/L 0.0006 0.0006
T Ion Balance Balance 1.05 0,01




CHEMEX Labs Alberta Inc.

Calgary ; 212" - 4151 Avenue N.E., T2E 6P2. Telephone (403) 291-3077, FAX (403) 291-0468

Edmonton : 8331 - 46t Street, T6B 2R4, Telephone (400) 465-8877, FAX {403) 466-3332

Sampie- Description ; TOB96-7-10
Sample Date & Time 18-09-96
Sampled By . RSC

Sample Type : GRAB

Sample Station Code -

Criemex Worksheet Kumber :
Chemex Project Number
Sample Access

Sample Matrix

Report Date

PITEAU ENGINEERING LIMITED
ATTENTION : SUSAN LECLERC

PROJ.#3773-12

BATCH SPECIFIC QUALITY ASSURANCE REPORT

96-03529-3

1 PITE192-0501

: WATER

: October 9, 1996

PARAMETER DATE QA/QC MATRIX SPIKES CALIBRATION CHECK

ANALYZED BATCH DUP RECOV CONTRCL LIMITS RECOV CONTROL LIMITS

[DD-MM=-YY) NUM ANAL Rr ¥ LOHWER UPPER % LOWER UPPER
Silver - Total (ICB-MS) 01-10-9¢ 20 WEM 0.0 78.5 77.7 117.7 94.7 87.3 111.0
Silver - Dissolved {ICE-MS5) 01-10-96° 20 WEM 2.¢ 8.9 77.7 117.7 54.7 B7.3 111.0
Strontium = Total {ICP-MS) 0l-10-9¢ 20 WEM 0.0 58.2 87.5 111.6 105.4 BE.4 111.2
Strontium - Dissolved (ICP-MS) 01-10-56 20 WEM 0.0 98.2 87.5 111.6 105.4 86.4 111.2
Titanium - Total (ICP-MS}) 01-10-96 20 WEM 0.0 73.8 68.1 123.,7 1058.1 82.2 114.9
Titanium - Dissolved (ICP-MS} 01-10-96 20 HWEM 0.0 73.8 6B.1 123.7 109.1 B2.2 114.9
Uranium - Total (ICP-MS) 01-10-%¢6 20 HEM 1.6 98.6 77.0 125.0 99.1 B1.5 114.2
Uranium - Disscived [(ICP-MS} 01-10-96 20 WEM 1.6 58.6 77.0 1i25.0 99.1 81.5 114.2
Vanadium - Total {ICP-MS) 01-10-96 20 WEM 0.0 101.2 74.5. 119.8 B89.5 8g.5 111.9
Vanadjum - Dissolved {ICP-MS} 01-10-96 20 HEM 0.0 101.2 74.5 119.8 89.5 88B.5 111.9
Zinc - Total (ICP-MS) 01-10-9¢6 20 WEM 3.2 85.6 57.4 147.3 110.0 84,3 115.6
Zirc - Dissolved {ICP-MS} 61-10-96 20 HEM 3.2 85.6 57.4 147.3 110;:8 84.3 119.6

gt



. CHEMEX Labs Alberta Inc.

.. Calgary: 2021 - 41st Avenue N.E., T2E 6P2 Telephona (403} 291-3077, FAX (403) 291-0458

Edmenton : 8331 - 48th Streal, T6B 2ZR4, Telephone (403) 465-9877, FAX (403) 466-3332
Sample Description

Sample Date & Time : 18-09-95
Sampled By : RSC
Sampie Type . GRAB

Sample Received Date: September 24, 1996

Samplie Station Code :

: TOB96-7-20

PITEAU ENGINEERING LIMITED
ATTENTION : SUSAN LECLERC

PROJ.#3773-12

Chemex Worksheet Number -

Chemex Project Kumber

Sample Access
Sample Matrix
Report Date

Analysis Date

96-03529-1
PITE192-0501

1 WATER
: November 21. 1996
. October 2. 1996

PARRMETER DESCRIPTION NAQUADAT UNITS RESULTS DETECTION MILLT
CODE LIMIT EQUIVALENTS

Calcium - {ICP) Total 620005 mg /L 23,2 0.01 1.158
Calcium -« (ICP) Dissolved 020111 mg/L. 23.0 0.01 1,148
Magmesium - (ICP) Total 012005 mg/L 10.8 0.01 0,889
Magmesium - (ICP} Dissclved 012111 mg/L 5.84 0.01 0.810
Sodium - (ICP) Total 011005 mg/L 244, 0.01 10.614
Sodium - {ICP) Dissolved 011111 mg/L 244, 0.01 10.614
Potassium - {ICP) Total mg/L 3.71 0.02 0,095
Potassium - {ICP} Digsclved 019111 mg/L 3.66 0.02 0.0%4
Chloride - Dissolved 017206 mer /L 29.2 0.5 0.823
Sulphate - (IC) Dissolved 018309 mg/L 16.3 0.1 0.339
PP Alkalinity {as CaCQ3) 010151 mg/L < 0.1 0.1

. Total Alkalinity {as CaC03) 010111 mg/L 550. 0.8

" pH 010301 Units 7.8% 0.01
Carbonate 005301 mg/L < 0.5 0.5
Bicarbonate 00201 mg/L 670. 0.5 10.98%
Total Hardness (as CaC03) 0lo0602 mg/L 58.0 0.5
Hydroxide 00B501 my/L < 0.5 0.5
Silicen - Toral [ICP} mg /L 5.10 0.02
Silicon - Dissolved (ICP) mg/L 4.59 D.02
Specific Conductance 002041 us/cm 1084, 0.0z
Total Dissolved Solids 000201 mg/L 676. 1.
Total Ammonia Nitrogen 007505 mg/L 0.50 0.01 0.036
Witrite plus Nitrate Nitrogen as N 007110 mg/L 0.037 0.003
Total Dissolved Phosphate as P 015423 mg/L 0.004 0.Q03
Grtho Phosphate as P 015256 my/L < 0,003 0.002
Total Phosphate as P 015406 mg/L 0.027 0.0c3
Sulphur - (ICP) - Dissolved ‘ mg/L 5.4 0.2
Sulphur - (ICP) - Total me/L 5.0 0.2
Total Filterable Residue (TDS} 010451 mg/L 688. 1,
Non-Filterable Residue (TSS) 010401 ng/L 21.0 0.4
Aluminum - Total {ICP-MS) 013016 mg /L 0.713 0.001
Aluminum - Dissolved. {ICP-MS) mg/L < 0.001 0.001
Arsenic - Total (AA} 31005 mg /L 0.0007 &.0002




CHEMEX Labs Alberta Inc.

Calgary : 2021 - 415t Avenue M.E., T2E 6P2. Telephone (403) 291-3077, FAX (403} 201-9468
Edmonton : 8331 « 48th Streel, TEB 2R4, Telephano (403) 455-9877, FAX (403) 466-3332

Sample Description - TOB96-7-20
Sampie Date & Time : 1B-09-96
Sampted By : RSC

Sample Type : GRAB

Sample Station Code :

PITEAU ENGINEERING LIMITED
ATTENTION : SUSAN LECLERC

PROJ.#3773-12 e

Chemex Worksheet Number :
Chemex Project Number
Sample Access
Sample Matrix

_ Report Date
BATCH SPECIFIC QUALITY ASSURANCE REPORT

96-03529-1
» PTTE192-0501

: WATER
;. November 21. 1996

PARAMETER DATE QASQC MATRIX SPIKES CALIBRATION CHECK
ANALYZED BATCH DUE RECCV CONTROL LIMITS RECCV CONTROL LIMITS
[DD-MM-YY}] NUM ANAL Rr X LOWER UPPER ] LOWER UPPER
Calecium - (ICP} Total 02-10-86 10 sSW 1.7 108.7 89.5 115.7 112.5 92.3 116.7
Calcium - {ICP} Dissolved 02-10-96 10 SW 1.7 108.7 89.5 115.7 112.5 82.3 116.7
Magnesium - (ICP} Total 02-10-96 10 SW 0.3 28.1 95.3 107.3 57.4 96.5 109.4
Magnesium - {ICP] Dissoclved 02-10-96 10 SW 0.3 98.1 9§Q3 107.3 97.4 86.5 109.4
Sodium - (ICP) Toral 62-10-96 1C SW 0.0 102.1 92.5 109.6 1p3.0 9893.2 111.3
Sedium - (ICP) Dissclved 02-10-96 1¢ S5W 0.0 102.1 92.5 109.6 103.0 83.2 111.3
Potassium - [ICP} Teotal 02-10-85 10 SW 0.2 101.3 Be.2 112.4 100.8 890.2 112.6
Potassium - [ICP)] Dissolwved G2-10-96 10 5W 0.2 101.3 BB.2 112.4 100.8 90.2 112.6
Chloride - Dissolved 30-09-55 10 LAD 1.2 102.2 90.8 108.8 102.8 94.3 105.6
Sulphate - {IC) Dissclwved 20-11~-96 10 AM 0.0 100.8 91.3 108.3 98.4 50.7 104.7
PP Alkalinity {as CaC03} ‘NOT APPLICAELE
Total Alkalinity {as CaCQl) 26-09-96 3 M 1.1 ‘NOT APPLICABRLE NUT APPLICABLE P
pH 26-09~98 3 aM 1.8 NOT APPLICABLE NOT APPLICABLE
Carbonate NOT -APPLICAELE
Bicarbonate NOT APPLICABLE
Total Hardness (as CaC03} NOT APPLICABLE
Hydroxide NOT APPLICABLE
Silicon - Total (ICP) 02-10-5%6 10 SW .8 208.9 59.1 142.3 114.8 £0.9% 147.2
Silicon - Dissolved {ICP) 02-10-%8 10 sHW 1. 108.9 59.1 142.3 116.8 60.9 147.2
Specific Conductance 27-09-96 1 1S 0. NOT APPLICABLE NOT APPLICAELE
Total Dissolved Solids NOT APPLICABLE
Total Ammonia Nicrogen 30-09-36 1 BF 0.0 104.0 E60.8B 117.3 10G.0 90.0 107.5
Nitrice plus Nitrate Nitrogen as N 04-10-96 1 PK 9. 100.6 93.1 105.1 102.0 87.8 1079
Total Dissolved Phosphate as P 30-09-56 1 HC 96.4 80,9 118.0 94.5 B2.2 116.0
‘Ortho Phosphate as P 02-10-96 1 HO 0.0 B6.2 80.7 116.6 102.0 B6.1 1:8.0
Total Phosphate as P 30-09-~-56 1 HO 0.0 96.4 B0.8 116.0 94.5 74.8 121.5
Sulphur - [ICP} - Dissolved 02-10-36 10 SW 0. NOT APPLICABLE NCT APPLICABLE
Sulphur - {ICP} - Total 02-10-56 10 SW 0.4 104.0° 0.0
Total Filcerable Residue. (TDS) 02-10-5¢ 1 BF 0.6 NOT APPLICARLE NOT APPLICABLE
Non-Filterable Residue  {TSS) 30-03-96 2 BF 0 NOT APPLICABLE NCT APPLICAEBLE
Aluminum - Total (ICP-MS) 01-10-96 20 WEM 0.0 120.4 84.0 117.8 107.1 2.8 123.2
Aluminum - Dissolved [ICP-MS) 01-10-96 20 WEM 0.0 120.4 B4.0 117.8 107.1 91.9 109.6
Arsenic - Total (BA] 27-09-36 1 RJL 0.0 97.3 72.1 119.4 87.2 75.3 122.4




PITEAU ENGINEERING LIMITED

CHEMEX Labs Alberta Inc. ATTENTION : SUSAN LECLERC

Algary : 2021 - 4151 Avenue N.E., T2E 6P2, Teléphone (403) 261-3077, FAX (403) 291-5468

Edmonton : 9331 - 48Th Streat, T6B 2R4, Telephone (403) 465-8577, FAX-(403) 466-3332 PROJ. #3773 -12
Sample Description : TOB96-7-20 Chemex Worksheet Number : 96-03529-1
Sample Date & Time : 18-09-96 Chemex Project Number . PITE192-0501
Sampled By : RSC Sample Access :
Sample Type: : GRAB : Sample Matrix : WATER
Sampie Received Date: September 24, 1996 Report Date + November 21, 1996
Sample Station Code : Analysis Date : September 27. 199
PARRMETER DESCRIPTION NAQUADAT UNITS RESULTS DETECTION MILLI
CODE LIMIT EQUIVALENTS
Arpenic - Dissolved (AR} 033109 mg/L 0.0002 0.0002
Barium - Total (ICP-MS) mg/L 0.140 0.0002
Barium - Dissolved (ICP-MS} mg/L 0.0320 0.0002
Beryllium - Total (ICP-MS} mg/L < 0.0002 0.0002
Beryllium - Digsolved (ICP-MS) mgy/L < 0.0002 0.0002
Boron - Total [ICP-MS) mg/L 0.24 0.01
Boron - Dissolved (ICP-MS) mg/L 0.10 0.01
cadmium - Total {ICP-MS) 048023 mg/L 0.0007 0.0002
Cadmium - Dissolwved {ICPnMS) mg/L o< 0.o002 0.0002
Chromium - Total (ICP-MS} . mg/L - 0.039 Q.001
Chromium - Dissolved {ICP-MS) ’ mg/L ‘ < 0.001 0.001
1. Cobalt - Total (ICP-MS) 027016 mg/L 0.0250 0.0003
" “oobalt - Dissolved {ICP-MS) mg/L < 0.0003 0.0003
Copper - Total (ICP-MS) 025016 mg/L 0.0040 0.0002
Copper - Dissolved ([ICP-MS) mg/L < 0.oo02 G.0002
Iron - Total {ICP-AES) 026009 mg/L 1.26 0,01
Iron - Dissolved (ICP-AES) 026108 mg/L 0.03 0.01
Lead - Total (ICP-MS) 082016 mg/L 0.0022 0.0003
Lead - Dissolved (ICP-MS) ' mg/L < 0.0003 0,0003
Lithium - Total {ICP-AES} 003008 mg/L 0.013 D.001
Lithium - Dissolved (ICP-AES} 003109 mg/L 0.011 0.001
Manganese - Total [ICP-MS) mg/L 0.752 0.002
Manganese - Dissolved {[ICP-MS} mg/L 0.019 0,002
Mercury - Total (CVAA) 080011 ug/L < 0,05 0.05
Mercury - Dissolved (CVAA) 080101 ug/L < 0.05 0.05
Molybdenum - Total (ICP-MS) mg/L < ¢.o002 0.0002
Molybdenum ~ Dissolved (ICP-MS) . ma/L < 0,0002 0.0002
Nickel - Total (ICP-MS} 028016 mg/L < 0.0005 p.ooes
Nickel - Dissolwved (ICP-MS} mg/L < 0.0005 0.0005
Phosphorus - Total (ICP-AES) mg/L < 0.1 0.1
Phosphorus - Dissolved ({ICP-AES) 015450 mg/L < D.1 0.1
Selenium - Total (RA) 034005 mg/L e 0.0002 0.0002
Selenium - Dissolved {AA) 034108 mg/L < 0.0002 ¢.0002
T




PITEAU ENGINEERING LIMITED
CHEMEX Labs Alberta Inc. _ ATTENTION : SUSAN LECLERC

Calgary : 2021 - 4151 Avenue N.E.. T2E 6P2. Telephone (403) 261-3077, FAX (403} 291-9463 PROJ #3773 _ 12

Pt

Edmonton : 9331 - 48th Street, TEB 2R4, Telephone (403) 465-9877, FAX (403) 466-3332

Sample Bescription : TOB96-7-20 Chemex Worksheet Number : 96-03529-]1
Sample Oate & Time : 18-09-96 Chemex Project Mumber : PITE192-0501
Sampled By : RSC Sample Access :

Sample Type : GRAB Sample Matrix : WATER

Sampie Station Code : T ‘Report Date : November 21, 1996

BATCH SPECIFIC QUALITY ASSURANCE REPORT
PARAMETER DATE Qn/Qc MATRIX SPIKES CALIBRATICN CHECK
ANALYZED  BATCH DUP RECOV CONTROL LIMITS RECOV CONTROL LIMITS
{DD-MM-YY} NUM ANAL Rr ¥ LOWER UPPER. % LOWER UPPER

Arsenic - Dissolved (AR} 27-09-9¢ 1 RIL 0.0 97.3 72:1 119.4 97.2 75.3 122.4
Barium - Total {ICP-MS} 01-10-96 20 WEM 0.0 106.1 75.8 123.5 86.0 87.1 113.2
Barium - Dissolved (ICP-MS} 01-10-96 20 WEM 0.0 106.1 75.8 123.5 96.0 87.1 113.2
Beryllium - Totdl (ICP-MS} 01-10-56 20 WEM 2.0 138.6 75.3 121.2 93.5 §0.1 120.4
Beryllium - Dissolved (ICP-MS) 01-10-56 20 WEM 2.0 138.6 75.3 1231.2 83.5 801 120.4
Boron - Tetal (ICP-MS} 01-10-96 20 WEM 0.0 85.4 71.5 136.2 $8.2 76.3 127.8
‘Boron - Dissolved (ICP-MS) 01-10-96 20 WEM 0.0 85.4 71.5 136.2 98.2 76.3 127.8
Cadmium - Total {ICP-MS} 01-10-96 20 WEM 3.2 108.5 78.1 120.3 113.6 83.4 114.8
Cadmium - Dissolved (ICP-MS) 01-10-56 20 WEM 3.2 108.5 78.1 120.3 113.6 83.4 114.8
Chromium. - Total (ICP-MS} 01-10-56 20 WEM 0.0 103.2 76.8 117.8 87.3 87.7 113.8
Chromium < Dissolved (ICP-MS) 01-10-%6 20 WEM 0.0 103.2 76.8 117.8 87.3 87.7 113.8
Cobalt - Total (ICE-MS} 01-10-5%6 20 WEM 3.2 87.1 80.1 114.1 96.4 86.0 3.1
Cobalt - Dissolved (ICP-MS} 01-10-%6 20 WEM 1.2 97.1 80.1 114.1 96.4 B&.1 113.1 o
Copper - Toral {(ICP-MS} 01-10-%6 20 WEM 0.0 114.2 79.0 115.4 80,6 B35 115.1
Copper - Dissolved {ICP-MS]) 01-10-96 20 WEM: 0.0 114.2 75.0 115.4 80.6 83.7 115.1
Ircn - Toral (ICP-AES} 02-10-%6 10 SW 0.0 110.5 B3.8 114.6 110.0 52.2 112.0
Iron - Dissolved (ICP-AES) 02-10-86 10 SH 0.0 110.5 B8.8 114.6 110.0 52.2. 112.0
Lead - Toctal (ICP-MS} ’ 01-~10~96 20 WEM 3.2 100.2 BD.S 116.9 103.2 77.8 129.8
Lead - Dissclved (ICP-MS) 01-10-86 20 WEM 3.2 100.2 80.5 116.9 103.2 85.3 113.9
Lithium - Total (ICB-AES) 02-10-96  10. SW 0.0 95.2 74.2 111.3 95.2 82.6 107.0
Lithium - Dissolvéd (ICP-AES) 02-10-56 10 SW 0.0 95.2 74.2 111.3 85.2 82.6 107.0
Manganese - Tocal (ICP-MS) 0l-10-96 20 WEM 0.0 117.6 80.8 11%.6 102.9 87.4 114.7
Manganese - Dissolved {ICP-MS) 01-10-96 20 WEM 0.0 117.6 80.8 119.6 102.5 87.4 114.7
Mercury -~ Total {CVAR) 02-10-96 1 CH 0.0 100.0 66.0 132.7 85.6 6%.5 131.2
Mercury - Dissolved (CVARA) 02-10-96 1 cH 0.0 100.0 66.0 132.7 85.6 69.9 131.2
Molybdenum - Total {ICP~MS] 01-10-96 20 WEM 3.2 91.1 87.0 117.€ 107.3 90.5 109.8
Molybdenum - Disselved (ICP-MS) 01-10-96 20 HEM 3.2 91.1 87.0 117.6 107.3 $0.5 109.8
Nickel - Toral (ICP-MS) 01~10-S6 20 WEM 0.0 101.4 76.4 116.6 105.8 83.3 118.4
Nickel - Dissolved (ICP-MS) 01-10-%6 20 WEM 0.0 101.4 768.4 116.6 105.9 83.3 118.4
Phosphomis - Tetal (ICP-AES) 02-10-8%6 1D SW 0.8 55.5 84.0 113.4 101.6 85.1 110.0
Phosphorus -~ Dissolved [ICP-AES) 02-10-56 10 SW 0.8 99.5 B4.0 113.4 101.6 85.1 110.0
Selenium - Total (AR} 27-09-96 1 RJL 6.0 88.0 75.2 120.7 97.2. 76.6 122.4
Selenium - Dissolwved (AR) 27-09-96 1 RJL 0.0 88.0 79.2 120.7 7.2 76.6 122.4




~CHEMEX Labs Alberta Inc.

- Calgary : 2021 - 415t Avenue N.E., T2E 6P2. Telephene (403) 201-3077, FAX {403) 251-5468
Edmonton : 9331 - 461h-Sireet, TEB 2R4, Telephone (403) 465-5877; FAX (403) 456-3332

Sample Description : TOB96-7-20

Sample Date & Time : 18-09-96

Sampled By : RSC

Sample Type : GRAB

Sample Received Date: September 24, 1996
Sample Station Code :

PITEAU ENGINEERING LIMITED
ATTENTION : SUSAN LECLERC

PROJ.#3773-12
Chemex Worksneet Number : 96-03529-1
Chemex Project Number - PITE192-0501

Sample Access
Sample Matrix
Report Date

Analysis Date

. WATER
: November Z2i. 1996
: October 1, 1996

PARAMETER DESCRIPTION HAQUADAT UNITS RESODLTS DETECTION MILLI
- CODE LIMIT EQUIVALENTS
Silver - Total (ICP-MS) 047016 mg/L 0.0001 0.0001
Silver - Dissolved {ICP-MS) mg/L 0.0001 p0.0001
Strontium - Total {ICP-MS) mg/L 0.880 0.002
Strontium - Dissolved {ICP-MS) mg/L 0.719 0.002
Titanium. -~ Total (ICP-MS) mg/L 0.024 0.001
Titanium - Dissolved (ICP-MS} mg/L ¢.113 0.001
Uranium - Total {ICP-MS) mg/L 0.00874 0.0004
Uranium - Dissolved (ICP-MS) : ng/L 0.0074 0.0004
Vanadium - Total (ICP-MS) mg/L £.001 0.001
Vanadium - Dissolved (ICP-MS) mg/L C.001 0.001
Zine - Total (ICP-MS) my/L 0.0556 0.0006
L Zinc - Dissolved [(ICP-MS) mg/L 0.0008& 0.0006
Ion Balance Balance 1.02 0.0l




. ~ PITEAU ENGINEERING LIMITED
CHEMEX Labs Alberta Inc. ATTENTION : SUSAN LECLERC
Emarion 153314 Somat TE8 oo LB 0T A 400 2 e PROJ.#3773-12

Sample Description : T0B96-7-20 Chemex Worksheet Number : 96-03529-1
Sample Date & Time : 18-09-96 Chemex Project Number : PITE192-0501
Sampled By : RSC Sampie Access :

Sample Type . GRAB ‘Sample Matrix : WATER

Sample Station Code : Report Date : November 21, 1996

BATCH SPECIFIC QUALITY ASSURANCE REPORT

PARMRMETER DATE QA/QC MATRIX SPIKES CALIBRATION CHECK

ANALYZED BATCH CUP RECOV CONTROL LIMITS RECOV CONTROL LIMITS

{DD-MM-YY} NUM ANAL Rr R ] LOWER UFPPER X LOWER UPPER

Silver - Toral (ICP-MS) 01-10-98& 20 WEM 0.0 78.9 7;..'.7 117.7 54.7 87.3 11l1.0
Silver - Dissolved (ICP-MS) Di—'.L_D—-9E 20 WEM 0.0 78.9 77.7 117.7 94.7 §7.3 111.0
Strontium - Total [(ICP-MS) 01-10-95 20 WEM .o 98.2 87.5 111.6 105.4 86.4 11l.2.
Stroncium - Dissolved {(ICP-MS) 01-10-96 20 WEM 0.0 98.2 87.5 111.6 105.4 86.4 111.2
Tivanium - Totral {ICP-MS}) D1-10-96 20° WEM 0.0 73.8 8.1 123.7 1i0s8.1 82.2 114.9
Ticanium - Dissolved (ICP-MS) 01-10~96 20 WEM 0.0 73.8 68.1 123.7 108.1 82.2 114.9
" Dranium - Toral {ICP-MS) 01-10-96 20 WEM 1.6 98.6 77.0 125.0 5%.1 81.5 114.2
Uranium - Dissolved (ICP-MS) 01-10-96 20 WEM 1.6 98.6 77.0 125.0 55.1 8l.5 114.2.
Vanadium. - Total (ICP-MS} 0l-10-96 20 WEM 0.0 i0l1.2 74.5 115.8 89.5 88.5 111.9
Vanadium - Dissolved (ICP-MS) 0l-10-9¢ 20 WEM 0.0 101.2 74.8 115.8 89.5 B8.5 111.%
Zin¢ - Total {(ICP-MS} 01-10-96 20 WEM 3.2 85.8 57.4 147.3 110.0 B4.3 11%.46
Zinc - Dissolved (ICP-MS) 01-16-96 20 HWEM 3.2 85.6 7.4 147.3 110.0 B84.3 11%.6




_CHEMEX Labs Alberta Inc.

algary; 2021 - 41st Avenue NE., T2E 6P2. Telephone (403) 291-3077, FAX {403} 291-6468

Edmonton : 5331 « 48th Street, T6E 2R4, Telophone {403) 465-9877, FAX {403) 466-3332 )
Sample Description : T0B96-7-21 fﬂﬁc?;ﬁtfn*Q :/Q, 7 0fFa-

Sample Date & Time - 20-09-86
Sampled By : RSC
Sample Type : GRAB

Sample Received Date: September 25. 1996

Sample Station Code :

\\|
7.0}

/

PITEAU ENGINEERING LIMITED
ATTENTION : SUSAN LECLERC

PROJ.#3773-12
Chemex Worksheet Number : 96-(3529-20
Chemex Project Number - PITE192:0501
Sample Access :
Sample Matrix © WATER

Report Date - October 9. 1996
Analysis Date : October 2. 1996

PARAMETER DESCRIPTION NAQUADAT UNITS RESULTS DETECTION MILLI
CODE LIMIT EQUIVALENTS

Calcium - (ICP} Total 020005 mg/L 22.7 0.01 1.133
Calcium - (ICP) Dissolved 020111 mg/L 22.7 0.01 1.133
Magnesium - (ICP) Toral 012005 mg/L 10.9 0.01 D.897
Magnesium - (ICP} Dissolved D1z111 mg/L 10.9 0.01 D.897
Sodium - {ICP} Total 012005 mg/L 241. 0.01 10,484
Sodium - {ICP) Dissolved ‘011111 mg/L 241. .01 1r.484
Potassium - (ICP} Total mg/L 3.59 0.02 0.092
Potassium - (ICP} Dissolved 019111 wg/L 3.59 0.02 D.D92
Chloride - Dissolved 017206 mg /L 0.7 0. 0.866
Sulphate - (IC} Dissolved 016303 mg/L 16.3 0.1 0.339
PP ARlkalinicy [as CaC03) 010151 rog/L ¢ 0.1 0.1
Total Alkalinity (as CaC03) 010111 mg/L 556. 0.5

"pH 010301 Units g.24 0.01
Carbonate 006301 mg/L < 0.5 0.5
Bicarbonate 006201 mg/L 678. 0, 11.115
Total Hardness {as CaCO3) 010602 mg/L 102. 0.5
Hydroxide 008501 og/L < 0.5 0.5
Siliecon - Total (ICP) mg/L 4.93 0.02
Silicon - Dissolved {(ICE} mg/L 4,53 0.02
Specific Conductance 002041 uS/cm 1064 0.02
Total Dissolved Solids 000201 mg/L 664, 1.
Total Ammonia Nitrogen 007505 mg /L 0.51 0.01 0.036
Nitrite plus Nicrate Nitrogen as N DD7110 g/ L 0,058 0.003
Total Dissolved Phosphate as ¥ 015423 mg/L 0.015 0.003
Ortho Phospharte as ¥ 01525¢ mg/L. 0.011 0.003
Total Phosphate as P 015406 mg/L 0.025 0.003
Sulphur - [ICP) - Disselved mg/L 5.3 0.2
Sulphur - (ICP) - Total mg/L 5.3 0.2
Total Filterable Residue ({TDS) 010451 mg/L 68B.D 1.
Non-Filterable Residue (TSS) 010401 mg/L 21.¢ 0.4
Aluminum - Toral [ICP-MS} 013016 mg/L 0.379 0.001
Aluminum -~ Dissolved [ICP-MS) mg/L < 0.00% 0.001
Arsenic - Total (AR} 033005 mg /L 0.0007 c.0Qo02




CHEMEX Labs Alberta Inc.

Calgary : 2021 - 418t Avenue N.E, T2E 6P2, Telephone (403) 291-3077, FAX {403) 291-8468
Edmenton ; 8331 - 48th Street, T6B 2R4,; Tetephons (403) 465-9877, FAX {403) 466-3332

Sampie Description TOB9E-7-21
Sampie Date & Time 20-09-96
Sampied By . RSC

PITEAU ENGINEERING LIMITED
ATTENTION : SUSAN LECLERC

PROJ.#3773-12

RN

Chemex Worksheet Number : 96-03529-20
Chemex. Projéct Number

Sample Access

PITE1S2-0501

Sample Type : GRAB Sample Matrix + WATER
Sample Station Code » : _ RE:REES{t Date : October 9, 199
BATCH SPECIFIC QUALITY ASSURANCE REPQ
PARAMETER DATE QA/QC MATRIX SPIKES CALIBRATION CHECK
ANALYZED  BATCH DUP RECOV CONTRCL LIMITS RECOV CONTROL LIMITS
{DD-MM-YY} NUM ANAL Rz % LOWER UPPER % LOWER UPPER

Calcium - (ICP} Total 02-10-96 10 5W 1,7 109.7 89.5 115.7 112.5 92.3 116.7
Calcium - {ICP} Dissolved 02-10-96 10 SW 1.1 109.7 89.5 115.7 112.5 92.3 116.7
Magnesium - (ICP) Total 02-10-96 10 SW 0.3 98.1 95.3 107.3 97.4 96.5 109.4
Magnesium - (ICPFj Dissolved 02-10-96 10 SHW 0.3 98.1 95.3 107.3 97.4 96.5 109.4
Sodium - {ICP} Total 02-10-96 10 SW 0.0 102.1 52.5 109.6 163.0 93.2 111.3
Sodium - (ICP} Dissolved 02-10-96 10 SW 0.0 102.1 92.5 108.6 103.0 53,2 111.3
Pozassium - {ICP} Total 02-10-96 10 SW 0.2 101.3 86.2 112.4 100.8 90.2 112.6
Potassium - [ICP) Dissclved ‘02-10-96 10 SW 0.2 101.3 88.2 112.4 100.8 50.2 112.8.
Chloride - Disselved 30-09-96 10 LAD 1.2 102.2 so.8 108.8 102.8 94.3 105.6
Sulphate - {IC)} Dissolved 30-09-96 10 LAD 0.0 103.2 91,3 108.3 104.7 90.7 104.7
PP Alkalinity {as CaC03) NOT APPLICABLE

Total Alkalinity (as CaCo03} 26-09-56 3 AM 1.1 NOT AFPLICABLE NOT APPLICABLE

PH 26-09-96 1AM 1.8 NOT APPLICABLE NOT APPLICASLE
Carbonate NOT APPLICABLE

Bicarbondte NOT APPLICABLE

Total Hardness {as CaCO03} NOT APPLICABLE

Hydroxide NCT APPLICABLE

Siligon - Total (ICP) 02-10-96 10 SW 1.8 108.9 5§.1 142 .3 110.8 60.9 147.2
Silicon - Dissolved {(ICP} 02-1G0-96 10 SW 1.8 108.9 59.1 142.3 11G.8 60.8 147.2
Specific Conductance 27-09-96 1 LG 0.2 NOT APPLICABLE NOT APPLICABLE
Teral Dissclved Solids NOT APPLICABLE

Toral Ammonia Nitreogen 02-10-96 1 BF e.4 lo0n.0 B0.8B 117.3 1p2.0 20.0 107.5
Nitrice plus Nitrate Nitrogen as N 04-10-9¢ 1 PK 0.s 100.€ 53.1 105.1 ip2.0 a7.8 107.9
Total Dissclved Phosphate as P 01-10-9¢ 1 HO 0.¢ 95.5 B0.9 118.0 98.5 82.2 116.0
Ortho Phosphate as F 02-10-36 1 HO .0 8.2 80.7 116.6 102.0 BE.1 118.0
Total Phosphate as P 01-10-96 1 HO 0.2 95.6 80.9 118.0 98.5 4.8 121.5
Sulphur - {(ICP} - Dissclved 02-10-96 10 SW 0.4 NOT APPLICABLE NOT APPLICRELE
Svlphur - fICP} - Total 02-10-96 10 SwW c.2 10¢.C , 0.0

Toral Filterable Residue {TDS) 07-1C-96 1 BF 1.z NOT APPLICABLE NOT APPLICABLE
Non+Filterable Residue {TSS} 02.10-96 1 BF 0.¢ NOT ASPLICARLE NOT APPLICABLET
Alwninum - Total {ICP-MS) 01-10-96 20 WEM 0.¢ 120.4 gq.c 117.8 107.1 82.8 123.2
Aluminum - Dissalved {ICP-MS) 04-10-%6 20 WEM 0.2 94.4 84.0 .117.8 82.3 1.9 109.6
Arsenic - Total (HA) 27-05-96 1 RIL 0.0 87.3 72.1 119.4 97.2 75.3 122.4




PITEAU ENGINEERING LIMITED

CHEMEX Labs Alberta Inc ATTENTION : SUSAN LECLERC

gary ; 2021 - 415t Avenue N.E., T2E 6PZ. Teiephona {403) 291.3077, FAX (403) 291-5468

Eckhonton : 9331 - 48ih Street, T6B 2R4, Telephone (403) 465-9877, FAX (403) 465-2332 PROJ. #37 73-12
Sample Description : TOBS6-7-21 Chemex Worksheset Number : 96-03529-20
Sample Date & Time : 20-09-96 Chemex Project Number @ PITE192.0501
Sampled By : RSE sample Access :
Sample Type - GRAB Sample Matrix : WATER
Sample Received Date: September 25, 1956 Repert Date : October 9. 1996
Sample Station Code Analysis Date : September 27, 1996

BARAMETER DESCRIPTION NAQUADAT UNITS RESULTS DETECTION MILLI

CODE LIMIT EQUIVALENTS

hrsenic - Dissolved {AA) 033109 mg/L < 0.0002 0.0002

Barium - Total (ICP-MS) mg/L 0.164 0.0002

Barium - Dissolved (ICP-MS) mg/L 0.146 0.0002

Beryllium - Total {ICP-MS) mg/L 0.0004 0.0002

Beryllium - Dissolved (ICP-MS) mg /L < 0.0002 0.0002

Boron - Total {ICP-M$) mg/L 0.16 g.01

Boron - Dissolved {I1CP-MS} rg/L 0,07 6.0l

Cadmium - Total {ICP-MS) 048023 mg/L 0.0032 0,0002

Cadmium - Dissclved [ICP-MS) mg/L < 0.0002 0.0002

Chromium - Total {ICP-MS) myg/L <- 0.00L Q.001

Chromium - Dissolved (ICP-MS} : mg/L < 0.001 D.001

.Cobalt -~ Total (ICP-MS) 627016 mg/L 0.0008 0.0003
" ibalt - Dissolved (ICP-MS) mg/L o.0004 0.0003

Copper - Total (ICP-MS) D29016 mg /L < 0.0002 D.D0D2

Copper - Dissolved [ICP-MS) mg/L < 0.0002 G.0002

Iron - Total (ICP-AES) 026003 mg/L 0.94 c.D1

Iron - Dissolved (ICP-AES) 0261089 ‘mg /L < 0.01 0.01

Lead - Total {ICP-MS) 0B2016 mg/L 0.0023 0.0003

Lead - Dissolved (ICP-MS) mg/L <. 0.0003 0.0003

Lithium - Totdl {ICP-AES) 00300% mg/L 0.012 0.001

Lithium - Dissoclved (ICP-AES) 003109 my /L D.012 0.001

Manganese - Total (ICP-MS} mg /L ‘0.040 o.001

Manganese - Dissolved {ICP-MS} mg/L 0,025 0.001

Mercury - Total {CVAA) 0BOO1L ug/L < 0.05 g.05

Mercury - Dissolved (CVAR) 080101 ug/L < 0.05 0.05

Molybdenum - Total [ICP-MS) mg /L 0.0023 0,0002

Molybdenum - Dissolved (ICP-MS) mg/L 6.0020 0..0002

Mickel - Total {ICP-MS) 028016 mg/L < 0.0005 0. 0008

Nickel - Dissolved (ICP-MS) mg/L < 0.0005 0.0005

Phosphorus - Toral (ICP-AES) me/L < 0.1 D.1

Phosphorus - Dissolved [ICF-AES) 015450 mg /L < 0.1 0.1

Selenium - Total (AR} 034005 mg/L 0..0007 2.0002

Selenium - Dissolved {BAA) 524108 mg/L < C.0062 D.0gc2




CHEMEX Labs Alberta Inc.

Calgary : 2021 - 415t Avenue N.E., T2E P2, Telephone (403) 241-3077, FAX (403) 291-9468
Edmonton : 5331 - 48th Street, TEB 2R4, Telephone (403) 465-8877, FAX (403) 466-3332

PITEAU ENGINEERING LIMITED
ATTENTION : SUSAN LECLERC

PROJ.#3773-12

i

Sample Description T0B96-7-21 Chemex Worksheet Number : 96-03529-20
Sample Date & Time : 20-09-96 Chemex Project Number : PITE152-0501
Sampled By : RsC Sample Access :
Sample Type . GRAB Sample Matrix © WATER
Sample Station Code Repo_Fc Date : October 9, 1996
BATCH SPECIFIC QUALITY ASSURANCE REPOR
PARAMETER DATE gn/oc MATRIX SPIKES CALIBRATION CHECK
ANALYZED  BATCH DuP RECOV CONTROL LIMITS RECOV CONTROL LIMITS
{DD-MM-YY) NUM ANAL Rz % LOWER UPPER % LOWER UFPER
Arsenic - Dissolved (AR} 27-09-9§ 1 RJL 0.0 97.3 72.1 119.4 57.2 75.3. 122.4
Barium - Total {ICP-MS} 01-10-96 20 WEM c.0 106.1 75.8 123.5 98.0 87.1 113.2
Barium - Dissolved {ICP-MS) 01-10-96 20 WEM g.0 106.1 75.8 123.5 98.0 87.1 113.2
Beryllium - Total (ICP-MS} 01-1D-96 2D WEM 2.0 136.6 75,3 121.2 93.5 80.1 120.4
Beryllium - Dissolved [ICP-MS) 04-10-96 20 WEM 0.0 93.5 75.3 121.2 84.5 80.1 120.4
Boron. - Total {ICP-MS} 01-10-96 20 WEM 5.0 85.4 71.5 136.2 98,2 76.3 127.8
Boron - Disselved {ICP-MS) 04-10-96 20 WEM 3.2 97.8 71.5 136.2 103.8 76.3 127.8
Cadmium - Total {(ICP-MS} 01-10-96. 20 WEM 3.2 108.5 78.1 120.3 113.6 83.4 114.8
Cadmium - Dissolved {ICP-MS) 04-10-96 20 WEM 3.2 86.2 78.1 120.3 91.¢6 83.4 114 .8
Chromium - Total {ICP-MS) 01-106-96 20 WEM 0.0 103.2 76.8 117.8 87.3 87.7 113.8
Chromium - Dissolved {ICP-MS} 04-10-96 20 WEM 0.9 85.1 76.8 117.8 95.1 87.7 113.8
Cobalt - Total {ICP-MS) 01-10-96 20 WEM 3.2 97,1 80.1 114.1 96.4 86.0 113,10
Cobalt - Dissolved [ICP-MS) D4-10-96 20 WEM 2.8 84.9 80.1 114.1 95.5 86,1 113.1
Copper - Total (ICP-MS) 01-10-96 20 WEM 0.9 114.2 79.0 115.4 80.6 B83.5 115.1
Copper - Dissolved (ICP-MS} 04-10-96 20 WEM [ B9.0 79.0 115.4 94.5 B3.7 115.1
Iran - Total (ICP-AES} 02-10-96 10 SW 0.3 110.5 BE.B 114.6 115.0 92.2 112.0
iron » Dissolved (ISP-AES) 0z2-10-98 10 5 0.z 110.5 BB.B 114.5 110.0 92,2 112.0
Lead - Total (ICP-MS} 01-10-96 20 WEM 3.2 100.2 80.5 116.9 103.2 77.8 129.8
Lead - Qissolved (ICP-MS) 04-10-96 20 WEM 0.% 93.4 80.5 116.¢ 55.0 85.3 113.9
Lithium - Total {ICP-AES} 02-10-96 10 SW 0.z 95.2 74.2 111.2 95.2 82 .6 107.0
Lithium - Dissolved !ICP-AES) 02-10-96 10 SW c.z §5.2 74,2 111.3 95.2 82 .6 i07.0
Manganese - Total (ICP-MS) 01-10-96 20 WEM c.2 117.6 80.8 119.6 102.9 87.4 114.7
Manganese - Dissolved [ICP-MS) D4-10-96 20 WEM .2 90.4 apn.g 119.6 93.5 87.4 114.7
Mercury - Total (CVAA) 03-10-96 1L CH c.¥ 100.C 86.0 132.7 88.5 69.9 131.2
Mercury - Dissolved [CVAA} 03-10-96 1 CH a2 100.0 66.0 132.7 88.5 69.9 131.2
Molybdenum - Tozal (JCP-MSJ] 01-10-96 20 WEM 3.2 91.32 87.0 117.6 107.3 90.5 105.8
Molybdenum - Dissolved (ICE~MS) 04-10-96 20 WEM 3.2 B9.5 B7.0 117.4% 95 .8 5¢.5 109.8
Nickel - Toral {ICP-MS} 01-1G6-96  2G WEM o 1861.4 TB.4 116.6 105.9 83.3 118.4
Nickel - Dissolved !ICP-MS) 04-10-86 20 WEM oLz 85.§8 78.4 115.6 91. €& 83.3 118.4
Phosphorus - Total [ICP-AES) 02-10-96 10 SH c.3 se.s 84.0 113.4 101.% 85.1 110.0
Phosphorus - Dissolved {(ICP-AES: 02-10-S& 10 SHW £.3 59.5 84.0 113.4 101.6 85.1 110.0
Selenium - Total [BAA: 27-09-36 1 RJL p.: BE.C 79.2 120.7 97.2 76 .6 122.4
Seleniufm - Dissolwved (AA} 27-09-96 1 RJIL c.: 88.0 7%.2 120.7 §7.2 76.6 122.4
e




_CHEMEX Labs Alberta Inc.

dgary : 2021 - 415l Avenue N.E., T2E 6P2. Telephona (403) 291-3077, FAX {403} 2913458
Edmonion : 3331 - 48th Street, TEB 2A4, Teléphene (403} 4659877, FAX (403) 456-3332

PITEAU ENGINEERING LIMITED
ATTENTION : SUSAN LECLERC

PROJ.#3773-12

Sample Des¢ription : T0B96-7-21 Chemex Worksheet Number : 96-03526-20
Sampte Date & Time : 20-09-96 Chemex Project Number : PITE19Z-0501
Sampled By : RSC Sample Access :
Sample Type : GRAB Sample Matrix : WATER
Sample Station Code : v AS \CE Egﬁ?q{t Date . October 9. 1996
BATCH SPECIFIC QUALITY ASSURANCE REPOR
i PARAMETER DATE OR/QC MATRIX SPIKES CALIBRATION CHECK
AMNALYZED BATCH Dup: RECOV CONTROL LIMITS RECOV CONTROL LIMITS
{DD-MM-YY) NUM ANAL  Rr % LOWER  UPPER % LOWER  UPPER
Silver - Total [ICP-MS} 01-10-96 20 WEM 0.0 78.9 77.7 117.7 94.7 87.3 111.0
Silver - Dissolved {ICP-MS) 04-10-96 20 WEM 3.2 E3.6 77.7 117.7 92.1 87.3 111.0
Strontium - Tetal [ICP-MS) 01-10-96 20 WEM 0.0 98.2 7.5 111.6 105.4 86.4 111.2
Stroncium - Dissolved (ICP-MS) 0D4-10-96 20 WEM 0.0 100.5 87.5 111.6 97.3 B6.4 111.2
Ticanium - Toral (ICP-MS) 0l-10-96 20 WEM 0.0 73.8 68.1 123.7 109.1 82.2 114.9
Titanium - Dissolved (ICP-~-MS) 04-10-86 20 WEM 3.2 71.1 68.1 123.7 84.8 82.2 114.9
Uranium - Total (ICE-MS) 01-10-96 20 WEM 1.6 98.5 77.0 125.0 95.1 81.5 114.2
Uranium - Dissolved (ICP-MS) 04-10-95 20 WEM 0.6 95.0 77.0 125.0 95.7 1.5 114.2
vanadium - Totdl {ICP-MS) © 01-10-96 20 WHEM 0.0 101.2 74.5 115.8 85.5 88.5 111.8
Vanadium - Dissolved (ICP-MS! 04-10-96 20 HEM 3.2 B2.2 74.5 119.8 89.5 88.5 111.9
#wZiné - Total (ICP-MS} 04-10-96 20 WEM 3.2 113.7 57.4 1473 94.8 84.3 115.6
Jinc - Dissolved {(ICP-MS) 04-10-96 20 WEM 3.2 113.7 57.4 147.3 94.8 B4.3 119.6




CHEMEX Labs Alberta Inc.

Calgary : 2001 - 415t Avenue N.E., T2E 6P2. Telephone (403) 291-3077, FAX (403) 291-9468
Edmanton ; 8331 - 4Bth Streel; TEB 2R4, Telaphone {403) 465-9877, FAX (403) 466-3332

Sampie Description
Sample Date & Time : 20-03-86
Sampied By : RSC
Sample Type : GRAB
Sampie Recejved Date:
Sample Station Code :

. T0B96-7-21

September 25, 1996

PITEAU ENGINEERING LIMITED
ATTENTION : SUSAN LECLERC

PROJ.#3773-12
Chemex Worksheet Number : 96-03529.20

Chemex Project Number

Sampie Access
Sample Matrix
Report Date

Analysis Date

: PITE192-0501

: WATER
: October 9. 199%
» October 1. 1996

PARAMETER DESCRIPTION NAQUADAT UKITS RESULTS DETECTION MILLI
CODE LIMIT EQUIVALENTS

Silver - Toral {ICP-MS) 047016 g /L 0.0001 0.0002

Silver - Dissolved {ICP-MS) mg /L 0.0001 6.0001

Scrontium - Total (ICP-MS) g/ L 0.754 ¢.002

Strontium - Dissolved {ICP-MS} mg/L D.700 0.002

Titanium - Total (ICP-MS) my /L 0.0&2 0.001

Titanium - Diggolved {(ICP-MS} wg/L 0.007 0.001

Uranium - Total (ICP-MS} mg/L 0.0073 0.0004

Uranium ~ Disgolved (ICP-MS} mg/ L D,0004 0.0004

Vanadium - Tocal (ICP-MS) wg/L 0.001 0.001

Vanadium - Dissolved {ICP-MS) mg/L 0.001 0.001

Zinc - Total (ICP-MS) mg/L 0.0053 D.0006

Zinc - Dissolved {(ICP-MS} mg/ L 0.0050 C,o006

Ion Balance Balance 1.03 0.01

i
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Water Numerical Criterial

COLUMN 1 COLUMNI COLUMNII | COLUMNIV | COLUMNY
Sub Aguatic Life? IrrigationZe3 Livestock? Drinking
ubstance (AW} (Tw) (LW) Water? (Dw)
inorganic Substances
alurmmum 5@pH<4.5 5000 5000 200
7@ pH=5.0
11 @ pH=3.5
20 @ pH=6.0
50@ pH>6.0
ammonia 131 @ pH=9.07
370 @ pH=8.57
1130@pH=8.07
1840@pH .77
arsenic 50 100 5007 25
barrum 1000 1000
beryllium 5.3 100 100
bofon 500 - 60006 5000 5000
adsuurm 0.2 @ H23=0-60 (0.01 @ H=30) 10 20 3
.8 @ H=60-120 (0.03 @ H=90}
1.3 @ H=120-180 (0.05 @H=150)
1.8 @H>180 (0.06 € H=210)
calcium 1060 mg /1
chloride 100 - 700,.“5/1‘6 250.mg/}
chlofine 2 1000
ormim 2 100 1000 50
cobalt 50 50 1000
copper 2@ He<b0mg/1 CalO3 2006 300 1000
4 @ H=100mg /1 CaCO3
6 @ H=150mg/1 CalQy
8@ H=200 mg /1
cyanide ('W'}U:J)9 5
cvanide (SAD)L> _ 200
woride 200 @ HeS0mg./) 1000 16005.8 1500
300 & H>30mg /1
iron 300 - 5000 300
lead 3@H<d0mg/1CaCO3 200 100 .10
5@ H=50mg/] CaCO3
6@ H=100mg/1 CaCO3
11 @H=180mg/]
lithium 2500 5000
manganese 100 200 50
mercury 0.1 1 2 1
mdybd'errum 1000 10 - 23010 50
nickel 25@ H-0.60mg/1 CaCOs 200 1000
65 @ H=60-120mg /1 C2aC03
110@H=120-180mg/] Cal0s
150 @ H3>180mg/1CaCO3
nitrate - N {or as N} 40mg /! 1000011 1000011
nitrate and nitrite (as N} 40mg/] 1000011 1000011
nitrite - N (or as N) 20 (chloride < 2mg/1) - 60% 10000 3200
selenium Ry 2013, gol4 50 10
silver 01
sodium ) 200 mg /1
sulphate 100 mg/1 1000000 S0 g/t
sulphide as Hp5 2 50
uranium 300 10 200 100
vanadium - 100 100
zinc 30 1000-500014.16 50000 5000




Water Numerical Criterial

COLUMNI1 COLUMN I COLUMN III COLUMMNIV COLUMN YV
) ] Drinking
: Aquatic Lite?- trrigation?3 (IW) | Livestock? {LW) Waterd
Substance 9 HAW) (DW)

Monocyclic Aromatic
Hydrocarbons (MAHS) .
benzene 100 5
ethylbenzene 700 2.4
toluene 300 24
xylenes 300
Polycyclic Aromatie
Hydrocarbons (PAHS)
naphthaléene 1
acenzphthene 6
fluorene 12
anthracene 0.1
phenanthrene 0.3
acridine 0.05
fluoranthene 0.2

yrene 0.02

enzo[a anthracene 0.1
benzola]pyrene 0.01 0.01
Phenclic Substances
phenols {totaf) 1
chiorinated: phenois
moncchiorophenol 05-0917 0.1%
dichlorophenols 0.12 - 0_35]'7 0.39 0.3
trichlorophenois. 0.06 - 0.517 29 2
tetrachlorophenols 0.02- 0317 1% 1
pentachlorophenol 0.02 - 0317 30° 30
Chlorinated Hydrocarbons
chiormnated aliphatics
dichloroethane, 1,2~ 100 5
dichloromethane 50
hexachlorobutadiene 0.1
hexachlorocyclohexane isomers 0:01
tetrachloroethylene 260
trichloroethyiene 20 50
vinyl chioride 2
chloririated benzenes
monochlorobenzene 15 30
dichlorobenzene, 1,2- 2.5 3
dichlorabenzene 1,3- 2.5
dichlorobenzene, 1,4- 4 1
tnnchlorobenzene, 1.2,3- 0.9
trichlorobenzene, 12,4~ 0.5
trichlorobenzene, 1,3,5- 0.65
tetrachlorobenzene, 1,2,3,4- 0.1
tetrachlorobenzene, 12,35 0.1
tetrachlorobenzene, 12,45 0.15

entachlorobenzene 0.03

exachlorobenzene 0.0065
PCBs 0.0001 0.5
Halogenated Methanes
carbon tetrachloride 5
trihajomethanes 100
Phthalate Esters
DEP 4
DEHP ) . 0.6
otherphthalate esters- 0.2




e

Water Numerical Criterial

COLUMN | COLUMNII COLUMN 111 COLUMN v _COLUMN v
— " Drinking
Aqualic Life? IrrigationZ? (IW) | Livestock? (LW) Water?
Substance AW) - (DW)
Pesticides
aldicarb 0.1518.19 54_920( 67.521 11 9
aldrin and dieldrin 0.004 0.7 0.7
atrazine 219' 1018 10 60 5
azinphos-methyl 20
bendiocarb 40
bromoxynil 5
carbaryl g0
carbofuran 1.75 45 90
chlordane 0.006 7
chlorpyrifos: 90
Cyanazine 2 0.5 10 10
2,4-D 4 100
PDT 0.001 3022
diazinon 0.01 14 20
i 120
diclofdp-methyl 9
dimethoate : 6.2 3 20
dinoseb 10
diquat 70
diuron 150
| endosulfan, 0.02
endrin 0.0023
Ely‘phosa_te 65 280 280
eptachlor & heptachlor epoxide 0.01 3
lindane . 4
malathion 19¢
methoxychlor 200
metolachlor g 28 50 50
meétrbuzin 1 0.5 80 g0
paraguat 10
parathion 50
phorate 2
picloram 29 0.5 190 190
-simazine 10 0.5 10 10
2,4,5-T 20
temephaos 280
terbufgs 1
toxaphene 0.008 )
triallate 0.24 230 230
trifluralin 0.1 45 45
Radioactive Substances
137cgsium 50 Bg/!
226radiym 1 Bg/l
Fetrontium 10 Bg/l
3iritium 40000 Bg/l




Water Numerical Cnteria?
Footnotes
1All values are in ug/] unless otherwise stated.

?For surface water samples, samples must be tested to determine total combined particulate and dissolved substance
concentrations, For groundwater samples, samples must be tested to determine dissolved substance concentrations.

3applies to irrigation of all soil types. .

{Drinking water criteria are for unfiltered samples obtained at the point of consumption. Heavy metals, metalloids
and inorganic ions are expressed as total concentrations {particulate and dissolved) unless otherwise indicated.

3Criterion applies where dietary intakes or natural levels are high. Consult Director for further advice.

“Criterion varies depending on crop. Consult Director for further advice.

’Criterion varies with pH and temperature. 10°C is assumed. Consult Director for further advice.
8Criterion varies with type of livestock. Consult Director for further advice.

SWAD means weak acid dissociable.

1%Criterion varies with crop, soil drair'mge and Mo:Cu ratio. Consult Director for further advice.
'Where nitrate and nitrite are present, total nitrate plus nitrite-nitrogen should not exceed this value.
“Criterion varies with chloride concentration. Consult Director for further advice.

¥Criterion for intermittent applications on crops.

HCriterion for continuous application on crops.

1*SAD means strong acid dissociable. ' bt
‘eCriterion varies with soil pH. Consult Director for further advice.

Y7Criterion varies with pH and substance isomer. Consult Director for further advice.

¥Criterion to protect marine aquatic life.

YCriterion to protect freshwater aquatic life.

®Criterion to protect crops other than legumes.

*Criterion to protect legumes.

ZIncludes DDT metabolites.

BH means water hardness in mg/] CaCO3.

ERRATUM

The reference to footnote 9 for chlorinated phenols - livestock
watering criteria (column I'V) is incorrect. Footnote reference
should be to footnote 24 below:

e

* Criterion to protect against taste and odor concems.
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