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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 Telk.wa 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 
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some to little clay ( ~ 20%) and gravel. The overlying glacio-lacustrine sediments 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 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. 
B.ecause of the inferred localized nature of the sand and gravel deposit, potential seepage through 
this unit can be easily mitigated as discussed below. 

Bedrock Geologv 
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 > 42.5 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 IO mlyear. 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 Io·' mis. The hydraulic conductivity of the underlying 
gravel/mudstone was estimated from one single well response test to be 8.2 x 1 o·' mis. Results 
of laboratory permeameter tests on till samples yielded a hydraulic conductivity of approximately 
7.0 x 10·10 mis (depth interval 0.50 - 0.95 m) and 4.0 x 10·11 mis (depth interval 6.20 - 6.65 m). 
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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 µSiem. 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 km2

) is estimated to be 
in the order of 6 Lisee. 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 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 Lisee. 

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. 

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 blowsl0.3 m and 0.75 kg/cm2 respectively. 
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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 4xl 0·7 mis. 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. R.iprap 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 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 a minimum thickness of I m. It would be covered with a 1 m 
thick layer of free dumped till to protect the blanket from desiccation and weathering effects. 
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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 I). 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. 
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2. TAILINGS 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-l O 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 
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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 IL 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 compnses 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- l 0, Figure 5) are 

overlain by silty clay, with thin sand and gravel layers. North ofTOB96-10 at T96R-151 (Figure 

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 upper surficial units. The gravel 
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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 mat TOB96-10 (Figure 5). 

Upper Surficia/ Unit 

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 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-lacusttine 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. 

2.3 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-l 6) - 17 .6 m (TOB96-07). Near the north end of the tailings pond area, depth to 

bedrock exceeds 81 mat TOB96-!0. 
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2.4 HYDROGEOLOGICAL CONDITIONS 

2.4.1 GROUNDWATERFLOW 

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. 
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Upward vertical hydraulic gradients were measured at piezometer nest TOB96-07-I 0/20. 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 1 o-' mis (Table 1 ). The hydraulic conductivity of the 

underlying graveVmudstone was estimated from one single well response test (TOB96-07-20) to 

be 8.2 x 10·7 mis. 

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

hydraulic conductivity of 7 x 10-10 mis (depth interval 0.5 - 0.95 m) and 4 x 10·11 mis (depth 

interval 6.2 - 6.65 m. 

2.4.2 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 µSiem. 

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. 
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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 (IDS) 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, IDS 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. 
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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 (IJ 

TOB96-07-IO cadmium (total and dissolved), copper, lead, zinc, aluminum, 1ron, and 

manganese 

TOB96-07-20 cadmium, chromium, copper, zinc, aluminum, iron, and manganese 

(includes dup.) 

NOTES: 

(I) 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 installation. 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 QNQC procedures (see Appendix IV), 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 QNQC results 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 seepage (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: 
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Q=KiA 

where "Q" is the seepage rate [L3/T], "i" is the vertical hydraulic gradient between the tailings 

pond and the underlying native soil [LIL], "K" is the hydraulic conductivity of the underlying 

native soil [L/T] and "A" is the surface area of the proposed tailings pond [L2
]. 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 is made for the potential sealing effect of the 

deposited tailings. 

POND SECTOR APPROXIMATE HYDRAULIC ESTIMATED 

AREA CONDUCTMTY SEEPAGE RATE 

(km2) (m/s) (Lisee) 

Northwest portion 0.05 1 X 10"5 250 

(underlain by sand and gravel) 

Western, Eastern, and Northern 1.20 1 X 10"8 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 northern 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-

] 0. 

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 
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northwest portion of the proposed tailings pond. Therefore, for calculation purposes, the deposits 

were assumed to occur within the area outlined by the 600 metres above sea level (mas]) contour 

( ~0.05 km2 
- see Figure 3 ). 

Neglecting the northwest portion of the proposed tailings pond area, the estimated seepage rate 

over the remaining area of the tailings pond (- 1.20 km2
) is in the order of 6 Lisee. (This value is 

less than the total maximum tailings pond seepage of 13.5 Lis 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. 
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Given an assumed distribution for the hydraulic conductivity of the till (i.e., log normal 

distribution with a mean of LO x 10·' mis and a standard deviation of LO x 10·• mis) 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 Lisee. 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 
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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 selected 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 sand 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 

7x10-10 mis. 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/OJ m and 0.75 kg/cm2 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 4xIO-' mis. 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 I 0, 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 11) varied between 1.25 and 4.5 kg/cm' (125-450 
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kPa). Corresponding undrained shear strength values are 63 to 225 kPa (i.e., 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 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 
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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 

slurry 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 layers to a minimum thickness of I m. It would be covered with a 1 m 

thick layer of free dumped till to protect the blanket from desiccation and weathering effects. 
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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 10·9 mis. (TOB96-

07-10). Results ofpermeameter 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 Jess than 10 m/year. Groundwater flow patterns 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- l 0/20. 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-l 0-11/28 and TOB96-l 4-

I0/43) as they were dry at the time of measurement 
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5. Given an asswned 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 Lisee. The maximwn 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. Dominance 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 cadmiwn (total and dissolved), chromium, copper, lead, zmc, 

aluminwn, 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). 
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TAdLE 1 
PIEZOMETER INSTALLATION DETAILS, DATUM/ 

GROUNDWATER SURFACE ELEVATIONS AND HYDRAULIC CONDUCTIVITIES 

PIEZO. NORTHING EASTING GROUND STICK-UP DATUM TOTAL SCREEN DATE DEPTH GROUNDWATER 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 

(mas/) (m) (mas/) (m) (m} (y/mld) (m) (mas/) (mis) 

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 6.5 X 10'9 Silty clay till 

TOB96-07-20 6057178 622256 613.28 0.65 613.93 19.7 16.6 -19.6 96-Sep-18 flowing >613.93 8.2x 10"7 Gravel/ mudstor 

TOB96-10-11 6057833 621877 605.02 0.65 605.67 10.5 7.5-10.5 96-Sep-18 dry <605.67 NIA Silty clay till 

TOB96-10-28 6057833 621877 605.02 0.65 605.67 27.5 24.5 - 27.5 96-Sep-18 dry <605.67 NIA Sand & gravel 

TOB96-14-10 6057804 622501 604.39 0.38 604.77 10.2 7.2-10.2 96-Sep-18 dry <604.77 NIA Silty clay till 

TOB96-14-43 6057804 622501 604.39 0.38 604.77 42.5 41.0 -42.5 96-Sep-18 dry <604.77 NIA Sand & gravel 

NOTES: 
1. masl - metres above sea level. 
2. NA - not analyzed. 
3. Borehole logs and piezometer completion details provided in Appendix II. 
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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,silt,till 

13.0 20.0 silt (gravel} 

TOB96-06 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,till 
8.0 17.0 silt,gravel seams 
17.0 19.0 siltstone 

TOB96-09 6057636 622296 20.0 0.0 1.9 clayey 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 gravel 
16.5 17.5 siltstone 

TOB96-16 6057145 617700 13.5 0.0 2.0 silt 
2.0 2.5 sand 
2.5 10.0 sand,silt,till 
10.0 12.0 clay,silt,till 
12.0 13.5 siltstone 

T79R-04 6057509 621492 71.3 N/A N/A N/A 
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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-104 6056245 622320 76.0 0.0 5.0 overburden 

5.0 19.8 mudstone 

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 84.6 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 Pond 

T96R-104 (CON'T) 101.1 102.5 mudstone 
102.5 102.9 coal 
102.9 104.0 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 
34.1 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 siltstone 

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 mudstone 
91.0 91.3 coal 
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DRILLHOLE 

Tailings Pond 

T96R-106 (CON'T) 

1/23/97 • 12:45 PM 

NORTHING 

TABLE 2 
BOREHOLE SUMMARY INFORMATION 

EASTING TOTAL DEPTH OF BOREHOLE INTERVAL 
(below ground, m) From (m) To (m) 

91.3 91.7 
91.7 91.9 
91.9 92.4 
92.4 92.7 
92.7 92.9 
92.9 94.0 
94.0 94.3 
94.3 95.4 
95.4 98.0 
98.0 99.6 
99.6 99.8 
99.8 100.1 

100.1 101.1 
101.1 101.3 
101.3 101.6 
101.6 105.0 
105.0 105.3 
105.3 105.7 
105.7 107.1 
107.1 107.4 

107.4 107.7 
107.7 108.6 
108.6 109.2 
109.2 116.9 
116.9 123.0 
123.0 130.5 
130.5 133.0 
133.0 140.0 

J;l3773\3773·12\TABLES\NEWTAB2.XLS 
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LITHOLOGY 

mudstone 
coal 

mudstone 
coal 

mudstone 
coal 

mudstone 
coal 

sandstone 
mudstone 

coal 
mudstone 

coal 
mudstone 

coal 
mudstone 

coal 
mudstone 

coal 
mudstone 

coal 
mudstone 

coal 
siltstone 

conglomerate 
sandstone 

conglomerate 
mudstone 
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DRILLHOLE NORTHING 

Tailings Pond 

T96R-107 6056619 

1/23/97 • 12:45 PM 

( 

TABLE 2 
BOREHOLE SUMMARY INFORMATION 

EASTING 

622141 

TOTAL DEPTH OF BOREHOLE 
(below ground, m) 

86.0 

J:\3773\3773-12\T ABLES\NEWT AB2.XLS 

INTERVAL 
From (m) To (m) 

0.0 4.0 
4.0 6.7 
6.7 7.0 
7.0 7.9 
7.9 8.3 
8.3 9.3 
9.3 9.6 
9.6 11.0 

11,0 18.0 
18.0 21.2 
21.2 34.2 
34.2 39.0 
39.0 39.3 
39.3 45.0 
45.0 50.2 
50.2 60.4 
60.4 61.0 
61.0 61.1 
61.1 61.3 
61.3 61.7 
61.7 61.8 
61.8 64.5 
64.5 64.7 
64.7 65.0 
65.0 65.2 
65.2 65.5 
65.5 65,9 
65.9 66.7 

( "773-12 

LITHOLOGY 

overburden 
sandstone 

coal 
mudstone 

coal 
mudstone 

coal 

mudstone 
sandstone 
mudstone 
sandstone 
siltstone 

coal 
mudstone 
sandstone 
mudstone 

coal 
mudstone 

coal 

mudstone 
coal 

mudstone 
coal 

mudstone 
coal 

mudstone 
coal 

mudstone 
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DRILLHOLE 

Tailings Pond 

T96R-107 (CON'T) 

1/23/97 • 12;45 PM 

NORTHING 

( 

TABLE 2 
BOREHOLE SUMMARY INFORMATION 

EASTING TOTAL DEPTH OF BOREHOLE 
(below ground, m) 

INTERVAL 
From (m) To (m) 

66.7 66.9 
66.9 67.2 
67.2 67.5 
67.5 67.7 
67.7 68.1 
68.1 68.2 
68.2 69.4 
69.4 69.7 

69.7 70.3 
70.3 72.3 
72.3 72.7 
72.7 72.8 
72.8 73.1 
73.1 73.6 
73.6 73.8 
73.8 76.2 
76.2 81.2 
81.2 81.6 
81.6 81.7 
81.7 82.1 

82.1 85.6 
85.6 89.3 

89.3 100.4 

100.4 100.8 
100.8 116.1 
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coal 
mudstone 

coal 
mudstone 

coal 
mudstone 

coal 
mudstone 

coal 
sandstone 

coal 
mudstone 

coal 
mudstone 

coal 
mudstone 
siltstone 

coal 
mudstone 

coal 
mudstone 
siltstone 

sandstone 
coal 

siltstone 
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TABLE 2 
BOREHOLE SUMMARY INFORMATION 

DRILLHOLE NORTHING EASTING TOTAL DEPTH OF BOREHOLE INTERVAL 
(below ground, m) From (m) To (m) 

Tailings Pond 

T96R-108 6056569 621978 120.2 NIA NIA 

T96R-109 6056588 621653 65.0 NIA NIA 

T96R-112 6057637 621875 64.0 NIA NIA 

T96R-116 6057088 621362 25.0 NIA NIA 

T96R-145 6057117 622529 91.1 NIA NIA 

T96R-146 6056893 621621 94.0 NIA NIA 

T96R-151 6058251 621876 39.0 NIA NIA 

NOTES: 
1. TOB96 series boreholes drilled under the supervision of Piteau Engineering Ltd. 
2. T96R series boreholes drilled under the supervision of Manalta coal Ltd. 
3. Borehole logs for TOB96 series boreholes provided in Appendix II. 
4. NIA - Borehole log information not available. 
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( ( 3773-12 

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.1./% 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 7 X 10"10 

TOB96-09 0.9-1.3 25 30 24.9 5.1 0.4 3.5 73.4 22.7 0.23 N/A 

TOB96-09 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 N/A N/A N/A 4x10·11 

TOB96-09 10.5-10.95 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. 
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3773-12 

TABLE 4 
FIELD MEASURED PARAMETERS 

WELL DATE TEMPERATURE ELECTRICAL pH REMARKS 

NUMBER CONDUCTIVITY 

(y-m-d) (OC) (µSiem) 

Tailings Pond 

TOB96-07-10 96-Sep-1 B 6.5 734 7.44 

TOB96-07-20 96-Sep-1 B 7.3 1,090 7.50 

TOB96-10-11 96-Sep-1 B N/A N/A N/A Dry 

TOB96-10-28 96-Sep-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 

·- Location Sample Date Sulphate Chloride TDS TDS-calculated Tot. Amm. (as N) NO2+NO3 (as N) 
(mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) 

Tailings Pond 

TOB96-07-10 96-Sep-18 52.1 13.1 460 427 0.17 0.902 

TOB96-07-20 96-Sep-18 16.3 29.2 688 676 0.5 0.037 

TOB96-07-20 
(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 2.0 <0.01 0.035 

B.C. freshwater aquatic life criteria: 100 NC NC NC 1.84 • 40 

NOTES: 
1.) NC - No Criteria. 
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TABLE 6 
LABORATORY ANALYSIS RESULTS FOR METALS 

) 
Location Sample Date Arsenic:T Arsenic Barium:T Barium Cadmium:T Cadmium Chromium:T Chromium Cobalt:T Cobalt Copper:T Copper Lead:T Lead . 

(mg/LJ (mg/L} (mg/L} (mg/L} (mg/L} (mg/L} (mg/L} (mg/L} (mg/L} (mg/L} (mg/L} (mg/L} (mg/LJ (mg/LJ 

Tailings Pond 
.·. 

I .:: -- . 
TOB96-07-10 .·;,,,· ·',·, 

: 

96-Sep-18 .0015 .0012 .115 .077 I :0021 ,0.005.,· < .001 < .001 .0011 .0003 );<lQ¥ ..•. .004 .· .0042 · < .0003 

,~Y?'~AL 17 ".i. TOB96-07-20 I . 

96-Sep-18 .0007 .0002 .14 .032 <.0002 .oes <.001 .029 < .000, l\i~•l:(H:4'1 ;< .ooo, .0021 < .0003 .:,.:.,~-~~·•, •... 

TOB96-07-20 (Dup) 
96-Sep-18 .0007 <.0002 .164 .146 i•·•·. n~O? 

·-·· <.0002 < .001 < .001 .0008 .0004 < .0002 < .ooo: .0023 <.0003 

Water Blanks 

.• 

Distilled Water Blank #1 96-Sep-18 <0.0002 <0.0002 0.006 <0.000: <0.0002 <0.0002 <0.001 <0.001 <0.0003<0.000' <0.0002 <0.000: <0.0003 <0.0003 

B.C. freshwater aquatic life criteria: 0.05 1 0.0002 • 0.002 0.05 0.002 • 0.004 

. 

Location Sample Date Silver:T Silver Zinc:T Zinc Aluminum:T Aluminum Beryllium:T Beryllium Boron:T Boron lron:T Iron Manganese:T Manganese 
(mg/L} (mg/LJ (mg/LJ (mg/L} (mg/L) (mg/L} (mg/L} (mg/L) (mg/L) (mg/L) (mg/L} (mg/LJ (mg/L) (mg/L) 

Tailings Pond ·. 

) ''';''"''>"i•·- • ~-• ""T' • 

l:ii:~gI<, I•·•·· 0'.1i1• TOB96-07-10 ':61(. 96-Sep-18 <0.0001 <0.0001 0.047,!) <0.000 <0.001 <0.0002 <0.0002 0.1 <0.01 0.06 0.079 , . ' __ ,,_,_ 
. "'""'"'~,,-_,_, . 

:;·;',;;' .·· r<_r •:·d.ii~t~. 
"· 

TOB96-07-20 
'.RlJ3 -96-Sep-18 <0.0001 <0.0001 '<0.000 <0.001 <0.0002 <0.0002 0.24 0.1 0.03 ·.,· .. u . .tn~- 0.019 

' 
TOB96-07-20 (Dup) 

96-Sep-18 <0.0001 <0.0001 0.0053 0.005 
lh;_.Lc. 

<0.001 0.0004 <0.0002 0.16 0.07 1:Tr <0.01 0.04 0.025 , ,·.•.•cs".''.". .. •·•· 

Water Blanks 

Distilled Water Blank #1 96-Sep-18 <0.0001 <0.0001 <0.0006 <0.0001 <0.001 <0.001 <0.0002 <0.0002 <0.01 <0.01 <0.01 <0.01 <0.001 <0.001 

B.C. freshwater aquatic life criteria: 0.0001 0.03 0.05'"" 0.0053 NC 0.3 0.1 

Notes: 
1.) Shaded area indicates concentrations which exceed B.C. Ministry of Environment Land and Parks freshwater aquatic 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. 

) 
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3773-12 

. : 

Mercury:T Mercury , Molybdenum:T Molybdenum Nickel:T Nickel Selenium:T Selenium 

l (mg/L} (mg/L} .. (mg/L} (mg/L} (mg/L} (mg/LJ (mg/LJ (mg/LJ 
. ··.·. 

<.00005 <.00005 .0058 .0035 <.0005 <.0005 <.0002 <.0002 
· . 

.. · 

<.00005 <.00005 
r 

<.0002 <.0002 <.0005 <.0005 <.0002 <.0002 

<.00005 
-_. i 

< .00005 .·. .0023 .002 <.0005 <.0005 .0007 <.0002 

<0.00005 <0.00005 <0.0002 <0.0002 <0.0005 <0.0005 <0.0002 <0.0002 

0.0001 ·_.- [ 1 0.025 0.001 
.·. 

··•· 
Phosphorus;T Phosphorus· ! Ortho P Total Diss. P Uranium:T Uranium Vanadlum:T Vanadium 

(mg/LJ (mg/L) .·· I (mg/L) (mg/L) (mg/L} (mg/L) (mg/L) (mg/L) . 

· .. 
<0.1 <0.1 

I 
<0.003 0.008 0.0094 0.009 0.011 0.004 

! 
<0.1 <0.1 .1, <0.003 0.004 0.0074 0.0074 <0.001 <0.001 

<0.1 <0.1 ' 0.011 0.015 0.0073 <0.0004 <0.001 <0.001 

Ii 

<0.1 <0.1 <0.003 <0.003 <0.0004 <0.0004 <0.001 <0.001 

NC NC 0.3 NC 
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APPENDIX I - FIELD PROGRAM PROTOCOLS 

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. 

Fallowing 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.S. 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 

1.5 m 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 I 0/20 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 I 02 mm diameter, 1.5 m Jong 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 I. Full construction details are included on the borehole Jogs 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 I 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 to 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% H2S04 for analyses of nutrients 

including total NH3-N, dissolved phosphorus (lab filtered), total phosphorus, and 

orthophosphorus. 

• A 250 mL aliquot, unfiltered and preserved with 1.25 mL 1 :1 HN03 for analyses of total 

metals. 

• A 250 mL aliquot field filtered to 0.45µm and preserved with 1.25 mL 1 :1 HN0
3 

for 

analyses of dissolved metals. 

• A 125 mL aliquot, unfiltered and preserved with I mL K2C40 7-HN03 for analyses of total 

mercury. 

• A 125 mL aliquot field filtered to 0.45µm and preserved with I mL K2C40 7-HN0
3 

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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PITEI\U ENGINEERING LTD. OFFICE REPORT ON SITE INVESTIGI\TION SHEET l (f z 
CONTRACT NO 3773-12-1 COMPILED BY: M. Brewster BORING DATE: Sept 8, 1996 
BORING NO. TOB96-05 LOCATION To i I i ngs Pond CCNTRACTOR Coro Lynn Ori II ing 
NORTHING 6057~05 E,2 EASTING 62M97 .8~ ELEVATION 609.37 mosl 
SAMPLE HPES T SHELBY Tl.113E SAHPLE CONOITICJ,,I 

TEST INFORMI\TION 
A AUGER SAMPLE 0 THIN !!LL OPEN ;·-W UASH SAMPLE P THIN 1-ll'ILL PISTON FAIR 
R ROCK CORE 

'iZ ST!TIC <!\!ER LEVEL 6000 i PDIETROMETER kg/cmZ 
C CRIIl B!RREL 
S SPLIT Sf'OON .!'. •rNN"!IC UflTER LEVEL LOST l 2 3, 1 

' 
SMIPl.£S PIEZOtUER /, SP! BlllJS/0.3,, 

~ 

e ;a:; 
w CONSTRUCTION lO 20 30 10 50 

DESCRIPTION > 
~ '" ~ cl DETI\ILS ~ ~ ~ ; 1-!ATER CO'ITEITT X ) §:: Ei 15 X . - - . 

!a ft z ~ plo,tic'iilDi1 (j) il~ICfillftit 
SOIL/ROCK 

~ 0 ~ C 10 30 50 70 90 
00 ~ ~ ~ ~ 

u.u TOPSOIL: silty clay, med i um brawn, wet, 
soft, polstic, weakly reoct rve with HCI. s~ " ]f SANO ANO SILT TILL: nediu• brown to 

.,: red-brown, little to some cloy, I ittle 
> • .:~. 

JO "} grovel, trace ecol, slightly calcoreaus, 
J::' hard, dry, low plasticity .· ·',,;, 
'.·.·_, 

j} 
:,;,::,: 

:1 j 2.0 J > "-'.:-
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PITEI\U ENGINEERING LTD. OFFICE REPORT ON SITE INVESTIGATION SHEET . z If z 
CONTRACT NO. • 3773-12-1 COMPILED Bl• M. Brewster BOOING DATE Sept. 8, 19% 
BORING NO.· f08%-05 LOCATION• Tai I ings Pond ClNTRACTDR • Cora Lynn Ori II ing 
NORTHING• 6057105.62 EASTING• 621~97.8~ ELEVATION• 609 .37 Mnsl 
SAMPLE TYPES T SHELBY TUBE SAMPLE C(NOITION 

A AUGER SAMPLE 0 THIN !ALL OPEN ;o=a TEST INFORMATION 
W IUISH SAMPLE P Tl-UN IJALL PISTCJ-l flllR 
R ROCK CllRE 

lZ STATIC ~ATER LEVEL 6000 I PENETROMETER kg/c112-
C CRIIEL BARIIEL 
S SPLIT SPOIJ-j ~ DYNfiNIC ll"TER LEVEL LOST I 2 3 '1 

SAHPLES PIEZOMETER /:, SP! BLOJS/0 .3n 
E 

DESCRIPTION z ii! C()l!STROCTIIJI lO l\O 30 '\O 50 
z d D cl IDMLS ~ 

UAT£R CONT£ITT X ~ I', ~ ; ........... ) ~ ~ 

~ X ..... .••.. l;J ~ e: 5! pl~tic l i111it ffi I iq..iid I imit 00 

SOIL/ROCK El ~ C lO 30 50 70 90 .. " ~ z ~ 

JIJ.U 

'} SANO ANO SILT TILL oediu~ brown to 

J" red-bro"'1, I ittle to some cloy, I ittle 

j] 
grave I, trace co• I, s I i gi I y ca I careous, 
mrd, dry, low plasticity. 

JU j+ ~: 

'l J" . ,·.·. 

"~.U ~% s~ j+ ~ • ::.:-:-/ ;i 
m :·_::: '" n 

I I SIU• med, ua brown, I ittle clay, 
sand1 dry, infrequent coorser lenses 

I I {sand and grovel l, strongly reoctive. 

HU I I 
I I 

15U 
I I 
I I 
I I 

JljJ I I 
I I 

11.U 
I I 
I I 
I I 

18.U I I 
I I 

l9J I I 
I I end of role 20 m 

water encountered at depth of ~.5 m 

I I --
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PITEI\U ENGINEERING LTD. OFFICE REPORT ON SITE INVESTIGATION SHEET .1. [f L 

CONTRACT NO. 3773-12-1 COMPILED BY M. Brewster BORING DATE Sept 9, 1996 
BORING NO · TOB%-06 LOCATION !• 11 ings Pond C(l'ffRACTOR: Coro Lynn Ori 11 ing .. NORTHING. 6057552.22 EASTING 6215+1.21 ELEVATION 600. 75 M• SI 
SAMPLE TYPES T SHEL.Bl TUBE SAMPLE CONOID•N 

A AUGER SAMPLE 0 THIN MALL OPEN I OIB~BEO 
TEST INFORMATION 

LI UASH SAMPLE P THIN UALL PISTON FAIR 
R ROCK CORE 6000 & PENETROMETER kg/cmZ 
C CRREL BARREL SZ STATIC ~ATER L£VEL 
S SPLIT SPOON ~ OTNN1IC Uf\TER LEVEL LOST 1 2 3 ~ . . . . 

SAMPLES PIEZOMET£R 6, SPT BLOWS/0 .3111 

' DESCRIPTION I 
i;I CONSTROCTION 10 20 30 '!l 50 

" ~ 
w 

1£1/\ILS ~ W\TEf! CONTENT X 
~ I ~ X ..... .... ) 
w 

~ 11) ilqjlit'illli-t: C ~ plootic limit 
. SOIL/ROL1< ~ ~ z ~ 10 30 50 70 90 

"·" TOPSOIL, oed i un sand, dork brawn, 
dirty (poorly sorted}, slightly moist. 

n 7 
'.<ip SANO ANO GRAVEL: dork brow~ poorly s ~6 I 

1.0 p~ sorted, trace s i It, trace c I •y, grove Is 
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-~'0. :: c;p_ TILL: harder dr i 11 i ng. no cuttings o ... 
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,0" /' collapsing hole conditicns. 
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PITEAU ENGINEERING LTD OFFICE REPORT 01~ SITE INVESTIGATION SHEET 1 Cf 2 
CONTRACT NO • 3773-12-1 COMPILED BY M. Brewster BORING DATE Sept 9, 1995 
BORING NO. TOB%-07 HO, -201 LOCATION To i I i ngs Pond CONTRACTOR · Coro Lynn Ori II 1n9 
NORTHING· 6057178.19 EASTING 622255.67 ELEVATION 513.28 mas I 
SAMPL£ !Yrt.u ottreL[ Cll',OJTION 

B BULK Sf'IMPLE T SHELB't TUBE TEST INFORMATION A oUGER SoMPLE 0 ]HIN HALL OPEN ;-· W IJASH SAMPLE P THIN JJALL PISTON FIIIR 
R ROCK CME 

SZ SJATIC >!ATER LEVEL 6000 i PENETROMETER kg/cmZ 
C CRREL MRREL 
S SPLIT SPOON ~ DYNN1IC JJt\TER LEVEL LOST 

I, 2, 3 1 
' 

SAMPLES 

~ 
PIEZONETER 6 SPT Bl.OWS/0 .Jr, 

e DESCRIPTION w is INSfoLLI\TI0N JO 20 ' 30 ' 10 5,0 
~ ~ h I= e; h !'l ~ ; x..''" " UATER CG/TEITT l: 

' "" ' : 
~ 

~ h - -~ w w 

~ "' ~ 
1
......_ pl~tic I imit (!) r iguid limit ~ 

, .. SOIL/ROCK Q ~ 

- lO 30 50 70 90 u ~ 

mu 
~ TOPSOIL• sandy si It, dark 

~ ~ ~ 
r/ ~ 81 CK- p &B- 0' k ffi 

0 ~ brown, minor cloy, organ 1cs~ 

~ I\ wood Fragments, roots, s ~ moist, loose. 

~ ~ i 1.0 
CLAYEY SILT medium brawn, 

~ trace coal, iron oxide ~ BE TON TE staining along vertical 
,,. 

partings, root I ets, s I i ght I y 

I I [ ~ 2.1 moist, scft to moderately 

~ ~ stiff, non-reactive. T 

~ ~ 51 mm CH ~o 

~ ~ I 
PV PI'E 

11 ~ ~ 1 'i fa 
jj SAND AND SILT TILL, dark ~ I ~} 

grey-brown, little to some 
1.0 cloy, I ittle gravel, ncn- s ~ -.. y ca I coreous, Si iff, moist, low ~ ]1 I 

:::\ plasticity. 

I ~ '} ~ 50 j" 
j] /// ~ ~5-/ 

Q 

jl .. :-;-

6.0 "l 6.0 As above, slightly 

~ r· ca I careous, s ~ > , ·. 

j~ 
very stiff. 
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PITEAU ENGINEERING LTD OFFICE REPORT ON SITE INVESTIGATION Sl-fET 2 OF 2. 

CONTRACT NO. 
BORIN6 NO 
NORTHING 
SJV11'U. I WES 

B BULK SN1PLE 
A AUGER SAMPLE 
IJ ilASH SAMPLE 
R ROCK COOE 
C CRREL BARREL 
S SPLJT SPOON 

3773-12-1 
TOB%-07 HO, -201 
5057178.19 

DESCRIPTION 

DJMPILEO BY M. Brewster 
LOCATION Tai I i ngs Pond 
EASTING: 522255.57 

T SHELBY TUBE 
0 THIN !ALL OPEN 

P THIN !ALL PIST!l'l 

SZ STATIC ~TER LEVEL 
:!'. OYNNIIC Ul'ITER LEVEL 

SAl'PI..ES 

SOIL/ROCK 
I ~ i 
~ z 

SANO AND SILT TILL dork 
grey bro>11, I i tt I e to some c I • ,, 
I i tt I e grove I, non-ca I careaus, 
stiff, moist, loN plasticity. 

15.5 Grovel 

17 s 
SILTY NUOSTONE IBEOROCKI 
block, waxy, Finely laminated, 
soft, br i tt I e, carbonaceous. 

s ~ 

81\MPLE CONDITION 

I DISTURBED 

FAJR 
6000 

LOST 

BORING DATE 
CONTRACTOR• 
ELEVATION 

Sept 9, 19% 
Coro Lynn Ori II ing 
513.28 mos! 

TEST INFORMATION 

I PENETROOCTER kg/c111Z 

. l_ 2. 3. 
J 

::: 
J 

PI£Zll/1£rtR 

INSTlil/\TION 

/j, SPT BLOWS/0.3", 

1.0.20.JJ,40,50 
WATER CONTENT X: 

~ 

la 
3 ~i~tiC'Jillit @ ii~iCfiilli-t i 

10 30 50 70 90 

" " 
o

0
o 

" 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 

-.i-115' IDm DI . OLE 

PE TON TE 



PITEAU ENGINEERING LTD. OFFICE REPORT ON SITE INVESTIGATION SHEET 1 OF 2 

CONTRACT NO. 3773-12-1 COMPILED BY M. Brewster BORING DATE Sept 10, 19% 
BORING NO. TOB%-08 LOCATION Toi I i ngs Pond CONTRACTC!l Cora Lynn Drilling 
NORTHING: 6057~3t 58 EASTING 62251~.65 ELEVATION 600. 90 MUSI 

SAl'R.E TYPES T SHELBY TUB£ SAMPLE DJNOITIDN 

A AUGER SAttPLE 0 TIUN UALL OPEN 1·-· 
TEST INFORMATION 

1-1 IJASH SAMPLE P THIN UALL PISTru fAIR 
R ROO< CORE 

Sl STATIC IJAIER LEVEL 60:0 i PENETROMCTER kg/cmZ 
C CRREL BARREL 
S SPLIT SPOON !'. Ol'Nl'IMIC IJl'ITER LEVEL LOST l 2, 3 1 

' 
SA!1PLES PIEZDMETER /o SPT 8LOIJS/O 3o 

~ 

• DESCRIPTION ,, ::: C11NSTRLICTION 10 20 30 10 50 
<" ~ c' ~ DETAILS ~ X .. ,. _., ... W\TER CONTEITT X 

'""""" ) 
~ ~ I:! ~ i,: ~ !;' !,l pla,tic I imi1 (j) 00 I iquid limit 

~ = ~ C .. SOIL/ROil( - ~ % = 10 30 50 10 90 
U,U 

I ~ 
TOPSOIL, PEAT, dark brown, woody, 
slightly moist, loose. 

s~ 
, t 

SILTY CLAY I ight brOHr\ I ittle 

1.0 K 
iron ox id•t ion, soft, slightly moist, 

'] loH plasticity, slightly reactive. 
J >:\ 

'} SAND AND SILT TILL, 11ed i um brown~ 
Js:, I ittle to so•e clay, I ittle gravel Ito 

2.0 j} 2.0 3 cnl, trace coo I, iron oxide staining 

:~ sl 1ghtly calcareous, very stiff, I oose, 
:_,..y dry, low plasticity (t X X ,, ' t l ;. ~: 
} 

10 
j, 
x:i l.: 
:,;-·~> 
i l ~: 

L{O '} y 

J' s~ 
6 e '.· •~:• 

]{ 
a+ L5.0 8: n J,: 
~) 

G.! :<\ Jt 
s~ 

~ 

"} j, 
LJ.O ~~· 7.1 &-ave ls. :;,-Y 

j 1 ;. ~: 

'} 
LI.I 

J,, o n 

11 SILT dark broan, I ittle gravel, 

I I 
trace smd, hard, dry. 

90 I I 
I I 
I I 

"'" 



PITEAU ENGINEERING LTD. OFFICE REPORT ON SITE INVESTIGATION Sf[Ef 2. or z 
CONTRfiCI t,IJ. · 3773-12-1 COMPILED Bl• M Brewster BOOING DATE Sept 10, 19% 
BORIN6 NO. TOB%-08 LOCfiTIDN Toi I ings Pond CCNTRACTOO • Gora Lynn Ori II ing 
NORTHING• 6057131.68 EASTING 6225K65 ELEVATION 600. 90 MOS( 

SAMPLE TYPES T SHELBY TUBE SAMPLE CONDITIOO 

A AU6ER SAMPLE 0 THIN !ALL ll'rn ;,- TEST INFORMATION 
!.J UASH SMPLE P THIN llflll PISTfl'l f/UR 
R ROD< CORE 6000 

t PENETROMETER kg/c1112 
C CRIIl SARREL lZ STATIC 11\TER LEVEL 

S SPLIT SPOON :t". OYNi"ffiC U~TER L£VEL LOST l 2 3 s 
SMR.£S PIEZOMETER /l SP! BLO<JS/0.'.la 

e 
d CONSTRLCTION 10 ~ 30 'IQ 50 

~ 
DESCRIPTION ;;; C, 

~ ~ ~ orn,n.s ~ ~ 

i 
WITER CONTENT X 

~ \,! ~ X ......... 
w ~ le pla,tic I imlt 4 il~lc(iliilt 

r: ~ C 

'" 0 
SOil./ROCK LJ z ~ 10 30 50 70 90 

"'·" I I SILT as obove. 

I I s~ 
0 • 

JU I I 
I I 

J2.! 
I I 
I I 
I I 

•m I I 
I I 

Hi I I 
I I 

az Grove I, approximately 0.2, 

I I 
15.1 I I 

I I 

ii I I 
I I 
I I 

17 n 1m .. _ 
SILTSTONE (BEDROCKI. :-:-::.: dork grey, llOSSIV8 :-:-:..: 

:-:-::.: Mrd, dry :-:-::..: 
:-:-::..: 
:7::.: 
:-:-::.: 
-:-::.: 

m.i 
:-:-::.: 
:-:-:_ 
:-:-:..: 
:-:-::...: 
:-:-::....: 
:-:-::...: 
:-:-::....: 
::::~ 
.:.::-: 

-JI! 
"":-; 

TOTfiL DEPTH• 19.0 n 

MO 

w., 



PITE/\U ENGINEERING LTD. OFFICE REPORT ON SITE INVESTIGATION SHEET . 1. Of 2 .. 
CONTRACT fll • 3773-12-1 COMPILED BY• M. Brewster BffiING DATE Sept. 11, 19% 
BORING NO. TOB%-09 LOCATION Toil ings Pond CONTRACTOR • Coro Lynn Ori II ing 
NORTHING• 6057636.23 EASTING• 622295. 70 ELEVATION 606.95 Mnsl 

S/INPLE TYPES T SHELBY Tl.BE SAMPLE CONDITION 

A AUGER SAMPLE 0 THIN !ALL OPEN I •rnMern 
TEST INFORMATION 

W UASH SAMPLE P THIN t/ALL PISTll'-l fAIR 
R ROCK COOE 

GOOD f PrNETTmETER kg/cm2 
C CRREL BARREL lZ STATIC li\T£R LEVEL 
S SPLn SPO(}l ~ OYNN1IC IUITER LEVEL LOST 1 2 3 1 

SAtlPLES PIEZOMETER /; S?T BLOIJS/0 .3" 

e DESCRIPTION z g CONSTROCTION 10 20 30 ~a . so g 0 

le ~ ~ 0£11\ILS la es es X •. " .. ". 1JAT£R CONTEITT X: 
Is ~ 

~ :i: ~ (j) i iefllC!' i illlit w ~ pl03tic I imit 
&JIL/ROCK ~ 10 30 50 70 90 00 ~ ~ z ~ 

u.u ,~ SILT TOPSOIL• med i um brown, slightly i1, 0.3 

' 
moist1 soft, grass roots. 

CLAYEY SILT• med i u" brown, thin T I >'ii) fine sand lo"inotions ((1 cm), iron 
•l.O oxide staining along vertical partings, 

stiff, slightly moist. Sand is highly s ~ ~ X ca I carerus) si It is slightly c• lcoreous 

I q 

2.0 l' . :->,;, SANO AND SILT TILL• dark br•Wf\ 1 ittle 

'} to sooe c I oy, I ittle grovel Ito 1 cm), 
s l!!:1i j~ stiff, dry, low plasticity J'. 

1) 2.5 
e 3 0 ,, 

jj ,i J, 
10 j] 

s~ if ) 

jf ,- :~• 

'l 
5.0 j, 

>J •j•> 
:yY· 

X ;i· :-~: 
t.O '} J· > :i: 

s~ 
~ • jl X X 

:j\:" 

i x· rn :::\ 
'} 
J" 
") l 

8.0 
:,;,•".•< 

l l · . ..:.;· 
·.· 

·.·~-?<·. 

j:" 
9.0 

cJ l) 
l r :-..;.;: ,.~ 

"" 
j:;_ 

~., 



PITE/\U ENGINEERING LTD. OFFICE REPORT ON SITE INVESTIGATION SffET . 2. OF 2 

CONTRACT NO. 3773-12-1 DJMPILEO B¥ 0 M. Brewster BORING DIITE Sept. 11, 19% 
BORING NO., TDB%-09 LOCATION Toi I ings Pond C~TRIICTDR• Cora Lynn Ori 11 ing 

. NORTHING• 6057636.23 EASTING 622295.70 ELEVATION 606.95 MOSl 

SAMPLE TYPES T SHELBY TUBE SN1PLE OONDITIDN 

A AU6£R SAMPLE 0 TIITN !ALL OPEN I DISTURBED 
TEST INFORMATION 

W UA!il-1 SMPLE P 00N UALL PISTON FAIR 
R ROCK aJRE 

lZ SJ me 11\TER LEVEL 6000 e PENETROMETER kg/c;.2 
C CRREL BARREL 
S SPUT SPOON !'. OYNN'IIC IMTER LEVEL LOST 1 2 3 1 

SAIIPLES PIEZOMETER !:, SPT BLOIJS/0 .3rn 
J 

• DESCRIPTION is 1:1 CONSTRUCTIOO 10 20 so 10 50 

.: i H e, J DETAILS IJAT£R CCMEHl :I: 
~ 

ca ~ L ........ ) 

~ !, !'! ., plostic I i111it <t) i lf{Ulif Hldt 
SOnJROCI( 

~ ~ ~ 10 30 50 70 90 
'"" 

~ ~ z ~ 

"'·" -:;:~- SIINO AND SILT TILL, •s above. 

]I 10.5 

s~ 
X 

, 

l j > ~: 
110 '} J·· :- •i: .-.-., 

]]: 
J2J al 

'} j,_ 
:iJ 

m l;: 
jj .. ,r 
J,, 

H.D ~T 
ji -~: 

'} 
'150 J, 

1~ 
Ii 

u ~} 
J" 

-!7D !l ,q 
J< 

-!8J 
JJ 
j+ ·:-.;. 
,q 
J, 

ni "1 l '._:..-".'-: 

j J 
i~ 

TOTAL DEPTH , 20.0 m 

m, :?:,,; 
W.L 



PITEAU ENGINEERING LTD. OFFICE REPORT ON SITE INVESTIGATION SHEET .1 OF 8. 

CONTRACT NO • 
BORIN5 NO.• 
NORTHING• 
SmPLE TYt'l::.o 

8 BULK SMPLE 
A AUGER SAMPLE 
~ UASI-I SAMPLE 
R ROCK CORE 
C CRREL S/\RREL 
S SPLIT SP•~ 

3773-12-1 
TD8%-10 Hl, -281 
6057832,72 

DESCRIPTION 

COMPILED BY M. Brewster BORING DATE Sept 11, 19% 
LOCATION Toi I ings Pond CCNTRACTOR• Coca Lynn Ori 11 ing 
EASTING 621877.39 ELEVATION· 605.02 Most 

T Sl-£l..Br TUBE 
0 Tf!IN !Ml OPEN 
P THIN UALL PISTIJ,I 

SZ STATIC 11\TER LEVEL 
~ •rNfll1IC lll'ITER LEVEL 

SI\MPLE 

I OISTLllBED 

fAJR 

6000 

LOST 

PIEZOMETER 

INSTALl./\TION 

-

TEST INFORMATION _,,. 

f PENETRDIUER kg/cmZ 

1, Z 
/; S?T BLD>JS/0 :lo 

10 20 30 

3, 

<10 , 50 

lJAT£R CONTENl t , 

.. SOIL/Rl)(J( 
- ~iO;tlC'iiflit (t) ilqlliC(iiillt. 

I,., ~1030507090 
u.u 

1.0 

I C 

CLAYEY SILT• medium 
brown, trace sand, soft, s I , gh I y 
moist, low plasticity. 

SAND AND SILT TILL• dork 
brown, I i tt I e to some c I ay, 
I ittle grovel to 3 co, 
very stiff, slightly 
moist, low plasticity. 

As above, very stiff, "'Y PE TON TE 
7,-



PITEAU ENGINEERING LTD 
CONTRACT NO • 
BORING NO 
NORTHING• 

B BULK 21'1MPLE 
A AUBER SAMPLE 
~ IJASI-I SAMPLE 
R ROCK CORE 
C CRREL BARREL 
S SPLIT SP•lli 

3773-12-1 
TOB96-10 1-11, -ZBI 
6057832.72 

DESCRIPTION 

SOIL/ROCK 

110 

l8J 

SAND AND SILT TILL• 
as above. 

OFFICE REPORT ON SITE INVESTIGATION Sff:ET . 2 OF 8 .. 

DJMPILED BY • M. Brewster 
LOCATION• Tai I I ngs Pond 
EASTING• 621817.39 

T SHELBY TUBE 
0 THlN !ALL IPEN 

P THIN IJALL PIST~ 

IZ srmc ~TER LIVEL 

~ •YNN1IC Ut\TER LEVEL 

© 

~ ~ 

St<f>LES 

" ~ 
~ ~ 

~ ~ ~ 
~ 

~ z 

BORING DATE 
CONTRACTOR• 
ELEVATION 

Sept . 11, 19% 
Cora Lynn Ori II ing 
605. 02 MOS[ 

I D!STURBill 

fi\lR 

6000 

LOST 

TEST INFORMATION 

f PENETRCtlETER kg/c1112 

1 8 3 

~ 
Ei 
a' 
~ 

PIEZOMETER 

ItllT /ilJ\ TION 

6 SPT Blo.JS/0 .3n, 

10 80 30 so 
X_,, , , " __ , IJATER CONTEHT l: 
plastic I i111it @ j i~Llid' i ilah 

10 30 50 70 90 

' ' 10 20 RA S ND 
,', lO.S ND 0.0 0 LO S EE 

•m 0 OL 



PITEAU ENGINEERING LTD. OFFICE REPORT ON SITE INVESTIGATION SHEET . 3. OF 8 .. 
CONTRACT NO. • 3773-12-1 COMPILED BY• M Brewster 
BORIN6 NO. • T08%-10 Hl, -281 LOCATION Toil ings Pond 
NORTHING• 6057832.72 EASTING 621877 . 39 
tim'.l(rTYttil 

B BULK SN1PLE 
A AUGER SAMPLE 
iJ UAS!-1 SAMPl.£ 
R ROCK CORE 
C CRREL BARREL 
S SPLll SPO(W 

'.;(~ 
2LD Ri 

'/!,JR 
·r:::,_b 
b7R 

DESCRIPTION 

SAND AND SILT TILL• 
as above. 

T SHEl..BT TUBE 
0 THIN !ALL OPEN 
P THIN U/\LL PISTON 

2 STATIC i<\TER l£VEL 
!'.'. DHIN1IC Ul\1IR LIVE! .. 

w 
w i gj 

GRAVEL• coarse (3 co+), I ittle 
sand, • i nor c I ay, dry. 

1,:~z:> 
oJi. 

'"" . .,~ 22.0 Stopped cri 11 ing For 5 min, 
U.JI Pb: d i:3?R a i r I i Ft, no groun eater . 

r::,.b 
b7R 
·,-.Q 

O?P 
·~-:::J. m b7R 

. ·~O. 
o'Jt. 
-~<::;;. 

b'JP 
~~ 00 D 

SANO AND GRAVEL• interbedded 
sith clay, dark brown, soft. 

SAl1'LES 

z 
la 
~ 

i w ~ 

!: !! 
~ z 

t-lt'll1t'[r WNUlUON 

I DISTURBED 

FAIR 

6000 

LOST 

BORING DATE Sept . 11, 19% 
CONTRACTOR• Cora Lynn Dr i 11 i ng 
ELEVATION 605.02 Masl 

TEST INFORMATION 

I PENETROMITER kg/ch2 

2 3, ' "t ' 
J PIEZIJ/£TER /::. SPT BLOWS/O. 3,, w 
i:; 10 20 30 '10 so J INSTALLATION . . . 

~ 
~TER CCNTENT 1 

~ X .•.....•• , 
$ i iq..illf i Iii it plo:itic l imii 

10 30 so 70 90 

~ 
~:::::l=,--1B• TON TE 
-~ 

~J-1--+-+-+-+-+-+--+--,1--1 ~
1
i:;:;,4>---+-I--~S-11 m-•+C-H 1-10-+P-V -1--1-+--1 r// 18( MF BU TR SS 

TH EAD Pl E 

,--1--121 om DJ . I OU 

~ ~4-+-+--1--1-l--+--l-l--+--1 

f'.% 23.6 

~-+-IP• TON TE 
'-. 

1020 RA SND 

BE TON TE CH PS 



PITEAU ENGINEERING LTD. OFFICE REPORT 
CONTRACT NO. 3773-12-1 COMPILED BY: M. Brewster 

LOC/1 TION: Tai I i ngs Pond BORIN6 NO.: TOB96-10 Hl, -ZBI 
NORTHING: 6057832.72 EASTING: 621877.39 

B BULK SN1PL£ 
A AUGER BANl'lE 
I.J IJASH SAMP!.£ 
R ROCK CORE 
C CRREL BARREL 
S SPLTI SPOCJII 

DESCRIPTION 

T SHELBf Tl.EE 
0 THIN !ALL OPEN 

P THIN l-lt\LL PISTON 

Sc STATIC ~TER LEVEL 
~ •rNM1IC I-Iii TER LEVEL 

SIINO /IND GRIIVEL. as above. 
Stopped for 30 min, oir I ifted 
no groundwater. 

SIL TY CLIIY oed, un grey, 
trace eorxl, trace gravel, very 
stiff, dry. 

ON SITE INVESTIGATION SHEET . ~. OF 8. 
BORING DATE Sept. 11, 1995 
CONTRACTOR: Cora Lynn Ori 11 ing 
ELEVATION 605.012 Most 

I DISTURBED 

FAIR 
6000 

LOST 

TEST INFORMATION 

I PENETROM£TER kg/cm2 

l 2 3 

PITZONETER 

INST IU/\TION 

/':, SPT &J)JS/0.3rn 

JO 20 30 50 

X,. __ ,.. __ . WATER IXMINT % 
plcr.rttclimi-t @ il(lU[Ct'illlit 

10 30 50 70 90 

TON TE CH PS 

..--t-121 om D OLE 



PITEAU ENGINEERING LTD. 
CONTRACT NO. 
BORING NO. 
NORTHING• 
Sm- E Tlr~ 

B BULK SNIPLE 
A AUGER B/\MPLE 
1-1 Ut'lSH S/\!lPLE 
R ROCK CORE 
C CRREL B/\RREL 
S SPLTI SPOON 

3773-12-1 
T08%-10 Hl, -2B1 
6057832.72 

DESCRIPTION 

SOIL/ROCK 
7J] 

SILTY CLAY as above. 

'IIJ 

41.D 

'1/D 

'IH 

OFFICE REPORT 
COMPILED BY• M. BreHSter 
LOGA TION Ta i I i ngs Pond 
EASTING: 621877 39 

T SHELBY TUBE 
0 THIN ~All OPEN 
P THIN 1-!t'llL PISTON 

lZ STATIC ~AT£R LEYEL 
:t: DYHN11C UflTER LEVEL 

S/\11PLES 

i'i ~ 

w j w 
~ ~ 

!;j 
~ 

w 
~ " Q ~ u % 

ON SITE INVESTIGATION SHEET 5 OF 8. 

oca CCC 

I 
g 
J 

~ w 
§ 

BORING DATE 
CONTRACTOR• 
ELEVATION• 

Sept. 11, 19% 
Cora Lynn Ori I I ing 
605. 02 Masi 

OISJU<8ED TEST INFORMATION 
FllIR 

6000 

LOST 

PITZOMETER 

INST~TION 

• PENETRMTER kg/cm2 

. l . 2 3 . 

6 SPT BLOlS/0 .3ni 

10 ~ 30 

X, . " .... IJATER ~mrr X 
p!C9tic I iml't 

10 30 

SN KFI L 
(PT R NJ 

@ 
so 

< 

<.O 

ii~i(( 
70 

21 •• DI OLE 

50 

.... ) 
I imit 

90 

'•-·· 



PITEAU ENGINEERING LTD. OFFICE REPORT ON SITE INVESTIGATION S1£Ef . & OF 8 
CONTRACT NO. • 3773-12-1 COMPILED BY. M. Brewster BORING 0/iTE Sept 11, 19% 
BORING ND.• T08%-10 Hl, -281 LOCATION Toil ings Pond CONTRIICTOR• Coro Lynn Ori II ing 

., NORTHING· 6057832.72 EASTING 621817 .39 ElIV/iTION 605. 02 MUS[ 

Sl/1PLE l!m SN1PLE WNUlllON 
B BULK S/"iMPLE T SHELBY TUBE TEST INFORMATION 
~ AUGER SIMPLE 0 1HlN !All OPEN i ,,.-, U WASH SAMPLE P THIN WALL PISTON Fl(JR 
R ROCK CORE 

SZ s1mc IJATER LEVEL 6000 • PENETROMETER kg/cm2 
C CRREL BARREL 
S SPLIT SPO!W :!'. DYHlil1IC WftTER LIVEL LOST l 8 3 1 

SAl1'LES GI PIEZ!X1ETER /j, SPT BLO!JS/0. 3ni 

• i;; 1.0 80 30 'IO 50 

i DESCRIPTION g? i's ~ INSTAlliTION 
i= ~ 

~ 

~ ~ I:; ~ X,., .... -- . WAT£R CONTENT X ···•······· ) §l kl w -: (j) 
:" " = " p1a:,.tic I imit liquid I illlii" 

SOIL/ROCK 
0 ~ 10 30 so 70 90 "" ~ ~ 

"'· SIL TY CLAY• os above. /t./,:1/1::./" /t:. /.d/t. /.d 

/L:!. / /A/ /.a:./ /A/ 

~ /'Sid/ /' la/,,~/. ,,-c. 
t. A t. . .: b. A b..-' 

/A/ /.C,./ /A/ /A/ 

d/ )'~/. /'<. la/ )".a/,,.,, 
b. .d b. - " b. A t:,. - " 

SU /.C. / /.,0. / /A/ /.!:>../ 

d/ /"Id// la/ /"Id/ ,,"'-
t. A t. ·..: b..:, t. A 

/.C / /.C,. / /.Q,. / /.Q,. / 

.a//~,, ... la/ ,,~/ /'/, 
b. A t,.. - " b. A b..-' 

/A/ /..6./ /A//.!::,./ 

a/ /'qd/ ,,"" la/ );i•>: /«;, 

>'.:e.1 
t. ,::I t." b. A I::. ,:: 

/L:. / /L::,. / /A/ /.C. / 

c:1/ /'Sid/ ,, ... la/ /'q,:1/ ,,-" 
b. A t." b. ..:l t. ..:l 

/A/ /A/ /A/ /A/ 

"/ /'l.:1/ /'<. ~/ /~/ .,,.,, 
t,,. ..:l I::,. L t,,. A t,,. ..:l 

/A/ /A/ /A/ /A/ 

:m "/ /~/ ,,,, ~/ /"""/ ,,, ... 
t. ..:l t,,.. L t. ..:l I::,. ..:l 

/A/ /L:.. / /L:.. / /A/ 

"/ /~/ ✓-kl//~/._ 
I::,. ..:l t:,,. A t:,,. A I::,. ..:l 

/A/ /L:.. / /L:.. / /A/ 

/. /'1.:1/ ,,,, .:I/ /"'ld/ / 
t,,. ..:l t., L b. ..:l I::,." 

/A/ /L::../ /L::. / /A/ 

J1.i ~/ ✓:/; .::I/ /"'ld/) . . ' I::,. ..:l I::,. ..:l 
/L::../ /A/ /A/ /A/ 

"'/✓"l<:1//' "'/. /~/ ) 
t,,. ..:l b. A t:,. A t,." 

/A/ /L::.. / /A/ /L::.. / 

"'/. /"'ld/ /._ a/ /'Qd/ ,,,~ 
I::,. ..:l 1::,.'.t b. A t,,, " 

5'i! /L::,. / /L:.. / /L::. / /L>. / 

l,,l/ /"'ld/ .,, ... "/ /"'ld/ / . , . I::,. ..:l t:,, ... 
/A/ /L'.::>. / /A/ /.0. / 

l,,l/ /"'ld/) ' "' ' B~ KrI L t,,. A t,,." /t::.,,""'ts...!:-
/.L;;:,.. / /.C,. / /c., (P T R Nl 
kl//~/~ "/ /~/ ,,,"'-

'.H 
t,. A t,. A t,,. A t. ..:l 

/.0. / /.C,. / /.C,. / /L,. / 

kl/ /"'ld/ ) "/ /~ /~ 
b. ..:l b." t,. ..:l t,.-L 

/.0. / IA/ /.0. / /.0. / 

""/ /"'ld/ ) / /~/ /'<. 
t,. ..:l t,." t,, A t,. L 

/L:,. / /L::,. / /L::,. / /L::,. / 

co n "/ /~/) l,,l/ /"'ld/ ✓-
:ii.I t,. A t,." b. ..:l b. Ll 

~ 
CLAY med i um grey, /A/ /A/ /A/ /L::,. / trace a/.,,~/.,,"'- l,,l/ /"'ld/ ✓-
grove I, slightly moist, t,,, A t:,, " t:,, ..:l 1::,,'-' 

/A/ /A/ /L::,. / /L::,. / 

low to medium plosticity .:I/ /"'ld/ / ~/ /"'ld/ }'-
t,. ..:l t:,." ll. ..:l t:,. L 

/L:. / /A/ /.0. / /.0. / 

'.Jrn 
.::I/ /"'ld_/. / ~/ /"'ld/ .,,..,, 

b. A t:,, " . , . 
/L::,. / /L::,. / /A/ /.0. / 

"/ )"'"/ ✓-~/ /"'ld/ /..,, 

-,__ t:,. A t,. L t,. Ll t,. A 
4--~ Zl' D, DL /L:>. / /A/ ./A./ /A/ ,m 

"/ )'"/ /' l<l/ /"'ld/ /..,, 
t,. ..:l t,. L t,,, A t,. ..:l 

/.0. / /A/ /A/ /.C::.. / 

~J "/ )io!I/ / l,,l/. /""'/ ,,,""' 
b. ..:l b. L t:,, A b. ..:l 

/A/ /L::../ /L::,./ /L';;,., / 

.:I/ /"'ld/ ,,,"'- ~/ /~/ /..,, 
t,. A t:,. ..:l t:,. ..:l t:,. A 

/J!::., / /L::,. / /L';;,., / /A/ 

"/ /"'ld/ /'<. ~ /. }"'"/ /..,, 
l:i. A t:,. ·.: t:,. ..:l t:,. A 

,o /A/ /L!. / /A/ /A/ 

w. 



PITEAU ENGINEERING LTD 
CONTRACT NO 
BORING NO.• 
NORTHING. 
S11ri~ Tlt-t.ti 

8 BULK SNIPLE 
A AUGER SMPLE 
~ IIASH SAMPLE 
R ROO< CORE 
C CRREL BllRREL 
S SPLIT SPOON 

3773-12-1 
TD8%-10 [-11, 
6057832,72 

-281 

DESCRIPTION 

SOIL/ROCK 
ll/] 

CLAY as above, 

OFFICE REPORT 
COMPILED BY· M. Brewster 
LOCATION Tai I i ngs Pond 
EASTING: 621877.39 

T SHELBY TUBE 
0 THIN !ALL lll'EN 

P THIN IIALL PISTON 

:iZ STATIC ~!ER LIVEL 

Y.: OYNN1IC lllilEfl LEVEL 

~ 
~ 

!'l ~ ~ 

SAl'PLES 

a 
~ 
~ ; ~ 

~ ,1 
8 " 

61.0 Stopped for night, water 
level at 56 m next morning. 

f,,U 

"'" 

ON SITE 

Sl'IMPLE l,\.OUJ, I.I.VI• 

DISTUlBED 

f/uR 
6000 

LOST 

INVESTIGATION SHEET . 7. OF 8 

BOOING DATE 
CONTRACTOR• 
ELEVATION 

Sept 11, 19% 
Cora Lynn Dr, II ,ng 
605. 02 MUSI 

TEST INFORMATION 

i PENETRotiETER kg/c1112 

l 2 3 ~. ' 
J PITZOHETER 
~ 

/::, SP! BLOIJS/0.3m 

!:: INSTI\LLATION e; 
§ 

l_0_20.30_i:l 5.0 

X .. __ ..... LJATER ~TENT :t:_ ... .- .. _.. l 
pl~tic I i111!t w I tg_uid l iriit 

m ~ ~ m 90 



PITEAU ENGINEERING LTD. OFFICE REPORT ON SITE INVESTIGATION SHEET 8 OF 8 .. 

CONTRACl l,!J. • 3773-12-1 COMPILED BY M. Brewster BORING DATE Sept 11, 19% 
BORING NO !08%-10 Hl, -281 LOCATION• Toi I ings Pond CONTRACTOR Coro Lynn Ori II ing . NORTHING• 6057832.72 EASTING 621877 .39 ELEVATION 605 .02 MUS\ 

SN1PI...L lkt.t, onu Lt. LtUNUJ. UUN 

8 BULK SNIPLE T SHELBI TUBE 

I 
TEST INFORMATION 

A AUGER SI\MPLE 0 THIN !All OPEN DISTURBEO 

IJ IUISH SAMPLE P THIN UALL PISTIJI FAIR 
R ROCK CORE 

SZ STATIC WATER LEVEL 6000 • PDIETRCJ1ETER kg/cmZ 
C CRRa BARRa 
S SPLTI SPOON :!'. DYNl'lt!IC UtHER LEva LOST l 2 3 1 ' ' ' ' 

SAl1'LES cl PIEZOMErER to SPT BLOWS/0 .Joi 
> 

e DESCRIPTION z :cl INSTALLATION 10 ill 30 '10 . 50 
l5 m • 

~ i= ~ I:' i.JATER C(NT[ITT t 
~ 

I" ~ ~ ~ ; ~ X ....•... 
~ e' :1l plO!ltic I iaii (j) i i~l1f i llillt ~ 

OOIL/ROCK 
~ 10 30 50 70 90 - ~ u z 

"·" CLAY as above, no grovel. /t,. /,,,""/1:,./" /b./_,,:1/t:,.<'-
/A/ /L:1. / /L:,. / /..C,, / 

a/ ,,,;i,,/ ) '/ ,,~/. /' 
t,. A t,. "' t,. .d I:,.," 

/L:,. / /L:,. / /L:,. / /L:,. / 

la/ )'L<l/) :/ );j.::l/ /' 
t,. ..:I t,.." t,. ..d I:,.."' 

71.D 
/A/ /A/ /L::.. / /L::.. / 

ia/ /«.:!/) :/ .,,~/ ,," 
t,. .d t,." b. .d t,. .I 

/A/ /A/ /A/ /A/ 

k,/. ,.."Q''/ ) a/,..~/)' 
t,. A t:. • t,. A t.," 

/.0.. / /t::,. / /,C,../ /A/ 

kl/ )~/) "'/ ,,~/ ,,~ 
12.1 

t,. A t:,, A t,. A t,. '.: 

/Ll.. / /A/ /L:. / /L:. / 

k:1/ /'<I<:!/) ''/ /"'ld/ / ... ••• r:.. ..d 0-'"' 
/L:. / /L:. / /L:. / /L:,,. / 

14/ /'<I<:!/) '>_,.'<I<:!/./ 
r:.. ..d r:..'• r:.. ..d r:..'"' 

/L::,. / /L:. / /L:. / /L:::.. / , "" ' .:I/ /'<I<:!// m /r:..""'/r:..""' ••• /L:. / /L::,. / /L:. / /L:,,./ 

' "" ' "" ' /.r:../"'/r:../"' /t:./"'/r:..""" 
/L:. / /L::,. / /L:::.. / /L:. / 

d/ /'<I<:!/,,... d/ /'<I<:!//.._ 
r:.. ..d r:.. ·.: r:.. ..d r:.. ..d 

/L:::,./ /L:. / /L:. / /L::. / 

l'U d/. /'<I<:!/ /.._ j/ /'<I<:!/ ,,"' 
r:.. ..d r:.."' r:.. ..d r:.. ..d 

/L:::,. / /L::. / /L::. / /L:. / 

'/ /~/ /..d ' "" ' /r:..""'/r:..""' ,,1 / ,,! / /L::. / /L:. / 

d/ /'<I<:!/ ,,~ 1/ /'<I<:!/ /' 
r:.. ..d b."' b. ..d r:.. ..d 

'Iii 
/L::,. / /L::,. / /L:::,. / /L::. / 

"/./'<I<:!// 1/ /'<I<:!/ / r:.. ,:l r:.. ..d r:.. ..d r:..'"-
/L:::.. / /L:,,. / /L:. / /L:::,. / 

d/ /'<I<:!/ / ~ .,. ... - . 
BA KFI,L r:.. ..d r:.. ·,:_ /r:..., ~ -/L:::../ /~ - / /L::,. (P T R Nl 

<l/ /'<I<:!// //'<I<:!//"< 

'M 
r:.. ..d b. ..d r:.. ..d r:..'"-

/L::. / /L:::.. / /L:,. / /.C:.. / 

,:I/ /"<Id// ... / )'~/ /«:. 
r:.. ..d I:,.,:_ r:.. ,:i r:.. 'A 

/L:. / /L:. / /L:::.. / /L:. / 

:I/ /"<l.::1/ ,,.., d/ /'<I<:!/ /"<l 
r:.. ..d r:..'.:: r:.. ..d I:,. ..d 

/L::,. / /L:. / /L:. / /L:. / 

,:I/ /'<I<:!//' d/ /'<I<:!/ /"<l 

TIJ 
b. ..d r:.. • .:: r:.. ..d r:.. ..d 

/L,. / /L::. / /L::. / /L::. / 

'/ /"'ld/ ,,.,. d/ /'<I<:!/ /"<l 
t,, ..d r:...:: r:.. .d r:.. .d 

/L::,. / /.Q,, / /L::. / /L::. / 

d/. /'i:ld/ /-,. d/ /'<I<:!/ /"<l 
t,. A r:.. A r:.. .d r:.. ..d 

/L::,. / /L::,. / /L:. / /L::. / 

711.1 
:l/ ,,...~<l/ /., d/ /'<I<:!/ /"<l 

r:.. ..d r:.. ..d b. A 1/. ..d 
/L::,./ /L::. / /L::,. / /L::,. / 

:I/ /'<l.::1/ ,,."" d/ /'<I<:!/ /"<l 

-- I/. .d t..'.t:1 r:.. ..d t,, ..d -- 21' O' OL /L::,. / /L:,. / /L::,. / /L:::../ om 
:I/ /'<I<:!/,,."" ~/ /'<I<:!/ /~ 

r:.. A r:.. ..d r:.. .t:I I/."' 
/L:::,. / /L::,. / /L:>./ /A/ 

i'l.i :I/ /'<I<:!/ /' d/ /'<I<:!//~ 
r:.. .d r:.. , .t:I r:.. ..d r:.. ..d 

/L::./ /L::. / /L:./ /A/ 

d/ /'<I<:!/ ,,~ <l/ /'<I<:!/ ,,."" r:....,; b. .t:I r:.. ..d b. .t:I 
/..0, / /L:,./ /L:::,. / /L::./ 

<l/ /'~d/ ) la/. /'<I<:!/ _,,"< 

TOTAL DEPTH• 81.0 m. t,. A I:.. .t:I r:.. ..d r:.. ..d 

MO /L::. / /L:,,. / /L:. / /L::. / 

w.u 



PITEAU ENGINEERING LTD. OFFICE REPORT 
CONTRACT NO : 3773-12-1 COMPILED BY- M. Brewster 
BORING NO.: TOB%-l~ HO, -'131 LOCATION To i I i ngs Pond 
NORTHING: 6057801.07 EASTING 622501.20 
i;;mftE TYPES 

B BULK SNtPLE T SHELBf TUB£ 
A AUGER SAMPLE 0 THIN ijAll. OPEN 
U WASH SAMPLE P THIN WALL PISTON 
R ROCK CORE 
C CRREL BARREL lZ STAUC ~!ER LIYEL 
S SPLIT SPO~ ~ DTNM'IIC UA TER LEVEL 

DESCRIPTION 

SOIL/ROCK 

1.0 

2.0 

? <; 

SILTY CLAY, dark broWf\ 
I ittle smd, I ittle grovel, 
highly reactive, slightly 
moisti stiff, lD-l 
plasticity. 

SAND AND SILT TILL: medium 
to dork tr own, I i tt I e c l.ay, 
I ittle gravel, very stiff, 
dry, low plasticity. 

ON SITE INVESTIGATION SHEET .l Of 5. 
BORING DATE: Sept . 11, 19% 
CONTRACTOR • Cora Lynn Ori I I ing 
ELEVATION 60139 Masi 

SAMPLE. lAINU1J.10N 

TEST INFORMATION ,.,_,..--I omrn,rn 
FAIR 
GOOD i PENEIBll1ETER kg/c1112 

LOST 1 2 3 4 
PIEZ0NITER f:, SPT BLDIJS/0.3. 

INSTALLATION lO 20 30 40 . 50 
.-- _ IJATER CONTENT 1 , 

~io;t1c· i illl11 @ i J~ict" i 1m11 · 
"\10 30 50 70 90 

,:s mm m OU 

6. 



PITEAU ENGINEERING LTD. OFFICE REPORT 
CONTRACl ffl. • 3773-12-1 COMPILED BY M. Brewster 
80RIN6 NO.• TOB%-l ~ HD, -'131 LOCATION Toi I ings Pond 

c-~~~, NORTHING· 605780~.07 EASTING• 622501.20 
B y ES 

B BULK SNIPLE T SI-ELBY TU3E 
A AUGrn SAMPLE 0 THIN UALL OP£N 
l.J IJASH SAMPLE P TI-ITN UALL PISTCJ,J 
R ROCK CORE 

lZ STATIC ~TER LEVEL C CRREL BARREL 
S SPLTI SPO~ I DnlN1IC IJf\TER LEVEL 

SAHPLES 

DESCRIPTION © " © 
~ s ~ 

~ 

gl w s. 11! 
SOIL/ROCK ~ 8 ~ 

% 

,·•'X: 
SAND ANO SILT TILL• same as ab ve. 

15.5 Boulder, I ight g-ey, 
f'inely crystal I ine 10.5 ml. 

ON SITE INVESTIGATION SHEET 2. Cf 5 .. 
BORING DATE Sept 11, 19% 
CONTRACTOR• Cora Lynn Ori II ing 
ELEVATION 60139 MUSI 

cw 
TEST INFORMATION ;-H FAIR 

6000 
I PENETROMETER kg/cm2 

LOST 1 2 3 ' 
cl PIEZOMITER {). SPT Bl.O<JS/0.3,, 

10 20 30 c:; 
J OOTALLATION 50 

~ 
~ 

X . ........ ~TER CllNTEHT X 
plootic li11it @ iiqlll(fiillh 

10 30 50 70 90 
0 

0 0 

Aot-+-+15 nm D OLE 



PITEAU ENGINEERING LTD OFFICE REPORT 
CONTRACT NO. • 3773-12-1 COMPILED BY• M. Brewster 
BORING NO. T08%-l~ HO, -'131 LDCA TION Toi I i ngs Pond 
NORTHING• 605780~.07 EASTING 62250120 

B BULK SliMPLE 
A AUBER 81\MPli 
I.J UASH SIVIPL.£ 
R RO()( CORE 
C CRREL BARREL 
S SPLTI SPOti'l 

DESCRIPTION 

T SHELB\' TUBE 
0 TIUN HALL CffN 

P 00N UALL PISTON 

:Z STo!IC IJI\TER lEYEl 
l[ DYHNUC HATER LrVEL 

~ 

bl ~ ~ 

SOIL/ROOK 

SAND AND SILT TILL• 
as above. 

CLAYEY SILT med i um brown, 
sooe grave I, dry. 

GRAVEL• dark grey, I ittle fin 
sand and silt. 

FINE GRAVEL AND COARSE SAND, 
angular ta Hell raundeq minor 
silt and cloy. 

NOTE• shut doNn overnight, 
air-I ifted, no water. 

SA/1'1.ES 

s 
w i Iii 
~ 

4 

8 a! 

ON SITE INVESTIGATION SHEET 3 OF 5 .. 

SAl1'lE COfllITION 

I OIST\JlSEO 

FAIR 
6000 

LOST 

BORING DATE• Sept 11, 1996 
CONTRACTOR Cora Lynn Dr , 11 1 ng 
ELEVATION: 60~.39 Mnsl 

TEST INFORMATION 

I PENETROMETER kg/cri2 

2 3 
J PIIZctlEIDl 
~ 

/; SPT EL•IJS/0 .:Jo 

lO 20 30 J INST /ill\ !ION 
~ 

~ 

50 

X . ...... ., l-JATER CONTENT t 
plootic limit '® ii9,Uict"iiiiit 

10 30 50 70 90 

B TON TE 

-r-11--151 mm CH ~O PV 
~ MF 8 TR SS 
T EAD P E 

,i-+---t15 •• D OLE 



PITEAU ENGINEERING LTD. OFFICE REPORT ON SITE INVESTIGATION SHEET . 4. Of 5. 

CONTRACT NO. 3773-12-1 COMPILED Bl M Brewster BORING DATE Sept. 11, 19% 
BORING NO. TDB96-l4 HO, -'131 LOCAT10N Tai I ings Pond CONTRACTOR Coro Lynn Ori 11 ing 

~~-,,.~O~RT~H~IN~G•,,----6-•5_78_01_._ITT ______ E_AS_T_IN_G_• __ 62_25_D_L_2•_._1'7"1w!m~-E~_V_AT_I_ON,•_6_D4_._39_M_n_sl ____ ----1 

e 
~ 
~ 

~ 

B BULK Sl'i!PLE 
A AUGER SAMPLE 
~ IJASH SMPI..E 
R flOCK COOE 
C CRREl BARREL 
S SPLIT SPO~ 

g 
~ 
00 

DESCRIPTION 

T SrflBY TLElE 
0 THlN !All OPEN 

P THIN JJALL PISTON 

lZ STATIC ll\TER LEYEL 
!'. OYHli!IC !ATER LEVEL 

00 
~ 

~ = 
~ 

SOIL/Rill< 

FINE GRAVEL ANO COARSE SAND• 
as above. 

CLAY• dark brown, I ittle grov I, 
troce sand and si It, moderate I 
stif~ dry low plasticity 

SAl'PLES 

" H 
~ 

i H w !, :: 8 a! 

I •ISTL!lBED 

fAIR 
6000 

LOST 

,:;I PIEZ01ETER 
> 
~ INSTALL/\TION e; 
~ 

DIICDC C 
DCCCII CIC 

' ' 0 0 0 

TEST INFORMATION 

I PENETROtuER kg/c111Z 

2 3 4 

!:, SPT BLIJ\JS/0 .3n 

10 20 30 so 
X.,. __ . _ ... IJATtR CCNTEITT ¥ 
plo,tic J i1frt @ iiq.jiCf iiffirt 

10 30 SO 70 90 

,i....,1-+15 flm DI . OLE 

~HHP TON TE 

39.7 
1020 R SNO 



PITEAU ENGINEERING LTD. OFFICE REPORT ON SITE INVESTIGATION SHEET . 5. OF 5 . 
CONTRAC1 NO. · 3773-12-1 COMPILED Bl C M. Brewster BORING DATE Sept 11, 19% 
BORING NO. TD8%-l~ HO, --'131 LOCATION Toi I ings Pond C[l'ffRACTOR C Coro Lynn Ori II ing 
NORTHING· 6057801.07 EASTING 62250120 ELEVATION, 501.39 MO.Sl 

SI/\PLT T !PrS SAMPLE C'ONOlUlJII 
8 BULK SN1PtE T SHEL.BT TUB[ TEST INFORMATION ; ;usrn SAMPLE 0 THIN MALL OPEN w DIS~Bffi M MASH SAMPLE P THIN UALL PIST[t,I fllIR 
R ROCK C::OOE 

lZ STATIC WATER LEVEL 6000 I PENETR0/1ET£R kg/ciR2 
C CRREL BIRREL 
S SPLIT SP•Ctl :!'. DYNN1IC UATER LEVEL LOOT I 2 3 4 , 

SAMPLES J PIEZONITER /:, SP! BLOIJS/0 3n 
l:: e DESCRIPTION ~ 
J INSTALLATION 10 20 30 'I) 50 

i= ~ ~ 
~ w 

i ~ X .. , - ., .... WATER QJNTEITT t . !;l !'l w " plo:itic J f11it (!) i lilUICi" i lllit ' 00 :: Sllll/RO(l( 0 10 30 so 10 90 -· ~ z 
lJ.U 18.~ COARSE S/'NO AND GRAVEL, -i---

11 D D C D 0 0 

15' mm OJ OLE D D D D D 0 0 0 0 
D D C II D 0 0 

D p ll D II 0 0 0 0 -~b. II II D ti Cl 0 0 

RI 6.;; ll II D D D 0 0 10, 20 S ND II ti II II D 0 
ll D D D D 0 0 ,~ ,,.b II II II II D ,_ L...- 0 

bJk C II II D 0 0 
D ll D"""l!""D 0 0 

·~?.::!i. D ll g II ll 0 0 0 0 ,,, o?P ~1.0 As above, I ittle clay. II II II II II 0 ,', n 
'1LD II D C II II 0 0 

g Cl Q O D 0 le= 0 ,~b II ll P D Q ',' '-- ',' i!;f/> II II II D II 
II ll II Cl ll 0 0 ~ 0 0 -~b. 11 II D l;I I> ,~ 0 

C·.~p ll 0 Cl II II 0 0 0 0 

NO D 0 0 LO SI EE II D II D 11 0 05 D II II II II 0 0 0 0 :~ .· 11 Cl D D II 0 ~ 0 

0~ 
C II 0 D II 0 0 '-- 0 0 

II II O D II 
0 O 0 '-- 0 

11 D II II II 
'-- 0 O 0 

~? 
II Cl II D II 0 

II II II II II 0 O 0 '-- 0 0 

'E.D II II ti D II '-- 0 

~~ 
II O II II II ',' ~ ',' O II II II ti '--O O D 0 0 0 0 0 0 

D o o o o 0 '-- 0 
0 ti D ti 0 0 0 ~ 0 0 bf!!: o o o o o 0 ~ 0 
a t1 o o o 0 0 0 0 

'll.i 10TAL OEPTH • ~2.5 m. 

41.D 

'li.i 

'li.i 

'11.D 

"'BJ 

'II.I 

I rn , 

·"·" 



PITEAU ENGINEERING LTD OFFICE REPORT ON SITE INVESTIGATION SHEET l OF Z 

CONTRACT NO . 3773-12-1 COMPILED BY: M Brewster BORING DATE Sept. 16, 19% 
BORING NO : 10896-15 LOCATION Tailings Pond CONTRACTOR • Cora Lynn Ori 11 ing 
NORTHING. 6057106. 00 EASTING: 622236 0 ELEVATION: 602.0 Masi 

SHIPLE TYPES T SIIlBY TUBE SAMPLE CON•illON 
TEST INFORMATION 

~ AUGER SAMPLE 0 THIN !ALL OP£H I ornr~,rn 
W UASH SAMPLE P THIN llr'lll PISTON f/i!R 
R ROCK CORE 6000 I PENEIBl'J1ETER kg/c1112 
C CRREL BARREL SZ STATIC ~!ER LEVEL 

S SPLIT SPOON 3!: DYNIIMIC IIATER LEVEL LOST l 8 3 4 

SA11Pl.£S PIEZOMCTER /:, SPT BL[llSJO 3,, 

e DESCRIPTION iS g COOSTROC.TION JO 80 30 io so 

"' ~ H ~ OCTf\ILS la ~ IJATER CONTENT X ) ~ 

~ 15 X. 
11 - w ., pl05tlC"iilltit (!) il~lC(llfflri ~ ~ ~ 

SOIL/ROil( - g ~ C 10 30 so 70 90 
00 - z ~ 

u.u 

~ TOPSOIL silty, black, highly organic, 
loosei rroist. T 

I SILTY CLAY I i ght to med i um brawn, 

•LO 
Fi ne sandy partings, •aderate I y ca I careous, 
tred i u" st i ff, moist, low plasticity s I 

'" 

2.0 

s ~ 
I:, • 

-10 
? ? y 

?f/6 aJARSE SANO ANO GRAVEL• medium brown, ·.• 3.2 a ... I ittle clay, poor I y sorted. ·~?5. ~; ~R Pt, 
-10 

>;;.~op 
Pb 
871 
::~~ 0.it 
'fj<Zi. : r,p a .... 
-~~ ~: '9p G n 

5.0 
0 •. 

~I SANO AND SILT TILL dark brONf1 I ittle 
s~ 

!:, 

to sorne c I oy, I ittle grovel, trace 

jJ ecol, stifT, moist1 low plost,city. 
. ,. 
:-.>:~ 

G.O 'J :j,-
j} 
]f 

10 ,. 
. :.:~. :,} 
J< 
~} 

8.0 
:,;,:'<· 

jJ ·. X'.· 
:-/~-
'} 9< 

90 jl: 
:.;-:".'-<> 

aJ :\: 

:"} 
,o" J< 
--" 



PITEAU ENGINEERING LTD. OFFICE REPORT ON SITE INVESTIGATION SHEET 2 er 2. 

CONTRACT Nl 3773-12-1 [l]MPILED BY M. Breaster B[IUNG DATE Sept 16, 19% 
BORIN5 NO.• TOB%-15 LOCATION Toi I ings Pond CONTRACTOR• Coro Lynn Ori II ing 
NORTHING 6057~06.00 EASTING 622236.0 ELEVATION 602.0 MOS! 

SAMPLE T'fPES T SHELBI TLOC SN1PLE CONOITlON 
TEST INFORMATION 

A AUGER SftMPLE 0 THIN HALL OPEN w O!SrtmBE• 
W 1-IASY SAMPLE P THIN UALL PISTEN flilR 
R ROCK CDRE 

lZ STATIC 11\TER l£VEL 6000 • PENETROMETER k:g/cm2 
C CRl>a BARREL 
S SPLIT SPOCJ,1 ~ O't'NIV1IC Ul'ITER LEVEL LOST 1 2 3 ~ 

S/ltlPLES PIEZOMETER /:,. SP! EJ..OWS/0.3n 
J 

e DESCRIPTION ~ "' OJNSTRUCTION 10 20 30 ~o 50 
z g :: 0ET/\ILS WATER ctr,lTENT t ~ ~ 

~ i:l es X •.•...•... 
~ I< !i! pla:itic I imit (j) I lq-JJC( i IIDl"t m ~ 

SOIL/ROCK ;: 0 = C 10 30 50 70 90 
'" 

u z = ill., ,v SANO AND SILT TILL• •s above. 
s~ 

:>~: :, " 'j l ::)~. 
'} 

1m Js: jJ 
·~J r· ::\ 

l2.i "l-J, 
~~ :.;-:':-: 

•m :1t 
x~ J, 
n 

11.1 
f,; 
JJ . , . 
. :-:-
'"} j·· ;'.:\, 

]51 j✓ >•"-: 

J a .· :-:.;: 

"l J .. 
JG! 

>_:\ IC n 
:~!ik. GRAVEL· loose. a ..... coarse, 

8~ " s 
.,:...: 

SILTSTONE BEDROCK• black, finely :-::...: 
:-:-::.: laminated. :-:-::...: 

m -:-::...: :-:-::...: 
:-:-: :: = ~ . . ·:-: 

IBJ TOTAL DEPTH C 17.5 o 

1Ii 

"'" "'·" 



PITEAU ENGil~EERING LTD. OFFICE REPORT ON SITE 

CONTRACT NO 
BORING NO • 

~ NORTHING; 
SAIRE TYPES 

• 

A AUBER SAMPLE 
W UASH SMPLE 
R ROCK CORE 
C CRREL BARREL 
S SPLIT SPOCW 

! I 

3773-lZ-1 
T0B%-16 
6057115 00 

COMPILED BY M. Brewster 
LOCATION Toi I i ngs Pond 
EASTING. 621787 OD 

T SHELBY TUBE 

0 TfllN WALL l:ffN 
P THIN IJALL PISTON 

'l SWIC WATER LEVEL 
~ DYHlll11C 1-lfl TER LEY EL 

SAl'fLE CONOITI(}J 

I DISTURBED 

rAIR 
6000 

LOST 

SAt'iPLES 

DESCRIPTION i's ~ 
~ 'cl 

~ I::; 

~ 15 It ,, 
~ 

~ 0 C 

n n SOIL/ROCK ~ 0 z ~ 

-·· 

SILT• I i ght brawn, I I tt I e sand, 
I 1ttle cobbles, loose, dry. 

SANO• dark brown, fine to medium 
gro i ned, poor I y sorted, I , tt I e grove I, 
loose, slightly moist. 

As above, trace coo I, very st i ff. 

s~ 

INVESTIGATION SffE! . l. OF 2 . 
BORING 0/iTE Sept 16, 19% 
CONTRACTOR Coro Lynn Or i 11 i ng 
ELEVATION 610 "asl 

PIEZIJ1ETER 
aJNSTRUCTION 

OETIIILS 

TEST INFORMATION 

f) PENETIUIETER kg/c1112 

2 , 3 , "'I , 

/J. SPT 8lOWS/0.3m 

ro - ~ . ~ ~ ~ 

WATER CCNTENl % " 
iioot1c· liiillt @ 119!.Jl(f Hiiiit ~ 

10 30 so 70 90 

' 



PITEAU ENGnlEERil~G LTD. OFFICE REPORT ON SITE INVESTIGATION SHEET Z. OF Z 

CON!RAGl NO 3773-12-1 COMPILED 81 M Brewster BOOING DATE Sept 16, 19% 
BORING NO. T08%-16 LOCATION Toi lings Pond CONTRACTC!l - Cora Lynn Ori II 1ng 
NORTHING· 60571~5.00 EASTING 621787 00 ELEVATION 610 rnasl 
SAMPLE TYPES T SHELBY TUBE SAHPLE CONDITION 

A AUGER SI\MPLE 0 TttIN !ALL ll'EN ;·-~ TEST INFORMATION 
~i UASH SAMPLE P THIN IIALL PISTON FAIR 
R RO~ CORE 6000 

I PENETROM£TER kg/c111Z 
C CRREL BARREL SZ S!AllC ~TER LEVEL 
S SPLIT SPOON ~ Dl'NMITC IIATER LEVEL LOST 1 2 3 ;, ' 

SAtlPLES PIEZlllETER ~ SPT BlOIJS/0 .3n 
J 

e DESCRIPTION ~ ~ CONSTRUCTION 10 20 30 'ID ' 50 
z ~ D£TAILS ~ 

i oc J WI T£R CTJNTf]IT :r; 

~ "' 
w oc X ....... - . 

(j) li9Uitf !ilh ~ ru e' pla:itic limit 00 ~ 

SOJL/ROCK - = a! C 10 30 50 10 90 
'°" - ~ ~ 

ID., 
CLAY AND SILT TILL, os above, hard . ~ ' s " 

I 

JU 
' 

~~ 

~~' 
t0 I? n 

12J - SILTSTONE BEDROCK, dork gre~ finely ;-:-::.: 
;-:-::.: 
77::..: laminated. 
:-:-::.: 
;-:-::: 
:-:-: .: 
:-:-::.: 
:--:-::..: 

m "'" . :-::-::.: 
:-:-::.: 
:-:-::.: 
:-:-::-: 

11.0 TOTAL DEPTH• 13.5 o 

1i 0 

-lli.O 

110 

180 

-190 

' 

"" WI 



APPENDIX Ill 

HYDRAULIC CONDUCTIVITY TEST DATA AND ANALYSES 



Ol/2V97 · 10:03 AM 

Piezometer: 
Date: 

Hydraulic Conductivity (mis): 
Piezorneter Stick-up (m): 
Screened Interval (rnbgs): 
Static Water Level below top of PVC (rnbtoc): 

Elapsed Time 
(rnin:sec) 

Notes: 

0:54 
1:30 
1:58 
2:48 
3:36 
3:55 
5:30 
8:25 
14:30 
21:30 
30:45 
55:00 
66:30 
79:34 
99:00 
140:00 

1370:00 

Drawdown 
(m) 

9.77 
9.74 
9.73 
9.73 
9.64 
9.61 
9.57 
9.52 
9.47 
9.42 
9.37 
9.27 
9.18 
9.12 
9.05 
8.94 
2.14 

l. mbgs = metres below ground surface 
2. mbtoc = metres below top of casing 

TOB96-07-10 
96/09/18 
6.5 X 10-9 

0.65 
7.4-10.4 

1.076 

J:\377N773•1NABLENlUGTST.XLS ~ TOB96-07~JO Pagel of/ 



Pi tea u Engineering Ltd. Cl lent· Manalta Coal Ltd. 

Project No.: 3773-12 Location: Tailings Pond 

HYDRAULIC TEST PROGRAM - TELKWA PROJECT 

~ 

8 
~ 

.., 
i:: 
"' 8 
"' () 

"' -iCl, 

"' -~ 
0 

10. + 

1. LU..LWJ..LLW..L.U.LWJ..LLW..L.U.LWJ..LLW..L.U.LWJ..LLW..L.U.W..U 

o. 100. 200. 300. 
Time (min) 

( 

400. 500. 

DATA SET: 
c:13773-12196-710.dat 

09/2?196 

AQUIFER TYPE: 
Unconfined 

SOLUTION METHOD: 
Bouwer-Alce 

TEST DATE: 
September 18, 1996 

TEST WELL: 
TOB96-7-10 

OBS. WELL: 
NIA 

ESTIMATED PARAMETERS: 
K = 3,8B78E·07 mlmln 
yO = 9.756 m 

TEST DATA: 
HO= 10. m 
r c = o. 0254 m 
rw = 0.0762 m 
L = 3, m 
b = 10. m 

H = 10. m 

( 



01122197 • 10:02 AM 

Piezometer: 
Date: 

Hydraulic Conductivity (mis): 
Piezometer Stick-up (m): 
Screened Interval (mbgs): 
Static Water Level below top of PVC (mbtoc): 

Elapsed Time 
(min:sec) 

Notes: 

1:17 
1:31 
1:40 
1:52 
2:04 
2:16 
2:40 
3:05 
3:29 
3:54 
4:18 
4:45 
5:10 
5:39 
8:03 
9:13 
10:25 
12:55 
14:05 
15:53 
16:55 
20:00 
23:00 
26:30 
30:20 
34:35 
38:20 

Drawdown 
(m) 

12.70 
12.60 
12.50 
12.40 
12.30 
12.20 
12.00 
11.80 
11.60 
11.40 
11.20 
11.00 
10.80 
10.50 
9.50 
9.00 
8.50 
7.50 
7.00 
6.50 
6.00 
4.80 
4.00 
3.00 
2.00 
1.00 
0.20 

1. mbgs = metres below ground surface 
2. mbtoc = metres below top of casing 

TOB96-07-20 
96/09/18 
8.2 X 10-7 

0.65 
16.6 - 19.6 

flowing 

1:V77N773-12'J'ABLES-SLUGTST.XLS • TOB96-07-20 Pagel of J 



( 

Piteau Engineering Ltd. c 11 ent: Man alt a Coal Ltd. 

Project No.· 3773-12 Location: Tailings Pond 

HYDRAULIC TEST PROGRAM - TELKWA PROJECT 

2. 

1.8 

1.6 

1.4 

1.2 
0 
:,:: 

1. --... 
:r: 

0.8 

0.6 ·•. 
+ 

0.4 
+ 

0.2 

o. 
1. 10. 

Time (min) 

( 

+ 
+ 

+ 
+ 

100. 

DATA SET: 
96-720 DAT 

09130/96 

AQUIFER TYPE: 
Confined 

SOLUTION METHOD: 
Cooper et a!. 

TEST DATE: 
September 18, 1995 

TEST WELL: 
TOB96-7-20 

OBS. WELL: 
NIA 

ESTIMATED PARAMETERS: 
T = 0.0001472 m

2
lmln 

S = 1. E· 08 

TEST DATA: 
HO = t-4. m 
re= 0,0254 m 
rw = 0,0762 m 

K • T/b 
- 111 x 1• -•m 2

/ min 
3m x 60 sec/min 

- 8.2 x 10-7 m/sec 



APPENDIX IV 

LABORATORY REPORTS 



.. , ..... ....,., CHEMEX Labs Alberta Inc . 
;a!gary :2021-41stAvenue N.E., T2E 6P2. Telephone (403) 291-30n, FAX (403) 291-9468 
Edmonkm: 9331 . 48th Street, T682R4, Telephone (403)465-98n, FAX (403) 46&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 

QA/QC Reviewed By 

~-

The above signatures indicate that the individuals identified have reviewed the enclosed documents. 

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

CHEMEX Labs Alberta Inc. is accredited by both the Canadian Association for 
Environmental Analytical Laboratories and the Standards Council of Canada for specific 
parameters registered with the Association and the Council. 



CHEMEX Labs Alberta Inc. ,,.---, 
.1lgary :2021 •41s1Avenue N.E., T2E 6P2. Telephone (403) 291-3077, FAX (403)291--9468 

Cdmonton: 9331 - 48th Street, T6B 2R4, Telephone {403) 465-98n, FAX (403) 466-3332 

Sample Description 
Sample Date & Time 
Sampled By 
Sample Type 
Sample Received Date: 
Sample Station Code : 

T0896-7-10 
18-09-96 
RSC 
GRAB 
September 25. 1996 

PARAMETER DESCRIPTION 

Calcium - (ICP) Total 

Calcium - (ICP) Dissolved 

Magnesium - {ICPl Total 

Magnesium - lICP) Dissolved 
Sodium - (ICP) Total 

Sodium - {ICP) Dissolved 

Potassium -(ICP) Total 

Potassium -(ICP) Dissolved 

Chloride - Dissolved 

Sulphate - {IC) Dissolved 

PP Alkalinity (as CaC03} 

Total Alkalinity (as CaC03) 

NAQUADAT 

CODE 

020005 

020lll 

012005 

012111 

011005 

Olllll 

UNITS 

'-·¼ 

019111 

017206 

0l.6309 

010151 

010111 

010301 

006301 

006201 

010602 

008501 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

Units 

mg/L 

mg/L 

mg/L 

mg'./L 

mg/L 

mg/L 

uS/cm 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

I 

oH 

Carbonate 

Bicarbonate 

Total Hardness (as CaC03) 

Hydroxide 

Silicon - Total {ICP) 

Silicon - Dissolved (ICP) 

Specific conductance 

Total Dissolved Solids 

Total .Ammonia Nitrogen 

Nitrite plus Nitrate Nitrogen as N 

Total Dissolved Phosphate as P 

Ortho Phosphate as P 

Total Phosphate as P 

Sulphur - {ICPJ - Dissolved 

Sulphur - {ICP) - Total 

Total Filterable Residue (TDS) 

Non-Filterable Residue (TSS) 

Aluminum - Total (ICP-MS) 

Aluminum - Dissolved (ICP-MS) 

Arsenic - Total {AA) 

002041 

000201 

007505 

007110 

015423 

0l.5256 

015406 

010451 

010401 

013016 

033005 

RESULTS 

26 .5 

26.2 

14 ., 
14 .2 

127. 

127. 

2.07 

1.73 

13.l 

52.1 

< 0.1 

309, 

7.55 

' 0.5 

377. 

124. 

< o.s 
10 3 

6 ·" 
713. 

427, 

0.17 

0.902 

0,00B 

< 0.003 

0.110 

15 . 9 

15.9 

460 0 

101. 

2 .78 

< 0,001 

0,0015 

PITEAU ENGINEERING LIMITED 
ATTENTION SUSAN LECLERC 

PROJ .#3773-12 
Chemex Worksheet Number 96-03529-3 
Chemex Project Number PITE192-05DI 
Sample Access 
Sample Matrix WATER 
Report Date October 9. 1996 
Analysis Date October 2. 1996 

DETECTION MILLI 

LIMIT EQUIVALENTS 

0.01 1.322 

0.01 1.307 

0.01 L 185 

0,01 1.169 

0.01 5.525 

0.01 S.525 

0.02 0.053 

0. 02 o. 044 

0.5 0. 369 

0.1 1. 084 

0.1 

0.5 

0. 01 

0. 5 

0,5 6 .177 

0.5 

0.5 

0,02 

0.02 

0.02 

1. 

0 01 0.012 

0 003 

0 003 

0. 003 

0.003 

0.2 

0.2 

1. 

o., 
0.001 

0.001 

0.0002 



CHEMEX Labs Alberta Inc. 
catgary :2021 -41SI Avenue N.E., T2E6P2. Telephone (403) 291-SOn, FAX (403) 291-9468 
Edmonton: 9331 -48th Street, T6B2A4, Telephone (403)46,S.98Tl, FAX (403) 466-3332 

Sample Description 
Sample Date & Time 
Sampled By 
Sample Type 
Sample Station Code 

TDB96-7-10 
18-09-96 
RSC 
GRAB 

PITEAU ENGINEERING LIMITED 
ATTENTION : SUSAN LECLERC 

PROJ.#3773-12 

Chemex Worksheet Number 
Chemex Project Number 
Sample Access 
Sample Matrix 
Report Date 

96-03529-3 
PITE192-0501 

WATER 
October 9. 1996 

BATCH SPECIFIC QUALITY ASSURANCE REPORT 

PARAMETER 

Calcium - !ICP) Total 

Calcium - {ICP) Dissolved 

Magnesium (ICPJ Total 

Magnesium (ICP) Dissolved 

Sodium - (ICP) Total 

Sodium - ( ICPJ Dissolved 

Potassium - { ICP) Total 

Potassium -(ICP) Dissolved 

Chloride - Dissolved 

Sulphate - (IC) Dissolved 

PP Alkalinity las CaC03) 

Tot.al Alkalinit.y (as CaC03) 

pH 

Carbonate 

B1carbonate 

Total Hardness (as CaC03! 

Hydroxide 

Silicon - Tot.al (ICP) 

S1l1con Dissolved (ICP) 

Specific Conductance 

Total Dissolved Solids 

Total Ammonia Nitrogen 

Nitr:te plus Nit.race Nitrogen as N 

Total Dissolved Phosphate as P 

Ortho Phosphate as P 

Total Phosphate as P 

Sulphur (1CPJ 

Sulphur - fICPl 

Dissolved 

Tot.al 

Total Filterable Residue (TDS) 

Non-Filterable Residue (TSS) 

Aluminum - Total !ICP-MSi 

Aluminum Dissolved fICP-MS) 

Arsenic • Total !AA) 

DATE OA/OC 

ANALYZED BATCH 

(DD-MM-YY) NUM ANAL 

02-10-96 

02-10-96 

10 SW 

10 SW 

02-10-96 , 10 SW 

02-10-96 

02-10-96 

02-10-96 

02-10-96 

02-10-96 

30-09-96 

30-09-96 

10 SW 

10 SW 

10 SW 

10 SW 

10 SW 

10 LAD 

10 LAD 

NOT APPLICABLE 

26-09-96 

26-09-96 

3 AM 

3 AM 

NOT APPLICABLE 

NOT APPLICABLE 

NOT APPLICABLE 

NOT APPLICABLE 

02-10-96 

02-10- 96 

27-09-96 

10 SW 

10 SW 

1 LG 

NOT APPLICABLE 

30-09-96 

04-10-96 

30-09-96 

02-10-96 

30-09-96 

02-10-96 

02-10-96 

02-10-96 

30-09-96 

Ol-10-96 

01-10-96 

27-09-96 

BF 

1 PK 

l HO 

l HO 

l HO 

10 Sri 

10 SW 

l Bf 

2 BF 

20 WEM 

20 WEM 

1 RJ!. 

DUP 

Rr 

1.7 

1. 7 

0.3 

0.3 

0.0 

0.0 

0.2 

0.2 

1.2 

o.o 

1.1 

l.B 

1.8 

1.8 

0.2 

0.0 

0.4 

0.0 

0.0 

0.0 

0.4 

0.4 

0 6 

2.0 

0.0 

0.0 

0.0 

MATRIX SPIKES 

RECOV 

• 
CONTROL LIMITS 

109.7 

109. 7 

98.l 

98.l 

102.l 

102.l 

lOl.3 

101.3 

102.2 

103 .2 

LOWER 

8!:1.5 

89.5 

95.3 

95.3 

92.5 

92.5 

88.2 

88.2 

90.8 

91.3 

NOT APPLICABLE 

NOT '1.PPLICABLE 

108.9 

108.9 

59.l 

5!:I. l 

NOT APPLICABLE 

104. 0 

100.6 

96.4 

86.2 

96.4 

80.8 

93.l 

80.9 

80,7 

80.9 

NOT APPLICABLE 

104 ,0 

NOT APPLICABLE 

NOT APPLICABLE 

120.4 

120.4 

97.3 

84.0 

84.0 

72.l 

UPPER 

115.7 

115.7 

.107 .3 

107 .3 

109.6 

109.6 

112.4 

112.4 

108.8 

108.3 

142.3 

142.3 

117 .3 

105.l 

118.0 

116. 6 

118. 0 

117 ,8 

117. 8 

119.4 

CALIBRATION CHECK 

RECOV 

• 
112.5 

112.5 

97.4 

97.4 

103. O 

l.03 .0 

100.8 

l.00.8 

102.s 

104.7 

CONTROL LIMITS 

LOWER 

92.3 

92.3 

96.5 

96.5 

93.2 

93.2 

90.2 

90.2 

94.3 

!:10. 7 

UPPER 

116.7 

116.7 

109.4 

109.4 

111.3 

lll.3 

112.6 

112.6 

105.6 

104. 7 

NOT APPLICABLE 

NOT APPLICABLE 

110. 8 

110.s 

60.9 

60.9 

NOT APPLICABLE 

100.0 

102.0 

94.5 

102.0 

94 .5 

90.0 

87.8 

82.2 

86.l 

74.8 

NOT APPLICABLE 

0.0 

147 .2 

147.2 

107.5 

107.9 

116.0 

118.0 

121.5 

NOT APPLICABLE 

NOT APPLICABLE 

107.l 

107.l 

97.2 

82, 8 

91.9 

75.3 

123.2 

109. 6 

122.4 



~~CHEMEX Labs Alberta Inc. 
Allgaty :2021 ·41stAvenue N.E., T2E 6P2. Telephone (403) 291--3077, FAX (403) 291•9468 
E:dmonloo: 9331 • 48th Street, T6B 2R4, Telephone (403) 465-98n, FAX (403) 46&,3332 

Sample Description TOB96-7-10 
Sample Date & Time 18-09-96 
Sampled By RSC 
Sample Type GRAB 
Sample Received Date: September 25. 1996 
Sample Station Code: 

PARAMETER DESCRIPTION 

Arsenic - Dissolved (M) 

Barium - Total (ICP-MS) 

Barium - Dissolved (ICP-MS) 

Beryllium - Total {ICP-MS) 

Beryllium - Dissolved (ICP-MSJ 

Boron - Total {ICP-MS) 

Boron - Dissolved (ICP-MS) 

Cad.mi.um - Total {ICP-MS) 

Cadmium - Dissolved (ICP-MS) 

Chromium - Total (ICP-MS) 

Chromium - Dissolved (ICP-MS) 

NAQUADAT UNITS 

CODE 

033109 mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

048023 mg/L 

mg/L 

mg/L 

mg/L 

f -•,,. Cobalt Total (ICP-MS) 027016 mg/L 

::obalt Dissolved (ICP-MS) mg/L 
Copper Total (ICP-MSJ 029016 mg/L 

Copper Dissolved (ICP-MS) mg/L 
Iron Total (ICP-AES) 026009 mg/L 

Iron Dissolved {ICP-AESJ 026109 mg/L 
Lead Total {ICP-MS) 082016 mg/L 
Lead Dissolved (ICP-MS) mg/L 
Lithium Total (ICP-AES) 003009 mg/L 
Lithium Dissolved (ICP-AES) 003109 mg/L 

Manganese - Total (ICP-MS) mg/L 

Manganese - Dissolved (ICP-MS) mg/L 
Mercury - Total {CVAA) 080011 ug/L 
Mercury - Dissolved (CVAAJ 080101 ug/L 

Molybdenum - Total {ICP-MS) mg/L 
Molybdenum - Dissolved (ICP-MSl mg/L 
Nickel - Total (ICP-MS) 028016 mg/L 

Nickel - Dissolved (ICP-MS) mg/L 
Phosphorus - Total (ICP-AESJ mg/L 

Phosphorus - Dissolved {IC?-AES) 015450 mg/L 

Selenium - Total IAAI 034005 mg/L 
Selenium Dissolved (M) 034105 mg/L 

I 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

PITEAU ENGINEERING LIMITED 
ATTENTION : SUSAN LECLERC 

PROJ. #3773-12 
Chemex Worksheet Number 
Chemex Project Number 
Sample Access 
Sample Matrix 
Report Date 
Analysis Date 

96-03529-3 
PITE192 0501 

WATER 
October 9. 1996 
September 27. 1996 

RESULTS DETECTION MILLI 

LIMIT EQUIVALENTS 

0.0012 0.0002 

0.115 0.0002 

0.0770 0.0002 

0.0002 0. 0002 

0.0002 0.0002 

0.10 0.01 

0.01 0.01 

0,0021 0. 0002 

o.ooos a. 0002 

0. 001 0.001 

0.001 0, 001 

0.0011 0. 0003 

0.0003 0 0003 

0. 00.;;4 0. 0002 

o. 004 a 0 0002 

3,80 0.01 

0.06 0.01 

0,0042 0.0003 

0,0003 0.0003 

0 012 0.001 

0.011 0. 001 

0.161 0.001 

0, 079 0. 001 

0.05 0,05 

0. 05 0.05 

0, 0058 0.0002 

0. 0035 0.0002 

0. 0005 0,0005 

0.0005 0,0005 

0.1 0 .1 

0.1 0. 

0. 0002 0 0002 

0 0002 0.0002 



CHEMEX Labs Alberta Inc. 
calgaly:2021 -41stAvenueN.E .• T2E6P2. Telephone (403)291-30n, FAX (403)29MM-68 
Edmofltoo: 9331- 481h Street, T68 2R4, Telephone (403) 465-98n, FAX (403) 466-3332 

Sample Descript 10n 

Sample Date & Time 
Sampled By 
Sample Type 
Sample Station Code 

TOB96-7-!0 
18-09-96 
RSC 
GRAB 

PITEAU ENGINEERING LIMITED 
ATTENTION SUSAN LECLERC 

PROJ.#3773-12 

Chemex Worksheet Number 
Chemex Project Number 
Sample Access 
Sample Matrix 
Report Date 

96-03529-3 
PJTE192-0501 

WATER 
October 9. 1996 

BATCH SPECIFIC QUALITY ASSURANCE REPORT 

PARAMETER 

Arsenic v Dissolved (AA} 

Barium - Total (ICP-MS} 

Barium• Dissolved (ICP-MS) 

Beryllium· Total (ICP-MS) 

Beryllium - Dissolved (ICP-MS) 

Boron Total (ICP-MSJ 

Boron - Dissolved (ICP-MS) 

Cadmium Total (ICP-MS) 

Cadmium Dissolved {!CP-MS) 

Chromium - Total <ICP-MSJ 

Chromium Dissolved (ICP-MS) 

Cobalt Total (ICP-MS) 

Cobalt Dissolved (ICP·MS) 

Copper Total (ICP·MSJ 

Copper Dissolved (!CP-MSl 

Iron Total (lCP-AESl 

Iron Dissolved (ICP-AES) 

Lead Total (ICP·MS) 

Lead Dissolved (!CP-MS) 

Lithium Total (ICP·AES) 

Lithium D1ssolved (ICP-AES) 

Manganese - Total (ICP-MS) 

Manganese Dissolved (IC?-MSl 

Mercury Total {CVAAJ 

Mercury Dissolved {CVAAl 

Molybdenum · Total \IC?-MS) 

Molybdenum· Dissolved (!CP-MSJ 

Nickel · Tot.al ! ICP-MS) 

N1ckel Dissolved (!CP-MS) 

Phosphorus · Total (ICP-AES) 

Phosphorus Dissolved (!CP-AES) 

Selenium To::al (AAJ 

Selenium Dissolved lAAl 

DATE QA/QC 

ANALYZED BATCH 

(DD-MM-YY) NUM ANAL 

27-09-96 

01-10-96 

01-10-96 

01-10-96 

01-10-96 

01-10-96 

01-10-96 

01-10-96 

01-10-96 

01-10-96 

01-10-96 

01-10-96 

01-10-96 

01-10-96 

01-10-96 

02-10-96 

02-10-96 

01-10-96 

01-10-96 

02-10-96 

02-10-96 

01-10-96 

01-10-96 

02-10-96 

02-10-96 

01-10-96 

01-10-96 

01-10-96 

01-10-96 

02-10-96 

02-10-96 

27-09-96 

27-09-96 

1 RJL 

20 WEM 

20 WEM 

20 WEM 

20 WEM 

20 HEM 

20 WEM 

20 WEM 

20 WEM 

20 WEM 

20 WEM 

20 WEM 

20 WEM 

20 WEM 

20 WEM 

10 SW 

10 SW 

20 WEM 

20 WEM 

10 SW 

10 SW 

20 WEM 

20 WEM 

l CH 

l CH 

20 WEM 

20 WEM 

20 WEM 

20 WEM 

10 SW 

10 SW 

l RJL 

l RJL 

DUP 

Rr 

0.0 

0.0 

0.0 

2.0 

2.0 

0.0 

0.0 

3.2 

3.2 

0.0 

o.o 
3.2 

3 .2 

0.0 

0.0 

0.0 

o.o 
3.2 

3.2 

0. 0 

0.0 

0.0 

0.0 

0.0 

0.0 

3.2 

3.2 

0.0 

0.0 

0.8 

0.8 

0.0 

0. 0 

MATRIX SPIKES 

RECOV 

' 
97.3 

106.1 

106.1 

138.6 

138.6 

85.4 

85.4 

108.5 

108.5 

103, 2 

103 .2 

97.1 

97.1 

114 .2 

ll.4. 2 

11.0.5 

110.5 

100 .2 

100 .2 

95.2 

95.2 

117 .6 

117 .6 

100.0 

100.0 

9Ll 

91.l 

101.4 

101.4 

99.5 

99.5 

88.0 

68.0 

CONTROL LIMITS 

LOWER 

72.1 

75,8 

75.8 

75.3 

75.3 

71.S 

71.5 

78.1 

78.1 

76.8 

76.8 

80.1 

80.l 

79.0 

79.0 

88.8 

88.8 

80.5 

80.5 

74.2 

74.2 

80.8 

80.8 

66.0 

66.0 

87.0 

87.0 

78,4 

78.4 

84.0 

84. 0 

79.2 

79.2 

UPPER 

119.4 

123.5 

123.5 

121.2 

121.2 

136.2 

136.2 

120.3 

120.3 

117.8 

117 .8 

114.1 

114 .l 

115.4 

115.4 

114.6 

114.6 

116.9 

116.9 

111.3 

111.3 

119.6 

119.6 

132.7 

132.7 

117.6 

117.6 

116.6 

116. 6 

113 .4 

113 .4 

120.7 

120. 7 

CALIBRATION CHECK 

RECOV 

' 
97.2 

98.0 

98.0 

93.5 

93,5 

98.2 

98.2 

113.6 

113.6 

87.3 

87.3 

96.4 

96.4 

80,6 

80.6 

110. 0 

110.0 

103.2 

103.2 

95.2 

95.2 

102.9 

102.9 

95.6 

95.6 

107,3 

107.3 

105. 9 

105.9 

101.6 

10L6 

97.2 

517.2 

CONTROL LIMITS 

LOWER 

75.3 

87.l 

87.1 

80.1 

80.l 

76.3 

76.3 

83.4 

83.4 

87.7 

87.7 

86.0 

86.1 

83.5 

83.7 

92.2 

92,2 

77 .8 

85.3 

82.6 

82.6 

87. 4 

87.4 

69.9 

69.9 

90.5 

90.5 

8-3. 3 

83.3 

85.l 

85.l 

76.6 

76.6 

UPPER 

122.4 

113.2 

113.2 

120.4 

120 .4 

127. 8 

127. 8 

114.8 

114.8 

113.8 

113. 8 

113 .1 

113.l 

115.1 

115.1 

112.0 

112.0 

129. 8 

113 .9 

107.0 

107.0 

114, 7 

11-4.7 

131.2 

131,2 

109.8 

109.8 

118 .4 

118.4 

110.0 

110.0 

122.4 

122. 4 

~-



,,,,,--.., CHEMEX Labs Alberta Inc. 
~gary: 2021 •41s1Avenue N.E., T2E 6P2, Telephone (403)291•30n, FAX (403) 291-9468 
Edmonton: 9331 ·481h Street, T68 2R4, Telephone(403) ~98n, FAX (403) 466-3332 

Sample Description TOB96-7-10 
Sample Date & Time 18-09-96 
Sampled By RSC 
Sample Type GRAB 
Sample Received Date: September 25, 1996 
Sample Station Code : 

PARAMETER DESCRIPTION 

Silver - Total (ICP-MS) 

Silver - Dissolved (ICP-MS) 

Strontium - Total {ICP-MS) 

Strontium - Dissolved (ICP-MS) 

Titanium - Total (ICP-MS) 

Titanium - Dissolved (ICP-MS) 

Uranium - Total {ICP-MS) 

Uranium - Dis.solved (ICP-MSl 

Vanadium - Total (ICP-MS) 

Vanadium - Dissolved (ICP-MS) 

Zinc - Total (ICP-MS) 

Zinc - Dissolved (ICP-MS) 

NAQUADAT UNITS 

CODE 

047016 mg/L 

mg/L 

mg/L 

mg/L 

rng/L 

mg/L 

mg/L 

mg/L 

rng/L 

mg/L 

mg/L 
mg/L 

,'"""" "·· 
Ion Balance Balance 

I 

RESULTS 

< 0.0001 

< 0.0001 

0.380 

0.361 

0,079 

0.036 

0. 0094 

0,0090 

0.011 

0. 004 

0.0479 

< 0,0006 

1.05 

PITEAU ENGINEERING LIMITED 
ATTENTION SUSAN LECLERC 

PROJ .#3773-12 
Chemex Worksheet Number 96-03529-3 
Chemex Project Number PiTEl92-0SOl 
Sample Access 
Sample Matrix WATER 

Report Date October 9. 1996 
Analysis Date October 1. 1996 

DETECTION MILLI 

LIMIT EQUIVALENTS 

0.0001 

0.0001 

o. 002 

0.002 

0,001 

0. 001 

0. 0004 

o. 0004 

0.001 

0.001 

0.0006 

0.0006 

0.0l 



CH~MEX Labs Alberta Inc. 
Calgary :202i ·41s1Avenue N.E., T2E 6P2. Telephone (403) 291-30n, FAX (403) 291·9468 
Edmonton: SS.1\ •48!h Street, T6B2R4, Telephone (403) 465-98n, FAX (403) 466-3332 

Sample Descr1pt1on T0B96-7-10 
Sample Date & Time 18-09-96 
Sampled Sy RSC 
Sample Type GRAB 
Sample Stat,on Code 

PITEAU ENGINEERING LIMITED 
ATTENTION : SUSAN LECLERC 

PROJ.#3773-12 

Chemex Worksheet Number 96-03529-3 
Chemex Project Number PITE192-0501 
Sample Access 
Sample Matrix WATER 
Report Date October 9. 1996 

BATCH SPECIFIC QUALITY ASSURANCE REPORT 

PARAMETER DATE QA/QC MATRIX SPIKES CALIBRATION CHECK 
ANALYZED BATCH DUP RECOV CONTROL LIMITS RECOV CONTROL LIMITS 

CDD-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 l1l.O 
Silver - Dissolved (ICP-MS} 01-10-96 20 WEM 0.0 78.9 77.7 117. 7 94.7 87.3 111.0 
Strontium - Total {ICP-MS) 01-10-96 20 WEM 0.0 98.2 87.S 111.6 105.4 86.4 lll.2 
Strontium Dissolved (ICP-MS) 01-10-96 20 WEM o.o 98.2 87.5 111.6 105.4 86.4 111.2 
Titanium Total {ICP-MSJ 01-10-96 20 WEM 0.0 73.8 68.l 123.7 109.1 82.2 114.9 
Titanium - Dissolved (ICP-MSl 01-10-96 20 WEM 0.0 73 .8 68.l 123.7 109.l 82.2 114.9 
Uranium - Tot..ii.l (ICP-MS) 01-10-96 20 WEM l.6 98.6 77.0 125.0 99.l 81.5 114.2 
Uranium • Dissolved (ICP-MS) 01-10-96 20 WEM l.6 98.6 77 .0 125.0 99.l 81.5 114.2 
Vanadium - Total {ICP-MS) 01-10-96 20 WEM o.o 101.2 74 .5 119.8 89.5 88.5 111.9 
Vanadium - Dissolved {ICP-MS} 01-10-96 20 WEM 0.0 101.2 74.5 ll.9.8 89.5 88.5 111.9 
Zinc Total (ICP-MS) 01-10-96 20 WEM 3.2 85.6 57.4 147 .3 110.0 84,3 119.6 
Zinc - D.1.ssolved (ICP-MS) 01-10-96 20 WEM 3.2 85.6 57.4 147.3 110.0 84.3 119.6 -0 



-CHEMEX Labs Alberta Inc. 
Cslgary:2021 -4lstAveoue N.E., T2E 6P2. Telephone (403)291-3077. FAX (403)291--9468 
Edmonton :9331 •48th Street. T682R4, Telephone (403)465-9aIT, FAX (403)466-3332 

Sample Description T0B96-7-20 
Sample Date & Time 18-09-96 
Sampled By RSC 
Samp 1 e Type GRAB 
Sample Received Date: September 24. 1996 
Sample Station Code : 

PARAMETER DESCRIPTION 

calcium - (ICP) Total 

calcium - (ICP) Dissolved 

Magnesium - (ICP) Total 

Magnesium - (ICP) Dissolved 

Sodium - (ICP) Total 

Sodium - {ICP) Dissolved 

Potassium -(ICP) Total 

Potassium -(ICP) Dissolved 

Chloride - Dissolved 

Sulphate - (IC) Dissolved 

PP Alkalinity (as caco3) 

.,,,,L.-., Total Alkalinity (as cacoJ) 

pH 

I 

carbonaee 

Bicarbonate 

Total Hardness (as CaC03) 

Hydroxide 

Silicon - Tot.al (ICP) 

Silicon - Dissolved (ICPJ 

Specific Conductance 

Total Dissolved Solids 

Total Ammonia Nitrogen 

Nitrite plus Nitrate Nitrogen as N 

Total Dissolved Phosphate asp 

Ortho Phosphate as P 

Total Phosphate as P 

Sulphur - (ICP) - Dissolved 

sulphur - (ICP) - Total 

Total Filterable Residue (TDS} 

Non-Filterable Residue (TSS) 

Aluminum - Total (ICP-MS) 

Aluminum - Dissolved {ICP-MS) 

Arsenic - Total {AA) 

NAQUADAT 

CODE 

620005 

020111 

012005 

012111, 

011005 

011111 

019111 

017206 

016309 

010151 

010111 

010301 

006301 

006201 

010602 

008501 

002041 

000201 

007505 

007110 

015423 

015256 

015406 

010451 

010401 

013016 

033005 

UNITS 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

Units 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

us/cm 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

R E S U L T S 

23.2 

23.0 

10.8 

9.84 

244. 

244. 

3.71 

3.66 

29.2 

16.3 

< O.l 

550. 

7.99 

< 0. 5 

670. 

98.0 

< 0.5 

5.10 

4.59 

1084. 

676. 

a.so 
0.037 

0.004 

< 0.003 

0.027 

5,4 

9.0 

688. 

21.0 

0. 713 

< 0.001 

0.0007 

PITEAU ENGINEERING LIMITED 
ATTENTION SUSAN LECLERC 

PROJ. #3773-12 
Chemex Worksheet Number 96-03529-1 
Chemex Project Number PITE192-0501 
Sample Access 
Sample Matrix WATER 
Report Date November 21. 1996 
Analysis Date October 2. 1996 

DETECTION MILLI 

LIMIT EQUIVALENTS 

0.01 1.158 

0.01 l. l.48 

0.01 0, 889 

0,01 0.810 

0.01 10.614 

0.01 10.614 

0.02 0.095 

0.02 0.094 

o.s 0. 823 

0,l 0.339 

O.l 

0.5 

0.01 

0.5 

0.5 10.995 

0.5 

0.5 

0. 02 

0.02 

0.02 

l. 

0.01 0.036 

0.003 

0.003 

0.003 

0.003 

0.2 

0.2 

l. 

o., 
0.001 

0.001 

0.0002 



CHEMEX Labs Alberta Inc. 
Calgary :2021 - 41st Avenue N.E., T2E 6P2. Telephone (403) 291•30n, FAX (403)291-9468 
Edmonlon: 9331 • 48th Street, T68 2R4, Telephono (403) 465-9Bn. FAX (403) 46&-3332 

Sample Description 
Sample Date & Time 
Sampled By 
Sample Type 
Sample Station Code 

T0B96-7-20 
18-09-96 
RSC 
GRAB 

PITEAU ENGINEERING LIMITED 
ATTENTION : SUSAN LECLERC 

PROJ.#3773-12 

Chemex Worksheet Number 
Chemex Project Number 
Sample Access 
Sample Matrix 
Report Date 

96-03529-1 
PITE192-0501 

WATER 
November 21. 1996 

BATCH SPECIFIC QUALITY ASSURANCE REPORT 

PARAMETER 

calcium - (ICP) Total 

Calcium - (ICP) Dissolved 

Magnesium - lICP) Total 

Magnesium - (ICP) Dissolved 

Sodium - (ICP) Total 

Sodium - (ICP) Dissolved 

Potassium - {rCP} Total 

Potassium -(ICPJ Dissolved 

Chloride - Dissolved 

Sulphate - {IC) Dissolved 

PP Alkalinity (as CaC03) 

Total Alkalinity {as CaCO3) 

pH 

Carbonate 

Bicarbonat.e 

Total Hardness (as CaCO3J 

Hydroxide 

Silicon - Total (ICPJ 

Silicon - Dissolved (ICP) 

Specific Conductance 

Total Dissolved Solids 

Total Ammonia Nitrogen 

Nitrite plus Nitrate Nitrogen as N 

Total Dissolved Phosphate as P 

Ortho Phosphate as P 

Total Phosphate as P 

Sulphur - [ICPJ - Dissolved 

Sulphur - {lCP) - Total 

Total Filterable Residue (TDS) 

Non-Pilterable Residue {TSS) 

Aluminum - Total (ICP-MS) 

Aluminum - Dissolved {ICP-MS) 

Arsenic - Total {AA) 

DATE QA/QC 

ANALYZED BATCH 

(DD-MM-YY) NOM ANAL 

02-10-96 lO SW 

02-10-96 lO SW 

02-10-96 lO SW 

02-10-96 lO SW 

02-10-96 lO SW 

02-10-96 lO SW 

02-10-96 lO SW 

02-10-96 lO SW 

30-09-96 lO LAC 

20-11-96 lO AM 

NOT APPLICABLE 

26-09-96 3 "" 
26-09-96 3 "" 
NOT APPLICABLE 

NOT APPLICABLE 

NOT APPLICABLE 

NOT APPLICABLE 

02-10-96 lO SW 

02-10-96 10 SW 

27-09-96 l LG 

NOT APPLICABLE 

30-09-96 l BF 

04-10-96 l PK 

30-09-96 1 HO 

02-10-96 1 HO 

30-09-96 1 HO 

02-10-96 10 SW 

02-10-96 lD SW 

02-10-96 1 BF 

30-09-96 2 BF 

01-10-96 20 WEM 

01-10-96 20 WEM 

27-09-~6 1 RJL 

DUP 

Rr 

1. 7 

1. 7 

0.3 

0.3 

0.0 

0.0 

0.2 

0.2 

1.2 

0.0 

l.l 

1.8 

1.8 

1.8 

0.2 

0.0 

0.4 

0.0 

0.0 

o.o 
0-' 

o., 
0.6 

2.0 

0.0 

0. 0 

o.o 

MATRIX SPIKES 

RECOV 

• 
CONTROL LIMITS 

LOWER UPPER 

109.7 89.5 115.7 

109. 7 89.5 115.7 

98.1 95.3 107.3 

98.1 95.3 107.3 

102.l 92.5 109.6 

102.l 92.5 109.6 

101.3 88.2 112.4 

101.3 88.2 112.-4 

102.2 90.S 108.8 

100.8 91.3 108.3 

NOT APPLICABLE 

NOT APPLICABLE 

108.9 59.1 142.3 

108 .9 59.l 142.3 

NOT APPLICABLE 

104.0 80.8 117 .3 

100.6 93.l 105.1 

9€.,; 80.9 118.0 

86.2 80.7 116.6 

96.4 80.9 118.0 

NOT APPLICABLE 

10,;. 0 . 

NOT APPLICABLE 

NOT APPLICABLE 

120.4 84.0 117 .8 

120.4 84.0 117.8 

97.3 72.l 119.4 

CALIBRATION CHECK 

RECOV 

• 
CONTROL LIMITS 

LOWER UPPER 

112.5 92.3 116.7 

112.5 92.3 116.7 

97.4 96.5 109.4 

97.4 96.5 109.4 

103.0 93.2 111.3 

103.0 93.2 111.3 

100.8 90.2 112.6 

100.8 90.2 112.6 

102.S 94.3 105.6 

98.4 90.7 104.7 

NOT APPLICABLE 

NOT APPLICABLE 

110.8 60.9 147.2 

110.8 60.9 147.2 

NOT APPLICABLE 

100.0 90.0 107.5 

102.0 87.8 107 .9 

94.5 82.2 116.0 

102.0 86.l 118.0 

94.5 74.8 121.5 

NOT APPLICABLE 

0.0 

NOT APPLICABLE 

NOT APPLICABLE 

107.l 82.8 123.2 

107.1 91.9 109.6 

97.2 75.3 122.4 

-· 

r-" L__ ____________________________________ ..J 

.. 



~-CHEMEX Labs Alberta Inc . 
..algary : 2021 • 41 st Avenue N.E.. T2E 6P2. Telephone (403) 291.son, FAX (403) 291-9468 
Edmonton: 9331 -48th Street, T6B 2R4, Telephone (403)-465-98n, FAX (403) 466-3332 

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 : 

PARAMETER DESCRIPTION 

Arsenic - Dissolved (AA) 

Barium - Total (ICP-MS) 

Barium - Dissolved (ICP-MS) 

Beryllium - Total (ICP-MS) 

Beryllium - Dissolved (ICP-MS) 

l3oron - Tot.al (ICP-MSJ 

Boron - Dissolved (ICP-MS) 

cadmium - Tot.al {ICP-MS} 

cadmium - Dissolved (ICP-MS) 

Chromium - Total (ICP-MS} 

Chromium - Dissolved (ICP-MS) 

NAQUADAT UNITS 

CODE 

033109 mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

048023 mg/L 

mg/L 

mg/L 

mg/L 

---.._ Cobalt - Total (ICP-MS) 027016 mg/L 

::obalt Dissolved {ICP-MS) mg/L 

Copper Total (ICP-MS) 029016 mg/L 

Copper - Dissolved (ICP-MS) mg/L 

Iron - Total (ICP-AES) 026009 mg/L 

Iron - Dissolved (ICP-AES) 026109 mg/L 

Lead Total (ICP-MS) 082016 mg/L 

Lead - Dissolved (ICP-MS) mg/L 

Lithium - Total (ICP-AES) 003009 mg/L 

Lithium - Dissolved (ICP-AES) 003109 mg/L 

Manganese - Total (ICP-MS) mg/L 

Manganese - Dissolved (ICP-MS) mg/L 

Mercury - Total (CVAA) 080011 ug/L 

Mercury - Dissolved (CVAAI 080101 ug/L 

Molybdenum - Total (ICP-MS) mg/L 

Molybdenum - Dissolved (ICP-MS) mg/L 

Nickel - Total (ICP-MS) 028016 mg/L 

Nickel - Dissolved (ICP-M.S) mg/L 

Phosphorus - Total (ICP-AES) mg/L 

Phosphorus - Dissolved (ICP-AES) 015450 mg/L 

Selenium - Total (AA) 034005 mg/L 

Selenium - Dissolved (AA) 034105 mg/L 

I 

< 

< 

< 

< 

< 

< 

' 

' 
' 
< 

' 
< 

< 

' 
' 
< 

' 

PITEAU ENGINEERING LIMITED 
ATTENTION : SUSAN LECLERC 

PROJ . #377 3-12 
Chemex Worksheet Number 
Chemex Project Number 
Sample Access 
Sample Matrix 
Report Date 
Analysis Date 

96-03529-1 
P lTEl 92-0501 

WATER 
November 21. 1996 
September 27. 1996 

RESULTS DETECTION MILLI 

LIMIT EQUIVALENTS 

0.0002 0.0002 

0.140 0. 0002 

0,0320 0. 0002 

0.0002 0.0002 

0.0002 0.0002 

0.24 0.01 

O.lO 0.01 

0.0007 0.0002 

0.0002 0.0002 

o. 039 0.001 

0.001 0.001 

0.0290 0.0003 

0.0003 0.0003 

0.0040 0.0002 

0.0002 0.0002 

1.26 0.01 

0.03 0.01 

0.0021 0. 0003 

0.0003 0.0003 

0.013 0. 001 

0.011 o. 001 

0.752 a. 001 

0.019 0.001 

0.05 0.05 

0.05 0.05 

0,0002 0.0002 

0.0002 0.0002 

0.0005 0. 0005 

0.0005 0. 0005 

0 .1 0.1 

0.1 0.1 

0.0002 0.0002 

0.0002 0.0002 



CHEMEX Labs Alberta Inc. 
ca.Jgary: 2021 • 41st Avenue N,E., T2E 6P2, Telephone (403) 291·3077, FAX (403) 291-9468 
Edmonton: 9331 • 48th Street. T6B 2R4, Telephone {403) 46S-9877. FAX (403) 466-3332 

Sample Description 
Sample Date & Time 
Sampled By 
Sample Type 

TOB96-7-20 
18-09-96 
RSC 
GRAB 

PITEAU ENGINEERING LIMITED 
ATTENTION SUSAN LECLERC 

PROJ.#3773-12 

Chemex Worksheet Number 
Chemex Project Number 
Sample Access 
Sample Matrix 

96-03529-1 
PITE192-0501 

WATER 
Sample Station Code · Report Date November 21. 1996 

PARAMETER 

Arsenic - Dissolved (AA) 

Barium· Total (ICP-MS) 

Barium - Dissolved (ICP-MS) 

Beryllium - Total {ICP-MS) 

Beryllium - Dissolved (ICP-MS) 

Boron - Total (ICP-MS) 

Boron - Diss0lved (ICP-MS) 

Cadmium - Total (ICP-MS) 

cadmium - Dissolved (ICP-MS) 

Chromium - Total (ICP-MS} 

Chromium - Dissolved (ICP-MS) 

Cobalt Total (ICP-MS) 

Cobalt Dissolved {ICP-MS) 

Copper Total {ICP-MS) 

Copper Dissolved (ICP-MS) 

Iron Total {ICP-AES) 

Iron Dissolved {ICP-AES) 

Lead Total (ICP-MS) 

Lead Dissolved {ICP-MSJ 

Lithium - Total {ICP-AES) 

Lithium - Dissolved (ICP-AES) 

Manganese - Total {ICP-MS) 

Manganese - Dissolved (ICP-~$) 

Mercury - Total (CVAAl 

Mercury - Dissolved (CVAA) 

Molybdenum· Total {ICP-MSl 

Molybdenum - Dissolved {ICP-MS) 

Nickel - Total (ICP-MSJ 

Nickel · Dissolved (ICP-MSJ 

Phosphorus - Total (ICP-AES) 

Phosphorus - Dissolved (ICP-AES) 

Selenium Total (Ml 

Selenium Dissolved CAA) 

BATCH SPECIFIC QUALITY ASSURANCE REPORT 

DATE QA/QC 

ANALYZED BATCH 

(DD-MM-YY) NUM ANAL 

27-09-96 l RJL 

01-10-96 20 WEM 

01-10-96 20 WEM 

01-10-96 20 WEM 

01-10-96 20 WEM 

01-10-96 20 WEM 

01-10-96 20 WC"...M 

01-10-96 20 ~..M 

Ol-10-96 20 WEM 
Ol-10-96 20 WEM 

01-10-96 20 WEM 

01-10-96 20 WEM 

01-10-96 20 WEM 

01-10-96 20 WEM 

01-10-96 20 WEM 

02-10-96 10 SW 

02-10-96 10 SW 

01-10-96 20 WEM 

01-10-96 20 WEM 

02-10-96 10 SW 

02-10-96 10 SW 

01-10-96 20 WEM 

Ol-10-96 20 WEM 

02-10-96 l CH 

02-10-96 1 C'd 

01-10-96 20 WEM 

01-10-96 20 WEM 

01-10-96 20 WEM 

01-10-96 20 WEM 

02-10-96 10 SW 

02-10-9G 10 SW 

27-09-96 

27-09-96 

1 RJL 

1 RJL 

DUP 

Rr 

o.o 
0.0 

0.0 

2.0 

2.0 

0.0 

0.0 

3.2 

3.2 

o.o 
0.0 

3.2 

3.2 

0.0 

0.0 

0.0 

0.0 

3.2 

3.2 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

3.2 

3.2 

0.0 

0.0 

0.8 

0.8 

0.0 

0.D 

MA.TRIX SPIKES 

RECOV 

• 
97.3 

106.1 

106.1 

138.6 

138.6 

85.4 

85.4 

108.5 

108.S 

103.2 

103.2 

97.1 

97.1 

114 .2 

11-4.2 

110.5 

110.5 

100.2 

100.2 

95.2 

95.2 

117 .6 

117.6 

100.0 

100. 0 

91.1 

91.l 

101.4 

101.'a 

99.5 

99.5 

88.0 

88.0 

CONTROL LIMITS 

LOWER 

72.1 

75.8 

75.8 

75.3 

75.3 

71..5 

71.S 

78.1 

78.1 

76.8 

76.8 

80.1 

80.1 

79.0 

79.0 

88.8 

88.8 

80.5 

80.5 

74.2 

74.2 

80.8 

80.8 

66.0 

66.0 

87.0 

87.0 

78 .4 

78.4 

84 .. o 
84.. 0 

79.2 

79.2 

UPPER 

119.4. 

123.S 

123.S 

121.2 

121.2 

136.2 

136.2 

120.3 

120.3 

117.8 

117 .8 

114.l 

114.1 

115.4 

115.4. 

114.6 

114.6 

116.9 

116.9 

111.3 

111.3 

119.6 

119.6 

132.7 

132.7 

117.6 

117.6 

116.6 

ll.6.6 

113.4 

113.4 

120.7 

120. 7 

CALIBRATION CHECK 

RECOV 

• 
97.2 

98.0 

98.0 

93.5 

93.5 

98.2 

98.2 

113.6 

113.6 

87.3 

87.3 

96.4 

96.4 

80.6 

80.6 

110.0 

110.0 

103.2 

103.2 

95.2 

95.2 

102.9 

102.9 

95.6 

95.6 

107.3 

107.3 

105 .9 

1.05.9 

101.6 

101.6 

97.2 

97.2 

CONTROL LIMITS 

LOWER 

75.3 

87.l 

87.l 

80.1 

80.1 

76.3 

76.3 

83.4 

83.4 

87.7 

87.7 

86.0 

86.l 

83.5 

83.7 

92.2 

92.2 

77 .8 

85.3 

82.6 

82.6 

87.4 

87.4 

69.9 

69.9 

90.S 

90.5 

83.3 

83.3 

85.1 

85.l 

76.6 

76.6 

UPPER 

122.4 

113.2 

113.2 

120.4 

120.4 

127.8 

127.8 

114.8 

114.0 

113.8 

113.8 

113.1 

113.1 

115.l 

115.l 

112.0 

112.0 

129.8 

l.13.9 

107.0 

107.0 

114.7 

114. 7 

131.2 

131.2 

109.8 

109.8 

118.4 

118.4 

110.0 

110.0 

122.4 

122.4 

L~---------------------------------------------
.__/ 



--CHEMEX Labs Alberta Inc. 
calgary: 2021 ~41s1Avenue N.E., T2E 6P2, Telephone (403) 291-3077, FAX (403) 291-9468 
Edmonton: 9331 • 48th·Street, T6B2R4, TelephOne (403)465-9877, FAX (403) 466-3332 

Sample Description TOB96-7-20 
Sample Date & Time 1B-09-96 
Samp 1 ed By RSC 
Sample Type GRAB 
Sample Received Date: September 24. 1996 
Sample Station Code : 

PARAMETER DESCRIPTION 

Silver - Total (ICP-MS) 

Silver - Dissolved (ICP-MS) 

Strontium - Total (ICP-MS) 

Strontium - Dissolved {ICP-MS) 

Titanium - Total {ICP-MS) 

Titanium - Dissolved (ICP-MS) 

Uranium - Total (ICP-MS) 

Uranium - Dissolved (ICP-MS) 

Vanadium - Tot.al (ICP-MSJ 

Vanadium - Dissolved (ICP-MS) 

Zinc - Total (ICP-MS) 

-r'" '• .. Zinc - Dissolved (ICP-MS) 

Ion Balance 

I 

NAQUADAT UNITS 

CODE 

047016 mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

Balance 

< 

< 

< 

' 

< 

RESULTS 

0.0001 

0.0001 

0.860 

0. 719 

0.024 

0.113 

0. 0074 

0.0074 

0.001 

0. 001 

0. 0556 

0.0006 

1.02 

PITEAU ENGINEERING LIMITED 
ATTENTION : SUSAN LECLERC 

PROJ-#3773-12 
Chemex Worksheet Number 
Chemex Project Number 
Sample Access 
Samp 1 e Matrix 
Report Date 
Analysis Date 

96-03529-1 
PITE192-050! 

WATER 
November 21. 1996 
October I. 1996 

DETECTION 

LIMIT 

MILLI 

EQUIVALENTS 

0.0001 

0.0001 

0.002 

0.002 

0.001 

0.001 

0.0004 

C. 0004 

0.001 

0.001 

0.0006 

0.0006 

0.01 



CHEMEX Labs Alberta Inc. 
caJgaJy :2021-41stAvenue N.E., T2E 6P2. Telephone (403) 291·3077, FAX (403) 291-9468 
Edmonton: 9331 - 48th Street, T68 2A4, Telephone (403) 465-9877, FAX (403) 466-3332 

Sample Description TOB96-7-20 
Sample Date & Time 18-09-96 
Sampled Sy RSC 
Sample Type GRAS 
Sample Station Code 

-
PITEAU ENGINEERING LIMITED 
ATTENTION : SUSAN LECLERC 

PROJ.#3773-12 

Chemex Worksheet Number 96-03529-1 
Chemex Project Number PITE192-0501 
Sample Access 

·sample Matrix WATER 

,, . ., 

Report Date November 21. 1996 
BATCH SPECIFIC QUALITY ASSURANCE REPORT 

PARAMETER DATE QA/QC MATRIX SPIKES CALIBRATION CHECK 

ANALYZED BATCH DUP RECOV CONTROL LIMITS RECOV CONTROL LIMITS 

(DD-MM-YY) NUM ANAL Rr • LOWER UPPER • LOWER UPPER 

Silver - Total (ICP-MSJ 01-10-96 20 WEM 0.0 78.9 77. 7 J.17.7 94. 7 87.3 111..0 

Silver - Dissolved (ICP-MS) 01-10-96 20 WEM o.o 78.9 77. 7 117.7 94.7 87.3 111.0 

Strontium - Total (ICP-MSJ 01-10-96 20 WEM o.o 98.2 87.5 111.6 105 .4 86.4 111.2 

Strontium - Dissolved (ICP-MS) 01-10-96 20 WEM o.o 98.2 87.5 111.6 105.4 86.4 111.2 

Titanium - Total (ICP-MSJ 01-10-96 20 WEM 0.0 73.8 68.1 123. 7 109.1 82.2 114.9 

Titanium• Dissolved (ICP-MS) 01-10-96 20 WEM o.o 73.8 68.l 123.7 109.l 82.2 114.9 

Uranium - Total {ICP-MSJ 01-10-96 20 WEM l.6 98.6 77 .o 125.0 99.1 81.5 114.2 

Uranium - Dissolved (ICP-MSJ 01-10-96 20 WEM 1.6 98.6 77.0 125.0 99.1 81.5 114.2 
Vanadium - Total (ICP-MS) 01-10-96 20 WEM o.o 101.2 74. 5 119.8 89.5 88.s 111.9 

Vanadium - Dissolved (ICP·MS} 01-10-96 20 WEM 0.0 101.2 74.5 119.8 89.5 88.S 111.9 
Zinc Total (ICP-MS) 01-10-96 20 WEM 3.2 85.6 57.4 147.3 110.0 84.3 119.6 

Zinc - Dissolved {ICP-MSl 01-10-96 20 WEM 3.2 85.6 57.4 147 .3 110.0 84.3 119.6 -~ 



/"CHEMEX Labs Alberta Inc . 
...algmy; 2021 • 41st Avenue N.E., T2E 6P2. Telephone (403) 291-30TT, F/vC. (403} 29H}468 
Edmonton : 9331 - 48th Street, T6B 2R4, Telephone (403) 465-98n, FAX (403) 466-3332 

Sample Description TOB96-7-21 (),_1 ).,r,.✓, J., -7 01}a&-
Sample Date & Time 20-09-96 
Sampled By RSC 
Sample Type GRAB 
Sample Received Date: September 25. 1996 
Sample Station Code : 

PARAMETER DESCRIPTION 

calcium - (ICP) Total 

Calcium - (ICP) Dissolved 

Magnesium - (ICP) Total 
Magnesium - (ICP) Dissolved 

Sodium - (ICP} Total 

Sodium - {ICP) Dissolved 

Potassium -(ICP) Total 

Potassium - (I_CP) Dissolved 

Chloride - Dissolved 

Sulphate - (IC) Dissolved 

PP Alkalinity (as CaC03) 

NAQUADAT 

CODE 

020005 

020111 

012005 

012111 

01100S 

011111 

UNITS 

.L, Total Alkalinity (as CaC03) 
. "''pH 

019111 

017206 

016309 

0101s1 

010111 

010301 

006301 

006201 

010602 

008501 

tng/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

Units 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

uS/cm 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

I 

Carbonate 

Bicarbonate 

Total Hardness (as CaC03) 

Hydroxide 

Silicon - Total (ICP) 

Silicon - Dissolved (ICP) 

Specific Conductance 

Total Dissolved Solids 

Total Ammonia Nitrogen 

Nitrite plus Nitrate Nitrogen as N 

Total Dissolved Phosphate as P 

Ortho Phosphate as P 

Total Phosphate as P 

Sulphur - {ICP) - Dissolved 

Sulphur - (ICP) - Total 

Total Filterable Residue {TDS) 

Non-Filterable Residue {TSS) 

Aluminum - Total (ICP-MS) 

Aluminum - Dissolved !ICP-MS) 

Arsenic - Total {AA) 

002041 

000201 

00750S 

007110 

01.S423 

015256 

015406 

010451 

010401 

013016 

033005 

' 7-2D) 
/ 

RESULTS 

22.7 

22.7 

10.9 

10.9 

241. 

241. 

3.59 

3 .59 

30 7 

16,3 

< 0.1 

556, 

8.24 

< 0 5 

678. 

102. 

0.5 

4.93 

4.53 

1064. 

664, 

0.51 

0,058 

0.015 

0.011 

0. 025 

5.3 

5. 3 

688.0 

21. 0 

0. 37 9 

< 0.001 

0,0007 

PITEAU ENGINEERING LIMITED 
ATTENTION SUSAN LECLERC 

PROJ.#3773-12 
Chemex Worksheet Number 96-03529-20 
Chemex Project Number PITE192-0501 
Samp 1 e Access 
Samp 1 e Matrix WATER 
Report Date October 9. 1996 
Analysis Date October 2. 1996 

DETECTION MILLI 

LIMIT EQUIVALENTS 

0.01 

0,01 

0.01 

0.01 

0 .01 

0. 01 

0.02 

0.02 

0.5 

O.l 

0 .1 

0.5 

0. 01 

0.5 

0.5 

0. 5 

0.5 

0. 02 

0.02 

0.02 

l. 

0.01 

0.003 

0.003 

0.003 

0. 003 

0.2 

0.2 

l. 

0.4 

0 .001 

0, 001 

0.0002 

1.133 

1.133 

0.897 

0.897 

10. 4 84 

10. 4 84 

0.092 

0.092 

0.866 

0.339 

11.115 

0.036 



CHEMEX Labs Alberta Inc. 
Calgary:2021-41StAvenue N,E., T2E 6P2. Telephone (403) 291-3077, FAX (403) 291-9468 
Edmonton: 9331 - 48th Street, T6B 2R4, Telephone (403) 465-9877, FAX (403) 466-3332 

Sample Description 
Sample Date & Time 
Sampled By 
Sample Type 
Sample Station Code 

TOB96-7-21 
20-09-96 
RSC 
GRAB 

PITEAU ENGINEERING LIMITED 
ATTENTION : SUSAN LECLERC 

PROJ .#3773-12 

Chemex Worksheet Number 
Chemex Project Number 
Samp 1 e Access 
Sample Matrix 
Report Date 

96-03529-20 
PITE192-0501 

WATER 
October 9. 1996 

BATCH SPECIFIC QUALITY ASSURANCE REPORT 

PARAMETER 

calcium - {ICPl Total 

Calcium • (lCP) Dissolved 

Magnesium - {ICPJ Total 

Magnesium - (ICP) Dissolved 

Sodium - {ICP) Total 

Sodium - (ICPl· Dissolved 

Potassium •{ICP) Total 

Potassium -(ICPl Dissolved 

Chloride - Dissolved 

Sulphate - (IC) Dissolved 

PP Alkalinity (as CaC03J 

Total Alkalinity (as CaC03l 

pH 
Carbonate 

Bicarbonate 

Total Hardness {as CaC03) 

Hydroxide 

Silicon - Total /ICPJ 

Silicon - Dissolved (ICP) 

Specific Conductance 

Total Dissolved Solids 

Total Ammonia Nitrogen 

N1trite plus Nitrate Nitrogen as N 

Total Dissolved Phosphate as P 

Ortho Phosphate as P 

Total Phosphate as P 

Sulphur - (ICP) - Dissolved 

Sulphur - IICP) - Total 

Total Filterable Residue (TDS) 

Non•Fil~erable Residue (TSS\ 

Aluminum· Total (ICP-MS) 

Aluminum - Dissolved (ICP-MS) 

Arsenic • Total (AA) 

DATE QA/QC 

ANALYZED BATCH 

(DD-MM-YY) NUM ANAL 

02-10-96 10 SW 

02-10-96 10 SW 

02-10-96 10 SW 

02-10-96 10 SW 

02-10-96 lO SW 

02-10-96 lO SW 

02-10-96 10 SW 

02-10.-96 lO SW 

30-09-96 10 LAD 

30-09-96 10 LAD 

NOT APPLICABLE 

26-09-96 3 AM 

26-09-96 3 AM 

NOT APPLICABLE 

NOT APPLICABLE 

NOT APPLICABLE 

NOT APPLICABLE 

02-10-96 10 SW 

02-10-96 10 SI-.' 

27-09-96 1 LG 

NOT APPLICABLE 

02-10- % 1 BF 

04-10-96 1 PK 

01-10-96 HO 

02-ro-96 1 HO 

01-10-96 1 HO 

02-10-96 lO SW 

02-10-96 10 SW 

07-10-96 1 BF 

02-10-96 1 BF 

01-10-96 20 WEM 

04-10-96 20 WEM 

27-09-96 RJL 

DUP 

Rr 

1,7 

l. 7 

0,3 

0 3 

0 0 

0,0 

0.2 

0.2 

l.2 

0.0 

l.1 

l.S 

1.8 

l.B 

0 '' 

0.4 

o . .; 

o.c 
0. [) 

0 0 

o., 
0 ' 
1 

0.0 

o.c 
0 C 

0' 

MATRIX SPIKES 

RECOV CONTROL LIMITS 

• LOWER UPPER 

109.7 89.5 115.7 

109. 7 89.5 115.7 

98.l 95.3 107.3 

98.l 95.3 107.3 

102 .1 92,5 109.6 

102, 1 92.5 109.6 

101.3 BB.2 112.4 

101.3 BB.2 112.4 

102.2 90.8 108.8 

103.2 91. 3 108.3 

NOT A?PLICABLE 

NOT .~.??LICABLE 

108.9 59.1 142.3 

108.9 59-l 142.3 

NOT .:::..??LICABLE 

101.0 so.a 117.3 

100.6 93.1 105 .l 

95.6 80.9 118.0 

86.2 80.7 116 .6 

95.6 80.9 118.0 

NOT APPLICABLE 

104 .0 

NOT APPLICABLE 

NO:' ;.??LICABLE 

120 ' 84.0 117.8 

94.4 84.0 117 .8 

97.3 72.l 119,4 

CALIBRATION CHECK 

RECOV 

• 
112 .5 

112.5 

97.4 

97.4 

103.0 

103.0 

100.B 

100.8 

102.8 

104. 7 

CONTROL LIMITS 

LOWER UPPER 

92.3 116.7 

92.3 116.7 

96.S 109.4 

96.5 109.4 

93.2 lll. 3 

93,2 111.3 

90.2 112.6 

90.2 112.6 

94.3 l.05.6 

90.7 l.04.7 

NOT APPLICABLE 

NOT APPLICABLE 

110.8 60.9 147 .2 

110.B 60.9 147 .2 

NOT APPLICABLE 

102. 0 90.0 107.5 

102. 0 87.8 107.9 

98.5 82.2 116.0 

102.0 86.1 118.0 

98.5 74.8 121.S 

NOT APPLICAELE 

o.o 
NOT APPLICAB:.:;; 

NOT APPLICABLE: 

107.l 82-8 123.2 

89.3 91.9 109.6 

97.2 75.3 122.4 

._.,. 



rCHEMEX Labs Alberta Inc . 
....algary:2021 -41stAvenue N.E., T2E 6P2. Telephone (403)291'"3077. FAX (403)291-9468 
Edmonton ! 9331 • 48th Street. T68 2R4, Telephone (403) 465-SSn, FAX (403) 466-3332 

Sample Description TOB96-7-21 
Sample Date & Time 20-09-96 
Sampled By RSC 
Sample Type GRAB 
Sample Received Date: September 25. 1996 
Sample Station Code: 

PARAMETER DESCRIPTION 

Arsenic - Dissolved {M) 

Barium - Total {ICP-MS) 

Barium - Dissolved {ICP-MS) 

Beryllium - Total {ICP-MS) 

Beryllium - Dissolved (ICP-MS) 

Boron - Total (ICP-MS) 

Boron - Dissolved iICP-MS) 

Cadmium - Total (ICP-MSJ 

Cadmium - Dissolved (ICP-MS) 

Chromium - Total (ICP-MS) 

Chromium - Dissolved (ICP-MS) 

NAQUADAT 

CODE 

033109 

048023 

UNITS 

0
,_...,.~obalt Tot.al {ICP-MSJ 027016 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

ug/L 

ug/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

I 

,halt Dissolved {!CP-MS) 

Copper Total (ICP-MS) 

Copper Dissolved (ICP-MSJ 

Iron Total (ICP-AES) 

Iron Dissolved (!CF-AES} 

Lead Total (ICP-MS) 

Lead Dissolved (ICP-MS) 

Lithium - To~al \ICP-AES) 

Lithium - Dissolved tICP-AES) 

Manganese - Total (ICP-MS) 

Manganese - Dissolved {ICP-MS} 

Mercury - Total (CVAA) 

Mercury - Dissolved (CVAA) 

Molybdenum - Total (ICP-MS) 

Molybdenum - Dissolved (ICP-MS) 

Nickel - Total (ICP-MS) 

Nickel - Dissolved {ICP-MS) 

Phosphorus - Total {ICP-AES) 

Phosphorus - Dissolved (ICP-AESJ 

Selenium Total (AA) 

Selenium - Dissolved (AA) 

029016 

026009 

026109 

082016 

003009 

003109 

080011 

080101 

028016 

015450 

034005 

034105 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

PITEAU ENGINEERING LIMITED 
ATTENTION : SUSAN LECLERC 

PROJ .#3773-12 
Chemex Worksheet Number 
Chemex Project Number 
Sample Access 
Sample Matrix 
Report Date 
Analysis Date 

96-03529-20 
PiTE192-0501 

WATER 
October 9. 1996 
September 27. 1996 

R E S U L T S DETECTION MILL! 

LIMIT EQUIVALENTS 

0. 0002 0.0002 

0.164 0.0002 

0.146 0.0002 

0. 0004 0. 0002 

0.0002 0.0002 

0.16 0.01 

0,07 0.01 

0.0032 0,0002 

0.0002 0.0002 

0. 001 0. 001 

0.001 0. 001 

0.0008 0.0003 

0.0004 0.0003 

0.0002 0. 0002 

0. 0002 o. 0002 

0. 94 0.01 

0.01 0.01 

0. 0023 0.0003 

0.0003 0.0003 

0.012 0.001 

0.012 0.001 

0.040 0.001 

0.025 0 .001 

O. 05 0. 05 

0.05 o.os 
0 ,0023 0.0002 

0. 0020 0.0002 

0.0005 0.0005 

0.0005 0.0005 

0.1 0.1 

0 .1 0.1 

0.0007 0 0002 

0.0002 O.OOC2 



CHEMEX Labs Alberta Inc. 
Calgary :2021 •41stAvenue N.E .• T2E 6P2. Telephone (403) 291-3077. FAX (403)291-9468 
Edmonton: 9331 - 48th Street, T68 2R4, Telephone (403) 465-98Tl, FAX (403) 466-3332 

Sample Description 
Sample Date & Time 
Sampled Sy 
Sample Type 
Sample Station Code 

TOB96-7-21 
20-09-96 
RSC 
GRAB 

PITEAU ENGINEERING LIMITED 
ATTENTION SUSAN LECLERC 

PROJ.#3773-12 

Chemex Worksheet Number 
Chemex Project Number 
Sample Access 
Sample Matrix 
Report Date 

96-03529-20 
PITE192-0501 

WATER 
October 9. 1996 

BATCH SPECIFIC QUALITY ASSURANCE REPORT 

PARAMETER 

Arsenic - Dissolved (AA) 

Barium· Total (ICP-MS) 

Barium - Dissolved (ICP-MS) 

Beryllium· Total [ICP-MS) 

Beryllium - Dissolved (ICP-MS) 

Boron - Total {ICP-MS) 

Boron - Dissolved (ICP-MS) 

Cadmium - Total (ICP-MSJ 

Cadmium - Dissolved (ICP-MSJ 

Chromium - Total {!CP-MS) 

Chromium - Dissolved (ICP-MS) 

Cobalt Total lICP-MS) 

Cobalt Dissolved (ICP-MSJ 

Copper Total (ICP-MSJ 

Copper Dissolved {ICP-MS) 

Iron Total (lCP-AES) 

Iron Dissolved (!CF-AES) 

Lead Total (ICP-MSl 

Lead Dissolved ( ICP-MSJ 

Lithium Total (ICP-AES) 

Lithium Dissolved (!CP-AES) 

Manganese - Total (ICP-MS) 

Manganese Dlssolved IIC?-MS) 

Mercury - Total (CVAA) 

Mercury - DlSSOlved (CVAAJ 

Molybdenum - To:al (ICP-MSJ 

Molybdenum - Dissolved {lCP-MS) 

Nickel - Tota: (IC?-MS) 

Nickel D.:.ssolved (lCP-MS) 

Phosphor~s Total (!CP·AESJ 

Phosphorus Dissolved !!CP·AES) 

Selenium Tot.al (AA' 

Selenlu~ Dissolved IA.A) 

DATE QA/QC 

ANALYZED BATCH 

(DD-MM-YY) NUM ANAL 

27-09-96 l RJL 

01-10-96 20 WEM 

01-10-96 20 WEM 

01-10-96 20 WEM 

04-10-96 20 WEM 

Ol-10-96 20 WEM 

04-10-96 20 WEM 

01-10-96 20 WEM 

04-10-96 20 WEM 

01-10-96 20 WEM 

04-10-96 20 WEM 

01-10-96 20 WEM 

04-10-96 20 WEM 

01-10-96 20 WEM 

04-10-96 20 WEM 

02-10-96 10 SW 

02-10-96 10 SW 

01-10-96 20 WEM 

04-10-96 20 WEM 

02-10-96 10 SW 

02-10-96 

01-10-96 

04-10-96 

03-10-96 

03-10-96 

01-10-96 

04-10-96 

01-10-96 

04-10-96 

02-10·96 

02-10-96 

27-09-96 

27-09-96 

10 SW 

20 WEM 

20 WEM 

l CH 

1 CH 

20 WEM 

20 WEM 

20 WEM 

20 WEM 

10 SW 

10 SW 

1 RJL 

1 RJL 

0.0 

0.0 

0.0 

2.0 

0.0 

0.0 

3.2 

3.2 

3.2 

0.0 

0.0 

3.2 

2. 5 

0.0 

C ."O 

0.0 

0 

.2 

o.: 
0 

C. 

C. 

0 

C J 

0 

3.2 

3 2 

C 

C 

C 

C 

MATRIX SPIKES 

RECOV 

% 

97.3 

106.l 

106.l 

138.6 

93.5 

85.4 

97.8 

108 .5 

86.2 

103 .2 

85.l 

97.1 

84.9 

114.2 

89. 0 

110.5 

110,5 

100. 2 

!:13.4 

95.2 

95.2 

117 .6 

90.4 

100. C 

100.0 

91.l 

89.9 

::.01..:; 

95.5 

99.5 

99.5 

88.0 

sa, o 

CONTROL LIMITS 

LOWER 

72.l 

75.8 

75.8 

75.3 

75.3 

71.5 

71.5 

78.l 

78.l 

76.8 

76.8 

80.l 

80.1 

79.0 

79.0 

as.a 
as.a 
80.5 

80.5 

74.2 

74.2 

80.8 

so.a 
66.0 

66.0 

87.0 

87.0 

78.4 

78.4 

84. 0 

84.0 

79.2 

79.2 

UPPER 

119.4 

123.5 

123.5 

121.2 

121.2 

136.2 

136.2 

120 .3 

120. 3 

117 .8 

117 .8 

114 .l 

114.1 

115.4 

115.4 

114 .6 

114 .6 

116 .9 

116. 9 

111.3 

111.3 

119.6 

119. 6 

132. 7 

132. 7 

117.6 

117.6 

116.6 

116.6 

113.4 

113.4 

120,7 

120.7 

CALIBRATION CHECK 

RECOV 

• 
97.2 

98.0 

98.0 

93.5 

84.5 

98.2 

103.8 

113 .6 

91.6 

87.3 

95.l 

96,4 

95.5 

80,6 

94. 5 

110.0 

110.0 

103.2 

95.0 

95.2 

95.2 

102.9 

93.5 

88.5 

88.5 

107.3 

96.6 

105.9 

91. 6 

101. 6 

101. 6 

97 .2 

97.2 

CONTROL LIMITS 

LOWER 

75.3 

87.l 

87.l 

80.l 

80.l 

76.3 

76.3 

83 .4 

83.4 

87,7 

87.7 

86.0 

86.1 

83.5 

83.7 

92.2 

92.2 

77 .0 

85.3 

82.6 

82.6 

87 .4. 

87.4 

69.9 

69,9 

90.5 

90.5 

83.3 

83.3 

85.1 

85.l 

76.6 

76.6 

UPPER 

122.4 

113.2 

113.2 

120 .4 

120.4 

127.8 

127. 8 

114.8 

114 .8 

113.8 

113. 8 

113. l 

113.l 

11.5.l 

115.l 

112.0 

112.0 

129.8 

113.9 

107.0 

107.0 

114. 7 

114. 7 

131.2 

131.2 

109.8 

109.8 

118.4 

118.4 

110.0 

110. 0 

122.4 

122.4 



rCHEMEX Labs Alberta Inc. 
.Jgary :2021 -41stAvenue N.E., T2E6P2. Telephone (403) 291-3077, FAX (403) 291•9468 

t:dmonton :9331 -48th Street, T68 2R4, Telephone (403) 465-98n, FAX (403)466-3332 

Sample Description TOB96-7-21 
Sample Date & Time 20-09-96 
Sampled By RSC 
Sample Type GRAB 
Sample Station Code 

PITEAU ENGINEERING LIMITED 
ATTENTION : SUSAN LECLERC 

PROJ. #3773-12 

Chemex Worksheet Number 96-03529-20 
Chemex Project Number PJTE192-0501 
Sample Access 
Sample Matrix WATER 
Report Date October 9. 1996 

BATCH SPECIFIC QUALITY ASSURANCE REPORT 

PARAMETER DATE QA/QC MATRIX SPIKES CALIBRATION CHECK 

ANALYZED 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 .o 78.9 77. 7 117.7 94. 7 87.3 111.0 

Silver - Dissolved (ICP-MS) 04-10-96 20 WEM 3.2 83.6 77. 7 117.7 92.l 87.3 111.. 0 

Strontium - Total {lCP-MS} 01-10-96 20 WEM 0.0 96.2 87.5 111. 6 105.4 86 .4 111.2 

Strontium - Dissolved {ICP-MS) 04-10-96 20 WEM 0.0 100.5 87.5 111.6 97.3 86.4 111..2 

Titanium - Total (ICP-MSJ 01-10-96 20 WEM 0,0 73.8 68.l 123, 7 109.l 82.2 114.9 

Titanium - Dissolved (ICP-MSJ 04-10-96 20 WEM 3,2 71.l 68.l 123. 7 84.8 82.2 114.9 

Uranium - Total (ICP-MS) 01-10-96 20 WEM 1. 6 98.6 77 .o 125.0 99.l 81.5 114 .2 

Uranium - Dissolved (ICP-MS) 04-10-96 20 WEM 0.6 95.0 77 .o 125. 0 95.7 81.5 114.2 

Vanadium - Total {ICP-MS) 01-10-96 20 WEM 0. 0 101.2 74.5 119.8 89.5 88.5 111.9 

Vanadium - Dissolved (ICP-MS) 04-10-96 20 WEM 3.2 82.2 74.S 119.8 89.5 88.5 111.9 
a•• ', Zinc Total (ICP-MSJ 04-10-96 20 WEM 3.2 113.7 57.4 147 .3 94.8 84.3 119,6 

~inc - Dissolved !ICP-MS) 04-10-96 20 WEM 3.2 113.7 57.4 147.3 94. 8 84.3 119.6 

I 



CHEMEX Labs Alberta Inc. 
C3Jgaiy: 2021-41stAvenue N.E .• T2E 6P2. Telephone (403)291-30n. FAX (403) 291-9468 
EdrnOnlon :9331- 481hStreet, T6B2R4, Telephone (403) 465-9877, FAX(403) 466-3332 

Sample Description TOB96-7-21 
Sample Date & Time 20-09-96 
Sampled By RSC 
Sample Type GRAB 
Sample Received Date: September 25. 1996 
Sample Station Code: 

PARAMETER DESCRIPTION 

Silver - Total lICP-MSJ 

Silver - Dissolved (ICP-MSJ 

Strontium - Total (ICP-MS) 

Strontium - Dissolved {ICP-MS) 

Titanium - Total (ICP-MS) 

Titanium - Dissolved (ICP-MS) 

Uranium - Total (ICP-MS) 

Uranium - Dissolved (ICP-MS) 

Vanadium - Total (ICP-MS) 

Vanadium - Dissolved iICP-MSl 

Zinc - Total (ICP-MS) 

Zinc - Dissolved (ICP-MS) 

Ion Balance 

NAQUADAT UNITS 

CODE 

047016 mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

Balance 

RESULTS 

< 0.0001 

< 0.0001 

0.75.; 

0.700 

0. 062 

0. 007 

0.0073 

< 0.000.; 

< 0, 001 

< 0.001 

0. 0053 

0.0050 

1. 03 

PITEAU ENGINEERING LIMITED 
ATTENTION SUSAN LECLERC 

,.,,.._,,./ 

PROJ. #3773-12 
Chemex Worksheet Number 96-03529-20 
Chemex Project Number PITE192-0501 
Sample Access 
Sample Matrix WATER 
Report Date October 9. 1996 
Analysis Date October 1. 1996 

DETECTION MILL! 

LIMIT EQUIVALENTS 

0.0001 

0.0001 

0,002 

0.002 

0.001 

0.001 

0. 0004 

0 .0004 

0. 001 

0. 001 

0.0006 

0.0006 

0.01 ···--



APPENDIXV 

B.C. MINISTRY OF ENVIRONMENT LAND AND PARKS WATER NUMERICAL 

CRITERIA 



Water Numerical Criteria1 

COLUMN! COLUMN II COLUMN III COLUMN JV COLUMNV 
Aquatic Life2 Irrigation2•3 Live·stock2 Drrnking 

Substance !AWi (fV,,') (LWI Wa.ter4 (OW) 
Inorganic Substances 
alurrunum 5@pH.:,4.5 5000 5000 200 

7@pH=5.0 
11 @pH=5.5 
20@pH=6.0 
50@ pH.::i,.o 

ammonia 131 @pH=9.07 

370@ pH=8.57 
1130®pH=8.07 

J840@pH2.77 

arsenic 50 JOO 5005 25 
banum 1000 1000 
berylliwn 5.3 JOO 100 
boron 500-60006 5000 5000 
oonuum 0.2@ H23=0-60 {0.01 @ H=30) 10 20 5 

0.6@ H=60-120 {0.03@ H=90) 
1.3@ H=J20-180 (0.05 @H=150) 

calcium 
!·8 @H>ISO (0.06 ,i;· H=210) 

1000 mg/I 
chloride 100 - 700mg/!6 250 mg/! 
chlonne 2 1000 
c:hronuum 2 JOO 1000 50 
cobalt 50 50 1000 

copper 2 <a' H.::50mg/l CaCO:J 2006 300 1000 
4@ H= lOOmg/1 CaCOJ 
6@ H=l50mg/l CaCOJ 

8@H=200m£l1 

cyanide (W AD)9 5 

cvanide (SAD)15 200 
fluoride 200@ H<50mg/l 1000 10005.8 1500 

300 @ H~SOmg/1 

iron 300 5000 300 
lead 3@ H.:,40 mg/I CaC03 200 100 10 

5@H=50mg/l CaC03 
6@ H=IOOmg/1 CaC03 

litluwn 
11 @H=IBO mg/I 

2500 5000 
manganese 100 200 50 
mercurv 0.1 1 ~ 1 
molybdenum 1000 10 - 3010 50 

nickel 25@ H-0.60mg/! CaCO:J 200 1000 
65@ H=60-120mg/l CaC03 

IIO®H=l20-180mg/! CaC03 
150@ H~lBOmg/1 CaC03 

nitrate• N (or as N) 40mg/I 1000011 1000011 
nitrate and nitrite (as N) 40mg/I 1000011 10000n 
nitrite - N (or as NJ 20 (chloiide .<lmg/1) - 60" 10000 3200 
selenium / 1 . 2013,5014 50 10 
silver 'o'.1 
sodium 200mg/I 
sulphate IOOmg/1 1000000 500mg/I 
sulphide a5 H2S 2 50 
uraruum 300 1 0 200 100 
vanadium 100 100 
zmc 30 1000-soool4,16 50000 5000 



Water Numerical Criteria1 

COLUMN I COLUMN II COLUMN Ill COLUM1-;1v COLUMNV 

Aquatic LHe2 
Drinking 

Substance lrrig,tion2.3 (IW) Livestock2 (I..W) Water-1 
(AWi (DWJ 

Monocyclic Aromatic 
Hydrocubons (MAHs) 
benzene 300 5 ethylben.zene 700 2.4 
toluene 300 24 xylenes 300 

Polycyclic Aromatic 
Hydrocarbons (PAHs) 
naphthalene I 
acen.aphthene 6 
fluorene 12 
anthracene 0.1 
phenanthrene 0.3 

acridine 0.05 
fluoranthene 0.2 
byrene 0.02 

enzof a /anthracene 0.1 
benzo a pyrene 0.01 0.01 

Phenolic Substances 
phenols (total) I 
chionn11ted phrnols 

05 - 0.917 monochlorophenol 
0.1 9 

dichlorophenols 0.12 - 0.35 17 0.39 0.3 
tnchlorophenols o.06 - o.s17 29 2 
tetrachJorophenols 0.02 - 0.31 7 19 l 
pentach.lorophenol 0.02 - 0.317 309 30 

Chlorinated _HJ:idrocarbons 
chlorinated alip tics 
dichloroethane, 1.2~ 100 5 
dich.!oromethane 50 
hexachJorobutadiene 0.1 
hexachlorocvclohexane isomers 0.01 
tetrachloroethylene 260 
tnchloroethylene 20 50 
vmyl chloride 2 

chlorinated ben=rnes 
monochlorobenzene 15 30 
dichlorobenzene, 1,2- 2.5 3 
dichJorobenzene 1,3- 2.5 
dichlorobenzene, 1,4- 4 1 
trichlorobenzene, 1,2,3- 0.9 
trichlorobenzene, 1,2,4- 0.5 
trichlorobenzene, 1,3,5- 0.65 

tetrachlorobenzene, 1,2,3,4- 0.1 
tetrachlorobenzene, 1,.2,3.S- 0.1 
tetrachlorobenzene, 1,2,4,5- 0.15 
~entachJorobenzene 0.03 

exachlorobenzene 0.0065 

PCBs 0.000! 0.5 

Halogenated Methanes 
5 carbon tetrachloride 

trihalomethanes 100 

Phthab.te Esters 
DBP 4 
DEHP 0.6 
other phthalate est'ers 0.2 



'Water Numerica.l Criteria1 

COLUMN l COLUMN ll COLUMN Ill COLUMN IV COLUMNV 

Irrigation:Z.3 (IW) Llvestock2 (LW) 
Drinking 

Substance Aqu2..tic Life2 Water4 
(AW) CDW) 

Pesticides 
aldicarb o.1518,19 54.920. 57_521 ]] 9 
aldrin and dieldrin 0.004 0.7 0.7 
atrazine 219. 1018 10 60 5 
azinJtos--methyl 20 
ben iocarb 40 

bromoxvnil 5 
carbariJ 90 
carbofuran 1.75 45 90 
chlordane 0.006 7 
chlorpyrifos 90 

cyanazine 2 0.5 10 10 
2.4-0 4 100 
DDT 0.001 3022 
diazinon 0.01 .14 20 
dicamba 120 

diclofop-methyl 9 
dimethoate 6.2 3 20 
dinoseb 10 
diquat 70 
diuron 150 

endosulfan 0.02 
endrin 0.0023 
~lyphosate 65 280 280 

eptachlor & heptach.lor epoxide 0.01 3 
lindane · 4 

malathion 190 
metho~cltlor 900 
metola or 8 28 50 50 
metribuzin I 0.5 80 BO 
paraquat 10 

parathion 50 
phorate 2 
pidoram 29 0.5 190 190 
simazine IO 0.5 10 10 
2,l,5-T 20 

temephas 260 
terbufos I 
toxafhene 0.008 
trial ate 0.24 230 230 
trifluralin 0.1 45 45 

Radioactive Substances 
137cesium 50 Bq/1 
131 iodine 10 Bq/1 
226radiwn I Bq/1 
90strontium 10 Bq/1 
3tntium 40000 Bq/1 



Water Numerical Criteria1

Footnotes 

1All values are in ug/1 unless other=wise stated. 

2For 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. 

3 Applies to irrigation of all soil types. 

4Drinking water criteria are for unfiltered samples obtained at the point of consumption. Heavy metals, metalloids 
and inorganic io� are expressed as total concentrations (particulate and dissolved) unless otherwise indicate.d. 

5Criterion applies where dietary intakes or natural levels are high. Consult Director for further advice. 

6Criterion varies depending on crop. Consult Director for further advice. 

7Criterion varies with pH and temperature. 10°C is assumed. Consult Director for further advice. 

SCriterion varies with type of livestock. Consult Director for further advice. 

"WAD means weak acid dissociable. 

1°Criterion varies with crop, soil drainage and Mo:Cu ratio. Consult Director for further advice. 

11 Where nitr ate and nitrite are present, total nitrate plus nitrite�nitrogen should not exceed this value. 

11Criterion varies with chloride concentration. Consult Director for fur�her advice. 

l3Criterion for intermHtent applications on crops. 

11Criterion for continuous application on crops. 

15SAD means strong acid dissociable. 

H•,Criterion varies with soil pH. Consult Director for further advice. 

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

18Criterion to p·rotect marine aquatic life. 

19Criterion to protect freshwate� aquatic life.

2°Criterion to protect crops other than legumes. 

21Criterion to protect legum�s.

"Includes DDT metabolites. 

"H means water hardness in mg/I CaCO:,. 

ERRATUM 

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

:?.-1 Criterion to protect against taste and odor concerns. 
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