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TSABLE RIVER COAL CORPORATION 

APPLICATION FOR BULK SAMPLE PROGRAM 

AT THE TSABLE RIVER COAL PROPERTY 

NEWCASTLE and NELSON 
LAND DISTRICT 

VANCOUVER ISLAND 

April 26, 1997 



1.0 INTRODUCTION 

Tsable River Coal Corporation has been conducting surface exploration work in the form 

of drilling and seismic on the Tsable River Coal Property for the past two years. As a result 

of this work, a broad area of some 39 million tonnes of in-situ coal resources have been 

defined that may be amenable to underground mining methods. In order to provide a better 

understanding of the deposit and mining conditions, the company is prepared to invest a 

substantial amount of money to perform underground exploration in the form of a bulk 

sample of 90,000 tonnes. 

The Tsable River Coal Property is part of the Weldwood of Canada Limited Fee Simple 

Coal Rights area in the E. and N. Land Grant. Tsable River Coal has an option purchase 

agreement with Weldwood for these fee simple coal rights. Hillsborough Resources 

Limited., as Project Manager and majority owner of Tsable River Coal Corporation, is 

operator of the project. 

This document is presented as an information package as a precursor to a formal 

application for removal of the bulk sample. It has been prepared jointly by Hillsborough 

Resources technical personnel and AGRA Earth and Environmental, retained as 

environmental consultants to the project. The removal of all coal produced from the bulk 

sample operation to the existing Coal Preparation Plant at the Quinsam Coal Mine greatly 

reduces the impact of the proposed bulk sample operation at Tsable River. 

The aim of the document is to provide as much information as possible to allow various 

agencies to respond in a timely fashion, to assist in the expediting of the application so that 

work can begin this summer. 

I-1 
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2.0 BASELINE INFORMATION 

2.1 CLIMATE 

The following are direct excerpts from the report entitled “Soils of Southern Vancouver Island” 

Ministry of Environment Technical Report 17, 1985 by J.R. Jungen; 

“The weather of Vancouver Island is dominated by low pressure systems in the winter and 

high pressure systems in the summer (Tuller, 1979). Prevailing winds are predominantly from 
the southeast in winter, while northwest winds predominate in the summer. The Vancouver 
island Range significantly modifies the easterly moving moisture-laden air masses.” 

“Solar radiation and hours of bright sunshine decrease from the southeast of Vancouver Island 

to the northwest. Summer temperatures are cool to mild; winter temperatures are also mild 
and extremes of temperature are rare. The freeze free period is relatively long, up to 230 days 

along the coast and 150 days in inland locations.” 

“The major portion of Vancouver Islands’ precipitation falls during the winter. Winter and 
mean monthly precipitation increase from south to north and from east to west.” 

The bulk sample area is located on the western edge of a lowland plateau area approximately 
1 kilometre to the west of Fanny Bay (See Figure I). The weather stations at Courtenay and 
Comox Airport are the closest to the bulk sample area and selected data for these stations are 
included in Appendix 3 for reference. The data for the Comox Airport appears to be more 
complete and therefore will be used at the site, e.g., for final design of the water management 

system. 

2.2 GEOLOGY AND DESCRIPTION OF DEPOSIT 

Detailed geology of the bulk sampling area and of the deposit has been described by Steven 
Gardner, P.Geo. for Tsable River Coal Corporation. This analysis has been included in 
Section 3 of the application document. 

2.3 TOPOGRAPHY AND SURFACE DRAINAGE FEATURES 

Figure 2 provides the bulk sample location plan including drainage features and 2.5 metre 

topographic intervals. 

The site is moderately sloped from west to east from the 100 metre contour above the site 
to approximately the 77.5 metre contour at the existing logging road. The vertical drop of 

i 
3 

22.5 metres occurs over a horizontal distance of approximately 240 metres giving an average 
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slope of 9.4%, west to east at the site. The area further to the east of the logging road is 
relatively flat for approximately 750 metres to the new Island Highway right-of-way. 

Cowie Creek runs in a west to east direction approximately 100 metres to the south of the 
bulk sample site. A slight depression with base sloping towards Cowie Creek from north to 

south through the bulk sample site lies between the 75 metre and 77.5 metres contours. 

The bulk sample area lies on the drainage divide between the Tsable River and Cowie Creek. 
The mine plan for the bulk sample calls for diverting upslope drainage to the north along the 
western boundary the site by means of an interception ditch excavated at approximately the 

97 metre elevation. This clean drainage will be routed along the northern side of the site and 
drain into existing watercourses which discharge to the Tsable River approximately 1500 

metres to the north of the site. 

Site drainage will be collected by a ditch system along the northern, southern and eastern 
boundaries of the site and routed to a settling pond system as described in Section 2.4.1. 
The effluent from the settling system will be routed into the same watercourses used for the 

clean water drainage and will also discharge to the Tsable River. 

2.4 WATER QUALITY 

2.4.1 Surface Water 

Baseline water quality has been monitored at up to 10 sampling locations from July 1996 to 
present. The sampling locations were selected by Tsable River Coal Company to represent 

upstream, downstream and on-site water quality conditions. Sampling and analysis has taken 
place on a biweekly basis for the major sampling locations on Cowie Creek, Tsable River and 
Cougar-Smith Creek throughout the fall and winter months of 1996/l 997. Smaller tributary 
streams in the proposed bulk sample area include Sammy, Grade, January, Fastwater and 
Kilometre 4 Creeks which have been sampled on a monthly basis over the same period. 

Sampling locations are shown on Figure 3. 
Parameters analyzed include physical parameters, suspended and dissolved solids, sulphate, 
nutrients and total and dissolved metals. The tabulated analytical results and the laboratory 

data are included in Appendix 4. 

Table 1 summarizes the applicable water quality criteria for the bulk sample area. The 
identified resource value of Cowie and Cougar-Smith Creek and their tributaries as identified 

in Section 2.5 are drinking water and fish habitat and therefore the Canadian Drinking Water 
Guidelines’ (CDWG) and the BC Environment freshwater aquatic life criteria2 (BCE) are 

’ Reference 20 
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applicable. The most stringent of the two criteria should be applied to the analytical results. 
The identified resource value of the Tsable River and its tributaries is fish habitat and therefore 
the BC Environment freshwater aquatic life criteria are applicable. In instances where BCE 

criteria does not exist the CDWG criteria may be useful for comparison. 

The water quality data for the period of monitoring indicate that the baseline water quality in 
the area of the proposed bulk sample location is within the CDWG and BCE guidelines with 

the exception of one sample taken at the Tsable River site during the first week of September 
1996. The sulphate result at 162 mg/L exceeds the BCE aquatic life criteria of 100 mg/L. 

The analytical result for TDS of 2300 mg/L, while not comparable to BCE criteria, is much 
higher than the CDWG TDS criteria of 500 mg/L. It is also noted the dissolved magnesium 
concentration is elevated, although it does not exceed the CDWG criteria. Comparison of 
these results to the analytical results for the Tsable River taken 2 weeks later indicates that 
the elevated concentrations of TDS, sulphate and magnesium are comparable to the other 

streams in the area. The elevated concentrations appear to be a short-term occurrence and 
may be related to a storm or other event. Two other instances of elevated TDS and sulphate, 

not exceeding criteria, are noted for the Tsable River during the first week of August 1996 
and the third week of December 1996. Tsable River Coal Corporation suspects that the 
elevated levels may be the result of seawater mixing at the Tsable River sampling site which 
is located at the Highway 19 bridge. Further sampling and analysis to augment the baseline 

data will take place upstream at the new Tsable River bridge beginning in May 1997. 

Effluent from the bulk sample project area will consist of surface runoff and water pumped 
out of the bulk sample adits. An application will be made to BC Environment for a 15 month 
Approval to discharge effluent from the bulk sample settling ponds. It is anticipated that the 
effluent will discharge into the Tsable River drainage in order to afford maximum protection 

to Cowie Creek which is used as a drinking water supply for the Fanny Bay Waterworks 
District. Discharge to the Tsable drainage will also allow additional space for installation of 
additional control structures if required. Sediment control and the potential for acid rock 
drainage (ARD) are two issues which will require further study although preliminary reviews 
of acid base accounting (ABA) data for drill core samples indicated low potential. Preliminary 
layout and sizing of the settling ponds is provided in Section 2 of this report. Further sizing 
in accordance with the applicable design criteria contained in the BC Environment settling 

pond design criteria3. ARD source control will be applied to the bulk sample area. ARD 
potential and control is addressed in Section 3 of this report. It is anticipated that the metals 
criteria applied to BC Environment’s current Waste Management Permit PE07008 for effluent 
at the Quinsam minesite will be applicable to the discharge from the Tsable River bulk sample 

settling ponds. 

( : 3 2 Reference 19 

3 Reference 21 
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2.4.2 Groundwater 

A 1990 water resources study4 prepared for the Ministry of Transportation and Highways 
surveyed the groundwater use in the Fanny Bay area (Section 441 of the Vancouver Island 
Highway Project). The report indicates that 20 wells existed in Section 441 as of 1990. Of 

these, 18 are shallow dug wells ranging in depth from 4.5 to 26 feet. Known well yields 
range from IO to 20 gallons per minute, although yields are not available for most wells in this 
section. 

Groundwater use in Section 441 includes community and domestic water supply and 
irrigation, The Fanny Bay Waterworks District draws its water from Cowie Creek by means 
of a 26 foot deep well located in the alluvial gravels of Cowie Creek. 

The majority of wells in Section 441 are located near Fanny Bay and Buckley Bay in deposits 
of tills, silts and clays. The nearest wells to the proposed bulk sampling location are 
approximately 750 to 1000 metres to the east. 

Baseline groundwater sampling and analysis has not been performed to date. A well located 
directly above the proposed bulk sampling adits is’in place and will be sampled during May 
1997 to establish baseline groundwater data. 

2.5 FISHERIES AND AQUATIC RESOURCES 

2.5.1 Watercourses in the Area 

Water courses downgradient of the bulk sample area include the Tsable River and Cowie 
Creek which flows into Cougar-Smith Creek. Kilometre 4 Creek, a tributary of the Tsable 
River is also in the vicinity upgradient from the bulk sample area. Stream classification for 
these watercourses was recently carried out in the area of the bulk sample for MacMillan 

Bloedel Limited. Figure 4 is the stream classification map which was prepared as part of the 
study. 

Figure 4 indicates that the Tsable River, Kilometre 4 Creek and Cowie Creek, downgradient 

of the bulk sample area, are all fish bearing. Cowie Creek, upgradient of the bulk sample area, 
is indicated to contain resident fish. 

The MOTH report5 prepared for the new Island Highway summarized Cowie Creek and the 
Tsable River as follows; Cowie Creek has a drainage area of 23.5 km2. Fish species present 

/ 3 -t 
. . 

4 Reference 7 

5 Reference 3, pp. 8-12. 
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in Cowie Creek include coho and chum salmon, steelhead and sea-run cutthroat trout. The 
Tsable River has a drainage area of 102.9 km*. Fish species present in the Tsable River 
include coho, pink and chum salmon, steelhead and sea-run cutthroat trout. The lower 1.75 
kilometres of the River is used extensively for both spawning and rearing. 

Kilometre 4 Creek is indicated as fish bearing on Figure 4. According to the Tsable River Coal 
Corporation, the Federal Department of Fisheries and Oceans (DFO) electrofished the Creek 
in the late fall of 1996 and no fish were found to be present. A further round of electrofishing 
may be performed by DFO during a selected time in 1997. 

2.5.2 Baynes Sound 

Baynes Sound is known as an important shellfish habitat area. Locations of shellfish beds and 

species present have not been determined. DFO will be consulted in conjunction with the 

Vancouver Island Mine Review Committee (VIMRC) to determine if concerns exist for 
protection of shellfish habitat near the mouths of the Tsable River and Cougar-Smith Creek, 

and issues to be addressed regarding Baynes Sound as a whole. 

2.6 SURFICIAL GEOLOGY, TERRAIN AND SOILS MAPPING 

2.6.1 General 

A summary of the surficial geology, terrain, soil survey and soil capability mapping has been 

compiled from information from existing sources only; no field work was conducted as part 
of the current assessment. This information applies to the immediate minesite portal area, 

workshop, coal storage area, proposed topsoil and till storage and settling pond areas. 

Primary sources of existing information include provincial and federal government inventory 
information, and inventory information and interpretive information from other major projects 
in the area. The latter include: 

l Vancouver Island Highway Project; 
0 BC Hydro 500 KV powerline construction; and 
a Centra Gas natural gas pipeline project. 

Existing government map inventory information sources are at scales of 1:50,000 or smaller. 

The scale of the source maps is small, and the map polygons are large relative to the size of 
minesite and related activity areas for the areas noted above. 

The existing maps and descriptions allow a broad framework to be established for 
understanding surficial geology and soils conditions in the context of the landscape of the 

proposed project area. Opportunity is also provided by these maps for understanding the 

49 AGRA 
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overall relationships between surficial geology and soil conditions and various interpretations, 
e.g., slope stability, erosion and sedimentation potential and soil suitability for various uses 

such as agriculture. 

The following sections provide a discussion of conditions at the site as can be inferred from 
the existing information. 

2.6.2 Surficial Geology and Terrain Mapping 

Surficial geologic mapping at a scale of 1:50,000 by Fyles (I 963) indicates that the proposed 

bulk sample area is underlain by late glaciomarine and marine deposits consisting of silty to 
stony clay ranging in thickness from 2 m to more than 10 m. 

3 

Site specific information on the surficial geology of the area and region was gathered for the 

corridor evaluation study conducted for the Vancouver Island Highway project’ (B.C. Ministry 
of Transportation and Highways, 1988). The study identified scattered exposures of gravel 
and sand within the glaciomarine clay unit mapped by Fyles. Isolated exposures of 
glaciofluvial sand and terraced, gravelly and silty sands Kapilano Sands) flankthe Tsable River 

some 600 m to 700 m north of the site and in a separate outlier south of the site between 
Cougar Smith and Cowie Creeks. Till deposits are apparently present in the region (MOTH, 
1988), but continuous exposures have not been mapped. Organic materials are present in low, 

poorly drained areas. The range in thicknesses of surficial deposits is governed by the 

underlying bedrock topography which undergoes dramatic changes throughout this area. 

Existing terrain mapping has been completed as part of the Vancouver Island Highway Project. 
The site is located at the eastern edge of the unsubmerged coastal plain located between the 
Vancouver Island Ranges to the west and the Strait of Georgia to the east. The surface 
expression of the upland area, including the proposed bulk sample site, is generally dominated 
by undulating terrain with incised stream valleys. The Tsable River, approximately 200 m to 
the north, lies within a channel that is 15 to 20 m deep on average. Stream channels in the 

areas contain recent fluvial deposits. 

6 Reference 6. 
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2.6.3 Soil Survey and Soil Capability Mapping 

Several existing inventory sources of information have been used. 

Relatively old but still very useful soil survey information is provided in a report of the 
British Columbia Soil Survey’. Mapping is at a scale of 1:63,360. Soil series are 
identified and features described on the map legend include: soil group 
(classification); drainage; dominant topography; stoniness; and description of virgin 
soils. 

Provincial soil survey and terrain inventory information is provided in a relatively recent 
B.C. Ministry of Environment document 8. Soil associations are mapped at a scale of 
1:50,000 and published at a scale of 1: 100,000. Soil components are described along 
with such characteristics as: parent material; most common texture; most common 
drainage; vegetation zonation; slope classes; and soil phases. 

Manuscript maps to accompany the above are available for: terrain; and land 
capability for agriculture. 

Soils in the area of the proposed Tsable River bulk sample area can be briefly 
described as follows: 

Propdsed sandstone excavated stockpile area and future stacker & coal pile, major 
portion of eastern end - Soils are primarily gravelly and very gravelly loamy sands less 
than a metre thick developed in the glaciomarine, marine and shallow fluvial deposits. 
The area occupied is relatively level. Coarse fragment content is generally at least 
40% and may be >50%. Surface horizons are strong brown to brown and medium 
to strongly acid. A prominent feature of the type of soils occurring in this area is a 
strongly cemented horizon (duric layer) usually occurring in the range of 75 to 120 
centimetres below surface, and immediately above the unweathered surficial geologic 
materials. Drainage is likely impeded by this secondary cementation. Classification 
according to the Canadian System of Soil Classification is Duric Brunisols or Humo- 
ferric Podzols. 

- 

7 Reference 17. Accompanying map sheet specific to the subject site is: Soil Map of Vancouver Island, British 

Columbia, Qualicum-Alberni sheet. 

a Reference 18. Accompanying map sheets specific to the subject site is: Soils of South Vancouver Island, 
British Columbia. Soil Survey Report. No. 44. Sheet 5 (Powell River), Sheet 3 (Port Alberni). 
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Proposed topsoil storage, till storage and western end of sandstone excavated 
stockpile area and future stacker and coalpile - Soils are predominantly gravelly loam 
with some very gravelly and gravelly loamy sands less than a metre thick and usually 
developed in glacial tills. The area occupied is moderately sloping. Coarse fragment 
content is generally 20 to 50%. Surface horizons are strong brown to brown and 
strongly acidic. In the soils in this area there is also usually a strong to moderately 
cemented layer in the range of 60 to 100 centimetres immediately above the relatively 
unweathered compact surficial geologic materials. Drainage may be impeded by this 
secondary cementation. Classification according to the Canadian System of Soil 
Classification is likely to be Humo-ferric Podzols. 

2.6.4 Discussion 

The information obtained from existing maps and reports, related in the foregoing 
summary, and the limitations in applying these data to the current project, are fully 
recognized by AEE. They do not allow detailed planning for critical reclamation related 
activities such as soil salvage, soil stockpiling and soil replacement strategies. 
Selection of specific areas for storage of soils or for location of settling ponds can 
only be generally based on these maps. Similarly, prescriptions cannot be prepared 
for the depths of excavation for soil salvage based on the existing information. 

Preliminary field investigations in the immediate area of the mine can be undertaken 
within a relatively short period of time, as required, in order to create smaller map 
polygons and more specifically attribute the legend and report descriptions to smaller 
areas of the landscape. Such work is required if mapping at a scales of 15,000 are 
to be prepared in accordance with Resource Inventory Committee (RIG) Guidelines9 
and Standards and the requirements indicated in Appendix 1 of the Application to 
Obtain a Mines Act Permit Approving the Mine Plan and Reclamation Program. 

2.7 VEGETATION AND WILDLIFE 

The understorey vegetation type for the site appears to be comprised of salal- 
huckleberry and sword fern. Potential impacts of concern for the subject area involve 
the riparian vegetation (vegetation adjacent to and influenced by waterways). 
Riparian vegetation functions to provide slope stability, preventing soil erosion into the 
waterway which can result in siltation of downstream spawning beds. It also acts as 
a solar buffer for the waterway on which it borders, and provides habitat to wildlife. 

CB 
I$ 

’ Reference 14. 

4% AGRA 
Earth & Environmental 



. Section 2 of Mine Permit Application April 1997 
Tsable River Bulk Sample File No.: NX20129 

Page 9 

3 

The wetland areas are used for bird nesting and year round production for different 
fish species (estimated that wetlands account for over 50% of coho production in 
many streams). 

Vegetation and wildlife mapping for the subject site is currently not available at a 
1:5,000 scale. A 1:5,000 map may be available for the wetland mapped areas, 
however, it appears to be derived from air photo interpretation where many habitats 
and wetlands maybe missed due to scale. Field surveys should be conducted to 
confirm the mapped information and can also provide additional data on season water 
depths, water chemistry and plant species for many habitats. 

Studies in the area of the site have indicated that there is regular use by numerous 
species of wildlife. Of particular importance are elk, black tailed deer, black bear, 
wolf, cougar, beaver, muskrat, otter mink, raccoon, marten, weasel and red squirrel. 
Ducks, Canada geese, trumpeter swans, blue grouse, ruffled grouse band-tailed 
pigeon, great-blue heron and bald eagles have all been sited in the area with 
approximately 260 other species of birds. The creeks and rivers along with the 
wetland areas provide important habitat and rearing areas. The most sensitive period 
is expected to be from March through June when wildlife are nesting and rearing their 
young. 

No species listed as threatened or endangered in a Canadian context are believed to 
occur in the site area. The BC Ministry of Environment Lands and Parks, however, 
has prepared lists of vertebrate animals whose status is of concern in the province. 
Species of vertebrates which occur or are believed to occur in the area of the site 
include: marbled murrelet, Keen’s long-eared myotis, Townsend’s big-eared bat, 
clouded salamander, bald eagle, great blue heron and the Roosevelt elk. 

2.8 LAND STATUS AND USE 

The population forecast for the Fanny Bay/Buckley Bay area indicates an expected 
medium growth rate of 1.2% per year. 

Sport hunting is permitted in the autumn, with black bears also being hunted in the 
spring. Some trapping occurs in the region, however, it is not a major economic 
activity for this area. 

Existing transportation for the area includes the Island Highway, Highway 19, the E&N 

Railway and various logging roads. 
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Aboriginal use of the bulk sample area has not been determined. Tsable River Coal 
Corporation will seek direction from the VIMRC as to which aboriginal groups, if any, 
will require consultation as part of the mine permit application process. 

The proposed bulk sample area occupies approximately 4 hectares in the 
Newcastle Land District immediately south of the boundary between the Newcastle 
and Nelson Land Districts. The site, as proposed, is entirely on Crown Land. 

The land immediately north of the site, in the Nelson Land District is owned by 
MacMillan Bloedel Limited. MacMillan Bloedel is a major forestry owner and has 
established numerous plots to measure volume/yield ratios. MacMillan Bloedel has 
also established rapid growing poplar plantations for fibre production on lands 
immediately adjacent to the facilities for the proposed project. The uses of 
MacMillan Bloedel land which is anticipated at this time in relation to the proposed 
project is the use of the present watercourses for routing of the settling pond 
effluent into the Tsable River drainage, the re-routing of the present logging road to 
the east and the use of the logging roads for hauling the bulk sample coal. Tsable 
River Coal Corporation has entered into discussion with MacMillan Bloedel on these 
issues. The undersurface coal rights in the vicinity of the bulk sample are owned 
by Weldwood of Canada Limited. 

2.9 LAND CAPABILITY 

The present land use for the bulk sample area is Crown Land commercial forest. It 
is anticipated that this use will continue after reclamation of the bulk sample area. 
Crown Lands will require the area to be returned to its present forest productivity 
and these issues are addressed in the Reclamation Plan in Section 3 of this - 
application document. 
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TABLE 1: SUMMARY OF APPLICABLE WATER QUALITY CRITERIA 

QUINSAM COAL CORPORATION 

I I 
PARAMETER 

Conductivity (umhos/cm) 
Total dissolved solids 
Hardness 
PH 
Total suspended solids 
Alkalinity 
Sulphate 
Ammonia Nitrogen 
Kjeldahl Nitrogen 
Nitrate Nitrogen 
Nitrite Nitrogen 
Dissolved Phosphorous 
Total Phosphorous 
Total Aluminum 

Calcium 
Copper 
Iron 
Lead 
Magnesium 
Manganese 
Zinc 

Diss. Aluminum 

I 
CDWG BCE .& 

max. conconcentration (mg/L) max. concentration (mg/L) 

500 

6.5 - 8.5 6.5 - 9.0 

4 

500 100 

IO 200 
1 0.06 

5 [O.O94(hardness f 2)] 
0.3 0.3 

0.05 exp[l.273 In(hardness) - I.4601 at hardness > 8 mg/L 

0.05 100 
5 0.03 

0.2 0.1 at pH > 6.5 

Iron 
Lead 
Magnesium 100 
Manganese 
Zinc 

I 

BCE: Approved and Working Criteria for Water Quality, 1994, BC Environment, (aquatic life) 
CDWG: Canadian Drinking Water Guidelines 



TABLE 2: SUMMARY $F-WATER QUALITY DATA 

IUINSAM COAL CORPORATION 

. TSABLE RIVER SITES 

FOR THE MONTH OF JULY VI% 

PARAMETER 

Conductivity (umhos/cm) 
Total dissolved solids 
Hardness 
PH 
Total suspended solids 
Alkalinity 
Sulphate - 
Ammonia Nitrogen 
Kjeldahl Nitrogen 
Nitrate Nitrogen 
Nitrite Nitrogen 
Dissolved Phosphorous 
Total Phosphorous 
Total Aluminum 

Calcium 
Copper 
Iron 
Lead 
Magnesium 
Manganese 
Zinc 

Diss. Aluminum 
Calcium 
Copper 
Iron 
Lead 
Magnesium . 
Manganese 
Zinc 

Oil and Grease 

COWIE CREEK COUGAR C.@ 

esults expressed as milligrams per litre except where noted. 



IUINSAM COAL CORPORATION 

PARAMETER 

Conductivii (umhos/cm) 
Total dissolved solids 
Hardness 
PH 
Total suspended solids 
Alkalinity 
Sulphate 
Ammonia Nitrogen 
Kjekiahl Nitrogen 
Nitrate Nitrogen 
Nitriie Nitrogen 
Dissohred Phosphorous 
Total Phosphorous 
Total Aluminum 

Calcium 
Copper 
Iron 
Lead 
Magnesium 
Manganese 
Zinc 

Diss. Aluminum 
Calcium 
Copper 
Iron 
Lead 
Magnesium 
Manganese 
Zinc 

Oil and Grease 

COWIE CREEK TSABLE R.@ COUGAR cd 

1 2 3 4 1 2 3 4 1 : - 2 3 4 
II 96.2 I I I II 

COUGAR C.@ 

per mre except wnere norea. 



cl 

PARAMETER 

Conductiiity (umhoslcm) 
Total dissolved solkts 
Hardness 
PH 
Total suspended solids 
Alkalinity 
Sulphate 
Ammonia Nitrogen 
Kjeldahl Nitrogen 
Nitrate Nitrogen 
Nitrite Nitrogen 
Dissohred Phosphorous 
Total Phosphorous 
Total Aluminum 

Calcium 
Copper 
Iron 
Lead 
Magnesium 
Manganese 
Zinc 

Diss. Aluminum 
Calcium 
Copper 
Iron 
Lead 
Magnesium 
Manganese 
Zinc 

COWIE CREEK TSABLE R.@ COUGAR c.u COUGAR C.@ 

1 2 3 4 1 2 3 4 1 2 4 1 2 3 4 
95.4 90.9 40 ii.7 87.3 83 

52 53 21 48 52 53 
. . . . . ~~~~~~~~~~~~~~~~ ., 

7.71 7.77 7.47 7.47 7.53 7.84 7.66 

T 46.; i % 
4 

.c 44x9 ‘:’ : ‘: 3;; . . . ,,;,: ‘,I,: y:..y4;: ::” ‘:‘:, ‘,::...: _( :,:,> :,,,,,,, ;l:ii:i,.i,i:&i. .,,:‘: ::‘.‘..:x .‘:.. I :, .( .: .( ., .I...‘j& i::+z;,;:jb:i’ y:,::,.,, .+$ ““’ “:, : 
3.1 1.5 182 278 ICI 2.1 I 41 

. . . . . =4 

kesults expressed as milligrams per tiire except where noted. 



1UINSAM COAL CORPORATION 

PARAMETER 

Conductivity (umhoskm) 
Total dissobed solids 
Hardness 
PH 
Total suspended solids 
Alkalinity 
Sulphate 
Ammonia Nitrogen 
Kjeldahl Nitrogen 
Nitrate Nitrogen 
Nitrite Nitrogen 
Dissohred Phosphorous 
Total Phosphorous 
Total Aluminum 

Calcium 
Copper 
Iron 
Lead 
Magnesium 
Manganese 
Zinc 

Diss. Aluminum 
Calcium 
Copper 
Iron 
Lead 
Magnesium 
Manganese 
Zinc 

Oil and Grease 

COWIE CREEK TSABLE R.@ COUGAR c.lJ COUGAR C.@ 



UINSAM COAL CORPORAllON 

PARAMETER 

Conductivity (umhoakm) 
Total dissolved solids 
Hardness 
PH 
Total suspended aolida 
Alkalinity 
Sulphate 
Ammonia Nitrogen 
Kjeldahl Nitrogen 
Nkrate Nitrogen 
Nitrite Nitrogen 
Dissolved Phosphorous 
Total Phosphorous 
Total Aluminum 

Calcium 

Copper 
Iron 
Lead 
Magnesium 
Manganese 
Zinc 

Diaa. Aluminum 
Calcium 
Copper 
iron 
Lead 
Magnesium 
Manganese 
Zinc 

Oil and Grease 

COWlE CREEK TSASLE R.@ COUGAR C.U UPPER COMAE 
CREEK 

saulta expressed aa mllllgrama per litre except where noted. 



PARAMETER 

Conductivity 
Total dissolved solids 
Hardness 
PH 
Total suspended solids 
Alkalinity 
Sulphate 
Ammonia Nitrogen 
Kjeldahl Nitrogen 
Nitrate Nitrogen 
Nitrite Nitrogen 
Dissolved Phosphorous 
Total Phosphorous 
Total Aluminum 

Calcium 
Copper 
Iron 
Lead 
Magnesium 
Manganese 
Zinc 

Diss. Aluminum 
Calcium 
Copper 
Iron 
Lead 
Magnesium 
Manganese 
Zinc 

COWlE CREEK TSABLE R.Q COUGAR c.u COUGAR C.@ UPPER COWlE - 
CREEK 

12341234123412341234 
I 391 I AA1 I A01 I AAtll II I I I II A?1 1 391 I 251 I I 

I 181 
I 

?7 
,154 :: ‘; ((’ 

7.32 
1 

. . - - , ..: _. 

.2 1 
3.52 I 



PARAMETER 

Conductivity (umhoslcm) 
Total dissolved solids 
Hardness 
PH 
Total suspended solids 
Alkalinity 
Sulphate 
Ammonia Nitrogen 
Kjeldahl Nitrogen 
Nitrate Nitrogen 
Nitrite Nitrogen 
Dissolved Phosphorous 
Total Phosphorous 
Total Aluminum 

Calcium 
Copper 
Iron 
Lead 
Magnesium 
Manganese 
Zinc 

Diss. Aluminum 
Calcium 
Copper 
Iron 
Lead 
Magnesium 
Manganese 
Zinc 

Oil and Grease 

esults expressed as milligrams per lrtre except where noted. 

COWIE CREEK , UPPER COWlE COUGAR C.@ KM 4 CREEK JANUARY 
CREEK CREEK 



PARAMETER 

Conductivii (umhoslcm) 
Total dissolved solids 
Hardness 
PH 
Total suspended solids 
Alkalinity 
Sulphate 
Ammonia Nitrogen 
Kjeldahl Nitrogen 
Nitrate Nitrogen 
Nitriie Nitrogen 
Dissohred Phosphorous 
Total Phosphorous 
Total Aluminum 

Calcium 
Copper 
Iron 
Lead 
Magnesium 
Manganese . 
Zinc 

Dlss. Aluminum 
Calcium 
Copper 
Iron 
Lead 
Magneslum 
Manganese 
Zinc 

Oil and Grease 

TSASLE R. @J SAMMY CREEK GRADE CREEK 1 GRADE CREEK 2 

1234123412341234 
29.0 30.0 59.0 16.0 18.0 



PARAMETER 

Condudivity (umhoslcm) 
Tdal dissolved solids 
Hardness 
PH 
Total suspended solids 
Alkalinity 
Sulphate 
Ammonia Nitrogen 
Kjeldahl Nitrogen 
Nltrate Nitrogen 
Nitrite Nitrogen 
Dissolved Phosphorous 
Total Phosphorous 
Total Aluminum 

Calcium 
Copper 
Iron 
Lead 
Magnesium 
Manganese 
Zinc 

Dlss. Aluminum 
Calcium 
Copper 
Iron 
Lead 
Magnesium 
Manganese 
Zinc 

011 and Grease 

COWIE CREEK UPPER COWIE COUGAR C.@ KM 4 CREEK JANUARY 
CREEK CREEK 

esults expressed as milligrams per lrtre except where noted. 



PARAMETER 

Conductivity (umhoslcm) 
Total diiobed solids 
Hardness 
PH 
Total suspended solids 
Alkalinity 
Sulphate 
Ammonia Nitrogen 
Kjeldahl Nitrogen 
Nitrate Nitrogen 
Nitrite Nitrogen 
Dissohred Phosphorous 
Total Phosphorous 
Total Aluminum 

Calcium 
Copper 
Iron 
Lead 
Magnesium 
Manganese 
Zinc 

Diss. Aluminum 
Calcium 
Copper 
Iron 
Lead 
Magnesium 
Manganese 
Uric 

Oil and Grease 

TSABLE R. @ SAMMY CREEK GRADE CREEK 1 GRADE CREEK 2 

:esutts expressed as milligrams per litre except where noted. 



PARAMETER 

Conductivity (umhoskm) 
Total dissolved solids 
Hardness 
PH 
Total suspended solids 
Alkallnlty 
Sulphate 
Ammonia Nitrogen 
Kjeldahl Nitrogen 
Nitrate Nitrogen 
Nitrite Nitrogen 
Dissolved Phosphorous 
Total Phosphorous 
Total Aluminum 

Calcium 

Copper 
Iron 
Lead 
Magnesium 
Manganese 
Zinc 

Diss. Aluminum 
Calcium 

Copper 
Iron 
Lead 
Magnesium 
Manganese 
Zinc 

Oil and Grease 

COWIE CREEK UPPER COWIE COUGAR C.@ KM 4 CREEK JANUARY 
CREEK CREEK 

1 2 3 

I I I I II I I I II I I I II I I I I I I I I 



PARAMETER 

Conductivii (umhoslcm) 
Total dissolved solids 
Hardness 
PH 
Total suspended solids 
Alkalinity 
Sulphate 
Ammonia Nitrogen 
Kjeldahl Nitrogen 
Nitrate Nitrogen 
Nitrite Nitrogen 
Dissobed Phosphorous 
Total Phosphorous 
Total Aluminum 

Calcium 
Copper 
Iron 
Lead 
Magnesium 
Manganese 
Zinc 

Diss. Aluminum 
Calcium 
Copper 
Iron 
Lead 
Magnesium 
Manganese 
Zinc 

Oil and Grease 

TSABLE R. @ SAMMY CREEK GRADE CREEK 1 GRADE CREEK 2 

esults expressed as milligrams per lie except where noted. 
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ATMosPHER;c ENVIRONMENT SERVICE 
SERVICE DE L” ENVIRONNEMENT AtiOSPHERIQUE 

-3 x- 

RAIN-k&L INTENSITY-DURATION F%ZQUENCY VALUES 
INTENSITE, DUREE ET FREQUENCE DES PLUIES’ 

’ DATA INTEGR4TION DIVISION 
LA DIVISION DU-TRAIT- DES DONNEES 

. . . 
GUMBEL - M&HOD OF MOKENTS/METHODE-DES’MOMENTS - 199'0' . 

*~tt~*xt~xtxXt~rvftx~~xxxxxx~x*~xxxxx*~~~x*xxx~xx~xxxxx~~.~x~~xxxx~xx~xxxxxxx~, * . 

T&E I * COMOX AIRtiORT . B-C. * . . . . iOZl830 
.- 

5 MIN 10 MIN 1s MIN 30 MIN 
.  .  .  

.  - .  

1963 * S:l 
I+ 

516 6.3 
19.64 . 2-O 4.-l :. 5.3. 
1965 
X966 
1967 

, '1968 
3.969 
1970 
1971 
1972 . . 1973 

t3 I.974 
‘_. 1975 

. 1976 
. 1977 

-1978 
L9.79 
1980 
1981 

4-l S-1. ij;6- 
2.5 4.6 1. Se-3 
E 3-o 9-4 .3.6 

g-9 
3.8 4; 3 4.6' 
1.5 2-S . 4:l 
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4-z . 
5'..3 
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4-l 
3', 3 
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7.0 . 
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4.0 

::‘1 
3.1 

. 1982 
1983 
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- 1985 
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1989 . 
1990 

2-o -2.8 
- l-3 ’ 2.3 

1.8.. 2.5 a:“6 
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4.8 5”:: 
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11.4 
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3.8 
8 -4. 
6-3 

10.4 
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’ 4.7 
NOTE:-99.9 INDICATES MSG DATA 
i DONNEES MANQWXWES 

. . MEAN 2.9 4-3 5.3 7.2 
MOYENNE 

STD. DEV- l-4 1.6 2.0' 2.2 
ECART-TYPE 

SKEM 0.81 1.13 1.46 O-74 
DISSYMETRSE 

-, - 2-68 s-03 6-32 3.01 8 \ KURTOSIS 

# YRS- 28 28 28 28 
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1H 2H’ 6H 
* . . 

. 

- 10-9 13.5 26.4 
8.1 11.3 29-7 
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8.1 11-7 27-2 
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‘44.7 72-E. 
er-9 59-i 
29.5 41;s 
40.6 49.c 
34-I 47-C 
44.8 62.7 
36-2 46-I 
42.2 51 rl 
37-4 73. c 
60.2 89.6 
38.2 54-t 
39-o 40,c 
67-3 105.E 
34-3 46-f 
43.6 55-2 
37.0 39-t 
SO-6 8S.E 

28 28 28 28, 

10-O -14.6 

2-7 3-i 

1.16 '1.22 

4.28 s-04 
1) KURTOSIS 

WARNkNG / AvERTISSEMJ=T 

29-O 42-9 

5.3 . 8:s 

O-23 O-98 

2.52 4.19 

. . YEAR 1968 HAD VALUE GREATER THAN 100 YEAR STORM- 
EN 1968 L’INTENSITB DE LA PLUIE A DE PASSE 

* . . ’ 

24 E 
. . 

28 

60-p 

16-Z 

1-C 

4-l 

. 
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CELLE POUR UNE P&ODE DE RETOUR DE 100 iNs- 
DATA/LA VALEUR = il.-9 : 100 YEAR/ANNEE t 11.5, 

NOTE : -99-9 INDICATES LESS THAN.10 YEARS OF DZiTA'AVaILABLE 
INDIQUE MOINS DE.” 10 ANNEES DE DONNEES DISPONIBLES 

. . . . . . I 
ATMOSPHERIC ENVIRONMENT -SERVICE z 

” u...” 
. . 

.  - 

.  .  
*‘f. .  

.C. r . : :  .  - 

. . I 

:. - 
. *:: 

*+ :. 
. . 

. 
* .: 

.-. 
. 

’ . 

i”*. * 

. *- 
..a. - . 

. 

? 

*i- ..' 
'* . . . 

.- " "" 

“. .**. J’ 

” “$:’ 

‘... .  .  .  

:  - 

’ :  
.  .  . . . 

DURATION .2 YR/ANS s YR,&S 10 YR/ANS 25 “YR/ANS SO YR 
,D- . . 5: MIN 

.- . . 
' 32.3. 

-i-i- 5.5 

24:l 
+/- 3:4 

19*7 
+/- Z-7 

46-7' 56-2 
+/- 9:3 +:/- 12.6 

68.; 77 ” 
+/- 16.9 +/- 2 ;:I 

32-8. *-- 38.6 
+/- 56. cl- 7.6 

" . 
26-7 ":' 31.4 

tf- 4-6 +I- 6.2' 

13-7 
+/- 1-S 

.17,6 20.2 
+/- 2.5 4-p 3.4 

- 9.6 . 12-o 13.6 
+/- O-9 -t-/- L-6 i-/- 2.1 

7.0 
+/- O-6 

8.'5 ” 5.5 
+/- 1-o +/- 1.3 

4-7 
+/- 013 

3.5 
-l-/- O-2 

* 

5.5 6.0 
+/- 0-s +/- o-7 

4-l 4.5 
+/- O-4 +,'-- 0.6 

85,9 
e-f- 23-6 . . . I 

. *- 
10 MIEN 

. . 
4s,9 ” SP1* 

+/- 10-3 ‘+I- I,.’ 
. . 

37% 4: " 
+/- 8O.3 +I-. l .- 

56.7 
.t/-. 14-3 

-1 
46.0 

+ / + 11-6 

, 2813 

. *s&&N 

30 MIN 

. 1.. H 

23-S 2 r, . 

+/- 4.6 +/-t = -I-. 6-S' 
. 

18.6 
-/- 4-o a 

15-6 I."-: . 1 
t/- - 2-9 +/- l .; 

12.5 
-/- 2.4 a 

2H 

6I-z 

10.7 1:. 
+/- 1.7" +/- "" "" " 

i-- 
( ! ~- 

6-6 - * 
. 

t/- d-9 +/- :.I 
7-6 t/- 6-3 I 

s-1 i . 
+/- 0.8 +/- J.* 

s-9 
*/- 1 ..I 

I 
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1 -, 
. 

L 

24.H . 2.4 3..0 ' 3.4 329 ' . 4.3 4.6 
. . +/- 022 +/-. O&4 +/- 0-S +/- O-7 -i-j- - 0.8 4/- I,0 

* . . . . : 
. 

ATMOSPEERIC ENVIRO- SERVICE " . . 
SEXVICE De L'ENVIRO- T AT~OSPKERLQUE :. _ 

. . - 
. . 

. . . . -iNFALL INTENkITY-DURATION FREQUENCY VALUES . -: 
INTENSITE,' DU.&E ET ,FREQUENCE-DES PLUIES 

I - 

. . -- ._ -. . . . -* 
. . . : G&EL. ‘, METHOD 'OF MOMENTS/MEkHODE DlkS MOMENTS _ &.() :. -. . 

CCkFF. (A) 10.2 13.1 15-O 17,4 1-3; 2 '20.9 
COEh?ICIENT (A) 

. * 
. -. 

. * z.2 . -. . . . . . . . . . 
. . * . . . . ExPom (B). -.o:su . 

EXPOSANT (B) 
. .-O-456 -0,486 -O-spF.- ::. :: .- -se ._ 520 -0.527 

- . . . . . . . * 
. * . . a'. - . . * .a*. ::.. . : . . . . . . '- . .*f : . . 

. "&%ERROR 
*. 

3-S ' ii * :6.? * 7.8 .?.S . 9-o - , 
%::'D'ERREUR 

a- : . 
: ..,: . 

-. \ 
. 

. . . : 

. . 



.  I  . : . ..,.. .-/ . . .* . . \ 
.&& (.jjkj . . ( 

. 
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, ,10 MIN -99.9 
. +/- 0.0 

. 
15 MIN , -99.9 

+,-. 0.0 . 

30 MIN -99.9 
+,- 0.0 

- 
. 1 * 1 H’ ‘10 .A 

+/- 1.0 

! 
\ 
i ._. I* * 

-9919 
i-,- 0;o 

a-99.9 - 
+,- 0.. 0 ’ 

-9&S 
+/- . 020 * 

12.8 
s,- l.‘? 

-99.9 
c,- 0.0 

-99.9 
+,- 0.0 

- .-99-s. 
-+/- o-.0 

14.6 
-i-,- 2.3 

-99.9 
+,- 0.0 . . 

-99.9 
+,- 0.0 

-99.9 
+E- 0.0 

16.7 
-I-.,- 3.1 

. I *2 a 7.7 9..3 '10.3 11.6 
i-/- 0.6 +,- 1.0 cf- 1.4 +,- 1.9 

6H 5.5 6.7 7.6 8.6 
. +,- 0.5 +/- O-8 .+/- 1.1 +/- l-5 

12 H 4.1 5.1’ S.8 6.7 
+,- 0.4 +,- 0.7 +/- 0.9 +/- l-2 

24 ?I ’ 2.9 3.8 4.4 
+,- 0.3. +,- 0:6 +/- 0.8 -i-f- ::: 

18.3 
+,- 3.7 

12.5 
+,’ 2.2 . 

9.4 
i-,-- .1.8 

7.3 
+/- 1.5 

5.7 
+,- 1.3 

-99.9 
-I-/- o-.0 

4 
*z99.9 

+I- 0.0 

19.9 I 
c/- .4.3 . . 

13.5‘ 
,+/- 2.6 I 

10.1 
+/- 2.1 

1 

8.0 +/- 1.7 
E 

6;2 +,- 1.5 
I 

ATMOSPHERfC ENVIRONMENT. SERVICE 
SERVICE DE L'ENVIRO bJNEMENT ATMOSPEERIQUE 

. 
I 
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ATMOSPHERXk ~R6NMEXT SJ3RVIC.E - 
SERVICE DE L’ENVXRONNEMENT : ATMOSPHERIQUE 

RAINFtiL INTENSITY-DURATION FREQUENCY VALUES 
INTENSITE, DUREE ET FREQUENCE DES PLUIES 

DATA INTEGRATION DIVISION 
. ti DIVISXON DU TRAITEMEXT DES q-ES* - \ 

. . GU&BEL . . . .: . - METHOD OEMO&TS/METHODE DES MOMENTS - 199;. 

-‘? *  

” l ..: - ’ . *- . .192i_: y-59.9 
3”; . . 
.*. . “.1972’. -94.9 

:. , 
* .‘;“’ : - . . 

:.. .* 
r.. . , 

;.* * - 
*.* . 

.** -73 -*99.9 

A * .: ..I- . . . . 'x974. -99.9 

c. )*t..+. . y.y{.“.:.’ : +3;; +Y. 9 
.‘- .s:-. - -. . ,. -- - ..7--9 
i ,.- _ . . ‘ . \ .*-- _ 

. . 1977 y99.9 
s-9 7.8 .-99.9 

. . 19.79 -99.. 9 
- 198'0 -99.9 

: ” - ‘1981 -99.9 
1982 -pg.9 
1983 -99.9 
1984 -99.9 

. 3985’ -99.9 .” 
1986 -99.9 

. 1987 ’ -99.9 f 
i 1988 -99.9 

Ill989 799.9 
. . 1990 -99.9 

.-99i.s -99.9 
-99.9:' L'g9.ss 
-99.9 . .-39.. 9 
-99.. 9 +9*..9 
-99.9. .-99.;9 
-99:s . as.9 
-99.9 -99.9 
.-99.9. -9919 
-99.9. -99.9 
-99.9 -99.9 
-99.9 -9959 
-99.9 -99:9 
-99.9 -99.9 
-99.9. -99.9 
-99.9 : -991.9 
-99.9 -99.9 
-99’. 9 -99.9 
-99.9 -99.9 
-99.9 -39.9 -9g19. 

-99.9 
NOTE:-99.9 INDICATES MSG DATA . . 

D‘ONNEES MANQUANTES 

#* YRS. 

. * 
MOYENNE 

STD. DEV. 

E-T-TYPE 

Drssti;z 
KURTOSIS 
KURTOSSS 

0 0 '0 *6. 

-99.p -99.3 '-99.9 -99.9 . . 

-99.9 -99.9 -99.9.: -99.9. 

-99.90 -99.90 -99.90 -99.90 

-99.90 a -99.90 -99.90 -99.90 

. 8-16 12.2 
’ i4.2 15.0 

13.2 
10.8 
14 ..O 
12.4 
. 9.0 
12.4 
11, 
11.6 
12.4 
12.8 
11.8 
17.4 
12.2' 

27' 

10.9 

2.9 

0.30 -. 

2a.93 

.NOTE : -99.9 INDICATES LESS THAN -X0 YEARS OF 
INDIQUE MOINS DE 10 ANNJSES DE DONNEES 

. 

12.7 
17.2 
11.8 
23.8 
17.6 
17.2 
21.2 
27.7 
17.8. 
18.4 
23.0 
21.0 
17.8 
17.8 

27 

16.0 

3.5 

0.52 

3.lk 

33;4- . -43:2 f6.: 
38.0‘ 45.6 64. 
34.4. 53.8 63; 
53.6 86.8 120. 
37:4- 51.4 70.. 
32.0 43..4 47.. 
41.4.' 69.4. 112.: 
s3.0 : 80.8 112.. 
51.8 68.8 87.. 
35.4 53.4 56. 
44.4 72.6 121.. 

27 - 27 27 

34.4. 51.5 74. 

8.4 14.0’ 24. 

I:03 x.14 1. 

3.87 3.69‘ 3. 

DATk AVAILABLE 
DISPONIBLES - 
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GINFALL INTENSITY-DWWLTION FI;EQVjZkY VALUES 
INTENSITE, DTJREE ET PREaUENCE DES PLUIES 

. 

GUMBEL - METHOD OF MOMENTS/?XETHODE DES MOMENTS - 1990 

i .J *xXxx~f+~f*xxtxxxxX7~~7~*~xxxx~x~~*x~77~~7**~~~xx7~7~7~x*xx*7**~*7xxx~~xxx7~~ 

TABLE 3 . COURTENAY”PUNTLEIX;E BCHPB.c. 10219-90. 

. -. 

.  .  .  

. . *  - *  * . * .  

.  .  .  

* - *  .  

INTERPOLATION EQUATXON /’ EQUATION D’INTERPdLATION: R = A--’ ‘T -*-;: B . 

’ . R ..= RAXN’FtALL R$TE / INTENSITE DE LA PLUIE (MM /HR) .- 
. :T.b TIME ‘IN HOrfR$ / T-S EN.=S 

L . . . . . ““z: . 
. . 

” . . . . .:’ , . . . ” . . c. . 
. . .* . . *...: .- 

S+ATIST&- 
‘STeA~?~~FQUES 

’ ’ . :. - * ’ -’ ‘, 2;:Yii 
- .:.-- : : -, ANS * . . . . ..- . =-? ‘pp . . ,.a.. - . . _ . ..*. . . 

. 
. . . , 

MOYENNE DE R -:- 

S!lJD- ‘-ERROR 
‘&REUR’ STAND-W -’ 

.  .  J * 
. :  -- ,  .I$ ..>f. .  .  ,.a.* 

.  

.* - 
.  % 

- .* . . .  
:‘. 

&... :  - .  

.  .i 

.  .  - .  
.  > 

aE=. (A)’ - J: i’. ‘-. .’ ),” 

_. ‘. - .  .  :’ 

” . . . ..“. . r ..* . 

-~olp??IyEm (A) . -. * 
. . 
:. . : 

.ExP&&T’(B) . . . 
EXPOSANT iB> . . . . . * 

. .* . . . * . . . * 

MEAN % ERRoi 3.2 2.9 3.0 
%-D’ERREUR 

. . . . . . 

- . . . . -1 
-o,3sf : --2‘-- 

. -.- 

-0,351 -0.5k8e . 

* . . . . . - 
-. . 

. . 

. - 
% 

. L .& . - .‘. 

. 

3-I. 3.f2 3.4 
c 

_ . 

. ‘\ 
i . 

. _ 
1 - 

-. 

. * 

.  c . . 

. , 

.’ 



n 
* . 

I ! !u-l’! I .* ! *. *.: ..: :. 

1 

:, ** II. , .- 5. : *. 

MU\ll ITPct : . .,jQ “;i! c’+. . ?::.;:, . . . . . . 
- . . . . . ynups HEmF=i ._ 



APPENDIX D 

ANALYTICAL DATA 

e AGRA 
Earth & Environmental 



RESUL+S OF ANALYSIS File No. G2832 

NNO 242 Iron 
Portal River #l 

960708 960708 960708 

Cowie 
Creek 

cougar 
Smith 
Creek 

960708 960708 

Phvsical Tests 
Conductivity (umhos/cm) 
Total Dissolved Solids 
Hardness 
PH 
TotaISuspendedSoIids 

DissoIved Anions 
Alkahity - Total 
Sulphate so4 

Nutrients 
Ammonia Nitrogen 
Nitrate Nitrogen 
Nitrite Nitrogen 
Total Dissolved Phosphate 
Total Phosphorus 

CaC03 1 

4- 

CaC03 - 13.6 38.0 38.1 37.4 
15.5 9.6 4.9 1.9 1.0 

; : 
N - 

:: : 

53.4 

E7 
7.io 
2 

<0.005 <0.005 0.048 <0.005 
0.011 0.023 0.050 co.005 
<o.oo 1 0.001 co.00 1 co.00 1 
0.00 1 co.00 1 0.002 0.002 
0.003 co.00 1 0.002 0.002 

87.3 

36;5 
7.35 
1 

77.4 
48 
34.2 
7.32 
4 

76.1 

2366 
7.35 
1 

Results are e.xpressed as milligrams per litre except where noted. 
c = Less than the detection limit indicated. 
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RESULTS OF ANALYSIS File No. G2832 - 

242 
Portal 

96 07 08 

Iron 
River # 1 

96 07 08 

Total Metals 
Aluminum T-AI 
Agiicw T-Sb 

Barium ~~~ 
Beryllium T-Be 

Bismuth T-Bi 
Boron. 
Cadmium :I:d 
Calcium T-Ca 
Chromium T-Cr 

Cobalt 
Copper 
Iron 
Lead 
Lithium 

T-Co 
T-Cu 
T-Fe 
T-Pb 
T-Li 

Magnesium T-Mg 
Ma an&e T-Mn 

% E1oreldenum ;-bllo . 

Phosphorus T-P 

Potassium 
Selenium 
Silicon 
Silver 
Sodium 

Strontium 
Thallium 
Tin 
Titanium 
Vanadium 

Zinc 

T-K 
T-Se 
T-Si 
T-Ag 
T-Na 

T-Sr 

$2k 
T-Ti 
T-V 

T-Zn 

co.2 
co.2 
<0.2 
0.03 
co.005 

co. 1 
co.1 
<o.o 1 
6.49 
<O.Ol 

co.0 1 
co.0 1 
0.62 
<0.05 
co.0 1 

1.34 
0.050 
co.03 
co.02 
co.3 

<2 
co.2 
2.00 
<o.o 1 
c2 

0.013 
<O.l 
co.03 
co.0 1 
co.03 

co.005 

co.2 
co.2 
co.2 
0.01 
<0.005 

co. 1 
co. 1 
<o.o 1 
13.7 
<o.o 1 

co.01 
co.0 1 
co.03 
co.05 
co.0 1 

1.07 
co.005 
co.03 
<0.02 
co.3 

<2 
co.2 
2.43 
co.0 1 
c2 

0.05 1 
co. 1 
co.03 
co.0 1 
co.03 

<0.005 

Et2Z 
cou ar 
SUli i%l 
Creek 

96 07 08 96 07 08 

<0.2 
co.2 
<0.2 
0.01 
<0.005 

<o. 1 
co. 1 
<o.o 1 
10.1 
<o.o 1 

co.0 1 
<o.o 1 
co.03 
co.05 
<o-o 1 

2.36 
co.005 
co.03 
co.02 
co.3 

<2 
co.2 
4.11 
<O.Ol 
<2 

0.023 
co. 1 
co.03 
co.0 1 
co.03 

co.005 

- 

co.2 
co.2 
co.2 
co.0 1 
<c&o05 

co. 1 
co. 1 
co.01 

-9.60 
<o.o 1 

co.0 1 
co.0 1 
co.03 
co.05 
<O.Ol 

2.40 
<0.005 
<0.03 
co.02 
co.3 

<2 
co.2 
4.34 
<O.Ol 
<2 

0.021 
co. 1 
co.03 
co.0 1 
<0.03 

<0.005 

Results are expressed as milligrams per litre except where noted. 
c = Less than the detection limit indicated. 
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RESULTS OF ANALYSIS 

0 
242 Iron 
Portal River # 1 

96 07 08 96 07 08 

Dissolved Metals 
Aluminum D-Al 
Antimony D-Sb 
Arsenic 
Barium EZ 
BerylIium D-Be 

Bismuth D-Bi 
Boron * 
Cadmium :I:d 
CaIcium D-Ca 
Chromium D-Cr 

Cobalt D-Co 
Copper D-Cu 
Iron D-Fe 
Lead D-Pb 
Lithium D-Li 

Magnesium D-Mg 
Man anese D-Mn 

% Molv denum D-MO 
Nickel D-Ni 
Phosphorus D-P 

Potassium D-K 
Selenium D-Se 
Silicon D-Si 
Silver 
Sodium 

D-&Z 
D-Na 

Strondum D-Sr 
ThaUium D-TI 
Tin D-Sn 
Titanium D-Ti 
Vanadium D-V 

Zinc D-2x-r 

co.2 
co.2 
<0.2 
0.03 
co.005 

co. 1 
<o. 1 
co.0 1 
6.49 
co.0 1 

<O.Ol 
co.0 1 
0.07 
<0.05 
co.0 1 

1.34 
0.038 
co.03 
<0.02 
co.3 

<2 
<0.2 
2.00 
co.01 
<2 

0.013 
co. 1 
co.03 
co.0 1 
co.03 

co.005 

co.2 
co.2 
<0.2 
0.01 
co.005 

co. 1 
<o. 1 
co.0 1 
13.6 
<o.o 1 

co.0 1 
co.0 1 
<0.03 
<0.05 
co.0 1 

1.08 
co.005 
co.03 
co.02 
<0.3 

<2 
co.2 
2.43 
co.0 1 
<2 

0.050 
co. 1 
co.03 
co.01 
co.03 

co.005 

File No. G2832 

Cowie 
Creek 

cougar 
smith 
CR& 

96 07 08 96 07 08 

L 

<0.2 
<0.2 
<0.2 
0.01 
<0.005 

co. 1 
co. 1 
co.0 1 
9.90 
co.0 1 

co.0 1 
co.0 1 
co.03 
<0.05 
<O.Ol 

2.29 
<0.005 
co.03 
<0.02 
co.3 

<2 
co.2 
4.04 
co.0 1 
<2 

0.023 
co. 1 
co.03 
co.01 
<0.03 

co.005 

co.2 
co.2 
co.2 
co.01 
<0.005 

<o. 1 
co. 1 
io.01 
9.57 
<o.o 1 

co.0 1 
co.01 
<0.03 
co.05 
<o.o 1 

2.37 
co.005 
<0.03 
co.02 
co.3 

<2 
co.2 
4.33 
co.01 
<2 

0.021 
co. 1 
co.03 
co.0 1 
<0.03 

<0.005 

Results are expressed as milligrams per litre except where noted. 
c = Less than the detection limit indicated. 
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File No. G426k . RESULTS OF ANALYSIS 

e 
cou al- 

$1 
Tsable 

SRli River 

iEEF 1 9608 19 

Argonaut Ditch 1 Ditch 2 
Mine Pit 

9608 19 960819 960819 

Phvsical Tests 
Conductivity (umhos/cm) 
Total Dissolved Solids 
Hardness 
PH 
Total Suspended Solids 

DissolvedAnions 

Nutrients 
Ammonia Nitrogen 
Total Kjeldahl Nitrogen 
Nitrate Nitrogen 
Nitrite Nitrogen 
Total Dissolved Phosphate 

Total Phosphate 

96.2 
62 

536 
278 
49.9 
7.62 
1 

177 
102 

8.30 
CaCO3 34.8 

7.75 
2 

CaC03 45.7 26.7 72.4 
1.7 24.9 17.0 2060 - 1;70 

<0.005 <0.005 

co.005 
<O.OOl 
co.00 1 

ii 
co.005 
0.06 

z 
0.098 
co.00 1 

P 0.004 

P 0.004 

0.07 
0.085 
<o.oo 1 
<o.oo 1 

0.002 0.003 

Results are expressed as milligrams per litre escept where noted. 
c = Less than the-detection limit indicated. 
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RESULTS OF ANALYSIS File No. G4265 

0 

~z2T 1 z?t32 
9608 19 9608 19 

Phvsical Tests 
Condu+My (umhos/cm) 
TozIbntz;olved Solids 

PH 
Total Suspended Solids 

Dissolved Anions 
Alkahity - Total 
Sulphate so4 

Nutrients 
Ammonia Nitrogen 
Total Kjeldahl Nitrogen 
Nitrate Nitrogen 
Nitrite Nitrogen 
Total Dissolved Phosphate 

Total Phosphate 

CaG03 

CaC03 

89.0 

29 
7.66 
1 

43.9 
2.1 

I 
<0.005 
0.07 
0.066 
co.00 1 

1 

co.00 1 

0.00 1 

3930 

755 
6 

415 . 
1760 

Results are expressed as milligrams per litre excepr where noted. 
< = Less than the detection limit indicated. 
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RESULTS OF ANALYSIS 

cou ar p;g smi $1 
Tsable 
River 

Creek Upstream 
96 08 19 96 08 19 96 08 19 

Total Metals 
Aluminum T-AI 
Antimony T-Sb 
Arsenic 
Barium ~iEi 
Beryllium T-Be 

Bismuth T-Bi 
Boron T-B 
Cadmium T-Cd 
Calcium T-Ca 
Chromium T-Cr 

Cobalt 
Po{Per 

T-Co 
T-Cu 
T-Fe 

Lead T-Pb 
Lithium T-Li 

Magnesium T-Mg 
Man anese T-Mn 

% Mc&denum T-MO . 
T-Ni 

Phosphorus T-P 

Potassium T-K 
Selenium T-Se 
Silicon T-Si 
SiIver 
Sodium 

T-f% 
T-Na 

Strontium T-Sr 0.027 
Thallium T-Tl <o. 1 
Tin T-Sn <0.03 
Titanium T-Ti co.0 1 
Vanadium T-V <0.03 

Zinc T-Z-r co.005 

co.2 
<0.2 
co.2 
<o.o 1 
<0.005 

<o. 1 
<o. 1 
<o.o 1 
9.58 
co.0 1 

co.0 1 
<o.o 1 
<0.03 
<0.05 
co.01 

2.70 
<0.005 
co.03 
<0.02 
co.3 

<2 
co.2 
6.27 
co.0 1 
3 

<0.2 
<0.2 
co.2 
co.0 1 
co.005 

co. 1 
co. 1 
co.0 1 
11.7 
co.0 1 

co.0 1 
<o.o 1 
co.03 
<0.05 
<O.Ol 

2.93 
<o-o05 
co.03 
<0.02 
<0.3 

<2 
co.2 
5.26 
co.0 1 
2 

0.028 
co. 1 
co.03 
co.01 
co.03 

co.005 

<0.2 
co.2 
co.2 
co.0 1 
<0.005 

co. 1 
0.1 
co.0 1 
9.19 
co.0 1 

co.0 1 
co.01 
co.03 
co.05 
co.01 

8.42 
co.005 
x0.03 
<0.02 
co.3 

2 
co.2 
2.01 
co.0 1 
75 

0.070 
co. 1 
co.03 
co.0 1 
co.03 

co.005 

$?senf-yt 

96 08 19 

i 

co.2 
co.2 
co.2 
co.01 
co.005 

File No. G4265 

co. 1 
co. 1 
<O.Ol 
31.2 
co.0 I 

co.01 
<o-o 1 
co.03 
<0.05 
co.01 

1.45 
<0.005 
<0.03 
<0.02 
co.3 

<2 
<0.2 
2.98 
<o.o 1 
<2 

0.054 
<O.l 
<0.03 
co.01 
co.03 

<0.005 

9608 19 

<0.2 
co.2 
<0.2 
0.01 
<0.005 

Gil 
<o. 1 
co.01 
11.2 
co.0 1 

co.0 1 
<o.o 1 
co.03 
co.05 
co.0 1 

2.52 
<o-o05 
<0.03 
<0.02 
co.3 

<2 
<0.2 
4.65 
co.0 1 
2 

0.028 
co. 1 
co.03 
co.0 1 
<0.03 

co.005 

Results are expressed as milligrams per litre except \vhere noted. 
c = Less than the detection limit indicated. 

i 
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RESULTS OF ANALYSIS 

cougar cougar Tsable 

Ee? 
SXl.ith River 
Upstream 

96 08 19 96 08 19 96 08 19 

Dissolved Metals 
Aluminum D-AI 
Antimony D-Sb 
Arsenic D-AS 
Barium D-Ba 
Beryllium D-Be 

Bismuth D-Bi 
Boron- 
Cadmium :::d 
Calcium D-Ca 
Chromium D-Cr 

Cobalt 
Pop,Per 

Lead 
Lithium 

D-Co 
D-Cu 
D-Fe 
D-Pb 
D-Li 

Magnesium D-Mg 
Man anese D-Mn 
Mxzteldenum D-MO . % 

Phosphorus 
D-Ni 
D-P 

Potassium 
%E;rn . . 
Silver 
Sodium 

EZe 
D-Si 
D-Ag 
D-Na 

Strontium D-Sr 
Thallium D-Tl 
Tin D-Sn 
Titanium D-Ti 
Vanadium D-V 

Zinc D-Zn 

co.2 
<0.2 
co.2 
co.0 1 
-co.005 

co.1 
co. 1 
<O.Ol 
9.58 
<o.o 1 

co.0 1 
co.0 1 
co.03 
co.05 
<o.o 1 

2.70 
<0.005 
<0.03 
co.02 
co.3 

<2 
co.2 
6.27 
co.0 1 
3 

0.027 
co. 1 
co.03 
co.0 1 
co.03 

co.005 

co.2 
co.2 
co.2 
<o.o 1 
co.005 

co. 1 
-co. 1 
co.0 1 
9.77 
co.0 1 

co.01 
co.01 
co.03 
co.05 
co.0 1 

2.53 
co.005 
co.03 
co.02 
co.3 

<2 
<0.2 
5.26 
co.0 1 
2 

0.024 
x0.1 
co.03 
co.01 
co.03 

<0.005 

co.2 
co.2 
co.2 
<o.o 1 
co.005 

co. 1 
<o. 1 
<O.Ol 
7.85 
co.01 

co.01 
co.0 1 
co.03 
co.05 
-co.0 1 

7.35 
co.005 
co.03 
co.02 
co.3 

2 
co.2 
2.01 
co.0 1 
66 

0.055 
co.1 
co.03 
<o.o 1 
co.03 

co.005 

File No. G4265 

co.2 
co.2 
<0.2 
<o.o 1 
<0.005 

<o. 1 
<o. 1 
-co.0 1 
30.0 
co.0 1 

-co.0 1 
<o.o 1 
co.03 
co.05 
co.0 1 

1.42 
<o-o05 
co.03 
co.02 
co.3 

<2 
co.2 
2.94 
co.0 1 
<2 

0.054 
co. 1 
co.03 
co.0 1 
co.03 

co.005 

co.2 
co.2 
co.2 
co.0 1 
co.005 

4.1 
co.1 * 
co.0 1 
10.1 
co.0 1 

co.0 1 
co.0 1 
co.03 
<0.05 
co.0 1 

2.34 
co.005 
co.03 
<0.02 
<0.3 

<2 
co.2 _ 
4.65 
-co.0 1 
2 

0.027 
-co. 1 
co.03 
co.0 1 
co.03 

co.005 

Results are expressed as milligrams per litre escept where noted. 
< = Less than the detection limit indicated. 
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- RESULTS OF ANALYSIS 

I:$ 

. 

File No. G4265 

SPS LLO NNO Qm 

9608 19 9608 19 96 08 19 96 08 19 

Phvsical Tests 
Condu$ivity (umhos/cm) 
~z~n~;~olved Solids 

PH 
Total Suspended Solids 

Dissolved Anions 
Alkalinity - Total 
Sulphate so4 

Nutrients 
Ammonia Nitrogen 
Total Kjeldahl Nitrogen 
Nitrate Nitrogen 
Nitrite Nitrogen 
Total Dissolved Phosphate 

Total Phosphate 

CaeO3 

CaC03 

143 

7.47 7% 
13 

865 42.8 18.4 13.1 

Results are expressed as milligrams per litre except where noted. 
c = Less than the detection limit indicated. 

cougar 
Smith 
Creek 
96 08 19 

86.8 

Pig.0 
7.76 
1 

40.2 
cl.0 

co.005 
0.09 
0.065 
co.00 1 
0.00 1 

Page 2 



RESULTS OF ANALYSIS File No. G488’9 
- v 

Road #l Road #2 cougar Cowie Tsable 
SIIlith Creek River 
Creek 

96 09 09 96 09 09 96 09 09 96 09 09 96 09 09 

PhvsicalTests 
Conductivity (umhos/cm) 
Total Dissolved Solids 
Hardness 
PH 

CaC03 - 

Total Suspended SolidS 

Dissolved Anions 
Akalinity - Total 
Sulp$ate so4 

CaC03 - 
3.1 1510 

87.3 S" 4380 
Es 38.3 408 2300 _ 

7.G4 7.71 7.47 
1 1 1 

41.2 46.7 38.1 
2.1 3.1 162 

Nutrients 
Ammonia Nitrogen co.005 co.005 
Total Kjeldahl Nitrogen 0.13 0.08 
Nitrate Nitrogen 0.061 0.078 
Nitrite Nitrogen 0.001 0.002 
Total Dissolved Phosphate 0.006 0.004 

Total Phosphate P - 0.007 0.004 0.003 

co.005 
0.08 
0.101 
0.002 
0.003 

Results are expressed as milligrams per litre except where noted. 
c = L&s than the detection limit indicated. 
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RESULTS OF ANALYSIS 
- File No. G4889 

IRU IRD 242 
Portal 
Pond 

96 09 09 96 09 09 96 09 09 

Total Metals 
AIuminum T-Al 
gey T-Sb 

Barium ~~~ 
BexyIlium T-Be 

Bismuth T-B1 
Boron 
Cadmium %:d 
Calcium T-Ca 
Chromium T-Cr 

Cobalt T-Co 
Copper T-Cu 
Iron T-Fe 

T-Pb 
k&m T-Li 

Magnesium T-Mg 
Man anese T-Mn 

% Moly denum T-MO 
Nickel T-Ni 
Phosphorus T-P 

Potassium T-K 
Selenium T-Se 
Silicon T-Si 
Silver 
Sodium 

T-4 
T-Na 

Strontium T-Sr 
Thallium 
Tin ~~~ 
Titanium 
Vanadium :I? 

ZiIlC T-Zn 

co.2 
co.2 
co.2 
co.0 1 
co.005 

co. 1 
co. 1 
co.0 1 
13.1 
co.01 

co.0 1 
co.0 1 
co.03 
<0.05 
<O.Ol 

1.07 
co.005 
co.03 
co.02 
<0.3 

<2 
co.2 
2.38 
x0.0 1 
<2 

0.048 
<o. 1 
x0.03 
<o.o 1 
co.03 

co.005 

co.2 
co.2 
co.2 
co.01 
co.005 

co.1 
co.1 
co.0 1 
14.1 
co.01 

co.01 
co.01 
co.03 
co.05 
co.01 

1.23 
<0.005 
<0.03 
co.02 
co.3 

<2 
co.2 
2.44 
<O.Ol 
3 

0.053 
co. 1 
<0.03 
co.0 1 
<0.03 

<0.005 

1.8 
co.2 
co.2 
0.03 
co.005 

co. 1 
co. 1 
co.0 1 
12.6 
co.0 1 

<o.o 1 
0.02 
1.78 
<0.05 
co.0 1 

1.94 
0.115 
<0.03 
co.02 
co.3 

<2 
<0.2 
3.54 
<o.o 1 
c2 

0.032 
co. 1 
co.03 
0.05 
co.03 

0.015 

g2g.y Cowie 
Creek 

Creek B 
96 09 09 96 09 09 

co.2 
co.2 
co.2 
<o.o 1 
co.005 

co. 1 
co. 1 
co.0 1 
9.77 
co.01 

co.0 1 
<o.o 1 
0.03 
co.05 
<o.o 1 

2.86 
<o-o05 
co.03 
co.02 
co.3 

<2 
co.2 
6.43 
co.0 1 
3 

0.026 
<o. 1 
co.03 
co.01 
co.03 

co.2 
co.2 
co.2 
<O.Ol 
co.005 

<o. 1 
<O.l 
co.01 
11.5 
co.01 

co.01 
co.01 
<0.03 
co.05 
co.01 

2.65 
co.005 
co.03 
co.02 
<0.3 

<2 
co.2 
4.71 
co.0 1 
3 

‘0.026 
co. 1 
co.03 
co.0 1 
co.03 

co.005 

Results are expressed as milligrams per litre except where noted. 
c = Less Ihan the detection limit indicated. 
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RESULTS OF ANALYSIS 
- 

Cobalt 
Copper 
Iron 
Lead 
Lithium 

T-Co 
T-Cu 
T-Fe 
T-Pb 
T-Li 

Potassium 
Selenium 
Silicon 
Silver 
Sodium 

T-K 
T-Se 
T-Si 
T-42 
T-Na 

Strontium T-Sr 
Thallium T-TI 
Tin T-Sn 
Titanium T-Ti 
Vanadium T-V 

ZillC T-Zn 

Magnesium T-Mg 
Man anese T-Mn 

% Mk&denum T-MO 
T-Ni 

Phosphorus T-P 

c 

Tsable 
River 

96 09 09 

Total Metds 
Aluminum T-AI 
Antimony T-Sb 
Arsenic T-As 
Barium T-Ba 
Beryllium T-Be 

Bismuth T-Bi 
Boron T-B 
Cadmium T-Cd 
calciurrl T-Ca 
Chromium T-Cr 

co.2 
co.2 
<0.2 
0.02 
co.005 

<O.l 
0.4 
<O.Ol 
33.7 
co.0 1 

File No. G4889 

co.01 
co.01 
co.03 
co.05 
0.01 

80.3 
<0.005 
co.03 
co.02 
<0.3 

25 
co.2 
1.92 
<o.o 1 
643 

Results are expressed as milligrams per litre except where noted. 
c = Less than the detection limit indicated. 
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RESULTS OF ANALYSIS 
- 

“” 
{.I: --!, 

. , 

File No. G488i 

LLO IRU IRD 242 
Portal 
Pond 

96 09 09 96 09 09 96 09 09 96 09 09 

Dissolved Metals 
Aluminum D-AI 
Antimony D-Sb 
Arsenic 
BtiWIl DDZ 
BeryUium D-Be 

Bismuth D-Bi 
Boron D-B 
Cadmium D-Cd 
Calcium D-Ca 
Chromium D-Cr 

Cobalt 
Copper 
Iron 
Lead 
Lithium 

D-Co 
D-Cu 
D-Fe 
D-Pb 
D-Li 

Magnesium D-Mg 
Man anese D-Mn 

B Moly denum D-MO 
Nickel D-Ni 
Phosphorus D-P 

Potassium 
Selenium 
Silicon 
Silver 
Sodium 

D-K 
D-Se 
D-Si 

Strontium 
ThaIlium 
Tin 
Tita&u& 
Vanadium 

D-Sr 

EE 
D-Ti 
D-V 

ZillC D-Zn 

co.2 
co.2 
<0.2 
co.01 
co.005 

co. 1 
co. 1 
co.01 
12.7 
<O.Ol 

co.0 1 
<O.Ol 
co.03 
co.05 
co.0 1 

1.03 
<0.005 
co.03 
<0.02 
<0.3 

<2 
<0.2 
2.38 
co.0 1 
<2 

0.047 
co. 1 
<0.03 
co.0 1 
co.03 

<0.005 

co.2 
co.2 
<0.2 
co.01 
co.005 

<o. 1 
co. 1 
co.0 1 
13.8 
co.0 1 

co.01 
co.0 1 
<0.03 
<0.05 
<o.o 1 

1.21 
<0.005 
co.03 
<o-o2 
co.3 

<2 
<0.2 
2.44 
<o.o 1 
3 

0.052 
co. 1 
co.03 
co.0 1 
co.03 

co.005 

<0.2 
<0.2 
co.2 
0.02 
co.005 

co. 1 
<o. 1 
co.01 
10.2 
co.0 1 

co.0 1 
co.01 
co.03 
co.05 
co.0 1 

1.61 
0.066 
<0.03 
co.02 
co.3 

<2 
co.2 
2.69 
<o.o 1 
<2 

0.026 
co. 1 
co.03 - 
co.0 1 
co.03 

co.005 

cougar 
Smith 
Creek 
96 09 09 

<0.2 
co.2 
co.2 
<O.Ol 
co.005 

co. 1 
co. 1 
<o.o 1 
9.01 
co.0 1 

co.0 1 
co.01 
co.03 
co.05 
<o.o 1 

2.67 
<0.005 
<o-o3 
co.02 
<0.3 

<2 
co.2 
6.41 
co.0 1 
3 

0.024 
co. 1 
<o-o3 
co.01 
co.03 

co.005 

Results are expressed as milligrams per litre except where noted. 
c = Less than the detection limit indicated. 
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RESULTS OF ANALYSIS 
- 

Dissolved Metals 
Aluminum D-Al 

i?it2Zny 
D-Sb 
D-As 

Barium D-Ba 
Beryllium D-Be 

Bismuth D-Bi 
Boron 
Cadmium El 
Calcium D-Ca 
Chromium D-Cr 

Cobalt 
FogPer 

Lead 
Lithium 

D-Co 
D-Cu 
D-Fe 
D-Pb 
D-L1 

Magnesium D-Mg 
Man anese D-Mn 

% &Io&denum D-MO . 

Phosphorus 
D-Ni 
D-P 

Potassium 
Selenium 
Silicon 
Silver 
Sodium 

ZTe 
D-Si 
D-42 
D-Na 

Strontium D-Sr 
Thallium D-Tl 
Tin 
Titanium 

D-Sn 
D-Tf 

Vanadium D-V 

ZiIlC! D-Zn 

File No. G4889 

Cowie 
Creek 

96 09 09 

Tsable 
River 

96 09 09 

<0.2 
<0.2 
<0.2 
co.0 1 
<0.005 

<o. 1 
co.1 
co.01 
11.1 
<o.o 1 

<o.o 1 
<o.o I 
co.03 
co.05 
co.01 

2.58 
<0.005 
co.03 
co.02 
<0.3 

<2 
<0.2 
4.71 
<o.o 1 
2 

0.026 
co. 1 
co.03 
<o.o 1 
<0.03 

co.005 

co. 1 
0.4 
co.01 
33.1 
co.01 

<O.Ol 
co.01 
co.03 
co.05 
0.01 

79.1 
<o-o05 
co.03 
co.02 
co.3 

24 
co.2 
1.92 
co.0 1 
636 

Results are expressed as milligrams per litre except where noted. 
< = Less than the detection limit indicated. 
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RESUT.aTS OF ANALYSIS 

IRD 242 Pond 242 Well 

96 09 23 96 09 19 96 09 23 

Physical Tests 
Conductivity (umhos/cm) 
Total Dissolved Solids 
Hardness 
PH 
Total Suspended Solids 

Dissolved Anions 
Alkalinity - Total 
Sulphate so4 

Nutrients 
Ammonia Nitrogen 
Nitrate Nitrogen 
Nitrite Nitrogen 
Total Dissolved Phosphate 
Total Phosphate 

CaC03 - 

cl 

CaC03 - 72.7 195 14.6 40.4 
7.4 44.8 20.9 2.8 Cl.0 

N - 

; : 
P - 
P - 

7.69 
3 

File No. G5313 
e 

40.0 79.7 
21 46 
14.1 36.5 
7.47 7.58 
3 18 

<0.005 
0.047 
0.001 
0.005 
0.005 

- 

0.015 
0.084 
0.001 
0.005 
0.027 

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

. 
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RESULTS OF ANALYSIS File No. G53_13 

Phvsical Tests 
Conductivity (umhos/cm) 
Total Dissolved Solids 
Hardness 
PH 
Total Suspended Solids 

Dissolved Anions 

Nutrients 
Ammonia Nitrogen 
Nitrate Nitrogen 
Nitrite Nitrogen 
Total Dissolved Phosphate 
Total Phosphate 

cou ar 
5 Cree 

Cowie 
Creek 

@ Bridge 
96 09 18 96 09 18 

83.0 

CaC03 Z? 1 
7.66 
1 

CaC03 40.0 
4.0 

NN 
<0.005 
0.058 

N 0.00 1 

F 
0.007 
0.007 

90.9 

::8 
7.j7 
<l 

46.9 
1.5 

<0.005 
0.041 
co.00 1 
co.00 1 
0.001 

Results are expressed as milligrams per litre except where noted. 
c = Less than the detection limit indicated. 

4SSump 2N Ditch 
Highwall 

1 

96 09 17 
Seep 
96 09 12 96 09 23 

4130 
3800 

7.93 
1490 
7.03 
9 

366 
97.2 
2610 

0.093 
0.335 
0.001 
0.003 
0.009 

2;50 
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RESULTS OF ANALYSIS File No. G5313_ 

Tsable cou al- Cowie 
River cczr % Cree Creek 

9609 i 8 $eg 
ZB Bridge 

18 96 09 18 96 09 18 

Total Metals 
Aluminum T-Al 
Eigv T-Sb 

T-As 
Barium T-Ba 
Beryllium T-Be 

Bismuth T-Bi 
Boron T-B 

i?liEirn 
T-Cd . T-Ca 

Chromium T-Cr 

Cobalt 
Fo;wr 

Lead 
Lithium 

T-Co 
T-Cu 
T-Fe 
T-Pb 
T-Li 

hiagnesium T-Mg 
Man anese T-Mn 

% Moly denum T-MO 
Nickel T-Ni 
Phosphorus T-P 

Potassium 
Selenium 
Silicon 
Silver 
Sodium 

:Ze 
T-Si 
T-M 
T-Na 

Strontium T-Sr 
Thallium T-72 
Tin T-Sn 
Titanium T-Ti 
Vanadium T-V 

Zinc T-Zn 

co.2 
<0.2 
co.2 
<o.o 1 
<0.005 

<o. 1 
<o. 1 
<O.Ol 
4.43 
co.0 1 

<o.o 1 
<o.o 1 
<0.03 
co.05 
<O.Ol 

0.87 
<0.005 
<0.03 
<0.02 
<0.3 

<2 
co.2 
1.57 
co.0 1 
2 

0.017 
co. 1 
co.03 
<O.Ol 
co.03 

co.005 

co.2 
co.2 
<0.2 
co.0 1 
co.005 

co. 1 
co. 1 
co.01 
10.3 
co.0 1 

co.0 1 
co.01 
0.15 
<0.05 
<O.Ol 

2.58 
0.015 
co.03 
co.02 
co.3 

<2 
co.2 
4.42 
co.0 1 
<2 

0.027 
co. 1 
co.03 
<O.Ol 
co.03 

<0.005 

co.2 
co.2 
<0.2 
co.01 
co.005 

<o. 1 
co. 1 
co.0 1 
10.1 
co.0 1 

co.0 1 
co.0 1 
0.03 
<0.05 
co.01 

2.89 
co.005 
co.03 
co.02 
co.3 

<2 
<0.2 
6.22 
co.0 1 
3 

0.03 1 
co. 1 
co.03 
co.01 
co.03 

<0.005 

<0.2 
co.2 
<0.2 
co.0 1 
co.005 

co. 1 
co. 1 
co.0 1 
12.8 
co.01 

co.0 1 
co.01 
co.03 
co.05 
co.01 

2.87 
<0.005 
co.03 
co.02 
co.3 

0.3 
co.2 
co.2 
0.01 
co.005 

co. 1 
1.2 
<O.Ol 
445 
<o.o 1 

co.0 1 
co.0 1 
0.25 
co.05 
0.04 

95.7 
0.555 
co.03 
0.02 
co.3 

6 
<0.2 
5.19 
co.0 1 
516 

Results are expressed as milligrams per litre except where noted. 
< = Less than the detection limit indicated. 
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RESULTS OF AN&YSIS File No. G5313 

Tsable cou ar 
5 

cou ar 
5 

Cowie 
River Cree Cree Creek 

96 09 l3.3~11~ 
@ Bridge 

18 96 09 18 96 09 18 

Dissolved Metals 
Aluminum D-AI 

EEFy 
D-SE> 
D-As 

Barium D-Ba 
Beryllium D-Be 

Bismuth D-Bi 
Boron 
Cadmium :I:d 
Calcium D-Ca 
Chromium D-Cr 

Cobalt D-Co 
pop,per D-Cu 

D-Fe 
Lead D-Pb 
Lithium D-Li 

hiagnesium D-Mg 
Man anese D-Mn 

% Moly denum D-MO 
Nickel D-Ni 
Phosphorus D-P 

Potassium D-K 
Selenium D-Se 
Silicon D-Si 
Silver 
Sodium 

D-M 
D-Na 

Strontium D-Sr 0.016 
Thallium D-T1 co. 1 
Tin - D-Sn <0.03 
Titanium D-Ti <o.o 1 
Vanadium D-V co.03 

ZiIlC D-Zn 

co.2 
co.2 
co.2 
<o.o 1 
co.005 

-co. 1 
<o. 1 
co.0 1 
4.29 
<o.o 1 

<o.o 1 
co.0 1 
<0.03 
<0.05 
co.0 1 

0.83 
co.005 
<o-o3 
co.02 
co.3 

<2 
co.2 
1.55 
<o.o 1 
2 

co.005 

co.2 
co.2 
co.2 
co.0 1 
co.005 

co. 1 
-co. 1 
<o.o 1 
10.3 
co.01 

<o.o 1 
<O.Ol 
<o-o3 
co.05 
co.0 1 

2.58 
<o-o05 
co.03 
co.02 
co.3 

c2 
co.2 
4.42 
<o.o 1 
<2 

0.027 
co. 1 
co.03 
co.0 1 
<o-o3 

co.005 

co.2 
<0.2 
co.2 
co.0 1 
co.005 

co. 1 
co. 1 
co.01 
10.1 
co.0 1 

co.01 
co.0 1 
<0.03 
<o-o5 
co.0 1 

2.89 
co.005 
<o-o3 
co.02 
co.3 

<2 
co.2 
6.22 
co.0 1 
3 

0.03 1 
co. 1 
co.03 
co.0 1 
co.03 

co.005 

co.2 
co.2 
<0.2 
co.0 1 
<o-o05 

co. 1 
co. 1 
co.0 1 
12.8 
co.0 1 

co.0 1 
co.01 
co.03 
<o-o5 
co.0 1 

2.87 
<0.005 
co.03 
co.02 
co.3 

<2 
<0.2 
4.11 
co.0 1 
2 

0.03 1 
co. 1 
co.03 
co.01 
co.03 

<0.005 ! 

4-S Sump 

96 09 17 

co.2 
co.2 
co.2 
0.06 
<0.005 

co. 1 
0.3 
co.01 
143 
co.0 1 

co.01 
co.0 1 
<o-o3 
X0.05 
0.01 

15.0 
0.930 
co.03 
co.02 
co.3 

<2 
<0.2 
5.66 
co.0 1 
26 

0.834 
co. 1 
<o-o3 
co.0 1 
co.03 

0.010 

Results are expressed as milligrams per litre except where noted. 
< = Less than the detection limit indicated. 
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RESULTS OF ANALYSIS - File No. G5846 

IRU T River . cougar @ 
HWY 

96 10 07 96 10 03 96 10 03 

Physical Tests 
Conductivity (umhos/cm) 
Total Dissolved SoIids 
Hardness 
PH 
Total Suspended Solids 

95.1 102 

CaC03 Z 1 26 
7.63 7.70 
1 2 

89.9 81.9 

:;6 
7.i9 

z5 
7.58 

3 4 

87.0 
51 
37.5 
7.69 
5 

Dissolved Anions 
Akaliniw - Total 
Sulphate so4 CaC03 37.2 40.5 43.7 23.3 6.2 7.2 2.6 6.4 Ei1 . 

Nutrients 
Ammonia Nitrogen 
Total Kjeldahl Nitrogen 
Nitrate Nitrogen 
Nitrite Nitrogen 
Total Dissolved Phosphate 

i 
<o-o05 <0.005 <o-o05 eo.005 co.005 
0.12 0.11 

z 0.014 0.013 0.044 0.065 0.024 
0.00 1 0.002 0.001 0.001 0.00 1 

P 0.004 0.005 0.004 0.004 0.005 

Total Phosphate P 0.004 0.005 - 

Results are e?cpressed as milligrams per litre except where noted. 
< = Less than the detection limit indicated. 
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RESULTS OF ANALYSIS File No. G5846 

Lab Road 

96 10 07 

Cowie @ 
Upper 
Bridge 
96 10 03 

Phvsical Tests 
Condu$ivity (umh?s/cm) 
TofoLt&~yoIved Sohds 

PH 
Total Suspended Solids 

8300 

CaC03 2800 
2.46 

92.3 

%8 
7.A 
<l 

I 
Dissolved Anions 

ii$E! - Totzd so4 

Nutrients 
Ammonia Nitrogen 
Total Kjeldahl Nitrogen 
Nitrate Nitrogen 
Nitrite Nitrogen 
Total Dissolved Phosphate 

CaC03 <l.O 
3790 I 45.0 

2.6 

I co.005 
I - 

I 0.045 
0.001 
0.004 

Total Phosphate P - . 1 - 

Results are expressed as milligrams per litre except where noted. 
< = Less than the detection limit indicated. 
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RESULTS OF ANALYSIS File No. G5846 

242 242 IRU 
U/G U/G 

IRD . Upper 

Sump Sump 
cougar 

96 10 04 96 10 07 96 10 07 96 10 07 96 10 03 

Total Metals 
Aluminum T-AI 
AnWnony T-Sb 
Arsenic 
Barium ;iEl 
BeryIIium T-Be 

Bismuth T-Bi 
Boron 

&iim 
Ed 
T-Ca 

Chromium T-Cr 

Cobalt 
Copper 
Iron 
Lead 
Lithium 

T-Co 
T-Cu 
T-Fe 
T-Pb 
T-Li 

Magnesium T-Mg 
Man anese T-Mn 

% Moly denum T-MO 
Nickel T-Ni 
Phosphorus T-P 

Potassium T-K 
Selenium T-Se 
Silicon T-Si 
Silver 
Sodium 

T-45 
T-Na 

Strontium T-Sr 
ThaIIium 
Tin 
TKa.ni&n 

~Zii 
T-Ti 

Vanadium T-V 

ZiIlC T-2x-i 

co.2 
co.2 
co.2 
0.08 
<0.005 

co. 1 co. 1 
0.1 0.1 
co.0 1 co.01 
63.2 53.5 
co.0 1 <O.Ol 

co.0 1 
co.0 1 
0.30 
co.05 
0.01 

co.0 1 
<O.Ol 
0.14 
co.05 
<O.Ol 

5.77 
0.150 
0.18 
<0.02 
co.3 

2 
co.2 
3.38 
co.01 
5 

0.112 
co.1 
<0.2 
0.01 
co.03 

0.011 

co.2 
<0.2 
<0.2 
0.07 
<0.005 

5.47 
0.127 
0.14 
co.02 
<0.3 

<2 
<0.2 
2.84 
<o.o 1 
8 

0.118 
<o. 1 
co.2 
0.01 
co.03 

<0.005 

co.2 
co.2 
co.2 
0.01 
<0.005 

<o. 1 
co. 1 
<o.o 1 
14.7 
co.01 

co.0 1 
co.0 1 
co.03 
<0.05 
co.0 1 

1.18 
co.005 
co.03 
co.02 
co.3 

<2 
co.2 
2.54 
co.0 1 
2 

0.053 
co. 1 
co.03 
co.0 1 
co.03 

0.007 

co.2 . 
co.2 
co.2 
0.01 
co.005 

co. 1 
co. 1 
co.0 1 
15.7 
<O.Ol 

co.01 
co.0 1 
co.03 
co.05 
co.01 

1.32 
co.005 
co.03 
<0.02 
co.3 

<2 
co.2 
2.61 
co.0 1 
3 

0.058 
co. 1 
co.2 
co.01 
co.03 

co.005 

co.2 
co.2 
<0.2 
0.01 
<0.005 

CO.1 
co. 1 
co.0 1 
12.6 
co.0 1 

co.0 1 
co.01 
co.03 
co.05 
<o.o 1 

2.84 
<o-o05 
co.03 
co.02 
co.3 

<2 
<0.2 
4.37 
co.0 1 
2 

0.030 
<o. 1 
<0.2 
co.0 1 
<0.03 

co.005 

Results are expressed as milligrams per litre except where noted. 
c = Less than the detection limit indicated. 
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f h RESULTS OF ANALYSIS File No. G5846 - 

IRU IRD 

96 10 07 96 10 07 

Dissolved Metals 
Aluminum D-AI 
Antimony D-Sb 
Arsenic D-As 
Barium D-Ba 
BeryIlium D-Be 

Bismuth D-Bi 
Boron 
Cadmium :?d 
Calcium D-Ca 
Chromium D-Cr 

Cobalt D-Co co.0 1 co.0 1 co.0 1 <o.o 1 <o.o 1 
Copper D-Cu co.0 1 <o.o 1 <o.o 1 co.01 co.01 
Iron D-Fe <0.03 <0.03 co.03 <0.03 0.03 
Lead D-Pb <0.05 co.05 co.05 co.05 co.05 
Lithium D-LA <o.o 1 <o.o 1 <o.o 1 <O.Ol co.0 1 

Magnesium D-Mg 
Man anese D-Mn 

% Moly denum E-gio 
Nickel 
Phosphorus D-P 

1.16 1.31 2.83 1.49 2.96 
<o-o05 <o-o05 co.005 <0.005 co.005 
<0.03 co.03 <0.03 co.03 <0.03 
co.02 co.02 co.02 <0.02 <0.02 
<0.3 co.3 <0.3 co.3 <0.3 

Potassium D-K 
Selenium 
SiIicon ;:g 
Silver 
Sodium 

D-&3 
D-Na 

<2 
co.2 
2.52 
<o.o 1 
<2 

<2 
co.2 
2.61 
co.0 1 
3 

<2 
co.2 
4.31 
co.01 
2 

0.030 
co. 1 
co.2 
co.0 1 
co.03 

<0.005 

<2 
<0.2 
1.83 
<o.o 1 
8 

<2 
<0.2 
6.18 
co.0 1 
3 

0.029 
co. 1 
co.2 
co.0 1 
<0.03 

co.005 

Strontium D-Sr 
Thallium D-Tl 
Till D-Sn 
Titanium D-Ti 
Vanadium D-V 

Zinc. D-Zn 

co.2 
<0.2 
co.2 
0.01 
<0.005 

<o. 1 
<o. 1 
<O.Ol 
14.5 
co.01 

0.053 
<o. 1 
<0.03 
<o.o 1 
<0.03 

<0.005 

co.2 co.2 co.2 co.2 
<0.2 co.2 co.2 <0.2 
<0.2 <0.2 co.2 co.2 
co.0 1 0.01 co.01 co.0 1 
<0.005 <0.005 co.005 ~9.005 

co. 1 <o. 1 co. 1 co. 1 
co. 1 <o. 1 <o. 1 co. 1 
co.01 <O.Ol co.0 1 co.0 1 
15.7 12.4 6.54 10.1 
co.0 1 co.0 1 co.0 1 co.01 

0.058 
co. 1 
<0.2 
<O.Ol 
co.03 

0.025 
co. 1 
<0.2 
<o.o 1 
co.03 

co.005 co.005 

L 

Upper 
cougar 

T River cougar @ 
Hwy 

96 10 03 96 10 03 96 10 03 

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

Page 8 



RESULTS OF ANALYSIS File No. G5846 

Lab Road 

96 10 07 

Dissolved Metals 
Aluminum D-AI 369 

iicEry D-Sb co.4 
D-As 4.2 

Barium D-Da 
BeryIIium D-Be 

Bismuth D-Bi 
Boron * 
Cadmium :I:d 
Calcium D-Ca 
Chromium D-Cr 

Cobalt D-Co 
Copper D-Cu 
Iron D-Fe 
Lead D-Pb 
Lithium D-Li 

Magnesium D-Mg 
Man anese D-Mn 

5 M’;teIdenum :-I$ 

Phosphorus D-P 

Potassium D-K 
Selenium D-Se 
Silicon D-Si 
Silver 
Sodium 

D-42 
D-Na 

Strontium D-Sr 4.06 
ThaIhum D-TI co.2 
Tin D-Sn co.06 
Titanium D-Ti co.02 
Vanadium D-V co.06 

Zinc D-Zn 16.0 

0.07 
0.02 

co.2 

E5 
634 
0.69 

6.17 <o.o 1 
21.9 co.01 
1820 co.03 
co. 1 co.05 
0.57 co.01 

296 2.88 
71.0 co.005 
<0.06 co.03 
10.1 co.02 
8.6 co.3 

7 
co.4 
48.5 
co.02 
91 

Cowie @ 
Upper 
Bridge 
96 10 03 

co.2 
<0.2 
co.2 
0.01 
<0.005 . 

co. 1 
<o. 1 
co.01 
12.8 
co.01 

<2 
co.2 
4.40 
<o.o 1 
2 

0.030 
<o. 1 
co.2 
co.01 
<0.03 

co.005 

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

e- 
3 
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RESULTS OF ANALYSIS File No. G6253 

z!it 
cou ar 

5 
cou ar 

Tic 
Tsable 

Cree @ Cree River @ 
Brid e 

5 
U stream 

961017 96 1 17 9 % 
Bridge 

10 17 96 10 17 

PhvsicalTests 
Conductivity (umhos/cmi 
To~i%~~~olved Solids 

PH 
Total Suspended Solids 

Dissolved Anions 

i%$22 - Totai so4 

Nutrients 
Ammonia Nitrogen 
Nitrate Nitrogen 
Nitrite Nitrogn 
Total Dissolved Phosphate 
Total Phosphate 

77.8 
46 

CaC03 27.1 
7.56 
<l 

caco3 E6 . 

ii 
<0.005 
0.151 

N 0.00 1 

:: 0.004 0.004 

‘I 

79.3 

z5 
7.g2 
4 

66.7 

E7 
7.48 
Cl 

30.8 859 
22 323 
11.6 421 
7.28 6.80 
Cl 167 

25.6 20.4 11.6 19.0 
2.6 cl.0 1.7 388 

<0.005 co.005 <0.005 0.042 
0.124 0.084 0.060 0.236 
0.001 0.001 0.001 0.004 
0.009 0.004 0.005 0.003 
0.010 0.004 0.005 0.018 

4SUnder 

9610 18 

Results are expressed as milligrams per litre except where noted. 
c = Less than the detection limit indicated. 
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RESULTS OF A.NAL3?SIS File No. G6253’ 

Cowie cou ar Tsable 
Creek a 

cou ar 
Cree @ a Cree Rver @ 
Bridge U stream 

96 10 17 96 10 17 9 l 10 17 
Bridge 
96 10 17 

Dissolved Metals 
Aluminum D-AI 
Antimony D-Sb 
Arsenic D-As 
Barium D-Ba 
Beryllium D-Be 

Bismuth D-Bi 
Boron * D-B 
Cadmium D-Cd 
Calcium D-Ca 
Chromium D-Cr 

Cobalt 
Copper 
Iron 
Lead 
Lithium 

D-Co 
D-Cu 
D-Fe 
D-Pb 
D-Li 

Magnesium D-Mg 
Man anese D-Mn 

% MIvIIteldenum D-MO 
D-Ni 

Phosphorus D-P 

Potassium D-K 
Selenium D-Se 
Silicon D-Si 
Silver D-Ag 
Sodium D-Na 

Strontium 
ThdliUlTl 

Tin 
Titanium 
Vanadium 

E-E 
D%n 
D-Ti 
D-V 

ZinC D-Zn 

<0.2 
<0.2 
co.2 
co.01 
<0.005 

co. 1 
<O.l 
co.01 
7.96 
<O.Ol 

co.01 
<o.o 1 
-co.03 
co.05 
co.01 

1.75 
co.005 
<0.03 
co.02 
<0.3 

<2 
co.2 
2.46 
<O.Ol 
<2 

0.019 
co. 1 
co.03 
co.01 
co.03 

co.005 

.: 

co.2 
co.2 
<0.2 
co.0 1 
co.005 

co. 1 
<o. 1 
<o.o 1 
7.60 
<O.Ol 

<o.o 1 
<o.o 1 
co.03 
<0.05 
co.0 1 

2.06 
<0.005 
co.03 
co.02 
co.3 

<2 
co.2 
3.83 
co.0 1 
<2 

0.023 
<o. 1 
<0.03 
co.0 1 
co.03 

<0.005 

co.2 
co.2 
co.2 
<o.o 1 
co.005 

co. 1 
co. 1 
co.0 1 
6.18 
co.0 1 

<o.o 1 
co.01 
co.03 
<0.05 
co.01 

1.28 
co.005 
co.03 
co.02 
co.3 

<2 
co.2 
2.44 
co.0 1 
<2 

0.015 
co. 1 
co.03 
<o.Ol 
<0.03 

<0.005 

co.2 
<0.2 
co.2 
co.01 
co.005 

<o. 1 
co. 1 
<o.o 1 
3.42 
<o.o 1 

<O.Ol 
<o.o 1 
<0.03 
<0.05 
<O.Ol 

0.74 
co.005 
<0.03 
co.02 
<0.3 

<2 
co.2 
1.71 
co.0 1 
c2 

0.012 
co. 1 
co.03 
co.0 1 
co.03 

<0.005 

1 

1 
! 
2s Under 

36 10 18 

co.2 
co.2 
co.2 
0.04 
co.005 

co. 1 
0.1 
co.01 
142 
co.01 

0.08 
co.0 1 
co.03 
co.05 
0.01 

16.2 
4.07 
co.03 
0.11 
co.3 

<2 
co.2 
2.37 
co.0 1 
11 

0.657 
co. 1 
<0.03 
<o.o 1 
co.03 

0.119 

Results are expressed as milligrams per litre except where noted. 
< = Less than the detection limit indicated. 
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RESULTS OF ANALYSIS File No. G7039 

Upper cou ar 
cou ar 

5 
t5i Cre @ 

Cree Bridge 
96 1108 961108 

ski% 
Tsable @ 
Bridge 

96 1108 961108 

Phvsical Tests 
Conductivity (umhos/cml 

E0 12.6 

36.0 35.0 21.0 

TobdIdI~;olved Solids CaC03 16 14.7 16 14.6 :0z8 
PH 7.00 7.14 6:98 
Total Suspended Solids 8 72;08 4 25 

DissoIved Anions 
Akaliniv - Total 
Sulphate so4 caco3 Yii6 . 13.4 

2.1 11Y . 7.1 
2.5 

Nutrients 
Ammonia Nitrogen 
Nitrate Nitrogen 
Nitrite Nitrogen 
Total Dissolved Phosphate 
Total Phosphate 

N 0.005 0.005 co.005 0.005 
0.113 n n7a 

V.“‘ ” 
n nm 

ii %% 

F 
0:005 E% 

0.002 
n nni 

0:029 
“.V.e - V.--e 

0.014 0.009 0.030 

“ . “T ”  

0.005 
n~nni 

Results are expressed as milligrams per litre except where noted. 
c = Less than the detection limit indicated. 
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RESULTS OF ANALXSIS File No. G7039 

Upper 
?c 

cou a.r 
Cree 
961108 

cou ar a Cree @ 
Bridge 
961108 

Tsable d 
Bridge 

96 1108 

Total Metals 
Aluminum 

ftF-Ery 
BtiLlIIl 
Beryllium 

T-Al 
T-Sb 
T-AS 
T-Ba 
T-Be 

Bismtith 
Boron 
Cadmium 
Calcium 
Chromium 

:-ii? 
T-Cd 
T-Ca 
T-Cr 

Cobalt 
Fo;Per 

Lead 
Lithium 

T-Co 
T-Cu 
T-Fe 
T-Pb 
T-Li 

Magnesium 
Man anese 

5 Egtelden- 

Phosphorus 

T-Mg 
T-h4l-l 
T-MO 
T-Ni 
T-P 

Potassium T-K 
Selenium T-Se 
Si.licon T-St 
Silver 
Sodium 

T-45 
T-Na 

Strontium 
Thallium 
Tin 
Titanium 
Vanadium 

ZinC 

T-Sr 

En 
T-Ti 
T-V 

T-Zn 

0.3 
co.2 
<0.2 
co.01 
<0.005 

<o. 1 
<o. 1 
co.0 I 
4.05 
co.01 

co.0 1 
co.01 
0.27 
co.05 
co.0 1 

0.79 
0.010 
co.03 
co.02 
co.3 

<2 
<0.2 
2.08 
co.0 1 
<2 

0.011 
co. 1 
co.03 
0.02 
co.03 

co.005 

0.4 
co.2 
co.2 
co.01 
x0.005 

co. 1 
co.1 
co.01 
4.53 
<O.Ol 

co.01 
<O.Ol 
0.48 
x0.05 
co.0 1 

1.10 
0.020 
co.03 
<o-o2 
co.3 

<2 
<0.2 
2.48 
<O.Ol 
<2 

0.011 
<o. 1 
co.03 
0.02 
eo.03 

co.005 

co.2 
co.2 
co.2 
co.01 
co.005 

<o. 1 
<o. 1 
co.01 
4.42 
co.01 

<O.Ol 
co.0 I 
0.11 
co.05 
<O.Ol 

0.95 
0.008 
<0.03 
x0.02 
co.3 

<2 
<0.2 
1.83 
co.0 1 
c2 

0.013 
co. 1 
co.03 
co.01 
<0.03 

co.005 

0.5 
<0.2 
co.2 
co.01 
<o-o05 

<o. 1 
co. 1 
co.01 
2.61 
<O.Ol 

co.0 1 
co.01 
0.68 
co.05 
<O.Ol 

0.70 
0.033 
co.03 
co.02 
co.3 

<2 
co.2 
1.98 
co.0 1 
<2 

0.013 
co. 1 
co.03 
0.03 
<o-o3 

co.005 

Results are expressed as milligrams per litre except where noted. 
< = Less than the detection limit indicated. 
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; = .I-; 
RESULTS OF ANALYSIS 

‘\:J> $ 
File No. G7039 

Cowie Tsable @ 
Creek Bridge 

96 1108 96 I1 08 

Dissolved Metals 
Aluminum D-AI 
Antimony D-Sb 
Al-StiC 
Barium i!zK 
BeIyUium D-Be 

Bismuth D-Bi 
Boron 
Cadmium :I:d 
calcium D-Ca 
Chromium D-Cr 

Cobalt 
pop,per 

Lead 
LithiUIIl 

D-Co 
D-Cu 
D-Fe 
D-Pb 
D&i 

LEiEEeE 
D-Mg 

% 
D-Mn 

l$&denum D-MO 
D-Ni 

Phosphorus D-P 

Potassium 
Selenium ;I& 
Silicon D-Si 
Silver 
Sodium 

D-&i 
D-Na 

Strontium D-Sr 
Thallibm D-Tl 
Till D-Sn 
Tital-liIllTl D-Ti 
Vanadium D-V 

ZillC D-Zn 

<0.2 
co.2 
<0.2 
<O.Ol 
co.005 

co. 1 
co. 1 
co.01 
3.87 
co.0 1 

co.0 1 
co.0 1 
0.06 
co.05 
<o.o 1 

0.70 
co.005 
co.03 
co.02 
co.3 

<2 
co.2 
1.82 
co.01 
<2 

0.010 
co. 1 
co.03 
<o.o 1 
co.03 

co.005 

co.2 
co.2 
<0.2 
co.01 
<0.005 

<o. 1 
co. 1 
<O.Ol 
4.29 
co.0 1 

co.0 1 
co.0 1 
0.08 
co.05 
<o.o 1 

0.97 
<0.005 
co.03 
co.02 
<0.3 

<2 
co.2 
2.14 
co.0 1 
<2 

0.011 
co. 1 
co.03 
co.0 1 
co.03 

co.005 

co.2 
co.2 
<0.2 
co.0 1 
<0.005 

x0.1 
co. 1 
co.0 1 
4.35 
co.01 

co.0 1 
co.01 
0.03 
co.05 
<O.Ol 

0.92 
co.005 
<0.03 
<0.02 
<0.3 

<2 
co.2 
1.76 
co.0 1 
<2 

0.013 
co. 1 
co.03 
<o.o 1 
co.03 

<0.005 

4.2 
co.2 
co.2 
co.01 
co.005 

co. 1 
<o. 1 
co.0 1 
2.44 
co.01 

co.01 
co.0 1 
0.05 
co.05 
co.01 

0.53 
co.005 
co.03 
co.02 
co.3 

-2 
co.2 
1.50 
co.01 
<2 

0.013 
co. 1 
co.03 
co.01 
<0.03 

co.005 

Results are expressed as milligrams per litre except where noted. 
< = Less than the detection limit indicated. 
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RESULTS OF ANALYSIS File-No. G7352 

- 

Before Qm cou ar 
4s ?c 

Cowie 
Cree Creek zi!i!l! 

96 1125 961125 96 1121 961121 96 II 21 

PhvsicalTests 

%%:%ed Solid!mhos’cm) 
Hardness CaC03 
PH 
Total Suspended Solids 

Dissolved Anions 
CaC03 

so4 

Nutrients 
Ammonia Nitrogen 
Total Kjeldahl Nitrogen E 
Nitrate Nitrogen 
Nitrite Nitrogen ii 
Total Dissolved Phosphate P 

Total Phosphate P 

606 

7:14 
21 2- 

275 4; 

E 2: 
21.1 20.6 
7.26 7.30 
2 Cl 

z: 
13.8 

Cl8 

23 21 13 
2 1 3 

‘0.007 

Oh62 
co.00 1 
0.002 

0.002 

co.005 

01075 
0.002 
0.002 

0.003 

co.005 

Or056 
0.002 
0.004 

0.006 

Resulti -are expressed as milligrams per litre except where noted. 
c = Less than the detection limit indicated. 
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RESULTS OF ANALYSIS File No. G7352 

cou ax- 
5 Cree 

96 1121 

Cowie 
Creek 

96 1121 

Tsable 
River 

96 1121 

Total Metals 
Aluminum 
Antimony :$k 
Arsenic T-AS 
Barium T-Ba 
BeryIlium T-Be 

Bismuth T-B1 
Boron 
Cadmium :I:d 
Cakitim T-Ca 
Chromium T-Cr 

Cobalt T-Co 
Copper T-Cu 
Iron T-Fe 
Lead T-Pb 
Lithium T-Li 

y$-%&;~ T-w2 
% 

T-Mn 
f4&eIdenum T-MO 

T-Ni 
Phosphorus T-P 

Potassium 
Selenium TZe 
Silicon T-Si 
Silver 
Sodium 

T-42 
T-Na 

Strontium T-Sr 0.019 
Thallium T-TI co. 1 
Tin T-Sn co.03 
Titanitim T-Ti <o.o 1 
Vanadium T-V <o-o3 

ZillC T-Zn 0.006 

co.2 
<0.2 
co.2 
<O.Ol 
<0.005 

<o. 1 
<o. 1 
<O.Ol 
5.86 
co.0 1 

co.0 1 
co.0 1 
co.03 
<0.05 
co.01 

1.56 
<0.005 
<o-o3 
<0.02 
co.3 

<2 
co.2 
4.00 
<O.Ol 
<2 

co.2 
co.2 
co.2 
co.01 
co.005 

<o. 1 
co. 1 
<o.o 1 
6.08 
co.0 1 

co.0 1 
co.0 1 
co.03 
co.05 
co.01 

1.32 
<o-o05 
co.03 
co.02 
co.3 

<2 
<0.2 
2.65 
<o.o 1 
<2 

0.015 
co. 1 
co.03 
co.0 1 
co.03 

0.009 

<0.2 
co.2 
co.2 
co.01 
co.005 

<o. 1 
<o. 1 
co.0 1 
3.93 
co.01 

co.01 
co.0 1 
co.03 
co.05 
co.01 

0.97 
co.005 
co.03 
co.02 
co.3 

<2 
<0.2 
2.11 
co.0 1 
7 

0.015 
co. 1 
co.03 
<o.o 1 
co.03 

co.005 

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

Page 9 



R$!WLTS OF ANALYSIS Firi No. G7352 

::: al- % Cowie Tsable 
Creek River 

96 1121 961121 96 1121 

Dissolved Metals 
Aluminum D-AI 

Cobah 
Fop- 

Lead 
Lithium 

Magnesium 
Man anese 

% M&yelde*um 

Phosphorus 

Potassium 
Selenium 
Silicon 
Silver 
Sodium 

Strontium 
Thallium 
Tin 
Titanium 
Vanadium 

Zinc 

D-Sb 

~~~ 
D-Be 

D-B1 

%!d 
D-Ca 
D-Cr 

D-Co 
D-Cu 
D-Fe 
D-Pb 
D-Li 

D-Mg 
D-Mn 
D-MO 
D-Ni 
D-P 

D-K 
D-Se 
D-Si 
D-hi 
D-Na 

D-Sr 

~~~ 
D-Ti 
D-V 

D-Zn 

co.2 
<0.2 
co.2 
co.01 
co.005 

<o. 1 
<o. 1 
co.01 
5.86 
<o.o 1 

co.0 1 
co.0 1 
co.03 
<0.05 
co.0 1 

1.56 
co.005 
co.03 
co.02 
co.3 

<2 
co.2 
3.79 
co.0 1 
<2 

0.0 19 
<o. 1 
<0.03 
co.0 1 
co.03 

<0.005 

<0.2 
<0.2 
<0.2 
co.01 
co.005 

co. 1 
co.1 
x0.0 1 
6.08 
co.0 1 

co.01 
<o.o 1 
<0.03 
co.05 
x0.01 

1.32 
<0.005 
co.03 
co.02 
go.3 

<2 
<0.2 
2.61 
go.0 1 
<2 

0.0 15 
co. 1 
<0.03 
<o.o 1 
co.03 

co.005 

co.2 
co.2 
co.2 
co.0 1 
<0.005 

co. 1 
co. 1 
co.01 
3.93 
co.0 1 

co.0 1 
co.0 1 
<0.03 
co.05 
co.0 1 

0.97 
<0.005 
co.03 
co.02 
co.3 

<2 
co.2 
1.98 
<o.o 1 
7 

0.015 
co. 1 
<0.03 
co.0 1 
co.03 

co.005 

Middle 
Point 
Sump 
96 11 18 

2;.7 

1.57 

Results are expressed as milligrams per litre except where noted. 
< = Less than the detection limit indicated. 
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- RESULTS OF ANALYSIS 
I 

File No. G7765 

Cowie 
Creek 

96 12 06 

:%: 
Creek 
96 12 06 

cou ar 
Cree 5 @ 
Brid e 
96 1 5 06 

2: 

96 12 06 

Phvsical Tests 
Conductivity (umhos/cm) 
Total Dissolved Solids 
Hardness CaC03 
PH 
Total Suspended Solids 

39 

:;4 
7.i2 
1 

Dissolved Anions 
Alkabity-Total CaC03 16 
Sulphate so4 1 

10 16 12 
cl 1 2 

Nutrients 
Ammonia Nitrogen N CO.005 CO.005 
Nitrate Nitroge< i 0.086 0.065 
Nitrite Nitrogen 0.004 0.00 1 
Total Dissolved Phosphate 0.002 0.002 
Total Phosphate p’ 0.003 0.002 

43 40 

:;8 
7.31 

:;2 
7.i9 

1 1 

co.005 0.007 
0.175 0.078 
0.006 0.002 
0.002 0.002 
0.003 0.003 

Results are expressed as milligrams per litre except where noted. 
< = Less than the detection limit: indicated. 
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RESULTS OF ANALYSIS File No. G7765 

Cowie 
Creek 

96 12 06 

2% 
Creek 
96 12 06 

cou al- 
a Cree @ 

Brid e 
96 1 5 06 

2:: 

96 12 06 

Total Metals 
Aluminum T-Al 

2%tny 
T-Sb 
T-h 

Barium T-Ba 
Beryllium T-Be 

Bismuth T-Bi 
Boron * 
Cadmium ;I:d 
Calcium T-Ca 
Chromium T-Cr 

Cobalt T-Co 
FoiPer T-Cu 

T-Fe 
Lead T-Pb 
Lithium T-Li 

$~E%ne~ T-Mg 
T-MIl 

E;ttldenurn T-MO 
T-Ni 

Phosphorus T-P 

Potassium 
Selenium SZe 
silicon T-Si 
Silver 
Sodium 

T-Q 
T-Na 

strontium T-Sr 
Thallium T-Tl 
Till T-Sn 
Titanium T-Ti 
Vanadium T-V 

Zil-lC T-Zn 

co.2 
co.2 
co.2 
co.01 
co.005 

<o. 1 co. 1 <o. 1 
<o. 1 co. 1 <o. 1 
co.01 <o.o 1 co.01 
4.46 2.94 5.00 
co.0 1 co.01 co.0 1 

co.0 1 
co.01 
co.03 
<0.05 
co.0 1 

1.04 
<0.005 
<0.03 
co.02 
<0.3 

c2 
<0.2 
2.24 
co.0 1 
<2 

0.014 
co. 1 
<0.03 
co.0 1 
co.03 

co.005 

<0.2 
co.2 
co.2 
<O.Ol 
<0.005 

co.2 
co.2 
co.2 
co.0 1 
<0.005 

co.01 
<O.Ol 
<0.03 
co.05 
co.01 

co.0 1 
co.0 1 
0.06 
co.05 
<o.o 1 

0.63 1.33 
co.005 -Go.005 
<0.03 co.03 
co.02 <0.02 
<0.3 co.3 

<2 
<0.2 
1.72 
co.0 1 
c2 

0.011 
co. 1 
<0.03 
co.0 1 
<0.03 

co.005 

<2 
co.2 
3.20 
co.0 1 
c2 

0.015 
co. 1 
co.03 
co.0 1 
co.03 

<0.005 

co.2 
co.2 
co.2 
co.0 1 
co.005 

co.1 
co. 1 
co.01 
3.71 
co.01 

co.01 
co.01 
0.04 
co.05 
co.01 

0.88 
co.005 
co.03 
<0.02 
co.3 

<2 
<0.2 
2.20 
<O.Ol 
3 

0.014 
co. 1 
co.03 
co.0 1 
<0.03 

<0.005 

Results are expressed as milligrams per lirre except where noted. 
< = Less than the detection limit indicated. 
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RESULTS OF ANALYSIS File No. G7765 

Cowie 
Creek 

96 12 06 

gg: 

Creek 
96 12 06 

cou ar 
5 Cree @ 

Bridge 
96 12 06 

Tsable 
River 

96 12 06 

Dissolved Metals 
AlunlirlLlm 

Enpc”y 
%i 
D-As 

Barium D-Ba 
Beryllium D-Be 

Bismuth D-Bi 
Boron D-B 
Cadmium D-Cd 
Calcium D-Ca 
Chromium D-Cr 

Cobalt 
popper 

Lead 
Lithium 

D-Co 
D-Cu 
D-Fe 
D-Pb 
D-Li 

Magnesium D-Mg 
Man anese 

% 
D-Mn 

Moly denum D-MO 
Nickel D-Ni 
Phosphorus D-P 

Potassium 
Selenium iEe 
Silicon D-Si 
Silver D-42 
Sodium D-Na 

Strontium D-Sr 
ThaUium 
Tin KE 
Titanium D-Ti 
Vanadium D-V 

2il-K D-Zn 

co.2 
<0.2 
<0.2 
co.0 1 
eo.005 

<o. 1 
<o. 1 
co.0 1 
4.46 
co.01 

<o.o 1 
<O.Ol 
co.03 
-co.05 
<o.o 1 

1.04 
co.005 
co.03 
<0.02 
<0.3 

0.62 
<0.005 
<0.03 
co.02 
co.3 

<2 <2 
co.2 co.2 
2.25 1.69 
co.01 <o.o 1 
<2 <2 

0.014 
<o. 1 
<0.03 
<o.o 1 
x0.03 

<0.005 

co.2 
co.2 
co.2 
co.0 1 
<0.005 

co. 1 
co. 1 
KO.01 
2.87 
co.0 1 

co.0 1 
co.01 
co.03 
co.05 
co.0 1 

0.011 
<o. 1 
co.03 
co.01 
<0.03 

<0.005 

<0.2 
co.2 
co.2 
co.01 
co.005 

x0.1 
co.1 
co.01 
4.95 
co.01 

co.0 1 
co.01 
0.04 
co.05 
co.0 1 

1.32 
<0.005 
co.03 
co.02 
<0.3 

<2 
co.2 
3.13 
co.0 1 
<2 

0.015 
co. 1 
co.03 
co.01 
<0.03 

<0.005 

<0.2 
<0.2 
<0.2 
co.0 1 
<0.005 

co.1 
<o. 1 
co.01 
3.52 
co.01 

co.0 1 
<O.Ol 
co.03 
co.05 
co.01 

0.84 
co.005 
co.03 
co.02 
<0.3 

<2 
<0.2 
2.13 
co.01 
2 

0.014 
<o. 1 
<0.03 
<o.o 1 
<0.03 

co.005 

Results are expressed as milligrams per litre except where noted. 
< = Less than the detection limit indicated. 
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RESULTS OF ANALYSIS File No. G7764r 

cou 5 ar 2 Sump 
Cree @ 

2 Sump 3Sump 3Sump 

Bridge 
96 12 06 96 12 05 96 12 09 96-12 05 96 12 09 

Dissolved Metals 
AIuminum D-AI 
Antimony D-Sb 
Arsenic D-As 
Barium D-Ba 
BeryIIium D-Be 

Bismuth 
Boron 
Cadmium 
Calcium 
Chromium 

Cobalt 
Copper 
Iron 
Lead 
Lithium 

Magnesium 
Man anese 

5 Moly denum 
Nickel 
Phosphorus 

Potassium 
S.FSz;rn . . 

Silver 
Sodium 

D-Bi 

:Igd 
D-Ca 
D-Cr 

D-Co 
D-Cu 
D-Fe 
D-PI, 
D-Li 

D-Mg 
D-Mn 
D-MO 
D-Ni 
D-P 

D-K 
D-Se 
D-Si 
D-&i 
D-Na 

Strontium D-Sr 
ThaUium D-TI 
Tin D-Sn 
Titanium D-Ti 
Vanadium D-V 

Zinc D-Zn 

Extractables 
Oil and Grease 

co.2 
co.2 
co.2 
0.02 
co.005 

co. 1 
0.4 
co.01 
286 
co.0 1 

co.0 1 
co.0 1 
co.03 
co.05 
0.01 

25.7 
0.077 
co.03 
co.02 
co.3 

<2 
co.2 
1.95 
co.0 1 
58 

2.46 
co. 1 
co.03 

co.2 
co.2 
co.2 
0.02 
co.005 

co. 1 
0.4 
co.0 1 
282 
co.0 1 

co.01 
co.0 1 
co.03 
co.05 
0.01 

24.7 
0.134 
co.03 
co.02 
co.3 

c2 
co.2 
1.87 
co.0 1 
63 

2.47 
co. 1 
co.03 
co.0 1 
co.03 

co.005 

co.2 
co.2 
co.2 
0.02 
co.005 

co. 1 
0.4 
co.0 1 
259 
co.01 

co.01 
co.01 
co.03 
co.05 
co.0 1 

22.8 
0.083 
co.03 
co.02 
co.3 

c2 
co.2 
1.30 
co.01 
74 

2.38 
co. 1 
co.03 
co.01 
co.03 

co.005 

co.2 
co.2 
co.2 
0.02 
co.005 

co.1 
0.3 
co.0 1 
183 
co.01 

co.01 
co.0 1 
co.03 
co.05 
co.01 

15.6 
0.068 
co.03 
co.02 
co.3 

c2 
co.2 
0.89 
co.0 1 
47 

1.54 
co. 1 
co.03 
co.0 1 
co.03 

co.005 

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

t 
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RESULTS OF ANAcys)[s 
- 

File No. G8247 

Tsable Cowie 
Fzivcr Creik 

cougar . 
FE2 

96 1227 96 1227 961227 

Conductiviw (-wcm) 
Total Dissolved Solids 
HiUFdtleSS caco3 
PH 
Total Suspended Solids 

jhsohed Anions 
AlkalMy-mtal caco3 
Sulphate so4 

AmmoniaNifro en 
T0b.l Kjeldahl 8 itmgen Ei 
Nitrate Nitrogen 
Nitrite Nitrogen : 
Total Dissolved Phosphate P 

Total Phosphate P 

55.6 
7.09 
4 

10 19 16 
18 <l Cl 

co.005 <0.005 
0.11 0.08 
0.033 0.078 
0.009 0.011 
<O.OOl <0.001 

0.004 

44 
19 
17.9 
7.35 
1 

Results are expressed as milligrams per lib except where noted. 
c = Less than the detection limit indicted. 

<O.OOl 

39 

::7 
7.i8 
1 

co.005 
0.09 
0.115 
0.002 
<0.001 

0.001 
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RESULTS OF ANALYSIS File No: G8247 

Cowie 
Crdk 

96 1227 

collar . $ 
z&k 
96 12 27 

-Al 
Dkb 

g:g 

Antimony 
ArseniC 

i2igEzm D-Be 

co.2 co.2 
<0.2 co.2 
co.2 co.2 
<O.Ol co.01 
CO.005 

co. 1 
CO.1 
co.0 1 
5.19 
co.01 

<o.o 1 
co.01 
<0.03 
co.05 
<O.Ol 

co.005 

Bismuth 
Boron 
cadmium 
calcium 
Chromium 

Cobalt 
COPPer 
Iron 
Lead 
Lithium 

Magnesium 
Manganese 
MO bdcnum 

AL Ni 1 
Phospharus 

Potassium 
Selenium 
Silicon 
SSVW 
Sodium 

Strontium 
Thallium 
Tin 
Titanium 
VZUldiLlIIl 

ZillC 

D-Bi 

Ed 
D-ca 
D-Cr 

D-Co 

EE 
D-Pb 
D-Li 

D-W2 
D-Mn 
D-MO 
D-Ni 
D-P 

D-K 
D-se 
D-Si 
D-45 
D-Na 

1.20 
co.005 
co.03 
<0.02 
co.3 

<2 <2 
co.2 co.2 
2.83 3.54 
<O.Ol co.01 
c2 <2 

0.0 13 
co.1 
<0.03 
co.01 
co.03 

<0.005 

0.016 
co. 1 
co.03 
co.01 
co.03 

co.005 

<O.l 
co.1 
<O.Ol 
5.38 
co.01 

<O.Ol 
<O.Ol 
co.03 
co.05 
co.0 1 

1.29 
co.005 
co.03 
KO.02 
co.3 

Results are expressed as milligrams pa litrt except where noted. 
c - Less than the detection limit indicated. 
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RESULTS OF ANALYSIS 

cou ar . iii 
izitek 
96 12 27 

File No. G82i7 

Bismuth 
Boron 
Cadmium 
CddUIIl 
Chromium 

Cobalt 
COPPer 
Iron 
Lead 
Lithium 

T-Bi 

;IBa 
T-Ca 
T-Cr 

T-Co 

E 
T-Pb 
T-Li 

Magnesium T-Mg 
Manganese T-Mn 

iif Pm- T-Mo c2 T-Ni 
Phospharus T-P 

Potassium T-K 
Selenium T-Se 
Silicon T-Si 
SilVW T-f% 
sodium T-Na 

Strontium 
%%allium ;I$ 
Tin 
Titanium g 
Vanadium T-V 

zinc T-2.i~ 

co.2 
<0.2 
co.2 
co.01 
co.005 

co.1 
co. 1 
co.01 
5.38 
<O.Ol 

co.01 
co.01 
<0.03 
<0.05 
<O.Ol 

1.30 
co.005 
co.03 
co.02 
co.3 

<2 
co.2 
3.66 
co.01 
<2 

0.016 
co. 1 
co.03 
co.0 1 
co.03 

<0.005 

Results are expressed as miEigrams per litnz except where noted. 
c = Less than the detection Emit indic~~I 

Page 4 



RESULTS OF ANALYSIS File No. G8247 

WD WB 

96 12 30 96 12 30 96 12 30 

Bismuth 
Boron 
cadmium 
calcium 
chromium 

Cobalt 
COPPer 
Iron 
Lead 
uthium 

Magnesium 
Manganese 
MO bdenum 

2e Ni 1 
Phospharus 

T-Mg 
T-Mn 
T-MO 
T-Ni 
T-P 

Potassium T-K 
Selenium T-Se 
Silicon T-Si 
Sihl- T-M 
sodium T-Na 

StXOIltiUIIl 
ThalIium 
Tin 
-Jxanium 
VatW&UIl 

zinc T-Zn 

T-Al 
T-Sb 

;:g 
T-Be 

T-Bi 

;IBm 
T-C% 
T-C% 

T-Co 

;z: 

T-Li 

co.2 
co.2 
co.2 
0.04 
co.005 

co.1 
1.1 
co.0 1 
282 
co.0 1 

co.0 1 
co.01 
2.20 
co.05 
0.02 

56.3 
1.16 
<0.03 
co.02 
co.3 

4 
co.2 
3,29 
x0.0 1 
484 

2.92 
co. 1 
co.03 
co.0 1 
<0.03 

0.022 

co.2 
co.2 
co.2 
co.01 
co.oo5 

co.1 
<o. 1 
co.01 
10.9 
co.01 

co.01 
co.01 
0.05 
co.05 
<O.Ol 

2.02 
0.008 
co.03 
co.02 
co.3 

<2 
co.2 
2,90 
co.01 
9 

0.070 
co. 1 
co.03 
co.01 
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0.69 8.99 
co.005 co.005 
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co.02 co.02 
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<2 
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3.33 
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0.009 

2 
co.2 
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69 
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co.005 

lbable Cowie 
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co.2 
co.01 
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<2 
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<o. 1 
co.03 
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Results are expressed as milligrams per litre except where noted. 
< = Less than the detection limit indic.akd. 
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- 
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0.69 
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Results are expressed as milligrams per litre except where noted. 
< = Less than the detection limit indicated. 
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3. MINE PLAN 

3.1 Mine Plan Overview 

Surface drilling in 1991, 1996 and 1997 confirmed in situ coal resources of 

39,000,OOO tonnes in measured, indicated and inferred categories, 

located 50 to 500 metres below surface. 

A high resolution reflection seismic survey in 1997 identified structural 

conditions and coal seam, defined the faults and coals seams dislocation 

along faults zones. 

Washability tests of the coal core were conducted in the Loring 

Laboratories in Calgary. 

Samples for water quality analysis and acid rock drainage potential were 

collected and evaluated. 

There are no underground workings at the site. 

A bulk sample, approximately 90,000 tonnes, is required to confirm the 

washability of the coal and establish quantities of metallurgical and 

thermal coal that can be produced. Evaluation of mining conditions and 

economics of mining will proceed concurrently. 

It is estimated that 90,000 tonnes will yield +60,000 tonnes of clean coal. 

This quantity will provide enough product for both thermal and 

metallurgical burn tests in customers plants. 

In order to obtain the bulk sample an underground exploration and test 

mining plan is submitted. No open pit operations are planned at this time. 
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All coal will be transported to the Quinsam Coal Preparation plant for 

processing. 

Due to the thin nature of the No. 4 Seam (less than 1.5 metres) it is not 

considered economic to mine in this area. Due to high ash and sulphur 

content in the No. 3 Seam, the economics of underground mining in this 

zone are questionable. A 20 tonne sample will be removed from the No. 3 

Seam for further quality testing and evaluation. 

The bulk sample will be extracted from No. 1 Seam. (Please refer to the 

Geological Section of this submission, Drawing No. 97-B-68 and 69.) 

The initial development will be in the sandstone and siltstone by twin 

declines until No. 1 coal seam is reached. The workings in coal will 

comprise mains, section development and partial depillaring. 

The sizes of the underground openings in coal, pillars and roof support 

method will be evaluated during the bulk sample program for the final 

design of future mining. 

3.2 Development Schedule 

The excavation in the sandstone is expected to take 3 months. The bulk 

sample will proceed at the rate of 1,000 tonnes per day. Please refer to 

T’Sable River Project Schedule. 
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ITEM 

I (Demobilize Drilllng/Selsmlc 1st phase 
2 Data Evaluation & Reporting 
3 Application for New Program (Seismic Phase 2) 
4 Data acquisition/Field Work (Seismic Phase 2) 
5 Application for New Program (Drilling Phase 2) 
6 Field Work (Drill Program Phase 2) 
7 Reclamation/Timber Removal Phase 1 (Seismic/Drilling) 

6 Data Evaluation & Reporting (Seismic Phase 2) 
9 ReclamatiotVflmber Removal Phase 2 

IO Engineering and Planning 

A Mining Equipment selection & Procurement 

6. Materials Movement Selection & Procurement 
c. Electrical Power Distribution Selection & Procurement 

D. Project Budget 
II Application for 100,000 tonne bulk sample 

A Mine Planning & Lay-outs 
8. Geology and Coal Quality 
c. Environmental Assessment 
o. Reclamation Plan 

12 Bulk Sample Surface Rights Negotiation 
13 Bulk Sample Application Review&Approval 

14 Bulk Sample Site Preparation 
A Topsoil stripping/ditching-Drainage works - Portal area l 

8. Topsoil strippinglditching-Drainage works -Waste Disposal Area l 

c. Surface Shopfremporary Mine Dry/Office 
o. Collaring/Concrete work - Portals 
E. Power Distribution (temporary) 
F. Power Distribution (B.C. Hydro Tie-in) 

15 Rock cutting/slope development 

(Assume Single heading advance of 15 metres per day) 
16 Coal Removal 

A. No.4 Seam (intersected during Week No.14 of ddvage) 10 tonnes 
R No. 3 Seam(intersected during Week No.16 of drivage) 20 tonnes 

c. No. 1 Seam (intersected during Week No. 16 of dtivage) 90,060 tonnes 

TSABLE RIVER PROJECT SCHEDULE 
1997 1998 

l Items 14A & 148 Require Preliminary Approval to Proceed 

SCHED2.WK4 issued 04/25/97 



3.3 Existing and Projected Surface and Underground Development 

(Drawing No. 97-D-075 and 97-D-076) 

Surface Facilities 

In order to minimize the surface disturbance, only portable surface 

facilities necessary for the project will be set-up. 

They comprise mine dry, office and first aid complex, mechanical shop, 

warehouse trailer and electrical power distribution grid. 

The area for the surface facilities will be stripped of topsoil and till, at an 

estimated combined thickness of 1 metre. In the immediate area of the 

portals as much as 3 metres of glacial till/weathered bedrock will be 

removed in order to collar the openings in competent rock. 

Sandstone and siltstone from the underground excavation will be stored 

near the portal and serve as coal stockpile pad. The water management 

system, including a settling pond and polishing pond, will have minimum 

retention time of IO hours. 

All surface facilities will be of temporary nature and will be removed from 

site after the completion of the program. 

Access to the Coal Seam 

Two parallel declines, conveyor road and supply road, excavated at -18% 

were designed to access No. 1 Seam. 

The conveyor road will be cut 2.5 m high and 6 m wide. The supply road 

will be cut 2.5 m high and 5 m wide. 
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Connecting crosscuts will be excavated at 100 m intervals. Two 

temporary sumps will be cut in the supply road. 

The sandstone has a compressive strength of 49 to 90 MPa (7,000 to 

13,000 psi). Roof support will be 1.8 m long mechanical bolts installed on 

1.5 m x 1.5 m pattern. Screen and/or straps will be used as required. 

Excavation in the Coal Seam (Drawing No. 97-D-076) 

The excavation in the coal seam will consist of the mains (supply, 

conveyor and return air roads), and mining one panel (section). 

The main entries will be cut 5 metres wide and 2.5 metres high, leaving 30 

metre pillars between the entries. 

Connecting crosscuts will be cut at 42 m intervals. The panel will be 

excavated as shown on Drawing No. 97-B-073. Underground sump will 

be cut in coal and will have minimum retention capacity of IO hours. 

Underground water will be discharged from the underground sumps into 

the settling pond on surface, will flow to the polishing pond and from there 

into the tributary of the T’Sable River, as shown on Drawing No. 97-D- 

075. 

Ventilation will be provided by a main fan located on surface near the 

portal and auxiliary ventilation fans underground. 

The seam is expected to liberate 3 m3 of methane per tonne of coal 

mined. With an anticipated production of 100 tonnes/hour, air movement 

of 60,000 cfm will be needed to dilute methane concentrations to 0.3%. 

Approximately 15,000 cfm will be needed to operate LHD equipment. A 

75HP main exhausting fan will be installed to provide ventilation. This fan 
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is capable of producing 180,000 cfm which is more than adequate for the 

90,000 tonne bulk sample mined. 

The excavation will be by cutting. Drilling and blasting will be employed in 

the initial stage of the declines in the sandstone. 

The initial excavation work, trench in the sandstone, ventilation raise, 

collars and the first part of the entries will be by drilling and blasting, until 

the conveyor system and the ventilation is established. 

A separate application, as per the Health, Safety and Reclamation Code 

for Mines in British Columbia for permission to store and use explosives, 

will follow. 

The equipment will be: 

l Continuous miner (roadheader, Dosco or Alpine) 

l Joy shuttle cars 

l Stamler feederbreaker 

l Roofbolter 

l Conveyors 

The Company is finalizing the selection for the roadheader. 

Applications for certification to operate the equipment underground will be 

submitted under separate cover. 

The strength of the sandstone and acid rock drainage potential were 

established from the drill core. 
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Furthers tests and evaluation will be conducted during the underground 

excavation: 

Acid Rock Drainaae Potential 

Samples will be taken every 60 linear metres and evaluated. The quality 

of the discharge water will be monitored and remedied if required. 

Pillar Stabilitv Durina Depillarinq 

Two stress cells will be installed in the pillar in the depillaring area. 

Roof Support 

Multiple extensometers will be installed in the roof at the junction of the 

main and crosscut area. 

3.4 Access and Transportation 

The surface plant is located on Province of British Columbia land. The 

ownership and under-surface rights are shown on Drawing No. 96-D-034. 

The plant is situated 3 km west of the Island Highway. Access to the site 

is 600 metres south of the T’Sable River bridge via the Holiday Main 

Road, last 2 km located on MacMillan Bloedel land. 

Only 200 metres of new road (bypass) will be constructed. 

The traffic density, based on 12 hour/day transportation, will be 3 trucks 

per hour. 

Twenty-eight (28) people will be employed per day. Maximum shift crew 

will be 9 miners and supervision. 
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3.5 Processing Plant Description 

A processing plant will not be built. All coal will be hauled to the Quinsam 

Mine for processing. 

Tailings will not be produced. 
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3.6 Waste Rock and Topsoil Storage 

Waste rock is estimated to be ~20,000 m3 of sandstone and siltstone. 

This waste rock will be excavated and placed immediately in front of the 

portals and will serve as a raw coal storage pad for the bulk coal sample 

as well as a truck loop base for the haul trucks. The pad will average 2 

metres (6.5 feet) deep over a rectangular compacted area measuring 

approximately 170 metres by 80 metres. The sides will be sloped less 

than 2:l. The pad will be sloped to the North and East of Cowie Creek to 

facilitate proper drainage. 

Acid/base analysis will be done every 60 metres of advancement in each 

roadway, and at other locations, based on lithology changes. Photo 

documentation of placement will be done to delineate material location in 

the event of potential ARD. Analysis will be in accordance with 

established procedure and criteria outlined in Permit C-172 (issued to 

Quinsam Coal). 

Soil storage will be above (west) the portals. The volumes are estimated 

to be 26,000 m3 using a swell factor of 1.3. The placement will be 4.5 to 5 

metres deep over a rectangular area measuring 140 m x 50 m. The 

slopes will be less than 2:l and will be stabilized immediately after 

placement with fall rye or winter wheat. Soil horizons will be 

professionally evaluated prior to removal to determine growth potential. 

An ICP of the soil to determine metal presence will also be done. 

Substrate and glacial till/weathered bedrock will be placed separately 

beside the topsoil storage area. The volume will consist of approximately 

4,500 m3, 2 metres deep in a rectangular area of 2,400 m2. Acid/base 

analysis will be conducted on the material as well as an ICP to identify 

metals. 
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3.7 Additiona! Minesite Infrastructures 

(Drawing No. 97-D-075) 

There will not be accommodation on site. The mine personnel will be 

accommodated in the Courtenay and Cumberland area, 20 km from the 

minesite. The following temporary structures will be erected: 

dry/first aid/office complex 

Weatherhaven-type repair shop 

warehouse trailer 

2 generators 

stacker conveyor 

concrete foundations will be constructed for the main underground 

conveyor drive and for the stacker conveyor 

electric power distribution system (Drawing No. 97-B-71) 

tank farm 

The portable electric generating sets will be trailer mounted, with auxiliary 

double-walled fuel storage tanks. A tank farm, consisting of double- 

walled fuel tanks and a double-walled waste oil collection tank, will be 

installed as shown on the plan. 

The warehouse trailer/repair shop will provide storage for consumable 

items and a covered area for equipment repairs. A good supply of 

bagged limestone dust will be stored on site at all times. 

All mobile and stationary equipment will conform to the Health, Safety and 

Reclamation Code for Mines in British Columbia. 
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3.8 Domestic Water 

Domestic water needs will be satisfied by a well, as shown on Drawing 

No. 97-D-075. The water will be used for underground dust suppression, 

as well as showers and washrooms in the mine dry. Surplus water from 

underground will be pumped to the settling pond system. Gray water from 

the mine dry will be disposed of in a drain field. Sewage will be contained 

in a below-ground holding tank(s) and trucked as needed to authorized 

disposal facilities. 

Domestic water volume requirements will be about 4,000 litres, while dust 

suppression is expected to need ~3,000 litres (550 gal). Total needs will 

be less than 8 m3 per day. There will be a reservoir tank between the well 

site and the end use points. Manual chlorination may be necessary and 

will involve placing tablets into the reservoir on a regular basis. Domestic 

water will meet health regulations. 

Seepage into the mine from strata will be handled by 58HP submersible 

pumps and 8” discharge line capable of forcing about 500 U.S. gallons 

(initially) to the surface settling ponds. Subsurface sumps will be installed 

to store and settle water before it is transferred to surface. 

3.9 Water Management 

Water quality will be monitored in the underground sumps for pH, total 

and dissolved metals, sulfate and alkalinity. Discharge from the polishing 

pond will also be monitored for total suspended solids, pH, conductivity, 

alkalinity, sulfate, dissolved and total metals. Discharge volumes will be 

measured by an installed weir at the outlet of the polishing pond. A sonic 

or dipping device may also be installed for continuous measurements. 
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Monitoring frequency will be weekly and during events. Water quality will 

conform to Provincial water quality objectives. Cowie Creek will be 

monitored above and below the project for the same parameters as the 

polishing pond. 

Diversion ditches, as shown on the surface map, will divert clean water 

away from the working areas and around the project. The polishing pond 

discharge will combine with the clean diverted water. From there the 

water will flow in an established broad wetland channel to the T’Sable 

River which is approximately 1 km distance from the project. 

Catchment ditches will collect surface runoff from the topsoil and till 

storage areas, as well as the working yard area and be conveyed to the 

settling pond for IO hours retention time before release to the polishing 

pond. 

The settling pond will accommodate a 1 in 200 year flood event. 

Flocculation facilities can be installed in either or both ponds should water 

quality require it. Liming facilities can also be installed as above should 

ARD develop. 
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Tsable River Coal Project 

Geotechnical Assessment 
for 

Bulk Sample Application 

1.0 Lithology 

A typical geological cross-section in the area of the proposed access tunnels and bulk 
sample workings, as shown in the Drawing No. 97-D-076, can be seen in the exploration 
hole TS 96-06C (Figure 1.1). The overburden above the targetted No. 1 seam consists 
mainly of interbedded sandstones and siltstones, with minor intervals of coal, shales and 
mudstones. The access tunnels will intersect several fault zones which may range from a 
single fault plane to a “troubled ground” zone ten or more meters wide. 

Lithology of the immediate roof above the No.1 Seam is relevant for roof support in 
development entries and for depillaring test in a small panel designed for acquisition of 
the bulk sample. The exploration holes located near the area of the proposed bulk sample 
panel show the following rock intervals above the No. 1 seam. 

Hole No. Depth to MudstoneKiltstone Sandstone 
Seam No. 1 thickness above seam thickness 

(m> Cm> Cm> 

TS 96-05-C 158.0 13.0 11.0 
TS 96-06-C 227.0 5.0 17.0 
TS 96-13-C 261.0 6.9 15.3 
TS 96-16-C 306.0 7.0 18.5 
TS 96-17-C 84.2 6.2 20.6 
TS 96-23-C 100.0 4.0 32.9 
TS 96-24-C 120.4 2.4 32.0 
TS 96-25-C 173.0 27.0 36.5 
TS 91-10 113.2 10.0 15.6 
TS 91-12 114.9 4.2 9.3 
TS 91-13 203.8 11.0 8.3 

Averages 8.8 19.7 

The mudstone/siltstone formation overlying the seam ranges from less than 3 m to nearly 
30 m, with average thickness of about 9 m. It is overlain by a massive sandstone which is 
on average about 20 m thick. 
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2.0 Pillar design for Bulk Sample Panel. 

Because in some places the sandstone can be close to the No.1 seam, it is not possible to 
accurately predict the caving characteristic of the overburden. For this reason, the bulk 
sample panel is proposed with only a partial pillar recovery. With the sandstone 
formation in a proximity of the seam, it is important to avoid panel-wide caving and 
maintain a long term support of overburden, particularly in a new mining situation. Pillars 
left in the mined-out area should be sized to provide such support. Please note that rock 
properties used below are based on the test performed on Qunsam rock samples as 
outlined in the 1996 CANMET study entitled “Design Methods to Optimize Underground 
Layout and Support at the Quinsam Coal Mine”. 

Design Parameters. 

1. Depth of overburden . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . up to 200 m 

2. Average uniaxial strenth of coal.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .20.0 MPa 

3. In situ uniaxial strength of coal pillars . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7.0 MPa 

4. Unit weight of rock mass . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25.0 kNms3 

Mining Lavout. 

The proposed mining layout is shown in the attached Drawing No. 97-B-03. Because of 
the seam dip in the proposed Bulk Sample Pannel, the angle of intersections will be at 
60’. In order to reduce the span at intersections, the width of the development entries has 
been set at 5 m, 1 m less than at Quinsam mine. 

Please refer to Drawing No. 97-B-03 for the minimum dimensions of pillars, represented 
by inscribed circles. The small remnant pillars will have a width to height (W/H) ratio at 
4.2m / 3.0m = 1.4, while the large bearing pillars will have W/H a ratio of 16m / 3m = 
5.3. 

Area1 extraction: 

Maximum lithostatic stress: 

Tributary stress: 

100%” {1-(16m*30m-5*8m*3.5m- 
2* 11.5m*3.5m)/[(16m+5m)*(30m+5m)]} 
= 65% 

25.0 kNme3 * 200m / 1000 = 5.0 MPa 

5.0 MPa / (1 - 0.65) = 14.3 MPa 
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The average strength of pillars can be calculated according to Bieniawski’s formula. For 
the large pillars: 

7.0 MPa * ( 0.64 + 0.36 * W / H ) = 

7.0 MPa * ( 0.64 + 0.36 * 16m / 3m ) = 17.9 MPa 

For the small pillars: 

7.0 MPa * (0.64 + 0.36 * 4.2m / 3.0m ) = 8.0 MPa 

Load balance: 

(16m * 16m * 17.9 Mpa + 4 * 4.2m * 4.2m * 8.0 
MPa) / (21m * 35m * 5.0 MPa) = 1.4 

Load capacity of pillars exceeds the maximum lithostatic load by about 40%. This safety 
margin is considered sufficient to provide a global support for the mined out area of the 
Bulk Sample Panel. Only local caving between the pillars will occur, which will not 
affect the overall panel stability. 

3.0 Roof Support. 

Lithology and structural geology of the bulk sample area is similar to that of the Quinsam 
Mine, where extensive studies and tests of roof support resulted in a reliable support 
system. Roof support conditions at Quinsam are very similar to those that are anticipated 
in the Bulk Sample Panel at Tsable River mine. 

The attached summary from the 1996 CANMET study of Quinsaqm mining methods and 
practices outlines rock conditions and roof support methods used at Quinsam. Table 1 in 
the CANMET Report shows average values of rock mechanical properties and Table 2 
includes a typical rockmass classifications. 

3.1 Roof Support in good and fair ground conditions, 

Most of the rock interval intercepted in the Access Tunnels will be competent siltstone or 
sandstone, offering fair to good ground conditions with RMR rock classification of 54 to 
69 (Table 2 in CANMET Report). According to Bieniawski (Figure 3.1), in these ground 
conditions, standard 3!’ mechanically anchored rock bolts 1.5 m to 1.8 m long, installed 
on 1.5 m x 1.5 m pattern, are required. It is recommended to use 3/4” x 1.8 m mechanical 
rockbolts throughout. 
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3.2 Roof Support in poor ground conditions. 

In some parts of the Access Tunnels. i.e. in and around the coal seams, in weak siltstone 
and in “troubled ground” around the faults, it is anticipated that rock conditions will be 
fair to poor, with RMR rock classification at 40 to 20. In these conditions, it is 
recommended to utilize the rock support system developed and successfully used at 
Quinsam Coal mine, which is more conservative then that recommended by Bieniawski 
(Figure 3.1). Please refer to the Quinsam drawing No. 96-A-019 for the 2 North Mine 
roof support rules which will be utilized where poor rock conditions exist in Access 
Tunnels. 

As the lithology of the roof in the Bulk Sample Panel will be nearly the same as in the 2 
North mine of Quinsam, it is recommended that these roof support rules are adapted in 
development of Bulk Sample Panel at Tsable River mine. As shown in the Drawing 97- 
A-040, the width of entries has been reduced to 5 m with intersections at 60’. 
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TSABLE RIVER COAL PROJECT 
LITHOLOGY LOG 

(DRILLERS LOG) 

. 

HOLE NUMBER : TS 96-066 
CO-ORDINATES : 5484920.1 N.-364378.7 E. 
ELEVATION : . 112.8 m -. - 

DATE DRILLED: July 7, -I 996 
DRILLER: Hi-Rate Drilling 

1 From 1 To I 
DESCRIPTION 

0.0 3.3 i Glacial till I 
3.3 I 85.0 kiltstone; medium grey; mudstone interbeds 

85.0 ; 100.0 '- - ISandstone, medium grey; hard 
100.0 1 118.0 ISiltstone; fine sandv 

: 118.0 i 142.0 '- siltstone interbeds isandstone; _..___. 
142.0 1 143.0 i Mudstone; carbor 
143.0 i 144.0 iC OAL. No 5 Sear , 

, 144.0 

145.0 I 167.0 
167.0 i 1 

i 145.0 tMudstone: sandstone interbeds 
Sandstone; medium to coarse; hard 

81.0 Sandstone; siltstone/mudstone interbeds ! 

7aceous 

181.0 i i83.0 iCOAL; shaiy; No. Y QcQII1: A Cnmwl9 I 

183.0 199.0 iSiltstone; grading to sandstone. STarted coring 182.9 
199.0 i 201 .O COAL, some shale; No. 3 Seam 
201.0 201.5 ,Shale; soft , I 
201.5 202.0 COAL- hln Q Cm-m t I 

202.0 2 zo5.5 Mudstc 
205.5 222.0 

y222.0 
saIIu3lull1;, III~uIuIII yy, IlcllU, Illas~lve I 

226.0 Mudstone; siltstone interbeds I 
226.0 227.0 Mudstone; coaly ! 

227.0 
I 

230.0 I COAL: No. 1 Seam; s -̂̂  nhntn ! 

230.0 231.3 Mudst -“I one; stlry 
Ulllt: 3llQIC I 

i 
231.3 237.3 Sands itone; Siltstone interbeds - i 

END of HOLE 1 --- -- 

FIGURE 1.1 

TS-96-06C Page 1 
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Roof-support design chart for coal mining-Entry width: 20-ft 
c 

ROCKCS 

I 

VERY GOOD 

II 

GOOD 

III 

FAIR 

IV 

POOR 

ROCK 
ElASS 

‘4X3 

90 

80 

70 

60 

M 

40 

30 

20 

L= bolt length 
S = bolt spacing 
G = grade of steel 

ROCK ROCK SUPPORT SPECIFICATIONS SUPPORT SPECIFICATIONS ALTERNATE SUPPORT PATTEWS ALTERNATE SUPPORT PATTERM 

LOAD LOAD L I 
SPEClFlCATloNs SPEClFlCATloNs 

HECtIAN I CAL 
FM 

RESIN 
. VI, 

BOLTS BOLTS MCWUCAL BOLTS/POSTS RESIN BOLTS/POSTS POSTS 

I I 

L : 2.5’ I I 
s : 5’ x 4.5 , 

‘) 

~C : 60 

i+ : 314” 
lc : 10 tons 

8.0 

L : 4.0’ 
9 I 5’ x 5’ 
C : 60 
+ : 5/a** 

Ic : 9 con0 

(L ~~ : 5.0’ 

I s : 5’ 1 5’ 
10,o c : 40 

$ : 314” 
IC : a ton* 

, 

I 

I 
5 
C 

4 
c 

1 
S 
C 

+ 
C 

s : 5’ x 5’ 

J, = bolt . - . c  

c = bolt capacily 

.  .  

PP = post alamctcr 
S, = post spacing 

FIGURE 3.1 






